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BcTynneHue

A3bik C++ n 00BbEKTHO-
OPUEHTUPOBAHHOE
nNporpaMMmnpoBaHmne

3ameuamenvras udes! Ymo i ona mHe camomy 6 20108y
He npuuina?
u3 x/p "Hponus cyovooL unu ¢ reexum napom”

[IpencraBiennast KHUATA - O I3bIKe MporpamMmMupoBannst C++. A elre sTa KHUTA -
00 06vexmmo-opuenmuposannom npozpammuposanuu (cokpamenno OOIT). 1o
ecJii KopoTko. Eciii He 04eHb KOPOTKO - TO MOTPEOYIOTCS MOSICHEHMS.

OOGbLEKTHO-OPUEHTUPOBAHHOE
nporpaMmMuvpoBaHue

- Hem, eii 06 smom oymamn ewe pano.

- 06 smom Oymamv HUKOMY He PAHO, U HUK020a
He No30HO.

u3 k/¢ "Kasxasckas naennuua”

OO6BEKTHO-OPUEHTUPOBAHHOE TPOTPaMMUPOBaHKe - 0COOBIH, crenuduyecKuii
criocob oprarusanuu nporpammuoro koia. [putiunsr OOTI yHUBepcaIbHbI 1
He IMEIOT OTHOIIEHUST K KAKOMY-TO OTIPe/IeIEHHOMY SI3bIKY POTPAMMUPOBAHMSL.
C pasubiM ycriexom roBopsit 06 OOTI, nanpumep, B C++, Java uiau C#. Crincok
MOJKHO MPOJIOJIKUTD ¥ APYTUMU SI3bIKAMU TTPOTPAMMUPOBAHUSL.

B xHWTe HA TIPOCTHIX M MOKa3aTeJbHBIX MPUMepax MPOULTIOCTPUPOBAHO, KaK
npuHiunel OOl TpuMeHSIOTCS TPU COCTABJIEHUH ITPOTPAMMHBIX KOJIOB Ha SI3bI-
ke C++. ImMeeT cMBbICT "04epTUTH" OCHOBHBIE UAEO0JOTUYECKIE MOMEHTHI, KOTO-
pbie xapakTepHbl uMeHHO 711 OOI1.

Ectb Tpu npunnuna, nososxkenusix B ocHoBy OOIl: unkancyrsuus, norumop-
¢usm n nacredosanue. CraHAapTHBIN MPOrPAMMHBIN KOJI TIpeCTaBaseT coboii
MTOCTIeIOBATENbHOCTD KOMAaH/I (MJIX UHCTPYKIIUI ), KOTOPbIE BBITIOJHSIOTCS OTHA
3a Apyroil. B atoM cMbiciie 00beKTHO-OPUEHTUPOBAHHAS [TPOTPAMMa MAJIO YeM
orJiyaeTcst ot 00bIaHOM mporpammbl. Ho otinuust, pasymeercst, ectb. UToObI MX
MOHATh, CJAEAYET yUeCTh, YTO TPOTPAMMHBIN KO/ HY:KeH He caM TIo cebe, a I
06paboTKu faHHLIX. JIJAHHBIX MOKET ObITh MHOIO MJIM MAJIO - 9TO HE IIPUHIUIIN-



BBepenune

aJibHO. BaskHO, 4TO OHM €CTh, ¥ IIPOrpaMMa TpeIHazHaYeHa Jist PAGOThI C ITUMHE
nanabiMu. DopMabHO TPOTPAMMHBII KO IEJIUTCS HA /IBE KATETOPUH, WA JBA
THUIIA: €CTh KOJ [IJIsl Peaiu3auyuil OaHHbIX, i €CTh KOJ ISl 00pabomxu Oantulx.
Croco6 opranusanuy MporpaMMbl - 9TO BOIIPOC "B3aMMOAENCTBHUSA" KOJOB pas-
HBIX TUOB. [Ipy OOBIYHOM CTHIIE TPOTPAMMUPOBaHKS (KOTOPOE MHOT/IA HAa3bl-
BaeTCsd TPOIELYPHBIM WJIM CTPYKTYPHBIM) pa3Hble TUIThI KOJa "CYIIECTBYIOT"
HE3aBUCHUMO JIPYT OT IPYTa, a X "06beAnHeHIe" TPOUCXOIUT 110 MEPe HEOOXOA-
MOCTH OOBIYHO Ha (PMHATIBHOI CTAJNN CO3/IAaHMSI TPOTPAMMBIL. 3/1€Ch HET HUYETO
ILJIOXOT0, HO TAaKOW TOAXO0/[ OIPaBAbIBAET ce0s1 TIPU COCTABICHIH OTHOCUTEIHHO
HeOOIBIX TporpaMM. Eciiu mporpamMa G0JIbIIast 10 pa3Mepy, ee CTAaHOBUTCST
BCe TPy/HEe "YHOPSIA0UUTD . ITO OUEBUIHASI U B HEKOTOPOM CMBbICJIe OaHaIbHasT
npobJieMa, CBsI3aHHasE ¢ 00BEMOM MPOrpaMMHOTO Koja. [ToHsATHO, 4TO YeM GOoJIb-
1IIe IPOrPaMMa COIEP;KUT KOMAaH/I, TEM CJIOKHEE UX HE TO YTO ONTUMUBUPOBATD,
HO ¥ TIPOCTO JI0OUTHCSI KOPPEKTHOM paboThL. J[pyriuMu cioBaMu, 1axe y Xopolie-
IO MPOrpaMMHKCTa eCTh rpeest BocnpusiTisi. C 0HON CTOPOHBI - 9TO MpobieMa
nporpammucta. C Apyroii cTOpoHbI AaHHas TPoOJIeMa CUCTEMHAsT, M PEIaTh ee
HY:KHO cucTeMHO. CUCTeMHBIN TTOAXO/, TTPeITHa3HAYEHHBIN B MEPBYIO OUepeh
J71st pettienust mpobieMbl acdeKkTHBHOTO (1, TJIABHOE, TOHSITHOTO) c1tocoba opra-
HU3aIIH IPOTPAMMHOT0 KOJIa TipejisiaraeTcs B pamkax mapagurmbl OOl

nporpaMmMHbIM U annapaTtHbIM obecneveHnem, a orpaHn4yeHHbIMK1 4enoBe4eCknumMm
BO3MOXXHOCTAMMU.

) Ha 3ameTk
- y
BaxHbIi MOMEHT: HeobxoaumMocTb B nosineHum OOIM obycnosneHa He npobiemamu ¢

Kax ormeuasnoch Boiire, OOTI - 0co0blii crocob opraHusaliy MPOrpaMMHOTO
koza. CBOJUTCS OH K TOMY, YTO KO/ pa3buBaercst Ha OJoku. B kaxaom Osoke
00beIMHSAETCS TIPOrPAMMHBII KOJI, 4YePe3 KOTOPbIil peaJnu3yioTcs AaHHble, 1 IIPO-
IpaMMHBII KOJ, IIpe{HA3HAYEHHbIN JJIs1 pabOThI ¢ STUMU JaHHbIMU. Takue 6J10KK
[IPOrPaMMBbI MOTYT "B3aUMO/IEHCTBOBATH" MESK/Ly COOOM 1 HA3bIBAIOTCS 006EKMA-
mu. TIpUHIIATI, COTJIACHO KOTOPOMY JIaHHbIE ¥ KO/ [JIst UX 06pabOTKU 00beANHSI-
I0TCSI B OJTHO TI€JI0€, HA3bIBAETCSI UHKANCYASUUCH. DTO IEPBBIN 1 HAMBAKHEN NI
npunrun OOIL.

— Ha 3ameTky
I

B OOl o6beauHeHne koga, peanuaylowero gaHHble, U Koga, npeaHasHavyeHHoro ans
_I O6pa6OTKVI JAaHHbIX, BbIMNOJHAETCH Ha Ha4YaJIbHbIX 3Tanax co3aaHuna nporpamMmmel.
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B mporpaMMHOM KOJie TPUHITATI WHKATICYJISAIIUN Peajnu3yercs depe3 KIacChl U
06bexTbl. Knace - 310 mabyioH, mo KoTopomy cospaorcs o0bekThl. Hertoxas
AHAJIOTUS M KJIacca - 4epTesk HEKOTOPOTO M3JENUs, 0 KOTOPOMY 3aTeM BbI-
MOJTHSIETCST PEANbHBIN 0OBEKT, UK, HATIPUMep, TJIAH JI0Ma, Ha OCHOBAHUH KOTO-
POTO CTPOUTCS TIETBI MUKPOPAOH M3 OMHOTUITHBIX 3aHUT.

pom cMeicie 6ecTtenecHas. Cam no cebe knacc - BCero nuilb cxema, wabnoH. Mo ato-
My LLABMOHY CO30AETCS HEUYTO peasibHOe - 00beKT. OGbEKTOB MOXET ObITb HECKONBKO, a
MOXeT He ObITb BoBCe. Co3aaHume knacca He 06513bIBaeT HAaC CO34aBaTb OOLEKT.

— Ha 3zameTk
- y
Hanunuue knacca He o3Ha4aeT co3gaHne obbekTa. Knacc - Wwryka Bo3ayLuHasi, B HeKOTO-

Jaxe ecnu 06beKTbI CO34aI0TCHA MO OAHOMY LLABGNOHY (TO eCTb CO34al0TCs Ha OCHOBA-
HUW OOHOrO KJlacca), 3TO BCe PABHO pa3Hble 00beKTbl. Y HUX OAMHAKOBLIM HAbOp Xa-
pPakTEPUCTUK (KaK KOMYECTBO OKOH B OAHOTUMHbLIX AOMaX), HO 3Ha4YeHUs napameTpoB
nepcoHann3npoBaHbl A1 Kaxaoro o0bekTa (TOYHO TakK Xe, Kak pas3nmMyalTcs OkHa B
pPasHbIX 34aHUSX).

Baxubiit mexauuzm OOII - nacredosanue. Hazpanue MexaHuU3Ma J0OCTaTOUHO
TOYHO COOTBETCTBYET €r0 cyTu. biarogaps Hacje0BaHNIO HOBBIE KJIACCHI MOXK-
HO CO3/IaBaTh HE HA IYCTOM MECTE, a HA OCHOBE YK€ CYIIECTBYIOIUX KJIACCOB.
Takoii MOAX0/] UCKJIIOYUTENBHO YA00€H, TIOCKOJIbKY, BO-TIEPBbIX, OTIAfaeT HeoO-
XOJIMMOCTb BHOCUTH U3MEHEHUS B TPOrPAMMHBIH KOJI yKe CYIIEeCTBYIONUX KJIac-
coB (a 9TO MOBHIMIAET YPOBEHDb COBMECTUMOCTH PA3HBIX BEPCUI MPOTPAMMHOTO
KO[Ia), 4, BO-BTOPBIX, 2KOHOMUTCS BPEMsI M YCUJIHUS Ha CO3/ITaHKE HOBBIX, "yCOBep-
IEHCTBOBAHHBIX" KJIACCOB.

ITonumopusm HakIaAbIBacT Ha OGBEKTHO-OPUEHTUPOBAHHBII KO/l TpeOOBaHe
MOAIEP’KKY YHUBEPCATbHBIX, OMHOTUIIHBIX NHTepdeiicoB. CyTh 3TOTO MPUHITH-
Ia Jierye u Jiydiie oObsICHATD Ha MPOCTHIX aHaJIoTksIX. Harpumep, 1BepHbIX 3aM-
KOB B IIPUPOJIE CYIIECTBYET OTPOMHOE MHOKeCTBO. HO 4TOOBI OTKPBITH HMJIN 3a-
KPBITh 3aAMOK, IOCTaTOYHO BCTABUTH B 3aMOK KJIFOY U TPOBEPHYTH ero. [Ipu aTom
Hac MaJo UHTepecyeT 'BHYTPEHHII HAUMHKA" 3aMKa. Jpyroit mpumep - cuctema
yIpaBJieHust aBroMobuieM. EcTb cranaapTHbIi HaGop measeil, pysib U mpodre
aJIEMEHTHI yripaBJjeHust. [IpUHIIUIIBI YIIPaBJICHUsT aBTOMOOWIEM YHIUBEPCATbHbI
1 MaJIo 3aBHCST OT TOTO, Kak aBTOMOGHIb yeTpoeH "BHyTpu”. HoBbie aBTOMOOM-
JIM CO3/IAIOTCSI TaK, YTOOBI IPUHITUIT YIIPABJICHUSI KMU OCTaBAJICSI HEM3MEHHBIM
(ecsii, KOHEYHO, Pevb HE UET O PEBOJIOIUOHHBIX U3MEHEHUSIX B aBTOMOOUIIE-
cTpoeHnn ). B maHe MporpaMMUPOBAaHUS, KOT/Ia PeYb 3aX0AUT 0 TOJUMOpdu3-
Me, TO 00BIYHO BCIIOMUHAIOT Nepezpy3ky W nepeonpedeienue MeTO0B, C KOTO-
PBIMU MBI TTO3HAKOMUMCS B OCHOBHOH YaCTU KHUTHU. 3/1€Ch JIUITh OTMETUM, UTO
GJrarojiapsi Tieperpyske u MmepeorpeesieHlio YIaeTCs UC0Ib30BaTh METO/BI C
OJIMHAKOBBIMU Ha3BaHUSIMU, KOTOPbIE MO3BOJISIIOT BBIMOJHSATH PasHbie (HO 00bIY-
HO OTHOTUITHBIE ) IEICTBHSI.
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Ha mepBbiii B3rJisi/i BCE OMMCAHHOE BBIIIIE MOYKET IMOKA3aThCsl 3aITyTAHHBIM U
catoxkHbIM. OJIHAKO JIETKO 3aMETUTH U OOIILYTO TEHAEHITUIO: OCHOBHbIE YCUIINST Ha-
IIPaBJICHBI Ha TO, YTOOBI CBECTH K MUHUMYMY 00BbeM HEOOXOAMMOTO TIPOrPaMM-
HOTO KOJ[a M C/IeJIaTh ero HauboJiee YHUBEPCATBHBIM U CTPYKTYPUPOBAHHbIM.
Baskno un to, uto OOII - moaxo, ipeHasHaueHHBIH /1JIsT HATMCAHUST CEPbE3HBIX
mporpamm. ITo Kak aBuanoceil. OH 60J1bI0# u MotHbIH. OH 0YeHb XOPOIIT JJIsT
TOrO0, YTOOBI KOHTPOJIUPOBATH MOPCKHE MMy TH, HarpuMep. Ho mraBaTh Ha HeM 110
peuke - uges miaoxas. Tak u ¢ OOIL Ipunnunsr OOII xopouu npu pabore ¢
GOJIBIIMMU U CJIOKHBIMU TIpoeKTamMu. Eciin nmporpamma HeGOoJIbINast 1 HECTOK-
Hasl, HeT HeoOxoauMocTH uctoab3oBaTh OOIL.

’, Ha sameTk
) y

MnkaHTHOCTb cuTyaumn B TOM, 4TO HaM NpeacTouT oceBamBaTb NPemMyapocTu OOI Ha
OTHOCUTENIbHO HECNOXHbIX NpoekTax. Ho 9Ta 3apaya pelwaemMas.

Ocob0eHHOoCTU AA3bika C++

A apmucm 6onpWUX U MATVIX AKAOEMUYECKUX
meampos.

u3 k/¢p "Hean Bacunvesuu mensem npo-
deccuro”

SI3pik C++ XOpolI BO BCeX OTHOLIEHUSIX. TO COBPEMEHHBIN, TMOKUI M MOIIHBII
SI3BIK TIPOTPAMMUPOBAHISI, KOTOPBIN SIBJISIETCS BUSUTHOW KapTOYKOW JII0OOTO
yBasKarolIero cebst mporpaMMmucTa. SI3bik mpodecCHOHAMbHbBII B TIOJHOM CMBIC-
Jie 9TOTO ¢JI0Ba. Y Hero "JTaKOHUYHBII", HOHATHBIN U y100HbI cuHTakcuc. Ecan
MIPOCJIEIUTh UCTOPUIO Pa3BUTHs U TpaHchopmaiuu s3bika C B sa3bik C++, TO
JIETKO TOHATH, 4To C++ ecTh HU YTO MHOE, KaK yCOBEPIICHCTBOBAHHBIN S3BIK
C, "pacmmpennbiii” pis noagep:kku napaaurmbl OOII. C sTolt TOuKM 3peHus
HET HUKAKUX COMHEHHUH B TOM, 4TO 361K C++ MOIXOANT /171 HAIIETO BAXKHOTO U
CJIOJKHOTO JieJia - U3y4eHUs TPUHITUIIOB IPOrPAMMUPOBAHUS C UCTIOJIb30BAHMEM
KJIACCOB M 0OBEKTOB. BMecTe ¢ TeM, UCTOJIb3yeMblil B KHUTE TIOX0/ HE CaMbIid
"kaaccudeckuii”. OOBIYHO aPTYMEHTOM K U3y4eHUI0 si3bika C++ CIIyKUT TO, 4TO
oH "mepexoaHoii": B C++ MOKHO THcath Kak 00bIuHble (He 00bEKTHO-OPUEHTH-
POBaHHbIE TPOTPAMMBbI), TaK U CO3/[aBaTh MOJHOIEHHbIE 00BEKTHO-OPUEHTHPO-
BaHHbBIE TTPUIIOKEHNUS.

H MeTK
?I a 3ameTKy

Ha nepBblii B3rns4 MOXET NokasaTbCs, YTO "NepexogHon” xapakTep s3bika NporpamMmm-

I poBaHMA BMOJSIHE €CTECTBEHEH. TEM He MeHee, 9TO He TakK. YNOMSsHYTble paHee S3blku

nporpammupoBaHus Java n C# aBnsiioTCs NONHOCTbIO 06 EKTHO-OPUEHTUPOBAHHBIMU.
Mpu nporpaMMyMpoBaHUM Ha 3TUX A3blkax, Aaxe Mpu HanMcaHUM CamoW MaslEHbKOW
nporpammsl, NpuaeTcs npuaepxusatbes npuHumnos OOlM, 1, cOOTBETCTBEHHO, ONu-
caTb, NO KpanHer mepe, 0aMH Knacc.




061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

Jpyrumu cioBamu, mpu pabote B C++ Kiracchl U 00bEKTHI MOKHO UCTIOJIb30BaTh,
a MOXHO He WCII0JIb30BaTh. Bee 3aBUCHT OT HaMepeHUT TPOTPaMMUCTA, KOHed-
HOU 1IeJIM ¥ KOHKPETUKHU PENTaeMOI 3a/1aum.

Nsyuenne sa3pika mporpammupoBannsg C++ Hepeako mopaetcs B (popmate "oT
IIPOCTOTO K CJIOKHOMY", TO €CTh CHayaja M3jaraioTcs "oObIuHbIe" METOAbI IIPO-
rpammupoBanust B C++, a MOTOM ONUCHIBAIOTCS KJIACCHI, OOBEKTHI ¥ COITYT-
CTBYIOIE UM TEXHOJIOTUU U KOHCTPYKIIUU. MBI OTOW/IEM OT 3TOH TpauIuy u
cpa3y HauyHeM C PacCMOTPEHHsI OOBEKTHO-OPHEHTHPOBAHHBIX KOIOB. JTO TI0-
3BOJIT, BO-TIEPBBIX, CKOHIIEHTPUPOBATHCST HA HamboJiee BaKHBIX MOMEHTaX, M,
BO-BTOPBIX, COKPATUTH 00beM y4eOGHOTO MaTepuasa, CyleCTBEHHO He TTOHUKAs
YPOBEHD M3JI03KEHUS U OXBAT OCHOBHBIX TEM.

=v Ha sameTky
3akoH MNapeTo yTBepxaaeT, YTo B AeAaTenbHOCTH toboro pona 20% ycunuii NpUHOCAT
I 80% pe3synbrata, U octanbHele 80% ycunuii patot nuwb 20% pesynstata. Mol nonbl-
Taemcsl "NokanmM3oBaTtb"” Te MMHMMasbHbIE YCUIMS, KOTOPbIE MO3BOSAT B NOJIHOM Mepe
pacKpbITb NOTeHUunan n a3bika C++, n npuHumnos OOI.

OpHAKO HE TOJIBKO KJIACChI M OOBEKTHI OY/IyT IPEIMETOM Halllero usydenust. B
C++ ecTb MHOTO BaKHBIX, IIOJIE3HBIX ¥ 9(P(HEKTUBHBIX KOHCTPYKIHIi, Ge3 3HaHUS
1 ¢BOOOHOIO BJIAJEHHS KOTOPBIMU IIporpaMmupoBanue B C++ Ipencrasiser-
cs npobsieMaTnyHbIM. BakHbIM BOIIPOCaM, KOTOPbIe HANPAMYIO HE OTHOCITCS
k OOII, HO UMerOT HemocpeCcTBeHHOEe OTHOIIeHne K C++, B KHUTe yAeIsieTcs
JIOJKHOE BHUMAaHHE.

Hawun metoabl

Ioti0em npocmvim r02uuecKum X000M.
u3 /¢ "Hponus cyovool unu ¢ aeekum na-

"

pom

[Tpu uzydernn mo60ro Kypca (He 00513aTeTbHO UMEIOIIETO OTHOIIEHHST K TPO-
rPaMMUPOBAHUIO ) BCET/[A €CTh OJIHA [IJIeMMa - MaTepUaia 0ObIYHO MHOTO, a Bpe-
MEHH Ha ero u3ydeHre 0ObI9HO Masio. Eciii Mbl TOBOPUM O KHUTE C MTPETEH3Uen
Ha yu4eOHUK, TO TPoOJIeMa OCTAETCS AKTYAIbHOI.

Hayuutbcs mporpaMMupoBaTh TOJTYIUTCS, TOTBKO €CJIU TEOPUS MTOAKPETISIETCS
nmpakTuKoil. [Ipuyem ¢ yBepeHHOCTBIO MOXKHO yTBEPXKAATh, UTO MEPBOCTETIEH-
HBIM TIPH U3Y4YEHUHU JII0OOTO Kypca IPOrpaMMUPOBAHUST SIBJISIIOTCST MIPAKTHYE-
cKHe HaBBIKH. VIX HY)KHO pa3BWBATh M YKPEIJSATh. KHUTA B 5TOM /iesie MOXKET
OBITH TIOMOITHUKOM. XOpOIasi KHUTa MOKeT ObITh IyTEBOAUTENIEM - He GoJiee.
EcTb ete konewHo, CIpaBOYHUKH, TOJICTHIE 1 MHMopMaTtuBHbIe. Ho cripaBouHnK
1 yueOHVK - KHUTH pasHble. B cripaBouHnKe BaxkeH 00beM, MOJHOTA 1 JOCTOBEP-
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HOCTh WHMPOPMAIK. Y4eOHUK XapaKTepr3yeTcst TOH MOJIb30M, KOTOPYIO OH JaeT
YUTATEJIO.

MbI He ctaBuM nepes coboii 1ebio y3Hath Bee o asbike C++ mam OOII. Hamra
1[eJIb B MHOM -/IaTh MOIIHBII TOMY0K B uaydyeHuu npuniumnos OOII Boobie, u
asbika C++ B yacTHoCcTH. Ellle MBI ompeziesinM ob1iiee HaIpaBJaeHe, B KOTOPOM
Pa3yMHO ABUTAThCA B fajbHeiieM. OmHAKO CKa3aHHOE He 03HAYAET, YTO KHUTA
OyzeT HEellOJIHON WM B KAKOM-TO cMbIcJIe yiep6Hoil. Yurareib HAydUTCS CO3-
JIaBaTh TOJHOIEHHbIE 0OBEKTHO-OPUEHTHPOBAHHbIE TIPOrpaMMbl. MbI paccMo-
TPUM BCE OCHOBHbIE 1 HanboJiee BaskHble KOHCTPYKIK C++, Tak 4TO [IPH JKeJia-
HUM YUTATE]Ib CMOKET CO3/[aBaTh U OObIYHbIE (He 00BEKTHO-OPUEHTHPOBAHHbIE)
nporpammbl. Ho ciryuuntest aTo He camo 110 cebe. Kuury maso mpountats. C KHE-
roii Hy:KHO paboTaTh. B aToM cirydae ycrex npuer.

YaeGHbII MaTeprasl B KHUTE MOAAeTCsT UCXOsI U3 TOTO, YTO YUTATENb HE 3HAKOM
nu ¢ npuanamu OOIL, #u ¢ g3p1kom C++. [[pyrumu cioBamu, arnipuopu mpeji-
noJjiaraercs, 4to ynrtaresb B C++ He mporpaMmmuposa. Bmecte ¢ tem, KHura 0y-
JIET TIOJIE3HOI U T€M, KTO 3HAKOM ¢ si3bikoM C++.

r— Ha 3ame
- MeTky

Mpu 06CYXOEHNN CUHTAKCUHYECKUX KOHCTPYKLUMIA WU yTUnMT GyayT aHanuM3vpoBaTbCs
| Hanbosee BaxHble MOMEHTbI. BTopocTeneHHble Aetanu Mbl Hepeako 6yaem ocTaBnsaTb
"3a 60pTOM". ITO KakK pad To MUHMMaSIbHOE N Hen3bexHoe "3510", C KOTOPbIM NPUAETCS
cMupuTbes. OnpaBaaHNEM Ham CRyXuT yoexaeHne B addEKTUBHOCTU AaHHOro nog-
xopa.

NMporpaMmmMmHoe oGecneyeHne n cTaHpapTbl
A3bIKa

Q@ueypot, mosicem, u nem, a xapaxkmep - HaAIUUO.
uz k/p "/lesuama”

BaskHblil BOIIPoC - iporpaMMHoe obecriedenne, KoTopoe OyaeT I MOKET ObITh
HCTIOJIB30BAHO [IJISI COCTABJIEHUS U KOMIWJISAINU MPOTPAMMHBIX KozoB. [lajee
MBI TIOTOBOPUM MMEHHO 00 9TOM. BajkHO MOHMMATH, YTO BBIOOP IIPOrPaAMMHO-
ro obecredeHust, KpOMe MPOYEro, CBsI3aH TaKKe ¢ MOJIEPKKON OIpeIeIeHHOTO
cmandapma ssvika C++.

;! Ha sameTky
Mporpamma, HanucaHHas Ha A3blike C++, QOMKHA COOTBETCTBOBATb ONpenesieHHbIM
npasunam. CyuiecTByeT ctaHaapT A3bika C++, KOTOPLIM onpeaensieT OCHOBbI CMHTaK-
cuca n pag, CMEXHbIX NMONOXEHNN: 6a30Bble CUHTAKCUYECKNEe KOHCTPYKLUW, anropuTMbl
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1 noaxonbl, A0NYCTUMBbIE B A3blke. [TporpamMmel, KOTOpblE NEPEBOAAT (B TOM UV MUHOM
BMJE) HANNCaHHbIM B COOTBETCTBMM CO CTaHAAPTOM A3blka C++ NPOrpaMMHbIV KO, B Ha-
60p KOMaHZ, MOHATHBIX A1 KOMMblOTEPA (TOYHEE, ONEPALOHHON CUCTEMBI UIN NHOM
nporpaMmmbl-nocpenHMKa) Ha3bIBaIOTCA KOMMUIATOPaMU.

HermocpencTBeHHO TIPOrpaMMHBIN KO/l MOXKHO HaOpaTh XOTh B TEKCTOBOM pe-
nIaKkTope. 3/1eCh MBI TIPAKTUYECKU HE OTPAHUYEHBI B BO3MOXKHOCTSIX. 3aTeM KOJI
HYKHO KOMRUAUPOBAMb. [lJII 3TOTO UCIIONB3yeTCs ITPOTPaMMa-KOMITHJISTOP.
KoMIuisiTopoB MHOTO 1 CPeid HUX €CTh Kak HeKOMMepueckue (CBOOGOIHO pac-
[POCTpaHsieMble), Tak ¥ KoMMepueckue. IIpo6ieMa B TOM, 4TO JajieKo He Bce
KOMTUJISATOPBI TTOJTHOCTHIO TOAAEPKUBAIOT CTaHAAPT a3bika C++: HEKOTOpbIe
"TIpaBUJIBHBIE" C TOUKY 3PEHNS CTAHIAPTA SI3bIKA CHHTAKCUYECKHE KOHCTPYKITIHT
KOMITUJISITOPY MOTYT OBITh "HEMOHSATHBI". B 9TOM cMbIcjIe BBIOOP KOMITHIISITOPA
umeet 3Havenue. [Ipu BbIOOpE KOMITUJISITOPA HEJIUIITHE TIPOCMOTPETh HH(pOpMa-
IIUIO U3 eTO CITPABOYHOU CUCTEMBI.

L}

-

Ha 3ameTky

JlocTaTtoyHo Oonro cyuwecTtsoBan ctaHaapT A3bika C++ oT 2003 roga. Hoeas cyuie-
CcTBeHHas mogndukaumsa ctangapTa npondowna B 2011 roay, a 8 2014 rogy B cTaHaapTt
a3blka C++ OblIM BHECEHBI HEKOTOPbLIE YTOYHEHUS. 10 HGONLLLIOMY CYETY, U3SMEHEHUS
CBOASTCS K PACLUMPEHMNIO BO3MOXHOCTEN A3blka 1 ,06aBNEHNIO HOBbIX CUHTAKCUYECKMX
KOHCTPYKUUWNA.

Ha MOMEHT HanucaHmns KHUrM NOCNeaHNM YTBEPXAEHHbIM CTaHAAPTOM si3blka C++ aB-
naetcsa ctangapt ot 2014 roga. OgHaKko camble MHTEPEeCHbIe HOBLUECTBA MOSIBUNIUCH B
ctaHgapTe 2011 roga. Tak 4To Npu pa3paboTke NPUIOXKEHUA MOXHO CMENI0 OPUEHTU-
poBaTtbCsl Ha 3TOT cTaHaapT. Kpome Toro, cnenyet y4ecTb, YTO Aaneko He BCe KOMMUs-
TOpbl COOTBETCTBYIOT He TO 4To cTaHaapTy 2014 ropa, Ho aaxe ctaHaapty 2011 ropa.
MpuynHa GaHanbHas - BHOCUTDL "topnanyeckne” namMeHeHus B CTaHaapT HaMHOIo Npo-
e n BbICTpee, YeM peann3oBaTtb X B TAKOM NPOrpaMMHOM NPOAYKTe, Kak KOMMWs-
Top. Co BpeMmeHeMm, pasymeeTcs, AaHHas npobnema 6yaeT pelleHa.

B niobom cnydae, nepeyncrieHHble Bbillle 0OCTOATENbCTBA HE A0JIKHBI CMYLLATb, MO-
ckonbky cTaHgapt 2003 ropa, noanepXuBaeMblli GONbLUIMHCTBOM KOMMUASITOPOB,
"nepekpbiBaeT" OCHOBbI CUHTakcuca a3blika C++. COOTBETCTBEHHO, MaTepuasn KHUrm B
OCHOBHOU CBOEW Macce NoaxoauT ans 60blLIMHCTBA Haubonee NonyaspHbIX KOMAUAS-
TOPOB. B Tex cnyyasx, koraa nporpamMmMHbIA KOL COOAEPXUT CYLLECTBEHHbIE "HOBUHKN™,
L1 BOCNPUATUSA KOTOPbIX HYXXEH Hanbonee NpoaBUHYThIN KOMAUAATOP, B KHAME Aa0TCA
no 3TOMY NOBOAY NOSCHEHUS.

[Tpu pa3zpaboTKe POrpaMMHOTO KOJa YI0OHO TTOJIb30BATHCS POrPaMMaMu, KO-
TOPbIE Ha3bIBAIOTCS cpedamu paspabomru (4acTo UCHOJb3yeTcst abOpeBraTypa
IDE or anrsmiickoro Integrated Development Environment). Cpena pa3pabot-
KU - 9TO Ha CAMOM JIeJie HeCKOJIbKO TTPOTpaMM (Kak MUHUMYM PEAakTOp KOOB U
KOMITHJISITOP) B OJTHOM "hyrakoHe .
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|/
== Ha sameTky

Cpepna paspaboTKy - HAMHOIO JlyHLUe, YEM MPOCTO KOMMUAATOP. ITO Lenblii HaBop yTu-

I JIUT, CPEAM KOTOPbIX KOMMUATOP SABASETCS OAHMM M3 KOMMOHEHTOB. OBbI4HO K ycyram
paspaboTymka - creumasnbHblii pegakTop, obnerdaolwmin Habop NPOrpamMMHOro Koaa,
a TaKkxe CpeacTBa OTNaaku, TECTUPOBAHUS, KOMIMOHOBKM U PSS APYTMX KOMMOHEHTOB.

CytiiectByeT MHOTO cpell pa3pabOTKI, B TOM YHCJIE€ U PACTPOCTPAHIEMBIX Ha
HEKOMMEPUECKOii ocHOBe. MbI TIOJTHBIN 0630p nesiaTh He GynemM. OcTaHOBUMCS
JIMIIb Ha TPeX: KPaTKo PacCMOTPUM cpelibl pa3paboTku Dev C++ u Microsoft
Visual Studio Express, u ellie pacCMOTPUM MeTOZbI paboTeI co cpezoit NetBeans.

—) Ha 3ameTky

.

CTOWTb OTMETUTB, 4TO BCE 3TN cpeabl 6ecnnaTHble u MOryT ObiTb CBOOOAHO yCTaHOBNE-
I Hbl HA KOMMbIOTEP NOSIL30BATENS.

Cpepa pa3pab6otku Dev C++

Yezo ne Haoo, mozo ne coenaomn.
u3 x/¢ "Iloxposckue éopoma”

Cpena paspaborku Dev C++ pacrpocTpaHsieTcsi CBOOOIHO: yCTaHOBOY-
Hble (ailibl MOXKHO 3arpysuTh Ha caiite www.bloodshed.net kommanum
Bloodshed Software. Ctpanniia 3arpy3Ku yCTaHOBOYHBIX (DailJIOB Cpejbl paspa-
60TKM nokaszaHa Ha puc. B.1.

(&) The Dev-Ce = Resource Site - Mozilla Firefox = | =
Qudn Opsves Bt Kypwan Jownagen Vnerpyuents Cnpases

The Dev-Co = Resousce Site L+
* e - blocdshed net el 4 [@- Ll
4 Angexe O o (8 e W [ Focrmai ascp Spera.. (@ H 5

eros! s dite

Mavigation: Feature list

+ Suppart GOC-based compilers B
« Integrated debugging (using GDE) "
.5 t for multiple languages (lecalization)

» Crogs

* Projact Manager
L= zable syntax highlighting editor
» Quickly create Windows, conscle, static libraries and DLLs

= Support of templates for creating your own project types
* Makefile creation

# Edit and compide Resource files

 Tool Manager

* Print support

* Find and replace facilities

* Package manager, for easy installation of add-on kbranes
* CVS Suppert

* To-Do List

* CPU Windaw

Requirements

Puc. B.1. CtpaHuua 3arpy3ku cpeabl pa3paboTku Dev C++
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Puc. B.2. OkHO cpeabl pa3paboTtku Dev C++

Cpeza nmoaaep:;KuBaeT MHOTOSI3bIKOBOM nHTEPdENC (B TOM YNCJIE U PYCCKOSI3bIY-
weiii). Ha puc. B.2 mokazano oxno npunoxkerus Dev C++ (¢ pycCKOSI3bIYHBIM
uHrepdeiicom).

Mertozmpr pabots co cpenoit Dev C++ omnucbiBarh He OyzeM. Bo-1epsbix, He 9T0
€CThb TIpeIMeT Hallell KHUTU. Bo-BTOpBIX, HAMO MPU3HATH, YTO DJIEMEHTHI Ha-
crpoiiku Dev C++ mpocTbl v TOHATHBL /lake ecii HeT 4eTKOTO Mpe/ICTaBIeHUS
0 Ha3HAYEHUU TOTO WJIK MHOTO 9JIeMEHTa, Ha MHTYUTHBHOM YPOBHE OOBIYHO MO~
HATHA ero "mMuccus”. KpaTtko onuiieM JIMIIb MTPOIECC CO3/IaHUS HOBOTO TIPOEKTA.

Yt06bI cO31aTh HOBBII TIPOEKT (HOBYIO Tporpammy), B MeHto Maiin BoiGupaem
KoMaHIy-MeHio Co3aaTh, U B PACKPBIBAIOIIEMCS CITUCKE BBIOMPAEM KOMaHILY
IIpoekr (puc. B.3).

B pesynbrate oTkpbiBaeTcsi OKHO ¢ Ha3BaHueM HOBBIH MPOEKT, B KOTOPOM He-
00X0IMMO 3aaTh THII IIPOEKTA 1 ero HazaHue (puc. B.4).

Hazpanue nipoexra BBozuTCs B 11oie VIMs, a 1151 cO3/1aHMst KOHCOJIBHOTO TTPHJIO-
JKEeHIsI B BepPXHel YacTu OKHa Ha BKJIajike Basic cieyer BoIOparh MUKTOTpaMMY
Console Application (cm. puc. B.4).

=l Ha sameTky
Mol 6ynem paccmatpuBaTb NPOrpamMmel, BBOA, U BbIBOA, MHPOPMALMN B KOTOPLIX peann-
3yeTcs Yepes KOHCObHOE OKHO (MM OKHO BbIBOAA, UMUTUPYIOLLLEE KOHCOTbHOE OKHO).
Takne NpUNoXeHNs Ha3blBaIOTCSH KOHCONbHBLIMU.
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Puc. B.3. Hayano co3paHus HOBOro npoeKra
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Puc. B.4. Co3paHune KOHCONbHOro npoekta Dev C++

ITocse Toro, Kak THII M HA3BaHUE IIPUJIOKEHUS OIIPe/leIeHb, CJIe/lyeT COXPAHUTh
poeKT. MecTo cOXpaHeHHUsI MPOeKTa BHIOMPAETCS € TOMOIIBIO [HAJIOTOBOTO
okHa Create new project, Kak TlokasaHo Ha puc. B.5.

[Tocsie co3manus MPOEKTa B OKHe peflakTopa HabupaeM mporpaMMHblil koa. Ha
puc. B.5 nokazano okHo cpenbl pazpaboTku Dev C++ ¢ HeCI0KHOU mporpam-
MOI.

[IporpaMMHBIiT KOZ B OKHe pelakTopa KofoB rpuyioxkenus Dev C++ takoit:

#include <iostream>

using namespace std;

int main () {

cout<<"We use Dev-C++"<<endl;
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Puc. B.5. 3apaem mecTo coxpaHeHus npoekTa Dev C++

[l Dew-Cas 8592 - [ FurstProject | - FarstProject dev [ & )
@aAan Mpaaxs Mewce Bag MNpoexy Bwncnnwre Ofsages Cepead COVS Owwd  CApaech
g OmEaE 8 |~~ BB H A4®
HNOoAEy 7@  [Ocoum 4] Beramen @l necerncame W] Nopeirs
Elccl\mmupnnrpu lunmr-dr:-:F‘S-_l
I =l
Npoext | Fascew | Orasara| mancee |

+ E:] FustProssct

using namespace std;

int mai
<<endls

ratarn 07

B8 Kormmnaop | Bl Pecspon | dlh Hyoman rosamnases | o Oraaess| [B Pesyasram noucsa

B2 Berassa 3 cTpox. b Paden

Puc. B.6. OkHO cpeabl pa3paboTku Dev C++ ¢ nporpaMMHbIM KOAOM

system ("PAUSE");
return 0;

}
Ona KOMNUAnpoBaHMA nNporpamMmmbl 1 3anycka ee Ha BbliNnoJIHeHMe 0oCcTa-

TOYHO BbINMOJIHUTbL OAHO 13 Cneaywmnx LENCTBUI:

*  Haxarb KiaaBumry <F9> Ha ximaBuatype;
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*  MIEJKHYTh TUKTOTPAMMY, COOTBETCTBYION[YI0 KOMaH/e KOMITUIMPOBA-
HUSI ¥ 3allyCKa Ha BBIMOJHEHUE TIPOTPaMMbI (TI0 YMOJIYAHUIO JIaHHAS
MUKTOTPaMMa TPEThSI CJIeBa Ha BTOPOI CBEPXY MaHE N MEHIO, KaK TTOKa-
3aHo0 Ha puc. B.6);

*  BOCIOJIB30BAThHCS KOMaH/1011 CKOMIIMJIMPOBATH M BBIIOJIHUTH B MEHIO
BoimoaHurs.
B pesynbrare BbITIOJSIHEHNS TIPOTPAMMBI (€CJIU TPOTPAMMHBIH KO/l HE COIEPKUT
omOOK 1 yIauHO OTKOMITMJIMPOBAH ) OTKPBIBAETCSI KOHCOJIBHOE OKHO € CO00IIIe-
nreM We use Dev-C++ (puc. B.7).

® | I\Books\B pafiore! 000N & C= =\ excamples) chiFirstProject e = ||==

A AT ADTYE HAaRDWEy .

Puc. B.7. Pe3ynbTaT BbINOMIHEHUS KOHCOJIbHOTO nNpoekTa Dev C++

MoppoGHoCcTU

Ecnun KOMy-TO MHTEPECEH NPOrpamMMHbIA Kof npoekTa (CcM. puc. B.6), To oH gocTaTouy-
HO MPOCTOM N COAEPXMNT BCErO HECKOJIbKO KOMaHA. Mbl Takoro Tuna komaHabl 6ynem
o6cyxaaTb B OCHOBHOW YacTu kKHurn. Ceiyac xe npocTo gaaum kpaTkoe onvcaHue c
MWUHUMAabHLIMW MOSICHEHUSIMUN. VITak, MHCTPyKLMEN noakso-
yaeTcsa 6ubnnoTeka ctaHaapTHOrO BBoAa-BbiBoAa. KomaHaa
03Hayaer, 4To NCMOJIb3YeTCs CTaHAAPTHOE NPOCTPAHCTBO MMEH. HenocpeacTBEHHO Bbl-
NOSHAEMbI NPOrPaMMHbIN KOA COAEPXUTCS B IMaBHOM PyHKUMM, KOTOPas Ha3blBAETCSH
. Kniouesoe cnoso nepez Ha3BaHneMm byHKLMN CBUAETENBCTBYET O TOM, YTO
yHKUMS B Ka4yecTBe pesynbraTa BO3BpaLLaeT uenoe ymcno. Nycrtbie Kpyrible ckobkun
nocne NMeHn GyHKUMM 03HAYAIOT, 4TO Y OYHKLMN HET apryMeHTOB. [porpaMMHbIn KOA,
bYHKUMN yKa3blBaeTCs BHYTPU 6n0ka, OrpaHUYeHHOro napon dUrypHbIX CKOOOK (TO

ecTtb mexay { u }). Komanga npeacTaenseT cobom
WHCTPYKLMIO BbIBOAA B KOHCOJb TEKCTA C nocnenyoLmM Nepexoaom
K HOBOW cTpoke. KomaHaa B laHHOM CJly4yae HyXxHa AJisl Toro, 4To-

Gbl KOHCOJILHOE OKHO He NMPOoMaaasio ¢ 9KpaHa cpasy nocse BbIBoAA COOBLEHNS (MHaYe
BCE MPOV30MAET HACTOSILKO BbICTPO, YTO Mbl HAYErO HE YyCreeM 3aMeTUTb). MIHCTpyKumMs

03Havaert, 4To paboTa NporpaMMbl 3aBepLIAETCs C KOAOM O (HopmasibHoe
3aBepLUeHve paboTbl MPOrpaMmbl).

Boobiie crout orMeTnTsh, 4To cpea paspaborku Dev C++ mpocrast, KOMITaKT-
Hasl, JIETKO HACTPAUBAETCsT ¥ CBOOOHO PACIPOCTPAHSIETCS (UTO HEMATOBAXKHO ).
B o6111eM 1 11€710M - BBIOOD HEILIOXOIA.
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)/ Ha samerT!
— Ky
MpoeannanpoBatb cpeny pa3paboTtku Dev C++ Toxe ocobo He cTouT. U 3a Hell nmetoTcs

HekoTopsble "rpewkun”. Hanpumep, B Dev C++ B ka4ecTBe pa3mepa CTaTu4eckoro Maccu-
Ba JOMyckaeTcsl ykadblBaTb NEPEMEHHYIO (2 HE KOHCTaHTY), YTO, MSITKO FOBOPS, HE O4€Hb
COOTBETCTBYET CTaHAapTam a3blka C++. XoTs Takoi 4EMOKPATU3M CEPLE3HO YNpoLLaeT
XW3Hb, ClleayeT NoHMMaTb, YTO 3TO yxe OyAeT He COBCEM CTaHAAPTHbIM NPOrpaMMHbI
KO, 1 NP1 NCMNONb30BaHUN APYrov cpeapbl pa3paboTky MOXET NosIBUTLCS oLImMbKa.

Cpepa pa3pad6otku Microsoft Visual Studio
Express

U sce-maxu, nosepvme ucmopury: ocuacmiu-
BUMb NPOMUB HCENAHUS HETb3SL.
u3 /¢ "Iloxpoecrxue sopoma”

VY xommanuu Microsoft ects kommepueckuii ipoaykT Visual Studio. Bosee mpo-
crast Bepcust HasbiBaetcst Visual Studio Express v pactipocTpaHsieTcst GecIiaTHO
(#o mpu ycaouu peructpaiun). Jlutensust Visual Studio Express mpemycma-
TPUBAET, UTO KOHEYHBIM I10JIb30BATEJIEM MPOAYKT UCIIOJIb3YETCSI B HEKOMMED-

Sodn Opascs g Fypean Jactaaon Hecipyuents Cnpasc = f=r
2" Download Microsolt Visual. ® |
¥ @ € ¢ micrasoft.com 1 L c|l 4 B 8- Al =

A& Amaexs [} Mowra (B Yacro nocewisesise | M Internet Explorer @) Havansrun crparmia
B Microsoft
Download Center

KymTe ~ MpoaykTe « KaTeropud ~ Nopnepssa « BelonacHocTs «

Bl Microsoft Visual Studio Express 2013 ana Windows Desktop ¢
obHOBNEHWEM 4

Bersers M Freont . becrinartbie
2N e 1biC
obHoenenua MNK

Visual Studio Express 2013 ana Windows Desktop obecneuneaet cozfaHme
WeHWI Ha asbikax C#, Visual Basic n C++,

KNacCAUeckuy npiJ

nogaepxneas Windows Presentation Foundation (WPF), Windows Forms w
Win32.
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YecKUX Iesgx (CKesaiolie MOTYT YTOUHUTH IOpPUANYECKIe MOMEHTHI Ha calTe
www.microsoft.com kommanuu Microsoft).

Jlns BeIXOZA Ha cTpaHuIly sarpysku cpeabl Visual Studio Express nmeer cMmbic
Havyath "myTerrectBue” ¢ oduimambHoi crpanuiiel Microsoft uam cpasy Bbrii-
TU Ha CaMT IleHTpa 3arpy3ok www.microsoft.com/ru-ru/download, a
yiKe OTTy/la N0 TUIEPCChIIKAM TePelTH Ha CTPAHUILY 3arpy3KH TPHUJIOKEHHS.
Ha puc. B.8 nokaszana crpanuiia sarpysku npuiokenus Microsoft Visual Studio
Express 2013.

=l Ha sameTky
Bpemss OT BpemMeHW yCnoBuMs  3arpyskm U perucrpauum  NpuioXeHus
I Microsoft Visual Studio Express MeHsA0TCS, NO3TOMY HE UCKJIIOYEHO, YTO YUTaTEeNIO NPU-
[eTca NposiBUTb HEKOTOPYIO M306peTaTeNlbHOCTb A4S TOro, YTOObl CTaTb CHACTIMBLIM
noJsib30BaTesieM AaHHOIrO NPOrPaMMHOro NpoayKTa.

[Tocsie 3amycka MPUIOKEHUST OTKPBIBAETCST OKHO, TTIOJ00HOE TIPEICTABIEHHOMY
Ha puc. B.9.

B Haanman crpamms - Microsoft Visusl Studio Express 2013 s Windows Desktop B Y3 | Becrpdi sanyex (G110 Pl= O %
SAAN  VEMEHMTE  MPOCMOTP  OT/AAMKA  KOMAHGA CEPBMC TECT OKHO  CIPABKA Aiex Vasiter = [
SRR Il s — "
& Havanwwas crpansss £ X = | bospesarens peiuensi -0 x
= =
—FACE 2
ress 2013 ana
Al -3 | | r
Windows Desktop
HHGOPMALMK O HOBBI yHELWAY M yayuleHMas B Express 2013
Zanycrums Ana Windows Desktop momHo HaRTH B CABAYIOWMK PAZAEAAK.
Hossle BozMoxHOcTH Windows Desktop
Nocnegrue
Cnwscon oLumon * fx
I
Onwscarme daiin - Crpoxa & Cron.. = Mposo «
Crmcox oumbon [T

Puc. B.9. OkHo npunoxeHus Microsoft Visual Studio Express 2013

Jlist cospanust HOBOTO TpoeKTa B cpee paszpaborku Microsoft Visual Studio
Express B merto Maiin Boionpaem komany Cosaats npoekt (puc. B.10).
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Puc. B.10. Co3paHue HoBOro npoekrta B cpege Microsoft Visual Studio Express

JIpyroii criocob: Ha TaHeIM WHCTPYMEHTOB €CTh CIelHalbHast MHUKTOrPaM-
Ma. Takyke HOBBIH TIPOEKT CO3JAETCS HasKaTheM KOMOWHAIMU KJIaBHIII

<Ctrl>+<Shift>+<N>.

[Ipu cozmanuu HOBOTO TIpoeKTa OTKpoeTcs OkHO Co3AaTh MPOEKT, B KOTOPOM
cremyeT 3a7aTh TUTI TTIPUJIOSKEHNS - HallpUMep Tak, Kak MoKa3aHo Ha puc. B.11.

Cozaame npoesT
b Mocnespme dafine
4 Ycranosnennsie

- LW

Mpwsepe:

b Boem

ol Con

Mpetss pa oo
[T

G

HIE EGHEGARHOFD

h B

Wum:
Pacncncaenme:

[APrr—

Wlessrrme 3aeck 408 oWOE L

finonos 8 Memepuere

SecondProject
Books\B pasiare\OOP_Cpplistingschdl Dsop...
SecondProject [ Congamn xatancr 48 pewenu

] ioSsaums & chcresay ypaanesms sepcnsm

(o) omen

Puc. B.11. Onpeaensem TUn npunoXxeHus
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B nmone MMs yka3piBaeTcsl Ha3BaHUe /I TPUJIOKEHU, a B osie Pacnososke-
HUE - MECTO JIJII cOXpaHeHus (aiiyioB MpoeKTa (MMeeTcs PsI IPYTUX HACTPOEK, C
KOTOPBIMH, XOYETCSI BEPUTh, YuTaTe b 6€3 Tpyaa pasbepercs). B mporecce mozu-
TBEPIKIEHUS HACTPOEK MOSBUTCS ellle HeCKOJbKO okoH. OHO U3 HUX MOKa3aHO
Ha puc. B.12.

Macrep npsusconeriil Wind2 - SecondProject ¥ @'
D Nofipo MHHANGEATS B MACTEP ApRNoHeHE Wind2

Tiescyuusae Fuapame TG NPOeKTA!
= Komimesne e

Ofisop
Mo TRt M{wi RO weres)
LR o TR A A TEXPLIN NEDERETICN RESTE ioney ToToes My moforn o,

TioCne COLAHIE NOGEITA MDOOTENTE ain resdme. bl QAHH0rD NDoETS L5 MoayreeHmn
CRELEE O NDOESCTE H OOAD e SARnax

Puc. B.12. Co3paeTcs KOHCOJIbHOE NpPUioXXeHue

Ha puc. B.13 nmoka3zaHo 0KHO, B KOTOPOM BBITIOJHSIETCST PSIJl TOMOJTHUTETbHBIX
HaCTpPOEK.

HbI 3aronoBoK. Mo ymMon4aHuio aTa onuusa yctaHosneHa. Ecnu Tak, To B wanke npo-
rpaMmmbl JosmkHa OblTb MHCTPYKUMS #include "stdafx.h". 3pecb 1 panee Mol 6yaem uc-
XOAMWTb U3 TOTO, 4TO NPW CO3AaHUN NPUSIOXEHNS faHHAs OMnLMs OTMEHEHa.

—, Ha 3ameTtky
|
MmeeT cmbicn obpatuTb BHMMaHWe Ha onumio lMpeaBapuTenbHO CKOMMAUIMPOBaH-

Haxownerr oTkpbIBaeTCst OKHO PeZIaKTOPA TTPOTPAMMHBIX KOJIOB JIJIS CO3/ITAaHHOTO
npoekra. Ha puc. B.14 nmokasano, kKak MOKeT BBITJISIIETh OKHO CPeibl paspaboT-
ku Microsoft Visual Studio Express ¢ BBeieHHBIM IIPOrpaMMHBIM KOZOM IHEPe]
3aITyCKOM TIPOEKTa Ha BBITIOTHEHTIE.

B oxHe penakTopa comepKUTCS CAeayIOMUH MPOTPAMMHBIN KOJT:
#include <iostream>
using namespace std;
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Macrep npsusosoersail Wind2 - SecondProject IF-@
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Puc. B.13. JononHnTtenbHbie NapamMeTpbl KOHCOJIbHOIO NMPUJI0XKEHUSA

D SecondPragect - Micresoft Visal Studic Exgress 2013 4nn Wendews Deskiop ERREEN v accx (Cl-Q i B
AN VBMEHWTE MPOCMOTP  MPOEKT  CBOPKA  OT/AAMEA KOMAHIA CEPBMC TECT OKHO  CIPABKA Alex Vasiler = [0
o- B MR - = | I Moxammed ormgua Windows = | Debug Wind2 <. n =
7 SecondProjectepp & X ~  Ofopesstens peusermit - 20
Bl (Mnctanenan obaact) 7 @ e-fHH &=
Bl | sinclude cicstress +
% | usdng nosespace std; e e e R i 2
i | 51 Pewserme “SecondProject” (npoeeros: 1)
2 int madn( ) - 4 % SecondFroject
Irecendl; B g Brewusite 33ECnoCTI
4 FerenchcunmiE diiie
B stdatch
B tasgetverh
4 RN HCHBANGTT KA
B+ SecondProjectepp
++ stdabecpp
Dading pecypros
B ReadMets
maln W odeFunction -
all | &
100% =4 b B Ces -
{Marre) main
Crmcox oumbon = f ok pabat \oop_Gpy
Cnucarme P Crpoks & Cron. = Mposr & IsDelautt Faiee
IsDelete False
IFinal False
ldnjected False
Isdnline False
b el dad Falua kg
Con
Crmcon ownbon: [T

Tovose

Puc. B.14. OkHo cpeabl pa3paboTku Visual Studio Express 2013
nepep 3anyckom npoekTa Ha BbiNOJIHEHUEe
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int main() {

cout<<"We use Microsoft Visual Studio Express!"<<endl;
system ("PAUSE");

return 0;

}

— ) Ha 3zameTk
- y

[MporpamMmHbIN KOA, NpakTUYeCKM Takom Xe, Kak U B pasgene, B KOTOPOM paccMaTtpumsa-
I nacb cpepna paspaboTtku Dev C++. MIameHUNcs ToNbKo oTobpaXaeMbiii Npu BbIMoOJHE-
HUN NporpamMmbl TEKCT B KOHCOJIbHOM OKHe.

[lns 3amycka mporpaMMBbl Ha BBITIOTHEHUE (C TPEBAPUTEIbHON KOMITUJISAIIN-
eli, pa3yMeeTcs ) MOXKeM BOCIIOJIb30BAThCS TUKTOTPAMMOM € 3€JIEHOU CTPETKOHN
Ha naHesu MHCTPyMeHTOB (cM. puc. B.14), naxkatp kaasunry <F5>Ha KjiaBua-
Type niau puberHyTh K momornu komatasl Hayate otaaaky B MeHio OTiaaka
(puc. B.15).

Dd SecondProject - Microsolt Visual Studio Express 2013 a8 Windews Desktop 0o
SUAN  MEMEHWTE  NPOCMOTP  MPOEKT  CEOPKA | OTAAQKA | KOMAHIA CEPBMC TECT OXHO  CNPABKA
Q- S WM D = | W Nossnexei o Owris »
SecondProgect.cpp & X P Hawame onasay '%. Fs
(T nofanssas chinacTs) e P Zamyoe Ges oraagoe CtilaF%
ginclude <lostream & Mpsicoegmumareca & npoysccy.
using nemecpace std; Hoxnrgeaenng Chrl+DL E F
G = Luenise “Second?
int main( ],: o Wy ¢ sEeogom Fi1 ]Sh’ﬂ +
cout <<"He wse Microsoft Visual Studi & Ll c ofcogom Fi0 =y e——
systes("FaUsE T F ZarosoB0uH
return @; D G TARGEY ] gy :
Clongare TouEy SCTaNCER * - sblalxhy
B tangetver

L DA e,
P+ SecondPy
#s stdaduop
Hranopr nogocasor no Asvrmi . Saila pecy
B Readhde.bd

MaparseTpes m macTpodin

F  Cacncres SecondProgect

main VCCedeFunction

-
B Css

Puc. B.15. 3anyck npoeKTa Ha BbINOJIHEHNE C MOMOLLbIO KOMaHAbI MEHIO

B pesyJibraTe BBINOJIHEHUS TPOIPAMMBbl OTKPBIBAETCS KOHCOJIBHOE OKHO C CO-
ob1eHneM (puc. B.16).
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Puc. B.16. Pe3ynsTaT BbINONIHEHUS NPOrPaMMbl

=! Ha 3ameTky
O6paTuTe BHMMaHMe, 4To cpeda paspadoTtkm Microsoft Visual Studio Express nossons-
I €T co34aBaTb NPUIOXKEHWS He TOJbKO Ha A3blke C++, HO 1, Hanpumep, Ha s3bikax C# 1
Visual Basic.

Cobcersenno, o cpeze paspaborku Microsoft Visual Studio Express mosxHO pac-
cy/aaTh MHOTO. B Hamm miansl 510 He BxoauT. Harm mianbr 6oJiblie cBA3aHbl
co cpenoii paspaborku NetBeans.

Cpepna pa3paboTkm NetBeans

Ha scex sizvikax kax nmuya noem.
u3 /¢ "Iloxpoecrxue sopoma”

OTKpPOBEHHO TOBOPsSI, OCHOBHOE MpeiHA3HaYeHWe CpPeibl  pa3padoTKu
NetBeans -Hanicanue MPOEKTOB Ha I3bIKe MPOTPAaMMUPOBaHUs Java. Bmecrte ¢
TeM, cpefia TO3BOJISET CO3/[aBaTh MIPOEKTHI ellle Ha HECKOJbKUX S3bIKaX, CPeN
KOTOPBIX ecTh U si3biKk C++. [IpriMepbl U3 KHUTH TECTUPOBAJINCH UMEHHO B CPEJIe
paspaborknu NetBeans. Cpena NetBeans MHOTOQYHKIIMOHAIbHA U JOCTATOYHO
yno6Ha B pabote (XOTsI 3T0, KOHEYHO, cyObeKkTuBHOE MHeHue ). Ho He 910 rias-
Hoe. [lsst pazpaboTku (1 TecTUPOBaHUs) TPUMePOB cpezia padpabotku NetBeans
6bLa BRIOpAHA, TIOTOMY UTO:

* 1pu paborte ¢ 9TOM cpenoii 6e3 0COOBIX YCUIIMIA MOKHO BBIBOJAMTD KH-
PUJLINYECKHI TEKCT B KOHCOJIb;

* cpena pa3pabOTKU TTO3BOJISIET UCTIOB30BATH KOMITHIISITOP, TTOIEPIK -
BafOIUH (TIOTHOCTHIO MM YACTUYHO ) HOBbIE CTAHAPTHI S3bIKA MTPO-
rpammupoBanus C++.

Tenepp 1m0 KakmOMy IYyHKTY "miepcoHaysbHO". C BBIBOJOM KHUPHUJIIUYECKOTO
TEKCTa B KOHCOJIbHOE OKHO ITPO0JIeMa TaKast: KOJANPOBKA, UCIIOJIb3yeMasl B KOH-
COJIbHOM OKHE, OTJINYAaeTCsl OT KOJAMPOBKH, UCIIOIB3yEeMOI B pelakTOpe KOZOB.
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[ToaToMy eciii B OKHE PeflakTopa KUPUJLINIECKUI TEKCT BBITJISIAUT HOPMAIbHO
(untabesbHO), TO B KOHCOJIbHOM OKHE ITOSBSITCS HecypasHble cMMBOJIbL. O6paT-
HO, €CJIM TEKCT BBOAUTCS B KOHCOJIBHOM OKHE U CUMTHIBAETCS B IIPOrPAMME, TO
HOPMaJIbHO BBIIJISASIINIA IIPU BBOZIE TEKCT OyAeT UMeTh COBEPILIEHHO MHOI BUJL
npu obpaborke. Emie pas moguepkHeM, 4To IPUYKMHA 3[€Ch KPOETCS B PA3JINYUK
KOAMPOBOK PellakTopa KOLOB M KOHCOJbHOIO OKHA. BbIX0/ U3 cuTyanum MoKeT
OBITH TAKUIM:

*  YCTaHOBUTH KOAUPOBKY PENAKTOPA KOJOB TaKyIO JKe, KaK U KOIUPOBKA
KOHCOJIBHOTO KOHA;

° HN3MEHUTDb KOJUPOBKY KOHCOJIBHOI'O OKHa;

*  100aBUTH B MPOrPaAMMHBII KO WHCTPYKIUH, TO3BOJISIOIINE TPOU3BO-
JINTH BBOJ U BBIBOJI TEKCTA B PA3HBIX KOANPOBKAX (B COOTBETCTBUH C KO-
JIMPOBKaMU KOHCOJIBHOTO OKHA 1 PEIaKTopa).

Kaxpiit 13 BapuanToB numeet cBou HegoctaTku. B NetBeans ata npo6iiema pe-
IIAETCST IOBOJIBHO TPOCTO. BO-TI€PBBIX, BHIBO OCYIIECTBIISIETCS HE B KOHCOJIBHOE
OKHO, a B CIIEIIMATIbHOE OKHO 6bl600(, YTO PACIIUPSIET BOSMOKHOCTH 110 HACTPOI-
Ke IapaMeTpOB BbIBO/IAa. BO-BTOPBIX, /115t IIPOEKTA MOKHO B IBHOM BHUJIE YKa3aTh
KOZMPOBKY U M30€KaTh MPobGJIeM ¢ HEKOPPEKTHBIM OTOOPasKeHHEM KUPUJLINYE-
cKuX TeKCTOB. [T0OCKOJIbKY MBI TOJIBKO YYUMCSI TIPOTPAMMHUPOBATH, JIJISI HAC TAKOi
MO/IXO/L BIIOJIHE TIPUEMJIEM.

Uro KacaeTcss KOMIUJISATOPA, TO OH YCTAHABJIMUBAETCSI OT/ENBHO OT cpenbl Net-
Beans. Chauana Jsiydiiie yCTAaHOBUTH KOMITUJISITOP /IJist si3bika C++, a yike 3aTem
cpeny paspabotku NetBeans. DTo, MATKO TOBOpst, He o4yeHb yao0Ho. Ho 3z1ech
HMeeTCs ¥ TLIoc: cpefia paspaborku Net Beans nojepskusaer paboTy ¢ HECKOJIb-
KMMHU TUIIAMU KOMIUJISITOPOB, TaK YTO MMEETCsI OnpeieieHHbIN Bhibop. [lamee
y3HaeM, Kak 3arpy3uTh cpeay pa3paboTKu, KOMITUJISITOP, BCE 9TO YCTAHOBUTH U
HacJaXaaThCcs Bo3MoskHOCTaMU NetBeans.

3arpysuts cpemy paspaborku NetBeans MOKHO Ha cTpaHUIle MOMAAEPKKHI TIPO-
eKTa (puc. B.17).

ITepexoas 10 TUIIEPCCHLIKE, OKa3bhIBAEMCs Ha CTPAHMIIE 3aTPY3KH CPEIbl Pa3pa-
6otku (puc. B.18).

OG6BIYHO TIpeIIaraeTcst HeCKOJIbKO BapUAHTOB KOMILIEKTAIMK. BbiOparh HYKHO
TOT, B KOTOpOM nMeetcst mojiepskka C++. Beibupaem, sarpyskaeM, ycTaHaBJIu-
BaeM. OIHAKO KaK OTMEYaJoCh BBINIE, TIePel] YCTAHOBKOHN Cpe/lbl HACTOSTEILHO
PEKOMEH/IYeTCsl yCTAHOBUTD KOMITUJISTOP.

) Ha sameTk
] y
B npuHUMne, KOMAMASTOP MOXHO YCTAaHOBUTb 1 NMOTOM (nocsnie yctaHoBku NetBeans),
I HO B 3TOM CJly4ae NPUAETCS BbINONHATL HACTPOKMN /151 KOMMUIATOPA CAMOCTOSITESTbHO.
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Puc. B.17. CtpaHuua nogaepxku npoekta NetBeans
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Puc. B.18. CtpaHuua 3arpy3ku cpeabl pa3pabotku NetBeans

e [ Sampyaums | [ Jaroymr‘n__ Jarpyss ) [ Sampyauts.




Ecnu Ha MmomeHT ycTaHoBKkM cpeapl NetBeans KoMnunsaTop yxe ycTaHOB/EH, TO, CKO-
pee Bcero, HacTPOky ByayT BbINOJIHEHbLI B MO/yaBTOMaTUYE€CKOM pexnme (napameTpbl
onpeaensTcs aBTOMaTUYECKN, a NoNb30oBaTersto TPeOyeTCs TOJIbKO X MOATBEPAUTD).

BBepenune

BapuaHTOB ¢ KOMIUJIATOPaME J0CTATOYHO MHOTO, HO KaX/blil TpeOyeT MHu-
BUIyaIbHOTO TIo/1x0/1a. J{u1st oneparontoit cucreMbl Windows 0CHOBHBIE KOM-
muaaATopsl cpensl NetBeans - ato Cygwin u MinGW. Ctpanuta mpoekta Cygwin

HAXOAMTCA 110 aipecy www . cygwin. com | IToKa3aHa Ha puc. B.19.

Sudn Opises Bea Eypean Jacnagen Hectppenn Copatc ===
,-"E Cyguwin x "|\+

% @ € &y cygwin.com a4 7B (W A Pl B
A Bgexe [ Mowra 1B Yacro " @ erpanmia

Cygain

Install Cygwin

Cygwin

Ger that Linux foeling - on Windows

This is the home of the Cygwin project

What...

=15 it? --dsnft it?

Cygwinis: Cygwin is net
= 3 way o run pative Linax apps on Windows, You

= 3 large colection of GNU and Open Scarce tools
whoeh provide fanctionabey senilar 1o 3 Lnus
distribation en Windows.

« 3 DLL (eyvgwml dll) whech protades substantal
POSIX API functonality.

st rebuald veur sppheaton fiom foursed if vou
want # to nua on Windows.

» 3way to magiealy make native Windows apps
aware of UNIN® functionality ke signals, prys, etc.
Again, you peed to build your apps from sowce if

eygaincceniestall himl

Vou want to take advantage of Cygwin functionality.

The Cygwin DLL currently works with all recent, commercially released x86 32 bat and 64 bit versions of Windows,
starting with Windows XP SP3

Puc. B.19.CtpaHuua npoekTta Cygwin

Crpanuna npoekta MinGW naxomauTes no aapecy www.mingw.org. OKHO
6paysepa, OTKPBITOE Ha CTPAHUIIE TIPOEKTA, MoKa3aHo Ha puc. B.20.

XoueTcsi BEpUTD, YTO yCTAHOBKA ITPOTPAMMHBIX TIPOLYKTOB MPOiiieT Ge3 aKciec-
coB. Ha Bcaxnii corydait mpuBouM Ha puc. B.21 okno Ilapamerpsl ¢ HacTpoiika-
M cpejibl pa3pabotku Net Beans, CBsI3aHHBIMU € UCITOJIB3yEMbIM KOMITHJISITOPOM
U TIPOYUMHE COMYTCTBYIOMMUME yTuiutamu. OKHO MOKHO OTKPBITh, BHIOPAB B
Mmento CepBuc komanny Ilapamerpst. CBepxy B OKHe B Psi/ly ITUKTOIPAMM CJIeLy-
et BoIOpaTh nukrorpammy C/C++.

~

Ha 3ameTky

Ha camom gene npu "ycTaHOBKE KOMAMAATOPA” yCTaHABAMBAETCH HE TONbKO KOMMUAS-
TOpP, HO N KaKoe-TO KOJIN4ECTBO BCNMOMOraTeibHbIX MporpamMmm um 6ubnnorexk.
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| MinGW | Minimalist GHU for W... x |

% @ € % & wnmingmon c 4 A -

W Rmaexc [ Mo (8 Uscto nocewsense | Explocer (@) P

Recart padti | Faad aggregatar

MinGW

Minimalist GNU for Windows

Search this site: o Downioad installar ]
‘ Searsh Welcome to MinGW.org
Home of the MinGW and MSYS Projects Search mingw- users
Administrative Update
i - - Choosa Mail List:
As of June 2013 we are MIRGW, 3 contraction of “"Minimalist GNLU far Windawa®, is & minimakst development anvronmant e
accepting donations. far native Microsoft Windows applcations. .
e e MinGW provides a complete Open Source programming tool set which is suitable for the |aSantn,
B3N CI TR0 Re TN development of native MS-Windows applications, and which do not depend on any 3rd-party
OrLhowto DO C-Runtime DLLs. (It dees depend on a number of DLLs provided by Microsoft themselves, as Recent File Releases
components of the cperating system; most notable among these is MEVCRT.DLL, the Microsoft C
User login runtima ibrary. Additionally, threaded apphications must ship with a freely distributable thread

support DLL, provided as past of MinGW #self).

MinGW compilers provide access to the functionality of the Microsoft € runtime and some
language-spedfic runtimes. MinGW, beng Minimalist, does not; and never will, attempt to
provide a POSIX runtime environment for POSIX on M5 I
you wank POSIX apphcation deployment on this platform, please consider Cy instead.

Pramarily intended for use by developers working on the native MS-Windows platform, but also
available for cross-hosted use, (see nota below -- you may nead to folow the “re = link to
ng Terms see it), MinGW includes:

A port of the GNU Compiler Collection (GCC), including C, C+, ADA and Fortran compilérs;
G Binutils for Windows [assembler, inker, archive manager)

& A command-ine installer, with optional GUI front-end, (mingw-get) for MinGW and MSYS
hitps/sourceleege.net/downloads/ mingw deployment on MS-Windows

Puc. B.20. CtpaHuua npoekta MinGW

o _ T =
%,2 E G Eﬁ L java @08 ﬁ: QQ fir| Lﬁi ot

Oficuse Pessecrope WiondTe nuseTa Hamwatras wiasns  Jave L EE‘H‘! Mpvera Betcrsdhmng Pane

| Cpeacrea chogeor | Tapanerpu mouesta o pobore ¢ raaon | Mo [ Peouee|
CofipaTn yaen: m =] el . ]
Habop peacre: Kagrooes: :m-lzil

maw i i

Basoeeall waranor: | C:MnGWBR

1N

KoemunaTop C: 1MW i igoc.exe
Hommanarop C4#: | CMnGWDIRig+ +.exe

KormunaTop Fortran: | C1 MG bngforvran. exe

a2 S [} 1ty SR

Horawina Make: € MG METS | 1. 0in imake eve
Koranga cvnazesa: | C: MG bnigd. sxe

Koranga Qhaske:

Foorwing OMake:

I

Puc. B.21. OkHo HacTpoek MapameTpbl



BBepenune

He cnenyet npeHebperate MHbOpPMaLMEN (BKIOYAs CMPaABOYHbIE CTPAHMLbI) CPeabl
paspaboTkn NetBeans. Ha calite www.netbeans.org MoXxHO HaiTn nHdpopmaumio 06
0COBEHHOCTAX HaCTpOVIKVI npunoxeHua ona pa60TbI C pPas3/i4yHbIMMN TUNaAMUN KOMMNU-
NATOPOB. OTO BABOVHE aKTyasibHO, MOCKOJIbKY B HOBbIX BEPCUSIX CPeabl pa3paboTku
NetBeans npuvHUunbI BLINOSHEHNSA HACTPOEK MOTYT MEHATLCS.

HakoHeu, HanoMHuM, 4T1o cpena NetBeans - 3T0O BCEro nvib OANH N3 BO3MOXHbIX Ba-
puaHToB. MNpn HEOBXOAMMOCTN MOXHO BOCMONb30BaTLCA APYroii cefol pa3paboTku.

Ecu mpunoxenne NetBeans ycTaHOBIEHO U BCe HACTPOWKH BBITIOJTHEHBI KOP-
PEKTHO, MBI TOTOBBI IIPUCTYIATh K paboTe. [ 9TOr0 3ammyckaeM IpUIoKeHue.
Pa6ouee okto cpezbl NetBeans nokasano Ha puc. B.22.

1] MetBeans IDEBD = |-
Saia Npasis Bag Mepexod Vorosenis Peopramaisipe voss Buntasnme Ovasges MNpogunupossts Mpynne Cepand Ownd Cnpass Q-
O -
Mpoerrs & e | Coymbe 5
Baamop =l
) s

Puc. B.22. Pabouee okHO cpeabl pa3paboTtku NetBeans

Jlnist co3manust HOBOTO TipoekTa B cpezie NetBeans B Mento Maiin BeIGHpaeM KO-
Manay Co3zaTh MPOEKT, Kak MMoKa3aHo Ha puc. B.23.

=l Ha 3ameTky

Takxe MOXHO HaxaTb KoMOuHaumo knasuw <Ctrl>+<Shift>+<N> nnun wenkHyTb Nnk-
TOrpamMmy 4s1s AaHHOW KOMaHAbl (NMUKTOrpaMmmMa C XenTon nankom v 3ef1eHbIM KPeCTOM).

Otkpoercst okHo Co3aarh MPOEKT, B KOTOPOM BBIOMPAETCS THIT TIPUITIOKEHIIS:
MbI co3aeM mpusoxkenne Ha C++, moaromy B paszese Kareropuu Boibupaem mo-
sunmio C/C++, a B pasgese IIpoekTst BoiOupaem mosuimio Ipunoskenune va C/
C++ (puc. B.24).
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1) MetBeans IDERD
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Puc. B.23. Co3anaHue HOBOro npoekTa
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P

Groovy

cices | |3 v
Owicirme:
(COAABET HOBEai NPEEXT NEsNSNE R, HOOMSFET Consa-rosl Cpesdh IDE dalin makefie ana
5o npoeKTa.

fanee » O Crpassa
[

Puc. B.24. BbiGop TUNa npuioxeHus

B cienytomem okte (puc. B.25) 3amaercst mMsI IIpOeKTa, MECTO COXpaHeHusT (hali-
JIOB TIPOEKTA, W BBITIOJHAETCS PAJ IPYTUX HACTPOEK.

Ha stom daxTideckn co3manme mpoekTa Kak TakoBoro 3aBepiaercs. Ho MbI etite
MIPOUJLITIOCTPUPYEM, KaK BBITTIOJHSIOTCS JIBE BasKHbIE HACTPOMKH TIPOEKTA, "OTBe-
yaiomue” 32 KOAUPOBKY W BEPCUIO KOMITUJIATOPA.



BBepenune

0 Hosi Mpsacserme na 00+ @
Uksrm Fiaen ® BECT RN EHIE R[NERT 8
L. BeipaTs npoexT Pl PpGexT 8 TrrdPrapect
2. Heim m HECT OO N0 EHRE
BpoenTa Hectonancmerwe npoexTa Di\Books'B pafore\00P _Cpolstings'ichid Dsop...
Marwcs npoexTa n'Books B pafoTe {000 _Cppfetings ohi0 ThirdProject
Vo o makefie nocesirac Makefie
7| ConabTs Framed dakt  man Cas -
¥aen chopean localhost -
Hafiop cpencTa: Srawssraie N0 yeomaeen0 (MINGW ([GMU MINGW]] -
o Hanas L L! O Crpascs

Puc. B.25. 3apaem Ha3BaHMe NPOEKTa U MeCTO coxpaHeHus paiinoB NnpoekTa

J171s1 BBITTOTHEHUST YKA3aHHBIX HACTPOEK BBIZIEJISIEM TIO3UIIAIO C HA3BaHWEM TIPO-
eKTa BO BHyTpeHHeM okHe IIpoeKTbl, 1iesikaeM MpaByio KHOIKY MBIIITH U B pac-
KPBIBIIIEMCSI KOHTEKCTHOM MeHIO BbiOupaeM komatxy Coiicta (puc. B.26).

Sain Npaexa Bua Nepexoy Wcrousms Peopramuaups xogs Beinonwems Ciass

=] et - T @ b-
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Puc. B.26. B KOHTEKCTHOM MeHI0 NpoekTa BbioMpaem komaHay CBoiicTBa
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OTxpoetcs OKHO cBOUCTB mpoekTa (puc. B.27), B koTopom B pasznene Kareropuu
BbIGUpaeM nosuinio OOIero Ha3HaYeHHs! U B HUKHEH YacTH OKHA B PaCKPbIBa-
tomemMcst crincke KoaupoBka BoiOnpaeM HYKHYIO KOAMPOBKY (B JaHHOM CJIydae
aTO KoAmpoBKa windows-1251).

Of,wicnqu)n-eﬂl‘lhirdl’mjnd @
KaTeropis:
[ p T 2 PG MR, .

Pamcamsersse mpoesca: 0 Books B pabor e OOF_Cooistings fchil ThrdProject |

Pooarnee nane
Hoemunarop Fortran * || A
Arcesnep
Lo ST
Vool
Bonan-se
Ovranxa
CBRLSwRE NEHTe Liafinges srriopuEyess nance:
~fribg ajectuld [est|tests)s T yrliTaleail
(O, TasonE SneTD anCe HS yDoEre (eand D ng myTH TiapameToe! - PamDe -2 Saine”)

SODHETIPOaaeT

Komwposarse wandows-1251 -

[+ 4 Ormena Mt Crpamsia

Puc. B.27. B okHe CBOIACTE NpoekTa onpeaensieTrca KoANpoBKa

Cranzapt, TOAAEPKUBACMBI KOMIMISTOPOM, 3aJaeTCs Yepe3 HMapaMeTphl
C Standard u C++ Standard. Ha puc. B.28 B pasznene Kareropuu B rpymie Co-
opatp Boienena nosuiysa Kommuasrop C, a B mpaBoil 4acTy OKHA HAIIPOTUB
nosist C Standard Boibupaercst 3nauerre C11 (4TO COOTBETCTBYET CTaHAAPTY
2011 roma).

Ha puc. B.29 ananornynas mpotienypa BoITIOTHSAETCS Mg o3uiinu KoMmuis-
top C++ B rpynne Cobpatb pasiesna Kateropum: B pacKpbIBalOIEMCS CIIUCKE
Hanpotus moJjst C++ Standard sBeiGupaercs snayenue C++11.

[Tocne BBITONTHEHUST HACTPOEK B OKHE CBOICTB MPOEKTA CJEAyeT TIEJKHYTh
kuonky IIpumenuts (puc. B.30) 17151 HeMesIeHHOTO TPUMEHEH S 9TUX HACTPO-
€K, U 3aTeM TIOATBEP/IUTD 3aBePIIeHNe MPOIlecca BHITOJHEHMST HACTPOEK, Te-
kuyB kHornky OK.

Wrak, MpoeKT co3/1an 1 HACTPOH KN BhITTOHEHBI. OCTATIOCh BBECTH TPOTPAMMHBIH
xom. IToctymaem tak (puc. B.31): Bo BuyTperHeM okHe IIpoeKTbI packpbiBaeM
MO3UIUIO ¢ HA3BaHUEM TIPOEKTA, 3aTeM packpbiBaeM rpymny Ucxomnbie dhaiiib
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Puc. B.28. OnpepeneHue 3HayeHue napameTpa C Standard
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Puc. B.29. OnpeneneHue 3Ha4yeHue napamertpa C++ Standard
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Puc. B.31. lNpoekT c nporpaMMHbIM KOA,0M




BBepenune

1 ITBOMHBIM TIIETIKOM BBIZIeJIIeM TTO3UIIHAI0 ¢ Ha3BaHUeM (aiiyia mpoekTa (B AaH-
HOM cJIy4ae main.cpp). B mpaBoii yacT OTKpOeTCsT OKHO ¢ Ha3BaHueM aiiia, u
BO BkJaike VICTOYHHK BBOUM TTPOTpaMMHBIH Kof (cM. puc. B.31).

371ech MbI BBEJIM TaKWe KOMaH/IbI:
#include<iostream>
using namespace std;
int main() {

cout<<"Mer mcnoysb3yem NetBeans :)"<<endl;

return O;
}
,Z[JIH KOMITMJINPOBAaHUMA ITPOEKTA U 3allyCKa €TI0 Ha BbIITOJIHEHNE HIEJTKAEM ITUKTO-
TPaMMY C 3€JIEHOH CTPeTKON Ha TTaHeau WHCTPYyMeHTOB (cM. puc. B.31). Taxxe
MOsKeM HaskaTh Kjiapuiry <F6> win B MeHio BbIOJIHHTD BHIGpaTh KOMaHay 3a-
MycTUTh mpoekT (puc. B.32).

) ThirdPraject - NetBeans IDEA.0 = ]
@ain Mpases Bag Mepesoa Werousin B ROAR | Ovmpave Mpagwnig pynne Cepeisc Owwa Cnpases Q- b
o q:‘ () Debug | B Janycrums npoexs (ThindProgect) | [
Mperecruporsrs npoere (ThirdProjectl® AR F6 —
Mpon... | Swine | Chymbu | Knscew = |[ 1] mat ==
; - - Cotpans npedir (ThirdProject) 1 e
B} Trcregec Worewi § PaTS Np % blaule B @ a8
65 Mevszren aima 1 & Oumcrume i cofipare npoesr (ThirdProject) ShiftF11
O g 2 Maxerian ebopea Mpoest_.. (ThirdProject)
3l eein sronomos 3
i i) wains pecyooon A FETANOEATE KNGy PALI ARGECTE +
i iff) @afinei recron 5 ¥CTANOEATE KA FBEMLA NPOEET v
i i B gaine 5
miain(] - Hasmrarop ¥ e Koumummposars gaitn 2]
@ manQ > A .8 ®
Beamog, =

Puc. B.32. 3anyck npoekTa Ha BbINOJIHEHUe

PesyibraT BBIOIHEHHS IIPOrPaMMBI (eCJIH Bee TPOILIo 6e3 oummboK) 0Tobpaka-
eTcs BO BHyTpeHHeM okHe BbIBOJ, kak mmokazaHo Ha puc. B.33.

NoaTOMY B NPOrpaMmMHOM Koae komaHay system ("PAUSE")MOXHO He ncnonb3oBath - B
HeW HeT HeobXoaMMOCTU.

—
] Ha sameTky
[Mocne 3aBepLUeHUsI BbINMOSIHEHUSA MPOrpaMMbl OKHO BblBOAA pe3ynbTaTa He UCYE3aEeT,

Bxpariie a0 Te ocobeHHocTH cpefibl pazpaboTku NetBeans, koTopsie, ckopee
BCEro, MOHAM00STCS TOIb30BaTe 0. Boobiie e HaCTPOEeK, KOMAaHI U TPOYNX
YTUJIAT OCTaTOYHO MHOTO. MBI MX OIIMCHIBATh He Oy/ieM, YTOOBI HE BBIXOIUTD 3a
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Puc. B.33. OToGpaxeHue pe3ynbraTa BbINOJIHEHUS NPOrpPaMmbli

PaMKU IPUJINYUH U He YKIOHATHCS OT "TeHePaJIbHOU JUHUMN" (KOTOPasi BCEIeso
cBsa3ana ¢ g36ikoM C++ u kontenmueit OOIL, 7o HUKax He co cpenoit Net Beans).
Tem Gosiee uto uuTepdeiic cpeabr NetBeans mpoaymMan HEIJIOX0 ¥ MHOTHE Ha-
CTPOMKYN WHTYUTUBHO TIOHATHBHI Ja’ke MaJIOTOATOTOBIEHHOMY II0JIH30BATEJIIO.
B kpaiiHeM cirydae, MOKHO 0OPaTUTHCS K CIIPABKe 10 JaHHOMY IIPOrPaAMMHOMY
TIPOYKTY.

Oo6OpaTHaga cBa3b

lenuil, ne 2enuti - a manouku 3acayicu.
u3 K/ "Ycamoui nano”

To, Kak BUIAT KHUTY YATATEJH, COBCEM HEOOsI3aTebHO COBIAIAET C TEM, Kak
KHUTA BUAUTCST aBTOPY. 1109TOMY O4eHb BakKHO T0OJIydarh "0OpaTHBIN OTKIUK'.
Mmuenue ynTaTesielt mMeeT TPUHINITHATBHOE 3HAY€HNEe: BO MHOTOM UMEHHO OHO
oTipeiesisieT TEeMATUKY HOBBIX KHHUT U YUYHUTBIBAETCS, TI0 BO3MOXKHOCTH, IIPH Tiepe-
U3IaHUK KHUT ysKe Boimreamux. OOIeHre ¢ YnTaTesIMi TO3BOJISIET YCTPAHUTD
U HEKOTOpble TexHudyeckue npodaembl. Kak 6b1 TaM HEM OBLIO, €CTh CKPOMHAS,
HO HACTOSITEIbHAS TPOChOA MO0 BO3MOKHOCTH MPHUHSTH TTOCUILHOE ydacTHe B
YJIydIeHnn KHury (BO3MOXKHO, OyayIux ee uananuii). [IpuBeTcTByeTcs: KOH-
CTPYKTHUBHAS KPUTUKA, KOTOPOI MOXKHO "IOJABEPTHYTH" aBTOPA 110 3JIEKTPOHHOM
moyTe WIH . Ilepco-
HaJIBHBIN CaliT aBTOPA JOCTYIIEH I10 a/ipecy . Ha atom
caiite (OIISTH e, 0OBIYHO 110 IPOCHOE YUTATEIEH) Pa3MENAOTCS AOIOTHUTE -
HbIe MaTePUAJbI K KHUTaM.



Maea 1.

MPOCTbIE NPOrPAMMbI
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HUsan Cunviu! Iosopu HopmarvHvim uenoseue-
cKuMm A3vikom!

u3 /¢ "Besymnviii denv unscenepa bapxa-
cosa”

Haunewm ¢ Toro, uto nobsske nosnakomumcst ¢ npurnunamu OOTI u pacemo-
TPUM, KaK 3TH TIPUHIIAIIBI PEATU3YIOTCS B BUJIE TIPOIPAMMHOIO KO/Ia Ha SI3bIKE
C++. TToaxox Hamr OyzeT MpOCTHIM U MparMatuuHbiM. Kaskioe HoBoe 11oJioxe-
HUE WK TIPUeM Mbl OyIeM paccMaTpuBaTh Ha HeOOJIBIIOM rpuMepe. Tak mocTy-
1M 1 Ha 9TOT pa3. OIHAKO [epejl TeM, KaK Ha4aTh PACCMOTPEHUE IIPOTPAMMHOTO
KOJIa, Y/IeJMM HEKOTOPOe BHUMaHMe OOMIMM HPUHIKIIAM TIPOrPaMMHUPOBAHUS,
UMEIONIMM JIOCTATOYHO YHWBEPCAIbHbBII XapakTep W He OTHOCSIIMMCS HETo-
CPeICTBEHHO K g93bIKy C++.

1.1. NMporpammupoBaHue 6e3
nporpaMmmMupoBaHus

1lo-moemy xopowo u 8 pugpmy.
u3 k/¢ "Cnesvt xanaau"

Ecau mo-xopotieMy, To TporpaMMIPOBaHe HAUUHAETCS He C COCTABJIEHUS TIPO-
IPaMMHOTO KO/1a, a ¢ (hopMasTH3aliy 3ajila4i U pa3padOTKU aJrOpuTMa, C TOMO-
IIBIO KOTOPOTO 3aj1a4a Oy/IeT pelaThest. PasymeeTcst, Koraa paspabaTbhiBaeTcst a-
TOPUTM, CJIEAyeT IPUHUMATh B pacyeT 0COOEHHOCTH s3bIKa POrPAMMUPOBAHUS
(M KOHKPETHOTO TPOrPAMMHOTO MAKeTa), KOTOPBIH OyAeT UCIIOIb30BaH JIJIst
peaym3anuu anroputma. O1HaKo 0OBIYHO 3TO OOCTOSITENBCTBO HE OUE€Hb KPUTHY-
Hoe. Bo BcsakoM cyuae BO3MOKHOCTH g3bika C++ HACTOJBKO 3HAUUTEJbHBIE, &
caM sA3bIK HACTOJIBKO THOKUI, UTO IPAKTUIECKH JII0OOI pa3yMHBbIH aITOPUTM MO-
et ObITh peanzoBat B C++. Tak niu uHave, HO Hac OyyT MHTEPECOBATD AJIr0-
PUTMBI "B YUCTOM BHJIe" U COCTABJISATH MbI UX OY/IeM B TBEPJON YBEPEHHOCTH, UTO
so6ast Halna uaest MokeT ObITh peanusoBana B C++. U 3T0 HejaIeKo OT MCTUHDL

YtoObl MPOMLTIOCTPUPOBATH OOBEKTHO-OPUEHTUPOBAHHBIN MOAXO/, PACCMO-
TpUM HeGOJIBINON TIpUMep-3aprcoBKyY. OO0IIast TOCTAaHOBKA 3a/[au OYIeT TaKOi:
KTO-TO (Oy/1eM HA3BIBATD €T0 8KAAOUUKOM) XOUET TIOJIOKUTD OTIPEIETIEHHYTO CYM-
My Ha c4eT B OaHK MO TpoileHThl. HeoOX0AMMO OIpeieiuTh CyMMY, KOTOPYIO
OH TOJTy4YnT (CHUMET CO cyeTa B GaHKe) Yepes yKasaHHBIN mepuo]] BpeMeru. Bee
npocto. Ham, moHsTHOE J1eJ1o, /7S peleHys 9TOH AeliCTBUTENBHO HECTOKHOM
3aj1aun HeOOXOIMMO HAIMCATh TIPOrPaMMHBIN Koz Ho mpeaBapuTesbHo Hy/KHO
OTIPENIETUTHCS € AJITOPUTMOM pacueToB. B ux ocHoBe JiekuT (hopMyia, o KOTo-
POl BBIUMCIIsIETCS cyMMa (€ Y4€TOM HAYMCJIEHHBIX TIPOIEHTOB) Ha GAHKOBCKOM
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cdety. /151 KOHKPETHOCTH TIPEIONIOKIM, YTO Ha IETIO3UT JIOKUATCA cymma B M
JIeHE;KHBIX einHuUIL. TIporieHTHast cTaBKa Oy/IeT COCTABJSATh BEJIMYMHY B N TIPO-
IIEHTOB TOJIOBHIX, & IETIO3UT (JIeHEKHBIIN BKJIA]]) Pa3MelaeTcs Ha TEPUOJ BpeMe-
Hu t (BpIpaxkaeTcs B rofiax). Torza, 1o uctedyeHnu nepuoia BpeMeHu t, BKIaIIuK

n ~*t
CHUMET C JIETI03UTa CyMMYy M (1 + ﬁ) .Ecsim abcTparupoBaThest OT BTOPOCTEIEH-

HBIX JleTasieii, TO /I BBIYMCIEHUs Pe3yJIbraT HaM HeoOX0MMO 3HATh 3HAYeHNe
TpPeX MapaMeTPOB: BHOCUMYIO Ha JeNO3UT BeJIMYUHY M, TO0BYIO CTaBKY ITPOIIEH-
Ta N v BpeMst pasmerienust aenosuta t. Ho ecsim 6bI Bee OBLIO Tak MIPOCTO, MbI ObI
He paccMaTpUBaIN JAHHBIN TIPUMeEP.

—) Ha 3ameTky
.

MpuBeneHHaa Bbiwe dopmyna HasdbiBaeTCcqd GOPMYNON BbIHUCIIEHNSA CIIOXHbIX MPOLEH-
I TOB W 03HAYAET, YTO NPOLLEHTbI HA 6GaHKOBCKMIA AEMO3UT HAYUCTSAIOTCS HE TOMNbKO Ha 6a-
30BYI0 CYMMY eno3nTa (To eCTb Ha Ty CYMMY, YTO BHOCUT BKJ1aOQ4MK), HO 1 Ha MPOLEHTHI
OT 3TOM CyMMBbI 3a nNpeablayLume rofpl. Tak, Ha Kaxayto ,u,eHex%Hylo eauHuLy 3a nepsbin

rofi, CyMma HauncigeMbiX MPOLEHTOB COCTaBNAET BENIMYUHY 14, (rOe yepes 1 0603Ha-
YyeHa rofloBasi CTaBka B NPOLIEHTHOM BbipaxeHuu). MNoaToMy ecnv Ha Havano roga ne-
no3uT 6bl1 B 1 AEHEXHYIO eAMHILY, TO K KOHLLY rofia Ha CHeTy BKNaaqvKa Gymet 1+ %0
[eHexXHbIX eanHnL,. Elle yepes rog Ha nenoaute 6ynet (1 + %)L , U Tak panee. Yepes
t net cymma Ha IenosnTe CoCTaBUT BEAMUMHY (l + % . HanomHum, ato ecnu BHava-
ne Ha Aeno3nT NoNoXuny 1 aeHexHylo eauHuLy. Ecnm aeHesxHbix egunny, 6uino M, to
nToroeasi cymma oyoet M (1 + %)r
Hac, pa3yMeeTcCsd, MHTEPECYET B IMEPBYIO OUeEPEAb HE TEXHOJIOTUA PaCyeToB, a
cTpaTerus OpraHu3aluy MPOrpaMMHOTO Ko/ia. 371eCh, KaK TOBOPUTCS, BO3MOKHBI
BapuanTbl. CaMblil TPOCTO#T CIIOCO0, KOTOPBIN HaIIpAITBaeTCst caM co0Oii, CBO-
JUTCS K TOMY, 4TOOBI IIOJIy4YUTh (3azmaTh B TPOrpaMMHOM KO/I€ UJTM OPTaHU30BaTh
BBOJl yepe3 KJIaBI/IaTypy) 3HaUYeHUs YIIOMSIHYTBIX BbBIIIE TPEX ITapaMeTpOB U Ha
MX OCHOBE BBIYMCJIMTH HYKHOE 3HaY€HUE. B sToM moxaxoze HeT HUYETO ILJI0XO-
ro, ¥ OH BIIOJIHE KOPPeKTHBIN. Ho He camblii y,lIO6HbIﬁ, 0COOEHHO ecn IIpeAario-
JlaraeTcs, 4YTO BBIYUCJIECHUS 6yILyT IIPOU3BOAUTHCS HECKOJBKO pa3 JJIsI pa3HbIX
3HAYEHUI HAaYaJIbHOTO B3HOCA, CTABKU TIPOIIEHTA U 1epuojia BpeMenu. [loatomy
pasymHee, HallpuMep, OBLIO OBI CO3AThH CIlellMaJIbHY IO (byHKL[I/HO C TpeMs apry-
MeHTaMU (Hat{aJIbeIfI B3HOC, ITPOIIEHTHAs CTaBKa U IIEPUO/] BpeMeHI/I), KoTopasa
Obl BBIYMCJISIIA MTOTOBYIO CYMMY JI€IIO3UTA.

’ Ha sameTk
] y

ECTb iBa TEPMMHA: apryMeHT 1 napameTp. MNpu Bbi3oBe hyHKUMM MY METoAA Te 3Have-

I HUS, KOTOPLIE MEPEAAIOTCA "Ha BXOA" 00bIYHO HA3bLIBAIOT apryMmeHTaMu. MNpu onncaHnm
YHKUMM UM METOAA 3HAYEeHUs!, KOTOPbIE UM NepealoTCsl, HasbLIBAIOT napameTpamu.
Mbl B OCHOBHOM GyeM NpUAEpXMBaTLCA TEPMUHA aprymeHT. JpyrviMu crosamu, Tep-
MUWH napameTp Gyaem UCnob30BaTh B 06LLEdMION0NMYECKOM CMbICTE.
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B sToMm cayuae xox GYHKIINYM OMUCHIBAeTCA OAVH Pa3, a UCTIOIb30BATh €T0 MOJK-
HO MHOTOKPATHO - KayKABIH pa3, KoTia HeoOX0IUMO IIPOBECTH COOTBETCTBYIO-
II[1i€ BBIYUCJICHUS.

— Ha 3zameTk
) v

DyHKUUS - 3TO MMEHOBAHHbIN B/10K NPOrPaMMHOI0 KoAa, KOTOPbIA MOXHO BbI3bIBaTb

I (MHOrokpatHo). MImsi nporpammMHoro 651o0ka Ha3biBaeTcst UMeHeM dyHKuuK. Mpu BbI30-
BE KOAa PyHKLMM B COOTBETCTBYIOLLEM MECTE NMPOrpaMmbl yka3biBaeTCs NMs GyHKUUN
1, eCNIY HEOBXOAMMO, apPryMeHThI (3HAYEHUS!, MEPEMEHHBIE), C KOTOPLIMU BYHKLIVS Bbl-
3bIBaeTCs. PyHKLUMM yA0OHO NCMOJIb30BaThb, KOrAa OAMH U TOT Xe dparMeHT Koaa B Npo-
rpaMme BbIMOSHAETCS HECKOJIbKO Pas.

ITO TOXKE XOPOUIMIA MOJAXOJ, HO OH He 00BEKTHO-OPHEHTHPOBAaHHbII. UTO ke B
HeMm "He Tak"? OTBeT BHauaje MOXKET MOKA3aThCs HECKOIBKO HAJYMAaHHBIM, HO
Ha caMOM JIeJie 32 HUM CKpbIBaeTcst Trybokast husmocobust (1a, aTo dhusocobust
OOII - mpaBaa, B HeCKOJIBKO YTIpoIeHHOH popme). Tak BOT, Jake ecaiu MBI HC-
110Jib3yeM (DYHKIIHIO JIJIsi BBIYMCJIEHUS] UTOTOBOM CyMMBI JIEIIO3UTA, HAM K K/IblIii
pas mpuieTcs yKa3blBaTh 3HAUEHUS, HA OCHOBE KOTODPBIX PACCUNUTHIBAETCS pe-
3ysbrat. Oco6o MI0X0r0 B 9TOM HUYEr0 HET -HaM B JII0OOM Cilydae KaK-TO IpH-
neTcs uX (3Ha4eHus ) yKa3aTh, TIOTOMY YTO WHAYE BBIYUCIEHUS TEPSIOT CMBICIL.
Boripoc B ToM, Kak "TipaBUJIbHBIE" 3HAUEHUS /IJIST XapaKTEPUCTUK JIEMTO3UTa "Ha-
XOMAT" (DYHKIMIO JIJISE BBIYMCAEHUsST UTOrOBOU cyMMbl. CyTh MpoGJieMbl Jierde
MIOHSITD, €CJIV UCXOJUTH U3 MPEATOJIOKEHMS, YTO UMEETCSI HE OJIMH, 2 HECKOJIBKO
BKJIQJIYMKOB, 1 JIJIT KasK/IOTO M3 HUX 33J[aeTCs CBOE 3HaUeHNE HAYaTbHONH CYMMBI
JIETI03UTa, MPOIIEHTHON CTAaBKU U T1epPUO/Ia BPEMEHH, HA KOTOPbII OTKPBIBAETCS
neno3nT. Bee 9TH manHble HY;KHO TIIe-TO XPaHUTH - HAIPUMEDP, B TIEPEMEHHBIX
(KaKuX IMEHHO U KaK UMEHHO - ceiiyac He BasKHO).

Taxkum 06pasom, GYHKIMS Y HAC O/IHA, & JAHHBIX JIJIst 00paboTKu MHOTO. W Kask-
JbII pa3, KOT/la Mbl BbI3bIBaeM (DYHKIIMIO, apryMeHTaMu €il Hy>KHO TepeiaTh
3HAYEHUsI TPEX IAPAMETPOB JIJIsl OIIPE/IETIEHHOTO BKJIA[UMKA, U HUYETro He mepe-
mytarh. [Ipyr HATMYUK JOJKHOTO TEPIIEHUST M aKKYPATHOCTH 9Ta 33/[a4a BIIOJIHE
paspenmimast. Ho Tak yok yCTPOEH 4esloBeK, 4To OH Beera XoueT GoJbiiero. Mbl
He MCKJIoYeHne. Mbl XOTUM 110 BO3MOKHOCTH 00€301acuTh ce0si OT carydaiiHo-
creil u puberteM st atoro K nomoru OOTI.

Yro6bI UCKITIOUUTD "TepenyThiBaHue" MaHHBIX TpU 00paboTKe, 00bETMHUM UX
B OIIHO IleJioe ¢ (YHKIMEll, KOTopas TpejiHa3HaYeHa JUisi 00pabOTKU J[aHHbIX.
Takoe oObeIMHEHNE BHITTOIHSIETCS B paMKax 00bekTa. To ecTh 0ObEKT B HallleM
cJrydae - 910 HabOp cBejieHMiT 0 6a30BOIT CyMME JIETIO3UTA, TPOIEHTHOIT CTaBKe U
BPEMEHH JIETIO3UTA, & TAKJKE TPOTPAMMHBII KO/ JIJIsI BBIYUCJIEHUST HA OCHOBE yKa-
3aHHBIX JIAHHBIX UTOTOBOI CyMMBI /iero3uTa. Takoil 00beKT B HEKOTOPOM CMbIC-
Jie MOKEM OTOJK/IECTBJISITH C BKIAIUUKOM (UJIH, TIO KpailHel Mepe, MPaBUIbHBIM
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OyzeT yTBEepsKAEeHUE, YTO KaK/IOMY BKJIQIYMKY COOTBETCTBYET OTAEAbHBIN 00b-
ext). [Ipu aTom y unrtaTens, ckopee BCero, BOSHUKAET CITPABEJINBOE 3aMeUaHue:
KaK K€ TakK, Mbl B KaXK/bIii OOBEKT BKJIIOYAEM, TOMUMO YHUKAJIbHBIX TaHHBIX,
etrte 1 6JIOK KOjia J1Jist UX 00pabOTKH, U HTOT OJIOK OJMHAKOB /ISt BCEX 0OHEKTOB?
JIpyruMu cI0BaMu, MbI MHOTOKPATHO AyOJIMPYEM 110 CYTH OJUH ¥ TOT K€ TIPO-
TPaMMHBIH KO/, YTO BPSIZ I MOXKHO Ha3BaTh ONTUMATHHBIM METOIOM TIPOTPaM-
MupoBanusa. OTKPOBEHHO TOBOP4, 3TO TaK U He Tak. [I[paBaa B ToM, UTO B KaXK/bIi
00BeKT (hakTIUecKu "crpsiTaHa" ofHa W Ta ke (yHKIUs (TOYHEe, 3TO pasHble
dbyHKIMYM, HO ¢ oxMHAKOBBIM KoxoM). Ho GousbInoii mpobiieMsl 3j1ech HET, MO-
CKOJIbKY COOTBETCTBYIONIUH TPOTPAMMHBIH KOJI (TO €CTh KO 1711 DYHKITUHN ) HaM
npuercst HabupaTh TOJIBKO orH pa3. OObsICHEHNE TIPOCTOE: 0OBEKTHI CO3/IAI0T-
ca 110 ogHoMy "mabsony” (KOTOphIi HasbiBaeTcs Kjiaccom). [locTaTouHo omnu-
carb IpOrpaMMHBIN Ko B "tnabiioHe” (Kjacce), ¥ Py CO3aHuK 00BEKTOB OHM
ABTOMATUYECKH I0JIyYaT HYKHbIe CBOICTBA U XapaKTePUCTUKN 13 "1abaoHa".

HOM CMbICIe, Kak 0603Ha4YeHne AJ19 06006LLEHHBIX KIAaCCOoB U GYHKLUMIA. 30eCh Xe B CIo-
BO WABJIOH Mbl HUKAKOro 0COO0ro cMbicnia He BkJladbiBaeM. YToObl MOAYEPKHYTL 3TO
06CTOATENbCTBO, CMOBO LLAGIOH 3aK/II0YEHO B ABOMHbIE KABbIYKU.

/
= Ha 3ameTky
Mo3xe Mbl y3HaeMm, 4TO TeEPMUH LWabnoH B C++ MCNonb3yeTcs BO BMNOSHE onpeneneH-

Tenepsb nepeiizeM K 60siee KOHKPETHBIM BellfaM. A UMEHHO, OTIPEIETUMCST C TEM,
Kak Oy/ieM co3iaBaTh OOBEKThI, K YTO C HUMHU TIOTOM JieJIaTh. B miepByio oyepesip,
KaK OTMEYaJIoCh BbIllle, HAaM HEOGX0auM "MabJIoH", Ha OCHOBE KOTOPOTO OYayT
cosaBarbest 00bekThl. Takoil "mabon" HasbiBaercst kaiaccom. Kimace dakrnue-
CKH COJIEPKUT OMUCAHKE TOTO, YTO MOXKET OBITh B 00bEKTE. A B 0OBEKTE MOTYT
OBbITH HEKOTOPBIE JaHHbIE, U €llle B 00bEKTe MOKET COAEPKATHCS MPOrPAMMHBIN
Ko/ JIUist paboThl ¢ maHHbIMU. OOBIYHO JaHHBIE cOflepKaTcst B epeMeHHbx. Ho
TIOCKOJIbKY B TaHHOM CJiy4da€ pe€db UAET HE IIPOCTO O JITaHHbIX, a O JJaHHbIX [JId
00BEKTa, TO COOTBETCTBYIOIIUE TTePEMEHHbIE TIPUHSTO Has3biBaTh noismu. IIpo-
rpaMMHBIN KO/ JIIsi 00pabOTKM JaHHBIX MPEACTaBIsIeT cCOOON HU U4TO MHOE, KaK
onucanue pyHknun. OYHKIMKH, KOTOPbIE OTHOCATCS K 0OBEKTaM, Ha3bIBAIOTCS
Memodamu.

[ ] Ha 3ameTky
I Monsi n MeToAbl knacca Ha3blBaTCS YieHaMu knacca.

Tak BOT, 4TOOBI OMKCATD KJIACC, TOCTATOYHO YKa3aTh, KAKWE TIOJIST U METO/IBI CO-
JIepsKaTCs B COOTBETCTBYIONMX 00beKTaX (TO eCTh 0O6BEKTaX, KOTOPbIE CO3/[AI0T-
cs1 Ha OCHOBE KJracca). To OO IPIHIAIL.

B mannom KOHKPETHOM CJIydae y Kjacca JOJIZKHbBI 6I)ITI)y O4YEeBU/IHO, TaKME II0JIA:
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T0JI€e ISt 3alTUCH Y XPaHEHWs 3HaYeHUs1 0a30BOiT CYMMBbI JICTIO3UTa;
oJIe JI7IsT 3HAYE€HWST TO0BOI TTPOIIEHTHON CTaBKHU TIO IETIO3UTY;

BpeMsd, Ha KOTOPOE OTKPBIBAETCA AETTO3UT.

Kpome sTux Tpex mosieil, y Kiacca JZ0JKEH ObITh METOJ, KOTOPBIH B KauecTBe
pe3yJibrata, ¢ MCHOJIb30BaHIEM 3HAYEHUH 1MoJieit, OyIeT BBIYKMCISATH HTOTOBOIO
CYMMY JIETIO3UTA.

JlampHeNMA TJIaH AelCTBUH TaKOM: MBI OITMCBHIBAEM KJIacC, CO3/IaeM Ha OCHOBE
ATOTO KJIacCa HY;KHOE KOJMYECTBO 0OBEKTOB (C ONpeNeIeHHBIMU 3HAYCHUSIMI
TToJIell) U 3aTeM, UCIOJIb3YsT METO/ BHIYMCIEHUS UTOTOBOI CYMMBI Pe3yJIbTara,
MTOJTy4aeM 3HAYEHUS [T CyMM JIETIO3UTOB 0 KayKIOMY BRIATUnKy. Peamuzarusa
BCETO 9TOTO BEJUKOJEIHS B IPOrpaMMe, HalmMcanHo# Ha s13bike C++, sBIsIeTCS
BOIIPOCOM TEXHUYECKHUM.

1.2. Peann3dyem nepBylo 00ObEKTHO-
OPVNEHTUPOBAHHYIO NPOrpamMmmy

@opmy b6ydeme cozdasamv nOO MOUM JUUHBIM
xonmponem. Dopme cezo0ns npudaemcs 60.1b-
woe codeparcanie.

uz x/¢p "Yapooeu”

Hactymun depen cocTaBieHUs TPOTPaMMHOTO Ko/a. MBI HauHEM € OTMCAHUS
kiacca. Kimace 8 C++ (B 061ux yeprax) OMUCHIBACTCS CIEAYIOIIM 0OPa3soM:

HAUMHAETCH OIMCaHNe KJacca ¢ KJIIYeBOro cjioBa class;

mocJie KJII04YeBOro ¢JjioBa class YKa3bIBa€TCA UM, NJIN Ha3BaHUE KJjacC-
ca (I/IMH KjlaCCa IIpU/IyMbIBa€M CaMU - JIy4dlIE, 4yTOOBI OHO OOJIEE-MEHee
COOTBETCTBOBAJIO Ha3HAYECHUIO Kﬂacca);

MPOTPAMMHBIN KOJ[ KJIacCa 3aKII04aeTcst B (purypHbie CKOOKH (Trapa cKo-
6OK {H }, MEXK/Iy KOTOPBIME Pa3MelaeTcst KoJ[ KJacca), a B KoHie (mocie
nocjeHeit purypHoi CKOOKK) YKa3bIBAETCsI TOUKA C 3allSITOI;

TTOJIST KJTacca OMUCHIBAIOTCS TaK: YKa3bIBAeTCs CIENaMbHbBIN UAeHTU(U-
KaTop, OTPeAeAOMNI THUIT 3HAYEHUS TTOJIST, U UM TIOJIST;

[IPU ONKUCAHUU METOJIAa YKA3bIBAETCS WAEHTU(PUKATOP TUIIA Pe3yJibTaTa
MeTo/1a (TUTI 3HAYEHU ST, BBIYMCIISIEMOTO B PE3YJIBTaTe BBITIOJTHEHISI METO-
J1a), UMsI METOJIa, B KPYTJIBIX CKOOKaX CIIUCOK apryMeHTOB MeToia (B JaH-
HOM CJIy4ae TaKuX HET, HO KPYTJible CKOOKH BCe PAaBHO HYJKHBI), & TaK/Ke
IPOrPaMMHBIN KOJI MeToj1a (3aKJIoyaercs: B (pUrypHbie CKOOKN ).
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[TporpamMHBIT KO KJTacca, KOTOPBIM HaM HY’KEH JIJIs pellieHns MOCTaBIeHHON
3a/1a4¥, MOKET UMETH CIIeYTOTN BUJT:

classBankAccount {
public:
double money;
double rate;
int time;
double result () {
double res=money;
int 1i;
for (i=1l;i<=time;i++) {
res=res* (l+rate/100) ;
}

return res;

bi

XO0Ts1 3TOT KOt ¥ HeGOJIBINON, OH COIEPKUT TOBOJHHO MHOTO Ba)KHBIX KOHCTPYK-
11T, KoTopbie 1 06cyanM. Kak n aHOHCHPOBAIOCH, OIMCaHNE KJIAcca HAUnHAET-
s ¢ Kio4yeBoro cyioBa class. [locie Hero ykazano nMs kiacca BankAccount.
[TporpaMMHBIN KO KJIacca 3aKJI0YeH B (PUrypHbIe CKOOKH.

public, Nocne KOTOPOro CTOUT ABOETOUNE. DTa MHCTPYKUMS ONPeaensieT ypoBeHb A0-
CTyna K nonsm 1 MeTofam knacca. YTo Takoe ypoBeHb AOCTYNa U Ha YTO OH BAUSIET, Mbl
NMoroBOpPUM HEMHOrO no3xe, koraa 6yaem paccmaTprBaTb NPOrpamMMHbI KoZ, B KOTO-
POM BbINONHAETCA AOCTYN K NOAsSM 1 MeTodam 06bekToB. Moka xe Ana Hac BaXHO MNOM-
HUTb, 4151 4Ero B MPUHLMMNE HYXHA yKa3aHHas MHCTPYKLUS

[— Ha zameTky
]
B camom Havyane nporpamMmmHOro koga kfnacca ecTb MHCTPYKUMS (K/lO4EBOE CIOBO)

B kiacce 00bsABIISICTCS TPU YKCTIOBBIX MOJISL:
* Ilome money oTHOCUTCA K TUITY double (YUCTO ¢ TIIaBaoIell TOUKOI).
B arto mosie Gynem 3amuchiBaTh 3HadeHne 0A30BOW CYMMBbI JIE€MO3WTa
BKJIQJIYMKA.

* Ilome rate Takxe oTHOCUTCS K TUITY double U TpeHa3HAYeHO /IJId 3a-
[IOMUHAHUS TOZ0BO ITPOLIEHTHOU CTABKU IO JETIO3UTY.

° Ilone time sgBasercs IIEeJI0YMCJAE€HHBbIM (B KauecTBe I/II[GHTI/I(bI/IKaTOpa
TUIIa YKa3aHO KJIIOY€BOE CJIOBO int). B at0 mone 6y,Z[€T 3allNCbIBATbCA
KOJIMYECTBO JIET, Ha KOTOPbLIE B OaHK IIoMeHniaeTcAa JeImo3uT.

] Ha 3ameTtky

Kak oTmeyvanoch paHee, rnose - 3TO NPAKTUYECKM TO XK€, YTO 1 0OblYHAsS NepPEMEHHas.
_I Tonbko MoJie onucbiBaeTcs B Tene krnacca. [lymaTb 0 nosne/nepeMeHHon yaobHo kak o
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HEKOTOPOM 3HAYEHMU, KOTOPOE Mbl MOXEM U3MEHSITb Y UCMOJIb30BaTh NMPU BblYUCTE-
HUsIX. TEXHUYECKM MEePEMEHHAs UKW NMoJsie NPeacTaBnsioT coboli HEKOTOPY obnacTb
B NMamsTU KOMMbOTEPA. JTa 0611aCTb MOXET coAepXaTb 3HaveHue. YkasbiBasi B Npo-
rpPaMMHOM KOZEe UMS MEPEMEHHOM, Mbl, TEM CaMbiM, 06paLLAEMCS K 3HAYEHMIO, KOTO-
pOe 3anvMcaHo B COOTBETCTBYIOLLLEM MECTE NaMsaTu.

B asbike C++ gna kaxagoro nons Uan nepemMeHHon ykasblBaeTcst TUM. TexHNn4eckun Ta-
Kas Heo6Xx0AMMOCTb OOYCNIOB/IEHa TEM, YTO ANS 3arnMCU PasNYHbIX 3HAYEHWI HYXEH
pasfnyHbli 06bemM namMaTu. pyrumm cnoBamu, B 3aBUCMMOCTM OT TUMNa NepeMeHHOoN B
namsTu BbIAENSETCA COOTBETCTBYIOLLMIA yKa3aHHOMY TNy o6bem namstu. Kpome Toro,
TMN NEPEMEHHON BNMSET Ha cnocob 06paboTky 3HaAYEHMs, 3anMCaHHOro B f4elike na-
MATW. Mbl JOCTaTO4HO YacTo ByAeM MCMNONb30BaThb cneayowme TUnbl AaHHbIX: int (ue-
nble yncna), double (oencTBMTENbHBIE YCNA C NAaBaloLLEN TOYKON) 1 char (CMMBOS - TO
ecTb ofiHa OykBa).

MoTpeGHOCTHN

B C++ cyLecTByeT HECKObKO NOEHTUDUKATOPOB AN 0603HaYeHnst 6a30BbIx (Hanbo-
Jiee NpocCTbIX) TUMNOB AaHHbIX: bool (NorMyeckmne 3Hadvenmnsa), int (uenble yucna), float
(mencrteBuTeNbHLbIE YNCNa), double (AENCTBUTENbHbLIE YACNA ABOMHOW TOYHOCTHU), char
(cumBonbl) 1 wchar t (AByxbaviToBble CMBONLI). Elle ecTb knouesoe Cnoso void,
KOTOpOE B OCHOBHOM UCMOMNb3yeTCs Ans 0003Ha4YeHWs Tuna pesynsrara Nnpu onncaHnum
GYHKLMIA 1 METOAO0B, HE BO3BPALLAIOLLMX PE3yNbTaT.

Meton And BblUKMCJIEHUS UTOTOBON CYMMBI JIETIO3UTA ONMCHIBAETCI HEMHOTO
cJiokHee (110 CPpaBHEHUIO CTeM, KaK OIMMCHIBAIMCH T0Js1). MeTos HasbIBaeTcs
result. IlycTbie Kpyrible CKOOKHU 1MOC/e UMEHN METOJa 03HA4aloT, 4TO apry-
MEHTOB y HETO HET. KntoueBoe ciioBo doubl e niepes UMEHEM METO/Ia CBUIETENb-
CTBYET O TOM, UTO METOZIOM BBIUUCISIETCS 3HAUeHNe (BO3BPAIAeTCs PE3YJIBTaT),
U 3Ha4Y€HUE 9TO OTHOCUTCS K TUILY double - TO €CTh 3TO JNIeUCTBUTEJIIbHOE YUCJIO
B (hopmate ¢ mmaBaronieii Toukoil. Tesio MeToa (TTPOTPaMMHBIH KO/, KOTOPBIHA
BBITIOJIHSIETCSI TIPU BBI30BE METO/Ia) YKasaH B OJI0Ke 13 (DUTyPHBIX CKOOOK.

B tene MeToma koMaHznoii double res=money OODBABISAETCS IEPEMEHHAS C
UMeHeM res. JTO IepeMeHHas Thma double. 3HayeHne TIepeMeHHOM (Ha Ha-
YaJbHOM 3Talle) TaKoe e, KaK 1 y TO0JISI money.

— Ha sameTk
=) v

OnepaTtopom npuceaneaHus B a3blke C++ SBNsieTCS 3HaK paseHcTsa =. KomaHaa suaa

I nepemMeHHas=3Ha4yeH1e 03Ha4aeT, YTO NepPeMEHHON NPUCBaMBAETCs 3HadYeHne. Jpyru-
MV C/IOBaMM, 3HAYEHME 3anmncbiBaeTcs B nepemMeHHyto. Komanay res=money cneayert
MOHMMAaTb B TOM CMbICJIE, YTO TEKYyLLEe (Ha MOMEHT BbINOJIHEHUS KOMaHbl) 3HaYeHe
MoJsis Money 3anuceiBaeTCs B NePEMEHHYIO res.
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B manHOM ciydae Mbl 0ObsIBJIsSIEM MEPEMEHHYIO TeS U Cpasy IpPUCBaMBaeM el
3naverre. MoKHO ObLIO ObI TIPOCTO OOBSBUTD TEPeMEHHYI0. B aTOM ciydae st
TepeMeHHON BBIIEIETCSI MECTO B TaMITH, HO HUUETO TY/a He 3aITMChIBAETCS.

Komanzoii int i 0ObsABISETCS IEJOUNCIEHHAs IePEMEHHAst 1, KOTOPYIO Mbl
HCIIONIb3yeM B onepamope yuxaa. OnepaTop MK, B CBOIO OYepe/b, HY>KeH HaM
7SI TOTO, YTOOBI BBIYMCIUTD PE3YJIBTaT MeTo/Ma. [Ipu3HaKoM orepaTopa IuKJia
SIBIISIETCST KITIOYEBOE CIOBO for. B KPyriibix CKOOKaxX 1MOCTIE ITOTO KIIOYEBOTO
CJIOBa €CTh TPU KOMaH/Ibl, pa3jiesiseMble TOUKOU ¢ 3arsaToid. [TepBoii komaHoi
i=1 mepeMeHHOH 1 mpHUCBaMBaeTCsA eAMHUYHOE 3HAUYeHUWe. JTa KOMaH/a BbI-
TIOJTHSIETCS] TOJIBKO OIMH Pa3, ¥ TOJBKO B Hauajle BLITIOJHEHUS OMEePaTopa IMK-
na. Bropasi komanza i<=time mpexcraBisier coboil ycaoBue, HEOOXOAUMOE
JIIST BBITIOJIHEHUS OoTleparopa nukia. pyrumMu cioBamu, omepaTop IUKJA BbI-
TTOJTHSAETCS IO TeX TIoP, TOKA 3HAUYEeHWe TePEMEHHON 1 He MPEBHINTaeT 3HAaUeHNe
noJsid time. Komanzoit i++ 3HavYeHMe MEPEeMEHHON 1 YBEJIWYUBAETCS HA €/IU-
HUTY (KOMaHJa i++ 9KBUBAJEHTAa MHCTPYKIUU i=1i+1). Eme oxra xomanaa
ecTh B 0OJIOKe, BbIIEIEHHOM (DUTYPHBIME CKOOKaMU: Pedb UaeT 00 WHCTPYKIIUH
res=res* (1+rate/100), B COOTBETCTBHUU C KOTOPOW TeKyIlee 3HAUYCHUE
MepeMEHHOM res YMHOXKaeTcsl Ha 3HAaYeHWe BhIpakeHuss (l+rate/100), u
Pe3yJIbTaT BEIYNCIEHHOTO BRIPAKEHUS 3aTICHIBAETCS B TIEPEMEHHYIO res. 37ech
MbI 3HAKOMHUMCSI C HECKOJIbKIMY apU(MeTUIECKUMHU ONIEPATOPAMU: YMHOKECHUS
(omepaTop *), cnoxeHus (oneparop +) u aeseHus (oneparop /).

MoTpe6GHOCTHN

YTo KacaeTcs onepartopa umkia, To OH BbINOJSIHAETCA Mo ClieayioLLein cxeme:

. OAVH pa3 B CaMOM Havarsie BbINOJIHEHWS ONepaTopa Lka BbINOSHAETCS KOMaHAa B
nepsom O510Ke B KPyMbIx CKOOKax NOCe Ko4eBOro cnoea for (nepBbi 610K - 0O
NnepBO TOYKN C 3anNdTON, - B JAHHOM Clly4ae 9TO KoMaHaa i=1);

. NpoBepSsIETCS YCNIOBME BO BTOPOM BJ10Ke B KPYITbiX CKOOKaxX MNOCse K/lo4eBOro cro-
Ba for (B AAHHOM CJly4ae yCnoBue i<=time);

. €C/I1 YyCNoBUeE NOXHO, paboTa onepaTopa uukia 3aBepLuaeTcs;

*  €eC/iM YyC/IOBME WCTMHHO, BLINOJIHAIOTCA KOMaHabl B Tefne onepaTopa  LmMK-
na (te, 4to B 6n10ke B PUrypHbIX CKOOKax - KOHKPETHO 34eCb 3TO 0AHA KOMaHZa
res=res* (l+rate/100) ), a 3aTeM KOMaHAa B TPETbEM BJI0KE B KPYI/bIX CKOOKax
nocne KJlo4eBoro cnoea for (B paccmaTprBaemMom nprvMepe kKoMaHaa i++);

+  CHOBaMnpoBepseTcsl yCI0BUE BO BTOPOM BJ10Ke B KPYIIbIX CKOOKaX Nocse Kio4YeBo-
ro cnoea for, U Tak ganee.
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Bbite onucanbl cambie 001I¥e TPUHIUITBL PaGOThI OTIEpaTOpa IUKIa B 0ObeMe,
HEOOXOIMMOM JIJIsT TOHUMAHUsI TPUHITUIIOB BITTOJHEHUsT Kojia. OepaTop kK-
Jla Ha CaMOM JieJie OYeHb TMOKHUI ¥ MOKET MCIOJIb30BaThCs B CaMbIX PasHbBIX
dopmarax.

[Tocie Toro, Kak OmepaTop IMKJIAa 3aBepIiaeT CBOW paboTy, 3HaueHMe
nepeMeHHolires BO3BpAIAeTCs B KayeCTBe pe3yJibrata MeToza. Vcnoab3yem
MBI JIJIST 9TOTO KOMaH/y return res.

—

-

Ha sameTky

MHCTpYKUMS return MMeET yAMBUTESIbHYIO OCOOEHHOCTb:OHA 3aBepLuaeT paboTy me-
ToAa (PyHKUMKM), N3 Tena KOTOPOro (KOTopomn) Bbi3biBaeTca. Ecnn nocne nHCTpykuum
return YykasaTb 3Ha4YeHWe, TO 3TO 3HaYeHVe BO3BpaLLAeTCa B Ka4eCTBe peaynbrata
meToga (dyHkumn).

Takum 06pa3oM, METOZOM result () IPHU BHI30BE OYAET BHIUMCISATHCS 3HAUE-
HIe UTOTOBOI CYMMBI JIeTTo3nTa BKIaunka. [lomydenHoe 3HaUeHIIE BO3BpaIia-
eTCsI METOIOM KaK pe3yJibTaT. B kKauecTBe MCXOMHBIX TAHHBIX UCIIOJIb3YIOTCS
3HAYEHUS 10JIeit 0ObEKTa, U3 KOTOPOTO BBI3HIBAETCS METO/L.

r—)
|

-

Ha 3ameTky

B Tene (B nporpaMMHOM KOAE) MeTOAA result () UCNOMb3YIOTCA 3HAYEHNS NONEN mon—
ey, rate U time. Kpome aT0ro, B MetToae o6bABNSAIOTCHA NepeMeHHble resu i. Mpo
nocnefHve roBopsiT, 4TO 3TO JiIoKasbHble NEPEMEHHbIE MeToaa. JlokanbHas nepemMeH-
Has 1 None - Aaneko He OJHO 1 TO Xe. PasHuua mexay HUMm B 061acTy JOCTYNHOCTY U
BPEMEHMU CyLLEeCTBOBaHMS. [ons 4OCTynHbI B Nto6ol Touke NPOrpaMMHOro Koga kac-
ca. CyLlecTByIOT Noss 40 TeX Nop, Nnoka CyLlecTByeT 06beKT. YTO KacaeTcs JIoKasbHbIX
NepPEMEHHBIX, TO 06NacTb UX AOCTYNHOCTU onpeaenseTcs TemMm 6;10KOM, B KOTOPOM OHM
o6bsaBneHbl (6510K, B CBOIO o4epenpb, onpenenseTcsa napon gurypHolix ckobok). O6nactb
[OCTYMHOCTU YNOMSIHYTbIX BbILLE NOKabHbIX NMEPEMEHHBIX resn i OrpaHMyMBaeTcs
Tenom Metofa result (). CyLlecTBYIOT 3TV NEPEMEHHbIE, NMOKa BbINOHAETCSH METOA.
Mocne Toro, kak BbINOJSIHEHME METOAA 3aBEPLUEHO, BCE JIOKAJIbHbLIE NEPEMEHHbIE Yaa-
NSOTCA U3 NaMATU.

XoTsT MBI CO3IAJIH KJIACC, MBI €Ile He CO3/aTH HU OJHOTO 0OBEKTA ITOTO KJac-
ca. Co3ziaBath 1 MCIOIB30BaTh OOBEKTBI KIacca Oy/IeM B 21a6HOU (QyHKUUU npo-
epammvl. [leso B TOM, 9TO TIPU BBITIOJHEHUN TTporpaMMbl B C++ Ha caMoM [esie
BBIIIOJIHACTCS IIPOTPAMMHBIN KO/l (PYHKIIMH, KOTOPast UMeeT UM main () B Ipo-
TPaMMHOM KoOJIe, a "B JKN3HU" HAa3BIBAETCS TJIABHON (hyHKIMEH mporpaMMbl. Mbr
Gy/1eM UCTIOJIB30BATD CIIEYIONIHIT ITAOJIOH JIs1 ATO hYHKIHIH:

int main() {
// TpOTpaMMHEIL KO
return 0;
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[Tepen nmenem OyHKIIMM yKa3biBaeTCd UAEHTUGMUKATOP int, KOTOPBIA O3HA-
4aeT, yTo (PYHKI[MS BO3BpalIaeT IeJouncaennoe 3navenne. llenoe uncso nepe-
JAeTCS OTIEPAITMOHHON cUCTeMe U OTIpe/iesiseT PEKUM 3aBEPIIEHUS TTPOTPAMMEBI.
Ecau Bce mipo1iio "B mITaTHOM pekumMe”, ITporpaMMa BO3BpaliaeT orepariioHHON
cucreMe HyeBoe 3HaueHue. [ToaToMmy mporpaMMHbIil Ko GYHKIINY main () MbI
OyzeM 3aBepIaTh KOMaH0i return 0.

r—) H
= a 3ameTKy

MHorpa BO3HMKAET ocTpasi He0H6X0AMMOCTb HanncaTb B MPOrPaMMHOM KOJE YTO-TO HE
I 015 KOMOUnsATopa, a "ansa ceba”. Takas BO3MOXHOCTb €CTb. Peub naeT o KOMMeHTapu-
AX - TEKCTOBbIX BCTaBKax B MPOrpaMMHbIi KO, KOTOpble NpegHasHavyeHbl 415 nporpam-
MucTa (Mnm nboro MHOro, KOMy eCTb AeJ10 A0 NPOrPaMMHOro KoAa) 1 KOMMUASTOPOM
MOJIHOCTLIO UTHOpUpYeTcs. KOMMeHTapuii HyXHO cneumanbHbiM 06pa3oM BblaenuTs. B
C++ cyLLLeCTBYET AiBa TMMAa KOMMEHTapMEB: OAHOCTPOYHbIE M MHOFOCTPOYHbIE. [1ns co3-
[aH1s OOHOCTPOYHOIr0 KOMMEHTapuUs cnesa OT HEro pa3MeLLaloTCH [ABe KOCble YepThbl
/ /. Bce, 4To HaxoguTCcH cnpasa OT ABYX KOCbIX YEPT, NP1 KOMMUANPOBAHUM B pacyeT He
npuHUMaeTcs. Ecnv kommeHTapuin 3aHMMaeT 60sbLLIE OOHOW CTPOKU, TO yA0OHee npu-
MEHUTb CReaywnin METO, KOMMEHTUPOBAHNA: BHaYane KOMMEHTapus ykasblBaeTcs
KOMOUWHALMS CUMBOJIOB / *, @ 3aBEPLUAETCH KOMMEHTapuWiAi KOMOUHALLMEN CUMBOJIOB * /.

Ho u aro etie He Bce. BHauase mporpaMmbl 0OBITHO pa3MemnialoTcst "3aro0BoY-
Hble" MHCTPYKIUI: HATIPUMED, KOMAH/[bI [TOIKTI0YEeHUS OMOINOTEK U MHCTPYKIIUST
OTIpeIeIEH ST NPOCMPaAHcmea umer. B GOJIbITNHCTBE CIyYaeB M0 YMOJTIAHUIO MbI
Oy/ieM HaYMHATH IPOTPAMMHBIN KOJI MHCTPYKIHEH # include <iostream>,
KOTOPOIl MOIKII0YAeTCst CTaHAapTHas 6ubauomexa 6600a,/6vi600a. Takske Mbl Oy-
JieM paboTaTh €O CTaHAAPTHBIM IIPOCTPAHCTBOM UMEH (HasbiBaeTcs std), B CUITY
Yyero B IPOIPaMMHOM KOJIe IOSIBJIsIeTCS KOMaH/la using namespace std.

Hble Ha3BaHWs. B Kakoii-TO MOMEHT 3TO CTAaHOBUTCS NPOOIEMOIA, MOCKOJIbKY YTOObI NO-
nobpatb MHDOPMATUBHbBIE N, CaMOe MaBHOe, pPa3Hble Ha3BaHUS Ans 60MbLLIOrO Ymucna
KJ1IaCCOB, Y>X€ MaJio MMETb XOPOLUY0 paHTasmto. [103TOMy NCNOAb3YyEeTCs TakoM NPUEM:
BbIMOJIHAIOT Pa3buBKY MHOXECTBA BCEX UMEHOBAHMIN HA 061aCTU, KOTOPbIE HAa3bIBAKOT-
Cs NpocTpaHCcTBaMu UMeH. B npegenax o4HOro NpoCcTpaHCcTBa MMEH Ha3BaHMA OOJKHbI
ObITb YHUKaNbHLIMU. B pa3HbIx NPOCTPaHCTBax MMeH Ha3blBaHUS MOMyT COBMaaaTh. YTo-
Obl yka3aTtb, KAKOe UCMNOb3yeTCA NPOCTPAHCTBO MMEH, B NPOrpaMMHbIi KO, MOMELLaoT
KOMaHAay B ¢dopmaTte using namespace IPOCTPAHCTBO VMEH. CtaHpapTHOe npo-
CTPaHCTBO MMEH Ha3blBaeTcs std.

— Ha 3ameTky
I
[ns Toro 4To6bl pa3nunyaTe, HaNPMMep, KIacchl, OHU, O4EBUAHO, AOJKHbLI UMETb pPas-

Koneunsrit ¢pyHKITMOHATBHBIHN (TO €CTh TOTOBBIN K MCITOJIb30BAHUIO) TPOTPAMM-
HBIH KOJI, B KOTOPOM OIUCBIBAETCS KJIACC, @ TAK)KE CO3/IAI0TCS M UCTIOIB3YIOTCS
00BEKTHI ATOTO KJIAcca, IpecTaBieH B auctuure 1.1.
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Jiuctunr 1.1. Knacc BankAccount U ero 00beKThbl

#include <iostream>
using namespace std;
// Hauajio onmMcaHmusa Kjacca:
classBankAccount {
// OTKPHITEIE UJIEHH KJIACCA:
public:
// Tlojle misa 3anmcu 0as30BOM CYMME IEIO3UTA:
double money;
// Tlojle IJig 3amnmMcyu MNPOLEHTHOM CTAaBKM:
double rate;
// BpeMs, Ha KOTOpOe pasMelaeTCs OelO3UT:
int time;
// MeTon njs BHEUMCIIEHMS MTOTOBOM CYMMH IENO3UTa:
double result () {
// JlokaynbHasg MepeMeHHas
// OJja 3anucu pesysbTaTrTa MeToma:
double res=money;
// JlokaybHasa NepeMeHHas Jisd ollepaTopa LUMKJIIA:
int i;
// OnepaTopumukiia:
for (i=1l;i<=time;i++) {
// BrUMCIIEHME pe3yJbTaTa:
res=res* (1l+rate/100);
}
// PesynbTaT MeToma:
return res;
}
}; // OxoHuaHMe OmMCaHMa KJacca
// TmaBHasg GYyHKUMS TPOTPAMME:
int main() {
// Co3maeM MEepBHM OOBEKT :
BankAccount ivanov;
// Co3maeM BTOPOM OOBEKT:
BankAccount petrov;
// BHaueHMd MOJIeM MepBOTO OOBEeKTa:
ivanov.money=100;
ivanov.rate=13;
ivanov.time=3;
// 3BHaueHMd [OJIeM BTOPOTO OOBEKTAa:
petrov.money=90;
petrov.rate=18;
petrov.time=4;
// VToroasg cyMMa Ierno3uTa Ijig MEepBOTO BKJIANUMKA :
cout<<"MBaHoB: "<<ivanov.result ()<<endl;
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// WToroBas cyMMa IenosmuTa OJjid BTOPOTO BKJIANUMKA :
cout<<"IleTpos: "<<petrov.result ()<<endl;

// 3BaBeplieHre MNPOTPaMME:

return 0;

}

B ruaBHO# (hyHKIIMK IPOrPpaMMBbI [IEPBbIE [Be KOMAH/IbI JAIOT HaM IIPUMEP CO3-
nanus 06bexToB. Co31a10TCst 00bEKTHI (PAKTUYECKU TAK e, KaK OObSBIISIOTCS
HepeMeHHble, TOJIbKO BMECTO HaeHTH(HUKATOpA THIIA YKa3biBaeTCs MMs KJac-

ca. Tak, B paccMaTpuBaeMOM IIPUMEPE KOMAHIAMU u
cOo3/1a10TCs /1Ba 00BEKTA KJlacca : OIUH
00BEKT Ha3bIBAETCS , & JIPYTOil 00BEKT HA3BIBAECTCS . Ho cosna-

Hue 00bEKTOB, KaK U B CJIydae ¢ epeMEeHHbIME, O3HAYAET JIMIIb, YTO 110 HUX B
MaMSITH BBIZIEJISIETCS MECTO. JTO MECTO HYKHO YE€M-TO 3allOJIHUTh WUJIU, [IPOIIE
rOBOPsI, TIOJISIM CO3/IAHHBIX OOBEKTOB HY;KHO MPUCBOUTH 3HAYEHUST. SHAYEHUST
TOJISIM TIPUCBAUBAIOTCS TaK XKe MPOCTO, KAK ¥ 3HAYEHUSI JIOKATHHBIM TIepEMEH-
HBIM: CJIEBA OT OTlepaTopa MPUCBAWBAHWS YKa3bIBAETCS TI0JIE, a CTIPaBa OT OIle-
paTopa IpUCBaWBaHNS YKa3bIBAETCS IIPUCBaUBaeMoe 100 3Hauenue. [Ipasna,
0/IHO (hopMaTbHOE OTJINYHE BCE JKE €CTh.

[Tocko/MbKY y PasHbIX 0OBEKTOB UMEIOTCS MOJISI ¢ OJMHAKOBBIMU HA3BaHUSAMMU,
HEOOXOMMO KaK-TO PasjnyaTh MOJSI PasHbIX 00bEKTOB. JIpyrumu cjoBamu,
eCJI MbI 0OpaIaeMcs K IOJII0, TO Hy?KHO YKa3aTh K II0JII0 KAKOTO 00beKTa Mbl 00-
pamaemcs. /It 9TOT0 UCTMOMB3YeTCs TaK HA3bIBAEMBIM "TOUEUHBIN" CUHTAKCHUC:
CHayasa yKas3bIBaeTcss UMs 0ObeKTa, U 3aTeM, Yepe3 TOUKY, MM TI0JIsI, TO eCTh B
(bopmarte . B Takom xe opmare BbiIOIHAEM 00palleHue K Me-
ToiaM 00beKTa: epejl MHCTPYKIIMEN BbI30BA METO/Ia YKa3bIBAETCS UMsI OObEKTa.

VM 06beKTa 1 MMs METOAA PA3AEIAIOTCs TOYKoi. Hanpumep, koMmanaoii
TTOJTIO obObeKTa NIpUCBanBaeTCs 3HaYeHUe
, a4 KOMaHIOMH ITOJII0 00ObeKTa IIpUCBa-
nBaeTcd 3HaueHue 90. AHAJIOTUYHO, /IJIsT BBI30BA METOZA 13 o6beKTa
UCIIOJIb3yeM UHCTPYKIIUIO , & JI7IS BBI30BA METO/a

13 00beKTa WCITOJTb3yeM KOMaHy

— Ha 3ameTky

KomaHabl Buga mnm MOXHO MCMOJIb30BaTb B rNMaBHOM
I GYHKUMKM NporpamMmel (Uv B NloGOM MHOM MECTE NMPOrpamMMHOro koga 3a npegenamu
Tesla COOTBETCTBYIOLLErO Kiacca) TONbKo B TOM Clly4ae, ecnv mnm ABNSA-
I0TCA OTKPbLITLIMKW. YTOOLI NONA 1 MeToApl knacca Obln OTKPbLITbIMU, UX HEOOXOANMO
onucbiBaTth B 6510Kke, KOTOPbIN HAYMHAETCS KJTHOYEBLIM C/TIOBOM . MeHHo ¢ aToro
KJIIO4EBOro C/oBa HaYMHAEeTCs NMporpamMMHbIN Ko B Tene knacca . No-
3TOMY Mbl MOXEM MCMNOMb30BaTh AJ1S1 MHULMANN3aLumMm nonei (MpuceanBaHus 3Ha4eHNs
MoJIiM) MHCTPYKUMK C SIBHBIM 0bpalleHeM K nonsm. Ecnv 6bl B nporpaMMHOM koae
Knacca KJIl04EBOE CJI0BO OTCYTCTBOBa/IO, TO KOMaHAbl BMAa
unn npusenu 6kl K oMBKaM MNPy KOMMUASALMK, NO-

CKoJibky B C++ M0 yMON4aHMIo BCE MO 1 MEeTOAbI Klacca SBASIOTCS 3aKPbIThIMMU.
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ITocye Toro, Kak 1moJsiM 0OBEKTOB ivanov U petrov IIPUCBOCHBI 3HAYCHUS,
MBI BBIUMCJISIEM JIJIsI KAJKIOT0 U3 9TUX 00HEKTOB UTOTOBYIO CYMMY JEIIO3UTA.
J1J1st 9TOTO HaM JIOCTATOYHO BBI3BATh M3 COOTBETCTBYIOIIETO 0OBEKTAa METOJ[ re—

sult ().
=l Ha sameTky
Ecnn wmbl Bbi3biBaeM MeToOn 13 obbekTa (komaHpa
I ),TO NPW BbIYMCIIEHMN 3HAYEHNS METOLA MCMNOJb3YIOTCS Nons ob6bekTa
. Ecnu meTopg Bbl3bIBAETCH U3 0ObeKTa (komaHza
), TO NPW BbIYNCNEHUSAX UCMOJIb3YIOTCS MO 00beKTa . Takum o6pasom,

MeTO[, UCMNOJIb3YET Nons 06bekTa, 3 KOTOPOro Bbi3biBaeTcs. [103TOMy HeT Heobxoam-
MOCTM 6eCrnoKouTbCS O TOM, 4TO pe3ynbTar OGyaeT paccynTaH Ha OCHOBE AaHHbIX OJ1s
"Opyroro” Bknag4vka.

Jlnst BBIBOJIA pe3yJibTaTa B KOHCOJIbHOE OKHO HAMU UCIIOJIb3YETCSI 0Nepamop 6bi-
soda<<. CripaBa OT oliepaTopa BbIBOJIa YKa3bIBaeTCs 3HaYeHne (TEKCT 3aKJI0ua-
eTcs B IBOMHBIE KaBBIYKM ), KOTOPOE BBIBOAUTCS (HA 9KPaH B JJAHHOM CJIydae).
CrieBa OT omeparopa BbIBOJA B OOINEM CJydae yKa3blBaeTCst WACHTH(MHUKATOP
YCTPOHCTBA, B KOTOPOE OCYIIEeCTBJgeTcs BbIBOA WHbopmaruu. VHCTpyKIug
(cokpartienue ot consoleoutput) siBisiercs: MaAeHTHHUKATOPOM KOHCOJb-
HOTO YCTpO¥CTBA BBIBOZIA (II0 YMOJTYAHUIO 3TO dKPaH KoMIbioTepa). Jlomycka-
€TCST NCIIOJIb30BaHNE CPa3y HECKOJBKUX OMEPATOPOB BBIBO/IA B OJTHOM KOMAaH/IE.
[ToaTomy BIIOJIHE 3aKOHHOI, HAIIPUMEp, SBJSETCS CJEAYIONAs WHCTPYKIUS
, KOTOPOI Ha dKpaH Bbl-
BOJIMTCSI TEKCT , 3aT€M YUCJIOBOE 3HAYEHUE ,
SIBJIIONIEECS] PE3yJIBTAaTOM BBI30BA METO/IA u3 oObeKTa , U,
HAKOHEIl, BbITIOJHSIETCS [IEPEX0]] K HOBOI CTPOKe (CJIe/ICTBUE HAJIMYUST B KOMAH-
Jie KJTI0YeBOTO CI0BA -cokparienue ot end of line). AHaJTOTUYHO BBITIOJTHSI-
€TCsT KOMaH/1a

PesyJibraT BbIOJHEHUSI IPOTPAMMBbI OY/IET TAKHM:

Pe3ynbTat BbinONHEHUS nporpammbl (M3 nuctuira 1.1)

BaHOoB: 144.29
llerpoB: 174.49

B koHcobHOM OKHe (OKHE BBIBOIA) MOSIBJISIETCS JIBa COOOIIEHNUST ¢ UTOTOBBIMU
CyMMaMU JICTIO3UTOB JIJIs1 IBYX PA3JIMYHBIX BKJIAAUYUKOB. [[yg mosydyeHus: naH-
HOW MH(GOPMALIUU HaM, TI0 GOJIBIIIOMY CYETY, I0CTATOUHO OBLIO BHI3BATH U3 COOT-
BETCTBYIOIIETO0 00hEKTA METO]L . B mpuniure, ato yno6uo. Ho maske
HEBOOPYKEHHBIM B3TJISIIOM CPa3y BUAHO, UTO B PACCMOTPEHHOM TIPUMEPE €CTb,
CKa)keM TaK, HEKOTOPble HEYIOOHbIe MOMEHTHI. B mepByio ouepesb JT0BOJHHO
YTOMUTENBHO BBITJISIAAT KOMAHIbI, KOTOPBIMU 3aMOJHSAIOTCS 1101t 00bekToB. Ha
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IIpaKTHKE TaK OOBIUHO HE TIOCTYIIAIOT. To ectb BapuaHT, KOr'Jla II0JIsIM B ABHOM
BU/E ITPUCBANBalOTCA 3HAY€HNA, BIIOJTHE ITPUEMJIEM, HO TOJIBKO €CJIN rmoJieit I/I/
i 0OBEKTOB He 04eHb MHOTO. Ecan 310 He TakK, TO OJJTHUM U3 c1oco6oB permie-
HUA HpO6JIeMLI MO’KeT ObITh UCIIOJIb30BAHKE KOHCmMpYyKmopa.

1.3. Aonou okosbl OOTI

Hawe nogeaenue:"Imom maney, ne esicemcst ¢
Koposesckoll uecmvio". Mol 3anpewaem ezo na
6EKU 6EK0B.

uz k/ "31 urona”

VcTrHa, Kak U3BECTHO, TIO3HAETCS B cpaBHEHUH. MTHTEpecHO 6110 ObI paccMO-
TPETh MPOTPAMMHBIN KOJI, B KOTOPOM peIiaeTcs Ta JKe 3a/1ada, YTO U BHIIIE, HO
6e3 ucnosbzoBanust punimnos OOTL. TToHsaTHO, YTO BApHAHTOB TYT MHOTO.
Mb1 pacemorpum Hanbostee ipoctoiil. Kox npencrasien B uctunre 1.2.

Jinctunr 1.2, Nporpamma 6e3 KNaccoB M 00bLEKTOB

#include<iostream>
using namespace std;
// OYHKUMA IJid BBUMUCIIEHMS UTOTOBOM CYMMBl NENOSUTA :
double result (double money,double time,double rate) {
// JlokanbHasa NepeMeHHasd

// nna sanmucu pesynabTaTa OyHKINUM:
double res=money;

// JlokaJibHAsS TepeMeHHas IJIS OlepaTopa LMKJIA:
int 1i;

// OmepaTop UMKJIIA:
for(i=1;i<=time;i++) {
// BHUMCIIEHUE pe3yJbTaTa:
res=res* (1+rate/100) ;

}

// PesynbTaT QYHKLMN:
return res;
}
// TmaBHasg GYyHKUMS TPOTPAMME:
int main() {

// BHaueHMS MMEepPEeMEeHHHX ([IePBL BKJIANUMK) :
double ivanov_money=100;// Bxjan
double ivanov_ rate=13; // TlpolleHTHas CcTapBKa
double ivanov_time=3; // BpewMs
// 3BHaueHMVd MEePEeMEeHHBIX (BTOPOM BKJANUMK) :
double petrov _money=90; // Bkjan
double petrov rate=18; // TpoleHTHas CcTaBkKa
double petrov_time=4; // Bpewmsa
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// WToroBas cyMMa IenosmuTa oJjid NepBOTrO BKJIANUMKA :
cout<<"MeaHor: "<<result (ivanov_money,ivanov_time, ivanov_
rate)<<endl;

// WToroBaa cyMMa IeNo3MTa IJid BTOPOTO BKJANUMKA :
cout<<"Ilerpor: "<<result (petrov _money,petrov_time,petrov_
rate)<<endl;

// 3BaBeplieHre MPOTPaMME:

return

}

0;

PesyJibraT BbINOJHEHUST JAHHOTO IIPOrPAMMHOTO KO/ BBITJISUT CJIELYIOIIM
obpaszom:

PesynbTat BbINONHEHMS Nporpammbl (U3 nuctuira 1.2)

/IBaHOB :
[leTpoB:

BumnwMm,

144.29
174.49

4YTO Ppe3yJibTaTbl B o0bomnx CJIy4adXx COBIIaJaloT. ()HHaKO IporpaMMbl

MIPUHITUTIHAIBHO pa3Hble. Bo BTOPOM ciiydae MBI COBEPIIIEHHO He UCITOTb30BaTN
KJIacchl 1 00beKThl. BMecTo aTOTO Onmcana GhyHKIUs C TpeMs apry-
MeHTaMU (HavyaJbHBIN BKJIAJ, TTPOLIEHTHAS CTaBKa U BpeMs pa3MellleHus BKJa-
na). PesysmsraToM (OyHKITNSA BO3BpaliaeT 3HaYeHe UTOTOBOM CYMMBI /IETTO3UTA.

B rnaBHON dyHKIMM MTPOTpaMMBI 71 KasKJIOTO U3 BKJIAJAYUKOB OTIPEIESIeTCs
IO TPU TIEPEMEHHBIX. JTU TepeMeHHbIe TepefaloTcs apryMeHTaMu (DYHKIIUT

7

Ha sameTky

MeTop, onvcbiBaeTcs B Tene knacca. lMpu co3gaHnm 06bekToB 3TOro knacca
Kaxabli 06bEeKT Nosly4aeT CBOM "MepCoHanbHbIA" MeTo4. ITOT METO4 UMeeT AOCTyn K
nonsm "ceoero” obbekTa. MNockosbky MeTon, nmeeT AO0CTyn K NonsM obbekTa, To ap-
rYMEHTbl MeTofy He HyXHbl. O6pa3HO BbipaxasiCb, METOL, nony4yaeTt Heob-
XooMmyto eMy mHpopmaumio Yyepes nosis obbekta. Korga mMbl onucbiBaeM GYHKLMIO

, TO OHa Kak Obl "cama no cebe". Y GyHKUUM HET CBA3AHHOIO C Hell obbekTa.
A 0N BbINOSHEHMSA KaNbKyNSaLMiA GYHKUMW HYXXHbI NapaMeTphbl (BKnag, CTaBka NpoueHTa
1 Bpems BkJ1aza). 9T napaMeTpbl nepenatoTcs GyHKUMM B BUAE apryMeHToB. MNoaTomy
dyHKLUNS onvcaHa ¢ Tpems apryMeHTamMm, KOTopble UrpatoT Ty xe gakTuye-
CKW POJib, 4TO NOJIS 0ObEKTa B NEPBOM MpumMepe.

Ha sameTky

MoxeT nokasaTbCcsl, 4To NporpamMmMa 6e3 KnaccoB U 0OGbEKTOB NPOLLE U MOHATHe. Bos-
MOXHO, 3TO IAe-TO Tak U ecTb. HO TyT BaXHO MNOHATb, 4TO NPMMEP Mbl paccMaTpuBam
npocToi. A npeacTaensieTe, 4To OyAeT, ecnv BKIaa4MKOB He ABa, a ABaauaTtb? [la v Bcio
rmékocTb 1 apdpekTmBHOCTb MeToaoB OOIM Mbl ewe oco3Hanu. Hanpumep, Mol ele He
NO3HaKOMUIINCh C KOHCTPYKTOpamMu. Ho 3To co BpeMeHeM NpuaeT.
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1.4. SHaKOMCTBO C KOHCTPYKTOpamMm

9x, nozybsim mebs CAUUKOM WUPOKUE BO3MONC-
HOCMUL.
u3 x/¢p "Atiboaum 66"

Koncmpyxmop - mtyka moriHast u yao6Has. Bo Besikom ciydae, paborarhb ¢
KJaccaMu 1 0ObeKTaMK ¥ He UCTI0JIb30BaTh KOHCTPYKTOPHI - IPOCTO HEPEATBHO.
DopManbHO KOHCTPYKTOP - 9TO METOJ], KOTOPBIN BBI3IBAETCS aBTOMATHYECKU
npu cosanuu oObekTa. [109TOMy eciiv B KOHCTPYKTOPE PasMECTHTh KOKOH-TO
[POTPAMMHBIN KOJI, TO 9TOT HPOTPAMMHBINA KO OYAeT BBIIOJHATHCS KasKIblii
pas, Korja Co3aeTcss HOBbI 00beKT. BoJiee TOro, y KOHCTpyKTOpa MOTyT OBITH
aprymenTsl. /[a 1 BooGIe, KOHCTPYKTOPOB Y KJacca MOKET ObITh HECKOJBKO.
0060 BceM 9TOM U TIOTOBOPYIM.

Tax, mOCKOJIbKY KOHCTPYKTOP - 9TO BCe-TaKU MeTOJI (XOTh M 0COOEHHBII ), €ero B
KJIacce MOKHO omncaThb. ECTh omnpesiesieHHbIe TpaBUiIa OMMCAHNS KOHCTPYKTOPA
B kJacce. Ix HeMHOTO, HO OHUM HETIPEKJIOHHBIE!

e Uwma KOHCTPYKTOPa COBIIAJa€T C UMEHEM KJlaccCa.

*  KoncTpyKTOp HE Bo3BpaIaeT pe3ysbTaT, a HAeHTH(MUKATOP THIIA Pe3yJIbTaTa
LIS HETO HE YKa3bIBAeTCs.

* Y KOHCTPYKTOPa MOTYT ObITh apTyMEHTBI.
* V¥ kzacca MOXKeT ObITh HECKOJIBKO KOHCTPYKTOPOB.

Bce nocrarouno npocro. Harpumep, eciiu co3iaeTcsi KOHCTPYKTOP JIJIs1 KJlacca ¢
Ha3BaHUEM , TO KOHCTPYKTOP KJIacca J0JKEH Ha3bhIBATHCSI TOUHO
TaK ke, TO eCTb . ¥ KOHCTPYKTOpa MOTYT OBITH apTyMEHTHI, a
MOsKeT He ObITh. U ellle, Kak 0OTMEUYAJIOCh BBIIE, MBI MOJKEM OIMCATh Cpasy He-
CKOJIbKO KOHCTPYKTOPOB B KJIacce.

=l Ha 3ameTtky
MpoLecc co3aaHna HECKONbKMX KOHCTPYKTOPOB B Kflacce SBNSIeTCS NpuMepom Gonee
I o6Lero MexaHnama, KOTopblii Ha3blBaeTCs reperpy3kori MeToo0B Y NO3BONSET CO3-
[aBaTb HECKONbKO BEPCUI METOJA C OOHUM U TeM xe umeHeMm. MNeperpyska MeTonoB
obCcyxaaeTcs HEMHOIo Mo3xe.

[anee MBI HEMHOrO YCOBEpIICHCTByeM IIPOIpPaMMHBII  KoOJ — KJacca
U 106aBUM B 3TOT KJIACC /IBa KOHCTPYKTOPa. COOTBETCTBEHHO,
W3MEHUTCS W TPOTPAMMHBIN KO/ TIIaBHOW (DYHKIIMH MTPOTPAMMBI . Ho-
BYI0, YCOBEPIIIEHCTBOBAaHHYIO BEPCUIO KJIACCa, HA30BEM TaK Ke, KaK 1 IPebILy-
LIYIO - TO €CTh . ITporpaMMHBIi KO/ TpUBEIEH B TUcTHHTE 1.3.
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Jiuctunr 1.3. Knace BankAccount ¢ KOHCTPYKTOPOM

#include <iostream>
using namespace std;
// Hauajio onmMcaHmusa Kjacca:
class BankAccount{
// OTKPHITEIE UJIEHH KJIACCA:
public:
// Tlojle misa 3anmcu 0as30BOM CYMME IEIO3UTA:
double money;
// Tlojle IJig 3amnmMcyu MNPOLEHTHOM CTAaBKM:
double rate;
// BpeMs, Ha KOTOpOe pasMelaeTCs OelO3UT:
int time;
// MeTon njs BHEUMCIIEHMS MTOTOBOM CYMMH IENO3UTa:
double result () {
// JlokaybHasa mepeMeHHas
// OJja 3anucu pesysbTaTrTa MeToma:
double res=money;
// JlokaybHasa NepeMeHHas Jisd ollepaTopa LUMKJIIA:
int i;
// Oneparop uUMKJIA:
for (i=1l;i<=time;i++) {
// BrUMCIIEHME pe3yJbTaTa:
res=res* (1l+rate/100);
}
// PesynbTaT MeToma:
return res;
}
// KoHCcTpykTOop kJjlacca (6e3 apI'yMeHTOB) :
BankAccount () {
// lpucBauBaeM 3HAYEHUS [IOJISM:
money=100;
rate=13;
time=3;
}
// KOHCTPYKTOp KJjlacca (C TpeMsa apryMeHTaMm) :
BankAccount (double m,double r,int t) {
// TlpuCBavBaeM 3HAUEHUS IIOJIAM:
money=m;
rate=r;
time=t;
}
}; // OxoHuaHMe OmMCaHMa KJacca
// TmaBHasg GyHKUMS TPOTPAMME:
int main() {
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// Co3maeMm MNEepBHN OOBEKT:
BankAccount ivanov;
// Co3maeM BTOPOM OOBEKT:
BankAccount petrov(90,18,4);
// ViToroBas cyMMa IeNo3suTa IJg [NepBOTO BKJIAIUMKA :

cout<<"MpaHoOB: "<<ivanov.result ()<<endl;
// WToroBas cyMMa IenosuTa OJjid BTOPOTO BKJIANUMKA :
cout<<"IleTpos: "<<petrov.result ()<<endl;

// 3BaBeplieHre MPOTPaMME:
return 0;

}

ITo cpaBHenmto ¢ ncxomHO# Bepcueit (cM. mucTrHT 1.1), MBI BHECIN B TPOTPaMM-
HBII KOJI MUHUMaJIbHbIE U3MeHeHus. B yacTHoCcTH, B KJ1acce , TI0-
MEMO TPex MOJIell U METO/Ia, KOTOPBIE TaM OBLIN ¥ PaHbIIle, TIOSIBUIOCH €IIe JBa
KOHCTpyKTOpa (IIpaBujibHee Oy/eT CKa3aTh - JIB€ BEPCUU KOHCTPYKTOPa). Mbr
paccMOTPHUM TIPOTPAMMHBIN KOJI KOHCTPYKTOPA C TPeMs apTyMeHTaMM, a KOH-
CTPYKTOP O€3 apryMeHTOB "OpraHu30BaH” aHAJIOTUYHO. Pe3ysibraT BBIOJHEHNUST
MTPOTPaMMHOTO KOIa TaKOH ke, KaK ¥ TPOrpaMMHOTO Ko/ia 3 JucTuaTa 1.1:

PesynbTat BhINONHEHMS nporpammbl (U3 nuctuira 1.3)

VBaHoB: 144.29
[lerpor: 174.49

[TockonbKy Ky1acc Ha3bIBAETCS , TO KOHCTPYKTOP KJIacca Ha3bIBa-
eTcd Tak JKe, TO eCTh (TycThle KpyTiibie CKOOKH /ISt KOHCTPYK-
TOPaA MbI YKa3bIBaeM JIJIsl TOTO, YTOOBI MOAYEPKHYTh, YTO HTO METOJL - BO BCAKOM
cirydae, Takasd CJIOKUJIACH TPAMUNINSA). ¥ KOHCTPYKTOpAa TPU apryMeHTa. Apry-
MEHTBI KOHCTPYKTOpa (BIpoYeM, KaK M JPYTUX METOJIOB), ONUCHIBAIOTCS TaK:
YKa3bIBAeTCs TUTI aPTYMEHTA U ero Ha3BaHue. Ecau apryMeHTOB HECKOIBKO, OHI
pas/enaoTes 3amaThIMA. [lajke ecim HeCKOJbKO apTyMEHTOB UMEIOT OITHAKO-
BBI€ TUIIBI, IJI KAXKIOTO apTyMEeHTa TUTI BCe PABHO YKa3bIBAETCS TIEPCOHAIBHO.

] ' Ha sameTky

ApryMeHTbl MeTo4a N KOHCTPYKTOPA MMEIOT "Culy” NOKasIbHbIX NEPEMEHHbIX. ITO 03-
I Ha4aeT, YTO AOCTYMHbLI OHM TOJILKO B TEJ1Ie COOTBETCTBYIOLLErO METOAa/KOHCTPYKTOPA.

B mamrOM ciyyae y KOHCTPYKTOpA TPU apryMeHTa: apTyMeHT m TUTIQ ,
apryMeHT r THUIIa W apTyMEHT © THUIa . [Ipenmonaraercs, yto apry-
MEHT m  OTIpe/lesisieT 3Hadenne 6a30BOM CyMMbI, BHOCMON Ha [ETIO3UT BKJIAJI-
YUKOM, aPTYMEHT OTIpejieJisieT TPOIEHTHYIO CTAaBKY MO BKJIAAY, & apTYMEHT
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3ajlaeT BpeMsi, Ha KOTOpoe B GAHK TIOMEIAETCs IeNo3uT. B cooTBeTCTBUN €
9TUMU "TIPEIIONOKEHUSIMU B TeJle KOHCTPYKTOPA MOJISIM KJacca TpUcBanBa-
I0TCST 3HAYEHMUS: TTOJIIO [PUCBANBAETCSI 3HAYEHUE TIEPBOTO apryMeHTa
KOHCTPYKTOpa 1 (KOMaH/a ), TOJTIO [PHCBANBAETCST 3HAYEHHUE
BTOPOTO apryMeHTa KOHCTPYKTOpa (KOMaH/Ia ),  TIOJIIO [pPHUCBa-
MBAETCs 3HAYEHIE TPETHETO apryMeHTa KOHCTPYKTOpa & (KOMaH/Ia ).
Taxum 06pa3oM, B pe3yJIbTaTe BLITOTHEHMSI KOHCTPYKTOPA MOJISIM CO3/[aBAEMOTO
06beKTa MPUCBAMBAIOTCSI T€ 3HAYEHNST, UTO MEPEIAaHbl KOHCTPYKTOPY apryMeH-
tamu. Bo3HMKaeT ecTeCTBEHHBIN BOITPOC: KAK KOHCTPYKTOPY TI€PEIATh apryMeH-
ToI? Jlesaercst 910 04eHb pocTo. UToObI TepenaTh KOHCTPYKTOPY apryMeHTHI
npu cozanuu (00bsABIEHU) 00bEKTa B KPYIJIBIX CKOOKAX MOCJIe MMEHU 00b-
€KTa yKa3bIBAIOTCsI apTyYMEHTBI KOHCTpyKTOpa. Hampumep, komanaa

B (yHKIINU 03HAUYaeT, YTO CO3/AETCS
00BEKT KJacca , U TIDU 3TOM KOHCTPYKTOpY KJlacca
HEOOXOIMMO TIepe/aTh apryMeHThl 90, 18 u

Y xmacca, TOMUMO KOHCTPYKTOpA C TPeMs apryMeHTaMH, eCTh eIlle U KOHCTPYK-
Top 6e3 apryMeHToB. B 3TOM CciIydae mpu co3gaHun 0ObeKTa apryMeHThl KOH-
cTpyKTOpY He mepenaioTcst. [1osst o6bekTa Bce PAaBHO TOJMYJaIOT 3HAUEHNUST, HO Ha
3TOT Pa3 3HAUEHUS ONPEEIIIOTCS He apryMeHTaMu (KOTOPBIX HET), & SABJISIOTCS
(pukcupoBaHHBIMU 3HAYEHUSAMU (KOMAH/IBI , u

B TeJle KOHCTPYKTOpa). Ha cuTyanuio MOXHO TTOCMOTPETH U TIO-IPYTOMY: €CJIN
MBI CO3/1aeM 00BEKT, He TIepeiaBast apryMeHThl KOHCTPYKTOPY (Kak, Harmpumep, B
KOMaH;jIe ), TO TIOJIST CO3/1aBAEMOTO 0OBEKTA TI0 YMOJIYa-
HUIO TIOJTY4YaloT 3HAaYeHUS IS TIOJIST , NIt u 3 78 IoJd

-' Ha zameTtky
Cpasy 0TMeTMM, 4TO 3TO Aaneko He eANHCTBEHHbIV cnocob 3aaaThb 3Ha4YEeHUs Mo YMOJ-
I YyaHuto. CyLecTBYIOT U MHblE, B HEKOTOPOM CMbICIie gaxe 6onee afieraHTHbIe Noaxoapl.
M Mbl C HAMM NO3HAaKOMUMCS.

Jlaxxe 13 3TOI HECIOKHON MILTIOCTPAIIMN BUTHO, 9YTO KOHCTPYKTOP TOCTATOYHO
yao0eH 1 IMPOCT B UCIIOIb30oBaHUN. [To kpaiineil Mepe, 110001 MpeTeH YOI Ha
TpodeccHOHaTBbHBIN YPOBEHD KJIACC TOJKEH COAEepKATh HECKOJIbKO PA3TUIHBIX
KOHCTPYKTOPOB. X0Ts, KOHEUHO, MHOTO€ 3aBUCUT OT Ha3HaueHus kiacca. C n1py-
TOU CTOPOHBI, COBEPIIEHHO OYEBUTHO, UTO PACCMOTPEHHBIN HAMU TTPOTPAMMHBIH
KO/l MOJKHO YCOBEPIIEHCTBOBATH M YCOBEPIIIEHCTBOBATD - TPAKTHYECKH 10 Oec-
KOHEYHOCTH. MBI TI0¥i/IeM HECKOJIbKO MHBIM ITyTeM. A UMEHHO, oIpodyeM He-
MHOTO WHAY€e OPTaHU30BaTh (hyHKIIMOHATbHBIE BO3MOXKHOCTU KJIACCA, JJIST YETO
n00aBUM B HETO HECKOJIBKO HOBBIX METO/I0B. Kpome Toro, moJist c/iesiaeM 3aKpbi-
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TBIMU, a IOCTYII K 3TUM TOJISIM (JI71 TPUCBANBAHUS 3HAYEHU ) peajin3yeM uepes
OTKPBITHIE METOJIBI.

1.5. Peopranusaumsa nporpaMmMHOro Kkoaa

Buden uydeca mexnuku, 10 maxozo...
u3 x/¢ "Hean Bacunvesuu mensiem npo-
¢eccuro”

Kax orMedasoch BbIlle, MbI BHECEM HEKOTOPBIE, B OIIPEIEIEHHOM CMBICTIE BaXK-
Hble, UI3MEeHEeHUsI B IIPOrpaMMHbIi Ko, OCHOBHbIE M3BMEHEHHUSI CBOISATCS K CJIe-
IIyIOIIEMY:

M B xmacc 6yH€T ,ZIO63.BJI€HO TEKCTOBOE€ I10JI€ [JiA 3allMCH B
HEero MMeHH BKJIa/[YMKa.

*  Bce uerbIpe 110151 (TPU YUCIOBBIX ¥ OJJHO TEKCTOBOE) KJIACCA CTAHYT 3aKPhI-
TBIMHU.

» Jlyis mpucBavBaHUs 3HAYEHUST YUCJIOBBIM TIOJISIM B TTPOrPAMMHBIH KOJT KJ1ac-
ca n00aBJIEH METO] C TpeMs apryMeHTaMH, UMEeI0-
IITUMU 3HAYEHUS 110 YMOJTYAHUIO.

° I[JIH IpruCBanBaHUA 3HAY€HUA TEKCTOBOMY IIOJI0 B KJaCC
HO63.BJI€H METOoq C TEKCTOBBIM apryM€HTOM.

*  Meron npefiHazHaYeH [I7ist OTOOPasKEHUsI TIOTHON WH(MOPMAIIUU O
BRJIQTYUKY. A MMEHHO, IIPpU BbIINOJIHEHUN ME€TOJa B KOHCOJIbHOE€ OKHO BbI-
BOJINTCS UM BKJIQ/[UMKa (3HAYEHUE TEKCTOBOTO TIOJISA), a TAaKxKe "TeXHu4e-
ckue" mapaMeTphl BKIaga (HadaabHAs CyMMa BKJIAna, TPOIEHTHAS CTaBKa
0 BKJIAJLy U BpeMsl, Ha KOTOPOe JIEHbTH PAa3MeIaioTcs Ha /erno3uT). Kpome
ATOTO, OTOOPAKAETCST U UTOTOBASI CyMMa Jlerto3uTa. [[Jist 3TOTo B TeJie MeTo/a

BBI3bIBAETCST METO/]

* V¥ kjnacca BankAccount, Kak 4 paHee, iBa KOHCTPYKTOPa, HO TeNepb y HAX
M3MEHUINCh apTyMeHThl. B wacTHOCTH, B Ki1acce mMeeTcs KOHCTPYKTOP €
OJIHM TEKCTOBBIM apIryMEHTOM, a Takke KOHCTPYKTOP C O/IHUM TEKCTOBBIM
1 TpeMsl YUCJIOBbIMY apryMeHTaMHu. J[OIoTHUTeIbHBIN TEKCTOBBIN apry-
MEHT, KaK HeCJI0XKHO JI0Ta/laThes, IpefiHasHaueH /IS ollpesiesieHus (1pu
CO3/1aHUY OOBEKTA) UMEHH BKIATINKA.

+ Ilomumo omnpeziesienust 3HAYEHUIT TT0JIel B KOHCTPYKTOPE Kiacca (B 06enx
BEPCHSIX ) BBI3BIBAETCS METOM Show (), B Pe3yJIbTaTe 4ero co3anme 0ObeKT
03HayvaeT aBTOMATUYECKIe 0TOOpasKeHne B KOHCOIbHOM OKHe HH(OpMaIii
0 COOTBETCTBYIOIIEM BKIaTINKE.

B siucrunre 1.4 nipuBesieH MporpaMMHBIN KOJI HOBOE BEPCUU TIPOTPAMMBI, B KO-
TOPOI UCMOTB30BaH KJacc BankAccount.
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Jiuctunr 1.4. Knacc BankAccount ¢ 3akpbiTbiMu nonsmm

#include <iostream>
#include <string>
using namespace std;
// Hauajo onmMcaHmMs KJjacca:
class BankAccount{
// BaxpbTEHE UJIeHB KJacca:
private:
// Tloye nja 3anucu VMMEHM BKJIAOUMKA :
string name;
// Toyne nna sanmcu 6as0BOM CYMME IEellO3MKTAa:
double money;
// Tomne mjs 3anucU OPOLIEHTHOM CTABKM:
double rate;
// Bpems, Ha KOTOpPOEe pasMelaeTcs OeNO3UT:
int time;
// OTKPBITHIE UJIEHH KJlACCa:
public:
// MeTon nJjia NPUCBAMBAHMUSA SHAUEHMWS UYUCJIOBBIM IIOJISM:
void set (double m=100,double r=13,int t=3) {
// BHadeHmusa mHoJyel:
money=m;
rate=r;
time=t;
}
// MeTon myisg OIpelejyieHMd 3HAUEHUS TEeKCTOBOTO I1OJIL
// (MMA BKJIAOUMKAE) :
void setName (string n) {
// BHadeHMe TEeKCTOBOTO IOJA:
name=n;
}
// MeTon mJia BHUMCJICHUS MTOTOBOM CyMME OEIO3UTA:
double result () {
// JlokaybHasa MepeMeHHas
// OJja 3anucu pesysbTaTa MeToma:
double res=money;
// JlokayibHasa NepeMeHHas Jisd ollepaTopa LUMKJIIA:
int i;
// Oneparop uUMKJIA:
for (i=1l;i<=time;i++) {
// BrUMCIIEHME pe3yJbTaTa:
res=res* (l+rate/100) ;
}
// PesynbTaT MeToma:
return res;
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// MeTon myisa OTOOPAaXeHMS NAHHBEIX BKJIAIUUKA :
void show () {
// OrobpaxaeTcsa MMS BKJIAOUMKA :

cout<<name;
// OToBOpaxamTCsa SBHAUEHMS UMCJIOBHIX [IOJIEN:
cout<<": "<<money<<": "<<rate<<": "<<time;

// BHUMcageTCcs U OTOOpaxaeTcda
// uTOoTOBasg CcyMMa OENOo3UTa:
cout<<": "<<result ()<<endl;

}

// KOHCTPYKTOp Kjacca (C OOHMM apTyMEeHTOM) :
BankAccount (string name) {

// BamaeM MMS BKJIAOUMKA :
setName (name) ;

// TlpucBavBaeM 3HAUEHUS TIOJISAM:
set () ;

// OrTobpaxaeM OaHHHE BKJANUMKA :
show () ;

}

// KOHCTpyKTOp KJjlacca (C UeTHpbMSA apryMeHTaMu) :
BankAccount (string name,double m,double r,int t) {
// BamaeM MMS BKJIAOUUKA :
setName (name) ;

// TlpricBaMBaeM 3HAUEHMI I[1OJIAM:
set (m,r,t);

// OroBpaxaeM HaHHHE BKJIAOUMKA :
show () ;

}

}; // OxoHuaHMe ONMCaHMUA KJacca

// TnaBHasg QYHKUMS NOPOTPAMME:

int main () {
// Co3maeMm MNEepBHN OOBEKT:

BankAccount ivanov ("VMBaHOB WMBaun") ;
// Co3maeM BTOPOM OOBEKT:

BankAccount petrov ("IlleTpos IlleTp", 90,18,4);
// BaBepuieHMe NPOTPAaMMH :

return 0;

}

Onncanme Kiacca HAYMHAETCS ¢ WHCTPYKIIUK , TIO-
CcJle KOTOPOU Y4epes BOETOYME OIMUChIBAIOTCS YETBhIPE HOJIsI KIACCA: C TPEMsI YKC-
JIOBBIMU TIOJISIMH MbI YK€ 3HAKOMbI, a €llle OJHO HOBOE I0Jie UMeeT Ha3BaHue

1 00BIBJIEHO KaK TaKoe, 4YTO MMeeT THII . Ecau 6bITh /10 KOHIIA
OTKPOBEHHBIM, TO - 9TO Ha3BaHMe KJjacca. YToObI 9TOT KJIacC CTAT JI0-
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CTYIIEH, B HavaJe IIporpaMMBbl (BO BTOPOH CTPOKE) MBI TOMECTUIN KOMAH/TY

, KOTOpOﬁ ITOJIKJIIOYAETCA 6ubamoreka JJIA pa60TbI C TEKCTOM.

Nnctpyxnms , TAKIM 00pa3oM, 03HA4YaeT HU YTO UHOE, KaK IIPU-
HAJIJIESKHOCTD II0JISI K CJIABHOM KoropTe 0ObEKTOB Kjlacca . pyru-
MU CJIOBaMU, TeTleph y Kaacca €CTb TI0JIe, KOTOPOE CaMO SIBJISIETCS
00beKTOM KJacca (B JaHHOM CJIydae 9TO KJIacce , HO MOT OBITh U KaKOI-TO
apyroit). Takoit moaxos (Koraa ImoJist Kacca siBJSIIOTCS 0ObEKTaMit ) BITOJIHE 3a-
KOHHBIN M YaCTO MCIOJIb3yeTCs Ha TpakTuKe. /{1 Hac moKa 4To BaskKHO, UTO TI0JIe

L}

-

TEKCTOBOE, U B KAYECTBE 3HAYEHUA 9TOMY T1I0JII0 MOKHO ITPUCBOUTD TEKCT.

Ha 3ameTky

B C++ cyLlecTByeT eLle OAMH MonyspHbIi cnoco6 peanusaumnn TekcTa - B BUAE CUM-
BOJIbHOIO MaccuBa.

Y70 KacaeTca MHCTPYKUUMN , TO €8 MOXHO OblfIo 6bl HE YKa3blBaTb - MO YMOI-
YaHUIo, eCnNn AEHTUPUKATOP YPOBHSA AOCTYNa YEHOB He yKasaH, OHW cyMTaloTcs 3a-
KPbITbIMU.

[TockosbKy TeTephb BCe YeThIPE TOJIS KJIacca SBISIOTCS 3aKPBITBIMU, MBI HE CMO-
KeM K HUM 00paTUThCST B TIPOTPAMMHOM KOJIE€ BHE IMPEIEJIOB Tesia Kiaacca. To
ecTh 00paIaThCst K 3aKPHITHIM TIOJISIM KJIacCa MBI MOJKEM TOJIBKO B TeJie METO-
JIOB, OITMCHIBAEMBIX B aTOM Kiacce. OTciofia cpa3y BO3HUKAIOT JBE OUYEBHIHDIE
poOJIEMbL: KaK TIOJIsIM TTPUCBANBATh 3HAYEHUS U KaK y3HATh 3HAYEHUS MOJIei?
Borxon, pasymeetcs, ectb. COCTOUT OH B MCTIOJIb30BAHUH OTKPBITBIX METO/IOB J10-
CTyTa K 3aKPBITBIM MOJISIM KJacca. 1[ocKoIbKy Takue MeTO/bI OTKPBITHIE, TO, C
OJIHOU CTOPOHBI, K TUM METOJIaM MOKHO 0OPATUTHCS BHE TIPEIETIOB KJIAcCa, a ¢
JIPYTOU CTOPOHBI, 9T METO/IbI UMEIOT JOCTYII KO BCEM YJieHaM "CcBoero” Kjacca (B
TOM YHCJIE ¥ K 3aKPBITBIM TTOJISIM ¥ METOJIaM ).

L}

-

Ha 3ameTky

Taknm 06pasom, 4Jist paboTbl C 3aKPbITbIMU NOJIIMU BBOAATCSH CBOe0Opa3Hble "nocpea-
HUKK". Hanpsimyto paboTaTb C NosieM (BHe kjilacca) Mbl HE MOXEM, HO MOXeM obpa-
TUTBCS K MOMOLLUM MeToAa-nocpeaHuka. Ha nepBbiii B3rns MOXET NoKa3aTbCsl, YTO 3TO
CIIMLLKOM 3anyTaHHasl 1 HeHyxHas cxema. Ho Ha camom gene Bce He Tak. [leno B Tom,
4TO "3aKpblBan" YneHbl kKilacca 1 BBOAS METOAbI AOCTYrNa, Mbl CO34aeM CBOeobpasHbIi
NPefoXpaHUTENbHBIN WAT Uiy 6apbep AN HECAHKLUMOHUPOBAHHBIX (HEXenaTenbHbIX,
HEeAoMNyCTUMBbIX) AENCTBUI C 3aKpbITbIMUK YneHamMmu knacca. Beab meTon ooctyna no3Bo-
NSIET BbINOAHATL C NOASIMU, HAaNpUMep, TONbKO Te onepaLmun, KOTopble 3anporpammm-
pOBaHbl B TENIE METOAA, N HUKAKOW "caMoaenTenbHoCcTU". B 9TOM cMbIcne knacc (mnm
ero 06beKT) HaNnoMMHaeT "4YepHbI AWKK" C oNpeaeneHHON HAYMHKOM (B BUAE 3aKpbITbIX
Y/IeHOB KJlacca), a GYHKUMOHAIbHOCTL 3TOro "4epHOoro suwmka” onpeaensetcss Habopom
BCSIKMX KHOMOK Y NepeksitoyaTeneil, poJib KOTOPbIX UrPaloT OTKPbITbIE METOAB! AOCTYNA.

B nepsy1o ouepesb nHTEpEC NIPeCTaBIIsAeT IIPOLECC IIPUCBANBAHNST 3HAYCHUS
noJisiM. /17151 3TOTo MbI B Ki1acce 0OBSIBIISIEM JIBAa METOJIA.
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Ha 3ameTky

Bce meToabl B kflacce, B TOM YMCIE U ABE BEPCUM KOHCTPYKTOPA, ONUCHIBAIOTCS B 6no-

Ke, o3aryiaBN1eHHbIM VIHCprKLLMeVI , NMO3ITOMY ABNAOTCH OTKPbITbIMWU.
Meton TpeTHA3HAYEH /IJIS IPUCBAUBAHUS 3HAYEHU TPEM YHCIOBBIM I10-
Jsm ( , u ). MeTon He Bo3BpalaeT pe3yJbTaT (TO eCcTh Ha-

3HA4YEHME METOAA COCTOUT B TOM, YTOOBI BBIIOJHUTH HEKOTOPLIE AEHCTBUS, U
TIpU 3TOM "Ha BBIXOJIle" HUKAKKUe 3HaUeHUs HaM He HYKHBI ), T09TOMY B KauecTBe
uaeHTUUKATOPA TUTIA A1 Pe3yabTaTa MeTOa YKa3aHO KJI0YeBOe CJI0BO

—
= Ha 3ameTky

KnioyeBoe cnoeo O3Ha4aeT, YTO MeToj, pe3ynbTaT He Bo3BpallaeT. To, YTo Ans
KOHCTPYKTOpa (KOTOPbIN, Kak M3BECTHO, TOXE HE BO3BPALLAET pe3ynbrart) naeHtndu-
kaTop He yKa3blBaeTCs - 3TO MUCKIloYeHne 13 npasun. Ewle ogHo ncknioveHve na
npaBu -4eCcTpykTop. [Ins Hero, kak U Ans KOHCTPYKTOpa, MAeHTUdMKaTop TUNa He yka-
3biBaeTcs. JecTpykTopbl 6yaem obcyxaaTtb nosxe. Ecnm xe pedb noet 06 o6biYHOM
MeTofe (He KOHCTPYKTOpe 1nn AeCTPYKTOPE), U METO/A, HE BO3BPALLLAET pe3ynbTaT, TO B
KayecTBe ngeHTndmkaTopa TMna pesynsrara ykadbiBaem Kno4eBoe CIoBO

Y mertona TpH aprymMenTa. [Ipryem y aTux apryMeHTOB €CTh 3HAYeHU 110
yMmosraannio. UYro ato o3Hauaet? [Ipu BbI3oBe MeTO/1a, €CJIN OIMH UJTH HECKOJIBKO
apTyMEHTOB SIBHO He YKa3aHbl, /71 HeZIOCTAIONIETO apryMeHTa (MU apTyMEeHTOB)
Oy/IeT UCIOJIb30BaHO 3HaUEHHUE 110 yMordanuio. [1pu 00bsiBIeHUN MeTO/1a 3HaUe-
HUS 110 YMOJTYAHUIO /IJIST apTYMEHTOB YKa3bIBAIOTCS Yepe3 3HaK PaBEHCTBA ITOCTe
nMeHM apryMeHnTa. [loaTomy, HarpumMep, ecjau MeTOJ BBI3BIBATh C TPEMs
apryMeHTaMu, TO 9TH apTyMEHTbI OY/yT OMPe/IessiTh 3HAYEHUST MOJIell 0O heKTa,
13 KOTOPOT'O BBI3bIBAETCS METO/I. EC/iM He yKaszaTh HU OHOTO apryMeHTa, To Oy-
ZIyT UCTIOJIb30BAHBI 3HAYEHUS 110 YMOJYAHUIO.

r—)
= Ha 3ameTtky

3HayYeHNs Mo YMONYaHUIO MOTYT UMETL BCE apryMeHTbl MeToAa, a MOryT MMeTb TOJbKO
HeKoTopble aprymMeHTbl MeToaa. MpaBunno Takoe: B CNMCKE apryMeHTOB Te, YTO UMeIoT
3HaYeHNs Mo YMOMYaHWIO, A0MKHbI ObITh B KOHUE. TO eCTb CHavana yka3biBaloTcs apry-
MeHTbI 683 3HaYEHW N0 YMOJIYaHWIO, 8 3aTEM YKa3bIBAIOTCS apryMeHTbl CO 3HaYEHUSIMU
Mo YMONYaHWIO.

Meron st oripe/iesieHUsT 3HAYEHUST TEKCTOBOTO TIOJIST HA3bIBAETCS

On He BO3BpaIaeT Pe3yJbTaT U Y HETO BCETO OJIMH TEKCTOBBIN apryMeHT (065—
eKT KJacca ). B Tene meToma KomMaHOM (uepe3 1 o6o3HAYEH
apryMeHT MeTOo/12) TIPUCBANBAETCS 3HAYEHUE TIOJTIO
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=y Ha 3ameTky
Ecnun abcTparmpoBaTtbCsi OT TOrO, YTO 1 U - 9T0 0ObeKThbl, TO KOMaHAa

I 0CcoObIX BONPOCOB He Bbi3blBaeT. Bonpockl MOryT BO3HMKHYTb, €CN BCMIOMHUTb, YTO Ha
camoM Jene pedb naet 06 o6bekTax. Ho npobnemsl, pasymeetcs, HeT. B C++, ecnuv 06b-
€KTbl OTHOCSITCS K OAHOMY Knaccy (an u aBnsoTCA 06beKTaMm Knacca )s
TO OOAHOMY 0OBEKTY B KQ4€CTBE 3HAYEHMS MOXHO NPUCBOUTL APYro o6bekT. Mpn aToM
Nno YyMOJTYaHWIO MpUCBarBaHWE BbINMOJHIETCS Yepe3 MexaHn3M NodrTOBOro KonNnpoBsa-
HUS1 - TO eCcTb "coaepXMmoe” 0gHOro 0b6bekTa KonupyeTcs B "copepxXnmoe™ apyroro
obbekTa.

Meroz st oTOOpaskKeHUsI TaHHBIX BKJIa[4NKa Ha3bIBACTCS . Y Hero HeT
apryMeHTOB, M METO/IOM He BO3BpalaeTcst pe3yJbrat. [Ipu BeImosHeHUN MeTo-
JIa B KOHCOJIbHOE OKHO TIOCJIE/[OBATEbHO BBIBOISTCS 3HAYEHUST M0JIei 00beKTa.
Jlnst ynoOGeTBa MHCTPYKIHS BBIBOJIa 3HAYEHUH pa3buTa Ha HECKOJBKO KOMAHI,
Hampumep, 1sg BeIBo/Ia 3HAYEHUS TEKCTOBOTO OIS HCII0JIb30BaHa KO-
MaHIa . IIpn BBIYMCIEHNN 3HAYEHUS UTOTOBON CYMMBI JIETTO3UTA
MBI UCTIOJTb3YeM MHCTPYKITUIO BBI30BA METOIA . B manHOM cryyae, mo-
CKOJIbKY METO]] BBI3BIBAETCS B TeJIe KJIACca, CChLIKA Ha 0OBEKT, U3 KO-
TOPOTO BBI3BIBAETCSI METOJ, Heobsi3aTebHa. [0 yMOTYaHUIO MOpa3yMeBaeTcs,
YTO HTOT TOT K€ OOBEKT, N3 KOTOPOTO BHI3BIBAETCSI METO/

KoHcTpyKTOp KJacca ¢ TEKCTOBBIM apryMeHTOM (MHCTPYKITHS
B CIIMCKEe apryMeHTOB KOHCTPYKTOPA) COAEPIKHUT [[B€ KOMAH/bL KOMAaHOM
3a/1aeMUMSIBKJIATINKA, a KOMaHION MPUCBANBAEM
3HAYEHUS YUCTOBBIM MOJISIM. [10CKOIBKY B IAHHOM CJIy4ae METOJ BbI3bI-
BaeTcst 6e3 apryMEeHTOB, TO B KaUeCTBe KasKI0TO U3 TPEX apryMEHTOB METOJIA HC-
TOJIb3YETCS COOTBETCTBYIOIEE 3HAUEHNE TTI0 yMoTdaumio. THCTPYKIMS BbI30Ba
METO/Ia B TeJie KOHCTPYKTOpa MPUBOAUT K TOMY, YTO Cpa3y MOCJe 3a-
MOJTHEHUS TI0JIell IPU co3anmK 0ObeKTa oToOpaskaercs nHdopMarus o "comaep-
KIMOM" 00bekTa. OOBEKT BBI30BA [IJIsI METO/IOB : u
He YKa3bIBAETCSI, U 9TO O3HAYAET, YTO BBI3BIBAIOTCS OHU M3 TOTO JKe 0OBEKTA, ISt
KOTOPOTO BBI3bIBAETCST KOHCTPYKTOP.

HpI/IHHI/IHI/IEUIbHOG OTJINYNE KOHCTPYKTOPA C YETBIPbMA apIryMEHTAMU B TOM, YTO
B Te€Jie KOHCTPYKTOPA BMECTO BbI3OBa METOLa 6e3 APryMEHTOB, 3TOT METO/]
BbI3bIBACTCA C TPEMSA apryMEHTaMU. Tem cambIM SIBHO 3a/1al0TCA 3HAYEHUA TPEX
YHCJIOBBIX ITOJIEN co3gaBaeMoOro 0OBbeKTa.

[TockosmbKy mporpaMMHBIN KO KJacca M3MEHUJICSI JIOCTa-
TOYHO CHUJIBHO, 3TO OTPA3UJIOCh U HAa MPOTPAMMHOM Koje (PyHKIIUU .
A WMeHHO, Temepb B TJIABHOW (DYHKIIMU TIPOTPAMMBI, €CJU He CUUTATh II0-
ciefHed "CTaHAAPTHOU' WHCTPYKIIMHU, BCETO /Be KOMAaH[bl, KOTOPBIMU CO3-
JAI0TCS OOBEKTHI KJIacca . Omun oOBeKT co3maeTca KOMaHAON

, 4 I CO3[aHus BTOPOTO
06 beKTa NCI0Ib30BaHa KOMaH/Ia
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. I[Tpu 3TOM B KOHCOJIBHOM OKHE OTOOPasKAIOTCS TTapaMeTPhl CO3/IaH-
HBIX 00BEKTOB. Pe3ysibraT BBITOJHEHHUST TIPOTPAMMBI TAKOii:

Pe3ynbTart BbiNONHEHUS Nporpammbl (M3 nuctunra 1.4)

VBanorB MmBan: 100: 13: 3: 144.29
[lerpor IleTrp: 90: 18: 4: 174.49

HecsioHO [0ra1aThest, YTO COOOIIEHNUsT, KOTOPbIE TOSIBJISIIOTCST B KOHCOJIBHOM
OKHe, SIBJISIIOTCS CJIE/ICTBMEM BBI30BA METO/A . Meton aTOT, HATTOMHWM,
BBI3BIBAETCST KK/IBII pa3 MPU CO3/[aHuu HOBOTrO 00bekTa. KomaHia BbI30Ba Me-
TOMA pa3MeliieHa B IpOrpaMMHOM KOJie KOHCTPYKTOPa KJacca

—4& Ha 3ameTky

Mbl yXe Bugenun, 4To npu Hann4mnm HeCKOJIbKnX Bepcui KOHCTPYKTOpPa 00BbEKTbI MOXHO

I co34aBaTb NO-pPa3HOMY. PelwieHne o TOM, Kako MMEHHO BapuaHT KOHCTPYKTOpPa BblI3bl-
BaeTcd npu co3gaHnn obbekTa, npMHMMaeTcda Ha OCHOBaHUM KOMaHbl CO34aHUA 06b-
€KTa - N0 KONM4eCTBY 1N TNy aprymMeHToB, KOTOpPbIe nepenatTCcd KOHCTPYKTOPY. Takxe
Heo6xo0aMMO NMETH B BMnay euwe ognH AoCTaTto4HO BaXHbIn MOMEHT: €CNM B KJ1TaCCe He
onncaH KOHCTPYKTOpP, TO Npu co3gaHnn obbekTa ncnonb3yeTcsa Tak Ha3blBAEMBbIN KOH-
CTPYKTOP MO yMON4YaHUIO. Y Hero HeT AprymeHToB 1 Npun ero Bbl30OBE HMKakne Aonos-
HUTEJIbHblE onepaunn, Kpome HenocpencTBeHHO Cco3naHuna 00beKTa, He BbIMOJSHSAIOT-
cs. UmeHHo 6J'|aro,u,apﬂ HaJINYNIO KOHCTPYKTOpPAa No yMOJIHaHUIO Mbl MO Co34aBaTb
00bEeKTbI, HE ONUCbIBas KOHCTPYKTOpP B KJlacce. HO Kak TOnbKO B Knacce onvcaH xoTs
Obl 0oVH KOHCTPYKTOP, KOHCTPYKTOP NO yMON4YaHUto 6onbLue He AOCTYNeH. I'Io:-)Tomy
B paCcCMOTPEHHOM BbILLE NpuMepe, B KOTOPOM Y KJilacca ABa BapuaHta
KOHCTPYKTOpPa COOTBETCTBEHHO C OAHUM W YHEeTblpbM#A aprymeHtamu, npu co3gaHuun
obbekTa HY>XXHO yKa3aTb O4AUH UK YEeTbIpe aprymeHTa. Co3paTb 06bEKT, He nepenasada
APryMeHTbl KOHCTPYKTOPY, HE NOJTyHUTCA.
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Boi croda npuexanu, umobvL 3anucuieams cxas-
KU, nOHUMaeme i, a Mol 30eco pabomaem, 4mo-
6vL CKasky coeaamo GvLibI0, NOHUMAEme Jil.

u3 k/¢ "Kaexaszcxas naennuya”

B nipenbiyineit raase, Ipyu pacCMOTPEHUN KOHCTPYKTOPOB, MBI YK€ YIIOMITHAIN
TaKOM MOJIE3HbII MEXaHWU3M, KaK nepezpyska memodos. B aToil riiaBe Mbl 00Cy 1UM
ero nojapobuee. [ToMUMO 9TOTO, MBI Y3HAEM, UTO TAKOE ONEPAMOPHBLL MmO U
nepezpysxa onepamopos. Tak 4To, B 06IIEM 1 11€JIOM, 9Ta TJIaBa MOCBsIIeHa METO-
aM - 1 HEMHOKKO (pyHKIMsIM. [[oMIMO 9TOTO, MBI TIO3HAKOMUMCST C YCA0BHbIM
onepamopom, a TakxKe y3HaeM, 94TO TaKoe pexypcusi.A ele Mbl yBUIUM, KaK HC-
II0JIb3YETCA ollepaTop IMKJIa while.

2.1. MNeperpy3ka metonos

Imo e eam He ne3zunxa, a meucm!
u3 k/¢p "Kaexaszcxas naennuya”

HeperpySKa METOA0B - 3TO MEXAaHN3M, KOTOprIL/,I ITIO3BOJIAET CO3/1aBaTb HECKOJIb-
KO METOA0B C OAHMM U TEM K€ MMEHEM. B pe3yJjibTaTe CO30a€TCA NJLJII03UA, YTO
MOJKHO BbI3bIBATb METO/[ C Pa3HbIMU apryMeHTaMU. MbI, €CJIN 9TO HE BbI3bIBACT
ITyTaHUIIbI, 6y/:[eM TOBOPUTD O TaKUX METO/[aX KaK O pa3HbIX BEPCHUAX OJHOTO Me-
TOdA (XOTH Ha CaMOM /[ieJie METO/Ibl paSHI)Ie).

[ ] Ha 3ameTky
I Mebl roBopum 0 neperpy3ske MeToA0B, XOTS BCE CKa3aHHOE OTHOCUTCH 1 K PYHKLMAM.

TexHuueckn meperpyska peajnusyercst O4eHb IIPOCTO - JOCTATOYHO OIMCATh He-
CKOJIBKO METO/I0B, Y KOTOPBIX OJIHO U TO K€ UMsl, IIPU 9TOM UMEIOTCS Pa3/Inyus
110 THUIIy BO3BPAIlaeMOro pesyJibTaTa M/WJN CIUCKY apTyMEHTOB (HUMeeTcsl B
BU/Ly KOJIMYECTBO W/WJIW TUII apTyMeHToB). /[ pyruMu cioBaMu, pa3Hble BepCun
OJIHOTO METO/Ia JI0JIKHbI KAK-TO OTJINYATHCSI - HACTOJIBKO, YTOOBI ITPU BBHI30BE Me-
TOJIa TIO CTIMCKY TIepe/IaHHbIX €My apTYMEHTOB M KOHTEKCTY BBI30Ba METO/1a MOJK-
HO OBIJIO OJTHO3HAYHO OTIPE/IENINTH, KAKAsI BEPCHST METOJIA UCTIOJIB3YETCSI.

=l Ha 3ameTky
Tun pe3ynbTata METOAA, €r0 MS U CIMCOK apryMEHTOB - BCE BMECTE Ha3blBaETCS r1po-
ToTMIIOM MeToda. Takum 06pa3oM, Npu neperpyske pasHble BEPCUM METOAA UMEIOT
obLee MMs, HO OTINYHAKTCS NPOTOTUNAMN.
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[Teperpysky METOZOB IIPOMJLTIOCTPUPYEM BCE Ha TOM K€ TIPUMeEpPe ¢ GAHKOBCKUM
nerno3utoM. Ha aToT pa3 3a7:a4y HEMHOTO YCIOKHUM. A IMEHHO, MBI TIO3BOJIUM
BRKJIQJTYUKY, TIO TIPOTIECTBUU OTIPeZeIEHHOTO BpEMEHHU Mocjie BHECEHUS Ha JIETTO0-
3uT 6A30BOI CYyMMBI, C/IEJIaTh €I1le ONH B3HOC (I CHSTH 9acTh CYMMBbI - (hop-
MaJIBHO 3TO CBOAMUTCS K Pa3MeIIeHWI0 Ha JICTIO3UTE OTPUIIATEbHOU CYMMBI).
ITomuMO 3TOrO, MBI BHECEM B IIPOIPAMMHbBII KO/ PsiJl TEXHUYECKUX HOBIIECTB.
B gacTHOCTH, TTOSIBUTCSA HECKOJIBKO HOBBIX BCIIOMOTATEJIbHBIX METOZOB. DOJb-
LUIMHCTBO 4YJIEHOB KJlacca CTaHYT 3aKpbIThIMU. Ho caMoe riaBHOe M3MeHeHUe,
KOHEYHO, CBI3aHO C HAIMYKUEM B TIPOTPAMMHOM KO/l TIeperpyKeHHbBIX METOIOB.

— Ha sameTk
- y

Meperpyaka MOXeT BbIMONHATLCS U AN METOAA, aPryMEHTbI KOTOPOro UMEIOT 3Ha4YeHUs

I no ymonyaHuio. O6beMHeHVe ABYX MEXaHN3MOB (Neperpyska v 3Ha4YeHUst apryMeHToB
MO YMOMYaHMIO), XOTS 3TO U He 3anpeLleHo, HepeaKo NPMBOAUT K olumnbkam. Hanpumep,
y MeTOoAa BCEro OAUH apryMeHT, 1y apryMeHTa eCTb 3Ha4YeHM1e no ymosndaruio. Mbl ne-
perpyxaem MeTof, co3gasas Bepcuto Metoga 6e3 aprymeHToB. B aTom cniyyae, ecnm
METOZ, Bbi3blBaETCH Ge3 apryMeHTOB, TO COBEPLUEHHO HEACHO, YTO MMEETCs B BUAY:
nepeasi BEpCUs MeToda C NPOMyLEHHLIM apryMEeHTOM (TO eCTb HYXHO MCMO/b30BaTh
nepBylo BEPCUIo METOAA CO 3HAYEHUEM apryMeHTa no yMOJIHaHuio) nav BTopas Bepcus
mMeToaa (Bepcus 6e3 apryMeHToB). XOTS Takoro poAa oLwmnBKM OTCIEXMBAIOTCA Ha aTane
KOMMUAALMK, TyYLLE UX HEe JOMYCKaTb BOBCE.

Tak:ke 3/1€Chb MbI TO3HAKOMUMCSI C YCIOBHbIM ONEPAMOPOM, KOTOPbII TO3BOJISIET
BBITIOJIHSTD PA3JIUYHbIE OJIOKU KOMAH/I B 3aBUCHMOCTH OT TOTO, UCTUHHO WUJTH HET
HekoTopoe ycaoBue. [IporpaMMHBITT KO/, 0 KOTOPOM HUIET PEUb, IPECTABJIEH B
suctunre 2.1.

Jiucturr 2.1. Knace BankAccount ¢ neperpyskoil METofoB

#include <iostream>
#include <string>
using namespace std;
// Hauajio onmMcaHmMsa Kjacca:
class BankAccount{
// BakpbTEHE UJeHH KJacca:

private:

// Tlojle nJjd 3anucu MMEHM BKJIAOUMKA :
string name;

// Tone nina sanmcu 6as0BOM CYMME IEO3MTa:
double money;

// Tome mJjiga 3anycu MNPOLIEHTHOM CTaBKM:
double rate;

// BpeMms, Ha KOTOpPOE pasMelaeTCs OeNO3UT:
int time;

// MeTomn IJia BHUMCJIEHUS UTOTOBOM CYMMH OEIMIO3UTA:
double findValue (double m,double r,double t) {
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// JlokanbHasd NepeMeHHasd
// nna sanucu pes3ysabTaTa MeToma:
double res=m;
// OmepaTop LUMKJIA:
for (int i=1;i<=t;i++) {
// BHUMUCIIEHUE pe3yJbTaTa:
res=res* (1+r/100) ;
}
// PesyibTaT MeTOoIa:
return res;
}
// MeTon myisa OTOOpPAaXeHMS [OJIeN TabJIMLEL
void showTable (bool style=false) {
// OTobpaxaeM CTPOKY BaTOJIOBKOB TaOJIMIIE:
cout<<"| Briamumk\t"<<"| Cymma\t"<<"| Bpema\t";
if(style) {
cout<<"| Cymma\t"<<"| Bpemsa\t";
}

o\°

cout<<"|
}

\t"<<"| Bcero [|\n";

// Meron (C OByMa apryMeHTaMu) IJS OTOOPaxeHMUs
// daKTUUeCKMX IOaHHHX BKJIAOUUKA :

void showData (double m,int t) {

// OTobpaxaeTcsa MMS BKJIAOUUKA :

cout<<"| "<<name<<"\t";
// Orobpaxaem 6a30BYK0 CyMMy BKJIAIAa:
cout<<"| "<<money<<"\t";

// OTobpaxaeM BpeMs pas3MelleHUS
// Bas30BOM CyMMH BKJIALA:

cout<<"| "<<time<<"\t";
// OrobpaxaeM OOMNOJHUTEJSLHYI CYyMMYy BKJIAIA :
cout<<"| "<<m<<"\t";

// OrobpaxaeM BpeMs pasMelleHMS IOMNOJIHUTEJILHOM
// CyMMBI BKJIAIa:

cout<<"| "<<time-t<<"\t";

// OrTobpaxaeM MNPOLEHTHYID CTAaBKY :
cout<<"| "<<rate<<"\t";

// OrTobpaxaeM MTOTOBYK CYyMMYy IEMNO3UTA :
cout<<"| "<<result (m,t)<<"™ |\n";
// TlycTas cTpoKa:
cout<<endl;

}
// Meron (6e3 apryMEHTOB) IJid OTOOpPaXEeHMI
// HOaHHBEIX TabOJIMLE:
void showData () {
// OrobpaxaeTcsa MMS BKJIAOUMKA :
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cout<<"| "<<name<<"\t";
// Orobpaxaem 6a30BYK0 CyMMy BKJIAIA:
cout<<"| "<<money<<"\t";

// OrTobpaxaeM BpeMs pas3MelleHUI
// Basz30BOM CyMMH BKJIALA:

cout<<"| "<<time<<"\t";

// OTobpaxaeMm MIPOLEHTHYID CTaBKY:
cout<<"| "<<rate<<"\t";

// OTobpaxaeM UTOTOBYID CYyMMy IENO3MUTA:
cout<<"| "<<result ()<<" |\n";

// TlycTas cTpoKa:
cout<<endl;

}
// Meron (6e3 apryMeHTOB) IJid BHUMUCIICHUS
// MTOTOBOM CYMMH HOEIO3UTA :
double result () {
// PesyjibTaT MeTOoma:
return findValue (money, rate,time);
}
// MeTon (c ImByMS apryMeHTaMM) IJiS BHUUCIJIEHUS
// UTOTOBOM CyMMEl IENO3SMTA:
double result (double m,int t) {
// JlokajibHLHE [EepPEeMeHHHE MJIg 3BalucCU OTIAEJIbHHEX CYMM:
double ml,m2;
// "OcHoBHOM" BKJAam:
ml=findValue (money, rate, time) ;
// TlpoBepseM KOPPEKTHOCTHL MapaMeTpoOB :
if (t>time) {
// PesyjibTaT MeToma:
return ml;
telse(
// "IONOJHUTENLHEM" BKJIAL:
m2=findValue (m, rate, time-t) ;
// PesyabTaTrT MeTOIa:
return ml+m2;
}
}
// OTKPHITBIE UJIEHHE KJIACCA:
public:
// MeTon (ueTHpe apryMeHTa) mJIS [IPUCBAMBAHUI
// BHadYeHMA MOJIAM:
void setAll (string n,double m,double r,int t) {
// BHadeHMA MoJel:
name=n;
money=m;
rate=r;
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time=t;

}

// MeTonm (C OHOHMM apryMEHTOM) IJid NPUCBAMBAHUSA
// BHAYEHUANOJIAM:
void setAll (string n) {

// BHI3BIBAEM BEPCHUI0 METOIA C UYETHPbMSA APTyMEHTAMM:
setAll(n,100,13,3);

}

// Meronm (C mByMa apryMeHTaMu) IJiS OTOOpPaxeHMUs

// OaHHBIX BKJIAOYMKA :
void show (double m,int t) {
// OTobpaxaeM CTPOKY BaTOJIOBKOB TaOJIMIIE:
showTable (true) ;
// OrTobpaxaeM OaHHHE BKJANUMKA :
showData (m, t) ;

}

// MeTonm (C OHOHVMM apryMEHTOM) IJid OTOOpPaXeHUs

// OaHHBIX BKJIAOYMKA :
void show (double m) {
// BHI3BIBAEM BEPCUI METOIa C OBYMS apryMEeHTaMM:
show (m, 1) ;

}

// Meron (6e3 apryMEHTOB) IJid OTOOpPaXEeHMI

// OaHHHEX BKJIAOYMKA :
void show () {

// OrTobpaxaeM CTPOKY BaTOJIOBKOB TaOJIMIIEL:
showTable () ;

// OrTobpaxaeM OaHHHE BKJANUMKA :
showData () ;

}

// KOHCTpykTOp kJjacca (C OIHMM apTyMEHTOM) :
BankAccount (stringname) {

// TlpucBarBaeM 3HAUEHUS I10JIAM:
setAll (name) ;
// OTobpaxaeM HNaHHLHE BKJIAOUMKA :
show () ;

}

// KOHCTPYKTOp Kjacca (C UeTHpbMS apryMeHTamu) :
BankAccount (string name,double m,double r,int t){
// TlprcBarBaeM 3HAUEHUS IIOJIAM:
setAll (name,m, r,t);

// OrTobpaxaeM OaHHHE BKJANUMKA :
show () ;

}

}; // OxoHuaHMe omIMcCaHMA KJacca
// TmaBHasa GOYHKUMA OPOTPAMME :
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int main() {

// Co3maeM MNEpBHM OOBEKT:
BankAccount ivanov ("VBaHoBU.U.") ;
// TpoBepseM 3bbeKT OT IOMNOJHUTEJBHOTO BKJIAHA:
ivanov.show (30, 2);

// Ewe omHa MOMNHTKA:
ivanov.show (29) ;

// Co3maeM BTOPOM OOBEKT:
BankAccount petrov ("lerpor II.II.",90,18,4);
// MeHgeM mnapaMeTph BKJAOa ¥ BKJIAOUMKA :
petrov.setAll ("Cumopor C.C.");

// TlpoBepseM pes3yJbTaT:
petrov.show() ;

// OBpaboTKa HEKOPPEKTHOM CUTYAaLNM:
petrov.show (50,5) ;

// BaBeplieHre OPOTPAMME:
return 0;

}

Pesysnbrat BBITIOSTHEHUS 3TON ITPOTPAMMBbI ITPE/ICTABJIEH HUKE:

PesynbTat BbINONHEHMS Nporpammbl (U3 nuctuira 2.1)

| BrIagumk | Cymma | Bpemsa | % | Bcero

| ViBaHOB WU.U. | 100 | 3 | 13 | 144.29

| BxIagumk | Cymma | Bpemsa | Cymma | Bpems | % | Bcero
| UBaunom U.M. | 100 | 3 | 30 | 1 | 13 | 178.19
| Bxaagumk | Cymma | Bpemsa | Cymma | Bpemsa | % | Bcero
| MBanom WU.N. | 100 | 3 | 29 | 2 | 13 | 181.32 |
| BrJIamumk | Cymma | Bpemsa | % | Bcero

| HeTtpos II.II. | 90 | 4 | 18 | 174.49

| BrIagumk | Cymma | Bpemsa | % | Bcero

| Cumopomr C.C. | 100 | 3 | 13 | 144.29

| Bxaagumk | Cymma | Bpemsa | Cymma | Bpems | % | Bcero
| Cumopor C.C. | 100 | 3 | 50 | =2 | 13 | 144.29

HMmeet cMmbICcT IIpOaHAJIN3NPOBATb OCHOBHbBIC 6JIOKI/I IIporpaMMbil. Kak u B 1pe-

NBIYIIEM CJlydae, y KJacca UMEETCS YEThIPE 3aKPBITBIX TIOJIS:
TEKCTOBOE TI0JIE TS 3aTTMCH MMEHU BKJIQAUUKA, & TaKyKe YHCIIOBBIE TIOJIS
(cymMma nemosuTa), (TIporieHTHAd CTaBKa IO JIETIO3UTY) U

(BpeMH, Ha KOTOPOE€ pa3MeHlla€TCA ,ZIeHOSI/IT). YTo KacaeTcs BEIYUCIEHNIS UTOTO-



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

BO CYMMBI JIETIO3UTA, TO 3/1eCh TPOU3OIILITN HEKOTOPhle N3MeHeHUs. A UMEHHO,
MBI [T yI00CTBA ONMUCHIBAEM 3aKPBITHIA METOJ . Y Meroza Tpu
apryMeHTa, OTIPeeIaIoNnIrne, COOTBETCTBEHHO, CYMMY BKJIaJIa (AapTYMEHT 1), TIPO-
IEHTHYIO CTaBKY (apTyMEHT ) W BpeMs pa3MelleHus Jeno3uTa (apryMenT ).
Ha ocHoBanuu aTuxX mapaMeTpoB BBIUUCJISIETCS UTOTOBASI CyMMa JIETIO3UTA, KO-
TOPAasl ¥ BO3BPAIAETCS KaK Pe3yJibTaT MeTo/1a.

