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NMpeanucnoeune

Ira KHUTA He TIPOCTO OOBEAMHSIET O/ OMHON 00J0KKON MpakTUKyMbl « CTPYKTYpHOE
nporpammupoBanme» 1 «OObEKTHO-OPUEHTHPOBAHHOE IIpOrpaMMUpoBanue» [22, 23]:
Marepuasibl ObLIN TIepepaboTaHbl 1 OOHOBJIEHBI, JUCTUHTH TIPOTPAMM OOHOBJIEHDI U ITPO-
Bepennl B cpezie Microsoft NET.

Hama neib — Hay4uTh YMTATENS CAMOCTOSITEIBHO CO3/[aBaTh I'PAMOTHBIC U, TI0 BO3-
MO’KHOCTH, Tpodeccronabble TporpaMMbl Ha C++. IIpakTukym paccunTaH Ha ILia-
HOMEPHOE OCBOEHME ATOTO SA3bIKA C HAYAIBHOTO U JI0 TPodecCnoHaabHOro ypoBHs. 13-
BJICYD TMOJIb3Y U3 ATOH KHUTH CMOTYT B MEPBYIO OYEPE/lb CTYACHTHI, 0OYUYAIONIHECs M0
Hanpassenuio «ndopmaruka n BoraucanTesIbHas TeXHUKAa» 1 CMEXKHBIM C HUM, & TaK-
Ke JT0603HATENBHbIC TTKOJIBHUKY, YIOPHBIE TEHCUOHEPDI, TIOMOX03sTHKHN, 6e3paboTHbIC
MEHeKepbl — B 06IIEeM, BCe, KTO TBEPAO PEIIII OCBOUTH HTOT HEMPOCTON SI3BIK JIJISk
[IPAKTUYECKOTO TPUMEHECHHUS.

Khura cocrout us asyx vacreil: «CtpykrypHoe nporpamMMupoBaHue» 1 «OObeKTHO-
OPHMEHTUPOBAHHOE TTPOrPaMMUPOBaHNe». B nepgou uacmu paccMaTpuBaiOTCsI BO3MOK-
Hoctu C++, Wcmosb3yeMble B paMKaxX IMPOIelyPHON TapaJiuTMbl: CTaHAPTHBIE TUITHI
JIAHHBIX, YIIPABJISIONE KOHCTPYKITUN SI3bIKA, MACCUBBI, YKAa3aTeJH, CTPOKH, CTPYKTYPHI,
dbyskmn, mabaoHbl GYHKIUH, a TAKKe JUHAMUYECKUEe CTPYKTYPbI faHHbIX. O6CyxKaa-
I0TCST QJITOPUTMbI, METO/IbI ¥ IIPUEMbI HAIIMCAHMUS [IPOTPAMM, TUIIMYHbIE OIMUOKU, KOTO-
pbIe COBepIIAOT HaUYnHaIMe (1 He TOJIhKO) TPOTPAMMUCTBI, BOITPOCHI KAYecTBA U CTH-
s, bosbiiioe BHUMaHMe y/Iess1eTes MpoTieccy OTIa/ KN U TECTUPOBAHNS.

Bo emopoti wacmu 06CyKAAFOTCS METObI CO3/IaHNst OOBEKTHO-OPUEHTHPOBAHHBIX MTPO-
rpamm, mabJI0HOB KJIACCOB, HCIOIb30BaHNE HACIEI0BAHNUS, MCKIIOUEHUI, KJIACCOB U ajl-
rOPUTMOB CcTaHgapTHON Oubanorexu, Begerre B UML U maTTepHbl IPOEKTUPOBAHMUSL.

B nogasiisiionieM 6oibiinHCTBe yueOHUKOB 110 C++ MPUBOISITCS KOHCTPYKIIUHU SI3BIKA
U TIPUMEPBI, WILTIOCTPUPYIOLIHe X paboty. JI1o6oit mporpaMMucT, paboTaBIIiil HAl pe-
AJTbHBIMU MTPOEKTAMU, TTOHUMAET, YTO 3HAHUS CHHTAKCHCA U TIPABUJI BBITIOJHEHUS OTiepa-
TOPOB JIAJIEKO HE JIOCTATOYHO JIJISE TOTO, YTOOBI TIACATH TIPOTPAMMBI TPUEMIIEMOTO Kaue-
cTBa. ITO 0COOEHHO CIIPABEIJINBO /IS TAKOTO MHOTOTPAHHOTO s13bIKa, Kak C++,

Eciu Ber ze saakoMbl ¢ ocaoBamu OOII u ¢ 6a30BbIMEI KOHIEIIUAME 7POZPAMMHOLU UH-
acenepuu (software engineering), To HalMcaHHas BaMy IIPOrpaMMa, ecjid U 3apaboTaer,



Mpepuvicnosne 11

cKopee Bcero Oyzer HeyMoOHOI /st CONMPOBOKIACHNUS 1 MOAUMDUKAIINN, & TTOBTOPHOE
UCIIOJIb30BAHUE MTPOTPAMMHOrO KO/Ia OKAXKETCsT IIPAKTUYECKU HEBO3MOXKHBIM. VIMeHHO
MOATOMY BOTIPOCAM MTPOTPAMMHON MHKEHEPUU B HAIEH KHUTE yIeJsieTcst 0cob0e BHU-
Mmanue. BoT kpaTkuii iepeyenb TUX BOIIPOCOB.

U N3 kakux KOMIOHEHTOB (MOyJiel, PYHKINI, KJIAacCOB) /IOJIKHA COCTOSITh TIPO-
rpamMmma’?

Kak pacrpezessiorcst 00s13aHHOCTH MESK/LY STHUMU KOMIIOHEHTaMU ?

Kak KOMITOHEHTBI TPOTPaAMMBbI B3aUMO/IEHCTBYIOT APYT C APYTOM?

Kakum KpuTepusiM J0JKEH YI0BJIETBOPSITH IPOTPAMMHBIN TPOEKT, 4TOODI €10 OBLIO
JIETKO COTTPOBOK/IATh U MOAMMDUITNPOBATD?

O 000

Kax npumensarts mabioHbl (IIaTTepHbl) IPOEKTUPOBAHMUS I JOCTUKEHUSA dTHX
nesen?

Bce o111 11po6JieMbl paccMaTpUBAIOTC U Pa3OUPAIOTCs Ha KOHKPETHBIX 3aaJax, IpuyeM
ocobast poJib OTBEJleHa IIEPBBIM JABYM CEMUHAPaM BTOPOIi YaCTH, IOCBSLIEHHBIM U3Yyde-
Huto 6azosbix KoHuemnuit OOTI. 3xech ocobeHHO 10APOOHO pasdrpaeTcs MPOLECC Po-
€KTUPOBAHMS TIPOTPAMMBbI, aKTUBHO UCIIOJIb3YIOTCS CPEICTBA OTIAKI U TECTUPOBAHUSI.
W Horaa Mbl CIIELUANbHO BHOCKM B TEKCT IIPOrPAMMBbI OLIMOKY HMJIU IPOSABJIsiEM «3a0biB-
YKMBOCTh», YTOOBI IIPOAEMOHCTPUPOBATh BOSHUKAIOIIIIE IIOCAEICTBUS U, KPOME TOTO, IIPH-
BUTh YMTATEJIIO BKYC K aHAJTUTUYECKOI paboTe JeTeKTIBa, MIAYILETO 110 CJIeLy KOBapHOIO
<IPECTYIHMKA» — IIPOrPAMMHOMN OIIOKH.

st 9bPEeKTUBHOTO BOCTIPUATHSI HOBBIX TEXHOJOIMYECKUX UEH CETOHS He 000iTHCH
6e3 3HAHUS OCHOB YHUMDUIIMPOBAHHOTO s3bIKa Mojeanposatuss UML, crasiiero cras-
JAPTHBIM CPEJICTBOM IPE/ICTABIEHUs TIPOEKTHBIX pereHuil. [loaToMy B mpakTukyme
nokaszato npuMereHre UML-auarpaMM it 0TOOpakeHUsT B3aMMOOTHOIIEHUH MESKILY
KJ1accamM.

ITpakTukyM™m siBaisieTcst pomnosHeHreM K yueouuky T. A. TTasnosckoit «C/C++. ITIporpam-
MUPOBaHIE Ha sI3bIKE BHICOKOTO yPOBHs»! [21], HO BIIOJIHE MOKET pacCMATPUBATHCS U
KaK CAaMOCTOSITETHHOE U3/IAHIE, TIOCKOJIBKY TP pPazbope MporpaMM MOSICHSTIOTCST BCe MC-
MOJTb30BAHHDIE B HUX BO3MOKHOCTH sI3bIKA. VI3/I0KEHIEe COOTBETCTBYET JIOTHKE YIeOH -
Ka, @ BO BTOPOH YaCcT! BBIXOUT ATIEKO 3a eT0 PaMKH.

ITporpamma oGyueHust paccuntana Ha 1-3 cemectpa: B 3aBUCHMOCTH OT 0ObeMa Kypca
U CTENEHU TIOJITOTOBJIEHHOCTU CTYAEHTOB KOJHUYECTBO ¥ COJAEp/KaHIe JaboPaTOPHBIX
paboT MOKHO BapbUPOBaTh. B KOHIlE KajKI0TO CEMUHAPA MPUBOJAUTCS OJMH UK OoJiee
KOMILIEKTOB U3 20 sapuanmos 3adanuil, PACCINTAHHBIX Ha Y4eOHYIO TPYIIITY CTY/IEHTOB.
TekcTbl 3aiaHuil OOJIBIIIEN YaCThIO COOTBETCTBYIOT YUeOHUKY, HO HEKOTOPBIE Pa3/IeJibl
riepepaboTaHbl 1 JIOMOJTHEHBI JiJist O0Jiee yriiyOJIeHHOTO U3yYeHUsT MaTeprala.

Cpencra C++, paccMaTpuBaeMble B TAHHOI KHUTE, COOTBETCTBYIOT MOCTIETHEMY CIMAH-
dapmy sizvika C++ — ANST ISO/TEC 14882 (2003). 13 pacipocTpateHHbIX KOMITUJIS-
TOPOB B JIOCTATOYHOM CTerneHn HoaxousT, Harpumep, Microsoft Visual C++ 2005 u Bbiiie
(OC Windows) u gecc (GNU C Compiler — OC Linux, Cygwin — OC Windows). IIpu-
Be/IEHHbIE B KHUTE [TPUMEPBI TPOTPaMM ObLIH TPOTECTUPOBAHBI C TIOMOIIBIO TEPBOTO U3
YKa3aHHBIX CPEJICTB.

! B jajibHelieM JiJist KpaTKOCTHU CCBIJIOK Mbl OY/IeM Ha3bIBATh €r0 IPOCTO « YUeOHUK» .
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[ns ycnemnoro ocBoenus si3bika C++ 110 9TOM KHHUTE MOJIB30BATHCA YIIOMSHYTBIMU
BBIIIE CPEJAMU COBEPIIEHHO Heobs3aTebHO. MOKHO paboTaTh ¢ JIOOBIMU KOMITHIIS-
TOPaMHU, PACCYNTAHHBIMU Ha Jio0bie matdopmbl (pasianyanbie Bepcun Windows, Linux,
Solaris, FreeBSD u tax majee), HO Ipu 9TOM HEOOXOAMMO IIPOBEPATH 110 CIPABOYHON
CUCTEME, YTO M3ydyaeMble BO3MOKHOCTH SI3bIKA MOJIEPKUBAIOTCH KOHKPETHBIM KOMITH-
JagTopoM. B rnporpaMmax aToil KHUTH MCIIOTB3YIOTCA TOJBKO CPEICTBA, COOTBETCTBYIO-
e CTanzapry.

Bce xioueBbie CJIOBa, CTaHAapTHbIE TUIIbI, KOHCTAHTbI, (l)yHKIlI/II/I, MaKpOChbl 1 KJaCChl,
OIIMCaHHbI€ B KHHUIE€, MOKHO HaWTH I10 a]I(baBI/ITHOMy YKazaTeJro, 4TO IIO3BOJIAET HC-
I10JIb30BaTb €€ B KaY€CTBE CNpPABOUHUKA.

B mpaxTukyme He paccMaTpuBaeTcst TiporpaMMupoBanue mox Windows: Bce TpuMeph
MPEICTABISIIOT COO0TT TaK HA3bIBAEMBIE KOHCOIbHbIE NPULONCeHUS. B OCHOBY KHUTH TOJTO-
JKEHBI ceMHUHaphbl, MpoBoAnMblie aBropaMu B CaHkr-IleTepOyprckoM rocyaapcTBeHHOM
yHUBEpCUTETEe HHOOPMAIMOHHBIX TeXHOMOTUH, Mexaruky 1 ontuku (CII6IY UTMO).

B cBg3u ¢ orpanndyeHusIMU Ha 0ObeM KHUTK JIMCTUHTU IIPOrPAMM MHOTJA HPUBOASATCS
¢ cokpaiieHusMu. T1oJIHbIe TEKCThI JIMCTUHIOB Bbl MOXKeTe HallTu Ha BeO-caiite u3za-
TesibcTBa http://www.piter.com.

Bamn 3aMedaHusA, IMOKeNaHuA U JOIIOJHEHUA K IMTPAKTUKYMY HE JIEHUTECH IPUCHLIAaTh
aBToOpaM 110 azgpecaM pta-ipm@yandex.ru — T. A. [TaBsoBckoii (110 TTepBO# YacTH Mpax-
tukyma) u shupak@mail.ru — FO. A. Illynaky (1o BTOpoii yactu). ITO MO3BOJIUT C/IeJIaTh
MOCJIEIYIOTIIe M3/IaHust GoJice KaueCTBEHHBIMU 1 TIOJIE3HBIMIL



YacTb I. CTpykTypHOE
nporpaMmmMmupoBaHue

B aT0Ih yacTn npakTukyma paccMaTpmBatoTCs BO3SMOXHOCTU C++,
MCMoJib3yeMble B pamMkax MpoueaypHOn (CTPYKTYpPHOM) napa-
OUrMbl: CTaHOAPTHbIE TUMbI AAaHHbIX, YNPABASOLWME KOHCTPYKLUMN
A3blka, yKkasartenu, MacCuBbl, CTPOKW CTapOoro CTUNs, CTPYKTYPb,
GYHKUMK, WabnoHbl GYHKUWIA, a Takke peanusaums guHamuye-
CKMX CTPYKTYP OaHHbIX.



CemuHap 1. JIuHelHble nporpamMmmbl

Teopetmuecknii matepuai: ¢. 15—38, 387-390.

Ecisiu B nporpaMMe Bce o1nepaTopbl BLITOJIHAIOTCS I0CIE10BATEIbHO, OJUH 3a APYTUM,
Takas [porpaMMa HasblBaeTCs JuHelunou. PaccMOTpUM B KadecTBe IIpUMepa IIPporpaMmy,
BBIUUCJISIONLYIO Pe3yJIbTaT 110 3aJjaHHoi hopMmyie.

3apaua 1.1. Pacuet no popmyne

Hanucamv npozpammy, komopas nepesooum memnepamypy 6 epadycax no Dapenzeimy
6 epadycot Henvcus no popmyae C =5/9 (F — 32), 20e C — memnepamypa no Ilenvcuio,
a F — memnepamypa no @apenzetimy.

IMepen HanucanueM JOOOH MTPOTPAMMBI HA/IO OIPEIEJUTD, YTO SIBJISIETCSI €€ MCXOHBIMU
JIAHHBIMU U PE3YJIBTaTOM PaboThl. B 1aHHOM ciiydae Bce TPOCTO: BBOAUTCS OJHO Belile-
CTBEHHOE YHCJIO, TIPeJICTaBIstioNiee co6oii teMieparypy o Ilesbenio, a B pe3yJisrate Bbl-
BOZUTCS JIPYTOE BellleCTBEHHOe Yncyio — Temieparypa o Dapenreiity. AJropuT™ 3aiamn
mpocToii hopmyJIoii, mosTomy morpodyeM cpasy HamucaTh nporpammy (mctunr 1.1).
OroBopuMest, 4TO MepBbiii GJauH GyIeT KOMOM, HO TIPOTPAMMEIPOBAHUE TEM 1 OTJINYACTCS
OT peajIbHOM KU3HH, UTO OIMTUOKY BCET/Ia MOKHO HAUTH U UCTIPABUT.

Jlnctunur 1.1. BolumcneHne no dopmyne — knaccbl BBO4A-BbIBOAA

#include <iostream> /] 1
using namespace std; /2
int main() { /13
double fahr, cels; /] 4
cout << endl << “ Bpeaute Temnepatypy no GapeHreinty” << endl; /5
cin >> fahr; /] 6
cels =5/ 9 * ( fahr - 32 ); /7
cout << “flo GapeHreiTy: “ << fahr << “, no Uenbcuo: “ << cels << endl; // 8
return 0; /!9

}

PaCCMOTpI/IM KaKAyI0 CTPOKY IPpOTrpaMMbl OT/AEJbHO. He paCCTpaHBaﬁTer, €CJIN 4YTO-TO
ITIOKa OCTAaHETCA HEIIOHATHBIM, — B€/Ib BCA KHHUTa €IIe Bnepezm!
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B nepsoii cmpoxe sanucana dupexmuea npenpoyeccopa’, 1o KOTopoi K NCXOAHOMY TeK-
CTy IIPOrpaMMbI IIOAK/IIOYAETCS 3ar0JI0BOYHBII (ailr <iostream>. ITo TEKCTOBBIN (aii,
KOTOPBII COAEP/KUT OMUCAHUS DJIEMEHTOB CTaHAAPTHO OMOJMOTEKH, OTBEYAIONINX 32
BBOJ 1 BBIBOJ. TaM ommcan HabOp KJIAcCOB [JIs YIIPABJEHUs BBOJOM-BBIBOLOM, CTaH-
JapTHble 0OBEKTHI-IIOTOKK CiN Ui BBOAA ¢ KJAABUATYPhI U COUt [ BBIBOA Ha 9KpaH,
a TakyKe OIePaLlH 6bl600a Ha IKPal << (IIOMEIIEHUsI B IIOTOK ) U 866004 ¢ KAAGUAMYPbL >>
(usBneyenus us noToka). OObEKTHI U3Y9IAIOTCS BO BTOPOI YaCTH IPAKTUKYMA, a TI0Ka Jja-
BaliTe I0J1b30BaTLCS UMHU, KaK HEKMMHU BOJIIIECOHBIMY CJIOBaMU, He IIBITasCh IOJIHOCTBIO
0CO3HATh MX CMBICJI, BeIb 1 B PEANbHON KU3HU ¢ GOIBIINHCTBOM OJIar IMBUIN3AIMN Mbl
obpamaeMcst Io0OHBIM e 06PasoM.

BHUMAHUE

III/IpeKTI/IBbI IIperporneccopa 3almncbiBalOTCA B OT/IEJIbHOM CTPOKe, Tiepe/] 3HaKOM # MOryT
HaXO/NTbCA TOJBKO HpO6C]IbeIC CHUMBOJIBI.

Cmpoxa 2 sBAsIeTCS OTICAHNEM, TIO KOTOPOMY TTPOTpaMMe CTAaHOBSITCS IOCTYITHBIMI BCe
WMeHa, oTpesie/IeHHble B CTAHJAPTHOM 3aroJI0BOYHOM aitre <iostream>. /leso B TOM,
YTO BHYTPH 3TOTO (haiia Bce ONMMCAHWS CIPSATAHBI B TaK HA3BIBAEMYTO NOUMEHOBAHNYHO
obaacms (TPOCTPAHCTBO UMEH) ¢ MMeHeM Std. ITO KacaeTcst BCeX CTAHAAaPTHBIX 3ar0I0-
BOUYHBIX (DANJIOB U CETaHO ISt TOTO, YTOOBI CTaHIAPTHBIC NMEHA He KOH(IMKTOBAJIH
€ TeMH, KOTOPbIE BBEJI TIPOTPAaMMUCT. KOHEYHO, OTKPBITHE BCEX CTAHAAPTHBIX UMEH U3
3ar0JIOBOYHOTO (haiiia He MOKET MPEOTBPATHTE MOAOOHBIH KOHGMIINKT, HO €CTh CPel-
CTBa, TTO3BOJIIONINE CIETATH TOCTYTHBHIMH He BCe, & TONHKO HysKHbIe nMera. Ouu OyayT
PacCMOTPEHBI TTO3Ke.

NMPUMEYAHUE

JLJ1s1 MHOTHX 3aT0JTOBOYHBIX (DAiIOB CYyIIECTBYIOT UX ABOIHUKH «CTAPOTO CTUJIST» C PACIIN-
peHueM . N, olicaHust, HAXOISIIIECS B HUX, IOCTYIHbBI O€3 I0TOJHUTEIbHBIX YCUIUN — Ha-
mpumep, <iostream.h>, <stdio.h>. 3aromoBounnie daitnbl, yHacaenoBanubie n3 s3pika C,
3aIMCHIBAIOTCS IIPU 3TOM Oe3 Bety1iieit GYKBbI C. ITOT clOc00 MCIIOIb30BAHUST 3ar0JI0BOYHbIX
(baiiyioB cunTaeTCsa yCTapeBIIIM.

IIporpamma wa C++ cocrout us ¢yHkumit. Qyuxyus — 9T0 UMECHOBAHHAS 110CJIE0BA-
TEJBHOCTD onepaTopoB. DYHKIUS COCTOUT M3 3aroyioBKa U Tesa. Onepamop 3 npen-
cTaByisieT co0Oil 3aTOOBOK TIABHOW (a B JAHHOM CJIyYae W eIMHCTBEHHON) (QyHKINN
mporpammMbl. OHa TOKHA UMETh UMsT Main, YKasbIBaIoliee, 4TO MMEHHO ¢ Hee TpeOyeT-
cs1 HAaUMHATH BBLITIOJIHEHUE. 3ar0J0BOK JII0O60H (DYHKIIMH MHIITETCS MO OMpPeIeTeHHbIM
npasmsiaM. 3a nMereM GYHKINKE B CKOOKaX 0OBIYHO CJIE/YeT CIIMCOK HePelaBaeMbIX eit
mapameTpoB. B 1aHHOM ciiydae OH IyCT, HO CKOOKH HEOOXOANMBI ISt TOTO, 4TOOBI KOM-
MUJIATOP MOT PACHO3HATh, 9YTO 3TO UMEHHO (QYHKIIH, a He APYTras KOHCTPYKIINS SI3BIKA.
Ilepen mvenem 3amcan T 3Hadenns (int — 1mesoe), Bo3BpanaeMoro GyHKIHel B TO4-
Ky ee BBI30Ba (B JAHHOM CJIy4ae — BO BHEITHIOIO CPETTY ).

! IIpenpoueccopom HazpiBaeTcst npeBapuTebhast hasza komnurayuu (nepesoa mporpammer ¢ C++
Ha MAITUHHBIH S3bIK).
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[o cranpapty riaBuas GyHKIIMA H0JKHA BO3BPAIIATD 11€JI0YUCTIEHHOE 3HaYeHUE. DTUM
B Halllell mporpamMMe 3aHuMaetcst onepamop 9. Bripouem, MHOTHE€ KOMITUJISTOPBL pearu-
PYIOT CIIOKOWHO M B CJIy4ae €ro OTCYTCTBHUSI, TIOITOMY B OOJIBITUHCTBE TIPUMEPOB ATOMN
KHUTHU 3TOT OIIEPATOP JIJIs 9KOHOMUU MecTa He TTPUBOAUTCA. Teso HyHKIMM, TO eCTb Te
OIepPaTOPBI, KOTOPBIE TPEOYETCS BBIOJHIUTD, 3aAMMCHIBAIOTCS B (PUTYPHBIX cKOOKax. Du-
rypHbIe CKOOKHU CITY3KAT Uit TPYIITUPOBKU ONEPATOPOB B GI0K.

Jl71s1 XpaHeH!sT MCXOHBIX JAHHBIX M PE3yJbTaTOB HAIO BbIIEJUTH JAOCTATOYHO MECTa
B OIlepaTUBHOII aMsTu. J{Jist 9TOro cayskut onepamop 4. B Hameil nporpamme tpebyer-
CsT XpaHUTb [[Ba 3HAYEHUs: TeMiiepaTypy 1o lleabcuio u remmeparypy o Mapewnreiiry,
MI0ATOMY B OTIEPATOpE ONPEAETAIOTCS IBe TTepeMernble. OIHa, 711 XpaHEHUsT TeMIlepa-
typsl o Mapenreiity, HazBana fahr, gpyras (no Lleabcuio) — cels.

BHUMAHUE

Hmena nepeMeHHBIM JIa€T IPOrPAMMUCT, UCXOJIS U3 NX HazHaueHus. VIMs MOXKeT cOCTOATh
TOJILKO M3 JIATHHCKUX OYKB, (P M 3HAKA MOMYEPKUBAHUS U HE JOJIKHO HAYMHATHCS
¢ udpbt. OT TOro, HACKOJIBKO YAAYHO 10/I00PAHbI UMEHA, 3ABUCHUT YUMAGeIbHOCID — OJIHA
13 BOKHENIINX XapaKTePUCTUK Ka4eCTBa TPOTPAMMBI.

ITpu onmcanuy J060H MepeMeHHON HY/KHO YKa3aTh ee mun, 4TOOBI KOMITUIISITOP 3HAJ,
CKOJIBKO BBIJIEJIUTD MECTa B TIAMSTH, KAK MHTEPIPETUPOBATH 3HAYCHHE TTePEMEHHOI (TO
€CTh ee BHyTPEHTee MPeICTABIEHNE ), a TAKIKE KAKUe TEHCTBIS MOKHO OYIIET BBITIOIHSITD
¢ aTOl BesmunHoii. Hampumep, /7151 BellleCTBEHHBIX YMCeJl B TAMSATH XPAHUTCS MAHTHCCA
U TIOPSIZIOK, & TIeJIble TIPEICTABIAIOTCS IIPOCTO B IBOMYHON (hopMe, TOITOMY BHYTPEHHEE
TpeICTaBIeHIe OJIHOTO M TOTO JKe TIeOTO M BEIECTBEHHOTO YMCTA OYIEeT PA3TIMIHBIM.
Boutee Toro, nys gelicTBUIA ¢ TENBIMUA U BEIIECTBEHHBIMU BeJTMUYMHAMU (DOPMUPYIOTCA
pasmmIHble HaGOPhI MATTMHHBIX KOMAH/I. [T09TOMY-TO yKazanne THTIA Ui KGKIOI mepe-
MEHHOU SIBJISETCS TAKIM BasKHBIM.

[Tockosbky Temneparypa MOKET IPUHUMATh He TOJIBKO TeJIble 3HaYeHUs, /I [lepeMeH-
HBIX BBIOPAH BEIIECTBEHHBII THII double, MO3BOIIONINI IPEACTABIAT BELIeCTBEHHbIE
yucsa 60JIBIIOTO AUaNla30Ha 3HAYEHNH ¢ OOJIBINOI TOUHOCTBIO, XOTS JIs1 TaHHON 3a71aun
3TO JJa’Ke U3JTUIITHAS POCKOIIID.

NMPUMEYAHUE

Tun nepeMeHHbIX BBIOUPAETCST UCXO/S U3 TPeOYyeMOil TOUHOCTH TIPE/ICTABJIEHS JTaHHbIX
1 BO3MOXKHOTO JiMarasona 3Hadenuii. Harpumep, Het cMbicsia 3aBO/IMTD BEIECTBEHHYIO
IIepeMeHHYIO0 JIJIs1 XpaHeHUsT BeJIMUUHBI, KOTopasl MOKeT IPUHUMATh TOJIbKO 1ieJIble 3Haue-
HYIsI, — BeJlb [EJIOYNCTICHHbBIE OMIEPAIIUI BBITOIHSIIOTCS TOPas3/Io GicTpee.

JLiist Toro 4toObI MOJIB30BaTEb TPOTPaMMBbI (ITOKA Y4TO 9TO BbI CAaMH) 3HaJI, B KaKOi MO-
MEHT TpeOyeTcs BBECTH ¢ KJIaBUATYPhI JaHHbIE, IPUMEHSIETCS TaK HA3bIBAEMOE NPUzia-
wenue Kk BBoy (onepamop 5). Ha sKpaH BBIBOAMTCS yKa3aHHasI B OITEPATOPE CTPOKA CUM-
BOJIOB, Ml KyPCOP TIEPEBOMTCS Ha CIIEAYoILyo cTpoky. CTpoka CHMBOJIOB, O0Jiee CTPOro
HasbIBaCMas CUMBOLLHBIM JUMEPALOM, — 3TO TOCIEI0BATEIBHOCTD JIIOOBIX TPEICTaBH-
MBIX B KOMIIBIOTEPE CUMBOJIOB, 3aKTIOUCHHAS B KABBIYKH.
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CrangapTHBII 00BEKT, ¢ TTOMOIIBIO KOTOPOTO BHITIOJIHSETCS BHIBOJ[ HA OKPaH, Ha3bIBAET-
cs cout. EMy ¢ ToMOTITbIO oTiepaliny BCTaBKU (BBIBO/IA) << MIEPEAAETCS TO, YTO MBI XOTUM
BbIBeCcTH. /17151 BBIBOZIA HECKOJIBKUX AJIEMEHTOB MCIIOJIB3YETCS 11eM0YKa TAKUX OMePaIlnii.
Jluist miepexojia Ha CJIEYIONIYI0 CTPOKY 3amuchiBacTest BosiebHoe cioBo endl. ITo Tak
Ha3bIBAEMBIN MAHUNYAAMOP, OH YIIPABJISIET («MAHUITYJIMPYET» ) CTAHAAPTHBIM 00HEKTOM
cout. CyIecTByIOT U pyTryue MaHUITYJISATOPBI, C TIOMOIIBIO KOTOPBIX MOKHO 3a/1aTh BUJL
BBIBOZIMMOIT nH(bopMariuu. Mbl 6y/ieM paccMaTPUBATh UX 10 MepPe HEOOXOAUMOCTH.

COBET

He 3a0biBaiite B L[pymemo6H01?1 MaHepe, HO 6€3 U3IUIITHErO MHOTOCJIOBYA, ITPUTJIACUTD T10JIb-
30BaTeJId BBECCTU MCXOJHBIC JAaHHBIC M YKa3aTb MMOPAOK UX BBOJA. B HEKOTOPDbIX CJIydadaAXxX
MOJKeET HOHaI[O6I/ITbCH YKa3aTb TUII BEJIMYNH.

B onepamope 6 BoIONMHSIETCS BBOJ C KIABUATYPBI OJHOTO YUCJA B IepeMeHHyto fahr.
JJIst 9TOTO MCTIONB3YeTCsT CTAaHAAPTHBIN 00BEKT Cin U oTepalnst u3BjiedeHns (BBOIA)
>> Kak BUIUTE, CEMAaHTUKA BBOJIA TIPOCTA W WHTYUTUBHO TIOHSATHA: 3HAUYCHUE CO CTAaH-
MapTHOTO BBOJA TTEPEAETCST B TIEPEMEHHYIO, YKA3AHHYIO CTipaBa. Ecaiit Tpebyercs BBeCTH
HECKOJIBKO BEJIMYMH, UCIIOJIb3YETCs 1erovyka omnepaiuii >>. [Ipu BBozie mocseoBaTesib-
HOCTH CUMBOJIOB, HAOPAHHBIX HA KJIaBUATYPE, TPeobpasyeTcst BO BHYTPEHHee Mpe/IcTaB-
JIeHWEe BEIIeCTBEHHOTO YICJIA, KOTOPOE MOMEIAeTCsT B OTBEAEHHYIO IIJIsI TepeMeHHON
fahr sueiiky mamsTu.

B onepamope 7 BorancisieTcs BoIpaskeHHe, 3alIICAaHHOE CIIPaBa OT 0Nepauiu NPUceausa-
Hust (0003HAUAEMO 3HAKOM =), U Pe3YJIbTaT MPUCBAUBAETCSI TIEPEMEHHOIT Cels, TO eCTh
3aHOCUTCS] B OTBEIEHHYIO 3TON IIePEMEHHON 1aMaTh. Buipajcenue — 3To MPaBUIO s
BBIUMCJIEHMS] HEKOTOPOro 3HaUEHUsI, MOKHO Ha3BaThb ero (popmysioit. [Topganok Boruucie-
HUIT ompeziesisieTcst mpuopuTeToM omnepanuii (YueGHuk, c. 384). YpoBHell IprHOpUTETOB
B s13b1ke C++ OrOpYNTENHHO MHOTO, TIOITOMY B CJIyYae COMHEHUHN HAJIO He JIEHUTHCS 00-
palaThes K CIPaBOYHOM MHMOPMAIIUH.

OcHoBHbBIE TTPaBUJIA T€M He MeHee IIPOCTbI M COOTBETCTBYIOT IIPUHATLIM B MaTeMaTHKe:
BBIYUTAHVE UMeeT GoJiee HU3KUN TIPHOPUTET, YeM YMHOKEHUE, TIOITOMY JIJIsl TOTO, YTO-
ObI OHO OBLJIO BBITIOJHEHO PaHbIIIE, COOTBETCTBYIONIAs YACTh BBIPAKEHUST 3aK/II0UAETCST
B CKOOKU. JlesieHre U yMHOKEHIE UMEIOT OJIMHAKOBBIN TPHOPUTET U BBITIOJIHSIFOTCS CIe-
Ba HAIPABO, TO €CTh CHAYAJIA IeJiast KOHCTaHTa 5 Oy/IeT MmojieJieHa Ha eIy KOHCTAHTY 9,
a3aTeM pe3yJIbTaT TOH oTlepaIiii yMHOKEH Ha Pe3yJIbTaT BBIYNTAHUSA yncia 32 U3 mepe-
MeHHOM fahr. Mbl BepHeMcst K 00CYKICHIIO 9TOTO OIlepaTopa Mo3sKe, a IoKa PacCMOTPUM
JIBA OCTABIIINXCA.

Jlyist BBIBOZIA pe3yJibraTa B onepamope 8 TPUMEHSIETCS Y/Ke 3HAKOMBbIET HaM 00beKT cout.
BoiBopnTcsa 11€1109Ka, COCTOSINAS U3 YEThIPEX JEMEHTOB. DTO CTpPoKa * [o OapeHreii-
Ty: ", 3HaueHUe mepeMeHHON fahr, cTpoka “, no Uenscuio: “ 1 3HAYCHUE TIEPEMEHHON
cels. O6parure BHUMaHKE, YTO IIPH BBIBOJIE CTPOK BCE CUMBOJIbI, HAXOSAIIMECS BHYTPU
KaBbIU€eK, BKJIIOUas U IIPOOEJIbI, BBIBOAATCS Oe3 naMeHeHuit. [Ipu BbIBO/IE 3HAUEHUS [Iepe-
MEHHOH BBITIOJTHsIETCS TIPeoOpasoBaHue U3 BHYTPEHHETO MTPEACTABICHHUS YICIa B CTPOKY
CUMBOJIOB, TIPEJICTABJSIONIYIO 2TO yncyao. [lox 3HaueHe OTBOAMTCST CTOJMBKO TTO3UIINH,
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CKOJIBKO HeO6XOI[I/IMO JIJIA BbIBO/Jla BCEX €TI0 3HaYallnX ]_lI/I(bp. JTo 3HA4YMT, 4YTO, €CJIN BbI-
BECTHU /IB€ TIepEMEHHDbIE TTO/IPA, NX SHAYCHUA «CRIICATCA»!

cout << fahr << cels; // nnoxo
cout << fahr << * " << cels; // 4yTb Nyyuwe
COBET

BCBI‘[[B. HpeaBapHﬁTe BbIBO/IMMbI€ 3HaY€HUA TEKCTOBbIMU 1TOACHEHUAMMU.

Habepute TekcT mporpaMMbl U CKOMIHIUPYiTe ee. Ecau BBl BuanTE co0OImEeHusT 00
omubKax, CJIMIUTE TEKCT Ha HKPAHe C TEKCTOM B KHUTE (MOCJAEHUI — JIydIie).

BbiBOA, KUPUNNLbI

MbI ipejinioiaraem, 4To Bbl yiKke nocMotpesiu B [IpuitoskeHnn, Kak co3/1aioTest IPUJIosKe-
HUS KOHCOJIHOTO THUIIA, CO3/IJIH IIyCTOM IIPOEKT, Habpaiu Tekct auctunra 1.1, ckoMim-
JINPOBAJIN €T0 U 3AIyCTUJIN Ha BbINoJHEeHNE. BaM IPUTOTOBIEH HEMPUATHBIN CIOPIIPU3:
BMeCTO Ipuriaiienus «Bpeaurte temneparypy 1o DapenreidTy» Bbl yBUAnuTe HabOD
KaKHUX-TO CTPAHHBIX CUMBOJIOB. JTO CBSI3aHO C T€M, YTO BBIBOJI B KOHCOJIbHOE OKHO BbI-
nosiasiercst B koauposke! ASCII, koTopast nciosib3oBasiach elie B orepanoHHoii crucre-
Me MS-DOS, a TeKCT IporpaMMbl B OKHE PelakTopa HabpaH B APYroil KOAUPOBKe.

Pernennit 3aaun BIBO/Ia KHPUJLTHAIBI, KOTOPAST SIBIISIETCS 9acThio GoJtee obeit mpobae-
MBI JOKAAU3AUUYU NPUT0NHceHUll, HeCKOIbKO. OHO N3 CaMBIX MIPOCTBIX — HNCIOJIH30BAHNE
dyukimm setlocale, ynaciaenosannoit u3 6ubiamoreku C. /I ee mpuMeHeHusT Heob-
XOAUMBI JIBE BEIIX: 4ToObI B onepainoHHoii cucreMe Windows B HacTpOMKax sI3bIKOB
U CTaHAAPTOB OBITA TI0 YMOIYAHUIO YCTAHOBIEHA KUPUJLIHIIA 1 TTOAKIIOYUTH K TIPOTPAM-
Me 3aTOJIOBOYHBIH (haifr <clocale>:

#include <clocale> // BCTaBnTb B nuCTWUHr 1.1 nocne onepatopa 1
setlocale( LC_ALL, “Russian” ); // BCTaBnTb B nucTuHr 1.1 nocne onepatopa 3

TEHepb IpurJjalieHne J0JIKHO BbIBOJAWTHCA HOPMAJIbHO M MOJKHO TIPUCTYIUTH K OT-
JIaJlKe.

OTtnagka nporpaMmmbil

3alrycTuTe IPOrpaMMy Ha BBIIIOJIHEHHE HECKOJIBKO Pa3, 33/laBasl pa3/inyHble 3HAUCHUS
temreparypbl. He 3a06y/6Te, uTo poOHASA YaCTh BEIECTBEHHOTO YHCIA TIPY BBOJIE OT/IC-
JIIETCS TOYKOM, a He 3arsToi. MOoXKHO 3a/1aBaTh U IeJIble YHCTa — OHU OY/YT aBTOMATH-
YecKu IPeoOPa30BaHbI B BEIECTBEHHYIO (hOPMY.

Kak BbI MOKETE BHJIETD, PE3YJIBTAT BHITIOJHEHHUST IPOIPAMMBI CO CTaGUIBHOCTbIO, TOCTOR-
HO JIy4IIIero MpUMEHEHM ST, OKA3bIBAETCSI PABHBIM HYJTIO! DTO TIPOUCXOIUT U3-32 CTIOCO-
6a BBIUKCJICHUS BbIpaskeHus. [laBaliTe BHOBb oOpaTHMcs K oreparopy 7 jmctunra 1.1,
KoHcTauTbl 5 1 9 UMEIOT TEJTBIN TUTI, TIOITOMY PE3yJIbTaT UX JeJIEHUS TaKKe eJOunC-
JieHHBIH. OKPYTJIEHUS TPH 9TOM HE TIPOUCXOAUT, APOGHAS YaCTh BCETia 0TOPAChIBAETCS.

! KO(}HPOBKOL?, niam KOZ[OBOIL/'I CTpaHHHef/JI, Ha3bIBACTCA Ha60]) JIBOMYHBIX KO/IOB [JII HEKOTOPOTO
MHOKEeCTBa CUMBOJIOB.
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ECTeCTBeHHO, 4TO pe3yJibraT JlAaTbHEUIITNX BBIYUCJIEHNN HEe MOKET OBITD HU4YEM, KpoMe
HYJIA. I/ICHpaBI/ITb ATy OIJ_II/I6Ky TIPpOCTO — AOCTATOYHO 3allMCaTb XOTA Obl OHYy N3 KOH-
CTaHT B BH/I€ BEIIECTBEHHOTO YN CJia NJIN USMEHUTDH TTOPSAIOK BBIYUCJIEHUI:

cels =5.0/ 9 * ( fahr - 32 ); // BapuaHT 1
cels =5* ( fahr - 32 ) / 9; // BapMaHT 2

BemectBennasg koncranTa 5.0 o ymMoa4aHuio uMmeet Tt double, U TIpU IeJIEHUU TIPO-
HCXOAUT aBTOMATHYECKOE TIPEOOPa3OBAHUE K HTOMY K€ TUIY KOHCTaHTBI 9. Bo Bropom
BapUaHTe CHAYaJa BBINOJHSETCS MpeoOpasoBaHue KOHCTAHTHI 32 K Tuiy double, Kak
K HaI/I6OJIee JJIMHHOMY U3 y4aCTBYIOIINUX B BbIYMCJIEHUU PA3HOCTHU, a IIOTOM K HEMY aB-
TOMATUYECKH IPUBOAATCS 1 OCTaJbHble KOHCTaHThI. Tereps porpaMmma paboTaeT BepHO
¥ BbIJIACT B pe3yJibTaTe, HallpuMmep, caeayonee:

Beeante Temnepatypy no GapeHrenty
451
Mo GapeHreiity: 451, no Uenbcuwn: 232.778

OG6paruTe BHUMaHUE, YTO HAPS/LY C PE3YJIBTATOM BBIUNCJICHUN MbI BBIBEJIM U UCXOHBIE
JaHHble. DTO MPaBUJIbHAS TIPUBBIUKA, M HAJEEMCST, YTO BbI TOKE Oy/IeTe el CIeI0BATh.

COBET

Hauunnartone yacto TPaTAT BpeMA Ha ITONCK OIMMOKN B AJITOPUTME, HE YIOCTOBCPUBIINCH,
4TO IIporpaMma pa60TaeT C IpaBUJIbHBIMUW TaHHbIMH. PeKOMeHI[yeM BcCerjga BbIBOAUTD MC-
XOZHbBIC TaHHBIE CPpady JKe ITOCJe BBO/IA, YTOOBI UCKIIOYNTH ONIMOKI.

Kak BuauTe, faske B TAKOM TPOCTOM TPUMEPE MOKHO JOTYCTUTH omubku! B ganHoM
cJIydae 3aMeTUTD MX JIETKO, HO TaK ITPOMCXO/JNT JTAJIEKO HE BCET/a, TI09TOMY 3alTOMHUTE
BayKHOE TIPABUIIO: HAJIO 8CC20d 3aparee 3Hamy, 4mo 00JiICHA 6bl0ams npozpamma. JJoOuTh-
Cs1 9TOTO MOYKHO PasHBIMU CIIOCOOAMH, HATIPUMED, BBIUUCJICHUEM PE3YJIBTATOB B yM€ WJIH
Ha KaJbKYyJITOpE, a B 60JIee CIOKHBIX CIydasx — pacueTaMy M0 aJbTePHATHBHON MJIH
VIPOIEHHON METOAMKE. DTO yOepesKeT Bac OT MHOTHX YacOB, OECIIONHO 1 6e3PagloCTHO
TTPOBE/IEHHBIX 32 KOMITbIoTepoM. He mosermMcest moBTOPUTS elne pas.

BHUMAHUE

HJIH OTJIa/IKN HCO6XO[[I/IMO NMETDH mecmosvle npumepsvl, coaepRanime NCXo/HbI¢ TaHHbIC
" OKrJla€MbI€ PE3YJIbTaThbI. KommuectBo IIPUMEPOB 3aBUCUT OT aJITOPUTMa.

M1 6}7Z[GM HEOAHOKPATHO BO3BPAIlaTbCA K O6C}/'>KI[€HI/IIO COCTaBa TECTOBBIX ITPUMEPOB,
TIOCKOJIbKY CaMO€ BaKHO€ KayeCTBO o060 IporpaMmbl — HA0eIHCHOCMD. HpOI‘paMMI)I,
pa60Tanu11/Ie TOJIBKO C OIIpe/leJIEHHbIMU NCXOAHBIMU JITaHHBIMH, /la U TO JINIIb B 6epe>1<-
HBIX PYKaX X034A1MHa, HUKOMY H€ HY’KHbI.

JlaBaiite Tereph HAMHUIIEM TY JKe TPOTPAMMY JPYTUM CIOCOOOM — € MCIOJb30BAHUEM
dbyurumii 6ubaorexkn C++, yHaciaenoBanubix 13 gabika C (muerunr 1.2). ror crocobd
TaKKe TPUMEHSIETCS IOCTATOYHO YacTo, TOTOMY YTO B MCIIOJIB30BAHUU ITUX (PYHKIIUI
ecTh cBOU TIpenmyIiecTBa. Kora Bbl UX OIleHITE, CMOKETE BBIOMPATH IS KasKI0H Mpo-
rpaMMBbI HanboJiee OAXOAANINI cToco6 BBOJIAa-BBIBO/IA.
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JluctuHr 1.2. BoluncneHue no popmyne — dyHkumm 6mbnmnotekm C

#include <cstdio> /11
#include <clocale> /]2
using namespace std: // 3
int main() { /] 4
setlocale( LC_ALL, “Russian” ); //'5
double fahr, cels; /] 6
printf( “\n Beeaute Temnepatypy no ®apeHreity\n” ); /17
scanf( “%1f*, &fahr ); // 8
cels =5.0/ 9 * ( fahr - 32 ); /79
printf( “ Mo Gapenrenty: %6.21f, no Uenbcuio: 26.21f\n", fahr, cels ); // 10

}

PaccMoTpuM oTsiMumMst 9TOI MporpaMMbl OT Tpebiaylieil. Kak Buaute, K nporpamme
MTO/IKJTI0UAeTCs JPYToli 3aroi0BouHbIH daiis — <cstdio>. OH conep:kut onrcanue QpyHK-
Ui, KOHCTAHT U JIPYTUX 3JIEMEHTOB, OTHOCSIIIIUXCST KO BBOJLY-BBIBO/LY «B cTuje C».

ODyuknus printf B onepamope 7 BBITIOTHIET BBIBOJ TIEPEAHHOTO €l CMpoK06020 Jiui-
mepaia, To eCTh TOCJIEN0BATEILHOCTH JIIOOBIX CUMBOJIOB B KaBBIUKAX, Ha CTAHAAPTHOE
yerpoiicTBo BbiBoga (puciuieit). CUMBOJIBL \N HA3BIBAIOTCS YNPAGIsowell nociedosa-
menvrnocmuo. ECTb pasHble ylipaBJsdioniye 10C/1eJ0BaTeIbHOCTH, BCe OHU HAYNHAIOTCA
¢ 06paTHOI KOCO 4epThl. [lafHas 3a1aeT epexo Ha CIEAYIONYIO CTPOKY.

[l BBO/1a MCXOTHBIX IAaHHBIX B onepamope 8 ucnonbayetcs Gpynkius scanf. B Hell Tpe-
Oyercs ykazarh (popMaT BBOAMMBIX 3HAUEHUH, a TaKKe ajipeca IepPeMEeHHBIX, KOTOPBIM
oHu OyayT npucsoensl. [TapaMeTpsl 1000 GYHKIUY IEPEUNCIISIOTC YePe3 3alsATYIO.
B nepBom napamerpe dyHKIu scanf B Bujie CTPOKOBOTO JIMTepaJia 3a/1aeTCsl cneyugu-
Kayus hopmama BBOIUMOU BEJMIMHBI, COOTBETCTBYIOIAA TUITY repeMenHoit. Crieru-
(ukanms 21 coorBercTByer THIy double!. BropsiM mapameTpoM (hyHKITNN TTEPEIAETCS
aJ[pec TIepeMEHHOM, 10 KOTOpoMy Gy/IeT MOMEIIEHO BBOMMOE 3HaUeHIe. Onepavus 63si-
mus adpeca 06o3HavaeTCS 8.

[l1s1 BBIBOZIA pe3ymbTata B onepamope 10 TpUMeHsIeTcsT yKe 3HaKoMas BaM (DyHKITHS
printf. Teneps B Helt Tpu mapamerpa. [lepBbrii, UMeIONINIT BUJl CTPOKOBOTO JIUTEPAJIA,
3amaeT BU U opMaT BBIBOAMMOM nHGopMalu. Bropoil u TpeTuii mapaMeTpsl 1pe-
CTaBJISIIOT cO0OI nMeHa nepeMeHHbIX. [Ipu BbiBozie (hopmarHbie crerduranmu %11 3a-
MEHSIOTCS KOHKPETHBIMY 3HAYEHUSMU MepeMeHHbIX fahr u cels, Kypcop mepexoauT Ha
CJIETYIOTIYIO CTPOKY B COOTBETCTBHUH C TTOCJIEIOBATEBHOCTBIO \N, @ BCE OCTATbHbIE CHM-
BOJIBI JINTEPAJIa BEIBOASTCS 6€3 U3MEHEHNH.

Buj BBIBOZA 3HAUEHUH MOKHO HACTPOUTH MPHU ITOMOIIM TaK HasbIBAEMbIX MOOUDUKA-
mopoe gopmama — 4uces1, KOTopble 3anucanbl nepe]; cieruduraiueil. [lepsoe uncio
3a/1aeT MUHUMAJIbHOE KOJINYECTBO IMO3UIIMI, OTBOJUMBIX 10/ BbIBOJUMYIO BEJUUYNHY,
BTOPOE — CKOJIBKO M3 TUX MO3UIMHA OTBOAUTCS 1O/ ee ApobHYIo yacTh. HeobGxoammo
YUYHUTBIBATD, UTO JIECSTUYHAS TOUYKA TOKE 3aHUMaeT O/[HY TO3UInI0. Ecyin 3a/1aHHOTO0 KO-
JIMYECTBA TMO3UTIMH OKAXKEeTCST HEZIOCTATOUHO /i1 Pa3MeNIeHNsT YNCa, KOMITUIISITOP HaM
3TO MPOCTUT M AaBTOMATUYECKH BBIZIETTUT TT0JI€ JOCTATOUYHON /IJTUHBI.

! TIpusenem ere ase Haubosee ynorpebuTenabhbie cnenuduranuu: 4d — s BETMYMH 1[EJ0T0
THUIIA B I€CATUYHOIN cucteMe cunciaenud, 4T — mug seanuun tuna f1oat. Bosee moanbiil crimcox
crenuduKkanuii cM. B Yuebuuke Ha c. 387.
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Ha wam Barsisi, smuctunr 1.1 Gosiee HATJIAAEH W JTydliie 3alUIIeH 0T OMMOOK KOJAUPOBa-
Hus. C pyroit cTopoHsbl, ¢ ToMoIIbio pyakimii B ctuse C jierdye HacTpauBaTh BU/[ BbIBO-
numoit madopmarun. OHAKO MPHU 3aMUCH (GOPMATOB JIETKO OMIHOUTHCS, U KOMITHIISITOP
00 3TOM HUYETO He COOOTITHT; BbI OYIeTe JIOMATh TOJIOBY B MOUCKAX OIMUOKN B aJITOPUTME,
B TO BPeMsl KaK MCTOUHUKOM HelpuATHOCTEN Oyaer pyHKims printf,

Hajo 3ameTwTh, 4TO MPU UCIIOJNB30BAHUY KJIACCOB TaKKe MOMKHO 3a/aBaTh JIIOOYIO
dhopmy mpescTaBaeHus HHHOOPMAIIUI, HO TIOKa HE BPEMSI BIaBaThCsl B MO0OHBIE feTa-
s, JI7ist Kaskioit porpaMMBI JKeTaTesTbHO BRIOPATh OfNH crmocob BuiBoga (6o ¢ 1mo-
MOTIBI0 QYHKITHH, T1O0 € TTOMOTIIHIO KJIACCOB), MOCKOIBKY CMEITUBATD UX HE PEKOMEH-
yeTcsl.

COBET

Vcnonbayiite hyHKIMKU BBOAA-BBIBOJA TaM, rjie TpeOyeTcs TiareabHoe (hopMaTupoBaHie
Pe3yJIBTaTOB, a KJIACCHl — B OCTAJBHBIX CIyYasIX.

PaccMorpum B GoJiee 001eM Bujie 0YeHb BasKHbBII AU fajibHelineil paboThl BOIIPOC —
OTTMCaHUE TIePEMEHHBIX.

OnuncaHue nepemMeHHbIX

Jlrobast epeMeHHast 00JIajiaeT IByMsT OCHOBHBIMU XapPaKTEPUCTUKAMIL BPEMEHEM HCUSHU
u o6nacmovio deticmeus. OHH 3aBUCAT OT MECTa U CIIOCOOA ONUCAHUS IIEPEMEHHOIL.

Ecom mepemennast omrcana Bre Jiro60ro 6J0Ka (B 4acTHOCTH, (QYHKIINH ), OHA HA3BIBACTCST
2106a1bHOL T M3HAYATHLHO OOGHYIISIETCST, €CITH BBI HE TIPEIYCMOTPENN €€ MHUITHATH3ATTHIO
KaKUM-TO JIDYTUM 3HaueHUEeM. BpeMs ee jKU3HM — C HavaJia BBITIOJHEHUS MTPOrPaAMMbI
1 JI0 ee OKOHYaHUs, a 00J1acTh JeiicTBIsI (06JaCTh, B KOTOPOIl 3Ty TIEPEMEHHYIO MOKHO
MCIOJIb30BaTh, OOPATUBIIKCH K HEll 110 MMeHU) — Bech (aiiyl, B KOTOPOM OHa OIIfcaHa,
HAYMHAS C TOYKU OMUCAHUSI.

[TepemenHas, onmcanHast BHyTpH 010Ka (B YaCTHOCTH, BHYTPU (DYHKIMK Main), sIBJsieT-
CS1 IOKANLHOLL, TIAMSITD TI0J] HEE BBIIEIAETCS B MOMEHT BBITIOTHEHI OIlepaTopa ONMMNCAHNUST
u He obHyJsiercs. O61acThio ee eiicTBUS ABJIAeTCs OJI0K, B KOTOPOM OHA OIIMCaHa, Hauu-
Has C TOYKU ONMUCAHNs. BpeMs ee :KU3HM TakKe orpaHndeHo sTuM 610koM. CKOIBKO pa3
BBIIOJIHAETCH OJIOK, CTOJIBKO Pa3 «POXKIACTCS» M «yMUPAET» JIOKaJbHAs IIePEMEHHAs].

EcTb pasHOBUAHOCTD JIOKAJBHBIX IEPEMEHHBIX — cmamuueckue. OHU, TOL0OHO r100ash-
HBIM, CYIIIECTBYIOT HA BCEM TIPOTSIKEHUH BBITIOJTHEHUS TPOTPAMMbI M MHUTTHATIU3UPYIOT-
cst ofiHOKpaTHO. C Ipyroli CTOPOHBI, OHU, KaK JIOKAJIbHbIC TIePEMEHHbIE, BUTHBI TOJTHKO
B cBOeM OJioKe. [[JIs ONUcaHKs CTAaTUYECKUX TIEPEMEHHBIX UCTIONB3YETCs KI0UEBOE CII0-
Bo static. Huke npuBeieH mpuMep Onucalust TpeX MePEMEHHBIX 1 TabJIHIa, B KOTOPO
CYMMUPYIOTCS CBe/ICHUS O BUJIaX ITePEeMEHHbIX:

int a; // rnobanbHas nepeMeHHas
int main() {
static int b = 1; // NOKanbHAaA CTaTnyecKkaa nepeMeHHas

int c; // nOKanbHaa nepemeHHas
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Ino6ansuas JlokaibHag ctatuyeckast  JlokajibHas
Nma a b c
Pasmemenne CerMenT JaHHbIX  CerMeHT JaHHbIX CerMenT cTeKa
Bpems sxusnu BCA TIPOTPaMMa  BCs pOrpaMMa 610K
O6saCcTh BUAUMOCTH aiin 0J10K 6JI0K
Huunuansanust it} na HeT

[Tam4aTb 11071 BCe aTH NIepeMeHHbIe BbIIEsAeT KOMITUIATOP. Kpome iepednciieHHbIX, Cy-
[IECTBYIOT JUHAMUYECKUe TIEPEMEHHDIE, TTAMSITH MO/l KOTOPbIE PE3EPBUPYETCST BO BPEMST
BBITIOJIHEHUS [TPOTPAMMBI € TIOMOII[BIO OTIEPAIIUY NeW B ANHAMUYECKOH 06JIaCTH MaMsTH,
i xune (heap, kyua). JIocTylr K TaKUM TIePEMEHHBIM OCYIIECTBJISIETCST HE TI0 UMEHH,
a uepes ykasaTesn. Mbl pacCMOTPUM MX Ha TPETbeM CeMUHape.

Bo Bcex PaCCMOTPEHHBIX BbILIE ITPOrpaMMax IepeMEHHbIE SABJIAIOTCA IOKAJIbHbIMU. Tno-
GaJlbHbIe IepeMenHbie HyKHO CTPEMUTBHCA UCIIOJIb30BAaTh KaK MOKHO PEKeE. BaHOMHI/ITe,
4TO nepemennas dosscna umemo MUHUMATOHYIO U3 BOSMOHCHBLY obnacmeil aeﬁcmeuﬂ, 110~
CKOJIbKY 9TO 3HAYUTEJIbHO obJjierdaer nouck omunbox. Ha cJleyIoumnx ceMrnHapax BamM
IIPpEeACTONUT HEOJTHOKPATHO B 9TOM y6e,HI/ITI)CH. EIJ_[e OZTHO BayKHO€ IIpaBUJIO — BCerJa CTpe-
MUTBHCA UHUUUATIUSUPOBANTL NEPEMEHHYT0 NPU ONUCAHUU.

3apaya 1.2. BpemeHHOW nHTepBan

3adanvL momenmul Hauana u KOHUA HEKOMOPO20 NPOMENCYMKA BPEMENU 8 UACAX, MUHYMAX
u cexyndax (8 npedenax oonux cymox). Haiimu npooosjcumenvHocmo 3mozo npomexrcym-
Ka 6 mex Jice eOUHUUAX.

Hexoonvimu dannvimu 1151 3TON 3a/[a4n ABJSIOTCS MIECTh 1EJIBIX BEJUYMH, 33/AI0IUX
MOMEHTbBI HAava/Ia U KOHIA MHTEPBAJIA, Pe3yibmamamiy — TPU 1eJIbIX BEJTUIUHBL.

Bbl yke 3HaeTe, UTO TUII IIePEMEHHOIN BBIOMPAETCS MCXO/s 13 AMana3oHa u TpedyeMoii
TOYHOCTH IPEACTaBJICHUA JAHHDBIX, & UM JACTCA B COOTBETCTBUU C €€ COJAEPIKUMBDIM.
Hawm morpebyercst XpaHUTh UCXOJHBIE JIAHHBIE, HE TPEBBINIAIIINE BeTMIMHbI 60 /17151
MUHYT ¥ CEKYH/I M BEJTMUUHDI 24 JIJIT 4ACOB, IOATOMY MOXKHO OTPAHUYUTLCS KOPOTKUM
1estbiM TUIioM (short int, cokparniento short). HazoBem rnepemenHbie /71 XpaHeHUs Ha-
yaJsia uHTepBasia hourl, minl u secl, 1u1g XpaHeHus1 KOHIIA MHTepBaJia — hourZ, minZ u secz,
a Pe3yJILTUPYIOIINe BeJINYNHBL — hour, min u sec.

Jlis1 pemienust 910l 3a7aun HeoOX0AUMO IIpeoOpasoBaTh 00a MOMEHTA BPEMEHU B CEKYH-
[Ibl, BBIYECTH IIEPBBII M3 BTOPOIO, a 3aTeM IIpeodpasoBaTh pesyJsibraT 00paTHO B 4Yachl,
MUHYTHI 1 cekyHbl. ClienoBaTesibHo, HaM IHOTPeOyeTcs IPOMeKyTOUHasl [iepeMeHHas,
B KOTOPOil Oyler XpaHWUTbCs MHTEPBa] B ceKyHmax. OHa MOKeT IPUHUMATh BEChbMa
Gouiblline 3HAYEeHUs, Belb B cyTKax 86 400 cexyHz.

B Besmumuax tumna short MOryT XpaHWTbCSI 3HAYEHUS, He TIpeBbImaionie 32 767 nis
BEJIMUMH O 3HaKoM (signed short) u 65 535 st Besmunn Ge3 3uaka (unsigned short),
MOATOMY TH Short 3/1ech UCIOIB30BATh HEMb3s1. BOT moyeMy /7151 9TOI IepeMeHHOi cJre-
JyeT BeIOpaTh JIMHHBIN 1esbiii Tui (Tong int, cokpamieHHo 1ong). «OOBIYHBINY 1IeIbIil
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THUII Nt B 3aBUCUMOCTU OT APXUTEKTYPbI KOMIIbIOTEPA MOJKET COBITa/laTh ambo ¢ KOpPOT-
KHM, 1mbo ¢ JUIMHHBIM I1€JIBIM TUIIOM. TeKcT IIpOTrpaMMBbI ITPUBE/ICH B JINCTUHTE 1.3.

JluctuHr 1.3. BoluncneHme nHtepeana BpeMeHu

#include <iostream>
using namespace std;
int main() {
short hourl, minl, secl, hour2, min2, sec2, hour, min, sec;
cout << endl << “ BpeanTe Bpemd Havana MHTEpBana (4ac MuH cek)” << endl;
cin >> hourl >> minl >> secl;
cout << endl << " BpeguTe BpeMs KOHUa MHTepBana (4ac MuUH cek)” << endl;
cin >> hour2 >> min2 >> sec?;
Tong sum_sec = ( hour2 - hourl ) * 3600 + ( min2 - minl ) * 60 + sec2 - secl;
hour = sum_sec / 3600;
min = ( sum_sec - hour * 3600 ) / 60;
sec = sum_sec - hour * 3600 - min * 60;
cout << * [pORONMKUTENbHOCTE MPOMEKYTKa 0T = <<

hourl << ':" << minl << ":' << secl << 7 go " <<
hour?2 << ':' << min2 << ':' << sec2 << end] << " paBHa " <<
hour << ':' << min << ':' << sec << endl:

}

Jlist epeBozia pe3yabrata M3 CeKyH/ 06pATHO B YAChl I MUHYTHI UCTIOIB3YETCS 3HAKO-
MBIt BaM ahdekT oTOpachBaHms APOGHOHN YaCTH TP TETEHUN TIeT0T0 YHCIIa Ha TIETOE.
[TporecTupyiite IporpaMmy Ha pasJUYHBIX HAOOPAX MCXOIHBIX JaHHbIX.

BHUMAHUE

JlaHHbBIEe TP BBOJIE PA3/IEIISIOTCS MPOGETAMU, CAMBOJIAMU TTEPEBOJIA CTPOKU HJIH TaOy IS
(1o ne 3angaTeiMul).

Utorun

1. TlpucTynast K HAMUCAHUIO TPOTPAMMBI, YETKO OTIPE/IETTUTE, UTO SBJISIETCS €€ NCXO/THBI-
MU JJAHHBIMU U 9TO TPEOYETCsI TIOMYIUTH B PE3YIIBTATE.

2. BoibupaiiTe TUTI TIEPEMEHHBIX C YIETOM JMANia30Ha U TpebyeMOil TOUHOCTH TIPEICTaB-
JieHus lanublx. JlaBaiiTe mepeMeHHbIM HMEHa, OTPaKAIole UX Ha3HaueHHe.

3. OrjaaBaiite mpeaoOYTeHUE JTOKATBHBIM TIEPEMEHHBIM TIepejl TaobaabHbiMu. [lepe-
MeHHasT 0JKHA UMETh MUHUMAJIBHYTIO U3 BOBMOXKHBIX obsacTeil meiictBust. Beerma
WHUIHATU3UPYITE TIepeMeHHbIE TTPU OTIMCAHUH.

4. Tlpu 3anucu BhIpakeHUH oOpalaiiTe BHUMaHNE Ha TIPUOPUTET OTIEPAIMl U THUIIBI
OIlepaH/OB.

5. Ilpu ncnonp3oBaHuM CTAHAAPTHBIX (QYHKIIMIT MU KJIACCOB € TIOMOIIBIO UPEKTHBBI
#include momKIIOUNTE K TIPOTPAMMeE COOTBETCTBYIOIINE 3ar0JI0BOUHbIe (aiinsl. He
CMENINBAIiTe B OJIHON ITPOTPaMMe BBO/I-BBIBOJI C TIOMOIIbIO KJ1accoB (B ctune C++)
1 ¢ moMoribio GpyHkinit 6ubanorexu (B cruse C).
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6. BBoj c kraBuaTypsl peaBapsiiiTe IpUrIalleHeM, a BIBOMMbIe 3HAYEHUST — TI0sIC-
HeHwsiMuy. JlaHHble TPU BBOJIE PA3/iesisTiiTe MPpoOeraMu, CHMBOJIAMI TTIEPEBO/IA CTPOKI
wn Tabysstium. [t KOHTPOJIS Cpasy ske Mocjie BBOA BBIBOANTE UCXOAHbIE TaHHbIE
Ha 9KPaH.

7. B dyaxknmax printf u scanf misd kaskmoi mepeMeHHOM yKa3biBaliTe crielnuKaInio
(dhopmara, coorBercTByIolryio ee tuiry. He 3a0biBaiire, uto B scanf mepezaercs aapec
riepeMeHHol, a He ee 3HaYeHue.

8. [lo 3amycka mporpaMMbl ITOJITOTOBBTE TECTOBBIE TIPUMEPDI, COJEPIKATINE UCXOHBIE
JIAHHBIE W OXKUJaeMble pe3yasTaThl. OTIeIbHO TPOBEPHTE PEAKITUIO TPOrPAMMBbI Ha
HEBEPHbIE UCXO/IHbIE IAHHBIE.

3agaHua

Hanumnre nporpammy pacuera 1o aAByM dopmyraaMm. [IpensapurenbHo TOATOTOBbTE Te-
CTOBBIE TIPUMEPBI (PE3YJIBTAT BHIYMCICHUS [0 TIEPBOiT GopMyJie T0IKeH B GOTBITHHCTBE
BapUAHTOB COBIAAaTh co BTOPoil). CIMCOK MareMaTHYeCKuX (GYHKIMHA OUOIMOTEKH
C++ npuseer B YueOHuke Ha ¢. 410. J[J1s1 UX UCIIOb30BaHII HEOOXOANMO IIOAKIIOYUTh
K IporpaMMe 3aroJioBouHbIi (aiin <cmath>. OrcyrerByiomue B 6ubnorexe (GyHKIMKI
BbIPA3UTe Yepe3 UMEIOIIHeCs].

.9 9 1 1. (5
1. z, =2sin”“(3n - 2a) cos” (51 + 201, 2y =~ 4sn ETE—SOL
. . . (m
2. z{ =cos0 +sin o + cos 3o + sin 30, 22:2«/§cosa-sm Z+20c
3, _sin 20 + sin 5o — sin 3o S = 9sing
! coso+1—2sin2a ?
4 _ sin 20+ sin 5o — sin 30, 2, = tg 3a
'™ cos o — cos 30, + cos 501
3.z :1—isin2 200 + cos 20, Zy = cos’ o+ cos? o,
o 5
6. z, =cosa + cos2o + cosbo + cos7aL, Zy =4cos§'cos§a-cos40c.
3 o 9 11 o \/5 o
7. zy=cos’| Zn—— |-cos?| —m+— , =—"sin—-
1 3 1 3 1 Zy 5 51112
8. z :cos4x+sin2y+%sin2 2x -1, zy =sin(y + x) - sin(y — x).
9. z = (cos o — cosB)? — (sin o —sin B)?, z, = —4sin? a;B'COS(OL+B).
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. (m
sin §+30c 5 3
1 —sin(30 — ) 4 2
11. 5 =1—2sin2(x, 2,2 1—tgoc
1+ sin 2o 1+tga
12. 7, = sinda.  _ cosZa zy =ctg §Tc—oc .
"1+ cosdo 1+ cos20 2
13. , _ sina 4+ cos(2B — o) =1+sin2[3
'™ cos o —sin(2B — o) cos 23
14. Z1:w, 22:tg2(x+sec20(.
cos o — sin o
15, _N2b+2b* 4 S
C g =N .
Vb2 =4 +b+2 Vo +2
6. » x4 20 -3+ (e +DVx? -9 L [x+3
Sz = , ) = .
X% —2x—3+(x-1Wx2 -9 x-3
N 2)% —24
17 2, =¥Om+2) =, 2y =—m.
3Wm - ——
Jm
18. zZ, = a+2— a + 2 \/7_\/5 z :;'
"\V2a V2a+2 a-2a ) a+2 P a2
-1
1+a+a’ 1-a+a? 4—a?
19. 2z, = +2- (5-24%), z,= :
! (2a+a2 2a - a* ] ) 2 2
50, 5. = (m=DNm—(u-Dn L, _Nm-n
. 1= y =
NmPn +nm+m?* —m ? m




CemuHap 2. BeTtBneHus u UnKJibl

PasBeTBngowmecs nporpaMmmbil

Teoperuueckuit matepuar: c. 40—44.

B nuneiinoit mporpaMmmMe Bce oniepaTopbl BLITIOJTHAIOTCA 1TOCJIe€/I0BATENIbHO, OUH 32 JIPY-
rum. TakuM crnocoboM MOKHO 3aIucaTh TOJILKO OYeHb TIPOCThIE aIropuTMbl. [ Toro
4TOObI B 3aBUCUMOCTH OT KOHKPETHBIX 3HAYEH U HCXO/IHBIX TAHHBIX 00ECTIEYNTh BBITIOJ-
HeHle Pa3HbIX 110CJIe/I0BaTeIbHOCTEe! 01IepaTopoB, IPUMEHSIIOTCS OTIepPaTOPbl BETBJIEHUS
if u switch. Oneparop if obecrieunBaer nepeady yrpabJjieHUsT Ha OJ[HY U3 JIBYX BETBE
BBIUUCJIEHU, a oriepatop switch — Ha oIHY U3 MPOM3BOJILHOTO KOJInuecTBa BeTBeil. Pac-
CMOTPUM CHavaJIa 3a/1a4M ¢ IpUMeHeHneM oneparopa if.

3apaua 2.1. BoluncneHue 3Ha4yeHna GyHKuum,
3apaHHOM rpadnyeckm

Hanucamv npoepammy, komopas no 860eHHOMY 3HAUECHUIO APZYMEHMA BLIUUCTSEM SHAUE-
nue pynkyuu, 3adannotl 6 sude zpagura (puc. 2.1).

Puc. 2.1. dyHkumsa, 3aaaHHas B Buae rpadpuka

O‘-IGBI/IZIHO, YTO UCXOOHBIMU OAHHBIMU LI ATON 3aZlady ABJIAETCA BEIIECTBEHHOE 3HaA4YC-
HUE apryMeEeHTa X, KOTOprI‘/JI OIIpeaeJIEH Ha BCEU YMCTIOBOM ocH, a pe3yaobmainom — BeEIlle-
CTBEHHO€ 3Ha4Y€H1E (byHKL[I/II/I Y.

[lepen HanucanweM MPOTPAMMBI CJIEAYET COCTABUTH AIZOPUMM €€ PelleHus — CHa-
yajia B 00IEM BUJE, a 3aTeM IIOCTEIEHHO JeTaau3upyst Kakablil mmar. Takoii crioco0,
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Ha3bIBAEMBIN HuUCX005ell Paspabomxoil, IO3BOJISIET CO3/IaBaTh TIPOCTHIE TI0 CTPYKTYPE
nporpammbl. [To Mepe IproOGpeTeHnst OTbiTa Bbl YOEUTECh, HACKOIBKO 9TO BaxKHO. J[J1st
Havasa 3amnuineM QyHKIUIO B BUJIE CUCTEMbI (hopMy.JI:

0, x<-2;
-x-2, —2<x<-1;
Y=14x, -1<x<1;
—-X+2, 1<x<2;
0, x=2.

AJITOpUTM MOZKHO OITHCATh B PA3JIMYHOM BUJIE, HAIIPUMED B Bujie OJIOK-cXeMbl. Mbl Bbi-
Gpanu HeOPMATBHBIN CIOBECHBIH BUJ, KOTOPBII HACTOSTENBHO PEKOMEHYEM: BE/b
TOJIBKO ITOCJIE TOTO, KaK 3a/laua YeTKO C(hOpMYJINPOBAHA U OMUCAHA HA €CTECTBEHHOM
SI3bIKE, €€ MOKHO YCIIEITHO 3aIMCaTh Ha SI3bIKe MporpaMMupoBanusd. /s Takoro mpo-
CTOTO AJITOPUTMA 3TO, GBITH MOKET, U HE UMEET OOJIBIIIOTO CMBICIIA, HO BBI BE/lb He cOOU-
paerech B JabHEHIIEM OrPAHUYMBATHCS MOAOOHBIMY 3a1a4amu!

1. BBecTu 3HaueHme aprymeHra x.

2. OnpenennuTh, KAKOMY HHTEPBaTy U3 00JIACTH OTIpe/ieieHusT (DYHKITUU TTPUHAIICHKIAT
BBeJIEHHOE 3HAYEHNE apTyMEHTa, ¥ BBIUUCJIUTD 3HaueHne (DYHKIUKA y TI0 COOTBET-
CTBYyIOIIIEH hopmy.ie.

3. BeiBecTu 3HaueHue y.

OmnumieM BTOpOii IyHKT anropuT™a GoJiee moapooHo:

2.1. Ecam apryMeHT X TPUHA/JIEKUT UHTEpBay [—o0; —2), To y = 0.
2.2. Ecim apryMeHT X IPUHAJICKHUT HHTEpBaTY [—2; —1), Toy = —x—2.
2.3. Ecom apryMmeHT x IpuHajiekuT untepsany [—1; 1), Toy = x.

2.4. Ecim apryMeHT X IpUHAIeKUT nHTepBany [1; 2), To y = —x+2.
2.5. Ecum apryMeHT x npuHaJIeKUT HHTEpBay [2; +90], To iy =0.

[To TakoMy alrOpUTMy MOKHO «OJIMH-B-O/INH» HANIUCATh TporpaMmy (JaucTuHr 2.1).

JluctuHr 2.1. BoluncneHme 3HauyeHns GyHKUNKW, 3a4aHHOM rpaduyeckun
#include <iostream>

using namespace std;

int main() {

float x, y;

cout << " BeeanTe 3HayeHne aprymeHTta" << endl;

cin >> Xx;

if (x<-2) y=0;

if (x> -28&x<-1)y=-x-2;

if(x>-1&x< 1)y-=x;

if (x> 18&x< 2)y=-Xx+2;

if (x> 2) y=0;

cout << " Ing x = " << x << " 3HayeHue QyHKuMM y = " <<y << endl;
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Tecmosvie npumepol 17151 TOM IPOTrPAMMBI TOJIKHBI BKJIIOUATD 110 KpaiHei Mepe 110 0/[HO-
My 3HAQYEHUIO apryMeHTa M3 KaskK/[OT'O WHTEPBaJIa, a /g IPOBEPKU PAHUYHBIX YCJIO-
BUIT — eIle ¥ Bce TOUKH Treperrba (i 9TO KayKeTCsT BaM U3JIHIITHUM, TTOTTPoOyiiTe B 10-
CIIETHEM YCIOBUN «3a0BITh» 3HAK =, 4 3aT€M BBECTH 3HAUEHHE X, PaBHOE 2).

OO6paTtuTe BHUMaHUe Ha 3allUCh YCIOBUM, copepKalux ABa cpaBHenus. Omnepanuu
oTHoOWmeHUs (<, >, ==, <, >, |=) gBIAI0TCSI OMHAPHBIMU, TO €CTh UMEIOT ABa OlepaHia, 1
dbopmupytor pesysbrar Thia bool, paBHbiii true niau false. ITocKkoibKy HEOOXOAUMO,
YTOGBI 9TH YCIOBUST BBIIOJIHSIINCH OJHOBPEMEHHO, OHU 00hEIITHEHBI ¢ ITOMOIIBIO OlTe-
paruu jorndeckoro M (&&) — #He myTtath ¢ nopaspsaasiM ! [lpuoputer y omepammu
W Huske, 4eM y orepaiuii OTHOIIEHUSs, II09TOMY 3aKJII0UaTh UX B CKOOKK He Tpedyer-
csl.

BecbMa pacripocTpaHeHHast OMMOKa HAUMHAIINX — 3aIKCh MOJ00HBIX YCJIOBHUIL B BUle
KaJbKU C MaTeMaTHYeCcKoil (opMyJibl, To ecTh Kak a<b<c. CHHTaKCHYeCKOW OIUOKN
B 9TOM BbIPaKEHUU HET, KOMITUJIATOP BbIZAeT Ipeaypexaenue (a bojee ctapble BEpCUN
KOMITMJIATOpa 1 BooOIie Mosrvar). [laBaiite IIOCMOTPUM, YTO K€ IIPOMCXOIMT IIPU BbI-
yucaennn. Orepaniuu OTHOMIEHUS OJIHOTO MPUOPUTETA BBITIOJIHSIIOTCS CJIeBAa HAIIPABO,
[09TOMY CHauasia OyJeT BbIIOJHeHa onepanus a<b u cHopMHUPOBaH PE3yJIBTaT B BUIE
true nim false. Caenytoniast oneparus 6yZI€T BBITJIAIETh Kak true<c man false<c. s
ee BBINIOJIHEHUsT 3HaUeHust true u false mpeoOpasyoTcsi, COOTBETCTBEHHO, B €IMHUILY
U HYJIb TOTO K€ THIA, YTO U C, 1 (DOPMUPYETCST Pe3yJbTaT, CMBICJ KOTOPOTO BPSIL JIN
OIIPAB/IbIBAET OKUIAHUS.

ITpu paboTe MPUBEAECHHOI BBIIIIE IIPOrPAMMBbI BCET/Ia BBIMTOJHIAIOTCS OJMH 3a APYTUM BCE
IIATH YCJIOBHBIX ONEPATOPOB, IIPU 9TOM MCTUHHBIM OKa3bIBACTCS TOJIBKO OJTHO YCIOBHOE
BBIpa)keHNe 1, COOTBETCTBEHHO, IIPUCBAaNBaHNe 3HAUEHUST TIePEMEHHON Y BBITIOJIHAETCS
OJIVH pa3. 3aluilieM YCIOBHBIE OMEPATOPHI TaK, YTOOBI YMEHBIIUTD KOJIMIECTBO TIPOBE-
POK:

if (x<=-2)y=0;
else if (x<-1) y=-x-2;
else if (x< 1) y-=x;
else if (x< 2) y=-x+2;
else y = 0;

31ech PoBepKa Ha MPUHAICKHOCTD apryMEHTa 0YePEHOMY UHTEPBAJY BbBITIOJIHSET-
Cs1 TOJIBKO B TOM CJIy4ae, eCJid X He BXOAUT B IpeAbIayiuii nnrepsai. [Iporpamma mo-
JIyansiach 6ojiee KOMIIAKTHON 1 2(h(PEKTUBHOM, HO MeHee IIOHSITHOM, HOCKOJIBKY COLep-
JKUT BJIOKEHHBIE OTIEPATOPHI. B oT/indme OT mpeabIyIeil BEepCUH, TOPSIIOK CIeT0BAHM
YCJIOBHBIX OTIEPATOPOB MMEET 3/[eCh BaKHOE 3HAUECHNE.

Kaxoii BapuanT Jsiyutiie? B coBpeMeHHOI Mepapxuyu KpUTEPUEB KAUeCTBA TPOTPAMMbI Ha
[IEPBOM MeCTe CTOAT ee HaJIesKHOCTD, IIPOCTOTA MOJIePKKY U Moaudukanu, a ahdex-
THBHOCTh W KOMITAKTHOCTH OTXOJAT Ha BTOPOW miaH. [loaToMy B obiieM caydae, ecin
HET ClielaIbHbIX TpeGOBaHMil K OBICTPOAEiiCTBIIO, Jyuliie GoJiee HArJISIHbIA BapUAHT.
[TepBbIii BapuaHT HOHATEH C TEPBOTO B3TJISA/A, TOCKOJIBKY OH (DaKTUYECKH MTPE/ICTABIISIET
co00i1 «KaIbKy» ¢ (hOPMYJIbIL, 3a/1ai0IIel moBeaeHne (PyHKINN.
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3apaya 2.2. BbicTpen N0 MULLEHN

Hana sawmpuxosannas obiacmo (puc. 2.2) u mouxa ¢ xoopounamamu (x, y). Hanucamo
npozpammy, onpedersiouyio, nonadaem iu mouxka 6 obiacmo. Pesynvmam evisecmu 6 aude
MeKcmo8ozo coobUeHUs.

Puc. 2.2. 3awTpuxoBaHHas 061acTb ons 3agadm 2.2

3arnuineM ycJaoBUs MOMajaHust TOUKU B 00JacTh B Bujie hopmyst. O61acth MOKHO OTHU-
caTh KaK KPYT, [IePEeCEKAIOIIUIICS ¢ TPEYTOJbHUKOM. TouKa MOKET TOTaiaTh MO0 B KPYT,
100 B TPEYTOIbHUK, JTNOO0 B UX OOIIYIO YaCTh:

x<0
2 +y? <t} wm | y<0
y=2-—x—2

[TepBoe ycsioBue 3a/aeT onajianyie TOYKKM B KPYT, BTOpoe — B TpeyrosbHUK. [Iporpamma
JUIS pellieHus 3a/laui IpuBe/ieHa B JIUcTuHre 2.2,

JlucTuHr 2.2. NonagaHuve B 3alUTPUXOBaAHHYIO 061aCTb

#include <iostream>
using namespace std:

int main() {
doubTe x, y:
cout << " Beepute 3HauyeHms x un y:" << endl;

cin >> x >> y;

T (x*x+y*y<=1|| x<=0&&y<=08 y>-x-2)
cout << " Toyka nonafaeT B 00NACTb" << endl;

else cout << " Toyka He nonapgaet B obnacts" << endl:

}

Bce ycoBus nonajianus B TPEYTOJTBHUK TOJKHBI BBITIOJHATHCS OZTHOBPEMEHHO, TT03TO-
My oHu 00beinHeHb! oniepaitueit U (8&). Ee mpuoputer Boitite, uem y IJIN (| |), u Huke,
4eM y OIepaIruil OTHOIIEHVSI, TOITOMY 3aKJII0UaTh 3TH YCIOBHUS B CKOOKH He TpedyeTcs.
BormoHUTE TPOTPAMMY HECKOJTBKO Pa3, 3alaBast Pa3IMUHbIE TIOJIOXKEHIS TOUKU. 3a1ati-
T€ 3alITPUXOBAHHYIO 00JIACTH KAKOTO-THOO0 APYTOTO BU/IA U MI3MEHUTE TPOTPAMMY B CO-
OTBETCTBHH C HTOH 06IACTHIO.
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Puc. 2.3. [Ipyras 3awtpmxoBaHHas 06nacTb onga 3agaym 2.2

PaccMoTpuM prMep APYroi 3aiTpuxoBaHHoii o6actu (puc. 2.3). YeioBHBIi oriepaTop
JUIST OTIPE/IEJICHUS TIOTIAIaHKst TOYKH B 3TY 0OJIACTh UMEET BUJL.
iIfT(y<0& ((x-1D*Xx-1+y*y<=1|[|
x+D*x+D+y*ry<=1))
cout << " Touka nonagaer B 00nacTh";
else cout << " To4Ka He nonapaer B 00nacTe":

Touka MOKET MOMACTH JINGO B TPABbIil MOJYKPYT, MO0 B JIEBBIH, B 000OUX CIydasiX 3HAUE-
HUeE y JI0JKHO ObITh OTpriaTeibHbIM. [IJ1s1 Toro yto6nt onepanus VJIV 6blia BbIIOIHEHA
pasbIie, ueM omeparust U, HeoOX0AUMbI KPYTJIbIE CKOOKH.

COBET

Jloist yorydieHust 4uTabeibHOCTH POrPAMMBbI MOKHO CTABUTH CKOOKHU U B TEX MECTaX, T/e
OHU He 00sI3aTeIbHbI, — HAIIPUMED, /sl BU3YaJIbHOU IPYIITUPOBKU YCIOBUIA.

PaccMmoTpum apyrie 0coOeHHOCTH YCIOBHOIO OIlepaTopa, KOTOPbIe Ha[l0 yYUThIBATH IPH
HAIMCAHUU NPOrpaMM. BHYTPU KPYIJIBIX CKOOOK MOMKHO OOBSIBUTH OAHY MEPEMEHHYIO
1 IPUCBOUTD €i1 BbIpaskeHue, Halpumep:

if (int k=7f(x) )a=k *k; elsea=k - 1;

O6JIaCTI) BUINMOCTHN 3TOIL/,I HepeMeHHOﬁ OFpaHH‘{I/IBaeTCH yC]IOBHbIM OnepaTOpOM.

Ecnu no xaxoti-mubo eemxe ycaosus HeodXo0umo euinoInumy 60ee 001020 0eUcmeust, ux
credyem 06pedunums 6 610K ¢ NOMOWBIO PueypHulx ckobok. B 610Ke MOKHO TakKe 00b-
SIBJIATD JIOKAJIbHEIE IEPEMEHHBIE, NX 00JIaCThI0 BUAMMOCTH SIBJISIETCS 9TOT OJIOK:

if (x<0) {inti; i =2 cout <<i; }

Cuienyer usbezamov npoeepKu 6euleCmeeHvbix 6eAUUUN HA PABEHCTNE0, BMECTO 9TOIO JIyd-

I1e CpaBHUBATb MOAYJIb UX PA3HOCTU C HEKOTOPbIM MaJIbIM YHUCJIOM. ITO CBsI3AHO C TI0-
TPEITHOCTBIO MPEACTaBJICHNU BEIIECTBEHHDIX 3HAYCHUN B TAMSITHU:

float a, b;

if (a==Db) cout << " pasHbl"

else cout << " He paBHbl"; // He pekomeHpyetcs!
if ( fabs(a - b) < le-6 ) cout << " paBHb"

else cout << " He paBHbI"; // BepHo!

3HadeHmne BEJIMYNHBI, C KOTOpOfI CpaBHHMBAECTCA MOAYJIb Pa3HOCTHU, CJICAYET BbI6I/IpaTb
B 3aBUCHUMOCTHN OT pemaeMOf/’I 3a/lady MU TOYHOCTU YYaCTBYIONIUX B BbIPpAKCHUU TIepe-
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Mennbix. CHU3Y 9Ta BeJIMYMHA orpanudena s Tuma float onpesesieHHoll B 3aro10BoY-
HoM aitsie <cfloat> koncranroii FLT EPSILON = 1.192092896e-07F — aT0 MUHMMAIBHO
BO3MOJKHOE 3HaUeHMe TiepeMeHHo# Thna float takoe, yto 1.0 + FLT _EPSILON !=1.0.

Jlig npucBaMBaHus KakoH-1M00 IEePeMEHHOI ABYX PasJMYHbIX 3HAYEHUN B 3aBUCH-
MOCTH OT BBITIOJIHEHUS YCJIOBUS JIydllie TI0JIb30BaThCS He oriepaTopoM 1T, a mepraprou
YCA0BHOU Onepayuell, HarpuMep:

if (a<b)c=x elsec=y; // HepaunoHanbHo
c=a<b?x:y; // PekomeHpyetcs

TepnapHoii 3Ta onepalinsi Ha3bIBaeTCs IOTOMY, UTO y Hee Tpu onepana. [lepsblii orre-
paH[ TpeNCTaBIseT cOO0H BhIpasKeHE, PE3YIBTAT BEIYUCIEHUST KOTOPOTO TPeobpasyeT-
cs B 3Havenue true uinu false. Ilocse snaka Bolpoca yepes ABOCTOUME 3IIUCLIBAIOTCS
JiBa BbIpakeHus. Pe3ysbraT BblYMCJIEHUS [1€PBOrO M3 HUX IIPUHUMAETCS 32 pesyJibrar
BCell orepaliui, ecjiy MepBblii ollepan/l nMeeT 3HaueHue true. B mpotuBHOM ciryyae pe-
3YyJITATOM BCEil OIlEepaIUU SIBJISETCS Pe3yJIbTaT BBIYMCIECHUS BTOPOTO BhIpaskeHns. Ta-
KM 00pa3oM, TIepeMeHHON ¢ Gy/IeT IPUCBOEHO 3HaueHue MO0 TIePEeMEHHON X, 60 Y.

3apaua 2.3. KnaBuwum kypcopa
Hanucamo npozpammy, onpeoersiouyio, Kaxas u3 KypcopHvix Kiasuu Ovlia naxcamd.

B cocraBe 6ubmmoTexn, yHaciaemosantoi ot s3bika C, ecth (GyHKIMs getch, Bo3Bpa-
IMIAIoTIas KO/ HA)KaTol TToTb30BaTeseM KiaaBuii. [Ipu HakaTum (pyHKIIMOHATBHON 1IN
KypCcOpHO# Kaapuiu s1a GyHkius sosspamaer 0 mu6o 0xEQ (B 3aBUCHMOCTH OT KOM-
HUJISITOPA), & ee TIOBTOPHBII BHI30B TIO3BOJISIET MOJYIUTh PACIIMPEHHBIN KO KIABUIIIH.
B nucrtunre 2.3 npuBe/ieH TEKCT IPOTPAMMBIL.

Jinctunr 2.3. Knasuwiu kypcopa

#include <cstdio>
#include <conio.h>
using namespace std;
int main() {
int key:
printf("\n HaxMute OfHY W3 KyPCOPHbIX Kiasuw:\n");
key = getch(): key = getch()
switch ( key ) {
case 77: printf( "cTpenka snpaso\n" ); break;
case 75: printf( "ctpenka Bneso\n" ); break;
case 72: printf( "ctpenka ssepx\n" ); break;
case 80: printf( "ctpenka BHu3\n" );  break;
default: printf( "ne ctpenka\n" );
}
}

BoipakeHue, cTosiiiee B CKOOKAX MMOCJe KJIIOYEBOrO CJOBa Switch, a Takke KOHCTAHT-
HBIC BBIPAKEHUS B CaSe JIOJIKHBI OBbITh [[EJIOYUCTIEHHOTO TUTIA (OHU HESIBHO TIPUBOJISITCS
K TUIY BBIPaKEHUs B CKOOKax). Ecsin TpebyeTcst BBITOTHUTD OIHU ¥ T€ JKe IeHCTBUSI TTPH
HECKOJIBKMX PAa3/IMYHbIX 3HAYEHUSIX KOHCTAHT, METKH TMEPEUNCIISIOTCST OHA 3a IPYTOI:

case 77: case /5: case /2: case 80: printf( "ctpenku" ); break;
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Mertku camu 110 cebe He BBI3bIBAIOT U3MEHEHMS [TOPSI/IKa BBITIOJIHEHHUS OIIePaTOPOB, 1103-
TOMY, €CJIU BbI He XOTHTe, YT00BI yIIpaB/ieHue ObLIO epeJaHo Ha IIePBbIii OIepaTop cJe-
AyIOLIel BeTBH, HeOOXOANMO MOCJIe KasKA0! BETBH UCIIOIb30BaTh oIiepatop break.

COBET

Xorst nanmuue caosa default we 06s13aTenbHO, PEKOMEHLYETCs Beer/ia 00pabaThiBaTh CJrydai,
KOTJIa 3HaYCHUE BBIPAKECHSI HE COBITAAET HU € O[HON U3 KOHCTAHT. DTO 06JIeTYaeT MOMCK
o1nOOK TIPU OTJIAJIKE IPOrPAMMBI.

Orepatop switch mpeanodyruresnpbHee orepaTopa if B TeX ciyyadx, €cjii B IIPOrpaMme
TpeOyeTcst Pa3BEeTBUTD BBIYKCIIEHIS HA KOJMYECTBO HATIPABJIEHU, OOJIbIIIEE BYX, U BbI-
pakeHue, 110 3HAUEHUIO KOTOPOTO ITPOU3BOMUTCS MEPeXo/l Ha Ty WJIN UHYIO BETBb, SB-
JISIeTCsl 11eJIOUNCJIeHHBIM. JacTo 3TO CIpaBelINBO Jlaxke JJIsl IBYX BeTBel, MOCKOJbKY
yJIydliaeT HarJsiIHOCTh ITPOrPaMMBbl.

Luknbi
Teoperuueckuit matepuait: c. 44—49, 237.

IHuxn — 310 TIOCTIEIOBATEIHHOCTD OTIEPATOPOB, TTOBTOPsieMasi MHOTOKpaTHO. B C++ Tpn
B3aMMO3aMeHsIeMbIX orlepaTopa 1uKiaa — while, do while u for. Ilpu Hanucanuu g1060ro
IIUKJIa HA/I0O UMETh B BU/LY, YTO B HEM BCET/IA SIBHO WJIM HESIBHO TIPUCYTCTBYIOT YEThIPE
9JIeMEHTA: HaYaJIbHbIe YCTAHOBKH, TEJIO IUKJIA, MOAM(MUKAIUS TTapaMeTpa IUKJIa U BbI-
paskeHue, MpoBepsIolee YCa0BUe MPoosKenns nnkia (puc. 2.4). Haunnarorne vare
BCero 3a0bIBAOT PO MepBoe U(UJIN) TPETHE.

! !

HavanbHble HavanbHble
yCTaHOBKMN YCTaHOBKM
> >
» >
) 4 v
BbipaxeHue Onepatops|
Mogudmkaums
napameTpa umkna
Onepatopbl l
Mopgudukaumsa BbipaxeHue
napamMeTpa uvkna

—

a 6

Puc. 2.4. CTpykTypHas cxema ornepaTopoB LMKIIa: 8 — LMK/ C NMPeayCioBreM;
6 — UMKJI C NOCTYC/IOBMEM



CemuHap 2. BeTBneHus n LUmKibl 33

3apaua 2.4. Tabnnua 3Ha4yeHUum PpyHKUUU

Hanucamo npozpammy nevamu mabiuiybl SHAUeHULL QyHKUUU

t, x<0;
y=4t-x, 0<x<10;
2-t, x2>10.

05 apzymenma, usMensowezocs 8 3a0anHvLY npedenax ¢ sadannvim wazom. Ecau t > 100,
SHaueHUs PYHKUUU OOTICHDL BLIBOOUMBCS 8 ULTOUUCTEHHOM BUOE.

Hcxoonvimu danmnvimu SBISIOTCS HavyalbHOE 3HaYE€HHE apryMeHTa Xn, KOHeYHOe 3Haye-
uue aprymenTa Xk, mar uamenenus: aprymenta dX u napamerp t. Bce Bemunnbr — Be-
mecTBennble. IIporpaMma JOJKHA BRIBOAUTH TaOIUILY, COCTOSILYIO U3 JBYX CTOJIOLOB:
3HAYEHW I apIYMEeHTa U COOTBETCTBYIONUX UM 3HAUEHUM (DYHKITUM.

B cioBecHOM Bujie aJTOPUTM MOXKHO C(HOPMYTMPOBATH TAK:

1. BBecTu ncxojHble JaHHBIE.

2. Bs4aTb mepBoe U3 3HAUEHU apTyMeHTa.

3. Ompezenutn, KAKOMY HHTEPBaATY U3 00JIACTH OTIpe/ieieHusT (DYHKIIUU TTPUHAJIEKIT
3HaUEHNE apTYMEHTA, U BEIYUCTUTH 3HAUeHNEe (DYHKITMH 10 COOTBETCTBYIOMEH hop-
MyJTe.

Ecau t > 100, npeoGpasoBarh 3HAYEHUE Y B 1IEJIOE.

BeiBecTr CTPOKY TaGJIUIIBL.

[TepeiiTn k caemytoneMy 3HaAYEHUIO APTYMEHTA.

Ecu oHO He nipeBbiliaeT KOHEUHOE 3HAaYeHNe, TOBTOPUTH Iaru 3—6, nHaye 3aKOHYUTh
BBIIIOJIHEHUE.

No s

B kaskiblit MOMEHT BpeMeHH TpedyeTcst XPaHUTh OJ[HO 3HaYeHUe (DYHKITHH, TTOOTOMY JJIsT
HETO JIOCTATOYHO 3aBECTH OJIHY TlepeMEeHHYI0 BeliecTBeHHoro Tura. [llaru 3—6 nosropsi-
I0TCSI MHOTOKPATHO, TIO3TOMY JIJIsl KX BBITIOJTHEHWS HA/I0 OPraHU30BaTh IUKJI. B sincTuH-
re 2.4 ucnosb3yeTcs UK while:

JIuctuHr 2.4. Tabnuua 3HadeHnin GyHkumm (onepatop while)

#include <cstdio>
#include <cmath>
using namespace std:
int main() {
double Xn, Xk, dX, t. y:
printf( "Enter Xn, Xk, dX, t \n" );
scanf( "Z1EEIT51E%1F" , &Xn, &Xk, &dX, &t ):

printf( " —---eer - \n" )
printf( "| X | Y [\n" );
printf( " —---eer - \n" )
double x = Xn; // HadanbHble yCTaHOBKM
while ( x <= Xk ) {
if (x<0) y =t

Il
t

*
>

if(x>=08x<10)y npodoaicenue
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JlucTuHr 2.4 (npogosnkeHne)

if ( x >=10) y=2%*t;

if (t>100) printf("]%9.21f | %9d [\n", x, (int)y );

else printf("|%9.21f [%9.21F [\n", X, ¥y );

X += dX; // MoamduKauus napaMeTpa UMKna
}
printf( " ----mmm \n" );

}

B mporpammy BBejieHa BCIIOMOTaTeJbHAs MePEMEHHAsl X, KOTOpas II0CJeI0BATETHHO
MpUHUMAET 3HaueHus oT Xn o Xk ¢ marom dX. OHa onpezieieHa HETIOCPEICTBEHHO Tiepe|
UCTIOTh30BAHUEM. JTO SIBJISIETCSI XOPOIIUM CTUJIEM, TIOCKOJIbKY CHUKAET BEPOSTHOCTh
omuboK (HAMpUMep, TaKWX, KaK HCMOJb30BaHNE HEHHUIMATIU3UPOBAHHON TIEpEeMEeH-
HOT1).

COBET
B O6L[I6M CJIydae Ha/JlO CTPEMUTHCA K MUHUMU3allNN obact BU/IUMOCTU TI€PEMEHHDbIX.

B smmictunre 2.5 npuBezieHa Ta ke IIporpaMma ¢ UCIoJIb30BaHueM orepartopa for.

Jiuctuur 2.5. Tabnnua 3HaveHnin pyHkumm (onepatop for)

#include <cstdio>
#include <cmath>
using namespace std;
int main() {
doubTe Xn, Xk, dX, t, y:
printf( "Enter Xn, Xk, dX, t \n" )
scanf( "ZTfE151F21E" &Xn, &Xk, &dX, &t );

printf( " —---mmm \n" );
printf( | X | Y [\n" );
printf( " ---- \n" );
for ( double x = Xn; x <= Xk: x +=dX ) {
if (x<0) y =t
if (x>=08 x<10)y=t*x
if (x>=10) y=2%*t;
if (t>100) printf("[%9.21fF |%9d [\n", x, (int)y );
else printf("[%9.21f |%9.21f [\n", X,y ):
}
printf( " ----mmm \n" )

}

B smicTunre 2.4 061aCTH BUAMMOCTH X IIPOCTUPAETCS OT TOYKHM OMMCAHUSA 0 KOHIIA MTPO-
rpaMMbl, B JINCTUHTE 2.5 00JIACTHIO €€ BUIMMOCTH SIBJISIETCS] TOJIBKO IIUKJI, YTO TIPEJITO-
YTUTEJIbHEE, TOCKOJbKY MIEPEMEHHAsT X BHE IUKJIA He Tpebyercs. [IpyruM mpenmyiie-
CTBOM BTOPOTrO BapuaHTa IPOrPaMMbl SIBJISIETCSI TO, UTO BCe yIIpaBJieHue IUKJIoM for
COCPENIOTOYEHO B €70 3ar0JIOBKE. ITO JIeJIAaeT IPorpaMMy OoJiee YuTadebHOi.
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Jliist ipeobpa3oBaHuis B IIEI0€ MCIONb30BaHa KOHCTPYKINS (int)y, yHacieoBaHHast U3
sabika C. Boobiie-To JIist 3TOT0 PeKOMEH/YeTCsl TIPUMEHSITH OTIePAIlUIo MPeodpa3oBaHus
tumna static_cast, Ho HaM He XOTeJIO0Ch Cpa3dy IIyraTh Bac BOT TAKOH KOHCTPYKIIHEI:

printf( "|%9.21f |%9d [\n", x, static_cast<int>(y) );

Bomoanute TIIPOrpaMMy HECKOJBKO pa3, 3a/laBad Pa3INnIHbIC 3HAYCHUA NCXOAHDBIX JlaH-
wbix. C TIOMOIIBIO PYYHOTO MMO/ICYETA y66[[I/ITer B IIPaBUJIbHOCTN BBIUMCJIEHUI.,

3apaua 2.5. BoluncneHme cymmol psga

Hanucamo npozpammy evruucienus snavenus Gyuxyuu sin X (cunyc) ¢ nomougpro bec-
KoHeuno20 psida Tetnopa c mounocmuio € no gopmyie

1ot psazx cxoxurcest pu | < oo, Tounocth pocruraercs npu R | < €, rne R, —ocratou-
HBIi WIEeH psifia, KOTOPBIIT TS IAHHOTO PsiTa MOKHO 3aMEHUTD BeInunHOi C, 0uepeHo-
TO UJIeHa PSAAa, TPUOABIAEMOTO K CyMME.

O61uii aIropuT™ peteHnst TON 3aa4u JOCTATOYHO TIPOCT: TPEOYETCS 3a/1aTh HAYA T b-
HOE 3HAUEHUE CYMMBI PS/Ia, @ 3aT€M MHOTOKPATHO BBIYUCJIATD OYEPEIHON YJiIeH psia
1 10OaBJIATD €T0 K paHee HAWJAEHHON cymMMe. BorancieHust 3akaHarBaioTest, Koraa abco-
JIIOTHAST BETNIITHA OUEPEHOTO YiIeHa Psijia CTaHeT MeHbIIe 33[aHHOH TOUHOCTL.

Jlo BBIIIOJIHEHUS IIPOTPAMMBbI [IPE/ICKa3aTh, CKOJIbKO YIEHOB Psia HOTPedyeTcs IIPOoCyM-
MUPOBaTh, HEBO3MOKHO. B 1K€ TaKOro pojia eCcTh OMacHOCTh, YTO OH HUKOT/A He 3a-
BEPIINTCS — KaK M3-32 BO3BMOKHBIX OIIMOOK B BBIUMCJIEHUSIX, TAK 1 U3-3a OIPAHUYEHHON
006J1aCTH CXOAUMOCTH Psia (IAHHBIN PsIL CXOAUTCSI HA BCEH YMCI0BOIT OCH, HO CYIIIECTBY-
10T pszbl Teitsopa, KoTopble CXOASTCS TOTBKO 75T OTIPEIeIEeHHOTO MHTepBaia 3HAYeHN N
aprymenTa). [T0aTOMY JIJIsT HAJIEKHOCTH TIPOTPAMMBI HEOOXOMMO MPELYCMOTPETH aBa-
PUITHBII BBIXOJ U3 IMKJIA C [IeYaThio MPeAyIPEKIAIONIero cCooOIEeH s 110 0CTUKEHUN
HEKOTOPOTO MAaKCUMAJILHO JIOTTYCTUMOTO KOJTNYeCTBA UTEPAITUIA.

[TpsiMoe BbIYMCIIEHNE YiIeHa Psijia TI0 IPUBEIEHHON Bbilie 0011eil (hopMmyie, KOTa X BO3-
BOJIUTCS B CTETICHD, BBIYUCISIETCS (haKTOPHAJ, a 3aTeM YNCTUTENDb JEeTUTCS Ha 3HAMe-
HATeJb, MIMEET JIBa HEJIOCTATKA, KOTOPbIE JEJIAI0T 3TOT CIOCO0 HEMPUTOAHBIM. [1epBbiil
HEOCTATOK — OOJIBINAs OTPEITHOCTD BhrurceHuil. [Ipu BO3BeEHUH B CTENEHD U BbI-
yrcaeHur (haKTOPUAIa MOKHO TTOJYIUTh 09€Hb GOJIBIITIE YA, TIPH JIEJT€HIN KOTOPBIX
APy Ha JIpyra [IPOU30H/IET 1I0TePsl TOYHOCTH, IIOCKOJIbKY KOJIMYECTBO 3HAYAIUX HUdp,
XPaHUMBIX B siueiike mamMsTu, orpaHudeHo. Kpome Toro, 6oJiblime 4nciia MOTyT HeperoJi-
HUTD paspsiHyTo ceTKy. BTopoii HemocTaTtok — Heah(hHEKTUBHOCTD BBIYUCICHIH: JIETKO
3aMETHUTh, YTO B MOMEHT BBIYMCJIEHUST OYePETHOTO YJIeHa Psjia yiKe N3BeCTeH TIPeIbl/Ly-
AT, TIO9TOMY BBIUNCISATD KaXK/IbIH YJI€H PA/la <OT TeYKU» HEPAIIMOHATBHO.

[l yMeHbIIeHUSI KOJIMYECTBA BBIOJHAECMBIX JCHCTBUI cJelyeT BOCIIOJIb30BaTbhCs
pekyppeHTHOH (opMyJIOH MoJydyeHus ITOCIeYIONIero YieHa psjia yepes npeibl iy i
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C,.,=C, xT,tne T —uexoropsiit Muokutenn. [logcrasus B aty dopmyay C, u C,,,, 1o-
JIYYUM BBIPaKEHUE /ISt Bbraucaenus 1

_C. x°

n+l

C  (2n+2)2n+3)

n

TekcT IPOTpaMMBbI ¢ KOMMEHTAPUSAMU MTPUBEJICH B JIUCTUHTE 2.6.

JluctuHr 2.6. BoluncneHme cymmbl 6€CKOHEYHOrO psioa

#include <iostream>
#include <cmath>
using namespace std;
int main() {
const int MaxIter = 500; // MAKCHUMANbHO AOMYCTUMOE KOMMYECTBO MTepaunil
double x, eps;
cout << "\nBBepnte apryMeHT u TOYHOCTbH:\n";
cin >> x >> eps;

bool done = true; // NPW3HAK [NOCTWKEHNA TOYHOCTM

double ch = x, y = ch; // NepBbil YNeH pAda W HayaNbHOE 3HAYEHWE CyMMbl

for ( int n=0; fabs( ch ) > eps: n++ ) {
ch*=x*x/((2*n+2)/(2*n+3)); // 04epefHon YneH psaa
y += ch: // nobaBneHne 4neHa paga K cymme

if ( n > MaxIter ) {
cout << "\nPap pacxoautca!";
done = false; break: }

if ( done ) cout << "\n3HayeHnme QyHKkumm: " <<y << " ang x = " << x << endl;

}

[Tepsblii uieH psga paBeH 1, m0aTOMY, YTOOBI IIPU MEPBOM IIPOXOJE IUKJIa 3HAUCHHE
BTOPOTO 4JleHa BBIYMC/ISAIOCH IPABUIBHO, N A0JKHO ObITh paBHO 0. MakcuMasbHO J10-
[YCTUMOE KOJIMYECTBO UTepaluii yA00HO 3a1aTh ¢ TIOMOIIbI0 KIMEHOBAHHON KOHCTAHTHI.
Jlist aBapUITHOTO BBIXO/IA U3 IMKJIA TIPUMEHseTcs oneparop break (em. YuebHuk, c. 50),
KOTOPBII1 BBITIOJTHSIET BBIXO/ HA TIEPBBIN TTOCJIE TTUKJIA OTIEPATOP.

ITockosbKy BBIXOA U B CJIydae aBapuiHOTO, U B C/Iydae HOPMaJIbHOTO 3aBEPIIeHUS LUK
MPOUCXONT Ha OJNH W TOT JKe OTepPaTop, BBOANUTCS OymeBa mepemernas done, KOTopast
MIPeIOTBPAIAET TTeYaTh 3HaUeHUsT (PYHKITUH, €CJIM TOYHOCTD BBIYUCIEHUIA HE TOCTUTHY -
ta. Cosanue mogo0HbIX MEPEMEHHBIX-«(DJIaroB», IPUHUMAIINX 3HAUCHUE <MCTHHA»
B CJIydae YCITeITHOTO OKOHYAHUS BBIYUCIEHUHN U «JI05Kb» B TPOTUBHOM CJIyvae, SBJSIeTCs
pacrpocTpaHeHHBIM IIPUEMOM ITPOTPAMMUPOBAHMUSL.

V3MeHMTE TPOrpaMMy Tak, UTOOBI OHA TTeYaTasia He TOJIbKO 3HAYEHUs apryMeHTa U (DyHK-
WU, HO U KOJIMYECTBO TTPOCYMMHUPOBAHHBIX YJIEHOB PSA/Ia, U BBITOJHUTE TIPOTPAMMY He-
CKOJIBKO Pa3 [IJIsk Pa3JINYHBIX 3HAUCHUI apTyMeHTa U TOYHOCTH. BBISIBUTE 3aBUCUMOCTD
MEXK/Iy 9TUMU BesinyrHaMu. B 6ubsmorexe ectb hyHKIMs coSh(X), BEIYMCASIONIAs TH-
nepbosmueckuii Kocuuyc. Ee mportotun Haxoautcest B (ailie <cmath>. Vsmenute mpo-
rpaMMy Tak, YTOOBI OHA PSIIOM € BBIYUCIEHHBIM C OMOIIBIO Psijla 3HAYEHHEM TTeuaTasa
pe3yJIbTaT MpUMEHEHUs CTaHAapTHON (GyHKIuu. CpaBHUTE Pe3yJbTaThl BEIYMCICHUIA.
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Utormn

1.

YT06bI MOIYYUTh MAKCUMAIbHYIO YNTAOEIbHOCTD U IIPOCTOTY CTPYKTYPHI IIPOTPAMMBI,
HaJI0 TIPaBUJIBHO BBIOPATh CIIOCO0 peansaliii BeTBJeHuiT (¢ moMoribto 1f, switch nim
YCJIOBHOII oliepanun), a Takske HanboJiee MoAXOASIIIIL OIlepaTop IHUKJIA.

[IpoBepxka BeliecTBEHHBIX BEJIMYNH HA PABEHCTBO OTTaCHA.

Boipaskenue, crosiiee B CKoOKax 1ocjie KJI0YeBOro cjIoBa switch, M KOHCTaHTHBIE
BBIPaKEHUS B Case JIOJUKHBI OBITh [[EJIOYMCIEHHOTO THIA. [locie KakIoi BeTBU
JULS Ilepejiayd yIpaBJeHud Ha KOHeIl olepaTtopa switch ucrnoabsyeTca onepaTop
break.

Pexomenyercst Bcerzia onuchiBaTh B orepatope switch BeTBb default.

Yro6bl n306€KaTh OMMOOK MPU TIPOTPAMMUPOBAHUH [TUKJIOB, PEKOMEH/IYETCSI:

O saksouath B 60K (purypHbie CKOOKH) TEJIO IIUKJIOB, €CJIU B HUX TPeOyeTcs BbI-
HOJIHUTH GoJIee OJTHOTO OTIEPaTOPa;

Q IIpOBEPATDH, BCEM JIN II€EPEMEHHBIM, BCTPEYAIONIUMCA B HpaBOﬁ YacTH oliepaTopoB
TIIprUCBanBaHNA B TCJIC IIUKJIQ, IPUCBOEHBI /10 9TOIO HaYaJIbHbI€ 3HAYCHNS, a TAKIKE
BO3MOJKHO JI BBITIOJTHEHHUE IPYTUX OIIEPATOPOB;

@) IIPOBEPATD, UBMEHAETCA JIN B ITUKJIE XOTA ObI O/lHa IliepeMeHHasd, BXO/A11asl B YCJI0-
Bl€ BbIXO/la 13 ITUKJIA,

O ecsm KOJIMUECTBO MOBTOPEHUI IMKJA 3apaHee He M3BECTHO, MPEAyCMaTPUBATh
ABAPUITHBIN BBIXO/[ U3 IIMKJIA 110 JIOCTHKEHUH HEKOTOPOTO IOCTATOUHO OOJIBIIIOTO
KOJINYEeCTBA UTEPALIHH.

Orneparopsl Mkja B 43bike C++ B3anMo3aMeHsieMbl, HO MOKHO IIPUBECTH HEKOTOPbIE

PEKOMEH/IAIINH 110 BBIOOPY HAMJIYUIIETO B KaXK/[OM KOHKPETHOM CJTydae:

O Omeparop do while HCTTOMB3YIOT, KOT/IA UK TPEOYETCsT 00SI3aTENHHO BHITIOTHUTD
XOTA 6]31 OVH pa3 — HaIlpUMEP, TP BBO/IC TaHHBIX.

O Omeparop while ymo6Hee B Tex ciydasix, KOTa JUOO YMCIO UTeparuii 3apamee
HEU3BECTHO, TMO0 OUEBUAHBIX TTAPAMETPOB IIUKJIA HET, THO0 MOANMDUKAIIMIO Mapa-
METPOB yI06HEee 3aMNChIBATH T/IE-TO B TPOU3BOIBHOM MECTE TeJIa IIHKJIA.

QO Omeparop for mpeanouTUTENbHEE B OONBITMHCTBE OCTAIBHBIX ciiydaeB. OnHO-
3HAYHO — JIJIs1 OPTAaHU3AIMU IUKJIOB CO CYETYMKAMU, TO €CTh C 11€JI0YNCIEHHBIMU
nepeMeHHBIMU, KOTOPbIEe U3MEHSATIOT CBOE 3HAYEHUE MTPU KaXKIOM ITPOXO/Ie MUK
peryasgpHbIM 06pa3oM (HapuMep, yBeaudrBaiores Ha 1).

3agaHuq

Bbrumc/iuTh ¥ BBIBECTU Ha 9KPaH B Bujle TabJMIbl 3HaueHus (DYHKIUH, 3a[aHHOI ¢ 10~
Molibio pszia Teitnopa, Ha MHTEPBAJIE OT XHay JI0 XKOH € IIaroM dx ¢ TOYHOCTbIO €. Tabuiry
cHaGUTh 3ar0JIOBKOM U Iankoi. Kaskiast cTpoKa J0JKHA CO/IEPKaTh 3HAUCHUE apry-
MCHTAQ, 3HAUYCHUEC (byHK]_[I/II/I 1 KOJIMYECTBO MTPOCYMMMPOBAHHBIX YJICHOB pAaa.

1.

¥ X xt X

X— T -

2 3 4 5
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10.
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CemuHap 3. OgHOMEepHblieé MaCCUBbI
M yKkasaTenu

Teopetmuecknii Mmatepuai: c¢. 51-61.

B cJiydae IIpOCThIX MTEPEMEHHDIX KasK 01 06J1acTu MaMATu JUISL XpaHeHus OJTHOI BeJITNYNn-
HbI COOTBETCTBYET CBOE NMSI. Eciu Tp€6y€TCF{ pa6OT8.TI) C prHHOfI BeJIMYMH OHOI'O THUIIA,
HX pacroJjaraloT B laMATH ITOCJIEA0BATE/IbHO U /IaI0T UM 06Luee M, a pa3jindaioT 110 110~
PAAKOBOMY HOMEDY. Takast mocJie1oBaTeIbHOCTD OJHOTUITHBIX BEJTUUNH HA3bIBAETCS MAC-
CUBOM. MaCCI/IBbl, KaK U1 J1o0ble apyrue O6'I)€KTI)I, MOKHO pa3MellaTb 1mbo ¢ ITIOMOIIbIO
OTIepaToOpoOB ONMCaHUd, 1mbo JANHaMMUYECKHN C ITIOMOIIbIO onepaum”l Bbl/ICJICHUA ITaMATH.

Onepamop onucanusi MacCrBa 3a/1a€T ero TUIL, UM U pasmeprocms (KOJINYeCTBO dJIeMeH-
TOB) B KBaJ[PaTHBIX CKOOKaX, HanpuMep, int a[9]. Bece MHCTPYKIMHU BBIIETCHUST TIAMSITH
(hopmupyeT KOMIIMIATOP /10 BBIITOJHEHUS IIPOTPAMMBI, I09TOMY Pa3MEPHOCTb MAaCCHBa
MOJKET OBITh TOJIBKO KOHCTAHTOH WJIH KOHCTAHTHBIM BhIpaskeHueM. [Ipu onmcanmm Mac-
CUB MOXKHO UHUUUANU3UPOSamb (IIPUCBOUTH €r0 aJIeMEeHTaM HadyaJlbHble 3HAYCHU )

intal9]={1, 1, 2, 2 5, 100 };

Ecau naUIIMaNn3npyommnx sHaueHnii MeHbllle, 4yeM 3JIeMEeHTOB B MaCCHBe, OCTaTOK Mac-
c1Ba OOHYJISIETCSI, e GOTbIe — JINTITHIE 3HAYEHS He NCTTOTb3YIOTCS.

DJIeMEHThI MAaCCHUBA HYMEPYIOTCS € HYyJIst, IO9TOMY MaKCHUMaJIbHbIi undexc (HoMep) aJie-
MEeHTa BCETJla Ha €IUHUILY MEHbIe PA3MEPHOCTH. ABMOMAMUUECKUL KOHMPOIb 8bIX00d
UHOeKCa 3a ZPAHULDL MACCUBA HE BLINOJHSENMCSL, TOATOMY TIPOTPAMMUCT JOJIKEH CIIEUTDH
32 9TUM CaMOCTOATENbHO. J[JIs OIMCAHHOTO BbIIIE MACCHBA 3 AJIEMEHTBI NUMEIOT HOMepa
ot 0 10 8. Homep asiemenTa 3a/1a€TCs1 OCTIE €70 UMEHU B KBA/IPATHBIX ckobkax: a[0],a[3].

Ecom 1o Havasia paboThl MpOrpaMMbl HEM3BECTHO, CKOJIBKO B MACCUBE JIEMEHTOB, CJie-
JIyeT MCI0JIb30BaTh QUHAMUYECKUE MACCUsbl. 11aMsITh 10T HUX BBIIEJSIOT € MOMOIIBIO
orepaiuu new U pyHkiuu malloc B xute (Kyde) BO BpeMs BBIITOTHEHMS TPOrPAMMBIL.
Anpec Hayasa MaccuBa XpaHUTCS B IIEPeMEHHOM, Ha3biBaeMoil yxasamenem. Harpu-
Mep:

intn=29; /] 1
int *a = new int[n]: /]2
double *b = ( double * ) malloc( n * sizeof ( double ) ): /! 3

B cmpoxe 2 onucan ykazaresb Ha 11eJTy10 BEJTUIMHY, KOTOPOMY TTPUCBAUBAETCS a/[PeC Ha-
Yajia HelpepbIBHON 00JIaCcTH AMHAMUYECKON ITaMSITH, BIJIEJEHHOI ¢ MOMOIIBIO Olepa-
UK new. BeIZenseTcs: CTOMbKO MaMsTH, CKOIBKO HEOOXOIMMO /IS XPAHEH 1N BEJIIIH
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tuna int. BeqmunHa n MokeT 6bITH epeMeHHoit. B cmpoxe 3 st BbieIeHsST TaMATH
oz N s1eMeHToB Tuma double ucnoabsyercs GyHKIuUs malloc, yHacaemoBanHas us Ou-
6orexu C. ITOT c1iocob ycrapes, Mbl M MOJIb30BaThCs He OYIeM.

BHUMAHUE

O6HyJIeHI/I$I ITaMATU ITPU €€ BbIJICJIEHU N HE IIPOUCXO/IUT. I/IHI/IHI/IaJII/ISI/IpOBaTb JIMHAMUYECKUI
MaCCUB HEJIb34.

Oébparrerivie K 9IeMEHTY THTHAMUYECKOTO MACCHBA BBITIOMHSIETCS TaK JKe, KaK U K SIeMeH-
TY 00BIYHOTO — HaTpuMep, a[3]. MoskHO (HO He HYKHO ) HCIIOJIb30BaTh U PYTOI CI1oco0,
GoJiee IK30THUHBIIT — *(a + 3). 31eCh MbI SIBHO 3a/[aeM Te Ke JIeHCTBUsI, YTO BBIMOJ-
HAIOTCS TIPU OOBIYHOM OOpATIEHNN K 2JTEMEHTY MacCHBa. PacCMOTPUM WX TOAPOOHEE.
B niepemenHoii-ykasaresie a XpaHuTcs ajpec Havaga Maccusal. [l mosrydenust ajapeca
TPETHETO HIIEMEHTA K ATOMY afipecy mpubassieTcst cMernenne 3. Omepanus CoKeHns ¢
KOHCTaHTOH /IJIs yKazaresell yunThiBaeT pasMep a[pecyeMbIX 3J1eMeHTOB, TO €CTh Ha ca-
MOM JieJie MH/IeKC YMHOSKAeTCsT Ha JITNHY 2JIeMeHTa MaccuBa: a + 3 * sizeof(int). 3atem
¢ TTOMOTITHIO OTIEPATINH * (Pa3aIpecariii) BLIMOTHIETCS BHIOOPKA 3HAYEHIS 13 YKa3aH-
HOU 00JTacTH MaMSITH.

Ecan quHamMmaecKnii MacCHB B KaKOW-TO MOMEHT CTAHOBUTCST HEHYKHBIM 1 MBI TIJIAHU-
PYEM UCIIOJB30BATh 3TY MAMSTh IOBTOPHO, HEOOXOMMO 0CBOOOIUTD €€ € OMOIIIBIO OTIe-
paruu delete[ ], mpu 9TOM pa3MEPHOCTh MACCUBA HE YKA3BIBAETCST, HATIPUMED:

delete [] a;

BHUMAHUE

KsanpaThblie ckobku B oneparuu delete [] npu ocBo60kKIeHNN TaMATH U3-10 MacCHBa
o6s3aTeTbHBL VIX OTCYTCTBHE MOYKET IPMBECTH K HEOTIPECTIEHHOMY TTOBEICHUTO TPOTPAMMBIL.
[TaMATh, BbIAEIEHHYIO ¢ IIOMOLIbIOo Ma 110C, ceyeT ocBoGOKAATD HOCPEACTBOM (DYHKIIUU
free (cm. Yuebnuk, c. 55, c. 422).

Takum 06pasoM, BpeMs KU3HU AMHAMUYECKOIO MACCUBa, KaK U JI000 AnHAMUYECKON
[IEPEMEHHOI, — ¢ MOMEHTA BBIJICJICHUSI TIAMSITH 10 MOMEHTa ee 0cBoOoKeHus1. O61acTh
JEHCTBUS 3aBUCUT OT MeCTa OIMCAHUsI YKa3aTess, Yepe3 KOTOPbIil BBITIOJIHSAETCST pado-
ta ¢ MaccuBoM. OGJIacTh JCHCTBYS U BPeMsT JKU3HU yKaszaTeJieil TOIUNHSIIOTCS OOIINIM
MpaBUJIaM, PACCMOTPEHHBIM Ha TIepBOM ceMUHape. Kak BbI MOMHUTE, JIOKAJIbHAS TIEpe-
MEHHas [IPU BBIXOJIE U3 OJI0KA, B KOTOPOM OHa ONHCaHa, «TepsieTcst». Ecim aTa mepemMeH-
Hasl SIBJISETCS yKa3aTeJeM U B Hell XpaHUTCS aJIpec BhIIETIEHHON AMHAMUYECKON TAMSITH,
[IpU BBIXOJIE U3 OJIOKA 3Ta MaMsITh Tepectaet ObITh JOCTYITHON, OJJHAKO HE MOMEYaeTCst
Kak cBOOOJIHASL, TOATOMY HE MOKET OBITh UCIIOJB30BaHA B JA/IbHENIIIEM. DTO Ha3bIBACTCSI
YMeUKoU namsmi v SIBJISIETCST PACITPOCTPAHEHHON OMIMOKOI:

{ int n; cin>>n;
int *pmas = new int[n]; ... // mpumep yTe4Kn NaMaTu:
} // nocne Bbixoga n3 OnOKa yKasaTenb pmas HeaoCTyneH

! VIMs1 «0OBIYHOIO» MAaCCHUBA TaKKe SIBJISIETCS YKasaTeJsieM Ha €ro HepBbeI IJIEMEHT, TOJIbKO KOH-
CTaHTHBIM (TO €CTb €EMY HEJIb34 IIPUCBOUTDH HOBOE SHa‘IeHI/Ie).
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3apaua 3.1. KonmyecTBo 321eMEHTOB MeXAY MUHUMYMOM
1 MaKCUMYMOM

Hanucamo npozpammy, komopas ons yerouuciennozo maccusa uz 100 snemernmos onpede-
JLSIeM, CKOJLKO NOJLOACUMETLHBIX JLEMEHMO8 PACNONAZACMCS MENCOY €20 MAKCUMALLHBIM U
MUHUMATIOHOIM JLEMEHTNAMU.

3anuiiem aJropuT™ B 0011[eM BUJIE.

1. OmnpenenuTh, rje B MacCUBE PACIIOJIOKEHDI €r0 MAKCUMAJIbHBIN 1 MUHUMAJbHbBII
9JIEMEHTBI, TO €CTh HAMTH X WHIEKCHL.

2. 3aBecTd CUETUYUK OJIOKUTETbHbIX 9JIEMEHTOB.

3. TIpocMoTperhb Bee aJIeMEHTBI, PACIIONOKEHHbIE MEKY HallIeHHbIMK MHAeKcaMu. Ecim
9JIEMEHT MaccrBa GOJIbIIE HYJIs, YBEJIUYUTh CYETYNK HA eUHUILY.

Hepezl HammCaHEM IIPOTPaMMBbI TTOJIE3HO COCTaBUTH TECTOBBIC ITPUMEPHI, yTOOBI OOJIEE
HaATJIAHO TIPEJICTaBUTD cebe AJITOPUTM PEIICHUA 3aTaun. Hixe TIpeaCTaBJCH TIPpUMED
MaccuBa 13 10 unces n 0603HaYeHBI NCKOMBIE BEJTMYUHBL

6 -8 15 9 -1 3 5 -10 12 2

MakKcC + + + MUWH

fAcHo, 4TO TOPSAZOK PACHOJNOKEHNS 9JIEMEHTOB B MacCUBe 3apaHee He U3BECTEH, M CHA-
yaJjia MOXKeT CJIe/I0BaTh KaK MAaKCUMAaJIbHBIH, TaK 1 MUHUMAJIbHBIN 9JIeMEHT, KPOME TOT0,
OHM MOTYT cOBIIa/IaTh. IloaToMy, Ipek/ie 4YeM IIpocMaTpUBaTh MACCUB B ITOMCKAX KOJIU-
Y4ecTBa TONOKUTEIBHBIX 2JIEMEHTOB, TPEOYETCsT OTPEAENUTD, KAKOIl U3 STUX WHEKCOB
GoJiblIe. 3aIUIIEeM YTOUHEHHBIN aJTOPUTM:

1. OmupeznenuTts, T7ie B MACCUBE PACIIONIOKEHBI €10 MAKCUMYM 1 MUHUMYM:

O 3azarb HaYaIbHbIC 3HAUYEHUS I WHICKCOB MAaKCUMATHHOTO ¥ MUHUMAJIBHOTO
3JIEMEHTOB (HATIPUMED, PaBHBIE HYJIFO, HO MOKHO HCIIOJb30BaTh JIIOObIE PyTHe
3HAUYEHMST MH/EKCA, He BBIXO/SIINE 32 TPAHUILY MAaCCHBA).

O TIpocMOTpETh MACCUB, TIOOYEPEITHO CPABHUBAS KAXK/IBII €T0 9JIEMEHT C PaHee Hall-
JEHHBIMH MaKCHUMyMOM U MUHUMYMOM. Ecjiit ouepesHoit ajieMeHT Gosiblie paHee
Hal/IeHHOTO MaKCUMYyMa, TTPUHSTDH 3TOT 3JEMEHT 3a HOBBIM MakKCUMyM (TO eCTh
3alIOMHUTH eTo WHeKc). Ecam odepesHoil ajleMeHT MeHbIlle paHee HaleHHOTO
MUHUMYMa, TPUHSTH 9TOT AJIEMEHT 32 HOBBII MUHUMYM.

2. OrmpenesuTh TPAaHUIIBI TPOCMOTPA MACCUBA JIJIS TIOMCKA TIOJIOKUTEJIbHBIX AJIEMEHTOB,

HaXO/ATINXCS MEXK/TY eT0 MaKCUMATbHBIM U MUHUMAJIbHBIM 2JIEMEHTaMU:

O Ecsaum MakcuMyM pacriosio’KeH B MACCHBE PAHbIIle, YeM MITHUMYM, TIPUHSITD JIEBYIO
IpaHUIly IPOCMOTPA PAaBHON MH/IEKCY MAKCUMyMa, UHaye — UHAEKCY MUHUMYyMa.

O Ecsn MakcMMyM pacIioJioKeH B MacCHUBE paHbllle, YeM MUHUMYM, [IPUHATD TIpa-
BYIO TPAHHUILY TIPOCMOTPA PABHON WHIEKCY MUHUMYMA, MHAYe — MH/IEKCY MaKCH-
MyMa.

3. OGHYJUTDH CYETINK MOTOKUTETBHBIX HIEMEHTOB. [IPOCMOTPETh MACCHB B YKA3AHHOM
nuanaszone. Eciim ouepeiHoil aeMeHT 60JIblie HyJist, YBEJIMYUTD CUETUUK Ha C/[HUILY.

JlJist IPOCTOTHI BJIEMEHTBI MAaCCUBA 3aaI0TCSA B jiMcTrHTe 3.1 1MyTeM MHUITUATIU3AIUN.
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Jinctunr 3.1. KonnyecTtso a1eMEHTOB mMexay MMHUMYMOM 1 MaKCUMYMOM — BapuaHT 1

#include <iostream>

using namespace std;

int main() {
const int n = 10;
int a(ln]={1,3, -5, 1, -2, 1, -1, 3, 8, 4 };
int imax = 0, imin = 0, count = 0;

for (int 1 = imax = imin = 0; i <n; i+ ) {
if (afi] > alimax] ) imax = i;
if (afi] < aliminl ) imin = i;
1
cout << "\n\t max= " <<a[imax] << " min= " << a[imin]; // oTnaaka

int ibeg = imax < imin ? imax : imin;

int iend = imax < imin ? imin : imax;

cout << "\n\t ibeg= " << ibeg << " iend=

for ( int i = ibeg + 1; 1 < iend; i++ )
if (a[i] > 0 ) count++;

cout << " KoMMYeCcTBO MOSOKNTESbHbIX

<< iend; // 0TnagKa

<< count << endl;

}

B IIporpaMMe NCIT0JIb30BaHa YIIPaBJIAIOIas IMTOCJIe/10BaTEIbHOCTD \t, KOTOpasd 3a/aeT OT-
CTYII TP BBIBO/I€ Ha CJEAYIONIYIO IMTO3UITNIO Ta6yJIHHI/II/I.

COBET

[Toce Haxox/IEHNS KasKI0H BEJTMUYMHBI BCTABJICHA OTJIA/I0UHAs 11e4aTh. Mbl peKOMeH 1yeM
He perebperaTh TAKUM CIIOCOOOM OTJIAJIKK M CTAPATHCS CIEIAaTh ITY [eYaTh CofepsKariei
HEOOXOMMbIE TIOSICHEHUSI U XOPOIIIO (hOPMATHPOBAHHOIA.

MaccuB npocMaTpuBaeTcs, HAYMHAs C dJIeMEHTA, CAeAYIOIIEro 32 MAKCUMAIbHbIM (MU-
HUMAJIbHBIM), 3aKAHYMBASI 2JEMEHTOM, IIPEIIECTBYIONUM MUHUMAIbHOMY (MaKCH-
MasbHOMY). VHEKChI TPaHUIl IIPOCMOTPA XPaHATCS B nepemeHHbix ibeg u iend. s
oTIpe/iesIeHNsT UX 3HAYEeHU I UCIIOIb3YeTCsT TeEPHAPHAs yCa0BHas onepaius (cM. ¢. 31).

Mo:KHO OCTYIUTBH TTO-PYTOMY: TPOCMATPUBATh MACCUB BCET/IA OT MAaKCUMyMa K MUHU-
MYMY, & MH/IEKC YBEJIMYNBATh MJIM YMEHBIIATh B 3aBUCUMOCTH OT UX B3AaMMHOTO PacIo-
Joxkerust. B nmctunre 3.2 HanpaBiieHue rmpocMoTpa (IIpupaiieHne WHeKca) XPaHUuTCs
B repeMenHo#l d. Ecsim MaccuB mmpocMatpuBaeTcst «cjieBa HalpaBo», OHA paBHa 1, MHa-
e — —1. ObparuTe BHUMAHUE HA YCIOBUE TIPOIOJIKEHIST 9TOTO TIHKJIA.

Jinctunr 3.2. KonmyecTso 31EMEHTOB MEXAY MUHUMYMOM Y MakCUMYMOM — BapUaHT 2

#include <iostream>
using namespace std;
int main() {
const int n = 10;
int aln];
cout << " Beepute Lenbix yucen:" << endl:
for (int 1 =0; i <n; i++ ) cin > a[i];
for (int i =0; 1 <n; i++ ) cout << a[i] <<

<< n <<

npoooncenue
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Jluctuur 3.2 (npogosmkeHue)

int imax = 0, imin = 0, count = 0;
for ( int i = imax = imin = 0; i <
if (ali] > alimax] ) imax = 1;
if (afi] < alimin] ) imin = 1;

n; i+t ) {

1
int d = imax < imin ? 1 : imax > imin ? -1 : 0:
for ( int 1 = imax + d; i != imin; i +=d )

if (ali] > 0 ) count++;
cout << " KofiM4yeCcTBO MOJSIOKUTENbHbIX

<< count << endl:

}

BBox MaccuBa BBITIOJTHSAETCA € KIaBUATYPRL. HarmoMmHaeM, 9TO B 9TOM CIIydae sKesraTellb-
HO JIJISI TIPOBEPKU BBIBECTU BBEJICHHbBIC 3HAYCHMS HA TiedaTh. PagHuIia Mex /Ly puBe/ieH-
HBIME CITOCOOAME PEIEHUST HECYIECTBEHHA, HO TEPBBIN BapuaHT GoJiee «IIPO3pavueH»,
MTO3TOMY OH, Ha HAIll B3TJISIL, TPEIOYTUTEbHEE.

TecToBBIX IPUMEPOB [1JIsI 9TOM 3aa4 TOJKHO OBITH 110 KPailHell Mepe TPH: KOIa MUHH-
MYM PAaCIOJIOKEH JieBee MAaKCUMYMa, IIpaBee MaKCHUMyMa U KOTZla OHM COBIAJAIOT (3TO
MMeeT MECTO, €CJId B MacCHBe BCe dJIEMEHTBI UMEIOT OJIHO U TO ke 3Hadenue. Keraru,
B icTHHTe 3.2 9TOT CIydail KOppeKTHO obpabaThiBaercs Gaarogaps sHadennio d = 0).
JKenarenpHo TakiKe IIPOBEPUTH, Kak paboTaeT mporpamma, ecau a[imin] u alimax] pac-
MTOJIOKEHBI PSI/IOM, a TAK)KE B HAYaJsle U B KOHIlE MaccuBa (IPaHUYHBIE CIydan ). DJieMeH-
TBI MACCHUBA HYKHO 33/1aTh U TIOJIOXKUTEJbHbBIC U OTPUIIATETIbHBIC.

Yacto 6bIBAET, YTO TOYHOE KOJUYECTBO HJIEMEHTOB B MCXOJHOM MACCHBE HE 3a/[aHO, HO
M3BECTHO, YTO OHO He MOJKeT IIPEBBIIIATh HEKOTOPOe KOHKPeTHOe 3HayeHue. B aTom ciry-
yae [aMsATb 110/] MACCUB BBIJIEJISACTCS <10 MAKCUMYMY», a 3aTeM 3all0JIHSAETCS TOJIbKO ee
gyacTb. DakTHUECKOE KOJUYECTBO BBEIECHHBIX 2JIEMEHTOB 3a[IOMUHAETCS B TIePEMEHHOII,
KOTOpas 3aTeM y4yacTBYeT B OpPraHM3allUM LUKJIOB 110 MACCHUBY, 33/laBasl €ro BePXHIOIO
rpaHully. ITOT IIOAXO/L SIBJISETCS BeCbMa PACIIPOCTPAHEHHBIM, II09TOMY HUJKe [IPUBO/INT-
¢ (hparMeHT [IPOrpaMMBI /LIS €10 WILTIOCTPAIIMM:

const int n = 1000;

int aln]l; // Bbigenenve namgTn "C 3anacom”
int kol _a;

cout << "BBegute KonM4ecTBO 3neMeHToB:\n"; cin >> kol a;

if ( kol a >n ) { cout << " [lpeBbileHne pasmepos maccusa!\n"; return 1; }

cout << "Bpeaute anemeHTh:\n";

for (int 1 =0; 1 <kol_a; i++ ) cin >> a[i];

HeCMOTpH Ha TO YTO 3HAUYECHME N OIIPEACJIACTCA «C 3aIllacoM», HaJl0 00653aTeIBHO IIpoBe-
PpATH, HE 3allpallinBA€TCA JIN 60oJIbIIIee KOJUIECTBO 9JIEMEHTOB, YEM BO3MOJKHO. HpI/IBbI’-I-
Ka K IIPOBEPKeE HOZIO6H]':)IX, Ka3aJ10Cb 6]'31, MaJIOBEPOATHBIX CJIYYa€eB ITO3BOJIUT BaM CO3/1a-
Bathb OoJiee Ha/lesKHbIE TIPOI'PAaMMBbI, a HET HUYETO 6oJ1ee BasKHOTO JJIA IIPpOrpaMMbl, 4eEM
HaJl€KHOCTD. Bnpoqu, n U1 4eJIOBEKa 9TO Ka4eCTBO COBCEM HE JIMIITHEE.
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3apaya 3.2. Cymma 31eMeHTOB npaBee nocnenHero
oTpuuaTesnbHOro

Hanucamv npozpammy, Komopas ons BEULECMBEHH0Z0 Maccusa U3 1 IJ1emMenmos onpeae-
JAAem CYmMmy €20 3J1emenmos, pacrnojlOdEeHHblX npasee nocieonezo ompuuameslbHozo dJe-
MeHma.

31ech pa3MepHOCTb MAaCCUBA 33/1aHa TiepeMeHHO BesmanHo. [Ipeamnonaraercs, 4To oHa
CTaHeT U3BECTHA MPU BBITOJHEHUH TIPOTPAMMBI JI0 TOTO, KAK MbI Oy/IeM BBOJIUTH CaMU
ajieMeHThl. Tora Mbl CMOKeM BBIIEJIUTD B X1IIe HETIPEPBIBHBIN y4acTOK HYKHOTO pa3-
Mepa, a TOTOM 3aITOJTHUTh €0 BBOJAMMBIMY 3HAUeHUSIMU. EcJin ke CTOUT 3a/1a4a BBOJIUTD
3apaHee HEM3BECTHOE KOJIMYECTBO YUCEJ JIO TEX TIOP, MOKA He OYIET BBEIeH KaKOU-1160
IIPU3HAK OKOHYAHUS BBO/IA, TO 3apaHee BBbIJIEJTUTD NaMTh He y/1acTCs U MIPUJIETCsT BOC-
MOJIB30BATHCS OUHAMUYCCKUMU CIMPYKMYPAMU OAHHbLX, HATIPUMEDP CIUCKOM. MBI pac-
CMOTPUM UX Ha JIeBITOM CEMUHape, a II0Ka OCTAHOBUMCS Ha MTPEATION0KEHUH, YTO KOJIN-
YecTBO 3JIeMEHTOB BBOJIMTCS € KJIABUATYPHI JI0 HauaJia BBO/IA CAMUX 3JIeMEHTOB

[To anasmoruu ¢ npexabiayIieil 3ajadeil TPUXOAUT B TOJOBY TaKOU aJTOPUTM pellleHUus
3a/1a4M: TIPOCMATPEB MACCUB € Hayasa JI0 KOHIIA, HAWTH HOMEP MOCJIETHETO OTPUTATEb-
HOTO 3JIEMEHTa, a 3aTeM OPraHu30BaTh IIMKJ CYMMUPOBAHUS BCEX 2JIEMEHTOB, PacIiosio-
JKEHHBIX TIpaBee Hero. B smmctunre 3.3 npuBeieHa MOCTPOEHHAS 110 3TOMY aJTOPUTMY
mporpamma (cpasy e MpU3HaeMcsl, YTO OHa JlajicKa OT COBEPIIEHCTBA).

Jlucturr 3.3. Cymma 9/1eMeHTOB NnpaBee MociegHero oTpmuaTesibHoro (He paboTtaerT)

#include <iostream>
using namespace std;
int main() {
int n;
cout << " BBeguTe KOMNYECTBO 3J1IEMEHTOB cin >> n;
double *a = new double [n]: // 1

cout << " BBeguTe 3NIEMEHTH MaccumBa ;

for (int i =0; 1 <n; i+ ) cin >> a[i];

for (int i =0; 1 <n; i++ ) cout << a[i] << " "; /] 2
int ineg;

for (int i =0; 1 <n; i++ ) if (a[i]l <0 ) ineg = 1; /] 3
double sum = 0:

for ( int i = ineg + 1; 1 <n; i++ ) sum += a[i]; /] 4

cout << " Cymma " << sum;

}

[TockoJIbKY KOJIMYECTBO HIEMEHTOB 3apaHee He 3a/[aH0, TAMSITD [T/l MACCUB BbIIEJISIETCS
B onepamope 1 Ha sTarne BbIIIOJHEHNS [IPOrPAMMbI € ITIOMOIILIO OTflepaluu new. Boiaesis-
€TCsT CTOJIBKO MAMSITH, CKOJIBKO HEOOXOIUMO JIJIsl XDAHEHUSI N 3JIEMEHTOB BEIeCTBEHHOTO
THUTIA, ¥ aJIPEC HAYaJIa 9TOTO YIacTKa 3aHOCUTCS B yKa3aTeJb a.

Howmep mociiensero oTpuiiaTesbHOro JeMeHTa MaccuBa (OPMUPYETCs B MTEPEMEHHO
ineg. Ilpu mpocMoTpe MaccuBa € IOMOIIBIO onepamopa 3 B 3Ty TIePEMEHHYIO MOCJIe/10-
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BaTeEJIbHO 3allMChIBAIOTCA HOMEPaA BCEX OTPUIIATE/IbHBIX 3JIEMEHTOB MaCCHUBa, TAKUM 06-
Pa30oM, IOCJI€ BbIXO/a U3 ITUKJIa B Hel OCTaeTcst HOMED CaMOTO ITOCJIe/ITHETO.

C 11eJ1hI0 ONITUMU3AIIH TTPOTPAMMBI MOKET BO3HUKHYTH MBICITh OOBEAWHUTE TIHKJ Ha-
XOKIEHUSI 3TOTO HOMEPA C TIMKJIAMHU BBOJIA ¥ KOHTPOJIBHOTO BBIBOJIA AJIEMEHTOB, HO MBI
COBETYEM TaK He JIeJlaTh, IOTOMY YTO BBOJ JIaHHBIX, X BBIBOJ U aHAJIM3 — Pa3HbIe 110
CMBICITY IEHCTBYSL, 1 OObEIMHEHNE UX B OJJHOM IIUKJIE He TPUGABUT TIPOTPAMME SICHOCTH.
[Tocsie otstajiky MporpaMMbl KOHTPOJIBHBIN BBIBOJL (0nepamop 2) MOXKHO ylaiuTh. B 1o-
CJIEIYIOIIUX TIPUMEPAX MBI JIJIsT 9KOHOMUK MecTa Gy/IeM TT03BOJIATH cebe ero OIMyCcKaTh,
HO 9TO He 3HAYUT, UTO BBI I0JIKHBI ITOCTYIIATh TaK Ke!

Tenepb epeiizieM K KPUTHUECKOMY aHaAIu3y Juctunra 3.3. J[J1si MacCcBOB, CO/lepsKaIIX
OTpHUIATEIbHBIE 9JIEMEHTBI, TIPOrpaMMa paboTaeT BEPHO, HO TPU UX OTCYTCTBUH, Kak
MIPaBUJIO, 3aBEPINAETCS ABAPUIHO. DTO CBSI3AHO C TEM, YTO, €CJIU B MACCUBE HET HU OJTHO-
IO OTPHUIATEILHOTO 9JIEMEHTa, B onepamope 3 NepeMeHHOU ineg 3HaUYeHKe SIBHBIM 00-
pas3oM He NpucBanBaeTcs. Heunuyuaiusuposantole 10KaibHble nepemenHvle 10 TIEPBOro
MIPUCBANBaHUS UMEIOT HEOIpe/leJIeHHOe 3HAYeHWe, 3aBUCSIIEE OT CPE/IbI BBHITIOJHEHUSI.
Hanpuwmep, B Visual Studio 2005 HemHUIIMAIN3NPOBaHHAS [IepEMeHHas THIIA 1Nt uMeer
sgnavermne 0xCCCCCCCC. [loatomy B omepatope for (onepamop 4) nponsoieT aBa-
puitHOE 3aBepIeHUe TPOrPAMMBbI.

Eciu 3asymathbest etne Try0:ke, 0OHApyKUTCs, 4TO TpebyeTcs creruaibias 00paboTKa
1 B TOM cJjydae, KOTjja TIOCJAeJIHUHN 3JIeMeHT MacCriBa OTPHUIATeIbHBIN. B aTom coydae
CyMMa TaKKe He CYTIeCTBYeT.

Jlist BBIIOJIHEHUST HEOOXOAUMBIX TIPOBEPOK MEPEMEHHON 1neg CJielyeT TPUCBOUTD Ha-

YaJbHOE 3HAYCHME, HE BXOZAIIee B MHOKECTBO JIONYCTUMBIX WHIEKCOB MaccuBa (HAIpU-
Mep, —1). B siuctunre 3.4 npencTaBieH UCTIPABJICHHDIN BAPUAHT ITPOTPAMMBI.

JluctuHr 3.4. Cymma 91emMeHTOB npaBee NoCcneaHEero OTpuLaTenbHOro
#include <iostream>

using namespace std;
int main() {

int n;
cout << " BBeguTe KOMMYECTBO 9JIEMEHTOB: "; Cin >> n;
doubTe *a = new double [n]; /1
cout << " BBeguTe 9/eMEHThl MaccuBa: ";
for (int 1 =0; i <n; i++ ) cin >> a[i];
for (int 1 =0; i <n; i++ ) cout << a[i] << " "; /]2
int ineg = -1;
for (int i =0; i <n; i++ ) if (ali]l <0 ) ineg = 1i; // 3
if ( ineg == -1 ) cout << "\nOTpuuaTtenbHbiX 3NeMEeHTOB HeT!\n";
else if ( ineg ==n - 1 ) cout << "\nOTpuuaTtenbHbli 3NEMEHT - nocnefHui!\n";
else {
double sum = 0;
for ( int 1 = 1ineg + 1; i <n; i++ ) sum += a[i]; /] 4
cout << " Cymma OTpuUaTeNbHbIX: " << sum;
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Mo:xHO MPpEJIOKNUTD 6oJiee palmoHa/IbHOE Ha HepBbII';I B3IVIA penieHue 3ajavdun: 1po-
CMaTpnBaThb MaCCHUB B O6paTHOM IopAAKe, CYMMUDPYS 9JIEMEHTDI, U 3aBEPIINUTD ITUKJI, KaK
TOJIBKO BCTPETUTCA OTpI/IL[aTe]IbeIfl 9JIEMEHT:

pool flag neg = false;
0;

double sum =
for (inti=n-1;1>=0;1--) {
if (af[i]1 <0 ) { flag neg = true; break; }
sum += al[i];
}
if ( flag_neg ) cout << "\nCymma " << sum;
else cout << "\nOTpuuaTenbHbiX 37EMEHTOB HeT";

B ar0ii mporpaMme KasKiblil 5JeMeHT MacCMBa aHaIU3UpyeTcs He OoJjiee OJHOTO Pasa,
a HEHY’)KHBIE DJIEMEHTHI He MpocMaTpuBaiTcst BooOuie. Kaszamoch Obl, MbI 1103a60TH-
ek 06 ahPEKTUBHOCTH, HO HA CAMOM JI€JIE€ PE3YJIBTAT MOJKET OKA3aThCs JIAKe XYIKe,
YEM B IIPpEAbIAYyIIEM BapI/IaHTe! BTO CBA3aHO C TE€M, YTO B COBPEMEHHBIX ITPpOIECCOpax
JUIS ONITUMUBAIUU TIPUMEHSIETCS OIlepeskalolee uTeHre B ObICTPOAEHCTBYIONLYIO T1a-
MATH (K9UL), IOATOMY TIPU «€CTECTBEHHOM» TOPSI/IKE MPOCMOTPA MAaCCUBA CJIEIyIOIIIe
AIIEMEHTBI OKKYTCS B KIIIIE ¢ OOJIbIIEeH BEPOATHOCTHIO.

II]IH TECTUPOBaHU A ATON IIpOTrpaMMbI H€O6XOZ[I/IMO BBECTU HECKOJIBKO BapHUAaHTOB MCXO-
AHDBIX /TAHHBIX — KOIr'/la MaCCUB COAEPIKUT OANH, HECKOJIbKO NJIN HE COAECPKUT HU OJITHOTO
OTPUIATEJIbHOT'O 9JIEMEHTA, a TaK/KE KOT/[a OH 3aKaHYMNBAETCA OTPUIATETbHBIM 9JIEMEH-
TOM.

MpI paccMOTpesy IpUMepBI 3a/1a4 MOVCKa ¥ BBIYHCAeHMI B MaccuBe. [[pyroii pacmpo-
CTPaHEHHO! 3a/1a4€ell SIBJISIETCS COPMUPOBKA MACCUBA, TO €CTH YIIOPSIIOYMBAHNE €TO JIe-
MEHTOB B COOTBETCTBUU C KAKMM-JIHO0 KPUTEPUEM — Yallle BCErO MO BO3PACTAHUIO WU
yObIBaHIIO 271eMeHTOB. CYIECTBYET MHOKECTBO METOJIOB COPTUPOBKHU, PA3IHUYAIOTIIXCST
0 TIOBEIEHUIO, GBICTPOIEHCTBIIO, 0OBEMY MAMSTH ¥ OTPAHUYEHUSIM, HAKJIA[BIBAEMbBIM
Ha ucxoxaHble faHHbie. B Yuebuuke (c. 59) paccMOTpeH oauH 13 Hauboiee IPOCThIX Me-
TOIOB — COPTHPOBKA BBIGOPOM. OH XapaKTepU3yeTCsl KBAJPATHYHOW 3aBUCHMOCTHIO
BPEMEHU COPTUPOBKHM ¢ OT KOJIUUYECTBA 3JIeMEHTOB: ¢ = a-N? + b-N-IgN, tie a u b — kou-
CTaHTBI, 3aBUCSIINE OT IIPOTPAMMHOIT peannsaiuu airopurma. VIHbIMu cioBamu, /17151 CO-
PTUPOBKU MAaccHB TpeGyeTcst MpocMOTpeTh mpumepHo N pas.

CyIIecTBYIOT QJITOPUTMBI U € JIYYIITUMU XapaKTePUCTHKAMU, CAMBIF U3BECTHBIH U3 KOTO-
PBIX HasbIBACTCS ObICMpOll COpmupoexoil. JLiist Hero 3aBUCUMOCTb uMeet Buj t = a-N-1gN +
+ b-N. JlaBaiiTe ITOCMOTPHUM, 32 CYET Y€T0 OCTUTaeTCs 9KoHoMUsA. Kerarn, Hanmenee ag-
(DeKTUBHBIM SIBISIETCST JTIOOUMBIH CTYIEHTAMHU METO]I TTY3bIPbKA.

3apaya 3.3. BbicTpas copTMpoOBKa MaccuBa

Hanucamv npozpammy, Kxomopas ynopﬂaouueaem GBMECMBBHHMZZ Mdaccue no sospacma-
HUI0 3HAYEHUTL €20 ALeMEHNOE MEmo0oM 6’1/)[(377’1]7012 COpPpMuUposKU.

Wnes AJITOPUTMa COCTOUT B CJIE/IYIOIIEM. HpI/IMeHI/IM K MaCCHUBY TaK Ha3bIBa€MYIO npo-
ueaypy pasaeﬂeﬁuﬂ OTHOCUTEJIbHO CPEAHETO0 3JIEMEHTA. B kauecTBe «CpeaHero» MOKHO
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BbI6paTb 10601 371eMeHT MacCCHBa, HO JIJId HarJIAAHOCTHU MbI 6y,71€M BbI6I/IpaTB, 110 BO3-
MOJKHOCTH, Cpe,Z[HI/Ifl I10 CBOEMY HOMEDY IJIEMEHT.

Hpoueﬂypa pasjesienus A1€JIMT MaCCHB Ha /IB€ YaCTH. B JIEBYIO IIOMENIAIOTCA 9JIEMEHTDI,
MeHbIIMe 9J1IEMEHTa, BI)I6paHHOI‘O B Ka4e€CTB€ CpeJIHETO, a B npaBoﬁ — 66abinne. 10 J10-
CTUTAa€TCs IIyTEM IIPOCMOTPpa MaCCHUBa IOIIEPEMEHHO C obonx KOHIIOB, IIpU 9TOM KaiK-
,lII)Iﬁ JJIEMEHT CPpaBHNUBAETCS C BbI6paHHbIM Cpe/ITHUM, 1 DJIEMEHTDI, HaXO/IAIINECA B «HE-
HOZIXOZIHHIeﬁ» HaCTH, MEHAIOTCA MEeCTaMU. ITocne 3aBepHIeHMA PO EeAYPbl pa3/l€JI€HUS
CpelIHI/Iﬁ JJIEMEHT OKa3bIBa€TCA Ha CBOEM OKOHYAaTEJIbHOM MeECTE, TO €CTb €Io «cyz[b6a>>
oripezaesieHa, 1 Mbl MOKEM IIPO HETO 3a0bITh. [[aJIee IIponeaypy pasaejaeHusAa H806XOlII/IMO
IIOBTOPUTDH OT/ZIE€JBHO 1JI5A JIEBOM 1 HpaBOfI qaCTH: B Ka)KlIOfI qaCcTn BI)I6I/Ip3.€TC§I cpejHee,
OTHOCUTEJbHO KOTOPOI'O OHA JIEJIUTCA Ha JBE, 1 TaK JlaJiee.

[TousiITHO, YTO OAHOBPEMEHHO TPOIELypa He MOXKET 3aHMUMATbCS W JIEBOH, W MPaBOii
YACTSAMM, TTOITOMY HEOOXOANMO KaKUM-TO 00pasoM 3allOMHUTH 3allpoc Ha 0OpaboTKy
OJTHOM M3 IBYX YacTel (Harmpumep, ITPaBoil) 1 3aHATHCS OCTABIIENCS YacThio (HalpuMep,
JieBoit). Tak MPOI0JKAETCS 10 TEX MOP, TIOKa He OKAsKETCsT, YTO ouepe/Hast oopabaThiBae-
Mast 9aCTh COJIEPXKUT POBHO OJMH 3JieMeHT. Tora Hy:KHO BEPHYTBHCS K TIOCTETHEMY U3
HeoOpaboTaHHBIX 3aIPOCOB, IPUMEHUTH K HEMY BCE TY K€ TPOIIEAYPY Pasde/eHIsI, U TaK
nasee. B KoHIIe KOHIIOB MaCCHUB OKaKETCSI TIOJHOCTBIO YIOPSIIOYEH.

Jlyist XpaHeHusI TPaHUI] ellle He YITOPSII0YEHHBIX YacTell MaccuBa 00JIee BCETO TIOIXOANUT
CTPYKTYpa IaHHBIX, HazbiBaeMast cmexoM. Mbl OyieM paccMaTpuBaTh «HACTOSIINES CTEKU
Ha JIEBSITOM CeMUHape, a TIOKa TIPOCTO yIoBUTeE Uieko. IIpeacraBore cebe y3Kuil KOPUAOpP-
TynuK. YeToBeK, KOTOPBII NMeJ HecYacThe Ty/la BONTH TIEPBbIM, CMOKET MMOKUHYTH €TI0
TOJIBKO CAMBIM TOCTETHUM. JTO U €CTh CTEK — <IIEPBBIM IPUIIEJ, TIOCAEHUM YIIe».

B mpuBeneHHOl HU)KE MpOrpaMMe CTEK peajn3yeTcs B BUE JBYX MacCHBOB, Stackr
u stackl, u omHOW TIepeMEeHHON Sp, MCTOJb3yeMOl KaK «yKa3aTesb» Ha BEpPITNHY CTeKa
(oHa XpaHUT HOMED TTOCJIETHEr0 3aI0JTHEHHOT 0 aJieMeHTa MaccuBa). /17151 3Toro anroputMa
KOJIMYECTBO 9JIEMEHTOB B CTEKE HE MOKET TIPEBBIIIATD N, TO3TOMY Pa3MeP MACCUBOB 3a/1aH
PaBHBIM UMEHHO 9TOil BesmunHe. [Ipn 3aHeceHnn B CTEK TIepeMeHHast Sp YBEJIUIMBACTCS
Ha eJINHMUILY, & TPU BBIOOPKE — yMeHbltaercst. [IporpaMma rpuBe/ieHa B iuctunre 3.5',

Jlnctuur 3.5. BbicTpas copTMpoBKa MaccmBa

#include <iostream>
#include <cmath>
using namespace std;
int main() {
const int n = 20;
float arr[n]:
int *stackl = new int [n]. *stackr = new int [n];
cout << "BBeguTe 3neMeHThl Maccupa: ;
for (int 1 =0; i <n; i++ ) cin >> arr[i];
[1117777711777777111] Coptwposka /////17177111171111117
int sp = 1; stackl[sp] = 0; stackr(sp]l =n - 1; /1

! CymectByer GoJiee KpacuBasi peajusalinsi MeTojia ObICTPOil COPTUPOBKM, OCHOBaHHAsI Ha PEKyp-
cuu. Mbl pacCMOTPUM €€ Ha Ce[bMOM CeMHUHApe.
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while ( sp >0 ) { // BbibopKa 13 CTeKka MOCNeAHero 3anpoca /]2
int Teft = stackl[spl: /3
int right = stackr[spl; /] 4
sp--; /5
while ( Teft < right ) { /] 6
// Paspenenne { arr[left] .. arr[right] }
int i = left, j = right; /7
float middle = arr[( Teft + right ) / 27: // 8
while (1 <J ) { //9
while ( arr[i] < middle ) i++; // 10
while ( middle < arr[j] ) J--: // 11
if (1<=3){
float temp = arr[i]; arr[i] = arr[Jj]; arr[j] = temp;
i+ J--
}
}
if (1 <right ) { // 3anuce B CTek 3anpoca W3 NpaBoil 4acTw // 12
Sp++;
stack1[sp] = 1;
stackr[sp] = right;
}
right = j; // Tenepb left u right orpaHu4ynBanT feByi 4acTb // 13

1
}
for ( int 1 =0; 1 <n; i++ ) cout << arr[i] <<

}

Ha xaskmom mare copTtupyercst ofiuH (parMeHT MaccuBa. JleBas u mpaBast TPaHUIIBI
cdbparMenTa XpaHaTCcs B mepeMeHHbIX left u right. CHavasa ¢parMeHT ycTaHaBINBA-
eTcst pasMepoM ¢ Bech MaccuB (cmpoxa 1). B onepamope 8 Bhibupaercs «cpemHuii»
DJIEMEHT.

[l mpoiBMIKEHMS TI0 MACCUBY CJIeBa HAIIPaBO MCTIOJIb3YyeTcs mepeMentas 1 (yuxa 10),
crpaBa HasieBo — repeMenHad J (yukza 171). VIX HavanpHble 3HAYEHUST yCTAHABIMBAIOT-
cst B onepamope 7. Tlocse Toro, kKak 06a CUeTYMKa «COUIAYTCS» TAE-TO B CPEIHEN YacTu
MacCHBa, IPOUCXOUT BBIXOJ U3 yukia 9 Ha onepamop 12, B KOTOPOM B CTEK 3aHOCATCS
TPaHWIIBI TPaBoii yacTu (pparMenTa. B onepamope 13 ycTaHaBIMBAIOTCST HOBBIE TPAHUITBI
JIEBO YaCTH JIJISI COPTUPOBKH Ha CJIELYTOIIEM Iiare.

Ecom hparMeHT yrke HACTOTBKO MaJ, YTO COPTHPOBATH €TO He TPeOYETCsT, TIPOUCKOMUT
BBIXOJI M3 Yukad 6, TTOCTE YeTO BBITIOTHSIETCS BHIOOPKA U3 CTEKA TPAHUIL €Ille He OTCO-
prupoBanHoro (dparmenTa (onepamopuvt 3, 4). Ecmm crek mycT, TPOUCXOIUT BBIXOJ U3
TJIABHOTO Yukaa 2. MaccuB OTCOPTHPOBAH.

JloGaBbTe B IIPOrpaMMy IOJCYET KOJUUYECTBA UTEPAIMl OCHOBHOTO IUKJIA. [[poroHuTe

[IPOTrpaMMy HECKOJIBKO Pa3 /ISt MACCUBOB C GOJIBIIIIM KOJMYECTBOM 3JIEMEHTOB! U cpaB-
HUTE C aHAJOTUYHOU MPOrpaMMOH, peasiusyroiieil MeTos Boibopa. Cresaiite BbIBOJIBI.

! Jlst ymo6eTBa MOYKHO 3aMEHUTD BBOJ[ C KIIABUATYPBI Ha T€HEPAIHIO CITyJaiiHOI TT0CIe10BaTe  b-
HOCTH ¢ TIoMolIbio pyHkuii srand u rand (cm. YueOHuk, c. 433, 435).
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Mertoz GbicTpoii copTupoBKu ObL1 mpepnoker Y. Xoapom. BrnocieacTBun g0TOMIHBIN
uccyegoBaresnb Metosios coptuposku J[. Kuyt (D. Knuth) ycranosut, uro pazmep cre-
Ka MOJKET ObITh YMEHBINEH JI0 BEJIMYUHBI 10g27, e mocie KasK[0ro MOsSABICHUS IBYX
yacreii, ojIekKaIux ganpHeiineii o6paborke, Hosee IIMHHYIO YacTh OTKJIA/BIBATH Ha
noToM (MOMEIATh B CTEK), a 6oJiee KOPOTKYI0 06pabaThiBaTh HEME/JIEHHO.

BI)ICTpaH COPTHUPOBKaA ABJISAECTCA OJHUM N3 JIYUIIINX METOJAO0B YIOPAJAO0YNBaHUA, O/THAKO
CYHIECTBYET IIEeJTBIT PAL QJITOPUTMOB, KOTOPbIE TPEAITIOYTUTEJIbHEC TPUMEHSATD JIJIS1 [ITaH-
HBIX, OTBE€YAIOIINX OIIPE/ICJICHHBIM KPUTEPUIM. COBeTyeM BaM Ha J1I0CyT€ O3HAKOMUTbHCS
C 9TUMHU aJITOPUTMaMHU. BbI60p naubosee MOAXOAANIECTO JIA KasKA0TO CJIydast METOo/ia CO-
PTHUPOBKU JaHHBIX — ITOKa3aTEJIb KJjlaCCa IIPOTrpaMMUCTA.

Utorm

1. PasMepHOCTb He-AUHAMHYECKOTO MAaCCUBA MOKET ObITh TOJIBKO KOHCTAHTON MU
KOHCTAaHTHBIM BBIDa)KeHUEeM. PeKoMeHIyeTcs 3a/1aBaTh Pa3MEPHOCTD C TOMOIIIBIO
MMEHOBAaHHON KOHCTAHTBI.

2. DJeMeHTbl MACCUBOB HYMEPYIOTCS C HYJISI, TIO9TOMY MAaKCUMAaJIbHBIN HOMED dJIEMEHTa
BCeT/la Ha eJIMHUILY MEeHbIIIe Pa3MEPHOCTH.

3. ABTOMaTHUYECKUI KOHTPOJIb BbIX0/1a MHJIEKCA 32 TPAHUIIBI MACCUBA He TTPOU3BOIUTCS,
TTO9TOMY ITPOTPAMMUCT JIOJIZKEH CJIe/IUTD 32 TUM CAMOCTOSITETHhHO.

4. YkaszaTesab — 3TO MepeMEHHAst, B KOTOPOil XpaHUTCS ajpec oOmacTu maMsitu. Vms
MacCUBa SBJSIETCS yKa3aTesJeM Ha ero HyJIeBON 2JIeMEeHT.

5. O6HyJieHUs AMHAMMYECKON MaMsTH IIPY €€ BblIeJeHU He Ipoucxoaut. Muuiu-
AIM3NPOBATh TMHAMWYECKUH MaCCUB HEJIb34.

6. OcBobosKIeHUE TTAMSITH, BBIIEJEHHO ITOCPEACTBOM New[ ], BBITIOJIHSIETCS ¢ TIOMOIIBIO
onepainu delete[].

7. Tlepen BBIXOIOM JIOKQJIBHOIO YKa3aTe s U3 00JIaCTU €ro JeHCTBUSI HEOOXOIMMO 0CBO-
6OKIATh CBI3aHHYIO C HUM JUHAMUYECKYTO [TaMSTh.

8. Eciu KoJUYeCTBO 9JI€MEHTOB, KOTOPbIE HOJKHBI ObITh BBEAEHBI B IPOrPaMMY, 13-
BECTHO /IO €€ BbITIOJIHEH NS, OTIPE/IEJISITEe MACCUB B OIIEPATOPE OITUCAHUST TIEPEMEHHBIX
(TrpryeM JIydliile Kak JIOKaJbHYIO MEPEMEHHYI0, YeM Kak TJI06abHYT0); eCJIU KOJIU-
YeCTBO MO’KHO 33/IaTh BO BPEMSI BBITIOJIHEHUS POTPAMMBI, HO JI0 BBOJIA 3JIEMEHTOB,
co3/aBaiiTe TMHAMUYECKUY MACCUB; €CJIU HET, UCIIOJIb3yHTe JUHCHHDBIN CITUCOK WU
JIPYTYIO IMHAMUYECKYTO CTPYKTYPY.

9. AJITrOpUTMBI COPTUPOBKU MACCUBOB PA3JINYAIOTC 110 OBICTPOAENHCTBUIO, 3aHNMAEMOIL
HaMATH U 00J1aCTU IPUMEHEHMUS.

3aagaHua

I/ICXO,ZIHbIe JlaHHbIC /IJISI BCEX BAapUAHTOB — 77 BEIIECTBECHHbBIX BEJIMYNH. HpI/I HallCaHNN
IIpOrpaMM MOJKHO UCIIOJIb30BAaTh KaK AMHAMUYECKHE, TaK U HE-/ITUHAMNYE€CKNE MaCCUBbI.
PaSMepHOCTb IIOoC/IeJHUX 3a/laBaTb MMEHOBAaHHON KOHCTAHTOM.
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BapuaHnT 1

1. Haiiti cymMmMy oTpUIIaTeIbHBIX 3JIEMEHTOB MaCCUBA.

2. Haiitu mpousBe/ieHre 2JIEMEHTOB MACCUBA, PACTIONIOKEHHBIX MEK/Y MAKCUMAJIbHBIM
1 MUHUMAJIbHBIM 3JIEMEHTaMMU.

3. YHOpsi/I0unTDb 3JIEMEHTBI MACCHBA 110 BO3PACTAHUIO.

BapuaHTt 2

1. Haiiti cymMMYy MOJIOKUTEbHBIX 9JIEMEHTOB MacCHBA.

2. Haiitu npousBe/ieHrE 2JIEMEHTOB MACCUBA, PACIIOJIOKEHHBIX MEK/Y MAKCUMAJIbHBIM
10 MOJLYJTIO U MUHUMAJTBHBIM 110 MOJLYJTIO 3JIeMeHTaMU.

3. YIopsiIounTh 9JIeMEHThI MaCCHUBa 110 YObIBAHMIO.

BapuaHTt 3

1. Haiitu npousBeieHre 9JIeMEHTOB MACCUBA C YeTHBIMU HOMEPAMHU.

2. Haiiti cymMMy 2J1eMEHTOB MAacCHUBa, PACTIOJIOKEHHBIX MEK/Y TIEPBBIM U MOCJIEHUM
HYJIEBBIMH 2JIEMEHTAMMU.

3. TIpeoGpasoBarh MaccuB TakuM 00pa3oM, YTOOBI CHAYA/IA PACIIOJIATAIUCH BCE TTOJIOKM-
TeJIbHbIE HJIEMEHTBI, a TIOTOM — BCe OTPUIlaTe/IbHbie (31eMeHTbl, paBHble (), cuUTaThH
MTOJIOKUTETbHBIMU ).

BapuaHTt 4

1. Haiitu cymMmMy 37IEMEHTOB MAaCcCUBA C HEYETHBIMU HOMEPAMH.

2. Haiiti cymMMy 2JIeMEHTOB MACCHBA, PACIIOJIOKEHHBIX MEXK/Y TIEPBBIM U ITOCIEIHUM
OTPUIATETHHBIMU dJTEMEHTAMI.

3. CxxaTb MaccuB, y/IaJINB U3 HETO BCe 2JIEMEHTHI, MO/IYJIb KOTOPBIX He TIpeBbItiaet 1.
OcBo6oauBIIMECS B KOHIIE MACCUBA SJIEMEHTHI 3aII0JIHUTD HYJISIMU.

BapuaHTt 5

1. Haiitin MakcUMaJIbHBIN 3JIEMEHT MacCHUBa.

2. Haiitu cymmy 2J1IeMEeHTOB MAacCUBa, PACIIOJIOKEHHBIX JI0 TIOCTIETHETO TIOJI0KNUTETTHHOTO
3JIEMEHTa.

3. CxxaTb MaCcCUB, yIaJINB U3 HETO BCE JIEMEHTbI, MO/LYJIb KOTOPBIX HAXOAUTCS B MHTEP-
Bajie [a, b]. OcBobOAMBINNECS B KOHIIE MACCHBA 2JIEMEHTHI 3aITOJTHUTD HYJISIMIL

BapuaHT 6

1. Haiityu MUHUMAJIbHBIN 9JIEMEHT MacCUBa.

2. Haiitn cymMMy 2JIeMEHTOB MAacCHBa, PACTIOJIOKEHHBIX MEK/LY TIEPBBIM U MOCJIEHUM
IIOJIOKUTEJIbHBIMU 9JIEMEHTaMU.

3. TIpeoGpasoBaTh MACCHB TaKKM 00Pa3soM, YTOOBI CHAYaJIa PACIIOJIATAIICH BCE DJIEMEHTHI,

PaBHbIE HYJIIO, a IOTOM — BC€ OCTaJIbHbIE.
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BapuaHt 7
1. Haiitn HOMep MaKCMMaTbHOTO 3JIeMEeHTa MaCCUBA.

2. Haiitn TIPOU3BEACHUE IJIEMEHTOB MAaCCUBA, PACIIOJIOKEHHBIX MEKAY MTEPBBIM U BTO-
PbIM HYJIEBBIMU 3JIEMEHTAMMU.

3. TIpeobpasoBarb MaccuB TAKUM 00Pa3oM, 4TOObI B IEPBOM €0 [0JI0BUHE PACIIOJIara-
JIVICH 5JIEMEHTBI, CTOSIBIIINE B HEYETHBIX MO3HIHSX, 8 BO BTOPO TTOJIOBUHE — 3JI€MEHTBI,
CTOABIIIME B YETHDBIX ITO3UIUAX.

BapuaHTt 8
1. HaiiTn HoMep MUHUMAJILHOTO 2JIEMEHTA MACCHBA.

2. Hawitm CyMMY 9JIEMEHTOB MAaCCHUBa, PACIIOJOKECHHDBIX MEK/1y TI€EPBBIM U BTOPbIM OT-
puiaTeJbHbIMI 3JIEMEHTaMU.

3. Hpeo6pa30BaTb MaCCHUB TaKUM 06pa30M, 4yTOOBI CHAYAIA pacitosiarajiucb BCe 9JIEMEH-
TbI, MO/1YJIb KOTOPbBIX HE ITPEBBLITIAET 1, a IIOTOM — BCe€ OCTaJIbHbIE.

BapuaHt 9
1. HaiiTn MakcuMasibHBIN TI0 MOJTYJIIO 3JIEMEHT MAaCCUBA.

2. Hawtm CYMMY 9JIEMEHTOB MACCUBA, PACIIOJIOKEHHBIX MEK/LY IIEPBBIM 1 BTOPBIM 110~
JIOJKUTEJIbHBIMU 3JIEMEHTaMU.

3. HpeO6paSOBaTb MaCCHUB TaKUM 06pa30M, 4TOOBI JJIEMEHTDI, paBHbIE HYJIIO, pacIioJia-
TaJIUCh ITOCJIE€ BCEX OCTAJIbHBIX.

BapuanTt 10
1. Haiitnt MUHMMAaTBHBIN 110 MOJIYJTIO 2JIEMEHT MACCHUBA.

2. Haiitu cymmy Moy ieil 2jleMeHTOB MacCUBa, PacIIOJIOKEHHbIX 110CJIe [1ePBOTO dJle-
MEHTa, PABHOTO HYJIIO.

3. TIpeobpasoBaTb MacCUB TaKUM 00pa3oM, YTOObI B IIEPBOM €T0 MOJOBUHE Paciiojara-
JICh 3JIEMEHTBI, CTOSIBIINE B YETHDIX IIO3MIUAX, 2 BO BTOPOI [OJIOBUHE — DJIEMEHTBI,
CTOABIIIME B HEYECTHDIX ITO3UITUAX.

BapuanTt 11
1. HafiTn HoMep MUHUMAJILHOTO TI0 MOJLYJTIO 9JIEMEHTA MaCCHBA.

2. Haiiti cymmy MojyJsieil aJleMeHTOB MacCHBa, PACIIOJIOKEHHBIX 110CJIE TIEPBOTO OTPH-
[ATEIBHOTO dJIEMEHTA.

3. C:xarp MaccuB, yIaJIUB U3 HETO BCE 9JIEMEHTHI, BETMYNHA KOTOPBIX HAXOIUTCS B WH-
tepsaie [a, b]. OcBoboauBIINECs B KOHIE MACCHBA DJIEMEHTHI 3alI0JIHITh HYJISIMHU.

BapuaHnTt 12

1. HaiiTn HoMep MaKCUMaJIBLHOTO 110 MOJLYJIIO 2JIEMEHTA MACCHUBA.

2. Haiitu cymMMy 2/1eMEHTOB MaCCHBa, PACIIOJIOKEHHDIX 110CJIe TIEPBOTO II0JI0KUTEIbHOIO
aJIEMEHTA.

3. TIpeobpasoBaTh MaCCHUB TAaKUM 0OPa3oM, 4TOObI CHauala Paciioyiarajiuch BCe 91eMeH-
TBI, Tl€J1ast YACTh KOTOPBIX JIEKUT B UHTEPBaJIE |4, b], a TOTOM — Bce OCTaJIbHBIE.
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BapuaHT 13

1. HaiiT KoJIM4ecTBo 3J1eMEHTOB MaCcCUBa, JIEKAIUX B [ranasone or A 1o B.

2. Haiitu cymmy 3/IeMeHTOB MacCUBa, PACIIOJNOKEHHBIX ITOCJTe MAKCUMAIbHOTO 3Jie-
MEHTa.

3. VIopsao4nTh 9J1eMEHThI MACCUBA 110 YOBIBAHMIO MOZLYJIEI 9JIEMEHTOB.

BapuanTt 14

1. Haiiti koim4ecTBO 371eMEHTOB MacCUBa, PaBHBIX (.

2. Haiitu cymMMy 3JIeMEHTOB MacCHBA, PACIIOJIOKEHHBIX TTOCJI€ MUHUMAJIbHOTO 2JIEMEH-
Ta.

3. YHnopsiiounTb 37€MEeHThl MAaCcCUBA 110 BO3PACTAHUIO MOJLYJIEH 9JIEMEHTOB.

BapuaHTt 15

1. Haiiti KosuecTBO 371eMeHTOB MaccuBa, 6obiux C.

2. Haiitu npousBejienrie 2JIeMEHTOB MAaCCUBA, PACIIOJIOKEHHBIX ITOCTIE MAKCUMAJIBHOTO
10 MOJLYJTIO JIEMEHTA.

3. TIpeoGpasoBarb MacCUB TaKUM 0Opa3oM, 4TOOBI CHaYaIa PACIIOIATaINCh BCE OTPUIA-
TeJIbHBIE 2JIEMEHTHI, 2 TIOTOM — BC€ MOJIOXKUTEbHbIE (37IeMeHThI, paBHble (), cunTarh
MTOJIOKUTEJIbHBIMU ).

BapuaHT 16

1. HaiiTi Koam4ecTBO OTPUIIATENIbHBIX 2JIEMEHTOB MACCUBA.

2. Haiiti cymmy MOy Jieii 21eMeHTOB MacCUBa, PACTIONOKEHHBIX TIOC/IC MUHUMAJIBHOTO
110 MOJLYJIIO 2JIEMEHTA.

3. 3aMeHUTb BCce OTPUIIATEJIbHbIE 2JIEMEHTHI MACCUBA UX KBA/[PATAMU U YIOPSIJOYUTD
3JIEMEHTBI MACCUBA IO BO3PACTAHUIO.

BapuaHnt 17

1. Haiitt Kom4ecTBO MOMOKUTEIbHBIX 2JIEMEHTOB MaCcCHBA.

2. Haiiti cymMMy 371IeMEHTOB MacCHBa, PACTIOJNOKEHHBIX TT0CJIe TTIOCAEHETO AJIEMEHTA,
PaBHOTO HYJIIO.

3. IIpeobpasoBaTh MacCUB TaKUM 0OPa3oM, 4TOOBI CHaYaIa PACIIONATANUCH BCE DIEMEH-
ThI, I[eJIas1 YaCTh KOTOPbHIX He MpeBbINIaeT 1, a HOTOM — Bce OCTaJIbHbIE.

BapunaHnTt 18

1. Haiitin Kom4ecTBO 9/1EMEHTOB MaccBa, MeHbINX C.

2. Haiitu cymMy 11eJbIxX 9acTeli 3JIeMeHTOB MaCCHBa, PACTIOIOKEHHBIX TTOCIE TTOCJIETHETO
OTPUIIATEBHOTO 2JIEMEHTA.

3. TIpeoGpasoBaTh MacCUB TaKUM 00Pa3oM, 4TOOBI CHAYa/Ia PACIIOJIATAIUCH BCeE AJie-

MEHTBI, OTJINYAIONecd 0T MaKCUMaJIbHOro He Oosee yeMm Ha 20%, a IoTOoM — BCe
OCTaJIbHBIE.
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BapuaHTt 19
1. Haiitn ITpour3Be/iIcHNE OTPUIATEJIbHBIX 9JIEMEHTOB MaCCHUBa.

2. Haiitu cyMMy TIOJIOXKUTETHHBIX 2JIEMEHTOB MACCHBA, PACTIOJNOKEHHBIX /IO MAKCUMAJTb-
HOTO 9JIeMEHTA.
3. V3MeHUTH MOPSIIOK CTE€OBAHNST 2TIEMEHTOB B MACCHBE HA OOPATHBII.

BapwuaHT 20
1. HaiiTu npousBejieHre MOJTOKUTENbHBIX 2JIEMEHTOB MAaCcCUBA.
2. Haiitt cymMMy 37IeMEHTOB MacCHBa, PACIIOJIOKEHHBIX JI0 MUHUMAJILHOTO 9JIEMEHTA.

3. YHOpHZIO‘{I/ITB 110 BO3pAaCTaHUIO OT/ICJIBHO 3JIEMEHTDBI, CTOANINE Ha YETHBIX MECTaX,
1 9JIEMEHTDI, CTOAIIME Ha HEYETHDBIX MeCTaX.



CemuHap 4. [iIByMmepHbieé MaCCUBbI

Teopernueckuii marepuai: c. 61-63.

JIBymepHbIii MaccuB mipe/icTaBisgercs B C++ Kak MaccuB, COCTOSIIITUNE U3 MacCUBOB. Bro-
past Pa3MEPHOCTh 3a/1aeTCsl B OTAETbHBIX KBaJPATHBIX ckoOKax. Ecam Maccus ompejie-
JIIETCST € TIOMOTITBIO 0Nepamopos onucanus, 0be ero PasMepHOCTH JOJKHBI OBITh KOH-
CTAaHTAMU UJIU KOHCTAHTHBIMU BBIPAKEHUSIMU, TOCKOIBKY WHCTPYKITHH 110 BBIZETEHUIO
naMATH HGOPMUPYIOTCST KOMITUJISITOPOM IO BBITIOJTHEHUST TIPOTPAMMBI:

int al3][5]; // Ueno4yncnexHas matpuua m3 3 CTpoK n 5 cTonbuos
MaccuB XpaHUTCS 10 CTPOKAM B HEITPEPBIBHOW 00JIACTH TTAMSITH:

aDO a[)l aDZ aDS a04 alO all a12 a13 a14 aZO aZl aZZ a23 a24
| --- 0-8 cTpoka -- | --- 1-8 cTpoka -- | --- 2-4 CTpoKa -- |

CTpoku IByMEpPHOTO MacCBa HUYEM He Pa3/eIeHbl, TO eCTh IPSIMOYTOJbHON MaTpUIlei
OH SBJIIETCS TOJIBKO B HallleM BOOOpaskeHuH. B namMsaTu cHadasa pacioaraercs 0Ho-
MepHbI MaccuB a[ 0] — HyJieBast CTpOKa MaccuBa a, 3aTeM — MaccuB a[ 1], SBagiomuiics
TIepBOM CTPOKOIT MaccuBa a, u T.1. KomuecTBO 271eMEHTOB B Ka)K/IOM U3 9TUX MAaCCHUBOB
PaBHO JJIMHE CTPOKH, TO €CTh KOJIMUYECTBY CTOIONOB B Marpuile. IIpu mpocMorpe Maccu-
Ba OT HayaJjia B IIEPBYIO OYePe/[b U3MEHsIETCsI IPaBBIi HHAEKC (HOMep cToJOIA).

Jl1s moctyma X OTAeJbHOMY 3JIeMEHTY MacCHBa MPUMEHSIETCST KOHCTPYKIMS Buja afi]
[j], e i (HoMep cTpokm) u j (HOMEp cTOJIOA) — BBIPAsKEHUS 1IEJTOUMCIEHHOTO TUIIA.
Kaoxcowui undexc moxcem usmensmocs om 0 00 3nauenus coomeemcmeayiouetl pasmepHo-
CMUL, YMEHLUEHHOT Ha eOUNULY.

BHUMAHUE

[TepBbiil MHIEKC BCeria BOCIIPUHUMAETCST KaK HOMEP CTPOKH, BTOPOH — Kak HOMep cToI011a,
HE3aBUCUMO OT UMEHU TIepeEMEHHON.

MoxHo (HO He Hy:KHO) 0OpaTUThCS K 9JEMEHTY MacCuBa U APYIUMH CIIOCOOaMMU:
*(*(a + 1) + J) mmm*(al[i] + j). OHM npuBeIEHbI /I JTyUIero TOHUMAHUS MeXaHu3Ma
MHJIEKCATINH, TIOCKOJIbKY 3/IECh B SIBHOM BHUJI€ 3alIMCAHBI T€ JKe JeHCTBHUsI, KOTOPbIE reHe-
PHUPYIOTCS KOMITUIIITOPOM IIPKU 0OBIYHOM 06paIlleHuN K MacCHBY.
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Pacemorpum ux mogpobuee. JlomyctuM, Tpebyercss 06paTUTCSA K AJIEMEHTY, PacioJio-
JKEHHOMY Ha MepPecevyeHnd BTOPOH CTPOKU U TpeThero crosbia — a[21[3]. Kak u s
OJTHOMEPHBIX MACCUBOB, UM MACCHBA a SIBJISETCS KOHCTAHTHBIM yKa3aTeJleM Ha Hayaso
MaccuBa. 3J1eCh HTO MACCHB, COCTOSIIMI U3 Tpex MaccuBoB. CHauasma Tpebyercs obpa-
TUTBCS KO BTOPOH CTPOKE MAaCCUBA, TO €CTh OJTHOMEPHOMY MaccuBy al[2]. [lJ1s1 aToro Hajio
npubaBUTh K aipecy Hayaga MacCUBa CMEIIEeHNe, PABHOE HOMEPY CTPOKHU, U BBIIOJIHUTE
pasazapecanuio: *(a + 2). HarmoMHUM, UTO NP CJIOKEHNN yKa3aTessl C KOHCTAHTON yun-
TBIBACTCS JIJTMHA 3JIPECYEMOT0 3JIEMEHTA, TI09TOMY Ha CAMOM [IeJIe YHCJI0 2 YMHOKAETCS
Ha JIJTUHY 2JIeMeHTa, TO eCcTb 2 * (5 * sizeof(int)), MOCKOJbKY 3JIEMEHTOM SBJISETCI
CTPOKA, COCTOSIIIAS U3 5 9JIEMEHTOB ThMa int.

[anee Tpebyercst 00paTUThCS K TPEThEMY DJIEMEHTY MOJYYeHHOTO MaccuBa. st moJry-
YeHUs ero ajipeca OTsITh MPUMEHSIETCS CJI0JKEeHNe yKa3aTesss ¢ KOHCTAaHTOH 3 (Ha caMoM
neJie pubasisieTcst 3 * sizeof(int)), a 3aTeM NpUMeHsIeTCs Olepalysl PasbIMEHOBAHMSI
JIUI TI0JIyYeHUs 3HaYeHUs dJleMenTa: *(*(a + 2) + 3).

ITpu onrcaHnK MacCHBa MOKHO 3a/aTh B (DUTYPHBIX CKOOKAX HayabHbIe 3HAUCHUST €T0
3JIEMEHTOB. DJIEMEHTBI MAaCCUBA MHUITMATU3UPYIOTCS B TOPSIZIKE MX PACTIOJIOKEHUS B 11a-
matn. Hampumep, omrepatop

int af2](5]1 = {1, 2. 1.3,5 23,4, 5 1}
OTIpe/ieJisieT MATPUILY CO CJIEAYIONIMME 3HAYEHUSIMU JIEMEHTOB:

12135
23451

Eciiu ko4yecTBO 3HadeHni B (PUIyPHBIX CKOOKAX IPEBbIIIAET KOJIMYECTBO DJIEMEHTOB
B MacCUBE, BO3HUKAET OIMMOKAa KOMIMIAIMU. Ecan 3HaYeHUI MEHbIIe, OCTaBIINECs
9JIEMEHTBI MaCCuBa I/IHI/II_[I/IaJII/I3I/IpyIOTCE[ 3HAYEeHUEM II0 yMOJI‘{aHI/IIO (I[JIH OCHOBHBIX
tutoB 310 0). MokHO 3a/1aBaTh HayaJibHble 3HAYEHUS He JIJIsI BCEX DJIEMEHTOB MaCCHU-
Ba. [[y1s1 3TOTO CIIMCOK 3HAYEHUH KOHCTAHT 719 KOKION CTPOKH 3aKII0YAETCS B IOTIO-
HUTeJbHbIE (DUTYPHBIE CKOOKU. BOT, HalrpuMep, KaK 3allOJTHUTh €IUHUIIAMU HYJIE€BOI
U 11€PBbIii CTOMOLBI IPUBEAEHHOrO Bbillle MaccuBa (OCTalbHbIe 9JIEMEHThI MacCHBa 00-
HYJISIOTCS ):

int al31[51={ {1, 1}, {1, 1} {1,1}};

[Ipu SBHOM 3a7@aHKKM XOTS OBl OJHOTO WHUIMAJUSUPYIOIIEr0 3HAYEHUS IS KasKI0H
CTPOKU KOJIMYECTBO CTPOK MacCHBa MOXKHO He 3a/aBaTh, MaMATh OyIeT BbiAeJeHa MO
CTOJIBKO CTPOK, CKOJIBKO CepUil 3HaueHM B (PUIyPHBIX CKOOKaX YKa3aHO B CIIMCKE, Ha-
[IpUMEp:

intalJ(5]={ {1, 1.7, 7, 7% {1, 1.0} {1, 1,2, 2, 2% }: // Tpu CTpOKU
B ounamuueckoii obracmu namamy MOKHO CO34aBaTh IBYMePHbIE MACCUBLI C TOMOIIIO
ortepartu new uin pyakimu malloc. OcTaHOBUMCS HA TIEPBOM BapuaHTe, TOCKOJIbKY OH
Gouee GE30IACEH 1 IIPOCT B UCIIOIb30BAHML.

HpI/I BblJICJIEHWN [TaMATHU 110 MaCCUB IEJMKOM KOJINMYECTBO CTPOK (]IeByIO pa3Mep-
HOCTb) MOJXHO 3aZaBaTb C IIOMOIIbIO HGPEMGHHOI'/JI WJIN BbIPpa’k€HH, a KOJNYECTBO
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CTOJI6L[OB JLOJIZKHO OBITH KOHCTAHTHBIM BbIpa’k€eHHEM, TO €CThb SIBHO OIIPpE/IeJIEHO /10 BbI-
TMOJTHEHUA TTPOTPpaMMbl. IIocne cinoBa new 3anMchIBaeTCsl TUII CO3/aBAEMOTO MacCCHBa,
a 3aTeéM — €ro pasMEepHOCTU B KBa/[paTHBIX cKoOKax (aHaJIOFI/I‘{HO OIIMCAHUIO «OObIY-
HBIX» MaCCI/IBOB)Z

const int m = 5;
int n; cin >> n;
int (*a)[m] = new int [n][m]; /1
int ** b = (int **) new int [n][m]; /] 2

3/1ech MOKA3aHO J[BA CII0C00a CO3/IaHMsI IMHAMUYECKOTO MaccuBa. B onepamope 1 ajpec
HavaJia BBIJIEJIEHHOTO C TIOMOTIBIO New y4acTKa MaMATH MPUCBAMBACTCS MTEPEMEHHOM a,
OTIpe/IeJICHHON KaK yKa3aTesb Ha MACCUB U3 M 3JIeMeHTOB Tuma int. VIMeHHO Takoil Thun
3HAYEHsI BO3BPAIIAET B IAHHOM cJiydae ornepaiiust new. CKOOKHI He0OXOUMBbI, TOCKOJIb-
Ky 6€e3 HUX KOHCTPYKIUST HHTEPIIPETUPOBAIACHh ObI KaK MacCUB ykaszareseil. Bcero Bbi-
JIeJIeTCS N 3JIEMEHTOB.

B onepamope 2 anpec nauasa BbIIEJIEHHOTO y4acTKa MaMSITH MPUCBAUBAETCS TIepe-
MEHHOI D, KOTOpasi onucana Kak «yKaszaTesb Ha yKa3aTesb Ha int», M03TOMY Iepe[
npucsauBanueM TpebyeTcs BBINOJIHUTL npeobpasosanue Tuna. CTporo ropops, mo
CTaH/APTY B 9TOM CJIyuae PEKOMEH/YETCs TPUMEHSTH JAPYTYIO OTepaluio npeobpaszo-
BaHus Tuna (cM. YdaeOHuk, c. 238), KOTOPYI0 MOTYT He HOJAEPKIBATH CTapble KOM-
HUJISITOPBI:

int ** b = reinterpret_cast<int **> (new int [n][m]);

Ob6paiienue K seMeHTaM JMHAMUYECKUX MACCUBOB IIPOU3BOAMTCS TOUHO TaK ke, Kak
K 9JIEMEHTaM «OOBIYHBIX» — C [IOMOIIBIO KOHCTpYKIuu Buga alil[jl.

qTO6I)I IMOHATDH, OTYETO AMHaAMUYECKNE MACCHUBDBI OIIMCBIBAIOTCA MMEHHO TakK, HYIK-
HO pa3odpaThesi B MEXaHN3Me MHAEKCAIN JTEMEHTA MACCUBA, PACCMOTPEHHOM BBITITE
(eM. ¢. 56). TToCKOBbKY [7IsT TOCTYTIA K HJIEMEHTY MACCHBA TIPUMEHSIETCST IBE OTIEPAITUIT
pasazipecariii, TO TepeMeniasi, B KOTOPO#l XPAHUTCS afipec HAYaua MACcCUBa, MOJIKHA
OBITH yKa3aTeeM Ha YKa3aTelb.

Bosee ynusepcaabHbI 1 0e30IIaCHbII CIocod BBIAEIEHMs IIaMSATH, KOraa o0e pasmep-
HOCTH MacCHBa 3a/Ial0TCS Ha HTAlle BBITIOJHEHHsT TPOrPaMMbl, IpuBeieH Hiske. Kaxas
CTPOKA MAacCHBA COCTOUT U3 NCO1 ajieMeHTOB THIa int (cM. puc. 4.1):

cout << " BBepuTe KOAMYECTBO CTPOK M CTONBLOB
int nrow, ncol; cin >> nrow >> ncol;

int **a = new int *[nrow]; // BbIIENdeTCA NamaTb MOJ MACCUB yKa3aTesnelh Ha CTPOKM
for (int i =0; 1 <nrow; i++ ) // UMKN ANA BbIAENEHWA NaMATK NOA KAKAYl CTPOKY

ali] = new int [ncol]; // BblgeneHne namaT Noj CTPOKY Maccuea
BHUMAHME

OcBO6OKACHNE TTAMSTH M3-T10]] MACCUBA C JIIOOBIM KOJTIMIECTBOM N3MEPEHHIA BBITOMHACTCS
¢ omotibto oneparu delete [1].
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int **a int *a[nrow] int a[nrow][ncol]
\\
\\

V

nstb

Puc. 4.1. InHammnyecknin MacCcumB C ABYMSI NePEeMEHHbIMN Pa3MEPHOCTSIMMN

3apa4ya 4.1. CpepgHee apudpmeTniecKkoe u KOJIM4ecTBO

MOJIOXKUTEJIbHbIX 3JIEMEeHTOB MmaCcCUuBa

Hanucamv npozpammy, komopas 0ist yeaouuciennoi mampumpt 10 X 20 onpedensiem cpeo-
Hee apupmemuuecKoe ee JNEMEHMOB U KOIUUECME0 NOLONCUMETHHBIX INEMEHN0E 8 KANCOOU
cmpoxe.

JList BBIYMCJIEHUST CPeHEro apuGMeTHIecKOro aJIeMEHTOB TpeOyeTcss HalTh UX O0IIYIO
CYMMY, TIOCJIE YETO PABJIEIUTh €€ Ha KOJMYECTBO aieMeHTOB. [Topsiiok mpocmMoTpa mac-
cuBa (110 CTPOKAM WJIU 110 cToJAGHaM) posin He urpaer. OnpejeseHne KoJuIecTBa MoJo-
JKUTEJbHBIX 9JIEMEHTOB KasKI0i CTPOKHU TpeGyeT MPOoCcMOTpa MaTpHilb! 110 cTrpokam. Obe
BEJIMYMHBI BBIYUCJISIOTCS TIPU OTHOM IIPOCMOTPE MAaTPUIIbl (IUCTUHT 4.1).

Jinctuur 4.1. Cpe,u,Hee apndmMeTN4ecKoe N KONNYECTBO MOSIOXKNTENbHbBIX 9J1IEMEHTOB

#include <iostream>
#include <iomanip>
using namespace std;
void main() {

const int nrow = 10, ncol = 20; // pas3MepHoCTM Maccusa
int alnrow][ncol]; // onucaHne Maccuaa
cout << "BBepuTe 3nemMeHThl MaccuBa:" << endl:

for ( int 1 =0; i < nrow; i++) // BBOJ MaccuBa

for ( int j = 0; j < ncol; j++ ) cin >> alil[j];
for (int i =0; 1 <nrow; i++ ) { // KOHTPONbHbIA BbIBOM
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for (int j = 0: j <ncol; j++ ) cout << setw(4) << a[i][j] <<

cout << endl;
}
int n_pos el;
float s = 0;

for (int 1 =0; 1 <nrow; i+ ) {
n pos el = 0;
for (int j =0; J <ncol; j++ ) {
s +=ali]ljl;
if (ali][j] > 0 ) n pos el++;
}

cout <<

CTpoka: " << i << " Kon-Bo: " << n_pos el << endl;

}

S /= nrow * ncol;
cout << "CpefiHee apudmeTNHeCcKoe:

<< 5 << endl;

}

PasmepHocTu MaccuBa 3aiaHbl UMEHOBAHHBIMYI KOHCTAHTAMMU, YTO TTIO3BOJISIET JIETKO UX
U3MEHATh. [lJ1s1 yIIPOTIEHVSI OTJIaIKI PEKOMEH/IYeTCs 3a/1aTh HeOOJIbINE 3HAUYEHUS ITUX
BEJIMYUH UJIU TIPUTOTOBUTD TECTOBBIN MACCUB B TEKCTOBOM (haiijie 1 MI3MEHUTD IIPOTPaAM-
My Tak, 4ToObI OHa yKTasa 3HadeHus: us daitia (cM. sagauy 4.3, ceMuHap 5 U YueOHUK,
c. 276, 280). CocraB/giiTe TECTOBbIE IPUMEPHI TAKUM 00Pa30oM, YTOObI CTPOKK MACCHBA
COJZIEPIKAJIH PA3HOE KOJMYECTBO OTPULIATEbHBIX 2JIEMEHTOB (HU OIHOTO 3JIEMEHTA, O/TUH
u GoJiee 9JIEMEHTOB, BCE DJIEMEHTBI).

O6paTI/ITe BHHMaHME Ha /IBa MOMEHTA. BO-HepBbIX, Tpe6yeTc51 /10 HallUCaHUA aJITOPUTMa
PEINTb, KaKUM 06pa30M 6y11}7T XPaHUTBCA pPE3YJIbTaThI. KonnuecTBO TIOI0KUTETBHBIX
IJIEMEHTOB [IJIA KasK10i CTPOKM CBOE, 1 B pe3yJibTaTe JIOJIPKHO MMOJIYYUTHCA CTOJIBKO 3Ha-
'-IeHPIfI, CKOJIbKO CTPOK B MaTpHII€E. B ,ZIaHHOfI 3a/la4€ Mbl MOJKEM OTBECTHU IJIAA XpaHEHUA
ATUX 3HAYECHU O/IHY IEPEMEHHYIO I1€JIOTO TUIIA, IOCKOJIBKY OHU BBIYUCJIAIOTCA ITOCJIE0-
BaTEJIbHO, I1OCJIE€ YETr0 BbIBOAATCA Ha 9KPaH. OlIHaKO €CJIN 9T 3HaYCHUA BIIOCTIEACTBNN
HOTpe6yIOTCH OJHOBPEMEHHO, JId WX XPaHEHUA NPHUAETCA OIIMCATb L[eJIO‘{I/IC]IEHHHﬁ
MaCCHUB C KOJIMYECTBOM 9JIEMEHTOB, PaBHbIM KOJIMYECTBY CTPOK MaTpPUIIbI.

BTOpoii MOMEHT — MeCTO WHUIIHATU3AI[NE CYMMBI 1 KosnuecTBa. Cymma OOHYJIsIeTCst
Tepest ITMKJIOM TPOCMOTPA BCei MATPHIIBI, @ KOJNIECTBO MOJIOKUTETBHBIX 9JIEMEHTOB —
Tepes TPOCMOTPOM OUYepeTHOM CTPOKH, MOCKOIBKY JJIST KasKJOH CTPOKY €T BBIYHCICHIE
HaYMHAeTCsT 3aH0B0. HaunHarome 4acto 3a6bIBAIOT PO MHUTIHATH3ATINIO HAKATLTIBAE-
MBIX B ITUKJI€ BEJTMUNH WM HEBEPHO OTIPEJIETISIOT €€ MECTO B TPOTPaMMe.

COBET

3anuceiBaiiTe orepaTopbl MTHUIUAJIN3AIINN HAKAIJIMBAEMbBIX B ITUKJIE BEJIMYWH HEITOCPe/I-
CTBEHHO Ilepe/] HUKJIOM, B KOTOPOM OHU BbIYUCJIAIOTCA.

ITocsie BBOzia 3HAYEHUI TIPEAYCMOTPEH UX KOHTPOJIbHBINA BbIBOA. UTOOBI 3IEMEHThI Ma-
TPUIIBI PACIIOJIAraJuCh OJIUH 1O/l APYTUM, UCIIOJIb3YeTCsI MAaHUITYJISATOP Setw, ycTaHaBJIN-
BaIOIIUH /17151 0OYepeIHOrO BBIBOIMMOTI0 3HaUEeHUS IUPUHY T10J151 B YeTbIpe cuMBoia. [
WUCIIOJb30BAHNA MAHUITYIATOPA MOAKIIOUEH 3ar0JI0BOK <iomanip>.
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Culeiute 3a OTCTYNAaMU [P HAMCAHUK ITUKJIOB. Bee omepaTopsl 0[HOrO YPOBHS BJIO-
JKEHHOCTH JIOJKHBI HAUMHATECSI B OJTHOI M TOM JKe KOJIOHKE. DTO 00JIErYaeT YTeHHe Mpo-
IpaMMBI U, CJIETIOBATEIBHO, TOUCK OMuGOK. 110 BOMpocy paccTaHOBKH (UTYPHBIX CKOOOK
CYIIECTBYIOT pasHble MHeHUst. Ha ceroust HanboJiee pacipocTpaHEHHBIMU SIBJISTIOTCS
cmuaw 1TBS (One True Bracing Style), KOTOporo npuaepKuBajich OCHOBONOJOKHUKY
asbika C (b. Kepuuran u /. Putun), u cmuno Aimena:

for (j =0; J < MAX_LEN; j++) { // cTunb 1TBS
foo();

}

for (j = 0; j < MAX_LEN; j++) // cTunb AnMeHa
foo();

}

Haiur BbiOOp, ecrecTBeHHO, OCTAaHOBUIICS Ha eduncmeenio eeprom (1T) cmue.

3apavya 4.2. Homep cTonOLa U3 NONIOXUTEJIbHbIX 3JIEMEHTOB

Hanucamv npozpammy, komopast 0ist BPSMOY20IbHOU UeSOUUCIEHHOT MAMPULbl onpede-
JISIeM HOMED CaM0z0 1e6020 CMOLOUA, COOEPICAULE20 MOLLKO NOJONCUMELLHDLE JNEMEHTIbL.
Ecnu maxozo cmonbya nem, evisecmu coobujeHue.

Jlist petiieHust 9TON 3alauil MATPUILy HEOOXOMMMO TTPOCMATPUBATH TO cToabam. [Ipu
3TOM OBICTpee MEHsIeTCsI TIepBbIi nHAeKe (HoMep cTpokn). Chenath BHIBOA O TOM, UTO
KaKOH-JH0O0 CTOMOETT COMEPIRUT TOTHKO TTOMOKUTETHHBIE DTEMEHTDI, MOKHO TOJIBKO TI0-
cJie TTPOCMOTPA CTOMOITA TIETTMKOM; 3aTO €CJTH B TIPOIECCE TTPOCMOTPA BCTPETUIICS OTPH-
MATETBHBIN HIEMEHT, MOSKHO CPa3y TIEPEXOUTD K CIEAYIONEMY CTOJOIY.

ITa JIOTUKA pean3yeTcs ¢ ITIOMOIIbIO lepeMenHoii-(hmaraall posit, koTopas nepej Haua-
JIOM TIPOCMOTPA KasKI0TO CTOJOIA YCTAHABIUBAECTCS B 3HAUYEHUE Lrue, a TIPH HaXOJKjle-
HUM OTPUIATEILHOTO 3JIEMEHTA «OIPOKHU/IbIBaeTcs» B false. Eciiu Bee ajieMEHTBI CTOJIO-
114 TIOJIOKUTEJIBHBI, (DJIAT HE OMIPOKUHETCS] U OCTAHETCS] UCTUHHBIM, YTO OYJIET SIBJISITHCST
MIPU3HAKOM [IPUCYTCTBHS B MATPUIlE UCKOMOTO cToJiO1a. Ecaiu crosbert HaiiieH, mpocMa-
TPUBATh MATPUILY JAJIbIlle HE UMEET CMBICTA, TIOATOMY BBITIOJTHSIETCS BBIXOJ] U3 ITHUKJIA
1 BBIBOJI Pe3yJibTata.

JlucTtuHr 4.2. Homep cTonbua n3 NoNoXMUTESbHbBIX 3JIEMEHTOB

#include <iostream>

#include <iomanip>

using namespace std;

int main() {
cout << "BBepuTe KOMMYECTBO CTPOK U CTONOLOB:
int nrow, ncol;

cin >> nrow >> ncol; // BBOJ pPa3MEPHOCTN MACCuBa
int **a = new int *[nrow]; // BbigEeneHne namaT NOJ YKA3aTenu Ha CTPOKM
for( int 1 =0; 1 <nrow; i++ ) a[i] = new int [ncoll; // namatb MNoOA CTPOKM

cout << "BBeguTe anemeHTh Maccupa:' << endl:

for (int 1 =0; i < nrow; i++ )
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for ( int j = 0; j < ncol; j++ ) cin >> alil[j]; // BBOJ Maccuea
int num = -1;
bool all posit;

for ( int j =0; j <ncol; j++ ) { // npocMOTp No CTONOUaM
all posit = true;
for ( int i = 0; i < nrow; i++ ) // aHannM3 3nNeMeHToB CTOon0ua

if (ali10j] < 0 ) { all _posit = false; break; }
if (all_posit ) { num = j: break: }
" Ctonbuos Het " << endl;
" << num << endl;

if (-1 ==num ) cout <<
else cout << " Homep ctonbua:

}

B mporpamme HEOOXOAMMO MPEAYCMOTPETh CJydail, KOTla HU OJUH CTOJOEI He y0-
BJIETBOPSET YCI0BUIO. JIJis1 5TOTO TIepeMeHHOI nuM, B KOTOPOH GY/IET XPaHUTHCS HOMEP
HCKOMOTO CTOJIOIA, MPUCBAMBAETCS HAYaIbHOE 3HAYCHUE, HE BXOJAIIEE B MHOKECTBO
3HAYEHUI, JOIYCTUMBIX U1 MHAeKca, Hanpumep, —1. [Tepes BbIBosioM pesysibrata ero
3HavYeHue aHaiusupyercst'. Eciu mocjie mpocMOTpa MaTPUIbl OHO COXPAHUJIOCH HEU3-
MEHHBIM, TO €CTh OCTAJIOCh PaBHBIM —1, TO CTONGIOB, YAOBIETBOPSIONIMX 33JaHHOMY
YCJIOBUIO, B MaTPUIIE HET.

Mosxno oboiiTrch 6e3 HGPEMQHHOﬁ num, €CJIii BBIBECTH HOMEDP CTOJI6H3. Cpa3dy 1ocJjie ero
orpeaesieHusd, 1ocJie 4€T0 3aBEPIINTDh ITPOrpaMMy:

bool all posit;
for (int j =0: j <ncol: j+ ) {
all posit = true;
for (int i =10; 7 <nrow; i++)
if (ali10j] < 0 ) { all _posit = false; break; }
if (all _posit ) { cout << " Homep ctonbua: " << j; return 0; }

}

cout <<

CTonbuos Het";

3apaua 4.3. YnopsaoumBaHue CTPOK MaTpuLbl

Hanucamo npozpammy, komopast ynopsiouusaem cmpoxi npsimoy20IoHOU 4ei0UUCIeHHOL
MampuypL no 803pAcmManuio CYMM Ux JeMeHmos.

Ha sTom npuMepe MbI (hopMasiayeM OOIIHi OPSIOK CO3aHNst CTPYKTYPHOMU ITPOTPaM-
MBI, KOTOPOMY PaHee CJIe[IOBATM UHTYUTUBHO. JTOTO TTOPSIJIKA TIOJIE3HO TPUIEPKUBATH-
cs1 TP PEIIeHNH JTaske pocTeimx 3aaad. bosiee mogpo6HO OH U3JI0KeH B YueOHUKe Ha
c. 109.

I. Ucxoaubie naHHbIE, Pe3yJbTaThl U MPOMEKyTOUYHbIEe BeJIMYHHbI. Kak yke ymomu-
HAJIOCh, HAYMHATD PEIleHne 3aa9i HeOOXOMMMO € OIHCAHUST TOTO, UTO SIBJSIETCS €€

! PacnpocTpaneHHoil omubKoi Mpyu MpOBEPKE Ha PAaBEHCTBO SABJSETCA MCIOJIb30BAHNE BMECTO
HETro orrepaiu npucBanBanus (=). ECTb mpuem, MoBBIIIAONNN HaZIe)KHOCTh KOUPOBAHS CPaB-
HEHNS ¢ KOHCTAHTOH: 3aNMChIBATh KOHCTAHTY CJIeBa OT 3HaKa "=="; B 3TOM CJIy4Jae T0Tepio OHOTO
cUMBOJIA "=" OOHAPYKUT KOMITUJISITOP.
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UCXOJIHBIMU JIAHHBIMU U Pe3yJbTaTaMU U KaKuM 06pasoM OHU OYyT Mpe/CTaBICHBI
B IIpOrpamMMme.

Hcexoodnvie dannvie. TIOCKOTBKY Pa3MEPHOCTH MATPHUIIBI HEM3BECTHA, OYIEM UCIIOJb-
30BaTh JUHAMUYECKUI MaCcCUB 3J1eMeHTOB 1esoro tuna. Orpanuuumcs TUIoM int,
XOTsI JIJIs1 OGIMIHOCTH MOKHO OBLITO GBI MCIOIb30BATh MAKCHUMAIBHO ITTMHHBIN TIEJbIT
THUIL.

Pesyrvmamoi. Pe3ybTaToM SIBJISIETCST TA JKe MATPUIA, HO YIOPsIOUeHHAs. JTO 3HAUMUT,
YTO HaM He CJIeJyeT 3aBOIUTh sl PE3yJibTata HOBYIO 00J1acTh MaMsITH, a HEOOXOIUMO
VIIOPSIZIOUUTh MATPHILy Ha TOM ke MecTe. DTO BayKHO TP KOMaHAHOU pabore: mpes-
CTaBBTE, UTO KOJIJIETA TIOJIATAET, YTO TIOJIYIUIT OT Bac YIOPSIZIOUEHHYIO MAaTPHILy, a Ha ca-
MOM JieJie BbI cpOPMUPOBAJIK €€ B COBEPIIEHHO JAPYToii 061acTH TTaMsTH.

IIpomencymounvie seruuunvt. Kpome pe3yibraTos, B JH0O0# IPOrpaMMe eCTh TIPOMEKY-
TouHbIe TiepeMenHbie. CrelyeT BBIOPATh UX TUI U CTIOCO0O XPAHEHWSI.

OueBUHO, YTO, €cJau TPEOYETCsT YIOPSIOUNUTh MATPUILY 10 BO3PACTAHUIO CYMM 3Jie-
MEHTOB €€ CTPOK, 3TU CYMMBbI Ha/I0 BBIYMCJIUTD U TJie-To XpaHuTh. [lockoibKy Bce oHI
OJTHOBPEMEHHO MOTPEOYIOTCS TIPU YIIOPSIIOYNBAHNUN, UX HAJ0 3allCATh B MaCCUB, KO-
JINYECTBO 3JIEMEHTOB KOTOPOTO COOTBETCTBYET KOJMUYECTBY CTPOK MaTPHUILbI, a i-il aJje-
MEHT COJIEPKUT CYMMY 2JIEMEHTOB i-if CTpOoKU. KoimuecTBO CTPOK 3apaHee HEM3BECTHO,
[O3TOMY 3TOT MACCUB TAKIKe JIOJUKEH ObITh [rHaMudecKuM. CymMMa 3JIEeMEHTOB CTPOKU
MOJKeT IIPEBBICUTD IUANa30H 3HAUEHU, I0ITYCTUMBIX JIJIs1 OT/IeJIbHOTO 3JIeMeHTa CTPOKH,
[O3TOMY JIJIS 3IEMEHTA 3TOTO MAaCCUBA HAJI0 BHIOPATH TUI 10ng.

IMocste Toro, Kak BIOPAHbI CTPYKTYPBI JIJIST XPAHEHUS JAHHBIX, MOJKHO TOJyMaTh U 00
ajiropuT™e (MMEHHO B TAKOM MOPSIZIKE, a He HA0OOPOT — BeJlb AJITOPUTM 3aBUCUT OT TOTO,
KakiM 00Pa30M MPEJICTABJIEHDI JAHHBIE).

II. Aaroput™m pa6oTe! IporpaMmbl. /[Jisi COPTUPOBKY CTPOK BOCTIOJIB3YEMCS OTHUM U3
CaMbIX TIPOCTBIX METOIOB — Memooom 6bi6opa. OH COCTOUT B TOM, YTO M3 MaCCHBA BbIOW-
paercs HauMEHbBIINH 9JIeMEHT U MEHAETCS MECTAMU C IIEPBBIM, 3aT€M PACCMaTPUBAIOTCA
3JIEMEHTBI, HAYMHAs CO BTOPOTrO, 1 HAUMEHDBIINI U3 HUX MEHSETCS MECTaMU CO BTOPBIM,
u Tak jasee n - 1 pas (Ipw MOCTEAHEM TPOXOIE MUK TPU HEOOXOIUMOCTH MEHSTIOTCS
MeCTaMU TIPEMOCETHUHN ¥ MOCJeTHUH 2JIeMeHThI MaccuBa). OIHOBPEMEHHO ¢ 0OMEHOM
9JIEMEHTOB MACCHBA BBITIOJNHICTCS U OOMEH 3HAYECHUN JIBYX COOTBETCTBYIONMX CTPOK
MaTpPHUIIBL.

AJITOpUTM CHaYasIa 3aMUCHIBACTCS B CaMOM 00IIeM BUjie (HATIPUMED, TaK, Kak 9TO cea-
HO BbINIe). Pa3BeTB/IEHHbIE aITOPUTMbI U aJITOPUTMbI C IIUKJIAMH TT0JE3HO TIPEACTABUTD
B Bujie 0000IIeHHON GJIOK-cXeMbl. [Ipr 9TOM HaZo CTPEMUTHCS TPEACTABUTD AJITOPUTM
B BHJIE€ MTPOCTOI TTOCIE0BATENILHOCTH MaroB. HampuMep, nmepBoHaYaIbHo MOKHO BbI-
JIEJINTH STATIbl BBOIA MCXOAHDBIX JaHHbIX, BRIMUCAEHUH N BBIBOJA pe3ybTaTa. B qanmom
cJIydyae BBIYUCICHUE COCTOUT U3 JIBYX IAroB: (GOPMUPOBAHUE CYMM 3JIEMEHTOB KakKI0i
CTPOKM M YIOPSIAOYMBAHNE MATPHIIBL.

III. Korza ajJropuT™ HOJTHOCTBIO IPOSICHUIICS, MOKHO IIEPEXOAUTD K KOOUPOBAHUIO TIPO-
rpammbl. OIHOBPEMEHHO € 3TUM (a elle Jydlie — Topas/io PaHblie!) TPOLyMbIBAIOTCS 1
TTO/ITOTABJIMBAIOTCS mecmogvle npumepovl. He TeHnTECHh TPUAYMATh TEPEMEHHBIM TOHSIT-
Hble IMeHA U Cpa3y Xe MPU HAIMCAHUH aKKypPaTHO (popMaTUPOBATh TEKCT IPOTPAMMBI.
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(DYHKHI/IOHB.JIBHO 3aBepHICHHbIC YaCTU aJTOpuUTMa OTAC/IAI0OTCA HyCTOfI CTpOKOﬁ1, KOM-
MEHTapueM UJn XOTA ObI KOMMEHTapHeM BUla

PEKOMeH,/IyeTCH TIpY HAITMCAHUUW ITPOTPAMMDbBI BKJIIOYATh B HEE IIPOMEKYTOIHYIO IT€YaTh
BBIYKC/ISIEMbBIX BEJMYMH B yI0OHOM JIJIsT BOCTIPUATHS (hopMaTe. ITO TPOCTOM U HAZIEK-
HBIN CHOCO6 KOHTPOJIA XOZa BBITIOTHEHWA ITPOTPAMMBbI. He HYXHO CTPEMUTDHCA HAIINCATh
cpady Bcio mporpamMmy. CHavasia THUIIETCS W OTJIAKUBAETCS (DparMeHT, copepsKaiiit
BBO/Jl UCXO/JIHBIX JaHHDBIX. 3aT€M TIPOMEKYTOYHYIO TI€9aTh MOKHO y6paTb " IepexoanTb
K caenytoniemMy (hyHKIIMOHAIBHO 3aKOHUEHHOMY (hparMeHTy anroputma. /s otaaakn
TIOJIE3HO BBIMTOJMHATD IPOTpaMMy 110 ITaram € Ha6]IIOZ[€HI/IeM 3HAYEHUN N3MEHSIEMBbIX Be-
smunH, Bee oty isipabie 000I0YKH TIPEOCTABIISIIOT TaKy 0 BO3MOKHOCTD (M. ITpuio-
skeHue). TekcT mporpaMMBbl TPUBE/IEH B TUCTHHTE 4.3.

JluctuHr 4.3. YnopsgouneaHme CTPOK MaTpuLb

#include <fstream>

#include <iostream>

#include <iomanip>

using namespace std;

int main() {
ifstream fin( "input.txt" )
if ( Ifin ) { cout << " ®aiin input.txt He HalipeH
int nrow, ncol;

<< endl; return 1; }

fin >> nrow >> ncol; // BBOA PA3MEpPHOCTW MAacCuBa
int **a = new int *[nrow]; // BblieneHne namatu
for ( int i = 0; i < nrow; i++ ) a[i] = new int [ncol]: // BblIeneHue namaTtu

for (int i =0; 1 <nrow; i++) // BBON MaccuBa
for ( int j = 0; j < ncol; j++) fin >> a[i][j];

long *sum = new Tong [nrow]: // MaccmB CyMM 3N1EMEHTOB CTPOK
for ( int i =0; i <nrow; i++ ) {
sum(i] = 0:

for (int j =0; j <ncol; j++ ) sum[i] += alil[Jj];

for (int i =0; i <nrow; i++ ) { // KOHTPOSbHbIA BbIBOA
for (int j = 0: j <ncol; j++ ) cout << setw(4) << a[i][j] << " ";
cout << "| " << sum[i] << endl;

cout << endl;
for (int i =0; i <nrow - 1; i++ ) { // ynopsao4yuBaHue MaTpuLbl
int nmin = 1;
for (int j =1 + 1: J <nrow; j++ )
if C sum(j] < sumfnmin] ) nmin = j;
Tong buf_sum = sum[1]; sum[i1] = sum[nmin]; sum{nmin] = buf_sum;
for (int j =0; J <ncol; j++ ) {
int buf a = ali1[j]; aliJ(j] = alnmin][j]; alnminI[j] = buf a;
}

}

'K COKaJIEHUIO, N3-3a OrPAaHUYEHHOTI'O o6beMa KHUTH MBI He IMeeM TaKOH BO3MOKHOCTH!

npodonxcenue
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Jluctuur 4.3 (npogosmkeHue)
for (int i =0; i <nrow; i++ ) { // BbIBOA YNOPALOYEHHON MaTPHLBI
for (int j =0; J <ncol; j++ ) cout << setw(4) << a[i][j] <<" ";
cout << endl;

}

3/1ech UCTIOIBb30BaHBI jiBe OydepHbie IepeMenHbie: buf sum /7ist oOMeHa JBYX 3HAUYEHUN
CYMM MIMEET TOT K€ THII, YTO U CyMMa, a TiepeMenHast buf _a s obMeHa 3HaYeHuil sJie-
MEHTOB MacCHBa UMeET TAKOM JKe THUII, KaK U 2JIEMEHTBI MACCHBA.

[lannbie ynTtaorcs n3 daiisia, KOTOPbIT MOJKHO CO3/IaTh B MHTETPUPOBAHHOM Cpejie 1 Co-
XPaHWUTb TaM ’Ke, TJle UCXOAHBIH TEKCT MPOrpaMMBbL. B aTOM ciydae jerde mpoayMaTh,
KaKkue 3HAYEeHUs JIyYllle B3sTh /IS TIIATEJbHOTO TeCTUPOBAHUS MporpaMMbl. IlepBsrit
TECTOBBIH HAGOP MOJIKEH GBITH MTPOCTHIM — HATPUMEP, MACCHUB U3 3—4 CTPOK ¢ HEHOIb-
MIUMU 3HAYCHUSME 9JIEMEHTOB JIJISI TOTO, YTOOBI MOJKHO OBLIO B yME MPOBEPUTH, TIpa-
BUJIBHO JI BBIYHCJISIOTCS CYMMBI (CyMMa 3JIEMEHTOB CTPOKU /IS KOHTPOJIST BBIBOIUTCS
PSIZIOM CO CTPOKOM, OT/eIeHHasl BEPTUKAJIBHON depToit). /[ Broporo TecTtoBOro mnpu-
Mepa PEKOMEH/IY€eTCsI BBECTH 3HAYEHUST DJIEMEHTOB, OJIM3KUE K MAKCUMAJIbHBIM JIJIsT THIIA
int. JloNOTHUTETBHO ClelyeT MPOBEPUTH, TPABUJIBHO JIU YIOPSIZIOYUBAETCS MACCUB U3
OJTHOM ¥ JIBYX CTPOK U CTOJIOIIOB, MOCKOJIbKY MHOTHE OMUOKHU TIPW HAMUCAHWU TIHKJIOB
CBSI3aHBI C HEBEPHBIM YKa3aHNEM UX 'PAHUYHBIX 3HAUEHUII.

Utorm

1. B MaccuBax, onpeneaeHHbIX ¢ IOMOLIBIO OIEPATOPOB OIMUCAHUS, 00e PadMEePHOCTU
JIOJIKHBL OBITh KOHCTAaHTAMU WJIM KOHCTAHTHBIMY BbIPaKeHUSIMU. MaccuB XpaHUTCS
10 CTPOKAM B HEIPEPBIBHOIT 061acTh maMsaTu. IIpu onucaHum MaccuBa MOKHO 3a/1aTh
HavyaJbHble 3HAYEHUS eTr0 2JIeMEHTOB.

2. TlepBblii MHJEKC Beerja NpeAcTaBaser coO0i HOMEp CTPOKH, BTOPOi — HOMEP CTOJI0-
na. Kask/prit nnexc MoxkeT u3MeHsaThest ot () 710 3HaUeHUs COOTBETCTBYIOIIEN pa3mMep-
HOCTU, YMEHBIICHHON Ha eIMHUILY.

3. 1lpu BbIIESIEHUT IMTHAMUYECKOW TTAaMSITU TI0JT MACCHB 1IEJTUKOM CaMyTo JIEBYTO pa3Mep-
HOCTDb MO>KHO 33/1aTh C ITOMOIIIBIO TIEPEMEHHOM, BCE OCTATbHbBIE PA3MEPHOCTH JIOJIKHBI
ObITh KOHCTaHTaMu. /It IBYMEPHOTO MacCHBa 9TO 3HAYUT, YTO JieBast Pa3MEPHOCTh
MOKeT OBbITh IIEPEMEHHO, a BTOpas — TOJIbKO KOHCTAHTOIA.

4. Jlns BoiesIeHus TUHAMAYECKON TTaMSITH TT0J] MacCUB, B KOTOPOM BCE Pa3MEpPHOCTH
repeMeHHbIe, UCITOIb3YIOTCS IIUKJIBL.

5. OcBoboXKieHre TAMATU U3-110]] MACCUBA € JIIOObIM KOJUYECTBOM U3MEPEHHIA BBIIIOJI-
HSETCS C IIOMOIIbIO onepauuu delete [].

3agaHua

3ajlaHus ATOTO CeMMHApa COOTBETCTBYIOT NMPUBEJEHHBIM B YuebHuke Ha c. 139. Peko-
MEH/IyeTCs BBINOJHATh Ka)KIO€e 3aJiaHue B [IBYX BapHAHTAX: HMCIOJb3Ysl JIOKAJIbHBIE
Y TMHAMUYECKIE MacCHBbBI. Pa3MepHOCTH JIOKQJIbHBIX MACCUBOB 32/1aBATh UIMEHOBAHHbI-
MU KOHCTAHTAMU, 3HAYEHUS 3JIEMEHTOB MAcCUBAa — B CIIMCKe MHUIManu3anuu. Beox
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JIAHHBIX B IMHAMUYECKUI MacCUB BBITIOHIATH U3 (haiiyia. bosee ciioskHble 3a1aHusT Ha
MAacCHBbI IIPUBEeHbl B YueOHuKe Ha ¢. 142.

BapuaHnT 1
IIaHa IeJIOYMNC/TICHHAA NPAMOYTOJIbHAsA MaTpulla. OHpelIe]II/ITI)Z
1) KOJIMYECTBO CTPOK, HE CO/ICPKRaAINX HU OJJHOTO HYJIEBOT'O 9JIEMEHTA;

2) MakCcUMaTbHOE U3 YHCeJ, BCTPEYAIONNXCs B 3alaHHON MaTpuile 6osee 0HOTO
pasa.

BapuaHT 2
[ana nesiounicieHHas MpsIMOYTOJIbHAS MaTPHUIIA. Onpe/:[eJH/ITb KOJINYECTBO CTOJ16LIOB, He
coZlepsKallliX HU OJTHOTO HYJIEBOI'O JIEMEHTA.

XapaKTepI/ICTI/IKOﬁ CTPOKH HeJIO‘II/ICJIeHHOfl MaTpHIlbl HA30BEM CyMMY €€ ITOJIOKUTEIb-
HbIX YE€THbLIX 3JIEMCHTOB. HepeCTaBJIHH CTPOKH BaﬂaHHOﬁ MaTpHUIlbI, pacliojiaraTb HUX
B COOTBETCTBUHN C POCTOM XaPaKTEPUCTUK.

BapuaHnTt 3
IIaHa [eJoYncC/JIeHHad NPpsAMOYTOJibHasA MaTpula. OHPEZ[e]II/ITbZ
1) xommuectBO CTOJIOIOB, COZIEPIKALUX XOTS Obl OIMH HYJIEBOU 2JIEMEHT;

2) HOMep CTPOKH, B KOTOPOH HAXOAUTCS caMas JJIMHHAS Cepusi OMHAKOBBIX 3JIeMeH-
TOB.

BapuaHTt 4
IIaHa IeJgounc/aeHHas KBa/[paTHasd MaTpHUIia. OHpelIeJII/ITbZ

1) mpousBezieHNE 2JIEMEHTOB B T€X CTPOKAX, KOTOPBIE HE COMEPKAT OTPUIIATEIbHDBIX
3JIEMEHTOB;

2) MaKCUMYM CPEIM CyMM 3JIEMEHTOB JIMaroHaJell, NapaJiie/bHbIX TJIaBHOW AMAaroHaIn
MaTPHUILBL.

BapuaHT 5
lIaHa IesouncJaeHHad KBa/ipaTHad MaTpHUIia. OHpelIeJII/ITbZ

1) cymMMy s/IeMEHTOB B TeX CTOJIOIAX, KOTOPbIe He COAEP/KAT OTPUIATETBHBIX IEeMEH-
TOB;

2) MUHMMYM CPeI CYyMM MOJYJIeil 3JIEMEHTOB AUaroHaeil, ImapaiebHbIX M0OOUHON
JIMArOHAI MATPUIIBL.

BapuaHT 6

Jlana niesiounciienHast npsiMoyroJibHas MaTpuiia. OnpeaennTsb:

1) cyMMy 3JIEMEHTOB B T€X CTPOKaX, KOTOPbIE COAEPKAT XOTS OBl OJ[H OTPHUIATEIbHBIIT
2JIEMEHT;

2) HOMEpa CTPOK U CTOJIOIOB BCEX CEIIOBBIX TOUEK MATPUILBL.

[Ipumeyanne. Matpuiia A uMeeT CeTIOBYIO TOUKY A;, eciiu A ABJISETCA MUHUMAIbHBIM

DJIEMEHTOM B i-if CTPOKE 1 MAKCUMAJIBHBIM B j-M CTOJIOILE.
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BapuaHt 7
Jlns 3ajaHHO MaTpuIlbl pasMepoM 8 X 8 HaiiTu Takue R, 4TO k- CTPOKA MATPUILbI CO-
BIIAZAeT ¢ k-M CTOAOIOM.

Haiitu cyMMy 2JIEMEHTOB B T€X CTPOKAX, KOTOPbIE COAEPKAT XOT Obl OUH OTPHUIIATEb-
HBIN 9JIEMEHT.

BapuaHTt 8

XapakTepucTuKoii cTosbIa MeJOUNCIeHHON MaTPUIIBI HA30BEM CYMMY MOJYJIEH €ro oT-
pUIIATEIbHBIX HEYETHBIX 2JeMeHTOB. IlepectaBiss cTOIOIbI 3aaHHON MATPUILI, pac-
1oJIaraTh UX B COOTBETCTBUU C POCTOM XapaKTEPUCTHUK.