=’ Ha 3ameTtky
dakTnyeckn, METOAOM BbIMOJIHSAIOTCS T€ XE€ CaMble BbIYUCIIEHUS, YTO B
I npeabiaywyx npuMepax BbIMONMHSINCL METOLOM . MpuHuMnuansHoe oTM-
4Me B TOM, 4TO METOL, [ONs1 BBIYUCTIEHWNIA UCMOMNBb30BA 3HAYEHUS MONEN, a B
mMeToze MCMONb3YIOTCS apryMeHThl. [10 6onbLIOMY CHETY, B METOAE

Mbl PEASIM30BaN aNIFOPUTM BbIHYMCIIEHNSI UTOrOBOW CyMMEI Aeno3uTa. Heob-
XOAVMbIE /1S peann3aLmmn 3TOro anropuTMa YMCIOBbIE 3HAYEHNS MepenalTcs apry-
MEHTaMu METOAY.

JlanHble O BKJIAJ4MKE Mbl IUIAHUPYEM BBIBOJIWTH B KOHCOJIBHOE OKHO B BHJIE
MMIIPOBU3UPOBAHHON Tabymubl. J[asa 910l Tabauubl HeOOXOAMMO 0TOOPA3UTDH
CTPOKY 3aroJIOBKOB. 3J16Ch Mbl CO3/IaJH BCIIOMOTATEIbHBIN 3aKPBITBIA METOZ

, KOTOPBIM B KOHCOJIb BBIBOJUTCSI CTPOKA 3aT0JIOBKOB TalJIMIIbL,
M KOTOPBII Oy/IeT BBI3BIBATHCS B METOJIE . IIpeanonaraercs aBa pesxuMa
BBIBO/Ia MH(MOPMALIUK: /IS CIydasi, KOT/a BKIAJAYUK He JeJIaeT AONOJTHUTETbHbINA
BKJIQJl, M LIS CJIydasi, KOT/la TaKO# BKJIaJ JieJiaeTcs. B KaxkIoM U3 9TUX CIydaeB
TabJIUIa BBITISIUT TO-pasHoMy. Tak, eCiiu TONOJHUTEIBHOTO BKJIaJa HET, TO Y
TabIUIBL B CTOJIOIEC Ha3BaHUEM

Bruaagunk orobpakaeTcst MMsI BKJIa[UYnKa (3HAYeHUE TTOJIsT ), B cToJibIie ¢
HasBanneM CymMma oTOOpaskaeTcsi TlepBOHAYANbHAS CyMMa BKJaga (3HaYeHue
T0JIST ), B cTOJI011€e ¢ Ha3BaHueM Bpemst oToOpakaeTcst BpeMsi, Ha KOTOPOe
pasMeraeTcst BKJIa/ (3HAUE€HUE IO ), 3HaYeHHe MPOIEHTHON CTaBKU OTO-
GpazkaeTcst B cTOJIOIE ¢ Ha3BaHueM % (CHMBOJI TIPOIleHTa), a B cToJb1e Beero-
oToGpakaeTcst UTOTOBAsk CyMMa 110 JIeN0o3uTy. B cirydae, Koraa B pacyer HyKHO
IIPUHSATD €llle U AOTIOJHUTENbHbII BKJIa, Tapa ctoabukos Cymma u Bpemst oto-
Opaskaercst aBaxabl. Bo Bropom cronbie CymMmma otoOpaskaercst cyMMa J0MoJI-
HUTEJLHOTO BKJIa/la, a BO BTOPOM cTo01e Bpems otoGpakaercst BpeMst, Ha KOTO-
pOe ATOT JIOTIOTHUTENbHBIN BRI BHOCUTCS. [loaTomy y MeToza
UMeeTCsT apTYMEHT, 3HAaUeHHe KOTOPOTO OTIPE/IETISIET PEKUM BBIBOJIA. APIYyMEHT
Ha3bIBACTCS 1 OTHOCHUTCS K J0zuueckomy muny (THTL ). Ilepemen-
Hbl€ JIOTUYECKOTO TUTIA MOTYT TIPUHUMATD /IBa 3HAUEHUST: (ucmuna) nam
(0o2cv). AprymenT “MeeT 3HaYeHue 110 yMOJIYaHUIO . To
€CTb €CJIU BBI3BATh METO] 6e3 apryMeHTa, To MeToz1 Oy/IeT BBIIIOJI-
HSTBCS TaK, KaK ecJIi Obl apryMEHTOM ObLIO YKa3aHO 3HAUEHMe



FNABA 2. METOAbI

B Ttesie Mmetoza koManmomn

HaYMHaeM 0ToOpakaTh CTPOKY 3ar0J0BKOBTA0MNIIEL. ClieIinaIbHbIN
CUMBOJI (cumTaercs, 4TO ITO OJIUH CUMBOJI) B TEKCTE SIBJISIETCS MHCTPYKIIU-
etfima6ynsyuu. TTocsie BBITOJHEHS KOMaH/Ibl B KOHCOJbHOE OKHO OYIeT BhIBe/e-
HO Ha3BaHWE TPeX CTOJOUKOB TabJMUIbI (pas3/ieleHHbIe BEPTUKAJIBHOI 4epToil).
Ha cnemnytomiem atarte B 1eJI0 BCTYIIAET yc108Hbll onepamop. Ilociie KiatoueBoro
CJIOBa B KPYIJIbIX CKOOKaX YKas3bIBAETCs JIOTHYECKOE 3HaYeHue (B JaHHOM
cJrydae 9TO apTyMeHT MeToza). Eciu jormyeckoe 3nauenne paBHO ,
BBIIOJIHAETCS OJI0K KOMaHJ IIOC/IE KJII0YEBOIO CJA0BA i f: B PACCMATPUBAEMOM
KOJIe TaM BCEro oj{Ha KOMaH/[a , KOTO-
POIi B KOHCOJIBHOM OKHE OTOOPasKaeTCsl Ha3BaHUE ellle ABYX CTOJIOIOB TabJIHIIbL.
Ecnun normdeckoe 3HaveHye paBHO , 9TM KOMAaH/[bl HEe BBIIIOJIHSIOTCS.

MopgpoGHoCTH

30ecb Mbl MMEeM OeNio C COKpallleHHOW GOopMOi YCNoBHOro onepaTtopa. B obuiem
c/lyqyae CTPYKTypa YC/IOBHOIO oreparopa Takasi: nocne K4yeBOoro criosa B KpYy-
INbIX CKOOKax yKa3blBAETCS NMPOBEPSIEMOE YC/IOBME. ECNn yCnoBre NCTUHHO (3HaYeHne

), TO BbIMNMOJIHAETCA 6J'IOK KOMaHA, nocJsie Kn4eBoro csiosa .Ecnn yCnoBue NOXHO
(8HauveHwune ), TO BbINOJIHAETCH 610K KOMaH[, MOC/e KJloYEeBOro ciioBa . Jony-
ckaeTcsl dopma yCrnoBHOro onepaTtopa 6e3 -6n0ka. VIMeHHO ¢ TakMM onepaTopom
Mbl UMeeM Aeno.

Takxe CTOUT y4ecCTb, YTO B KQYECTBE YC/IOBUSI MOXET MCMONb30BaTbCS HE TOJIbKO Bbl-
paxeHne norm4eckoro Tmna , HO 1 YncnoBoe 3HayeHue. Mpy 3TOM OTANYHOE OT
HYNIS1 3HAYEHME UHTEPNPETUPYETCH KaK UCTMHA (3HaYeHne ), @ HyNeBoe 3HavyeHune
MHTEPNPETUPYETCS KaK NOXb (3HAYEHNe ).

Jlnst orobpakenust (haKTUIECKUX TaHHBIX BKIAIUMKA MPETHA3HAYEH METOJ

.Y aroro MeToza JiBe BEPCUU - C ABYMsI apryMeHTaMu 1 6e3 ap-
ryMeHToB. TakuM 00pa3oM, UMeeT MeCTO Teperpy3Kka MeToa .B
BEPCUH METO/IA C ABYMSI apTyYMEHTaMU MIEPBBII OIIpeiesisieT BeTUINHY JOTI0JTHU-
TeJbHOTO BKJIaa (APTyMEHT 1 TUTIA ), @ BTOPOIi OTIpesiesisieT BpeM:l, ue-
pe3 KOTOPoe TIocje pa3MeleHUss OCHOBHOTO JIETIO3UTa BHOCUTCS IOTIOJTHUTEh-
HBIH TIaTek(apryMeHT t THUIa ). dTa Bepcusi MeTo/ia Gy/IeT BbI3bIBATHCS "B
CBsI3Ke" BMeCTe C BBI30BOM METO/Ia C aprTyMeHTOM - TO €CTh
IS CTydasi, KOT/Ia KpoMe OCHOBHOTO BKJIa/la Ha IETIO3UT BHOCUTCS W JIOTIOJTHU-
TeJbHBIN BKJIAI.

B rene MeETO/a ITocJje10BaTeJIbHO 0T06pa>1<a10Tc;1 3HAYEHUSI IT0JIEN ,

n . 3aTeM 0T06pa>1<aeTc,q 3Ha4YeHMue IMapaMeTpa 1, a TaKKe 3Ha4YEeHHE BbI-
pakeHuA . Hocneleee BbIpa’K€HHE, B KOTOPOM BbIYHCJIAETCA PAa3HOCTDb
SHa4YeHUA 110JIA " apryMeHTa C - 3TO BpeMsA, Ha KOTOPOE T10/] TIPOIEHTbI
pa3MemaeTcAa AOIOJHUTE/IbHAA CyMMa. ITocne aToro OTO6pa>KaeTCH 3HaueHue
110JIA (HpOHeHTHaH CTaBKa), a TAKKeE BbIYMCJIAETCA N OTO6pa>KaeTC${ UTO-
roBad CyMMa JIEIo3uTa. ﬂ]’[ﬂ BBIYMCJIEHNSI NTOIOBOI BEJIMYNHbI JICIIO31Ta MbI BbI-
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3bIBAEM METO/I C apryMeHTaMu m 4 © (MHCTPYKITUS ).
Panee (B mpeapiynmx npuMepax) MeTO/I BBI3BIBAJICS HAMU TOJIBKO
6e3 apryMeHTOB. 371eCh MbI €r0 Heperpysuin. JletaabHo KO 3TOT0 MeTo/Ia pac-
CMaTPUBAETCS TTO33KE.

-' Ha 3ameTky
KombuHauums B TEKCTe, BbIBOOVMOM B KOHCOJIbHOE OKHO, ABNSETCS WMHCTPYKUMERN
I nepexona K HOBOM CTPOKE.

Bepcust metona 6e3 apryMeHTOB OpPTraHM30BaHa TIPOIIE 10 CPaB-
HEHUIO C Bepcrel aToro JKe MeTo/a, HO C IByMs apryMeHTaMu. Eciu roBoputh
B 00I1[eM, TO TEIEPb OTCYTCTBYIOT KOMaH/Ibl OTOOPasKeHNUsT 3HAYEHUIT CYyMMBbI J10-
TTOJTHUTEJLHOTO BKJIaJ[a M BpEMEHH eTo pa3MellleHus (TaKuX mapaMeTpoB ITPOCTO
HET), a TP BBIYUCJIEHUN UTOTOBOM JEHEKHOM CyMMBI Ha JIETIO3UTE BHI3BIBAETCS

METO/[ 6€e3 apryMeHTOB.

Yro Kacaercs MOCTEAHETO, TO OH OTpeeeH ciaeayomum obpasom. IIpu Bbi-

30BE MeTOja 6e3 apryMeHTOB B Tejle METO/a BBI3BIBAETCS METO]
C apryMeHTaMu , " , @ TIOJIy4eHHOe 3HAYeHUe

BO3BPAIIAETCS PE3YJIBTATOM METO/A . Bcst MHCTPYKITUST BBITJISIAT

KakK . Bepcusa metoma

C IIBYMsI apryMeHTaMU OIpejieJieHa HEMHOTO cJlokHee. B Tesie MeToma 00bsiB-

JISTIOTCST 1B JIOKAJIbHBIE TIepeMeHHbIe u m2, obe TUIa . Komammoit

B IIepEMEHHYIO m | 3aMiChIBaETCs 3HAUe-
HI€ UTOTOBOM CYMMBI TT0O OCHOBHOMY BKJIA/Iy. 3aTeM B YCJIOBHOM OIlepaTope Ipo-
BepPSIETCS yCJIOBUE (cooTBeTCTBYIOIIEE BHIPAsKEHNE YKA3aHO B KPYTJIBIX
CKOOKax MmocJie KJII0YeBOro ¢JIoBa i ©).

WcTruHHOCTD YCI0BUST O3HAYAET, YTO TIAPAMETP t, IEPeJaHHbI BTOPBIM apTyMeH-
TOM METOJY (1 o3HAYATONTUI BpEMsI, TIO TIPOIIECTBUN KOTOPOTO Ha
JIETIO3UT BHOCUTCS JOTIOJHUTENbHAS CyMMa ), TTPEBBINITAET BpeMs (IOJIe ),
Ha KOTOPOE Ha JIETIO3UT TTOMENAeTcs OCHOBHAsI cyMMa BKJIaaa. B Hamem mpej-
CTaBJIEHUU TaKasl CUTyalus HEKOPpeKTHA. B aToM cirydae MBI HCXOIUM U3 TOTO,
4TO JOTOJTHUTENBHBIN BKJIa OAHKOM He IpUHUMaeTcs. [[pyruMu cioBamu, mo-
IIBITKA BHECTU JIOTOJTHUTENbHYIO CYMMY Ha JIETIO3UT UrHOpupyetcst. Komanmoii

paccurTaHHOE paHee 3HAUEHUE TTePpEMEHHON BO3BPAIAETCsT KaK
pe3yJIbTaT METO/IA.

HamomauM, 9T0 TPOUCXOANT B CJIydae, ECJIH BHITIOTHEHO YCIOBUE .Ecim
yKa3aHHOE YCJIOBYE He BBITIOJTHSIETCS, B UTPY BCTYIAET OJIOK TPOrPaMMHOTO KO/Ia,
YKa3aHHBIA TOCIIE UHCTPYKITIH BYCJIOBHOM oTiepaTope. BuactHocTn, -
6JI0K conepxuT ABe KoMmanabl. Komanoi

BBIYUCJIIETCS UTOTOBAsI CYMMa Ha JIETIO3UTeE TI0 AOMOJTHUTETBHOMY BKJIALY, a 3a-
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TeM Pe3yJIbTaT METO/[a BO3BPAIAETCS KOMAaHOW KaK CymMMma
WUTOTOBBIX 3HAUEHUH TI0 OCHOBHOMY U JIOTIOJIHUTETBHOMY BKJIQ/IAM.

‘e ) Ha3ametky
Bbllwe npu pacyeTax Mbl UCXOAMIN U3 CNedytoLLMX COOOPaXKeHNIA: eCnn cCHavana BHO-
I cutca cymma M Hacpok T, a3ateM yepes Bpems ¢ BHOCUTCS AOMOSHUTESNIbHAA CyMMa
m, TO 3TO 3KBUBAJIEHTHO OBYM OTAE/IbHBIM BK1IaAam (Mo, O4HW N Te XE MPOLEHTHI): 0OVH
cymma M Haspemsa T, BTOpOW cymma m HaBpems T-f.

Taxkum O6I)2130M7 MbI UCIIOJIb30BaJJIX IIEPETPY3KY METOda n omnmumcaan
JIB€ BEpCHUu MeToga: 0e3 APryMEHTOB U C IBYMA apTyMEHTaMU. JTto O3HavaeT, 4TO
METO MO’KHO BBI3bIBaTh O€3 APTYMEHTOB WJIN C ABYMA aPTYMEHTaMMU.

Cpenu OTKPBITHIX YJIEHOB KJlacca €CTb IIeperpy KeHHbII METOJ

(7Be BepcuM - C YETBIPbMS apTyMEHTaMU W OJHUM apryMeHTOM),
Heperpy>KeHHBII METO/ (Tpu BepcuH - ¢ IByMsI apryMeHTaMH, C OJHIM
apryMeHToM U 0e3 apryMeHTOB) U MeperpyKeHHbI KOHCTPYKTOP Kjacca (IBe
BEPCUU - C OJTHUM apryMeHTOM M YeThIPbMS apIyMEeHTaMM ).

Meron nperHa3Haden sl IPUCBANBAHUSI 3HAYEHUST TIOJISIM O0bEK-
Ta k1acca. Meton He Bo3Bpalaer pe3yJ/braT. Ecim y MeTona yeTbipe aprymeHnTa
(OIMH TEKCTOBBIN W /IBA YHCJOBBIX), TO 3HAYEHUs, IlepelaHHble apryMeHTaMu
METOZY, II0CJIeI0BATE/ILHO 3aIIUChIBAIOTCS B 110JIS , , n

Ecin ke y MeTo/1a TOJIBKO OJIMH TEKCTOBBIN apTyMEHT, TO 3TOT apTyMEHT OIIpe-
JeJsisieT 3HaueHHe 110 . [l ocTasbHBIX TIOJIeH MCIIO/Ib3YIOTCS IOCTOSIH-
Hble 3HAUeHUsI (J71s1 TTOJIs 3HaYeHUe , JLJIST TIOJIST 3HaYeHue 13, a
181 TIOJISL 3Havenue 3). Teso merona B 3TOM CJIy4dae COAEPIKUT
BCETO O/IHY KOMaH/Ly . To ecTp B Tesie Bepcuy MeToJA C
OTHUM apTyMEHTOM 11 BBI3BIBAETCS BEPCHS ATOTO K€ METOJA, HO C YETBIPbMS
apryMmeHTamu. [[pyrumMu cJ0BaMu, OIUCHIBAs METO/, Mbl B TeJie METO/Ia BBI3bI-
BAaeM €ro ke, HO C IPYTuM HabopoM apryMeHnToB. Ha mepBblil B3IJISIT 9TO MOKET
MOKA3aThCsT HETPABUJIBHBIM, XOTsI KOHEYHO KO KOPPEKTHBIH. UTOOBI MOHSTH
WJICOJIOTHIO TAKOTO MOIXO0/1a, TIOJIE3HO BCTIOMHUTD, YTO METOABI C OTMHAKOBBIMA
Ha3BaHUSIMU 1 PAa3HBIM KOJMYECTBOM apryMEHTOM - 3TO HA CAMOM JieJie Pa3Hble
MeTofpl. [loaToMy paccmaTpuBaeMbIil CIydail TPUHITUITAAIBHO HE OTJINYAETCS
OT CUTYyalllH, KOT/Ia B TeJIe OJTHOTO METO/Ia BBI3BIBAETCS IPYTOM METOI.

=l Ha 3ameTky
CyLLLeCTBYET Takoe NoHATUNE, Kak pekypcusi. B aTom cnyyae npu onpeneneHn metona B
Tene 3TOro MeToAa BbI3bIBAETCH OH Xe, HO C APYrMM apryMeHTOM (Uv aprymeHTamm).
Ho npu pekypcumn n onucbiBaemblii, 1 Bbl3bIBAEMbI METO[, - 3TO OOUH U TOT Xe MeTos,
NPOCTO Y HUX U3MEHSIIOTCS 3Ha4YeHusiapryMeHToB. B pacCMOTpPEHHOM Bbille Cly4ae o
peKypcumn peyb He NaeT, NOCKOJbKY BbI3bIBAIOTCA pa3Hble Bepcun MeToga. Y HUX pasHoe
KOJINYECTBO apryMeHToB. TEXHNYECKM 3TO pa3Hble MeTObI.
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Merton IpefiHa3HaYeH JJIsi OTOOPasKeHUsI JaHHBIX 10 BKiaaxy. Ecin
MeTO/l BBI3BIBAETCS C ABYMSI apIyMEHTAaMM, TO II€PBBIN apryMeHT O3HavaeT Jie-
HEXHYIO CYMMY [OTIOJIHUTENBHOTO BKJA/Aa, a BTOPOW apTyMEHT Ompenesis-
eT BpeMs pasMelleHus JIONOJHUTEIbHOTO BKJIaia. B Tene meToga KoMaHIoM

oToOpaskaeTcst paciiipeHHasi CTPOKa 3aroJOBKOB TaOJI-

IIbI, a 3aTeM KOMaHI0M orobpaskaioTcst (haKTUYeCKUe JaHHble
BKJIQJIUYNKA.

Bepcusa metona C OJIHAM apryMEHTOM OIIMCaHa TaK, YTO B 9TOM CJyyae
BBI3BIBAETCS BEPCUSI METO/IA C IByMs apryMeHTaMu: ITepBbIH apTyMeHT

olpejieJieTcs 110 apryMeHTy UCXO/HOI0 MeTO/Ia, a B Ka4eCTBEe BTOPOIO apryMeH-
Ta YKa3aHO MOCTOSHHOE (eMHNYHOe) 3HaueHue. CUTyallysl aHaJIOTHYHA K TIpe-
IBIAYIIEH, KOT/Ia MBI PACCMATPUBAJIH Pa3Hble BEPCUU METO/Ia

Eciu meTon BBI3BIBAETCS O€3 apryMeHTOB, TO, B COOTBETCTBHUHU C TIPO-
rpaMMHBIM KOJIOM 3TO BEPCHK METO/Ia, CHAYaJIa JIJist OTOOPaKeHUsT CTPOKH 3aro-
JIOBKOB TabJIHIIBI BBI3bIBAETCsI (6€3 apryMeHTOB) METO/T , a3aTeM
BbI3bIBAETCsT (TakKke 6e3 apryMeHTOB) METO[ , B pe3yJbraTe 4ero
0TOOPAKAIOTCS TAHHbBIE TT0 BKITAY.

KoncTpyKTOp Kiacca ¢ 0fHUM apryMeHToM (IapameTp ) COMEPIKUT KOMaH-
1y , KOTOPO [TOJISIM IPUCBAUBAIOTCS 3HAYEHMS], 4 3aTEM KOMaH-
Jife) 1 3HAYEHUS XapaKTePUCTHK (110J1eil) 00beKTa BBIBOAATCS B KOHCOJIb-
HOe OKHO B BUJIe HeOOJIbIIOH TaOUIIBI.

—v- Ha sameTky

B03MOXHO, KOro-To CMYTUT TO 0O6CTOATENLCTBO, YTO UMS apryMeHTa KOHCTPYK-

I TOpa coBMnagaeT C MMeHeM nons knacca. NpaBuio 30eck Takoe: ec/iv IokanbHas nepe-
MeHHas (a aprymMeHT KOHCTPyKTopa Unnu MeToda "MMEeIOT cuny” IoKasbHON nepemeH-
HOI1) Ha3bIBaeTCs Tak Xe, Kak noJsie, To NPUOPUTET OCTaeTCs 3a JIOKaNIbHON NepeMeHHON.
[pyrummn cnoBamu, B Tesle KOHCTPYKTOpa C apryMeHTOM ccblka O3HavaeT
3TOT aprymMeHT, HECMOTPS Ha TO, YTO Yy KJlacca ecTb Mose C TakuM Xe Ha3BaHneM. Kak B
noao6HbIX Cryvasix 06pallaTbCsl K NoAsiM, Mbl Y3HaeM HEMHOIO MO3Xe.

KoHCTpyKTOp Kjlacca ¢ 4eThIpbMs apryMeHTaMH COIEP:KUT KOMaH/Iy BbI30Ba
METO/| C 9TUMU K€ CaMbIMU apryMeHTaMH, [OcJjie Yero KOMaHIou
orobpaskaeTcst HH(POPMAIHSI O CO3aHHOM 00bEKTE.

Beck aTOT mporpaMMHBbIii Ko onpeeisieT (GyHKIMOHAIbHOCTh 00hEKTOB KJracca
.Y TO6BI TIOHSTH, YTO TIPOUCXOANT ITPU BHITIOJTHEHUH TTPOTPAMMBI,
HEOOXOIMMO ITPOAHATM3UPOBATH TPOTPAMMHBII KOJI TJIABHOU (DY HKITMN

B reme dynxmmu KOMaH/IO1
co3aeTcst 0ObEKT KJacca . [lockosibKy KOH-
CTPYKTOPY TepeaaeTcs TOIbKO OJUH apTyMeHT (OIpeesAIoNIi UM BKIAIIN-
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Ka - 3HAUYEHUEe MO 00beKTA), TO YNCJIOBbIE TIOJISI TOJTYYAIOT 3HAYCHUST
(cymMMa HA9aJIbHOTO BKJIA/Ia - TI0JIe ), 13 (mporieHTHAS CTaBKa - MOJIe
) u 3 (BpeMms, Ha KOTOPOEe Pa3MeIaeTcs CyMMa - ToJjie ). Taxxe cTout
HAIMOMHHUTB, YTO MIPU CO3[aHUK 0OBEKTa aBTOMATHYECKU 0TOOpaskaeTcst HH(pOp-
Marust 0 HeM - Bee OJiarofiapsi HaIM4nio MHCTPYKIIMK BbI30Ba METO/Ia B
KOHCTPYKTOpE KJacca (B KaKIA0W 13 IByX ero Bepcuii). [loaTomy nepsast umrpo-
BU3MPOBaHHast TabJIMIIa B KOHCOJIBHOM OKHE TIOSIBJISIETCST BCJIEACTBUE CO3aHMUS
obbekTa

Y0661 yBUIETh, KakuM OyaeT a(p(heKT oT AOMOTHUTEIHHOIO BKJIAAA, UCIIOJIb-
3yeM KOMaHIy . B manHOM ciydae TepBBI apryMeHT
MeToz1a onpeiesIIeT CyMMY JIOTIOJIHUTENBHOTO BKJIAa, a BTOPOH apry-
MEHT OTpeiesisieT TPOMEKYTOK BPEMEHH, MTOTPOIIECTBUN KOTOPOTO 3TOT BKJIAL
BHOCHUTCS Ha JEMO3UT. B pesy/braTe BBIIOIHEHUS KOMAHIBI 00bEKT He
MEHSIETCSI, HO B KOHCOJIbBHOM OKHE TIOSIBJISIETCST HOBast TabJIMIIa - BTOPast CBEPXY.
ITo cpaBHEHMIO ¢ IpeAbIAYIIEN TabuIel, y 9T0il Ha ABa CTOJIOMKA GOJIbIIE.

Ecnm Bocmosb3oBatbes KOMaH]IOfI , TO 9TO BCE PaBHO, KaK
ecan Obl IIp1 BbI3OBE METO/Ia Mbl YKa3aJil BTOPbIM apTyMEHTOM 3Ha4de-
Hue .. PeSy.TII)TaTOM BbIIIOJIHEHUA KOMaH/Ibl ABJISAETCA TPETHA CBEPXY Ta6JII/IHa B
KOHCOJIbHOM OKHE€ BbIBO/Ia ITPOTr'PaMMBblI.

BTOpoii 00beKT cO31aeM KOMaH 0

, IBHO YKa3aB Bce YeThIpe apTyMeHTa /IJisI KOHCTPYyKTopa. B pe3dysnbra-
Te co31aeTcss 0OBeKT , @ MHGOPMAIIISA 0 HeM 0TOOpaskaeTcsl B KOHCOJIb-
HOM OKHe (deTBepTast TabJInIa CBepXy B KOHCOJIN ).

Ecom MBI Bocmiosib3yeMcest KOMaHOM , TO

B pesyJibrare OyayT U3MEHeHbI 3HaueHus MoJieil 00beKTa . B manmowm ciy-

Jae MEeTOIy TepesiaH TOJIBKO OINH TEKCTOBBIN apryMeHT. COOTBETCTBY-

TolTllee 3HAYEHHE MPUCBAUBAETCST TIOJIIO 00beKTa . 3HaueHus JJid

HoJen , u SIBHO He YKa3aHbl. DTH MOJIS MTOTy9IaT COOTBETCTBEH-

HO 3HAYEHUS , u 3. UToObl IPOBEPUTH PE3YJIBTAT, UCIIOIb3YEM KOMAH/LY
(tsTast Tabuvia CBEPXY B KOHCOJIbHOM OKHE BBIBOJIA).

Emnte omgma, HeKOppeKTHAS ¢ HalIel TOYKW 3PEHUS, CUTYallusI TECTUPYETC KO-
MaH/I01 . B nanHoli MHCTPYKIIMU BTOPOM apryMeHT Me-
TOJA MPEBHITIAET 3HAUEHNE TTOJIST obbeKTa , 13 KOTOPOTO
BBI3BIBAETCST MeTO/. B TakoM cirydae, HATTOMHUM, JOTOJTHUTEbHBIN BKJIAJ] IPU
BBIYNCJIEHUN UTOTOBOI CYMMBI JIETIO3UTA UTHOPUPYETCS (CM. TTPOTPAMMHBIN KO
MeToza BnctuHTe 2.1). Pe3ysbraT BEI30Ba METOA C TAKUMU
aprymMeHTaMu 13 o0beKTa Mpe/icTaBJeH B KOHCOJHM BBIBOZIA TPOTPaM-
MBI caMOll HIKHeH Tabuieil. X0oTs TOIOJHUTEIbHBINA B3HOC TIPU BHIYUCIEHUN
WUTOTOBON CYMMBI JIETIO3NTA HE YIUTHIBAETCS, /IBE AOMOTHUTEIbHBIE KOJTOHKHU C



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

CyMMOM JIOTIOJTHUTENBHOTO B3HOCA U (POPMAIBHO OTPUIIATEIbHBIM BpEMEeHeM, Ha
KOTOPOE Kak ObI pa3MeIaeTcs ata CyMMa, B Ta0JIHIle BCe jKe 0TOOPaKAIOTCSI.

2.2. Neperpy3ka GyHKUUN

A meuman 06 3mom 6CI0 C60I0 COSHAMENLHYIO
HCUSHD.
u3 /¢ "Uponus cyovool unu c aeekum na-

"

pom

[TeperpyskaTb MOKHO ¥ (hyHKIIH. Kak HITIOCTpAIio paccCMOTPUMHEOOIBIION
TIpuMep, IPeICTaBJICHHBIN B IUCTUHTE 2.2.

Jiuctunr 2.2. MNeperpy3ka GyHKUMIA

#include <iostream>
using namespace std;
// ®dyHrUMS ©e3 apTyMEHTOB:
void show () {
cout<<"oyukumsa show () 6e3 aprymeHToB!\n";
}
// ®OYHKUMS C OOHMM apTyMEHTOM:
void show(string txt) {
cout<<"ApryMeHT OoyHkuUMM show(): "+txt<<endl;
}
// TrnapHad GyHKLMUA:
int main() {
show () ;
show ("TexcT") ;
return 0;

B pesysibrare BbINOJHEHNS 3TOIO IIPOrPAMMHOIO KOJIa B KOHCOJIbHOM OKHE OTO-
Opaxkaercs 1Ba COOOIIEHUSI:

PesynbTar BLINONIHEHUS NPOrpammbl (U3 NIMCTUHTa 2.2)

dyukumsa show () 6e3 aprymMeHTOB!
ApryMeHT ObyHKUMM show () : TekcT

3liech MbI OTIMChIBaeM /iBe Bepcun hyHKIMU show () . B ogHOM ciyyae GyHK-
1¥st onrcana 6e3 apryMeHToB. Bo BTopoM cirydae y hyHKITHK TEKCTOBBI apry-
menT. DyHKIMst B 060UX CIydasix He BO3BpAIIAeT pe3yibraT. B 3aBucumoctu ot
TOTO, TIepeiat Jin (DYHKIIUU apTyMEHT IIPU BBI30BE, 0TOOPaKAETCs COOOIIEH e

0 TOM, 4TO ¥ (DYHKIIUU HET apryMeHTa, UK cOO0TeHNe ¢ yKa3aHueM 3HaYeHUsI
apryMeHTa.
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2.3. OnepaTtopHbie meToAbl

Bowu demonot, ne ompuyaro. Ho onu camonux-
BUOUPOBATUCD.

u3 k/¢p "Hean Bacunvesuu mensem npo-
deccuro”

YnuButesbHas BO3MOXKHOCTD, KoTOpas ecTb B C++, cBsA3aHa ¢ onepamopHvimu
memodamu. OniepaTopHbIe METO/IBI - ITO METOIbI, KOTOPBIE OTPENESIOT "TIOBeIe-
HHe" OCHOBHBIX aprumMeTndeckux (1 He coBceM apu(METHUECKHX ) OTIepaTopoB
B CJlydyae, KOTJ[a CPEIU OMEPAH/IOB €CTh OOBEKTHI MOJIH30BATENBCKUX KJIACCOB.
Peub uzer o ToMm, 4TO Takue oliepaliuu, HAPUMEP, KaK CJIOKEHNe WA YMHO-
JKeHUe, Ha CaMOM fieJie MOKHO MHTEPIIPETUPOBATh KaK BBIYNCJIEHNE HEKOTOPOM
(yHKIIUU, apryMeHTaM¥ KOTOPOU SIBJISIIOTCST OTIEPaH/Ibl COOTBETCTBYIOIIETO BbI-
paskeHus.

-j Ha sameTky

I OnepaTtopbl 6bIBaOT GMHAPHbLIE M YHapHbIE (NpaBaa, B C++ eCTb elLle 1 OANH TEPHAPHbI
onepaTtop). Y 6uHapHbIX ONepaTopoB (Takux, Kak +, — WX =) ABa ornepaHaa, a y yHap-
HbIX ONEpPaTopPOB (TakmMx, Kak nnn --) - oauH onepang. OnepaHgamMm Ha3bIBAKOTCA
NMepeMeHHbIe, K KOTOPbIM MPUMEHSETCS COOTBETCTRYIOLANA onepaums. ns GuHapHoro
ornepaTopa onepaHAbl yka3blBalOTCS Cnpasa 1 cnesa oT onepartopa. [1na yHapHoro one-
paTtopa onepaHp, yka3blBaeTcs nepen nnm nocne oneparopa - B 3aBMCUMOCTU OT TOro,
KaK MCNonb3yeTcs onepaTop.

Korma MbI roBOpuM 00 onepamoprom memoode JJisi HEKOTOPOTO OUHAPHOZ0 One-
pamopa, T0 UMeeTCss B BUJY METOJ, Pe3YJIbTaT BbI30BA KOTOPOIrO HMIEHTUYEH
MIPUMEHEHHIO COOTBETCTBYIOIIETO OmepaTopa. PoJib oriepan/ioB UrpaioT 00beKT,
13 KOTOPOTO BBI3bIBaeTCs MeTOJ (TIepBhIi ONePaH/]) M apTYMEHT OMEePaTOPHOTO
MeTo/1a (BTOPOIi orniepan). Y onepaTopHbBIX METOOB JIJISl YHAPHLIX ONEPamopos
apryMEHTOB HET - e[MHCTBEHHBIM OIIEPAHIOM BBICTYIIA€T 0OBEKT, U3 KOTOPOTO
BBI3BIBAETCS METOI.

[ToMHMO OIEpPaTOPHBIX METO/IOB, CYLIECTBYIOT onepamophuie Qynxyuu. Obimas
uziest Takas ke, Kak ¢ OIlepaTOPHbIMU METOaMU, TOJIbKO B caydae (hyHKIUiT Bce
olepaH bl PEAM3yIOTCS Yepe3 apryMeHThl onepatopHoii ¢hynkimn. Kak 910 BbI-
TJISIAT, OyIeT OKa3aHOo Ha HeOOJIBIIIOM IIPUMEPE B KOHIIE TJIABbI.

Takag "urTepHpeTanusa” MMeeT CBOE MPAKTUYECKOe BRIPAKEHNE B TOM, UTO TIPHU
OTTMCAHWH KJIACCOB MOKHO CO3/IaBaTh CIIEIUAJIbHBIE OTIEPATOPHbIE METO/Ib. JTO
OTKPOET TIyTh JIJIsT TPUMEHEHNUST K 0OBhEKTaM JaHHOTO KJacca apupMeTHIeCKuX
(B 0OCHOBHOM) oriepaTopoB. [TosicHiM cKa3aHHOe Ha IpuMepe OGUHAPHOTO olepa-
TOpPa, KOTOPBIN (GopMaIbHO 0603HAYMM CUMBOJIOM ©. TIpe/IonoKum, Mbl XOTUM
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obecrieyrTh KOPPEKTHYI0 00pabOTKY BbIpaKEHUI BI/Ia , TIIe I STBJISIET-
cs1 0OBEKTOM ONUCHIBAEMOTO HaMU KJiacca (1Jist yaoOcTBa Oy/ieM HasblBaTh €ro

). Bropoii omiepanji 5 MOKET OTHOCUTHCST K 6a30BOMY TUITY U OBITH 00b-

€KTOM KaKOTO-TO WHOTO KJiacca (B TOM YHCJe U KJacca ). B aTom caygae
B KJacce HEOOXOIMMO OIUCATh OTIEPATOPHBII METOJI /LIS OIlepaTopa

OriepaTopHbBII METO/T OITUCHIBAETCSI TOUHO TaK e, KaK 1 OOBIYHBIIN (He OTIepaTop-
HbIit MeTon). IIpocTo y omepaTopHOTO MeTO/Ia crieMaIbHOE Ha3BaHUe, KOTOPOe
MOJIy4aeTcst 00 beIMHEHNEM KTI0Y€BOT0 CJI0Ba ¥ CaMOTO OTIepaTopa.
B nmannoM ciydae omepaTOpHBIN METOJ JiS OfepaTopa © MOKeH HA3bIBAThCS

.B KPYTJIbIX CKOOKax Iocjie UMeHU OIIEPATOPHOI'O0 METO/IAa YKA3bI-

BaeTcs apryMeHT, KOTOPBIH SIBJISIeTCS BTOPBIM omnepadioM. [lepBbimM omepanmom
SIBJISIETCST OOBEKT, M3 KOTOPOTO BBI3BIBAETCSI OMIEPATOPHBIN METO/L.

L}

-

Ha 3ameTky

Eule pas noguyepkHeM: ans GMHApPHOro ornepaTopa onepaTtopHbI MeTon, OnuchiBaeTcs
C OZIHMM apryMeHTOM (BTOPOI onepaHa ana oneparopa, nepBbli onepaHm, - 0ObekT Bbi-
308Ba).[lna yHapHOro onepartopa onepaTtopHbIA MeTon onuckiBaeTca 6e3 apryMeHToB
(eOMHCTBEHHbIN onepaHa, AN YHApHOro ornepatopa -00bekT Bbi30Ba OMepaTopHOro
MeToga). Bo Bcem octanbHOM onmncaHmve onepaTtopHoro MetToaa Maso Yem OTIM4aeTcs
OT OnucaHus 0ObIYHOrO MeTona.

CooTBeTCTBEHHO, otlepaTopHas (HYHKITHS Jisi OMHAPHOTO OllepaTopa OMUChIBa-
eTcd ¢ IByMd apTyMeHTaMU, a oTriepatopHas GyHKINS 1Ji YHAPHOTO OTlepaTtopa
OIMCBIBAETCS ¢ OJHUM apryMmenToMm. Ho aTo Gyzer motom.

B kavecTBe MILTIOCTPAIIUU K WCIIOJBb30BAHUIO OMEPATOPHBIX METOIOB PAcCMO-
TPUM IIPUMED - BAPUAIUIO HA TEMY Pa3MeIeH s JeHEKHON CYyMMBI Ha JIETIO3HUT.
[TockobKy Hac GYIyT UHTEPECOBATH B MEPBYIO OYEPEb OMIEPATOPHBIE METOJIHI,
MBI [T0 BO3MOXKHOCTH YIIPOCTUM BECh ITPOUNI TTPOTPaMMHBIN Ko UTo Kacaercst
OIepaTOPHBIX METOIOB, TO MBI OITHMIIIEM UX HECKOJIbKO. B yacTHOCTH, MBI 100bEM-
¢l caeayonux 3G @eKToB:

npubaBiIsist K 00BEKTY KJracca 1[eJI0€ YHCJIO, TTOJTYIUM
HOBBII 0OBEKT KJacca , ¥ KOTOPOTO TI0 CPAaBHEHUIO C WC-
XOJIHBIM 00BEKTOM TOJIe YBEJIMYEHO Ha 3HAUEHUE, OTIPEIesIieMOoe
1IEeJIOYNCTEHHBIM OTIEPAH/IOM;

npubaBisist K 0ObEKTY Kjacca NefiCTBUTENHHOE UUC-
J0 (4rcio B (hopMmare ¢ TIIaBaIIedl TOYKOiT ), MOJYIUM HOBBIH 00HEKT
KJacca , ¥ KOTOPOTO 10 CPABHEHUIO € UCXOIAHBIM 00bEK-
TOM TIOJIE YBEJIMYEHO HA 3HAUYEHUE, ONPE/eISIEMOe YNCIOBBIM
OTIepaH/IOM;
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*  yMHOXast 00DBEKT KJacca Ha 4HCJI0, TIOJYYUM HOBBIN
00BEKT KJ1acca , ¥ KOTOPOTO 110 CPaBHEHUIO C UCXOLHbBIM
00BEKTOM TI0JIE YBEJIMUCHO Ha 3HAUYCHUE, OIIPEAE/IIeMOe YUCIIO-

BbIM MHOKHTEJIEM;

*  BBIUHUCJISIST PA3HOCTH JIBYX OOBEKTOB KJlacca , ToJTy4aemM
JENCTBUTEIBHOE YUCJIO, OTIPEIEIIoliee Pa3HOCTh UTOTOBBIX JIEHEKHbBIX
CYMM Ha [IETIO3UTAX, OTPEIEISIEMbIX COOTBETCTBYIOIMUMU OOBEKTAMU
(T0 ecTh 0OBEKTAMH, PABHOCTH KOTOPBIX BBIYUCIISIETCS);

* TaKXe MBI OMUINEM OTEPATOPHBIM METOA /I YHAPHOTO oTiepaTopa
(BOCKIMTIATETbHBIN 3HAK - OH K€ JIOTUUECKUH onepamop ompuyanus)
TaKKM 0OPa3oM, YTO MPUMEHEHUE TOTO omepaTopa K 00BEKTY KJacca

BO3BpAIAET 3HAYCHUE UTOTOBON CYMMBI JIETIO3UTA 10
BKJIA/LY, TAPAMETPBI KOTOPOTO OTIPEAETSIOTCS OGBEKTOM - OIIEPAHIOM.

[TporpaMMuBIii KO, B KOTOPOM PEATN30BAHBI BCE 9T BO3MOKHOCTH, TIPEICTAB-
JIeH B JIUCTHUHTe 2.3.

Jiucturr 2.3. Knacc BankAccount ¢ onepaTopHbiMU METOAaMMN

#include <iostream>
#include <string>
using namespace std;
// Kiacc c neperpyskol ONepaTOPHHX METONOB:
class BankAccount{

// BaKpHTHE UJIEHBH KJIACCA:
private:

// Tlomsa:

string name;

double money;

double rate;

int time;

// MeTon mOJiS BBIUMCJIEHMS UTOTOBOM CYMMBEl BKJIAIa
// (ucrnoyb3yeTcsa PEeKYPCUBHEIL BEIZOB) :
double findValue (double m,double r,int t) {
// Ecniu nepmon pasMelleHMs BKJaga pPaBeH HYJIO:
if (t==0) {
return m;

// Tepuonm pasMeueHyrs BKJANa OTJIMUEH OT HYJIS:
telse(
// VIcmoJib3yeM PeKypCU:

return findvalue (m,r,t-1)* (1+r/100);
}

}

// BBIUMCIIEHME MTOTOBOM CYMMEl BKJaa:
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double total() {
return findValue (money, rate, time);
}

// OTKPHITBIE UJIEHH KJIACCA:
public:

// MeTomn mJia NPUCBAMBAHMA SHAUSHMI MOJAM OOBEKTa:
void set(string n,double m,double r,int t) {
// BHadyeHusa MoJen:

name=n;
money=m;
rate=r;
time=t;

}

// KOHCTPYKTOP C UETHPbMS apTyMEeHTaMM :
BankAccount (string n,double m,double r,int t){
// BHadyeHusa MoJeN:
set(n,m,r,t);

}

// KOHCTpyKTOp kJjlacca 0e3 apryMeHTOB:
BankAccount () {

// 3BHaueHUs roJen:
set ("Anonimus",0,0,0);

}

// MeTon myisa OTOOpPaXeHMS HAHHEIX 00 OOBEeKTe:
void show () {

cout<<"JlaHHBIE N[O OAHKOBCKOMY cueTy.\n";

cout<<"Bryamumk: \t"<<name<<endl;

cout<<"Cymma: \t"<<money<<endl;
cout<<"CraBka %:\t"<<rate<<endl;
cout<<"Bpewmsa:\t"<<time<<endl;
cout<<"Bcero:\t"<<total () <<endl;
cout<<endl;

}

// OmepaTopHH METOI IJS CJIOXEHMS OOBeKTa
// ¥ Uejoro umcia:

BankAccount operator+(int t) {
// JloKaJIbHBII OOBEKT :
BankAccount tmp;
// 3BHaueHUs MoJeM JIOKAJbHOTO OOBEeKTa:
tmp.set (name, money, rate, time+t) ;
// PesyybTaT ONepaToOpHOTO MEeTOoma:
return tmp;

}

// OmepaTopHH METOI IJS CJIOXEHMS OOBeKTa

// ¥ OeMCTBUTEJSILHOTO UMCJIa:

BankAccount operator+ (double m) {
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// JlOKaJbHEMOBBEKT :
BankAccount tmp;
// 3BHaueHUs MoJeM JIOKAJbHOTO OOBEeKTa:
tmp.set (name, money+m, rate, time) ;
// PesyybTaT ONepaToOpHOTO MEeTOoma:
return tmp;
}
// OmepaTopHH METOIN IJig YMHOXEHMS oBbeKTa
// Ha uUmncio:
BankAccount operator* (double x) {
// JlOKaJnbHEM OOBLEKT :
BankAccount tmp;
// 3BHaueHUs MoJeM JIOKAJbHOTO OOBEeKTa:
tmp.set (name, money, rate+x, time) ;
// PesyybTaT ONepaToOpHOTO MEeTOma:
returntmp;
}
// OmepaTopHH MEeTOI IJid YHAPHOTO ollepaTropa
// "BOCKIMUATEJNbLHHM 3Hak" (To ecTb !):
double operator! () {
// PesyJbTaT OINEepaTOpPHOT'O MEeTOoIa:
return total();
}
// OmepaTopHH METOI IJIS BHUMTAHMSA OOBEKTOB:
double operator- (BankAccount tmp) {
// Pes3ysbTaT OINepaTOpPHOTO METONa:
return total()-!tmp;
}
}; // OxoHuaHMe omIMcCaHMA KJacca
// TmaBHasa GOYHKUMA OPOTPAMME :
int main() {
// Cos3pmaHMeoBBeKTa :
BankAccount ivanov ("VMBanoBM.M.",100,12,3);
// OTobpaxaeM mapaMeTph OOBLEKTA:
ivanov.show() ;
// Eme omouH OBBEeKT:
BankAccount fellow;
// CroxeHue oOBEKTa M LEJIOTO UMCJa:
fellow=ivanov+2;
// PesynbTat:
fellow.show() ;
// YBenuuumpBaeM CyMMy BKJama
// VI TPOLEHTHYK CTAaBKY:
((ivanov+25.0) *4) .show () ;
// Pas3sHOCTL IBYX OBBEKTOB:
double dif=fellow-ivanov;
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// TlpoBepseM pes3yJbTar:
cout<<"PasHMla UTOTOBHX CyMM: \t"<<dif<<endl;
return 0;

}

PeSyJIbTaT BbIIIOJIHEHHWA ITPOTPAMMBbI ITPE/ICTABJIEH HUKE!

PesynbTat BbINONHEHUS nporpammbl (U3 nucTuHra 2.3)

IaHHElE 110 DAHKOBCKOMY CUETY.

Bximaguuk: ViBanos U.U.
CyMmMa : 100

CraBka %: 12

Bpewms: 3

Bcero: 140.493

JaHHbIe IO OAHKOBCKOMY CUETY.

Bxiaguuk : ViBanoB U.U.
CymMmmMma : 100

CraBka %: 12

Bpemsa: 5

Bcero: 176.234

IaHHElE 110 DAHKOBCKOMY CUETY.

Bximaguuk: ViBanos U.U.
CyMmMa : 125

CraBka %: 16

Bpewms: 3

Bcero: 195.112

PasHulla UTOTOBHX CyMM: 35.7414

[lajsiee Mbl KpaTKO NTpOaHAJIM3UPYEM MTPOTPAMMHBIN KOJI, He UMEIONUI OTHOTIIe-
HUST K OIIepaTOPHBIM MeTo/aM, 1 GoJiee TIOAPOOHO - TPOTPAMMHBII KOJI, CBSI3aH-
HBIU ¢ peanu3anueil U UCroJb30BaHNEM OTIEPATOPHBIX METOIOB.

Kak Bcerza, B kyacce €CTb YeTbIPe 3aKPBITHIX 110JIs (TEKCTOBOE
oJie U YUCJIOBBIE I10JIS , u ). Takske ecTb 3aKpBITHIN
METO/ 17151 BBIUMCJICHUSI UTOTOBOI CyMMBI BKJIazia. Takoil MeTon

y KJacca OblI U paHee, HO TElepb BMECTO SIBHOTO BBIYMCJIEHUSI UTOTOBON CyM-
MBI C TIOMOTIBIO OTNEPaTOpa IUKJA MBI MUCTIOJIb30BAIN PEKYPCUBHDLIL 6bl3068. A
UMEHHO, METOT OIIMCAH C TPEMsI aPTYMEHTAMU: aPIYMEHTBI M U

THTIA , @ TAaK’Ke apTYMEHT t TUTIa . B omrepatope mukira (B ycioBHOM
omepaTtope) IpoBepseTcs PABEHCTBO HYJIO 3HAUeHU apryMeHTa t. Ecau coot-
BETCTBYIOIEE YCIOBUE UCTUHHO, 3TO (POPMATHHO O3HAYAET, UTO BKJIAJ] pa3Me-
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IaeTcs Ha HyJIeBOW TPOMEKYTOK BPEMEHU M UTOTOBAsI CyMMa TI0 JIETIO3UTY PaB-
Ha HavyaJbHOH CyMMe BKJIaJla, TO €CTh olpefensieTcsd napamerpoM m. Iloatomy
B GJIOKE, BBITTOJHSAEMOM IIPU UCTUHHOM YCJIOBUU , AIMEeTCI eMUHCTBEHHAST
KOMaHz1a , KOTOpO# paboTa METOJIa 3aBEPIIIAETCST, a B KAUECTBE PE3YJib-
TaT BO3BpAIllaeTCsd 3HAUEHWE MapaMeTpa m. B MpOTUBHOM ciIydae, TO eCTh eCin
yCJIOBUE JIO’KHO, BBITIOJIHSIETCSI KOMaHa

B -6s10Ke. 37ech IS BBIYKMCJICHUST Pe3yJsibraTa MeToja
BBI3BIBAETCS ITOT K€ METOJl, HO Tellepb Ha eIMHUIlY YMEHbIIEeH ero TpeTuil ap-
TYMEHT.

] ) Ha 3ameTky

Mpv BLIMUCIEHUN UTOFOBOM CYMMbI MO AEMN03UTY B COOTBETCTBUM C MPUHLMIOM pe-
I KYPCVBHOIO BbI30BA METOAA Mbl UCXOAUAN U3 CReAyoWmnx coobpaxkeHuin. Ana yno6-

cTBa 0603HaYM Yepes F(_M: r, T:] utorosyio cymmy no Bknagy M Ha nepuog,

T npu GUKCMPOBAHHOWM MPOLLEHTHOW CTaBke r (B mpoueHTax). 3a nepuo BpeEMEHU
T—1, o onpeneneHvio,  uUToroBas  cymma Har [enosvte  paBHa
F(M,r, T — 1).3arop ata cymma npespatutcs B (1+ E)F(M': r, T — 1)
. OTO €CTb HUM YTO NHOE, KaK KOHeYHasi CyMMa Ha Aerno3nTe, noJiydeHHas Ha OCHOBE Nnep-
BoHauanbHoro eknaga M Ha nepvog, T, 70 ects F(_MrJ r, T). Takum o6pasom, ume-

¥
€M peKYyppPeHTHOE COOTHOLLEHME F(.MrJ v, T) = (.1 + E)F(.M'J r,T — 1)

. IMeHHO 3TMM CcoOTHOLWEHVMEeM Mbl BOCMOJIb3OBANUCL NPW OnpepeneHnn metona
findValue().

IIpu BBI3OBE MeTOj1a findValue () MPOrpaMMHBIN KOJI BBITIOJIHSAETCS B 001X
gyeprax Tak:
* IlpoBepseTcsi 3HaueHUe TpPeThETO apryMeHTa Merozaa. Eciu aTo 3Ha-
YeHHe paBHO HYJIO, TO METOAOM BO3BpalllaeTCd pe3yJbraT - 3HaueHue
IIEPBOTO apryMeHTa MeTOZaA.

* Ecau 3HaueHme TpeThero apryMeHTa MeTo/a He PaBHO HYJIIO, HaulHa-
€T BBIYUCIISATHCS BBIPasKEHUE B -6J10Ke YCJIOBHOTO OTepaTopa. ITo
BBIPQJKEHNE, KPOME ITPOYero, COMEP:KUT MHCTPYKIIMIO BBI30BA MeTOa

, HO TPETHUIT apTYMEHT B 3TOM CJIyYae Ha eJANHUITY MEHBIIIE.
[ToaTomy mpu 3ammyIreHHOM MeTO/Ie 3TOT K€ METOJI 3aIly-
CKaeTcs elle pa3, HO C YMEHbIIEHHBIM Ha €MHUILY TPETHbUM apryMeH-
ToM. YTOOBI PasMuuTh MPOILECCh, UCXOAHbBII MeTO/ OyeM Ha3bIBaTh
"anb(da”, a BBI3BIBAEMBIN ITPH €TI0 BEIYUCIEHUN METOZ - "OpaBo”.

» Ilpu BBITOJHEHNH TPOrPAMMHOTO Kojga MeTozia "6paso”
MPOBEPSIETCS TPETUN apTyMeHT MeTona. Ecau apryMeHT paBeH HYJIO,
BBIYHCJISIETCST 3HaUeHe MeTojia "GpaBo”, 1 9TO 3HaYE€HHUe UCTIO/Ib3YeTCsT
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JUIST BBIYMCJIEHNsT 3HaueHus MeToza "ambda”. IIporecc Ha aTOM 3aBep-
[IAEeTCA.

*  Ecum tpernii aprymeHT MeToza "6paBo” He paBeH HYJIIO, IPH BBIYKCIIE-
HUW 3HAYEHIsT MeTo/1a "OpaBo” CHOBA BBI3BIBAETCSI METO]
(Ha30BeM ero "yapJyin'"), U ero TPETU apryMeHT ellle Ha e/IMHUILY MEHb-
mre.

* Bpruucienuve 3Ha4eHUS METOJla "4apJid' HAYMHAETCS C TTPOBEPKU Tpe-
TBETO apryMeHTa. Ecim apryMeHT paBeH HYJIIO, BBIYUCJISIETCS 3HAYCHYE
MeTOo/Ia "4apJyin’”, 3TO 3HaUYE€HUe UCTIOIb3YETCs JJIs TOJyYeHnsd 3HaYeHU s
Metoza "6paBo”, a 3HaueHne MeToza "6paBo”, B CBOIO 04Yepeb, II03BOJISI-
€T BBIUUCJIUTH 3HAUeHNe MeTo/a "ambda”.

* Ecuu Tpetuii apryMeHT MeToza "4apJu” He paBeH HYJIIO, JJIs1 BblYucJe-
HUS 3HAUYEHUS METOJIa BBI3BIBAETCS METO/ (Ha3oBeM ero
"meJsibTa” - €ro TpeTUui apryMeHT Ha eJUHUILy MEHbIIle, YeM IIPU BbI30Be
Mertojia "dapyau'), u Tak gajnee. [lTociemoBarebHOCTD "MaTpenieyHbIX "
BBI30BOB METO/IA [IPOJIOJIKAETCST 10 TeX IIop, I0Ka IIPU
ouepe/HOM BBI30BE METOJ[a TPeTUl apr'yMeHT MeTo/la He OKaykeTcsl pa-
BeH HyJ110. [Tocte 9TOro MeToibl HaUMHAIOT BO3BpAIaTh 3HaueHust (B 00-
paTHOM MOCJIeI0BaTeIbHOCTH K TOMY, KaK OHU BBI3BIBAJHCH - TO €CTh B
COOTBETCTBUU C TIPUHIIUTIOM CTEKA).

— Ha 3ameTky

XoTs pekypcuBHOE onpenenieHe MeTogoB 00bIMHO BbIMSANT NMPOCTbIM U 3JIeraHTHbIM,

I HacyeT 3PPEKTUBHOCTM MOIYyT BO3HUKHYTb CEPbE3HbIE OnaceHus. [eno B TOM, 4YTO
peann3oBaHHbIE YePES3 PEKYPCUBHbI BbIS3OB METOObI O4EHb CEPLE3HO PACXOAYIOT CU-
CTEMHbIE PECYPCbI U HEPEOKO BINSIOT, HE B JTYULLYIO CTOPOHY, HAa CKOPOCTb BbINMOJHEHUS
NpPOrpamMMHoOro koaa.

YTo Kacaercsi UCIOJb30BAHHBIX Bbille"UAeHTH(HUKATOPOB Il 0003HAYEHNUS
BBI30BOB MeTO/I0B, TO Alpha (anbda), Bravo (6paso), Charlie (vapaun) u Delta
(nmemwra) - 9TO U3 3aMAHOEBPOIIENCKOTO (poHETIUECKOTO ajdaBuTa.

OzHaKO ONUCAHHBIN BbIIE METOJ HAIPSAMYIO /IS BHIYMCIEHIS
CyMMbI JEeIIo3nTa HE I/ICHOJH)SyeTCH MI)I €T'0 BbI3bIBAa€M B TE€JI€ METOIa

[Ipu 5TOM apryMeHTaMu METOLY nepefaloTcsa 3HaYeHus MoJeit
00BEeKTAa.

[ ] Ha sameTtky

B npuHumnne, ncnonb3oBaHHas HaMM cxema (Bbl30Ba METOAA B METOAE) MOXET Nnoka-
3aTbCs HENIOrnYHoM. Ho ons peanusauumn pekypcum oHa yaobHa. [leno B Tom, 4To npu
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PEKYPCUBHOM BbI30BE METOAa HEOBX0AUMO N3MEHATb ero apryMeHTbl. Ecnv aprymeH-
TaMu BbICTYNaloT Nnons o6bekTa, 3To caenatb AOBOJILHO NpobnemaTuyHo. Mbl npume-
HUAN "BOEHHYIO XUTPOCTL": CHavana 4yepe3 Pekypcuio onucanu MeTos, C
apryMeHTamu, HMUKak He CBA3aHHbIMM C MONsSMK 06bekTa, a 3aTeM onucanu MeTof,

, B KOTOPOM BbIMOJIHAETCS BbI3OB MeTOAa , @ aprymeHTamMu ykasbl-
BalOTCS NoJiA 0ObekTa.

Ho aTo ewe He Bce. BHMMaTenbHbIA YynTaTtenb, CKOpee BCEro, 3a4actcs BONPOCOM O
TOM, 4TO ByAeT NpPomMcxoamTb C NoNsiMu 06bekTa Npu BbI3OBE MeToaa B
Tene metona ? Benob aprymeHtamm metopy nepepawTcs nons
obbekTa. M xoTa popmanbHO B TeNle MeToa 3T Nnosst He MeHs0TCs, BONpoc 06 nx "yaa-
BUMOCTU" OCTaeTCsl OTKPbITbIM. A OTBET NPOCTON: Ha NOJIAX 06bekTa 3TO HMKaK He OT-
pasuTcs. MpuynHa B TOM, 4TO NO ymonyaHuio B C++ MeToay apryMeHThbl nepeaaroTcs no
3HAYEeHUIO: Ha CaMOM Jene nepenaeTcsl He Ta NepemMeHHas, kotopas GopManbHO yka-
3aHa apryMeHToM, a ee konuvs. Bce BblncneHVs B Tefle MeToAa BbIMOMHAIOTCS C KONuen
aprymeHTa. Cam aprymeHT B BblYUCIIEHUSIX HE y4acTByeT. NoapobHee o pexunmax nepe-
[ayv aprymeHToB MeTofiam Mbl eLle 6yaemM roBopuTb B KHUre.

Cpenu OTKPBITHIX YIEHOB KJacca eCTh METOJI set () C 9eThIPbMS apTyMeHTa-
mu. Haznauenue metosia ipoctoe. C €ro moMOIIbIO MOJISIM TIPUCBANBAIOTCS
3HaueHMsA. Takke y Kjacca UMeeTcs eperpy KeHHbBIN KOHCTPYKTOP: BEPCHS C
J4eTHIPbMST APTyMEHTAaMK U Bepcust 0e3 apryMeHToB. B 06oux ciydasix B Tese
KOHCTPYKTOpPA BBI3BIBAETCSI METOM set (), apTyMeHTaMl KOTOPOMY TIePeIaloTCs
3HAYEHUsI [I7IsI TIOJIel OObeKTa.

?I Ha sameTtky

KoHCTpyKTOp 6€3 apryMeHTOB HaM HyXeH ans yao6cTea. [leno B ToM, 4To npuv onnca-

I HUM ONEPaTOPHbLIX METOAOB Mbl CO3[IAEM JIOKasbHbIE 06BLEKTHI. YTOBbI KaXaplii pas He
nepenasaTb KOHCTPYKTOPY YEThiPe apryMeHTa (KOTOPbIE Ha CaMOM Aiefie BCe PaBHO By-
ZIyT NepeonpenensitbCs), Mbl U ONMCaNM B KNacce BEPCUIO KOHCTPYKTOPA
6e3 aprymeHToB. Kakve npu 3ToM 3Ha4eHust NprcBanBaloTcs Nonsm 06bekTa, B AaHHOM
KOHKPETHOM NprmMepe 0CcoB0Vi POAM HE UrpaeT.

Taxxe B KyIacce OITMCAH METO/L , KOTOPBIM BBITIOJIHAETCS
oroGpaxeHre B KOHCOJIbHOM OKHE JIaHHbIX 00 00bekTe. JlaHtble 0TOOpakanTcs
MTOCTPOYHO B (popMate nazsanue nois,/3uavenue nois. Bece octampHOe B Kaacce -
OIlMCaHue OIlepaTOPHBIX METO/OB.

OnepaTOpHBIil METOJ UVt CJIOKEHUS 00BEKTA UIENOTOUKCIa MMeeT (HOpMalib-
HOe Ha3BaHUe , B KaueCTBe THUIIA Pe3yJIbrata JUisi HETO yKa3aHO
MMS KJacca (pesysbrar MeTofa - OOBEKT Kjacca

), @ apTYMEHT METO/Ia HA3bIBAETCS © U OTHOCUTCS K TUILY (10 ecTh
aTO I1[eJI0e YnciIo). B Tese MeToma KoMaHaol cosaercs
JIOKAJIbHBIIT 0OBEKT KJacca . Ham aT10T 0GBEKT HYXKEH,
4TOOBI "BHIYMCAUTD" pe3ysbraT MeTofa. Cxema Takas: Mbl CO3/aeM JIOKaJlb-
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HBII 00BEKT, 33/[aeM HYKHbIE 3HAYEHIUSI TTOJISIM 3TOTO 0OBEKTA, a 3aTeM BO3Bpa-
aeM 9ToT 0OBEKT KaK Pe3ysbraT MeTojia. B aHHOM cirydae KOMaHaoi
11T 00BEKTa 3HAYEHUS BCEX TIOJIEH

(32 UCKJTIOYEHUEM TTOJIST ) YCTaHABJIMBAIOTCST TAKUMU JKe, Kak U Y 00beKTa,
SIBJISTIOTIIETOCST TIEPBBIM OTlePaHIoM (HAIIOMHUM, 0 OTIPEAETEHIIO 00BEKT BBI30-
Ba SIBJISIETCSI TIEPBBIM OTIEPAH/IOM JIJIs1 OMHAPHOTO OIIEPATOpa - 37IECh ITO OIepa-
Top cioxenus +). [lose y o6beKTa HA BEJINYUHY ©  OOJIbIIE, YeM Y
nepBoro ormepanzia (06bEKT, M3 KOTOPOTO BbI3bIBaeTcsi MeToM). Komanioit

00BeKT BO3BPAIIAETCST B KAYECTBE Pe3yJIbTaTa OMepPaTOPHOTO
MeTOo/Ia.

[ToxokuM 06pa3oM OIKMCAH OTEPATOPHBIN METOM JJISI BBIYMCJIEHUST CyMMbI
o0ObeKTa U JEHCTBUTEIBHOTO YKC/Ia THIIA (B dopmate ¢ TIaBaroIen
Toukoii). [lo cpaBHEHUIO ¢ TIPEABIAYIINM CJIyYaeM Pa3IUuus TaKue: apryMeHT
MeTO/Ia UMeeT THUII , a He , a TIPYA TMIPUCBAMBAHUY 3HAYECHUU MOJSIM
JIOKAJIbHOTO 00beKTa "N06aBKy" MoJIydaer moJe , a He T10JIe

— Ha zameTtky
I

Taknm o6pa3om, pesynbtaT AobaBfieHns K 06bekTy Lefioro Yncna otimyaeTcs oT pe-
I 3ynbTaTta jobaBneHns K 06bekTy Yncna B popmMarte C nnaBaloLLelt Toukon. PakTmnyecku,
Mbl Ieperpy3uy onepaTopHbIi METOZ ANsi onepaTopa COXeHUs.

OrtiepaTopHbIil METOT 7SI yMHOKEHMsT 00bEKTa Ha YHCIO NMeeT Ha3BaH1e
. B xauecTBe pe3yssraT 00BEKT BO3BpaIlaeT 0OBEKT KIacca
, @ apTyMEHTOM MeTojia (BTOPOH OIlepaHj JjIsl onepaTopa YMHOXKEHUS)
SBJIAETCS 3HAUYEHWE TUTIA . Meroj omucan Tak, 4TO TIPU YMHOKEHUU
00BeKTa Ha YUCJIO TTOJTyYaeM HOBBIN 00beKT. Bee mosist aToro o6bekra-pesyibra-
Ta OTIPEIEISIIOTCST 3HAYEHMSIMU TTOJIel 00beKTa-0TepaH/a ¢ TOM JIUIIb PasHUTIEH,
qTO I10JIe YBEJIMYMBAETCS Ha 3HAYeHNE BTOPOTO OllePaH/a.

Hecxosbko nHaue ompesiesisgeTcs olepaToOpHbLI MeTO/I JJIs1 YHAPHOTO ollepaTo-
pa! (BooOIie 9TO OIEPATOP L02UUECKOZ0 OMPUYAHUS - B CBOEM "KIACCHIECKOM"
BapuaHTe OH uHeepmupyem Jorndeckue 3HadyeHus ). COOTBETCTBYIOIINI oOlle-
PaTOPHBIIA METO/I HAa3bIBAETCS . [lockoJibKy orepaTop ! yHaApHBINA U
MIEPBBIM OTIEPAH/IOM SIBJISIETCST 0OBEKT BBI30BA OTIEPATOPA, TO APIYMEHTOB Y Olle-
paTopHOTO MeToza HeT. bostee Toro, B KauecTBe pe3ybTaTa OlepaTOPHBIA METO/
BO3BpalllaeT 3HaAUYeHUE THUIIA . Uro 210 32 3HaueHUe, JIeTKO MOHATD IO
€/IMHCTBEHHOU KOMaH/ie B TeJle MeTo/la, KOTOPOH pe3yJbra-
TOM MeTO/ia BO3BpalllaeTcsl 3HadyeHne UTOTOBOI CYMMBI 110 /Ielo3uTy. JpyrumMu
CJIOBAMH, IPUMEHEHIE YHAPHOTO ollepaTopa | K 00beKTy Kiacca



FNABA 2. METOAbI

TIPpUBEAET K TOMY, UYTO 6y[[€T BbIYMCJIEHO U BO3BPall€HO KaK pe3yJbTaT 3HaAa4Y€HUE,
I10JIy9a€MO€ BbIBOBOM METO/1a (I/IS JaHHOT'O 061>eKTa—onepaH/:[a).

YHapHbIii onepaTtop | MBI UCIIOJIB3yeM, KOT/IA OTIPEIeJISIEM OTIePAaTOPHBIN METO.
JIIS oTtepaTopa BerauTanus —. OmnepaTopHBIN METO

oTpeiesieH Tak, 4TO €r0 apryMeHT - 00BEKT KJacca . B xa-
YecTBe pe3yJibTaTa METOIOM BO3BPAIAETCS YUCJIO: Pe3YIBTaT BRIYUCICHUS BHI-
paskeHUst . YauTbIBas, Kak orpejiesieH OTIepPaTOPHbIN METOJT st
omeparopa !, HeCJIOKHO OTafaThCs, YTO BBIPAKEHUE €CTb HU
YTO WHOE, KaK .To ecTb 3TO Pa3HOCTH UTOTOBBIX CYMM
0 JIETIO3UTAM IS PasHbIX OOBEKTOB: OT UTOTOBOW CYMMBI JIEITO3UTa TIEPBOTO
oTIepaH/ia BBIYUTAETCS UTOTOBAs CyMMa JIETIO3UTa BTOPOTO OTIepaH/a.

B rmaBHoll dyHKIMM TPOrpaMMbI CHavajla KOMaH/I0l
cosmaercst 0ObeKT
KJacca . Komanpoii MBI [IPOBEPSIEM 3HAUEHUE
HoJieil 5Toro 0ObeKTa. 3aTeM CO3/aeM ellle OAUH 0OBEKT, Ui Yer0 UCIOJIb3yeM
KOMaH/Ty . B xomanze K 00BEKTY
puOABJISIETCS 1IEJI0E YKUCJIO, M PE3YJIBTAT 3alIUCHIBAECTCS B 00EKT

. Bnaronmapst Tomy, 4To B Ki1acce OTIMICAaH COOTBETCTBYIOMIHIA
OTIEPATOPHBIN METOJI, TaKas KOMaHa SBJISeTCSI KOPPEeKTHON. B pesyibsrarte 3Ha-
4eHUs 11oJieit 0ObeKTa OyLyT CKOTIMPOBAHBI B 10JIsT 00hEKTA ,a
moJie OyJeT yBeJIrMYeHo Ha 2. Pe3ysibraT mpoBepsieM ¢ TIOMOIIbI0 KOMaH/IbI

Komanzna MOJKET TI0Ka3aTbCs CTPAHHOMH,
HO OHa, pa3yMeeTcsi, To;ke KoppekTHa. Pasbepem ato Bbipaxkerue. B pesysib-
TaTe BBIYUCJIEHUS WHCTPYKIIMH nosyyaeM OOBEKT KJacca

.B manHOM ciy4ae B UTPy BCTyIAeT ONEPATOPHBIN METOJ, OTH-
CaHHBIN 7T caydast, KOT/Ia BTOPBIM OTIEPAH/IOM TIPH CJIOKEHWUH SBJISIETCS YHICIIO0
B (hopmarte ¢ TIaBalomieil TOYKOH.

HarmoMHuM, 4TO B 9TOM C/Iydae B HOBOM 0ObeKTe YBEJUUNBAETCS 3HAUEHIIE TTOJIS
. VI X014 pe3yabTat onepanun MBI HU B OJTHY TI€PEMEHHYTO
He 3allMCBIBaeM, BCce PaBHO "Ha BBIXOZEe" MMeeM 00BEKT KJacca .
ITOT 0OBEKT YMHOKAETCST HA 4 (MHCTPYKIUS ). I[TonsaTho,
YTO /IS BBIYMCIEHIS pe3yJibraTa TaKoi omepanuy OyaeT 3aeiicTBOBaH omepa-
TOPHBII MeTOJ . B pesyasrate mosyunm eie ofut 0OBEKT, U3
KOTOPOTO BBI3BIBAETCSI METOJ . I[losToMy BcsT KOManja BBITJISIIUT Kak
. Hakowerr, pasHocTh IBYX 0OBEKTOB

JTaeT HaM JENCTBUTENbHOE YHUCJI0, KOTOPOE 3aITUChIBAETCS B TIEpe-

MEHHYIO 1 3aTeM BBIBOJIUTCSI B KOHCOJIbHOE OKHO.



______________
2.4. OnepatopHbie PyHKUUMN

- A 3auem 6vL MHe Imo zosopume?
- Cuznanusupyio.
us k/ "/lesuama”

Bbliie Mbl OTMEYaJIH, YTO KPOME OIEPaTOPHBIX METOLOB MOI'YT ObITh OIKMCAHbBI U
onepatopHble dbyHkimu. HazBanue onepatopHoil dyHKIIUN HOPMUPYETCS TaK
’Ke, KaK ¥ Ha3BaHUe OTIePATOPHOTO METO/A: KII0UEBOE CJIOBO u He-
MTOCPEICTBEHHO CUMBOJI orepaTopa. APryMeHTHI ollepaTopHOU (bYHKIIUU - 3TO
OTIEPAH/IBI COOTBETCTBYIONIETO BhIpaskeHNd. [loaTomMy y onepatopHoii QyHKITAT
JUist GUHAPHOTO ollepaTropa apryMEHTOB JiBa, a Y ONEPaTOPHOM (DYHKIMU ISt
YHApHOTO OTlepaTopa apryMeHT OJ[1H.

B mactunTe 2.4 mokasaH mpumep ¢ perienreM (GaKkTUYECKU TOH Ke caMol 3a-
Jaui, 9To OblIa paccMoTpeHa Boiire. Ho Tereps BMECTO onucaHust B KJ1acce ofle-
pPaTOPHBIX METO/IOB MBI UCTIOJIb3YeM orlepaTopHble hyHKIH. Heckosnbko n3me-
HSIETCS U OMHCAaHUe Kacca . Kpome Toro, yTo B KJsacce Tenepb
HET OIepaTOPHBIX METOLOB, MbI "yOpain” oJHy U3 Bepcuil KoHCTpyKTopa (6e3
apryMeHTOB), 100aBUB TIPH 9TOM B BEPCHUIO0 KOHCTPYKTOPA C YETHIPbMS apry-
MEeHTaM¥ 3HAYeHWs IJIs1 apTYMEHTOB TI0 yMOJYaHuio. Takke "TpekpaTus cBoe
CyIIecTBOBaHME" BCIIOMOTATETbHBIN METOT . B mpenpiaymiem mpu-
Mepe OH BBI3BIBAJICS B TeJe METOIA . Teniepp B MeTozIE ISt
BBIYUCJIEHUS UTOTOBOM IEHE;KHON CYMMBI 3aITyCKAETCS 0Nepamop uukia ,
B KOTOPOM COOCTBEHHO 1 BBITIOJIHAOTCS HEOOXOAUMbIE KAJIbKY AT,

Ed

Ha 3ameTky

Kak y>xe 0TMevanocb, BMECTO ONepaToOpHbIX METOLOB HA CLIEHY BLIXOASAT ONEepaTopHbIe
dyHkumn. Ho npobnemMa B TOM, Y4TO 00OpaLLaTLCS HYXHO K MoJiiM 00bekTa, 1 nosis aTn
3aKpbITbie. Y onepaTopHbIX METOAOB NPO6GIEM C AOCTYNOM K 3aKPbITbIM MOJIIM HE BO3-
HukaeT. Ho dyHKUUKM He onucaHbl B Kiacce U He SIBASIOTCS YieHamu oobekTa. Moatomy
K 3aKpbITbIM MOMISIM Y HAX AOCTYyNa HeT. PasymeeTcs, npo6ieMy MOXHO PeLLnTb, CAENaB
noJis OTKPbITEIMU. HO eCTb 1 Apyroi BbIXoA. MOXHO 06bABUTE DYHKLIMM APYXECTBEHHbI-
MU Knaccy . OHM NPy 3TOM OCTaHYTCS BHELLUHUMU K KNnaccy OyHKUUAMU,
HO 6yayT MMeTb [IOCTYN K 3aKPbITbIM YileHaM knacca. s 06bsaBneHns GyHKLuumn opyxe-
CTBEHHOW K KJ1accy, B Tese kKjlacca ykasbiBaeTCsi MpoToTMN GYHKLNMN C KITIOYEBBIM CNO-
BOM . OpyXecTBEeHHOI MOXET ObITb Kak 0Obl4HasA PyHKLWS, Tak 1 onepaTopHas
dyHKumMa. B nporpamMmmMHOM Koae knacca onepaTopHble GYHKLUMN 00b-
ABNSIIOTCS KaK APYXECTBEHHbIE.

Takske cTouT 00paTUTh BHUMaHWE HA TO, YTO MPOTPAMMHBII KOA (HYHKIUU

110 CPaBHEHUIO C TIPEABIYIIUM IIPUMEPOM He U3MeHUJICS (PaBHO KaK U

PEe3yJIBTaT BBITIOJIHEHUS TTPOTPAMMBI ).

Tenepp paccMOTPUM TTIPOTPAMMHBIN KO
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Jiuctunr 2.4. Knacc BankAccount U onepaTtopHbie QyHKLMK

#include <iostream>
#include <string>

using namespace std;

// Kmacc:

class BankAccount{

// BaKpHTBE UYJIEHH KJIACCa:
private:

// Tonsa:

string name;

double money;

double rate;

int time;

// BEUMCJIEHME UTOTOBOM CYMMH BKJIAIa:
double total () {
double s=money; // HauajnbHasgCcyMMaBKJIama
int t=1; // TlepeMeHHas UMKJA
// OmepaTop uUMKJa (BBEIIOJHIETCH, [IOKA SBHAUEeHUE

// TepeMeHHOM tHe MNpeBhIIAET 3HAaUeHMe [oJid time) :
while (t<=time) {
// "HauuciieHue NpPOLEHTOB" 3a TOon:
s*=(1l+rate/100) ;

// YBenuyeHue BHAUEHMUS [NEePEeMEeHHOM LMKJIA :

t++;
}
return s; // PesyabTarMeTona
}

// OTKPHITBIE UJIEHH KJIACCA:
public:

// MeTon mJjis NPUCBAMBAHMSA SHAUESHMM [TOJSIM OOBEKTAa:
void set(string n,double m,double r,int t) {

// 3BHauyeHMd MOJeN:

name=n;

money=m;

rate=r;

time=t;

}

// KOHCTPYKTOP C UETHPbMS apTyMeHTaMM :
BankAccount (string n="Anonimus",double m=0,double r=0,int t=0)
{

// BHadyeHusd moJye:
set(n,m,r,t);

}

// MeTon myisa OTOOPAaXeHMd INAaHHEIX 00 OOBEeKTe:
void show () {
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cout<<"JlaHHBIE MO OAaHKOBCKOMY cueTy.\n";
cout<<"Bryamuuk: \t"<<name<<endl;
cout<<"Cymma: \t"<<money<<endl;
cout<<"CraBka $%:\t"<<rate<<endl;
cout<<"Bpewms:\t"<<time<<endl;
cout<<"Bcero:\t"<<total () <<endl;
cout<<endl;
}
// IpyXecCTBEHHBEE OIEepaTOpPHHE QYHKLMA:
friend BankAccount operator+ (BankAccount,int);
friend BankAccount operator+ (BankAccount,double);
friend BankAccount operator* (BankAccount,double) ;
friend double operator! (BankAccount) ;
friend double operator- (BankAccount,BankAccount) ;
}; // OxoHuaHMe omIMcCaHMA KJlacca
// OmepaTopHas OYHKUMS IJIa CJIOXEHMS OOBeKTa
// ¥ Uejoro umcia:
BankAccount operator+ (BankAccount obj,int t) {
// JloKaJNbHEM OOBLEKT:
BankAccount tmp;
// BHadeHmud MOJIeN JIOKaJIbHOTO OBbeKTa:
tmp.set (obj.name, obj.money,obj.rate,obj.time+tt) ;
// PesyybTaT ONepaToOpHOTO MEeTOoma:
return tmp;
}
// OmepaTopHas OYHKUMS IJIiS CJIOXEHMS OOBeKTa
// ¥ OeMCTBUTEJILHOTO UMCJa:
BankAccount operator+ (BankAccount obj,double m) {
// JloKaJNbHEM OOBLEKT:
BankAccount tmp;
// BHadeHmud MOJIeN JIOKaJIbHOTO OBbeKTa:
tmp.set (obj.name, obj.money+m, obj.rate,obj.time) ;
// PesysbTaT ONepaToOpHOTO MEeTOoma:
return tmp;
}
// OmepaTopHas OGYHKUMS 9 yMHOXEHMS OBBEeKTa
// Hauucio:
BankAccount operator* (BankAccount obj,double x) {
// JloKaJNbHEM OOBLEKT:
BankAccount tmp;
// BHadeHmud MOJIeN JIOKaJIbHOTO OBbeKTa:
tmp.set (obj.name, obj.money,obj.rate+x,obj.time) ;
// PesyybTaT ONepaToOpHOTO MEeTOoma:
return tmp;
}

// OmepaTopHas GYHKUMS IJIS YHAPHOTO OIepaTopa
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// "BOCKIMLATEJNbLHEM 3Hak" (To ecTb !):
double operator! (BankAccount obj) {
// Pes3yjbTaT ONepaToOpHOTO METOIa:
return obj.total();
}
// OmepaTopHas OOYHKUMS IJid BHUUTAHUS OOBEKTOB:
double operator- (BankAccount obj,BankAccount tmp) {
// Pes3yJbTaT ONepaTOPHOTO MEeTOma:
return !obj-!tmp;
}
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// CosmaHueoOBeKTa:
BankAccount ivanov ("MBaHor M.M.",100,12,3);
// OTobpaxaeM MNnapaMeTpsl OOBLEeKTa:
ivanov.show () ;
// Eme omyH OBBEeKT:
BankAccount fellow;
// CrnoxeHre oBbeKTa M LeJjioTO UMCJa:
fellow=ivanov+2;
// PesynbTar:
fellow.show () ;
// YBenuumBaeM CyMMy BKJana
// ¥ TNPOLEHTHYK CTAaBKY:
((ivanov+25.0) *4) .show () ;
// PasHOCTbL IOBYX OOBEKTOB:
double dif=fellow-ivanov;
// TlpoBepseM pes3yJbTaT:
cout<<"PasHMIla MTOTOBHX CyMM: \t"<<dif<<endl;
return 0;

}

Kax ormeuasoch BbIliie, pe3yIbTaT BBITIOJHEHWS TPOTPAMMBI TaKOM e, KaK U B
NpeJbIAYIIEM Cllydae:

PesynbTat BbINONHEHMS NporpaMmbl (U3 nuCTUHra 2.4)

IanHElEe 110 DAHKOBCKOMY CUETY.

Bximaguuk: ViBanos WU.U.
CyMmmMma : 100

CraBka %: 12

Bpewms: 3

Bcero: 140.493

JaHHble IO OAHKOBCKOMY CUETY.
Briiaguuk : ViBanoB U.U.
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CyMmMma : 100

CraBka %: 12

Bpemsa: 5

Bcero: 176.234
IlaHHBIE IO OAHKOBCKOMY CUETY .
Brilagumuk : ViBaHor WM.U.
CymMa : 125

CraBka $%: 16

Bpewms: 3

Bcero: 195.112

PasHulla UTOTOBHX CcyMM: 35.7414

B nepBy1o ouepens Hac nHTEpeCYIOT oniepaTopHble pyHKIMN. VIX KO/ TOX0XK Ha
KOJI COOTBETCTBYIOIUX OIIepaTOPHBIX METO/I0B U3 Ipe/blayiiero mpumepa. Ho
MeeTCs TPY TPUHITNTTHATHHBIX OTJINYHS:

DyHKIMN ONUCHIBAIOTCST BHE KJIACCA ¥ HE OTHOCSITCSI HU K KJIACCY, HU K
00bEKTaM, KOTOPBIE CO3/IAI0TCS HA OCHOBE 3TOTO KJacca (MEeTObI OIlU-
CHIBAIOTCSI B KJIACCE U [IPH CO3[aHIN OOBEKTOB SIBJISIIOTCST WIEHAMH 9THX
00BEKTOB).

[To cpaBHeHMtO ¢ MeTOIAMH, Yy DYHKITUI MTOSIBJISIETCS TI0 OJTHOMY JIOTIOJI-
HUTEJLHOMY apryMeHTy. Peub uzietT o mepBoM apryMeHTe OlepaTopHbBIX
(DYHKIHIT, KOTOPBIN SABJSIETCST OOBEKTOM KJlacca uy
BcexX OYHKITNI Ha3bIBaeTCS (HO BTOT HUKAK He TpeGOoBaHKe, a IPO-
cTo "coBmazieHne"). ITOT MEPBBIN APTYMEHT OTOK/I€CTBIISIETCSIC TIEPBBIM
OTIEPAH/IOM B COOTBETCTBYIOINIEM OTIEPATOPHOM BBIpaskeHUU. Jpyrumu
CJIOBAMM, €CJIM TIPU UCII0JIb30BAHUM OIIEPATOPHOIO METO/IA TIEPBbIN OT1e-
paH/l 110 YMOJIYAHUIO OTOKIECTBJISETCS ¢ OOBEKTOM, M3 KOTOPOTO BbI-
3BIBAETCS OTIEPATOPHBIN METO/, TO B OMEPATOPHON (hYHKIIMU MEPBHIH
oTiepaH/l YKa3bIBAETCS SBHO B BUJI€ apTyMeHTa (QyHKIIUN.

Tam, r7ie B TeJsie OIEPATOPHBIX METO/I0B OOpallieHre K moJisiM 00beKTa
BBITIOJIHSIETCS IIPOCTO Yepe3 yKazaHhe Ha3BaHUS IO, B Koje oIepa-
TOPHBIX (GYHKIMI BBITIOJMHsIETCST OOpalieHie K 9TOMY OO B TTOJHOM
"roueuHom” opmare, ¢ ykazanueM oObeKTa (MEPBBIH apryMeHT
orepaTopHOil GYHKIINN) ¥ HA3BAHUS MOJISI.

Ha 3ameTky

Mpy 06bsBNEHUN DYHKUMIA KaK APYXECTBEHHbIX B Te/e Kinacca COOTBETCTBYIOLAs UH-
CTPYKLMS HA4YMHAETCS C KNOYEeBOro C/oBa , MOCcie KOTOPOro yka3blBaeTcs Npo-
TOTWN ONEepPaTopPHON ByHKLMIK. B NpoTOTMNE HAa3BaHWS apPryMEHTOB MOXHO He yKa3biBaTb
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(Tonbko nx TMN). Hanpumep:
nnm

Tak:ke TPOKOMMEHTHPYEM UCTIOJIB30BAHNE 01EePAMopa UuKid . Cunrak-
CHC 9TOTO OllepaTopa TPOCTON U UHTYUTUBHO TTIOHSITHBII:

*  1I0CJIe KITI0YEBOTO CJI0BA B KPYTJIBIX CKOOKAX YKA3bIBAETCSI YCJIO-
BHE, HCTUHHOCTH KOTOPOTO SIBJISIETCS] HEOOXOANMONIPETOCHIITKOMN JIJIsT
BBITIOJIHEHUST OTlepaTopa IUKJIa;

* B (UTYyPHBIX CKOOKAX pasMeNaoTCst KOMaHIbl, KOTOPBIE BBITIOIHSIIOTCS
32 KaK/bIN [TUKJL.

BrimosiHsieTcst orepaTop IUKJIa TaK: IPOBEPSIETCs YCJIOBUE, U €CJIU OHO UCTUHHO,
BBITIOJTHSIOTCST KOMaH/bI B (DUTYPHBIX CKOOKAX, TIOCJIE YeTO CHOBA TIPOBEPSETCS
ycaosue. U Tak masee. Pabora omepatopa UK/ IPEKPAIAeTCsl, eCIi IPU Ove-
penHoM TpoBepKe yCIOBUS OHO OKASKETCS JIOKHBIM.

MoppoGHoCcTU

Momumo onepaTopa uukna , €CTb elle oneparop uvkna . Ecnn wa-

G10H NCNONL30BaHMA orepaTopa umkia Takomn:

TO y oneparopa CTPYKTYypa WabnioHa HECKOIbKOMHAsA:
OnepaTop IIUKJIa HaYWHAET BbIIIOJIHATHCA C KOMaH/l B (bI/II‘ypHI)IX
CKOOKax TOCJIe KJII0YEBOTO CJI0BA (1o, 3aTeM MPOBEPSIETCS YCIOBUE B KPYTJIBIX
CKO6K3.X I10CJI€ KJIIOYEBOTIO CJIOBa . Ecom ycjg0oBHU€ MCTUHHO, CHOBA BbI-

HOJTHSIIOTCST KOMAH/IbI B QUTYPHBIX CKOOKAX, 1 OISITh TPOBepsieTcst yeaoBue. Tak
IIPOZIOJIKAETCS /IO TeX 110P, TIOKA YCIOBUE HE OKAKeTCST JIOKHDIM.

[TpunUUanbHas Pa3HUIA MEXKIY OTlepaTOpaMU ITUKJIA u

COCTOWT B TOM, YTO B OTIepaTope CHaYaJIa TIPOBEPSETCS YCIOBUE, a 3a-
TEM BBITIOJIHSIOTCS KOMAH/IBI, a B OIlepaTope CHAYAJIa BBITIOJHSIOTCS
KOMaHJIBI, a 3aTeM TTpoBepseTcs ycaoBue. [loaTomy B omrepaTtope KO-
MaH/Ibl B TeJIe oriepatopa Oy/IyT BBITOJHEHDI, 10 MEHBIIIEH MEpPE, OINH Pas.
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HACJIEAOBAHUE U CONYTCTBYIOLLUE
MEXAHU3MbI
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Ilepswiil pas maxux eOUHONUMHUKOS BUNCY.
uz k/¢p "/lesuama”

B mpempiaymux riiaBax MbI KPaTKO MTO3HAKOMUJINCH C OCHOBHBIMU TTPHUEMaMH,
KOTOPBIE [TO3BOJIAIOT ONUCHIBATH KJIACCHL, CO3/aBaTh Ha UX OCHOBE OODBEKTHI U,
HaAKOHeIl, NCII0JIb30BaTh 9TH 00BEKTHI B TporpaMMe. PasyMeercst, TaKUM CKPOM-
HBIM TTepeureM BoaMoxkHocTH C++ B o6sact OOII He orpannumBatoTcst. B aToii
rJIaBe MBI PacIIMPUM ITO3HAHUS KaK B TJIaHe CUHTaKcuca u opranusarnuu C++,
Tak U B otHomeHun obmieit koumemnur OOTL. B nepByio 1 0OCHOBHYIO 04epeb
Hac Oyaer uHTepecoBaTh Takoil MouHbIi Mexanusm OOTI, kak nacredosanue, a
TaK’Ke COIYTCTBYIOIINE HACJIEIOBAHUIO TEXHOIOTUM (KaK, HATIPUMED, nepeonpe-
denenue memodog). IIoMUMO 9TOTO MBITIOSHAKOMUMCS C GUPMYAIbHLIMU MEMO-
damu, a TakKe y3HAeM, KaK OIMCBIBAETCSI KOHCMPYKMOP NPOU3B00H020 KIACCA.
Kopoue rosops, mianbl y Hac 6osibiime. IIoaToMy cpasy ke MepexoauM K IeJy.

3.1. OcHOBbI HacnepoBaHUA

Ecnu mot donycmum 6ecnopsidox 6 doxymenma-
YU, NOMOMKU HAM IMOZ0 He NPOCTS.
uz /¢ "Tocmvs uz 6yoywezo”

Hacnedosanue -mMexanusm, KOTOPbIi MO3BOJISIET OJHUM KJaccaM BKJIIOYATh B
cebst TIoJIsT M METO/IBI IPYTUX KJIaccoB (TO ecTh HacjenoBaTh ux). Ha mpakTuke
3TO CBOJUTCS K TOMY, YTO HOBBIH KJIACC CO3/IA€TCS HE HA ITyCTOM MeECTe, a Ha OC-
HOBE y’Ke CYIIeCTBYIOIIEro Kiacca (M1 CYIIeCTBYIOMIMNX KJIACCOB).

MOXHO CO34aBaTb Ha OCHOBE HE TONbKO OAHOr0, HO CPasy HECKOJIbKMX KNaccoB. Takon
TVN HacneaoBaHWs Ha3blBAaeTCH MHOXeCTBEHHbIM. MHOXeCTBEHHOe HacnefoBaHue -
LITyKa MOLLHasA 1 rae-To gaxke onacHasa. O MHOXECTBEHHOM HacnefoBaHMM Mbl eLLe MOo-
roBopumM.

— Ha sameTtky
.
B otnnyme OT Takmx si3bIKOB NpOrpaMMmpoBaHus, kak Java n C#, B a3bike C++ knacc

Kiace, Ha ocHOBE KOTOPOTO CO3/[aeTCsl HOBBIN KJlacc, HasdbiBaeTcst 6asosvim. Ho-
BBIii KJIacC, KOTOPbIi cO3/1aeTcs Ha OCHOBE Ha30BOTr0 KJlacca, HasbIBAETC NpPOU3-
B00HBIM KJTACCOM WIIN NoOKIaccom. BHadasie Mbl paCCMOTPUM CHUTYAI[HIO, KOT/Ia
6a30BbIi KJIacc ouH (KaK OTMEYasIoCh BbIIe, I[P MHOKECTBEHHOM HacJie[0Ba-
Huu 6a30BBIX KJIACCOB MOKET OBITH HECKOJIBKO).
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Jliist Toro 4ToObI CO3/1aTh KJIacc He "¢ HyJis", a Ha OCHOBE YiKe CYIIECTBYIOIIETro
KJIacca, B OMMCAHWHM HOBOTO KJacca Mocjie MMEHH KJacca HY>KHO YKa3aThb UM
6azoBoro kmacca. Kpome umenun 6a3oBoro ¢JI0Ba YKa3bIBAETCS KIIIOYEBOE CJIOBO,
olpeiesIstoniee pexcum nHacredosanus. VIMst Ipou3BOIHOTO U 6a30BOTO KJIACCOB
paszenstiorest aoetourieM. OOIuii mabJIoH Co3aHust IPOU3BOAHOTOKIacca (Ha
OCHOBE OJTHOTO 6a30BOTO KJIacca) TaKoii:

class mMMsa: pexyuM HacJenoBaHMs uMs 0as0BOTO_Kijacca
// TPOTPaMMHEI KO MNPOM3BOIHOTO KJACCa

}i

KrroueBwIx €J10B, KOTOPBIE OMPEAENIIOT PEKUM HACAE0BaHN, BCETO TPU: pub-
lic (omxpwimoe nacredosanue), private(saxpoimoe naciedosanue) n pro-
tected (sawuwennoe nacredosanue). Takue ke KIIOUEBBIE CJIOBA MCIOJb-
3YIOTCSI TIPM OIMCAHUU YPOBHS JIOCTyIA K 4jieHaM Kjacca (B public-6ioke
OITUCBHIBAIOTCST OMKPbIMble WIEHBI KJacca, B private-6J0Ke OMUCHIBAIOTCS
3aKpoimvle YJIeHbI KJacca, a B protected-6J0Ke OMMCHIBAIOTCS 3aUiUUEHHbIE
YileHbl Kjaacca). PeknM HacsemoBaHus BIMsieT Ha TO, KaKue djieHbl 6a30BOro
KJIaCCa, B 3aBUCUMOCTH OT YPOBHSI UX JIOCTYTIa, OY/IyT HACI€0BaHbl B TIPOU3BO-
IHOM Kiacce. /[pyrumMu cioBaMu, HacJaeAyeMOCTh NI HEHACTIEeyeMOCTDb YeHa
6a30BOr0 Kjiacca B IIPOU3BOIHOM KJIACCE 3aBUCHUT OT TOTO, KAKOW Y 9TOTO 4YjieHa
YPOBEHb JOCTYIa B 6a30BOM KJjlacce M KaKOil 3a/1efiCTBOBAH PEKMM HacJe[0Ba-
uust. Ho ecoit GbITh GoJiee TOUHBIM, TO OT YKa3aHHBIX XapaKTEPUCTHK 3aBUCHUT
YPOBEHb JJOCTYIIA YHACIEAOBAHHOTO YJieHa B IPOM3BOJAHOM Kiacce. PazoOpaThest
B CUTYyaIllX IIOMOKeT Tabinna 3.1.

Ta6nuua 3.1. Pexxumbl HacnepoBaHns

Pexxuvm Hacnepo-
BaHUS
public private protected
YpoBeHb goctyna
He yKa3aH He HacnepyeTcs He HacneayeTcs He HacnepyeTcs
public public private protected
private He HacnepyeTcs He HacneayeTcs He HacnepyeTcs
protected protected private protected

[[JIH 3aTlOMIHAHNA 0COOEHHOCTH Pa3HbIX PEKMMOB HacCJ€e10BaHUA Pa3yMHO BOC-
T110JIb30BaTbCA CJIEAYIOUINMU ITPpaBUJJTaMU:
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*  3aKpbIThIE YIeHbl Ha30BOTrO KJacca (OMUCaHHBIE B KJacce co crenudu-
KaToOpoM JIOCTyna private wuin 6e3 crelmdukaTopa A0CTyIa) He Ha-
CJIEIYIOTCSl, HE3ABUCUMO OT PEKMMA HACJIE/IOBAHS,

s ecau crenuduUKaTop ypoBHsI IOCTYIA He yKa3aH, TO 3TO BCe PABHO, KaK
ecsii ObI OBLIIO YKA3aHO KJIIOUEBOE CJIOBO private;

* 1pu public-HaciemoBaHuu (OTKPBITOE HACJeIOBAHUE) HacaeAyeMble
ujieHbl Ga30BOTO KJIacca He MEHSIIOT CBOETro YPOBHSI J0CTyma: public-
4JIEeHBbl OCTAIOTCA public-yileHaMH, a protected-4ieHbl OCTAIOTCA
protected-uigenamy,;

* TIpu private-Hacjaef0BaHNU (3aKPBITOE HACJIEOBAHNE) BCE HACTEIye-
MbI€ WIeHbI 13 6Ga30BOT0 Kjlacca B MPOM3BOIHOM KJIACCE CTAHOBSITCS 3a-
KPBITBIMU YJIEHAMI;

* 1Ipu protected-HacaenoBanuM (3alIUINEeHHOE HACTe0BalNe) BCe Ha-
cieyeMbie U3 6a30BOTO KJacca 4JEHbI B IPOU3BOIHOM KJIacce CTaHO-
BATCS 3alTUIIEHHBIME YeHaMU (TO eCTh protected-usreHaMn).

r— )
= Ha 3ameTky

34echb 1 panee BaXHO NMOHNUMATb, YTO Mbl UMEEM B BMAY NOA BbIPAXEHNEM "4ieH Knac-

I ca He HacnepyeTca”. Peyb nget o ToM, YTO TakoM YfeH kinacca B MPOU3BOAHOM Kiacce
He[oCTyneH. To eCTb Ha HEro Hesnb3sa COoCNaTbCH faXxe BHYTPU NPOU3BOOHOIO Kacca.
[Mpn 9TOM Takme YneHbl HUKyAa He NponagatoT. TEXHNYECKU OHM MPUCYTCTBYIOT B NPOU3-
BOAHOM knacce. [MpocTo K HUM HET NPSAMOro A0CTyna (a BOT HENPSAMOWN A0CTyMN 06bI4YHO
nmMmeeTcs). Kak Bce 9T0 BbIMAANT Ha NpakTUKe, Mbl YBUAMM HEMHOIO No3xe, koraa 6y-
nem pasbupatb NpumMepsl.

UYro KacaeTcs KIIOYEBOTO CJI0Ba protected, KOTOPOE MOKET MCIIOTb30BATHCS
He TOJbKO KaK UAeHTU(PUKATOP peKuMa HacIeJOBaHU, HO 1 KaK crieninKaTop
YPOBHS JIOCTYTIA uJieHa KJIACCA:COOTBETCTBYIONINE WJIEHBI KJIACCa HA3BIBAIOTCS
3amuineHEbiMI. OHU Tak Ke, KaK 1 3aKPHIThIe YJIEHBI Kaacca (OMUCAHBI ¢ UeH-
TU(DUKATOPOM private win 6e3 uaeHTndUKaTopa) I0CTYIMHbI TOJBKO B ITpejie-
sax knacca. Ho, B oTimune oT 3aKpBITHIX YJIEHOB KJIacca, 3alIUIeHHbIe YJIeHbI
KJIacca HacJeyIoTcs.

[Tpu co3manuy MPOM3BOIHOTO Kjlacca MyTeM HacjeoBaHust 6a30BOTO KJjacca B
TeJjie TTPOU3BOTHOTO KJIACCA OMUCHIBAIOTCS €TO 'JAOTOJTHUTENbHbIE" YJEHBI - TO
€CTh Te WIEHbI, KOTOPBIE €CTh Y TIPOU3BOIHOTO KJIacca, M KOTOPBIX HET Y 6a30BOTO
ksacca. Bee uimenbr 6a3oBoro kiacca (KpoMe 3aKphIThIX ) aBTOMAaTHYECKH BKJIIO-
YaloTCsI B MPOU3BOIHBIN KJIACC ¥ K HIM MOKHO 0OpaIaThCst Tak, Kak eCyiu ObLIu
OHU OBLN SIBHO OTIMCAHBI B TIPOU3BOIHOM KJracce. B kauecTBe MILTIOCTpAIiy pac-
CMOTPHUM HeOOJIBINON TIPUMepP, B KOTOPOM TIPUMEHSIETCs HacsenoBanue. Vest
TaKas: CHayaja Mbl OMUCHIBAEM KJIACC /I PeaTM3aI[ui TOYKU Ha TIIIOCKOCTH.
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Touka -9T0 TaKOil reoMeTprUYecKmii 00beKT. TeM, KTO TOMHHUT TeOMETPHUIO, 371€Ch
JIOJIZKHO OBITH BCe MOHATHO. KTO reoMeTpuio He MOMHUT, MePesKUBaTh M0 9TOMY
MTOBOAIY HE JOJIKEH, TOTOMY YTO HAa MIOHUMAHUU TTPOUCXO/IAIIETO 9TO HUKAK He
craketcs. B so6oM cirydae 71t Hac BasKHO, 4TO TOYKA, KOTOPYIO MbI COOMpaeM-
¢S ONUCHIBATh, UMEET B KI0UeBbie XapaKTEPUCTUKU - KOOPAUHATHI. [[pyruMu
CJI0BaMM, KasKIyI0 TOUKY Ha TJIOCKOCTA MOKHO 33/1aTh MApO JIeHCTBUTEIHHBIX
Yrcesl, KOTOPbIe HAa3bIBAIOTCSI KOOPAWHATAMU TOYKU. JIOTUUHO TPEITOTOXKUTD,
YTO /IS OTOM 1IeJIM B KJIacce OYeT JBa YUCJIOBBIX MoJist. Takske y kiacca Oyzaer
HECKOJIbKO MeTo10B. OtnH MeTo Gy/IeT BBIBOJUTH B KOHCOJIbHOE OKHO MH(DOP-
MaIuio 0 Touke (3HaueHus ee KoopauHat). CrieraabHblii MeTo Oy/IeT BhIYKC-
JISITh PACCTOSIHIE OT Havajia KOOPAUHAT 0 ToukH. Elte ogut MeTos OyIeT BHIBO-
JIUTD TTOJTHYIO MHMOPMAIIIIO O TOYKE: KOOPAWHATHI TOYKU U PACCTOSHUE OT TOYKU
IO HayaJa KOOpAWHAT. Tak cKa3aTh, IBa B OHOM.

=l Ha 3ameTky
YMecTHO 6yaeT HanOMHUTb, YTO eCNK B AEKAPTOBOW CUCTEME KOOPAMHAT (2 Mbl UMEEM
I [,en0 UMEHHO C Tako CUCTEMOI KOOPAMHAT) Touka MMeeT KoopAMHaTEl X Uy, TO pac-
CTOSIHWE OT 9TOIN TOYKM [0 TOYKM Havana koopamHart (Touka ¢ 06enmmn HyneBbIMU KOOpP-

[VHATaMM) [aeTCA BuIpaxeHneM 4/ x2 + y2 .

Kiace muist peanmsanyy TOYKM Ha MJIOCKOCTH OyzieT HasdbiBaThesi Point2D. Ho
TOYKA COBCEM HEOOsI3aTEIbHO J0JIKHA HAXOIUThCSI Ha TJIOCKOCTH. TouHee, MbI
He 00s13aHbl OTPAHUYNBATH MMPOCTPAHCTBO HAIIMX BO3MOKHOCTEN MIOCKOCTBIO.
Hukro He 3ampeniaeT HaMm "pa3MelniaTh” TOUKK B TIPOCTPAHCTBE (TPEXMEPHOM).
Ot caydas mrockocT! (ByMepHOe TIPOCTPAHCTBO) MPUHIMTINAIBHOE OTJINYNE
B TOM, UTO Tellepb Y TOUKU He /iBe, a TPU KOOPAUHATHI. [/ peanusanuu TOYKU
B TPEXMEPHOM ITPOCTPAHCTBE MBI OTHIIEM Kjacc Point3D. [Ipwuem co3nasars
KJacc Point3D Oy/neM Ha OCHOBe KJacca Point2D myTeM HACJeJOBAHUS U Y-
TEM, 4TO 110 CPAaBHEHUIO C KJaccoM Point2D, B Kj1acce Point 3D MOSABUTCA €llle
omHO Tosie (TpeThsI KOOPAMHATA TOYKHW). Terepb pacCMOTPUM IMPOTPAMMHBIN
KO[I, TpeICTaBJIeHHBIH B iucTrHTE 3.1.

Jiuctunr 3.1. Co3paHue knacca nyreMm HacnepoBaHus

#include <iostream>
#include <cmath>
using namespace std;
// BaszoBHIM KJjlACC (peanms3alms TOUKM Ha IJIOCKOCTM) :
class Point2D{
// OTKPHITHIE UJIEHH KJIACCA:
public:
// UuUCIJIOBEHE IIOJIA:
double x,vy;
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// MeTomn nJja NPMCBAMBAHMA SHAUYEHUM [IOJISAM:
void set (double x1,double yl) {
// BHauyeHus noJsier (HeKapTOBB KOOPOMHATHE TOUKMU) :
x=x1;
y=vy1l;
}
// Meron nja oTOOpaxeHMUs BHAUEHMA I[OJIeN:
void show () {
// 3BHaueHuda noJjiey (KOOPAOMHATH TOUKMU) :
cout<<"Touka 2D ("<<x<<";"<<y<<").\n";
}
// MeTon mJiS BBIUMCJIEHUS PACCTOSHMSA IO TOUKM:
double dist () {
// PaccTosHMe OT Hadajla KOOPAMHAT IO TOUKN:
return sqgrt (x*x+y*y);
}
// MeTon nja OTOOpaXeHUs KOOPAMHAT TOUKM U
// paccToAHMA OO Hee OT Hauajla KOOPIOMHAT:
void getInfo () {
// KOOpIOMHATH TOUKMN:
show () ;
// PaccTosgHMe OO TOUKM:
cout<<"PaccTogHueno Touku "<<dist ()<<endl;
}
}; // OxoHuaHMe omnmMcaHMA 6az0BOTO Kjacca
// TIPOU3BOOHEI KJIACC (peanmMs3alMsa TOUKM B NIPOCTPAHCTBE) .
// CosmaeTcsa myTeM OTKPHTOTO HACJeIOoBaHMA Ga30BOTO KJjacca:
class Point3D: public Point2D{
// OTKPHITHEUJIEHEKIIACCA ¢
public:
// TpeTba KOOpIOMHATA TOUKM:
double z;
}; // OxoHuaHMe ONMUCAHMA NPOM3BOIHOTO KJacca
// TmaBHasa GYHKUMA OPOTPAMME :
int main() {
// CospmaeM oBBekT (TOoUKa Ha ILJIOCKOCTH) :
Point2D A;
// KOOpIMHATH TOUKM:
A.set (3,4);
// BHIBOOVM MHOOPMALMK OJIS TOUKMN:
A.getInfo();
// CozpmaeM OOBEKT (TOUKa B IIPOCTPAHCTEBE) :
Point3D B;
// IIBe KOOPIOMHATH TOUKM:
B.set (3,4);
// TpeTbsa KOOPOMHATA TOUKM:
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B.z=6;

// BBIBEIBAEM HaCJELyeMbI MEeTOI :

B.getInfo();

// TlpoBepsaeM mapaMeTph OOBeKTa (KOOPIAMHATH TOUKMU) :
cout<<"Touka 3D ("<<B.x<<";"<<B.y<<";"<<B.z<<").\n";
// PaccTosHME IO TOUKMU:
cout<<"PaccTosHue mo TOouku ";
cout<<sqgrt (B.x*B.x+B.y*B.y+B.z*B.z)<<endl;

// 3BaBeplieHre MPOTPaMME:

return 0;

[Tpoanasu3upyem TpeCcTaBIeHHbII TIPOrpaMMHbIi Koi. B 6azoBom Kiacce
00bSIBJIEHBI OTKPBITDIE YHUCJIOBbIE (TUII )110J1s % M v, KOTOpbIE
MBI OTOXK/IECTBJISIEM C KOOPAMHATAMU TOUKU. JlJisl IpucBanBaHMs 3HAaYEeHUS 110-
JISIM B KJTacCe OTIMCAH OTKPBITBII METOJT . MeToz He BO3BpaIIaeT pe3yabTar
u y Hero jBa mapamerpa. OH ONPeIessIoT 3HaUYeHus noJtei oobekra. Takske Mbl
OTIMCHIBAEM METO/I C KPACHOPEUMBBIM Ha3BaHUEM . ¥ MeTona HeT napa-
MeTPOB, OH He BO3BpalllaeT pe3yJsrar. B rese Merona komanon
B KOHCOJIbHOE OKHO BBIBOIUTCSI COOOTIEH e
CO 3HaUEHMSIMU KOOPAMHAT TOUKU (B OKPY’KEHUU BCIIOMOIaTeJIbHOIO TEKCTa).

MeTOZI HE MMEET apPTyMEHTOB W B Ka4€CTBE PE3yJibTaTa BO3BPAllA€T
YHCJIOBOE 3HAUYCHMHE THIIa . ITO BBIYUCJIEHHOE 110 3HAYEHUSIM I10JIei

n paccTodgHre OT TOYKU A0 Hadajla KOOPAWHAT: AJIA BbIYMCJIEHUA PE3YJIbTaTa
HCIIOJIb30BaHa KOMaH/da

Moppo6HoCcTU

[na BbluUCNEHNS KBAAPATHONO KOPHS Mbl MCMOMBL30BaAM MaTeMaTnyeckyto GyHKUMIO

13 MaTemMaTuyeckoi 6ubnmotekn (koTopas, KcTatn, COAepPXUT MHOIO
OPYryx nonie3Hbix MaTemaTnieckmx GyHkumnin). Ans nogknioyeHns 6ubnmnoTtekm B Lwanke
nporpammel 4o6aBIeHa MHCTPYKLUS

Merton COMEPKUT BCETO JIBE KOMAH/Ibl: CHAYaJIa BHI3BIBAETCST METOJ]
, a 3aTeM KOMaHJI0i
, cozmep:Kaniel MHCTPYKIIWIO BbI30BA METO/A , oTobpaskaercs

I/IH(I)OpMa]_[I/ISI O PaCCTOAHNM OT Ha4aJia KOOPDAWHAT 10 TOYKH.

Takum 06pazomM, K1acc COCTOUT B 001l CI0KHOCTH U3 ABYX MOJIEH 1
YETBIPEX METO/IOB, TPUYEM OIUH METO T (METOT )BBI3BIBAET /1B JIPY-
rux Metoja (MeTo1 U METO[L ).

Hamnoro mpoiiie mporpaMMHBIi KO KJ1acca , KOTOPBIH SIBJISIETCS TIPO-
HM3BOJHBIM OT KJlacca . JlaHHOE 00CTOATEIHCTBO HAIILIO CBOE MPOSIB-
JIEHIE B TOM, YTO B OIIMCAaHUU KJIacca rocJie MMEHH KJIacca yKa3aHo
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JIBOETOUNE, KJII0UEBOE CJI0OBO (peXuM HACTeTOBAHWS OTKPBITHIN ) T UM
06a30BOroO KJacca . YuuThIBasg OTKPBITOCTE IMoJiell 6a30BOTO KJjacca,a
TaKKe OTKPBITBIN PEXUM HaCJIeJOBaHMUs, HECTOKHO /IOTalaThCsl, YTO 9TON He-
GOJIBIITON MHCTPYKIIMK JOCTATOYHO, YTOOBI MTPOU3BOAHBIN KJIaCC MOJYYHI OT Oa-
30BOTO "B HACTEACTBO" BA MO (x W v) U YeThIpe MeToa ( , ,

n ) ﬂpyrI/IMI/I CJIOBaMM, XOTA HHUYETO M3 IEPEYNCIECHHOTO
BbIIII€ ABHO B KJlacCe He OoIIncano, OHO BCe TaM €CTb. Ho ne Toabko
9TO, a 4YTO-TO €IIe. B kiacce ABHO OITMCaHO OTKPBLITOE I10J1€ THIIa

. B 910 moste Gyner 3anmmchiBaThCS TPEThs KOOPAMHATA TOYKU B TPEX-
MepHOM TIpocTpaHcTBe. CiefoBarenbHo, ¢ (GOPMATbHOM TOYKHM 3PEHUS KJacc

OT/JINYaeTCA OT KjaccCa Ha/mnyueM AJOITOJTHUTE/JIbHOTIO I10JIA

B dynximm KOMaH/101 co3aeM O0bEKT KJlacca
. Komanzoit HOJIsIM 00BbEKTA 7 TIPHCBAMBAIOTCS 3HAYE-

HUSI, 2 KOMaH/0N nHGOPMAIUS U TOYKH BBIBOANUTCS B KOH-

COJIbHOE OKHO. PeSyJIbTaTOM BBITIOJTHEHUA BCEX 3THUX I/IHCprKHI/Iﬁ ABJIAIOTCA
II€pBbI€ ABE CTPOKU BbIBOJa B KOHCOJIbHOM OKHE!:

Pe3ynbTar BbinONHEHUS Nporpammbl (M3 nuctuira 3.1)

Touka 2D (3;4).

PaccrTrogHMe 1o TOUkKM 5

Touka 2D (3;4).

PaccrTogHMe 1o TOUkKM 5

Touxka 3D (3;4;0).
PaccrosgHme mo Toukm 7.81025

Tenepb cozmaeM 0OBEKT IIPOU3BOAHOIO Kaacca. IIoMokeT HaM KoMaH/1a
Point3D B. O6beKT Bsapisgercs 00beKTOM Kaacca Point 3D, KOTOPBIiL, B CBOIO
oYepe/lb, ABJISETC MPOU3BOAHBIM KJIACCOM OT Kjlacca Point2D.

nnyne CBA3N Mexay 00bekTamu B 1 2 3TO HMKAK He cka3biBaeTcs. [paBunbHee 6yneT
ckasaTtb, YTO MexAay 06bekTaMm A U B HET HUKAKOW CBA3U. DTO COBEPLUEHHO pa3Hble
00BEKTbI U 'Y KaXA0ro n3 HUX cBosi cobcTBeHHas "cyapba”.

— Ha 3ameTky
]
XoTa mexnay knaccamu 7] nMeeTca "HacneacTBeHHasn" CBSA3b, HA Ha-

[TockoJIbKY y 00bEKTa B UMEETCst METOT , HUKTO He 3aIlpeliaeT HaM BbI-
3BaTbh 9TOT MeTo. Ilocje BBITIOTHEHUST KOMAH/IbI I10JIST u
obObeKTa B TI0JIydaT COOTBETCTBEHHO 3HaueHus > 1 4. Hoy oObekTa B elile ecTb
mojie z, M eMy HYKHO TIPUCBOUTH 3HaueHwue. /lemaeM 3TO SBHO, BOCIOTH30BAB-
MIKCh KOMaHIOMN
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Eciiu MbI ipuberuem K IoMOIIY KOMAHIbL , TO TIOJTyYUM HE OYeHb
aZleKBAaTHBIN pe3yJabraT (TPEThsI M YeTBEPTAasd CTPOKU BBIBOJA B KOHCOJHLHOM
OKHE), XOTSI U BIIOJIHE OKUaeMblil. BHelllHe Takoe BriedaT/ieHue, YT0 OOBEKT

OTTMCBHIBAET TOYKY B JABYMEPHOM IPOCTPAHCTBE: PE3YJIBTAThI BBITTOJTHEHUS

KOMaH[ u ueHTUYHBI. [[es0 B TOM, 4TO TIpU BHI-
30Be METOA 13 00bEKTA 13, B COOTBETCTBUY C TPOTPAMMHBIM KOJIOM
3TOTO METOJIa, BHI3BIBACTCST METOI , a 3ateM (B GoJiee CJIOKHOM BbIpa-
KEHUN) W METOJ . Ho oba sTi MeTozia omvicanbl B Kacce n
0 TpeThell KoopAuHaTe z HUYero "He 3HAOT". [loaTOMY COBepIIEHHO OXKUTAEMO
noJie z 00ObeKTa B TIPU BHI30OBE METO/IA urHopupyertcs. Tem He Me-

Hee, 110Jie y 00BEKTa eCTh ¥ OHO BroJHe (DyHKINOHAIbHOE. YT0ObI yOeAUThCS B
9TOM, BOCIIOJIb3YEMCST KOMAH/[AMU
(TipoBepsieM mapaMeTpbl 00bEKTA - KOOPIUHATHI TOYK
I/I)r n
(BBIUUCIIEMPACCTOSTHUEIOTOUKN ). Pe3ybrat mpezicTas-
JIeH Bbllie (JIBe MOCJIe/[HIe CTPOKU BBIBO/IA).

r—) H
= a 3ameTKy

PaccTosiHMe OT TOYKM C KOOPAMHATAMM X , Y U Z A0 TOYKM HA4ana KOOPOMHAT B TPEX-

I MEpPHOM NPOCTPAHCTBE BbIYMCISIETCS KaK KOPEHb KBAAPATHBIN U3 CyMMbl KBAAPATOB KO-
OpAMHAT TOYKM, TO eCTb No popmyne 4/ x2 + y2 + z2 . 310l HGOPMYIO Mbl BOCNONb-
30BanMCh B MPOrPAMMHOM KOZE MPU BbIMUCAEHUN PACCTOSIHWS A0 TOYKU B TPEXMEPHOM
MPOCTPaHCTBE.

Takum 06pa3oM, B 9TOM IIPUMEPE Mbl IIO3HAKOMUIUCH ¢ METOJAMY Pealn3alim
HacieoBaHus kiaccoB. C Apyroii CTOPOHbI, cTajla 04eBUIIHOI 1 TIpobiiema, CBs-
3aHHasi ¢ "HECOOTBETCTBHEM ' YHACJIEJIOBAaHHBIX METOIOB HOBBIM "TpeOoBaHMsIM"
B IIPOM3BOIHOM KJlacce. Paspemnaiorest Takoro poja Heyo0cTBa mo-pasHoMy, HO
yalre BCEro - ¢ IIOMOIIBIO nepeonpedeietiis Memooos.

3.2. MNepeonpepeneHne MeToaoB n
BUPTYaNIbHOCTb

Ymo eii nado, st mebe nOMoM CKaxicy.
u3 k/¢ "bBpunnuanmosasn pyxa”

ITepeonpenesnenue MeTona - 3TO SIBHOE OIMCAHUE YHACJIELOBAHHOIO METOJA B
pou3BOAHOM Kiacce. To ecTh 4TOObI TIEPEOIPEIeTUTh METO/, MBI B IIPOU3BO-
JTHOM KJIacce "TeperuchbiBaeM’ IIPOrpaMMHBIN KO/ TOTO METO/a, KOTOPBIA yHac-
nefoBan u3 6a30Boro Kiacca. B paccMaTprBaeMoM IpuMepe B KJacce

13 KJacca HacJexytoTcsd 4eThipe MeToza. /[Ba M3 HUX MBI TIepenuIineM
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B KJIacce , TEM caMbIM Tiepeornpeaenus ux. Eue oqun Meros 6yaer me-
perpy:keH B TPOM3BOHOM KJacce.

Has pasHuua, 3TO He 0AHO U TO Xe. lNpu neperpyske MeToaa CO34AEeTCsH HEeCKOJSIbKO
BEPCUIi 0OOHOro MeToda: 3TN BEPCUN UMEIOT OOMHAKOBLIE HAa3BaHWA, HO pasHble Npo-
TOTUMbI. TO €CTb OHW A0/KHbI YeM-TO OT/INYATLCA: CMIMCKOM apryMeHTOB U/Wan TUMOM
pesynesTata. Mpu nepeonpeneneHnn MetToaa, Bo-nepsbix, AOXKHO OblTh HAC/EO0BaHME,
1, BO-BTOPbIX, Y ONMCbIBAEMOrO B NPON3BOAHOM KJ/1aCCe METOAa COBMNaaark C METOA0M
13 6a30BOro KJiacca A0/IKHO He TOJbKO Ha3BaHMe, HO 1 BECb MPOTOTUN (Has3BaHue, T1n
pesynsTarta, KOIMY4eCTBO U TUM aprymMeHToB). Takm 06pas3om, o nepeornpenesieHnm me-
TO0B MOXEM rOBOPUTL TOJILKO B KOHTEKCTE HacnenoBaHusa. Het HacneooBaHus - HET
nepeonpeaeneHns.

— Ha 3ameTk
- y
Mexay nepeonpeneneHneM MeToaa u rneperpyskor Metoaa UMeeTcs NpuHUUnuanb-

Ecnu MBI IeperpyskaeM MeTO, TO, KAaK OTMeUajioch paHee, Ha CAMOM JIeJIe CO3-
NAeTCsT HECKOIBKO PA3HBIX METOOB. Kask/as Bepcus meperpykeHHOTO MeTO/Ia -
3TO OTAENBbHBIN MeTo. IIpocTo Ha3bIBaloTCs OHM ofuHaKoBo. [Ipu mepeotnpene-
JIEHUW METO/[a MCXO[HAst BEPCUsT MeTo/Ia U3 Oa30BOTr0 KJacca, yHace[0BaHHast
B IIPOU3BOIHOM KJiacce, TOXKe HUKYyJa He neBaetcd. [Ipocto ona "3ameraerca”
npyroii Bepcueii. Ecaiu cka3aTh nHaUe, TO KOTIAa MBI TIePeoIpeieisieM B TTPOU3BO-
JTHOM KJIacce MeTOJI, HoBasl IBHO OITMCAaHHAasl BepcHs MeToja Oy/IeT BhI3bIBAThCS
KasK/[bIil Pa3 B IPOM3BOHOM KJiacce 1pu obpaiernu kK Metoxy. Crapast Bepcust
TIPU 9TOM TOKe CyIIecTBYeT. boJiee Toro, ee MOKHO BbI3BaTh. Kak aTo crears,
MBI CKOPO Y3HAEeM.

Hosblli mporpaMMHBIN KO/, B KOTOPOM TTPOU3BOAHBIN KJjacc co-
NIEP’KUT TIEPETPY3KY MeTOona U TIepeornpesiesieHe MeTO0B u
, IPEJICTABJIEH B JIUCTUHTE 3.2.

Jiuctunr 3.2. MepeonpeneneHne MeTofoB

#include <iostream>
#include <cmath>
using namespace std;
// BaszoBHIM KJACC (peanms3almMs TOUKM Ha [JIOCKOCTM) :
class Point2D{
// OTKPHITHE UJIEHEl KJIACCA:
public:
// UMCIIOBBIE IMOJIA:
double x,vy;
// MeTon nJjs NPMCBAMBAHMS SHAYEHUM IIOJISIM:
void set (double x1,double yl) {
// 3HaueHua noJjiel (HeKAapTOBB KOOPOMHATH TOUKM) :



// MeTon mjisa OTOOPAXEHMS 3HAUESHMSA [IOJIEN:
void show () {
// 3BHaueHMa noJsie (KOOPAMHATH TOUKMU) :
cout<<"2D-Touka ("<<x<L";"<<y<<") . \n";
}
// MeTomn nJid BBUMCJIEHMS PACCTOSHMS OO TOUKM:
double dist () {
// PaccTogHue OT Hadajia KOOPIOMHAT IO TOUKMU:
return sqrt (x*x+y*y);
}
// MeTon mjis OTOOPAXEHMS KOOPOMHAT TOUKU U
// paccTogHMA OO Hee OT Hauajla KOOPOMHAT:
void getInfo () {
// KoOpIMHATH TOUKMN:
show () ;
// PaccTosgHME IO TOUKMU:
cout<<"2D-paccrosHue "<<dist ()<<endl;
// Tycrasa cTpoka:
cout<<endl;
}
}; // OkoHuaHMe OomMcaHua 0as30BOTO KJjacca
// TIpOU3BOIHEI KJAaCC (peanm3alusa TOUKM B NPOCTPAHCTBE) .
// CozmaeTcsa MyTeM OTKPHTOTO HACJEeNOBaHMUS 6asz30BOTO KJjlacca:
class Point3D: public Point2D({
// OTKPHITBIE UJIEHH KJIACCA:
public:
// TpeTbs KOOPOMHATA TOUKM:
double z;
// TleperpyskKa MeTOIa IJiS NPUCBAMBAHMUSA SHAUEHUM [OJIAM:
void set (double x1,double yl,double z1l) {
// BHI3BIBAEM BEPCUI0 MeTOoIa M3 0a30BOTO KJACCAa:
Point2D::set (x1,yl);
// 3BHaueHMVe TpPeTbeTro MOJIg:
z=z1;
}
// TepeonpenesnsgeM MeTOH IJid OTOOpPaXeHMI KOOPOMHAT :
void show () {
// 3BHaueHMa noJjie (KOOPAMHATH TOUKMU) :
cout<<"3D-Touka ("<<R<L";"KLKy<<";"<<z<<") . \n";
}
// TlepeomnpenesigeM METOI IJIS BBUMCIICHMUSI
// pPacCTOSHUSA OO TOUKM:
double dist () {
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return sqgrt (x*x+y*y+z*z);

/* Hauajio KOMMeHTapus
void getInfo () {
show () ;
cout<<"PaccTosgHue mo Toukmu "<<dist ()<<endl;
cout<<endl;
}
OxOHUaHMEe KOMMeHTapus */
}; // OkOHUaHME OMNMCAaHMA MNPOM3BOIOHOTO KJjacca
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// CoszmaeM OOBEKT (Touka Ha MJIOCKOCTM) :
Point2D A;
// KoopIuHATH TOUKMN:
A.set (3,4);
// BHBOIMM MHOOPMALMIO IOJIS TOUKM:
A.getInfo();
// Cozmaem o0OBEKT (TOUKa B NPOCTPAHCTBE) :
Point3D B;
// OmnpemnesigeM KOOPOMHATH TOUKM :
B.set (3,4,5);
// KoopIuHATH TOUKMN:
B.show () ;
// PacCTOAHUEIOTOUKM :
cout<<"3D-paccroshuue "<<B.dist ()<<endl;
// Tycrasa cTpoka:
cout<<endl;
// BuI3BIBAeM HaCJIeLyeMBlI METOI :
B.getInfo();
// BaBepluieHUe NPOTPAaMMH :
return 0;

B knacce , 110 CPaBHEHUIO C IpeAbIAYIell Bepcreid, IPOU30IIIA MU-
HUMaJIbHbIE M3MEHEHUS, B OCHOBHOM "/IEKOPAaTUBHOTO" XapakTepa: B METOjIEe

M3MEHWJICS BBIBOJUMBIN B KOHCOJb BCIIOMOTATETHHBIN TEKCT, a B Me-
Tozie , KDOMe aHAJIOTUYHOTO U3MEHEHUSI BBIBOJJUMOTO TEKCTA, eIe
oroGpazkaeTcst mycrast CTpoka (IocJie Toro, Kak B KOHCOJIb BbIBeleHa "ToJie3Has”
nuHbopmaiust). Bee 310 cresrano, 4ToObI Jierde OblJIO pa3indyarh pe3yJIbTaThl Bbi-
MOJTHEHUST METOJIOB 00BEKTOB Pa3HBIX KJIACCOB.

Kiacc cyliecTBeHHOpacCITupuJcs. Terepsb, KpOMeToJid 7, B Kacce
SABHO OIIUCAH METOJ . Ho 31ech peub o mepeotnpeneieHnn MeToaa
He nuzger. /leso B TOM, 4TO B KJacce METO/L OTIMCAH C ABYMS
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apryMeHTaMH, a B KJacce MeTO[T OTIMCBIBAETCS C TPEMSI apry-
MeHTamu. [loaToMy B TaHHOM cirydae NMeeM JIeJI0 CKOPEE C nepezpy3koli MeTOIA.
[Tpuuem meperpyska (Ha30BeM 3TOT Tak ) IOCTATOUHO "crienndudeckas’: Mbl KaK
ObI TIEperpysKaeM MeTO/I, YHACIeJOBAaHHBIN 13 6a30BOT0 KJracca.

— Ha sameTtky
|
CuTyaums He Takas IpoCTast, Kak MOXeT MoKa3aTbCsa Ha Nepsebli B3rag,. Ecnn nopontn

K BOonpocy ¢popmMarsnbHO, TO Knacc nosyyaeT Age Bepcum MeToaa 1 ogHa
Bepcusa (C ABYMSA aprymMeHTamu) HacnegyeTcs U3 knacca , a gpyras sepcus
(c Tpems aprymeHTamm) iIBHO ONMUCLIBAETCS B Kjlacce . Ho ecnu nonbitatbesa
BbI3BaTb U3 0ObekTa knacca Bepcuio meToaa C OBYMS apryMeHTamu

(yHacnepoBaHHas Bepcust), NOSBUTCS coobLeHre 06 owmbke. Tako HENMPUATHBIV Clop-
npu3 CBA3aH C NPaBUIOM COKPLITUS UMEH, KOTOpPOe AencTryeT B C++. Ecnum kpatko, TO
npu 06BSABNEHNN YJIEHA (3TO MOXET ObITh NMOJIE UV METOA,) B MPOM3BOAHOM KJlacce CO-
OTBETCTBYIOLLIEE MMS YNleHa "NMepekpbIBaeT” Takune Xe uMeHa B 6a30B0OM knacce. Takum
06pa3om, ecnu Mbl ONMCANN XOTb Kakylo-TO BEPCUIO METOAA , TO BCe Aipyrue Bep-
cun 3TOro MeToaa, A0 3Toro cBoGOAHO Hacneayemble 13 6a30BOro Knacca B NpPovs-
BOZHOM, 6ynyT "cnpsaTaHbl”. [ocnenHee 03HAYa€eT, YTO NpPY BbI3OBE MeToAa n3
06bekTa NPOM3BOAHOrO Kflacca Novck Noaxoasilelt Bepcun metona Oyaet ocylwecT-
BNSATLCS TONIbKO B Npeaenax NpoM3BoAHOro knacca.

Cutyaums HenpusaTHasi, HO He KpuTndHas. OBpaTuTbes K "6a30Boi” Bepcun metoaa
MOXHO, BOCMO/Ib30BABLUNCH ONEePaTopoOM PaCLLUMPEHUS KOHTEKCTA : : ([Ba ABOETOUMS).
MNepepn onepatopom ykasbiBaeTcs Ma 6a30BOro knacca, a nocne orneparopa - Bbi3biBa-
eMblli MeTog,. Takke MOXHO B Tesle NPOU3BOAHOMO Kflacca A00aBUTb UHCTPYKLMIO

, MOCJ1e KOTOPOW yka3aTb MMs MeToZa B popmarte

B Tene MeTona set (), onmMcaHHOTO B KJacce Point3D ¢ TpeMsi apryMeHTaMu
(x1,yl mzl),KoMaHIO# Point2D: :set (x1, y1) BBI3BIBAEM BEPCHIO Me-
TO/Ia ¢ IBYMS apryMeHTaMHU, ONIMCaHHYIO B Kjacce Point2D. B aToil komaHze
MBI IBHO yKa3aJIy, 4YTO BbI3bIBAETCA BepPCUA MeTO/la U3 Kjlacca Point2D: nepex
UHCTPYKIIMEH BbI30oBa MeTo/laset (x1, y1), yepes omepaTop pacliupeHus: KOH-
TeKCTa : :, yKa3aHo UM Kj1acca Point2D, B KOTOPOM OMMCaH MeTOA (ToUHee,
BBI3BIBAEMAst BEPCHSI METOJIA).3aTeM KOMAaH/ION z=z 1 MPUCBAUBAETCs 3HAUEHUE
TPEThEMY I10JIOIO.

=' Ha 3ameTky

j Ecnu mbl 3axoTnumM co3paTb 00bEKT knacca (nyckai 310 6ynet obbekT B), a
I 3aTemM Ham NoHaZoOMTCS Bbi3BaTb U3 3TOFO 0ObEKTa MEeTon, , HO TONIbKO Ty €ro
BEPCUIO, Y KOTOPOI ABa apryMeHTa 1 KoTopas onvcaHa B Kjlacce , TO KOMaHza

Bbl30Ba 6yAeT MeTb BUL,
Y7106bI KaXabIi pa3 npu Bbi3oBe "6a3oBoin” Bepcun mMeToda HE NPUXoanIoChb
yKasbiBaTb MMsi 6A30BOro Knacca, B Tene npomM3BOOHOroO kjacca MOXHO [10-
6aBUTb MHCTPYKLMIO (nomellaeTcs B -6noke, 3akaH4un-

BAETCS TOYKOM C 3anaTol).
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Metozn B KJacce nepeonpeaenseM TakuM 00pa3oM, 4To
Terephb MPHU BBI30BE METOa O0TOOPaKAIOTCS BCE TP KOOPAMHATHI TOYKM (3Ha-
YeHUs Tpex mojeid obbekra). JlocTHUraercss 9To KOMaHION

OrobpaskaeMblit
BMeCTe C KOOpJUHATAMH TOUYKU BCIIOMOTATEIbHbIN TEKCT ITO3BOJISIET UAEHTH(DU-
IIMPOBATh BEPCUIO METOIA.

Meron nepeorpeiesisieM ISl BBIYUCJICHUSI PACCTOSIHUS OT TOYKU B
TPEXMEPHOM IIPOCTPAHCTBE 0 TOYKM Havaja KoopauHaT. Pesysbrar merona
BBIUNCJISIETCS] KOMaH/I0M . 311ech MBI BOCIOJIb-
30BAJINCH TEM, YTO PACCTOTHHUE 0 TOUYKHU - 3TO KOPEHDb KBAJPATHBIN U3 CYMMBI
KBa/[PATOB €€ JeKapTOBBIX KOOPMHAT.

Ha zameTky

B knacce €CTb 3aKOMMEHTUPOBAaHHbI 610K C NPOrpaMMHbIi KOAOM MeToaa

. Ecnu pnsi aToro 6noka KOMMEHTUPOBAHME OTMEHUTD (JOCTATOYHO YAANNUTb

CTPOKU C TEKCTOM " ), TO nony4nTCs, 4TO

B Knacce Mbl Mepeonpeaenunm MeTon, . Npaepa, nepeonpene-

NISieM Mbl €ro npakTU4eckun Tak Xe, kak 3TOT MeTop, onpenensncs B 6a3oBom knacce
. Ho noka 4To koMMeHTapuin yérupaTb He HY>KHO.

Moppo6HoCcTU

BbIBaIOT KOMMEHTAPUM OQHOCTPOYHBIE: BCE, HTO HAXOAUTCS Cnpasa OT ABOWNHOM KOCOMN
4yepTbl / /, ABNSiETCA KOMMeHTapreM. KoMmeHTapum 6b1BaloT MHOrOCTPO4YHbIMU. MHOrO-
CTPOYHbI i KOMMEHTapPWIA HAYMHAETCS CMMBOSIaMK / *, N 3aKaH4YMBaAETCS CUMBOIAMMU

B rnaBuO hyHKIIIHT TPOTpaMMBI KOMaHIOU cosaeM 0ObeKT 2 KJrac-

ca . 3HaYeHusT OJIsSIM 00bEKTa IIPUCBABAEM KOMAH/ION

Wubopmaruio 06 00beKTe BHIBOIMM B KOHCOJBHOE OKHO € MTOMOIIHI0 KOMAH/IbI
(TIepBbIe IBE CTPOKY BBIBO/IA B KOHCOTHHOM OKHE BBIBOJIA):

Pe3ynbTat BbinONHEHUS NporpamMmbl (M3 nMCTUHra 3.2)

2D-Touka (3;4).
2D-paccTosHMe 5

3D-Touka (3;4;5).
3D-paccrosuue 7.07107

2D-Touka (3;4).
2D-paccTosHMe 5
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IToka 4TO HUYEro HeOKUAAHHOIO He mpoucxoaut. Jlanee cosgaeM 06bEKT IIPOK3-

BOJIHOTO KJ1acca. Bocrmob3yemMcst koMaHnmoi .ITons o6bexTa B ompe-
JleJIsIeM C IIOMOIIBIO MEeTOo/ia , TIepe/iaB eMy TPU apryMeHTa, Kak 3To cliesa-
HO B KOMaHje . Ilocse aToro KomaHoM BBIBO/IVIM B

KOHCOJIbHOE OKHO I/IH(l)OpMa]_[I/IIO O KOOpAuHaTaX TOYKH, a PaCCTOAHUE 1O TOYKU
y3Ha€eM, €CJIN BOCIIOJIb3YEMCA KOMaHI[OfI

. PGSYJIbTaTOM BBIITOJIHEHUA 3TUX IBYX KOMaH/I ABJIAIOTCA TPE-
Ths U YETBEPTaAd (HGHYCTHG) CTPOKH B KOHCOJIbHOM OKHE BbIBO/IA.

371echb TOKe HEeT HUYero HeOKUAaHHOTo. MeToibl , u , BBI-
3bIBacMble U3 0OBEKTA KJIacca , PAbOTAIOT BIIOJIHE KOPPEKTHO U OKU/IA-
emo. Ho eciiu MbI BBI30BEM KOMaHLy , KOTOpast 10 Hjiee J0JKHA
6blsia ObI TIPOAYOIMPOBATH PE3YJIBTAT BHI30BA METOIOB " , BbI-
IIOJIHEHHBIE Ha MPEebIAYIIEM dTalle, OJTyIUM A0BOJbHO HEOKUIAHHBIN Pe3yJib-
TaT: Mbl BBI3BIBAIM METOJ 13 00beKTa B, a Pe3yJIbTaT TaKo, KakK
ecsin ObI METOJ| BBI3bIBAJICS M3 00bEeKTa Kaacca . Hecmorpst Ha 1o, 4to
METOZ HE OTIUCHIBAETCS IBHO B KJIacCe , OH B 9TOM KJIacce
HACJIEIyeTCS U COAEPKHT, B CBOIO OYepelb, KOMaH/Ibl BbI30BAa METO0B u
, KOTOPbIE MbI B KJIaCCe IEPEOTIPE/IEIIHLIIH.

KoppekTHoCTb paboThl 9THX MEepPeoIpe/ie/IeHHBIX METOJI0B HAMHU MPOBEPeHa Ha
npeabiayiieM stare. [10aToMy 00bsiCHEHIE K IPOUCXO/SAIIEMY MOXKET OBITDH Ta-
KUM: TIPU BBI30BE YHACJIETOBAHHOW BEPCHH METO/A B 9TOM METO-
Jie BBI3BIBAIOTCSI HE MEPEOIpe/ieIeHHbIe, a UCXO/IHbIe BEPCUN METOIOB

" , KOTOPBIE OIHUCAHBI B GA30BOM KJacce . llonTBepknenue
CKa3aHHOMY JIETKO HAWTH, ecii yOpaTh KOMMEHTApHil B TTOCTIe/HeM OJI0Ke TPo-
rpaMMHOTO Kofia (¢M. JICTHHT 3.2.), 106aBUB TeM CaMbIM B KJIACC me-
peoripezieJieHe MeTo/Ia

BaxxHo To, 4TO TIpM TIepeonpesesieHnH B KJIacce METO[
PaKTUYeCKU "I0CA0BHO" AyOJUpPyeT KO METo/Aa U3 Kaacca . Tem ne
MeHee, Pe3yJIbTaT pa3uTesbHbIN. Huske mokazaH pe3yJibTaT BbITIOJHEHUS Hpo—
TPaMMBI, B KOTOPOII B KJIacce TIepeoTIpeieIeH MEeTOI

PesynbTtart BhINONHEHUS nporpammbl (U3 nuctudra 3.2)

2D-Touka (3;4).
2D-paccrosHue 5

3D-Touka (3;4;5).
3D-paccrTosaumue 7.07107

3D-Touka (3;4;5).
PaccTosume mo Toukm 7.07107
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[TepeonpeneneHHbIil METO BBI3BIBAET TIEpeOIpe/ieJieHHbIE BEPCUHU
METO/I0B u . I xorst mpo6Jiema perirena, oOHiA MOAXOIIS ee
peIIeHus He MOJKET ObITh IPUEMJIEMbIM: HaM MPHIILIOCH AyOIMpoBaTh (IOYTH) B
[IPOM3BO/IHOM KJIacce ITPOTPaMMHBIN KO/l HACJIeyeMOro MeTO/Ia, YTO He MOXKET
pazoBaTh.

BbIXOI[ Haﬁ[[eM, €CJIn cAeJlaeM IIepeolpeiessieMble METOAbL 6UPMY AJIbHBIMU.
Texiuueckn Bce CBOIUTCSI K TOMY, YTO METOJIbI B GAa30BOM KJIacce, KOTOPbIe MbI
coOMpaeMcsi IEPEOTIPEEIISITh B TIPOM3BOHOM KJIACCE, OMHCHIBAIOTCS € KITI0Ye-
BBIM CJIOBOM . HoBas Bepcus mporpaMMHOTO KOJa C BUPTYaJbHBIMU
HepeoITpe/ie/IIEMbIMU METOITAMUTIPE/ICTaBIeHa B uctunre 3.3 (Hanbosee Baxk-
HbIE U3MEHEHW BbI/ICJICHBI KUPHBIM IIPUPTOM).

Jiuctunr 3.3. BuptyanbHbie metofbl

#include <iostream>
#include <cmath>
using namespace std;
// BasoBE KJjlAaCC (peanms3aurs TOYKM Ha IJIOCKOCTH) :
class Point2D{
// OTKPHITHIE UJIEHH KJIACCA :
public:
// UmncIiioBBIE IIOJIA:
double x,vy;
// BUPTYaJIbHEIM METOI IJid NPUCBaMBAHUSA 3HAUEHUM I10JIAM:
virtual void set (double x1,double yl) {
// BHauyeHUs noJsyier (HeKapTOBB KOOPOMHATHE TOUKM) :
x=x1;
y=yl;
}
// BUPTYyaJIbHEM MeTOI IJd OTOOpaxeHMs 3BHAUEHUS I[I0JIel:
virtual void show () {
// BHaueHus mnoJjier (KOOPOMHATEI TOUKM) :
cout<<"2D-Touka ("<<x<L";"<<y<<") . \n";
}
// BUPTYAJbHEIM METOI IJIS BHUMCIIEHUS
// paccTogHMS OO TOUKMU:
virtual double dist () {
// PaccTogHMe OT Haudajla KOOPAMHAT IO TOUKM:
return sqrt (x*x+y*y);
}
// MeTon mjisa OTOOPAXEHMS KOOPOMHAT TOUKU U
// paccTosHMA OO Hee OT Hauajla KOOPpOMHAaT:
void getInfo () {
// KoOpIOMHATH TOUKMN:
show () ;
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// PaccTosgHME IO TOUKMU:
cout<<"PaccTosgHue mo Toukmu "<<dist ()<<endl;
// Tycrasa cTpoka:
cout<<endl;
}
}; // OkoHuaHMe OomNMcaHua 0as30BOTO KJjacca
// TIpOU3BOIHEI KJAacC (peanm3alusa TOUKM B NPOCTPAHCTBE) .
// CozmaeTcsa MyTeM OTKPHTOTO HACJEeNOBaHUSA 6asz30BOTO KJlAcca:
class Point3D: public Point2D({
// OTKPHITBIE UJIEHHE KJIACCA:
public:
// VICmoJib3yeM CKPHTOE MMM :
using Point2D::set;
// TpeTbs KOOPOMHATA TOUKM:
double z;
// TleperpyskKa MeTOIa IJiS NPUCBAMBAHMUSA SHAUEHUM [OJIAM:
void set (double x1,double yl,double z1l) {
// BHI3BIBAEM BEPCUI0 MeTOoIa M3 0a30BOTO KJACCAa:
set(x1l,yl);
// 3BHaueHMVe TpPeTbeTro MOJIg:
z=z1;
}
// TepeonpenesnsgeM MeTOH IJid OTOOpPaXeHMI KOOPOMHAT :
void show () {

// 3BHaueHMusa noJjiey (KOOPAOMHATH TOUKMU) :
cout<<"3D-Touka ("<<R<L";"KLKy<<";"<<z<<") . \n";
}

// TlepeomnpenesigeM METOI IJIS BBUMCIICHMUSI
// pPacCTOSHUSA OO TOUKM:
double dist () {
return sqgrt (x*x+y*y+z*z);
}
}; // OxoHuaHMe ONMUCAHMA NPOM3BOIHOTO KJacca
// TmaBHasa GYHKUMA OPOTPAMME :
int main() {
// CospmaeM oBBekT (TOoUKa Ha ILJIOCKOCTH) :
Point2D A;
// KOOpIMHATH TOUKM:
A.set (3,4);
// BHIBOOVM MHOOPMALMK OJIS TOUKMN:
A.getInfo();
// CozpmaeM OOBEKT (TOUKa B IIPOCTPAHCTEBE) :
Point3D B;
// OmnpernengeM KOOPAMHATH TOUKM:
B.set (3,4,5);
// BHIBOOVM MHOOPMALMK OJIS TOUKMN:
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B.getInfo();
// BaBepleHue MNPOTPAMME:
return 0;

PeSy.TII)TaT BBIIIOJIHEHUA ITAHHOTO IIPOrPaMMHOTO KO/la ITPEACTaBJIE€H HUIKE:

Pe3ynbTat BbINONHEHUS NporpamMmmbl (M3 nuctuhra 3.3)

2D-Touka (3;4).
PaccTrogHMe 1o TOUkKM 5

3D-Touka (3;4;5).
PaccTosgume mo Toukum 7.07107

Mp1 BHecIn ciieyoliye n3MeHeH!s B IIPOTrPAaMMHBINA KOJI:

* B 6a30BOM KJacce 106aBUIN KJIIOYEBOE CJIOBO B
OTIMICAaHIe METOJIOB , u ;
* B ONMCAHWU MTPOU3BOIHOTO KJjacca J00ABUJIM MHCTPYKIUIO
;
* B KJacce B ONHCAHUU MeETOona KOMaHTy
3aMEHWJIN HA KOMaHLy ;
*  yaamuim 6J0K (B KOMMEHTApHK) C OIKMCAHHEM MeTOJa B
KJracce ;
* B IJIaBHOH (DyHKIUHU VIAATUIN  KOMaH/IbI ,
u
Kax Hecsi0:xHO 3aMeTUTB, TeTlePb METO , KOT/Ia BBI3bIBAETCS U3 00b-
eKTa KJjacca , BIIOJIHE CHOCHO CITPABJISIETCSI CO CBOEH 3asaveil. Takum

06p330M, NCII0JIb30BaHNE BUPTYaJIbHBIX TIEPEOIIPE/ETIAEMbBIX METO/IOB T103BOJIA-
€T BbI3bIBaTb "HpaBI/IJII)HbIe" BEPCHUN METO/I0B N3 ITPOMN3BOJHOI'O KJjlaCCa.

Ha 3ameTky

BupTyanbHOCTL METOAa - XapakTepucTuka Hacneayemas. To ecTb eciiu MeTo 06bsIB-
=’ NeH KakK BUPTYasibHbIN, TO CKOMTbKO Obl Pa3 OH HY HAacNea0Basncs (34eChb UMEeTCs B BULY
MHOrOypOBHEBOE Hac/eA0BaHne, KOraa NPoM3BOAHbI KNacc cam sBaseTca 6a30BbiM
I LS APYroro Knacca), BUpTyanbHbIM OH M 0cTaHeTcs. [03TOMy eCiv METof, ONMCAHHIN
B 6a30BOM KNacce,BNoCieACTBUM NPeAnonaraeTcs nepeonpeaens b, To nydile cpasy
€ro cenatb BUPTYanbHbIM.

Enite ofiHa 0COGEHHOCTD PACCMOTPEHHOTO BBIIIIE TIPHMEPA - MbI HE UCTIOJIH30Ba-
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JI B HEM KOHCTPYKTOPOB, XOTsI 9TO OBLIO OBI BIIOJIHE JIOTHYHBIM. Vcmiob3oBa-
HITe KOHCTPYKTOPOB MTPU HACJIEIOBAHIH KJIACCOB IMEET HEKOTOPbIE 0COOEHHO-
cru. VIX MbI 1 0OCy 1M,

3.3. KoOHCTpYKTOp NpOU3BOAHOIO KJlacca

Huuezo ocobennozo. Obviknosennas xonmpa-
6anoa.
u3 k/¢ "bBpunnuanmosas pyxa”

Omnucanne KOHCTPYKTOpa Juist Ha30BOTO KJacca 0cOObIX MpobieM He MpecTaB-
JISIET - KOHCTPYKTOP B 3TOM CJIy4ae OIUCHIBAETCS, KaK U JJIsi OOBIYHOTO KJlacca
(koTopblii He siBJsieTcst 6a30BbiM ). OOGPa3HO BBIPAXKasICh, BCSI TSKECTh HOIIH O
peayM3anuy ruOKON U HEMPOTHBOPEYNUBOI CXEMbI Pean3allii KOHCTPYKTOPOB
TIpU HACJIEe0OBAaHUM JIOKUTCS Ha TPOM3BOJHBIN KJAacC. 371eCh BasKHO TTOMHUTD
rJIaBHOE TIPaBHUIIO, KOTOPOE COCTOUT B TOM, YTO IIPH CO3/[aHUU 00'bEKTa IIPOU3BO-
JIHOTO KJIacca CHavasia BHI3bIBAETCSI KOHCTPYKTOP 6a30BOTO KJacca.

Ecim y KoHCTpyKTOpa 6a30BOTO KJIacCa apryMEHTOB HET, TO BPOJIE HET U 0COOBIX
npob6sieM. Ho cpasy BO3HHKAeT BOMPOC: YTO JIENIATh, €CIU KOHCTPYKTOPY 6a30-
BOTO KJlacca HY’KHO TiepesiaBaTh apryMeHTs? B C++ mpenycMoTpeH MeXaHusm,
KOTOPBIN MO3BOJISIET PEIIUTH Ty TPodsieMy. B 4acTHOCTH, €CJii MbI OIMChIBaeM
KOHCTPYKTOP TIPOU3BOIHOTO KJIacca, TO Mocjie UMEHU KOHCTPYKTopa (HO Tepej
(burypHbIMU CKOOKaMU, OTIPEIEISAIONMMHE TEJI0 KOHCTPYKTOPA) Yepes IBOETOUNE
YKa3bIBAETCST MHCTPYKIIHS BbI30Ba KOHCTPYKTOPa 6a30BOTO Kiracca: mMsi 6a30BO-
O KJTacca, a B KPYTJIBIX CKOOKAX apryMeHThl KOHCTPYKTOPa Ha30BOTO Kacca.

Ha 3ameTky

BEPCUIO KOHCTPYKTOPA TOro e camoro knacca. MNoapobHee ata Tema 06CyxaaeTcs B

-/' HoBble cTaHaapTbl A3blka C++ NO3BOMAIOT BbI3biBATb B KOHCTPYKTOPE Kjlacca Apyryto
I nocnegHewm rmaBse KHUMn.

B ciryuae eciiu IpoM3BOAHBIN KJIACC CO3/IaeTCs Ha OCHOBE OZHOr0 Ga30BOI0
KJ1acca, abJIoH OIMMCAHKS KOHCTPYKTOPA IIPOU3BOIHOTO KJIACCA BBITJISIIUT CJIe-
IOYIOIIUM 06pasoM:

uMA_KJacca (apryMeHTEHl) :uMA_0a30BOrO_KJjlacca (apryMeHTH) {

// TPOTPaMMHEI KOI KOHCTPYKTOpa IPOM3BOIHOTO KJjacca

Kax unmroctpaiuio K UCIoIb30BaHUIO0 KOHCTPYKTOPOB TPU HACJIEIOBAaHUH Pac-
CMOTPUM IIPUMEP C KJIACCAMU u , HO TOJIBKO TeIiepb B 00enx



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

Kjaccax OyJIeT 10 HeCKOJbKO KOHCTPYKTOPOB. COOTBETCTBYIOIINI TIPOrpaMM-
HBIH KO/ TPE/ICTaBJIEH B IUCTUHTE 3.4.

Jiuctunr 3.4. KoHCTPYKTOPBI M HAaCNe[0BaHUE

#include <iostream>
#include <cmath>
using namespace std;
// BaszoBHIM KJACC (peanms3alus TOUKM Ha IJIOCKOCTM) :
class Point2D{
// OTKPHITBIE UJIEHH KJIACCA:
public:
// UuCIJIOBEHE IOJIA:
double x,vy;
// KoHCTpyKTOp (C OBYyMS apryMeHTaMu) :
Point2D (double x1,double yl) {
// CoobBmeHue O CO3IaHMM OOBEeKTa:

cout<<"2D-obmwekxTCO3maH (2 aprymeHra): ";
// TlprCBavBaeM 3HAUEHUS IIOJIAM:
x=x1;
y=yl;
// BeBOmMM mHbOOpMaLMO 00 OOBEKTE:
show () ;

}
// KOHCTPYKTOp (C OOHMM apryMEeHTOM) :
Point2D (double x1) {

// CoobBumeHue O CO3TaHMM OOBEKTa:

cout<<"2D-obwekxT co3maH (1l aprymeHT): ";
// TlprCBavBaeM 3HAUEHUS IIOJIAM:
x=x1;
y=x1;
// BeBOomMM mHbOOpMaLMO 00 OOBEKTE:
show () ;

}

// KoHCTpykTOp (06e3 apryMeHTOB) :

Point2D () {

// CooBumeHneoco3naHnnobbeKTa
cout<<"2D-obwekT co3maH (6e3 aprymeHTOB): ";
// TlprCBavBaeM 3HAUEHUS IIOJIAM:

x=0;

y=0;

// BeBomMM mMHbOOpMaLMO 00 OOBEKTE:

show () ;

}

// BUPTYaJIbHEIM METOI IJig OTOOpPaXeHMUs SBHAUEHUS IIOJIel:



FNABA 3. HACJIELOBAHUE U COMYTCTBYIOLLWE MEXAHU3MbI

virtual void show () {
// 3BHaueHMa noJyie (KOOPAMHATH TOUKMU) :
cout<<"2D-Touka ("<<x<L";"<<y<<") . \n";
}
}; // OxoHuaHMe omnmMcaHMA 6az0BOTO Kjacca
// TIPOU3BOOHEI KJIACC (peanms3alMsa TOUKM B NPOCTPAHCTBE) .
// CosmaeTcsa myTeM OTKPHTOTO HACJeIoBaHMA BGa30BOTO KJjacca:
class Point3D: public Point2D{
// OTKPHITHIE UJIEHH KJIACCA:

public:

// TpeTba KOOPIOMHATA TOUKM:

double z;

// KoHCTpykTop (C TpeMsa apryMeHTaMmu) :
Point3D (double x1,double yl,double zl):Point2D(x1,yl) {
// CoobumeHre O CO3IaHuM OOBLEeKTa:
cout<<"3D-obwekT cozmaH (3 aprymenTa): ";
// TlpricBaMBaeM 3HAUEHMe IIOJI0:

z=z1;
// BuBomuMm mHbpopMalLmio 06 oOBeKTe:
show () ;

}
// KOHCTPYyKTOp (C OOHMM apryMEeHTOM) :
Point3D (double x1) :Point2D(x1) {
// CoobBumeHue O CO3IaHMM OOBEeKTa:
cout<<"3D-obwekT co3maH (1 aprymeHT): ";
// TlpucBavBaeM 3HAUEHME MOJI0:
z=x1;
// BuBOmMM MHOOpMALMIL 00 OOBEKTE:
show () ;
}
// KoHcTpykTop (6e3 apryMeHTOB) :
Point3D () :Point2D () {
// CoobumeHre O CO3IaHuM OOBLEeKTa:
cout<<"3D-o0OBekT co3maH (6ezaprymMeHTOB) : ";
// TlpricBaMBaeM 3HAUEHME IIOJI0:
z=0;
// BuBomuMm mHbpopMalLmio 06 oOBeKTe:
show () ;
}
// KOHCTPYKTOp (apryMeHT - OOBEeKT) :
Point3D (Point2D obj) {
// CoobBmeHue O CO3IaHMM OOBEeKTa:

cout<<"3D-o0b6BekT co3maH (apryMeHT - oOBekT): ";
// TlprcBarBaeM 3HAUEHUS IIOJIAM:

x=0b7j.x;

y=obj.y;
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z=0;

// BuBOmMM MHOOPMALMIL 00 OOBEKTE:

show () ;

}
// TlepeomnpenesigeM METOI IJid OTOOpPaxeHMs KOOPIMHAT :
void show () {

// 3BHaueHMua noJjiey (KOOPAMHATH TOUKMU) :
cout<<"3D-Toura ("<<x<<";"<K<y<<";"<<z<<") . \n";
cout<<"———mmmmm >"<<endl;

}
}; // OxkoHUaHME ONMCaHus NPOM3BOMAHOTO KJjacca
// TmaBHasa GOYHKUMUA OPOTPAMME :
int main() {
// Co3maeM OOBEKTH (TOUKM Ha IIJIOCKOCTHU) :
Point2D A;
Point2D B(1l):;
Point2D C(2,3);
// Pasmenuresb:
Cout<<"********************"<<endl;
// CozmaeM OOBEKTH (TOUKM B MNPOCTPAHCTBE) :
Point3D D;
Point3D E (4);
Point3D F(5,6,7);
Point3DG(C) ;
// 3BaBeplieHre MNPOTPaMME:
return 0;

[TockoJsibKy HAC MHTEPECYIOT KOHCTPYKTOPBI, TO YTOOBI HE 3aTPOMOSK/IATH JIMTII-
HUMHU KOHCTPYKIIMSIMU TIPOTPAMMHBII KOJI, MbI €70 HEMHOT'O YIIPOCTHUJIH: Y KJIac-
COB OCTAJNCH TOJBKO MO U METOJT 1T 0TOOPaKEeH ST 3HAYEHUIT TOJIEeH.
Hy u eriie, KOHEYHO, KOHCTPYKTOPBI.

B 6asoBom ki1acce (kpoMme ToJielt x| v, a TaKiKe METOoJa )
OIVCAHbI TPU BapraHTa KOHCTPYKTOPA KJiacca: ¢ AByMst apryMeHTaMH, C OJ[HUM
aprymeHToM u 6e3 aprymeHToB. KauecTBEHHO MPOrpaMMHBIil KO B 9TUX KOH-
CTPYKTOpaX HE OTJHMYAIOTCS: CHaYaia BBIBOJAMUTCS COOOIIEHHE O TOM, YTO CO3-
JIaH HOBBIIT 0OBEKT (IIPUYEM MMEETCSI HAMEK Ha TO, YTO OOBEKT - B JIByMEPHOM
[IPOCTPAHCTBE, a TAK/KE YKA3aHO KOJIMYECTBO apryMEHTOB KOHCTPYKTOPA), TIPH-
CBaMBAIOTCsI 3HAYEHUSI TIOJISIM, TI0CJIe Yero MHGOPMAIUs O CO3JaHHOM 00bEKTE
BBIBOJIMTCSI B KOHCOJIbHOE OKHO. ECJIi KOHCTPYKTOPY TIepeiaHbl JiBa apryMeHTa,
TO OHU OIPEEJISIIOT 3HaUYEH KT TToJIell 0ObekTa. Eciin y KOHCTPYKTOpa OfMH ap-
TYMEHT, TO 00a 1moJisi 00beKTa MOJIyYaloT O[MHAKOBbIe 3HaueHust. Hakowert, ecim
[IPU CO3JIaHNN 00bEKTa KOHCTPYKTOPY HE MepelaHbl apryMeHTbI, 06a oJIst y 00b-
eKxTa OY/IyT ¢ HyJIeBbIMU 3HAYEHUSIMU.
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B mpousBogHoM Kiacce , KOTOPBINl HacJaemayeT KJacc , Kak
1 paHee OOBSBJISETCS JOMOJHUTENIBHOE YNCIOBOE TOJIE U TIepPeoIpeiesseT-
CsT METOJL . Taxske MBI onMchIBaeM B TTPOM3BOJHOM KJlacce YeThIPe Ba-
pUaHTa KOHCTPYKTOPOB: C TPEMs YUCJIOBBIMHU apryMeHTaMH, C OJHUM YUCJIO-
BbIM apryMEHTOM, 6e3 apryMeHTOB M C OJHUM apryMEHTOM - OOBEKTOM KJacca
. Hammpumep, ipu onmcanny KOHCTPYKTOpa KJlacca C TpeMs
apryMeHTaMu, Kak U B 00bIYHOM (He TIPOU3BOIHOM ) KJIACCe, MbI OIMChIBAEM IO~
cJle IMeHU KOHCTPYKTOpa TpU MapamMeTrpa (B JaHHOM CJIydae 3TO MepeMeHHbIe
, n - Bce THUIIa ). [lamee ciexyeT mBoeToune W UHCTPYKITUS
. ITa MHCTPYKIUS 03HAYAET, YTO MIPH CO3TAHIUU 0OBEKT IPO-
M3BOJIHOTO KJIacca CHavaJla BbI3BIBACTCSI KOHCTPYKTOP 6a30BoTO Kiiacca. Ilepsbie
IIBa M3 TPEX apTYMEHTOB KOHCTPYKTOPa Kjacca repesaioTcs apryMeH-
TaM# KOHCTPYKTOPY KJacca . Ipyrumu cioBaMu, KOTZIa MBI TiepesiaeM
KOHCTPYKTOPY KJacca TPU apryMeHTa, TO MEPBBIN U BTOPOI apry-
MEHTBI OY/IyT HiepeaHbl KOHCTPYKTOPY KJacca , a TpeTUi OyzeT Hero-
CpelCTBEHHO MCITOIb30BaH B TeJie KOHCTPYKTOPa (1711 TpUCBaMBaHMS
3HAYEHU TTOJTIO Z).

[ ] Ha sameTtky
To, 4TO Mbl ICNONB30BaNN NEPBbLIE ABA aPryMEHTA AJ151 Nepeayn KOHCTPYKTOpy 6a30Bo-
_I ro Knacca, H1Kak He 03Ha4aeT, 4TO Mbl HE MOXEM MX MCMONb30BaTb U B TeSle KOHCTPYKTO-
pa Npou3BOAHOro knacca. NpocTo B AaHHOM Clly4ae B 3TOM HET HEOBXOAUMOCTH.

Bo Bcem ocTampHOM KOHCTPYKTOP TTPOU3BOIHOTO KJIacca MPOCT: TPEThEMY OO
00beKTa Ha OCHOBE 3HAUEHMs apryMeHTa KOHCTPYKTOpa IIPUCBAaNBaeTCs 3Hade-
HHUeE, TTOCJIE YeT0 ¢ TIOMOIIBIO IMEPEOTIpe/Ie/IEHHOTO MeTo/la show () nHpopMaIus
oTrobpaskaeTcst B KOHCOJbHOM OKHe.

-' Ha 3ameTky
B Tene koHCTpykTOpa KNacca B BHOM BUAE NPUCBaNBaETCHA 3Ha4YEHNE TOSbKO
I TpeTbeMy Moo z. 3HAYEHMS NOJIAM = U v NPUCBAMNBAIOTCHA MPU BbI30BE KOHCTPYKTOPA
Knacca

B KOHCTpPYKTOpPE MPOM3BOAHOTO KJIacca BRIBOAUTCS COOOINEHIE O TOM, UTO CO3-
naerca 0ObEKT KJacca . [IpucBanBanme 3HaYEHNS TPETHEMY TIOJIIO BHI-
MOJTHSETCST TOJBKO TOCJIE TOTO, KaK BBIBOAUTCS 3TO coobiienne. KoHCTpyKTOp
6a30BOr0 KJlacca BbI3bIBAETCS elle paHblne. I B 9TOM KOHCTPYKTOpE MepBOii
ABJIAETCA KOMaHJ[a BBIBOJIA COOOIIEHUS O TOM, 4TO co3faeTcsd oOBeKT KJacca

.Taxum oOpasom, Ipu cO3ZaHUKU OOBEKTa IIPOM3BOAHOIO Kjiaacca (Ha
OCHOBE KOHCTPYKTOPa C TPeMs apryMeHTaMHt ) 00Iast oce0BaTeIbHOCTD Jeii-
CTBUII cyeqyromas:
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e  BBIBOJUTCH COOOIIEHUE O CO3IaHUN 0OBEKTA KJIacca :
*  IPUCBAMBAIOTCS 3HAYEHUS MOJISIM % W V;

*  BBIBOAUTCS nHGbOpMaIus 00 00beKTe Kaacca (ucmosb3yercst
TOJIBKO B MOJISt O0BEKTA);

*  BBIBOJUTCS COODOIEHUE O CO3/IaHUN 00hEKTa Kaacca :
*  [pPUCBAMBAETCS 3HAYCHUE MOJIO 7;

*  BBIBOAUTCS MH(MOPMAaIHst 06 00beKTe Kiracca (ucrosb3ytoTest
BCE TPU MOJIs 00BEKTA).

[TpuMepHO Takas ke cxeMa peajn3yeTcss M B IMPOYUX KOHCTPYKTOPax KJjacca

. Hampumep, B cirydae KOHCTPYKTOpa C OHUM apTYMEHTOM 3TOT apry-
MEHT IepelaeTesi KOHCTPYKTOPY 6a30BOTO Kiacca. 3aTteM BBIBOAUTCS COOOIIe-
HI€ O CO3aHNH OOBEKTa U TIPHCBANBAETCST 3HAYEHIE TPETHEMY OO (TaKOe JKe,
KaK U IIePBBIM JIBYM).

B KOHCTpYKTOpPE IPOU3BOIHOTO KJiacca 6e3 apryMeHTOB BbI3bIBAETCSI KOHCTPYK-
TOp 6a30BOTO KJIacca 6e3 apryMeHToB. B pesysibrare mosist = ¥y IIOJy4aioT HY-
JieBble 3HaueHus1. HyeBoe 3HaueHue moJio z MprucBavBaeM HEIIOCPEJCTBEHHO B
TeJie KOHCTPYKTOPA TPOU3BOIHOTO KJIacca.

HeckosibKo BBITIAZaeT M3 3TO CXeMbl KOHCTPYKTOP CO3/IaHust 00BEKTa Kiacca

Ha OCHOBe 00bBEKTa KJjacca . Ecaim aberparupoBaThest OT
[POrPaMMUPOBAHUS, TO CUTYAIsI BBITJISAUT BIIOJHE JIOTMYHO: YTOOBI M3 TOY-
KM Ha IJIOCKOCTH CO3/[aTh TOYKY B IIPOCTPAHCTBE AOCTATOYHO 100aBUTh TPETHIO
KOOPJIMHATY -HAIPUMep, C HYJIEBbIM 3HaueHHeM. VIMEHHO TaKoii OAX0/1 Mbl U
peajymsyeM B KOHCTpyKTOpe. OH HMeeT HEKOTOPbIe 0COOEHHOCTH:

* apryMEHTOM KOHCTPYKTOpa KJjacca yKazaH 00DBEKT
KJacca ;

*  KOHCTPYKTOP 6a30BOTO KJjlacca sIBHO HE BBI3BIBAETCS - B 9TOM CJIydae aB-
TOMATHYECKH BBI3BIBAETCS KOHCTPYKTOP 6a30BOTo Kacca 6e3 apryMeH-
TOB;

* 10CJIe TOTO, KaK BBIBOJIUTCS COOOIIEHHE O CO3[MaHnn 00beKTa Kiacca

, B SIBHOM BH/E IPUCBAMBAIOTCS 3HAYEHMS IMOJSM OOBEKTa:

HOJIIO % CO3/1aBaeMOro 00beKTa IIPUCBAMBAETCS 3HAYEHHE TI0JIsT = 00'b-

eKTa-apryMeHTa KOHCTPYKTOpa (KOMaHIa ), Iosie vy To-
JIydaeT 3HaueHue , A TIOJIIO 7 TPUCBAaUBaeTCs 3HaueHue 0;

e un(oOpMaLU O CO3LAHHOM OOBEKTE BHIBOAUTCS B KOHCOJIb C IIOMOLIBIO
MeTo/1a
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—, Ha 3ameTky

YTO4HsieM: B J@HHOM Ciy4ae, Kak OTMeYanoch Bbille, Mbl B SBHOM BUAE KOHCTPYKTOP

I 6a30B0Oro kflacca He Bbi3bIBaeM M 3TO O3HAYAET, YTO HA CaMOM JeJe Bbi3bIBAETCH KOH-
cTpykTop 6a30B0Oro knacca 6e3 aprymeHToB. Mpu BbI30BE 3TOr0 KOHCTPYKTOPA NOJISIM
N v oObeKkTa NPUCBanBaOTCS HyNeBble 3HaYeHNs. 3aTeM B Tefie KOHCTPYKTopa npouna-
BOOHOIO K/lacca aTu1 MoJisi Nosy4aloT HOBbIE 3HAYEHNS

B dyHKIMK main () pasmelieHa cepusi KOMaHI, KOTOPBIMU CO3/AI0TCsT OOBEK-
TBI KJ1acca Point 2D (MCIOJIB3YIOTCS KOHCTPYKTOPbI 6€3 apryMEHTOB, € OJTHIM
apTyMeHTOM U IByMd apryMeHTaMu ). Pe3yssraT BBITIOJNIHEHNS 3TUX KOMaH/
MIPeJICTaBJIEH TIEPBBIMU TPEMS CTPOKAMU B KOHCOJILHOM OKHE BBIBOJIA:

PesynbTar BbINOAIHEHUS NPOrpaMmbl (U3 nnucTuira 3.4)

2D-06BexT coszmaH (6es3 apryMmeHToB): 2D-Touxka (0;0).
2D-obwexT cozmaH (1 aprywmeHt): 2D-Touxka (1;1).
2D-06BexkT cos3maH (2 aprymeHTa) : 2D-Touka (2;3).
hAhkhkkhkkhhkhkhkkkhhkkhkk*x*k*x*x

2D-06BekT coszmaH (6es3 apryMmeHToB): 2D-Touxka (0;0).
3D-o0bBbekT co3maH (6e3 apryMeHToB): 3D-Touxa (0;0;0).
____________________ >

2D-obwexT cozmaH (1 aprymeHT): 2D-Touxka (4;4).
3D-o6mwexT cozmaH (1 aprymenT): 3D-Touka (4;4;4).
____________________ >

2D-06BexT cos3maH (2 aprymeHTa) : 2D-Touka (5;6).
3D-obwekT co3maH (3 apryMmenTa): 3D-Touka (5;6;7).
____________________ >

2D-o6BbekT cozmaH (06e3 aprymeHToB) : 2D-Touka (0;0).
3D-00BekT co3maH (apryMeHT - ob0wekT): 3D-Touka (2;3;0).
____________________ >

[Tocsie aTOTrO BBIBOAUTCS MMIIPOBU3NPOBAHHBIN PAa3/leTUTENh (Pl U3 3BE3/I0UEK)
1 3aT€M CO3/IaeTCsI YeThIpe 00beKTa Kracca . 371eCb MBI TIOCTIETOBATEb-
HO HMCIT0JIb3yeM KOHCTPYKTOPBI KJIacca C TPEMST YUCJTOBBIMU apTyMeH-
TaMH, OJIHUM YHCJIOBBIM apryMeHTOM, 0e3 apryMeHTOB M OJIHUM apryMeHTOM -
00BEKTOM KJTacca . Cosmanne Kaxa0ro o6beKTa CompoBosKaaeTcs (B
CUJTY OMTUCAHHBIX TPUYMH ) BBIBOJIOM /IBYX CTPOK TEKCTa B KOHCOJIbHOE OKHO. Y-
TaTeJb MOJKET CPABHUTD CBOM OJKUJIAHUS OT BBITIOJTHEHUST TPOTPAMMHOTO KOJIA C
peabHBIMU PE3yJIbTaTaMU BBITOJTHEHHS TIPOTPAMMBbI, TTPEICTABICHHBIMU BBIIIIE.
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OH Hauunaem HOBYIO KHCU3Hb, daume emy 603-
MOIHCHOCTY BCROMHUMD BCe TYUuLee.
u3 k/¢ "lloxposcrue eopoma”

HacsieoBatne MOKHO 06CY:KaaTh O4€eHb 10JT0. TeMa aTa MHOTOTpaHHas!, U B
Hell ecTh MHOKECTBO Pa3HbIX ACIEKTOB U "TOHKUX MOMEHTOB", KOTOPbIE KPH-
TUYECKH BaXKHBI [IJIsI TOHUMaHMs 0a30BbIX MPUHIIUIIOB PeAN3allni MEXaHU3Ma
HacaenoBaHusA. HekoTopbie BOITPOCH MBI yKe yCIeaIn pacCMOTPeThb. B ocHOBHOM
peub M1Ia 0 TpUeMax ¥ IIPUHIIAIIAX, KacaoNUXCs Peajnu3ali HacIeJl0BaHNs B
caMbIX TTPOCThIX (hopmax. Temepb HacTaIO BpeMsi HECKOJIBKO PACITUPUTH HAIIN
TOPU30HTHI.

4.1. MHOXeCTBeHHOe HacnegoBaHue

A 6ca maxas enesannas, maxas npomugopeu -
6asl 8Cs1.
u3 k/¢ "Iloxposcrue eopoma”

Panee Mbl co3/1a/11 TPOU3BOHBII KJIaCcC Ha OCHOBE 0HOTO 6a30B0r0 Kaacca. Ho
Ha caMOM Jiesie 6a30BBIX KJIACCOB MOYKET OBbITh HECKOJIBKO.

[ ) Ha 3ameTky
B otnnumne oT Takmx A3bIkoB, Kak Javan C#, B A3blke C++ NPOn3BOAHbIN KTAaCC MOXHO
_I co034aBaTb Ha OCHOBE HECKOJIbKMX 6a30BbIX KJTACCOB.

ITpu sTOM IIPOU3BOAHBIN KJACC Yepe3 MeXaHWU3M HacjeJoBalus MojydaeT "BO
BJIajieHre" TI0JIsSi U METO/IbI BCeX CBOMX 0GA30BBIX KJIACCOB. B pamnom ciydae ro-
BOPSIT O MHONCECMBEHHOM HACAe008anuy. MHOKeCTBeHHOE HACIEI0BAHUE -MOTII-
HBII 1 y100HBI MEXaHU3M CO3/IaHus KJIaccoB. BMecTe ¢ TeM OH U J0CTaTOYHO
OIIaCHDBI{, IIOCKOJIbKY YpeBaT CO3JaHueM HeKOPPEKTHOIO IIPOrPaMMHOIO KOZa.
Ho kax 6bI TaM HY OBLIO, MBI TO3HAKOMUMCST C MHOKECTBEHHBIM HACJIE[OBAHIEM
1 PACCMOTPUM HEKOTOPBIE TPUMEPBHI 110 ITOMY TTOBOTY.

Ecav mpom3BOAHBIN KJIACC CO3MAETCSI HA OCHOBE HECKOJBKUX 0Oa30BBIX KJIac-
COB, TO TIPU OMUCAHUK TTPOU3BOHOTO KJIACCA TTOCJE €T0 UMEHU TIEPEUNCIISTIOT-
cst (depe3 3amsaTy0) Bece Ha30BbIe KJIACCHI, HA OCHOBE KOTOPBIX OH CO3/IAETCSL.
Jlst kaskzoro 6a30BOTO Kjacca OT/AEIbHO YKa3bIBAETCSI MEXAaHU3M HacJie/[0Ba-
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Hust. Hanpumep, ecaim kimace Charliecosmaercst Ha OCHOBe 0a30BbIX KJIACCOB
AlphauBravo, IpuYeM JJid Kjiacca Al phauncioib3yeTcs OTKPhIThIN MeXaHU3M
HacJIeJOBaHKsI, a JIUIs KJaccaBravo 3alllUINeHHbI MEXaHU3M, TO 00bsIBIICHUE
KJ1acca Char 11 eBbIOJHSIETCS TI0 TAKOMY IHa0I0HY:

class Charlie: public Alpha, protected Bravo{
// TporpammHElM konm kJjiacca Charlie

}i

B arom ciydae kimacc CharlieloOayyuT, B COOTBETCTBUM C PEKMMOM HacJe-
JIOBAHUs, TOJIST U METOJIbI KJIaccoB Alpham Bravo. U3 kiracca AlphaOymyr
"HoJIydeHbl” BCe HE3aKPBIThIE YJIEHDbI, U YPOBEHb JOCTYIA JJs HUX B Kjacce
Charliebyaer Takoii e, Kakoil OblI B Kiacce Alpha.l3 kiracca BravoTakike
Oy/yT TIOJIyY€eHbl HE3aKPBIThIE TIOJIsI ¥ METO/IbI, HO YPOBEHb [OCTYTIa K HUM B
kjacce CharlieGy/er 3alUIeHHbIi, BHE 3aBUCUMOCTH OT YPOBHSI JOCTYyTa B
Kjacce Bravo (raBHoe, 4YTOObI OHM HACIEIOBAIUCh). s Goblieil KOHKpe-
THUKHU PacCMOTPHUM NpuMep n3 grctunra 4.1. B Hem peanm3oBana o4eHb MpocTas
cXeMa MHOKEeCTBEHHOTO HACJIeI0OBaHUs, B KOTOPOH MTPOU3BOIHBIN KJIacC CO3/1a-
eTCsI Ha OCHOBE IBYX GA30BbIX KJIACCOB.

Jluctunr 4.1. MHOXecCTBEeHHOe HacnenoBaHue

#include<iostream>
#include <string>
using namespace std;
// TlepBe ©A30BBI KJIACC:
class Alpha({
private:
// TekcToBoOemoJe:
string name;
public:
// KOHCTPYKTOp:
Alpha (stringtxt) {
name=txt; // 3HaueHME TEKCTOBOTO I[IOJII
}
// MeTom:
void hi () {
cout<<"06wekT "<<name<<" xjyilacca Alpha!\n";
}
}; // OkoOHUaHME OMNMCAaHMA MNepBOTO 6a30BOTO KJjacca
// Bropoit 6az0BHI KJIACC:
class Bravo{
private:
// TekcToBOeEmoJe:
string name;
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public:
// KOHCTPyKTOp:
Bravo (string txt) {
name=txt; // 3HaueHME TEKCTOBOTO I[I0OJISI
}

// Meroxm:
void hello () {
cout<<"0O6wekT "<<name<<" kjiaccaBravo!\n";

}

}; // OkoOHUaHME OMNMCAaHMS BTOPOTO 6a30BOTO KJjlacca
// TpOM3BOOHEIA KJIACC:

class Charlie: public Alpha, protected Bravo({
public:

// KOHCTPYKTOP MNPOM3BOIHOTO KJIACCA:
Charlie(string x,string y) :Alpha(x), Bravo(y) {
cout<<"Cozpmau oO6wekT kjacca Charlie!\n";

}

// Meroxm:
void show () {

// BHIZ30OB MeTOIa M3 MNepBOTO Baz30BOTO KJACCA:
hi();

// BHI30OB MeTOIa M3 BTOPOTO 6asz30BOTO KJACCAa:
hello () ;

}

}; // OxoHUaHMe OnMcaHus BTOPOTO Ba30BOTO Kjacca
// TmaBHasa GOYHKUMUA OPOTPAMME :
int main() {

// CosmaHme oBbeKTa NPOM3BOMAHOTO KJAcCca:
Charlie obj ("Ansda", "Bpaso") ;

// BBIZOB METOIOB M3 OOBEKTa MNPOM3BOIHOTO KJIACCA:
obj.show () ;
obj.hi();
return 0; // 3aBeplmeHue BHIIOJIHEHUA [IPOTPAMMEL

}

Pesysbrat BbITIOTHEHUS IPOTPAMMHOTO KO/Ia TAKOU:

Pe3ynbTat BbiNONHEHUS Nnporpammbl (M3 nuctuira 4.1)

Co3nman obwexT kJjlacca Charlie!
ObwbexkT Anbda kjacca Alpha!
ObwekT BpaBo kJjlacca Bravo!
O6wbexkT Anbda kjacca Alpha!

Y knacca AlphauMeeTcs 3aKpbITOE TEKCTOBOE T10JI€ nameu OTKPBITBI METOJT
hi (), KOTOpBIM BBIBOAUTCA IIPUBETCTBUE, COJlEPIKalllee 3HAUEHME [10JI name.
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=v Ha 3ameTky
TekcTOBOE MoJsie B J@aHHOM Cllyyae peanu3yeTcs B BuAe odbekra knacca string. Ans
MCNONb30BaHWNSA Kfacca stringB Wanke NporpaMmMbl KOMaHAOM #include <string>
NOAKIO4aETCH 3arofloBOK<string>.

Konctpykropy kimacca Alphamepenaercs OJUH TEKCTOBBIN apTyMeHT, KOTOPBIH
OTpeIesIsieT 3HAUEHUE TOJIST Nameco3/1aBaeMoro 00beKTa.

AHaNornyHyio CTPYKTypy UMeeT Kjacc Bravo. Tak xe, kKak u y kjacca Alpha, y
KJIacca Bravo €eCTb 3aKPhITOE I10JI€ name, 3Ha4eHne KOTOPOMY IIPHUCBANBAETC
IIpU BBI30BE KOHCTPYKTOpa. MeTox hello () BBIBOAUT cOOOIIEeHNE, TIPU hOpMU-
POBaHUK KOTOPOTO UCTIOJIB3YETCS 3HAUEHME TOJIst name  0ObhEKTa KJIacca.

[Ipu HacemoBaHK OA30BBIX KJIACCOB B Kiacce Charlie mocieaHuii "mouy-
gaeT" MeTofbl hi ()1 hello (). [Ipuyem mepBBIil MeTOM HACTIEAYETCS KaK OT-
KPBITBII, 2 BTOPOH - KaK 3allUIleHHbIN. Jpyrumu ciaoBamMu, MeTo/ hi () MOXHO
BbI3bIBATh KaK B KjlacceCharlie, Tak U BHe Kjacca, a MeToJ hello () gocry-
TTeH TOJTBKO B Kiacce. [loaTomy, HamrpuMmep, B MeTo/ie show (), KOTOPBIH omucaH
B KJlacce Charlie, BBI30B 000MX METOJOB BIIOJIHE 3aKOHEH, a BOT B IJIABHOU
bysKIIYT main () u3 obbeKTa obj Kkiacca Chalie w™etox hello () BbI3BaTb
He TIOJTYIUTCS.

HerpusunanbubimM 06pazoM 06CTOAT ieJia ¢ IOJIAMU name (omHO OMMCaHO B KJac-
ce Alpha, a IPyroe ONMUCaHO B Kjacce Bravo). Bo-niepBwIX, 3TH MO B CBOUX
KJIaccax OObSBJIEHBI KAaK 3aKPBITHIE, II09TOMY B IIPOU3BOJHOM KJIacce KakK OBl
He Hacyenyiorcsa. Ho B Merogax hi () u hello () BBITOJHSAETCS 06pameHI/Ie K
TOJI0 name COOTBETCTBYIOIIEro Kiacca. bomee Toro, B KOHCTpyKTOpax KJjac-
coB Alphau Bravo NPHUCBaUBAIOTCS 3HAYEHUS TOJISIM name. B KOHCTPYKTOpe
KJacca CharlieBbI3bIBAIOTCA KOHCTPYKTOPBI KJIacCOB Alpha u Bravo: B Olu-
CaHUU KOHCTPYKTOpa Kjacca Charlie 1ocJe IBOETOYN YKa3bIBAIOTCH, Yepe3
3amATyI0, Ha3BaHMs Ki1accoB Alpha M Bravo (Y4To 03Ha4YaeT BHI30B KOHCTPYK-
TOPOB COOTBETCTBYIONINX KJIACCOB), & B KPYTJIBIX CKOOKax KOHCTPYKTOpaM Iiepe-
NAIOTCS apTyMeHTHI. [ pyrumMu cioBaMu, U B KOHCTPYKTOpe Kiacca Charlie, n
B MeToZaxX hi ()1 hello () B TeJsie Kiacca HEABHO HCIIOJIb3YIOTCA II0JIA name,
OIMCaHHbIE B KJaccaXx Alpha u Bravo. 37ech 1 HaC BaKHBI ABa 00CTOATENb-
CTBa:

° Mb1 umeeM €10 C IIOJIAMU, KOTOPbIE HE HACJTEAYIOTCA B IMIPOU3BOJHOM
KJIacCe, HO ITpU 9TOM BC€ K€ B IIPOU3BOJHOM KJIaCCE NUCITOJIb3YIOTCA.

° ITonst mMeIoT OMMHAKOBEIE Ha3BaHUA, UYTO CKPbIBAET 3a coboit IIOTEHII-
AJIbHY1O HpO6JI€‘My I/IILeHTI/I(bI/IKaHI/II/I TI0JIEH ¢ COBIAJAIOIIMMMI Ha3BaHU-
SAMU.
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Yro Kkacaercsd "HeHacHEAYEeMBIX ', HO "HCIIOIb3yeMbIX" TI0JIel, TO BCe CTAHOBUT-
€4 Ha CBOM MECTA, €CJIM 110J] TePMUHOM "He HacJjeLyeTcs’” TOHUMaTh HeBO3MOXK-
HOCTh SIBHOTO (TO €CTh HEMOCPEACTBEHHOTO OOpallleHusT Yepe3 yKazaHue MMe-
HU) UCIIOJIb30BaHU 1T0JIeH 1 MeTOIOB. B oTHOIIEHNN HeHac/IeyeMbIXB KJacce
Charlie moJyeil nameZaHHOEe 3aMedaHre O03HAYAET, YTO IOJII TeXHUYECKU cy-
IIECTBYIOT, HO B TeJie Kacca Charlie K aTHM MOJISIM 00OPaTUTHCS HAMIPSIMYTO He
TTOJYYUTCS: UCTIOJIb30BaHNE UACHTU(UKATOpA nameB Tese Kjaacca MpuBeieT K
omubke. BMecre ¢ TeM, K T10JIIM MOTYT 00paIaThCst METO/IbI, KOTOPbIE OMUCAHBI
B 6a30BBIX KJIaccaxX ¥ KOTOPBIE COEPsKAT B cebe Ko 00palleHrst K COOTBETCTBY -
OLUM IOJIsIM. BaskHO U TO, 4TO 10JIeil UMEHHO /IBa, a He OJIHO: TO eCTh COBIIa/le-
HUE Ha3BaHWIT [0JIeil He O3HAYAEeT, YTO OHM KaKUM-JIN00 00pasoM "cimBaioTcst”,
"0bbeauHIOTCA " WK "TiepeKphiBaioTcs”. JloKa3aTeaIbCTBO TaKoe: P BbI30BE 13
obbeKTa Kimacca Charlie Meroma show () B HeM, yepe3 MeTozbl hi () u hel-
1o (), BBINOJHSAETCS oOpalieHue K MOJIsIM name, TPHYeM Kak/Iblil 13 METOI0B
hi()u hello () moJjy4aer CBO€ 3Ha4Y€HHUE COOTBETCTBYIOIIErO ITOJIA. BriBozx
IIPOCTOM - IIOJISI Pa3Hble, XOTS U UMEIOT COBIAAAIOIINE Ha3BaHUSI.

3/1ecb MbI MOAXOIMM K BaKHOMY MOMEHTY: 4TO ObLJIO Obl, €C/IN TI0JISI namens
KJTaccoB Alphau BravoHacle0BalnuCh B kKiaacce Charlie? Benb coBepiieHHO
OYEBH/IHO, YTO [1PU MHOKECTBEHHOM HacJIe/I0BAaHUH BIIOJIHE peaslbHa CUTYallns,
KOT/Ia B TIPOU3BOJIHOM KJIACCe U3 HECKOJBKUX 0A30BBIX KJIACCOB HACIELYIOTCS
I0JISI WJIM METO/IbI C OIMHAKOBBIMU HaszBaHusIMU. bouiee Toro, He nckIIOUaeTcs,
YTO YJIeH C TAKUM JKe NMEeHEeM OIpe/iesieH B TPOU3BOIHOM Kiacce. To ecTh cuTy-
aIust MOKeT ObITh OUeHb 3arryTanHoi. OOIINIT PEIeNT ee Pa3pelIeHnst COCTOUT B
TOM, 9TO TIPH OGPAIIEHNHN K TAKOMY TIOJIIO UM METO/Y CJIEAYET SIBHO YKA3bIBaTh
KJIACcC, U3 KOTOPOTO HAcJIel0OBaH COOTBETCTBYIOMNI ieH. Ecin kiace, n3 Koto-
POTO HACTIENYETCST YJIeH, He YKA3aTh, TO aBTOMATUIECKH OYIET TOPa3yMeBaThCsT
YJIeH, ONIMCAHHBIN B IPOM3BOIHOM Kiacce. Kak MiIIoCTpanuo pacCMOTPUM He-
GOJIBIIION TIPUMEP, IPEACTABIEHHBIN B JIUCTUHTE 4.2,

Jiucturr 4.2, CoBnagatowyme Ha3BaHWs HacNefyeMbiX Y1EHOB

#include <iostream>
#include <string>
using namespace std;
// TlepBoii Ga30BHI KJIACC:
class Alphaf{
public:

// TekcToBOE IMOJe:
string name;

// KOHCTPYKTOp:
Alpha(string txt) {
name=txt; // 3HaueHME TEKCTOBOTO I[IOJII
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// MeTon myisa OTOOpPaXeHMS SBHAUEHMS TEKCTOBOTO IIOJIA:
void getName () {
cout<<"Ilojie name mu3 kJjlacca Alpha: "<<name<<endl;
}

}; // OkoOHUaHME OMNMCAaHMA MNepBOTO 6a30BOTO KJjacca
// BTopoit 6az0BHI KJIACC:

class Bravo{

public:

// TexcroBOe moJe:
string name;

// KOHCTPYKTOp:

Bravo (string txt) {
name=txt; // 3HaueHME TEKCTOBOTO I[I0OJISI

}

// MeTon myisa OTOOpPaXeHMS SBHAUEHMS TEKCTOBOTO IIOJIA:
void getName () {
cout<<"Ilosle name M3 KJacca Bravo: "<<name<<endl;
}

}; // OkoOHUaHME OMNMCAaHMS BTOPOTO 6a30BOTO KJjlacca
// TpOM3BOOHEIL KJIACC:

class Charlie: public Alpha, public Bravo({
public:

// TexcroBOe moJe:
string name;

// KOHCTPYKTOP MNPOM3BOIHOTO KJIACCA:
Charlie(string x,string y,string z) :Alpha(x), Bravo(y) {
name=z; // 3HaueHMEe TEKCTOBOTO IIOJI

}

// MeTon myisa OTOOpPAaXeHMS SBHAUEHMS TEKCTOBHIX IIOJIEN:
void getName () {
cout<<"Merom getName () kjacca Charlie:\n";

// Tlone n3 mepBoTo 6a30BOTO KJjacca:
Alpha: :getName () ;

// Tomne u3 BTOpOTo 6A30BOTO KJjacca:
Bravo::getName () ;

// Tlone M3 NPOM3BOIHOTO KJlACca:
cout<<"3HaueHue nojysa name: "<<name<<endl;
cout<<"BHIIOJIHEHME MeToIa =3aBepueHo.\n";

}

}; // OxkoHuaHMe ONMUCAHMA NPOM3BOIHOTO KJacca
// TmaBHasa GOYHKUMA OPOTPAMME :
int main () {

// CosmaHme oBbeKTa NPOM3BOMAHOTO KJAcCca:
Charlie obj ("Ansda", "Bparo", "Uapmau") ;

// BHB30OB MeTOIa M3 MNPOM3BOIHOTO KJIACCA:
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obj.getName () ;

// BHIZOB MeTOIa M3 MNepBOTO BAa30BOTO KJIACCA:
obj.Alpha::getName () ;

// BHIZOB MeTOIa M3 BTOPOTO 6as30BOTO KJlACCa:
obj.Bravo::getName () ;
cout<<"IIlpoBepseM 3HaueHusa noJjen.\n";

// OfpaleHre K [OJI0 M3 MNepBOTO BAa30BOTO KJjacca:
cout<<"Ilojie Alpha::name: "<<obj.Alpha::name<<endl;
// OBpameHnre K MOJIO M3 BTOPOTO 0a30BOTO KJACca:
cout<<"Ilojie Bravo::name: "<<obj.Bravo::name<<endl;
// ObpaleHue K [OJIO M3 IPOM3BOIHOTO KJIACCA:
cout<<"3HaueHue nojysa name: "<<obj.name<<endl;
return 0;

}

PeSy]IbTaT BbIIIOJIHEHUA ITPOTPAaMMbI IIPUBE/ICH HUKE!

PesynbTat BbINONHEHMS NPOrpaMmbl (U3 NMCTUHTa 4.2)

MetTon getName () xJjlacca Charlie:
[losle name m3 kJjlacca Alpha: Ansda
[lostle name m3 kJjlacca Bravo: Bpaso
3HadveHue noJja name: Yapnawm
BEIITOJIHEHME MeTOIa 3aBeplIeHO.
[losle name m3 kJjacca Alpha: Ansda
[losle name m3 kJjlacca Bravo: Bpaso
[I[poBepseM 3HaueHMA IOJIEN.

[Iosle Alpha::name: Anbda

[loste Bravo::name: BpaBo

3HadeHMe [oJja name: Yapiu

B nannowM ciydae peub uzieT 0 Tpex Kjaccax: Kiace Charlieco3naercs myTeM
HacJTefoBaHus KaaccoB Alpham Bravo. B obonx ciaydasgx MexXaHHW3M Hacjie-
JIOBaHUS OTKPBHITHIN (public-HaciaenoBanue). B kaxom u3 KjaaccoB Alphau
Bravoo0bsBJIEHO OTKPBITOE TeKCTOBOE (0OBEKT Kjlacca string) Hoje namen
MeTon getName (). Boi3oB MeToga getName () us 00BbeKTa Kjacca Alphanau
BravoIlPUBOAUT K TOMY, YTO OTOOpaskaeTcss mH(GOPMAIs O KJIacce, B KOTOPOM
00bsABIEH METOJI, ¥ 3HAYEHUH II0JII Name0ObeKTa, U3 KOTOPOI'O METOJ BhI3bIBA-
ercst. Takum o6pasoM, B kilacce Charlie Haciemyercs ABa IOt nameH [Ba Me-
Toma getName (). Ho 210 eme ne Bce. B camoM kinacce Charlieobbasisgerca
moJie namen Mmepeornpeensercs MeTo getName (). Takum obpasoM, B KJac-
ce Charlie Tpu moJid ¢ Ha3BaHUEM nameu TPU BEPCUU MeTo/la getName ()
(Tounee, Tpu MeTozia ¢ HazBaHKeM getName () ). YToObI pasinyaTh 9TH MOJISA
U METO/Ibl, UCTIOJb3yeM SBHYIO UIeHTU(hUKANMIO KIacca, U3 KOTOPOTO HacJe-
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JIOBAaHBI TTOJISI 1 MeTOABL. B yacTHOCTH, ecoii B Tesle Kjacca Charlie MbI IIpU
O6pa]_L[eHI/II/I K TIOJII0 UCIIOJIb3yeM UAEHTU(MUKATOP name, a Py oOpalieHnn K
METO/Y UCIIOJIb3YyeM HMHCTPYKIUIO getName (), TO peub UAET COOTBETCTBEHHO
0 TI0JIe U METO/Ie, OTMMCAHHBIX HETIOCPEICTBEHHO B KJjacce Charlie. HCTPYK-
nuu Alpha: :name uAlpha::getName () IpeACTaBIAIOT cOOOM obpalneHue
K IIOJII0 nameun MeToay getName (), OollpeeJeHHBIM B Kjaacce Alpha. Amnamno-
TMYHO, UHCTPYKIUU Bravo: :name U Bravo::getName () HO3BOJIAIOT IIO-
JIYYUTD JOCTYI K IIOJII0 namer MeTony getName (), OIpenesieHHBIM B KJjacce
Bravo. JTO ke IIPaBUJIO OCTAETCS CIIPABEAIUBLIM, €CJIM MbI 00paIaeMcs K I10-
JIIM U ME€TOZlaM He B KjlacceCharlie, a yepes 06BEeKT 2TOro KJacca. [Ipumepnt
TaKUX KOMAH/ €CTh B IIPOTPAMMHOM KO/I€.

4.2. BuptyanbHblie 6a30Bblie KJ1aCCbl

/lenom nado sanumamocs cepbesno uiu He 3a-
HUMAMBCSL UM B000UE.
u3 x/p "Caysxcednotii poman”

[Ipu MHOKECTBEHHOM HACJIE[OBAHUN TEOPETUYECKU MOKET CIIOKUTHCS CUTYa-
I¥s, KOT/Ia OJIVH ¥ TOT ke GAa30BbIil KJrace Haceayercs (depes pasHble HEeNouKn
HACJIE/I0BAHYSI) B TPOU3BOTHOM KJTACCe HECKOJIBKO pa3. OOBIYHO B ATOM HUYETO
XOPOIIEro HeT, MOCKOJIbKY HEPEIKO TaKue CUTYyaluu NpUBOAAT K ommOkam. C
JPYTOI CTOPOHBI, COBCEM M30esKaTh MOJOOHBIX CUTYaIMil GbIBaeT IPobIeMaThy-
HO. Ho BBIXOJ1 €CTh, M COCTOUT OH B TOM, YTOOBI IIPU CO3/IAaHUH TIEMIOYKH HACIIEI0-
BaHUs UCIOJIb30BATD 8UPMYAIbHble OA30BbIE KITACCHL.

AdderT BUPTYaTbHOCTH 6a30BOT0 KJIACCa CO3AAETCs IIPOCTO: IPH YKa3aHUU Me-
XaHU3Ma HacJel0BaHUs cJellyeT UCIIOJIb30BaTh KIoueBoe caoBo virtual.Ha-
[pUMep, TIPEJICTaBUM, YTO KJacc Base siBjsieTcsi 6a30BbIM JIJISl KJTacCOB Alpha
1 Bravo: TO eCTb 1 Kj1acc Alpha, ¥ Kjlacc Bravo CO3a0TCA IIyTeM HacJie10Ba-
HUS KiaccaBase. Kimacc Charlie cosgaercs HacjeloBaHueM KJjaccoB Alpha
u Bravo. Takum 06pa3om, Kiacc Base Hacjefyercs B kiacce Charlie aByMs
MMyTAMU: Yepe3 Kjacc Alpha u4epes Kjaacc Bravo.

B kiacce Base 006BSABIEHO OTKPBITOE TEKCTOBOE MoJie name. B kiaccax Alpha
1 Bravo HUYEro He 0ObABJISETCA U He ONMCHIBAETCA. 3aToO B Kilaccax Alpha
1 Bravo HacJieAyercs IoJie nameus Kiaacca Base. U B Tese knacca Charlie
HIYero He o0bsiByIsieTcs1. B kimacce Charlie Takske HacJeQyeTcst IOJI€ name -a
TOYHee, IBA TOJI: U3 Kjacca Alpha u kmacca Bravo. [lpuyem "nepBouctou-
HUK" y 9TOTO "Pa3/IBOMBIIETOCS " TIOJISI OJIUH - 3TO Kjiacc Base. CUTyaIuio WLIio-
CTPUPYET IPOTPAMMHBIHN KO/ B TUCTUHTE 4.3.



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

Jinctunr 4.3. MHorokpatHoe HacnefoBaHue 6a3oBoro Knacca

#include <iostream>

#include <string>

using namespace std;

// BasoOBHIM KJACC:

class Base{

public:

string name; // TekcToBOemose

bi

// TIpOM3BOMOHEI KJIACC OT KJjlacca Base:

class Alpha: publicBase{};

// TIpOM3BOMOHEIM KJIACC OT KJjlacca Base:

class Bravo: publicBase{};

// TIPOM3BOMOHEIM KJIACC CO3IaeTCd

// Ha OCHOBe HOByxX Ba30BHX KJIACCOB:

class Charlie: public Alpha, public Bravo{};

int main() {

Charlie obj; // ObwexT knacca

// BHaueHMe MNOJIA name, yHacCJeIOBaHHOE uepes
// wmacc Alpha:

obj.Alpha: :name="Anvda";
// BHaueHMe MOJId name, yHAaCJeIOBAHHOE uepes
// wjacc Bravo:

obj.Bravo: :name="Bpaso";

// TlpoBepseM 3HAUEHUsS I[OJIeN:

cout<<obj.Alpha: :name<<endl;

cout<<obj.Bravo::name<<endl;

return O;

}

B rnaBHoil dhynkimm komanioit Charlie obj cosmaercst 00beKT objKiacca
Charlie. 3areM KoMmaHJaMH obj.Alpha::name="Ansda"™ U obj.
Bravo: :name="BEpaBo" IpHUCBANBAIOTCs 3HAUE€HNA IIOJISIM name, YHacJIe[10-
BaHHBIM M3 KJAaCCOB Alpha U Bravo COOTBETCTBEHHO. 3HAUEHUs ITUX MOJEH
BBIBOJIATCST B KOHCOTBHOE OKHO. Pe3yrbraT BRITTOTHEHUS IPOTPAaMMBI TaKOIi:

Pe3ynbTat BbINONHEHUS NporpamMmbl (M3 nucTuHra 4.3)

Anbda
Bpaso

Temepb MBI HECKOTBKO M3MEHWM CUTYAIIUIO, BOCITOJTb30BABITUCH BUPTYATbHBIM
HacJeoBaHueM KJiacca Base. I3MeHeHHBIM TPOTPaMMHBIN KOJT TIPEAICTABIEH B
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JUCTUHTE 4.4 (KUPHBIM ITPUMTOM BbIZIeJIEHO KITI0UeBOE CJIOBO virtual BIIPO-
TPaMMHOM KO/jie).

Jinctunr 4.4. BuptyanbHoe HacnefoBaHue 6a30Boro knacca

#include <iostream>

#include <string>

using namespace std;

// BasoOBHIL KJACC:

class Base{

public:

string name; // TekcTOBOe mOJE

bi

// TpOM3BOOHEINL KJlaCC OT KJjlacca Base

// (BUMpTyaJibHOE HAaCJIemoBaHue) :

class Alpha: wvirtual public Base{};

// TIpOM3BOMHEI KJIACC OT KJjlacca Base

// (BUpTyaJlbHOE HACJIELOBAaHME) :

class Bravo: wvirtual public Base{};

// TpOM3BOOHEIL KJIACC CO3IOaeTCH

// Ha OCHOBE IOBYX Oas0BHIX KJIACCOB:

class Charlie: public Alpha, public Bravo{};

int main () {

Charlie obj; // O6mexTkiacca

// 3BHaueHMe MOJIg name, yHACJEIOBAHHOE uepes
// wjacc Alpha:

obj.Alpha: :name="Ansda";
// BHaueHMe MOJId name, yHACJeIOBAHHOE uepes
// wjacc Bravo:

obj.Bravo: :name="EBpago";

// TlpoBepseM 3HAueHMdI IOJIel:

cout<<obj.Alpha: :name<<endl;

cout<<obj.Bravo::name<<endl;

return 0;

}
Cxema B JaHHOM CJ1y4a€ NPaKTUYECKU Ta K€, KaK 1 B IPEABIAYIIEM CJIydae, O/1-

HAaKO IIpU HACJEAOBAaHUU KJIacca Base B KijaccaXx Alpha u Bravo YKas3aHo
KJII0UEBOE CJIOBO virtual. Pe3ysbTaT BBITOJTHEHUS TPOTPAMMBbl U3BMEHUTCS:

Pe3ynbTat BbINONHEHUS NporpamMmmbl (M3 nuctuhra 4.4)

BEpaso
Bpaso
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[Tone namey kmacca Charlie Temepb ONHO, a HE IBA, KaK 3TO OBLIO B npe-
IbIylieM nmpuMepe. pyrumu cioBaMy, 1ojie name, HacjaeyeMoe 4yepes KJacc
Alpha, 1 nojie name, HacJeLyeMOe Yepes KIacc Bravo, Telepb UHTEPIPETUPY -
I0TCS Kak OTHO U TO Ke 1oJie.IloaroMy komaHia obj . Alpha: : name="Ancda"
"mepekpbIBaeTcAa" KOMaHI0M obj.Bravo::name="Bpapo": CHauaja ToJe
name IoJiydyaeT 3HaueHue "Aysba" B pe3yJsbrare BbIIIOJTHEHUS TePBOM KOMaH-
JIBI, a 3aTeM MOJIE namenojiydaeT 3HaueHue "BEpaso" B pe3yIbraTe BbhIIIOJIHEHN
BTOPOIl KOMaH/IbL.

4.3. AGCTpaKTHbIE KN1acCbl N YUCTO
BUpPTyasibHble MEeTOAbl

Paboma cexpemmnas. ymaio, ¢ kocmocom cesi-
3annas. lax umo vumaiime zazemwt!
u3 k/¢p "Ycamotii nanv”

Mertoz B KJ1acce MOKHO He ONUCHIBATh, 8 TOJbKO 00bABUTD. [IpyruMu cioBamu,
B KJIacCe JIOMYCTUMO YKa3aTh THII pe3yJibTaTa METO/[a, €r0 Ha3BaHKe 1 apryMeH-
ThI, 2 IPOTPAMMHBII KOJI TeJla MeTO/Ia He YKa3blBaTh. Takue MeTo/ bl Ha3bIBAIOTCS
YUCTMO BUPMYATLHLIMU T OTICHIBAIOTCS € KJIFOYEBBIM CIOBOM virtual. 3akaH-
YMBaeTCs ONUCAHNE YKCTO BUPTYAJIbHOIO METO/a 3HAKOM PABEHCTBA U HYJIEM.
OO6mmumii mrabyioH 0OBSIBIIEHUST YMCTO BUPTYATbHOTO METO/A CIEAYIOMNN (GKUp-
HBIM HIPU(TOM BbIJIeJIEHbI KJIIOUYeBbIE 9JIEMEHTBI ):

virtual Tun pesyneTaTa uMA MeTomIa (CHMCOK apryMeHTOB)=0;

Ecm kiace comepKutT XoTst ObI OJIMH YUCTO BUPTYATbHBIN METOI, TO KJIAcC Ha-
3bIBaeTCst abcmpakmuoim. AOCTPAKTHBIN KJTACC OTINYAETCST OT 0OBIYHOTO KJIacca
TEM, Y4TO COJEPKUT, IO MEHbBIIEH Mepe, XOTsI ObI OJIUH YUCTO BUPTYAIbHbII Me-
TOI.

Y abCTpaKTHBIX KJIaCCOB €CTh (B M3BECTHOM CMBICJIE OUEBH/IHAS) OCOOEHHOCTD:
Ha OCHOBE abCTPAKTHOTO KJlacca HeNMb3st o31aTh 0OBeKT. [Ipuanty moHsITh He-
CJIOJKHO - €CJI B KJIACCE METOJ TOJBKO OOBSIBIIEH, HO He ONMUCaH (TO €CTh eCJIH
METOJI YMCTO BUPTYAJIBHBIN ), TO ke i ObI Ha OCHOBE TAKOTO KJIacca MOKHO
ObLTO cO3/aTh OOBEKT, JaHHBII 00BEKT comep:kaa Obl He OIpeeeHHbIE METO-
mbl. IIpoky 3mech Mamo. IToaToMy aGCTpaKTHBIN KJacce IPeACTaBJIsieT HHTEePecC
KaK TaKOBOIi, a He KaK JIeKaJIo st co3aanust 00beKTOB. OOBIYHO € TTOMOIIBIO
abCTPAaKTHBIX KJTACCOB CO3AETCST CTAHIAPT, HA OCHOBE KOTOPOTO Ty TeM HACJIEI0-
BaHUsI CO3/AI0TCSI HOBBIE KJIACCHI. JIPyTUME CJIOBaM#, Ha OCHOBE abCTPAKTHOTO
KJIacCa HEJIb3sT CO3/IaTh 00BEKT, HO MOKHO CO3/aTh TIPOU3BOIHBIN KJIacc. ITO U
€CTh OCHOBHOE ITpe/IHa3Hau€eHIe aOCTPAKTHBIX KJIACCOB.
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— Ha 3ameTky

Ecnv nponsBogHbIit Klacc co3aaeTca Ha OCHoBe abCTpakTHOro Kjacca, TO B Npou3-

I BOZHOM KJlacce A0SIXKHbI OblTb OnpeneneHbl Bce YNCTO BUPTyasibHble MeTodpbl, 06b-
AIBNIeHHble B abCTPaKTHOM KJiacce. Ecnv xoTb OMH 13 YACTO BUPTYasibHbIX METOM0B,
00bsABNIEHHbIX B 6a30BOM abCTPakTHOM Knacce, B MPOM3BOAHOM KlacCe He onucaH, To
CO34aHHbIN NPON3BOAHLIN Knacc Takxke 6yaeTt abCTpakTHbIM.

Kaxk wurocTpanmio paccMOTpUM IIPUMeEp U3 JIUCTUHTA 4.5. B aT0ii mporpamme
OIKChIBaeTCst abCTPaKTHBINA KJIAcC, a 3aTeM Ha OCHOBe abCTPAaKTHOTO KJIacca
CO3/IAI0TCS TIPOM3BOTHBIE KJIACCHL.

CKOJIbKMX reomeTpuyeckmx puryp: pedb nget o kybe, cdbepe n npaBunbHOM TETPaa-
ape. Kaxaon ns aTux reomeTpn4eckmx Guryp CoOoTBETCTBYET OTAENbHbIN Knacc (Cube,
Sphere W Tetrahedron). Knaccel co3paloTcs nyTeM HacnenoBaHus abcTpakTHOro
knacca Base. B abcTpakTHOM knacce Base OMNMCaHO HECKOMbKO NONel U MeToa0B

p— Ha sameTky
|
B nporpamme peannaoBaHa naes o Bbl4McieHnn obbema 1 naowany noBepxHoCcTn He-

Jluctunr 4.5. HacnegoeaHne abCTPaKTHOrO Kiacca

#include <iostream>

#include <string>

using namespace std;

// BaszoBHIi abCTPaKTHEIM KJIACC:
classBase({

public: // OTKpBITHE UJIEHBl KJacca

double pi; // Umcmo "nu"
double s2; // KopeHb KBaOPaTHHIL M3 OBYX
double s3; // KopeHb KBAIpaTHE U3 TPex

double size; // JlmHeMHEE pa3MEpEH
string name; // HasBaume OGuTyps
// YMCTO BUPTYAJILHHI METOI (BHUMCIIEHME ofbema) :
virtual double volume ()=0;
// UMCTO BMPTYAaJIbHBIL METOI (IJIOWAlb MOBEPXHOCTM) :
virtual double area()=0;
// OmnucaHme MeToOma, NPEeIHABHAUEHHOTO IJIS
// TUpuCcBamMBaHMS 3HAUYEHUS IIOJISAM:
void set (double L,string txt) {
size=L; // JuHeMHLN pasMep GUIyPEH
name=txt; // HazpaHue OUIypPH
}
// OmucaHme MeToma IJiS OTOOPaXEHMI
// XapaKTepuCTUK TI'e€OMEeTPUUECKOU OUITYPH:
void show () {
cout<<"dumrypa: "<<name<<endl;
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cout<<"JlmHenHeMpasmep: "<<size<<endl;
cout<<"OBweM: "<<volume ()<<endl;
cout<<"IlnomanmbnoBepxHocTHu: "<<area ()<<endl;
}
// KoHCTpyKkTOpKJacca:
Base (double L, string txt) {
pi=3.141592; // 3Bnauenue umcia "nou"
s2=1.414213; // 3BHauyeHMe KOPHS KBAIPATHOTO M3 IOBYX
s3=1.732050; // 3BHaueHMe KOpPHSA KBAIPATHOTO M3 TpeX
// BHIBEIBAETCS METOI IJis [PVMCBAMBAHMSA SBHAUYEHUS
// momsaMm size u name:
set (L, txt);
}
}i
// Kiacc cos3maeTcsa Ha OCHOBe abCTpakKTHOTO kjacca (ky0) :
class Cube: public Base{
public: // OTKpHTHEUJIEHHKIIACCA
// KOHCTPYKTOP MNPOM3BOIHOTO KJIACCA:
Cube (double L) : Base (L, "xy6") {
show(); // OroBpaxeHue mnapamMeTpoOB OUTYPH
}
// OmnmcaHue yHacCJeIOBAaHHOT'O M3 06as30BOIO KJjacca
// 4YMCTO BUPTyasibHOTO MeToma (ofbeM Kyba) :
double volume () {
return size*size*size;
}
// OnmcaHuMe yHACJEeIOBAHHOTO M3 0a30BOTO KJlACCA UMCTO
// BMPTYaJIbHOTO MeToma (MJjomanbk MOBEPXHOCTM Kyba) :
double areal() {
return 6*size*size;
}
}i
// Kiacc cos3maeTcsa Ha OCHOBe abCTpakKTHOTO kJjacca (coepa) :
class Sphere: publicBase{
public: // OTKpHTHEUJIEHHKIIACCA
// KOHCTPYKTOpP MNPOM3BOIHOTO KJIACCA:
Sphere (double L) : Base (L, "cdepa") {
show(); // OroBpaxeHue mnapamMeTpoOB OUTYPEH
}
// OmnmcaHue yHacCJeIOBAaHHOT'O M3 06as30BOIO KJjacca
// 4YMCTO BUPTYasibHOTO MeToma (ofbeM cheph) :
double volume () {
return 4*pi*size*size*size/3;
}
// OnmcaHuMe yHaCJEeIOBAHHOTO M3 0a30BOTO KJlACCA UMCTO
// BUPTYaJbHOTO MeToma (Mjomanbk MIOBEPXHOCTM Cchepr) :
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double areal() {

return 4*pi*size*size;

}

}i

// Kiacc cozmaeTcsa Ha OCHOBE

// aBCcTpakTHOTO KJjacca (TeTpasip) :

class Tetrahedron: publicBase({

public: // OTKPBITHEUJIEHHKIIACCA

// KOHCTPYKTOpP MNPOM3BOAHOTO KJlAcca:

Tetrahedron (double L) : Base (L, "TeTpanzap") {

show () ; // OrobpaxeHue NapaMeTpoOB OUIYPH
}

// OnmcaHuMe yHACJEeIOBAHHOTO M3 0a30BOTO KJlACCA UMCTO
// BUPTyaJbHOTO MeToma (ofbeM TeTpasipa) :

double volume () {

return s2*size*size*size/12;

}

// OmnmucaHue yHacCJeIOBAaHHOTO M3 0a30BOTO KjlacCa YUCTO
// BUPTyajibHOTO MeToma (rJjomanb MNOBEPXHOCTM TeTpasmpa) :

double area() {

return s3*size*size;

}

bi

// TmaBHasa GOYHKUMA OPOTPAMME :

int main() {

Cube a(10); // OBwekT kjacca mniaa kyba
Sphere b (10); // 0BbekT kjacca nja cbeps
Tetrahedron c(10); // OBBekT kJjlacca IOJig TeTpasipa

return 0;

}

[Ipu BBIIOTHEHUY TTPOTPAMMBI TIOJIyYaeM TaKOH pe3yJibTat:

Pe3ynbTat BbINONHEHUS NporpamMmmbl (M3 nuctuhra 4.5)

durypa: Kyb6

JInnevHe pasMmep: 10
Ob6wem: 1000

[momane noBepxHocTum: 600
durypa: cbepa

JInneyHe pasmep: 10
Obwem: 4188.79

[Inomanes noBepxHOoCTM: 1256.64
durypa: TeTpasnp
JInnevHe pasMmep: 10
Obwem: 117.851
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[Inomanes noBepxHocTM: 173.205

Wrax, B IpOrpaMMHOM KOJI€ ONUChIBAaeTCss abCTPaKTHBIN 6Ga3oBbIil KJacc Base.
B aroM Kilacce ecTh HECKOJIBbKO mmoJeil u MeTonos. HekoTopsie MeTonbl 0ObIU-
HBIE, 2 HEKOTOPbIE METO/IBI - YNCTO BUPTyabHble. HazHaueHre yeThIpex momeit
tuma double TaKoe: B TOJIe Pi 3allUChIBAETCS TPUOIMKEHHOE 3HAYEHUE YHC-

Ja , B IOJIe S23aluchiBaeTCA HpI/I6]II/I>KeHH06 3HaueHue JAJ1d 4rucjaa ", B I1oJie

S 33aMuCchIBaeTCst MPUOIMKEHHOE 3HAUEHNE YNCIa |, a [TOJIE S i ze TpeHa3Ha-
YeHO IJII 3alCH B HETO JIMHeHHOoTo pa3Mmepa ¢burypsl. TekcToBoe mosie name
MOHAO0UTCS JIJIsT 3aIMCU HA3BaHUST TeOMeTPUYecKoil ¢hurypor (Mbl Oy/eM wc-
M0JIb30BaTh 3HAUYEeHUS "ky6", "chepa" u "rerpasap").

Merton set () omucaH ¢ AByMS apTyMEeHTaMU, OTIPeeITIONIMHI 3HAYEHNS TTOJIei
size M name COOTBETCTBEHHO. Takike B kjlacce Bravo ecTh MeTox show (),
npeIHa3HavYeHHbIN i1 oToOpakenust urdopmanuu o durype (ee HazBaHwue,
00beM, U ILIOLIAb MOBEPXHOCTH ). B Tesie MeTo1a show () BHI3BIBAIOTCS METO/BI
volume () U area (), KOTOPbIE IBJISIOTCS YUCTO BUPTyaJbHBIMU. /[aHHBIE Me-
TO/IBbI OIUCBHIBAIOTCA B IIPOU3BOAHBIX KJIacCax.

XoTst Ki1acc BaseW sIBJsieTCsT abCTPAKTHBIM, B HEM OTIMCaH KOHCTPYKTOp. B Tese
KOHCTPYKTOpA MPUCBANBAIOTCS 3HAYEHNS TIOJISIM pi, S2 U s 3, a TaK/Ke Yepe3 BhI-
30B MeTO/Ia set () IPUCBANBAIOTCS 3HAYEHUS TIOJISIM S1ze U name.

Kinaccel Cube, Sphere u Tetrahedron oOIMCAaHbI OJHOTUITHO, U OTJIMYMSI
Me3K/y HIMU HecylllecTBeHHble. Tak, B kyacce Cube onncan KOHCTPYKTOP € OfI-
HUM apTyMEHTOM. DTOT apryMEHT OIIpeiesisieT 3HaUeHue TI0JId S 1 zeu 1epeaeT-
€51 IEPBBIM aPI'YMEHTOM KOHCTPYKTOPY KJacca Base. BTopbIM apryMeHTOM KOH-
CTPYKTOPY KJacca BasemepeqaeTcsl TEKCTOBoe 3HaUeHue "ky6". Takke B Tese
KOHCTPYKTOpa KJlacca CubeBbI3blBaeTcsl MeTol show (). Metog volume ()
OIIpe/IeJIeH TaK, YTO Pe3yJAbTaTOM BO3BPAIAE€TCS TPETh CTEIIEHb 3HAYEHU 11011
size (0O6beM Ky6a). MetogioM area () BO3BpalaeTcss YMHOKEHHBII Ha 6 KBa-
JIpaT 3HAYEHUS TI0JIsI size (MJI0IaAb MOBEPXHOCTH Kyba). AHAJIOTUYHASI CTPYK-
Typa Kojla 1 y KJaccoB Sphere u Tetrahedron -pagyMeercs, € IIONPABKON HA
3HaYeHU, KOTOPbIE BO3BPAIIAIOTCA METOAaMU volume () M area () B KaKIOM
M3 9TUX KJIACCOB.

B rnaBHoIT ¢pyHKIIMM TporpaMMbl KoMaHaaMu Cube a (10), Sphere b (10)
u Tetrahedron c¢ (10) co3paorcsa oO6bEKTHL KJIaccoB Cube, Sphereu Tet-
rahedron. IlockoJbKy B KOHCTPYKTOpPaX 3THUX KJACCOB BBI3BIBAETCS METO]
show (), To Ipu co3AaHNN 00BEKTOB aBTOMAaTUUYCCKU ITOABJIAIOTCS COOOLIEHUS C
nHdopMaIueil o cosgaBaeMbIX 06BEKTAX.
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4.4. NepemMeHHble 6a30BbIX U NPOU3BOAHbDIX
KJlacCcoOB

Iocmoponnue paseosopvr npexpamumy. One-
pavus navanacy. 3a mnoi!
u3 x/¢p "Cmapuxu-pasbotinuxu”

JlomycTiM, HEKOTOpas mepeMeHHast 00bsiBIeHa KaK MPUHAJJIEKAIIas K OIpe-
nesneHHOMY THUIy. Torma 3anucarh B 3Ty MepeMEHHYI0 MOXKHO TOJIBKO 3HAUEHHe
COOTBETCTBYIOIIETO THTA (€CN He CINTATH CUTYAIUH, KOTZIa UMEET MECTO d8mo-
Mamuueckoe npusedenue munos - HalpuMep, Koriaa mepeMeHHol Tuma double
npucBanBaeTcst 3Hadenue tumna int). Ho ato ecin peus He uger 06 oobekrax. C
oObeKTaMK He BCe Tak 1MpocTo. VIMeeTcst 04eHb BaskHast U OY€Hb M0JIe3HAst 0CO-
GEHHOCTD, CBsI3aHHas1 ¢ OOBEKTaMi 0A30BBIX M MPOU3BOIHBIX KaaccoB. CocTo-
UT OHA B TOM, YTO3HAUEHUEM NEPEMEHHOU OA306020 KAACCa Moxcem Obimv 0bvexm
npouU3B00H020 Kiacca.

—
. Ha 3ameTky

BaxkHbIli MOMEHT, CBA3aHHbIA C TepMUHONOrMel. JJo 3Toro Mbl 0OBSABASANM OOBEKTHI

I KOMaHAaMW BNAA kJjlacc oBBeKT (apryMeHTH) . Mbl 3HAaEM: Tak CO34AEeTCH o6BeKT
COOTBETCTBYIOLLErO xyacca. Ho Ha camom gene cutyaums "6onee xutpas”, 4em 370 Ka-
XeTcs Ha nepB.blin B3rmMsa. Cam npouecc co3paHns o6bekTa - 370 Kak MUHVMYM Bbiae-
JIeHVEe NamMsaTy nof o6bEKT (BCe OCTaNbHOE - B 3aBMCUMOCTU OT KOHCTPYKTOPA Kjlacca).
A TO, 4TO Mbl Ha3bIBaeM obsexkToM U 0OpabaTeiBAEMB NPOrPaMMHOM KOAE Kak 0ObEKT,
€CTb HU 4YTO MHOE, KaK NepeMeHHasi, YHepes KOTOPYIO Mbl MOSy4aeM AOCTYN K OOBbEKTY.
B npuHumne, korga Mbl NEPEMEHHYIO OTOXAECTBNSEM C 0OBLEKTOM, TO B 3TOM HUYErO
HernpaBuibHOro HeT. Ho 4To6bl MOHATL TOT MEXaHN3M, KOTOPbI obcyXaaeTcs Janee,
HaM pasyMHee BHECTU HEKOTOPbIE KOPPEKTUBLI B Hally "06bEKTHYI" KOHUenuuio. A
VMEHHO, Mbl 6yAeM pasnuyaTtb NEPEMEHHYIO U 0OBEKT, K KOTOPOMY MOJTy4aeM AOCTYM
yepes 3Ty NepemMeHHyio0. [oxanyii, camblii ONTUMabHbI BapuaHT - AymaTtb 06 00bekTe
KaK 0 3HAYEHWM NMEPEMEHHOI, KOTOPYIO Mbl ByAeM Ha3biBaTb 4711 60NbLUEN HAMMSAHOCTH
0ObEKTHOWN NepeMeHHOol. Trn 0OBbEKTHOM NEPEMEHHON - 3TO TOT Kacc, AJis KOTOPOro
[aHHasa nepemeHHast 06bsBnseTcs. B npuHumMne, 3HaueHneM Takoli 0ObEKTHOW nepe-
MEHHOI MOXET OblTb 0OBEKT TOr0 Xe knacca. PaHee Bcerga Tak u 6bi10. Ho Tenepb Bce
HECKOJIbKO MHAYe: 3HaYeHNEeM 0OBLEKTHOW NEPEMEHHO, KOTOPasi OTHOCUTCS K OOHOMY
KJlaccy, MOXET ObITb 0OBEKT, KOTOPbI OTHOCUTCS K APYromy knaccy. Ho ato npwu ycno-
BMM, YTO KJTACC OOBbEKTA ABNSETCS MPOU3BOAHBLIM OT KJlacca OOBbEKTHOM NEPEMEHHOIA.
MprmepHo Tak.

MosKHO cKasaTh U Tak: lIepeMeHHOi 6a30BOro KJjacca B KauecTBe 3HaYeHUs Pas-
peraeTcs MPUCBOUTH TIEPEMEHHYI0 IIPOU3BOIHOTO KJacca. Hanpumep, ecim ecTh
HEKOTOPBIH KJIacC ¢ Ha3BaHWEM Ba30BEIA, M HA €r0 OCHOBE ITyTeM HacJIe/I0OBaHUS
co3/1aeTcd Kaacc [IpoM3BOOHBINM, TO KOMAaHaMU Ba30BEM AU IIPpOM3BOOHEM B
co3ai0Tcs 0OBEKThI A U B COOTBETCTBEHHO Ha30BOTO M MIPOU3BOJHOIO KJIACCOB.
U B aToMm Het HUYero ocobentoro. Crieruduka "poaAcTBEHHON" CBSI3U MeXK Ly Oa-
30BBIM W TIPOU3BOAHBIM KJIACCAMU COCTOUT B TOM, YTO JOMyCTUMON CTAaHOBUTCS
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KOMaH/IaA=B, B pe3yJITare BHIIIOJTHEHUST KOTOPOW 3HaYE€HHEM TIepeMeHHOi A Oy-
neT 00BEKT KIacca [Ipou3E O aHEI. DTO KOIHS TOT0 00bEKTa, KOTOPBIH SIBJISIETCSI
3HAUeHNEM TepeMeHHOol B. BaHO MOHMMATD, 4YTO pedb UJeT UMEHHO O KOTTHH.
[ToaToMy ecjiv MbI BIIOCJIEICTBUN M3MEHKUM TTapaMeTpbl 00beKTaB, TO Ha 00hEKTE
A 9TO HE CKaXKeTCd HUKaK.

Ectb emie ogHO BaskHOE 06CTOATENBCTBO: €CIU 3HAYCHUEM HepeMeHHOfI 6a30BOTO
KJ1acca ABJIAETCH 0ObEKT IIPOU3BO/IHOTO KJlaCCa, TO Y€EPE3 TaKYIO IIEPEMEHHYIO
MOKHO HOJIYYUTb JOCTYII TOJIBKO K TEM ITOJIAAM U METOdaM O6'b€KT3.-SHaIIeHI/IFIy
KOTOpbIE 00bsABIIEHBI B 6a30B0M KJacce. IToJe n METO/bI, OIITMCaHHbIE HEITOCPE/L-
CTBEHHO B IIPOM3BOJITHOM KJIaCCE, HEPE3 IIEPEMEHHY IO 6a30BOTO KJIacca HEOOCTYII-
HBbI.

=’ Ha 3ameTky

CraHpapTHaa npoueaypa nNpucBaMBaHUsa OOLEKTOB MOApa3yMeBaeT NOOUTOBOE KO-

I nMpoBaHne OO6BLEKTOB: MPU BbIMOJHEHUN KOMAHObl OOBEKT 1=00BeKT 2 B NEpPemMeH-
HYI0 o6bekT 1 3anMCbiBAeTCA TO4HAsA KONus oObekTa, OnpenensiemMoro nepemeHHomn
obrexkT_ 2. lpaBaa, Takoe "MoBedEeHUE Mo yMOJHaHWIO™ Mpu NpucBanBaHUN MOXET
ObITb UIBMEHEHO - HAaNpUMep, NyTEM NepPerpy3ky oneparopa NpucBamBaHnsa ons oob-
€KTOB COOTBETCTBYIOLLEro knacca. Neperpyska oneparopa npuceavBaHus ewle dynet
obcyxaaTbcs B KHUre.

Jliist 6oJ1ee KOHKPETHOTO UCCIeI0BAHMS CUTYAI[MH C TPUCBAUBAHUEM TT€PEMEH-
HBIM 6A30BOTO KJ1acca 00HEKTOB MTPOU3BOIHOTO KJIACCa PACCMOTPUM MPOTPAMM-
HBII KOJI, IPEeCTaBJeHHBIN B JcTUHTe 4.6. B aTOM mIprMepe omucan 6a30BbIi
KJacCc Base € KOHCTPYKTOPOM, TEKCTOBBIM IIOJIEM nameu MeTOAOM show ()
st OTOOpaskeHus 3HaYeHus moJisiname. Ha oCHOBe Kjlacca Base  CO3/IaiOTCsI
K7accel Alpha u Bravo. B aTux kaccax mepeornpezensercsa MeTos show () .
B ruiaBHOi#T (hyHKIMK TIPOrpaMMBbI co3/1aeTcst 00bEKT obj Kiacca Base, a TakkKe
00BEKThI @ U b TPOU3BOJHBIX KJIACCOB Alpha U Bravo COOTBETCTBEHHO. 3a-
TeM IepeMeHHOU ob7j IOocJe0BaTeJbHO IIPUCBAUBAIOTCS 3HAUEHUS IIepeMeH-
HBIX & M b, ¥ KaX/bIil Pa3 U3 IepeMeHHOM 0bjBbI3bIBaeTCA MeTO/ show () .

Jiucturr 4.6. NepemeHHbie 6a30BbIX U NPOU3BOAHDIX KNAccoB

#include <iostream>
#include <string>
using namespace std;
// BasoOBHIM KJACC:
class Base({
public:

// TekcToBOeEmOJIE:
string name;
// KOHCTPYKTOp KJjlacca:
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Base (string txt) {
name=txt;
}
// MeTonm myisa oTOOpPaXeHMSI SBHAUESHMSI I[IOJIA:
void show () {
cout<<"Kiyacc Base. Ilosename: "<<name<<endl;
}
}; // OkoHuaHMe OomNMcaHua 0as30BOTO KJjacca
// TlepBBI NPOM3BONHLI KJIACC :
class Alpha: public Base{
public:
// KOHCTPYKTOpP MNPOM3BOIHOTO KJIACCA:
Alpha(string txt): Base(txt) {}
// Tlepeomnpenejienne MeToma M3 0a30BOTO KJACCA:
void show () {
cout<<"Kyacc Alpha. Iojename: "<<name<<endl;
}
}; // OxoOHUaHMe ONnMcCaHus MNepBOT0 MNPOM3BOLNHOTO KJjacca
// BTOPOM NPOM3BOLHEIL KJIACC:
class Bravo: public Base{
public:
// KOHCTPYKTOpP MNPOM3BOIHOTO KJIACCA:
Bravo (string txt): Base(txt) {}
// TlepeomnpenejieHMe MeTOIa M3 MNPOM3BOIHOTO KJACCA:
void show () {
cout<<"Kmacc Bravo. Ilonename: "<<name<<endl;
}
}; // OxoOHUaHMEe ONMCaHMs BTOPOTI'O MNPOMBBOLNHOTO KJjacca
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// 06bekT 6az0BOTO KJlacca:
Base obj ("Kpacueut") ;
// OBBEKT MepBOTO MPOM3BOOHOTO KJACCA:
Alpha a ("XemnTemi") ;
// OBBEKT BTOPOTO MNPOM3BOOHOTO KJACCA:
Bravo b ("3ejgenwm") ;
// MeTon BH3HBaeTCHa M3 OOBEeKTa 0a30BOTO KJjAcca:
obj.show () ;
// MeTomn BHI3HIBAETCH U3 OOBEKTA
// TNepBOTO MNPOM3BOMAHOTO KJIACCA:
a.show(); // BusmBaeTca MeTon M3 6a30BOTO oOBEKTa
// MeTon BBIZEIBAETCH U3 OOBEKTAa
// BTOPOTO MNPOM3BOIHOTO KJIACCA:
b.show () ;
// TlepeMeHHOM 6asz30BOTO KJjlaCCa NPUCBaAMBAETCH OOBEKT
// TNepBOTO MNPOM3BOMAHOTO KJIACCA:
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obj=a
//

’

MeTon BHI3HIBAETCS M3 0OBeKTa OA30BOTO KJjacca:

obj.show () ;

//
//
obj=b
//

[lepemenHOM 6a30BOTO KJjlacCa IpUCBamMBaeTCs OOBEKT
BTOPOTO MNPOM3BOOHOI'O KJacca:
’

MeTon BEIBHIBAETCS U3 oObekTa 0a30BOTO KJjacca:

obj.show () ;
// Tomw nameobbeKTa bIpucBauMBaeTCs HOBOE 3HAUEHUE:

b.nam
b.sho
obj.s
retur

}

e="Cuuun";

w(); // Metonm show () BH3HBaeTCHd M3 OOBLEKTa b
how();// Merom show () BHI3EIBAeTCH U3 OBBEeKTa ObJ
n 0;

B PE3YJIbTATE BbIIIOJHEHUA IIPOTPAMMBDbI I1IOJIy4a€eM CJEAYIOIIEE:

PesynbTat BbINONHEHMS Nporpammbl (U3 nucTuira 4.6)

Kinacc
Krnacc
Kinacc
Krnacc
Kinacc
Krnacc
Kinacc

Base. Ilose name: KpacHe
Alpha. Ilone name: XejnTw
Bravo. Ilojsle name: 3eJIeHBN
Base. Ilojie name: XemnTem

Base. Ilojle name: 3eJieHBM
Bravo. Iloje name: CuHUM

Base. Ilojle name: 3eJIeHBM

YT06BI MOHSATH CMBICJ TPOUCXO/SIIEr0, Pa3yMHO BBIJIEJIUTh HanboJiee BasKHbIE
MoMeHTBL. OHu Takue:

B kjacce Base omnmcaHo TEKCTOBOE 110JIe name, 1 3TO 10Jie HacjeayeT-
cd B Kjaccax Alpha u Bravo.

B xmacce Base ecTth MeTon show (), KOTOPBIM 0T06pa>KaeTcsi 3Haye-
HUe 110Jid name. B kiaccax Alpha M Bravo IepeonpeesseTcs MeTO/
show (). Metozom show () B kaccax Alpha u Bravo Takke oToOpa-
JKaeTcs 3HaYeHre 1Mo name (KOTOpoe Hac/eayercs us3 6a3oBOro KJac-
ca).

Paznuuue mexay Bepcusimu metona show () M3 KjaaccoB Base, Alpha u
Bravo JIMIIb BO BCIIOMOTaTeIbHOM TEKCTE, KOTOPBIN 0TOOpaKkaeTcst pU BbI30-
Be Metoza. ITo aToMy TekcTy yaaeTcst 0JHO3HAYHO ONPEAENUTD, O KAKOW BepCuu
METO/Ia UJIET PEYb.
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— Ha 3ameTky

B 6a30BOM knacce BaseMeTof show () 00bsiBNEH kak HEBUPTyasbHbIn. Ecnn coenatb
I MeTo[, BUPTyasibHbIM (800aBMB MHCTPYKLMIO virtualB onucaHve MeToaa), pesynbraT
BbIMNO/IHEHUS NPOrPaMMbl HE U3MEHUTCS.

[Tepemennast obj B raBHOW (DYHKIMU MPOTPaMMbI 0OBsIBIIeHa Kak OOBEKT
Kiacca Base. Ho sHaueHUsIMUEN MOTYT IPUCBANBATHCS 00BEKTHI TPOU3BOIHBIX
KmaccoB Alpha u Bravo. COGCTBEHHO Tak ¥ IPOUCXOAMT: B IIPOrPAMME CO3/a-
eTcs 00beKT akyacca Alphau 00beKT bKaacca Bravo, a 3aTeM 3TH 0ObeKTHI 110
odepenn NMPUCBaNBAIOTCS 3HAUEHNUSIMHU TTepeMeHHol obj. [locie kaxmoro mpu-
CBaWBaHUS U3 0OBEKTA objBbI3bIBAETCA METOJ[ show ().

PazbepeM TIOC/IEACTBYSI BBIIOJIHEHNS KOMAH/bl MPUCBAUBAHUS obj=am KO-
MaH/Ibl 0bj . show (), KOTOpast BHIMOJIHSIETCs 1ocjie 9Toro. OObEKT aco3aaeTcs
CO 3HayeHHEM "XeaTeri" I10JS name. 3HAYEHHENOJss name y 00beKTa
objnpu cosjgaHuu paBHO "KpacHeni". B pesysbraTe BBIIOJIHEHUS KOMaH-
abl obj.show () (1Iocje mpucBamBaHusi obj=a) TOSBISETCS COO0OIIeHe
Knacc Base. Iome name: Xesreni. CieoBaTesbHO, BBI3BIBAETCS BEPCHS
MeToza show (), olmcaHHadA B Kjacce Base, HO 3HayeHue I10JI nameB3SATO U3
00BbeKTa a (ToUHee, KOMIH 3TOTO 00HEKTa, KOTOPast IPUCBANBAETCS TIEPEMEHHON
obj). AHasornYHas CUTyaI¥sl UMeeT MeCTO IIPU BBIIIOJTHEHUU KOMaH/ obj=b 1
ob3j .show () : BBI3bIBaeTCd Bepcusa MeTola show () U3 Kjlacca Base, a 3HaueHue
1oJist nameornpeziensieTcst 00bekToM b. [Touemy Tak npoucxoaut? OObsicHeH e
MOIBITaEMCS JIaTh HA "HAYYHO-TIONYJIIPHOM" YPOBHE.

Nrak, korma cosmaercs 00beKT 6a30BOT0 KIACCa, /71 HETO B IIAMATH BBIAEIACTC
Mmecto. B aTom MecTe "cripsTanbl” o u MeToabl 00bexTa. Korna cosgaercs 06b-
eKT IIPOM3BOHOTO KJIacca, TO MECTO B MaMSITH /I TAKOTO 0OBEKTA BbIIEISAETCS
Kak 1751 o0bekTa 6a30Boro kaacca (Ha30BeM 5TO "OCHOBHON" IAMSTBIO), U elle
HEMHOKKO "JIOIIOJTHUTEIbHON " TaMaTH. B "10mo/IHUTeNbHYIO" TaMITh "TIPSIYyT-
cs" TI0JIsT M METOJIBI, ONIMCAaHHbIE HEIIOCPE/CTBEHHO B IIPOM3BOAHOM Kiacce. Te
[OJISE ¥ METOJIbI, YTO HACJIeAyIoTcss 13 6a30BOro Kjaacca, "cipsrTaHbl” B "OCHOB-
HOI" TTaMSTH.

Korzga nepemennoit 6a30BOro Kjacca HPUCBAMBAETCsT OOBEKT MTPOM3BOIHOTO
KJIacca, TIPOUCXOIUT KOMMPOBaHUE 0OBbEeKTa MPOU3BOHOIO KJjacca B 06J1acTb
HaMsITH, BbIJIEJIEHHYIO IJIs1 00beKTa 6a3oBoro Kiacca. Ho 31ech sBHO mMeeTcst
npobiemMa: maMsITH JIJist 00bEKTa MPOU3BOIHOTO KJIacca HY;KHO KaK MUHUMYM He
MEHbIIIe, 4eM it 00beKTa 6a30Boro Kiaacca. O4eBUIHO, YTO HE YAACTCST CKOIH-
poBaTh BCIO MH(MOPMAIIHMIO 13 06JIaCTH TTAMSTH, BBIIEJEHHON JIst 0O0bEKTA MPO-
M3BOJIHOTO KJIacca - OaHAJIbHO HE XBATUT MeCTa B 00JIACTH TaMSITH, B KOTOPYIO
BBINOJIHSIETCS KonnpoBanue. [Ipobiema pemaercs "orOpacbiBanuem” nHGopMa-
IUU U3 "JOINOJHUTENbHON" MaMATH, BBIAEAECHHON A1 00bEKTa MPOU3BOLHOIO
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Ksacca. J[pyruMu cJioBaMu, KOMMUPYETCsT He BeCh 00hEKT MPOU3BOIHOTO KJIAcca,
a TOJIBKO Ta ero "JacTh", uTO yHacjIem0BaHa u3 6a30BOro KJacca.

BosBparnasich kK paccMaTprBaeMOMY TIPHMEPY JIETKO COOOPA3HTh, YTO TP BbI-
HOJTHEHWH, HATIPUMEP, KOMaH/bI obj=a ToJe namen3 00BEKTa aKOMUPYETCsT
(TTOCKOJIbKY OHO HACJIe0BAaHO M3 0A30BOTO KJacca), a HOBasl BEPCHs METO/A
show () "Tepsiercs B myTu" (IIpu TOM, 4TO cTapas Bepcus MeToqa show (), onu-
caHHas B KJlacce Base, ocTaercst).

Moppo6HocTHN

OTKPOBEHHO rOBOPS, C "KONMPOBaHNEM™ METOLOB HE BCE Tak NPOoCTO. HO B 4aHHOM chy-
Yyae Mbl MOXEM CMEJIO OTPbIBATbLCS OT PeanbHOCTU U UCXOAUTb U3 TOro, YTO MeToabl
"KonupytloTca” Tak Xe, Kak 1 nons.

Crout 06patuTh BHUMaHKe U BOT €Ille Ha YTO: TIOCJIE TOTO, KaK BBIITOJHEHA KO-
MaHIa obj=b, KOTOPOii IepeMeHHOl objlpucBanBaeTcss 0OBEKT b, KOMaH-
oW b.name="Cuuuit" MOJI0 nameoObeKTa bripucBanBaeTCss HOBOE 3HaUe-
ure. Ho mpoBepka Komau0#l obj.show () 3HaueHUs MOJS nameoObHEKTa
ObJjIOKa3bIBAET, UTO OHO He U3MEHUJIOCh. [IprurHa Kak pa3 B TOM, UTO IIPU BbI-
IMOJTHEHUU KOMaH/Ibl obj=b B IlepeMeHHYIO ob7j Konupyemcs 3HayeHue Iepe-
MEHHOH b, T03TOMY TIepeMeHHbIe 0bj 1 b -9TO Pa3Hbie OOHEKTBL.

L}

-

Ha 3ameTky

MocnepHee 3amevyaHne OTHOCUTCS CKOPEE K YyMTaTeNiiM, 3HaKOMbIM C i3blkaMu Mpo-
rpammupoBanus Java n/unm C#. B aTux s3blkax A0CTyn K o6bekTam peannadyetcs dak-
TMYECKM Yepes CCbINKy Y KOMaHbl, NOA0OHbIE NPUBEAEHHBIM BbILLE, MPUBOAAT K CO-
BEPLUEHHO WHBLIM pe3ynbTaTam.

Moppo6HoCcTU

XKenatowme MoryT NpoBecTu creaylowmnii HebosbLLIOW 3KCNepuUMeHT: 406aBUTb B ONK-
caHune MeToda show () B K/lacce Base KJIIOYEBOE CNOBO virtual, caenaB TEM CaMbiM
METOZ, BUPTyasibHbIM, 1 3aMyCTUTb NPOrpaMmy Ha BbinosiHeHne. Kak oTMmeyanoch paHee,
pesynbTaT BbINOAHEHNSI MPOrpaMMbl HE U3MEHUTCS.

BI'IOCﬂe,EI,CTBI/IVI Mbl MO3HAKOMNMCHA CO CCbUIKaMU nykKasatendaMmm n yaHaem, 41o AOoCTyn
K 06beKTy MOXHO MOJYy4UTb HE TOJIbKO 4Yepe3 nepemMeHHyto, HO 1 4Yepea yka3aTesib Unu
CCbINKy. Y ykasaTteneih U CCbiIoK eCTb 0COBEHHOCTb, aHaslorMyHas PacCMOTPEHHON
BblLLE: yKadaTesb/cchliika 6a30BOro knacca MOXeT CCblflaTbCs Ha 06bekT NPOM3BOAHO-
ro knacca. 1 ecnm B npom3BoaHOM KJlacce NepeonpenenseTcs BUpTyasbHbli METOA U3
6a30BOro kiacca, To Yepes ykasaTesb/CCbliiky 6a30BOro kjiacca MoXHO Noy4nTb A0-
CTyn K NnepeonpeaeneHHon Bepcmm metoaa. Ho aTo Tak, Ha byayuiee.
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Wrax, ecim iepeMeHHO# 6a30BOTO KJIacca MPUCBanBaEeTCst OOBEKT IIPOU3BO-
JTHOTO KJIAcCa, TO Yepe3 TAKYIo MePEMEHHYI0 MOKHO TTIOJTYYUTD IOCTYT TOJBKO
K TEM IT0JISIM U MeTO/IaM 00'beKTa IIPOU3BOAHOTO KJIACCa, KOTOPbIE OOBSIBJICHDI
B 6a30BOM KJyiacce. CUTyaIisi CTAHOBUTCS HETPUBUAILHOM, €CJIN PEUb UIET

0 MHOKECTBEHHOM HacJiesioBannu. HeGoibinast niumocTpanust K CKa3aHHOMY
TIpe/icTaBieHa B TPOTPAMMHOM KO/i€ B JINCTUHTE 4.7.

Jinctunr 4.7. MNepemeHHble 6a30BbIX U NPOU3BOAHBIX KJIACCOB NPU MHOXECTBEHHOM
HacnefoBaHUW

#include <iostream>
#include <string>
using namespace std;
// TepBui1 Ga30BHI KJIACC:
class Alphaf{
public:
int code; // UucioBoernoJje
// KOHCTPYKTOpP KJlacca:
Alpha (intn=0) {
code=n; // Tlojo NpucCBanMBaeTCd SHAUEHME
}
// Meron nns OoTOOpaxeHMUs SZHAUEHMS I[10JIS:
void show () {
cout<<"Iloje code: "<<code<<endl;
}
// Meron nmsa oToOpaxeHMUs COOOULEHNS :
void hi () {
cout<<"Bac mpuseTcTByeT kJjiacc Alpha!\n";
}
bi
// BrTopoy Gas30BEIM KJACC:
class Bravo({
public:
string name; // TekcToBOemoJe
// KOHCTpyKTOp KJjacca:
Bravo (string txt="") {
name=txt; // Mojwo NOpUCBaMBaAETCH 3HAUEHMUE
}
// Meron myis oTOBpPaXeHMS SHAUEHMSI I10JIS:
void show () {
cout<<"Ilojile name: "<<name<<endl;
}
// MeTon mis OTOOPaxXeHMI COOOmMEeHMS :
void hello () {
cout<<"Bac mpuBeTcTByeT kJjacc Bravo!\n";
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}

}i

// TpOM3BOOHEIN KJlaCcC (CO3maeTCs Ha OCHOBE OBYX Oa30BEHIX) :
class Charlie: public Alpha, public Bravo({

public:

// KOHCTPYKTOP MNPOM3BOIHOTO KJIACCA:
Charlie(int n,string txt): Alpha(n),Bravo(txt) {}
// MeTonm misa OTOOpPAaXeHWUS NPUBETCTBUA:
void say () {
cout<<"Bac mpuseTcTByeT kJjiacc Charlie!\n";
Alpha::show(); // MeTon u3 nepBoro 6asz30BOIO KJjlacca
Bravo::show(); // MeTom M3 BTOPOTO 6asz30BOTO KJjacca
}

}i

// TnaBHasg QYHKUMS NOPOTPAMME:

int main () {

Alpha a; // O6vexkT mepBoro 6az’0BOIO KJjacca

Bravo b; // O6wexkT BTOPOrOo 6a30BOTO KJjACCA
// OBBEKT NMPOM3BOONHOTO KJACCA:

Charlie c (123, "Bpaso");

// MeTonm mOCTYINEeH TOJIbKO Uepes MMepeMeHHYI

// TpOM3BOOHOTO KJIACCA:
c.say ()

// TlepeMeHHOM MnepBOro 6a30BOTO KJjacca

// npucBamBaeTCsa OOBEKT MNPOU3BOIHOTO KJIACCA:
a=c;

// TlepeMeHHOM BTOpPOTO Ba30BOTO Kjacca

// mnpucBamBaeTcsa OOBEKT MNPOM3BOIHOTO KJIACCA:
b=c;

// BBIZOB METOIOB, HOOCTYIHHX UYepes MNepPeMEeHHY

// mepBoro ©6as30BOTO KJjacca:
a.hi();
a.show () ;

// BBIZOB METOIOB, HOOCTYIMHHX Uepes MNepeMEeHHY

// BTOpOTO ©a30BOTO KJlAacCCa:
b.hello();
b.show () ;
return 0;

}

PeSyJIbTaT BBIITOJIHEHUA ITPOTPAaMMbI cne[[ylomnﬁz

Pe3ynbTat BbINONHEHUS NporpamMmmbl (M3 nucTuhra 4.7)

Bac npuBeTcTByeT kiyacc Charlie!
llone code: 123
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[Iosle name: BEpasBo

Bac mnpueBeTcTByeT kJjiacc Alpha!
[lojie code: 123

Bac mpueBeTcTByeT kJjlacc Bravo!
[Iosle name: BEpasBo

B mporpaMMHOM Kojie 0OBSABIEHBI JBa 6a30BbIX Kjacca Alpha wu Bravo. B
KJacce Alpha omnmMcaHo YUCJIOBOE MoJie code, a TaKKe MeTo/Ibl show () mhi ().
MetomoMm hi () OT06pa>Ka€TCH coobIeHre, a MeToxoM show () 0T06pa>1<aeT-
csl 3Ha4YeHue 10Jisd code. AHAJIOTUYHBIN MeTo (METO/ C Ha3BaHUEM show () )
OIMCaH B KJjlacce Bravo, HO TOJBKO B 3TOM KJacCe METOJ IIpeAHasHa4YeH [JId
OTO6pa>KeHI/IH 3HAYeHUS MOJISI name. TakiKe B Kjacce onucad Metox hello (),
KOTOPBIM 0T06pa>1<aeTc5I coob1ennue.

Kmaccel Alpha u Bravo sBIAIOTCS 0a30BbIMH JUIs KiaccaCharlie. B
KiacceCharlie Haciaeaymorcesa 1ojii coded name, a Takyke MeTOoAbl hi (),
hello () u ABa MeTojla C OJMHAKOBBIMU Ha3BaHUSIMHU show () . Takke B Kiacce
Charlie ommcan MeToz say (). B Temre meTona Boi3biBaioTcst 06€ BEPCUU METO-
a show () (yHaC]IeZIOBaHHbIG u3 KJjaccoB Alpha u Bravo).

B riiaBHO# (DyHKIIMU TPOrpaMMbI CO3AI0TCSI OOBEKTHI @, b M CCOOTBETCTBEHHO
Kk7accoB Alpha, Bravo u Charlie. [lepemenHbiM a © b mpucBamBaeTcs
Kak 3HaueHre 00beKT c. [Tociie 3Toro yepes nepeMeHHy0 a JOCTYITHBI METO/IbI
show () (Ta Bepcus, 9TO yHAcJAeIOBaHA B Kinacce Charliens kimacca Alpha) u
hi (), aTakxe roJie code. Uepes nnepeMeHHy10 b IOCTYITHBIMETO/IbI show () (Ta
Bepcus, 4TO yHACIel0BaHa B Kjacce Charlie m3 kimaccaBravo)mhello(),a
TaK:Ke I0Jie name. A BOT MeTOJl say (), Ha/lo OTMETUTD, IOCTYIIEH TOJIbKO Yepe3
IIEPEMEHHYIO C.



OGuekTHO-OpUeHTMpOBaHHOE NporpamMmupoBakme HaC++ [



naBsa 5.

CCbUJIKU U YKASATEJIU
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- A 0ns uezo enyxXoHeMOMY UHOCMPAHUY nepe-
800uuK?

- Mnozo 6ydewn 3namov - cKOpo cOCMAPULLLCSL.
u3 x/¢ "Cmapuxu-paséoiunuxu”

B aT0i1 ry1aBe peyub MON/IET 0 HECKOJIbKIX BAKHBIX MEXaHU3MAaX, KOTOPbIE HATIPSI-
Mmyto oTHOmTeHUI K OOII He MMeIoT, HO TPUHITUITNATHLHO BaXKHBI 71T TOHUMAHUST
Bcell KoHIenuu mnporpaMmmupoBanust B C++. Mbl TIO3HAKOMUMCST CO CCbLIKA-
MU, YKA3amMensiMu, a TakKe OOCYANM PeHCUMbL T MEXAHUSMbL Nepedaul apey-
menmos Metonam (1 pyHkimsM). [lockonabky Hamieill cTpaTernuyeckoi IeJibio
steastetcst Bee ske OOIL, To 06cyskaaTh GyeM B OCHOBHOM CCBIJIKH Ha OOBEKTHI
U yKaszaresu Ha 00beKThl. [Ipu paccMOTpEHUH PEKUMOB Tepeladn apryMeHTOB
aKIIeHT JIeJIaeTCs Ha Tiepeiady apTyMeHTOB METO/[aM.

5.1. SBHaAaKOMCTBO CO CCbIJIKaMM

Scrocmob — 00Ha U3 POPM NOIHOZ0 MYMaHa.
us K/ "Cemnadyamo mernoeenuil secrol”

CchliIKa - 9T0 aJIbTepHATHBHBII CIT0CO6 06PaTUTHCS K TepeMeHHOM, Gy /b TO Tiepe-
MeHHas 6a30Boro Thna uin oobexT. Hac cepliku OyayT MHTEPEcoBaTh B EPBYIO
ouepesib B KOHTEKCTE paboThl ¢ 0ObekTaMu. [109TOMY pacCMOTPUM CHUTYAIIUH, B
KOTOPBIX PeYb UJET O CCOLIKAX HA 00DEKMbL.

[Tpesxie, 4eM IPUCTYIIUTD K Pa3bopy CCHIIIOK, PACCMOTPUM OTIEPAITUIO TIPUCBAK-
BaHW BU/la objB=0bjA, KOTOPO B 0ObEKTHYIO IIEPEMEHHYIO 0bJ BKOIIMPYETCst
00beKT ob T A. JIJ1st IpoCTOTHI Oy/1EM MOJIaraTh, 4T0 00bEKTHASI IIepeMeHHasiobj B
OTHOCHTCSI K TOMY 7K€ KJIacCy, YTO M 00beKTHas nepeMentast objA. I[Tpex/ie uem
KOMaH/ia objB=0bjA0yeT BbIIOJHEHa, 00BEKTbl 0bJAN 0b7BIOIKHBI OBITH
cosnanbl. [Tpu 00bsIBIIEHUN OOBEKTHBIX TIEPEMEHHBIX 0bJ AU 0l B/IJIst HUX B T1a-
MSITH BBIIEJISIETCSI MECTO. A TIOCKOJIBKY peub HjeT 00 OOBEKTHBIX TIEPEMEHHBIX,
TO (haKTHYECKU NTPK MX OOBSBJICHUN CO34AI0TCSA 00hEKThI. [IpU BBITIOJIHEHUH KO-
MaHZbl 0bjB=0bjANPOUCXOIUT HOOUTOBOE KONUPOBaHUE 0OBEKTAobjAB 00-
JIACTH TAaMSATH, BbIZEJEHHYIO 110/ 00beKT objB. B pesyibrarte cozmaercss Komnust
o6beKTa objA, KOTOpasi 3alMChIBAETCSI B OOBEKTHYIO TepeMeHHyi00biB. Best
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3Ta cXeMa UMeeT MeCTO M0 YMOJTYAHUIO U Pealu3yeTcsl B TOM cIydae, KOT/la Pedb
uzer 06 0ObIYHON 0OBEKTHOM MePEMEHHOI, HE O CChLIKE.

Tenepp mocMOTpUM Ha CUTyanuio ¢ APYTroW TOYKW 3peHus. Jlomyctum, 4To
MMEETCST HEKOTOPBIN 00BEKT obj - Win 00beKTHAs MmepeMeHHasi obj, 4To, B
001IEM-TO, TTPAKTUIECKU OHO U TO sKe. Kaskzblil pas, Korza Mbl UCIIOJIb3YEM B
MIPOrPAMMHOM KOJi€ OGBEKTHYIO IEPEMEHHYIO ob 7, BBIIOTHSIETCsT 0OpalieHue K
COOTBETCTBYIOIEMY 00beKTy. Hartia 3aladua cocTOUT B TOM, 4TOOBI CO3/1aTh TIE€pe-
MeHHYI0 ref, KoTopasi Obl CChIIATACH HA TOT JKe CaMbIii 00beKT. BaskHo etre pa3
OTMETHUTBH: PeYb UJIET HE O KON 00beKTa, a 00 OZHOM U TOM ke oObekTe. Boc-
TTOJTH30BATHCS KOMAH/ION BUIa ref=0bj He MOJYyYNUTCH, TOCKOIBKY B 3TOM CJIy-
vae OyIeT co3laHa Konust 00beKTa obj ¥ 3alucaHa B epeMeHHyIo re f. YToObl
CO3/IaTh TIEPEMEHHYTO, TIPU BbI30BE KOTOPOIl BBITIOHSETCST OOpalienne K 00 bek-
Ty ob7j (TO eCTh K TOMY K€ 00BEKTY, KOTOPbIil 3alcaH B TIEPEMEHHYIO 0b ), CO3-
natoT ccviiky. DaKTUIECKH TI0 OTIPe/IETIEHNIO CChLTKA - 9TO TIepeMeHHasT, KOTOpast
"yKa3bIBaeT" WJN "CChLIAETCA" Ha YKe CYNIEeCTBYIONIYIO TlepeMeHHYy10. MOoKHO
TaKJKe CKa3aTh, YTO CCHLIKA - ATO CUHOHUM TN QONOTHUMENbHOE HA36AHUE TS
HEKOTOPOU TepeMeHHOM.

CchliIka He MOKeT CyIIeCTBOBATh caMa 110 cebe - OHa JI0JIKHA 06s13aTeIbHO yKa-
3bIBaTh Ha KaKOE-TO MECTO B MaMsATH. I109TOMY IIpu 0OBSIBICHUN CCHLIKK CPasy
JKe Hy’KHO yKa3aTh epeMeHHYI0, Ha KOTOPYIO CChIJIKA BBITTOJIHsIeTCsI. YTOObI OT-
JIMYUTH CCHLIKY OT OOBIYHOI MepeMeHHOM, pu 00bsBICHUN CCHLIKK TIEpe ee
UMeHeM yKa3biBaeTcst cUMBOJI &. [11absioH 0ObsiBiieHusT (M WHUIMATU3AIIIHN )
CCBLJIKU TaKOI:

TUII &MMFI_C CBUIKM=IIEPEMEHHAaA,;

B nannom ciydae peyb UIET O CO3IaHUM CCEUIKM, KOTOPasl OTHOCUTCS K 3a/laH-
HOMY TMIIY, U CCBLIAETCS Ha YKa3aHHYIO nepeMeHHy0. bosee KOHKpeTHO, ecn
HAM HYKHO CO3[IaTh CCBIIKY ref Ha 00beKTHYIO epeMeHHyio obj Kiacca My -
Class, TO COOTBETCTBYIONIAS KOMaH/a Gy/IeT BBITJISIETD TaK:

MyClass &ref=obj;

B pesyuibrate u iepementasi obj, u iepeMennast ref OyAyT OTOKIECTBISATHCS
C OJIHUM ¥ T€M K€ OOBEKTOM.

-' Ha sameTky
O6baABNEHNE 0ObIYHON NEPEMEHHON 1 0O BSBNEHME CCbIIKM - NPOLECCHI MPUHLMNManb-
I HO pasHble. MNpu 06bABNEHNM NEPEMEHHOM AJ151 3TON NepeMeHHO BbIAENSETCSH MecTo B
namsATh. Tyga 3anucbiBaeTcs 3HaYeHne nepeMeHHol. MNpu 06bABNEHNN CCbISIKM MECTO
B NamsiTh He BblaensieTcs. Cebinka "nonyyaet” n "cbeperaeT” cBOe 3Ha4YeHue B 061acTun
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namsaTu, BblAENEHHOM AN Apyron nepemeHHoi. NMoaTomMy 06baBIEHME CCbIIKM Noapas-
YMEBAET HEKOTOPYIO "MHAMKAUMIO™ TOr0, 4TO 3TO MMEHHO CCbIJKa, a He 0OblYHas nepe-
MeHHas. TakuM "MHOMKATOPOM™ U CIYXUT MHCTPYKUMSA &, KOTOpas yKasblBaeTCsa nepes,
VIMEHEM CCbIIKM NPY ee 0O BbABNEHNN.

Pabora co ccpuikamu mMeeT cBou ocobennoctu.Ham celiyac BaskHO 06paTI/ITb
BHHMaHKE BOT Ha 4YTO:

» Ilpu ommcanuu CCHUIKU HEOOXOANMO yKa3aTh MEPEMEHHYIO, [IJisi KOTO-
poii ccplika 6yaeT "cuHOHUMOM .

*  Yepes cCHIIKY MOKHO 00paIaThest K yKa3aHHO# TepeMeHHON (CUHUThI-
BaTh ¥ IPUCBaMBaTh 3HAUEHIKeE), HO "TIepeOPOCUTD" CChIIKY Ha APYTYio
MePEMEHHYIO He TTOJYYUTCS.

/

] Ha sameTky

[Opyrummn cnoBamu, nepemMeHHas, Ansi KOTOPOW BbIMOSIHAETCS CCblKa, onpenensercs
I OZVH pa3 npu Co34aHNN CCbUTKM U BNOCNEACTBMM N3MEHEHA ObITb HE MOXET.

He6ob110i npumep, B KOTOPOM HCIIOJIb3YETCS CChLIKA, IIPEACTaBJIEH B JIUCTUH-
re 5.1. B mporpamme ormmchiBaeTcst Kiacc MyClass. B kmacce ecTh TeKkcToBOE
1oJie name, ONMMCaH KOHCTPYKTOP C OJJHUM apryMeHTOM (olpefiesisieT 3HaueHne
TTOJI name), a elle UMeeTcs MeTo show () s 0T06pa>1<eH1/15{ 3Ha4YeHUI TOJA
name. B riaBHO# (hyHKIINY TPOTPaMMBI CO3/IAIOTCS /[BA 00beKTa objA 1 objB
kimacca MyClass. Takke cosmaercst ccbiika refHa 00beKkT objA. Yepes aty
CCBLIKY U3 o0OBbeKTa objA BbBI3BIBAETCSI METOJ show (). 3aTeM Jepe3 CCBLIKY
refMeHseTCs 3HaYeHue oI name 00beKTa obj A, a 11 IIPOBEPKU pe3yJibrara
MeTo/I show () BbI3bIBaeTCs U3 00beKTa ObjA.

Jlanee nepeMeHHOI-CChLIKE re f IPUCBAUBAETCS HOBOE 3HaYeHHe: 00beKTob B,
ITocne BbinosiHeHUsT KOMaHbl ref=0bjB B IepeMEHHYI0 ObJjA 3alUChIBa-
eTcs 3HaueHwe objB. IloaTomy B pesysibrarte BHITIOJHEHUS KOMaHABI ref.
name="HOBOe 3HaueHMe'" Ha CAMOM /ieJie U3MEHAETCA 3Ha4YeHUE 10 name
00BeKTa objA. Kak ciie/icTBuE ITPY BBITIOJIHEHUM KOMaH ref . show () mobjA.
show () oToGpaxkaercss HOBOe 3HaUYeHHe M0JIsi nameoObekTa objA. 3HaueHue
nojisinameo0beKkTa objB  OcTaeTcst HeM3MeHHBIM. B mocsierem yoeskpaemcst,
BOCIIOJIb30BaBIIKNCH KOMaH/I0M objB. show (). PaccMoTpuM nmporpaMMHbBIHN KO/
pumMepa:

JNluctuur 5.1. Ucnonb3oBaHne CCbIOK

#include <iostream>
#include <string>
using namespace std;
// Kmacc:
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class MyClass{
public:
string name; // TexcToBoemnoJje
// KOHCTPYKTOp KJlacca:
MyClass (string txt) {
name=txt; // 3BHaueHuenoss
}
// MeTon myisa OoTOOpPaXeHMSI BHAUESHMSI I[IOJIA:
void show () {
cout<<"Ilosle name: "<<name<<endl;
}
}i
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {

MyClass objA("obwexT A"); // IllepBHil OBBEKT

MyClass objB("o6wexT B"); // BTOpOoM OOBEKT

MyClass &ref=objA; // Ccbulka Ha MNEPBHI OOBLEKT

ref.show () ; // BHIZOB MeTOIa Uepes CCBUIKY
ref.name="ccemka"; // V3MeHeHME MOJIA Uepe3 CCHUIKY

obj A.show(); // BHB30B MeTOIa M3 MNepBOTO OOBEKTa
ref=0bjB; // V3MeHeHMVe 3HAUEHUS uUepes CCHUIKY

ref.name="HOBOe 3HaueHUe";

ref.show();// Bb30oBa MeTOIa uepes CCHUIKY
objB.show(); // BeI30B MeTOIHa M3 BTOPOTO OOBEKTA
objA.show(); // Bu30B MeTOma M3 NepBOTO OOBEKTAa
return O0;

}

PeSyJIbTaT BBIITOJIHEHUA ITPOTPAaMMbI TaKOM:

Pe3ynbTat BbINONHEHUS Nporpammbl (M3 nucTuira 5.1)

[losle name: oOBEeKT A

[Iojle name: CCBJIKA

[lojle name: HOBOE 3HAUEHUE
Ilojie name: o6bwekT B

[lojle name: HOBOE BHAUEHUE

Wrak, obpaiienne (BKJIOYask CYMTHIBAHNE 3HAUYEHUH, BBI30OB METOJIOB U M3Me-
HEeHUe 3HAYEHMs TI0JIel) Yepe3 CChUIKY K 0OBEKTY, Ha KOTOPbIil OHa CChLIAeTCs],
SKBUBAJIEHTHO OOPAIIEHNIO K HTOMY jKe 00BEKTY depes "POHYI0" TlepeMEHHYIO.

B paccMOTpeHHOM IIPUMEpE Mbl, 110 OOJIBIIIOMY CUETY, C TOMOIIBIO TIeEPEMEHHOM -
CCBIJIKM "aJIBTEPHATUBHO" 00paIIainch K 0OBEKTY, 4TO B HEKOTOPBIX CJIyYasxX
MOsKeT 6bITh y106HbIM. O[HAKO CyIIecTBYIOT 1 Gosiee "yTOHYEHHbIE" CIOCOObI
UCIIOIb30BAHUS CCBLIOK.
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5.2. CcblIKM " HacnepoBaHue

Imozo obesicnumv s Bam ne mozy, nomomy umo
cam moaAKoM Huuepma ne nOHUMAio.
u3 x/¢p "Cemnaduyamo mznoeenuii ectot”

B paccmaTpuBaeMoM fajiee IpuMepe cosgaeTcss 6a30BbIi Kiacc Base, v Kiac-
ca ecThb TEKCTOBOE ToJie namen MeToj show ().IIpu BbI3oBe MeTOnA 0T06pa—
JKaeTcss WHGpOpPMaIUd O Kjacce W 3HaueHWe Tod name. Ha ocHoBe Kiacca
Baseco3aioTcs MpOor3BoO/IHbIE KiIacchl Alphau Bravo. B atux kimaccax mepe-
orpenesseTcss MeTo/ show () : UI3BMEHSIETCsI TEKCT, 0T06pa>1<aeMbH71 IIpU BBI3OBE
MeTOo/1a.

— Ha sameTky
]

B knacce BaseMeTop, show () ONMCaH Kak BUPTyasbHbIil - C KJIOYEBbIM C/IOBOM vir-
I tual. 9TO BaXHO, NOCKOJMbKY Mbl NJaHnpyeM obpallatbcs K 06bekTaM Npon3BoAHbIX
KJ1acCoB 4Yepes ccbliki 6a30BOro kacca.

Jliist Kaskaoro u3 KiaaccoB (Base, Alphau Bravo)cosmaercs Mo 00beKTy, U Ha
KaKIBIH U3 9TUX 00BEKTOB CO3JAETCs CChLIKA. IIpruyeM HE3aBHCHMO OT KJacca
00BEKTA, CCBLIKA OTHOCUTCS K KJaccy Base. ITO BO3MOKHO, IOCKOJbKY KJIacc
BasesaBJgercss 0a30BbIM /IS KJaccoB Alpha u Bravo. Yepes ccblIku Ha 00b-
€KTbI BbI3bIBaeTcs MeTosi show (). Ilpuuem mepes Tem, Kak BBI3BIBATH METO/I
show (), MO0 nameKaykK0TO U3 0OBEKTOB rnpucsanBaercs 3Hadenue. To ecTb
[IOCJIEI0BATENBHOCTh JEUCTBUI Takas: CcHaudala Ha OOBEKTHI BBIIIOJHAIOTCS
CCBIJIKHM, 3aTEM TTOJISIM nameoObeKTOB MPUCBAMBAIOTCS 3HAYEHNS, a TTOCJIE DTOTO
yepes CChLIKU Ha 00BEKTHI BBI3bIBACTCA METO/L show (), KOTOPBIM OTO6pa>KaeTCH
3Ha4YeHUeE I10JI NameCOOTBETCTBYIOIIETO o6beKTa. [IporpamMHbI# KO IpUMeEpa
[IPUBE/IEH B JIMCTUHTE 5.2.

Jiuctunr 5.2. Ccbinku v HacnepoBaHue

#include <iostream>
#include <string>
using namespace std;
// Ba3OBHIMKJIACC :
class Base{
public:
string name; // TexcToBOemose
// BUPTyaJIbHEIA METON:
virtual void show () {
// OrobpaxeHue 3HaAUYEHUS TIOJIA:
cout<<"Ksytacc Base. Ilose name: "<<name<<endl;
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}i

// TIepBEIM MNPOM3BOIHLI KJIACC:

class Alpha: publicBase{

public:

// llepeonpenejyieHne MeTOna:

void show () {

cout<<"Kmacc Alpha. Ilonename: "<<name<<endl;

}

}i

// BTOPOM MNPOM3BOIHLI KJIACC:

class Bravo: public Base{

public:

// llepeonpenejyieHne MeTOHa:

void show () {

cout<<"Kmacc Bravo. Ilonename: "<<name<<endl;

}

}i

// TmaBHasa GYHKUMA OPOTPAMME :

int main() {

Base obj; // OBBexkT Gaz30BOTO Kjlacca

Alpha objA; // OBBEKT MNepBOTO MPOM3BONHOTO KJjAacca

Bravo objB; // OBBekT BTOPOIO MNPOM3BONHOT'O KJjacca
// Ccpuika Ha O0BEKT 6a30BOTO KJAacca:

Base &ref=obj;

// Ccbulka Ha OOBEKT MEepPBOTO MPOMBBONHOIO KJAaCCca:
Base &refA=o0bjA;

// Ccbulka Ha OOBEKT BTOPOTO MPOMBBONHOIO KJACCa:
Base &refB=0objB;

// 3BHaueHye noJyig name oO6BekTa ©az30BOTO KJjacCca:
obj.name="BazoBum";

// BHaueHMe MOJId nameobbeKTa

// TNepBOTO MNPOM3BOMAHOTO KJIACCA:
objA.name="Anvda";

// 3BHaueHMe MNOJig nameoBBEeKTa

// BTOPOTO MNPOM3BOIHOTO KJIACCA:
objB.name="Bpaso";

// BuzoB MeToma show () uepes CCHUIKM Ha OODBEKTH :
ref.show();
refA.show();
refB.show ()
return 0;

}

’

[Ipu BBIIOTHEHUY TTPOTPAMMBI TIOJIyYaeM TaKOH pe3yJibTat:
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PesynbTar BLINONIHEHUS NPOrpammbl (U3 NIMCTUHIa 5.2)

Knacc Base. Ilosle name: Baz3o0BEM
Knacc Alpha. Iose name: Anbda
Kimacc Bravo. Ilose name: Bpabo

Heuto moxoskee Mbl HaGJIIOAIA B TIPEAbIAYIIEH TJIaBe, KOTa paccMaTpUBaJIH
npucBarBaHue 0ObEKTHBIM MEPEMEHHBIM 6a30BOr0 Kjacca 00bEKTOB MPOU3BO-
nHOTO Kaacca. OMHAKO B IAHHOM CJIyYae HMEETCs OJTHO OYeHb BasKHOE OTJINYHE:
Yyepes CChIIKY Ga30BOTr0 Kjacca MbI IOJy4aeM JOCTYII K MEPEOpeieIeHHON B
MIPOU3BOTHOM KJIacCe BEPCUU BUPTYaIbHOTO MeTozia. C OOBIYHBIMY TIEPEMEHHbI-
MU TaKo# "HoMep" He POXOAN.

Moppo6HoCcTU

HanomHuMm, 4TO Npu KONMpPoBaHUN 06beKTa NPON3BOAHOMO Kylacca B NepemMeHHylo 6a-
30BOro knacca "gononHutenoHan" nHdopmauma TepsieTcs (CM. NOSACHEHUS B Npeabl-
nyuleri raee). B cnyvae co ccbinkamu Bce no-apyromy. CosgaHune CCbinku He npeano-
naraet BblaeneHne namsti. CooTBETCTBEHHO, €CM ANs CCbiNkn 6a30BOro knacca npu
VHULMann3aumm B Ka4eCcTBe 3Ha4YeHMs yka3biBaeTCcsl 0ObeKT NPON3BOAHOMO Kflacca, To
KOMMpPOBaHUsi 3TOro o6bekTa He npomncxoamT. Ceblika NPoCcTo "ykadbiBaeT" Ha AaHHbIN
00bekT. pyrumn cnosamu, "gonosiHuTenbHas” nHbopmauuns He TepseTcs, U K Hell B
NPUHLMNE MOXHO NOJSTy4MTb AOCTYN. HeyTo noxoxee numeet MecTo npu paboTe C yka-
3aTenamu.

BbIBoz TPOCTOIL: KaK ¥ B cirydyae ¢ 00bEKTHON MepeMenHOM, CChLIKA 6a30BOTO
KJTAcca MOYKET CChLIATHCST HAa 0OBEKT MPOM3BOAHOTO Kiacca. Ho y cehliku ecTh
[PEUMYIIECTBO: YePe3 Hee TI0yYaeM JOCTYII K ePEOIPeIeIeHHbIM B IPOU3BO-
JIHOM KJIacce BUPTYaJIbHBIM MeTo/1aM. Bostee Toro, 6a30Bblil KJiace, st KOTOPO-
r0 0OBABJISIETCS CCBLIKA, MOKET ObITH AOCTPAKTHDIM.

-| Ha 3ameTky
Hanomuum, 4To Ans abCTpakTHOro knacca 06bekT co3aaTb HeNb3sA. 3aTO MOXHO CO3-
I [aTb CCbIIKY 6a30BOr0 abCTPaKTHOrO Kjlacca Ha 06bEKT MPON3BOAHOMO Kilacca.

Heckosbko M3MeHEeHHBIH TPOTrPaMMHBIHN KOJ] U3 TIPEABIAYIIETo TIpUMepa Mpe-
cTaBJieH B jiuctunre 5.3, [IpUHIMITHAIbHOE HOBIIECTBO COCTOUT B TOM, 4TO Ha-
30BBII KJIACC SIBJISIETCST aO0CTPAKTHBIM.

Jluctunr 5.3. Ccbinku U aGCTpaKTHbIE KNACChl

#include <iostream>

#include <string>

using namespace std;

// Bas3oBE aBCTPaKTHEI KJIACC:
class Base{
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public:
string name; // TexcToBOemoJe
// UMCTO BUPTYaJibHHIM METOI :
virtual void show()=0;
bi
// TIepBEIM MNPOM3BOIHLI KJIACC:
class Alpha: public Base{
public:
// OnpemejyeHue MeToma:
voild show () {
cout<<"KnaccAlpha. Ilose name: "<<name<<endl;
}
bi
// BTOpPOM MNPOM3BOIHLI KJIACC:
class Bravo: public Base{
public:
// OnpeneyeHue MeTomna:
void show () {
cout<<"Knacc Bravo. Ilosne name: "<<name<<endl;
}
bi
// TmaBHasa GYHKUMA OPOTPAMME :
int main() {
Alpha objA; // OBbexkT NepBOTO NPOM3BOOHOTO KJjlACCa
Bravo objB; // OBBeKT BTOPOTO MNPOM3BOMNHOTO KJjacca
// Cchuika Ha OOBEKT MNEepPBOTO MNPOM3BOIHOTO KJIACCA:
Base &refA=obijA;
// Cceuika Ha OOBEKT BTOPOTO MNPOM3BOIHOTO KJIACCA:
Base &refB=0objB;
// 3BHaueHMe MOJIg nameoBBEeKTa
// TepBOTO MNPOM3BOMAHOTO KJlAcca:
objA.name="Ansda";
// BHaueHMe MOJId nameobbLeKTa
// BTOPOTO MNPOM3BOMAHOTO KJIACCA:
objB.name="BEpaso";
// BeI3OB MeToma show () uepes CCHUIKM Ha OOBEKTH :
refA.show () ;
refB.show () ;
return 0;

}

[TonyuaeMm Takoi pe3ysbrar:

Pesynbrar BhINONHEHUS Nporpammel (U3 nucTuira 5.3)

Kymacc Alpha. Ilojsie name: Anbda
Knacc Bravo. Ilojse name: BpaBo
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Kiace Basessisgercs abCTpaKTHBIM U3-3a TOTO, 4YTO B HEM MeTOZ show () 00b-
SBJIEH KaK YUCTO BUPTyaabHbIi. I109TOMY MBI He MOKeM cO3/1aTh 00bEKT Kacca
Base, HO MOJKEM CO3/IaTh CCHLIKY KJacca Base. CcblIKa MOKET BBIOTHITHCS
Ha 00BEKT KJjlacca, POM3BOAHOT00T 6a30Boro (xorst Obl 1 abcTpakTHOro). Cob-
CTBEHHO, TaK MbI U MOCTYIUJIN BBIIIIE.

[ToMuUMO CCBITOK €CTB el1le OJITNH MeXaHU3M, KOTOPBIN TT03BOJISIET TTOJMYIaTh " ajlb-
TEPHATUBHBIN" ZOCTYIT K 00bEKTaM ¥ OOBIYHBIM IepeMeHHbIM. [IpuyeM mexa-
HU3M 9TOT HaMHOTo Gosiee THOKUI 1 3 (HEKTUBHBIN, 110 CPAaBHEHUIO CO CChLI-
kamu. Vimetorest B Buy ykasamenu. Oun obcyxmatorces nanee.Ho mpeskie Mbl
yIeJMM BHUMAaHUE BOTIPOCY, UMEIONIEMYOTIPe/IeJIeHHOEe OTHOIEHNE K CCHIITKAM.
Peub noiizer o crocobe (MIn mMexanusme) nepedawu apeyMenmos MeToiam W
(ynximmam. XoTs Ha TIepBBIN B3I MOXKET TOKA3aThCA, YTO JaHHAS TeMa MaJlo-
3HaYMTENbHAsI, Ha CAMOM JIeJie BCe Kak pa3 Hao6opoT. bes moHMMaHus TOTO, KakK
ApTyMEHTBI TIEPEAAIOTCS B METOIUIIN (DYHKITUIO, KpaiiHe CJI0KHO pa3odpaThest BO
MHOTHX BaKHBIX MOMEHTAX Peann3aiiui 00beKTHO-OPUEHTUPOBAHHO Mapa/ur-
MBI ITPOTPaMMUPOBaHUS B sA3bike C++.

5.3. MexaHn3mMm nepenaym apryMmeHToB

Tax cxyuno, umo dadxice nPOcMotl CKBOHSIK - Pa3-
saeuenue.
u3 k/¢ "llpuxarouenus npunua Oaopuzens’

Vcruna ipocta u takonnyHa: B C++ CyIIeCTBYeET [[Ba MeXAHUIMA Nepedadu ap-
zymenmos. I1o ymomdanuio, ecv HEKOTOpas IepeMeHHast yKa3aHa Kak apryMeHT
(GYHKIINY WU METO/IA, TO AaBTOMATUYECKH CO3/IaeTCs KO TaKOH TTepeMeHHOT],
1 yKe 9Ta KOIIMsI Iepe/IaeTcst B METO/ Wn (DYHKITUIO JIJIsk TIPOBEICHUS BCeX HeoO-
XOJIMMBIX Beruucaennii. [1o 3aBepiiieHnn BBITIOJHEHNS MeTOa,/ (DYHKITNH BCe JIo-
KaJIbHbBIE TIEPEMEHHBIE YAAJISIOTCS U3 TTAMSITH, B TOM YUCJIe U KOTTUY aPTYMEHTOB.
Takoii MeXaHU3M Mepeadn apryMeHTOB HA3bIBAETCS nepedaueti apeyMenmos no
3nayenuro. Eciy Hac Takolf BapMaHT He yCTPAMBAET, TO MOXKHO HCIOJIb30BATh
JIPYTOi MeXaHU3M Tlepe/laull aprTyMeHTOB -1o ccblike. [lpn mepemade aprymen-
TOB IO CCBITTKE B METO/I TIEPE/IAI0OTCS HETIOCPEJICTBEHHO T€ TTeEPEMEHHbIE, KOTOPbIE
yKa3aHbl apryMeHTaMu. 10 ecTh HUKaKWe KOMWH JJIsT TIePeMEeHHBIX-apTyMEeHTOB
He CO3/IaI0TCS ¥ BCE BBIYMCJIEHUS TTPOUCXO/IST HETIOCPEJCTBEHHO C apTyMEHTaMMU.

KOF]IB. Ba’K€H MEXaHU3M IIEpe/ladin apI‘yMeHTOB? OO6BIYHO 9TO UMEET 3HadeHue,
€CJIN TIPU BbI3OBE METO/Ia MPEATIPUHUMAETCA MMOITbITKA B TOM MJIM MHOM BUIE 13-
MEHUTDb apryMEHTbI 9TOI'O CaMOI'0 METO/1A. HOSTOMy 061[166 IIpaBMJIO I'JIaCHUT: €CJIN
TIPpY BBIITOJTHEHWUN METO/da NJIN (byHKLII/II/I N3MEHATb aPTYMEHTbI HE IIJIAaHUPYETCA,
TO O ME€EXaHU3ME II€PEAAIN aPDTYMEHTOB MOJKHO, KaK IIpaBUJIO, HE 6ECITOKONTHCS.
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—, Ha 3ameTky

OTO NpaBusIo Henoxo paboTaeT, korga pedb MAOET O NepeMeHHbIX (aprymeHTax) 6a3o-

I BbIX TUNOB. Ecnn aprymeHTamm sIBNst0TCS 06bEKTHI, TO BCE HAMHOIO CnoxHee. Jeno B
TOM, 4TO Ansi 06bLEKTOB CO3A4aHME KOMUK - NPOLLECC HEe BCEraa TpuBmanbHbli. Mo ymon-
YyaHuIo Konus o6bekTa co3gaeTcs nyTem NobUTOBOro KonupoBaHus. C Apyroli CTOPOHBI,
B Kniacce MoXeT ObITb SBHO ONUCaH KOHCTPYKTOP Co3aaHuns konumn odbekTa. Ecnu tak, To
NpoLLecc Co3aaHnsl KOnun onpeaensieTcss KOHCTPYKTOPOM co3aaHusa konuun. B cnyyae,
Korga aprymeHToM MeToay rnepefaH oObekT 1 UCMonb3yeTcs MexaHM3M nepenaym ap-
ryMeHTa Nno 3Ha4YeHUIo (a TakOM MEXaHM3M, HANOMHUM, NCNOb3YETCS NO YMONYAHUIO),
05 CO34aHMsA "TeXHNYECcKo" Konun obbekTa 1 nepegayn ee aprymeHTom metoay Oy-
[ET Bbi3BaH KOHCTPYKTOP CO3aaHusa konun. I MHOroe (ecnu He BCe) 3aBUCUT OT TOrO,
Kak MMEHHO OMnCcaH AaHHbIN KOHCTPYKTOP. Ho BCe 3T Bonpock! 6yayT o6cyXaaTbest He-
MHoro no3xe. Ceyac Hac MHTepecyloT 6a30Bble OT/IMYMS ABYX MEXAHN3MOB Nepeaayn
aprymeHToB

Y106l apryMeHT METO/Y WK (hYHKIMHU TTePeIaBaTICS MO CCHLIKE, a He 110 3Have-
HUIO, B OIIMCAHUH MeTO/1a WIu QYHKIMH Ilepe/l IMEHEM 3TOT0 apryMeHTa CJie/Ly-
€T yKa3aTb CUMBOJL &.

Pazmmuns B MexaHM3Max mepeiaqi apryMeHTOB ITPOUJLTIOCTPUPYEM Ha HECKOJTb-
KUX HeOOJIbIMX TpuMepax. HauneMm ¢ mMporpaMMHOro Kojia U3 JIMCTHHTA 5.4,
B KOTOPOM OIIMCaH Kjacc MyClassc TEKCTOBBIM I10JleM name. Y KJjacca ecTb
KOHCTPYKTOP C OJJHUM apryMeHTOM (KOTODBIM IIPUCBAUBAETCSI 3HAUEHUE ITOJIO
name), 1 MeToJ show () mJ1st oToOpaskeHus 3HaueHust moJist. Ele y Kiacca ecTb
Meto]l swap (). OH He BO3BpaIllaeT Pe3yJibraT U y HErO OJ[H apTyMEHT - OOBEKT
Kkiacca MyClass. [Ipu BbI30Be MeTO/]a swap () 3HaYeHHue MoJisi name  0OBEKTa,
MepeIaHHOTO apryMEHTOM METOJY, IPUCBAMBAETCS OOBEKTY, U3 KOTOPOTO BbBI-
3bIBaeTcsl MeTo/I. B ¢BOIO 04epeip, "crapoe” 3HaueHue MoJisl name OOBEKTa, U3
KOTOPOTO BBI3BIBAETCSI METO/I, TIPUCBANBAETCSI TI0JII0 name  OOBEKTa, TiepeaH-
HOTO aprymMeHToM MeTony swap () . [IporcxoauT Takoil cBoeoOpasHblii "oOMeH"
3HavYeHUsIMU 10Jieil. O6paTuMcst Ternepb K MPOrpaMMHOMY KOJLY:

Jiuctuur 5.4. MNepepaya aprymeHTa no 3Ha4eHMIO

#include <iostream>
#include <string>
using namespace std;
// Knacc:

class MyClass{
public:

// TekcToBOE IOJIE:
string name;

// KoHCTpyKTOp:
MyClass (string txt) {
// 3BHaueHMe MoJg:
name=txt;
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// Meron myisa oTOOpaxeHMs 3HAUEHUS [IOJIS:
void show () {
cout<<"\tO6wekrcnojyem "<<name<<endl;
}
// Meronmna "obMeHa" MNOJAMM:
void swap (MyClassobij) {

cout<<"\tBunosHgercameronswap (). ";
cout<<"3Haueunmsa nojyeir mo \"obmena\".\n";
cout<<"\tO6BeKT, M3 KOTOPOTO BHEIBHIBAeTCA MeTonm swap () :\n\t";

// OToOpaxeHMe 3HAUEHMUS I0JiS OOBEKTa,
// Y3 KOTOPOTO BHIBHBAETCH METOIN:
show () ;
cout<<"\tO6wekT - apryMeHT MeToma swap () :\n\t";
// OroOpaxeHMe BHAUEHMUS [IOJII OOBEKTa,
// TepemaHHOTO apryMEHTOM METONY :
obj.show () ;
// TlepeMeHHas nJd 3anoMyHaHusa "craporo" 3HadyeHus
// monsa obbekTa, U3 KOTOPOTO BHS3HBAETCH METOIN:
string txt;
// 3anoMmMHaeTCsa MCXOOHOEe SHadyeHue I[OJIA:
txt=name;
// HoBOe 3HaueHMe IOoJId:
name=obj.name;
// HoBOe 3HaUeHMEe I[OJIA nameoObeKTa, IepPelaHHOTO
// aprymMeHTOM MeTomy swap () :
obj.name=txt;
cout<<"\tO6wexkTr \"oBMeHamuch\" nomsamm.\n\t";
cout<<"\tOBBeKT, M3 KOTOPOTO BHEBHBAeTCA MeTonm swap () :\n\t";
// OrobpaxeHue 3HAUEHMUS [OJIS OOBEKTa, M3 KOTOPOTO
// BHBBIBAeTCA MeTOn swap () :
show () ;
cout<<"\tOBbekT - apryMeHT MeToma swap () :\n\t";
// OTobpaxeHMe BHaAUeHMA [0Jid OOBEeKTa, MNepelaHHOTO
// aprymeHTOM MeTOomy sSwap () :
obj.show () ;
cout<<"\tMeromswap () BHIOJHEH.\n";
}
}i
// TnaBHasg OQYHKUMS OPOTPAMME:
int main () {
// CoszpmanTcsa OBBEKTH :
MyClass A ("Kpacuem") ;
MyClass B ("3emnenem") ;
cout<<"Ilocyie cos3maHusg OOBEeKTOB:\n";
// TlpoBepsiTCH 3HAUEHMd [0Jie CO3NAaHHHX OOBLEKTOB:
A.show () ;
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B.show () ;
// OBbeKkTH "oOMeHMBAKRTCA" BHAUEHMAMM IIOJIeN:
A.swap (B) ;
cout<<"Ilocysie \"o6mena\" mnosmamm:\n";
// TpoBepsATCA 3HAUEHMS [OJIe OOBEKTOB
// mociye "obMmeHa" BHAUYEHUSIAMU :
A.show () ;
B.show () ;
return 0;

}

-' Ha 3ameTky

Jns BbINONHEHWS OTCTYNOB NPY 0TOBPaxeHn COOBLLEHN Mbl UCMO/b30BaNIN B TEKCTO-
I BbIX SITEPanax CUMBON Tabynaumm \t.

[1719 BCTaBKM B TEKCT CUMBOJIA IBOWHBIX KaBBIUEK UCITOTH30BATACH MHCTPYKITUS
\". Mcnosb30Barh MpocTo JBOMHBbIE KABBIYKK HEJIb3SI, TIOCKOIbKY B C++ MBOIi-
HbIe KaBBIYKY MIPUMEHSIOTCS I BBIJIEJIEHNS TEKCTOBBIX JIUTEPAJIOB.

Hwuxe IpuBeE/IEH Pe3yJibTaT BbIITIOJIHEHUA ITPOTPaMMBI:

Pe3ynbTart BbINONHEHUS NporpamMmbl (M3 nUCTUHra 5.4)

[locye co3maHus OOBEKTOB:
ObwbexT c noJsieM KpacHBM
OOBekT C IOJIeM 3eJIeHHN
BrinoyigeTcsa MeTon swap (). 3HaueHums nojey no "obmeHa".
OBBEeKT, M3 KOTOPOTO BEI3EIBAETCHS METOI swap () :
O6wexT c nojeM KpacHEM
O6BeKkT - apryMeHT MeTona swap () :
OBBeKT C mnoJjeMm 3eJieHHM’
ObbekTH "OOMeHANMCH" MIOJISAMU.
O6BeKT, M3 KOTOPOI'O BEIBEIBAETCHS MeTon swap () :
ObBeKkT C [oJeM 3eJieHHM’
OOBekT - apr'yMeHT MeTona swap () :
ObwexT c nojsem KpacHsi
MeTon swap () BBIIOJIHEH.
[locyne "obOMeHa" MNOJIAMMU:
O6BekT C IoJjieM 3eJIeHBM
OOBekT C IOJIeM 3eJIeHHN

Yro TyT, cOOCTBEHHO, porcxoauT? Mbl cosmaeM aBa oObekTa (A U B)Kjacca
MyClass. Y 00beKkTa A 10JIE nameUMeeT 3HaueHune "KpacHEeni", a y obbeKTa
Briojie namenMeeT 3HaUYeHNe "3esieHunt" (3HAUEHUS MOJeH mepeaoTcss KOH-
CTPYKTOPY IIPU CO31aHnK 00BEKTOB). 3aTeM KOMaH/I0M A . swap (B) U3 oObekTa
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ABBI3BIBACTCSI METOJ Swap () ¢ apryMeHToM - 00beKkTOoM B. B Tese Metoza 3Ha-
YeHwe MoJIsi nameo0bekTa B PUCBAUBAETCS 1100 name  00beKTa A 1 Ha000-
POT - 3HAYEHUE MOJIsI name O0BEKTa A MPUCBAMBAECTCS TIOJI0 name 00beKTa
B. Bo BcsAkoM cirydae, MBI Ha 9TO OUYE€Hb PAcCUMTHIBaeM. bosee Toro, mpu mpo-
BEPKe B TeJie MeTo/a pe3yJibrarta "oOMeHa" 3HAYEHUsIMU TI0JIEH BCe BPOJIE BbI-
TJISIIAT BIIOJIHE OJKU/IAEMO: TT0 T€M COOOIIEHUSM, KOTOPbIE MOSIBJISIIOTCS B KOH-
COJILHOM OKHE, MOKHO CZIeJIaTh BBIBOJ, 4TO "0OMeH" cocTosamncsa. Ho kak TOIbKO
MeToJI swap () 3aBepiinaerT paboOTy, ¥ MbI IbITAEMCS TPOBEPUTH 3HAYEHUS TO-
Jiel nameoOBEeKTOB A U B ¢ IOMOIIBIO MeToa show () , TO OKa3bIBaeTCs, 4YTO
y 00beKTa A3HaYeHUE TIOJIsI namen3MeHUIOCh, B TO BPEMST KaK 3HaYeHHe TT0JIsT
nameoObeKTa BOCTAIOCH HEM3MEHHBIM.

Yro6bl MOHATH MPUIUHBI TPOUCXOJSIIETO, HEOOXOMAUMO YUYECTh, KaK OOBEKT
BIIepeaeTcsi apryMeHTOM MeTOy swap (). A MMEHHO, CO3/[aeTCsl KOIMsI 3TO-
ro 00bekTa. Y 00beKTa-KOMMK BCe TOYHO TaKoe, Kak y oObekTa B. Ho TOMbKO
9T0 pastble 00beKThl. OOBEKT-KOMUST CYIIECTBYET, MOKA BBITIOIHSIETCS METO]
swap (). Bo Bcex komaHzax B Tesie MeTo/a swap () uMst ob7, hopManbHO 060-
3Havalollee apryMeHT MeTo[a swap () ¥ OTOXKIECTBIISIEMOE B CIIy4ae KOMaH-
1Bl A. swap (B) ¢ 00bEeKTOM B, Ha caMoM jese 0003HaYaeT Konuio 00beKTa B.
[ToaToMy Korjia 3HaYeHUE OobJ .name MPUCBAUBAETCS MO0 Nname0ObeKTa, U3
KOTOPOTO BBI3BIBAETCS METOJI SWap (), TO BCE BBITIOJIHSIETCS 0KuaeMo. Beab y
Koy 00beKTa B 1 caMoro o0beKTa B 3HavYeHUs MoJieil namecoBnagaior. Kak
pe3yJIbTar mojie name 00OBEKTa A MOJIy4aeT HOBOE 3HAYCHUE.

TOM 9TOro metoaa. lNoaTtomMy KOMaHAa name=obj .nameB Teje MeToAa swap () BbINOJ-
HseTCs Tak: 6epeTcs "opurMHan” nons nameoObekTa, U3 KOTOPOro Bbi3BaH METOA, U
eMy NpPYCBanBaETCH 3HAYEHUE MOJNI nameKONUU 0ObEeKTa, NepesaHHoOro apryMeHToM
dyHKUMN.

[—) Ha 3ameTk
- y
Mone nameo6beKTa, N3 KOTOPOrO BbI3LIBAETCA METOA, swap (), HE ABNAETCA aprymMmeH-

CoBceM WHasI CUTYyallls, KOT/JA BBITIOJHIETCS KOMaHAa BUA obj .name=txt.
ITol KOMaHIOH] 3HaYeHNe t Xt [PUCBAUBAETCS IIOJIIO NameKonuy 00exmad, me-
PEIAHHOIO apryMeHTOM METONY swap (). Korpa B Tene meTos; swap () BBIIOJI-
HsIeTCsI KoMaHga obJj . show (), To oToOpaxaercs 3Ha4eHUe IOJS nameKonuu
obbeKTa-apryMeHTa MeToja swap (), a He caMoro obbekTa-aprymenTa. Ilocie
3aBepIIEeHUsT BBIITOJHEHUST MeTO/Ia swap () KOIKs 00beKTa-apryMeHTa y/Iaisier-
Cs U3 MaMTH, a UCXOIHBI 00beKT (00BhEeKT B B JJAHHOM CJIyYae) OCTAeTCsl He-
U3MEHHDBIM.

YroObl MPUHIMITHAIBHO U3MEHHUTh CUTYAIMIO, HECKOJIBKO BUAOM3MEHUM IPO-
TPaMMHBIH KoJI. boJiee KOHKPETHO, OTHIIEM B Kjiacce MyClass MeTOf swap (),
BHECsI CJIelyIol1e U3MEHEHUSI B TIPOTOTUIT MeTo/[a (M3MEHEHUST BbIIEJIEHbI KU P-
HBIM mIpudTOM):
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void swap (MyClass&obj) {
// Teyio mMeToma - 6e3 M3MEHEeHUM

37ech B ONMMMCAHUN METOA repes; IMeHeM apryMeHTa yKa3aH CHM-
BOJI &, UTO O3HA4aeT Nepeaady apryMeHTa II0 CChLIKe. Bech IporpaMMHBIN KO/
GyIeT BBITJISIIETh TaK, KaK MOKA3aHO B JUCTHHTE 5.5 (11 yI00CTBA KUPHBIM
1P TOM BBIIETIEHO MECTO, B KOTOPOM MOSIBIJICH U3MEHEHMSI, & OOIBITUHCTBO
KOMMEHTAPHEB yIAJIEHO JIJisl COKPAIeHust 06beMa KOJIa - 320/[HO YUTATEb CMO-
KeT TIPOBEPUTD cebst Ha TPeIMeT TIOHUMAHIST KOJ[a TIPOTPAMMBI ).

Jiuctunr 5.5. MNepepaya aprymeHTa no ccoisike

#include <iostream>
#include <string>
using namespace std;
class MyClass{
public:
string name;
MyClass (string txt) {
name=txt;
}
void show () {
cout<<"\tOb6wekT c nojem "<<name<<endl;
}
// ApryMeHT mnepenaeTCsi IO CCHUIKE:
void swap (MyClass &ob7j) {
cout<<"\tBumnojsHgeTrcsa MeTom swap (). ";
cout<<"3HaueHua nojiert mo \"obmenal\".\n";

cout<<"\tO6BeKT, M3 KOTOPOTO BHEIBHIBaAeTCA MeTonm swap () :\n\t";
show () ;
cout<<"\tOBwekT - apryMeHT MeToma swap () :\n\t";

obj.show () ;
string txt;
txt=name;
name=obj.name;
obj.name=txt;
cout<<"\tO6wexkTr \"oBMeHamuch\" nojsamm.\n\t";

cout<<"\tOBBeKT, M3 KOTOPOTO BHBHBAeTCH MeTonm swap () :\n\t";
show () ;
cout<<"\tOBbekT - apryMeHT MeToma swap () :\n\t";

obj.show () ;
cout<<"\tMeromswap () BHIOJHEH.\n";
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int main() {

MyCla
MyCla
cout<
A.sho
B.sho
A.swa
cout<
A.sho
B.sho
retur

}

ss A("Kpacuem") ;

ss B("3emneunwm") ;

<"IocJye co3maHusa oO6BeKTOB:\n";
w();

w();

p(B);

<"Mocne \"obmeHa\" nomamm:\n";
w();

w();

n 0;

Ternepb pe3yabTaT BBIIIOJHEHUS ITPOTPAMMBI TAKOU:

Pe3ynbTat BbINONHEHUS NporpamMmbl (U3 nUCTUHra 5.5)

Mocie

Mocie

CO3IaHusag ODBEKTOB:

OBpekT C noJjsieM KpacHB

OBBekT C IOoJIEM 3eJIeHBHM

BuinoJsiHgeTcs MeTon swap () . 3HaueHus [oJjiey 1o

OBBEKT, U3 KOTOPOTO BHBHBAETCHA MeTOX swap () :
Ob6wekT c nojem KpacHbl

OBBeKkT - apT'yMeHT MeToma swap () :
ObBeKT C IoJeM 3eJieHHM

ObbekTH "OOMeHANMCH" IMIOJISAMU.

"obmeHna" .

06BEKT, U3 KOTOPOTO BBIBHIBAETCHA MeTOon swap () :

ObBeKT C HooJieM 3eJIeHHM
OOBeKkT - apr'yMeHT MeTona swap () :
O6BekT C noJjeM KpacHHEM
MeTon swap () BBIIOJIHEH.

"oBbMeHa" NOJIAMM:
O6BekT C IoJieM 3eJIeHHM
ObwpexkT c noJsieM KpacHBM

Buaum, 4To B 1aHHOM ciydae "oOMeH" 3HaYeHUSIMU TI0JI€ TIPOU3OIIEIT BIIOJIHE
yaauno. [IpuamHa - apryMeHT MeTOy swap () TEPelaeTcs O CChLITKE, TI0ITOMY
BCE MaHUITYJISIIIK BBITIOJHSIOTCST HEITOCPEACTBEHHO ¢ TeM 00BEKTOM, KOTOPBbIii
yKa3aH apTyMeHTOM MeTO/1a.

Y7106bI aprymMeHT nepenaBascs rno CCbijike, CUMBOJ & YKa3blBAETCH TOJIbKO OAVH pa3
npuv onncaHun metoga. CMHTaKCMC KOMaHObl BbI30Ba MeToda (C nepenayein aprymeHTa
Mo CCbIJIKE) HE U3MEHSIETCS MO CPABHEHMIO CO CllydaeM, Koraa apryMeHT nepenaeTcs

— Ha 3ameTk
l :

Nno 3Ha4YeHuI0.
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5.4. MexaHn3Mm nepenaym apryMmeHToB u
HacneanoBaHue

Hy, 3auem maxue croxcnocmu?!
u3 /¢ "lIpuxarouenus Illeparoxa Xoamca u
doxmopa Bamcona”

M5bI paccMOTPHM ellle OUH TPUMEP, B KOTOPOM HESBHO MCTIOJIb3yETCSI BO3MOXK-
HOCTb IIPUCBAMBATh 3HaUEHUEM OOBEKTHON IepeMeHHON 6a30BOro Kiaacca 00b-
€KT MPOU3BOIHOTO KJjacca. B mporpaMMHoOM Kojie, TPeACTaBAEHHOM B JIUCTHH-
re 5.6, onuceiBaercs 6a30BbId Ki1acc Alpha U IPOU3BOAHBIN Kiaacc Bravo. B
KJacce Alpha ecTb TEKCTOBOE I0Jie name W BUPTYaJbHBIM MeTOa show (),
KOTOPBIM OTOOpaskaeTcsl 3HaueHue 1ot name (Hy ¥ elle HeGOJIBIION 0ol
HUTENbHBIN TEKCT). B Kacce BravoHacieayercs Moje nameu Iepeorpeness-
ercs MetoJl show () (oH MO-TIpeKHEMY 0T06pa>1<aeT 3HaUeHHe I10JId name, HO
TOTIOJTHUTENBHBIHN TEKCT - IPYTOii ). A ellle B TporpaMMe onrcana GyHKIASI get -
Info () c apryMeHTOM - 00beKTOM 6a30BOro0 Kiaacca Alpha. B Tene dhyHkumm us
O6T>€KT3., IepelaHHOr0 apryMeHTOM, BBI3bIBAETCI METOL Show () .

Bce camoe umHTepecHoe TMpOMCXOAUT B (YHKIUK main (). TaM cosmaior-
ca nBa 00beKTa: 00BeKT akmacca Alpha u 00beKT b kimacca Bravo. Iomam
nameKasK0ro 13 3TUX 00bEKTOB IIPUCBANBAIOTCS 3HAUEHMS, TIOCJIe YErO BbI3bl-
Baercst hyHKIMs get Info () : CHavasa eif apryMeHTOM Iepeaaercst OObeKT a, a
3aTeM apryMeHTOM (QYHKINU TepegaeTcs 06beKT b, Tak MOXKHO ge1aTh MMEHHO
GJiaroiapsi TOMy, 4TO Kjiacc Bravo, K KOTOPOMY OTHOCHUTCST OOBEKT b, SIBJISIETCS
IIPOM3BOJHBIM OT KJjlacca Alpha.

-' Ha 3ameTky

AprymeHT dyHKumMmn getInfo () nepefaeTcsd no 3Ha4eHUIO (Takon MexaHM3Mm UCMOosb3y-
I €TCs Mo yMO4aHumio). B gaHHOM ciydae 9T0 BaXKHO!

PaccMoTpuM iporpaMMHBIH KO TpUMepa:

Jinctunr 5.6. AprymeHT GyHKUMM - 06 bEKT 6a30BOrO KNlacca

#include <iostream>
#include <string>
using namespace std;
// BaszoOBHII KJIACC:
class Alphaf{
public:
// TekcToBOeEImoOJIE:
string name;
// MeTon mig OTOOPAaXEeHMS BHAUEHMUS [10JII:
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virtual void show () {
cout<<"Baszsopwpwkjacc: "<<name<<endl;
}
}i
// TpOM3BOOHEIA KJIACC:
class Bravo: public Alpha({
public:
// TlepeomnpenejieHne MeTOIa IJiS OTOOpPaAXEHUS
// BHadeHusd IOJIA:
voild show () {
cout<<"IlpomzBOIHEM kJjlacc: "<<name<<endl;
}
bi
// ®YHKUMS C apryMEHTOM - OOBEeKTOM 0a30BOTO KJacca:
void getInfo (Alpha obj) {
cout<<"Mubopmaumus o6 obwekTe:"<<endl;
// BHBOB MeToma U3 O0BeKTa — apryMeHTa QYHKLWN:
obj.show () ;
}
// TmaBHasa GOYHKUMA OPOTPAMME :
int main() {
// OBbexT Ga30BOTO KJIACCA:
Alpha a;
// BHaueHue mnoJyiga obbekTa 0a30BOTO KJjacca:
a.name="Anvda";
// OBBEeKT MNPOM3BOIHOTO KJIACCA:
Bravo b;
// BHaueHue moJjyiga OOBEeKTa NPOM3BOOHOTO KJAacca:
b.name="Bpaso";
// OYHKLMSA BHBBBAETCHS C apTyMEHTOM - OOBEKTOM
// BGaszoBOTO KJjacca:
getInfo(a);
// BBIBOB MeToma M3 oBbekTa 6a30BOTO KJjacca:
a.show();
// OYHKLMS BHBHBAETCH C apTyMEHTOM — OOBEKTOM
// TpOM3BOOHOTO KJIACCA:
getInfo(b);
// BHIZOB MeTOHa M3 OOBEKTa MNPOM3BOMNHOTO KJIACCA:
b.show () ;
return 0;

}

PesyasraT BeIMOMHEHNS TPOTPaMMBI TaKOH (;KUPHBIM NTPUGMTOM BBIIEIEHO Me-
CTO, Ha KOTOPOE CJIe/[yeT OOPATUTH BHIMAHUE):
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PesynbTar BhINONHEHUS Nporpammebl (U3 nMCTUHIa 5.6)

VupopMaumsa o0 OOBEKTE:
BazoBmt kjlacc: Anbda
Bazorumt kjlacc: Anbbda
rpopmaumsa o6 obOBekTe:
BasoBmit kJj1acc: Bpaio
[Ipom3BOIOHE KJIACC: Bpaso

Ectp ABa BaKHbIX MOMEHTA, KOTOPbIE CTONJIO OBI TMOMYEPKHYTh, UCXOAA U3 aHa~
JIn3a pE3yJIbTaTOB BbBIITOJTHEHUA IIPOIrPAaMMHOIO0 KO/14. BO'HQPBLIX7 ApryMeHTOM

yuriun MOJKHO Tepe/laBaTh He TOJBKO OOBEKT KJacca ,
HO U 00BEKT KJIacca . Bo-BTOpBIX, TpU TIepeiaye apryMeHTOM (DYHKITUN
oObeKTa KJracca BBI3BIBAETCSI BEPCUSI METOJIA , OIIU-

CaHHaA B Kj1acce

[ Ha 3ameTk
] y
To, uto y 06bekTa b (knacc Bravo) METOL show () NepeonpeneneH, 1erko NpoBepuTsb ¢
I NMOMOLLbIO KOMaHAbl b . show () (4TO, COBCTBEHHO, B MPOrPaMMHOM KOJE 1 fienaeTcs).

31ech pa3yMHO BCTIOMHUTD, UTO apryMeHT PyHKIMU get Info () nepenaeTcs 1mo
3HaueHnio. MaKkTuecKu MPOUCXOAUT IPUMEPHO CJIELYIONIEe:

e Jlst xormu 0ObEKTA, KOTOPBIN MePefaeTcst apryMeHToM (GyHKIMK getIn-
fo (), B mamMsTH BblessieTcs: MecTo. [Ipuuem mMecto 970 /17151 00beKTa KJacca
Alpha. MoxHO cKa3aTh U TaK: TeXHUYECKas ITepeMeHHas, KOTOpOoH B Kaue-
CTBe 3Ha4YeHUsI OY/IeT MPUCBAUBATHCS KOIHUST 0O bEKTA-apPIyMeHTa, OTHOCUT-
cd K Knaccy Alpha.

o TexHuyeckoil nepeMEeHHON KakK 3HaueHHe IPUCBAMBAETCS OOBEKT KJac-
ca Bravo. [lepemenHas, HaOMHUM, OTHOCUTCS K Kjaccy Alpha. Ho no-
CKOJIBKY KJIACC BravodBigeTcsd IPOU3BOAHBIM OT KJjlacca Alpha, To Takoe B
MIPUHITUITE BO3MOXKHO. Uepes nmepeMeHHy0 6a30Boro kjiacca Alpha MOKHO
MOJIYYUTh JOCTYII K TeM YjieHaM 0ObeKTa IPOU3BOJHOTO KJiacca Bravo, KO-
TOpbIE OIKCaHbI B KJacce Alpha. ITo 0OBSACHSIET, TIOYEMY BbI3BIBAETCS BEP-
cug MeToa show () U3 kjacca Alpha, HECMOTPA Ha BUPTYaJIbHOCTh METO/A.

Teniepbp MBI BBIICHUM, UTO U3MEHUTCS B Pe3yJIbTaTe BBITIOJHEHUS TTPOTPAMMBI,
€CJIM apryMeHT Q)yHKuMI/I getInfo ()6y/:[eT nepezaBaTbCs He 110 3HAYEHUIO, a
1o cchlike. Ecom apryMeHT mepeziaeTcs 10 CChIJIKe, TO KO ONMCaHusA (QyHKIIUN
Gynet TakuM (Tiepe/ Ha3BaHueM aprymenTa (OyHKIINU yKa3aHa WHCTPYKIUS & ):

void getInfo (Alpha &obj) {
cout<<"MuHbpopmaumsa o6 obwekTe:"<<endl;
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obj.show () ;
}

MunnManbHO U3MEHEHHBIN (110 CPAaBHEHUIO € MPEABIAYIIUM IIPUMEPOM) IIPO-
rpaMMHBIN KOJI IPUBeeH B JUCTUHTE 5.7(yaajeHbl KOMMEHTapuu u jobasiie-
Ha UHCTPYKIUS & Iiepejl UMeHeM apryMeHTa obj B onucaHu QYHKIUN get—
Info () -COOTBETCTBYIOIIEE MECTO 1 KOMMEHTAPUI BIIEJIEHBI B TPOTPAMMHOM
KO/i€ JKUPHBIM IPUPTOM).

Jluctunr 5.7. 00bekT 6a30B0Oro Knacca nepegaercs fno Ccbuike

#include <iostream>

#include <string>

using namespace std;

class Alphaf{

public:

string name;

virtual void show () {

cout<<"Bazoewmkiyacc: "<<name<<endl;
}

bi

class Bravo: public Alphaf{

public:
void show () {
cout<<"Ilpoma3BOOHEM KJacc: "<<name<<endl;

}
bi
// ApryMeHTOM nepefaeTCcsl IO CCHUIKEe:
void getInfo (Alpha &obj) {
cout<<"MHbopmaumusa o6 obwekTe:"<<endl;
obj.show () ;
}
int main() {
Alpha a;
a.name="Anvda";
Bravo b;
b.name="Bpaso";
getInfo(a);
a.show () ;
getInfo(b);
b.show () ;
return 0;
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[Ipu BBITIONHEHWUW TPOTPAMMBI TIOJYUYUM CHEAYIOUIUNA Pe3yabraT (KUPHBIM
mprTOM BBIZIEJIEHO MECTO, IOCTOIHOE 0COOOTO BHUMAHUST):

Pe3ynbTart BbINONHEHUS NpOrpamMmbl (U3 NUCTUHra 5.7)

upopmauusa o6 oOBeKTe:
BazoBmt kjacc: Amnbda
BazoBut kjlacc: Anbda
VudpopmMaumsa o0 oOBEeKTe:
[IpoMBBOIHENE KJlacC: Bpaso
[IpoM3BOOHEI KJIacC: Bparo

Pesysbrar nmpakTuuecku Takol e, Kak B MPeAbIAYIIEM cJydyae, HO Telepb Ipu
nepenade GyHKun get Info () aprymMmeHToM 00beKTa bKacca Bravo Bbi3biBa-
eTcs TepeonpenesieHHas Bepcus MeToqa show () (Bepcus, OIIMCAHHAS B KJlacce
Bravo).Ilpuurna B TOM, 4TO oOpaiieHne K apryMeHTy - 00beKTY IPOU3BOLHOTO
KJIacca, BBITIOJTHsIETCST (DaKTHYECKH Yepe3 CChUIKY 6a3oBOro Kiacca. Mbl ¢ 110-
TOOHOIT cuTyarumei yske CTAIKUBAINCH paHee. B aToM cirydae perenne 0 BbI30Be
BEPCUM METO/[a TPUHUMAETCS] Ha OCHOBE THIIa 0OBEKTa, a He THIa 0OBEKTHOM
nepemenHoi. [loaTomy B pesysbTare BeI3bIBaeTCA Bepcus MeToza show (), me-
peotipe/iesieHHast B IPOU3BOJHOM KJIACCe.

5.5. 3HaKOMCTBO C yKa3aTtensamu

Eciu 6v1 na xaxcoyio neuv Goiia omoeiviast
Kouepea, mozda 6vl npudupanucy. A max — e
eapanmupyio!

u3 x/¢p "Besymuviii denv unscenepa bapxa-
coea”

[lo aTOrO HAM HEONHOKPATHO NMPUXOUJIOCH UMETH JIeJIO ¢ TepeMeHHbIMU. He-
KOTOpbI€ TIepeMeHHbIe ObIIN YUCIOBBIMU, HEKOTOPBIE COJEPIKAJIM TEKCT, a He-
KoTOpble 0603HauaIu 00beKThl. MHOrooOpasue 1 Cujia mepeMeHHbIX OYeBUIHA.
Tax:xe MBI TO3HAKOMUJIUCH €O cChIKaMu. Ho make aTUM BO3MOKHOCTH 7151 3(h-
(PEKTUBHOTO CO3/IaHUs MIPOTPAMM He OTPaHUYMBAIOTCA. TouHee, BO3MOKHOCTH
HE OrPaHUYMBAIOTCS MAKUMU NEPEMEHHbIMU. 31€Ch MbI TIOTOBOPUM elrie 06 0oJ-
HOM THIIE [IEPEMEHHBIX, KOTOPbIE B HEKOTOPOM CMBICJIE SIBJISIIOTCS 0COOEHHBIMU
1 yCTeNTHOe UX "TIPUPydYeHne” SBIIeTCs 3aI0TOM K 39(p(HeKTHBHOMY TPOTPaMMH-
posanuio B C++. Jlasee o6cyium yxasameu.

Ecou nopoiiTu K ykazaresnsiMm (popMasibHO, TO yKa3aTeJib - 3TO ePeMEHHasl, 3Ha-
YeHHEeM KOTOPOU SIBJISIETCs adpec 00JacTH MaMsTH. 37€Ch TOAPa3yMeBaeTcst
00s1acTh MaMsITH, KOTOpPasi MOXKeT COZEPKaTh 3HaYeHUE ONPENEJEHHOTO THIIA.
[ToHSATHO, YTO JI/Ist pa3HbIX 3HAYEHWIT HYKeH pasHblil 06beM maMsTu. I1o atomy
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OPUHIIUTY KIacCUUIMPYIOT YKazaTesr. To ecTh KOTjia Mbl TOBOPUM 00 yKa3a-
TeJle, TO BAKHO (SIBHO MJIX HESIBHO) UMETh B BU/LY, JAaHHbBIE KAKOTO TUIIA IIPEATIO-
JIATaeTCsT 3AMUCHIBATH B STYEHKY TAMSITH, a[peC KOTOPOil Oy/IeT 3amucan B yKasa-

TeJIe.

—
]

-

Ha 3ameTky

MoHATL, 4TO Takoe ykasaTesin 1 B 4eM UX [TMIaBHas 0COOEHHOCTb, MONPobyeM Ha NpuMepe
13 GaHKOBCKOW aesTenbHocTU. [peanonoxmm y Hac B 6aHke ecTb Bkag,. [ns yoobctea
OyneM foymatb, 4TO 6aHK HA CaMOM Aene XPaHuT AeHbrn. Kak B IpMHUMNE Mbl Noy4aem
OOCTYN K CBOMM AeHbram? lMNpuxoamm B 6GaHK (NpeacTaBisemMcs onepaTopy), HasbiBa-
€M HOMep cyeTa (M onepaTop ero Ham HasblBaeT - He NpUHUMNuansHO). Janblie Bbl-
MOJIHAIOTCS HY>XHbIE Ornepaunn ¢ BK1aaoM. Mbl, 06pa3HO BbipaxasiCb, MOXEM MPOCTO
y3HaTb CYMMY Ha CHETE UM UBMEHUTb €€ (CHATL/006aBUTbL AeHer). B aTom cnyyae mMbl
LO0DKHBI MAEHTUOUUMPOBATL CHET (MO MMEHW BK1IaaumMKka n/mnu Homepy cyeta). [oe tex-
HUYECKN HaxXOOSATCS HalUW AEHbIM HE CTOJIb BAXHO: OHU MOTYT ObiTb B Celide 3a CTeH-
KOW MNN B XPaHUIINLLE, UM B XO3AMCTBEHHOIN CyMKe B BaraxHuke MaluvHbl AMpeKTopa
6aHka. Mbl 3HaeM HOMEp cyeTa 1 Mo HOMEPY MOXEM MPOBEPUTb 1/UNN UBMEHUTb €0
COCTOsiHUE. 34eCb YMECTHO MPOBECTM aHANOMMIO C 0ObIYHOWM NEPEMEHHON (He yKka3aTte-
nem). Homep cuyeta - 3T0 MA NEPEMEHHONM, @ COCTOSIHUE cYeTa (CyMMa Ha CYeTy) - 3TO
3HaYeHME NEPEMEHHON. 3HAaEM HOMEP cYeTa - UMEEM AOCTYN K AeHbram. 3HaemM nms
NnepemMeHHon - UMeeM A0CTYM K ee 3Ha4YEHNIO.

BosmoskHa u ipyrast cutyaius. [IpencraBum cebe coTpyaHuka 6aHKa, Y KOTOPO-
ro, B CHJIy €ro (OyHKIIMOHAJBHBIX 00SI3aHHOCTEMN, €CTh KJII0Y OT OIPeIe/IeHHOI
6aHKOBCKON sTueiiku (sueiika ¢ ompezeaeHHbBIM HOMepoM). OH MOKeT SdYeiiKy
OTKPBITh U 3aKPBITh. MOKET TY/Ia 4TO-TO MOJOKHUTh, a MOKET U 3a0paTh. VI emy
BCe PaBHO, /IEHBI'M C KAKOTO CYeTa XPAHATCS B sSUeifke. ITO aHAJIOT yKa3aTeJs.
Ykasarespb "3Haer" ajpec o0racTu mamMsTu (HOMEp STYeiiKu ), U ¢ TTOMOIIBIO YKa-
3aTeJsiss MOKHO MEHSTD JJaHHBbIE B TaMATH (IeHbru B s4eiike). Ho BaskHO moHM-
MaTh, YTO 3HAUEHME yKa3aTeJsid - 9T0 "HoMep sTueliku’”, a He "cyMMa JieHer ', KOTO-
pasi B Hell XpaHUTCS.

Teopuist 0OBIYHO BBITJISIIUT TIPOIILE, YeM MPAKTHKA. B MpakTHUeCKOM TIaHe 3Ha-
YIMBIMHU SIBJISIIOTCS CIIEAYIOIINE BOIIPOCHL:

Kax co3nmaTh ykazaTenp?

Kax npucBouthb yKazaTesiio 3Ha4YeHUE U YTO C HUM MOKHO JiesiaTh (orre-
paIum ¢ yKa3aTeasIMn)?

Kak ysHatb agpec 061acTH TaMsATH, B KOTOPOI XPaHUTCS 0ObIYHAs TIepe-
MeHHas?

Kax mo 3nauenuio ykazatess (azpecy maMsTH) OTPENeTUTh 3HAUEHNE,
3aMMCAHHOE B 3TOU MAMATH ?
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Bynem oTrBeuats Ha 3TH BOTPOCH MOcTeneHHo. M Tak, Kak ke co3maeTcd ykasa-
Tesib? MBI yKe 3HaeM, 4TO 9TO nepeMeHHasi. [lepeMeHHble OOBSIBISAIOTCS TakK:
yKa3bIBaeTCsI THIT TIEPEMEHHON 1 ee HasBaHue. HasBaHue Mbl BBIOMpaeM CaMu.
Kak 6biTb ¢ TrmoM? TToCKOJIbKY /111 yKa3aTessl BaKHO, KAKOTO TUTIA JTAaHHbIE
OyayT (MJIM MOTYT) 3allCHIBATBCS B 00JIACTh TTaMSITH, Ha KOTOPYIO CChLIAETCS
yKaszaTeJsb, TO, 0YEBUIHO, YTO ATOT THUII JOJKEH KAK-TO IPUCYTCTBOBATh B 00D-
SIBJIEHUW yKasaTeJist. Eci mpocTo ykasarh WaeHTHMUKATOp THTA TIPH 00bsIB-
JIEHUH, TIOJYyIUM 0OBIUHYIO TIePeEMEeHHYI0 JaHHoTo Tuia. HysxkHa "Merka”, KoTo-
past TIO3BOJIUT OTJIMYKUTD yKa3aTeb OT OObIYHOI TlepeMeHHol. Takoil "MeTKoit"
CIY>KUT 3Be3/i0uka *. [loaToMy eci Mbl ONUCBIBaEM YKa3aTesb, TO B KAa4eCTBE
uaeHTU(UKATOPA TUTIA YKA3BIBAETCS TUI 3HAYEHUS, KOTOPOE MOXKET 3aIUChI-
BaThCs B COOTBETCTBYIOIIYIO SUEHKY TTaMsATH, a YTOOBI OTJIUYUTH YKa3aTelb OT
00BIYHOM TIEPEMEHHOIA, TIepe/l IMEHEM yKas3aTelist CTaBUTCs *. Tak, MHCTPYKIneit
int numberoObIBISETCS 1ENOYNCIEHHAs IepeMeHHast ¢ UMeHeM number. A
BOT MHCTPYKIMEH int *pointerobbsBisieTcs yKa3aTedb pointer, KOTOPbIA
KaK 3HAUYeHUEe MOKET COZIEPIKATD a/ipec STYEKU, KOTOPasi, B CBOIO OUY€pe/b, MOKET
cozlepKaTh KaK 3HAUEHNUE T[eJI0e YHUCIIO.

Tak 1 ykazatenn. Ho cnegyeT y4ecTb, YTO onepatop 3Be3foyka * "OencTByeT” TOJIbKO
Ha Ty NepeMeHHyI0, BO3/1e KOTOPOW OH ykasaH. Hanpumep, MHCTpYKUMen int *point-
er, number 0OBSIBNSETCS ykasaTeNb pointerHa LENOYNCIIEHHOE 3HaYeHe N 0bbly-
Has NnepeMeHHast number TMNA int.

— Ha sameTtky
I
B 0AHOW WMHCTPYKUMM MOXHO OObSBASTE OAHOBPEMEHHO Kak OOblYHbIE MEPEMEHHbIE,

Taxske oOpariiaeM BHUMAHIE, YTO IMEHEM YKa3aTeJIsl SIBJISIETCST UAEHTU(HOUKATOD
6€3 3BE3/I0UKH: TO €CTh 3B€3/I0YKa, KOTOPYIO MBI HCIIOJIb3YEM TIPU 00bSIBJIEHUN
yKasaTeJid, 4aCThIO IMEHH yKa3aTeJss He SBJISETCH.

[IpucBanBaroTCs 3HAUEHUS YKA3aTEISIM TaK K€, KaK U MHbIM IIePEMEHHBIM - €
TTOMOIIBIO oTlepaTopa npucBanBanus. Ho mpucBanBath HyKHO ajipec. Bo3Hu-
KaeT BOIPOC: OTKY/1a ero B3sITh? OOBIYHO IPUXOIUTCST IMETh JIEJIO C a[pecaMiu
TIeEPEMEHHBIX, TO €CTh a/[PECAMHU TeX STYe€eK, B KOTOPbIE 3aITCAHBI TIepEMEHHBIE.
[omyuuts agpec mepeMeHHOU MOKHO € TIOMOIIBIO oniepartopa &. Hampumep,
PE3YJIBTaTOM BBIPaKEHHS &numbe rBJIsieTCsl afpec 00JIacTh MaMsTH, B KO-
TOPOH XpaHUTCS 3HaUeHHe TepeMeHHoN number. Takoi agpec MOKHO TPH-
CBOUTD B KauecTBe 3HaUeHNs yKazaTeno pointer. CooTBeTCTBYIOMAS KO-
MaH/Ia BBITJSIANT KakK pointer=&number. [Tocse ee BeITOMHEHNST yKa3aTeTh
pointer"sHaeT" azipec epeMeHHON number. Eciu HaM HY;KHO y3HATh 3Ha-
yeHUe, 3aIIMCAHHOE TTI0 HEKOTOPOMY afIpecy, NCIOIb3yeM orepaTop *. Tak, 3Ha-
YeHNeM NMHCTPYKINHU *pointeraBisercs (ecau MpeBapuTeIbHO BBITIOTHEHA
KOMaH/Ia pointer=&number) 3HaYeHNe TIePEMEHHON number - TO eCTh TO



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

3Ha4Y€HHNE, KOTOPOE 3allCaHO 110 a/[PECY, XPaHAIIEMYCA B YKa3aTeJjie pointer.

Ed

Ha 3ameTky

C NOMOLLbIO MHCTPYKUMU *pointerMOXHO HE TONbKO "MpoynTaTh” 3HaYeHne, 3anncaH-
HOE MO agpecy, XPaHALWEMYCS B ykasaTeslie pointer, HO U UIBMEHUTb 3HAYEHME B COOT-
BETCTBYIOLLEN A4eliKe NaMSTU.

Yro kacaeTcs onepanuil ¢ yKazateysMu, To, IOMUMO ITpUCBanBaHu4, 3/1eCh Ba-
PUAHTOB [IJISI IeITeTbHOCTH He TaK YK ¥ MHOTO. Cpenu MOy CTUMBIX apugdmemu -
YECKUX ONepauili ¢ YKasameasimu MOKHO BbIJIEJIUTD TaKUE:

K ykasaresmio paspemraercst nmpubGaBUTH I€JI0€ YUCIO. PesysbraTom
onepali yKasaTeslb+Unciio SIBISeTCS aipec SUYEeHKH MaMsATH. JTa
sgJeiika oTcTOUT (B "HANpaBJIeHUN" yBEIUYEHUs aipeca) OTHOCUTENHHO
ajipeca yxasareris Ha KOJNYeCcTBO d4eek, omnpezesnsgemoe uycioM. Ha-
HpUMep, eCJii pointer - 3TO yKa3areJb Ha 1[eJioe Ynucyo (00 bsIBIEH KakK
int *pointer), To pe3yJbraTOM BbIpaskeHUsipointer+3 OyueT yKa-
3aTesib Ha TEJIOYUCIEHHYIO SYEHKY, OTCTOSIIYIO0 Ha 3 TO3WIUU "BIIpa-
BO" (B "HampaBIeHNN" YBETUUEHNS aIpeCca) OT TOU STUEHKHU, Ha KOTOPYIO
CChIJIAeTCS yKa3aTesb pointer.

Ot ykazatesiss pa3peliaeTcs OTHSTH IeJloe Yucyo. Pe3ysbraToMm orie-
paIum yrasaTesb-4mucio SIBAgeTCd afpec S9eiKu MaMsATH, OTCTOS-
muii (B "HalpaBJeHUM" YMEHbBIIEHUS ajipeca) OTHOCUTENBHO ajipeca
yKasaress Ha KOJUIeCTBO S4ueek, onpenensemoe urcsiom. Hampumep,
pe3yJIbTaTOM BbIpaskeHUsipointer—-2 OyleT yKasaTesb Ha I1eJI0YnC-
JIEHHYIO STYEHKY, OTCTOSIIYTIO HAa 2 TIO3UITNHU "BJieBO" (B "HANIpaBJIeHUN"
YMEHbBIIIEHU ajipeca) OT TOH sTueliky, Ha KOTOPYIO CChLIaeTCs yKa3aTesb
pointer.

MoOKHO BBIYUCHATbL PAa3HOCTb yKaszaTesel. Pe3ysbTaToM BbIpaKeHUs
yKasarejb l-yKasaTellb 2 SBJSETCS IeJI0e YKUCTIO0, ONPEeesio-
1ee KOJIMYeCTBO d4YeeK MEeXy ajl[pecaMy, 3allMCaHHbIMU B yKa3aTeJaX.
Hampumep, eciiu p u g - ykasaresau (CKaxeM, Ha 1eJIOUYUCIEHHbIE sTUeii-
K1), TO Pe3YJIETaTOM BbIpaskeHUs q—pOyAeT 11eJI0e YNCI0, PABHOE KOJIU-
YeCTBY 1IE€JIOUUCIEHHBIX S4YeeK, KOTOPble HaXOASITCI MEX/Y SueliKaMi,
Ha KOTOPbIe CChIIIAIOTCA YKa3aTeJIu g U p.

YKkazareau MOXKHO HMHJEKcUpoBaThb. MHJEKC yKa3bIBaeTcsi B KBajpart-
HBIX CKOOKaxX IIOCJIE UMEHU yKazaresd. JHaueHUe WHAEKCca - Iiesioe
gucyo (He 06s3aTeIbHO MOJIOKUTENIbHOE). Pe3yIbTaToM BBIpaKEHUS
ykKasaresnb [MHOeKkc] SBISETCS 3HAUeHUe STUYeKH, KOTOPast OTCTOUT
OT dYelKU C aJ[pecoM ykaszaTesis Ha KOJUYECTBO TO3UIUiA, olpe/ie-
JIIEMOe MHIEeKCOM B KBaZpaTHbIX ckoOkax. Hampumep, pe3yJibTaToM
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BbIpaKeHUsipointer [3] OyleT 3suauenue IEJOUNCTCHHON sUEHKH,
OTCTOAIIel Ha 3 To3unuu "BIpaBo” (B "HAIPaBIEHUU YBETUYEHUS
ajipeca) oT TOH f4eiku, Ha KOTOPYIO CChIJIaeTcs yKasaTeslb pointer. A
pe3ybTaT BhIpakeHus pointer [ -2 ] -3HaueHue eI0UNCICHHON Sueti-
KU, OTCTOSIIEH HA 2 TTO3UIINH "'BJIeBO” (B "HAIIPaBJEHUN" yMEHBIICHUS
ajipeca) oT TOH SYEiKH, Ha KOTOPYIO CChIIAeTCs yKa3aTeab pointer.

Takoro Tuma mmpaBuja Ha3bIBAIOTCS adpecholl apupmemuxoi. Mbl 0 Heil BCIToM-
HUM, Korja OyieM UMETb JIEJIO ¢ Maccusamu, v ele OyaeM pasbuparb GoJiee jie-
TaJILHO.

YkazaTenu MOTYT CO3[IaBaThCsl He TOIBKO JIJISI TPOCTBIX TUIIOB IAHHBIX, HO U 17151
06beKTOB.()6BﬂBﬂeHIK3yKa3aTeﬂeﬁIﬂ106BeKTbIHOHQHHﬂeTCﬂ(ﬂhHeMy'HpaBH-
JIy: B Ka4eCTBe THUIIa 3HAYEHUs YKa3blBAETC KJ1acc 00beKTa, a Iepes; IMEHEM I1e-
peMeHHoﬁjmawnEHﬂCTMMﬂtﬂ3BEHmQKa*.ThK,yKasaTenbHao6BeKTHemy
TOPOTO KJjlacca MOYKHO CO3/IaTh KOMaHION BU/a kjlacc *ykasaTesb. Anpec
06BeKTa MOKHO IIOJIy4UTh, IIOCTAaBUB aMIIEPCAHA &IIEPEL nMeHeM 0OBEeKTHOM
nepemenHol. CKajkeM, Pe3yJIbTaTOM KOMaH/Ibl yKa3aTellb=&00BeKT CTaHeT
NpUcBanBaHue ykaszaresn ajpeca ooverra. [IoHATHO, UTO 06BEeKT NOJIKEH
OTHOCUTBCST K TOMY K€ KJlaccCy, KOTOPBIM yKa3aH IPU CO3[JaHUU yKa3aTelld.
Yr1o6HI 110 yKas3aTeJio Ha 00BEKT IIOJIY4YUTH CaM 00BEKT, TOCTATOUHO nepen yka-
&HEﬂeMIKXTaBMTmeBﬂquy*—pequaeT06LHKprKuHMBMQa*yKasaTenb
Ho ecsan nysxHo O6paTHTbCHiK IIOJII0 UJIN METOLY O6B€KTa,Cy1H€CTBy€T yIIpo-
neHHast popMa obpalleHus yepes yKasaTesb Ha 00OBEKT: IIOC/Ie UMEHU TIepEMEH-
HOM-yKa3aTeJisd MOMeIaeTcsl OlepaTop CTPEJKUA —>, a 1MocJe Hero - UMs T0Js
WK MHCTPYKIIUS BbI3oBa Metoza. Hampumep, eciu y obbexkrTa eCTh roje, a
yKasaTenbccmﬂwﬂtﬂ}waOTo@%eKT,TO06panHHeI<HOﬂmtﬁmeByKa&r
TeJIb BBITIOJIHSIETCS TaK: ykasareJb—>noje. JpyrumMu cjioBaMu, ajbTepHATH-
BOU K MHCTPYKIIMU OOBEKT . [10JI€ ABJISIETCS MHCTPYKIUS yKa3aTEJb~>I10JIe
AHAJIOTUYHO BBITIOJIHSETCSI BBI30B MeTOna Yepe3 yka3aTesib - KOMaH0H BUuaa
yKaszaTeJsb—>MeTon (apTyMEHTH) .

Kak wmocTpanmio K MCIOJb30BaHUIO yKasaTeslell paccMOTPUM HeGOJbINON
npuMep. B aTOoM mpumepe omucbiBaeTcs Kiaace MyClass, co3gaercss 00beKT
objkJacca, M yKasaTeJb pnt Ha 00beKT obj. ObpalleHue K MoJsiM U BbI3OB Me-
To1a 0OBEKTa ObjOCYIIEeCTBISIETCS Yepe3 yKasareibpnt Ha 00bekT. CooTBeT-
CTBYIOIINH TIPOTPaMMHBIN KO TPUBEEH B INCTHHTE 5.8.

Jiuctunr 5.8. Yka3zatenb Ha 00bexT

#include <iostream>
#include <string>
using namespace std;
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// Knacc:
class MyClass{
public:
string name; // TexcToBOemoJse
int code; // UucioBoe rmoje
// MeTon myisa OTOOpPaXeHMSI SBHAUSHMA IIOJIeN:
void show () {
cout<<"llojename: "<<name<<endl;
cout<<"llojecode: "<<code<<endl;
}
}i
// TmaBHasa GOYHKUMUA OPOTPAMME :
int main() {
// CospmaHmue oOBEKTa KJjacca:
MyClass obj;
// YkasarTesb Ha OOBEKT KJjacca:
MyClass *pnt;
// YkaszaTeJyn NpUCBaMBAaeTCd SBHAUESHME:
pnt=&obj;
// TlpucBamMBaHMe 3HAUYEHMA [OJID hame (uepes yKasaTesb) :
pnt->name="o6wexkT";
// TlpucBamBaHMe 3HaueHMda noJiw code (uepes yKasaTesb) :
pnt->code=123;
// Bui3OoB MeToma show () (uepes ykaszaTesb) :
pnt->show () ;
return 0;

}

PesyJisrat BBITOJTHEHUSI TIPOTPAMMHOTO KOjIa OyIeT TaKiM:

PesynbTar BLINONIHEHMS NPOrpaMmbl (U3 IMCTUHra 5.8)

I[losle name: OOBEKT
[Ione code: 123

¥ knacca MyClassecTb TEKCTOBOE I10JIe namer YMCJIOBOe I1oJie code, a TakxKe
MeTOo/I show (), KOTOPbIM 0T06pa>KaIOTC51 3HavYeHus mosieil. B rimasmolt pyHKIINm
IIPOTPAaMMBbI CO3/1aeTcst 00BEKT ob7 Kiracca MyClass, a TakKe yKasaTeb pntHa
00beKT 9TOTO Kacca. IT0CKOIbKY /IS Kilacca He OIicaH KOHCTPYKTOP, TO 3HaYe-
HUST TIOJISIM TIPUCBAMBAIOTCS TIOCJIE CO3/[aHust 00beKTa B TIaBHOW (DYHKIIUHU TIPO-
rpaMMbl. JIJIs1 9TOro, Kak 0TMEYasioch, CO3[aeTcs yKasaTesb pnt. Axpec oObekTa
y3HaeM C MOMOINBIO HHCTPYKIIUM &obj. JlaHHOe 3HAaUeHNe TPUCBAUBAETCS YKa-
3aresio pnt. [IpucBanBanue 3HaueHUN MOJISIM Yepe3 yKasaTesb BBIOJHSAETCS
KOMaHaMu pnt—->name="o06wekT" U pnt->code=123, a MeTO/] Show () BbI-
3bIBaeTCs KOMaHAON pnt—->show ().
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Emte oHa 0co6eHHOCTD paboThI ¢ yKa3aTeJIMU UILIFOCTPUPYETCS B IPOTPAMM-
HOM Koze B jmctunre 5.9. B ar1oii mporpamme cosmaercs 1Ba 00beKTa OJHOTO
KJ1acca U 00bsIBIISIETCS YKa3aTeIb Ha 0OBEKT TOTO JKe THIIA. YKA3aTeJIIo TTOC/Ie/0-
BaTEJIbHO MIPUCBAUBAIOTCS ajlpeca MepBoro U BTOPOro 0GBHEKTOB U U3MEHSIOTCS
apaMeTpbl 9THX 0OBEKTOB.

Jiuctunr 5.9. Ykasatenb U pasHbie 00bEKTbI

#include<iostream>
#include <string>
using namespace std;
// Kmacc:
class MyClass{
public:
string name; // TexcToBOemose
// MeTon myis oTOOpaxeHMs BHAUEHUS I[10JIS:
void show () {
cout<<"Ilose name: "<<name<<endl;
}
bi
// TrnaBHas GYHKUMSA OPOTPAMME:
int main() {

// CospmawTcss OOBEKTH KJIAacCa:
MyClass objA,obijB;

// Yxazarenb Ha OOBEKT KJjlacca:
MyClass *pnt;

// YkaszarTejyib Ha MEpPBHM OOBEKT:
pnt=&objA;

// Tlojle mepBOTO OOBEKTA:
pnt->name="o6wexT A";

// YkasarTejyib Ha BTOPOM OOBEKT:
pnt=&objB;

// Tlojle BTOPOTO OBBEKTA:
pnt->name="o6wexT B";

// TlpoBepka CONEPXMMOTO OOBEKTOB :
objA.show () ;
objB.show() ;
}

B pesysibrate BbIIIOIHEHUS IPOrPAMMBI 1I0JIydaeM CileLylomiee:

PesynbTar BLINOIHEHMS NPOrpaMmbl (U3 IMCTUHra 5.8)

I[Tosle name: obOwekT A
[lojie name: o6BeKkT B
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Msr omuceiBaeM kiace MyClass, ¥ KOTOPOTO €CTh TEKCTOIOJE nameu Me-
Toi show (), IpeAHasHAYEHHBINA I OTOOpakeHUs 3HaYeHus MoJd. B rias-
HOU (DYHKIIMK TIPOrpaMMbl CO3AI0TCsE 00bEKThl 0bJA U objB, a TakKe yKa-
3areihb pntHa 00BeKT Kiacca MyClass. CHavasa KoMaHIOW pnt=&objA
B yKaszaresib pnts3allichiBaeTcs ajipec 0ObeKTa obJjA, a 3areM KOMaHOi
pnt->name="o06wexT A" OO name 00bEKTa objA IIpucBanBaeTCs 3Ha4e-
nue. Jlamee KomaH10if pnt=&0bJB B yKasaTeJb pnt3allichiBaeTcs ajgpec 00b-
exta objB. KoManmoil pnt->name="o6sexT B" I0JIO name 00beKTa 0bjB
npucBanBaercs 3navenue. IIposepka coaepKuMOro 0ObEKTOB BIIOIHIETCS KO-
MangaMu objA.show () M objB.show ().

BaskHo 371ech TO, 4TO MCIHOJIb3Ysl YKa3aTe/Ib, Mbl IIOJy4aeM JOCTYII K YK€ Cylie-
CTBYIOIEMY O0OBEKTY, a He K ero Konuu. Tak, ecu Obl y Hac Obla mepeMenHast
obj kjmaccaMyClass U MbI BOCIIOJIB30BAJIMCh KOMaH0ll obj=0bjA, TO B Ta-
KOM cJrydae Oblia Obl co3/1aHa KoTst 00beKTa objA U 3alicaHa B IEPEMEHHYTO
ob7j. l3menenne o6beKkTa obj HHUKAK He IOBJIMseT Ha 00bekT objA. Hampo-
THUB, BOCIOJIb30BaBIINCH KOMAHIONH pnt=&0bJA, MBI TOJIy4aeM JOCTYI HEMO-
CPeJCTBEHHO K 00bEKTY objA -XOTs Obl U Yepe3 yKasaTelb. A BOOOIIe caeayeT
OTMETHUTb, YTOyKa3aTeb Ha 00bEKT MOKET OBITh J0OCTATOYHO y00€H BO MHOTHX
OTHOILEHUSIX.

7

Ha sameTky

Ha 6yayuiee oTMeTUM, 4TO €CTb KJIlOYEeBOE CJIOBO this, KOTOpPOE SIBNSIETCS ykasaTe-
NieM Ha 0O6bEeKT, N3 KOTOPOro BbI3bIBAETCH METO,. ITO KJIOHEBOE CJIOBO UCMOMb3YIOT B
nporpamMmMHOM KOAE Knacca, B onncaHmn Metogos. Hanpumep, ecnu y knacca nmeetcst
nosne name, T0 o6paLLeHne K 3TOMy MOS0 B NPOrpaMMHOM Koae MeToaa, OnmcaHHoOro B
Knacce, BbIMMSANT NPOCTO Kak name (APYrMMin cioBamMn, Mbl 6aHanbHO ykasbiBaem UMS
nons). Ho aTo cokpaleHHas ¢popma obpalleHuss kK nonto. Ha camom gene, korga peyb
naeT o none obbekTa, To 0ObIYHO YKa3blBAeTCs, KAKOro UMeHHO obbekTa. Ecnm metop,
obpalaeTcs K Mo TOro camoro 06bekTa, U3 KOTOPOro BbI3bIBAETCS, TO MOXHO MC-
nonb30BaTb COKPaLLEeHHY ¢popMy obpalLeHns (yka3aB OaHO NnLlb MMst oobekTa). Ecnn
B CUJ1Y KaKMX-TO MPUYMH HaM NoHaa006u1nock Obl IBHO MAEHTUDUUNPOBATL 0OBLEKT, MOX-
HO OblNI0 BOCMOJIb30BaTbLCA KJIOYEBLIM C/IOBOM this. Hanpumep, nonHas ¢popma obpa-
LLEeHWS K MO0 name0ObekTa, N3 KOTOPOro Bbi3bIBAETCH METO/, MOra Obl BbIMMAAETb Kak
this->name. K 3TOMy BONPOCY Mbl €LL1€ BEPHEMCS HEMHOIO NO3XeE.



naBa 6.

NAMSATb, AECTPYKTOPbl U MACCUBDI
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- Yuenvii cosem domicen Goimy 6 noiHom co-
cmage!

- Koma yuenozo npuerawamo 6yoem?

uz x/¢p "Yapodeu”

Jlasiee Mbl 0OCYIUM PsIJT TTOAXOI0B, KOTOPbIE OYeHb MOJIe3HbI (2 MHOT/A U TPOCTO
He3aMEeHUMBbI ) TIPU COCTABJIEHWH ITPOrPAaMM, B TOM YUCJIE U B PAMKAX ITapajiuTMbl
OOII. Eciu 60j1ee KOHKPETHO, TO MBI

*  HAYYUMCs B IMHAMUYECKOM DEKUME 8bldensimov namsims (B TOM UHUCTe
JIVHAMUYECKH CO3/1aBaTh U YAAISTh OOBEKTHI);

® y3HaeM, UTO TaKoe aecmpyxmop " KaK OH HUCIIOJIb3YETCA;
° ITO3HAKOMUMMCA C MACCUBAMU.

I[Ipy 9TOM MBI TIPEAIIONaraeM BO MHOKECTBE MCII0Ib30BaTh ykazamenu. bes nux
B JIAaHHOM CJiy4ae He 0OOUTUCH, TIOCKOJIbKY Ha MPUMEHEHUN yKasaTeseil 6a3u-
PYIOTCSl pacCMaTpUBaeMble Jajiee MeXaHu3Mbl U METOAUKK. VICKTIOueHeM, Bo3-
MOJKHO, SIBJISIIOTCSI JIECTPYKTOPBI - B TOM CMBICJIE, YTO OHU HE UMEIOT HENOCPe/I-
CTBEHHOTO OTHOIIEeHMs K yKasaTesssM. Ho Mbl 3ameiicTByeM yKazaTesn, KOria
Oy1eM WILIIOCTPUPOBATh METO/bI PAGOTHI C IECTPYKTOPAMHU.

Kaxk 6b1 TaM HU OBLIO, HECMOTPST Ha 3asiBJIEHHYIO TEMAaTHKY TJIaBbl, yKasaTesen
Oy/IeT MHOTO, TIOSIBJISTIOTCSI OHU B Pa3HbIX MeCTax IPOrPaMMHOTO KOJia U B pas-
HBIX, TaK CKa3aTh, "umnocracsax’. Haunem ¢ dunamuueckozo evioenenus namsamu.

6.1. lIvHaMmn4yeckoe BbiaeNIeHne NnamMmaTm

- Ymo 3a 63dop. Kax Bam amo 6 zonio8y 636peno?
- /la e 636peno 6L, HO paxmuoL, Kax 2080pumcsl,
YNPAMAs, 6eusp.

uz x/¢p "Yapooeu”

Panee mbl umenn eJI0 CO cmamuueCKumMu nepemerHobimu. ITO caMble OOBIYHBIE
IIEpEMEHHDBIE. TepMI/IH cmamuyvecKue NCI0JIb3YETCA B TOM CMbICJIE, YTO ITaMATb
I10/] TaKKMeE MEPEMEHHbIE BbIIE/IACTCA Ha 3Talle KOMITUJIAIIUN IIPOTPaMMBbI. Cyme—
CTBYET U MHOM c11oco0 BblJICJIEHUA ITaMATN -OUNAMUYECKUTL. HpI/I JANHaMMNY€CKOM
BbIJICJICHUU ITaMATHU OHA PACHPE/IETIAETCA HE Ha 3Talle KOMITUJIAIINN, a Y/Ke B ITPO-
IeCCe BbIIIOJTHEHM A ITIPOIrPAMMBI.
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Z[JIH BbLJIEJICHUA aMATU B IMHAMUYECKOM PEXUME UCIIOJ/Ib3YIOT OIIEPATOP New.
ITocne orIepaTopa new YKa3bIBa€TCA TUIL HepeMEHHOIL/,I, JJIA KOTOpOfI BbIZEJIAET-
Cd IIaMATD. HpI/I BBIIIOJIHEHUU TaKOI WHCTPYKIOUU IIO/J] TIEPEMEHHYIO BbI/IETIAECTCS
IIaMATh, a4 PE3YJIbTaTOM BO3BpPallld€TCA YKa3aTE€J/Ib Ha 00J1acTh IMaMATHU, KOTOpasd
Bbl/IC/ICHA. Huxe IIpuBeEACH IIpUMEDP 00bABIECHN YKa3aTejid p Ha 3Had€eHue 11e-
JIOYMCJIEHHOI'O TUIIA, 4 3aTEM B YKa3aTEJIb 3allMCbIBAETCA a/[pEC obactu ITaMATH,
KOTOpasa BbIACIACTCA JUHAMWYCCKU:

int *p;
p=new int;

B pesysibrare BbIOJIHEHNSI KOMaH/] B IAMSTU BbBIIEJISIETCSI MECTO T1OJ1 3HAUEHUE
THUIA int, u azipec 00JIaCTH MAMSITH 3aIMChIBAETCsI B yKa3aTesb p. Terepb K jgaH-
HOI 06J1aCTH TAMSITH MOKHO 00pAIaThest uepes ykaszatesb p. B gactHocTu, 4to-
ObI TIOJTYYUTH JOCTYI K 3HAYEHHUIO, 3alIMCAHHOMY 0 COOTBETCTBYIOIIEMY a/[pe-
CY, KCIOJIb3yeM UHCTPYKIHIO *p. OTKPOBEHHO TOBOPSI, 3TO He Beeraa yaoOHo, a
HIOTOMY IJIsI TIEPEMEHHBIX 6A30BBIX THUIIOB MAMSITh JUHAMUYECKU BBIIESIOT He
ouenb yacto. /Ipyroe mesno, eciu peupb ugaer 06 06beKTax. 31eCh MPUHIIHIT BbI-
JIeIEHUsT TAMSITH TOYHO TaKOM e, TOJbKO B KAUeCTBE TUIA YKA3BIBAETCS UMsI
KJacca [yt 00 beKTa, a Pe3yIbTaTOM BO3BPAIIAETCsT yKA3aTelb Ha OOBEKT.

Moppo6HocTHN

Ecnn 6biTb 6051€€ TOYHBIM, TO NPU AMHAMNYEeCKOM CO3a4aHnn o6bekTa nocne oneparopa
new YyKasblBaeTCs KOHCTPYKTOP Knacca, Ha OCHOBE KOTOPOro AMHAMUYECKN Co34aeTcs
006beKT. B kpyrbix ckobkax nocfe MMeHu knacca nepesatoTcs apryMeHTbl KOHCTPYK-
Topa. Ecnu kKoHCcTpykTOp 6€3 apryMeHToB, TO NyCTble KPYrble CKOOKN MOXHO He UC-
nonb30BaTb.

Hampumep, ecsit HeOOXOUMO TUHAMIYECKHU BBIJIETUTD TAMSITH 0/l 00HEKT
Kimacca MyClass W 3amucarh ajpec 9Toro o0beKra B ykasaTesib pnt, TO COOT-
BETCTBYOIINI GJIOK MTPOTPAMMHOTO KOZIa MOT ObI BBITJISIIETD TAK:

MyClass *pnt;
pnt=new MyClass;

Kak MbI 3HaeM, Ipu co3aHun 00bEKTOB BBI3bIBAETCS KOHCTPYKTOP. VIMs Kiiacca,
YKa3aHHOe TI0CJie UHCTPYKINU new (DaKTUIecKu MpeiCcTaBsIeT co601i BBI3OB
KOHCTPYKTOpa. B cirydae, Korga mpu cosgaHuy 06beKTa KOHCTPYKTOPY HeoOXo-
VMO IIeperaBaTh apryMEHThI, OHU yKa3bIBAIOTCS IIOCIE€ MMEHU KJIacca, TO eCTh
HCIIOJIb3yeTCs KOMaH/la BU/Ia yKa3aTeJlb=new KJaccC (ApTyMEHTH) .

Ecimm mamars 1o/ 00BEKT (I/I]II/I O6bI'-IHy10 nepeMeHHon) BbIZeJIAJaCh JUHaMMYe-
CKH, TO I10 3aBEPITEHNU NUCITOJIb30BAHUA HepeMeHHOfI NI 00beKTa BbIICJIEHHYIO
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MaMsITh IPUHATO 0CBOOOXKAATH (UTO (haKTUUECKH SIKBUBAJEHTHO YIAJCHUIO TIe-
peMeHHoi ni oobekTa). [ yaanenus nepeMeHHol uin oobekTta (0cBoOOK Ie-
HUST TUHAMUYECKU BbIIEJIEHHON TaMSITH ) ICTI0JIB3YIOT oriepaTop delete. [locae
omneparopa delete cieayer yKasaTesb Ha 00J1aCTh TTAMSTH, KOTOPast OCBOGOK-
naetcst. Hampumep, eciu 1714 1IeIOYNCIEHHOTO YKAa3aTeasd p TaMsITh BBIIEIIIACh
KOMaH/I0ll p=new 1int, TO 0CBOGOAUTH 3TY 06JACTh TTaMATH ((HaKTHYECKHU y/aa-
JINTB COOTBETCTBYIONIYIO IIepeMEHHYI0 ) MOXKHO KoMaHzioll delete p. Ecam peun
uziet 06 00beKTe Kacca, TO MpoIeypa 0CBOOOKICHNUS TTAMSITH TaKast JKe: TT0cIe
TOTO, KaK MaMsITh BbIJIeJICHA KOMAHION pnt=new MyClass(IUHAMIYECKOE BbI-
JieJieHne maMsITh moJi 00beKT Kiiacca MyClass ¥ 3alicCh ajipeca 00beKTa B yKa-
3atesib pnt), OHa 0CBOOOKIaeTCst KoMaHIoi delete pnt.

=! Ha 3ameTky
MamaTb ocBoGOXAaeTCa nocne Toro, kak NoTpebHOCTb B NEPEeMEHHON UM obbekTe
I nponapaet. [lenaetcsa 310 B LEensX 3KOHOMUK, MOCKOJIbKY ecnv Ans paboTbl Nporpam-
Mbl MAMATU BbIAENSATh HYXXHO MHOFO, TO OHa, Kak HY CTPaHHO, MOXET 3aKoH4YUTbes. C
OpYroli CTOPOHbI, €CNN NEPEMEHHYI0 (UM 06BLEKT) U3 NAaMSATU He YAANUTb, TO HUYEro
CTpaLIHOro,ckopee Bcero,He nponaongeT. MosTomy BONpPOC yaaneHust NepeMeHHbIX U
06bEKTOB (N0 3aBEPLUEHUN NX UCMOJIb30BAHWS) B UISBECTHOM CMbICNE OTHOCUTCS K Npa-
BWJIaM XOPOLLEro ToHa B NPOrpamMMnpoBaHnm

He6ob1oi mpumep A1 MILIIOCTPALMKA AUHAMUYECKOTO BbIAEACHMS TAMSTH
IIPY CO3MaHNN 00heKTa TPeACTaBIeH B TUCTHHTE 6.1.

Jiuctunr 6.1. [lnnamMmuyeckoe BbiaeneHue naMaTu A odbekTa

#include <iostream>
#include <string>
using namespace std;
// Knacc:
class MyClass{
public:
string name; // TexcToBOe moJje
// KOHCTPYKTOPD:
MyClass (string txt) {
name=txt; // 3BHaueHMEe TEKCTOBOTO I[IOJII
}
// Meronm mja OoTOOpaXeHMsa TEeKCTOBOTO IIOJIA:
void show () {
cout<<"Ilojie name: "<<name<<endl;
}
}i
// TmaBHasg GYHKUMS TPOTPAMME:
int main() {
MyClass *pnt; // YkasaTenb Ha OOBEKT
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// IuHaMmuuyeckoe co3mgaHue OOLEeKTa:
pnt=new MyClass ("ouHaMmnueckuir obwexT") ;
// BHBOB MeToma OOBEeKTa uYepes yKas3aTesib Ha OOBEeKT:
pnt->show () ;
// YmajeHue IVMHaMMUYECKOTO OBBeKTa:
delete pnt;
return 0;

}

Pesynbrat BbITIOTHEHUS IPOTPAMMBI TAKOI:

PesynbTat BbINONHEHMS nporpammbl (U3 nuctuira 6.1)

[Iojle name: IMHAMUUECKMUN OOBEKT

B nmporpamme oOBSIBIISIETCST KJTace , B KOTODOM HMMEETCSI TEKCTOBOE
0JIe, KOHCTPYKTOP € OZIHUM apIyMEHTOM, a TAaKKe METOJ JIJIsT OTOOPaKeH s 3HA-
YeHUs] TEKCTOBOTO TOJIst. B TiaBHOM (DyHKIIMU TPOrpaMMbl OOBSIBJISIETCS YKa-
3aTesb Ha 00BEKT KJracca , @ 3aTeM KOMaH/I0H

CO3/IaeTCsl IMHAMIYECKHUT OOBEKT: [UHA-
MUWYECKHU BBIJIEJSAETCS TaMsITh JIUIsI 00bEKTa, BBI3BIBAETCS KOHCTPYKTOP KJIacca

C apTYMEHTOM u azpec 0ObEKTA 3AMNUCHIBAETCS B
yKa3aTeJsb . ITocsie Toro, Kak yKasaTesio MIPUCBOEHO 3HAUYEHNEe, KOMaH-
JoM u3 00bEKTA, OTPEIESIEMOTO YKa3aTeaeM , BbI3BIBAET-
cs METOJ . 3atem, niepe] 3aBepiieHreM paboThl IPOTPAMMBbI, KOMAH/ION

BBITIOJIHSIETCST yajeHne o0bekTa (MaMsiTh, BbIIEI€HHAs TI0/ 00b-
€KT, TIOMeJaeTcsl KaK HEUCIIOIb3yeMast, BCJIEACTBUE Yer0 OHa MOJKET OBITh BbI-
JieJieHa 1101 Ipyroi 06bekT). Yro Kacaercst "BHelHUX 9 (hEKTOB", TO yaajaeHne
oObeKkTa MPOXOAUT He3aMeTHO. Bo BCAKOM ciiydae, eciii U3 IIPpOrpaMMHOTO Koja
yOpaTh KOMaH1y yHajeHust 00beKTa, TO Ha BUAUMOM Pe3yJIbTaTe BbIMOJHEHUST
[IPOTPaMMBbI 9TO HUKAK He cKakeTcs. TeMm He MeHee, yiajienne oObeKTa U3 mamsi-
THU - TPOIIeCC BAXKHBIN 1 HeTpUBUANbHBIN. Hy, nin, o kpaiineii Mmepe, Mbl MOJKEM
c/ieIaTh ero HeTPUBUAMBHBIM. B 9TOM HaM TIOMOXKET decmpyrmop.

6.2. OecTpyKTOp

9mo sxcnonamvt. Omxodvl, max ckazamo, mMa-
2UUeCK020 NPoOU3600CMEa.
us x/¢p "Yapooeu”

Ecau KopoTKO, TO decmpykmop - 3TO MeTOJl, KOTOPHI aBTOMAaTHYECKH BBI3bI-
BaeTcst MpH yaajdeHun oobekta. /lecTpyKToOp, KaK U KOHCTPYKTOP, MOYKHO OITH-
caTb B KJacce. [lo 3Toro MBI ¢ IECTPYKTOpPaMU Jiefia He MMeJIU U B KJIaccax nXx He
onuchiBasu. [ToaToMy ynaneHre 00beKTOB IPOUCXOIIIO THXO U HesaMeTHO. Ho
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€CJIN OIMNCAaTh AECTPYKTOP B KJyacCCe, TO IPpU yAaJI€HUN o0BbeKTa MOTYT BbITIOJI-
HATbCA HEKOTOPbIE JOITOJIHUTEIbHDbIE I[eflCTBHH.

[ ] Ha sameTtky
JeCcTpyKTOp BbI3bIBAETCSA MPU YAANIEHUN HE TONbKO ANHAMUYECKMX, HO U CTaTUYEeCKMNX
_I (TO ecTb Takmx, YTO CO3AATCH CTAaHAAPTHBIMU METOAAMU - HE AUHAMUYECKM) OObEK-
ToB. CTatnyeckme 06beKTbl, €CNIY OHW CO3[aHbl B [MTABHOM GYHKLIMM NPOrpaMMbl, yaans-
I0TCA NMPUW 3aBEPLLEHUMN BbIMOSHEHNS NMPOrpamMMbl. BHYyTpeHHMe (N1okanbHble) 06bEeKThI,
CO34aHHbIe NPY BbI30BE METOA0B 1 PYHKLUNNA, YAAN[IOTCA U3 NaMATU NPy 3aBepLUeHNn
BbIMNOJIHEHNSI METOA0B 1 QYHKLUUNA.

JlecTpyKTOP B KJIacce OMUCHIBAETCS KaK OOBIUHBII METOI, HO OH JOJIKEH YI0B-
JIETBOPATH HEKOTOPBIM KpuTepusm. BoT oxu:

« Hassanue ecTPyKTOPa COBIA/IAET C UMEHEM KJIacca ¢ TUJIbA0MN (CUMBOJI
) B Hauaste. Hanipumep, ecin Kiacc Ha3bIBaeTCst , TO Ha3BaHKe
necTpykropa Oyaer

* JlecTpyKTOp He BO3BpAIaeT pe3yJIbTaT, 1 HACHTH(MUKATOD THTIA PE3YJIb-
TaTa JIJisl HETO He YKa3bIBaeTcst (Bce, KaK U B CIy4Yae C KOHCTPYKTOPOM).

* VY JecTpyKTOpa HET apryMEeHTOB. DTO MPOCTOE OOCTOSATENBCTBO UMEET
Ba)KHOE TIOCTIE/ICTBHE - IECTPYKTOP He meperpy:kaercs. /[pyrumu cioBa-
MU, JIECTPYKTOP B KJIACCE MOKET OBITh TOJBKO OJIMH.

He6oub1moii ipuMep, B KOTOPOM UCIIOJIb3YETCsI I€CTPYKTOP, IPEICTABJIECH B ITPO-
rpaMMHOM KOJle U3 JTUCTUHTA 6.2.

Jiuctunr 6.2. flecTpykTop

#include <iostream>

#include <string>

using namespace std;

// Kmnacc:

class MyClass{

public:

string name; // TexcToBoOemnoJe

// KOHCTPYKTOpD:

MyClass (string txt) {

name=txt; // 3HaueHMEe TEKCTOBOTO I[I0OJII

cout<<"CoszpmaHue oOBEKTa C noJjieM name: "<<name<<endl;
}
// IecTpykTop

~MyClass () {

cout<<"V¥YmajieHue oOBEeKTa C nojieM name: "<<name<<endl;

}
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bi
// TmaBHasa GOYHKUMA OPOTPAMME :
int main() {
cout<<"HauaJio BHIIOJIHEHUS OPOTPaMMe. \n";
MyClass *pnt; // YkazaTenb Ha OOBEKT
// IMHaMMyeckKoe cos3IaHue obLeKTa:
pnt=new MyClass ("ouHaMmmueckuyt obwexT") ;
cout<<"OB6wekT cozmaH. Temepb OOBEKT ynmangeTrca.\n";
// YmajeHue IVMHAMUUYECKOTO OOBEKTA:
delete pnt;
cout<<"3aBepumeHyre BHIIOJHEHUS MNPOTpPaMMel. \n";
return 0;

}

B pesybraTte BBITIOSHEHNS TPOTPAMMBI TTOTYIaEM TAKOE:

PesynbTar BhINONHEHUS Nporpammabl (U3 nucTuHra 6.2)

HauaJsio BHIIOJIHEHUA MNPOTPaMMEL.

Co3maHMe oOBeKTa C IIoJIeM hame: IMHAMUUECKUM ODOBEKT
ObBekT co3maH. Tenepb OOBEKT yHaJIgeTCH.

YnaneHre oOBEeKTa C I[IOJIEM name: IOUHAMMYECKUM OOBEeKT
3aBeplieHMe BHIIOJIHEHNA NPOI'PAaMMEH .

B aTOM npriMepe onmchiBaeTcs Kiace , B KOTOPOM €CTh TEKCTOBOE TI0JIe

, KOHCTPYKTOP U JECTPYKTOP. Y KOHCTPYKTOPA OJMH TEKCTOBBIN apryMeHT,
KOTOPBIM OIIpe/IeisieTCs 3HaYeHue TOJIst . Takske 1pu BbI30BE KOHCTPYKTO-
pa orobpaskaercss cooOILeHre O CO3AAaHUN 00ObEKTa U 3HAYEHUE OIS aTo-
ro 00BbeKTa.

JIeCTPYKTOP COINEPKUT BCETO OIHY KOMAaHY
, KoTopoiioTo6paskaercst coobienne 00
ylajeHnr o6beKTa U 3HauUeHUE TI0JIsT yIAQISIEMOTrO OO BEKTA.

B riiaBHO#t hyHKIMN IPOTpaMMbl OObSABIISIETCS YKa3aTelb Ha 06BEeKT KJac-
ca . CaM 00OBEKT co3maeTca TMHAMWYECKA KOMaHION

. IIpu 5TOM aBTOMAaTUYECKH BbI3HIBAETCS
KOHCTPYKTOP, U, KaK CJIEACTBHUE, MOSBJSETCS COOOIIEHNE 0 CO3IaHIK 0OBEKTa.
I[lepen 3aBepineHreM BBIIOJIHEHUS POrPAMMbI OOBEKT U3 MaMATH yAAJISIeTCs
KOMAaHIOI , ¥ TIPK aBTOMATHYECKOM BBI30BE JI€CTPYKTOPA TOSIBJISI-
eTcs coobienue 06 yaaaeHnn oObeKTa.

Kak YK€ OTME€YaJJ0Ch, IECTPYKTOP BbI3bIBAETCA TIPU YaJI€HUW HE TOJbKO JIMHA-
MMHECKHX,HOIlCTaTquCKHXZO6BeKTOB.IIpaBHa,CO(HBTquCKHNHIO6BeKTaMH
HE BCErla IIPpOCTO OIIPeAeJINTDb, KOT/la MMEHHO OHHU 6YILYT YAQJIATBbCA U3 ITaMATH,
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XOTsI HEKOTOPbIE "pertenTbl” Ha 9TOT cyeT umetoTes. CKaxkeM, JIOKalbHbIE 00b-
eKTHI (Te, 9YTO CO3/IaBAINCH B TeJIe METO/IA TIPU €TO BBI30BE) CYIIECTBYIOT /10 TEX
0P, MOKa BBITIOJIHSIETCS KO METO/a. ITO Ke 3aMedaHue, 110 OOJIBIIIOMY CUETY,
OTHOCUTCS U K 00bEKTaM, CO3/IaHHBIM B TJIaBHO# (pyHKIMU Tiporpammsl. [lepes
3aBepIIeHUEM TIPOrPAMMBbI BCE CO3/[aHHbIe OOBEKTHI U3 MaMITH OYIyT yaeHbI.
U kax/plii pa3 GyeT BbI3bIBaThCs AecTpyKTop. Hebolboii mpumep, B KOTOPOM
WJLTIOCTPUPYETCSI MPOIIECC BHIMOJHEHUST IECTPYKTOPA TIPH yAaleHI 00bEKTOB,
TpeficTaBjieH B AucTuHTe 6.3. B 3TOM mprMepe UCob3yeTcs KIace ¢ 1eCTPyK-
TOPOM U HECKOJIbKO OOBEKTOB, CO3AaHHBIX "NIPHM pasHbIX oOcTosITenbeTBax". B
YaCTHOCTH, UMEETCS TUHAMUYCCKHiIT OOBEKT, CTaTUYeCKHd 00beKT (CO3MaHHbIN
B TJIaBHOI (DYHKIMK), a TaKKe JIOKAJIbHBII CTaTHYECKUiT 00beKT (CO3maeTcst
pu BBI30BE MeToz1a). [Ipu yaaneHnn Kaxk/aoro u3 aTux 0ObeKTOB BbI3bIBAETCSI
TECTPYKTODP.

Jinctuur 6.3. [lecTpyKTop M pa3nunyHbie 00beKTbI

#include <iostream>
#include <string>
using namespace std;
// Kmacc:
classMyClass{
public:
string name; // TexcToBOemose
// KOHCTPYKTOpP KJjacca:
MyClass (string txt) {
name=txt; // [pucBamuBaHMe BHAUEHUS I[1OJIO
// OroBpaxeHMe BHAUEHUS [IOJIS:
cout<<"Coszszman obwexkT \""<<name<<"\".\n";
}
// IlecTpykTop:
~MyClass () {
// CoobueHue 06 ymajleHus OOBEeKTa:
cout<<"Ymajsen ofBwerkT \""<<name<<"\".\n";
}
// MeTom C co3maHMeM JIOKAJIbHOTO OOBeKTa:
void newObj () {
// CooOmeHue O Hauajle BHIIOJIHEHMS METOMIa:
cout<<"BmumoJsHsgeTcsa meTon newObj () .\n";
// Cos3maHMe JIOKAJIbHOTO OOBeKTa:
MyClass tmp ("JlokanbpHent O6wexT") ;
// CoofumeHne O 3aBEPUIEHWU BHIIOJIHEHUS METOMIAa:
cout<<"3apBepueHue BHIIOJHEHUs MeToma newObj () .\n";
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// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
cout<<"HauaJjio BHIIOJIHEHMS OpoTpPamMme. \n";
// CospmaHMe CTaTHMYEeCKOIOo OOLEeKTa:
MyClass obj ("Crartuueckusr O6wextT") ;
// Cos3maHMe IMHAMMUECKOTO OOBLEeKTa:
MyClass *pnt=new MyClass ("IOunHammuueckumt O6wexT") ;
// BEI3OB MeTOIa M3 OMHAMUUECKOTO OOBEeKTa:
pnt->newObj () ;
// YpmajeHue IMHAMMUECKOTO OOBLEeKTa:
delete pnt;
// BEI3OB MeTOIa M3 CTAaTUUYECKOTO OOBeKTa:
obj .newObj () ;
cout<<"3aBeplieHVE BHIIOJIHEHUS NPOTPAaMMEL. \n";
return 0;

}

PeSyJIbTaT BbIIIOJIHEHHWA ITPOTPAMMBbI ITPE/ICTABJIEH HUKE!

PesynbTar BhINONHEHUS Nporpammebl (U3 nucTuira 6.3)

HauaJjio BBIIOJIHEHUS IIPOTPaMMH.

CozmaH obbwexkT "CraTmueckum OOwexkT".
CospmaH ob6wekT "IuHammueckur OOwekT".
BrimosiuseTcsa MetTon newObij () .

Cozman obwekT "JlokanbHeEM OOBEKT".
3aBeplleHMe BHIIOJIHEHMS MeToma newObj () .
Ynanen oowexkT "JlokasbHEM OOBEeKT".
Ynanen obwekT "InHammueckuy OO6BexT".
BrimoJsinsgeTcsa MmeTon newObj () .

CozmaH obbwexT "JlokanbHbEM OOBEeKT".
3aBepleHre BHIIOJHEeHus MeTona newObj () .
Ynanen obwekT "JlokaJsbHEM OOBEexKT".
3aBeplieHMe BHIIOJIHEHUS IPOI'PAaMMEL.
Ynanen obwekT "Crartmdueckuiyt OOwexT".

B mporpamme MbI TPAIUIIHOHHO CO3/Ia€M KJIACC C TEKCTOBBIM TI0JIEM

, METOJIOM , KOHCTPYKTOPOM 1 JIECTPYKTOPOM. B KOHCTpPYKTOpE
MPUCBANBAETCsI 3HAUEHUE TEKCTOBOMY TIOJIIO U BBIBOJUTCS COOOIIEHIE O CO3/a-
HIM 00beKTa (C yKa3aHMeM 3HAYeHNUsT TEKCTOBOTO 10Jis1). [Ipy BBI30Be ecTpyK-
Topa otobpaskaetcst coobienue 00 ynameHnn o0beKkTa (M TaKKe YKa3bIBaeTCst
3HAYeHME TEKCTOBOTO MOJISI 9TOTO 00beKTa). 3/1eCh CUTYAIUs [JIsT HAC BIIOJIHE
3uakomasi. HOBIIIECTBO CBSI3aHO € TeM, UTO B KJIACCE OMMCAH METO/I ,
KOTODBII He BO3BPAIIAET PE3YJIbTaT, U Y KOTOPOTO HET apryMeHToB. B Tesre meto-
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1a KOMaHIOU CO34aeTCs JIOKAJIbHBIN
o0bekr. Ilepen coszmanneM 0ObeKTa BHIBOAUTCA COOOIIEHNE O Hayase BbIIOJIHE-
HUsI METOJIA, a IOCJIe CO3LaHusl 0ObEKTa BEIBOAUTCS COOOLIECHNE O 3aBEPLICHIN
BhIToTHEeHNs MeToa. CoOCTBEHHO, 9TO BCE BBIMOJIHSAEMBIE TP BBI30BE METOA
NEUCTBUA.

B rmaBHO#t (yHKIMH TporpaMMbl  cHadasa  oToOpaskaercss  coolie-

HUE O Hayaje BBINOJHEHUsI TIPOrpaMMbl. [locjie 3TOro KoMaHaol
CO3IAeTCsl CTATUYECKUH OOBEKT.

[Ipu 5TOM BBI3BIBAECTCSA KOHCTPYKTOP M B KOHCOJBHOM OKHE MOSBJSETCS CO-

ob1eHne . 3aTeM KOMaHAOoU
00baBIIAETCA
yKasaTeJb , CO3/IaeTCsl AMHAMUYECKUIA 0OBEKT, U apec dTOro oObeKTa 3a-

IMCHIBAETCS B yKasaTesb. [Ipy IUHAMUYIECKOM CO3/aHUN OOBEKTA BBI3bIBAETCST
KOHCTPYKTOP U TOSIBJISIETCST COOOIIEHNE

. IIpu BBI3OBE MeTO/IA 13 00bEKTa, Ha KOTOPBIiT CChIIIAETCST
yKa3aTeJb , TPOUCXO/IUT CJIE/LYIOIIIEE:

* orobpaskaercst cOOOIIeH e ;

*  IIPU CO3aHUU JIOKAJIBHOIO 0OBEKTA BHI3bIBAETCSI KOHCTPYKTOP, KOTOPBHIM
BBIBOJIUTCS COOOIIIEHUE :

*  3aTeM OTOOPaKAETCs COOOLIEHME
0 3aBepILIEHUN MEeToJa - IPUYeM COOOIEHNE TTOABISAETCS
IIPY BBIIOJIHEHUN (POPMAIBHO IOCIEAHENA KOMAHIBI B TEJIE METOAA.

[Ipu 3aBepuIEHNM BBINOJIHEHNS METO/IA (11ocJ1e TOro, KaK BBINOJIHE-
HbI BCE KOMaH/Ibl B TeJIe METO/Ia )3 TAMATH BBITPY/KAIOTCA JIOKAIbHbIE IEPEMEH -
HbBIE U, B YaCTHOCTH, YAAISETCS JOKAJIbHBII 0OBEKT, CO3aHHbII B TeJle METO/A.
B 5TOM c/yuae BbI3BIBAETCS JIECTPYKTOP. Pe3yIbTaToM YHOMAHYTHIX HPOIECCOB
ABJIAETCA COOOIIEHIE

[[I/IHaMI/I‘IeCKI/I CO3/IaHHBIN 00BEKT yaandgerca u3  IMaMATU KOMaHOM’

. CJIGI[CTBI/IG BbI30Ba IECTPYKTOPaA IIPpW BbIIIOJIHEHNN Z[aHHOfI KO-
MaH/IbI - COO6H_[€HI/IG B KOH-
COJIbHOM OKHE.

[Tocie ypajieHuss AMHAMUYECKOTO O0BEKTa, METOJ BBI3BIBACTCS U3
CTaTUYECKOro 0ObeKTa . Curyaiust aHaJIOrMYHa TOM, YTO MMeJIa MECTO IIPU
BBI30BE METOJA U3 IUHAMUYECKOTO 00BbeKTa: MOABJILIOTCA CO0OIIe-
HUS:
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BurnosHseTcsa MeTon newObj (). Cozsman obwekT "JlokalnbHBEN OOBEKT".,
3aBepleHre BHIIOJIHEHMS MeTozma newObj () .
Ynanen oOwexkT "JlokanbHbM OO0BEKT". .

[Tocnenneit koMmanmO# B DYHKIINH orobpaskaercst cooOIeHne

. Ho xpome 31010 coobieHus emie BbIBO-
IITCA COOOIeHme . Heno B
TOM, UTO IIPU 3aBEPIIEHUH TPOIPAMMBI U3 TIAMSITH BBITPY>KAIOTCS BCE CO3/IaHHbIE
00bekThl. B manHoM cirydae OblI CO3/[aH CTaTUYECKUI OOBEKT . Ilepen Tem,
Kak IporpaMma 3asepiinaer paboTy, 00beKT yaJsIeTCsl U3 MaMsITH. YKazaHHOe CO-
o01IeHUE TIOSIBJISIETCS IIPU BBI3OBE JECTPYKTOPA /ISt 00bEKTA.

B 0601x paccMOTPEHHBIX MPUMEPAX AECTPYKTOPBI UTPATH POJIb CKOPEE JAeKopa-
TUBHYIO. B peaTbHOCTH CIIEKTP BO3MOXKHOCTE MTPU UCIIOTB30BAHUY 1€CTPYKTO-
POB HAMHOTO IIKpe, YeM oToOpakeHue coobiennii. O6 3TOM CJIeYIONUI TIPH-
Mep.

B niporpaMMHOM KoJI€, IPEJICTaBIEHHOM B JINCTUHTE 6.4, cO3/aeTcst cBoeoOpas-
Has CTPYKTypa U3 00ObEKTOB, KOTOPYIO MOKHO ObLIO Obl Ha3BaTh "LENOYKON"
00BEKTOB. 3/1eCh BaKHBI JIBa MOMEHTA. Bo-11epBbIX, KJIacc , Ha OCHOBE
KOTOPOTO CO3/IAI0TCS OGBEKTHI, COAEPAKUT JIBA TIOJISL: TIEJIOYMCIIEHHOE TOJIe ,
U 110JIe , IPeJICTaBIIsTIONIee cOOOI yKasaTesb Ha O6T>€KT Kracca

Takum o6pa30M, O/IH OOBEKT KJacca MOJKeT "cchlIaThes” Ha IPYTOi
00beKT TOTO Ke Kiacca. [Tosydaercst cBoeoGpasHast "1enodka” 06beKTOB, B KO-
TOPOA IEPBBIN OOBEKT B CBOEM I10JI€ COJIEPIKUT aJ[PEC BTOPOTO 00bEKTA, a
TOT, COOTBETCTBEHHO, B CBOEM YK€ I10JIE COZIEPIKUT AJPEC TPETHETO 0OHEK-
Ta, U fajsiee 1o nernouke. [Tocaeannii 00bEKT HI HA YTO HE CChITTAETCsT (3HAYeHUE
0JIst nocjenHero oobekTa OyeT paBHO ).

Bo-BTOpBIX, MPOrpaMMHBIH KO/L OPraHU30BaH TaK, 9TO Y HAC €CTh TPSIMOM TOCTYTI
TOJIBKO K TIEPBOMY OOBEKTY B IleTI04YKe. TeOpeTndecku JOCTYII K IIPOYUM 0ObeK-
TaM MOKHO OBLTO ObI MOJIYYUTb, TOCIEI0BATETLHO CYUTHIBAST aipeca 0ObEKTOB,
3alMCaHHbIE B ITOJISIX . Ho nac unrepecyet ne Bomnpoc soctyia k o6beKkTaM,
a BOIpoc ux yaanenust. Bce 00bekTI coznatorest auHamudecku. [loatomy 1o 3a-
BepIeHUH UCIOJIb30BaHusI 00BEKTOB MX HAA0 yaaauThb. [Ipobsema B TOM, 4TO
€CJIM MBI Y/IAJTUM TIEPBbIiT 0OBEKT B IIETIOUKE, TO (POPMATBHO TIOTEPSIEM IOCTYTI K
pounM oObeKTaM. BbIxos Haii/leM B UCIIOJIb30BAHUY JIECTPYKTOPA: MBI OIIpe/ie-
JIM JIECTPYKTOP TaK, YTO MPU yAaJeHUH 00bEKTa aBTOMATHIECKH YAAISETCS U
00BEKT, a/[pec KOTOPOTO 3aMKCaH B MOJe

Jiuctunr 6.4. Llenoyka 06bekToB

#include <iostream>
using namespace std;
// Kmacc:
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class MyClass{
private:
int code; // 3BakpHTOE UMCIJIOBOE IIOJIE
public:
MyClass *next; // OTKpHITOE MOJie — yKa3aTellb
// KOHCTPYKTOP KJjlacca:
MyClass (int m) {
code=m; // llpucBamBaHME SBHAUEHUS IIOJIO
cout<<"CoszpmaH obmwekT N"<<code<<endl;
}
// IlecTpykTop:
~MyClass () {
if (next!=NULL) { // Ecamu cCHJIKa He OycTrasd
delete next; // YmaneHue oBbeKTa MO yKa3aTeJo
}
cout<<"Vmamsgercs obOwekT N"<<code<<endl;
}
}i
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
cout<<"HaumHaeMm CO3IaBaTb OOBEKTH.\Nn";
// KommMuecTBO CO3IaBaeMbIX OBBEKTOB:
intn=10;
// Co3maHue MNepBOTO OOBEKTA:
MyClass *first=newMyClass (1) ;
// TlepeMeHHas-yKas3aTesjb Ha OOBEKT:
MyClass *p;
// HauajibHOE B3HaUeHMe yKas3aTeJida - amlpec
// mepBoTO OOBEKTA:
p=first;
// Co3maHue LEeNnodyky OOBEeKTOB:
for (inti=1;i<n;i++) {
// Co3maHMe HOBOTO OOBEKTA:
p->next=new MyClass (i+l);
// llepeomnpenesieHue CCBUIKM Ha OOBEKT:
p=p->next;
}
// TlycTasa CCHJIKa B IOCJegHeM OOLeKTe:
p—->next=NULL;
cout<<"YmamaemoBwekT first:\n";
// YmaneHue NepBOTO OOBEKTA:
delete first;
cout<<"Bce 0OGBEKTH yHmaJieHu.\n";
return 0;
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PeSyJIbTaT BBIIIOJIHEHUA ITPOTPAMMbI BBITJIAAUT TaK:

PesynbTat BLINONHEHMS NporpamMmbl (U3 nucTuHra 6.4)

HaumHaeMm co3maBaThb OOBEKTH.
Cozman obvexkT N1
Cosman obbexT N2
CozmaH obbexkT N3
CospmaH ob6bwexkT N4
CozmaH obwexkT N5
Cosman obbexT N6
Cozman obwexkT N7
Cosman obbexT N8
CozmaH obwexkT N9
Cosman obbexT N10
Ynangem obwekT first:
Yoansercsa obwexT N10
Ynansercsa obwexkT N9
Yoansercsa obwekT N8
Ynansercsa obwexkT N7
Yoansercsa obwekT N6
Ynansercsa obwexkT N5
Ynansercs oOwexkT N4
Ynansercsa obwexkT N3
Yoansercsa obwekT N2
Ynansercsa obwexkT N1
Bce oOOBEeKTH yHOaJIeHEH.

B kiacce OTIMCHIBAETCS 3aKPHITOE IEJTOYNCIEHHOE TT0JIe . 9TOMY
II0JI10 IIPHUCBANBAETCsI 3HAUEHHE ITPU BBI30BE KOHCTPYKTOPA KJacca. Takke ripu
BBI30BE KOHCTPYKTOPA (I10CJIe TOTO, KaK IPUCBOEHO 3HAYEHUE TI0JII0 ) oto-
Opaskaercs coobIIeHIe 0 CO3JaHIN 0OBEKTa ¢ YKa3aHUEM 3HAYeHUS TIOJIS

aToro oObekTa. Elnie y Kiacca ecTb mmoJie , KOTOPOE SIBJISIETCS YKa3aTeJIieM Ha
00BeKT KJacca

B zecTpyKTope Kiacca JiIB€ KOMaH/IbI: YCJIOBHBIIT OIIEPATOP U MHCTPYK-
st OTOOpasKeHusT coo0TeHusT 00 yaaieHnn 00beKTa 1 3HAYEHUH TT0JIST
aTOr0 0OBeKTa. B yCIO0BHOM OmepaTope IPOBEPSIeTCs: BBIPAKEHUE ,
KOTOpPOE BO3BpAIllaeT 3HAYEHMeE , €CJIM 3HAYEeHWE TOJIsI-yKa3aTeJist
YAQIAEMOTO OOBEKTA HE SBJISAETCS MYCTHIM.

?I Ha 3ameTky

BbipaxeHne 0O3Ha4yaeT "nycToe 3HadveHue” unm "oTCyTCTBUe 3HaveHua". B paH-

I HOM crnyyae none 0b6beKkTa B LLeNnoyKe COAEPXUT aapec cneaytoLlero oobekTa.
Ho nocnegHemy 06bEKTY B LIEMOYKE HE Ha YTO CCbINaTbCs, MO3TOMY B NOJie aToro
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obbekTa OyaeT 3anMcaHo 3HaYeHne . Ycnosue daKTM4ecku aBnaeT-
cAa I'IpOBepKOI7I TOro, He aBngdeTca nn O6'beKT NnocCNiegHM B LLeno4yke.

BwmecTo BoipaskeHns NULL, B COOTBETCTBUHU C COTJIAIlIEHUEM O HYJIEBOM yKa3a-
TeJie, MOKHO OBLIO GBI KCIIOJIB30BaTh HYJIEBOE 3HaUeHUe (TO €CTh UCIIOJIb30BATh
KoMaHIbl next !=0 1 p->next=0 BMecTO next !=NULL u p->next=NULL
COOTBETCTBEHHO). B omnpeeieHHOM cMbicie Tak ObLIo OBl IasKe JIydliie.

Ecii osie nex tHe mycroe, To KoMaua0i delete next yaajsieTcst OOBEKT,
aZipec KOTOPOTO 3aI¥caH B yKa3aTeJje next.

Moppo6HoCcTU

34ecCb eCcTb BaXHblli KOHLLENTYasbHbI MOMEHT. CBSI3aH OH C TeM, KaK yaansaiTcs 00b-
eKTbl B Lenoyke. A UMEeHHO, eC/n yaansieTcs Kakon-To 0OBbEKT, TO, ECTECTBEHHO, BbI3bl-
BaeTCcsa AecTpykTop. Ho B 3TOM AeCTpykTope eCcTb KOMaHaa yaaneHus oobekTa, agpec
KOTOPOro 3anucaH B ykasaTese . Moatomy npexpae, 4eM OyaeT yaaneH TekyLunn
00BbEKT, JOJIKEH ObITb YaaneH 06bekT, Ha KOTOPLIN OH CCblTaeTcs Yepes none . Ho
npv yaaneHnn ykasaHHoro o6bekta Bbl3bIBAETCS ECTPYKTOP, B KOTOPOM €CTb KOMaHaa
yOanuTb crieayowmnii o6beKT, U Tak fanee - BraoTb 40 NocnefHero o6bekTa B Lienoyke.
MocnepHnin 06LEKT yaansieTcs cpasy, NOCKOoJbKy ero rnosne COLEPXUT 3HaYeHne

1 B 9TOM CJly4ae KOMaHAa B YC/IOBHOM OrnepaTope B LECTPYKTOPE HE BbIMOHS-
eTcs. pyrumum cnoBamu, eciv Mbl MOMNbITaEMCS yoanuTb 06bEKT B Lienoyke, To OyayT
aBTOMaTUYeCKM yaasneHbl Bce 00bekThl 40 KOHLA LLenoyku. Mpuyem yoansioTcs OHU B
obpaTHOM Mnopsiake: cHavana nocnefHuii 06bekT B Lenoyke, 3aTteM NpeanocnegHui,
3aTeM TOT, YTO NMepes, HUM, Hy U Tak 40 CaMoro nepBoro oobekTa (Toro, YTo Mbl MbiTa-
eMCS yaanuTb BHO).

B rmaBHOI (YHKINU TPOrpaMMbl OOBSBISETCS IEJOYKMCIEHHAs TIepeMeHHast
, KOTOpasi OIpeesisieT KOJUYECTBO OOBEKTOB B IIEMOUYKe. 3aTeM KOMaHION
JIMHAMIYECKH CO3/IaeTCsI EPBBI 0OBEKT

(c monem paBHBIM 1). Azipec 9TOro 0GbEKTa 3aIMCHIBACTCS B YKA3aTEb

] ! Ha sameTky

B gaHHOM cJly4ae Mbl 06bEAMHWAN B OJIHY KOMaH.Y UHCTPYKLIMIO OBbABIEHUS yKasaTe-
I NSV HCTPYKLMIO cOo3aaHms 06bekTa (C nprceavBaHeM agpeca o6bekta ykasaresio).

Tak:ke 0ObsIBIIsSIETCS YKa3aTesb p Ha 00bEKT KJacca . DTOT yKazaTeJib
HaM TIOHAI00UTCS IPU CO3J[AHUY T[ENMOYKH 00beKTOB (B orneparope nukia). Ha-
YyajibHOE 3HAYEHWE yKasaTeJsi TaKoe JKe, KAK U 3HaueHue yKa3aTeJsis

(apyrumu cioBaMu, BHavase oba yKasaTessl COfepsKaT ajpec OAHOTO M TOTO
e 00beKTa - IEePBOro B IelodYKe 00beKToB). /I co3MaHus LENoYKUu 00beK-
TOB 3allyCKaeTcs oTepaTop IMHUKJIa, B KOTOPOM MHIEKCHas TlepeMeHHast 1 TIpo-
feraer 3HaYeHUSA OT | IO BKJIIOYUTEIBHO. 3a KAKABIM I[TUKJI KOMAHION

JMHAMUYECKU CO3/aeTCd HOBBI OOBEKT €O
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3HAYECHUEM I10JIsI PaBHbBIM (1IpU 9TOM aBTOMATHYECKU BBI3bIBACTCSI
KOHCTPYKTOP KJIacca ¥ MOSIBJISIETCS COOOIIEHIE O CO3MaHn 00bEKTa ¢ COOTBET-
CTBYIOIINM TTOJIEM ). Alipec 00beKTa 3aIIMChIBACTCS B TI0JIE TOrO 00'b-

eKTa, Ha KOTOPBIN B TaHHBI MOMEHT CChIJIAETCST YKazaTedb p. KoManmon
yKaszaTesio p IPUCBAUBAETCS HOBOE 3HAUEHUE: ATO 3AITUCAHHBIN B M1OJIE
azpec 00beKTa, KOTOPBIii ObLI CO3/aH IPeIbIAYIIeNd KOMaHIOI].

Kak Bce ato paboraer? Ha 1epBoil uTepaiuu yKasatesib COJIEPIKUT AJIPec
epBoro oObekTa (Ha KOTOPBIN CChLIAETCs yKa3aTeb ). B mozne 3TOTO
00beKTa 3aMUCHIBAETCS A/[PEC HOBOTOOOHEKTA, CO3/IaHHOTO CO 3HAYEHUEM 2 JIJIsT
OIS (3HavYeHME BBIPAKEHUS Ha MEePBOI UTeparun). 3aTteM aapec
JIAHHOTO 0OBEKTA 3aHOCUTCS B yKasaTeJib p. Ha 9ToM 1epBast utepariusi 3aKaH-
yuBaeTcst. Ha BTOpoii urepaium mporcxoIsaT aHaIOTHYHbIe COOBITHSI, HO TOJIbKO
Terepb "OTIPABHON TOYKOH" SABJISIETCS BTOPOR 0OBEKT B IIeMouKe (TOT 00BEKT,
41O OBLT CO3/aH Ha TpeblAyieid ntepanun). Ha 3akaounTesbHON UTEpaIiun
CO3/IaeTCsl MOCIeHUN 0OBEKT B 1enouke. [lepeMeHHast-yKa3aTeab o COAEPIKUT
azpec mannoro oobekra. Ho BOT 3HaveHue mosrio o0beKTa He pHUCcBanBa-
etcst. [locemy mocaie oneparopa IuKJIa KOMaH/0M aTa JlocaiHas
OTIOMIHOCTBYcTpaHsaeTcsa. O3Ha4yeHHO KOMaH/ION 3aBepIaeTcs MpoIecc co3-
JaHWS IEeMOoYKr 0ObeKTOB. YaaneHue o6beKToB "crapryer” Giarogaps KOMaH/e

6.3. S3HAaKOMCTBO C MaccmBamMmm

Ouenv ybedumenvio. Mol nodymaem, k¥ Komy
MO NPUMEHUMD.
us k/¢Pp "31 wona"

Maccus - 310 HabOp 371€MEHTOB (MIepEMEHHbBIX, 0OBEKTOB), OOBEAMHEHHBIX 00-
UM UMeHeM U UIeHTHMUIIMPYEMBIX € TIOMOIIBIO ATOTO UMEHU U WH/eKca (Uin
UH/IEKCOB). B 3aBHCHMOCTH OT TOTO, KaK JIJIsI MACCUBA BBIIEJISIETCS TTAMSITD, Pa3-
JIMYAIOT MACCUBBI crmamuueckue n ounamuieckue. Pazmep (KOIUYECTBO dJIEMEH-
TOB) IIPU CO3[IAHUK CTATHYECKOTO MACCUBA JIOJUKEH OBITh U3BECTEH HA MOMEHT
KOMITUJISIIIAY TIPOTPAMMBbL. PazMep IMHAMITYeCKOTO MacCuBa MOKeET ObITh OIIpe-
JIeJIEH B TIPOTIECCE BBITIOTHEHUST TIPOTPAMMBI( HO, ECTECTBEHHO, 10 TOTO, KaK Mac-
CUB 0OBSABIIEH).

MbI HAYHEM € IMHAMUYECKUX MACCUBOB. 3aTEM MTOCTENEHHO TIePeiieM K 00Cy K-
JEHUIO CTATHYECKUX MaccuBOB. CaMbIf MPOCTON THUT MAacCHBOB -00HOMEPHbLE
MaccuBBL. B Takux mMaccuBax A MAEHTUDUKAIUN 3JIEMEHTOB IOCTATOYHO OfI-
Horo uHzaekca. OpHOMEpPHBIE MACCUBBI YA0OHO TIPEACTABJIATh B BUE HEMOYKH
U3 9JIEMEHTOB OIIPEAeIEHHOrO TUla (3TO MOKET ObITh Kak GA30BbIi THIL, TaK U
KJIACC - B TIOCJIETHEM CJIyYae Pedb UIET O MacCHBe OOBEKTOR ).
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Z[JIEI CO3aHuA TUHaMNYECKOT0 MaCCrBa UCITOJIb3YETCA OII€EpaTop , IIOCJIE KO-
TOPOT'O YKA3bIBA€TCA TUII 9JIEMEHTOB MdCCHBA4, a B KBAaJPAaTHbIX CKOOKax - pasMep
MaccCuBa. PeSyJIbTaTOM BBITIOJTHEHUA KOMaH/AbI ABJIAETCA aJpeC IIEPBOTO 3JIEMCH -
Ta MaCCHBa. ﬂaHHbIﬁ a/IpeC MOKHO 3allMCaTb B YKa3aTeJb COOTBETCTBYIOMIETO

THIIA.

L}

-

Ha 3ameTky

JunHaMuyeckuii MaccrB CO34aeTcs NPakTUYecky Tak Xe, Kak U AvHamuyeckas nepe-
MEHHas, TONIbKO B Clly4ae MacCuBa HYXHO ykasaTb KOSIMYECTBO 3/IEMEHTOB, A4S KOTO-
PbIX BbIOENAETCS NamMaTh (415 OAHO NepeMeHHO 3Toro AenaTh He HYXHO).

Moppo6HoCcTH

[na co3paHus maccrBa 00bEKTOB HE0OX0AMMO, YTOObI B Knacce, Ha OCHOBE KOTOPO-
ro co3patoTcst 00bekTbl, UMeNcst KOHCTPYKTOp 6e3 aprymMeHToB. Hanpumep, npeacra-
BMM, 4TO HAM HY>KHO CO34aTb ANHAMNYECKNIA MaCCUB 13 10-Tn 06LEKTOB KNlacca
. KomaHpa, koTopoii co3gaeTcst Takol MaccuB, Morfia Obl BbIMSAETb Kak
.dakTnyeckm B JaHHOM clly4ae rnocne orneparopa
ykasaHo Ha3BaHue knacca (6e3 apryMeHTOB B KPYITbIX CKOOKax), YTO 03Ha4YaeT co3-
naHne o6bekTa BbI3OBOM KOHCTPYKTOPa 6e3 apryMmeHToB. NoaToMy Heo6XxoaMmMo, H4ToOb!
Takol KOHCTPYKTOP cyliecTBoBas. [laHHoe 3amedvaHne B paBHOM CTENEHM OTHOCUTCS U K
cTaTU4eckMM MaccuBam OObLEKTOB.

Ectp JIBa BaKHbIX 00CTOSATEIbCTBA:

KaK yKe 0TMevasoch paHee, ykazatenn B C++ WHIEKCUPYIOTCS;

MECTO B IIaMATH JJId 9JIEMEHTOB MAaCCHBa BbIJAEJIAETCA ITIOCJIE/0BaTE/Ib-
HO, TaK YTO 9JIEMEHTDI MaCCHUBa B ITaMATH pa3MellaloTCA OAVH 3a IPYTUM.

Bce 270 103BOJIAET yCIIENTHO UCTIOTH30BATh B KaUeCTBE UMEHHN MAacCBa MM TIe-
peMeHHOI-yKa3aTessl Ha TIePBBIH a1eMeHT MaccuBa. Jlasee o uMeHeM TUHAMMU-
YeCKOro MaccBa Mbl Oy1eM MoIpasyMeBaTh epeMeHHYIO-yKa3aTeIb, B KOTOPYIO
3aIMCaH aJipec IIepPBOro seMeHTa MacCHUBa.

[11a6710H KOMaH/IbI CO3/JAHUS TUHAMUYECKOTO MAaCCHUBA TaKOM:

TUII *yKasaTeJlb=Nnew TUI[pas3Mep];

JlarHOT KOMaHIOM CO3/IaeTCSI MACCUB 3JIEMEHTOB, KaXK/bIH M3 KOTOPBIX UMEET
YKa3aHHBIA Turl, a KOJTUIECTBO DJIEMEHTOB OIIPEIEIIETCS TTAPAMETPOM pa3Mep.
Afipec TIepBOTO 37IeMEHTa B MACCUBE 3AIIACHIBAETCS B IIEPEMEHHYIO yKa3aTeJb
(TIepeMeHHYI0 yKa3aTeJsib OTOXKIECTBIISIEM C UMEHEM TMHAMUYECKOTO MAaCCH-
Ba). Hampumep, cienyroireii KOMaHIONW CO3aeTCsl AMHAMUYECKIH 11eJI09NCTIeH-
HBIT (KaXKIBI 9JIEMEHT OTHOCUTCS K TUITY int) MacCUB numsu3 20 37eMeHTOB:
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int *nums=new int[20];

OGpaiieHue K sJieMeHTaM MacCHBa BBITIOJIHSIETCS TIPOCTO: HEOOXOAMMO yKas3aTh
MMSsI MACCHBA, a [I0CJIe MIMEHU MACCUBA B KBAJPAaTHBIX CKOOKAX - MHAEKC 2JIeMEHTa
MaccuBa. Hjiekcalys aieMeHTOB HaYMHAETCS C HYJIS - TO €CTh IIePBbIA 3JIeMEHT
MaccuBa uMmeet uHjeke 0. HaeKce nmocaeHero ajeMeHTa B MacCUBe Ha eIMHUILY
MeHbIIIe KOJIMYeCcTBa 2JieMeHTOB B MaccuBe. CKakeM, ecii MacCHUB co-
CTOUT U3 2 0-TU 3JIEMEHTOB, TO IEPBBIN 3JIEMEHT MacCUBa - 3TO , a 1o~
CIeIHUN 37IeMEeHT MacCUBa - 3TO

"He BbICKOYMTbL" N3 MacCrBa BCELLESIO JIOXUTCS Ha NieyYn nporpaMmmmcTa. B nssectHom
CMBbICJIE BCE JIOMMYHO, MOCKOJIbKY Ha CaMOM fefie 06paLlasch K 31IeMeHTaM MaccuBa,
Mbl PaKTUYECKM MHOEKCUPYEM yKadaTesb. baszoBoe nonoxeHne, KOTOPOE AenaeT ToX-
[ECTBEHHbIM MM$SI MacCcvBa M NMS1 ykasaTensi Ha NepBblli 9EMEHT MaccumBa - 3T0 TO,
4TO BblAENSIEMbIE I MACCUBA SHEVIKM CreaytoT noapsaa oaHa 3a apyroi. Haekcupys
yKasaTtesib Mbl, TEM CaMbIM, Nepedrpaem s4eliku MaccuBa.

/ Ha 3ameTk
- Y
B C++ HeT aBTOMATMYECKOro KOHTPONSA BbIXOAa 3a npefenbl Maccmaa. [NoaTomy 3agaya

3ech HeJUIIHUM Gy/IeT HAIOMHUTD [IPABUJIO MHAEKCUPOBAHUS yKa3aTeleli:
€CJIU TI0CJIe UMEHM YKa3aTelist B KBaPaTHBIX CKOOKaX yKa3aTh I1eJ10€ YKCJIO, TO
PEe3yJIbTaTOM TaKOIO BbIpaskeHUst OyeT 3HaYeHne sTYeKi, KOTOPast OTCTOUT OT
S4eiky, orpeziesisieMol yKa3aTesieM, Ha KOJUYeCTBO MO3UITUAH, OTTpeiesisieMbIX
3HaYeHUEeM MHEeKCca.

[Tocsie TOro, Kak JMHAMUYECKHIT MAcCHB B IporpaMme GoJiblile He HY/KEH, OH
yaansercs U3 naMaTu. [l aToro ucnosib3yioT onepaTop , TocJie KOTo-
POTO YKa3bIBAIOT IyCThIE KBAJPaTHbIe CKOOKH U UMsI IIePEeMEHHOI-yKa3aTesist Ha
nepBblit aseMenT MaccuBa. [lab1oH KOMaH/b! yIaIeHUsT TTHAMUIECKOTO MaCCH-

Ba, a/IpeC MeEPBOTo 3JiEeMEHTa KOTOPOTO 3aIllCaH B , BBITJIA/IUT TaK:
delete [] yxazaresb;

Taxk, ecsim yZaaseTcss MacCuB , TO KOMaH/1a BBITJIAAUT CJIELYIOIUM O6pa-
30M:

delete [] nums;

B pesysbraTe ynassiercs: He TOJBKO siueiika, Ha KOTOPYIO CCBLJIAETCS yKa3aTelb
, HO ¥ BCE OCTaJIbHbIE STYEHKH, 3aPe3ePBUPOBAHHBIE [TO]] COOTBETCTBYIOIIHIA
MacCHB.
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—) Ha 3ameTky
I
Ecnu BMecTo komaHAabl BOCMOJ/Ib30BaTbCS KOMaHA0M ,

OyneT ynaneH TofbkOo NepBbli 9nemMeHT Maccua. OcTanbHble S4eilky MaccuBa npo-
[onmkart HaxoamTbcs "B pe3epse”. B npuHUMne HMYero katactpoduryeckoro3nech Her,
HO COOTBETCTBYIOLLASA NaMSATb,CKOPEE BCErO, "BbINAET U3 UrPbl™ HA BPEMS BbIMNOJSIHEHNS
nporpammbl. A 3T0 He O4€Hb Pa3yMHO.

HeGoubimoit mpuMep co3anust ¥ MCIOJb30BaHUS AMHAMUYECKOTO YHCJIOBO-
rO MaccuBa MpeJcTaBieH B juctunre 6.5. B mporpamme peanmnsyercs Kiacc, B
KoTopoM "cripsitan” MaccuB ¢ yncaamu DuboHayun (TEPBHIX [Ba YNUCIA B HO-
CJIeJIOBATEbHOCTU PABHBI €IUHUIIE, a KAKIOE CJENYIOIee BHIYUCISETCS KAk
cyMMa IBYX Tpeapiayiux). MaccuB aunamMmmaeckuii. /[y peanmsamnmyu MmaccuBa
UCIIOJTh30BAHBI JIBA 3aKPBITHIX MOJIS - TIEJI0e YUCJIO ¥ YKA3ATENb Ha I[eJI0e YUCIIO.
B nesounciernoe mose mpu co3faHuy 00beKTa 3aIiChIBACTCsl 3HAYEHHE, OTIpe-
JIeisTrolee KOJIMYeCTBO AIEMEHTOB B MaccuBe. B 1osie-ykasaTesb 3aUChIBAETCS
aJIpec MepBOTO 3JIEMEHTA B MACCUBE.

=l Ha sameTky
Boob6ue, ons ogHo3HaYHOM "naeHTUdUKauMmn™ Maccmea (CTaTM4eckoro uaM auHamm-
I 4ecKoro) Hy>XHbl ABa napameTpa. Bo-nepsbix, noTpedyeTcs "Toyka Bxoga" (Hanpumep,
afipec NepBoro afieMeHTa Maccuaa). Bo-BTopblx, NOHaA06BUTCS KONNMYECTBO SN1IEMEHTOB
B MaccuBe (Unv napameTp, NO3BOJSIOLLMIA ONPeaenvTb KONNYECTBO 3/1IEMEHTOB B Mac-
cuBe).