Haiitu cymMMy 5JIEMEHTOB B TeX CTOJIOIAX, KOTOPbIE COAEpsKaT XOTs Obl OJUH OTPHIA-
TeJIbHBIN DJIEMEHT.

BapuaHTt 9

Cocensimu aiemMenTa A; B MaTpuile Ha3oBeM aneMeHThl A, ¢ i—1 <k <it+l,j-1 <[<j+1,
(k, D) # (4, 7). Onepanus criakuBaHust MATPUILBI JaeT HOBYIO MATPHILY TOTO JKe pasMepa,
Ka’K/IbII 2JIeMEHT KOTOPOI MOJIyJaeTcs Kak cpefHee apudMeTnieckoe NMEeIONIXC s CO-
cefieil COOTBETCTBYIONIETO aJleMeHTa UCXOAHOH Marpuibl. [locTponts pesymsrar cria-
JKUBaHWS 3a[aHHON BeleCTBEHHOM MaTpuIlbl paamepoM 10 x 10.

B criakennHoli mMarpuile HAMTH CyMMY MOJYJIeH 3JIeMEHTOB, PACIOJIOKEHHBIX HUXKE
TJIABHOM JMarOHaJN.

Bapuant 10

DJIEMEHT MATPHUIIBl Ha3bIBAETCS JIOKATBHBIM MUHUMYMOM, €CJIM OH CTPOTO MEHbBIIIE BCEX
UMEIOIUXCs y Hero coceieit. [logcunTarh KOJMIecTBO JJOKAJIbHBIX MUHUMYMOB 3a/1aH-
HolT MaTpuilsl pazmepom 10 x 10.

Haiitnn cymmy Mozysieli a1eMeHTOB, PacTioJIOKeHHBIX BBITIE TIIaBHOU MarOHaJN.

BapuanTt 11

Koaddurmentsr crcrempl TMHENHBIX ypaBHEHUN 3a/IaHbI B BU/le TIPSIMOYTOJIBHON Ma-
Tpuibl. C MOMOIIBIO JOIMYCTUMBIX IPe00pasoBaHmil IIPUBECTH CUCTEMY K TPEYTOJbHOMY
BULY.

Haiitu KoJTM4ecTBO CTPOK, cpe/iHee apudmMeTnyecKoe JIeMeHTOB KOTOPbIX MEeHbIIIe 3a-
JTAHHOU BEJTMINHBIL.

BapuanTt 12

YnoTHuThb 3alaHHYIO MaTpuIly, yaadad n3 Hee CTPOKU 1 CTOJI6I_II)I, 3allOJIHEHHbIE HYJIA-
mu. Haiiti HOMED HepBOfI "3 CTPOK, CO/EPKAIINX XOTA OBl OJIVH TIOJIOKUTETbHBIN dJIe-
MEHT.

BapuaHTt 13

OcyHIGCTBI/ITb HI/IK]II/I‘IQCKI/II;'I C/IBUT 3JIEMECHTOB HpHMoyI‘OJIbHOI';I MaTpHIIbl Ha 77 9JIEMEH-
TOB BIIpaBO MJIK BHU3 (B 3aBUCUMOCTH OT BBEAEHHOTO pe>KI/IM3.). 7 MOKeT ObITb OOJIbLIE
KOJIMYECTBA 3JIEMEHTOB B CTPOKE NJIN CTOJI6H€.
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BapuanTt 14

OcCy1ecTBUTh MUKJINYECKUN C/IBUT 9JTEMEHTOB KBAJPATHON MAaTPHUIIBI Pa3MEPHOCTH
M x N BupaBso Ha k 971IeMEeHTOB TaKuM 00Pa3oM: 2JIeMEHTBI 1-if CTPOKM CIBUTAIOTCS B 110~
CJIeIHUIT CTOIOEI] CBEPXY BHIS3, 3 HETO — B ITOCJIEIHION CTPOKY CIIPaBa HAJIEBO, U3 Hee —
B IIEPBBIN cTOJMGEI] CHIU3Y BBEPX, M3 HETO — B MEPBYIO CTPOKY; JJISI OCTATIBHBIX 3JI€MEH-
TOB — aHAJIOTUYHO.

BapuaHTt 15

Jlama mestouncaentast mpsiMoyrosbHast Matpuiia. OTpenesnTh HOMep TTEPBOTO U3 CTOTO-
1I0B, COJIEPIKAIINX XOTsI ObI OJIUH HYJIEBOIT 9JIEMEHT.

XapaKkTepuCTUKON CTPOKHU 1eJOYNCICHHOW MATPUIIBI HA30BEM CYMMY ee OTpHUIlaTelb-
HBIX YETHBIX 2JieMeHTOB. llepecTaBiisigs CTPOKM 3aJlaHHON MATPHIlI, PACIOJATaTh UX
B COOTBETCTBUHM C yOBIBAHMEM XapaKTEPUCTHK.

BapuaHT 16

yHOleIO‘-II/ITI) CTPOKH HeJIO‘-IHCJIeHHOﬁ HpHMoyI‘OJII)HOfI MaTpHIlbl IO BO3PaCTaHUIO KO-
JIMYECTBA OJJMTHAKOBBIX DJIEMEHTOB B KaXKI0M CTPOKE.

Haittnn HOMEpP IMEepBOTO 13 CTOJI6]_[OB, He coAepKalluX HU OJHOTO OTPUIIATEJIBHOTO 3J1e-
MeEHTa.

Bapunant 17

ITyrem mepecTaHOBKHU 9JIEMEHTOB KBaPAaTHON BEIECTBEHHON MaTPUILIbI JOOUTHCS TOTO,
4yTOObI €6 MAKCUMAJIbHBIN 2JIEMEHT HAXOAMIICS B JIEBOM BEPXHEM YIJIy, CIEAYIONUI 110
BesinunHe — B 1to3uiiuu (2,2), cieayonuii 1o Bejinunie — B ro3uiuu (3,3) u T. 1., 3a-
HOJIHIB TaKUM 00Pa3oM BCIO IVIABHYIO MaroHalb.

Haiitu HOMep 1epBoil U3 CTPOK, He COJIeP:KAIUX HUA OTHOTO TIOJIOKUTENBHOTO JIeMCHTA.

BapuaHnT 18

IIaHa IeJI0YnC/TICHHAA NPAMOYTOJIbHAsA MaTpulla. OHpelIeJII/ITI)Z

1) KOJIMYeCTBO CTPOK, COAEPIKAIIUX XOTsI ObI OAUH HYJIEBOI 9JIEMEHT;

2) HOMED CTOJI6I.[a, B KOTOPOM HaxXO/UTCA CaMaA AJIMHHaA CEPUA OAMHAKOBbIX 9JIEMEHTOB.

Bapuant 19

IIaHa IeJounc/JaIeHHad KBa/ipaTHad MaTpHUIia. OHpeI[eJH/ITbZ

1) CYMMY 9JIEMEHTOB B TE€X CTPOKaX, KOTOPbIE€ HE COAEPIKAT OTPUIIATE/IbHbIX 3JIEMEHTOB;
2) MUHUMYM Cpell CyMM 3JIEMEHTOB IaroHajIel, mapasiebHbIX [JIaBHO THarOHA.

BapuaHTt 20
IIaHa TejovncjieHHada mpAMOyTOoJIibHaA MaTPUIla. OHpelIEJII/ITbZ

1) KOJIMYecTBO OTPHIIATEIbHBIX BJIEMEHTOB B TEX CTPOKAX, KOTOPBIE COMAEPKAT XOTs Obl
OJIH HYJIEBOU 2JIEMEHT;
2) HOMepa CTPOK U CTOJIOIOB BCEX CEAJIOBBIX TOYEK MATPHUIBI .

[Ipumeuanue. Marpuiia A umeer ce/lJIOBYIO TOUKY Aﬁ, eciu A,.j. SIBJISIETCSI MUHUMAJIbHBIM
9JIEMEHTOM B i-if CTPOKE 1 MAKCUMAJIbHBIM B j-M CTOJIOILE.
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Teopetmuecknit Mmatepual: ¢. 63—65, 89-93, 411-414.

B C++ ectp aBa Buza crpok: C-ctpoku, yHacaenoBanubie n3 si3bika C, 1 kmace string
crangapTHoil 6ubamoreku C++. C-cTpoka Ipencrasisger co6oil MaCCUB CUMBOJIOB, 3a-
Beprnalomuiics cumsosioM ¢ kogoM 0. Knace string 6osee Gesonacen, uem C-cTpoku, HO
u Gojiee pecypcoeMok. JIJish ero rpaMOTHOTO MCHOJIb30BaHUsl TPeOyeTcs: 3HAHKMe OCHOB
00bEKTHO-OPHUEHTHPOBAHHOIO MTPOTPAMMUPOBAHUS, MOITOMY Mbl PAaCCMOTPUM €ro BO
BTOPOI1 YaCcTH MPAKTUKYMa, a ceiiyac orpaHnnyumcs C-cTpokamu.

OnucaHue cTpokK

[Tamars 1o/ CTPOKH, KaK 1 IO/ APYIrne€ MAaCCUBbI, MOKET BBIACTATBCA KaK KOMIINJIA-
TOPOM, TaK M HEIOCPEACTBEHHO B IIpOTpaMMe (,ZII/IHaMI/I'-IeCKI/I). [[JII/IHa lIHHaMI/ILIeCKOfI
CTPOKHN MOJKET 3a/[aBaTbCA BbIPpa’K€HUEM, [AJINHA He-lII/IHaMH‘{eCKOﬁ CTPOKN — TOJIBKO
KOHCTAHTHBIM BbIPDAKECHHUEM. UIaIue BCETO MCIIOJIb3YIOT YaCTHBIN C]Iy’{aﬁ KOHCTAaHTHOTI'O
BbIpaAKEHUSA — UMEHOBAHHYIO KOHCTAHTY. ITO y1106HO, ITOCKOJIbKY ITPHX BO3MOKHOM 13-
MCHCHHWU AJIMHDBI CTPOKH HOTp66yeTCH N3MEHUTD [TPOrpaMMy TOJIBKO B O/THOM MECTE!:

const int Ten str = 80; // NMEHOBAHHAA KOHCTAHTA (QNNHA CTPOKM)
char strllen str]; // onucaHuwe CTPOKW (NaMATb BbIAENUT KOMAOUIATOP)

ITpu 3aanuu IMHBI HEOOXOIMMO YUUTHIBATD 3aBEPIIAIOIINI HYIh-cMBoJI. Harpumep,
B IIPUBEIEHHOM BBIIIE CTPOKE MOXKHO XpaHUTb He 80 cuMB0JIOB, a TosbKO 79. [1pu onu-
CaHUU MOXKHO UHUUUATUIUPOBAMb CMPOKY CTPOKOBOM KOHCTAHTON (HYJIb-CUMBOJ B TI0-
3UINH, CJCAYIONIEH 3a MTOCIEAHUM CUMBOJIOM, POPMUPYETCS aBTOMATHUECKH ):

char a[100] = "Never trouble trouble":

Ecan cTpoka mHUTINATM3UPYETCS, ee Pa3MePHOCTb MOKHO OITYCKAaTh — KOMITIJISTOP caM
BBIJIETUT TAMATh, JOCTATOYHYIO /7T Pa3MEIeHHsT BCeX CMBOJIOB CTPOKU U 3aBEPIIAio-
ITeTO HyJIST:

char a[] = "Never trouble trouble"; // 22 cumBona

[[JIH pa3MenieHrA CTPpOKHU 6 JunamMuuecKol namsmu Ha/Jao OITNCaTb yKa3aTeJb Ha char,
a 3aTeM BBIJIEJIUTh IIaMSTh C IIOMOIIBIO New 1 malloc:

char *p = new char [m]; // 3TOT cnocob npeanoyTuTeNbHEE
char *q = (char *)malloc( m * sizeof (char)): // yHacneposaHo u3 s3bika C



CemuHap 5. Ctpokn n dannbl 69

Barom cJjiy4dae JinHa CTPOKH MOJKET OBITD HepeMeHHOI';I 1 3aaBaTbCA Ha 9Tall€ BbIITOJJIHE-
HUA TPOTrPaMMBblI. [[I/IHaMI/I‘{eCKI/Ie CTPOKH, KaK 1 JIpyTHe IMHaMNYE€CKNE MaCCUBbBI, HEJIb31
WHUINAJIN3UPOBATDH ITPU CO3/ITaHUUN. CJIeHyIOHII/IfI OIlepaTop CO3/1a€T HE CTPOKOBYIO II€pe-
MEHHYIO, a yKasameJjb Ha CmpOoKo8Y10 KOHCmanmy, U3MEHUTb KOTOPYIO HEBO3MOJKHO!

char *str = "Never trouble trouble"

[IpucBamBanms Buma str(2]="w’ /7151 TAKOTO yKa3aTeJIsl, XOTS M KOMIUJINPYIOTCS, MOTYT
BBI3BATH OMMOKY BPEMEHU BBITIOMHEH NI, [[JIsT 6600a-6b1600a cmpok MCTIOMB3YIOTCST KakK
ysKe M3BECTHBIE HaM O0DBEKTDI C1n 1 Cout, Tak u (hYHKINHU, YHACTEIOBAHHbBIE 13 OUOIIIO-
teku C. PaceMOTprM mepBbiil ¢rocob:

#include <iostream>
using namespace std;

int main() {
const int n = 80;
char s[nl:

cin >> s; cout << s << endl;

}

CTpOKa BBO/IMTCA TaK K€, KaK 1 IIepeMEHHbIE€ N3BECTHBIX BaM THIIOB. BBoj BeimonsieTcst
10 IIEPBOIO HpO6e]IbHOI‘O CHMBOJIa (Hp06ena, 3HaKa Ta6y.JI§I]_[I/II/I JIN CUMBOJIA IIEPEBO/JA
CTpOKI/I)Z €CJIN BBECTU CTPOKY M3 HECKOJIbKUX CJIOB, BOCIIDUHUMAETCA TOJIBKO IIEPBOE.
Ecim Bo BBOIMMOI CTpPOKe 60J1b1IEe CHMBOJIOB, YEM MOJKET BMECTHUTD BblJeJ€eHHaA J1JIA
€€ XpaHeHuA O6JIaCTb, TIOBe/ICHHE ITPOTrpaMMBbI HeE OIIPpe/eJIEHO (OHa MOJKET 3aBEPHINTHCA
aBapHﬁHO). MoskHO BBECTHU CJIOBA BXOIHOM CTPOKHN B OT/I€JIbHbIE CTPOKOBbBIE IIEPEMEH-
HbIE:

const int n = 80;

char s[n], tin], rinl;

cin > s >t > r;

cout << s << endl << t << endl << r << endl;

Ecom tpebyercst BBECTH CTPOKY, COCTOSIIIYIO M3 HECKOJBKUX CJIOB, B OJHY CTPOKOBYIO
HepeMEHHYIO, UCIIOJIb3YIOTCS Memoobl (Pynxuyuu) getline mwam get kiacca istream, 00b-
€KTOM KOTOPOro ABJsieTcs ¢in. Bo BTOPoi yacTu IpakTUKyMa Bbl y3HaeTe, YTO TaKoe Me-
TOJIBI KJIACCA, & TIOKA MOKHO TI0JIb30BAThCS UMU KaK BOJIIEOHBIM 3aKJIMHAHUEM, HE BIy-
MBIBasiCh B cMbIcJ. ErHCTBEHHOE, UTO TIOKA HYKHO 3HATh, — CUHTAKCUC BBI30BA METO/IA:
nocJie UMeHu 06bEKTa CTABUTCS TOUKA, 2 3ATEM MTUIIETCS UM METO/IA:

const int n = 80;

char s[n]:
cin.getline( s, n ); cout << s << endl;
cin.get( s, n ); cout << s << endl;

Mertoz getline cunTpiBaeT U3 BXOJHOTO TIOTOKA N - 1 CUMBOJIOB UJIU MeHee (ecyii CUM-
BOJI TIePEBOJIa CTPOKU BCTPETUTCSI PAHbBINE) U 3AMUCHIBAeT UX B CTPOKOBYIO IepeMer-
uyio s. CumBoJ mepeBofia cTpoku! \n Takke cuuThiBaeTcs (YAAJISETCs) U3 BXOIHOTO
[IOTOKA, HO He 3aIllUCBHIBAETCS B CTPOKOBYIO MEPEMEHHYIO, BMECTO HErO pa3Meliaercs

1 9TOT CMBOJI TTOSIBJISIETCST BO BXOIHOM TTIOTOKE, KOT/Ia BbI HAJKNMAETE KIABUIITY Enter.
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sapepuaronuii 0. Ecim B MCXOAHBIX HaHHBIX 6oJiee N - 1 CUMBOJIOB, CJIEAYIOIINN BBO
OyIeT BBIIOJHATHCS U3 TOU JKe CTPOKU, HAUMHAs C IIEPBOTO HECYMTAHHOTO CUMBOJIA.

Metos get paboTaeT aHATOTMYHO, HO OCTAaBJSAET B MOTOKE CHMBOJ MEPEBOJIA CTPOKH.
B cTpokoByto nepeMeHHyto 100aBisieTcs 3apepuraonuii 0.

Hukorna me obpaniaiiTech K pa3HOBUIHOCTA METO/IA get ¢ IBYMsT apTyMEHTaMH /IBa Pasa
TOAPSI, He yIATNB \N 13 BXOAHOTO moToka. [Ipmmep:

cin.get( s, n); // 1 - CYNTbIBAHME CTPOKU
cout << s << endl; // 2 - BbIBOL CTPOKM
cin.get( s, n); // 3 - CYWTbIBAHME CTPOKU
cout << s << endl; // 4 - BbIBOL CTPOKM
cin.get( s, n); // 5 - CYNTbIBAHME CTPOKM
cout << s << endl; // 6 - BbIBOL CTPOKM

cout << "Koweu - pgeny BeHeu" << endl; /7

[Tpu BbITIOJIHEHN Y TOTO (hparMeHTa Bbl yBUAUTE HA 9KPaHe IIEPBYIO CTPOKY, BBIBEICHHYIO
onepamopom 2, a 3aTeM 3aBepInalee coodIeHre, BeiBeeHHoe onepamopom 7. Kaxue
ObI TPEKPACHBIE CTPOKHU BBl HY BBEJIU C KJIABUATYPHI B HAJIE/K/IE, YTO OHU OY/IyT MPpOYnTa-
HBI onepamopamu 3 1 5, MeTojl get «yTKHETCS» B CUMBOJI \NN, OCTaBJIEHHBIH BO BXOJHOM
MOTOKE OT TIEPBOTO BBI30Ba aTOTO MeTofa (onepamop 1). B pesynbrare 6yyT cauTaHbl
1, COOTBETCTBEHHO, BbIBE/IEHDI HA 9KPAH IIYCTbIEe CTPOKU, & CUMBOJI \N TaK U OCTAHETCS
«TOpYaTh» BO BXOJTHOM IIOTOKE.

BosMoskHOE perieHre 3Toit TpobIeMbl — YAAIUTh CHMBOJI \N 13 BXOJHOTO [IOTOKA IIyTeM
BbI30Ba MeTo/a get Ge3 mapaMeTpoB, TO eCTh BCTaBUTh Cin.get () mocie onepamopos 11 3.
Bosee mpoctoe peniernie — mcnomb3oBaTh MeTo/ getline, KOTOPBIN TOCJe TTPOUTEHUS
CTPOKHU HE OCTABJISIET BO BXOJHOM MOTOKe cuMBOJI \n. Ecii Tpebyercs BBeCTH HECKOJIb-
KO CTPOK, MeTOJ getline yo6GHO MCIIOJIb30BATh B 3aTr0JIOBKE [[UKJIA, HAIIPUMEp:

const int n = 80;
char s[nl:
while ( cin.getline( s, n ) ) {
cout << s << endl;
// 0bpaboTKa CTPOKM

}

PaccMoTpuM Terephb c11oco0bl BBOZA-BbIBOAA CTPOK, mepexodesasinne B C++ u3 a3bl-
ka C. Bo-niepBbiX, MOJKHO MCIIOJIB30BATh JIJISI BBOJIA CTPOKU U3BECTHYIO HaM (DYHKITUIO
scanf, a auist BeIBOsIa — printf, 3agaB cnenmdukanmio popmara 4s:

#include <cstdio>
using namespace std;
int main() {
const int n = 10;
char s[n];
scanf( "%s", s ):; printf( "%s", s );
}

VMs cTpoKH, Kak 1 JIoO0r0 MaccuBa, ABJISETCsS yKa3aTeJeM Ha €ro Hauajo, MOdTOMY
MCIOJIb30BABIIASACA B TIPEABIYIIUX ITPUMepax mpuMeHeHus hyHkium scanf ormepanus
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B3aTHs agpeca (&) omyineHa. Beoz OyZeT BBIIOJHATHCA TaK e, KaK U s KJIACCOB
BBO/Ia-BbIBOJIA — JIO IIEPBOTO IPOGENBHOIO CUMBOJIA. YTOOBI BBECTH CTPOKY, COCTOSIIILY IO
W3 HECKOJbKHUX CJIOB, UCTIOJIb3yeTCs crennuKanms 4C (CMMBOJIBI) ¢ yKa3aHUEM MaKCH-
MaJIbHOTO KOJIMYECTBA BBOJIMMBIX CUMBOJIOB, Hanipumep scanf("210c", s).

KosmmuecTBo cUMBOJIOB MOKeT OBITh TOJIBKO LIENON KOHCTaHTO. IIpm BBIBOZE MOXK-
HO 33j1aTh 1epesl crielndukanueil S KOJNYECTBO MO3UIUN, OTBOJAUMBIX I10/I CTPOKY:
printf("%15s", s). CTpoka IIpu 9TOM BBIPABHUBAETCS 110 IIPABOMY Kpal0 OTBEJCHHOIO
nozst. Ecam 3ajilanHOe KOJTMYeCTBO TTO3UINN HEIOCTATOYHO [T pa3MeleHusl CTPOKH,
OHO UTHOPUPYETCS, W CTPOKA BBIBOAUTCS 1eTMKOM. Crienudukanuu popmaTa OmMCcanbl
B YuebGHuke Ha ¢. 387, a camu dyHkmuy cemeiictsa printf — Ha c. 411.

Bubanoreka CONEPIKUT (bYHKHI/II/I getsuputs, crieriajabHO IpeiHasHa4€HHbIE [JI5 BBOIA-
BbIBO/Ia CTPOK. Bort kax BBITJIAAT BBOJ 1 BBIBO/L CTPOKHW M3 MPEABIAYIIETO ITpUMEpa:

gets(s); puts(s);

ODynkius gets(s) YnTaeT CUMBOJIBI C KIABUATYPHI [10 TOSIBJIEHIS CUMBOJIA HOBOI CTPO-
KM U IIOMelaeT UX B CTPOKY S (caM CHUMBOJI HOBOII CTPOKHM B CTPOKY He BKJIIOYAETCH,
BMECTO HETO B CTPOKY 3aHOCHUTCST HYJIb-CUMBOJ ). (DYHKIINS BO3BpAIIaeT yKasaTesb Ha
CTPOKY S, a B cJlydae BOBHUKHOBEHUsI OMMOKY WK KOHIIa (haiima — NULL.

ODymukiust puts(s) BBIBOAUT CTPOKY S HA CTAHIAPTHOE YCTPOMCTBO BHIBO/A, 3AMeEHsIs 3a-
Bepinaionuii ) cuMBOJIOM HOBOH cTpoku. BosBpaiaeT HeoTpuiaTesbHOE 3HAYCHIE TTPU
ycnexe wan EOF mpu ommoOKe.

Oymuknusimu cemeiictsa printf szo6Hee TOJb30BATHCS B TOM CIyYae, €CJIN B OTHOM OIle-
parope Tpebyercsi BBECTU UJIU BHIBECTH JIaHHbIE Pa3iMYHbIX TUIIOB. Eciium ke paboTa Bbi-
[OJIHSIETCS TOJIbKO CO CTPOKAMMU, TIPOIIE TPUMEHSTH CIIeIUaIbHble (DYHKIINY JIJIs1 BBOJIA-
BBIBO/Ia CTPOK gets u puts.

Onepauun co cTtpokamm

L1 cTpok He ompesiesieHa OIeparisl MPHUCBANBAaHUSA, TTOCKOJIBKY OHM HE SIBJISIOTCS
OCHOBHBIM TUTIOM JIAHHBIX. [IprCBaNBAHUE JIETAETCS € TOMOIIBIO (QYHKITUI GUOIHOTEKN
WJIH TOCUMBOJIBHO «BPYUHYI0» (4TO upeBaro onrrbkamu ). Harpumep, 4To6bI IPUCBOUTD
CTPOKe P CTPOKY 3, MOKHO BOCIIOJIb30BATHCST (DYHKITUEH Strepy uiaum strncpy, OIicanHbl-
MU B 3ar0JIOBOYHOM hatisie <cstring>:

char a[100] = "Never trouble trouble";
char *p = new char [m];

strepy( p, a );

strncpy( p, a, strilen(a) + 1 );

Oyuknus strepy(p, a) KOMUPYeT BCe CUMBOJIBI CTPOKU @, BKJIIOYast 3aBepiraiornimii 0,
B cTpoky p. Dymkrwmst strncpy(p, a, n) BBITOJHSIET TO JKe caMoe, HO He GoJiee n CMBO-
s0B. Ectn HyJIb-CIMBOJT B MCXOTHOM CTPOKE BCTPETHUTCST paHbllle, KOMMMPOBaHUE TIpe-
Kparaercs, a OCTaBIINeCs 710 N CUMBOJBI CTPOKHM P 3AMOJHSIOTCS HYJIb-CUMBOJAMMU.
B nportuBHOM ciyuae (eciu n < JJIMHE CTPOKH a), HYJIb-CMBOJI B D He I00ABJISIETCS.
O6e (yHKIME BO3BPAIAIOT yKaszaTeJb HA PE3yJBTUPYOILY0 CTPOKY. Eciu obiaactu
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MaMsITH, 3aHUMaeMble UCXOHON ¥ Pe3yJIbTUPYIOIEell CTPOKAMU, IIePEeKPBIBAIOTCS, TI0-
BejleHUe ITPOrPaMMBbI He OTIPe/IeIeHO.

ITporpaMMuUCT TOJKEH caM 3a00TUTHCS O TOM, YTOOBI B CTPOKe-TIPUEMHITKE XBATILIO Me-
cTa JIIsl CTPOKU-UCTOYHMKA (B JIAHHOM CJIydae 1P BBIJICIEHUY TTAMSTH 3HAaYeHME Tiepe-
MEHHOI M I0JEKHO ObITh Goaibiiie v pasHo 100), 1 0 ToM, 4TOOBI CTPOKA BeeT/ia UMea
3aBePIATONIIIT HYJIb-CUMBOJL.

BHMMAHUE

BbIxX0/1 32 TpaHMIBI CTPOKK M OTCYTCTBUE HYJIb-CUMBOJIA SIBJISIOTCSA PACIPOCTPAHEHHBIMU
MpUYMHAMM OIMMOOK B MporpaMMax 00paboTKU CTPOK.

Oynxims strlen(a) Bo3spanaer (HaKTUYECKYIO JUIMHY CTPOKH a, HE BKJIOYAS HYJIb-
cuMBOIL. [11s1 peobpasoBaHus CTPOKHU B IIEJI0€ YKCIIO UCTIOJb3yeTcst (pyHKIus atoi (str).
Omna 1mpeobpasyer CTPOKY, COAEPIKAILYI0 CHMBOJBHOE MPEJCTABIEHHUE IEJIOT0 YNCIIa,
B COOTBETCTBYIOIIIEE Iesioe Yucyo. [Ipu3HakoM KOHIIA YMCIa CAYKUT MEPBbIil CHMBOJ,
KOTOPBIN He MOKET OBITh MHTEPIPETUPOBAH Kak TpUHaIeKaii ey, Eciau npeos-
pasoBaHme He yaI0Ch, Bospariaet 0. AHamornambie GyHKINT TpeoOpasoBaHust CTPOKN
B JUIMHHOE Tiesioe yucso (10ng) v B BelleCTBEHHOE YNCJIO € IBOMHON TOUHOCTBIO (double)
HasbiBatoTest atol u atof coorBercTBenHO. [IprMep puMeHeHusT HYHKIUN TIPeoOpaso-
BaHUSI:

char a[] = "10) Poct - 162 cM, Bec - 63.5 Kr":
int num = atoi( a );

long  height = atol( &a[11] );
double weight = atof( &a[25] );
cout << num << << height <<

<< weight;

Bubsoreka mpeocTaBisieT TakKe (DYHKIMK JIJIsST CPABHEHUST CTPOK U TIOJICTPOK, 00be-
JIMHEHWS CTPOK, MTOMCKA B CTPOKE CUMBOJIA U MOJICTPOKU W BBIICTCHUS U3 CTPOKHU JIEK-
ceM. Dty (hyHKIMK OTUCAHbI B YueOHUKe Ha ¢. 414 — 446. B iporiecce pa3bopa 3a1au Mbl
paccMOTPUM HEKOTOPbIE U3 HUX.

PaboTa c cumBO/iamMu

[l XpaneHust oT/eIbHBIX CHMBOJIOB UCIIOJIL3YIOTCS IepeMenHble Tuma char. VIx BBozi-
BBIBOJ| TAKIKE MOKET BBIIIOJIHATHCS Kak ¢ IIOMOIIBIO KJIACCOB BBO/IA-BbIBO/IA, TaK U C 110~
MoIbio GyHKIWT 6ubmnoteku. [IpyU UCTOMB30BAaHIK KJIACCOB BBOJ-BBIBOJ CHMBOJIOB
BBITIOJTHSIETCS C TTIOMOIIBIO 01epayuti TOMellleH!s] B IOTOK << 1 U3BJIEUEHUST U3 I0TOKA >>,
a Taxke memodos get () u get(char). TIpumMep npuMeHeHMsI Onepauii;

#include <iostream>

using namespace std;

int main() {
char ¢, d, e;
cin >> c: cin > d >> e;
cout << ¢ << d << e << endl;
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BBoauMble CUMBOJIBI MOTYT PA3IeIAThCS WK He Pa3esisiThCsl POOEeNbHbBIMU CUMBOJIA-
M1, II09TOMY TaKUM CIIOCOOOM BBECTU CUMBOJI IIpodeia Hesib3s. [ BBoaa 11000ro CumM-
BOJIa, BKJIIOYAsl IPOOe/IbHbIE, MOKHO BOCIOJIb30BaThCs MeTogoM get () mim get(c):

char ¢, d, e;
c = cin.get(): cin.get(d): cin.get(e):
cout << ¢ << d << e << endl;

Meton get () Bo3BparniaeT Ko/l U3BJIe4eHHOTO 13 TT0TOKa cuMBoJia nin EOF, a meToj get (¢)
3aIrchbiBaeT U3BJIEUEHHbBINI CUMBOJI B TIepeMEeHHYIO, ITepe/laHHyI0 eMy B KauecTBe apry-
MEHTA, a BO3BPaIl[aeT CChIJIKY Ha MOTOK.

B 3arosnoBounom aiine <cstdio> ornpenesennl pyHKIMU getchar st BBoJia CUMBOJIA CO
CTaHJIAPTHOTO BBOJIA U putchar /u1st BBIBOIA:

#include <cstdio>

using namespace std;

int main() {
char ¢, d;
c = getchar(); putchar(c);
d = getchar(); putchar(d);

}

B Gubsmorexe onpezesiet meblid psa QyHKIUN, TPOBEPSIONINX IPUHAIIEKHOCTD CUM-
BOJIa KaKOMY-J00 MHOKECTBY, HAmpuMep, MHOKecTBY OYyKB (isalfa), pasmernuresneit
(isspace), suakoB nynkryainuu (ispunct), mudp (isdigit) u t.a. Onucanue atux QyHk-
nui npusegeHo B Yuebnuke Ha ¢. 92 u ¢. 409-446.

3apaua 5.1. Mouck noacTpoku

Hanucamv npozpammy, Kkomopast onpeaeﬂﬂem, ecmpeuaemcs Jau 6 3a0anHoM MEeKCmogoMm
¢Cl71/l€ 3adannas nocaedosamenvHocms CUMBOJL06. Zl]luHa CMPOKU mMeKcma He npesvlutaem
80 CUMB0.J108, meKCcm He coaepofcum nepenocos cioes, NOCACO0BAMENLHOCTIL He coaepofcum
npO6€]lele CUMBO.JI06.

Ha npezbiytiiem ceMutape Ha puMepe 3a1a4u 4.3 Mbl pacCMOTPETN 00U TTOPSAI0K
JIeTICTBUI TIPU CO3/IaHUH TTPOTPAMMBL. ByiemM mpumep:kuBaThCs ero 1 BIPe/Ib.

I. I/ICXOZ[HI)IC aHHbIE, PE3YyJIbTAaThl U IPOMEKYTOYHbIC BEIUYUHBI. I/ICXOZIHBIG JJaHHbIEC:

1. TekcroBblil (hails HEU3BECTHOIO pasMepa, COCTOMINUN U3 CTPOK AJUHON He GoJiee
80 cumBOJ10B. [TOCKOBKY TI0 YCIOBHIO TIEPEHOCHI OTCYTCTBYIOT, MOSKHO OTPAHMYUTHCS
IIOMCKOM 3a/IaHHOM 110C/Ie10BATEIbHOCTHU B KasK/A0H cTpoke oTaesbH0. ClesoBaTesbHo,
HEOOXOIMMO TIOMHUTH TOJIBKO OJIHY TEKYIIYI0 CTPOKY (haiiia. [[yist ee XpaHEHUsT BbI-
JIETUM CTPOKOBYIO TIepEMEHHYIO JTMHON 81 cUMBOJT (IOTIOJTHUTETHHBIN CHMBOJI TPe-
GyeTcst ISt 3aBEPIIAIOIIErO HYJIsT).

2. TlocnenoBaTeslbHOCTH CUMBOJIOB JIJIsT TIOMCKA, BBOAMMAS ¢ KIaBuaTypbl. [lockosbky 1o
YCJIOBHIO 33/1a41 OHA He COAEPKUT MPOOEJTHbHBIX CUMBOJIOB, €€ [IINHA TAKKe He JI0JIK-
Ha 6bITh Oostee 80 CUMBOJIOB, MHAYE TIOMCK 3aBEPIIUTCS Heyaaueil. [lyist ee XpaHeHUsT
TaK>Ke BbIJIEJIMM CTPOKOBYIO IepeMeHHY10 InHOH 81 cuMBoOIL.
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Pesyusratom paboThl IPOrPaMMBI SIBJISETCST COOOMIEHIE MO0 0 HATMYUU 3a[aHHOMN T10-
CJIEJIOBATEBHOCTH, MO0 0 ee oTcyTCTBUU. [IpeacTaBiM BapuaHThl cOOOIIEHUH B MPO-
rpaMMe B BUJIE CTPOKOBBIX KOHCTAHT. J[Jist XpaHEHUsT JWTHHBI CTPOKK Oy/1eM HCIIOIb30BATh
UMEHOBaHHYI0 KOHCTAHTY. /[yt paboTe ¢ haiinom norpebyercst ciyskeOHast epeMeHHas
COOTBETCTBYIOIIETO TUTIA.

I1. Anroputm pemieHus 3a/1auu.
1. ITocTpouHO cUMTBIBATDH TEKCT U3 patia.

2. Jlnsg Kaxi0ii CTPOKU TIPOBEPSITH, COAEPIKUTCS JIM B Hell 3ajlaHHast OCIe0BaTEb-
HOCTb.

3. Ecuu ma, Hameuarats cooOIIeHne 0 HATUYNHU 3aaHHON [TOCIeL0BATEIbHOCTH U 3a-
BEPITUTD TIPOTPAMMY.

4. TIpm HOpMaJbHOM BBIXOJIE U3 IMKJIa HalleyaTaTh coodleHne 06 OTCYyTCTBUN 3aJaHHON
TTOCJIe/IOBATETHHOCTH U 3aBEPITUTD ITPOTPAMMY.

III. IIporpamma u TecroBbie mpumepsl. [Iporpamma npuBesena B uctunre 5.1,

JincTuur 5.1. Nonck NnoacTpoku

#include <fstream>
#include <iostream>
#include <cstring>
using namespace std;
int main() {

const int len = 81; // 1
char word[len], Tine[len]; /] 2
cout << "BBepuTe CNoBo Ang noucka: "; cin >> word;

ifstream fin( "textl.txt" ): // 3
if ( !fin ) { cout << "OwmOKa OTKpbiTMA Gaina." << endl; return 1; } /] 4
while ( fin.getline( line, Ten ) ) { /l'5

if ( strstr( Tine, word ) ) { cout << "Mpucytcteyer!" << endl; return 0; }

}

cout << "Otcytcreyer!" << endl;}

B onepamope 1 onrcbiBaeTCS KOHCTAHTA, ONPEAETSAIONIAs JJTMHY CTPOKH (haiiia v iy
nocJiefloBaTesIbHOCTU. B onepamope 2 onvcbiBaeTcs rnepeMenHad 1ine iyig pa3MenieHus
ouepesHol cTpoku (hailna u nepeMenHas word Jijig XpaHeHus UCKOMOH TOCIe10BaTE b-
HOCTH CUMBOJIOB. B onepamope 3 onpepensiercss o6bekT fin Kiacca BXOJAHBIX MTOTOKOB
ifstream. C aTuM 06BEKTOM MOKHO paboTaTh Tak sKe, KaK CO CTaHAAPTHBIMUA OOBEKTAMU
cinu cout, TO eCTh UCIOJIb30BaTh OllepaIii TIOMEIeHHsI B TOTOK << U U3BJIeYeHUs U3 T10-
TOKa >>, a TaK)Ke PAaCCMOTpPeHHbIe BhIlie (pyHKInn get, get1ine u npyrue. [Ipeanomnaraer-
s, uto aitsn ¢ uMeneM text.txt HAXOMUTCS B TOM JKe KaTajore, YTO U TEKCT IPOTPaMMBI,
uHave CaeayeT yKasaTh IIOJHBIA MyTh, AyOAMPYsI CUMBOJ 00paTHON KOCOI 4epThI, TaK
KaK WHave OH Oy/IeT UMETDH CIIEIUATbHOE 3HAUCHIE:

ifstream fin( "c:\\prim\\cpp\\text.txt" ); //3

B onepamope 4 iposepsieTcst yCIenHOCTh co3aanust oobekra fin. Dailiovt, omxpvieaemvle
05t umenust, HyacHo obszamenvno nposepsmn! B yuxne 5 BeimoHgercs ureHne us (aiiia
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B niepeMeHHyIo 1ine. Metoz getline, onncaHHblii BbIlle, TP OCTUKEHUH KOHIIA (haiiia
BEpHET 3HAYEHHUE, 3aBepIIaloniee UK.

s ananusa crpoku npuMengdercd Gynkuus strstr(line, word). OHa BBIIOTHSAET 10-
UCK MOACTPOKH word B cTpoke 1ine. Obe CTPOKH OKHBI 3aBEPIIATHCSA HYTb-CHMBOJIAMEL.
B ciaryuae ycreninoro noucka (pyHKIMS BO3BpalllaeT yKa3aTe/ib Ha Hai/IeHHYIO 110/ICTPO-
Ky, B caydae Heyznaun — NULL (nycmoii yxazamenv). Eciu nckoMast 110ACTPOKA I1yCTa,
(bynkims Bo3BpalaeT ykazaresab Ha Ha4ajIo CTPOKH 1ine.

Jly1s1 TecTUpPOBAHMS CO3/IaiiTe TEKCTOBBIN (paiis, COCTOSIINI M3 HECKOTBKUX CTPOK. Jli-
Ha XO0T Obl OHO 13 CTPOK J0JKHA ObITh paBHa 80 cuMBosiaM. JIJis TecTUpOBaHUS TIPO-
rpaMMBI CJIe/IyeT 3alyCTUTh ee M0 KpaifHeil Mepe /IBa pa3a: BBels ¢ KIaBUATYPBHI CIIOBO,
cojiepskaiieecst B (haiisie, 1 CJIOBO, KOTOPOTO B HEM HET.

JLJ1st yCTIETITHOTO IOUCKA MOCIE0BATEIBHOCTE, COCTOSTINX U3 PYccKux Oyxe, haila Hamo
€O3/1aTh B TEKCTOBOM pemakTope ¢ KoaupoBkoit ASCII — Hampumep, BO BCTPOEHHOM
penakrope obosoukn Far. Eciin ke TeKCTOBBIN (haill yke CyIIecTBYeT U CO3/IaH B KO-
mipoBke ANSI, ucnosnbsyemoit B Windows, st mpeoOpa3oBaHust B 9Ty jKe KOAUPOB-
Ky CTPOKH, BBOJUMOI ¢ KJIaBUATYPBI B IEPEMEHHYIO Word, PUIETCS BOCTIOJIb30BATHCS
HecTaunapTHON (yHkimeir OemToChar, OMMCAHHON B 3arOJIOBOYHOM haitie <windows.h>.
Y Hee /1Ba mapameTpa: MCXOHAS CTPOKA U pedyabTupyiomas. CytiecTByeT U (GyHKITUS
CharToOem, BBITIOJIHSIIOMIAst 0OPATHYO MepeKoAUPOBKY. HarmoMuuM, 4T0 BOpoc oTobpa-
SKEHMSI PYCCKOTO TEKCTA B KOHCOJIBHOM OKHE PAaCCMaTPUBAJICS Ha IePBOM ceMIHape (CM.
c. 18).

3apaya 5.2. MoacueT KonnyecTBa BXOXXAEHWUN CNoBa
B TeKCT

Hanucamo npozpammy, Komopast onpeoensiem, CKOIbKO Pas 6CMpemuioch 3a0anioe clo60o
8 MeKCMOBOM (pailie, Onuna cmpoxu 8 Komopom we npesviuiaem 80 cumeonos. Texcm ne co-
depaicum nepeHocos cios.

Ha HepBbIﬁ B3IJIA/[ 9Ta 3a/la4a HE CUJIbHO OTJIMYAEeTCA OT Hpeabmymeﬁ: BMECTO (1)aKTa
HaJIUYMsI MCKOMOM TIOCJIeIOBAaTEIbHOCTU B (1)211;,1]16 Tpe6yeTc;I IHOACYHUTATh KOJIMYECTBO
BXO?K,ZIEHI/Iﬁ CJIOBaA, TO €CTb IIOCJIE MIEPBOTO YAAYHOI'O ITOMCKa HE BBIXOJAUTH M3 IUKJIA
IIPpOCMOTPa, a YBCJIMYNUTDH CHETUYUK U IIPOJOJIKATH ITPOCMOTDP. B 11€JIOM 9TO BEPHO, O/IHA-
KO 3/1€Chb Tpe6yeTc;I HaWTHU He IIPpOCTO IMOCJIEA0BATEC/JIbHOCTh CUMBOJIOB, 4 3aKOHYECHHOE€
CJIOBO.

OrnpeneTMM ¢1060 Kak TOCIENOBATENBbHOCTD alhaBUTHO-TIM(MPOBBIX CUMBOJIOB, TIOCTE
KOTOPBIX CJIeyeT 3HAK MyHKTYalllH, PasieIuTeTh UIH TPU3HAK KOHIA cTpoku. CiioBo
MOJKET HaXOAUThCsT JIMOO B HAauasie CTPOKH, JIKOO MOCIe Pas/Ae/ITe st MU 3HaKa TYHKTY-
arn. DTO MOKHO 3aIHCaTh CIEAYIONNUM 00pa3oM ((UrypHbIe CKOOKHM U BepTHKAIbHAST
yepTa 03HAYAIOT BHIOODP U3 aJIETEPHATHB):

CNnoBo =

{ Hayano CTPOKM | 3HAK NyHKTyauun | paspenutens }
CMMBOMbI, COCTaBAsoWAE CNOBO

{ KOHeu CTPOKM | 3HaK NyHKTyauun | paspenntens }
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I. Ucxonnbie nanHbie u pe3yabraThl. Vcxo/Hbie jaHHble:

1. TekcToBbBIN (haily HEM3BECTHOTO Pa3Mepa, COCTOSIININ 13 CTPOK IHHON He Gosee 80
cUMBOJIOB. [TOCKOJIBKY TIO YCJIOBHIO TIEPEHOCHI OTCYTCTBYIOT, OTPAHUYUMCS TOMCKOM
CJIOBA B KAK/IOH CTPOKE OT/IEJBHO, TI0ITOMY BBIJIEJUM CTPOKY JIVIMHOM 81 CUMBOJL.

2. CrioBO /11 IOUCKA, BBOAMMOE € KJIaBUATYPBI (TakKe BBIIEIUM CTPOKY B 81 cumMBoII).

PesysibratomM paGoThl IIPOrPaMMbl SIBJISIETCS KOJIMYECTBO BXOMKAEHMIT CJI0BAa B TEKCT.
[IpencraBum ero B iporpaMMe B BU/Ie €710 TiepeMeHHO. J[J1sh XpaHeHust ITTUHbBI CTPOKHU
OyIeM HCII0/Ib30BaTh IMEHOBAHHY0 KOHCTAHTY, a U1 XpaHeH!st (haKTIYeCKOro KOJnye-
CTBa CUMBOJIOB B CJIOBE — IIePeMEHHYI0 1ieJioro tura. JIjis pabotsi ¢ daiiioM morpebyer-
cs1 caryskeOHas epeMeHHask COOTBETCTBYIONIEro THIIA.

II. AxropuTm penieHus 3aJauu.

1. TlocTpouHO CUMTBHIBATH TEKCT U3 haitia.

2. TlpocmaTpuBasi KaxIyIo CTPOKY, UCKATh B HEH 3a1aHHOE cJI0BO. [1pu KakmoM HaXoxK-
JICHWH CJI0BA YBEJNYMBATH CIETUHK.

[leranusupyem BTOPOil yHKT asiroputMa. OUeBUIHO, YTO CIOBO MOKET BCTPEYAThHCS

B CTPOKE MHOTOKPATHO, TO3TOMY JIJIST TIOMCKA CJIeyeT OPTaHM30BaTh IIUKJI IIPOCMOTPA

CTPOKH, KOTOPBIH OyieT paboTath, TToKa MPOUCXOIUT 0GHAPY/KEHUE B CTPOKE MOCJIEI0BA-

TEJIbHOCTH CIMBOJIOB, COCTaBJISIOIIUX CJIOBO.

HpI/I O6Hapy)K€‘HI/II/I COBIIaZieHUA C CUMBOJIaMU, COCTABJIAIOITMMU CJIOBO, Tpe6yeTC§I o1pe-
AEJINTDH, YTO OHO ABJIACTCA OTACJIbHBIM CJIOBOM, a HE YaCTBHIO /IPYTOTO (KPOMG 9TOro, CJIOBO
MO’KeT OBITh HAITUCAHO B Pa3HBIX PETUCTPaX, HO MBI JIJII IPOCTOTHI 6leeM NCKaTb TOYHOE
COBHalIeHI/IG). HaHpHMep, 3a/IaHO CJIOBO «KOT». ITa IIocje10BaTeJIbHOCTL CMUMBOJIOB CO-
JEPKUTCA B CJIOBAX «KOTEHOK», «TPUKOTAK», «TPECKOTHA», «alllIEPKOT». C]ICZIOBaTEJIb-
HO, Tp€6yeTCH IIPOBEPUTH CUMBOJI, CTOHLHI/IP,I T1IoCJI€ CJI0BA, a B CJIydae, Kor/a CJIOBO HE Ha-
XOAUTCA B Hadajie CTPOKU, — €II€ 1 CUMBOJI TIepe/ CJIOBOM. OTU CUMBOJTBI TIPOBEPAIOTCA
Ha IpUHAJIEKHOCTD MHOKECTBY 3HAKOB ITYHKTYyall 1 paSZIe]II/ITeJICfL

III. TIporpamma u TecToBbIE MPUMEPBI. Pa300beM HalliCcaHIe IPOrPaMMbl (JIUCTHHT 5.2)
Ha TI0CIeIOBATeNbHOCTD MaroB. OHU MMOMEYEeHbI COOTBETCTBYIONUMHU KOMMEHTAPUSIMU.

JlucTunr 5.2. MNogcyeT KonnyecTsa BXOXAEHUN CNoBa B TEKCT

#include <fstream> /1
#include <iostream> /1
#include <cstring> // 1
#include <cctype> 7
using namespace std; /1
int main() { /11
const int len = 81; /1
char word[len]. Tine[len]: /1
cout << " BBeguTe CNOBO Ans moucKka: "; cin >> word; /1

int T word = strlen( word ); /11
ifstream fin( "text.txt" ); /1

if ( !fin ) { cout << "Oumbka oTKpsITUA daiina." << endl; return 1; } /11

int count = 0; /111713
while ( fin.getline( line, len ) ) { /1] 2
cout << Tine << endl; // KOHTpONbHbIA BbiBOA (yOpaTb nepep warom 3)  /// 2
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char *p = Tine; /11113
while( p = strstr( p, word ) ) { /11113
cout << " coBnapeHue: " << p << endl; // KOHTPOSbHbIA BbIBOA /11113
char *c = p; 11177117 4
p += 1 word; /11173
if (¢ !=1line ) // cnoBo He B Hayane CTPOKK? 111117774

// CUMBON Nepef COBOM He pasfenuTenbs?
if ( lispunct(*(c - 1) ) && !isspace(*(c - 1) )) /11111111 4
continue; 1111717774

// CuMBON MOCNe CNoBa pasfennTens?

if ( dispunct(*p) || isspace(*p) || (*p == "\0") ) /11711174
count++; /111773
} /111773
/12
cout << "KonuyecTBO BXOKAEHMIA cnosa: " << count << endl; /11173
} /11

Illaz 1. BeecTtu «cKeJiets mporpaMmbl. J[I06aBUTH KOHTPOJIBHBIN BBIBOJI BBEIEHHOTO CJIO-
Ba. 3aIlyCTUB MMPOTPAMMY, IIPOBEPUTD BBOJL CJIOBA U YCIENTHOCTh OTKPbITH (haiina. /s
MTPOBEPKH BBIBOZIA COOOIIEHNs 00 OMMHOKe 3aaTh UMsT HECYTIECTBYIONIETO (haifia.

Ilaz 2. o6aBuTh MUK YTeHUst U3 (aiia ¢ KOHTPOJbHBIM BBIBOJAOM CYUTAHHON CTPOK.

Iaz 3. To6aBUTH UK TIOMCKA MOCTIEA0BATEIBHOCTH CHMBOJIOB, COCTABJISIIOIINX CJIOBO,
€ KOHTPOJIbHBIM BbIBOZOM. [[J11 MHOTOKPATHOTO [IOMCKA BXOXK/IEHUS 110/ICTPOKU B 3ar0-
JIOBKE IIMKJIA Ucnob3yeTcs hyHkius strstr. OuepeHoil MOUCK 0JIKeH BhITTOJIHATHCS
C TIO3UITNH, CJIeIyIollell 3a HallleHHOU Ha MpebIAyIeM TPoxXo/ie MoACTPpoKoil. /s xpa-
HEHUS 3TOH MO3UIIMK OTIPE/IesIsieTCsT BCIIOMOraTesIbHblN YKa3aTesb p, KOTOPBIN Ha KaK-
JI0¥ MTepanyy IUKJIa HapaluBaeTcs Ha IJTMHY TTOACTPOKH. Tak:Ke BBOAUTCS CUETUNK KO-
sudecTBa coBiazieHnii. Ha manHOM aTare oH cuntaeT He KOJTMYECTBO CJIOB, @ KOJMYECTBO
BXOXK/IEHUH T10CJIe/I0BATEIbHOCTH CHMBOJIOB, COCTABJISIONIUX CJIOBO.

Illaz 4. o6aBuTh B MPOrpaMMy aHAIN3 TPUHAIEKHOCTH CUMBOJIOB, HAXOJSIIIXCS
1epejl CJI0BOM U II0CJIe HErO, MHOXKECTBY 3HAKOB IIYHKTYallUU U pasjiesuTeseii. 31ech
BBOJIUTCS CITyskeOHAs TIEPEMEHHA C [/t XPaHEHUs a/lpeca Hayasia BXOK/ICHU TI0/ICTPO-
k. CUMBOJIbI, OTPAHUYUBAIONINE CJIOBO, MTPOBEPSIOTCS ¢ MOMOIIbIO (hyHKIHI ispunct
1 1sspace, MPOTOTUIBI KOTOPBIX XPAHATCS B 3aT0JI0BOYHOM haiine <cctype>. CumBoIIL,
CTOSIIIUI [TOCJIE CJIOBA, IIPOBEPeTCs TaksKe Ha IIPU3HAK KOHIIA CTPOKU (/I ciLydast, KOT-
Jla ICKOMOE CJIOBO HAXOJUTCS B KOHIE CTPOKH).

Jliist mecmuposanus npozpammuvl TpedyeTcst cosuaTh (Hailji ¢ TEKCTOM, B KOTOPOM 3ajlaH-
HOE CJIOBO BCTPEYaeTcs: B HaYaJe CTPOKH; B KOHIIE CTPOKH; B CEPE/IMHE CTPOKU; HECKOJIb-
KO pa3 B OJTHOM CTPOKE; KaK YaCTh JIPYTUX CJIOB, HAXOAATIASICS B HAYaJe, CEPeIUHE 1 KOH-
1Ie 9TUX CJIOB; B CKOOKaX, KaBblYKaX U APYIUX paszpeiuressax. JauHa Xxors Obl OJHON 13
CTPOK 10JikHa 6biTh paBHa 80 cumBosiam. IIporpamMMmy ciieyer BbIIIOJIHUTD, BBE/A C KJla-
BHUATYPHI CJIOBO, cofiep:Karieecs B (afie, 1 cJI0BO, KOTOPOTO B HEM HET.

PaccMoTpuM Terepb APYroii BApHAHT peliieHust aToit 3agaun (nuctudr 5.3). B 6ubimore-
Ke eCTh «ycTapeBinast» GyHKIust striok, koTopast pasbuBaeT mepefaHHyio eif CTPOKY Ha
JIEKCEMBI B COOTBETCTBHUM C 3aJJaHHBIM HaGopoM pazzenuteneil. Ecam BOCTIONb30BaThCS
9TOI (DYHKITMEH, HAM HE TIPUJIETCS «BPYYHYTI0» BBIJIEJSATDH U TIPOBEPSTH HAYAIO W KOHEIT
croBa. [IpaBza, mpueTcs 3a1aTh CIICOK Pa3/leTUTeNex.
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JIncTunr 5.3. MNogcyeT kKonnyecTsa BXOXAEHUN CNoBa B TEKCT C NOMOLLbIO strtok

#include <fstream>

#include <iostream>

#include <cstring>

using namespace std;

int main() {
const int len = 81;
char word[len], Tine[len]:
char delims[] = ", .17 /<) (¥ \"";
cout << "BBeauTe CNOBO AN MOWUCKA:
ifstream fin( "text.txt" );
if ( !fin ) { cout << "Ouwmbka oTKpsITUA daiina." << endl; return 1; }
int count = 0;
while ( fin.getline( line, len ) ) {

cin >> word;

char *token = strtok( line, delims ): /1
while( token != NULL ) {
if ( !strcmp ( token, word ) )count++; /]2
token = strtok( NULL, delims ); //3

}
}

cout << "KonMyecTBO BXOMAEHWIA CNOBA:

<< count << endl;

}

[Iepsorii Boi3oB dyHkmMu strtok B onepamope 1 dopmupyer ajapec 1nepBoii JeKCeMbI
(cnoBa) crpoku 1ine. Ou coxpansieTcs B nepemenHoii token. OyHkiums strtok 3amensier
Ha NULL pazzesnresib, HaXOAAIIUIiCA TT0cyIe HAliZIeHHOTO CJI0Ba, II09TOMY B onepamope 2
MO>KHO CPAaBHUTD Ha PABEHCTBO MCKOMOE U BblJIeJIEHHOE CJI0BO. B onepamope 3 BovinoJ-
HAETCA TTIOUCK CJIe/lyIolel JIeKceMbl B TOH ske cTpoke. [l aToro caeyer 3a1aTh B QyHK-
uuu strtok B kauectse nepsoro mapamerpa NULL.

[Tporpamma ctasma Kopoue u siciee. Kak BumTe, BBIOOP CPEICTB, TPEAOCTABISIEMBIX SI3bI-
KOM 1 GHOTMOTEKAMU, BIUSET HA aJlTOPUTM, TTOITOMY TIePe/l TeM, Kak MPOJYMBIBATH aJl-
TOPUTM, HEOOXOZUMO TU CPECTBA U3YUInTh. [IpescTaBbTe, Kak pasiayiach ObI aTa mpo-
rpamMa Boobiie 6e3 HCTToTb30BaHst (DYHKITHIT pabOTBI CO CTPOKAMHU U CUMBOJIamu!

3apaua 5.3. BbiBoA, BONPOCUTESIbHBIX
npeapnoXeHumn

Hanucamwv npozpammy, Komopast cuumosleaem mexkcm u3 (paﬁﬂa U 6LI600UM HA IKpAH moJv-
KO eonpocumejiviovle npe@zzoofceuuﬂ U3 9mozo mexcma.

I. Ucxoauble manubie U pe3yiabratbl. Hcxoonvie dannvie: TEKCTOBbBIN (aiin HensBect-
HOTO pazMepa, COCTOANINN U3 HeU3BECTHOTO KoJinuecTBa npeioxkenuil. [Ipeanoxenne
MOJKET 3aHUMATh HECKOJIBKO CTPOK, MOITOMY OTPAHUYUTHCSA OyhepoM Ha OfHY CTPOKY
B JaHHOI 3azaue Hesb3s. IIpuMeM pemenne BbLAeaUTb Oydep, B KOTOPbII IOMECTUTCS
Bech aii.

Pesyrvmamovr SABAAIOTCS YACTbIO MCXOJHBIX JAHHBIX, [109TOMY JONOJHUTEJIBHOE I1PO-
CTPAHCTBO 1OJI HUX He Bbliessdercd. bynem Xpauutb jyunHy Qaiiia B 1epeMeHHOI
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JJIMHHOI'O 1EeJIOTOo THIla. [[J'Iﬂ OpraHu3allin BbIBO/la HpeI[]IO}KeHI/Iﬁ HOHaJIO6HTC5{ Tepe-
MEHHBIE TOTO JK€ TUIIa, XpaHAINe MMO3UINN HavdaJja U KOHIlA ITPEAJIOKEHUA.

I1. AxropuTm pemenus 3a1auu.

1. OTKpbITH (hail, ONpenesnuTh ero My B baiitax

2. Bbigeautsb B IMHAMUYECKOH TaMsITH Oyep COOTBETCTBYIONIETO PasMepa.
3. Cuwnrarts (aiin ¢ qucka B 6ydep.
4

Ananusupys 6ydep MOCUMBOIBHO, BBIIEISATH Mpeaokenus. Ecau mpenioxenne
OKAHYMBAETCS BOIIPOCUTEIbHBIM 3HAKOM, BBIBECTU €T0 HA HKPaH.

ﬂeTaJII/IBI/IpyeM HOCJIG,ZIHI/II;'I IIYHKT aJITOpUTMa. I[JIEI BbIBO/la ITPEAJIOKEHUA H€‘06X0,ZII/IMO
XPpaHUTb IO3UIIMUN €ro HaydaJjJla WU KOHIIA. Hpeﬂ]lO)KeHI/Ie MOJKET OKaHYHNBaTbCA TO’-IKOﬁ,
BOCKRJIMIATEJIbHBIM WUJIN BOIIPOCUTEJ/IbHBIM 3HAKOM. B TIIEPBBIX ABYX CJIy4asX ITPEAJIOKe-
HHE IIPOITYCKAETCA. ITOo BbIPpaKa€TCs B TOM, YTO 3HAYECHUE ITO3UIIUN Hadasla ITPEAJIOKe-
HUs 0OHOBJIAETCS: OHO YCTaHaBJIMBAE€TCA PaBHBIM CUMBOJLY, CJIEAYIONIEMY 3a TEKYIINUM,
1 IIPOCMOTD IIPOJIOJIZKAETCSI. HpI/I O6Hapy>KeHI/II/I 3HaKa BOIIpOCa IPeAJIOKEHNE BbIBOJANUT-
Cs1, ITOCJIE YEro MOo3nIuA HavdaJjla ITPEAJIOKEHUA TaKKe 0OHOBJIAETCAL.

III. IlporpamMma u TecToBBIE MPUMEPDI. TeKCT TPOTPaMMbI TIPUBEIEH B JIMCTUHTE 5.4.
Pexomenmyem BaM caMOCTOSATETBHO PA3OUTDh €T0 75T OTIAAKN Ha TIOCTEN0BATENLHOCTD
MTar0B aHAJIOTUYHO TPEbILYIINM TTPUMepaM, BCTABJIAS U YA OTIQJIOUYHYIO TTeYaTh
Daiis ¢ TeCTOBBIM PUMEPOM JIOJIKEH COJIEPIKATD PETIOKEHUsT PA3JIMIHON ITUHBI (0T
HECKOJIbKUX CUMBOJIOB JI0 HECKOJIbKUX CTPOK), B TOM YMCJIE U BOIIPOCUTEJIbHDIE.

Jinctunr 5.4. BbiBOA BONPOCUTENBHbIX MPEASIOXEHNN

#include <fstream>
#include <iostream>
#include <cstdio>
using namespace std;
int main() {
ifstream fin( "text.txt" )
if ( !'fin ) { cout << "Ouwnbka OTKpbITMd Gaitna." << endl; return 1; }

fin.seekg( 0, jos::end ); /1
long len = fin.tellg(); /]2
char *puf = new char [len + 17]; // 3
fin.seekg( 0, i0s::beg ): /14
fin.read( buf, Ten ); //5
bufflen] = '\0'; Tongn =20, i = 0: /] 6
while( buf[i1 ) { /7
if( buffi] == "7") { // 8
for (int j =n; j <= 1; j++ ) cout << buf[j];
n=1+1;
}
if ( buffi] == "." || buf(i] =="!")n=1+1;
T++;

}
fin.close(); //9
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[lug onpenenennd umnbl (haitia UCIIOIb3YIOTCS MeTO/Ibl seekg u tellg kiracca ifstream.
C m106bIM (haiisIoM TIPK €ro OTKPBITHN CBS3BIBACTCS TaK HA3BIBAEMAs TEKYITAs TO3UIHST
yTeHus wan 3anucu. Korza ¢daiis oTKpbIBaeTcs s YTEHUS, 9Ta MO3UINUS YCTAHABIIU-
BaeTcsl Ha Havaso (aitna. [ onpenesnennd Aaunbl aiiza Mbl cMellaeM ee Ha KOHeEIT
(aiina c momortbio Metoza seekg (onepamop 1), a 3ateM ¢ omotipio tellg moayyaem ee
3HaveHNe, 3aTIOMHUB €T0 B IlepeMeHHoii len (onepamop 2).

Metoz seekg (offset, org) cMmelnaer TeKyILyIO IO3UIIMIO YTeHus 13 daiiia Ha of fset Gaii-
TOB OTHOCHUTEJILHO [TapaMeTpa org, KOTOPbII MOKET TPUHUMATh 3HAYEHUsT: 10S: :beg — oT
Hayvasa (aiina, 10s: :cur — oT TekyIel no3unuu, 10s: :end — ot koura gaia. Koncran-
TBI beg, cur u end ornpeesienbl B Kjiacce 10s, npejike 1fstream, a CUMBOJIBL : : 0O3HAYAIOT
OTIepaIIo JOCTYIIA K ATOMY KJIaccy.

B onepamope 3 Boigensiercst len + 1 6aiiTOB M0/ CUMBOJIBHYIO CTPOKY buf, B KOTOPOI Oy-
JIeT XpaHUTHCS TeKCT 13 (paiina. Mbl BblessieM Ha ol GaiiT GoJibiie, yem ainHa (aiia,
4yTOOBI MOC/IE CUNTHIBAHUS (hailjia 3alicaTh B 9TOT OAlT HYJIb-CUMBOJI.

JList ureHust nHGOpMaIyu TpeGyeTcst CHOBA IEPEMECTHUTD TEKYIIYI0 TO3UIIIIO HA HAUaJI0
(daiina (onepamop 4). CoOCTBEHHO YTE€HUE BBIIOJIHIETCS B ONepamope 5 ¢ 1OMOIIbIO
Metoza read(buf, Ten), KOTOpbIli cunThIBaeT U3 (haiiyna len CMUMBOJIOB (MU MeHee, eCIu
KoHeI[ (haiijia BCTPETUTCS paHbliie) B CAMBOJIbHBIN MaccuB buf. B onepamope 6 onpeje-
JITIOTCST Iy KeOHble TlepeMeHHbIe. B mepeMeHHoit N OyeT XpaHUThCS TIO3UIIS Hadaia
TEKYIIETO MPEIOKEHWS, TepeMeHHas 1 UCTI0b3yeTCs sl IPOCMOTPA MAaCCUBA.

[Mukn npocmoTpa maccusa buf (onepamop 7) 3aBepiaercs, KOTJa BCTPETUIICS HYJTb-
cuMBOJI. Ecitit ouepeiHbIM CUMBOJIOM OKA3aJICsI BOIIPOCUTEbHBIN 3HAK (onepamop §),
BBITIOJIHSIETCA BBIBOJI CUMBOJIOB, HAUMHAS € TIO3UITAN N U 3aKaHYUBAs TEKYIeH, mocie
4yero B IMePEMEHHYIO N 3aHOCUTCS TTO3UIUS Havaja HOBOTO Tpejsioxkenus. Onepamop
9 (3aKkpbITHE TIOTOKA) B JaHHOM CJlydae He sBJsgeTcs 00g43aTeIbHbIM, TaK KaK OH He-
00XO0MM, TOJBKO KOIJia TpeOyeTcs 3aKPbITh OTOK paHbllle OKOHYaHWS JIeiCTBUS €ro
00J1acTu BUIUMOCTH.

Ecau TpeGyercst BbIBECTH Pe3yJIbTaThl BHIIOJHEHUS IPOTPAMMBI HE Ha 9KpaH, a B (aiil,
B [IPOrPaMMe CJIeIyeT OMKUcaTh 0GBEKT KJIacca BBIXOAHBIX IOTOKOB 0fstream, a 3atem uc-
MOJIb30BATH €r0 AHAJIOTHYHO JPYTUM [OTOKOBBIM OObEKTaM, HAITPUMEP:

ofstream fout( "textout.txt" );
if ( Ifout ) { cout << "Oumbka OTKpsITMA dalina BbiBOAA" << endl; return 1; }

*fout << buf[Jl:

ITpu BBITOTHEHUT HEKOTOPBIX 3aMaHUIT 9TOTO CEeMUHAPa MOJKET TIOTPEOOBATHCST TOPA3IIO
MeHee 3 GeKTUBHOE TOCUMBOJIbHOE uTeHne 13 (daitia. [Ipu ncnosb3oBaHuu MOTOKOB
OHO BBITIOJIHIETCST € MMOMOIIBI0 MeTona get. Hampumep, 1711 puBesieHHON BbIIIE TIPO-
rpaMMbl TOCMBOJILHBII BBOJ BBITJISIIUT CJIELYIOTUM 0GPasoM:

while( ( buf[i] = fin.get() ) != EOF ) {
// .. TeNo uukna
i+t
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Oyuxnuu BbhiBozga B daiin onucansl B Yuebnuke Ha ¢. 90 u 411. Cmemmmsarh B 0gHOI
porpaMMe BBOJ-BBIBOJ, C IIOMOIIBIO TOTOKOBBIX KJIACCOB U (PYHKIMIT OUOIMOTEKH He
pekoMeryeTcs. B 1eoM mporpaMma, HanvcaHHast ¢ MCIOJAb30BaHreM (DYHKIUN Ou-
OIMOTEKU, MOKET II0JIyYUThes GoJiee GBICTPOAEHCTBYIONIEl, HO MeHee Oe30I1acHOIA, 110-
CKOJIBKY IIPOTPAMMUCT JOJIKEH 3a00TUTHCS O GOJIBIIEM KOJIMYECTBE JeTaleil.

UTtorun

1.

8.

ITpu 3aiaHuu TMHBI CTPOKU HEOOXOMMO YUUTBIBATH 3aBEPIIAONIAN HYIb-CUMBOJL
JImiHa He-AMHAMUYECKON CTPOKY J0JKHA ObITh KOHCTAHTHBIM BBIPDAsKCHUEM, JJTHHA
JAMHAMWYECKOI CTPOKKM MOKET OBITh MepeMeHHoil. J[MHaMUYecKue CTPOKU HETh3sT
WHUIMAIN3UPOBATh [IPU CO3/IaHUH.

[TprcBamBaH¥e CTPOK BBITOTHSAETCS € TOMOIIBIO (DYHKIMH GUOTHOTEK.

JLJ1st KOHCOJTBHOTO BBOJIAa-BhIBO/IA CTPOK UCIIOJIB3YIOTCS MO0 0OOBEKTHI Cin 1 cout, Tubo
dbyukumn 6ubanoreku gets, scanf u puts, printf. Beoa-BbiBoz us daiia MOKeT BbI-
HOJIHATHCS € HOMOIIBIO 1100 00BEKTOB KJIaccos ifstream u ofstream, mbo GyHKIMiA
6ubmuorekn fgets, fscanf u fputs, fprintf.

BBo1 CTPOKH € MOMOIIBIO OIIEPALIAU >> BBIIOJIHSETCS 10 MePBOro IPOOEIbHOr0 CHM-
BoJia. [IJ1s1 BBOZIa CTPOKH, cozepsKaiieil IpoOesibl, MOKHO UCIIOIb30BaTh JTO0 METO/(bI
getline mwiu get kiacca istream, mubo GyHkimy gets u scanf.

CwmelnuBaTh B OJIHOI MPOTPaMMe BBO/I-BbIBOJI C IIOMOI[bIO TOTOKOBBIX KJIACCOB U
¢ oMolIbio GyHKIII 6ubanoTeKn He peKoMeHayeTcs. [IporpaMmMa, HamcaHHas
¢ MCIoJb3oBaHreM (YHKI[HIL, a He KIAaCCOB BBOAA-BbIBOAA, MOKET IIOJYYUThCs HoJiee
OBICTPOIENCTBYOIIE, HO MEHee GE30MACHOM.

Henocratkom C-cTpok 110 cpaBHEHUIO € KJIacCOM String sBisieTcsl OTCYTCTBHE TIPO-
BEpKU BBIXO/Ia CTPOKU 32 TIPE/IEITb OTBEIEHHON el TaMsATH. BbIXo/ 3a TPaHUIIBI CTPOKU
U OTCYTCTBHUE HYJIb-CHMBOJIA SIBJISTIOTCS PACIIPOCTPAHEHHBIME TPUYUHAMHU OMIMOOK
B IIPOrPaMMax.

CpeIICTBa, TIpEeaOCTaBIAEMbIC A3BIKOM 1 6I/I6JII/IOTeKaMI/I, BJIAIOT Ha aJITOPUTM petlIe-
HUA 3a/la4i, [TI0O9TOMY I1€PE/]L pa3pa60TI<0171 AJITOPUTMa HeO6XOlII/IMO X U3Yy4YNTb.

Pas6usaiite nanucanue u OTJIAZIKY TPOTrPaMMbl Ha TTOCJIE€IOBATEIbHOCTD IIIaroB.

3apgaHua

1.

Harmucarp mporpammy, KOTOpast CYUUTHIBAET U3 TEKCTOBOTO (haiiyia TPH Mpe/IosKeH s
U BBIBOJUT UX B OGPATHOM TIOPSI/IKE.

Hanmcars mporpammy, KOTopasi CYUTHIBAET TEKCT U3 (aiiyia M BBIBOJUT HA 9KPAH TOJIb-
KO IIPEJIOKEHIIS, Co/lepiKallfiie BBe[EHHOE C KJIABHATYPbI CI0BO.

Hamnwucars mporpammy, KOTopasi CYMTBIBAET TEKCT U3 (aiijia U BBIBOAUT HA dKPAH
TOJIBKO CTPOKH, COJIep:KaIIe [By3HAUHBIE YHCJIA.

HamnucaTe porpamMmy, KOTOpast CYUTBIBAET AaHTJIMUCKUN TEKCT U3 (haiijia U BBIBOIUT
Ha 9KPaH CJI0Ba, HAUMHAIOIIUECS C TJIACHBIX OYKB.

Harmucarp mporpamMmy, KOTOpast CYUNTBIBAET TEKCT U3 (paiiyia 1 BBIBOJUT €T0 HA 9KPaH,
MeHsIs MECTaMU KaKIIbIe /1B COCEIHUX CJIOBA.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hamnwucarp nmporpamMmy, KOTOpast CYUTHIBAET TEKCT U3 (aiija U BHIBOAUT Ha dKPAH
TOJIBKO TIPE/IJIOKEHNUS, HE CO/IEPIKaIIe 3aMSIThIX.

Hanucarp nmporpaMmy, KOTopast CAUThIBAET TEKCT U3 (haiiia 1 OIpeiessieT, CKOIbKO
B HEM CJIOB, COCTOSALIMX U3 He GoJiee ueM Y4eThipex OyKBaMHU.

Hamnwucarp mporpamMmy, KOTopast CYUTHIBAET TEKCT U3 (aiija u BRIBOAUT Ha 9KPaH
TOJIBKO I[UTATBI, TO €CTh IPEIJIOKEHNUsI, 3AKII0OYeHHbIE B KABBIUKIL.

HamnmcaTs nporpammy, KOTopasi CYUUTHIBAET TEKCT U3 (aiiyia M BBIBOJIUT HA 9KPAH TOJIb-
KO TIPeJIIOKEHIsT, COCTOSIIINE U3 33JIaHHOT0 KOJMYECTBA CJIOB.

HammcaTps mporpamMmy, KoTopast CAMTHIBAET aHTITUHCKUN TEKCT U3 (paiijia u BEIBOJUT
Ha 9KPaH CJI0BA TEKCTa, HAUMHAIOIUECSA U OKAHUNBAIOTIMECS TIIACHBIME OYKB.
Hanwmcarp mporpammy, KoTopast CYUTHIBAET TeKCT U3 Qafija u BRIBOAUT Ha 9KPaH
TOJIBKO CTPOKH, He COZIEPIKAIINe IBY3HAYHbBIX YHCE.

Harmucarb nporpammy, KOTOpasi CUNTBIBAET TEKCT U3 (haiiyia u BBIBOJIUT HA 9KPAH TOJIb-
KO MIPEIJIOKEHUs], HAUNHATOIINECST C TUDPE, TIePel KOTOPBIM MOTYT HAXOJUTHCS TOJBKO
pobeJIbHbIE CUMBOJIBL

HamucaTps mporpamMmy, KoTopasi CAUTHIBAET aHTJUNUCKUIN TEKCT U3 (paiiyia u BBIBOJUT
€ro Ha 9KpaH, 3aMEHUB KaX/yI0 ePBYI0 OYKBY CJIOB, HAUMHAIOIUXCS C TJIACHON
GYKBBI, HA TIPOTIUCHYTO.

Hamnucarp mporpammy, KOTOpasi CYUTHIBAET TEKCT U3 (aiiia 1 BBIBOIUT €ro Ha 9KPaH,
3ameHuB udpol oT 0 10 9 HA CTIOBA «HOJIbY, <OJAMHY, ..., </I€BATb», HAUMHAS KaXK/[0€
IIPEIJIOJKEHIE C HOBOI CTPOKU.

Hammcatpb nporpaMmmy, KOTOpasi CdUTBIBAET TEKCT U3 (hailia, HAaXOIUT caMoe JIJIMHHOE
CJIOBO ¥ OTIPEZIEJISIET, CKOJIBKO Pa3 OHO BCTPETUIIOCH B TEKCTE.

Hammcatpb nporpamMmmy, KOTOpasi CAuThIBAET TEKCT U3 (haiijia M BBIBOAUT HA 9KPaH CHa-
YaJia BOIIPOCUTEJbHBIE, & 3aTeM BOCKJIUIIATETbHbIE TTPETT0KEHNUS.

Hammcatp mporpaMmy, KOTOpas CYUTHIBAECT TEKCT U3 (hailia u BBIBOAUT €ro Ha 9KPaH,
N00ABIISIS TTOCIIE KAXKIOTO MPETOKEHNST, CKOJIBLKO Pa3 BCTPETIIIOCH B HEM BBE/IEHHOE
C KJIABUATYPBI CJIOBO.

Hammcartp mporpaMmy, KOTOpasi CYUTBHIBAET TEKCT M3 (aiia U BEIBOIUT HA 9KPAH BCE
€To MPE/TIOKEHNST B 0OPATHOM MOPSI/IKE.

Hammcats mporpamMmmy, KOTOpasi CAuThIBAET TEKCT U3 (haiijia M BBIBOIUT HA 9KPaH CHa-
Yasia Mpe/IoKeHNsT, HAUMHAIOIIHECS € OIHOOYKBEHHBIX CJIOB, 4 3aTE€M BCE OCTAbHBIC.
Harmcatp porpammy, KOTOpasi CYUTHIBAET TEKCT U3 (haiijia M BBIBOAUT HA 9KPAH TIpe-
JIOJKEHMs, CoJlep Kalliie MaKCUMATbHOE KOJTMYECTBO 3HAKOB ITYHKTYAIIH.
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Teopernueckuii marepuai: c. 67—69.

Crpykrypbl B C++ 06/1a/1a10T IPAKTUYECKU TEMU K€ BO3MOKHOCTSIMMU, UTO U KJIACCHI,
HO Yalile uX MPUMEHSIIOT UCKJIIOYUTENBHO JIJIst TPYNIUpPoBaHust (00beANHEHNUST) JTaHHbIX.
B orsinume ot MaccuBa, B CTPYKTYPY MOKHO OOBEUHSTE TaHHbIE PA3JIUYHBIX TUIIOB.

Hanpuwmep, tpedyercst o6pabaThiBaTh HHMOPMAIIIO O PACIIMCAaHUU PadOThl KOHMEPEHII-
3a7a, M JUI KayK/I0TO MEPOTIPUSITUS HA/l0 3HATh BpeMs, TeMy, (haMUJIMI0 OpTaHu3aTopa
U KOJIMYECTBO YYaCTHUKOB. ITOCKOJIBKY BCE 9TO OTHOCHUTCS K OJHOMY COOBITHIO, JIOTHY-
HO JaTh eMy ob1ee uMs. [{Jist 9TOr0 OIKMChIBAETCS HOBBIH THII JaHHBIX ¢ UMeHeM Event.
[TepemenHbIe 3TOTO THIIA MOXKHO OTTMCATH TAK K€, KaK TepPeMeHHbIEe BCTPOEHHBIX THIIOB:

struct Event {

int  hour, min, num;

char theme[100], name[10017;

b // 00paTuTe BHMMAHME: TOYKA C 3aNdTOW nocne onucaHud 00g43aTefbHa!
Event el, e2[10]; // OnucaHuWe CTPYKTYpbl U MAacCuBa CTPYKTYp

Ecan CTPYKTYPa UCIIOJIb3YETCS TOJIBKO B O/THOM MECTE IPOrpaMMbl, MOKHO COBMECTHUTDH
OllMCaHue TUlla C OIIMCAaHUEM TIEPEMEHHDIX, ITPHU 9TOM UM TUIIA MOKHO HE YKa3bIBaTb:

struct {

int hour, min, num;

char theme[100], name[100];
}el, e2[10];

ITepeMeHHbBIE CTPYKTYPHOTO THITA MOKHO PAa3MeIIaTh U B AMHAMUYIECKON 00JIACTH aMsI-
TH, JIJIS1 3TOTO HAJIO OIMCATDh YKa3aTesb Ha CTPYKTYPY U BBIJIEJIUTD 110/ Hee MeCTO:

Event *pe = new Event; // CTpyKTypa
Event *pm = new Event[m]; // Maccus CTPYKTyp

DJIEMEHTBI CTPYKTYPbI Ha3bIBAIOTCS noJLsmu. T10J1s1 MOTYT OBITB JII060TO OCHOBHOTO THIIA,
MacCUBOM, yKaszareseM, O0beIMHEHUEM I CTPYKTYPOil. [Jist oOpalieHust K MOJIH0 Uc-
OJIB3YETCST Onepauus 6bl0opa («TouKas JIJIs IEPEMEHHON U -> JIJIST yKa3aTeJIs ):

el.hour = 12: el.min = 30;

strncpy( e2[0].theme, "BbipawnsaHne KaxkTycos B ycnosuax Kpaitmero Cesepa”, 99 );
pe->num = 30; /7w (*pe).num = 30;

pm[2].hour = 14; // vam (*(pm + 2)) .hour = 14;
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CTpyKTyphl (He-IUHAMUYECKUE ) MOKHO UHUUUAIUSUPOBAMY:

Event e3 = { 12, 30, "BulpawnBanue KaKkTycoB B ycnosusx Kpaithero Cesepa", 25 };
CTpyKTYPbI OJTHOTO TUIIA MOXKHO NPUCBAUBAMY IPYT JAPYTY:

*pe = el; pm[1] = el; pm[4] = e2[0];

[TpucBamBanue — 3TO BCe, YTO MOKHO JIeJIaTh CO CTPYKTypaMu 1ejaukoMm. [Ipyrue orne-
paluu, HallpuMep, CpaBHEHNE HAa PABEHCTBO U BBIBO/I, He olpe/iesieHbl. Bipouem, MOXKHO
3a/1aThb UX CAMOCTOSITEJbHO, TIOCKOJIbKY B CTPYKTYpaX, KaKk M B KJlaccaX, paspelaeTcs
OIIpe/IEeJIATh CBOU Ollepallii. Mbl pacCCMOTPUM 9Ty TeMY BO BTOPOI1 4acTH.

Beo0-6v1600 CMpYKmyp BbIIIOJTHACTCA IIO3JIEMEHTHO. BOT, HallpUMEDP, KaK BbITJVIA/IUT BBO/]
1 BbIBO/I OITMCAHHOI BBIIIIE CTPYKTYPbI el:

cin >> el.hour >> el.min; // C WCNONb30BAHWEM KNACCOB: MOAKMOYNTL <iostream>
cin.getline( el.theme, 100 );
cout << el.hour << ' ' << el.min << << el.theme << endl:
// B ctune C: nogknounTb <cstdio>:
scanf( "%d%d". &el.hour. &el.min ): gets( el.theme ):
printf( "%d %d %s", el.hour, el.min, el.theme );

3apaua 6.1. Nouck B npocToii 6aze (MaccuB CTPYKTYp)

B mexcmosom ¢aiine xpanumcs 6aza omoena xadpoe npeonpusmus. Ha npednpusmuu
100 compyonuxos. Kaxcoas cmpoxa ¢paiira codepycum sanuco 06 00HOM compyoHuxe.
@opmam 3anucu: pamunrus u unuyuarvt (30 nos., pamunus OOIHHA HAYUHAMBCSL C NepP-
801l nosuyuw), 200 poxcderust (5 nos.), oxaad (10 nos.). Hanucamo npozpammy, komopast
10 3a0annoll pamunuu 6bl600UM HA IKPAH c6eOeHUst O COMPYOHUKeE, NOOCUUMBLEASL CPEO-
HUTL OKIA0 8CEX 3aNPOULEHHBIX COMPYOHUKOS.

I. Ucxoaubie ganubie U pe3yabrarbl. Hcxoouovie dannvie. baza coTpyHUKOB HAXOIUTCST
B TeKcTOBOM (haiisie. [Touck mo Gase OYAET BBIMOJTHITHCS MHOTOKPATHO, TOATOMY BCHO
uHOOPMAIIHIIO JKEJTATETHHO XPAHUTD B OIIEPATUBHOM MAMSITH, TIOCKOJIBKY MHOTOKPATHOE
yTeHne u3 (aityia KpaitHe HepalnoHaIbHO. KomuecTBo ¢TpoK (aiira mo ycaoBuio 3a-
Jlau’ OTPAHUYEHO, TIOATOMY MOKHO BBIIETTUTH JIJIs X XpaneHus maccuB u3 100 amemen-
ToB. Kayk/pIit asieMeHT MaccuBa OyIeT co/iepsKaTh CBeieH st 00 OHOM coTpyaHuKe. [To-
CKOJIBKY 9TH CBEJIEHUS PA3HOPOIHbIE, YI0OHO OPraHU30BaTh UX B BUJIE CTPYKTYPHL

NMPUMEHAHUE

CTporo roBops, s PeNIeHUs 9TONH KOHKPETHOW 3a/laui 3aIlUCh O COTPYAHUKE MOXKET
OBITH IIPOCTO CTPOKOI CMBOJIOB, 13 KOTOPOH TP HEOOXOIMMOCTHU BBIIEJISIETCSI TIOCTPOKA
C OKJIaJIoM, IpeobpasyeMasi 3aTeM B UUCJI0, HO MbI JIJIs1 OOLIHOCTHU U yI00CTBA HajibHeleii
MOIUGUKAIIH TTPOTPAMMBI OY/IEM UCTIOIb30BATH CTPYKTYPY.

Pesynvmamut. B pesysibrate paGoTsl TIPOTPaMMbI HEOOXOANMO BBIBECTH Ha IKPaH Tpedye-
Mbl€ 3JIEMEHTBI KCXOAHOTO MaccuBa. [TOCKOIbKY 9T PE3yJIBTaThl ABJISIOTCS BHIOOPKOI
13 UCXO/IHBIX JIAHHBIX, AOMOJHUTEIbHAS AMATD U1 HUX He oTBoAuTCA. [ls nojacyera
CpeIHero OKJIajia OIUIleM IepeMeHHYIO BellleCTBeHHOTO THIIA.
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I1.

3.

AJII‘OpI/lTM peuieHusa 3agau O4€BU/ICH:

BBectn u3 daiina B MaccuB cBeieHUS O COTPYAHUKAX.

. OpFaHI/ISOBaTb ITUKJI BBIBO/Ia CBe,ZIeHI/Iﬁ O COTpYAHHKE!:

QO BBecTHU € KJIaBUATYPBI (DAMUIIUIO;

Q BBITIOJHUTD TIOUCK COTPYZIHUKA B MACCHUBE;

O yBeTMYUTH CYMMAaPHBIH OKJIA/ ¥ CIETINK KOJTUIECTBA COTPYAHUKOB;
O BBIBECTH CBEIEHNUST O COTPY/IHUKE UIH cO0OIeHne 06 X OTCYTCTBUM.
BoiBecTn cpennii okai.

[ TPOCTOTHI YCJIOBUMCST, UTO JIJIs1 BBIXO/[A U3 ITMKJIA BBIBO/IA CBEIEHUI O COTPYIHITKAX
BMecTO (haMUJINU CJIelyeT BBECTH cJI0BO “end”.

II1. ITporpamMma u TecroBble puMepsl. [Iporpamma ipuBe/ieHa B uctunre 6.1.

JluctuHr 6.1. Nounck B Maccuse CTPYKTYpP

#include <windows.h> // conepxnt npotoTun OemToChar
#include <fstream>

#include <iostream>

#include <cstring>

#include <cstdlib>

using namespace std;

int main() {

const int 1 name = 30, 1 year =5, 1 pay = 10, // 0nuvHbl Nofielt CTPOKK (alina
1 buf =1 name + 1 year + 1 pay; // AanvHa Oydepa Kak CyMMa AfWH nonei
struct Man { // CTpyKTypa And XpaHeHus CBEeJeHUd 00 OJHOM COTPYIHUKE
int  Dbirth year;
char name[1 name + 17; // DAnMHa Nong 3aflaHa C YYeTOM Hy/b-CUMBOJSA
float pay;
b
const int 1 dbase = 100;
Man dbase[1 dbasel; // MaccuB CTPYKTYp NNA XpaHewus Bceil 0asbl
char buf [1 buf + 17; // Gybep nna BBOAA CTPOKM K3 (alina
char name[1 name + 17; // CTpoKa Ans Gamunuy 3anpawvBaeMoro COTPYAHWKA
ifstream fin( "dbase.txt" ); /1
if ( Ifin ) { cout << " Quubka OTKpbITMA dalina "; return 1; }
int 1 =10;
while ( fin.getline ( buf, 1 buf )) { /] 2
if (1 >= 1 _dbase ) { cout << " Cnuwkom AnuHHbIA Gaiin "; return 1; }
strncpy( dbase[i].name, buf, 1 name );
dbase[i].name[1 name] = "\0";
dbase[i].birth year = atoi(&buf[1 name]);
dbase[1].pay = atof(&buf[1 name + 1 year]);
4+
int n_record = i, n_man = 0; /13
float mean pay = 0;
while ( true ) { /] 4
cout << " Beeaute dammnvio wam cnoso end: "

npoooncenue
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Jluctuur 6.1 (npogosixkeHve)

cin >> name;
OemToChar(name, name); // nnga BBOAA KMPWUANNUBI
if ( stremp( name, "end" ) == 0 ) break; //5
bool not_found = true; /16
for ( int i =0; i <n_record; i++ ) { /17
if ( strstr( dbase[i].name, name ) ) // 8
if ( dbase[i1].name[strlen( name )] == " ") { /19

cout << dbase[i].name << dbase[i].birth_year << <<
dbase[i].pay << endl;
n_man++; mean_pay += dbase[i].pay;

not_found = false:

if ( not_found ) cout << " Takoro coTpygHuka HeT" << endl; // 10

}

if ( n_man > 0 ) cout << " CpepHuit oKknap:

<< mean_pay / n_man << endl; // 11

}

B onepamope 1 daiin dbase. txt orkpoiBaercd s yrennd. [Ipeanonaraercs, yTo on Ha-
XOZIUTCA B TOM K€ KaTajlore, YTO U TEKCT ITPOrpaMMbl, MHAUe CJIEAYeT YKa3aTh MOJIHbBII
nyTh. Daiiyl U3 HECKOJBKUX CTPOK CJEAYET CO3/aTh B JIOOOM TEKCTOBOM PENAKTOPE
B COOTBETCTBUU ¢ (JOPMATOM, 33/IaHHBIM B YCJIOBUU 3a/1a4¥ (/7151 IPABUJIBHOTO TTOMCKA
PYCCKOTO TeKCTa OH HoJKeH uMeTh Koauposky ASCII, cm. samauy 5.1). Heobxommmo
IIPe/lyCMOTPETh CJIy4Yaii, Korga onHa GaMuins sBJgeTCd 4acTblo Ipyroil (Hampumep,
WBanos u MBanosckuii). B konue daiina He D01KHO OBITH IIyCTHIX CTPOK. He 3abyabre
MPOBEPUT, BBIJIAETCS JIM IMaTHOCTHYECKOE COOOTIIEHE, eciiu (haii He Hali/IeH.

Huxn 2 BBIIOMHSIET TOCTPOYHOE CUUTHIBAHWE U3 daiiina B CTPOKY buf u 3amosHeHme
ouepeHoro aseMenTa MaccuBa dbase. CueTunk i XpaHUT WHIEKC MEPBOTO CBOOOIHOTO
aneMeHnTa Maccusa. [yt hopMUpOBaHUS TOJIEH CTPYKTYPbhI UCIIONB3YIOTCS (DYHKIIUN
strncpy, atoi u atof, Kotopble u3ydannch Ha cemuHape 5 (cm. c. 72). Obparurte BHIMA-
HUe, YTO 3aBEPIIAONIII HYJIb-CUMBOJ B T0Je (HaMUINKM 3aHOCUTCS <«BPYYHYIO», TO-
CKOJIbKY (YHKITHS StIrncpy eTaeT aTO TOJIBKO B CJIydae, eCIM CTPOKA-UCTOYHUK KOPOUe
CTpOKU-TIpHeMHuKa. B yHKnuio atoi mepenaercs agpec Havaia MmoJCTPOKH, B KOTOPOI
HAXOJUTCSI TOJ] POSKIEHHUS.

[Ipn kaxk0M TTpOX0/Ie MUK BBITTOTHSIETCS TPOBEPKA, He TPEBBITIAET JIN CIUTAaHHOE KO-
JIMYECTBO CTPOK PasMEPHOCTh MaccuBa (He 3a0yzbre TPOBEPUTH BbIAAYy AMATHOCTHYE-
ckoro coobrenns). IIpu rectupoBaHnu 100aBbTe B MK KOHTPOJIbHBIN BBIBOJ HA 9KPaH
CYMTAHHOU CTPOKHU M CPOPMUPOBAHHBIX TOJIEN CTPYKTYPHI.

BHUMAHUE

IIpu samosHenny MaccuBa u3 (aiira 00s3aTeIbHO KOHTPOJUPYNATE BBIXOJ 32 TPAHUIIBI
MaccuBa ¥ IIpy HeoOXOAUMOCTH BbIIABaliTe Ipeynpeskiatliee cooOIeHue.

B onepamope 3 3apaiorcst nepementbie n_record g XpaHeHus (paKTUYECKOTO KoJIrye-
CTBa 3aIucei 0 COTPYAHUKAX U N_Man /sl o/IcueTa KOJIMYecTBa COTPYITHUKOB, O KOTOPBIX
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GyayT BbiiaBathest ceeenvst. Crenyer He 3a0bITh OOHYJIUTD TIEPEMEHHYIO Mean_pay, B KO-
TOPO#t Oy/IeT HAKATINBATHCS CYMMa OKJIAJIOB.

[Tuks moycka cOTPyAHIKOB 110 (haMUINU OpraHU30BaH Kak GeckoHeuHblil (onepamop 4)
¢ MIPUHYAUTEIBHBIM BBIXOZOM (onepamop 5). HekoTopble cHenuanaucTel CYUTAIOT, YTO
TaKoil Crocob SIBISETCS TIOXUM CTHJIEM U JIJIsT BBIXO/IA U3 TIHKJIA CJAETYET OTPENETUTD
repeMeHHYI0-(hJIaT, HO HaM KaskeTcsT MHadve.

Bripouem, B JaHHOM cJlydyae BBIXOJ[ M3 IIMKJIA JeHCTBUTEIbHO OPTAHU30BAH HE JIYUIINM
obpaszom. Bostee yoGHbIM ObLI OBl BBIXOJI [0 HasKaTHIO, HarnpuMmep, kiasuiim Esc. K co-
JKQJIEHUIO, B PaMKaX CTaHZapTa 9TO ¢leaTh HEBO3MOKHO, OAHAKO B COCTAaB OUOINOTEK
Visual Studio.NET BxoauTt 61b6a1M0oTeKa KOHCOJIBHOTO BBO/Ia-BBIBO/IA, OTTMCAHHAS B 3a-
roJIOBOYHOM (haiisie <conio.h>, u B Hell ecTb (hyHKIIMS _getch, TO3BOLIONIAA AHATU3UPO-
BaTh KOJ[ HAsKaTO KiaBuiy. B o01eM cirydae, HECCOMHEHHO, CJICIYET BBIOUPATh HHTEP-
detic, HanboJiee yIOOHBIN IJIS TIOIb30BATENsI, TOCKOJBKY UMEHHO JIJISl HETO U Ty TCS
Bce 0e3 UCKJIIOYEHMS IIPOrPaMMBbl.

B onepamope 6 onpenensiercs nepementasi-paar not_found st Toro, 4TOOBI MOCTE OKOH-
YaHWsI [UKJIA TIOUCKA OBLIO U3BECTHO, 3aBEPIIIIICS JIU OH ycrentHo. Obparure BHUMaHUE
HA MMSI IEPEMEHHOIL: €ro cJie/[yeT BIOUpPATh TAKUM 06Pa3oM, 4TOOBI 110 HeMy OBLIO SICHO,
KaKoe 3HaUeHUe IBJSAeTCS UCTUHHBIM. Kak BuanTe, B 3TOM ciydae onepamop 10 Xoporio
MOHSATEH 0e3 IO0MOJHUTETbHBIX KOMMEHTAPUER.

B onepamope 7 opranuzyercs UKJ MTPOCMOTPA MacCUBA CTPYKTYP (ITPOCMATPUBAIOTCS
TOJIbKO 3aTI0JTHEHHBIE TIPU BBOJIE 371eMeHTHI). [IpoBepka coBmamennss (haMuIH BBITION -
HseTcsl B /iBa atana. B onepamope 8 ¢ momotpio GyHKIMU Strstr onpezesseTcs, co-
IEPKUTCS JIM B 110JIe Oasbl name MCKOMasl II0C/IeI0BaTeIbHOCTh OYKB, a B onepamope 9
[IPOBEPSIETCH, €CTh I IPO0esl HEIIOCPEACTBEHHO 110cae dhamuann (ecau Ipodena HeT,
TO UCKOMast (haMUJIMs SIBJISIETCS YaCThIO JIPYTON 1 9Ta CTPOKA HAM He 1moaAxouT). Takas
MpoCTast MPOBEPKA BO3MOKHA M3-3a YCJIOBUS 33/1a4H, TI0 KOTOPOMY (haMUJIHs JTOJLKHA
HAUMHATBHCS C TTEPBOM MO3UIINH CTPOKM.

ITpoBepka mepeMeHHOI n_man B onepamope 11 HeoOXoaMMa JJIsi TOTO, YTOOBI B CJIydae,
ecJIM 10JIb30BaTeIb He BBEAET HU OAHOM (haMuinu, coBlaaonieil ¢ amuineil B 6ase,
He BBINOIHAIOCH festerue Ha 0. Eciiu B 6ase ecTh HECKOJIBKO COTPYIHUKOB C OJHOI 1 TOM
ke haMuiIreli, mporpaMMa BbIAACT CBeIeHU 000 BCeX.

KpynHbIM HerocTaTKOM Halllel TTpoTrpaMMBbl SIBJISIETCS TO, YTO BBOAUTH (haMUJIUIO CO-
TPYIHUKA TPEOYETCSI UMEHHO B TOM PETHCTPE, B KOTOPOM OHA TPUCYTCTBYeT B Gaze. st
IPEOJIOJICHUST 9TOTO HEOCTATKA HEOOXOAUMO TIepe]l CpaBHEHUEM (haMUJIHIT IEPEeBOUTD
BCE CUMBOJIBI B OIUH peructp. [Jisi CHMBOJIOB JIATHHCKOTO ajihaBuTa B OMOIMOTEKE €CTh
ynkuuu tolower u toupper, epeBo/glue epelanublil UM CUMBOJI B HUKHUI U BepX-
HUI PETUCTPBI COOTBETCTBEHHO, aHAJIOTHYHbIE (DYHKITUU [IJIs1 CUMBOJIOB PYCCKOTO asida-
BUTA TIPUIETCA HAMTUCATH CAMOCTOATENBHO.

A Ternepb aBaiite pacCMOTPUM BapUAHT 3alMCH 9TOM JKe TIPOTPAMMBI € TIOMOIIbIO O1-
6/mroTednbix GyHKIUN BBOAa-BbiBoga (JUCTUHT 6.2).

JIuctuHr 6.2. Nounck B MaccmBe CTPYKTYP C NoMoLLpto dyHKumi B ctune C

#include <cstdio>

#include <cstring>
npooosicenue
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Jluctuur 6.2 (npogosmkeHune)

using namespace std;
int main() {
const int 1 _name = 30;
struct Man {
int Dbirth year;
char name[1 _name + 17;
float pay:

s
const int 1 _dbase = 100;
Man  dbase[1_dbase]:
char name[1 _name + 17;
FILE *fin;
if ( ( fin = fopen( "dbase.txt", "r" ) ) == NULL ) {
puts( "Ownbka oTKpbITMA daiina\n" ); return 1; }
int i =0;
while ( !feof ( fin ) ) {
fgets( dbase[i].name, 1 name, fin );
fscanf( fin, "%i%f\n", &dbase[i1].birth year, &dbasel[i].pay );
1++;
if (1> 1 _dbase ) { puts( "Cnuwkom AnuHHbIA daidn\n" ); return 1; }

int n_record = i, n_man = 0;
float mean pay = 0;
while ( true ) {
puts( "Bsegute Qamunuio uan Haxmute Enter nna OKoH4aHua: " );
gets( name );
if ( strlen(name) == 0 ) break;
bool not_found = true;
for (int i =0; i <n_record; i++ ) {
if ( strstr( dbase[i].name, name ))
if ( dbase[i].name[strlen(name)] == " " ) {

printf( "%30s%51%10.2f\n", dbase[i].name, dbase[i].birth year,

dbase[i].pay ):
n_man++; mean_pay += dbase[i].pay;
not found = false; }

if ( not_found ) puts( "Takoro coTpyanuka Het\n" )

}

if (nman > 0 ) printf( " CpegHuit oknag: #10.2f\n", mean pay / n_man );

}

/12

/14

N3 Bcex MMEHOBAHHBIX KOHCTAHT OCTAJIACh O/IHA, 33AI0MIAsT JJIUHY TOJs (haMUITIH
(onepamop 7). Bce ocranbible ONpeNesATh HET CMbICJA, TIOTOMY YTO BBOJ BBITIOJIHSI-
€TCsI HEMTOCPENCTBEHHO B M10JIsI CTPYKTYPBI C TIOMOIIbIO (DYHKIIUK YTEHUST CTPOKU fgets
u pyukiuu hopmarnoro Beoga fscanf (onepamop 2), KoTopast camMa BBIIIOJIHSET IPe00-
pasoBaHU MOACTPOKU B UUCJIO, ABHBIM 0OPA30M 3a/laHHbIe B TIPE/IBIAYINEH TporpamMMe.

Mb! yrnpocTuian BBbIXOJ M3 LMKJA BBOJA 3alPOCOB, Tellepb /IS €ro 3aBeplieHUs J10-
CTaTOYHO HaxkaTb kjaBuuly Enter (onepamop 3). Jlns BbiBoJA CBeJleHUI O COTPYIHUKE
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ucnoab3osatach Gyukiys printf (onepamop 4). Kak sugute, korga tpebyercs popma-
TUPOBAHUE PA3HOTUITHBIX JIAHHBIX, CTapbie 100pbie (QYHKIIMU MOTYT C/IeJIaTh IPOTPaMMY
GoJree TaKOHIMYHOI!

3apava 6.2. CopTupoBka MaccuBa CTPYKTYp

Hanucamo npozpammy, komopast ynopsaoouusaem onucaniwlii 8 npedvioyuieli saoave paiin
10 200y poscoerus compyoHuUKos.

V3MeHNM TPEBIIYIILYIO MPOTPAMMY TAKUM 00pa3oM, 4TOOBI OHa BMECTO TIOMCKA YIIOPSI-
JIOYMBAJIA MACCUB,  3aTEM 3aIHIChIBAIA €TO B UCXOAHBIN (afin. /lys copTupoBKky nmprmMe-
HuM MeTo][ Bbibopa. [Ipu Beell ¢cBoel pocToTe OH H0CTaTOuHO a(hdheKTrBeH (TIOMHUTE,
MbI MCIIOJIb30BAIN ero B 3ajaue 4.37). /ljsg skonomMuu mMecta B Juctunre 6.3 omnyieHo
cunThiBaHue 6a3bl, coBHagaomiee ¢ auctuaroM 6.1 (10 onepamopa 3 BKIIOUNTENBHO),
1 IpUBOANTCA TOJIBKO CbpaI‘MeHT, BI)IHOJIHHIOH.[I/IfI COPTHUPOBKY U BBIBO/I.

JluctuHr 6.3. CopTpoBka Maccuea CTPYKTyp

fin.close();
ofstream fout( "dbase.txt" );
if ( Ifout ) { cout << " Qumbka oTKpsITMA Baiina " << endl; return 1; }
for (int 1 =0; 1 <n_record - 1; i++) {
int imin = 1;
for (int j =1+ 1; J <n_record; j++ )
if ( dbase[j].birth_year < dbase[imin].birth_year ) imin = j;

Man a = dbasel1]; // OOMEeH [BYX 3/IeMEHTOB MACCWUBA CTPYKTYP
dbasel1i] = dbase[imin];
dbase[imin] = a;

}
for ( int i =0; i <n_record ; i+ ) {
fout << dbase[i1].name << dbase[i].birth year << ' ' << dbase[i1].pay << endl;

fout.close(); cout << "CopTupoBka 0a3bl AaHHbIX 3aBepweHa" << endl;

DJleMeHTaMi MaccuBa B JJAHHOM 3ajjaue SABJISAIOTCS CTPYKTYPBL. st CTPYKTYp OHOTO
THIA OTPeIeIeHa OepaIlyst TPUCBANBAHNS, TIO9TOMY OOMEH JIBYX 2JIEMEHTOB MacCHBa
CTPYKTYP BBIIVISLAUT TOYHO TaK e, KaK /111 OCHOBHBIX THUIIOB JIAHHbIX.

Yro0bl 3aITUCaTh PE3YJIBTAThl B TOT sKe (hailr, hailsr, OTKPBITHI /IS YTEHIS, 3aKPbIBACT-
¢8I, ¥ OTKpBIBaeTest hailir ¢ TeM jke UMEHEM IS 3amncy (TOYHee, CO3MaeTcsT OObEKT BbI-
XO/THOTO TIOTOKA 0Stream ¢ nmeneM fout). [Ipm aTom cTapsrii haiis Ha UCKe YHIUTOKAET-
Cs1 M cO3/1aeTcsl HOBBIH I1ycTOH dails, Ky/la 1 IPOU3BOJAUTCS 3allUCh MAacCUBa.

COBET

Bybre akKypaTHbI IpK OTJIaJIKe IPOrPaMM, M3MEHSTIONIMX BXOAHbIe (aliyibl: ciiepyer aubo
TEpPe/I 3aIyCKOM IIPOTPAMMBI CO3/IATh KOIUIO KCXOAHOTO (haiiia, Tub0 OTKPBIBATH BHIXOAHON
bailsr ¢ APYTUM MMEHEM, @ 3aMEHSITh €10 Ha UM, TPEOYEMOe 0 3a/[aHHI0, TOJIBKO OCJIE TOTO,
KaK y1aJ0ch yOeIuThCsA B IIOJIHON paboTOCIOCOOHOCTH TIPOrPaMMBbI.
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3apaua 6.3. CTpyKTypbl 1 OMHapHble ¢aiisbl

Hanucamv 0se npozpammol. Ilepsas cuumvisaem ungopmayuio us ¢aiina, gopmam xo-
mopozo onucan 6 sadaue 6.1, u sanucvieaem ee 6 Gunapnwviil gailn. Konuuecmso sanucei
6 paiine ne ozpanuueno. Bmopas npoezpamma no momepy sanucu Koppexmupyem oxiaod
compyonuka 6 amom aiie.

Bunapnwvie gaiinv, To ectb (haiiyipl, B KOTOPBIX WHGOPMAINS XPAaHUTCS BO BHYTPEHHEN
(hopme nipescTaBiICHNS, TIPUMEHSAIOTCS [IJIST TOCJIEAYIONIETO UCTIOIB30BAHUS TIPOTPAMM-
HbIME cpezicTBaMu. CMOTPeTh Ha HUX B TEKCTOBOM PEIAKTOpPE — 3aHsITHE HeOIaroaap-
Hoe. ITpenmymiecTBa 6GuHAPHBIX (DANIOB COCTOLAT B TOM, UTO IIPU YTEHUU (3aIlUCK) He
TPATHUTCSI BPEMST Ha nPeodpasoeanie OanHblx 13 CUMBOJIBHOI (hOPMBI TIPEJICTABIECHUSI BO
BHYTPEHHIOI 1 00PATHO, U TIPH 9TOM He BO3HUKAET NOMmeps. MOUHOCU BEMECTBEHHBIX
yrcest. Kpome toro, Jijist GMHAPHBIX (hAllIOB TPUMEHSIETCS] nPSAMOL docmyn K nHbopMa-
[[UH [IyTeM YCTAaHOBKHU TEKYIIEH MO3UIIUN yKa3aTe s, ITO AT BO3MOKHOCTD OBICTPOTO
MOJIyYeHUS U U3MEHEHWS OT/EJIbHBIX TAaHHBIX (haiijia.

Bunapustii daiin 0OTKpbIBaeTCS B IBOMYHOM PeKIMeE (TO €CTh CUMBOJIBI IIEPEBOJIA CTPOKH
BOCIIPUHUMAIOTCS He KaK CIIeIUaIbHbIE ), 2 YTCHHE (3aII1Ch) B HETO BBIITOJHAIOTCA C TI0-
Mortpio dyHkimii fread u fwrite. O6e nporpaMMbl He IPEACTABIISIOT aJITOPUTMHUYECKIX
CJTIOKHOCTEH, TOITOMY MBI CPa3y MPUBEZeM TeKCThI (JTUCTUHTH 6.4 1 6.5). [l7151 KpaTKoCTH
pabora ¢ daitnamu BbinoaHena «B cruae C»'. XpanuTh B maMaT Bech (alil HeT HeoOXo-
IMMOCTH, BIIOJIHE JOCTATOYHO OJHOI IIeépeMeHHON CTPYKTYPHOTO THIIA, B KOTOPOii OyaeT
CO/IEPIKATHCS B KAYK/IbIH MOMEHT BPEMEHU 3aIUCh 00 OJIHOM COTPY/IHUKE.

JluctuHr 6.4. CosgaHne 6uHapHoro gaiina n3 TeKCToBOro

#include <cstdio>
#include <cstring>
using namespace std;
int main() {
const int 1 _name = 30;
struct { char name[1 name + 17; int birth_year; float pay; } man;
FILE *fin;
if ( ( fin = fopen( "dbase.txt", "r" ) ) == NULL ) {
puts( "Ownbra OTKpbITMA BX. (aina\n" ); return 1; }
FILE *fout;
if ( ( fout = fopen( "dbase.bin", "wb" ) ) == NULL ) { // b - OMHApPHbIA pexnm
puts( "Ownbka OTKpbITMA BbIX. (haiina\n" ); return 1; }
while ( !feof( fin ) ) {
fgets( man.name, 1 name, fin );
fscanf( fin, "Zi%f\n", &man.birth _year, &man.pay );

printf( "%s%51%10.2f\n", man.name, man.birth _year, man.pay ); // 0Tnanka
fwrite( &man, sizeof(man), 1, fout ); // BbIBOA B OWMHAPHLIA (Gaiin

}

fclose( fout );  puts( "BuHapHsid Gaiin 3anucan\n” );

! Ipyrue npuMepsl paboThl ¢ OMHAPHBIMU (hailiaMu IPUBEAEHBI B 3a1a4ax 6.5 u 7.4.
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Jlns popmupoBanus 3anuceil B GuHapHoM aiisie 31ech mpuMeHsieTcst (hyHKITHsT
size t fwrite( const void *p, size t size, size t n, FILE *f )

OHa 3amuchiBaeT N 3JIEeMEHTOB JUIMHON Size GaiiT u3 Gydepa, 3alaHHOTO yKa3aTeJeM P,
B motok . BosBpaliaer 4ncio 3ancaHHbIX 2JieMeHTOB. J[Jist ureHust u3 OuHapHOTO (haii-
ma 6ymeM mpuMeHsITh hyHkmuio fread:

size t fread( void *p, size t size, size t n, FILE *f );

OHa cyMTBIBaeT N 2J€MEHTOB JJIMHOI Size GailT B Oydep, 3aflaHHblil yKasaTeaeM p, 13
noroka f. Boszspamiaer 4mcio hakTHYeCKN CYMTAHHBIX 2JIEMEHTOB.

JluctuHr 6.5. KoppekTtnposka 6uHapHoro daiina

#include <cstdio>

#include <cstring>

using namespace std;

int main() {
const int 1 _name = 30;
struct { char name[1 name + 1]; 1int birth year; float pay; } man;
FILE *fout;

if ( ( fout = fopen( "dbase.bin", "r+b" ) ) == NULL ) { /11
puts( "Ouwwbka oTkpbITUA daiina\n" ); return 1; }

fseek( fout, 0, SEEK END ); // yCTaHOBKa TeKylleh no3uunu Qalina Ha ero KoHed

int n_record = ftell( fout ) / sizeof( man );: // nonydenne gnvubl Gaina  // 2

int num;

while ( true ) { /13

puts( "BseguTe Homep 3anmucu uam -1: " );

scanf( "%i", &num );

if (num <0 || num >= n_record ) break;

fseek ( fout, num * sizeof( man ), SEEK_SET );

fread( &man, sizeof( man ), 1, fout );

printf( "%s#5i1%10.2f\n", man.name, man.birth_year, man.pay ):
puts( "BseguTe HOBbIA OKkNap: " );

scanf( "Zf", &man.pay );

fseek (' fout, num * sizeof(man), SEEK SET ):

fwrite( &man, sizeof( man ), 1, fout );

printf( "%s#5i1%10.2f\n", man.name, man.birth_year, man.pay ):

}

fclose( fout );  puts( "KoppekTuposka 3asepweHa.\n" );

}

B onepamope 1 orkpbiBaetcst chOpMUPOBAHHBIN B TIPEBILYIIIEH 3a1aue GUHAPHBIH (ail.
OO6paruTe BHUMAHUE HAa PEKUM OTKPBITUSE '+ 0003HAYAeT BO3MOKHOCTD UTEHUS U 3a-
UCH, b — JABOUYHBIN pekuM. YTOObI IPOKOHTPOJUPOBATH BBEJACHHbI HOMED 3allNCH,
B TIepeMeHHYI0 N_record 3aHocuTCs ITHa (haitia B 3anucsx (onepamop 2).

B nukse KoppeKTUPOBKH OKIaa (onepamop 3) Tekylast Mo3ulus B (aiise ycTaHaBIu-
BAETCS IBAXK/IBI, TOCKOJIBKY MTOCJIE TIEPBOTO UTEHUS OHA CMEIAeTCs Ha PasMep CUYMTaH-
HOM 3anrcu. BeIxoj1 U3 1UKJIa BBITOJHSETCS, e Oy/IeT 3a/1aH HeBEPHBII HOMep 3aIiCH:
MEHBITHUH HYJIst WU GOJIBIINHN, YeM X KOJUIECTBO.
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3apaya 6.4. CTpykTypbl B AMHAMU4YE€CKON NaMATHn

Buisecmu na sxpan cooepacumoe bunapnozo paiiia, chopmuposaniozo 6 npedvloyuei 3a-
oaue, ynops.0ouus amuiui compyonuxos no aipasumy.

ITpusemem porpammy (JuctuHr 6.6) 6e3 IpeBapUTETHHOTO 00CYKIACHUS ',

JlucTuHr 6.6. CTpykTypbl B AMHAMUNYECKOW NaMSTU

#include <cstdio>
#include <cstring>
#include <cstdlib>
const int 1 name = 30;
struct Man {
char name[1 _name + 17;
int  Dbirth year;

float pay:
)
int compare( const void *manl, const void *man2 ); /1
int main() {
FILE *fbin;
if ( ( fbin = fopen( "dbase.bin", "rb" ) ) == NULL ) {
puts( "Ownbka oTKpsITMA daiina\n" ); return 1; }
fseek( fbin, 0, SEEK END );
int n_record = ftell( fbin ) / sizeof( Man ); // pasmep (alina B 3anucax
Man *man = new Man [n_record]; // BbieNneHne namaT NOJ BECb MACCUB CTPYKTYP
fseek( fbin, 0, SEEK SET ); // yCTaHOBKA TeKyuwei no3uuumy Ha Hayano daina
fread( man, sizeof( Man ), n_record, fbin ); // cunTbiBaHME Baiina UeuKoM
fclose( fbin ); // ®daiin 6onble He noTpebyeTcs
gsort( man, n_record, sizeof( Man ), compare ); // COPTUPOBKA Maccusa CTPYKTYp
for ( int i =0; i <n_record; i++ )
printf( "%s %51 #10.2f\n", man[i].name, man[i].birth year, man[i].pay );
}

int compare( const void *manl, const void *man2 ) {
return stremp( ((Man *)manl)->name, ((Man *)man2)->name );
}

[l cOpTUPOBKYM MbI HCIIOJIB30BAIN CTAHAAPTHYIO (DYHKIIUIO GSOrt, IPOTOTUII KOTOPOI
HAXO/UTCA B 3aroJioBOUHOM (aiise <cstdlib> Ona MOXKeT BBIIOJHATD COPTUPOBKY Mac-
CHMBOB JIIOOBIX PA3MEPOB U TUIIOB. Y Hee YeThIpe TapaMeTpa: yKasaresb Ha Hadaao 06-
JIACTH, B KOTOPOH pasMmeliaeTcs coprupyemad nHhopMaIust; KOJIM4ecTBO COPTUPYEMbIX
3JIEMEHTOB; pa3Mep KaxKJ[0ro 3jieMeHTa B Oaiitax; uMst (DYHKIUU, KOTOPAs BBIIOJHSIET
CpaBHEHMUE JIBYX 9JIEMEHTOB.

Ha ciexyiomem cemuHape Mbl MOAPOOHO PACcCMOTPUM IpaBuia oGopMieHus GyHK-
Ui, a ceffuac HEOOXOAUMO YSICHUTD cieytoliee: pas GYHKIUA GSOrt YHUBEpCcaabHa, MbI
JOJKHBI CHaOMUTh ee MHMOPMaIeil 0 TOM, KaK CpaBHUBATh COPTUPYEMBIE DI€MEHTHI
1 KaKue BBIBOJIBI /IeJIaTh U3 CPaBHEHUS. JHAUUT, MBI JIOJKHBI CAMY HAMCATh (DYHKITHIO,
KOTOpast CpaBHUBAET JiBa JIOOBIX 2JIEMEHTa, 1 TIepeaTh ee B qsort.

! Beib BbI Bce paBHO €r0 MIPOITYCTHTE, TIPaB/ia?
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Wms pynkinum Mosket 6bITh JT066IM. MBI HazBasu ee compare. Onepamop 1 nipejcrasis-
er co60i 3aroJoBOK (TIPOTOTHI) (DYHKIMU, OH HEOOXOAUM KOMITUJISITOPY JIJIS TPOBEPKU
MPaBUIBHOCTHU ee BbI30Ba. J[71st paboThl qsort Tpebyercs, 4ToObI Hallla (PYHKIIUS UMETa
JIBa apaMeTpa — yKas3aTesu Ha CpaBHUBaeMble 9jieMeHThl Tutia void. DyHKIUS [0/KHA
BO3BpalIaTh 3HaYeHNEe, MEHbIIIee HYyJIs, €CJU TIePBbIH 2JIeMEHT MEHbIIIE BTOPOTO, PaBHOE
HYJTIO, €CJIN OHY PaBHBI, U G0JIbIIEe HYJIsT, €CJIU TIePBBIi aieMenT Goabiire. [Tpu aTom Mac-
cuB OyJIeT YHOPSIOUEH 10 BO3pacTanuio. Ecm HyKHO YIOPSIIOYUTH MACCUB 110 yObIBA-
HUIO, CcJielyeT U3MEHUTH BO3BpalllaeMble 3HAYCHUS TaK: €CJIM TIePBbII 3JIeMEeHT MEHbIIIe
BTOPOTO, BO3BPAIATh 3HaYeHUe, OJIbIIee HyJis, a e GOJIbIIe — MEHbIIee.

BuyTpu dyHnkinu Hamo nIpuBecTH yKasaTesud Ha void K THILY yKasaTess Ha CTPYKTYPY
Man. [Ly1s1 9TOTO MBI MCII0JIb30BAJIM Ollepaliuio pusegenus Tuna B ctuse C (Man *). Bosee
rpaMOTHO IIPUMEHATH JIJIA 9TOTO olleparuio reinterpret cast, onurcannyo B CTaHgap-
te C++. DyHKIMs compare ¢ UCIOJb30BaHueM reinterpret cast BBINVISIAMT BOT TaKUM
YCTpaIIaionuM 06pasom:

int compare( const void *manl, const void *man2 ) {
return strcmp( ( reinterpret cast <const Man *> (manl))->name,
( reinterpret_cast <const Man *> (man2))->name );

}

Yro6bl onucaHue CTPYKTYPbI ObLJIO U3BECTHO B (DYHKITHM COMPAre, OMUCAHIE CTPYKTYPbI
" HeOOXOIMMO eif KOHCTaHTBI 1_naime mepeHeceHo B T106aIbHyI0 001acTh.

Jist yHopsAIouMBaH st MACCHBA TI0 IPYTOMY TIOJIIO HAJI0 U3MEHUTD (DYHKI[HIO CPABHEHWSL.
Bort, nanpumep, Kak OHa BBITJISAUT TIPH COPTUPOBKE TI0 BO3PACTAHUIO TOAA POIKICHHUSL:

int compare( const void *manl, const void *man2 ) {

int p;

if ( ((Man *) manl)->birth_year < ((Man *) man2)->birth_year ) p = -1;
else if ( ((Man *) manl)->birth _year == ((Man *) man2)->birth year) p = 0;
else p=1;
return p;

}

MoOsKHO 3ammucaTh TO JKe caMoe 60JIee KOMIIAKTHO C IIOMOLIBIO TEPHAPHO YCA0OBHOI OI1e-
parnmu, KOTOPYIO MbI pacCMaTpUBaJIK Ha BTopoM cemunape (cM. c. 31). i pasnoobpa-
3ust puBeieM (QYHKITUIO JIJIsT COPTUPOBKY IO YOBIBAHUIO OKJIAJIA:

int compare( const void *manl, const void *man2 ) {
return ((Man *) manl)->pay > ((Man *) man2)->pay ? -1:
((Man *) manl)->pay == ((Man *) man2)->pay ? 0 : 1;
}

Kax BuamTe, ncnorb3oBanme CTaHAPTHBIX (DYHKITNI COKpAIaeT pazMep ITPOrpaMMBbl, HO
TpebyeT HEKOTOPBIX YCHJIUIT TI0 H3yUeHUI0 nHTepdeiica hyHKITHIL.

Utorm

1. CTpyKTYpbI IPUMEHSIOTCS IS JIOTHYECKOTO 0ObeITNHEHMS CBA3AHHBIX MEKIY CO-
GO JIAHHBIX PA3JIUYHBIX TUIOB. DJIEMEHTHI CTPYKTYPbI Ha3bIBAIOTCS TT0JAAMHE. 110151
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MOIyT OBITh JIIOOOTO OCHOBHOTO THUIIA, MACCHBOM, yKasaTeJleM, 00beJuHeHNeM N
CTPYKTYPOIL.

2. s obpalieHus K IOJIIO UCIIOIb3YeTcs Oepallts BbIOOpa: «TOYKay Py 0OpalleHn
yepe3 UMsT CTPYKTYPBI U «->» TIPU 00pallleHnn dyepe3 yKasaTesib. [loce onncanus
CTPYKTYPHOTO TUTIA CTABUTCST TOUKA C 3ATSITOM.

3. CTpPyKTYpBI OJTHOTO THUIIA MOKHO IIPUCBAUBATH APYT APYTY. BBOI-BBIBOI CTPYKTYP
BBITTOJTHAETCS ITO3JIEMEHTHO.

4. CTpYKTYPBbI, TaMATb IO/l KOTOPbIE BBIAEISACT KOMITUIIATOP, MOKHO MHUTTMATU3NPOBATD
repevncIeHeM 3HAaUeHN NX 3JIeMEHTOB.

3aagaHua

BapuaHnT 1

Omwmcatp cTpykTypy ¢ umeHeM STUDENT, conep:xaiiyio caenyiotiue mosst: haMuans

U MHUIUAJIBI; HOMED TPYIIIIbl; yCIIeBaeMOCTb (MAacCUB U3 ITU 2JeMeHToB). Hamnucarb

[IPOTPAMMY, BBITTOJTHSIONLYTO CJAEYIONINE IeHCTBUS:

U BBOX ¢ KJIABUATYPBI JAaHHBIX B MACCUB, COCTOANINN U3 NE€CATU CTPYKTYP THIIA
STUDENT: 3amucu 10JKHbI ObITh YIOPSIZOUYEHBI 10 BO3PACTAHIIO HOMEPa IPYIIIIbL;

O BwIBOA Ha AucIiell (haMUIUii 1 HOMEPOB IPYIII /IJIS BCEX CTY/IEHTOB, BKIIOYEHHBIX
B MACCHUB, €CJIN CpeAHuil 6ajur cryaeHTta 6obiie 4.0;

U eciu Takux CTY/IEHTOB HET, BBIBECTHU COOTBETCTBYIOIIIEE COO6HI€HI/IC.

BapuaHTt 2

Ommucatb ctpykrypy ¢ umeHeM STUDENT, conepskatyio caemyionue nost: pamMuans

U WHUIIMAJBI; HOMED TPYIIIIBI; YCIIeBaeMOCTh (MAacCUB U3 ISITU aJeMeHToB). Hanmcarp

MIPOTPAMMY, BBITIOJIHSTIONLYTO CJIE/TYTOIIIE e CTBUS:

U BBOA ¢ KJTaBUATYPHI TAHHBIX B MACCUB, COCTOSIINN U3 AECATH CTPYKTYp THUIA
STUDENT:; samucu g0JKHBL OBITH YITOPSIZOYEHBI [0 BO3PACTAHUIO CPEAHETO Galiia;

U BeiBoz HA [MCILIEH (haMUIHIT 1 HOMEPOB TPYIIII JIJIs1 BCEX CTYIEHTOB, UMEIOIINX OIeHKH
4ub5;

O ecsu TaKUX CTYIEHTOB HET, BBIBECTH COOTBETCTBYIOIIEE COOBIIEHHE.

BapuaHnt 3

Ommcatb ctpykTypy ¢ mmeHeM STUDENT, comepskaiyto caemyiorniyie nost: amMuans

Y WHUIAAJBI; HOMED TPYIIIBL; yCreBaeMOCTh (MACcCUB U3 TSTH aJieMeHToB). HamucaTth

MIPOTPaMMY, BBITIOJHSTIONIYIO CJIEIyIOTINeE eHCTBIS:

U BBOA ¢ KITaBWATYPHI TAHHBIX B MACCHUB, COCTOSIINH U3 AECSATH CTPYKTYP THUIA
STUDENT; 3anucu f0/KHDBL OBITH YIOPSIIOYEHBI 110 ahaBuTy;

U BbBOA Ha AnCIITEl aMHUIINI 1 HOMEPOB TPYIII IJIsT BCEX CTYAEHTOB, MMEIOIINX XOTS
ObI OJIHY OIIEHKY 2;

QO ecom TaKKUX CTYIEHTOB HET, BBIBECTU COOTBETCTBYIOIIEE COOOIIECHHE.
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BapunaHnTt 4

Ommcats ctpykTypy ¢ umeneM AEROFLOT, conepskantyto ciemyroriue mos: Ha3BaHue

MyHKTa Ha3HAUYeHus pelica; HoOMep peiica; Tl camosera. HammcaTh mporpaMmy, BBITTIOJ-

HSTIOMIYIO CJIe/IyTOIIIe JIeCTBUS:

U BBOA ¢ KJIABUATYPHI AAHHBIX B MACCHUB, COCTOSIINI U3 CEMU 2JIeMEHTOB THIIA
AEROFLOT; zanucu goJKHbI ObITH YIIOPSAZOYEHbI 110 BO3PaCTaHUIO HOMepa peii-
ca;

O BbIBOZ Ha 9KPaH HOMEPOB PENiCOB U TUIIOB CAMOJIETOB, BBIIIETAIONIMX B MIYHKT Ha3Ha-
YeHUs1, Ha3BaHKe KOTOPOTO COBIAJIO C Ha3BaHUEM, BBE/IEHHBIM C KJIaBUATYPbI;

O eciut TakUX PEHCOB HET, BBIJIATH HA AUCTIIIEH COOTBETCTBYIONIEE COOBIICHHE.

BapunaHt 5

Ommcats ctpykTypy ¢ umeneM AEROFLOT, conepskantyto ciemyroniue moss: Ha3BaHue
MyHKTa Ha3HAYEHWs pelica; HoMmep pelica; ThI camosieTa. HammcaTh TporpaMmy, BITIOJ-
HSTIOMIYIO CJIe/IyTOIIIe IeCTBUS:

U BBOA C KJIaBHATYPHI AAHHBIX B MAaCCHUB, COCTOSININI U3 CEMH 2JIEMEHTOB THUIIA

AEROFLOT; 3anuicu JoJKHBL ObITh pasMelleHbl B ai(aBUTHOM MOPSIIKe 110 Ha3Ba-
HUSM ITyHKTOB Ha3HAYCHMWS,

a BbIBO/I Ha 9KPaH ITYHKTOB Ha3Ha4Y€HWA 1 HOMEPOB peﬁCOB, O6CJIy>KI/IBaeMbIX caMoJie-
TOM, THUIT KOTOPOT'O BBE/ICH C KJIaBUATYPbI;

O ecsm Takux peflCOB HET, BbIJaTb Ha JUACILIE COOTBETCTBYIOIIEE COO6HI€HI/I€.

BapunaHTt 6

Ommcats ctpykrypy ¢ umeaeM WORKER, cozxepsxaryto ciaemnyrorniye moJis: hamMuams

T MHATATB pabOTHIKA; Ha3BaHNE 3aHNMAEMOT TOJKHOCTH; TOJT TOCTYTLIEHUS Ha pabo-

Ty. Hanmcath mporpamMmy, BBITTOTHSAIONIYIO CIeTyTONTUe JeHCTBUS:

U BBOA ¢ KITaBMATYPHl AAaHHBIX B MACCHUB, COCTOSIINI U3 €CSATH CTPYKTYpP THUIIA
WORKER; 3anvicu 10/5KHBE OBITH pa3MenieHbl 10 aihaBuTy;

QO seIBOA Ha AMCILIEN haMuIrii paGOTHUKOB, Yeil cTax paboThl B OpraHU3aluu [IPEBbI-
1IaeT 3HaY€eHue, BBE/IEHHOE C KJIABUATYPbI;

O ecau Takux pa6OTHI/IKOB HET, BBIBECTH Ha JACTLIEN COOTBETCTBYIOIIEE COO6H.I€‘HI/IG.

Bapuant 7

Omucatb ctpykTypy ¢ umenem TRAIN, cozepskaliyio cienyrolre moJisi: Ha3BaHue MmyH-

KTa Ha3HAYECHWS; HOMep TI0€e3/1a; BpeMsi OTrpaBJieHus. HamucaTh mporpaMmy, BBITTOTHS -

IOTIYTO CJIEYIONTNE TeUCTBUS:

U BBOJ ¢ KIaBUATYPBI JAaHHBIX B MACCUB, COCTOSTIUI W3 BOCHMU HJIEMEHTOB THUIIA
TRAIN; 3anucu yropsijounTb 110 ahaBuTy M0 HA3BAHUSIM ITyHKTOB Ha3HAYEHNS;

U BBIBOA Ha 9KpaH MHGOPMAIINH O TTOe3/[aX, OTIPABJISIONINXCS TTOCTIe BBEAEHHOTO C KJIa-
BUATYPbI BDEMEHH;

O ecau Takux II0€3/10B HET, BbIJaThb Ha JACTLIEN COOTBETCTBYIOIIEE COO6H.[€HI/I€.
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BapuaHTt 8

Ommcatb ctpyktypy ¢ umereMm TRAIN, cozepskantyto caenyroniue moJsi: Ha3BaHue MyH-

KTa Ha3HAYEHWs; HOMEP M0e3/1a; BpeMs OTIIpaBJieHus. HamucaTh MporpaMMy, BBITTOJTHS -

IOMLYIO CTIeYTOITe AeHCTBUS:

U BBOJI C KJIABUATYPBI IAHHBIX B MACCHUB, COCTOSIIININ U3 1iecTr asieMeHToB Tha TRAIN;
3aIiCU JOJIKHBI OBIT YIIOPSIAOYEHBI 110 BPEMEHH OTIIPABICHIMS 03]

U BBIBO/ Ha 9KpaH MHOOPMAIIUK O TI0E3/1aX, HAPABJISIONINXCS B ITYHKT, Ha3BaHUE KO-
TOPOTO BBE/ICHO C KJIaBUATYPbI;

O ecau Takux I1I0€3/10B HET, Bbl/IaTh Ha ZII/ICHJICP,I COOTBETCTBYIOIIEE COO6H.I€HI/IG.

BapuaHt 9

Ommucats cTpykTypy ¢ mmereMm TRAIN, comepskariyro cieyoniuie moJis: Ha3BaHue MyHK-

Ta Ha3HAUEHUST; HOMED TI0e3/Ia; BpeMsl OTTIpaBieHust. Hanmucath mporpamMmmy, BbITIOTHSIIO-

HIYIO CJIeTyToTNne JeiCTBYS:

O BBOJ C KJTABUATYPHI IAHHBIX B MACCHB, COCTOSTINIA 13 BOCbMU asieMenToB Thia TRAIN;
3aIMCH JI0JIKHBL ObITh YIIOPS0YEHbI 10 HOMEPaM I10€3/10B;

O BBIBO/ Ha 9KpaH UHMOPMAITIH O [T0e3/1e, HOMEP KOTOPOTO BBE/IEH C KJIABUATYPBI;

O ecom TaKUX TT0E3/I0B HET, BBIIATH Ha JAUCILIE COOTBETCTBYOIIEE COOOIIEHHE,

Bapuant 10

Ommcatb crpykTypy ¢ umeHeM MARSH, coznepskanyto ciemyrotne moJis: Ha3BaHNe Ha-
YaJIbHOTO TTYHKTA MapIpyTa; Ha3dBaHNWe KOHEYHOTO MyHKTa MapIIpyTa; HOMEP MapIipy-
ta. HamrcaTs mporpaMmy, BBITIOJTHSIONIYIO CJIe/TyTOIIHe e CTBUS:

U BBOZX ¢ KIaBUATYPHI IAHHBIX B MACCUB, COCTOSIINI 13 BOCHMU 3JIEMEHTOB THUIIA
MARSH,; 3amnucu 10JKHBI ObITh YIIOPSI0YEHBI 110 HOMEPaM MapIIpyTOB;

U BBIBO/ Ha 9KpaH UHGMOPMAITUN O MAPIIPYTe, HOMEP KOTOPOTO BBEIEH C KIaBUATYPHI;

O ecsm TakUX MapHIPYTOB HET, BBIIATH HA AKCILIEI COOTBETCTBYOIIEE COOOIIEHNE,

BapuanTt 11

Ommcatsb cTpykTypy ¢ uMeneM MARSH, cozepskartyio ciemyiorniye moJsi: Ha3BaHUE Ha-

YaJIbHOTO TTYHKTA MapIpyTa; Ha3BaHNWEe KOHEYHOTO MyHKTA MapIIPyTa; HOMEP MapIipy-

ta. HamrcaTs mporpaMmy, BRITTOJHSIONIYIO CJIe/TyTOIINE /IeHCTBUS:

U BBOJ ¢ KTaBWATYPHI JAHHBIX B MACCUB, COCTOSIINUI W3 BOCBMU 3JIEMEHTOB THUIIA
MARSH; s3amnucu Z0JKHbI ObITh YIIOPSAZOYEHBI IO HOMEPaM MapIpyToB;

U BBIBO/ HA AKpaH WH(OPMAIIMH O MapIIPyTaX, KOTOPble HAUNHAIOTCS MU OKAaHYUBA-
I0TCS B IIYHKTE, HA3BaHNE KOTOPOTO BBE/IEHO C KIABUATYPHI;

QO ecom TakUX MapUIPYTOB HET, BBIIATH HA AKCILIEI COOTBETCTBYOIEE COOOIIEHNE,

BapuaHTt 12

Ommcatb crpykrypy ¢ mmeHeM NOTE, copepskariyio caenytornime most: haMuinst, Ms;

HOMep TesrehoHa; aTa poskaeHus (MaccuB U3 Tpex uncen). HammcaTh porpamMmy, BbI-

MTOJTHSIOTITYTO CJIEYIOIINE NeHCTBUS:

U BBOJI C KJIaBUATYPBI IAHHBIX B MACCUB, COCTOSIINI 13 BocbMU A7ieMeHTOB Tuna NOTE;
3aIICU JOJIKHBI OBITh YIIOPSZOYEHBI 110 JATaM POKIEHIL;
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U BbIBOA Ha 9KpaH UHGOPMAIUH O YesoBeKe, HoMep TesepoHa KOTOPOTO BBE/IEH € KJa-
BUATYPBI;

U ecsm Takoro HET, BbIZaTb Ha JMCILIen COOTBETCTBYIOMIEE COO6H_[€HI/I€.

BapuaHnTt 13

Ommcats ctpyktypy ¢ mmeHem NOTE, cogepskaniyio ciemytomue moJst: (haMuIns, UMs;

HOMep TesteoHa; 1aTa PoxAeHUs (MacCUB U3 Tpex uncen). HamucaTh mporpammy, Bbi-

TTOJTHSIOTLYTO CJIEYIONINE TeHCTBUS:

U BBOJ C KJIABUATYPHI IAHHBIX B MACCUB, COCTOSIINNI 13 BocbMU 31eMeHTOB THIIa NOTE;
3aIMCH JOJKHBI OBITh pa3MEIIeHbI 110 a1(paBuTy;

a BbIBO/[ Ha 9KpaH I/IH(l)OpMaHI/II/I O JIIOJAX, YbU /IHU POKAECHUA ITPUXOAATCA Ha MECAII,
3HaY€eHne KOTOPOTro BBEAEHO C KJIaBUATYyPbI;

O ecaum Takux HET, BbI/IaTh Ha ZIHCH]Ieﬁ COOTBETCTBYIOMIIEE COO6H.[€HI/I€‘.

BapuanTt 14

Omucatb crpykrypy ¢ umenem NOTE, cosepskaniyio cienyioline moJsi: haMusivsi, uMs;
HOMep TesedoHa; 1aTa pokaeHnsT (MaccuB U3 Tpex uuncen). Hamucath mporpamMmy, BbI-
HOJIHSIONIYIO CJIeAYIOIINeE AeHCTBI:

a BBO/J C KJIaBUATYPbI JaHHBIX B MaCCHUB, COCTOHHII/IfI 13 BOCbMMU 3JIEMEHTOB THUIIA

NOTE; sanucu g0JKHBI ObITh YIIOPSAOYEHBI 110 TPEM IePBbIM HudpaMm HoMepa
TesiepoHa,;

a BBIBO/I Ha 9KpaH HH(bOpMaHI/H/I O 4YeJIOBEKE, Ybid (baMI/I]II/IH BBE€/ICHA C KJIaBUATYPBbI;
O ecau Takoro HET, BbI/IaTb Ha JIACTLITEN COOTBETCTBYIOIIEE COO6H.I€HI/IC.

BapuaHTt 15

Omucatb crpykrypy ¢ umenem ZNAK, cozep:kaliyio cieayrorye moJist: paMuinst, uMs;

3HaK 30/IMaKa; laTa PoxaeHus (MaccuB U3 Tpex uuces). HamucaTrh iporpaMmy, BbIIOJ-

HAIOIIYTO CJIEAYIONINe TeHCTBUS:

U BBOJ € KJIABUATYPHI JIAHHBIX B MACCUB, COCTOSIINI U3 BOcbMU djieMeHToB Thna ZNAK;
3aITUCH JIOJIKHBI OBITH YIIOPSIIOUEHBI TI0 aTaM POJKICHUS;

U BeIBoA Ha AKpaH HHGOPMAIIMH O YeJIOBEKE, Ubsl (DAMUJIUS BBE/IEHA C KIIABUATY PbI;

O ecsit TaKOTO HET, BBIIATH HA ANUCTIIIEH COOTBETCTBYIONIEE COOBIIEHHE.

BapuaHT 16

Omnmcatb cTpykTypy ¢ mmeneM ZNAK, copepskaniyio ciemyiomniue moJist: haMuus, mMs;

3HaK 30/IMaKa; aTa poxkaAeHus (MaccuB U3 Tpex uncen). HamucaTh mporpaMmy, BBITTOJ-

HSIOMIYIO CJIeMyIoIne AeCTBUS:

U BBOJ C KJIaBUATYPBI IAHHBIX B MACCUB, COCTOSIIINI U3 BOChMHU ajieMeHToB Tria ZNAK;
3aIUCH JOJIKHBI OBITh YIIOPSIAOUYEHBI 110 aTaM POKIECHN;

a BbIBO/l Ha 9KPpaH I/IH(l)OpMa]_[I/H/I O JTIOIAX, POAUBIINXCA IO 3HAKOM, Ha3BaHME KOTOPOTO
BBE€/ICHO C KJIaBUaTYPbI;

O ecowm Takux HET, BBIIATh HA UCILIEH COOTBETCTBYIOIIEE COOOIIEHIE.,
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Bapuant 17

Ommcatb cTpykrypy ¢ umeHeM ZNAK, copep:xarniyio ciemyronine moJst: haMuins, Ms;

3HaK 30/IMaKa; laTa PoxkAeHNs (MaccuB U3 Tpex urcen). HammcaTh mporpaMmy, BBITTOJ-

HSTIOTIYTO CJIEYIONINeE IEHCTBUS:

U BBOJI C KJIABUATYPHI JIAHHBIX B MACCUB, COCTOSIIITUE U3 BOCbMU dsieMeHTOB Tha ZNAK;
3aIiCU JOJIKHBI OBITh YIIOPSZIOYEHBI 110 3HAKaM 301aKa;

U BBIBOZ HA 9KpaH WH(GOPMAIIUN O JITOJISIX, POJUBITUXCS B MECSIl, 3HAYEHUE KOTOPOTO
BBE/ICHO C KJIABUATYPBI;

O ecau Takux HET, BbIAaTb Ha ZII/ICHJIGIL/’I COOTBETCTBYIOIIIEE COO6H.I€HI/IG.

BapuaHTt 18

Omnucatb ctpykrypy ¢ umenem PRICE, cozepskaiiyio cienyioiiue 1oJis: Ha3BaHUE TO-

Bapa; Ha3BaHUe MarasuHa, B KOTOPOM IIPOJAeTcsl ToBap; CTOMMOCTb ToBapa B pyb. Ha-

[KUCaTh MTPOTPAMMY, BBITIOJIHAIONIYIO CJIEYIOIINE JIeiCTBUS:

U BBOJ ¢ KJTABUATYPBI IAHHBIX B MACCHUB, COCTOSIINIA 13 BOCbMU asieMeHToB Thiia PRICE;
3aIMCH Pa3MeCTUTh B aIhaBUTHOM TOPSIJIKE TI0 Ha3BaHUSM TOBAPOB;

U BbIBOA Ha AKpaH MHGOPMAIIMHU O TOBape, Ha3BaHNe KOTOPOTO BBEJIEHO C KJIABUATYPBI;

O ecsm TaKKUX TOBApPOB HET, BbLAATD HA JAKCILIEI COOTBETCTBYIOIIEE COOOILEHNE,

BapuanTt 19

Ommcatb ctpykTypy ¢ umenemM PRICE, cogepsarniyio ciemytomue moJis: Ha3BaHUE TO-

Bapa; Ha3BaHHE MarasuHa, B KOTOPOM IPOJAETCs TOBap; CTOMMOCTb ToBapa B py6. Ha-

MHACATh TPOTPAMMY, BBITIOJHSIIONIYIO CJIEIyIOTINeE eHCTBIS:

U BBOJI C KJTABUATYPBI JIAHHBIX B MACCHB, COCTOSINIA 13 BOcbMU asieMenToB Thia PRICE;
3aMCH Pa3MECTUTD B asi(paBUTHOM TIOPSIIKE 11O HA3BAHUSIM MarasuHOB;

O BbIBOA Ha 9KpaH MHGOPMAIIMHU O TOBapaX, IPOAAIONNXCS B Mara3nHe, Ha3BaHUEe KOTO-
POTO BBEJIEHO C KJIaBHATYPHI;

O ecsmm TaKOTO MaraswHa HET, BbIAATh Ha JAKCILIE COOTBETCTBYOIIEE COOOIIEHHE,

BapuaHT 20

Omucatb ctpykTypy ¢ umenem ORDER, cozep:kaliyio cienyioliue 1moJist; pacueTHbIi
CUET TIATEIIINKA; PACIETHBIN CUET TIOTydaTeis; iepedncsemast cymma B py6. Haru-
caTh MIPOTPAMMY, BBITIOJHSIONIYIO CJIEIyTOTUe AeHCTBIS:

U BBOJ ¢ KTaBWATYPBI JAHHBIX B MACCUB, COCTOSIINUI W3 BOCBMU 3JIEMEHTOB THUIIA
ORDER; zanucu 10/KHBI ObITh PasMelleHbl B aJ(aBUTHOM HOPSIAKE 110 PACUETHBIM
CUeTaM ILIATEJIBIUKOB;

U BbBox HA aKpaH WHGOPMAIIH O CYMMe, CHSTON € PACYETHOTO CUeTa IJIaTebIINKA,
BBEJIEHHOTO C KJIABUATYPBI; €CJIM TAKOTO PACYETHOTO CUETa HET, BHIIAThH HA JUCILIel
COOTBETCTBYIOIIIEE COOOIIEHNE.,
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Teopetnuecknit marepuai: c. 72—87, 93-96.

Qyuxyuss — VMeHOBAHHAs TPYIIA OIEPATOPOB, BBIMOIHIIONIAS 3aKOHYEHHOe [eli-
creue. K Hell MOKHO 06pPaTUTHCSI 110 UIMEHH, TTEPEAATh €l 3HAUEHUST 1 TIOJYIUTh U3 Hee
pe3yJbrar.

DyHKIUY HYKHBI B IEPBYIO OYePe/lb [IJisI YIIPOIEHUsT CTPYKTYPBI IIporpaMmbl. Pa3zous
3a/1a4y Ha 4acTu 1 0hOpMUB UX B BU/ie (DYHKIIMHI, MBI IIOCTYIIAEM 110 IPUHITUILY, U3BECT-
HOMY ellle ¢ JipeBHUX BpeMeH: «Pazjenait u BiactByily. Onucas GyHKIMIO, MOXKHO KC-
[10JIb30BATh e MHOTOKPATHO, Iiepe/iaBas eil pa3jinyHble JaHHbIE.

YT1006BI UCIIOIB30BATh (I)YHKHI/IIO, HE€ HYKHO 3HATb aJITOPUTM €€ pa6OTbI — I0CTAaTO4YHO
YMETDH €€ BbI3BATbh. ,Z[JISI BbI3OBa Tpe6yeTc;1 3HaThb €e UHmequeﬁc, KOTOprfI OoIpeaesdaeTca
ee 3azon06xkoMm. B 3aroioBke YKa3bIBa€TCA: UM (I)YHKHI/II/I, mun pes3yiovmama, KOTOprﬁ
OHa BO3Bpallla€T, CKOJIbKO apzymennios u Kakoro Tuila eit HYJKHO TI€pe/laThb.

Dopmat mpocTeitero 3azon06xka (npomomuna) GyHKITI:
Tun mMa ([ cnucok _napametpos 1);

B kBagpaTHBIX CKOOKAX 3aIMCaHO TO, YTO MOKET ObITh onyiieHo. Hanpumep, 3aroioBok
dbyHKIMM main 06bIYHO UMeeT B/ int main() ;. DTO 03HAYAET, YTO HUKAKKX apaMeTPOB
aTol (PyHKIIMM N3BHE He TIepe/laeTcsl, a BO3BpallaeT OHa OIHO 3HavYeHue tumna int (kox
3aBepiieans). OyHKIMS MOXKET He BO3BpallaTh HUKAKOTO 3HAUYEHUS, B 9TOM CJydae
JoJKeH ObITh 3aaH i void. Bot, K puMepy, 3aroJIoBOK CTaHAAPTHOI OMOINOTEUHOI
(byHKIIMM, BEIYNCASIONIEN CHHYC yTJIa:

double sin( double );

31ech 3al1CcaHo, YTO (DYHKIIMSA 110 MMEHHU S1n BBIYUCIISAET 3HaueHue cunyca Tuma double,
U HY>KHO Ilepe/iaThb eil apryMmeHT Tuia double. A BOT 3arosioBok (hyHKIIUU memcpy, KO-
pyforneit 610K TTaMsITH JJTHON N 6aiiToB, HAUMHAS € ajipeca Src, o ajpecy dest:

void *memcpy( void *dest, const void *src, size t n );

ITa QYHKIMS BO3BpaIaeT yKa3aTelb HEOMPEIETICHHOTO TUIA Ha HAaYauo 00IacTy Ta-
MSTH, B KOTOPYIO BBIIIOJIHAIOCH KOMpoBanue. Kakoil KIMEHHO CMBICI UMeeT KaK/Iblil
13 napameTpoB GyHKINHY, OIIMCbIBAETCA B IOKyMeHTalnu Ha pynknuio. VMimena napame-
TPOB IIpU 3aIIMCHU IPOTOTUIA (DYHKIIMKM UMEIOT YUCTO JeKOpaTUBHOE 3HAYEHUE, TO eCTh
OHU MOTYT MOHAJI00UTHCST HaM, a He KOMITHJIATOPY, TIO9TOMY MX MOYKHO OTTYCKATh:

void *memcpy( void *, const void *, size t );
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Herpamorro HanucanHas GyHKIMS HAPSLY € aPIyMEHTaMU UCTIOJIb3YeT W TJI00aIbHbIE
nepeMeHHbIe, KOTOPbIe, KaK BaM M3BECTHO, IOCTYIHBI U3 J060r0 610Ka TekyIero daii-
aal. [TockobKy 9TO HUKAK He OTpa’kaeTcsl Ha 3aroJIOBKe, JJIsI HUCIIOJIb30BAHUST TAKOW
dyHKIME Tpedyercs uccaeoBarh ee Teket. [IpecraBbre, uTo, MPEK/e YeM MO3BOHUTh
no tesedoHy, BaM HY;KHO ObLIO GbI PACCMOTPETH BCE €r0 BHYTPEHHOCTH, YTOOBI ybe-
JIUTBCS, YTO KPACHDBIN TIPOBOJI He UJeT K B3pbIBHOMY ycrpoiictBy! Haneemcs, 4to atot
YCTpaIAoIUil pruMep cpasdy yoeauT Bac He MCIOAb30BaTh B (DYHKIUAX [JI0OATbHbBIE
nepeMeHHbIe.

BHMMAHUE

BCG7 4TO IepeaaeTca B (byHK]_[I/IIO u O6paTHOy JNOJIZKHO OTpakaTbCA B €€ 3aroJiOBKe. ITO
TpC6OBaHI/IC HE€ CMHTAKCHCa, a XOPOUIETO CTUJIA.

3aroJioBOK 3amaeT obsssienue GyHKIMU. B mporpaMme MOKET COAEPKATHCS MPOU3-
BOJIbHOE KOJIMYECTBO 00656/1eHUL OTHON 1 TOH jke (DYHKIINU U TOJIBKO OTHO onpedeienue
(B 9TOM (DYHKIIUHU HE OTJIMYAIOTCS OT APYTHX MPOTPaAaMMHBIX 00beKTOB). Onpedenenue
(byHKITMHT, KpOME 3aTOJIOBKA, BKJIOYAET €€ meJlo, TO €CTh T€ OTePaToOpbhl, KOTOPHIE BHI-
TTOJTHSIOTCS TIPU BBI30BE (DYHKIIAM:

int sum( int a, int b ) { // (yHKUNA HAXOAWT CyMMY [BYX 3HAYeHWH
return a + b; // Teno QyHkunn
}

Teno GyHKIMY IpeacTaBisger coboil 610k, 3aKI0UeHHbIN B (urypHbie ckoOku. st 603-
8pama pesynrvmama, BEIYUCIECHHOTO B QYHKIINH, CJIYKUT onepaTop return. Ilocse Hero
YKa3bIBaeTCs BBIPAKEHNUE, PE3YIIBTAT BEIYNCIEHUS KOTOPOTO MEPEAAETCS B TOUKY BI30BA
dyukim. Pesyasrat npu Heo6X0IMMOCTH MpeodpasyeTcst Mo 0OINM TPaBUIaM K THITY,
YKa3aHHOMY B 3arosioBKe. DYHKITIS MOKET UMETh HECKOJIBKO OITePATOPOB BO3BPATa, 3TO
OTIPE/IEJISIETCST AITOPUTMOM.

[l evi306a pynkyuu Hamo ykasaTh ee ums (Bce KakK B KU3HM, HapuMep, «Vxtnanap!»
i «Jleomoaba!» ), a Takke TepefaTh et Habop apeymenmos B COOTBETCTBUN C YKa3aH-
HBIM B ee 3arosoBke. COOTBETCTBYE JOJIKHO COOMONATHCS CTPOTO, U ATO €CTECTBEHHO:
BeJlb €CJTU B 3aTOJIOBKE (DYHKIMN YKa3aHO, CKOJIbKO BEJTMINH U KAKOTO TUTIA eff TpebyeT-
CsI IUIST YCTIETTHO paboThI, 3HAYNT, UX HAMIO el epeiaTh.

Bb13oB dhyHKIMM, nMerotiel THTT void, 3aITMChIBAETCS OTICIBHBIM OMEePaTopoM, a (hyHK-
MY, BO3BPAIAIOIIE 3HAYEHIE OTPENENTEHHOTO TUTA, MOKET OBITh 3aMuca B JI0O0M
MecTe, T/Ie IO CHHTAKCUCY JIOMYCTUMO BBIPasKeHUE, HATIPUMED:

double y. x1 = 0.34, x2 = 2;

y =sin(C x1 ); // BbI30B B MPaBOW Y4aCTW OnepaTopa NpuUCBauBaHMs
cout <<y << ' ' << sin( x2 ) << endl; // BbI30B B LEMOYKE BbIBOA
y=sin( x1 +0.5) -sin( xI - 0.5); // BbI30BbI B COCTABE BbIPAKEHNA

char *cite = "Never say never";
char b[1007;
memcpy( b, cite, strlen( cite ) + 1 ); // BbI30B B OTHENILHOM OnepaTope

! K])OMG 6.HOKOB, B KOTOPBIX O CAHBI JIOKAJIbHbIE TIEPEMEHHBIC C TAKUMU K€ UMEHaMU.
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int a = 2;
int summa = sum( a. 4 ); // BbI3OB B BbIPAKEHWMM MHULMANM3ALUN

BHUMAHUE

B onpedenenuu, 6 06ps61eHUU U NPU BbI306€ PYHKUUU MUNBL U NOPSOOK CLe008AHUS NAPAME-
mpos doaicivl cosnadams. JlJist UMEH TapaMeTpoB COOTBETCTBHS He TPeOyeTcsI.

3apaua 7.1. Nepepaya B pyHKLMIO NapaMeTpPoOB
CTaHAAPTHbLIX TUMOB

Hanucamo npozpammy évieoda mabauypt snavenuit pynxyuu Ch x (zunepboiuueckuil Ko-
cunyc) 01t apzymMenma, USMEHSIOUE20Cs. 8 3A0AHHBIX NPEOeNaxX ¢ 3a0anHbIM wWazom. 3na-
ueHUst PYHKUUU GOIMUCTMD C NOMOUbIO PA3N0Ncenus 6 psid Tetinopa ¢ mounocmuio €.

Ha BTOpoM ceMIHApe MBI y3Ke paccMaTpuBaIu ogo0HbIe 3a1a4un (cM. 3agaun 2.4 u 2.5),
MOATOMY TIPUHITUIT BHIYMCIEHHUST CYMMBbI Psi/la BAM 3HAKOM. AJITOPUTM PabOThI TIPOTpaM-
MBI TaKKe TPUBO/IUJICS PAaHee: I KaXK/I0TO U3 CEPUU 3HAYEHUI aPTyMEHTA BEIYUCIISACTCS
1 3aTEM BBIBOJIUTCS HAa 9KpaH 3HaueHue GyHKImn. OUeBUIHO, 4TO MOJCYET CYMMBI PS/ia
JUUIS1 OZIHOTO 3HAYEHMS apIyMEHTa JIOTUYHO O(DOPMUTH B BUJIE OTAEIbHOM (DYHKITUH.

BHUMAHUE

PaspaboTka 110601 (QyHKIME BEAETCA B TOM JKe TOPSIIKE, 9TO U pa3paboTKa MpOrpaMMbl
B 1tesiom. CHavasa onpesiessiercst uuTepdeiic GyHKIMT, TO eCTh KaKue 3HAYeHUS TTOAAI0TCS
eii Ha BXOJI U YTO JIOJIKHO MOJIYYUTHCSL B PE3YJIBTaTe. 3aT€M MIPOLYMbIBAIOTCS CTPYKTYPbI
JIAHHBIX, B KOTOPBIX OY/[YT XPAHUTHCST OTH 1 IPOMEKY TOUHBIE BHAYCHUST; 3aTEM COCTABJISIETCS
AJITOPUTM, TIPOTPAMMA 1 TECTOBBIE TTPUMEPDL.

Harrreit pyukimm moacuera cyMmMbl psijia TpeGyeTest OTyYUTh U3BHE 3HAUYEHUE apryMeH-
Ta U TOYHOCTD. IlycTh aTH BesmumHbl, a Takke pe3yasraT umeior tuil double. Ciremosa-
TeJIbHO, 3ar0JI0BOK (DYHKIIMHM MOSKET BBITJISAETH TaK:

double cosh( double x, double eps );

Jlist BBIYKCIeHUsT CyMMBI psa (cM. 3aga4y 2.5) HeoOXOMMMbI TPOMEKYTOUYHBIE TTEpe-
MEHHbIE /I XPaHeHUs 04epelHOro yieHa psajia U ero Homepa. OHU OIUCHIBAIOTCS BHY-
TpU PYHKIINH, TOCKOJIBKY BHE ee OHU He HYKHBI (JIncTUHT 7.1).

Jlnctunr 7.1. MNepepada B GyHKUMIO NApaMeTPOB CTaHAAPTHLIX TUNOB

#include <cstdio>
#include <cmath>
using namespace std;
double cosh( double x, double eps ); // npotoTun GyHKunn
int main() {
double Xn, Xk, dX, eps;
printf( "Enter Xn, Xk, dX, eps \n" );
scanf( "Z1FE1EX1 21" &Xn, &Xk, &dX, &eps );
printf( "| X | Y [\n" );
npooosicenue
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Jluctunr 7.1 (npogosixeHne)

for ( double x = Xn; x <= Xk; x +=dX )
printf( "|%9.211 | %14 .69 [\n". x, cosh( x, eps ) );

}
doubTe cosh( double x, double eps ) {

const int MaxIter = 500; // MaKCuMManbHOE KOMWYECTBO WUTepauui
double ch =1, y = ch; // NEpPBbIA Y4NEH pAfa U Hay. 3HAYEHWEe CyMMbl
for ( int n = 0; fabs(ch) > eps; n++ ) {
ch*=x*x/ ((2*n+1)*(2*n+2)); // uneH papa
y += ch: // noGaBfieHue 4neHa paga K Cymme

if ( n > MaxIter ) { puts( "Pan pacxoamtca!\n" ); return 0; }

}

return y;

}

[Tpu ucnosb3oBanust (GYHKIMKM TIPOrPaMMa MOJyYnIach 6ojiee ICHOM 1 KOMITaKTHOT,
Tak Kak 3a/[a4a Oblia pas/iesieHa Ha JBe: Blancaenne pyHKIuu u edathb Tabauiibt. Kpo-
Me TOro, (PYHKIIMIO MOKHO MIEPEHECTH B JPYTYIO MPOrPAMMY WJIM TIOMECTHUTh B 6H6M0-
TEKY.

Eciu onipeniesiervie GyHKINY pa3MeIaeTcs TIOCIE ee BbI30Ba, TO nepe PYHKIINE, B KO-
TOPOI1 OH BBITIOJIHSIETCSI, PA3MEIAIOT POTOTHII (3ar0J0BOK). OOBIYHO 3ar0JIOBKU BCEX
(byukiuit pazmeniaor B caMoM Havase aiiia UM B OTAEIbHOM 3aroJIoBouHOM (aiisel.
3aroJI0BOK HYJKEH JIJIst TOTO, YTOOBI KOMITUIISITOP MOT ITPOBEPUTD MPABUILHOCTH BHI30BA
dbynkuu. CrangapTHble 3aroJ0BOYHbIE (GAiIbl, KOTOPbIe MBI MOKII0YaEM K ITPOTPaM-
MaM, CojiepsKaT MPOTOTHITBI (DYHKIINET GHOINOTEKN HMEHHO € 9TOI T1EIBIO.

ITpu Hamvcanuy Haleil GYHKIMU BO3HUKAET TPobJeMa, Kak CUTHATM3UPOBaTh O TOM,
4TO psAN pacxoautcs. JlaBaiiTe oTBiIedeMcst OT KOHKPETHOU (PYHKIIMHT ¥ PACCMOTPUM CY-
IIECTBYIOIIUE CIIOCOOBI PEIIeHUsT TPOBIEMBI NOAYUCHUSL U3 NOONPOZDAMMbBL NPUSHAKA ee
asapuiinoezo sagepuienus. Kaxmaplii 13 HIX ©MeeT CBOU TITIOCH 1 MIUTHYCHI.

Bo-11epBbIX, MOKHO TIOCTYIIUTD Tak, KaK CleJaHo B JucTuHre 7.1: evigecmu coobuenue,
chopMupoBarh Kakoe-iu60 sHaueHue GyHKImu (darie Becero 310 0) u BbIiiTH U3 (QyHK-
. HemocraTok atoro crocoba — mevyarh cooOIeHUsT BHYTPH (DYHKIHI, DTO HEKe-
JIATEJIbHO, a TIOPOi (HarmpuMep, Koraa (GyHKIUSI BXOAUT B COCTaB OGUOJHUOTEKN) U BOBCE
HEIOIYCTUMO.

Bouee rpamoTHOEe perierrie — cchopMupoBath B (GyHKIINU U TI€PeaTh HAPYIKY NPUSHAK
ycnewnoezo 3asepuienst 1ojicieTa CyMMbl, KOTOPBIH /TOJIKeH aHaJu3upoBaThCsl B BbI-
3bIBAIOIIEi TIporpaMMe. Takoii TOAX0/ YacTO MPUMEHSIETCS B CTAHAAPTHBIX (DYHKITHSX.
B kauecTBe MpHU3HaKa MCTIOIB3YETCS MO0 BO3BPAIAEMOe 3HAYEHHE, KOTOPOE He BXOIUT
B MHOKECTBO JIONTYCTUMBIX (HalpuMep, OTpUIlaTebHOE YHCJIO TTPU TTOUCKe HOMepa aJie-
MEeHTa B MACCHUBE UJIN HOJIb JIJIST YKA3aTe s ), THOO OTAENBHBIN MapaMeTp OMMOKI.

O6bryHO mapamMeTp OMMOKU — JTO TEJI0e, HEeHYJIEBbIe 3HAYEHHsT KOTOPOTO CUTHAIM3H-
PYIOT 0 pa3indHbIX ommbkax B hyHkiuu. Ecau omubka MoxkeT IPOU30NTH BCETO O/IHA,
rnapaMeTpy MOXKHO HazHayuTh Tuil bool. IlapameTp nepenaercsi B BbI3bIBAIOILYIO TPO-
rpamMMy ¥ TaM aHajausupyercs. J[us Hamedi 3agaun mogo6HOe pelieHre BBITJISIAT TaK:

! B 3azmaue 7.7 MbI paccKakeM 0 TOM, Kak 0(hOPMIISITh 3aT0JIOBOYHbIE (DALIbI.
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double cosh( double x, double eps, int &err );
int main() {
double Xn, Xk, dX, eps, y;
int err;
. // 3[1ecb BBOA MAHHLIX W BbIBOA WAMKW TabANLbI
for ( double x = Xn; x <= Xk: x +=dX ) {
y = cosh( x, eps, err ):

double cosh( double x, double eps, int &err ) {
err = 0;

if ( n>MaxIter ) { err = 1; return 0; }

}

return y;

}

HemoctatkoM aTOTO METO/IA SIBJISIETCS YBEJMUEHUE KOJUUECTBA T1apaMeTpoB hYHKIINH.
Jla u mporpaMMa, UCTIOb3ytoIast (PYHKIIUIO, TOKe HECKOJIBKO yeaokHMIach! ObpaTute
BHUMaHUE Ha 3HAK & TIEPE/L TAPAMETPOM err. ITo NPU3HAK [epeiaun apaMeTpa Mo CChlJI-
Ke, UTO TT03BOJISIET TIePeIaBaTh 3HAYCHNS 3 (DYHKITIH B BBI3BIBAIOIIYIO TPOTPAMMY.

Ceiiuac camoe BpeMsi PaCCMOTPETh MeXanusm nepedauu napamempos ¢ Qyuxuyuro. OH
BecbMa 1IpocT. Korza Mbl miieM B criicke mapaMeTpoB (OyHKINY BeIpaskeHne Buzia double
X, 9TO 3HAYUT, UTO B (DYHKIIHIO TIPH €€ BBI30BE JIOJIKHO OBITD IIepPelaHO 3HAUYCHUE COOTBET-
CTBYIOTIEro aprymenTa. JIJist 5TOro B cTeKe CO3/[aeTCs ero KOTst, ¢ KOTOPOii n paboraer
bynkmms. EcrecTBeHHO, 4TO H3MEHEHUE KOMTUN HE MOXKET OKa3aTh HIKAKOTO BJAUSHUS Ha
AYEHKY MMaMATH, B KOTOPOH XpaHUTCA caM TmapameTp. KctaTu, IMEHHO TI09TOMY Ha MecTe
TAKOr'o IIapaMeTpa MOKHO IIPU BbI30BE 33/1aBaTh U BbIPaKCHUE:

y =cosh( x + 0.2, eps / 100, err );

Bpra)KeHI/Ie BbIUMCJISIETCS, 1 €TI0 PE3YyJIbTaT 3allMCbIBA€TCA B CTEK Ha MECTO, BbIZIEJICHHOE
UL COOTBETCTBYIOMIETO ITapaMeTpa.

Ccovlika, CUHTAKCUYECKU SBJISISICh CHHOHMMOM MMEHH HEKOTOPOro OOBEeKTa, B TO K€
BPEMsI COAEPKUT ero aapec. [10aToMy CChLIKY, B OTJIHYME OT yKaszarels, He Tpebyercst
pasaApecoBbIBATH JJIS MOJYUYeHI 3HaueHust oObekTa. Ecin Mbl 1iepesaeM B (byHKIIUIO
CCBLJIKY, TO €CTh TIUIIIEM B CITCKE ITapaMeTPOB BbipaxkeHue Buja double &eps, a nmpu BbI-
30Be TO/ICTABJISIEM HA €r0 MECTO apTyMeHT, HarpuMep, eps_fact, Mbl TeM camMbIM Tiepe-
naeM B QYHKIMIO afipec mepeMeHHoit eps_fact. IToT aapec o6pabaThiBaeTcs Tak ke, Kak
U OCTaJIbHbIE TTapaMeTpPhl: B cTeke coszjgaercs ero konusa. OyHKIus, paboTast ¢ Koruei
ajipeca, MMeeT JIOCTYI K sYelike MaMsITH, B KOTOPON XpaHUTCS 3HAYEHUe MepeMeHHOU
eps_fact, u, TeM caMbIM, MOJKET €r0 U3MEeHNUTh. BoT 1 Bee!

MozxHo Tiepesiath B (hyHKIIUIO W YKa3aTelb, B 9TOM CJIydae TPUAETCS MPUMEHSITh oTiepa-
[IUY Pasajpecaliui 1 B3sTUST ajipeca IBHBIM o6pasoM. J{Jist Hatell QyHKIMY mpuMeHe-
HUE yKaszaTeJist sl lepelaull TPEThero mapaMerpa OyaeT BhITJISAETh Tak:

double cosh( double x, double eps, int *err ); // npotoTun GyHKunn

npooosicenue
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y = cosh(x, eps, &err); // BbI3OB (yHKUMM. & - B3ATUE ajpeca

*err = 0; // obpalleHne K err BHYTPU GyHKUMM. * - pasagpecauus

Kax Bugure, B mporoTuiie (1, KOHEYHO, B OMpe/ieeHrN (GYHKINN) SIBHBIM 06Pa3oM yKa-
3BIBAETCSI, YTO TPETHUM TTapaMETPOM OyIeT yKazaresib Ha 1esoe. [pu BbI3oBe Ha ero Me-
CTO TiepeiaeTcs ajipec mepeMennoii err. Uto6bl BHYTPH (GYHKIIMH U3MEHUTH 3HAYCHIE
9TOM IIepeMEeHHO, TPUMEHSIETCS ollepallys IIOJIyYeHUs 3HAUCHUS 110 a/lpecy.

Wtak, Mbl BUIUM, YTO 0/ 6X00HbIX dannbly HYHKIIMN UCIOIb3YeTCsT Mepeiava mapaMe-
TPOB 10 3HAYEHWUIO, /s nepedaull pesyivmamog ee paboTsl — BO3BpalllaeMoe 3HAYCHHE
n (Man) mepe/ada mapaMeTpoB 10 CChITKe MM ykasateso. Ha camom niesie y mepepaum
110 3HAYEHUIO €CTh HEJJOCTATOK: /IS pa3MEIEHUsI B CTEKe KOIMU JaHHBIX OOJIBIIOTO pas3-
Mepa (HarpuMep, CTPYKTYP, COCTOSNINX U3 MHOTUX TIOJIel) TPATUTCS M BPeMsT HA KO-
nupoBaHue, U Mecto. KpoMe Toro, cTek MOKeT IPOoCTOo repenogHuTbes. [Toatomy Gosee
6ezonacblii, 3 GEKTUBHBIA U IPaMOTHBIN ClIOCOO — IIepeaBaTh BXOAHbIE JAHHbIE 110
CCBLIKE, /12 HE 110 TIPOCTOM, a 110 KOHCTAHTHOM, 4TOOBI UCKIIOUUTH BO3MOKHOCTD HEIIPe/]-
HaMEePEeHHOTrO U3MEeHeHHs TapaMeTpa B yHKImu. JIJIs Hatero npuMepa nepedaud 6xo0-
HBIX OQHHDIX 10 KOHCTANMHOU CCOLIKE BBITIIAINAT TaK:

doubTe cosh( const double &x, const double &eps, int &err ); // npoTOTMN (QyHKUMK

y = cosh( x, eps, err ); // BbIZOB (yHKLMM
// cnocob o0paweHns K X N eps BHYTPW QyHKUMM He N3MeHAeTCH

Ykaszanue repea rnmapaMeTpoM KJI04€BOro CJjaoBa const IIpy 1epeave 1o 3Ha4eHn1o Ipu-
MeHAETCA TOJIbKO JIdA TOrO, 4YTOOBI YETKO YKa3aTb, KaKnue M3 I1apaMETPpOB ABJAIOTCS
BXo/HbIMU. B CJiy4dae 1epeJavu 110 CCbIJIKE 9TO, KpOME TOTO, Ja€T BO3MOKHOCTD II€pe/ia-
BaTb Ha MECTO 9TOTO IapaMeTpa KOHCTaHTY. HOCKOJII)Ky BOIIPOC O Itepegave rnapaMeTpoB
O4Y€Hb BayKE€H, HE ITOJIEHUMCS IIOBTOPUTH U3JIOJKEHHOE €IIIE Pa3.

BHUMAHUE

Bxoouwvie Oannvie nepeparoT B (byHKL[I/IIO 110 3HAYEHUTO UJIN 110 KOHCTAaHTHOMN CCbLIIKE, pe3yib-
mamol pa6OTI)I — 4epe3 BO3BpalllaeMo€e 3Ha4Y€HUe, a IIpu HeO6XOZ[I/IMOCTI/I rnepejgadyn 6osee
Ol[HOI'/JI BEJIMYUHBI — YEPE3 MMapaMeTPDI IO CChIJIKE NJIN yKa3aTeJIto.

BepheMcs K 06cysKiaeHI0 croco6oB coobiieHnst 06 omubkax BHyTpu GyHKImu. Erte
OJIMH c110c0b — nepedasamv napamemp owubdKu uepes sozepaujaemoe snauenue. Harpu-
Mep, QYHKIUS cTaHaapTHON Oubnnorexku int fputc(int ch, FILE *f) samuchiBaeT cum-
Bou ch B norok f. Ilpu omubke oHa BosBpaiaer 3Hauenue EQF, MHAUYe — 3alMCaHHbBII
cumBOJL. TIpn HEOOXOAMMOCTH NepesaTh B TOYKY BbI30Ba Kakue-JInbo Apyrue pe3yabra-
ThI pabOTHI (DYHKIMK MX TIEPEIAIOT YE€PE3 CITMCOK MapaMeTPOB.

Yacro B hyHKINAX OMOIHOTEKHN B CIyYae BOSHUKHOBEHMUS ONMTHOKN TPUMEHSIETCsT 1 60-
Jiee IPOCTOe PelieHne: PH OMUOKe BO3BPAIAeTCst 3HaYeHne, pasHoe 0, XOTs1 HOJIb MO-
JKET BXOIMTH B MHOKECTBO JIOIYCTHMbIX 3HAYe€HUI pesysbrara. B aToMm ciydae y Hac
HET CPe/ACTB OTINYNUTDH OH_H/I60‘{HO€ 3HaY€HMnEe OT MMPaBUJIBHOTO. HaHpI/IMep, TaKUM 06‘
Pa3oM peasn30BaHbl M3BeCTHBIE BaM (DyHKIWH atoi, atol u atof. IIpu HEBO3MOKHOCTH
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HpeO6paBOBaTb CTPOKY B UMCJIO COOTBETCTBYIOMIETO THUITa OHU BO3BPallalOT HOJIb, U TO K€
caMoe€ 3HaueHume 6y/:[eT BbI/IaHO B CJIy4dae, €CJI B CTPOKE CO/IEePKaJICA CUMBOJI 0.

Bo BTOpOI>,I YaCT HNPaKTUKyMa MbI PAaCCMOTPHUM €ll€ OJMH MEXaHN3M YB€JIOMJICHUS
0 BO3HUKHOBEHUU OUIMOKHY — ZeHepauuto UCKII0UEeHUA, a ceitgac IIo/IBe1eM NTOTI'U.

ITpu nanucanuu GyHKUUL HYICHO NPEOYCMOMPEMD BCe BOIMONCHBLE OUUOKU U 0DeCneuums
nonvzoeamens Gynxuyuu cpeocmeamu ux ouaznocmuxu. Iewamov ouaznocmuueckux coo6-
weHutl 6Hympu QYHKYUU HeNHcelamenvia.

Temepnb maBaiiTe HEMHOKKO YIPOCTUM cebe JKU3HB, BOCTIOMB30BABIINCH cpencTBoM C++,
HA3BIBAEMBIM 3HAUCHUSIMU NAPAMEMPO8 NO YMOIuanui0. MOKET 0Ka3aThCs HeyTOOHBIM
KK/l pa3 TpU BBI30Be (DYHKIMU COSh 3aaBaTh TPeOYEMYI TOUHOCTH BBHIYUCJICHUS
CyMMBI psijia. KoHeuHo, MOJKHO OTIPEIeJIUTh TOYHOCTD B BUJIE KOHCTAHTHI BHYTPH (PYHK-
11N, 3a/laB MaKCUMaJIbHOE JIOIIyCTUMOe 3HaueHue, HO MHOIA 9TO MOYKET OKa3aTbCs U3-
JINIIHYUM, II09TOMY JKeJlaTesIbHO COXPAHUTh BO3MOXKHOCTD 33/laH1sl TOYHOCTU Yepes I1a-
pametpsl. [yt 9T0T0 MO0 B OTMpeeneHnn (eI OHO HAXOAUTCS BBITIIE TI0 TEKCTY, YeM
JE000i1 BBI30B (DYHKI[HH), THOO B IPOTOTHUIIE (DYHKI[UH [OCJIE HUMEHH [apaMeTpa yKasbl-
BaeTCs ero 3HadeHue 110 yMOJIYaHuIO, HallpuMep:

double cosh( double x, double eps = DBL_EPSILON );

Koncranrta DBL_EPSILON onpenesniena B daiise <cfloat>. Ee 3HaueHne paBHO MUHUMAJTb-
HOMY YHCITy, KOTOpOe, Gy/Iyuu pUOGABICHO K €IINHUIIE, TACT HE PABHBII €IMHUTIE PE3YJTh-
taT. Terepp HaNTY (QYHKIIMIO MOSKHO BBI3BIBATH C OJHIM TTAPAMETPOM:

y = cosh(x):

CDyHKLII/IH MOKET UMETHb HECKOJIbKO ITapaMeTPOB CO 3HAYECHUAMM I10 YMOJIYaHUIO. Onu
AOJIKHBI HaXOJIUTHCA B KOHIIE CITMCKA ITapaMeTPOB.

JlaBaiiTe mmocMOTpUM Ha HAIy IIPOTPAMMY C JIPYTOil CTOPOHBI (C PACCMOTPEHHBIX OHA
HaM ysKe TIOps/IKoM Hanoesa). Mbl odopMuiin B Buzie (DYyHKITMU BBIYMCTICHUE CyMMBbI
psijia, OJIHAKO ¥ 3a/la4a BBIBOJIA TaOJMUIIbI 3HAYEHUH (DYHKIMU cama 1o cebe TUITMYHA.
[ToaTomy storuuno 0hOPMUTH U ee pellieHne B BUjie (DYyHKIUU.

3apaua 7.1-a. NMNepepaya B yHKUNIO UMEHU PYHKLUN

Ogopmumn 6 6ude QyHKyUL 861600 HA IKPAH MADIULHL SHAUCHUL NPOU3BOLLHOU QYHKUULU,
npUMeHUMb Paspabomaniyio QYKo Kk npedvioyueti npozpamme.

HasoBeM (pyHKINIO BbIBOIAa TAOMUIIBI 3HAUeHUH print_tabl. TIpexae Bcero onpeneanm
ee unTepdeiic. UtoObI BBIBECTH TaOJUILY, Halllel QYHKIIMN TOTPEOYeTCst 3HATh [HATTA30H
U 1ar U3MEHEHVsI 3HAYEHWIT apryMeHTa, a TaKsKe KaKyto, COOCTBEHHO, (DYHKITIIO MBI CO-
Gupaemcst BBIYUCIATE, KpoMe TOro, TIOCKOJIbKY B (DYHKIIHIO BBIYUCJIECHUSI CYMMBI Psijia
HAJIO TIepeIaBaTh TOYHOCTD, €€ CIelyeT BKIIOUNTD B CIIMCOK TTapaMeTPOB BBI3BIBAIOIIEH
bynxmm print_tabl. Hukakoro snauenus ata GyHKIUSA He Bo3Bpaiiaet (Mepes ee nMe-
HeM HaJl0 yKa3aThb void).

Nwmst hyHkmu niepegaercst B (YHKIUIO TOYHO TaK JKe, Kak JiroOast pyrast BEJIMUMHA:

B CITMCKe ITapaMeTpoB Iepejl MMeHeM IapaMeTpa yKasblBaeTcs ero TUIl. /[0 3Toro MoMeHTa
MBI [TepeIaBaIi B (GYHKIIIO BEJMUMHDBI CTAHAPTHBIX TUIIOB, a TEMEPh HaM MOTPeGYyeTC st
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OTIpee/INTh cobcTBennblil. Tun d)ymcuuu OTIpeNeJIACTCA TUITaMU €€ BO3BPalllaeéMOTO 3Ha~
YEHUA U ITapaMeTPOB. [[.715{ Harei (byHKL[I/II/I 9TO BBITVIAJHNT TaK:

double ( *fun )( double, double );

311ech ONUCHIBAETCS yKa3aTesIb 10 UMeHH Tun Ha GYHKITUIO, TOJTYYaIoNTyTo /1B apryMeHTa
tumna double ¥ BO3BpamaoNyto 3HaUeHNe TOTO Ke ThTA (0T MapaMeTpoB M0 YMOJTYAHNIO
HaM, K COKaJIEHUIO, TIPUIETCS OTKa3aThesA ). YacTo, ecu omucanme TUIa CJI0KHOE, C Tie-
JIbIO YJIy4dII€eHUA ‘{I/ITa6e]IbHOCTI/I TIpOTrpaMMBbI JIA HETroO 3a/1al0T CUHOHUM C ITOMOIIBIO
KJIT0UeBOTro cjoBa typedef:

typedef double ( *Pfun )( double, double );

B aTtom orepaTope 3a/a€TCsA TUIL Pfun, KOTOprfI MOJKHO HCITOJIb30BaTb HapA/Ay CO CTaH-
JapTHBIMU THUIIaMU TIPpA OIIMCAHUU ITEPEMEHHDIX. Takum o6pa30M, 3aroJIOBOK (byHKI_[I/II/I
neyaTu Ta6]II/IL[bI JAOJIKEH UMEThb ITPUMEPHO TaKoi BUJIL:

void print_tab1( Pfun fun. double Xn, double Xk, double dX. double eps ):

3anuiieM Tenepb TEKCT MPOrpaMMbl (JIUCTUHT 7.2), /171 9KOHOMHUU MeCTa CBeJisl K MU-
HUMYMY JMarHOCTUKY OIMUOOK: IPY MPEBBIIEHUHN JIOIYCTUMOTO KOJIMIECTBA UTEPATIHil
(bynxius 3aBepiaercs, Bo3spaias 0, a BEI3bIBAIONIAS TTPOTPAMMA BBIBOIUT 3TO 3HAUE-
Hue. DyHKIwWs print_tabl MoKeT BBIBOAUTH TAaOJIMILy 3HAUECHNH 000N (DYHKIIUH, TIPH-
HUMAaOIIeH /1Ba apryMeHTa tura double u Bo3Bparaolieil 3HaueHue Toro e THTIA.

JlucTuHr 7.2. Nepepnaya B PyHKUNIO UMEHN PYHKLN

#include <cstdio>
#include <cmath>
using namespace std;
typedef double (*Pfun)( const double, const double );
void  print_tab1( Pfun fun, const double Xn, const double Xk,
const double dX, const double eps);
double cosh( const double x, const double eps );
int main() {
double Xn, Xk, dX, eps;
printf( "Enter Xn, Xk, dX, eps \n" );
scanf( "Z1f51fZ1f21F" ,&Xn, &Xk, &dX, &eps );
print_tab1( cosh, Xn, Xk, dX, eps );
}
void print_tabl( Pfun fun, const double Xn, const double Xk,
const double dX, const double eps ) {

printf( " --- \n" );
printf( "| X | Y [\n" )
printf( " --- \n" );

for ( double x = Xn; x <= Xk; x += dX )
printf( "|%9.21f |%14.69 [\n", x, fun(C x, eps ) );
printf( " --- \n" );

doubTle cosh( const double x, const double eps ) {
// ... 30eCb BbYUCNIEHNE CyMMbl pAda
}
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Kax Buure, Hapsiry ¢ 60JbIieit 06IIHOCTBIO MbI JIOGUINCD JIYUTIIEro CTPYKTYPUPOBAHMS
MPOTrpaMMBI, Pa3bUB ee Ha JIBE JIOTMYECKU He CBSI3aHHbIE MO/[33/[a41: BhIYUCICHIE (DyHK-
IIMU U BBIBOJ] TAGJIHIBI.

3apauya 7.2. Nepepavya maccuBoB B QYHKLUIO

ﬂdel dea maccusa u3 n Uejblx uucen KaxcOwLiL. Onpe&eﬂumb, 6 KaKom u3 Hux bosvuie no-
JOAHCUMETIOHBIX NEMEHTNOE.

OueBuHO, YTO JIJIsI PEIEHUs 3TO 3a1auu TPeOYETCs MOACIYUTATh OJHY U TY K€ BEJIH-
yuHy B JIByX MaccuBax. CjieloBaTesibHO, 9T JIeHCTBUS HA/IO TIOMECTUTD B DyHKIUIO. Ee
BXO/THBIE TAHHBIE — MACCUB W KOJUYECTBO €TO AJIEMEHTOB, PE3YJIBTaT — KOJUYECTBO TO-
JIO)KUTEHHBIX 3JIEMEHTOB B MACCUBE:

int n_posit( const int *a, const int n );

Nmst MaccuBa — 9TO yKa3aTesh HA €r0 HYJIE€BOI 3JIEMEHT, T03TOMY B (DYHKITUIO MACCUBBI
nepeiaoTcst yepes ykazatesn!. KomuecTBo 3;1eMEHTOB MacCUBa TIEPEIAETCST OT/IETTbHBIM
MapaMeTpoM, TIOTOMY YTO, B OTJIMUUE OT CTPOK, UCITOJIb3YIONTUX TTPU3HAK KOHIIA CTPOKH,
JUISI MACCUBOB 001IIero B1/Ia IPU3HAKa KOHIIA He CYIeCTBYET. AHAJIOTHYHbIE 3a/1a41 Pac-
CMATPUBAJINCH HA CEMUHAPE 3, TO3TOMY Cpasy puUBeieM TporpaMmy (JUCTUHT 7.3)

Jlnctunr 7.3. MNepepada B GyHKUNIO OAHOMEPHbBIX MaCC1BOB

#include <iostream>
using namespace std;

int n_posit( const int *a, const int n ); // MpOTOTUN BYHKUMN
int main() {

int n;

cout << "BeeanTe KOMMYECTBO 3MEMEHTOB: "; cin >> n;

int *a = new int[nl;
int *b = new int[n];
cout << "BBeguTe 37eMEHTbl NepBOTrO MaCCKBaA:
for (int i =0; i <n; i+ ) cin >> a[i];
cout << "BeeanTe 3/seMEHThl BTOPOrO MAcCuBa:
for (int i =0; i <n; i+ ) cin >> b[i];
if ( n_posit( a, n) >nposit( b, n))
cout << " B mepBOM NONOKATENbHBIX Oonbwe\n”;
else if ( n_posit( a, n ) <n_posit( b, n) )
cout << " Bo BTOpPOM MONOKMTENbHbIX Oonbwe\n™;
else cout << " 0OpmHaxkoBoe KonnyecTso\n";

int n_posit( const int *a, const int n ) {
int count = 0;
for (int 1 =0; i <n; i++ ) if ( al[i] > 0 ) count++;
return count;

! 9710 3xe oTHOCUTCS M K UMeHaM (DYHKIIHI, epelaBaeMbIX B (hyHKIMH. Bee ocTanbHble BeTMUNHBI
MOTYT ObITh TIepeIaHbl [0 3HAYEHHIO,
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3,71er MECTO 110/l MAaCCHUBBI BBIJIEJISIETCSI B JIMHAMUYECKOMN obJacTu IHaMATH, OAHaKO
(byHKI_[I/IIO MO’KHO 0e3 U3MeHeHnui IIPUMEHATD 1 1JIA «0OBIYHOTO» MacCCHBa, ITIOTOMY 4TO
€T0 NMs TOXKE ABJIAECTCA YKa3aTeJIleM Ha Hy]IeBOfI 9JIEMEHT, TOJIbKO KOHCTAaHTHBIM.

Paccmorpum criocob ananusa pe3ynsratoB paboTsl ¢yHkimn. Kak Buanre, GyHKIMIO
MPUXOUTCS BBI3BIBATD JIJIsT KAJKIOTO MACCUBA IBAYK/IBI, UTO JIJIsT DOJBIITMX MACCHBOB, KO-
HEYHO, HepalmoHaIbHO. YTo6b 9TOr0 n36ekaTh, MOKHO 3aBECTU JIBE TIEPEMEHHbBIE JIJIS
XpaHeHsI Pe3yJIbTaToB 06paboTKH 060UX MaCCUBOB:

int n_posit a = n posit( a, n );

int n_posit b =n posit( b, n);

if ( n_posit a > n posit b ) cout << " B nepsom nonoxutenpHsix donbwe\n";
else if ( n_posit_a < n_posit b ) cout << " Bo BTOpOM MONOKUTENbHbIX OOMbLE\N";
else cout << " OpuHakosoe Konndectso\n";

Hazo 3aMeTuTh, 4TO COBPEMEHHbIE KOMIIMIATOPHI 00J1a1aI0T MIKPOKUME BO3MOKHOCTSI-
MU U CAaMK OITUMU3UPYIOT OAOOHbIE CUTYALMH, HO 9TO HE 03HAYAET, YTO IIPOTPAMMUCT
BOOOIIIE He JI0JKeH oOpaliaTh BHUMaHue Ha 9P (HEeKTHBHOCTD.

Mbl He 1TOJIyYHJIN BBIMTPBIIIA B JUIMHE TPOrPAMMBbI, UCIIOJIb30BaB (DYHKIIMIO, HO IPUYHMHA
JIAIIB TIPOcTOTa 3aMatust. O6BIYHO PEKOMEHIYETCsT, YUTOOBI pazMep (hYHKIMN HE MPEBbI-
Imas 7iBa sKpana. [masroe, 9To6b! Kaxk/aast (hyHKIHST Peliiaia TOJIbKO OHY 3a/1a4y.

Jleymepnvie maccuevl nepeaaoTes B GYHKIMKM aHATOTYHBIM 06PasoM, HalTpuMep:

int fun ( int **a, const int m, const int n ); // NpoTOTMN (QyHKUMK
int main() {
int m, n; cin > m >> n; // BBOM pa3MepHOCTeil MaccuBa
int **a = new int *[m]; // BbigeneHne namaTy
for (int i =0; i <m; i++ ) ali] = new int [n]; // BbigeneHne namaTy
. // 3nech BBOJ MAccHBa
int x = funC a, m, n); // BbI3OB (yHKUNAN

int fun( int **a, const int m, const int n ) {
// 30ech TEKCT QyHKUuM
}

3apaua 7.3. Nepepaya cTpok B PyHKLUUIO

Hanucamo npozpammy, onpedeisionyro, cKOIbKO Yuces Co0epHumcst 8 Kaxicoot cmpoxe
mexcmosozo paitaa. [lnuna xaxicooi cmpoku ne npesviuaem 100 cumeo.nos.

ATy 3ama4y MOKHO Pa3buTh Ha IBE: BBOJ MAHHBIX u3 (haiima u ux aHamua. JIst Kamaoit
CTPOKH TIPOBEPKa BBITONHACTCS OTAENbHO, TI09TOMY B Bufie QYHKIUH JOTUYHO Odop-
MUTb MOMCK U MOJCYET KOJINYECTBA 4YKce] B 0iHOI cTpoke. Ha Bxox dyHkunu Oynem
HOZIaBaTh CTPOKY, 2 Ha BBIXOZE MOTy4aTh KOJTMIECTBO YHCEJI B 9TOH CTPOKE.

Kowerr cTpoku OyzieM ONpenessiTh 10 HyJIb-CUMBOJIY BHYTpU (yHKIMU. [[Jis TPOCTOTHI
MPEIOIOKUM, YTO YUCJA MOTYT OBITH JIHOO 11eJIble, JTMOO0 BElleCTBEHHbIE ¢ (PUKCHPOBAH-
HOU TOYKOI U HEMyCTON APOOHON YacThio (JIUCTUHT 7.4).
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Jlnctunr 7.4. lNepepada cTpok B GYHKLUMIO

#include <fstream>
#include <iostream>
#include <cctype>
using namespace std;
int num_num( const char *str );
int main() {
ifstream fin( "test.txt" );
if ( !'fin ) { cout << "Het ¢aiina test.txt" << endl; return 1; }
const int Ten = 101;
char strilen];
int i=1;
while ( fin.getline( str, len ) ) {
cout << "B cTpoke " << i << " copepxuTca " << num_num(str) <<
i+t )

qyucen\n

int num_num( const char *str ) {
int count = 0;
while ( *str ) {
if (isdigit( *str ) && ! isdigit( *(str + 1) ) && *(str + 1) = "." )
count++;
str++; )
return count;

}

YBenuueHue cueTuynKa 4uces B (byHKI_[I/II/I num_num IIPOUCXOAUT KasK bl pa3, Korja 3a-
KaH4YnBaeTcAa 4Y1cJo, TO €CTb €CJIN I10CJIe HI/I(l)pr CTOUT He I_[I/I(l)pa 1 He TOYKa. HI/IK]I 3a-
KaHYMBa€TCA 110 JOCTUKEHNUN HYJIb-CUMBOJIA.

3apaua 7.4. MNepepaya CTPyKTyp B PYHKLMUIO

Hanucamo npozpammy donornenus 6unapnozo gaiiia, copmuposaniozo ¢ sadaue 6.3,
B600UMBIMU C KAABUATNYPHL CBEOCHUSLMU O COMPYOHUKAX.

ATy 3324y MOKHO Pa3bUTh HA JIBE YACTH: BBOJ CBEJIEHUI O COTPYIHUKAX B CTPYKTYPY
u ee nobaBJieHne B OMHAPHBIN (ailj, MosTOMY B Hallieil iporpamme OyaeT iBe QyHKIUN.
[TepBast Bo3Bpaiaer chopMUPOBAHHYIO CTPYKTYPY, HUYETro He MoJydasi u3BHe. Bropast
HOJIyYaeT CTPYKTYPY U uMst (aiijia u BO3BPAIAET PUSHAK YCIIENTHOCTU T00aBIEHUSI.

[l IIpOBEpKK IIPaBUILHOCTU 3aHECEHUsI JAHHBIX B OMHApPHBIA (Daill HaIUIIeM ele
o7tHy (PYHKIIMIO, KOTOpast GY/IET 10 BBEJIECHHOMY HOMEPY 3allMCH BBIBOJIMTH €€ Ha dKpaH
TexcT mporpaMMbl IPUBE/IEH B IUCTUHTE 7.5.

Jlnctunr 7.5. MNepepada CTPyKTYp B GYHKLUMIO

#include <iostream>
#include <fstream>
#include <cstring>
using namespace std;

const int 1 name = 30;
- npoooncenue
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Jluctunr 7.5 (npogosnkeHue)

Man
int
int
int

int

int

Man

struct Man { // CTPYKTypa Ans XpaHeHus CBefeHuidt 00 OAHOM COTPYAHUKE
char name[1 _name + 17;
int  Dbirth year;
float pay;

s
read_data();
appendz2binfile( const Man &man, const char* filename );
print_from_bin( const char * filename );
main() {
bool contin; char y n:
char filename[] = "dbase.bin";
do{ contin = false;
append2binfile( read data(), filename );
cout << " fpogomute (y/n)? ": cin.get(y n): cin.get();
if(Cyn=="y" ) || Cyn=="Y")) contin = true;
} while ( contin );
print_from bin( filename );

appendz2binfile( const Man &man, const char* filename ) {

ofstream fout (filename, i0S::binary|ios::app); // OuHapHbiid Gaiin ana nobasneHns
if ( !fout ) { cout << "OwmbKa OTKpbITMA Gaina." << endl; return 1; }
fout.write( (char *) &man, sizeof( man ) );

fout.close();

return 0;

print_from bin( const char * filename ) {

Man man;
ifstream fin( filename, ios::binary ); // OUHapHbIA Baiin ana 4TeHns
if ( !1fin ) { cout << "OwmOKa OTKpbiTMA Gaina." << endl; return 1; }
fin.seekg( 0, ios::end ); // yCTaHOBKA MO3WUMM Ha KOHel| daina
int n_records = fin.tellg() / sizeof ( man ): // nnvHa Gaina B 3anucax
while ( true ) {

int num = 0;

cout << "BeeguTe HoMep 3amucu uam -1: "; cin >> num;

if Cnum <0 || num >= n_records ) break;

fin.seekg( num * sizeof( man ) ); // abCONTHOE CMEWEHME Ha HYKHYIO 3anucCh
fin.read( (char*) &man, sizeof( man ) ):

cout << man.name << man.birth year << ' ' << man.pay << endl;

}

return 0;

read data() {
char name[1 _name + 17;
cout << "Bseaute damunmo MN.0. "; cin.getline( name, 1 name + 1 );
if ( strlen( name ) < 1 _name )

for (int i = strlen( name ); 1 < 1 name; i++ ) name[i] = '
namel1 name] = 0;
Man man;
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strncpy( man.name, name, 1 name + 1 );
const int buf Ten = 80;

char buffbuf Ten];

do { cout << "BeeguTe rof pOXAEHWS

cin.getline( buf, buf len ); }

while ( ( man.birth year = atoi( buf ) ) == 0 ); /11
do { cout << "Bsegute oknag "; cin.getline( buf, buf len ); }
while ( !'( man.pay = atof( buf ) ) ); /]2

return man;

}

Pa6ora ¢ 6unapabiM hailsioM 371eCh BBITIOJHIETCS ¢ TIOMOIIBI0 KiaccoB. Kak Bujure,
JBOMYHBIN (haiis, cozmanubiii ¢ nomomuipio Gyukiuil 6Gubmmoreku C (<cstdio>), MOKHO
CUUTHIBATDH U UBMEHSITH C TIOMOIIBIO 00HEKTHO-OPHUEHTHPOBAHHBIX CPEJICTB, 1 HA0OOPOT.

B dyHknun BBozia read_data BBHIMOJHSIETCS 3allOJTHEHUE TIPOOETaMI OCTABIIIENHCS YaCTH
CTPOKOBOII mepeMeHHOiT name, 4ToObI ee HopMAT COOTBETCTBOBAJ (hOPMATy UMEHU B (haii-
jie. ObpaTrTe BHUMaHUE, KakK TIPOU3BOIUTCS IPOBEPKA MPABUJIBHOCTH BBOJIA YHCIOBOI
urdopmarmn. YrteHue BHIMOTHIETCS B 6Y(PEPHYIO CTPOKY, KOTOpast 3aTeM mpeodpasy-
eTcs ¢ OMOIIbI0 GyHKIMIA atoi u atof B uncaa. Ecau dyukuun sosspamaior 0, npeosd-
pas3oBaHKe BBIMOJHUTH HE YaI0Ch (HApuMep, BMeCTO Tudp Oblau BBeeHbI OYKBbI),
v uHGOPMAITUS 3aIPAITIBACTCS TTOBTOPHO. YCJIOBUE TIOBTOPEHUS IIMKJIOB 1 11 2 3anmcano
B JIBYX Pa3HBIX BapHaHTaX, YTOOBI BBl MOTJIM OI[EHUTH, KAKOIl U3 HUX BaM (oJiee TIOHSITEH
(npodeccronalbl ipe Aoy 661 BTOPO, Oosree TaKOHUYHBIN BapUaHT).

Hazo 3ameTwTn, 4TO MpOrpaMMa U3 JIUCTHHTA 7.5 COAEPKUT IEJIbIH PSI/l He CBSI3aHHBIX
c mepejiadeit CTPyKTyp B (DYHKIMK YSI3BUMOCTEH, KOTOPBIE JIEJIAIOT €€ COBEPIIEHHO He-
MTPUTO/THOM JIJIST TPAKTUYECKOTO UCIOIb30BaHus. OHU CBSI3aHbI C BOBMOKHBIM TTPEBbIIIIE-
HueM pasMepoB Oydepos BBoga (y n B GyHkimu main, name u buf B pynkuum read data).
Y100l «CIIOMATh» 3Ty TIPOTPAMMY, IOCTATOYHO BBECTH (OJIbIIIEE KOJIMIECTBO CUMBOJIOB,
1eM MOKeT BMecTUTh Oydep. IMeHHO mosToMy (DyHKIMH PaBGOTh CO CTPOKAME «CTapO-
TO CTUJIST» CUUTAIOTCS YCTAPEBINUMU, U PEKOMEHJIYETCS MOJIb30BAThCS KJIaccoM string,
KOTOPOMY TTOCBSIIEH ceMruHap 14.

B aroit 3aaue cTpykTypa nepenaBanach B GyHKIMIO 10 KOHCTAHTHOM ccbliike. MOXKHO
nepeIaBaTh ee u Mo 3HAUYEHUIO, YTO HECKOJIBKO XY:Ke, TIOTOMY UTO TOT/IA 3aTPaurBaETCsI
BpeMs Ha KOIMPOBaHUE U TPeOYeTCs JOIOJIHUTEIBHOE MECTO B CTEKE IIapaMeTpoB. B o1-
JINYMe OT MAaCCHBa, CTPYKTYPa MOKET OBITh BO3BPAIlaeMbIM 3HaYeHueM (DYHKI[UH.

3apaua 7.5. PekypcuBHbie PpyHKUNN

Hanucamov npozpammy ynopsaoouueanus Maccusa memooom Gvlcmpoil copmuposKu, uc-
N0AL3Y S PEKYPCUIO.

ITpurio BpeMst BBIIOJTHUTH o0elaHue, JaHHOE B 3aj1aue 3.3, — MOKasaTh PEKYPCUBHYIO
peannsanuio MeTosia GBICTPOiT COPTUPOBKU. TOBOPST YIIPOTIEHHO, PeKypCUsHOll HAa3bIBa-
ercst QYHKIUS, B KOTOPOU nMeeTcst obpaliieHre K Hell camoit. [Tpu OBICTPOi COPTUPOBKE
HCTIOB3YETCST Nnpoyedypa pasdenenus, TpuMeHseMast K dhparmenty maccuBa. Ha xax-
TIOM Tirare 06Pas3yIoTCs B MOJTOBUHKN TEKYIIETO (DparMeHTa, U K HIM CHOBA TIPUMEHSI-
eTcs TIpolieiypa paszieieHns. To ecTb o CBOeH CyTH aJTOPUTM SIBJISIETCST PEKYPCUBHBIM,
U ecJIU He 3/IeCh TPUMEHSTh PeKyPCUBHbIE (DYHKITNH, TO Te?..
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Jliobast pyuknust B mporpamme Ha C++ MOKeT BBI3BIBATHCS peKypcuBHO. [Ipu atom
B CTEKe BbIIEJISETCS HOBBIM Y4acTOK NAMSTH JIJIs PasMelleHusl KOIWii 1apamMeTposB,
a TaKKe aBTOMAaTUYECKUX U PETUCTPOBBIX MTEPEMEHHBIX, TO3TOMY MPE/bIIYIIee COCTOs-
HUE BBITIOJHAEMON (DYHKITUN COXPAHAETCS U K HEMY BITOCJIEICTBUM MOXKHO BEPHYTHCS
(Tak u Gyzer, ecau iporpamMma He 3apucteT). OJiHA U3 BOSMOKHBIX BEPCHI TIPOTPAMMBbI
COPTUPOBKU ITpUBeJieHA B IUCTHHTE 7.6.

JluctuHr 7.6. PekypcunsHasa dyHKLMS

#include <iostream>
using namespace std;
void gsort( float* array, int left, int right );
int main() {
const int n = 10;
float arr[nl;
cout << "BBeante 3NEMEHTh MACCKBa:
for (int 1 =0; 7 <n; i++ ) cin >> arr[i];
int 1T=0,r=n-1; // neBas w npaBas rpaHuLbl Ha4yanbHOro (parmeHTa
qsort( arr, 1, r ); /1
for (int i =0; 1 <n; i++ ) cout << arr[i] << ' ';

void gsort( float* array, int left, int right ) {
int i = left, j = right;
float middle = array[( Teft + right ) / 2];
float temp;
while (1 <j) |
while ( array[i] < middle ) i++;
while ( middle < array[j] ) j--;
if(i<=3){
temp = array[i]; array[i] = array[j]; array[j] = temp; // obmeH
i+ J--

}

if ( left < Jj ) qsort( array, left, j );
if (1 < right ) gsort( array, i, right );

~ ~
~ ~
w o

}

[Ipornieaypa paszgeneHus peaqn3oBaHa 3/1eCh B BUIEC PEKYPCUBHO BbI3bIBAEMON (DYHKITUH
qsort, B Tesie KOTOPO#A eCTh /1Ba o6pallieHus K caMoil cebe: B onepamope 2 — JJist COPTH-
POBKH JICBOI MMOJIOBUHBI TEKYIIETO (parMenTa, u B onepamope 3 — JJisd ero MpaBoii moJo-
BuHBL. Hajzieemcs, 4To cpaBHEHMeE 3TOI TTPOTPAMMBI € TIPE/IBIYIIEi Bepcuelt (3agaya 3.3)
JIOCTaBUT BaM UCTUHHOE 3CTeTUYECKOe HaCaaKIeHHe.

Y pekypcun ecTh U HeJIOCTaTKU: IPOTpaMMy mpyonee omaaxcusams (TpebyeTcst KOHTPO-
JIIPOBATH TIYOUHY PEKYPCHUH), TIPY GOJIBINO TIYOUHE CmeK MoJcem nepenoiHumocs, a
KPOMe TOTO, YBEJIUUUBAIOTCS HAKIAOHble pacxodvl. Harpumep, B JaHHOM CJIyYae B CTEKe
COXPAHSIIOTCST HE JIBA YNCJIA, SIBJISIIOIINECS TpaHuIaMu hparMenTa, a ropas/io 60Jiblie, He
roBOp4 y’Ke 0 3aTpaTtax, CBA3aHHBIX ¢ BbI30BoM ¢yHkIimu. [loaTomy pekypcuio npu Beeit
ee Kpacore cJielyeT IIPUMEHATH ¢ OCTOPO’KHOCTBIO.
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MHorodgannoebie NPoeKTbI

Jlo cux Top MBI MUCcaIU TIPOTPAMMBI, HCXOIHBIN TEKCT KOTOPBIX PAa3MEIAJICsS B OJHOM
daiie. OpHako peajibHbIe 3a1a4r TPEOYIOT CO34aHUsI MHOTO(DAIIOBBIX IIPOEKTOB C Pac-
npejieJieHneM pelaeMbIX 1M0/[3a1a4 110 Pa3HbIM MOy M (daiinam).

NMPUMEYAHUE

WNurerpuposannas cpeaa Microsoft Visual Studio 2005 moamepskuBaer cospanue, KOM-
AJISIIIAIO U COOPKY MHOTO(MAIIOBBIX TPOeKTOB. C TEXHOJIOTHEN UX CO3/IaHMUST BBl MOJKETE
03HAKOMUTHCSI 110 [IpUITosKeHnIo, a 371eCh Mbl PACCMOTPHM BOIIPOCHI, CBSI3AHHBIE C PacIIpejie-
JierreM (hyHKIMIT [0 MOJIYJISIM, pasjiesieHneM nutepdeiica 1 peanrnusaiin 1 0cOGeHHOCTSIMI
HCIIOJTb30BAHMS IJI06AIBHBIX TePEMEHHBIX. TeopeTHYecK il MaTepuaJl 110 ANPEKTHBAM IPe-
nporieccopa cM. B YueOuuke Ha c. 93-96.

HarmomHanMm, 4T0, MOJIb3yICh TEXHOTIOTUEN HUCXOISAIIETO TPOCKTHPOBAHUS TIPOTPAMM, MBI
pasbuBaeM UCXOAHYIO 3a/a4y Ha MO/[3a/Iaui, 3aTeM [TPU HeOOXOIUMOCTH KaK/[ast U3 HITX
TaKKe pasdMBaeTCs Ha MOJ3aaUM, U TaK Jajiee, TIOKa PEIieHne OUePeTHON T0/[3a1aui He
OKaKeTCsl JIOCTATOUHO MPOCTBIM, TO €CTh PEANN3yeMbIM B BUje (DYHKIMU 0603PUMOTO
pasmepa (IPeANOYTUTENBHBIM CUUTAETCS PasMep He GoJiee IBYX 9KPAHOB PEIAKTOPA).

VcXonHbIe TEKCThI COBOKYIHOCTU (DYHKIUH I pelIeHns KaKoi-1n00 Moasagadn, KaK
MPaBUJIO, pa3MeNIAoTcs B OT/eabHOM Moayse (dbaiine). Takoii daitn Ha3bIBAIOT Ucx0-
oo (source file). O6BIYHO OH UMeeT paciupenue .C uin . cpp. [IpoToTuIbl Beex (hyHK-
LU MCXOAHOTO (paiijia BBIHOCAT B OTAENbHBIN 3azonosounsiil gpaiin (header file), nis wero
IIPUHATO UCIIOAb30BATh pacumpenue .h uau .hpp.

TaxkuMm 06pa3oM, 3aroJOBOYHBIH (hailsn xxx.h COREPKUT urmepgheiic 1t HEKOTOPOTo Ha-
Gopa hyHKIHIT, a NCXOAHBIN (Al XXX.CPP COAEPIKUT pearusauuio 3Toro Habopa. Ecin
HeKkoTopasi (HYHKIMsST 13 9TOr0 HAOGOPa BHI3BIBAETCSI U3 KAKOTO-TO JPYTOTO MCXOHOTO
MOJLYJISE YYY .CPp, TO HEOOXOMMO BKJIIOUKUTD B 9TOT MOJLYJIb 3ar0JI0BOYHBIN haiir xxx.h ¢
MOMOIIIBIO IUPeKTHBHI #1nclude. Hernacuoe npasuiio ctusist nporpamMmmupoBannst va C++
TpebyeT BKIIOYEHHS ITOTO JKe 3ar0JOBOYHOTO (haiiia i B MCXOMHBIN (hailr xxx.cpp.

Terepsb 0 2nobarvnvix nepemennvix. B Muorohaii;ioBoM mpoexTe BO3MOKHBI JIBa «BUIA
rinobambHoCTH> . Ecin rimobanbhas mepeMenHast 00bsiByieHa B (hatise xxx.cpp ¢ Moudu-
KaTopoM static, OHa BUANMA OT TOYKH OTIPEIETEHNUST 10 KOHI[A 3TOTO (haiina, To ecTh 06-
JIACTD ee BUMMOCTH oTpanndena daiimom. Ecan ske riobanbHast epeMeHHas o0 bsBIeHa
B (aiie xxx.cpp 6e3 Moaudukaropa static, To 0Ha MOXKeT ObITh BUIMMOI B IIpeesax
Bcero mpoekta. [IpaBa, 71st TOTo, 4TOOBI OHA OKa3aTach BUAMMON B ApyroM aiie, He-
06X0/IMMO UMETH B 9TOM (haiise ee oObsiBIEHNE ¢ MOANGDUKATOPOM extern (peKoMeH Y-
eTCsl IOMECTUTD 9TO 00bsIBJIeHNE B (haila xxx.h).

Y10 M Kak cneayeT pa3meLwiaTtb
B 3aroNioBO4YHOM dainne

B zaromoBounOM (haiiie MpUHSATO pa3MeniaTh:

O ompeesieHUsS TUTIOB, 32/IaBAEMBIX MTOJIb30BATEIEM, KOHCTAHT, Ma0I0HOB;
O o6wsBiaenus (IIPOTOTHIIBT) (DYHKITUII;



114 YacTb |. CTpykTypHOE NporpamMmMmnpoBaHue

O oObsABICHUS BHEITHUX TI00ATBHBIX IEPEMEHHBIX (¢ MOMpUKaTOpoM extern);
O mpocrpancTBa NMeEH'.

Terepb o6paTM Ballle BHUMaHUE HA MPOOJIEMY ROBMOPHO20 BKIIOUEHUS 3A20]1080UHDLY
¢atinos. OHa MOKET BOSHUKHYTH IIPU NEPAPXITUECKOM ITPOEKTUPOBAHUY CTPYKTYP HaH-
HBIX, KOT/IA B O/INH 3aT0JIOBOYHBIN (haiiyl BKITIOUAETCS APYTOii 3aroIoBOUHbIN daiin (Ha-
MIPUMED, JIJISI UCTIOJIb30BAHUS TUIIOB, OTIPE/Ie/IEHHbIX B 9TOM aiine). Bipouewm, myurire
PaceMOTpEeTh ATy MPOBIEMY Ha KOHKPETHOM MTPUMEPE.

Hwuzke mpuBemenbl TEKCTHI MPOCTOM MHOTO(MANIOBONM TIPOrpaMMbI, B KOTOPOI OIlpejie-
JIeHbl TUTIBI TaHHBIX <« Toukay (cTpykrypa Point B daiise Point.h) u «IIpsamoyroabuuks
(ctpykrypa Rect B haiizne Rect .h). [Tockombky BTOPOIT TUTI TAaHHBIX OTIPEIETSIETCS Yepe3
1epBbiii, B haiisie Rect .h umeercs aupextuBa #include "Point.h".

B ocHoBHOM MOmyse main.cpp cosmaercss 00bekT Ta «IIpsMoyronbHuK» (nmog «o6nb-
eKTOM» 3/IeCh TIOHMMAETCS TePEMEHHAsA THMa Struct) M BBIBOAATCS KOOPAMHATBHI €T0
JBYX YTJI0B. B OCHOBHOM MOJLyJIE€ MCIIOMTB3YIOTCA Kak (DyHKIIMH U3 MOAYJIst Point . cpp, Tak
u GYHKIIMU 13 MOJYJIst Rect . cpp, MOITOMY B HETO BKJIIOUEHBI 06a 3aT0JJ0BOYHBIX (halina,
Point.hm Rect.h. Ho mocie 06paboTKy 9THX AUPEKTUB MPEIPOIIECCOPOM OKAKETCST, UTO
cTpykTypa Point onpeaeniena aBaxapl. B pesysbrate KOMIUISTOP BbIACT cOOOIIEHIE 06
ommbKe Bpojie: «error . . . : 'Point’ : 'struct’ type redefinitions:

[IP1110700777 11177077 7771777  ®awn Point.h /////11117771171111771171111177
// 00bABNEHNA TUNOB
struct Point { int x, y; };
// TIpOTOTHMbI QYHKLNIA
void SetXY( Point& point, int x, int y );
int  GetX( Point& point );
int GetY( Point& point );
[ILITTII0007 7111070077 7771777 ®awn Rect.h /77771 111177771111177171111177
#include "Point.h"
// 00ObABNEHMA TUNOB
struct Rect { Point TeftTop, rightBottom; };
// TIpOTOTHMbI QYHKLUNI
void SetLTRB( Rect& rect, Point 1t, Point rb );
void GetLT( Rect& rect, Point& 1t );
void GetRB( Rect& rect, Point& rb );
[ITT111000077 7111070777 7177777 ®awn Point.cpp  /////17177771111117177711111177
#include "Point.h"
void SetXY( Point& point, int x, int y ) { point.x = x; point.y =y; }
int  GetX( Point& point ) { return point.x; }
int GetY( Point& point ) { return point.y; }
[T 1070777717177177 ®awn Rect.cpp  ////111171771111177117111111117
#include "Rect.h"
void SetLTRB( Rect& rect, Point 1t, Point rb ) {
rect.leftTop = 1t;
rect.rightBottom = rb;

}

! [IpocTpaHCTBa UMEH paccMaTPUBAIOTCS B YueOHUKe Ha ¢. 99,
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void GetLT( Rect& rect, Point& 1t ) { 1t = rect.leftTop; }
void GetRB( Rect& rect, Point& rb ) { rb = rect.rightBottom; }
[I0001111007077711177777771117  Oain Main.cpp ////777111777711111177111111177
#include <stdio.h>
#include "Point.h"
#include "Rect.h”
int main() {
Point ptl, pt2, 1t, rb;
Rect rectl;
SetXY( ptl, 2, 5 ); SetXY( pt2, 10, 14 );
SetLTRB( rectl, ptl, pt2 );
GetLT( rectl, 1t ); GetRB( rectl, rb );
printf( "rect.1t.x = %d, rect.1t.y = %d\n", Tt.x, 1t.y );
printf( "rect.rb.x = %d, rect.rb.y = %d\n", rb.x, rb.y );

}

Kaxkos sxe BoIx0oj 13 9701 cutyaruu? beepr CTpaycTpyrn peKOMeH/IYeT UCI0Ib30BaTh
TaK HA3BIBAEMBIE CIPAINCI BKIIOUEHIS, VI ITOT CTTOCOD HATIeN TMPoKoe mpuMenene. OH
COCTOUT B CJEAYIONIEM: 4TOObI MPEAOTBPATUTh MOBTOPHOE BKJIOUEHUE 3ar0JIOBOYHBIX
aiinos, comep:knMoe Kaxkaoro .h-aiiyia JOKHO HAXOAUTHCS MEXKAY TUPEKTHBAMHU
ycaroBHOM Komnussiiiuu #1fndef u #endif, kak onrcano HUKe:

#ifndef FILENAME H
#define FILENAME H
/* CONepKMMOe 3arofioBOYHOTO (aiina */
#endif /* FILENAME H */
[lns matmero npumepa aitsr Point . h o/KeH copepikaTth CeyIONni TEKCT:
[P0 1107707077177771777777 ®ain Point.h /////177711171117171171111117171
#ifndef POINT H
#define POINT H
// 0ObaBNEeHNa TWNoB
struct Point { int x, y; };
// TIpOTOTWMbI QYHKUNIA
void SetXY( Point& point, int x, int y );
int  GetX( Point& point );
int  GetY( Point& point );
#endif /* POINT H */

3apaya 7.6. MHorodainnoBbiii NPOEKT —
dopmaTupoBaHume TekcTa

Hanucamwv npozpammy popmamuposanus mexcma, uumaemozo u3 ¢paiia unformt.ixt u co-
Cosuezo U3 cmpox ozpanuuennoil oaunvl. Cnosa 6 cmpoxe pasoeiervl NpoussoIbHbIM
Koauuecmeom npobenos. Ilpozpamma donvxcra vumamo 6x00H0U (paili no cmpoxam, Gop-
MAMUPosamv Kancoyio Cmpoxy u 6bie00ums Pesyivmam 6 euvixo0not ¢aiin formatd.ixt.
Dopmamuposarue 3aKkI04ACMCS 8 BLIPABHUSAHUU ZPAHUY, MEKCMA Clleda U Cnpasa ny-
MeM PAGHOMEPH020 PACIPeOeeHus NPOOes08 MeNCOY COCCOHUMU CLOBAMU, A MAKNCE 6 OM-
cyne ¢ 1e8otl CMopoHbL CMPAHUYbL HA MArgin no3uuutl (Pesyiemupyrouus mexcm Joaxcen
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naxooumucs 6 nosuyusxmargin + 1 .. margin + max1_1ine). [Ilpoepamma donicna maxoice
nodcuumams 06uwee KoIUUecmao o8 6 mexcme.

Ha atom mpuMepe TTOKa3aHa TEXHOIOTHsI PazpadOTKu MHOTO(ANTIOBBIX TPOEKTOB.

AJII‘Opl/ITM pPemeHusa 3aa4m He ITPE/ACTaBIACT 0Cc0060i1 CJI0KHOCTH:

1. OTKpBITH BXOAHOU (aii.
2. Ywuratb (ailyl moCTPOUHO B TEKCTOBbII Oydep 11ne, HOIyTHO yaa/isas BO3SMOKHbIE IIPO-
6eJibl B Hauaie CTPOKMU (10 IIepBOro CJI0Ba).
3. Jlng Kaxk[oii cTpoKU 1ine BBITIOJHUTD CJIeyTONTne TeiCTBIS:
O Bbluuc/auTh BEJTMUMHY UHTEPBaAIA (KOJUUECTBO TIPOOETIOB), KOTOPYIO HEOOXOH-
MO 00€CIIeUnTh MEK/IY COCEAHUME CJOBAMU JIJIsI PABHOMEPHOTO PACTIPEIETEHIIST
CJIOB B TIpejiesiax CTPOKH.
O BsiBecTHn Kaxi0e CJI0BO U3 CTPOKU 1ine B BBIXOIHON (haiiji, BCTABJISAS MEK/LY CJIO-
BaMK HEOOXOIMMOE KOJIMYECTBO IIPOOE/IOB U OZHOBPEMEHHO YBEIMYNBAsI CIETUNK
CJIOB HA eJIMHUILY.

4. Tlocse 06pabOTKYU MOCTEAHEN CTPOKU BXOIHOTO (haiiyia BRIBECTH HA SKPAH 3HAYEHHUE
CYETUYMKA CJIOB U 3aKPHITh BBIXOIHOM (haiir.

PasOuenne Ha noasagauu. B pesyisrare Jetaninsaliy OIMCAHHOIO alrOPUTMA OIIPee-
JIUM cneyuurxayuy GyHKI.

void DefInter ( const char* pline, int & base int, int & add _int, int& inter ):
ompeiesisieT /i CTPOKH, Ha KOTOPYIO yKa3biBaeT pline, KOTMIECTBO MEKCIOBHBIX TIPO-
MEKYTKOB inter, TpeOyeMyt BeJIMYMHY OCHOBHOTO MHTEpBaJia base int st Kakmoro
mpoOMeEsKyTKa (KOJIM4ecTBO MPOOEIOB) U BEJMUUHY JOMOJHUTEIBHOTO MHTepBaia add
int, onpegessieMyt0 Kak OCTaTOK OT JieJieHUs OOIIero KoJumuecTBa IpodesioB B CTPOKE
Ha KOJIMYECTBO MEKCIOBHDBIX IPOMEKYTKOB; ITOCJIE/IHAA BEJIMYNHA TOJIYKHA 6I>ITI) PaBHO-
MEPHO paciipe/iesieHa Iy TeM J00aBIeHIs OJJHOTO Mpobesia B KaskIblil 13 mepBbix add_int
TIPOMEKYTKOB.

void GetLine ( FILE* finp, char* pline );

YUTAeT OYepeHyI0 CTPOKY M3 BXOJHOTO (halijla B MAacCUB CUMBOJIOB C azpecoM pline,
JIMKBUANPYS IPH 9TOM IPOOEJIBI B Havajie CTPOKIL.

void PutlInterval ( FILE* fout, const int k );

BBIBOIMT OY€PEIHOI MHTEPBaJI, COCTOAIINN 13 K TPO6EesIoB.

int PutWord ( FILE* fout, const char* pline, const int startpos );

BBIBOJTUT OYEPEHOE CJIOBO B BBIXOJMHON (hailr, HauMHas ¢ MO3UIUU Startpos Texytieit
CTpOKH pline; Bo3BpamiaeT HoOMep TMO3UIMN B CTPOKe pline, ciaefyioniei 3a mocJaeTHuM
TepelaHHbIM CUMBOJIOM, 1 (), ecoi TOCTUTHYT KOHETl CTPOKH.

int SearchNextWord ( const char* pline, const int curpos );

BO3Bpallla€T HOMEDP 1TO3UI1H, C KOTOpOI'jl HaYMHaAETCA Cae/yioniee CJI0BO B CTPOKE p] ine,
niam 0, €CJIN JOCTUTHYT KOHEIl CTPOKKN (HOI/ICK Ha4yMHaeTCA C IIO3UINN CUI"pOS).
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Pas6uenne na moayiu. Haia mporpaMma Gy/ieT pacrosiaraTbest B IBYX UCXOAHBIX (haii-
sax: task7_7.cpp — ¢ ynkumei main, edit.cpp — ¢ peasusaiyeii nepeuyncJeHHbIX BbIIIe
ynxnwmii, a Takske 3arosoBounbiii daiis edit.h ¢ unrepdeiicom aTux dynkiuii. B an-
cTuHTe 7.7 IPUBOUTCS COJEPKUMOE 9TUX (hailIoB.

JInctunr 7.7. MHorogannosbin NpoekT — hopmMaTMpoBaHMe TeKCTa

[1111707717771717771717 ®ain Task7 7.cpp ////7111771117711717117171117711111171
#include <cstdio>
#include <cstring>
#include <cstdlib>
#include "edit.h"
using namespace std;
const int max1_Tine = 63;
const int margin = 5;
int main() {
printf("Pabotaet nporpamma Task/7_7.\n");
FILE* finp;
if (! ( finp = fopen( "unformt.txt", "r" ) ) ) {
puts( "0aitn unformt.txt He HaidgeH.\n" ): exit(0): }
puts( "Yutaetca dain unformt.txt.\n" );
FILE* fout;
if (! ( fout = fopen( "formatd.txt", "w" ) ) ) {
puts( "®aiin formatd.txt He cozpan.\n" ); exit(0); }
puts( "BeinonHaetcsa 3anuch B tdain formatd.txt.\n" );
char Tine[max1 line + 11;
int  base i, add_i, inter;
int  nword = 0;
while ( GetLine( finp, Tine ) ) {
DefInter( Tine, base i, add i, inter );
PutInterval( fout, margin );
int next = PutWord( fout, line, 0, nword );
for ( int 1 =0; 1 < inter; i++ ) {
int start = SearchNextWord( line, next );
PutInterval( fout, base i );
if (add i) { add i--; PutInterval( fout, 1 ); }
next = PutWord( fout, line, start, nword );
if ( Inext ) break;

}
fprintf( fout, "\n" );

printf( "\nKonnyectso cnos - #d\n", nword );
fclose( fout ):

printf( "Pabota 3aBepuweHa.\n" );

return 0;

}

111007 1177717777177 ®ain Bdit.h ///177771777117711117117171111711177171
void Deflnter(const char* pline, int& base int, int& add_int, int& inter);
int GetlLine(FILE*, char*);

void PutInterval(FILE*, const int);
npooonxcenue
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JlucTunr 7.7 (npogosnkeHue)

int  PutWord(FILE*, const char*, const int, int&);:

int SearchNextWord(const char*, const int);

extern const int max1 Tine;

[11777777777777777777 0aidn Edit.cpp ////7777777777777777777777777111111111
#include <cstdio>

#include <cstring>

#include "edit.h"

using namespace std;

int GetLine( FILE* finp, char* pline ) {

int i=0;
char c;
while ( ( c = fgetc( finp ) ) == " ") i++;

if( ¢ == EOF ) return 0;

fseek( finp, -1, SEEK CUR );

fgets( pline, max1 _line - i + 1, finp );
pline[strlen(pline) - 1] = 0;

return 1;

int SearchNextWord( const char* pline, const int curpos ) {
int 1 = curpos;

while( pline[i] =" ") {
if ( pline[i] == "\n' ) return 0;
i++; )
while ( pline[i] == "' ' && pline[i + 1] == " " ) i++;

return 1 + 1;

void DefInter ( const char* pline, int& base_int, int& add _int, int& inter ) {
int k =0, end = strlen( pline ) - 1;

while ( (plinefend] == " ") || (plinelend] == "\n") || (pline[end] == "\r") )
end--;
inter = 0;
for ( unsigned int i =0; i <end; i++ ) {
if ( pline[i]l =" ") {
k++:
if ( pline[i + 1] != " ") inter++;
}

int blank_amount = k + max1_line - end;

if ( 'k ) { base int = 0; add_int = 0; }

else { base_int = blank_amount / inter; add int = blank_amount % inter; }
return;

int PutWord ( FILE* fout, const char* pline, const int startpos, int& n ) {
int 1 = startpos;
char c;
n++;
while ( ( ¢ = pline[i++]) =" " ) {
fprintf( fout. "%c". ¢ ):
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if (Cc=="\n")|] Cc=="\0")){1=0: break: }
}

return i - 1;

}

void PutInterval( FILE* fout, const int k ) {
for (int i =0; i <k; i+ ) fprintf( fout, " " );
return;

}

KoncranTy max1ine cieyer 3aaBath O0JbIIEH, 4eM MaKCUMAJIbHasT JUTHA CTPOKU UCXO-
nHOro (haiina. B KauecTBe yIpaskHEHUs U3MEHUTE [TPOrPaMMY Tak, YTOObI MOKHO OBLIO
(hopMaTHPOBaTh TEKCT U B HoJiee y3KYI0 KOJOHKY, YeM B UCXOHOM (haiise

[TpuBeseM pe3ybTaThl TECTUPOBAHUS 3TOI TPOTpaMMBbl. Bxoamoit daitr unformt . txt:

23. He Tepnetb 1 MasoOro CBOEro HEAOCTaTKa - BOT
NpU3HaK coBepweHCcTBa. 0T W3bAHOB AYXOBHbIX W TEJECHbIX
pelKo KTO CBOOOAEH, HO 4acTO WX NEenenT, Korga oT
HIX NerKko Obl MCUeNNTLCA. Byywe OCANHO BUAETH
Pa3yMHOMY, KaK HWUYTOXKHbIA W3bAH MOPOWA NOPTUT
BENIMKONENHOE COYeTaHne JOCTOMHCTB, - NOBOJLHO M
obnayka, 4Tobb 3aTMUTL COMHUE.  PoAuMble NATHA Ha
no06poii cnase 3100a MOACKAA Cpasdy NOAMETUT - U YNOPHO
B HIMX MeTnT. OCOOEHHO LEHHO WCKYCCTBO CKpbIBATb CBOMA
HenoCTaToK, obpauas ero B NpenMyuecTso.
Tak, Llesapb CKpsiBafi CBOW MNeWwb NAaBPOBLIM BEHKOM.

Conep:xnmoe BhIxoaHoro datima formatd. txt:

23. He TepneTb ¥ MAnoOro CBOEr0 HEJOCTATKA - BOT
Npu3HaK cosepweHcTBa. OT W3LAHOB AYXOBHbBIX W TENECHbIX
DENKO KTO CBOOOAEH, HO 4acTO WX JNenelnT, KOrja ot
HAX  Nerko  Obl ucuennTsca.  Byyke [pocagHo  BuaeTs
pa3yMHOMY, KaK  HUYTOKHBIA  W3bAH  MOPOI  NOPTUT
BEJIMKOJIENHOE  COYeTaHue  [JOCTOMHCTB, - [OBOJBHO U
obnayka,  4TOOb 3aTMUTL COMHUEe. PopumMble NATHA Ha
nobpoit  cnase 3100a NIACKAs Cpasy NOAMETUT - U YMOPHO
B Hux MeTuT. (OCOOEHHO UEHHO MCKYCCTBO CKpbiBaTh CBOM
HEeNoCTaToK, obpatas ero B npenMywecTso.
Tak, Uesapb CKpbiBan CBOW MfeWb NAaBPOBbIM  BEHKOM.

[IpoTectupyiite aTy nmporpamMmy Ha IpyTHUX TeKCTaX.

UTtormn

1. DyHKIMSA — 3TO UMEHOBAHHAsI [TOCJIEI0BATEIBHOCTD OTIEPATOPOB, BBITIOJIHSIIONIAs
3akonyvernnoe feiicteue. OYHKIUN HYKHbI JIsT YIIPOIIEHUST CTPYKTYPbI IPOrPAMMBIL.
WNuTepdeiic rpaMOTHO HaMCAHHON (DYHKITNH OIIPEIEIISETCS €€ 3aTOTIOBKOM.