MaccuB co3/1aeTCst ¥ 3aM0JIHSIETCS B KOHCTPYKTOpe. TAaKKe B KJIacce OIUcaH Me-
TOJI, KOTOPBIM OTOOpaskaeTcs copepskumoe Maccua.llpy BbI30Be JIeCTPYKTOpa
BBIBOAUTCS cO0OIIeHNE 00 yaaneHn 00beKTa ¢ yKazaHUeM KOJNYeCTBa dIeMeH-
TOB B MacCHBe U COOGCTBEHHO YAANAETCS caM JUHAMUYECKUIT MaCCHB.

MoapoGHoCTU

B nporpamme BCcTpeyaeTcs KioYeBoe CI0BO . Boo6uue nHcTpykums ncnosnb-
3yeTcs B NPOrpamMMHbIX KoAax MeTOA0BKacca, U ABASeTCS yka3aTeneM Ha 00bekT, 13
KOTOPOro BbI3bIBAETCH METOA,

PaccMoTpuM iporpaMMHBII KO TpUMepa:

Jinctunr 6.5. Yncnosoit maccus

#include <iostream>

using namespace std;

// Kiacc c nojeM-ykasaTejeM (OJig CO3IaHmsa
// IVHaAMMUYECKOI'O MacCuBa) :

class MyClass{

private: // BaKpbTHE UJIEHH KJjlacca
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int n; // llenouucrieHHOEe MoJie
int *fibs; // HNome-ykasarTesb (OUMHAMUUECKMIM MACCUB)
public: // OTKpHTHE UJIeHB KJjlacca

// KOHCTPYKTOp:
MyClass (int n) {

// TlpuCBaMBaHME SBHAUYEHMS LEJIOUMCJIEHHOMY I[IOJIO:
if (n<3){ // IpoBepka 3HaAUEHMs apl'yMeHTa KOHCTPYKTOpa
this->n=3; // Vcnomb30BaH ykKaszaTejsb this

}
else{

// Crnepa — CCHJIKaA Ha IoOJle KJjacca,
// crmpaBa - apryMEeHT KOHCTPYKTOPa:
this->n=n;

}

// Cos3maHMe IVMHaMMUUECKOT'O MaCCHUBa:
fibs=new int[this->n];

// TlepBHII BJIEMEHT MaCCUBA:

fibs [0]1=1;
// BTOpOIl BJIEMEHT MacCHuBa:
fibs[1]1=1;

// BanojHeHMe MNPOoUMX BSJEMEeHTOB MaCCUBa:
for (int i=2;i<this->n;i++) {
// BHaueHUe BJIEMeHTa MacCCUBa:
fibs [i]=fibs[i-1]+fibs[i-2];
}
}
// IecTpykTop:

~MyClass () {

cout<<"¥Ymansgercsa obwekT. ";

cout<<"KoyjmuecTBO »JeMeHTOB: "<<n<<endl;

delete [] fibs; // YpajeHue IMHaAMMUYECKOI'O MacCCHUBa

}
// Meron misa oTOOpaxeHMUs CONEPXMMOTO MacCCUBA:
void show () {
for (int i=0;i<n;i++) {
// OToOpaxeHMe 3BHAUEHUS DJIEMEHTAa MaCCHBa:
cout<<fibs[i]<<" ";
}
// Tlepexonl K HOBOM CTpPOKE:
cout<<endl;
}
}i
int main () {
// CosmaHmue IOByX OOBEKTOB:
MyClass objA(15),0bjB(-5);
// OToBpaxeHMe COIEPXMMOTO MAaCCHBOB, "CHpAaTaHHBX"
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// B oBBEeKTax:
objA.show() ;
obijB.show () ;
return 0;

}

PeByJIbTaT BBIITOJIHEHUA ITPOTPAaMMbI TaKOM:

PesynbTar BhINONHEHUS nporpammebl (U3 nucTuira 6.5)

11235813 21 34 55 89 144 233 377 610

112

Yoanserca oOwekT. KoJmMuecTBO 3JIEMEHTOB: 3
Ynansercsa oOwekT. KoamMuecTBO 3JIEMEHTOB: 15

B atom nipumMepe ommcan Kiacce , Y KOTOPOTO JIBa 3aKPBITHIX MOJIS: TI0JIE

THUIIa

" yKa3aTeJib Ha IEeJIOYNCJIEHHOE 3Ha4YeHHeE. HOJIE"YKaSa'

TEJIb OTOXK/IECTBJISIEM ¢ UMeHeM MaccuBa.IlocKoIbKy 06a MOJIst 3aKPBITBIE, TO J10-
CTYTI K HUM €CTb TOJIbKO U3 Tesa Kiacca. Bece camoe nHTEpecHOe TIPOMCXOUT B
KOHCTPYKTOpPE. ¥ KOHCTPYKTOPA OJIMH apTyMEHT, KOTOPBIN ONpeesseT pa3Mep
€0371aBaeMOro MaccuBa. B camoM Hauase Ko/ia KOHCTPYKTOpa B YCJIOBHOM OTle-
paTope MpoBepsieTCsl 3HaUeHUe apryMeHTa: eCJIi OHO MEHBIIIe 3, TO CO3/IaeTCs
MacCHUB U3 TPeEX 2JIEMEHTOB. B TTPOTUBHOM ciIy4yae KOJIMYECTBO 2JI€EMEHTOB CO3-
JIABAEMOT0 MAaCCHBA OIPE/ESeTCsS apryMEHTOM KOHCTPYKTOpa.A/lpec 1mepBoro
BJIEMEHTA CO3IAHHOTO TaKUM 00Pa3oM IMHAMUYECKOTO MACcCHBa 3aMUCHIBACTCS
B IIEPEMEHHYTO

Moppo6HoCcTU

B nporpammMHOM Kkofe HasBaHue apryMeHTa KOHCTPYKTOpa COBMafaeT C Ha3BaHUEM
nons n. APryMeEHT KOHCTPyKTOpa "MMeeT cuiy” NokanbHOM nepemeHHon. [encrteyet
Takoe NpaBuo: CNN NMS IOKaNIbHON NepeMeHHON COBNaaaeT C Ha3BaHWEM Nons (unm
rno6anbHON NepeMeHHOI), TO nokanbHas nepemMeHHas "nepekpbiBaeT” none n obpate-
HWE Mo UMEHW NepeMEHHON 03HaYaeT obpaLLeHNE MMEHHO K TOKaNbHOW NepeMeHHO.
MoaTomMy B Tene KOHCTPyKTOpa MMs 03Ha4yaeT aprymMeHT KOHCTpykTopa. YTo6bl no-
Ny4UTb JOCTYN K OOHOMMEHHOMY MOS0 Knacca, Heo6XoAMMO NCMNOJIb30BaTb KOMaHAy C
SIBHbIM yKka3aHueM obbekTa Bbi30oBa. B aToM cnyyae ncnonb3yem ykasartesb Ha
06bEKT, N3 KOTOPOro BbI3bIBAETCH METOA, - B C/lydae KOHCTPYKTOpa NnoapasymMmeBaeTcst
co3naBaeMblii 06bekT. CkaxeM, MHCTPYKLUMS oBpaLleHns K oo n 06bekTa BbIrmsanT
Kak . ImeHHO ee Mbl ucnonb3ayem B Tenle KOHCTPYKTOpa, Koraa Heobxoammo
npoynTaTb 3Ha4eHne nons n 06bEeKTa NIV MPUCBOUTb ITOMY MO0 3HAYEHNE

A BoT B MeToae JJIA O6paH.IeHI/I$I K IIOJIIO obbeKTa WHCTPYKIOUIO

NCIIOJIb30BaTb HCO6H38.T€.HI)HO, AOCTAaTOYHO ITPOCTO YKAa3aTb UM T1OJIS

. HpI/I‘II/IHa IIpocTa: IMOCKOJIBKY B METOZE JIOKAJIBHOM HepeMeHHOfI C



MABA 6. MAMSITb, AECTPYKTOPbI U MACCHBbI

MEHEM HET, TO UM 1103HAYA€T COOTBETCTBYIOIIEE I10JI€ O6"b€KTa, 3 KOTOPOro
BbI3bIBAECTCA METO/L

HOCKOJII)Ky B CO3/laHHOM MAaCCHBE€ HE MEHbIIE TPEX SJIEMEHTOB, TO B KOHCTPYK-
TOpPE ABHO IMEPBBIM [IBYM 9JIEMEHTAM MAaCCHUBa IIPUCBANBAIOTCA €IUHUYHbIE 3HA~
YEHMU, ITOCJIE YETO 3allyCKAETCA OIIEpaTOp IMUKJIA, B KOTOPOM BbIYUCJIAIOTCA BCE
Tocjeyonme 3JiEeMEHTbI IMHaAaMUYECKOTO MaCCHUBa.

Merton IpeaHasHayeH JiA OTO6pa>K€‘HI/I$I 2JIEMEHTOB MaccuBa. B Tese
METO/Ia 3allyCKA€TCA OII€EPATOP IUKJIA. B nem NHAEKCHaA IIepeEMEHHaA nepe61/1pa—
€T 9JIEMEHTDBI MaCCHBa , A BEPXHAA I'PpaHUIla AWalla30Ha USMEHEHUA UH/IEKC-
HOH HepeMeHHOfI OIIPEEJIAECTCA SHAYCHUEM I10JISA (HaHOMHI/IM, 9TO KOJIMYECTBO
9JIEMEHTOB B MACCUBE, a NH/IEKC ITOCJIEJHETO dJIEMEHTA Ha €AMHUILY MeHbH_Ie).

JleCTPYKTOP COAEPKUT HECKOJIBKO KOMAH/I, KOTOPBIME OTOOpaskaeTcst coobiie-
Hue 00 yaasennn o0bekta. B 9ToM coo0IeHnn yKazaHo, CKOJIbKO 9JIEMEHTOB CO-
JEPAKUT yIAIAEMBIN 00BEKT (MMEETCsT B BULY KOJMYECTBO 9JIEMEHTOB B MACCHBE
yhasnsieMoro oobekra). [IJist yaajJeHust caMoro MacCuBa MCII0Jb30BaHa KOMaH/[a

B riraBHO#T hyHKIMM cO3/aeTcst iBa 00beKTa Kacca . Jlst oproro 06b-
€KTa apTyMeHTOM KOHCTPYKTOPA YKa3aHO 3HaueHue 1 5, a JI7isl IPYTOro apryMeH-
TOM yKa3aHo 3HaueHue — 5. [ToaToMy B 1IepBoM 0ObeKTe "CIpsiTaH” MacCUB U3
9JIEMEHTOB, 2 BO BTOPOM - MAacCUB U3 3 37ieMeHTOB. CO/IEP;KUMOE STUX MACCHBOB
BHUUM, KOIr'la BbI3bIBacM M3 O6'beKTOB METO . ITo 3aBEPHICHUN BbITIOJI-
HEHUST TPOTPAMMBbI CO3/IaHHbIE 00BEKTBI BHITPYSKAIOTCS U3 TaMsITH. [IJIsT KaxK10r0
YIAISIEMOTO 0OBEKTA BBI3BIBAETCST IECTPYKTOP. [IpH BHITTOTHEHUN 1€CTPYKTOPOB
HOSBJISIOTCS cO00MIeH!s 00 yaaneHnu 00bekToB. HecmokHO 3aMeTUTh, 4T0 00'b-
€KThI U3 TIAMSITH YAAJISIOTCS B 00PATHOM MOPSIIKE K TOMY, KaK OHU CO3/IaBAJINCh
(TO ecTb MEPBBIM YAAISETCS OOBEKT, KOTOPBIN CO3/IABAJICS TTOCIETHIM ).

JIpyroii nmpuMep cosiaHusl MacCHBa, - HA 9TOT pa3 MacCuBa OOBEKTOB, - HPEJ-
craByieH B juctunre 6.6. B ganHOM ciyyae MBI Bce Tak ke UMeeM JIeJio C TIO0-
caeposarenbHocTbio DrboHauYdM, HO HECKOJBKO M3MEHUJIN IOAXOJ: MbI OIIU-
CBIBaeM KJIace C IeJIOYUCJIEHHBIM II0JIEM . g samomunanus
nocJegoBaTeabHoCcTH ynces MuboHauyum co3gaeTcsa MacCuB 0ObEKTOB, B YUCJIO-
BOE TOJIE KaKIOTO TAKOTO OOBEKTA 3aIMCHIBACTCS YNCIIO U3 TTOCIE0BATEIbHO-

cru. Iose OITMCAaHO KaK 3aKPbITOE, ITOITOMY IJIA IIPpUCBaNBaHUA 3HAYEHU A
IIOJIIO 1 CYUTBIBAHMWA 3HAYECHUA I10JIA B KJIacCe CO3/1aI0TCA OTKPLITbIE
METO/Ibl n COOTBETCTBEHHO. Takke B Kjacce olncaH OECTPYKTOD:

1Ipn yiaJieHun 00BbeKTa TOABIAETCA COO6H_[€HI/IG C YKa3aHueM 3Ha4€HUA YUCJ10-
BOTO ITIOJIA yAajsaeMoro 00ObeKTa.
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Jiuctuur 6.6. Maccus 00LeKToB

#include<iostream>
using namespace std;
// Kmacc:
class MyClass{
private: // BakKpHTOEUJIEHE
int num; // LeJyiouMCJIeHHOENOoJe
public: // OTKpPBITHIE UJIEHEI

// MeTon njs NpKCBAMBAHMSA SBHAYEHUS I1OJIO:
void set (int num) {

// Crnea - mnoJie kjlacca, chopaBa - apryMEHT MeTONa:

this->num=num;

}

// MeTon IJId CUMTHBAHUA SHAUEHMA IIOJIA:
int get () {
return num; // PesynbTaT MeTOoma - B3HAaUeHME I[0JId
}

// DecTpykTop:
~MyClass () {
cout<<"V¥Ymamnsgercsa oOwbekT c noJjiem "<<num<<endl;
}
bi
// TnaBHas GyHKUMS NOPOTPAMME:
int main() {

// VlHOekcHas IepeMeHHAas U KOJIMUECTBO

// BJIeMeHTOB MaCCHUBa:
int i,n=10;

// Ykasareyib Ha OOBEKT (MMS MaccuBa) :
MyClass *obj;

// Co3maHue IMHAMMUECKOTO MaCCHUBa:
obj=newMyClass[n];

// BHaueHMe MOJId IJid MEePBOTO OOBEKTa B MACCHUBE:
obj[0].set(1l);

// BHaueHMe MOoJId IJiSd BTOPOTO OOBEKTa B MACCUBE:
obj[l].set(l);

// TlpuCBamMBaHMeE SHAUYEHMI [NOJIM OOBEKTOB M3 MaCCUBA:
for (1i=2;1i<n;i++) {

// BHUMCIIeHME U [IpYCBauMBaHME BHAUEHMs II0JI0 OOBeKTa:

obj[i].set(obj[i-1].get()+obj[i-2].get());
}

// OToBpaxeHMe 3HAUEHUM MOJIeM OBBEKTOB U3 MAaCCUBA:
for (1=0;i<n; i++) {
cout<<obj[i].get ()<<" ";
}

cout<<endl;
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// YmaneHue MaccuBa OOBEKTOB:
delete [] obj;
return 0;

}

B riraBHO#W (DyHKIMK TPOrpaMMbl OOBSBISIOTCS [IBE MEPEMEHHbIE: MHIIEKCHAs
IlepeMeHHas i UCIOJIb3yeTCsl B ollepaTope HUKJIA, a IIepeMeHHasl 1 CO 3HAaYeHU-

eM 3ajlaeT KOJIMYECTBO OOBEKTOB B Co3laBaeMOM Maccuse. g co3panus

MaccuBa 0OBEKTOB CHaYaIa KOMAH/[OM 00bsIBIISIETCS YKA3aTe b
Ha 00BEKT KJjacca . 3aTeM KOMaHI01

cOOCTBEHHO CO3/IaeTCA MAaCCUB N3 1 0OBEKTOB KJIacca 1 afipec epBo-

ro 00beKTa B MACCHBE 3aIIMCHIBAETCS B IIEPEMEHHY IO

Tenrepp 11071 MOKHO CMeJIO TIo/ipasyMeBaTh MaccuB 00beKToB. Ecim Ham
BIIOCJIE/ICTBUN MTOHAOONTCA OUH U3 00BEKTOB, BXOAAIINX B MACCHB, TO TIOCJTE
MMEHU MacCcuBa B KBaJPATHBIX CKOOKaX HE0OXOAMMO YKa3aTh MHAEKC OOBEKTa B
MaccuBe (MHIeKcalis, HAITOMHUM, HaunHaeTcs ¢ HyJs). Hanpumep, komanaamu

u U3 00BEKTOB u BbI3bI-
BaeTcsl MeTO/L . ApryMeHTOM MEeTO/y MEPEeLAeTCsl YHUCI0, IPUCBABAEMOE
IOJI0T0 COOTBETCTBYIONIETO 00hEKTA.

TakuM cnoco6oM 3aaloTCs ABa IIEPBLIX YMCJIA IOCAeLoBaTeabHOCTH. Jlaee
3aIlyCKaeTcsl OIeparop IMKJIA, B KOTOPOM uepe3 MHAEKC IiepedrparoTcs Bee
ocTaBIINeCS OOBEKTHI B MacCUBE . Komanzoin

I1OJIIO KasKI0TO 13 0ObEKTOB ITPUCBANBAETCS
3HAUYEHHUE.

=y Ha 3ameTky
|-|OCKOJ'Ibe none 3aKpbITOE, TO AJ19 CHNTbIBAHNA €ro 3Ha4eHns Mbl U3 ob6bekTa Bbl-
I 3blBaeM MeTo[, (pesynbrat MeToAa - 3Ha4YeHMe Nonsg 006bekTa, U3 KOTOPO-
ro BbI3blBaETCA MeTO,EI,). YT100bI NnpnCcBOUTb 3Ha4YeHne nosnto , Bbl3bIBAETCH MEeTOo.

[Tocsie TIpriCcBaMBAHUS 3HAYEHIH YHCIOBBIM TOJISIM OOBEKTOB MACCHBA 3aITyCKa-
€TCsI OTIEPaTOp IHKJIA, B KOTOPOM OTOOPaKAIOTCS 3HAYEHUsT ITUX TOJIed. 3/1ech
MBI TaKKe UCIIOJIb3yeM METO . Haxomnert, komanmgoit

MacCuB 0OBEKTOB yaasisieTcs: U3 maMsaTu. [Ipu yaajaeHnn Kaskaoro ooGbeKTa Mac-
CHBa BbI3bIBACTCA AECTPYKTOP. PeSyJI]:)TaT BBIIIOJITHEHMA MIPOI'PaMMbL 6yz_‘[eT Ta-
KHM:

PesynbTar BuINONHEHUS nporpammal (U3 nucTudra 6.6)

11235813 21 34 55
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Ynansgsercsa oOwekT Cc nojieM 55
Ynansercsa o®wekT c nojyiem 34
Yoansercsa obwekT C mnojem 21
Yonansercs obwvekT Cc nojem 13
Ynangerca oBwekT C nojieM 8
Ynansercsa oBBpeKT C moJjem 5
Ynangerca oBwekT C nojieMm 3
Ynansercsa oBBeKT C mnoJjem 2
Ynangercsa oOwexkT C nojem 1
Ynansercsa obwvekT C nojem 1

Cyzis1 110 co001IeHUSIM, OTOOPaKAEMBIM JAECTPYKTOPAMU, OOBEKTHI B MaCCHBE
YIQISIIOTCS, HAYMHAS ¢ CAMOTO TIOCJIETHETO.

?I Ha sameTtky

O6palLiaem BHUMaHME, 4TO NPV CO3AaHMN MACCKBa OOGbEKTOB KaX Ol OTAESbHbIN 06b-

I €KT B MacCviBe CO30aeTcsl NMyTeM Bbi30Ba KOHCTPYKTOpa 6e3 apryMeHToB. YTo6bl Takoe
6bIS10 B MPUHLMME BO3MOXHO, B COOTBETCTBYIOLLEM KACCe A0SIXEH BblTh KOHCTPYKTOP
6e3 apryMeHTOB. 3TO MOXET BbITb MU/IM KOHCTPYKTOP MO YMOJIHaHUIO (CYLLECTBYET, eCiv
B KJ1ACCe ABHO HE OMMUCAH KOHCTPYKTOP), UK Xe KOHCTPYKTOP 6e3 apryMeHTOB A0/XeH
ObITb OMMCAH ABHO.

Boiire MbI Bictiosib30Ba/n fuHaMUYeckue MaccuBbl. Ho Kpome GuHmuuecxux,
CYHIECTBYIOT €11€ U crmamuyecKkue MaCCUBbI.

6.4. CtatTnyeckue MmaccuBbl

Tymbouex y nac - 3a6anucy, a 60m nNo YaAcm no-
dywex 6edcmeyem.
u3z k/¢ "/lesuama”

C dopManbHOI TOUKY 3PEHUST CIMAMUYECKUT MACCUE MATIO YeM OTJIUYATCS OT JTU-
Hamuueckoro. [IpuHIInInATbHOE OTIMYHE OTHO - Pa3MeP CTAaTHYECKOTO MAacCHBa
JOJIKEH OBITh N3BECTEH HA MOMEHT KOMITUJISIIIUE TIPOTPAMMbI M, COOTBETCTBEH-
HO, HEe MOJKET OIPEIE/SAThCS TIePeMeHHON (TOJBKO KOHCTaHTOi). OObsiBIIsIeT-
Cs1 OJTHOMEPHBIN CTATUYECKWII MACCHUB IMPOCTO: TIOCTe UAeHTU(hUKATOPA THIIA
3JIEMEHTOB MAacCHBa YKAa3bIBAeTCS HA3BAHWE MACCUB U KOJIMYECTBO JIEMEHTOB
MaccuBa (B KBa[paTHBIX CKOOKax 1oc/ie uMeHun MaccuBa). [11abion o6bsBIeHnst
CTaTUYECKOTO OJTHOMEPHOTO MAaCCHBA TAKOI:

TUII MacCCUB [pasmep];

Harnpumep, o1HOMEPHBIN CTaTUYECKUH 11€JIOUMCIEHHBIN MacCUB u3
2JIEMEHTOB CO3/Ia€TCA CJeYIolell KOMaH/I0M:
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int nums[10];

Crarnyeckre MacCUBBI SIBHBIM 00Pa3oM U3 MaMATH YIaIsATh He HyKHO. Kak 1 B
cirydae ¢ IMHAMUYECKUM MAaCCUBOM, UM CTaTHUYECKOTO MacCUBa SIBJISIETCS yKa-
3aTeJieM Ha ero NePBbI 3JIEMEHT, a 3JIEMEHTBI CTATUYECKOTO MacCUBa paciiojara-
I0TCSI B IAMSITH TOJIPSI/T, OJIMH 3a IpyTuM. [109TOMY MeTOibl pabOThI CO CTaTnyve-
CKUM MacCUBOM (DaKTUUECKU TaKUe Ke, KaK U ¢ IMHAMUIECKITM MaCCUBOM.

Crarnyeckne MacCUBbI OOBEKTOB CO3/IAI0TCS aHAIOTHYHO TOMY, KaK CO3/af0TCst
CTaTHYECKHe MACCHBBI ¢ djieMeHTaMu 6a30BbIX TUIIOB. [lasee npuBeneH (par-
MEHT KOJ[a, B KOTOPOM OGBSIBJISIETCSI MACCHUB 00BEKTOB KJacca

(pa3Mep MaccuBa OIpesiesiIeTcss KOHCTAHTOM 1):

const int n=10;
MyClass obj[nl;

[Ipu co3manun mMaccuBa OOBEKTOB BBI3BIBAETCS] KOHCTPYKTOP G€3 apryMeHTOB
(Y COOTBETCTBYIOIIEro Kjlacca TaKOW KOHCTPYKTOP A0JuKeH ObiTh). HeGoubioii
IPUMEP C UCIOJIb30BAHKEM CTATHYECKOTO MacchBa OOBEKTOB MPUBEIEH B JIU-
ctuHre 6.7. B mporpaMMe onuChIBaeTCs KJIACC C TIEJIOUNCIECHHBIM TI0JIeM. 3Ha-
YeHHMEM TOJTIO ITPU CO3MaHUN 00BEKTA TPUCBAUBAETCS CTyYailHOE YnCIIo (B Aua-
Ma3oHe 3HaueHuii oT 0 /10 99 BKITIOUYNUTETHHO).

3a mpucBanBaHKMe 3HAYEHMS TIOJIIO "OTBedaeT" KOHCTPYKTOP Kjacca. Takike B
TeJie KOHCTPYKTOpPA MMeeTCsl KOMaH/[a, KOTOPOil oToOpaskaercsi coobIieHne o
cosianiu 06beKTa U 0TOOPAKAETCsT 3HAYEHHME YKCIIOBOTO 110JIs1 00beKTa. Y KOH-
CTPYKTOpPa apryMeHTOB HeT. [Ipu BbI30Be IeCTPYKTOPA TaKKe 0TOOPAKAETCS CO-
ob1ienue, Ho yske 00 yaanenun oobekTa. Kak u npu cosmanum oObexTa, pu yaa-
JieHnu 0ObeKTa B KOHCOJIb BBIBOAUTCS 3HAYEHHE €T0 YMCITIOBOTO MOJIS.

AJIFOpI/ITM BbIIIOJIHEHU A ITPOTPaMMBbI TaKOI:

® COSIIaeTCH CcTaTUYeCKUI MaccuB 0OBEKTOB. HpI/I CO3/laHNN KaK/10Io 13
00BEKTOB 3HAYECHUEM YUCJIOBOMY I1OJIO 00BbeKTa IIprCBanBaA€TCA CJIy-
yalfHOe YHCJIO. COO6H.[€HI/IG O CO3ZlaHUN COOTBETCTBYIOIIIETO oObeKTa
OTO6pa>Ka€TCH B KOHCOJIbHOM OKHE.

*  3amyckaeTcs omepaTop IIUKJIa, B KOTOPOM MeHsIeTC 3HaYeHNe YU CI0BO-
T'0 TI0JISI JIJISI KAsKI0T0 U3 0OBhEKTOB B MACCUBE.

° BaHyCKaeTCH €II€ O/IMH OIlepaTOop IKMKJIA, KOTOPbIM 0T06pa>1<aeT051 HO-
BOE 3HAYEHUE YNCIOBOTO MO 0OBEKTOB B MACCHBE.

Terneps paccMOTPUM MOAPOGHEE TPOTPAMMHBIN KOJI TPUMepa:
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Jiuctunr 6.7. Ctatnyeckuii Maccus 00BbEKTOB

#include <iostream>
#include <cstdlib>
using namespace std;
// Knacc:
class MyClass{
public:

// llejlouncJieHHOe IIoJie:
int n;

// KOHCTPYKTOp:
MyClass () {
// TlpuCBavBaHMe BHAUEHWUS [10JI0:
this->n=rand()%100;

// OroBpaxeHme CoOOOmMEHMI :

cout<<"CoszpmaHnobmwekTcnojeM "<<n<<endl;
}

// DecTpyxTop:
~MyClass () {
// OrobpaxeHue COOBWEHUS :
cout<<"¥Ymansgercsa obwekT C nojgeMm "<<n<<endl;

}

// Meron myis OTOBpPaXeHMS SHAUESHMSI I[10JIS:
void show () {

// OroBpaxeHme COOOmMEHMUI :

cout<<"O6wexT c noJjyeM "<<n<<endl;
}
}i
// TmaBHasg GyHKUMS TPOTPAMME:
int main() {

// PasMep CTaTUUYeCKOT'O MaCCHBa:
const int n=5;

// VIHMUManmmM3aluusa TeHepaTopa CIIYUaMHBIX UMCeJ:
srand (2014) ;

// Crarmuyeckuil MacCub OOBEKTOB:
MyClass obj[nl;

// YkaszarTenm Ha OOBEKT:
MyClass *first,*last;
// VI3MeHeHMe SBHaueHMs IoJiel OOBeKTOB M3 MacCHuBa:
for (first=obj, last=obj+n;first!=last;first++) {
first->n/=10; // HoBoe 3HaueHME MOJA

}

// OroBpaxeHMe 3HAUEHMS [OJiel OOBEeKTOB M3 MacCCHUBA:
for (int i=0;i<n;i++) {
// BBIZOB MeTOIa M3 OOBeKTa — D3JIEMEeHTa MacCuBa:
obj[i].show();
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return 0;

}

B xoncTtpykTOpe kiacca MPUCBANBaHNe 3HAUYEHUS 11€JIOUYNCIEHHO-
My IOJIIO BBITIOJIHAETCI KOMAHION . 311eCb BbBI3bI-
BaeTcsd (DYHKIWA , KOTOPOIl TeHepUPYIOTCS TIeJible CAyJdaiiHble Jucia
(4T0OBI (DYHKIMS CTaja JOCTYITHOM, MOAKIIOYAETCsT 3ar0J0BOK ).
Mp5bI BBIUHC/ISIEM OCTATOK OT JIeJIEHWST CTeHePUPOBAHHOTO YMCTa HA , TI0-
ATOMY B Pe3yJIbTaTe MOoJIydyaeM IIeJIoe YUCIIO0 B IMania3oHe 3HaYeHuit ot 0 /10

Nunnmanmsanust reHeparopa CAyYaiHBIX UYWCEN OCYIIECTBISIETCS KOMAHIOMN

B IVIaBHOU (DYHKITUU ITPOTPAMMBI.

Moppo6HoCcTU
DyHKuns npefHasHavyeHa ans reHepupoBaHMs PaBHOMEPHO pacrnpefeneHHbIX
LesbIX crnyydanHbix Ynucen. OyHkumn aprymMeHTOM nepepaeTcs YMcno, KoTopoe

ncnonb3dyeTcsa Ans 3anycka npoLecca reHepupoBaHus yucen. pyrumm cnosamu, ons
reHepupoBaHUs CllyHalHbIX 4Y1Ccen HeoOX0ANMMO 3a4aTb HEKOTOPOE YMCIOBOE 3HAYEHME
(Kakoe NMEeHHO - HeBaXHO). BaxxHO apyroe: ons 04HOrO 1 TOro Xe "3aTpaBo4HOro” 3Ha-
4YeHMS Nony4yaeM OOHY M Ty Xe NOoCneoBaTeNIbHOCTb ClyYaiHbIX YACEeN.

B npuHuMne, MOXHO He BbI3biBaTb PYHKLMIO . Torga uicno ons nHuumanmsa-
LUMKN reHepaTopa ClydyanHbIX Yicen BblbupaeTcs aBToMaTnyieckn 6e3 y4acTus nosib3o-
BaTens,/nporpaMmmucTa.

Pa3Mep CTaTUYECKOI'0 MaCCuBa O6"b€‘KTOB, KOTOprfI CcO34a€eTCA KOMaHIOM’
, 3ala€TCA KOHCTAHTOM (B IIpuMepe 3Ha4€HNE€ KOHCTAHTBI paB-

HO 5).
B rnaBuoit dbyHkimu 00bsIBIEHBI BA yKazaTesst ( u )Ha OOBEKT
KJlacca . DTHU yKa3aTeJi Mbl UCIIOJIb3YEM B OllepaTope IHKJA, B KOTO-

POM M3MEHSIETCS] 3HAYEHHE YHCIIOBOTO T0JIsT 0GBEKTOB, (DOPMUPYIOIINX MACCHB.
Jliist iepebopa 06BEKTOB B MACCHUBE MBI TTOCTYIIAEM CJIEAYIONM 06Pa3oM:

* B 6J10Ke MHUIMATM3AIMK OllepaTopa IUK/JIa KOMaHAaMH u

yKazaTesasam n MPUCBANBAIOTCS 3HAYEHMS.

Ykaszarennb B pe3yJIbTaTe COJIEPKUT aIpec MEePBOTO 3JIeMeHTa Mac-

CUBAa, a yKa3aTejb COJIEPSKUT aJIpec SUYEUKHU, KOTOpasi pa3MeniaeT-

cs TIocJie TIOCJIe/THETO 3JIeMeHTa MaccrBa (TO ecT 3HaueHue yKasaress

-9TO0 afipec Nepeoil He exodsuel 6 maccus sdaeiikn). Ilpy Beramc-

JIEHUW 3HAUYEHWS JIJIT yKa3aTess MBI BOCITOJTb30BAJINCH TEM, UTO

MM MacCuBa SIBJIIETCS yKa3aTeleM Ha MTePBbIi 3JIeMEHT MacCHBa,

U y4JIM TIpaByJIa afipecHoil apudmeTrru (paBuiio nprubaBieHus K yKa-
3aTeJTI0 TeJI0TO YHCIIA).
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* OmepaTop IUKJIA BBIMOTHSAETCS JO TeX TOpP, TMOKAa MCTUHHO yCJIOBHUE
. YcioBre 03HAYAET, YTO a/Ipec B yKaszaTeJsie OTJIN-
YyaeTcs OT afipeca B yKasareJie . [TockosbKy B TpeTheM OJI0Ke orie-
paTopa IuKJIa KOMaH10H 3a KOKAYIO UTEepaInio 3HaYeHue yKa-
3areJis nepebpachiBaeTcst Ha stueiiky "cripasa” (B "HampaBJieHUN"
YBEJIMUEHUS afipeca) OT TeKylel, To yCJI0BUe CTaHeT JIOKHBIM, KOTIa
yKasareJb OyIeT colepsKaTh a[pec TYCHKN 3a IIPeielaMi MacCH-

Ba. A 9TO O3HAYAET, YTO BCE DJIEMEHTHI MACCHBA MepeOPaHBI.

* B Tese omnepaTopa nMuUKIa KOMaHAOM oJio 1 00beKTa,
ajipec KOTOPOTO 3alMCaH B TIepEMEHHYIO , IPUCBAaNBaeTCsd HOBOE
3HAYeHVe: TeKYyIee 3HAYEHMe TIOJIST JIeJTUTCS Haleso Ha 10, ¥ moJy4deH-
HBII Pe3YJIBTAT 3aITUCHIBAETCS B TIOJIE.

Moppo6HocTU

Mbl BOCNOJIb30BannChb 0AHOM N3 ¢hopM COCTaBHOMO oneparopa npuceanBaHus. Peyb 06
onepaTope /-. BelpaxeHue Buaa 3KBMBANIEHTHO BbIPaXeEHWIO . CywecTtay-
0T 1 Apyrue aHanornyHble Gopmbl COCTaBHOMO onepaTtopa nprvcsansaHus. Hanpumep,
BblpaXeHue 39KBMBAIEHTHO BbIPAXEHNIO , BblpaxeHune 3KBUBANEHTHO
BbIPAXEHUIO , BblpaxeHune 3KBMBANEHTHO BbIPAXEHUIO , HY 1 Tak ga-
nee. lpyrumun cnosamu, eciv © - HEKOTOPbIV ONepaTop, TO BblpaxeHne o3HavaeT
KomMaHay

e
= Ha 3ameTky

B rnaBHOM PyHKLMM €CTb KOHCTaHTa 1. Y 06beKkToB Kiacca ecTtbnone n. N ato

I pasHble "nepemeHHble”. Ecnu BeinonHaeTcs obpalleHne K nonio oobekta, Heobxoanmo
ykasaTtb 00beKT (Hanpumep, Yepes ykasaTtesb Ha 00bekT). Ecnn He ykasaTb 00BbEKT, TO
peyb, 04eBMAOHO, OyOET MATU O KOHCTaHTe

Ewle Ha ooHO 06CTOATENLCTBO CTOMT 00paTUThL BHUMAaHWe. KacaeTcs OHO ykasaTens

. HawanbHoe 3Ha4eHne 3Toro ykasarens - agpec nepBoro afieMeHTa Maccumsa, co-
BnajawoLlee Co 3Ha4eHneM ykasartens (nma maccumBa). dakTnyecku, Mbl CO34aeM
"KOMNuIO" yKasaTtensa Ha NepBbli 3aneMeHT maccmea. MoXeT nokasaTbCd, YTO Takag one-
pauus nuwHag. OgHako BCe AeN0 B TOM, YTO 3HaYeHMe yka3aTens MOXHO MEHATb
B MPOLLECCE BbINOJIHEHUS NPOrpaMMbl (4TO Mbl 1 Aenaem B onepaTtope umknia). A BOT n3-
MEHUTb 3Ha4YeHne ykasartens HE NONYYNTCH - ATO NOCTOSAHHLIN yKa3aTenb (aHanor
KOHCTaHTbI), 3HaYeHME KOTOPOro HEU3MEHHO.

[Tocste Toro, KaKk 3HAYEHKE YUCIOBOTO T0JIsI 0OBEKTOB MacCHMBa M3MEHEHO, 3a-
IIYCKAETCS ellle O/[H OIepaTop IUKJIA, B KOTOPOM T1epebop 3JIEMEHTOB OCYIIECT-
BJISIETCSI C IMOMOIIbIO UH/IEKCHOU nepeMeHHOUM 1. B Tesie aToro oneparopa s
oToOpaskeHMsT 3HAYEHUsT MOJIST 1 00BEKTa WMCIOJb3YeTCs] KOMaH/ia

- METOJ [peiHa3HaYeH A1t 0TOOpaKeHUs 3HAYEHUST T10J1st 00'b-
eKTa. Pe3yJibraT BBIIOTHEHYST TIPOTPAMMBI TIPEICTABIIEH HUKE:
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PesynbTar BLINOIHEHMS NPOrpaMmbl (M3 IMCTUHIra 6.7)

CozmaH oBbekT C nojem 15
Coszman obwexT c nojem 30
CozmaH obbekT C nojem 15
Cosman oBbekT C nojem 78
CozmanH obwekT C nojem 96
ObwekT C nojem 1

O6vexkT C noJjem 3

ObwekT C nojem 1

O6vexkT C mnojgem 7

06bekT ¢ nojem 9

Ynansercsa obwvekT C mnojem 9
Ynansercsa oOwekT C nojem '/
Ynansercsa obwvekT C mnojem 1
Ynansercsa obwekT C nojieM 3
Ynansercsa obwvekT C mnojem 1

ITockobKy MBI UMEEM JIEJIO CO CTATUYECKUM MAacCCHBOM, TO SBHO Y/IAJISITh Mac-
CUB U3 TAMATHU He HY;KHO. JTO MMPOUCXOAUT aBTOMATHIECKU TP 3aBePIIEHUN
pabOTHI TPOTPAMMBI.

Ha sameTky

O6beKTbl MacCcuBa CO34al0TCS B NOPSAKE BO3paCcTaHNS MHAEKCa -OT NepBOro afeMeHTa
no nocnegHero. MNopsaok yaaneHns o6beKTOB N3 MacCcuBa NPOTUBOMOOXHBIN - OT Mo-
CnefHero afieMeHTa K NnepBoMy.

6.5. CumBONbHbIE MAaCCUBDI

- Bom no smomy noeody nepewtii mocm.
- Cetivac 3anuuty.

- Ilomowm 3anuweww

u3 k/¢ "Kasxascxas naennuuya”

Cumsonvivle maccuévl (MACCUBBI, 3T€MEHTAMU KOTOPBIX SIBJISAIOTCS 3HAUYEHUS
TUTIQ ) B C++ uMeroT 0cobblIii CTaTyc, TOATOMY YAEIHMM UM HEMHOTO BHUMA-
Husi. CUMBOJIbHBIE MACCUBBI ~-OCHOBHON MEXaHU3M Pean3aI[ii TeKCTOBBIX 3HA-
gyenuii B C++. [lpyrumu ciioBamu, 6a30BbIil MEXaHU3M TIPEICTABJICHUST TEKCTA B
porpamMMe - MaccuB 13 cuMBoJIOB (OykB). HecmoskHO 10rafiaThCs, 4TO €CIU MbI
TEKCT IIPEICTABIISIEM B BUJIe MacCUBa OYKB, TO 3TO UMEHHO Te OYKBbI, 3 KOTOPBIX
COCTOUT TEKCT.
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DOyngameHTa bHast MPobaeMa, ¢ KOTOPOH CTAJTKUBAEMCS TIPU UCIIOJNb30BAHUN
CUMBOJIbHBIX MACCBOB B KaueCTBE KOHTEHHEPOB /1711 TEKCTA, CBsI3aHa C TEM, UYTO
pasMep MaccuBa M pasMep TEKCTa, 3allMCAaHHOTO B MACCHB -B 00IIEM cJydae pas-
uoie. [IpaB/a, Ha TEPBbIA B3IJISA MOKET TTIOKA3aThCsl, YTO TAaKOW MPOOJEMBI KaK
ObI ¥ HET: JOCTATOYHO ONPEAeJUThPAa3MEP MaCCUBAIIO KOJUYECTBO CHMBOJIOB B
Tekcre. M Tak AefcTBUTENbHO MOXKHO cienarh. Ho MMKaHTHOCTD CUTyallu B
TOM, YTO HaM B IPOTPAMME HYKHbBI HE TIPOCTO TEKCTOBbIE 3HAYEHUSI, a "TIepeMeH-
Hble", B KOTOPbIe MOKHO OBLJIO ObI 3aIMCHIBATH TEKCT. A crierudrKa TeKCTa Tako-
Ba, YTO MPH U3MEHEHUHU TEKCTOBOTO 3HAYEHMS BOOOIIE-TO U3MEHSIETCS KOJInYe-
CTBO CIMBOJIOB B TeKcTe. [109TOMY HysKeH KOHTEIHep, pa3Mep KOTOPOTO ObLI ObI
JIOCTATOYEH JIJIST 3AIMCH TEKCTA PA3JTUYHON JIJIMHBI (B pa3yMHBIX TIPeJIesiax, pas-
yMmeetcs). Ecim g 3ammcn TekcTa MCMoib3yeTcss MacCHB, TO €T0 Pa3Mep JI0JI-
JKeH OBbITh He MEeHbIIle PasMepa TEKCTa, KOTOPbIH MPEeAoIaraeTcs 3aichiBaTh
B MacCuB. JTO, B CBOIO OY€EPE/Ib, O3HAYAET, YTO Pa3Mep TEKCTa MEHbIIE pa3Mepa
maccuBa.OTcofia 1 mpobJeMa: Mbl MOKEM "3alIOMHUTD' PasMep MacCHBa, HO Kak
OBITH ¢ pasMepoM TekcTa? Kak ero ompeneanTs?

[l ompesiesieHnsl VIMHBI TEKCTa B CUMBOJIBHOM MaCCHBE UCIIOJIb3YIOT CIIEIH-
AJBHBIN "Mapkep”, KOTOPBIM HA3bIBACTCS HYIb-CUMB00M (He TyTaTh ¢ Hyaem!).
Hyub-ciMBoOJI 0603HAYAETCST KAk (cuuraercs, 4TO 3TO OAMH CUMBOJ) U
MMeeT HyJIEBOH KO B KOJIOBOW Tabsmile CMMBOJIOB. [IpaBmiio Takoe: TEKCT, KO-
TOPBIN 3aIIMCBIBACTCSI B CHMBOJIBHBII MAacCHB, TOJIKEH 3aKaHUMBATBHCS HYJIb-
CUMBOJIOM.

Ecam GbI HyJIb-CUMBOJI IPUXOANIOCH 3aHOCUTH B MACCUB BPYYHYIO, TAKOI MOJ-
X071 ObL1 GBI KpaiiHe yToMuTebHbIM. Biiaro, 06bI4HO K 9TOMY IpHOeraTh He Ipu-
xoauTcst. Bee oTomy, 4To CMMBOJIBHBIE MACCHBBI 00pabaThIBAIOTCS MO-0COOOMY.
HawuGouiee BaskHble, OKALYH, 1BA MOMEHTA:

CUMBOJIBHBII MacCUB MOKHO MHUIIMAJIN3UPOBATh TEKCTOBBIM JINTEPATIOM
(3HaveHue, 3aKII0OUYEHHOE B IBONHBIC KaBBIYKN). [Ipn mHUIIMAIN3AITIT CM-
BOJIBHOTO MAaCCHBa TEKCTOBBIM JINTEPAJIOM OYKBBI M3 JIUTEPAIa aBTOMATH-
YECKM 3aHOCATCS B MHULIMAIU3UPYyeMbIil MaccuB. Hymb-cMMBOJI B KOHIIE
TeKCTa TakKe 700aBJsieTcsl aBToMaTidecku. HampriMep, B pe3yJibrare Bbi-

TTOJTHEHUST KOMAaH/IBI B MaccHuB oOyK-
BEHHO 3aHOCUTCS (pasza (3anoJIHAIOTCS TIEPBBIE MSATh JIEMEHTOB
MaccuBa ), U B KOHIIE 0OABJISIETCST HYJIb-CUMBOJ (mecroii ae-
MEHT MaccuBa ).

Ecimu CIIpaBa OT OII€epaTopa BbIBO/Ad YKa3aTb UMA CUMBOJIbHOTO MaCCHUBa,
TO 6YH€T 0T06pa>1<eH TEKCT, 3alMCcaHHbli B 9TOM MaccuBe. TekcT 0T06pa>1<a-
€TCA 10 TOIrO MECTa, Il€ B CUMBOJIbHOM MaCCHBE 3alliCaH HYJb-CUMBOJI. Ha-
IIpUMEDP, IIPU BBIIIOJTHEHNHN KOMaH/IbI B OKHE BbIBO/la 0T06pa-



MABA 6. MAMSITb, AECTPYKTOPbI U MACCHBbI

JKAETCsl TEKCTOBOE 3HAUEHUE, 3alIMCAHHOE B MACCUB (B 1aHHOM ciiydae
CJIOBO ).

MopapoGHoCTH

Ecnu 6biTb 60onee ToYHbIM, TO CUTyauus cnegyowas. Ecnu cnpasa oT oneparopa Bbli-
BOZla HAXOOUTCS yKa3aTesib Ha 3Ha4YeHne Tuna , TO 0TOOpaxaeTcs He aapec, 3anu-
CaHHbI B yKka3aTtese, a CUMBOJIbl, HA4MHAs C TOr0, Ha KOTOPbIV CChIIaeTCs ykasaTtesb, 1
BMJI0Tb A0 HyJIb-CMMBOJA. HanoMHMM, 4TO UMS1 MacCHBa SBNIIETCS yKa3aTeneM Ha nep-
BbIl 9/IEMEHT MaccuBa. Takum o6pa3omM, MMs CUMBOJILHOFO MaccuBa - yKa3aTesb Ha
3HauyeHve Tuna

Hebobimas mimocTpanys KHCIIOIb30BaHUIO CUMBOJIBHBIX MACCHBOB TIPHBE/Ie-
Ha B aucrutre 6.8.

Jinctuur 6.8. CuMBOsIbHbIE MacCUBbI

#include <iostream>

using namespace std;

int main() {

// CHMBOJILHEIM MaCCUB :

char txt[100]="CuMBOJBLHEI Maccus";

// OroBpaxeHne COIEPXUMOTO

// CUMBOJILHOTO MacCCUBa:
cout<<txt<<endl;

// OroBpaxaeTcsa TEKCT,

// HaumHasg c 12-11 OYKBH:
cout<<txt+ll<<endl;

// 3BameHa OykBu ‘M’ Ha ‘M’:
for(int i=0;txt[i];i++) {
if(txt[i]l=="M") txt[i]="M';

}

\ 4

// ComepxmMoe MacCHUBa:
cout<<txt<<endl;

// IoBaBjisgeM HYJIb—-CHMMBOJI B TEKCT:
txt[10]="\0";

// OroBpaxaeTcd TEKCT:
cout<<txt<<endl;
cout<<txt+ll<<endl;
return 0;

}

PeSy.TII)TaT BbIIIOJIHEHHWA ITPOTPAaMMbI TaKOI:
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PesynbTar BhINONHEHUS Nporpammebl (U3 nucTuira 6.8)

CYMBOJIBHEIM MacCCUB
MaCCHUB

CuMBOJIBHEIM Maccus
CuMBOJIb HEIM

Maccus

[Tpoananuaupyem IPOTPpaMMHBIN KO W PE3YJIBTATHI €T0 BHITTOTHEHU. B caMmom

Havyajie KOMaHAOM co3maeTcs
CUMBOJIBHBIN MAaCCUB u3 3JIEMEHTOB U MHUITNATU3NPYETCS TEKCTOBBIM
3HAUEHNEM U3 JIBYX CJIOB :

* nepBast OyKBa T€KCTa MIPUCBANBAETCS DJIEMEHTY ;

*  CHUMBOJ MIPUCBANBAETCS DJIEMEHTY ;

* W Tak Jajiee - Hampumep, mpoodes (9TO TOKE CIMBOJT ) IPUCBANBAETCS

3JIEMEHTY ;
* mocueaHsist GyKBa TEKCTa 3aIACHIBAETCS B 9JIEMEHT ;
*  HyJIb-CUMBOJ 3aMMCHIBAETCS B 2JIEMEHT

YkazanHnoe TEKCTOBOE 3HaUeHIE TIOSBISIETCS B OKHE BbIBO/Jla TIPW BBIITOJIHEHU U
KOMaH/Ibl

PesysbraToM BBITOJTHEHUST KOMAH/IbI SIBJISIETCST TEKCT

B OKHe BbIBofa. OOBsICHEHUE IPOCTOE: 3HAYCHUE BBIPAKEHIIS

€CTb yKa3aTeJsb Ha | 2-if CUMBOJ B TeKCTe (2JIEMEHT , 1u Oy K-

Ba ). [ToaTomy oToOpaskeHne TeKCTa HAYMHAETCS IMEHHO C 9TOTO MecTa U
TIOKA He BCTPETUTCS HYJIb-CUMBOJI (3JIEMEHT ).

Jliist 3aMeHbI CTPOUYHBIX (MaleHbKUX) OYKB B TEKCTE Ha TPONUCHbIe (60JIb-
1mue) OYKBbI 3aIyCcKaeTcs OrepaTop IUKJIa, B KOTOPOM WHJIEKCHAS TIepeMeH-
Had 1 TMOJydYaeT HauaJlbHOE HyJIeBOe 3HAUeHNe W 32 KaKIBIN UK ee 3HAUeHHNe
yBeJTMYUBAETCS Ha euHUIly. VIHTepec TPeACTaBIIsieT yCIOBUE: 3TO BhIpAKEHIE
. 371ech MBI BOCIIOJIB30BAJIUCH TEM, UTO, BO-TIEPBBIX, HYJIb-CUMBOJ Me-
€T HYJIeBOU KOJI, W, BO-BTOPBIX, OTJIMYHOE OT HYJIS YMCJIOBOE 3HAYCHUE WHTEP-
TIpeTUpyeTcs Kak , @ HyJIeBOE YMCJIOBOE 3HAUEHNE MHTEPIIPETUPYETCS KaK
. 3HaueHne BBIPAXKEHUS peICTaBIsIeET OO0 CUMBOJI B TEKCTE
¢ uHAeKCcOM 1. Ecim aTo He HyJb-CUMBOJI, TO €T0 KO OTJUYEH OT HYJSA U
WHTEPIIPETUPYETCS KaK . Eci aTo nynb-cumBoOI, TO WH-
TePIPEeTUPyeTcs Kak .Takum 00pasoM, oreparop UK/ BBITOJHSIETCS,
MoKa He OyieT IPOYUTaH HYJIb-CUMBOJL.

B reste oneparopa 1ukJia ectb ycJI0BHBI ortepaTop. Ecim Tekymuit cumBo pa-
BeH (ycnoBue ), TO eTo 3HaYeHNE MEHAeTCd Ha (xoman-
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na ). XapakTep BHECEHHBIX B TEKCT U3MEHEHUI MOKEM ITPOBEPUTH
C TIOMOTITHIO KOMAH/IBI

C]IelIYIOHII/Iﬁ IKCIIEPUMEHT COCTOUT B TOM, 4TOOBI 3aMEHUTL B TEKCTE IIpo-

6en (a7eMeHT ) Ha HYJb-CUMBOJI. /[JIsT 3TOTO BBIMOJIHIETCS KOMaHAA
. Ecain mocte BeIMOTHEHUST TAHHOW KOMAH/IBI TIOMBITATHCS OTO-
O6pasuTh TEKCT WHCTPYKIMEN , TIOJIyYUM TOJIBKO TIE€PBOE

cyioBo. [Tpu4rHY MOHSATH HECTOKHO: TEKCT OTOOpaKaeTcsl, HaYnHasi ¢ TIEPBOTO
CHUMBOJIA, ¥ TTIOKA HEe BCTPETUTCS HYJIb-cUMBOJI. Ho Temeps HyIb-CIMBOJ BCTpe-
qaeTcsl B aJIeMeHTe I [lasibIiie 3TOr0 CUMBOJIA TEKCT HE OTOOPaKAETCSI.
Ho BoT ecnm BBI3BaTH KOMAHIY , B OKHE BBIBOJIA YBU-
JIM BTOPOE CJIOBO 13 TeKcTa. OObsICHEHME TPAKTUIECKU TaKOe JKe, KaK U B Ipe-
JBIIYIIEM CJIyYae: TEKCT OTOOpaskaeTcsl, Ha4nHast C CHMBOJIA 710 s14eit-
KM MacCHBa C HyJIb-CUMBOJIOM. B 1aHHOM ciyyae 3TO ajieMeHT
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Beov amo ace nacmosuas maiina! Tor nomom
nukozoa cebe ne npocmuius!
u3 /¢ "Tocmvs uz Gyoywezo”

B 31011 r1aBe OTIIPaBHO TOYKOI /1719 HAC MOCTYKaT MACCUBBI (B OCHOBHOM [1-
HaMuyeckue). Mbl 00CyIMM, KaK MACCHUBBI MOTYT HMCHOJIb30BATHCSI B KAUeCTBe
4JIEHOB KJlacca. Bee mpoune TeMbl, HallleIiie oTpaskeHue B IIaBe (Cpein Huxne-
pezpyska onepamopa [ 1 1Jisl THAEKCUPOBAHUST 00BEKTOB, nepezpyska onepamopa
npuceausaniisi i KOHCMpYKmMop co30anus Konuu), pACCMaTPUBAIOTCS B KOHTEKCTe
paboThI ¢ MACCHBAMH, SIBJISTIONMMUCS YJIEHAMHU KJIACCA.

7.1. UHpekcupoBaHue 00ObEeKTOB

Imo eenuxas nobeda dedyxmuenozo memood.
us /¢ "Tocmvs uz 6yoywezo”

[Ipu 0HOBPEMEHHOM HCITIOJIB30BAHUN MACCUBOB U OOBEKTOB OUEHD TTOJIE3HOI
MOJKeT OBITh TIeperpyska ornepatopoB. Mbl ysKke 3HaeM, Kak CO3/[aTh KJIAcC C 10~
JIeM-MacCUBOM (finHaMuyeckuM, Harpumep). [Ipu obpaiennu K ajieMenTaMm ta-
KOTO MaCCHBA MBI VICIIOJIB30BAIH TOYEUHBIIT CHHTAKCUC: YKAa3bIBATN OOBEKT ¥,
yepe3 TOUKY, MMsI MaccuBa U MHJEKC 3eMeHTa. O3HaueHHBIN TTO/IX0/l He BCer-
na ynoben. Ileperpysus omeparop [] (KBaapartibie CKOOKN) MOKEM TOOUTHCS
adderTa, Korza HHIEKCUPYETCsT HEMOCPENCTBEHHO 00beKT. [IpyrumMu cioBaMu,
yKa3aB Mocjie NMeHN 00beKTa KBaJPATHbIE CKOOKH 1 HH/EKC, TOTYINM JOCTYI K
9JIEMEHTY MACcCHBa, "CIIPSITAHHOTO" B 00BEKTE.

_'- Ha sameTky

Y GuHapHOro onepaTtopa []MNepBblii onepaHn -Ta MNepeMeHHas, 4YTO YyKasblBaeT-

I cs nepep KBagpaTHbIMU CKOOKamMu (TO eCTb MHOEKCUpyemasi nepemMeHHas), a BTO-
poil onepaHz -MHAEKC, KOTOPbIA yKa3biBaeTCcs B KBaApPaTHbIX CKOOKax: B BbipaXeHUn
nepemeHHas [MHIexc] MEPBbIM OMEepPaHAOM SBSETCS rnepemeHHas, a BTOPbIM One-
paHOOM ABNAETCA HOEKC.

Peanusarnus Takoro moaxoa IMpejcTaBjieHa B ITPOrpaMMHOM KOJIe U3 JIMCTUH-
ra 7.1. B mporpamMme onmchiBaeTcs Kjaacc MyClass, ¢ IBYMs 3aKPBITBIMY TTOJIS-
MU: [10JI€ nums TpeCTaBisieT coO0N yKasaTesb Ha 1eJIOYUCIEHHOE 3HAaUeH e 1
TIpeHA3HAYEHO JI7IS CO37IaHNs MacchBa (Ha3BaHUE MO MOKEM OTOXKIECTBIISTh
C Ha3BaHWEM MacCHMBa), a TaK:Ke IeJOUNUCTIeHHOe ToJie Size, olpeesiollee
pasMep MaccuBa. ¥ KOHCTPYKTOpA KJacca OJIMH apryMeHT, OlpeeIaoniuil pa3-
Mep C03/1aBaeMOro IMHAMUYECKOro MaccuBa. MaccuB 3aroHseTcs: cayJaiiHbl-
MU YHCJIaMU B [Uana3oHe 3HayeHuit ot 0 10 99.

—
L Ha 3ameTky
I [Ans reHepmnpoBaHns ClyyYarHbIX YACEN Mcnonb3oBaHa GyHKUMS rand (). UHnumanu-
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3aumsa reHepartopa Clly4amHbIX YACEN BbINOSHAETCS B MaBHON QYHKLMN NMPOrpamMmmel C
nomMoLbio PyHKUMKM srand () . Ang nCnonb30BaHMs yka3aHHbIX QYHKLUNT NOOKNI04aEeTCA
3arofoBoK <cstdlib>.

JlecTpyKTOp COEPKUT BCETO OHY KOMAHIY JJISI YAQJIEHUS TUHAMUYIECKOTO
MaccuBa. 3/1eCh CUTYyaIlUsI HAM Y:Ke 3HaKOMasi. A BOT meperpyska orneparopa

[ ] rpebyer HEKOTOPBIX KOMMeEHTapHeB. BOT Tak BBINISANT OIMCAaHKME COOTBET-
CTBYIONIET0 OIePaTOPHOIO METO/A:

int &operator([] (int 1) {
// PesysbTaT ONEepPaTOPHOIO METOIa:
return nums[i%$size];

[laHHBINT OmepaTOpHBIE MeTOA Ha3bIBaeTCsl operator[]W TOCKOIBKY 3TO
MMEHHO METOJI 1 OMTMCBIBAETCS B KJIACCE, TO TTEPBBIM OTIEPAH/IOM aBTOMATHYECKU
cunTaeTCst 0OBEKT, TIEPEl KOTOPHIM OYIyT pasMeNarhcsi KBaJApaTHbIe CKOOKH.
VkasaHHBII B KBaJPaTHBIX CKOOKaX MH/IEKC, OMMCBIBACTCS KaK apTyMEHT orepa-
TOPHOTO MeTo/a (TlepeMeHHad 1i). B maHHOM ciiydae BTOpo#l apryMeHT (MHAEKC)
MBI OTIPejieJisieM Kak IIeJIoe 9rcJio. B Tejie ommepaTopHOTO METO/Ia BCETO O/[HA WH-
CTPYKIIUSI, BO3BPAIIAON[asi Pe3yJbTaTOM MeTO/la 3HAUYE€HUEe 3JIEeMEHTa MacCuBa
nums ¢ COOTBETCTBYIONINM WH/ICKCOM.

Ho eciiit 6b1Th G0JI€e TOYHBIM, TO UHIIEKC HIEMEHTA HEMHOTO OTJIMYAETCST OT ap-
TYMEHTa OIIEPATOPHOTO METO/[A: TPU 0OPAIEHIHN K AIEMEHTY MACCHBA HHAEKCOM
YKa3bIBAETCSI OCTATOK OT JIeJIEHUST apryMeHTa OIepaTOPHOTrO MeTo/ia Ha pa3Mep
MaccuBa (MHCTPYKIUA 1%$size). brarogapa TakoMy HEXUTPOMY TpUEMYTIPU
WHJIEKCUPOBAHUT OOBEKTOB MOJKHO YKA3bIBATh IPAKTUYECKH JI0OO0 HHIIEKC: T10-
CcJIe BBIYUCJICHUSI OCTaTKa OT L[eJIOUUCJIEHHOrO IeJIeHUs PealbHblil HHACKC, Yepe3
KOTOPBIii BBITIOJIHSIETCST 0OpaIlleHne K dJIeMEHTY MacCHBa, HEU30€KHO TTOTa/[aeT
B "MpaBWJIBHBIN" AMana3oH 3Ha4eHwi oT 0 70 size-1. Hanpumep, ecan mpu
MH/IEKCUPOBAHUN 00bEKTa yKa3aTh MHEKC Size, TO Ha CAMOM JieJie 9T0 Oy/Ier
03HAYaTh OOpAIEHIE K 9IEMEHTY MAacCuBa € NHAEKCOM 0. AHAIOTUYHO, NHIIEKC

size+139KBUBAJIEHTEH UHAEKCY 1, M TaK Jajiee.

Elie 01O BaxkHOE 00CTOSATEIBCTBO, 3aCy/KUBAIOICE BHUMAHUS - HAIMYNE WH-
CTPYKIIMU &Iepell Ha3BaHUEM OIEepaTOPHOTO MeTofa. Hamwmdnme WHCTPYKIMN
03HAYAEeT, YTO METOAOM BO3BPAIIACTCS HE IIPOCTO 3HAYEHUE COOTBETCTBYOINIETO
9JIEMEHTA MACCUBA, a CCHIIKA Ha MacCuB. Eciii GBI MbI XOTEJIM TOJBKO CYUTHI-
BaTh 3HAYCHUSA MACCUBA, TO 63 MHCTPYKIMU &B HA3BAHUK OIIEPATOPHOTO METO/IA
MOKHO OBLTO 060#THCE. Ecim jke Hy:KHO, 4TOOBI Yepe3 WHIEKCHPOBaHHe 00b-
eKTa MOKHO ObLJIO TIPUCBAMBATH 3HAYCHUE DJIEMEHTY MACCUBA, TO OIEPATOPHbIN
METOJL JI0JIKEH BO3BPAIATH CCHLIKY Ha JICMEHT.
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Moppo6HoCcTU

Mpowe roBops, ecnm B Ha3BaHUN ONEPATOPHOIrO METOAA NHCTPYKLMIO & HE UCMOMb30-
BaTb, TO MPOYNTATb 3HAYEHNe 3nemMeHTa MaccrBa numsmi3 06bekTa obj C MHAEKCOM i
yhanock 66l KOMaHAoM obs [i],HO NONbITKA NMPUCBOUTL 3HAYEHNE BblpaXXeHWNo obj [1]
He nmena 6bl ycrexa. YTobbl MOHATL, MOYeMy Tak NPOUCXOAMUT, HYXXHO UMETb XOTsi Obl
obLlee npeacTaBieHne 0 TOM, Kak METOAbI (1M QYHKLMN) BO3BPALLAIOT pe3ysibTar.

Ecsin MeTos Bo3BpalaeT pe3yJibTart, TO P BBI30BE METO/IA /IS BO3BPAIIAeMO-
T0 METO/IOM 3HAYeHUs BbIJIEJISIeTCS B aMsiTu MecTo. [locsie Toro, Kak pe3ysbrar
METO/Ia BBIYMCJIEH, COOTBETCTBYIOIEE 3HAUEHHE 3AMMCHIBAETCSI B BBIIEJIEHHYIO
SYelKy MaMsTH. 3HAaYeHne U3 STYeHKN UCIOJb3YEeTCs B ATbHENIIINX BbIYUCIe-
Husx. Ecm pesyibratoMm MeToza IBJsieTcs 3HaueHne aJleMeHTa MacCUBa, TO JIaH-
HOe 3HAYeHMe CYUTHIBAETCS U 3AIMCHIBAETCS B SUEHKY, TIPEIHAZHAYEHHYIO JITIsT
pesysbrata Merozia. Eciim HaM HEOOXOAMMO TOJBKO TIPOYUTATH 3HAYEHUE DJIe-
MEHTa, TO 3/IeCh 0COOBIX MPOOJIEM He BOSHUKHET. A BOT €CJIM MBI TIOIIBITAEMCSI
TIPUCBOUTH 3HAUCHUE DTEMEHTY, TO 3HAUeHNe "3aIMChIBAETCSA" B STYEHKY, TIpe-
HA3HAYEHHYIO JIJIs1 PE3yJIbTaTa METOJIA, & BOBCE He B sTUEiKY, B KOTOPYIO 3aITMCaH
ayieMeHT MaccuBa. UTOOBI ATOTO HE MPOUCXOIUIIO, METOJ] PE3YJIBTATOM OJLKEH
BO3BPAIATh He TIPOCTO 3HAYEHUE JIEMEHTA MACCUBA, a CCHUIKY Ha HJIEMEHT.

Jlns oTobpaskeHus: COAEPKUMOr0 MacCUBa nums B Kjacce MyClass OIHUCaH
MeTol show (). ¥ MeToJa ecTb OAMH IeJOYMCJIEHHBI apryMeHT C HYyJeBbIM
3HAUEHUEM 110 YMOJYaHU0. APIryMEHT MeTo/la OlipeiesisieT MHIEeKC, HAYUHAs ¢
KOTOPOTO 0T06pa>1<aIOTC${ 3HAYEHUS 3JIEMEHTOB. B Tese MeToma obpaiienne K
DJIEMEHTY MacCHUBa C UHIEKCOM 1 BBIIIOJIHAETCSA B (bopMaTe (*this) [1]. B
JAHHOU MHCTPYKIMM KCIIOJb30BaH IIePerpyKeHHbIN oepaTopHblil Metox. Ilo-
CKOJIbKY this mpeacrasiisieT co6oﬁyKasaTeJlb Ha 00BEKT, U3 KOTOPOIO BhI3hIBA-
€TCd MeTOo/I, TO *this -HermocpeACcTBEHHO o06pekt. CireoBarebHo, WHCTPYKIUA
(*this) [1] (prrﬂble CKOOKU UCIIOJIb30BAaHbI JIJIS COOIOIEHUS MIPaBUJIBHOTO
MPUOPUTETA OTIEPATOPOB *U [ ] ) IpeicTaBIsieT coO0i HHAEKCHpOBaHie 00 HEeKTa,
BBITIOJTHSIEMOE B COOTBETCTBUU C TEM, KaK ONIMCAH OIePAaTOPHbIN METOJl opera-—
tor[] (). HamoMHum, 4TO MHIEKCUPOBaHKE 00beKTa BBITIOJHIETCI C y4eTOM
IUKJIUYHOCTU UHAeKca. [lockoMbKy NHIEKCHAs IepeMeHHast impoberaer 3Haue-
HUS B AMATIa30He OT 3HAYeHNs start [0 3HaYeHUA start+size-1 (BKIOUN-
TEJIBHO), TO ePeOUPAIOTCs BCE DJIEMEHTHI MACCHBA.

B rsaBHOI pyHKITNY TPOTPAMMBL:
*  UHUIMAIU3UPYETCs TeHePaTOp CAyIalHBIX YMCET;
e cosmaeTcs 0ObeKT objKmacca MyClass;

* 13 00beKTa obJ BHI3BIBAETCS METO/ show () 6e3 apryMeHTOB (B pe3yJib-
TaTe 4ero OTOOPAKAIOTCS 3HAYEHMs AJIEMEHTOB MaccuBa M3 O0bEKTa
obJ);
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b N3MCHAIOTCA 3HAYCHU A ABYX IIE€PBLIX 9JIEMECHTOB MaCCHUBa U3 O6'beKTa
obj;

* ¢ IOMOIIBIO OIlepaTopa IMKJIa OTOGPaKaloTCA 3HAYEHUS DJIEMEHTOB
MaccuBa 13 00beKTa obj;

* ¢ moMmoIIeio MeToma show () (¢ HEHYJIEBBIM apryMEHTOM) 3HAUEHUS
9JIEMEHTOB MacCHBa U3 00BEKTA ObjIUKIMIECKH 0TOOpaKAIOTCs (Ha-
YUHASA C CEPEINHBI MACCUBA).

Becn HpOFpaMMHbIﬁ KO/I BbITJIAANT TaK:

Jluctunr 7.1. Meperpy3ka oneparopa | ]

#include <iostream>
#include <cstdlib>
using namespace std;

// Kmacc:

class MyClass{

private: // BaxpbTEE [0OJIA

int size; // Pasmep Maccusa

int *nums; // VMsa MaccuBa

public: // OTKPLITEIE UJIEHH KJIACCa

// KoHCTpyKTOp:
MyClass (int n) {
size=n; // PasmMepMaccupa
nums=new int[size]; // CosmaeTcsaMaccus
for(int i=0;i<size;i++) {
// BHaueHue B3JIeMEeHTa MacCKuBa:
nums [1]=rand () %$100;
}
}
// IecTpyKTop:
~MyClass () {
// YmaneHue IOMHAMMUECKOI'O MaCCUBA:

delete [] nums;
}
// Teperpyska omeparopa [] nmsa
// obpalleHns K 3JIEMEHTY MacCCUBa:
int &operator([] (int 1) {

// Pes3yybTaT OINepaTOPHOTO MEeTOIa:
return nums|[i%size];
}
// Meron mnsa oTOOpaxeHUs CONEPXMMOTO MaCCUBA:
void show (int start=0) {
for (int i=start;i<start+size;i++) {
// Tlpu ofpalleHrM K DJIEMEHTY MaCCHBa MCIOJIb30BaH



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

// TeperpyxXeHHE omepaTop [] M ykasaTesnb this:
cout<< (*this) [1]<<" ";
}
cout<<endl; // ITlepexonl K HOBOM CTPOKE
}
}i
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// VHuumanmsaumMs TeHepaTopa CJyUYalHBIX UMCeJ:
srand (2014) ;
// Pasmep Maccusa:
int n=10;
// CospmaeTcsa OOLEKT:
MyClass obj (n);
cout<<"JMcxOmHENT Maccus:\n";
// OToBpaxeHMe 3JIEMEHTOB MaCCUBa M3 OOBEKTAa:
obj.show () ;
// VBMEeHAHnTCA SHAUeHMA DJIEMEHTOB MaccrBa M3 OOBLEeKTa:
obj[0]=100;
obj [n+1]1=200;
cout<<"MaccuB [OCJI€e M3MEHEeHMS BHAUYEeHUM 3JIeMeHTOB:\n";
// OroOpaxeHMe SHAUEHUM BJIEMEHTOB MacCCuUBa U3 OOBEKTa:
for (int i=0;i<n;i++) {
// VICHOJIb30BAaH MNEepPeTrpPyXEeHHE OIepaTop :
cout<<obj[i]<<" ";
}
cout<<"\n lukamueckoe oToOpaxkeHMe BHAUEHUM BJEeMeHTOB:\n";
// IukInMueckoe oOTOOpaxkeHMe SBHAUESHUM DIJIEMEHTOB
// HauMHas CO CpPeIVHHE MacCHBAa:
obj.show(n/2);
return 0;

Pesysbrat BbITIOSTHEHUS IPOTPAMMBI TaKOI (€ TIONIPABKON Ha reHepupyeMble
cJTydJaifHble YMCa):

Pe3ynbTart BhINONHEHUS Nporpammbl (M3 nuctuira 7.1)

VICXOIOHBIMI MaCCUB :

15 30 15 78 96 43 53 26 73 40

MaccuB rocjie M3MeHeHMS SBHAUEeHUM BJIEMEHTOB:
100 200 15 78 96 43 53 26 73 40
ukIMyeckoe oOToOpaxeHMEe 3BHAUeHUM BJIEMEHTOB:
43 53 26 73 40 100 200 15 78 96

Ectb elnie oiHa 10CTaTOYHO paciipocTpaHeHHAsT CUTYAIHs, Kor/a ObIBaeT pas-
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YMHO 1ieperpysutb onepartop [ | . Jleno B ToM, 4To MeTO i GyHKIINS B Kade-
CTBe pe3yJbTaTa He MOTYT BO3BPAlllaTh MACCUB. 3aTO OHU MOTYT BO3BpaIaTh B
KavyecTBe pe3yJibrara 00beKT. Eciii MaccuB "cripsitaTh” B 00BEKT U TIEPETPY3UTH

oneparop [ ] Tak, uTo6bI 0OBEKT MOKHO ObLIO HHAEKCUPOBATD, TO TEM CaMbIM
COB/IaeTCs MOJTHAS WJLTIO3HS, YTO PE3YJIBTATOM METO/A WJIH (DYHKIIUH SIBJISIETCS

MaccuB. HebGoJibiast niumocTpaiust K CKa3aHHOMY TIpe/ICTaBJieHa B JINCTHH-
re7.2.

Jincturr 7.2. UnpekcupyeMblit 00bEKT Kak pe3ynbTar MeToaa

#include <iostream>
using namespace std;
// TmobayibHAas KOHCTAHTAa ONpelesigeT pasMep
// UCHOJIb3YyEeMHX MaCCUBOB:
const int size=5;
// Kmacc ¢ nojieM - CTaTHUYeCKMM MAaCCUBOM M METOJIOM,
// BO3BpamanmeM OOBEKT KJjacca:
class MyNums {
private: // 3BakpeITHe UYJIeHH KJjlacca
// Tlome - cTaTUYECKMUM MaCCHUB:
double nums[size];
// MeToxn mOJiS BBIUMCJIEHMS CPEIOHETrO 3HAUSHUS:
double avr () {
// JlokajibHasa MepeMeHHas IJIS 3anucyu pes3yJjibLTaTa:
double s=0;
// OmepaTop LUMKJIA OJIS BHUMUCJIEHUS CYMMH 3JIEMEHTOB :
for (int i=0;i<size;i++) {
s+=nums [i];
}
// CyMMa BSHauUeHMUM 3JIEMEHTOB OeJIUTCH
// Ha KOJIMUECTBO BSJIEMEHTOB:
s/=size;
return s;
}
public: // OTKpEITHE UJIeHE KJlacca
// KOHCTPYKTOp (apryMEeHT — MacCCHuB) :
MyNums (double n[size]=NULL) {
// EcCnu apryMeHT He yKas3aH, TO I0oJIe-MaCCHUB
// He 3anojiHgeTCH:
if (n==NULL) retur n;
// 3amnojiHeHMe IMOJIA-MaCCUBA:
for (int 1=0;i<size;i++) {
nums [1]=n[i];
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// Tleperpyska omeparTopa [] IOJjig BO3MOXHOCTMU
// VMHOEKCHMPOBAHUSOOBEKTOB :
double &operator[] (inti) {
// 3BHaueHMVe MHIOEKCHPOBAHHOTO OOBEKTA:
return nums[i];
}
// Meron mia OTOOpAaXeHMS 3HAUEHUN
// BJEeMEeHTOB IMOJIA-MacCUBa :
void show () {
cout<<"| "; // HauaJsbHBEMCUMBOJI
for (int i=0;i<size;i++) {
cout<<nums [i]<<" | ";
}
cout<<endl; // IlepexOIKHOBOMCTPOKE
}
// MeTom BO3BpallaeT PE3YyJILTATOM OOBLEKT :
MyNums shift () {
// JIOKaJbLHEIM MaCCUB :
double m[size];
// CpemHee 3HaueHME IO MACCHUBY:
double a=avr();
// BHauyeHUda BJIEeMEeHTOB JIOKaJIbHOTO MacCHuBa:
for(int i=0;i<size;i++) {
m[i]=nums[i]-a;
}
// CospmaHme JIOKAJbHOI'O OOBeKTa:
MyNums tmp (m) ;
// PesynbTaT MeToma - OOBEeKT:
return tmp;
}
}i
// TmaBHasa GYHKUMA OPOTPAMME :
int main() {
// MacCuB UMCJIOBHX SHAUYEHMUI:
double x[size]={1.1,3.3,-0.2,2.7,5.1};
// OBBeKT co3maeTcsa Ha OCHOBE MacCHuBa:
MyNums obj (x) ;
cout<<"McxomHeM Maccus:\n";
// OToOpaxeHue BHAUEHUN BSJIEMEHTOB MacCUBa
// U3 CO3maHHOTO OOBEeKTa:
obj.show () ;
cout<<"Ilocjyie cOBmura Ha cpemhHee:\n";
// OToBpaxeHue 3JEMEHTOB MacCHBa U3
// obwexTa - pesyiabTaTa MeToma show() :
obj.shift ().show();
// HoBHIM 0OBEKT (C MyCTHM MacCCUBOM) :
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MyNums array;

// BHaueHreM OOBEKTY MNPMCBAMBAESTCH PEe3yJibTaT

// BHBoBa MeToma show() u3 obbekTa 0bJ:
array=obj.shift();

cout<<"B oBpaTHOM mnopsanke:\n";
cout<<"| ";
// OrobpaxeHue (B OOpaTHOM MOPAOKE)

// BHaAUEHMI BJIEMEHTOB MaccCHBa M3 OOBEKTa array:
for (int i=size-1;i>=0;i--) {

cout<<array[i]<<" | ";

}

cout<<endl;
return 0;

}

B mporpamme Mbl MCIHOJIb3yeM CTaTHYeCKHe MacCUBbL. UT0OBI Bce OHU ObLIN
O[HOTO pa3Mepa, MbI olpejensieM TriobanbHylo (00bsiBlIeHa BHE TIJIABHOI
(yHKIINH, TO3TOMY IOCTYITHA Be3Jle - U B KJIAcce, U B IJIaBHON (DYHKIIMN) 11eJ10-

YUCJIEHHYIO KOHCTAHTY (co 3HAUEHUEM D).
B knacce OTIFICAHO 3aKPBITOE T10JIe-MACCUB (CTAaTUIYECKHI) C Ha3BaHMEM
pasMmepa (TUT 371IEMEHTOB ). B xyacce ecTh 3aKpBITHINT METO]T

, KOTOPBINI B KaUeCTBe pe3yJbraTa BO3BpAIlaeT 3HAYEHUE TUTIA .
MeTo10M BbIUUCISIETCS cpe/iHee apu(MeTHuecKoe 3HaUeHUe 10 9JIEMEHTaM T10-
Jig-MaccuBa. B Tesre MeToza B JIOKAJTBHYIO TIEpEMEHHYIO S CHavaja 3alichIBaeT-
¢4 (Cc TIOMOITBIO OTIEpPaTopa) CyMMa 3HAYEeHUU 97IeMeHTOB MacCUBa, a 3aTeM I10-
JIydeHHOe 3HaUeHNe JIeJINTCSA Ha KOJIMYECTBO 3JIeMeHTOB B MaccuBe. [loyuennoe
3HAUYEeHNe BO3BPAIAETCSI METO/IOM KaK Pe3yJIbTar.

KoncTpykTop K1acca mprHUMAET OWH aPTYMEHT - YUCIOBON MAacCUB. APTyMEHT
UMeeT 3HAYeHUe 110 YMOTYAHUTIO (mrycTas cepiaka). B Tesre KoHCTpyKTOpa
B YCJIOBHOM OIlepaTope IpoBepseTcs 3HaueHue aprymenTta. Ecian 3HaveHue ap-
ryMeHTa PaBHO (HarpuMep, apryMeHT He yKa3aH), TO KOMaH/I0H
BBITIOJIHEHNE KOHCTPYKTOPa TpeKpaliaercs. B atom ciydae maccuB cO3-
JlaBaeMoro o0beKTa 3aloJIHAThCs He Oyer. Ecim apryMeHTOM KOHCTPYKTOPY
nepesiaH yKasartesb (MM MacCcrBa), TO ¢ TOMOIIIBIO OTlepaTopa IMKJIa 3HAYEHUS
13 MacCUBa, NEPEAHHOTO apTYMEHTOM KOHCTPYKTOPY, KOMMPYIOTCS B MAacCHB,
SIBJISTIOTIUICST TTOJIEM CO3/IaBAEMOTO OOBEKTA.

— Ha 3ameTtky

]

HanomMHuM, 4TO BMECTO BblpaxeHus 015 0603HaYEHNs NYCTON CChINKM paspeLua-
I €TCS MCMOJIb30BaTh HYyNIEBOE 3HAYEHNE (HYIEBOI yKa3aTesnb).
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[Teperpyska omeparopa [ | BBINOJHEHA TakK, YTO MPU WHAECKCUPOBAHUU OOBEK-
Ta KJlacca BBITIOJIHSAETCS 0OpallieHe K COOTBETCTBYIOIIEMY 3JIEMEHTY MaccuBa,
"CHpsITaHHOTO" B 0OBEKTE.

Merton He MMeeT apTyMeHTOB, He BO3BpaIllaeT pe3yJsbTaT, U peiHa3Ha-
deH JIUIsT OTOOpasKeHUsI 3HAUYEHWIT 9JIEMEHTOB MacCUBA-110JIsT 0O BEKTa.

Haxounen, meron M03BOJISIET CO3/IaTh HOBBIII 0OBEKT KJacca
(BO3BpAIaeMBbIil pe3yJIBTATOM METO/Ia). B Tesre MeTo/1a 00bSBISIETCST JIOKATBHBIIT
YHICJI0BOI MacCuB 1 pa3Mepa . B mepemennyio a 3amnmcbiBaeTcsl pe3yabTar
BBI30Ba METOJIA - TakuM 00pa3oM, ITa TepeMeHHast COAEPKUT CPeIree
3HA4YEHME TI0 JIeMEHTaM MacCuBa. 3allyCKaeTcs OIepaTop IMKJA, ¥ B HEM KO-
MaH0i 3HaYCHUE 3JIEMEHTa MaCcCUBa M BBIYUCIAETCA KaK
PasHOCTb 3HAUYEHUS COOTBETCTBYIOIIETO dJIeMEHTa MacCHBa 1 CpesHero
3HadeHud a. [locue sanosmenusa maccuBa m, KOMaHZON Ha
OCHOBE MAaCCHBA CO3/IAETCSI IOKATBHBIN 0OBEKT KJacca , BO3Bpalla-
€MBII MHCTPYKI U KaK pe3yJbraT MeTOJa.

B riaBHO# (YHKIMKM POrpaMMbl OOBABISAETCS U Cpady MHUIMAIU3UPYETCS
YHCJIOBOM MacCUB x pa3Mepa

— Ha sameTk
=) v

Ecnn maccuB nHMumannampyeTcs 0O4HOBPEMEHHO C 0ObSIBNIEHNEM, TO 3HAYEHMS], NpU-

I CBaVBaeMble 351IeMeHTaM MaccuBa, YKasblBalOTCS, pasfesfieHHble 3anaTeiMn, B Gpuryp-
HbIX CKOOKax - Takas KOHCTPYKLMS "npucBamnBaeTca” maccuy. KonmyecTBo aneMeHTOB
B PpUrypHbix ckobkax AO/MKHO COOTBETCTBOBaTbL pa3Mepy maccusa. Ecnu pasmep mac-
CuBa SIBHO He ykasaTb, OH OyaeT onpefesieH aBToMaTU4Yecky No KOMYeCcTBY 3HaYEHNM
B GUrypHbIX CKOOKax.

Ha ocnose maccuBa KOMAaHI01 co3aeTcsl 0ObeKT
Komanmoit oToOpaskaeTcst CoIepKUMoe MaccuBa U3 00beKTa
Komannoit 0TOOPaKAETCS COLAEPKUMOE MACCUBa, KO-
TOPBIN BBIYUCISIETCS W BO3BPAIlaeTCs METOIOM Ha OCHOBE JIPYTOTO
MaCCHBa - TOTO, YTO CIPSITAaH B OOBEKTE . B manHOM cirydyae MBI BOCIIOJIb-
30BAJIUCh TE€M, UTO PE3YJIBTATOM BbIPKEHUS ABIAeTCd 00BEKT
KJIacca , I U3 HETO, CJIeJI0BATEJbHO, TOJIYYUTCS BBI3BATH METO]I

Ho moskHO noctynuTh 1 uHave. Hanpumep, cHauasia KoMaH10i
CO3/1aeTCsl HOBBIN OOBEKT (ApPryMEHT KOHCTPYKTOPY He MepPeIaeTcs, TI0ITOMY
MaccuB B 00beKTe He 3aM0JHEH - HO B IAHHOM CJIydae 9TO He NPUHIMITHAJIBHO),

a 3aTeM KOMaH[I0H JTAHHOMY OOBEKTY TIPUCBAMBAETCS B
KadecTBe 3HAUEHUST Pe3yJIbTaT BI30BA METOA u3 0ObeKTa . Yun-
TBHIBasI HAJIMUHUE TIEPErpy;KeHHOro oneparopa | | st 0ObEKTOB Kiacca

(K HUM OTHOCHUTCSI U OOBEKT ), MOKeM MHIEKCUPOBATh OOBEKT ,

4TO M UCTIOJIB3YETCS B OIlepaTope IUKJIA JIJIst OTOOpaskeHust (B 00paTHOM HOPSI/I-
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Ke) 3HAYEHUIl 2JIEMEHTOB MACCHBA U3 00BEKTA . Pegynbrar BoInmosineHns
BCETo MPOrpaMMHOTr0 Kozia Oy/1eT TaKiM:

Pe3ynbTat BbINONHEHUS NpOrpamMmbl (U3 NMCTUHIA 7.2)

VICXOOHEII MaCCUB:

[ 1.1 | 3.3 | -0.2 | 2.7 | 5.1 |
[locye coBuIra Ha CpenHee:

| -1.3 1 0.9 | -2.6 | 0.3 | 2.7 |
B oOpaTHOM HOpAIKe:

| 2.7 | 0.3 | -2.6 | 0.9 | -1.3 |

37ech MBI B TTOJISIX KJIACCA HE CAYYalHO MCIOIh30BAIN CTATUIECKHIE MACCUBHI:
MBI KIMEJIU JIEJIO ¢ KOITUPOBAaHUEM OOBEKTOB, M B TAKOM CJIyYae CTaTHYECKIEe
Maccussbl "HazexHee". C IuHAMUYECKUMUA MacCUBAMU He BCe TaK O{HO3HAYHO.

7.2. OcoOOEeHHOCTU NCNOoJIb30BaHUS
AVHaAMU4YeCKUX MaCCUBOB B KJlaccax

Kax zosopum naw dopozoti wee, 6 nawem dene
21a8HO€ - IMOM CAMBLU PEANUM.
u3 k/¢ "Bpunauanmosas pyxa”

YT06bI MOHATH CYTh IPOOJEMbI, KOTOPast MOKET BOSHUKHYTH [P MCIOJIb30Ba-
HUM B KJAccax ANHAMUYECKUX MaCCHBOB, PACCMOTPUM HeOOJIbIIOM, HO TIOKa3a-
TeJTBHBINA TPUMeEpP. A UMEHHO, CO3/IaTUM KJIACC C KOHCTPYKTOPOM, IECTPYKTOPOM
U IMHAMWYECKUM MacCUBOM. 3aTeM CO3/IaluM JiBa 0OBbEKTa KJIacca, OUH OOBEKT
TIPUCBOUM B KadecTBe 3HAUEHUS APYTOMY W TIOCMOTPUM, UTO U3 9TOTO TOJTYIHUT-
c4. [IporpaMMHBITi KO IpUBE/IEH B TUCTUHTE 7.3.

Jinctunr 7.3. MpuceanBaHue 00bEKTOB Knacca ¢ AMHAMUYECKUM MaCCUBOM

#include <iostream>

using namespace std;

// Kjacc ¢ OMHaMMUEeCKMM MaCCUBOM:
class MyClass{

public:
int *nums; // YkasaTesb Ha MaCCUB
int size; // Pasmep MaccuBa

// KOHCTPYKTOp:
MyClass (int n) {
// TlpuiCBamMBaHMVeE SHAUYEHMS IIOJI0:
size=n;
// Co3maHye IVMHaAMMUYECKOT'O MAaCCHUBA :
nums=new int[size];
// 3anojiHeHMe MacCHuBa HYJISIMMU:
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for(int i=0;i<size;i++) {
nums [1]=0; // 3BHaueHue 3JIEeMEHTa MaccHuBa
}
}
// IecTpykTop:

~MyClass () {
// Ymamehnue maccuBa:
delete [] nums;

}
// MeTon myisa OTOOpPaXeHMI COOSPXMMOTO MacCCHUBA:
void show () {
for (int i=0;i<size;i++) {
// OTobpaxeHue BHAUEHMA BJIEMEHTa MacCHBa:
cout<<nums [i]<<" ";
}
cout<<endl; // ITlepexonl K HOBOM CTPOKE
}
}i
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// TlepBHI OOBEKT:
MyClass A(5);
// BTOPOIL OOBLEKT:
MyClass B(10);
// 3BHaueHMda BJEMEHTOB MAaCCMBA M3 [NEepPBOTO OOBEKTAa:
A.show () ;
// BHaueHMdA BIJEMEHTOB MAaCCMBA M3 BTOPOTO OOBEKTAa:
B.show () ;
// BToOpoMy OOBEKTYy B KaueCTBE 3HAUEHUS
// mpucBamMBaeTCsa MEPBHM OOBLEKT:
B=A;
// BHaueHMsa 3JIEMEHTOB MaCCHBa M3 BTOPOTO OOBEKTa
// mocjie NpUCBaWBAHUA:
B.show () ;
// V3MeHaeM 3HaueHMe 3JIeMEHTa MacCHBa
// "3 NepBoro OOBLEKTA:
A.nums[2]=123;
// BHaueHMsa BJIEMEHTOB MaCCHBa M3 [NEepPBOTO OOBEKTa
// mocie MU3MEeHEeHMS BHaueHUd 3JIEMEeHTa MaccCuBa
// "3 NepBoro OOBLEKTA:
A.show () ;
// BHaueHMsa 3JIEMEHTOB MAaCCHBa M3 BTOPOTO OOBEKTAa
// Tocie MU3MeHEeHMS BHaueHUd 3JIEMEeHTa MaccCuBa
// "3 NepBoro OOBLEKTA:
B.show () ;
return 0;
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PeByJIbTaT BBIITOJIHEHUA ITPOTPAaMMbI TaKOM:

PesynbTar BLINOIHEHMS NPOrpaMmbl (M3 IMCTUHTa 7.3)

000O0O
0000O0O0OO0COOO
000O0O

00123 00
00123 0 O

B riiaBHOit (hyHKIMK TIPOrPaMMBbI CO3JAIOTCA [Ba 0OBEKTA 2 U 1, COOTBETCTBEH-
HO ¢ MacCUBaM¥ M3 5 ¥ | 0 3JIeMeHTOB. B KOHCTPYKTOpe 3HAYEHUSIM BCeEX dJIe-
MEHTOB [IPUCBAMBAIOTCS HYyJI€Bble 3HaYeHust. 13 00beKTOB 2 1 B BBI3bIBAETCS
MeTOJ . B pesyubrare nossiisiercst aBa psga HyJell - B OJHOM IISITh, B
JIPYTOM JIeCSATh. 3aTeM KOMaHIOi BTOPOMY OOBEKTY B KaueCTBe 3HAYCHIISI
[pUCBanBaeTcst mepBbiit 00bekT. KoManmoi IPOBEpPSIEM, YTO OOBEKT

JEHCTBUTEIbHO U3MEHUIICS (Terepb BMECTO JIECATH HyJeil 0ToOpaskaeTcst
ST ). 3aTeM Mbl U3MEHsIeM 3HaueHKe OJHOTO U3 9JIEMEHTOB MacCHBa U3 00b-
eKTa 7: KOMaHI01 HJIEMEHTY C WHIEKCOM ” MPUCBAUBAETCS
3HaueHHue

Ecnu teneps mpoBepuTh comepKUMOE MacCUBa oObeKTa 7, TO TOJYYUM
BIIOJTHE OKUJIAEMBIN PE3yJIbTaT: COOTBETCTBYIONIUI 2JIEMEHT MacCHBAa N3MEHLT
cBoe 3Hauenue. Ho BOT pe3yJibTaT BBIMOJHEHUS KOMAaHJIbI MOJKET
CTaTh CIOPIIPU30M: 3JIEMEHT MacCHBa C MH/IEKCOM 2 JTAHHOTO 00heKTa
TaKkKe M3MEHHUJ CBOe 3HAUeHHe C HyJIeBOTO Ha . To ecTb, u3meHsist 3HaUeHUE
3JIeMeHTa KOMaH/0M MBI TEM CaMbIM M3MEHWUJIU W IJIEMEHT
MaccuBa B 00beKTe B. A ecyii ObITh COBCEM TOYHBIM, TO B 000HX CIyYasix pedb
uzieT 00 OJTHOM U TOM K€ DJIEMEHTE U, COOTBETCTBEHHO, OJTHOM U TOM K€ MaCCHBE.
YroObl TOHATH MPUYUHY TPOUCXOISIIETO, HEOOXOAUMO YUECTh "TEXHOJIOTHIO"
orepaiiu mprucBanBanust 00beKTOB. EC/i KOPOTKO, TO BBIMOJIHSIETCS TOOMTOBOE
KOIMPOBaHUE 3HAYEHUH 110J1eit 00bEKTOB.

Jlnst ynobera GyeM aymarh, 4TO pedb uaeT 06 06beKTax OfHOro Kaacca (Ha-
IIOMHMM, 4TO €Ille MOKeT ObITh BapUAHT, KOT/a O0BEKTHOMN MepeMeHHoi 6a30B0-
o KJIacca IMPUCBAUBAeTCst 0OBEKT MPOU3BOAHOTO KJIACCa, HO CYTh JIeJIa OT 9TOTO
MaJsio MeHsiercs ). Ecim 06beKThl OTHOCATCS K OJHOMY KJIAcCy, TO Y HUX OJuHA-
KOBbIiT HaGop moieid. [Ipu mprcBanBaHiy 0OHEKTOB BBITIOIHSAETCS KOTIUPOBAHIE
3HaYeHHH ToJIell: 3HaYeHus 1oJIell 0O0beKTa clipaBa OT OllepaTopa IPUCBauBaHUs
[PUCBAMBAIOTCS MOJISIM 00BEKTa CJIeBa OT OIEPATOPa IPUCBAMBAHUSL.
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Temepb IOCMOTPUM, YTO IIPOUCXOAMT IIPU BHIIIOJTHEHUU KOMAHIbI Ilpu BbI-
[OJTHEHUY KOMaH/Ibl 3HAUeHMs [10Jieil 00beKTa 2 IPUCBAMBAIOTCS COOTBETCTBY-
IOIUM TIOJISIM 00beKTa B. Y 0ObEeKTOB 2 U B JIBa MOJI4; YUCIOBOE T10JIe u
oJIe-yKas3areJib . ITocJie BBITIOMIHEHNA KOMaH/IBI 3HaYeHUe MO
OBEKTA B Takoe e, KaK 3HaueHUe I10JIS 00beKTa 2. AHAJIOTUYHO, 3HAYe-
HUe Mo o6beKTa B COBIIaflaeT cO 3HAUeHUEM ITOJI obpekra 2. C
IoJIeM BCE JIOCTATOYHO MPOCTO - ITO YHUCTOBOE MOJIE, TIOITOMY ITPOUCXO-
JIMT IpUCBarBaHue YUCa0BOro 3Havenus. C mojeM TOe BCe IPOCTO, HO
TOJIBKO JIaHHOE T10JIE - YKA3aTeJb, [IOCEMY PedYb WET O MPUCBAaUBAHUK aJPECOB.
Azpec B 11o1e oObekTa B OyIer TaKiM ke, KaK 1 aipec TOJIst 06b-
€KTa 2, U 9TO aJ[PeC IIEePBOIo 3JIEMEHTa JUHAMUYIECKOI0 MACCUBA, CTEHEPUPOBAH-
HOTO Ipu co3annu oobekra 2. OTCIoa U MoAydaeTcs, YT0 OObEKTbl A U B CO-
JIepsKaT CChLIKY Ha OJMH M TOT K€ MACCHUB.

Co cTaTHYeCKMMU MacCHBaMH, HaJl0 OTMETUTh, TAKUX MPOOJIEM He BO3HUKAET.
He6obuioii npuMep npuBe/eH B aucture 7.4. IIpeacraBieHHbIN KO IIOX0K Ha
TIPEebITY TN, HO TOJBKO TeTephb B KJIacce UCIOTb3yeTCs CTATUYECKUH MaCCHB.

Jiuctunr 7.4. NMpuceaneBanne 06bEKTOB K/1acCca CO CTAaTUMECKMM MacCUBOM

#include <iostream>
using namespace std;
// PasMep Maccuba:
const int size=5;
// Kjacc coCcTaTuUeCKMM MaCCUBOM:
class MyClass{
public:
int nums[size]; // Iome-maccus
// KOHCTPYKTOP:
MyClass () {
// 3anojiHeHMe MaccCHuBa HYJISAMU :
for(int i=0;i<size;i++) {
nums [1]=0; // 3BHaueHue 3JIEeMEHTa MaccHuBa
}
}
// MeTon mia oTOOpaxeHUs CONEPXMMOTO MaCCUBA:
void show () {
for (int i=0;i<size;i++) {
// OToOpaxeHMe BHAUEHUS DJIEMEHTAa MaCCHUBa:
cout<<nums[i]<<" ";
}

cout<<endl; // Ilepexon K HOBOM CTpPOKE
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// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// TlepBHI OOBEKT:
MyClass A;
// BTOPOMOOBBEKT :
MyClass B;
// BHaUYeHUS BJIEMEHTOB MacCCHBa U3 [EPBOTO OOBEKTa:
A.show () ;
// 3BHaueHMda BJEMEHTOB MAaCCMBA M3 BTOPOTO OOBEKTAa:
B.show () ;
// BToOpoMy OOBEKTYy B KaueCTBE 3HAUEHUS
// mpucBamMBaeTCHa MEPBHM OOBEKT:
B=A;
// U3MeHsAeM S3HaueHMre 3JIeMeHTa MacCHuBa
// "3 nepBOoro oOBEeKTa:
A.nums[2]=123;
// BHaueHMsa BJEMEHTOB MacCMBa M3 NEepPBOTO OOBEKTa
// Tmocjye u3MeHeHMS 3HadyeHUSa 3BJIeMeHTa MacCubBa
// "3 nepBOoro oOBEeKTa:
A.show () ;
// BHaueHMsd BJEMEHTOB MacCMBa M3 BTOPOTO OOBEKTa
// Tmocjye u3MeHeHMS 3HadyeHUSa 3BJIeMeHTa MacCubBa
// "3 1nepBOro oOBEeKTa:
B.show () ;
return 0;

B PE3yJbTaTe BbIITOJTHEHUA IIPOIPAMMHOTIO KO/l ITIOJIYUYUM CJIEAYIOIIEE:

Pe3ynbTat BbINONHEHUS NporpamMmmbl (U3 nUCTUHra 7.4)
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Buaum, naMenenne 3Ha4eHN dJIeMEHTa MaCCUBa NUMs U3 00bEeKTa AHA MACCH-
Be 13 00beKTa BHUKAK He CKasbiBaeTcs. [IprurHa B TOM, Tellepb MACCHB NUMS
SIBJISIETCS. CTATUYECKUM: IIPU CO3JAHNN OOBEKTa KJIACCA IO/ 9JIEMEHTHI TAKOTO
MaccuBa aBTOMAaTUYECKH BbIIE/ISETCS aMsTh, a IIPU IPUCBAUBAHUN OOBEKTOB
BBIIIOJIHAETCS TOOUTOBOE KOIMPOBAHNE 3HAYEHHUI 3JIEMEHTOB MACCUBA NUMSHU3
OJIHOTO OOBEKTA B JIPYTOIi.
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7.3. MNeperpys3ka onepartopa npuceanBaHus

He nado mens wadumo: nycmv camoe cmpau-
Hoe, 1o npasoa.
u3 k/¢ "bBpunnuanmosas pyxa”

Ho Bepaemcs Kk JuHaMuuecKuM MaccuBaM. Pazymeercs, ecTb pelenT, T03BOJIs-
IOIUI pa3yMHBIMU CPEICTBAMU PEIIUTH TIPOOJIEMY KOupoBaHust 06beKToB. Co-
CTOUT OH B TOM, 4TOOBI IIEPErPY3UTh OIIEPaTOp MPUCBANBAHNSL.

—
] Ha 3ameTtky
Onepartop npuceavBaHus = MOXET neperpyxarbcsi. OnepaHgamy 3Toro GMHapHOro
_I oriepaTopa sIBfsitoTCs nepemMeHHble (00bEKThI), ykadaHHbIe Cripasa 1 C/iesa oT orneparo-
pa npuceavBaHus. [lpyrvmu croBamu B BbipaxeHun Buaa oriepaHaamMm siBNsSIOTCS
"

Y106bl Neperpy3nTb orepaTop NpuceBavBaHus, B Knacce onncbiBaemM ornepaTopHbIin Me-
TO[A, 3 Ha3BaHVEM . Mop nepBbIM onepaHaoM 3aech noapasymeBaeTcs 06b-
€KT cneBa OT onepaTopa NpucBavBaHus (To eCTb TOT 0OBEKT, KOTOPOMY NpYCBanNBaETCs
3HayveHne). COOTBETCTBEHHO, BTOPOI OnepaHz, OnvcbiBaeTCs kak apryMeHT ornepartop-
Horo metoga. [oaToMy NpY BLIYUCIEHUN BblpaXKEHMUS 13 obbekTa B BbI3bIBAET-
Csl onepaTopHbIi MeToA, c aprymeHTom 2. Mockonbky B C++ onepatop
npucBanBaHuns BO3BPaLLLAET 3HAYEHNE, TO ONepaTop NPUCBaNBaHUS NeperpyxaioT Tak,
4TOObI 3HAYEHNE BO3BPALLANoCh (06bIYHO 3HaYEHKE, BO3BpAaLLAEMOE OrnepaTopom npu-
cBavBaHus - 0ObEKT cnieBa OT onepaTtopa). 3To NO3BONSET UCMOSIb30BaTb KOHCTPYKLMMN
BMaa onepaHaamu B 6051ee CNoXHbIX BbIPaXKEHMSIX.

[ITprMep MpOTpaMMHOTO KOJIA C KJIACCOM, COJIEPKAIUM IMHAMUYECKIIT MacCHB
(moJte-yKkaszaTeJib CChIJIAETCST Ha IMHAMUYECKUN MACCUB) C TIEPETPYKEHHBIM
OTepaTOPOM TIPUCBANBAHUS TIPE/ICTABIIEH B JINCTUHTE 7.3.

Jiuctudr 7.5. Knacc ¢ gunammyeckum MacCUBOM M neperpyxeHHbIM OnepaTopom
npucBavMBaHus

#include <iostream>
using namespace std;
// Kmacc ¢ OMHAMUUECKUM MaCCHUBOM:
class MyClass{
public:
int *nums; // YkasaTeJb Ha MaccCus
int size; // PasMep MaccuBa
// KOHCTPYKTOp:
MyClass (int n) {
// TlpuCBamMBaHMeEe SHAUEHMI I[IOJI0Size:
size=n;
// CospmaHMe IMHAMMUYECKOI'O MaCCHUBA:
nums=new int[size];
// 3BanojiHeHue MacCuBa HYJIAMU:
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for(int i=0;i<size;i++) {
nums [1]=0; // 3BHaueHue 3JIEeMEHTa MaccHuBa
}
}
// IecTpykTop:

~MyClass () {
// Ymamehnue maccuBa:
delete [] nums;

}
// MeTon myisa OTOOpPaXeHMI COOSPXMMOTO MacCCHUBA:
void show () {
for (int i=0;i<size;i++) {
// OTobpaxeHue BHAUEHMA BJIEMEHTa MacCHBa:
cout<<nums[i]<<" ";
}

cout<<endl; // ITlepexon K HOBOU CTPOKE

// Tleperpy3KaonepaTopalpucBanBaHNA .
//Pe3ysbTaToM MeTOoma SABJIAETCS CChUJIKA Ha OOBEKT.
// APTYMEHT TakKxe [epemaeTcsd IO CCHUJIKE:
MyClass &operator=(MyClass &obj) {
// YoajeHreCcTapOoTroMacCHuBa :
delete [] this->nums;
// HoBoe 3HaueHue mnojisg size:
this->size=obj.size;
// Cos3maeTcs HOBBIA MAaCCUB:
this->nums=new int[this->size];
// KomupoBaHMe 3JIEMEHTOB MaCCUBA:
for (int i=0;i<this->size;i++) {
// 3BHaueHua noJsiell obbeKTa CJjeBa OT OlIepaTopa
// npucBamMBaHMA Takue Xe, Kak U y oObeKTa
// crmpaBa OT omepaTopa IPUCBAMBAHNA:
this->nums[i]=obj.nums[i];
}
// Pe3yJbTaT ONepaToOpHOTO METONa:
return *this;
}
}i
// TnaBHasg OQYHKUMS OPOTPAMME:
int main () {
// TepBHIOOBEKT :
MyClass A(5);
// BTOPOMOOBBEKT :
MyClass B(10);
// BHaUYeHUS BJIEMEHTOB MaCCHBAa U3 [NEPBOTO OOBEKTa:
A.show () ;
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// BHaueHMs B3JIEMEHTOB MacCMBa M3 BTOPOTO OOBEKTA:
B.show () ;

// BToOpoMy OOBEKTYy B KaueCTBE 3HAUEHUS

// mpucBamMBaeTCHa MEPBHM OOBEKT:

B=A;

// BHaueHMsa 3BJIEMEHTOB MaCCHBa M3 BTOPOTO OOBEKTa
// mocjie NpUCBauBAaHUA:

B.show () ;

// V3MeHaeM 3HaueHMe 3JIeMEHTa MacCHBa

// "3 NepBoro OOBLEKTA:

A.nums [2]=123;

// BHaueHMsa 3JIEMEHTOB MaCCHBa M3 [NEepPBOTO OOBEKTa
// mocie MU3MEeHEeHMS BHaueHUd 3JIEMEeHTa MaccCuBa

// "3 NepBoro OOBLEKTA:

A.show () ;

// BHaueHMsa 3BJIEMEHTOB MaCCHBa M3 BTOPOTO OOBEKTa
// Tocje M3MeHEeHMS 3HaueHUsd 3JIEMEeHTa MaccCuBa

// "3 NepBoro OOBLEKTA:

B.show () ;

return 0;

PeByJIbTaT BBIITOJIHEHUA ITPOTPAaMMbI 6y11eT TaKHUM:

Pe3ynbTat BbINONHEHUS NporpamMmbl (M3 nUCTUHra 7.5)
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31ech MBI (hakTHUecKy [0OaBUIN B TIPOTPaMMHBIN KOJ[ Kilacca MyClass OIH-
CaHme OIlepaTopHOro MeTozia operator= (). aa yI[O6CTBa IIpUBeAEM OT/EIb-
HO COOTBETCTBYIONIUI TPOTPAMMHBIH KO (KOMMEHTAPHUH YAAJIEHBI ):

MyClass &operator=(MyClass &obj) {
delete [] this->nums;
this->size=obj.size;
this->nums=new int[this->size];
for(int i=0;i<this->size;i++) {
this->nums[i]=obj.nums[i];

return *this;
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BuauM, 4To y METO[A OJMH apryMeHT, ¥ OH MePeIaeTcs 0 CChIKe (IIpe nme-
HEM apryMeHTa yKaszaH CUMBOI & ). MeTo/| BO3BpalllaeT pesyJIsraT, h 9TOT pe-
3yJIBTAT - OOBEKT KJracca . Bosiee toro, B mpoToTHIie Iepes Ha3BaHKEM
OIIEPaTOPHOTO METO/A €CTh CUMBOJI &. [[0aTOMY METO/I HE MPOCTO BO3BpAIIaeT
00BEKT, a cChUIKY Ha 00beKT. Kakoil 3T0 00bEKT, MOHATh HECT0KHO, B3IJISTHYB
Ha -MHCTPYKIMIO B Tesie MeToga. COOTBETCTBYIONAast KOMaH/Ia UMEeT
BUJI . Kitouesoe ciioBo , KaK MbI 3HAeM, SIBJISIETCS yKa3a-
TeJieM Ha 0OBEKT, U3 KOTOPOro BbI3biBaeTcst MeTol. Ecim mepes ykasaresiem pas-
MECTHUTD *, TIOJIyYMM 3HAUEHME, 3aIlFCAaHHOE TI0 aJipecy U3 yKasaTtess. B jaHHOM
caydae o3HayaeT 0OBEKT, U3 KOTOPOTO BBI3BIBAETCST OTIEPATOPHbII Me-
toz. To ecTh eciu MbI TOBOPUM O KOMaH/E BH/IA , TO METO/I
BBI3BIBACTCST U3 00BEKTA B, aprYMEHTOM METO/Y TiepeaeTcst (1o CChLIKE) 0OBEKT
, & PE3YJIBTaTOM BBIPAKEHUS Oyzer 06beKT B (He Komusi 00beKTa, a UMEH-
HO caM 00BeKT).

[ToHsATh, TIOUEMY apryMEHT OIEpPaTOPHOMY METO/Y IepelaeTcs 110 CCBUIKE U
HOYeMYy pe3yJIBTaTOM ONEePAaTOPHOTO MeTO/a JO/DKHA BO3BPAIIATHCS CCBIIKA Ha
00BEKT, Ha MEPBBIN B3IV He TaK YK U MPOCTO. XOTsI UMEHHO 3/1eCh KPOETCSI
KJII0Y K TOHUMAHUIO "MeXaHUKK" PaboThI C 00BEKTAMU - BO BCSIKOM CJIyYae, B TOI
YACTH, YTO KACAETCSI TIPHCBAMBAHIS, KOTUPOBAHIS, CO3/IAHUS U YAaTeHIs 00b-
€KTOB, & TAK)Ke FCIIOJIB30BAHIS METOJIOB COBMECTHO € OOBEKTAMIL.

UTtak, ecam KOPOTKO, TO MBI MBITAEMCsT N30€KaTh CUTYAINH, KOT/A CO3/IAETCS
Korust 00bekTa. YTOObI MOMHSATH, OUEMY JTO IJI0XO0, CHAYAJA TIPOAHATM3UPYEM
CUTyanuio ¢ aprymMeHToM MeToza. [Ipeamnomoxmm, 94To apryMenT onepaTtopHoMy
MeTOJLy TIepe/laeTcs 10 3HaYeHnio. B 1annoM cirydae 7ist 00beKTa, mepeanioro
ApTYMEHTOM METOJY, co3aercst Kommst. Komnst cosmaercst moOMTOBBIM KOTIMPO-
BaHUEM COJIEPKIMOTO UCXOHOTO 00BEKTA B 00BEKT-KOITHIO: TPYOO TOBOPSI, TTPO-
ucxoaut obsraHoe ay6aposanue. Ho mpobieMa B TOM, 4TO MbI HCIOJIb3YeM B
00BeKTaX IUHAMIYECKUE MACCHUBBI, CBSI3AMHbIE ¢ 0OBEKTOM TOJIBKO MOJIEM-yKa-
3aTeseM.

[Ipu cosmanmu KoK 06bEKTa 3HAUCHHUE TI0JIsT KOITMPYETCSI, @ HOBbBIIT MACCUB He
cosmaercst. [ToaTomMy ¥ 00bEKT-OPUTHHAT, 1 OOBEKT-KOIHUST CCHLIAIOTCS HA OJ[MH
U TOT ke MaccuB. HermocpeacTBeHHO 3/1eCh OOBINON MPOOIEMbI HIIH OMACHOCTH
Het. [Tpo6GieMa BO3HUKAET, KOT/[a ONEPAaTOPHBINA METOJI 3aBepiraeT paboTy 1 BCe
JIOKQJILHBI TIepeMEHHBIE, B TOM YHCJIE U KOTHs 00beKTa-apryMenTa, yIaIsioTCs
u3 mamsATu. 1 BOT Korfa 06beKT-KOTHsl YIAISETCsT U3 MaMSITH, TO BBI3bIBAETCSI
JIeCTPYKTOP. A B IECTPYKTOpPE €CTh KOMaH/a yAajJeHNs MacCHuBa, HA KOTOPBINA
CChLTaeTcs moje-ykasaresb. Bompoc: Kakoit MacCuB yaamsieTcs MpU yAaJeHun
obbexTa-koruu? [IpaBUIbHO - MACCUB, Ha KOTOPBIN CCBITAETCS OOBEKT, mepe-
NMAHHBINI apTYMEHTOM ollepaTopHOMY MeTony. IIpuunHa B ToM, 4TO T0Jie-yKas3a-
TeJb B 0OBEKTE-KOMUHU COAEPIKUT TOT JKe a[PEC, YTO U T0JIe-yKa3aTeab B 00bEK-
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Te-aprymenTe. A 1o yske karactpoda. Hudero mogo6HOTO He TPOUCXOIUT, €CITH
apTyMeHT OIlepaTOPHOMY METOJY TIEPEIaeTCs YePE3 CCHLIKY.

[ToxpITOXRKMBaS, MOXKEM KOHCTATUPOBATDH, UYTO OMACHOCTH CO3IAHWS KOTIUU CBSI-
3aHa C TeM, YTO MPH YyAAJIEHNN KOMUU BbI3bIBaeTcs aecTpykTop. [loxoxkas cu-
Tyamusi U ¢ pe3yJsTaToM MeToza. HanoMuum, 4To pe3yJsibTaTtoM onepaTopHOTO
MEeTO/Ia BO3BPAIAETCS CCHITKA Ha OOBEKT, KOTOPOMY TIPUCBANBAETCST 3HAUECHUE.
YT00bl TOHATH BaKHOCTH JAHHOTO OOCTOSATENBCTBA, TOCTYIINM,aHAJIOTUYHO K
CJTy4Yaio MCCAETOBAHMS PO apTyMeHTa": TPEATION0KIM, YTO BO3BpAIaeTCs He
CCBIJIKA Ha 00BEKT, a "IIpocTo” 00beKT. M TyT eCTh BayKHbBIN UIE0JTOTHYECKUHA MO-
MEHT: HeOOXOIMMO YeTKO TTOHUMATh, KaK METO/ BO3BPAIIAET PE3YJIHTaT.

Hemmmaum GyeT oCBEKUTh B TAMATH OCHOBHBIE MOMEHTBI. VITakK, Mbl TOBOPUM
0 MEeTO/Ie, BO3BPAIIAIONIEM HEKOTOPBIH 00beKT (HO He cChIIKY Ha 00bekT). ITo-
CKOJIbKY METOJI BO3BPAIaeT Pe3yJabTaT, TO IO HETO BBIIESETCS MECTO B MaMs-
th. [Ipu BBITIOJSHEHUN WHCTPYKITUU C YKa3aHNeM BO3BPAlllaeMOTo B
KavyecTBe pesyJibraTa 00beKTa, "Bo3BpallaeMblil” 0ObEKT KOMUPYETCs B 00J1aCTh
MaMsTH, 32Pe3ePBUPOBAHHYIO 1O/ Pe3yIbTat. 1o ecTh (haKTUUECKU TSt PE3yih-
TaTa METO/Ia CO3/IAeTCA TeXHWYeCKask KOMUs. 371eCh eCTh HEKOTOPask aHaJoTHs C
nepeayeil apryMenTa 1o 3HadeHuio. JlampHelime coObITHs TaKKe Pa3Bopaydn-
BAIOTCA 110 aHAJIOTUU C "UCTOPUEUTIPO apTyMeHT".

Komust o6bekTa-pesyibrata yaausieTcsi U3 naMsiTH, Kak TOJbKO B Hell ncuesaer
HEOOXOMMOCTh. A HEOOXOAMMOCTHHCYE3aeT CPa3y MOCJe UCIOJIb30BaHMs Pe-
3yJibrata MeTojia B mporpamme (1o (hakTy IpH 3aBepiieHnn paboTel MeToza). B
JTAHHOM KOHKPETHOM IIpUMepe KOTust 00beKTa-pe3yJIbTaTa COAEPKUT ToJIe-yKa-
3aTesib TaKoe e, Kak U 0OBEKT, 3 KOTOPOTO BBI3BIBAETCS OMEPATOPHBIN METOI.
[Tpu ypaneHuun Komuu 0ObeKTa-pe3ybraTa Bbi3biBaeTcst 1ecTpykTop.OH yaaus-
€T IMHAMUYECKUI MacCHB, Ha KOTOPBIM Yepe3 cBoe MoJIe-yKa3aTesb CChLIAeTCs
HCXOMHBII 00beKT (00BEKT, KOTOPOMY TIPHUCBANBAETCST 3HAUEHKE U 13 KOTOPOTO
BBI3BIBAETCS OTIEPATOPHBIN MeTox). Ecam ke omepaTOpHBII MeTO BO3BpaIaeT
CCBIIKY Ha 00BEKT, TO KOIUS Uit 00beKTa-pe3yJibraTta He CO3[aeTCsl: Pe3yIbraT
BO3BpallaeTcs "HapsAMYyIo”, Tak cKas3aTh, "6e3 MOCPEIHUKOB".

-j Ha sameTky

HecnoxHo 3aMeTuTb, 4TO "BCE HEMPUATHOCTUN" B JAHHOM NMPUMeEpPEe CBSI3aHbl C OEeCTPYK-

_I TOpPOM Knacca . Ecnv yopanute n3 nporpaMmmHoro koga 4ecTtpykTop, TO MOXHO
Takxke yoanute o6a cMMBOSA & B OMWCAHMM ONEPATOPHOrO MeToAa (kak
CNeACTBME apPryMeHT nepenaeTcs N0 3HAYEHMIO, @ pe3ynbTaTtoM OyaeT 0ObekT, a He
ccbinka Ha 06bekT). MNpaeaa, Toraa Npu yaaneHnn 06beKTOB U3 NaMATV AUHAMUYECKME
MacCCVBbl HEe yoansioTCs.

HpO&HaJII/ISI/IpOBaB CUTYyallNIO, JIETKO 3aMETUTD, YTO KPUTUIECKNUM MOMEHTOM B
OIIMCaHHbIX BbIIIE CXEMaX ABJIAECTCA CO3/JaHle KOIITNI O6’I)€KT3.. MBI MOkeM cy-
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IECTBEHHO 00JIETYUTD cebe 3a/1auy, eI H3MEHUM UCIIOJIb3yEMBbIil 10 yMOJT4a-
HUIO CIT0CO0 KOMMPOBaHMsI 0GBEKTOB (MMEETCS B BULY CO3/[aHIe KO 00beK-
Ta Ha OCHOBE YK€ CYIIECTBYIOMNETro 00beKkTa). [[Jist 3TOr0 B KIacce He0OOXOANMO
OITNCATD KOHCMPYKMOP CO30ANUSL KONUU.

7.4. KOHCTPYKTOpP CO34aHUSA KONMUM

B amom ecmv usgecmmnoe u3siuyecmeo.
u3 k/¢ "lloxposcrue eopoma”

KoHCTPYKTOp cO3/1aHMsi KOIIMK - 9TO KOHCTPYKTOP [IJIsl CO3MaHUsT HOBOTO 00b-
eKTa Ha OCHOBE Y’Ke CYIIECTBYIONEro 00beKTa. Y TaKOro KOHCTPYKTOPA OJMH
apryMeHT, SIBJISTIOIINICS 0OBEKTOM TOTO K€ KJIACCa, LISl KOTOPOTO OIMChIBAETCST
KOHCTPYKTOP CO3aHMS KOTINH.

-' Ha 3ameTky
Ecnu B knacce KOHCTPYKTOP CO3AaHUSi KOMWUK HE ONMncaH, To Konus o6bekTa co3aaeTcst
I nobuToBbIM kKonNMpoBaHuem. Ecnn B knacce onmcaH KOHCTPYKTOP CO3[aHWUs KOMuu, To
Kaxaplil pas, koraa siBHO UM HESIBHO CO3AaeTcst Konusi 06bekTa, Bbl3blBAETCS AaHHbIN
KOHCTPYKTOP.

Paccmotpum BapmaHT peltieHus MpeabIIyIei 3a1aui, KOTa B KJacce
OTIMCAH KOHCTPYKTOP CO3/IaHUS KONTUU (KOMMEHTAPUU yIaJI€HBI ):

MyClass (MyClass &ob7j) {
size=obj.size;
nums=new int[size];
for(int i=0;i<size;i++) {
nums [1]=0obj.nums[1i];

ApryMeHToM KOHCTPYKTOpa YKa3aH 06beKT objKaacca MyClass, IpuieM ap-
TYMEHT TTepelaeTcs 10 CChlyKe (Tlepesi Ha3BaHWeM apTyMeHTa yka3aH & ).Kon-
CTPYKTOP CO3MAHUST KOIIMU 6¢€20d OTIMCHIBAETCSI C APTYMEHTOM, TIEPEIaBAEMbIM
110 CCBLIIKE.

Moppo6HoCcTU

Ecnun 3a6biTb MHCTPYKUMIO & Nepes, apryMeHTOM KOHCTPYKTOpa, TO MPU MorbITKe COo3-
[aTtb konuio o6bekTa 419 aprymMeHTa, nepeaaHHoro KOHCTPYKTopy, GyaeT co3aasaTbes
konus. [1ns co3faHus Konvm Bol3blIBAETCS KOHCTPYKTOP CO3AaHMs KOMuW, a apryMeHToOM
KOHCTPYKTOPY NepefaeTcs Konus Ans konun o6bekTa. Ytobbl co3aate "KOnuo Ais Ko-
nMn" CHOBA BbI3bIBAETCH KOHCTPYKTOP CO34aHMs KOMWK, U Tak 40 6eckoHedHoCTu. Mo-
3TOMY apryMeHT KOHCTPYKTOPY CO34aHuUs KONuu NepeiaeTcst no CCbike.
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B Tesie KOHCTPYKTOpA CO3MaHMs KOMUU Ha OCHOBE 00beKTa-apryMeHTa OTpeie-
JieTcs pa3Mep AMHAMUYECKOTO MAaCCUBA, CO3/Ia€TCsl HOBBIT IMHAMUYECKUI Mac-
cuB (U151 co3IaBaeMoro oObeKTa), U 3HAUYCHUsI 9JIEMEHTOB CO3/IaHHOTO MacCHBa
3aIOJIHSIOTCST Ha OCHOBE 3HAYEHUIT 9JIEMEHTOB MacCHBa 0OBEKTa, TIEPETAHHOTO
apryMeHTOM KOHCTPYKTODY.

Bech mporpaMmubIil Kozt ipecTaBier B uctunre 7.6. Ctout o6patuTh BHUMA-
HUE, YTO TeTeph MPHU OTMMCAHNH OTIEPATOPHOTO METO/IA JIJIsl OTiepaTopa MpucBa-
MBaHKS HET HEOOXOAUMOCTH IepeaBaTh apryMeHT 110 CChIJIKE U BO3BpallaTh B
KauyecTBe pe3yJibTaTa CChLIKY Ha 0OBEKT (M MbI OTU MEXaHM3MbI TENEPb HE HC-
TTOJTb3YEM).

-' Ha 3ameTky
B onepatopHom MeToAe B NpeablayLlem NpuyMepe Ha noss 06bekTa, N3 KOTOPOro Bbl-
I 3blBAETCS METOA, MCMNONb30BaIUCh MOJHbIE CCbINKN Yepes ykasaTenb ! Hanpumep
nm . 3A4ecb Mbl OT NOA0OHON NPaKTUKN OTKa3anChb

Jluctunr 7.6. KoHCTpyKTOp CO3paHUs KONUK

#include <iostream>
using namespace std;
// Kiacc ¢ OMHaAMUUECKUM MACCHUBOM:
class MyClass{
public:
int *nums; // YkasaTenb Ha MacCUB
int size; // Pasmep MaccuBa
// KOHCTPYKTOp:
MyClass (int n) {
// TlpuCBamMBaHME SBHAUYEHMS IOJI0 Size:
size=n;
// Co3maHye IVMHAMMUYECKOT'O MAaCCHUBa:
nums=new int[size];
// 3anojiHeHMe MacCHBa HYJISIMU:
for(int i=0;i<size;i++) {
nums [1]=0; // 3BHaueHue 3JIEeMEHTa MaccHuBa
}
}
// KOHCTPYKTOp CO3IaHMUS KOIIMMU.
// APTYMEHT MepelaeTCs [0 CCBUIKE:
MyClass (MyClass &obj) {
// TlpuCBamMBaHMeE SBHAUYEHMS [OJI0 Size:
size=obj.size;
// Co3maHMe IVMHAMMUYECKOT'O MAaCCHUBa:
nums=new int[size];
// 3BanoJjilHeHMEeMaCCHUBa :
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for(int i=0;i<size;i++) {
nums [i]=obj.nums[i]; // 3HaueHMre B3JEeMeHTa MaCCUBa
}
}
// IecTpykTop:

~MyClass () {
// Ymamehnue maccuBa:
delete [] nums;

}
// MeTon myisa OTOOpPaXeHMI COOSPXMMOTO MacCCHUBA:
void show () {
for (int i=0;i<size;i++) {
// OTobpaxeHue BHAUEHMA BJIEMEHTa MacCHBa:
cout<<nums[i]<<" ";
}
cout<<endl; // ITlepexon K HOBOU CTPOKE
}
// Tleperpys3ka onepaTopa NPMCBaMBAHMUA:
MyClass operator=(MyClass obj) {
// YmnajeHre CTaporo MacCUBAa:
delete [] nums;
// HoBoe 3HaueHme mnojisa size:
size=obj.size;
// Cos3maeTcs HOBBIA MACCUB:
nums=new int[size];
// KomupoBaHMe 3JIEMEHTOB MAaCCUBA:
for(int i=0;i<size;i++) {
// 3BHaueHMa noJsiell obbeKTa CJjeBa OT OlIepaTopa
// npucBamMBaHMA Takue Xe, Kak U y oObeKTa
// crmpaBa OT omepaTopa IPUCBAMBAHNA:
nums [1]=o0bj.nums[i];
}
// Pe3yJbTaT ONepaToOpHOTO METONa:
return *this;

b

// TnaBHasg OQYHKUMS OPOTPAMME:

int main () {
// TlepBHI OOBEKT:

MyClass A(5);
// BTOPO OOBLEKT:

MyClass B(10);

// BHaUYeHUS BJIEMEHTOB MaCCHBa U3 [EPBOTO OOBEKTa:
A.show () ;
// 3BHaueHMda BJEMEHTOB MAaCCMBA M3 BTOPOTO OOBEKTAa:
B.show () ;
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// BToOpoMy OOBEKTYy B KaueCTBE 3HAUEHUS

// mpucBamMBaeTCsa MEPBHM OOBLEKT:

B=A;

// BHaueHMsa 3JIEMEHTOB MaCCHBa M3 BTOPOTO OOBEKTa
// mocjie NpUCBaWBAHUA:

B.show () ;

// V3MeHaeM 3HaueHMe 3JIEeMEHTa MacCHuBa

// "3 NepBoro OOBLEKTA:

A.nums [2]=123;

// BHaueHMsa BJIEMEHTOB MaCCHBa M3 [NEepPBOTO OOBEKTa
// Tocie M3MeHEeHMS 3HaueHUsd 3JIEMEeHTa MaccCuBa

// "3 NepBOoro OOBLEKTA:

A.show () ;

// BHaueHMsa 3JIEMEHTOB MAaCCHBa M3 BTOPOTO OOBEKTAa
// mocie M3MeHEeHMS 3HaueHUsd 3JIEMEeHTa MaccCuBa

// "3 MNepBoro OOBLEKTA:

B.show () ;

return 0;

PeByJIbTaT BBIITOJIHEHUA ITPOTPAaMMbI TaKOM:

PesynbTar BLINONIHEHMS NPOrpaMmbl (M3 IMCTUHTa 7.6)

000O0O

O O O O o
o O O O
o
(@]
O O O O o
(@]

Kak BHU/IUM, KO/[ BBIITIOJIHAETCA BIIOJIHE KOPPEKTHO.

=’ Ha sameTtky

Yuratenb, HaBepHOE, 3aMETWI, HTO MeXAY AECTPYKTOPOM, ONepaTopoMm npuceanBaHns
I 1N KOHCTPYKTOPOM CO34aHMS KOMUKU NPOCNEXNBAETCS YeTkasa "naeonormyeckas” CBA3b.
[leno B TOM, 4TO AECTPYKTOP, KOHCTPYKTOP CO34aHMS KOMUK 1 ONepaTopHbIin MeTo, AJis
onepaTopa npuceavBaHus 0ObIYHO CUIIBHO MPUBS3aHbl APYr K Apyry. CyllecTByeT Tak
HasbiBaeMoe "[TpaBuio 60/bLLUOV TPOVIKM™ (NOA TPOMKON MMeeTcs B BUAY AECTPYKTOp,
KOHCTPYKTOP W onepaTtop npuceanBaHnst). COCTOUT OHO B TOM, Y4TO €C/IM B MPOrpamMMm-
HOM KOoAge Knacca onucaH xoTs 6bl OOWH U3 TPEX YNOMSIHYTbIX METOAOB, TO cneayeT
onucaTtb 1 Aga apyrux. Haye roBopsi, 06bI4HO B KJlacCce WM ONUCHLIBAOT AECTPYKTOP,
KOHCTPYKTOP CO34aHu1sl KoMK 1 NeperpyxaroT onepaTop NpUCBanBaHus, Unu He aena-
0T HUYEro U3 NepeyvncrieHHoro. Jlorvka 3gechk Takas: eCim He onucaTb HAYEro, To CooT-
BETCTBYIOLLME OMEPaLMM BbINOMHAOTCS B pEXUME "o ymonyaHmio”. B jaHHOM pexnme
GYHKUMN [ECTPYKTOPA, KOHCTPYKTOpa CO34aHMs KON 1 orepatopa npuceBanBaHns
BbIMOJIHAIOTCS MO Hanbosiee NPOCTOMY M OTHOCUTENBHO Be3onacHomMy anroputmy. Ho
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NNWb TONBKO B KJlAaCCe YTO-TO M3 YKa3aHHOW BENVKONENHOM TPOMKN ONMCaHOo, 3Ha4u-
TENbHO BO3pacTaeT BEPOATHOCTb, YTO MOFYT BO3HUKHYTb MPOGIEMbI NMPWY BbIMOHEHUN
NPOrpamMmMHOro Kkoaa.

Ha sToMm MbI 3aKkaHYMBaeM IJIaBy, HO He 3aKaHYMBaeM Hallle 3HAaKOMCTBO € Mac-
cuBamu. [IpocTo KpomMe MacCUBOB €CTh MHOTO IPYTUX UHTEPECHBIX U TePCIeK-
THUBHBIX TeM. VIM TOXe UMeeT CMBICJI YAeJUTh BHUMaHUe. A K MAaCCBaM MBI €111e
BepHEMCH.



OGuekTHO-OpUeHTMpOBaHHOE NporpamMmupoBakme HaC++ [



FnaBsa 8.

OYHKLUWU U KNTACCBbI




061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

Onu xomsm lanaxmuxy sasoesamv.Heyowcenu
HEeNnoHAMHO?
uz /¢ "Tocmvs uz 6yoywezo”

[TpuIIo BpeMsiHaM MO3HAKOMKMCS C OYeHb MOIIHBIM MEXaHU3MOM, 0a3upyio-
IIAMCS Ha CO3IaHUK 0000UWeHHbIXQYHKUULL, VTN Taskeo000uennvix kiaccos. Bee
9TO 6OTaTCTBO YaCTO HA3BIBAIOT OOLIMM CJIOBOM -wabnonv. TnaBHas uues, 1o-
JIOKEHHAsI B OCHOBY CO3J[@HUSI Y MCIIOJIb30BAHUS AGJOHOB, CBOAUTCS K TOMY,
4TO THI JAHHBIX, KOTOPBIN MPUHSATO YKa3blBaTh B SIBHOM BHJIE, B 0000IIEHHON
(hYHKIMU WK KJIACCe ONUCHIBAETCS YePe3 MapaMeTp, a 3aTeM yIKe TIPU BbI30BE
GYHKIMY WK cO3aHnU 00BEKTA TTApaMETP OTIPEAEISAETCs ABHO WU HESIBHO 110
KOHTEKCTY COOTBETCTBYOIIEH KoMaHibl. CHauama IIoCMOTPUM, KaK 9Ta Uest pe-
anusyercs B QYHKIHIX.

8.1. 0000uweHHble PYHKLUN

Cryuno, zocnooa, ckyuno. Bom ¢ Cpednue Bexa
CKYuHo ne 6vL10: mozoa 6 kaxcoom dome 6vii 0o-
MOB01L, a 6 Kadxicdoil yepksu - boe.

u3 k/¢p "Cmanxep"

Hepenko ciydaercss Tak, 4TO aJTOPUTM BBITOJTHEHHUS (DYHKIUHM JOCTATOYHO
VHUBEPCAJIBHBIN B TOM CMBICTIE, YTO HE 3aBUCHUT OT TUTIA UCTIOJb3yeMbIX JaHHBIX.
Knaccuueckast 3amava: pyHKIUS C IByMST apTyMEHTaMU, U TIPU BBI30BE (PyHK-
UK apryMeHThl "oOMeHuBatoTcs" 3HadyeHusAME. [[OHATHO, YTO apryMeHTamu
(hYHKIUU MOTYT OBITh YKCJIa, CHMBOJIBI, TEKCT MJIK OGBEKTBI HEKOTOPOT'O KJlacca.
Auroput™ peanusaiuu "o6MeHa" 3HAYCHUSIMUA apIyMEHTOB HE 3aBUCHUT OT THIIA
apryMeHToB (IJIaBHOE, YTOOBI Y apryMeHTOB OBLIN 9TU caMble "3HaueHus" U 10-
yCTUMOII ObLTa IpoIleypa prucBarBanust ). KpaTko aJaroputm, peajinsyemblii B
dbyHKIMH, MOT ObI OBITH OIKCAH CJAEAYIOIIUM 06Pa3oM:

* B resne dyHKIIMN co3/aeTcs IepeMeHHasI TOTO JKe THIIA, YTO U apryMeH-
TBI (DYHKITUN.

* JlokasbHOIi IepeMeHHOI TPUCBAMBAETCs 3HAUYCHUE [IEPBOTO apryMeHTa
dbyukIun.

* IlepBomMy aprymeHTy (hyHKIIUU TPUCBANBAETCS 3HAUEHITE BTOPOTO apry-
MeHTa QYHKITUM.
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* Bropomy aprymenty (GyHKIMHM TpUCBauBaecTCd 3Ha4YeHHe JIOKAJIbHOHU
repeMeHHoiT (B Hee paHee ObLIO 3alMCaHO 3HAYEHHE TIEPBOTO apryMeH-
Ta).

*  DyHKIUs He BO3BPAIIAET PE3YJIbTAT, a apryMeHThl (DYHKIIUK TIEPeaioT-
¢s1 110 cChIIIKe (YTOOBI MOJKHO OBLIIO U3MEHUTD MX 3HAUEHVST ).

Ecau Mbl XO0THM, 4TOOBI (DYHKIIMSI MOTJIA BBI3BIBATHCS C APTyMEHTAMHU PA3HbIX
TUTIOB (TIPU YCJIOBUH, YTO ¥ TIEPBOTO ¥ BTOPOTO apTyMEHTOB TUTIBI COBITAJIAIOT),
TO MOTJIU OBl TI€Perpy3uTh (MYHKIUIO - CO3/aTh BEPCUIO (DYHKIIUH [IJIsT KaXKOTO
13 BO3MOKHBIX THIIOB aprymMeHToB. Ho 371ech ecTb /Be HeOOIbINNE TTPOOTIEMBDL.
Bo-nepBbIX, He Bcersa 3apaHee IOJIy4aeTcs ONpeNeInuThb, 0 KaKUX THUIAX UJET
pedb. Bo-BTOPBIX, TIPOTPaMMHBIN KO/ PA3HBIX BepCHil GYHKIMU OyAeT OTJIH-
4aThCs TOJIBKO MACHTU(PUKATOPAaMU TUIIOB B COOTBETCTBYIOIIMX MeCTaxX KoJa.
[Tomo6HBIN TOAXO He OYeHb "MHTEJIeKTyalnbHbiil". HaMHOTO mpoayKTHBHEE
€03/1aTh O/IHY (DYHKIIMIO, B KOTOPOH THII IAaHHBIX CaM OIIMCHIBAETCS KaK I1apa-
MeTp. ITO U ecTh 0606meHHass (M 1mabaoHHas ) (QYHKIIMSL.

[Ipu onucaruu 0606IIEHHON (DYHKIIUU UCTTOIB3YIOT KOHCTPYKIIUIO CJIE/YIOIIe-
ro Buja (HanboJiee BasKHbIE 9/IEMEHTDI BbIEICHBI JKUPHBIM HIPUDTOM):

template <class napamMeTp> TUI MMA (Q@PT'yYMEHTH) {
// Teyo dyHKUMM

B npuniime o6o61eHHast (hyHKIMST OMUCHIBAETCS TPAKTHYECKU TaK JKe, KakK 1
00bIuHass PYHKIHUS - HO €CTh HEKOTOPbIE "IOIOJIHUTENbHbIE" d1eMeHThl. [1aB-
HOE OTJINYHE COCTOUT B TOM, YTO ONUcaHue 06001eHHON (DYHKIIMYA HAYMHAETCST
C KJII0YEBOTO €JI0Ba template, a aee B YIJIOBBIX CKOOKAX YKA3bIBAETCSI KJTIO-
yeBoe CJI0BO class u (popMabHBINA napaMeTp, 0003HAYAIOIUN THII JAHHBIX.
3aTeM cieayer camoe 0ObIYHOE OIcanue (PYHKIMU, ¢ OJHOM JIUIIb MOMPaBKOI:
B ONHCAHUU MOKHO MCIIOJIb30BaTh apamMeTp /sl 0003HAYEHHUST TUIIA JaHHBIX.
Taxkum 006pa3oM, TIOIYYAETCS, YTO TUI JAHHBIX WCIOAB3YETCS B QYHKIINHM Kak
HeKuil abcTpakTHBI uaeHTHdUKaTop. BriociexacTBuu npu BbI30Be (DYHKIHH
BMECTO O3HAUEHHOTO HAeHTHdUKaTopa (TO €CTh mapaMeTpa) HCIOJIb3YeTCs
KOHKPETHBIN TUTI - KaKOW UMEHHO, OIpe/iesigeTcsl TI0 KOHTEKCTY BbI30Ba (hyHK-
un./lajee, ec 9T0 He MPUBEAET K HEJOPasyMeHUsIM, OyIeM OTOXKIECTBIIATH
napameTp, 0003HAYAIONINH TUTT TAHHBIX, C 0000UEHHIM MUNOM.

=l Ha 3ameTky
B 06006ueHHON dYHKUMM pas3peLlaeTcsl UCMoNb30BaTh HECKONbKO NnapamMeTpoB OJis
0603Ha4YeHnsa pasHbIX TUNOB (TO ecTb 0606LeHHas PYHKLMA MOXET coaepXaTb He-
CKONbKO 0606LLEHHBIX TUMOB). B TakoM criyyae B yrioBbix CKOOKax Yepes 3ansTyto nepe-
YMCNATCS KOHCTPYKLUMM BUAA class napameTp, FAe Kaxaplil 3 napamerpoe 0603Ha-
YyaeT HeKOTOopPbI (0606LLLEHHbI) TUM OAHHbIX.
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B wactHocTH, onucanHast Bbitiie 00001eHHast hyHKIMst 1711 "oOMeHa" 3HaYeHUsI-
MU apryMeHTOB MOTJIa Obl BBITJISIIETh TaK:

// OBobmeHHas obyHkuma. UYepes XoOO3HAUEH TUI NAHHBIX .
// ApPTYyMEHTH QYHKUMM MMepPenalnTCsa 10 CCHUIKE :
template<class X> void SwapData (X &a,X&b) {
X tmp; // JloxanbHasd nepeMeHHas Tumna X
tmp=a; // JlokaJbHOM [IepeMEeHHOM NpXCBamMBaeTCs
// 3HaueHMEe MNEepPBOTO apTyMeHTa
a=b; // TlepBOMy apryMeHTy I[IpMCBamMBaETCH
// 3HaueHMEe BTOPOTO apTryMeHTa
b=tmp; // BropoMmy apryMeHTy NpUCBauUBaETCS
// 3HaueHMe JIOKAJILHOM IepEeMeHHOM’

IIpu BbI3oBe 06001IEHHOI DYHKITHH THIT 0000IIEHHOTO TTapaMe-
Tpa ompenensercsa 1o BbI3oBY (ynkiun. Hampumep, npu BbI3oBe GyHKINA C
1IeJIOYMCIICHHBIMU apIyMEHTaMU ee ITPOrPAaMMHBIH KOJI BBIIIOJIHSIETCS, KaK eCJIn
6bI BMECTO TrapameTpa ¥ ObLIT yKa3aH THTI . ITpm BBI3OBE DyHKINHU C apTy-
MEHTaMU TUIA ee KOJI BBITIOJTHSIJICST, KAK €CJIF Obl TapaMeTpoOM X OBLIT THUII

, Hy 1 Tak mganee. B smuctunre 8.1 mpuBezen mporpaMMHBIN KO/, NILTIOCTPH-
pytonwmii npumeHerne 06001eHHO hDYHKIMN (1711 TIPOCTOTBI
KOMMEHTApHH B Tesie (DYHKITNH yIaJIEHBI).

Jinctunr 8.1. 0600wWweHHas GyHKumS

#include <iostream>
#include <string>
using namespace std;
// TlepBHEMKJIACC :
class First({
public:
// TexkcToBOe Mmoje:
string name;
// KOHCTpyKTOp kJjlacca (CO 3HAUeHMEM apryMeHTa
// 1O yMOJIYaHMIO) :
First(string txt="") {
// Tlonw nmpucBaMBaeTCd BHAUSHME:
name=txt;
}
// MeTon misa OTOOpaXeHUS SBHAUEHMA I[10JIS:
void show () {
cout<<"TexcToBoe noJie: "<<name<<endl;
}
}; // BaBepueHue ONMcaHusa NEepPBOTO Kijacca
// BTOpOM KJacc:
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class Second{
public:
// lleJounciieHHOENoJe
int code;
// KOHCTpYyKTOp KJjacca (CO 3HaueHMeM apryMeHTa
// TO YyMOJIUAHMIO) :
Second (int n=0) {
// TloJn®n NpucCBaMBAETCHa SHAUESHME:
code=n;
}
// Meron mna oTOOpaxeHMUs SZHAUEHMA I[10JI:
void show () {
cout<<"Umciyomoemnoje: "<<code<<endl;
}
}; // BaBeplueHue ONMCaHMsa BTOPOTO KJjlacca
// OBobumeHHas QYHKLMA:
template <class X> void SwapData (X &a,X &b) {
X tmp;
tmp=a;
a=b;
b=tmp;
}
// TnaBHasg OQYHKUMS OPOTPAMME:
int main () {
COout<<"ApryMeHTH - LeJjiEeuuncia.\n";
// lleJIouMrCJIEHHEE MePEeMEHHEE
int a=5,b=10;
// BHIBOB OOOBWEHHOM (QYHKLMM C
// LeJIOUMCIIEHHEIMM apTyMeHTaMU :
SwapData (a,b) ;
// TpoBepka SBHAUEHMN LEJIOUMCIIEHHBIX [IepPEMEeHHBIX
// mociye BH30Ba OBOOMEHHOM QYHKLMN:

cout<<"a = "<<a<<endl;
cout<<"b = "<<b<<endl;
COUt<<"ApPTyMEHTH — CMMBOJEI. \Nn";

// CHMBOJIbHEIE [EpPEMEHHHE :
char x="A",y="4d";
// BHIBOB OOOBWEHHOM (QYHKLMM C
// CVMBOJILHEIMM apTyMeHTaMM :
SwapData (x,Vv) s
// TlpoBepka SBHAUEHMN CUMBOJILHBIX [E€PEMEHHBIX
// mociye BH30Ba OBOOMEHHOM QYHKLMN:

cout<<"x = "<<x<<endl;
cout<<"y = "<<y<<endl;
cout<<"ApryMeHTH - oOBekThkJIaccaFirst.\n";

// OBBeKkTH kJjacca First:
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First A("obwexkT A"),B("0bnexkT B");
// BBEIZOB OOOBMEHHOM QYHKLUUU C

// aprymeHTammym - obbekTaMM Kjacca First:
SwapData (A, B) ;
// BeI3OB MeToma show () IoJjg NPOBEPKM 3HAUEHMIA

// mojyieli oBBEeKTOB I[OCJIe BEB3OBAa OOOOMWEHHOM QYHKLUM :
A.show () ;
B.show () ;

cout<<"ApryMeHTH - O0OBeKTH KJjlacca Second.\n";
// ObwekTrHKJIaccaSecond:
Second objA(100),0bjB(200) ;
// BHIBOB OOOBWEHHOM (QYHKLMM C
// aprymeHTamym - obbekTaMu Kjacca Second:
SwapData (objA, objB) ;
// BbI3OB MeToma show () IJg NpPOBEPKM 3HAUEHMA
// mojyieli oBBEeKTOB I[OCJIe BEB30OBAa OOOOMWEHHOM QYHKLUM :
objA.show () ;
objB.show() ;
return 0;

}

Pesysnbrat BbITIOTHEHUS IPOTPAMMBI TAKOI:

PesynbTat BhINONHEHUS nporpammbl (U3 nuctuira 8.1)

ApryMeHTH — LeJisle 4Mcia.

a = 10

b =25

ApI‘yMeHTI:I — CUVMBOJIBL.

x = 4

y = A

ApTyMeHTH — OOBEKTH KJjlacca First.

TekcToBOE mOJIe: OOBEKT B
TexcTOBOE MoOJie: OOBEKT A
ApryMeHTE — OOBEKTH KJjacca Second.
Umciioroe noje: 200

Unyciyoroe mnoje: 100

B nporpamme onucbiBaeTcs /iBa Kjacca ¢ Ha3BaHUSIMU n LY
KasK/JI0TO U3 KJIACCOB UMeeTcs I10JIe: Y Kacca 00BABIIEHO TEKCTOBOE IIOJIE
, a y KJacca €CTh 1IeJIOUHCJIEHHOE T10JIe . Emte y knaccon
ONUcaH MeToJ , IIpeIHA3HAYEHHBIN /11 OTOOpaKEeHUsI 3HAYEHUSI TIOJIS:
JLIS Kjlacca oroOpaskaeTcst 3HaYeHne TOJIst , a JIJId Kjlacca
oTOOpakaeTCs 3HAYECHUE I10JIs . B xaxxmom kiacce onmucaH KOHCTPYKTOP
C OIHUM aprymMeHTOM. BaskHoe 00CTOATEIbCTBO: Y apryMEeHTOB KOHCTPYKTOPOB
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3a/laHbl 3HAYEHUA 110 YMOJYAaHUWIO, ITIO9TOMY TIpU CO3{aHUN 00BbeKTa KaK Kjacca
, TaK 1 KJ1acCa KOHCTPYKTODY apTyMEHT MOJKHO HE II€PE/laBaThb.

— Ha 3ameTky

|

Mouemy 310 BaxkHO? [NOTOMY 4TO Mbl MIAHUPYEM NepeaaBaTb 0OBbEKThI KACCOB ]
I aprymeHTamm QyHKLnmn . B Tene ¢pyHkUMN nmeeTca koMaHaa 06b-

SIBNIEHUNS TOKANbHOM NEPEMEHHOMN TOro Xe TUNa, YTO 1 TUM apryMEHTOB (0600LLEH-
Hblil TUN ¥). Ecnn aprymeHTbl SBRSOTCS 06beKTaMU, TO 1 JIoKasibHas NepeMeHHas
6yneT 06bekToM. Ho B koMaHze co3paHus o6bekTa (MMeeTcs B BUAY KOMaHAA )
nepegaya apryMeHTOB KOHCTPYKTOPY He npeaycMoTpeHa. lNosTomy ecnm npy co3gaHum
06beKTa KOHCTPYKTOPY 0093aTeNIbHO HYXXHO NepeiaBaTb apryMeHT (U apryMeHThl), TO
BO3HUKHET oLuMbKa (MporpamMMHbIi Kog MPoCcTo He ckoMmnunupyeTes). OTcioaa u ocTpas
Heo6X0AUMOCTb B HAJIMYMK Y KJlacca KOHCTPYKTOpa 6€3 apryMeHTOB (U1 KOHCTPYKTOpa
C aprymMmeHTaMu, UMetoLmMMmn 3Ha4eHWE No YMOJTHaHMIO).

B riaBnoit (byHKLII/II/I IIpOrpaMMbl O606H_[€HHaH (byHKL[I/IH I1ocJie-

JOBATEJbHO BBI3BIBACTCA C IEJIOYMCJICHHBIMU apryMeHTaMM, ¢ CHMBOJIbHBIMU

apryMeHTaMH, a TaKyKe C apTYMeHTaMU - 00BEKTaMI KJIACCOB u

(CHa‘{aJIa 06a aprymMeHTa OTHOCATCA K KJjaccy , 4 3aTeEM 00a aprymexnra

OTHOCATCA K KJIaCCy ) Bo Bcex atux ClIydasdaXx 3Ha4€HUE ITapaMeTpa XA,

0603HaYaI0OmEero 0600IEHHbIA TUIIL, OIPEAEIACTCS ABTOMATUYECKU UCXOAs U3
KOHTeKCTa BbI30Ba (pyHKIMU. TaK, Py 1I€JTOYMCIEHHBIX apryMeHTax 3HaYeHne
mapamMeTpa pPaBHO , TP CUMBOJIBHBIX apTyMeHTaX (hyHKIIUU MapaMeTp
TOXK/IECTBEHEH THUILY , KOrJia apryMenTaMu (pyHKIUH SBJISIOTCS 00b-
eKThI KJIacca -nmapaMeTp ¥ 0003HaYaeT Kaacce , a ecin (DYHKIIUU
apryMeHTaMU IIepelaloTcs 0ObEKThI Kacca , TO TIapaMeTp

cJIe[lyeT 1oJiaraTh paBHbIM Ha3BaHMIO JaHHOTO KJacca.

Kak ormeuasioch Bbilie, y 00001eHHO (DYHKIIMKI MOKET ObITh HECKOJIBKO 0000-
1eHHBIX TUTIOB. Hebobioil npuMep mogo6Ho (GyHKIMKU (M COMYTCTBYOIIETO
TTPOTPaMMHOTO KO/Ia) IPUBe/ieH B IUcTUHTe 8.2. B mporpaMmmeonichBaeTcs /1Ba
KJ1acca (Ha3bIBAIOTCS u ). B kaxxznoMm kjacce ecTb 10
OTHOMY TIOJTIO: B KJIacce OTIMCAHO IEJOYNCIEHHOEe TI0JIe ,aB
KJ1acce €CTh CUMBOJIBHOE TI0JIE . ¥ Kaxoro Kjacca olucaH
MeTO[ , OTOOpAKAIOINN 3HAUYEHME TI0JIsT (JIJIsT KAKIOTO KJIacca CBOE).
Tax:keB Kaxk/IOM KJacce OMUCAaH KOHCTPYKTOP, MO3BOJISIONINI TPU CO3/aHUU
00beKTa 3a/1aTh 3HAUYEHME T0JIsT 0OBheKTa. Y apryMeHTa KOHCTPYKTOPA eCTh 3Ha-
dyeHHe 110 YMOJYAHHIO, TOITOMY TIPH CO3IaHUuU 0O0BEKTa KOHCTPYKTOPY Tepejia-
eTCs OIH apPTYMEHT WJIM aPTyMEHTHI He TIePeIaloTCs.

Ho nonsTHo, 4T0 910 Bee "npeambOysia”. OCHOBHOIT MHTEpPeC TIpecTaBIsieT 0600-
IeHHast QyHKIIUS ,OITUCAHHAs C IBYMST 0OOOIIEHHBIMU TUITAMHU
(mapamerpbl 0603HaYeHbI uepe3 ¥ u V). [lepBbiit aprymMeHT 0b03HaYEeH Kak Ta-
KOIi, YTO OTHOCUTCS K THUITYy ¥, a BTOPOI apryMeHT (DYHKIIUU OTHOCUTCS K TUITY
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. HesiBHO 1ipeniosiaraetcst, 4to ¥ - 0ObEKTHBII THII (TO €CTh EPBBIN apryMeHT
dbyukuuu - 06bekt). Bosee TOro, Mbl HCXOAUM M3 TOTO, YTO Yepe3 TmapamMmeTp
0003HaYeH HE MPOCTO KJIACC, a KJIaCC ¢ METOOM . B resne dpynknuu nu-
HAMUYECKU CO3/1aeTcs 0OBEKT 0600IIEHHOTO THIIA ¥, IPUYEM apryMEHTOM KOH-
CTPYKTOPY IepelaeTcsi BTOPOil apryMeHT 0600menHoi GyHkimu. M3 cosman-
HOTO 0OBEKTA BBI3BIBACTCS METO/ , @ yKazaTeJib Ha CO3[[aHHBIN 00BEKT
BO3BpaINiaeTcs: pe3yabTaTOMMOYHKITU.

Tenepb paccMOTPUM TIPOTPAMMHBIN KO

Jinctunr 8.2. 0600LieHHas GYHKUMS ¢ ABYMS NapaMeTpamMu

#include <iostream>
using namespace std;
// KilacccueJyIOUMCJIEHHEM IIOJIEM :
class IntClass{
public:
// Tone:
int code;
// MeTonm nja OTOOpPaXeHUS BHAUESHUS I[OJIA:
void show () {
cout<<"3HaueHue noJjssa code = "<<code<<endl;
}
// KoHCTpyKTOp:
IntClass (int =0) {
code=a; // lonw nNpucBamBaeTCsa 3HAUCHUE
}
}; // BaBepmeHue ONMCaHMA KJacca
// Kjlacc C CUMBOJILHEIM IIOJIEM :
class CharClass{
public:
// Tone:
char symb;
// Meromnm nja OoTOOpPaXeHUS BHAUEHUS I[OJIA:
void show () {
cout<<"3HaueHue nojya symbp = "<<symb<<endl;
}
// KOHCTPYyKTOp:
CharClass (char s="a’) {
symb=s; // lpucBaMBaHue BHAUYEHUS [1OJIO
}
}; // BaBepmeHue ONMCaHMA KJacca
// OBobumeHHas QYHKLMA:
template<class X,class Y> X *getObject (X obj,Y field) {
cout<<"HaumHaeT BHINOJHATLCHA GyHKUMA getObject () .\n";
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X *tmp; // Ykasaresb Ha 3HadyeHUe OBOOWEHHOTO Tura
// IMHaMMUYeCKU CO3IaeTCcd OOBLEeKT:
tmp=new X (field) ;
// BBIZOB MeTOIa M3 JIOKAJIBHOTO OOBEKTAa:
tmp->show () ;
cout<<"BrmnoJsiHeHre ObyHkUMM getObject () szasBepmeno.\n";
// PesynbTarT QYHKLMM - yKas3aTejlb Ha OOBEKT:
return tmp;
}
// TmaBHasa GYHKUMUA OPOTPAMME :
int main() {
// O6wexT kjacca IntClass:
IntClass objInt;
// O6bekT kjiacca CharClass m ykasaTesb Ha OOBEKT:
CharClass objChar, *pnt;
// BBIZOB MeTOIa Uepes3 yKas3aTejib Ha O6BeKT,
// KOTOPEIM BO3BpamaeTcs OOOOWEHHOM (QyHKLMEH:
getObject (objInt,100) ->show () ;
// PesynbTaT OOOOMEHHOM GYHKLUUM SBaANMUCHBACTCH
// B yKasaTeJsib Ha OOBEeKT:
pnt=getObject (objChar,’z");
// BHIZOB MeTOIa Uepes3 yKa3aTejlb Ha OOBeKT:
pnt->show () ;
return 0;

}

[Tpu BBIIOJIHEHUK TTPOTPAMMHOTO KOP/Ja B OKHE BBIBOZA MOSIBJISIIOTCS CIIELYIO-
e cooOIeHus:

PesynbTar BhINONHEHUS Nporpammebl (U3 nucTuHra 8.2)

HaumHaeT BHNOJHATHCHA byHKUMA getObject () .

BuaueHue noJjsa code = 100

BrinosiHeHme OyHkUMM getObject () 3aBepueHo.
BHaueHue noJjysa code = 100

HaumHaeT BHNOJHATHCHA byHKUMA getObject () .
3HadeHMe noJja symb = z

BrimosiHeHme OyHkUMM getObject () 3aBepueHoO.
3HadeHMe noJja symb = z

B nepByio ouepenn Gosee geTaabHO 00CYIUM TIPOrPAMMHBIN KO 06001eHHON
byHKIMN . Huske orennbHO npuBeieH Ko yHKIUU (¢ yAaieH-
HBIMU KOMMEHTAPUSIMHI ):
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template<class X,class Y> X *getObject (X obj,Y field) {

cout<<"HaumHaeT BHINOJHATLCA GyHKUMA getObject () .\n";
X *tmp;

tmp=new X (field) ;

tmp->show () ;

cout<<"BrmnoJsiHeHre ObyHkUMM getObject () szasBepmeno.\n";

return tmp;

}

Kax ormeuasnocs Boiiie, B (DyHKIINU UCTIOJIB30BAHO /[BA 0000IIEHHBIX THUIIA: TIeP-
BbIif apryMeHT (ynxIMN onmcaH ¢ NAEHTHPUKATOPOM THIIA X, BTOPOH ap-
TYMEHT dbynkiuu onucan ¢ 06061eHHBIM THITOM Y. Pedynbrar dyHkinm -
yKasareJib (3Be3/I0uKa * mepe/ nMeHeM (DyHKIINHN ) Ha OOBEKT THTTA

HO Ana naeHTudunkaumMm 0606LeHHoro Tuna . Mpu Bei3oBe GYHKLMN,MCXOOSA N3 TOTO, K
KaKkoMy KJ1acCy OTHOCUTCS OOBEKT, NePeaaHHbI NePBbIM apryMeHTOM yHKLMK, onpe-
[ensieTcs TUN co34aBaeMoro B Tene hyHKUuun o6bekTa U, COOTBETCTBEHHO, TUM Pe3YJib-
TaTa PYHKLMM (CCbinKa HA 0OBEKT).

— Ha 3ameTky
.
dakTnyeckun, Nnepsblin apryMmeHT GyHKUmMn NCNOJb3YETCSA UCKIOYUTENb-

Komannoit B Tesie QYHKIUU CO3/IAeTCsl YKa3aTesh Ha OOBEKT
Ksacca ¥ (camoro oObekrta moka emie Her). OObEKT co3[aeTcs IMHAMUYECKH C
ITOMOIIBIO KOMAH/IbI . B nannom ciyuae aprymenT
006001eHHOIT (PYHKIUN mepeiaeTcs apryMeHTOM KOHCTPYKTOPY,
a ajpec 00beKTa 3aMMUCHIBAETCST B yKa3aTeJb . YkazareJb BO3BPAIAETCs pe-
3yasTaToM QyHKINN (KOMaHaa ), HO TIepeJT 9TUM KOMaHOM

13 CO3/IaHHOTO OOBEKTA BBI3BIBAETCSI METO/

HO 4Yepes ¥, eCTb KOHCTPYKTOP C OAHUM aprymMeHTOM. BbinosiHeHne KoMaHabl
BO3MOXHO TOJIbKO B TOM Clly4ae, eciiv B Kacce, 0603Ha4eHHOM napamMeTpom
, OMMcaH MeTop, . Knaccbl " YOOBNETBOPSIOT 060UM
3TUM KPUTEPUAM.

— Ha sameTky
]
KomaHpa npegnonaraert, 4To y knacca, 0603Ha4yeHHOro dopmarnb-

B raBHOIT (DYHKIIMU TPOrpaMMBbl CO31aeTCsl OOBEKT KJlacca
, 00BEKT KJacca , 4 ellle yKa3aTehb Ha 00b-
eKT KJacca . Ectp u HeTpuBmanmbHble KoMauabl. Hanpumep, Takas:

. 31ech BBI3BIBAETCS (PYHKITNS
, BO3BpaIIaioIas pe3yJ/IbTaToM yKa3aTesb Ha 00bEKT TOTO JKe KJacca,
9TO U OOBEKT (TO ecTh peub UIET O KJacce ), a moJte
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00BeKTa PaBHO (BTOpOI aprymMeHT ByHKITNI ). Uepes yxasa-
TeJb Ha 00BEKT (BBIPAsKEHIE ) BBI3BIBAETCSI METO/I
o6bekTa. B pesyisrate oroOpaskaeTcst 3HaYeHe €ro mMoJIst

Pesysisrat BbIpasKeHUsT - yKaszareab Ha 00b-
eKT KJlacca (TTOCKOJIbKY K JIaHHOMY KJIACCy OTHOCHUTCS OOBEKT
, TIePeIAHHbBII TIEPBBIM apTYMEHTOM OOO0OIIEHHON (BYHKIIN

). 3HaueHue MOJIs 03HAYeHHOTO OOBEKTa PABHO (BTOpOIt
aprymMeHT 00001eHHON (BYHKIINN ). B mannom ciaydae pesyiib-
TaT BbI30Ba 0000OIIEHHON (DYHKIINU 3alMChIBAETCSB yKa3aTesb (komaH 2

), a 3aTeM KOMaH [0l METO.
BBI3BIBAETCST 3 O0BEKTA U TIOSIBJISIETCST COOOTIEHNE O 3HAUYEHHUH €T0 OIS

B 0601X paccMOTPEHHBIX MPUMEPAX MbI OMTUCHIBAIIN KJTACCHI CO CXOMHOM CTPYK-
Typoii. [IoHSTHO, YTO B HallleM cirydae CUTYaIlHsl CO3/IaHa UCKYCCTBEHHO. TeM He
Mefee, Ha TPAKTHKe MOM00HbIE CyYan TaKyKe BCTPEYAIOTCS OCTATOYHO YacTo.
AJbTepHATUBOI K TOMY, 4TOOBI KasK/[bIl Pa3 OIMKCHIBATD B SIBHOM BH/IE BCE KJIac-
CBI SIBJISIETCST CO3/IAHNUE 0000WEHH020 KIACCA.

8.2. 0600l EeHHbIe KJ1acChbl

Hy, xsamum! Ymo Bvl c106H0 MaAIbUUuKx nycxa-
eme myman? Unu Bac soeym Monume-Kpucmo?
u3 x/¢p "Cemnaduyamo menoeenuii echot”

O6()6U,46HH?}£MV KJlacc - Rj1acC, B KOTOPOM THII JJTaHHBIX MIPE/ICTaBJIEH B BU/IE€ ITapa-
metpa. CuTyallyisi O4eHb CXOJHA C T€M, KaK BCE MPOUCXOAUT ¢ 0O0OIEHHBIMU
dbyuknusmu. Omnucanre 0600EHHOTO KJIacca HAYMHAECTCS ¢ KITI0YEBOTO CJI0BA
, TIOCJIE YETO B YIJIOBBIX CKOOKAX B KOMOUHAIIUH C KIIIOYEBBIM CJIOBOM
[EPEYrCISIOTCS TTapaMeTpsbl, obo3Havalone 0000IeHHbIE TUIIBI JaH-
HBIX. ITH ApaMeTPhl UCIOJAB3YIOTCsI B onncanuu Kiacca. Kinace onmcpiBaercst
CTAHIAPTHO, € TIOTPABKO#l Ha HAJIWYKE B OMUCAHUY MapaMeTPOB JJist 0603HaYe-
HUst 060061eHHbIX TUIOB. CHHTaKCHYecKast "KOHCTPYKIMs" /Jist OGbsIBJIEHUS
060011eHHOTO KJTacca (¢ OAHUM OOOOIIEHHBIM TUIIOM) BBITJISIAUT CJIELYIOTTIM
06pa3oM (;KUPHBIM MPU(TOM BbIIEJEHBI KITIOYEBbIE 9JIEMEHTBI ):

template <class napameTp> class HazBaHMe {
// xonm kJjacca
}i

Hanpumep, Huke npuseseH npumep (GpopMaibHOro 0ObsBIeHHS 0000IIEHHOTO
KJjacca C OJTHUM 0OOOIIIEHHBIM TUITOM:
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template <class X> class Alpha{
// xom kjacca

b

Eie ogun npumep - 0600IMEHHBIN KIace ¢ ByMsi 0000IIIEHHBIMK THIIA-
MU:

template <class X, class Y> class Bravo{
// Kom KJjacca

b

[Tpu cosmanum obbeKkTa 000OIIIEHHOTO Kilacca HeOOXOAUMO B IBHOM BHJIE YKa-
3aTh, KAKHE TUIIBI CJIEYeT UCIIOJIb30BaTh BMECTO IIapaMeTPOB 000OIEHHbBIX TH-
noB. [Tocemy mocjie Ha3BaHue KJacca rnepej nMeHeM oobekTa (B KomaHae 00b-
sABJIEHUs 00bEKTA) B YIJIOBBIX CKOOKaX yKasbiBaeTcs uaeHTuduKatop Tuna (1am
HAeHTH(MUKATOPBI, €CJIN B KJIacce 0O0OIIEHHBIX THIIOB HECKOJIBKO). JlJist Kiacca
€ OIHUM OOOOIEHHBIM TUIIOM KOMaH/Ia CO3JaHnst 0ObEKTa BBITJISIAUT, B OOIIEM
U 11eJI0M, TaK:

xjacc<Tumn> uMsa_ oOBEeKTa;

CKa)KeM, 00BEKTHI HA OCHOBE YIIOMAHYTOTO BbIIIE O606IH€HHOFO KJacca
MOTJIN OBI CO34aBaTbCA CJAEAYIOMUMU KOMaH/laMU:

Alpha<int> objA;
Alpha<char> objB;

OO6beKT CO3/IaeTCsI TAK, YTO BMECTO MApPaMETPa XUCIIOIb3YeTCsT UIEHTH-
dburarop ~TO €CThb B KauecTBe 0000IIEHHOTO TUIIA UCITOJIb3YETCS THIT [EJI0-
yrcieHHbINH. OObeKT [P CO3/IAHUH TIOJTy4aeT BMECTO 0O00TIEHHOTO THIIA

CUMBOJIbHBIN TUTI

PaccMmoTpum KOMaH b

Bravo<int, char> objC;
Bravo<bool, double> objD;

Omnu 03HaYaIOT OYKBAJIBHO CJIEAYyIONIee: IPU CO3AaHUN 00beKTa Ha OCHOBE
0000611IeHHOTO KJlacca BMeCTO 000OIIEHHOTO THTIA ¥ CJIELYET MCIOJIb-
30BaTh I[€JIOYNCIEHHBIN TUII , 2 BMECTO 000OIIEHHOTO TUTIA ¥ JTOJIKEH ObITh
3a71eICTBOBAaH CUMBOJIBHBIN THUII . Anajornyso, npu cosgaHun 00bEKTa
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14 MECTO O606L[I€HHI;IX THUIIOB " YHUCHOJIb3YIOTCA COOTBETCTBEHHO TUIIbL

Ha 3ameTky

C 06006UeHHbIMU PYHKLIMAMU BCE OblNI0 HECKOJIbKO MPOLLE: PELLUEeHNEe O TOM, Kakue
TUNbI cneayeT UCMOoNb30BaTh BMECTO 06006LLEHHbLIX MapaMeTPoB, NMPUHNMAIIOCh Ha OC-
HOBE KOMaHbl Bbi3oBa (pyHKUMK. [Mpy co3aaHnm 06beKkToB Kilacca nogo6HbI noaxomq,
HenpuMeHunMm. NMoaToMy NPUXOAUTCS B SBHOM BMAE YKa3blBaTb MAEHTUDUKATOPbLI TUMOB
LaHHbIX.

Jajee paccMOTpUM HEGOJIBIIOM TPUMEDP ¢ 0G0OIMIEHHBIM KJIACCOM, ¥ KOTOPOTO
orH 00001IeHHbII THIIL. [[aHHBIN TIPUMEp - Bapuallis Ha TeMY CaMOTO TIePBOTo
npuMepa u3 3Toii riiasbl. Tam (cM. suctunr 8.1) paccmarpuBaiach 0600IIEHHAST
(hyHKIHS, BBIMTOMHSAIONASA 0OMEH 3HAYEHUSIMI aPIYMEHTOB, TIepelaHHbIX (DYHK-
un. B mporpamme, mnpezcTtaBieHHOi B uctrHre 8.3, OMUCHIBaeTCS 06001IEH-
HBI KJ1acc C OJIHUM TTapaMeTpoM JiJist 00061eHHOTO THTIAa (0603HAYEH
Kak ¥ ). B xiacce onucano moJie 06001IIEHHOTO THTIA ¥, €CTh KOHCTPYKTOP C
OTHMM apTyMEHTOM (apryMeHT KOHCTPYKTOPA OTHOCUTCSI K 0G0OIIEHHOMY THITY

U ompe/iesisieT 3HaUeHUe TI0JIS co3aBaeMoro oobekTa). B Tesre KoH-
CTPYKTOpA MPUCBAWBAETCS 3HAYEHHE TIOJTIO U BBI3BIBAETCSI METO]T
Metomom oToOpaskaeTcst 3HaYeHUe MOJIsT o0beKTa.

B 0606111eHHOM Kiacce OTIMCAH MeTO]| . MeToz e Bo3Bpaia-
eT pe3yJibraT 1 eMy Tepenaercst (10 CChUIKe) OfMH apryMeHT (0OBEKT TOTO Ke
KJIacca, 9TO U 0OBEKT, U3 KOTOPOTO BBI3BIBAETCSI METO/). B pe3yJibrate BbI30Ba
MeTo/1a MPOUCXOAUT OOMEH 3HAYECHUSIMU TOJIell 00BEKTa, U3 KOTOPOTO
BBI3BIBAETCST METO/I, U 0OBEKTA, MEPETAHHOTO METO/IY apryMeHToM. B dhyHKInu

npoBepsieTcst "(HYHKIMOHATBHOCTD" CO3TAHHOTO 0O0OTIIEHHOTO KTacca.
Bech iporpaMMHBIiT KOJT BBITJISZUT TAK:

Jiuctunr 8.3. 0600LLEHHBIN Kacc ¢ O/HUM NapameTpom

#include <iostream>
#include <string>
using namespace std;
// OBOOmEeHHE KJacc:
template <class X> class MyClass{
public:

// Tojse (0BOBIMEeHHOTO Turia) :

X data;

// KoHCTpykTOp KJjacca

// (c apryMeHTOM OOCOBMEHHOTO THUIA) :
MyClass (X field) {

// Tlonow npucBamMBaeTCs BHAUEHUE:

data=field;
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// OToOpaxeHMe BHAUEHMS I[10JId:
show () ;
}
// MeTonm myisa oTOOpPaXeHMSI SBHAUESHMSI I[IOJIA:
void show () {
cout<<"3Hauenmenonsa: "<<data<<endl;
}
// Meron nms "obMeHa" B3HAUEHMAMM [OJIel OOBLEKTOB.
// ApTyMEHT MeToma - OOBEeKT OOOOWEeHHOTO Kjacca,
// KOTOPHI MepenaeTCsa [0 CCHUIKE :
void swap (MyClass<X>&obj) {
// CozmaeTcsa JiOKaJibHAS IepPEeMeHHad:

X tmp;
// "3anoMmHaeTca" B3HaUYeHUE I[IOJIA
// ofbekTa - apryMeHTa MeTOoma:

tmp=obj.data;
// HoBoe 3HaueHMe MOJIg
// obbexTa —-apryMeHTa MeTOIa:
obj.data=this->data;
// HoBOoe 3HaueHMe IMoJid OOBeKTa,
// Y3 KOTOPOTO BHIBHBAETCH METOIN:
this->data=tmp;
}
}; // 3BaBepueHue omnmucaHusa OBOBIMEHHOTO Kjacca
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// OBBEKTH CcoO3maeTcd Ha OCHOBe OOOBmMEHHOTO KJjlacca:
MyClass<int>a (100),b(200) ;
// BH30OB MeToma njigd obMeHa BHAUeHUAMM [OJIel OOBEeKTOB:

a.swap (b) ;

cout<<"Ilocjye BHBOBa MeToma swap():\n";
// TlpoBepka SBHAUEHMN MNOoJiIe OOBEeKTOB:

a.show () ;

b.show () ;

// CosmaHre OOBEKTOB Ha OCHOBE OBOOBIEHHOTO KJacca:
MyClass<string> x ("nepsemt") ;

MyClass<string> y ("BTOpomn") ;

// BHIBOB MeToOma mnJda obMeHa BSHAaUYEHUAMM I[IOJIe OOBEeKTOB:

x.swap (y) s

cout<<"Ilocjye BHB3OBa MeToma swap () :\n";
// TlpoBepka S3HAUYEHMUN [OJIelf OOBEeKTOB:

x.show () ;

y.show () ;

return 0;
}
PCSy]IbTaT BbIIIOJIHEHUS [IPOrPaMMBbl IIPUBE/IEH HUKE:
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PesynbTar BLINOIHEHMS NpOrpaMmbl (U3 iMcTuHra 8.3)

BHadeHue nonasa: 100
Buauenue nojsa: 200

[IocJyie BEIBOBa MeTOHma swap () :
Buauenue nojs: 200
BHaudeHue nonasa: 100
3HadeHMe I[OJIA: IEepPBhI
3HaueHMe II0JId: BTOPOMU
[locye BEI3OBa MeTOoHma swap () :
3HaueHMe I10JIg: BTOPOMU
3HadeHMe I[OJIA: IEepPBhI

EcTb HECKOJIBKO 0OCTOSITENIBCTB, I0CTOHHBIE 0cOO0TO BHUMaHUsL. B mepByio ode-
pezib 9TO c1ocob ONMcaHus apryMeHTa AJIsl MeTo/a JIukantHocts cu-
Tyallly CBsI3aHa C TEM, Y4TO, KaK MbI [IPEANoaaraeM, apryMeHT METO/a MO0JIKEH
OTHOCHUTBHCSI K TOMY 7K€ KJIacCy, 4TO U OOBEKT, U3 KOTOPOTO BHI3BIBAETCS METO.
A 00BEKT, 13 KOTOPOI'O BBI3BIBAETCS METO/I, CO3JAETCS HA OCHOBE 0600IEHHOIO
KJjacca . ITpu cosganuu oObekTa Ha OCHOBE 0OOOIEHHOrO KJIacca mo-
MUMO Ha3BaHUsI KJlacca BaKHO M TO, KaKKe THIIbI JaHHBIX UCIIOJIBb3YIOTCS. Beb
MOHSITHO, YTO €CJIM B35ATh OAUH U TOT e 0000IIEHHbII KIacC, HO TIPU CO3AAHIK
00beKTa UCIIOJIb30BaTh pa3Hble THIIBI JaHHBIX (BMECTO 00OOIIEHHBIX THIIOB),
HOJIYYUM [IPUHIUIMAIBHO pastble 00beKThl. [l Hac ke BakHO, 4TOOBI 00Oa
oObekTa (TOT, U3 KOTOPOTO BBI3BIBAETCSI METO/L U TOT, KOTOPBIN MEPEIAETCsT apry-
MEHTOM METO/Y) CO3[aBaJUCh Ha OCHOBE OJHOIO U TOTO sKe 0000IIEHHOT0 KJac-
ca ¢ UCIOJB30BAHUEM OJHOTO M TOTO K€ THIa. MBI B KauecTBe THUIIa OOBEKTa,

HepelaHHoro apryMEHTOM METO/Ia , YKQ3aJI1 BBIPAKEHIE :
[TockosbKy TTapaMeTp ¥ 0003HaYaeT 0OOOIIEHHBIN THUII, YKa3bIBAEMBbIil TIPH CO3-
faHuK 00bEKTA KJIacca, TO B JAHHOM CJIyYae MHCTPYKITHS obecrie-

uyrBaeT "eAMHCTBO THIA" st 00BEKTOB (MMEIOTCs B BUAY OOBEKT, U3 KOTOPOTO
BBI3BIBAETCSI METOJL ¥ OOBEKT, TIepeJaHHbIil aPTYMEHTOM METOLY ).

— Ha 3zameTk
- y

Boobuue, npu paboTe ¢ 06bekTaMu, CO3AaHHLIMU Ha OCHOBE 0606LLEHHOIO Kilacca
, BblpaXeHna sBunaa nnn MOXHO OTOXAEeCT-
BJIATb C "TUMNOM" COOTBETCTBYIOLLErO 0O6bEeKTa.

Yro kacaercst TJIaBHON (DYHKIIMHU IIPOrPaMMBI, TO B Hell Ha OCHOBE 0000IIEHHOTO

KJTacca CO3/IAETCsT HECKOJIBKO OOBEKTOB: TIPU CO3IAHUH JIBYX 00BEK-
TOB WCIIOJIb30BaH THII , & JIBa JIPYTUX CO3/IAI0TCS C UCIOJIb30BAHNEM THIIA
. VI3 oHOTO 00'bEKTA BBI3BIBAETCST METO]I , & IPYTOit 0OBEKT TOTO

JKe TUIIA TIEPEIAeTCs aprYMEHTOM METO/Y. 3aTeM ITPOBEPSIIOTCS 3HAUEHUST T10JIST
Kaxk10T0 U3 00beKToB. C 9TOM 11eJ1bI0 BbI3bIBAETCI METO/L



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

Emte oxuH HeOOBIION TpUMEp MpecTaBieH B auctuire 8.4. B mporpamMmmHuoM

KOJIe OIlMcan 0OOOIEeHHBIH KJIacc ¢ ABYMsI 0OOOIEHHBIMU TUIIAMU
(mapameTpnl ¥ U Y). Y KjIacca uMeercs Ba moJist (moJte 06006I1IEHHOTO
THIIA X U I10JIe 000011IEHHOTO THIIA ¥ ), KOHCTPYKTOP € ABYMS apry-
MeHTaM¥ (3HAYeHUs MoJielt ), a TaK:Ke METO] ,OTOOPAKAIOUIUI 3HAYEHUS
moJiell COOTBETCTBYIONIEro 06beKkTa. MeTos BBI3BIBAETCST B KOHCTPYKTO-
pe KJacca.

Jliist Broporo mapamerpa (MMeeTcsi B BULY apaMeTp V) B OMUCaHuu 0600IIeH-
HOT'O KJIacca 3a/1aHO 3HAUEHHE 110 YMOTYAHWIO: II0CJIe Ha3BaHMs [1apaMeTpa Je-
pes 3HaK paBeHCTBA yKa3aHO KJIIOUEBOE CJIOBO . Ilocaennee os3nauaer, 4TO
€ecJIV TIPU CO3/IanK 00beKTa HA OCHOBE 00600IIEHHOTO KJIacca BTOPOi ITapamMeTp
(nnerTnduUKaTOp THTA) ABHO HE YKa3aH, TO BMECTO ITapaMeTpa Y HCIIOIb3yeTCs
THUII

B rnaBHO# (byHKIIMM MPOrpaMMbl Ha OCHOBE OGOOIIEHHOTO KJacca
COB/IaeTCsT HECKOJBKO 00hEKTOB. PaccMOTPUM TIPOrPaMMHBII KO/ TPUMEPA:

Jinctunr 8.4. 06006LIEHHbIIH Knacc ¢ AByMS 00001 EeHHbIMY TUNAMK

#include <iostream>
#include <string>
using namespace std;
// OBOBmEHHEM KJIACC:
template<class X,class Y=int>classMyClass{
public:

// Tonsa (oBOBMEHHOTO TUmna) :
X first;
Y second;

// Meron nnsa oTOOpaxeHMUs 3ZHAUEHMS [0JIS:
void show () {
cout<<"3HaueHuenond first: "<<first<<endl;
cout<<"3HaueHuenoysiga second: "<<second<<endl;
}

// KOHCTPYKTOp:
MyClass (Xf, Ys) {
first=£f;// Tomo npucBamBaeTCs 3HaUEHMUE
second=s; // Ilojo NpucCBanMBaeTCHA 3HaUYeHUES
show (); // OrTobpaxamwTcsd 3HAUEHMUS II0OJeN

}
}; // BaBepmeHue onmcaHusa OBOBIMEHHOTOKJIACCa
// TrnaBHasa GOYHKUMUA OPOTPAMME
int main() {

// OBBEKTHICO3IAKNTCSH HA OCHOBE

// obobmeHHorokyaccaMyClass:
MyClass<double, char> objA(3.5,'A");
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MyClass<int,bool> obijB (10, true);
MyClass<string> objC("rexct",123);
return 0;

}

Huxe nnpuBesieH pe3yJbTaT BBIIOJTHEHHUS TIPOTPAMMHOTO KOJIA:

PesynbTat BbINONHEHMS nporpammbl (U3 nuctuira 8.4)

BHauenme nojasa first: 3.5
3HaueHMe 1oJsa second: A
BxHauenme nojsa first: 10
3HaueHMe noJsa second: 1
3HaueHme noJjs first: TekcT
B3HaueHue noJjga second: 123

[TocKOJIBKY B KOHCTPYKTOPE KJIacca BbI3BIBAETCSI METO]I , TO TIPH CO3-
JaHuK 00BEKTOB 0TOOPAKAIOTCS 3HAYEHUSI TI0JIEH u . B rmasnoit
(byHKIMY TIpOrpaMMBbI co3aeTcs TP 00beKTa. B IepBbIX IBYX CIydasiX UCTIOJb-
3yeMble BMECTO 0000IIEHHBIX TUIIOB UAEHTU(MUKATOPHI YKa3bIBAIOTCA SIBHO (TO
ecTh yKasbIBaeTCs JBa MAeHTU(HUKATOPa TUIIOB), a IPU CO3IaHUK TPETHEro 00b-
€KTa B yIJIOBBIX CKOOKAaX YKa3bIBAeTCsl TOJBKO OAWH WaeHTU(hUKaTOp Tha. B
BTOM CJIy4ae Mo YMOJYAHUIO BTOPOI TUITI OyIET 1IEJIOUNCIEHHBIM.

8.3. Neperpyska n aBHasn
cneuuanusaunaoo0o0LLeHHbIX PYHKL NN

llepesazpysxa sasepwena. Cuacmaugozo nymu!
us k/¢p "Tocmos us 6ydywezo "

O6o06mteHnbIe (HYHKIIUU MOKHO nepezpyicamny. Panee Mbl UMEH JIEJI0 € Tiepe-
rpy3Koil GyHKINI, HO TOT/A peub Iia 00 0ObIYHBIX (He 0600IEeHHBIX) (DYHK-
msix. Ecomm dyukimst o6001erHast, To y Hee, (hakTuuecku, aBa Habopa "apry-
MEHTOB": HEITOCPEAICTBEHHO apryMeHThI (DYHKIUH 1 TTapaMeTPbl, 0003HAYAIOIIHE
000061ieHnbie TUIBL [IpaBuo 1eperpysku 0600MEHHBIX (DYHKIUI COCTOUT
B TOM, YTO JIOIIYCKAETCSA CO3[aHue HECKOJIbKUX (DYHKIUH ¢ OJMHAKOBBIMU Ha-
3BaHUSIMU, HO PasHbIM HaOOPOM apryMeHTOB U ITapaMeTpoB. [ pyruMu cjioBamu,
neperpyska 06001IeHHbIX (DYHKIUI MOKET 3aTparuBaTh He TOJbKO HEIOCPE-
CTBEHHO apryMeHTbl (DYHKIMK, HO U MapaMeTpbl, 0003Hayaome 0000IeHHbIe
THIIBL.

[TomuMo TIeperpy3Ku 0600IIEeHHBIX (DYHKIINH, CYIECTBYET MOHSATHE S6HOI Che-
yuanuzayuu 06001eHHbIX GYHKINN. SBHAST CleNuagus3aiys - 3T0 KOraa st
000011IeHHOI (DYHKIIMU SIBHO ONMUChIBaeTcsi HeoOoOmeHHass Bepeust. Heo606-
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IeHHast Bepcust 0000IIeHHO (DYHKIMKM - (DYHKIUSA ¢ TaKUM K€ Ha3BaHUEM,
TOJIBKO BCE THIIBI B Heil yKas3aHbl SBHO U oAHO3HauHO. HeoO0OIIeHHbIX BepCHil
MOJKeT ObITb HECKOJIBKO.

— Ha 3ameTk
) v

B 13BeCTHOM CMbICNE SIBHYIO Cneuman3aLmio 0606LWeHHOM GYyHKLMM AONYCTUMO pac-

I cmaTtpuBaTb kak cBoeobpa3Hoe "1CKoYeHNE U3 NpaBun™: CyLLLECTBYET OnpeaeneHHbln
WwabnoH (onpenensemMblii 0606LEHHON DYHKUMEN) C HEKOTOPLIM OBLLMM anropuTMOM
BbIMNONHEHUS PYHKUMN, HO A5t ONPEAEeSIEHHbIX TUMOB (TEX, YTO MCMOJIb30BaHbI NPU SIB-
HOW cneumannsaumm) anropuTM BbINONHEHUS GYHKLMWN HECKOJSIbKO OTIMYaeTCs OT Lwa-
6M0HHOrO.

B kauyecTBe MILTIOCTPAIMK K TTeperpyske 0600IeHHbIX (DYHKIIMIA 1 SBHOW MX
CIIeIUaNIN3aI[IU PACCMOTPHUM IIPOrPAMMHBII KOJ, TIpeICTaBIeHHbIN B JINCTHH-
re 8.5.

Jluctunr 8.5. Meperpy3ka u siBHag cneumanu3saums 0000LeHHbIX GYHKLMI

#include <iostream>
#include <string>
using namespace std;
// KiacCcCTeKCTOBEIMIIOJNIEM :
class Alphaf{
public:

// TexcroBOe moJe:
string name;

// KoHCTpyKTOp:
Alpha (string txt) {
name=txt; // IoJsow nprcBamBaeTCs BHAUEHUE
}
// OBbeKTHE Kjacca:
}objA ("nepBut") , 0bjB ("BTOPON") ;
// O6obmeHHas GyHKUMS C OBYyMs IapaMeTpammu
// ¥ OByMS apryMeHTaMM Pas3HOTO THUIIA:
template <class X,class Y> void show(X a,¥ Db) {
cout<<"Y dyHKUMM OBa apryMeHTa pasHoro Twuna!\n";
cout<<"l-maprymeHT: "<<a<<endl;
cout<<"2-maprymeHT: "<<b<<endl;
}
// Bepcus o0OOOmMEHHOM OYHKUMM C OIHUM I1apaMeTpPOM
// v OByMsa apryMeHTaMy OIHOTO THUIA:
template <class X> void show (X a,X Db){
cout<<"Y o¢yHKUMM OBa apryMeHTa omHoro Twumna!\n";
cout<<"l-mapryMeHT: "<<a<<endl;
cout<<"2-maprymeHT: "<<b<<endl;
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// Bepcus o0OOOMEHHOM OYHKUUM C OIHUM IapaMeTpPOM
// v OOHVM apTyMEHTOM:
template <class X> void show (X a) {
cout<<"yY dyHrUMM OoImmH apryMmeHT!\n";
cout<<"3HaueHue aprymeHTa: "<<a<<endl;
}
// Bepcus GyHKUMM C OBYMS apryMeHTaMu.
// llepBHif aprymeHT - 00BEeKT kjlacca Alpha.
// Twum BTOPOTO apryMeHTa OINpelNejiieTCs NapaMeTpOM:
template<class Y> void show (Alpha a,Y b){
cout<<"Y dyHKUMM OBa apryMeHTa (nepBeit - obbexkT) !\n";
cout<<"Ilojle name ob6mwekTa: "<<a.name<<endl;
cout<<"2-1m aprymeHT: "<<b<<endl;
}
// Bepcus bGyHKUMM C OBYMS apTryMeHTaMu.
// Tum nepBOoro apryMeHTa OINpelelideTCs NapaMeTpOM.
// BToOpoM apryMeHT - OOBEeKT kJjiacca Alpha:
template<class X> void show (X a,Alpha b) {
cout<<"Y dyHKUMM OBa apryMeHTa (BTOpou - obbekT) !\n";
cout<<"1-1m aprymeHT: "<<a<<endl;
cout<<"Ilojile name oOwekTa: "<<b.name<<endl;
}
// Bepcusa byHKUMM C OByMS apryMeHTamy — OOBbeKTaMu
// wnacca Alpha:
void show (Alpha a,Alpha b) {
Ccout<<"ApryMeHTH ObyHKUMUM - OOBEKTH kjiacca Alpha!\n";
cout<<"Ilojile name l-rT0 oBmwekTa: "<<a.name<<endl;
cout<<"Illojile name 2-170 oBbekTa: "<<b.name<<endl;
}
// Bepcusa QyHKUMM C OIHMM APTYMEHTOM — OOBEKTOM
// wmacca Alpha:
void show (Alphaa) {
cout<<"ApryMeHT OGyHKUMM - O0OBEeKT kJjacca Alpha!\n";
cout<<"3HaueHue noJyiga name oOBekTa: "<<a.name<<endl;
}
// Bepcusa doyHkuUM Ge3 apr'yMEeHTOB:
void show () {
cout<<"y dyHrumMy HeT aprymeHTOB!\n";
}
// TaBHad QYHKLMUA:
int main () {
// PasauuHele CHOCOBH BH30Ba OyHKUMM show () .
// ApTyMeHTH THMOa intm string:
show (100, "TexcT") ;
cout<<endl;
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// AprymeHTH Tuna double:
show (12.5,10.3);
cout<<endl;

// AprymeHTTHMIAint:
show (200) ;
cout<<endl;

// O6bekT kjlacca Alpha m Tun char:
show (objA, 'Z2");
cout<<endl;
// AprymeHT THna char m o6wexT kjacca Alpha:
show ('A',0bjB) ;
cout<<endl;

// O6bexTH kjacca Alpha:
show (objA, objB) ;
cout<<endl;

// O6vexT kjacca Alpha:
show (objA) ;
cout<<endl;

// Be3apryMeHTOB:
show () ;
return 0;

}

Pesynbrat BbITIOTHEHUS TIPOTPAMMBI CJIEYIOTIIHI:

PesynbTat BbINONHEHMS nporpammbl (U3 nuctuira 8.5)

Y dyHKUMM OBa apryMeHTa pas3HoOro Twuma!
1-1 aprymenT: 100

2-71 apT'yMeHT: TEeKCT

Y dyHKUMM OBa apryMeHTa OIHOIO Twuia!
1-1 aprymeHT: 12.5

2-1 aprymeHT: 10.3

Y OyHKUMM OIOMH apTyMeHT !
3HauyeHue aprymeHta: 200

Y OyHKUMM IBa apl'yMeHTa (nepBbet - oObekT) !
[Iosle name ob6BeKTa: MNEPBHU
2-71 apTyMeHT: 27

Y OyHKUMM IBa apl'yMeHTa (BTopou - obbwekT) !
1-11 apryMmeHT: A
[Iojle name oOBEKTa: BTOPOMU
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ApryMeHTH GyHKUUM - OOBeKkTH kjiacca Alpha!
[Iosle name 1-T70 OoOBEKTAa: IEPBHIM
[losle name 2-T70 OOBEKTA: BTOPOMU

ApryMmeHT OGyHKUMM - oOBbekT kJjlacca Alpha!
BHaueHMe II0JIg name oObeKTa: IIEePBHM

Y byHKUMM HET apTyMeHTOB !

[IporpaMma OYeHb IPOCTasA: Mbl OIMUCAIN KJIACC C TEKCTOBBIM I0JIEM

1 HECKOJTbKO BepCHil (DyHKIMN . BuacrrocTu, onucana 0600611eH-
Has QYHKIIMS ¢ TAKUM UMEHEM U JIByMsI apryMeHTaMu. EcTb Bepcus GyHKIMM ¢
OJIHUM apryMeHTOM 00O0OIIEHHOTO THUIIA, a TaKKe OIMMCaHa BEPCHst (GYHKIUU ¢
JBYMsI apryMeHTaMu OfiHOro 0600meHHoro Tuna. Eme nmeercs: Bapuant GyHK-
n 6e3 apryMeHTOB, ¢ OJJHUM apryMEHTOM - OOBEKTOM KJacca , IBYMsI
apryMeHTaMu -o0beKTaMu Kjacca , M JIBa BapraHTa QYHKIMH, Y KOTOPOI
OJIVH U3 apTYMEHTOB SIBJISIETCST OOBEKTOM KJIacca , @ BTOPOIi OTIpe/ieisier-
cs1 yepes mapamerp (OTHOCHUTCST K 0000IIEHHOMY THITY).

B o61em u 11es1oM yHKIMER [IPY BbI30BE OTOOPAKAIOTCS 3HAYCHUS aP-
ryMeHTOB (DyHKIMHU (C Pa3HBIMU MOSICHSIIOIUMI KOMMeHTapusamu ). I1pu Bbi3oBe
hyHKIMM HY;KHAsi ee BepCHsl ONpeIe/IsieTCst Ha OCHOBEe KOMaH bl Bbi3oBa. Ha-
[IPUMEP, eCJii apryMeHTaMu (GYHKIMU YKa3aHbl 3HAUEHUsI THIIA u ,
TO BbI3bIBaeTCsA 00001IeHHast (DYHKIUA C ABYMS ITapaMeTpaMu, BMECTO
KOTOPBIX COOTBETCTBEHHO MCIOJIb3YIOTCSI THIIbI u

[Tpu 06paboTKe KOMaH/IbI ¢ BBI3OBOM (DYHKIMN C IByMsI apryMeHTaMu
THTIA Oyzer 3ajeiicTBoBaHa Bepcust (DYHKIMK ¢ OJHUM 0O0OIIEHHBIM
apaMeTpoM U JIByMst apryMeHTamu. THIT apryMeHTOB ONPeesieTCst YKa3aHHbIM
apaMeTpoM.

=l Ha 3ameTky
Ecnn 66l B Nporpamme He Gbiiia onvcaHa Bepcus 06006LeHHOM GYHKUNN con-
I HUM NapamMeTpoM 1 ABYMSI apryMeHTaMu OLHOMO TUMa, TO NpW BbI30BE GYHKLMN
C OBYMSI aprymeHTammn tuna ncnosb3oBanach Obl Bepcusi 0606LEeHHON PYHK-

LMK C ABYMS NapamMeTpamMu, 1 Kaxablii U3 HUX MHTepnpeTupoBancs 6bl Kak Tvn

B cayuae, korzma opus win 06a aprymeHTa (hyHKIUU SIBISTIOTCST 0ObEKTaMI
Kjacca Alpha, TO Jist TaKOTO 00beKTa (M 06BEKTOB)0TOOPAsKAETCST 3HAUEHNE
TIOJIst name.

e Ha 3zameTk
- v

OGbEeKTHI n knacca C030a0TCs He B PYHKLMN , anepe4ncns-
I0TCS1 B Crivicke 06bEKTOB Cpasy Mocsie OnmcaHms Knacca.
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Boobirie ske MpUHITKII TIePerpy3Ku 1 IBHOU CIIeIUaIn3aIini 0000IEeHHBIX (QYHK-
U TTOHSTH HECJOKHO: OMUCHIBAIOTCS PA3IMYHble BAPUAHTBI (DYHKIIMU, & MPH
BbI30B€ BBIOMPAETCS MOAXO/IsAIast Bepcust GyHKIMK. [J1aBHOE, 4TOOBI 3TOT BbI-
60p uaeHTUDUITMPOBAJICS OHO3HAYHO. Hampumep, PeIosIoKuM, 94T0 B TIPO-
rpaMMe Obliia onrcata Bepcust (hyHKIUN C MEePBBIM apryMEHTOM - 00b-
€KTOM KJiacca U BTOPBIM apryMeHTOM OOOOIIEHHOTO THIIA, a TaKKe
Bepcust QyHKIUN C MIEPBBIM apTyMEHTOM 0OO00IIEHHOTO TUIIA ¥ BTOPHIM
apryMeHTOM - 00BEKTOM KJacca . Ecim ipu atom He ommcana Bepcust
(YHKIMK ¢ IBYMST apryMEHTaMK - 00bEeKTaMK KJiacca , TO BBI3OB (DyHK-
1Uu ¢ IByMst 0ObeKTaMK KJacca B KauecTBe apryMEHTOB ITPUBO-
mat 06l K omu6Oke. [TpudrHa B TOM, 4TO HEBO3MOKHO OTIPE/IETUTh, KaKast BEPCHsI
dyHKIMHU 10/KHA OBITH BbI3BaHA: Ta, B KOTOPOH apryMeHT 0000IIEHHOTO THIIA
BTOPOU UM TTEPBHIT.

8.4. flBHaqa cneunanu3sauua o600LLEeHHbIX
KJ1lacCOB

Kozda wenosex mepsiem uyscmeo romopa, ne6os-
MOJICHO npedyzadamp, Umo On HAMEOPUM.
u3 x/¢p "Cmapuxu-pasbotinuxu”

[Ipu pabote ¢ 0600TEHHBIMU KJIACCAMU MTOMUMO "OCHOBHOM " 0006IIEHHON Bep-
cum k1acca (Bepcuu, CoepKaieii mapamMmeTpsl 171t 0000UIEHHBIX THIIOB) MOKHO
OIUCATh BEPCUH KJIACCOB JIUISI KAKMX-TO KOHKPETHBIX 3HAYEHUH apamMmeTpoB (TO
€CTh 7 KOHKPETHBIX TUTIOB JIAHHBIX OIMUCHIBAETCA "oTAeabHass" Bepcust 0600-
meHHoro kiracca). [lo anamoruu ¢ 06001eHHBIME (DYHKIIUAMHE, OyIeM TOBOPUTD
B 9THUX CJIyUasaX O 610l Cneyuaiusayui 0O600MEeHHOTo Kaacca.

— Ha same
- MeTky

He cnepyet nyrtatb SBHYIO cneumanvsaumio Knacca C UCMoJSIb30BaHMEe 3Ha4YeHus no

I YMOJIHaHMIO 415 napamMeTpoB 0606LLeHHOro knacca. Mpu SBHOI cneumannaaumm knac-
ca cosfaeTcsa ocobas Bepcus kiacca Ansa ciydas, korga 0600LeHHbIN TUN NpYHUMaeT
TO UKW MHOE 3HaveHne. Ecnn xe ana napaMeTpoB Kiacca ykasaHbl 3Ha4eHUs rno ymosi-
4yaHWIo, TO BO BCEX CTy4asix MCMOJIb3YETCA OAVH U TOT Xe LIabNoHHBbIN KoA, MPOCTO 3Ha-
YyeHVe napamMeTpoB paspeLLaeTCs ABHO He yKasblBaTb (TOr4a UCMOsb3YI0TCA 3HAYeHNs
Nno YMOJIHAHWIO).

HpI/I SIBHOU clienquaJjimn3aninu O606HI€HHOI‘O KJjlaCCa COOTBETCTBYIOIIasd BEP-
CHA KjlaCcCa OIIMCbIBA€TCA KaK 0606]]_[6HHaH (Ha‘II/IHaeTCH C KJIIOYEBOTI'O CJIOBaA

), HO B YIVIOBBIX CKOOKaxX KJIIYEBOE CIOBO " I1apaMeTp AJisd
O606H.IGHHOFO TUIla HE YKA3bIBAIOTCA - YIJIOBbBIC CKOOKI ITyCTbIE. A BoT mocJie
HNMEHHU KJIaCCa B YIJIOBbBIX CKOOKax YKa3bIBaA€TCA TUIL, AJId KOTOPOT'O BBITIOJTHAET -
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cg g9BHAd clelraInu3anus Kiacca. B obireM, 9aBHad CrelMaan3alus g Kaacca
BBITIONTHSAETCS TaK ((KUPHBIM MIPUMTOM BbI/IeJIEHbI KJII0YEBbIE 9JIEMEHTHI ):

template<>classHazBaHme<Tunn>{
// xom xJjacca

};

[Tpumep ¢ nIOCTpaliueil IBHOM ClieuaJn3aiii KJaacca, IpeacTaB/IeH B JIi-
crumre 8.6.

Jinctunr 8.6. BHag cneunanu3aums Knacca

#include <iostream>
#include <string>
using namespace std;
// OBOOHmEeHHE KJIacC (rnapamMeTp Tula
// ¥vMeeT BHaudyeHME 10 YMOJIYAaHMIO) :
template <class X=char> class MyClass{
public:

// Tosie 0BOBWEHHOTO Tua:
X data;

// KOHCTPYKTOp:
MyClass (X d) {

// TloJy mpucCBaMBaeTCd SBHAUESHME :

data=d;

}

// Meron mysa oTOOpaxeHMs 3HAUEHUsS I[10JIS:
void show () {
cout<<"3HaueHuenonsa data: "<<data<<endl;
}
}; // BaBepumeHue onmcaHmsa OBOBMEHHOTO Kjacca
// SIBHas chneumanmzauus OOOBWEHHOTO KJlacca:
template <> class MyClass<string>({
public:
// TexkcToBOe moJjie:
string name;

// KoHCTpyKTOp:
MyClass (string s) {

// Tonw nprcBamMBaeTCs 3HAUEHUE :

name=s;

}

// MerTonm myisa OoTOOpPaXeHMI SBHAUESHMSI I[10JIS:
void show () {
cout<<"3HaueHMe TEKCTOBOTO IoJig name: "<<name<<endl;

}

}; // BaBepmeHue omnmcaHus Kjacca
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// TnaBHasg QYHKUMS OPOTPAMME:
int main () {

// OBBeKT Kjacca C TUIOM int:
MyClass<int> A (123);
A.show () ;
// OBBeKT kJjlacca C TUIoM string:
MyClass<string> B("Texct");
B.show () ;
// OBBbexT Kjlacca C TuloM char (3HadeHMe [0 yMOJIYaHMUI) :
MyClass<> C('d'");
C.show () ;
return 0;

}

PeByJIbTaT BBIITOJIHEHUA TPOTPAaMMbI IIPUBEAEH HUKE!

Pe3ynbTat BbINONHEHUS NporpamMmbl (U3 nucTuHra 8.6)

BHaueHme nojsa data: 123
3HaUueHMe TEeKCTOBOTO IIOJIS name: TEeKCT
3HaueHMe noJjs data: A

B nporpamme onmcan 06001MIEHHbII K1ace C OJIHUM TIapaMeTPOM, IIPH-
4yeM TapaMeTp UMEET 3HAUYEHUE 110 YMOJYAHUIO . Iocnennee oberosiTeb-
CTBO O3HAYAET, YTO €CJIM [IPU CO3AaHnK 0ObEKTa KJIacca IBHO TUII He YKa3aTh, TO
ISt TapaMeTpa 0000IIEHHOTO THIIA UCIIOJIb3YETCsT 3HAUEHUE

B xmacce OIMCAaH KOHCTPYKTOP C OJAHUM apryMeHTOM, U B KOHCTPYK-
TOpe NepeJaHHoe apryMeHTOM 3HaueHue MPUCBAMBAETC IOJI0 ¢ Ha3BaHUEM
. ITosie otHOCHTCST K 00061IeHHOMY THITY. B Kiacce €CTb METOJ

, OTOOpaAKAIOIIMIT 3HAYEHUE 01T

SBHag cremumanmsanus Kjacca BBIIIOJIHAETCS JId TUIIa . B
3TOM CJIy9ae BMECTO TMOJIS IIOSIBJISIETCST TEKCTOBOE I10JIe . B ocranb-
HOM IIPOrpaMMHbBIE KOJbI Pa3HBIX BEPCHil Kjacca cxoxu. [ puniun
cosanus 00beKTOB 000OIIEHHOTO Kjacca CAeAYIONUiiL ecii KJIACC CO3/1aeTcs
JUIS TUATIA, OTJIAYHOTO OT , TO UCIOJIb3yeTCsl "OCHOBHOMN " KO/ 06001IeH-
Horo kjacca. Eciv ske pu cozgannm o6bekTa 06001IeHHOr0 Kacca yKasaH THIL

, TO UCIIOJIb3YETCSI BEPCUST Kjlacca , OIIMICAHHAasL I SBHOI ero
creruanusaiuu. [IpuMepbl pasinyHbIX cioco00B cO3/1aHust 00bEKTOB Ha OCHOBE
0000611IeHHOTO KJlacca [pe/ICTaBJIeHbI B (QYHKIUN

Curyarust MOKeT ObITh HE TaKOW OJHO3HAYHON. /{ajiee MbI pacCMOTPUM IPH-
Mep, B KOTOPOM 00001IEHHbII KJIacC COAEPIKUT IBa lapaMeTpa jiJist 0003HAYEH IS
0600TIEHHBIX TUIIOB, a SIBHASI CIIEIMATM3AINS BBITTOTHSIETCS LIS IBYX CIy4aeM:
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* ecau 0000IIEHHbBIE TUTTBI PABHBI u ;
*  ecJi BTOPOit 0O00IIEHHBIN TUIT paBeH (a TIepBBHIii - TPOU3BOJIb-
HBIN);

To ecTb BO BTOPOM cJydae BBITTOJHSETCS SIBHAS CHEIMAIN3aIlNs TOJIBKO 110 BTO-
pomy mapameTpy (IepBbIi OCTaeTCsT 3aaHHbIM hopmarbio). Ecan tak, o Oy-
JIeM TOBOPHTbD O S6HOU YACMUYHOT CREUUAIU3AUUY KITACCA.

PaccmoTpum nporpaMMHBINT KOJI, TPE/ICTaBAECHHBIN B TUCTUHTE 8.7.

Jinctuur 8.7. ABHag yacTU4Hag cneunanusaums Knacca

#include <iostream>
#include <string>
using namespace std;
// OBOOmeHHE KJjlacC (C OByMd [apaMeTpaMu Tura) :
template <class X,class Y> class MyClass{
public:

// TlepBoe noJjie 0BOOWEHHOTO THUIA:

X first;

// BTopoe mnoJjie 0BOBWEHHOTO TUIA:
Y second;
// KOHCTPYKTOP:
MyClass (X £,Y s){
// TlonaMm NpUCBAMBAKTCHS SHAUSHUS:
first=£;
second=s;

}

// Meron nnsa oTOOpaxeHMUs SZHAUEHMN [IOJIel:
void show () {
cout<<"3HaueHuenond first: "<<first<<endl;
cout<<"3HaueHuenoysia second: "<<second<<endl;
}
}; // BaBepmeHue omnmcaHus OBOBIMEHHOTO Kjlacca
// fBHasg yacTMUHAas cheuranmmMs3aumusa oOOBIMEeHHOTO KJjacca:
template <class X> class MyClass<X,string>{
public:

// TlepBoe nojie 0OOOCWEHHOT'O THIA:

X first;

// TekcToBOE IOJe:
string name;

// KOHCTPYKTOp:
MyClass (X f,string s) {
// TlonaMm NpPUCBAMBAKTCS BHAUEHUS :
first=f;
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}

// MeTon myisa OTOOpPAaXeHMS SBHAUSHMI IIOJIeN:
void show () {
cout<<"3Hauenue noss first: "<<first<<endl;
cout<<"3HaueHMe TEKCTOBOI'O I10Jid name: "<<name<<endl;
}

}; // BaBepumeHue onmcaHus Kijacca

// SBHada cHeuManmMs3aLMsa Kjacca:
template<> class MyClass<int, string>{
public:

// llenoumciieHHOe IIoJie:

int code;

// TekcToBoemoJe:
string name;

// KoHCTpyKTOp:

MyClass (int c,string s) {

// TlonaMm NpucBauMBaTCHd 3HAUEHMI:
code=c;

name=s;

}

// Meronm misa OTOOpAaxXeHMs SZHAUEHMUN [IOJIei:
void show () {
cout<<"3HaueHHMe LEJIOUMCIJIEHHOTO noJjig: "<<code<<endl;
cout<<"3HaueHMe TEeKCTOBOTO nojsa: "<<name<<endl;

}

}; // BaBepmeHue omnmcaHusa Kjacca
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {

// O6bexkT kjlacca ¢ Tunammintm char:
MyClass<int,char> A(123,'4'");

A.show () ;

// O6vexT Kjacca c Tunamm char mstring:
MyClass<char,string> B('A', "rexct");
B.show () ;

// OBBekT kJjlacca C TuUIaMu int mustring:
MyClass<int,string> C (100, "HoBBRIITEKCT") ;
C.show () ;
return 0;

}

B pesysibrate BbIIOIHEHUSI IPOIPAMMHOTO KOJIa II0JIydaeM:

PesynbTar BLINOIHEHMS NPOrpamMmbl (U3 iMcTuHra 8.7)

BHaueHme nosd first: 123
B3HaueHMe nojsa second: A
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BHaueHue noJjsg first: A

3HaUeHMe TEeKCTOBOTO IIOJIS name: TEeKCT
BHaueHMe lejioumcieHHoro nojsg: 100
3HaUeHMe TEeKCTOBOTO IOJIS: HOBHEIM TEKCT

OG6OOIIEHHBIN KJTace OIKCAH C JIBYMsI MapameTpaMu tuma ¥ u 7. B
KJIacce ecTb Ba 1o (1moJe 0000IIIeHHOT0 TUTIA X U TI0JIe 00006-
meHHoro tumna ). KoHCTpyKTOpY TepefatoTest iBa apryMeHTa, IPHCBanBaeMble
3HAUEHMSIMU T10JIsIM. B Kitacce onrcan Metoj Ilpu ero BbI30Be 0TOGPA-
JKAIOTCS 3HAUEHUS T10J1eit 06hEKTa, U3 KOTOPOTO BBI3BIBAETCS] METOI.

ABHag Cliclimajandanmda Kiacca BBITIOJIHAECTCA [AJ1d TUIIOB
n . 3aroJIOBOK OIIMCAaHMs KJjlacca TEIlepb BbITJIAIUT KakK
. IIOCJI€ RKIII0OYEBOI'O CJIOBA
ITyCTbhi€ YTIJIOBbIE CKO6KI/I, 3aTeM KJ/II0o4eBO€ CJIOBO , Ha3BaHHe

KJlacca ¥ B YIJIOBBIX CKOOKaX Ha3BaHUS THUIIOB, JJIsi KOTOPBIX BBIIOJHIAETCS sIB-
Has creruaansainys. YTo Kacaercs ImporpaMMHOro KoZia JaHHOI BeEpCUHU Kjacca
, TO B TeJIe KJlacca IIOIHUCAHbI T10JIsI u - COOTBETCTBEHHO Iie-
JIOUUCJIEHHOE U TeKCTOBOE. KOHCTPYKTOPOM TIPUCBAMBAIOTCSI 3HAUEHUS T10JISIM,
a TIpU BBI3OBE METO/IA 3HAYEHU 110JIeil 0TOOPaKAIOTCSA B OKHE BBIBOJIA.

HpI/I SBHOM YaCTUYHOU CITel[raIn3anuy Kiacca B OIIMCaHWUN BEPCUU
KJlacCa ICITOJIb30BaH 3aroJIOBOK
. @akTyecKn Mbl UMeeM J1€J10 C IH3.6]IOHOM, B KOTOPOM OJWH 0600-

IEeHHBIN THTI X, a APYTOH TUII YKa3aH SBHO. 3/IeCh IepPBOe 110JIe KJiacca oT-
HOCHUTCSI K 06001IIEHHOMY THILY, @ BTOPOE TI0JIe ¢ Ha3BaHUEM , OTHOCHUTCSI K
TEKCTOBOMY THUILY . Kax u B mpepinymmx caydasix MeTo. mnpen-

Ha3Ha4Y€H IJIA OTO6p3.>KeHI/IH 3HAYEHUN T10JIeM.

[Tpu co3panmy B rIaBHOM (QYHKIIMHU TPOTPaMMbI 00BEKTOB Ha OCHOBE 0O00IIEH-
HOTO KJacca TPAAUITNOHHO YKA3BIBAIOTCS TUIIBI JAHHBIX IS UCTIOJIb-
30BaHMs [IPU CO3/IaHNK 0OBEKTa 060OIIEHHOTO KJlacca.

—
= Ha sameTky

MIMeeT CMbIC/ HAaNMOMHWTb, YTO XOTS PasHble 06bEeKTLI CO30a0TCA HA OCHOBE OAHOMO 1

I TOro xe 0606LIEeHHOro Kiacca, NPUHUMNUAaNbHOE 3HaYeHNe UMEET TO, KakMe UMEHHO
TUMbI AaHHLIX BbINN UCTONL30BaHbI /1 Nepeaaqy napaMmeTpamu knaccy. Ecnu, Hanpu-
Mep, 0fIMH 06bEKT CO3AaETCA KOMaHA0M , a Ipyromn
€0303eTCs KOMaHaoM , TO peyb dpakTuye-
CKU MaeT 06 06beKTax PasHbIX TUMOB: 06bLEKT 2 OTHOCUTCA K TUMY ,
B TO BPeMS Kak OGbeKT B OTHOCMUTCS K TUMY
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8.5. 0000l EeHHbIe K/1acCbl U HacnegoBaHue

Hy, a smo dosecok k xoumapy.
u3 x/¢p "Cmapuxu-pasbotinuxu”

OG60011eHHbIE KJIACChl MOKHO MCIIOJIb30BaTh IIPU HacJeJ0oBaHUK. MbI paccMo-
TPUM IIPOCTOI IIpUMeEp, B KOTOPOM Ha OCHOBE OJZHOIO 0600IEHHOro 6a30BOro
KJlacca co3Jaercs, IyTeM HacJeJoBaHus, APyroil 6a3oBblil Kaacce - Toxke 0006-
mmeHHbIH. COOTBETCTBYIONINI TPOTPAMMHBIN KO/ IIPUBE/IEH B IUCTUHTE 8.8.

Jiuctunr 8.8. 06006LLIEeHHbIE KnacChl M HacneaoBaHue

#include <iostream>
#include <string>
using namespace std;
// O6oOmeHHb 6a30BHI KJAaCC C IOBYyMs apaMeTpaMmm:
template<class X,class Y> class Alpha{
public:

// Tonsa:
X dataX;

Y datayY;
// KOHCTPYKTOpD:

Alpha (X dx, Ydy) {
// TonaMm NpuCBamMBATCH 3HAUEHN:
dataX=dx;
data¥Y=dy;
}

// Meron miys oTOOpaxeHMs 3HAUEHWUS I[IOJIel:
void show () {
cout<<"Ileppoe mnojye: "<<dataX<<endl;
cout<<"Bropoe noje: "<<data¥<<endl;
}
}; // BaBepmeHue onmcaHusa Gas0BOTO OOOBMEHHOTO Kjacca
// OOOOIEHHHI NPOM3BOLHEI KJIACC:
template <class X,classY,class Z> class Bravo: public
Alpha<X, Y>{
public:

// Tome:
Z dataz;

// KoHCTpyKTOp:
Bravo (Xdx, Ydy, Zdz): Alpha<X,Y>(dx,dy) {

// TloJyo npucBamMBaeTCs 3HaYeHME:

dataz=dz;
// BBI30OB MeToma IJisS OTOOpaxeHMs SBHAUEHUM [OJIeN:
show () ;

}
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// TlepeonpeneseHue MeToIa M3 6a30BOTO KJjacca:
voild show () {
// BHBOB BepcumM MeToma M3 0az30BOTO KJacca:
Alpha<X,Y>::show () ;
// OrobpaxeHue BHAUEHUS I[OJIA:
cout<<"Tperbe noje: "<<dataZ<<endl;
}
}; // 3BaBepumeHume ONMCAaHUS NPOU3BOOHOTO OBOBWEHHOTO Kjlacca
// TnaBHasg OQYHKUMS OPOTPAMME:
int main () {
// Co3manme oBbeKTa Ha OCHOBE
// TpoM3BOOHOTO OBOBMEHHOTO KJlacca
Bravo<int, char, string>obj (100, 'A', "rexcT") ;
return 0;

}

Hwuxe IpuBeE/IEH Pe3yJibTaT BbIITIOJIHEHUA ITPOTPaMMBbI:

PesynbTar BLINONIHEHMS NporpamMmel (U3 iMcTuHra 8.8)

[lepeoe noje: 100
BTopoe mnojie: A
TpeTbe moJje: TEeKCT

B nporpamme ommcbiBaeTcsas 000OGIIEHHBIA  Kaace (3aroJIoBoK
) ¢ IByMs TapamMeTpaMu

u Y aasg 0603HaveHns 060ONIEHHBIX TUIIOB, HCIIOIb3yEeMbIX B K1acce. JaHHblii

KJIACC MBI UCTIOJIb3YeM B KauecTBe Ha30BOT0, CO3/1aB Ha €ro OCHOBE IIPOU3BOIHbIN

00600ITIeHHBIH KJIacC

— Ha sameTk
— v
B knacce onvcaHbl ABa nons 7 COOTBETCTBEHHO 060OLLEHHbIX
| TMNOB X 1 Y. Y KOHCTPYKTOpAa Kiacca [Ba aprymeHTa, onpeaensiowme 3Hade-
HUSA nonen " . MeTtoaoom oTOOpaxXaTCs 3HAYEHMS MONEN ]
HpI/I CO3/1aHUU KJjlacCa IIyTEM HaCJIEAOBaHUA KJlaCCa HNCIIOJIb30-

BaH 3ar0JIOBOK

. 3/1ech ecTb HECKOJIBKO MOMEHTOB, JJOCTOMHBIX
BHUMaHUs. Bo-11epBBIX, IIPOU3BOIHBIN KJIACC MbI OIIMCHIBAEM KaK 0000IEHHbIHI,
C yKasaHMeM Tpex [apaMeTpoB it 0003HaYeHNst 0000IIEHHBIX THIIOB (IIapaMe-
TPbI ¥, ¥ 1 7). Bo-BTOPBIX, 6a30BBII KJI1acC, HA OCHOBE KOTOPOTO CO3/IAETCS TTPO-
M3BOIHBIN KJIACC, OTIPeIeIeH KaK
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MbI ykasbiBaeM He MPOCTO MMsi 0a30BOTO Kjacca, a MMsi 6a30BOr0O Kjacca ¢
obo3HaueHreM 3HaYeHUI MmapaMeTpoB OOOOLIEHHBIX THUIIOB, MCIOJIb3YEMbIX B
KJacce . B manHOM ciyuyae mepBbIe /Ba mapameTrpa (X W Y) W3 KJjacca

"nepenaoTcs” B KJace U UCTIONB3YIOTCS B KauecTBe 3HAUCHUM
IIapPaMeTPOB AJis 000OUIEHHbIX TUIIOB.

— Ha sameTk
- y

Boobuue, NPOrpaMMHbIN KOA4 AaHHOMO NpuMepa fierye NoHATb, eCNN AyMaTb, 4TO Knacc
co3aaeTcqa Ha OCHOBe Kacca . Apyrumn cnosamu, onvcaHue
Knacca -3TO OnncaHne Knacca, Hacnegytouiero Kknacc

B Tese xmacca OTIMCBIBAETCA TI0JIE o0b6ob6menHoro tuna 7. Emre
B KJIacce HACJIeYIOTCS /1B TIOJIST u M3 KJ1acca

Y KoHCTpYKTOpa KJacca TPHU apryMeHTa - B COOTBETCTBUU C KOJIMYe-
cTBOM TToJTelt. Kask/plit apryMeHT KOHCTPYKTOpPa - 3HaUeH¥e COOTBETCTBYIOIIETO
noJist. 3HAYEHUST TTOJISIM u MPUCBANBAIOTCS TIPU BBHI3OBE KOH-
cTpykropa 6azoBoro kiracca. MopMasbHO MHCTPYKIHS BBIZ0BA KOHCTPYKTOPA
uMeeT BUJL : 9Ta MHCTPYKIIUsS YKa3bIBAETCSI MOCJe Ha-
3BaHMSI KOHCTPYKTOPA KJacca (gepes u 0003HaYEHBI MEPBbIe
JIBa apryMeHTa KOHCTPYKTOPA KJIacca ). 31ech HET HUYero 0COGEHHOTO, 3a
UCKJTIOYEHNEM MOXKAIYH TOTO MOMEHTa, YTO Ha3BaHue Ha30BOTO KJIacca yKa3aHo
B BUJIE

3HaueHNe IIOJI0 IIpHUCBAMNBAE€TCA B TeEJIE KOHCTPYKTODPa KOMaHILOIL/,I
. Taxke B Tene KOHCTPYKTOPaA BbI3bIBAETCA METO . Ho ato
He€ Ta BEpCHUA METOZA , KOTOpas HaCJIeAyeTCA B KjlaCCe 3 Kj1acca
. Bce J1€JIO B TOM, 4YTO METO B KJIacce TepeorpenendaeTcd.
HpI/I‘-II/IHa Oo4yeBH/HA: B KJjlacce MeETO/ OIIMCaH TaKUM 06p3.30M, 4TO IIpn
€I'0 BbI3OBE OTO6pa)KaIOTC$I 3HaYEeHUS TOJIel n . B xmacce
IIOABJIAETCA €11€ OAHO II0JIE€, ITOITOMY JKENIATEJIbHO, 4TOOBI METOA0M
3Ha4YeHHE JaHHOTI'O I10JIA OTO6pa>KaJIOCb toxke. Kak CJIeICTBUE, METO/I ITEPEOIIPE-
AEJAETCA, IIPUYEM IIEPEOIIPEACIIAETCA TaK: CHadaJla BbI3bIBAETCA CTapasa BEPCUA

MeToja (Ta Bepcus, 9TO OMHCaHa B KJacce ), @ 3aTeM OTIeTHHON KOMaH-
10it oToOpakaeTcst 3HaYEHHUe MOJIsT . Crapas Bepcusi MeToa
BBI3BIBAETCS KOMAHION . B mannom ciyyae mepen Ha-
3BaHNEM MeToZa , uepe3 orepaTop paclliupeHusi KOHTeKcTa (onepaTop

), YKa3bpIBaeTCd Ha3BaHMe KJacca ¢ OMMCAHHBIM METO/IOM - B HAIlleM CIydae
3TO KJacc

B rnaBHOl (byHKIIMU TPOrpaMMbl KOMaHIOU
co3zaeTcsl 0OBEeKT Ha 0CHOBe 0000IIeHHOTO
IIPOM3BOHOTO KJIacca . ITOCKOJIbKY B KOHCTPYKTOPE KJIacCa BbI3bIBAETCS
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METO/ , TO B OKHE BBIBOZA 0TOOpaxkaercss nHMOPMAIUS O 3HAYCHUH I10-
JIell co3aHHoro 0ObEKTA.

Ha ocHoBe 00600MIEHHOr0 KJacca IyTeM HACIeOBAaHUSA MOYKHO CO3[aBaTh HE
TOJIbKO 06O0IIEHHDIE, HO U OOBIYHBIE KIacChl. HeOOIbIoi mpuMep 1mo aToMy 110-
BOY npuBeseH B uctunre 8.9. B nmporpamme onuchiBaeTcs mabJoHHbIH K1ace

C OJIHUM ITAPAMETPOM, & 3aTeM Ha OCHOBE KJIAcCa CO3/IAETCs Ba TIPO-
M3BOJIHBIX KJIACCA: KJIACC CO3/1aeTCst Ha OCHOBE KJIacca ,a
KJ1acc CO3/IaeTCsT HA OCHOBE KJIacca

Jiuctunr 8.9. CospaHune o0ObI4YHBIX KNAcCOB HacneAoBaHUEeM 0000LEeHHOro Knacca

#include <iostream>
#include <string>
using namespace std;
// OBOOmeHHE Oa30BHM KJAacC:
template <class X> class Alpha{
public:
// Tloje OBGOBMEeHHOTO THUIA :
X data;
// KoHCTpyKTOp:
Alpha (X d) {
// 3BHauyeHme IoJid:
data=d;
}
// Meronm myisa OoTOOpPaXeHMI SBHAUSHMSI I[IOJIA:
void show () {
cout<<"3uHaueHue nojsiga data: "<<data<<endl;
}
}; // 3BaBepumeHue omnmMcaHMa OBOOUMEHHOTO 6a30BOTO KJAacca
// TpOM3BOOHEIL KJIACC:
class Bravo: public Alpha<int>{
public:
// TekcToBOE IOJe:
string name;
// KOHCTPYKTOp:
Bravo (int n): Alpha<int>(n) {
// BHadyeHue IMOJIA:
name="00BekT kJlacca Bravo";
// OToOpaxeHMe BHAUESHUM [OJIEN:
show () ;
}
// TlepeonpenejieHne METOHNA:
void show () {
// OroBpaxeHre 3HAUEHMS II0JI9 name:
cout<<name<<endl;
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// BBIBOB MCXOIHOM BEepCUM METOIA:
Alpha<int>::show () ;
}
}; // 3BaBepueHue ONMCAHMA MNPOM3BOOHOTO KJacca
// TpOM3BOOHEIA KJIACC:
class Charlie: public Alpha<char>({
public:

// TekcToBOE IMOJe:
string name;

// KOHCTPYKTOp:
Charlie(char n): Alpha<char>(n) {
// BHauyeHMe TEeKCTOBOTO IIOJIA:
name="00wekT kJjacca Charlie";

// OToBpaxeHue BHAUESHUM [OJIEN:

show () ;
}

// TlepeonpenejieHue MeTOIA:
void show () {

// 3HaueHue MoJLg:

cout<<name<<endl;
// BBIBOB MCXOIHOM BEepCUM METOIA:
Alpha<char>::show() ;

}
}; // 3BaBepueHre ONMCAHMA MNPOM3BOOHOTO KJacca
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {

// O6vexT kJjlacca Bravo:
Bravo objB(100) ;

//06bekT kJjlacca Charlie:
Charlie objC(‘A");
return 0;

}

Pesynbrat BbITIOTHEHUS TIPOTPAMMBI TAKOI:

PesynbTar BhINONHEHUS nporpammel (U3 nuctudra 8.9)

ObwekT kJlacca Bravo
BxHauenme nojsa data: 100
O6wekT kJjacca Charlie
3HaueHue nojsa data: A

Knacent u , TIOJIy4eHHBbIE Ha OCHOBEe 00OOIIEHHOTO KJacca

, IBJISIIOTCS. OOBIYHBIMU (He 0600IEHHBIMU ), XOTSI IIPU 5TOM UMEIOT TI0JIsk
Pa3HOTO THUIIA U UAEHTUYHYIO "CTPYKTYPY", KOTOpas BO MHOTOM OIIPeeNsieTCs
6a30BbIM 0000OIIEHHBIM KJIACCOM.



FnaBa 9.

OYHKTOPDI
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Hac ecex ey6um omcymcmeue depsocmu é nep-
cnexmueHom sudenuu npobiem. Mol ne moxcem
cebe no36oaUms PaHmasuposamo.

u3 x/¢p "Cemnaoyamo menoeenuil 6echot”

B a710ii ri1aBe MbI 06CYIMM BOIIPOCHI, CBSI3aHHbIE C UCTIOIb30BAHUEM (DYHKMOPOS,.
Eciu kpaTko, T0 GyHKTOP - 00BEKT, KOTOPbIil BbI3BIBACTCATIOT0OHO (DYHKIINN.
Bripaskenue "ucrosb3oBanue GyHKTOPOB" ciieflyeT MOHUMATh B CAMOM IITHPO-
KOM CMBICJIe, TTOCKOJIbKY MBI 3aTPOHEM acCIeKThI, Ha TIePBBIN B3TJIA UMEIOMINe
BechbMa OT/ajleHHOoe oTHoIeHrne K ¢dyHkropam. OpHaKo, Kak Oy/IeT MoKa3aHo
najiee, B yMEJIBIX PYKax MPAKTUIECKH JIOOOW MEXaHU3M OKasKETCS MOJIE3HbBIM.
Tpapguonno, ocHoBHOe BHUMaHUe yaensiercs metogam OOIL.

9.1. 3HakoMCTBO ¢ PyHKTOpPaAMM

Cogucmuxa, nacmop, copucmuxa!
u3 x/¢p "Cemnaoyamo menoeenuii 6echot”

Wrak, ¢ynxmop - oObeKT co cBoiicTBaMu (MYHKIUU. [J1aBHOE CBONCTBO (hyHK-
UM - ee MOXKHO BbI3bIBaTh. 1loaToMy He Oyzer GOJIBIION OMMUOKOIl Ha3BaTh
(hyHKTOPOM 00BEKT, IOMYCKAIONIIIT BHI30B, KAK 0ObIYHAST (DYHKITUS: €CJIU TTOCIE
uMeHn 00beKTa yKasaTh KPYyTJible CKOOKK (C apryMeHTaMu Win 0e3), TOTydruM
HEKOTOPBIH pe3yJibraT (MU He TIOJIYyYUM, eCJIU PE3YJILTAT HE TIPEYCMOTPEH ).

TexHuyeckn 1711 TOTO, YTOOBI OOBEKT MOKHO OBLIIO BBI3bIBATH HAMO[001e (DyHK-
IV, B KJIACCe, HA OCHOBE KOTOPOTO CO3/IAeTCsT 00BEKT, TOJIKEH OBITD TIEPETPYIKEH
omnepatop () ("Kpyribie ckoOku"). [IpyruMu cIoBaMu, B TAKOM KJIacce TO0JIKEH
OBITH OIMCAH OIEePaTOPHBIN METOI ¢ UMeHeM operator (). OneparopHbIil Me-
TOJl TpeJHa3HaueH JJisi 0OpabOTKU BbIPaKEHWIT BHUIA OBBEKT (ApTyMEHT) .
OO6beKT, yKa3aHHBIN Tepes] KPYTJIBIMI CKOOKaMH, aBTOMATHYECKU CUUTAETCS
MEPBBIM OIEPAH/IOM BBIPaKEHUsI. ITO OOBEKT, U3 KOTOPOTO BHI3BIBAETCST OTIe-
PaTOPHBINT MeTOA. APTYMEHT OTIepaTOPHOTO METO/a - 3HaYeHNe, YKa3hIBaeMOe B
KPYTJIBIX CKOOKAX.

—
-j Ha sameTtky

I Kak oTMeyanock paHee, 451 Neperpysku onepaTtopos MOryT UCMOSIb30BATLCSA HE TOJBKO

onepaTopHble METOIbl, HO U onepaTopHbIe GyHKLMM. OQHAKO eCTh Fpynna onepaTopos,

KOTOpPblE MEPErpyXaloTcs TONbKO C NMOMOLLBIO OMNepaTopHbIX MeToaos. Cpean onepa-
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TOPOB, paccMaTpmBaeEMbIX (M NEPErpy>Xaembix) B KHUre, K 3TON rpyrnne OTHOCATCS one-
paTop npucBanBaHusa=, onepaTop "KBagpaTHble CKOOKM" [ ] 1 onepaTop "Kpyriiblie CKoO-
Kn" ().

CnepoBartenbHo, onepatop "Kpyrible CKOOKM" neperpyxaercs siBHbIM OMMCaHWEM B
KJjlacce onepaTopHOro MeToaa C UMeHeM . Tonbko Tak, 1 HUKaK nHave

Haunem c paccMoTpeHUst 09eHb MTPOCTOI CUTYAIINH: CO CTETIEHHO 3aBUCUMOCTHU
BU/A f(x) = x™. BMecTo omucanus B IIPOrPAMMHOM Kojle (DYHKIIMH C JBY-

M apTyMeHTaMU (MMEIOTCS B BULY mapaMeTpbl X u Tl) MBI onuIiieM Kjacc ¢ 3a-

KPBITBIM IIeJIOYMCJIEHHBIM IT0JIeM (3HaueHue apameTpa 11) U neperpy:KeHHbIM
OnepaTopoM «Kpyriibie CKOOKu». TTocielHUil OMMCHIBAETCST ¢ YUCTIOBBIM apry-

MEHTOM, COOTBeTcTByomuM mapamerpy X. [lockosbky B KJacce mneperpyskeH
orepaTop ¢ HasBaHueM operator(), TO OOBEKTHI JAHHOTO KJIACCA BHI3BIBAIOTCS,
Kak (DyHKIMU: TIOCJIe UMeHN 00bEKTA B KPYTJIBIX CKOOKAX YKA3bIBAETCS 3HAYEH e

rnapameTpa X, a pe3yJibTaTOM BCEro BbIPAKEHUS ABJISIETCS YUCJI0BOE 3HAYEHUE

n
X, mpuyeM 3HaYeHUe NoKas3aresist crerieHu 11 (hyHKTOp «CYMThIBAET» CO CBOETO
OJIHOMMEHHOT0 3aKPBITOTO T10JIS.

ITporpammubIil Ko IpuMepa npuseneH B juctunre 9.1. Tam onmcan kiacc
MyPowcC 3aKPbIThIM I1€/I0YMCJIEHHBIM IIOJIEM N, KOHCTPYKTOPOM C OJHUM apry-
MEHTOM (apTyMEHT KOHCTPYKTODPA OIIpeZessieT 3HadeHUEe 3aKPBITOro IOJI), a
TaKKe MeTOZIOM he 1p (), 0TOOpaKAIOIIEM CIIPABKY 110 00bEKTY (MMEETCS B BULY
nHGoOpMaIus 0 3HaYeHNH 3aKPBITOTO 10JIs ). Ellle Kirace coneps:kut neperpysky
OTIEpaTOPHOTO MeTOo/Ia. Bech MporpaMMHBIN KO BBITJISIIUT TaK:

Jiuctuur 9.1. ¢yHKTOp AN BbIYUCNIEHUSI CTENEHHOW 3aBUCMMOCTH

#include <iostream>
using namespace std;
// Kmacc mna coszmaHma byHKTOpAa:
class MyPow{
private:

// BakpbToe Mojie Kjacca:
int n;
public:

// KOHCTPYKTOP C OIHUM apryMEHTOM:
MyPow (int n) {

// BHaueHue MoJig:

this->n=n;

}

// Meron mnsa oToOpaxenms "crnpabBru":
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void help () {
cout<<"@yHKTOP IJig BO3BeIeHMs B cTeneHb "<<n<<endl;
}
// Tleperpy3Ka OMNEpPaTOPHOTO MeToma "KpyrJue CKOOku".
// PesyjbTaT MeTOoma — apryMEHT X B LEJOUMCIIEHHOM
// cTeneHy n (3aKpuHToe Mnojie QyHKTOPA) :
double operator () (double x) {

double s=1;
for (int i=1;i<=n;i++) {
s*=x;

}
return s;
}
}; // BaBepmeHue omnmcaHusa Kjacca
// TyaBHasa OYHKLUMA NPOTPAMME:
int main() {
// TlepeMeHHasa IJid MNepemauy apTyMeHTOM OYHKTOPY :

double x=3;

// Cozpmanue obbekTa-dyHKTOPA:
MyPowf (5) ;

// Vinbopmauus o QyHKTOpE:
f.help();

// Bu30B dyHKTOpPA:
cout<<"x="<<x<<": "<<f (x)<<endl;
// HoBOe 3HaueHME MNEePEMEHHOM:
x=2;

// Cozpmanue obbekTa-dyHKTOPA:
MyPowF (7) ;

// Vinbopmauus o dyHKTOpE:
F.help();

// Bu30B dyHKTOpPA:
cout<<"x="<<x<<": "<<F (x)<<endl;

return 0;

}

[IporpaMMHBII KO/ OTIEPATOPHOTO METO/1a C Ha3BaHUEM operator () JocTa-
TOYHO IMPOCT. B KayecTBe pe3ysbrata METO/IOM BO3BPAIlAeTCd 3HaAYeHUE TUIIA
double, KOTOpPOEe BBIUMCISIETCS (€ TIOMOIIBIO OIlepaTopa IIUKJIA) KaK n-KpaTHOe
IIPOU3BEIEHIE APIYMEHTA X METO/A.

— Ha sameTky
]
Knacc OMMCaH Tak, YTO 3HAYEHME 3aKPbLITOro NoNA 1 ONpenensaeTcs eaAMHOX b

I npu cozaaHnm o6bekTa Kfiacca NyTeM nepenaqn aprymeHTa KOHCTPYKTopy. MNocne aTo-
r0 U3MEHUTb 3HAYEHNE NONA HENb3SA. Ero MOXHO NvLb NPoYMTaTh C NOMOLLBIO METOAA
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B riaBHOI (yHKIMU POrPaMMbI CO3/IAI0TCS IBa 0OBEKTa Kracca (byH-
KTOPBI), @ 3aTeM C IOMOIIBIO "BbI30Ba" 3TUX 0OBEKTOB BEIYHCIISAIOTCS CTETIEHHbBIE
BBIpaKeHUs. Pe3yabTaT BBITOSHEHUS TPOTPAMMBI TAKOU:

PesynbTart BLINONHEHUS NporpamMmmbl (U3 nuctuira 9.1)

CDyHK'I‘Op IOJi1 BO3BeIeHUsS B CTeleHb 5

x=3: 243
OyHKTOP IJigd BO3BEINEHUS B CTENeHb
x=2: 128

IToHATHO, Y4TO BHIIIE IIPEACTABIEH OYE€Hb IIPOCTON U "IIPIMOIMHERHbII" cr1ocob
OIMCAHMSI M UCTIOJIB30BaHus (hyHKTOpa. MOTYT OBITD GoJiee criennpudHbIe CUTY-
arni. Ho Bce OHM B KOHEYHOM MTOTe GAasupyIOTCs Ha TIEPErPy3Ke OMepaToOPHOro
MeTO/ia [T "KPYTJIbIX CKOOOK". [IJist GOJIbIell HATJISIIHOCTH PACCMOTPUM eTlle
HECKOJIbKO IIPUMEPOB.

9.2. dyHKTOpPbI C aprymeHTamu u 6e3
aprymeHToB

Imo npocmetiuas yenv paccytcoenul.
u3 k/¢ "Ilpuxaiouenus Illlepaoxa Xoamca u
doxmopa Bamcona”

"Ucropus” cienyionieid mporpaMMbl IPOCTUPAETCS K CaMbIM TIEPBBIM TJIaBaM
KHUTH, T/l MBI PACCMATPUBAJIH 32/[a49y O BKJIQJYUKE U €T0 cueTe B OaHKe.

e Ha sameTtk
— v
I HanomMHuMm, 4TO peyb ngeT o pasmeLleHnn Bknaga B [EeHEeXHbIX eguHUL, NoA, rofo-
BYIO NPOLEHTHYIO CTaBKYy I (B NpoLeHTax) Ha Bpems t (B rogax). B aTom cnyvae ntoroeas

r
cymMMa Bknaga Bbluncnsietcs no popmyne M (1 + E)

Paree MbI onmuchIBaJv Kjacc C TPeMs TTOJISIMHU ,

u (COOTBETCTBEHHO BEJIMYMHA HAYATBHOTO BKJIA/A, TPOTIEHTHAS CTaBKa U
BpeM:I, Ha KOTOPOe Pa3MeNaeTcsT BKJIAM), a I BEIYMCIEHUST UTOTOBON CyMMBbI
BKJIa/Ia OTIMCHIBAJICS CIIEIMAIbHBIM MeTO. Termepb ke MbI MONeM HEeCKOJIbKO
VMHBIM IIyT€M M BMECTO MeToJa MPeIyCMOTPUM BO3MOKHOCTh BBI30Ba 00bEKTa
KJjacca. PaccMOTpyM NporpaMMHBIN KOJL B IMcTHHTE 9.2.
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Jinctuur 9.2. GyHKTOp Ha OCHOBE Knacca BankAccount

#include <iostream>
using namespace std;
// Kmacc:
class BankAccount{
// BaKpBTHE [IOJIS KJacca:
private:
// BenuumHaBKIANA :
double money;
// TlpolileHTHasCTaBKa:
double rate;
// Bpewms:
int time;
// OTKPHITEIE UJIEHH KJIACCA:
public:
// OmepaTopHH MeTOon IJjg "KPYyTIJeX CKOOOK"
// (Bepcus 6e3 apr'yMeHTOB) :
double operator () () {
double res=money;
int i;
for (i=1;i<=time;i++) {
res=res* (1l+rate/100);
}
return res;
}
// OmepaTopHE MeTOom IJid "KPYIJEIX CKOBOK"
// (Bepcus c TpeMms apryMeHTaMmm) :
void operator () (double m,double r,double t) {
money=m;
rate=r;
time=t;
}

// KoHCTpykTOp KJjlacca (C Tpems apryMeHTaMu) :
BankAccount (double m=100,double r=13,1int t=3) {
// HesBHEIM BEI3OB OIEPATOPHOT'O METOZa:

(*this) (m,r,t);
}

}; // OxoHUaHMe ONMCaHMUA Kjacca
// TnaBHas GyHKUMS NPOTPAMME:
int main() {

// TlepBHIIOBBEKT :
BankAccount ivanov;
// BEI3BIBAETCS OINEPATOPHHI MeTOon 6e3 apryMEeHTOB:
cout<<"lMBaHOB: "<<ivanov ()<<endl;

// BHIBBIBAETCS OINEPATOPHHI METOI C TpeMs aplyMeHTaMM:
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ivanov (120,12,2);
// BHIBBIBAETCSH ONEPATOPHHI MeTOn 6e3 apryMEeHTOB:
cout<<"MepaHOB: "<<ivanov ()<<endl;

// BTOpPOM OOBEKT:
BankAccount petrov(90,18,4);

// BHIBEIBAETCSH ONEPATOPHHEI MeTOon 6e3 apryMEeHTOB:
cout<<"IleTrpomB: "<<petrov()<<endl;

// BHBEIBAETCS ONEPATOPHHI METON C TpeMs aplyMeHTaMM:
petrov(130,15,5);

// BHIBEIBAETCSH ONEPATOPHHEI MeTon 6e3 apryMEeHTOB:
cout<<"IleTrpomB: "<<petrov()<<endl;
return O0;

}

B xmnacce (HBIHEITHEN €T0 BEpPCUH) TPU 3aKPBITHIX JAEHCTBU-
TEJIbHBIX TOJIST ( , u ), @ TaKJKe B OTKPBITOM OJIOKE KOHCTPYK-
TOP 1 /IBE BEPCUU OTIEPATOPHOTO METO/IA (omHa KpyTias ckoOKa

OTHOCHUTCS K Ha3BaHUIO METO/1a, BTopas - (popMabHbIN Tpu3HaK Metoza).OmHa
BepCHst OTIEPATOPHOTO METO/IA OTUCHIBAETCST G€3 apryMEHTOB ¥ BO3BPAIIAeT pe-
3yJIBTAT: 3TO 3HAYEHUE UTOTOBOI CyMMBI JIETIO3UTA, BEIYMCIISIEMOE HA OCHOBE 32a-
KPBITHIX T10Jieii 00bekTa (PyHKTOPA), U3 KOTOPOTO BBI3bIBAeTCst METO. J[pyras
BepCUsI ONIEPATOPHOTO METO/IA He BO3BPAIIAET PE3YJIbTAT U IIPUHUMAET TPU apTy-
MeHTa. /lanHag Bepcus onepaTopHOTO MeTo/Ia MpeHa3HaueHa s TPHUCBanBa-
HUS 3HAYEHU I 3aKPBITHIM TT0JIsIM 00bekTa ((hyHKTOpA).

-| Ha sameTtky
Monsa y o6bekTa 3aKpbiThie, HO ONEePaTOPHbI METOA, ONUCaH B OTKPLITOM B110Ke, N03TO-
I MY MOXEM MCMO/b30BaTh ONepaToPHbI METOA, AN A0CTYNa K 3aKPbIThbIM NONAM.

B Tesie KOHCTPYKTOpa BBIMOJHSETCS IPUCBAMBAHUE 3HAYECHUH MOJISIM 00bEKTA.
IIpruem 17151 BBIIOJIHEHUST 9TOU IIPOLIelyPbl B KOHCTPYKTOPE BBI3bIBACTCS Olle-
PATOPHBIN METOJI C TPEMSI APTYMEHTAMHU -11eJIb JOCTUTAETCS C TIOMOTIbI0 KOMaH-
JIbI . 31ech (paKkTUYECKN MBI MCTOJIb3yeM HESIBHBIN BBI30B
OTIEPAaTOPHOTO METofla ¢ TpeMs aprymMeHTamMu. HCTpyKIusS O3HauaeT
00BEKT BbI30Ba (B ITAHHOM CJIy4ae cO3/aBaeMblil 00bEKT). B KpyTibix ckobKax
IOCJIe UHCTPYKIIMHU yKasaHbl apryMeHTbl KOHCTpyKTOpa. O6pabarbiBaeT-
€51 TaKO€ BbIPa)KEHME Yepe3 BbI30B OllePaTOPHOIO METO/A c Tpe-
MsT apryMeHTaMH, B PE3yJIbTaTe Yero MoJsiM 00beKTa IPUCBAUBAIOTCS 3HAUEHHMSL.

] ) Ha sameTky
MHCTpyKUMS B35iTA B KPYrJible CKOOKM C yH4ETOM NMpMopmUTETa ONEpPaTopoB, YTOObI
I BblpaxeHne 06pabaTbiBanoCcb NPaBUIbHO
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B ruaBHOI (hyHKIIMU [TPOTPAMMBbI CO3AAIOTCS Ba 0OBEKTa. DTH OOBEKTHI "BbI-
3bIBAIOTCA" ¢ apryMeHTaMu U 0e3, COOTBETCTBEHHO, /1S BBIUMCIECHIS UTOTOBOI
CYMMBI JICTIO3UTA U IPUCBAMBAHUSI HOBBIX 3HAUEHMUIT MMOJISIM 00bEKTOB. Pe3yib-
TaT BBITIOJTHEHUS TPOTPAMMBbI TaKO1:

Pe3ynbTat BbINONHEHUS NporpamMmbl (U3 nMCTUHra 9.2)

VBanor: 144.29
VBanor: 150.528
[lerpor: 174.49
lleTpoB: 261.476

9.3.Peanusauusa nonmHomMma yepe3 PyHKTOP

Imo menouu. Ho nem nuuezo sajxcnee menoueit!
u3 k/¢ "llpuxaiouenus Illlepaoxa Xoamca u
doxmopa Bamcona”

Cuieyronuii puMep, 1o CPaBHEHUIO C TIPEABIAYIUMU, UMEET OOJIBIIYI0 MaTe-
MaTHUYeCKyI0 HAIlPaBJIEHHOCTD: B HEM IPOTPAMMHBIMU METOIAMHU, ITyTEM CO3/Ia-
HHUS CHENNaTbHOTO KJlacca M MeperpysKu psijia orepaTopos (BKJIIOYas U orepa-
TOp "KpyrJible CKOOKHU'"), Pean3yIoTCsl HEKOTOPbIE ONEPAIK C TIOJIMHOMAMI.

— Ha 3ameTk
- y
I MonuHomom  cTenedn Tl oTr  nepemeHHo X HasbiBaeTCA  BblpaXeHue

B,(x) = ag + a;x + a;x? + -+ + a, x™. Napamerps @g, 4, ..., Ay, Ha-
3bIBalOTCS KOG DULUMEHTAMM NOAMHOMA N OAHO3HAYHO OMPEAENSIOT ero Kak GyHKun-

OHaJIbHYI0 3aBUCMMOCTb. YTOObI BLIMUCIUTL 3HAYEHME NONMHOMA B 3alaHHOMN Touke X
[0CTaTO4HO 3HAaTb KO3 DULNEHTHI NONHOMA.

[IporpamMmusbIil KO puMepa TipecTaBieH B auctuHre 9.3. TaM ommcan Kiacc

. B kiacce Habop k03(hOUIMEHTOB MOJIMHOMA PEaM3yercsl B

BHUjie AMHAMUYECKOTO MaccuBa. Kpome HemocpecTBEHHO OMIEPaTOPHOTO METOAA

, B KJIacce OIMCAHbI OMEPAaTOPHBIE METONbI [T ONepamopos

npuceausanus M unoexcuposanus 00vexmos. Bee a0 3HAUUTENBHO 00JIeryaeT
paboTy ¢ 0ObeKTaMU JAHHOTO KJiacca. PaccMOTPUM MporpaMMHBIiA KOJ:

Jiuctunr 9.3. OynkTop Ang paboTbi ¢ NOAMHOMaMK

#include <iostream>

#include <cstdlib>

using namespace std;

// Kilacc mys peanm3auuy IOJIMHOMOB :
class Polynomial{
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// BakpbTEE M[OJIA KJlacca:
private:
// YkasaTejylb Ha MacCuUB C KO3QOMULMEHTaMM IIOJIMHOMA :
double *a;
// CTeneHbIOJMHOMA :
int power;
// OTKPHITHE UJIEHEl KJIACCA:
public:
// KOHCTPYKTOp (apTyMeHTH - yKas3aTeJlb Ha MacCHUB
// U CTemneHb IOJIMHOMA) :
Polynomial (double *b,int n) {
power=n; // CrTeneHb MNOJMHOMA
// Cos3maeTcs IMHAMMUECKUN MaCCUB
// Oia KO3QPULMEHTOB IIOJIMHOMA :
a=new double[power+l];
// 3anojiHeHMe MaccHBa:
for (int i=0;i<=power;i++) {
ali]l=b[i];
}
}
// KOHCTPYyKTOp (apryMeHT — CTeleHb [NOJMHOMA) :
Polynomial (int n=0) {
// CreneHb MOJMHOMA :
power=n;
// Maccupb njda Ko3QOUMUMEHTOB MNOJIMHOMA :
a=new double[power+l];
// 3anojiHeHMe MacCCHuBa HYJISAMU:
for (int i1=0;i<=power;i++) {
alil=0;
}
}
// KOHCTPYKTOP CO3HOaHMS KOIUM:
Polynomial (Polynomial &P) {
// CreneHb MNOJMHOMA :
power=P.getPower () ;
// CospmaHMe IMHAMMUYECKOTO MacCuBa
// mona Ko3bOULMEHTOB MOJIMHOMA :
a=new double[power+l];
// 3amnojiHeHMe MacCCHBa:
for (int i1=0;i<=power;i++) {
ali]l=P[i];
}
}
// IecTpyKTop:
~Polynomial () {
// YmaneHue MaccuBa:
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delete [] a;
}
// MeTonm BO3BpamaeT 3HAUEHME IJIS CTEeNeHM [IOJMHOMA :
int getPower () {
return power;
}
// Meron mna oTobpaxeHUs KOSOOULUMEHTOB [OJIMHOMA :
voild coefs () {
for (int i=0;i<=power;i++) {
cout<<a[i]<<"\t";
}
cout<<endl;
}
// OmepaToOpHHEM METOH IJi MHIEKCUPOBAHMSA OOBEKTOB:
double &operator[] (int k) {
return alk];
}
// OmepaTopHul MeTon mJa "BuH30Ba" OOBLEKTOB:
double operator () (double x) {
// JlokaJibHBEIEIEPEMEHHEE
// (3HaueHMe MOJIMHOMA UM CTEIEeHHOEe CcJjlaraeMmoe) :
double s=0,g=1;
// BHUMCJIEHME BHAUEHUSA [OJIMHOMA :
for (int i1=0;i<=power;i++) {
s+=alil*qg; // IoBaBka kK CyMmMe
q*=x; // CTeneHHOe cJllaraeMmoe
}
// 3BHaueHMre MOJMHOMA :
return s;
}
// OnepaTopHH MEeTOH IJid YMHOXEHMS [OJMHOMOB :
Polynomial &operator* (Polynomial P) {
// YkazarTeibHAaOOBEKT :
Polynomial *t;

// CTeneHb MNOJMHOMA — apryMeHTa MeTOIna:
int n=P.getPower();
// CTemneHb MNOJMMHOMA — pPe3yJjbTaTa NPOU3BEOEHUS :

int m=power+n;
// HOBBII IMHaAMMUECKU OBBEKT
// (BCce KOXDPULMEHTH HYJIEBHE) :
t=new Polynomial (m) ;
// 3amnojiHeHMe MaccCrBa C KO3QOULMEeHTaMM OJIS
// TonmuMHOMa - pes3ysbTaTa NPOU3BENEHUS.
// Tlepebop KO2b0OULMEHTOB 1-T'0 MNOJIMHOMA :
for (int i=0;i<=power;i++) {
// TlepeBbop KO20OMULMEHTOB 2-TO MNOJMHOMA :



FNABA 9. ®YHKTOPbI

for (int j=0;j<=n;j++) {

// "YrTouHeHue" KOZDPPULMEHTOB
// monmuHOMa — pe3yJibTaTa NPOU3BEISHUS :
(*t) [i+j]1+=ali]*P[]];

}
// PesynbTaT MeToma — OOBEeKT:
return *t;

}

// OmepaTopnprcCBaVBaHMAg :
Polynomial operator=(PolynomialP) {
// YmaneHue MaccuBa KO3ODMLMEHTOB:
delete [] a;

// CreneHb MNOJMHOMA :
power=P.getPower () ;

// HOBHI MaccuB KO3QPULMEHTOB :
a=new double[power+l];

// 3BanoJjiHeHMEeMaCCHUBa :
for (int i=0;i<=power;i++) {
al[i]=P[i];

}

// PesynbTaT MeToIa:
return *this;

}

}; // BaBepumeHue onmcaHus Kijacca
// TmaBHasa GOYHKUMUA OPOTPAMME :
int main() {

// VIHuUManImM3auusa TeHepaTopa

// CJIy4dallHBIX 4YMCEeJI:
srand (2014) ;

// CTerneHb MNEpPBOTO MNOJUHOMA :
const int n=2;

// Maccue KO30OMUMEHTOB mJjid MOJIMHOMA :
double nums[n+1]={3,-2,1};
cout<<"MomamHoMmue\n" ;

// OBBeKT mOJjisa NepBOTO IMMOJIMHOMA :
Polynomial P (nums,n);

cout<<"P: ";
// Ko2bdrumeHTE MepBOTO IOJIMHOMA :
P.coefs ()

// OBBEKT mJia BTOPOTO MOJMHOMA :
Polynomial Q(n+1);

cout<<"Q: ";

// KosddMIMEeHTEH BTOPOTO MNOJIMHOMA :
Q.coefs();

// Ko3bdULUMEHTH [IOJMHOMa — CJyUYalHHE uYMcia:
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for (int i=0;i<=n+1;i++) {
Q[il=rand () %5-2;
}

cout<<"Q: ";
// Ko3bdrureHTE BTOPOTO MIOJIMHOMA :
Q.coefs () ;

// OBBEKT mJia TPEeThbero MOJIMHOMA :
Polynomial R;

// TlpousBeneHre MOJIMHOMOB :

R=P*Q;
cout<<"R: ";

// KosddMIMEHTE TpeTbero MMOJIMHOMA :
R.coefs ()
cout<<"3Haueuus noamHoMOB\n";

// APTYMEHT IJiS [OJIMHOMOB U

// TnpupameHue oJig apTyMeHTa:
double x=-2,dx=1;

// BHaueHMsa MOJIMHOMOB B PAa3HBIX TOUKAX:
for (int k=1;k<=5;k++) {

Cout<<"P ("<K<x<<") = "<<P(x)<<"\t";
cout<<"Q ("<<x<<") = "<<Q(x)<<"\t";
COUL<K<K"R ("<<x<<") = "<<R(x)<<endl;

x+=dx; // V3MeHeHVe 3HaAUEHMS apryMeHTa

}

return 0;

}

PeSy]IbTaT BbIIIOJIHEHU A ITPOTPaMMbI 6y[[€T TaKHUM:

Pesynbrar BhINONHEHUS nporpammel (U3 nuctudra 9.3)

[TOJIMHOMEL

P: 3 -2 1

Q: 0 0 0 0

Q: -2 -2 -2 1

R: -6 -2 -4 5 -4 1
3HaUeHMs I[IOJIMHOMOB

P(-2) = 11 Q(-2) = -14 R(-2) = -154
P(-1) = 6 Q(-1) = -3 R(-1) = -18
P(0) = 3 Q(0) = -2 R(0) = -6
P(l) = 2 Q(1) = -5 R(1) = -10
P(2) = 3 Q(2) = -0 R(2) = -18
B xmacce , KaK OTM€4aJ10Cb, /IBa 3aKPbBITbIX I10JIA: YKAa3aTEJIb & OTO-

JKJIECTBJISIETCSI ¢ MAaCCUBOM (JIMHAMUYECKNUM ) K02(h(DUIMEHTOB TTOJMHOMA, CTe-
TIeHb JKe ITOJIMHOMA "3allIOMUHAETCsI" B 1IeJIOUNCIEHHOMITOIE
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— Ha 3ameTky

CTouT 3aMeTuTb, 4TO KONINMYECTBO KO3GhDULMEHTOB B NOSIMHOME Ha eavHuly 6onblue

I cTeneHu noanHoma. NMoaTomMy KOJIM4ecTBO 3/1IEMEHTOB B MacCuBe = Ha eanHuuy 6osb-
e 3HaYeHnsa nons . Bo Bcsikom cnyyae, Halwa 3agadya cCoCTOMT B TOM, Y4TOObI 3TO
COOTHOLLEHWe BbINOJIHANOCH Ans Ntoboro o6bekTa Knacca

[Ipoune ueHbl Kaacca OTKPbIThie. Cpein HUX 0COOYIO TPYIITY COCTABJISIIOT KOH-
CTPYKTOPBIL. B kiacce OIIMCAHO HECKOJBKO KOHCTPYKTOPOB:

*  EcTbh KOHCTPYKTOp, TO3BOJISIIONINN CO3/1aBaTh 0OBEKT HA OCHOBE MacCHBA
3JIEMEHTOB 1 YMCJIOBOTO 3HAYEHUS, OTIPEIEIISIONIETO CTETTeHb COOTBETCTBY-
IOII[ETO MOJTMHOMA (KOJIMYECTBO HJIEMEHTOB B MACCHBE HA €MHUILY OOJIbIITe
TTOKa3aTesid CTeTIeH! TTONHOMA). B aToM ciry4yae K0ahGuIneHTh TOTNHOMA
OTIpeeJISIIOTCS 3HAYEHUSIMU 3JIEMEHTOB MacCHBa, HA OCHOBE KOTOPOTO CO3-
JaeTcst OObEKT.

e OmucaH KOHCTPYKTOP C OJHUM YHCJIOBBIM aPTyMEHTOM, UMEIONTNM HYJIEBOE
3HAUYeHHe 110 YMOJTYAHUIO U OTIPEAEISTIONIUM KOIUIecTBO KO3 (PUIlneHToB B
nonuHoMe. Bee Koo huIimenTh MoryyaoT HyTeBble 3HAUEHI.

* B xacce mMmeercss KOHCTPYKTOD CO3JaHUS KOINM, KOTJAa HOBBI OGBEKT
CO3/IaeTCsl HA OCHOBE YiKe CYIIECTBYIoIero oobekTa. [Iyist HoBoro o6beKTa
CO3/IaeTCsT TMHAMUYECKUU MACCUB C TAKUM JKe KOJIMYEeCTBOM 2JIEMEHTOB U C
TAaKUMU K€ 3HAYEHUSIMU JIEMEHTOB, KaK U B 00BbEKTe, Ha OCHOBE KOTOPOIO
€03/1aeTCA HOBBII O0BEKT.

r—
= Ha 3ameTky

B KOHCTpYKTOpE Co3aaHus Konuu apryMeHT nepeaaeTcs no ccoiike. B onepatope umk-

I na, B KOTOPOM BbIMOJSIHAETCS 3anofIHEHNE 31eMEHTOB MaccuBa co3aBaeMoro o6bek-
Ta, NPy 06paLLEeHMM K 3/IeMEHTaM UCXOAHOro 0ObekTa BbINOIHAETCS UHAEKCUPOBaHMe
obbekTa (MMeeTca B BUAY KoMaHaa , Toe yepes = 00603Ha4YeH auHaMmuye-
CKuih MaccuB, a Yepes P 0603HaAYEH apryMEHT KOHCTPYKTOPa CO34aHMNs KOMuun).

B knacce Polynomial omucas ecTpyKTop. B Tese 1ecTpyKTopa BCero ojiHa
KoMaHna delete [] aaird yaajleHUs IMHAMUYECKOIO MacCUBA.

— 4 Hasametky
L

Mons, onpeaensiowme cTeneHb NoIMHOMA U KO3GOUUMEHTBI MNOJIMHOMA, ABASIOTCS

I 3aKpbITbiMU. [103TOMY MPOCTO TaK K HUM 0BPATUTBLCS HE NonyyuTcs. [na cYnTbIBaHUS
3Ha4YeHus nonsa (cTeneHb NonMHOMA) ONMCaH MeTon, . OT0o6pasnTb
Habop K03 DULIMEHTOB NOSIMHOMA MOXHO C MOMOLLbIO MeToAa

OmnepaTopHBIi METON JUIS UHIEKCUPOBaHUsI 0ObEKTOB BO3Bpa-
II[aeT B KAUECTBE PE3YJIbTaTa CChIIIKY HA 3JIEMEHT (11pm ycsioBUM, 4TO k -11€-
JIOUMCJIEHHBIN apTyMeHT OTIepaTOPHOTO METO/IA).
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OmnepatopHbIil METOA onpeiesieH TaK, 4YTO Pe3yJIbTaTOM MeToza
BO3BpallaeTcs 3Hauenue moanHoMa. 11pu aToM pe3ysbTaT BRIUYUCISIETCS Ha OC-
HOBE 3HAUEHUS apTYMEHTA OTePaTOPHOTO MeToa U KO3 MUITNEHTOB TTOJUHOMA,
"crnpATaHHBIX" B IUHAMUYECKUI MaccHB 0OBEKTa, U3 KOTOPOI'O BHI3HIBAETCS OIle-
PaTOPHBIN METO/I.

Efite oiH 0miepaToOpHBIN METO/I TPU3BAH 00ECTIEYNTH BOZMOKHOCTD BHIYUCIISATD
IpoU3Be/IeHNE TIOJTMHOMOB. Peub nzieT 06 orepatopHOM MeToJIe .
Apryment merosia - 00BEKT Kiracca . PesynsraTrom MeTtona Takke
SIBJISIETCST OOBEKT KJtacca . IIpuuem peub UET O CChLIKE HA OOBEKT.
[IpuunHa mMOCTIeAHETO B TOM, YTO B TeJIe METO/IA CO3IAeTCs TUHAMIYECKUI 00D-
€KT, 1 HETOCPEJCTBEHHO JaHHBIN OOBEKT BO3BPAIAETCS PE3YJIBTATOM METOJIA.
Nmenno moaToMy MBI BOCTIOTH30BATICh MEXAHM3MOM BO3BPAIEHUS CCHIIKU Ha

00BEKT.

L

-

Ha sameTky

HenuwHmum GyaeT HanoMHUTL, Kak B 0OLLEM Cllydae BO3BpalllaeTcs pesynsrat Metoaa
nnn byHKuMK. 3HaueHve, BO3BpallaeMoe pesynsTaToMm, Ha CaMoM Jesie Konupyercs
B 3apaHee BblAENEHHYI0 A8 pesynbtata GyHKUMU UM MEeToAa AYeliky namMsatun, u yxe
3TO 3Ha4YeHue Bo3BpaLLaeTcs pedynsTaToM. To eCTb hakTUHECKM BO3BPALLAETCA KOMUs
TOro 3Ha4YeHus!, KOTOPOE BLIYMCNIEHO Kak duHaNbHOE 3Ha4YeHne peaynbTaTa. B gaHHoOM
cllydae Hac NoaoGHbIV BapyaHT He yCTpanBaeT U MeTof, onuncaH Tak, 4To
BO3BPALLAETCA HEMOCPEACTBEHHO OOBLEKT, CO3AaHHbIN B Tesle MeToda. ATy cuTyaumio
Mbl eLLie NMPOKOMMEHTUPYEM U PACCMOTPMM Gosiee AeTabHO.

HepeonpeﬂeﬂeHI/Ie orieparopa YMHOKEHUA JJIA 00BEKTOB KJjacca

HETIOCPE/ICTBEHHOTO OTHOIMEHWS K (PyHKTOpaM He MMeeT, HO B

OTIpe/Ie;IeHHOM CMBICJIe WJIIOCTPUPYET IPeuMylecTBa (hpyHKTOPOB 110 CpaBHe-
HUIO ¢ OOBIYHBIMU (DYHKITUSAMI JI7IsT (DYHKTOPOB MOKHO 33/1aBaTh OMEPAIIUH, KO-
TOpbIE TPOOJEMATUYHO PEATU30BAThH € OOBIYHBIME (DYHKITUSIMI.

Moppo6HoCcTHU

BO3MOXHO, NMOHAZ0BATCS NOSACHEHNSI OTHOCUTESNLHO BbIYMCIIEHUS! MPOU3BEAEHUS M0~
nuHoMoB. JonyctuM, mMeetcs nonmHoM P(x) = ap + ayx + a;x? + - + a,x™

crenewn T u nommrom Q(x) = by + byx + byx? + +++ b, x™ cTenenn M1, n Mol
XOTUM BbIMUCINTL npousseaeHve atux nomudomos R(x) = P(x)Q(x). Bax-
HO TO, 4TO MPOW3BEAEHVE [BYX MONMHOMOB - TOXE MOJMHOM. [03ToMy ecnn wuc-
XOOHble MOMMHOMbI PeannayloTca B BUAE OObEeKTOB HEeKOTOPOro knacca, TO Mpou3-
BelleHMe TakuX MOMMHOMOB Takke MOXHO peanu3osaTb B BUAe 06bekTa TOro xe
knacca. CTeneHb MNONVHOMA-NPOU3BENEHNS PaBHAETCA CymMMe CTerneHeii nepe-

MHOXaeMbIX MOSIMHOMOB (B Hawmx 0603HAYEHUSIX n+ Im). LencrteutensHo,
R(x) = (ag + a;x + azx® + -+ apx™) (bg + byx + box? + « bypx™) = cg + 1% + c2x% +

et G xTT

, pyYeM KOs ULUMEHTbI 3TOro nosimHomMa Cx = Zi.j:iﬂ:k(ai bj). Apyrumn cnosamu,
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koadduument Ck ¢ nHoekcom k npencTtaenseT coboli cyMMy nonapHbIX Npon3sene-

HUI KOSDMULIMEHTOB YMHOXAEMbIX MONMHOMOB, CyMMa MHAEKCOB KOTOPBIX pasHa K .
Hanpumep, ¢g = aobg, ¢1 = aghy + a1 by, v Tak nanee. IMeHHo 3TVIM CBOCTBOM KO-
3 BVLIMEHTOB NOMMHOMA-MPOU3BEAEHSI Mbl BOCMO/Ib30BANINCH NPW ONMCAHUN METOAA

operator*()..
B Tene onepaTopHoro metojia 00BABIACTCS yKasaTreJsb tHa 06~
EKT KJjacca 3 obbexra P, epeJaHHOTO apryMeHTOM oIlepaTop-
HOMY METOJY, BBI3BIBAETCS METO/L 1 pe3yJibTaT 3allliChIBaeTCs B
IIEPEMEHHYIO 1. ITO CTeleHb BTOPOTO U3 TEPEMHOKAEMBIX MOJUHOMOB. Ecin
CJOXKUTH JJaHHOE 3HaYeHHe CO 3HAa4Y€eHUEM I10JId O6’beKTa, 13 KOTOPO-

TO BBI3BIBAETCS OIEPATOPHBI METOJ, TO MOJYYUM CTeleHb MOJUHOMA, SIBJIS-
IOIIETOCsl Pe3yJIbTaTOM BbIYMCIeHNs TpousBeenns. CoOCTBEHHO yKa3aHHOe
3HaueHNe BBIYUCIAETCS U 3alMChIBaeTCd B IepeMeHHylo m. Jlasee koMaHoM
CO3/1aeTCsl TTHAMUYECKHT OOBEKT C INHAMITYECKUM
MaCCUBOM M3 m 3JileMeHTOB. Ecjii TocMOTpeTh MPOrpaMMHBIH KOJI COOTBETCTBY-
IOIIET0 KOHCTPYKTOPA, TO HECJIOKHO COOOPA3UTb, YTO 3HAUEHUS BCEX DJIEMEHTOB
B MaccuBe OyyT HyJI€BBIMU. DTU 3HAYEHUS HY’KHO "YTOUHHUTD" - 3ATIOJTHUTD DJIe-
MEHTBI TaK, YTOOBI TOJYYUIHCH KOI(DOUITHEHTHI BBIYUCISIEMOTO MOJIMHOMA.

3alycKaloTcsl BJIOKEHHBIE OIIEpaTOpbl IMKJIA. Bo BHemHeM nukjie nepebupa-
10TCSA KO (MUIMEHTBI IIEPBOTO MOJTMHOMA, I09TOMY MHIEKCHAs IlepeMeHHast i B
omneparope IUKJIa Mpoderaet 3Ha4eHus oT ) 10 BKJIIOYUTENLHO. BO BHY-
TPEHHEM IUKJIe NHAEKCHAS IIepeMeHHas | IIpoderaeT 3Ha4eHus ot () 70 1, Iepe-
6upas TeM caMbIM K03(D(PUIMEHTH BTOPOro MouHoMa. 11pu (hbMKCHMpOBaHHBIX
3HAUCHUAX i U | KOMaH/0H nobasJiisgercs ciarae-
MoOe K 3HaYeHUIO dJIeMEHTa ¢ UH/EKCOM HOJIMHOMA, PEATM30BAaHHOTO Yepe3
MUHAMUYCCKUN OOBEKT.

—
= Ha 3ameTky

O6paLleHne K aneMeHTamMm MaccmBa 06bekTa, U3 KOTOPOro Bbi3bIBAETCH OMNepaTopHbI
I MeTOo[, BbIMOIHAETCS B SBHOM BUAE (MHCTPYKLMS ). Mpu 06paLLeHnn K anemeHTam
MaccuBoB 06bekTa P (apryMeHT OrnepaTtopHOro MeToa) U AMHaMU4Yeckoro obGbekTa
(MHCTPYKUMS * ) MCNONBb30BAaHO MHAEKCMPOBaHME 00bekTa (MHCTPYKLUN ]
COOTBETCTBEHHO). HanoMHUM, 4TO HAEKCMpoBaHne 06bLEKTOB BO3MOXHO Ona-
ropapsi neperpyake ornepaTtopHoro Metoaa

CdopmupoBaHHbIl TakuM 00pa3oM AMHAMUYECKUN OOBEKT KOMAHION
BO3BpAIIaeTCsI KaK Pe3yJIbTaT MeTO/a.

Y0661 U IPUCBAMBAHIKM 0OBEKTOB KJIacca He "Tepsynch” nX
TUHAMUYEeCKHe MaCCUBBI, IeperpyskaeM onepaTop nprucBanBanus. B Tese omepa-
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TOPHOTO METOZA KOMaH/[01 CHavaJIa yIAJISIeTCsT
IUHAMWYECKUI MacCUB, 3alIMCAHHBINA B 00beKTe Ha ZaHHBIA MOMEHT.

Topa npucBavBaHusl. OnepaTopHbIi MeTon, BbI3bIBAETCH W3 AAHHOIO
o6bekTa. Mo3ToMy 06BEKTOM BbI30BA B OMNEPATOPHOM METOAE ABNSETCH pakTUyeckn
TOT 06BEKT, KOTOPOMY MpUCBanBaeTcs 3HadeHve. O6beKT, NepenaHHblil apryMeHTOM
ornepaTopHOMY METOLY ABnsieTCs NpYcBanBaemMblM 06bEKTOM. B gaHHOM
cly4yae HaM HeobxoauMOo A06UTbCS, YTOObI 0OLEKT, KOTOPOMY NMPUCBANBAETCH 3HAYE-
HWe, coaepXan Takol Xe MacCuB, Kak U 0ObEKT, 3HAYEHME KOTOPOro NprYcBanBaeTCs.
Takxe y 3Tnx 06bEKTOB [OMKHBI COBMaAATb 3HA4YEHNS Monel

[— Ha 3ameTk
) v
[MepBbiM ONepaHaoM B BbipaXXeHUM NpUcBanBaHnNs SBNAeTCA 0ObEKT crieBa OT onepa-

HoBast creneHp IOJIMHOMA BBIYUCISIETCS KOMAHION
(uepe3 0003HaYeH apryMeHT OIepaTOPpHOr0 METOAA - TO €CTh IPH-
cBauBaeMbIii 00bekT). Cosmaercss HOBBIH AUHAMMYECKHH MaccuB (KOMaHa
), TIOCJIe Yero 3aIyCKaeTcs omepaTop IUKJA, U B
HeM 3HAUeHUsT 3JIeMEeHTAaM MacCHUBa & IIPUCBAMBAIOTCS TaKWe XKe, KaK 3HAaUeHUs

AJIEMEHTOB MacCHBa B IPUCBaMBaeMOM 00bekTe (KOMaHa B Teje
orepaTopa IUKJa). Pe3ysbratoM omepaTopHOTO METO/Ia BO3BpAIIAeTCsl 00BEKT,
KOTOPOMY TIPUCBaMBAJIOCh 3HaueHne (0OBEKT BbI30Ba, MHCTPYKIIUS ).

B rnaBmoil (ynkimy mporpamMmbl 3Ha4eHNS KO3Gh@UINEHTOB /s OAHOTO W3
MOJIMTHOMOB ITPUCBAMBAIOTCS CIIydaifHbIM 06Pa30M, [IJIsl YeT0 MCIIOJIb3YeTCs Te-
HEpaTop CIy4anHbIX guces. MHuIMamusmupyeTcs TeHepaTop CJAYYalHBIX YH-
ceJl WHCTPYKIUEH .Kpome artoro, ompeznensercs ienounciieH-
Hast KOHCTaHTa n (Ha ee OCHOBe OYAYT BBIUMC/SITHCS CTENEHU TIOJTUHOMOB),
a Takyke SIBHO WHUIIUAJIU3UPYETCS MaCCUB ¢ koacdbunmenTaMu st
nepBoro nosrHoMa. IlosmHoM (0OBEKT s TIOJIMHOMA) CO3aeTcsl KOMaHIO0i
Jlpyroit moJiMHOM CO3/1a€TCsT ¢ TIOMOIIBI0 KOMaH-
JTbI . Y co3manHOro TakuM 06pasom oObeKTa O BCe dJie-
MEHTBI BO BHYTPEHHEM JMTHAMUYECKOM MACCUBE PaBHbI HYJO. {151 U3MeHeHUs
3HAYEHWI 2JIeMEHTOB MAacCHBA 3aITyCKaeTCs ONepaTop IWKJA, Thoe KOMaHOM
Ka)K/IOMY W3 3JIEMEHTOB MacCHBa B KauecTBE 3HAUEHUS
MIPUCBAMBAETCS TI€JI0e CAy4aifHOe YHMCJI0 B IUATa30HE 3HAYEHWH OT hi(0)
BKJIIOUNTEJHHO. B TaHHOM citydae obpaiiieHue K aJieMeHTaM BHYTPEHHETO JIMHA-
MIYECKOTO MAaCCHBA BBITIOTHSETCS Yepe3 MHAEKCHPOBaHUe 00HEKTA.

Z[JIH OTO6pa>K€HI/IH COAEPKUMOTIO BHYTPEHHETO JMHAMNWYECKOTO MaCCHUBa U3 CO-
OTBETCTBYIOIIETO 00BEKTA BBI3BIBAETCS METOon

OODEKT /1JIsI TPETHETO MOJUHOMA CO34AETCS KOMAHOM . 3ateM
KOMaH/I0M BBIYHCJISIETCS TIPOU3BeleHe TTOJTMHOMOB, a Pe3yJIbTaT 3allu-
CBIBAETCS B 0OBEKT R. YOeAUTHCS B TOM, YTO Peub UeT UMEHHO O IPOU3BEJCHUN
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MOJIMHOMOB MOKHO, CPABHUB KOI(M(UITMEHTHI UCXOIHBIX TTOTUHOMOB P U O C
K02 PUIHEHTAMHU TTOJTTHOMA

B omeparope 1ukia J8 HECKOJbKUX 3HAUYEHUN JEHCTBUTENBHON TIepeMEeHHOM

BBIYUCJISIIOTCS. 3HaYeHUs IIOJIMHOMOB P, O U R. 3HaYyeHHEe BBIYUCIISIETCS KO-
MaHJlaMU BHUA , u . B mannom cirydae, o4eBUIHO, PEYD UIET O
BbI30BE 0OBEKTOB - TO €CTh 00BEKTHI HCIIOJIB3YIOTCS KaK (DYHKTOPBIL.

|/
] Ha zameTtky
,D,J'IFI Kaxaoro C])VIKCVIpOBaHHOFO 3Ha4YeHna apryMmeHTa X BbINONIHAETCA COOTHOLUeHune

R(x) = P(x)Q(x).

EcTb ommiH MOMEHT, KOTOPBIN He CBSI3aH HETOCPEICTBEHHO ¢ (PyHKTOpaMu, HO Ha
KOTOPBIiT BCe ke X0TesI0ch Ob 00paTnuTh BHUMaHue. Peub ujer o crocobe peas-
3aIluu Kjacca jiuist paboThl ¢ mosimHOMaMu. VIHTepecyolne Hac MO3UIMK CJIe/y-
TOTIIHe:

*  KoHCTpPYKTOD cO3/1aHUST KOTIVH.
*  OmepaTopHBIIT METOZ /IJI OTIepaTopa MPUCBAUBAHUS.
*  OmepaTopHBIIl METOJ /IJII OTIEPATOPa YMHOKEHUS.

BosbummacTBO "0cobeHHOCTE"” Koa 00YCIOBIEHO TEM, YTO B KJlacce

HCTIONIb3YeTCs TUHAMUYeCKUi MaccuB. [I0CKObKY TEXHUIECKU TUHAMU-
YeCKUI MaCCUB CBSI3aH ¢ KJIaccoM (0ObEKTOM ) Yepes yKasaTesIb, TO MPH TOOUTO-
BOM KOIIUPOBAHUN 0OBEKTOB BO3HUKAIOT OINPeIeJIeHHbIe TPOOIEMBI.

=l Ha 3ameTky
Mbl ncnonb3yem AMHamMuyeckMe MacCuBbl, MOCKOMbKY Mpu paboTe ¢ AMHAMUYECKUM
I MacCuBOM pa3Mep MaccuBa (a 3Ha4uT 1 CTEMEHb COOTBETCTBYIOLLLErO NOIMHOMA) MOX-
HO onpeaenaTb B NPOLLECCE BbIMOHEHNSA MPOrpaMmbl. 3TO O3HAYAET, 4TO OOHOrO Kac-
Ca 0CTaTo4HO AN19 paboTbl C NOAMHOMAMM Pa3HbIX CTEMNEHEN.

9.4. KOHCTaHTHbIE MeTOoAbl U apPryMeHTbl

- Kaxas zadocmp.

- 9mo ne z2adocmv. IMo nocrednue docmugnce-
HUSL COBPEMEHHOT HAYKU.

uz k/¢ "31 urona”

B paccMoTpeHHOM BbIlle TIPUMepe ONepaTOPHBII METO/ /it OllepaTopa yMHO-
JKeHKsl ObLT OIMCAH TaK, YTO PE3yJIBTaTOM (110 CChLIKE) BO3BPAIIAJIC AUHAMIE-
YeCKUI MacCHB, CO3JaHHBIN IIPU BbI3OBE MeToja. Eciim Obl MbI 3aX0OTEJIH OIK-
caTbh METOJ, 4TOOBI OH BO3BpAIla CTATUYECKUI 0OBEKT, IPULLIOCH ObI BHECTH
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HeOOJIbIITIE, HO CYIIEeCTBEHHbIE H3MEHEHUS B TIPOrPAMMHBIN KO/l KOHCTPYKTOPA
cozanust Kormuu. ITo0bI He OBITH FOJOCTOBHBIME, PACCMOTPUM MOAMMDUKAIIIO
TIPeIBIYIIETo MpuMepa B JUCTUHTE 9.4 (JIUITHYE KOMMEHTAPUU B 3TOM CIydae
y/laJieHbl, 2 OCHOBHBIE N3MEHEHUS BbI/IEJICHBI SKUPHBIM MIPUQPTOM).

Jiuctunr 9.4. HoBasi Bepcusi cTaporo npumepa

#include <iostream>
#include <cstdlib>
using namespace std;
class Polynomial{
private:
double *a;
int power;
public:
Polynomial (double *b,int n) {
power=n;
a=new double[power+l];
for (int i=0;i<=power;i++) {
alil=bl[i];
}
}
Polynomial (int n=0) {
power=n;
a=new double[power+l];
for (int i=0;i<=power;i++) {
al[i]=0;
}
}
// KOHCTPYyKTOP COBIaHMUsSI KONUM
// (apryMenT c maenTupmxaTopom const) :
Polynomial (const Polynomial &P) {
power=P.getPower () ;
a=new double[power+l];
for (int i=0;i<=power;i++) {
ali]l=P[i];
}
}
~Polynomial () {
delete [] a;
}
// KOHCTaHTHHI MeTOJN BOSBpAallaeT SBHaUEHUE
// B3sT CcTeneHM IONMHOMA :
int getPower () const({
return power;
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void coefs () {
for (int i=0;i<=power;i++) {
cout<<a[i]<<"\t";
}
cout<<endl;
}
// KOHCTaHTHII ONEepPaTOPHENI METOX &JIs
// vHOeKxcupoBaHUSI OBBEKTOB:
double &operator[] (int k) const{
return alk];
}
double operator () (double x) {
double s=0,g=1;
for (int i=0;i<=power;i++) {
st+=ali]*qg;
q*=x;
}
return s;
}
// OnepaTopHHII METOX IJIsT YMHOXEHWUSI IOJIMHOMOB .
// PesyneTaToOM BOBBpPAllAeTCsl BHAYEHME JIOKAJBLHOTO
// craTnueckoro ob6mexTa:
Polynomial operator* (Polynomial P) {
int n=P.getPower () ;
int m=power+n;
// JlokaJbHBEI OBBEKT
// (BCce KOXDPULMEHTH HYJIEBHE) :
Polynomialt (m) ;
for (int i1=0;i<=power;i++) {
for (int j=0;j<=n;j++) {
tli+jl+=a[il*P[j];
}
}
return t;
}
Polynomial operator=(Polynomial P) {
delete [] a;
power=P.getPower () ;
a=new double[power+l];
for (int i=0;i<=power;i++) {
al[i]l=P[i];
}

return *this;
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int main() {

srand (2014) ;

const int n=2;

double nums[n+1]={3,-2,1};

cout<<"TosuHoMeI\Nn" ;
Polynomial P (nums,n);

cout<<"p: ";
P.coefs () ;

Polynomial Q(n+1);
cout<<"Q: ";
Q.coefs();

for (int 1=0;i<=n+1;i++) {
Q[il=rand() %$5-2;
}
cout<<"Q: ";
Q.coefs();
Polynomial R;
R=P*Q;
cout<<"R: ";
R.coefs () ;
cout<<"3HaueHuda NOJMHOMOB\N";
double x=-2,dx=1;
for (int k=1;k<=5;k++) {

Cout<<"P ("<K<x<<") = "<<P(x)<<"\t";
cout<<"Q ("<<x<<") = "<<Q(x)<<"\t";
COUL<K<K"R ("<<x<<") = "<<R(x)<<endl;
x+=dx;

}

return 0;

}

Yro HOBOTO B 9TOM iprMepe? [y1aBHas QYHKITUS IPOTPAMMBbI HE U3MEHUJIACH BO-
Bce (3a NCKI0YeHNeM yIaJeHHbIX KomMeHTapres). He oueHs cnibHO N3MEHMIT-
€S ¥ TIPOTPAMMHBII KOJI KJ1acca . OcHOBHBIE UI3BMEHEHUS TTPOU3OTII-
JI1 B OTIEPATOPHOM MeTOojie . BmecTo co3manna muHaMuyecKkoro
00beKTa CO3/AETCSI JIOKAJIBHBIN CTaTUYECKIIT 00bEKT KJacca
(B mpebIyIeM TpUMepe Yepe3 & 0603HAYaICs yKa3aTeJb Ha AHHAMUYECKUI
00beKT). DJIEMEHThI BHYTPEHHETO AMHAMUYECKOTO MacCuBa 0ObeKTa &  3aroJi-
HSIOTCSI, TIOCJIe Yero 00bEKT BO3BPAIIAETCsT PE3YIBTaTOM OMEPaTOPHOTO METO/IA.
C TouKM 3peHus 3/IpaBOU JIOTUKH 3/ieCh Bce KOPPeKTHO. OIHAKO eCJIM HUKAKUX
NIPYTUX M3MEeHEHUH B MPOTPAMMHBIN KOJT He BHOCUTD, TO Ha dTarle KOMITAJISAIIAT
BO3HUKHET OINMNOKA, CBSI3aHHAs, TI0 OOJIBIIIOMY CUETY, C BBINOJHEHUEM KOMaH/IbI
B TJIaBHOU (hyHKIINU porpaMMbl. BosHmkaeT Bompoc: mouemy? OTBeT,
KaK HHM CTPaHHO MOJKET M0Ka3aThCsi, 00paIaeTcsi BOKPYT KOHCTPYKTOPA CO3/1a-
Hus Konu. /[esio B TOM, 9TO apryMeHT KOHCTPYKTOPY CO3/IaHMS KOITUH Tiepeia-
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eTcs 1o ceblike. [Iprauny Mbl 06CY:KIaIu panee: 4ToObI He ObLIT0 GECKOHEYHOTO
BBI30Ba KOHCTPYKTOPA CO3/IaHMUsI KOIIIH TIPH TIOTIBITKE CO3/IaTh KOTIUIO /LIS apry-
MeHTa KOHCTPYKTOpa. [IMKaHTHOCTD CUTYAIUU B TOM, YTO BBI30B KOHCTPYKTOPA
CO3/IaHMs KOIMK aBTOMATH4YeCKU OJIOKUPYET CcO3[aHue APYroil KOIUHU, KpoMe
TOI1, 9TO co3aeTcs KOHCTPYKTOpoM. Ecau iepedpasupoBath nHave, TO MPHU BbI-
30Be KOHCTPYKTOPA CO3/IaHUsI KOIIMU Ha OCHOBE O0bEKTA-OPUTHHAJIA CO3/IAETCSI
KOTIUST, ¥ TOKA OHA CO3/IAETCSI, CO3/IaHIe IPYTHX KOMHii 6iokupyercst. [Ipumepio
TaxK.

Cawmo o cebe 310 He crpaiiio. Ho 6siBaoT cuTyanuu, Korjaa "MMKaHTHOCTD TPo-
HEeAyPhl" CO CY€TOB COPOCKUTD He MOMyInTcs. Yl Takast CUTYyaIust CJIy4aeTcst, Kor-
JIa pe3yJIbTaT MPou3BeieHust 0ObEKTOB P 1 () 3alMChIBAETCS B TIEPEMEHHYIO

(xomanga ).ITpu BeIYMCTIEHNH BBIpAKEHUS BBI3BIBAETCS OIlEPATOP-
HBIIT METOJ . Ilpn BbIIOTHEHUN MeETO/a CO3[AeTCs JIOKATbHBII
00BEKT KTacca , KOTOPBIH U BO3BPAIACTCS Pe3yJIbTaTOM METO/A.

Ho na camom Jl€JI€e BO3BpAIla€TCA HE 9TOT O6’I)€KT, a €ro KoITus.

Jlnst co3manusi KOMUM BBI3BIBAETCS KOHCTPYKTOP co3fanust konuu. /o atoro
MOMEHTa HUKaKKX pobJieM He BosHKKaeT. Ho BOT eciin pesy/israr BhIpaskeHuUst
PUCBAMBAETCS IPYTOMY 00BeKTY (TiepeMeHHast 1), TO BbI3bIBA€TCsI OTlepa-
TOPHBII METOJ NI oTiepaTtopa TpucBauBaHus. Pe3ymbrat BbI-
paxkeHus nepelaeTcsl apryMeHTOM ONIEPAaTOPHOMY METOy
(TIyTeM co3MaHus KOTUHY - €CJIM apTyMeHT TepenaeTcs 1o 3Hadennio). [lomyya-
€TCsT, 9TO CO3/IAeTCsT KOTIUSI JIJIsT KOTIUH, ¥ TaKOM mporiecc 6yokupyetcst. [Ipuuem
TTepeziaya 1o CChIJIKE apryMeHTa OITePaTOPHOMY METOIY TOXKeE He
periiaet pobieMy: 3a6JIOKMPOBAHO KaK "TPaH3UTHOE" KOMMPOBAHKE MCXOIHOTO
00beKTa, TaK 1 ero "TpaH3uTHas " repegada Mo CChLIKE.

Pererrie mpobieMbl MOKET ObITh TAKMM: B OIMMCAHUK KOHCTPYKTOPA CO3IAaHUs
KOTIMU UCTIOJb3yeM KOHCMAanmmuwlli apzymenm. TeXHu4ecKn Bce CBOAUTCS K J10-
6aBJIEHUIO MHCTPYKIINH B OIIMCAHUU apTyMeHTa KOHCTPYKTopa. Bech
KO/l KOHCTPYKTOPA B IAHHOM CJTy4Yae BBITJISIUT CJIEAYIONIM 00Pa3oM:

Polynomial (const Polynomial &P) {
power=P.getPower () ;

a=new double[power+l];
for(int 1i=0;i<=power;i++) {
alil=P[i];

}

Hanmane mHCTpyKITUN B apryMeHTe O3HadaeT, YTO OH "3allUIleH" OT
M3MEHEHUST: TTOTTBITKA U3BMEHUTH aPTYMEHT MeTo/1a (B IAaHHOM CJIy4ae KOHCTPYK-
TOpa) MpHUBEET K ourbKe. ITo Kak Obl popMasibHast CTOpoHa Borpoca. EcTh u
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HedopmambHasa ctopona. CoCcTOUT OHA B TOM, UTO Telephb (KOTIa SBHO yKasa-
HO, 4TO OGBEKT-OPUTHHAJ TTPU CO3IaHMK KOITUU HEM3MEHEH ) OMMCAHHBIE BBIIIE
"OJIOKUPOBKU" CHUMAIOTCS.

=y Ha 3ameTky

BaxHO noHMMaTb, 4YTO  KOHCTPYKTOP  CO34aHMs  KOMMM C  NPOTOTUMOM
OTANYaETCA MO CBOUM "BO3MOXHOCTSAM" OT KOH-

CTpyKTOpa CO34aHUS KOMUU C NPOTOTUMOM

OnucaHne KOHCTPYKTOpa CO34aHUs KOMUM C KOHCTAHTHbIM apryMeHTOM (BEpCUst KOH-

CTpyKTOpa C UOEHTUHUKATOPOM B OMucaHun aprymeHTa) cumtaetca Gonee

npeanoYTUTENbHON.

Ho 3zxecwh Toxke He Tak Bce mpocTo. MHOTOe 3aBUCUT OT MPOTPAMMHOTO KOa
KOHCTPYKTOpa. B IaHHOM ciIydae B Tejie KOHCTPYKTOPA CO3JAHMUS KON 13 00b-
eKTa-apryMeHTa P, KOTOPbII MepeIaeTcsi Mo CChIIKE U MO0JIKEH ObITh HEeM3MeH-
HBIM (HE MOKET MEHSTHCS TIPU CO3MAHIHU KOIINH ), BHI3BIBAIOTCST METO/IBL: METO/I

BBI3bIBAETCS npu BBITIOJIHEHU KOMaH/[bI

, @ OTIEPATOPHBIN MeTO BBI3BIBAETCS

TP BBITTOJTHEHUN KOMAaH/IbI B oneparope nukaa. Ham neobxomu-
MO "[aTh rapaHTUK", YTO TIPU BHI30BE HTUX METOA0B OOBEKT P He U3MEHUTCS.
MBI MOKeM ciesiaTh 9TO, OIUICAB METO/bI u KaK

KOHCTaHTHBIE. [IJIT 9TOrO MPOTOTUIT METO/IA HYKHO 3aBEPIIUTh WHCTPYKITUEH

. DopMasIbHO KOHCTAHTHOCTH METO/IA O3HAYAET, YTO MIPHU €TO BBI30BE 00D-

€KT, U3 KOTOPOTO BBI3bIBAETCSI METOJI, HE U3MEHSIETCS. B 5TOM cMbIcie ¢ METOIOM
Bce mpocTo. Ero Koz OyieT Takum:

int getPower () const({
return power;

}

MeTomoM CUNTHIBAETCS 3HAUEHHUE TTOJIST 00beKTa, 1 TI09TOMY OYEBHUJIHO,
4TO HUKAKUX N3MeHeHUl 00beKT He TpereprieBaet. C MeTOI0M
He Bce Tak 1mpocTo. Ko 9Toro MeToa ciieyionuit:

double &operator[] (int k) const{
return alk];

}

(DOPMaJIbHO 34€Ch BO3BPAIlIA€TCA 3HAYE€HNE COOTBETCTBYIOIIETO 3JIEMEHTA MaC-
cuBa. Ho Bce neo B TOM, YTO Ha CaMOM [I€Ji€ BO3Bpalla€TCA HE ITPOCTO 3HAYEHNE,
a CCblJIKa Ha 3Ha4YeHUe. HO3TOMy TEOPETUYECKU YEPE3 TAKYIO CCBLIKY 3JIEMEHT
MacCUBa MOKeET OBITh He TOJBKO CHUTaH, HO 1 U3MEHEH -4TO, CO6CTB€HHO, 1 1Ipo-
NCXOOUT, IIpaB/la B /IPYTUX MECTaX IIPOTrPaMMHOTO Ko/Ja. Mbur JKe, HEe MCIIbIThIBasid
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HU KaIlli CMYIIEHUsI, OOBSIBJISIEM ONEPATOPHBIA METOJ Kak
KOHCTAHTHBINA. YUYUTBIBas C/leJIaHHOE BhIIIE 3aMedaHue, MOKET II0Ka3aThCsI, YTO
MBI, MATKO TOBOPSI, MpUyKpaliaeM peanbHOCTh. HO Ha caMoM fejie KpuMUHAIA
31ech HeT. Jle1o B TOM, UTO JJaKe ecJId TIPU BBI30BE OTIEPATOPHOTO METO/Ia MEHS-
eTcs 3HaueHNe TOTO WJIM MHOTO 3JieMeHTa IUHAMUYECKOTO MacCuBa, ¢ (hopMaib-
HOW TOYKM 3peHust 0ObEKT €O "CIPATAHHBIM" B HEM MaCCUBOM HE MEHSIETCS: BCe
110711 0OBEKTa OCTAIOTCS C TEMU CAaMBIMU 3HAYCHUSAMY, KaK U 10 BBI30Ba METOZA.

COOTBETCTBYIOLLEro NONIMHOMA, a 3Ha4eHneM nonsa ABNAETCA aapec nepBoro ane-
MeHTa AMHaMu4yecKoro Maccusa. lpu BbI30BE ONepaTopHOro Metoaa
He MeHSeTCs 3Ha4YeHne HYU OOHOMo N3 3TUX NONEN.

— Ha sametky
L
Y obbekTa knacca ABa Nofs: 3Ha4eHeM nons SIBNAETCA CTeneHb

Ha atom ocHOBHBIE U3MEHEHUS B IPOTPAMMHOM KO/le McuepIbIBaoTcs. Pe3yiib-
TaT BBITTOJTHEHUS TIPOTPAMMBI TAKOH JKe, KaK U B MPEIbIIYIIEM CIyJae:

PesynbTar BLINONHEHMS NporpamMmbl (U3 nucTuira 9.4)

I[TOJIMHOMEL

P: 3 -2 1

Q: 0 0 0 0

Q: -2 -2 -2 1

R: -6 -2 -4 5 -4 1
3HaUYeHMd I[IOJIMHOMOB

P(-2) = 11 Q(-2) = -14 R(-2) = -154
P(-1) = o6 Q(-1) = -3 R(-1) = -18
P(0) = 3 Q(0) = -2 R(0) = -6
P(l) = 2 Q(1) = -5 R(1) = -10
P(2) = 3 Q(2) = -6 R(2) = -18

Nrax, MbI y3Ke paccMOTpeJn iBa OX0/1a K OMMCAHUIO Kiacca Polynomial,
PABJINYMST MEK/LY KOTOPBIME CBO/ISITCSI B OCHOBHOM K CIIOCOOY OIMCAHMUST KOH-
CTPYKTOPA CO3/IAHMST KOTINH M HEKOTOPBIX OIIEPATOPHBIX MeTO10B. B 0boux ciy-
Yagx NPUHIUIINATBHBIM MOMEHTOM OCTAETCS UCII0/Ib30BaHe JUHAMUYECKUX
MaccuBoB. OJHaKO BO3MOXKEH KaueCTBEHHO NHOM II0AXO0/ Pellenns JaHuoi 3a-
naun. Takoii ToIX0/1 OCHOBAH Ha UCIIOJIb30BAHUHN MIA0JOHOB.
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9.5. dyHKTOpP HAa OCHOBeE WabnoHa

Xomume obmanymv maza? Booce, xaxas dem-
ckas nenocpedcmsennocmv. A oce euncy Bac
HACKB03b

uz k/ "31 urona”

Ha noBowm arare Hareil mpodecCHOHaIbHON BOJIIOIUN PACCMOTPUM 3324y O
cosnanuu (HYHKTOPA /IS Peayn3aliui IIOJMHOMA C IPUBJIeYeHneM 0000IeHHOTO
Ksacca. Panee Mbl ysKe UCIIO/Ib30BaIn 0000IeHHbIe Kaacchl 1 GyHKuu. Yepes
napameTpbl B 0000IIEHHBIX KjIaccaX U (QYHKIUSX MepeaBaiuch 0000IeHHbIe
Tubl. B paccmarpuBaeMoM jajiee TIpUMepe MMEETCsI CYIIeCTBEeHHast 0coOeH-
HOCTB: Yepe3 mapaMeTp B 0OOOLIeHHBIN KJIAcC IepefaeTcs He THUIl JAHHBIX, a
YKCJI0BOE 3HAYEHHE, OIPeeIsaioniee CTeleHb MoJnHoMa. VIHBIMK CJIOBAMK Mbl
onuchiBaeM 0O0OIEHHDIH KJIACC ¢ HapaMeTPOM, OIIPeIe/ISIONUM pasMep CTaTh-
YeCKOT0 MacCHBa, cojeprkaIiero KoahGuImeHTs! moanHoMa. IIporpaMMHBII KO
puMepa IpUBeeH B IUCTHHTE 9.5.

Jinctunr 9.5. yHKTOp Ha OCHOBE WabnoHa

#include <iostream>
#include <cstdlib>
using namespace std;
// OBOOmEeHHE KJIaCC IJIS peanm3aunm byHKTOopa.
// TapameTp wabJjioHa — CTENeHb [IOJMHOMA :
template <intpower> class Polynomial{
// BaKpHTBE TOJIA:
private:

// CTaTuMdecKuil MacCUB:
double a[power+l];

// OTKPBITEIEUJIEHH :
public:

// KOHCTpPYyKTOp CO3IaHusa OOBEeKTa Ha OCHOBE MaCCUBA:
Polynomial (double *Db) {
for (int i=0;i<=power;i++) {
al[il=b[i]; // BanosHeHuMe MaccuBa
}

}

// KoHcTpykTop 6e3 apryMeHTOB:
Polynomial () {
for (int i=0;i<=power;i++) {
a[i]=0; // BamnoJjHeHMe MaccuUBa

}

}

// MeTonm BO3BpamaeT CTENeHb MOJIMHOMA :
int getPower () {
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return power;

}

// OnepaTopHH METON IJiS MHOSKCHUPOBAHMUS OOBEKTOB:
double &operator[] (int k) {
return alk];
}

// OmnepaTopHH MeTOon mJjisd "BeI3OBA" OOBLEKTOB:
double operator () (double x) {
double s=0,g=1;
// BHUMCIIEHME SBHAUEHMS I[IOJIMHOMA :
for (int i=0;i<=power;i++) {
st=al[i]l*qg;
qr=x;

}

return s;
}
// OOOOIEHHEI ONEePaTOPHLE METOI IJIs

// BBIUMCJIEHUS MNPOUBBEIEHUS [IOJIMHOMOB :
template<int n>
Polynomial<power+n> operator* (Polynomial<n> P) {
// CTeneHb MNOJMHOMA — pPe3yJjibTaTa NPOMU3BEISHNS :
const int m=power+n;
// JlokanbHHN OBBEKT co3ImaeTcsd Ha

// ocHOBe OOOBIWEHHOTO KJjlacca:

Polynomial<m>tmp;
// BeUMCIIeHME KO3QPMLMEHTOB
// monuHOMa - pes3yJabTaTa NPOU3BEIeHMUd:

for (int i1=0;i<=power;i++) {
for (int j=0;j<=n;j++) {
tmp[i+j]1+=a[i]l*P[j];
}
}
// Pe3yJsbTaT ONepaTOpHOTO MeToma — OOBEeKT:
return tmp;
}
// Meron mia oToOpaxeHus KO3GOUMUMEHTOB MOJIMHOMA :
void coefs () {
for (int i1=0;i<=power;i++) {
cout<<al[i]l<<"\t";
}
cout<<endl;
}
}; // BaBepumeHue omnmucaHus OBOBINEHHOTO KJjlacca
// TmaBHasa GOYHKUMA OPOTPAMME :
int main() {
// VIHMUMaIM3aluusa TEeHepaTopa CIYUYAMHBIX YMUMCEeJ:
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srand (2014) ;

// CreneHb MNEPBOTO MNOJIMHOMA :
const int n=2;

// CreneHb BTOPOTO MNOJIMHOMA :
const int m=3;

// MaccuB c ko3ddMLMEHTaMM IIOJIMHOMA :
double nums[n+1]1={3,-2,1};
cout<<"IommHoMEI\Nn" ;

// CospmaHMe Ha OCHOBEe OOOBIEHHOTO Kjacca

// oBBeKTa IJda IOJIMHOMA :
Polynomial<n>P (nums) ;
cout<<"P:\t";

// Ko2bdrumeHTE MepBOTO IOJIMHOMA :
P.coefs () ;

// Co3maHMe Ha OCHOBE OBOOOIMEHHOTO KJjacca

// obbexTa mJjsa BTOPOTO MNOJMHOMA :
Polynomial<m>Q;
cout<<"Q:\t";

// Ko3bdrumeHTE BTOPOTO MIOJIMHOMA :
Q.coefs();

// TpuceBauBaHve KODbOMUMEHTaAM BTOPOTO MNOJMHOMA

// criydyaMHBEIX SHAUYEHMN:
for (int i=0;i<=Q.getPower ();i++) {
Q[il=rand() %5-2; // CnydarHoe 4YMCJIO OT -2 1O 2
}
cout<<"Q:\t";

// KozdbduUMEHTE BTOPOTO MNOJMHOMA :
Q.coefs();
cout<<"P*Q:\t";

// Ko2bbuuMeHTH »OJjig NPOM3BEIEHUS [IOJIMHOMOB :

(P*Q) .coefs (),

// CosmaHue Ha OCHOBe OBOOOmEHHOTO KJjacca

// obbexkTa IJd IOJMHOMA :
Polynomial<n+m>R;

// TpousBemeHMe OBYX I[IOJIMHOMOB :

R=P*Q;
cout<<"R:\t";
// Ko2bbuLMeHTH NOJMHOMA — NPOU3BEISHMUSA

// IOBYX IOJIMHOMOB :

R.coefs () ;
cout<<"3HaueHuda NoOJMHOMOB\N";

// APTYMEHT IJid BHUMCJIEHUS SBHAUEHUS MIOJIMHOMA U

// npupameHye oJsg aplyMeHTa:
double x=-2,dx=1;

// BHaueHMd MOJIMHOMOB MPM PA3HEIX APTyMEHTax:
for (int k=1;k<=5;k++) {
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CoOUuL<<"P ("<<x<<") = "<<P (x)<<"\t";
cout<<"Q ("<K<x<<") = "<K<Q(x)<<"\t";
COULKK"R ("<<x<<") = "<<R(x)<<"\t";
cout<<" (P*Q) ("<<x<<") = "<<(P*Q) (x)<<endl;
x+=dx;

}
return 0;

}

B pesyJibrate BbITIOJHEHUS IIPOIPAMMHOTO KOJIa B OKHE BBIBOJIA OTOOPasKaeTCst
caemyrornas nH(popMaIus:

Pesynbrar BhINONHEHUS nporpammabl (U3 nucTudra 9.5)

[TOJIMHOMEL

P: 3 -2 1

Q: 0 0 0 0

Q: -2 -2 -2 1

P*Q: -6 -2 -4 5 -4 1

R: -6 -2 -4 5 -4 1

3Ha4YeHUsd I[IOJIMHOMOB

P(-2) = 11 Q(-2) = -14 R(-2) = -154 (P*Q) (-2) = -154
P(-1) = o Q(-1) = -3 R(-1) = -18 (P*Q) (-1) = -18
P(0) = 3 0(0) = -2 R(0) = -6 (P*Q) (0) = -6
P(l) = 2 Q1) = -5 R(1) = -10 (P*Q) (1) = -10
P(2) = 3 Q(2) = -6 R(2) = -18 (P*Q) (2) = -18

Temnepnp mpoananusaupyeM MporpaMMHbIN Kof TpuMepa. OCHOBY €ro cOCTaBsIeT

ommcanue 0600IeHHoro Kacca JIporoTrum onucanusa Kjaacca Ta-
KOIi: . TpaguimoHHo npuCyT-
CTBYET KJIIOUEBOE CIIOBO , HO BOT B YIJIOBBIX CKOOKAX BMECTO KJIOue-
BOTO CJIOBa U Ha3BaHMS TIapaMeTPa yKa3aHa WHCTPYKIUS

OsnauaeT 910 OYKBAJIBHO CJIEYIONIEE: TTPU CO3IaHNI 00beKTa KJIacca HeoOXou-
MO OyIeT Toc/ie Ha3BaHMsI KJIacca B YIJIOBBIX CKOOKAX YKA3aTh IeJT0YHCIEHHbIN
napametp. B nmporpaMMHOM Ko/ie Ki1acca oOpalieHre K apaMeTpyBbIIOTHSAETCS
yepes UM

3akphITOE TOJIe y KJIAcca BCETO OJTHO: CTAaTUYECKUM MAacCUB, KOTOPBIA Ompese-
JISIETCS UHCTPYKITHEH . 371eCb MBI UCTIOJIb3Y€EM I1eJI0YC-
JIEHHBIN TTapaMeTp JUISI OTIpEJIeJIEHHST pa3Mepa CTaTUUYeCKOTO MacCHBa.

=l Ha 3ameTky
MocKonNbKy MacCUB CTaTUHECKMIA, TO HET HEOOXOANMOCTM ONUCHIBATL KOHCTPYKTOP CO3-
OaHnsa KONum 1 onepaTopHbIi MeToA, AN1S NpUcBanBaHus 06bEKTOB: BMOJSIHE MpuemMnema
ncnonb3yemasi no yMos4aHuio npoLeaypa nobutoBoro KonmposaHus. Takxke Mbl He Oy-
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[EM OMNUCLIBATb AECTPYKTOP: HET AUHAMMYECKOrO MacCuBa, U NO3TOMY OTNaaaeT He-
06X0aMMOCTb 0CBOOOXAATL NaMsATh, 3aHNMAEMYIO MAaCCVBOM, MPU yaaneHumn oobekTa.
[ns cTaTmyeckoro Maccrea 310 AeNTAETCS aBTOMATUYECKN.

¥ kiacca ecTh ZiBa KOHCTPYKTOPA U HECKOJBKO OTKPBITHIX MeTom0B. OfuH 13
KOHCTPYKTOPOB TIO3BOJISIET CO3/[aBaTh OOBEKT Ha OCHOBE YHCJIOBOTO MacCHBA.
DJIEMEHTHI YNCJIOBOTO MAaCCUBA OIPENeSoT K03 uimeHTs! moanHoma. Mac-
CUB TIePeZIaeTCsi KOHCTPYKTOPY Y€epe3 yKa3aTesb Ha IePBbII 3JIEMEHT.

=’ Ha sameTtky
Kak n3eecTHO, Ans nepenayv Maccuea apryMmeHTom dyHKUMM HeoGXxoammo Aga napa-
I MeTpa: ykasaTesib Ha NepBblii 3IEMEHT MaccuBa 1 napamerTp, onpeaensowmnii Konm-
4ECTBO 3/IEMEHTOB B MaccuBe. B AaHHOM ciyyae KOHCTPYKTOPY Nepenaercst ToJSbKo
ykasaTtesb Ha MepBblii aNeMeHT maccuBa. HeoGxoaMMocTV nepepaeatb napameTp,
onpeaensiowmii KoNM4YeCcTBO d/1IEMEHTOB B MacCuBe, HET, MOCKOJbKY AaHHbIN napameTp
yKasblBaeTcs nNpu co3gaHnm o6bekTa 0606LLEHHOro Knacca (MMeeTcs B BUAY napameTp

).

Elite oMH KOHCTPYKTOP, ONUCAHHBIN B KJIACCE, TO3BOJISIET CO3/IaBaTh OOBEKT C
MacCUBOM, Y KOTOPOTO HYJIeBbIe 3HAYeHUS. ADTYMEHTBI KOHCTPYKTOPY B 3TOM
cirydae He TepeatoTCs.

-' Ha 3ameTky

lMockonbky peyb MAET O CTaTMYECKOM MAacCuBE, TO BECb KO, KOHCTPyKTOpa (NepBoro

I 1 BTOPOro) cBOAUTCS, GakTUYECKN, K MPUCBANBAHNIO 3HAYEHUI 3NEeMEHTaM MaccuBa.
MpocTo B nepBOM Criy4yae NprucBavBaeMbI€ 3/IEMEHTAM MacCuBa 3Ha4YeHus 6epyTcs 13
MaccuvBa, NepeaaHHoro apryMeHToOM KOHCTPYKTOPY, @ BO BTOPOM Ciy4yae 3feMeHTam
MaccuvBa NPUCBaNBAIOTCA HyNIEBbIE 3HAYEHMS.

Meton BO3BpalllaeT 3HAYEHKE MapaMeTpa , & C TTOMOII[BIO
MeToza 0TOOpasKAIOTCsT 3HAUEHMsI 9JIEeMEHTOB MaccuBa =. Her oco6oii
WHTPUTH B ONMUCAHUU OIEPATOPHBIX METOI0B "

. OrnepaTopHbIM METOIOM BO3BpAIIAeTCsl CChLIKA Ha dJie-
MEHT MacCuBa ¢ COOTBETCTBYIOIUM WH/IEKCOM, a OIIePaTOPHbIII METO/

(daxkTuyecku nesmaer 0ObEKT Kracca dhyHKTOpOM: GJ1ar0-

Jlapsi OTUCAHWIO 9TOTO0 METO/a B KJiacce OOBEKT Kjacca MOKHO BBI3bIBATh Kak
dyuxkiuro. Pedysbrarom Oy/eT, HATOMHUM, 3HaYeHUE [TOJMHOMA B TOUKE, OIpe-
JIeJISIEMOI apIyMEHTOM OIIePaTOPHOTO METO/IA.

Hawnbosbuuii uHTEpEC, MOKAIYH, BBI3BIBAET OMEPATOPHBIA METOJ
, TPeTHa3HAYEHHBIN /71T BBIYUCIEHUS TTPOU3BEICHUS IBYX TOJTMHOMOB.

B nepByio ouepenn ciemyer pazoOparbesi ¢ TeM, 4TO y Hac (TOYHee, OTepaTop-
HOT'O METO/Ia) eCTh "Ha BXoJie", M YTO Mbl XOTUM ITOJIy4uTh "Ha BbIxoje". MTak,
nMeercs ABa 0ObEKTa KJacca , KOTOPBbIE MBI OTOXKIECTBJISIEM C
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nosmHoMaMu. OUH U3 9TUX 00BEKTOB - TOT, U3 KOTOPOTO BBI3BIBAETCS OTEpa-
TOpHBIN MeTo/. CTereHb COOTBETCTBYIONIETO MOJMHOMA OIIPEIETISIeTCS Tapame-
TpOM . Bropoii 06beKT 1epemaeTcst apryMeHTOM OIEepaTOPHOMY METO.LY.
On o603HaueH yepes P. JlaHHOMY 0OBEKTY COOTBETCTBYET TTIOJMHOM HEKOTOPOii
crenenu. [Tokasarenpb crenenu morHoMa (00603HaYaeM €ro Kak n, ¥, 4TO BasK-
HO, - €r0 3HaYeHue HaM HaTlepe/l HEM3BECTHO) YKA3bIBAETCSI B YIJIOBBIX CKOOKaX
ocJie UMEHU KJacca B OIMMCAHWU apTyMEHTa OTIEPAaTOPHOTO Me-
TONA . Ecaim Tak, TO pe3ysbratoM ormepaTopHOrO MeToxa Oyiaer
MTOJTMHOM CTETIeHU, OMpe/iesiseMol CyMMOU cTeleHell TTepeMHOKaeMbIX OJH-
HOMOB - TO €CTh CyMMOI TTapaMeTpOB u n. Ho ecau "npoucxoxaenue”
mapamMeTpa B 0011IeM MOHSATHO (TIapaMeTp, YKa3blBaeMbIil TIPU CO3MaHUN
00BEKTa, M3 KOTOPOTO BBI3BIBAETCS METO/I), TO TTAPAMETP 1 OIPEIEIISIETCS TUIIOM
00beKTa, IepelaBaeMoro apryMeHTOM OIEPaTOPHOMY METOLY.

— Ha sameTky

]
Ecnn Mbl co3gaem oGbekThbl Ha OCHOBE KJfiacca , HO NPW 3TOM B YINOBbIX
I ckoBKax ykasaHbl pasHble napaMeTpsbl, TO N0 GOJbLLIOMY CHETYMMEEM A4S0 C PasHbIMU
TUnamm o6beKToB. lpyrumm cnoBamm, MHCTPYKLMK n

0603HayvaloT pasHble TUMbl. 3aeckb pedb uaeT GakTu4eckun o ToM, YTO MeToay
apryMeHTOM nepepaeTcs 06bEKT, M NokasaTtesib CTENEHN NoiMHOMa (napameTp
), peanndyemMoro aTumMm o6bLekToM, "cnpsitaH” B Tune obbekTa.

IIpu omucanuy Meroga HaM HEOOXOAMMO KaKMM-TO OOpPa3sOM OIPEAEIUTHCS
C IapaMeTPOM 1 - €ro Hy’KHO IJie-TO 0ObsIBUTh. ECTeCTBEHHDII BBIXOJ U3 CHU-
TyaIly - UCIOJb30BaTh mabmoH. [109TOMY 3aroJIOBOK OMepaTOpHOrO METoa
BBITJISIIUT TaK:

. Ilocne ximo4yeBOro cjioBa B
YIJIOBBIX CKOOKaX OOBABJIEH 1IEJIOUNCIEeHHbII ITapaMeTp 1 ~-TOYHO TaKOH ke, KakK
B ONMCAHWUU TUITA 00BEKTA, IIePeIaBaeMOro apryMeHToM MeTo1y. Tul pesyJibrata
METO/Ia OTIPEIEISIETCS BhIpaKEeHHUEM . 311eCh MBI YUJIH,
YTO CTENEeHb OJUHOMA-TIPOU3BE/ICHUSI PABHSIETCS CyMME CTeIleHel TepeMHOsKa-
€MBIX TTOJITHOMOB.

YTo KacaeTcs MPOrpaMMHOTO KO/Ia OTIEPATOPHOTO METO/Ia , TO OH
mocTaTogHo mpocToil. Komaunoi otpezensgercd (paan
ya0o0CTBa) KOHCTAHTA, ONPEESIONasi CTeleHb MOJMHOMA-Pe3yJIbTaTa, 3aTeM
co3zaeTcst 00BEKT [JIsT TAKOTO MOJTMHOMA (KOMaH/Ia )u
3aITyCKAIOTCSI BJIOJKEHHBIE OIEPATOPBI IIUKJIA, C OMOIIBIO KOTOPBIX BBIYHCIIS-
I0TCSI 3HAYEHMUST 9JIEMEHTOB MaCCHBA /TSI 00BEKTA . O6beKT BO3BpaIAeTCst B
KauecTBe pe3yJIsTaTa MeTo/Ia.
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B riaBHOM (byHKITMY TPOTPAMMBI, TIO CPABHEHUIO C MPEABIAYITUMA IPUMEPaMH,
MHOTO CXOKUX MOMEHTOB, HO €CTh ¥ HEKOTOPBIe oTinyus. Ha HuX n ocTaHoBUM-

CsI.

Crernenpb 1mepBOTO TIOJUHOMA OIpeNessAeTcss KOHCTAHTON 1, JJIS OTpeaeseHns
CTENEeHN BTOPOTO MOJMHOMA 00bsiBIsieTcst KoHcTanTa m. OOBbeKT P 7151 TIepBO-
TO TTOJTTHOMA CO3/IAeTCA € TTOMONIBIO MHCTPYKITHHI .
[TockosbKy apryMeHTOM KOHCTPYKTOPY TepeflaH MacCUB , TO MacCuB
Uit 00BEKTa P MOJTYy4YHT Takue ke 3HaueHust. OOBEKT O CO3AeTCs] KOMAHION

. DJIeMEeHThI MacCuBa JaHHOT'O o0ObeKTa IIpu CO3JaHUMU 110~

JIy4aloT HyJIeBbIe 3HaYeHMs. 3aTeM C TIOMOIIBIO OllepaTopa IUKJa UM IPUCBau-
BaIOTCA CIy4YaliHble 3HaYeHNsT (KaK 9TO JIeTaIOCh U B MIPEBIAYIINX IPUMEPAX ).

OT]IGJII)HI)IX IMOSICHEHUI 3aCJIyKMBAE€T NpoleAypa BbIUUCIECHUA TIPOU3BEAECHUA
TIOJTMHOMOB, BbBITIOJIHAEMAaA Ha ITpuMepe 06BEKTOB no. TaK, PE3YJIBTATOM BbI-

pakeHus SIBJISIETCST OOBEKT KJracca (C COOTBETCTBYIOIIUM
3HavueHmneM mapaMetpa). [loaToMy u3 BeIpaskeHMs MOKHO BBI3BaTh, HATIPHU-
Mep, MeTOJ (xomaHzAa ), B pe3yJbrare yero B OKHe

BBIBOJIA OyIyT 0TOOpasKeHbl KOA(DMUIIUEHTHI TOJTMHOMA-TIPOU3BEICHUST. A MOK-
HO y3HATh 3HaYeHUE TAKOTO IIOJNHOMA B KaKOH-TOKOHKPETHON TOYKe »x (KOMaH-

1a BUIa

—
]

-

).

Ha 3ameTky

B nocnegHem cnydae BaXHO MOHMMATb, YTO BblpaxeHue " -
[aneko He OfHO 1 TO Xe caMoe (XOTS YMCNOBbIE 3HAYEHUS STUX BbIPAXKEHUI O0MKHbI
coBnagatb).BeipaxeHue BbIYMCNSETCA TakK: PACCYUTLIBAIOTCSA 3HAYeHUs
BbIPaXeHWi n , MOC/Ie Yero OHU NMEePemMHOXaloTCsA. ATO COOTBETCTBYET CU-
Tyaumu, Koraa BbIYMCNSIOTCA 3HAYEHMS KaXa0ro 13 nojMHOMOB B TOYKE, @ MOTOM MoJy-
YeHHble 3HAYEHNS YMHOXAaIOTCA OAHO Ha APYroe.

Y10 KacaeTCcs BbIpaXeHus , TO 34eCb CHayana Bbl4MCNSETCH 0ObEKT ,n
yXe 3aTeM AaHHbI 00BbeKT "BbI3bIBAeTCA" C apryMeHToM x. Ha a3blke onepaumii ¢ no-
NMHOMaMM CUTYaUMs BbIFMSANT CReaylowyM o6pas3oM: cHadvana onpenensercsa pesysb-
TUPYIOLLMIA NOSIMHOM (KakK GYHKLMOHaNbHas 3aBMCUMOCTbL), @ 3aTEM Bbl4UCIISIETCS ero
3HayeHuve.

30echb Mbl, KCTaTW, HE OYEHb SIBHO CTOJIKHYNIUCL C 6onee pyHaameHTanbHom npobne-
MOW: Kak nepeaaBaTb GYHKUMIO apryMeHTOM B APYryto GyHkumio. K gaHHOMY BOnpocy
Mbl BEPHEMCS, HO HEMHOTO MO3XE.

Vcriosib3oBaHye BbhIpaskeHHs Halogo6ue [IpUeMJIeMO, HO He Bcerja yao0-
HO. MoskeM pe3yJibTaT BbIPasKeHUs 3amucarb B epeMeHHyo (IIPUCBOUTH B
KavecTBe 3HaueHust oObekty). Ho mpeasapuTesbHo He0OXOAUMO co34aTh 00b-
exT. /lesaeM 3TO C TTOMOIIBIO KOMaH/bI . Ha caemytomem
aTalle BBITIOJHIEM MIPUCBABAHIIE , TIOCJIe 4ero OObEKT R OTOMKIECTBIIA-
€TCsI C PE3YJIbTaTOM IIPOU3BeEeHUsT OOBEKTOB P 1
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—4 Ha sameTtky

Y1066l 06BEKTY MOXHO OblI0 MPUCBOUTL 3HAYEHWE MPOM3BEAEHUS , 0ObekT

I [omKkeH ObITb CO3M4aH C nepepayenn "npaBunbHOro” napameTpa asis 06006LLEeHHOro
knacca. CteneHb NosvHoma, peann3oBaHHOro Yepes 06bekT P, paBHsieTcs n. CTeneHb
nosiMHoma, peasnnm30oBaHHOro Yepes 00bekT O, paBHseTcs m. [oaToMy 06bLEKTY, SBNSIO-
LieMycsi Nnpon3BeaeHne P 1 O, COOTBETCTBYET MOJIMHOM CTENeHn . UmeHHo Takoe
3HayYeHne napameTpa 66110 nepegaHo 0606LWEeHHOMY Klaccy Npu co3gaHnm obbekTa
KOMaHAom

XOTs1 MCMOJIb30BAHHBIN HAMU TIOAXO/ B U3BECTHOM CMBbICJIE yI00€H, BCe Ke He-
CJIOJKHO 3aMeTUTh U HEKOTOpbIe ero HepocTatku. Kak MUHUMYM oGpaliaer Ha
cebs BHUMAHKE He CaMbIi IIPOCTOH CII0cO0 OIMCAHNUS OIIEPATOPHOIO METO/A /IS
BBIUNCJIEHUSI TIPOM3BeAeHNsT 0ObEKTOB, a TaKkKe JOCTAaTOYHO "3aMBICIOBATHINA"
MOIXO/L K OTIPeIeIeHUI0 0ObEKTa, KOTOPOMY B KaueCTBE 3HAYEHUS TPHCBAaNBaeT-
¢ pesyJibraT MpousBeieHrs 00beKToB. Ecin eMoTpeTh riry6iKke, TO JIerKo coo6-
Pas3uTh, YTO KOHIIENTYaIbHAsT IIPoOIeMa IMOX0/1a, OCHOBAHHOTO Ha MCIOJIhb30Ba-
HUM 0600IIEHHOTO KJIACCa, CBA3aHa C TEM, YTO CTEIeHb [OJTMHOMA [TPH CO3AaHIK
00beKTa YKa3bIBAETCS €AMHOK/IbI U BIIOCJIEACTBUM HE MOXKET ObITh M3MEHEHa.
ITpu cozmannu 06HEKTOB Ha OCHOBE KJIACCOB C JUHAMUYECKIMY MACCUBAMU TIO-
HOGHOM 1TPo6GIeMBbI He OBLITO (3aT0 TaM ObLIN ApyTHE "HEOKUAAHHOCTH ).

=l Ha sameTky
OTKPOBEHHO roBOPS, CUTYyaumsi Takasi, 4To 0O6bEKTLI AN peannsaLmmn noiMHOMOB pas-
I HbIX CTEMNEHEeN Co3[al0TCa Ha OCHOBE Pa3HbIX KNAacCoB, XOTs GopManbHO BO BCEX Takux
crnyyasix UCnosnb3yeTcs oamMH 0606LeHHbIN Knacc. MNMpocTo Kaxabli pa3 knaccy nepe-
[aeTcs Kakoe-To 3HaYeHve napameTpa, 1 B peaysbrarte nonyyaemM no 60sbLoMy CHETY
pasHble Knacchbl.

Vcriosib3yst 0600IIEHHBI KJIACC, Mbl KIMEEM JIEJIO C YEM-TO CPEIHUM MEKLY
KJTACCOM C IMHAMUYECKUM MAaCCUBOM U KJIACCOM CO CTATUYECKUM MAaCCHUBOM.
XOTs o CTAaTUIECKUMU MacCUBAaMU TOKe He BCe TaK MpocTo. PaccMOTpuM Tpu-
Mep.

9.6. DyHKTOpP Ha OCHOBE KJ1acca Co
CTaTN4eCKMM MacCUBOM

Hy u wmo But ckadceme 060 ecem amom, Bam-
con?

u3 /¢ "lIpuxarouenus Illeparoxa Xoamca u
doxmopa Bamcona”

Ecam co3path Kimacc ¢ mosieM, ABISIONIMMCS CTATUYECKUM MacCHBOM, aBTOMATH-
YeCKM MCYE3HET Psifl "TakThdecKuX' MpobJeM, HO HOSBUTCS OQHA "cTpaTeruye-
ckas'": pasMep MaccrBa (GPUKCUPOBaAH, a MOJMHOMBI MOTYT OBITh Pa3HOU CTEIICHH.
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CaMmblIil TPOCTOii BBIXOJ - B3SITh MACCUBBI JIOCTATOYHOTO pasMepa, 4TOObI Ty/1a
MOMECTHJICS TIPAKTHYeCKU 000N (B pasyMHBIX IIpejesax) moauHoMm. Ecrte-
CTBEHHO, 9TO TIPUBE/IET K HEPAIIMOHAIBHOMY PACXOIOBAHUIO CUCTEMHBIX Pecyp-
coB (TTaMsTH ), HO 32 MPOCTOTY MMPUXOAUTCS YeM-TO TJIATUTh.

B muctunre 9.6 mpuBemeH mporpaMMHBIN KOJ, B KOTOPOM peajn30BaHa Hest
KJIacca CO CTaTHYECKMM MacCUBOM. B mporpamme oObsiBIeHa KOHCTAHTa ,
oIpeieIAloNnias pasMep CTaTUYECKUX MACCUBOB B OOBEKTaX Kjacca

. B xmacce ectp mose , OTIPeJleJIsTIoNiee CTeMeHb MOJNHOMA, KOTO-
PBII peanusyeTcs yepes AaHHBIA 00beKT. JpyruMul CJI0BaMu, HECMOTPS Ha TO,
YTO MAaCcCUB UMeEET Pa3Mep , UCTIOJIB3YIOTCS TOJIHKO 9JIEMEHTHI MAaCcCHBa C
nHaexcaMmu ot 0 110 BKJIIOUHUTEJIBHO. 371€Ch 3aKII0YaeTCs OCHOBHAS UjIesT
B UCTIOJIb30BAHUM KJIACCA CO CTATUYECKUM MACCHUBOM. Temepb paccCMOTPUM TIPO-
IPaMMHBIN KO

Jiuctuur 9.6. q)yHKTOp Ha OCHOBE KJjiacca €O cTaTuieCKuMm MacCMBOM

#include <iostream>
#include <cstdlib>
using namespace std;
// PasMep MacCUBOB:
const int Nmax=100;
// Kiacc nia peanmMsaumu IOJIMHOMOB :
class Polynomial{

// BakpuTHEe [OJig KJjacca:
private:

// Maccue c ko30OULUMEHTaMM [TOJIUMHOMA :
double a[Nmax];

// CTeneHbIONMHOMA :
int power;
// OTKPHITHE UJIEHBEl KJIACCA:
public:
// KOHCTPYKTOpP (apr'yMEeHTH - yKaszaTeJjlb Ha MaCCUB

// U CTemneHb IOJIMHOMA) :
Polynomial (double *b,int n) {
power=n; // CrTeneHb MNOJMHOMA
// BanoJHeHMeMacCHUBa :
for (int i1=0;i<=power;i++) {
alil=b[i];
}

}

// KOHCTPYKTOP (apryMEHT - CTEeNeHb [OJIMHOMA) :
Polynomial (int n=0) {

// CreneHb MOJMHOMA :
power=n;
// 3anojiHeHMe MaccCHuBa HYJISAMMU :
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for (int i=0;i<=power;i++) {
alil=0;
}
}
// MeTon BO3BpallaeT 3HAUEHME IJIS CTENEeHM [NOJMHOMA :
int getPower () {
return power;
}
// Meron mna oTobpaxeHUs KOSOOULUMEHTOB [OJIMHOMA :
voild coefs () {
for (int i=0;i<=power;i++) {
cout<<al[i]<<"\t";
}
cout<<endl;
}
// OmepaToOpHEM METON IJiS MHIEKCUPOBAHMSA OOBEKTOB:
double &operator[] (int k) {
return alk];
}
// OmepaTopHul MeTon mJa "BuH30Ba" OOBLEKTOB:
double operator () (double x) {
double s=0,g=1;
for (int i=0;i<=power;i++) {
st=al[i] *q;
qr=x;
}
return s;
}
// ONnepaTopHBE METOH IJiS YMHOXEHMS MOJIMHOMOB :
Polynomial operator* (Polynomial P) {

// CreneHb MNOJMHOMA - apryMeHTa MeTOoma:
int n=P.getPower();
// CTeneHb NOJMHOMA - pes3yJjbTaTa NPOM3BENEHM:

int m=power+n;

// JloKaJIbHEM OOBEKT:
Polynomial t (m);

// BHUMCJIEHME SJIEMEHTOB MaCCUBA:
for (int 1=0;i<=power;i++) {
for (int j=0;j<=n;j++) {
tli+jl+=ali]l*P[]];

}

}
return t;
}
}; // BaBepumeHue onmcaHus Kijacca
// TmaBHasa GOYHKUMA OPOTPAMME :
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int main() {

// VIHuUManImMs3aumusa TeHepaTopa

// CJIy4dalHBIX 4YMCEeJI:
srand (2014) ;

// CTerneHb MNEepPBOTO MNOJUHOMA :
const int n=2;

// Maccue KO30OMUMEHTOB mJjid MOJIMHOMA :
double nums[n+l1]={3,-2,1};
cout<<"MommHoMmu\n" ;

// OBBEeKT mJig MepBOTO IOJIMHOMA :
Polynomial P (nums,n);

cout<<"P: ";
// Ko2bdrumeHTE MepBOTO IOJIMHOMA :
P.coefs ()

// OBBEKT mJia BTOPOTO MOJMHOMA :
Polynomial Q(n+1);

cout<<"Q: ";
// Ko3bbuLMeHTH BTOPOTO MIOJIMHOMA :
Q.coefs ()
// Ko3bdULUMEHTH [IOJMHOMa — CJIyYalHHE uYMcJia:

for (int i=0;i<=n+1;i++) {
Q[i]l=rand () %5-2;
}

cout<<"Q: ";
// Ko3bdrumeHTE BTOPOTO MIOJIMHOMA :
Q.coefs () ;

// OBBEKT mJia TPEeThbeTro MOJIMHOMA :
Polynomial R;

// TlpousBeneHre MOJIMHOMOB :

R=P*Q;
cout<<"R: ";

// KosddMIMEHTE TpeTbero MNOJIMHOMA :
R.coefs ()
cout<<"3HaueHusa nojamHoMoB\n";

// TlepeMeHHEE :
double x=-2,dx=1;

// 3BHaueHMsd MOJIMHOMOB B PAa3HHX TOUKAaX:
for (int k=1;k<=5;k++) {

COUL<K<"P ("<<x<<") = "<<P (x)<<"\t";
cout<<"Q ("<K<x<<") = "<K<Q(x)<<"\t";
COUut<<"R ("<<x<<") = "<<R(x)<<endl;
x+=dx;

}

return 0;
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Jlymaetcsi, 0cOOBIX KOMMEHTAPHEB JAHHBINA KOJ He TpeOyet. Pe3ysbrar BBIIO-
HEHUSI IIPOrPaMMbI TAKOH JKe, KaK M B HEKOTOPBIX IIPEABILYIIUX IIPUMepax:

PesynbTar BhinoNHEeHUs nporpammbl (U3 nuctudra 9.6)

IO HOMEL

P: 3 -2 1

Q: 0 0 0 0

Q: -2 -2 -2 1

R: -6 -2 -4 5 -4 1
BHaUYeHus I[IOJIMHOMOB

P(-2) = 11 Q(-2) = -14 R(-2) = -154
P(-1) = 6 Q(-1) = -3 R(-1) = -18
P(0) = 3 Q(0) = -2 R(0) = -6
P(1l) = 2 Q(1) = -5 R(1) = -10
P(2) = 3 Q(2) = -6 R(2) = -18

Ha aTtom MBI paccMoTperne yHKTOPOB BPEMEHHO 3aBepIIaeM, XOTs TeMa (DYHK-
Ui 1 "QYHKIMOHAIBHBIX" 00BEKTOB elile OyeT MOAHUMAThCS B KHUTE.
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Xoamc, amo uckmoueno. Cpasy eudno, umo Bot
Mano wumaeme.

u3 k/¢ "IIpuxarouenus Illleparoxa Xoamca u
doxmopa Bamcona”

B namntoii rimraBe MbI TpofioJKUM " (pyHKIHOHANIBHYIO" Temy. [IpaBaa, mocMoTpuM
Ha 33/1a4y UCIOJIh30BaHUS (YHKIIUN HECKOJBKO MO/ UHBIM YTJIoM. B mepByto
ovepelb 0OCYMM OIUH BasKHBIN BOIIPOC, KOTOPbIi GEPET CBOe HAYaJIO U3 TIPO-
CTOTO, HO HE OYEBUHOTO YTBEPKACHUS: "M (DYHKIIUU SIBIIETCS yKa3aTeJaeM
Ha (QYHKIMIO". ITO AEHCTBUTENBHO TaK U Jajee OOCYANM, KaK BBITOJHSIETCS
yKaszaTesb Ha (DYHKI[IIO, KaK OH MCIIOJIb3YeTCs, Ia U BOOOIIe, HEIJIOXO ObLIO Obl
pa3obpathCsi, 0 YeM B IIPUHIIUTIE UJET PEYb.

10.1. Yka3zaTesnb Ha QYHKUUIO

Hmenno max eviparxcaemcs ee nompebrocmy @
MUPOBOTL 2aPMOHULL.
u3 k/¢ "Iloxposcrue eopoma”

MbI B IIpUHIIKIIE 3HAEM, YTO TAKTe yKa3aTesb Ha OOBIYHYIO TIEPEMEHHYIO WU
naxe yKaszaTesb Ha 00beKT. Ecaii KpaTtko, To yKa3aTeb MOKHO OTOKIECTBIISITh
C HEKOTOPBIM aJIPecOM TaMsTH. AJipec 3aluChIBaeTcs B TepeMeHHyio. Tur Ta-
KOU TIepeMeHHOU (TepeMeHHON-yKa3aTessd) BaykeH He MeHee 4eM 3HaueHwue, 3a-
MUCAHHOE B TlepeMeHHyI0. TuIl mepeMeHHOW-yKa3aTess BAUsSIeT Ha Pe3yJibraT
apudMeTHYeCKUX orepaiuii ¢ aTuM ykazatesieM. [loaToMy >keraTeqbHO 3HATH
HE TOJIBKO aJ[pec STYEHKU MaMsITH, HO U TUII 3HAYEHHsI, KOTOPOE MOXKET ObITh 3a-
MICAHO B COOTBETCTBYIOINLYIO 0OJIACTD TTAMSITH.

Ecmm peunb nzer o ¢hyHKINM, TO HA caMOM jiejie Majio 9To MeHsgetcs. Mmeercs
"Touka BXoja', ompezeseMas apecoM 0OJACTH IMaMsTH, B KOTOPOH 3amucaH
xon dyHKIMU. /laHHBIN azpec IBJgeTCS 3HAUYEHWEM yKasaTess Ha (yHKITUIO.
OcraeTcst onpenenuThes ¢ "TUTIOM " TAaKOTO yKa3aTeJisd. 3/1eCh YMECTHO 33/1aThCst
BOITPOCOM: KaK¥e XapaKTepUCTUKH (QYHKIINYA BKHBI? Kak MUHUMYM, ompese-
JII01ee 3HAYeHe UMEIOT KOJTMYECTBO U TUII aPTYMEHTOB, a TaK:Ke THUT BO3BPa-
IIAeMOTO pe3yJbTaTa. JTO KaK pa3 IMapaMeTpHl, eKIapupyeMble TIPU CO3IaHUM
yKaszateJsisi Ha (DyHKIMIO. YKazaTesb Ha (QYHKIIUIO co31aeTcst (0ObSIBISIETCS ) ISt
yHKIII onpenieieHHOTO muna. Tt GYHKIINY B JAHHOM CJTyYae ONPeessIeTCs
TUTIOM pPe3yJIbTaTa U KOJUIECTBOM M TUIIAMU apTyMeHTOB. Eciu 1anHble Xapak-
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TEPUCTUKU Y HEKOTOPBIX (DYHKIIMI COBIAIAIOT, TO TaKue (PYHKIINU OTHOCATCS K
ofiHOMY THITY (B TOM CMBICJIE, YTO MOKHO OOBSIBUTD yKa3aTeJb U TOMY yKa3a-
TEJII0 B Ka4eCTBe 3HAYECHUS MPUCBOUTh UMS TOW WM WHOM (yHKimn). OOmuwmii
mabJI0H 00bSIBICHUS YKa3aTe s Ha (DYHKIUIO BBITJISIAT TaK:

TUII_pes3yJibTaTa (*Ha3BaHUE yKasaTesd) (TUMIE_apryMeHTOB) ;

YkasbpIBaeTcs THM pe3ysbTaTa, BO3BpaIaeMoro (pyHkimeii(Ha KOTopyio MOKET
YKa3bIBaTh yKa3aTesb), Ha3BaHue ykasaress (MMs lepeMeHHOI-yKas3aTesl), a B
KPYIJIBIX CKOOKAX Uepe3 3aIsITyI0 TePeIHCIIsSIOTCS] TUITBI apryMeHTOB (hYHKIINN
(Ha KOTOPYIO MOXKET yKa3blBaTh yKasaTesib). [lepex mmenem nepemeHHol-yKasa-
TeJIs I0JUKHA IPUCYTCTBOBATD 3BE3/I0UKA *, @ BCSI KOHCTPYKIUS U3 3BE310YKU U
VIMEHU yKa3aTeJisl 3aKII0YaeTCsl B KPYyTJible CKOOKM (MHAYe CHHTAKCUC KOMAH/[bI
Gyznet HeopHo3HAuHbIM). Hampnmep, Huske TIpUBeieHO 0OBSIBICHNE YKA3ATE ST
fHa (PyHKINIO, UMEIOIIYIO0 OMH apryMeHT THUIa int U B KayecTBe pe3yJibraTa
BO3BpAIAIONIYIO 3HaYECHUE TUIA int:

int (*f) (int);

Ecuu ykaszaresib 00bsIBJIIEH, TO €My MOKHO TIPUCBOUTH 3HaYeHNe, 3HAYEHUE YKa-
3aresis - aipec STYEHKU B MMaMSTH, Yepe3 KOTOPYIO MoJydaeM JOCTYT K (pyHKINH
(MOJKHO TIOJTaraTh, 4TO 9TO a/pec, T/e 3anucana Gyukmnus). Kak ysuars/momy-
YUTH TaKOU azmpec? Axpec GyHKIINY BO3BpalaeTcs nMeneM hyukium. /[pyrumm
cioBamu, uMst hyHKIwK (6€3 KPYTJIbIX CKOOOK) BO3BpaIlaeT ajpec (hyHKIIUH.
BeiBoz M3 cKa3aHHOTO MPOCTOM: yKazaTe o Ha (DYHKIINIO B KauecTBe 3HAYEHUS
MOZKHO MPUCBOUTD MMt hyHKINU. [J1aBHOE, YTOOBI THUTT (DYHKIIMKA COOTBETCTBO-
BaJI TUITY YKa3aTeJist Ha (DyHKIIHIO.

[Tocsre mpucBanmBanusA yKkasaTesio Ha (PYyHKITAIO 3HAYEHIS, C yKa3aTeJIeM MOKHO
obpalaTbest Kak ¢ (yHKIHEN - TO eCTh MbI MOKEM BbI3BaTh yKazaTe b, [Ipu aToM
OyzeT BbI3bIBATHCSI Ta (DYHKIINST, UMsT KOTOPOE MIPUCBOEHO YKA3aTEI0 B KAUeCTBE
3HaueHUs. BpI3biBaeTcs yKazaTeab TOYHO Tak Ke, Kak 1 (GYHKIUS: TTOCTIe UMEHN
yKasareJisi B KPYIJIbIX CKOOKaX TepealoTcst apryMeHThI (€CJIM apryMEHTOB HET,
TO MOCJI€ UMEHU yKa3aTeJIsi IPOCTO YKa3bIBAIOTCS Iy CThIE KPYTJible CKOOKK). He-
6010l TipUMep nipuBeer B uctunre 10.1.

B nporpamme o6baBisiorcs ase GyHkuuu: ¢yHkuueil factorial () BbUMC-
asgetcs (aktopuan yncaa, a yakmueit dfactorial () BBIYUCIAECTCS IBOM-
Hoit phakTopuan yrcaa. O6e atu GYHKINY TOAMALAIOT ITOA OAUH "TUMaX " Y HUX
OJIH aPTYMEHT TUTIA int ¥ Pe3yJbTaTOM OHU BO3BPAIAIOT 3HAYEHUE TUTIA int.
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— Ha 3zameT
- R

dakTopuanom 4ncna N HasbiBaeTcs npovsseaeHne Ynucen ot 1 [0 T BKNOYUTENBHO:
—I n!l=1-2-3-..-(n— 1) n.Hanpumep,5! = 1-2-3-4-5 =120

OBoviHon dpakTtopuan ymcna Tl - 310 nponsseaeHne 4epes 04HO YMCIO BCeX HaTypab-
HbIX YMcen oT 1 (ANs HeYeTHbIX Yncen) unn 2 (Ans YeTHbx uncen) go 1 eknounTens-
Ho;'n.![ =T- (n—?_') . (?’1 —4‘) " .... Hanpumep, S=5-3-1= 15‘3
6!l =6-4-2 =48
B rnaBHO# pyHKIIMK TPOrpaMMBI co3/laeTcsl yKaszateab £ Ha (PYHKIUIO COOT-
BETCTBYIOIIETO THUIIA, 3TOMY YKa3aTe€JII0 IIPUCBAUBAIOTCA MO0YEPEAHO 3HAYECHUA

factorial u dfactorial, u Kaxkaas U3 3TUX (GYHKIUI BBHI3BIBAETCS Yepe3
yKazatesb £. PaccMOTpUM TpOrpaMMHBIN KOJT TPUMEPA:

Jiuctunr 10.1. Yka3artenb Ha GyHKUMIO

#include <iostream>
using namespace std;
// ®yHKUMS OJiS BHUMCIIEHUS GakTopmrajia umcia:
int factorial (int n) {
int res=1;
for(int i=1;i<=n;i++) {
res*=i;
}
return res;
}
// ®OYyHKUMS OJIS BHUMCJIEHMS IOBOMHOTO GakTopmasa 4Yucia:
int dfactorial (int n) {
int res=1;
for(int i=n;i>=1;1i-=2) {
res*=i;
}
return res;
}
// TnaBHasg QYyHKUMS NPOTPAMME:
int main() {
int m=5; // ApryMeHT s GyHKUUU
// YkaszaTesb Ha QYHKLMO:
int (*f) (int);
// Ykasareynow Ha OYHKUMIO NPMCBAMBAETCH 3HAUESHUE:
f=factorial;
// OYHKLMVS BHBBBAETCH Uepes yKas3aTeJb:
cout<<"f ("<<m<<")="<<f (m)<<endl;
// YkazaTesn Ha OYHKUMIO NPUCBAMBAETCS 3HAUEHUE:
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f=dfactorial;

// ®YHKLMVSA BHBHBAETCH Uepes yKas3aTeb:
cout<<"f ("<<m<<")="<<f (m)<<endl;
return 0;

}

B Ppe3yJibTaTe BhIITOJTHEHWA IIPOTPAMMHOIO KO/[a ITOJIy4YaeM TaKOoe€:

PesynbTar BhInoNHeHUs nporpammel (U3 nuctudra 10.1)

£(5)=120

£(5)=15

Ykaszarenb OOBSIBIISIETCST KOMAHIOH . Takomy yxa3za-

TeJ0 MOXHO TIPUCBOWTH B KadyecTBe 3HAUYEHWS WM (DYHKINH, Y KOTOPOI

OJIUH apTyMEHT THUIIa U pe3yJbTaT TUMa . Oyuknum

u MIOATAAlOT TIOA 9TO ompeenenue. [loaToMy KoOMaHIBI
u BIIOJTHE 3aKOHHBI. [locie BITOTHEHNS KO-

MaH/IbI yKasaTeJsib © CcChLTaeTcs Ha (QYHKIIUIO .B

3TOM CMBICJIE JIOMTYCTUMO paccMaTPUBaTh QYHKIIUIO B KadyecTBe "CMHOHUMA"

GyHKININ .Br13oB 9KBUBAJIEHTEH BBI3OBY

(31ech -1[eJIouncyieHHass TnepeMenHas ). llocie BBITIOTHEHUST KOMAaHJIbI
yKasaTesqb © CcChLIaeTCd Ha (DYHKIIAIO 1 KO-

MaHa Ternepb SKBUBAJICHTHA KOMaH Ie

PaccmoTpenHsbIli BbITIIe TPUMEP TOCTATOYHO NCKYCCTBEeHHBIN. BMecTe ¢ TeM, Me-
XaHM3M CO3/IaHMsl yKaszareseil Ha (DYHKIME OTKPHIBAET Mepell pa3zpaboTInKoOM
MTOMCTHHE YHUKATbHbBIE BO3MOKHOCTH. ECTh HECKOJIBKO KJIACCOB OYEHDb BA’KHBIX
C TIPAKTUYECKOH TOUKY 3PEHUS 33/1a4, PellleHre KOTOPBIX C TIPUMeHEeHNEM yKa3a-
Teselt Ha QYHKIIUY BBITTOTHSIETCS JIETKO, 9 (MEeKTUBHO U B 4eM-TO IasKe KPACUBO.
Hexoropbie cutyaruu Mbl pacCMOTpUM. B ocHOBHOM pedb OyzeT uatu o "Mare-
MaTUYecKuX'" 3a/1a4ax, TOCKOJBbKY TIPU PEeNeHUN UMEHHO TaKUX 3a71a4 BCS MOITh
yKasaTeJseli Ha (DYHKIIUN TIPOSIBIISIETCS B TIOJTHON Mepe.
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10.2. PewweHue ypaBHEeHNS METO40M
nocsiegoBaTesibHbIX NPUOINKEeHUN

Bom umo xpecm acusomeopsuguii deraem!
u3 x/¢ "Hean Bacunvesuu mensem npo-
¢eccuro”

PaccmotpuM 3azauy o pelieHuun ypaBHeHus Bujia x = f(x). OyHKImio f(:X)

noJiaraeM 3aganioil. Ham HeoOXoauMo HallTH Takoe 3HaueHue X, 4To y = f(x)

. Hammpumep, ecom f(x) = x + 6 TO peub ujer 00 ypaBHEHUU y = /x + 6 Y
9TOT0 yPAaBHEHU €CTh PellleHUe X = 3: eCJIM II0JCTaBUTh JAHHOE 3HaYeHUE B BbI-

paskkeHue y = /x + 6, TO OHO IPEBPATUTCA B TOKAECTBO (/3 1 6 = /9 = 3)-
He cymiecTByeT yHHBEPCATIHHOTO AJITOPUTMA, TO3BOJISIIONIETO HAXOIUTD B 00TIIEM

cJIydae aHalUTHYecKoe pelllenue ypasuenus Bufia x = f(x). Onnako ecTb airo-
PUTM, KOTOPBIi II03BOJIAET HAXOAUTD YNCI0BOE pellleHne ypasHenus. /s atoro

HeoOXOIMMO yKa3aTh HAYaIbHOE IPHOJIIIKeHue X () 715t KopHst ypaBHeHMst. Ecin
HavaJIbHOEe TIPUGJIMIKEHNE 3a/IaHO, TO BBITIOJIHSIIOTCS OCJIEI0BATEIbHbIE UTepa-
VM, WIH TPUGJIVIKEHUST:

* Ha OCHOBe HYJIEBOTO TPHOJMKeHNsT X BBIYUCISIETCS TTePBOe TPUOJIN-
JKeHue 11 KopHA X1 = f(xg);

*  Ha OCHOBE MePBOr0 NPUOMMKEHN X BEIYHC/IACTCS BTOPOe IPUOIMKe-
nue X, = f(x1), 1 Tax nanee;
*  Ha OCHOBE -TO TPUOJIVKEHIST BEIYUCIISIETCS CJIe/ytolee TPUOIIKeHne
1o popmyie X1 = f(xy)-
I[Ipomece mpogoszKaeTcs 10 TexX Iop, MoKa He OyAeT AOCTUTHYTa HyKHas TOY-
HOCTB B BLIYMCIEHUN KOPHS YPaBHEHUS.

Moppo6HoCTU

OnncaHHas Bbile NpoLeaypa BbiNoHEHMS NOCeA0BaTeNbHbIX MPUOANKEHWI ANs KOP-
HSI CXOOMTCS K KOPHIO YpaBHEHUS faneko He Bceraa. [ cXoaMMocTy npouecca Heob-

I
XO[MMO, 4TOGLI B 06/1aCTU NoMcKa KOPHS Npon3BoaHas f (x) OT DYHKUMM f(x) no
abCoN0OTHOM BeNNYnHE Oblsia MeHbLLIe eAUHULILI, TO €CTb, YTOObI BbINOJHANOCH YCIOBUE

f'el <1

Yro 3716CH MHTEPECHOTO C TOUKM 3PEHUS MPOTrpaMMupoBanus? /leso B ToM, 4TO
TIPOIIECC TTOMCKA PENIeHNS] YHUBEPCAJIEH JIJIS PA3JIMYHbIX (DyHKITHI f (X) (pas-
YMEeEeTCs, TTPY YCJIOBUH, UTO 3TH (DYHKIIUN YAOBIETBOPSIOT KPUTEPUSIM TPUMEHMU -
MOCTH METO/Ia TTOCJIE/I0BATEbHBIX UTepaiuii). [I0aToMy Mbl MOTJIN ObI HATTHCATD
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MIPOrPAMMHBIH KOJI, OTIPEIENIUB B HeM (DYHKITUIO JIJIsl PENIEHUS] PA3IUYHDIX YPAB-
HEHUH METOIOM TOC/IeI0BATEIbHBIX TPUO/sKeHnil. IIpu aToM hyHKIHS f (x)
, OJTHO3HAYHO OIIPEEJISIONAasi PellaeMOe YpaBHEHIe, MOTJIa Obl MepelaBaThCst
(uepe3 yKkasaTesib) apryMeHTOM TOW (DYHKIINH, KOTOpas 'peliaeT” ypaBHEHHE.
Takoli osxo 1 peaTn30BaH B MPOTPAMMe, TIpe/ICTaBIeHHON B incTtunTe 10.2.

Jinctunr 10.2. PelueHne ypaBHeHUs METOAOM NOCNeA0BaTeNbHbIX NPUONMKEHUI

#include <iostream>
#include <cmath>
using namespace std;
// OYHKUMAIJIApPENeHVIyPaBHEHUN
// MeTOmOM MNOCJIENOBATEJIbHEX IPUOIIVXESHNN .
// ApPTYMEHTH — yKa3aTeJlb Ha OYHKLUUIO yPaBHEHMS,
// HauaibHOEe MNPUOBIMKEHME U KOJMUUECTBO UTEPALIUN:
double findRoot (double (*f) (double),double x0,int n) {
// HauanbHOe MNpUOIMXKEHME IIJIS KOPHS:
double x=x0;
// TlocyienoBaTeJIbHEE UTEPAaLN:
for (int i=1;i<=n;i++) {
x=f (x); // HoBoe NpubIMXEHME IJII KOPHI
}
return x;
}
// OYHKUMAYPAaBHEHMUS :
double F (double x) {
return sqrt (x+6);
}
// OYHKUMSA yPaABHEHNI:
double G (double x) {
return (x*x+10)/11;
}
// TrnaBHasga OGOYHKUMA OPOTPAMME :
int main() {
// HauajsibHBIE NPUOIMXEHMS IJIS [OMCKA KOPHEM YPaBHEHUN:
double x0=0.0,z0=5.0;
cout<<"x = F(x)"<<"\t"<<"x = G(x)"<<endl;
cout<<"0: "<<x0<<"\t\t"<<z0<<endl;
// PelleHMs Ha OCHOBE PA3HOTO KOJMUECTBA UTEPALINNA:
for (int n=1;n<=5;n++) {
cout<<n<<": "<<findRoot (F,x0,n)<<"\t";
cout<<findRoot (G, z0, n) <<endl;
}

return 0;
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B mporpamme onmckrBaeTcs pyHKITUS , Y KOTOPOI TP apryMeHTa u
KOTOpas BO3BpaIllaeT B KAUeCTBE Pe3yJIbTaTa 3HaueHne TUTIa . llepBBIiM
apryMeHTOM QYHKIINHT nepeziaeTcs yKasaTesb Ha GYHKITUIO ypaBHe-

HUsT (MMeeTcs B BULy (DyHKITUS f (x) B IIPaBOM YaCTU ypaBHEHUSI X = f(x )
YkaszaTesnb Ha (PYHKITUIO B apTyMEHTe JIPYToil (PyHKIIUN ONTHAChIBaeTCs (haKkTIye-
CKH TaK ’Ke, Kak 0OBbsABJISIETCs YKa3aTesb Ha (DYHKIIUIO B THOM MECTE ITPOrpaM-
MBI: CHAaYaJIa YKa3bIBAETCs TUII pe3yJibrata (hyHKIINH, 3aTeM B KPYTJIbIX CKOOKaxX
CO 3B€3/I0YKOIT - Ha3BaHWe yKa3arTeJisl, a B KPYIJIbIX CKOOKaXx IocJie TaHHON KOH-
CTPYKITUU - TUTIBI apTyMEHTOB (QYHKIIUU (B JAHHOM CJIyyae apryMeHT ojiuH). B
paccMaTpuBaeMOM IIPUMeEPE TIEPBbIN apryMeHT (QYHKITMH OTIMCaH
BBIpasKEHUEM . 910 03HaUaeT OYKBAIbHO CIIEAYIONIEE:
TIePBBIM apTyMEHTOM, KOTOPBI Ha3bIiBaeTcs ©, mepemaeTcs uMs Gpyakmnu (yka-
3aTeJib Ha (DYHKITUIO ), y KOTOPOH OZIH apTyMEHT THTIa 1 TaKOTO0 JKe TUTIA
pesyabrat. B Tene byHKIMN MOKEM OTOXKECTBIATD £ C Ha3BaHUEM
(pyHKITNU, OTIPeIe/ITIONIEHN TPABYIO YaCTh PENIAEMOT0 YPaBHEHUS.

Bropoii u TpeTnii apryMeHThI (PyHKITUN - COOTBETCTBEHHO HAYaJIb-
HOe TIPUOIMKEHE /IJIsT KOPHS YPABHEHUST U KOJIMIECTBO UTEPAITHiL, IO KOTOPBIM
BBIUUCJIAETCS KOpeHb. Pe3ynbsraTroM (yHKIIMEN BO3BpAIIAeTCS BHIYUCIEHHOE
npUOIKEHHOE 3HAYEHIE JIJIST KOPHST YPABHEHSI.

B rene dyurmmm CO 3HAYEHNEM HAYATBHOTO TTPUOJIVIKEHIS IS
KOPHSI ypaBHEHMS] WHUIMAIU3UPYETCS TIepeMeHHast =, IMOCJe Yero 3allyCKaeT-
Cs1 ollepaTop IMKJA, ¥ B HEM BCEro OJfHA KOMaH/A . Kaxzplil pas npu

BBITIOJTHEHNY KOMAH/Ibl BBIUYMCIISIETCS 1 3aIIMCBIBAETCS B IIEPEMEHHYIO x HOBOE
npubIMIKeHue Uit KOpHs ypaBHeHus. [[o 3aBepImeHNr BBITOJTHEHWS [IHKJIA
3Ha4YeHME TIePEMEHHOI . BO3BpAlllaeTcsl B Ka4ecTBe pe3ybrata QyHKINN

[Momumo byHKITIN B IIpOrpamMMe OIIMCAHBbI (byHK]_[I/IgI u )
- x=+10
ONpeIEISIONIIe TIPaBble YacTh ypaBHeHHi X = VX + 6 y X = T 11 COOTBeET-
CTBeHHO. B ri1aBHON (yHKITUY TPOTPaMMBI TaHHbIE yPABHEHUS PENTAIOTCS BBI30-
BOM (bYHKITUU C pa3HbIMHU apryMeHTaMu: /I IIEPBOTO ypaBHEHU
9TO KOMaH/bI BU/a , & BTOPO€ YpaBHEHNE PEIIAeTCs € I10-
MOII[bIO KOMaH/[ BH/a . IIpuuem iepeMeHHast 1, onpeness-

I0I[ast KOJIMYECTBO UTEPAIiii, Ha OCHOBE KOTOPBIX CTPOUTCS PelleHue, Ipodera-
€T [ocJIe0BaTeIbHO Habop 3HaYenuii ot 1 10 5. Ilociennee gaetT BO3SMOKHOCTD
TIPOCJIEINTD, KAK TOUHOCTH PEIIEHNS MEHSIETCS C YBETMIeHEM KOJIMUeCTBA UTe-
paruii. Pe3yasrar BBITIOTHEHUS TPOTPAMMBI CIIEAYIONTHA:
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Pesynbrar BhINOIHEHUS nporpammbl (3 nuctudra 10.2)

x = F(x) x = G(x)
0: 0 5

1: 2.44949 3.18182
2: 2.9068 1.82945
3: 2.98443 1.21335
4: 2.9974 1.04293
5: 2.99957 1.00797

Hec10:kHO 3aMeTHTb, 4TO PENIEHNsT HAIJIEHbI BITOJHE KOPPEKTHO (0COOEHHO €
YIETOM TOTO, YTO OBLITO BBITIOJTHEHO BCETO 5 UTEPAIIUIL ).

MoppoGHoCcTU

PelweHnemM ypaBHeHust ¥ = +/X + O, kak oTMeuanoch paHee, SBNSieTCS 3HaYEHUE
x = 3. Nownck KOPHSA 9TOr0 ypaBHEHUS HAYMHAETCHA C HayasrbHOrO MNPUOANKEHUS

1
Xp = =0 CDyHKLI,VIFI_f(x) = VX + IE'|/|MeeT I'IpOI/ISBO,EI,HyIO.f ( ) = m, ona
KOTOpPOI1 ycrnoBue |f (x)| <1 BLINOHAETCH npu X > —5. 75 HayanbHoe npu-

6nuxeHve x{J - 0 0151 KOPHS ypaBHEHNS MONaAaeT B HYXHbIV AnanasoH.

x2+10
YpasHerme X = T 7T Ha camMOM fefie SBNSETCH  KBa/PATHBIM YPaBHEHM-
em xZ — 11x 4+ 10 =0 c «opHamu x = 1 w x =10 Ons dbyHKLMM
x= +10

fx ) - npoussoaHast fréo = 11. Ycnosve If'Gal <1 naet

—55 < x { 5.5. B nanHbiii aManasoH nonagaet Tonbko KopeHb X = = 1. Yven-
HO €ro Mbl MbITAEMCS HANTK, YKa3aB B KAYECTBE HAYa/IbHOro NPUBIVXKEHNs 3HaYeHVe

Xp =5,

10.3. 3HakoMcCTBO ¢ NaMOaa-PyHKUNaGMHU

IIpuedym mym ecaxue: 6e3 npoghpeccuu, 6e3 no-
oywex...
u3z k/¢ "/lesuama”

B upenbiayniem npumepe (yHKIUU, ONPEAEJISIONUe pelllaeMble YPaBHEHUS,
OTNUCHIBAJINCH B SBHOM BHUJIE B IMporpaMMe. I pyruMu cI0BaMH, €CJIU MBIl XOTHM
PEIINTh KaKOe-TO ypaBHEHKE, TO HaM HEOOXOAUMO OIucaTh (hyHKIINIO, ONpejie-
JISIONIYT0 ypaBHeHUe. Takoe ToJI0KeHNE IeJT B IPUHITATIE BIIOJIHE TIPUEMIIEMO.
OnHako UMEIOTCS U WHBIe BO3MOKHOCTU. B TaHHOM KOHKPETHOM cirydae (uMe-
eTcs B BUAY TIPEBIAYIIIL IIPUMeP) BMECTO TOTO, YTOOBI OIUCHIBATH (DYHKI[UIO
JUUIST KQOKJIOTO U3 PellaeMbIX YPaBHEHU I, MOKEM IE€PelaTh IIePBbIM apryMeHTOM
GyHKIIIN AHOHUMIYT0 DYHKUUIO, WITH LAMOOa-DyrKiyuio.
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Ha 3ameTky

Nambaa-pyHKUMM NOABUAMCH B cTaHaapTe a3blika C++ HaumHas ¢ 2011 roga (To ecTb B
cTaHgapTe C++ 11).

Jlsambma-yHkiums - 970, o 6osbImoMy cueTy, yHKIws 6e3 nvenu. [anuoe yT-
BepP/KIEHIE MOKET TOKA3aThCsl CTPAHHBIM, a caMO HaJimuue JistMOaa-QyH KA
HEJIOTUYHBIM ¥ HEOTPABIAHHBIM, HO HA CAMOM jiejie ObIBAIOT CUTYAIIUH, KOT/A
"dyHKIMg 6e3 UMeHn" - KaK pa3 To, 4T0 Hy:kHO. OIUH 13 TaKUX MPUMEPOB -
Kxoria GyHKIMA HyKHA 71 "0JHOPAa30BOTO" MCIIOIh30BAHUS (HATIPUMeEP, KOTAA
(yHKITNS TepeaeTcst apryMeHTOM JIpYToii (DYHKITNH, KaK B HAIIEM TIPUMepe).

EcTb HeCKoIbKO crocoboB onucanus aamoaa-GbyHkiun. Mbl HaUHEM ¢ CaMOTo
mpocroro. O6uuii mabaoH onucanust JaMOaa-(GYHKIIUN BBITJISIANT TaK:

[1 (aprymenTr) {return sHaueHwue;}

OmnucaHre HAYMHAETCST C MYCTHIX KBaJPATHBIX CKOOOK [ | (KOTOpPbIE 3aMeIaroT
(dakTHueckn HazBaHue (PYHKIMN), 3aT€M CJIEAYIOT KPYTJbie CKOOKU C OTmca-
HUEM apryMeHTOB (hyHKIMU (T0100HO 00bIYHON (DYHKIINHN), a 3aTeM B (Uryp-
HBIX CKOOKAaX yKa3bIBAETCS WHCTPYKIUS 1 3Ha4YeHWe, BO3BPAIIAETCS
pesysbratom dyHkinnn. Hanpumep, o0bsiBieHne assmb/1a-(hyHKIMN, B KA4eCTBe
pesysTaTa BO3BpAIaonieil KBafpaT apTyMeHTa, MOKeT BBITJISAAETD CAeAYIONNM
obpaszoM:

[1 (double x){return x*x;}

7

Ha 3ameTky

Mo 6onbwomy cyeTy nambaa-dyHKLMS ONUCbIBAETCS Kak camMas obbldHas QyHKUMS,
TONbKO BMECTO UMEHW MCMOMb3YITCS MycThble KBagpaTHble CKOOKM [ . B durypHbix
ckobkax MoOXeT OblTb TONbKO OAHA MHCTPYKUMS, MPUYeM 3TO AOJIKHA ObiTb -
WHCTPYKUMS. Tun nambaa-@yHKUMM SIBHO HE yKa3biBAeTCS M ONpeenseTcs aBToMaTu-
4YeCKM Ha OCHOBE BO3BpaLLaeMoro GyHKUNEen 3Ha4YeHns.

Takxe nogyepkHeEM, H4TO BCe NepeyncieHHbIe NpaBuia OTHOCATCS K JaHHOMY Crnocoby
onucaHua nambaa-dyHkunn. JIamoaa-dyHKLMM MOXHO onucklBaTh 1 no-apyromy. O6
3TOM Mbl TOXE MOrOBOPUM.

B npenpiayiiem npuMepe Mbl pacCMaTPUBAIU yPaBHEHUS ¢ DYHKIUSAMEI

FxX)=+x+6uG(x)=

x2+10

B IIPABBIX YACTIX. DTU QYHKIIUU TIPU OTIPEIe-

JICHUW UX B BUIE JIIMOa-PYHKIUN Oy T BBITJISAETD TaK:

[] (double x) {return sqgrt(x+6);}
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st QYHKIMU F(x) =+x + 6
[] (double x) {return (x*x+10)/11;}

x?+10
11

EcrecTBeHHBIM 06pa3oM BO3HMKAET BOIPOC: YTO MOKHO J€jiaTh € JstMOIa-
dbynximeii? Kak ee ucrosbzoBars? YToObI OTYYNTH OTBET, IMEET CMBICJI OTO-
JKJIECTBUTh MHCTPYKIUIO ONMUCAaHUSAIAMOAa-DYHKIIMKM ¢ Ha3BaHWeM (DyHKIIMH.
Tora craHOBUTCS MOHATHO, Kak JsIMO1a-(DYHKIUIO TIepeaTh apryMeHTOM Apy-
roit (OyHKIMK: B TOM MECTe, T/ie J0JKHO ObITh Ha3BaHue (DYHKIMU-apryMeHTa
cJIeqlyeT pasMecTUTDh onucaHue asMOga-GyHKImN. VIMeHHO TaKo# MoaXom Hc-
MIOJIb30BaH B IpuMepe, mpeactaBieHHoM B jmuctuHre 10.3. [lansbiii mpumep -
MoAUMUKAIISA TPeIbIAYIIel 3a1aul, TOJIbKO Telephb (PYHKINH, OMPeleIIIoNnne
peliiaeMbie YPaBHEHWsI, HE ONMCBIBAIOTCS SIBHO, & OIIPEIEISIIOTCS yepes JisiMbia-
dyuxum. s yao6eTBa BOCIPUATHSA JUIIHIE KOMMEHTApUU B IIPOrPAMMHOM
KOJIe y/IaJIeHbl, a HanboJiee BasKHbIE MECTa BbIIEIEHBI JKUPHBIM HIPU(DTOM.

st pyskin G (x) =

Jinctuur 10.3. Ucnonb3oBanne namopa-GyHKUMM Npu nepepaye aprymeHTa

#include <iostream>
#include <cmath>
using namespace std;
double findRoot (double (*f) (double),double x0,int n) {
double x=x0;
for (int i=1;i<=n;i++) {
x=f (x) ;

}
return x;
}
int main() {
double x0=0.0,z0=5.0;
cout<<"x=sqrt (x+6) "<<"\t"<<"x=(x*x+10) /11"<<endl;
cout<<"0: "<<x0<<"\t\t"<<z0<<endl;
for (int n=1;n<=5;n++) {
cout<<n<<": ";
// UcnonesoBaHMue nasMbna-QyHKIIMM:
cout<<findRoot ([] (double x) {return sqrt(x+6);},x0,n);
cout<<"\t";
// VcnonpsoBaHMe nsiMbpa-QyHKIMM:
cout<<findRoot ([] (double x) {return (x*x+10)/11;},z0,n);
cout<<endl;
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}

Hwuxe IpuBeE/IEH Pe3yJibTaT BbIIIOJIHEHUA JJAHHOTO ITPOTPAMMHOTIO KO/[A:

Pesynbrtat BhinonHeHns nporpammbl (U3 nuctunra 10.3)

X=sqrt (x+6) x=(x*x+10) /11
0: 0 5

1: 2.44949 3.18182

2: 2.9068 1.82945

3: 2.98443 1.21335

4: 2.9974 1.04293

5: 2.99957 1.00797

3a HUCKJIIOUeHNeM He3HAYUTETbHBIX "AeKOPATUBHBIX" 3JIeMEHTOB, Pe3yJbTaT
BBITIOJTHEHUS TTPOTPAMMBI (TI0 CPaBHEHUIO C TIPEIBIAYIITNM TTPUMepPOM) He U3-
MeHmics. Takke M0o/KHA OBITH 3HAKOMAa W TIOHSITHA OCHOBHAsl 4acTh TIPO-
rpaMMHOTO Koza. VI3aMeHeHMIT Ha caMOM JieJie He MHOTO: OTCYTCTBYET OIICAaHHe
(GyHKIUHN, onpenendiomuX ypaBHEHUS, U MPUCYTCTBYIOT MHCTPYKIUU C OIIH-
caHueMm JI?IM6lIa-(byHKLII/II7L Peub uzper o BBIpaKeHUSIX
u

, B KOTOPBIX (DYHKITHS BBI3BI-

BAETCsT C apryMeHTaMH, 3a[aHHBIMU Yepe3 JIstMO1a-PyHKITUH.

— Ha sameTky

B onncaHum nambaa-pyHKUMM MOXHO SIBHO yka3aTb TUM BO3BPALLaeMoro pesynbrara.

I Ecnn nambaa-pyHKUMS onvcbiBAaeTCS C ABHBbIM YKa3aHuem pesynbraTa, To Mexay Kpy-
rMbIMKU ckobkamMu ¢ apryMmeHTamMu GyHKUMM 1 GUIYPHBIMU CKOBKaMm ¢ KOAOM QYHKLUN
pasmeLlLaeTcs onepaTop CTpeska (- > )y ngeHTuduKaTop Tuna pesynsrara, BO3spallae-
MOro GyHKumen. Hanpumep, MHCTPYyKUmein

onvceiBaeTcs nambéaa-dyHKUMa ¢ oByMS
aprymeHTamu (ogvH Tvna , @ Apyroin Tuna ), BO3BpalLaloLas pesynbra-
TOM 3HauyeHue Tuna . OueBnAaHO, peyb NaeT 0 GYHKUMOHANBHON 3aBUCUMOCTMN

flx,n) = %

Boobuie ke nsaMOaa-py KUK MPEACTABIISIOT COOO0iT 91eraHTHBIN, HO JOCTATOY-
HO OTPaHWYEeHHBIN (B IJIaHEe PeaNU3alMOHHBIX BO3MOXKHOCTEH) WHCTPYMEHT.
Komnttermust jstmMb1a-hyHKIUI OpHEHTUPOBaHA Ha APAIUTMY (DYHKUYUOHAIHHO-
20 npozpammuposanus. B paMkKax napagurmbl (DYHKIIMOHAIBHOTO IIPOTPAMMM-
poBaHUs 3HaYeHHNE (PYHKIUN OTPEEAeTCS NCKIIOYUTETHHO ee apTyMeHTaMH,
HEe MOKET 3aBUCETh OT 3HAUEHUs "BHEIHUX ' (DaKTOPOB U HE TIOIPa3yMeBaeT HU-
kakux "BHenrHUX "' s dexTos. [ToaToMy, HampuMep, TIPU ONpeaeTeHNun JIMO/a-
(pyHKIIMMHE TTOJTYYUTCS UCTIOJIB30BATh 3HAYEHUST BHEIITHUX IEPEMEHHDIX.
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Curyarus yeyry6asiercs ere u TeM, uto B C++ HeT BHyTpeHHUX (DYHKIHUH (TO
€CTh HeJIb3s1 oTHcaTh (PyHKINIO B GyHKINN ). Kak ciezicTBue, BEPHYTh B KA4eCTBE
pesysbrata GyHKIUU JsMO1a-DYHKIMIO He MoaydnuTest. VI3 Bcero ckasaHHOTO
BBIBO/I ITPOCTO# U OUEBMIHBIN: OCOOBIX HAIEKT HA JIIMOa-(DYHKIINU BO3JIaraTh
He cTouT. B aTOM oTHOIEHN HaMHOTO OoJsiee a(DHEKTUBHBIM U TIPOLYKTHBHBIM
SIBJISIETCST TIOJIXOJT, KOTOPBIi 6a3npyeTcs: Ha UCIOIb30BaHUK (hYHKTOPOB.

10.4. MaccuB yka3zaTteneun Ha QYHKUUIO

Hauunaio deiicmeosamyv 6e3 wyma u notiu no
81HOBb YMBEPICOCHHOMY NAANHY.
u3 k/¢ "Bpunnuanmosas pyxa”

JJIeMeHTaMK MacCHBa MOTYT ObITh yKazaTesin Ha (pyHKIo. B npuninmne, Takas
CUTYyaIus JJOBOJBHO 9K30TUYECKAs, HO B TO JK€ BpPeMs U BIIOJIHE peaibHast. [la-
Jiee Kak HeGOJIbIIY 0 MUTIOCTPAIIMIO PACCMOTPHUM ITPOTPAMMHBIN KOJI, B KOTOPOM
OIUCHIBAETCS TPU (DYHKIUN , u COOTBETCTBEH-
HO JIJIs1 BBIYUCJIEHUS 9KCHOHEHMbL, CUNYCA VI KOCUNYCA.

-| Ha 3ameTky

Ona BbIYMCNEHUS 9KCMOHEHTBI NCNonb3oBaH psiA, Tevinopa
I x?  xF xm™
exp(x) ~1+4+x ottt

nl.  CuHyc  BbluMcnisieTca  no  dopmyne
i %3 xs %7 (_ 1) ny2n+l
sin(x) v x —=+=—-=+4 -+ —7T"—
3t sl 7 (zn+1)! | a gng BLIMUCNEHMS KOCUMHYCA UCMOJb-
(_1)nx2n
(2n)!
TeM Bblille, 4eM 6OMbLLE 3HAYEHNE 418 BePXHEN rpaHnLbl paaa 1.

2 £
X x x
3oBaHa ¢popmyna cos(x) ~ 1 — o + iy + ot . TO4YHOCTb BbIYUCHEHNIA

B rnaBHON QYHKIIMYM TPOTPAMMBI CO3/IA€TCSI MACCUB yKa3aTesael Ha QYHKIIUIO,
COCTOSITITUH M3 TPEX 3JIEMEHTOB. SHAUCHUSIMU dJIeMEHTaM TIPHCBANBAIOTCS MMe-
Ha YIIOMSAHYTBHIX QYHKINNA. 3aTeM GYyHKIMY /71 BBIUKCAEHUS 3HAUCHUI 9KCITO0-
HEHTBI, CHHyCa ¥ KOCHMHYCa BBI3BIBAIOTCS 4Yepe3 yKasaTesJqn W3 MaccuBa. B -
crunre 10.4 mpuBeseH TPOrPAMMHBIHN KO TTPUMeEPA.

Jiuctunr 10.4. MaccuB ykasarenei Ha GyHKLmMIO

include <iostream>

#include <string>

#include <cstdio>

using namespace std;

// BepxHAS TpaHula pala JisS BHUUCIIEHUS
// DKCIOHEHTE, CHMHYCa M KOCUHYCAa:
const int n=100;
// TlocTosaHHasg "mnm
const double pi=3.141592;
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// ®yHKUMSA OJI9 BEUMCJIEHMSA B3KCIOHEHTH:
double my exp (double x) {
double s=0,g=1;
for (int k=0;k<=n;k++) {
s+=q;
q*=x/ (k+1) ;
}
return s;
}
// OYHKUUANJIABEUMCIIEHMACKHYCA
double my sin(double x) {
double s=0,g=x;
for (int k=0; k<=n; k++) {
st+=q;
g*=(-1) *x*x/ (2*k+2) / (2*k+3) ;
}
return s;
}
// ®yHKUMSA OJIS BEUMCJIEHMS KOCUHYCA:
double my cos(double x) {
double s=0,g=1;
for (int k=0;k<=n;k++) {
s+=q;
q*=(-1) *x*x/ (2*k+1) / (2*k+2) ;
}
return s;
}
// TmaBHasa GOYHKUMA OPOTPAMME :
int main() {
// Maccup ykasaTesel Ha GyHKLMIO:
double (*f[3]) (double);
// TEeKCTOBHM MAaCCHB C Ha3BaHUAMU QYHKLIMIN:
string names[3]={"exp","sin","cos"};
// UMCJIOBOM MACCUB CO BHAUEHMAMM APTyMEHTOB
// nna nepenaum GyHKLMSAM:
double x[6]={0,pi/6,pi/4,pi/3,1,pi/2};
// 3BHauyeHMe 3JIEMEHTOB MacCuBa:
f[0]=my exp;
f[l]=my sin;
f[2]=my cos;
// BBIBOB OGyHKLUM uUepes yKa3aTeJu — DJIEMEHTH MacCHBa :
for (int 1=0;1<3;1i++){
cout<<names [1]<<":\t";
for (int J=0;3<6;J++) {
// KoMaHIa C BBI3OBOM OOYyHKUUM Uyepes
// ykasarejb - BJIEMEeHT MacCUBa:



printf ("SE£", £11i1(x[31));
printf ("%s","\t");

}
cout<<endl;

}

return 0;

}

PeByJIbTaT BBIITOJIHEHUA ITPOTPAaMMbI 6y11eT TaKHUM:

Pesynbrar BhINONHEHUS nporpammel (3 nuctudra 10.4)

exp: 1.000000 1.688092 2.193280 2.849653 2.718282 4.810476
sin: 0.000000 0.500000 0.707107 0.866025 0.841471 1.000000
cos: 1.000000 0.866025 0.707107 0.500000 0.540302 0.000000

31ech MBI BCTpeUYaeMcs C HECKOJIbKUMU, OTHOCUTETBHO HOBBIMU MOMeHTaMU. B
MEPBYIO OY€PE/ib CTOUT 0OPATUTh BHUMaHUE Ha MHCTPYKITHIO

, KOTOPOIl 0OBSABIIsIETCST MaccuB © yKazateseill Ha ¢yHkimo. [Tocse
HMEHN MacCHBa YKa3bIBAaeTCs B KBaJPaTHBIX CKOOKax pasmep Maccua. CieBa
OT UMEHU MaCCUBA €CTh 3Be3/I0UKa *. Bcd aTa KOHCTPYKINSA 3aKIi04aeTcs B Kpy-

rible ckoOku. CrpaBa B KPYTJIBIX CKOOKaxX KJIIOYEBOE CJIOBO cBujie-
TEJBCTBYET O TOM, UTO pedb UeT 06 yKazaTeasax Ha (DyHKITUIO C OJHUM -
aprymenToMm. Hakowelr, KJIo4eBoe CJI0BO cJieBa B cCaMOM Havajie Beeil

WHCTPYKITUU TOBOPUT O TOM, UTO (DYHKITHS, HA KOTOPYIO CChLIAETCS YKa3aTeb 13
MacCHUBa, B KAYeCTBe Pe3yJibTaTa BO3BpAIlaeT 3HaUeHue THIIa

. ) Ha sameTky
MHCTpyKUMSA [OCTaTO4YHO 3anyTaHHas U MOHATbL €€ CMbICH

He TaK NpoCTO. B nopo6HbIx clliydaaXx MOXXHO NoJib30BaTbCA HECKOJIbKUMU CbOpMaJ'IbeI-
MU npasunamMu. KpaTKO CBOOATCA OHU BOT K HeMY:

. npu "pacwmndpoBke” CNOXHOrO 0ObSIBNEHUS KBaZpaTHble CKOOKM [ | O3HA4aloT
"mMaccus”;

. 3Be3404ka * 03HavaeT "ykasaTtenb';
. Kpyrnble CKOOKU (C naeHTUPUKATOPOM Tuna unm 6e3) o3HavaloT "PyHKUMIO™;

. "pacwmndpoBKy” cnefyeT Ha4yMHaTb C naeHTudmKaTopa MMeHU, a 3akaH4mMBaeTca
OHa NaeHTUHUKATOPOM TUNA, C KOTOPOro Ha4YMHAETCs 0O bABNEHNE;

. "pacLumdpoBka” BbIMOJHAETCA NO NPUHLUMNY "MasTHMKA™: CHaYana cneea Hanpaeo
(0O OKOHYaHWS MHCTPYKLUMM UK 10 3aKPbIBAIOLLLEN KPYIo ckobKuM), 3aTemM cripasa
HafieBo (0 OTKPbIBAIOLLEN KPYron CKOOKW), 3aTeM CHOBa CfieBa Harnpaso, U Tak

panee.
B paHHOM cnydae "pacumdpoBKy” NHCTPYKLNN HaynHa-
eM C nmMeHun . [lanee ABMXeMCs BNPaso 1 BCTPeYaeM MHCTPYKLUUIO , 4TO O3HavaeT
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"mMaccuB 13 3 afieMeHTOB". ocie 3TOro BCTPEYaEM 3aKPbIBAIOLLYIO CKOOKY, MO3TOMY
LBUXEMCS BNEBO M BCTpeyaeM *. 3Be3aoyka o3HavaeT "ykasatesnb'. B utore mbl yxe
nony4unn: "< 3T0 MaCCUB U3 3 ANIEMEHTOB, KOTOPbIE ABASIOTCS yka3aTtenamun”. Cnesa ot
3BE3004KU - OTKPbIBAKOLLAS Kpyrnas ckobka. [103ToMy ABMXEHME BIEBO NPEKPALLAETCS,
M Ha4YMHaEeTCHa ABUXEHWEe Bnpaso. Tam ocTtanacb MHCTPYKUMS . NHcTpykumsa
O3HavyaeT GYHKUMIO C apryMeHTOM Tuna . Nonyyaem ¢dpazy " 910 Maccms n3
3/IEMEHTOB, KOTOPbLIE ABAIOTCA yKa3aTenaMm Ha GYHKLMIO, Yy KOTOPOM apryMeHT Tnuna

" Jdanblle oBuratbCs BNPaBo Hekyaa, NO3TOMY HanpasfieHne OBUXEHNS - BNle-

BO O CaMOW NePBOWN MHCTPYKLUUU . 970 pesynbTaT, BO3BpaLLaeMblin GyHKUMNEN.
Ntak, dunHanbHaa ¢ppasa Takad: "t 3TO MACCUB U3 3 3JIEMEHTOB, KOTOPbLIE ABJISIOTCA
ykazatenamu Ha QyHKUMIO, Y KOTOPOM apryMeHT Tmna 1 KOTOpas Bo3BpaliaeT
pesynbrar Tuna "

Kpome maccuBa ykasateseii Ha (GYHKIMIO B IpOrpaMMe KOMaH-

Jamu u
00DBABIACTCA W WHULAAIN-
3UpyeTcsl TEKCTOBBINI MacCUB C Ha3zBaHUAMH (YHKIIUA W YUCIOBOH
MacCUB ¥ CO 3HAUYEHUSIMU apryMeHTa (/IJid BBIYUCIEHUS 3HAUEHUN KaXXI0u U3
Tpex dyHknmii). Komangamm , u
aJIeMEHTaM MaccuBa f TIPUCBAUBAIOTCS B KauecTBe 3HAUEHUN nMeHa QYHKIIUH
, u
?I Ha 3ameTky
[MporpamMmHbIin KoL, YHKLMIA s 7] dakTn4eckmn otnm-
_I YaeTCcs TONbKO HaYaslbHbIM 3HAYEHNEM MEPEMEHHONM ¢ U KOMaHAOW B Tene oneparopa

LMKIa, KOTOPOM U3BMEHSAETCS 3HA4YEHNE 3TOM NepeMEHHON. [MOHATb Cne HECNOXHO, ecnn
MPUHATb BO BHUMAHKWE, YTO BO BCEX TPEX CllyHasiX peyb NAET O BbIYNCIEHMN CYMMbI BUaa

o + g1+ g2+ + Gu (unaekc Boane o HymepyeT nTepaumio). [Lns SKCMOHEH-

_ B (-1) .ic:{.z.f-:+1 G = (- I.Tc:{.z.f-:
Thl 9 k!, ansa cuHyca 9 = (2k+1)! , a ona kocuHyca k (2K}
YTo6bl NONYYNTL 3HAYEHNE NapaMeTpa o ANs credyloLlell nTepaumn, Tekyllee 3Hade-
Qlc+1 Qie+1 _ X
HUe HeOoBXOOUMO YMHOXWUTL Ha BeNnunHy gk . Jas akcnoHeHTsl i kE+1 pna
Jk+1 i_]-] x? Qk+1 [—1} xZ
cuHyca gy, (2k+2)(2k+3), ANA KOCUHYCA g7 (2k+1)(2k+2)-

[Tocne mpucBauBaHus 3HAUEHUTT 3JIeMEHTAM MacCUBa f, 3aIMyCKAETCS OMepaTop
IIUKJI, B KOTOPOM uepe3 yKa3aTeJ i B MACCUBE BBIYUCJISIOTCS 3HAYEHUST (DyHK-
WA I pasHbIX aprymeHToB. /s aprymenTta BBIYICJIEHNE 3HAYEHUST
(PYHKIIMU BBITIOJIHSIETCS KOMaHA0K

Ha sameTky

UcknounTenbHo paau yoobctea, U Ucxons U3 3CTETUHECKUX COOBpaxeHWi,ans oTo-
OGpaxeHust AaHHbIX B OKHE BbIBOZA (Hapsiay ¢ onepaTopoM BbiIBOAA), HAMU UCMONb30Ba-
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Ha PyHKLUMS . [Insi 3TOro Ham NPULLNIOCH NOAKTIOYNTL 3ar0JI0BOK

DyHKLNS NO3BONSIET BbINOHATL POPMATUPOBAHHEIN BbIBOA,. MepBbIM apry-
MeHTOM PYHKLMN NepeaaeTcs TEKCTOBas CTPokKa, onpeaensiowas dopmat otobpaxe-
HMA faHHbIX. Camn oTobpaxkaemele AaHHbIE - BTOPOI apryMeHT hyHKUMK

CTtpoka ¢opmMaTMpoBaHUsl HAYMHAETCS C cuMBOJia . Bykea nocne cumBona® onpeae-
NISeT TUN JaHHbIX, KOTOopble 0ToOpaxatTcs. bykBa sCOOTBETCTBYET TEKCTOBLIM 3HA4e-
HUsIM, a ByKBa £ COOTBETCTBYET AENCTBUTENbHBIM YACIAM.

10.5. PyHKUMA KaK pe3ynbTaT

Jopozy ocurum udywui: Bam 1eobxooum
meopueckuti HenoKou.
u3 k/¢ "Iloxpoecrue eopoma”

Panee ormeuasnoch, 4To (DyHKIMSA B KauecTBE pe3yJbraTa MOKET BO3BpaIlaTh
MTPaKTUIECKU BCe, 32 NCKJII0YEHNEM MaccuBa. B mpuHITuie, pe3yasraToM (GhyHK-
1K MOKeT ObITh "pyHKImsA". J[pyroii Bompoc, Kak, B KakoM BHJIe, 9Ty "(yHK-
nuio" pearnsoBaTh? MBI paccMOTpUM JBa (byHIaMEHTAIbHBIX TIOaX0ma. B mep-
BOM CJIy4ae pe3yJbraToM (yHKIIMK BO3BpAIaeTcs yKa3aTesdb Ha QyHKINO. Bo
BTOPOM CJIy4ae pe3yasratoM (hyHKImu OyaeT GyHKTOp. 31eCh PACCMOTPUM CH-
Tyaruio, KOT/ia Pe3yJibTaToM (DYHKITNY BO3BPAIIAeTCs yKa3aTesb Ha (DYHKITUIO.

=l Ha sameTky
Kak oTmeuyanocb paHee, B C++ HeNb3si UICNOIb30BaTb BHYTPEHHUE DYHKUMK. [ToaToMy
I KOrza Mbl FOBOPVIM O TOM, 4TO DYHKLIMS BO3BPALLAET Pe3ynbTaToM ykasaTesb Ha ApYryto
$pyHKUMIO, TO 3Ta "Apyran” GYHKUMA [OMKHA OblTb BHELLHEN.

B nuctunre 10.5 mpeacTaBieta mporpaMMa, B KOTOPOI OMUCAHBI TPU (PYHKITHM:

, 171 . Y Kaxk[10i1 U3 HUX OJIUH apTyMEHT TUTIA ,
a pe3yabTaTOM Kaxaas QYHKIIUSI BO3BpAlllaeT 3HAUECHUE TUIIA . Kpome
3TUX (PYHKINI B MPOTPaMMe ONMKcaHa (PyHKIUSA C TIeJI0YnC-

JIEHHBIM apryMEeHTOM, BO3BPAIIAONIas Pe3yIbTaToOM yKa3aresab Ha (pyHKmo. B
3aBUCHMOCTH OT 3HA4YEeHUs IIeJIOYMCJICHHOIO apryMeHTa, KOTOPBII IepefaeTcs
pynxiun , (bynximeit Bo3BpalaeTcs ykasaTesab Ha OHY U3
GyHKINi , WIIN

B rraBHO# (DyHKITHE TPOrpaMMbl OOBSBIISIETCST YKa3aTeJb ¢ Ha (yHKIHIO. 3a-
ITyCKaeTCs orepaTop UKJA, B HEM yKasaTesdio f MIPUCBanBaeTCs 3HaUYeHNe, M0-
CJIe YeTo yepe3 3TOT yKa3aTeJsb BbI3bIBAETCS COOTBETCTBYIONAs DyHKIMA. Bech
KOJI BBITJIAUT TaK:

Jiuctunr 10.5. Yka3artenb Ha GYHKUMIO KaK pe3ynbTaTt QyHKLMK

#include <iostream>
#include <string>
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using namespace std;
// Tlepeasa byHKUMA:
string first (char sym) {
string txt="IllepBas byuxums: ";
returntxt+sym;
}
// Bropas QyHKLUMA:
string second(char sym) {
string txt="Bropas dyHxuma: ";
return txt+sym;
}
// TpeTba GyHKUMA:
string third(char sym) {
string txt="Tperbsa byuxums: ";
return txt+sym;
}
// ®OYHKUMS C pPes3yJibTaTOM — yKasaTejieM Ha OYyHKLMO:
string (*getFunc (int m)) (char) {
// lTukIMyeckas NepecTaHOBKAa MHIEKCA:
double k=(m-1)%3+1;
// PesynbTarT - yKasaTesb Ha OyHKUMoO first () :

if (k==1) return first;
// PesynbTarT - ykKasaTesb Ha OyHKUuo second () :
if (k==2) return second;

// PesynbTarT - yKasaTesgb Ha OyHkUMo third() :
return third;
}
// TmaBHasa GOYHKUMA OPOTPAMME :
int main() {
// Ykasarejyb Ha QYHKLMIO:
string (*f) (char);

// BHIZOB pPAas3HHX GYHKUMIM Uepes yKaszaTesb Ha OGYyHKIMO:
for (int i=1;1i<=6;1++) {
// YkaszaTesn NpUCBaMBaeTCd SHAUSHME:
f=getFunc (i) ;

// BHB0OB OGYHKLUMM Uepes3 yKa3aTelb:

cout<<f ('A'+i-1)<<endl;
}
return 0;

}

Oo6paiiaer Ha cebs1t BHUMaHHUE CII0cO0 onucanusi GyHKIINN . B ep-
BYIO O4Yepeib 3TO KOHEYHO KacaeTcsi THIa pe3yJibrata GyHKII. B 1anHoM ciry-
Yae 3aroJI0BOK (DYHKIIMHU OIMCaH KaK .
Ecii BCrmoMHUTD NIpaBUiIo pacuimpOBKU TaKUX BBIPAKEHUIA, TO MOJyYaeTCs,
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qTo -(byHKHI/IH C HEJIOYUCTICHHBIM apTyYMEHTOM, KOTOpasd ABJIAECT-
cs1 yKazareseM Ha (PYyHKIMIO ¢ apryMEHTOM THIIA 1 pe3yJbTaToM THIla
B rene dynxmmm xomanoit MepeMeHHON k TMpHCBanBaeTCs 3HA-

YyeHHe B JIManasoHe oT | /10 3 BKIOUNTeabHO. Ecii aprymenT byHKIMM m TIpuU-
HUMaeT 3HaUeHMS U3 TOTO JKe ANala3oHa, To 3HaYeHus k U m coBIajaioT. Ecam
3HAYEHNe APTYMEHTA m BBIXOJUT 3 MPEEIIbI IUANA30Ha, TO, KaK Obl, BBIIOJIHSI-
eTCsT IUKJINYeCKast epecTaHOBKa MHEKcA. Takoil HeXUTPLIN preM obecedn-
BaeT HAM YBEPEHHOCTb B TOM, UTO TIPH JIIOOOM aprymenTe (11eJI0UNCIeHHOM, Pa3-
YMeeTcs) CHUCTeMa IOC/Ie/[0BATe/IbHBIX YCIOBHBIX OTIEPATOPOB AACT KOPPEKTHBII
pe3yabrat. A pesysnbsraT (OPMHUPYETCS HA OCHOBE 3HAUEHMS k ¥ TPENCTaBJISET

co00ii yKazaresib Ha OJHY U3 (DYHKITHIT , WK

B rsaBHO# hyHKITIT TPOTpaMMBI KOMAHAON 00 BsABIISIET-
cs yKasatesb £ Ha QYHKINIO C OJHUM -apryMeHTOM, BO3Bpall[alolyIo pe-
3yJIBTaTOM -3HaYeHue. B onepaTope HMKJIA, KOTOPLIH cpa3y IocJie 3TOro

3aIlyCKaeTcst, MHEKCHas llepeMeHHast | 1mpoberaet 3HaueHusI OT | /10 6 BKJIIOYH-
TeJbHO. DTa WHIEKCHAS MIePeMeHHast ePeaeTcsi apryMeHToM (QyHKIIUK

. IlocsienHsist BBISBIBAETCSI B KOMaH/IE IIPUCBANBAHUS )
[Tocste BbITTIOIHEHUST KOMAH/Ibl YKa3aTeib © TOKIECTBEHEH ¢ HA3BaHMEM OJHOM
u3 QYHKIUI: , I

C ydeToM IMKINYECKON ITepecTaHOBKY apryMeHTa QyHKIINN Kaxk-
Nask M3 yKasaHHBIX Tpex (yHKIuil "BoiOupaercss” maBakabl. Kaxiprii pas mpu
JTOM BBITIOJIHSIETCS BBI30B O3HAYEHHON (PYHKIINK B KOMaH /e

. 31eCcb MBI BOCITOJIB30BAJINICH TEM, YTO K CUMBOJIBHBIM 3HAYCHUSAM
MOKHO TTpUGABIATH 1esibie dnciaa. COOTBETCTBYIONAst aprudMeTndecKkas ore-
paIs BBITIOJTHSAETCS C KOAAMHU CIMBOJIOB, M Pe3yJIBTaT WHTEPIPETUPYETCS KaK
CHIMBOJI C COOTBETCTBYIONMM KOIOM. [103TOMY XOTST BbI3bIBaeMbIie (hyHKIIUH OY-
JyT IIUKJINYIECKU YePe0BAThCsI, CHMBOJIbHBIN apryMeHT B OYKBEHHOM BbIpake-
HUM KX pa3 "yBeJUUNBACTCS HA €IUHUILY".

B utore mpu BRITTOTHEHNUY TPOTPAMMBI TTOTYYUM TaKOU PE3yJIbTaT:

Pesynbrar BhInONHeHUs nporpammel (3 nuctunra 10.5)

[lepBas byHKUMSA: A
Bropas dyHxuMAa:
TpeTbsa QYHKLMA:
leppasg QyHKLMA:
Bropas byHKUMA:
TpeTbsa QyHKLMA:

Mmoo QW
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Bbwitie Mbl iMestn 1e10 ¢ (yHKIMsIME (B TOM CMBICJIE, 4TO OHM He OBbLIM METO/Ia-
M) ¥ yKasaTeJsiMu Ha yHKIuu. Korza peub 3aX0/IUT 0 METOAX, TO CUTYAITUs
HECKOJIBKO MeHsieTcs. XO0TsI Ha MeTOJ] TaKKe MOKHO CO3/1aTh yKa3aTesb, HO yKa-
3aTeJsib HA METO/] M yKa3aTesb Ha (DYHKIUIO - 1ajieKo He OHO U To ke. Paccmo-
TPUM 3TOT BOIIPOC GoJiee eTalbHO.

10.6. Yka3saTenu Ha meToAabl

Muozue mens ysaxcarom. Hexomopoie dace 60-
AMCSL.
u3 x/p "Caysxcednotii poman”

B npeapiayiux mpuMepax Mbl CMEJIO HCIOJIb30BAIU TO 0OOCTOATENbCTBO, YTO
uMst QYHKIIUY SIBJISIETCS yKa3areaeM Ha (QYHKIUIO - (aKTUIeCKH, ee ajpecoM. B
001eM-TO, MMsI METO/Ia TOKE SIBJISICTCS yKazareseM - Ha Metos. Ho econ B ciry-
yae ¢ PyHKIMEN yKazaresb MpeAcTaBysierT co0oit adcoiomiviil agpec GyHKIMH,
TO Yepe3 yKasaTeJib JIUISI METOA PEATU3yeTCsl OMHOCUMELbHbLL aJipec MeToIa:
aJ[pec METo/a OIPE/IEISIETCST Yepe3 CMEIeHne OTHOCUTEbHO YKa3aTesIst

Ha 00beKT BbI30Ba. Ho eciim abeTparupoBaThest OT TEXHUYECKHUX MOAPOOHOCTENH,
TO TJIAaBHBII BBIBOJI COCTOMT B TOM, UTO yKasaTeJib Ha METOJ caM 1o cebe He T10-
3BOJISIET BBI3BATh JIAHHBII METOJ - HY’KHO yKasaTh OOBEKT, M3 KOTOPOTO BbI3bI-
BaeTcst MeTojl. Ta 0COGEHHOCTD yKasaTeseil Ha METOIbl HAXOAUT MPOsIBJICHUE B
criocobe ux 00bsIBIICHUS.

Permenit coctouT B TOM, 4TOOBI SIBHO yKa3aTb KJiacc MeToga. Hampumep, eciu
peyb HzIeT o OIIPE/IETIEHHOTO , TO YKa3aTeJb Ha METO/L IOy Yal0T
C TTIOMOIIBIO MHCTPYKIIUH . 31ech epesi MMeHeM MeToza (ue-
pe3oreparop pacuIMpeHnst KOHTEKCTA : : ) He TOJIbKO YKa3bIBaeTCs MM KJIacca,
HO el1le U UCHOJb3YeTCs OIepaTop & IOJIydeHus ajpeca.

Ykazarenb Ha METOJ HEKOTOPOro 00DBABIACTCS TaK JKe, KaK 1 yKa3a-
TE€JIb Ha (byHK]_[I/IIO, HO TOJIbBKO BMECTO 3BE3J0YKH Iepea MMEHEM yKa3aTeJid
HCIIOJIb3YETCA BbIpaKEHUE BHU/IA .Br130B MeToma yepe3 yKasaTesab

BBITIOJIHSIETCST C SIBHBIM yKa3aHWeM 00BEKTa M C MCIOJb30BAaHUEM OTIEPAaTOpa
JUTS TIOJTyYeHWsT 3HAYeHHS 110 yKa3areso. Tak, ecyii Hy>KHO BbI3BATh METO]I de-
pe3 HA METOJI, ¥ BHI30B BBITIOJHSIETCST Yepe3 HEKOTOPBIi ,
TO KOMaH/a BbI30Ba MeTofa OyAeT WMeTb BH]I

(CKOOKHM MCIIOIb30BAHbI JIJIsT COOJIOIEHNsT HY/KHOI 1TOC/IeI0Ba-
TeJbHOCTH OTIePAInii).

Bce ckazanHoe WIIIOCTPUPYeT HeGOIBIION IIPUMep, TIPeACTaBIEHHbIN B JIMCTIH-
re 10.6. MakTuvyeckn 5TO BapUAISA HA TEMY MPEABIAYIIETO TPUMEPA, HO TOJBKO
Teleph ¢ UCTI0JIb30BaHNeM Kaacca 1 yKazaTesel Ha MeTobl Kiracca.B
KJIacce OIMCAaHbl TPU 3aKPBITHIX METOA , u Y
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KayKIOTO U3 METOZIOB CUMBOJIBHBIN apTYMEHT U KaXXIBI 3 METOIOB BO3BpAIIaeT
B KauecTBe pe3yJIbTaTa TeKCToBoe 3HaueHue. [Ipnyem TexcT, Bo3BparnaemMbliii Me-
TO/IAMHU, COJIEP’KUT 3HAUEHUE TEKCTOBOTO TIOJIST TOr0 00BEKTA, U3 KOTOPO-
IO BBI3bIBAETCSI METO/[ (3TO MO3BOJISIET OJJHO3HAYHO MACHTH(DHUIIUPOBATH OOBEKT
BBI30BA).

OTKPBITHIN METOJ Ha OCHOBAHUH TI€JIOUNCTIEHHOTO apryMeHTa (Ko-
TOPBIH, (GaKTUIECKH, UTPAET POJIb MHEKCA) BO3BPAIIAeT B KAYeCTBE Pe3yJIbTara
yKasaTeJsb Ha OJTNH U3 METO/IOB , WIn

B ruaBHOiT (hyHKIINHU MTPOTPaMMBI CO3AI0TCST Ba 0ObeKTa (A U B) Kaacca
1 00bsIBIISIETCST YKa3aTe b & Ha MeTojl Kiaacca. C moMoIbio orepatopa

IIAKJa U METOa yKazaTedio f TPUCBAMBAIOTCS PAa3INJYHbIE 3HAUE-
HUST ¥ Yepe3 yKazaresb (M OfuH 13 00bEKTOB KJacca )BBITIOJTHSETCS
BBI30B METO/IOB , u . Paccmotpum meranmbiee mpo-

I‘paMMHbeI KO/l JaHHOTI'O ITpUMepa:

Jinctuur 10.6. Ykasatenb Ha meTop,

#include <iostream>
#include <string>
using namespace std;
// Kmacc:
class MyClass{
private:

// TexcrToBOEemoJe :
string name;

// TlepBHII MeTOm:
string first (char sym) {
string s="00mwexkT "+name+". ";
string txt="IllepsBewiMeTOn: ";
return s+txt+sym;
}

// BTOpOM MeTOm:
string second(char sym) {
string s="00wexkT "+name+". ";
string txt="BTopou MeTom: ";
return s+txt+sym;
}

// TpeTut MeTom:
string third(char sym) {
string s="00wexT "+name+". ";
string txt="Tperurimeron: ";
return s+txt+sym;
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// KoHCTpyKTOp:
MyClass (string name) {
this->name=name;
}
// MeTom, pes3yJibTaT KOTOPOTO — yKa3aTejlb Ha MEeTOX:
string (MyClass::*getMeth (int m)) (char) {
// lTukIMyeckas NepecTaHOBKAa MHIEKCA:
int k=(m-1)%3+1;
// PesyjbTaT - yKasaTeJb Ha [IEPBHI METOIN:
if (k==1) return &MyClass::first;
// PesynbTaT - ykKas3aTeJlb Ha BTOPOM METOI:
if (k==2) return &MyClass::second;
// PesynbTaT - ykKas3aTeJlb HAa TPETUNA METOI:
return &MyClass::third;
}
}; // BaBepmeHue omnmcaHusa Kjacca
// TnaBHasg QYHKUMS NOPOTPAMME:
int main () {
// TlepBHT OOBLEKT:
MyClass A ("Anboda");
// BTOpPOI OOBLEKT:
MyClass B ("Bpaso");
// YkaszaTesb Ha METON:
string (MyClass::*f) (char);
// BHB0OB METONOB Uepes yKas3aTelb:
for (int i=1;1i<=6;i++) {
// BHaueHMe yKaszsaTeJid Ha MeToIn:
f=A.getMeth (i) ;
// BHIBOB MeTOIa M3 IepBOT0 OOBEeKTa uUepes yKas3aTelhb:
cout<< (A.*f) ('"A'+i-1)<<endl;
// BBI3OB MeTOIa M3 BTOPOTO OOBEKTa uYepes yKas3aTeJb:
cout<<(B.*f) ('a'+i-1)<<endl;
cout<<endl;
}
return 0;

}

Konctpykrop kiacca OIMCAH TaK, YTO MPU CO3MAHUU O0DBEKTA He-
06X0IMMO YKa3aTh OJIH TEKCTOBBIN apryMeHT. APryMEHT ONpe/iesisieT 3HaYeH e
10JIst CO3/1aBaEMOTO 00bEKTA.

[Tporotum MeTo/Ia JIOCTaTOYHO HeTPUBHUAJIEH:
. XOTsI € PYTO¥ CTOPOHBI,

MTOX0KUe KOHCTPYKIIUU Mbl Bujien. [Ipocto Teneps BeipakeHue

cJieBa OT MIMEHH MEeTO/[a 03HAYAET, YTO 3TO He MPOCTO yKa3aTesb Ha QyHKIINIO, a

yKaszaTeJib Ha METOJ KJlacca
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—, Ha 3ameTky

XoTs MeTop, Bbi3blBaETCS U3 00bEKTa, ykasaTe b Ha METOZ, BbINOHSAETCS CO CChIIKOM Ha
I nMs knacca. 3To He cnyyaliHo. PaHee oTMeyanoch, 4To ykasaTeslb Ha MeToj, SiBNsieTcs
He abCOoN0THLIM, @ OTHOCUTENbHBLIM. [103TOMY A/15 BbI30Ba METOAA B Ka4ecTBe "oTnpaB-
HOWM TOYKM" Hy>XeH 00bekT. HoO OTHOCUTENbHLIN agpec MeToda onpenenseTcs KoAom
klacca, Ha OCHOBE KOTOPOro co3faeTcs 06bekT. Kak cnencrtaue, 3Ha4yeHve ykasartens
Ha MeTop, onpeaensieTcs knaccoM. MakTnyeckn, pedb MAeT O TOM, YTO ANs pa3HbIX 06b-
€KTOB OAWH N TOT Xe METOA, UMEET OOMH N TOT XXe OTHOCUTENbHBIN agpec. B pesynstate
3HayYeHVe ykasaTens Ha MeTon, OHO U TO Xe AN Bcex 06bekToB knacca. Ho koraa mMbl
Bbl3blBAEM METO/, YKa3blBaeM 00bekT. Y pa3Hbix 00bEKTOB pa3Hble agpeca. Onpenensis
npu BbI30BE METO bl HA OCHOBE OTHOCUTESIbHbIX 3PECOB MO OTHOLLEHMIO K pa3HbIM ab-
COJIIOTHBIM apecam pa3Hbix 0ObEKTOB, NoJly4aeM A0CTYMN K MeTOAAM 3TUX 0O bEKTOB.

Ecnn npoBecTu aHanormio ¢ aBToMobunem, To CUTyauust NPUMEPHO Takasi: 4J1 aBTOMO-
Ounen naHHOM MoaEeNn pblyar KOpPobkM Nepeaay HaxoaAnTCs Ha onpeaeneHHOM paccTo-
AHUKN OT PyNIeBOro koneca. To eCTb, Kakol 6bl aBTOMOOUIIb Mbl HM B3a/11, KOpOOKa nepe-
[la4 OTHOCUTENBLHO PYNEBOro Koneca Bcerga Ha O4HOM M TOM Xe pacCTOsHUN (MMeeTCs
B BUAY HE TONbKO CaMO pPacCTOsiHWE, HO 1 HanpaeneHne). Ho pasHbie aBTomMobunn B
NPOCTPaHCTBE pa3MeLLeHbl N0O-pa3HoMY. Ecnm Mbl ykasanu "koopauHathl” asToMobuns,
TO onpenenuTb, rae HaxoamTcs Kopobka nepeaay aBToMoOuns, He cocTaBuT npobne-
Mbl. ABTOMOOUNL - aHanor obbekTa, pbldar KOPobku nepenay - aHanor metoaa, pac-
CTOsIHME OT PY/NIEBOro Kosieca A0 pblyara KOpobku nepeaay - aHanor OTHOCUTENbHOIO
ajpeca meTofa.

B tene metona KOMaH/01 B TIEPEMEHHYIO
3aMMCHIBAETCSA OHO M3 3HaUYeHUH (0T 1 M0 3 BKIIOYUTENBHO). B 3aBUCHMOCTH
OT 3HAYEHUSI IIEPEMEHHOI k DPe3yJIBTaTOM METO/Ia BO3BPAIlAETCs yKa3aTesb Ha

OJIVH U3 METO/I0B , WA -COOTBETCTBEHHO 3HAYCHMUS

, u . Pesymbrar
MeTozia (hopMuUpyeTCs Tak: Iiepesl UMEHeM MeTo/1a, YePe30IepaTop paclIupeHus
KOHTEKCTA : :, yKa3bIBaeTCs UM Kjacca , U TIepejt 9TON KOHCTPYKInei
YKa3bIBaeTCs OIepaTop & IoJydeHud aapeca. [lorydaercs ykasaTeab Ha METOZL.
B rnaBHO# ynKIIMN KOMaHAON 00bsIBIISI-
eTcs yKasaTesb £ Ha MeTOJ Kjacca . B orsiune ot oObsiBaienus yka-

3aTeJid Ha q)yHKIII/IIO, 1npu 00bABIEHUN YKa3aTeJsiid Ha METO Mbl YKAa3bIBA€EM NM:A
KJacca.

B oneparope 1ukia nepemeHHast | mpoberaer 3HauYeHUst OT | 10 6, a KOMaHIOU
yKasareJio Ha MeTo]| IIpucBauBaeTcsd 3HadeHue. 1Ipu atom
azpec MeTO/Ia, Ha KOTOPBIM BBITIOJNHSIETCS CCHLTKA, TIOJyYaeM BBI30OBOM METO/A
u3 oObekTa 2. MeToj, Ha KOTOPBII CChLIAETCS YKa3aTelb ©, BbI3bI-
BaeTcs B KOMaHJaX u
. Ecsiu B mepBoM ciryyae pesyJssrar oxxugaeMm (MeTo[l Bbl-
3bIBaeTCsI U3 0OBEKTA 1), TO BO BTOPOM CJIydae BbI3IBAETCSI METOJI M3 00bEKTa
B nocsieineM HeCTI0KHO yOEIUTHCST, B3TJISTHYB HA PE3YJIbTAT BBITIOJTHEHHS TIPO-
TPaMMBI:
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Pesynbrar BhINoIHEHUS nporpammel (3 nuctudra 10.6)

ObwbexkT Anbda. llepBelM MeTOm: A
ObwexT BpaBo. Ilepeell MeTOn: a

O6wvekT Anbda. Bropom meTom: B
ObwvexkT BpaBo. Bropom meTom: b

O6wbexkT Anbba. Tperum merom: C
ObwexT BpaBo. TpeTwuit MeTomn: C

O6wbexkT Anbda. IllepBelt MeTOHm: D
ObwbexT BpaBo. IllepBelt MeTOm: d

O6wbexkT Anbba. Bropom meTom: E
ObwexT BpaBo. Bropon meTonm: e

O6wbexkT Anbda. Tpermum mMeTom: F
O6wbexkT BpaBo. Tpetum merom: £

[locToiitHo BHUMaHUeE ciexyioliee: 3HAUeHEe yKa3aTe o & TIPUCBanBaeTCs de-
pe3 00bEeKT 2 ¥ 10 JIOTUKE TIPUCBaNBaeMOe YKa3aTelio 3HaYeHUe [0JKHO TPe/-
CTaBJIATH co00iT axpec MeToa U3 JaHHOTro 00bekTa. [IpakTHKa BBI30Ba METOIOB
yepes yKaszaresib ¢ 1 00BEKT 2 Bpoje Obl MOATBEPKAAIOT TaKyto Bepcuio. Ho
BOT €CJIM MBI BBI3BIBAEM METOJ Yepe3 TOT JKe yKa3aTesdb ©, HO C TPUBJIEYEHIIEM
00beKTa B, TO BBI3bIBAETCS METOZ 00bekTa B. OObsCHEHNE IPOCTOE: MbI IMEEM
IETIO C OMMHOCUMENLHBIMU A0Pecamil, TIO3ITOMY 0OBEKT, OTHOCUTEIBHO KOTOPOTO
"OTCUUTHIBAETCA" apec MEeTOo/a, MMeeT MPUHINTIHAIbHOE 3HAUeHne. JTa 0CO-
GEHHOCTD yKazaTeJieil Ha METOJIbI YIKe YIOMIHAIACH PaHEe.