2. Jlug BbI3oBa (GYHKIMU HAJIO yKa3aTh ee MMsi U HaGop aprymMeHToB. B onpeaesnenum,
B O0BSIBJICHUN U MIPU BBI30BE (QDYHKIIUU TUIIBI U TOPSIZOK CIEAOBAHNS apTyMEHTOB
1 TIapaMeTPOB JIOJKHBI COBIIA/IATh.

! Texcr B3sT u3 adopuszmos [pacuana (1647 r.)
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3. llepenaua mapameTpoB B (DYHKITMIO MOKET BBITIOJHATBCA 110 3HAYCHUIO WJIH TI0 ajipe-
cy. Bxognbie manubie (hyHKIIMM HA/IO TIepeAaBaTh M0 3HAYCHWTO WU 110 KOHCTAHTHON
CCBITIKE, PE3YJIBTATHI €¢ PaboThl — Yepe3 BO3BpaIlaeMoe 3HAYEHE, a TIPH HEOOXO/IH-
MOCTH TIepeiaTh 6oJiee OJIHON BEJIMYUHBI — YEPe3 MapaMeTphl 110 CCBIIKE UM YKa3a-
TeJLIO.

4. Tlpu nanmcanuu (hYHKIMU HYKHO IPEYCMOTPETH BCE BO3MOKHBIE OIIHOKY 1 0bectie-
YUTh TTOJIb30BaTEISA (DYHKITMH CPEICTBAMU UX TUATHOCTUKU. [leyarh ImarnocTnaeckux
coobrenuit BHyTpU (GYHKIINHN HeKeTaTeTbHa.

5. DyHKIM MOKET UMeTh HECKOJIBKO TIAPAMETPOB CO 3HAYEHUSAMU 110 yMordanuio. OHu
JIOJIKHDBI HAXOJUTHCS B KOHIIE CIIUCKA IIapaMeTpPOB.

6. MaccuBbl Beeryia mepefialotcs B (PyHKITHIO 110 azipecy. KomuecTBo a1eMeHTOB B Mac-
CHUBE JIOJIKHO IIepe/laBaThCsl OT/Ie/IbHBIM IIapaMeTPOM.

7. PexypcuBHas QyHKINS TOJDKHA COAEPHKATH XOTs Obl OLHY HEPEKYPCUBHYIO BETBb. I1pu
HCTIOJIb30BAaHUY PEKYPCUH CJIEYET YIUThIBATH BO3HUKAOIIUE TPH 3TOM TIPOGIEMBI U
HaKJIQJIHblE PACXO/IBL.

8. B MHOTOMAHTOBBIX TPOEKTAX BAKHO IPAMOTHO Pa3OUTh 3aj1auy Ha MO/3A/IAYM U PAC-
npeneanTh GYHKImN 1o daiitam. [[71st mpeoTBpalieHust OO0k MOBTOPHOTO BKITIO-
YEHMS 3ar0JI0BOYHBIX (haliIOB CJIEAYeT UCII0JIb30BATh CTPAKH BKIIOUCHUSI.

3apgaHuqa

®DYyHKLMM N MaCCUBbDI

BormonnuTs 3aganus Tpetbero ceMunapa («OmHOMEpHbIC MACCUBBI» ) 1 YETBEPTOTO Ce-
MuHapa («/IByMepHBIe MACCUBBI» ), 0DOPMUB KaK/BIN TTYHKT 3a/[aHUS B BUie (DYHKIIUAM.
Bce HeoOx0IMMbIe TaHHBIE 7T (DYHKITAHN JTOJIKHBI [IEPEABATHCSI IM B KAYECTBE TTapaMe-
TpoB. Vcnob3oBanue rio6a bHbIX TIEPEMEHHDBIX B (DYHKITUSAX HE OTYCKAETCSL.,

DyYyHKUUKN, CTPOKU U ainbi

BermomauTs 3aganus ngaroro cemunapa («Ctpoku u daitnbry ), ohopMuB B Bujie QyHK-
Uil 3aKOHYEHHbIE MOCIEN0BATENLHOCTH jelicTBhil. Bee HeoOXonuMble JAaHHBIE JIJIsT
(YHKIIT IOJKHBI IepeiaBaThCst UM B KQ4eCTBe apamMeTpoB. VcnonbzoBanue riaobaib-
HBIX TIepEMEHHBIX B (DYHKIIUSIX He TOITYCKAETCSI.

DyHKLUUN, CTPYKTYPbI U GUHapPHbIE daiinbl

BhINOJIHUTD 3ajaHus, IprBeieHHble B YueOHuke Ha c. 151 (pasgen «DyHkimu u daii-
Jibl») 1 Ha ¢. 165 (pasmen « Moy ibHOE TIpOrpaMMIPOBAHIES ).
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Teopernueckuii marepuai: c. 83—87.

Meperpyska GyHKUUN

[Teperpyskoit yHKIMIT HA3bIBAETCS WCIOJIb30BAHUE HECKOJBKNX (DYHKITUN C OJHUM
U TEM K€ UMeHeM, HO C Pa3TMYHBIMU CITUCKaMU rmapameTpoB. [leperpy:kenHble hyHKITNT
TOJIKHBI OTJIMYATHCST APYT OT APYTa JHOO TUTIOM XOTsT GBI OJIHOTO MapamMeTpa, TH60 KOJIH-
YECTBOM TTAPAMETPOB, IO TEM U IPYTUM OJHOBpeMeHHO. [leperpyska ABIsieTcst BUIOM
noauMopGU3Ma ¥ TIPUMEHSIETCST B TEX CIIyYasiX, KOT/Ia OJTHO U TO JKe TI0 CMBICJTY JieficTBIe
peanmnsyeTcst MO-pasHOMY [T Pa3IMYHBIX TUIIOB WJIM CTPYKTYP AAHHBIX. Kommmisarop
caM OmpeiesIsieT, KaKoi MMEHHO BapUaHT (DYHKIIUHU BBI3BATH, 110 CITHICKY apTYMEHTOB.

HeGoubimiie meperpyskeHHble GYHKIUME YAOOHO MPUMEHSTh TIPH OTJIAAKE MPOrPAMM.
Jlomyctum, BaM TpebyeTcsl MPOMEKYTOUHAsE [eYaTh PasjinIHOrO BHU/A: B OJHOM MeCTe
TpeGyeTcst BRIBOAUTH HAa 9KPaH CTPYKTYPY, B APYTOM — Mapy IeJbIX BEJUYUH C TTOSICHE-
HUSIMI WJTH BEIIECTBEHHBIN MaccuB. 3a60Ta 0 SICHOI MTPOMEKYTOYHOM TTeUaTi — 3TO 3a-
6ota o cebe, TIOOUMOM, TPH OTJIAJKe TIPOrPAMMBI, @ YTO MOKeT ObITh BaskHee? TToaTomy
rpoiiie cpady ohopMUThH MedaTh B BUjIe (DYHKITU, HATIPUMED, TAaKHIX:

void print( char* str, const int i, const int j ) { /] 1
cout << str << '|' << oct << setw(4) << 1 << "|' << setw(4) << j << '|" << endl;
void print( float mas[], const int n ) { /12

cout << "Maccup:" << endl;
cout.setf( ios::fixed ); cout.precision( 2 );
for (int 1 =0; 1 <n; i++ ) {
cout << mas[i] << ™ "; if ( (i+1)%4==0) cout << endl;

cout << endl;

}

void print( Man m ) { /13
cout.setf( ios::fixed ); cout.precision( 2 );
cout << setw(40) << m.name << ' ' << m.birth year <<

<< m.pay << endl;

}

B niepBoii 3 aTHX (DyHKIIMIT HA 9KPaH BBIBOJATCS CTPOKA U JIBA 11EJIBIX YHCJa B BOCbMe-
puuHOi hopme, pasiesieHHbIe Ui YMTabeTbHOCTH BEPTUKATBHBIMU YepToukamu. [Tox
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KayK/I0€ YMCJIO0 OTBOAUTCS TIO 4 1o3uIun (MAaHUTYJISITOP Setw yCTaHaBIWUBAET MIMPUHY
OJIHOTO CJIEIYIOIIETO 32 HUM TOJIST ).

Bo BTOpoit hyHKIMY /17151 BBIBO/IA BEIECTBEHHBIX 3HAYEHUI 10 YEThIPE YUCJIA HA CTPOKE
3a/1aeTcs BBIBOJ ¢ (PUKCUPOBAHHOUM TOUKOM M TOYHOCTHIO JIBA 3HAKA ITOCJIe 3a1siTol. Jl1st
ATOTO KCIOJIB3YIOTCSI METO/bI YCTaHOBKH (hsraroB setf, ycTaHOBKM TOUHOCTH precision
u KoHctanTa fixed, onpenenennas B kiaacce 10s. TouHOCTh KacaeTcst TOJIBKO BellleCTBEH-
HBIX YHCeJI, ee JIeHCTBUE ITPOJIOJIKAETCS 10 CIeYIoNei yCTaHOBKH.

Tperbst (GYHKIUS BBIBOAWT IIOJIsT 3BHAKOMOIT HAM 110 CeMIHAPY 6 CTPYKTYPBI Tak, 4UTOOBI OHU
He CKJIEMBAJIUCH MEKLY OO0, BbI30B 5THX (DYHKIMI MOKET BBITJISAETD, HATIPUMED, TaK:

print( "Mocne umkna ", i, n ); print( a, n ); print( m );

ITo numeHu hyHKIMK Cpasy MOHSTHO, YTO OHA JIEJIAET, KPOME TOTO, IPU HEOOXOAUMOCTH
BbI30B (DYHKIIUHM JieTue 3aKOMMEHTUPOBATDH MJIU TIEPEHECTH B JIPYTO€ MECTO, YeM IPYIIILY
oriepaTopoB 1edatu. KoHeyHo, npoMekyTOYHas 11e4aTth — He eJIMHCTBEHHBII MeTO/| OT-
JIAJIKM, HO 32TO YHUBEPCAJIbHBIH, IOTOMY YTO OTJIQJIUMUK He BCEr/1a IOCTYIIEH.

[Tpu HAaMTHCAHWUH TTEeperpy;KeHHBIX (GYHKIMH OCHOBHOE BHUMAHUE CJIE/[yeT 0OpaniaTh Ha
TO, 4TOOBI B TIPOTIECCE MTONCKA HYKHOTO BapraHTa (DyHKIHH 110 €€ BHI30BY HE BOSHUKAIO
HEOJIHO3HAYHOCTH. Heodnosnaunocmy MOKET BO3HUKHYTDH 10 HECKOJIBKUM MPUYHHAM.
Bo-1iepBbIX, #3-3a npeobpasosanuii munog, KOTOpbie KOMITHJISITOP BBITIOJHSIET 10 YMOJI-
yanuio. [Tpasuia mpeobpazoBanust apuhMETHICCKUX TUIIOB AHAJIOTHYHBI OMMCAHHBIM
B YueOHuke Ha ¢. 390. VIX ¢cMBICI CBOAMTCS K TOMY, uTO (0Jiee KOPOTKKE THIIbI IPeod-
pasytorcst B 6osiee junnHbIe. Eciu cooTBeTCTBIE MEKITY (hOPMATBHBIMY MapaMeTPaMu
U aprymMmeHTaMu (GYHKIIMU Ha OJIHOM U TOM JK€ DTaIe MOKET OBITh TOMYIeHO Hosiee ueM
OJTHUM CITOCOOOM, BBI30B CUMTACTCS HEOJIHO3HAYHBIM U BBIIAETCST COOOIIEHIE 06 ommb-
ke. HeozlHO3HAYHOCTh MOJKET Tak:Ke BO3HUKHYTb U3-3A NApAMempos8 no YyMOIUaHuio u
ccuiok. PaccMOTPUM cOo3/IaHNE MTEePETPYKEHHBIX (DYHKITUI Ha TPIMepe.

3apaua 8.1. lNeperpy3ka pyHKUMA

Hanucamo npozpammy, xomopas 0is 6asvl compyonuxos, onucannoil ¢ sadaue 6.1, avi-
daem no 3anpocy cnUcok compyonuros, b0 PoOUSUUXCL PAHBULE 3a0al020 200a, AUO0
UMEIUUX OKIAO 6OIbUE 660EHH020 C KIABUAYPDL.

BapuanTbl BBIGOPKH 13 6a3bl 10 Pa3JINYHBIM 3a11pOcaM 0POPMHUM B BUJIE IIEPETPYKEHHBIX
hyHKIMA. MBI OT TIPUPOIHON JIEHH U JIJIST TIPOCTOTHI PACCMATPUBaeM 6a3y ¢ MUHUMAJIb-
HBIM KOJIMYECTBOM TI0JIEH, B PEAIBHBIX CUTYAIIUSX UX MOKET OBITh TOPa3/10 OOJIbIIIE, CO-
OTBETCTBEHHO, O0JIbllle OYIeT U BApUaHTOB HeperpyKeHHbIX pyHKIni. OhopMuM Takke
B Bujie QyHKI[MK YTeHre 0a3bl U3 (aiiia — JJist JYUIIero CTPYKTYPUPOBAHMSI TPOTPAM-
MbI U 4TOOBI B CJIlydae HeOOXOAMMOCTH ObLIO Jierde 3aMeHHUTD 9Ty (PYHKIIMIO Ha JAPYIYIO,
HANpuUMep, Ha uTeHue u3 OuHapHoro (aiina (suctuar 8.1). 3ameTnm, 4TO 9Ta IIPOrpaMma
TaK jKe, KaK W MPeJIbIYIITIe, COIEPKUT YSA3BUMOCTH.

Jluctunr 8.1. Neperpyska GyHKUWA
#include <fstream>
#include <iostream>
#include <cstring>
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#include <cstdlib>
#include <iomanip>
using namespace std;
const int 1 name = 30, 1 year = 5;
struct Man {
char name[1 name + 17;
int birth year;
float pay;

int read_dbase( const char * filename, Man dbase[]., const int 1_dbase,

int &n_record );
void print( Man m );

void select( Man dbase[], const int n_record, const int year );
void select( Man dbase[], const int n_record, const float pay );:

int main() { // -----mmm e

const int 1 dbase = 100;
Man dbase[1_dbase]:
int n_record = 0;

————————————————— [nasHas QyHKkUusg -----

if ( read_dbase( "dbase.txt". dbase, 1 _dbase, n_record ) != 0 ) return I1:

int option, year;
float pay;
do {

COUL << Mmmmmm e

" << endl:

cout << "1 - CepeHus no rogy poxpeHus" << endl;

cout << "2 - CeepeHns no oknapy" << endl;

cout << "3 - Boixop" << endl;
cin >> option;
switch ( option ) {

case 1: cout << "Bsegute rop "; cin >> year:
select( dbase, n_record, year ); break;
case 2: cout << "BeeguTe oknapg "; cin >> pay;
select( dbase, n_record, pay ); break;

case 3: return 0;

default: cout << "Hago BBOAMTL yucno oT 1 po 3" << endl;

}
}while ( true );

void select( Man dbase[], const int n_record, const int year ) {
cout << " BbiBOJ CBefeHWit no rofy poxpeHna" << endl;

bool success = false;

for ( int 1 = 0; i < n_record; i++ )

if ( dbase[i].birth year >= year ) { print (dbase[i]); success = true; }
if ( !success ) cout << " TaKkux COTpy[HUKOB HeT" << endl;

void select( Man dbase[], const int n_record, const float pay ){

cout << " BbiBOA cBefeHuit no oknapy" << endl:

bool success = false;

for ( int 1 = 0; i < n_record; i++ )

if ( dbase[i1].pay >= pay ) { print (dbase[i]); success = true; }

npooonxcenue
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JNluctuur 8.1 (npogosixeHuve)
if ( !success ) cout <<

Takux COTpYOHUKOB HeT" << endl;

void print( Man m ) {
cout.setf( fos::fixed ); cout.precision( 2 );
cout << setw(40) << m.name << ' ' << m.birth year << ' ' << m.pay << endl;

int read _dbase( const char * filename., Man dbase[]. const int 1 _dbase,
int &n_record ) {
char buf [1 buf + 17;
ifstream fin( filename );
if ( !'fin ) { cout << "Her ¢aina " << filename << endl; return 1; }
int i =0;
while ( fin.getline( buf, 1 buf ) ) {
strncpy( dbase[i].name, buf, 1 name );
dbase[1].name[1 name] = "\0';
dbase[1].birth_year atoi( &buf[1 _name] );
dbase[1].pay atof( &buf[1 name + 1 year] )
1++;
if (1> 1 dbase ) { cout << "CrvwKom AnuHHbA Gann"; return 2; }

1

n_record = 1;
fin.close();
return 0;

}

Hwuske ipuBe/icHbl npasuia onucanus nepezpyrceHnvly Qynkyuil.

Q Ileperpy:xenuble GYHKIMU JOJKHBL HAXOAUTHCS B OJHOI 061aCTH BUAUMOCTH, HHAYE
MIPOU30MET COKPBITHE aHAJIOTUYHO OJMHAKOBBIM IMEHAM TIEPEMEHHBIX BO BIOKEHHBIX
OJI0Kax.

QO Ileperpyskennpie (GyHKIIMU MOTYT UMETD TTAPAMETPHI 10 YMOJYAHUIO, IPU HTOM 3Ha-
YeHMsI OHOTO U TOTO e apaMeTpa B pa3HbIX (QYHKIUAX T0JKHBI COBIIAAaTh. B pas-
JIMYHBIX BapUaHTaX II€PErPyKEHHbIX (DYHKIMH MOKET ObITh PasinuyHOe KOJIMIECTBO
napamMeTpoB MO YMOJYAHUIO.

DyHKIUKM He MOTYT OBITH MEPErPYKEHBI, €CIM OMMCAHUE UX TTapPaMETPOB OTJIMYACTCS

TOJIBKO MOAN(UKATOPOM CONSt MM UCIIOIb30BaHMEM CCHLIKH.

LLIaGnoHbI GYyHKLMIA

Ecaw anroput™ He 3aBUCHUT OT THTIA IAHHBIX, JIyUYIlle PeaTn30BaTh €T0 He B BU/IE TPYIIITHI
neperpysKeHHbIX (GYHKITUIT /IS Pa3IMIHbIX TUIIOB, a B BUje MmabjaoHa (GyHKIuU. B aToM
cydyae KOMITUISATOP CaM CTeHEPUPYeET TEKCT (DYHKITUH JIJIsI KOHKPETHBIX TUTIOB JTAHHBIX,
C KOTOPBIMH BBITIOTHSIETCST BBI30B, U MPOTPAMMUCTY He TIPHUAETCS MOIJEPKUBATh He-
CKOJIBKO TTPAKTHUECKH OIMTHAKOBBIX (DYHKITH.

Takum 0O6paszom, 061aCTH IIPUMEHEHUS! eperpy3Kku QYHKIMIA U 1abJ0HOB Pas/imdyaioT-
sl TieperpyskeHtbie (PYHKIIUKU IPUMEHSIOT It O(hOPMIIEHUST AeHCTBUI, aHAJIOTMUHbBIX
110 Ha3BaHMWIO, HO PA3JIMYHBIX T10 peajin3alinu, a IHa6JIOHbI — I NIEHTUYHBIX I[eﬁCTBHfI
Haa TaHHBIMHW Pa3/JIMYHbIX THUITOB.
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[Ta6m0H HYHKIUY OTIPEAETAETCS CIEAYIONIM 06pasoM:

template <class Type> tun ums ([ CnNuCOK_napametpos 1)
{ /* Teno dyHkuum */ }

Upentudurarop Type, 3a1a101UIT TaK HA3bIBAEMbBIN NAPAMEMPUIOBAHHBIIL MUN, MOKET
HCITOJIB30BATHCA U B OCTAJILHOI YaCTH 3aT0JIOBKA, U B Teste hyHkinuu. [lapamerpusoBan-
HBIN TUII — 9TO (I)I/IKTI/IBHOG M, KOTOPOE KOMITMJIATOP aBTOMAaTUYECKHU 3aMEHUT NMMEHEM
PeaibHOro THIIA JAHHBIX IIPU CO3JaHIK KOHKPETHON Bepcuu pyHKinu. B obiem ciydae
rabJIoH (DYHKIIUU MOJKET COAEPKATH HECKOJIBKO TTAPaMETPU30BAHHBIX THUIIOB:

<class Typel, class Type2, class Type3, .. >

[Tporiecc co3manusi KOHKPETHOM BepcHU (DYHKITUU HA3BIBAETCS UHCMAHUUPOBAHUEM UL
oaona, wi cozoanuem sxsemnispa GyHKu, BosMoKHBI 1Ba c11ocoba MHCTAHIIMPOBa-
HUSL: s261bLi, KOTa 00bSIBJISIETCST 3ar0JI0BOK (DYHKIHH, B KOTOPOM BCe IIapaMeTPU30BaH-
HbI€ TUIIbI 3aMEHEHbI HA KOHKDETHBIE THIIbI, U3BECTHBIE B 9TOT MOMEHT B IIPOTPaAMME,
U Hesl8Hblil, KOT/Ia CO3/IaHNE IK3IEMILISIpA (DYHKIIUU TTPOUCXOUT aBTOMATUYECKH, €CITU
BcTpedaercsd GaKTUIeCKU BBI30B (DYHKITUM.

Yr00bl BbI IPOHUKJIKCH PA3HOOOPasreM BO3MOsKHOCTEH C++, yrmoMstHeM, 4To MabJIOHbI
TOKE MOKHO TIePerpy Karh, IPUIEM KaK MadJIOHAMU, TaK U OOBIYHBIMU (DYHKI[HUSMIL

3apaua 8.2. LLla6noHbl PyHKUUMA

Hanucamv npozpammy, xomopas onpeaeﬂﬂem MAKCUMATIbHBLE ITIEMEHTbL 6 oauomepuwc
maccusax pasiudnvlx apuquemuuecxux munoe.

[Touck MakcmMyma — BecbMa paciipocTpaHeHHAs 3a/1a4a, U JKeJlaHUe CIeIaTh [JIsI TOT0
YHUBEPCATBHYIO (DYHKIUIO €CTECTBEHHO. /17151 9TOTO I0CTATOYHO TIPOCTENTIEro mabaoHa
C OJTHUM TIAaPAMETPOM-TUTIOM. B yHKIMIO Oy/eT mepesaBaThest Ba apryMeHTa: yKasa-
TeJIb Ha MACCUB U JIJIMHA 3TOTO MaccuBa (JUCTUHT 8.2).

Jluctunr 8.2. LLIa6noHbl pyHKUNA

#include <iostream>
#include <cstring>
using namespace std;
template <class T> T Max( T *b, int n );
int main() {
const int n = 20;
int b[nl;
cout << "Beeamte " << n << " uenbix yucen:" << endl;
for (int i =0; i <n; i+ ) cin >> b[i];
cout << Max( b, n ) << endl; // VHCTaHUMpOBAHWe [Nf Lenoro maccuea
double a[]l = { 0.22, 117.2, -0.08, 0.21, 42.5 };
cout << Max( a, 5 ) << endl; // VHCTaHUMPOBAHWe ANA BEUWECTBEHHOTO MAcCuBa
char *str = "Sophisticated fantastic template":
cout << Max( str, strlen(str) ) << endl; // VHCTaHUMPOBAHWe ANf CTPOKM

npodoncenue



126 YacTtb |. CTpyKTypHOE NporpaMmmMmmnpoBaHue

JlucTuHr 8.2 (npogosmkeHue)

template <class T> T Max( T *b, int n ) {
int imax = 0;
for (int i =1; i <n; i++ ) if (b[i] > b[imax]) imax = i;
return b[imax];

}

[abmon yukimu umeer nMs Max. Tlocse KioueBoro ciiosa template B YIJIOBBIX CKOO-
Kax MepevrcsTIOTCsT Bee nmapameTpsr mabiona. B jannom caydae mapamerp oaut. [Tpu
WHCTAHIIMPOBAHKH MabioHa (B IJAHHOM CJTydae — HESIBHOM ), TO €CTh KOT/Ia KOMITHIISATOD
GyJIeT co3/1aBaTh KOHKPETHBIN BapUAHT (DYHKIUHU, HTOT THIT GY/IET 3aMEHEH KOHKPETHBIM
CTaHAPTHBIM WJIU MTOJIb30BATEABCKUM TUIIOM. COOTBETCTBUE YCTAHABIMUBACTCS TP BHI-
30Be (DyHKIMU JTUGO TIO TUITY apTyMEHTOB, JIUOO 110 IBHBIM 00Pa30M YKa3aHHOMY THITY.
Hanpuwmep, nocseannii BbI3oB (GyHKIINNA MOXKHO 3alTMCATh TaK:

cout << Max<char>( str, strlen(str) ); // 9BHOE WHCTaHUMPOBAHME

ITOT cocob TPUMEHSIETCST TOT/IA, KOT/Ia TUTI He OTIPEIENSIETCS IO BUAY BbI30Ba (DyHK-
UK. AHAJIOTMYHO OOBIYHBIM MapaMeTpaM (PYHKIMHU MOKHO 33/[aBaTh 3HAUCHIE TTapaMe-
Tpa 1mabJIoHa IO YMOTYAHHUIO.

BHUMAHUE

IIpu pabore ¢ MHOTOMANRIOBBIM IPOEKTOM HYKHO He 3a0bIBATH, YTO €CJIM HEKUil 1abioH
(byHKIlI/II/I MeeT MHCTaHIMPOBaHWe B HECKOJIbKUX UCXO/IHBIX (1)211‘/)1.713.X7 TO oIlpejiejieHre 3Toro
I.Ha6JIOHa JOJIZKHO TTIOBTOPATHCA B KayKIOM U3 9TUX (I)anIOB. HO3TOMy 06BI‘{HO orpejseseHue
H13.6]IOH21 BBIHOCHT B 3ar0JIOBOYHbBIN (1)3.17[]1 U IIOARJIIOYAIOT €ro B HYKHBIX MEeCTaX I[HpeKTHBOfI
#include.

Utorm

1. Tleperpyskoii hbyHKINIT HA3BIBAETCS UCIIOJIB30BAHNE HECKOJBKUX (PYHKIIMH C OTHUM
UMeHEeM U Pa3JINdHbIMU TUIIAMU 1apaMeTpoB. [leperpyska mpumMensiercs, KOraa oaHo
U TO K€ TI0 CMBICJTY JIEHICTBUE PeaTU3yeTcs TI0-Pa3HOMY JIJIST PA3JIMYHBIX THIIOB WJIN
CTPYKTYD JaHHBIX.

2. Tlpu HamuCaHWK TEPErPYKEHHBIX (DYHKIMI HEOOXOAMMO, YTOOBI B MIPOIECcCe Mo-
MCKa HY’KHOTO BapHaHTa (DYHKIIUU 110 €€ BbI30BY HE BO3HUKAJIO HEOJHO3HAUHOCTH.
HeoMHO3HAYHOCTh MOKET BOSHUKHYTH U3-3a TIPe0OPa30BaHUil TUIIOB, TTAPDAMETPOB
10 YMOJTYAHUIO U CCHIJIOK.

3. DyHKIMU HE MOTYT OBITH TIEPErPYsKEHbI, €CJIH OMUCAHMS MX IAPAMETPOB PAa3INYAIOTCI
TOJIBKO MOAM(UKATOPOM CONSt MJIN UCTIOTTH30BAHUEM CCBLITKH.

4. TITabsoHbl (hYHKITHIT TPUMEHSTIOTCS JIJIS 3AIMCH UIEHTUIHBIX I€HCTBIIT HAJl IAHHBIME
pasanuHbIX THITOB. VIHCTaHI[MpoBaHue mabdroHa (DyHKIIUE — 9TO CO3AaHUE KOMITUJISI-
TOPOM KOHKPETHOTO BapHaHTa (PyHKINN.

5. ITab6yoHbI MOKHO HIEeperpysKaTh Kak MabJl0HaMu, TaK U OOBIYHBIMU (DY HKITUAMU.
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3agaHua

BoimosiHuTh 3a/1aHKST TPETHETO W YETBEPTOTO CEMUHAPOB, O(POPMUB KaK/IBIN ITyHKT 3a-
naHus B Buze mabaona GyHkimyu. Bee HeobxoauMmble naHHble A1 GYHKIUI TOIAKHbL
nepeaaBaThCs UM B KauyecTBe mapamerpoB. Vciosb3oBatue rjo6abHbIX IePeMEHHBIX
B yHKITUSX He goryckaercd. [I[puBecTn mpuMeps! MporpamMM, UCTIOIb3YONUX ITH T1a-
6J10HBI 77151 TUIIOB nt, T1oat u double.



CemMuHap 9. iImvHaMmu4yeckKkune CTPYKTYpbl AaHHbIX

Teopermueckuii matepuad: ¢. 114—-127.

Ha MPpEABIAYIINX CEMUHAPAX Mbl paCCMaTPHBAJIN 3a/1a4, B KOTOPbIX HeO6XOI[HMbH>i JLJISL
XpaHEHUA JaHHbIX 00beM IaMATH ObLI M3BECTeH 100 10 KOMITWJIALIMA ITPOI'PaMMBblI,
ambo /10 HaYaJia BBO/la JaHHBIX. B IIEPBOM CJIy4dae IaMsATh pe3epBrUPOBaJIaCh C ITIOMOIbIO
OIIEPATOPOB OIIMCaHMA, BO BTOPOM — C IIOMOIIIbIO (I)yHKHI/Iﬁ Bbl/ICJICHUA ITaMATH. B o6o-
NX CJIy4dasiX BbIJACJIAJICA HenpeprBHbeI Y4acCTOK ITaMATH.

Ecnu o Havama paboThl ¢ JaHHBIMI HEBO3MOKHO OTIPEIETUTD, CKOJBKO TTAMSITH TTOTpe-
OyeTcs st UX XPAHEHUsI, TTAMSITh BBIJIEISETCS TI0 MePe HEOOXOAMMOCTH OTACTbHBIMU
6JI0KaMH, CBSIBAHHBIMU IPYT € APYTOM TPHU TMOMOIIN yKazareseid. Takoit cmocob opra-
HU3AINY TaHHBIX HA3BIBAETCS OUHAMUMCCKUMU CIPYKMYPAMU OAHHBLY, TTOCKOTBKY X
pa3Mep M3MEHSIeTCS BO BpeMsI BBITIOJTHEHUS MTPOTPaMMbl. 3 TMHAMIYECKUX CTPYKTYP
B IIPOrpaMMax yallle BCero UCI0b3yIoTCs pa3jinyHble JUHeHHble CIIMCKHU, CTeKHU, oyepe-
v u GuHapHbie fepeBbs. OHM Pa3IMIaloTCsa CITOCOOAMU CBSI3N HJIEMEHTOB U IOMYCTH-
MBIMU OTleparuamMu Hajl HUMU. /[naaMmaeckast CTpyKTYpa MOXKeT 3aHNMaTh HeCMeKHbIe
YUYACTKHU OMEPaTUBHON maMsaTH. B mporecce paboThl MPOTPaMMBbI 3JIEMEHTBI CTPYKTYPhI
MOTYT TIO Mepe HeOOXOIMMOCTH T0OABISTLCS U YAATSITHCS.

Inemenm ModON IMHAMUYECKOU CTPYKTYPbI JaHHBIX COCTOUT U3 70Jel, 4aCTh U3 KOTO-
PBIX TIpeiHa3HaueHa /IS CBSA3W C COCETHUMU djieMeHTaMu. BoT, Harpumep, Kak BBITJIS-
JIUT OTTMICAHUE 2JIEMEHTA JIMHEWHOTO CITUCKA JITTS1 XPAHEHUS 1EJTBIX UM CET:

struct Node {
int d; // VHpopMaumoHHaa 4acTb (uenoe 4uchno)
Node *p; // YKasaTeNb Ha ChNefyownini anemeHTt

B 3aBucumocTn oT permaemMoil 3a[aun B IPOTpaMMax TIPUMEHSTIOTCS Pa3JIndHble BU/IBI
JIMHAMWYECKUX CTPYKTYp. PaccMoTpuM X Ha mpuMepax.

3apada 9.1. Ctek

Hanucamo npozpammy cOpmuposKi 6€uecmeeniozo MacCusa us n SAeMeHmos Memooom
ObICMPOTL COPMUPOBKIL.
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«YT0-TO MOKOGHOE 51 yKe 3eCh YUTAL...» — IOAYMAaETe BbL, U OyzeTe mpaBbl. Bbl 910 -
Tasm B 3aza4ax 3.3 u 7.5. A MosKeT ObITb, BbI aske moayMmaere: «/la CKoJbKO 5K MOKHO!»
W emnte xyzxe. VI BOT TyT MbI ¢ BAMU He COTJIACUMCS, TTIOTOMY 4TO, KOT/Ia Mbl PeIaji
3Ty 3ajla4y B ME€PBbIN pa3, HaM TPUIILJIOCH BbIIEJUTD JIJIsT XPAHEHWST TPAHUI] HEOTCOPTHU-
POBaHHBIX (DPArMEHTOB MACCHBA ABa MACCUBa 1 OOJIbIIASA YACTh ITOM IMaMATH IIPONAAa-
Ja cosepirenHo 3ps. Ho arto emne monbexs, a HacTosmas 6ea MOKET CIYIUThCsI, €CIIH
MACCHUB JIJISI COPTUPOBKM OyIeT HACTOJBKO IJIMHHBIM, Y4TO €Ille JBa BBIIEJNUTH IPOCTO HE
yzaacresd. VI TyT HaM Ha TIOMOIIb TPUXO/IUT JMHAMUYECKOE BbIJIeJIEHNE TTaMSTH — BbIjle-
JISIETCS HYKHOE KOJUYECTBO OaliTOB B HYKHOE BPeMsI, i HIYEro JIUIIHETO.

Cmexom Ha3bIBaeTCs CTPYKTYpa JaHHbBIX, B KOTOPOH 2JIeMEHT, 3aHeCeHHbII 11epPBbIM, 13-
BJIEKAETCS TTOCTeIHUM. B anropurme GbICTPOi COPTUPOBKHU CTEK UCIOTB3YETCS IS Xpa-
HEHUS IPAHUIl HEYIIOP104eHHbIX (hparMeHToB. B npunmmie, 1opsjaok, B KOTOpOM OHU
GynyT obpabarbiBaThes, He KpUTHYEH (TJIaBHOE, YTOOBI B KOHIIE KOHI[OB BCe (hparMeHThI
OKa3aJICh OTCOPTUPOBAHHBIMMU ), HO CTEK YI00HO MCIIOJIB30BATH M3-3a IIPOCTOTHI €T0 pe-
anmusanuu. JIJist creka orpe/iesieHbl BCETO IBE OTIePallii: 3aHECEHNE 2JIEMEHTa U BHIOOPKa
anementa. [Tpu BEIGOPKE 9JIEMEHT YAASIETCS 3 CTEKa, U HTO KaK Pa3 To, 4TO TpebyeTcs.

Jlist paboTBHI CO CTEKOM JIOCTATOYHO OJHON TTePEMEHHOI — yKa3aTesisd Ha €T0 BEPIINHY.
Hazosem ee top. Kaskzplil aieMeHT cTeka coep:KUT /[Ba METBIX Ynca (JIeByT0 U MPaByio
TpaHUIIBI (DparMeHTa MaccruBa) M yKa3aTeslb Ha CIAYIONINI 2JIeMeHT:

struct Node { // 3neMeHT CTeKa
int Teft, right:
Node* p;

Node* top = 0; // BepuuHa cTeka'

Y0610 0OpMUTE 3aHECEHHUE W BBIOOPKY 9JIEMEHTA CTEKa B BUJIC OTACTbHBIX (DYHKIHL.
DyHKINS TOMEIEHUs B CTEK OOBIYHO Ha3bIBACTCST push, a BEIGOPKH — pop. Bee Heobxo-
auMoe repejaercs GyHKIUAM yepes lapaMeTphl:

Node* push( Node* top, const int 1, const int r ) { // 3aHeceHune B CTEK
Node* pv = new Node; // 1
pv->left =1; /]2
pv->right = r; /] 3
pv->p = top; /] 4
return pv; /5
}
Node* pop( Node* top, int& 1, int& r ) { // BbibopKa U3 CTeKa
Node* pv = top->p; /] 6
1 = top->left; /17
r = top->right; // 8
delete top; /19
return pv; // 10

}

!B C++ onpenenena cranpaptaas konctanTa NULL, 3HaueHne KOTOPOil paBHO HYJIIO THIIA «yKa3a-
TeJb», HO, TIOCKOJIBKY MPaBUJIa MPpeodPasoBaHusl THIIOB 00€CIeUNBAIOT PABUIBHOE Peo6paso-
BaHUe 11eJI0T0 HYJISI B HYJIb TUIIA «yKasaTellb», B Heil HeT HeOOXOAUMOCTH.
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Tiateapro pacemorpuM 311 (yHKIMU. YT0OBI 3aHecmu 6 cmex TPaHUIbI (HparMeHTa,
HAJI0 1epe/iaTh B (OYHKIIMIO push aTH IPAHUIIBI, a TaKKe yKa3aTeJdb Ha BEPIIMHY CTEKA,
B KOTOPBIN MbI cOOMpaeMcst UX 3aHOCHTD. [lepesi rpaHuIaMu YKa3aHo KJII0YeBOE CJAOBO
const, 4TOOBI MOAUEPKHYTH (haKT, YTO OHU HE TOJIKHBI UBMEHSATHCS BHYTPU (DYHKIIUM.

[Tpexxzie Bcero Mbl OIMCBIBAEM BCIIOMOTATEJbHYIO II€peMeHHYIO-yKa3aTeJb U 3aHO-
CUM B Hee aJ[pec HOBOIO 3JIeMEHTa CTeKa, KOTOPbIH CO3/1aeTcs ¢ IIOMOIIbIO Ollepalun
new (onepamop 1). BeiensieTcst CTOMBKO MAMATH, CKOJBKO HEOOXOIMMO JIJIST XPAHEHVIST
cTpyKTYpbl Tuna Node. B onepamopax 2 n 3 undopmanonble 1oJs 3TOi CTPYKTYPbl
Teft u right s3amosHgI0TCA 3HAaYeHUAMU IePeJlaHHbIX B PYHKIUIO TpaHull ¢pparMenTa
MaccuBa. J[OCTYTl K TMOJISIM BBITIOJHSIETCST Yepe3 yKa3aTelb PV U OMepaIio Be6opa ->.
Hosblil aniemenT cranoBuTcs BepinHoii crexa. Ilose ero ykasaTesis 0JIKHO CCbLIATLCS
Ha 2JIEMEHT, IIOMEIIleHHbII B CTeK paHee. JTa CCbLIKA co3jaercsd B onepamope 4. Ecin
«3aTAJIKMBAEMbIl» B CTEK 2JIEMEHT SIBJIETCA [IEPBBIM, TO B Ka4eCcTBe 11ePBOTO apryMeHTa
ynkum push wamo 3agare 0. @yHKIM push BO3BpAIaeT yKa3aTeslb HA BEPIINHY CTeKa.
Vm Bcerzia siByisieTcs ykasaTesib Ha TOJbKO YTO 3aHeCEHHDBIH aieMenT (onepamop 5).

Boibopraus cmexa (yHKIHS pop) BBIIOTHsIeTCS aHaornaHo. CHavajia U3 BepIIHHbI CTe-
Ka BBIOMPAETCS yKasaTellb Ha ero CJeAYIoNuii ageMeHT (onepamop 6), KOTOPBIH cTaHeT
HOBOW BEPIIUHON CTeKa. ITOT YKa3aTeh SBISETCS BO3BPAIaeMbIM 3HAUeHUEM (DyHK-
mn (onepamop 10). ndopmanmonHas 4acTh aJieMeHTa 3aHOCUTCS B TIepeMeHHbIe | 1 I,
KOTOPBIE TIePeIatoTCsT B BBIZBIBAIOIILYIO (hYHKITHIO TI0 ccbliike (onepamopui 7 u 8). Ilocie
TOTO, KaK BCst HHGOPMAIIHS U3 3JIeMEHTa BBIOPaHa, €ro MOKHO yAaIuTh (onepamop 9).

Itu GYHKIUY MOKHO TIPUMEHUTD B JIIOOOH IIporpamme, rie TpeGyercst CTeK, M3MEHUB
MOJIsI, COCTaBJgIONE ero WH(GOPMAIMOHHYI0 YacTh, W COOTBETCTBYIONIHE Tapame-
Tphl. Temepb MOJKHO 3aMEHUTDH B 33jjaue 3.3 MACCHUBBI HA «KJIACCUYECKUI» cTeK (JIu-
crunr 9.1).

JluctuHr 9.1. BoicTpas cCOpTUPOBKA C NCNOJIb30BAHUEM KJTACCUYECKOro cTeka

#include <fstream>
#include <iostream>
using namespace std;
struct Node {
int Teft, right:
Node* p;
b
Node* push( Node* top, const int 1, const int r )
Node* pop( Node* top, int &1, int &r )
[/ e FNABHAA BYHKUMA ==--=---mmmmmmmmmmme e oo
int main() {
ifstream fin( "sortl.txt" );
if ( !fin ) { cout << "Het daina sortl.txt" << endl; return 1; }
int n; fin >> n;
float* arr = new float[n];
for (int 1 =0; 1 <n; i++ ) fin >> arr[i];
int Teft, right; A e R CopTnpoBsKa
Node* top = 0;
top = push( top, 0, n -1 );
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while ( top ) {
top = pop( top, left, right );
while ( Teft < right ) { // Paszpenenue < arr[left] .. arr[right] >
int i = left. j = right:
float middle = arr[( left + right ) / 27:
while (1 <3 ) {
while ( arr[i] < middle ) i++;
while ( middle < arr[j] ) j--:

if (i<=73){
float temp = arr[i]; arr[i] = arr[j]; arr[j] = temp;
it J--
1
}
if (1 < right ) // 3anuch B CTeK 3anpoca W3 NpaBoil Y4acTw
top = push( top, 1, right ):
right = j; // Tenepb left u right orpaHn4usanT NEBY 4acTb
}
}
for ( int i =0; 1 <n; i++ ) cout << arr[i] << ' '; // BbiBOA pesynbTaTa
1
Node* push(Node* top, const int T, const int r) { /] ----emm-- 3aHeceHne B CTeK
Node* pv = new Node;
pv->left = 1; pv->right = r; pv->p = top;
return pv;
}
Node* pop(Node* top, int &1, int &r) { A e EE LR BhilOOpKa 13 CTeka
Node* pv = top->p;
1 = top->left; r = top->right; delete top;
return pv;
}

s Gosbiieil 06LIHOCTH 3/1eCh UCIIOJIb30BaH BBOJ U3 (paiiia B AMHAMUYECKUN Mac-
CUB.

3apaua 9.2. JInHelHbI CNNCOK

Hanucamv npozpammy pabomul ¢ 6asoii omoena xadpos npednpusmus. basa xpanumcs
6 mexcmogom ailne, e2o pasmep moxcem Gvims npoussoivioim. Kajcoas cmpoxa paii-
aa codepacum 3anucy 06 00nom compyonuke. Qopmam 3anuci: Gamuius u UHUGUATbL
(30 nos., pamunus Q0INCHA HAUUHAMBCS € NEPEOU NO3UUUU), 200 poxcOeHus (5 nos.),
oknad (10 nos.). Ilpozpamma donsxcra obecneuusams nouck 6 6ase no 3a0AHHIM KPUMEPU-
AM, KOPPEKMUpOBKY U donorHenue 6asol.

¥ Bac, HECOMHEHHO, €11le CBEKO OTBPAIIEeHNE K aHAJIOTHYHBIM 33/1a4aM, PACCMOTPEHHBIM
Ha cemuHapax 6 u 7. Crennduka 5Tol 3aauu COCTOUT B TOM, 4TO pasmep 0asbl He orpa-
HUYEH, IMTO3TOMY [IJIA €€ XpaHEHHWA B IMaMATU MbI BOCIIOJIB3YEMCA OJITHOCBA3HBIM JIAHEe-
HBIM CITMCKOM. Ka’KBIil 3JIeMEHT TaKOTO CITMCKa BKJIIOYaeT WH(MOPMAIMOHHYIO 4acTh
(damuuio, ron poskeHus, OKJIA/) U YKa3aTesb Ha CJeAyonuii sjaemMent. [Ipusnakom
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KOHIIA CITMCKaA CJYKUT HYJb B IIOJI€ YKa3aTeJIsd. Crncok JOCTYIIEH 4Yepe3 yKa3aTe/ib Ha
€ero HepBbII;'I 9JIEMEHT:

const int 1 _name = 31;

struct Man { A INEMEHT CMUCKA ---------------
char name[1 name]; int birth _day: float pay;: // WHbopMaLMOHHAA 4aCTb
Man *next; // YKaszaTenb Ha CNemylouwuin 3neMeHT
b
Man *beg: // YKaszaTenb Ha Ha4ano Cnucka

OcHOBHOe BHUMaHUE TPU IIPOrPAMMHUPOBAHUN 9TOW 3ajlauil YAEIUM pasOUeHHo Ha
bynxmun n cnemmdpuranun nx uaTepdeiico. Hampumep, moruano opopmMuts B BuE
DYHKIMN KaXKIYIO OTEepaIiio co CiuckoM ((hopMUpoBaHue, MOUCK, 100aBJIeHNE U y/a-
JICHUE 9JIEMEHTA ), TIOCKOJIbKY OHU MIPEACTABISIOT COOOI 3aKOHUEHHBIE IEHCTBUSL.

Nurepdeiic monb30BaTe st OPraHU3yeM B BUJIE TIPOCTEHIIETO MEHIO, KOTOPOE OY/IET BbI-
BOJIUTBCST HA 9KPaH M0CJe KaK0To jgeiictBus (B crangapt C++ ne BXoaaT (hyHKIIUN T10-
3UIMOHUPOBAHIS Kypcopa Ha 9KpaHe, YIIPaBJIEHUS [[BETOM U PabOTHI ¢ 9KPAHOM B Ipa-
(huaeckom pexkrme, MOCKOJIBbKY OHU CUCTEMHO-3aBUCUMbBIE, TOITOMY HAIITH BO3MOKHOCTH
orpaHudeHbl). By/ieM UCXOAUTD W3 TOTO, YTO Bee (DYHKIMH JOJKHDBI OBITh HE3aBUCUMBI,
4TOOBI MI3MEHEHUS B OTHOH (DYHKITUHU He MOTJIU BJIUSITH Ha TIOBeIeHHUe JAPYTOit. JIJist aT0r0
BCE, uTO (DYHKI[USAM HEOOXOAMMO TI0JIyIaTh U3BHE, Oy/IEM TIEPEIaBaTh UM Yepe3 TapamMe-
TPHI.

[Ipexne Bcero onpenenum unrepdeiic Haiieil nporpammbl. Ham KajkeTcst JIOTMUHBIM
NPEOCTABUTH TOJIB30BATENIO CJAEAYIONNEe BOSMOKHOCTH: 1) m006aBjaeHre COTPYAHUKA;
2) ynasenuie cCOTpY/IHUKA; 3) MOUCK COTPY/IHUKA; 4) KOPPEKTUPOBKA CBEJEHUN O COTPY/I-
HUKe; 5) BbIBOJ 0asbl Ha sKpam; 6) BbiBoA 0asbl B (paiia. Kamplii IyHKT 5TOT0 MEHIO
odopmuM B Buzie dhynkuuu. [lonpitaemes myTeM paccy:KAeHUN OIPeeUTh UX UHTEp-
(eiicor.

Nlo6asnenue corpyaunka. Yto6sl 106aBUTH COTPYAHIKA B 6a3y, HAZI0 3HATH, KOTO U Ky/Ia
n06aBATh. THBIMU cJTOBaMU, B (DYHKIIUIO HAJIO TIEPEIaTh YKa3aTeb Ha HAYaJIo0 CIIMCKa 1
COOCTBEHHO 00aBIsIeMBbIT ateMeHT. UTo6BI (GyHKIMST MOTJIa I06aBJIATh B CIIMCOK ¥ Ca-
MBI IIEPBBI 2JIEMEHT, OHA JIOJIKHA BO3BPAIATh YKa3aTesb Ha HAaYaJI0 CITUCKA!

Man* add( Man *beg, const Man &man ):

VYnanenne corpyauuka. ItoObl yaaauTh COTPyAHUKA U3 Oasbl, HAJO 3HATh, U3 KAaKOI
6a3bl 1 KAKOTO COTPYAHUKA YAAJSATh, YIaJeHUE COTPYAHUKA JIOTHIHO BBIIOJHSTD 10 €T0
(hamusinu ¥ MHUIIMATIAM, CJIe/IOBATETbHO, HAJIO UX TIPE/IBAPUTEBHO 3aIIPOCUTH Y TT0JIb30-
Batesist. UTOOBI YA UTh 9JIEMEHT U3 CIIMCKA, HA/[O TPEIBAPUTETBHO HAITU 3TOT 3JIEMEHT,
TO €CTb IyTeM ITPOCMOTPA CITUCKA TTOJTYYUTh YKA3aTeh Ha HETO.

[Touck anemeHTa criucka 1o haMuinu notpebyeTcst B Haleli porpaMme 1 cam 1o cebe,
1 JI711 KOPPEKTUPOBKHU CITMCKA, TI09TOMY 0(DOPMUM €ro B BUJIE OTAETbHON (hyHKIINU. 3a-
npoc gamunuu TpebyeTcs v Npu yIaJeHUH COTPYAHUKA, U TIPH KOPPEKTUPOBKE CBejle-
HUI1, T03TOMY €r0 TakKe OyzeT JJOTHIHO 0POPMUTDH B BUJIE€ COBCEM HEGOJIBIIION BCIIOMO-
raresbHOl pyHkumu. HazoseM ee get name (BrpodeM, 63 9T0ii (hyHKIMK BIIOJTHE MOMKHO
00OHTHUCH, ITO A0 BKYCA):

void get name( char *name );
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Wrak, 3arpoc amuiim GyeT BBITOJHATHCA BHYTPU (DYHKITMU YAAIEHUS, TIOITOMY U3-
BHE B Hee JIOJKEH TIepe/laBaThes TOJMBKO yKa3aTes b Ha Hauyaslo CIHCKa:

Man* remove( Man *beg )

Ira GyHKIW, Kak 1 GYHKIUSA H00aBIeHNs], BO3BPAIAeT yKa3aTeJb Ha HAYA/IO CITHCKa
HAa CJIydail, eci y/lajleH1e BhIIOIHSETCS U3 ero Havyasta (IIPU 9TOM yKa3aTesb U3MeHs -
eTcs).

Ilouck corpyanuka. B ycioBuu 3aaun CKa3aHo, YTO ITOUCK JIOJIKEH BBITTOTHSTHCS 110
3a/[aHHBIM KpUTEPHsIM. B Hatell IpuMUTHBHON Gase BCEro Tpu 1moJist. ByieM BhITIOIHSITH
MOUCK T10 KayKJIOMY 13 HuX. JIJIst IpuMepa IpUMeM, YTO HaM MOTYT ITOTPeGOBaThCSL:

O cBezmenust 06 OTAETBHOM COTPYAHUKE TI0 €10 (GaMUIUN 1 MHUITTAJIAM;

O cBenenus o cCOTpyIHUKAX CTapIile 33[aHHOTO TO[a POYKIEHUST;

O cBememust 0 COTPYAHUKAX, IMEIOTIIX OKJIAJ OOTbINE BBEAEHHOTO C KIABUATYPHI.
Pesknm paboThl (hYyHKITMM TIOMCKA — 9TO €€ BHYTPEHHEE JIeJI0, TI0ITOMY U3BHE €il mepe-
ZIaeTcs TOJIBKO YKa3aTeJb HA HAYaJI0 CITUCKA:

void find man( Man *beg );

[Touck B criicke 110 KOHKPETHOMY KPUTEPUIO O(POPMUM B BUJIE ITePErPYKEHHbIX (DYHK-
Ui, KOTOpbie OYAYT BBI3bIBATHCS U3 Tind_man:

Man* find( Man *beg, char *name, Man *&prev ); // nowuck no hamunuu
void find( Man *beg, int birth _day ); // MOUCK MO T0fy POXAEHNA
void find( Man *beg, float pay ); // NOWCK MO oKnamy

MbI 100aBHJIN B CITUCOK MTapaMETPOB TIE€PBOil (DYHKIIUHU yKa3aTe b Ha 3JIEMEHT, TIPe/IIie-
cTBytonmmii HalizearHOMY (prev). OH nepenaercs 1o azpecy (Kak CChITKA HA yKa3aTesb),
[TOCKOJIBKY JOJIZKEH (hOPMUPOBATHCSI BHYTPH (BYHKIIUH., ITOT yKasaTesb MOTpebyeTcs
B IIOJIIIPOrPaMMe Y/IaJIeHHs], TOCKOJIBKY TP 9TOM HaJ[0 CBSA3aTh MESKLY COOOM MpebILy-
MW U CJIYIONINI TI0 OTHONIEHUIO K YAAISIeMOMY 9JIEMEHTHI.

Koppexkruposka cBeaennii. Oyukiust anamornyia GyHKIUY yAAJIEHUS 32 UCKIIOYe-
HUEM TOTO, YTO yKa3aTeJib Ha HAYaJo CIKUCKA U3MEHUTHCS HE MOJKET, I09TOMY (DYHK-
111 BO3BPAIIAeT IPU3HAK YCIENHOCTU BbIITOJTHEHNSI KOPPEKTUPOBKY (Ha BCSIKUH CJIy-
qai):

int edit( Man *beg );

BoiBoj 6a3bl Ha 9KpaH ¥ B (pailil BBINOIHAIOTCSA aHAIOIrHYHO. ECTecTBEHHO, UTO J1JIs1 BbI-

BoJa B (haiiy Tpebyercs yKasarh, B KaKOI IMEHHO, I09TOMY TapaMeTPOM 9TOH (QDYyHKIIMN
TOJIKEH OBITH yKa3aTesb Ha CHMBOJIBHYIO CTPOKY, COJIEpIKAIyio nMst haiia:

void print_dbase( Man *beg ); // Ha 3KpaH
int write_dbase( char *filename, Man *beg ); // B ¢ain

Hauasnbnoe ¢popmupoBanue ciiucka u3 daiisia Beimosinsercst B hynkimu read_dbase:
Man* read dbase( char *filename );

BBon mHGOpPMAIM 0 COTPYAHUKE M BBIBOJ MEHIO TaK)Ke SIBJSIOTCS JIOTHUECKH 3a-
KOHYEHHBIMU JICHCTBUSIMHU, TTOITOMY OHU TOKe O0(DOPMJIEHBI B BUie (DYyHKITUI read man
u menu. [TpuBezsiem Teker porpamMmbl (JICTUHT 9.2).
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JIncTunr 9.2. JIMHenHbIn cnucok

#include <cstdio>
#include <cstdlib>
#include <cstring>
using namespace std;
const int 1_name = 31;
struct Man {

char name[1_name];

int Dbirth_day;

float pay:

Man *next;

Man* add( Man *beg, const Man &man );
int edit( Man *beg );:
Man* find( Man *beg, char *name, Man *& prev );
void find( Man *beg, int birth day );
void find( Man *beg, float pay );
void find_man( Man *beg ):
void get name( char *name ):
int menu();
void print_dbase( Man *beg );
Man* read_dbase( char *filename ):
Man read man();
Man* remove( Man *beg );
int write_dbase( char *filename, Man *beg );
J] e e [NaBHaf QYHKUMA =---------=-----------——-
int main() {

Man *beg = read_dbase( "dbase.txt" );

if ( 'beg ) return 1;

while ( true ) {

switch ( menu() ) {

—~ o~ =~ o~

case 1: add( beg, read_man() ); break;
case 2: beg = remove( beg ); break:
case 3: find_man( beg ); break;
case 4: edit( beg ); break:
case 5: print_dbase( beg ); break;
case 6: write_dbase( "dbase.txt". beg ); break;
case 7: return 0;

default: puts( " Hapgo BBOAMTH 4ucno oT 1 po 7" ); break;

Man* add( Man *beg, const Man &man ) { // ------------------- [lobasneHue COTpyHUKA

Man* pv = new Man; // OOpMUPOBAHWE HOBOTO 3/1EMEHTA

*pv = man;

pv->next = 0;

if ( beg ) { // Cnncok He nycT
Man* temp = beg;
while ( temp->next ) temp = temp->next; // TIOUCK KOHUa Cnucka
temp->next = pv; // TlpnBs3biBAHNE HOBOTO 3/1EMEHTA
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else beg = pv; // CAncok mnyct
return beg:
}
int edit( Man *beg ) { // -------mmmmmm i KoppeKTnpoBKka CBefeHuii
char name[1 name], buf[807;
get name( name ): // Koro wnuem?
Man* prev;
Man* pv = find( beg, name, prev );
if ( Ipv ) return 1; // He Hauwnn
do { puts( "BeeguTe Hoswit oknag " ); gets( buf )
} while ( !( pv->pay = (float) atof(buf) ) );
return 0;
}
B e ittt IOVCK COTPYAHUKA N0 hamunny
Man* find( Man* pv, char* name, Man *& prev ) {
prev = 0;
while( pv ) {
if ( strstr( pv->name, name ) )
if ( pv->name[strilen( name )] == " "' ) {
printf( "%30s%51%10.2f\n", pv->name, pv->birth day, pv->pay );
return pv;
}
prev = pv;
pv = pv->next;
}
puts( "Takoro coTpygHuka Het\n" );
return 0;
}
A e MONCK 1 BbIBOA COTPYAHWUKOB MO TOAY POXAEHMSA

void find( Man* pv, int birth day ) {
while ( pv ) {
if ( pv->birth day < birth day )
printf( "%30s%51%10.2f\n", pv->name, pv->birth day, pv->pay );
pv = pv->next;

}

A e e MONCK M BbIBOA COTPYAHWKOB NO OKNagy
void find( Man* pv, float pay ) {
while ( pv ) {
if ( pv->pay >= pay )
printf( "%30s%51%10.2f\n", pv->name, pv->birth day, pv->pay );
pv = pv->next;

}

void find man( Man* beg ) { // --------mmmmmmrr Monck
char buf[1 _name];
int birth _day, option;
float pay;
Man *prev = 0, *pv = 0;
do { puts( "1 - nowuck no damuaun, 2 - N0 rofy pPOXAeHMs,\n\
npooosicenue
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JlucTuHr 9.2 (npogosmkeHue)

3 - no oknapy, 4 - otmeHa\n "):
gets( buf ):
} while ( I'( option = atoi( buf ) ) );
switch ( option ) {
case 1: get name( buf );
pv = find( beg, buf, prev ); break;
case 2: do { puts( "Bseaute rop poxgeHna\n" ); gets( buf ); }
while ( !'( birth day = atoi( buf ) ) );
find( beg, birth day ); break:
case 3: do { puts( "Beemute oknap\n" ); gets( buf ); }
while ( !'( pay = (float) atof( buf ) ) ):
find( beg, pay ); break ;
case 4: return;
default: puts( "HeBepHbiit pexum\n" );

}

void get name( char* name ) { // ----------mmmmmmmmm - 3anpoc damunun
puts( "Bsegute ¢amunuo U.0. " ); gets( name );

int menu() { // === BbiBOA MeHi
char buf[107;
int option;
do { puts( " ")

puts( "1 - pobasnexue cotpygHuka\t 4 - KOpPeKTMpOBKA CBeeHni" );
puts( "2 - ypaneHue coTpymHWKa\t\t 5 - BbiBOA 0asbl Ha 9KpaH" )
puts( "3 - nouck cotpyaHnka\t\t 6 - Bbioa 6assl B Gain\t\t\t 7 - Bbixop" );
gets( buf );
option = atoi( buf )
} while ( loption );
return option;

void print_dbase( Man* beg ) { // ---------mmmmmmmii - BbiBOA 6a3bl Ha 3KpaH
Man* pv = beg;
while ( pv ) {
printf( "%s¥51%10.2f\n", pv->name, pv->birth day. pv->pay );
pv = pv->next;

Man* read_dbase( char* filename ) { // ----------------------- YteHne 0Gasbl 13 dalina
FILE* fin;
Man man, *beg = 0:
if ( ( fin = fopen( filename, "r" ) ) ==0) {
printf( "Het ¢aitna %s\n", filename ); return 1;

}

while ( !feof( fin ) ) {
fgets( man.name, 1 _name, fin );:
fscanf( fin, "%i%f\n", &man.birth day, &man.pay );
beg = add( beg. man );

}
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fclose( fin );

return beg:
}
Man read man() { // ----------mmmmmm o BBOA MH(pOpMaunMnm O HOBOM COTDY[AHUKE
Man man; char buf[807;
get name( man.name );
for (int 1 = strlen( man.name ); i < 1 name; i++ ) man.name[i] = " ";
man.namel1 name - 1] = "\0";
do { puts( "Bsegute roa powpeHns " ); gets( buf ); }
while ( !'( man.birth day = atoi( buf ) ) );
do { puts( "Bseaute oknap " );  gets( buf ); }
while ( !'( man.pay = (float) atof( buf ) ) );
return man;
}
Man* remove( Man* beg ) { // --------mmmmmmmm Ynanesue CoTpy[HUKa
char name [1_name];
get name( name ): // Koro ypansem?
Man* prev;
Man* pv = find( beg, name, prev );
if (pv ) { // Ecnu Hawnu
if ( pv == beg ) beg = beg->next; // YpaneHue 13 Hayana cnucka
else // YnaneHne n3 CepefnHsl WAKW KOHUA ChnCKa
prev->next = pv->next;
delete pv; // OcBoOOKaeHWe namaT W3-nop 3NeMeHTa
}
return beg:
}
A et T e BbiBoa 0asbl B (aiin
int write dbase( char *filename, Man *pv ) {
FILE *fout;
if ( ( fout = fopen( filename. "w" ) ) == NULL ) {
puts( "OwnbKa OTKpbITUA Gaiina” ); return 1; }
while ( pv ) {
fprintf( fout, "%s%51%10.2f\n", pv->name, pv->birth day. pv->pay );
pv = pv->next;
}
fclose( fout );
return 0;
}

O6paTuTe BHUMAHUE, YTO ¥ TIPOTOTHIIBI, U CAMU (DYHKITMU PACTIOIOKEHBI B aI(haBUTHOM
HOPsifiIKe ¥ CHAGKEHBI XOPOILIO YUTAEMBIMI KOMMEHTAPUAMU. ITO YIPOILIAET OTJIAIKY
nporpamMmbl. B miporpamme 1pesycMOTpeHa «3alluTa OT Jypakas: ecJid 10JIb30BaTesb
BBe/IET HEBEPHDII PEKIM UM HEYNCIIOBbIE CUMBOJIBL TaM, T7l€ 3TOTO JIeJIaTh HeJlb3s, IIPO-
rpamMMa KOPpeKTHO 06paboTaetr aTy CUTyaruio (BIpovYeM, IPOrpaMMa B IIeJI0M OCTAETCs
KpaiiHe He3alMIIEHHON OT nepenoiHeHus 6ydepa BBOJa, HO ¢ 9TUM MPUAETCS MUPUTHCS
JI0 BTOPOIi yacTu npakTukyma). [Ipu ornanke BoiBosa B (haiisl pekoMeH/1yeM BaM 3a/1aTh
UMsI, OTJIMYHOE OT UCXOAHOTO (haiiia, ¢ TeM, 4TOOBI CIydYaiiHoO ero He UuernopTuTh. Hamom-
HUM, 4TO crierrduka paboThl ¢ KUPUJLIUIEH paccMaTprBasach B 3agadax 1.1 u 5.1.



138 YacTtb |. CTpyKTypHOE NporpaMmmMmmpoBaHue

Ha stom IIpMepe Bbl MOJKETE IMOTPEHHUPOBATHCA B TEXHOJIOTUMN CO3JIaHUA TTPOTPaMMBbI
«CBEPXY BHU3»: CHavdaJa OTIaJIUTh IVIaBHYIO (byHKI_[I/IIO, a 3aTEM ITOCTEIIeHHO ,71068.B]15{Tb
K Hell ocTtasibHble. Ha MecTe ele He I[O63.BJI€HHI)IX (bYHKI_[I/Iﬁ 0OBIYHO CTAaBATCS TaK Ha-
3bIBa€Mbl€ 3A2YyuUKU — (l)YHKHI/II/I, €/INHCTBEHHBIM JIefICTBUEM KOTOPDBIX ABJIAETCA BbIBO/L
COO6I_HeHI/IH O TOM, 4YTO 3Ta (byHKL[I/IH OblIa BbI3BaHa.

3aberast Briepes, IPEATIOKIM H0Jiee TPAMOTHOE PEIIeHNEe, KACAIOTIEeecst HCIIOIb30BaHHOI
B 9TOH 3a/jaue CTPYKTYPBI JaHHbIX. B IIporpamMMax, pacCMOTPEHHBIX paHee, 110/l UMeHeM
Man Mbl OIKCBIBAIM CTPYKTYPY, COJEPIKAILYIO CBEJCHUS O COTpyAHMKe. B aToll 3a/1aue
MBI B yTOJLY CBOUM MHTepecaM J0OABIIN B Hee MoJie yKazaresss, KOTopoe, BoobIie ro-
BOPsI, K CBEICHUSIM O COTPY/IHUKE OTHOIICHUS HE MMeeT. BoJiee TpaBUIbHBIM ObLIO GBI
OCTaBUTDb CTPYKTYPY Man HEM3MEHHOM 1 yHacJe[10BaTh OT Hee cTPYKTypy Node, KoTopas
U SIBJISATTACH OBI 9JIECMEHTOM CIIHCKA:

struct Man {
char name[1_name];
int  birth_day;
float pay;

b

struct Node: Man {
Man *next;

b

Ykasanue nmenu Man mocie ABOETOYMA IPU OIMMCaAaHUN CTPYKTYPbI Node o3Hayaer, 4TO
BCE€ €€ TT0JI «11EPEXOJIAT> B CTPYKTYPY Node. S,ZIGC]':) MbI BOCITOJIb3OBAJIMNCh TEM, UTO CTPYK-
Typa ABJSAETCSA (bOpMOﬁ KJ1acca, a Jid KJIaCCOB OIIpeAesIEHO Hac/ie/l0BaHne, KOTOPpOE Mbl
pacCMOTPUM BO BTOpOfI HaCTU IIpaKTUKyMa.

3apava 9.3. BuHapHoe poepeBo

Hanucamo npozpammy yuema napyuienuii npasui 0opoxchozo 0sumcenus. /s kaicoozo
asmomobuLs Heodxo0uMo xpanums ¢ 6ase cnucox napyuenui. /lns xajicoozo napyuenust
puxcupyemcs oama, spems, 6ud napyuwenus u pasmep wmpagpa. lpu onrame scex wmpa-
o asmomoburs yoarsemcs us 6asvl.

OrnuireM BHENTHIOK CITEIUKAINIO Halrell mporpaMMbl. OHA I0JIKHA MTO3BOJISATh BHO-
CUTH HapyllieHue B 6a3y, yAaIsTh ero Mpu MOCTYIUIEHUH CBeJieHuit 06 omuiare mrpada,
MOJTy4aTh CIIPABKY O HAPYIICHUIX, COBEPIICHHBIX HA 3a/[aHHOI aBTOMOOHIIE, COXPAHSITh
nndopmaruio B daitie 1 cunTHIBaTh ee n3 daitna. [lozauMcTByemM MPUHIIATT OPraHU3a-
IIUU MEHIO U3 MPeIBIAYIIEI TPOTPAMMBI.

YuurbiBast crienupuKy MOTEHIIUATBHBIX TTOJH30BATENEH MPOrPaMMbI, CllelaeM MEHIO
MaKCHMaJIbHO TPOCThIM: 1) BBOJ CBeleHNI 0 HapyllieHnn; 2) BBOJ| CBeleHni 06 orraTe
mrpada (ynaseHne COOTBETCTBYIOINIEN 3aITMCH 0 HApYIIeHN! ); 3) cIIpaBKa O HapyTIeH!-
SIX, COBEPIIIEHHBIX HA ABTOMOOMJIE C 3alaHHBIM HOMEPOM; 4 )BBIXO/I.

Temeps onpesiesinM BHYTPEHHIOW (hOPMY ITpeCTaBIeHNS JaHHBIX. Tak Kak 91ciIo Hapy-
[muTesell B Hallleit crpaHe mpubJIMKaeTest K 00IIeMy KOJTMIeCTBY aBTOBJIA/IENbIEB, Oa3a
MOKET MPpUOOPETaTh OIPOMHBIE PA3MEPBI, U CKOPOCTb BBIMIOJHEHMSI OTI€PaIlil TONCKA
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1 KOPPEKTUPOBKU CTAHOBUTCH akTyanbHOU. OueHb a(dekTuBHA B 3TOM OTHOIICHUHT
CTPYKTYpa JaHHbBIX, Ha3bIBAEMas OUHAPHLIM Depesom. PacCMOTPUM ero cBOCTBA.

Kasablit asiemenT (y3er) epeBa XapakTepusyeTcsl YHUKaIbHBIM Katoyom. Kpome kitioua,
y3€J1 JIOJIKEH cojiepsKaTh JIBe CCBhIJIKU: Ha CBOE JIEBOE U IIPaBOe HOJIepeBo. Y BCeX y3JI0B
JIEBOTO I10//lepeBa KJIIOUM MEHbIIIe, YeM KJII0Y JaHHOT'0 Y371, a Y BCeX y3JI0B IIPABOTO 110/1-
nepesa — GoJbiiie. B TakoM iepeBe, Ha3bIBAEMOM 0epegom noucka, MOKHO HalTH 060
3JIEMEHT 110 KJIIOYY, IBUTAdCh OT KOPHS U I1€peXo/isl Ha JieBoe WJIM IIPaBoe I0J/IePeBO
B 3aBUCHUMOCTHU OT 3HAYEHMS KJIo4Ya B KaKJIOM y3Jie. BpeMms noucka ornpenessieTcs Bbl-
COTO iepeBa, KOTOpas MPONOPIMOHAJIbHA IBOMYHOMY Jiorapu@My KOJIUYeCcTBa ero aJie-
MEHTOB (CPaBHUTE C JMHEHHBIM CIIMCKOM, B KOTOPOM BpeMsl IIOUCKaA [TPOIOPIIUOHATIBHO
KOJIMYECTBY €T0 3JIEMEHTOB).

Kaskprit aBTOMOGHIIb HMEET YHUKAJIBHBIN TocpersHak (Homep), OH 1 Oyet KirodoM. H-
dopmarmoHHas yacTh y3aa 6yIeT comepKaTh CChUIKY Ha CIUCOK Hapyimennit. OmnuiieMm
3JIEMEHT CIMCKa HapyteHuii (nmrrpad no-anrauiicku — «fines) u y3est nepesa momcka:

const int 1 time = 20, 1 _type = 40, 1 _number = 12;

struct Fine { [/ mmm itpa (aneMeHT cnucka)
char time[1 time]; // Bpema HapyuweHnsa
char type[l typel:; // Bul HapyweHus
float price; // Pasmep wrpata
Fine “*next; // YKasaTenb Ha Cnepyownini anemeHt
b
struct Node { [ Y3en pepesa
char number[1_number]; // Homep asTOMOOMNA
Fine *beg; // YkazaTenb Ha Ha4ano ChNNUCKAa HapyweHuii
Node *left; // YkasaTenb Ha NeBoe NOANEpeBo
Node *right; // YkazaTenb Ha npaBoe NOANEpeBo

b

OnumeM o6t arzopumm pabomot npozpammot. 11py BBoJe HOBOTO HAPYLICHHS 3aIIpa-
IIMBAETCS HOMEP aBTOMOOUIISI M BBIIOJIHSIETCS OKMCK B Oase. Eci aBToMo6mIb yike u-
rypupyer B 6ase, B CIIMCOK €0 HapylIeHHUH 106aBIseTcsl HOBOE, a CJIU HET, TO CO3/1aI0TCs
HOBBIIA y3€J1 IepeBa 1 TIePBbIi 3JIeMEHT CIIUCKA HAPYIIEHUA.

I[Tpu BBOIE MHOpMatH 06 yrraTe mTpada BEIMOTHAETCS OMCK 33laHHOTO aBTOMOOU-
Jisl, a 3aTeM — IIOUCK COOTBETCTBYIONIero Hapylenus. IIpu aToMm 3arpaimnBaercs: Bpems
coBepllIeHNsl HapyllleHus, II0CKOJIbKY BCe OCTasIbHbIe IIapaMeTpbl HECKOJIbKUX Hapyllle-
HUH MOTYT COBIAIAaTh (HATTPUMED, aBTOTIOOUTEIIST CEMb Pa3 3a IeHb O TpahoBaIH 3a TIpe-
BblIIIEHNE CKOPOCTHU IIPY Pa3BOPOTE 33//HUM XOJIOM Ha IlepeKpecTKe 110/ 3alpeliaionnil
curnaj cserodopa). Eciu nocse yzasenus sanucu o HapylleHUH CIIMCOK OKa3bIBaeTCs
IIyCTBIM, COOTBETCTBYIONUH y3eil JiepeBa ynasusercs. IIpu sanycke nporpaMMsl JaHHble
CUMTHIBAIOTCS U3 aiiya, a IPY OKOHYAHUK PabOThI ¢ IpOrpaMMoil (haiiir 0OHOBJISIETCS.
Pazo6beM mporpamMMy Ha (DYHKITUHU U OIIPeie/InM HHTepdeiic Kask 1ol u3 Hux. BoimosHe-
HUE HaunHaeTcst ¢ (hOPMUPOBAHNUST IBOMUHOTO iepeBa 13 (aiiia 6assl Hapyennit. Hazo-
BeM yHKIMIO uTeHus read_dbase. Ona mosryvaert aiisr, U3 KOTOPOTO cJielyeT CIUTHIBATD
wH(GOPMAITNIO, a BO3BPAIAET yKa3aTeJab Ha KOPeHb c(hOPMUPOBAHHOTO JlepPeBa:

Node* read dbase( char* filename );
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Hannuue aiina He 06s13aT€IbHO — Be/lb HA/I0 JKe UMETh BO3MOKHOCTH HauaTh paboTarh
¢ mycToii 6a3oi, He TOBOPS yIKe O IPelolieil Iy aBToTOOUTENs BEPOATHOCTH ruben
6asbl BesienicTBHE (He)peiHaMepeHHo opun aucka. [Ipu orcyTeTBun daiiia BbigaeT-
Cs1 IPeLyTIpesRIatoliee COOOIEHNEe U BO3BPAIIAETCS HYJIEBO YKa3aTelb.

Jluist peanuzaiuu epBoro MyHKTa MeHIO (BBOJI CBEJEHUI O HAPYIIEeHUH) HEOOXOIUMO
BBIIIOJIHUTD /1B OT/EJIbHBIX JIeCTBU: BBECTH HYKHYI0 MH(MOPMAIIMIO U 3aHECTH ee B Jie-
peBo. Beoanmbie cBeienst yI06HO TIPEJICTAaBUTD B BU/IE CTPYKTYPBI:

struct Data { J] mm icxonHble paHHbie
char number[1_number]; // Homep asToMOOWAA
char time[1 time]; // Bpems HapyweHus
char typell typel:; // Bui HapyweHus
float price; // Pasmep wtpada

IE

Dyukiwms input OyeT 3anpaiBaTh BBOJ 3THX JaHHBIX, IIPOBEPSITH UX KOPPEKTHOCTH U
BO3BPAIIATh UX B BBI3BIBAIOUIYIO QYHKIINIO. 3a/yMaeMcsl, B KAKUX ellle CJAYYasiX, KPOMe
(opMupoBaHsA HOBOTO HapyIIEHUs, MOKET 1oTpeboBaThes BBO Hantbix? OH HeoOXo-
JIMM U JIJIST BTOPOTO, ¥ JIJIsI TPETHETO MYHKTOB MEHIO, HO HAOOP CBEJEHUIT PA3INnIaeTCs:
ecJIu JIJIsi BHECEHUs TaHHBIX B Ga3y Tpebyercs Bes uudopmarys (HOMep aBTOMOOUIIS,
BpeMs U BUJI HApYIleHus, pagMep mrpada), To il yAajleHus oriadeHHoro mrpada He-
06XOIMMBI TOJILKO HOMEP aBTOMOOUIISE U BPeMsl HapyieHus. JIJist oJyuyeHus: CripaBKu
BBOJIUTCS] TOJIBKO HOMEP MariuHbl. YToObI BBOJ OBLI COCPENOTOUEH B OMHON (DYHKIIUH,
OIUIIEM PeXUM ee PabOThl B BUIE MIEPEUNCIEHUsST U Oy/IeM TIePe/IaBaTh €ro B KauecTBe
napamerpa:

enum Action { INSERT, DEL, INFO };
Data input( Action action );

3aHeceHue BBEJICHHBIX CBEJICHUH B JlepeBo Takske ohopmuM B Buze pynkiuii. [lockosb-
Ky TIpoIie/iypa CO3AaHUS KOPHEBOTO y3JIa OTIMYAETCSI OT CO3/IaHUS OCTAIbHBIX Y3JIOB,
Takux hyuxmnii 6yzner ase. [l71st co3MaHmsI KOPHEBOTO y371a TpedyeTcs meperath B HyHK-
muio ctpykTypy Data. DyHKIMS BO3BpalaeT yKazaTeb Ha CO3/IAaHHbIN KOPEHb JlepeBa:

Node * first( Data data );

3aHeceHre OCTATBLHBIX Y3JI0B COBMECTHM C TTOMCKOM, TaK Kak B 060UX CIydasx Tpebyer-
ST BBITIOJTHATD CIycK 1o fepeBy. Hazosem dyuxmmio search_insert. YTo6bI MCMOMB30-
BaTh €€ U MPU YAAJICHUN y3J1a U3 JIePeBa, MPUAETCS PACIIPUTh ee nHTepdeiic, 106aBruB
TyZa, KPOME yKas3aressl Ha KOPeHb JepeBa, 3aHOCUMBIX (MCKOMBIX) AAHHBIX U PEKUMa
paboThl, yKazaTesb Ha POIUTEST Y3JIa U TIPU3HAK, K IEBOMY WJIU TTPABOMY TOJIEPEBY PO-
IUTENIsT IPUHAJIEKUT NCKOMBIH y3esr. DYHKITHS BO3BpaIlaeT yKasaTe b Ha HallZIeHHbIN
(BCTaBJIEHHBIH ) y3eJ:

enum Dir { LEFT, RIGHT}

Node* search_insert( Node* root, const Data& data.
Action action, Dir& dir, Node*& parent );

[Ipusnak tuma Dir nepenaercd B BbI3BIBAIOILYIO (DYHKITMIO 110 CCBIIKE, a yKa3aTesb Ha
POJUTENHCKUN Y3€J — TI0 aipecy, YTOOBI MOKHO ObLIO MepeaTh HAPYKY UX 3HAYEHHUSI.
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DyHKIMA yaageHus 3anucu o6 oJHOM HapylieHun remove_fine mosiydyaer B KayecTBe
nmapaMeTpa yKasaTesb Ha y3eJ, U3 CIIHCKa KOTOPOTO CJie/lyeT YAAIUCh 3alUCh, a TaKKe
BPEMSI HapYIIIEHUsI, KOTOPOE CJAYXKUT KIIOYOM CITHCKaA. BpeMst 17ist efnH000pasust mepe-
naetcs B coctaBe CTPYKTyphl Data. DyHKIUS yAasIeT 3aIUCh U3 CITHCKA WU BBIAET WH-
hopmaimio o Tom, 4TO 3aUCh He HalifieHa, M BO3BPAIIaeT MPU3HAK, 10 KOTOPOMY MOKHO
OTIPE/IETTUTD, IYCT JIN CHIUCOK HAPYIICHUIA:

int remove fine( Node* p, const Data& data );

Ecau crmcok myct, HeoOXOMMMO YAATUTh COOTBETCTBYIONTHI y3emr mepesa. st aToro
CITY’KUT QYHKIMS remove_node:

Node* remove_node( Node* root, Node* p, Node* parent, Dir dir );

Panu aroii dyHKIMKM MBI M BBOAMJIM B COCTaB IapaMeTPoB (DYHKIIMU HoUCKa search
insert ykasaresb Ha POJAMTEJNLCKUI y3eJ U IPU3HAK JIEBOTO WMJIM IIPABOTO IOJIEPEBA,
MIOCKOJIbKY Ha/10 KYy/1a-TO IPUBS3ATD NOJ/IEPEBbS yIATIAEMOr0 y3J1a. YAaJUTh MOXKHO JIIO-
6ol y3es1, B TOM YKCIIe U KOPHEBOIT, TOITOMY (hYHKIIHS remove node OJKHA BO3BPAIATh
yKasaTeJib Ha KOPEHbD /lepeBa Ha TOT cJydall, ecn OH U3MEHUTCS.

ﬂ]lﬂ TIOJIy4€HM:A CIIPABKU O HAPYUICHUAX, COBEPIICHHBIX Ha aBTOMO6I/IJIe C 3aJlaHHbIM HO-
MepoM, CJIy:KUT (yHKITHS print_node:

void print_node( const Node& node ):

ITo oxoHuanuu paboThl ¢ 6a30il OHAa BBIBOAWUTCA B (ails, A 9TOro IpejHasHauYeHa
¢dynkims write_dbase. Eil nepemaercs daiiir, B KOTOPBI OyeT BHIBOAUTHCSA HHPOpPMa-
1M1, U yKa3aTesb HA KOPEeHb JiepeBa:

void write dbase( ofstream f, const Node* root );

[Touemy MBI B TaHHOM cJiydae repesiaeM B (DYHKIIHTO He UM (haiijia, a ysKe OTKPBITHIN BbI-
XOJIHOM TTOTOK, MBI 0OBSICHUM TIO3/KE, TIPH AHATH3€ COOTBETCTBYIONIETO ATOPUTMA.

Pasbuenue mporpaMMbl Ha (DYHKITUH ¥ CHIeIIU(UKAIISI UX THTEPHEHCOB — IPOIeCe uTe-
PaTUBHBII, TOCKOJBKY CPasy OOBIYHO HE YAeTCsl yUeCTh Bee Jetajiu 1 ToHkocTr. OpiHa-
KO MBI OT JIIITH PEKOMEH/IYeM BaM y/IeJISITh ITOMY 9TaIly KaK MOKHO OOJIbIlle BHUMAaHMsI ',
MOCKOJIbKY U€eM YeTde pasjiesicHa MporpaMMa Ha He3aBUCUMbIE YaCTH, TeM MEHbIIe Bpe-
Menu norpedyet ee orsaaka. Ilpusegem Teker nporpammbl (nctunr 9.3), a 3arem gagum
HEeOOXOINMBIE TIOSICHEHUS,

Jinctunr 9.3. buHapHoe aepeBo

#include <fstream>

#include <stdlib>

#include <cstring>

#include <ctime>

#include <iomanip>

using namespace std;

const char* filename = "dbase":
enum Action { INSERT, DEL, INFO };

enum Dir { LEFT, RIGHT }; 3 >
npodonxcenue

! XOTF[, TIOJIOJKa PYKY Ha Cep/Iie, Mbl CaMU HE BCETZa CJIeyeM CBOMM COBETaM.
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Jlnctunr 9.3 (npogoskeHue)
const int 1 time = 20, 1 _type = 40, 1 _number = 12;

struct Fine { A L litpad (anemeHT cnncka)
char time[1 time]; // BpemMa HapyweHus
char type[l typel; // Bui HapyweHus
float price: // Pasmep wtpada
Fine* next; // YKazaTenb Ha Chefyounii 3neMeHt
struct Node { A Y3en nepesa
char number[1 number]; // Homep asToMOOWNS
Fine* beg: // YKaszaTenb Ha Ha4ano CnuCKa HapyleHui
Node* left; // YkazaTenb Ha neBoe NoAaepeso
Node* right; // YKasaTenb Ha npasoe noinepeso
struct Data { A e llcxonHble faHHble
char number[1 number]; // Homep asTomoGuns
char  time[1 _timel; // Bpewmd HapyuweHns
char typell typel; // Bull HapyweHus
float price; // Pasmep wrpada
)
Node* descent ( Node* p );
Node* first ( Data data );
Data  input ( Action action );

int  menu()
void  print_node
void  print_dbase
Node* read dbase ( char* filename );
int read_fine ifstream f, Data& data );
int remove fine( Node* p, const Data& data );
void remove fines( Node* p );
Node* remove node( Node* root, Node* p, Node* parent, Dir dir );
Node* remove tree( Node* p );
Node* search_insert( Node* root, const Data& data, Action action,
Dir& dir, Node*& parent );
void write dbase( ofstream f, const Node* root );
void write node( ofstream f, const Node& node );
int main() { // -------mmmmm e [NaBHAA QYHKUMA --------------------
Node* p, *parent;
Node* root = read dbase( filename );
ofstream fout;
Dir dir;
while ( true ) {
switch ( menu() ) {
case 1: // BBOA CBENEHUI O HApyWeHWN
if ( 'root ) root = first( input( INSERT ) );
else search_insert( root, input( INSERT ), INSERT, dir, parent );
break;
case 2: // BBop cBepfeHuit 06 onnaTe wrpada
if ( !root ) { cout << "ba3a nycta" << endl; break; }
Data data = input( DEL );

const Node& node );

(
( Node* p );
(
(
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if ( !( p = search_insert( root, data, DEL, dir, parent ) ) )
cout << "CsepeHnsa 06 a/m oTcyTCTBYNT " << endl;
else if ( remove fine( p, data ) == 2 ) // Y#aneHs BCe HapyuweHus
root = remove node( root, p, parent, dir );
break;
case 3: // CnpaBKa
if ( lroot ) { cout << "Basa nycta" << endl; break; }
if ( !(p = search_insert( root, input(INFO), INFO, dir, parent )))
cout << "CBepeHns oTCyTCTBYWOT " << endl;
else print node( *p );
break;
case 4: // Bbixop
fout.open( filename );
if ( !fout.is open() ) {
cout << "Oumbra OTKpbITMA dalina " << filename; return 1; }
write_dbase( fout, root );

return 0;
case 5: print_dbase( root ): break; // 0TnapKa
default: cout << " Hapo BBOAWTL umcno oT 1 o 4" << endl: break;
1
Node* descent( Node* p ) { [/ e Cnyck no pnepesy
Node* prev, *y = p->right;
if ( ly->left ) y->left = p->Teft; /1
else {
do { prev =y; y =y->left; } /]2
while( y->Teft );
y->left = p->Tleft; // 3
prev->left = y->right; /] 4
y->right = p->right; //'5
}
return y;
Node* first( Data data ) { // ------------- dopMMpOBaHNe KOPHEBOTO 3/EMEHTA [epeBa

// Co3pnaHne 3annucu O Hapyuwerwn:

Fine* beg = new Fine;

strncpy( beg->time, data.time, 1 time );
strncpy( beg->type, data.type, 1 type );
beg->price = data.price;

beg->next =0;

// Co3naHve NepBOro y3na fepesa:

Node* root = new Node;

strncpy ( root->number, data.number, 1 number );
root->beg = beg:; root->left = root->right = 0:
return root;

}

Data input( Action action ) { // -------mmmmmmmmm Bsog HapyweHrus
Data data;
char buf[10], templ[3], temp2[3];
int day. month, hour, min;
cout << "BeeauTe Homep a/mM" << endl;

npooosicenue
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Jluctuur 9.3 (npogosmkeHune)

cin.getTine( data.number, 1 number );

if ( action == INFO ) return data;

do { cout << "BBeguTe paty HapyweHus B dopmate AA.MM.IT:" << endl;
cin >> buf;
strncpy( templ, buf, 2 ); strncpy( temp2, &buf[3], 2 ):
day = atoi( templ ); month = atoi( temp2 );

} while ( !'( day > 0 && day < 32 && month > 0 && month < 13 ) );

strcpy( data.time, buf ); strcat( data.time, " " );
do { cout << "BeeguTe Bpems Hapyuwenus B (Qopmate Y4:MM :" << endl;
cin >> puf;

strncpy( templ, buf, 2 ); strncpy( temp2, &buf[3], 2 );
hour = atoi( templ ): min = atoi( temp2 );
} while ( I'( hour >= 0 && hour < 24 & min >= 0 & min <60 ) );
strcat( data.time, buf );
cin.get():
if ( action == DEL ) return data;
cout << "BBeguTe Tun Hapyuwenuns type" << endl;
cin.getline( data.type, 1 type );
do { cout << "BBeguTe pasmep wrpada:" << endl;

cin >> buf;
} while ( !( data.price = ( float )atof( buf ) ) )
cin.get():
return data;
}
int menu() { A e R LR BoiBOg MeHio
char buf[10];
int option;
do { cout << " " << endl;
cout << "1 - BBON CBefeHnii 0 HapyweHun" << endl;
cout << "2 - BBop ceepeHuii 06 onnate wrpapa” << endl;
cout << "3 - CnpaBka" << endl;
cout << "4 - Buixop" << endl;
cout << " " << endl;
cin >> puf; option = atoi( buf )
} while ( loption ):
cin.get();
return option;
void print_node( const Node& node ) { A BbiBOJ Ha 3KpaH ceepfeHuit 06 a/m

cout << "Homep a/m: " << node.number << endl;

Fine* pf = node.beg;

float summa = 0;

while ( pf ) {
cout << "Bup Hapyuwenms: " << pf->type << endl;
cout << "[llata u Bpema: " << pf->time;
cout << " Pasmep wtpaga: " << pf->price << endl;
summa += pf->price;
pf = pf->next;
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cout << "0Obuad cymma wrpapoB: " << summa << endl;

void print dbase( Node *p ) { // ----------mmmmmmmn-- BbiBO4 Ha 3KpaH BCEro fJepega

if (p){
print_node( *p );
print_dbase ( p->left );
print_dbase ( p->right );
}

Node * read dbase ( char* filename ) { // ------------------- YTeHne Gasbl 13 Galina

Node *parent;

Dir dir;

Data data;

ifstream f( filename, io0s::in | i0S::nocreate );

if (I ) { cout << "Het ¢aitna " << filename << endl; return 1; }

f.getline( data.number, 1 number ); // Homep a/m

if( f.eof( ) ) { cout << "MycToit ¢aitn ( 0 GainT )" << endl; return 1; }

read fine( f, data ); // TepBoe HapyueHne
Node* root = first( data ); // ®opMupoBaHNe KOpHA [epeBa
while ( !read fine( f, data ) ) // Tocnepyowne HapyweHus

search_insert( root, data, INSERT, dir, parent );
// ®opmmupoBaHue nepesa:

while ( f.getline( data.number, 1 number ) ) { // Homep a/m
read fine( f, data ); // TepBoe HapyueHne
search_insert( root, data, INSERT, dir, parent );
while ( !read fine( f, data ) ) // Tocnepyowne HapyweHus

search_insert( root, data, INSERT, dir, parent );
}

return root;

————————————————————————————————————————— YTeHne U3 (Gaina MHOOPMALUM O HAPYyUEHUN
read fine( ifstream f, Data& data ) {

f.getline( data.time, 1 time );

if( data.time[0] == '=" ) return 1; // KoHelu CnucKa HapyweHui

f.getline( data.type, 1 type );

f >> data.price;

f.get();

return 0; // HapyuweHne CYMTaHO yCNewHo

--------------------------------------------------- YnaneHne HapyuweHus 13 Cnucka
remove_fine( Node* p. const Data& data ) {

Fine* prev, *pf = p->beg;

bool found = false;

while ( pf && !found ) { // LMKN NO COUCKY HapyueHni
if( !strcmp( pf->time, data.time ) ) found = true; // Hapyuerne HalineHo
else { prev = pf; pf = pf->next; } // Tlepexon K Cnep. 3MeMeHTy CMuCKa

if ( Ifound ) { cout << "CBepeHus O HapyweHus oTCyTCTBYWT." << endl;
return 1; }
if ( pf == p->beg ) p->beg = pf->next; // Ypanexue n3 Ha4ana Cnucka
npooosicenue
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Jluctuur 9.3 (npogosmkeHune)

else prev->next = pf->next; // YnaneHne n3 cepeyHbl UAN KOHLUA CMNCKA
delete pf; // 0CcBOOOKIEHWE NaMaTW W3-NOA 3NEMEHTa
if ( !'p->beg ) return 2; // Cnncok nycT
return 0;
}
F B e e e L LT PR T Ynanexne ysna nepesa
Node* remove node( Node* root, Node* p, Node* parent, Dir dir ) {
Node *y; // Y3en, 3amMeHAnuniA yanansembii
it ( Ip->left ) y = p->right; /711
else if ( Ip->right ) y = p->left; /12
else y = descent( p ); // 13
if ( p==root ) root =y:; // 14
else { // 15
if ( dir == LEFT ) parent->Teft = y;
else parent->right = y;
}
delete p; // 16
return root;
}
[ e MoNCK C BKIYEHNEM

Node* search_insert( Node* root, const Data& data. Action action,
Dir& dir, Node*& parent ) {

Node* p = root; // YKaszaTenb Ha TeKyWwid 3neMeHT
bool found = false; // TIpU3HAK yCnewHoro noucka
int cmp; // Pe3ynbTaT CpaBHEHWA Kioyei
parent = 0;
while ( p && !found ) { // Uukn noucka no nepeey
cmp = stremp( data.number, p->number ); // CpaBHeHue Kmyeil
if ( 'cmp ) found = true; // Hauwnn!
else { parent = p;
if (cmp<0) { p=p->left; dir = LEFT; } // Cnyck BneBo
else { p=p->right; dir = RIGHT; } // Cnyck BnpaBo

}

}
if ( action != INSERT ) return p;

// Co3paHne 3anucn O HapyweHun:
Fine* pf = new Fine;
strncpy( pf->time, data.time, 1 _time );
strncpy( pf->type, data.type, 1 type );
pf->price = data.price;
pf->next = 0;
if ( !found ) { // Co3paHne HOBOTO y3na:
p = new Node;
strncpy( p->number, data.number, 1 _number );
p->beg = pf; p->left = p->right = 0;
if (dir == LEFT) parent->left = p; // llpucoen. k negomy noanepeBy npeaka
else parent->right = p; // TpucoennHeHne K NpaBoMy NOANEPEBY MpPefKa
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else { // Y3en cywecTByeT, NODaBNeHNEe HapyWweHWs B CMUCOK
Fine* temp = p->beg;
while ( temp->next ) temp = temp->next; // TIoNCK KOHWa Ccnucka

temp->next = pf;
}

return p;

void write dbase( ofstream f, const Node *p ) { // -------------- BoiBon 0assl B (aiin
if (p){
write node( f, *p );
write dbase ( f, p->left );
write dbase ( f, p->right ):
}
}
void write node( ofstream f, const Node& node ) { // - BuwBog B (aitn cBepennit 06 a/m

f << node.number << endl;
Fine* pf = node.beg;

while( pf ) {
f << pf->time << endl << pf->type << endl << pf->price << endl;
pf = pf->next;
}
f << "=" << endl; // Tlpr3HaK OKOHYaHMsA CBefeHnii 06 a/mM

}

Paccmotpum ynkimio sanmcu gepesa B haitnwrite dbase. IlockombKy 1epeBo — CTPYK-
Typa PeKypCUBHAs, YI0OHO C/ieaTh 3Ty (DYHKIIUI0 PEKYPCUBHOM. JIJIst KasKI0To Toie-
peBa B (haiisl BRIBOAATCS CBEIEHUS O KOPHE, 3aTEM 0 JIEBOM U TIPAaBOM Tojiziepese. MImeHHo
13-32 PEKYPCUU MBI OTKPBLIN (haiisl BHE 3TOW (DYHKIIMK U TIepe/lajii B Hee TOTOBBIH K 3a-
e moTok. JIJist BeiBoga mHGopManuu 00 OHOM y3Jie UCIIOJIb3YETCST BCIIOMOTaTeTbHAST
bynxmms write node. i TpOCTOTHI JaHHBIE BHIBOJSATCA B TEKCTOBOM BH/JIE B OT/ICTTHHBIC
cTpoku (B peasibHOI crcTeMe IIPHUIILIOCh ObI UX XUTPOYMHO 3aidposath). IIpusnakom
OKOHYAHUST CIMCKA HAPYIIIEHWU JIJIST OHOTO AaBTOMOOWIISI CJIYKUT CUMBOJ «=». OH uc-
OJIB3YETCST TIPH dTeHun Oasbl u3 (aiia.

Oyuknnsg ureHns n3 ¢aiina read dbase BecbMa mpocTa. B Hell mcmonb3yercst BCIOMO-
rarenbHas (GYHKIMST CUNTHIBAHMS 3amucu o0 oxHoM Hapymenuu read fine. Crawama
BBOAUTCS MHMOPMATIHST O HOMEpPE MEPBOTO aBTOMOOUJISI M €TO TIEPBOM HApYTITEHUN 1 3a-
HOCHUTCS B KOPEHb JiepeBa ¢ MoMoIbpio ¢hyHknun first, 3ateM opranusyercs IUKJ 10
BCEM OCTAJIbHBIM HAPYIIEHHSIM JAHHOTO aBTOMOOWIISI, ecJii OHU ecTh. HapyueHust 1o-
GaBJISIIOTCS B CIMCOK € MOMOIIBI0 (hyHKIMH search_insert.

Jlasiee aHAJIOTUYHBIE JEHCTBUS TIPOU3BOAATCS JIJII BCEX OCTAJIBHBIX aBTOMOOUIei. Ko-
HEYHO, MOYKHO GbIJIO GBI He HCKATh TPeGYEMBbIi y3eJI ¥ KOHEIT CIIMCKA HApYIIeHUH 3aHOBO
JUIST KQXK/IOTO HAPYIIEHUS U3 CIIMCKA, & XPAaHUTb COOTBETCTBYIOININE YKa3aTesd, HO TO
noTpe6oBao OB JOMOJTHUTENHLHOTO KOJIA U HE JaJi0 OBl CYNIECTBEHHOTO BBIUTPHIIIA BO
BPEMEHH, TaK Kak 6a3a CYUTHIBAETCS BCETO OJ[MH Pa3 JI0 Hayaaa paboThL.

HagepHo, BbI 00paTu/in BHUMaHUE, YTO B MEHIO Y€THIPE MIYHKTA, a B omepaTope switch
IJIABHOU (DYHKITUH 1T BApHAHTOB BbIOOpa. [TocsieiHIiT BApHAHT He BXOAUT B MHTEP(eiic
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I0JIb30BATEJISA, OH MOYKET TIOHAJ0OUTHCS TIPOTPAMMUCTY TIPH OTJIaKe HJIN COIPOBOsKIIE-
HUM IporpamMMbl. uist oTsragky Oblia Takxke HamucaHa (GyHKIMs BbIBoga 0asbl print
dbase.

DyHKINS TONCKa ¢ BKJIIOYEHNEM Search_insert mcuepribBaiolie, Ha Halll B3TJISI, TOKY-
MEHTUPOBaHa B rporpamMme. Kpome Toro, omnmcanue aHajioTHIHON (DYHKIIUK TTPUBE/ie-
HO B YueOHuKke Ha c. 125. O6paTuM Hallle BHUMaHKe Ha (GoJiee HHTEPECHYI0 (DYHKIIUIO
remove_node, KOTopas yIauseT y3es U3 epeBna.

Hpouecc yYAasreHns MOKHO paS6I/ITb Ha 9TallbI:

Q maiiTu y3es1, KOTOPBII OyAET IIOCTaBIEH Ha MECTO YAAJISIEMOLO;
O peopranuzoBarh AEPEBO TaK, YUTOOBI HE HAPYIIUINUCH €T0 CBONCTRA;
U mpucoeANHNTD HOBBIH y3eJT K Y3Iy-TIPEAKY YAAIIEMOro Y374,

O 0cBO6OANUTH MAMATh U3-II0 YAAJIIEMOrO Y3,

Ynanenue ysia mIpONCXOINUT TO-Pa3HOMY B 3aBICHMOCTH OT €T0O PACIOTI0KEHNUS B /iepeBe.
Ecu y3en SIBISIETCST IMCTOM, TO €CTh He UMEET TTOTOMKOB, IOCTATOYHO OOHYINTH COOT-
BETCTBYIONNI yKazaTesb y3na-nipenka (puc. 9.1, a). Ecau ysen umeer TOJBKO OJTHOTO
[IOTOMKA, TO 3TOT IOTOMOK CTABUTCS HA MECTO YAJIsIEMOr0 Y3714, & B OCTAJIBHOM JIePEBO
He usmensercs (puc. 9.1, 6). Xyske Bcero, Korja y yajia ectb 06a II0TOMKa, HO U 311eCh €CTh
MPOCTON 0COBBIH CITyyail: ecsiu ¥ ero TPaBoro TTOTOMKA HET JIEBOTO TTOTOMKA, Y/IAISTEMbIi
y3€JI 3aMeHsIeTCsI CBOMM MPaBbIM TTOTOMKOM, a JIeBBIIl MOTOMOK yIasieMOTO y3JIa TOJI-
KJIIOUAeTCsI BMECTO OTCYTCTBYIOINIETO JeBOTO moToMKa. Cormacumest, ITo 9TO 3BYIHUT HE
OUYeHb MTOHATHO, TO3TOMY PACCMOTPUTE ITOT ciydail Ha puc. 9.1, 6.

B o01iieM ke cirydae Ha MECTO YAAJISIEMOTO y3Jia MOMEIAeTCsT CaMbIi JIEBBII JINCT €T
paBoro nojiepesa (Ui HaoOOPOT — CaMBblil TIPABbII JINCT €r0 JIEBOTO MOJIJIEPEBa), 9TO
He HapylIaeT CBOUCTB JlepeBa MoucKa. DTOT cjiydail uitoctpupyercs puc. 9.1, 2.

KopeHb jiepeBa yassieTcst aHaJIOTUIHBIM 00PA30M 32 HCKITIOUEHUEM TOTO, UTO 3aMEHSIIO-
IUI ero y3es He TpeOyeTCst MOJICOEAUHSTD K Y3JIy-TIPeKy. BMecTo 3Toro 06HOBIISIETCST
yKasaTeJsb Ha KOpeHb JlepeBa.

PaceMoTpuM peanusariio aToro ajropuTMa B mporpamme remove node. B dyHKImiO
nepejlaeTcst ykasaresib Ha yaauseMbril y3ea p. CHavajia HaxoAuM yKasaTesb Ha y3eJ Y,
KOTOPBIH JOJKEH 3aMEHUTD yaausieMblit. Ecin y y3ia p HeT JIeBOTo Tojijiepesa, Ha ero
MecTo GyJIeT ocTaBjIeHa BepliiHa (BO3MOKHO, TyCTast) €ro paBoro nojuepesa (onepa-
mop 11). MHaue, ecyin y y3J1a p HET TIPABOTO TOJJIEPEBA, HA €T0 MECTO OYIET MOCTaBJIeHA
BepIITHA ero JieBoro nojjepesa (onepamop 12).

B niporuBHOM citydae 06a TOAEPEBA y3Jia CYIIECTBYIOT, U JIJIST OIIPE/IEICHIS 3aMEHSIIO-
IIEeTO y3Jia BBI3bIBACTCA BCIIOMOTaTeIbHas (hyHKINA descent, BBITTOTHSIONIAS CITYCK 110
nepesy. B aToll hyHKITMM TIpesk/ie BCEro MpoBePsIeTCst 0COOBIN cirydaii, ONMUCcaHHbIN BhITIE
(onepamop 1). Ecim ke ycsioBue OTCyTCTBUS JIEBOTO ITIOTOMKA y TIPABOTO TOTOMKA y/1a-
JIIEMOT0 y3J1a He BBIIIOJIHAETCS, OpraHusyercs UK (onepamop 2), Ha KaxKA0i ntepanun
KOTOPOTO yKa3aTesb Ha TeKYIWH y3eJ 3aTIOMIHAeTCs B IePEMEeHHON prev, a yKasaresb
Y CMeIlfaeTcst BHN3 1 BJIEBO TI0 JIepeBy /10 TOTO MOMEHTA, TTOKa He CTaHeT CChLIAThCs Ha
y3eJ1, He UMETOTIUH JIEBOTO TOTOMKA — OH-TO HaM 1 HYy>KeH!
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Puc. 9.1. YoaneHue 13 6uHapHoro aepesa
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B onepamope 3 x aToli mycTyionei cchliKe TPUCOEIMHSIETCS JIEBOE MTOI/IEPEBO yaisie-
Moro y3ua. [lepes TeM, Kak TPUCOEMHATH K 9TOMY y3JIy IIPABOE TOJJIEPEBO y/1AJIIEMOTO
yasa (onepamop 5), TpedyeTcst «[IPUCTPOUTH» ero cOOCTBEHHOE MPaBoe TMoAAePeBO. Ml
MIPUCOEIMHSEM €TO K JIEBOMY TMOJIEPEBY TIPEKA 3aMeHSIONero yana y (onepamop 4),
MTOCKOJIBKY 9TOT Y3€eJI TiepeliieT Ha HOBOE MeCTO.

Dyukius descent Bo3BpaliaeT yKasaTesb Ha y3eJl, 3aMeHsIONNi yaaasieMbrit. Ecii Mbr
yaausieM KOopeHb, HaJjo 0OHOBUTh yKasaTe/ib Ha Hero (onepamop 14), nuHaye — mpucoe-
JIMHUTD TOT y3eJ K COOTBETCTBYIONIEMY MOJIEPEBY TPEKa yaauseMoro ysna (onepa-
mop 15). Tlocuie ynaseHust yaja ocBoboxaaeM naMsthb (onepamop 16).

Kak BbI Mo ybenutbes, paboTa ¢ UHAMUYECKMMU CTPYKTYPaMU JAHHBIX TpeOyer
BHMMAaHUS 1 TinareabHocT. OJHAKO MOKHO 3aMETHTD, YTO B PasJIMYHbIX 3a/ja4axX U3Me-
HSETCS TOJAbKO MH(OPMAIMOHHAS 4ACTh KOMIIOHEHTOB, 8 IIPUHIKIIBI PAGOTHI OCTAIOTCS
HEM3MEHHBIMH, T03TOMY (hakTHYeCKU (DYHKIIUHU ISt PaBOThI € KasKI0H U3 9TUX CTPYKTYD
NUIIYTCSA U OTJIAKUBAIOTCS OAWH pa3. PazpaboTunky GUOINOTEK TOKE 3aMETUIIU HTOT
(axT u BKIIOYMIN B cTaHaapTHyIo 6ubanoreky C++ Tak HasblBaeMble wabiobl, Pealn-
3yIOIIe OCHOBHbIE AMHAMUYECKUE CTPYKTYPbI JaHHbIX. BO BTOpOIT YacTu mpakTukyMa
MbI PaCCMOTPUM UX IpumeHenue. s moHuManus 1abJ0HOB BaM IIPUAETCS M3YYUTh
MHOTHE CPEACTBA ¥ BO3MOKHOCTA C++, HO IIPeAIIPUHSATHIE yCUIU ObICTPO ceOs1 OKYIIAT.

Utorm

1. JIMHAMUYECKMMU CTPYKTYPaMH JaHHBIX HA3bIBAIOTCS OJOKM B IMHAMUYECKOIT ITaMSITH,
CBsI3aHHbIE JIPYT C IPYTOM C TIOMOIIIBIO yKazaTeseit. CTPYKTypbI PasinuaroTcst Criocoba-
MU CBA3U OTAECJIBHBIX 9JIEMEHTOB U JIOITYCTUMbBIMU OTI€PAIIUAMEN HAa/l HUMU. HaI/I60nee
pactpocTpaHEeHHBIMU CTPYKTYPAMU SIBJISTIOTCST JIMHEWHBIN CITUCOK (O/THOCBSI3HBIN UJTH
JIBYCBSI3HBI ), CTEK, 04epe/ib U OMHAPHOE AEPEBO.

2. DyeMeHT JI060# AMHAMUIECKON CTPYKTYPbI JaHHBIX COCTOUT U3 HH(MOPMAIIMOHHBIX
1oJiel u moJieii yKka3aTeJeil.

3. ﬂ]lﬂ CTEKa OoIlpe/leJIEHbI Ollepallun ITOMENeHNA 9JIEMEHTA B BEPIINHY U BbI60pKI/I
9JIeMeHTa N3 BEPIINHDI. I[JIH oyepean onpeieJIEHbl Oollepaliin IMoMeneHnA sj1eMeHTa
B KOHEIT ouepean n BbI60pKa 9JIEMEHTA N3 €€ HavdaJjia. lIOHyCKaeTCH BCTaBJIATH 1 y/1a-
JISAATH 9JIEMEHTDI B IIPONU3BOJIbHOE MECTO JIMHETHOTO CIIMCKA.

4. bunaphoe /1epeBO COCTOUT U3 Y3JI0B, K&K/IbII 13 KOTOPBIX COJIEPIKUT, KPOMeE JJaHHBIX,
He GoJiee IBYX CCHITIOK HA Pa3indHble OMHAPHbIE TepeBbs. Ha Kaxk/IbIil y3em nMeeTcst
POBHO oOJiHa cchliika. Kaskblil y3es repeBa XapaKTepuayeTcs YHUKATbHBIM KJII0YOM.
[lotryckaeTcst BCTaBIIATD U YIAJIATD 3JIEMEHTDI B IIPOM3BOJIbHOE MECTO JlePeBa.

5. Ecam mst kak1oro yama Bee KIII0UN €r0 JIEBOTO TIoI/IepeBa MEHbIIE KJTF0Ua 3TOTO Y3714,
a BCe KJII0YHU €ro IPaBoro nojiepesa — GoJIbIIe, TO TAKOE IePEBO HA3bIBAETCS JEPEBOM
rorcka. B siepeBe rmorcka MOKHO HAMTH 2JIEMEHT T10 KJTIOUY, IBUTASICh OT KOPHS U TTepe-
XOJI51 Ha JIEBOE WJIH [TPABOE MOJJIEPEBO B 3aBUCUMOCTH OT 3HAYEHUST KJII0Ua B KAXKJI0M
y3Jie, 9TO TOpasio ah(heKTUBHEE TTONCKA B CITHCKE.

6. luHamMuyecKue CTPYKTYPbI B HEKOTOPBIX crydasx Gosiee a(hhEeKTUBHO Pean30BbIBATh
€ IOMOIIbIO MaccuBoB ( cM. YueOuuk, c. 126 ).
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3agaHua

3a/laHus HTOTO CEMUHAPA COOTBETCTBYIOT ITPUBEIEHHBIM B YuebHuke Ha c. 165.

BapuaHnT 1

CocTaBuTh IPOTPAMMY, KOTOPasd COAEPIKUT AMHAMUYECKYIO WH(OPMAIMIO O HAJTUYUU
aBTOOYCOB B aBTOOYCHOM Tapke. CBeIeHNsT 0 KasK/I0M aBTOOYCe BKIIOUAIOT HOMED aBTO-
Gyca, haMUINIo U UHUIMATIBI BOAUTEST U HOMEp MapuipyTa. [IporpamMma mo/mkHa obe-
CIIeYNBATD!

O wavasbHOe (hOPMUPOBAHUE JAHHBIX 000 Beex aBToOycax B MapKe B BUJIE CIICKA;

O upu BbIese KaKAOTO aBTOOYCA U3 MapKa BBOJAMTCS HOMEP aBTOOyCa, M mMporpaMma
yIQJISIET IaHHbIe 00 9TOM aBTOOYCE U3 CIIMCKa aBTOOYCOB, HAXOASIINXCS B [IAPKE, 1 3a-
IICHIBAET 9THU JaHHbIE B CIIMCOK aBTOOYCOB, HAXOASIIMXCs Ha MAaPIIPYTE;

O npu BBE3/e Kask/A0ro aBTodyca B MapK BBOAUTCS HOMEP aBTOOyCa, 1 IporpamMMa yia-
JIIET AHHBIe 00 9TOM aBTOOYCE U3 CTHCKA aBTOOYCOB, HAXOMSIINXCS Ha MapIIPYTE,
U 3aTMCHIBACT ATH JAHHbBIE B CIIICOK aBTOOYCOB, HAXOAAIINXCS B TIAPKE;

QO 1o 3anpocy BbIZAIOTCA CBeAeHUs 00 aBTOOYCax, HAXOASNIMXCS B IapKe, Win 06 aBTo-
Gycax, HaXO/ISIIUXCST HAa MAPIIPYTe.

BapuaHT 2

CocTaBuTh IPOrPaMMy, KOTOPAst COAEPIKUT TEKYIYI0 HHPOPMAIIIO 0 KHUTaX B GubIm0-
Teke. CBeIeHUST O KHUTAX BKJIIOYAIOT:

U nmomep Y/IK; hamunnio u mHUIIMAIIBI aBTOPA;

U nasBanHue; roj U3LAHUT,

O KoJMUYECTBO HK3EMILISIPOB JAHHON KHUTU B OGUOJIHOTEKE.

ITporpamma s0/KHA 00€CTIEUNBATD:

U wavasbHOE (hOPMHUPOBAHUE JAHHBIX O KHUTAX B BUJIE IBONYHOTO JIEPEBA;

O nobasienne TaHHBIX O KHUTAX, BHOBb TOCTYTIAIONINX B GUOIHOTEKY;

U ynasenye TaHHBIX O CITICHIBAEMBIX KHUTAX;

O no 3anpocy BIJAIOTCS CBEICHUS O HAJIMYUU KHUT B OGUOIMOTEKE, YIIOPAA0YEHHBIE T10
rolaM N3IaHUA.

BapuaHTt 3

CocTaBuTh 1IporpamMMy, KOTOpasi COAEPSKUT TEKYIyI0 HH(OPMAINIO 0 3as8BKaX Ha aBUa-
Guersl. Kaskiast 3asiBKa BKIIOYAET:

O nyHKT Ha3HAUYEHMS; HOMED pelica;

U dpamuanio n MHUIMAIBI TACCAKUPA; JKEeJTACMYIO JIATY BBLJIETA.

[Iporpamma j1oJKHA 0OeCTIeYnBaTh:

0O xpaHeHune Bcex 3asiBOK B BUJIE CITHCKA;

QO nobasierie 3asTBOK B CIHCOK;

U ynaneHme 3asBOK;
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a BbIBO/l 3asIBOK 110 3a/laHHOMY HOMEDPY peﬁca n gaTe BblJIETa,

U BBIBOJ BCEX 3a4BOK.