10.7. Bo3Bpawasacb K pyHKTOpam

Imo 6oL mumanuueckuii mpyo. Ha nem-mo vt
U HAOOPBANUCH
u3 x/¢p "Cmapuxu-pasbotinuxu”

Xors ykazarean Ha QYHKIIMM ¥ METOIBI - MEXaHU3M JOCTAaTOYHO YAOOHBIA 1
3JIETAHTHBIN, MHOTHE 3a7lauM Jierde pelaTh ¢ TpuBJiedeHueM (QyHKTOPOB.B
peAbIAyIieil riaBe GyHKTOPBI yiKe 00CYKAAIUCh. 3[eCh MbI IPOJOJIKAM KC-
ciefioBanne TeMbl (DYHKTOPOB M Kak HEOOJIBINYIO UJLIIOCTPAIIII0 PACCMOTPUM
HeCKOJIbKO IpUMepPOB (TouHee, Ba). B mepBoM mpumepe depe3 GyHKTOPHI pe-
anmuzyeTcst MaccuB QyHKIMH. TouHee, MbI CO3aITUM UJLTIO3UIO TOTO, YTO TMEEM
JIEJI0 C MAaCCUBOM (DYHKIIMI, XOTSI Ha caMOM JieJie, KOHEUHO, BCE 9TO PeaTu3yeT-
cs1 yepe3 00beKT. Bo BTopoM mpuMepe Mbl PaCCMOTPHUM 3a/1a4y O BBIYHCICHIH
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MIPOM3BOHOI. DTO MaTeMaTHYecKas 3ajada, a PEIaTh Mbl ee OyeM, ONPEIeIB
(GYHKTOP, MO3BOJIATONINI BEIYUCIUTH 3HAYEHWE [IJIST TTPOU3BOAHOM OT 3aaHHOM
[IpU CO3IaHNK 0ObeKTa (DYHKITUH.

B nuctunre 10.7 mpencrasieHa mporpaMma, B KOTOPOHPeATU3yeTcs Uaest O CO3-
JAHUW MaccuBa (PYHKIUHN. 3/1eChb MBI BCTPEUAEMCS C BHYMPEHHUM KIACCOM.

— Ha sameTky
|

B Tene knacca MOXHO onucaTb Apyron knacc. Knacc, onmcaHHbIn BHYTPU APYroro knac-
I ca, Ha3bIBalOT BHYTPEHHUM KlaccoM. Knacc, B KOTOPOM ONrcaH BHYTPEHHUI Knacc, Ha-
3blBAETCS BHELLHNM KJ1aCCOM.

Bxpatiie MBI MCTIOJIB30BAJIN CAEAYIONTUHN TTOXO:

* B nporpamme co3naeTcs Kiacc , B KOTOPOM OIIMCAHbBI TPU METO-
na , u , Ipe/IHa3HAaYeHHbIE JIJIs1 BBIYKC-
JIEHUSI 9KCITOHEHTH], CUHYCa U KOCUHYCa COOTBETCTBEHHO (QHAJIOTHYHbIE
(byHKINHT OB PACCMOTPEHBI B OZIHOM 13 TIPUMEPOB B 9101 T1aBe). [Tpu
BBI30BE METO/JaM IepelaeTcs 3HauYeHUe apryMEeHTa, Ul KOTOPOrO Bbl-
YUCJIAETCSA pe3yJIbTaT. BepxHada rpannia paaa, Ha OCHOBE KOTOPOTO BbI-
YUCIISIETCST PE3YJIBTAT, 3AOMUHAETCS B 1IEJI0YUCTIEHHOM 110Jie 00bheKTa

KJacca.
* B xuacce OIMCBIBAETCS BHYTPEHHUN Kyiace . Ecin 06bekT
KJacca WCIIONb3YeTCs I peanusainuu (UJTI031N) MacCuBa

(byHKIHUI, TO Yepe3 00bEKTH BHYTPEHHETO KJIacca ' Peau3yIoTCst dJie-
MEHTBI TAKOTO MACCHBA.

° OO6BEKTB BHYTPEHHETO KJylaCCa MOJKHO BbI3bIBATb - TO €CTb OHH ABJIA-
I0TCA (l)yHKTOpaMI/I. HpI/I BBI30BE 00BEKTA KJIacca BbI3bIBA€TCA OJINH
n3 METOJ0B y N KJjacca .
Kakoit UMeHHO BBI3bIBAETCS METO/, OIIPENETIAETCA Ha OCHOBE 3HAYE€HUA
IEeJTOYMCJIEHHOTO I10JIA o0BbeKTa BHYTPEHHETO KJacca. 3HaueHue
IIoJIA 3a/la€TCA 1IPpU CO3JIaHNN 00beKTa BHYTPEHHETO KJIaCcCa.

«  Bo BHelIHEM KJacce OIMCaH OIIePATOPHbII METOI LIl KBapaT-
HBIX CKOOOK, YTO TO3BOJISIET HHAEKCHPOBATh OOBEKTHI KJIacca
Baarogapss gaHHOMY OOCTOSITENIBLCTBY € OOBEKTaMM KJjacca
MOKHO 00palaThes Kak ¢ MacCBaMy (HO 9JIEMEHTDI TI0JYIUTCS TOJbKO
cunThiBaTh). [Ipu aTOM MHIEKCHPOBaHNE 0ObEKTA KIacca npu-
BOJIUT K CO3JaHMIO 0ObEKTa BHYTPEHHErO KJIAacca ¢ COOTBETCTBYIOINM
3HaYeHUEeM UHIEeKCA.

Becw nporpaMmMHBIil KOJT IpUMepa MPUBEIEH HUKE:
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Jiuctunr 10.7. Peann3aumsa "maccuBa GYHKUMIA™ C NOMOLLbIO PYHKTOPa

#include <iostream>
using namespace std;
// TlocToauuas "nu":
const double pi=3.141592;
// Kmacc mng peanmsalumMy MaccuiBa QYHKLINMNA:
class FArray({
private:
// leJoumMcJieHHOE IOoJie — BEePXHAS I'paHula psaia
// TpY BHUMCJIEHUM BHAUEHUM DKCIIOHEHTH, CHUHYyCa
// uxocuHyca:
int n;
// MeTomn mOJiS BHUMCJICHMS SKCIOHEHTEH:
double my exp (double x) {
double s=0,g=1;
for (int k=0; k<=n;k++) {
s+=q;
q*=x/ (k+1) ;
}
return s;
}
// MeTonmnIaBHEUUCIIEHMACUHYCA :
double my sin(double x) {
double s=0,g=x;
for (int k=0;k<=n; k++) {
s+=q;
g*=(-1) *x*x/ (2*k+2) / (2*k+3) ;
}
return s;
}
// MeTonmiaBHUMCIIEHNAKOCKHYCA 3
double my cos (double x) {
double s=0,g=1;
for (int k=0; k<=n;k++) {
s+=q;
q*=(-1) *x*x/ (2*k+1) / (2*k+2) ;
}
return s;
}
// BHYTpPEHHUM KJIACC:
class F{
private:
// llejodyuciieHHOE IOoJie - MHIOEKC
// "obyHkuumu" B "Maccuse":
int index;
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// Ykaszaresb Ha OOBEKT BHENHEro KJjacca:
FArray *p;
public:
// KOHCTPYKTOP BHYTPEHHErO KJIacca:
F(int m,FArray *p) {
// BHaueHue MHIEKCA:
index=m%3;
// Ykasarejyb Ha OOBEKT:
this->p=p;
}
// Tleperpys3ka omneparTopa "KpyIJiEle CKOOKM"
// nna ofbeKTa BHYTPEHHErO KJIacca:
double operator () (double x) {
if (index==0) return p->my exp(x);
if (index==1) return p->my sin(x);
return p->my cos(X);
}
}; // OKOHUaAHME OMNMCAHMA BHYTPEHHETO KJiacca
public:
// KOHCTPYKTOpP KJjlacca:
FArray (int n) {
// 3HaueHue MoJd:
this->n=n;
}
// Tleperpyska omnepaTopa "KBampaTHBE CKOOKU":
F operator[] (int k) {
// JlokaJbHEM OOBEKT BHYTPEHHEerO KJjacca:
F tmp (k, this);
// Pes3yJbTaT OINepaTOpPHOTO METOoIa:
return tmp;
}
}; // OxoHuaHMe ONMCaHMUA KJacca
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// OBBekT misa peanmszauru "MaccuBa yHKUMNA":
FArray mf (10);
// BuzoB "dyHxumi" mus "maccusa':

cout<<"exp (1)="<<mf[0] (1)<<endl; // DKCIOHEHTa
cout<<"sin (pi/6)="<<mf[1l] (pi/6)<<endl; // Cunyc
cout<<"cos (pi/3)="<<mf[2] (pi/3)<<endl; // Kocuuyc

return 0;

}

PeSy]IbTaT BbIIIOJIHEHH A ITPOTPaMMbI 6y[[€T TaKHUM:
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PesynbTar BhINONIHEHUS nporpammel (3 nuctuira 10.7)

exp(1l)=2.71828
sin(pi/6)=0.5
cos(pi/3)=0.5

Ha urto xouetcs o6paruth BHUMaHMe? KOHCTPYKTOP BHEIIHETO KJIacca

OITHCAH TaK, YTO TP CO3aHNN 00bEKTa KJIacca He0OXOANMO yKa3aTh apTyMEHT -
1IeJIOe YVICJIO0, OTIPEIENIAIONIee BEPXHIOIO TPAHUILY Psiia TIPU BBIYUCIEHUN MaTe-
Marndeckux (GyHKiuuid. Yem GoJibllie COOTBETCTBYIONIEE 3HAYEHUE, TEM BbIIIE

TOYHOCTD BBIYUCJICHUI. PasHble 0O0beKTHl Kaacca OTJINYAIOTCS 3HAYe-
HHUeM gaHHoro mojst. Ho aTo Ha caMoM fiesie TeXHUYeCKUH, HeMTPUHITUITAATbHBIN
MOMEHT.

/
= Ha 3ameTky

MporpamMmmHbIi KOO, METOA0B A1 BbIYMCIEHUS 9KCNOHEHTbI, CUHYCa U KOCMHYCa 34eCb
I aHann3upoBaTb He OyAeMm - Mbl Aeflanu yxe 370 paHee B Apyrom npmumepe. MNpasaa, Tam
peyb Wwna o GyHKUMSAX, HO Pasnuyns Ha CaMmoM aefne "KoCMeTu4yeckume™.

OnepatopHblii METO B KJlacce OIKCAH Tak, YTo apry-
MEHTOM METOJLY MEPEAAETCsI 1eJI0e YUCA0 (MHIEKC B KBaJIPATHBIX CKOOKAX I10CTIe
MMeHHU 0ObEeKTa), a Pe3yJIbTaTOM BO3BPaIAeTCss 0OBEKT BHYTPEHHETO KJacca
AprymeHTaMu KOHCTPYKTOPY IIPH CO3JaHNU 00BbEKTa BHYTPEHHETO KJacca nepe-
JAI0TCS MHJIEKC (APTYMEHT OIIepaTOPHOTO METO/IA) U yKa3aTe b Ha UHJIEK-
CUPYEMBII OOBEKT.

Moppo6HocTU
To ecTb NoJsilydaeTcs Tak: 0O6bEKT Knacca MOXHO MHAEKCMPOBaTh. [Mpn nHaeK-
cupoBaHum o6bekTa knacca CO3/[aeTCs 1 BO3BPaLLaeTca 0GbEKT BHYTPEHHErO

Knacca t, KOTOprVI MO>XHO BbI3blBaTb.

Mpu co3paHnm obbekTa knacca KOHCTPYKTOPY NnepenatoTcs [ABa aprymeHTa: Leso-
YUCNEHHOE 3HaYeHne, COOTBETCTBYIOLLEE NHAEKCY SIeMEHTa MacCmBa, KOTOpPbIM "Mu-
TMpyeTcs” 0O6LEKTOM, a Takxke ykasaTesb Ha MHOEKCUPYEMbIA 0ObEKT knacca

(HaW "MMNPOBU3NPOBAHHLIA" MaccuB). 3a4eM HyXeH ykasaTesb ? Bce
L,eno B TOM, 4TO Npu BbI30BE 0ObEeKTa BHYTPEHHErO Kiacca i Ha caMoMm aene 6yaeT Bbl-
3bIBaTbCA OOVH N3 METOO0B ( , nm ) BHELUHEro knacca

. Ho 3T meToabl 06bIYHbIE (HE cTaTuveckune). Mpu BeI3OBE METOLOB HEOOXOAM-
MO yKa3blBaTb OOBEKT, N3 KOTOPOro OHW BbI3bIBAIOTCS - 0OBLEKT Klacca . MNoaTo-
My 0OBbeKTy knacca ' npv CoO34aHuv 1 NepepaeTcs yka3arenb

Kak OTM€YaJIOCh, Y BHYTPEHHETO KJlaCCa JBa II0JIA: B IIEJIOYMCJICHHOE I10JIe
3aHOCUTCA 3HA4YEHHE NMHAEKCa 9JIEMEHTA, KOTOprfI OTOXKAECTBJIACTCA C
00BEKTOM RJIaCCa, a yKa3aTeJIb Ha 00BbEKT BHEIIHETO KJacca cozep-
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JKUT agpec TOTro O6T)€KT3., 13 KOTOPOTI'O IPEACTOUT BbI3bIBATb METO/IbI ,
n

] Ha sameTky
MonyepkHeM ellie pa3: 06bEKT BHELLHErO Kflacca - 3TO TOT 0ObEKT, Yepe3 KOTOopbIi pe-
_I anu3dyeTcsa Maccus GYHKLMIA (MY KOTOPLIN Mbl OTOXAECTBAAEM C MACCUBOM DYHKLNI).

KoncTpyKTOpY Kilacca ' nepefaloTesl apryMeHTaMy 3HAUeHUs, IPUCBanBaeMble
IT0JIAM np. HpI/I‘-IEM IIpu IIpUCBauBaHMM 3HAYECHUA I10JIIO BbI-
HOJTHSIETCST TIPOTIE/yPa BBIYUCIIEHNST OCTaTKA OT JleJieHust Ha 3 (4TOOBI MHIEKC
sJIeMeHTa ¢ Hen30eKHOCTHIO TIOTA/IAN B AUATIA30H AOMYCTUMBIN 3HAYEHHIT OT
10 2).

ITeperpyska omepaTopa "Kpyrible CKOOKU" BBIIOIHSIETCS TaK: IPOBEPSIETCS 3HA-
YeHUe MO ¥ B 3aBUCUMOCTHU OT 3HAUEHWS TAHHOTO TOJIST BBI3BIBAETCS
TOT WJTM UHOH U3 METOJIOB , ni . AprymenTOM
BBI3BIBAEMOMY METOJIy IEepEIaeTcsl 3HaueHue, YKa3aHHOe B KPYTJIBIX CKOOKax
pu BBI30Be 0OBbeKTa Kiaacca . ITOCKOIbKY pedb UET O BHI30OBE METOIOB 00b-
€KTa BHEIITHETO KJIAcca, yKazaTesb p Ha 00bEKT SIBHO TIPUCYTCTBYET B KOMAH/IaX
BBI30BA METOJIOB.

B rsaBHO# hyHKITMY TPOrpaMMbl KOMAHIOM cosmaeTcst 00b-
€KT KJlacca , Uepe3 KOTOPBINA MbI peanu3dyeM "MaccuBa (GyHKITUN".

7 H MeTK

- a 3amMeTKy

MaTtemaTtuyeckme dyHKLMM, PACCHNTLIBAEMbIE HA OCHOBE aHHOro 0ObEKTA, BLIYMCHS-
I I0TCS HA OCHOBE PSA0B C BEPXHEN rPAHULIEN CYMMbI, PaBHOM

Eme pa3 mog4YEpKHEM, YTO UMEEM [I€JI0 C O6"beKTOM, HE MaCCHUBOM. HpOCTO 9TOT
00BEKT MOKHO WHAEKCUPOBATb, a PE3YJbTAT MHAEKCUPDOBaAHUA MOKHO BbI3bI-

BaTb! KaK, HallpuMep, B MHCTPYRIUAX (BBI‘{I/IC]IGHI/IG IKCIIOHEHTBI

- T
exp(1) = e ~ 2.718281828), (BbiuuCIeHMe Cuiyca Si (E) - 05
)u (BBIYKCIIEHNE KOCHHYCA COS (g) = 0.5).

B CJIenyIoleM IIpuMepe peniaeTcAa 3aadya O HaXOKAEHN N HpOHBBOI[HOfI.

—
. Ha 3ameTky

, ar
I MponssogHoM ans GyHKUMn f(x) nasbiBaetcs Takas PyHkuma [ (x) (vnm Z5), KoTo-

pasi paBHa nNpefesy OTHOLIEHWS NpUpaLlLeHns GyHKLMN K NPUPALLEHNIO apryMeHTa npu
Fletax) - ()
. .

CTpemeHUn NocneaHero K Hyfio: aanvceisaeTcs kak f'(x) = Aliné
P

Mpw YMCNoBLIX pacHeTax 06bIYHO UCMOJL3YIOT NPUGIMXKEHHOE BbipaxeHue Ans npoun3a-
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o f:('{) - flatax)—f(x) .
BOOHON A Ax , Ipn4eMm, 4eM MeHbLLE npupauieHne &X, Tem BonbLUen Tou-

HOCTW MOXHO OXVAATb MPU BbIHUCIIEHNN NPOU3BOLHOMN.

[Tporpamma, B KOTOpOIi Ha OCHOBE MCcXOHOM (M depeHInpyemMoit) hyHKIUKT
BBIYNCJIAETCS TPOU3BOHAS, TIPeicTaBaeHa B tuctunre 10.8.

Jiuctunr 10.8. BoluncneHne npon3BoaHON

#include <iostream>
#include <cmath>
using namespace std;
// Kiacc nJisa BBIUMCJIEHMS NPOM3BONHONM :
class DF{
private:
// Tome - ykaszaresb Ha aubbepeHUUpYyeMyn ObYHKLIMO:
double (*f) (double);

// Tlone - BHaueHMe NpMpalleHUs apryMeHTa s
// BBHIUMCJIEHUS POMU3BOIHOM:

double dx;

public:

// KOHCTPyKTOp (apTyMeHTH: yKaszaTeJlb Ha
// mnbbepeHuMpyeMyn OYHKUMIO U NPUPAllEHME apTyMeHTa) :
DF (double (*f) (double),double dx) {
// BHadeHmMa mHoJel:
this->f=f;
this->dx=dx;
}
// OmnepaTopHui MeTOomn mja "BozoBa" oOBEKTa.
// PesyybTaT - 3HAUEHME [IPOVBBOIHONM:
double operator () (double x) {
// BHaueHMe MNPOMU3BOIMHOM:
return (f (x+dx)-f(x))/dx;
}
}; // OxoHuaHMe ONMCaHUS Kjacca
// OYHKUMSA IJIS BHEUMCIIEHUS [POM3BOMOHONM.
//ApTYyMEHTH — yKas3aTejlb Ha InbbepeHUMpyeMy®ln OGOYHKLUO
// npupaleHye aplyMeHTa:
DF diff (double (*f) (double),double dx) {
// 0B6BeKrT (byHKTOP) IJIS BHUMCIIEHMS NPOU3BOMOHOM:
DF obj (f,dx);
// PesynbTaT QYHKUMM - QYHKTOpP:
return obj;
}
// ®yHruMSA Oy OubdepeHUMPOBAHUA :
double G (double x) {
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return exp (x*x/2);

}

// OyHKUMS - pes3ysbTaT InbdepeHUVMPOBAHUA :
double g (double x) {

return x*exp (x*x/2);

}

// TnaBHasg QYHKUMS OPOTPAMME:

int main () {

// 06BekT (byHKTOP) IJIS BHUUCIEHUS MNPOUIBOIHOM:
DF df (G,0.001);
cout<<"IlpomsBomHasa Injad byHKUUM Yy (X)=exp (x*x/2):\n";

// BHIUMCJIEHME SBHAUEHUS NPOM3BOIHOM :
for (double z=0;z<=2;z+=0.5) {
cout<<df (z)<<" vs. "<<g(z)<<endl;

}
cout<<"IMpomsBomHasa miaa GyHKUMM y(x)=x* (1-x):\n";

// BHBOB OGYHKLUUM IOJIS BBUMCJIIEHMS IPOU3BOIHON:
df=diff ([] (double x)->double{return x*(1-x);},0.001);
// BBUMCIIEHME 3HAUYEHUS NPOUSBOIHON:
for (double z=0;z<=1;z+=0.25) {
cout<<df (z)<<" vs. "<<[] (double x)->double{return 1-2*x;}
(z)<<endl;

}

return 0;

}

OcHOBY TIPOTPaMMBI COCTABJISIET KJIACC C TIoJIEM T, ABJISTONIMMCS CCBLIKON
Ha QYHKIIWIO, Y KOTOPOU OJINH apTyMEHT THIIa U Pe3YJIbTaTOM SIBJISIET-
cs 3HaYeHWe TUTIA .Brosne £ 3ammceiBaetcs agpec auddepeHnupyemMoit
dyukiuu (hyHKIUY, 1715 KOTOPOIi BEIYUCISIETCS TTPOU3BoHAs ). [losie THIIA

oTIpeziesiieT 3HAUYE€HNE apTyMEHTA, HA OCHOBE KOTOPOTO BBIYMCJISET-
csl 3HaYeHUe TPOU3BOHOM. KOHCTPYKTOpY KJjlacca apryMeHTaMu IIepelaloTcst
anpec GyHKINU 1715 qudGepeHITnpoBaHns U 3HAUeHYEe TTPUPATIEHNS apTyMeHTa.

OriepaTopHbIiT METOI IJIst KPYTJIBIX CKOOOK TIO3BOJISIET BBI3BIBATH OOBEKTHI KJIaC-
ca DF. Pe3ysibTaToM OlEPaTOPHOrO METO/1a BO3BPAIIAETCS BbIPAKEHUE JIJIsT 3HA-
YeHUST TTPOU3BOIHOM (uepes 0603HaYEH apryMeHT
OIIepPATOPHOTO METO/IA - TO €CTh ATO TO 3HAYEHKE APTYMEHTA, JIJIsI KOTOPOTO BbI-
YHCJISIeTCS 3HaYeHNe TTPOU3BO/IHON ).

?I Ha 3ameTKky

Takum o6pa3om, Npu cos3paHmm obbekTa kacca yKasblBaeTcs aapec GyHKUUN, Ans
KOTOPOI HYXHO BbIHUCIINTb MPON3BOAHYIO. Bbi3biBasi Takoli 06bEKT, Nonyyaem 3HaveHne
NPON3BOAHON.
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[Tomumo Kimacca DF, HCKJIIOUUTEIBHO Paayl yA0OCTBA U HATJISAHOCTH OTHMCaHa
QyHKIIS . AprymenTtamMu GyHKITUHU ITepefaioTcs yKasaTeab Ha gudde-
peHIupyemMyio (pyHKIUMIO U 3HAYEHUE TPUpAIleHusl aprymenTa. Pesyisratom
dbyHKIMU Bo3Bpaiaercss 00beKT Kiracca DF, 4epe3 KOTOPBI peaarsyercs mpo-
uU3BO/IHASL. APTYMEHThI (DYHKITUU MepealoTcs apryMeHTaMu KOHCTPYK-
TOPY KJIacca DI TIPH cOo3/IaHik 00BEKTa, BO3BPAIIIAEMOTO Pe3YJIbTaTOM (DyHKITHH.

Dynkius , OIIMCAHHAs B IPOrPaMMe, COOTBETCTBYET (PyHKIMOHAILHOI 3a-

sucumoctu Y(x) = exp(x?), a byHKIMSA COOTBETCTBYET €€ IPOU3BOIHOI
' _ 2

y'(x) = x-exp(x?).

B raBHOIT hyHKIIMI TPOrpaMMBI KOMAH/TOM cospaercst 00b-

eKT d £, MO3BOJISIONIUN BEIYMCISATh 3HAUYEHKE IPOU3BOIHON /71 (DYHKIIUH, OTpe-

NeJITEMON TTPOTPAMMHON (QyHKITHEN . 3aTeM 3aIyCKaeTCs OmIepaTop K-

Jia, U B HEM JIJIsl Pa3HbIX 3HAUEHWIT apryMeHTa 7 BBIYUCISIETCS] MPUOIMKEHHOE
U TOYHOE 3HAYEHUS JIJIsT TPOU3BOIHOM.

Ha CJIEAYIOIIEM JTall€ BBIIIOJTHAETCA KOMaH/la

, KOTOPO#l 00BEKTY MpucBan-
BAeTCS B KayeCTBE 3HAUYCHUs PE3yJbTaT BbI30Ba (DYHKIMU . Ipruem
[IEPBBIM apryMEHTOM (DYHKITHH nepeaana JsiMOa-hyHKIHsT

(uto cooTBeTCTBYET (DYHKIUU
v(x) = x(1 — x)). Ioce a10ro 06BHEKT £ IPHU BHI30BE BO3BPALIAET 3HAYEHUE
st ipoussozHoit ¥ (X) = 1 — 2x. Jlyist cpaBHEHHSI TOUHOTO U HPUOIIKEHHBIX
3HAYEHUIT /I IPOU3BOIHOI BHI3BIBAETCS €I1le O/IIH OIIepaTop UK. Pesynbrar
BBIIIOJIHEHYSI IPOrPAMMBI IPUBEACH HIKE:

Pesynbrar BhINONHEHUS nporpammel (3 nuctudra 10.8)

ponzBOomHAS Imiid QYHKUMM Y (X)=exp (X*x/2):
0.0005 vs. O

0.567283 vs. 0.566574

1.65037 vs. 1.64872

4.62533 vs. 4.62033

14.7966 vs. 14.7781

[IpousBonHas InJjsa GYyHKUMM Y (X)=x*(1-Xx):
0.999 vs. 1

0.499 vs. 0.5

-0.001 vs. O

-0.501 vs. -0.5

-1.001 vs. -1



rMABA 10. ®YHKLUS KAK APTYMEHT U PE3YJIbTAT

Kakx BuamMm, pe3ysbTaT BBIUUCJIEHUS MPOU3BOMHON OCTATOYHO HEIJIOXOH (B
mIaHe TouHocTr). Ho B 1060M ciiydae B paCCMOTPEHHBIX BBIIIE TPUMepax Hac
MHTEPECOBaja He CTOJIbKO MaTeMaTU4ecKas CTOPOHA MPOOJIEMbI, CKOIbKO IIPO-
TpaMMHBIE TIOIXOIBI IO €€ PEIEHHIO.
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Bot ybedunu mens. A nonsin, wmo eam ewe Hy-
e,
u3 x/¢ "Cmapuxu-paséoiunuxu”

B aT0i1 ry1aBe MBI Bo3BpalaemMcs K TeMe MaccuBoB. C MaccuBaMy Mbl UMETTH JIETIO
HeOMHOKPaTHO. MBI X cO3/1aBaTl U MICTIOJIB30BAJN B CAMBIX PA3HBIX CUTYaITHsIX.
OnHaKo HEKOTOPBIE ACIIEKTHI PAGOTHI ¢ MACCUBAMM OCTAJIMCh BHE IIPEAEIOB Ha-
IIer0 BHUMaHUsL. 31eCh MBI BOCITOJHUM, TaK CKa3aTh, TPOOGEHI.

Panee O6cy>KﬂaJII/ICb CTaTU4YECKHE U JTMHAaMNYECKH1Ee OaHOMeprle Mmaccusot. B Oo/1-
HOMEPHOM MaCCHUBE 1A OZ[HOSHa‘-IHOf/)I I/IZ[eHTI/I(bI/IKaHI/II/I 9JIEMEHTa MaCCHBa 10-
CTaTOYHO OZHOTO MH/IEKCA. I[aJIee MbI OCTAaHOBHMMCA Ha 8@yMeprtx Mmaccusax. B
ABYMEPHOM MaCCHUBE 9JIEMEHT MaCCUBa I/IZ[EHTI/I(I)I/IHI/IpyeTCH IoCpeacTBOM UMeE-
HN MaCCHBa U /IBYX MH/IEKCOB.

=’ Ha 3ameTky
PasmepHoCTb MaccuBa MoXeT ObiTb 6onblUel, 4em aBa. Ho Takne maccuBbl (MX Ha3bl-
I BalOT MHOMOMEPHbLIMW) Ha NPaKTUKe UCMOJb3YIOTCA HE O4EeHb YacTo, NO3TOMY paccMa-
TpuBaTh X He ByaemM. TeM He MeHee, NPUHLMMbLI PaboTbl C MHOTOMEPHbLIMU MacCuBaMm
JIOTMYHO BLITEKAIOT N3 TEX MOAXO0L0B, KOTOPbIE NCMOJIb3YKTCS Npy paboTe ¢ MaccrMBamMm
nBYMepHbIMU. Tak 4TO B cllydae He0OBX0AMMOCTU YnTaTesb,ckopee Bcero, 6e3 Tpyaa 3a-
[AENCTBYET U MHOFOMEPHbIE MaCCHBbI.

11.1. [iIBymMmepHbI CTaTU4€CKUA Maccus

Hy, umnpeccuonucmos - max umnpeccuoHu-
cmos. [lis mebs st na éce 20moa.
u3 x/¢p "Cmapuxu-pasbotinuxu”

HpI/I 00BbABICHAN aeymepﬁozo cmamuyvecKkozo maccusa yKa3bIBA€TCA THUIL IJI€-
MEHTOB MAaCCHBa, Ha3BaHNE MAdCCUBa U Pa3ME€P MaCCHUBa 110 KaXX/IOMY U3 UH/IEK-
COB (IIJIH KaXX/10Iro nHAEKCa UCIIOJb3YIOTCA OTAEJIbHbIE KBaJpaTHbIE CKO6KI/I)Z

Ul uMA_MaccuBa [pasmep] [pasmep] ;

Hanpumep, cieaytoneit ”HCTPyKIneil 0ObSIBISIETCST ABYMEPHBII MacCHBNUMS
13 TIeJIBIX yucesi (TUI int), ¢ pa3MepoM 3 IO NMEePBOMY UHIEKCY U Pa3MepOM 5
10 BTOPOMY UHJIEKCY:
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int nums[3][5];

JIByMepHbII MaccuB yA00HO IPEACTAaBIATh KaK TabJIMIly WIA MaTPUILYy U3 DJIe-
MEHTOB: pasMep IO TEePBOMY WHIEKCY OINpee/sieT KOJIUIECTBO CTPOK TaKoii
MMITPOBU3MPOBAHHOM TabJIUILBI, a Pa3Mep IO BTOPOMY MHIEKCY OIpeesisieT KO-
JINYECTBO CTOJOIOB. VIMEHHO K TaKOil aHAJIOTUH MbI Oy/eM Mpuberath B Jaib-
HENTIIEM.

O6p3.HIeHI/Ie K 9JIEMEHTaM MAaCCHBa BBITIOJIHAECTCA OYE€HDb ITPOCTO: IIOCJE UMEHU
MacCCHuBa B KBa/[paTHbBIX CKOOKax YKa3bIBalOTCA UH/EKCHI 9JIEMEHTAa MaCCUBaA. ITo
KaKIOMY N3 MH/EKCOB MHAEKCAIIUA HAYMHAETCA C HYJIA. Ka)KlIbIﬁ MHAEKC YKa-
3bIBA€TCA B OTACJIbHBIX KBa/I[PaTHbBIX CKOOKax.

Kax mamoctpaliio K MCHOIb30BAHUIO BYMEPHBIX MAaCCHBOB PACCMOTPHUM He-
6OoJTBINIOI TIpUMeED, TIpecTaBieHHbiil B uctuare 11.1. B mporpamme cosmaercst
CTATUYECKUH IBYMEPHBIN MACCUB ¥ 3aTIOJIHACTCA CAYYaHBIMA YHCIaMU. 3aTeM
3HAYEHUS 3JIEMEHTOB MACCHUBA BBIBOJATCS B OKHO BBIBOJIA.

Jiuctunr 11.1. 3HaKOMCTBO C AByMEPHbIMM MaCCUBaMM

#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// Pa3MephMacCcuba :
const int m=3,n=5;
// CraTuMyecKuit MaCCUB:
int nums[m] [n];
int i,3;
// VHuMUMammsauusa TeHepaTopa CJIIYyUaMHBIX UYMCEeJT:
srand (2014) ;
// 3amnojiHeHMe MacCHBa CJIyYalHBIMM UMCJIAMM :
for (1i=0;i<m; i++) {
for (3=0;j<n; j++) {
// TlpucBaMBaHMe SZHAUYESHMUSA 3JIEMEHTY :
nums [1] [J]=rand () %$10;
// OToBpaxeHre BHAUEHMS BJIEMEHTA:
cout<<nums [i] [JI<<" ";
}
cout<<endl;
}
return 0;

}

Huxe npuBesieH BO3MOKHBIN PE3yJIbTAT BBITTOJTHEHUS TPOTPAMMBI:



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

Pe3ynbTar BoinonHeHus nporpammsl (13 nuctuira 11.1)

5058 6
33630
26840

B manmnom ciydae Bce IIpocTo U 0COOBIX MTOSICHEHUTT CUTYAIINS, TIOKAJIYH, He Tpe-
6yer. Ho Ha mpakTuke jiejia 00CTOST HECKOJIBKO coskHee. UToOb Tipu pabore
C ZIBYMEPHBIMU MACCHBAMU HE BO3HUKAJIO TIPOOJIEM, CIIEAYET YIECTh HECKOIBKO
"MoMeHTOB". I 7TaBHBIN, TOKATYH, COCTOUT B TOM, YTO C KOHIIENITYaJIbHON TOUKHI
3peHUS ABYMEPHBIM MacCUB - 3TO MacCUB 13 MacCHBOB. /pyruMu cjoBamu, o
JBYMEPHOM MACCHUBE MOKHO yMaTh Kak 00 OHOMEPHOM MaCCUBE, 3IeMEHTAMU
KOTOPOTO SIBJISIIOTCS] MACCHBBI.

MpbiI 3HaeM, 4TO UMsI OJIHOMEPHOTO MACCUBA MPEACTABJIsIET COOOI yKazaTesb Ha
€T0 TIEPBbII 2JIeMeHT. B 9TOM cMBICIe HUUETO He TIOMEHSIIIOCh: UM JIByMEPHOTO
MaccuBa SBJISIETCS] yKasaTeseM Ha MEPBBIN 31eMeHT(0HAKO HY>KHO ITOMHUTB,
YTO TAaKUM 3JIEMEHTOM SIBJIIETCS Iesiast cTpoka). /lannoe cBOHCTBO IBYMEPHBIX
MacCHBOB 4aCTO UCHOJIb3yeTCsl Ha NpakTuke. Hanpumep, kak u B ciiyyae OfHO-
MEPHOTO MAaCCUBA, IBYMEPHBIN MACCHB MOKHO "CIIPATATD" B OGBEKT U TIEPEOTIPe-
JEJIUTh oIepaTop "KBagpaTHble cKOOKK" (OIepaTOPHBI METO.
) TaK, 9T00bI OOGBEKTHI MHAEKCHPOBAIUC.

Heb6ombImoii mpuMep 1mo 3TOMy MoBOy TipuBeseH B mctunre 11.2. B mpumepe
OIIUCBIBACTCA KJacc , 1 B KJIacCe OIIMCAHO I10JIe , ABJIAOLLCECA ABY-
MEPHBIM CTaTHYECKIM MacCUBOM. B KOHCTpYKTOpe Kjacca 3JeMEHThI MacCuBa
3aM0JHAIOTCA CAy4YallHbIMU YHCIaMU (IMAla30H 3HaYeHUH OT 1 /10 9 BKJIOYH-
TesIbHO). B kiacce onmcan meron 1T OTOOPAKEHNUST 3HAYEHUIT D7IEMEH-
TOB MaCCHUBA, a TAaK)Ke OIEePaTOPHBIN MeTOJ . IToatomy 06BEKTBI
KJIacca UHJIEKCUPYIOTCST: BHEIITHE BCE BBITJISINT TAK, KaK €CIi Obl 00BEKT
KJjacca OBLIT IByMEPHBIM MACCHBOM.

Jlasiee nMeeT CMBICJI OAPOOHEE PACCMOTPETh COOTBETCTBYOIIUIN TPOTPAMMHBIIT
KOJI:

Jinctunr 11.2. UHpgekcupoBaHue 00bEKTa C NOJIEM - BYMEPHbIM MaCCMBOM

#include <iostream>
#include <cstdlib>
using namespace std;
// PasMepr MaccuBa:
const int m=3,n=5;

// Kjacc c nojieM — OBYMEPHEM MaCCUBOM:
class Nums{
public:

// Tlojle - IOBYMEPHHI MAaCCUB :
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int nums[m] [n];
// KOHCTPyKTOp:
Nums () {

// 3anojiHeHMe MacCHBa CJyJYalHBEIMM UMCJIaMM
for (int 1=0;i<m;i++){ // lepebupawnTCca CTPOKU
for (int j=0;j<n;j++){ // lepebupawnrca CTONOLE

// DieMeHTy NpucBarBaeTCd SHaUeHMe
// (cmyuyarHoe umciyo orT 1 mo 9).
// Ucnojb30BaHa MHIEKCaLMa OBBLEeKTa:
(*this) [1] [j]=rand () %9+1;
}

}

// MeTon myisa OTOOpPaXeHMSI COOSPXVMMOTO MacCCHUBA:
void show () {
for (int i=0;i<m;i++){ // lepebupanTcsa CTPOKM
for (int j=0;j<n;j++){ // IHepebupawTca CTOJOLEL

// OTobpaxaeTcsa 3HAUEHME 3JIEMEeHTa MacCCUBA.
// Vicnojsib30BaHa MHIOEKCcauusa OOBeKTa:
cout<<(*this) [i][J]I<<" ";
}

cout<<endl; // ITlepexonl K HOBOM CTPOKE
}

}

// ONnepaTopHH MeTOI IJid MHIEKCALUUM OOBeKTa:
int *operator[] (int k) {

// PesyjbTaT MeToIa - yKas3aTelb
// Ha CTPOKY MacCCHuBa:

return nums[k];
}
}; // OxoHuaHMe oOmMCaHMa KJjacca
// TmaBHasa GYHKUMA OPOTPAMME :
int main() {

// VIHuMUMaIM3aluusa TEeHepaTopa CIYUYAMHBIX YMCEeJ:
srand (2014) ;

// CosmaeTcs OOBEKT C IIOJIEM — MACCUBOM:
Nums obj;
cout<<"IByMEpHEM Maccus:\n";

// ComepxmuMoe MacCHUBAa:
obj.show () ;

// TpucBauBaHMe 3JIEMEHTaM MaCCUBa SHAUEHMUIA:
obj[0][0]=0;
obj[m-1]1[0]1=0;
obj[0] [n-1]=0;
obj[m-1][n-1]1=0;
cout<<"IlocJsie BHECEHMS MU3MeHeHui: \n";
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// ComepxmumMoe MacCHUBA:
obj.show () ;
return 0;

}

BaxHoe MecTO B IporpaMMHOM KOJIe 3aHUMAET OIePaTOPHBIN METO/l opera-
tor[] (). Crmocob omrcanust METO/Ia B IAHHOM CJIyYae HECKOJBKO OTJINYAETCS
OT TIOIX0/1, IPUMEHSIBIIIErOCsI paHee.

Moppo6HocTU

B paccmaTtpuBaembix paHee nprmepax onepaTopHbIi METOL B KA4eCTBE 3HAYEHUS O0bIY-
HO BO3BpAaLLIaJT CChISIKY HA 3NIeMEHT 0AHOMEPHOro MaccKBa, KOTOPbI, B CBOIO o4epeap,
6bIn nonem knacca. B Takux cnyyasx pedb, BO-nNepsbIx, Wna 06 04HOM 3/IeMEHTE, 1, BO-
BTOPbIX, BO3BPALLANIOCH HE NPOCTO 3HAYEHNE SNEMEHTA, a CCbIfKa Ha 3N1eMEHT (4TOObI
6blNAaBO3MOXHOCTL 3/IEMEHTY MPUCBOUTL 3HAYEHMEe Yepes Npoueaypy MHOEKCMpoBa-
HMa 06bekToB). B paccmatprBaemMo 34ech NpuMepe cuTyaums NPUHUMNNANBLHO MHas.

Ham Heo6xoauMo "nerann3oBaTth” BbipaXeHus Buaa (nBe
KBaZpaTHbIX CKOOKM nocne nMmeHn oobekTa).lNpobnema B TOM, 4TO ONepaTopHbIi MeTos,
Ons KBagpaTHbIX CKOOOK "obpabdaTbiBaeT” BblpaxeHus BMaa (ogHa

KBagpaTHasi ckobka nocne uMeHun obbekTa). YToObl BbipaxeHue
MMEJIO CMbICI1, HE06X0AMMO, YTOObI B pe3yNibTaTe BblYMCEHUS BbIPAXKEHMS
BO3BpaLLanNoch "HeYTO", gonyckamuee MHaeKkcnpoBanue. pyrumm
cnoBaMu HaM Heo6X0AMMO Tak ONPEeSENNTb ONePaTopPHbIN METOS, , 4TO-
Obl pe3ynbTaToM BbIpaXeHWs BUAa nosy4Ynncs Opyron oObekT mnm
MaccCwuB, 1 A1 3TOro Apyroro o6bekTa Uan Maccusa MOXHO Obino 6bl ykadaTb kBaapaT-
Hble CKOOKW C UHAEKCOM, 1 3TO BCE UMeNo Obl CMbICh. MpYMeEpPHO Tak.

B AaHHOM KOHKPETHOM CJly4ae pe3ynbTaTtoM onepaTopHOro Metoaa

dopmasnbHO ABNSETCA ykasaTe b Ha Liesloe YMCIo, HO Ha CaMOoM Jefe 3To ykasaTtesb Ha
NnepBblil 31eMEHT OAHOMEPHOro MaccuBa, KOTOPbLIN, B CBOIO O4EpPeb, SBNSETCA CTPO-
KOW B ABYMEPHOM MaccuBe. MNMoHATHO, YTO OAHOMEPHbI MaccuB UHaekcupyeTcs. Tak
4TO BCE NPUINYMS COBNIOOEHDI.

B cooTBeTcTBIY € OITCAaHWEM METO/IA OH BO3BpalIaeT yKa3aTesab
Ha IIeJIOUNCIeHHoe 3HaueHne. Ecm mocMOoTpeTh Ha MTPOTPaAaMMHBIHN KOJT METOIa,
TO JIETKO TOHSTh, YTO PE3yJIbTaTOM BO3BPAIAETCS BBIPAKEHUE (uepes
0003HaYeH apryMeHT orepaTopHoro Metoza). HamoMmHum, 4to -3TO IBY-
MepHbIl MaccuB. Ecin mocsie UMeHU IByMEPHOTO MacCHBa yKa3aTh JiBa UHIEK-
ca, TIOJIyYrM 3HAUYeHWe COOTBETCTBYIOIIETO djieMeHTa. Bo3HMKaeT BOIPOC: UTO
Oy/IeT, ecJiu TI0cJie UMEHH JIByMEPHOTO MacCUBa YKa3aTh TOJIBKO OJUH HHIEKC?

YroObl TMONYYUTh OTBET, CJEAYET BCIOMHHTb, YTO JBYMEPHBII MAacCUB - 9TO
OTHOMEPHBIN MACCUB, 3JIEMEHTAMU KOTOPOTO SIBJISIOTCS OJHOMEPHbBIE MACCUBBHI.
Ecnu MBI mHAEKCUpYeM OMTHOMEPHBIM MAaCcCHUB, TIOJyYaeM 2JIEMEHT MaccuBa. B
JAHHOM CJIy4yae TaKUM 2JIEMEHTOM OYZeT MacCHB, KOTOPBIN MBI OTOKIECTBIISIEM
€O CTPOKOH B AByMepHOM MaccuBe. [loaTomy -CTPOKa B IByMEPHOM
MacCHUBe C MHAEKCOM k. JTa CTPOKA SIBJISETCS OJHOMEPHBIM MACCHUBOM. A MBI
TTOMHUM, YTO UMS OJITHOMEDHOTO MAacCHBa - yKa3aTeJIb HA €T0 MEePBHIN 2JIEMEHT.
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Torna BeIpakeHue MbI MOKEM MHTEPIPETUPOBATh KaK UM OJJHOMEP-
HOTO MacCHBa, BO3BPAIlAeMOro B KadeCTBe pe3dyJibrara OlepaTOPHOro METOAA.
Ecnu mpounzekcupoBaTh 3TOT OJHOMEPHBIM MAaCcCHUB, TTOTYYUM B KadecTBE pe-
3yJbraTa 3Ha4YeHMe dJIeMeHTa MaCCUBa - TO €CThb YHUCJIO.

-' Ha 3ameTky

B KOHCTpyKTOpE Npu NpUcBaMBaHUN 3HA4YEHUIA dNIeMeHTaM ABYMEPHOro Maccuea u B

I MeTone npu OTO6pa)K6HVIVI 3HAYEHNI SNEMEHTOB ABYMEPHOro mMmaccumBa uUc-
nosfib3oBaHa UHAeKcaLms 06bekTa, BO3MOoXHasa 61arogapsa nepeonpenesieHunio onepa-
TOPHOro MeToaa . Peub naet 06 MHCTPYKUMAX Buaa ,B
KOTOPbIX 06pa|_u,eHv|e K 06'beKTy, M3 KOTOPOro BbI3bIBAETCA METOL, pPeam30BaHO 4epes
ykasaTesb

[Ipu BBITTOTHEHUK TTPOrPaMMBbl KOMaHION co3maeTcss 00beKT
KJacca . Ilpu cosmannm 0OBEKTAa 3aTOJHSETCS CAYYalHBIME YHUCTAMU
JBYMEPHBIN MacCHB 9TOTO 0ObeKTa. IIpOBEpUTH COIEPKIMOe MACCHBA YIAETCS
KOMaH/I01 . O6pamarbest K /1eMEHTaM MACCUBA MOKHO MHJIEK-
cupys o0bekT (AByMs uMHaekcamu). Hampumep, KoMaHmaMu ,
, u MIPUCBAUBAIOTCSI

HyJIeBble 3HaUeHUs "yIJIOBBIM" 3jleMeHTaM MaccuBa. Boobiie ke pes3yssTar Bbi-
TTOJTHEHUS TIPOTPAMMBbI BO3MOKEH CJIETYIOTIHI:

PesynbTart BhInoNHEeHUs nporpammel (3 nuctudra 11.2)

IBYMEPHBIM MaCCUB:
16499

51496

33533

[locyie BHEeCeHMS WU3MEHEeHUN:

c
6
1
3

o o O
g D
w W

0
6
0

[Toaxom, KOTOPBIN Mbl KCIOJIb30BAIM B PACCMOTPEHHOM IIPUMEPE, 6asupoBaICs
Ha TOM, YTO Y MHIEKCUPYEMOTO 00hEKTa OJ[HO U3 TOJIEH SBJISIETCS BYMEPHBIM
MaccuBOM. JIpyriuMu cioBaMH, IIPU MHAEKCUPOBAHUK 0ObEKTA IBYMEPHBINA Mac-
CHB BCE JKe€ UCIIOJIb3YeTCsI, XOTsI U He Hanpsamylo. Ha camoM Jiesie Hepeakoygaer-
cs obolituch u 6e3 MaccuBa.



11.2. AmuTaunsa HeorpaHU4eHHOro
ABYMEpHOro maccvBa
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Crywatime, umo amo Bvl co Mo 3azadkamu
paseosapusaeme? Yecmmoe ci0680, MHe HUUEZO

He sicno!

u3 x/¢p "Cemnaduyamo mznoeenuii ectot”

He ouenn yacTo, HO BCTpevaioTCd CUTYAIlH, KOT/la 3HAYEHWE 3JIEMEHTOB JIBY-
MEPHOTI0 MaccHBa y/aeTcsl BBIYMCJANTL Ha OCHOBE MHJEKCOB ajieMeHTa. Ecin
chopmysIpoBaTh 3TO HECKOJBKO WHAYE, TO YTBEPKIAEHNE BBITISAINT TaK: UHO-
raa cymecTByeT (hyHKIIMOHAIbHAS 3aBUCUMOCTb, TI03BOJISIIONIAS HA OCHOBE 3Ha-
YeHWH WH/EKCOB 3JIeMEeHTa BBIYUCINTH 3HAYeHWe a1eMeHTa. KoHeuHo, B TaKOM
cJTy4ae MOKHO TIPOCTO MCIT0JIb30BATh COOTBETCTBYIONLY O (DYHKITUIO U BBI3BIBATD
ee KasK/IbIi pa3, Kora HeoOXOIMMO Y3HATh 3HaUEHUE TOTO UJIF WHOTO 3JIEMEHTA.
Ho nukTO He 3ampemniaer Ha CUTYAIMIO IOCMOTPETH MO-J[PYTOMY M TIOIBITATHCS
CO3/IaTh WILTIO3UIO JIBYMEPHOTO MacCHBa, TIPHUYEM 3TO MOKET OBITh MaccuB "Gec-
KOHEYHOT0" pasMepa, WM [BYMEPHBbIN HeorpaHuWdyeHHBbIN MaccuB. llociemnnee
YTBEPIKIEHIE 03HaYaeT OYKBATIbHO CIIEAYIONIee: MHAEKCHI Y 9JIEMEHTOB TaKOTO
"HEHACTOSINIEr0" MACCUBA MOTYT ObITh JTIOOBIME. VIMEHHO Takylo 3ajady U pac-

CMOTpPUM JaJjiee.

VTak, Mbl OITUIIEM KJIacC, 00bEKThI KOTOPOTO WHAEKCUPYIOTCS ¢ TIOMOIIIBIO IBYX
unekcoB. Ecin 1yt o0bexTa ykazano gBa unjerca (Kak s IByMEPHOTO Mac-
CHBa), TO PE3YJIBTaTOM TOJ0OHOTO BhIPasKEHUs Oy/ET IeJI0e YUCII0, OTOKIECT-
BJISIEMOE CO 3HAYEHHMEM djieMeHTa MaccuBa. UYToObl ObITH O0Jiee KOHKPETHBIMH,

pacCMOTPpUM CUTYyallMIO, KOr/la IJIA 9J€EMEHTa C NHAEKCAMU

n 3HaYeHue

9JIEMEHTAa BBIYUCJAECTCA KaK , I'Zle 4epe3 0603HaYEH o1epaTop nooumMo6020

UCKIIIOYanwezo uiu.

XeHus BbIYNC/ISIETCS CleayLwmuM 06pa3om:

-' Ha 3ameTky
OnepaTop © NOGUTOBOrO MCKITIOHAIOLWErO UKW ABNSIeTCS BMHApPHBIM. Pe3ynbTat Bhipa-

CpaBHMBAOTCA COOTBETCTBYIOLLNE OUTbI B ABOMYHOM npeacrtasneHnn Yyncen n B;

. pe3ynbraToOM CpaBHEHUA OuTOB iIBNsieTCAa |, ecnv OanH N3 61UToB paBeH |, a ,D,pyr0|7|

paBeH 0;

. pes3ynsLTaTtoM cpaBHeHMs BUTOB sBnseTcs O, ecnv oba 6uta UMET OAVMHAKOBbIE

3HaveHus (06a paBHbI O UM 06a paBHbI 1);

NOJTy4EHHbI GMHAPHBIV KOA, ABNSETCS YACTOBLIM PE3YNIbTaTOM BblPaXEHUS.

CxeMa, HCIIOJIb3yEMasl HaMU, ITPOCTa: OIMUCBIBAETCA KJaCC, B KOTOPOM MMEETCS
BHyTpeHHI/If/,I KJjacc. Y BHYTPEHHETO KJIaCCa €CTb IEJIOYMCJIEHHOE II0JIE. L[e]IO-
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YUCJIEHHOE TI0Jie BHYTPEHHETO KJIacca - 3TO TePBBIN UHAEKC "dJIeMeHTa MaCCHU-
Ba". /ly1g BHEITHETO ¥ BHYTPEHHETO KJIACCa ONUCAHBI OTIEPATOPHBIE METO/IBI
, TOITOMY OOBEKTHI KAK/IOTO M3 KJIACCOB MOKHO HHIEKCHPOBATh.

[Tpu nHAEKCMPOBAaHUN OOBEKTOB BHEITHETO KJIacca BO3BpAIaeTcst 00bhEKT BHY-
TpeHHero kiacca. [IpudyeM 3HaueHNE MHIEKCA, YKa3aHHOTO B KBaIPATHBIX CKOO-
Kax [pU MHIEKCHMPOBaHUK O0bEKTa BHEIIHETO KJIACCa, MPUCBAUBACTCS IIEJIO-
YUCTIEHHOMY T0JII0 00beKTa BHYTpeHHero kiacca (00beKTa, BO3BPAIIAeMOro
pe3yJIbTaToM orepatopHoro meroza). [Ipu nHaekcupoBaHun 0ObeKTa BHYTPEH-
HETO KJIACCa BO3BPAIIAETCS YMCI0BOE 3HAUEHUE, KOTOPOE BBIYHMCISIETCS HA OCHO-
Be MEJIOYHCIIEHHOTO 10JIsT 00beKTa BHYTPEHHETO KJiacca (3HaUYeHUe TI0JIST - aHa-
JIOT TIEPBOTO MHJIEKca "aJIeMeHTa MaccuBa") U apryMeHTa olepaToOpHOTO METO/1a
(amayor BTOpOTO WHAEKCcA "3meMeHTa MaccuBa'). [IporpamMMHuBITt Koa mpuMepa
npuBeneH B ucture 11.3.

Jiuctunr 11.3. UMutaumsa HeorpaHM4eHHOro ABYMEpPHOro MaccmBa

#include <iostream>
using namespace std;
// Kiacc mna peanmMs3aluuy HEeOTPAHUUEHHOTO
// OBYMEpHOTO MaCCHUBA:
class Array2D{
private:
// BHYTPEHHUM KJIACC:
class ArraylD{
private:
// leJjyoumcijieHHOEe IoJie:
int index;
public:
// KOHCTPYKTOP BHYTPEHHErO KJIacca:
ArraylD (int index) {
this->index=index;
}
// OmnepaTOopHHEM METON IJIS MHIEKCUPOBAHMI
// oBBeKTa BHYTPEHHEroO KJjliacca:
int operator[] (int k) {
// 3BHaueHMre B3JIeMeHTa IBYMEPHOT'O MaCCHUBa:
return index"k;
}
}; // OKOHUaHME OMNMCAHMA BHYTPEHHEeTrO KJiacca
public:
// OmepaTopHH METOI IJiI MHIEKCUPOBAHMI
// ofbekTa BHEWHEeIO KJjacca:
ArraylD operator([] (int k) {
// OBBEeKT BHYTPEHHEIO KJlaccCa:
ArraylD tmp (k) ;
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// PesynbTarT MeToma - OOBEKT BHYTPEHHETO KJacca:
return tmp;
}
}; // OxoHuaHMe ONMCaHMUA KJacca
// TrnaBHas QyHKLUA NPOTPAMMEL:
int main () {
// OBBexT nOJg MMMTALUM MaccHuBa:
Array2D obj;
// OTobpaxeHue 3HAUEHUM "3JIEMEHTOB Maccuea':
for (int 1=0;1i<5;1i++) {
for (int 3=0;3<7;j++) {
cout<<obj[i] [J]I<<" ";
}
cout<<endl;
}
return 0;

}

PeSyJIbTaT BBIITOJIHEHUA ITPOTPaMMbI TaKOM:

Pesynbrar BhInONHEeHUs nporpammebl (U3 nuctudra 11.3)

0123456
1032547
2301674
32107¢%65
4567012

Crout 06paTuTh BHUMaHKE, YTO B IJIABHON (DYHKIIMK IIPOrPAMMBbI IIPU CO3JAHUN
obbeKTa KJlacca pa3Mepsl "MaccuBa"HUKAK U HUTTIE He YKa3bl-
BAIOTCS, U TP BBI30BE BJIOKEHHBIX OTIEPATOPOB IIUKJIA TPAHUIIBI N3MEHEHUS MH-
JIEKCHBIX TIePEMEHHBIX BEIOMPAIOTCS B IPUHITKIIE TPOU3BOJIBHO.

11.3. AMHaMmunyeckue gByMepHble MaCCUBbI

Kaxoe enyb6okoe nponuxnosenue é cymo seweti!
Bnpouem, npuny, 6cezda monko anaiusuposai
Camyro CIONCHYIO CUMYAUUI.

u3 K/ "llpuxaiouenus npunya Daopuszens”

Temeps PaccMOTPUM BOTIPOC O TOM, KaK CO3MAIOTCS OUHAMUUECKUE O8YMeEPHbLE
maccusvl. OBIIMIA TOAX0 COCTOUT B TOM, YTO CHAYajIa CO3/AETCS OAHOMEPHDII
MaccUB U3 yKasaresell (TUT yKazaTesell onpenenseTcs TUTIOM 3JIEMEHTOB IBY-

MEPHOI'0 MacCuBa). A IOTOM JIJIsl KAXKJIOTO YKa3aTeJssl CO3/IaeTCsl IMHAMUYECKUIA
MaCCHUB yKe HETIOCPEICTBEHHO U3 TEX 3JIEMEHTOB, KOTOPBIE TOJKHBI C(DOPMUPO-
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BaTh ABYMEPHBIN AUHAMUYECKUN MaccuB. To ecTh (haKTUUECKN KaKAas CTPOKA
JIBYMEPHOT'0 IJMHAMMYECKOI'0 MaCCUBa CO3/IaeTcs OTAeIbHO. Kaskaas takas cTpo-
Ka - MacCHB 13 3JIEMEHTOB oIpesiesieHHoro ThIa. Mms maccuBa - ykaszarespb Ha
1IEePBBII 3JIeMEHT B cTpoke. VIMs MaccuBa IIprcBanBaeTcsl Kak 3Ha4eHUE OHOMY
13 2JIEMEHTOB B MaccHBe yKa3aTeJsell. B pesyssraTe nmosryyaeTcs AMHaMUYeCKUN
OJITHOMEPHBIH MacCHB, COCTOSIIUN U3 UMEH TMHAMUYECKIX OJIHOMEPHBIX MaCCH-
BOB.

Moppo6HoCcTU

MosicHnm aTo Ha 6Gonee KOHKPETHOW cuTyauuun. [onycTuM, Mbl XOTUM CO3paTb ABY-
MEPHbIN ANHAMNYECKUIA MACCMB U3 LEMbIX Ynucen (Tun 31eMeHTOB ). donyctum,
peyb MOET O MaccmBe U3 2 CTPOK U 3 cTonbuos. Torga ons Havana co3gaemM MaccuB U3
ykagzaTtenen Ha uenble yicna (Tvn 3NeMeHTOB MaccumBa ). Hanpumep, komaHpom
co3JaeTcsa AMHaMUYeCKUin MaccuB 13 OByXx ane-
MeHTOB. [TockonbkyanemMeHTamMn MaccuBa SBASIOTCS ykasaTenu Ha uenble yicna (Tun
), TO MMsi TaKOrO MaccumBa - ykasaTtesb Ha ykasaTesib Ha Lenoe 41cno. Tako tmn
ONUCbLIBAETCS BblpaXeHnem . UmeHHO noatomy nepepn, naeHTMdUKaToOpom
yKasaHbl ABe 3BE3J04KN.

dakTryeckn Mmaccums npegHasHayeH ang "3anoMmHaHnsa" MMeH OgHOMEPHbIX Mac-
CUBOB, POPMUPYIOLLMX CTPOKM ABYMEPHOIrO MacCmBa LENbIX YNCEN.OTU OOHOMEpPHbIE
MacCCKBbI HYXXHO co3aaTthb. Caenatb 3TO MOXHO, HanpumMep, Tak:

7] . B pesynbTate BbINONHEHUS KaXa0M U3 3TUX KOMaHg, co3aa-
eTCs OAHOMEPHbI AUHAMNYECKMA MAaCCUB U3 TPEX 3JIEMEHTOB. YkasaTe b Ha NepBblin
3NEeMEHT NepBOro Maccuea 3anucbiBaeTCHd B NepeMeHHYo , @ ykasartesnb Ha
nepBbIA 3NIEMEHT BTOPOro MaccuBa 3anvcbliBaeTCs B NepeMeHHyo A 3T ne-
peMeHHble, 06e, ABNATCSA 3N1eMEeHTaMN MacCcmBa

B pesynbrate nonydaem "CTPYKTypy"”, KOTOpasi MOSHOCTbIO MMUTUPYET OBYMEPHbLIN
MaccuB. B yacTHOCTU, 06paLLeHre K 9IEMEHTY TaKOr0 MacCUB BbIMNOJIHAETCH KOMaHOoM
BMaa , TOE VHAEKC | MPUHUMAET 3HA4YeHUs OT O A0 1 BKIIOYUTENBHO, @ UH-
[EeKC | MNPUHUMAET 3Ha4YeHns OT 0 OO 2 BKIIIOYUTENBHO. [Toyemy Takoe BO3MOXHO? Ha
camMoM Jerne BCe NpocTo. BeipaxeHue -3JIEMEHT OAHOMEPHOIro MaccuBa

C vHgekcom 1. MaccuB COCTOMUT U3 ykazaTenein. Moatomy -ykazaTesb.
Ykazatenb nHagekcupyetcs. KomaHgown BbIMOJIHAETCH MHAEKCAUNS yKkasa-
Tens. A NOCKOJIbKy He NMpOCTO yKasaTtesib, a yka3aTesib Ha NepBbIi SNIEMEHT
O[HOMEPHOI0 MaccuBa, TO Pe3y/ibTaTOM BbIPaXEHMS ABNSETCS COOTBET-
CTBYIOLLMI 3NIEMEHT KaK Obl 4BYMEPHOIO MaccuBa.

Heb60s1b111011 TpuMep, B KOTOPOM CO3/IAETCSI IBYMEPHBIIT I1eI0YNCIEHHBIN Mac-
CUB ¥ 3aI10JIHSETCS CIyJYallHBIMU YUCJIaMU, TIpe/ICTaByIeH B auctunre 11.4.

=y Ha 3ameTky
B aTOM NnpumMepe Mbl Takxke NO3HAKOMUMCS C PYHKUMEN, KOTOPOW apryMeHToOM nepeaa-
€eTCs ABYMEPHbLIN MaccuB. Peub nget o pyHKunm , NpeaHa3Ha4YeHHoM gns 0To-
OpaxeHus 3HaYeHUIN 3N1eMeHTOB ABYMEPHOro Maccuea. AprymeHTammn GyHKumm nepe-
[aeTcs MMsA ABYMEPHOro MaccuBa W ABa LENOYNCIEHHbIX 3HAYeHUs, onpeaensiowme
pasmepbl ABYMEPHOro MaccuBea.
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Jiuctunr 11.4. [1IByMepHbIiA AMHAMUYECKNIA MacCUB

#include <iostream>
#include <cstdlib>
using namespace std;
// ®OyHKUMS OJig OTOOpaxeHWs 3HAUYSHUM
// BJIEeMEeHTOB IBYMEPHOTO IMHAMMUECKOTO MAaCCHUBA.
// ApPTYyMEHTH QYHKLUMM - MMS OBYMEPHOTO MacCuBa U
// pasMeps MaccuBa:
void show(int **p,int sl,int s2){
int 1,3
for (1=0;i<sl;i++) {
for (3=0;3<s2;3++) {
// OfpameHnue K 3JIEMEHTY OBYMEPHOTO MaCCHUBA:
cout<<p[i] [jI<<"™ ";
}
cout<<endl;
}
}
// TnaBHas GyHKUMS NPOTPAMME:
int main() {
// VHuumanmsaumus TeHepaTopa CJIYyUYalHBIX UMCEeJ:
srand (2014) ;
// PasMeps MacCUBa U MHIEKCHBE [NEePEMEHHHE :
int m=3,n=5,1,7;
// IOBYMEpHHI Maccub (yKaszaTejib Ha yKasaTelb) :
int **nums;
// Co3maHMe OOHOMEPHOTO MacCCHUBa yKazaTeJel:
nums=newint* [m];
// Co3maHmue CTPOK MacCMUBA M 3alOJIHEHME MaCCUBA:
for (1=0;i<m; i++) {
// Co3maHue ouepenHOM CTPOKM OBYMEPHOTO MacCCHUBA:
nums [1]=new int[n];
for (3=0;j<n; j++) {
// 3BHaueHMe B3JIeMEeHTa IBYMEPHOTO MaCCHUBA:
nums [1] [j]=rand () %10;
}
}
// OroBpaxeHMe B3JIEMEHTOB IBYMEPHOT'O MACCHUBA :
show (nums, m, n) ;
// YmajeHue CTPOK OBYMEPHOTO MAaCCUBA:
for (1i=0;i<m; i++) {
// Ymamsercs CTpokKa IBYMEPHOTO MAaCCHUBA:
delete [] nums[i];
}

// YnamneHue "BHemHero" Maccupa (MaccuBa ykKasaTejel) :
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delete [] nums;
return 0;

}

PesyJibraT BbINOJHEHUS IIPOrPAMMbI MOKET ObITh TaKUM (KOHKPETHBIE YHCIIO-
Bble 3HAYEHUST 3aBUCSIT OT 0COOEHHOCTEN reHepaTopa CIydaiiHbIX Yuces):

PesynbTart BbinONHEHUs nporpammbl (13 nuctuura 11.4)

N W o

0
3
6

@0 oy U

8
3
4

O O o

— 4 Hasametky

Mpu3sasepLieHny paboTbl C ANHAMUYECKMMIM MacCBaMU(Kak Y1TaTesb,40SIKHO ObiTb,
I NMOMHUT) BblOENEHHYIO MOA, MacCHBbl MaMaTb PEKOMEHAyeTcs ocBoGoXAaTh. B AaHHOM
cnyyqae, NoCcKoJbKy ABYMEPHbI MacCuB NPeACTaBAseT Co60M MacCuB U3 OAHOMEPHbIX
MacCMKBOB, TO CHayana yaansaerTcs kaxaas CTpoka ABYMEPHOro Maccuea, a 3aTem yaa-

NnseTcs "BHELWHNIA" OAHOMEPHBI MacCUB M3 yKa3aTeNen Ha CTPOKN ABYMEPHOrO Mac-
cuBa.

Kon mporpamMmer toctaToqHO TPOCTOi. [Ipy BRITTOIHEHUY TPOTPAMMbI MHUITHAA-
JIU3UPYETCST TEHEPATOP CJAYYAWHBIX YUCET U OOBSIBIISIETCST HECKOJIBKO T1€JI0UHNC-
JIEHHBIX TTePEMEHHBIX: B TepeEMEHHbIE MU N3AMAUCHIBAIOTCS PA3MEPHI IBYMEPHOTO
MmaccuBa. Komanioit int **nums 0ObsIBJIsSIETCS TIepEMEHHAs nums, KOTOpast
dopMaTbHO ABISETCS YKa3aTeTeM Ha yKa3aTesTb Ha [IeJI0e YICTI0, a Ha CAaMOM
JieJie 970 Oy/IeT IBYMEPHbBII MACCUB - HMsSI MACCHUBA MbI OY/IEM OTOKIECTBJISITh

¢ mepeMeHHoM nums. /lanee KoMaH/0i nums=new int* [m] co3jaeTcd quHa-
MUYECKUI MAaCCUB U3 M3JIEMEHTOB, M KaXK/IbIil TAKOU 2JIEMEHT SIBJISIETCS yKa3a-
TeJIeM Ha 1IeJIOUNCIeHHOe 3HaUeHne. Afipec CO3JaHHOTO TMHAMUYIECKOTO MAaCCH-
Ba U3 yKa3aTeJseil 3aIMChIBaeTCs B IEPEMEHHYIO Nums.

=y Ha 3ameTky
Ha aTom aTane oByMepHbI MacCuB eLLe He co3gaH. Co3gaH TONbKO OAHOMEPHBI Mac-
I CUB 13 yKasaTesieil, HO 3TUM yKa3aTensiM rnoka He NPUCBOEHbI 3HaYeHUs. 3HaYeHUIMUN
3/IEMEHTOB-yka3aTenen 6yayT MMeHa MacCMBOB-CTPOK, KOTOPbIE MPEACTOUT CO34aTb.

Maccus HY’KHO 3all0JHUTh. J[JIsT 9TOro HEOOXOAMMO CO3aTh OJHOMEP-
HbIe MaCCUBBI, UTPAIOIIUE POJIb CTPOK JIByMEPHOTrO MaccuBa. Azipec (yKasaTelb
Ha MEPBHIT 97IeMEeHT ) MACCUBA-CTPOKY MIPUCBANBAETCS B KaUeCTBe 3HAUEHUS CO-
OTBETCTBYIOIIEMY 3JIEMEHTY-YKa3aTeli0 U3 MacCuBa . g perenust no-
CTaBJIEHHOW 3a/aui HeoOXOAMMO Tiepedparh BCe dJIeMEHThI MacCHBa u
KaKJIOMy M3 HUX IPUCBOUTH 3HAYeHUE, IIPEABAPUTEILHO CO3/I[aB MAaCCUB-CTPO-
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Ky. Takske HeoOXOAMMO 3aIOJIHUTH KaXKIyl0 CTPOKY CJIyYailHBIMU YUCJIAMU.
MbI coBMmetiaem oba mpotiecca (co3anue CTPOK U 3ar0JTHEHNE UX CTyYaiiHbIMU
YUCJIAMU ), [IJIT YeT0 3aITyCKAIOTCS BJIOKEHHBIE OITepaTOPhl ITUKa. Bo BHeNTHEM
IIUKJIe WHIEKCHAs MepeMeHHast | npoberaer 3HadeHus: ot O 110 . Bo Bay-
TpeHHeM TuKe (Mpu (PUKCUPOBAHHOM 3HAUCHUU TIEPEMEHHOU 1) WHAEKCHAS
nepeMeHHast ©  TpoGeraeT 3HaYeHus OT O JI0 . B tene Buemnrnero omneparo-
pa IUKJa, HO /10 3alycKa BHYTPEHHETO OllepaTopa IUKJIA, BBITIOJTHIETCS KOMaH-
na , KOTOPOI1 CO3/1aeTcs AMHAMWYECKUI MacCUB U3
1IeJIOYUCIEHHBIX 9JIEMEHTOB (TO €CTh CO3MIAeTCs CTPOKA I IBYMEPHOTO Mac-
CWBa), a yKa3aTeslb HA TIEPBbII 3JIEeMEHT MAaCCUBA 3aIMCHIBAETCS B TIEPEMEHHYTO
. Ilocne Toro, Kak cCTpOKa CO3/IaHa, OHA 3ATIOTHAETCS CTYYaHBIMU YHC-
JIaMU, JIJIg 9€T0 3alyCKaeTCsd BHYTPEHHUI OMepaTop IUKJa, M B HEM KOMaH/I01
TIPUCBANBAETCS 3HAUEHUE 3JIEMEHTY C MHEKCOM
B MacCHUBE, CCBIJIKA Ha TIEPBHII 2JIeMEHT KOTOPOTO 3aNMcaHa B 1 -if 3JIeMEHT Mac-
cuBa -TIpOIIle TOBOPS, TPUCBANBAETCS 3HAUEHUE TIEMEHTY C | -M UHIEKCOM
B CTPOKE C UHAEKCOM

I[JIH OTO6pa>K€HI/IH 9JIEMEHTOB MaCCHBa BbI3bIBACTCA (byHK]_[I/IH . Peun
nJIeT O KoMaH/ae

Moppo6HoCcTU

B onncaHum ¢yHkummn MHTepec npeacTaBnseT, noxanyn, cnocod o6bsaBeHUs
apryMmeHToB dyHKUMK. MNepBbiM apryMeHToM GyHKUMN SBISIETCS UMS IBYMEPHOIO Mac-
cuBa. OBObsBEH 3TOT apPryMeHT Kak yka3aTesib Ha yka3aTesb Ha uesioe 4ncno. Nockonb-
Ky N0 UMEHW MaccrBa OnpeaennTb pa3aMep Maccraa BeCbMa 1 BeCbMa npobsieMaTuyHo,
HY>XHbI eLLle [1Ba NapamMeTpa, KoTopble Obl ONpeaensv KOM4YecTBO CTPOK U CTONOLOB B
mMaccuse. OTcioaa y GyHKLMM NOoSBASIETCS eLle ABa LIeSIOYMNCIIEHHbIX apryMeHTa.

B Tese hyHKIINU 3ayCKAIOTCST BJOKEHHBIE OMIEPATOPHI IIUKJIA, @ B HUX mepebu-
PAIOTCST MHJIEKCHI 3JIEMEHTOB B IBYMEPHOM MAaCCUBE U 3HAYEHUSI 9JIEMEHTOB OTO-
Gpaskarorcs (ITOCTPOYHO) B OKHE BBIBOJIA.

Jlanee TpOMILTIOCTPUPOBAHO, KaK MOXKHO yIAJUTDh IBYMEPHBIN AUHAMUYECKUN
MaccuB u3 namsitu. PaHee 0TMeUasioch, YTO CHavaJIa yIAJIsIeTCss Kaxkaasi CTPOKa
JIBYMEPHOTO MacCCHBa, a 3aTeM yAAISIeTCs MacCUB, HETIOCPEJACTBEHHO B KOTOPBIN
3aIUCHIBAINCH aJIpeca CTPOK (yKa3aTesu Ha ITePBbIE 3JIEMEHTH MAaCCUBOB-CTPOK )
nByMepHOTO MaccuBa. CTPOKM yAATISAIOTCS KOMaHI0H ,
BBITIOJIHSIEMOII B TeJIe orieparopa IuK/Ia. B oneparope nepeOuparoTcs aJieMeHTbI

MaccuBa . IlocJie BoITIOIHEHMS OllepaTOpa IIUKJIA "YHUYTOKEHBI MACCUBHI,
WTpaBllne poJib CTPOK B IByMepHOM MaccuBe. Ho elre octasics MmaccuB ykasaTe-
Jaen . Ero ynansgem xomannoi
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11.4. Co3paHue "pBaHOro” AByMepHOro
MaccuBa

Craxcume, dokmop Bamcon, Bvl nonumaeme
6C10 BANCHOCTND MOE20 OMKPLIMUSA?

u3 /¢ "lIpuxarouenus Illeparoxa Xoamca u
doxmopa Bamcona”

[Tpouiemypa, ncmoab30BaHHAS HAMU BBIIIE /I MOCTPOYHOTO CO3/IAHUS JIBY-
MEpPHOTO TUHAMHUYECKOTO MAacCUBA, HABOJAUT HAa TPOCTYIO MBICJb: CO3/IaTh IBY-
MEPHBIIT MACCUB, Y KOTOPOTO B Pa3HBIX CTPOKAX Pa3HOE KOJTMYECTBO 2JIEMEHTOB
(Takue MacCUBBI MHOT/IA HA3BIBAIOT ‘peanvimu ). ITO BO3MOXKHO. [Ipuuem nena-
eTcsl IOCTaTOYHO MPOCTO. YTOOBI He GBITh TOJOCTOBHBIMHE, CPasdy PAcCMOTPIM
HeOOJIBIION TPUMED, TIPeICTaBIeHHbIN B jucTrHTe 11.5.

Jiuctunr 11.5. CosgaHue "pBaHOro™ AByMepHOro MaccuBa

#include <iostream>
using namespace std;
// TnaBHasg GQYyHKUMS MPOTPAMME:
int main() {
// lleJlouMCJIeHHLHE MNepeMeHHbE :
int n=5,1i,3j,s=1;
// Ykasaresb Ha yKasaTeJsib Ha LEeJioe UMCJIIO:
int **nums;
// OOHOMEPHBI OMHAMMYECKMI MaCCUB M3 yKaszaTeJei:
nums=new int*[n];
cout<<"IepBuit Maccus:\n";
for (1=0;i<n; i++) {
// OOHOMEPHEBI UMCJIOBOM MAaCCUB. KOJMYECTBO BJIEMEHTOB
// PAaBIUUYHO IJi9 PAaBHEX LUKJIIOB :
nums [1]=new int[i+1];
for (3j=0;j<=1i; j++) {
// BHaueHMe BJIEeMEeHTa IBYMEPHOTO MacCCHUBa:
nums [1] [J]=s;
// OrobpaxaeTcsa 3HaAUYEHME DBJIEMEHTa MaCCMBA:
cout<<nums [i] [jJI<<" ";
// Crenymollee HaTypajibHOE UMCJIIO
// (Oja 3HaueHMa BJIeMEeHTa Maccuba) :
S++;

// Tlepexon K HOBOM CTPOKE:
cout<<endl;
}
// YmajeHue CTPOK OBYMEPHOTO "pBaHOTO" MacCCHuBA:
for (1=0;i<n; i++) {
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// Ymamsercs cCTpoka:
delete [] nums[i];
}
// YmaneHue MaccuBa yKasaTeJeln:
delete [] nums;
// Cos3pmaeTcs HOBHIM MAaCCHUB yKasaTeJemn:
nums=new int*[3];
// TIepBHI CTATUUYECKUM MACCUB:
int all={1,2,3};
// BTOPOM CTATUUECKUM MACCUB:
int b[]={4,5};
// TpeTur CTaTUUYECKUM MACCUB:
int c[1={6,7,8,9};
// UYeTBEepTHM CTaTUUYECKMI MACCUB :
int d[1={10,11,12,13,14,15};
// TlepBas CTpoKa IOBYMEPHOTO MaCCHUBA:
nums [0]=a;
// Bropas CTpokKa IBYMEPHOTO MacCCHBA:
nums [1]=b;
// TpeTbs CTpOKa IOBYMEPHOTO MaCCHBA:
nums [2]=c;
// MaccuB C pasMepaMM CTPOK "pBaHOTO" Maccuea:
int size[]={3,2,4};
cout<<"Bropoi maccus:\n";
// OToOpaxkeHre BHAUEHUNA BSJIEMEHTOB
// "pBaHoTo" Maccuma:
for (1=0;i<3;i++) {
for (j=0;j<size[i];j++) {
// OTobpaxeHMe SBHAUEHMS BJIEMEHTA:
cout<<nums [i] [J]<<" ";
}
// Tlepexon K HOBOW CTPOKE:
cout<<endl;
}
// 3aMeHa CTPOKM B IBYMEPHOM MaCCHUBE:
nums [1]=d;
// VI3MeHeHMVe 3HaAUYeHMS pasMepa BTOPOM CTPOKM
// "pBaHoTo" Maccuma:
size[l]=6;
cout<<"BTOpOM MacCCuB ([Iocjie 3aMeHH CTpPOoku) :\n";
// OTobpaxeHMe BHAUEHMN 3JIeMeHTOB "pBaHoro"
// MaccuBa Mocjie 3aMeHH BTOPOM CTPOKM:
for (1=0;i<3;i++) {
for (j=0;j<size[i];j++) {
// OTobpaxeHMe SBHAUEHMI 3DJIEMEHTA:
cout<<nums[i] [J]<<" ";
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// Tlepexon K HOBOM CTPOKE:
cout<<endl;
}
// YmajeHre MaccuBa yKasaTeJen:
delete [] nums;
return 0;

}

B pesyJibrate BBITIOJHEHUS TPOTPAMMBI MOJTy4aeM OYKBAJIBHO CJIe/yIOIIee:

Pe3ynbTar BbiNONHEHUS nporpammbl (13 nuctuira 11.5)

[IepBEM MaccuB:

o O W
o

9 10
1 12 13 14 15
TOPOM MacCCUB:

w

[o¢]

9

o
2
5
7
TOPOM MacCMB (IOCJIe 3aMeHB CTPOKM) :

2

o
w

11 12 13 14 15
8 9

o2 el = v v B ) ST S v v B = RN [ NS NS

~J

[Tporpamma cocTOUT Kak ObI U3 HECKOJIBKHMX 4acTeil (TouHee, nByx). CHauasa
00bsIBIIIETCS P/l 1EJOYMCAEHHBIX TIePEMEHHBIX U KOMaHION

00BABJISETCS [IEPEMEHHAST , KOTOPO#1 CY:K/IEHO CTaTh UMEHEM JIBYyMEPHOTO
"pBaHor0" MaccuBa. [[yis peanuzanuu KOHIIENIIUU "PBAHOTO" MAcCHBA, TaK JKe
Kak ¥ B cJy4ae OOBIYHOTO JABYMEPHOTO JAMHAMMYECKOTO MACCHBa, HaM HY’KHO
€03/1aThb OJTHOMEPHBIN MacCUB yKa3aTeJsiel. Takoil MaccuB co3/1aeTcs KOMaH/I01

[lamee, Kak U B IpeAbIAYIIEM IPUMEPE, MBI 3aITyCKaeM OMepaTop KA, U B HEM
CO3/MIAI0TCSI CTPOKU MAacCHBa, a KaXaasd BHOBb CO3JaHHasl CTPOKA 3aIOJTHIETCS
3HaveHusaMu. HoBaruil Be: y co3zmaBaeMbIX CTPOK Tellepb Pa3HbINl pa3Mmep, a
3HAYEHUS DJIEMEHTOB CTPOKM Cpasy IOCJe 3aloJHeHns 0TOOPaKaIOTCs B OKHE
BBIBOJIa. BTOpOIT MOMEHT uncTo TexHudecknii. Hac nHTEepecyroT cTpoku pasHoi
nunbl. Ho 3/1ech Bce TPOCTO: B Tesle BHENTHETO OIlepaTopa ITUKJIA TIPU 3alaHHOM

3HAYEHUU MHAEKCHO ITepeMeHHOoN | (IpuHUMAaeT 3Ha4eHud oT O 110 BKJIIO-
YUTETBHO ) BBITIOJTHSIETCS KOMaH/1a , KOTOPOI co3/a-
eTCsS OMHOMEPHBINT MACCUB U3 asieMeHTOB. Takum 06pa3oM, rmepBast CTPOKa

COCTOUT U3 OJHOTO JIEMEHTA, BTOpad - U3 ABYX, TPETHA - U3 TPEX, N TaK JaJIEE.
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Moppo6HoCcTU

3HaYeHnsiMKn afieMeHTam "pBaHOro” MaccuBa NpUCBanBalOTCS HaTypasbHble YMucna, Ha-
ymHas c 1. Mpouecc peann3oBaH Tak: 0ObSBNSETCS LIeNIOYMNCIEHHAs NepeMeHHas = C
HayanbHbIM 3HAYEHMEM 1, 1 3HAYEHNE 3TON NEepemMeHHON BO BHYTPEHHEM onepartope

uuMkna npucBanBaeTCs 3IEMEHTY MaccuBa, Nocne Yero KOMaHAoMm 3HayeHuve nepe-
MEHHOW s yBENn4MBaeTCH Ha | . B pe3dynbraTe anemMeHTbl "pBaHoro™ maccmsea nocTpoy-
HO MoJlyyaloT 3HayveHus 1, 2, 3, u Tak ganee.

[Tpu oTOGpakeHNU 3HAYEHUIT DIEMEHTOB MACCHBA MOKHO MTPOCJIENTh, CKOJIBKO
3JIEMEHTOB B Kak/10# cTpoke. [locse Toro, kak 3HaYeHMS 9IEMEHTOB MacCHBa
BBIBE/IEHBI B KOHCOJIb, HAUMHAETCS TIOCTPOUHOE yAaIeHre "PBAHOTO" MacCHBa.
BrimonHsercs ynanenne MaccuBa Tak ke, Kak U B TIPEABIAYIIIEM TIPIMepe: 3a1Ty-
CKaeTcs oTepaTop IHUKJIA, B KOTOPOM YAAJISIOTCS CTPOKH, a YKe 3aTeM yaaisaeT-
¢4 MaccuB U3 ykasaTesieir. Ha aToM "miepBas yacTh" MporpaMMbl 3aKaHYUBAETCS,
1 cpa3y HauMHAeTCS "'BTOPAS 4acTh' .

Komanzoit nums=new int*[3] co3maeTcs ITMHAMUYECKUII MACCUB U3 TPEX
yKasaTeJieli, 1 yKa3aTeJab Ha TePBHIN 9JIeMeHT MacCUBa 3aMTUCHIBAETCS B TIEpe-
MEHHYIO nums.

p— ] Ha sameTky
I
To ecTb NepemMeHHast Bce Ta Xe, a MaCCuB yXe ApYroi.

OOGBSABISIOTCS U WHUIMAJU3UPYIOTCSI YEThIPE CTATHUYECKHUX IEJOYMCIEHHBIX
MaccuBa (2, b, ¢ 1 d). B Kax0M 13 3TMX MacCUBOB Pa3HOe KOJIMUYECTBO JIEMEH-
TOB (COOTBETCTBEHHO 3, 2, 4 M 6). Pa3Mepsl 1epBHIX TPeX CTAaTUUECKUX MACCH-
BOB 3aHOCSITCSI B MACCUB . B pesymsraTe 3nauenue COOTBETCTBYET
pa3Mepy MaccuBa =, 3HAUEHHe COOTBETCTBYET pa3zMepy MaccuBa b, a
3HaueHUe COOTBETCTBYET pa3Mepy maccusa c. IIpu BwITOTHEHUN KO-
MaH/]I , u B MAacCUB 3aHOCSITCS yKa-
3aTes HA CTAaTUYECKHEe MACCUBBI. B pe3ysbraTe moJrydaeTcs, YTO 3HAYEHUSIMU
3JIEMEHTOB-yKa3aTeJel TMHAMIYeCKOTO MacCHBa SIBJIAIOTCA azpeca (yKa-
3aTeJib Ha MEPBBIA 3JIEMEHT) CTAaTUYECKNX MAaCCHUBOB, TPUYEM MACCHUBBI UMEIOT
pa3HbIN pa3Mmep.

— Ha 3ameTk
) v

dakTUYeckn Mbl 00beAMHWUAN TPU CTATUYECKMX MACCKBa "Nog, arnaoin” AMHaMnM4eckoro
I MaccuBa, 1 B pedynibTate noJyymnacs Uino3us AByMepHOro "peaHoro” Maccuea.

Jliist oToOpaskeH s 3HAYEHU T 3JIEMEHTOB TAKOTO MMITPOBU3UPOBAHHOTO MACCHUBA
3alycKaeM BJIOJKEHHBIE OIEepaTophI UKJa. Bo BHENIHEM oreparope IUKJa WH-
JIeKCHast lepeMeHHast ©  TpoGeraeT 3HaueHust OT 0 710 2, mepedupasi TeM CaMbIM
CTPOKH JIBYMEPHOTO "PBAHOTO" MACCUBA, B KOTOPOM CTPOKA C MH/IEKCOM 1UMeeT
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pasmep . [ToaTomMy BO BHyTpeHHEM OIIEpaTOPE IUKJIA UHJICKCHAST TIepe-
MeHHast TipoGeraeT 3HadeHust oT O 10

Cremyiomuii aTal COCTOUT B "3aMeHe” BTOPOH CTPOKUM B "pBaHOM" JIByMep-
HOM MaccuBe. /[y aTOTO AOCTATOYHO MPHUCBOUTH HOBOE 3HAYEHUE ITEMEHTY
. I[Tocsre BBITTOTHEHNST KOMAH/TBI BTOPOI 3JIEMEHT B Mac-
cuBe ABJIAETCA yKa3aTeJaeM Ha CTATUYeCKUI MacCHB (TIEPBBII €TO 2JIEMEHT )
, @ He MacCHB b, Kak 3T0 ObLI0 panbine. Kpome TOro KoMaHI0M
M3MeHsSeTCS 3HaYeHne sJeMeHTa , OTIPEJIeIAIONIee pa3Mep BTOPOH CTPOKU
PBAaHOTO MacCHUBa. 3aTeM OISTh 3aIMyCKAIOTCS BJIOJKEHHBIE OMEPATOPBI ITUKJIA
JUIsE OTOOPasKEHUsT 3HAYEHUH HJIEMEHTOB "PBAHOTO" MacCHBa IOCJE 3aMEHbI B
HEM BTOPOH CTPOKH.

[Tepen 3aBepiiieHEM MPOTrPAMMbI KOMAHIOM yAANSETCS -
HaMUYeCKU MacCUB yKa3aTeJsien

r— )
= Ha 3ameTky

CTpoKu ABYMEPHOIO MacCuBa yaansiTb He HY>XXHO, MOCKOJbKY B JaHHOM Clly4ae OHv pea-
I JI30BaHbI HE Yepes AMHaMM4eckune, a 4epes cTaTmyeckne MaccyBsbl.

Moppo6HocTHn

Mopaxon, onvcaHHbIN Bbille, MPUMEHUM A CO3AaHNs ABYMEPHOIro CTaTuiyeckoro Mac-
cuBa. Peyb noet o Tom, 4Tobbl CO34aTh CTaTUYECKNIA MacCUB U3 ykasaTtenein, a 3aTemM
3HA4YeHMs M 3JIEMeHTaM MaccuBa MPUCBOUTb MMEHa APYrMX CTaTUYeCKMX MacCCUBOB.

Hanpumep, komaHaom 006bsBNAETCA MaccuB 13 OBYX yKasartenemn
Ha uenble ynucna. Janee, 4ONyCTUM, MMEETCS ABa LIEIOYMCIIEHHBIX MacCcuBa, CO34aH-
HbIX KOMaHAammu " .Maccus cocTout

13 Tpex, @ MaCCuUB b COCTOUT M3 NATU SNEMEHTOB (€CIN NPU 0O6bABNEHMM C OAHOBPE-
MEHHOI MHUUManu3aumeli paamep Maccmea siBHO He ykasaH, TO OH OnpenensieTcs aB-
TOMaTUYECKN MO KONIMYECTBY 3NIEMEHTOB B CNINCKE MHULMANM3aunn B GUIrypHbIX CKOB-
kax). Ecnu Tenepb BbINOAHUTL KOMaHOb! " , TO MaccuBe
MOXHO paccmaTpuBaTth Kak ABYMEPHbIA MacCuB 13 OBYX CTPOK: B MEPBOI CTpOKe Tpu
3/IEMEHTA, @ BO BTOPOW CTPOKE MNsiTb 3/1IEMEHTOB. XOTS eLle pa3 CTOUT NoAYEPKHYTh!
3TO CKOpEE Mo3ns ABYMEPHOro Maccuea. MNpocTo 3Ha4YeHNst 3NIEMEHTOB n
O[lHOMEPHOro maccuea SIBNSIOTCS yKasaTessMu, a ykasaTenu, kak ns-
BECTHO, MHAEKCcUpYloTCsl. [T03TOMY MUMEIOT CMbICS Takue BblPaXeHust, Kak
nnm , Hy 1 Tak ganee. OnsTb Xe, eCNn B KAKOW-TO MOMEHT Mbl MPUCBOUM
HOBOE 3HAYeHNe 3NIEMEHTY nnm , Nony4Ynm "ABYMEPHbLIN" MaccuB C
Opyron CTpykTypoii. O4eHb 4acTo, KCTaTu, 3TO ObiBaeT yao6HO.
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11.5. iByMmepHbIA MacCUB Kak noJsie oobekra

Cnauana menst 3mo 3a6a615110 -¢ 00HOU CMOPO-
not. Ho ¢ Opyeoii - s nonuman, umo nopa 06e-
SCHUMDCSL.

uz k/p "lpuxniouenus lleproxa Xoamca u
doxmopa Bamcona"

Jlamee paccMOTpUM HeOOJIBINYIO MIIIOCTPAIINIO K TOMY, KaK INHAMIYECKIe
JIBYMEPHbIE MACCUBBI MOTYT UCIIOJb30BAThCS B KAUECTBE IMOJIEN B KJIACCAX.
[TpuHIMIIMAIBHO HOBOTO 3/IeCh HUYero Het. BooOiie, riiaBHast 0COGEHHOCTH UC-
0JIb30BAHUS IBYMEPHBIX THHAMUYECKUX MACCUBOB COOCTBEHHO TaKasi JKe, Kak
1 0COOEHHOCTh UCIIOIb30BAHMUST OJHOMEPHBIX JUHAMUYECKUX MACCUBOB: HEOO-
XOJIMMO KOPPEKTHO BBITIOJTHSITH TIPOIEYPY CO3MaHUsI KOTIMU OOBEKTa C TTOJIEM,
KOTOPOE SIBJISIETCS TMHAMUIECKUM MAaCCUBOM, ¥ a TaKyKe OTCJIEKUBATD TIPOITe-
Jypy MPUCBAMBAHUs TAKKMX OOBEKTOB M UX Y/IAJIECHUSI.

=v Ha 3ameTky
HanomHumMm, 4To Ans onpepenenns cnocoba KonmposaHMst 0OBbEKTOB B KNTACCE OMUCHI-
I BaeTCs KOHCTPYKTOP CO34aHns KOnuu, 3a npucBarBaHme o6bekToB "oTBevYaeT” onepa-
TOPHbIN METOS, (MeTopn, ans onepartopa npuceaneaHus). NMommmo aToro, B
"KOoMMNIekT" gns SBHOMO ONUCaHUS B KNIaCCe BXOAUT eLLe N AeCTPYKTOP.

Yt06bl He AyOJUPOBATH MHOTHE, JOCTATOYHO OYEBUJHBIE, BENIH, Mbl He Oyaem
paccMaTpuBaTh CO3/laHME KOIUK OOBEKTOB U MTPUCBAUBAHUE CTATUYECKUX 00b-
eKTOB.BMecTo 3TOro cocpeloTouMM Hallle BHUMaHWe Ha JIPYTUX Oollepalusax C
00beKTaMMU, COJIEPKAIIMMU JIBYMEPHbBIE IMHAMUYECKNE MACCHBBI B KAUY€CTBE 0~
JIe.

Jlaee paccMaTprBaeTCst 3a/1a4a, B KOTOPOiT Yepe3 00beKTHI Kiracca pe-
aNMM3yIoTCs KBa/[paTHble MaTpUIlbl. HemocpencTBeHHO MaTPUIIBI TPE/ICTaBIIOT-
cs IByMEPHBIMU IMHAMUYECKUMHU MaccUBaMu (Y HUX Pa3MepBl 10 KAKIAOMY U3
MHJIEKCOB O/IMHAKOBbIe). biarosaps Tomy, 4To MaccuBbl JUHAMUYECKHe, PaHT
MaTpullpl (pasMep MaccuBa 110 KaKJIOMY M3 MH/EKCOB) MOXKHO 3a/[aBaTh Hello-
CPEICTBEHHO IpH co3anuu 0ObeKTa. B Kiacce omcan KOHCTPYKTOP, KOTOPOMY
[PY CO3/IAaHNY 0OBEKTA MIEPEIAETCST TIeTOUNCAEHHbIN apryMeHT. APryMeHT KOH-
CTPYKTOpA OMpe/esisieT PaHT MaTPHIIbl, peaar3yeMoil JaHHbIM 00bekToM. Bee
3JIEMEHTBI MAaTPUITBI TTOIYYAIOT HyJIeBble 3HAUeHNs (JIBYMEPHBII MAaCCUB 3aIT0JT-
HAETCS HYJISAMHU).

Moppo6HoCcTH

nOCKOJ'Ibe npun co3gaHnn obbekTa knacca AnHaMmn4eckn co3naeTca asymep-
HbII MaccuB, TO B Knacce, KpOMe KOHCTPYKTOpa, TakXXe onncaH n AeCTpykTop, B KOTO-
POM BbINONHAETCA yaaneHne ABymMmepHoro amHamMmmn4yeckoro maccumsea.
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Knacc JULSL peasn3aliuy KBaJPaTHbIX MAaTPUIL Mbl OTTUCHIBAEM HE TIPO-
CTO TaK, a JIJI BBITIOJHEHUS TaKOW BaKHOW M UHTEPECHON MPOIe/IyPbl, KaK BbI-
quCcIeHue onpedenumens mampuvl. OIpemenTe b MATPUIBI BBIYUCIISETCS C
TIOMOIIIBIO METO/IA . B aTtoM MeToj1e, B CBOIO 04Yepe/ib, BBI3BIBACTCS METO]T

,BO3BpAIAIONINII B KayecTBE pe3yJbraTa yKasaTeJb Ha OOBEKT
KJIacca

MopgpoGHoCTH

OnpegpenuTens, UK AeTePMUHAHT, NPeACTaBnseT coBOM YMCIOBOE 3HAYEHWe, KOTO-
pOe BbIYMCNIIETCS HA OCHOBE 3/IEMEHTOB KBaAPATHOW MaTpuubl. YTOGEI MUHUMU3UPO-
BaTb MaTeMartuyeckme BbIKNaaKuW, OnuLIeM (Mo BO3MOXHOCTU MakCUMAsIbHO MPOCTO)
NPOLIECC BbIMMCIEHWS ONPELeNUTens O KBaApaTHoOW Matpuubl. 9To Gyaer ToT an-
FOPWTM, KOTOPBIV UCMOMb30BaH B NporpamMme Asis BblMMCIEHWUs onpeaenvtens. Utak,
€C/n peyb UAET O KBaApaTHON MaTpuue pasmepamm «2 Ha 2» (TO eCTb ABE CTPOKM W
[iBa cToI6La), TO B 3TOM Clly4ae OonpeaenuTesb BeUCIAETCS Kak PasHOCTb Npov3Bese-
HWIA BMaroHasbHbIX U HeAYaroHaNbHbIX 3NeMEHTOB. Bornee KOHKPEeTHO: nyckain MaTpu-
Q11 Qg2

na 4= (a21 azz)’ To onpenenutens Takoi matpuubl det(A) = aq1a5; — 12021 -
Ecnun paHr MaTpuLisl 60/blie ABYX, TO BBIMUCAATL ONPefeUTeNb CloxHee. Ham noHa-
LOBUTCS eLue 0fHO onpeneneHue.

Paccmotpum matpuuy padra Tl coctoswyio uz M crpok u T cron6uos:

Q1 v Qi
A= : - :

Ay %n). Yepes aij 0603Ha4YMM 3NeMeHTbl 3TON MaTpuubl (MHOEKCHI
i,j = 1,2, ..,1n). O603Ha4MM Hepes AU- MaTpuLy, KoTopasi Nnosiy4aeTcs U3 maTpuupl
A Bbl4EPKMBAHNEM - CTPOKU 1 ] -ro cton6bua. Ans ynobcrea 6yaemM HasblBaTb MaTPULYY
Aij MWHOPHOW, XOTS 3TO U HE COBCEM KOPPEKTHbIV TEPMUH (HO Tak yaobHee 6yneT o6b-
SICHUTb aJiIrOPUTM BbIMOJIHEHMS NMporpamMmbl). Onpenenntens det(AU) MaTpuLbl AU
HasblBaeTca MMHOPOM. O4eBUAHO, YTO paHr MaTpULbI AU Ha eguHNLY MEHbLLE paHra

ManI/ILI,bIA npaseH I — 1.

Onpegenutens Matpuubl 4 BbIMMCHSETCA Ha OCHOBE OMPEAENUTEneil ee MUHOPHbIX
i+]
MaTpWLL (MMHOPOB) MO pexyppeHTHoi popmyne: det(4) = X7 (1) ! ai; det(AU)

i+j :
nam det(4) = X7, (—1) J a;;det(4;;) . Mpn atom B nepsoii dopmyne uHaekc L
MOXHO 6paTb Nobow, a BO BTOPo GopMyIie MOXET 6blTb MPON3BOJIbHBIM (HO GUKCUPO-

BaHHLIM) uHaekc J . Mepeaa GpopMyna NpeacTaBnsaeT coboii pasnoxeHue No CTpoke, a
BTOpas - pa3noxeHue no ctonbuy. Maea oyeHb npocTas: Afa BblYMCNEHMS onpenenn-
Tens BbIGMpaeTcs NPOM3BOJbHbIN CTONGEL, UK CTPOKA (415 BbINONHEHNS PA3NIOXEHUS),
1 onpenennTenb BbIYNCISETCS Tak: 6epeTcs CyMMa 3/IEMEHTOB 13 BbIOPAHHOW CTPOKU
nnn cTonbua, YMHOXEHHbIX HA ONPeaennTeNlb MUHOPHOM MaTpULbl, NONy4YailoLencsa n3
NCXOOHOW Bbl4EPKMBAHNEM CTPOKU 1 CTONBLA, HA NepeceyeHnn KOTOPbIX HAXOAUTCS CO-
OTBETCTBYIOLLMNIA 3NEMEHT. 3HaKM (NNOC UM MUHYC) CllaraeMblX B CyMMe YEPEayoTCS.

Mbl 6yoemM MCnonb3oBaTh PassioXeHue Mo NnepsBoit CTPOoKe, MosToMy Hawa pabGoyas

_wvn 1+j
dbopmyna BeIMSAANT Kak det(4) = _}'=1(-_1) QAyj det(A 13'). 30€eCb TOMBKO HYXHO
y4ecTb, 4TO B NPOrpaMMe A1 IBYMEPHOr0 MaccuBa MHAEKCALMS 3NEMEHTOB HaunHa-
eTCsl C HyNS.
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Boo6Lue e cuTyaums Takas: Ansa BblYMCIEHNS OnpeaenuTens Matpuubl paHra i = 2
HYXHO BbIYMCNUTb ONpeaenuTeny MaTpuy, paHra n — 1. Ecav paHr aTux MaTpuL, Toxe
Gonblle ABYX, TO A/ BblYMC/EHUA OnpedenuTeneit aTux MaTpuu, creayeT BblYUC-
nnTL onpeaenuTeny mMaTpuu, paHra  — 2, n Tak ganee. Mpouecc 3aeepLuaeTcsi, Kor-

[a paHr MaTpul, A1 KOTOPbIX BbIYMCIISIETCA ONpeaenuTesb, paBeH 2. B atom cnyyae
ncrnonbayeTcsa siBHas dopMyna ojis MaTpuubl paHra gsa. Monyvyaetca cBoeobpasHbli
PEKYPCUBHbI MOAXOA, KOraa Asisl BbIYUCIEHWS] ONPeaennTenst He06XoANMO BblYUCIUTb
onpenenuTenb, HO APYroro oobekTa. 3Ta NAEO0NOrns HaXoOUT CBOE OTPAXEHNE B NPO-
rpaMMHOM KOZEe, paccMaTprvBaeMOoM fanee.

[ ] Ha sameTtky

Boo6ue ¢ MaTpurLuamMm MOXHO BbINOJIHATE MHOIO CaMbIX PasHbIx onepaumii. ns atoro

_I B knacce npuunock 6bl onucaTb psig, A0NONHUTENbHBIX METOA0B. Ho B laHHOM
KOHKPETHOM cJly4ae AJjst Hac UHTepeC NPeAcTaBAseT Npoueaypa BblYMCeHNs onpeae-
NUTEnNs MaTpuLbl, U UMEHHO 3Ta 3ajada peLuaeTcs.

Jlnst yno6eTBa B Kiacce Mat rix onuca MeToJ show (), KOTOPbIM 0TOGpa-
JKaeTcs ColepKUMOe IBYMEPHOTO MacCHBa, a TaKKe OIpe/ieieH OllepaTOPHbBIN
METO/I IIsT MHIEKCUPOoBaHus 00beKToB. [IporpaMMHBbIil KO/ TprMepa MpuBeIeH
B uctunre 11.6.

Jiuctunr 11.6. [iByMepHbiii AUHaMUYECKUiA MACCUB Kak noJe Kiacca

#include <iostream>
#include <cstdlib>
using namespace std;
// Kjacc ¢ OMHAMMUECKMVM OBYMEPHBM MaCCUBOM
// nna peanmus3auMy KBAOPATHHEX MaTPWIL:
class Matrix{
private:

// Toje - ¥MMsa OBYMEPHOT'O MaCCMBA:
double **matrix;

// Tloje - paHr (pasMep) MaTpPWLH:
int rank;

// "TexHuueckuit" meToxm. Boszepamaer 1 wmmm 0:
int s (int a,int b) {
if (b<a) return 0;
else return 1;
}
public:

// KOHCTPYKTOP C LEJIOUUCJIEHHBM ApTyMEHTOM :
Matrix (int r) {

// PaHT MaTpUILEH:
rank=r;
// Co3maHue MaccuBa yKa3aTeJen:
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matrix=new double*[rank];
// Co3maHMe CTPOK IJiS IBYMEPHOTO MacCCHBA:

for (int 1=0;i<rank;i++) {
// CozmaHve MacCUBaA-CTPOKMU:
matrix[i]=new double[rank];

// DreMeHTaM MacCuBa NPUCBAMBAKTCH

// HyJieBHE SHAaUYeHMH:
for (int 3=0;j<rank;j++) {
matrix[i][j]1=0;

}

}
// IecTpykTop:
~Matrix () {
// YmaneHue CTPOK MacCUBa:
for (int 1=0;i<rank;i++) {
delete [] matrix[i];
}
// YmaneHme MaccuBa yKaszaTeJien:
delete [] matrix;
}
// OmepaTopHH METOI IJiS MHIEKCUPOBAHMSA OOBEKTOB:
double *operator[] (int k) {
// PesynbTaT MeToma - yKasaTejlb Ha UMCJIOBOM
// MaccuB (CTpoka OBYMEPHOTO MacCMBa) :
return matrix[k];
}
// MeTonm mjsa OTOOPAXEHMS COIEPXMMOTO
// IOBYMEpPHOT'O MaCCHUBA:
voild show () {
for (int 1=0;i<rank;i++) {
for (int 3=0;j<rank;j++) {
// OTobpaxeHMe SBHAUEHMI BJIEMEHTA:
cout<<matrix[i] [J]<<" ";
}
// Tlepexon K HOBOM CTPOKE:
cout<<endl;
}

// MeTon mJiS BBIUMCJIEHMSAMUHOPHOM MAaTPWIIH :
Matrix *getMinor (int i,int 7J) {
int k,1; // VHOEKCHBIE MEepPEeMEeHHBE
// PaHT MMHOPHOM MaTPMLEH :
int r=rank-1;
// Ykaszaresb Ha O0OBEeKT kJjlacca Matrix:
Matrix *t;
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// CosmaHuMe IOVMHAMUUECKOTO OObeKTa
// wnacca Matrix (0BBeKT IOJid MMUHOPHOM MAaTPWIIH) :
t=new Matrix(r);

// 3BanojilHeHUEe 3SJIEMEHTOB MMHOPHOM MAaTPWIIH :
for (k=0;k<r; k++) {
for (1=0;1<r;1++){
// 3HaueHMVe BJIEMEHTa MUHOPHOM MaTPULIEL:

(*t) [k] [1]=matrix[k+s(i,k)][1+s(j,1)];

}
// PesynbTaT MeToIa — yKas3aTejlb Ha OOBEeKT
// MMHOPHOM MaTpuib (00BEeKT KJjlacca Matrix) :
return t;
}
// MeTon nJjia BHUMCIIEHMS ONPENeNIMTEsIS MaTPULEH :
double det () {
// OnpenmenuTesib MaTPHULE paHTa 2
// (marpuua "2 uma 2"):
if (rank==2) {
return matrix[0] [0]*matrix[1][1]-matrix[0][1]*matrix[1][0];
}
// ECIM paHT MaTpulE OOJblle OBYX:
else{
// "TexXHUUeCKMUM" MHOXUTEJb IJS GOpMYJIH
// BHUYUCJIEHMS ONpeIeNMTesid (3HakK cJjlaraeMoro) :
int sgn=1;
// BHauyeHUe ONpenesIUTEeNId MaTPULH:
double d=0;
// Ykaszareynb Ha OOBEKT kJjlacca Matrix:
Matrix *t;
// BHUUCJIEHME ONpEeIesIMTEsid MaTpPULH:
for (int 3=0;j<rank;j++) {
// Cospahnye oOBEKTa IJIS MMHOPHOM MaTPULE:
t=getMinor (0, 73);
// TpubaBjieHMEe OUEpPemHOTO CJaraeMoro
// TPV BHUMCIIEHUU OIpPEemeSIUTEJNIS:
d+=sgn*matrix[0] [J]* (t->det ());
// VI3MeHseTCsa 3HaK OJd CJeOyllero CcJjaraeMoro:
sgn*=-1;
// Ymandercsa IOMHAMMUYECKUN OOBEeKT
// OjAa yXe MCIOJIb30BAHHOM MMHOPHOM MaTpPMLIE :
delete t;
}
// PesyabTaT MeTOIa:
return d;
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}; // OxoHuaHMe ONMCaHMUA KJacca
// TnaBHasg QYHKUMS MOPOTPAMME:
int main () {
// PazMep CTaTUUeCKOTO MaCCUBA:
const int n=3;
// VIHOEKCHHE [epeMeHHbE
int 1,3
// IOBYMEPHHI CTAaTUUYECKUN MACCUB:
double m[] [n]={{1,2,3},{4,5,6},{7,8,9}};
// Crartuueckuin obbeKT kjacca Matrix (maTpuua) :
Matrix A(n);
// 3anojiHeHMe MaTpMLULE Ha OCHOBE 3HAUYESHUM
// CTarnuyeckoro MaCCHUBaA:
for (1=0;i<n; i++) {
for (3j=0;3j<n;j++) {
// BHadyeHUe BJIEMEeHTa MaTPULL :
A[i][31=m[i1[3];
}
}
cout<<"MaTpuuaA:\n";
// OToBpaxeHMe COIEPXMMOTO MaTPWLIE:
A.show () ;
// OmnpenenmuTesib MaTPMLL
cout<<"det (A)=";
cout<<A.det () <<endl;
// PasMep MaTpPULEH:
int k=5;
// Cospmanye oOBEKTa NJIS MAaTPMULEH :
Matrix B (k) ;
// VHuumanmsaumMs TeHepaTopa CJyUYalHBIX UMCeJ:
srand (2014) ;
// BamnojiHeHVEe MaTPMULB CJIyUYalHEMU UMCIIaMU
for (1=0;1i<k;i++) {
for (3=0;3<k; j++) {
// 3BHaueHme sjeMmeHTa MaTpuus (0,1 wim 2) :
B[i] [J]l=rand () %3;
}
}
cout<<"MarpmuuaB:\n";
// OToBpaxeHue CONEPXMMOTO MaTPULIH :
B.show () ;
// OnpenenvTesib MaTpPULH
cout<<"det (B)=";
cout<<B.det () <<endl;
return 0;
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}

PeByJIbTaT BBITTOJTHEHUA ITPOTPAMMbI MOJKET 6bITb TaKHUM:

PesynbTar BhINONHEHUs nporpammabl (U3 nuctudra 11.6)

MarTpuua A:
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HauboJsiee pUHIMITHATIBHBIM MECTOM B IIPOTPAMMHOM KOJie KJacca

ABJIAETCA, HO)KaJnyI, JBa ME€TO/a:

, KOTOPBIM BbIYUCJIAETCA MUHODP-

Has MaTPUIA, U METOJ| , KOTOPBIM COOCTBEHHO BBIYMC/ISIETCS OMPEIETIH-
TeJIb UCXOAHON MaTpuilbl. Kox Apyrux MeTofoB B IPUHIIKIE J0JKEH ObITh HO-
HATeH 6e3 0COOBIX MOSCHEHUH.

Moppo6HoCcTU

Ha Bcsikuin cnyyait KpaTko BbILEAMM OCHOBHbIE MOMEHTbI. B 4acTHOCTU, B 3aKpbiToe
LiesIo4nCNIEHHOE Mosie 3anncelBaeTCs paHr MaTpuLbl. 3Ha4YeHre nono npucea-
MBaeTCs NPy BbI3OBE KOHCTPYKTOPA. Takxke B knacce 0ObsBNEHO nose

, kKOTOpoe popManbHO ABNSETCS ykasaTesieM Ha ykadaTeslb Ha YMCo Tuna

Ha camom e pene B NnepemMeHHyto 3anncbiBaeTcs agpec NepBoro anemMeHTa
MaccvBa ykasartenen (komaHaa B KOHCTpYyKTOpe). B
oneparope umkna B Tefie KOHCTPyKTopa npu GUKCMPOBaAHHOM 3HA4YEHUN MHOEKCHOM ne-
PEMEHHOM i KOMaHOoM C0303aeTCs HOBbI HACNOBOM

MaccuB (CTpoka s AMHaMU4eCcKoro MaccuBa) U apec NepBoro d/ieMeHTa Co3aaHHo-
ro MaccviBa NpPUCBaMBaETCs 3HAYEHMEM 3MIEMEHTY Maccusa ykasaTtenein. dnemeHTam
4MCJI0BOr0 MaccuBa NPUCBanNBalOTCA HyJIEBbIE 3HAYEHUS: OJ19 3TOro 3arnyckaeTcs elle
OAVH (BHYTPEHHWIN) onepaTop umkna.

B pecTtpykTope cHayana 3anyckaetcs oneparop umkna (nepemMeHHas nepebupaet
VMHAEKChl BCEX 3NEeMEHTOB MaccuBa ykasaTtesnemn), U 3a Kaxabl LMK/ KOMaHOom
yaoanseTcs YMCNOBOW OMHAMUYECKNA MaCCUB, SBNSIOLLMNIACA
CTPOKOWN ABYMepHOro maccusa. o 3aBeplueHnn onepatopa Lmkina KOMaHOomn
yoanseTcs MaccuB ykasaTtenen. Tem cambiM ABYMEPHbIV ANHAMU-
YecKnii MaccmB NpeKpalLLaeT CBOE CYLLECTBOBAHNE, YEro Mbl U 4OOMBANUCH.

OnepaTtopHbIi MeTod Ana UHAEKCMPOBaHUS 06bLEKTOB Ona 3aga-
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HOro UENIOYUCNIEHHOro apryMmeHTa kBO3BpaALLAET B KayeCTBe peadyfbrara 3HavyeHue

. OTO aNeMeHT MaccumBa . Tvn anemMeHTa - yKasaresib Ha YMCno Tuna

. MoaTomMy NpoTOTMN ONEepaTopHOro MeToAa HauYMHAEeTCs C KJIK0YEBOro CnoBa

1 COLAEPXUT 3BE3J04KY * (3TO O3HAYAET, YTO MEeTo[, Pe3ysibTaTOM BO3BpaLlaeT
yKasartenb Ha 3Ha4eHune Tuna )-

Y70 KacaeTcs MeToaa , TO KOZ, Y HErO MPOCTON: C MOMOLLBIO B/IOXEHHbIX Onepa-
TOPOB LMK/Ia NepedrnpatoTcs a/1eMeHTbl ABYMEPHOro MacCrBa 1 NMOCTPOYHO OToBpaxa-
IOTCS1 B OKHe BbIBOAA.

Metop JUUIST BBIUMCJIEHUSI MUHOPHOUW MaTPUIlhI "cO3/aeT” ANHa-
MIYEeCKUI 0OBEKT Kracca . Pe3gysraToM MeTO/1 BO3BpaIlaeT yKa3aTeJb
Ha JaHHBINH 06beKT. [T03TOMy ITPOTOTUI METO/Ia HAYMHAETCS ¢ Ha3BaHUs KJacca

, a TIepesl UMeHeM MeTO/la YKa3aHa 3Be3/I0UKa *. ApryMeHTaMu MeTOIy
MepefaloTcs ABa eJ0UNCAEHHBIX 3HaueHns (0003HaYeHbI TepeEMEHHBIMI 11 ),
OITPeJIEJISIONTIE MHAEKCHI CTPOKU ¥ CTOJIOIA, KOTOPBIE CJEAYET "BHIUEPKHYTH" B
MCXOIHON MaTPHIE IS TOTyYeHUs] MUTHOPHON MaTPHIThL.

Kox Meroga moctaTouno mpoctoit. OObBIAIOTCS ABE 1[eJTOUNCIeHHbIe HHIEKC-

Hble [IePeMEeHHBIE k 1 1, a IepeMEeHHON  IIPUCBANBACTCS 3HAUCHUE (panr
MUHOPHOW MATPUIIBI HA €JIMHUILY MEHBIIIe PAHTAa UCXOIHON MaTpuilsl). Takxke
co3/IaeTcs yKasaresb © Ha 0OBEeKT KJracca (xomaHIa ). Ko-
MaH/I0# CO3/IaeTCsI TMHAMUYECKU I 0OBEKT Kiracca ,

a ajipec 9TOro 0ObEKTA 3AMUCHIBAETCS B YKa3aTe b . Y CO3aHHOTO 0OBEKTa eCTh
JIBYMEPHBIII MAacCHB ¢ HYJIEBBIMH 3JleMeHTaMu. HaMm Hy>XKHO IIpucBOWUTDH 3Haue-
HIST 9TUM 3JIEMEHTAM TaKue, YT00bI 00BEKT COOTBETCTBOBA MUHOPHOI MaTpH-
1e. /1151 3am1omHeHUS IBYMEPHOTO MacCHBa 3AITyCKAIOTCSI BIIOSKEHHBIE OIIEPATOPBI
IIMKJIa, B HUX HHIEKCHBIE TIEPEMEHHBIE & 1 | TPOOEraiT 3HaueHust T ) 10
BKJIIOYMTEJIbHO (TIEPEeMEHHAs © COOTBETCTBYET PAHTY MMHODHOH MaTpPHIIbI ¥ 3TO
Ta TIepeMeHHasI, YTO MepeaBajiach apryMeHTOM KOHCTPYKTOPY TP CO3[AHUH
JIMHAMUYECKOTO 00beKTa). B Tesle BHYTpEHHETO ollepaTtopa IUKJIa BBITOJIHSIET-
cs BCETO OTHA KOMaHIa 1151
IIPUCBaNBaHNs 3HAYEHUS 3JIeMEHTY (C MHAEeKcaMu k U 1) IByMEPHOIO MaccuBa
U3 TMHAMUYIECKOTO 0OBEKTA, Ha KOTOPBIN YKA3bIBAET YKa3aTe b

r— )
= Ha 3ameTky

B BblpaxeHun MCMONb3yeTCs UHOEKCAUMSA AMHAMUYECKOro 0ObekTa, Ha
I KOTOPbIl CCbIIaeTcs yka3aTesb

3HaYeHUs 3JeMEHTOB JINHAMUYECKOTO MACCHBA, 'CHPSATAHHOTO" B AWHAMUYE-
CKOM 0OBEKTE, OTIPE/IETISIIOTCS Ha OCHOBE 3HAYEHUTT 97IEMEHTOB MACCHUBA

TOTO 00BEKTA, U3 KOTOPOTO BBI3BIBAETCST METOJL JlIpaBua mpucsa-
WBAHUS OYEHbD IIPOCTHIE:
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° €CJIn HCpBbeI NMHIEKC MEHbIIIE 3HAYECHUATIEPBOI'O apryMeHTa 1 ME€TO/ia
, TO B MaCCHBeE HepBbeI NMHIEKC JOJIKEH OBITh ,

e ec/ HepBblil MHAEKC « OOoJIblle UKW PaBeH 3HAYEHUIO IIEPBOTO apry-
MEHTa i MeToja , TO B MacCHUBe HEePBBIN MHIEKC
JIOJIKEH OBITh :

*  eCJIM BTOPOH MHJIEKC | MeHbllle 3HaYeHUsI BTOPOTO apryMeHTa | MeToja
, TO B MaccuBe BTOPOI MHAEKC T0JKEH OBbITh |

*  HaKOHeIl, eCJId BTOPOii MHAEKC | GOoJIbIle WK paBeH 3HAYeHUIO BTOPOTO
apryMeHTa ;| MeToja , TO B MacCUBe BTOPOI UH-
JIEKC TOJIKEH OBbITh

YT10661 106UTHCA HY;KHOTO 9ddeKTa MBI UCIOJb3yeM "TeXHUYECKUH" MeTOJ
,B KauecTBe pe3yJibTaTa BO3Bpallaomuil 3HadeHne 0 uam 1. Y MeToza aBa
aprymenTa. Eciu BTOpoii apryMeHT MeHbIIIe TIepBOTO, BO3BPAINAETCS 3HAYEHIE
, @ B IPOTUBHOM CJy4yae Bo3Bparaercd 3Hauenue 1. [loaTomy unHmEKCH Mg
3JIeMEeHTa MacCuBa , COOTBETCTBYIOIIETO JIEMEHTY C WHIEKCAMU k U
JTMHAMUYECKOTO OOBEKTA,0NPEIESIOTCS COOTBETCTBEHHO KaK u

[Tocie TOTO, KaK 3JIeMEHThI MACCHUBA THHAMUYECKOTO 00BEKTA OIIPEIETEHbI, KO-
MaHIOH yKasaTeJIb Ha IMHAMIYECKU 00hEKT BO3BPAIIAETCST PE3YJIb-
TaTOM METOJIA.

Merton LTSI BBIYMCJICHUS OTIPEIETTUTES] MATPUIIBICOCTOUT U3 YCJIOBHOTO
oTiepaTopa, B KOTOPOM TIPOBEPSIETCS 3HAUYCHNE PAHTa MATPUIIHI (3HAYEHUE IO

). Eciu matpuiia BToporo pasra (ycjaoBue WCTUHHO), TO B Ka-
YecTBe pe3yJIbTaTa METOZIOM BO3BPAIaeTCs 3HAUYECHUE BBIPAKEHUSI

. ITO SIBHOE BBIPA-

JKeHUe IS ONpeleIUTENsI MaTPUITBI BTOPOTO paHTa (MaTPUIIBI pa3MepoB "2 Ha
2"). Eciain ke pedb uzjeT o Matpuile 6oJiee BBICOKOTO paHra (ycJoBue
JIO’KHO), TO BBITIOTHSETCS -BeTKa YCJOBHOTO oIlepaTopa. 3/1ech KOMAaH[
ysKe T0O0JIbINe, YeM B MPEAbIAYINEM ciydae. B mepByto ouepesb ¢ HadaabHbIM
3HaYEHNEM | WHUNHNAIU3NPYETCS TeJOUNCIeHHas TepeMenHas . JTa mepe-
MeHHast "OTBeYaeT' 3a 3HAK CJIATAEMBIX B CYMME JIJIsl BBIYUCJICHWS 3HAYCHUS
OTIPEIETUTETIA.

—
I Ha sameTtky
I HarnoMHMM, 4TO 3HaK ciaraeMblx AO/MKEH NOOYEPEAHO MEHSATLCS.
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3HaueHue onpeIeuTe st OyAeT 3alUChIBATHCS B TIepeMeHHY 0 d (HayaJabHOe
3Ha4YeHMe TOi TlepeMeHHoi paBHO 0). Takke KOMaHAON Matrix *t 0OBABIA-
eTcst yKasaresbt Ha 00beKT Kiacca Matrix.

MoppoGHoCcTU

[ns BbluMCNEHUS ONPefenUTENs MaTpuLbl paHra, 60MbLEero Yem [ABa, UCMOJb3yeTcs
PEKYpPPEHTHOE BblpaXKeHWe, B KOTOPOE BXOOAT onpeaennteny MaTpul, paHroB, MeHb-
LLIMX paHra MCXO4HOM MaTpuLbl Ha eANHULY. DTN MaTPULLI (MMHOPHbIE MaTPULLbI) B TENE
MeTona OyayT peanu3oBbIBaTbCHA B BUAE OANHAMUYECKMX OOBbEKTOB. AIpec Takux 06b-
€KTOB HeO6X0AMMO KyAa-To 3anucbiBath. [11a 3Tol Lenv n o0baBAsSeTCs ykasaTesb tHa
006BbEKT knacca

HJIH BbBIYUCJIEHUA OIIPEACTTUTEILA MaTPUILLbL HeO6XOlII/IMO BbIYUCJ/INTDb CYMMY. Ko-
JIMYECTBO CJjlaT'a€MbIX B /ﬁIaHHOfI CyMME€ COBIIAJIAa€T C PAHTOM MaTpPUIIbL. H03TOMy
3allyCKaeTCs OIlepaTop HUKJIA, a B HEM MHAEKCHaA IIepeMEeHHaA Hp06eraeT 3Ha-

yeHus ot O 10 BKJIFOUMTEIBHO. 32 KaXK/IbII IMKJI K 3HAUEHUTO ITepeMeH-
HOM HpuOaBJISETCS OJHO CJIaraeMoe .
Ho niepes sTuM KoMaHm0M co31aeTcs 0OBEKT 1JIs MUHOD-

HOI MaTpUIlbl U aJ[pec JaHHOTO 0OBEKTa 3alMChIBAECTCS B yKazaresab . YToObI
MTOMEHSIJICST 3HAK Y CJIE/LYIOIIEro CIaraeMoro, BBITIOJHSIETCS] KOMaH/a
1, HAaKOHeT[, KOMaH/101 yHaJsieTcst 00beKT ISt MUHOPHOW MaTPHIIBI.

MoppoGHoCcTH

3a kaxabllii UMK CO34aeTCsq OObEKT AJ1 HOBOW MUHOPHOM MaTpuubl. MNocne Toro, kak
KOMaHZbl LUMKIIA BbINOJSHEHbI, MOTPEOHOCTL B TAKOM 0OBLEKTE OTMaAaeT, MO3TOMY OH
yonansetca n3 namatu. BkpaTue cxema takas: umeeTcsd ykasartersb ©, 419 KaX40ro LmK-
na co34aeTcs HOBbI OObEKT kacca , nagpec 06bekTa 3an1cbIBaeTcs B ykasa-
Tenb t. o 3aBeplleHun uykna oObekT yaanseTtcs. [lonyyaeTcs, 4TO 3a pasHbie LUKJIbI
yKasaTtesb ¢ CCbIIaeTCcsl Ha Pa3Hble 0OBEKTHI.

ITo 3aBepiienny orepaTopa IMUKJIa MepeMeHHast ¢ BO3BPaIaeTcs KaK Pe3yIbraT
MeTo/a

Ha aTom ommrcanne mporpaMMHOTO Kojia KJacca 3akanymBaeM. [Ipo-
aHAJM3NPYeM KO (PYyHKITUN

B rraBHOIT (hyHKIIMHU TIpOrpaMMbl 00bsIBIIEHA KOHCTAHTA 11, KOTOPast OTPeIeisi-
€T pa3Mep 10 BTOPOMY MH/IEKCY IBYMEPHOTO CTATUYECKOTO MaccuBa m. Maccus
MHUIMATM3UPOBAH HAOOPOM YHCJIOBBIX 3HAUYEHMUIA.

e
= Ha 3ameTky

Mpu 06BSBNEHNM C OAHOBPEMEHHOW MHMLIMANM3auMei ABYMEPHOro CTaTuieckoro Mac-
I cvBa pasmep no NepBoMy MHOEKCY He ykasaH (MycTble KBaapaTHble CKoOKkuM), a no
BTOPOMY 3a[i@aH KOHCTaHTOM . B Takom cnydae paamep no nepeoMy MHOEKCY onpeaens-
eTcs aBToMaTnyYeckn. HanoMHUM, 4TO Npu 06BSABAEHUN N MHALMANM3auUN OOHOMEPHO-
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ro CTaTM4ecKoro Maccmsa pa3mep Maccmea pa3peLLaeTcs He ykasbiBaTb (onpeaenser-
CS MO KOJINYECTBY 3HAYEHW B CNUCKE NHUUManu3auumn). 1ns AByMEpHOro Maccuea, Kak
BUAMM, CUTyaLMsA Noxoxas, HO He coBceM. [1eno B TOM, 4YTO N0 BTOPOMY UHAEKCY pas-
Mep OOJIXKEH yKa3biBaTbCs 00593aTeNbHO, MPUYEM Pa3Mep AOJIXKEH 331aBaTbCs KOHCTaH-
TOW. 30eCb YMECTHO BCMOMHUTb, YTO ABYMEPHbIV CTAaTUYECKMIA MACCUB - 3TO MacCuB U3
MaccuBoB. [103TOMY BaXHO 3HaTb HE TOJIbKO TUM 3/IEMEHTOB "BHYTPEHHUX" MacCUBOB
(Tex MaccumBOB, YTO ABASIOTCS 3/IEMEHTAMM BHELLHENO Maccmea), HO U nx pa3mep (Ko-
JIN4ECTBO 3N1IEMEHTOB BO "BHYTPEHHEM" MacCuBE).

Komanmoit CO371aeTcsA CTaTHUeCKH 0OBeKT KIacca , OTO-
JKIIECTBJISIEMBIN C KBaIpaTHOM MaTpHUIlei. DJeMEHTHI MAaTPUIILI 3aITOJTHSIOTCS Ha
OCHOBE 3HAUYEeHWH 3JIEMEHTOB MAacCHBa . 3aIll0JTHEHHUE BBITIOTHSIETCS Tak: 3aIly-
CKAIOTCS BJIOJKEHHBIE OTIEPATOPBI IIUKJIA U BO BHYTPEHHEM IIMKJIE BBITIOJTHSETCS

KOMaHzIa JI7IST TIPUCBANBAaHUS 3HAUYEHUS 3JIEMEHTY MacCHBa,
"cnpsiTaHHOTO" B 00BEKTE 2. YOEIUTHCSI B TOM, YTO 3aII0OJIHEHIE BBIMTOJTHEHO Ipa-
BWJIBHO, MOKEM C TIOMOTI[bIO KOMAH/IbI . OnpenenTeb MATPUITHI BbI-

YUCIIETCI KOMAHIOMN

Eure ogun npumMep BbIYUCJIEHUS OLPeAeIUTe s II0Ka3aH I cilydast MaTpUIIbL
panra 5 (paHI MaTpHIIbI OIIpe/leisieTCs 3HaueHueM IIepeMEeHHOM k), 3aIl0JIHeH-
HOH CJIy4alHBIMU TIeJIBIMHU uncaamMu O, 1 nian 2. B maHHOM ciy4yae BaskKHO TO,
4TO PAHT MATPUILBI He 00s13aTeIbHO 33/1aBaTh KOHCTAHTOI -BIIOJIHE CTOIUTCS U
nepemenHast. TakoepearbHO 6sarogapsi MCIOAb30BAHIIO [HHAMUYECKOTO /BY-
MEPHOTO MacCHBa.

Ananusupyst crocob MprcBanBaHKs 3HAYEHUN 9/IeMEHTaM JTHHAMUYECKUX Mac-
CHBOB, €CTECTBEHHO 3a/1aThCsl BOIIPOCOM: TI0UeMy Obl He MCIIOJIb30BATh JJIst JaH-
HoWl nenu ynkiuio? Paszymeercs, Takyio GyHKIMIO Jerko co3natb. Ho ectb
OJITH MOMEHT: c1toco0 Tiepeayr IByMePHOr0 MaccBa apryMeHToM pyHkimu. V1
371eCh, KAK TOBOPUTCSI, BO3MOKHBI BAPUAHTBHI.

11.6. Nepepnava aByMmepHOro maccuea
apryMmeHTomMm yHKUUun

- Jlaowno, sce. Hado umo-mo denamw. /lasaii-ka, moxcem

6oimo, camu usobpemem.

- Bums, ne nado! A npowy mebs. He opasnu nauanvcmeo!
uz x/p "Yapooeu”

B npuHIuiie HUYEro CJI0KHOTO UM OCOOEHHOTO B Iiepejiade JABYMEPHOTO Mac-
cuBa apryMeHToM (GYHKIINU WK METOIy HeT. TeM He MeHee, criocob mepesay 3a-
BHCHUT OT TOTO, KaK UMEHHO peaJu30BaH ABYMEPHBII MaccuB. Bojiee KOHKPETHO,
Ba)KEH THUII MACCUBA: AMHAMIYECKHUH NN cTaTndecKnii. Ecam peds njeT o AnHa-
MHYECKOM MacCHBe, TO HEOOXOIMMO 3HATh TPU TlapaMeTpa: Ha3BaHUe MAaCcCHBa
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1 /IBa YUCJIOBBIX 3HAYEHUS, OTPEETSIIONIAE pa3Mep M0 KaKAOMY U3 WHAEKCOB.
Co06CTBEHHO, ATH TTAPAMETPBI 1 TIEPEAAIOTCST (DY HKITHH.

MopapoGHoCTH

[MoHATb Takon "TpnymMBMpaT” HECNOXHO, €CNU BCNIOMHUTb, KaK peanindyeTcs OBYMEPHLIN
ANHaMUyeckmin maccme. Ha camom gene aTo MaccuB yKasaTenemn, u Kaxabii ykasaTenb
CCbINIAaeTCs Ha OJHOMEPHBIN MaccuB. YTobbl "naeHTUdUUMPOBaTL” NMEPBLIA MacCuB
(mMaccuB ykazaTenemn), Hy>XKHO 3HaTb "TO4YKy BXxoga" (Ha3BaHME MacCcumBa), U KONNYECTBO
3/IEMEHTOB B MaccmBe. 31O ABa napameTpa. Eule ogmH napameTp - pasamep MacCrBOB
(pasymeeTcs, npu ycrnoBumn, YTO BCE 3TV OAHOMEPHbLIE MACCUBbI MMEIOT OAVNHAKOBbLIN
pasmep), Ha KOTOpbIE CCbINAOTCA yKa3aTesnv B MacCuBe ykasaTenen.

Ecnm peub uziet o cratTnyeckoM MaccuBe, TO (hOpMaybHO HYKHO /[Ba TTapaMeTpa:
Ha3BaHME MACCUBA U KOJMYECTBO 37eMeHTOB B MaccuBe. Ho TombKko Temeps mo
3JIEMEHTOM MacCHBa TI0/[Pa3yMeBaiOTCs OJTHOMEPHBIE MACCUBBI (CTPOKH IByMEP-
HOro MaccuBa). [1Jist 9TUX OJJHOMEPHBIX MACCUBOB JIOJIKEH OBITh YKa3aH pasMep.
Pasmep 3amaercs koncTanToii. To ecTh Ha caMOM JeJie Bce paBHO TIOJTy4aeTcs TPH
rmapamMeTpa, IpuiyeM OINH MapaMeTp - KOHCTaHTA.

3aumm guHaMmyeckoro maccusa. B aTom cnyyae cHavana oObsBAsSeTCH CTaTU4ecKuii
MacCuB ykasaTenel 1 eLle HECKONIbKO CTaTUHECKUX MacCUBOB, KOTOPbIE AOJIXKHbI MO-
CNYXWTb CTPOKaMu ABYMEPHOro maccusa. 3aTem Kaxaomy ykasaTenio M3 maccusa
ykasarteseli B kKa4ecTBe 3Ha4eHus NPUCBaMBaAETCS MMS TOrO UM MHOrO CTaTUYEeCKOro
OJHOMEPHOro Maccuea. B pesdynbrate MCXOOHbIN CTaTUYECKUI MacCUB ykasaTenen
MOXHO 06pabaTbiBaTh Kak ABYMEpPHbI MaccuB. MOHATHO, 4TO cnocob nepenayn Takoro
MaccuBa apryMeHToM dyHKUUKN,C OQHOW CTOPOHbI, MOXETHaNoMmHaTb cnocob nepe-
[ayn aprymeHTom yHKUMM AMHaMU4Yeckoro maccusa. Ho y ctaTmyeckoro maccwvia,
OpraHn3oBaHHOr0 ONMUCaHHbLIM BbILLE CMOCOOOM, ECTb OCOBEHHOCTb: €ro pa3mepsbl(no
KaxooMy UHOEKCY)onpenensioTcsl KoHcTaHTamu. bonee KOHKpeTHO, ecnv co3paeTcs
cTaTU4eckuii MaccumB U3 ykasaTeseld, To ero pasmep Ao/keH OblTb 3a4aH KOHCTAHTOM.
Pasmep ctatnyecknx ofHOMEPHbIX MAaCCUBOB, CNyXaLlnx CTpokam ABYMEPHOro ctaTu-
4eckoro MaccmBa, Takxe JOMKHbl ONpeaensiTbCst KOHCTaHToN. Ecnv cooTBeTCTBYIOLWME
KOHCTaHTbl 06bsIBNIEHbI KaK rnobanbHble, TO apryMmeHTamu GyHKUUN UX MOXHO He nepe-
naeartb.

o . Ha 3ameTky
]
CTaTnyeckunin 4ByMepHbIi MacCuB MOXeT ObiTb OpraHvM3oBaH Mo NPUHLMMIY OpraHu-

KpaTko ocranoBuMCst Ha BOTIpOCE Tepeiaykl IBYMEPHOIO MAaCCUBa apryMeHTOM
dyukiun. Haunem cpasy ¢ npumepa, rpeacrasieHHoro B auctudre 11.7. B mpu-
Mepe OIKUCAHO HECKOJIBKO (PYHKIUI, apTyMeHTaMU KOTOPBIM TIePEIaloTCsT Mac-
cuBbl. B yactHOCTH, ecTh QYHKIUS A1 OTOOPasKEHUs COAEPKUMOTO MacCHBa,
(byHKIIUS 17151 3aII0THEHUST IBYyMEPHOTO MAacCUBA CJyYalHBIMU YUCTaMK, (DYHK-
LU JJIS CO3JaHMs IMHAMUYECKOTO MaccuBa U (DYHKIIMS JJIsI YAAJIEHUs AUHA-
MHUYECKOTO MaccuBa. Y (DyHKIIMMA, TPeHa3HAYeHHbBIX JIJIsT OTOOPasKEHMS COIep-
JKHIMOTO MacCHBA 1 3aIl0OJIHEHMSI MACCUBA CJIyYalHBIMU YNCJIAMH 110 JIBE BEPCHUM:
JIs1 pabOTBI CO CTATUYECKUMU U JUHAMUYECKUMU MACCUBAMU.
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Jiuctunr 11.7. Nepepavya fByMEPHOro Maccuesa apryMeHToM GyHKLMK

#include <iostream>
#include <cstdlib>
using namespace std;
// PasMepcTaTnueCcKOTOMacCCuUBa
// Mo BTOPOMY MHIEKCY:
const int size=4;
// OYHKUMSA IJI9 OTOOpaxeHMS SBHAUSHUN BIJIEMEHTOB
// OVMHaMMUYeCKOT'O MaccuBa:
void show(int **p,int m,int n) {
cout<<"IMHaMMUEeCKU Maccus:\n";
for (int i=0;i<m;i++) {
for (int j=0;j<n;j++) {
cout<<p[i] [jI<<"™ ";
}
cout<<endl;
}
}
// ®yHrUMS OJjig oTOOpaxeHVs BHAUYEHUM BJIEMEHTOB
// CcTaruyeckKoro MacCHuBa:
void show(int pl[][sizel],int m) {
cout<<"Crarmueckum mMaccus:\n";
for (int i=0;i<m;i++) {
for (int j=0;j<size;j++) {
cout<<p[i] [§l<<" ";
}
cout<<endl;
}
}
// OYHKUMSA IJIS NPUCBAUBAHUSA CIIYUAMHEIX BHAUEHUU
// BIeMeHTaM IVMHAMMUYECKOT'O MAaCCHUBaA :
void set (int **p,int m,int n){
for(int i=0;i<m;i++) {
for (int j=0;j<n;j++) {
pli]l [Jl=rand() %10;
}

}

// OYHKUMS OJiS NPUCBAMBAHUSA CJIYUAMHHIX BHAUYEHUMN
// BJeMeHTaM CTaTHUUYeCKOI'O MaCCUBA:

void set(int pl[][sizel],int m) {

for (int i=0;i<m;i++) {

for(int j=0;]j<size;j++) {

plil [Jl=rand()%10;

}
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// ®yHKUMSA OJIS CO3IaHUA OUMHAMMUECKOTO MAaCCHBa:
int **create(int m,int n) {
int **p;
p=new int*[m];
for (int i=0;i<m;i++) {
plil=new int[n];
}
return p;
}
// OYHKUUA OJIS yIOaJeHMS OUMHAMUUECKOT'O MacCuba:
void del (int **p,int m,int n) {
for (int i=0;i<m;i++) {
delete [] plil;
}
delete [] p:
}
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// VHuumammsaumMs TeHepaTopa CJYyUalHBIX UMCeJ:
srand (2015) ;
// ViMa IMHaMMYECKOI'O MacCCHUBa:
int **A;
// CospmaeTcsa OMHaMMUYECKMMA MaCCUB:
A=create (3,5);
// DeMeHTaM OVMHaMMUYECKOT'O MacCHuBa
// TpucCBamMBaKTCHa B3HaueHMa (CJydanHee) :
set (A,3,5);
cout<<"Maccume A. ";
// OTobGpaxeHMe SBHAUEHMNA BJIEMEHTOB
// OUMHaMMUEeCKOT'O MacCCUBa:
show (A, 3,5) ;
// CraTuueckmuil MAacCMB U3 yKasaTesenh:
int *B[2];
// CraTuuyecKuil UMCJIOBOM MaCCUB :
int nums([]={1,2,3,4,5,6,7,8,9};
// Ampec MepBOTO 3JIEMEHTa CTATUUECKOTO UMCIIOBOTO
// MaccrBa NpUCBaMBAETCHd 3HAUEHMEM [IEePBOMY 3JIEMEHTY
// crarmMueckoro MaccuBa yKasaTeJen:
B[0]=nums;
// BHaueHue MepBOTO 3JIEMEHTA IOMHAMUUECKOTO
// MaccuBa ykasaTesiell NPUCBaMBAETCHd BTOPOMY 3JIEMEHTY
// crarmMueckoro MaccuBa yKasaTeJen:
B[1]=A[0];
cout<<"Maccume B. ";
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// Orobpaxenue 2-X CTPOK U 5-Tu CTOJOLOB
// VIMOPOBM3UPOBAHHOTO "pBaHOTO" Maccuea:
show (B, 2,5);
// TlpucBamMBaHMe 3HaUYeHM "pBaHoMy" MaCCUBY
// (2 crpoku m 5 crTosbOLOB) :
set (B,2,5);
cout<<"Maccue B (caydamHee umcia).\n";
// OToOpaxeHMe SBHAUEHMIM 3JIEMEHTOB "pBaHoTo"
// mMaccuBa (2 cTpoku M 5 CTOJOLOB) :
show (B, 2,5);
cout<<"Maccue A (m3MeHMyachb l-s crpoka) .\n";
// OroOpaxeHMe BZHAUESHUN BJIEMEHTOB
// IOVHaMUMUECKOTO MaCCUBA:
show (A, 3,5);
// CTaTrYyeCcKMU UMCJIOBOM MAaCCUB :
int C[2] [size];
// 3anojiHeHue CTaTUUYECKOTO UYMCJIOBOTO MacCCHUBA:
set (C,2);
cout<<"Maccus C. ";
// OToOpaxeHMe 3HAUEHUM 3SJIEMEHTOB CTATUUECKOTO
// 4YMCIIOBOTO MaccCHuBa:
show (C, 2) ;
// YmajeHue IVMHAMUUYECKOTO MacCCHUBA:
del(A,3,5);
return 0;

}

Pesynbrat BbITIOTHEHUS IPOTPAMMBI TAKOI:

Pe3ynbTart BbinONHEHUS nporpammbl (M3 nuctuira 11.7)

Maccup A. JMHaMUUECKMUM MaCCUB:
80120

06640

4 0 9 2 4

Maccup B. JIMHaMMUeCKMUM MacCCUB:
12345

8 0120

MaccuB B (crnyudawHbele 4yucia) .
IMHaMMUECKUM MaCCUB :

6 970 4

35836

MaccuB A (M3MeHMJIacb l-s CTpoka) .
IMHaMMUECKUM MaCCUB :

35836

06640



FABA 11. BOSBPALLASICb K MACCUBAM

4 0 9 2 4

Maccup C. CTaTHUUYeCKUM MaACCUB:
6 70 3

37 7 4

B mporpamme 00bABIISETCA 1€JI0YUCTIEHHAS KOHCTAHTA , OIIpeJIesIIIonast
KOJIMYECTBO 3JIEMEHTOB B CTPOKAX JIBYMEPHBIX CTATUYECKUX MAaCCUBOB, KOTOPbIE
Oy/LyT MCIOJIHb30BAaHBI B IIPOTPAMME.

Oyukmms npeiHa3HaYeHa Jisi 0TOOPaKEHUsT COJAEPKUMOT0 MacCHBa.
Ecim maccuB nunaMuyecknii, To (PyHKITMY TiepeiaeTcss UMs MacCUBa U /[BA YHC-
JIa - pa3Mephl MaccuBa. Ecim MaccuB CTaTUYECKUM, TO TTePBBIN apryMeHT QYHK-
1MW OTIMCHIBAETCST KaK . 31ech pa3Mep MaccuBa 110 BTOPOMY
WUHJIEKCY YKa3aH SIBHO, IIPUYEM Yepe3 KOHCTAHTY, ONPEIEeIEHHYIO 10 OIUCAHUS
¢ynximu. Bropoit aprymenT ¢yHKINN orpeessieT KOJUYeCcTBO CTPOK
B IBYMEPHOM CTaTH4ecKoM MmaccuBe. COBepIeHHO aHATOTUYHO OMUCHIBAIOTCS
apryMeHTHl B (QyHKIIUN , IPe/THa3HAYeHHON I/ 3aMI0JIHEHNS MacCHUBOB
CITyYalTHBIMU YUCTIAMU.

[Ipu BBI3OBE DyHKITUU CO3/AeTCsT AMHAMUYECKUH MacCuB. ApryMeH-
TaMu (YHKIIMU TIepeflaloTcs pa3Mepbl MaccuBa. lIpu BwIToSIHEHUN QYHKIUN
MacCCHB CO3/Ia€TCs, a UM 3TOTO MaCCHBa BO3BPAINAETCS KaK pe3ysbraT (QyHKITIH.
[TockosbKy pedb UIET O 1EJTOYNCTIEHHOM JABYMEPHOM JIUHAMUYECKOM MaCCHBE,
TO MM4 TAKOTO MacCHBa - yKa3aTesb Ha yKasaTesb Ha Iiesioe yucyio. Orciona B
npoToTurie GyHKINH KII0YEBOE CIOBO U JIBE 3BE3/I0YKHU

Jlnst ypajieHust TUHAMHUYECKOTO MacCHBa MOJKET OBbITh MCIOJIb30BaHa (DyHK-
us . ApryMeHTBHI (DYHKIINH - UM YAATIEMOTO MAacCUBA U €TO Pa3MEPBHI.
ODyHKIMS He BO3BPAIIAET PE3YJIbTAT.

B ruiaBHOI (hyHKIIUHU [TPOTPAMMBbI ITPOMILITFOCTPUPOBAHBI METOIBI PAOOTHI € OTIH-
CaHHBIMU QYHKIUAMU. Tak, TMHAMITYeCKU 11eJI0UNCTEHHBIIT MAaCCUB CO3/IAeTCSI

KOMaH/I01 . 3amoJiHeHUe CIyYalHBIMU YMCIaMU MACCHBA BbI-
MOJIHSIETCST KOMAaH/IOM . CozepskrmMoe MaccuBa 0TOOpasKaeTcst KO-
MaH/I01 . [l ynanenusi MaccuBa B KOHIIE TTPOIPAMMBbI UCTIOJIb-

30BaHa KOMaH/la

Komanzoit B IporpamMme  OObSBIISIETCS — CTaTHye-
CKUII MaccWB yKasarejJeld W3 JBYX 3JeMEHTOB. Takke KOMaHIOU
VHUITNAIN3UPOBAH CTATUIECKUI

4nCJA0BOU MaccuB. 11ociie BBITTOTHEHIST KOMATH/T MaccuB cTa-
HOBUTCS TIEPBOU CTPOKOW B MaccwBe B (3HaYyeHUWEM 2JIeMeHTa SBJISIETCST
aJipec 1IepBOro 3JiIeMeHTa B MacCUBe ). Bemosnnenne komanaa

MIPUBOJIAT K TOMY, UTO TIepBasi CTPOKA MacCUBa 2 CTAHOBUTCS BTOPOW CTPOKOMA
MaccuBa B (IIpM 9TOM OHa BCe PaBHO IPOJIOJIZKAET OCTaBAThCS TIEPBOU CTPOKOM
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MaccuBa 2). MaccuB B moydmiics "pBaHBIM': €TO TepBasi U BTOPasi CTPOKH CO-
ZepsKaT pa3Hoe KOJNIECTBO 3JIEMEHTOB.

MopapoGHoCTH

BadkHblli MOMEHT CBA3aH BOT ¢ YeM.Ha camom aene AByMEpHOro MaccuBa 2 Kak Obl HET

COBCEM: 3TO OQHOMEPHbIN MaccuB U3 ykasaTenein. Ho 3HayeHns ykasatensam npuceoe-

Hbl Takme, 4TO CO34aeTCH N3US ABYMEPHOrO MaccumBea. [pu 3TOM U3MEHSA 3HaYeHns

B "[IIBYMEPHOM MaccuBe" & Ha camoM Aene Mbl 6yeM U3MEHSATb 3HAYEHUSI B MACCUBE
1 NepBoOM CTPOKEe ABYMEPHOr0 ANHAMMYECKOro Maccmea

Komannoit show (B, 2, 5) 0T06pa>1<aeTc;1 10 IIATH DJIEMEHTOB B KayK/I0M U3
JIBYX CTPOK JByMepHOro Maccusa B. Ho Ha camom ziesie OyyT 0ToOpasKeHbI
[IATh 3JIEMEHTOB MaCCUBA NUMSH IIATh 3JIEMEHTOB MaccuBa A [0].

Komanmoii set (B, 2, 5) yKa3aHHBIM 3JIeMeHTaM IIPUCBAUBAIOTCS CIydaii-
Hble 3HaueHus1. Ho onsaTh ke, peanbHO OyIyT IPUCBaNBaThCsI HOBbIE 3HAYe-
HUS a7eMeHTaM MaccuBOB numsu A [ 0]. [IpoBepuTh cipaBeAimBOCTh JAHHOTO
YTBEPKIEHUSA HECTOMKHO: JOCTATOYHO, HAIIPUMED, BOCIIOJIb30BATHCS KOMaH/Ia-
Mu show (B, 2,5) ushow (A, 3,5).

—
L) Ha sameTky
I Xenatowpme MoryT caMoCcTosTeNbHO NPOCNEANTb, Kak U3MEHUIICA MaCcCUB

Komannoit CO3IAeTCsI CTaTUYECKUI YUCJIOBON MACCHUB U3
IBYX CTPOK. KoJndyecTBO 9/1eMEHTOB B KaXKIOH CTPOKE OIpeNesIeTcss KOHCTaH-
TON . g 3amoHEHNsT TaKOTO MacCWBa CJAYYAMHBIMHU YUCIAMU UCTIOJIb-
30BaHa KOMaH/a , @ 0TOOpaKAETCsA COMEPKUMOE MaCCUBa KOMaHIOi
. Crout 06paruTh BHUMAHKE, YTO MEPBBIM apPryMEHTOM (DYHKIHSAM
rTepeiaeTcs TOJbKO UM MaccHBa. BTOpoil apryMeHT - KOJTUYeCTBO CTPOK B Mac-
cuse. KosimuecTBo cTOJIOIOB YKa3bIBAJIOCh TOJIBKO MpK onucanuu ¢y, [To-
JIy4aeTcs, 4YTO ATOT MapaMeTp Kak Obl "cripsaTan” B THIIE CTATUYECKOIO MaCcCHUBA.
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KOHTEWHEPbI U UTEPATOPbI
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- Imuoepaguueckas sKcneouyus.
- Ilonamno. Hegpmo uweme?
u3 k/¢ "Kaexaszcxas naennuuya”

B 5T0i1 r;1aBe Mbl IO3HAKOMUMCS ¢ TAKMMHU HOBBIMU JIJII HAC IMOHATUSIMU, KaK-
Konmetnepvl U umepamopsl. B npuHInne, HUY4ero ocobo CI0KHOIO 3/€Ch HET.
Ckopee, Mbl 00CY/TUM YK€ 3HAKOMBbI€E BEIIN, HO, TAK CKa3aTh, HA HECKOJIBKO HHOM
ypoBHe abctpakiuu. Mbl GyeM paciiupsTh TOPU3OHTHI HAIIMX 3HAHUI TOCTe-
nerHo. HauHneM ¢ KOHTelHEpOB.

12.1. SHaKOMCTBO C KOHTENHepaMm

- [0e a?

- Tam xce, z0e u 4.

- A evL 20e?

- B asponopmy.

u3 /¢ "Uponus cyovool unu c aeekum na-

"

pom

Eciu xpaTko, To kKormetinep - 970 00bEKT, CIOCOOHBIN "XpaHuTh" B cebe apyrue
006beKThI. MBI ¢ 1101001eM KOHTelHepa yiKe CTaTKIUBAIICh, KOT/IAa HMEJIH JIEJI0 C
00beKTaMU, BHYTPU KOTOPBIX ObLIN "CHPSATaHbl [UHAMIYECKHEe MaccuBbl. Ho y
TaKMX OOBEKTOB €CTh JIBa HeJl0CTaTKa. Bo-1epBhIX, pazmMep IMHAMIYECKOTO Mac-
CHBa, XOTSI U MOSKET OTIPE/IEJISITBCS Ha CTaJINK CO3/[anust 00beKTa, Ipu paboTe ¢
00BEKTOM 0OBIYHO OCTAeTCsT (PUKCUPOBAHHBIM (HY, UJIH, BO BCSIKOM CJIy4ae, MbI
0c060 He MBITAIKCH €10 U3MeHNTH). [y apHEeKTUBHOTO MCIOIb30BAHUSA KOH-
TellHePOB Ba)KHO, YTOOBI MMEJIACh BO3MOKHOCTD I00ABJISITH B KOHTEITHED HOBbIE
00BEKTHI, a TakKe "u3BjeKkarh” (II0NyYaTh 3HAYEHNE ) YAAIATh O0BEKTHI, YiKe
HaXOJAIMECS B KOHTEHepe.

—
.
Ha 3ameTky
I KoHKkpeTHble onepauuvm, 4onyCTUMbIE C KOHTEMHEePOM, 3aBUCAT OT TUMNa NocnenHero.

Bo-BTOpBIX, B MaccuBe cOEperaioTcsi 3HAYEHNST TOJIBKO ONPENEJIEHHOTO THUIIA.
Jlnst konTeiirepa 6osiee XapakTepHa CUTYaIusl, KOT/Ia KJIacc, Ha OCHOBE KOTOPO-
TO CcO3/aeTcsi KOoHTefinep, siBistercst 00obmenubiM. Ha si3bike pacCMOTPEHHBIX
paHee IPUMEPOB 3TO 03HAYAET, YTO KJIACC C JUHAMMYECKUM MAacCHBOM JIOJIKEH
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6bITh 06001eHHbIM. Co3/1aBast Ha OCHOBE 0000IIEHHOTO KJIacca 0ObeKT, MOJIy-
YUM BO3MOKHOCTH CHENU(MUIIMPOBATh TUII 9JIEMEHTOB MacCUBa, "CIPATAHHOTO"
B 00BbEKTE.

— Ha 3ameTk
) v

B ctaHpapTHOM 6ubnnoteke wabdnoHoB STL nMeeTcs MHOXECTBO KOHTENHEPOB (TO eCTb

I LWabNOHHBIX KTACCOB, NO3BONSIOLLMX CO30aBaTb HA MX OCHOBE OOBHEKTbI-KOHTENHEPDI).
Cpenun Hanbonee BOCTPEOOBAHHbLIX KOHTEMHEPHBIX KIIACCOB MOXHO BbIAENUTb vec-
tor (BEKTOp - aHanor AMHaMM4yeckoro Maccrea nepemMeHHoro pasMmepa ¢ BO3MOXHO-
CTblO MPON3BONBHOIO JOCTYNa K anemMeHTam), 1ist (CNMCOK - aHanor AMHaMu4eckoro
MaccuBa NepemMeHHOro pasmepa c nocnefoBaTesfibHbIM AOCTYNOM K 31ieMEHTaM), 1nu,
Hanpumep,map (aCCOUMATUBHBIN KOHTEHEP, KOTOPbIN MHOMAA Ha3biBalOT CNIOBapeM -
Habop 31EMEHTOB C JOCTYMNOM K HUM MO KJToYY).

Boobie, st IpakTHYECKOTo MCIOJMb30BaHUsT JIydlie MPUOErHyTh K CTaHIapT-
HBIM KOHTeiTHepaMm, onrcanHbiM B Orbinoreke STL. OqHaKO MOCKOJIBKY HAC HH-
TepecyeT He TOJTBKO KOHEUHBIN Pe3yJIbTaT, HO U "HAe0J0THIecKas Mooriexa”,
TO MBI PACCMOTPUM HECKOJIBKO MPUMEPOB, TPU3BAHHBIX MO MPUHITUNY "Hapac-
TaHus" MOSICHUTb OCHOBHBIE II0AXO0Abl OTHOCUTEJIbHO MCIIOJIb30BaHUA KOHTEN-
HEPOB.

Haunewm ¢ oueHb mpocTOif TPOrpaMMBbL. JTa MPOTPAMMa - MOIUMUKAIINS TIPUMe-
POB, B KOTOPHIX PacCMaTPUBAJIUCH KIACCH C AMHAMUYECKUMHU MaccuBaMu. Mbl
HIOCTETIEHHO OY/IEM YCIIOKHSTD IPUMEP, a OTIIPABHOI TOUKOI TIOCTYKHUT KITACC C
1IeJIOYNCIEHHBIM TUHAMUIECKUM MAacCUBOM. MBI TPAIUITMOHHO TIPELYCMOTPIM
BO3MOKHOCTDh MHIEKCHPOBAaTh 00beKThI. Ellle B MporpaMme peajnsyercsi BO3-
MOKHOCTD JI00aBUTH 9JIEMEHT B MACCUB (MIPUYEM HE TOIHKO B HAYAJIO MU KOHEI
JMUHAMUYECKOTO MACCUBA, HO U B YKa3aHHOE MECTO MAaCCUBA), YIAJSATh 3JIEMEHT
MacCHBa C YKa3aHHBIM MH/IEKCOM, BBITIOTHATD TIOJHYTO OYUCTKY MacCHBA.

Moppo6HocTU

Mockonbky NPOrpaMmHbIi KO, 1 Tak NONy4aeTcsl HEManeHbKUM, Mbl CYLLLECTBEHHO C3KO-
HOMWM, HE OnuCbIBasi pa3Hble BapnaHTbl KOHCTPYKTOPOB (B NepBYio o4epeb KOHCTPYK-
TOp co3paHus konuu), He ByaemM onmcbiBaTb ONeEpPaTOPHbIV METOL AJ1 onepaTopa npu-
cBauBaHWs U, COOTBETCTBEHHO, He OyaeM "TecTMpoBaTh” COOTBETCTBYIOLLME Onepauun.
BmecTe ¢ Tem, npu co3aaHum "HacToswero” KoHTeliHepa Habop yTunanT OosxeH OblTb
nosiHeiM. Te, KOro MHTEPECYET BOMPOC C OMMCaHUEM KOHCTPYKTOPA CO34aHUs KONun u
onepaTtopa NpucBanBaHnsi, MOryT OCBEXWTb B NaMsaTV NPUMEPbI, PACCMOTPEHHbIE pa-
Hee B KHure.

Paccmotpum mporpammy, mpeactaBierHyio B guctuaTe 12.1. OCHOBY mTaHHOTO
MIpUMeEPA COCTABJISIET KO/l Kiiacca Vector. Y Kjacca JBa TOJIs: [eJI0YNCIeHHOe
mosie length ompesesnsieT pa3Mep INHAMUYECKOTO MAaCCHUBA, a TI0JIe-yKa3aTeb
Ha I1eJIOYNCIIEHHOE 3HaYeHne v 0003HavaeT Ha3BaHue THHAMUYECKOTO MacCHBa.
[TommMo cTaHmApPTHBIX METOAOB (KOHCTPYKTOPA, AECTPYKTOPA, OMEPATOPHOTO
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METOZa /I UHAEKCUPOBAHUS OOBEKTOB, M METOJA AJIsI OTOOPAKEHUS COAEPAKN-
MOTO MacCHBA), B KJIACCE OMUCAHBI CJIeYTIOIINE METOIbI:

* Merox insert () MO3BOJISIET BCTABUTH HOBBIM 3JIEMEHT B MacCUB. Ap-
TYMEHTaMW METOY TepeaioTCss WHAEKC TO3UTINH, B KOTOPYIO BCTABJI-
€TCs 9JIEMEHT, U 3HAUEHUeE DJIEMEHTA.

e  Merog push back () MO3BOJIsIET BCTAaBUTh HOBBIN 2JIEMEHT B KOHEI[
MaccuB. ApTYMEHTOM METOMy TepefaeTcs 3HaueHne TaHHOTO 9JIEMEHTa.

e  Mertogx push front () I03BOJIIET BCTABUTD HOBBIH 3JIEMEHT B HA4YaJI0
MaccuB. APTYMEHTOM MeTO/Iy MepelaeTcs 3HaUeHUe 3TOTO 2JIEMEHTA.

e Metog erase () IIO3BOJIIET YAQJIUTh 2JEMEHT ¢ UHAEKCOM, IIeperIaH-
HBIM apTyYMEHTOM METO/Y.

* Merox clear () npeaHasHaveH AJId YAAJEHUs BCeX 3JIEMEHTOB U3 Mac-
cuBa.

*  Meronpop back () yxausieT HOCIeIHUH 3IeMEHT B MacCUBe.
* Merogpop front () yaauser nepBbIi 37IeMEHT B MaCCHBE.

* MeromoM size () B KauecTBe pe3yJibTaTa BO3BPAIAETCS KOJUYECTBO
9JIEMEHTOB B MaCCUBe.

I Ha zameTtky

I B 6ubnunoteke STL ecTb knacc vector. KOHTelHEepHbI Knacc Vector, KOTOPbIA Mbl
onucbIBaeM 34ecb, NPeAcTaBnsieT coboli 0HeHb CKPOMHYIO MOMbITKY Npoay6nnposatb
(B HEKOTOPBLIX MOMEHTax) 6MBAMOTEYHbIN KJlacc vector.

MeTtonpl, mompa3yMeBaloIiie BCTaBKY WU yIaJeHNe 2JIeMEHTOB, PeaTu3yioTcs
10 OTHOI 00I1Iell cXeMe: B COOTBETCTBUH CO CMBICJIOM OIEPaIii, KOTOPYIO CJie-
IIyeT 3aIIPOrPaMMUPOBATh, CO37IAeTCSI HOBBIM IMHAMIYECKU MACCUB, 3aITOJTHS-
eTcs "TpaBUIIbHBIM " 00Pa30M, MIOCJIE Yero STOT HOBBII MaCCUB CTAHOBUTCS 110-
sieM o6bekTa. [Tocsentee eiicTBIE BBITTOIHSIETCST OY€Hb IIPOCTO: YKA3aTeII0 VB
KaveCcTBe 3HAUeHUs TPUCBANBAETCS aJ[pec HOBOTO CO3JaHHOTO MaccuBa. Terepb
MTpOaHATU3UPYEM ITPOTPAMMHBIN KO

Jiuctunr 12.1. KonteitHep ans Lenbix yncen

#include <iostream>
using namespace std;
// AHAJIOT KOHTEMHEPHOTO KJacca:
class Vector{
private:
// Pasmep Maccupa:
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int length;
// VMsa mMaccuBa:
int *v;
public:
// KoHCTpyKTOp:
Vector (int s,int val=0) {
length=s; // PasMep MaccuBa

// CospmaHuMe MaccuBa:

v=new int[length];

// 3anojiHeHMe MaccHBa:
for (int i=0;i<length;i++) {
v[iil=val;

}

}
// IecTpykTop:

~Vector () {
// YmaneHue MaccuUBa:
delete [] v;

}
// MeTom BO3BpallaeT pasMep MaCCHUBA:
int size () {
return length;
}
// OmepaTopHH METOI IJiS MHIEKCUPOBAHMSA OOBEKTOB:
int &operator([] (int k) {
return v[k];
}
// MeTonm OJia BCTaBKM 3JIeMEHTa B MAaCCUB:
void insert (int m,int wval) {
// "YTouHeHue" MecTa BCTABKMN:
int k=m;
if (m<0) k=0;
if (m>length) k=length;
int *t,i;
// HOBEIM MacCUB:
t=new int[length+l];
// BanojiHeHMeMacCCHuBa :
for (1=0;1i<k;i++) {
tli]l=v[i];
}
tlk]l=val;
for (i=k+1;i<=length; i++) {
t(i]=v[i-1];
}
// YmaneHue "craporo" Mmaccuba:
delete [] v;
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// HoBOe 3HaueHMe MacCUBa:
v=t;
// HOBEIM pasMep MaccCuba:
length++;
}
// MeTom OJia OUMCTKM MacCUBa:
void clear () {
// YmameHue MaccuBa:
delete [] v;
// Hymnepol ykasaTesb:
v=0;
// HyrneBasa »OjamMHa MacCHUBa:
length=0;
}
// MeTon mjida ymajleHUsa 3BJIEMEeHTa:
vold erase (int m) {
// "YTouHeHMe" MHIEKCa yHOaJIseMOI'o 3JIEeMEeHTa:
int k=m, i;
if (m<0) k=0;
if (m>=length) k=length-1;
int *t;
// HOBEIIMaCCUB :
t=new int[length-1];
// 3amnojiHeHMe HOBOTO MacCCKBa:
for (1=0;i<k; i++) {
tli]l=v([i];
}
for (i=k;i<length-1;i++) {
t[{i]l=v[i+1l];
}
// YmajeHue CTaporo MacCUBA:
delete [] v;
// HoBOe 3HaueHMe MacCUBa:
v=t;
// HoBas mjamMHa MaccuBa:
length--;
}
// Meron nijsa moOaBlieHMSA 3JIeMeHTa B KOHEl, MacCUBa:
void push back (intval) {
insert (length,val);
}
// Meron nissa moOaBJieHMA SJIeMEeHTa B Haudajio MacCUBa:
void push front (intval) {
insert (0,val);
}

// MerTonm nOJjsa ymaJieHMsa [OCJIegHero 3JIeMeHTa:
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void pop back() {
erase (length) ;
}
// MeTon mjsa yHaJiIeHUS [epPBOTO BJIEMEHTA:
void pop front () {
erase (0);
}
// MeTon myisa OTOOpPaXeHMSI COOSPXMMOTO MacCCHUBA:
void show () {

if (length==0) {
cout<<"HeT =3HaueHui.\n";
return;

}
for (int i=0;i<length;i++) {
cout<<vi[il<<" ";
}
cout<<endl;
}
}; // OxoHuaHMe ONMCaHMS Kjlacca
// TmaBHasa GOYHKUMA OPOTPAMME :
int main() {
// OBBEKT-KOHTEMHED :
Vector a(5,1);
// PasMep Maccupa:
cout<<"KosmuecTBO 3JieMeHTOB: "<<a.size ()<<endl;
a.show();
// BcTaBka 3JIeMEHTa B MAaCCUB:
a.insert (3,0);
// PasMep Maccusa:
cout<<"KonmuecTBO 3JIeMeHTOB: "<<a.size ()<<endl;
a.show () ;
// OumucTka MaccuBa:
.clear();
.show () ;
// BcTaBka 3JIeMeHTa B IIyCTOM MaCCUB:
a.insert (0,0);
// IobaBjieHue 3JIEMEHTOB B KOHEl M Hadajlo MacCHUBa:
for (int i=1;1i<=5;i++) {
a.push back(i);
a.push front (-1i);

o o

}
a.show();
// YmaneHue 3JIeMEeHTa M3 MacCUBa:
a.erase (5);
a.show () ;
// YmajeHue MOCJEeIHEerO U MNEePBOTO BJIEMEHTA:
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a.pop_back();
a.pop_ front();
a.show () ;
return 0;

}

PeByJIbTaT BBIITOJIHEHUA ITPOTPAaMMbI TaKOM:

PesynbTar BhINONHEHUS nporpammebl (U3 nuctudra 12.1)

KonmmuecTBO B3JIeMEHTOB: 5

11 1 1 1

KosimuecTBO B3JIEMEHTOB: 6

11 1 0 1 1

HeT 3HaueHwMl.

-5 -4 -3 -2 -1 0 1 2 3 4 5
-5 -4 -3 -2 -1 1 2 3 4 5

-4 -3 -2 -1 1 2 3 4

Y KOHCTpyKTOpa /1Ba apryMeHTa: TIEPBBIH apryMeHT OIpefiesigseT KOJTUIeCTBO
2JIEMEHTOB B MaCCHBE, a BTOPOH apryMeHT (¢ HyJeBbIM 3HAUeHUEM IO yMOJIda-
HUIO) - 3HAUEHIe, IPUCBANBAEMOE dJIEMEHTaM MaCCHBa IIPU CO3[aHUU OOBEKTA.
B tese KoHCTpYKTOpa co3faeTcsl JMHAMUYECKUN MacCUB, 3JIEMEHTBI KOTOPOIO
MOTYYalOT 3HAYEHNU .

B nectpykTope mpoucxoauT yaanieHne IMHAMITYECKOTO MAaCCUBA.

ITpocroit xon y MeToma . pesyJBTaTOM MEeTOJ/i BO3BpaliaeT 3HaUeHWe
OJIsg (pasmep MaccuBa).

OnepaTopHbIM METOJOM IUIST apryMeHTa BO3BpalllaeTcs
ccoliKa Ha dJIEMEHT . Braromapst aToMy MOXHO WHAEKCHPOBATH OOBEKTHI
KJIacca KaK IIPpY CYNTHIBAHUM 3HAUEHU, TaK U ITPU TPUCBAaUBaHNU 3Ha-
YeHUH 21eMeHTaM MacCHuBa.

Y metonma IIBA apryMeHTa: WH/EKC TIO3UITUH JI7Is1 BCTAaBKY HOBOTO Jie-
MEHTa, U 3HaUEHUE BCTABJSIEMOTO 2JieMeHTa. B Tesie MeTo/1a BBITIOIHSIETCS TIPO-
BepKa KOPPEKTHOCTH 3HAYEHUsI WHIEKCA. JIJIst 9TOr0 0OBSIBIISIETCS TIepeMEHHAs

, KOTOPOIi NPUCBAaUBaeTCsI 3HAUEHUE TePBOTO aprymenta mertona. Ho 3arem
TTOCJIEZIOBATEILHO TIPOBEPSIETCS IBA YCIOBUS: €CJIA TIEPBBIN apTYMEHT OTpHIla-

TeJIbHBIN, TIepEMEHHON MIPUCBANBaeTCd HyJIeBoe 3HAUEHUeE, a eCJIU MepBBIN
apryMeHT MeTojia 0oJIblile IJIMHBI MAaCCUBA, TO 3HaYeHUe TIePeMEeHHON k  ycTa-
HaBJIUBAETCS PAaBHBIM (mmHa MaccuBa). Takum 06pa3oM, eCJIi HHAEKC

YKa3aH HEKOPPEKTHO U OH OTpHHaTe]IbeIfI, TO BCTaBKa HOBOI'O 9JIEME€HTA BbI-
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IIOJIHETCSI B Havajo MaccuBa. Eciu WH/IEKC TIPEBbIMIAECT AJIMHY MacCCHBa, TO
BCTaBKa HOBOTO 3JIEMEHTA BbITIOJIHAETCA B KOHEI MaCCHBa.

] Ha 3ameTky

I MNopo6Has npoueaypa "yTOYHEHUS" MHAEKCA BLINOJIHAETCS U B METOAE

B Tesie MeToma KoMaHI0M CO3/1aeTCsI HOBBIU AVHAMMU-
YeCKUI MacCUB, U €ro JJIMHA Ha eJIMHUILY OOJIbIIE JIJIMHBI HCXOAHOTO MACCUBA, B
KOTOPBIH BBITIOJIHSIETCS BCTaBKa. Jlaee BBITIOTHSIETCS 3aMOTHEHNEe 3HAYEHISIMI
3JIEMEHTOB 3TOTO HOBOTO MaccuBa. [lockosbKy BCTaBKa BBIMIOTHSAETCS B MO3U-
IIMIO C UHJEKCOM k, TO B HOBOM M MCXOJHOM MaCCHBaX 9JIEMEHTHI C MHIEKCaMU
ot 0 110 coBmazaioT. [loaTomy 3amyckaeTcs omepaTop IIUKJIA, B HEM WHAEKC-
Hag HepeMeHHas | mpoberaer 3HaYeHU OT O JI0 BKJIIOUUTEJIBHO, U B TeJie
orepaTtopa IUKJIa BBITTOJHIETCS KOMaH/a . JHaueHUe 3TEMEHTY C
WHJIEKCOM k TIPUCBAaWBAETCSI KOMAHAOMN (uepes 0603Hau€eH BTO-
POIi apryMeHT MeToJIa - 3HaYeHue, J0OaBJIsIeMOe B MAaCCHUB).

J11s1 271eMEeHTOB B HOBOM MAaCCUBE C MHJIEKCAMU, HAUMHASI C , 3HAUYEeHUs CIBU-
HYTBI" IT0 CPAaBHEHUIO UCXOITHBIM MAaCCHBOM Ha OFHY TTO3UIINIO BIIpaBo. Iloatomy
B CJIE/IYIOIIEM IIMKJIe HHAEKCHas lepeMeHHast i mpoberaer 3HaueHust OT it}

, 1 B TeJIe OIlepaTopa BHITOTHSIETCS KOMaH/Ia , 4TO COOT-
BETCTBYET CABUTY 3JIEMEHTOB HA OJIHY TTO3UITHIO.

ITocne TOI'O, KaK HOBBIII MACCHB 3allOJIHEH, KOMaH/I0H YaAaJisgaeTcsa
CTaprfI MacCCHuB, a 3aTEM KOMaHILOIL/,I HOBBII MAaCCUB CTAHOBUTCS MOJIEM 00b-
€KTa. HaKOHeH, KOMaHI[OfI B COOTBETCTBUU C YBEJIMYEHUEM pa3Mepa

MacCCHBa, Ha €AVMHUILY YBEJIUYNUBACTCA U 110JI€

MeTop jjisi OYMCTKU MaccuBa He MMeeT apryMeHTOB U He BO3Bpa-

IaeT pe3ysabraT. B Tese MeToma KOMaHAON yaansgercsa Mac-

CUB, TIOJIO MIpUCBAMBaeTCd HYJIeBOHW yKazaTedb (KOMaHZa ), a ToJIio
MPUCBAaNBAETCS HYJIEBOE 3HAUEHHE.

Merton MpeHa3HaueH 71 ylaJeHus 3JIeMeHTa U3 MacCuBa. APTyMEHT
MeTO/Ia -UHIEKC dJIeMeHTa, KOTOPBIH cefyeT yAaauTh. B Tese MeTosa 3HadeHue
WHJIEKCA TTPOBePSeTCS Ha KOPPEKTHOCTD: €CIN yKa3aH OTPHUIATeTbHBIN NHIEKC,
TO YIaJIIeTCs TIePBHI 2JIEMEHT (C HyJIeBBIM HHAEKCOM ), & €CTU UH/IEKC CAUTIKOM
GOJIBITION, TO yIAJISIETCS TOCTIEHUN 3JIEMEHT B MACCHBE.

Hosbiii  MaccuB  (Ha  3aMeHy  MCXOJHOMY)  CO3/laeTcsl  KOMaHAOU

. B HOBOM MaccuBe Ha OAWH 37IeMEHT MEHBIITE, YeM B
UCXOAHOM (TIOCKOJIBKY M3 MCXO/THOTO OJIMH 3JIeMeHT yaasiercs). VHaeke yaa-
JIIEMOTO0 3JIeMeHTa OIpe/iesisieTcs epeMeHHoN k. Ecam wHaeke 1 3JIeMeHTOB B
HOBOM MacCHBa JIEKUT B iMara3one ot 0 10 , TO 3HAUEHUE 2JIEMEHTOB B HO-
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BOM U CTApOM MacCHBaX cOBMaAaioT. [[03TOMy B COOTBETCTBYIOIIEM OTIepaTOpe
IIUKJIa BBITIOJHSIETCS KOMaH/a . Ectn nnnexc aseMeHTOB B HOBOM
MaccuBe TIOTIaIaeT B ANATIa30H OT k10 , TO UH/IEKCHI CMETIIeHbI HA eJTH-
HUILY: B OIIePaTOpe IUKJIA BBITTOIHIETCS KOMaH A . Crapprii mac-
CUB yAQISIETCS KOMAaHIOM , IIOCJIE 4ero KOMAaHIOM yKazaTeJib
"nepebpachiBaercss” Ha HOBBIH MacCHB. 3HA4YEHHE TIOJIS KOMaH/I01
YMEHBITAETCS HA eTUHUILY.

Metomst u UCIOJIB3YIOTCA B METOJAx ,
, 141 JU14 BCTAaBKU U yAJICHUA dJIe-
MEHTOB B Ha’yasl0o M KOHEI[ MaccuBa. APryMeHTaMU MeTOIaM u
repeziaiotes obaBisieMble B MACCUB 3HAYEHUS, & Y METO/IOB

u apryMEHTOB HET.

Meton OIKCAH TaK, YTO JIJIi HEIYCTOTO MacCHUBa 0TOOpakaeTcs: Habop
3HAYEHMH €ro SIEeMEHTOB, a B CJIydae IIyCTOr0 MaccuBa 0ToOpaKaeTcs cooblie-
HUe 00 OTCYTCTBUY 3JIEMEHTOB.

[Ipu BeITIOTHEHUY TTPOTPAMMBI KOMAHIOM co3/1aeTCsA 0OBEKT

, MACCUB B KOTOPOM COJEPKUT 5 2JI€eMEHTOB, U 3HAYEHHE KaXKIO0ro djaeMeHTa
paBHO . Pazmep MaccuBaB 0GbeKTe OnpeessieM KOMaHI0i . Koman-
oM B MAacCHUB Y€TBEPTHIM cJeBa (COOTBETCTBYET UHIEKCY 3)
BCTaBJISIETCS JIEMEHT C HYJIeBbIM 3HadeHneM. Komanoit BBIIIOJIHSI-
eTCsl OYMCTKA MacCHBa, TIOCJIE YeTO OH He COJEP:KUT aeMeHTOB. Iloce BbImoJ-
HEeHMsI KOMaH/[bl MaccHB O6yIeT COCTOSATH U3 OJHOTO dJIeMEHTa
C HYJIEBBIM 3HaUeHUeM (BCTaBJIIETCS 37eMeHT O B TO3UIUIO ¢ WHAeKcoM (). B
orieparope IUKJIa, B KOTOPOM MHIEKCHas TiepeMeHHas i mpoberaeT 3HaYeHUsT OT

10 5 KOMaH[01 YKCJIO i JOIUCBHIBAETCS B KOHEI[ MaCCUBa,
a 4nciio KOMaH[0M nobaBJsgeTcsa B Hauajio MaccuBa. B
pe3yJIbTaTe T0c/Ie BBITOJHEHUS OIlepaTtopa IMKJIa MacCUB OY/IeT COCTOSITh U3
2JIEMEHTOB C 1[€JIOYNCJICHHLIMU 3HAYEHUSIMU B IMAIIa30HE OT — 5 JI0

Komanmoit yaasseTcs 2JeMeHT ¢ uHaekcoM 5 (uuciio O B cepe-
nuHe MaccuBa). Komannoit yAanseTcsd TMOCTAeHNN 2JIeMeHT
MaccuBa (IUCTO 5), a KOMaHION YAQISIETCS TTePBBIN 9JIEMEHT
MaccuBa (4ucyo —5).

Ha caieytomem ararme HaM IPeACTOUT "TIPEBPATUTH” KJIace B 0000111eH-
HBII KJaacc. PaboTa 9Ta B OCHOBHOM "TeXHHYECKass" M CBOAUTCS K TOMY, YTOOBI
B COOTBETCTBYIOIIUX MECTaX MPOTPAMMHOTO KOJIa 3aMEHUTD TUTI Ha mapa-

MeTp, obo3Havaonmit 0606menHbIil Tut. HoBast Bepcust paccCMOTPEHHOTO BbIIIIE
npuMepa IpecTaBiena B auctunre 12.2.
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Jinctuur 12.2. KoHteliHep Ha ocHoBe 0000L1eHHOro Knacca

#include <iostream>
using namespace std;
// OBOOmEHHEM KOHTEMHEPHHIM KJaCC:
template <class X> class Vector{
private:
// PasMep Maccupa:
int length;
// ViMa MaccuBa:
X *v;
public:
// KOHCTPYyKTOD:
Vector (int s,X wval) {
length=s; // Pasmep MaccuBa
// Co3maHve Maccusa:
v=new X[length];
// BamosHeHMe MacCHUBa:
for (int i=0;i<length;i++) {
v[i]=val;
}
}
// IecTpyKTop:
~Vector () {
// YmaneHue MaccuBa:
delete [] v;
}
// MeTon BO3BpamaeT pasMep MacCHUBa:
int size () {
return length;
}
// OnepaToOpHHI MEeTOn IJiS MHIOEKCHUPOBAHUS OOBEKTOB:
X &operator([] (int k) {
return v[k];
}
// MeTon mJjia BCTABKU BJIEMEHTA B MAaCCUB:
void insert (intm, Xval) {
// "YTouHeHMe" MecTa BCTaBKM:
int k=m;
if (m<0) k=0;
if (m>length) k=length;
X *t;
int i;
// HOBEIM MacCCUB:
t=new X[length+l];
// BamosHeHMe MacCHUBa:



for (1=0;i<k;i++) {
tlil=v[i];

}
tlk]l=val;

for (i=k+1;i<=length;i++) {
t[i]=v[i-171;
}
// Ymnamnenme "craporo" Mmaccusa:
delete [] v;
// HoBOe 3HaueHMe MacCUBa:
v=t;
// HOBEIM pas3Mep MacCuBa:
length++;
}
// MeTomn mOJia OUMCTKU MACCUBA:
void clear () {
// Ymamehnue maccuBa:
delete [] v;
// HyJjeBol ykKasaTeJb:
v=0;
// HyrneBas nOjmMHa MacCHUBa:
length=0;
}
// MerTonm nOJjda yIaJieHMS SJIeMeHTa:
void erase (int m) {
// "YTouHeHmMe" MHIEKCa yHNajgeMOoTO 3JIeMeHTa:
int k=m,i;
if (m<0) k=0;
if (m>=length) k=length-1;
X *t;
// HOBEIIMACCUB :
t=new X[length-1];
// 3BamnojiHeHue HOBOTO MAaCCUBA:
for (1=0;1i<k;i++) {
tli]l=v[i];
}
for (i=k;i<length-1;i++) {
t[i]=v[i+1l];
}
// YmnajeHre CTaporo MacCUBa:
delete [] v;
// HoBOe 3HaueHMe MacCUBa:
v=t;
// HoBasa mOjamMHa Maccuba:
length--;
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// Meron mia moBGaBJieHUS 3JIeMEeHTa B KOHEel MacCHuBa:
void push back (X val) {
insert (length,val);
}
// Meron myia moBaBJieHMA 3JIeMEeHTa B Hadajlo MacCuBa:
void push front (X val) {
insert (0,val);
}
// MeTon myda ymajleHUda I[OCJIeOHEeTO 3JIeMEeHTa:
void pop back() {
erase (length) ;
}
// MeTon nig yOajieHUs [NEepBOTO 3JIEMEeHTa:
void pop front () {
erase (0);
}
// Meron misa oTOOpaxeHMUs CONEPXMMOTO MacCCUBA:
void show () {

if (length==0) {
cout<<"Her sHauyeHwuii.\n";
return;

}
for (int i=0;i<length;i++) {
cout<<v[i]l<<" ";
}

cout<<endl;
}
}; // OxoHuaHMe ONMCaHMUA KJacca
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {

// OBBEeKT-KOHTEeMHEep :
Vector<int> a(5,1);
// PasMep Maccusa:
cout<<"KonmuecTBO 3JIeMEeHTOB: "<<a.size ()<<endl;
a.show();

// BcTaBkKa 3JIeMeHTa B MaCCUB:
a.insert (3,0);
// PasMep Maccupa:
cout<<"KomamuuecTBO 5JeMeHTOB: "<<a.size ()<<endl;
a.show();

// OumMcTka MaccuBa:
a.clear();
a.show();
// BcTaBka 3JIeMEHTa B IIyCTOM MaCCUB:
a.insert (0,0);
// IDobaBjleHuUe 5JIEMEHTOB B KOHEl] M Hauyajlo Maccuba:
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for (int 1i=1;1i<=5;1i++) {
a.push back(i);
a.push front (-i);

}
a.show();
// YmaneHue 3JIeMeHTa M3 MacCuUBa:
a.erase(5);
a.show();

// YmajeHue MNocCJieOHEeTO M MepBOTO 3JIEeMEeHTa:
a.pop_back();
a.pop_front();
a.show();

// OBBEeKT-KOHTEeMHEep :
Vector<char> b (5, 'a'");
// PasMep Maccusa:
cout<<"KommuecTBO 3JiIeMeHTOB: "<<b.size ()<<endl;
b.show () ;

// BcTaBkKa 3JIeMeHTa B MaCCUB:
b.insert(3,’z’);

// PasmMep MaccuBpa:
cout<<"KomguuecTBO 3JeMeHTOB: "<<b.size ()<<endl;
b.show () ;

// OumMcTka MaccuBa:
b.clear () ;
b.show () ;

// BCcTaBKa 3JIeMeHTa B NyCTOM MaCCHUB:
b.insert(0,’0’);

// IobBapjieHMEe DBJIEMEHTOB B KOHEl] M Hadajlo MaccCuBba:
for (int 1i=1;1i<=5;1i++) {
b.push back('o'+1);
b.push front('o'-i);
}
b.show () ;

// YnmajeHue sJeMeHTa M3 MacCUBa:

b.erase (5);
b.show () ;

// YmajeHue MNocCJieOHEeTO M MepBOTO 3JIEeMEeHTa:
b.pop back() ;
b.pop front();
b.show () ;
return 0;

}

Pesynbrat BbITIOTHEHUS TIPOTPAMMBI CJIEYFOTIIHI:
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PesynbTar BbINOIHEHMS NporpamMmmbl (3 nuctuira 12.2)

KommuecTBO B3JIeMeHTOB: 5

11 1 1 1

KosmuecTBO B»JIEMEHTOB: 6

11 1 0 1 1

HeT sBHaueHUM.

-5 -4 -3 -2 -1 0 1 2 3 4 5
-5 -4 -3 -2 -1 1 2 3 4 5
-4 -3 -2 -1 1 2 3 4
KommuecTBO B3JIeMEeHTOB: 5

a aaaa

KosmuecTBO B»JIEMEHTOB: 6

a aa =z a a

HeT3HaueHUN.

j k 1 m n o p g s t
3k 1 m n p g r s t

k 1 m n p g r s

XoueTcst BepuTh, YTO 0COOBIX KOMMEHTAPHEB 9Ta MIPOTPAMMa M PE3yJIbTaThl ee
BBITIOJTHEHUsE He Tpebytor. O6partuM JIKIb BHUMAHUE, YTO TElepbh HAa OCHOBE
KJjacca MBI CO3/IJIH JIBa 00bEKTA: KOMaHIOM

CO3/1aeTCcst OOBEKT = € IEJTOYMCICHHBIM MAaCCHBOM W3 TISITH 9JIEMEHTOB, Y Kaxk-
JIOTO 3JIEMEHTA eITMHIYHOE 3HAUCHNUE, 2 KOMaHIO0U

coszaercst 0ObEKT b TOKE U3 MATH 9JIEMEHTOB, HO Ha 3TOT Pa3 MaCCUB CMBOJIb-
HBIN W BCE 9JIEMEHTHI UMEIOT 3HAUeHHe . Takum 06pa3oM, B 0GBEKTHI KJ1ac-
ca MBI MOKEM "TIPATATh" camble pa3jinuyHble 3HaUeHUs (OHOTO THUIIA),
BKJIIOYast ¥ OOBEKTHI APYTHUX KJIACCOB.

[lasee MO3HAKOMUMCST C Umepamopamil.

12.2. 3HaKOMCTBO C UtTeparopamMmum

- A s nupamos uuy.
- auem? Tebe umo, 6onvuue scex Hado?
u3 x/¢p "Tocmos uz 6yoywezo”

[1aBHOE, YTO HY/KHO 3HaTh 00 umepamope -to, 9to 310 00beKT. IIpaBaa, 00b-
eKT He JI060M, a HeMHOKKO crienuduueckuii. ViTepaTop cBsizaH ¢ KOHTEHHEPOM
U UrpaeT MpUMEPHO TAKYIO JKe POJib, KAK yKazaTeIu npu paboTe ¢ MacCuBaMH.
JIpyrumMu cJI0BaMu, UTEPATOP - 0OBEKT, TIO3BOJISIONINI TOJMyYaTh AOCTYII K 9JIe-
MeHTaM, "CIpATaHHBIM" B KOHTeHHepe.

[ToHSTHO, YTO MOKET OBITH O4€Hh MHOTO Pa3HbIX BAPHAHTOB, KOT/IA HEKUIT 00D-
€KT TI03BOJISIET MOJIYYUTh JOCTYI K collep:KuMoMy KoHTeiiHepa. Ho nanexo He
KKABIH 1MO00HBIIT 00BEKT MOKHO Ha3BaTh uTepatopoM. Mreparop mosmken
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MOIEPKUBATh OTPe/Ie/IeHHbII Habop onepanuii, 60JIBIIMHCTBO U3 KOTOPBIX 110
CBOEH CyTH MEPEKTNKAIOTCA C TIPABUJIAMU afipecHo apudmeTrku. B aToM cMbIc-
Jie UTepaTop MUMUKPHUPYET IO/ YKa3aTeb, HO He SIBJISIETCS TAKOBBIM TI0 CYTH.

WtepaTopbl OBIBAIOT PA3HBIX TUIIOB, HO €CJIM TOBOPUTH B OOIIIEM, TO HTEPATOP M0-
3BOJISIET IIEPEMENIATHCS 110 KOHTeHHEepHOMY 00beKTy WIn "Tiepeduparth” sJIeMeH-
TBI B KOHTEeHHEPHOM 00bekTe. Kak mMeHHO - 9T0 yike Borpoc Apyroil. I[Toatomy B
3aBUCUMOCTHU OT TUIIA UTEPATOPA €T0 XaPaKTEPUCTUKUA MOTY Pa3HUTHCS, HO €CTh
HEKOTOpbIe 001I1e "4epThi”.

UTepaTopbl TOANEPKUBAIOT ONEPALMIO 834Mmis 3HAYEHUS: KOTa Tiepell uTepa-
TOPOM CTAaBUTCSI 3BE3/I0YKA *, PE3YJIBTATOM JIOJUKHO OBITh 3HAYEHUE HJIeMEHTa
B KOHTeHepe -3HayeHue 2JIeMEHTa, Ha KOTOPBIN yKa3blBaeT B JIAHHBI MOMEHT
ureparop. OOBIYHO UTEPATOP TOAJAEPKUBAET TAKUE apU(PMETHUECKIE OTIEPATTHH,
Kak npubasienye K nTepaTopy Meoro YHCIa U 8bluumanye i3 nTeparopa mesioro
yucsa. Pe3ysisraTtoM 03HaUEHHBIX Ollepalluil SIBJIETCST UTepaTop, HO OH YKa3bl-
BaeT y’Ke Ha JIPYroi ajieMeHT B Kourteiinepe. Maxktudecku, mpubaBIeHme K Ure-
paTopy U BbIYUTAHUE U3 UTEPATOPA IENBIX YUCE - TAKON CIIOCO0 MepeMeIaThCst
o KouTeiirepy. Takske 0OBIYHO TIPH pabOTe € UTEPATOPAME UCTIONB3YIOTCS Me-
TO/IbI, IO3BOJISIIONIUCY CINAHOBUMb UTEPATOP B HAYAI0 KOHTEHHepa U KoHel, KOH-
TeitHepa.

Urepatop siBistercst 0OBEKTOM HEKOTOPOro Kjacca (st ymoOCcTBa Ha30BEM
eroxzaccom umepamopa). Konreitnep siisercss 06beKTOM 0000IIEHHOIO KOH-
teitneproro kiacca. MopmManbHO UTEPATOP U KOHTEHHEP - pasHbie 0OHEKTHI.
Ho mexxny aHumu cyiecTByeT cBs3b. [IpuueM 310 He TOJNBKO CBsI3b "(HYHKIINO-
HasbHast", 00yCJIOBIEHHAsE HEOOXOAMMOCTBIO MOJIyYaTh JOCTYI Y€Pe3 UTEPATOP
K COMEepPKUMOMY KOHTeliHepa. 3/1eCh BaKHO U TO, YTO KOHTEHHEPHBIH OOBEKT
cosaercst Ha OcHOBe 0006IenHoro knacca. CkasaHHOE O3HAYaeT, YTO MTepa-
TOP JIOJUKEH CO3/IaBaThCsl C YIeTOM IabIoHa, TPUMEHSIBIIETOCS TP CO3/IaHIH
KOHTeliHepHOTO 00bekTa. IIpoiie roBopst, Ipu co3ganuu (M ONMUCAHUN) UTepa-
TOpa HEOOXOIMMO YUUTHIBATh 0OOOIIEHHBIN XapaKTep KOHTEIHEPHOTO KJjacca.
Jlerue Bcero 10OGUTHCST PE3yJIbTaTa, OMICAB KJIACC UTEPATOPA BHYMPEHHUM KIIac-
COM KOHTeHHepHOro Kiacca. VIMeHHO TaKol TTOIX0]] UCTIOIb30BaH B IPOTPaMME,
npezcTaBaennoii B iuctunre 12.3. [Tporpamma npezcrasisier co6o0ii MoaubuKa-
IIUIO TIPEJIbIAYINEro puMepa. Eciiu paHee OCHOBHBIE ONEPAITUY C COAEPKUMBIM
KOHTelHepa BBIMOTHSINCH Yepe3 WHACKCHPOoBaHue 00beKTa KOHTelHepa, TO B
paccMaTpuBaeMOM Jlajiee TIPUMePE B OCHOBY ITOJIOXKEHO MCIIOJb30BaHUE UTEPa-
TOPOB.

r—) Ha 3zameTk
- Y
Mockonbky MHOrMe dparMeHTbl Kofa paHee yXXe KOMMEHTUPOBANINCh U OOMKHbI OblTh
I MOHSATHBI YMTATESNIO, B NPOrpaMme yaaneHbl HEKOTOpble KOMMEHTapumn. Takke 06Ccyx-
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OaTb Mbl GyIeM B OCHOBHOM Te HOBble (bparMeHTbl, YTO MOSBUIMChL B paccmaTpusae-
MOM MpumMepe.

PaccmoTpum nipe/icTaBIeHHBIN aiee TPOTPAMMHBINA KO

Jiucturr 12.3. Ucnonb3oBaHue nteparopa

#include <iostream>
using namespace std;
// OBOOmEHHEM KOHTEMHEPHBIM KJacCC:
template <class X> class Vector{
private:
int length;
X *v;
public:
// Kmacc mTepaTopa:
class Iterator{
public:
// Yxaszaresb Ha OOBEKT KOHTEMHepa:
Vector<X> *t;
// VlHOekcC sJjieMeHTa B KOHTEeMHepe:
int index;
// KOHCTpPyKTOp mMTepaTopa:
Iterator () {
t=0;
index=0;
}
// OmepaTOopHHM METOI B3ATUS BHAUESHUS
// (omepaTop 3Be3mouka *):
X &operator* () {
// PesyybTaT - CCBUJIKA Ha MHIOEKCUPOBAHHBIA
// KOHTEMHEpPHH OOBEKT (BJIEMEHT MAaCCHUBA) :
return (*t) [index];
}
// OnepaTopHuil MeTOon "paBHO"
// (Ong CcpaBHEHMS MTEpaTOpPOB Ha MpelIMeT PaBEeHCTBA) :

bool operator==(Iterator obj) {
// EcCiM COBHNAIAKNT BHAUEHUS I[OJIEM UTEPATOPOB:
if ((index==0bj.index) && (t==0obj.t)) return true;

// Eciu BHauYeHMUs IIOJIe) He COBIANalT:
else return false;
}
// OnepaTopHEM MeTon "He paBHO"
// (Onsg CpaBHEHUS MTEpPaTOPOB Ha [IpelIMeT HepaBEeHCTBA) :
bool operator!=(Iterator obj) {
// ECIMpasHBEVMHIEKCEH :
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if (index!=obj.index) return true;
// EcCnu pasHbBEe KOHTEMHEPHBE OODBEeKTH:
if(t!=obj.t) return true;
// Vuaue:
return false;
}
// OnepaTopHeli MeTom "cioxeHue"
// (npubaBiieHVE K MTEepaTopy LeJIOTO UMKCia) :
Iterator operator+ (int a) {
// VIHOeKC OJjiga MTepaTopa — pes3ylbTaTa MeTOoma:
int ind=index+a;
// OBBekT mTepaTopa:
Iterator p;
// 3BHaueHMre MOJIel MUTepaTopa:
p.t=t; // YkaszsaTesb Ha KOHTEMHEPHE OOBEKT
// "YrouHeHue" 3HAUEHMS MHIEKCa:
if (ind>t->size()) ind=t->size();
p.index=ind; // MHOexc uTeparopa
// PesyJbTaT MeTOoIa — UTepaTop:
return p;
}
// OmnepaTopHul MeTon "BuhumMTaHUe"
// (Ong BHUMTAHMSA M3 MTepaTopa LeJjioro uucia) :
Iterator operator-(int a) {
// VlHOexkC Ijsa uTepaTopa - pesyJbTaTa MeTona:
int ind=index-a;
// OBBekTUTEpaToOpa:
Iterator p;
// BHaueHMuda [OJIe uUTepaTopa:
p.t=t; // YkaszaTeyb Ha KOHTEMHEPHE OOBEeKT
// "YTouHeHue" 3HAUEHMUS MHIEKCA:
if (ind<0) ind=0;
p.index=ind; // UHOmekcurepaTopa
// PesyjibTaT MeTOma — UTEpaTop:
return p;
}
// OnepaTopHB MeTOon "MHKpeMeHT"
// (npedukcuas dbopwma) :
Iterator operator++() {
// YBenndueHyue BHAUEHMUS MHIOEKCA:
index++;
// "YrouHeHue" 3HAUEHMAMHIEKCA:
if (index>t->size()) index=t->size();
// PesyabTaTrT MeTOIa:
return *this;
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// OnepaTopHult MeTon "mMHKpeMmeHT"
// (mocrdukcHas dbopwma) :
Iterator operator++ (int) {
// Bu3plBaeTCcHa mnpebmkcHas bopma MeTOoma:
return ++ (*this);
}
// OnepaTopHuit MeTon "mekpemeHT"
// (npedukcuas dbopma) :
Iterator operator—--{() {
// YMeHblleHMe SHaueHMS MHIOeKCa:
index--;
// "YTouHeHMe" SHaAUEHMSA MHIEKCA:
if (index<0) index=0;
// PesyabTaT MeTOIa:
return *this;
}
// OnepaTopHuit MeTon "mekpemeHT"
// (mocrdukcHasbopma) :

Iterator operator--(int) {
// Bu3BIBaeTCHa npedrkCHaa BEpPCUS METOIa:
return --(*this);

}
}; // OxoHuaHMe KJjlacca MUTepaTopa
// KOHCTPYKTOP KOHTEMHepa:
Vector (int s,X val) {
length=s;
v=new X[length];
for (inti=0;i<length;i++) {
v[i]=val;
}
}
// IecTpyKTop:
~Vector () {
delete [] v;
}
// MeTonm misa MOJyUYeHUS pasMepa KOHTeMHepa:
int size () {
return length;
}
// OmepaTopHH METOI IJiS MHIEKCUPOBAHMSA OOBEKTOB:
X &operator([] (int k) {
return vI[k];
}
// MeTomn mJjia BCTABKU BJIEMEHTA B MAaCCUB
// (apryMEHTH — MHIOEKC M 3HAUeHMVe IJiS BCTaBKU) :
void insert (int m,X wval) {



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

int k=m;
if (m<0) k=0;
if (m>length) k=length;
X *t;
inti;
t=new X[length+l];
for (i=0;i<k;i++) {
tli]l=v[i];
}
t[k]=val;
for (i=k+1;i<=length;i++) {
tli]=v[i-1];
}
delete [] v;
v=t;
length++;
}
// MeTonm nJjia BCTaABKM SJIEMEHTa B MaCCHUB
// (apryMEHTH — UTEpaTop M BHAUEHMEe IJiS BCTaBKMU) :
void insert (Iterator p,X val) {
// BHIBBIBAETCH BEpCHMA METONa C I[EepPBLHM
// LeJIOUMCJIEHHBIM apTyMEHTOM :
insert (p.index,val) ;
}
// MeTon myda ymaJleHUS BJIeMeHTa
// (apryMeHT - MHIEKC yHOajllseMOTO 3JIEMEHTAa) :
void erase (int m) {
// ECHIu KOHTEMHep MOIyCTOM:
if (empty () ) return;
// Ecnu ymanseTcsa eIMHCTBEHHHI 3JIEMEHT :
if (length==1) {
length=0;
delete [] v;
v=0;
return;
}
int k=m,i;
if (m<0) k=0;
if (m>=length) k=length-1;
X *t;
t=new X[length-1];
for (1=0;1i<k;i++) {
tli]l=v[i];
}
for (i=k;i<length-1;i++) {
t[i]=v[i+1l];
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delete [] v;
v=t;
length--;
}
// Meronm njsa yImaJieHMsa DSJIeMeHTa
// (apryMeHT - uUTepaTop) :
void erase(Iterator p) {
// BBEI3OB BepCHM MeTOoIa
// C LEeJIOUMCJIEHHBIM apT'yMEHTOM:
erase (p.index) ;
}
// MeTon mOJjid OUMCTKU MACCUBA
// (apTyMEHTH - UTEPATOPH) :
void clear (Iterator p,Iterator r){
// JlokKaJbHBI OBBEKT MTEepaTopa:
Iterator s;
// HauajibHOE 3HaueHMe JIOKAJIbHOTO MTepaTopa:
s=r;
// TIOBJIEMEHTHOE yIaJjleHMe 3JIEMEHTOB M3 KOHTENMHepa:
while (s!=p) {
// YMeHbIIeHMEe MTepaTopa:

// YmameHue B3JeMeHTa:

// MeTom OJjia OUMCTKM MacCuUBa

// (6ezapTyMeHTOB) :
void clear () {
// BEI3OB BepCHM MeTOoIa

// C apryMeHTaMM - MTEepPaTOPaMM:

clear (begin(),end());
}
// Meron misa moGaBJjieHMs 3JIEMEeHTa B KOHEel MacCHBa:
void push back (X val) {
insert (length,val);

}

// Meron myia moBaBJieHMA 3JIeMEeHTa B Hadajlo MacCuBa:
void push front (X val) {
insert (0,val);

}

// MeTon myida ymajleHUd I[OCJIeOHEerO 3JIeMEeHTa:
void pop back() {
erase (length) ;
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// MeTon mja yOajieHUs [NEepBOTO 3JIEMEeHTa:
void pop front () {
erase (0) ;
}
// TlpoBepKa KOHTelHepa Ha MNpeIMeT OTCYTCTBUSA DJIEMEHTOB:
bool empty () {
// Pes3ysbTaT CpaBHEHUS MTEPATOPOB:
return begin ()==end()
}
// MeTon myisa OTOOpPaXeHMI COOSPXMMOTO MacCCHUBA:
void show () {
// ECIM KOHTEMHep IyCTOM:
if (empty ()) {
cout<<"HersHaueHwit. \n";
return;
}
// JIOKaJILHEIM MTEepaTop YyCTaHOBJIEH
// B HauaJ0O KOHTEMHepa:
Iterator p=begin();
// ®opMaJibHO GECKOHEUHHI LIVKJI:
while (true) {
// OToOpaxeHMe 3HAUEHUS DBJIEMEHTAa
// (3HaueHMe MOJIydyaeM uUepes UTepaTop) :
cout<<*p<<"";
// YBenuueHUe UTEepaTopa:

pt++;
// TpoBepka BHaUeHMS MUTepaTopa:
if (p==end()) break;
}
cout<<endl;

}
// MeTon yCTAaHOBKM MTEpAaTOpa B HAYAJIO KOHTEMHepa:
Iterator begin () {
// JIOKaJIbHEI MTEpaTop:
Iterator p;
// VHOeKCc uTepaTopa:

p.index=0;

// YkaszaTeJib Ha KOHTEMHEPHHM OOBLEKT MTepaTopa:
p.t=this;

// PesysbTaT MeToIma — MTEepaTop:
return p;

}
// MeTon yCTaHOBKM UTepaTopa B KOHEl KOHTEeMHepa:
Iterator end() {
// JloKaJIbLHEIMUTEPATOP &
Iterator p;
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// VHmekc mTepaTopa:
p.index=size () ;
// YkasaTesyib Ha KOHTEMWHEpPHH OOBLEKT MTepaTopa:
p.t=this;
// PesyJbTaT MeTOIa — MUTEepaTop:
return p;
}
}; // OxoHuaHMe ONMCaHMUA Kjacca
// TnaBHasg OQYHKUMS OPOTPAMME:
int main () {
// HavaJsibHHIL pasMep KOHTelHepa:
int n=5;
// UMCIIOBOM OOBEKT-KOHTENMHEep (3aroJiHeH HYJIAMMU) :
Vector<int> a(n,0);
// VTepaTop IJjsg UMUCIOBOTO KOHTEMHEepa:
Vector<int>::Iterator g;
// UTepaTop yCTaHOBJIEH B HAYaJi0 KOHTEMHepa:
g=a.begin () ;
cout<<"ComepxmMoe UMCJIOBOT'O KOHTelHepa:\n";
// OToBpaxeHMe COIEPXMMOTO KOHTEMHEepa:
while (g'!=a.end()) {
cout<<*g<<" ";
gt++;
}
cout<<endl;
// VTepaTop YCTAHOBJIEH B KOHEIl KOHTEMHepa:
g=a.end() ;
int k=n;
// 3BamnojiHeHMe KOHTeMHepa (C KOHLIA B HAYajo) :
while (g!=a.begin()) {
q--7
*q:k__;
}
cout<<"HoBoOe comepxuMoe KOHTeMHepa:\n";
// OToBpaxeHue CONEPXKMMOTO KOHTEMHepa:
for (int 1i=0;i<n;i++) {
cout<<* (a.begin()+i)<<" ";
}
cout<<endl;
cout<<"Comepxmmoe KOHTeMHepa (C KOHIA B Hauajyo) :\n";
// OToBpaxeHue CONEPXMMOTO KOHTEMHepa
// (Cc KOHLla B HaudaJjio) :
for (int i=0;i<n;i++) {
cout<<* (a.end()-i-1)<<" ";
}

cout<<endl;
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// BcTaBka 3JIeMEHTa B KOHTEMHEep:
a.insert (a.begin()+a.size()/2,n+l);
// BcTaBka 3JIeMEHTa B HAYajio KOHTeMHepa:
a.push_ front (0);
// BcTaBka 3JIeMeHTa B HAdaJio KOHTEeMHepa:
a.push front (*(a.begin()));
// BcTaBka 3JIeMEHTa B KOHEL KOHTelHepa:
a.push back(n+2);
// BcTaBka 3JIeMeHTa B KOHEl] KOHTelHepa:
a.push back(*(a.end()-1));
// VTepaTop YyCTaHOBJIEH B HAYaJIO KOHTEMHEepa:
g=a.begin () ;
cout<<"Ilocye noBaBjieHMS BJeMeHTOB:\n";
// OToBpaxeHMe COIEPXMMOTO KOHTEMHepa:
while (g'!=a.end()) {

cout<<*g<<" ";
g=q+tl;
}
cout<<endl;
// YmajeHve MNepBOTO 3JIEMEHTA:
a.erase(a.begin());

// YmajeHue MNOCJeIHEerO 3JIEMEHTAa :
a.erase(a.end());
cout<<"IocJsie yImajieHMS KpPAaMHUX SJIEMEeHTOB:\n";
a.show () ;

// YmajeHue 3sJIeMeHTa BHYTPM KOHTEeMHepa:
a.erase(a.begin()+a.size()/2);
cout<<"IlocJsie ymajieHMs 3JIEMEHTAa BHYTPU KOHTeMHepa:\n";
a.show () ;

// YCTaHaBIMBAETCH 3HAUEHME MTEpaTopa:
g=a.begin()+a.size()/2;
// YmajeHre HECKOJIbKUX DJIEMEHTOB:
a.clear(g-1,g9+1);
cout<<"YmaJIleHO HEeCKOJIbKO 3JIEMEHTOB: \n";
a.show () ;

// YmajeHue MNOCJeIHEerO 3JIEMEHTAa :
a.pop_back();

// YmajeHue MNepBOTO 3JIEMEHTA:
a.pop_front () ;
cout<<"YmaJieHH KpalHMe 3JIeMeHTH: \n";

a.show () ;
// OuucTka KOHTEeMHepa:
a.clear();
cout<<"IlocJjie OUMCTKM KOHTelHepa:\n";
a.show () ;

// CyMBOJIbHAS IepeMeHHasd:
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charm=’x"';
// CHMBOJIBHEIM OOBEKT-KOHTEMHEp (3aroJiIHeH CUMBOJIAMM
Vector<char> b(n,m);
// WTepaTop IOJig UMCJIOBOTO KOHTEMHEpa:
Vector<char>::Iterator p;
// ViTepaTop yCTaHOBJIEH B HAUaJI0O KOHTEMHEepa:
p=b.begin () ;
cout<<"ComepxmMmoe CHUMBOJILHOTO KOHTeMHepa:\n";
// OToBpaxeHue CONEPXKMMOTO KOHTEMHepa:
while(p!=b.end()) {
cout<<Fp<" ";
pt++;
}
cout<<endl;
// VTepaTop yCTaAHOBJIEH B KOHEL] KOHTelHepa:
p=b.end () ;
// 3BamnojiHeHMe KOHTeMHepa (C KOHLIA B HAYajo) :
while (p!=b.begin()) {
| S
*p:m__;
}
cout<<"HoBoe comepxuMoe KOHTeMHepa:\n";
// OToBpaxeHue CONEPXKMMOTO KOHTEMHepa:
for (int 1=0;i<n;i++) {
cout<<* (b.begin () +i)<<" ";
}
cout<<endl;
cout<<"Comepxmmoe KOHTeMHepa (C KOHIA B Hauajyo) :\n";
// OToBpaxeHue CONEPXMMOTO KOHTEMHepa
// (C KOHLla B HAaudaJjio) :
for (int i=0;i<n;i++) {
cout<<* (b.end()-i-1)<<" ";
}
cout<<endl;
// BcTaBka 3JIeMEHTa B KOHTEMHep:
b.insert (b.begin () +b.size () /2,"A");
// BcTaBka 3JIeMEHTa B HAYajio KOHTeMHepa:
b.push front(‘a’);
// BcTaBka 3JIeMeHTa B HAdaJio KOHTEeMHepa:
b.push front (*(b.begin())):
// BcTaBka 3JIeMEHTa B KOHEL KOHTelHepa:
b.push back(‘'b’");
// BcTaBka 3JIeMeHTa B KOHEl] KOHTelHepa:
b.push back (*(b.end()-1));
// VTepaTop YyCTaHOBJIEH B HAYaJIO KOHTEMHEepa:
p=b.begin () ;

\XI):
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cout<<"Illocyie moBaBjieHMS 3JIEeMEeHTOB:\n";
// OToBpaxeHMe COIEPXMMOTO KOHTEMHEepa:
while (p!=b.end()) {

cout<<*p<<" ";
p=p+l;
}
cout<<endl;
// YmajeHve MNepBOTO 3JIEMEHTA:
b.erase(b.begin());

// YmajeHue MNOCJeIHEerO 3JIEMEHTAa :
b.erase(b.end());
cout<<"IocJsie yImajleHMS KpPaMHUX SJIEMEHTOB:\n";
b.show () ;

// YoajeHue 3sJIeMeHTa BHYTPM KOHTEeMHepa:
b.erase(b.begin()+b.size()/2);
cout<<"IlocJsie yrmajieHUs D3JIEMEHTAa BHYTPU KOHTEeMHepa:\n";
b.show () ;

// YCTaHaBIMBAETCSH 3HAUEHME MTEpaTopa:
p=b.begin()+b.size () /2;
// YmajeHre HECKOJIbKUX DJIEMEHTOB:
b.clear (p-1,p+1);
cout<<"YmaJIleHO HEeCKOJIbKO 3JIEMEHTOB: \n";
b.show () ;

// YmajeHue MOCJIeIHEerO 3JIEMEHTAa :
b.pop back() ;

// YmajeHue MNepBOTO 3JIEMEHTA:
b.pop front();
cout<<"YmaJieHH KpalHMe 3BJIeMeHTH: \n";

b.show () ;
// OuucTka KOHTEeMHepa:
b.clear();
cout<<"IlocJjie OUMCTKM KOHTelHepa:\n";
b.show () ;

return 0;

}

PeByJIbTaT BBITIOJIHEHUA IIPOTPAaMMBbI IIPEACTABJIEH HUKE!