BapuaHTt 4

CocTaBuTb IIPOrpaMMy, KOTOPasl COAEPIKUT TEKYILYI0 HH(POPMAIHUIO O 3asBKax Ha aBUa-
6uersr. Kaskias 3asiBKa BKITIOYAET:

U nyHKT Ha3HAUYeHUS; HOMED pelica;

U damMuamnio n MTHUIMAIBI TACCAKUPA; JKEJAEMYIO IaTy BBLICTA.
[Tporpamma j0JKHA 06ECTIEUNBATD:

U xpanenue Bcex 3asBOK B BU/IE IBOMYHOTO /IEPEBA;

O nobasieHue u yajieHue 3asiBOK;

d mo 3a/TaHHOMY HOMEPY pef/’lca " aT€ BbIJIETA BBIBO/J 3asIBOK C UX IMMOCJIEAYIONUM Y/ia-
JIECHNEM;

a BbIBO/] BCEX 3asBOK.

BapuaHTt 5

CocTaBuTh IIporpaMmy, KOTOpas COAEPKUT TEKYITYIO I/IH(l)OpMaLII/IIO 0 KHHTaX B 6ubImo-
Teke. CBeleHNsT O KHUTAX BKJIIOYAIOT:

O nomep Y/IK; pamuinio u mHUIMAIBI ABTOPA;

O wasBaHue; T0J U3AHUS;

O KoJIMYeCcTBO 9K3EMILISIPOB AaHHONW KHUTH B OUOIMoTeKe.

ITporpamma s0/KHA 00ECTIEUNBATD:

O navanbHOe hOpMHUPOBAHKE JAHHBIX 000 BCeX KHUTAX B OMOIMOTEKE B BUJIE CIINCKA,;

U npu BblIave Kaxk10# KHUTH Ha pyku BBoMTCs HoMep Y /LK, u mporpamma ymeHbIaet
3HaUYeHIEe KOJMUYECTBA KHUT HA €IMHUILY WU BBIIAET COOOIIEHUE O TOM, UYTO TpedyeMoit
KHUTH B GubIMoTeKe HeT nian TpebyeMas KHUTa HAXOAUTCS Ha PYKax;

U npwu Bo3BpalleHnu Kaxk/oii kuuru BeogauTcs nomep ¥ /K, u mporpamMma yBesinunBaer
3HaUeHNe KOJNYecTBa KHUT HA eJITHUILY;

O 1o 3anpocy BLIAAIOTCS CBEAEHUS O HAIMUNU KHUT B OUOINOTEKE.

BapuaHT 6

CocTaBuTbh IpOrpamMmy, KOTopas COAEPKUT AWHAMUYECKYI0 WHQOPMAINIO O HAJUYUU
aBTOOYCOB B aBTOOYCHOM mapke. CBEIEHUS 0 KasKIOM aBTOOYCE BKIIOYAIOT:

O Homep aBroOYyCa;

U dhamMuanio u MHUITUATBI BOJUTEIS;

U HOMeEp MapHipyTa;

O npusHaK TOro, Ijie HaXOAUTCS aBTOOYC — Ha MapIIPyTe WU B MapKe.
[TporpaMma goJKHA 0OecTIeunBaTh:

O navanbHOE (hOpMUPOBaHKE JAHHBIX 000 BeeX aBTOOYCaX B BUE CIIUCKA;

O npwu BbIe3/Ie KaXk/0T0 aBTOOyCa U3 MapKa BBOAUTCS HOMeP aBTOOyCa, U porpaMMma
yCTaHaBJIMBAET 3HAYCHUE TIPU3HAKA «aBTOOYC HA MapIIPyTEs;
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O upu BbE3/IE KAKAI0TO aBTOOYCA B TAPK BBOAUTCSI HOMEP aBTOOYCa, U TPOTpaMMa yCTa-
HABJIMBAET 3HAYEHHE TPU3HAKA «aBTOOYC B TAPKEY;

O mo 3ampocy BbIIAIOTCS CBeEH st 06 aBTOOYCAX, HAXOMSIINXCS B TTApKe, WM 00 aBTO-
Gycax, HaXO/ISIIXCST HA MapIIpyTe.

Bapunant 7

CosaTh TPOrpaMmy, OTHICKIBAIOIIYIO [IPOXOJ 110 JaOUpUHTY. JITAOUPUHT TIPeCTaBIIsA-
eTCcsT B BUJIE MATPHIIBI, COCTOSIIEH 3 KBajparoB. Kask bl KBagpar Jubo OTKPBIT, THO0
3aKpBIT. BXO B 3aKpBITHIN KBapat 3anpenied. Ecin KBaapar OTKPbIT, TO BXO/ B HETO
BO3MOJKEH CO CTOPOHBI, HO He ¢ yria. Kakaplil KBajipaT onpeesnseTcs ero KoopinHara-
MU B MaTpHIIE.

ITporpaMma HaXOAMUT HPOXOJ Yepes JaOUPHHT, ABUrasich OT 3ajaHHOro Bxoia. IToce
OTBICKAHUA TTPOX0/Ia TIPOrPaMMa BBIBOIUT HAWZICHHBIN My Th B BU/Ie KOOPAUHAT KBajpa-
TOB. /[/151 XpaHeHus myTH UCIIOTb30BaTh CTEK.

BapuaHT 8

TapakHast CTOSHKA MMEET OJIHY CTOSSHOUHYTO MOJIOCY, TPUYEM eIMHCTBEHHBIN BHE3/l 1 OH
K€ BBIE3Jl HAXOAUTCS B OJIHOM KOHIIE TIOJIOCHI. Ecam Biajgeser; aBToMOOUIIS TIPUXOAUT
3abparb aBTOMOOWIIb, KOTOPBIN HE SIBJISIETCST GJVKAKIITM K BBIXOJLY, TO BCE aBTOMOOWIIH,
3aropakKMBaIOIIUE TTPOE3]T, YAATAIOTCS, MAINHA JAHHOTO BJIAIEbIA BBIBOAUTCS CO CTO-
SHKM, 2 APYTUE MATTMHBI BO3BPANIAIOTCS HA CTOSTHKY B MCXO/IHOM TTOPSI/IKE.

Hanucarp nporpaMmy, KOTOpast MOJEJUPYET HPOLECC NPUOBITUS U OTHE3/a MAIIMH.
ITpubbiTHE MU OTHE3], ABTOMOOUIIS 3aaeTCsl KOMaHIHOM CTPOKOM, KOTOPAst COAEPIKUT
[pU3HaK NPUOBITUS WK OThe3Ja M HOMep MalluHbl. IIporpaMma J0JKHA BBIBOAMTD
coolienye py IpUObITUN WU Bble3je 000l Mamuibl. IIpu Bbie3ie aBToOMOOMIISE CO
CTOSIHKM COOOIIeHNe J0JIKHO COAEP/KaTh YUCIIO CIydaeB, KOIla MalliHa yIalsiach cO
CTOSIHKM JIJIs1 0OecIiedeHus Bble3/ia APYIUX aBTOMOOUIE]].

BapuaHT 9

Hammcatp mporpamMmy, MOZEMPYIONIYIO 3aM0JHEeHNe THOKOro MarHuTHOTO ancka. O6-
muii o6beM mamsaTu Ha aucke 360 Ko6aiir. MDaiiibl MMEIOT IIPOU3BOJILHYIO JJIUHY OT
18 Gaiit 1o 32 Kb6aiit. B nporecce paborsl (haiiyibl 1160 3alKMChIBAIOTCS Ha ANUCK, OO
YIAAISIOTCS C HETO.

B nauasie paboThi haiiiibl 3aMCHIBAIOTCS TOAPS APYT 3a Apyrom. [Tocse yaanenus daii-
Jla Ha JUCKe oOpasyercsl CBOOOAHBIN y4aCTOK IIaMSATH, 1 BHOBb 3allMChIBAEMBbIil (Daii
b0 pasMmernaercst Ha ¢cBOOOHOM ydacTke, 6o, eciu hailsr He TToMenaercst B ¢cBoOOI-
HBII y4aCcTOK, pa3MeIiaeTcs oce TTOCTIe/THETo 3alncanHoro daiiia.

B caryuae, koraa daiis mpeBoCXOUT IJIUHY caMOTO GOJIBIIOTO CBOGOAHOTO YUaCTKA, BbI-
naercs aBapuiinoe coobienue. TpeGoBaHue Ha 3aruch Win yaieHue daiiia 3agaercs
B KOMaH/[HOI CTPOKE, KOTOPast COAEPKUT uMst (haiisa, ero aumuy B Gaiitax, mpusHak 3a-
nucy uiau ypanenus. IIporpamma o/KHa BbIIABaTh 110 3alIPOCY CBEEHUS O 3aHATHIX
1 CBOOOJIHBIX YUACTKAX MAMATH HA JIUCKE.

Ykaszanue: CO3/1aTb CITMCKH 3aHATbIX U CBO60,ZIHI)IX Y4aCTKOB ITaMATH Ha JIMCKE.
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Bapuant 10

B daiinoBoii cucreme xatasor GaiijioB OpraHM3oBaH B BUE JUHEHHOTO crucka. Jlus
Kax/0r0 (hailya B Karajore copepkuTcs UM (aiisia, 1aTa Co3[MaHusT U KOJUIECTBO 00-
parennii k aitry. Hanucars mporpamMmy, KoTopast 06ecrieunBaet:

U navasbHoe popMHUpOBaHKe KaTtajiora (aiiios;

O BbIBOA KaTasora (haiiyios;

Q yaanenue daitnos, gata cO3MaHNS KOTOPHIX MEHbIIE 3a[aHHON;
O BeI6OPKY (aiia ¢ HanGOMBITUM KOJMIECTBOM 0OpaIieHuii.

ITporpamMma I0/KHA 0GECTIEYMBATH AUATOT ¢ MOMOIIBI0 MEHIO W KOHTPOJb OMUOOK
BBOJIA.

BapuanTt 11

HpelIMeTHbeI YKa3aTeJjib Oprann3oBaH B BHU/IE JIMHEMHOTO CIINICKA. Ka)KI[bII'/JI KOMIIOHEHT
YKa3aTeJisdd COAEPIKUT CJIOBO M HOMEPaA CTPAHMUIL, Ha KOTOPbIX 3TO CJIOBO BCTPEYACTCA. Ko-
JINYECTBO HOMEPOB CTPAHUIL, OTHOCAIINUXCA K O/ITHOMY CJIOBY, — OT OJHOTO /10 I€CATH.

HamnucaTh mporpaMmy, KOTOpast 00eCIieunBaeT:

U navanbHoe hopMUpOBaHUE ITPEIMETHOTO YKA3aTeJIs;
U BBIBOZ IIPEJIMETHOTO YKa3aTeJIs;

U BBIBO/L HOMEPOB CTPAHUII JIJIS 33/[aHHOTO CJIOBA.

HporpaMMa JIOJIKHA obecreanBaTh ANaJor ¢ MOMOMIBIO MEHIO M KOHTPOJIb ommnboK
BBO/Ia.

BapuaHTt 12

Texcr oMoty 718 HEKOTOPOU MPOTPpaMMbl OPTaHU30BaH B BUjle JTUHEWHOTO CIIHCKA.
Kasx i1t KOMITOHEHT TEKCTa TTOMOIIN COAEPKUT TEPMUH (CJIOBO) U TEKCT, COIEPIKAIIII
MOSICHEHUS K 9TOMY TepMHUHY. KosIn4ecTBO CTPOK TEKCTa, OTHOCSIIMXCS K OTHOMY Tep-
MUHY, COCTABJISIET OT OJ{HOH 710 TisiTH. Harmcars mporpaMmy, KOTopast 00ecieqnBaeTt:

U navasbHOe OPMUPOBAHKE TEKCTA TTIOMOIIIY;
U BBIBOJ TEKCTA ITOMOIIN;
U BBIBO/ TIOSICHSIONIETO TEKCTA JIJIS 33J[aHHOTO TePMUHA.

ITporpamMma IO/DKHA 0OECTIEYMBATD AUATOT ¢ MOMOIIBI0 MEHIO U KOHTPOJb OMUOOK
BBOJIA.

BapuaHnTt 13

Kaprotexka B 610po 06MeHa KBapTUP OpraHr30Bata B BUjie JIUHEIHOTO criucka. CBeeHmst
0 KaXK/[0i KBAPTHUPE BKIIOYAIOT KOJIMYECTBO KOMHAT, 3T, IJIONIanb U anpec. Hanucarp
POrpamMMy, KOTopast 06eCIieyBaeT:

U navasbHOoe GOPMUPOBAHKE KAPTOTEKHU;

O BBoJ 3a9BKHU Ha OOMEH;

U mouck B KapTOTEKE MOAXO/[AMIETO BapruaHTa: IIPY PAaBEHCTBE KOJIMYECTBA KOMHAT 1 9Ta~
JKa 1 pa3yiminmn H]IOH.[aHef/,I B IIpeaesax 10% COOTBETCTBYIOIIAA KapTO4YKa BbIBOJIUTCS
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" yAaJIsieTcsa U3 CIIMCKa, B IPOTUBHOM CJyiy4dae IMOCTYIIMBIHAA 3adBKa BRJIIOYAETCA
B CIIMCOK;

a BbIBO/l BCET'O CIITMCKa.

ITporpamma nojizKHA OGecIieYyrBaTh AMAIOT € IIOMOIIbIO MEHIO X KOHTPOJb OIINOOK
BBOJIA.

BapuanTt 14

AHTJIO-PYCCKUI CTOBaph TTOCTPOEH B BUJIE ABOUYHOTO JiepeBa. Kaskplit KOMIOHEHT CO-
JEePKUT aHIVINKICKOE CJI0BO, COOTBETCTBYIOLIEe eMy PYCCKOe CJI0BO U CUETUUK KOJIMNYe-
cTBa OOpalleHNH K TaHHOI KOMIIOHEHTE.

[TepBonavasnbHO fepeBo (hopMuUpyeTcs B MOps/IKe aHTIriicKoro andasuTa. B mpoiecce

HKCILIYaTAIUU CJOBAPS IPH KAKI0M 0OPAIEHIH K KOMIIOHEHTY K CUETYUKY 0OpaIeHuiT

nobasiistercst equamifa. Hamnucarh mporpaMmy, KOTOpast

O obecreunBaeT HAYATBHBINA BBOJ CJIOBAPS ¢ KOHKPETHBIMY 3HAUYEHUSIMU CUETIMKOB
obpalieHuii;

O dopmupyer HOBOE IIpe/iCTaBIEHNE CJIOBAPS B BUJIE IBOMYHOTO JIEPEBA TI0 CJIeIyToTIe-
MY aJITOPUTMY: 2) B CTAPOM CJIOBAPE MIIETCS KOMITOHEHT € HAaOOJIBIIIM 3HAUEHTEM
cyeTyrKa oOpalieHuii; 6) HallIeHHbIIT KOMIOHEHT 3aHOCUTCS B HOBBIIT CIOBApPh U y/la-
Jis1eTcs U3 CTaporo; B) Iepexo/ K IL. a) 0 UcyepliaHus UCXOLHOTO CJI0Bapsl.

U npousBOAUT BBIBOJ MCXOIHOTO ¥ HOBOT'O CJI0BApEl.

ITporpamma s0/KHA 0OECTIEYNBATH JUAJIOT € TIOMOIIIBIO MEHIO U KOHTPOJIb OIHOOK BBOJIA.

BapuaHTt 15

AmKera 111 Onpoca HAaceJEeHUs COAEPIKUT JBE TPYIIBI BONpocos. [Tepsast rpymmma co-
JEPAKNT CBEACHMST O PECTIOHJEHTE: BO3PacT; 110J1; obpasoBanne (HavyaJibHOE, CpPemHee,
Boiciiee). Bropast rpytina cogepKuT coGCTBEHHO BOTIPOC aHKETHI, OTBETOM Ha KOTOPBIN
MoKeT sBJsAThest 6o JTA, mubo HET. Hamucats mporpaMmy, KOTopast

O obecreunBaeT HAYATBHBII BBOJ aHKET U (DOPMUPYET U3 HUX JIUHEHHBIH CIHUCOK;

U Ha ocHOBe aHANN3a AHKET BBIIAET OTBETHI HA CJEAYIONINE BOIIPOCH: @ ) CKOJIBKO MY:K-
unH crapiie 40 Jiet, IMEeroIInX Bhiciiiee 0OpasoBaHue, OTBeTHIN J[A Ha BOIPOC aHKETHI;
6 ) CKOJIBbKO sKeHIIUH Mostoxke 30 JIeT, MMEeoInX cpejiiee 06pa3oBaHiie, OTBETHIN
HET ma Borpoc aHKkeTbl; B ) CKOJIbKO MYKYUH MOJIOJKE 25 JIeT, UMEIONIUX HAYaIbHOe
o6pasoBamnve, oTBeTHN [ A Ha BOTTPOC aHKETHT,

a IIPOM3BOJIUT BbIBO/I BCEX aHKET N OTBETOB Ha BOIIPOCHI.

ITporpamMma MOKHA 00ECTEYNBATH TUAIOT C TMTOMOIIHI0 MEHIO W KOHTPOJb OMHUOOK
BBOJIA.

BapunaHTt 16

HaricaTh iporpaMmy, KOTopast COAEPKUT TEKYITYI0 HHGOPMAIHO 0 KHUTaX B OHOJI10-
teke. CBejleHMs 0 KHUTAX BKJIIOYAIOT:

A nomep Y/IK; hamuinio n mHUIHAIBI aBTOPA;

U masBamme; o N3LAHNS;

O KoMMYeCTBO HK3EMILISIPOB JaHHON KHUTU B OUOJIOTEKE.
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[Tporpamma j0JKHA 06ECTIEUNBATD:

HavabHOe (hOPMUPOBAHNE JIAHHDBIX O BCEX KHUTAX B OUOJIMOTEKE B BUIE CITUCK,
nobaBJeHIEe TaHHBIX O KHUTAX, BHOBb MMOCTYMAOINX B OUOIHNOTEKY;

yJaJeHNe JaHHBIX O CIIMChIBACMBIX KHUTAX;

110 3aITpOCYy BbIIAIOTC CBEI€HUA O HAJIMYNU KHUT B 6I/I6JII/IOT8KG, yunopsAao4€eHHbIe 110
rogaM U3/1aHuA.

ooo0oo

Bapuant 17

Ha mexzayropoanoii TeedoHHON CTaHIMKY KapToTeKa abOHEHTOB, COAep Kallas CBee-
HuUs 0 TesiedpOHAX U MX BJIAJIeJIbIIaX, OPraHu30BaHa B BU/Ie JIMHeHoro crircka. Hanmcarthb
[IporpaMmy, KOTopast

O obecneunsaer HavaabHOE (OPMUPOBAHUE KAPTOTEKH B BUIE JUHENHOTO CIIICKA,;

U 1pou3BOAMT BBIBOJ BCEU KAPTOTEKM;

U BBoauT HOMED TesiehoHa U BPeMsI pa3roBOPa,;

U BbIBOAUT U3BEINIEHNE HA OILJIATY TeIeOHHOTO Pa3roBopa.

ITporpamma n0JKHA 06eCIeduBaTh AUAJIOr C IIOMOIIBIO MEHIO M KOHTPOJIb OIINOOK
BBO/1A.

BapuaHTt 18

Ha mesxayropoatoit TenehoHHON CTaHINN KapToTeKa aDOHEHTOB, COlepKaIiast CBese-

HUS 0 TesiepoHAX U MX BJIAJIENBIIAX, OPTAaHM30BaHa B BUIE IBONYHOTO fepeBa. Hammcatnb

IIPOTPAMMY, KOTOPas

O obecmeunBaet Havamboe OPMUPOBAHTE KAPTOTEKN B BUJIE IBOMYHOTO /IEPEBA; TTPO-
U3BOJIUT BBIBOJ] BCEIT KAPTOTEKI;

U BBoauT HOMED TesiedoHA 1 BPEMST Pa3TOBOPA;

U BBIBOAMT M3BEICHKUE HA OIJIATY TesIe(hOHHOTO Pa3roBOPA.

ITporpamMma I0/KHA 0OECTIEYMBATDH AUATOT ¢ MOMOIIBI0 MEHIO W KOHTPOJb OMUOOK
BBOJIA.

BapuanTt 19

ABTOMaTH3UpoBaHHAS WH(MOPMAIIMOHHAS CUCTeMa Ha KeJIe3HOIOPOKHOM BOK3aJse CO-
JEPKUT CBeJIeHUsT 00 OTIIPABJICHUH MOE3/I0B. J{JIsh KaKI0TO Toe3/ia YKa3biBaeTCss HOMep
1Toe3/1a; CTAaHINS Ha3HAueHWsT; BpeMsI oTIIpaBJienns. /lanabie B mHGOPMAITMOHHO CUCTe-
Me OPraHM30BaHbl B BHU/Ie JJMHENHOTO crircka. HamucaTp mporpammy, KoTopast

O obGecneunBaer repBoHAYAIbHbII BBOJ IaHHBIX B HH(GOPMAIIMOHHYI0 cucTeMy U Gop-
MUPOBaHUE JUHEHHOTO CITUCKA;

TTPOM3BOIUT BBIBOJ] BCETO CITHCKA,;

BBOJIUT HOMEP 110€3/1a ¥ BBIBOAUT BCE JaHHbIE 00 3TOM I10E3/E;

BBOJWUT Ha3BaHWe CTAHI[MK HAa3HAUEHMs ¥ BHIBOAUT JAHHbIE 000 BCEX MOE3/IaX, Clie-
IYIOITUX /10 3TON CTaHIINH.

ooo

HporpaMMa JLIOJIKHA obecreanBaTh ANaJor ¢ MOMOMIBIO MEHIO M KOHTPOJIb omnboK
BBO/Ia.
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BapuaHnTt 20

ABTOMaTU3MpPOBaHHAS WH(MOPMAIMOHHAS CHCTEMA Ha XKEJIe3HOAOPOKHOM BOK3ase CO-
JEPKUT CBeeHUsT 00 OTIPABIEHIH M0e3/10B. JIJIs KakKI0To Toes/a YKa3biBaeTCsl HOMEP
1oes/1a; CTaHIusI Ha3HaYeHUsl; BpeMsi oTipaBiieHust. /lantpie B M”H(GOPMAIMOHHOM CUCTe-
Me OpPraHW30BaHbl B BU/IE IBOMYHOTO JiepeBa. HamumcaTh mporpamMmy, KOTopast

O obecreynBaer nepBOHAYAIbHbII BBOJ JaHHBIX B MHPOPMAIIMOHHYIO cructeMy U (op-
MUPOBaHUe JIBOMYHOTO JIEPEBA;

MIPOM3BOJINT BBIBO/] BCETO JIEPEBA;

BBOJIUT HOMED T10€371a ¥ BBIBOAUT BCe JIaHHbIe 00 3TOM [10€3/1€E;

ooo

BBO/IUT Ha3BaHWeE CTAHIINY HA3HAYEHUS U BBIBOAUT JJAHHBIE O BCEX 1TOE3/IaX, CJEIYI0-
II[UX IO DTOU CTAHIUU.

ITporpamma poJKHA 0GECIIEYUBATH AMAIOT € IIOMOIIbIO MEHIO U KOHTPOJb OIINOOK
BBOJIA.






Yactb Il. OOBbEKTHO-OpPMEHTUpPOBaHHOE
nporpamMmMuvpoBaHune

B aTOlM 4acTu npakTukyma [JaeTcsl BBeAeHME B OOBLEKTHO-
OPUEHTUPOBAHHYIKO TEXHOJIOMMIO CO34aHua nporpamMm. Ha npwu-
Mepax On1CbIBAOTCHA NMPUHLMMLI 1 0COBEHHOCTM CO34aHUS U Ha-
CnefoBaHus K1accoB, UCMOJIb30BaHME CTaHOAPTHbIX WabioHOoB
1 co3paHne COOCTBEHHbIX, OCHOBbI PaboTbl C MOTOKaMM, «CKOMb3-
KMe MecTa» U TEXHOJIOTNSA OTNIaaKu.



CemuHap 10. Knaccbl

Teopernueckuii matepuad: ¢. 178—199.

MosiBneHne 06 bLEKTHO-OPUEHTUPOBAHHOIO
nporpaMmMupoBaHus

O6bexTHO-opreHTHpOoBaHHOE TTporpammupoBatne (OOII) — 9T0 TeXHOIOTH, BOSHUK-
Ias KakK peakius Ha ouepeHyro (asdy Kpusrca MporpaMMHOro oOecrieueHust, KOrua Me-
TOJIbI CTPYKTYPHOTO MMPOrPAMMHUPOBAHUS YK€ He T03BOJISLIN CIIPABJISITHCS € PacTyIeit
CJIOZKHOCTBIO TIPOMBITIIJIEHHBIX TIPOTPAMMHBIX TIPOAYKTOB. CJIENCTBUST — CPBIB CPOKOB
[IPOEKTOB, TIepepacxoi OmosKera, ypesaHHasd (HYHKIIMOHAIBHOCTh U MHOKECTBO OIIIH-
GOK.

CyliecTBeHHas YepTa MPOMBIIIIIEHHO TIPOrPaMMBbl — €€ CLOUCHOCID: OJIH PazpaboTunK
HE B COCTOSTHUU OXBATHUTh BCE ACMEKTHI CUCTEMBbI, TIOATOMY B €€ CO3/IaHUU YYaCTBYET Iie-
JIBIT KosteKTuB. CreoBaTebHO, K TIEPBUYHON CI0KHOCTU CaMO 3a/1a4l, BBITEKAONEH
U3 TIPeJIMETHON 001acTH, J0OABIISIIOTCS TPOOJIEMBbI YIIPABJIEHMUST TIPOIIECCOM Pa3pabOTKHL.

Tak Kak CI0KHBIE CUCTEMBI Pa3padaThIBAIOTCSA B PaCUeTe Ha JVIMTENbHYIO 9KCITyaTaluIo,
TO MOSBJISAIOTC ellle {Be IPOOJIEMBL: conposoxcoeHie cucteMbl (yeTpaHenne oOHapyKeH-
HBIX OHIMOOK) U €€ MOOUPUKAUUS, TTOCKOJIBKY Y 3aKa3UMKA TIOCTOSHHO TTOSABJISIOTCSA HO-
Bble TPeOOBAHMS 1 oKeanus. JacTo 3aTpaThl Ha COMPOBOKAEHUE U MOAM(DUKAIIIIO CO-
[IOCTaBUMBI C 3aTpaTaMy Ha COOCTBEHHO Pa3pabOTKy CHCTEMBbI.

Cr1ocob yrpaBiieHust CJIOKHBIMU CHCTEMaMK OBLT M3BECTEH ellle B ipeBHOCTH — divide et
impera (pasuesistii u BaacTByii). To eCTb BBIXO/ — B 0eKOMNO3ULUU CHCTEMBI HA BCE MEHB-
[IUE ¥ MEHDBIINE TOCUCTEMBI, KAJKIYI0 U3 KOTOPBIX MOKHO Pa3pabaThiBaTh HE3ABUCUMO.
Ho ecsin B paMKax CTPYKTYPHOTO MOAXO/IA IEKOMITO3UIIHSI IOHUMAETCSI KaK pasbueHie
AJITOPUTMA, KOTJIA KayK/IbIil U3 MOJIYJIEll CHCTEMbI BBIMIOJHSIET OJMH U3 3TANOB OOIIETO
npottecca, To OOII npearaeT coBepIiieHHO JIPYTOil TOAXO/L.

CyTb €ro B TOM, 4TO B KaueCTBe Kpumepus: 0eKoMNO3uyuy TIPUHUMAETCS TPUHAJTIENK-
HOCTb 9JIEMEHTOB CUCTEMbI K Pa3INdHbIM abcmpauusm npobiemioti obnacmu. OTKyna
ske oHu OepyTesi? VICKTIOUnTENbHO U3 TOJIOBBI IPOTPAMMUCTA, KOTOPBI, aHATM3UPYSI
Npe/IMETHYIO 00JIaCTh, BBIYJICHSIET U3 Hee OTAeJbHbIe 0OBEKTh. JIJIst Kak/0ro 13 HUX
OIPE/IEIISIOTCST CBOMCTRA, CYIIECTBEHHbIE /IS PelieHnst 3aiaui. Tak u3 peajbHbIX 00b-
€KTOB TIPEAMETHOI 06JIACTH TIOJYYAIOTCsT AOCTPAKTHBIE TIPOTPAMMHBIE OO BEKTHI.
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[Touemy 06vexmmo-opuenmuposaniias 0eKxomMno3ulus okasanach 6omnee shGeKTuB-
HOT, yeM Qynxuyuonarvias (CAHOHUMbBI — CIMPYKMYPHASL, NPOUCOYPHASL, ANZOPUMMIU-
uecku-opuenmuposannas) rexkomnosuiusa? Tomy ectb MHOrO HpudrH. UT06bI B HUX
pasobpaThbCs, pACCMOTPUM KPUTEPUHU KA4eCTBa IIPOEKTa, CBI3AHHbBIE ¢ eT0 IeKOMIIO-
3UINEN.

Kputepum kayectBa 4,€KOMNO3ULUUN NPOEKTA

Co croxcnocmvpio npuroicenus TPYJIHO YTO-ITHO0 CeNaTh — OHA OMPEIETISIETCS TETbIO
CO3[IAHMS TIPOTPAMMBL. A BOT CIOJCHOCMb Peanu3ayuti MOKHO TIOMBITAThCS KOHTPOJIU-
poBaTh. [lepBbIil BOIPOC, BO3HUKAIOIMINI TP IEKOMITO3UIINH: Ha KaKUe KOMIIOHEHTHI
(Momyiu, GYHKIMM, KJACChI) HYKHO pasOuTh nporpammy? OUeBUAHO, YTO ¢ POCTOM KO-
JIMYECTBA KOMIOHEHTOB CJOKHOCTD MPOrpaMMbl pacter. Oco6EHHO HEraTUBHBI MOCJET-
CTBUS HEOMPABAAHHOTO Pa3bUEHNs Ha KOMITOHEHTBI, KOT/Ia OKA3bIBAIOTCS Pa3/IeICHHbI-
MU JICHCTBUS, 10 CYTH TECHO CBSI3AHHBIE MEKITY COOOIA.

Bropas npobsieMa cBsizaHa ¢ OpraHusalieil B3auMOJACHCTBHS MEKIY KOMIIOHEHTaMHU.
BzammozeiicTBre yIIpotaeTcst U ero Jierde KOHTPOJTUPOBATD, €CITM KaK /b KOMITOHEHT
paccMaTpUBaETCs KaK «YEPHBIH SIIUKY>, BHYTPEHHEE YCTPOHCTBO KOTOPOTO HEU3BECTHO,
HO U3BECTHBI BBITIOJIHSIEMbIE UM (DYHKITUH, a TAKKe «BXOJIbI» U «BBIXO/IbI». BX01 KOMTIO-
HEHTa MMO3BOJISIET BBECTU B HETO 3HAUEHME HEKOTOPOU 6X00HOU nepemenioll, a BbIXOI —
HOJIYYUTh 3HAYEHUE 6bix00nol nepemenioi. COBOKYITHOCTb BXOAOB M BBIXOJOB YEPHO-
ro siuKa onpeiesieT unmepgeiic KoMmnonenTa. VHTepdeiic peaausyercst Kak HabOp
dbyHKIMA (WM 3anpocos K KOMIIOHEHTY), BBI3bIBasi KOTODBIE, KaueHm Jubo MoJydaer
KaKy[0-TO HH(GOPMAIHIO, THO0 MEHSET COCTOSTHIE KOMIIOHEHTA.

3IIer TEPMUH «KJMEHT» O3HaYa€T IIPOCTO KOMIIOHCHT, I/ICHOJIbSyIOH_[I/Iﬁ ycayru apy-
TOr0 KOMIIOHEHTA, BBIITOJIHAIOMIETO B 9TOM CJaydae poOJib cepeepa. BsaumooTtHomenne
Kauenm—cepsep NOBOJIbHO CTapPO 1 MUCIOJb30BaJOCH YK€ B paMKaX CTPYKTYPHOTO T1O/1-
Xo4a, Korjaa (I)YHKHI/IH-KJH/IGHT TIOJIb30BaJ/IaCh yCJIyraMmm (l)yHKHI/H/I-CepBepa IIyTEM €€
BbI30OBa.

[MogprroxmM ckazanHoe. /[T OlleHKN KadecTBa IPOrPAMMHOTO TIPOEKTA HY)KHO YUUTHI-
BaTh, KPOMe BCEX MPOYNX, CJAeLYIOMNe B TOKA3aTEI.

Cuenuenue (cohesion) BHYyTPpU KOMIIOHEHTa — XapaKTePU3yeT CTEIleHb B3AUMOCBSI3H €ro
OT/Ie/IbHBIX yacTeil. [IpumMep: eci BHYTPU KOMIIOHEHTA PENIAIOTCSA [IBE M0/[33/1a4, KOTO-
PbIe MOJKHO JIETKO Pa3/Ie/IuTh, TO OH 00s1aaeT caabbiM (TIII0XUM) CIIETJICHUEM.

Ceszanmnocmu (coupling) Mex1y KOMIIOHEHTAMU — OIUCHIBaeT UHTepdEiic MexKIy KOM-
[OHEHTOM-KJIEHTOM 1 KOMIIOHEHTOM-cepBepoM. ObIiee KoJIMIecTBO BXOIOB U BHIXO/0B
cepBepa ecTb MEPA CBI3AHHOCTH. UeM MeHbIIIe CBSI3aHHOCTb MEK/y KOMIIOHEHTAMU, TEM
POIIE TIOHATDH U OTCJIEUTh UX B3auMoieiicTBue. Tak Kak B GOJIBIINX MPOEKTaX Pa3Hbie
KOMIIOHEHTBI Pa3pabaThiBAIOTCS PA3HBIMU JIIOBMH, YMEHBIIATh CBSA3AHHOCTH MEXKIY
KOMITIOHEHTaMU OY€Hb BAXKHO.

3aMeTHM, 4TO OIMCAaHHbIE IOKA3aTe/Id UMEIOT OTHOCUTE/IbHBIN XapaKTep U I0JIb30BaTh-
¢l MU cJiefryet OsiaropasymMHo. Harpumep, cTpeMiieHie MaKCUMaIbHO YBEJMYKTD CIie-
IJIEHUE MOZKET IPUBECTH K APOOJIEHUIO TPOEKTA Ha OUYEHb OOJIbIIOE KOJUYECTBO MEJKIX
pysKRIIMIH.
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[Touemy B ciydyae (GyHKIMOHATBHON JAEKOMIIO3UIIUK TPYAHO JOCTHYD Caaboil CBI3aH-
HOCTHU MEKJIy KOMITIOHeHTaMu? J{es1o B TOM, YTO B CJIOKHOI TIPOTPAMMHOI CHUCTEMe, pea-
JIMBYIONIEH CTPYKTYPHYIO MOJIENb, IPAKTUYECKHU HEBO3MOKHO 0001 THCEH Ge3 CBsI3 uepes
rJI06aIbHbIE CTPYKTYPBI IAHHBIX, a 3TO 03HAYAET, 4TO JTi06ast (hYHKIMS B Caydae OmubKu
MOJKET UX UCTIOPTUTD. Takue ommbKr O4eHb TPYAHO 06HAPYKUTh. /l06aBbTe K 9TOMY To-
JIOBHYIO OOJIb JIJIST COTTPOBOK/IAIONIETO TPOTPAMMUCTA, KOTOPBIN [OJZKEH TIOMHUTD Jie-
CATKH, €CJIN He COTHH, 0OpaIlleHuil K 0OIMM JaHHBIM U3 Pa3HbIX YacTeii mpoekta. Coot-
BETCTBEHHO, MOJIM(DUKAIIUS CYIIECTBYIOIIETO TPOEKTA B CBSI3H C HOBBIMHU TPEOOBAHUSIMU
3aKa3unKa TaksKe nmorpebyer 04eHb G0N0 PabOTHL.

Jlpyroii npobiemoii B mpoekTax ¢ (pyHKIUMOHAIbHOI AeKOMIIO3UIEN SIBJISETCS <IIPO-
KJISAITHE> 00TIEro TIo6aIbHOTO MPOCTPaHCcTBa UMEH. YJIeHbI KOMAH/IBI, paboTatolei Ha/l
MIPOEKTOM, IOJKHBI TPATUTh HEMaJIble YCUJIUS TI0 COTJIACOBAHUIO MTPUMEHSIEMBIX IMEH
IS CBOUX (DYHKITHIT, 4UTOOBI OHY GBITN YHUKATBGHBIMU B PAMKaX BCETO MPOEKTA.

Y10 NnpuHecno c coboit 00NN

ITepsbimM Gpocatorumest B raasa orareM OOII oT cTpyKTYPHOIro IporpaMMUPOBaHIS
SIBJISIETCST UCTIOJTb30BaHUE KJIACCOB. Kiacc — 9TO THII, ONPeIeJisieMblil TPOrPaMMUCTOM,
B KOTOPOM OOBEAMHSIOTCS CTPYKTYPBI JaHHBIX 1 (DYHKIMU UX 00paboTku. KoHKpeTHbIe
HepeMeHHble THIA JAaHHBIX «KJIACC» HA3BIBAIOTCS IKICMNIAAPAMU KAACCA, NI 00beKma-
mu. TIporpammsl, paspabarbiBaeMbie Ha ocHoBe KoHuemniuit OOTI, peaausyoT ajiropur-
MBI, OIIMCHIBAOIINE B3AUMOAEICTBIE MEKITY 00bEKTaMHU.

Krace cosep:kuT KOHCTAHTHI U IIepEMEHHbIE, HA3bIBAEMbIE 1OLSLMU, & TAKIKE BBITIOJIHSIE-
Mble HaJl HuMH ortepannu u pyHkinn. OyHKIm Kiacca HasbiBaioTcst memodamu'. Tpes-
IOJIATAETCST, YTO JIOCTYII K TOJISIM KJIacCa BO3MOYKEH TOJIBKO Yepe3 BbI30B COOTBETCTBYIO-
X MeTo/10B. [Tosst u MmeTozs sSABIsI0TCS 91emenmamu (Uienamu) Kaacca.

AhdhekTUBHBIM MeXaHU3MOM OCJAGJIEHUST CBSIBAHHOCTU MESKIY KOMIIOHEHTAMHU IIPU
00BEKTHO-OPUEHTHPOBAHHOM JIEKOMITO3UIIUU SIBJISIETCSI UHKANCYIAUUS — OTPAHUIEHUE
JIOCTYTIA K JIAHHBIM U MX OObeJUHEHUE C METOAaMH, 0OPabaThIBAIOIIUME STH JaHHbIE.
JlocTyT K OTZIEIBHBIM YacTSM KJIacca PEryJIUpPyeTcs ¢ TTOMOIIBIO KII0YEBBIX CJI0B public
(oTKpbBITasA 4acTh), private (3akpbiTas yacTh) 1 protected (3amuinenHasg 4acThb).

MeToz1pl, pacrooKeHHbIE B OTKPBITOH YacTh, (hOPMUPYIOT UHmep@elic Kaacca U MOTyT
cBOGO/THO BBI3BIBATHCSI KIIMEHTOM Y€PE3 COOTBETCTBY IO 00beKT Kitacca. JlocTyr K 3a-
KPBITOH CEKIMU KJIacca BOBMOKEH TOJBKO U3 €ro COOCTBEHHBIX METO/OB, a K 3aIUIICH-
HOU — 13 ero cCOOCTBEHHBIX METOJIOB, @ TAKKE U3 METO/IOB KJIACCOB-TIOTOMKOB (MEXaHU3-
MY HACJIEZIOBAHUS MTOCBSIIEH CJIEAYIONINI CEeMUHAP ).

WMHKaNCyISIus MOBbIIIAET HAIEKHOCTh TPOrPaMM, TIPeJI0TBPalas HelpeHaMePeHHbIi
oHIMOOUHbII JOCTYII K MoJIsIM o0bekTa. Kpome aToro, mporpaMmy Jierde MoauQUInpo-
BaTh, MOCKOJILKY IPU COXPaHEHUU MHTepdeiica Kiacca MOKHO MEHSITh €T0 Pean3aliuio,
1 3TO He 3aTPOHET BHENTHUH MPOTPAMMHBIHN KO/ (KOJ[ KJINEHTA).

C noHsATHEM MHKAICYJISAIMKN TECHO CBS3AHO OHATHE cokpuimus ungopmavuu. C npy-
rOif CTOPOHBI, 3TO MOHSITHE COMPUKACAETCS C TIOHSITUEM PA30e]eHUS. OMBEeMCMBEHHOCU

! TIIupoko MCHOMB3yeTCsl U IPYroe Ha3BaHUE — (YHKyuu-uieHvl, BOSHUKINIEE TPHU TTOACTPOUHOM
TepeBO/Ie AaHTJIOSIBBIYHO JTUTEPATYPBI.
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MeK/LY KIMEHTOM 1 cepBepoM. KineHT He 00s13aH 3HATH, KAK PEeAIU308aHbL T€ NI NHbIE
MeTOJIbl B cepBepe. EMY /I0CTaTOYHO 3HATD, umo dejidem TaHHBI METOI U KaK K HeMY
obpamumucs. TIpu xopolieM TPOEeKTUPOBAHIK HMEHA METOJIOB OOBIYHO OTPAKAIOT CYTh
BBITIOJTHSIEMON MU PabOTBI, TOATOMY COTPOBOKIAIONIUI MTPOTPAMMHUCT MOXKET YUTAThH
KOJI KJIMEHTA KaK Xy/I0’KECTBEHHYIO JINTEPATYPY.

SaMeTI/IM, YTO Kjacc obecreynBaeT JIOKaQJIbHYIO (B Inpeaesiax KJIaCCB.) 06J1aCTh BUIWMO-
CTH1 MMEH. HOBTOMy METO/1bl, peaJIN3YIOINE CXOKHUE M10A3a/la41 B PA3HbIX KJlaCCaX, MO-
YT UMETb O/IMHAKOBbIE MM€EHA. To ke oTHOCUTCS U K IOJISIM Pa3HbBIX KJIACCOB. Taxkum
o6pa30M, <IIPOKRJIATHA 06mer0 r7106aJIbHOr0 ITPOCTPaHCTBa UMEH» 3/1€CH ITIOIIPOCTY HET.

C OOII cBg3anb! ere 1Ba MHCTPYMEHTA, TPAMOTHOE MCITOJTb30BaHNE KOTOPBIX MOBBI-
IMaeT KavecTBO MPOEKTOB: HACJETOBaHME KIaccoB U moanMopdusm. Hacredosanue —
MeXaHW3M MOJIYIeHNsT HOBOTO KJlacca M3 CYIIECTBYIONIETO MyTeM eTo JTOTOTHEHUS WJIN
n3MeHeHns. biarogapst 5ToMy BO3MOKHO TIOBTOPHOE HCITOJIb30BaHMe Koma. Hacienosa-
HUE MTO3BOJISIET CO3/IaTh UePAPXUU POJACTBEHHBIX TUTIOB, COBMECTHO UCTIOJIB3YIONIMX KOJT
1 mHTEPGhECH.

Tonumopgpuzm naet BO3MOKHOCTD CO3/1aBaTh MHOKECTBEHHDIE OTIPE/IEIEHUS [IJIst OTIepa-
it 1 byukimit. Kakoe nMento ompeesneriie OyeT NCIOTb30BATHCS, 3aBIUCUT OT KOH-
TEKCTa TIPOTPaAMMBbI. BBl yke 3HAKOMBI ¢ JIByMS Pa3HOBUIHOCTSMHU MOJTUMOphU3Ma —
neperpyskoil ¢pyukuuii u mabaonamu Gyaknuit. OOII gaer eie TP BO3MOKHOCTH:
TIEPETPY3KY OTIEPATIHI, HCIOTH30BAHIE BUPTYATLHBIX METOIOB 1 TTAOIOHBI K1accoB. [Te-
perpysKa OTepaIiii mo3BOJISIET TIPUMEHSITH TSI COOCTBEHHBIX KJIACCOB Te JKe OTIEPATINT,
YTO UCIOJB3YIOTCS Ui BCTpOoeHHbIX TUoB C++. BupryanbHble MeTosibl 0OeciieunBa-
I0OT BO3BMOKHOCTD BbI6paTb Ha 9Talle BbIIIOJTHEHMA Hy)KHbHL/,I METO/[ Cpean OTHOMMEHHDBIX
MeTO/I0B 6a30BOTO ¥ TIPOM3BOAHOTO KIAcCOB. 1T1abIOHBI KJIACCOB MO3BOJISIIOT OMUCATD
KJIaCChI, MTHBAPMAHTHbBIE OTHOCUTEJIbHO TUIIOB JaHHbIX.

OT™MeTHM, 9TO B pEasIbHOM ITPOEKTE, Pa3padOTaHHOM Ha 6a3e 00 beKTHO-OPUEHTUPOBAHHON
JIEKOMITO3UIIUH, HAXOIMTCSI MECTO U JIJIST TIPOIELYPHOU IEKOMITO3UIUU (HAIIPUMED, TIPH
peajiu3aIuu CJIOKHBIX METOIOB).

OT CTPYKTYPbI — K KNlaccy

[Ipoo6paszom kaacca B C++ sistercst crpykrypa B C. B 10 ke Bpemst 8 C++ cTpykry-
pa obpeJia HOBbIe CBOICTBA M TellePh SIBJISETCS YaCTHBIM BUIOM Kiacca. Co cTpyKTypoil
struct B C++ MOKHO zeJ1aTh BCe, UTO MOKHO JleJIaTh C KJIaCCOM. TeM He MeHee 0OBIYHO
cTpyKTyphl B C++ HCIOMB3YIOT JIUIIb 4151 yAoOcTBa paboThl ¢ HEOOIbIIMMU HabopaMu
JAHHBIX 6€3 KaKoro-J11ub0 coOCTBEHHOTO TIOBEICHNS.

HoBbie mongtus ymerde n3y4aTb, OTTAJIKMBasCh OT YK€ OCBOEHHOT'O MaTepHaJia. Z[aBafI-
T€ BO3bMEM 3a/lavy 6.1 u TTOCMOTpPUM, YTO MOJKHO C Hel ClleJIaTh, IPUMEHUB CPE/ICTBA
OOIL

3apaua 10.1. Nouck B npocToi 6aze (MaccuB 0OBbEKTOB)

B mexcmosom ¢paiine xparnumcs 6asa omoeia xaopos npeonpusmus. Ha npeonpusmuu
100 compyonuxos. Kaxcoas cmpoka paitia codepycum sanuco 06 00HoM compyonuxe.
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@opmam 3anucu: pamunrus u unuyuarvt (30 nos., pamunus COINHA HAYUHAMBCSL C NepP-
801l nosuyuw), 200 poxcdenust (5 nos.), oxaad (10 nos.). Hanucamo npozpammy, komopast
10 3a0annoll pamunui 6bl600UM HA IKPAH c6edenust 0 COMPYOHUKe, NOOCUUMbIEAsL CPEO-
HUTL OKAA0 6CEX 3aNPOULEHHBIX COMPYOHUKOS.

Jlist Havasa mpeobpasyeM B KJIacce CTPYKTYpy Man, KoTopast mpuMeHsiiach B iucTutre 6.1
JUIST XpaHEHHS CBeJIeHUi 00 OHOM COTpyAHMKe. MBI ITpe/ioaraemM, 4To Hall HOBBII THII
Gyner 0b1asaTh GoJiee CIOKHBIM TOBEEHUEM, YeM TPOCTO YTEHHE M 3aIUCh €T0 MOJIeH:

class Man {
char name[1 _name + 17;
int birth_year;
float pay:

s

Bce most kyacea mo yMOT4aHUIo 3aKPLITH (private), moaToMy, ecii KIneHTcKas (hyHK-
st main 0OBABUT 0OBEKT Man man, a MOTOM TOTBITAETCST 0GPATUTHCS K KAKOMY-JTHO0 €T0
MOJTI0, HATIPUMeEP Man . pay = value, mpousoiiaer ommnbka KoM, [[oaToMy B cocTaB
KJlacca HaJlo 00aBUTh METOIBI IOCTYIIA K €T0 TIOJISIM. DTH METOJIbI IOJIKHBI OBITH 00IIe-
JIOCTYITHBIMU, WJIN OTKPBITBIMU (public).

Ho cHayasa KpUTHYECKH PACCMOTPUM OTIpesiesieHus moJjieid. TTosre name oObsBICHO Kak
CTaTHYECKUI MaccHB. ITO He 0UeHb THOKOe pelenne. JKemaTebHO IPeaycMOTPETh MTPo-
CTOI MeXaHW3M HACTPOIKHU Ha IIPOU3BOJIbHOE 3HAYEHHUE TMHBI |1_nanme, 4ToObI KJ1ace Man
MOZKHO OBLJIO IPUMEHSITh B Pa3HbIX IPUJIOKEHIIX. VICII0/Ib3yeM AMHAMUYECKIIT MacCUB
crMBoJIoB (char* pName). BosHUKaeT BOMPOC: KTO 1 r7ie OYAET BBIAEISATh MAMSITh [0 9TOT
maccus? Oxun 13 npusnunos OOTI rracur, 4To Bece 00bEKTHI T0JKHBI OBITh CAMOIOCTA-
TOYHBIMH, TO €CTh ITOJHOCTBIO ce6st 0OCTYKUBATD.

Taknum 06pa3oM, B coCTaB Kiacca HEOOXONMO BKIIOUUTH METO/, KOTOPBIiT 06ecednT
BbIJIEJICHUE TTAMSTH MO/ AMHAMUYIECKUH MACCHB TIPU co3/aHnn 06bekTa (TlepeMeHHOI
tumna Man). MeTos, KOTOPBII aBTOMAaTUYECKU BBI3BIBAETCS ITPU CO3/IAHUN IK3EMILISIPA
KJIacca, Ha3bIBAETCST KOHCMPYKmMopoM. VIMs KOHCTPYKTOpa COBIA/IaeT ¢ UMEHEM KJac-
ca. [TapHBIM KOHCTPYKTOPY SIBJSICTCS METO/I, HA3bIBAEMBIil decmpyKmopom, KOTOPBIi
ABTOMATHYECKH BBI3BIBAETCS MEpe]] YHUUTOKEHEM o0bhekTa. VIMst mecTpykTopa oT-
JMYaeTcs OT MMEHM KOHCTPYKTOPAa TOJBKO HAJIWYUEM TIPEABAPSIONIETO CHMBOJIA ~
(Tuapnaa).

sIcHo, 4TO eciiu B KOHCTPYKTOPE Oblia Bbile/IeHa JMHAMUYECKAs TTAMSITh, TO B J1€CTPYK-
TOpPE HY’KHO MOOECTIOKOUTHCS 0 ee 0cBOOOKAeHnN. HamoMHmnM, 4T0 06BEKT, CO3MAHHBII
KaK JIOKQJIbHasI TIePEMEHHast B HEKOTOPOM OJIOKe, YHUYTOXKAETCsI, KOT/IA TIPH BBIIOJIHE-
HUM JJOCTUTHYT KOHel 610ka. Ecim ske 00beKT co3/an ¢ MoMOIIbIO OMEpaIiiu new, Ha-
rnpumep, Man* pMan = new Man;, TO JJ1 €ro yHUUTOXKEHUA IIPUMeEHAeTC A oltepanud delete.
Wrak, Hai kjace IpUHUMAET CJIeIyIONUi BU/L

class Man {

public:
Man(int TName = 30) { pName = new char[IName + 1]; } // KOHCTpYKTOp
~Man() { delete [] pName; } // necTpyKkTop
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private:
char* pName;
int  birth year;
float pay;
b // 0ObABNEHNWe KNacca AOJKHO 3aBepwaTbCA TOYKOA C 3anaToi!

OrmeTHM, 4TO 371€Ch METO/IBI KJIacca onpedeiervl kaxk scmpoennoie (inline). Ilpu gpyrom
crocobe OMUCaHKst METOJIBI TOJIBKO 00626/10MC BHYTPH KJIACCA, & UX Peaiu3ayus 3a-
IIUCBIBAETCS BHE OIIPeIesIeHUs Klacca, Kak II0Ka3aHo HUXKe:

[ITITEDTI LD E 0 r 7777777777 Man.h (uatepgeic knacca) /////1117

class Man {
public:
Man( int TName = 30 ); // KOHCTpYKTOP
~Man(); // necTpykTop
private:

char* pName;
int  birth_year;
float pay;

b

IIPIIILIIET L E 01 077777771717771 Man.cpp (peanuaauns knacca) ///////
#include "Man.h"

Man::Man( int TName ) { pName = new char[1Name + 1]; }

Man::~Man() { delete [] pName; }

[Tpu BHelIHEM OIIpe/IeJIEHII METOJIA TIEPE] €0 UMEeHEM YKAa3bIBAETCs UM KJIacca, 3a KO-
TOPBIM CJIEy€ET OTEPAIUs I0CTYIA K 06J1aCTH BUAMMOCTH : ;. BeiGop criocoba otnpeene-
HUS METOJIA 3aBUCHUT B OCHOBHOM OT €T0 Pa3Mepa: KOPOTKHUE METO/IbI MOKHO OIIPEIE/INTh
KaK BCTPOEHHBIE, UTO MOKET IPUBECTH K GoJiee 9 (HEeKTUBHOMY KOALY.

[Tponosmxum 1poliecc mpoekTrpoBanusi uHTepdeiica Haiero kiacca. Kaxme meronpl
Hy’KHO 100aBuTh B kyiacc? C kakumu curHarypamu'? Ha aToM ararie mosiesHo 3ai1aTbest
BOIPOCOM: KaKue 00A3aHHOCMY IOJKHBI ObITh BO3JIOXKEHBI Ha Kiacc Man? Tlepsyio 06s-
3aHHOCTH MBI y3Ke Peain30Bajin: OOBEKT KIacca XPAaHUT CBEJIEHUs O cOTpyAHUKe. UToOb!
MU BOCITOJIb30BATHCH, KJIUEHT JIOJKEH MMETh BO3MOKHOCTD TIOJIYYUTD 3TH CBEICHUS,
M3MEHUTDb UX U BbIBECTU HA dKpaH. KpoMme aTOro, /7151 IOMCKa COTPYAHUKA KeJIATETbHO
UMETHh BO3MOXKHOCTH CPABHUBATH €TI0 MM C 3a/IaHHBIM.

Haunewm ¢ MeTo/10B, 06€CTIeYrBAIONINX JOCTYT K MOJISIM Kaacca. JList cuumovisanus 3nade-
HUiT ToJ1eit 106aBuM MeTobl GetName, GetBirthYear, GetPay. OueBHAHO, YTO apryMeHTbI
UM He HY’KHBI, 2 TUII BO3BPAllaeMOro 3HaUe€HUs COBIIQJiaeT ¢ TUIIOM moJid. [lus sanucu
3HaueHMii 1oJiei 1o6aBuM MeTozbl SetName, SetBirthYear, SetPay. UToGBI OIIpeAeIUTHCS
C VX CUTHATY PO, mpejicTaBuM cebe, Kak OHU Gy/IyT BBI3BIBATHCS KIUEHTOM. BeroMHuTe,
KaK BBOAWJINCH JJaHHbIE B 3a/1a4e 6.1 (cM. imctuHr 6.1, nKJ1, ToMe4eHHbIH KOMMEHTapu-
em 2). [Toctynus anajorndHo, oJy4uM B TeJie UK KO Bua

man[i].SetName( buf );

man[1].SetBirthYear( atoi( &buf[1 namel ) );
man[i].SetPay( atof( &buf[1_name + 1_year] ) ):

U Cuenamypa, npomomun, 3az201060k GYyHKIIUN — CHUHOHUMBI.
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Bpsin nu takoe periienrie MOKHO TPU3HATD YAa4HBIM. Beib apryMmenTst Buzia atoi (&bufl1
name]) aKTUYECKU SBJLIOTCH CYNHOCTSMM THUINA <KaK JeJaTb», a HE <4TO JeJaTb»!
VHbIMU CJTOBaMU, KpaifHe HEKelTaTeqbHO HArPY:KATh KJIHEHTa U30BITOUHOM mH(OpPMa-
rueit. Jletanu peasusanuu J0JUKHbI ObITh CIPATAHBI (MHKATICYIMPOBAHbI) BHYTPb KJlac-
ca. [Toatomy B JaHHOili 3a1aue Gojiee yIaYHON SABJISETCS CUTHATYpA MeTo/a void SetBi
rthYear(const char* fromBuf). AHasornyable pa3MbIIIJICHUS MOXKHO TIOBTOPUTD U JIJIS
MmeToj1a SetPay.

COBET

Pactipeziesisist 00513aHHOCTU MEKILY KJIMEHTOM M CEPBEPOM, UHKATICYIUPYHTE HOAPOOHOCTU
peann3auy B CepBEPHOM KOMIIOHEHTE.

Teneps mepeiizieM K GYHKIMU Main, perrawiieil mosagady Mmoucka COTpyAHNKA B Oasze
110 33/IaHHON (haMUJINK U BbIBOJIA cBesiennit o HeM (onepamopot 7—10 muctunra 6.1). Ha-
MOMHUM, 4TO B 3aj1aue 6.1 MOMCK COTPYAHNKA C 33JaHHBIM HMEHEM ObLIT Peain30BaH C 110-
MOIIIBIO CJCAYIONIEro TuKIa (st yrobeTBa nMst dbase U3MEHEHO Ha man):

for (int i = 0; 1 <n_record; ++i ) {

if ( strstr( man[i].name, name ) ) /1
if ( man[i].name[strlen(name)] == " ' ) { /]2
strcpy( name, man[i].name ); //3

cout << name << man[il.birth year << ' ' << man[il.pay << endl; // 4

/.
}

OraTh 3a;yMaeMcst HaJl BOTIPOCOM: KaKast HH(MOPMAITUS 371€Ch U30bimouna Os Kiuenma’?
31ech PemaloTcs ABe 33a4l: CPaBHEHNE IMEHU B OUEPEIHOI 3aM1CH ¢ 33[aHHBIM MMe-
HeM name (onepamopwi 11 2) n BuiBoJ uHbopMaiinu (onepamopvi 3 u 4). Illopyunm perite-
Hue 1epBoii oa3azaun MeToy CompareName(const char* name), MHKAICyJIMPOBaB B HETO
MOPOGHOCTH PETEeH s, a PelieHre BTOpoil moasafaun — Meroay Print. TIpoextuposa-
Hue nHTepdeiica kmacca Man 3asepuieno. [locMoTpuTe Ha TEKCT MTPOTPAMMBI, B KOTOPOTT
peanu30BaH U UCMOTH30BAH OMMCAHHBIN BbITIe Kirace Man (amctuar 10.1).

Jinctuur 10.1. MNpoekt Task10_1

LTI L0 i i e i iiirnrrl Manch 11000701177
const int 1 _name = 30;
const int 1 _year = 5;
const int 1 _pay = 10;
const int 1 buf =1 name + 1 _year + 1 _pay;:
class Man {
public:
Man(int TName = 30);
~Man();
bool CompareName(const char*) const;
int  GetBirthYear() const { return birth_year; }
float GetPay() const { return pay; }
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char* GetName() const { return pName; }
void Print() const:
void SetBirthYear(const char*):
void SetName(const char*);
void SetPay(const char*);
private:
char* pName;
int  Dbirth year;
float pay;

b
1Dl Man.epp /7711177
#include <iostream>
#include <cstring>
#include "Man.h"
using namespace std;
Man::Man( int TName ) {
cout << "Constructor is working... "
pName = new char[TName + 17;
}
Man::~Man() {
cout << "Destructor is working...":
delete [] pName;

void Man::SetName(const char* fromBuf) {
strncpy(pName, fromBuf, 1 name);
pName[1 name] = 0;

void Man::SetBirthYear(const char* fromBuf) {
birth year = atoi(fromBuf + 1 name);

void Man::SetPay(const char* fromBuf) {
pay = atof(fromBuf + 1 name + 1 year);
}

bool Man::CompareName(const char* name) const {
if ((strstr(pName, name)) && (pName[strlen(name)] == ' ')) return true;
else return false;

void Man::Print() const {
cout << pName << birth year << ' ' << pay << endl;

}
[0 01T P00 000 rr e g sl gzl Main.epp /11771
#include <windows.h> // conepknt npotoTun OemToChar
#include <iostream>
#include <fstream>
#include "Man.h"
using namespace std;
const char filename[] = "dbase.txt";
int main() {

const int maxn_record = 10;

Man man[maxn_record];

npooosicenue
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JNuctuur 10.1 (npogosmkeHue)

char buf [1 _buf + 17;
char name[1 _name + 17;
setlocale(LC_ALL, "Russian");
ifstream fin(filename);
it (Ifin) { cout << "Het ¢aina " << filename << endl; return 1; }
int i =0;
while (fin.getline( buf. 1_buf )) {
if (i >= maxn_record) { cout << "Cnuwkom ASMHHbIA dain”; return 1; }
man[i].SetName( buf )
man[i].SetBirthYear( buf )
man[i].SetPay( buf ):

-+

int n_record = i, n_man = 0;
float mean pay = 0;
while (true) {
cout << "Beeaute damuanio uau cnoso end:
cin >> name;
OemToChar(name, name); // 0Ng BBOAA KMPWANNLbI
if (0 == strcmp(name, "end")) break;
bool not_found = true;
for (int i =0; i <n_record; ++ 1 ) {
if (man[i].CompareName(name)) {
man[il.Print();
n_man++; mean_pay += man[i].GetPay();
not_found = false:
break;

}

if (not_found) cout << "TaKoro coTpyaHuka Het" << endl;

if (n_man) cout << " CpepHnit oknap: " << mean_pay / n_man << endl;

}

O6paTI/IT€‘ BHUMaHME Ha CJIeJyIoIne MOMEHTDI.

KoHcranTHbie MeTO/BI. 3ar0JI0OBKH METOJIOB KJIACCA, KOTOPBIE He OOJNHCHbL USMEHAMD
105 KJ1acca, CHabKeHbl MOAMMUKATOPOM CONSt MocJie crucka napaMeTpoB. Eciv BBI o
oImubKe MOIMBITAETECH B TEJIE METO/IA YTO-JTO0 TPUCBOKTH TTOJIIO KJIACCA, KOMITHIISITOP He
MO3BOJIMT BaM 3TO CJIETaTh. J[pyroe IOCTOMHCTBO KIOYEBOTO CJIOBA CONSt — obJierdeHe
COTIPOBOZKICHMUST TTporpaMMbl. Harrpumep, eciit 0GHapysKeHO HEKOPPEKTHOE MOBEICHIE
NPUIOKEHUST U BBISICHEHO, YTO «KTO-TO» TIOPTUT OJIHO M3 MOJIEH 00bEKTa, MOKHO CPa3y
HCKJIIOYUTD U3 CIIHCKA 110/103PEeBAEMbIX KOHCTAHTHBIE MeTO/Ibl KJacca. [loaTomy ncmoiin-
30BaHUE CONSt B OOBSBICHUSAX METOJIOB, HE M3MEHSIIONINX OOBEKT, CUUTACTCS XOPOTITIM
CTUJIEM IIPOTPAMMUPOBAHUS

OmiazouyHass nmeyaTb B KOHCTPYKTOPE M JecTpyKrope. BbiBoj cooluieHuii Tuia

«Constructor is working», «Destructor is working» oueHnn momMoraeT Ha Ha9aTbHOM JTa-
II€ OCBOEHNSI KJIACCOB U [PH TTOUCKE TPYTHOANATHOCTHPYEMBIX OMINOOK.
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Ornanka nporpammbl. C TeXHOJIOTHEl cO37aHUST MHOTO(MANIOBBIX TIPOEKTOB BBl YK€
3HAKOMBI TI0 MepBoii yacTu npakrukyma. Cosnaiite npoekt ¢ umerem Task10 1 u mo-
Gasbre K Hemy daiiabl us auctunra 10.1. Ilomectute B Tekyiuii Katamor mpoekTa daiin
¢ 6azoii mannbIx dbase. txt, 3aMOJIHUB €rO COOTBETCTBYIOINIEH WH(BOPMAIIHEH, HAaTpUMep:

NBaHoB W.TT. 1957 4200
Metpos A.b. 1947 3800
Cugopos C.C. 1938 3000
BaHoBCKUI P.E. 1963 6200

CroMmuMpyiite u 3alycTUTE TPOTPAMMY Ha BBITTOJIHEHUE. BbI IOJUKHBI yBUAETD CJie-
[[yIOH_[I/Iﬁ BbIBO/I B KOHCOJIbHOM OKHE ITPOTPaMMbI:

Constructor is working... Constructor is working... Constructor is working. ..
Constructor is working... Constructor is working... Constructor is working. ..
Constructor is working... Constructor is working... Constructor is working...
Constructor is working... Beegute (amunuio unu cnoso end:

Bﬂaroz[apﬂ OTJIa,Z[OLIHOfI ImeyaTu Mbl MOYXEM IIPOKOHTPOJINPOBATDh, KaK CO3al0TC BCE 10
9JIEMEHTOB MaCCHBa man. HpOZ[OJI)KI/IM TECTUPOBaHNE IMPOIrPaMMBbl. Bsenure ¢ xmaBma-
TYPbI TEKCT: <<CI/I,Z[OpOB>>. [Toce naskaTust Enter BbI JOJIKHBI YBUAETH Ha 9KpaHe HOBBII
TEKCT:

Cupopos C.C. 1938 3000
Beeante Gamunuio nnn cnoso end:

Bseaute ¢ knaBuarypsl Teker «Ilerpos» u naxkmute Enter. Ilogssarcd nse cTpoku:

Metpos A.b. 1947 3800
Beeante Gamunuio nnnm cnoso end:

Beenure ¢ knaBuatypsl Teket «ends. TTocse HakaTust Enter mostBUTCST BBIBOJL

CpenHuit oknan: 3400

Destructor is working... Destructor is working... Destructor is working. ..
Destructor is working... Destructor is working... Destructor is working. ..
Destructor is working... Destructor is working... Destructor is working. ..
Destructor is working... Press any key to continue

Bce Bepno! Ilocsie BBosa end nmporpamma mokujaer 1ukia while (true) u medaraer Be-
JIMUUHY CPEIHETO OKJIajla JIIs BhI3BAaHHBIX paHee 3aluceil n3 6asbl JaHHBIX. 3aTeM MPOo-
rpaMMa 3aBepILIAeTcs, a IPU BbIXOAe U3 00JaCTH BUIMMOCTU BCE OOBEKTHI BbI3HIBAIOT
CBOH JIECTPYKTOPBI, U MBI 3TO TOKE YETKO HAOJIIOIAEM.

NMPUMEYAHUE

B peabHbIX TporpaMMax IOCTYII K TTOJISTM KITACCa € TIOMOTIIBIO0 METO/IOB TTPECIELYET eTIie O/IHY
BaKHYIO I1eJTh — TIPOBEPKY 3aHOCHMbIX 3HaUeHU. B kayecTBe yrpaskHeH s IOMOJHUTE Me-
Tozbl SetBirthYear u SetPay nposepkamu ycremsocTu ipeo6pasoBaHus 13 CTPOKH B YMCIIO
U OCMBICJIEHHOCTH TIOJIYYHMBIIEr0oCst pesyJabrata (HarpuMep, Ha HEOTPUIATeTbHOCTD ).

WTak, Mbl 3aBEPUINJIN MTEPECTPONKY CTPYKTYPHOU IPOTPAMMBI B IIPOTPAMMY, Peainu3y-
fontyio kouueniuu OOII. Pekomenmyem Bam cpaBHUTh perienue 3ajaun 6.1 ¢ HOBbIM,
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HAYaB CO BBOJIA MCXO/HBIX JAHHBIX. B HOBOI ITporpamMMe Bce MOHSATHO Oe3 JIMIITHUX KOM-
MeHTapueB. B crapoii — Hy)kHO pasdbuparbest Ha ypOBHE KJIHEHTa ¢ peajusaiueii Gomee
HU3KOTO ypoBHs. [lepeiifieM Tenepb K pacCMOTPEHUIO APYTUX ACTIEKTOB, HEOOXOMMBIX
JUTSL CO3/IAaHMS XOPOIIIO CITPOEKTUPOBAHHOTO KJIAcca.

KOHCTpPYKTOPp MO yMOJT4aHUIO

Ob6parute BHUMaHKe, YTO B CHHCKE MapaMeTPOB KOHCTPYKTOpA Kiacca Man mapamerp
IName mMeeT 3HavYeHue 110 yMosdanuio. Eciin Bce mapaMeTpbl KOHCTPYKTOpA UMEIOT 3Ha-
YeHUS 110 YMOJTYAHUIO WJIM €CJIM KOHCTPYKTOP BOBCE HE MMeeT IapaMeTpoB, OH Ha3blBa-
€TCS KOHCMPYKMOPOM N0 YMouanu1o. Takoli KOHCTPYKTOP UMeeT HECKOJILKO CIIelUab-
HBIX 06J1aCTel IPUMEHEHNST.

Bo-11epBbIX, OH UCIIOJIB3YeTCs TPH OMUCAHIK MacCHBa 0ObEKTOB, HalIpuMep: Man man[25] .
37ech KaxIbIil 13 25 00BEKTOB CO3/IAETCST MMYTEM BBI30Ba KOHCTPYKTOPA IO YMOTIAHHUIO.
B carygae oTCyTCTBUS KOHCTPYKTOPA O YMOTYAHWIO BBI He CMOJceme 00b65mb MACCU-
6bL 0OHEKTOB HTOTO Kyracca (eCU BBI He OMPE/euTe B Kiacce BOOOIIe HU OJHOTO KOH-
CTPYKTOPA, TO KOMIIMJISITOP CO3/[aCT KOHCTPYKTOP 110 YMOJIUAHUIO CAMOCTOSTENbHO). Bo-
BTOPBIX, BBI He CMOJICEME UCNOIb3068aMb 0OBEKTHI ATOTO KITACCA 8 Kauecmee noJeil 0pyz020
kaacca. Eiie o/iHo IpuMeHeHue KOHCTPYKTOPOB 110 YMOJIYAHUIO OTHOCUTCS K MEXaHU3MY
HacJieloBanust kiaccoB (cM. cemuHap 11).

MHuumanusaTopbl KOHCTPYKTOpA

CyH_IECTByET a]IbTepHaTI/IBHHﬁ c1rocob MHUIINaJIN3allun OT/AC/JTbHbBIX yacTeil 0O6beKTa
B KOHCTPYKTOPE — C IIOMOIIBIO CNUCKA UHUUUAIUSAMOPOE, DACIIOJIOJKEHHOTO TT0CJIE ABOE-
TOYMA MEKIY 3arOJIOBKOM 1 TE€JIOM KOHCTPYKTOPA. Ka)KlIblf/,I MHUIOWAJIN3aTOPp UMEET BU/L
nMa_nona (Bblpa)KeHMe) 1 obecnieunBaeT IIPpHUCBOEHME TIOJTIO 00beKTa 3HAYECHUS YKa3aHHOT'O
BbIpaKeHIA. Ecmm MHUIIAIN3aTOPOB HECKOJIBKO, OHN Pa3/IeJaAI0TCA 3allATbIMU. Ecm
nosieM 0ObEeKTa ABJISETCS OOBEKT APYyTOro KJjacca, [JId €ero nHUuIaaIn3annnu 6leeT BbI-
3BaH COOTB(‘Z‘TCTByIOH.II/If/,I KOHCTPYKTOD.

Pacemorpum kitace Point, 3aaloniuii TOUKy Ha IIJIOCKOCTH B JIEKAPTOBBIX KOOP/IMHATAX:

class Point {

double x, y:
public:
Point( double x =0, double y=0) {x= x; y= _y; }
// Point(double x =0, double y =10) : x(_ x), y(y) { /11

b

B onepamope 1 3ammcan BapMWaHT CO CIIMCKOM WHHUIAJTU3AITN . Teno KOHCTPYKTOpa Iy -
CTOe€, a I.IeﬁCTBHH 110 TIpUCBanBaHWIO HaYa/JIbHBIX 3HAYEHU ITOJISIM TIepeHeceHbl B MTHUIIHN -
AJIN3aTOPBbI. KCTaTI/I, B HallleM IIpUMEPE BCE ITapaMEeTPbl KOHCTPYKTOPA NMMEIOT 3HAYECHUA
110 YMOJIYaHHIO, 6J1ar011ap51 YeMy OH MOJKET UCITOJIb30BATHCA U KaK KOHCTPYKTOP C I1apa-
METPpaMH, 1 KaK KOHCTPYKTOP IO YMOJIYaHUIO.

B sTOM IprMepe MOKeT ObITh BBIOPAH JIDOOH BapUaHT KOHCTPYKTOPA, OTHAKO €CTh TPHU CH-
TYaInH, B KOTOPBIX MHUTIHATU3ATINS TTOJIEH 00BEKTa BO3SMOKHA MOIbKO C UCTOTbI0BAHUEM



Cemunap 10. Knaccbl 171

UHUYUAIUZAMOPO8 KOHCMPYKMOPA: 1711 KOHCTAHT, I/ CCBIIIOK U /114 TI0JIEH, SBJSIONNX-
cs1 06BEKTAMU KJTacca, B KOTOPOM €CTh OJIMH UJin GoJiee KOHCTPYKTOPOB, HO OTCYTCTBYET
KOHCTPYKTOP TI0 YMOJYaHUIO.

WMunnmanusanys 2/1eMeHTOB KJIacca C ITOMOIIBIO CITMCKA WHUIUAIN3ATOPOB SBJIISETCS
6osiee aHEKTUBHOI 110 GBICTPOAEHCTBIUIO, UeM IIPUCBaMBaHUe HAyaJbHBIX 3HAUCHMI
B TeJie KOHCTPYKTOPa. ITO 0OBSICHSIETCA 0COOCHHOCTIIMU NOPA0KA UHUKUATUIAUUU 005-
exmog. PaccMOTpUM 9TOT TIOPAIOK HA TIpuMepe. B ob1iieM cirydae Kiace coIepsKUT Kak
TOJIsT CTAHAAPTHBIX TUTIOB, TAK ¥ TIOJIS, SIBJISIONTIECS 00BEKTaMU JIPYTHX KJIACCOB:

class Coo {
int x1;
double x2;
Point pl, p2;
public:

Coo( int xI. double x2 ) { xI = x1: x2= x2:}

IIpu cosmanuu ob6bekTa Kiaacca C00 CHAYala BBI3BIBAIOTCS KOHCTPYKTOPBI OOBEKTHBIX

noJieft (KOHCTPYKTOPBI 110 YMOJYaHuio kiacca Point nst mosieii pl u p2), a 3aTeM —KOH-
CTpyKTOp Kaacca Coo.

Ecn KOHCTPYKTOP KJlacca UMEET CIMCOK MHUIUAIU3aTOPOB, TO NOPSAOK WHUIMAJIN-
321K BKJIIOYEHHDBIX B HETO OOBEKTOB ONPEJAE/ISETCS HE CAaMUM CIMCKOM, a TEM, B Ka-
KOM IOPSIIKE 5TU 10Jist 00bsABJEHBI B Tejie Kaacca. 11oaToMy Bo uzbekaHue IyTaHUIbL
PEKOMEH/IYETCS 3alliChIBaTh CIIMCOK MHUIMAIM3aTOPOB B IIOPSIIKE, COOTBETCTBYIOMIEM
00bSIBIICHUIO.

Ecm smeMenT KiTacca, SIBISIIOMAICS 00HEKTOM, HHUIIHATM3NPYETCS HE B CIUCKe WHU-
IINATN3aTOPOB, a B TeJle KOHCTPYKTOPA, TO CHAYa/Ia OH MOJyJaeT 3HaYeHUe IPU TTOMOIIN
KOHCTPYKTOPA IT0 YMOJYAHUIO CBOETO KJIacca, a OTOM 3TO 3HAUCHIE M3MEHSIETCS B Tese
KOHCTPYKTOPa (SICHO, 4TO 3(h(PeKTUBHOCTH MPU 3TOM YXYIIIAETCS ).

KoHCTpyKTOpP KONMpoBaHUS

KoHcTpyKTOp Tak ke, Kak U OCTaJIbHbIE METO/IbI KJIACCa, MOKHO TieperpykaTh. OHOI 13
BOKHENTINX (DOPM TIEPETPYKAEMOTO KOHCTPYKTOPA SIBISIETCST KOHCMPYKMOP KONUPOsa-
nus (copy constructor). OH BBI3bIBAETCS B TPEX CUTYAINSIX:

O npu HHUIHATM3AIII HOBOTO 0GBEKTA IPYTUM OOBEKTOM B OMIEPaTOpPe OObSIBICHNUST;
QO mpu nepenade o6bekTa B (HYHKITMIO B KAYECTBE APTYMEHTA TI0 3HAYEHUIO;
O npu BosBpare 06beKTa M3 (HYHKITUH 110 3HAYCHUIO.

Eciu tipu 00bsIBICHUN KJlacca KOHCTPYKTOP KOIMPOBAHUS He 3a/[aH, KOMITUJISITOP
COBMIAET KOHCMPYKMOP KONUPOBAHUS. NO YMOJIUAHUN, KOTOPBIN IyOJUpyeT 00bEKT, Bbl-
nosiHsAs nobaiiTHoe Konuposanue ero nojeil. OJHAKO TPU 9TOM BO3MOXKHO MOSIBICHIE
npobJieM, CBA3AHHBIX ¢ KOMMPOBaHWeM ykasaTeseil. Hampumep, ecim o6bexT, mepesa-
BaeMbIi B (DYHKIIMIO B KAUeCTBE apryMeHTa 10 3HAYE€HUIO, COJIEPKUT yKa3aTeab pMem Ha
BBIJIEIEHHYIO 06J1aCTh MaMSATH, TO B KOMUKM 00BEKTa ATOT yKa3aTeb OYET CChLIAThC
Ha Ty ke camyio obsiacth. [Ipu Bo3Bpare U3 (GYHKIMN BBI3BIBAETCS JECTPYKTOP KON
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06beKTa, 0OCBOGOKIAIONTMI TTaMsITh, HA KOTOPYIO yKasbiBaeT pMem. [Ipu BeixOsIE M3 06-
JIACTU BUAUMOCTH UCXOAHOTO OOBEKTA €T0 IECTPYKTOP TIOIMBITAETCS Ellle Pa3 0CBOOOIAUTD
HaMsATh, Ha KOTOPYIO yKazbiBaeT pMem. PesyisraT 06bIYHO BeChMa MIaueBHBII.

Yro6bl UCKIIOYNTH HesKeMaTeIbHble Mo60YHbe 9(PGhEKTh B KaKIOW M3 TPEX Mepednc-
JIEHHBIX CUTYAI[HiT, HEOOXOANMO CO3/[aTh KOHCTPYKTOP KOMIMPOBAHUS, B KOTOPOM PEaJIi-
3yeTcst HeoOXOAUMBII KOHTPOJIb 32 CO3IAHNEM KOTIMH 00hEKTa.

KoHCTpyKTOP KOMMPOBAHUSA UMEET CIEAYIONIYIO 00MIyIo (hopMy:

uMs_knacca( const ums_knacca & obj ) {
// Teno KOHCTPYKTOpa
}

3zech 0bj — cepblika Ha 06BEKT, /7SI KOTOPOTO JI0JIKHA CO3/1aBaThest Komust. Hampumep,
mycTh UMeeTcst kaace €00, a y — o6bekT Trma Coo. Torma ciieyonye ornepaTopsl BBI3OBYT
KOHCTPYKTOP KOIIMPOBaHus Kiacca Coo:

Coo x = y: // 'y ABHO MHWUMANM3UPYET X
Funcl( y ); // y nepenaetcs B Ka4eCTBe apryMeHTa MO 3Ha4YeHun
y = Func2(); // 'y nony4aeT BO3BpallaeMbiii 0ObEKT

B 1ByX 1epBbIX ciydasgxX KOHCTPYKTOPY KOIMPOBAHUS Tepe/laeTcs cChliika Ha y. B 1o-
CJIEJTHEM CJIyuae KOHCTPYKTOPY KOIMPOBAHUS TIEPEIaeTCsl CChLIKA Ha 0OBEKT, BO3BPa-
maembIil pyrkimeii Func? . TIpuMep peanusanun KOHCTPYKTOPa KOIIMPOBaHust OyIeT 1o-
Ka3aH 1pu pemennn 3agayun 10.2.

Meperpy3ka onepauumn

Jlobast onepaitus, onpeenentas B C++, 3a MCKIIOUEHUEM : :, ?:, ., . * # #, MoxeT ObITH
neperpyskeHa Jjisi CO3/[aHHOTO BaMU KJlacca. JTO JIeJIaeTcs ¢ MOMOIIbIo GyHKIMN clrielu-
AJIbHOTO BU/IA, HA3bIBAEMbBIX PyHKUUAMU-0nepayusmu (01epaTopHbIMU QYHKITUAMM )

BO3Bpallaemlii_Tun operator # (cnucok napametpos) { Teno QyHKuuu }

Bwmecto 3naka # craBurcs 3HaK reperpyskaemoit oneparyu. OyHKIsI-0eparis MoKeT
ObITh peann3oBaHa JUO0 Kak (DYHKIMS Kjacca, JUO0 Kak BHeIIHssE (OObIYHO ApysKe-
cTBeHHas) (GyHKIMA. B iepBoM cirydae KoJIM4ecTBO TapaMeTpoB Y (hyHKIUK-OTIepaIiun
Ha €ANHUITY MEHDBIIIE, TAK KaK IEPBBIM OIIEPAH/IOM IIPU 9TOM CHUTAECTCA CaM O6'b€KT, BbI-
3BaBIINH JJAHHYTO OTIEPAITHIO.

[Tokaskem jiBa BapuaHTa IEePErpy3Ku Olepariy CIOKCHUS /U1 Kiaacca Point:

class Point { // BapuaHT 1: B (opMe MeTOna Kracca
double x, y:

public:

/1.

Point operator +( Point& );

)

Point Point::operator +( Point& p ) {
return Point( x + p.x, y + p.y );

class Point { // BapwaHT 2: B (opMe BHewHel rnobanbHOM OyHKUMY
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/1.

s

Point operator +( Point& pl, Point& p2 ) {
return Point( pl.x + p2.x, pl.y + p2.y );

}

BHerHsAst rioGanbHast (GYHKIUs, KaK TPABUIIO, OOBSBISAETCS JAPY/KECTBEHHON KJIaccy,
4TOGBI IMETH JIOCTYII K €10 3aKPhITHIM aJieMeHTaM. Hesarucumo ot hopMbl peanmsariu
oliepaluu «+» Terepb MOXKHO HAIIMCATD

Point pl( 0, 2 ), p2( -1, 5 );
Point p3 = pl + p2;

friend Point operator +( Point&, Point& );

BaxHo moHMMAaTh, UTO, BCTPETUB BbIpAKeHUE Pl + p2, KOMIUJSATOP B CJydae MepBoii
hopmpbl nieperpysku BbI3oBeT MeToz pl.operator +(p2), a B ciyyae BTOpoit (hopMbl Tiepe-
rpyskn — rrobanbuyio hynkiuio operator +(pl, p2);. Pe3yabraToM BBITOIHEHUS TAH-
HBIX OIIEPATOPOB Oy/IET TOUYKA P3 ¢ KOOPAMHATAMU X = -1,y = 7. 3aMeTUM, YTO JIJIsl UHU-
uaymsaiy oobekta p3 Oy/eT BbI3BaH KOHCTPYKTOP KOIMUPOBAHUSA 10 YMOJYAHUIO, HO
OH HAC yCTpamBaeT, IOCKOJIbKY B KJlacce HeT MoJieli-yKasaTesei.

Kaxyio u3 asyx hopm cieayer Boi6upats? Mcnosnbayiite neperpysky B popme MeToa
KJIacca, ecyii HeT KaKuX-Jn00 TPUYMH, TIPENATCTBYONUX aToMy. Hanpumep, eciu miep-
BBII apryMeHT (JIeBBIH OIepaH/) OTHOCUTCS K OJHOMY 13 6a30BbIX THIOB (K MPUMEpY,
int), To ieperpyska orepaiuu BO3MOKHA TOJIBKO B (hopMe BHelTHeH (pyHKITUH.

Meperpyska onepauum MHKPEMEHTa

Omneparusg nHKpeMeHTa UMeeT /iBe (hopMBbI: npedurchyio u nocmeuxcuyro. [lus nepBoit
(hopMBI cCHaUYaIA U3MEHSIETCST COCTOSTHUE 00OBEKTa B COOTBETCTBUH C OTIEpaIlieii, a 3a-
TeM 0OBEKT UCTOJMB3YETCsT B BhIpaskeHU M. /[yt BTOPOil (hopMbl 0OBEKT MCIOTb3YETCS
B TOM COCTOSTHUU, KOTOPOE OH MMEJ [I0 HavaJia OMEePaIllui, a TIOTOM ero COCTOSHHE 13-
MEHSIETCSI.

YTo0Obl KOMIUJISTOP CMOT PA3JIMYUTh 9TH JBe (DOPMBI, IS HIX MCIIOJIb3YIOTCST PasHble
curHatypel. [lokakem peanuzanuio onepanuii MHKpEMEHTa Ha TIpuMepe KJiacca Point:

Point& Point::operator ++() { // MPEDOUKCHbII UHKpEMEHT
X++: y++:
return *this;

}

Point Point::operator ++( int ) { // MOCTOUKCHbIA UHKPEMEHT
Point old = *this;
X++: yH+;
return old;

}

B npedukcnoil onepaiuu BbiloHAETCS BO3BPAT Pe3yJibraTa 110 CChlIKe. JTO IPEoT-
BpalllaeT BbI30OB KOHCTPYKTOPA KOIMPOBAHUS /I CO3/IaHNS BO3BPAIIA€MOro 3HAUEHUS
U TOCJIeIyIONUI BbI3OB IeCTPYyKTOpa. B mocTdukcHOi orepaiui Bo3BpaT 110 CChLIKe
He TOAXOUT, MOCKOJIbKY HEOOXOAMMO BEPHYThH TEPBOHAYATBHOE COCTOSIHIE 0OBEKTa,
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COXpaHEHHOE B JIOKAJIBHOH 11epeMeHHoi 01d. TakuM 06pasoM, npepurcHolil uHKpemenm
aeasemcs 60aee Ipphexmuanoll onepavuets, yem noCMQUKCHLLL UHKPEMEHM.

3aMeTuM, 4TO paHee Mbl CIIOKOMHO TI0JIb30BATUCH TOCTHUKCHOHN (DOPMOIT MHKPEMEHTA,
HaTpUMep, B 3ar0JI0BKe IUKJIA TOr, IOCKOJIbKY /IS IePeMEeHHBIX BCTPOEHHOTO THIIA Pas-
HUIB! B 9dderTuBHOCTH HeT. Koria Mbl Gy/1eM TPUMEHSTh KOHTEHHEPHBIE KITACCHI CTaH-
JapTHO# GMOGINOTEKH, TApaMETP B 3ar0JOBKE IIUKJIA YACTO OYET MPEICTaBIATh OOHEKT-
uTeparop, u s Hero npedukcHas ¢popma Oyaer 6osee apheKTUBHOI.

NMPUMEYAHUE

Bce ckasannoe 06 orepann MHKpeMeHTa OTHOCUTCA TaKiKe U K onepavuuu aexpemenma.

Meperpyska onepauuv npucesavBaHus

O meperpyske 9Tol OrepaIiu CIeAyeT TOrOBOPUTE 0COH0 MO HECKOJBKUM MTPUYHHAM.
Bo-TiepBbIX, eciii BbI HE OIMPE/EUTE ATy OMEepalliio B pa3pabaThiBAEMOM Kacce, KOM-
nUASMOP €030acm ONePayuI0 NPUCBAUBAHUS 10 YMOIUAHUIO, KOTOPAST BBITIOJIHSIET T03JIe-
MEHTHOE KomMpoBaHue oobekTa. [Tpr 9T0M BO3SMOKHBI T€ JKe TIPOOIEMBbI, 4TO BO3HUKAIOT
[IPY UCIOJIb30BAHNN KOHCTPYKTOPA KOIIMPOBAHUS 110 yMOI4aHuio (cM. Boiiie). [Toatomy
3allOMHUTE TIPABUJIO: €CJIU B KJacce TPeOYETCst ONMPEIeIUTh KOHCTPYKTOP KOMMPOBa-
HUIs, €r0 BEPHOW CITyTHUIEH OJKHA OBITH Orepallyst TPUCBanBaHust, 1 Hao6opot. Bo-
BTOPBIX, ONEPAIHIO TPUCBAUBAHIISI MOXCHO ONPeOesumsb MobKo 8 hopme memoda Kiacca,
U, B-TPETbUX, OHA He HACeOYemcsl, B OTIUINE OT BCEX OCTAIBHBIX OTIEPATTHIA.

Ompenesnm orepario TprcBanBaHus s Kiaacca Man u3 3azaun 10.1:

class Man { [T iy Man.h (uHTepdelic knacca) /////
public:

//

Man& operator =( const Man& ); // onepauna npucBanBaHus
private:

char* pName;

//
b
LIPPTTTIIIIE 00070071 17777777771777 Man.cpp (peanu3auns knacca) /////
Man& Man::operator =( const Man& man ) {

if ( this == &man ) return *this; // MpoBepKa Ha CaMOnpucBanBaHue

delete [] pName; // YHWYTOKEHWe Npeabiaywero 3HayeHns

pName = new char[strlen( man.pName ) + 1];

strcpy( pName, man.pName );

birth_year = man. birth_year;

pay = man.pay

return *this;

}

O6paTI/IT€‘ BHHMaHMe Ha HECKOJIbKO Ba’KHbIX MOMEHTOB!

QO y6enuTech, YTO HE BBIMIOJIHSIETCS TIPUCBAaUBAHUE BUIA X = X;. ECJu JieBast U ipaBast
YACTH CCHTAIOTCS Ha OJIMH ¥ TOT JKe 00HEKT, TO [eTaTh HIYeTo He Hafio. Ecan He mepe-
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XBaTUTh ITOT OCOOBIN CJIYYait, TO CIACAYIONMI AT YHIYTOKUT 3HAYCHIE, HA KOTOPOE
yKasbiBaet pName, eie 0 TOTO, KaK OHO OYIET CKOMIPOBAHO;

O ynanure npeabiayIyie 3HAYEHMS [10JIEll B ITUHAMUYECKU BbIJIEJIEHHON TaMsTH;

U BbIIesanTE AMSTD IO/ HOBBIE 3HAUEHUS TIOJIEH M CKOTTUPYITE B Hee 9TU 3HAYCHYS;

O BossparuTe 3HAUEHUE OOBEKTA, HA KOTOPOE yKas3biBaeT this (To ecTh *this).

CtaTtunyeckue afnieMeHTbl Kjlacca

Ecin He0OX0MMO €O3/1aTh TIePEMEHHYIO, 3HAYeHne KOTOPOH OyzeT OOImM Uit BeexX
00BEKTOB JIAHHOTO KJIACCa, CIEAYeT 00686Umy B Kaacce moJe ¢ MoaudukaTopom static
U JIaTh €ro onpeodeiienue B TI00IbHOM 06JIaCTH BUANMOCTH TPOTPAMMBI:

class Coo {
static int count; // obbsABNeHMe B Khacce
// OCTanbHOM KOf
b
int Coo::count = 1; // onpepenexne w WHALMANN3aUNA
// int Coo::count; // N0 yMONYaHUO MHALMANU3NPYETCH HyNeM

ITpocTo BOCIIO/IB30BATHCS ISt ATOM 11eJI1 IJI00aIbHOU IIepeMeHHOI GyIeT HerpaMOTHO,
3TO HAPYHIUT TMPUHITUT WHKATICYJISIAN JAHHBIX. AHAJIOTUYHO CTATUYECKUM ITOJISIM, MO-
ryT ObITh OOBSIBJIEHBI U CTATHYECKKE METOABI Kiacca (¢ MoaudukaTopoM static). Ouu
MOTYT 00palaThCst HEOCPEACTBEHHO TOJIBKO K CTATUYECKIM HOJISIM M BBI3bIBATH TOJBKO
JIPyTHE CTaTUYeCcKre MeTO/IbI KJIacca, TOTOMY UTO UM He TTepe/ilaeTCs CKPBITBIN yKa3aTelb
this. Cratuueckue MeTOAbl He MOTYT ObITh KOHCTAaHTHBIMHU (CONSt) M BUPTYaJbHBIMU
(virtual). ObpartieHue K cTaTUYECKUM METOJAM IIPOU3BOAUTCS TaK Ke, KaK K CTaThHye-
CKHUM TI0JISIM — JInbO uepes uMs Kiacca, 0o, eciu XoTsa Obl OAUH 00BEKT Kjlacca yxKe
CO31aH, Yyepes UMs 00beKTa.

Bce pacCMOTPEHHBIC BBITIIE aCIIEKThI Haﬁ[[yT NpUMEHEHNE TIPU PEIICHUN 3a/1a91 10.2.

3apaua 10.2. Peanusauusa knacca TpeyrosibHMKOB

Jlist HeKomopozo MHOMCECMEA 3A0AHHBIX KOOPOUHAMAMU CEOUX GEPULUN MPEY20JIbHUKOB
HAUMU MPEY20NLHUK MAKCUMATLHOU NAOUAOU (€CIU MAKCUMATLHYIO NILOWA0b UMEIOM He-
CKOLKO MPey20iibHuKo08, naimu nepeoiil us nux). Ilpedycmompemuv 603moncnocms nepeme-
Wenus mpeyzorvHUK08 U NPOBEPKU BKIHUCHUS 001020 mpeyzoivhuka 6 opyeoll. ITpoepam-
Ma QOIIHCHA COOEPHCATND MEHI0, NO3BONAIOUEE GLINOTHUMD NPOBEPKY 6CEX MEMO008 KAACCA.

Jlns peanusauu 9moii 3a0auu cOCMAGUMb ONUCANUE KLACCA MPEY20IbHUKOE HA NIOCKO-
cmu. IIpedycmompemv 603moNcHoCmb 00656ACHUS 68 KIUCHICKOU npozpamme (main) K-
3EMNIAPA MPEY2ONLHUKA ¢ 3a0anHbiMU Koopounamamu eepuwun. IIpedycmompems naiu-
yue 6 Kiacce memodos, obecnevusarouux: 1) nepemeujenie mpeyzoivHuKo8 Ha niOCKOCMu;
2) onpedenenue omuoweHus > st NAPsl 3A0AHHBIX MPEYZOILHUKOS (Mepa CPABHEHUsL —
naowads mpeyeonvHuKos); 3) onpedenenue ommoulenus exauenus muna: <Ipeyzonvrnux
1 6xodum (ne exooum) 6 Tpeyeonvrux 2.

Ceituyac MBI €III€ HE TOTOBBI IIPOBECTU HO]IHOMaCH_ITa6HyIO O6'b€KTHO-OpI/I€HTI/IpOBaHHyIO
JEKOMITO3UIINIO TIPOTPaMMbI. HE XBaTacT I/IH(I)OpMaHI/H/I "3 CJAeAYIOMIETro CeMuHapa.
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[ToaToMy pUMeHUM THOPUAHBINA TOAXO/: Pa3pabOTKy IJIABHOTO KJIMEHTa Main IpoBeeM
[0 TEXHOJOTHU (DYHKIIMOHATBHON IEKOMIIO3UIINY, a (DYHKIIUK-CEePBEPDI, BHI3bIBAEMbIE
U3 main, GyAyT UCIIOIB30BaTh OObEKTHI.

Haunewm c BbIsIBIIEHNS] OCHOBHBIX MOHSATHH (KJaccoB) s Hantel 3agaun. [lepsoiit oue-
BUZIHBIN KJTace Triangle HeOOXOIMM JIJIsSI TIPECTABICHUS TPEYTOJBHUKOB. V13 HECKOMBKUX
CII0co00B OIIpe/Ie/IeHIs TPEYTOAbHIKA Ha IIJIOCKOCTH BhIGEPEM CaMblii IIPOCTON — Yepes
TPU TOYKH, 3aaI0IUeE €r0 BEPLUIMHbL. JTOT BbIOOD OIMPAETCs Ha IOHATUE, OTCYTCTBYIO-
1ee B YCJIOBUM 3a/laui, — TIOHSITHAE Mmouky. TOUKYy Ha TIOCKOCTH TaKKe MOKHO Tpef-
CTaBUTh PA3HBIMK CIIOCOOAMI; OCTAHOBUMC Ha IIPEICTABJEHUN [AapOi BEIeCTBEHHbIX
4qHCeJI, 330X KOOPAMHATHI TOUKH T10 OCSIM X 1 Y.

Takum 00pasoM, ¢ MOHSATHEM TOYKHU CBSI3bIBAETCSA KaK MUHUMYM Iapa arpubyTos. Ecim
JKe IPEACTaBUTh, YTO MOKHO JIeJIaTh ¢ OOBEKTOM TUIIA TOYKU — HAIIPUMED, ePeMeNaTh
ee Ha IJIOCKOCTYU UJIU OTIPEJIeJIITh ee BXOK/IeHNe B 33/laHHYI0 (DUTYPY, — TO CTAHOBUTCS
OYEeBUIHON HCJIGCOO6P&3HOCTI> ornpezaesenua Kaacca Point.

Wrak, 00bEKTHO-OPUEHTUPOBAHHAS JEKOMIIO3KIIMI BbIBUJIA JBa KJjacca: Triangle
u Point. Kak oHM 10oJKHBI OBITH CBSI3aHbl APYT ¢ Apyrom? Ha cirexyiommem ceMutape B3a-
HUMOOTHOIIEHUS MeXkKIY KJaccaMu OyIyT paccMaTPUBAThCs MOAPOOHO, a II0KA OTMETHM,
YTO Yallle BCero JJIst IBYX KJIaCcCOB MMEET MECTO OJHO U3 JABYX OTHOLIEHUIL: HaACIed08aus.
(oTHoLIEHNUE IS a ) ¥ azpezayuu, Wi exmovenus (OTHOIIeHKE has a ).

Ecnm xmacce B sABIIsIETCS vacmiuvim cayuaem Kaacca A, To TOBOPST, 4To B is a A (Hampu-
Mep, KITacC TPEYTOILHUKOB €CTh YaCTHBII BU/ KTacca MHOTOYTOJBHUKOB: Triangle is a
Polygon). Ecaiu kiace A codepaicum 6 cebe 06bekT Kaacca B, To roBopsr, uto A has a B (1a-
pUMeP, KIIacC TPEYTOJbHUKOB MOJKET COAEPAKATh B cebe 00hEeKThI Kiacca Touek: Triangle
has a Point).

3aiimeMcs Tenepb OCHOBHBIM KJIMEHTOM — main. 3/1echb MbI IPUMEHUM (PYHKIIMOHAJD-
HYI0 JIeKOMIIO3UIIMIO, MJIK TEXHOJIOTUIO HUCXOJSIIEro IIPOEKTUPOBAHU: [IPE/ICTaBUM
AJITOPUTM KaK II0CJIe[0BATeJbHOCTD 10/[3a/1a4, KX /101 13 KOTOPLIX COOTBETCTBYET BbI-
3bIBaeMas cepsepHas ¢yHks. Ha HagaspbHOM sTame MpoeKTHPOBAHNS TeJa 3THX (DYHK-
Uil MOTYT OBITH 3aITOJHEHBI «3aryliKaMuy (OTJI0YHON TeuaThio). Eciii B Kakoii-To
cepBepHOiT PyHKIMHN OKaskeTest caaboe ClierieHne, OHa TosKe pasduBaeTest Ha HECKOJIBKO
o/13a,/1au.

To ke camoe BBITIOJTHIETCS U C KjlacCaMH, UCITIOJIb3YEMbIMU B ITPOIrpaMMe: 110 MePE pea-
JIN3allun 11o/i3a1a4 OHU ITOIIOJTHAIOTCA HeO6XOZ[I/IMbIMI/I JIJISL 9TOTO METOlaMMU. Takas Tex-
HOJIOTHA 00JIerdaeT OTJ/IaIKY 1 TTOUCK OIJ_H/I6OK, COKpaIliasa 061_[[66 BpeM:Aa pa3pa60TK1/I.

B cooTBeTcTBUM ¢ oMMICAaHHON TEXHOJIOTHEN TIpe/cTaBUM peleHre 3amadn 10.2 kak mo-
CJIEIOBATENBHOCTD HECKONBKUX ITAmoB. VHOTIA Kak ObI 1O 3a0BIBUMBOCTH MBI OyeM
JIOIIYCKaTh HEKOTOPbIE «JISIbI», IIOCKOJIbKY B IIPOIECCE OMCKa OINOO0K MOKHO riiybixe
MOHSITH HIOAHCHI TIPOTPAMMUPOBAHMS C KJIACCAMH.

Ha nepBowm artane nanumiem kox (sictuar 10.2) 11 HauaabHOTO TIPECTaBIEHUS KJIac-
coB Point u Triangle, 1OCTATOYHBII 7151 TOTO, UTOOBI CO3/IaTh HECKOJIBKO 0OBEKTOB THTIA
Triangle u peaqr30BaTh MEPBLIN MYHKT MEHIO — BBIBOJ] BCEX 0OHEKTOB HA HKPaH.
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tan 1

Jiuctunr 10.2. MNpoexT Task10_2

[IPTTTTIII0 0017000007007 110770777711777777 Point.h /1177771111117
#ifndef POINT H
#define POINT H
class Point {
public:
double x, y:
Point(double x = 0, double y =0) : x(_x), y(y) {} // KoHCTpyKTOp
// [lpyrne MeTofbl
void Show() const;
double DistanceTo(Point) const; // PaccTodHne [0 Opyron TOYKM

b
#endif /* POINT H */
[I771170 007001707 r i i e i rrnrrinrrrrnrr il Pointepp /7171717777
#include <iostream>
#include <cmath>
#include "Point.h"
using namespace std;
void Point::Show() const { cout << " (" << x << ", " <<y << ")"; }
doubTe Point::DistanceTo(Point sp) const {
return sqré((x - sp.x) * (x - sp.x) + (y - sp.y) * (y - sp.y));

}

IIPIIILIII LD L E i1 171717171771777 Triangle.h /177111117
#ifndef TRIANGLE H

#define TRIANGLE H

#include "Point.h"

class Triangle {

public:
static int count; // KonnyecTBo CO3MaHHbIX 0ObEKTOB
Triangle(Point, Point, Point, const char*); // KoHCTpyKTOp
Triangle(const char*); // KOHCTpYKTOp MyCTOTO (HYNEeBOro) TpeyrofibHWUKa
~Triangle(); // [ecTpyKTOp
Point Get v1() const { return vl; } // NonyynTs 3HayeHne vl
Point Get v2() const { return v2; } // Tlony4nTb 3HayeHne v2
Point Get v3() const { return v3; } // Tlony4nTs 3HaveHne v3
char* GetName() const { return name; } // TlonyynTs M4 o0beKTa
void Show() const; // TlokasaTb OObEKT
private:
char* objID; // WNneHTndnkaTop obObekTa
char* name; // HanmeHoBaHWe TpeyrofibHWKa
Point v1, v2, v3; // BepuuHsl
double a; // CTopoHa, coeannapwas vl n ve
double b; // CTOpoHa, coefuHApwas v2 n v3
double c; // CTOpOHa, coefnHdwwad vl n v3

npoooncenue
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Jluctuur 10.2 (npogosmkeHne)

#endif /* TRIANGLE H */
[I117007777777777777777777777777777777777777777777777777777/Triangle.cpp ////111/
// Peanusaums knacca Triangle
#include <cmath>
#include <iostream>
#include <iomanip>
#include <string>
#include "Triangle.h"
using namespace std;
Triangle::Triangle(Point v1, Point v2, Point _v3, const char* ident)
cvIC vl), v2( v2), v3( v3) {
char buf[16];
objID = new char[strlen(ident) + 1];
strcpy(objID, ident);
count++;
sprintf(buf, "TpeyroneHuk %d", count);
name = new char[strlen(buf) + 17;
strcpy(name, buf);
a = vl.DistanceTo(v2);
b = v2.DistanceTo(v3);
c = vl.DistanceTo(v3);
cout << "Constructor 1 for: " << objID << " (" << name << ")\n"; // ang oTnapku
1
Triangle::Triangle(const char* ident) {
char buf[16];
objID = new char[strlen(ident) + 1];
strcpy(objID, ident):
count++;
sprintf(buf, "TpeyroneHuk %d", count);
name = new char[strlen(buf) + 17;
strcpy(name, buf);
a=b=c=0;
cout << "Constructor 2 for: " << objID << " (" << name << ")\n"; // ang oTnapku
1
Triangle::~Triangle() {
cout << "Destructor for: " << objID << endl:
delete [] objID;
delete [] name;

void Triangle::Show() const {
cout << name << ":":
vl.Show();  v2.Show();  v3.Show();
cout << endl;

1

[ILTTT1000007 10000077 710007007771010770077111770777111777777 Main.cpp ///771111/
#include <iostream>

#include "Triangle.h"

using namespace std;
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int
int

Menu() ;
GetNumber(int, int);

void ExitBack():

void Show(Triangle* []. int):

void Move(Triangle* []. int):

void FindMax(Triangle* []. int):
void IsIncluded(Triangle* []. int):

int

int

int

int

Triangle::count = 0; // MHuumannzaums rnobanbHON NepeMeHHo
——————————————————————————————————————————————————————————————— [naBHad QyHKUnA

main() {

Point pl(0, 0); Point p2(0.5, 1);  // Onpenenenns To4ek
Point p3(1, 0); Point p4(0, 4.5);

Point p5(2, 1); Point p6(2, 0);

Point p7(2, 2); Point p8(3, 0);

Triangle triaA(pl, p2, p3, "triaA"): // Onpepenexus TpeyronbHWUKOB
Triangle triaB(pl, p4, p8, "triaB"):
Triangle triaC(pl, p5, p6, "triaC"):
Triangle triaD(pl, p7, p8, "triaD"):
// OnpepenenHne maccuBa ykasaTeneil Ha TPeyTrOofNbHUKK
Triangle* pTria[] = { &triaA, &triaB, &triaC, &triaD };
int n = sizeof (pTria) / sizeof (pTrial0]);
setTocale( LC_ALL, "Russian" );
bool done = false;

while (!done) { // TnagHblil LUMKN
switch (Menu()) {
case 1: Show(pTria, n); break ;
case 2: Move(pTria, n); break ;
case 3: FindMax(pTria, n); break ;
case 4: IsIncluded(pTria, n); break;
case b: cout << "KoHeu pabotbl." << endl; done = true; break;
}
}
Menu() { // =---mmmm BbiBOA MeHi
cout << "\n=============== [/1aBHOE MEHI " << endl;

cout << "1 - BbIBECTW BCe 00bEeKTH\t 3 - HaTu MakcuManbHbll" << endl;

cout << "2 - nepemecTuTb\t\t 4 - onpepennTb OTHOWeHMe BKYeHns" << endl;
cout << "\t\t 5 - Bbixop" << endl;

return GetNumber(l, 5);

GetNumber(int min, int max) { // ------- BBOA Uenoro 4ucna B 3afaHHOM [MaNa3oHe
int number = min - 1;
while (true) {
cin >> number;
if ((number >= min) && (number <= max) && (cin.peek() == "\n"))
break:;
else {
cout << "lloBTopuTe BBOA (OKMAAETCA YUCIO OT " << min
<< "o " << max << "):" << endl;
cin.clear();
npooosicenue
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Jluctuur 10.2 (npogosmkeHne)
while (cin.get() != "\n") {}:

}
}
return number;
void ExitBack() { // ---------mmmmme oo Bo3BpaT B (yHKUMO C OCHOBHbIM MEHI
cout << "Hawmute Enter." << endl;
cin.get(); cin.get();
void Show(Triangle* p trial], int k) { // ---------------- BbiBOA BCEX TPEyrofbHUKOB
cout << "======= [lepeyeHb TPEYyroNbHUKOB ========" << end];
for (int 1 = 0: i < k; ++1) p_triali]->Show();
ExitBack();
void Move(Triangle* p trial], int k) { // ---------mmmmmmmmmmei oo lepemeweHne
cout << "=sss========= [lepeneljeH/e =============" << end];
// 3pech Oyper Kop QyHKumn. ..
ExitBack();
void FindMax(Triangle* p_trial], int k) { // ----- IOUCK MAKCUManbsHOro TpeyrosibHuKa
cout << "=== [loMCK MaKCMManbHOr0 TPeyrofbHuKka ==" << endl;
// 3pece Oypet Kom GyHKumn. . .
ExitBack();
void IsIncluded(Triangle* p trial]l, int k) { // --- OnpepeneHne OTHOWEHUA BKIYEHNA
cout << "======== (THOWEHUE BKINOYEHUY ==========" << end];
// 3pece Oypet Kom GyHKuun. . .
ExitBack();

}

PekomeHyeM BaM 0OpaTUTh BHUMAHUE Ha CJIEAYIOIE MOMEHTBI B TpoekTe Task10 2.

Kaacc Point (¢aitaer Point.h, Point.cpp). Peanusaius kiacca cofep:KuT eIMHCTBEH-
HBII MeToji Show, HazHaueHKe KOTOPOro — MOKas3aTh 0OBEKT ThIa Point Ha akpaHe. 3a-
METHUM, 4TO MPU PEIIEHUN PEATbHBIX 33/1a4 B KaKO#-100 rpadudeckoii 060a0uKe Me-
TOZL Show jieficTBUTEIbHO HapucoBa Obl TOUKy. OIHAKO MbI CBsi3aHbI cTangaproM C++,
MO3TOMY JIEMOHCTPAITUS TOYKU CBOJIUTCS K BBIBOJLY €€ KOOP/IUHAT.

Kaxacc Triangle (daiinel Triangle.h, Triangle.cpp).

O Hasuauenue GOJBIIMHCTBA TOJIEH 1 METOJOB OYEBUHO U3 UX UMEH M KOMMEHTA-
pueB.

QO ToJsie count MCHOTHSIET POJIb TIOOAIBHOTO CUETUUKA CO3IaBAEMBIX 00BEKTOB (CBOM-
CTBO TJI06abHOCTH obeciiednBaeTcs Garogapst MoAubUKaTOpy static); Mbl cousm
YAOOHBIM B KOHCTPYKTOPAX F€HEPUPOBATH UMEHA TPEYTOJBHUKOB aBTOMATHYCCKU:
«Tpeyronpuuk 1%, «TpeyroabHux 2», u T. /., UCMIOJIB3Yd TEKylllee 3HadyeHue count
(BO3MOJKHBI 11 IPYTHE CIIOCOOBI UMEHOBAHUS TPEYTOJbHIKOB).

Q Tlose char* objID BBeaeHO s LieJeil OTIa Ky 1 00yUYeHMs; BCKOPE Bbl YBUANTE, YTO
GJraroapst OTIAJ0YHBIM OTIEPATOPAM MEUaTH B KOHCTPYKTOPAX 1 IECTPYKTOPE YA0GHO
HabJTIOIATh 32 CO3/IAHUEM U YHIUYTOKEHIEM OOHEKTOB.
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O KoucTpykTop 1mycToro (HyJI€BOTr0) TpeyroJbHUKA HYXKEH /I CO3IAaHUST BDEMEHHbBIX
00OBEKTOB, KOTOPBIE MOTYT MOH(PHUIIUPOBATHCS € OMOIIBIO TIPHCBAUBAHUSL.

O Meron Show — K cokasleHUIO, 3/leCh HaM TOKe He Y/IaCTCd HapUCOBATh TPEYTOJIbHUK
Ha 9KpaHe; BMECTO 3TOTO MevaTaioTcss KOOPAMHATHI €r0 BePIIIH.

OcHoBHOI MOTYJTb ((aitn Main.cpp).

QO Munnmanusanus riaodaibHbIX EPEMEHHBIX: 00paTuTe BHUMaHUE Ha OllepaTop
int Triangle::count = 0; — ecJii BBI €T0 3a6yz[eTe, KOMITUJIATOP obumauTCd.

Q Oyuxnus main:

@) orpeaeseHnda BOCbMU TOYEK p1, ey p8 cZiejIadbl IMTPOM3BOJIBHO, HO TakK, 4TOOBI U3
HUX MOKHO OBLIO COCTABUTh TPEYTOJbHUKH;

Q omnpeneseHns 4eThIPEX TPEYTOJBHUKOB ClIeJTaHbl TOXKE TPOU3BOJILHO, BIIOCTE]-
CTBUU HA HUX OYYT IEMOHCTPUPOBATHCSI OCHOBHBIE METOJIBI KJTACCa;

O panee ompeIeSIIOTCS MacCUB yKaszarteseit Triangle* pTrial] ¢ agpecamu oObsiB-
JICHHBIX BBIIIE TPEYTOJBHIKOB ¥ €r0 PasMep N; B TAKOM BHUJIE YAOOHO TIepeiaBaTh
ajipec pTria U BeJIMYMHY N B BbI3bIBAEMbIE CePBEPHbBIE (DYHKITUH.

O Oysknus Menu — moctie BBIBOAA HA 9KPaH CIHUCKA MYHKTOB MEHIO BBI3BIBAETCS
dbyuakmms GetNumber, BosBparmamomass HOMep TYHKTa, BBEJAEHHBIH TOJIb30BATEEM
¢ kaaBuarypsl. OTdero GbLIO MPOCTO He HalmmcaTh: cin >> number:? Ho Torma Mbl
He o0ecreunyi Obl 3alIUTY TPOrPAMMBI OT HEIPeIHAMEPEHHBIX OMINOOK IIPU BBOJE.
Boo0i11e-To BOIIPOC HAIEKHOTO BBOJA YUCEI C KJIABUATYPbI HOAPOOHO pazbupaeTcs Ha
cemuHape 13 npu permennn 3agaun 13.1.

O ODyuxims Show BRIBOAUT HA IKPAH MepedeHb BCEX TPEYroJabHUKOB. B 3aBepiienue
BbI3bIBaeTCst (GYHKIM ExitBack, KoTopast obecreunBaeT 3aKJIOUUTEbHBIN JHATOT
C II0JIb30BATENIEM I10C/Ie 0OPadOTKH 0UEPELHOIO IIyHKTA MEHIO.

D OCTa]IbeIe (byHKL[I/II/I 110 06pa60TKe APYIUX IIYHKTOB MEHIO BBITIOJTHEHDI B BU/I€ 3a-
TJIYTIEK, BBIBOJSIIIIUX TOJBKO HAUMEHOBAHKME COOTBETCTBYIONIETO TTYHKTA.