PesynbTar BLINONIHEHUS Nporpammel (3 nuctudra 12.3)

ComepxmMoe UMCJIOBOTO KOHTEMHEPa:

00O0O00O

HoBoe conepxyMoe KOHTeMHepa:

12345

ComepxmuMoe KOHTeMHepa (C KOHLA B Hadajo) :
54321
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[locne noOaBJIEHUS BJIEMEHTOB:
0012634577

[locye ynajieHMs KpaWHUX 3JIEMEHTOB:
01263457

[locye ynajieHMs DBJIeMeHTa BHYTPM KOHTEeMHepa:
0126457

YIaJleHO HEeCKOJIbKO DBJIEMEHTOBR:

01457

YnaJjieHbsl KpallHMe BJIEMEHTH:

145

[IocJjle OUMCTKM KOHTEeMHepa:

HeT BHaAueHUN.

ComepxuMoe CHUMMBOJIBHOT'O KOHTEMHepa:

X X X X X

HoBoe comepxmmoe KOHTEMNHepa:

tuvwx

ComepxmuMoe KOHTeMHepa (C KOHLA B Hadajo) :
X w v ut

[locye noOaBJIEHUS BJIEMEHTOB:

aa t uAvwzxDbb

[locye ynajieHMs KpauHUX D3JIEMEHTOB:
atuAvwzxDb

[locyie ynajieHMs DBJIeMeHTa BHYTPM KOHTeMHepa:
atuAwzxb

YIaJleHO HEeCKOJIbKO DBJIEMEHTOBR:

atwzxb

YnajieHbsl KpallHMe BJIEMEHTH:

t w x

[IocJjle OUMCTKM KOHTEeMHepa:

HeT BHaAueHUN.

B 0606HIGHHOM KJacce OIIMCaH BHyTpeHHI/Iﬁ KJjacc . ¥ xinac-
Ca /iBa II0JId: yKa3aTeJlb Ha 00BEKT KOHTeﬁHepHOFO Kjacca , Tae
qgepes obo3Hauen IIapaMeTp THUIla O606H1€‘HHOFO KJacca . L[eJIO'—II/IC-
JIEHHOE II0JIE IIpeaHasHa4Y€Ho AJd 3allOMUHAHUA MHAEKCa 3JIEMEHTa B

JNHaAaMHW4YE€CKOM MaCCHBe, Ha KOTOpI)IIL/,I CCBIIAETCA OOBEKT ureparopa.

7 Ha sameTk

] Y

YT06bI cokpaTUTb 06BEM NMPOrPaMMHOrO KoAa M HEMHOIO YNPOCTUTb €ro, BCE YSeHbl
I BHYTPEHHErO KJlacca 06bSABNEHbI OTKPLITLIMMU.

B koHcTpyKTOpE UTEpaTOpa MOJISAM T U [IPUCBAUBAIOTCS HYJIEBbIE 3HA-
4yeHus (XOTS B KOHTEKCTE PACCMATPUBAEMOr0 TIPUMEpPA 3TO W He MTPUHITUITNATIb-
HO). A BOT OIIePATOPHBIN METOJ] C TIPOTOTUTIOM UMeeT MPUH-
[UnuanbHoe 3HaueHue. Peub waer 06 omepartope 3Be3m0uka *. Cero moMoIbo
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Ha OCHOBE UTEPaTopa MOXKHO MOJTYYUTh 3HAUEHUE 3TIeMeHTa, Ha KOTOPBIN UTepa-
TOp yKa3bIBaeT. B kauecTBe 3HAUEHNS METOZIOM BO3BPAIAETCS CChIIKA (BaKHBIN
MOMeHT!) Ha MHIEKCHPOBaHHBII KOHTEHEPHBIN 00beKT. Birarogapst Tomy, 4to
B KOHTETHEPHOM KJacce OTIpeieJieH OTIepPaTOPHBIN METO/I I/ MH/IEK-
CUpPOBaHUsT 00BEKTOB KOHTEIHEPA, BhIPaKEHIE , BO3BpalaeMoe
PE3yIBTATOM METO/IA, UMEET CMBICIL.

MopgpoGHoCTH
OnepaTtopHbIi METOA, AN onepaTopa YMHOXEHUS NMEET Takoe Xe Ha-
3BaHMe, Kak 1 OnepaTopHbIA MeToq, Ang onepatopa "3Be3goyka”. Pas-

HULA B TOM, 4TO NepPBbLI ABNAETCA B1HAPHLIM ONepaTopoM, a BTOPOI -yHapHbIii. [Mpole
roBOpS, SIC/IM Mbl OMNMCbIBaeM onepaTtop 6e3 apryMeHTOB, TO 3TO onepaTtop "3Be304-
Ka". A ecnun Mbl ONMCbIBaeM onepaTop C apryMeHTOM, TO 3TO OneparTop "yMHOXUTbL".

YT06bI UTEPATOPHI MOKHO OBLIO CPAaBHUBATD Ha IIPEMET PaBEHCTBA 1 HepaBeH-

CTBa, OTIpeJiesIsieM OMEePAaTOPHbBIE METO B u

/lBa murepaTopa mojlaraeM PaBHBIMH, €CJTH Y HUX COBITQJAIOT 3HAYEHUS IMOJei
U ©, TO €CTh eCJT OHU YKA3bIBAIOT HA OJMH W TOT K€ 3JIeMEHT B OTHOM U

TOM ’Ke KOHTeliHepe.

OrnepaTopHbIii METOJ C I€JIOUMCJIEHHBIM aPTYMEHTOM = Pe3yJIib-
TaTOM BO3BpaIllaeT 0OBEKT Kjlacca . Meroz o6pabaThiBaeT onepamnuu
10 IPUOABJIEHUIO K UTEPATOPY I1eJI0T0 ynca (apryMeHT Metona). B Tesie Mmeroza
11eJIOYMCJIEHHOU ITepeMeHHON NpUCBanBaeTCs 3HAYEHUE . ITO HO-
BOE 3HAYEHWE /IS MHIIEKCA JIEMEHTa, Ha KOTOPBIN OYIET CChLIAThCS UTepaTop,
BO3BpAlIaeMblii Pe3yabTaToM MeToa. Ho mmepes npucBanBanneM 3Ha4eHIe WH-
JIeKca TIPOBEPSIeTCs Ha KOPPEKTHOCT: TP BBITIOJIHEHUH YCJIOBHOTO OllepaTtopa

ecJiv 3HaYeHUE UH/IEKCA [TPEBbIIIACT
JUIMHY MaccHBa B KOHTEHHEPHOM 0ObEKTe, 3HaueHUE MHIIEKCa YCTaHABINBAETCS
paBHBIM JyIHHE 00beKTa (TO eCTh HA eIMHUILY OOJIbIIIE, YeM UH/EKC TTOCJIEIHETO

anemenTa). Komanmoit CO3/IaeTCsI JIOKAJBHBII 00BEKT [IJIsI UTepa-
TOPa, KOMaHIAMU (HOBBIT UTepaTop "CBA3aH" C TEM Ke KOHTEHHEPOM,
4TO U UTEPATOP, K KOTOPOMY TPUOABJISIETCST YHCI0) U MOJISIM

urepaTopa IprucBanBalOTCA 3HAYEHUA U 3aTEM 00BEKT BO3BpAIa€TCA KakK pe-
3yJIbTaT METO/IA.

AHAJIOTUYHO OIKUCHIBAETCS onepaToprIﬁ METO/ JJIA O6pa6OTKI/I
IIpo1iecca BbIYMTAHUA U3 UTEPpATOPa HEJIOro YrcJaa. HpI/IHHI/IHI/IaJII)HOB OTJINYME B
TOM, YTO, BO-IIEPBbIX, YN CJIO BbIYUTAETCA, a HE HpI/I6aB]IﬂeTCE[ 1, BO-BTOPbIX, €CJIN
TIPpY BbIYUCJIEHUAX TTOJIydYaeM MHAEKC MEHbIIE HYJIA, TO UHAEKCY IIPUCBANBAETCA
HYJIEBOE 3HAUE€HUE.

OmnepaTopHbIil METOJ IS ollepallui MHKpeMeHTa (yBeJsnde-
HUS 3HAYEHWS Ha eMHUILY) UTEPATOPa COJAEPKUT KOMAHAY , YBEJH-
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YUBAIOIIEeN HA eIUHUITY 3HAUYEHUE TOJIST , TIOCJIe 4eTO 3HAUeHNe UHIEeKCA
"yTouHseTC " €CIM UHIEKC MTOJIYYM/ICS OOJIbIIe pasMepa MacCHBa B KOHTeHepe,
WHIEKC YCTAHABIMBAETCS PaBHBIM pasMepy MaccuBa. PesyibraTroM MeTonma Bo3-
BpaiaeTcst 00bEKT, K KOTOPOMY IPUMEHSIETCST OTIepalivsi HHKpeMeHTa (HHCTPYK-
s ).

Moppo6HocTU

OnwncaHHbI TakMMm 06pa3oM onepaTopHbI METOA, ANs onepaumm nHKkpemeHTa obpabda-
TbiBaeT npedukcHyo GopMy BbI30Ba ornepaTopa, TO eCTb BblpaXeHust Buaa .
OnepaTtop MHKpeMeHTa B NOCTOUKCHOM popme (BblipaxeHus Buaa ) OnNuChbI-
BaeTCcsi ¢ GOpManbHbIM LIeSIOYUCIIEHHBIM apryMEHTOM. OTO Xe OTHOCUTCS U K Neperpys-
Ke ornepartopa AekpeMeHTa: noctdukcHas dopma onepatopa AeKpeMeHTa onmnchbiBaeT-
csi ¢ opMasibHbIM LIeI0YUCTIEHHBIM apryMEHTOM.

OmepaToOpHBIN METO/ /IJIsI OTlepaIlli UHKPEMEHTA B TOCTPUKCHOHN hopme OTTH-
CBIBAETCS C TIEJIOUNCIEHHBIM aPTYMEHTOM M COCTOUT BCETO M3 OJTHOM KOMaH/IbI
return ++ (*this) B TeJyie MeTOIA, KOTOPOI BhI3bIBaeTCs IpedukcHas gop-
Ma omneparopa (To ecTb mpedrKcHas 1 mocThrKcHas (OPMBI ollepaTopa MHKpe-
MEHTA B TIJIaHe KOHEYHOTO Pe3yIbTaTa 9KBUBAJIEHTHBI).

-| Ha sameTtky
| [Be Bepcuy onepaTopHOro meTona OMMCaHbl aHaIOrN4HO.
B koHnreitHepHOM KJjacce OIMCaH 3HAKOMBIH HaM IO IpeAbIAYyIeMYy
IIPUMEPY METO/] N7 BCTAaBKU HOBOTO 2JIEMEHTa B KOHTelHep ¢ WH-

JIEKCOM MeCTa BCTaBKU U 3HAYEHUEM BCTABJISIEMOTO 3JIeMEHTa B KayecTBe apry-
MeHTOB. BMecTe ¢ TeM MmosiBuJIach enie ojiHa BEPCUST METO/[a, B KOTOPOU TIEPBHIM
apryMeHTOM IlepejlaeTcsa He MHIEKC, a uTepaTop. B Tese JaHHON Bepcuu MeTo/1a
BBI3BIBAETCS €TO JKe BepCHs, HO C apTyMeHTOM-uHekcoM. MH/ekc onpenemnsercs
Ha OCHOBE UTepaTopa Kak ero moje

Hemuoro namennsics mporpaMMHBIH KO/l METO/IA , TIPe/IHa3HAYEHHBIH
IS yIaJleHns 2JIeMeHTOB U3 KoHTeliHepa. EcTh Bepcus MeTo1a, Korja apryMeH-
TOM TIEPeNaeTCs MHAEKC yAaasgeMoro ajeMmenTta. Ecim Tak, To mpoBepsieTcst He-
CKOJIBKO yCJIOBUH. Bo-TIepBHIX, ¢ TOMOIIBIO METOA TTPOBEPSIETCS, TIy-
CTOl KOHTeWHep uian HeT. Ecain KoHTelHep 1ycToil (TO eCTh eCJIU BBITIOJHSAETCS
TTOMBITKA YAAJIUTH 2JIEMEHT U3 IYyCTOTO KOHTEeTHepa), BBITIOJHEHNE MeTo/Ia 3a-
BepiaeTcst 6e3 Kakux-1n6o MaHUITYJISAIMNA ¢ MACCBOM B KOHTEHHEpE.

—
= Ha 3ameTky

MeTtop, BO3BpaLlaeT 3Ha4eHne €CNN KOHTeNHep NycTon (He coaepxmnt
3/1EMEHTOB) U B MPOTUBHOM Clly4ae (€CNun B KOHTEMHEPE €CTb 3JIEMEHTHI).
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Ecimmu B KOHTeﬁHepe OVH 3JIEMEHT,BBIIIOJIHACTCA Y/aJ€HUE IMHAMUYECKOTO
MacCCHBa, a I10JIAM KOHTeﬁHepHOFO 00bEKTa MpUCBaNBalOTCA HYJIEBbIE 3HAYECHU .

B npouux ciyvasix BbIIOJIHSETCS MPAKTUYECKU TOT JKe CaMbIi KOJ[, YTO U B aHa-
JIOTUYHOM METO/I€ U3 TPEABIYIIET0 ITPUMepa.

Y Merona €CTb BepCUs C apryMEHTOM-UTEPAaTOPOM, YKAa3bIBAIOIIUM Ha
yAaisieMblll ajieMeHT. B Tesie MeTozia B 3TOM cJiydae BbI3bIBAETCST BEPCUS METOA
C IEJIOUMCJIEHHBIM apryMeHToM. [lesouncieHHbIil apryMeHT BbIYUCAIeTCd KaK
3HaYCHHUE I10JI UTEPaTOoPa, epelaHHOro0 apryMeHTOM METO/LY.

[Ipetepnen u3amMeHeHUS U METOJ . Temtepbp MeTOZIOM MOKHO HE TOJBKO
BBITIOJTHATH TIOJHYIO OYMCTKY KOHTEWHepa, HO M YAAJIUTh 3J€eMEHTHI B OTIpele-
JICHHOM Juana3one. "ba3oBoil” 31ech IBJgeTCS BEPCUS METO/A € ABYMS apry-
MeHnTami. [1epBoIii nTepaTOp yKa3bIBaeT HA HAYAJIBHBIN 2JIEMEHT 71T YAATEHUS
(TO ecTh TOT 3JIEMEHT, HAYMHASI C KOTOPOTO BBITIOJIHSIETCS Y/IaJIEHUE 3JIEMEHTOB).
Bropoii aprymenT - utepaTop, YKa3bpIBAIONIUI Ha 3JIEMEHT, IEPBHIN MOCTE TI0-
CJIETHETO YIAISIEMOTO 3jieMeHTa (TO eCTh BTOPOI UTEPATOP YKAa3bIBAET HAa IEp-
BBIN He yAaisgeMblil a7ieMenT). B Tesre MeToma mHCTpYKITHEH C03-
JaeTcst JOKaIbHbBIN nTeparop. Komanaoi HavaJibHOE 3HAYEHUE UTepaTopa
YCTaHABJIMBAETCS TAKOE K€, KaK ¥ BTOPOH apryMeHT METO/Ia.

Moppo6HoCcTU

Mebl ona knacca uteparopa onepauuvio NnpMceavBaHus He onpenensinu. Nostomy npwm
npucBanBaHNM UTEPATOPOB BbIMOJIHAETCS NOOUTOBOE KonvpoBaHne. Hac B npuHumne

3TO ycTpamBaeT, NOCKOJIbKY Y Kacca [0Ba nons (LenoYyncneHHoe n
ykasaTesib - Ha 06bEeKT KOHTEMHEePHOO KJlacca) U UX KOMMpoBaHue K oLinbkam He npu-
BOAMUT.

Takum 06pa3oM, JIOKaJIbHbII UTEPATOP S B HAaYaJbHbIII MOMEHT yKa3bIBaeT Ha
2JIEMEHT B KOHIIE yAaJIeMOT0 [hana3oHa, IpUYeM caM 3JIEMEHT He YAAJSeTCH.

3amycKaeTcs omepaTop ITUKIa C TIPOBEPKOU yCIOBUA (uepes

obo3HaveH MepBbIi aprymeHT Meroga). CireoBaTeIbHO, OIepaTop MK/ BbI-
MOJTHSIETCST JI0 TEX MOP, TI0Ka UTEPAaTop = He OyAeT yKas3biBaTh Ha MEPBbIN dJre-
MEHT M3 YAAISIEMOro JUala30Ha.

B Ttesie oneparopa 1uKIa KOMaHI0M "yMeHbIIIaeTcs" UTEepaTop, B Pe3yJib-
Tare 4ero ureparop "mepedpachiBaeTCs’ Ha HIEMEHT CJieBa OT TEKYIIEro, Toce
Yero KOMaH/I0k NAHHBIN JIEMEHT YAAJISIETCS.

BepCI/Ief/Jl MeTOoda 0e3 ApryMEHTOB BbIIIOJIHAETCA TIOJHAA OYUCT-

Ka KOHTefIHepa. B Tene »artoit Bepcun MeETOZa BBITIOJTHAETCA KOMaH/da
— TO €CTb BbI3bIBAE€TCA BEPCHUA METO/la C ABYMA

apryMeHTaMu. BIIGCB HCIIOJIb30BAaHbI METO/IbI n . Metonom
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BO3BpAIAeTCsI UTEPATOP, YKA3BIBAIONINI HA MEPBHIN 3JIeMEHT B KOHTEH-
Hepe. Metomom BO3BpAIAETCS UTEPATOP, YKA3BIBAIOIMINI TIO3UIUIO 32
TTOCTIETHUM 2JIEMEHTOM B KOHTeITHepe.

Moppo6HoCcTU

MonyyaeTtcs, 4TO MeTOA, BO3BpAaLLaeT UTepaTop, YKadbiBaloLLMA HA 3N1E€MEHT Mo-
cflie nocneaHero anemMeHTa B KoHTelHepe. MNoHATHO, 4YTO Takoro anemMeHTa HeT. B aTom
CMbIC/ie UTepaTop, BO3BpaLLaemMbii METOAOM , Jlydle paccmaTtpuBaTtb, BCe Xe,
KakK MHAMKaATOP OKOH4YaHWS KOHTerHepa. Takke cneayet OTMETUTb, HTO 3TO CTaHAapT-
HbI NOAX0A, KOTOPbI BO MHOMMX Ciydasx ynpoLiaeT peannsaumnio NnporpaMmMHbIX KO-
A0B.

B Tene metona co371aeTCs JIOKAIBHBIN UTepaTop p (BO3BpallaeTcs pe-
3yJITATOM METO/IA), TIOJIIO WUTEPATOPA MPUCBAUBAETCS HYJIEBOE 3HAUEHUE
(TTOCKOTBKY WTEPATOP MOJKEH YKAa3bIBAaTh Ha TEPBLIN 3JIEMEHT B KOHTEHHEpeE).
[Tomo © wTepaTopa MpUCBaWBaeTCs 3HAYCHUE . llocnennee oznavaer, 4To
UTEpATOp TpeHasHaYeH it PAGOTHI ¢ KOHTEITHEPOM, 13 KOTOPOTO BBI3BIBAETCS
METOJT

[IporpamMmMHBIi KO METO/IA OXO0 Ha KOJI METO/Ia , C TO JINIIIb
pas3HuIlelf, YTO TOJIIO BO3BpAaIlaeMOTO UTepaTopa MPUCBanuBaeTcs B Ka-
YyecTBe 3HAYEHUST PE3YJIbTAT BbI30BA METO/A - TO eCTh 3HaYeHue M0

o0beKTa-KOHTelHepa.

-' Ha 3ameTky
WTepatop, Bo3BpaLLaeMblii METOA0M , COAEPXUT MHAEKC CO 3HaYeHNEM .
I 3TO NpuW TOM, YTO MHAEKC NOCNEAHEro 3/IeMeHTa B MacCuBe KOHTEMHEPHOrO 0ObekTa
paBeH

Merton MBI yKe YIIOMUHATHW BBINIE. Pe3ymasraToM MeToaa
BO3BPAIAETCS] BBIPAKEHUE . 3HavyeHNe BBIPDAKEHUS] PaB-
HO , €CJIU COBIA/IAIOT UTEPATOPHI, BO3BpAllaeMble METOaMU u

— COBIIQJIAIOT B TOM CMBICJIE, YTO Y HUX 3HAUEHUS TOJIEN onu-
HakoBbIe (TTOJIST &  COBMAAIOT aBTOMATUYECKH, TTOCKOIBKY METO/bI BBI3BIBAIOT-
cs1 U3 oxHoro obbekra). Ho mose UTEPATOPA, BO3BPAIIAEMOTO METOIOM

, Bcerma pasHo 0. [ToaToMy mTepaTophl COBIAAAIOT, ECHIH TIOJIE

UTEPATOPA, BO3BPANIAEMOTO METOIOM , Takke paBHsietcs 0. C 1pyroii cTo-
POHBI, TT0JIe JAHHOTO UTepaTopa COBIA/IAET C IJIIHON MacCHBa B KOHTeliHepe. A
HyJIeBasl INIMHA MACCUBA TOJILKO B ITyCTOM KOHTEITHepe.

Ente MbI m3MeHUIN TPOTPAMMHBIN KO METO/IA , KOTOPBIM 0TOOpasKkaeT-
cs1 cozlepKIMoe KoHTeliHepa. Terepb Bech mporiecc 6a3upyeTcst Ha MCIOJIb30Ba-
HuM utepatopos. [locie mpoBepku KOHTeHepa Ha TIPEIMET, He MyCTOU JIU OH,
KOMaH/ION CO3/1a€TCs JIOKATBHBIN UTEPATOP U YCTaHAB-
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JIUBaeTcsl B Hayayo KoHreitHepa. [lamee 3amyckaercst popManibHO GECKOHEUHBII
ormepaTop 1ukia (yciaoBue B -MHCTPYKIIUH, BBIXOJ] 13 GECKOHEUHO-
o IUKJIA peaqusyercst 6arogapsi yeJIOBHOMY orepatopy). B omeparope mukia
KOMaH/IOM oroGpakaeTcsl 3HaYCHKE JIEMEHTa, Ha KOTOPBII
YKa3bIBaeT UTEPATOP D, 3aT€M UTEPATOP KOMAHIOH nepebpachiBaeTcsl Ha
CIIeyTOTINI DITEMEHT.

] Ha 3ameTky

I Ecnu nepepn, ntepaTtopom NoctaBUTb 3BE3A0YKY * (HANPUMEP, Kak B MHCTPYKLUUN *p),
MoJIy4MM 3HAYEHUNE 3NIEMEHTA, HA KOTOPbIN CCbIIAeTCs UTepaTop.

Ecuin ipu mpoBepke ycioBus B YCJIOBHOM OIEPATOPE OKAXKETCS, UTO
UTEpPaTOP YCTAHOBJIEH B KOHEIl KOHTeHepa, MHCTPYKIINeH 3aBepIIaeTcs
BBITIOJTHEHUE YCJIOBHOTO OTIEPATOPA.

[Tpu BBITIOJTHEHUH TIPOTPAMMBI CO3/Ia€TCsTI KOHTEHHEPHBI OOBEKT = € MEJTOYNC-
JIEHHBIM MacCHBOM. Bce ajileMeHTBI MacCHBa 3aNOJHAIOTCS HYJIAMU (KOMaHAA
). L1t paboThI ¢ KOHTETHEPOM HaM ITOHAZ0OUTCS UTe-
patop. Utepatop g co3maeM KOMaHIOMH . 3nech
MOCKOJIbKY KJIACC UTEPaTopa OTMICaH BHYTPU KJlacca KOHTeHepa
, YKasbiBaeM 06a Kjacca (4pe3ornepatop paciimpeHusi KOHTEKCTa : : ),
MIPUYEM JIJIT KOHTEHEPHOTO KJIACCa YKA3bIBAETCS 3HAUEHIE st 00001TIEH-
Horo napametpa. Komanmoit WTEPATOp ¢ yCTAaHABJIWBAeTCA B Ha-
Yyajio KOHTeliHepa

— Ha sameTky

.
HanomHum, 410 MeTon, yCTaHaBNMBAET CBA3b MEXAY UTEePaTOPOM U TEM KOH-
I TENHEePOM, N3 KOTOPOrO Bbl3bIBAETCA METOL, . OTO Xe 3amMeyaHne OTHOCUTCH
1 K MeTony . B naHHOM cny4vae CBSI3b yCTaHaBNMBAETCS MEXAY UTEPaTopoM o 1
KOHTENHEPOM

Jlnsi oToOpaskeHust COMEPKUMOTO KOHTelHepa 3aIyCKaeTcsl OmepaTop IHUKJIA.
Omneparop BBIIOTHSAETCS, TOKA ICTUHHO yCJIOBHE , TO €CTb TIOKa
UTEPATOp ¢ He YCTAHOBJIEH B KOHEIl KOHTeliHepa. B camom onepatope orobpa-
KaeTcs (KoMaHza ) 3HaUeHMe TeKyIero (Ha KOTOPBHIH YKa3bl-
BaeT UTEPaTop) 3JIEMEHTa, TI0C/e Yero UTepPaTop KOMAaH/IOM HepPexXo/InT K
CJIeLyTOIeMY JIeMEeHTY KOHTeliHepa.

Ha cremyiorem aTare MbI 3ar1oTHsIeM KOHTeHEP uncaaMu. /{1 aToro urepaTop
YCTaHABJIMBAETCS B KOHeIl KOHTelHepa (KOMaH/a ), ¥ 3aIyCKaeTcs
e1re OINH oTiepaTop IMUKIA. TaM cHavama KoMaHAoM WTEPaToOp CMeIaeTCs
Ha OJIHY MMO3UIIHIO BJIEBO (11epedpachiBaeTCs Ha TPEABIILYIIUI 3JIEMEHT 110 CPaB-
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HEHUIO K TEKYIIeMYy), Tocje Yero KOMaH 01 JTAHHOMY 3JICMEHTY IIpU-
CBaMBaeTCd 3HaYCHUE.

3Ha4YeHMe 31eMEHTA B KOHTENHEPE, a CCbISIKY Ha 3TO 3HaYeHne, TO MHCTPYKLUMIO BUaa
MO>XHO MCNONb30BaTb HE TOJIbKO AJ1A CHUTbIBAHNA 3HA4YEHUSA 3N1IeMeHTa, HO 1 Anga npu-
CBaMBaHUSA 3/1IEMEHTY 3HA4YEHUSA.

— Ha 3ameTk
- y
[MockonbKy onepaTtopHbIA MeToa, Ans oneparopa "3Be3[04ka” BO3BPALLAET HE NPOCTO

Jlanee, NOCKONbKY B BblpaXeEHUN ncnonb3oBaHa noctdukcHas popma onepa-
TOpa AeKpPEMEHTA, TO CHavana 3fIEMEHTY KOHTENHepa np1ucBanBaeTCs TekyLlee 3Have-
HWe NEPEMEHHOM k, 1 TOJIbKO NOCHE 3TOr0 3HAYEHNE NEPEMEHHON k  YMEHbLLAeTCs Ha
eanHuLy.

OrnepaTop nMKJIa BBITIOTHAETCS /10 TEX MOP, TTOKA UCTUHHO YCJIOBHE
(uTepaTop yCTaHOBJIEH He B HAYaJI0 KOHTEWHEPa).

Moppo6HoCcTU

He ncknioyeHo, YTo KOMY-TO MOXET nokasaTbesi, 6yATo Npw BbINOSIHEHMM onepaTopa
LMKNa He NPMCBanBaeTCs HOBOE 3HAa4YeHVe HavasbHOMY 3/IeMEHTY B KOHTelHepe (no-
CKOJIbKY €C/1 UTepaTop ¢ YCTaHOBJIEH B HA4aI0 KOHTeNHepa, To onepaTop uuMKia 3a-
BepLuaeT cBo paboTy). PadymeeTcs, Bce He Tak. [leno B TOM, 4TO Npu NpoBepKe yc-
NOBMA B ONepaTope uukiia utepaTop BCeraa ykasblBaeT Ha TOT 3JIEMEHT, KOTOPOMY yXe
NPUCBOEHO 3Ha4veHune. [103TOMy Ha MOMEHT, Korga npu NpPoBeEPKe YCNOBUS UTepaTopsb!

" CTaHyT COBMNaAaTtb, Ha4asbHbIA 31eMeHT ByAeT C HOBbIM 3HAYEHNEM (1
3TO 3Ha4YeHue 1).

[Tocsie mpucBanBanus 3HAUEHUM 2J€eMeHTaM B KOHTEWHEPE, €r0 COAEPKUMOE
cHOBa oToOpaskaercs. JIJIs 9TOro 3aiyckaeM elie OAuH ornepaTop mukia (¢ uH-
NEKCHOU TIepeMeHHOU 1), a JOCTYI K 3HAUEeHUIO 3JeMeHTa I0Jy4aeM C TTOMO-

11O BbIPpaKE€HUA . Beruncistercst ono CJIeAy oM O6p330MZ
- 9TO UTEPATOP Ha 3JIEMEHT, OTCTOHHH/II'/JI OT Ha4YaJIbHOT'O Ha
HOSI/ILII/IfI, a COOTBETCTBEHHO - 3HAY€HHE TaKOI'O 9JIEMEHTA.

[Toxoskum 06pa3oM 3HAYEHUST IJIEMEHTOB OTOOPAKAIOTCS B 0OPATHOM TIOPSIIKE:
IIPU TOM Ke XapaKTepe N3MEeHEeHUsI WHIEKCHOU MTepeMeHHO 1 3HaueHue aJe-
MEHTOB BBIUUCJIISIETCS BBIPAKEHIEM . pe3yJIBTaTOM BBIpasKe-
HUS SIBJISIETCS UTEPATOP, YKA3BIBAIOIINI HAa 9JIEMEHT, HaX0/I5-
IUTiCS Ha 1 TIO3UIUH BJIEBO OT TTOCJIETHETO IIEMEHTA.

-' Ha sameTky
HanomMHum, 4To MeToA, yKa3blBaeT He Ha NOCNeAHM ANIEMEHT, a Ha "NMo3numio” 3a
I nocneaHUM 3/1EMEHTOM.

I[JIH BCTaBKM HOBOTO JJIEMEHTa B KOHTCfIHGp HCIIOJIb30BaHa KOMaH/la
BceraBnsgercsa umciaoBoe 3Ha-
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yeHue . Ilosutusi, B KOTOPYIO BCTABJISETCS 3JIEMEHT, OIPEIENSIETCS UTe-
paTopoM . [lanHpIil UTEepaTop yKasbpIBaeT Ha aJie-
MEHT, OTCTOSIIIUI Ha MO3UIIMI BIIPABO OT HAYAJILHOTO dJIEMEHTA

(TO €CTb 9JIEMEHT BCTaBJIAECTCA T/I€-TO IIPDUMEPHO ITOCPEANHE MaCCI/IBa). ,HJIH
BCTaBKM HYJIEBOT'O 9JIEMEHTOB B Ha4aJio KOHTeﬁHepa HCIIOJIb30BaHa KOMaHda

. Komanoit B Ha4ajo
KOHTeIHepa BCTABJISIETC €llle OUH dJIeMeHT. 3HaueH1e dJIEMEHTA BLIYMCIISIETCS
BBIpaKEHEM . A 5TO ecTh HU YTO UHOE, KaK 3HAYEeHNEe HAadyalb-

HOTO (Ha MOMEHT BBITIOJIHEHUS BCEH KOMaH/Ibl) 3JieMeHTa (TO eCTh HavyaJIbHBIN
aJeMeHT OyaeT mpoay6InpoBaH).

B koHell KOHTellHEpA 3JIEMEHT CO 3HAYeHHeM BCTaBJIAETCA KOMAH/IOMN
. E1rte onus Taxkoi sxe 371eMEeHT BCTABISIETCS B KOHEI[ KOH-
TeliHepa IIPY BBIIIOJHEHUN KOMaHIbI

[ ] Ha sameTky
I Ha nocnegHuii anemMeHT KOHTerHepa = yka3blBaeT urepatop

Ha JJaHHOM 9Tall€ Mbl BHOBb OTO6pa>K3.€M COZIEPKHMOE KOHTeIL/,IHepa. C aroii IIe-

JIBI0 KOMaHAON UTEpaTop YCTaHABJIMBAETCS B HAYAJIO KOH-
TelfiHepa &, MOCJIe YeTO B UTPY BCTYIAET OTePATOpP MUKJIA. 32 KasK/IbIi UK 3HA-
YeHue WTepaTopa U3MeHseTcs KOMaHI0H (tpubaBiieHne K UTEPATOPY

eIMTHUIIBI U TIPUCBaBaHUE TIOJYYEHHOTO Pe3yJIbTaTa), HO Tiepeji 3TUM 3HAYEeHVe
oroGpaxkaercst B OKHe BbiBojia. OmiepaTop BBIMOTHSIETCS IPU UCTUHHOM YC-
JIOBUU

3areM 3JIeMEHTHI U3 KOHTEeITHepa HAYMHAIOT YAAIsAThCs. [1epBbIil a71eMeHT KOH-
TeliHepa yaauseM KOMaHI0M . 37ech BBI3BIBAETCS BEp-
cHs MeToJia C apryMeHTOM - UTEPATOPOM, YKA3BIBAIOIITUM
Ha IIepPBBII 2JieMeHT KoHTeliHepa. [locieHuil ajeMeHT n3 KoHTeliHepa yiaJser-
CsI KOMaHI0M . XOoTs apryMeHTOM METO/LY repe-
TIaH UTEPATOP , YKa3bIBAIONTUITHA HECYIIECTBYIOMINUI 9JIeMEeHT, METO/

OIIUCAH TaK, YyTO "lleJieyKa3aHue" Ha ylajisgeMblil aJleMeHT aBToMaTuye-
CKU TIepeoTIpeiefiseTcs U YAAIIeTCs MOCaeAHIHN 9IeMeHT KOHTeTHepa.

-' Ha 3ameTky
Janee ons npoBepkun COQEPXNMOro KOHTEHEpPa = BbIMOJIHAETCS KOMaHAa

DJIeMeHT BHYTPU KOHTeHepa YAAIIeTCs C TTOMOIIBI0 KOMaHIbI
[lns  ynaneHusi HECKOJBKUX 3JIEMEHTOB UC-
[10JIb30BaHa KOMaHja , TIpPUYeM 3HaueHWe WTepaTopa
MpeaBaAPUTEILHO 3a1aHO KOMAH[0#
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— Ha 3ameTky
.
Mpwn BbINOAHEHUN KOMaHAbI nepBbIA yoansaembli 3NEMEHT onpe-
I nensieTcst U”TepaTtopom , @ NocnegHnin yaansemMblin 91eMeHT onpeaensieTcs utepa-
TOPOM ¢, DNIEMEHT, Ha KOTOPbLIN yKa3biBaeT utTepatop , He yaansietcs
Haxomner, komaamoi yAQIIETCS TOCTEeTHUN 37IEMEHT, a KOMaH-
non yaJigeTcs TepBbIi 2JieMeHT B KoHTelHepe. /1715 moJiHOM

OYNCTKU KOHTelHepa (yIajJeHus BCeX OCTABIIMXCS 9JIEMEHTOB) MCIIOTh30BAHA
KOMaH/a

Bo BTOpOI1 9acTu mporpaMMbl KOMaH/I01 co3naercs
KOHTEHHEPHBIIT 00hEKT C CUMBOJIBHBIM MaccuBOM. VTepaTop Ajsi JaHHOTO
KOHTeWHepa co3/1aeM KOMaH /101 . C kourerine-

POM b U UTEPATOPOM P ITIPOJIEJIBIBAIOTCS MPAKTUYECKU T€ K€ MAHUITYJISAIINU, 4YTO
U ¢ KOHTEHHEPOM & U UTEPATOPOM ¢ COOTBETCTBEHHO (C MOIPABKO HA TO, YTO
TeTephb PeYb UIET O CUMBOJIBHBIX 3HAUEHUSX ). XOUETCS BEPUTD, UTO PE3YJIBTAT
BBITTOJIHSIEMbIX OTEPAIHil YMTATETI0 OYIET siceH Oe3 OMOJHUTETbHBIX MOsICHE-
HU.

12.3. CtaHpapTHbIe noaxoabl

Hy, nonumaeme, s 3a xeupom nowen - a mym
maxue npuxmouenus!
u3 /¢ "Tocmvs uz Gyoywezo”

Ternepb paccMOTPUM TIPEABIAYIIHIT TIPHIMED, HO TOJTHKO BMECTO OTMCAHUS CO0-

CTBEHHOTO KOHTEHHEPHOTO KJacca C BHYTPEHHUM KJIaCCOM MTepaTopa
BOCIOJIb3YEMCsI KJIaCCOM u3 6uboreku mabisonos STL.
JIu1st Toro uToObI KIacce MOKHO OBLIIO UCIIOJIb30BaTh B IIPOrpaMMe, He-

06X0IMMO BKJIIOYUTH B IPOTPAMMY 3aT0JIOBOK

Cpazy mepetizieM K pacCMOTPEHUTO TTPOTPAMMHOTO KOJa, TIPEJICTaBIEHHOTO B JIN-
ctunre 12.4.

Jiuctunr 12.4. Ucnonb3oBaHue KOHTEWHepa vector

#include <iostream>

#include <vector>

using namespace std;

// OBobmeHHas GYHKUMS IJ9 OTOOPaxkeHUS COMNEPXUMOTO
// KOHTeMrHepa, CO3IaHHOTO Ha OCHOBe Kjlacca vector:
template <class X> void show (vector<X> v) {

if(v.empty()){ // Ecim KOHTEMHep IyCTONI
cout<<"Her sjemMeHTOB.\n";
return;

}
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// ECIM KOHTEMHEpP CONEPXUT DSJIEMEHTH :
for (int i=0;i<v.size();1i++) {
// OBBEKT KOHTEMHepa MOXHO MHIEKCUPOBATH :
cout<<v[i]<<" "; // OroBpaxeHue 3HAUEHMS BJIEMEHTA
}
cout<<endl;
}
// TmaBHasa GYHKUMA OPOTPAMME :
int main() {
// HauaJsibHBEIM pasMep KOHTeMHepa:
int n=5;
// UYnCioBOM OBBEKT-KOHTEMHEp (3aloJIHEH HYJIAMM) :
vector<int> a(n,0);
// ViTepaTop IJjg UMCJIOBOTO KOHTEMHEepa:
vector<int>::iterator qg;
// ViTepaTop yCTaHOBJIEH B HAUaJIO KOHTEMHEepa:
g=a.begin () ;
cout<<"ComepxmMmoe UMCIJIOBOTO KOHTeMHepa:\n";
// OToBpaxeHue CONEPXKMMOTO KOHTEMHepa:
while(g!=a.end()) {
cout<<* g<<" ";
g++;
}
cout<<endl;
// VTepaTop yCTaAHOBJIEH B KOHEL KOHTelHepa:
g=a.end() ;
int k=n;
// 3amnojiHeHMEe KOHTeMHepa (C KOHLIA B HAdaJo) :
while (g!=a.begin()) {
q--;
*q:k__;
}
cout<<"HoBoe comepxuMoe KOHTelHepa:\n";
// OToBpaxeHMe COIEPXMMOTO KOHTEMHepa:
for (int i=0;i<n;i++) {
cout<<* (a.begin () +i)<<" ";
}
cout<<endl;
cout<<"Comepxmmoe KOHTelHepa (C KOHLA B Hauajyo) :\n";
// OToBpaxeHMe COIEPXMMOTO KOHTEMHepa
// (C KOHLLA B HAYaso) :
for (int 1i=0;i<n;i++) {
cout<<* (a.end()-i-1)<<" ";
}
cout<<endl;
// BcTaBka BJIEMEHTA B KOHTEMHEp:
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a.insert(a.begin()+a.size()/2,n+l);
// BcTaBka BJIEMEHTAa B HAYaJI0O KOHTEMHEepa:
a.insert (a.begin(),0);
// BcTaBka B3JIEMEHTa B HAUaJiO KOHTelHepa:
a.insert (a.begin(),* (a.begin()));
// BcTaBka 3JIEMEHTAa B KOHEL KOHTEMHepa:
a.push _back(n+2);
// BcTaBka B3JIeMEHTa B KOHEL KOHTeMHepa:
a.push back(*(a.end()-1));
// UTepaTop YCTAHOBJIEH B HAUAJIO KOHTEMHepa:
g=a.begin () ;
cout<<"Iociye noBGaByieHMs BJIEMEHTOB:\n";
// OToBpaxeHre CONEPXKMMOTO KOHTEeMHepa:
while(g!=a.end()) {

cout<<* g<<" ";
q=q+1;
}
cout<<endl;
// YDhajneHue NepBOTO 3JIEMEHTa:
a.erase(a.begin());

// YmajeHue MocjieOHero 3JIEMeHTa:
a.erase(a.end()-1);
cout<<"IlocJye ynajeHusd KpalHUX SJIeMeHTOB:\n";
show (a) ;

// YmajeHue sJEeMEeHTa BHYTPY KOHTEMHepa:
a.erase(a.begin()+a.size()/2);
cout<<"IlocJye ymajieHMsa SJIEMEHTa BHYTPM KOHTeMHepa:\n";
show (a) ;

// YcTaHaBIMBaeTCH 3HAUEHME MUTepaTopa:
g=a.begin()+a.size()/2;

// VomaneHre HEeCKOJIbKUX 3JIEMEHTOB:
a.erase(g-1,g9+l);

cout<<"YmaJIeHO HEeCKOJIbKO 3JIeMeHTOB: \n";
show (a) ;

// YmajeHue MocjieOHero 3JIEMeHTa:
a.pop_back();

// YmajeHue MNepBOTO 3JIEMEHTA:
a.erase(a.begin());
cout<<"YmaJjieHH KpamlHue BJeMeHTH: \n";
show (a) ;

// OumMcTka KOHTelHepa:
a.clear();
cout<<"Ilocjyie OUMCTKM KOHTelHepa:\n";
show (a) ;

// CUMBOJIbHasA NEepeMeHHasd:
char m="x"’;
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// CVMBOJILHEIM OOBEKT-KOHTEMHEp (3alojiHeH CuMBOJiaMu ‘x’) :
vector<char> b(n,m);
// WTeparTop IOJid UMCJIOBOTO KOHTEMHepa :
vector<char>::iterator p;
// ViTepaTop yCTAHOBJIEH B HAUAJIO KOHTEMHepa:
p=b.begin () ;
cout<<"Comepxmmoe CHUMBOJILHOTO KOHTeMHepa:\n";
// OToBpaxeHMe COIEPXMMOTO KOHTEMHEepa:
while (p!=b.end()) {
cout<<*p<<" ";
p++;
}
cout<<endl;
// VTepaTop YCTAHOBJIEH B KOHEIl] KOHTEMHepa:
p=b.end() ;
// 3BanojilHeHMe KOHTeMHepa (C KOHLIA B HAadalo) :
while (p!=b.begin()) {
p-=7
*p=m——;
}
cout<<"HoBoe comepxuMoe KOHTelHepa:\n";
// OToBpaxeHMe COIEPXMMOTO KOHTEMHEepa:
for (int i=0;i<n;i++) {
cout<<* (b.begin () +i)<<" ";
}
cout<<endl;
cout<<"Comepxmmoe KOHTelHepa (C KOHLA B Hauajyo) :\n";
// OToBpaxeHMe COIEPXMMOTO KOHTEMHepa
// (C KOHLLA B HA4ajo) :
for (int 1i=0;i<n;i++) {
cout<<* (b.end()-i-1)<<" ";
}
cout<<endl;
// BcTaBka BJIEMEHTA B KOHTEMHEp:
b.insert (b.begin()+b.size () /2, A");
// BcTaBka BJIEMEHTa B HAYaJI0O KOHTEMHEepa:
b.insert (b.begin(), 'a'");
// BcTaBka BJIEMEHTA B HAYaJI0O KOHTENMHepa:
b.insert (b.begin (), * (b.begin())):
// BcTaBka 3JIEMEHTAa B KOHEL KOHTEMHepa:
b.push back(‘'b’);
// BcTaBka B3JIeMEHTa B KOHEL KOHTeMHepa:
b.push back(* (b.end()-1));
// UTepaTop YCTAHOBJIEH B HAUAJIO KOHTEMHepa:
p=b.begin () ;
cout<<"Ilocjyie moBaBJieHMSa BJIEMEHTOB:\n";
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// OToBpaxeHue CONEPXKMMOTO KOHTEMHepa:
while (p!=b.end()) {

cout<<Fp<" ";
p=p+1;
}
cout<<endl;
// YDhajneHue NepBOTO 3JIEMEHTA :
b.erase (b.begin());

// YmajeHue MocjiefHero 3JIEMeHTa:
b.erase(b.end()-1);
cout<<"IlocJye ynajeHusd KpalHUX BSJIeMeHTOB:\n";
show (b) ;

// YmajeHue sJeMEeHTa BHYTPM KOHTEMHepa:
b.erase (b.begin()+b.size () /2);
cout<<"IlocJye ymnajieHMsa SJIEMEHTa BHYTPM KOHTeMHepa:\n";
show (b) ;

// YcTaHaBIMBaeTCH 3HAUEHME MUTepaTopa:
p=b.begin()+b.size () /2;

// VomaneHre HEeCKOJIbKUX 3JIEMEHTOB:
b.erase (p-1,pt+l);

cout<<"YmaJiIeHO HEeCKOJIbKO B3JIeMeHTOB: \n";
show (b) ;

// YmajeHue MocjiefHero 3JIEMeHTa:
b.pop back() ;

// YmajeHue MNepBOTO 3JIEMEHTA:
b.erase (b.begin());
cout<<"YmaJjieHH KpamlHue BJeMeHTH: \n";
show (b) ;

// OumMcTka KOHTelHepa:
b.clear () ;
cout<<"Ilocsie OUMCTKM KOHTelHepa:\n";
show (b) ;
return 0;

}

PesyibraT BbITIOJIHEHUS TPOTPAMMBI (PAKTUYECKU TAKOH XKe, KaK U B TIPEIbILY-
1ieM cJrydae:

PesynbTar BhINONIHEHUS NporpamMmmel (U3 nuctudra 12.4)

ComepxmMoe UMCJIOBOTO KOHTEMHEPa:

00O0O00O

HoBoe conepxymMoe KOHTeMHepa:

12345

ComepxmuMoe KOHTeMHepa (C KOHLA B Hadajo) :
54321
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[locne noOaBJIEHUS BJIEMEHTOB:
0012634577

[locye ynajieHMs KpaWHUX 3JIEMEHTOB:
01263457

[locye ynajieHMs DBJIeMeHTa BHYTPM KOHTEeMHepa:
0126457

YIaJleHO HEeCKOJIbKO DBJIEMEHTOBR:

01457

YnaJjieHbsl KpallHMe BJIEMEHTH:

145

[IocJjle OUMCTKM KOHTEeMHepa:

HeT »ieMeHTOB.

ComepxuMoe CHUMMBOJIBHOT'O KOHTEMHepa:

X XXXX

HoBoe comepxmmoe KOHTEMNHepa:

tuvwx

ComepxmuMoe KOHTeMHepa (C KOHLA B Hadajo) :
X w v ut

[locye noOaBJIEHUS BJIEMEHTOB:

aa t uAvwzxDbb

[locye ynajieHMs KpauHUX D3JIEMEHTOB:
atuAvwzxDb

[locyie ynajieHMs DBJIeMeHTa BHYTPM KOHTeMHepa:
atuAwzxb

YIaJleHO HEeCKOJIbKO DBJIEMEHTOBR:

atwzxb

YnajieHbsl KpallHMe BJIEMEHTH:

t w x

[IocJjle OUMCTKM KOHTEeMHepa:

HeT »ieMeHTOB.

Ecnu He cyuTaTh TOTO, YTO OTCYTCTBYET OMUCAHUE KJacca , IpOrpaMM-

HBIH KO OCTAJICS MPaKTUYECKN TAKUM Ke - IMeeTCsS B BUY TJIaBHAd DYHKITUS

[IPOrpamMMbl . IIpaBma, nosiBHIIOCH onvcaHue IMAGJOHHON (DYHKIUN
, HO TaM Ha CaMOM JieJie HOBOI'O TOXKe MaJIo.

WNrak, B nporpaMMe TaM, Ijie UCIOJIb30BAJICS KJaccC , Tellepb UCII0JIb3Y-
eTcst OMOJIMOTEYHBIN KJIace , @ TaM, TJIe Mbl UCTIOJIb30BAIN BHYTPEHHUI
KJ1acc , UCTIOTh3yeTcsT (OTpeiesIeHHbIN B KOHTEHHepe ) UM

—

L} Ha sameTtky

I YT06bI MCMONB30BaHME KNacca 1 CONYTCTBYIOLLMX YTUAWUT CTAN0 BO3MOXHbIM, B
LaNKy NPorpaMmbl oGaBAEHa UHCTPYKLMS )
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Y koHTeitHEpHOTO KIacca €CTb METO/IBI CO 3HAKOMBIMU HAM HA3BAHUSIMU
(BCe COBITQJIEHUS CJIyYaliHbI):

*  Merton BO3BpAIAcT 3HAUEHUE €cJI KOHTEWHEp TIyCTOM,
u B ITPOTUBHOM cirydae (TO eCTh MEeTOJ "/aeT OTBET" Ha BOIIPOC
"IycTOl KOHTEHHEP UJIK HEeT").

*  Merton pe3yJIBTaTOM BO3BPAIIAET KOJIUYECTBO 3JIEMEHTOB B
KOHTEeHHepe.

*  Merton pe3yaBTaTOM BO3BpAlIaeT UTEPATOP, YCTAHOBIEHHBIH

B HauaJIo KOHTelHepa.

*  Meton BO3BpaIaeT Pe3yJbTaTOM UTEpPaTop, YCTAHOBJIEHHBIN B
KOHEIl KOHTelHepa - UMeeTCs B BULY "TIO3ULIMS " 32 TOCJIEIHUM dJIeMEH-
TOM B KOHTeliHepe (TO eCTh C 3TUM METO/IOM CUTYAITUs TaKas e, KaK U C
OTHOMMEHHBIM METO/IOM, OTIMCAHHBIM B MTPEABIAYIIEM TIPUMEPE).

*  Metox IpeHa3HaueH /IS BCTAaBKU 3JIeMEHTA B KOHTEHHED.
AprymMeHTaMu METO/Iy MOTYT TIepe/laBaThCcd UTEPATOP, OTPEAETTIONINN
MECTO BCTaBKU 3JIEMEHTA, ¥ 3HAUEHNE BCTABJISIEMOTO 3JIEMEHTA.

e Merox BBITIOJIHSIET BCTABKYy HOBOTO 3JieMeHTa (apry-
MEHT MeTO/Ia) B KOHEIl KOHTeHepa.

*  Mertox yAQJIgeT 3JIeMEeHT WY 3JIeMEeHTHI U3 KoHTelinepa. Ecam
METOJIy apryMEHTOM IepeiaTh UTEPaTop, To OYAET yAaJIeH dJIeMEHT, Ha
KOTOPBI UTepaTop yKa3biBaeT. Ecam MeTomy TepemaTrh apryMeHTaMu
JIBa UTEpaTopa, To Oy/IeT yAajeHa TPyIIa 9JIeMEHTOB, HaYlHasl C TOTO
aJieMeHTa, Ha KOTOPBIN YKa3bIBaeT MEPBBII UTEPATOP, U 710 TeMEHTa, Ha
KOTOPBIN yKa3bIBaeT BTOPOU UTepaTop (HO He BKIIOUAS ITOT 9JI€MEHT!).
[lpyruMu cioBaMM, 971EMEHT, Ha KOTOPBIHM YKa3bIBaeT BTOPOIl UTEPATOP,
ocTaeTcs B KOHTeliHepe (He yaamseTcs).

e Merox NpeHa3HAuYeH I yAQJIEHUS TMOCHEHEro dJie-
MEeHTa B KOHTelHepe.

° MGTO,ZI Ipe/iHasHav€eH AJIsA IIOJTHOI OYMCTKH KOHTeﬁHepa.

Kpowme aToro, ¢ uTepaTopamu, CBSI3aHHBIME C KOHTEHHEPHBIM KJIACCOM ,

MOJKHO BBITIOJTHSITh TaKue apuMeTHIecKue Orepalii, Kak prudaBJIeHne U Bbi-

YUTaHUE 1eJIbIX YNCes, THKPEMEHT U IEKPEMEHT, MOXKHO ITPUMEHSITD IIPOIe/Ly Dbl

B3sTHsI 3HaveHns: (omepatop 3Be3mouka *). OOGBEKTH KOHTEHHEPHOTO KJIacca
MO’KHO MH/IEKCUPOBATh.

Moapo6HoCcTU

Mo cpaBHEHWEM C NpeabIayLLMMU NPUMEPOM, pa3nuyns B "noBeaeHNN” METOA0B BCE Xe



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

ecTb. A ecTb 1 npocTo "notepun”. Tak, y knacca HeT MeToa0B "
.Moatomy (3aecb 1 ganee yepes 00603Ha4YeH KOHTENHEPHbIN 0ObEKT):

. B nporpaMmmMeBMecTO KoOMaHg Bnaa ncnonb3oBaHa
anbTepHaTnBHaa KoMaHoa

+  BMmecTo koMaHp, dopmata MCMNONb30BaHbl BbipaXeHWs Buaa
Mockonbky  MeTon, Bbi3blBaeTCA 6e3  aprymMeHToB, TO  KOMaH-
Opl Buga 3aMeHeHbl  Ha

Elle oonH MOMEHT CBSA3aH C UCMoJsib30BaHMEM MeToda . Korpa mbl onpepe-

NN 3TOT MEeToh, CaMOCTOSATENIbHO, TO NMPeayCcMOoTpenu "yTo4YHeHue" HEKOPPEKTHBIX
aprymeHToB. Hanpumep, npu BbINOSHEHMUM KOMaHAbl BUAa

B NpeaplayLeM npumMepe B KOHTENHepe yaansancs 6bl NOCNEAHUIA SNEMEHT, XOTS
nTeparop yKa3blBaeT Ha no3unuunto 3a nocsegHnmM 3JIEMEHTOM. MeTO,EI,
KOHTeI7IHepHOFO Knacca I'IO,EI,O6HI:IM AEMOKPaTn3mMoM He 06nap,aeT.
I'IosTomy ANga yoaneHnsa nocnegHero afieMeHTa n3 KOHTeI7IHepa C NOMOLWbIO METO-

na MCMNOMb3yeM KOMaHIy
[TockombKy y KOHTEMHEPHOTO KJacca METOo/1a HEeT, MbI IS

yao6eTBa onucaan 0000IeHHy 0 (DYHKIMIO ¢ TAKUM K€ Ha3BaHUeM. ApryMeH-
TOM (DYHKIIMU TepefaeTcss 0ObeKT KOHTEHHEPHOTO Kjacca. B Tene dyHKImm
cHayaJja TpoBepseTcsT KOHTEHeP Ha MpeAMeT TOTO, IIyCTOH OH Wi HeT. Ecim
KOHTEITHep He IyCTOM, 3aIlyCKAeTCs OMePaTop IHUKJIa, B KOTOPOM 0TOOPAKAIOTCST
3HaYeHUs dJ1eMeHTOB KoHTeiiHepa. CTouT 06paTuTh BHUMaHKME Ha MCIOJIb30Ba-
HUe B QyHKITNN METOZIOB (Meton uneHTU(UKAIINY TTyCTOTO KOHTEHe-
pa)u (MeToj1 TTO3BOJISIET Y3HATH KOJIMYECTBO 2JIEMEHTOB B KOHTEHHEPE).
OO6beKThI KOHTEHHEPA WHAEKCUPYIOTCS KaK 9JIEMEHThI MAaCCHBA - TO €CTh ¢ KOH-
TeifHepHBIM 00BEKTOM MBI MOJKEM 00PAIIaThCs KaK ¢ MACCUBOM, UTO OCTAaTOYHO

yIOOHO.
-| Ha sametky
B nporpamme koMaHabl Buaa 3aMeHeHbl KOMaHaaMm , Toe ye-
_I pes 0003Ha4eH KOHTENHEPHbI OO BLEKT.

B s3aBepieHue TraBbl XOYETCsT OTMETHTh, 4TO OubIMOTEKa IabJIOHOB
STLupencrasisier co6oit 04eHb MOIIHOE MOJICIIOPhE, MO3BOJISIONIEE CO3/ABATDH
poctbie, ruOkue 1 3 HEKTUBHBIE KOJBI. B 9TOM CMbIC/Ie UCTIOIb30BaHKUE YTH-
JT OUOIMOTEKH Ha TPAKTHKE TOJBKO IPUBETCTBYETCS.



MnaBa 13.

OBPABOTKA UCKNTIOYUTEJIbHbIX
CUTYALIUN
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Ompuyamenviwiil pesyavmam - 3mo momxce pe-
3yavman.
u3 /¢ "Tocmvs uz Gyoywezo”

He cexper, 4TO BBITIOJIHEHKE TIPOTPAMM MHOT/IA TPUBOIUT K ONHOKaM. B mpuH-
1I1TIe, TaKas CUTYAINs BIOJHE HOpMaTbHasA. Beab HeT naeanbHBIX TPOTPAaMMHU-
CTOB U JIa’ke OYeHb XOPOIIHii pa3paboTUnK BpeMsi OT BpeMeHu orubaercs. Ho
JIeJT0 He TOJIbKO B 9TOM. BBIBaloT cuTyarnmu (0CO3HAHHO WJIM HEOCO3HAHHO CO3-
JIAaHHBIE ), B KOTOPBIX KpaliHe CJI05KHO MPeAYyTraiaTh BEPOSITHOCTh BO3HUKHOBEHUS
omm6ku. [103TOMY BasKHO COOTBETCTBYIOIIE "MOMEHTBI" BBISIBISATH U 110 BO3-
MoskHOCTH "610KKMpoBath”. [M1aBHas 3a7a4a "6a0KUPOBaHUA" 0OBIYHO COCTOUT B
TOM, 4TOOBI TIPOTPAMMA TTPOIOJIKAIIA BHITTOTHITHCS, HECMOTPSI Ha OITUOKM, KOTO-
pble MOTYT BO3HUKHYTb.

Moppo6HoCcTU

OO6bIYHO ecnn Npu BLINOSIHEHUM NPOrPaMMbl BO3HUKAET ownbka, BbIMOSHEHWE MPO-
rpamMmbl 3aBepLUaeTcs B "aBapuiiHoM™ nopsaake. B npuHumne aTo npeacraBnaeTcs no-
rMyHelM. BMmecTe ¢ TeM, XOpoLIO HanMcaHHasa nporpamMma 3aBepLuaet paboTy Tak, Kak
XO4Y€ET NPOrpaMmMuCT, a He B 3aBMCMMOCTM OT TOrO, Kak "ClIOXMANCH 3Be34bI".

CyuiecTByeT MeXaHu3M, II03BOJSIONMI 00pabaThiBaTh CUTYaIlMH, BOZHUKAIO-
IMe BCIEACTBHE T€X WM MHBIX OIUOO0K. FIMEHHO 9TOMY MEXaHM3MY MOCBSAIIEHA
nanHag riaasa. Ham monagzoOuTes HekoTopas TepMuHOJOrH. [l Havama 1mo-
BHAKOMUMCSH C IOHATUEM UCKIIOUCHUS WA UCKIIOUUMENLHOU CUMYAUUL: B OCHOB-
HOM Oy/IeM IOl STUMHU HOHATUAMH [OAPa3yMeBaTh CUTYaIIMIO, KOT/A B IIPOLIECCE
BBINOJIHEHUSI [TPOTPaMMbl BO3HUKaeT omunbOka. IIpo oOpabarbiBaeMyio OMIMOKY
Oy/IeM TaKKe TOBOPUTD KaK O NepexeamvléaemMoli OUUOKeNTIN NepexsamvléacmMom
UCKIIOUEHU.

13.1. Mpumep c oLLuMOKOMN

Jyuwe 6ot st ynan emecmo mebs.
u3 k/¢ "bpunnuanmosas pyxa”

YT06bI TIOHATH, KaK B OOIIMX YepTax paboTaeT MexaHusM 0OpabOTKH UCKIIOYH-
TEJIbHBIX CUTyaluii (MexaHusM 06paboTKH OMIMOOK), PACCMOTPUM HeOOJIbIIIOH
npumep. B aToM npuMepe mpu onpe/iesieHHbIX 00CTOSATEIbCTBAX MOKET BO3HUK-
HYTb OITHOKA.

-' Ha sameTky
Peub npet 06 owmbke, BO3HMKAIOLLEN B NPOLECcCe BbIMOMHEHUS NPOrpaMmbl. To ecTb
I NPV KOMNUASLMA NPOrPaMMbl HUKAKMX OLUMOOK HE BO3HUKAET.
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MpbI paccMOTpPUM CUTYaINio, ¢ KOTOPOU HA CaMOM Jiejie CTATKUBAJIUCh MHOTO-
KpaTHO: peyub UJeT O CO3/IaHuy JMHAaMUYecKoro maccusa. [IporpamMma, ¢ KoTopoit
MBI HaUHEM U3y4YeHHUe Mpoiiecca 06padOTKU UCKIIOYUTEIbHBIX CUTYAIlNH, OYeHb
npoctasi. B Heil Bcero yiniib coszaeTcsl IMHAMUYECKUN MacCUB - MBI JIaKe 3a-
MOJIHSITH €T0 He TiaHupyeM. ExnHcTBeHHast 0COGEHHOCTH IIPOrPAMMBI B TOM, 4TO
pa3Mep co3/laBaeMOr0 MaccuBa OIpe/lessieTcs 1M0Jb30BaTesIeM yKe B IIpolecce
BBIMOJIHEHUSI TIPOTPAMMBI: IIPU 3aITyCKe TPOrPaMMbI TIOSIBJISIETCS COOOIIEHUE C
poch0OI BBECTH TIEJI0E YHUCIIO, YKCIIO CYUTHIBACTCS, U B COOTBETCTBUH CO CUM-
TAHHBIM 3HAUEHUEM CO3/IAeTCS TMHAMUYECKUN MaCCHB.

] ) Ha 3ameTky
MpaBunbHee ObIO Gbl BMecTO ¢pasbl "co3maeTcss MaccuB” MCNonb3oBaThb dpasy
I "npeanpuHMMaeTcs NonbITka co3aatb MaccmB”. Ho BceMy CBOe Bpemsi.

PaccMmoTpuM mporpaMMHBIN KO, TIpeicTaBieHHbIl B auctuHre 13.1. OH 0ueHb
MPOCTOM.

Jiuctunr 13.1. CospgaHne maccuBa

#include <iostream>
using namespace std;
int main() {
int *p; // YkaszaTenb (MMa Maccuea)
int n; // Pasmep mMaccusa
cout<<"BBenmure uejioe umucjo: ";
cin>>n; // CuuTHBaeTCd pasMep Maccuia
// Co3maHMe MacCcuba:
p=new int[n];
cout<<"CoszsmaH MaccuB u3 "<<n<<" snaemeHTOB."<<endl;
// YmameHue MmaccuBa:
delete [] p;
COUt<<"BEHIIOJIHEHVE MNPOTPAMMEl 3aBepleHo.\n";
return 0;

}

MHoroe 3aBUCUT OT TOTO, KAKOE YHCJIO BBEJET T0Jb30BaTe b, Hanmpumep, eciu
I0JIb30BATEJb BBEJIET YHUCIO | 0, TO PE3YJIbTAT BBIMOJTHEHUS TTPOTPAMMBI, CKOpee
Bcero, OyzeT TakuM (PKUPHBIM IPU(TOM BBIIETIEHO BBEIEHHOE M0JH30BaTEIEM
3HAUYEHNeE):

Pesynbrar BhInoNHeHUs nporpammal (3 nuctudra 13.1)

BeemuTe uejyioe umcyo: 10
Cosman MaccuB u3 10 2JeMeHTOB.
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BrinmosiHeHME IIPOTPaMMBl 3aBEPUIEHO.

[Toka Huuero uurepectoro. Ho Bce MOKET KPyTO U3BMEHUTbHCS, ECJIH Mbl, CKa-
JKeM, BBeJIeM OTPHUIaTeIbHOE YHCII0. B 9TOM ciiydae pe3ysibraT OKaskeTcsl, Ha-
npuMep, TakuM (GKUPHBIM MPUGTOM BbIEIEH BBOJI II0JIb30BATEIS, KYPCUBOM
BBIIEJIEHO COODILEHIEe, KOTOPOE aBTOMATUYECKU OTOOpakaeTcs B 00J1aCTH Bbl-
BOJA):

PesynbTar BhInoNHeHUs nporpammebl (U3 nuctudra 13.1)

BBemuTe LeJjioe Yucjo: -2

This application has requested the Runtime to
terminate it in an unusual way.Please contact the
application’s support team for more information.
terminate called after throwing an instance of
‘std::bad alloc’ what(): std::bad alloc

BaanHoMmcyuae mokaszaHa NpUMepHAas peakIus IMPOTPpaMMbBI Ha BBelEHHOE
MoJIb30BaresieM 3HadeHue —2. KOHKPETHBIN THIT COOOIIEHNUSsT, MOSBISIONIET0Cs
B 00JIaCTH BBIBOJIa, He TIPUHIIMITHAIEH. BasKHO APyroe: BBITIOJHEHKE TTPOrPaM-
MbI ObLIO TIpepBaHo. IIOHATH 9TO HECIIOKHO, /I 0OPaTUTh BHUMAHUE, 4TO TIPO-
IpaMMOii BbIBe/leHA TOJBKO MePBasi CTPOKA U3 TPEX 0KUIAEMbIX.

VTak, MbI CTOJIKHYJIUCH ¢ OMmMOKON. [IpuunHa ee B MIPUHIUIIE TOHSITHA - BEJb
MBI TIOTIBITAJINCH CO3/IaTh MACCUB OTPUIIATETHHOTO pa3Mepa. Bompoc: kak ee us-
6exarb? OTBET KaKeTCst OYEBH/HBIM: pa3MelliaeM yYCJIOBHBIN OiepaTtop, B KOTO-
POM BBITIOJIHSIEM IMPOBEPKY BBOAMMOTO TIOJIb30BATENIEM 3HAUEHWs, MCKJIIOUNB
TEM CaMbIM CHTYaIHIO, KOT/[a pa3Mep MacCuBa OTpullaTe bHbliL. IIpobiema, o-
HAKO, B TOM, 4TO OIIMOKA MOKeT BOSHUKHYTH M MPH MOIMBITKE CO3aTh MacCUB
oueHb 6OIbIIOro pasmepa. Hampumep, eciiyi MbI IONBITAEMCS CO34AaTh MACCUB U3

(Murapa!) a1eMeHTOB, ¢ GOJIBIION BEPOSTHOCTHIO YBUIUM Ta-
Koe:

Pe3ynbTar BbinONHEHUS nporpammbl (13 nuctuira 13.1)

BeemuTe u1esioe umcyio: 1000000000

This application has requested the Runtime to
terminate it in an unusual way. Please contact the
application’s support team for more information.
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terminate called after throwing an instance of
‘std::bad alloc’” what(): std::bad alloc

31ech BaKHO MOHUMATD, YTO TEOPETHUYECKHU ITPOTPAMMa MOKET aTh COOM U TIpH
cosmanun OoJiee CKPOMHBIX (110 pa3mMepy) MaccuBoB. [IpudmHa B TOM, YTO Tia-
MSITh JIJISt MACCHUBA BBIIENISIETCST IMHAMUYECKH, U €CJTH 00CTOSTEBCTBA CIIOKATCS
TaK, 4TO MaMsITh 3a/IeHCTBYETCS JIJIsl PEIEHNsI MHBIX 3a/1a4, ee OAaHAIbHO MOKET
He XBaTUTBD JlaXKe JIJI O4eHb CKPOMHOTO MacCHBa.

Pesiome Taxoe: IIpru CO3aHUMN AWMHAMUYECKOI0 MacCCHBa MOKET BO3HUKHYTbH
OIHI/I6Ka, noTta np06ﬂeMa IIpuHIUIINaJIbHasA. Pemats ee HYKHO HpO(beCCI/IOHaJII)-
HO.

3azeiicTByeM MexaHU3M 00pabOTKYM HCKIIOUUTENbHBIX cUTyaluit. [[jist atoro
(pparMeHT MPOrpaMMHOTO KO/Ia, IIPU BBIMIOJTHEHUH KOTOPOTO MOTYT BO3HUKHYTh
OMMOKH, 3aKTI0YaeM B -6JIOK: YKa3bIBa€TCs1 KJIIOYEBOE CIOBO , a TocJie
Hero B (pUTYPHBIX CKOOKAaX pasMelaercsl Ko, "MoJ03peBaeMbIii” B BOJBHO-
JIyMHOM TioBefienuu (konmpoaupyemviii kod). Iocre -6JI0Ka yKa3bIBaeTCst

-6JIOK: KJIIOUEBOE CJIOBO , B KPYIJIBIX CKOOKax IOCJe€ HEero Tpoe-
TOoune (HA3BIBAETCST H/LIUNCUC), @ 3aTEM B (DPUTYPHBIX CKOOKAX YKa3bIBAETCS
IIPOrPaMMHBII KOJ, BBIIOJHSEMBIH IIpu 06paboTKe BO3HUKIIEH ommbku (koo
obpabomkir). Best KOHCTPYKITUS BBITJISIIUT Tak (OCHOBHbBIE CHHTAKCHYECKHUE KOH-
CTPYKIIUH BBIIEJIEHBI JKUPHBIM IIPUPTOM ):

try{
// KOHTPOJIMPYEMEI KOII

}
catch(...){
// wkom oBpaboTKu

D yHKIIUOHUPYET BCST ITA Y4YIA0-CHCTEMA CIEAYIOMUM 06pa3oM:

* BpmosHsAeTca KOHTPOIUPYEMBIA KO B -6s0ke. Ecom B mpotiecce
BO3HHKAaeT OmMOKa, BBIOTHEHNE KOJIA B -6JI0Ke TIPEKPAIIAETCS, U
yIpaBJieHue TTePeaeTcst -6J10Ky. Boimosasiercst Ko 06paboTKu
B -6JI0Ke, TTOCJIE YeT0 HAYMHAET BBIIOTHATHCS TIPOTPAMMHBIN KOJT
rocJye KOHCTPYKIIUH.

* Ecau npu BBITOTHEHNN KOHTPOJUPYEMOTO KO/Ia B -6J10Ke ommOOK
He BO3HHUKAET, TO -6JI0K UTHOPUPYETCs U KOJl 00pabOTKH He BbI-
noJingercst. Ilocie 3aBepieHyst BLIIOTHEHUS -6J10Ka yIIpaBJienne
nepeziaeTcs MepBoii KOMaH/Ie 1ocJIe KOHCTPYKIIHL.
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B nucrtunre 13.2 mpuBesier npuMep IporpaMMbl, B KOTOPOI CO3aeTCs AMHAMU-
YeCKHil MacCHB, HO HA 9TOT Pa3 ellle ¥ BBIMOJHIETCS 06paboTKa UCKIIOUNTEb-
HBIX CUTYyaITu.

Jiuctunr 13.2. Cospaem maccus u oOpabaTbiBaem OWMOKK

#include <iostream>

using namespace std;

int main() {

int *p; // YkaszaTens (MMA Maccuea)

int n; // PasMep maccusa

try{ // KoHTpOJMpyeMmeni KOm

cout<<"BBenure uejioe umucjo: ";

cin>>n; // CuuMTHBaeTCd pasMep MaccCuiBa
// Co3maHre Maccusa:
p=newint[n];

cout<<"CoszsmaH MaccuB u3 "<<n<<" snaemeHTOB."<<endl;
// YmaneHue MaccuBa:

delete [] p;
} // BaBepmenme try-6ioxa
catch(...){ // Konm obpaborku

cout<<"K coxajileHun, MacCup He cos3maH.\n";
} // 3BaBepumenue catch-6ioka
COUt<<"BEHIIOJIHEHVE MNPOTPAMMEl 3aBepieHo.\n";
return 0;

}

PeSy.TII)TaT BBIIIOJIHEHUA ITPOTrPaMMbl MOJKET OBITH TAKUM:

Pesynbrar BhINONHEHUS nporpammel (3 nuctuira 13.2)

BeemuTe uejioe umciyo: 10
Cozman MaccuB u3 10 2JeMeHTOB.
BHIIOJIHEHME MNPOTPAaMMEl 3aBEPIIEHO .

N Takum:

Pe3ynbTart BbinONHEHUS nporpammbl (M3 nuctuhra 13.2)

BeemuTe LeJjioe umMcjio: -2
K coxajieHuio, MacCuB He CO3IaH.
BHIMIOJIHEHME MPOTPAMMEl 3aBEPIISHO .

BBoaumblie mosib30BaTesieM 3HAUEHUSI BbIIEJIEHBI JKUPHBIM IIpUdTOM. Buamm,
YTO €CJIM TT0JTh30BaTEh BBOAUT 3HaUeHNe 10, TO IpOTpaMMa BBITTOHSIETCS TakK,
KaK ¥ B [IPeJIbIyIeM rpuMepe (IIpY KOPPEKTHOM 3HAUEHU U ITapaMeTpa JIJIst pas-
Mepa MaccuBa). ITO 03HAYAET, YTO BBITIOIHAIOTCS BCE KOMAHIBI B -6J10Ke,
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IIOCJI€ YEro BbIITOJHAIOTCA KOMaH/AbI ITOCJIC KOHCprKHI/II/I. KOMaH,[[bI
B -6J10Ke UTHOPUPYIOTCS, HOCKOJIBKY B -6JI0Ke OINOKU He BO3HUKJIO.
B cayuae, Korja nosib3oBate/ib BBEJI 3HaUEHUE —~, MACCUB co3jaH He GbL1. I1pu
IIOIBITKE CO3/aTh JUHAMUYECKUN MACCUB B -6JI0Ke BO3HUKJIA OMMOKa. BbI-
HOJIHEHYe KOMaH/] B -6J10Ke OBLIO IPEKPAIEHO ¥ HaYa Il BBIIOJIHATHCS KO-
MaH/IBl B -6;10Ke. VIMEHHO TIpH BBITIOJTHEHUN -6JI0Ka 110SIBJIETCS
coobIIeHre 0 HEeBO3MOXKHOCTH €O3/aTh MaccuB. 1locje BBINOJHEHUS -
0JI0Ka HAYMHAIOT BBIIOJIHATHCS KOMAH/bI I10CJIe KOHCTpyKInu. B

YaCTHOCTH, ITOABJIACTCA COO6HI€HI/I€ 0 3aB€pHIECHWH BBIITOJIHEHW A IIPOTPaMMBbI.

13.2. NMNepcoHannsnpyem oiMokKu

A Henv3st, wmoo smom 2unc eMecmo Mems noHo-
CUn KMo-mo opyzou?
u3 k/¢ "Bpunauanmosas pyxa”

Tpoeroure (3JUIICKHC) B KPYTIJIBIX CKOOKax mocJe -MHCTPYKIINY O3HA-
YaeT, 9TO TaKUM -6JIOKOM TIePeXBATBIBAIOTCS BCe OMMOKU (KOTOpHIE B
TIPUHITUTIE MOKHO TIEPEXBATHUTD ), BO3HUKAIOIIIE B -6s10K€e. YTOODBI TTOSICHUT

3TO, PACCMOTPUM TIPUMED, TIPecTaBIeHHbIN B auctunre 13.3. B mporpamme Mbr,
110 CPaBHEHUIO C TIPEABIAYIITUM TPUMEPOM, PEIIAeM MTOXO0KYIO 33/[aUy: CO3/[aeT-
cs1 KOHTelHep JUist Habopa 1eJIOYMCACHHBIX 9JIEMEHTOB, Y BCEX 9JIEMEHTOB 3Ha-
YeHWs] HyJIEBbIE, HO OJHOMY 3JIEMEHTY IMPUCBAUBAETCS EAMHUYHOE 3HAUEHUE.
Pa3zmep xoHTelHEPa U MHAEKC 3JIeMEHTA, KOTOPOMY MIPUCBANBAETCI eTUHUIHOE
3HaueHNeE, YKA3bIBAIOTCS MOJIb30BATENEM B ITPOIIECCE BBITIOTHEHUS IPOTPAMMBI.
Konreitaep co3maeTcss Ha OCHOBE KOHTETHEPHOTO KJacca

Moppo6HoCcTU

[ns ncnonb3oBaHus Knacca MHCTPYKUWeEn B LUanke
nporpaMmbl NOAKIOYAETCS COOTBETCTBYOLWMIA 3aronoBok. Cpa3sy obpallaem BHUMA-
HWe eLLe Ha O HY OCOBEHHOCTb BbINOJIHEHMS ONepaumii C anemMeHTamMn KOHTenHepa: 06-
paLleHVe K 3eMeHTaM BbIMOJIHAETCS C NMOMOLLbIO MeToaa . MeTogp BbI3biBaeTCs
N3 KOHTelHepHOro obbekTa, a apryMeHToM MeTody nepefaeTcs MHAEKC 3NIeMEHTa, K
KOTOPOMY BbINOJSIHAIETCS 06paLleHre (4151 CHUTbIBAHUS UM NPUCBanNBaHNS 3HAYEHWS).

PaccmoTpumM mporpaMMHBIHN KOJT:

Jiuctunr 13.3. Co3paHue KoHTeliHEpa

#include <iostream>

#include <vector>

using namespace std;

int main() {

int n,m; // PasMep KOHTEeMHEpa M MHIEKC 3JIEMEeHTa
try{ // KOHTpOJMPYEMEIZ KOI
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cout<<"VYkaxmuTe pas3Mep KOHTeMHepa: ";

cin>>n; // CumTeIBAaeTCs pasMep KOHTelHepa
// Co3maHue KOHTeMHepa (3HaueHUus - HYJu) :
vector<int> p(n,0); // Koureruep
cout<<"VYkaxmrTe MHIEKC 3JeMeHTa: ";
cin>>m; // CuMTEIBAETCS MHOEKC DJIEMEHTa
// TlpuCcBamBaHME EIVMHUUYHOTO SBHAUEHUS BDIIEMEHTY :
p.at(m)=1;
cout<<"CozpmaH KoOHTeMHep U3 "<<n<<" sjgemeHTOB:"<<endl;
// OToBpaxeHre COIEPXMMOTO KOHTEMHepa:
for (int 1=0;i<p.size () ;i++) {
cout<<p.at(i)<<" ";
}

cout<<endl;
} // BaBepuenue try-6soxa
catch(...){ // Kom obpaborTku

cout<<"K coxajeHun, Opomsomsa ommbka.\n";
} // Basepmenme catch-6rsoka
cout<<"BHIIOJIHEHME MNPOTPaMME 3abBepumeHo.\n";
return 0;

}
B nporpamme 06bsIBIISIETCSI IBE 1IEJIOUNCIEHHbIE TIEPEMEHHBIE: B IIEPEMEHHY IO

3allMCbIBAETCA 3HAYEHUE /1JId pa3Mepa KOHTeﬁHepa, a B IEPEMEHHYIO 1M 3aIlChI-
Ba€TCA 3HAYEHNE NH/IEKCA 9JIEMEHTA, KOTOPOMY IIPUCBANUBAETCA €/IUHUYIHOE 3HA~
yeHue. 3HayeHue O6eI/IX TIepeMEHHDBIX BBOAUTCA 110JIb30BATEJ/IEM C KJIaBUATYPBbI,
II03TOMY Ha MOMEHT KOMIUJIAIWUN TPOTrPaMMbl 3HAYEHNWA ITEPEMEHHDBIX n

HEN3BECTHBL.
CHavaia B -6JI0Ke 3ampalinBaeTCs U CYNTHIBAETCS 3HAYEHUE TIepEeMEHHOM

ITocae aToro KoMaHmgoOM BBITIOJIHSIETCS IIOMIBITKA CO3-
IaTh Ha OCHOBe 0000IIEHHOr0 KJjacca KOHTEeHep » U3 IeJIOYNCIIeH-

HbBIX 9JIEMEHTOB C HYJIEBBIMU 3HAYCHUSAMMU. KoinuecTBO 2/1eEMEHTOB B KOHTEIHE-
Ppe€ onpesiesideTcda 3SHaueHneM HepeMeHHOﬁ

B NaMATN MECTO AJ19 KOHTeNHepa - HanpuMep, ecnu rnosib3osaTesieM BBEAEHO oTpuLa-

7 H MeTK
= a 3amMeTKy
B naHHOM MecTe MOXEeT NPOon30iTK oLunbKa, CBA3aHHas C HEBO3MOXHOCTbIO BblAENTb
TeNbHOE 3Ha4YeHme s NepeMeHHOM

Ecnu mporiecc co3manmst KoHTeiiHEpa 3aBEPIIUIICS yAAYHO, BEIBOAUTCS 3aIIPOC
Ha BBO/I [10JIb30BaTE/IeM 3HAUYEHHs WHEKCA DJIeMEHTa, KOTOPOMY Oy/IeT MprcBa-
nBaThCs 3HaueHue. [Tocie Toro, Kak 3HaYeHNe TepeMeHHON 1 CYUThIBAETCS, KO-
MaHI0U 3JIEMEHTY C MHAEKCOM 11 B KOHTEWHepe p TPUCBANBAETCS
3HaYeHue
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— Ha 3ameTky

Mpw NnonbITKe NPUCBOUTL 3HAYEHNE 3IEMEHTY MOXET NPOU30ATIN OLLINGKA - ECNIN UHOEKC
I HE nonagaeTt B ONYCTMMbIN Ananas3oH 3Ha4eHui oT O oo ONs1 KOHTENHepa, Co-
[epXallero n 9NeMEHTOB.

[Ipu ycaoBuu, 4TO TpoOIlECC MPUCBAMBAHUS 3HAYEHUSI IJIEMEHTY KOHTeiHepa
rpotiest 6e3 CIOPIPHU30B, 3aITyCKAETCS OTIEPATOP IIMKJIA, @ B HEM TTOCJIE[0BATE N b-
HO 0TOOPAKAIOTCST 3JIEMEHTHI KOHTEHepa.

-| Ha 3ameTky
[na onpeneneHns pa3mepa KOHTEHepa UCMNob3yemM MeTOoA, , @ ans obpate-
_I HUS K 9N1EMEHTY KOHTEMHEpPa MO ero MHAEKCY UCMOJSIb3yeM METOS,

ITO OCHOBHBIE KOMaHIBI B -6noxke. ITommmo -6JI0Ka eCThb erre -
OJIOK CO BCEro OJTHOM KOMaHIOH
. ITa KOMaH/la BBITIOJIHSIETCS TOJBKO B TOM CJIy4ae, eCJIM TPU BBITOJ-
HeHUU -6J10Ka BO3HUKIA ommbka. Komanma
ocJie -0JI0Ka BBITIOJIHSAETCS B JIIOOOM CTydae.

TeHepb BbIZICHUM, KaKUM B ITPUHITUIIE MOJKET OBITD PE3YJIBbTAT BBIMIOJTHEHUA ITPO-
T'paMMBbI. Huxe IIpUBEACHDbI COO6IH6HI/IH, KOTODpbIE ITOABJIAIOTCA, €CJIN 00a Ies1o-
YMCJIEHHBIX 3HAYE€HUA BBEAEHDBI 110JIb30BATE/IEM KOPPEKTHO (BIIECB n gaJjiee To,
4TO BBOJUTCA I10JIb30BATEJIEM, BbIAEJEHO JKUPHDBIM HIpI/I(bTOM)I

PesynbTtat BhInONHeHUs nporpammbl (U3 nuctudra 13.3)

YraxuTe pasMep KoHTelHepa: 10
YkaxmuTe MHIEKC 2JeMeHTa: 3
Coszman koHTeVHep M3 10 3JeMeHTOB:
0001000O0O0CO

BEIIOJIHEHME MNPOTPAaMMBl 3aBEpPUIEHO.

Eite ogun cyvaii - Korzia BBeZIeHO HEKOPPEKTHOE 3HAYEHME JIJIs pa3Mepa KOH-
TeiiHepa. Pe3ysibrar BbITOTHEHMST TIPOrPaMMbI MOT ObI OBITH TaKHM:

PesynbTar BhINONIHEHUS nporpammbl (3 nuctudra 13.3)

YkaxuTe pasMep KOHTeMrHepa: =2
K coxajyenmo, npomsomsa oummora.
BHIIIOJIHEHME MNPOTPaMMEl 3aBEPLIEHO .

Haxomerr, Huske okasaHo, KakiM O6yeT pe3y/IbTaT BBIITOJIHEHHUS IIPOTPAMMEBI,
ecyu pa3Mep KOHTelfHepa yKa3aH KOPPEKTHO, a BOT UHIEKC He TIOaaeT B IOTY-
CTUMBIN TUAIIa30H 3HAUEHUI:
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PesynbTar BhINONIHEHUS nporpammel (3 nuctudra 13.3)

YkaxuTe pasMmep KoHTerHepa: 10
YKaxmuTe MHIEKC 3JeMeHTa: 12

K coxaneHuo, npomsousa oOmmoOKa .
BEIIOJIHEHME MNPOTPAaMMBl 3aBEpUIEHO.

B npunnumne, nporpaMMa paboTaeT AOCTaTOYHO HEIJIOXO ¥ YCIEITHO "OJOKH-
pyet" mpobjieMHble yU4acTKU Kozxa. UTo Jke Hac B Heil He ycrauBaet? He ycrpa-
MBAaET HAC TO, YTO TIPU BO3HUKHOBEHUH Pa3Hbix OMIMOOK 06pabaThIBAIOTCST OHK
00unaxoso. JIpyruMu cJI0BaMU, HE3aBCUMO OT TOTO, KaKasi BOSHUKJIA ONIMOKa,
00paboTKa OIUOKY BBITTOJHSIETCST OIHUM U TEM JKe TIPOrPpaMMHBIM GJIOKOM. MbI
XOTHUM 3TY CUTYaINI0 U3MEHUTB. /|1 3TOTO B TIpOrpamMme BMECTO OTHOTO -
6JI0Ka MCIOIb3YeM /1B -6JIOKA:TIO OIHOMY -6JI0Ky Ha KaKIyIO U3
BO3MOKHBIX OIUOOK. Packia caeayonuii: ecim BO3HUKAET OMnOKa IPH Bbijie-
JICHUY [IAMSTHU 10 KOHTeHHep, TO 00pabaThiBaeTCss OHA B OLHOM -6J10Ke,
a ecJi OMubOKa BOHUKHET TIPH TOTIBITKE TPUCBOUTD 3HAYEHUE DIIEMEHTY, TO 00-
pabaThIBaeTCSIOHA B IPYTOM -6s10Ky. Kak oTMedanoch BbIllie, TEXHUYECKH
BC€ BBITJISIUT TaK, YTO TTOCJIE -6s10ka He ouH (Kak paHblie), a 1Ba -
6si0ka. Ho 371ech cpasy BO3HUKaeT HOBBIN BOIIPOC: a KaK Mbl CMOKEM CBSI3aTh
ommbKy OIPEIeIEHHOTO THIIA ¢ KOHKPETHBIM -6s10k0M? YUTOOBI TIOHATH
MeXaHU3M JAHHOIO "CBS3bIBAHMA", HEOOXOAUMO IIOIOJHUTDL Oarax TeopeTude-
CKUX 3HaHUM. "Teopuio” MbI 110 BO3MOKHOCTU TIOCTAPAEMCS YIIPOCTUTD, HE TEPSIs
[IPU 3TOM OCHOBHOTO CMbICJIA.

Kaskast u3 ormmbOK OTHOCUTCS K OTIPeieIeHHOMY muy. ECiv TPy BBITIOTHEHUH
IPOrPaMMHOIO KO/ IIPOUCXOAUT OMINOKA, aBTOMATUYECKH CO3/1AeTCsI OOBEKT, ee
onuchiBaromuii. Ho Mbl yske 3HaeM, 4TO 00bEKTHI CO3Af0TCS Ha OCHOBE KJIACCOB.
Orcroza HECIOKHO JOTafaThCsA, YTO TUII OLIUOKY MOKHO OTOKIECTBJIATD C TEM
KJIACCOM, Ha OCHOBE KOTOPOTO CO3/1aeTCst OOBEKT, OMMChIBAIOIINI OMNOKY JaH-
Horo tuma. I[IpumepHo Tak.

=v Ha sameTky
Coopmynupyem Bce 370 UHade. BC++ cyliecTByeT nepapxmsi KacCoB, OMNMChIBaIOLLIMX
I OLINGBKM pasHbIX TMNOB. MNPy BO3HMKHOBEHMN OLLIMOKN HA OCHOBE Kilacca, KOTOPOMY OHa
COOTBETCTBYET, co3aaeTcs 06bekT. O6beKT coaepXuT MHGopmaumio 06 oLmobke.

CosnaBaeMblil IPY BO3HUKHOBEHUH OMIMOKN OOBEKT, TIePeIaeTCs B -6JI0K
st 06paboTku. VI BOT 371eCh caMoe TJIaBHOE: B KPYIJIBIX CKOOKaX IMocJje WH-
CTPYKIIUK yKasbIBaeTcs TUI OIUOKH (TouHee, Kaacc), obpabaTbiBaeMoii
JTAHHBIM -6JI0KOM.
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Moppo6HoCcTU

Bo Bcex npeabloylimx npumepax Mbl MCMOb30BaNM OAMH -610K,a B KPYrbiX
CkoOKax ykasblBancs anauncuc. 970 CTaHAAPTHAs KOHCTPYKLMS, O3Havalolas, 4To
naHHbIM 6510koM 06pabaTbiBAOTCS BCE UCKIIOYEHUS, HE3aBMCUMO OT MX Tuna. Ha ca-
MOM Xe aene -BNoK - UHCTPYMEHT "MHOMBMAYasbHbIN". OH 0ObI4HO "3aTo4YeH"
NOA UCKOYEHUS ONpeaeneHHoro Tuna.

[Toka 9TO ¢ MUHUMAJIBHOU MOTEPelt 0OTIEr0 CMBICJIA CTAHEM OTTATKIBATHCS OT
TaKoro mabJoHa UCIOJIb30BAHUS tTy—Ccat cChKOHCTPYKIIUHU C HECKOJIbKIMU
catch-60KaMu - BX MOKET ObITh OOJIbIIE ABYX (KUPHBIM MIPHU(BTOM BbIzeIe-
HbI OCHOBHBIE CUHTAKCUYECKUE BJIEMEHTHI ):

try{
// KOHTPOJIMPYEMEI KOII

}
catch(Tun_1) {

// won oBpaboTkm myis ommOOK Tuma 1

}
catch(Tun_2) {
// xom ofpaboTkm nns ommbOOK Tura 2

}

catch (Tun_ N) {
// xom ofBpaboTkm nns ommbok Tuna N

}

Ec/iu npu MCIIOJHEHNU KOHTPOJIMPYEMOTO KOJIa BO3HUKAET OMMOKa, HaunHaeT-
¢Sl IPOCMOTP -6J10K0B. Uiiiercst coBnajieHne Mex/Iy THUIIOM BO3HUKIIEH
OIMOKK ¥ TUTIOM OIIMOKY, YKa3aHHOI B -6s0ke. Kak To/1bKO coBnajieHue
Haﬁ[[eHO, HaYMHAET BBITTIOJTHATHCA HpOFpaMMHbIﬁ KO COOTBETCTBYIOIIETO -
6s1oka. Koz mpounx -6s10k0B urHOpupyercs. Ecim coBnagenue He Haiize-
HO, OInOKa He 1epexBaThiBaeTcst (0cTaeTcst HeoOpaboTaHHOI).

—
-j Ha 3ameTtky
I Ewe pa3 nogyepkHeM, YTO KJIlo4EBOE C/IOBO, YKadaHHOe B KPYIibix CKOOKax Nocne nH-
CTPYKUUM , KOTOPOE Mbl OTOXAECTBIIEM C TUMOM OLUMOKN, HA cCaMOM aene 00bly-
HO ABNAEeTCA Ha3BaHMEM KJiacca.

Ho Bepuemcsa x mamemy npumepy. [lpu Beimenennn maMgaTu 1o KOHTeWHED

MOJKeT BO3HUKHYTbH OIIMOKa KJIacca . [Tpu obOpaieHnn K aJieMeHTy
KOHTEeHHepa ¢ TTOMOIIBIO METO/A B CJIy4yae HEBEPHO YKa3aHHOTO MHIEKCa
reHepupyeTcst olnbKa, KOTopast MOKET OBbITh TIepexBavyeHa B -6J10Ke Cy-
Ka3aHHbIM B HEM KJIACCOM OTIHOKH



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

Moppo6HoCcTU

3pech He Tak Bce MPOCTO, Kak KaXeTcs Ha nepBblit B3rnan. Ho noka 4to Mbl B noapo6-
HOCTM He BAaeMcs 1 "nepexesaTtbiBaeM” oLINOKY Knacca

[TepenuiemM TporpaMMHBIN KO TaK, YTOOBI HTH OMHUOKKM OTJIaBJUBAINCH "TIep-

COHAJIBHO .
E ! Ha sameTky

-

[ns paboTbl C KNaccom noAKJIlo4aloT 3arofIoBoOK , 2 4Ns UCMosb3oBa-
HUS Knacca NnoaKJItoYyatoT 3arofloBoK >. COOTBETCTBEHHO
B LLAMKEe NporpaMmbl NOABASIOTCA MHCTPYKLUN ]

Owmbkm knacca BO3HMKAIO MPY Onepauusix, CBA3aHHbIX C pacnpenene-
HMeM namaTtu. YTo kacaetcs owmnboK Knacca , TO 34eCb peyb 06bIYHO

MAOET O BbIXOAE aprymMeHTa nam nHaekca 3a JONyCTUMbIA Anana3oH 3HadeHun. XoTd
dopmanbHO B paccMaTpnBaeMoM npumepe ob6cyxaaeTcs "HEKOPPEKTHbIA MHAEKC", Ha
CamMOM Zene peyb NAET O "HEKOPPEKTHOM aprymeHTe"” Metoaa

O6patumest k auctuary 13.4, B KOTOPOM TIPHBE/IEH HECKOJIBKO M3MeHEeHHbI
TIPeAbITY NN TPUMep.

Jinctunr 13.4. CoptupoBka oumnbok

#include <iostream>

#include <vector>

#include <new>

#include <stdexcept>

using namespace std;

int main () {

int n,m; // PasMmep KOHTeMHepa M MHIEKC 3JIEMeHTa
try{ // KOHTpOJMpyeMmen: Kom

cout<<"VYkaxmuTe pas3Mep KOHTeMHepa: ";

cin>>n; // CumTeBAaeTCs pasMep KOHTelHepa

// Co3maHue KOHTeMHepa (3HAaueHUs - HYJIn) :

vector<int> p(n,0); // KouTelHep
cout<<"VkaxmurTe MHIEKC D3JeMmMeHTa: ";
cin>>m; // CumMTHIBAETCH MHIEKC BJIeMeHTa

// TlpuCBamBaHMEe EIVMHUYHOTO SBHAUEHUS BDIIEMEHTY :
p.at(m)=1;

cout<<"CozpmaH kKoHTeMHep U3 "<<n<<" sjgemeHTOB:"<<endl;

// OToBpaxeHMe COIEPXMMOTO KOHTEMHepa:

for (int 1=0;i<p.size () ;i++) {
cout<<p.at(i)<<" ";

}

cout<<endl;
} // BaBepuenue try-6soxa
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catch (bad alloc){ // IlpobrnemMsl C BHIEJEHMEM NaMATH
cout<<"He ymajiochb CO3IaThb KOHTelHep.\n";

} // Baeepmenme l-ro catch-6moxa

catch (out _of range){ // IHpoGreMs C MHIEKCOM
cout<<"¥YkazaH HEKOPPEKTHEIM MHIOeKC.\n";

} // Basepmenme 2-r0 catch-6ioka
cout<<"BHIIOJIHEHME MNPOTPaMME 3abBepumeHo.\n";

return 0;

}

Bmecto o1HOTO catch-6/10Ka ¢ 3JUTUIICHCOM MBI HCTIOJIB30BAJIN IBa catch-
6JI0Ka ¢ SIBHBIM yKasaHHeM ThIa obpadbarbiBaemMoii ommOku. IlepBbiii 610K Ta-
KOI1:

catch (bad alloc) {
cout<<"He ymajioch CO3HaThb KOHTelHep.\n";

}

ITOT GJIOK BBITIOJIHSIETCST, ECJTU CTEHEPUPOBAHO MCKIIOYeH e Kiacca bad al-
loc (ommbKa 1pu orepanusix ¢ maMsiTbio ). BJIOK [7ist HCKITIOYeHUsT Kracca
out of range [0JIKEH OTJIABINBATH OITMOKH, BOSHUKAIOIINE TIPU HECOOT-
BETCTBUU WHJIEKCA JIOTYCTUMOMY JIMalla30Hy 3HaueHui. JJaHHbIi GJIOK BBITJISI-
JIUT TaK:

catch (out _of range) {
cout<<"YKasaH HEKOPPEKTHHIM MHIEeKC.\n";

}
Ecyv mipu BBITIOJTHEHUE TIPOTPaMMBbI 00Oa Tlapamerpa (pasmMep KoHTeiiHepa U WH-

JIEKC 3JIEMEHTA) YKa3aHbl KOPPEKTHO, TOJYUUM CJEAYIONINNA Pe3yJIbTar (371ech u
Jasee SKMPHBIN MPUGT - BBO MOJb30BATEA):

Pesynbrar BhINONIHEHUS nporpammel (3 nuctudra 13.4)

YkaxuTe pasMmep koHTekHepa: 10
YKaxXuUTe MHOEKC BJIeMeHTa: 3
Co3maH kxoHTerHep m3 10 3J1eMeHTOB:
000100O0O0O0CO

BrIIOJIHEHME MNPOTPaMMbl 3aBeplleHO.

Tak GyeT BHITJISAETh Pe3yIbTaT BBITIOTHEHNS TPOTPAMMBI, €CJIH OIIMOKA TIPOU-
301I1JIa TIPYU CO3/IaHUK KOHTENHEPa:
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PesynbTar BhINONIHEHUS nporpammel (3 nuctudra 13.4)

YkaxuTe pasMep KOHTeMrHepa: =2
He yzmasocp co3maTb KOHTEMHED.
BEIIOJIHEHME NPOTPaMMbl 3aBEPUIEHO.

Ecmm ncnonp3oBan HeBeprIﬁ WHAEKC, PE3YJabTaT CJIEZ[yIOHII/II;,II

PesynbTtat BhInONHEHUS nporpammbl (3 nuctudra 13.4)

YkaxuTe pasMep kKoHTerHepa: 10
YkaxmuTe MHIEKC 2JeMeHTa: 12
YKa3aH HEKOPPEeKTHHM MHIEKC.
BEIIOJIHEHME NPOTPAaMMBEl 3aBEPUIEHO .

VTaKk, HyKHBIHPE3YJIbTaT JOCTUTHYT: PasHble OMMOKH 06pabaThIBAIOTCS IO-
pasznomy. Ho Ha 3TOM BO3MOXKHOCTH CUCTEMbI 00PAOOTKH UCKIIOYUTENBHbBIX CH-
Tyaluii He UCUepIIaHBbl.

13.3. Ucnonb3oBaHue 00beKkTa UCKTIOYEeHUs

Kusume, kax rcunu - camu xuonym.
u3 k/¢ "bBpunnuanmosas pyxa”

Pariee 0TMeUanoCh, 4TO MPY BOSHUKHOBEHUH OIINOKH CO3/1aeTCst OOBEKT, ee OIIH-
coiBaomui. Takoobsexm owubxu, W 00peKm UCKI104eHs, MOKHO UCII0Ib30-
BaTh B IPOrPAMMHOM KoJie TIpu 00paboTke omubk. UYTo6b! ITOHATH "MeXaHUuKY "
mpoitecca, abCcTparupyeMcst OT PeajibHOCTH W HAYHEM PacCMaTpuUBaTh -
MHCTPYKIIUIO ¢ KPYIJIBIMU CKOOKaMU KakK HeKoe 1oo01e Bbi30Ba (PyHKIUH (XOTsI
3TO M He COBCEM KOPPEKTHO). OObeKT OmrbKy Toraa urpaj Obl POJib apryMeH-
ta pyskiwmn. Tum ommOK - KJace, K KOTOPOMY HPUHALIEKUT 0ObEKT OIUOKH.
Huske nipuBeser (parMeHT Kojia, a B HEM B -6JI0Ke SIBHO MCIOJIb30BaH
00BEKT OMMOKU (FKUPHBIM HIPHUGTOM BBIIEJEHBI MECTa KOJIA, TOCTOHbBIE 0c000-
TO BHUMAHUA):

catch (bad_allocé&e) {

cout<<"He ymajochb CO3maThb KOHTekHep.\n";
cout<<"Ommbka: "<<e.what()<<endl;

}

O6bexT onmbKu 0003HAYEH Yepe3 «. AMIIepCaH]] & Tepel UMeHeM 00beKTa 1c-
KJIFOYEHKS] UMEET TOT JK€ CMBICJI, YTO U TIPH Tiepeiaue apryMeHTOB (DyHKITUSAM:
00beKT OMIMOKH MEPEeIaeTCs MO CChUIKE (TO €CTh P nepeade 00beKTa OIUOKH
B -6JIOK TIepelaeTCst HETIOCPEACTBEHHO TOT 0OBEKT, YTO OBLI CreHEepUPO-
BaH TP BOSHUKHOBEHUH OLIMOKH, a He €r0 KOTIHs).
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— Ha 3ameTky

B npuHuune, ecnn amnepcaHp, <He ykasaTb, TO, CKOpee BCero, Hn4ero karactpobunye-
I CKOro He npousonget. Ho Bce e MHOXMUTb OWwmnbKM (nyckaii faxe B Buae 00beKToB) Ha
POBHOM MECTE Kak-TO HEXOPOLLO.

ITockosbKy B catch-0/0Ke 0OBEKT OMIMOKU IBHO 0003HAYEH, €T0 MOKHO HC-
I0JIb30BATh B IPOrPAMMHOM Kojie 06paboTKN oMIMOKU. Y BCeX 0OBEKTOB, OIIH-
CBHIBAOIIUX UCKJIIOYEHN, eCTh MeTO/I what (), BO3BPANAONTNil Pe3yIbTaTOM
TEKCT ¢ KpaTKOil nHdopmalmeii o cyTtu BosHukineil omubxu. OTToro KoMaHjaa
cout<<"Ommbka: "<<e.what ()<<endl uMmeeT CMBICI.

MopgpoGHoCTH

Knaccbl, onvcbiBaloLLME UCKIIOUMTENbHBIE CUTYaLIMK, 00Pa3yoT ONPeLENEHHYIO nepap-
xuio. Mepapxus 6a3upyeTcs Ha HacnenoBaHuu. B BeplunHe 3Toi nepapxmm HaxoouTcs

Knacc (ons paboTbl C 3TMM KJIaCCOM MOAK/IOYAETCH 3arosioBOK
). Y knacca €CTb MeTo[, , KOTOpbI HacnegyeTcs NPoM3BO-
OHbIMKU Knaccamn. MoaTomMy 1y 0O6BEKTOB Klacca , 'y OOBbEKTOB Knacca

(paBHO Kak M y 0OBLEKTOB APYrMX KJIAaCCOB UCKJIIOYEHUIA) eCTb MeToq,

AHa/IornYHble U3MEHEHUST IpeTepIies n 0JI0K Koga JJ1d O6pa6OTKI/I O].HI/I6KI/I7 CBA-
3aHHOU C HEKOPPEKTHO 3a/laHHbIM MH/IEKCOM:

catch (out_of_rangeé&e) {
cout<<"YKaBaHHEKOPPEKTHEMMHIEKC . \n" ;
cout<<"Oumbka: "<<e.what()<<endl;

}

Bech porpaMMHbI KOJT, ¢ HOBBIMU BePCUSIMU OJIOKOB 00pabOTKH UCKIIIOUNTEb-
HBIX cUTyaruii (M ¢ yaTeHHbIMA KOMMEHTAPUSIMHA ) TIPUBeeH B iucTuHTe 13.5.

Jiuctunr 13.5. Ucnonb3oBaHne 00beKTa UCKIIOYEHUS

#include<iostream>
#include <vector>
#include <new>
#include <stdexcept>
using namespace std;
int main() {
int n,m;
try{
cout<<"V¥YkaxmurTe pas3Mep KOHTeMHepa: ";
cin>>n;
vector<int> p(n,0);
cout<<"VkaxmuTe MHIEKC D3JemeHTa: ";
cin>>m;
p.at(m)=1;
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cout<<"CozpmaH kKoOHTeMHep U3 "<<n<<" sjgemeHTOB:"<<endl;
for (int i=0;i<p.size();it++) {
cout<<p.at (i)<<" ";
}
cout<<endl;

}

catch (bad _allocée) {

cout<<"He ymajiochb CO3HaThb KOHTelHep.\n";
cout<<"Oumbxka: "<<e.what ()<<endl;

}

catch (out of rangesge) {

cout<<"YKasaH HEKOPPEKTHHIM MHIEeKC.\n";
cout<<"Oumbxka: "<<e.what ()<<endl;

}
cout<<"BHIIOJIHEHME MNPOTPaMME 3abBepumeHo.\n";
return 0;

}

Ecimi ommbOoK 1ipy BBITIOJIHEHUK IPOTPAMMbI HE BO3HMKAET, TO PE3YJIbTaT Bbi-
ITOJTHEHUSI TIPOTPAMMbI HE OTJIMYAETCSI OT PACCMOTPEHHOTO paHee ciayvast. A BOT
[IPU BO3HUKHOBEHUHU OINMUOOK PE3yJIbTaT BBIIOJHEHUS IIPOrPaMMbl MEHSETCSI
(mpaBia, HesHaunMTeIbHO). Eciin BosHMKaeT omubKa Ipy CO31aHUN KOHTEHEepa,
pe3yIBTaT CIIeLyTONTUi:

PesynbTar BhINOIHEHUS Nporpammel (3 nuctuira 13.5)

YkaxmuTe pasMep KOHTeMrHepa: =2
He yzmasocp co3maTb KOHTEMHEP.
Ommbka: std::bad alloc
BHIOJIHEHME MNPOTPaMMEl 3aBEPUIEHO.

Huzke npuBeieHbl COOOIIEHS, TIOSIBJSIONINECS B OKHE BBIBOJIA, €CJIU TIPOTPaM-
Ma reHepupyeT OIKOKY MpK OOpaIeHUH K 3JIeMEHTY KOHTeHHepa:

PesynbTar BhINnONHEHUS nporpammel (3 nuctunra 13.5)

YkaxuTe pasMep KoOHTeliHepa: 10
YKaxXnUTe MHIOEKC BJleMeHTa: 12
YKaz3aH HEKOPPEeKTHH MHIEKC.
Ommbxa: vector:: M range check
BHIIOJIHEHME MNPOTPAaMMEL 3aBEPIIEHO.

B npunnune urdopmaiis 06 onmbKe, morydaeMast ¢ HOMOIIBIO METO/IA ,
OrpaHUYMBAETCSI B OCHOBHOM Ha3BAaHUEM KJIACCa OMNOKH.
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Moppo6HoCcTU

Tenepb 0 3aMeYaHnm, B KOTOPOM YTBEPXOANOCh, YTO C KNacCoM "He BCE
Tak NnpocTo”. ECTb 0AHO O4YeHb BaXXHOE CBOMCTBO, KOTOPOE Mbl eLue Byaem obcyxaathb.
CocTouT OHO B TOM, 4TO B -6/10Ke nepexeaTbiBalOTCS OLIMOKM HE TOJIbKO Kacca,
HEenocpeaCTBEHHO yka3aHHOro B 6510ke, HO 1 oWNGKM BCEX MPOM3BOAHBIX KlaccoB. Mo-
3TOMY, Hanpumep, ecnv B -6110Ke ykasaTb B Ka4ecTBe TUMna owmnbkn nms knacca

, TO faHHbIM B/10KOM nepexsaTbiBalOTCS OLWMOKM Bcex TuMNos. MNpuyinHa B
TOM, 4TO Knacc HaxoAMTCS B BEPLUMHE Mepapxun HacnenoBaHusl Knaccos
VNCKITIOYEHNIA.

Kak cnepncrsre BMNosHE MOXET 0ka3aTbCsl, YTO Mbl NepexsaTbiBaiv OAHO UCKIIOYEHNE,
a nepexsatunu gpyroe. lMpasaa, knacc 3Toro APyroro NCKMoHeHUs 4omKeH OblTb MNOA-
KJ1aCCOM kJfacca, yka3aHHoro B 6510ke 06paboTku. Hanprumep, Mbl 0TnasavMeanm owmnb-
Ky Knacca , a MeTop, obbekTa "BbIIOBNEHHON "OWNOKM AaeT Ham
TEKCT . Bo3HukaeT nopo3peHve, 4To 34eCb UMeeM AeNo C
noakKnaccom knacca

13.4. leHepupoBaHue UCKJTIIOYEHUN

- Hem y mens nuxaxoeo npucmynal
- bydem!
u3 k/¢ "Iloxpoecrue eopoma”

CymeCTByeT BO3MOKHOCTh He TOJIbKO OTJIABJIWBATh CTUXUIHO BO3HUKalOII1e
HUCKJ/IIOYEHMA, HO 1 COOCTBEHHBIMI PYKaMu ceHepuposamsb NX. Ha HepBbeI B3IJIAQ

HaJIMYME JTAHHOTO MeXaHU3Ma MOJKET IMOKA3aThCsT MOJTHBIM aOCyP/IOM, 8 HA CAMOM
JieJie pedb uaeT 00 OYeHb MOJIE3HOM MITYKE.

-' Ha sameTtky

Kak MUHYMYM 9TO NO3BONSIET IEMKO U3MEHSATb JIOMMKY BbINOHEHNS TPOrPaMMbl 1 CyLLLe-
I CTBEHHO PacLUMPSET rOPU30HTbI OTHOCUTESILHO OPraHM3aumm CTPYKTYPbl NPOrpaMMbl.

C 1pUKIAIHON TOYKHM 3PEHUS] CTEHEPUPOBATH MCKJIIOUEHUE UCKIIOYUTETHHO
1pocTo. JJ1s1 9TOro Mocse HHCTPYKIMN cJlelyeT yKasaTh KaKylo-HUOY/Ib
HepeMEHHYIO Un 00beKT. Takas MaJeHbKass U CKPOMHAs KOMaH[Aa [PUBOIMUT
K CEpbe3HBIM TIOCIEICTBHSM: BBINOJHEHNE KOJIa OCTAHABINBAETCS M yIpaBJie-
HUe mepenaercst 010Ky 06pabOTKN UCKIIOYUTENbHON cuTyanuu. THIl mepemMeH-
HOI M/ KJTacC 00beKTa Moc/ie MHCTPYKIUH OTOKAECTBJISETCS C TUIIOM
ommnOku. Cama epeMenHast (0GbEKT) OTOKAECTBISETCSI ¢ 00beKTOM oMok, B
IPUHIIKIIE 9TO Bee. J{asiblile IMeeT CMBICJI Cpa3y MepeiiTh K MpuMepaM.

-' Ha sameTky
MoXHO co3gaBaTb COOCTBEHHbIE KNAcChl UCkto4eHnin. OBbIYHO 3TU KNTaCCbl CO34a0TCH
I HacnepoBaHMEM knacca . Mbl 06CYAMM 3TO HEMHOIO NMO3XE.
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B smucrunre 13.6 npuBeeH HeGOJBIION TPUMED TIPOrPAMMHOTO KO/a, B KOTO-
POM UCKJIIOUUTEJbHbIE CUTYallUU FeHePUPYIOTCS "MCKYCCTBEHHO", C TIOMOIIbIO
MHCTPYKIIUM throw.

Jiuctunr 13.6. FTeHepupoBaHUe MCKNIOYMTENBHBIX CUTYaLMI

#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Kmacc mnsa co3smaHusa OObeKTa OWMOKM:
class MyError{
private:
// llejlouncJieHHOe IIoJie:
int number;
// TekcToBOE IMOJe:
string text;
public:
// KoHCTpyKTOp:
MyError (string txt,int num) {
text=txt;
number=num;
}
// Meron myisa oToOpaxeHMa MHbOOpMALMU
// o6 obbekTe:
void show () {
cout<<text;
cout<<number<<endl;
}
}; // OxoHuUaHMe ONMCaHMUA Kjacca
// TnaBHas GYyHKUMS NPOTPAMME:
int main() {
// VHuumanmsaumus TeHepaTopa CJIYyUYaMHBIX UMCEeJ:
srand (2015) ;
// KomuuecTBO LUKJIIOB:
int Nmax=20;
// TekcroBas NepeMeHHas:

string t="KpaTHoe Tpem umucyo: ";
// lleouMcieHHas NepeMeHHas :
int x;

cout<<"Hauajyio BHIIOJIHEHUS [IPOTPaMMEl. \n";
// OmepaTop UMKJIIA:
for (int 1i=1;i<=Nmax;i++) {
// CrnyuyarhHoe umMcjo OT 1 mo 7 BKJIOUUTEJILHO:
x=rand () %7+1;
try{ // KOHTpOJMpyeMeli KOI :
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// TeHepupoBaHMe ommOkM (Kjacc string) :

if(x==2| |x==4) throw string("sTo 2 mmm 4");
// TeHepupoBaHuMe oumOKM (THN int) :
if (x==5) throwx;
// TeHepupoBaHue ommbkM (kjlacc string) :
if (x==7) throw string("cemepxa);
// T'enepupoBaHue oumbku (kjacc MyError) :
if (x%$3==0) throw MyError (t,x);

}

// Obpaborkaoumbkyu (kjaccMyError) :
catch (MyErroré&e) {
e.show () ;

}
// OBpaborka ommbkM (Kjacc string) :
catch(string &e) {
cout<<"Umcmo: "<<e<<endl;

}
// OBpaborka ommbky (Tun int) :
catch (int &e) {
cout<<"llenoeumucyo: "<<e<<endl;
}

}

cout<<"IlporpamMa 3aBepumia padoTy.\n";
return 0;

}

[Tpu BBITIOTHEHWY TTPOTPAMMBI TIOJTYyIaeM TaKOH pe3yJibTaT (C MoIpaBKaMy Ha
0COOEHHOCTH TEHEPATOPA CJIYYalHBIX YUCEN):

PesynbTtat BhInONHEeHUs nporpammbl (U3 nuctuira 13.6)

Hauajio BHIIOJIHEHMS IIPOT'PaMMEH.
Upciio: 2To 2 mnu 4
Umciio: ceMepka
KpaTHoe TpeMm umcio: 3
[Jesnoe umcyo: 5
KpaTHoe TpeMm umcio: 3
Upcyio: 3TO 2 unm 4
Uuciio: ceMepka

[Jesnoe umcyo: 5
KpaTHoe TpeMm umcio: 3
KpaTHoe Tpem umciyio: 3
Upciio: 2To 2 mnu 4
Upcyio: 3TO 2 unm 4
Upciio: 2To 2 mnu 4
KpaTHOE TpeMm umMciio: 6
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KpaTHOe TpeM umucjo: 6
[lporpamMMa 3aBepumia paboTy.

B nporpamme onrcpiBaeTcs Kiaacc (0ObekTBI 9TOTO Kitacca OyayT "re-
HEPUPOBATHCS" KaK OMIMOKY - HO O CO3[[AHUH MOJIb30BATENBCKIX KJIACCOB OIITH-
60K peub [oKa He uzer). B ki1acce onmcano TeKCTOBOE oJIe (06beKT Kiiac-

Ca

)I/I eJIOYrCJIE€HHOE T10J1€ . Eme B xmacce ecthb KOHCTPYKTOD

C IByMs apryMeHTaMu (TeKCT U IeJIoe YMCJIO - 3HAYeHUs T0JIeil Co3/[aBaeMOTr0O
00BbeKTa), a TaKKe METOJL , C TIOMOIIIBIO KOTOPOTO 0TOGpakaeTcst HHpOp-
Manust 06 o6bekre (hakTUIecKu, 0TOOPaKAIOTC 3HAUEHK 110JIel 0ObeKTa).

[Ipu BBIIOTHEHUU TPOTPAMMBI 3aITycKaeTcd omepaTop Iukiaa. Kontpommpye-

MBI B

-6J10Ke KO/L 1 -6710K1 06PabOTKU UCKIIIOUYEHIIT HAXOAATCS BHY -

TP orepaTtopa Iukia. [10aToMy reHepupoBaHue UCKIIOUEHUA 1 UX 06paboTKa
TTPOUCXOAT Ha KAKJOM ITUKJIE TIPY BBITIOJTHEHUH OTlepaTopa KA.

—

-

Ha 3ameTky

Ecnn Ha KakoM-TO UUK/e FreHepupyeTcs UCKII0YEHNE, TO BbIMOSIHEHME LMKIIa NpUocTa-
HaBNMBaETCA W HaYMHaeTCs nonbiTka o6paboTaTbk UckaveHre. B cnyvae, korga uc-
KJIlo4eHne 06paboTaHoO B TOM XEe CaMOM LIMKIIe, B KOTOPOM OHO CrEHEPMPOBAHO, Aanee
BbINOJIHAETCA NepBas koMaHaa nocne 6,10ka 06paboTKM NCKITIOYEHWUI TOro Xe caMoro
uukna. Ecnu B umkne 60sible KOMaH, HeT, HaYMHAET BbINMOIHATLCS HOBbIV LIVIKI.

Pestome ciiefyioliee: B crydae, KOrjia UCKIIOUEHUsI TEHEPUPYIOTCsT 1 06pabaThi-
BAIOTCST B paMKax OIHOTO IIUKJIA, OTIEPATOP IIMKJIA MPOA0JIKAET CBOIO PaboTYy.

3a KasK/IbIi IUKJT 1eJI0YNCTEHHON TIepEMEHHON »  C TTIOMOIIIBIO TeHepaTopa Cy-
YalHBIX YKCeJ IPUCBANBAETCS B KaUueCcTBe 3HAUEHUS CIydaliHOe I1eI0e YUCIIO0 B
JIMaTna3oHe 3HAYEHUH OT 1 10 / BKJIIOYUTEJNbHO. 3aTeM UIET HECKOJIbKO yCJIOB-
HBIX OTIEPATOPOB OJJHOTUITHON CTPYKTYPBI: IPOBEPSIETCS OMpeieIEeHHOE YCIOBUE
U IIPU €r0 UCTUHHOCTH C ITOMOIIBIO HHCTPYKIIMU reHepUpYyeTCsl UCKJIIO-
yeHre. BO3MOKHBI TaKiie BADUAHTHI:

Ecan BeimomHeHO ycaoBue (3HaUYeHUE TIEpeMEHHOU
PaBHO 2 WJM 4 ), UHCTPYKITHEH

reHepUpyeTCst UCKII0YeHNE ¢ OOBEKTOM MCKIIOUEHMs Klacca

3/1ech MBI BCTPEYAEM BBIpAKEHUE . 91O
€CThb HU YTO WHOE, KaK BBI30B KOHCTPYKTOPA K1acca C apTyMeH-
TOM . B pesyuibrate cosnaercst 00beKT Kiacca

C TEKCTOBBIM 3HAUEHUEM . @opMasbHO TaKOit 0OBEKT
He 3allUChIBAETCS HU B KaKyIO repeMeHnyIo (anonummwiii oovexm). Ho B
JAHHOM cJiydae 310 1 He HysKHO. O0bekT (Kak Obl 6€3 UMEHH) mepejia-
eTcs 11t 06pabOTKK B COOTBETCTBYIONIUI -6710K (a TaM 17151 00B-
eKTa MCKJIOYEeHUsT yKazaHo HasBaHue). Cpasy OTMETHM, 4TO B 00IIeM
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carydae Jjist 00bEKTOB TeHEPUPYEMbIX UCKITIOYEHHIT HeT HeOOXOAUMOCTH
OBITh AaHOHUMHBIMU.

* Ecju 3HayeHue nmepeMeHHol x paBHO 5 (MCTUHHO yCJIOBUE ), uc-
KJTIOUeHVe TeHePUPYyeTCs KOMaHIO0U . Hockonpky mepemenHas
OTHOCHUTCS K TUITY , TO U TIEPEXBATBIBAECTCS UCKIIOYCHIE B -
6JIOKe JIJIs TUTIA . 3HaueHne 0ObEKTa UCKJIIOYEHUST B JAaHHOM CJIy-
Yae - 3TO TeKylllee 3HaUeHNe TIePEMEHHOI » (3HaUYeHue TepeMeHHOoM Ha
MOMEHT, KOT/Ia TEHEPUPOBATIOCH UCKIIOUEHIE).

» Jlng 3smavyenus mepeMeHHOW x, paBHOTO / (ycCJIOBUE ), HICKJTIOUe-
HUe TeHepupyeTcsi UHCTPYKIUEeH . B
posini 00beKTa WMCKJIIOYEHHs BLICTYIIA€T AHOHUMHBIH OOBEKT KJacca

CO 3HaueHUe . [loxoskylo cuTyaruio Mbl yke pac-
CMaTPUBAJH. 3/1€Ch BAJKHO TO, YTO TEHEPUPYETCS €ITle OAHO NCKITOYCHIE
¢ 00BEKTOM KJlacca , 1 00pabaThIBAETCST IaHHOE MCKJIIOUEHNE B
TOM Ke -6J10Ke, UTO ¥ MCKJIOUYEHIE, TeHEPUPYEMOe TIPU 3HAYECHH-
SIX IEPEMEHHOM * PaBHBIX 2 WJIH

* Hakonen, B ciydae, Korjia 3HaueHUE IepPeMEHHON JIeJIUTCA Ha
(ocTaToKk OT [eJieHWsl paBeH HYJSd - COOTBETCTBEHHO, WCTHUH-

HO YyCJIOBUE ), UCKJIOUEHUe TeHePUPyeTcsd WHCTPYKIUeH

. Beipaskenne MIpPeICTaBIIS-

eT co6oil KOMaH/Iy BbI30Ba KOHCTPYKTOpA KJacca C TIepPBBIM
TEKCTOBBIM apTYMEHTOM (KOTOpOMY TIpeBAPUTENBHO TIPUCBOEHO
3HaUEHUE ) ¥ BTOPBIM II€JI0UNCTICHHBIM
apTyMeHTOM x (TeKyllee 3HaYeHne TaHHOH mepeMenHoit). Mckmoyenne
MepPexXBaThIBAETCS B -6J10Ke, B KOTOPOM THIIOM HCKJIIOYEHUST YKa-

3aHO Ha3BaHHME KjlacCa

BiokoB 06pabOTKM MCKIIOYEHNH BCETO TPU. B KasKaIoM M3 HUX 0OBEKT UCKIIIO-
YeHUd TepefiacTcs MO CChITKe (HaTuure aMIiepcaH/ia &) W Ha3bIBAaeTCs OANHA-
KOBO - 00BEKT UCKII0UYeHs 0603HaYeH nepemenoi <. Tuir (Kiacc) repeMeHHoi

B KasKZI0M OJIOKe pasHbIi, U BOOOIIE, CIeAyeT OHINMATh, 4TO MepeMeHHast
ABJIsIeTCA "JIOKAIbHOM" - CyIIecTBYeT U JAOCTYIIHA TOJBKO B TOM OJIOKe, Te OHa
oObstBiieHa. [ToaTOMY MepeMeHHbIE ¢ OJIMHAKOBBIM Ha3BaHUEM ©B Pa3HbIX GJIO-
Kax Ha CAaMOM JIeJIe SIBJISTIOTCST Pa3HBIMU TTePEMEHHBIMU.

MopapoGHoCTH

MNepemeHHas « B KAKOM-TO KOHKPETHOM -610Ke - 3T0 HaKTUYEKCKN OOBEKT, yKa-
3aHHbIN NOCAE MHCTPYKUUN , FTeHepupyioLLel owmnbky, obpabaTeiBaeMyto B AaH-
HOM -6noke.
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B 3aBUCHMMOCTH OT THIIa CTeHEPUPOBAHHOTO MCKJIIOUEHUsT 0OpabOTKa IIPOUCXO-
JIAT CJEIYIONUM 00pa3oM:

Jl1a uckIoueHns Ha OCHOBe 0ObeKTa KJacca 13 00beKTa UC-

KJIIOYeHUSI © KOMaHJOM BBI3BIBAETCS METO], . 31ech

MBI HCIIOJIb30BaJIU TO 00CTOATENBCTBO, YTO IO/ B JIaHHOM -

6JI0Ke TTO/[pasyMeBaeTcst OOBEKT Kacca , 2y 00BEKTOB KJIacca
€CTb METOJ

B -6710Ke 111 00pabOTKU MCKJIIOYEHUH Ha OCHOBE OOBEKTOB

KJacca IPOCTO OTOOPasKaeTCsl TEKCTOBOE 3HaYeHne 00bheKTa

- B€/lb B JAHHOM CJIy4a€ 3TO TEKCT.

B -6J10Ke, IpeJHa3HAYCHHOM /I 00pabOTKY MCKIIOYEHUI THUIIA
, TAKKe 0TOOpakaeTcst 3HaYeHue IIepeMeHHoM © (TOJIbKO Telepb 9TO
1[eJI0€ YHCTO).

[Tpu reHepUpOBAHUN UCKJIIOYUTEIBHBIX CUTYAIlUI "BPYYHYI0" cOBCeM He 00s13a-
TEJILHO UCITOJIb30BATh HE BCET/IA MOAXO/ISIIIE /IS TAKOTO Jiefia 00bEKTHI 1 TIepe-
MeHHbIe "HEUCKIIOYUTENbHOr0" XapakTepa. [eHepupoBarh OMmUOKK MOKHO W Ha
OCHOBE CTaHIAapPTHBIX KjaccoB omubok. /lamee paccMarpuBaercst HEOOIBIION
IpuMep, HEMHOTO HATIOMWHAIOMIWH TPEeABIAYIINN, HO TOJIBKO Tellepb TeHepUpo-
BaHMe MCKIIOYNTENbHBIX CUTYAINil 0a3upyeTcs: Ha CO3/IaHiK OOBEKTOB KJIaCCOB

s u

Moppo6HoCcTH

[ns ncnonb3oBaHus knacca noaKJlo4aeTcs 3aronoBokK ,a
OJ191 ICNONb30BaHNSA KaccoB 7 nogkJtoyaeTcs 3aro-
JIOBOK

Knacc Mbl paHee y>ke ynoM1Hanm Kak Knacc, HaxogsLWMncs B BEPLUNHE ne-

papxmm KNnaccoB NCKITIOYEHUIA.

Knacc aBnseTcs 6a30BbIM KJIaCCOM A1 KNACCOB UCKJIIOYEHWNA, Onun-
ChblBaOLLMX JIOrnyeckune owmnbkm, cBa3aHHbIe CO CNOCOBOM opraHM3aumm NporpamMmei.
py6o0 roBops, 370 OLLMOKM, CBA3AHHbIE C TEM, 4TO GOPMasIbHO NPABUIIbHbINV (M MO3TOMY
KoMnunmpyemblii 6e3 owmboK) Ko, OpraHN30BaH HEMPAaBUIILHO C TOYKW 3PEHUS peasnu-

3aumn obLero anroputma. Cpeam noaknaccos knacca €CTb:

+  Knacc (owmnbkn, cBA3aHHbIE C HEKOPPEKTHOCTLIO apryMeH-
Ta);

+  Knacc (owmnbkm, BO3HMKAIOLLME BCNEACTBME HECOOTBETCTBMSA MNa-
pameTpoB BblAeNIeHHOM 061acTn NamMATn ANS BbINOJHEHNS Onepauun);

+  Knacc (owmbKM NpeBbILLEeHNS AOMYCTUMBIX Pa3MepPOB 0OBLEKTA);

+  Knacc (owmnbkm, BO3HMKAOLME NPY NOMbITKE AOCTYNa K 3N1EMEHTY
BHE JOMNYyCTMMOro AuanasoHa);

+  Knacc (owmbku, cBA3AHHBIE C @CMHXPOHHOCTbLIO BbIMNOJIHEHWS MO-
TOKOB).
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Cam knacc ABNAETCA NOAKIaCCOM Knacca

K knaccy OTHOCSHITCS UCKNIOYEHWS, BO3HMKAIOLME NPY MOMbITKE CO34aTb
0OBEKT CANLWIKOM BOSbLLION AN15 ero pa3MeLLeHnst B BblAeNieHHoM 061acTt namMsaTm

B paHHOM KOHKPETHOM npumepe A1 Hac He OYeHb BaXHO, Kakue OLNBKN OTHOCAT-
C4 K Knaccam s n .MbI npocTo creHepupyemMm
oLnbkmn COOTBETCTBYIOLLUNX KNacCOoB.

B mpencrasienHoil 1asee mporpaMMe BBITTOJTHAETCS OTIEpaTOp MUK, B KOTOPOM
32 KQK/BII IIUKJI TEHEPUPYETCS CIyYaiiHOe YKCJIO0 B [UANla30HE 3HAYEHUI OT
110 9. 3aTeM TPOBEePSIETCS TTOMyYeHHOe CyYaiiHoe 3HAaYeHNE 1 B 3aBUCUIMOCTH OT
3TOTO 3HAYEHUST MOJKET T€EHEPHPOBATHCSI OJTHA M3 TPEX OIMTUOOK:

* Ecim ciyyaiiHoe 4ncio HyJeBoe, TeHEPUPYETCs UCKJIOUeHHe KJacca
* Ecau cayuaiinoe dnciio 6osibliie 7, reHEPUPYETCs UCKIIOUEHNE KIacca

° Ecan Cﬂy‘laﬁHOG YUCJIO PaBHAETCA O, TEHEPUPYETCA UCKIIIOYEHNE KjlaC-
ca

ITpu cosany 06bEKTOB KJIACCOB u aprymMeHTaMm
KOHCTPYKTOPOB TI€PEAAIOTCS TEKCTOBBIE APTYMEHTBI. DTOT TEKCT BO3BPAIIAETCSI
BIIOCJICACTBUU IIPU 06paboTKe omMOKH, Korja u3 00beKTa OIINOKY BHI3HIBAETCS
METOJT .PaccMOTpuM NpOrpaMMHBIN KO/JI, IPEJICTABJIECHHbIA B JIUCTUH-

re 13.7.

Jinctunur 13.7. Haseanue

#include<iostream>
#include <exception>
#include <stdexcept>
#include <cstdlib>
using namespace std;
int main() {
cout<<"HaumHaeTCs BHIIOJIHEHME NPOTPAaMMH. \Nn";
// VIHuMUManmmus3aluusa TeHepaTopa CIYUaMHBIX UMCeJ:
srand (2014) ;
// 1lleJIouMrCJIeHHEIE IMepPEeMeHHEE
int a,Nmax=15;
// OmepaTop UMKJIIA:
for (int i=1;i<Nmax;i++) {
// CayuamnHoe umcio or 0 mo 9:
a=rand () %$10;
try{ // KoOHTpoOJMpYyeMEl KOx
// VickjmueHMe kJjlacca exception:
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if (a==0) throw exception();

// VickmodeHnme xjacca length error:

if (a>7) throw length error ("cammxommHoTo") ;
// VickmoueHnme xyacca logic_error:

if (a==5) throw logic error ("shnadenme 5");

}

// ObpaboTka MCKIIOUeHMM Kjacca length error:
catch(length error &e) {

cout<<"Brixom sBa nuamnasoH: ";
cout<<e.what () <<endl;

}

// OBpaborTkamckiwdeHmiikiaccalogic error:
catch(logic_error &e) {
cout<<"Jlormueckasgommbxa: ";
cout<<e.what () <<endl;

}

// ObpaboTkauckiueHUkIaccaexception:
catch (exception &e) {
cout<<"HynemoezHaueHue: ";
cout<<e.what () <<endl;

}

}
cout<<"BHIIOJIHEHME MNPOTPaMME 3abBepumeHo.\n";
return 0;

}

PeByJIbTaT BBITTOJTHEHUA ITPOTPAMMbI MOJKET 6bITb, HaIlpuMep, TaKUM:

PesynbTtat BhInONHEHUs nporpammbl (U3 nuctudra 13.7)

HaumHaeTCsa BHINOJIHEHME NPOTPAMMEL.
Jlormueckas ommbOka: 3HaudeHue 5
HymneBoe 3HaueHue: std::exception
Jlormueckas oummbOka: 3HadeHue 5
BeIxon 3a OManasOH: CJMUIKOM MHOIO
Hyseroe 3HaueHue: std::exception
BeIxon 3a OManasOH: CJMUIKOM MHOIO
BrIIOJIHEHME NPOTPaMMbl 3aBeplleHO.

DakTuyecku, Mbl B JAHHOM IIPUMEPE CaMOCTOSTEIbHO CreHepUpOBaIn "CTaH-
paprable” ommbKa - mpasza, H006aBUB K OOBEKTaM HEKOTOPBIX OHMIMOOK CBOE
onucanue. Curyanus HAIIOMHHAET Ty, KOrjga 0ObeKT OUMOKM CO3/aBajiCs Ha
OCHOBE KJIacca, OIMCAHHOTO mojb3oBaresneM. OQHAKO 31eCh €CTh OHO BaKHOE
00CTOSATEIbCTBO: KJIACChI, HA OCHOBE KOTOPBIX CO3AI0TC 0OBEKTHI UCKIIOUEHMIA,
CBSI3aHBI MKy COOOM IEMOYKO HACJIEJOBAHUS: KJIacC ABJIA-
€TCsI TPOM3BOIHBIM OT KJIacca , a KJ1acc ABJIAETCA
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IIPOM3BOAHBIM OT KJjlaCCa .HOBTOMy OJI0KH IepexBara UCKJI04Ye-
HUK AOJIKHBI pacCliojiaraTbCia UMEHHO B TOM ITOPAZIKE, KaK ITIOKa3aHO B IIPUMEDPE.
O6bacnenne IIpOCTOE: B -6J10KaxX Ha caMOM AeJie IepexBaTbiBalOTCA HE

TOJIBKO OIMUOKH SIBHO YKA3aHHOTO B OTIMCAHUK OJIOKA KJ1acca, HO U OIUOKU MTPO-
M3BOHBIX KJaccoB. Ciie[oBaTeIbHO, ecain OJI0K [171st 00pabOTKM OIUOKK KJIacca
OKasKeTCsl pa3MelleHHbIM 0 0J10Ka, 00pabaThIBAIOIIEr0 OINOKH
KJ1acca JHocJIeIHUI BooOIe okaxkercst "He y aen”.Beab 6JI0K,
OIMCAHHBIN JJIsI TIepexBaTa OIMMOOK KJacca , IepexBaTbiBaeT U
ommbOKM K1acca . IlpnumnHa Kak pa3 B TOM, 4TO KJIacc
SIBJISIETCST TIPOU3BOJIHBIM OT KJIacca . Hy a ecin pasme-
CTHUTB IIEPBBIM OJIOK /17151 06pabOTKH OMIMOOK KJracca , TO OH BOOOTIE
OyJIeT epexBaThIBATh BCE ONTHOKH.

13.5. NMopgknacchbl OLLUOOK

Hcmopus, nedensuyas kposw. 1100 mackoti 06ubi
cKkpovLacs nes!
u3 /¢ "Iloxpoecrkue sopoma”

Urax, B -6J10Kax TepexBaThIBAIOTCS OIMUOKU TOTO KJacca, KOTOPbIN
yKa3aH B OMMCAHUU -06J10Ka, a TakKe OMMOKU, OTHOCSIIUECS K €ro IO/
kiaccam. Kak HeOOJbIast MILTIOCTPAIAS K CKa3aHHOMY -TIPOTPAMMHBIN KOJ B
guctuare 13.8. TpaauimmonHo paccMaTpuBaemasi jajee TPOrpPaMMa SIBJISIETCS
MouUKAIIeH MTpeabIIyIIero MTpuMepa.

Jiuctunr 13.8. Moaknaccel owmoboK

#include <iostream>
#include <exception>
#include <stdexcept>
#include <cstdlib>
#include <string>
using namespace std;
// Tlonb30BaTEJNIbCKUMKIIACCOMMOKMA ¢
classmy error({
private:

// TekcToBOEmOJIE:
string txt;
public:

// KOHCTPYKTOp:
my error (string txt) {
this->txt=txt;

}

// MeTomconmcaHVeMOWUOKNA
string what () {
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return txt;
}
}; // OxoHuaHMe oOmMCaHMa KJacca
// TJaBHBI METOI MNPOTPAMMH :
int main() {
cout<<"HaumHaeTCs BHIIOJIHEHME MIPOTPaMMEL. \n";
// VHuumammsaumMs TeHepaTopa CJYyUalHBIX UMCeJ:
srand (111);
// leJouMCIIEHHBE TMepPEMEHHEBE
int a,Nmax=20;
// OnepaTopLUuKia:
for (int i=1;i<Nmax;i++) {
// CnyuanHoe umciyo or 0 mo 9:
a=rand () %10;
try{ // KOHTpOJMPYEMEIl KOL
// VckiwoueHMeksiaccaexception:

if (a==0) throw exception();
// VIckioYeHMekKJiaccamy error:
if (a==1) throw my error ("Ommubxamy error");

// VickmoueHnmexyiaccalength error:
if (a>7) throw length error ("Ommbrkalength error");
// VickmoueHmexyiaccalogic error:
if (a==5) throw logic error ("Oumbrxalogic error");
}
// OBpaboTka MCKJIOUEeHUM kKjlacca exception
//v ero NnomKJIacCOB:
catch (exception &e) {
cout<«<"lleppemt OJoOkK. ";
cout<<e.what () <<endl;
}
// ObpaboTka MCKJIIOUEHMI Kjacca my error:
catch(my error &e) {
cout<<"Bropom 6jox. ";
cout<<e.what () <<endl;
}
}
cout<<"BHIIOJIHEHME MNPOTPaMME 3abBepumeHo.\n";
return 0;

}

PeSyJIbTaT BBITTOJTHEHUA ITPOTPAMMbI MOJKET 6bITb TaKHUM:

PesynbTtat BhInONHEeHUs nporpammbl (U3 nuctudra 13.8)

HaumHaeTCcsa BEIIOJIHEHUE IIPOI'PaMMEBI .
Bropoi 6jok. Ommbkamy error
[lepBEMOJIOK. std::exception
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[lepBElt Oslok. std::exception
lepeeni Ojokx. OmmbOka length error
llepBei Ojiok. Ommbka length error
lepewyi Osok. Ommbkxa logic error
Bropoi ©jok. Ommbka my error
lepeeni Ojokx. OmmbOka length error
BHIOJIHEHME MNPOTPaMMEl 3aBEPUIEHO.

B sTOM TIpHMepe OMUCHIBAETCS TOJIH30BATEIbCKUN KIaCC C KOH-
CTPYKTOPOM U METOJIOM . KoHCTpyKTOpY IIPHM CO311aHMM TIEPEAAEeTCs TEK-
CTOBBIiT apTYMEHT. AHAJIOTHYHOE TEKCTOBOE 3HAYEHUE BO3BPAIAETCS METOIOM

. B mporpammy (B 6JI0K KOHTPOJMPYEMOTO KO/a) 00aBJIE€H YCIOBHBII
OIIepaTop U B CJIYYae, €CJU BEIYUCICHHOE CTy4aillHOE YMCJI0 OKA3AI0Ch €INHIY-
HBIM, TEHEPUPYETCs UCKII0YEeHNE Klacca

Takum 006pasoM, B MpOrpaMMe IeHepUPYIOTCs: OMMOKN KJIACcCOB ,

, u . ITpu aTOM 117151 06PAbOTKY O~
GOK WCIIOJIb3YETCsI BCETO JIBa -6JI0Ka: B IIEPBOM 110 OYEPELHOCTH OJIOKE
HepexBaThIBAIOTCH UCKIIOUEHHS Kacca , @ BO BTOPOM 0JIOKe Tiepe-
XBaTbIBAIOTC UCKJIIOUEHUS Kiacca . Baxxubix MoMeHTOB /1Ba;

* B nepBom 6s10ke Ha caMoM JieJie 06pabaThIBAIOTCST MCKJIIOUEHUST KJIACCOB

, " (TIOCKOJIBKY KJIaCCh
u SBJISIIOTCS TIO/IKJIACCAMU KJIacca
-WLJIU TIPSIMO, KAK KJIACC , I OTIOCPEZIOBAHHO,
KaK KJacc ).
*  Uckiouenus kiaacca B 1ePBOM OJIOKE He TIePeXBAThIBAIOTCSI

(II0CKOJIbKY JIAaHHBIN KJIACC HE SIBJISETCS MOJKJIACCOM KJacca
) 1 06pabaTHIBAIOTCST BO BTOPOM OJIOKE.

13.6. NMonb3oBaTenbCkue Kjiacchl
UCKJII0OYEeHUN

B npax pasmeman domawnuil ouaz - o0Hu py-
UHDL.
u3 k/¢ "Iloxposcrue sopoma”

Panee MbI yike TpeAIIPUHAMAIN POOKIE TIOTIBITKY OTIMCHIBATH KJIACCHI IJIST CO3/1a-
HUSI HA X OCHOBE 0OBEKTOB UCKII0UeHUN. B npuHIune noaxo 6bL1 HEILJIOXOIA.
Tem He MeHee, eCTh JBa MOMEHTa, KOTOPbIE MbI TIOIPoOyeM "3aduKkcupoBarh”.
Bo-nepBbIx, MBI cieIaeM KJIacc OIIUOKY IIPOU3BOIHBIM OT KJIacca

Bo-BTOpBIX, MBI TTepeoTIpeeTuM METOT ,JHacyeyeMblii U3 Kiacca
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Moppo6HoCcTU

B npuHuune, nonb3oBaTenbCKNn KNacc OWNOKM MOXET HacnenoBaTb Kakon-To ApYyron
KJ1lacc UCKJTIoYeHMs. HanomMHMM, YTO B BEPLUMHE Mepapxmm CTaHAaPTHbBIX KIaCCOB UCKITO-

YEHWUI HaxoauTCs Knacc . Mpoyne knaccbl NCKAOYEHUI ABASIOTCA NPOUN3BO-
OHbIMKW OT 3TOro Knacca. Hanpumep, NnpoM3BoAHbLIMUM OT Kflacca ABNAOTCA
Knacchbl (owmbka Npu onepaumsx ¢ NamsATbio) n (owmnbkn, cesa-

3aHHble ¢ 06paboTKOI TUMOB, AN MCMONL30BaHNS Klacca MoaK/IlYaeTCs 3arofioBOK

).

EcTtb nBe rpynnbl VCKJIIOYEHWIA: NOrMYeckme U owmnokm BPEMeHN ncnonHeHnsa. Knac-

Cbl NIOMMY4ECKUX UCKTIOYEHNI Mbl YXXe YNOMUHANN BbILLE: (Hekop-
PEKTHBIA aprymMeHT), (Nnpobnembl ¢ pasmeLleHnem),
(HEeKOppeKTHbIN pa3mep), (HEKOPPEKTHLIN AnanasoH),
(Npobnembl C CUHXPOHHOCTbLIO). DTU KNIACChl IBASIOTCS NMPOM3BOAHbLIMU OT Kjlacca
, KOTOPbLIN ABASETCHA NPOM3BOAHbLIM OT Kiacca . lornueckue

ownbKM CBA3aHbI ¢ Npobaemamu B CTPYKType nporpammel. OBpasHO BbipaxasiCb, No-
[06HbIE OLLIMOKM NOSABASIOTCS B "NAOX0 NPOAYMaHHbIX" NporpamMmmMax.

Opyras rpynna ownbok - owmnbkM BPEMEHWN BbINONHEHNUS. 3TN OWINOKN BO3HWUKAIOT B
NMPOLLECCE BhINOSIHEHMSI MPOrPaMMbl U HE MOTYT ObITh "BbISIBNIEHBI" 0 €€ 3anycka.

Knacc SABIETCS NPOM3BOAHBLIM OT Kjlacca 1 OH Xe ABns-
eTcsl 6a30BbIM A5 KNNACCOB: (HEKOPPEKTHLIN AnanasoH),
(owmnbka nepenonHeHus), (owmnbka NnoTepPU TOHHOCTHN),

(cucteMHas owmobka).

Knaccbl (M3 nepeyncneHHbIX Bbillle) Kak NoOrM4yecknx omnbok, Tak 1 oLnMboK BpemMeHu
MCMNOJIHEHUS AOCTYMHbI MPY NOAKIIOYEHNN 3arofioBka

Yro kacaercs MeTo/da , TO B IPEABIAYIIEM IIPUMEPE Mbl METO/L C TAKUM
MMEHEM B I10JIb30BATEJIHCKOM KJIACCE UCKJIIOUYEHNM A OIINCBhIBAJIN. HpaBJ_‘[a, TaM Me-
TO/] BO3BpalllaJl B Ka4€CTBE pe3yJibTaTa 06'I)GKT KJjlacCa . A 31O HE cCOBCEM
OTBEYAECT IIPOTOTUITY METO/[a , OIIMCAHHOMY B KJ1acce

MoppoGHoCcTU

MeTon, B KayecTse pesy/bTaTa BO3BpallaeT TeKCT C OnMCaHWeM OLUMOKM.

Ho peno B ToM, 4TO ecTb ABa criocoba NpeacTaBieHNs TekcTa: Yepe3 06beKT knacca
1 B BUOE CUMBOJIbHOIO MaccmBea. [puyem BTOPOM NyTb - OCHOBHOM. MeToaom
BO3BPALLAETCH MMEHHO TaKOM TEKCT - TEKCT, COOTBETCTBYIOLLMIA TUMY .Ho

9TO He Bce.

MeTop, 06bsBEH Kak BO3BpaLLAIOLLMA NOCTOSAHHOE 3Ha4YeHune (MOCTOSIHHbLIN
TEKCT). OTcloaa Knio4eBoe CII0BO B Ha4ane npoToTmna metoaa. Ho 1 aTo He BCe.

MeTopn He nameHsieT 0OBbEKT (KOHCTaHTHLIN MeToA). [T03TOMy Nocne Ha3BaHWs METOAA U
NYCTbIX KPYrbIX CKOOOK B MPOTOTUMNE METOAA YKa3bIBAETCS €Lle OANH MAEHTUOUKATOP

BoT 30eck MHOIVE yamBATCS, HO 1 3TO eLle He Bce. MeTop, Npu BbI30OBE HE reHe-
pupyeT UcKtoYeHnin. [laHHbI YyaecHbIn dakT oTobpaxaeTcs NoCPencTBOM Kio4eBOro
cnosa B NPOTOTUMNE MeToAa (K/IIOYEBOE CIIOBO - HOBLLECTBO B

ctaHgapte C++11).
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CnepoBatenbHO, WabnoH ass onMcaHns Metoaa BbIMNSANT crieayloumm obpa-
30M:

B npuHUMne, MOXXHO onNncaTb MeToA Tak, KakK Mbl Aenajan paHblle (I/IJ'lI/I He onuncbiBaTb
ero COBCGM). Hwnuero CTpallHOro He npom30|7|p,eT. Hos HEKOTOPbLIX CJlyHasaX BCe Xe pa3-
HuMua 6yp,eT 3ameTHa. K 3TOMY MOMEHTY Mbl eLlle BepHEMCA.

WNrax, B mactunre 13.9 mpezcraBieH TPOrpaMMHBIM KO/l C ONMKACAHUEM JBYX
KJIACCOB JIJIs1 ONIMOOK TOJIb30BaTeIbcKOro Tria. Oba Kiacca HaCIeayIoT KIace

. B xaxxnmom kiacce mepeoripesiensieTcss MeTO[L . Ilepsorit
KJIACC HA3bIBAETCA U IpefHasHaveH paboThl ¢ OmuMOKOHR "neienne Ha
HOJIB".Y KOHCTPYKTOPa KJiacca HeT apryMeHTOB.

Kiacc HUKaK KOHKPETHO He CIeNudUIMPOBaH B IIJIAHE TUIIA OIITHO-
KU, LTSI KOTOPOIT CO3/1aeTCst 00BEKT HTOTO KJIacca. Y KJIacca ecTb I0JIe, TPecTaB-
Jstiotiiee coOOM CUMBOJIBHBINM MACCUB, a KOHCTPYKTOPY TIPH CO3/IAaHUN 00bEKTA
TIepeIaeTCs TEKCTOBBIN apryMeHT.

Takske B iporpaMMe ommcaHa (pyHKITHI ,HE MMeloTasiapryMeH-
TOB M BoO3Bpamiamomias (MHOTAA) B KayecTBe pedyJbraTta 1esoe ducyao. Dynk-
U TIpeTHa3Hav€eHa [Tl CYUTHIBAHUS TI€JIOYMCIEHHOTO 3HAUYEHWS, BBOIMMOTO
MI0JIb30BaTeIeM € KJIaBUATYphl. Ilpu BbimoHEHNN KOAa (DYHKIIMYM BBIBOIUTCS
3armpoc Ha BBOJ| TIOJh30BATEIEM 11eT0TO yuca. [locie cunThiBaHUS 3HAUEHUS
OHO IMPOBEPSIETCS: €CJIM 3HAUeHUEe OTpUllaTeIbHOe (MeHblie () WX MPEBBINIAeT
, TEHEPUPYETCS UCKIIOUEHHe KIacca (1Ba pasHbIX 0OBEKTA KIacca
C Pa3HBIMU TEKCTOBBIMU TosisiMu ). Eciin ke co cunTaHHbIM 3Haue-

HUEM BCe B TIOPSIZIKE, OHO BO3BPAIAETCS PE3YJIBTATOM (DYHKITHL.

He6oub11101i cIopripus ojKuiaeT Hac B rJIaBHOM (DyHKIMK TPOrpaMMbl. Tam

KOHCTPYKI[HSI 3aKJII0UEHA BO BHEITHIIT -6s10K. 17151 aTOTO -610Ka
yKazaH OJ[1H -6J10k ¢ asutnticucoM. [loaToMy ecsi Kakoe-To HCKITI0UYEHIe
He 06paboTaHO BO BHYTPEHHEH KOHCTPYKI[MH, JaHHOE MCKIII0Ye-
Hiie 00pabaTbiBaeTCst BO BHEITHEM -6JI0KE C BILITATICHCOM.

IIpu BBIIOJIHEHUM NPOTPAMMBI BO BHYTPEHHEM -6JI0Ke JIeJIaeTCst TIOTIbITKA
CYNTATh YKCJIOBOE 3HauYeHue. Eciin 3HaueHne cyrTaHo Oe3 TeHepUPOBaHUS KC-
KJIIOYEHHMSA KJlacca B OyHKITNHN , OHO IIPOBEPSIETCS HA
TIpesIMeT PaBEHCTBA HyJI0. Eciiu uncsio paBHO HYJIIO, TEHEPUPYETCS UCKIIUeHTe
KJacca . B npoTuBHOM cilyyae cUUTaHHOE YKCJIO HCIOJIb3YeTCs Kak
3HaMeHaTeJIb TIPU BBIYMCIEHUH YaCTHOTO, a PE3YJIBTaT BHIYMCJIEHUN 0ToOpasKa-
eTcsI B OKHe BbIBOJIA. Tenepb pacCMOTPUM IIPOTPAMMHBIN KOJI:
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Jincturr 13.9. Monb3oBaTenbCKuii KNacc MCKIIOYEeHUs

#include <iostream>

#include <exception>

#include <cstring>

using namespace std;

// Kmacc oumbky "mesieHMeHaHoJb":
class DivZero: public exception{
public:

// KOHCTPYKTOD:
DivZero () :exception () {}

// llepeonpegnenenue Meroma what () :
const char* what () const noexcept({
// PesynbTaTrT MeToma:
return "JesieHme Ha HoOJBL";

}

}; // OxoHuaHMe KJjlacca OmUOKMU

// Knacc oumBku:

class my error: public exception{
private:

// TekcToBOE IOJIE:
char txt[100];
public:

// KoHCTpyKTOp:
my error (char* str):exception () {
// KommpoBaHME CTPOK:
strcpy (txt,str);

}

// Tlepeomnpenesenue MeToma what () :
const char* what () constnoexcept{
// PesynbTaT MeTona:
return txt;

}

}; // OxonuaHme kJjacca
// OYHKUMSA OJI9 CUUTEBAHMA YUCIIa:
int getNumber () {

// llejoe umMcio:

int n;

// TEeKCTOBHE SHAUEHUI:
char str neg[l00]="Oumbka: umcyio menpme 0";
char str pos[100]="Oumbxa: umcygo Oojpme 5";
cout<<"BBenuTe umcjyio: ";

cin>>n; // CuuTeHBaHME LEJOTO 4MCIIa

// TlpoBepka YCJIOBMS [IJid T'€HEPMPOBAHMSA OMMOKN:
if (n<0) throw my error(str neg);
// TlpoBepKa YyCJIOBMA HOJs Te€HEePUPOBaHMS OWMOKIN:
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if (n>5) throw my error(str pos);
// PesyabTaTrT MeTOIa:
return n;
}
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
cout<<"HaumHaeTcd BHIIOJIHEHME MIpPOTpPaMMel. \n";
// lleJIoOUuMrCJIEHHEE IEePEeMEHHEE
int a=120,b;
// BHEUWHMVI KOHTPOJMPYEMBI OJIOK KOOa:
try{
// BHYTPEHHUM KOHTPOJMPYEMHIM OJIOK KOMIa:
try{
// TIOmMBITKA CUMTBIBAHMA UMCJIIA:
b=getNumber () ;
// TeHepupoOBaHMe OWMOKM MPU HYJIEBOM SHAUSHUM:
if (b==0) throwDivZero():;
// PesyJibTaT IeJIeHMS UYUCel:
cout<<a<<"/"<<b<<"="<<a/b<<endl;
}
// TIepBHII BHYTPEeHHMUN OJIOk 00paborTky ommbku DivZero:
catch (DivZeroé&e) {
cout<<e.what () <<endl;
}
// BTOPOI BHYyTpPeHHMI OJok 00paboTky ommbku exception:
catch (exception &e) {
cout<<e.what () <<endl;
// TIOBTOpPHOE TEeHEePUPOBAHME MCKIIOUESHUS :
throw;
}
}

// BHemHut OJI0k 00paBOoTKM OmMOOK :
catch(...){
cout<<"Umcyio OOJIKHO OuTh OoT 1 mo 5\n";

}
COUt<<"BHINIOJIHEHMVE MNPOTPAaMMEl 3aBepieHo.\n";
return 0;

}

Takum 00pa3oM, MPH BBITTOJHEHUN KOMaH/l BO BHYTPEHHEM -6JI0KE MOTYT

BO3HUKHYTH OIMMOKY IBYX TUIIOB: OIMTHOKA KJIacca B Tesie GyHKITINHT

u omOKa Kiacca . Jloist nepexBara 3TUX OMUOOK MPeji-

YCMOTPEHBI 7[BA -6s10ka. OuH TIepcOHNGBUIMPOBAH JIsT OMUOOK Kiracca

, @ BO BTOPOM OJIOKE THUIIOM OMIMOKM yKa3aH KJacc . Ho

TTOCKOJIBKY KJIacc SBJIAETCA TIPOM3BOIHBIM OT Kjlacca ,
TO JJAHHBIM OJIOKOM TEPEXBATHIBAIOTCS U ONTMOKU KJracca
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—, Ha 3ameTky
|
[aHHbI 610K nepexBaTbiBan Obl U OLINMOKK Knacca (knacc ABNAET-
I €Sl NPOM3BOAHbLIM OT Kflacca ), HO OWMOBKM Takoro Tuna "oTnaBnueaioTca” B
nepeom -6noke, Tak 4To 40 BTOPOro 6510Kka OHM NPOCTO "He A0XoaaT .
Bo BTopom -0JI0KE €CTh HHCTPYKITUS . llpu BeIMOTHEHNY 9TOM MH-
CTPYKIMUN IIPOUCXOAUT 706MOPHOE 2EHEPUPOBANHUE UCKITOUECHUA. Z[pyFI/IMI/I CJIO-
BaMHU, BTOPOI -6JI0K caM cosjaeTr OmMOKy. DTy OMMUOKY MepexBaThiBaeT
BHEITHUN -6JIOK C JJIJIMIICUCOM.

B 3aBucumocTy OT BBOIUMOTO MTOJTH30BATEIIS 3HAYEHUS (BBEJICHHOE YU CJIO MEHb-
1re HyJist, GOJIbIITe HYJIsl, PABHO HYJIIO U TIOTIAIAET B IMATIA30H OT | 10 5), MOTYT
OBITH CJIEYIONIME PE3YJIBTAThl BBIMOJHEHUST TPOrPaMMbl (KUPHBIM IPUGTOM
BBIZIEJIEHO BBEIEHHOE TI0JIb30BaTe/IeM 3HAUEeHUE) -eCITH BBEAEHHOE 11eJ10€ YHCIIO
TIOTIA/IAeT B IMATIA30H OT | 10

PesynbTtat BhinONHeHUs nporpammbl (U3 nuctunra 13.9)

HaumMHaeTCs BHIIOJIHEHME IPOTPAMME.
BBemuTe umcjo: 3

120/3=40

BHIMTOJIHEHME MPOTPAaMMEl 3aBEPIIEHO .

Econ BBE€I€EHHOE Y1 CJIO MEHDbIIIE HYJIA!

Pesynbrar BhINOIHEHUS Nporpammel (3 nmctudra 13.9)

HauyHaeTCs BHIIOJIHEHME IPOIT'PAMMEL.
BeemuTe umciio: -2

Ommbka: umcjo MmeHbme 0

YMcJio OOJIXKHO OvITe OT 1 mo 5
BrIOJIHEHME [POT'PaMMEL 3aBeEpIEeHO .

Eciau BBeennoe umncio 6osple 5:

PesynbTar BhINOIHEHUS Nporpammbl (3 nuctuira 13.9)

HauyHaeTCs BHIIOJIHEHME IIPOI'PAMMEL.
BBeouTre umcjo: 7

Ommbka: umcjo OBosbme 5

YMcJio OOJIXKHO OwlTh OT 1 mo 5
BrITOJIHEHME [POTPaMME 3aBEpPIEHO .

Ecmm BBE€/IEHHOE Y1 CJIO PaBHO HYJIIO:
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Pesynbrar BhINOIHEHMS Nporpammbl (3 nuctuira 13.9)

HaumHaeTCd BEHIIOJIHEHME IPOI'PAaMMEL.
Beemure umcigo: 0

IlesieHe Ha HOJb

BrIIOJIHEHME MNPOTPAMMBEl 3aBepIEeHO.

B 3aBepiierre X04eTcsi MPOKOMMEHTHPOBATH CIIOCOO OMpeeseHus MeTona

B KJacce . Bo-11epBBIX, TOCKOJIbKY B TeJe MeTo/a IIPOUCXO0-

T KOTTMPOBaHNE TEKCTOBBIX CTPOK, peaM30BaHHBIX B BH/IE CUMBOJIBHBIX Mac-

CHBOB, JIUIS1 BBITIOJIHEHUST KOTIMPOBAHNUST IPUMeEHsIETCST GUOInoTedHast hyHKIs

. IlepBoIit apryMeHT (PyHKIUN - CTPOKa (MaccHB), B KOTOPYIO BBITIOJ-

HsIeTCsI KOIIMPOBaHuUe, a BTOPOH apryMeHT - Konupyemasi cTpoka. [l ncnosb3o-
BaHMsA (QYHKIIMH MTO/IKITIOYAJICS 3aT0JI0BOK

BO-BTOprQ €CJIn HE OIpeneinTb METO/ C TaKUM K€ TIPOTOTUIIOM,
KaK B KJacce , TO IIOCKOJIbKY B IIpOTpaMM€ HCKJIIOYEHHE KJacCa

TIEpEXBaTbIBACTCA B OJ10Ke JIJI UCKJIIOYEHMA KJjlacca y
6y,ZI€T BbI3BaHa BEPCUA METOda "3 Kj1acca

METOZ0B N3 06LEKTOB NMPOU3BOAHbLIX KIIACCOB, 3aNNCaHHbIX B MEPEMEHHYI0 6a30BOro
Knacca.

) Ha 3ameTk
] y
YT106bl MOHATL MPUYMHY, PEKOMEHOYETCA OCBEXWUTb B MamMATU OCOOEHHOCTM Bbi30Ba

ITonsATHO, YTO B TaHHOM CJIy4ae CUTyalus cO3/laHa UCKYCCTBEHHO, HO BCe JKe I10-
NOOHbIE MOMEHTBI CJIEIyeT UMETh B BHLY TIPU COCTABJIEHUH TIPOTPAMM C TIPUBJIE-
4eHreM CUCTeMbI 00pabOTKU UCKITIOUNTETBHBIX CUTYAITHIL.
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ObwsicHume, HaKoHey: nouemy 6aula Hesecma npu-
dem uckamnw éac y mens doma?
u3 /¢ "Hponus cyovoot unu ¢ aeekum napom”

JTa raaBa MocBsIeHa MHOZ0NOMOUHOMY Npozpammuposanuro. I1otokn - ato pas-
HbIe YaCcTH TIPOTPAMMBI, KOTOPbIe MOTYT BBITIOJHATBCSA OfHOBpeMeHHO. Panee
MbI UMEJIH JIEI0 TOJBKO C OJHUM TTOTOKOM: OBLT KaKON-TO GJI0K uiau (hparMeHT
ITPOTPAMMHOTO KO/Ia, ¥ OH BBITIOJTHAJICS - KOMaH/a 32 KoManaoi. Teneps mpej-
cTaBUM cebe HECKOJIBbKO (hparMeHTOB MTPOrPaAMMHOTO KO/IA, TOKE BHITIOITHSIEMbIE
KOMaH/Ia 32 KOMAaH/IOH, HO OMTHOBPEMEHHO (UM TTOYTH OHOBPEMEHHON ).

[OBOJIbHO CNOXHO peann3oBatb TEXHUYECKW - OCOOEHHO ecnn y KOMMbloTepa OAVH
npoueccop. Ho 3aTo MOXHO co3aaTh WIO3MIO Takux "napannenbHblX” BbIYUCAEHUN -
Hanpumep, ecnv NpoLLeccop nepuoamyeckn (o4eHb GbICTPO) NepeksitoyaeTcsiHa Bbl-
noJsiHeHMe pa3HbIX NOTOKOB. Kak 6bl TaM HM BbIN0, HAC TEXHUYEeCKasi CTOpoHa Bonpoca
He UHTepecyeT, N Mbl HAMEpPEHbI TBEPA0 NPUAEPXKMBATLCS BEPCUN 06 OAHOBPEMEHHOM
BbIMNO/IHEHUN NMOTOKOB.

) Ha sameTky
]
Ha camom aene 06bI4HO OOQHOBPEMEHHO MOTOKW He BbINOJIHAIOTCHA, MOCKOJIbKY 3TO

B cranmapre C++11 mossBUIKCh POCTHIE M YAOOHBIE CPEACTBA IS peai3aiunu
MHOTOITOTOKOBOTO IOJIX0/Ia TPH COCTABJIEHUH ITPOTPAMMHBIX KOI0B. VIX 1 06Cy-
JAVM.

r—
= Ha 3ameTky

Mpumepsbl U3 AaHHOW MaBbl TECTUPOBANUCL B cpene paspabotkm Microsoft Visual
I Studio Express 2013. Takxe cnegyeTt MUMeTb B BUAY, YTO paccMaTpuBaeMble ganee ytm-
JINTbl 4OCTATO4YHO HOBLI 1 MOKa eLle NoaaepP>XmnBartoTcd He BCEMU KOMMNMUIATOPaMN.

Moppo6HoCcTH

Mpwn paboTe co cpenoin Microsoft Visual Studio Express 2013 uuTtartenio, no Bceii Buan-
MOCTU, NPUOETCH CTONKHYTLCS C KOHCOJIbHBIM OKHOM. A paboTa C KOHCOJIbHbIM OKHOM
ypeBarta Asyms npobnemamu. MNepBas cBsizaHa C TEM, YTO Kak TOJIbKO pe3ynbTart Bbl-
NoJIHEHMS NPOrpamMMbl B KOHCOJIbHOE OKHO BbIBE[EH, NOC/eAHEE, CKOPee BCEro, cpasy
3akpoeTcsl. M aTo "cpaldy” HacTynaeT odeHb 6bICTPO. HacTobKO BbICTPO, YTO 3aMETUTD,
4YTO Xe TaM, B OkHe, 0ToOpaxanock, ¢ 60JbLLOM BEPOATHOCTLIO He yaacTcsl. To ecTb C
3TUM HYXHO 4TO-TO Aenatb. CuTyauus ycyrybnserca TeM, Y4TO yka3aHHOe NoBefeHue
KOHCOJIbHOro OkHa - B 06LLEeM-TO NpobiemMa He CBsI3aHHas C NPOrpaMMmMpoBaHNEM Ha
C++. Opyrumm cnosamu, C++ - 910 C++, @ KOHCONbHOE OKHO - 3TO KOHCOJIbHOE OKHO.
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Mo-xopoluemy, BoNpoc Hago 6b10 Obl peLlaTe HA YPOBHE BbIMNOSHEHUSI HACTPOEK KOH-
CONbHOrO OkHa. C Apyrow CTOpoOHbI, kKHMra 0 C++ 1 HMKaK yX HE O KOHCOJIbHOM OKHE.
To ecTb NocBALWATbL PA34en KHAMM BONPOCY BbINMOSIHEHUS HACTPOEK KOHCOMN HE O4YEHb
pa3yMHo. A C TpeTbel CTOPOHbI, COBCEM MPOMTHOPUPOBATb AAHHYIO CUTYaLMIO - 3HAYUT
NMOCTaBUTb [J15 KOrO-TO (KTO CaM HE CMOXET pa3obpaTbCs C 3TUM BOMPOCOM) Luniarbaym
Ha Nyt n3ydeHns C++. Mbl, kKak BCcerga, noctapaemMcst HanTh "30/10Tyl0 cepeamnHy”.

Bropast mpobJsieMa cBsi3aHa ¢ WCIOJIb30BAaHHEM B KOMaHJaX BBOJA U BBIBOJA
KMPWJINYECKOTo TekcTa. Her HUKakuxX mpobsieM ¢ TeM, 4TOObI UCIOJIb30BaTh
TEKCTOBbBIE JIMTEPAJIbI B PelakTope KooB. Ho BOT Korza nporpaMma KOMITUJIH-
pyeTcs U 3alycKaeTcsl Ha BBITIOJIHEHNE, B KOHCOJIBHOM OKHE BMECTO PAa3yMHOTO
TEKCTa TOSBJSIOTCS HETIOHATHBIE CUMBOJIBI (TIOJ[9EPKHEM, YTO 3aMeYaHue Kaca-
eTCs TOTBKO KUPUJTHIECKOTO TeKcTa). To ecTh B peflakTope Ko/ia BCe BBITJISAUT
HOPMAJIBHO - & IIPU BBIBOJIE B KOHCOJIb BCE BBITVISIUT YKACHO.

B uyem mnpobGsiema? [IpobGieMa B TOM, YTO B PEaKTOPE KOAOB U B KOHCOJHHOM
OKHE WCIOJIb3YeTCs pasdHasi KOAUPOBKa (B PEIAKTOPAX OOBIYHO MCIIOJIB3YETCS
KozupoBKa cp 1251, a B KOHCOJIbHOM OKHe KoaupoBKa cp 866). C oxHoii cro-
POHBI, MOKHO COXPaHATD (hallyIbI B TOH K€ KOAWPOBKE, YTO W KOJAMPOBKA KOH-
cosibHOTO OKHA. /17151 9TOTO B OKHe cpefibl VS Express cienyet B merio Maiin BbI-
6patb kKoMaHy Jl0mOJHATEIbHBIE TAPAMETPBI COXPAHEHHSI 1 BLIOPATH B CITUCKE
Konuposka anement Kupmmmuia (DOS) - koposas crpanuiia 866.Ho Ha camom
JleJie TaKOH TMOAXO T He HAaUIydulTnii (XOTs U He CaMbIH TLIOXOM ).

O6e npobiiemMbl MBI OyzieM peliaTh B paMKaX OJHOTO Mojaxoza. Bocmonbsyemcst
¢yHKIMell  system () (UCHOJMB3yeTCST TPU  TOAKJIIOUEHHOM  3aroJIOBKe
<cstdlib>). C momompio KOMaHIbI system ("chcp 1251") "sacTtaBuM"
KOHCOJIb UCTIOJIb30BaTh KOAUpoBKy cp 1251.Komanaa system ("PAUSE"), pa3-
MelleHHas B KOHIIe TPOoTpaMMbl (HO Tiepesl MHCTPYKITUe return 0), TO3BOJIA-
eT "ynep:kaTh" KOHCOJIbHOE OKHO OT 3aKPBITHSI.

14.1. 3HaKOMCTBO C NOTOKaAMu

A Mozy mponusamv npocmMpaHcmeo u yumu 6 npo-
wioe.
u3 k/¢p "Hean Bacunvesuu mensem npogeccuro”

YT06BI MOHSTH IPUHITAITHI PEATU3AIIIH TOTOKOBOTO TOXO0/1a, TOCTapaeMCst KOH-
KPeTU3npoBaTh cUTyaruio. MITak, TpafullMOHHO y HAC €CTh ITPOrPaMMa, KOTO-
PYIO MBI OTOXK/IECTBJIsIEM C (pyHKIMEN main (). OTOXIECTBIISIEM B TOM CMBICJIE,
YTO BBITIOJIHEHWE MTPOTPAMMEI - 9TO BHITIOJTHEHHE KO/Ia JaHHON (pyHKINH. 31ech
HUYero He Mensiercs. [IpocTo Terepn B mIpoliecce BBITTOJIHEHUS TJIABHON (yHK-
IIMA MBI MOXKEM 3aIyCTUTh NOMOK I nomoxu.YTo MPONCXOAUT TIPU 3aITyCKe
noroka? Ecim B 061ux yeprax, To nmporpamma ((byHKIMst main () )IIpopoJKa-
€T BBITIOTHATHCS, KaK U BHITIOTHSIACH PaHee, HO TIPU 9TOM HAUMHAETCS TTPOIECC
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OTHOBPEMEHHOTO (C BBITOJTHEHUEM KO/Ia TJIAaBHOW (DYHKIINN) BBITIOJTHEHUS e1rle
OIHOTO (hparMeHTa MPOTPaMMHOTO Ko/ia. BaxKHo 3/1eCh TO, YTO BHITIOTHEHNE Pa3-
HBIX (hparMeHTOB Kojia (MMeeTcsT B BUY KO TJIaBHOU (DYHKIIUM U KOJT TOTOKA)
MIPOUCXOUT OOHOBPEMEHHO.

-| Ha 3ameTky
To ecTb B N0GOM CNyyae Mbl HAQYMHAEM C BbINOSIHEHUS FMABHOW GYHKLMM NPOrpamMmbl, a
_I yXe Mocne ee 3anycka BO3MOXEH 3aryck napasiesibHbiX MpoLeccos. 10 aTol npuynHe
MPOLLECC BbIMOJHEHNS MTABHOW YHKUMN HEPEAKO Ha3blBaOT rMaBHbIM MOTOKOM MpO-
rpamMmbl, @ MOTOKU, 3anyckaemMble U3 1aBHOI0 MOTOKA, Ha3bIBAIOTCH JOYEPHUMMU.

Ianee paccmoTpuM ziBe cutyaru. CHavasa mpe/iaraeTcst camasi 0ObIaHast po-
rpaMMa ¢ caMoil OObIYHON yHKIINEH, 1 3Ta camasi 0ObiYHast (PYHKIIMST BbI3bIBa-
€TCsl B TJIaBHOM (DYHKITUU TIPOTPAMMBI. 3/1eCh PEYb O TIOTOKAX He UJIeT.

3arem Bce Gy/eT MPAKTUYECKU TaK Ke: B IPOTPAMMe OIUCHIBAETCS (DYHKIINS,
1 OHa 3aIycKaeTcd B TJaBHOH ¢dyHKImUM nporpaMMsl. Ho Tombpko B aTom ciry-
yae Ko/l BbI3bIBaeMOI (DYHKIINY BBIIOTHSIETCS OJIHOBPEMEHHO C KOJIOM IJIAaBHOM
dbyuknun. [[pyrumu cIoBaMu, Mbl "TIpeBpaTiM” KOl 00BIYHOI (DYHKIIUU B TOTOK
(He 6YKBaJIbHO, KOHEYHO).

B nuctunre 14.1 npuBeneH mpUMep MPOTrPaMMbI, B KOTOPOI Hem nomoxos. B
nporpamme ormcana GyHKIMs say () 6e3 apryMeHTOB 1 He BO3BPAIIAIONIAsT pe-
sysbrat. DyHKIMEH TIpU BbI30BE B OKHE BBIBOJA OTOOPasKAeTCsl HECKOIBKO CO-
obmennit. MyHKIMA say () BbI3bIBaeTCS B IIaBHOW (GYHKIMU main (). Takke
rJIaBHON (byHKIMEH oToOpakaeTcsi HeCKOJIbKO coodIeHnil. Jlerko ybeanTbest,
YTO TIPEICTaBIeHHAs HUKE TIPOTPAMMa OYeHb MTPOCTAS:

Jinctuur 14.1. NMporpamma 6e3 co3pgaHns NOTOKOB

#include <iostream>

#include <cstdlib>

using namespace std;

// ®YyHKUMSA OJIS BEI3OBA B NPOTPaAMME :

void say () {

cout<<"dyHkUMA: Banyck.\n";

cout<< "OYHKUMS: B MNPOLIECCE BHIIOJHEeHUS.\n";
cout<<"dyHKLUMA: 3aBepumeHue.\n";

}

// TrmaBHasa GOYHKUMUA NOPOTPAMME :

int main() {

// YCTaHOBKA KOOMUPOBKM IJIS KOHCOJIBHOTO OKHA:
system ("chcp 1251");

cout<<"IlporpamMma: 3amymeHa.\n";

// BHBOB OyHKLUMM say () B Tejie NPOTPaMME:
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say () ;
cout<< "IporpamMma: OGyHKUMABE3BAHA.\Nn";
cout<< "Illporpamma: 3aBepmeHa.\n";

// KoMaHImamisasamepXKM KOHCOJIBHOTO OKHAa
// (cneumbukacpenslVS Express) :
system ("PAUSE") ;
return 0;

}
PeSyJIbTaT BbIIIOJIHEHUA ITPOTPAMMBbI TOJKE JIETKO MPpeAyTralaThb:

Pe3ynbTar BbinONHEHUS nporpammbl (M3 nuctuhra 14.1)

[lporpamMMa: 3amnyleHa.

OyHKLMA: BallyCK.

dyHKLMA: B IIPOLIECCE BHIIOJIHEHUA .
dyHKLMA: BaBeplEHNKe.

[IporpamMma: QyHKLMA BHSBaHa.
[lporpaMMa: 3aBeplleHa.

MoppoGHoCcTU

MporpamMmMHbI KOO, HAYNMHAETCS KOMaHO oM . B pesynbraTte BbI-
NOJIHEHMS KOMaHAbl B KOHCOJIbHOM OKHE MCNoJb3yeTcsa kognposka cp 1251 (Takas xe, kak
B pefakTope Koaa). Y KomaHapl €CTb "No60oYHbIN 3 dekT": Npun

ee BbINOJIHEHNN OToBpaxkaeTcs cooblieHne
YT106bl 3TO COOOLLEHNE HE MOSBASIOCh, PEKOMEHAYETCSl WCMOJIb30BaTb KomaHny

Mepen uvHCTPyKUMEn pasmeLleHa KomMaHaa . Ko-
MaHAa HyXHa Ofis Toro, 4Tobbl 3agepxaTb Ha 3KpaHe KOHCOJIbHOE OKHO, KOoTopoe
B MPOTUBHOM Clly4ae cpasy 3aKpbiBAeTCs MOCne 3aBepLUeHUs BbINOJHEHUS MPO-
rpammbl. [py BbINONHEHWM KOMaHAbl B KOHCOJIbHOM OKHE MOSIBAISIETCS CTpoKa

. Ytob6bI coobuieHne He oTobpaxa-
NIOCb, BMECTO KOMaHzpl npegfiaraeTcs MCMoJib3oBaTb KOMaHAy

Bo Bcex npumMepax rnaebl NPOrpaMMHbIA KOA, MaBHOW OYHKUMM NPOrpaMmmbl Ha4MHa-
€TCH C MHCTPYKUUKn , & KOMaHga Bcerga
nocnenHasa nepes MHCTpykunen .Ipyn 3TOM MbI faHHbIE KOMaHAbI B Aa/IbHEN-
LLIeM NOSICHATb He ByaeM, paBHO Kak U He ByAeM NPUBOANTL AN PE3YNLTATOB BbIMOSHE-
HUS NporpamMm coobLLEeHns1, oTobpaxaemMble AaHHBIMU KOMaHAaMu. Takke HanoMHUM,

4YTO AN UCMONb30BaHUS PYHKLIMK NnoaK/04aeTCs 3aroyioBOK

MoaToMy BCe NpMMepsbl B MaBe COAEPXAT eLLe U MHCTPYKLMIO B
Lanke nporpamMmeil.

Y710 KacaeTca camon GyHKUUU , TO ee AeNCTBME TakOBO: CTPOKA, ykasaHHas
aprymeHTom GyHKUMN, NepenaeTcs st UCMONIHEHWS KOMaHAHOMY NPOLECCopy onepa-
LMOHHOW cucTeMbl. Hanpumep, ¢ NOMOLLbIO KOMaHAbI yaaeTcs oTo-
6pa3nTb coaepXMMOe TeKyLLEen nanku (kataaora), KoMaHaom BbINOJI-
HSIETCH OYMCTKA KOHCOJIbHOrO OKHA, a KOMaHZoM B KOHCOJIbHOM OKHE

oTobpaxaeTcsa crpaska rno KoMaHaamM KOMaHAHOM CTPOKK, 1 Tak Aanee.

KpOMe TOro, B 3aBMCMMOCTM OT crnocoba co3paHus npoekTa MoXeT noHagobuTecs B
wanke nporpamMmsbl nepBoﬁ KOMaHaon yKa3aTb MHCTPYKUUIO
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NHCTPYKUMSA HYXHA B TOM Clly4ae, eCin NpoekT CO3[4aeTCA C YCTAHOBIEHHOM Onumen
MpensapuTesIbHO CKOMMUMPOBAHHLIV 3arofI0BOK MPU OMpPeaesieHnm napamMmeTpoB CO3-
[ 2aBAEMOTO MPUIIOXKEHNS

Hy n, pasdymeeTcsi, Bce U3NOXEHHOE BbILLE HUKAKOIO OTHOLUEHNS K MHOTONMOTOKOBOMY
NpOrpaMMmnpPOBaHMIO HE UMEET.

Ha 4T0 B pesy/ibraTaxXBBIIOJHEHUSI TPOrPAMMbI CTOMT OOpPaTUTh BHUMaHME?
Hac unTepecyer mocieoBaTeIbHOCTh COOONUIEHMIA, TIOSBISIIONIUXCSI B OKHE BBI-
BOJZa, 4 €C/IU TOYHEE, TO "MCTOYHMK' 3TUX coobmennii. Buaum, uro nepsoe co-
o0IIeHNe - CJIeACTBUE BBIOJTHEHNS KOMAH/IbI B IJIaBHON (DYHKIIMHU IIPOIPAMMBIL.
Caenyromiye Tpy cOOOIIEHHsST OTOOPAKAIOTCS MIPU BBITIOJHEHUH TPOTPAMMHOTO

Kozia PyHKIUU . JIBa mocyeHIX COOOIEHUsT - PE3YJIbTAT BBITOJHEHNUST
KOMaH/I, OITMCAHHBIX HETIOCPEACTBEHHO B TeJjie (hyHKITNN . Bce mporHo-
3UpyeMO.

Tenepp nepexonum ko BTOpol yactu "uccienoBanusi”. Ham HY:KHO opraHuso-
BaTh nomox. Kom, KOTOPHIN AOJKEH BHITIOTHATHCS MPU BHITTOTHEHNN MOTOKA -
KoJl (PyHKITUN . IIpore roBops1, Halla 3aa4a COCTOUT B TOM, YTOObI B
TTaBHON (GPYHKITUU MIPOTPAMMBI 3aITyCTUThH HA BBITIOJIHEHWE TIOTOK C TIPOTPaMM-
HBIM KOJIOM (DYHKITUU . 910 paspemnmmMast 33j1aua. Haunnas co cranjapra
a3pika C++11 ecTh craHgapTHBIE CPEACTBA Pa3pabOTKH, TO3BOJISIONIAE BOILIO-
TUTD HAIIIW TIJIAHBI B PEATBHOCTb.

CucremMa OTOKOBOTO TIPOrPAMMHUPOBAHUSI BO MHOTOM 0a3upyeTcsi Ha UCIOJIb-
30BaHUHU KJacca . L5t mcniosib30BaHMS Kilacca B IIporpamMme MozKJIoYa-
€TC4 3ar0JI0BOK . Ectit 3ar0710BOK OJIK/TIOUEH, MOYKEM MTPUCTYITUTD K
CO3/IaHMIO TIOTOKA. PeIenT 04eHb MPOCTOiL: JOCTATOYHO CO3/aTh OOBEKT KIacca

, TIepeflaB apryMeHTOM KOHCTPYKTOPY UMsI (DyHKITUH, BBITIOJTHIEMOU B
noToke. Bosiee KOHKPETHO, €CJIi MBI XOTUM, YTOOBI B TIOTOKE BBITIOJTHSJICS TTPO-

IPaMMHBIH KO/l (yHKITUU , TO HaM JIJIsI CO3/ITaHUS M 3aITyCKa MOTOKA I0CTa-
TOYHO KOMaH/IBI . DopMasbHO KOMaH/IOH cO31aeTcst 00BEKT

KJacca (0ObekT ©  OymeM HasbIBaTh 00veKmom nomoxa). A nedop-
MaJIbHO - KaK TOJbKO BBITTOJTHEHA KOMaH/a , TTAPaJIIEeNbHO C
IJIABHBIM ITOTOKOM HAYHETCS BBITIOJIHSATHCS JIOYEPHUIT TIOTOK. BhIToHsIeMblIil B
JI0YepHEM TTOTOKE KOJI - 3TO KO (pyHKITUN (ee MM4 yKa3bIBAIOCH TIPH CO3-
JaHUU 00bEKTA KJTacca ). Ha mpakTuke Bce BBITJISIUT TaK, KAK TOKA3aHO

B cTtunre 14.2.

Jinctuur 14.2. Co3paemMnoTok

#include <iostream>
#include <cstdlib>
#include <thread>
using namespace std;
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// ®OYHKUMS OJiS BHIIOJIHEHMS B INOYEPHEM IIOTOKE:
void say () {
cout<<"®dyHKUMS: 3anyck.\n";
cout<< "OYHKUMA: B MNPOLIECCE BHIIOJHEeHus.\n";
cout<<"OdyHKUMUS: 3aBepumeHue.\n";
}
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// YcTaHOBKA KOIOVMPOBKM IJiS KOHCOJIBHOT'O OKHA:
system ("chcp 1251");
cout<<"lporpamma: 3amnymeHa.\n";
// CospmaHue oOwekTa t kjlacca thread (samnyck moToka) .
// APTyMEHT KOHCTpPYyKTOpa - uMma QyHKuumM say (),
// BamyckaeMol MNpPM BHIIOJHEHMUM [NOTOKA :
thread t(say):;
cout<< "IlporpamMMa: MIOTOK 3amnymeH.\n";
cout<< "IllporpamMma: 3aBepmeHa.\n";
// OxXumaHve SBaBepIlEeHUs OOUEPHEero MNOTOKa:
t.join();
// KoMaHma nJjsa 3aIepXKM KOHCOJIBHOTO OKHAa
// (cneumbwka cpens VS Express) :
system ("PAUSE") ;
return 0;

}

Eciu B mipe/ibijiy1iieM cJydae pe3yJibTaT BhIOJHEHUsI TIPOTPAMMBI ObLI JKECTKO
"JleTepMUHUPOBAH", TO B JJAHHOM CJlydyae "BO3MOKHBI BapuaHTbl'. Hanpumep,
PE3yJIBTAT BHIMOJHEHHSI IPOTPAMMBI MOKET OBITH TAKHM:

PesynbTat BhINONHEHUS nporpammbl (U3 nuctuira 14.2)

[IporpamMMa: 3amnyleHa.

OYyHKLMA: 3allycCckK.

dyHKLMA: B MNPOLECCEe BEHIIOJIHEHMUA.
[lporpaMMa: MNOTOK 3alylleH.
[lporpaMMa: 3aBeplleHa.

OYyHKLMA: 3aBepleHNre.

Yto MBI MOKEM CKa3aTh B JAHHOM CJIydae O pPe3yJIbTaTe BBITTOTHEHUS TTPOrpaM-
MbI? C OIIpee/IeHHOCTHIO MOKEM YTBEPIKAATh, YTO IEPBBIM COOOIIEHIEM BCeTIa
SIBJISIETCSI TEKCT . DTO pe3yJIbTaT BBHITTOJTHEHUS Ca-
MOIi TTepBOI KOMaHIBI B TJIaBHON QYHKINUK porpaMMbl. OObscHEHNE TIPOCTOE:
Ha MOMEHT BBITIOJTHEHUS TIEPBOM KOMaHbI B (DyHKITNU He TTPOU30IILIO
HUYEro, 4To AaBajio Obl OCHOBAHUSA IIOCTABUTh II0J COMHEHME TOPSIOK U CIO-
c00 BBHIOIHEHNA KoMaHz. Janblne naynHaercsd "30Ha HECTAOMIBHOCTH ' - B TOM
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CMBICJIE, YTO TOCJIEI0BATENBHOCTD TIOSIBJICHUST COOOIIEHUI MpeayrajaTh Ou4eHb
c0xHO. CBA3aHO TaKOe MOJIOKEHNE JIeJI C TEM, YTO KOMaH/I0MI
3aIyCKaeTcs OYEePHUN TOTOK, B KOTOPOM BBITIOTHSETCS TTPOTPAMMHBIA KOJT

bynkum . Haumnast ¢ 3TOro MOMeHTa KOMaH/bl JOYEPHETO II0TOKa (a
(paxkTUYecKr MHCTPYKIIUU B Tesie QyHKIIUN ) 1 ocJsieyonue (1moce Ko-
MaH/1bI ) MHCTPYKIIMU IJIaBHOTO II0TOKA (MHCTPYKIIUU B TeJle
byHKIIHI ) BBITIOJTHSIOTCST "0 fHOBpeMeHHO". Oba moToka 0OpaIaoTest K

KOHCOJIbHOMY OKHY. V1 B OTHOM, 1 B IPYTOM ITOTOKE BBITTOTHSIETCS COBCEM HEMHO-
ro koman. Kakoe coobiieHue MosiBUTCST PaHblile, a KaKoe 9y Th M035Ke - BOMPOC
3a/IepKKU Ha TOJIU CEKYH/IBI ITPU TIPOBeIeHN U Bhrancaenuii. [loaTomy pesyabraT
CIIPOTHO3UPOBATh HepeabHO. EANHCTBEHHOE, YTO TPOTHO3UPYEMO - COOOTICHUST
MogBJISAI0TCSA "BriepeMeniky . U 3/1ech posIBILETCS NMPUHIMTHATIBHOE OTINYNE
B HCIIOJIb30BAaHUU MTOTOKOB OT TOCJIE0BATEIHHOTO BBI30Ba KOMaH . B mpepiny-
IIeM TIPUMEPE TIPU BBI30Be (DYHKIINMHU cHayYaJja BBIIOJIHSINCH KOMAaH/IbI,
OTIMCAHHBIE B Tesie (DYHKIINH, U TOJBKO 3aTeM HAUMHATIOCH BBITTOTHEHNE KOMAH]T
B (QYHKIIUN , HAaXOJMBIIINXCH I10CJIe BbI30Ba . B paccmarpuBae-
MOM TIpPEIMepe 3aIyCK MOToKa (Ha OCHOBE (DYHKITUU ) He o3HavaeT "mepe-
PBIB" B BHITIOJTHEHUY KOMaH/] HETIOCPEAICTBEHHO B (DYHKITIH

Opna u3 mocaeHuX KOMaH/ B TJIABHON (DYHKIIUU MPOTPAMMBI - MHCTPYKIIUS

. B mamtom cirygae n3 00beKTa 104epPHETO MOTOKA © BBI3BIBAETCST Me-
TOJ . Haznauenve xomaHpl Takoe: yIpaBieHue CJAeAYIONEH MHCTPYK-
MM He TIePENAEeTCs 10 TeX MOP, TIOKa He OyIeT 3aBepiiieH moTok oobekTa . [Ipo-
I1Ie TOBOPSI, KOMaH/Ia - KOMaH/Ia JK/1aTh 3aBEPIIEHUS TOTOKA

MoppoGHoCTU

Ecnn He ncnonb3oBaTb KOMaHOy , TO, CKOp€ee BCero, rMaBHbI/ MOTOK 3aKOH-
YNTCSH paHbLUe OKOHYaHUS AOYEPHEro rnoToka. dTO Nioxas cuTyauusi, MOCKOJbKY Mpo-
rpamMma BbIMOJIHEHME Kak Obl 3aKOHYMNACh, a MOTOKN, 3anyLLEHHbIE NPOrpamMmMoii, eLle
He 3akoHYMNUCb. HopmanbHbIM Takoe 3aBeplueHMeM paboTbl NporpamMmbl Ha3BaTb
Henb3s. [lo3aToMy Nnepen TeMm, kak NnporpamMmma (rMaBHbI NOTOK) 3aBEPLUMT CBOKO paboTy,
cnefyeT 00XAaTbCs 3aBEPLUEHMS JOYEPHErO NOTOKA.

— Ha sameTky

CTporo roBopsi, Npexae 4em Bbl3blBaTb N3 06beKTa NOToKa MeTos, , Cnegosasno

I Gbl NPOBEPUTb, HE 3aBEPLLMICS NN YXKe AaHHbIN NOTOK. Mnu, opyruMu cnoBamu, umeeT
CMBbIC/ XJaTb 3aBepLUeHMANMLLIb HE3aBEePLLIEHHOro nNoToka. Ecnv mMbl nonbitaemcsa oo-
XOaTbCA 3aBEpPLUEHNS 3aBEPLUEHHOMO NOTOKa, BO3HMKHET owwnbKa.

EcTb MeToq, , KOTOPbI BbI3bIBAETCHA U3 0ObEKTA MOTOKA M NO3BOJIAET yCTa-
HOBUTb, 3aBEPLUMCS NOTOK UK HeT. MeTon, LLenecoo6pasHo BbI3bliBaTb N3 00b-
eKTa noToka, ecnu pes3ynLTaToM Bbi3oBa MeToda 13 9TOro obbekTa fAB-
naeTcsa 3Ha4YeHne . Mbl noka K noMoLLm MeToaa He npuberanu, Ho 1
3abblBaTb O €ro CyLeCTBOBaHNN HE HAMEPEHDI.
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14.2. Heckonbko A,O04YE€PHUX NOTOKOB

Manenvras, a ¢ panmasueil.
uz k/¢ "/lesuama”

B paccmoTpennoM mpuMepe B TJIaBHOM TIOTOKE CO3/IaBaJICS OAUH TOUYEPHUI TT0-
tok. Ha camoMm Jesie ToTOKOB MOKeT GbITh HECKOJIBKO, TIPUYEM Y JI0YEPHUX MO~
TOKOB MOTYT OBITh CBOU JIOUEPHIE TIOTOKK - TO €CTh B JOYEPHEM MTOTOKE MOKHO
3aIyCTUTh COOCTBEHHBIN I04epHUA TOTOK (1JIu TT0TOKH ). Hebombioil mpumep,
B KOTOPOM U3 TJIABHOTO MTOTOKA 3aITyCKAaeTCsS ABa JOUYEPHUX TTOTOKA, MTPEICTaB-
JieH B icTuHTe 14.3.

Jiuctunr 14.3. Heckonbko go4epHUX NOTOKOB

#include<iostream>
#include <cstdlib>
#include <thread>
using namespace std;
// TlepeMeHHas nJjigd MCHIOJIbL30BAHNA
// B omneparopax LMKJIA:
int n = 5;
// OYHKUMS IJIS BHIIOJIHEHMS B II€PBOM IIOTOKE:
void one () {
cout<<"3anyckaerTcg 1-¥ IOYEPHMI MNOTOK.\n";
cout<<"BuImoJjiHeHMe 1-T0 ZouepHeTro NHoTokKa.\n";
cout<<"OroBpaxawnTcsa umciya (1-7 noTok) :\n";
for (int i=1;i<=n;i++) {
cout<<" * "<<i<<" * \n";
}
cout<<"3aBepmeHre 1-T0 IOUYEepHEro morToka.\n";
}
// OYHKUMS IJIS BHIIOJIHEHMS BO BTOPOM IIOTOKE:
void two () {
cout<<"3anyckaeTcg 2-¥ IOYEPHMI MNOTOK.\n";
cout<<"BHIIOJIHEHME 2-T0 HOUYEPHeTOo NIOoToKa.\n";
cout<<"OroBpaxawnTcsa OYKBH (2-1 mOTOK) :\n";
for(int i=0;i<n;i++) {
cout<<" * "<<(char) ('"A'+1i)<<" * \n";
}
cout<<"3aBepumeHre 2-T'0 IOUYEPHEro MmoToka.\n";
}
// TmaBHasg GOYHKUMS OPOTPAMME :
int main() {

// KomoBasa cCcTpaHulla IJiS KOHCOJILHOT'O OKHA:
system("chcp 1251");
cout<<"HauaJio BHIIOJIHEHMS MIpOoTpPaMmel. \n";

// 3amyck NepBOTO IOUYEPHEro MNOTOKA:
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thread a(one);

// 3Bamnyck BTOPOTO HOOUEPHETrO MNOTOKA:
thread b (two);
cout<<"IIporpamMMma elme BHIIOJHIeTCS.\n";

// OxumaHme 3aBeplleHMs NepBOTO MOTOKA:

if(a.joinable()) a.join();
// OxrmaHue BaBeplleHMS BTOPOTO MNOTOKA:
if(b.joinable()) b.join();

cout<<"3aBepumeHyre BHIIOJHEHUS MNPOTpPaMMel. \n";
// Bamepxka KOHCOJIbHOTO OKHa:

system ("PAUSE") ;

return 0;

}

PeByJIbTaT BbBITTOJTHEHUA ITPOTPAMMbI MOJKET 6bITb COBEPIIEHHO HEOKUN/TAHHBIM!

PesynbTtat BhInONHEeHUs nporpammbl (U3 nuctuira 14.3)

Hauasno BEIIOJIHEHMSA NPOTPaMMEL.
BanyckaeTcs 1-1 OOUYEepHUM [IOTOK.
[IporpamMMa ele BBIIOJIHAESTCSA.
BanyckaeTcsa 2-¥ OOYEpPHUN IOTOK.
BrIloJIHEHME 2-T'0 OOYEPHEeI'o IIOTOKa.
OTobpaxanTcsa OyKBHE (2-J1 MNOTOK) :
*A*
BrimosiHeHMe 1-T'0 OOUepHEeIro IOoTOoKa.
OrobpaxanTca umucia (l1-1M ODOTOK) :
**B*
*C*
*D*
*E*
BaBeplieHre 2-T'0 OOUEPHEIOo IIOTOoKa.
1*

Xk X o
SN
* ok X o

5
3apepumenye 1-T0 HOYEPHETO [OTOKA.
3aBepleHEe BHIIOJIHEHUS IPOTPAaMMEL.

XOoTs1 B JaHHOM KOHKPETHOM CJIy4ae BBIBOJI IIPOrPaMMbl GoJiee-MeHee CTPYKTY-
PUPOBaH, 3/IeCh CKOpee UCKIoueHne u3 mpasui. OObIYHO TaHHbIE BBIBOISTCS
"priepeMerniky". Ho 17151 Hac ceifdac aTo He IPUHIMITUAIBHO, TIOCKOJIBKY UHTEpeC
TIpe/ICTaBIIsAET He Pe3yJIbTart, a caM ITPOIIeCC.

Yrto KacaeTcs MPOrpaMMHOTO KOZa, TO B IpOTPaMMe OIMCAHBI Be (DYHKIIUH
( n ) JIOCTATOYHO CXOKET0 "COEePsKAHMs": BHIBOASTCST COOOTIEHUST
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0 HavaJje v 3aBepIIeHIH TIPOIeCCa BBITTOJHEHIS MOTOKA, 2 KPOME ATOTO 0ToOpa-
JKAeTCs1 Psi/l HATYPAJIBHBIX Yrcest (U151 11epBoil hyHKIK ) min OyKB (17151 BTOPOii
yHKITIN).

B rutaBHO#T GyHKIMM TPOTrPAMMBbI TTOCTIE COOOIIEHNUST O HAYaJIe BHITIOJTHEHUS TIPO-

rpaMMbl KOMaHJIaM1 n CO3a€TCA ABa 110-
YEPHUX IMOTOKA. OTU IIOTOKU BBIIIOJIHSIIOTCSI.

Moppo6HocTU
BbipaxeHune COOEPXUT NHCTPYKLMIO [ANS SBHOMo npmuBeaeHus
BblpaXeHusi K TMny . [eno B ToM, 4TO 3Ha4YeHUs Tuna npu apndme-

TUYECKMX BbIYUCNEHUSX NHTEPMNPETUPYIOTCS Ha YPOBHE KOAA COOTBETCTBYIOLLErO CUM-
Bosa. MoaToMy ecnv K CUMBOSY NpUGaBASETCS YNCNO, TO pedynsTaToM BGyaeT YMcnoBoe
3HaveHve, nonyyaioweecs npubasneHne K Ko4y CMMBOA YUCIOBOr0 onepaHaa CyMMbl.
[na npeBpalleHns Takoro Ymicna B CMMBOA U A0BABNASIOT UHCTPYKLMIO SBHOMO NpuBe-
neHus Tuna. MNpu npMBeaeHnN LEenoro Yicna K tuny NPVYBOAMMOE LIeSIo4UCNEHHOE
3HaYeHue MHTePNpPeTMpPyeTCs Kak KoL COOTBETCTBYIOLLEro CMMBOSA.

Komarant u

- Ha CaMOM JieJle MHCTPYKIIMH MOKUAATHCS OKOHYAHUS BBITTOJTHEHUSI
COOTBETCTBEHHO TEPBOTO U BTOPOro motokoB. Ho 3mech mosBisercs BaKHOE
HOBIIIECTBO: TTIePeJ] BBI30BOM METO/1a 13 0ObEKTa TOTOKA, MBI ITPOBEPSIEM
JIAHHYIO OIePaIlNI0 Ha KOPPEKTHOCTD. JIJIs1 9TOro 13 00beKTa MOTOKA BHI3bIBAETCS
METO/L . MeTon Bo3Bparaer 3HaueHe €CJIN IIOTOK HaXO/IUT-
CS B CTAQJINU BBITIOJIHEHN. EC/ii TOTOK y’Ke BBITIOJIHEH WJTH B CUJTY MHBIX IPUYNH
He SIBJISIETCSI KCTIOJNHSIEMBIM ITOTOKOM, METO/T BO3BPAIlaeT 3HAUeHe

Heb6oubimasi MoguduKaIysi pacCMOTPEHHOTO BBIIIE TIPUMepa TIpe/cTaBIeHa B
squctunre 14.4. B mpenpinymem mpuMepe 13 TJIABHOTO TIOTOKA BBI3BIBAJIOCH /[BA
NIOYEPHUX MOTOKA. Ternepp ke cXxeMa HECKOJIbKO UHAS: B IJIABHOM TIOTOKE BBI3bI-
BaeTcsA OUYEPHUN TOTOK, a B JAHHOM JI0UYE€PHEM TIOTOKE BBI3BIBAETCS €Ille OINH
JIOYEepHUI TIOTOK (ZIOUepHMIT TIOTOK JIJIS IOUEPHETO TTOTOKa). PaccMOTpuM TIpo-
TPaMMHBIN KOJI, TIPEACTaBJICHHBII HIKe (GOJBITMHCTBO KOMMEHTAPUEB IJIst
yMeHbIIleHUsT 00beMa Kojia yIalieHo, a HanboJiee BasKHbIE MeCTa KO/Ia BbI/IeJIEHbI
KUPHBIM TPUDTOM):

Jiuctunr 14.4. MNMotok Bbi3bIBAETCS B fO4EPHEM NOTOKE

#include <iostream>

#include <cstdlib>

#include <thread>

using namespace std;

int n = 5;

void one () {

cout<<"3anyckaeTcd IOUYEpPHMM MNOTOK.\n";



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

cout<<"BHIIOJIHEHME NOYEPHEIOo IOoToKa.\n";
cout<<"OroBpaxanTCcsa uuciia (OOUEepHMM MOTOK) :\n";
for (int i=1;i<=n;i++) {

cout<<" * "<<i<<"™ * \n";

}
cout<<"3aBeplueHre INOUYEPHEIro MMOoTOoKa.\n";
}
void two () {
cout<<"BanyckaeTcd NOTOK.\n";
COUut<<"BHINIOJIHEHMVE MOTOKa.\n";
cout<<"3anyckaeTcsd IOYEpPHMN NOTOK.\n";
// 3amnyckKaeTCsaOouepHUM MOTOK:
thread a(one);
cout<<"OroBpaxanTCaByKBu: \n";
for (int i=0;i<n;i++) {
cout<<" * "<<(char) ('A'+i)<<"™ * \n";

}

// OxXumaHve SBaBepIlEeHUs OOUEPHEero MNOTOKa:
if (a.joinable()) a.join();
cout<<"3aBepueHre MNOTOoKa.\n";

}

int main () {

system("chcp 1251");

cout<<"HauaJio BHIIOJIHEHUS MOPOTPaMMe. \n";
// Banyck moToka:

thread b (two) ;

cout<<"Ilporpamma eme BHIIOJHSeTCS.\n";

// Oxmpmanme BaBepmWeHMsT IOTOKA:
if(b.joinable()) b.join();
cout<<"3aBeplieHMVE BHIIOJIHEHUS MNPOTPAaMMEL. \n";
system ("PAUSE") ;
return 0;

}

PeByJIbTaT BBITIOJTHEHUA ITPOTPAMMbI MOJKET 6bITb, HaIlpuMep, TaKUM:

Pe3ynbTat BbinONHEHUs nporpammbl (M3 nuctuira 14.4)

HauaJsio BEHIIOJIHEHUA NPOTPaMMEL.

[IporpamMMa elle BEHIIOJIHASTCH.

3anyckaeTcsa INOTOK.

BrIIMOJIHEHME TIOTOKA.

BanyckaeTcsa IOOYEepHUM IIOTOK.

BanyckaeTcs IOYEPHMUM INOTOK.

BHIIOJIHEHME IOUYEPHETO IIOTOKa.

OTobpaxanTcsa umcia (IDOYEepHUM IIOTOK) :
* OrobpaxanTcsa OyKBEHL:
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% o ok X %

3aBepueHne IOYepHero [IOTOKaA.
*

*D*
*E*
3aBeplleHye II0OTOKaAa.
3aBeplleHMe BEHIIOJIHEHMSA IIPOI'PAaMMEL.

HPI/IHHI/IHI/IaJIbHO MaJIO 4TO IIOMEHAJJIOCb, HO Ha /IBa MOM€EHTa CTOUT O6paTI/ITb
BHUMaHHE. BO-HepBbIX, KaK y’K€ OTME€YaJ/IOCh BbIIIE, CXEMa MCII0JIb30BaHa CJie-

Ayroniast:

* B TIJIaBHOW (DYHKIIMU IIPOTPAMMBI Ha OCHOBE (DyHKITUN CO3/1aeTcst
MOTOK (KOMaH/a );
*  BTese PyHKINN Ha OCHOBE (PyHKITUN B CBOIO OYepeslb CO3-
JlaeTcsl elre OJMH HOTOK (KOMaH/1a ).
Bo-BTopbIX, B Tese GyHKIMT €CTb KOMaH/Ia
, BCJIEZICTBHIE YETO TTOTOK, CO3JIAHHBIN HAa OCHOBE (DYHKITUN , Oy et
OKM/IaTh 3aBEPIIEHMS BBIIIOJHEHHS I0UYEPHETo MOTOKA 2, 3allyIIEHHOTO paHee
KOMaH/I0i . B cBo10 Ouepenn B rmaBHOW DYHKITUN MTPOTPAM-
MBI UMEETCSI MHCTPYKITHS , biarozmaps uemy

TJIABHBIN TIOTOK OKUAET 3aBEPIIEHNS BBITIOJHEHUS TTOTOKA, CO3TAHHOTO U 3a-
MyIIEHHOTO KOMaH/I0#

14.3. Nepepaya aprymeHTOB PYyHKLUN
noToka

Tuxo, kpuuamo ne nado. Kaxcoas sawa mviciv
HaM U3secmua.
u3 x/¢p "Tocmos uz 6yoywezo”

Beitre MpI paccMaTpuBaniy MPUMEPHI, B KOTOPBIX apTyMEHTOM KOHCTPYKTO-
py KJjacca IIPU CO3/IaHUuU 0OBEKTA ITOTO KJIacca MepeaaBajoch UMsI
dbyuximm. Kasapiii pas ncmosb3oBainch GyHKIMU 6e3 apryMeHTOB, He BO3Bpa-
niaorue pe3yJsrat. Ho moTok MOKHO cO3/IaTh M HA OCHOBE (DYHKIIUU, He BO3-
BpamaIeil pesyasTat, HO UMeroniell apryMeHTsl. Ecin byHKIUMT, Ha OCHOBE
KOTOPOI CO3/1aeTCsl MOTOK, IIPU BbI30BE HYKHO TIepelaBaTh apryMEHThI, TO 3TH
aApTYMEHTHI TIepelaloTCsT apTyMEeHTaMH KOHCTPYKTOPY KJacca : IEPBBIM
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apryMeHTOM KOHCTPYKTOPY, KaKk U paHee, epefaeTcst uMsa (GyHKIUH, a BCe T0-
creyToTre apryMeHTHI - 3TO KaK pa3 apTyMEHTbI, Tiepe/iaBaeMble (DYHKITUN TTpu
BbI30Be. HeGoIbIoi npumMep, LTIOCTPUPYIONIUIT TPOIIECC CO3IaHus IOTOKA Ha
ocHOBe (DYHKIIUU C apTyMeHTaMU [TPeJICTaBJIEeH B iucTuHTe 14.5.

Jiuctunr 14.5. Cozpanne notoka Ha OCHOBE GYHKLMU C apryMeHTaMm

#include <iostream>
#include <cstdlib>
#include <thread>
using namespace std;
// ®yHkUMS ©e3 apryMEeHTOB IJiS COS3IaHMs [OTOKA:
void alpha () {
cout<<"Alpha: HauajyiO BHIIOJHEHMS NOTOKa.\n";
cout<<"Alpha: apryMeHTOB y OGYHKUMM [OTOKa HeT.\n";
cout<<"Alpha: 3aBepmeHMe BHIIOJHEHMS MNOTOKAa.\n";
}
// OYHKUMS C OIOHUM apryMEHTOM IJiS COS3IaHMUS [OTOKA:
void bravo (char s) {
cout <<"Bravo: HAuaJiO BHIIOJIHEHMS MMOTOKa.\n";
cout<<"Bravo: apryMeHT OGyHKUMM [HOTOKa - "<<s<<".\n";
cout<<"Bravo: B3aBeplleHMe BHIIOJHEHMS [NOTOKa.\n";
}
// ®YHKUMS C IOBYMS apryMEeHTaMy IJiS COS3OaHMs [NOTOKA:
void charlie (int a,int b) {
cout<<"Charlie: HaAuaJO BHIIOJHEHUS MTOTOKA.\n";
cout<<"Charlie: aprymeHTs - "<<a<<" u "<<b<<".\n";
cout<<"Charlie: =3aBepmeHMVe BHIIOJIHEHUS [TOTOKA.\n";
}
// TmaBHas GYHKUMS OPOTPAMME :
int main() {
// KomupoBKa mJiS KOHCOJIBHOTO OKHa:
system("chcp 1251");
cout<<"Alpha: moTok Ha oOCHOBe OGyHKIMM ©e3 apryMeHTOB.\n";
// Co3maHmue MNepBOTO MOTOKA
// (Ha ocHOBe OGyHKIUM ©e3 apr'yMEeHTOB) :
thread a(alpha);
cout<<"Bravo: MOTOK Ha OCHOBE OGYHKUMM C OOHMM apryMeHTOM.\n";
// CosmaHye BTOPOT'O MOTOKA
// (Ha ocHOBe OGYHKUUM C OINHMM ApPTyMEHTOM) :
thread b (bravo,’A’);
cout<<"Charlie: noTok Ha OCHOBe QYHKUIMM C IBYMS
aprymeHTammu. \n";
// Co3maHue TpeTbLero MOTOKa
// (Ha ocHOBe OGyHKLUUM C OBYMS apryMeHTaMmm) :
thread c(charlie, 5, 9);
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// OxumaHye 3aBepueHrs [IOTOKOB:

if(a.joinable()) a.join();
if(b.joinable()) b.join();
if(c.joinable()) c.join();

// 3BamepXKa KOHCOJIbHOTO OKHA:
system ("PAUSE") ;
return 0;

}

Bo3MmoskHBI pe3yabTaT BBIIIOJIHEHUS IPOTPAMMBI ITPEICTaBIEH HIKE:

Pe3ynbTart BbINONHEHUS nporpammel (M3 nuctuHra 14.5)

Alpha: noTok Ha OCHOBe OQyHKUMM 0Oe3 apI'yMEHTOB.
Bravo: HOTOK Ha OCHOBe QYyHKUMM C OIHMM apIyMEHTOM.
Alpha: Hauayio BEINOJIHEHMSA I[IOTOKA.

Alpha: apryMeHTOR y OGyHKLUMM IOTOKA HET.

Alpha: 3apeplieHMEe BHIIOJIHEHMSA I[IOTOKA.

Bravo: HadaJjio BHIIOJIHEHMSA [OTOKA.

Bravo: aprymMeHT QyHKLUMM IIOTOKa — A.

Charlie: moTox Ha OCHOBe OQYyHKUUM C OBYMS apT'yMEeHTaMM.
Bravo: 3aBeplieHMe BHIIOJIHEHMS I1OTOKA.

Charlie: HauaJIO BHIIOJIHEHMUS IIOTOKA.

Charlie: aprymeHTH - 5 1 9.

Charlie: =3aBepueHMe BEHIIOJIHEHMS [IOTOKA.

B nporpamme onucwiBaercst Tpu hyHKIUM: QYHKITUS 6€e3 apryMeHTOB,
pyHKIIA C OTHVM CUMBOJIBHBIM apTYMEHTOM 1 (DYHKITHS
¢ IByM4 IeJIOUNCIeHHBIMU apryMeHTamMu. [1pu co3nannm moToka Ha OCHOBE Tiep-
BOU (PYHKITUU UCIIOB3YeTCs KOMaHIa (115 co3manus mo-
TOKa (DyHKITUI BbI3bIBaeTcs1 Ge3 aprymeHToB).IIpu co3manum moToka
Ha OCHOBe BTOPOU (DYHKIINH MCTIOJIb30BaHa KOMaH/Ia
(nnsa cosmanust moToKa (OYHKITUS BBI3BIBAETCA C apTyMEHTOM ).
[Ipu cosmanmu TOTOKa Ha OCHOBe TPeTheil (PYyHKITMU MCIOJIh30BaHA KOMaH/IA
(s co3manus TOTOKA (PyHKITUS BbI-
3BIBAETCS C apryMeHTaMu 5 U 9). B ocTasbHOM TpUMeEp OCTaTOYHO MPOCTOTA,
[IO3TOMY XOUYETCSI BEPUTh, 4TO B TIOSICHEHUSIX HEOOXOIUMOCTH HET.

14.4.Co3paHMne noToka Ha OCHOBe PYHKTOpa

Imo @ meoux pykax ece zopum, a 8 ezo pyKax
6ce pabomaem!
u3 k/¢ "Iloxposcrue eopoma”

g co3manusg moToKka MOKeT UCIO0JIb30BaThCs He TOMBKO (PYyHKITHNSA, HO U QyH-
kTop. Co37aTh MOTOK Ha OCHOBe (DYHKTOPA TaK sKe JIETKO, KaK M Ha OCHOBe (hyHK-
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1. /1719 9TOro A0CTATOUHO onMcaTh Kaacc (pyHKTOPa, CO3/IaTh HA OCHOBE JAHHO-
ro KJ1acca 00beKT (TO eCTh cO3/1aTh caM (YHKTOP ), a 3aTeM MTPH CO3/IaHIH TOTOKA
BMECTO MMeHHM (DYHKIMK yKasaTh HazBaHue oObekTa-(hyHKTOpa. IIporpamma B
suctunre 14.6 wmocTpupyeT 03HaYE€HHBIH MOIXOI.

Jiuctunr 14.6. CozpaHne noToKOB Ha 0OCHOBE (yHKTOpA

#include <iostream>
#include <cstdlib>
#include <string>
#include <thread>
using namespace std;
// Kmacc nia cosmaHusa bQyHKTOpa:
class Threadable{
private:
// CUMBOJIbLHOE TIIOJIe:
char symb;
// llejouncJieHHOEe IIoJie:
int count;
public:
// KOHCTPyKTOp:
Threadable (char s,int n) {
symb=s;
count=n;
}
// OmepaTopHH METOI IJiS BHB0Ba OOBEKTa
// (Bepcus 6e3 apryMeHTOB) :
void operator () () {
cout<<"Hauasio l-ro moToka.\n";
for (int 1=0;i<count;i++) {
cout<<(char) (symb+i)<<" ";
}
cout<<endl;
cout<<"3apepmeHuel-ro noToka.\n";
}
// OmepaTopHH METOI IJiS BHBO0Ba OOBEKTa
// (Bepcus C TEKCTOBHM ApPTyMEHTOM) :
void operator () (string txt) {
cout<<"Hauajsio 2-To moToka.\n";
for (int 1=0;i<count;i++) {
cout<<(char) (symb+i) ;
cout<<txt[i%txt.length()]<<" ";
}
cout<<endl;
cout<<"3aBepmeHre2-To IOoTOKa.\n";
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};// OkoHuaHMe omMcaHuA Kjacca
// TmaBHasa GOYHKUMA OPOTPAMME :
int main() {

// KomupoBKa mJiS KOHCOJIBHOTO OKHa:
system("chcp 1251");
cout<<"HauaJio BHIIOJIHEHUS OPOTPaMMe. \n";

// Cozpmanue obbekTa dyHKTOPA:
Threadable obj ('A’,10);

// Co3maHmue MNepBOTO MOTOKA

// (Ha ocHOBe GyHKTOpa 06e3 apryMEeHTOB) :
thread ta(obj);

// OXumaHye SBaBepleHUs IepPBOTO MOTOKA:
if(ta.joinable()) ta.join();

// Cos3maHme BTOPOTO MOTOKAa

// (Ha ocHOBe OQYHKTOpPa C TEKCTOBBIM apPIyMEHTOM) :
thread tb(obj,"AEBI'O") ;

// OxumaHme 3aBeplleHMsS BTOPOTO IMOTOKA:
if(tb.joinable()) tb.join();
cout<<"3aBepumeHyre BHIIOJHEHUS NPOTPaMMel. \n";

// Bamepxka KOHCOJIbHOTO OKHa:
system ("PAUSE") ;
return 0;

}

XoT4 B TporpaMMe MBI CO3/IaeM /IBa JIOYEPHUX TTOTOKA, CIIETTN(MIKA WX BBITION-
HEHUS TAKOBA, YTO BTOPOU MOTOK 3aITyCKAETCsI TOJIBKO MOCJe TOTO, KaK 3aKaH-
YMBAETCS MIEPBBII TOTOK. B 9TOM cMbIc/ie 0COGEHHOCTH MHOTOIIOTOKOBOTO TIPO-
rpaMMUPOBAHUST HUBEJUPYIOTCS MTOJHOCTBIO (BCE BBITJISIIUT TaK, KaK €CJin Obl
MBI BBI3BIBAIH (DYHKTOPBI OINH 32 APYTUM, G€3 CO3[aHusI TOTOKOB), 3aTO MOJK-
HO pa3zieJIUTh U PA3JIMUUTh PE3YJIbTAT BBIITOJTHEHUS Pa3HbIX TOTOKOB. IIpu BbI-
ITOJIHEHUH [TPOTrPaMMBI ITOJIYYUM cJepylouiee:

PesynbTar BhINONHEHUS nporpammel (U3 nuctudra 14.6)

HauaJsio BHIIOJIHEHUA MNPOTPaMMEL.
Hauano 1l-ro moToka.
ABCDEVFGHTIUJ

3apepueHye 1-T0 IIOTOKa.

Hauano 2-rTo noToka.

AA BE CB DI' EI FA GB HB IT Jn
BaBeplieHye 2-T'0 I[IOTOKa.
3aBepleHye BHIIOJIHEHMS [IPOTPaMMEH.

B mporpamme MbI onucbiBaeM ki1ace Threadable. Y kjacca Ba MOJIST: CUM-
BOJIbHOE TI0JIe s ymbu IelounceHHoe TTojie count. KoHCTpyKTOpY KiTacca 1me-
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PEAAIOTCA IBa apryMeHTa, OIIpeAe/IAINNe 3HAYECHU A IIOJIEI.
B kiacce ommcanbl JIB€ BEPCHUM OIIEPATOPHOIO METO/la AJid BbI3OBa 00BEKTOB

kJ1acca. Bepcus onepaTopHoro Merosa 6e3 apryMeHTOB COJIep-
JKUT OIIepaTop IUKJIA, B KOTOPOM 0TOOpaKkaeTcs moAGopKa CMMBOJIOB, HAUMHAsT C
CHUMBOJI, 3aIMCAHHOTO B CUMBOJIBHOE T10JIE , @ KOJIMYIECTBO OTOOPAKAEMBIX
CHUMBOJIOB OTIPEIEIIETCS 3HAUEHUEM TIOJIS . Kasxzprit ouepemHoit cuMBOT
BBIUMCIISIETCS KaK Pe3yJIbTaT BBIPASKEHWS . PesynsraTom BbI-
PasKEeHUsI SIBJISIETCST CUMBOJI C YUCTOBBIM KOJIOM, TIOJTYYaeMbIMITPU TPHOABIEHIH
K KOZLy CUMBOJIA IEJIOTO YNCTIa

Bepcusa omneparopnoro metona C TEKCTOBBIM apryMEHTOM Op-

raHM30BaHa TMMOXOKMM 00pa3oM, HO €CTh HEKOTOpbie oT/imuusi. CaMoe TJIaBHOE -
CHMBOJIBI OTOOPAKAIOTCST mapaMu. I1epBblil CHMBOJI BBIYHUCISIETCS TOYHO Tak
’Ke, Kak U B Bepcuu MeToza Oe3 aprymenTa (BbIpaKeHHUe ).
Bropoii cumBosI Gepercst U3 TeKCTa, epefaHHoro apryMeHToM MeToiy. B act-
HOCTH, BTOPOI CIMBOJI BBIYUCJISIETCST HA OCHOBE TEKCTOBOTO apTyMeHTa BBI-
paxxeHueMm Jlpuanym nosrydenus 3Ha4eHus TPOCTOM:
BBITIOJIHSETCS WHJIEKCUPOBAaHUE TEKCTOBOTO apryMmenTta. VHaekcoM ykasaHO
3HAYEeHUEe - 9TO OCTATOK OT JleJIeHNs 3HAYeHUs] WHIAEKCHOMN
TIepeMEeHHON 1 Ha YNCII0 , paBHOe JiyIMHE TeKkcTa. Jlannas mpo-
1Ie/lypa BBITIOIHSIETCS TI0 TOU MPOCTOU ITPUYWHE, UTO JITTNHA TEKCTA, TIEPEJAHHOTO
METO/Iy, B OOIIIEM CJlydae He COBIAAAET C KOJUYECTBOM OTOOPaKAEMBIX CHUMBO-
JI0B (OTpesiesISIeTCs TTOJIeM ). Beruucsigs ocTaTok OT eJIeHnsT MHAeKca Ha
JUTUHY TEKCTA, BBITIOJTHSEM ITUKJINYECKYTO IEPECTAHOBKY UH/IEKCOB TP OIpeie-
Jietiny GYKBBI B TEKCTE.

B ryaBHO# (yHKIIMM TIpOrpaMMBl KOMaHAON

cosmaercst 00beKT-hyHKTOpoL |. IToTOKM Ha OCHOBE (HyHKTOpPa co3za-

10TCSI KOMaHIaM (apryMmeHT (yHKTOpPY He TEperaeTcs) u
(pyHKTOpY IIepeiaeTcst apryMeHT ).

14.5. Co3paHune NnoToKa Ha OCHOBe MeToaa
KJlacca

Ona xopowo snaem 0eno, KOMOPbIM PYKOGO-
Oum. Taxoe mooice Ovieaem.
u3 k/ "Caysnceonoiii poman”

MBI y:ke yMeeM co3/aBaTh MMOTOKK Ha OCHOBe DYHKIINH 1 (yHKTOPOB. OKa3bIBa-
eTcs, MOTOKU MOKHO CO3/IaBaTh U HA OCHOBe MeToZ0B. CxeMa CO3/IaHusI TIOTOKA
Ha OCHOBE HECTaTH4YeCKOTro (TO €CTh OOBIYHOTO) METO/IAa COCTOUT U3 HECKOJbKUX
aTanoB. Bo-TepBbIX, €CTECTBEHHO, HEOOXOAUMO OIHUCATH COOTBETCTBYIOIHIT
Ksacc. Bo-BTOPBIX, Ha OCHOBE TAaKOTO KJlacca HYKHO co3aTh 00bekT. [Toce ato-
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IO MOKHO co3/1aBaTh motok. Ho ecsiv pu co3annu motoka Ha 0CHOBE (DYHKITHH
apryMeHTOM KOHCTPYKTOPY KJacca nepegaercs UMst GyHKIUHU, TO TIPU
CO3/IAaHUU TIOTOKA Ha OCHOBE METO/Ia OOBEKTa apIyMEHTOM KOHCTPYKTOPY KJiac-
ca HepeaeTcs ykasameiv na memoo u uMs 00beKTa, U3 KOTOPOTro Me-
Tozt OyzieT BbI3bIBaThCst. HallOMHIM, YTO €C/ii HaM HY’KHO TIOJTyYUTh yKa3aTeb
Ha HEKOTOPOTO , TO COOTBETCTBYIOIIEE BbIPAKEHUE BBITJISIUT
KaK . Hanmpumep, eciu B xnacce OIIUCAH METO

, TO yKasaTe/Ib Ha JaHHbII METOJ] UMEeT BH/{ .Yro-
ObI CO3/1aTh M 3aIlyCTUTh MOTOK © 2 Ha OCHOBE METO/Ia oOBbeKTa KJIac-
ca , BBITIOJIHAETCA KOMaHIa

) - 3TO TIPU YCJIOBUH, €CJIU METOLY He HY’KHO TepeilaBaTh apryMEHTBI.

Komanza - IpUMep CO3JaHKs MOTOKA
Ha OCHOBE METoja 00BbeKTa KJjacca , TIPUYEM METOLY

repeaaeTcs apryMeHnT

B smcrunre 14.7 mpeabiayniuii mpumep "mepepabotal” Tak, 4YTO BMECTO IBYX

BepCHUil OIIepaTOPHOrO METO/la OMUCHIBAIOTCS JIBA PA3JIMYHBIX METO/a

u , @ B TVIAaBHON (DYHKIIUU TIPOTPAMMBI CO3/1a€TCsi 00HEKT KJacca
, 1 3aTeM Ha OCHOBE METO/IOB n o6beKTa co3ma-

I0TCSI TIOTOKU (HEKOTOpPbIe KOMMEHTAPUU B TPOTPAMMHOM KOJI€ Y/IaJIeHbl, a Hau-

6oJiee BaKHbIE MECTA BBIIETIEHBI KUPHBIM MIPI(TOM).

Jinctuur 14.7. CospaHue NnoTOKOB Ha OCHOBE METOi0B

#include <iostream>
#include <cstdlib>
#include <string>
#include <thread>
using namespace std;
classThreadable{
private:
char symb;
int count;
public:
Threadable (char s,int n) {
symb=s;
count=n;
}
// Meron (6e3 apryMeHTOB) @mJsI COBIAaHMUSI IIOTOKA:

void one() {
cout<<"Hauajyio 1l-ro noroka.\n";
for (int =0;i<count;i++) {
cout<< (char) (symb+i)<<" ";

}
cout<<endl;
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cout<<"3apepumeHre 1-170 moToka.\n";
}
// MeTon (C TeKCTOBHM apr'yMEHTOM) &IJIsI COBAAHUSI NOTOKA:
void two(string txt) {
cout<<"Hauajio 2-ro moToka.\n";
for (int 1=0;i<count;i++) {
cout<< (char) (symb+i) ;
cout<<txt[i%txt.length()]<<" ";
}
cout<<endl;
cout<<"3apepumeHre 2-T0 MnoToka.\n";
}
}i
int main () {
system("chcp 1251");
cout<<"HauaJio BHIIOJIHEHMUS OPOTPaMme. \n";
// Cosgpaume o6wmexTa:
Threadable obj(‘A’,10);
// CospaHue mnepBOr'c HOTOKA
thread ta(&Threadable: :one,obj);
if(ta.joinable()) ta.join();
// Cosgpmanme BTOpPOTo HnOTOKa
thread tb (&Threadable: :two,obj,"ABEBTO") ;
if(tb.joinable()) tb.join();
cout<<"3aBepumeHyre BHIIOJHEHUS MNPOTpPaMMel. \n";
system ("PAUSE") ;
return 0;

}

PeSy.TII)TaT BBITIOJIHEHHWA ITPOIrPaMMbl TOYHO TaKou JK€, KaK 1 B IIPEAbIAYIIEM CJIY-
qae:

Pe3ynbTart BbiNONHEHUS nporpammsl (U3 nuctuHra 14.7)

Hauasio BHIIOJIHEHUA MNPOTPaMMEL.
Hauano 1l-ro moToka.
ABCDEVFGHTIUJ

3apepueHye 1-T0 IIOTOKa.

Hauano 2-ro mnoToka.

AA BE CB DI' EI FA GB HB IT Jn
BaBeplieHre 2-T'0 I[IOTOKA.
3aBepleHye BHIIOJIHEHMS [IPOTPaMMEH.

B npunIumne, mporpaMMHBIN KO/ TIpeTepIies] MUHUMAaJIbHbIE U3MEHEHU, HO Te,
YTO BHECEHbI, yKe aHaJau3upoBaiuck. [loceMy nerajibHee Ha JaHHOM IIpUMepe
OCTaHABJIMBATHCS HE Oy/IEM.
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14.6. BpeMmeHHas NnpuoCTaHOBKA NOTOKOB

Bneped! Huoce 20106y!
u3 x/¢p "Cmapuxu-pasbotinuxu”

Hepenko BosHIKaeT HEOOXOAUMOCTh CeaTh BPEMEHHBIN MePePhIB B BBITOJI-
HEHUHU TIOTOKA - TIPOIIle TOBOPsI, OCTAHOBUTH BBITIOJIHEHNE TIOTOKA HA 3aJlaHHbBIN
MTPOMEKYTOK BpeMeHW. [locie 3TOTO TTOTOK TPOAOJIKAET CBOE BBITTOTHEHUE.
VIMeHHO TaKyIo 3aj1a4y paccMOTpuM jajiee. Ho mpeskie HaM mpeacTouT HeOOb-
IO AKCKYPC B TEOPHIO.

AHanu3 IporpaMMHOTO KOJla - Kak pasrajiblBaHue JIeTeKTUBHON ucropuu. Ha-
YUHATD "PACKPYIMBATH KIYOOK" OOBIYHO JIydille ¢ KOHIA. TAK MOCTYIMUM U MBI.
Haunewm ¢ 1pocToro o6CTosITeNbCTBA: JIst IPUOCTAHOBKY BBITIOJHEHHS OTOKA
Ha oTipe/ieJieHHOEe BpeMs NCHO0JIb3yeM (DYHKITUIO . Bpewms, na xo-
TOpOE 3ajiepKuBaeTcsl (IIPUOCTAHABIMBAETCSI) BLIIIOJHEHUE II0TOKA, OIIpe/iesis-
eTcst apryMeHToM (byHKIUK (HO 9TO He YUCTIOBOM apryMeHT, Kak MOKHO ObLJIO ObI
oxxnzaatp). IIprocraHaBiaMBaeTcst TOT HOTOK, B KOTOPOM BBI3BIBAETCSI (DYHKIINS.

Hac uHTepecyeT 7Ba BOIIpoca: Kak BbI3BaTh (DYHKIMIO U 4TO Iiepelarb eil ap-
rymentom? O6Ga BoIpoca MMEOT HeTPUBHAJIbHbIE OTBeThl. HauHeMm ¢ BbI30Ba
QyHKITUN.

Ileno B Tom, uTO (yHKITUS OTIMCaHa B TPOCTPAHCTBE UMEH
, TOCTYIHOM TIOCJIe TOAKJIOUeHUsT 3aroJIOBKa . Iloaromy
IIpU BbI30Be (DYHKIUU TIepe]] ee MMeHeM (Yepe30TiepaTop PacliupeHnsl KOHTEK-
CTa : :) YKa3bIBaeTCs MPOCTPAHCTBO MMEH , B KOTOpPOM OTIHCa-
Ha dynknus. CrreoBaTes bHO, KOMAaH/IA BbI30BA (DYHKIIUU MMeEET BUJI
, I B KPYTJIBIX CKOOKAX YKa3bIBAETCST apTyMEHT.

Tenepb 10 MOBOAY aprymeHTa. ApryMeHT (pyHKIUN , ompeje-
JIAIOIUI MHTEPBaJ BPEMEHM IIPUOCTAHOBKM BBIIOJHEHUS IOTOKA, AOJIKEH
OBITb OOBEKTOM, CO3JAHHBIM Ha OCHOBe OOOOIIEHHOTO Kiacca )
Knacc JIOCTYIIEH B TIPOCTPAHCTBE MMEH , a JUUISL UCIIOJh-
30BaHMS MIOCJEIHETO TTOAKII0YAETCS 3ar0JIOBOK . ITockombKy Kaace
0600IIEeHHBII, TIPU CO3[IaHNN 00BEKTOB Ha OCHOBE KJIacca eMy Heob-
XOAUMO TiepeaBath napamerpbl. Ho HaM caMOCTOSATENbHO co3/aBaTh OOBEKThI
Ha OCHOBE 0600IIEHHOTO KJ1acca Bpsi 1M puzeTcs. Mbl moiigem 60-
Jiee TIPOCTBIM IIyTEM - BOCIIOAb3YeMCS KJIACCOM, IIPEACTABISIONUM COO0M OIHY
13 peajmsaluii 0606IIeHHOrO Kaacca . Bosiee KOHKpeTHO, faee MbI
BOCITOJIb3YEMCsI KJIACCOM . IIpu cosmanmu oObeKTa Kaacca apryMeHTOM
KOHCTPYKTOPY TIepeaeTcst 1eJoe YUCA0 -BpeMsl B CEeKyHJaxX, Ha KOTOpPOe BbI-
[OJIHSAETCS IPUOCTAaHOBKA B BBIMOJHEHUN NOTOKA. IT0CKOJIBKY Ki1acce
OIpeZieIeH B IPOCTPAHCTBE UMEH , TO TIepejl UMeHeM KJlacca yKasbiBa-
eTcsl Ha3BaHue TPOCTPAHCTBA UMEH (a MesKIy HUMU - OIllepaTop pac-
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IIMPEHUsT KOHTEKCTa) - TO €CTh oOpalleHne K Kjaccy BBITIOJIHSAETCS
B (popMmaTe . Hampumep, xomamga IpPHOCTaHOBKU TEKY-
IIero MoToKa Ha 1 cexynody MOKET BBHITJISIIETh KaK

MopapoGHoCTH

MpocTpaHCTBO MMEH -40CTaTOYHO YAOOHbLIA CNOCO6 pas3rpaHuynTb U YnopsaoyHuTb
MHOXECTBO UAEHTUDUKATOPOB, UCMNONb3yeMbIX A1 0603HAaYEHUs DYHKLWIA, KNacCoB U
NPOoYMX YTUIUT.B N3BECTHOM CMbIC/NIE NPOCTPAHCTBO MMEH OTOXAECTBUMO C 061aCTbio
BUONMOCTU (TO €CTb 06/1aCTbi0 AOCTYNHOCTU NepeMeHHbIX, GYHKUNI, knaccos). Mpo-
CTpaHCTBa MMEH MOTyT ObiTb BIOXEHHbIMU: OOHO MPOCTPaHCTBO MMEH MOXET coaep-
XaTb Apyroe NpoCTPaHCTBO UMEH.

Ecnun dyHkuma nnm knacc onpeneneHbl B KakOM-TO NMPOCTPAHCTBE UMEH, TO OHW AOCTYM-
Hbl TONbKO MOCNE NOAKIIIOYEHUNS STOM0 NMPOCTPAHCTBA UMEH C MOMOLLLIO MHCTPYKLUN

(nntoc Ha3BaHME NPOCTPAHCTBA UMEH - Hanpumep, ) nan npm
SIBHOM yKa3aH1UW NPOCTPAHCTBA MMEH B Ha3BaHUM OYHKLMM MK Knacca.

MpocTpaHCTBO WMMEH [OCTATO4HO Nerko 00bABUTL: MOCNE K/IOYEeBOro CJioBa
yKa3blBaeTCAa nMMa npocTtpaHCTBa UMEH U B q>v|rypr|x ckobKax - KOMaHAbl
0bbaABNEeHUs YTUINT, BXOAALLMX B NPOCTPAHCTBO UMEH:

Mbl 6yaem ncrnonb30oBaTh yXe CyLEeCTBYIOLME NPOCTPAHCTBA MMEH.

Teneps paccMOTpUM MTPOTPaMMHBIH KOJI, TTpe/icTaBIeHHbIH B mucTrrTe 14.8. Kon
B IIPUHITHIIE IOCTATOYHO IIPOCTOI: B IIPOTPaMMe OTHCHIBAeTCS (QYHKITHS ,
Ha OCHOBE KOTOPOW B TJIABHOW (DYHKIINM TTIPOTPAMMBI 3aITyCKAeTCs AOYepHUN
MOTOK. B /10uepHeM MoTOKe Mocse[oBaTeIbHO OTOOPAKAETCS PSIJl HATYPATbHBIX
uncest. [Ipn 9TOM B ITaBHOM TTOTOKE CHHXPOHHO oTOOpasaiotcst 6yksbl. Hos-
IIECTBO COCTOMT B TOM, YTO ¥ B I0YEPHEM, U B TJIABHOM [IOTOKE MEXK/Y BBIBOZIOM
3Ha4yeHUil fesaercs: GUKCUpoBaHHas ay3a. PaccMOTpuM IPOrpaMMHBIHM KO

Jiuctunr 14.8. BpemeHHas NnpMoCcTaHOBKa NOTOKOB

#include <iostream>

#include <cstdlib>

#include <thread>

#include <chrono>

using namespace std;

// ®YHKUMSA IOJIS CO3IAaHUSA IIOTOKA:
void go(int t,int n) {
cout<<"JJouepHUM MNOTOK — Hadajyo.\n";
for (int i=1;i<=n;i++) {

// 3Bamepxka NOTOKA Ha TLCEeKyHI:
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this thread::sleep for(chrono::seconds(t));
cout<<"Jouepuust moTok:\t"<<i<<endl;
}
cout<<"JlouepHuM MNOTOK — 3aBepmeHue.\n";
}
// TrmaBHasa GYHKUMA OPOTPAMME :
int main() {
// KomupoBKa mJIS KOHCOJIBHOTO OKHa:
system("chcp 1251");
cout<<"HauaJio BHIIOJIHEHUS OPOTPaMme. \n";
int t=2,n=5,T=3,N=4;
// Co3maHue MMOTOKa:
thread th(go,t,n);
for (int 1=0;1i<N;i++) {
// Banmepxka noToka Ha T CeKyHI:
this thread::sleep for(chrono::seconds(T));
cout<<"I'mapHel NOTOK: \t"<<(char) ('A'+1i)<<endl;
}
// OxrmaHue BaBepUeHMS MNOTOKA :
if(th.joinable()) th.join();
cout<<"3aBepumeHyre BHIIOJHEHUS MNPOTpPaMMel. \n";
// Bamepxka KOHCOJIBHOTO OKHA:
system ("PAUSE") ;
return 0;

}

C 60JIBIION BEPOATHOCTBIO PE3YJIBTAT BBITIOJHEHNUS TPOTPAMMBI OYIET TaKIM:

PesynbTtat BhInONHEHUs nporpammbl (U3 nuctudra 14.8)

HauaJsio BHIIOJIHEHUA NPOTPaMMEL.
JodyepHUIM MNOTOK — Hadajo.
IOUYepHUM IIOTOK:
TJIaBHEIM TIOTOK:
IOUYepHUM IIOTOK:
TJIaBHEIM TIOTOK:
IOUYepHUM [IOTOK:
IouepHMUM IOTOK:
T'JIaBHBEIM IIOTOK:
IouepHMM IOTOK:
IoUyepHMM NHNOTOK — 3aBeplleHUE.
TJIaBHEIM IIOTOK: D

BaBeplieHMe BHIIOJIHEHMS IPOI'PAaMMEH .

Q> wEND P

Y byukiun JIBa TIeIOYNCIEHHBIX apryMeHTa. [lepBriif apryMeHT © orpeje-
JISeT HTePBAJ BpeMeHU (B CEKYH/Iax ), a BTOPOI apTyMEHT 1 OTipeiesisieT KoTmde-
CTBO IUKJIOB ITPH 0TOOpakeHNH yrces. bojiee KOHKPETHO, apTYMEHT 1 SIBJISIETCST
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BepxHel TpaHullell muanazoHa U3MeHeHUsT MHAEKCHON TTepeMeHHON B omepaTo-
pe IUKJa, 2 apTyMEHT © HWCHOJIb3yeTCs B KOMaH/Ie
B TeJie omepaTopa KA.

B nporpamme xomanmoi 3amycKaeTcs J04epHuil TIOTOK,
U cpasy 1ocJie 3TOr0 HAYMHAET BBITTOJIHATHCS OTIEPATOP IIUKJIA, B KOTOPOM B aJl-
(baBUTHOM TTOPSIZIKE OTOOPAKAIOTCSI CHMBOJIbHbIE 3HaYeHws1. VIHTepBas BpeMeHH ,
Ha KOTOPBIl B IJIABHOM ITOTOKE BBIMIOJHSIETCS T1ay3a, OTpe/esIsseTcsl KOMaHIoMH

, OTJIMYaroIeicsa ot
AQHAJIOTUYHOI KOMAH/IbI B (DYHKITIH pasBe 4TO apryMEHTOM KOHCTPYKTOpPa
KJIacca 13 TPOCTPAHCTBA NMEH

[Tepen 3aBeprieHneM rJIaBHOTO MTOTOKA OKUAAECTCA 3aBEPIICHIUE JOUEPHETO TIO-
TOKa (KOMaH/1a ).

—
-j Ha 3ameTtky
I B oTnnume oT pacCMOTPEHHbIX paHee NPUMEpPOB, B JAHHOM CJllydae COOOLLEHUSI B OKHE
BbIBOAA NOSIBASIOTCS C 3aMETHOWM 3a4epXKOon. YMcnoBble napaMmeTpbl B MporpamMmme no-
nobpaHbl Tak, 4TO NPOLECC BbiBOAA COOOLLEHMI NPpOorpaMMoin 3aHMMaeT nopsaka 10-15
cekyHn,

14.7. CUHXpOHN3aLuus NOTOKOB

- Jla, kax sxcnepumenm amo unmepecno. Ho xa-
Koe npaxmuueckoe npumenenue?

- [ocnodu, umenio npaxmuyecxoe!

u3 k/¢ "IIpuxatouenus Illleparoxa Xoamca u
doxmopa Bamcona”

B mpenpiaynmx mpuMepax Mbl HEOJHOKPATHO HAOJIOAAIM CHUTYAIMIo, KOTa
[PU TIAPAJIETFHOM BBIMTOJHEHUH MTOTOKOB WH(MOPMAIHs, KOTOpasi 0ToOpaska-
JIaCh 9TUMU TTOTOKaMU B KOHCOJBHOM OKHe, MproOpeTasa WHOT/A OYeHb TPH-
gyuBbie GOPMBI (JKeTAroIine MOTYT OOPATUTHCS K PE3YJIBTaTy BBITIOJTHEHUS
nporpaMmel B jiuctunre 14.3, nanpumep). VimeeTcst B BUy cuTyaiusl, KOrja B
IIPOIIECC BBIBO/A COOOIIEHNS OHUM ITOTOKOM "BMeITUBaICcs” APYTroii MOTOK. TO
mposiBjienne 6osiee 061Iel MPOOGIEMBI, CBSI3aHHON ¢ COBMECTHBIM JIOCTYTIOM pa3-
HBIX TIOTOKOB K OGIIEMY pecypcy.

OO6bIuHO (He Beera, HO 0YeHb YacTo) MPUXOMUTCS CUHXDOHUSUPOBATD NOTNOKIL
YIOPSIIOYNBATD WJIM PA3TPAHUYUBATH BPEMST IOCTYTIA TIOTOKA K TOMY UJIN UHOMY
pecypcey. B mantom ciydae BHoJHE JJOTHYHO OBIIIO ObI OOUTHCST TaKOW CUTya-
IIUH: €CJIM KAKOW-TO MOTOK ysKe Hayasl BBIBOJ] COOOIIEHNUsT B KOHCOJIb, TO OH JI0JI-
JKeH BBIBOJ| 3aBePIINTH 63 TOT0, YTOOBI IPOUYKe MOTOKK "BCTABJSINA CBOU TISTh
KoTTeek".
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CUHXPOHU3AIUIO TTOTOKOB MOKHO BBIMIOTHATH MO-PasHoMy. MBI paccMOTpUM
HarboJIee MPOCTON M MPAarMaTUYHbIH CIT0CO0, OCHOBAHHBIN HA WCIOJb30BAHIH

CIlenraJIbHbIX O6"b€KTOB, CO3IaBacMbIX Ha OCHOBE KJjlacCa . Knacc
JOCTYIIEH IIOCJIE IMMOAKIIOYEHMA 3aroJIOBKa , d O00BEKTEI KJ1aCCa, cpean
IIpOo4YunXx, UMEIOT METO/bL n . MCTOZ[aMI/I BBIIIOJIHAETCA COOT-

BETCTBEHHO O0KUPOBKA W pa30doKUpOSKA PECYPCOB, UCIIOIb3YEMBIX B IOTOKE.
Eciu pecypc 3a6I0KUpOBaH, TO HUKAKOIL IPYTOI MOTOK K HEMY He TOJIYYHT [0~
cryn (10 Tex Top, MoKa pecypc He Oyzer pasbiokuposan). [luist wimoctpayun
NPUHIIAIIA CHHXPOHU3ANNN TIOTOKOB Yepe3 OJOKUPOBKY PecypcoB (B TaHHOM
cirydae GIOKUPYETCSI IOCTYI K KOHCOTBHOMY OKHY) PACCMOTPHM TPOTPAMMHBIT
Konx B mctunre 14.9.

ITa mporpamma - MoauduKanusa npuMmepa u3 juctuara 14.3. Temeps B mpo-
IPAaMMHOM KO/Ie ITOSIBUJIACH MHCTPYKIINS HOJIKJIIOYe-
Husl 3aroJIoBKa , KoMaunza , KOTOPOIl co3maercst 00beKT
KJlacca , @ TakKke B OOJIBIIIOM KOJNYECTBE KOMAHIIBI u
,BBITIOJIHSTIONIIE OJIOKMPOBKY 1 pa30IIOKNPOBKY PECyPCa HOTOKOM.
Komanzst u HOIIA/IAI0TCS TApaMU 1 UX PeabHO MHO-
ro. [Tpeskie, 4eM MOSICHUTH B MOAPOOHOCTSIX X POJIb B TPOTPAMME, PACCMOTPIM
BECh IIPOrPAMMHBIH KOl ¥ pe3yJIbTaT (BO3MOXKHBIH ) €r0 BBIIIOJHEHNUS:

Jiuctunr 14.9. CuHXpOHU3aLMs NOTOKOB

#include <iostream>

#include <cstdlib>

#include <thread>

#include <mutex>

using namespace std;

// TlepeMeHHas nJjigd MCHOJIb30BAHMA

// B omneparopax LMKJA:

int n=5;

// OBBeKT kJjlacca mutex IJid CHMHXPOHU3ALUU
// mocTyna K KOHCOJIM:

mutex m;

// ®OYHKUMS [OJi9 BHIIOJIHEHMS B I[EPBOM [OTOKE:
voild one () {

m.lock(); // BIOKMpPOBKA
cout<<"3anyckaeTca 1-¥ OOYEepHMI NOTOK.\n";
m.unlock(); // PasbiokupoBKa

m.lock(); // BIOKMpPOBKa

cout<<"BurmoJjHeHMe 1-T'0 HouepHeTro MnoToka.\n";
m.unlock(); // PasBiokupoBKa

m.lock(); // BIOKMpPOBKA
cout<<"OrobBpaxawnTcsa umciya (1-1 noTok) :\n";
m.unlock(); // PasbioxkupoBKa
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for (int 1i=1;i<=n;i++) {
m.lock(); // BIOKMpPOBKa
cout<<" * " i< "™ * \n";
m.unlock(); // Pa3bioKMpPOBKA
}
m.lock(); // BIOKMpPOBKa
cout<<"3apBepumeHue 1l-T0 HOUepHETO NOTOKa.\n";
m.unlock(); // PasBiokuMpoBKa
}
// ®OYHKUMS OJis BHIIOJIHEHMS BO BTOPOM I[IOTOKE:
void two () {
m.lock(); // BIOKMpPOBKa
cout<<"3anyckaeTcsa 2-¥ IOUYEepPHMM NOTOK.\n";
COUt<<"BHINIOJIHEHMVE 2-T0 IOYEepHEero moToka.\n";
cout<<"OrobBpaxawnTcsa OYKBH (2-7 IOTOK) :\n";
m.unlock(); // PasBiokupoBKa
for (int i=0;i<n;i++) {
m.lock () ;
cout<<" * "<<(char) ("A'+1i)<<" * \n";
m.unlock(); // PasBiokuMpoBKa
}
m.lock(); // BIOKMpPOBKa
cout<<"3apBepumeHue 2-T'0 HOUYEPHETO NOTOKa.\n";
m.unlock(); // PasBiokuMpoBKa
}
// TmaBHasa GOYHKUMUA OPOTPAMME :
int main() {
// KomoBas CTpaHula IJIS KOHCOJIBHOTO OKHA:
system("chcp 1251");
cout<<"HauaJio BHIIOJIHEHMUS OPOTPaMme. \n";
// 3Bamyck NepBOTrO NOUYEPHEIrO MNOTOKA:
thread a(one);
// 3Bamyck BTOPOTO INOUYEPHEIrO MNOTOKaA:
thread b (two);
m.lock(); // BrokupoBka
cout<<"IlporpamMMma elme BHIIOJHIeTCS.\n";
m.unlock(); // PasbiokMpoBKa
// OxrmaHve 3aBepllieHUS IePBOTO MNOTOKA:

if(a.joinable()) a.join();
// OxrmaHve 3aBepllieHMS BTOPOTO MNOTOKA:
if(b.joinable()) b.join();

cout<<"3aBeplieHVE BHIIOJIHEHUS NPOTPAaMMEL. \n";
// 3BamepXKa KOHCOJIbLHOTO OKHA:

system ("PAUSE") ;

return 0;
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PCSyJIbTaT BBIIIOJIHEHUWA ITPOTPAMMBbI ITPE/CTABJICH HUKE!

PesynbTar BhINOIHEHUS Nporpammbl (3 nuctudra 14.9)

Hauajio BBIIOJIHEHMS IIPOTPAMME .
BanyckaeTcsa 1-M OOYEepHUM [IOTOK.
BanyckaeTcs 2-1 OOYEpPHMUM I[IOTOK.
BrIIOJIHEHME 2-T0 HOOYEPHEero IIOTOKA.
OrobpaxamnTcsa OYyKBB (2-11 IOTOK) :
[I[porpamMMa ele BBIIOJIHAETCSH.
BemmojsiHeHMe 1-T'0 HOYepHero IIOTOKa.
*A*
OrobpaxamnTca umcyia (1-11 IDOTOK) :
*B*

sy

Xk X o kX
M wogoNnaQ
Xk X o kX

3aBeplleHre 2-T'0 HOYEPHErO IIOTOKa.
*5*

3aBeplleHre 1-T0 HOYEPHEIO IIOTOKa.

3aBeplIeHME BHIIOJIHEHUS IPOTPAMMEL.

Kak u B pe3yJibrate BbINOJHEHUS IPOrPAMMHOTO Kozia U3 uctunra 14.3, B 1aH-
HOM cJiy4ae cOOOIIEHNUsT OT Pa3HBIX MOTOKOB 0TOOPasKAIOTCs "BIIEPEMENIKY ", HO B
TO K€ BpeMsi [IeJIbHBIMU GJIOKaMH, TaK YTO BHYTPH OJHUX COOOIIEeHUH (pparmMeH-
TOB JIPYTUX COOOIIEHMIT HeT. DTO MPUHIUIHAILHO. U 310 Giarogapst HCHoib30-
BaHUIO MeXaHU3Ma GJOKHPOBKY M Pa3OJIOKUPOBKHU PECYPCOB.

Hamnpuwmep, B dpynkiuu , HA OCHOBE KOTOPOH CO3/1aeTcs MEPBBI J0Yep-
HUI TIOTOK, 1epeJi KOMaHI01
€CTh KOMaH/[a . B peaysbraTe 1nmoka BbITIoJIHSIETCS KOMaH 1A BbI-

BOJIa COOOIIEHNS B KOHCOJIb, HUKAKOI APYTOM MOTOK B KOHCOJb "BKIMHUTHCS"
He cMoxkeT (ckopee Bcero). Iocsie BbiBo/Ia COOOIIEHUST BBITIOTHSIETCS] KOMaH/Ia

. B pesyibrare 6;10knpoBKa pecypca (KOHCOJN ) OTMEHSIETCS, U HTO
IAHC /IS IPYTUX TTOTOKOB. [T0aTOMY TI0C/IE COOBITIEH ST, BHIBOAUMOTO B KOHCOJTH
MMOTOKOM Ha OCHOBe (hyHKITUU , B KOHCOJTBHOM OKHE MOKET TIOSTBUTHCS
co00IIeHNE IPYTOro MOTOKA. AHAJIOTMYHAST CUTYaI[Us] UMEET MECTO U TIPH OTO-
OpakeHUM MPOUYNX COOOIIEHNIT, BKIIOUAs COOOIIEH s, 0TOOPaKaeMble TIPH BbI-
MOJTHEHUH OTIEPATOPA ITUKJIA.
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— Ha sameTtky
]
B ¢yHkuunmn , HA OCHOBE KOTOPOW CO34a€eTCA BTOPOM A04EPHMIA NOTOK, Napon KO-
I MaHz, " BblAeNeHa He ofHa, a LesbiX TPY KoMaHabl:
" . CnepoBartenb-

HO, KOHCOJb ByaeT 3a6/10KMPOBaHa, NMoka 0TOBPaXalTCs 3TU TPY coobLLeHUs. MoaTo-
My PeaysbTaT BbINOIHEHWSI KOMaHA, NOSIBASIOTCS B OAHOM "6noKe” 1 COOBLLeHMs ApYrX
MOTOKOB MeXZAy AaHHLIMU COOGLLEHUAMU HE NOSBATCS.

InaBras GpyHKIMSA TPOTPAMMBI TaK)Ke COMEP;KUT B OCHOBHOM 3HAKOMBIN HaM
KOJI, HO HEKOTOPbIe KOMaH/[bl (/11 BBIBO/IA COOOIEHMIA) "BbIIeJIeHbl" MHCTPYK-
USAMU GJIOKMPOBKY U Pa3baI0KupOBKU. [IpUUMHBI Te JKe, YTO U B CJIydae ¢
(DYHKIMAMY, HA OCHOBE KOTOPBIX CO3/IAI0TC 0UEPHIE TIOTOKH - OJIOKMPOBKA
OT JIPYTHUX MOTOKOB KOHCOJI Ha BPeMsl BBIBOJIa COOOIIIEHUSI.

14.8. UpeHTudukaumsa noTokos

Cmpannviii cnocod yxpawams 00M MOHOZPAMMOL KOPOLEEbL.
u3 x/¢p "Tlpuxmouenus Ilepaoxa Xoamca u doxmopa
Bamcona"

Kax/IpIil BBITOJHAEMBIHIIOTOK UMEET CBON YHUKAJIBHbIN uleHmupuramop, mo-
3BOJIAIONINY OJJHO3HAUYHO BBIEJINUTD ITOTOK CPeId MHOXKECTBA JIPYTUX TTOTOKOB.

VkaszaHHbII nAeHTHOUKATOP ABJISETCS 0OBEKTOM KJIacca (To ecTh
Kj1acc oObekTa-uaeHTIGuKaTopa OIMCaH B KJjacce ). dns momy-
yeHust o0beKTa-uaeHTU(UKATOPa I TIOTOKA MOKHO MO0 13 00beKTa IOTOKA
(06beKT Kiacca ) BBI3BaTb METO[ , 1160 B CaMOM IIOTOKE
BBI3BATh (DYHKITUIO 13 TIPOCTPAHCTBA UMEH (cooTt-
BETCTBYIOIIAsA KOMaH/a UMEET BU/L ). B nieppom

caydae (TIpH BBI30BE METO/IA) PE3YJIBTaTOM BO3BpaIaeTcst 00 beKT-HaeHTu(huKa-
TOP MOTOKa, COOTBETCTBYIONIETO 00BEKTY, N3 KOTOPOTO BhI3bIBAETCS MeTOA. Bo
BTOPOM CJIy4ae Pe3yJIbTaTOM BO3BpAIaeTcst 00bhEeKT-UACHTH(HUKATOP MOTOKA, B
KOTOPOM BbI3bIBaercst pyHkiws. B mucrunre 14.10 npueser HeGOJBIION TIPH-
Mep C UCITOTb30BAHNEM UAeHTU(MOUKAITIN HECKOJTbKUX BBITTOTHSIEMBIX TTOTOKOB.

Moppo6HoCcTU

B nporpamme ncnonb3yeTcsi acCOLMATUBHBIN KOHTEHEP. ACCOLMATUBHBIA KOHTENHED
co3paeTcs Ha OCHOBe 0606LLEHHOMO Kylacca 13 6ubnuotekm STL. [Ina ncnons3o-
BaHWS Kiacca B NporpaMme noakiioyaeTcs 3aroyioBoK

Y70 Takoe accoumaTuBHbI KOHTENHEpP (MK CNoBapb, Kak ero MHoraa HasblBaloT)? JT0
KOHTEWHEep, AOCTYN K 3IeMeHTaM KOTOPOro noayyaloT no knody. Knio4yom MoxXeT 6biTb
dakTnyeckn noboi 06LEKT (3HAYEHNEM 3NeMeHTa - Toxe). Hanpumep, Knio4oM MoxeT
ObITb TEKCTOBOE 3HAYEHNE C MMEHEM aboHEeHTa, a 3Ha4YeHNEM - TenedOoHHbIN HOMEpP
aboHeHTa. C HEKOTOPOW HATSXKKOM acCOoUMaTUBHBINA KOHTEMHep A0MyCTMMO paccma-
TpMBaTb Kak Hekoe nopobue maccrea, HO TOJIbKO POJib MHAEKCA UrPaeT He Y1cho, a B
obLem cryyae Kakoi-To 06bekT (KJtoY).
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Ham B nporpamMme Hy>eH acCoLVaTUBHbI KOHTEHEP, Y KOTOPOro KJto4aMu 6yayT 06b-

€KTbl - NAEHTUOUKATOPBI MOTOKOB (0OLEKT Knacca ), @ 3Ha4YeHnamu ane-
MEHTOB - TEKCTOBbIE Ha3BaHWA (TuN )ANS MOTOKOB.
Mpwn co3paHmm o6bekTa Ha OCHOBE Knacca yka3blBaeTcs ABa napamMeTpa aJjisi 06006-

LLLeHHbIX TUMOB: TUM KJlOYa 1 TUN 3HaYeHus. B Hawem cnyyae peyb aet 06 MHCTPYKUMK
B kayecTBe uaeHTudukaTopa Tvna npu oO6bABAEHUU NOns
knacca.

Ansa nonyyeHna goctyna K 3Ha4eHUIo asieMeHTa No K4y ncnosibayem MeTos
MeTop BbI3biBaeTCHA N3 06bekTa aCCOLMATUBHOIO KOHTENHepa n aprymeHTomMm emy nepe-
naeTcs 06bekT Kitoya. PesyanaT Bbl30OBa MeTOAa - 3Ha4YeHne asieMeHTa.

Ewle ogHa BaxxHas onepaums - fobasneHne anemMeHTa B KOHTeliHep. Ocob6eHHOCTb one-
paumu B TOM, 4To OOABNATb HA CAMOM Aefe HYXXHO ABa 06beKTa: K/toY 35IEMEHTA U 3Ha-
yeHue ob6bekTa. ITa "cnagkas napoyka” NpeaBapuUTesibHO 0bOPMIISIETCS B OANH OOLEKT,
co3naBaeMbiiHa OCHOBe 06006LLEHHOrO kacca . MapameTpom knacca yka3sbiBa-
I0TCS TUNbI (Knaccbl 06bEKTOB), dopmMupylowmx "napy”. B paccmatpueaemom npumepe
0ObEKT, COCTOSALLMI U3 KItoYa 3NIEMEHTA (MAEHTUDUKATOP NOTOKA) U 3HAYEHUS ANIEMEH-
Ta (TEeKCTOBOE Ha3BaHWe NoToka), OTHOCUTCS K TUNy

Ins po6aBneHns HOBOro 3/ieMeHTa B aCCOLMATUBHBIN KOHTEMHEpP, N3 06bekTa KOHTEN-
Hepa BbI3bIBAETCH METOS, . AprymeHTOM MeTOay nepepaeTcs -06bEeKT.

Yro KacaeTcs mMporpaMMbl, TO B €€ OCHOBY TOJIOKEH cieayromuil "cioxet". B
ITpoTpaMMe BBITTOTHSIETCS TJIaBHBIN MTOTOK U /IBa JOUEPHUX TOTOKa. Ele B mpo-
rpaMMe OIMCHIBAETCS KJIacc , a4 B HEM OIIMCAHO IIeJIOYUCJIEHHOE II0JIE
(masoseM ero "cueruynk"). ITose mpu co3mamuu oO6beKTa Kaacca IMOJIydaeT Hy-
sneBoe 3HaueHne. Co "CUeTINKOM" MOKHO BBITIOJHSATD OHY OTIEPAITUIO: YBEJIU-
YUBaTh 3HAaYeHUe TOJA (/I 9TOU 1N MPEeAyCMOTPEH CITeNATbHBI METOM

). B mporpamme cosmaercst 00beKT KJacca , M JJAHHBII O0OBEKT
(uepes ykasaTesb Ha HETO) MepeiaeTcs B KaXKIAbIH U3 TIOTOKOB. [1pu BbITIOTHEHUT
IJIABHOTO U [IBYX JIOYEPHUX ITOTOKOB KaK/IbIil U3 HUX IbITAETCS YBEJIUUYUTD 3HA-
yeHue 1moJsa-"cueTuynka”. [IMKaHTHOCTh CUTYAI[UN B TOM, YTO OOBEKT, "CUeTInK"
KOTOPOTO yBeJINYUBAETCs, UAeHTU(UITIPYET MOTOK, U3MeHdIomuii moJie. [lotok
upeHTUGUIUPYETCs Yepe3 00beKT-UAeHTU(DUKATOP, BO3BPAIIAEMbIii IIPU BbI30-
Be (DYHKITMH U3 BBIIIOJIHIEMOI'O IIOTOKA.

EcTb erie o MOMEHT: TTOCKOJIBKY TPU MIOTOKA B TIPOTPAMME UCTIOIb3YIOT OJINH
U TOT JK€ OOBEKT CO "CUYETYMKOM ', B TIPOTPAMME BBITIOJTHIETCS CHHXPOHU3AIINST
MOTOKOB. [[JIs1 9TOT0 B IpOrpaMMe co3/aeTcst 00bEKT m  KJacca , A 3aTeM
KOMaH/aMU " COOTBETCTBEHHO BBITIOJHSIETCST OJIOKHU-
POBKa 1 Pa3bIOKUPOBKA UCIIOIB3YEMBIX TOTOKOM PECYPCOB.

Tenepb 00paTUMCST K TIPOTPAMMHOMY KOJLY:

Jiuctunr 14.10. UpeHTudukaumsa noTokos

#include <iostream>
#include <cstdlib>
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#include <string>

#include <thread>

#include <chrono>

#include <mutex>

#include <map>

using namespace std;

// O6bekT kjacca mutex g CUHXPOHM3ALNU
// BHIIOJIHEHUS IIOTOKOB:

mutex m;

// Krnacc nmsa cosmaHmsa obbekTa co "cueTumkoM" - oBumero
// "pecypca" IJjia BHIIOJIHAEMBEX MOTOKOB :
class Counter({

private:
// llenouncisieHdoernoJsie ("cueTuuxk") :
int count;
public:
// Tlone - acCCOUMATHBHHI KOHTEMHep (CJioBaphb) .
// DIeMEeHTH KOHTEeMHepa — MNaphl 3HAUESHUMN.
// Kiou sjieMeHTa KOHTelHepa - UIEHTUOMKATOP MNOTOKA.
// BHaueHMe 3JIeMEeHTa KOHTEeMHepa - Ha3BaHMe [NOTOKa.

map<thread::id, string> thID;
// KOHCTPYKTOD:
Counter () {
count=0;
}
// MeTonm nJjsa yBeJMUEeHMSA BSHaueHus "cuerumka:
void up () {
// YBenmuuuBaeTcsa 3HaueHue "cueTumka":
count++;
// OroBpaxenue mHOOpMALMU O 3HAUeHUM "cueTumra"
// ¥ NOTOKe, BH3BAaBIIEM M3MEHEHMUEe :
cout<<"IloTok "<<thID.at (this thread::get id())<<": ";
cout<<"HoBoe sHaueHnme\t-\t"<<count<<".\n";
}
}; // OxoHuaHMe omIMcCaHMA KJlacca
// ®YHKUMUSA OJIS CO3IaHMA IIOTOKA.
// ApTyMeHTH QYHKUMM: yKasaTejb Ha O6bekT co "cuerumkoMm",
// Ha3BaHME MNOTOKA, MHTEPBAJ 3alepPXKM [NOTOKa (B CEeKyHIOax),
// KOIUUYECTBO LUMKJIOB [PM BHIIOJIHEHUM [IOTOKA :
void start (Counter *p,stringname,intt,int n) {
m.lock(); // BIOKMpPOBKApeCypCOB
// IobBapJjieHMe HOBOTO 3BJIEMEeHTa
// B acCOUMAaTMBHBIA KOHTEMHEP:
p->thID.insert (pair<thread::id, string>(this thread::get
id(),name)) ;
cout<<"HaumHaeT BHIIOJHATLCHA MOTOK "<<name<<".\n";
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m.unlock(); // PaszBiokupoBKa pPeCcypCoOB
// Omneparop UMKJA i yBeJMUYeHUs 3HaueHud "cuerumka':
for(int i=1;i<=n;i++) {
m.lock(); // BJlOKMpPOBKa pPecypCcoB
p->up(); // YBenuuenwme 3HaueHus "cueTumxa"
m.unlock(); // Pa3bjoKUPOBKApPEeCYpPCOB
// TIpMOCTAHOBKA BHIIOJIHEHUS [IOTOKA :
this thread::sleep for(chrono::seconds(t));
}
m.lock(); // BJlOKMpPOBKa pPecCypCcoB
cout<<"MoTok "<<name<<" s3aBepmmy BHIOJHEeHMEe.\n";
m.unlock(); // Pa3bioOKMPOBKA pPECypCOB
}
// TnaBHasg GQYyHKUMS MOPOTPAMME:
int main() {
// KomupoBKa mOJis KOHCOJIBHOT'O OKHA:
system ("chcp 1251");
cout<<"HauyHaeT BHIIOJHSATLCS NporpamMma.\n";
// Cospmaume obrwekTa co "cuerumkoMm":
Counter cnt;
// Iobamyeunue B noJsie thIDoBwbekTa cntumeHTubmUkaTopa
// U Has3BaHUA 1Jid TJIABHOTO [OTOKA MMPOTPAMME :
cnt.thID.insert (pair<thread::id, string>(this thread::get
id (), "IJIABHEIA") ) ;
// Co3maHve MNepBOTO INOUEPHETO INOTOKA:
thread first (start, &cnt, "IIEPBHI", 3,7) ;
// CozmaHye BTOPOTO INOUEPHETO IOTOKA:
thread second(start, &cnt, "BTOPOU", 4, 4) ;
// OmepaTop UMKJIA IJid yBEJMUEHUS BHAUeHuM "cueTumka"
// U3 DJIaBHOTO MMOTOKA:
for(int i=1;i<=5;1i++) {
m.lock(); // BJlOKMpPOBKa pPecCypCcoB
// YBemnrueHue BHAUEHMUS CUYEeTUUKa:
cnt.up();
m.unlock(); // PasBiokupoBKa pPeCcypCoOB
// TproOCTaHOBKA BEHIIOJIHEHMS TJIABHOTO IOTOKA:
this thread::sleep for(chrono::seconds(5));
}

// OXumaHue SBaBEpIEHUS NepPBOTO IOUEPHErO IIOTOKA:

if (first.joinable()) first.join();
// OXumaHve 3aBeplieHMS BTOPOTO IOUEPHEIrO IOTOKA:
if (second.joinable()) second.join();

COUt<<"BEHIIOJIHEHVE MNPOTPAMMEl 3aBepleHo.\n";
// 3Bamepxka KOHCOJIBHOT'O OKHA:

system ("PAUSE") ;

return 0;
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PeSy.HbTaT BBIIIOJIHEHUWA ITPOTPaMMbl, CKOp€E€ BCETO, 6y,[[eT TaKNM:

PesynbTart BhinonHeHus nporpammsl (3 nuctudra 14.10)

HaumHaeT BHIIOJIHATHECA NpoTrpaMmMma.
HauMHaeT BEIIOJHATLCS NOTOK I[IEPBHM.
HauMHaeT BHIIOJHATHCS NOTOK BTOPOI.

llorokx I[JIABHHM: HOBOe 3HaUeHUE - 1.

lloTox IEPBHI: HOBOe =3HaudeHME - 2.

[lorox BTOPOM: HOBOe BHaueHME - 3.

lloTox I[IEPBHI: HOBOe =3HadeHMEe - 4.

llorox BTOPOM: HOBOe BHaueHME - 5.

lloTox IJIABHHI: HOBOe SBHaYeHME - 6.

llorox I[EPBHM: HOBOe BHaueHME - 7.

llorox BTOPOWM: HOBOe BHaueHME - 8.

llorox [EPBHM: HOBOe BHaueHME - 9.

lloTox IJIABHHI: HOBOe SBHaYeHME - 10.
llorox I[EPBHM: HOBOe BHaueHME - 11.
lloTox BTOPOM: HOBOe =3HadeHME - 12.
llorox I[JIABHHM: HOBOe 3HaUeHUE - 13.
lloTox I[IEPBHI: HOBOe =3HadeHME - 14.
lloTrox BTOPOJM s3apepuns BEIIOJIHEHME .

lloTox IEPBHI: HOBOe =3HaudeHME - 15.
llorokx IJIABHHM: HOBOe 3HaUeHUE - 16.

MoTox MEPBHNM 3aBepmmsl BEIIOJIHEHME.
BrIrmoJIHeHME MNPOTpPaMMbl 3aBepleHO.

Komanoii mutex m 0OBEKT [IJisi CHHXPOHHU3AIMH TTOTOKOB CO3/IAETCSI ETIE /10
onmcaHus Kiacca Counteru GYHKIUNA start (), UCITOTb3YEeMOH I cO3/1a-
HUST JIBYX I0YEPHUX TIOTOKOB.

-| Ha sameTtky

| B nporpamme aBa fo4epHUX MOTOKA MCNOJIb3YIOTCHA HAa OCHOBE OOHOM GYHKLUMN.

B ommcannm kiacca crourT oOpaTUTh BHMMaHWe Ha IoJe
,  IpeAcTaBidiomee  coOOM  acCOLMATUBHBIA — KOHTEHHED  KJacca
. Kmrouamu 271eMeHTOB B KOHTEHHEPE SIBJISIOTCS

00BEKTHI KJIacca (0ObeKT-uIeHTU(DUKATOP TTIOTOKA, MOJTyYaeMBblii
[pU BbI30Be (DYHKIUU U3 IPOCTPAHCTBA MMEH ), a
3HAUYEHUS Y HJIEMEHTOB TEKCTOBbIE (0OBEKT KJacca -Ha3BaHMe TOTOKA,

KOTOpOCBaHaeNICaMOCTOHTeﬂbHO)

B tese merona , TIPEJIHA3HAYEHHOTO JIJIsI YBEJIMYEHUsT 3HAUeHUsT "CUeTUn-
Ka'", KOMaHIOMI YBEJIMUUBAETCS 3HAYEHUE YNUCTIOBOTO TIOJIS, TIOCJIE YETO
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BBIBOJUTCA COOOIIEHNE C JAHHBIMY O Ha3BaHUY IIOTOKA, U3MCHUBIIETO 3HAUCHHIE
"cyeTynKka" M 0 HOBOM 3HAaUYEHUH "cUeTYMKa".

[luig "nosrydyeHus” UMeHU TTOTOKA UCTIOJIb3YeTCsl MHCTPYKIIUS
. B mannom ciyyae m3 0ObeKTa acCOIMATHBHOTO KOH-
TefiHepa, B KOTOPOM HAa MOMEHT WCIIOJIb30BaHUS METO/A JOJKHBI OBITDH
"crpaTaHbl’ Ha3BaHUS TTOTOKOB, BBI3BIBACTCS METO/] . MeToxy aprymenToM
niepeiaeTest Koy iJis uaeHTUUKAIMU TOTOKA. [TOHATHO, YTO 9TO 10JIKEH ObITh
UACHTU(HUKATOP TOTO MTOTOKA, B KOTOPOM BBI3BaH METO/ . [Tomyuuts 06b-
eKT-UJICHTU(MUKATOP BHITIOJHIEMOTO TIOTOKA MOKHO, BBI3BAaB M3 HETO (hYHKITHIO
, YTO COOCTBEHHO ¥ JIEJIAETCS - PE3YJIbTaT BHI30BA
(yHKIIMY TIepeiaeTcss aprTyMEHTOM METOLY

ODyHKIKS 71 CO3/IaHUST TIOTOKAHA3BIBAETCS U y Hee TPHU apTyMeHTa:
yKaszaresab » Ha 00BEKT Kiacca (06mekT, "cueTank” KOTOPOro Oymer
YBEJMYUBATHCS [IPU BHIMOJHEHUN TIOTOKA), TEKCTOBOE 3HaueHne (0ObEKT Kiac-
ca , OTIPeNIEJITIONMWI Ha3BaHWe MOTOKA), a TaKKe /[Ba IMeJOINCIEHHBIX
3HavyeHus (IIePBOe OIpe/essieT HTePBaJ MIPUOCTAaHOBKH IOTOKA, a BTOPOIi 3a-
MaeT KOJMYECTBO ITUKJIOB TIPU BBITIOJHEHUN TTOTOKA). B Tese GyHKITMNT KOMaH-
non BBIIIOJIHSETCS OIOKUPOBKA KOHCOIU ¥ 00bEKTa €O "CUeTYNKOM ",
II0CJIe 4ero KOMaHJOMi

B ITOJIe-KOHTEHHED 00beKTa, Ha KO-
TOPBIN CCBITTAETCS YKa3aTesb », 100aBJseTCsT HOBBII aeMenT. [[J1s1 aToro yepes
yKazaresib © MBI IIOJIy4aeM JOCTYI K TIOJI0-KOHTEeHEPY , 1 3 HETO BbI-
3bIBAETCSI METO/| . Aprymenrom metomy mepemaercst "mapa” - 00beKT
KJ1acca . O0beKT aHOHMMHBbI, CO3/IA€TCST BbI-
30BOM KOHCTPYKTOpa KJacca C apryMeHTamMu
(06beKT-UAeHTU(PUKATOP [IOTOKA) U (apry-

MEHT (QyHKIINH , OTIPEIETIATONTI I Ha3BaHue TTOTOKA).

[Tocsie otobpaskeHus: COOOIIEHNsT ¢ IMEHEM [TOTOKA ¥ HOBBIM 3HAUY€HEM I0JIs

, KOMaHI01 BBITIOJIHSIETCST Pa30JOKMPOBKA PECYyPCOB T10-
TOKOM ¥ "B UTPY BCTyTaeT" omepaTop NWKJa (BepXHsA TpaHuIa n M 3Hade-
HUSI UHJEKCHOW MEPEMEHHON IWKJIA - TPETUIH apryMeHT (byHKIIMH ).
B Tteme omeparopa kKomanmoit GJIOKMPYIOTCS pecypehbl (B IaHHOM
ciydae 0OBEKT €O "cHeTYNKOM") JIJIsi SKCKJIIO3UBHOTO MCIOJb30BAHUS B TIOTO-
Ke, KoMaHIoM 13 00BEKTa CO "CYCTYMKOM" BBIZBIBACTCS METOJ
(yBeqUYUBAIOMUY 3HAYEHUE OIS 00beKTa, U BBIBOAAIIMI COOOIIEHUE
0 3HAYEHUU TI0JIsI ¥ Has3BaHUU 1OTOKa). [lasee oTMensieTcst OI0KMPOBKa pecyp-
COB TTOTOKOM (KOMaH/1a ), a KOMaHI01

BBITIOJTHSIETCS TIPUOCTAHOBKA B BBITTOJTHEHUU

MIOTOKA Ha BpeMs, olpefiesisieMoe mepeMeHHON © (YeTBepThIit apryMeHT (byHK-
Y7071 ).
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B dyuximn KOMaHIOMN co3naercs 00beKT (00b-
eKT co "cueTunmKoM')KJacca . IIpu cosmanuu oObekTa ero IoJje
MOJIy4aeT HyJIEeBOE 3HAYEHUE, HO 110JIe-KOHTEHHED 2JIEMEHTOB He

coziepxkut. IloaTomykomanoi
BKOHTEIHEp 06b-
eKTa n00aBJIgeTCA 3IeMEHT C TeKCTOBBIM 3HaUeHIEeM U KJIIOYOM
, IIPEJACTABISIONUM C000i umeHTUUKATOD LI

IJIABHOTO IIOTOKA.

JlBa m0oYepHUX IIOTOKA CO3JAI0TCA KOMaHaMU

n .B
0boux ciydasx GyHKIIHI JLJISI 3aIlyCKa IOTOKA IIEePEJAETCsT afipec
oOBbeKTa

IIocne 3allyCKa JOYEPHUX ITOTOKOB B I'VIaBHOM ITOTOKE HAYMHAET BBIITOJTHATHCSI
OoIiepaTop HuKJIa. B Tene orieparopa nHuKJia KOMaHILOIL/,I 13 0ObeKTa

BBI3BIBACTCA METO/ Ui YBEJIMYEHUA 3HAYEHUA T1O0JIA 006B-
€KTa

-| Ha sameTtky
Mpowe roeops, rmagHbI NOTOK TakxXe NPUHUMAET ydacTue B "Hakpy4mBaHUMU™ Nons-
I "cyeTymka”.

HpI/IOCTaHOBKa BBIIIOJITHEHM A I'VIaBHOI'O ITIOTOKA UMEET MECTO BCJIEJCTBHE BbIIIOJI-
HEeHA KOMaH/IbI

TpaauiinoHHO Tiepe/] 3aBepIeHUEeM BBITIOJHEHUS MTPOTPAMMbl pa3MellleHbl UH-
CTPYKIMHU, GJ1aroapst KOTOPHIM TJIABHBII TIOTOK OJKUIAET 3aBEPIIEHMs BBITTOJI-
HEeHU 1I0YEePHUX TTOTOKOB.



Mmaea 15.

WHOOPMALIUA K PASMbILLJIEHUIO
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S Bam pacckaicy, umo mue yoanroch o6Hapy-
AHCUMD 8 CBSI3U C 0CILOM PUSUKOB.
u3 x/¢p "Cemnaduyamo menoeenuii echot”

Bormpocsl, paccMOTpeHHBIE B 3TOI TyIaBe, He 00beINHEHBI KaKOii-TO 001eil Te-
MOl WJTH TTOAX0A0M. MBI IIOTOBOPHM O CaMBIX Pa3HBIX Bellax, KOTOPBIE 10 TO
WV WHOU IPUYMHE He BOILIN B TIPEBIIYINIE TIaBbl. ECTh BAKHBI MOMEHT, ITO-
3BOJIIONINIT B HEKOTOPOI cTeneHy 060CHOBATh HaJNYKe B KHUTE TaKOH "pasHoO-
poaHOI" T1aBbl, Kak 3Ta. COCTOUT OH B TOM, YTO MbI He OyIeM JeTaJbHO OIUCHI-
BaTh WJIK aHAJMU3UPOBATh TOT WJIM MHOW MEXaHU3M, a TOJbKO AaJANM YUTATEIIO
TIpeICTaBJIeHNE O HAIMYNH COOTBETCTBYIOIIETO MEXAHM3Ma M €r0 OCHOBHBIX
XapakrepucTukax. TakuM oO6pa3oM, B IJIaBe IIpeACTaBIeH KPaTKuili 0630p TOro,
4TO He 00CYKAAJIOCh paHee, HO YTO B MPHUHIIUIIE MOKET MOHAL0OUTHCS TIPU CO-
CTaBJIEHUU [IPOrPaMMHBIX Ko0B B pamkax kouueniun OOII. Ho kax 661 TaM HE
ObLII0, lajiee 0YeHb KPaTKO OIUCAHBI OTpe/ie/IeHHbIe KOHCTPYKIUK s3bika C++
U IPUEMBI, KOTOPbIE, He UCKJIIOYEHO, MOTYT CTaTh YMTATEJIIO TI0JIE3HBIMU ceiiyac
Wy B OyytieM.

15.1. CTpyKTYypbI

Mooicem z20e-1ubyodv vicoxo 6 2opax, Ho He 8 Ha-
wem patione, 6vL ymo-Hubyow» ooHapyicume Onst
sauiell HayKu.

u3 k/¢ "Kasxascrxas naennuuya”

MbI BO MHOKECTBE HCIIOJIB30BATM KIACChI M OOBEKTBI. MBI MCIONIb30BAIH 1
o0ObIuHble TIepeMeHHble. ECTh HeuTO cpe/iee MeK/y KJIACCOM U OOBIYHOI mepe-
MeHHOiT -cmpyxmypa. CTpyKTypa - Habop mepeMeHHbIX, 00heANHEHHBIX OOTIITM
nMeHeM. B M3BECTHOM CMbIC/e CTPYKTypa HAIOMHHAET KJAcC, HO coBceMbe3
METO/IOB, & ¢ OAHUMHU TOJBKO ToJist vb. OGBSIBIsIETCS CTPYKTYpa aHATOTHY-
HO OOBSIBJIEHUIO KJTACCa, ¢ TOW JIUITh PA3HUIEH, YTO BMECTO KJIIOYEBOTO CJIOBA
classucnoyb3yeTcs KIueBoe CJI0BO struct.

[ITa6s0H omucaHusi CTPYKTYPHI TaKO# (CKUPHBIM PU(TOM BbIeJEHbI OCHOB-
HbIe KJTI0YeBbIe 3JIEMEHTHI 11abIomHa):

struct mma crpyxTyps{
Tun_nona_ 1 mome 1;
TUII_TOJA_ 2 moje 2;

Tun_nosda N nojie Nj;

};

Kak u B ciydae kiacca, ocjie 3aKpbIBaloeil CKOOKHM B OIMCAHIK CTPYKTYPBI
MOJKHO YKa3aTh CITUCOK 9K3EMILJIIPOB CTPYKTYPBI.
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=v Ha 3ameTky
CnepgyeT noHMMaTb, YTO CTPYKTYpa 3a4aeT onpeaeneHHblil 0000LWEeHHbI TUM AaHHbIX.
To ecTb CTPYKTypa aHanormnyHa knaccy. To, 4To co34aeTCsl Ha OCHOBE CTPYKTYpbI, Byaem
Ha3blBaTb 9K3EMIMIAPOM CTPYKTYpPbl. IKIEMMIAP CTPYKTYPbl, CO30aHHbLIA Ha OCHOBE
CTPYKTYpbI - aHanor o6bekTa, CO34aHHOr0 Ha OCHOBE kJlacca

O6paiieHue K MoJIsiM 9K3eMILISIPa CTPYKTYPbI BBITOJIHSIETCS TaK e, Kak 1 00-
paleHue K ImojisiM o0beKTa KJIacca: Iocjie MIMEHN 9K3eMILISIPa CTPYKTYPhI Yepe3
TOYKY YKa3bIBaeTCs MoJie ak3eMInisipa. HeGorbIoii ipumep UCIoIb30BaHUsT
CTPYKTYP IpeicTaB/ieH B auctuure 15.1.

Jluctunr 15.1. Crpykrypbl

#include <iostream>
#include <string>
using namespace std;
// CTpykTypa:
struct card{
// Tlona CTPyKTYpPH:
string name;
int phone;
char gender;
bi
// OYHKUMSA IJIg OTOOpaXeHMS SHAUSHUN
// moJyier sK3eMIigpa CTPYKTYPH:
volid show (card a) {
cout<<"Mms: "<<a.name<<endl;
cout<<"Temedpon: "<<a.phone<<endl;
cout<<"Iojs: "<<a.gender<<endl;
}
// TnaBHasg GYHKUMS NOPOTPAMME:
int main () {
// OK3EeMIJIApPE CTPYKTYPH:
card ivanov,petrova, sidorov;
// TIepBHI BDK3EeMIUISAP CTPYKTYPH — BHAUEHUS MOJIEN:
ivanov.name="VBaHoB U.N.";
ivanov.phone=2345678;
ivanov.gender="'M';
// BTOpPOM B3K3EeMIJISP CTPYKTYPH — BHAUEHUS [IOJIEeN:
petrova.name="IlerpoBa II.II.";
petrova.phone=8765432;
petrova.gender="X"';
cout<<"IlepBasa 3anmuchb:\n";
// OroBpaxeHMe SZHAUEHMM [OJIen
// TepBOTO 3K3eMIJigpa CTPYKTYPH :
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show (ivanov) ;
cout<<"Bropaa 3ammchb:\n";
// OToBpaxeHUe BHAUESHUM [OJe
// BTOPOTO B3K3EeMIISgpa CTPYKTYPH :
show (petrova) ;
// TlpuCBaMBaHME 3K3EMIJISPOB CTPYKTYDP :
sidorov=ivanov;
cout<<"TpeTba 3ammuchb:\n";
// OToBpaxeHUe BHAUESHUM [OJe
// TpeTbero »K3eMIIgpa CTPYKTYPH :
show (sidorov) ;
// VI3MeHeHMe BHAUeHUS I[IOJIS name TPeThbero
// Bk3eMiiapa CTPYKTYPH :
sidorov.name="Cunopos C.C.";
// MaccuB B3K3EeMIUISPOB CTPYKTYPH :
card fellows[]={ivanov,petrova,sidorov};
cout<<"MmeHa:\n";
// OToOpaxeHMe SBHAUEHMM [IOJIA name 3JIEMEHTOB
// MaccuBa, COCTOANETO M3 DK3EMIUISPOB CTPYKTYPH :
for (int 1=0;1<3;1i++){
cout<<fellows[i] .name<<endl;
}
return 0;

}

Pesysnbrat BbITIOTHEHUS IPOTPAMMBbI TAKOI:

Pe3ynbTart BbinONHEHUS nporpammbl (13 nuctuira 15.1)

[lepBas 3amOuCh:
Vmsa: VeaHoOB WM.U.
Tenedpon: 2345678
ojm: M

Bropas szanmchb:
ma: Ilerposa II.II.
Tenedpon: 8765432
Mom: X

TpeTba 3anmch:
Vmsa: VeaHoOB WM.U.
Tenedpon: 2345678
ojm: M

VIMeHa :

ViBanos U.U.
[leTrpora II.II.
Cupmopos C.C.
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B sToM mpumepe omuchkIiBaeTcs CTPYKTypa ¢ Ha3BaHUEM . Y CTPyKTypBI
MMeeTCsT HECKOJIBKO TIOJIeH: ToJie THTIA , TIoJie
THUIIA U 1oJie THUIIA . Taxske B mporpamme omucana GyHKITUAST

, TIpeIHa3HaYeHHast [T OTOOpasKeHUs 3HAYEHUI MoJieil SK3eMILIsIpa
CTPYKTYPBHI, TepelaHHON apryMeHToM (GyHKIUU. B riaaBHO (hyHKIIUY Tporpam-

MBI CO3/IaeTCsl TPU IK3eMILIsIpa ( , u ) CTPYKTYpBI
. B mporpamme mosisiM mepBHIX ABYX 9K3EMILIIPOB MIPUCBAUBAIOTCS 3HAUE-
HUSI, TTIOCJIE YETO C TTOMOIIBIO (YHKITIHT 3HAUYEHUS T10J1el 3TUX 3K3EeMILIISI-

POB CTPYKTYP OTOOPAKAIOTCS B KOHCOJBHOM OKHE.

B nporpaMMe ecTh IpuMep MPUCBAUBAHUS 9K3EMILISIPOB CTPYKTYP: €CJIU OJTHO-
MY JK3eMILISIPY CTPYKTYPbI B KauecTBe 3HAYEHUS TPUCBAUBAETCS JAPYTON K-
3eMILISIP CTPYKTYPBI (PEYb UET O KOMaHJIe ), BBITIOJTHSIETCS
OOMTOBOE KOMMPOBAHUE. DKIEMIUISPBI CTPYKTYPhI MOTYT OBbITh 9JIEMEHTaMU
MaccuBa. B mporpaMmmMe KoMaHIOH
cozzaetcst (M MHUIUATU3UPYETCS IKIEMILISIPAMU ,

u ) MaccuB (pa3Mep MaccuBa OTIPeNieIIeTCS aBTOMATUIECKA
10 KOJIMYECTRBY 9K3eMIUISIPOB nHunnaausaiun). [locse co3nanust Mmaccuna ¢ mo-
MOII[BIO OTIEPATOPA IIUKJIA TIEPEOUPAIOTCST €T0 JIEMEHTBI, U JIJIST KAJKI0TO M3 ITUX
3JIEMEHTOB OTOOPaKAETCS 3HAYEHHE TIOJIsT

15.2. AnbTepHaTUBHOE Ha3BaHue AJ19 TUNna

A mul ne nymaii 6010 IUUHYIO ULePCMb C 20CY-
dapcmeennotl.
u3 k/¢ "Kaexaszcxas naennuuya”

C nomombio oneparopa CO3/IAI0TCS aIbTePHATUBHbIC HAa3BaHUS IS
tunos. IIpoiie roBops, cylecTByeT BO3MOKHOCTD CO3/IaTh albTePHATUBY UJIEH-
TrdUKATOPaM, HCIOIb3yeMbIM /IJIs1 0003HaYeHus1 TUOB. CHHTAKCHC MCIOIb30-
BaHUs ollepaTopa TaKOM:

typedef crapeli MASHTUOUKATOP HOBEM MIOSHTUOMKATOP;

Eme OJIMH CHOCO6 CO3/1aThb aJIBTEPHATHMBHOE Ha3BaHHME /1JId TUIIA - BOCIIOJIb30-
BaTbCA KJJIIOYEBBIM CJIOBOM US ing. O6H.[a$1 KOHCTPYKIIMA OllpeaeieHrA HOBOTO
I/I[[eHTI/I(bI/IKaTOPa [JIA yoKe CYIIECTBYIOIIETO TUIlA TaKasd:

using HOBH MIOEHTMOMKATOP=CTAPEM MISHTMOMKATOP;

B o6oux cirydasix cTapblii MM KCXOIHBIN TUIT "He OTMEHSIETCSI": €r0 MOKHO UC-
TTOJTh30BaTh, KaK U MPEXKIIE.
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HeGoubimoii ipumep ¢ nprMeHeHueM WHCTPYKITHT u JUTST
CO3/IaHVS AJIbTEPHATUBHBIX HA3BAHU /17151 MIEHTU(MUKATOPOB TUTIOB (KOTOPHIE B
CBOIO OYepe/ib "KOHCTPYHUPYIOTCs" Ha OCHOBE 0000IIEHHOTO Kjracca), Ipe/cTaB-
Jied B iuctunre 15.2.

Jiuctuur 15.2. Ucnonb3oBaHue anbTepHaTUBHbIX HA3BaHUIA ANS TUMNOB

#include <iostream>
#include <string>
using namespace std;
// OBOBIWEHHBIM KJIACC:
template<class X> class MyClass{
private:
// Touse:
X value;
public:
// KOHCTPYKTOpD:
MyClass (X v) {
value=v;
}
// Meron myisa oTOOpaxeHMs 3HAUEHUs I[10JIS:
void show () {
cout<<"3rHaueHme nomusa: "<<value<<endl;
}
}; // BaBepumeHue ONMCaHMA KJacca
// CosmaHue ajibTEePHATVMBHLIX HA3BaHWUM IJIS TUIIOB:
typedef MyClass<int> MyInt;
using MyChar=MyClass<char>;
typedef MyClass<string> MyString;
// TmaBHas GYHKUMS OPOTPAMME :
int main() {
// TlepBHI OOBEKT :
MyInt a(100);
a.show();
// BToOpoil OBOBEKT:
MyChar b ('B’);
b.show () ;
// Tperutr OOBEKT:
MyString c("rexct");
c.show () ;
// UeTBepTElr OOBEKT :
MyClass<int> d(200);
d.show () ;
// TlpucBamBaHme OOBEKTOB "pasHEIX" TUIOB:
a=d;
a.show();
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return 0;

}

Huxe nipenicTaBiieH pe3yabTaT BBITIOJHEHUS IaHHOM TPOTPAMMBI:

PesynbTat BhInONHEHUS nporpammbl (U3 nuctuira 15.2)

BxHauexnme nojasg: 100
3HauveHue 1noJjid: B
BHadyeHue IOoJid: TEKCT
BHaueHme nosadg: 200
BxHauenme nojas: 200

B mporpamme omnmcbiBaeTcst 06001eHHBIN KTacec MyClass. B kiracce onrcano
noJjie value 0006IIEHHOTO THIIA, KOHCTPYKTOP C OAHUM apryMeHTOM U METO]|
show () nuaga 0T06pa>1<eH1/191 3HauyeHud 110J1d value.

Hawubosbinit nHTEpec MpeaCcTaBIsAIoT KOMaHAb typedef MyClass<int>
MyInt, typedef MyClass<string> MyStringu using
MyChar=MyClass<char>. B pesyisrareBMecTONIeHTH(PUKATOPOB
MyClass<int>,MyClass<string>u MyClass<char> MOXHO UCIOJb30-
BaTh COOTBETCTBEHHO UAEHTU(MUKATOPH MyInt, MyString u MyChar (a MOX-
HO He UCIIOJIb30BaTh). B riaaBHO HyHKIIUM TPOTPAMMBI IPUBEIEHBI TTPUIMED
HCTIOJIb30BAHUS HOBBIX HIEHTH(WKATOPOB.

— Ha sameTk
) v

CTtout 06paTnTb BHUMaHME, YTO 6a30Bble (MCXOAHbIE) MAEHTUdUKATOPLI pa3peLuaeTcs

I MCMob30BaTb OAHOBPEMEHHO C HOBbIMU 0D603HAYEHNAMU AN TUMOB. 34ech elle pas
YMECTHO NOAYEPKHYTb, YTO PACCMOTPEHHbIN BbilLe MEXaHU3M He NoapasyMeBaeT co3-
[aHne HOBbIX TUMOB.

15.3. NepeuncneHud

Tpu maenumochona, mpu xunoxamepvi 3azpa-
HUUHDIX, MPU NOPMCUAPA  OMEUECTNBEHHDLX,
Kypmxa samwesas... Tpu kypmxu.

u3 x/¢ "Hean Bacunvesuu mensem npo-
¢eccuro”

B HexoTophIX cayyasgx TPUXOAWTCS MMETh NI€JI0 C TIePEMEHHBIMU, KOTOPBIE B
CUJTY CBO€M crenMUKN MOTYT IPUHUMATD 3HAYEHUS TOJIBKO U3 OTIPEIEJIEHHOTO
Habopa. Hampumep, mpeanoioRuM, 4To B PorpaMme HaM TPUXOJAUTCS UMETh
JIEJIO C TIePEMEHHOIA, CITOCOOHON MPUHUMATD TOJIBKO 1EJI0YMCIEHHbIE 3HAYEH NS,
SABJAIONIUEC NPOCTMbIMU YUCIAMU.
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Ha 3ameTky

MpoCTOE YACNO HE UMEET HUKAKUX MHbIX AenuTeneii, KpoMe eavHuLbl 1 caMoro ceobs.
Opyrumn cnosamm, NPocToe YNCNO AENUTCS TOMbKO Ha eduHuLy 1 Ha cebs camoro.
MpocTbiMu ABRSIOTCSA Ynuena 2, 5,7, 11, 13, 17, 19, 23 n Tak panee.

He nmpuGerast k kaccam 1 00beKTaM CJIUIITKOM MHOTOTO B TaKOW CUTYAIIUU HAM
He JO0OUTBHCSA, HO €CTh JOCTATOYHO IPOCTOM IIPHEM, MO3BOJSIONIHIICEPhE3HO
OTPaHWYHUTH AMATIA30H BO3MOKHBIX 3HAYeHWH mTepeMeHHol. COCTOUT TpHUeM B
O00BABJICHUY NePEULCLCHIUL.

[lepeuncienne pasyMHO paccMaTpUBaTh Kak Hekoe mopobue tumna. YTodsl mo-
HATb CYTh 3TOH "KOHCTPYKILUH HMeeT CMBICJ HayaTh ¢ ee onpeeenus. Mraxk,
00bsiBIIeHIE TIEPEUNCIEHNsT HAUMHAETCS ¢ KJII0YEBOTO CJIOBA . 3areM yKa-
3bIBaeTcs WaeHTH(hUKATOP, 0003HAYAIONTNI Ha3BaHue Tepeunciaenus. Ecian nn-
TepIIPeTHPOBATD MIePeunCIeHre Kak TUI, TO ITaHHBIHNAEHTU(MUKATOD - Ha3BaHHUE
tna. Hakowrerr, mocsre HazBanmst tuna B (UTYPHBIX CKOOKAX depes3 3arsiTyio
NIEPEYNCIAIOTCS KII0YeBble CI0Ba, OIpeiesaiolnirie BO3MOKHbBIE 3HaUeHUs Iepe-
MEHHOH, TIPUHAIeXRAIell K TUITY Tepednciaenust. [Ipumep oObsiBienus mepe-
YHCJIeHNS IPUBE/IEH HUXe:

enum colors {red,green,blue,white,black};

31ech OObSIBIISAETCS TIEPEUNCIEHIE . Ilepemennas, oTHOCAMAACS K 1aH-
HOMY THWILY, MOKET TIPUHUMATh OJIHO W3 CJEAYIONUX 3HAUEHUI: , ,
, u . Ba)XHBITT MOMEHT COCTOUT B TOM, UTO TePEINCTIEHHBIE
naeHTU(UKATOPHI ( , , u ) Hurge He 0ObABIIS-
I0TCS - BIIEPBBIE OHU BCTPEYAIOTCS B O6'b$IBJIeHI/II/I TepeynCIeHIS . ITo-
3TOMY €CTEeCTBEHHBIM 0OPa30M BO3HUKAET BOIIPOC: YTO ITO 3a UAEHTH(DUKATOPDI
1 YTO C HUMU paspemniaeTcs nejaaTb? OTBET IPOCTOHM M COCTOUT B TOM, UTO ,
, , u - 11€JIOYUCJIEHHbIE KOHCTAHTBL. Y 9THX KOHCTAHT

ecTb 3HaUeHMsA. MBI UX He IPUCBAaNBAaeM - OHU KOHCTaHTaM IIPUCBAUBAIOTCS aB-
toMarndecku. I1o0 yMOI4aHUIO KOHCTAHTBI B CITUCKE OOBSIBJICHUSI TIEPEUCIEHUST
TTOJTy9aioT 3HAUEHUS: 3HAYeHVe TIepPBOI KOHCTAHTBI PaBHO 0, a 3HAUEHNE KaK0M
cJIelytoleil KOHCTaHThI Ha eMHUILy OOJIbIIe, YeM Y ee TIPe/IIeCTBeHHUIb. B

OJaHHOM KOHKPETHOM CJ/iydya€e 3HAaY€HNEM KOHCTAHTbBI 6yZIeT , Y KOHCTAaHTbI
3Ha4Y€HUE |, y KOHCTaHThI 3Ha4Y€HUE ~, Yy KOHCTAHThI 3Haye-
HUE 5 W, HAKOHEI, Y KOHCTAHTbI 3Ha4YeHue

ITocsie 0ObABIECHUS IepednciseHnA €ro nMA MOKHO MCII0JIb30BaTh KaK TUIL JaH-

HbIX. Hampumep, komaumomn 0OBSIBIISIETCS TIEpEMEHHasT THIIA
. [locsienee o3navaet, 4ToO TepeMeHHasd MOJKET MPUHUMATD 3Ha-

YeHUS , , , u . CkaxeMm, UMeeT CMBICT KOMaH/a
Wi . Ho ecsiu MbI mombITaeMcst 0TOOpasuTh 3HAYEHUE
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repeMeHHOn KOMaHI0M , TO TIOJIyYUM COOTBETCTBEHHO 3Ha-
yenne 0 wan 4. To ecTh pakTHUECKOe 3HaUeHNE TTEPEMEHHOM -1[eJI0€ YHC-
J10. Ho ectb BaskHOE 0OCTOATENBCTBO: XOTS MBI MOKEM HUCIIOJIb30BATh, CKAYKEM,
KOMaHY, , MBI HE CMOYKEM BOCIIOJIb30BATbCSI KOMAH/I0M (xots
3HaYCHUE KOHCTAHTBI paBHO 0). B a10it 0oco6eHHOCTH (haKTHUECKH KPOETCST
rJIaBHOE CBOMCTBO TIEPeUYMCIeHUH.

VmeeTcst BOSMOKHOCTD 33/1aBaTh B SIBHOM BU/I€ 3HAUEHHS YNCTOBBIX KOHCTAHT,
BXO/IATIUX B CIIMCOK JOMyCTUMBIX 3HAaYCHUH ITepeMeHHo mepeuncaenus. [1pu-
Mep TaKOH CUTyallny IIPUBE/ICH HITKE:

enum primes {two=2,three=3,five=5, seven=7};

Ilepeuncnenne , 00bSIBJISIEMOE TIPHBEIEHHON BbIIIIE KOMAH/IOM, OTIpe/ie-
JisieTcst HabopOM KOHCTAHT (3Hauenue 2), (3nauenme 3), (3na-
yeHue 5) u (3Hauenme 7).

HeGob10ii mpuMep ¢ UCIOAb30BAHUEM II€PEUYNCIECHII IPEACTAB/IEH B JIH-
ctunre 15.3.

Jiuctunr 15.3. Mepeuncnenmns

#include <iostream>
using namespace std;
// Tlepeumncrenve (Tun colors):
enum colors {red,green,blue,white,black};
// Tlepeumncrienue (Tun primes) :
enum primes {two=2,three=3,five=5, seven=7};
// TmaBHas GYHKUMA OPOTPAMME :
int main() {
// TlepeMeHHBEe TUula [NePEeUYMUCIIeHU
colors clr;
primes num;
// TlpCBavBaHME S3HAUYEHMN [IePEMEHHBEM TUIa [ePeUMCIIeHNS
clr=blue;
num=five;
// TlpoBepKa SBHAUEHMN [MEPEeMEHHBEIX TUIa [IePeUUCIIEHUS :
cout<<"clr = "<<clr<<endl;
cout<<"num = "<<num<<endl;
// Omnepauyu CO BHAUEHUSAMM U3 [IEPEUNCIICHUIA:
cout<<"five + seven = "<<fivetseven<<endl;
cout<<"green + white = "<<greentwhite<<endl;
cout<<"five + black = "<<fivetblack<<endl;
// CpaBHeHVE 3HAUYEHUN:
if (num==5) cout<<"five = 5"<<endl;
int A,B;
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// 1eJIOUMCJIEHHBIM [EPEMEHHEM MNPUCBAMBATCA SHAUEHUS
// "3 NepeunclIeHun:

A=blue;

B=two;
// CpaBHEHME SHAUEHMI:

if (A=

=B) cout<<"blue = two"<<endl;

return 0;

}

PeSyJIbTaT BbIIIOJIHEHHWA ITPOTPAMMBbI ITPE/ICTABJIEH HUKE!

Pe3ynbTart BbINONHEHUS Nporpammbl (M3 nuctuhra 15.3)

clr

num =

five

green

2

5

seven = 12
+ white = 4

five + black = 9

five

blue

5
= two

YacTb KOMaH/[ U3 IIPOTPAMMHOI0 KOJIa YK€ KOMMEHTUPOBaUCh panee. OcraHo-
BUMCS Ha HarboJjiee HHTepeCHbIX MOMeHTaX. Harpumep:

MIPU BBIYNCJIEHUN BbIPAKEHUST MoJIy9aeM CyMMY 3HaUY€HUH

KOHCTaHT u - TO eCTh CyMMa 5 1 /;

AQHAJIOTMYHO, TIPU BBIYMCJIEHUHN CYMMBI CYMMUPYIOTCS

3HAYEHUST KOHCTAHT (3Hauenue 1) u (3HaueHmue 3);

MMEETCMBICIBbIPAXKEHUE (cyMMa3HavYeHUsT KOHCTaHTBI
1 3HAYEHU: 4 KOHCTAHTBI );

XOTSI MBI HE MOKEM HICTIOJIb30BaTh KOMAHY , HO ecJii BBITIOJTHEHA

KOMaHj1a , TO 3HAUYEHUE BbIPAKEHUST Oyner

q)aKTI/I‘-IeCKI/I, KOHCTAHTBI U3 CIIUCKOB 3HAYCHUI B OOBSABICHUU Hepeqncneﬂnﬁ
MOT'YT HUCIIOJIB30OBAaTbCA KaK IEJTOYUCJTEHHbIE KOHCTAHTbI B BbIYMCJIEHUAX. Ha-
IIpuMep, ecjinu n - HEJIOYUCJICHHbIE TTEPEMEHHDbIE, TO OIIYCTUMbI KOMaH/IbI

n

n , IPUYEM TTOHATHO, YTO, YIUTbIBAA 3HAYE€HWA KOHCTAHT
, ICTUHHO YCJIOBUE

Ha sameTky
B npuHuMne, ecnu NnpoBepuTb 3HA4YEHME BblpaXeHUs , TO MNONy4YMM 3Haye-

Hune , MOCKOJIbKY Y KOHCTaHT n OJVHAKOBbIE YMCNOBbIE 3Ha4YeHus. Ho
KOMMUNATOP Npun 3TOM, CKOpee BCero, BbiBeAET npeaynpexaeHmne o Tom, 4To CpaBHU-
BalOTCA KOHCTaHTbI U3 Pa3HbIX nepeqvlcneva.
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15.4. BbI30B KOHCTPYKTOpPAa B KOHCTPYKTOpE

He mewaiime pabomamn, uneenmapusyemviil.
u3 /¢ "Tocmvs uz 6yoywezo”

Haubouiee HoBbIiT cTanmapt siabika C++ pasperaeT Takyto OnepaIio, Kak BbI30B
KOHCTPYKTOpa B KOHCTpYKTOpe. Kimaccuueckas cutyarus, Tpy KOTOPOM AaHHBIHN
MeXaHW3M MOJKeT TIOHaI00UThCsI - KOT/Ia OfiHA 13 BEPCU KOHCTPYKTOPA OIpe/ie-
JISIeTCST Ha OCHOBE ZIPYTOH Bepcun KoHCTpykTopa. Mopmar BbI30Ba KOHCTPYKTO-
pa B KOHCTPYKTOPe (/7151 KJlacca ¢ Ha3BaHUeM ) CJTeYIOTIIH:

MyClass (apryMeHTH) : MyClass (apTyMeHTH) {
// KOMaHIBI

}

PaccMoTpuM HEGOJIBINON TIPUMED, IPEACTABIEHHBINA B JIcTUHTE 15.4.

Jiuctuur 15.4. Bbi30B KOHCTPYKTOpPA B KOHCTPYKTOpE

#include <iostream>
#include <string>
using namespace std;
// Kmnacc:

class MyClass{
private:

// llemouucsieHHOe TOJe:
int code;

// TexcroBOemoJe :
string text;
public:

// KOHCTPYKTOpP C IOBYMS apryMEeHTaMMu:
MyClass (int n,string txt) {

Ccout<<"KOHCTPYKTOpP C OByMS apryMeHTamm.\n";
code=n;
text=txt;

// OToBpaxeHMe BHAUEHMS IOJIeN:
show () ;

}

// KOHCTPYKTOP C LEJIOUMCIJIEHHBEIM ApT'yMEHTOM :
MyClass (int n) :MyClass (n, "Bravo") {
COout<<"KOHCTPYKTOP C int-aprymMeHToM 3aBepmeH.\n";

}

// KOHCTPYKTOpP C TEKCTOBBIM ApPI'yMEHTOM:
MyClass (string txt) :MyClass (3, txt) {
Cout<<"KOHCTPYKTOP CO sString-apryMeHTOM 3aBepmeH.\n";
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}
// KOHCTpYKTOp 0e3 apryMeHTOB:
MyClass () :MyClass (1, "Alpha™) {
cout<<"KoHCTpykTOp 0e3 apryMeHTOB 3aBepmeH.\n";
}
// MeTon myisa OTOOpPaXeHMSI SBHAUSHMA IIOJIeN:
void show () {
cout<<"3Haueumsa mnojei:\n";
cout<<"Umcygopoe: "<<code<<endl;
cout<<"Tekxcroroe: "<<text<<endl;
}
}; // OxoHuaHMe ONMCaHMUA KJacca
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// TlepBHII OOBEKT (KOHCTPYKTOpP ©e3 apryMeHTOB) :
MyClass A;
cout<<endl;
// BTOpOM 0OOBEKT (KOHCTPYKTOP C int-apryMeHTOM) :
MyClass B(2);
cout<<endl;
// TpeTuit o6BEKT (KOHCTPYKTOP CO string-apryMeHTOM) :
MyClass C("Charlie");
cout<<endl;
// UeTBepThll OBBEKT (KOHCTPYKTOP C IOBYMS APTyMEHTAMM) :
MyClass D(4,"Delta");
return O0;

}

Huxe IIpuBE/IEH PEe3yJibTaT BbIITIOJITHEHUA I[aHHOﬁ IIPpOTpaMMBbI:

Pe3ynbTart BbiNONHEHUS nporpammel (M3 nuctuHra 15.4)

KoHCcTpykTOp C IOBYMA apryMeHTaMu.
BHaUeHMsa IIOJIeN:

Umciyosoe: 1

TexcTtoBoe: Alpha

KoucTpykTop 6e3 apr'yMEeHTOB 3aBepleH.

KoHCcTpykTOp C IOBYMA apryMeHTaMu.
BHaUeHMsa IIOJIeN:

UmcioBoe: 2

TexkcToBOE: Bravo

KoHCTpYykTOP C int-apryMeHTOM 3aBepleH.

KoHCcTpykTOp C IOBYMA apryMeHTaMu.
BHaAUEeHUs IIoJIeM:
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Unucyoeoe: 3
Texcrosoe: Charlie
KoHCcTpykTOpP CO string-apryMeHTOM 3aBepleH.

KOHCTPYKTOp C OBYMS apr'yMEeHTaMM.
BHaAUEeHUs IIoJIeN:

UYucyosoe: 4

TexcToBOe: Delta

B nporpamme MbI OIMchIBaeM KJjacc C IByMsI TIOJIAMU: 11€JI0UUCJIEH-
HBIM 1 TEKCTOBBIM. B Kjacce omnmcan MeTos , KOTOPBIM 3HAUYEHWS TOTeH
otobpaskaioTcst B OKHe BbIBOjIa. OCHOBY KOJIa KJIacca COCTABJISIET KOHCTPYKTOP €
IByMs apryMeHTaMu. BpITtoTHEHME KO/la KOHCTPYKTOPA € IBYMS apryMeHTaMu
HAYMHAETCSI ¢ OTOOPasKEHMs COOOIEHMsI COOTBETCTBYIOIIETO cojiepskanusi. Tak-
JKe B KOHCTPYKTOpe 3HAUEeHWSIM TIOJIell TPUCBAaNBAIOTCS 3HAUEHUS, TIOCTIE YETO
BBI3BIBAETCS METO/L U 3HAYEHUS 110JIeH OTOOPAKAIOTCA B OKHE BOJA.

A ellle B KJ1acce OMUCAHBI TaKUe BEPCUU KOHCTPYKTOPOB: € MEJIOUYUCIEHHBIM ap-
TYMEHTOM, C TeKCTOBBIM apryMeHTOM U 6e3 apryMeHTOB. Bo Bcex aTHx ciaydasx
CHayaJja BBI3bIBAETCA BEPCUSI KOHCTPYKTOPA € ABYMs aprymMeHTamMu. KomaHpl,
OIIMCAHHBIE HEIOCPEJCTBEHHO B TeJjle Ka)KJOro U3 TPeX KOHCTPYKTOPOB, BbI-
TIOJTHSIOTCS TIOCTIe BBITTOJTHEHUS KO/Ia KOHCTPYKTOpA C IByMs apryMeHTamu. B
MOCJIEIHEM HECJIOKHO YOeIUThCs, TPOAHAIN3UPOBAB PE3YJIBTAT BBIMOJHEHUST
IIPOTPAMMHOTO KO/Ia: B TJIaBHON (DYHKITUM TPOTPAMMBI TIPEICTABIEHBI IIPUMEPbI
cosjtanusi 0ObEKTOB KJacca IyTeM BbI30Ba Pa3JIMUYHBIX KOHCTPYKTO-
poB (6e3 apryMeHTOB, C OZIHUM apryMEHTOM WJIN C IBYMsT apIyMeHTaMHu ).

B nipuHIuite, onmcaHHblii OAXO0/ I0CTATOYHO yI00€H U HEPEIKO MO3BOJISIET OTI-
TUMU3UPOBATH CTPYKTYPY MPOTPAMMHOTO KOJIA.

15.5. ®abpuka oObLEKTOB

Ipu moeil eneuamaumenvHoi Hamype u MoHKOU
opeanusayuu, s 0oacer 6oL ObL Obimb NOIMOM.
A xmo 22 H ybopugux 6 urcmumyme epemenu.
uz /¢ "Tocmvs uz 6yoywezo”

EcTh 01HO BaskHOE CBOWCTBO OOBEKTHBIX TTEPEMEHHBIX OA30BBIX KJIACCOB - MM
B KayeCTBe 3HAYEHMs] MOKHO IPUCBAMBATh OOBEKTHI MPOU3BOIHBIX KJIACCOB. A
yKaszaresb Ha 00BEKT Ha30BOTO Kjlacca MOKET CCBLIAThCsT Ha 0OBEKT MPOU3BO-
JIHOTO KJIacca. ITH, TIPOCThIE HA TIEPBBIN B3TJIsIT, 00CTOSTETHCTBA MMEIOT IAIEKO
ujynye nocyeacTsusi. HekoTopbie Mbl yike 00CysKaaI. 31eCh 5Ke PAaCCMOTPUM
omun 1pueM. COCTOUT OH B TOM, YTOOBI OIKCaTh (DYHKIIMIO, TeHEPUPYIOIYIO
00BEKTHI HECKOJIBKUX KJIaCCOB. Bee aTH Ki1acChl SIBJSIOTCS TIPOU3BOHBIMY KJIac-
caMU OT OTpe/esIeHHOT06A30BOT0 Kiacca. Pe3ysbraTom (yHKINS BO3BpAIIaeT
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yKasaTeJIb Ha CO3[anHblil 06bekT. Ho THI yKasaTesst onpeesiercs yepes 6a3o-
BBl Kiacc. Biaromapst Tomy, 4to ykaszaresb 6a30BOr0O KJacca MOXKET CChLIaTh-
cs1 Ha 0OBEKT MPOM3BOJHOTO KJIacca, TaKO# MOAX0/ BO3MOsKeH. /laHHOrO Tha
dbyHKIMEI HepeKo HasbiBaloT "(GabpukaMu 00beKTOB".

-' Ha 3ameTky

MNpo6nema B TOM, 4TO YHKLMSA OOJIXKHA BO3BPALLATL 3HAYEHWE OMNPELESIEHHOro TUna.

I Mel e nbiTaeMcs co3aatb GYHKUMIO, KOTOpas GakTUYECKN B 3aBUCUMOCTM OT 3HAYEHUS
aprymMeHTa MOXeT BO3BpaLlaTb Pe3y/bTaTOM yKa3aTeslb Ha 0ObEeKTbI Pa3HbIX KI1aCCOB.
[ng ycTpaHeHus 3Toro "npoTueopednsa” Tun pedynsrata GyHKUUM onpenenaeTcsa kak
ykasaTtesb Ha 06bekT 6a30BOro knacca.

B nmcrunre 15.5 npuBeaeH MpuMep IPOrpaMMbI C PEATM30BAHHBIM B HEll OITH-
CaHHBIM BbIIIE ITOAX0A0M. B yacTHOCTH, B IIporpaMme onuchiBaeTcs 6a30BbIi
KJIacc Basec BUPTYAIbHBIM MeTOIOM show () . MeTo onrcan BUPTYaJibHbIM,
IIOCKOJIbKY Ha OCHOBE KJIacCca BasellyTeM HacJIeLOBAHU CO34AEeTCS TPU IIPO-
MU3BOJIHBIX Kyacca (Alpha, Bravou Charlie), U B K&KIOM U3 3TUX KJIACCOB
MeTOZ show () ITepeoIpenesaeTcs.

MoppoGHoCcTHN

Mbl cobupaemcsa nosy4atb AOCTYN K 06beKTaM NPOM3BOAHbLIX KIaCcCOB Yepes ykasa-
Tenb 6a30Boro knacca. Ecnv 6bl B 65a30BOM Knacce nepeonpenensiemMolii MeTos, He 6bin
OMNuCaH Kak BUPTyasibHbIA, TO NPy 06paLLeHnr K 06beKTy MPOM3BOAHOrO Kiiacca Yepes
ykasartenb 6a30BOro ksiacca Bbi3biBasiacb Obl Bepcus MmeToaa n3 6asoBoro knacca. Ecnm
Xe MeTopn, BVIpTya}'IbeII7I, TO BbI3bIBAETCH BEPCUSA, ONMNCaHHAA B TOM KJlacce, K KOTOpPOMY
OTHOCUTCH OOBEKT.

I[JIH TOTO YTOOBI METOJ CTa/l BUPTYaJbHBIM, B €0 IIPOTOTHUIIE CJIEAYET YKa3aTb
KJII04eBOe€ CJI0BO

Y omnmcanno#l B iporpamme (QyHKIIUN BCETO OJIMH T[eJI0YUC-
JIEHHBIU apryMeHT. B 3aBUCUMOCTH OT 3HAUEHUS apTyMeHTa TIPU BBITIOJHEHUN
Ko/a (hYHKITMH CO3/IAeTCsT IMHAMUYECKUI 0OBEKT Kiracca , ,

amiizi , U yKaszarejib Ha OOBEKT BO3BpAIAETCs Pe3yJTbraTOM(pYHKIINN.
[Tpu aTOM BO3BpalllaeMblil yKa3aTesb 00bsIBJIEH KaK yKa3aTelb Ha 00beKT 6a30-
BOTO THUTIA.

Moppo6HocTH

Mpwn onnucaHnm pyHKLUMn 1CNOJIb30BaH onepaTtop Bbibopa

MpuHUMN BLINONHEHUS onepaTopa ciepylowmin. flocne KIyYeBOro cnosa B
KPYribix CKOBKax yka3biBaeTCs BblpaxXeHne, 3Ha4eHne KOTOporo npoBepsieTcsl B one-
patope. BblivcneHHoe 3HaYeHne BblpaxeHUsi NPOBEPSIETCS HA NPeAMET COBMafeHUs
CO 3HaYeHWsIMU, yKa3aHHbIMU MOCSE KIIOYEBBIX CII0B . Kak Tonbko coBnageHve
HalileHo, HaYMHAIOT BbIMOSHATLCS KOMaHAbl B COOTBETCTBYIOLLEM -6noke. KomaH-
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bl BbIMOJIHAIOTCH 00 MHCTPYKLMN (Wnn ecnu TakOM MHCTPYKLUMKM HET - A0 KOHLA
oneparopa Bbibopa). Heobs3aTenbHbln 610K BbIMOJIHAETCH B TOM CJly4ae, ecnu
npwv NnpoBepke -VIHCTPYKLUMI COBNaAEHNE HAnOEeHO He Obino.

Beco HpOFpaMMHHﬁ KO MTpuMepa BbITJIANT, KaK ITIOKa3aHO HUKeE:

Jluctunr 15.5. ®abpuka 06bekToB

#include <iostream>
using namespace std;
// BasoBHIM KJjACC:
class Base{
public:
// BUPTYaJbHBEI METOI:
virtual void show () {
cout<<"O6wekTKJIacca Base\n";
}
}; // OxoHuaHMe omMcaHua Bas0BOTO KJjacca
// TlepBHII NPOM3BOLHLEIL KJIACC:
class Alpha:public Base{
public:
// Tlepeomnpenejsienne MeToza M3 0a30BOTO KJjlAacca:
void show () {
cout<<"O6wekT kjacca Alpha\n";
}
}; // OkOHUaHME ONMMUCAaHMA MEPBOTO MNPOU3BOIHOTO KJIACCA
// BTOPOM NPOM3BOLHLEIL KJIACC:
class Bravo:public Base{
public:
// Tlepeomnpenejienne MeToza M3 0a30BOTO KJjlAacca:
void show () {
cout<<"O6wekTkyaccaBravo\n";
}
}; // OkOHUaHME ONMMUCAaHMA BTOPOTO MNPOU3BOIHOTO KJIACCA
// TpeTwuil NPOM3BOLHLEIL KJIACC:
class Charlie:publicBase(
public:
// Tlepeomnpenejsienne MeToza M3 0a30BOTO KJjlAacca:
void show () {
cout<<"O6wekT kjacca Charlie\n";
}
}; // OkOHUaHME ONMUCAHMA TPEThLEeTro MNPOM3BOMNHOTO KJjacca
// @yHrumsa "dpabpuka obbekTOB":
Base *obj factory(int n) {
// Ykaszaresb Ha OOBEKT 0Ga30BOTO KJACCA:
Base *t;
// Omneparop BeIGOPA:
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switch (n) {
case 1: // Eciu 3HaueHMEe nNpaBHO 1
// IvHammueckoe cosmaHme obwekTa kjiacca Alpha:
t=new Alpha;
break;
case 2: // Eciu 3HaUeHME NPaBHO 2
// IMHaMMueckKoe co3IaHue obbeKTa Kjlacca Bravo:
t=new Bravo;
break;
case 3: // Eciu 3HaueHMe npaBHO 3
// IMHaMmMueckoe co3maHue obbekTa kJjacca Charlie:
t=new Charlie;
break;
default: // IOna Bcex MNPOUMX BHAUEHUM n
// IMHaMmMueckoe co3maHue obbeKTa Kjlacca Base:
t=new Base;
}
// PesyabTaT QYHKLUMM - yKasaTelb
return t;
}
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// Ykaszarejyip Ha OOBEeKT 6a30BOrO KJjacca:
Base *pnt;
// Co3maHue pas3HBIX OOBEKTOB:
for (int 1i=0;1i<=4;i++) {
// Cos3maeTcs IMHAMMUECKUN OOBEKT:
pnt=obj factory(i);
// BBI3OB MeTOIa M3 CO3IAaHHOTO OOBEeKTAa:
pnt->show () ;
// Ynamnehnme obbeKkTa:
delete pnt;
}
return 0;

}

PeByJIbTaT BBIITOJIHEHUA TPOTPaMMbI IIPUBEAEH HUKE!

Pe3ynbTat BbiNnONHEHUS nporpammbl (M3 nuctuira 15.5)

ObBekT kJacca Base
ObwekT kJacca Alpha
ObBekT kJjacca Bravo
O6wekT kJjlacca Charlie
ObBekT kJacca Base

B ruiaBHOI (OyHKITME IpOrpaMMbl KOMaH/IONH Base *pnt 0ObSIBJISIETCST YKa-
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3aresib pnt Ha 00beKT 6a30BOTO KJIacca Base. 3aTeM 3aIyCKaeTCst OlepaTop
I[UKJIa, B KOTOPOM HHEKCHas IiepeMeHHas ipoberaeT snauenus ot 0 10 4
BRJTounTENbHO. [Ipu pukcupoBanHOM 3HAUEHNN MHAECKCHON TIePEMEHHOI B
TeJie oTiepaTopa MUKJIa KOMaH/I01 pnt=obj factory (i) co3gaercs ITMHAMMU-
YeCKUi 0OBEKT, a yKa3aTesb Ha 3TO 00bEKT 3aMUCHIBACTCS B IEPEMEHHYTO PN t.

=l Ha 3ameTky
Knacc 06beKTa, C0O34aBaemMoro npu BbiMnoaHEHNN KOMaHObI , 3a-
I BMCUT OT 3HAYEHUS aprymeHTa i . DyHKumMS onvcaHa Tak, 4To Npu 3Ha-
YeHUn aprymeHTa 1 cosgaeTtca 00bekT knacca , P 3HA4YeHUM aprymeHTa 2 co3-
naeTcs 06LeKT Knacca , @ MPY 3HAYeHUMN 3 cosaaeTcs 06LEKT Knacca .
Mpun BCcex NPouYMX 3HAYEHUAX apryMeHTa co3gaeTca oObekT kiacca . Mockonbky
MHOEKCHaa nepeMeHHaa 1 npuHnMMaeT 3Ha4eHnsa oT U Ao 4, TO nocnenoBaTesibHO co3aa-
I0TCA 0OBEKTHI KIACCOB , , , 1 CHOBa
3areM KOMaH/0i1 U3 CO3JJAHHOIO OOBEKTa BBI3BIBAETCS METOJL
. ITocse BbI30Ba MeTOZa KOMAHION IMHAMUYECKU 00b-

€KT yAaJIA€TCA.

15.6. AuHamuyeckaa nageHTudukKaums TMnos

I{(H()(?h, ymo, xomv He no C()6Cm(f(),7lil()l/7 eoune, a
no npuuy.?/(:()eum() KHA35 Muﬂ()(?ﬂ(l(f(??(()?(), epe-
MEHHO UCNOJIHAIL ()(7}1.’}(17”[()(27711/! uapsAi.

u3 x/¢ "Hean Bacunvesuu mensem npo-
¢eccuro”

Xotg a3pik C++ XapaxkTepu3syeTcs KeCTKON Tunm3alrmei (Kakaas mepeMeHHast
JOJKHA OBITH 00bsIBIIEHA € OTPEIEIEHHBIM THIIOM), BCE JKe HEPEIKO CIIydaroT-
Cs1 CHTYaIlH, KOT/Ia B TIPOIECCE BBIMOJHEHUsT MTPOTPAMMbl HEOOXOAUMO OITpe-
JIeJIUTh THUI Kakoro-to o0bekta. OueHb MPOCTOMNPUMED, cpa3y IPUXOISIIUI
Ha YM - TOT, YTO PAaCCMaTPUBAJICS BBIIIE, KOTJA YKa3aTesb Ha 00beKT 6a30BOTO
KJlacca CChLIAJICS Ha 0OBEKT MPOU3BOIHOTO Kjacca. B aToM ciydae, XOTsI THII
nepeMeHHOI-yKas3aTesist yKa3aH SIBHO M OHO3HAYHO, TUTI 0OBEKTA, HAa KOTOPbINA
CCBIJIAETCST yKa3aTe b, MOKET ObITh pasHbIM. [[pUdeM 110 XO/1y BBIMOJTHEHHUST TIPO-
rpaMMbl yKasaTelb MOKeT "TiepedpachiBaThes” ¢ OQHOTO 00beKTa Ha APYTou, 1
THUIIBI TUX OOBEKTOB B TIPUHIIUIIE MOTYT Pa3/IHYaThCsl.

OyHK1Ma TI03BOJISIET OTIPEIENATE THIThI 00beKTOB. [[JIsT NCTIOIB30Ba-
HUS (DYHKIIUU B TIPOTPaAMMe TIOIKIIOYAIOT 3aT0JI0BOK . Tectupye-
MBI OOBEKT TIepeaeTCst apryMeHToM (hyHKIMH. Pe3ybraToM (hyHKIINN BO3BPa-
IIAETCsT CChLIKAa HA 0OBEKT KJracca . [ToMuMo 06bEKTA, APIYMEHTOM
byHKITIN MOKeT OBITh YKa3aH MACHTU(DUKATOP, UCIOJIb3YEeMbIH [Tt
OTIpefieJIeHNs TUTIA JIAHHBIX (HAIPUMED, KIOUYEBOE CIOBO WJIN Ha3BaHWe
KJlacca).
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OO6BbeKT KJjacca COAEP/KUT ONUCAHME TUIA OODLEKTA U KMEET

Pz moJie3HbIX MeTo[0B. Haumbojiee MOJIE3HBIM, IIOKAIYH, SBISETCS METOJ

,BO3BPAIIAIOININIT PE3YJIBTaTOM TEKCT - Ha3BaHWE THUIA aHAJTU3UPYEMO-

ro oobekra. Kpome atoro, o6beKkThl KiIacca MOKHO CPaBHUBATh Ha

[peZIMET PaBEHCTBA UM HePaBeHCTBaA (COOTBETCTBEHHO C TOMOIIBIO OMEPATOPOB

u!=). O6beKTH KIacca KJIacCU(pUIUPYIOTCI KaK PaBHbIE, €CJIN
OHU OIUCHIBAIOT OJMH U TOT K€ TUII/KJIacC.

_l- Ha sameTky
B03MOXHOCTb onpenensTs TMn o6bekTa NPON3BOAHOMO Knacca Yepes ykasaTtesb 6a3o-
I BOrO KJlacca CYLLLECTBYET, ec/in 6a30Bbli KNacc NoaMMopdHbIii: B TakoM 6a30BOM KJlac-
ce fomkeH ObITb XOTs Obl 0AMH BUPTYasibHbIA MeToa,. Ecniv B 6a30BOM knacce BUpTyasb-
HbIX METOZOB HET, NPU NONbITKE UAEHTUOULMPOBATL C NMOMOLLLIO QYHKLUN
TN o6bekTa NPOM3BOAHOIO KJlacca Ha OCHOBE ykasaTesia 6a3oBOro kiacca rnojayyum
06beKT Knacca , ONUCbIBalOLLNiA 6a30BbIN Knacc.

He6oub1m10ii mprMep, WILTIOCTPUPYIONTHIT IpuMeHeHre GyHKIMut ypeid () u
COIIYTCTBYIONIUX YTUJINT, IIPEACTaBJIeH B iucTuHre 15.6.

?I Ha sameTtky
Mpumep TecTupoBasncs B cpene paspabotkm Microsoft Visual Studio Express 2013
I , MO3TOMY COAEPXUT KOMaHay 0N UBMEHEHUS KOAVNPOBKMN
KOHCOJIbHOrO OKHAa U KOMaHAay ONa 3a0epPXKM KOHCOSIbHOrO OKHa
Ha aKpaHe. Pe3ynbTaT BbINOSIHEHUS NporpaMmbl NpuBoauTcs 6e3 yyeTta COoBLLEHWIA,
NOSIBNSAOLUMNXCSA B KOHCOJIbHOM OKHE MPW BbIMOHEHUN O3HAYEHHbIX KOMaH. DyHKUMA
[OCTynNHa nocrne NoakyeHns 3aronoska

Jiuctunr 15.6. JuHamnyeckas naeHTudukaums TUNOB

#include <iostream>
#include <cstdlib>
#include <string>
#include <typeinfo>
using namespace std;
// BaszOBHIMKIIACC:
class Alphaf{
public:
// BUPTYaJibHEI IeCTPYKTOP:
virtual ~Alpha () {}
}; // Oxonuanme 6a30BOTO KJjlacca
// TIPOM3BOMHEIL KJIACC:
class Bravo:publicAlpha{};
// TIPOM3BOMHEIL KJIACC:
class Charlie:publicBravo{};
// Kiacc C¢ BHYTPEHHMM KJIACCOM:
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class Delta({
public:
// BHYTPEHHMII KJIaccC:
class Base{};
// PesysbTaT MeToma - OOBEKT BHYTPEHHEI'O KJjiacca:
Base getObj () {
Base obj;
return obj;
}
}; // OxoHuaHMe kJacca
// OBOBIMEHHBIM KJACC:
template<class X> class MyClass{};
// TnaBHasg QYHKUMS OPOTPAMME:
int main () {
// KomupoBka mJjid KOHCOJIBHOTO OKHa
// (ncnombszyercsa mnpu pabore ¢ VisualStudioExpress) :
system("chcp 1251");
// lenoumncrieHHaa MNepeMeHHas:
int number;
// CHMBOJIbHAAIEPEMEHHA
char symbol;
// TekcToBasa MepeMEeHHAasd:
string text;
// Jloruueckas MNepeMeHHad:
bool test;
// OBBEeKTH Ha OCHOBe OBOBWEHHOTO KJacca:
MyClass<int> X;
MyClass<double> Y;
// OBBbekT Ga30BOTO KJlacca:
Alpha A;
// OBBEKTH MNPOMU3BOMHEIX KJIACCOB:
Bravo B;
Charlie C;
// OBBexT Kjlacca C BHYTPEHHMM KJIACCOM:
Delta D;
cout<<"OnpemesygnTCsa TUIMLIEPEMEHHBX : \n";
// OnpeneyganTcsa TUIE IePEeMEHHBIX

cout<<"Tun nepemeHHOVnumber: ";
cout<<typeid (number) .name () <<endl;
cout<<"Tun nepemeHHOM symbol: ";

cout<<typeid (symbol) .name () <<endl;
cout<<"Tumn nepemeHHOM text: ";
cout<<typeid (text) .name () <<endl;
cout<<"Tumn nepemeHHOM test: ";
cout<<typeid(test) .name () <<endl;
cout<<"Tun nepemeHHOM X: ";



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

cout<<typeid (X) .name () <<endl;

cout<«<"Tun nepemeHHOM Y: ";
cout<<typeid(Y) .name () <<endl;
cout<<"Tun nepemeHHOM A: ";
cout<<typeid (A) .name () <<endl;
cout<<"Tun nepemeHHOM B: ";
cout<<typeid (B) .name () <<endl;
cout<<"Tun nepemenHom C: ";
cout<<typeid(C) .name () <<endl;
cout<<"Tun nepemenHHOM D: ";

cout<<typeid (D) .name () <<endl;
cout<<"Tun srpaxeHmsaD.getObj(): ";
cout<<typeid(D.getObj ()) .name () <<endl;
// Ykaszaremnm:
int *n; // YkaszaTesb Ha LeJIOe UMCJIO
char *s; // YkasaTenb Ha CUMBOJI

// YkazaTenu Ha OOBEKTH OOOBIEHHOTO KJjlacca:
MyClass<int> *x;
MyClass<double> *y;
// YkasarTejyib Ha OOBEeKT 6as30BOIO KJjacca:
Alpha *a;

// YkaszaTenu Ha OOBEKTH MNPOM3BOIHEIX KJIACCOB:
Bravo *b;
Charlie *c;

// Ykasaresb Ha OOBEKT KJlAaCCa C BHYTPEHHMM KJIACCOM:
Delta *d;
cout<<"OmnpemesndawnTCcsa TUIH ykasarejer:\n";

// OmpenengoTca THUIBE yKaszaTeJen:
cout<<"Tun ykazarejsan: ";
cout<<typeid (n) .name () <<endl;
cout<<"Tun ykazareyng s: ";
cout<<typeid (s) .name () <<endl;
cout<<"Tun ykazareynsg x: ";
cout<<typeid (x) .name () <<endl;
cout<<"Tunykasareng y: ";
cout<<typeid (y) .name () <<endl;
cout<<"Tun ykazareyng a: ";
cout<<typeid (a) .name () <<endl;
cout<<"Tun ykazarensg b: ";
cout<<typeid (b) .name () <<endl;
cout<<"Tun ykazareysg c: ";
cout<<typeid (c) .name () <<endl;
cout<<"Tun ykazareyng d: ";
cout<<typeid (d) .name () <<endl;
cout<<"Tun ykazareys &D.getObj(): ";
cout<<typeid (&D.getOb7j ()) .name () <<endl;
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cout<<"OmnpemejsieHre kJjacca oObeKTa [0 ykaszaTeso:\n";
// YkasaTesb 0as30BOIO KJlaCCa CCHJIAETCSH Ha OOBEeKT
// BaszoBoOro kKJjacca:
a=&A;
cout<<"Tumn BBpaxeHMsS *a (BBHIIOJIHEHa kKoMaHIOa a=&A): ";
cout<<typeid (*a) .name () <<endl;
// YkaszaTesb 0a30BOI0 KJlACCa CCHJIAETCH Ha OOBEeKT
// TpOM3BOMOHOTO KJIACCA:
a=&B;
cout<<"TumpelpaxeHMs *a (BHIIOJIHEHa koMaHIa a=&B): ";
cout<<typeid(*a) .name () <<endl;
// Ykasarejyb 0a30BOTO KJjlaCcCa CCEJIAETCH Ha OOBEeKT
// TPOM3BOMOHOTO KJjlacca:
a=&C;
cout<<"Tumn BBpaxeHMs *a (BBIIOJIHEHa koMaHOma a=&C): ";
cout<<typeid (*a) .name () <<endl;
cout<<"OmnpemejyieHre TUIOB [0 MuIeHTUbOMKaTopam:\n";
// lUeJyIoOuMCJIeHHLI TUI:
cout<<"Twum int: ";
cout<<typeid (int) .name () <<endl;
// BasoOBHIL KJIACC:
cout<<"TunAlpha: ";
cout<<typeid (Alpha) .name () <<endl;
// TIPOU3BOMHEIL KJIACC:
cout<<"Tun Charlie: ";
cout<<typeid (Charlie) .name () <<endl;
// OBOBIEeHHEMKIIaCC
cout<<"TumnMyClass<int>: ";
cout<<typeid (MyClass<int>) .name () <<endl;
// Kiacc oBbeKTa, ONMCHBAKIEIO THUII:
cout<<"Tun sepaxeHustypeid(int): ";
cout<<typeid (typeid (int) ) .name () <<endl;
// BamepXka KOHCOJIBHOTO OKHa
// (ncnombszyerca mnpu pabore ¢ VisualStudioExpress) :
system ("PAUSE") ;
return 0;

}

PeSyJIbTaT BBIITOJIHEHUA ITPOTPAaMMbI 6y11eT TaKHUM:

PesynbTar BLINONHEHUS Nporpammel (3 nuctudra 15.6)

OnpenesysanTcsa TUIIE [I€PEMEHHHX :
Tun nepeMeHHOM number: int
TunnepeMeHHOM symbol: char
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Tun nepeMeHHOM text: class std::basic_
string<char, structstd: :char traits<char>,
classstd::allocator<char>>

Tun nepeMeHHOM test: bool

Tun nepeMeHHOMN class MyClass<int>

Tun nepeMeHHOU class MyClass<double>
Tun nepeMeHHOMN class Alpha

Tun nepeMeHHOU class Bravo

Tun nepeMeHHOMU class Charlie

Tun nepemeHHOM D: class Delta

Tun BepaxeHMsaD.getObj () : class Delta::Base
OnpenessoTCsa TUIH yKasaTeJen:

Tun ykasarensg n: int *

Tun ykazaTens s: char *

Tun ykasarensa x: class MyClass<int> *
Tun ykaszsarens y: class MyClass<double> *
TunykasaTensa a: class Alpha *

Tun ykazarTens b: class Bravo *

Tun ykaszsarena c: class Charlie *

Tun ykxazaTens d: class Delta *

O QWP KX

Tun yxasarensa&D.getObj () : class Delta::Base *
OnpegnejieHre KkJjlacca oOOBEKTaA IO yKazaTeJo:

Tun BHPaxeHMS *a (BBIIOJIHEHa koMaHIa a=&A): class Alpha
Tun BHPaxeHMs *a (BBIIOJIHEHaA koMaHma a=&B): class Bravo
Tun BHPaxeHMsS *a (BHIIOJIHeHa koMaHIa a=&C): class Charlie

OnpenejieHue TUIIOB IO MIOSHTHOMKATOPAM:

Tun int: int

Tun Alpha: class Alpha

Tun Charlie: class Charlie

Tun MyClass<int>: class MyClass<int>

Tun BHpaxeHma typeid(int): class type info

[TporpaMMHBIN KOJI IPUMEPA OY€Hb OJHOOOPA3HbIH, TI09TOMY ITPOKOMMEHTHPY-
€M TOJTPKO OCHOBHBIE MOMEHTHI. [JTaBHAS MiesT COCTOUT B TOM, UTO TTepeMEHHbIE
1 0OBEKTHI PA3HBIX TUIIOB MEPEIAIOTCSA aPIyMEHTOM (BDYHKIINN ,a U3
pe3yJibTaTa BhI30Ba 9TOU (DYHKIINHU BBI3BIBAETCSI METOI . B pesyabrate
MBI [TOJIy9aeM OMUCAHUE TUTIA TOTO UJIX WHOTO BBIPAXKEHUSL.

TecTupyercst HECKOJIBKO TIEPEMEHHBIX 0a30BbIX THUIOB. Takske B Tporpamme

onucas 0600IeHHbIH KJIace , 6a30BBI KJ1acc , IPOU3BOAHBIN OT
Hero KJacc , ¥l IIPOU3BOHBIN OT Kjlacca KJIaCcC . Kiacce
OIKCaH C BHYTPEHHUM KJIACCOM . Emte B xiacce €CTh METO/L

, BOBBan_IaIOHII/If/,I pe3yabTaTOM 00BEKT BHYTPEHHETO KJjlacCa
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Ha uTo nmeer cMbIC O6paTI/ITb BHUMaHUE, NCXOJA U3 PE3YJIBTATOB BbIITOJIHEHU S
HpOFpaMMLI? BbII[e]II/IM HauboJee WHTEPECHDbIE MOMEHTDI:

* Kiacc UMEET I0CTATOYHO HETPUBUAJBHYIO CTPYKTYPY, CY/Is IO
urdopMaIum, 0To6pakaeMoii /st TepEMEHHOIT JAHHOTO TUTIA.

*  JI71s1 06BEKTOB, CO3AHHBIX HA OCHOBE 0OOOIIEHHOTO KIacca ,B
OTIMICAHKE TUTIA BXOJUT U TTAPAMETP, TIePE/IaBaeMbIil B KJIacC: HAIIpUMep,

nn

* BuyTpennnii kmacc YKa3bIBaETCS BMECTE C KJIACCOM , BKO-
TOPOM OH OTMCaH (BbIpaKeHUE ).

» Tun ykasareseii 0ToOpakaeTcst o 3B€3104HOI * (HarpuMmep, W

*  OTaenbHO CTOWUT BBIIENUTH BbIpAKEHUE
. Ero pesysisratoMm SIBIISIETCST TEKCT, OMHCHIBAIONINI THIT O0bEK-

Ta . Ho 3HaueHue BbIpaskeHUs - 00BEKT
KJlacca . Otciona u pe3yJbTaT BBITIOTHEHHS COOTBETCTBYIO-

e KOMaH/bl.
B mporpamMe ectb ¢parMeHT KOZa, M B HEM YKasaTeJslio 6a30Boro KJIacca
(06bsIBIISIETCST KOMAHION ) mocJIeIoBaTeTbHO TTPUCBANBA-
I0TCST 3HAYEHUSIMU aipeca OObEKTOB 2, B U C COOTBETCTBEHHO KJIACCOB ,
u (VMeroTCA B BUAY KOMAaH/IBI , 141 ). Ilocoe

BBITIOJIHEHUS OYePEeIHON KOMAH/IbI KaK/IbIii Pa3 TPOBEPSIETCST TUIT BBIPAKECHUS

(0ObeKT, Ha KOTOPBIH CChLTaeTCs yKasaTesb). M X0oTst KaskAblil pa3 QyHKIH

nepesiaeTcsl yKa3aTesab OJIHOTO U TOTO JKe THUIA, PE3YJIbTaTOM IOJy-

YaeM THUII TOTO 00BEKTa, Ha KOTOPBIN yKa3aTesb CChLIIAETCST HA MOMEHT BBI30Ba
pyHKIUN.

Moapo6HoCcTU

PekomeHayeTcs NPOBECTUN CMETbI 9KCNMEPUMEHT: B ONMcaHum 6a30BoOro knacca

yO2NUTb ONMCaHne OecTpyKTopa Uin XoTs Obl KIOYEBOE CIIOBO B €ro onuvca-

HUW. Pe3ynbTaT MOXET 0Ka3aTbCsl HEOXMAAHHbBIM: MPU NPOBEPKE TUMa BbipaXeHUs

Tam, roe paHblle MocfiefoBaTesibHO MOSIBASNNCL HA3BaHMSA KIacCoB , 7
, Tenepb Bce Tpu pasa Oynet otobpaxaTbCsi Ha3BaHWe knacca . Apy-

rmMn cnosamm, Tenepb Nno ykasartesnto Mbl HE MOXEM onpeaennuTb TN 00bekTa, Ha
KOTOPbI 3TOT ykadaTesnb ccbiaetcs. MpuyinHa B TOM, 4TO 6a30BbLIA knacc (B HOBOM
penakunmn) He COLEPXNUT BUPTYaslbHbIX METOAO0B (TO €CTb MOXHO OblJI0 HE ONUCKLIBATb
LECTPYKTOP C KJIOYEBLIM C/IOBOM WM COBCEM HE OMUCbIBaTb AECTPYKTOP,
HO BCe Xe XOTb OAMH BUPTyasbHbIM METoS, B Knacce AoJkeH ObiTk). YTo kacaeTcs He-
NOCPEACTBEHHO BUPTYaNbHbIX 4ECTPYKTOPOB (OECTPYKTOPOB, OMUCAHHBIX C KITIOYEBbLIM
C/I0BOM ), TO OHN B CUCTEME HacnenoBaHUA UrpatoT Aaneko He NOCNeaHon
pornb.
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15.7. BupTtyanbHbie BecCTpyKTopbl

IIpecmynnenue eexa 3awino 8 mynux.
us k/¢p "Cmapuxu-paséoinuxu”

JlecTpyKTOp, Kak U OOBIYHBII METO/, MOKHO C/eJIaTh BUPTyanbHbIM. DopMaiib-
HO 3371a4a PelraeTcss OUeHb MIPOCTO: B ONMMCAHUH IeCTPYKTOPA Mlepei ero UMeHeM
YKa3bIBaeTCd KJII0YEBOE CJIOBO . Ho 4TOOBI TTOHATH PasHUIY MEKIY
BUPTYJIbHBIM U HE BUPTYaIbHBIM (OOBIYHBIM) JECTPYKTOPOM, PACCMOTPUM He-
OOJIBIITON TTPIMep, TTPeACTaBAeHHbIH B muctuire 15.7. CHavama nccrenyem "mpa-
BUJIBHBIN" TTPOTPAaMMHBIN KOJI ¢ BUPTYQJIbHBIM leCTPyKTOpoM. [loToM morbiTa-
eMCsI BBISICHUTb, YTO TIPOUBO0I/IET, €CIIN JECTPYKTOP OY/IET He BUPTYaIbHbBIM.

[IpeamOyJia Takast: B IIporpaMMe OIMCAH BCIIOMOTaTeNbHBIN Kiacce c
TEKCTOBBIM ITOJIEM, KOHCTPYKTOPOM U IECTPYKTOPOM.

— Ha sameTk
- v

JecTpykTop y knacca 06bl4HbIi, He BUPTYasbHbIi. BoobLue, 0 BUPTyansHOM AeCTPYKTO-
I pe MMEeT CMbICI FOBOPUTbL, EC/IN B NPOrpaMMe UCMosb3yeTcs HacneqoBaHve 1 AOCTyn
K 0GbekTaM NPOM3BOAHbIX KIIACCOB NAaHNPyeTCs Nnosyyath, Hanpumep, Yepes ykasare-

N Gas0BbIX KNaccoB. MocKonbKy Kiacc He siBnseTca 6a30BbIM U He 3a4eii-
CTBOBaH B CXEMe HacslefoBaHus, TO HET NOTPEeBHOCTU OMNUCLIBATL B HEM BUPTYasbHbIM
LEeCTPyKTOop.

B KOHCTPYKTOpE TEKCTOBOMY IIOJIIO IPUCBAUBAETCS 3HAUYEHNE U BBIBOJAUTCS CO-
obuienue o cozpanun obbekTa. B recrpykrope BoiBoguTCS coobnienne o6 yaa-
JieHun 0OBEKTa ¢ COOTBETCTBYIOIUM MOJIEM. 3€Ch BaKHO TO, YTO IIPU CO3AAHUN
u ypanenun oObeKTa Kiacca B OKHE BBIBOJIA 110 3TOMY IIOBOJLY IIPO-
ABJIAETCA COOOIIEHNeE.

Kmacc MCTIOJIb3YETCS B OTIMCAHNN KJIACCOB u . IIpuaem
KJIacc SIBJISTETCS IPOU3BO/IHBIM OT KJIacca . B xmacce €cTh
moJie 2, IBJISTIONIEECsT yKas3aTeIeM Ha OOBEKT KJracca . B xonctpyxrope
CO3/IaeTCsI IMHAMUYECKU I 0OBEKT Kiracca 1 ajipec 0OGbeKTa 3aMnChIBa-
eTcs B mosie 2. B xmacce OTIVICAH BUPTYAJIbHBIN ecTPyKTOp. BHEM yams-
eTCst IMHAMUYIeCKUI 00BEKT, aJipec KOTOPOTO 3allicaH B yKasaTeJie

Kiacc MMOMMMO HACJIeJyeMOTO TI0JIsI U3 KJlacca , IMEET €elIle OJHO
oJie B, TakKe SABJIAIONIEecs yKasarejeM Ha 0ObeKT Kacca . B xon-
CTPYKTOPE KJiacca CHAYaJIa BBI3bIBAETCS KOHCTPYKTOP KJACca ,
a 3aTeM CO37[aeTCs AMHAMAYECKNH 0OBeKT KJjacca 1 €ro afipec 3aIu-
cbhiBaeTcs B moJie B. JlecTpyKTOp KJacca COJIEP’KUT KOMAH/TY yAaJIeHUS
00beKTa C a[PeCOM B yKasaTeJie

B raBHOW (DyHKIIMU MPOrpaMMbl CHayaja CO3IAETCS JAMHAMUYECKUN OOBEKT
KJjacca U €ro 3/Ipec 3allUChIBACTCA B yKasaTe/b KJlacca . Cpazy no-
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cJie co3ianust 0ObEKT yaassieTcst. 3aTeM CHOBA CO3/aeTCsl IMHAMUYECKUT OO BEKT

KJracca , HO Terepb agpec 0ObeKTa 3aliChIBAeTCs B yKasaTellb 6a30BOTO
KJacca . I ator 06beKT TOXKE yaansercs. [lanee paccMOTPUM TIPOrpaMM-
HBII KO

Jiuctunr 15.7. BupTtyanbHblitnecTpykrop

#include <iostream>
#include <string>
using namespace std;
// BcmnoMOTaTeJIbHEIM KJAacc:
class MyClass{
private:
// TexkcToBOEmOJIE:
string name;
public:
// KOHCTPyKTOp:
MyClass (string txt) {
name=txt;
cout<<"Coszsman obwexkT c nojeMm "<<name<<endl;
}
// IecTpyKTop:
~MyClass () {
cout<<"¥Ymamnen obwexkT c nojeMm "<<name<<endl;
}
}; // OxoHUaHMe ONMCaHMUA BCIOMOTATEJILHOTO KJjacca
// BasoOBHII KJIACC:
class Alphaf{
protected:
// Tlome - ykasaTejyb Ha oOBeKkT Kjacca MyClass:
MyClass *A;
public:
// KoHCTpyKTOp:
Alpha (string txt) {
// Co3maHue IOMHAMUYECKOTO OOBeKTa:
A=new MyClass (txt);
}
// BUPTYaJbHBIM OECTPYKTOP:
virtual ~Alpha () {
// UYTOOH HOEeCTPYKTOpP NepecTas] OHTb BUPTYAJIbHEIM, HYXHO
// BaKOMMEHTMPOBATH MNPEIBIOYIYID CTPOKY KOZa U OTMEHUTH
// KOMMEHTUpPOBAHME CJIEeIyKlel CTPOKM:
//~Alpha () {
delete A; // YpmajieHme OMHAMMUECKOTO OOBEKTAa
}

}; // OxoHuaHMe omMcaHusa Bas0BOTO KJjacca
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// TpOM3BOOHEIL KJIACC:
class Bravo:public Alpha{
protected:
// YkaszaTesib Ha 0OBeKT kJjlacca MyClass:
MyClass *Bj;
public:
// KOHCTPYyKTOp:
Bravo (string tl,string t2) :Alpha(tl) {
// Cos3maHMe IOVMHAMUUECKOTO OOBeKTa:
B=new MyClass (t2);
}
// IecTpyKTop:
~Bravo () {
// Ynmajehnue IVMHAMUUYECKOTO OOBEKTa:
delete B;
}
}; // OxkoHuaHMe ONMUCAaHMA NPOM3BOIHOTO KJacca
// TmaBHasa GYHKUMA OPOTPAMME :
int main() {
cout<<"HauaJio BHIIOJIHEHUS MOPOTPaMMe. \n";
cout<<"lcrnoJsib30BaHMe yKas3aTesid NPOM3BOIHOTO kjacca:\n";
// Co3maHMe IVMHAMMUECKOTO O0BeKTa MNPOM3BOIHOTO KJIACCA.
// Anpec oBbeKTa 3alMChHBaeTCd B yKas3aTelb
// TpOM3BOMOHOTO KJIACCA:
Bravo *p=new Bravo ("Anevda", "Bpaso");
// YmaneHve oOBeKTa MNPOM3BOIHOTO KJIaCCa Uepes yKa3aTelb
// OPOMBBOONHOTO KJACCA:
delete p;
cout<<"lcrnosb30BaHue ykasaTessa 6as30BOro kjacca:\n";
// Co3maHye IVMHAMMUECKOTO O0BeKTa MNPOM3BOIHOTO KJIACCA.
// Anpec oBbeKTa 3anMChHBaeTCd B yKas3aTesb
// BaszoBOorO KJjlACCA:
Alpha *g=new Bravo ("Ansda","Bpaso");
// YmaneHve oOBeKTa MNPOM3BOIHOTO KJIaCCa Uepes3 yKa3aTelb
// BasoBOTO Kjacca:
delete qg;
cout<<"3aBepumeHyre BHIIOJHEHUS MNPOTpPaMMel. \n";
return 0;

}

Yero MbI 0;KHaEM OT PabOTBI TPOTPAMMBI? B TIaBHO#T (DyHKITHH BBITIOTHSAIOTCS
OJIHOTHUIIHBIE IEUCTBUST: OOBEKT CO3AETCSI, YIAAISETCS, CO3IAETCS U YAATSIETCSL.
[Ipu cosmanum 0ObeKTa KIacca CO3/1aeTCs /[BA IMHAMUYECKUX 00BEKTa
KJacca . Ilpu coszmanum Kaxa0ro M3 0OBHEKTOB TOSIBISIETCS COOOIIIE-
uue. [Ipu yramennn obbekTa Kiaacca VAQISAIOTCS J1Ba JUHAMUYECKUX
00BbeKTa Kiiacca . Orcioza ete 1Ba cOOOIIEHUSI.
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TakuM 00pasoM, MOKHO OKUAATH, YTO IOABUTC ABA COOOILEHUS O CO3LAHUU
00BEKTOB, 3aTeM JiBa coo0LIeHnst 00 yaaleHu 3TUX 00bEKTOB, CHOBA JBa CO00-
IIEHMSI O CO3[[aHNU OOBEKTOB U J[Ba COOOIIeHMs 00 yaaneHn 00beKToB. B peab-
HOCTH eCJIU B KJIacce JECTPYKTOP Gupmyaiviviii (OMUCAH ¢ KIIOYEBbIM
CJIOBOM ), TO BCE IMEHHO TaK U IIPOUCXOINT:

Pe3ynbTat BbiNONHEHUS NporpamMmsl (U3 nucTuHra 15.7)

Hauaso BBIIOJIHEHMS NIPOTPaMMH.
lJlcnosip30BaHME yKasaTeNnda NPOU3BOOHOTO KJlaccCa:
Co3maH obwekT C nojeMm Anbda

Co3maH oOBwexkT C nojeM Bparo

YnaseH oOBEeKT C moJjieM Bpabo

YnajeH oOBekKT C nojem Anbda
Vicnosp30BaHMe ykaszaTeysa 0a30BOTO KJjacca:
CospmaH o6BwekT C noJjieM Anbda

Co3maH 0OBEKT C IHoJyiIeM BpaBo

Ymanen o6wekT c nojeM Bpaeo

YnaseH oOBeKT C noJjieM Anbda

3aBeplleHMe BHIIOJIHEHNMA NPOTPAMMEL.

Opna u3 WHCTPYKIWE (BTOpoe coobieHne 06 yaajieHuu oObeKTa C IoJieM
) BRIZIEIEHA KUPHBIM P TOM. ITO He caydaitno. Moaudbuimpyem mpo-

IPaMMHBIN KOJI, c/leJIaB JIeCTPYKTOP B KJacce He supmyaivrvim (18 9TO-
ro cjaelyeT yIaJauTh KJII0YeBOe CJIOBO ). Ilocne ymanenmns Kiar04eBOro
CJIOBa KO IECTPYKTOPA AOJIPKEH BbITVIAAETH CJIEAYIOIUM O6paSOMI
~Alpha () {

delete A;

}

Tak BOT B JaHHOM CJIy4ae OJHa CTPOKa B 00JacTH BbIBOAA "Tponager”. ITo
HMMEHHO Ta CTPOKa, 4To Oblja BbIAe/TeHa KUPHBIM 1iprudToM. Huke npusenex
PE3yJIBTAT BHIMOJHEHSI TPOTPAMMBbI B CITy4ae, €CJIU TECTPYKTOP Ha30BOTO Kirac-
ca HE SIBJIIETCS BUPTYaJIbHBIM:

Pe3ynbTat BbiNONHEHUS NporpamMmbl (M3 nuctuHra 15.7)

Hauaso BHIIOJIHEHMS NPOTPaMMHl.

Jlcriosib30BaHME ykasaTelsd IPOM3BOINHOTO KJjlacca:
Co3maH oOwekT C nojeM Anbda

Co3maH oOBekT C nojeM Bpaso

YnaneH oOBeKT C moJjieM Bpaso

YnajeH obbekT C noJjem Anbda

Jlcnosip30BaHME ykasaTensda 6as0BOTO KJjacca:
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CoszmaH 0OBekT c noJjem Anbda
Co3maH obmwexkT C nojeM Bparo
YnasneH obwveKT c noJjeMm Anbda
3aBepleHye BHIIOJIHEHMA IPOTPaMMEH.

OcHoBHbBIE BbIBO/IbI OY€BH/HDbI:

Ecuiu peup wjer o 3anmcu agpeca oObeKTa Kiacca B yKa3areJib
KJacca , TO He UMeeT 3HaYeHUs], BUPTYaJIbHbIH JeCTPYKTOP B Oa-
30BOM KJIacce WJIN HET.

Ecnu azpec o6bekTa Kiracca 3aIChIBAETCS B yKa3aTesb 0a30-
BOTO KJlacca , TO TIPOIECC Co3/aHusi 0ObeKTa 0COOEHHOCTEN He
MMeEET, a BOT TP yAaleHnn 00beKTa B CJIydae He BHPTYAJIBHOTO Jie-
CTPYKTOPA He BBIMOJHSIETCS IECTPYKTOP TTPOU3BOHOTO KJacca

B pesysibrateB OKHe BBIBOJIa HET COOTBETCTBYIOIIETO COOOIIEHNSI.

[Tonpobyem TosicHUTD nporcxosiiee. Haunem ¢ cuTyaruu, Korua JMHaMUYe-
CKH CO3/1aeTcst 00bEKT KJracca u ajpec 0ObeKTa 3aMMUChIBAETCST B yKa3a-
TeJb Kjacca . ITpu co3mannm 0ObeKTa BHI3BIBAETCS KOHCTPYKTOP KJIac-

ca

, B KOTOPOM €CTb SIBHAsl MHCTPYKIIMSI BbI30Ba KOHCTPYKTOpa KJacca
. IToaromy cospanme 0ObeKTa IPOUCXOANT "MITATHO . A BOT KOT/Ia 0ObEKT

yAQISETCSI, TO yAAJISIETCS OH Yepe3 yKa3aTes b Kjlacca . YkazareJb TaKOro
TUMA "HAXOAUT" METOMBI (B TOM YHUCJIE U IECTPYKTOP ), OITUCAHHBIE B KJIACCE

. Y0681 yKazaTesb BMeCTO "6a30BbIX" METOJ0B HAXOAMJI UX [IePeoIpeIeIeH-
HbIE B TPOU3BOHOM KJIacce BEPCUU, METOIBI CIeNyET CAeNaTh BUPTYaTbHBIMU.
JlecTpyKTOp B 3TOM CMbICJIe He siBJisieTcsT ucKiaouenreM. ClieoBaTesibHO, eCIIH
NECTPYKTOP B KJacce He SBJISIeTCSI BUPTYalbHBIM, TO OH COOCTBEHHO U
BBI3BIBAETCS, a IECTPYKTOP B IIPOU3BOIHOM KJlacce UTHOpUpyeTcs. Eciu ke ne-
CTPYKTOP B KJacce BUPTYaJbHBIN, TO BRI3BIBAETCS JAECTPYKTOP KJacca

, HY a IECTPYKTOP KJjacCca BbI3bIBAETCA aBTOMAaTUYECKHU 110 3aBEP-

IIEHIH BBITIOJHEHUST KOJIA IECTPYKTOPA KJ1acca

Hy u yauTbiBast Bce BBINIEO3HAYEHHOE, MOKHO HAESITHCSI, YTO MPOIECC CO3/IA-
HUSI U yJIaJIeHUsT OOBEKTOB C MCIIOJIb30BAHUEM yKa3aTellsl KJIacca 0co-
6Oii MHTPUTH He COIEPIKHIT.

15.8. Llukn no konnekuun

3amyposanu, demonwi!
u3 x/¢ "Hean Bacuavesuu mensem npo-
¢eccuro”

B crarpapre C++11 nmosBusach 10BOIHHO 3¢ deKTHAS PASHOBUAHOCTD OTIEPATO-
pa IHUKJIa, KOTOPYIO WHOTIA Ha3bIBAIOTULUKIOM N0 KOJLLeKyul. B kauecTBe KOJLTeK-
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I[UM MOJKET BBICTYIIATh MACCUB MJIK OOBEKT KJIACCA, MOIEPAKIUBAIOIINN METOIbI
u u onepanuu ¢ ureparopamu. [llabson oObsIBIEHS OIEpaTo-
pa IMKJIa B TAaKOM (hopMare BHITJISIIUT TPUMEPHO CIEAYIONIMM 00PasoM:

for (Twun &nepemenHas :koJekUMa) {

// KOMAaHIE

}

ITocuie kiroyeBOTO CIIOBA B KPYTJIbIX CKO6K8.X YKa3bIBa€TCA:

° THUIT HepeMeHHOfI (COBHaI[aeT C TUIIOM 2JIEMEHTOB KOJIJIGKHI/II/I);

*  00BIYHO amIiepcan/ & (ecju Mbl COOMPaeMCsl TIEPEMEHHYO KOJIIEKITUT
WCITOJTb30BATh JIJISI IPUCBAUBAHUS 3IEMEHTAM KOJIJIEKITNY 3HAUYEHUT );

* uMs nepeMeHHOR (opmanbHOEe 0603HAUYEHKE IS BIEMEHTa KOJIIEK-
um);

* yepe3 BOETOYNE - Ha3BaHUe KOJJIEKIINH (HAIPUMeEP, BEKTOP MJIN Mac-
CUB).

[IpuMep UCIIOIb30BAHK OIIEPATOPA IIMKJIA JAHHOTO TUIIA IIPUBEIEH B IIPOTPaM-
Me B quctunre 15.8.

Juctunr 15.8. Lukn no konnekuum

#include<iostream>
#include <vector>
#include <cstdlib>
using namespace std;
// TmaBHag GyHKUMS TPOTPAMME:
int main() {
// VHuUManmmsauusa TeHepaTopa CJIIYyUYaMHBIX UYMUMCeJT:
srand (2015) ;

// Pasmep Maccusa:
const int n=10;

// CraTudecKuil MacCUB:
int nums[n];
cout<<"Maccue:\n";
// UMKJ MO MacCUBY:
for(int &v: nums) {

// TlpucBaMBaeTCsa S3HAUEHME 3BJIEMEHTY :
v=rand () %10;
// OroBpaxaeTcd 3HAUEHME 3JIEMEHTa:

cout<<v<<<" ";
}
cout<<endl;
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cout<<"Ilposepxka:\n";
// OOBIUHBIL LIVKJI:
for (int i=0;i<n;i++) {
// OToOpaxeHMe SBHAUEHUS DJIEMEHTA :
cout<<nums[i]<<" ";

}
cout<<endl;

// Pasmep BeKkTOpa:
int m=12;
cout<<"BexTop:\n";
// CosmaHMe BeKTOpa:
vector<char>A (m) ;

// UUKJINIOBEKTOPY :
for (char &s: A){

// BHaueHMe B3JIEMEHTAa BEKTOPa:
s="A’+rand () $m;
// OToOpaxkeHue BHAUEHMS DBJIEMEHTAa:

cout<<s<<" ",
}
cout<<endl;
cout<<"Ilposepka:\n";
// OOBIUHBLL LIVKJI:
for (int i=0;i<m;i++) {
// OToOpaxeHMe SBHAUEHUS DJIEMEHTA :
COUL<<A[i]<<"™ ";

}
cout<<endl;
return 0;

}

Hwuxe IpuBe/IcH BO3MOSKHBIN PE3YJIbTAT BbIIIOJTHEHUA IIPOTPAMMBDbI:

PesynbTat BhInONHEeHUs nporpammbl (U3 nuctuira 15.8)

Maccus:

80 12006¢6140
[lpoBepka:

80 12006¢6140
BekTop:
KKBEEGBDEZEKHF
[lpoBepka:
KKBEEGBDEZEKHF

B 01HOM U3 ITUKJIOB, KOTOPBIiT OGBSIBIISIETCSI C 3aTOJIOBKOM ,
BBITIOJTHSIETCS TIepeOop MaccuBa . llesouncieHHas mepeMeHHast vBISETCS
JIOKQJIbHOM CCBIIKOM Ha 3JIeMEHT MacCUBa . IIpu BBITTOSTHEHUM OTIepaTopa
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IIUKJIa [IepeMEHHast TOCIIe0BaTeIbHO "TiepedpachiBaeTcs” Ha 9JIeMEHThI MACCH-
Ba.

AnamornuHoe 0ObSBIEHWE WCIOJB30BAHO B OINEPaTOPe C  3ar0JOBKOM

. [TpeaBapuTETHLHO BEKTOP 2 € CHMBOJHHBIMU 2JIEMEHTAMM

CO3/I1aH KOMaH/I0H . CuMBOJIbHAS CCHLIIOYHAS TT€PEMEH-

Hag s B ollepaTope IMKJIA MOCAeI0BATETHHO YKA3bIBAET HA 3JIEMEHTDI BEKTOPa

. [TockosbKy peub UIeT IMEHHO O CCHLIKE, TO 3HAYEHWS 3JIEMEHTOB Y/IaeTCs HE
TOJIPKO CUUTHIBATH, HO U TIPUCBAUBATE.

15.9. ABTOMaTHN4yeckoe onpepesieHue tuna

Bapanos - 6 cmoiino, xon00unoHux - 6 dom.
u3 x/¢p "Kasxasckas nnennuya”

Crangapt C++11 cymecTBeHHO pacmpseT BO3MOXKHOCTH 10 NCIIOJIb30BAHUIO
KJIIOYEBOTO CJIOBA . Unentuduxarop , KpoMe IIpOYero, MoxKeT Hc-
TTOJTb30BaTh 71 3aMelieHus nuiaeHTudUKaTopa TUNa rnepeMeHHoi. 1Ipu atom
peasIbHBIN TUII OIIpe/lesisieTCsI Ha OCHOBE 3HaueHUs (IIepeMEeHHO MK BBIpasKe-
HUSI, 4epe3 KOTOPoe OIpeeisieTcsl 3HaueHue nepemenoit). Heboubioil mpumep
MCIOJIb30BAHMS JaHHOTO KJIIOYEBOTO CJIOBA IIPUBE/ICH B IIPOrpPaMMe B JINCTHH-
re 15.9.

-' Ha sametky
Mpumep TecTuposancs B cpene paspabotkm Microsoft Visual Studio Express 2013.

KomaHnga ncrnosb3oBaHa Ans onpeneneHns KoaupoBKN KOH-
COJILHOIO OKHa, KomaHaa NCMonb3yeTcs AN 3a4epXKW KOHCOJb-
HOrO OKHa, B LIanke nporpamMmbl NOAK/IOYAETCH 3arofioBOK , a pesynsrtar

BbINOJNIHEHNA NPOrpamMmmbl NPUBOANTCA 6e3 y4yeTa BbINOJIHEHNA YKa3aHHbIX KOMaHA,.

Jiuctunr 15.9. ABTomaTnyeckoe onpepenieHne Tuna

#include<iostream>
#include <cstdlib>
#include <typeinfo>
#include <vector>
using namespace std;
// TrmaBHas GOYHKUMA OPOTPAMME :
int main() {
// KomoBas Tabiuia OJS KOHCOJIBHOTO KOHAa
// (ucnosb3yercs npu pabore ¢ Visual Studio Express):
system ("chcp 1251");
// ABTOMaTMUeCKas MOSCHTUOMKALMS TUIA IE€PEMEHHBIX :
auto A=100;
auto S="I0';



061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

auto B=A+S;
auto X="TexkctT";

cout<<"Tun nepemMeHHOM A: "<<typeid(A) .name ()<<endl;
cout<<"Tun nepemenHoM B: "<<typeid (B) .name ()<<endl;
cout<<"Tun nepeMmeHHoOM S: "<<typeid(S) .name ()<<endl;
cout<<"Tun nepemenHoym X: "<<typeid (X) .name ()<<endl;

// Bexrop m3 10-Tu Gyks 'd':
vector<char> V (10, 'd");
cout<<"ComepxmumMmoe BekToOpa:\n";
// ABTOMaTHMUeCKasa MIOSHTUOMKALUSA THUIa
// Iys NepeMeHHOM LMKJIIA:
for (auto &p: V) {
cout<<p<<" ";
}
cout<<endl;
// Bamepxka KOHCOJIBHOTO OKHAa
// (ucnombsyercs npu pabore ¢ VisualStudioExpress) :
system ("PAUSE") ;
return 0;

}

PeSyJIbTaT BbIIIOJIHEHMA ITPOTPAMMBbI ITPE/ICTABJIEH HUKE!

PesynbTtat BhInONHEeHUs nporpammbl (U3 nuctuira 15.9)

Tun nepeMeHHOM A: int

Tun nepeMeHHOM B: int

Tun nepemMeHHOM S: char

Tun nepemeHHoOM X: char const *
ComepxmuMoe BeKTOpa:

AAd4d 4944944944944

[IporpaMma cOmEPKUT HECKOIBKO HEOOIIBIINX U MPOCTHIX MJLTIOCTPAIIUN K 06H-
SIBJIEHUIO TIepeMEeHHBIX ¢ uieHTuduKaTopom auto. Ente npusenen mpumep uc-
TOJTh30BaHUA UAeHTH(UKATOpPa auto B omepaTope KA 1Mo KoJmeKnun. Koi-
JIEKITMEN B IaHHOM CJIydae siBJIsieTcst BeKTOp (0OBEKT Kiacca vector<char>)
C CUMBOJIbHBIMU 9JIeMeHTaMU. B aToM cirydae TUTI TIepeMeHHO ITUKJIa OTpeie-
JISIETCSl aBTOMATUYECKH HA OCHOBE THUIIA 3JIEMEHTOB BEKTOPA.

MoppoGHocTU

O6bsABNEHNEe NepeMeHHo ¢ naeHTUUKaTopom HE 0O3HavaeT, Y4TO JaHHasa ne-
peMeHHasi MOXET OTHOCUTLCS K JIIOOOMY TUMY UM YTO TUM NEPEMEHHON MOXeT OblTb
onpefeneH B NPOLLECCE BbIMOIHEHNS NporpamMMbl. Hanpumep, HEKOPPEKTHON SBNSETCs
KomMaHza , MOCKOJIbKY B JaHHOM CJly4ae HEBO3MOXHO OMNPeAENNTb TUM NEPEMEH-
HoW z. [lpyrmM cnoBamu, UCMONb30BaHNE MHCTPYKLUN He OTMeHsieT TpeboBaHUS
LN191 NEPEMEHHON MMETb ONPEeAENEHHbIN TUM.
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15.10. Oco6eHHOCTU Neperpy3ku
oneparopa npuceBanBaHug

Tom, kmo nam mewaem, Mom Ham u NOMONCen.
u3 k/¢ "Kasxascxas naennuuya”

B HexkoTOpbIX IpUMepax KHUTHY MBI IIeperpy>kaju olepaTop nIpucBanBanus. Ha-
[IOMHWM, 4TO Pedb UaeT 00 OMepaTOPHOM METO/IE . Bmecre ¢ Tem,
€CTb OJIUH IIPUeM, KOTOPBII HEIJIOX0 UMEeTh B BULY IIPU OIIMCAHUU JJAHHOTO Me-
TO/1a. DTO MPOBEPKA HA MPEAMET NPUCCAUBANUSL 00BEKMA Cam0zo cebe.

B miputiuite, 0ObIYHO HUYETO CTPAITHOTO He TIPOUCXOINT, €CJIN 00BEKT caM cebe
NpPUCBaMBaeTCs, Ia ¥ T0I00HbIE CUTYaI[MK BCTPEYAtoTCsl He ouenb dacto. C apy-
rOi CTOPOHBI, KasK[0€e HOBOE MOKOJIEHUE IIPOrPAMMKCTOB CTAHOBUTCS Bee HoJiee
n300peTaTeIbHbIM, TAK YTO TAPAHTUI B CTOJIb MUKAHTHOM JieJie ObITh He MOJKET.
Kaxk 661 TaM HE OBLIO, HHOT/IA HETLIOXO TOACTPaXoBaThCst. PaccMOTPUM 110 aTOMY
HOBO/Y HEGOJBIION ITPUMe.

COS,ZIa,Z[I/IM Kjacc C II0JIEM-YKa3aTeJIEM Ha I1ej10€e 4ucCJIo. B komn-
CTPYKTOPE K1aCCa AMHAMWYECKU BbIJICTIAECTCA IMMaMATH A1 HEJIOYNCIEHHOI'O 3Ha~
Y€EHMUA, a aApecC AYeNKU TaMATH 3aHOCUTCS B I10Jie-yKa3aTeJib. B knacce onucan

MeTOJI , TO3BOJIAIOIINH TTOIYYNTh 3HAUYEHNE, HAa KOTOPOE YKa3bIBAeT MoJIe

. MeTtonom 3HauYeHHe, Ha KOTOPOE CChIJIAETCS TOJIE 11, 0TOOpaKaeTCst B
OKHe BBIBOZA. J[aHHBII METO MBI MCIIOJb3yeM IS TTPOBEPKU "COAEPKUMOTO"
00BEKTOB KJacca . Ho camoe unTepecHoe "mpoucxoaut” B TeJjie ofie-
paToOpHOTO MeTo/a , OTIPEIETIATONIETO MPOIeAYPY IPUCBANBAHNS
00BEKTOB KJIacca . Meroz Bo3Bpaiaer 06beKT Kiaacca , IpH-

YeM 9TO UMEHHO TOT OOBEKT, U3 KOTOPOTO BBI3bIBAETCST ONEPATOPHBII METO - a
IPOIIle TOBOPsI, 00BEKT CJIEBA OT OIlEpaTOpa MPUCBAMBAHUS (TOT 0OBEKT, KOTOPO-
My IIPUCBanBaeTCs 3HaYeHue ). AprymeHT (00beKT Kiracca ) omepatop-
HOMY METO/LY TIEPEIAETCSI TI0 CChLIKe. B JaHHOM citydae TaKoil oaxo/1 - Heo6Xo0-
IVIMOCTb, TIOCKOJIbKY MBI B KJIacCe He OTUCHIBAEM KOHCTPYKTOD CO3/IaHUST KOITUH,
a B KJIacce TIPU 9TOM MCIIOJIb3YETCsT TMHAMUYECKOE BbI/IeJIEHNE TTaMSITH.

B Teie OIIEPATOPHOI'O METO/la CHaYaJla yAAJIAETCA TEKYIIEE 3HAYEHUE - TIPUIEM
YaAaJisaeTcsa OCBO60)KI[€HI/I€‘M maMaTu. 3aTeM IaMsTh CHOBa BBIJAEJISAECTCA, U Ty/ld
3alIUChIBACTCA KOIIMA 3HAYE€HMAI, "XpaHH]_[IeFOCH" B IIpHCBaNBAa€MOM 00BEKTE.
HOHHTHO, 4TO Ipor1iecc OCBO60>KII€‘HI/IH " IMOBTOPHOTO BbIAEJIEHUA TTaMATU BbI-
TIAAUT HECKOJBbKO HAZJyMaHHO, HO 3/1€Cb OH CJIY’KUT 1EJIN 6HaFOpO[[HOfIZ npea-
ynupeauTb Hac O MMOTEHI[NATIHLHON OITACHOCTH.

rak, ecin 06bEKT, KOTOPOMY ITPUCBANBAETCsI 3HAYEHIE, OTINYAETCS OT IPUCBa-
MBaeMoro oObeKTa, 0cOOBIX TpobJIeM He Bo3HuKaeT. Ho ecsin 00beKT IprucBanBa-
ercst caM cebe, TO IPOUCXOAUT CIIeAyIoIee: 0CBOOOsKAaeMast MaMsTh (hOPMATbHO
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B 00BEKTE, KOTOPOMY TIPUCBANBAECTCSI 3HAYEHUE, OCBOOOKAAETCST ¥ B TIPUCBAN-
BaeMOM o0bekTe. Jlajiee, Korjia maMsaTh BHOBb BBIZEJISAETCS B 00bEKTE, KOTOPOMY
MIpUCBanBaeTcsl 3HaUeHNe, OJHOBPEMEHHO OHA BBIZIETSETCS /ISl IPUCBABAEMO-
ro o6bekTa. M TOIbKO 3aTeM MPeAIPUHUMAETCS TIOIBITKA TPOYNTATh 3HAYEHIE B
IIPUCBAMBAEMOM OOBEKTE - TO €CTh 3HAYCHUE B 00/IACTH IIAMTH, KOTOPasl TOJIbKO
YTO BbIZleJieHa. 3HAUeHue, 3aIIICAHHOE B BbIIEJIEHHON SUeiike - HEKOe CIydanoe
qucIio, "ocTaBiieecd” OT MPEeABIAYIINX BhraucaeHuii. [loatomy nocse nmpucsau-
BaHUA caMOro cebe 00beKT HoJIydaeT (depes moJie-yKasarTelib) Cyd4ailHoe YUcIo.
CxazaHHOE WILTIOCTPUPYET MPUBECHHBIN HUKE TTPOTPAMMHBIHN KO

Jiuctunr 15.10. OnepatopHbiii MeToa, A1 onepaTopa npuceanBalus 6e3 NpoBepKu
Ha npucBanBaHue 00beKTa camoro cebe

#include <iostream>
using namespace std;

// Knacc:

class MyClass{

private:

// Hone-ykasareJb:

int *n;

// 3BHaueHMe, Ha KOTOPOE CCHJIAeTCHd II0JIe:
int get () {

return *n;
}
public:
// KOHCTPYKTOD:
MyClass (int wval) {
// IVHaMMUyeCcKoOe BHIOeJIEHME MaMaTH:
n=new int;
// 3BHaueHMe, Ha KOTOPOE CCHUIAETCH I[OJIE:
*n=val;
}
// MeTon myisa OoTOOpPaxXeHMI SHAUEHMSI, Ha KOTOpoOe
// cchjlaeTca moJe:
void show () {
cout<<"Umciyio: "<<get ()<<endl;
}
// OnepaTopHHI MeTOn IJig OllepaTopa NPUCBaAMBAHUA:
MyClass operator=(MyClass &obj) {
// YpajeHue TeKylero SHadeHUHS:
delete n;
// IVHaMMUyeCcKoOe BHOeJIEHME MaMaTH:
n=new int;
// B BHIOEJIEHHYK MNaMATh 3aNMCHBAETCH SHAUSHME:
*n=obj.get () ;
// PesynbTaT MeToOIa:
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return *this;
}
}; // OxoHuaHMe oOmMCaHMa KJacca
// TmaBHasa GYHKUMA OPOTPAMME :
int main() {
// TlepBHMOOBEKT :
MyClass A(10);
// BTOpOM OOBEKT:
MyClass B(20);
// TlpoBepkKa BHAUYESHUN:
A.show () ;
B.show () ;
// TpucBamBaHue OOBEKTOB:
A=B;
// TlpoBepka pes3yJibTaTa NPUCBAVMBAHMUSA :
A.show () ;
// OBbekT npucBauBaeTcsa cam cebe:
A=A;
// TlpoBepka pes3yJjbTaTa NPUCBaMBAHUSA
// obwbexTa camoro cebe:
A.show () ;
return 0;

}
PeByJIbTaT BBITIOJTHEHUA ITPOTPAMMbI MOJKET 6bITb TaKUM (HOC]IeIIHee BbIBO/IM-

MO€ YHCJIOBOE 3HAUEHE, BbI/IEJIEHHOE JKUPHBIM HIPUMTOM, (hakTHuecKn sIBJIsI-
€TCSI CTYYalHBIM )

Pesynbrar BhINONHEeHUs nporpammel (U3 nuctudra 15.10)

Yucyo: 10
Unmcmo: 20
Yucyo: 20
Uncio: 3347800

[IpobsieMy JIerKO peIinuTh, €ecau J00aBUTh B TEJO ONEPATOPHOTO MeTo/a
NPOBEPKY TpucBanBanusi oObekta camoro cebe. lyst aTOTO

MePBON MHCTPYKIMEN B TeJie OMepaTOPHOrO MeTo/a J00aBJIsSIeTCs] WHCTPYKIIUST
. B xomanze mpoBepseTcss paBeHCTBO

azipeca 00bEKTA, M3 KOTOPOTO BBI3bIBAETCS METOJ (aApecoObeKTa BO3BpalllaeT-

¢S yKazareyieM ) 1 azipeca 0ObeKTA , IepeITaHHOTO apTYMEHTOM METOY
(ykasaresb Ha OOBEKT ). Ecaii ampeca coBmaiaoT, TO HUKaKue OTepaiy He
BBITIOJTHSIOTCST ¥ OOBEKT Cpa3y BO3BpAIaeTcs KaK pe3yasTaT orepaTop-

HOTO MeToza. V3MeHeHHBII KOJ IIpOTrpaMMBbl IpuBeeH B jucTrare 15.11 (s
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cokparteHnst oObeMa Kojla KOMMEHTapuH yIajieHbl, a 100aBJeHHbI (hparMeHT
KO/Ia BbIZIeJIeH ;KUPHBIM MIPUDTOM ).

Jiuctunr 15.11. OnepartopHblii MeTog, Ang oneparopa NPpMCBaMBaHUSA C NPOBEPKOIA
Ha npucBanBaHuUe 00beKTa camoro cebe

#include <iostream>
using namespace std;
class MyClass{
private:
int *n;
int get () {
return *n;
}
public:
MyClass (int wval) {
n=new int;
*n=val;
}
void show () {
cout<<"Umciyio: "<<get ()<<endl;
}
MyClassoperator=(MyClassé&obij) {
// TNpoBepka Ha mnpucBauBaHue O6BEKTa
// camoro cebe:
if (this==&obj) return *this;
delete n;
n=new int;
*n=obj.get () ;
return *this;
}
bi
int main() {
MyClass A(10);
MyClass B (20);
A.show () ;
B.show () ;
A=B;
A.show () ;
A=A;
A.show () ;
return 0;

}

Temeps pe3yabTaT BBITOJHEHUS TTPOTPAMMBI COBEPIIIEHHO OTHO3HAYEH:
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Pe3ynbTat BoinONHEeHUs nporpammsl (M3 nuctuira 15.11)

Umcao: 10
Unmcyo: 20
Umcao: 20
Uncyo: 20

Kax Bumum, B TaHHOM ciiydae oTiepanus "caMOMPUCBAMBaHU" K KaTacTPo(u-
YECKUM TIOCTIE/ICTBUSM He TIPUBOJIHT.

15.11. Neperpy3ka onepartopa npuBeaeHUs
T™MNa

Apmucm ob6s3an cebst uckamo. U epemsi om epemenu nepeodesamvcsi.
us x/¢ "Ilokpoeckue sopoma”

Ectb Takast omeparust -npusedeiie munog. ITo KOT[a 3HaUEHHE OJHOTO THTIA
"HACUJIbCTBEHHO" WJIM He OYeHb IIPUBOAUTCS K 3HAUEHUIO fpyroro tuma. [Ipu-
BeJIEHIE MOKET ObITb S£6HbIM WK HessHbim. [IpU SBHOM TIPUBEICHUN TIepe]] IPH-
BOJIMMbIM 3HAYEHUEM B KPYTJIBIX CKOOKAX yKa3bIBaeTCsl UAECHTU(DHUKATOP THUIIA,
K KOTOPOMY BBITIOJIHSAETCST TipuBeaenne. [Ipu HessBHOM TpUBeAeHUN TT0A00HasT
MIPOIIEZyPa BBITIOJTHSIETCS AaBTOMATUYECKH MCXO/I N3 KOHTEKCTA BCETO BBIPAXKe-
HUSL.

Moppo6HocTU
Hanpumep, 3Ha4eHNEM BblpaxeHusi €CTb YMCSIO0 5. 30EeCh BLIMNOJIHAETCS SIB-
HOe NpuBeAEeHNE CYMBOJIBHOIO 3HAYEHMS K TURy . Pesynstratom npuseneHus
ABNSETCHA KOA CUMBONA (4MCN0o 65).HaobopoT, pe3ynstaToM BblpaxeHust ,
KOTOPbIM BbINOSHAETCS NPUBEAEHNE LLENTIOYNCTIEHHOIO 3HAYEHNS 65 K TUMY , AIBNSI-
eTCsl CUMBON (cumBO~N C KOAOM 65).
Cutyaums OblBaeT He CTOJb 04EeBUOHON. Tak, pe3ynbTaToM BblpaXeHus aBnsieTcs
3HavyeHne . MpnunHa B TOM, 4YTO MPU BbLIMUCIIEHUM BblpaKEeHUS CUMBON
HESIBHO MPMBOAUTCS K LLEeNOYMCIIEHHOMY TUMY (MoslyYaeM 3HavYeHne 65) U CyMmu-
pyeTcs Co 3Ha4YeHMeM 5 (Yncna 5> n 65 B cymme patoT 70). Ho ecnm 66l 6bina 06bsiBneHa
CUMBOJIbHasi NepemMeHHas 1 3aTeM BbIMOJHEHA KOMaHOa , TO nepe-
MeHHas nony4ymna 6bl 3HaYeHne . 970 pe3ynbLTaT HEABHOrO NpMBEaEeHNs Ynucna
K TUny

B xacce MOKHO ONMCHIBATD ONEPATOPHI TPUBEEHUS K PA3IMYHBIM THIIaM. Mbl
paccMoTpuM HarboJIee TIPOCTOI CIIydail, Koria 06BeKTH Kracca OyyT IPHBO-
IUTBCA K TUILYy int M THUIy string.

-| Ha 3ameTky
Boobuue, ecnu peyb naet o npuseneHnn 06bLEKTOB KJlacca K HEKOTOPOMY , TO CO-
I OTBETCTBYIOLLNIM ONEPaTOPHbIA METOL Ha3bIBAETCH . Tun pesynbrarta

[0J191 TaKOro ornepaTtopa He ykasblBaeTCsl, MOCKOJIbKY OH COAEPXMTCS B napameTpe
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Hanpumep, onepatop npuBeaeHus K Tuny HasblBaeTCSH ,aone-
paTop NpPUBEAEHUS K TUMY Has3blBaeTCSA . OnepaTtop
pe3ynsTaToM OOJIKEH BO3BpaLlaTh 3HAYEHME TUMNa , @ oneparop

A0JIKEeH BO3BpaLlaTb pe3ynbTtaTtoOM 3Ha4eHne tmna

B nporpamme, mpesictaBieHHON B Juctunre 15.2, omnucan KJiacc .Y
KJIacca eCTh JIBa TOJIS: 1IeJIOUUCIeHHOE U TeKCTOBOe. KOHCTPYKTOPY mepenaeTcs
JIBa apryMeHTa: 1leJIoe YUCJI0 U TeKCT (3HaueHud moieit ). Onepatop npuBeeHUS
K [[EJIOYMCJIEHHOMY TUITY OTIMCAH TaK, YTO PE3yJIbTaTOM BO3BPAIAETCS 3HAYEHME
1es09ncaennoro noJs. Omneparop npuBeieHNs K TEKCTOBOMY THUITY BO3Bpalla-
eT Pe3yJIbTaTOM 3HAaYeHUEe TEKCTOBOTO MoJid. B riaBHOU (yHKIIUM TPOTPAMMBbI
CO3/IAETCSI HECKOJIBKO OOBEKTOB M C WX MTOMOIIBIO TPOBEPSIOTCS OTIEPAIIUH 110
SIBHOMY W HeSIBHOMY TIPUBeCHNUIO TUTIOB. Ko/l mpuMepa mpeicTaBieH HIbKe:

Jiuctunr 15.12. NeperpyskaonepatopanpueegeHuaTuna

#include <iostream>
#include <string>
using namespace std;
// Kmnacc:

class MyClass{
public:

// llemouucsieHHOe TOJe:
int num;

// TexcroBoe moJe:
string name;

// KoHCTpyKTOp:

MyClass (int n,string s) {
num=n;
name=s;

}

// OmepaTop NpMBEIEHUS K THUIY int:
operator int () {
return num;

}

// OmeparTop nOpuBeIeHUS K TUly string:
operator string() {
return name;

}

}; // OxoHuUaHMe ONMCaHMUA Kjacca
// TnaBHasg GYHKUMS NIPOTPAMME:
int main () {

// Cozmanue OOBLEKTOB:
MyClass A(100, "ObwexT A");
MyClass B (200, "O6wexT B");

// SBHOe MNpMBEIEeHUEKTUNyString:
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cout<<(string)A<<endl;

// SIBHOE mpuUBEemeHME K TuUIy int:
cout<< (int)A<<endl;

// HedaBHOe mNpuBeIeHMEe K TUIY int:
cout<<l+A<<endl;
cout<<A+B<<endl;
// Cospmanue oOBEKTa.

// APTYMEHTH KOHCTPYKTOPa - OOBEeKTH:
MyClass C(A,B);

// SlBHOe mpuUBeNeHMVe K Tuny string:
cout<< (string)C<<endl;
// SBHOe mNpuUBEeIeHMEe K THUIYy int:
cout<< (int)C<<endl;
return 0;

}

PeByJIbTaT BBIITOJIHEHUA TPOTPaMMbI IIPUBEAEH HUKE!

PesynbTar BhINONHEHUS nporpammel (U3 nuctudra 15.12)

ObwekT A
100
101
300
O6wekT B
100

Komanmamu u
cosmaercs aBa 00beKTa. 3HAUYEHM UX M0JIeil - apryMeHThbl KOH-
cTpykTopa. Oneparus SIBHOTO IPUBEACHUS TUTA WITIOCTPUPYETCS Ha IpUMepe

obbekTa 2. Tak, 3HaUE€HNEM BbIPAKEHUS SBJIAETCS 3HAYEHWEe TeK-
CTOBOTO T0JIst 00beKTa . (3HAYEHUE ). CooTBETCTBEHHO, 3HAUEHUE
BBIpAKEHUST ecTh 3HAUEHNUE IeJIOUNCIEHHOTO TI0Jist 00beKTa 2 (3Haue-
HUE ).

[Ipu BBIUMCTIEHNN 3HAYEHWI BBIPAKEHWH u 00 BEKTHI u HesB-
HO TIPUBOAATCSA K TiesiounciaeHHoMy tumy. OTciofia 3HaueHre BbIPaKEeHUS
paBHO , 2 3HAYEHUE BBIPASKEHUS paBHseTCs

Ho camast nHTepecHast, MoKy ii, KOMaH/Ia CO3/IaHUsT 00bEKTA .
B aroit KOMaH/Ie apryMeHTOM KOHCTPYKTOPY KJIacca nepeaanTcst 00b-
€KThbI 1 5, XO0Td Ha UX MECTE QOJIKHDBI 6bITb, COOTBETCTBEHHO, 3HAUYCHIA TUIIA
u . VIMeHHO 1103TOMY HIepPBbIil OOBEKT 2 HESIBHO IPUBOIUTCS K THUITY
(mosrydyaeM 3HaYEHTE ), @ BTOPOI OOBEKT B HESIBHO IPUBOAUTCS K TUITY
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(TTosryyaeM 3HadeHue ). Kak pesysbrar, moss co3jlaHHOTO
00beKTA C TOJTyYaIOT 3HAYEHHST n . 3Havenus noseit 06beKTa
POBEPSIEM C TTIOMOTITBIO MHCTPYKITUI SIBHOTO TIPUBEIEHUS TUTIA u
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061LEKTHO-OPUEHTUPOBaHHOE NPOrpaMMMpoBaHue Ha C++

Jlopozoii Bamcon! Bot 6 cogepuencmee nosuaiu
Mot dedyxmuenoiii memoo. Ho, yevt, Bawu 6vi-
60001 8 GONBUUHCTIGE OUUOOUIDL.

u3 /¢ "lIpuxnrouenus Illeparoxa Xoamca u

doxmopa Bamcona”

Kax mpaBusto, KHUTA - 3TO HE 11€JTb, a JINIIh CPENCTBO B IOCTIKEHUH TIeTH (XOTS,
KOHEYHO, OBIBAIOT U HCKJII04YeHus). [09TOMY ecTecTBEHHBIM 06PasoM TIOCIe
TOr0, KaK KHUTa IPOYMTAHA W TIPOrPaMMHBIE KOJbI pa3o0paHbl U IPOaHAIU3H-
POBaHbl, BO3HIKAET BOIIPOC: a YTo e Aanbiie? Bor 06 atoM u morosopum. He-
MHOTO.

16.1. O a3blkax nporpaMmmMmupoBaHUS

Bom eedv, na ecex szvikax zosopumuv, a no-
DPYCCKU HE NOHUMAEULD.
u3 /¢ "lloxpoecxue sopoma”

Ouenb peaKo MPAKTUKYIOININE MPOTPAMMUCTBI OTPAHUYUBAIOTCS OIHUM-€EIINH-
CTBEHHBIM SI3IKOM TIPOrpaMMUpPOBaHus. Eciin untaresns mianupyer npogeccu-
OHANBHO (WS He 0UeHb MPOoGheCCHOHATBHO ) 3aHUMAThCS TTPOTPAMMUPOBAHIEM,
TO OH, ToMuMo C++, PaHO WJIM TTO3/THO CTOJKHETCS W C JIPYTUMU SI3bIKaMu (a
MOJKeT ysKe ¥ cTaJKuBasicst ). [10aToMy Xopoio uMeTthb XoTst Obl 00I1iee TIpecTaB-
JIEHIE O TOM, YTO €CTb B 'MEHIO".

SI3BIKOB POrpaMMHUPOBaHUsT OYeHb MHOTO, Ha caMbIil pa3HOOOpasHbIil "BKyc'.
OOBIYHO TOT WM MHOM SI3BIK PeaM3yeT OIpeAeIeHHYI0 KOHIeNnio. B nssect-
HOM cMmbiciie dyHmaMenTanbHol sBiagercs: mapaaurmMa OOIL. Cpean s3bIKOB,
noanep;kuBaomux OOII, ects "tpu kuta": C++, Java u C#. /lanHbie A3bIKN
O4YeHb MOXOKH, HO B TO K€ BPeMsI OHM OueHb pasHble. [I0X0xK1 A3bIKK B IJIaHe
cuaTakcuca. OTan9aroTcsa "uaeooTuel”, Tak ckas3arh (MIPU TOM, YTO B KaKIOM
peasin3oBaH 0OBEKTHO-OPHEHTHPOBAHHBIN TT0X0/1). XOPOIasi HOBOCTh: BJIajiest
HaBBIKaMU TTporpaMMmupoBadus B C++, HECTOKHO OCBOUTH SI3BIKU ITPOTPAMMHU-
poBanus Java u C#. /laxke B 3TOM cMbICTIe S3bIK TporpammMupoBanusd C++ oueHb
TTepCIeKTHUBEH.
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=v Ha 3ameTky
Y710 13 aTOrO cnepyet? A cnegyet U3 3TOro TO, HTO NEpPes YnTaTenem OTKPbIBAETCH 3a-
MeuaTesibHasinepcnekTBa, KoTopas AepXUTCs Ha TPex CTonax, MMs kotopbiM C++, C#
1 Java. Kak aTo nepcnekTnBor BOCMOJIb3YyEeTCS YnTaTesnb - BONPOC Apyroi. Ho Bo3-
MOXHOCTb €CTb, 1 O HEW HYXHO 3HaTb.

Tor nau WHOU SI3BIK TIPOTPAMMUPOBAHUS BHIOMPAIOT B 3aBUCHMOCTH OT Pela-
emoit 3amaun. Aspiku C++, C# u Java mepekpbIBalOT NIMPOKUI CEKTOP BOC-
TpeOOBaHHBIX Ha CETOHS MPOTPAMMHBIX CPeICTB pazpaborku. [Toatomy mocsie
usyuenus si3bika C++ (Xopoto 661 Ha TPodeCcCHOHAILHOM YPOBHE) BITOJIHE pa3-
YMHBIN 1Iar - udydenne s3pikoB C# u Java. C kakoro u3 HUX HayaTh HEe OYEHD
MIPUHITUITAAIBHO.

-' Ha sameTky

Ecnn ncxoomTb U3 NONYAsSPHOCTA A3bIKOB NPOrpaMMUPOBaHUs, TO A3bIK Java BbirnaauT
I BCe Xe 6osee NnpeanoYTUTEsNbHbIM.

Yro kacaetcs xonneniuun OOII, To oHa XOTh U TOIYJISIPHA, HO He JIUIIEHA He-
JOCTAaTKOB. Y 00BEKTHO-OPUEHTHPOBAHHOTO TTOIX0/IA €CTh HEMATO KPUTHKOB. C
JPYTOii CTOPOHBI, CEPHE3HON aIbTEPHATHBBI 00BEKTHO-OPHEHTUPOBAHHOMY IO/
XOJIy ToKa uTo HeT. B sobom cayuae csiska u3 C++ u OOII - ato MorHbIii 3a-
nen Ha Oymayiiee. Ho ¥ OTpyIMTHCST IPUAETCSI.

16.2. NMpunoxeHunsa c rpadpudecKknm
nHtepdpencom

Bans, notidem epabumv my3sei!
us x/p "Cmapuxu-paséoiunuxu”

B kHure Mbl paccMaTpUBa/Iv MHOTHE [10JIE3HbIE TEMBI, HO BCE JK€ €CTh OJIHA, KOTO-
past 3acTaBJisieT cep/ile OMTHCS vYalle y J060ro HOBUYKA B TPOTPAMMUPOBAHIH
(ma u He TOJBKO HOBWYKA). JTA TeMA: CO3/IaHUe MPUJIOKEHUN ¢ TpahuIecKuM
unrepdeiicom. B kuure ona He obcyxaanach. [IpuunHa nmpocrast: B cTaHgapT
si3pika C++ cpezicTBa jiuist pa3paboOTKH MTPUIOKEHUH ¢ rpadudecKkuM uHTepdeii-
COM He BXO/ISIT.

Yro umeercs B BuAy? Bot, Hanpumep, B Java ecTb creluaibHbie 6MOJMOTEKN
knaccoB AWT u Swing, mpenHa3HaueHHbIE 71T CO3MaHMS MPUJIOKEHUN ¢ Tpa-
dbuyeckum untepdeiicom. BC++ takoro 6orarctBa Her (IIOKa BO BCSIKOM CJIy-
yae). Ho aTo coBcem He o3HauaeT, uTo B C++ HeNb3d cO3AaBaTh MIPUIOKEHUS C
KHOIIKaMH, TIOJISIMUA BBOJIA, TIEPEKTIOUATENSIMUA U TIPOYUMHU MTOJIE3HOCTSIMU - TO
ectb ¢ rpaduuecknm uarepdeiicom. Ckopee Haobopor. I[Tpocro kpome C++ mo-
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Hao0UTCS ewe umo-mo. 31ech BOSMOKHBI BADHAHTBI, HO Ha CETOIHs Hanbosiee
MOMYJIIPHBIM SIBJISIETCS TIO/IXO/I, OCHOBAHHBIN Ha TpuMeHeHuu Ouoauomexu Q.

-| Ha sameTtky
XKenatwowpme MorytT BOCNosib30BaTbCs aapecom cTpaHuupl npoekTta Qt ana
_I nony4yeHns 6onee nogpobHOM MHGOPMALMN O MPOEKTe U AOCTYMHbIX NPOrPaMMHbIX
NPoAyKTax.

Bubimoreka Qt He gBseTCS YacThio cTangapra ssbika C++. 910 cBoeobOpas-
Hasl HAJICTPOIiKa, Kotopas B koMOuHarmu ¢ C++ Mo3BoJISIeT JOCTATOUHO JIETKO,
6bICTPO 1 9(HEKTUBHO CO3aBaTh MPUIOKEHUs ¢ rpaduueckuM nHTepdeiicom.
Bwmecte ¢ tem, "umeosorus”, peanusoBanHas B 6GuGaHOTEKE, OJIU3KA 110 AyXY K
konuernuu OOTI, 4To JaeT HeIIoXue IMAHChI Ha YCIIeX JJIs TeX, KTO TI03HaJI IIpe-
MYIPOCTH 0GBEKTHO-OPUEHTUPOBAHHOTO TIoaxoAa. Ho B J11060M cirydae, oBiaje-
HIE CpeJICTBaMK Pa3paboTKK MPUIOKEHUH ¢ Tpaduyeckum nHTepdeicoM - Xo-
poliiee HarpaBjeHue JJist TPO(HECCUOHATBHOTO POCTA.

16.3. NMporpammupoBaHue n XXN3Hb

Haderocyv, nam nosesem, u vt 6cmpemum mo, wmo
eOuHCmEeHHOe YKPAWAEM HCUSHD - HACMOSULYIO
HeONCUOAHHOCTD.

u3 /¢ "IIpuxnrouenus npunuya Oaopusens”

MpbI )kuBeM B IparMaTUYHOM W BO MHOTOM ITMHUYHOM MHpe. Peannu TakoBBHI,
4TO MajIO0 OBITh XOPOIIUM IPO(eCcCuOHAIOM (B IPOrPAMMUPOBAHUY B JAHHOM
ciaydae), HeoOXOAUMOeIe ¥ YMEeTh HaliTH CBOEe "MECTO TIOZ CONHIEM" - TO eCTh
Ha PbIHKe TPy/a, Kak GaHaJIbHO ObI 9TO HU 3By4asio. 11 KpoMe MHOKECTBA BCEX
[IPOYMX MOMEHTOB, BasKHO ObITh TPeH/Ie - 00J1afaTh TeMu PO eCCHOHATbHBIME
HaBBIKaMH, KOTOPbIE BOCTPeOOBaHbI Ha PHIHKE HA JaHHBIH MOMEHT U OY1yT BOC-
TpeboBaHbl B OyayiieM. IlesecoobpasHo COOTHOCUTH CBOM MPOheccHOHaNbHbIIH
POCT € TEHIEHIMSIME PhIHKA IIPOrPAMMHBIX ITPOLYKTOB. 3/1€Ch HEOOXOAUMO 71icL-
nuposanue. Ho mannas 3agada He U3 JeTKUX.

JKusnb Hepenko BHOCUT KOPPEKTUBDI B IIaHbI Jiofieil. C 3TUM HUYETo He Moie-
naeinnb. Byyiiee Becera vecet B cebe HeKyI0 10110 HeotnpenerernocT. Cka3aH-
HOEOTHOCUTCST U K MPOTPAMMHUPOBAHUIO. MEHSIOTCST KOHIIETIIIUU, TTOSIBJISTIOTCST
HOBBI€ A3bIKU ITPOTPAMMUPOBaHU, HEKOTOPbIE N3 HUX CTAHOBATCS TTOITYJIAPHBI-
MU, & HEKOTOPbIE B MTPOILJIOM TOIYJISIPHbIE SI3BIKU TEPSIIOT CBOIO AKTYalbHOCTb.
Bo Bcem aTtom HecaoxHO 3anmyTarhes. Hyxen "opuenTtup”.

[TorsTHO, 4TO YHUBEPCATBHBIX PEIENITOB HET, HO KOe-4TO TOCOBETOBATDH BCE Ke
MO>KHO. Bo-TIepBbIX, aKTyaJIbHOCTD SI3BIKOB IIPOTPAMMUPOBAHUS yIAeTCs Olle-
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HUTh 1O OOBSBJICHUSM, KOTOPbIE pa3MenianT paboTojaTeau B 00JaCTH TIPO-
rpaMMHBIX TeXHOJIOTUI. PaGorta 1o aHanusy Takux oObsBIEHUI KPOIOTINBa,
HO B IPUHIIMIIE TT0JIe3Hasd. Bo-BTOPBIX, ceityac 10BOJBHO MHOTO CTaTUCTHYECKON
UHGOPMAIIUKA O TOMYJIIPHOCTH (TI0 TOAaM) Pa3HbIX S3bIKOB IIPOTPAMMUPOBA-
nusi. Ha ocHOBe 3TUX CBeJIeHUIT JIETKO CIIPOTHO3UPOBATH TOIYJISIPHOCTD TOTO
MU UHOTO SI3BIKA TIPOTPaMMUPOBAHUS Ha GIMKaIIe HeCKOIBKO JIET.

B 3aBEPHIECHHE K€ XOYETCA HAIIOMHUTD OAHY ITPOCTYIO M HENIPEJIOKHYIO UCTUHY -
JIJIs1 TOTO, 4TOOBI Hay4YUTbCA IMIPOTPaAaMMUPOBATh, H€O6XOI[I/IMO NnoCMOAHHO NPAK-
MUKOBAMbCs. ITO U €CTh TJIABHBIN 3aKOH ycIiiexa.



Ona 3ameTok
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