Tecmuposanue u omaadka nepeoil sepcuu npozpammol. Tlocie KOMIMIAINT U 3ayCKa
MIPOrPaMMBI BbI JIOJKHBI YBUIETD HA 9KPAHeE CIeayIolee:

Constructor_1 for: triaA (TpeyronsHuk 1)
Constructor_1 for: triaB (TpeyronsHuk 2)
Constructor_1 for: triaC (TpeyronsHuk 3)
Constructor_1 for: triaD (TpeyronsHuk 4)

===============[ ] g BHOE MEH

1 - BHIBECTU BCE 00bEKTH 3 - HAWTWU MAKCUMaSbHbIA

2 - NepeMecTuThb 4 - onpefennTb OTHOWEHWE BKAIYEHNS
5 - BbIXOA

Beenure ¢ knasuatypsl iudpy 11 [Iporpamma BoiBesert:

======= [lepeyeHb TPEeyroNbHUKOB ========

Tpeyronbhuk 1: (0, 0) (0.5, 1) (1, 0)

Tpeyronbhuk 2: (0, 0) (0, 4.5) (3, 0)

npoooncenue
I Tlocmne BBO/la YHCJIOBON I/IHCbOpMaLH/H/I BCeTr/la IOJIpa3yMeBaeTCA HaKaTre Enter.
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Tpeyronehuk 3: (0, 0) (2, 1) (2, 0)
Tpeyronshuk 4: (0, 0) (2, 2) (3, 0)
Hakmnte Enter.

Boi6op mepBoro myHkTa Metio nposepen. Haxkmure Enter. IIporpamma BoiBezeT:

=============== [ ] 3 B HO € MeH I

Teneps poBepuM BBIOOP BTOPOro myHKTa MeHI0. ITocie BBoga 1udpbl 2 Ha sKpaHe
JIOJIZKHO TIOSBUTBCS:

2

[lepemelieHmne
Haxmnte Enter.

Bce npaBusbro. [locite naxarust Enter iporpaMma BO3BPAIIAETCSI B TIIABHOE MEHIO.

JLjist IpOBEPKU BBOJIA OMIMOOYHOTO CUMBOJIA BBEJIUTE € KIABUATYPBI J1I000U OYKBEHHbIIT
cuMBOJI 1 HakmuTe Enter. TIporpamMma J0JKHA COOOIIHTE:

losTOpuTe BBOA (OKMMAaeTCd 4yucno o1 1 o 5):
ITposepsiem 3aBepiieHue paboTsl. Beeaure mudpy 5. IIporpaMma BeIBEET:

5

KoHell paboThl.
Destructor for: triaD
Destructor for: triaC
Destructor for: triaB
Destructor for: triaA

TeCTI/IpOBaHI/IG 3aKOHYEHO. O6paTI/ITe BHMMaHHE Ha TO, YTO JI€CTPYKTOPDI 00BbEKTOB Bbl-
3bIBalOTCA B IIOPAAKE, O6p8.THOM BbI3SOBY KOHCTPYKTOPOB.

Atan 2

JloGasum B Kjaccel Point u Triangle MeTozbl, obecreunBaroIIie epeMelieHe Tpey-
TOJIBHUKOB, @ B OCHOBHOW MOJLyJTh — peanu3aruio (pyaknnm Move. BHecuTe ciemyrorine
M3MEHEHNs B TEKCTHI MOJLyJIel TTPOEKTa.

1. Point.h. no6assre 06baBIIEHNE OlIEpAUU-(DYHKIK «+=», KOTOpast OyIeT UCII0Ib30-
BaHa /I peanusaiuu metoza Move B kjaacce Triangle:

void operator +=( Point& );

2. Point.cpp. [o6aBbre KojI peausaiyuy JaHHON (PYHKINNU:
void Point::operator +=( Point& p ) { x +=p.x; y +=p.y; }
3. Triangle.h. [To6aBnTe 0ODBsIBIEHE METOIA:

void Move( Point );

4. Triangle.cpp. Jobasbre koa MeToa Move:

void Triangle::Move(Point dp) {
vl += dp; v2 +=dp; v3 +=dp;
}
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5. Main.cpp. B crmcok npororunos GyHKIMIA JoOaBbTE CUTHATYDY:
double GetDouble();

JoGassre B KoHell daiina HoByio (yHKImio GetDouble. OHa mpeaHasHayeHa A/ BBOAA
BEIIeCTBEHHOTO YKCJIa U BbI3bIBaeTcst 13 (pynkiuu Move. B Heit ipeaycmMoTpena 3aimmra
OT BBOJIa HEJIOITYCTUMBIX CUMBOJIOB aHATOTHYHO (hyHKITNN GetNumber:

double GetDouble() {
double value;
while (true) {
cin >> value;
if (cin.peek() == "\n") break;
else {
cout << "loTopnuTe BBOA (OKMAOAETCH BEWECTBEHHOE YUCNO):
cin.clear();
while (cin.get() = "\n") {};

<< endl;

1
1
return value;

}

3amMeHuTe 3araynKy (hyHKIU Move cieyIonnM KOIOM:

void Move(Triangle* p trial], int k) {
CoUt << "============= [lepeMelleHle =============" << endl;
cout << "Beegnte Homep TpeyronbHuka (0T 1 o " << k << "):
int i = GetNumber( 1, k ) - 1;
p trialil->Show();
Point dp;
cout << "Bpeante cmeuexne no x:
dp.x = GetDouble();
cout << "Beante cMeuweHue no y:
dp.y = GetDouble();
p_tria[i1]->Move( dp );
cout << "HoBOe nosoKeHe TPEyrobHIKaE :
p trialil->Show();
ExitBack();

<< endl;

}

BbIoTHUB KOMITUIISAIIAIO TIPOEKTA, TPOBEINTE €T0 TECTUPOBAHNE AHAJIOTUIHO TECTUPO-
BaHWIO Ha TepBOM Tatre. [Toce BEbopa BTOPOTO TyHKTA MEHIO 1 BBOJIA TAHHBIX, 33/1a10-
ITUX HOMEP TPEYTOJbHUKA, BEIMYUHY C/IBUTA IO X U BEJTMYUHY CABUTA TI0 Y, BBI IOJIKHBI
YBUJIETh HA 9KpaHe TIPUMEPHO cieyoniee ((KUPHbIM MIPUGTOM BBIIEJIEHO TO, UTO BBO-
TIFLTOCH C KIIABUATYPBI):

============= [lepeMelleH/e =============
Beeante Homep TpeyrombHMKa (o1 1 po 4): 1
TpeyronbHuk 1: (0, 0) (0.5, 1) (1, 0)
Beeante cmeuenne no x: 2.5

Beegute cmelenne no y: -7

HoBoe nosoxeHue TpeyrosbHUKa :
npooosicenue
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Tpeyronshuk 1: (2.5, -7) (3, -6) (3.5, -7)
Hawmute Enter.

dtan 3

Ha sToM sTane Mbl 106aBUM B Kaacc Triangle MeTo, 06ecednBaloNnii CpaBHEHNE TPey-
TOJIBHUKOB IO WX ILJIONIA/U, & B OCHOBHOUM MOJyJsib — peasnusanuio ¢pyHkimn FindMax.
Buecure cienyionine nusmeHeHusI B TEKCTBI MOJIYJIeH TIPOEKTa:

1. Triangle.h: no6aBbre 0ObsIBICHNE MeTO/IA Area U (DYHKITUU-OTIEPAIIHH >;

doubTe Area() const; // nnowanb 06bveKTa
bool operator >(const Triangle&) const;

2. Triangle.cpp: mobaBbTe KO peaiu3anui MeTo1a Area U QYHKIIMU-OMepaIinu >;

doubTe Triangle::Area() const {
double p = (a+ b +c) / 2;
return sqrt(p * (p - a) * (p - b) * (p - ¢));
1
bool Triangle::operator >(const Triangle& tria) const {
if (Area() > tria.Area()) return true;
else return false;

}

3. Main.cpp: 3aMmenuTe 3araymky GyHKImn FindMax ciaemryronium KoJIoM:

A e MONCK MAKCWUMaNbHOTO TpeyrofibHNKa
void FindMax(Triangle* p trial[], int k) {
cout << "=== MONCK MaKCMMaNbHOTrO TpeyrofbHuka ==" << endl;
// Co3naem 00beKT triaMax, KOTOPbIA MO 3aBepWeHuio noucka OyneT uaeHTUYeH
MaKCUManbHOMY OObEeKTY. MHMUManM3MpyeM ero 3HayeHueM 1-ro o6beKTa W3 MacCuBa:
Triangle triaMax("triaMax");
triaMax = *p _trial0];
for (int i =1; 1 <4; ++1)
if (*p_triali] > triaMax) triaMax = *p_triali];
cout << "MakcuManbHblll TpeyronbHuk: " << triaMax.GetName() << endl;
ExitBack();

}

OrroMIIIMpyiiTe IporpaMmy u 3amrycrute. Beibepure tperuii myHkT MeHio. Ha akpate
JIOJIZKHO TIOSIBUTbHCS:

3

=== [lOUCK MaKCUManbHOTO TPEYTObHUKA ==
Constructor_2 for: triaMax (TpeyronbHuk 5)
MaKCuManbHbli TPeyTrofibHUK: TpeyrofibHuK 2
Haxmute Enter.

MakcuManbHBIN TPEYTOJbHUK HalieH nmpaBuibHo. [Tocie Haskatust Enter 1omken mos-
BUTDHCA TEKCT:

Destructor for: triaB
=============== [ J] 3 B HOE®E MeHI
1 - BLBECTM BCE 00bEKTHl 3 - HAWTW MAKCUMASbHbIN
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2 - NepeMecTuThb 4 - onpefennTb OTHOWEHNWE BKINYEHWS
5 - BbIXOA

Yro6bl 3aBepIIuTh pabory, BBeAUTE IdPyY 5 1 HaxkmuTe Enter.

Ho... BMecTO HOpMaTBbHOTO 3aBEPIIEHUS POTPaMMa JIOMAETCsI, a OITepalimoHHast CHCTEMa
BbIIaeT coobIeHne 00 omnbKe MPUMEPHO CIIEAYIOIIEro BUA:

Debug Assertion Failed!
Program:

File: dbgdel.cpp

Line: 47

Y1061 IIOHATDH, YTO ITPOUCXO/IUT, JlaBaiiTe IIOCMOTPUM Ha Hally OTJIa/IOYHYIO IeYaTb.
Hepea TEM KaK YMEPETD, IpOIr'paMMa yCIi€jia BBIBECTU Ha 9KpaH CJe/yioniee:

5

KoHel paboThl.

Destructor for: triaD

Destructor for: triaC

Destructor for: HHHHHHHHHH39333333333333Q

ITpurio BpeMst IJIst aHAJTUTHYECKOM pabOThI HAIIUX CEPhIX KIETOUEK. BCoMHUTE, KAK
BBITJIsIIEJIA OTJIaJI0YHAS TIeYaTh [IPU 3aBEPIIEHII HOPMAJIbHO PabOTAIOIIel TepBOil Bep-
cuu IporpamMMbi? JlecTPyKTOPBI BBI3BIBAJIUCH B MOPSIIKE, 0OPATHOM BBI30BY KOHCTPYK-
TOPOB. 3HAUUT, KakKas-TO Oefla CJAYYMUJIACH TIOCe BbI30Ba JECTPYKTOPA [t 0ObEKTa
triaB! Ilouemy? BemoTpuMces B mpenblyniuii BbIBOJ Haliei mporpammbl. [loce Toro
Kak (yHKIms FindMax BBIIOJHUIA OCHOBHYIO PabOTY U BBIBEJIA PE3YJIHTAT HA SKPAH:

MaKCHManbHbIA TPeyronbHNUK: TpeyrofnbHuK 2

IporpaMma IpUTrJacuiia 1moab30Baresisd HaXkaTh KJaaBuily Enter. To npursianieHne Bbi-
BozuTcst hyHKIMel ExitBack. A BOT mocste HaskaTust KiaaBuiny Enter Ha aKpaHe TOSIBUIICS
TEKCT:

Destructor for: triaB

ocJie KOTOPOTO OTISATh OBIIO BBIBEJICHO TIABHOE MEHIO. 3HAUYWT, IECTPYKTOP /st 00beKTa
triaB GblI BHI3BAH B MOMEHT BO3BpaTa u3 dyHkimu FindMax. Ho nouemy? Benb o6bexT
triaB cosjlaeTcs B OCHOBHOM (DYHKIIMM Main, a 3HAYUT, TAM Ke JIOJIKEH U YHUUYTOXKAThCs !
Uro-To HEXOpOIllee TPOUCXO/IUT, OJTHAKO, B Tejie hyHKIuu FindMax. XoTs BHellIHe Bpojie
Bce npusinuHo... Cron! Beub BHyTpH QyHKIMEN 00bsiBJIeH 00beKT triaMax, u Mbl jaxe
Buziesn paboTy ero KOHCTPYKTOpa:

Constructor 2 for: triaMax (TpeyronpHuk 5)

A rJie ske BbI30B JIeCTPYKTOPa, KOTOPBIi 110 ujiee JOJDKeH IIPOM30HTH B MOMEHT BO3BpaTa
u3 pyuxuuu FindMax? Kaxercs, Mbl HalllJIM IPUYNUHY HEHOPMATUBHOIO 1IOBEJeHUs Ha-
el mporpamMMbl. OOBEeKT triaMax mocse cBoero 0OBABIEHNsT HEOMHOKPATHO MOH(U-
LIPYETCS € IIOMOIIBIO OllePALlUY [IPUCBANBAHU. A Tellepb JaBaiiTe BCIIOMHUM, YTO, €CJI1
MbI He IIeperpysu/y ollepaliio IIPUCBAUBaHU /IS HEKOTOPOro KJacca, KOMIIUJISATOP
CIIeTaeT 9TO 3a HaC, HO B Hell Gy/IyT MOsJIEMEHTHO KOTIMPOBATHCS Bee st o0bekTa. [Tpn
HATMYWHN Ke TOJel TUTIA yKasaTeaeil BO3MOKHbBI HETPHUSTHBIE TIPOOTEMBI.
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B gannom cirydae B ot objID 1 name oObexTa triaMax ObLIM CKOMUPOBAHBI 3HAYECHIS
OTHOMMEHHBIX TI0Jiell oObekTa triaB. B MOMeHT BbIXO/a U3 (ynkmmm FindMax gectpyk-
TOp 00BEKTa OCBOOOAUI ITaMATh, HA KOTOPYIO YKa3bIBaIW STU IOJA. A IIPU BBIXOAE U3
OCHOBHOH (DYHKIIMHU Main ZecTpyKTOp oObeKTa triaB IoIbITajICs elle pas 0cBOOOIUTD
3Ty Ke NMaMsATh. Pe3ysibTaT Bl yiKke BUIEJ...

3aiiMeMcs OUMHKOM Hamieil mporpamMbl. HyskHO 100aBuTh B Kaace Triangle meperpys-
Ky OTlepaluy IIPUCBAMBAHMUS, & 320/{HO U KOHCTPYKTOP KOIMPOoBaHus. BHecuTe ciemyio-
IIe U3MEHEHWS B TEKCThI MOJIYJIEl TPOeKTA:

4. Triangle.h. lo6aBere 0ObABIEHU:

Triangle( const Triangle& ); // KOHCTpyKTOp KONMpoBaHW4
Triangle& operator =( const Triangle& ); // Onepauus npucsanBaHus

5. Triangle.cpp. [obaBsTe peaausanuio:

// KOHCTPYKTOp KOMWPOBAHMA
Triangle::Triangle(const Triangle& tria) : vl(tria.vl), v2(tria.v2), v3(tria.v3) {
cout << "Copy constructor for: " << tria.objID << endl; // OTNajo4YHbIA BbIBOJ
objID = new char[strlen(tria.objID) + strlen("(konuna)") + 17:
strcpy(objID, tria.objID);
strcat(objID, "(komua)"):
name = new char[strien(tria.name) + 17;
strcpy(name, tria.name);
vl = tria.vl; v2 = tria.v2: v3 = tria.v3;
a = tria.a; b = tria.b; ¢ = tria.c;
}
// TIpuCBOWTHL 3Ha4eHne obbexTa tria
Triangle& Triangle::operator =(const Triangle& tria) {
// OTNAJO4YHbIA BbIBOJ:
cout << "Assign operator: " << objID << " = " << tria.objID << endl;
if (&tria == this) return *this;
delete [] name;
name = new char[strien(tria.name) + 17;
strcpy(name, tria.name);
vl = tria.vl; v2 = tria.v2: v3 = tria.v3;
a = tria.a; b = tria.b; ¢ = tria.c;
return *this;

}

W B KOHCTPYKTOPE KOIMUPOBAHUS, U B OMEPAIUN IPUCBANBAHUS TIePe]] KOITMPOBAHUEM
COJIEP’KUMOTO TI0JIEl, Ha KOTOPbIE YKa3bIBAIOT MOJISI TUTIA Char™, JJIs1 HUX BBIIEJISI€TCS HO-
Bast namsth. OOpaTUTe BHUMAHUE, YTO B KOHCTPYKTOPE KOIMPOBAHMUS 11OCJIe HIePerucu
1oJist 0bJID Mbl 100aBJIsIEM B KOHEI[ 9TOI CTPOKU TEKCT (Konua). A B Olle€paliiy IpUcBa-
UBaHMS 9TO T10JIe, HaeHTHhUIUpYoIiee 00beKT, BOOOIIE He 3aTParuBaeTcst U 0CTaeTCst
B CBOEM ITePBOHAYAIBHOM 3HaUEHUU. Bce 9To T0JIe3HO IS TIesIeid OTJIaIKH.

OTKOMITIIIUPYIiTE U 3amycTTe MporpamMMy. Bertbepute Tpernit myHkT Metto. Ha akpate
JIOJIKEH IIOSIBUTLCS TEKCT:

3
=== [lONCK MAKCUMAJIbHOTO TpeyrofibHnKa ==
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Constructor_2 for: triaMax (TpeyronsHuk 5)
Assign operator: triaMax = triaA

Assign operator: triaMax = triaB
MaKCHManbHbIA TPeyronbHNUK: TpeyrofnbHuK 2
Haxmute Enter.

O6paTI/ITe BHUMAaHMeE Ha OTJIA0YHbII BHIBOJ, oliepannu 1MMprucBanBaHusAd. HpOHOJI)KI/IM Te-
CTUpOBaHUe. ITocne naxartus Enter IIporpaMMa BbIBEJET

Destructor for: triaMax

=============== [ ] 3 BHOE MEHD

1 - BbiBECTW BCE 00bLEKTH 3 - HAWNTM MAKCUMaSbHbINA

2 - MepeMecTuThb 4 - onpefennTb OTHOWEHWE BKAIYEHNS
5 - BbIX0O[

3ameTsTe, UTO ObLI BHI3BAH JECTPYKTOP JJist 00bekTa triaMax, a e triaB. IIpomoskum
tectupoBanue. Beegure udpy 5. [Iporpamma BeiBener

5

KoHel paboTsl.
Destructor for: triaD
Destructor for: triaC
Destructor for: triaB
Destructor for: triaA

Bce. TTporpamma paGotaet kKak yachl. Ham ocTasoch petmTh OCIEHIO 3a1a1y — OTpe-
TeJIeHNe OMHOWEHUS BKII0UEHUS OTHOTO TPEYTOIbHIKA B IPYTOH.

drtan 4

Tpeyrosbauk DEF Bxoaut B TpeyrosibHuk ABC (wiu ABC conepxkut B cebe DEF), eciu
Kak/1ast u3 Bepuiunt, D, E, F, HaxoquTcst BHyTpU TpeyroibHuka ABC. V3Becten npocToii
c110c00 OTpeIeJIeH s, TIOTAIAeT JIM HEKOTOPast TOYKa Y BO BHYTPEHHIOK 00JIACTH Tpey-
ronbHUKa ABC: Eciin cymma mitotazieli TpeyroabHuKoB AYB, BYC u AYC paBHA ILIOIIAIN
TpeyrosibHrKa ABC, To 04eBUIHO, uTO ABC conepskut B cebe Y. UToObl pean3oBaTh 3Ty
WJIeI0 pelleHus, BHeCUTe CJIelyIoNie J0M0THEHUsI B TEKCThI MOJIYJIeH.

1. Triangle.h: no6asbre B K1acc Triangle 0ObABIEHKUS METOLOB:

double Area(Point, Point, Point) const; // Mnowatb TpeyronbHUKa, 00Pa30BaHHOMO
// 3a0aHHbIMWU TOYKAMM
bool Contains(Point) const; // Onpepender, HaxOAWTCA 1M TOYKA BHYTPM TPEYTrofibHUKA

a Takke 00bsIBICHUE JIPYKECTBEHHO (DYyHKIINN:

friend bool TrialnTria(Triangle, Triangle); // Onpepenset,
// BXOAWUT MU OONH TPEYTONbHMK BO BTOPOM

2. Triangle.cpp: n006aBbTe peanusaumio METOAOB:
double Triangle::Area(Point pl, Point p2, Point p3) const {

double al = pl.DistanceTo(p2);
double bl = p2.DistanceTo(p3);
double cl = pl.DistanceTo(p3);

double p = (al + bl + cl) / 2;
npooosicenue
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return sqgrt(p * (p - al) * (p - bl) * (p - c1));
}
bool Triangle::Contains(Point pt) const {
const double calc_error = 0.001;
double areal = Area(pt, vl, v2);
double area2 = Area(pt, v2, v3);
double area3 = Area(pt, v3, vl);
if (fabs(areal + areaZ + area3 - Area()) < calc_error) return true;
else return false;

a TaksKe 106aBbre B KOHell (paiijia peaynsanuio BHEIHe IPyKeCcTBeHHOH (hyHKIIN:

bool TrialnTria(Triangle trial, Triangle tria2) {
Point vl = trial.Get v1()

Point v2 = trial.Get v2();
Point v3 = trial.Get v3();
return (tria2.Contains(vl) && tria2.Contains(v2) && tria2.Contains(v3));
}
3. Main.cpp: 3amenuTte 3araymky (pynkiuu IsIncluded caemyrommm:
A R EEEEEEEE OnpepeneHne OTHOWEHUA BKNIYEHNA
void IsIncluded(Triangle* p_tria[], int k) {
CoUt << "======== (THOWEHUE BKINYEHU ==========" << end];

cout << "Beeaute Homep 1-ro TpeyronbHuka (o1 1 o " << k << "): "
int i1 = GetNumber(1l, k) - 1;

cout << "BeeauTe Homep 2-ro TpeyronbHuka (o1 1 o " << k << "): "
int 12 = GetNumber(1, k) - 1;

if (TrialnTria(*p_tria[i1l], *p_triali2]))

cout << p_trial[il]->GetName() << " - BxoauT B - "
<< p_tria[i2]->GetName() << endl;
else
cout << p_trial[il]->GetName() << " - He BxoauT B - "
<< p_tria[i2]->GetName() << endl;
ExitBack();

}

Monudukaiiusg mpoekta 3apepiieHa. 3aMeTUM, YTO TTOTPEITHOCTb CPAaBHEHUS TITOMIAICH
B MeToie Contains 3aaeTcss KOHCTAHTOI calc_error.

OTroMmuInpyiiTe U 3ammyctute nporpammy. Beibepure mynkr merio 4. Ciiefiys ykasamu-
SM TIPOTPaMMBI, BBe/IUTE HOMEPA CPABHUBAEMBIX TPEYTOJbHUKOB, HapuMmep, 1 u 2. Bo
JIOJIZKHBI TIOJTYYUTH TAKOH pe3yJsibTart:

======== (JTHOWEHNE BK/IYEHU ==========
Beegute Homep 1-ro TpeyronbHuka (ot 1 o 4): 1
Beegute Homep 2-ro TpeyronbHuka (ot 1 o 4): 2
Copy constructor for: triaB

Copy constructor for: triaA

Destructor for: triaA(konus)

Destructor for: triaB(konus)
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TpeyronbHuk 1 - BXOAWT B - TpeyronbHuK 2
Haxmute Enter.

O6paTuTe BHUMaHKE HA OTJIAJ0YHYIO TI€YaTh: KOHCTPYKTOPbI KOMMPOBAHUS BbI3HIBAIOT-
cs TIpU Tiepejiade apryMeHToB B (pyHkiuio TrialnTria, a nepe Bo3BpaTOM U3 3TOM (DyHK-
LM BBI3IBAIOTCA COOTBETCTBYIONINE J€CTPYKTOPDIL.

[TpoBeauTe CIAEAYIONHIT IKCIIEPUMEHT: YAAIUTE € TIOMOIIHI0 CKOOOK KOMMEHTAPHUS KOH-
CTPYKTOp KonnpoBaHud B daitmax Triangle.h u Triangle.cpp, OTKOMIUJINPYHTE TPOEKT
U MOBTOPUTE TECTUPOBAHUE YETBEPTOTO MYHKTA MEHI0. YOEIUBIINCH B HEATCKBATHOM
[OBE/ICHUU [IPOrPaMMBbl, BEpHUTE IPOEKT B HOpMajbHOe cocrosinue. IIporectupyiite
OCTabHbIE MYHKTHI MeHI0. 110 3aBepIieHnn TeCTHPOBAHUST YOEPHUTE € TIOMOIIBIO CHMBO-
JIOB KOMMEHTapUs // BCIO OTIAf0UHYIO TiedaTh. [ToBTOpHTE TecTnpoBanue 6e3 OTIamxou-
Holl meyaTtu. Pemmenne 3amaun 10.2 3aBepiiero.

Utormn

1. Wcnoab3oBaHue KJIACCOB JIEKUT B OCHOBE 00BEKTHO-OPUEHTUPOBAHHON JEKOMIIO-
3UIIUH TIPOTPAMMHBIX CHCTEM, KOTOpast sABJsieTcst Gosee ahheKTUBHBIM CPEACTBOM
GOPBOBI CO CITOKHOCTHIO CHCTEM, YeM (QYHKIIMOHATHHAS TEKOMITO3HITHSI.

2. B pesyJibrare IeKOMIIO3HIMN CUCTEMA PA3/Ie/ISIeTCsl Ha KOMIIOHEHTBI (MOLy/iu, (hyHK-
11H, KJacch). ITo6bl 06ecriednTh BBICOKOE KaueCTBO MPOEKTa, ero CocOGHOCTh K MO-
anduKaIAM, yI00CTBO COMPOBOKIECHNS, HEOOXOANMO yINTHIBATD CIEIIEHNE BHYTPU
KOMIIOHEHTa (OHO J0JKHO OBITh CUJIBHBIM) U CBS3aHHOCTH MEXK/Y KOMIIOHEHTAMU
(ona moykHa OBITH €1a00i1), a TaKKe IPABUIBHO PACIIPEAETIATD OOA3AHHOCTH MEKILY
KOMITIOHEHTOM-KJIMEHTOM ¥ KOMIIOHEHTOM-CEPBEPOM.

3. Kmacc — aTo ompeznensgembrii moab3oBaTeseM TUII, Jekamnuii B ocHoBe OOII. Kmace
COJIEPIKUT PsIJT TT0JTei (TTepeMeHHbIX ), a TakyKe MeTO/10B ((DYHKITHH ), UMETOTIINX JOCTYIIT
K 9TUM IOJISIM.

4. JlocTym K OTAEJABHBIM YaCcTSIM KJIacca PeTryJIupyeTcs ¢ TTOMOIIBIO KJIIUEBBIX CJIOB:
public (oTkpsiTas yacTh), private (3akpsiTast yactp) u protected (3amuinenHas
vactb). [locsennuii Buz octyma nMeer 3HaY€HIe TOJIbKO [IPU HACJIEJOBAHUN KJIACCOB.
MeTozbI, pacosIO;KEeHHBIE B OTKPBITOIH YacTh, hopMUPYIOT urmepgheiic Kiacca i MOTyT
BBI3BIBATHCS Y€PE3 COOTBETCTBYIONIHIT OOHEKT.

5. Ecau B Ky1acce uMerOTCs 1OJIsI THATIA yKasaTeJIeﬁ 1 OCYHIECTBJIAETCA JUHaAMHWYECKOE
BblJeJieHre I1aMATH, TO HCO6XO[[I/IMO 1103200TUTBHCA O CO3IaHNM KOHCTPYKTOPa KOIIN-
PpOBaHUA 1 TIEPETPY3KE OTepaliv IIpruCBanBaHM:A.

6. lnst cozmanmst TOJTHOTO, MUHUMATbHOTO U MHTYUTUBHO TIOHATHOTO NHTepdetica Kirac-
ca IIMPOKO NTPUMeEHseTCs leperpy3ka MeTo/I0B U OTlepallnil.

3agaHua

BapuaHnT 1

Ommmcats ki1ace, peannsytonuii ctek. Hamears mporpaMmy, MCTIOB3YONTYTO 3TOT KJIACC
JUIsE MozieTpoBadus T-00pasHOro COPTUPOBOYHOIO y3Jjia Ha jKejiesHoil popore. IIpo-
rpaMMa JIOJKHA pas/iesiITh Ha JIBa HAIPABJIEHUSI COCTaB, COCTOSIINN M3 BarOHOB JBYX
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TUTIOB (Ha KasK0e Hampasienre (hoOpMUPYETCs: COCTaB U3 BaroHoB oHoro THia). [Ipen-
YCMOTPETDb BO3MOKHOCTH (POPMUPOBAHUSA cocTaBa U3 (aiisia u ¢ KJIaBUATyPBIL.

BapuaHTt 2

Omnucarp Kiace, pealusylonuil GuHapHoe gepeBo, 00J1azalolee BO3MOKHOCThIO 106aB-
JIEHUSI HOBBIX 9JIEMEHTOB, YAAIEHI CYIIECTBYIONINX, IIOMCKA DJIEMEHTA 10 KJIIOUY, a TaK-
JKe T0C/IeI0BATEIbHOTO JOCTYIIA KO BCEM 9JIEMEHTAM.

Hanucatp nporpamMmy, HCIOIb3YIONTYIO 3TOT KJIACC JJIsI IPEICTaBIEHUS aHTJIO-PYCCKOTO
caoBapsi. IIporpamma nosmkHa cozepskaTb MEHIO, MTO3BOJISIONIEe BBITOJTHUTH MTPOBEP-
Ky BceX MeTozoB kJacca. [IpemycMoTpeTh BO3MOKHOCTD CO3/IaHUs cI0Baps U3 aiiia
1 C KJIaBUATYPbL.

BapuaHTt 3

[TocTpouth cucTeMy KJIacCOB /IS OTMCAHUS TIOCKUX TEOMETPUUYECKUX (PUTyp: Kpyr,
KBaJIpar, IpsIMOYTOJIbHUK. [IPeyCMOTPETh METO/IBI JIJIST CO3[IAHNUST 0O0BEKTOB, TEPEMEIIIE-
HHUA Ha IIJIOCKOCTU, USMEHEHUA PAa3MEPOB U BpallleHr:A Ha SaI[aHHbeI yroJi.

Hamucatp mporpamMmy, AeMOHCTPUPYIOILYIO paboTy ¢ 3TuMHU Kjiaaccamu. IIporpamma

JOJIKHA COoepKaTh MEHIO, IO3BOJIAIONIECE OCYHIECTBUTD ITPOBEPKY BCEX METO/IOB KJjlacC-
COB.

BapuaHTt 4

[ToctpouTs onmcanue Kaacca, copepskaiiero NHMOOPMAIUIO 0 TOYTOBOM a/ipece OpTaHu-
3arun. [IpeaycMoTpeTb BO3SMOKHOCTD Pa3ieIbHOTO U3MEHEHUS COCTaBHBIX YacTel ampe-
€a, CO3/IaHUS U YHUUTOKEHUST OOBEKTOB 9TOTO KJIACCA.

Harmicats mporpaMmy, IEMOHCTPUPYIOILYIO PaboTy ¢ 3TUM KjiaccoM. [IporpamMma gorK-
Ha COZIEPKATh MEHIO, TI03BOJIFIONIee OCYIECTBUTH ITPOBEPKY BCEX METO/IOB KJacca.

BapuaHTt 5

CocTaBHUTD OIMCAHLE KJacca JUTA TIPpEACTaBJAECHUA KOMIIJIEKCHBIX YMCeJI. Ob6ecrieunTs
BBITIOJIHEHUE onepaunﬁ CJIOJKEHUA, BBIYUTAHWA 1 YMHOKEHNA KOMIIJIEKCHBIX YHUCEJI.

Harmicats mporpaMmy, IEMOHCTPUPYIOILYIO PaboTy ¢ 3TUM KjiaccoM. [IporpamMma gorK-
Ha COZIEPKATh MEHIO, TI03BOJIFIONIEee OCYIIECTBUTH ITPOBEPKY BCEX METO/IOB KJIacca.

BapuaHT 6

CocTaBuTh OITMCAHHUE KJTacca Ui 00BEKTOB-BEKTOPOB, 33/[aBAEMbIX KOOPIUHATAMU KOH-
[[0B B TPEXMEPHOM mpocTpaHcTBe. OOeCeunTh Onepariiy CJAOKEHIUS U BHIYUTAHUST BEK-
TOPOB € TIOJIydeHHeM HOBOTO BeKTopa (CyMMBbI MJIM PA3HOCTH ), BBIYUCJIEHUS CKAJISTPHOTO
TTPOU3BE/IEHNUS IBYX BEKTOPOB, JJIMHBI BEKTOPA, KOCHHYCA YIJIa MEK/Ty BEKTOPAMHU.

Harmicats mporpaMmy, IEMOHCTPUPYIOILYIO PaboTy ¢ 3TUM KjiaccoM. [IporpamMma gorK-
Ha COZIEPKATh MEHIO, TI03BOJIFIONIEee OCYIECTBUTH ITPOBEPKY BCEX METO/IOB KJIacca.

BapuaHt 7

CocTaBuTh OIKCaHUE KJacca MIPAMOYTOJIbHUKOB CO CTOPOHAMM, ITapajieJIbHbIMU OCAM
KoopanHart. HpeIIYCMOTpeTb BO3MOJKHOCTD TI€pEMEUICHUA TTPAMOYTOJIBHUKOB Ha T1J10-
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CKOCTH, U3MEHEHME Pa3MepoB, OCTPOCHUE HAMMEHBINETO MPSMOYTOJIbHUKA, CO/EpPIKa-
IIETO JIBA 33/[AHHBIX MPSIMOYTOJbHUKA, U MPSIMOYTOJbHUKA, SIBJISIONIETOCST 00Ieil Ja-
CTBIO (IepeceyeHreM ) IByX MPSIMOYTOJIbHUKOB.

Hamucats mporpamMmy, IeMOHCTPUPYIONLYIO paboTy ¢ aTiM KiaccoM. [Tporpamma moJmK-
Ha COJlePKaTh MEHIO, I103BOJISIIONIee OCYIECTBUTD IIPOBEPKY BCEX METO/IOB KJacca.

BapuaHT 8

CocTaBuTh onucanue Kjacca Jjid olpe/eseHrns OJHOMEPHDBIX MAaCCUBOB 11€JIbIX YHCEeI
(BexTopoB). IIpemycMoTpeTh BOBMOKHOCTE 00OpAIeHNsT K OTICTBHOMY 3JIEMEHTY Mac-
CHBa C KOHTPOJIEM BBIXO/IA 32 IIPE/IeJIbl MACCUBA, BO3MOKHOCTD 33/[aH1s IPOU3BOJIbHBIX
IPaHUI] WHICKCOB MPU CO3JAHUN OOBEKTA U BBIMOJHEHUS OIMEPAIHil TTOTEMEHTHOTO
CJIOKEHMS Y BBIYUTAHUS MACCUBOB C O/IMHAKOBBIMY TPAHUIIAMU UH/IEKCOB, YMHOKEHUS
U JleJICHUS BCeX 2JIeMEHTOB MacCUBa Ha CKaJISIP, BbIBOJIA HA 9KPAH dJIeMEHTa MacCHBa 110
32/laHHOMY MH/IEKCY U BCEIO MacCUBa.

Hamucats mporpamMMy, IEMOHCTPUPYIONTYIO paboTy ¢ aTHM KaaccoM. [Tporpammva moJmk-
Ha COZIepsKaTh MEHIO, TIO3BOJISIONIee OCYIIECTBUTD TPOBEPKY BCEX METOIOB Kacca.

BapunaHt 9

CocTaBuTh onucaHue KJjacca JUIA OIIpeiesJieHns OJHOMEPHBIX MAaCCUBOB CTPOK (I)I/IKCI/I-
pOBaHHOfI JIJIMHDBI. HpeﬂyCMOTpeTb BO3MOKHOCTDb O6paH_[eHI/IH K OTZEJIbHBIM CTPOKaM
MacCCHBa I10 MHAEKCaM, KOHTPOJIb BbIXO/Ia 3a IIpeae/ibl MaCCHUBa, BBITIOTHEHW A onepauI/Iﬁ
TTO3JIEMEHTHOI'O CIIEIVICHUA IBYX MAaCCUBOB C O6paSOBaHI/IeM HOBOI'O MaCCHBa, CJANAHUA
ABYX MaCCHUBOB C UCKJIIOYEHUEM ITOBTOPAIONINXCA 3JIEMEHTOB, BbIBO/IA Ha 9KPaH 3JIEMEH-
Ta MaCCHBa 110 3a/laHHOMY MH/AEKCY 1 BCEIrO MaCCHBa.

Hammcats mporpamMMy, IEMOHCTPUPYIONIYIO paboTy ¢ 9TM KaaccoM. [Tporpamma m0mK-
Ha COfiepsKaTh MEHIO, TI03BOJISIONIee OCYIIECTBUTD TPOBEPKY BCEX METOIOB KJacca.

BapuanTt 10

CocTaBuTh OIMCAHUE KJIACCa MHOTOUJIEHOB OT OI[HOfI HepeMeHHOﬁ, 3a/laBa€MbIX CTEIIe-
HbIO MHOI'O4JI€eHa 1 MaCCMBOM KOB(l)(l)I/ILH/IEHTOB. HpeIIYCMOTpeTb METO/BbI JIJId BbIYHCJIE-
HUA 3HAYCHWA MHOTOYJICHA [JIA 3aJaHHOTO apryMEHTa, Oomnepannun CJIOKEHUS, BbIYUTa~
HUYA 1 YMHOKEHWA MHOTOYJIEHOB C ITOJIy4€HMEM HOBOT'O O6'beKTa-MHOI‘O‘—IJI€Ha, BbIBO/I Ha
9KPaH OIMUCaHNA MHOTOYJICHA.

HarmicaTs porpaMmy, IEMOHCTPUPYIOIIYIO paboTy ¢ 3TUM KiaccoM. [IporpaMma 1oJuK-
Ha COZIEPKaTh MEHIO, TI03BOJISIONIEe OCYTECTBUTH TPOBEPKY BCEX METO/IOB KJIacca.

BapuanTt 11

CocTaBUTh OIMCaHUE Kjacca OIHOMEPHBIX MAaCCUBOB CTPOK, KaK/[[asd CTPOKa 3a/a€TCA
JUTMHON 1 YKa3aTeJsieM Ha BbIZICJICHHYIO /IJI Hee TTaMATD. HpeﬂyCMOTpeTb BO3MOKXHOCTD
O6paH_[€HI/IH K OTAE/IbHBIM CTPOKaM MaCCHBa 110 MH/IEKCaM, KOHTPOJIb BbIXO/a 3a ITPEAeJIbl
MaCCHBOB, BbIIIO/JTHEHUA onepaunﬁ TIO3JIEMEHTHOT'O CHEIVIEHNA ABYX MaCCHUBOB C 06pa—
30BaHEM HOBOTI'O MaCCHBa, CJIUAHUA IBYX MACCUBOB C UCKJIIOYEHUEM ITOBTOPAIONINXCA
9JIEMEHTOB, BbIBO/Ia Ha 9KPaH 9JIEMEHTAa MaCCHBa 1 BCETO MaCCHBa.
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Hamnucarb iporpamMmy, IeMOHCTPUPYIONLYIO paboTy ¢ aTuM KjaaccoM. [Tporpamma momk-
Ha COZIEPKATh MEHIO, TI03BOJIAIONIEe OCYTIECTBUTH TPOBEPKY BCEX METO/IOB KJIacca.

BapuaHTt 12

CocTaBuTh OTMCcaHKe KIacca, 00eCTIedMBAIONIETO TIPEACTABICHNE MATPUIIBI TPOU3BOJIb-
HOTO pazMepa ¢ BO3MOKHOCTHIO M3MEHEHUST YHCIa CTPOK U CTOJIOIOB, BHIBOJ HA 9KPAH
MOZIMATPHIILE TI0O0TO Pa3sMepa U BCell MATPHIIBL.

Hamnucarb iporpamMmy, IeMOHCTPUPYIONLYIO paboTy ¢ aTuM Kiaccom. [Tporpamma moJmk-
Ha COZIEPKATh MEHIO, TI03BOJIAIONee OCYIECTBUTH IIPOBEPKY BCEX METO/IOB KJacca.

BapuaHnTt 13

Hanucarp kiace 1t a(hPekTUBHON paboThl CO CTPOKAMMU, TI03BOJISIONMI (hopMaTHpO-
BaTh M CPABHUBATH CTPOKU, XPAHUTb B CTPOKAX UKCJOBbIE 3HAYEHUS U U3BJIEKATH UX.
JList 5TOr0 HEOOXOJMMO PEATU30BATD:

U meperpyskeribie Olepaliuu NPUCBAUBAHUS U KOHKATEHAIUH;

U omepaiuu cpaBHEHUS ¥ IPUBEIEHUS THIIOB;

O npeobpasoBaHue B 4nUCIIO JTOOOTO THIIA;

U dbopmaTHbIil BBIBOJI CTPOKHU.

Hamumcath porpamMmy, IeEMOHCTPUPYIONIYIO paboTy ¢ 9THUM KiaccoM. IIporpaMma momk-
Ha COZIepsKaTh MEHIO, TIO3BOJIIONIEee OCYIIECTBUTD ITPOBEPKY BCEX METOIOB KJIacca.

BapuanTt 14

OmnmcaTp Ki1ace «goMaliHsst oubanorekas. [IpeycMoTpeTb BO3MOKHOCTD PAOOTHI C ITPO-
M3BOJIBHBIM YHCJIOM KHUT, TOUCKA KHUTH 10 KaKOMY-JIn00 pU3HaKy (HAIpuMep, 1Mo aB-
TOPY WJIN 110 TO/Y M3/IaHusl), [0OABJICHUS KHUT B OUOIMOTEKY, YIaJeHUsT KHUT 13 Hee,
COPTUPOBKYU KHUT TI0 PA3HBIM MTOJISIM.

Hamwmcath iporpamMmy, IeEMOHCTPUPYIONIYIO paboTy ¢ 9THUM KiaccoM. IIporpamma momk-
Ha COZIepsKaTh MEHIO, TIO3BOJIIONIee OCYIIECTBUTD ITPOBEPKY BCEX METOOB KJIacca.

BapuanTt 15

OmnmcaTh KJIace «3anucHast KHIKKa». [IpeycMOTpeTh BOBMOKHOCTh PabOThI ¢ MPOU3-
BOJILHBIM YHCJIOM 3allACeld, TIOMCKa 3alUCH 10 KaKOMY-JH00 MTpU3HaKy (HAmpuMep, mo
(bamunm, mate POXKACHUS WM HOMePY TejiedoHa), 100aBIeHUs U YIaJeHUs 3aIUCel,
COPTUPOBKH IO PA3HBIM TIOJISIM.

HarmcaTs iporpaMmy, IEMOHCTPUPYIOILYIO PaboTy ¢ 3TUM KjraccoM. [IporpamMma goJrK-
Ha COZIEPKATh MEHIO, TI03BOJIAIONIEee OCYTIECTBUTH ITPOBEPKY BCEX METO/IOB KJIacca.

BapuaHT 16

OmmcaTh KJIace «CTyAeHIecKast rpymnas. [IpeaycMoTpeTb BOSMOKHOCTD PAGOTHI ¢ repe-
MEHHBIM YHCJIOM CTYIEHTOB, TOUCKA CTYEHTA 10 KaKOMY-JH0O0 MpU3HaKy (Harmpumep,
o (amunu, gate PoKIACHUS WM HOMePY TejedoHa), 100aBICHUS U YAATCHUS 3aIli-
celi, COpPTUPOBKU 10 PA3HBIM TTOJISM.
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Hamucats niporpamMmy, IeMOHCTPUPYIONTYIO paboTy ¢ aTUM KiaaccoM. [Iporpamma moJmk-
Ha COJIEPKaTh MEHIO, TI03BOJISIONIEe OCYIECTBUTH TPOBEPKY BCEX METO/IOB KJIacca.

Bapunant 17

Omnmcarp KJIace, peasinsy il TUI JAHHBIX «BEIECTBEHHAS MATPUIA» 1 PabOTy ¢ HUMHU.
Kitace nomken peasim3oBbIBaTh CJIeyIOIINE OlepAIliy HAJl MATPUIIAMU:

CJI0JKeHUe, BBIYNTaHNe, YMHOXKeHUe, jiesienne (+, -, ¥, /) (YMHOXeHUe 1 JleJieHne Kak
Ha JIPYTYI0 MaTPUILY, TAaK ¥ HA YHCJIO);

KOMOWHUPOBaHHbIE OIIEPAIIUY [IPUCBAUBAHUS (+=, -=, *=, /=);

oTiepaliy CpaBHEHUS Ha PaBEHCTBO (HEPABEHCTBO);

orepan BbIYMCICHUA O6paTHOIL/,I n TpaHCHOHI/IpOBaHHOﬁ MaTPHUIIbI, OIIEPAITUIO BO3-
Be/leH1A B CTCIICHD,

METO/IbI BBIYMCJICHUA JETEPMUHAHTA 1 HOPMBI;

METO/Ibl, peau3yIolIie IIPOBEPKY TUIIA MATPUIIBI (KBa[paTHAs, AMAroHaIbHAs, HyJle-
Bad, eJUHUYHAd, CUMMETPHUYECKasl, BepPXHAs TPeyrobHasl, HUKHAA TPeyroJbHas );

O 00 Doo O

orepan BBO/Ia-BbIBO/la B CTaH/IaPTHBIE ITOTOKH.

HarmicaTs porpaMmy, IEMOHCTPUPYIOIIYIO paboTy ¢ 3TUM KiaccoM. [IporpaMma J0JuK-
Ha COZIePKaTh MEHIO, TI03BOJIIONIee OCYIIECTBUTD IPOBEPKY BCEX METOIOB Kacca.

BapuaHt 18

Omncarb KJacc <«MHOKECTBO», HOSBOJIHIOH.II/Iﬁ BBITIOJIHATHD OCHOBHbBIE Oll€pallun — /10-
GaByrenue n yaoasnienune aJaeMeHTa, repecedueHune, O6'bez[I/IHeHI/Ie " pa3HOCTb MHOJKECTB.

Hammcats mporpamMmy, TIEMOHCTPUPYIONIYIO paboTy ¢ 9THM KiaaccoM. [Iporpamma momk-
Ha COZIePKaTh MEHIO, TI03BOJIIONIee OCYIIECTBUTD IIPOBEPKY BCEX METOIOB Kacca.

BapuaHnt 19

Omnmncatp KJacc, pea]II/IESy}OH_H/HL/,I crek. Hammmcatn TIPOTrpaMMy, UCITOJIb3YIOITYIO 9TOT KJlaccC
JUTA OTBICKAHMA ITPOX0/1a 110 Ha6I/IpI/IHTy.

JIaOUPUHT MPECTABISETCS B BUIE MATPUIIBI, COCTOSIIEH 13 KBaapaTtoB. Kakplii KBa-
apat 1160 OTKPLIT, MO0 3aKPbIT. BX0/ B 3aKpbITHIA KBaApaT 3anperied. Eciu kBagpar
OTKPBIT, TO BXO/] B HETO BO3MOKEH CO CTOPOHBI, HO He ¢ yrJia. Kaskpiii KBazpar orpeje-
JigeTcs ero KoopauHatamu B MaTpuiie. [locsie oTpickanus mpoxoja mporpamMma meyartaer
Hali/IeHHBIH ITyTh B BUJIe KOOPANHAT KBa/IPATOB.

BapuaHnTt 20

Omncarb Kirace «Hpez[MeTHbIﬁ YKa3aTreab». Kaxaprit koMmoHeHT YKa3aTesid COAECPIKUT
CJIOBO M HOMEpa CTpaHUI], Ha KOTOPBIX 3TO CJIOBO BCTPEYACTCA. KonuuectBo HOMEPOB
CTPaHMUIT, OTHOCAIINXCA K OMHOMY CJIOBY, OT OAHOTO /10 1ECATHU. HpeﬂyCMOTpeTb BO3MOXK-
HOCTb (bOpMI/IpOBaHI/IH YKa3aTeJsid C KiIaBUaTypPbl U 13 (baﬁna, BbIBO/la YKa3aT€JIA, BbIBOJA
HOMEPOB CTPAHUIT IJI 3a/TaHHOTO CJI0Ba, Y/IAJCHUA 9JIEMEHTA N3 YKa3aTeJIsd.

HarmicaTs mporpaMmy, IEMOHCTPUPYIOIIYIO paboTy ¢ 3TUM KiaccoM. [IporpaMma J10JuK-
Ha COZIEPKaTh MEHIO, TT03BOJISIONIEe OCYTIECTBUTH TPOBEPKY BCEX METO/IOB KJIacca.
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Teopernueckuit matepuad: c. 200—210.

Ha sToM ceMuHape Mbl He OTPAHUIUMCSI HACJIEIOBAHUEM, & PACCMOTPUM O0JIee MUPOKUT
KPYT BOIIPOCOB:

U macsenoBaHMe KJIACCOB U TTOIUMOP(MU3M;
U oTHolIeHUsT MeXK/LY KJIacCaMU U TUarpaMMbl KJIaccoB Ha sg3bike UML;

U BBezeHUE B UCTIOTH30BaHUE TATTEPHOB TPOEKTUPOBAHUS; TEXHOJIOTHS TIPOEKTUPOBA-
HUSI TIPOTPAMM C YIE€TOM OYYIIUX U3MEHCHHIA.

HacnepoBaHue knaccos

Kiaccsl B 0OBEKTHO-OPUEHTUPOBAHHBIX TIPOTPAMMAX HCIOIB3YIOTCS JITIST MOJIETUPO-
BaHUA KOHIICNIIUI PeasibHOTO U TPOrpaMMHOro Mupa. KoHIenum uim cyuHoCTH mpe
METHOMH 00JIACTH HAXO/SATCS B PA3IMYHBIX B3aUMOOTHOTIEHUAX. OJIHO U3 TAKUX B3aUMO-
OTHOIIEHUN — omHoweHue Hacaedosanus (IMEHyeMOe TaKKe OTHOIEHUEM pooumeib—
NOMOMOK VI OTHOIIECHUEM 00001eHile —CReyuaiu3ayust).

Hampuwmep, ecn B yenosum 3aiaun 10.2 paccmaTpuBaTh He TOJBKO TPEYTOJIbHUKHU, HO
U 4eTBIPEXYTroJNbHIKH, Kaace Tetragon umes Obl 00LIME YePThl ¢ KaaccoM Triangle, 1mo-
CKOJIBKY M TPEYTOJIbHUKU, U YETBIPEXYTOJbHUKN SIBJISIOTCS YaCTHBIM (CIEIUATbHBIM,
KOHKDETHBIM) ciryyaeM GoJiee 00IIero MOHATHS «MHOTOYTOJIbHUK>. [T0aTOMY OBLIO GbI
JIOTMYHBIM CO3/1aTh Kaacc Polygon, copepsKaluil s1eMeHTb, 001I1e 11 KJaaccos Triangle
u Tetragon, a mocJjienHue ABa Kjaacca oObABUTh «HACTeAHUKAMU» 6a30BOro (POAUTEb-
ckoro) kiacca Polygon. A3bik C++ MTO3BOJISET JIETKO 3TO CAETATh:

class Polygon {
//

ciass Triangle : public Polygon {
public: Show();

class Tetragon : public Polygon {
public: Show();

B aToM 1mpuMepe IporsBoIHbIe Kaaccehl Triangle u Tetragon HacIeAyioT BCe 2IeMeHThI Oa-
30BOr0 KJacca Polygon, HO Kask/IbIil 13 HUX UMeeT CBOil cobcTBeHHbIN MeTo 1 Show. MHor1a
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OTHOIIIEHUE HACJEOBAHWS HA3bIBAIOT OTHOIIEHUEM <iS @», YTO MOKHO II€PEBECTH KaK
«apencrasisger coboii». B mannoM mpumepe Triangle is a Polygon, B Takoii ke mMepe u
Tetragon isa Polygon.

O6HII/II>1 CUHTAKCHC CO3JlaHMs ITPOU3BOJIHOTO KjlacCa IIPU npoCcmom Hac1e006anuU:

class ums : Koy _focTyna ums_6Gasosoro knacca {
// Teno knacca

B cayuae muoscecmeennozo nacaedosanust mocse IBOETOUNSI TIEPEUUCIISIIOTCS YePe3 3a-
[SATYI0 BCe 0a30BbI€ KJIACCHI CO CBOMMU MOAU(DHUKATOPAMEU JOCTYIIA.

[TpousBoOAHBII KTace, B CBOIO OYepeilb, CaM MOYKET CITYsKUTh GAa30BBIM KIaccoM. Takoii
HabOP CBSI3AHHBIX KJIACCOB HA3BIBACTCS uepapxueil kiaccos. Vepapxus daiie BCero siB-
JISIETCSI IEPEBOM, HO MOJKET MMETh U GoJiee 06IIyIo CTPYKTYpy rpacda.

B npuMepax mpebiyIero ceMuHapa I0CTYT K 9JIeMEeHTaM KJlacca PEryJIupoBacs ¢ T0-
MOTIIBIO ABYX MOAM(UKATOPOB: private — 3aKpbITast 4acTh KJyacca, public — OTKpbITas
yacTh Kjacca. [Iyist 6a3oBbIX KJIACCOB BO3MOKHO UCIIOJAb30BaHKE €Ille OJHOr0 MOAupu-
kaTopa — protected, KOTOpPBIN ompenesseT 3auwuuiennyto YacTh Kaacca. Ee amemMeHTHI
SIBJISTFOTCSI JIOCTYITHBIMU JIJIS1 JIFOOOTO ITPOMBBOIHOIO KJIacca, HO B TO JK€ BPEeMsI OHU HEJl0-
CTYITHBI BHE KJIACCOB JJAHHOH MepPapXUH.

Kpome 91010, 10CTYITHOCTH B TPOM3BOHOM KJIACCE PETYJIUPYETCS KA0UOM docmyna x 6a-
3060MY KAACCY, YKA3BIBAEMOMY B OOBSIBJICHUH MTPOM3BOJHOTO KJIacca. ITOT KJIHOU OIpe-
nensier eud naciedosanus: otkpbitoe (public), sauuientoe (protected) uan 3akpbitoe
(private).

Omxpvimoe nHaciedosanue COXpPaHseT CTATyC JOCTYIAa BCEX 9JIEMEHTOB 6a30BOroO KJac-
ca, 3auuuenoe — TOHIIKAeT cTaryc pocTyia public ajeMeHTOB 6Ga3oBOTO Kjacca /0
protected, u HaKOHEIl, 3aKpbLIMOE — MOHUKAET CTATYChI locTyma public n protected ase-
MeHTOB 0a30BOTO KJacca 10 private. 3amerum, uro B C++ OTHOIIEHUE MEKLY KITaccaMu
«IS @» MeeT MeCTO TOJIbKO ITPU OTKPBITOM HACJeI0BaHUM.

3amelueHune pyHkUuii 6a30BOro knacca

Muorga B mpousBoHOM KJacce TpeOYeTcsl HECKOIbKO WHAsT PEeAIN3alliisi MeTo/Ia, YHa-
CJIeIOBAaHHOTO 13 GA30BOTO KJacca. SI3bIK MO3BOJISIET 9TO Clle/aTh. 3amewenue (nepe-
onpedenenie) METOIa TIPOU3BOUTCS TTyTeM OObSABJIECHUS B IPOU3BOIHOM KJIACCE METO/IA
C TakuM ke uMeHeM. Ecii moHagoOuTest Bee-Taku BbI3BATh U3 TIOTOMKA METOJL IIPEJIKa,
UCIIOJIb3YETCs Olepalus J0CTYA K 00JaCTH BUAUMOCTH : :, HAITPUMED:

#include <iostream>
using namespace std;
class Base {
public:
void Display() { cout << "Hello, world! "; }

class Derived : public Base {
public:
void Display() {
npoooncenue
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Base::Display(); // Bbi30B MeTOna 0a30BOroO Knacca
cout << "How are you? ";

}

class SubDerived : public Derived {
public:
void Display() {
Derived: :Display(); // Bbi30B MeTOna 0a30BOro Knacca
cout << "Bye!" << endl;

}

int main() {
SubDerived sd;
sd.Display(); // PesynbTat: Hello, world! How are you? Bye!

KOHCTpPYKTOPbI 1 A,EeCTPYKTOPbI B NPOM3BOAHOM KJacce

KoHCTPYKTOPBI 1 IECTPYKTOPBI U3 GA30BOTO KJIacca HE HACTEMLYIOTCS, TOITOMY IIPU CO3-
JIAHUY TPOU3BOJTHOTO KJIACCA BCTAET BOMPOC, HYKHBI JIM AT METO/Ib M KAK OHU JIOJIZKHbBI
OBITH peaM30BaHbl. Pelrast 9Tu BOIIPOCHI, yYUTHIBANTE CIEAYIONIEE.

O Ecuu B 6a30BOM KJracce BOOOIIE HET KOHCTPYKTOPA UK €CTh KOHCTPYKTOP O YMOJI-
YAHWIO, TIPOU3BOHOMY KJIACCY KOHCTPYKTOP HYKEH, MOAbKO €CTI TPpeOyeTCs HHUTAA-
JIN3UPOBATD I10JIs1, BBEJICHHDBIE B 9TOM KJIacce.

U Ecoau BB He onpefe i HA OZIHOTO KOHCTPYKTOPA, KOMITUJIITOP CAMOCTOSITETBHO
CO3IACT KOHCTPYKTOP MO YMOJYAHUIO, U3 KOTOPOTO OYET BHI3BAH KOHCTPYKTOP 10
YMOJTYaHI0 Ha30BOT0 KJacca.

O Ecuu B 6a30BOM KJIACCE €CTh KOHCTPYKTOP € apTyMEHTaMU, TO TPOM3BOIHDIN KJIACC
JIOJIKEH COJIEPKaTh KOHCTPYKTOP CO CIIMCKOM apryMEeHTOB, BKJIIOYAIOHINM 3HAUCHUS
JUISE TIepeladit KOHCTPYKTOPY 0a30BOTO KJIAacca; KOHCTPYKTOP GA30BOTO KJIacca BbI-
3BIBAETCS B CITUCKE MHUITUATU3AIINN.

Heob6XomnMoCTh B AECTPYKTOPE JIJIsT TPOU3BOIHOTO KJIACCA OTPEEIISETCS TEM, HY/KHO
JIn OCBOOOK/IATh KaKue-JIub0 Pecypebl, BbleJeHHbIE B KOHCTPYKTOpe. Ecii Takoii He-
06XOIMMOCTH HET, MOSKHO IOBEPUTH KOMITUIISITOPY CO3/IATh IECTPYKTOP TIO YMOTIAHUIO.
B Hem obecriedrBaeTcst BBI30B JIECTPYKTOPa Ha30BOTO KJacca.

Ha srarie BBIIIOJHEHUS TIPOTPAMMBbI TIPH CO3/aHUU 0OBEKTa IPOU3BOIHOTO KJIAcCa CHA-
Yajra BHI3BIBAIOTCS KOHCTPYKTOPDHI GA30BBIX KIACCOB, HAUMHASI C CAMOTO BEPXHETO YPOB-
H$l, 3aTe€M KOHCTPYKTOPbI OOBEKTOB-3JIEMEHTOB KJIACCa U B TIOCIIEHIO OUepe/ib — KOH-
cTpyKTOp Kiacca. [Ipn yHmaToReHNN 00HeKTa (HATPUMED, KOT/Ia TIOKUAAETCST 06IaCTh
€T0 BUMMOCTH) JIECTPYKTOPBI BBI3BIBAIOTCS B TIOPSIIKE, 00PATHOM BBI30BY KOHCTPYKTO-
pOB.

YcTpaHeHue HeOg4HO3HAYHOCTU NPU MHOXECTBEHHOM Hacie40oBaHUN

ITpeanosoxum, 4To OT 6a30BOro KJaacca A, IMEIOIIEro HEKOTOPbII 9JIEMEHT X, HACJIe/YIOT-
¢4 1Ba Kjacea, B u C, a knacc D gBJsgeTcd MPOU3BOAHBIM OT 3TUX JIBYX KJaccoB (MHOXKe-
CTBEHHOE HacJiesioBaHue). EC/iu HoIbITaThest 00paTUThCS K SJIEMEHTY X 13 METOIOB KJIacca
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D, KOMIIMJIATOP BOCIIPUMET BbIpaskenue D: : X Kak HeogHo3HauHoe! 1 npekparut pabory. st
petenys 910l mpobeMbl B C++ IIpeaycMOTpeH MeXaHu3M, O1arogapst KOTOPOMY B KJIace
D Oyzer BKJIIOYEHA TOJIBKO OJHA KOs Kaacca A. Jlocturaercs 910 gobaBieHeM CIiei-
dukaropa virtual mepen MoAnMUKATOPaMU JOCTYIIA K A B OObSIBIEHHSIX KJIacCoB B 1 C:
class A {

public: ACint x=10) { x= _x; }

protected: int x;

b

class B : virtual pubTic A { // BupTyansHoe HacnefgoBaHue

public: void AddB(int y) { x +=y: }

s

class C : virtual public A { // BupTyansHoe HacnefoBaHue

pubTic: void AddC(int y) { x +=y: }

b

class D : public B, public C { // 3necb OyneT TONMbKO OflHA KOMus nofeit knacca A
public: void ShowX() { cout << "x =" << x << endl; }

s

int main() {

D d;

d.ShowX(): // BoiBop: x = 0
d.AddB(10); d.ShowX(); // Buisog: x = 10
d.AddC(5):  d.ShowX(): // BbiBop: x = 15

}

AocTyn K o6bekTamMm uepapxum

AdderruBHee Bcero paborarh ¢ 0OBEKTAMU OJHON MEPAPXUU Yepe3 yKasaresb Ha Oa-
30BbIH Ki1acc. [Ipn oTkpeiTOM (public) Hace0BaHUN TAKOMY yKa3aTesro MOKHO TPU-
cBaMBaTh ajpec 0OBEKTa Kak 6a30BOT0 KJIAcca, TaK U JII0O0Tr0 IPOU3BOIHOTO Kacca. Ta-
Kasi BO3MOKHOCTD MTPE/ICTABJISETCS BIOJIHE IOTHYHOI: B KauecTBe MpeicTaBuTes Hoiee
06I1IeTo KJIacca NCMoJIb3yeTcst 0GBEKT CeHaTn3NPOBAHHOTO KIacca.

OpiHako ecyiv He TIPUHSITH CIEIUATbHBIX Mep, TO IPU PaboTe € TAKUM yKazaTeTeM He3a-
BUCHMO OT TOTO, KaKOH ajipec eMy MPUCBOEH, OKA3bIBAIOTCS JIOCTYITHBIMU MOILKO 3Je-
Mmenmut 6a306020 Kaacca. Hanpumep, pacCMOTPUM CJIEYIOIIHI KO

class Base {

pubTlic: void Modify();

b

class Derived : public Base {
public: void Modify();

int main() {
int mode;
Base* pB;
cin >> mode;
if (mode == 1) pB = new Base;
else pB = new Derived;
pB->Modify(); // Ha 4TO yKasbiBaeT pB?

}

! ITocKoJIbKY HESICHO, KaKOM aJIEMEHT KJiacca A MMeeTcs B BUJLY: YHACJIE/[OBAHHBLI yepe3 kiacc B
NN yHacTe0BaHmbIi uepes Kimace C.
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Tak KaKk KOMITMJIATOP HE MOJKET TPEICKA3aTh, KAKOH BHIOOP OY/IET c/ieiaH Ha dTarie Bbi-
MOJTHEHVSI, OH BHIOMPAET METOJI TI0 THITY YKasaTeJis PB, T ecTb Base: :Modify. Takas ctpa-
TETHs Ha3bIBAETCS PAHHUM (cmamuueckum) cessviganuem. [10aTomy, eciv B IPOU3BOTHOM
KJIacce 3aMelieH HEKOTOPBIA MeTosi 6a3oBoro kiacca (Hampumep, Derived: :Modify), on
oKaszbIBaeTcs HeplocTymHbIM (suctunr 11.1).

Jinctunr 11.1. PaHHee cBA3bIBaHME

#include <iostream>
using namespace std;

class Base {
public:
Base(int x =10) { x = x; }
void ShowX() { cout << "x =" << x << "; "; }
void ModifyX() { x *=2; }
protected:
int x;
class Derived : public Base {
public:
void ModifyX() { x /= 2; }
b
int main() {
Base b; Derived d;
b.ShowX(); d.ShowX(): // Bbigop: x = 10; x = 10;
Base* pB;
pB = &b; pB->ModifyX(); pB->ShowX () ; // BuwBop: x = 20;
pB = &d; pB->ModifyX(); pB->ShowX () ; // Beigop: x = 20;

}

Kaxk Buaute, Bropoil BbI3oB MeToa Modi fyX IIporexoauT Takske 13 6a30BOro Kjacca.

BupTyanbHbie MeTOAbI

[IpoGsiemMa JoCTyma K METOJaM, I€PEOIPeleIeHHbIM B IIPOM3BOAHBIX KJIAcCax, uepes
yKasaTeJsib Ha 6a30Bblii Kiacc penraercst B C++ MocpecTBOM UCIIONb30BAHUS GUPTNYALb-
Holx Memodos. UToObl cliesiaTh HEKOTOPbII METO BUPTYaJbHbBIM, Halo B 6a30BOM KJacce
[peBapUTh €ro 3aroJI0BOK crerudukaTopoM virtual. Tlocse aToro oH GyaeT BOCHPUHIM-
MaThCs KaK BUPTYaJIbHBIN BO BCEX MTPOU3BOHBIX KJIaccaX Mepapxuu.

IIo oTHOMIIEHNIO K BUPTYAJIbHBIM METO/IaM KOMITUJIATOP MMIPUMEHAECT CTPATETUIO no3onezo
(8uuamuuecxozo) CBA3bIBAHUSL. ITO O3HAYA€T, YTO Ha dTalle KOMIINJIAIINN OH HE OIIpeae-
JIACT, KaKoii 13 METO/I0B JOJIZKECH OBITh BBI3BaH, a IIepe/la€T OTBETCTBEHHOCTD ITPOTPaMMe,
HpI/IHI/IMaIOHleIL/,I penreHne Ha dTare BhIITOJTHEHU A, KOT/la YK€ TOYHO M3BECTHO, KaKOB TUTT
O6’beKTa, aZIPeECyeMOro 4epes3 yKasaTesIb. Bce ckazannoe oTHOCUTCS TakiKe K BbI3OBY M€-
TOZOB 70 CCblIKe Ha 6a30BbBIN KJ1acc.

Jlnst peanusanuu JMHAMUYECKOTO CBS3BIBAHUSA KOMITHJISATOD CO3/AET MAbuly 6up-
myanvivix memodog (vtbl), a K KakaoMy 0OBEKTY J00ABJSIET CKPBITOE TOJIE€ CCHLIKU
(optr) na tabauny othl. ITo HECKONBKO CHUKAET 3(DPEKTUBHOCTD IIPOrPAMMBbI, II09TOMY
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PEKOMEHAYETCS /IeJIaTh BUPTYAJIbHbIMU TOJIBKO T€ METO/[bl, KOTOPbIE ITIEPEOTIPEAC/IAIOTCA
B ITPOM3BO/IHBIX KJTaCCaX.

Yro0bl yBUIETh JUHAMUYECKOE CBA3bIBAHUE B AeiicTBum, 1o6asbre B muctunr 11.1 cren-
udukartop virtual nepex saronoBkom Meroza ModifyX B 6azoBoM Kiacce:

virtual void ModifyX() { x *=2; }

Tenepp BTOPOI BBI30B MeToz1a ModifyX MPOMCXOANUT U3 MPOU3BOJHOTO Kjacca, U MPo-
rpaMMa /10JI;KHA BbIBECTU

x=10; x =10; x =20; x =5;
BupryanbHblil MexaHi3M paboTaeT TOJIbKO IPU UCIIOJb30BAHUK YKa3aTeJell U CChLIOK

Ha OOBEKTHL O6'beKT, OHpeZ[EJIeHHbeI 4epe3 yKa3aTeJib NN CCbIJIKY U coz[epxcamﬂfz’l BHUP-
TyaJIbHbI€ METO/IbI, HAa3bIBACTCA nO]luMOp(ﬁHblM.

Eciin 6a30BbIil KJIACC COAEPIKUT XOTsI ObI OZAMH BHPTYAJIBHBINH METOJ, PEKOMEH/YeTCs
BCer/a CHabXKaTh 9TOT KJIACC BUPMYATLHbIM 0eCmMPYKMOPOM, JaiKe eCJI OH HUYEro He
nenaeT. Hammane BUPTyalIbHOTO IECTPYKTOPA HPEJOTBPATUT HEKOPPEKTHOE yaIeHue
00BEKTOB IIPOM3BOHOTO KJIACCA, a[PECYEMBIX depe3 yKasaTesb Ha 0a30BBIil Kiacc, Tak
KaK MHAaYe JIeCTPYKTOP IIPOU3BOHOIO KJIacca BbI3BaH He Oyzet!.

A60TpaKTHble Ksnaccbl. Yucrto BUPTYyaJibHble MeTOdbl

MHor/a, pazpabaTbiBasi HEPAPXUIO KITACCOB, MOKHO MOJYYUTH GA30BbII KJIAacC, JIJIsT KO-
TOPOTO co3/laHre 0ObeKTa Kak Obl TepsieT cMbIc. Hampumep, nepapxust KJIacCoB TeoMe-
TpUUECKUX (GUTYP MOKET MTPOU3pacTaTh U3 6a30BOTO Kiracca Shape, a B KauecTBe MPOU3-
BOJIHBIX OY/IyT BBICTYHATh KJjacchl Polygon, E11ipse u T.1. OnHUM 13 MeTO0B 6a30BOTO
kyiacca Oyzet, BusiMo, GyHKIHs Show — mokaszaTh 00beKT. Ho Kak MOKHO TIOKa3bIBaTh
00BEKT, He UMEIOITUI KOHKPETHOU (GOPMBI?

Kuaccsl, I7ist KOTOPBIX HET CMBICTIA CO3/IaBaTh OOBEKTHI, O0BABIAIOT Kak abcmpakmitvie.
AGCTPaKTHBII KJIacC — 9TO KJIACC, COAEPIKALIMIL XOTs Obl OIUH UUCMO BUPTYALLHBLIL Me-
mo0d (MeToJ, 0ObSIBJIEHHBII B KJlacce, HO He UMEOIIMIT KOHKpeTHO! peasmsanun ). Cun-
TaKCUC OOBSIBICHUS TAKOTO METO/A JAOOJIHSAETCA KOHCTPYKIMed = 0, HanpuMmep:

virtual void Show() = 0;

Kommmrgarop ne momyctnT cosmanust 00beKTa s abCTPaKTHOTO KJIAcCa, €CJM BbI 110
3a0BIBUNBOCTH TIONBITAETECH DTO CAEMaTh. ECIM B IIPOM3BOIHOM KJIacce XOTs ObI OfHa
4nCTO BUPTyanbHas (yHKIUA 6a30BOTO Kacca ocTaHeTcst 0e3 KOHKPETHO peansalnu,
TO TIPOMBBOHBIN KJIacC Takxke OyzeT abCTPaKTHBIM KJIACCOM, LISl KOTOPOTO 3alIPeIieHo
CO31aBaTh OOBEKTEL.

OTHOLWEeHUsa MeXxay KJlaccamMmu.
Awnarpammbl k1accoB Ha a3bike UML

[Mommmopduam u HacaenoBanue jenatoT 36Kk C++ Upe3BbIYAHO MOIIHBIM WHCTPY-
MEHTOM [IJIsST PEATM3AINT 00BeKTHO-OPHEHTHPOBAHHON TEXHOIOTHH TPOEKTHPOBAHIS.

! B He6o1b1101 yueOHOM IIporpaMMe 9T0 MOKET IPOiTH Oe3 oc/IeACTBU. B HeTpuBraIbHBIX IPO-
rpaMMax BO3MOKHO MOSIBJIEHIE TPYAHOAUATHOCTUPYEMBIX OUIUOOK.
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g ahdeKTUBHOTO BOCHIPUSATHSI HOBBIX TEXHOJIOTMUYECKUX WJIEN MOJIE3HO 3HATh XOTS
ObI OCHOBBI CTABIIErO YKE CTAHAAPTOM YHUDUUUPOBAHTL020 A3vbika Modeauposanus UML
(Unified Modeling Language).

SIspik UML siBsisteTcst BUSyaJbHBIM CPEACTBOM IIPEACTABACHUS MOOEell Npozpamm, To
€CTb UX rpa(bnquKoro TIpeacCTaBJAEHUA B BU/I€ PA3JIMYHBIX lUarpaMM, OTPAKAIONINX CB-
31 MEXK/Y OOBEKTAMU B TIPOTPAMMHOM KOJIE.

O/HOI U3 0CHOBHBIX AnarpaMM ssbika UML asisercs duazpamma xaaccos. Ona onn-
CBIBAET KJIACCHI M OTHOMIEHUS, CYIIECTBYIONTIE MEKIY HUMW. Takast 1uarpaMma 4pe3Bbl-
YaiiHO y100Ha JI7IsT COTIOCTABJICHISI Pa3IMYHBIX BADHAHTOB IPOEKTHBIX perernii. Kiace
nsobpaskaercst Ha auarpamme kiaccoB UML B Bu/e TIPSMOYTOBHIKA, COCTOSIIIETO U3
Tpex uacteil. VIMs kiracca yka3piBaeTcs B BepXHel 9acTh. B cpeHelt yacT mpuBOANTCS
CIIMCOK ampubymos ¢ ykazanueM THIOB (aTpubyT Kiaacca 8 UML coOTBETCTBYET TepMHE-
Hy noxe kaacca B C++).

B HuzkHel yacTy 3anichIBaeTCS CIIMCOK onepayuil (MeToI0B KJlacca ), BO3MOYKHO, € yKa3a-
HUEM CIIMCKa TUIIOB apryMEHTOB U THIIa BO3BPaIllaeMoro sHauenust. ViMs abecmpaxmiiozo
KAacca, Tak ke Kak U UMeHa abCmpakmuvix onepayuil (YNCTo BUPTYaJbHBIX METOIOB),
BBIZIEJISIIOTCS KypcuBoM. llepen mMeHeM IMOJs M METOJIa MOXKET YKa3bIBAThCs CIIe-
1nUKATOP ZOCTYIIA C ITOMOTIBIO OJTHOTO U3 TPEX CUMBOJIOB: + 1711 public, - i private,
# nust protected. /lJ1s craTyecKuxX aJIeMEHTOB KJacca IocJie crieluduKkaTopa 1oCTyia
3aIMCHIBAETCS CUMBOJI $.

Bo BTOpOIi 1 TpeTbell yacTAX MOTYT YKa3bIBaThCS He BCE 3JIEMEHTBI KJIacca, a TOIbKO Te,
KOTOpbIE TIPEICTABJIAIOT MHTEPEC HA JJaHHOM ypoBHe abcrpakiu. Ecaun obe ot yactu
[yCTBI, OHU MOTYT OBITH Oty eHbl. Hatpumep, BapuanTsbl nsobpaskenust kiacca Triangle
Ha Pa3JNYHBIX dTanax anaausa pentenus 3agauun 10.2 nokazansr na puc. 11.1.

) Triangle Triangle
Triangle +& count: int
-v1: Point
+Show() v ;
DA -v2: Point
+Move(dp: Point) | | /3! point
-objID: char®

+Triangle(_v1: Point, _v2: Point, _v3: Point, ident: const char*)
+Triangle(tria: const Triangle&)

+Show()

+Move(dp: Point)

Puc. 11.1. BapuaHTbl n3obpaxeHus knacca Triangle Ha guarpamme knaccos UML

BosbimmacTBO 06’beKTHO-OpI/IEHTI/IpOBaHHbIX SI3BIKOB ITOAJEPIKUBAIOT CJICAYIONNE BU/IbI
OTHOIIIEHUI MCK/Y KjlaCCaMM: aCColluallvsd, HaCJIeJOBaHE, arperaluAa n 3aBUCUMOCTb.
PaCCMOTpI/IM, YTO OHM O3HA4YalOT 1 KaK H306pa>KaIOTCH Ha AnarpaMme KJacCoOB.

Accoumnauunsa

Ecam nBa kiracca KOHIENTYaJIbHO B3aUMOJIEHCTBYIOT JPYT C IPYTOM, TAaKOE B3auMO/IEH -
CTBUE HasbIBaeTCs accoyuayuell. Hanpumep, xemas cMOJENUPOBATH TOPTOBYIO TOUKY,
MbI BBOJUM JiBe abcTpakiuu: ToBapsl (kaace Product) u npogaxu (knace Sale). O6bexr
KJjlacca Sale — aTo HEKOTOpast ClieJIKa, B KOTOPOI mpogaHo ot 1 10 n 06beKTOB Kiacca
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Product. Ha puc. 11.2 acconmanust Mesk/ry STUMU JABYMSI KJIACCAMU TIOKA3aHa COe/INHS-
fomeil ux gunueit. Hazx aunueil psaoM ¢ obo3HayeHneM Kjacca MOKeT ObITh yKasaHa
TakK HasbiBaeMast kpamuocmy (multiplicity), ykasbiBalonas, CKOJIbKO 0ObEKTOB JAaHHOTO
KJlacca MOJKET ObITh CBSI3aHO ¢ OJHUM OOBEKTOM APYroro kiracca. CHMBOJ 3BE3[I0UKU *
0003HaYAET «[IPOUBBOJIBHOE KOJUYECTBO>.

1.* 1
Product |e Sale

Puc. 11.2. OTHOLWeHnsa accoumaumm

ACCO]_II/IB.LII/IH TIpeacCTaBJIACT nanboJiee a6CTpaKTHy10 CEMAaHTUYECKYIO CBA3b MEKY /ABY-
M Ky1aCCaMU, BBIABJIAEMYIO Ha paHHeﬁ craanu anaiam3a. B janpHeiiem OHa, KaK IIpaBM-
JIO, KOHKPETHU3UPYETCA, NNEPEXO/IA B O/THO N3 PACCMATPHUBACMbBIX /1ajieC OTHOIIIEHUH.

HacneposaHue

Otnomenue 0600wenus (HacIef0BAHNU, <IS d» ) MEXKIY KJIACCaMU IIOKA3bIBAET, YTO 100-
xaacc (TIPOM3BOIHBII KITACC) pas3esisieT aTPUOYTHI 1 OTIEPATINH, OTIPeIe/IEHHbIE B OTHOM
WM HECKOJIBKUX cynepkaaccax (6a3oBbix Kraccax). Ha qumarpamme KaccoB OTHOTIEHHE
HacJIeIOBAaHNS TTOKA3bIBAIOT JIMHIEH CO CTPEJIKOH B BU/Ie HE3aKPAIIEHHOTO TPEYTOThHI-
Ka, KOTOpas yKasbiBaeT Ha 6a30BbIil kiacc. JlomyckaeTcss 00 beNHATh HECKOJIBKO CTpe-
JIOK B ofiHy (cM. puc. 11.3), ¢ TeM 4T0OBI PasrpysuTh JUarpaMMy.

SuperClass

[ |
SubClass 1 SubClass 2

Puc. 11.3. OTHOWEHNA HacnenoBaHUA

Arperauus

OTHoIlleHNe azpezaryuil TIOKA3bIBAET, YTO OJIUH KJIACC COJEPIKUT B KAUeCTBE COCTABHOI
4acTu 0OBEKTHI IPYTOro Kiaacca. VIHBIMU CI0BAMHU, 3TO OTHOTIIEHHE LIeN0e-4YaCTh, HJIH OT-
HoteHue «has a», MeXIy AByMs Kiaaccamu. Ha guarpamme Takast CBsi3b 0003HAYAETCS
JIMHUEH cO CTPEJIKOI B BUJIEe HE3aKPAIIEHHOTO pPoMbOa, KOTopasi yKasbiBaeT Ha uenoe. Ha
puc. 11.4 mokasan mpuMep Tak Ha3bIBaeMOW Hecmpozoil arperaiiuu (MU TIPOCTO arpera-
). JlefcTBUTEIbHO, KOHKPETHBIH 00BEeKT Kiacca CnopT3an MOXKET COAEpKaTh He BCe
KOMIIOHEHTHI (CIIOPTUBHBIE CHAPSI/IBI), IPUCYTCTBYIOIINE HA CXEME.

Kak pacnioznats arperanuio B mporpaMMHOM Koze? [Jis1 peansaiiuu HeCTPOroit arpera-
[IUH 4aCTb BKJIFOUYAETCS B LUEN0e 10 cevlike: Ha si3bike C++ 9T0 0OBIYHO yKazaresb Ha CO-
OTBETCTBYOIIHIT Kitacc. Ecaim 9T0T yKazaTeb paBeH HYJIIO, TO KOMIIOHEHT OTCYTCTBYET.
B saBucuMocTy oT peniaeMoii 3aiaur TaKoil KOMITOHEHT MOJKET MOSIBIISITHCS I HCYE3aTh
IMHAMUYECKHU B TEUEHME KI3HI 0OBEKTa LeNoe.
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Cnopt3an
Bpycbs MepeknaguHa LLiBeackasCTeHka KoHb

Puc. 11.4. OTHOLWEHNS arperaumn

Cmpoeas arperaius UMeeT clieluaJbHOe HazBaHue — xomnozuyus. OHa O3HAYAET, YTO
KOMITOHEHT HE MOKET MCUYE3HYTh, MOKa 0OBEKT Lenoe cyiiectByeT. [IpuMep Takoro ot-
HOTIIEHWST MBI Y:Ke BCTpedau npu perenun 3agaun 10.2, B kotopoit kiace Triangle co-
nepskan B cebe Tpu o6bekTa kinacca Point. Ha gnarpammve oTHOIIEHWE KOMITO3UIIAN 000-
3HaYaeTcs JUHUEH co CTPeJIKON B BUJIE 3aKkpaiieHHoro pomba (puc. 11.5).

Hpome BCETO KOMITO3UITNIO Pea/in30BaTh BKIIOYCHNEM 00BEKTOB-KOMIIOHEHTOB 710 3H(.-
yenuro. B 1o ke BpeM:A BO3MOKHA peasin3alivid U BKIIOYEHNEM 110 CCbIJIKE, HO TOT/la Bpe-
MeHA KU3HU KOMIIOHEHTOB 1 00bEKTa Lenoe JOJIKHbI COBIIAQ/IaTh.

3aBMCUMOCTb

OrHotenune 3agucumocmu (UCNOAb308aHUS) TIOKA3BIBAET, 4TO O1H KJiace (Client) mosib-
3yeTcs ycayramu Jpyroro kiacca (Supplier), Hanpumep:

O merop kmacca Client ucrmosbayeT 3Ha4eHWST HEKOTOPBIX TT0JIeii Kiacca Supplier;

O meron kracca Client BbI3bIBAET HEKOTOPBII MeTO/| Kacca Supplier;

U meron kmacca Cl1ient muMeer CUTHATYPY, B KOTOPOI yIIOMUHAETCS KJacc Supplier.

Ha nuarpamme takoe OTHOTIIEHIE M306pakaeTcst MyHKTHPHON JIUHUEH CO CTPENKOil, yKa-
3bIBaloIIeil Ha K1acc Supplier. Hampuvep, OTHOIIIEHUST 3aBUCHMOCTH CYIIECTBYET MEKITY
kaccamu Triangle u Point u3 3agaun 10.2 (puc. 11.6).

Triangle
. 3 U I ettt > Point
Triangle Point +Move(dp: Point)
Puc. 11.5. OTHOLWEHME KOMNO3MLUUN Puc. 11.6. OTHOLLIEHNE 32aBUCMMOCTH
(ncnonb3oBaHUs)

MaTTepHbl NPOEKTUPOBaHNS

OpnnuM 13 BakHeimmx goctuxkennii B8 obmactu OOII gBigercs MeTo0I0r s TaTTep-
HOB IIPOEKTUPOBAHUSI, MHOTA HasblBaeMbIX HIabJoHaMU IpoeKkTupoBanus'. Brepsbie
oHa Oblya IIpeJcTaBjieHa B KHure [6].

! C10BO «1abyioH» B OTHOIIEHUM TEPMUHA «pattern» He BIIOJIHE YAAYHO, OCKOJbKY BbI3bIBAET
MyTaHUILy ¢ TepMUHOM «templates. [109TOMY BO MHOTMX KHUTaxX U34aTebeTBa «Ilureps ucmomnb-
3yercst TEPMUH <IaTTepH». — [pumeu. peo.
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Ilammepn — amo onucanue 83aumodericmeus 066eKmos8 U KAACCO8, AdANMUPOBANHBIX
05 pewenus 0bwell 3a0avu NPoeKmuUposanus 8 KoOHKpemuom xkonmexcme. IlaTrepHs
BBISIBJISTIOTCSI TI0 MEPEe HAKOIJIEHUST OIbITa Pa3paboTOK, KOT/Aa TIPOTPAMMUCT UCIIOJIb-
3yeT OJ[HY U Ty K€ CXeMy OPraHW3allui U B3aUMOJEHCTBUS 0OBEKTOB B PA3HBIX KOH-
TeKCTax.

[Tonauajy naTTepHbl MOKHO OBLIO PACCMATPUBATh KaK OCOOEHHO MBSIIHBIA U XOPOIIO
MIPOJyMAHHBIN CIOCOO pENIeHusT OTpe/ieJIeHHOTo Kiaacca 3ajgad. OHaKO TMPaKTHKA TI0-
Kasajia, 4TO IIPUMEHEHHE ATTePHOB HAPSLy ¢ 0ObEeKTHON TEXHOJIOTHEH T03BOJISET BbI-
BECTHU TIPOIECC TPOEKTUPOBAHUS U3 OOJACTH UHTYHUIIUU U [IPEACTABUTH CUCTEMY Ha 0O-
Jiee BBICOKOM yPOBHE aOCTPaKIUK — Ha yPOBHE CXeM B3auMoelcTBIsa 00bekToB. JIiobas
abCTpaKIMs UCKJII0YaeT YaCTHbIE, BTOPOCTEIIEHHBIE JeTa/ll, 1 OOBIYHO [P TOM yaeTcst
BBIJIEJIUTD B TIPOOJIEME €€ TTePEMEHHBIE U TIOCTOSTHHBIE COCTABIISIONIHE,

OcCHOBHBIE TPYAHOCTH IIPU PaszpaboTKe 9JIETAHTHOH 1 YZI0OHOH B COMIPOBOKICHUN apX¥-
TeKTypr BbI3bIBaACT I/U_IeHTI/ICbI/IKaHI/IH TaK HAa3bIBAEMOTO «BEKTOpa I/I3MeHeHI/HL/,I>>. BI)IHB-
JIEHUE BaskHelero akropa mepeMeH B IPOEKTUPYEMON CHCTEME JIAET OTIOPHYIO TOUKY
71T TTIOCTPOEHMS TATbHEHTIel apXUTEeKTYPBI.

Wrak, nmarrepHbl npeHasHAuYEHbl IPEXK/IE BCETO UL uMKancyasuuu usmenenui. Ecin
paccMaTpuBaTh UX € 9TON TOYKU 3PEHUS, TO HEKOTOPLIE MaTTEePHbI HAM YKe BCTPEYAJIUCh.
Hamnpumep, nacsesioBanne Toske MOXKET pacCMaTPUBATBLCS KaK IATTEPH, IIyCTh Jlaxke pea-
JIN30BAHHBIM Ha ypoBHE KoMIUIATOpa. OHO BbIpaskaeT pas3Jjinyus B 1oBegeHnu (1epe-
MEHHAs COCTABJISIONAst) 00bEKTOB, 00JAIAIONINX OUHAKOBLIM WHTEP(heiicom (mocTo-
STHHAsT COCTABJISTIONast ). Bipoyem, 06BIYHO BO3MOKHOCTH, HATIPSIMYTO MOJIEPKUBACMbIE
A3BIKOM IIPOIPAMMUPOBAHN, He IIPUHATO OTHOCUTD K ITaTTEepPHAM.

Onmuu u3 dyHIaMEHTATbHBIX TPUHIIAIIOB, TPOBO3TJIAIEHHbI B KHuUTe [6], rsacur:
«OrpaBaiite mpeanoYTeHnE KOMIO3UIIUE 0OBEKTOB Tepe/l HACTEIOBAHUEM KJIACCOB».
W neiicTBUTENBHO, MHOTIA KOMIIO3UIUS PAAMKAIBHO YIIPOIIAET aPXUTEKTYPY, B KOTO-
POIl KaJKETCsT YMECTHBIM HACJIE[OBAHUE, A TTOJIyYeHHAsI aDXUTEKTYPa CTAHOBUTCSI DoJiee
rubKOil.

Kpatkue cBeenus o naTrepHax B JaHHOM pasjiesie IpuBe/ieHbl 110 kHure [6]. Pazymeer-
¢4, 11t 6osiee TaryOOKOro U3y4eH s 9TOM TeMbI HYKHO OOPaTUTHCS K ClIEIMAIbHON JIuTe-
patype, Hatipumep, [5], [6] u [34].

Bcee TMaTTEPHBI B COOTBETCTBUU C UX Ha3HAYEHUEM Pa3Z€JICHbI Ha TPU T'PYIIIBIL: TTIOPOK-
JAto1IIe, CTPYKTYPHBIE U MTATTEPHBI oBeAeHust. [lopoxcoaiowue nammepiivt OMUCHIBAIOT
c11oco0bI Co3/IaHMst 0GBEKTOB, CMPYKMYPHble — CXEeMbl OPraHU3aInN KJIACCOB U 00BEK-
TOB, & NAMMEPHLL NOGEOCHIUS OTIPEAETISIIOT TUITHYHBIE CXeMbl B3aUMOAEHCTBUS KIacCOB
1 00beKTOB. B KasK10l Tpyme MOKHO, B CBOIO OY€pE/b, BBIIEAUTD ABa YPOBHS, OIIpe-
JEJISIONINX, IPUMEHSIETCS IaTTepH K KjiaccaM win obbekram. B tabi. 11.1 npuseneHa
KJIacCU(pUKAIMS TATTEPHOB.

Ommcanue Kaxoro marrepHa B [6] BbITIOJIHEHO 110 OJHOW U TOW Ke CXeMe, BKJII0Yalo-
1eii ero HazHayeHue, 00J1acTh IPUMEHEHUsI, CTPYKTYPHYI0 cxeMy (B (hopMe guarpaMMbl
kiaaccop UML), ommcanue BXOASIIMX B HET0 00bEKTOB M MX B3aMMOIENCTBUI, a TaKxKe
npuMep peanusanuu. Takoil ypoBeHb JOKYMEHTUPOBAHUS J€JIA€T BO3MOKHBIM HCIIOJIb-
30BaHMe MaTTePHA B PA3JIMUHBIX KOHKPETHBIX CJIyYasiX, BOSHUKAIOIIUX TIPU TPOEKTUPO-
BaHUU TTPOTPAMMHBIX CHCTEM.
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Ta6nuua 11.1. Knaccudukaums naTTepHOB NPOEKTUPOBAHNS

Hasunauenue Iopo:kaaromniue CrpyKTypHDBIE
/ POZAAION PYKTYP IIaTTepusl noBexeHust
YpoBenn MATTEePHBI MATTEPHBI
WnTtepmperatop
Knacc DabpuuneIi MeTO, Apnamnrep (Kmacca .
p A A p( ) [ITa610HHBII METOL,
Ureparop
Aparrrep (06bekTa) Komanzga
€KoparTo Hab6moznaresn
Abcrpakras pabpuka Alexoparop A
3amMecTuTe b ITocerurennb
OnnHOoYKa
OO0beKT Komrmonosimk [Mocpennnk
[TporoTum
Moct Cocrosinue
Crpowurtesib
ITpucniocobiierery Crpaterus
Dacan XpaHuresb

Ienouka obsa3antocTeit

B xauectBe nTpruMepa MblI IIPUBEZIEM 3/1€Ch OITMCaHNE TOJIBKO TTaTTEpHa CTpaTervm.

MartepH CTtpaTterus (Strategy)

ITOT MATTePH MHKATICYJIUPYET CEMENCTBO aJITOPUTMOB, JleJiasi UX B3aMMO3aMeHSIeMbIMU.
ITpuUMeHSATD €ro 1eIecO06Pa3HO B CIEAYIONINX CIydasix:

U mMmeroTcs POACTBEHHBIE KJIACCHI, PA3IMUAIONINecs] TOJNbKO moBefeHneM. CTpaTeTns
MO3BOJISIET THOKO KOHMUTYPUPOBATH KJIACC, 3a/1aBast OTHO M3 BO3MOKHBIX TOBEICHHUI;
O Tpebyercst MMETh HECKOJIBKO PA3HBIX BAPHMAHTOB arOpUTMa. BapuaHThl aJITOPUTMOB
MOTYT GBITH PEATM30BAHBI B BH/IE MEPAPXUH KIACCOB, YTO MO3BOJISIET BLIMIEHUTD 00-
HIYIO /IS BCeX KJIAcCOB (DyHKITMOHAIBLHOCTD. VIHKATCyIMpOBaHHbIE aJITOPUTMBI MOSKHO
3aTeM TIPUMEHSTD B PA3HBIX KOHTEKCTAX;
U B kJyacce orpeneseHO MHOTO BAPUAHTOB TTIOBEIEHUS, YTO IIPE/ICTABIECHO Pa3BeTBJICH-
HBIMH yCJOBHBIMU OTIepaTOpaMiu. B aTOM cirydae Tpoiie mepeHecT Ko U3 BeTBel
B OT/IEJTbHBIE KITACCHI CTPATETHI.

Jlnarpamma kaccoB naTrepHa rnpusejieHa va puc. 11.7.

Context

Context InterfacE()

strategy »| Strategy
Algorithm Interface()
ConcreteStrategyA ConcreteStrategyB ConcreteStrategyC

Algorithm Interface()

Algorithm Interface()

Algorithm Interface()

Puc. 11.7. Ctpyktypa nattepHa Ctparerus

HaTTepH COCTOMT M3 CJICAYIOIMNX KJIaCCOB.

QO Strategy (cTparerust) — 00bsBISET OOMIMI [JIsT BCEX MOIEPKUBAEMBIX aJITOPUTMOB
unrepdeiic. Knace Context mosbp3yercs atum nHTEPQENCOM 71T BBI30BA KOHKPETHOTO
QJITOPUTMA, OlIPE/IeJIEHHOTO B KJylacce ConcreteStrategy.
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U ConcreteStrategy (konkpeTHas cTparterns) — HACJTeIHUK Kaacca Strategy. Peanmzyer
AJITOPUTM, HCIIOJIb3YIOTIHiT mHTEp(eiic, 00bsABIEHHBIN B KiIacce Strategy.

O Context (koHTEKCT) — KOHDUTYPHUPYETCst 00bEKTOM Kiiacca ConcreteStrategy. XpaHut
CCHLIKY Ha 00beKT Kjacca Strategy m MOKeT onpeneaTh uHTepdeiic, KOTOPbIil mo-
3BOJISIET OOBEKTY Strategy moJyuuTh TOCTYII K JAHHBIM KOHTEKCTA.

O IIpumep peamusanun. TepMuH «CTpaTerust» 03HAYAET JIUIIb TO, YTO Y IIPOOJIEMbl HMe-
eTcsl HECKOJIBKO perieHuit. JIomycTuM, 4To Bbl 3a0bIJIH, KaK 30BYT BCTPEUEHHOTO BaMU
3HAKOMOTO. 13 HEJIOBKOIO II0JIOKEHUST MOKHO BBIATH HECKOJBKUMMU CIIOCOOAMM, KAK
nokaszano B auctunre 11.2 (ugest npumepa rnosanmcrsoBata u3 [38]).

Jluctunr 11.2. Micnonb3oBaHune natrepHa Strategy

#include <iostream>

using namespace std:;

class NameStrategy {

public: virtual void greet() = 0;

}

class SayHi : pubTic NameStrategy {

public: void greet() { cout << "Mpuset! Kak pena?" << endl; }
b

class Ignore : public NameStrategy {

public: void greet() { cout << "(CpenaTb BMA, 4YTO He 3amMeTun yenoseka)" << endl; }
b

class Admission : pubTic NameStrategy {

public: void greet() { cout << "MpocTute, s 3abbin Bawe uma." << endl; }

b

class Context { // ----------------------- KOHTEKCT ynpasndeT BbOOPOM CTpaTernn:
NameStrategy& strategy:

public:

Context(NameStrategy& strat) : strategy(strat) {}
void greet() { strategy.greet(); }
}
int main() {
SayH1i sayhi;
Ignore ignore;
Admission admission:
Context cl(sayhi), c2(ignore), c3(admission);
cl.greet(); c2.greet(); c3.greet();

}

3aBepH1a51 KpaTKo€ BBE€/IEHWE B IATTEPHbI ITPOEKTUPOBAHUA, 3aMETUM, YTO XOpOIHI/Iﬁ
KpI/ITepI/Iﬁ HpO(beCCI/IOHaJH/IBMa — BbIJEJIEHHE ITaTTEPHOB CaMOCTOATEJIbHO, Ha OCHOBA-
HUN COOCTBEHHOIO OIIBITA. HpI/I peHieHnn CHACAYIOMNX 3a/1a49 MbI ITIOKaKEM, KaK 9TO /1€~
JIa€TCs.

MpoekTupoBaHMe NporpaMmbl C y4eToM OyayLumMX U3MeHeHU

OZIHI/IM M3 ITOKa3aTesell KayecTBa HpOFpaMMHOﬁ CUCTEMBI ABJISIETCS €€ CIIOCOOHOCTD K MO-
I_II/I(I)I/IKEU_[I/IHM B CBA3MU C ITOABJICHUEM HOBBIX Tpe6OBaHI/Iﬁ 3akasunka. Ha TIpeAbIAyIIeM
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CeMUHape yKe 0TMeYasoch, YTO OOJIBINOE 3HAYEHNE UMEET TIPABUIIBHAST IEKOMITO3UITUST
CUCTEMbI Ha KOMITOHEHTbI (MOJLYJIH, KJIacChl, (DYHKIIUN).

OpHAKO TaKTHYECKKE PEIIeHHsI JIOKATbHBIX TPOOJIEM TAK/Ke BIUSIIOT HA TO, CKOJIb CJIOK-
HBIM OKa)KeTCst oGaBjieHe HoBOH (DYHKIIMOHAJIBHOCTH K pa3pabOTaHHOMY paHee Mpo-
ekty. Ceituac Mbl pACCMOTPUM HEKOTOPBIE KOHIIEMIIUY ITOMCKA TAKUX PENeHUI.

OpHOW U3 TIPUUYUH HErMOKOCTU TIPOIEYPHO-OPUEHTUPOBAHHBIX CHCTEM SIBJISIETCS Ya-
CTOE UCTI0JIb30BAHNUE B HUX YITPABJISIONIINX KOHCTPYKITHE Ha Gase oneparopa switch. Pac-
CMOTPUM TUITNYHYTO CUTYAIINIO: HeKOTOPask yHKIHS SomeFunc B 3aBUCUMOCTH OT 3HAUe-
HUS apameTpa mode BbI3bIBAET OHY U3 0OPadaThIBAONINX TIPOIEYD:

typedef enum { model, mode2, mode3 } ModeType;
void SomeFunc (ModeType mode) {
switch (mode) {

case model: DoSomethingl(): break:
case mode?2: DoSomething2(): break:
case mode3: DoSomething3(); break;

}

[lomyctum, 4TO TIepeyeHb 3HAUYEHUI MepedncsieMoro tumna ModeType corjiacoBan ¢ 3a-
Ka3uMKOM M YTBEPIKIEH TEXHUYECKUM 3a/laHreM. Best cucreMa, TakuM 00pa3oM, pas-
pabaThiBaeTCst ¢ MCMONB30BAHUEM YTBEPIKACHHOTO Tiepedns. OHAKO yepe3 HEKOTOPOoe
BpEMsI 3aKa3unK 0OHAPYKUBAET, UTO HEOOXOAUMO MPELYCMOTPETH €Ile OHO 3HAYECHHE
napamerpa mode. Xoporiio, ecjiu OH ellle TIATEKeCTOCOOEH U CMOKET 3aKa3aTh MO (U-
Karuio cuctemMbl. Ho st pazpaboTyvKOB HACTYNAT YepHBIE JHU, KOT/A PUIETCS UC-
KaTh [0 BCEM MOJYJISIM MEPEKTIoUaTel Switch 1 BHOCUTD HYsKHbIe f00aBienust. [Tpu
3TOM MOTPEGYETCS MOJTHOE TOBTOPHOE TECTHPOBAHKE BCEX MOJLYJIEH, HCIIOIB3YIONUX ITY
(OYHKIMIO, TaK KaK MOTYT MOSIBUTHCSA HEOKUIaHHbIe TOG0UHBIE a(h(DEKTHI.

IMonbiTaemest HaiiTk GoJiee yaauHoe peleHre mpodaeMbl TUIIA <llepekiodaTesnb>. OpHa
13 PEKOMEH/IAIN i, TPUBEIEHHBIX B [6], 3ByunT Tak: «HaliuTe TO, 4TO TOJKHO WU MO-
JKET U3MeHUmbCs B BallleM IN3aiiHe, U UHKANCYaupyiume cyujHocmu, oJIBepKeHHbIe 13-
MeHeHUsIM!» B HareM cirydae mepeMeHHO# CYTITHOCTBIO SBJSIOTCS BbI3bIBAEMbIE TTPOIIE-
Jypbl. MoskeM Ji MbI UX MHKATICYJINPoBaTh? /la — ecsii peausyeM aTH MPoIelyphl Kak
BUPTYaJbHBIE METO/BI TOJTUMOP(HBIX 00BEKTOB!

West 3akiouaercs B CIeAyoIeM: 00bEKT THIIA «IIepeKIrdaTe/by> (Kaace Switch) po-
JKEH UMETh JIEJI0 ¢ HEKOTOPOU abCTPaKTHON <«IIPOIeyPOoil BOOOIIE», a 9TO MOKHO pea-
JIN30BaTh, CO3/aB adCTpakTHBII Kiacc AbstractEntity ¢ umcro BUPTYQJIbHBIM METO0M
DoSomething. KoHKpeTHBIE TIPOIEAYPhI B BUJIE OJHOMMEHHBIX 3aMEIeHHBIX METOA0B OY-
YT COIEPKAThC B IIPOM3BOAHBIX OT AbstractEntity kmaccax Entityl, Entity2, mT. 1.

Y1005l Je/IaTh «OCO3HAHHBINA» BBIOOD, Kaacce Switch mo/keH ObITh OCBeLOMIIEH 00 aape-
cax 00beKkToB Entityl, Entity2, u T. /1. DTO MOKHO O6ECIIeUUTh, IOMECTUB CIIUCOK aznpecosn
B OJIHO U3 ero moJjieil Tuma std: :vector<AbstractEntity*>!. OnucbiBaeMas ujges MOsCHI-
eTcst Ha iuarpamme kiaccos (puc. 11.8).

! Kirace std: :vector comepskurest B crangapTHO Gubsmoreke mabaoHos STL, KoTopast usydyaercst
Ha cemuHape 15. Tem He MeHee Mbl Oy/1eM 0JIb30BATHCS HTUM YIOOHBIM HHCTPYMEHTOM PabOTh
€ IMTHAMUYECKIMI MaCCUBaMU yKe ceifuac.
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OG6paruTe BHUMaHUeE, 4TO MEKLY KaaccaMu Switch m AbstractEntity mmeercs oTHoIIe-
HIe KOMNOo3uyuu (CTPEJIKA ¢ 3aKPAIeHHBIM POMOUKOM ), TaK Kak Kjacc Switch comepxut
nosie tuma std: :vector<AbstractEntity*>. B To ke Bpems kiacc Switch ucnonwdyem xknacc
AbstractEntity (myHKTHpHast CcTpeJiKa), MOCKOJDbKY OJMH M3 €ro METOJOB BO3BpallaeT
3HayeHue Tuna AbstractEntity*.

Kaxk e Bce ato paboraer? Kiment oGpamaercs: ¢ sanpocom SelectEntity xk oObexTy
Switch (To ecTh BBI3BIBAET OJHOMMEHHBIN MeTon). HeBajkHO, Kak peann3oBaH METO[
SelectEntity, cyuiecTBeHHO TO, 4TO OH BO3BpallaeT 3HaueHue tuna AbstractEntity*, co-
Jieprkaliee ajapec 0OBEKTa OIHOTO U3 MOAKJIACCOB KJacca AbstractEntity. ITocae aToro
Yyepe3 TOJyYeHHbIN yKa3aTesb KJIMEHT BbI3bIBAET KOHKPETHYIO rpotienypy DoSomething
OJIHOTO U3 00beKTOB Entityl, Entity?, ....

YeMm mpuMevaresibHO Mpemiaraemoe petenne? HeoObruaitHOU JierkocThio Momudu-
karuu. EciM BO3HUKJIA HEOOXOAMMOCTH JOMOJHHUTH CIHCOK IEPEKITI0YAEMBbIX CYII-
HOCTEH ellie OHUM K-M 9K3EMILISIPOM, TO J0CTATOYHO HOGABUTH MPOU3BOAHBIN KJIacc
EntityK, 0ObsIBIUTH OOBEKT BTOTO Kjacca U JOOABUTH afpec HOBOTO OOBEKTA B CIIUCOK
vector<AbstractEntity*>.

OueBu/IHO, UTO TIPeJIoKeHHOe Ha puc. 11.8 penerue ecTh He YTO NHOE, KaK €llle OJNH
nammepu npoexmuposanusi, KOTopbiii Mbl HazBaiau Switch. IIpumep ero peasnusarun
npuBoanTcs B pemennu 3axaun 11.1. [loHsATHO, 9TO CKOPee BCETO aHAJIOTMYHOE pelire-
HUe yKe HEOAHOKPATHO MPUMEHSJIOCH TPOrPAMMUCTAME Ha IIPAKTUKE, HO BEIb pele-
HUE CTAaHOBUTCS TMATTEPHOM TOJIBKO MOCJIE €ro OlKcaHus Ha TpeOyeMoM ypoBHE ab-
crpakiuu!

Switch Appeca o6bekToB
PAE: std::vector<AbstractEntity*>} -------- Entity1,

Entity2,
----- > SelectEntity(): AbstractEntity*

Knuent 1.* v
AbstractEntity

"""""" > DoSomething()

I

[ |
Entity1 Entity2

DoSomething() DoSomething()

Puc. 11.8. MNartepH Switch (nepekntoyartens)

3apava 11.1. DyHKUMNOHaNbHbIN KaNbKYJIATOP

Paspabomamv npozpammy, umumupyiouyio pabomy GYHKUUOHALLHOZ0 KALLKYIAMOPA,
KOMOPbLL NO3BOLAEM BLLOPATD C NOMOULHIO MEHIO KAKYI0 -0 U3 U3BECHBLY eMY (PYHKUU,
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3amem npediazaem 66ecmu 3HAUCHUE APZYMEHMA U, BOZMONCHO, KOIDDUUUEHMOB U NOCTe
8600a 8bl0aem coomeemMcmayowee 3HaueHue PYHKUUU.

B nepsoii eepcuu karvkyasmopa «6asa sSHanuis> cooepucum 08e PyHKuyuu:

O sxcnonenmy y = e,

Q suneinyro pynkyuroy =ax + b.

Permmenne 3agaun HauHEM C BBIIBJIEHUS MMOHATAH (KJIACCOB) W UX B3aUMOCBSI3€.

Wntepdeiic mombp3oBaTesis HAIIETO KAJIbKYJIATOPA, KaK CJeAyeT U3 ero OMMCAHUs, J10J1-
JKeH 00ecriedynTb MEHIO /st BhIOopa Buga (GYHKIUE. Y HAC y3Ke €CTh OIBIT CO3[aHUsT
MEHIO JIJIs1 KOHCOJIBHBIX TIPUJIOKEHUH, B KOTOPBIX OTCYTCTBYET OKOHHAd rpaduka, — Ha-
npumep, B 3agade 10.2. DyHKIMA menu B TOI IpOrpaMMe BBIBOJIUT CITUCOK BHIOMPAEMBIX
ITYHKTOB ¢ HOMEPAMU U TIOCJIe BBOZIA TIOJB30BAaTEIeM HOMEPA MyHKTa BO3BPAIAeT 3TO
3HaueHue ryiaBHo pynkimm. /lanee cieayer TpauiuOHHBIH TePEKII0YaATEh:

switch (Menu()) {
case 1: Show(...): break;
case 2: Move(...): break;

case 5: // KoHeu paboTl

}

Ho Bpsizt /vt CTOUT TIOBTOPSITH TaKOE peliieHne. Beib MbI yiKe 3HaeM, 4To To00HasT pea-
JIN3ATTAST MOKET PE3KO YCIOKHUTD MOAUMDUKAIINIO TTPOTPaAaMMbL. MBI Takke BOOPY KEHBI
HOBBIM MMATTEPHOM TIPOEKTUPOBAHUS Switch, KOTOPBIN JaeT KpacuBoOe, JIETKO MOAUMDUITH-
pyemoe petiierue. ITonpobyeM PUMEHHUTD 9TOT TTATTEPH Ha mpakThke. HecoxHo yBU-
JIeTh, UTO POJIb Kacca Switch sgech Gyer urpath Kiaace Menu.

Yro saBJIsIETCS UBMEHSIEMOI CYTITHOCTBIO B Halllel 3ajaue? — By hyHkimu, st KoTopoi
HY’KHO BBIIIOJIHUTH BhluucieHus (B GoJiee 00IeM ciiyuae — BUJ HEKOTOPOTO OOBEKTA,
JJIsT KOTOPOTO HYKHO BBITIOJIHUTH HEKOTOPYIO omepaiinio). CienoBatesibHo, TpeGyeTcst
UHKATICYJIUPOBATh 3Ty U3MEHSEMYIO CYIIHOCTH TaK, YTOOBI KJacc Menu MMest JeJio ¢ He-
KOTOPOIi abcTpakTHON «(pyHKIMEN BooOIIe» (¢ HEKOTOPHIM <«00beKTOM BooOIIe» ). Ot-
CIOJ1a BBIBOJI: HEOOXO0MM abCTPaKTHBII KJrace Function, obeceunBatONiil e[MHbII YHE-
unmpoBanubiii nnTepderic s BCeX ero MOTOMKOB, B JAHHOM CJIy4ae — JIJIs1 KIACCOB
Exp u Line. B pe3ysibraTe MbI TPUXOIUM K J[MarpamMmme Kjaccos Ha puc. 11.9.

Ha auarpamme, ecTeCTBEHHO, IIOKa3aHbI He BCe 9JIEMEHTBI KJIACCOB, a TOJIBKO Hanbosee
CyIIleCTBEHHbIE JIJIs1 JAHHOTO aTara ananun3a. Kpome metosa Calculate, BBITIOIHSIONIETO
poiab MeTona DoSomething B maTTepHe Switch, mogBusicsa meton GetName, U3BJeKAOIIUHN
HayMeHoBanue GyHKIUU. ITUM METOLOM OyIET II0JIb30BaThCsl 00BEKT Menu [JIst BBIBOA
HepedHs BEIOMPaeMbIX (DYHKIIHIA.

ITpesk/ie uem MPUBECTH KOJL IPOTPAMMBbI, CKasKEM HECKOJIBKO CJIOB O PaboTe ¢ KiIaccamu
std::string u std: :vector. BoJiee mogpo6HO OHM M3y4YaIOTCA HA ceMuHape 12,

Kirace string 1mosBoJisieT cos3arh CTPOKY S THIIA String, ¢ KOTOpOil oueHb yao6Ho paGo-
TaTh: ee MOKHO WHUINAIN3UPoBaTh 3HaueHneM C-ctpoxu: std::string s("C-cTpoka”);
WJIN [IPUCBOUTDH €l 3HaYeHHe APYrofl CTPOKM IOCPEJCTBOM Ollepallii [PHUCBANBAHUL
=. [TamaTh, BbIIeTeHHASA I 0OBEKTA S, ABTOMATHYECKH OCBOOOKAAETCS, KaK TOJBKO
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porpaMma noKuaaeT 06JIacTh ero BUAUMOCTU. [[JIsT NCIIONb30BaHUs KIacca HeOOXOIH-
MO TTO/IKJTIOUUTH 3aT0JIOBOYHBIH (hait <string>.

Menu
pObj: std::vector<Function*>
----- > SelectObject(): Function*

Main 2 N
Function

"""""" > Calculate()

GetName()
[ |
Exp Line
Calculate() Calculate()
GetName() GetName()

Puc. 11.9. lnarpamma knaccos nporpaMmmbl «POyHKUMOHANbHbIN KasibKynaTop»

Kownreiinep vector siBisteTcst MabJOHHBIM KJIACCOM U MTO3BOJISIET CO3/IaBATh JANHAMIYE-
CKI€ MACCUBBI (TEPMUHBI «6EKMOP»> 1 «OUHAMUYECKULL MACCUE> MBI GYJIEM UCTIOIB30BAThH
KaK CHHOHUMBI). J[JI1 MCTIOIB30BaHUS KIacca HEOOXOAMMO MOAKIIOYNATH 3ar0JT0BOYHBII
baitn <vector>. B kiacce ecTb KOHCTPYKTOP 10 YMOJIYAHUIO, CO3/IAIOIINI BEKTOP HyJle-
BOU JIJTMHBI, 8 TAKJKE KOHCTPYKTOP ¢ MHUIIHAIM3AIINEN CO3/[aBAeMOTO BEKTOPA OOBIYHBIM
ontomepibiM C-MaccuBoM. MoykHO 7106aBUTH B KOHEI[ UMEIOTIETOCST BEKTOPA HOBBII
AJIEMEHT € MOMOTIbIO0 MeTozia push_back. Jloctym Kk o60My 2JI€MEHTY BEKTOPa MOXKHO
BBITIOJTHATD 110 WHIEKCY, KaK U B OOBIYHOM MaccuBe. TekyIee KOJIUYECTBO IEMEHTOB
B BEKTOPE MOYKHO OIIPE/IEJIUTh METOJIOM S1Zze.

ITockoubKy vector — mmaGJIOHHBIA KJIacc, OH MO3BOJISET CO3/laBaTh KOHKPETHbBIE K-
3eMILISIPBI KJIACCOB JIJIS JII0OOT0 THIA JIEMEHTOB, 3a/[aBA€MOr0 B KauecTBe apryMeHTa
B YIJIOBBIX CKOOKAX TIOC/Ie MMEHH Kiacca. [TosICHUM CIoIb30BaHKe KJacca Ha IpuMepe,
B KOTOPOM ITOKa3aHO UCIIOJIb30BaHUE BEKTOPOB V1, V2, v3, TIpe/lHa3HAYEeHHBIX JIJId XpaHe-
HUSI 2JeMeHTOB Tuia char, int u double cooTBeTCTBEHHO:

#include <iostream>
#include <vector>
using namespace std;
int main() {
int a[b] = {5, 4,3, 2, 1};
double b[]1 = { 1.1, 2.2, 3.3, 4.4 };
vector<char> v
v1l.push _back("
for (int i =0; i <vl.size(); ++1) cout << vI[i] <<

vector<int> v2(a, a + 5);

1;
A"); vl.push back('B"); vl.push back('C");

cout << endl;

npooosicenue
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for (int i =0; i <v2.size(); ++i) cout << v2[i] << " '; cout << endl;
vector<double> v3(b, b + sizeof(b) / sizeof(double));
for (int i = 0; i <v3.size(); ++i) cout << v3[i] << " '; cout << endl;
}
ITa nporpamMma JI0JI>KHA BBIBECTU HA OKPAH:
ABC
54321
2.2 3.34.4

Ob6paTuTe BHUMaHKe Ha JBa cl1oco0a MHULIMAIM3AII BEKTOPA OJHOMEPHBIM MACCHBOM.
[IepBoiii (1719 BeKTOpa V2) MCIOIB3YeTCsA, KOTJa JJMHA MAacCHBa 3aJjaHa KOHCTAHTOI.
Bropoii (s BekTOpa v3) OKazbiBaeTcs eIUMHCTBEHHO BO3MOKHBIM, KOT/A JIJIMHA Mac-
CUBa OTIpPeIesisieTcsT Ha cTajuu Komusiuu. B suctunre 11.3 npuBesena peanunsanus
mporpammbl « DyHKIIMOHATBHBIN KATBKYISITOPS.

JNuctunr 11.3. OyHKUMOHANBHBIN KaNbKYyNSTOP

LITIIIIEIIEI D10 0101000100 10010777777177171777177777/77 Function.h
#ifndef FUNCTION H

#define FUNCTION H

#include <string>

class Function {

public:
virtual ~Function() {}
virtual const std::string& GetName() const = 0; /1
virtual void Calculate() = 0;
protected:
double x; // aprymenTt

b
#endif /* FUNCTION_H */
LD IITIIIT 000000 i rrr i rrr izl Exph
#include "Function.h"
class Exp : public Function { // -------- Knacc ana npencrasnequs QyHKumn y = e * x
public:
Exp() : name("e * x") {}
const std::string& GetName() const { return name; }
void Calculate();
protected:
std::string name; // maTematuyeckoe 0003Ha4veHue QyHKUUM

extern Exp f_exp;
[ 1100000710000 1700077 1117707777111777777111177 Exp.cpp
#include <iostream>
#include <math.h>
#include "Exp.h"
using namespace std;
void Exp::Calculate() {
cout << "Calculation for function y = " << name << endl;
cout << "Enter x ="
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cin >> x; cin.get();

cout << "y =" << exp(x) << endl; cin.get();
}
Exp f_exp; // TnobansHblil 00beKT
1011100000000 00070077 rrrlnigrrlrl 7 Line h
#include "Function.h"
class Line : public Function { // --- Knacc nons npeactaBneHns QyHKumm y = a * x + b
public:

Line() : name("a * x + b") {}

const std::string& GetName() const { return name; }

void Calculate();

protected:
std::string name; // matemaTunyeckoe 00O3Ha4YeHMe (GyHKUMN
double a, b;

}

extern Line f_line;

[0 000 rr g rrr g rr e Line . cpp
#include <iostream>

#include "Line.h"

using namespace std;

void Line::Calculate() {

cout << "Calculation for function y = " << name << endl;
cout << "Enter a ="; cin >> a;
cout << "Enter b = cin >> b;
cout << "Enter x = cin >> x;
cin.get();
cout << "y =" << (a * x +Db) << endl;
cin.get();
Line f Tine; // TnobanbHbli 00bEKT

[ 110000l i rerg i rrrzzln 7l Menuh
#include <vector>
#include "Function.h"
class Menu {
public:
Menu(std: :vector<Function*>);
Function* SelectObject() const:
private:
int SelectItem(int) const;
std: :vector<Function*> pObj;

b
[0 11000007 rrrr i zerr g zzrrl e Menu. cpp
#include <iostream>
#include "Menu.h"
using namespace std;
Menu: :Menu(vector<Function*> p0bj) : pObj( pObj) {
pObj . push_back(0); // nng Buibopa nyHKkTa 'Exit’
}

Function* Menu::SelectObject() const {
int nltem = pObj.size():
cout << " \n";

npooosicenue
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JNuctuur 11.3 (npogosmkeHue)

cout << "Select one of the following function:\n";

for (int i =0; 1 < nltem; ++i) {
cout << i+l << " ":; // HOMep NyHKTa MeHi Ha 1 6onbue uHpexca maccuea pObJ
if (pObj[i]) cout << pObj[i]->GetName() << endl;
else cout << "Exit" << endl;

int item = SelectItem(nltem):
return pObj[item - 17;

int Menu::SelectItem(int nltem) const {
COUL << e m \n";
int item;
while ( true ) {
cin >> item;
if ((item > 0) && (item <= nltem) && (cin.peek() == "\n")) {
cin.get();  break;

else {
cout << "Error (must be number from 1 to " << nltem << "):" << endl:
cin.clear()
while ( cin.get() !'= "\n' ) {};
1
1
return item;

}
[ L1000 0777777777777777777777777777777777777777777777 Main.cpp
#include <iostream>
#include "Function.h"
#include "Exp.h"
#include "Line.h"
#include "Menu.h"
using namespace std;
Function* pObjs[] = { &f exp, &f Tine };
vector<Function*> funcList(pObjs, pObjs + sizeof(pObjs) / sizeof(Function*));
int main() {

Menu menu(funcList);

while ( Function* pObj = menu.SelectObject() )

pObj->Calculate();
cout << "Bye!\n";

}

Heckomnbko nosicuenunii mmo TEKCTY IIPpOrpaMMBbl.

B a6cTpakTHOM Kitacce Function koHCTpYKTOp oTeyTeTBYeT. Kitace cofepskut supmyans-
HoLid 1eCTPYKTOP (CM. PEKOMEH/IAIMIO, IPUBEICHHYIO B pasjiesie «BupryanbHble MeTo-
161> ). CylecTByeT peKoMEH/IAUs Pa3MeIarh B aGCTPAKTHOM KIIacce Moabko Memoobl,
a BCe TOJsT OOBSIBIATL B MPOU3BOAHBIX KIaccax (TO €CTh JeJaTh KJIACC YUCTO MHTEP-
deficHbIM). ITUM TapaHTUPYETCS, YTO JIOObIe U3MEHEHUS U JOTOJHEHUST HE 3aTPOHYT
abCTpakTHBIN Kiace. B laHHOM cirydae Mbl BCe-TaKW OMUCAIN TOJIE X JUI 3HAYCHUS
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apryMeHTa, TTOCKOJIbKY pacCMaTpuBaeM TOJBKO (DYHKIUU € OJHUM apryMeHTOM M IIPU
3TOM TI0JIaTaeM, UTO apryMeHT Beeria nMeeT Tuil double. A BOT 3Hauennd koadduimen-
TOB COJIEPIKATCS B MOJISAX TPOU3BOIHBIX KJIACCOB.

O6paruTe BHUMaHIEe Ha CUTHATYPyY MeToza GetName B kiacce Function (onepamop 1). Me-
TOZI 00bIBJIEH KOHCTAHTHBIM, TaK KaK OH He J0JIKeH U3MEHSITh COCTOSIHIE T10JIeil Kiracca.
Kpome Toro, 4To6bl HCKIIOYUTh BI30B KOHCTPYKTOPA KOIIUPOBAHUS, Mbl XOTHM BEPHYTh
3HaveHwue 1o ceblake: std: :stringd. Omnako curnarypy virtual std::string& GetName c
onst He MPOITYCTUT KOMITUJISATOP, TAK KaK BO3BPAT I10 CChLITKE Stringd MpoTUBOPEUNT MO-
nudukaTopy const. Berxoz u3 aToro mpoTuBOpednsi — BO3BPAT 110 KOHCTAHTHOM CCBIJIKE:
const std::string&.

Konxperubie merozpl Calculate B kimaccax Exp u Line obecriednBaioT BBOJI MCXO/HBIX
JaHHBIX (ApTYMEHT W, 110 HEOOXOAMMOCTH, 3HAUECHUS K03(hOUIIMEHTOB) U BBIUUCIISIOT
3HaUEHMEe COOTBETCTBYIONEN GyHKIIIE. OTMETHM, YTO B MOIyJie EXp.Cpp 0ObsIBIIEH TJI0-
GastbHBIN 00beKT Exp f_exp, a B MomyJie Line.cpp — rarobanbHblii o6bekT Line f 1ine.

Konctpykrop kiracca Menu obecrieunBaeT MHUITHATU3AINIO TT0J1st pObj BEKTOPOM 0OBEK-
TOB THMNA Function*, mepenaBaeMbiM yepes ero aprymenT. [Tocsie konmmpoBanus aprymen-
Ta B moJie pObj (B MHUIMAIN3aTOPE KOHCTPYKTOPA) K BEKTOPY € TOMOIIBI0 MeToza pobj .
push_back (0)mobaBiisteTcst HyI€BOU yKa3aTesib, KOTOPbI UCIOJIb3YETCS JIst PeaTU3alliu
MyHKTa MeHI0 Exit (cM. MmeToz Menu: :SelectObject).

B metome Menu::SelectObject komm4ecTBO MYHKTOB MEHIO OIPEIEIIETCS BBI3OBOM
pObj.size. ITocne BBIBO/MA otmepaTopoM for CIuMcKa MYHKTOB MEHIO BBI3BIBAECTCS METOJ
SelectItem, obecrieunBaOIMl 3aIUIICHHBI OT OMMOOK BBOJ I0JIB30BATEJIEM HOME-
pa BBIOMPAEMOro MyHKTa. 3aMeThM, 4To MeToz SelectItem oObsIBJIEH B cekiuu private
KJacca Menu, Tak Kak OH UCTIOJIb3YeTCs TOJBKO BHYTPHU Kjacca.

B riaBrOM MoyJie main.cpp o6bsiBieH raobanbHbiii Maccus pO0bjs[ ], copepsKaluil crim-
coK azipecoB 06bekTOB &f exp, &F Tine. TUM MacCHBOM MHUIMAIU3UPYETCS BEKTOP
funcList.

DyHKIMI Main TaKOHWYHA: B HEl 0OBABICH 0OBEKT Menu Kiacca Menu, KOTOpOMy Tepe-
maercst Bektop funclist, a 3atem wzer 1y while, pabota KOTOporo oveBuHA. MeTo
menu.SelectObject BosBpamaer agpec KOHKpeTHOTo oObekTa (T _exp uau T _line), yepes
KOTOPDIii Bbi3biBaeTcst MeTo]| Calculate cooTBeTcTBYIOINIEro Kiacca. [Ipu Bo3Bpare HyJie-
BOT0 a/[peca IUKJI 3aBepIIaeTcs, ¥ MporpaMma 3aBepiraeTcs.

Heo6xoauMo Takske TTOSICHUTD, 10 KaKOMY TIPUHIIAIY PasMeIlaroTcs Oupekmusvl using
B Tekcre mMoxyJieil. HamoMHuM, uto Grrarogapst AMpeKTUBe using namespace std cramo-
BSTCS BUAUMBIMU (M3BECTHBIMU KOMITHJISITOPY) BCE MMEHA M3 MMPOCTPAHCTBA MMeH Std
crangaprTHoit 6ubiunorekn C++. B naieil nporpaMme 310, HalpuMep, UMeHa cin, cout,
string, vector.

Ectb 1 gpyrue crmoco0bl ¢ieaTh BUANMBIM HEKOTOPOE KOHKPETHOE MMST: ¢ TIOMOIIBIO
obwsisaenus using (Hampumep, using std::string — meiicTByer 10 KOHIa 6JIOKa, B KO-
TOPOM OHO CZETaHO) WU C TOMOTIBIO KBamuduraropa std: : (mampumep, std: :string).
[Tporiie Bcero MCMOMBb30BATh AUPEKTUBY US1Ng, HO TIPU HTOM BO3HUKAIOT JIBE OTIACHOCTH:
BO3MOKHOCTb KOH(DJIMKTa UMEH M3 IIPOCTPaHCTBa Std ¢ BallMMu MMeHaMmu U, 4To 00-
Jiee HEMPUSITHO, BO3MOKHOCTh HEOJHO3HAUHON TPAKTOBKHM KOJa KOMITUJISTOPOM TIPU
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6ecropsAI0uHOM yIIOTpebIeHNU AUPEKTHB USing. B aTom Bompoce Mbl coumapusi ¢ Tep-
6om CarrepoM [25] 1 IPUBOAUM HIKE €0 PEKOMEHALIUN.

COBET

Ipasuno Nel. He ucnoavsyiime tupexTUBbI US1Ng, paBHO Kak 1 0ObsIBICHI USTNG, 6 3a-
2071060uNbIX (atinax. VIMEHHO B 9TOM CIIydae BO3SMOXKHO ITOSIBIICHIE YKA3aHHBIX BBIIIE TIPO-
6s1em. [ToaTomy B 3aroi0BoYHbIX (haiiiax uCIob3yiite ToabKo kBamdukaTop Std: : mepesn
KOHKPETHBIM MMEHEM.

Mpasuno Ne2. B ¢aiinax pearusayuu TUPEKTUBBI 1 0OBSIBICHNS USTNG He JOJUKHBI pac-
noJaratbes neped aupextusamu include. Muade ncronb3oBanue US1Ng MOKET U3MEHNUTH
CEMaHTHUKY 3ar0JIOBOYHOTO (haiina 13-3a BBeJIeHUS] HEOKUIAHHBIX NMEH.

OrkoMIIUpyiiTe U IpoBepbre paboTy mporpammbl. Elie pas cpaBHuTe Koz (HyHKINN
main B aTO# porpaMme u B 3aga4e 10.2, 4T06bI YBUAETH 2JIETAHTHOCTH HOBOTO PEIICHUS.
A Temepb TIPENCTaBUM, YTO OT 3aKa3UMKA MOCTYITUIIO TIPE/IJIOXKEHNE ClIeNIaTh HAIl Kalb-
KyJIATOP GoJiee «<MOIIHBIM», T00aBUB B HETO HOBYIO (hyHKIMIO — mapaboy. JlopaboTka
cBeJIeTCsl K I00aBJIEHNIO B ITPOEKT Kiracca Parabola:

LDATITTIEII LI 00000 i 007117177 Parabola.h
#include "Function.h"
// Knacc nna npefcTaBneHus QyHKUMm y = a * x*2 + b * x + ¢
class Parabola : public Function {
pubTic:
Parabola() : name("a * x*2 + b * x + ¢") {}
const std::string& GetName() const { return name; }
void Calculate();

protected:
std::string name; // matT. 00O3Ha4YeHne GyHKUMN
double a, b, c;

extern Parabola f parabola;
[0 rrrrr i rrr g errl 777 Parabola . cpp
#include <iostream>
#include "Parabola.h"
using namespace std;
void Parabola::Calculate() {

cout << "Calculation for function y =

<< name << endl:

cout << "Enter a ="; cin >> a;
cout << "Enter b =": cin > b;
cout << "Enter ¢ = "; cin >> c;
cout << "Enter x = "; cin > Xx;
cin.get();
cout << "y =" << (@a*x*¥x+b*x+c)<<endl;
cin.get();
1
Parabola f _parabola; // TnobGansHbii 00beKT

Kp0Me 9TOTO, B OCHOBHOM MOyJ€e main.cpp HeoOXOAUMO JT00ABUTH JUPEKTUBY
#include "Parabola.h";, a B cnucke mHunuanusanuu mMaccusa p0bjs — ajpec HOBOTO
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oObexTa & parabola. Bee! Bech npesxknuii Kog mpoekra octaercs Oe3 usmenennii. Hosast
BEPCHS KAJbKYJISATOPA FOTOBA.

3apaua 11.2. NMpoaBUHYTbIN PYHKLMOHASIbHbIN
KasibKynsaTop

Haw 3axasuux nuxax ne yzomonumcsi. Tenepv emy npuwna udes pacuupums nabop one-
payuil, Komopvle cnocoben GbINOIHAMY PYHKUUOHATLHBIL KATLKYASIMOP: NYCMb OH JUOO
BLIUUCTACT 3HAUCHUE 3A0AHHOU PYHKYUL 0N HEKOMOPO2O APZYMEHMA, TUOO BLINOTHAEC
mMabyAauuI0 PYHKYUL 8 3a0aHHOM UHMEPBALE C 3A0AHHBIM ULAZOM.

Wnes nenioxast. ITO MO3BOJUT PE3KO MOBBICUTD CIIPOC HA PHIHKE HA HAII KAJIBKYJISITOP,
HOCKOJIbKY Ka/IbKYJIATOPBI APYTUX GUPM HE yMEIOT 9TO jieiaTh. 3a pabory!

Hawm rysxHO0 permuts ase pobiembl. Bo-miepBbix, BUANMO, TPUAETCS T00aBUTH B 6a30BbIil
kJacc Function HOBBIY YMCTO BUPTYaJIbHbBIN MeTo Tabulation, a Tak:ke 3aMECTUTD €r0 BO
BCeX Iojikaaccax. To ecTb MpuUaeTcss BHOCUTbh N3MEHEHHUS B KOJI BCeX KJIaCCOB MepPapXuun
Function, a aTo 11710X0. BO-BTOPBIX, B MIPOABUHYTOM (DYHKITMOHAJIBHOM KaJIbKYJISATOPE
HEOOXOIUMO PEAM30BaTh JABYXYPOBHEBOE MEHIO: HA TIEPBOM YPOBHE BBIOUPAETCST BUJL
(bynkIMyM, Ha BTOPOM YpOBHE — BU/[ ollepaiiuu. B mpezbiyieit 3ajiaue Mbl ClIPAaBUJINCH
¢ TIPOBIIEMO J1e2Kk0 MOOUPUUUPYEM020 KOO OHOYPOBHEBOTO MEHIO C TIOMOII[BIO MATTEP-
Ha npoekTupoBanus Switch. Heyskesn Ha BTopoM ypoBHe IpUIeTCs MUCATh 110 CTAapUHKe
rupJsiHy case’oB B GJioKe omeparopa switch? Kak Mbl 3HaeM, 9T0 IJI0X0 JIJIsT laJbHed-
el MoK TPOrPAMMBIL.

[Mompobyem HaiiTu 6oJiee yaqHOe PENieHre. A 4T0, €CJIU TOTBITATHCS PA3BUTh UJIEIO OJI-
HOYPOBHEBOTO IepekyioyaTesid (maTTepH Switch) i ciyuad nByx yposHeit? Harpumep,
[EePEKITIOYATENh TAKOTO THUIIa MOT Obl BLIGUPATH HA TIEPBOM YPOBHE HEKOTOPYIO KOHKPET-
HYIO CYIIHOCTb EntityA I us mepapxuu abcTpakTHOro 6a30BOro Kjiacca AbstractEntityA,
a 3areM, Ha BTOPOM YPOBHE, — HEKOTOPYIO KOHKPETHYIO CYIIHOCTb EntityB J u3 uepap-
xun aberpakTHoro 6a3oBoro kKjiacca AbstractEntityB, mocie 4ero KJIMEHTY IIpeocTaB-
JIIETCSI BO3MOKHOCTD Peain30BaTh TPeGYeMyIo acCOIMAIIUIO MEK/TY BBIOPAHHBIMIE CYIIl-
HOCTSIMU'.

[Tarrepn nmpoextupoBanus DoubleSwitch, peanusytoniuii aTy uie0, UMEET AUarpaMMy
KJIaccoB, Mokazannyio Ha puc. 11.10.

O6parute BHUMaHUe, 4To MeTox SelectEntityA kmacca Switch BosBpamaer ykasa-
Tesb AbstractEntityA*, xoTOpBIil TiepefaeTcsl jajee B KadyecTBe apryMeHTa MeTO/y
SelectEntityB, ocyIecTBIIsAIONIEMY BEIOOD Ha BTOPOM YPOBHE YiKe 0151 KOHKDEMHOU CYuy-
HOCMU NeP602o yposis. AOCTPAKTHBII KJ1ace BTOPoro ypoBHst AbstractEntityB mosBoJisier
KJIMEHTY aOCTParupoBaThCst OT BUJIA BBITOJHSIEMOI OIIePAIIIL: OH HMEET JIEJIO C «Olepa-
nueit Boobmie» Operate.

ITocie BEIOOpaA Ha BTOPOM YPOBHE Oiraro1apsi moJuMophu3My KJIHEHT MOKET BBI3BATh Me-
Toz Operate, OTHOCSTIUICA K KOHKPETHON CyIITHOCTH BTOpOTo ypoBH:L. [lepemaua ceplikn
AbstractEntityA* metoay Operate paspemaer mocCJaeHEMY UMETD JOCTYIl K aTOMapHbIM

! KpacuBo ckazaHo, He TIpaBjia Jin?
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onepanusM AtomOperatel, AtomOperate2 u T. IL, OIIpeeNeHHbIM B KOHKPETHOM 00beKTe
uepapxun AbstractEntityA. COBOKYIHOCTh STUX MPUMUTHBOB JIOJIKHA GBITH J0CTATOY-
HOH 11 peanusanuu Jo6oro Meroga Operate B mepapxuu AbstractEntityB. Kak mpasu-
JI0, 3TO OMepaIu, 06eCednBaIOIIIE TOCTYIT KO BCEeM 3allUIEHHBIM WM 3aKPHITBIM TI0-
J1siM 00beKTOB nepapxuu AbstractEntityA uim Beimonsione o6paboTKy nHboOpMaImi,
crermUYHYIO /115 IaHHOTO KJlacca.

Switch

pAEA: std::vector<AbstractEntityA*>

pAEB: std::vector<AbstractEntityB*>

----------- > SelectEntityA(): AbstractEntityA*

----------- > SelectEntityB(aea: AbstractEntityA*): AbstractEntityB*

i ] i

Knuent 1.% \i, i
e > AbstractEntityA|< ----------------------------- I LB R R
[71777"7"""==>| AtomOperate() 1.* \i, |
E AtomOperate2() AbstractEntityB i
e — . |
| : | Operate(aea: AbstractEntityA*) i
| EntityA_1 EntityA_2 |
i AtomOperate1() AtomOperate1() i
1 |AtomOperate2() AtomOperate2() |
! [ | !
] EntityB_1 EntityB_2 L

Operate(aea: AbstractEntityA*) | | Operate(aea: AbstractEntityA*)

Puc. 11.10. NattepH DoubleSwitch

Tertepn mornbITaeMcst TPUMEHUTD ITOT MMATTEPH K Halllell 3aj1ave. SICHO, 4TO B KauecTBe
Ksacca Switch Gyzer BbICTyIATh KJaacce Menu, Kak U B IpebIAyIIeil 3a7aue, a B KauyecTBe
kacca AbstractEntityA — kmace Function. Posb kitacca AbstractEntityB mbl mopyuum
HOBOMY a0cTpaKTHOMY Kiaccy Action, obecneunBaionieMy yHI(GUIMPOBAHHBIA UHTEP-
(eiic nns konkperusix kiaaccoB Calculation, Tabulation, AnyAction. Ilocnennuii kimacc-
IYCTHIIIKY Mbl ZOGABUM IIPOCTO JJIsI MJLTIOCTPALUU TOTO, YTO CIUCOK BBIIOJIHIEMBbIX
onepanuil MoxeT JIerko paclIupaThC.

Pousib MeTona AbstractEntityB: :Operate(AbstractEntityA*) Gymer BO3JIOKEHA Ha METO[
Action::Operate(Function*). Hy u, nakonen, merox Calculate mepekouyeT u3 uepap-
xuu 6a3oBoro kyacca Function B KOHKpeTHBIH Kirace Calculation, mpuHajexammuil ue-
papxuu 6a30BOro Kjaacca Action. BsaMeH Mbl JOJKHBI OMOJHUTE Hepapxuio Function
TaKUMU aTOMapHBIMU OIlepalusMH, Kak SetArg — yCTaHOBUTDH 3HAYCHUE apryMeHTa,
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SetCoeff — ycranoBuTh 3HaueHus: Koaduimentos, GetVal — moayunTh 3HAYEHUE
byuxmm.

Mbur He 6leeM IIPpUBOANTD 3/1€CH /IUATPAMMY KJIACCOB IIPpE/JIaracMOoro petreHus, OCTaBJIsIsA
9TO B Ka4eCTBE YIIPAKHEHUA YU TATEIO. Tekcr IIpOrpaMMbI ITPUBEACH B JINMCTUHIE 11.4.

Jinctunr 11.4. NpoaBuHyTbIN GYHKUMOHANBHbIN KanbKynsaTop

[T rrr i rrr i rrrs i i rs g rrzzg i rrr7 7 Function h
#ifndef FUNCTION H
#define FUNCTION H
#include <string>
class Function {
public:
virtual ~Function() {}
void SetArg(double arg) { x = arg: }
virtual void SetCoeff() = 0;
virtual double GetVal() const = 0;
virtual const std::string& GetName() const = 0;
protected:
double Xx; // aprymeHT

b
gendif /* FUNCTION H */ // ////1/]1171777771107107107107710010710717711011111111111
[T 7777777 777777777777777777777777777777777 Exp.h
#include <math.h>
#include "Function.h"
class Exp : public Function { // --- Knacc gns npeacTaBneHns QyHkumn y = e * x
public:

Exp() : name("e * x") {}

const std::string& GetName() const { return name; }

void SetCoeff() {}

double GetVal() const { return exp(x); }
private:

std::string name: // maT. obo3HayeHne dyHKUNMK

extern Exp f_exp:
A N NNV NI SR esls)
#include "Exp.h"
Exp f exp; // TnobanbHolii 00bEKT
[0 L0 0011017077100 )10 717707777777177777 Line.h
#include "Function.h"
class Line : public Function { // --- Knacc ons npeactaBnenns QyHKumm y = a * x + b
public:

Line() : name("a * x + b") {}

const std::string& GetName() const { return name; }

void SetCoeff();

double GetVal() const { return (a * x + b); }

private:
std::string name; // mat. 00O3HayeHne QyHKuWN
double a, b;

b

npooonxcenue
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Jluctunr 11.4 (npogoskeHue)

extern Line f_line;
[P0 r i rrr e errr i rrr 7 Line cpp
#include <iostream>
#include "Line.h"
using namespace std;
void Line::SetCoeff() {
cout << "Enter a = "; cin > a;
cout << "Enter b ="; cin >> b;
}
Line f_Tine;  // TnoGansHbii 00bEKT
[ IIITIIIEI 00 i rinr e rierrllizzrl 7 Action . h
#ifndef ACTION H
#define ACTION H
#include "Function.h"
class Action {
public:
virtual ~Action() {}
virtual void Operate(Function*) = 0;
virtual const std::stringd& GetName() const = 0;

)
fendif /* ACTION H */
LA I D000 77171777 Calculation.h
#include "Action.h"
class Calculation : public Action {
public:
Calculation() : name("Calculation™) {}
const std::string& GetName() const { return name; }
void Operate(Function*);
private:
std::string name;  // obo3HayeHne onepaunu

extern Calculation calculation;
[P0 e irrl syl 1777 Calculation. cpp
#include <iostream>
#include "Calculation.h"
using namespace std;
void Calculation::Operate(Function* pFunc) {
cout << "Calculation for function y = " << pFunc->GetName() << endl;
pFunc->SetCoeff()
doubTe x:
cout << "Enter x = "; cin >> x;
cin.get():
pFunc->SetArg(x) ;
cout << "y =" << pFunc->GetVal() << endl;
cin.get();
}
Calculation calculation;  // TnoGanbHeli 00beKT
[ 77777777777777777777 Tabulation.h
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#include "Action.h"
class Tabulation : public Action {
public:
Tabulation() : name("Tabulation") {}
const std::string& GetName() const { return name: }
void Operate(Function*);
private:
std::string name; // 0603Ha4eHne onepaumn

extern Tabulation tabulation;

LA ] Tabulation . cpp

#include <iostream>

#include <iomanip>

#include "Tabulation.h"

using namespace std;

void Tabulation::Operate(Function* pFunc) {
cout << "Tabulation for functiony = ";
cout << pFunc->GetName() << endl;
pFunc->SetCoeff();
double x beg, x end, x_step;

cout << "Enter x beg = "; cin >> x_beg;
cout << "Enter x end = "; cin >> x_end;
cout << "Enter x_step = ": cin >> x_step:
cin.get();

COUt << Mmmmme " << endl;
cout << " X y" << endl;

COUL << Memmmm o " << endl;

for (double x = x beg: x <= x_end; x += x_step) {
pFunc->SetArg(x);
cout << setw(6) << x << setw(14) << pFunc->GetVal() << endl;
}
cin.get();
}
Tabulation tabulation;  // TnobanbHelii 00beKT
[0 1110000070 rrr e rrl gzl AnyAction . h
#include "Action.h"
class AnyAction : public Action {
public:
AnyAction() : name("Any action") {}
const std::string& GetName() const { return name; }
void Operate(Function®);
private:
std::string name; // 0603Ha4eHne onepaumn
b

extern AnyAction any_action:
[T AnyAction . cpp
#include <iostream>

#include "AnyAction.h"

using namespace std;

void AnyAction::Operate(Function*) { npodonncenue
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Jluctunr 11.4 (npogoskeHue)

cout << "3pecb Morna Obl ObiTh Bawa peknama!" << endl;
cin.get();
1
AnyAction any action;  // TnoGanbHbiii 00beKT
[1 11100000 i i i i rrr i rnn iz izl Menuh
#include <vector>
#include "Function.h"
#include "Action.h"
class Menu {
public:
Menu(std: :vector<Function*>, std::vector<Action*>);
Function* SelectObject() const;
Action* SelectAction(Function*) const;
private:
int SelectItem(int) const;
std: :vector<Function*> pObj;
std: :vector<Action*> pAct;

b
[ LI 7777777777777777777 Menu.cpp
#include <iostream>
#include "Menu.h"
using namespace std;
Menu: :Menu(vector<Function*> pObj, vector<Action*> pAct)
: pObj(_pObj), pAct( pAct) {

pObj.push_back(0); // nns Bbibopa nyHKkTa 'Exit’
}
Function* Menu::SelectObject() const {

// Bo3bMuTE KOA aHANOrUYHOW (GyHKUMM w3 nucTuHra 11.3
1

Action* Menu: :SelectAction(Function* pObj) const {
int nltem = pAct.size();
cout << " \n";
cout << "Select one of the following Action:\n";
for (int i =0; 1 < nltem; ++1) {
cout << i + 1 << ", " << pAct[i]->GetName() << endl;

int item = SelectItem(nItem);
return pActlitem - 17;
}
int Menu::SelectItem(int nItem) const {
// BO3bMUTE KON aHANOTrM4HOW (yHKUMW U3 nucTuHra 11.3

1

YNy YNy Rl (e
#include <iostream>

#include "Function.h"

#include "Exp.h"

#include "Line.h"

#include "Action.h"

#include "Calculation.h"
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#include "Tabulation.h"
#include "AnyAction.h"
#include "Menu.h"
using namespace std;
Function* pObjs[] = { &f exp, &f line };
vector<Function*> funcList(pObjs, pObjs + sizeof(pObjs)/sizeof(Function*));
Action* pActs[] = { &calculation, &tabulation, &any action };
vector<Action*> operlList(pActs, pActs + sizeof(pActs) / sizeof(Action*));
int main() {
Menu menu(funcList, operList);
while ( Function* pObj = menu.SelectObject() ) {
Action* pAct = menu.SelectAction(pObj);
pAct->0perate(p0Obj);
}
cout << "Bye!\n";

}

O6paTI/ITe BHUMaHME Ha CJIe/IyIollee:

U wmetox Exp: :SetCoeff umeer mmycroe Tesio0, TO €CTh HUYETO HE JIEJIAET, TIOCKOJIbKY JIJIsI
BBIUKCJIEHUS SKCIIOHEHTHI KOa(h(MUIIUEHTHI He TPeOYIOTCST;

U B cBsA3U C TeM, UTO BCe METO/IbI KJlacca Exp — BCTpoeHHbIe, (haiiy peaqusauu Exp.cpp
COJIEPIKUT TOJBKO 00bsIBIICHME II06aTBHOTO 00beKkTa f_exp.

OTMmeTnM, 4TO TIpeJIosKeHHOE PellieHne TT03BOJISIeT JIETKO MOAMMUIIMPOBATH HAIT KaJTb-

KYJISITOD, peliasi IpobeMbl 100aBIeHNs Kak HOBBIX (DYHKIINI, TaK M HOBBIX OIepaliuii.

3apaua 11.3. PaboTta c 00beKkTaMmu CUMBOJIbHbIX
M WecTHaauaTepnyHbIX CTPOK

Hanucamo npozpammy, OeMOHCMPUPYOWY0 padomy ¢ 006sexmamu 08Yx munog: CuUMeo -
nas cmpoka (SymbString) u wecmuadyamepuunas cmpoxa (HexString), 0ns uezo cozoams
cucmemy cooOmeemcmsyouUjUx Kiaccos.

Kaxcowiit o6sexm dongcen umems xax Munumym 0éa ampubyma: uoenmuduxamop u sua-
uenue, npedcmasnenivle 8 sude cmpox cumeonos. B none suavenus obeexmor SymbString
MO2YM XPaAHUMb NPOUSCOLLHBLIL HAOOP CUMBOIL08, 8 MO 8pems Kax obvexmor HexString —
MOIBKO U300padcenue wecmuaouamepudnozo YUucid.

Knuenmy (pynxyuu main) doaickot Goims docmynivl credyiouue onepayuu: cozoams 06s-
exm, yoanums o6sexm, noxasams snauenue obsexma (CmpoKy CuMB0108), NOKA3ANMb U30-
bpadcenue IKGUBALEHMI020 DeCAMUUIH020 YUCLA (MOIbKO 045 06sexmos HexString), noxa-
3amb uz0bpadNcenue IKGUBALEHMH020 D6OUUHO20 UUca (MOILKO 01 00sexmos HexString).
IIpedycmompemov menio, N03604s10UECE OEMOHCIMPUPOBANTL FMU ONEPAUUL.

IIpn pemenun 5TOW 3a7a4M MBI BOCIIOJNB3YEMCS €Ile OAHWM W3 BUAOB AWATPAMM
UML —duazpammoii sudos dessmeavrocmu (Activity Diagram), 4ro0bl pacuIpUTh HAII
KPYyro3op B chepe COBPeMEHHbBIX METOI0B TIPOEKTUPOBAHUSL.

Juarpamma BujioB jesitesibHocT UML oveHb MOX0ska Ha cTapble OJIOK-CXEMBI aJiro-
puTMOB. B Hell TOUKaM¥ NPUHATHS PellleHnH 1 TepexoiaMi OMMChIBAETCS TI0CIeI0Ba-
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TeJBHOCTD 1Iaros, uMenyembix B UML sudamu desmenvinocmu (Activity). Kaxupiit
BUJL JIEATENbHOCTH, aCCOIMUPYEMBIH 0OBIYHO ¢ HEKOTOPOIl MpoIeypoil, n3obpaxa-
€TCs1 IPSIMOYTOJIBHUKOM C 3aKPYTJIEHHBIMU YTJIAMU, & IEPEXOIbl MEKIY HUMU — CTPeJI-
Kamu. TOYKY MPUHATHSA PElieHnH MOKHO M300paskaTh OJHUM U3 JIBYX CIIOCOOO0B: JTU60
IIPOCTO MOKA3bIBAIOTCS BCE BO3MOKHBIE ITEPEXOIBI TIOCJIE 3aBEPIEHIST HEKOTOPOTO BUIA
NEATEBHOCTH, JIUO0 M300pasKaeTcss mepexo/l K MajeHbKOMY POMOUKY, MOXOKEMY Ha
GJIOK BETBJICHWSI, 4 3aTEM BCE BO3MOKHBIE TTYTH BBIXO/IAT M3 9TOr0 pOMOMKA.

AHanusupysl ycJoBUe 3aJaui, Mbl [IbITAEMCsI, BO-IIEPBBIX, BBHIABUTH OOBEKTbI/KJIACCHI
[peAMeTHOI 06JIaCTH U, BO-BTOPBIX, CKOHCTPYMPOBATh OCHOBHOW aJIrOPUTM, paboTaio-
Uil ¢ aTuMu 00beKTaMu. B 1aHHOM cilydae IpecTaBsieTCs €CTeCTBEHHBIM aJllOPUTM,
n300pasKeHHbII B BUE AUArPaMMbl BUAOB AedTebHocTH Ha puc. 11.11.

( BbiGpaTb Bua paboTbl )

Ypanutb
obbekT

[No6aButb 06bEKT

Exit
AddObject DeleteObject

Pa6oTta c konnekuuen o6bLeKToB

AN

BbibpaTtb 06bekT
13 Konnekumm — F------- -CSeIectObject(): Object*)
06bekToB

AN
BbiGpaTh onepauuio
n3 Konnekumm  [----- @electAction(Object*): ActionD

onepauumn

\2
------- -CAction*pAct-> Operate(D

BbinonHutb
onepauuo

Puc. 11.11. Jnarpamma BUOOB AeAaTeNbHOCTU ans 3agaym 11.3

Hauanpnas Touka aAJITOPUTMa obo3Havaercsa B BU/I€ 3aKPAIIEHHOT0 KPY/KKa, KOHEYHasA —
B BU/IE€ «TJIa3Ka». HpI/I H606XO[[I/IMOCTI/I Ha quarpaMme MOJKHO pasMeIlaTb KOMMEHTaprnu
B BU/IE€ IPAMOYTOJIbHUKA C TEKCTOM, HAITOMUHAIOIIETO JIMCTOK 6yMaI‘I/I C OTOTHYTBIM YTJIOM.

Ipacduueckoe mpejcTaBIeHre aIroOpuT™Ma TIO3BOJSAET OOJIee YETKO BBIABUTH PEIIacMble
po6sieMbl. Tak, MEHIO B HAIIIEH TIPOTpaMMe JIOJDKHO 00ECTIEYUTh BHIOOD HA TPEX YPOBHSIX:
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1) BIGOP BUa paboThl (06aBUTH OOBEKT K KOJJIEKIUN, YAATUTH OOBEKT U3 KOJITIEKIIH,
paboTaTh ¢ KOJJIEKIHEH 0GBEKTOB, BBIUTH U3 TPOTPAMMBI);

2) BbIOOD 0GBEKTA U3 KOJUIEKIUI 0OBEKTOB;

3) BBIOOP OIEpaLUU U3 KOJUIEKIIUK OLlePalHii.

Omnupasich Ha OIBIT Peajin3alluy JIBYXYPOBHEBOIO MEHIO B IIPEIbIYIIEl 3a/1aue, 1o/lyMa-
eM 0 crocobe peajin3aliui TPEXyPOBHEBOTO MeHI0. [IepBOIl TIPUXOAUT MBICTIb: a HE CO3-
JlaTh JIN HaM TTaTTepH ITpoeKTupoBanus ThreelLevelSwitch, pasBuBatomuii njaen maTrepHa
DoubleSwitch? OgHako ¢ KaskbIM MOBbIILIEHUEM Pa3MEPHOCTH IIepeKodarTess Koj Oy-
JIeT CTAaHOBUTHCS BCe CJIOKHEN /i1t ToHnMaHus. [loaToMy BasKHO BOBpeMsT OCTAHOBUTD-
cs, TIOMHS, UTO JIIOOYIO AL MOKHO JOBECTH 10 abCcypia.

[TpuHrMaeM ciIeAyIOLIMil TOCTYJIaT: IepedeHb AeiicTBuil (paboT), BbIOMpaeMbIX Ha Hep-
BOM yPOBHE, TIIATeJIbHO IIPOJyMaH 3aKa34YMKOM, 1 BEPOSITHOCTDb €ro U3MeHeH!s KpaiiHe
Masia. B ¢BsA3U € 9TMM TIE€PBBIN YPOBEHD MEHIO MbI peajindyeM 0e3 UCTOJIb30BaHU T1aT-
TepHOB — B 6JIOKE orieparopa Switch, a BOT Ji/isi BTOPOTO U TPETHErO YPOBHEH TIPUMEHUM
YK€ MCIBITaHHbIA marTepH DoubleSwitch, KOTOphIi 03BOAUT B OyAYILEM JIETKO H00aB-
JIATh KaK TUITBI 06pabaThIBaeMbIX 0OBEKTOB, TAK U BUIbI TIPUMEHSAEMBIX OTlepPaIlHil.

Ternepb MOKHO TTIOTOBOPUTH O Kyraccax. /[Ba 3 aux: SymbString m HexString — mpoaukTO-
BaHbI yCJI0BHEM 3a1a4il. FIMEHHO 00BEKTHI 9TUX KJIACCOB OYAYT HOMOJIHSTh KOJIEKIIIO
00BEKTOB, C KOTOPHIMHU B JAJbHENIIIEM MOKHO BBITIOJIHSTH T€ WJIKM UHBIE oliepaliiu (B Ha-
meM cjydyae — MoKasaTh 3HaueHHe 00bEeKTa, 0Ka3aTh N300paKkeHe 9KBUBAJEHTHOTO
JIECSITUYHOTO Yncya u T. /1.). [l peammsanyu narrepHa mpoexTuposanust DoubleSwitch
HaM roTpebyeTcs abcTpakTHbII 6a3oBblii Kiiace AString, HacJeTHUKaMU KOTOPOro OyayT
KJacchl SymbString i HexString, a Takske abcTpaKkTHBIN 6a30BBIN Kacc ACtion, UMerommii
B KauecTBe JJ0YepHUX Kyacchbl ShowStr, ShowDec, ShowBin.

[l peanmsani MEHIO CO3/1a/IMM, KaK M B TIPe/bIYIIel 3a1ade, Kiaacc Menu, comepska-
U aHATOTMYHBIE MeTObI SelectObject m SelectAction, HO K HUM B KOMITAHUIO OOABIM
Mmeron SelectJob. TTOCKOJBKY CITUCOK Onepariuii, IPUMEHSIEMbIX K 0OBEKTaM, 3apaHee
M3BecTeH (3TN orlepaIuy MHKATCYJINPOBAHbI B Kiraccax ShowStr, ShowDec m ShowBin), aToT
CIMCOK, KaK 1 PaHbIIle, Pa3MECTUM B TIojie PACt. A BOT O cUCKOM OGBEKTOB CUTYAIUST
Gostee coskHast, ueM B 3agade 11.2, Tak Kak 3T 0OBEKTHI JOJKHbBI CO3/[aBAThCS U YHI-
YTOKATHCH AMHAMUYECKU — B IIpoliecce paboThl IporpaMmbl. IIoKa OTI0KNUM 5TOT BO-
TIPOC, MBI BCKOPE K HEMY BEPHEMCS.

Kakue cymHOCTH B pellaeMON 3ajlaue HE OXBAYEHDBI MEPEYMCIEHHBIMU KJIACCAMU?
B ycoBuE 3a/1a4u yIIOMUHAIOTCST OTIEPAIlUK: co3damy 00vexm u yoaiums odvexm. Ko-
HEYHO, MOKHO MOPYUYUTD 9THU OTiepariiu (DyHKIUU Main, pA3MECTUB 3a0/IHO B HEH U KOJI-
JIEKTIHI0 00pabaThiBAeMbIX OOBEKTOB, HO 9TO ObLIO ObI B BBICIIEN CTENEHU HEXOPOIIO!
ITouemy? — TloToMy, 4TO TaKOe pellieHre TTOHU3MIO Obl CIEIIEHUE BHYTPH TJIABHOTO
KJIMEeHTa main.

COBET

[Ipriaraiite MAKCUMYM YCHIIHI K TOMY, 4TOOBI KasKast YaCTh KOJA — KK Il MOJLYJIb, KJIACC,
(bynkius, — orBevasa 3a BbIIOJHEHNUE OTHON YETKO OIPE/IeIeHHON 3a/1aui.
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[TocsemyemaTomy coBeTy 1 co3mainM Kaacc Factory, oTBevyalolnii 3a co3anne v yjajieHue
00bexToB 13 nepapxuu AString. Kiace 6ymer comepskars moJie std: : vector<AString*> pOb ]
JULSL XPaHEHU S KOJIEKIUU 00BEKTOB, 1 /1Ba MeToza: AddObject u DeleteObject.

[Topa nepexoauTh K KOAMPOBaHMIO. IIpemiaraeMoe pelieHue NPUBEAEHO B JIMCTHH-
re 11.5.

Jluctuur 11.5. PaboTa c 06bekTaMm CUMBOJIbHbIX W LLIECTHaAuaTepUYHbIX CTPOK

[ 1100077777777777777777777777777777777777777777777777777777777 AString.h
#ifndef ASTRING H
#define ASTRING H
#include <string>
class AString {
public:
virtual ~AString() {}
virtual const std::string& GetName() const = 0;
virtual const std::string& GetVal() const = 0;
virtual int GetSize() const = 0;

)
#endif //ASTRING H
[EIITIIEET 00 e ren i ierrll gzl 77 SymbString.h
#include <string>
#include "AString.h"
class SymbString : public AString {
public:
SymbString(std::string name) : name(_name) {}
SymbString(std: :string name, std::string _val) : name(_name), val( val) {}
const std::string& GetName() const { return name; }
const std::string& GetVal() const { return val; }
int GetSize() const { return val.size(); }
private:
std::string name, val;

)

[EITTIIEET 00 i rir e iigrrllrirr777 7 HexString.h

#include <string>

#include "AString.h"

const std::string alph = "0123456789ABCDEF";

bool IsHexStrVal(std::string);

class HexString : pubTlic AString {

public:
HexString(std::string name) : name(_name) {}
HexString(std::string, std::string);
const std::string& GetName() const { return name; }
const std::stringd& GetVal() const { return val; }
int GetSize() const { return val.size(); }

private:
std::string name, val;

)
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0111000000000 rrll 7l HexString. cpp
#include <iostream>
#include "HexString.h"
using namespace std;
bool IsHexStrVal(string str) { /] 1

for (int i =0; 1 < str.size(); ++1)

if (-1 == alph.find first of(_str[il))
return false;

return true;
}
HexString: :HexString(string name, string val) : name(_name) {

if (IsHexStrval( val)) val = val;

}
[ 1100l i e rerr g rrrzl e Action h
#ifndef ACTION H
#define ACTION H
#include "AString.h"
class Action {
public:
virtual ~Action() {}
virtual void Operate(AString*) = 0;
virtual const std::string& GetName() const = 0;
protected:
Tong GetDecimal(AString* pObj) const;

b

#endif /* ACTION H */

1A T Action . cpp

#include <iostream>

#include "Action.h"

#include "HexString.h"

using namespace std;

Tong Action::GetDecimal(AString* pObj) const {

if (dynamic_cast<HexString*>(p0bj)) {

long dest;
string source = pObj->GetVal();
sscanf(source.c_str(), "#1X", &dest);
return dest:

}

else { cout << "Action not supported.” << endl; return -1; }

}
00T E LT L E T r ] ShowStr . h
#include "Action.h"
class ShowStr : public Action {
public:
ShowStr() : name("Show string value") {}
void Operate(AString*);
const std::string& GetName() const { return name: }
private:
std::string name; // 0603Ha4eHne onepaumn
b

npooosicenue
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Jluctunr 11.5 (npogoskeHue)

extern ShowStr show_str:
[ 1110000007100 rrrr i irrrlllrerzrr7 77 ShowStr . cpp
#include <iostream>
#include "ShowStr.h"
using namespace std;
void ShowStr::Operate(AString* pObj) {
cout << pObj->GetName() << ": " << pObj->GetVal() << endl;
cin.get();

ShowStr show _str:  // TnoGanbHuiii 00beKT
A NN (oD lol)
#include "Action.h"
class ShowDec : pubTlic Action {
public:
ShowDec() : name("Show decimal value") {}
void Operate(AString*);
const std::string& GetName() const { return name; }
private:
std::string name; // obOo3Ha4yeHne onepaunm

extern ShowDec show_dec;
[P0 00 rrrr i rrrr i iirrrlllrrrrr777 7 Showbec . cpp
#include <iostream>
#include "ShowDec.h"
#include "HexString.h"
using namespace std;
void ShowDec: :Operate(AString* pObj) {
cout << pObj->GetName() << ": ";
Tong decVal = GetDecimal(pObj);
if (decVal != -1) cout << GetDecimal(pObj) << endl;
cin.get();
}
ShowDec show_dec;  // TnobGanbHelii 00beKT
[EITTIIIEEI 00 i rerr i ierrlrizrrlll 7 ShowBin . h
#include "Action.h"
class ShowBin : pubTlic Action {
public:
ShowBin() : name("Show binary value") {}
void Operate(AString*);
const std::string& GetName() const { return name; }
private:
std::string GetBinary(AString*) const;
std::string name; // obOo3Ha4yeHune onepaunm

extern ShowBin show_bin:

I TTITIE I rr i i rr i rrrn g rrrznr 77 ShowBin. cpp
#include <iostream>

#include "ShowBin.h"

#include "ShowDec.h"
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#include "AString.h"

using namespace std;

void ShowBin::Operate(AString* pObj) {
cout << pObj->GetName() << ": " << GetBinary(pObj) << endl;
cin.get();

}
string ShowBin::GetBinary(AString* pObj) const {
int nBinDigit = 4 * pObj->GetSize();
char* binStr = new char[nBinDigit + 1];
for (int k = 0; k < nBinDigit; ++k)
binStrik] = '0";
binStr{nBinDigit] = 0:
Tong decVal = GetDecimal(pObj);
if (-1 == decVal) return string("");
int i = nBinDigit - 1;
while ( decvVal >0 ) {
pinStr[i--] = 48 + (decVal % 2):
decVal >>= 1:
}
string temp(binStr);
delete [] binStr;
return temp;
}
ShowBin show bin; // TnobanbHbiii 00beKT
[ 110l e e rrrrl el Factory h
#ifndef FACTORY H
#define FACTORY H
#include <vector>
#include "AString.h"
class Factory {
friend class Menu;
public:
Factory() {}
void AddObject();
void DeleteObject():
private:
std: :vector<AString*> pObj;

b
#endif //FACTORY H
[ 1110070000l rirll 77 Factory.cpp
#include <iostream>
#include "Factory.h"
#include "Menu.h"
#include "SymbString.h"
#include "HexString.h"
using namespace std;
#define MAX_LEN STR 100
void Factory::AddObject() {

COUL << Mo \n";

cout << "Select object type:\n";

npooosicenue
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Jluctunr 11.5 (npogoskeHue)

cout << "1. Symbolic string" << endl;
cout << "2. Hexadecimal string" << endl:
int item = Menu::SelectItem(2);
string name;
cout << "Enter object name: "
cin >> name; cin.get();
cout << "Enter object value: "
char buf[MAX_LEN STRJ;
cin.getline(buf, MAX LEN STR);
string value = buf;
AString* pNewObj:;
switch (item) {
case 1: pNewObj = new SymbString(name, value); break;
case 2: if (!IsHexStrVal(value)) {
cout << "Error!" << endl;
return;

pNewObj = new HexString(name, value); break;

}
pObj.push_back (pNewObj) ;
cout << "Object added." << endl:

void Factory::DeleteObject() {
int nltem = pObj.size();
if (Inltem) {
cout << "There are no objects." << endl; cin.get();
return;
}
CoUt << " \n";
cout << "Delete one of the following Object:\n":
for (int i = 0; 1 < nltem; ++1)
cout << i + 1 << ", " << pObj[i]->GetName() << endl;
int item = Menu::SelectItem(nltem);
string objName = pObj[item - 1]->GetName();
pObj.erase(pObj.begin() + item - 1);
cout << "Object " << objName << " deleted." << endl;
cin.get();

1
[0 1110077777777777777777777777777777777777777777777777777777777777 Menu.h
#include <vector>
#include "AString.h"
#include "Action.h"
#include "Factory.h"
typedef enum { AddObj, DelObj, WorkWithObj, Exit } JobMode;
class Menu {
public:
Menu(std: :vector<Action*>);
JobMode SelectJob() const;
AString*  SelectObject(const Factory&) const:
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Action* SelectAction(const AString*) const;
static int SelectItem(int):

private:
std: :vector<Action*> pAct;

}
LA T Menu. cpp
#include <iostream>
#include "AString.h"
#include "SymbString.h"
#include "HexString.h"
#include "Menu.h"
using namespace std;
Menu: :Menu(vector<Action*> pAct) : pAct( pAct) {}
JobMode Menu::SelectJob() const {
cout << " \n";
cout << "Select one of the following job mode:\n":
cout << "1. Add object" << endl:
cout << "2. Delete object" << endl;
cout << "3. Work with object" << endl:
cout << "4, Exit" << endl:
int item = SelectItem(4);
return (JobMode) (item - 1):

}
AString* Menu::SelectObject(const Factory& fctry) const {
int nltem = fctry.pObj.size();
if (Inltem) {
cout << "There are no objects." << endl: cin.get();
return 0;
}
COoUL << " \n";
cout << "Select one of the following Object:\n":
for (int i =0; 1 < nltem; ++1) {
cout << i + 1 << " " << fctry.pObj[i]->GetName() << endl;

int item = SelectItem(nItem);
return fctry.pObjlitem - 17;
}
Action* Menu::SeTectAction(const AString* pObj) const {
if (!Ip0bj) return 0;
int nltem = pAct.size();
cout << " .o \n";
cout << "Select one of the following Action:\n":
for (int i =0; i < nltem; ++i) {
cout << i + 1 << ", " << pAct[i]->GetName() << endl;

int item = SelectItem(nltem);
return pAct[item - 11;

int Menu::SelectItem(int nltem) {
// BO3bMATE KOO AHANOTUYHOW (GyHKUMW 13 nucTuHra 11.3

npooosicenue
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Jluctunr 11.5 (npogoskeHue)

[ 1100000007 700777777777777777777777777777777777777777777777 Main.cpp
#include <iostream>
#include "AString.h"
#include "SymbString.h"
#include "HexString.h"
#include "Action.h"
#include "ShowStr.h"
#include "ShowDec.h"
#include "ShowBin.h"
#include "Factory.h"
#include "Menu.h"
using namespace std;
Action* pActs[] = { &show str, &show dec, &show bin };
vector<Action*> actionList(pActs, pActs + sizeof(pActs)/sizeof(Action*));
int main() {
Factory factory:
Menu menu(actionList):
JobMode jobMode:
while ( (jobMode = menu.SelectJob()) != Exit ) {
switch (jobMode) {
case AddObj: factory.AddObject(); break;
case DelObj: factory.DeleteObject(); break:
case WorkWithObj:
AString* pObj = menu.SelectObject(factory);
Action* pAct = menu.SelectAction(pObj);
if (pAct) pAct->Operate(pObj); break:;

cin.get();
1

cout << "Bye!\n";

}

O6paTI/IM BHUMaHMe Ha Hauboee MHTEpeCHbIE MOMEHTDI peain3aliuu.

B mopmyie HexString.cpp pasmernena riobanbHast hyHKIms [sHexStrval, mposepsiioniast,
COOTBETCTBYET JIK apIYMEHT _Str n306paskeHIIO eCTHAIATEPUYHOTO Yrca. [IpoBepka
BBITIOJTHSIETCS ¢ ToMotibio Metoza find _first of kimacca string, kotopsiii Bo3Bpariaer
HHJIEKC BXOJKICHUST CUMBOJIA, 33IaHHOTO apIyMEHTOM, B CTPOKY a1ph. [Tocensist 06bsiB-
JieHa B daiise HexString.h u cogepkut Habop JOMYCTUMBIX CUMBOJIOB JIJISI H306PaKEHUST
niecTHa/llaTepuyHoro yucsa. Eciau cumBost He HalizieH, Metos find first of BosBpaia-
et 3Hayenne —1. ynknus IsHexStrVal ucmosnb3yeTcst B KOHCTPYKTOPE KJaacca HexString,
[pejoTBpaliasd IIprucBanBaHue MO0 val HeKOPPEKTHOTO 3HaYEHUs, a TakKe B METO/e
AddObject kmacca Factory, 60KMpyst OMIMOOUHbBIH BBOA MHMOPMALIUU TI0J1b30BATENEM.

B 6aszoBoMm knacce Action peanmsosan meros; GetDecimal (AString* pObj), Bo3Bpamiaio-
MUH 3nauenue JeCITUIHOTO 4YMCHA JJsT Tiepe/laBaeMoro 4epe3 ykasaresb pObj u30-
Opadicenus MecTHaAIaTepudHoro uncaa. [louemy B 6asoBoMm Kiacce? — ITotomy, uto
9TO 3HaUYEHKE HeOOXOAMMO TIoydYaTh Kak B MeTomae ShowDec: :Operate, Tak W B METOJE
ShowBin: :GetBinary.
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B metone Action::GetDecimal mpumeHeHa TEXHOJIOTUSI MCIIOJb30BAHUS UHDOPMAUUU
0 mune na amane evimomnenuss, cokpamenio RTTI (Run-Time Type Information). Jleno
B TOM, 4TO 3apaHee (Ha Tare KOMITUJISINN) HEU3BECTHO, OOBEKThI KAKUX TUIIOB OYIyT
nepelaBaThes JAHHOMY METOJIY Kak aprymeHt. Bo3aMoskHO mostBiieHne o6bekTa JTi000To
IIPOU3BOJIHOTO KJacca uepapxuu AString. B To ke Bpemst U3 ycJ0BUS 3aj7laull U3BECT-
HO, YTO TOJIy4eHHe JeCATUYHOTO U JJBOMYHOTO TIPE/ICTaBIeHNI T KOPPEKTHO TOJBKO JJIsT
HIeCTHA/[IIaTEPUYHBIX CTPOK. [I09TOMY MBI HCITOIb3yeM ONepaIUIo JUHAMUYECKOTO MTPH-
BeJIeHUs TUMOB dynamic_cast, BBIMOJHSIONIYIO NOHUNCAIOUEe NPeobpasoeaiue N3 TUTIA
6a30BOro KJacca K TUITY MPOU3BOAHOTO Kiacca. Omeparus BO3BpalaeT ajapec o6bek-
Ta MPOU3BOHOTO KJIacca, YKa3aHHOTO B YIVIOBBIX CKOOKax: <HexString*>, ecim mpeod-
paszoBaHue BO3MOKHO (eci pObj AEHCTBUTENBHO SABJIAETCS aPecoM OObeKTa KJacca
HexString), 6o 0 B IPOTUBHOM CIyyae.

B metoze ShowBin: :GetBinary cHauasa BelUucasgeTcs gecsiTUuHoe 3HaueHue decVal s
HIecTHa/lATePUYHON CTPOKH, a 3aTeM B IIMKJIe while popMupyeTcs CUMBOJIbHBII MacCUB
binStr, comepskamuii cumBosibl ‘0° 1 ‘1" A ABOMYHOrO Msobpaxkenus yucia. Ouepe-
HOIl CUMBOJI BBIYMCJISIETCST U3BJI€UEHnEeM MIajmero 6urta u3 decVal omepartueii decVal
% 2 ¥ mocjenyomuM ero npeodpasosanueM K koxy ASCII, ayd yero Kk 3HaueHuo Gura
(0w 1) npubasisgercsa 48. Tlociie usBjeyeHus ABOMYHOE TIpeacTaBieHue decVal caBu-
raeTcs Ha OJJuH paspsi/l BIIPABO.

B kmacce Menu meton SelectItem oObaBIeH Kak cTaTudeckuil. /leso B TOM, 4TO monsa-
Jlauy BBOJIA IIEJIOTO YKCIa ISt BBIOOpa IMyHKTa MEHIO HY;KHO PEliaTh He TOJBKO B KJIacce
Menu, HO 1 B Kyracce Factory. UtoOsl He ]Iy6JII/Ip0BaTb KOJI, MBI cziesiaad MeTo; SelectItem
CTaTUYECKUM U TeIlepb MOKEM BBI3bIBATH €T0 U3 IPYTOro KJ1Acca, pa3yMeeTcs, peaBapas
orepariueii 1ocTymna K 00J1acTH BUAUMOCTH Menu: .

B meroze Factory: :AddObject mobasiienue HOBOro oObekTa K KoJtekiu pObj mpousBo-
JINTCS BBI30OBOM MeToJla push_back kiacca vector.

B merozie Factory: :DeleteObject yaaenue o6beKTa ¢ 3alaHHBIM a[PECOM OCYIIECTBIISIET-
¢4 ¢ IIOMOIIBIO MeTo/Ia erase kjacca vector. Tak kak 3HadeHue item Ha eUHUILY OOJIbIIIE,
YyeM MHJIEKC JIeMEeHTa B KOHTelHepe vector, To agpec yaanseMoro 00beKTa BLIYUCISIeTCs
BoIpaskeHueM pObj.begin() + item - 1, rme begin — MeTo, BO3BpAIAIONINH afipec Ha-
YaJIbHOTO 3JIeMEHTAa B KOHTelHepe.

UTtorun

1. Hacrenosarme u nosmmopdusm — BaxkHelimme mexaruambl OO HacnenoBanue
[03BOJISIET OOBEANHATH KJIACChI B CEMEICTBA CBS3aHHBIX TUIIOB, YTO JAAET UM BO3MOK-
HOCTb COBMECTHO UCIIOJIb30BaTh OOIINE OIS U METOIBL.

2. B asbike C++ poauTenbCKuii Kaace HasblBaeTcs 6a306biM, a JOYEPHUN KIACC — NPOuU3-
600HbiM. OTHOLIEHUS MEKLY POAUTENBCKIMHI KJIACCAMU U UX TOTOMKAMM HA3bIBAIOTCST
uepapxuei Hacaedo8anusl.

3. TlomumopdHOoe UCIOIb30BaHKe 0OBEKTOB U3 OJHOI MepapXuu Oasupyercs Ha ABYX
MeXaHU3Max: a) BO3MOKHOCTU UCIIOJb30BAHUST YKA3ATEsI WU CCHLIKY Ha OA30BbIN
KJ1acc J1st paboThl ¢ 00bEKTaMU JIIOOOTO 13 IPOU3BOAHBIX KJIACCOB, 6) TEXHOJOTUN
QUHAMUYECKO20 CBS3bI6AHUS TIPH BBIOOPE BUPTYaJbHOIO METO/Ia Yepe3 yKasaTe/b Ha
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Gazosblii Kaace. DaxkrTuyeckuii BEIOOP orepainu, Kotopas OyaeT BhI3BaHa, IIPOUCXOIUT
BO BPeMsI BBIIIOJIHEHHS IIPOrPAMMbI B 3aBUCHUMOCTHU OT THIIA BBIOPAHHOTO OOBEKTA.

4. Hapsiy ¢ oTHOIIIEHHEM HACIe0BAaHUs, KJIACChI MOTYT HAXOAUTHCS M B IPYTUX OT-
HOIIEHUSIX: ACCOUUAUUU, AZpezauuil, KOMNOUUUU T 3A8UCUMOCTIU (UCNOL30BAHUSL).
V106HBIM CPeICTBOM 0TOOPaYKeHMs B3AUMOOTHOIIEHUIN KJIACCOB SBIISIETCS OUAZDAMMA
xaaccos Ha si3pike UML.

5. CoBpeMeHHOE TIporpaMMUpoBaHue 6azupyercs He Tobko Ha uaesx OOTI, Ho u Ha
[PUMEHEeHUU MaTTEPHOB IPOEKTUPOBAHNS, aKKYMYJIMPYIOIUX Hauboiee yaauHble
pelIeHust TUIIMYHBIX IPOOJIeM, HEOAHOKPATHO BOSHUKABIIUX 11pu paspaboTke T10.

3apaHua

OO6wagq yacTb 3agaHuii gng sapmaHTos 1-20

Hammcath mporpamMmy, IEMOHCTPUPYIONIYIO paboTy ¢ 0OBEKTaMU ABYX TUTIOB, T1 1 T2,
JUTST 9ETO CO3/IATh CHCTEMY COOTBETCTBYIONINX KITACCOB. KaskIbIit 00HEKT OIKEH NMETD
npeHTHGUKATOp (B BU/E TTPON3BOIBHON CTPOKN CUMBOJIOB) M OJTHO MJIM HECKOJBKO TO-
Jieit JIJIst XpaHeHUsI COCTOSTHUST (TEKYIIEro 3HaueHMst) 00beKTa.

Kiwenry (byHKIUN main) KOJKHBL OBITH JOCTYITHBI CIEAYIOIINE OCHOBHBIE OMEPAIIAN
(MeToIbI): CO3IaTh OOBEKT, YAAIUTH OOBEKT, TIOKA3aTh 3HAUEHNE 0OBEKTA U TPOUHE J0-
MOJTHUTEJIbHbIE OTlepalK (3aBUCAT OT BapranTa). Oreparun 1o co3/[annio 1 YIaJeHUIo
00BEKTOB MHKANCYTNPOBATh B Kiacce Factory. TIpeaycMOTpeTh MEHIO, TO3BOJISIONIEE
MPOIEMOHCTPUPOBATD 3a[AHHbIE OMIEPAITIIL.

IIpu Heo6xoAMMOCTH B pazpabaThiBaeMble KIACChl JOOABIISAIOTCS JOIOJHUTENbHbIE Me-
TO/bI (HAIIPUMED, KOHCTPYKTOP KOIIMPOBAHMSI, Ollepalisl IPUCBauBaHUs U T.IL.) [t 00e-
CrieueHust HajljiesKaiero (pyHKIMOHUPOBAHUS 9TUX KJIACCOB.

BapuaHTtbl 1-10

B tab. 11.2 u 11.3 nepeurciieHbl BO3MOKHBIE THIIBI 0OBEKTOB M BO3MOKHBIE JIOIIOJI-
HUTEJIbHBbIE ONlePAllMK HAJl HUMU. PaccMaTpuBaiOTCs TOJIBKO IIeJIbIe TTOJIOKUTETbHbIE
4YHCIIA.

Ta6nuua 11.2. MNepeyeHb TMNOB 06LEKTOB

Knacc O6bexT

SymbString CumBoJibHAs CTPOKA (MPOM3BOJIbHAS CTPOKA CUMBOJIOB)
BinString JlBonumast cTpoka (M306paskeHne IBOUIHOTO YHCIa)
OctString Bocbhmepuanas ctpoka (M300paskeHne BOCbMEPUYHOTO YMCIa)
DecString Jlecatnunas cTpoka (M300paskeHue AecaTUIHOIO YUCIa)

HexString [lectHaanaTeprynast cTpoka (M300pakeHue MeCcTHAAIATEPUYHOTO YUCIa)
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Ta6nuua 11.3. lNepeyeHb AONONHUTENBHbIX OnepaLmii (MeToaoB)

Omnepausa (MeTon)

Onucanue

ShowBin()
ShowOct ()
ShowDec ()

ShowHex ()

operator +(T& sl, T& s2)!

operator -(T& sl, T& s2)

[TokasaTb n306paskeHIe ABOMYHOTO 3HAYCHUS 00HEKTA
ITokaszatb n306pakeHe BOCbMEPHYHOTO 3HAYECHISA 00bEKTa
[TokasaTh nzoGpaskeHue JeCATUYHOrO 3HAYEHUsT 0OBEKTA

TTokaszatb n306pakeHue NIECTHAAIATEPUYHOTO 3HAYCHUS
00beKTa

1ist 06bekTOB SYmpString — KonkateHarwst CTpok S1 u S2;
JUIsE 0OBEKTOB MPOYMX KJIACCOB — CJIOKEHUE COOTBETCTBYIO-
MAX YUCJAEHHBIX 3HAYEHUHT ¢ TIOCJAEAYIONIM MPeoOpa3oBaHii-
eMm Kk tuny T

11t 06beKTOB SYmpString — eciut S2 COXEPIKUTCS KaK MO~
CTPOKa B S1, Pe3ysIbTaToM SBJISI€TCS CTPOKa, MoJydyeHHas us Sl
y/laJleHueM TIOACTPOKHU S$2; B IPOTUBHOM CJlydae BO3BPAIIAeTCst
3HaueHmne S1;

TSt 0OBEKTOB MPOYKX KJIACCOB — BBIYUTAHNE COOTBETCTBYIO-
[IUX YUCJICHHBIX 3HAYEHUH ¢ MOCJEYOIIM [IPe0dpa3oBaHu-
eMm K Tuny T

ITpumeuanue. TlepBbie yeThIpe OEPALMNA MOTYT IPUMEHATHCS K 00beKTaM JIOObIX Klac-
COB, 3a UCKJITOUeHueM Kjacca SymbString.

Tabauna 11.4 conepsxur cnennduxanuyu Bapuantos 1—10.

Ta6nuua 11.4. Cneundukauum sapnaHtos 1-10

Bapuant T1 T2 Onepanun (MeTobI)
1 SymbString BinString ShowOct (), ShowDec(),ShowHex()
2 SymbString BinString operator +(T&, T&)
3 SymbString BinString operator -(T&, T&)
4 SymbString OctString operator +(T&, T&)
5 SymbString OctString operator -(T&, T&)
6 SymbString DecString ShowBin(). ShowOct(), ShowHex()
7 SymbString DecString operator +(T&, T&)
8 SymbString DecString operator -(T&, T&)
9 SymbString HexString operator +(T&, T&)
10 SymbString HexString operator -(T&, T&)

! 3necy T — mo6oit nz tunos, T1 wan T2.
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Bapuantbl 11-20

B ra6s. 11.5 u 11.6 nepeunciensl BO3MOKHBIE TUIIB 00BEKTOB U AOIOJIHUTEIbHBIE OIIE-
pauuu Hag aumu. Tabmuna 11.7 copepxut cnenudukanuy sBapuantos 11-20.

Ta6nuua 11.5. MNepeyeHb TNOB 06BHEKTOB

Kaace OGbexT Kaace OGbexT

Triangle TpeyrosibHUK Tetragon YeTbIpexyroabHIK
Quadrate Keagpar Pentagon [TsaruyroabHIK
Rectangle IIpsimoyrosibHUK

Ta6nuua 11.6. lNepeyeHb 4ONONHUTENbHbIX Onepaunin (MeToaoB)

Onepanus (Merox)

Onucanue

Move()

Compare(T& obl, T& ob2)
IsIntersect(T& obl, T& ob2)

IsInclude(T& obl, T& ob2)

[TepemecTuTh OOBEKT HA IJIOCKOCTH
Cpasuuth 06bekTsr 0b1 1 0b2 1o mromaan

Oupezenuts akt nepecedenus: o0bekros 0bl u 0b2
(ecTb TIepecevyenye NN HET)

Onpeaenutsd dakT BKI0YeHus oobekra 02 B obl

Ta6nuua 11.7. Cneundukaumm sapmaHTo 11-20

Bapuant T1 T2 Omnepanyn (MeTo/b1)

11 Triangle Quadrate Move(), Compare(T&, T&)

12 Quadrate Pentagon Move(), IsIntersect(T&. T&)
13 Triangle Rectangle Move(), Compare(T&, T&)

14 Triangle Rectangle Move(), IsIntersect(T&, T&)
15 Rectangle Pentagon Move(), IsInclude(T&, T&)
16 Triangle Tetragon Move(), Compare(T&, T&)

17 Triangle Tetragon Move(), IsIntersect(T&, T&)
18 Triangle Tetragon Move(), IsInclude(T&, T&)
19 Triangle Pentagon Move(), Compare(T&, T&)

20 Triangle Pentagon Move(), IsIntersect(T&, T&)




CemuHap 12. LLa6noHbl KnaccoB. O6paboTka
MCKIOYUTEJIbHbIX CUTYaL U

Teopernueckuii marepuai: c. 211-230.

LLlaGnoHsbl kNnaccos

[ITabsi0HbI K1accoB HapsAy ¢ mabjoHaMu (GYHKIMIA HOALEPKUBAIOT HapaaurMy 0000-
WeHHO020 NPOZPAMMUPOBANUS, TO €CTh TIPOTPAMMHMPOBAHUA C MCIOJIb30BAHUEM THUIIOB
B KadecTse napaMerpos. Mexanusm mabionos 8 C++ gomyckaer npumeHeHue abCcTpaxT-
HOTO THITA B KAYECTBE MapamMeTpa Mpu onpeaesennu knacca uimm gynxuuu. [locae Toro
Kak mabJIoH KJ1acca ONpe/esieH, OH MOXKET UCIOIb30BAaThCSA ISt OTPEAETEHNsT KOHKPET-
HBIX KJaccoB. [Iporece reHepaiuyu KOMIUISATOPOM ONPEAENEHUst KOHKPETHOTO KJacca
1o mabJoHy M €ro apryMeHTaM Ha3bIBAeTCsA uncmanyuposanuem wabnona (template
instantiation).

Paccmorpum, narpumep, TouKy Ha 1siockocTH. J{ist ee npencrasienus B 3agade 10.2 mMbr
paspaboranu knacc Point, B KOTOPOM MOJIOKEHUE TOYKH 33/1aBAJIOCh KOOPJAMHATAMU X U
y — noJjsvu Tuna double. IIpeacTaBum, 4To B APYIOM IPUIOKEHIH TPEOYETCS 3a1aBaTh
TOYKH JIJI51 11eJIOUNCJIEHHON CUCTeMbl KOOPAMHAT, TO €CTh UCII0JIb30BaTh 110151 TUIIa int.
Mo3skHO BOOOPasuTh cebe CUCTEMbI, B KOTOPBIX KOOPAMHATHI TOYKKM UMEIOT TUTI Short uJiu
unsigned char. Tak 4To 3Xe — onpenesisITh JJIs1 KaXKA0W U3 9TUX 3a/1a4 HOBbIH Kjacc Point?
boepra Crpaycrpyia oueHb pasjipakaia Takas neperekTusa, u on godasua B C++ moj-
JEPAKKY TOTO, 4eM MbI Oy/IeM 3aHUMATHCSA HA ATOM CeMUHape.

OnpepneneHue wabnoHa knacca

Onpegenenne maba0HHOro (00006IIEHHOT0, POLOBOIO) KJIacca UMEeT BUJL
template <napameTpbl_wabnoHa> class wma_knacca { /* .. */ };

Harmpumep, ompeziesierue mabJoHHOTO Kiiacca Point Gy/ieT BBITJISIETh TaK:

template <class T> class Point {
public:
Point( T x=0,T y=0):x(C _x),y( y){}
void Show() const { cout << " (" << x << <<y << ")" << endl; };
private:
T X, y;
b
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Bol 3aMeTin, 4eM OTJIMYAeTCst 9TO OTPEIe/IeHne OT OIpeeJieHst 0OBIYHOTO KJacca?
[Tpeduke template <class T> ykasbIBaeT, 4To 00bsABIIEH MabI0H KJaacca, B KOTOPOM T —
HEKOTOPBIiT abcTpakTHBIH THM. To ecTh KaoUeBoe cJ0BO C1ass B 9TOM KOHTEKCTE 3aj1aeT
BOBCE HE KJIACC, & 03HAYAET JIUIIb TO, YTO T — 3TO mapametp irabsoHa. Bmecto T Mosker
UCTIOIBb30BaThCs Jo6oe nMst. [Tocsie 06bsaBIeHNsT T UCTIOIb3YeTCst BHYTPH MaboHa ToY-
HO TaK ke, Kak UMeHa JIPYTUX TUIIOB. SI3BIK TTO3BOJISIET BMECTO KJIIOUEBOTO CJIOBA C1ass
nepesl mapaMeTpoM ImabroHa UCIoIb30BaTh Apyroe — typename:

template < typename T> class Point { /* .. */ };

B sutepatype BeTpeyaroTest 06a CTUIIsI, HO TIEPBhIii GoJiee pacipoCTPaHEH, Tak KaK KJI0-
YeBOe CJIOBO typename MosiBUJIOCH B si3bike C++ cpaBHUTEIHHO HEABHO.

OHpGZ[GJIGHI/Ie BCTpoeHHbIX METO/I0B BHyTpI/I H_[a6JIOHa KJjacca HpaKTI/I‘IGCKI/I HE OTJIn4a-
€TCA OT 3all1CHUu B O6bl‘{HOM KJ1acce. HO €CJIM oTipesiesieHre METO/ia BBIHOCUTCA 3a ITpe/e-
JIbl KJIaCCa, CUHTAaKCHC €TI0 3aroJiIoBKa yCJIOKHAECTCA. HOKa)KeM 9TO Ha IIpUMeEpe MeTo/ia
Show:

template <class T> class Point { // --- Bepcus C BHewHuM onpeneneHueM metona Show
public:
Point( T x=0,T y=0):x(C _ x), y( y){}
void Show() const;
private:
T X, y;
b

template <class T> void Point<T>::Show() const {
cout << " (" << x << <<y << ")" << endl;
}

O6paruTe BHUMaHUE Ha MOSIBJICHUE TOTO ke mpedukca template <class T>, KOTOPBIH
npeaBapsi 00bsiBICHME MIabJI0OHA KJTacca, a Takke Ha 6oJiee CJI0KHYI0 3alIUCh OTIepaIin
kBasnduKay 00J1aCTH BUAUMOCTY JJIsl UMEHU Show: ecJiu paHbliie Mbl ucaau Point: :,
TO Terephb muieM Point<T>::, m00aBJisist K UMEHHU KJjlacca CIUCOK MTapaMeTpPoB ImabJio-
Ha B YIJIOBBIX CKOOKax (B JJAHHOM cjiydae — OJMH mapameTp 1). Ha mepBbix mopax ato
CJIOJKHO 3AIIOMHUTD (4TO SABJISAETCS IIPUUUHON OCTOSHHBIX OIMUOOK KOMITUJISAIIN ), HO,
HAITHCAB APy JAECSATKOB MA0JOHHBIX KJIACCOB, BbI IPUBBIKHETE. ..

Ucnonb3oBaHue WwabnoHa Knacca

ITpu BRITOYeHUE 1A0JI0HA KJIACCA B TIPOTPAMMY HUKAKUE KJIACChl HA CAMOM JleJie He Te-
HEPUPYIOTCS JI0 TEX TI0P, MOKa He OYIET CO3/IaH 9K3eMILISIP MabJOHHOTO KJIAcca, B KO-
TOPOM BMECTO aOCTPAKTHOTO TUMA T YKAa3bIBAETCSI HEKOTOPBIN KOHKPETHBIN TuIl. Takast
MOJICTAHOBKA TIPUBOJUT K AKMYAIU3AUUU, W UHCMAaHUuposanuro, mabaona. Kak u st
00BIYHOTO KJIacca, K3EMILISAP co3aaercs 1100 00bsaBIeHneM 00beKTa, HallpUMep:
Point<int> aPoint( 13, -5 );

60 00bsABIEHNEM YKa3ateJisl Ha aKTyaJII/ISI/IpOBaHHbel NIaOJIOHHBIH THII € IIpucBanBa-
HUEeM eMy a/ipeca, BO3BpaliaeMoro onepauﬂeﬁ New, HalTlpuMep:

Point<double>* pPoint = new Point<double>( 9.99, 3.33 );

Berperus takue 06bABICHNS, KOMITUIATOP TEHEPUPYET KO/l COOTBETCTBYIOIIETO KJIacca.
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OpraHnsauus NCXO04HOro Koaa

B mHorodhaiiyioBoM 1mpoekTe onpejiesieHre mabaoHa Kiacca OObIYHO BBIHOCUTCS B OT-
nesbHbIi (aiis. B To ke BpeMd I MHCTAHIIMPOBAHNUS KOMITMJIITOPOM KOHKPETHOTO
DK3eMILISApa madaoHa K1acca HeoOX0QMMO, YTOOBI ONpeaeIenne mabaoHa HaXOAMI0Ch
8 00HOU eOUHULUE MPAHCISUUU C TAHHBIM 9K3EMILISIPOM.

B cBs13U ¢ 9TUM MIPUHATO Pa3MeEIaTh 8ce onpedeienie MadIOHHOTO KJIacca B HEKOTOPOM
3aroJI0BOYHOM aiise, HarpuMep Point . h, 1 TOAKIIOUATH €ro K Hy>KHBIM (haiijiaM ¢ moMo-
IbIo AMpeKTuBsI #include. Jlyist mpemoTBpalienyss IOBTOPHOTO BKJIIOUEHMS 9TOrO haii-
JIa, KOTOPOE MOKET BOSHUKHYTh B MHOTO(ANIOBOM MPOEKTE, 00SI3aTEIbHO UCIOIb3YHTE
«CTpaku BKoueHus» (cm. ¢. 115).

[IponemoncTpUpyeM aTy TEXHUKY Ha pUMepe Hamero kaacca Point (auctunr 12.1).

Jinctunr 12.1. LLlabnoHHbIN knacc Point

[T 777777 7777777777777777 Point.h //777777777777777717777
#ifndef POINT H
#define POINT H
template <class T> class Point {
public:
Point(T x =0, T y=0):x(x, y(y) {}
void Show() const;
private:
T X, ¥
b

template <class T> void Point<T>::Show() const {
cout << " (" << x << " "<y << ") << endl;

}

#endif /* POINT H */

LI 777 Mainepp //7711111111111111117

#include <jostream>

#include "Point.h"

using namespace std;

int main() {
Point<double> pl; /11
Point<double> p2(7.32, -2.6); /]2
pl.Show(); p2.Show();
Point<int> p3(13, 15); //3
Point<short> p4(17, 21); /] 4
p3.Show(); p4.Show();

}

O6paTure BHUMaHME Ha KMCIOJb30BaHMEe IMAaOJOHHOrO Kjaacca Point KaumeHTOM main:
B cmpokax 1 v 2 mabJioH UHCTAHIIUPYETCST B KOHKPETHBIN KJrace Point ¢ moacTaHOBKOI
Bmecto T tuna double, B cmpoxe 3 — B kiacc Point ¢ mojcranoBKoil Tuna int, B cmpoxe
4 — ¢ mocTaHOBKOI THTA Short.

3amerum, yTo Hanboiee MUPOKOE MPUMEHEHHe ITabIOHbI KIACCOB HAIILIU ITPU CO3AaHUK
KOHTEIHEPHBIX KJIACCOB CTaHAAPTHOM Oubamorexku mrabaonos (STL), npexHasHauyeH-
HBIX JIJIst pabOThI ¢ TAKMME CTAHAAPTHBIMU CTPYKTYPaMH, KaK BEKTOP, CIIUCOK, OY€Pe/lb,
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MHOKeCTBO U T. /. KCT&TI/I, Ha ceMHruHape 11 mbI YoKe BOCITOJIb30BaJIMCh OJHUM U3 3THUX
KJIaCcCOB, a UMEHHO KJIacCcoM vector. Tak uTo ceityac Bbl MOKETE 6pOCI/ITb 6erJblil pPeTpo-
CIIeKTUBHbBIN B3IJIsI] Ha HpOﬁ[[eHHbeI MaTepHraJi, UCIIbITbIBasI YyBCTBO I‘JIy6OKOI‘O yao-
BJIETBOPEHUA OT 60oJ1ee TOHKOTO MOHUMAHU HOBOM MaTepum — 1Ia0JIOHHBIX KJIACCOB.

MapameTpbl WWaGnoHOB

[TapameTpaMu mabJI0HOB MOTYT OBITH A0CTPAKTHBIE THITBI HITH TIEPEMEHHBIE BCTPOCHHDBIX
TunoB, Takux kak int. Crangapt C++ gomyckaer TakKke UCIOJIb30BaHKME APaMETPOB-
mabI0HOB, HO 9TO PEATM30BAHO JATEKO He BO BCEX KOMIMIATOpax. A6cmpakmmvie munot
B Ka4eCTBe [TapaMeTPOB MBI YK€ PACCMOTPEJIN: TIPY MHCTAHIUPOBAHNY HA UX MECTO MO/
CTaBJISIOTCS APTYMEHTBI JTNOO BCTPOEHHBIX, JIMO0 OMMCAHHBIX TPOTPAMMHUCTOM THTIOB.

Ilepemennvie 6cmpoenvix munog UCIOIb3YIOTCI KaK MapaMeTphl MabJI0HOB, KOraa st
mabJIoHa [MpeyCMaTpPUBAEeTCsT €r0 HacTPoiika HeKOTOPOi KoHcTanTol. Hanpumep, Moxk-
HO co3/JaTh M1abJIOH /IS MACCUBOB, COJEPIKAIINX N 3JIEMEHTOB THIIA T

template <class T, int n> class Array { /*...*/ };
Array<Point, 20> ap; // Cospnanne maccuea m3 20 3nemenToB Tuna Point

HpI/IBe,ZIeM MeHnee TpHBHaJIbeIﬁ IIPpUMEP UCIIOJIb30BaHUA ITapaMETPOB BTOPOT'O BU/IA:

void f1() { cout << "I am f1()." << endl; } // [InpexTuBbl npenpoueccopa Ang
void f2() { cout << "I am f2()." << endl; } // KPaTKOCTW ONYWEHI
template<void (*pf)()> struct A { void Show() { pf(); } };
int main() {

A<&f1> aa;

aa.Show(); // seBog: I am f1().

A<&f2> ab;

ab.Show();  // BeiBog: I am f2().
}

3zech mapameTp mabaoHa UMeeT THI yKasaress Ha (yHKiwio. [Ipyu MHCTaHIMPOBAHUY
KJIacca B KauecTBe apryMeHTa IMO/ICTABJISETCS aJIpec COOTBETCTBYIONIEH (pyHKIMM (aapec
(bynkimm Takke SBJgeTCI KOHCTAHTOM, CO3/[aBAEMON KOMITUIISITOPOM ).

EcrecTBeHHO, y mabioHa MOKeT ObITh HECKOJIBKO ITapaMeTpoB. Hanpumep, accounaTus-
HBII KOHTeitHep map U3 6ubanoTeku STL UMeeT ciepylolee onpeiesieHue:

template <class Key, class T, class Compare = less<Key> >
class map { /*...*/ };

W3 nocjiesiHero mpuMepa BUIHO, YTO MapaMeTphl MabuoHa Tak jKe, Kak U TapamMeTpbl
06BIYHBIX (DYHKITMH, MOTYT UMETh 3HaYeHUs 10 yMosdanuio. O6paTuTe BHUMaHUE Ha
Has41e podesia Mexk/Iy IBYMs TOCTIEIHUMI CUMBOJIaMu >, Eciii He moctaBuTh 1pobed,
KOMITMJIATOP BOCIIPUMET MOCJIE0BATEIBHOCT >> KaK ONEPAINio C/IBUTA BIIPABO U BbI-
Jact coobienue 06 ommbKe, TEKCT KOTOPOTo ¢1ab0 IPOSICHIET €€ UCTUHHYIO IPUYKHY.

Cneuuanuszauud

MHora Bo3HUKaeT HeOOXOIMMOCTD OITPEICUTh CIIEIUATM3UPOBAHHY IO BEPCHIO T1abJI0-
Ha /I HEKOTOPOTO KOHKPETHOIO THIIA OJIHOTO U3 ero napameTpoB. Harpumep, HeBos-
MOKHO CO3/1aTh 0OOOIIEHHBINA aJTOPUTM, TPOBEPAIONIUN OTHOIIEHUE < (MEHBIIE) JIJIsk
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JIBYX apryMeHTOB TuMa T, KOTOPBIH OHOBPEMEHHO TOAXO/IHJI OBI ¥ 11 YUCIOBBIX TUTIOB,
U Ui TpaguinoHHbIX C-CTPOK, 3aBepIIaoNuXcs HyJIeBbIM 6ailToM. B Takux ciyuyasx
MPUMEHSIETCS CIeIUATU3aIHs abJI0Ha, IMEIOTIAst CACAYIONLYIO 0610 (hopMy:

template <> class uMa_Knacca <uMa_Cneuuanu3npoBaHHoro_tuna> { /* .. */ };

Hanpuwmep:

template <class T> class Sample { // 06umin wabnoH
bool Less(T) const; /*...*/ };

template <> class Sample<char*> { // Cneumanudauma ana char*

bool Less(char*) const; /*...*/ };

Ecimu y xmacca-mabiona HECKOJIBKO IapaMeTPOB, BO3MOKHA YACMUUNASL CHEUUAIUSA-
UUsL:
template <class T1, class T2> class Pair { /*...*/ }; // 06unin wabnoH

// cneunanusauus, rge ang T2 ycTaHoBneH tun int:
template <class T1> class Pair <T1, int> { /*...*/ };

B m060M cirydae o01mil mabioH K0KeH ObITh 00bIBIEH MPEKIE 000U Crierain3a-
UAU.

VHorga ecTh CMBICII CHENUANTU3APOBATD HE BECH KJIACC, a KAKOU-I100 U3 €ro METOLOB:

// 0BOOWeHHbIH MeTOn:

template <class T> bool Sample<T>::lLess(T ob) const { /*...*/ };
// Cneunanu3npoBaHHbIl METON:

void Sample<char*>::Less(char* ob) const { /*...*/ };

Ucnonb3oBaHue PyHKLUMNOHANIbHbIX 00BbEKTOB AJI HACTPONKU
LLAaONOHHbIX KJ1aCCOB

Harnomuum, 4t0 QyHKUUOHATLHIM 006€KMOM HA3BIBAETCST OOBEKT, IS KOTOPOTO OIIpe-
JiesieHa orepalus BbizoBa (yHKIMK operator(). CoOTBETCTBEHHO, KJIACC, 9K3EMILISPOM
KOTOPOTO SBJISIETCST 9TOT OOBEKT, HA3BIBACTCS KAACCOM PYHKUUOHAILHOZ0 00BEKMA NN
npocto ¢ynkyuonarvnvim kiaccom. Ilpusenem npumep (uctunr 12.2).

JluctuHr 12.2. icnonb3oBaHue GyHKLMOHANBHOrO Kinacca

#include <iostream>

using namespace std;

struct LessThan { // (OYHKUMOHANbHLIA KNAaCC C eANHCTBEHHOW onepauneil operator()
bool operator() ( const int x, const int y ) { return x <y; }

int main() {

LessThan 1t; // obvaBneH 006beKT Tt dyHKUMOHaNbHOro Knacca LessThan
inta=5 b=9;
if (1tCa, b)) cout << a << " Tess than " << b << endl; /]2

if ( LessThan()( a, b ) ) cout << a << " Tess than " << b << endl; // 3

}

Kak BbI moMHUTE, Struct — 3TO BU KJjacca, B KOTOPOM BCE AJIEMEHTBI TI0 YMOJTYAHWTO
oTkpbIThl. OOBeKT 1t ucnosb3yerces B oreparope 1 (onepamop 2) niist BerzoBa GyHKIMN
operator(), mepeziaBas eif apryMeHTHI a U b.
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B onepamope 3 nemonctpupyercst crocob MCronb3oBatust (GyHKIHOHATBHOTO 00beKTa
6e3 ero TpeaBapUTEILHOTO 0ObsBICHUs. 3anuch LessThan() o3HAYaeT CO3[aHue aHo-
HUMHOTO DK3eMILIsIpa Kiacca LessThan, To ecTb (hyHKIIMOHAIBLHOTO 00beKTa. 3aruch
LessThan()(a, b) osnavaer BbI30B (DyHKIMM Operator() ¢ mepenaveil el apryMeHTOB a
u b. Pe3ysbrarsl BBITOTHEHUS 060UX OTIEPATOPOB 1T ONHAKOBHL

Bo3Mo3KHO, Bbl y/IUBUTECH, KAKOW CMBICJ MCIIOJIb30BATh 3/leCh Kjacc LessThan, BMeCTO
TOTO 4TOGBI MPOCTO Harmwcarh if (a < b), u Gyaere abcomorHo mpasbl. Ho curtyarus
PE3KO MEHSIETCSI, KOT/IA O/IMH 13 TTAPaMETPOB MAOJIOHHOTO KJIACCA UCIIOTIb3YETCs ISt Ha-
CTPOIKHM KJlacca Ha HEKOTOPYIO CTpaTeruio.

Paccmorpum mpumep. Bac BbIzBanm e w man 3ajaHue co3maTh MAaGIOHHBIN KiIace
PairSelect, mpegHasHAYEeHHbII /I BBIOOPA OAHOTO 3HAUEHMsI U3 Mapbl 3HAYCHUIT, Xpa-
HATIIXCST B 9TOM KJ1acce. BBIGOp BBITIOMHSIETCST B COOTBETCTBUH € KPUTEPUEM (CTpaTeri-
eit), KOTOPBIH TepelaeTcst Kak mapameTp mrabaona. [lapamMeTp okeH Ha3biBaThCs C1ass
Compare. [l Havasa HY;KHO peajm3oBaTh /iBe cTpareruu: LessThan (mepBoe 3HaueHNe
MeHbIIIe BTOPoro) 1 GreaterThan (TiepBoe 3Hauer e HOIbIIE BTOPOTO).

AHanu3uUpyst TOCTAHOBKY 3a/[a4H, BbI TIPUXOAUTE K 3aKTIOUEHIIO, YTO PEATU3AIIS CTPa-
Teruil B BUJE TI00abHBIX (yHKIMA LessThan() u GreaterThan() GBICTPO 3aBEET B Ty-
UK, TaK KaK KOMITMJISITOP HE MO3BOJIUT MepeaTh ajgpeca (GyHKINN Ha MECTO TTapaMeTpa
class Compare. OcTaeTcst eIMHCTBEHHOE PellieHIe — KCIOJIb30BaTh (DYyHKIIMOHATbHBIE
kaaccsl (yimctunr 12.3).

Jinctunr 12.3. LLlabnoHHbIN knacc PairSelect

template <class T> struct LessThan {
bool operator() ( const T& x, const T& y ) { return x <y; }
i

template <class T> struct GreaterThan {
bool operator() ( const T& x, const T& y ) { return x > y; }
b

template <class T, class Compare>
class PairSelect {
pubTic:
PairSelect( const T& x, const T& y ) : a( x ), bCy ) {}
void QutSelect() const {
cout << ( Compare()( a, b ) ? a : b ) << endl;
}

private:
Ta, b;

1ﬁt main() {
PairSelect<int, LessThan<int> > psl1( 13, 9 );

psl.OutSelect(); // BbiBOA: 9
PairSelect<double, GreaterThan<double> > ps2( 13.8, 9.2 );
ps2.0utSelect(); // Bwigop: 13.8

}

O6paTtuTe BHUMaHUe Ha MCIOJAb30BaHNe (HYHKIMOHAILHOTO 0ObekTa Compare()(a, b)
B Metozie OQutSelect, a Takske Ha HACTPOMKY IabJIOHHOTO Kjacca PairSelect mpu ero
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uncTannuposanuu. [Ipu epsom uHcraniposanny (00bsBIeHIE 06BEKTA PS1) BTOPO-
My apryMeHTy kjacca PairSelect mepemaercs pyHKIMOHAMBHBIN Ki1ace LessThan<int>.
IIpu BropoM wuncranunupoBanuu (oObsBiIeHMe Ps2) mepemaercs GreaterThan<double>.

PaspaboTka wabso0HHOro Kfacca ans npencraBieHus
pa3peXXeHHbIX MacCUBOB

JItst 3aKpeTienust MaTepuaia pa3padoTaeM MabIOHHBII KIACC, TTPeAHA3HAYECHHBIH 15T
MIPE/ICTABIECHUS PA3PENCEHHBIX MACCUBO8 — MACCUBOB, B KOTOPBIX HE BCE AJIEMEHTHI (haK-
TUYECKU UCIIOIB3YIOTCS, TPUCYTCTBYIOT HA CBOMX MECTAaX WJIN HYKHBL

ITa CTPYKTypa JAHHBIX MOSBUJIACH B IIPOIlECCe PelleHns HAyYHBbIX U MHKEHEPHbIX 3a-
Jla4, B KOTOPBIX HYKHBI MHOTOMEDHbIE MACCUBBI OU4€Hb OOJIBIIOTO 00BEMA, HO B TO JKe
BpeMst Ha KaskoM atarie 06paboTku uHbopManuu HaKTHIECKH UCHOIb3YETCsT TOABKO
He3HAYMTeJbHAS YacTh 9JIeMEHTOB MaccuBa. Harmpumep, aTo IpUJIosKeHUs, CBSA3aHHbIE
C AHAJIM30M MATPUIL, UK SIEKMPOHHbIE MAOUYbL, UCTIOT3YIONINE MATPUILY JIJIST XPaHe-
Hus hopMyJI, 3HAUEHUI U CTPOK, aCCOIUUPYEMBIX C KaXK/I0 U3 siueek. biaropapst uc-
MOJIB30BAHUIO PA3PEKEHHBIX MACCUBOB MaMATh JIJIsI XPAHEHUS KaKIOTO U3 3JIeMEHTOB
BBIJIEJISIETCST U3 TTyJIa CBOOOMHON MAMSITH TOJIBKO 110 Mepe HaJ0OHOCTH.

IIJIH ITPOCTOTHI U3JIOKEHU S 6y,z[eM paccMaTpuBaTb O/IHOMEPHBIC PA3PEKCHHbIE MACCUBDI,
TaK KaK BCe o6cy>1<1[aeMbIe HJ/IEN HECJIOKHO NNPUMEHHWUTD 1 [IJISI peasn3daliiii MHOTOMEDP-
HBIX MacCcUBOB. B cpejie MpUJINnYHbIX ]IIOI[eﬁ, TaK MJIN MHa4Y€ CBA3aHHbIX C Pa3peKEHHbIMU
MaCCUBaMU, B XO/y /IBa TEpPMUHA: «JI02UMECKUL MACCUB» U «¢u3uuecxuﬁ Mmaccuss. Jlornue-
CKUI MAaCCHUB SIBJISICTCSI BOO6pa>KaeMI)IM, a (t)I/IBI/I‘-IeCKI/If/'I MacCcCHUB — 9TO MaCCHUB, (baKTI/I‘-Ie-
CKI CyIHeCTByIOIHI/IfI B CUCTEME. HaHpI/IMep, €CJIN BbI OlIpe/lejInTe paBpe)KeHHbeI MaCCHUB:

SparseArr sa(1000000) ;

Jorndeckuit Mmaccu Oyer coctosath u3 1 000 000 sieMeHTOB ake B cIydae, €CJIu 3TOT
MaccuB B cucteMe (u3UyecKu He cyliecTByeT. Ecim ke (akTHuecku UCHoJb3yeTcs
100 s1eMEHTOB MaccHBa, TO TOJBKO OHU U OYAYT 3aHUMATh (PU3UYECKYIO TTAMSITh KOM-
nbloTepa.

OG6BIYHO KasK/BII 27IEMEHT (DU3UUECKOTO Pa3pesKEeHHOTO MACCHBA COAEPHKUT KaK MUHMU-
MYM /B2 IOJIST: JIOTHYECKUH MHJIEKC JIeMeHTa U ero 3Havyenue. [l xpanenns dbusnde-
CKOTI'0 MacCHBa, KaK IIPaBUJIO, UCIIOJAb3YIOT OJHY U3 IMHAMUYECKUX CTPYKTYP JaHHDBIX.

3apaua 12.1. LLIaGnoHHbIN KNnacc
ANS pa3peXXeHHbIX MacCUBOB

PaspaGomamu wabronmnwiii Kiacc 01 nPeOCcmasrenus PA3PeAceriviy 00HOMEPHbIX MACCU-
806. Pasmep noeuveckozo maccusa nepedasamo uepes apzymenm KoOHCmpyKmopa.

Knacce domncen obecneuusamo xpanenue dannvix 1106020 muna T, 015 komopozo npedycmo-
mpervt KOHCMPYKMOP No YMOJUAHUIO, KOHCIPYKMOP KONUPOBAHUS U ONEPAUUS NPUCCAL-
sanus. Knacc donxcen codepicamov onepayuio unoexcuposanis, 6036Pauaionsyio cColi-
Ky na naidennviii snemenm. Eciu anemenm ¢ 3adammvim undexcom ne natioem, onepayust
Q0NIHCHA CO30amb HOBBLIL JNEMEH € IMUM UHOEKCOM U NOMeCmums €20 6 maccug. lpu ne-
0bxodumocmu dobasumn 6 Kiacc opyzue memoovl. B kiuenme main npooemoncmpuposams
UCNONL30BAHUE FMO20 KIACCA.
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3aMeTuM, 4TO COTJIACHO YCJOBHUIO 3aJla4d HYXKHO paspaboTaTh OueHb MPUMUTHBHBII
KJIaCC ¢ MUHUMATBHON (DYHKITMOHAIBHOCTBIO. B peasbHbIX TTPUIIOKEHNIX TAaKON Kiacc
GyJIeT, KOHEYHO, CO/IEP/KATh ¥ JPYTHE METO/bl, HATIPUMED, yAaJeHue 13 (PU3MIECKOTO
MacCHBa 3JIEMEHTA C 33/IaHHBIM WHICKCOM.

Brime 6b110 CKa3aHo, 4TO Ka)KI[bIﬁ 9JIEMEHT (1)I/ISI/I‘IQCKOI'O MacCCHuBa J10JIZKEH COJEPIKATh
JIBa I10JIA: JIOTUYECKUIT MHJIEKC DJIEMEHTA U eT0 3HaYeHHe. HOSTOMy Ha4yHEM C paSpa60TKI/I
CEPBEPHOTIO KjaccCa /il NpeJACTaBJI€eHNA OJTHOT'O 3JIEMEHTA (bI/IBI/I‘-IeCKOI‘O MaccuBa. ITOT
KJIaCC TaKiKe JOJIKEH OBITD IH3.6JIOHHI)IM, MHa4de KaK JXe OH JKe 6leeT HCIIOJIb30BATbCA
KJIMEHTOM — IIaOJIOHHBIM e KJIacCOM Pa3pesReHHoro MaccuBa? PeSyJII)TaTOM Ipopa-
OOTKH 3TOr0 BOIIpOCa MOJKET 6I)ITI), HaripuMmep, C]IelIyIOHII/Iﬁ KJ1acc:

template <class DataT> class SA item {
public:

SA item( Tong i, DataT d ) : index( i ), info( d ) {}

long index;

DataT info;
IE
Bropoii Bompoc, KOTOPBII HY:KHO PEIIUTD 10 Hayajaa KOAUPOBAHUS, — KaKyIO CTPYKTY-
Py JIAHHBIX MBI BbIOEPEM [IUIs1 XpaHeHUsT (PU3MIECKOTO MACCHBA U KAKUMU CPEACTBAMU
ee peasiuzyeM? Yalie BCEro UCMOJMb3YIOTCS IMHENHbIE CIIUCKU, OUHAPHbBIE €PEBbST UK
CTPYKTYPbI IJAHHBIX C XEITMPOBAHUEM NHIEKCOB

JIMHEWHBII CIUCOK MMeeT HAaUXY/IIUe [MOKa3aTeJn 10 BPeMEeHU MOMCKa MH(hOpMaIuu
C 3aJIaHHBIM KJTIOYOM (MHJIEKCOM ), UTO MOKET UMETh CYIIECTBEHHOE 3HAaUeH1e, eCJIU KO-
JINYECTBO AJIEMEHTOB B (DU3UUYECKOM MaCCHBE JIOCTATOYHO BEJIMKO, HO B TO JK€ BPEMST OH
HaunboJIee IPOCT /ISl IPOrpaMMUpPOBatusl. Bosiee Toro, 4ToObI He OTBJIEKATHCS Ha JeTajIl
peasin3aiiy U HalMcaTh KOMIIAKTHBIN KOJI, Mbl BOCIIOJIb3YEMCST KOHTEHEPHBIM KJIACCOM
Tist us STL. Boobue-to konTelinepHbiM Kaaccam STL Gyner nocssiied cemusap 15,
HO y HaC y’Ke eCTb OIBIT UCITOJIb30BaHUSI Kiacca vector Ha cemuHape 11; Tak e u 371€Cb,
[pUBes MUHUMAIbHO He0OXOAUMbIE CBEJIEHU 0 Kaacce 11St, Mbl CMOKEM BOCIIOJIB30-
BaThCsI MHOTHUMHU €TO0 ITPENMYIIeCTBAMU.

Konreitnepubiii kinace 11st apisgercs mabIoHHBIM KaaccoM 1 peanusosad B STL B Buje
JIBYCBSI3HOTO CITMCKA, KAXKIBI Y3€JT KOTOPOTO COAEPKUT CCHITKKM Ha TOCJIeAYONUN 1
HPEeABIAYIIIIT 31eMeHTbI. JIJIs KHCIIOIb30BaH sl KJlacca HE0OXOAUMO ITOAKIIOUYNTH 3ar0JI0-
BOUHBIN (aitn <1ist> B kiracce ecTb KOHCTPYKTOP 11O YMOJYAHUIO, CO3/[AI0ONTNI CITUCOK
HyJIeBOIT JTHBL. MOKHO 100aBUTh B KOHEIl HMEIOIIErocst CIIMCKA HOBbIM 9JIEMEHT C T10-
MoIIbI0 MeTo/a push_back. JlocTyIl K 1t060My 91€eMEHTY CIIUCKA OCYIIECTBIISETCS YePes
umepamop — niepeMeHHyto Thna 11st<T>::iterator. [lockompKy ¢ moHSTHEM UTEpaTOpPa
BBI e1lle He 3HAKOMBI, CKa)KeM O HeM HECKOJIbKO CJIOB.

[Iportie Bcero paccMaTpuBaTh UTEPATOP KAK yKa3aTesb Ha 3JIeMeHT cricka. OH UCIoJb-
3yeTcst I IPOCMOTPA CIKCKa B TIPSIMOM HJIM 0OGPaTHOM HallpaBJieHnu. B mepBom ciry-
Yae K uTepaTopy IpUMEHSeTCs OTlepaliisi THKPEMEHTa, BO BTOPOM — JIEKPEMEHTA.

B xuacce 1ist ectb Ba MeTO/a, MO3BOJIAIONINE OPTAHU30BATH MPOCMOTP BCEX AIIEMEH-
TOB cHMcKa: begin Bo3BpalllaeT yKa3aTeab Ha MEPBBI 2JeMeHT, end Bo3BpallaeT yKasa-
TeJIb HA 3JIEMEHT, CJAEAYIONINN 3a TocaeJHuM. Tekyliee 3HaYeHWe UTepaTopa B ITUKJIE
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CPaBHMBAETCA CO 3HAYEHUEM, TIOJYYEHHBIM OT MeTo/1a end, ¢ TOMOIIIBIO Olepalnu =, Tak
KaK M3-32 IPOU3BOJIBHOTO Pa3MelleHIs B TAMSATH COCETHUX JICMEHTOB CIUCKA OTlepa-
U < JIJIS 3JIPecoB 2JIeMeHTOB TepsieT cMblca. [losgcnum mpumenenue kiacca 11st Ha
nmpumMepe:

#include <iostream>

#include <list>

using namespace std;

int main() {
list<char> v1;
vl.push_back( 'A" );
vl.push_back( 'B' );
vl.push _back( 'C" );
list<char>::iterator i = v1.begin();
list<char>::iterator n = vl.end();
for (; 1 !=n; ++1)

cout << *j << ' ' // cOopepkMMOe AYelKM NaMAaTW, Ha KOTOPYK YKasbiBaeT i

cout << endl;

}

MbI MOKEM MO3BOJIUTH cebe He KOMMEHTHPOBATH 9TOT MIPUMED, TAK KaK YPOBEHD BAIlINX
3HAHUN Ha TEKYIUI MOMEHT, GE3YCIOBHO, TOCTATOUEH, YTOOBI TIOHSITH BCE C TOTYB3TJIs-
na. Terepb Bce TOTOBO, YTOOBI IPUBECTH BO3MOKHOE peliienue 3agaun (yuctunr 12.4).

JluctuHr 12.4. LLIabnoHHbIV Knacc onsa paspexXeHHbIX MaCCUBOB

LITTTEETILE LTI E i i i e i i r77171777 71 SparseArr.h /71771717
#ifndef SPARSE_ARR H
#define SPARSE_ARR H
#include <list>
template <class DataT> class SA item {
public:
SA item() : index( -1 ), info( DataT() ) {}
SA_item( Tong i, DataT d ) : index( i ), info( d ) {}

long index:
DataT info;
b
template <class T> class SparseArr {
public:
SparseArr( long len ) : Tength( len ) {}
T& operator [1( Tong ind );
void Show( const char* );
private:
std::Tist<SA item<T> > arr; /11
long length:
b

template <class T>
void SparseArr<T>::Show( const char* title ) {
cout << "=====" << title << " =====\n";
1ist<SA item<T> >::iterator i = arr.begin();
- npoooncenue
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JNluctuur 12.4 (npogosmkeHune)

1ist<SA item<T> >::iterator n = arr.end();
for ( ;i l=n; ++i)
cout << j->index << "\t" << j->info << endl;

template <class T>
T& SparseArr<T>::operator[1( Tong ind ) {
if ( C(ind<0) || (ind > length-1 ) ) {
cerr << "Error of index: " << ind << endl;
SA_item<T> temp;:
return temp.info;

11st<SA item<T> >::iterator i = arr.begin();
1ist<SA item<T> >::iterator n = arr.end();

for ( ;i l=n; ++i)
if (ind == i->index ) return i->info; // 9neMeHT HalpeH
// OneMeHT He HaWleH, CO3[aeM HOBbIA 3EMEHT
arr.push_back( SA item<T>( ind, T() ) ): /172

i =arr.end();
return (--1)->info;

}

#endif  /* SPARSE_ARR H */

HITTITT T i i i 7770 i il Mainepp /177717777
#include <iostream>

#include <string>

#include "SparseArr.h"

using namespace std;

int main() {

SparseArr<doub1e> sal( 2000000 ); //3
sal[127649] = /4
sal[38225] = 1. 2 //'5
sal[2004056] = 1.3 /6
sal[1999999]1 = 1.4 /17
sal.Show("sal"); // 8
cout << "sal[38225] = " << sal[38225] << endl; // 9
sal[38225] = sal[93]: // 10

cout << "After the modification of sal:\n";

sal.Show( "sal" )

SparseArr<string> sa2( 1000 ); /111
sa2[333] = "Nick";

saz2[222] = "Peter":

sa2[444] = "Ann";

sa2.Show( "sa2" );

saz2[222] = sa2[b55];

sa2.Show( "sa2" );

}

O6parute BHMMaHMEe Ha cjemyiomue MoMeHnTsl. Ilose arr (onepamop 1) B mabjoH-
HOM KJiacce SparseArr, oObABICHHOE Kak OOBEKT MabJOHHOTO Kiaacca 11st, akTyasm-
3MPOBAHHOTO MIAGJIOHHBIM JKe MapaMeTpoM SA item<T>, mpeHasHAYECHO /I XPaHEHUsT
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(dbusmyeckoro MmaccuBa. ApryMenT T 371eCh COBIIAZAET ¢ apaMeTPOM IIabI0HHOIO Kacca
SparseArr.

B onepanuu ungekcuposanus operator[]() mnpeskiie BCero poBepsieTcs, He BBIXOAUT JIU
3HaYeHHe WH/eKCa 1nd 3a I0MyCTUMbIE TpaHuIlbl. Eciii BeIxoauT, hopMupyercst coobiie-
Hrie 06 omubKe, BEIBOAUMOE B MOTOK Cerr', mocie 4ero HysKHO JTUOO MPepBaTh BITOJ-
HEHVE MPOrpaMMBbl, MO0 BEPHYTH HEKOTOPOE TIPHeMIIeMoe 3HadeHne. B ranuoMm ciydae
BBIGPAH BTOPOW BapUAHT: CO3/AETCST BPEMEHHBIH 0OBEKT Lemp ¢ BBI30BOM KOHCTPYKTOPA
110 ymoJryanuio SA_item() u Bo3BpallaeTcs CChLIKa Ha ero 1moJie info.

Temepb o6paTUM HAIM B30PBI HA KOHCTPYKTOP IO YMOJYAHUIO B Kiacce SA item —
B IIepBOHAYAIbHOM BapHaHTe KJacca, pACCMOTPEHHOM BbIIIE, 9TOTO KOHCTPYKTOpA He
610, 3/1eCh Ke OH 06aBIEH MMEHHO JUIST MCTIOMB30BAHNST B HEMITATHBIX CUTYAIIHSX:
KOHCTPYKTOP CO3/IaeT KJIOH 0OBheKTa (DU3NUECKOTO MACCHBA CO 3HAUEHHEM WHEKCA,
paBHBIM —1. DTHM TapaHTUPYETCs, YTO CO3IAHHBII HIEMEHT HUT/E ¥ HUKOTAa He OyaeT
ncmosb3oBa. TakuM 06pas3oM, Toce BBIBOIA COOOTIEH s 06 OTMOKe MPOrpaMMa TTpo-
JIOJIKUT CBOE BBLITIOTHEHUE.

Bpsi1 st CTOUT CUUTATH TAKOE PEIleHUE UICATbHBIM: Be/lb ITaMsITh Oy/IeT 3aMyCOPUBATh-
sl HeUCnoJb3yeMbiMu 0ObekTaMu. C IpyToil CTOPOHBI, TEPMUHATIBHOE TIPEPhIBAHNE Pa-
GOTBI TPOTPaMMBbI BBI30OBOM €X1t TOKe He Ha30BeIllb 3CTETUYHBIM pernernem. Kopoue ro-
BOPSI, IIepe]l HaMK — KJIACCHUECKast CUTYaIlist, TPeOYIOIasi TeHepalluy 1 MOCIeAyoIeit
06pabOTKU UCKJIFOUEHUSI, HO 3Ty T€MYy MBI PACCMOTPHM YyTh HUXKE. A TIOKa BEPHEMCS
K aHaJI13y paboThl OllepaIlui WHAEKCUPOBAHMSI,

Ecnu ¢ unmekcom Bce B MOPSIJIKE, TO Jlajiee B 1UKJe for UIeTcst ajeMeHT (hu3andecKoro
MaccHBa € 3a]aHHBIM MHICKCOM. B cirydae ycriexa Bo3BpalaeTcs CCblIKa Ha moJe info
Hali/leHHOTO 3jieMeHTa. B ciyuae Heycriexa cO3/1aeTCsl HOBBIM 2JieMeHT (DU3MUECKOTrO
MaccuBa u o6aBJsieTcst K cucky arr (onepamop 2). Ipu smom nonro info npuceausaem-
¢ 3uavenue, ChopMuUposanioe KOLCMpyxmopom no ymoauanuio T(). 3aTeM BbI3bIBACTCS
MeToj1 arr.end, BO3Bpalalonuii ykazaresb (UTepaTop) Ha 3JEMEHT, CAeYIONWH 3a no-
CeOHUM BITEMEHTOM CTUCKA. YTOObBI MOJYYUTH JAOCTYI K MOCTEAHEMY 3JIEMEHTY, TPH-
MeHSeTCs onepanus npegurcrnozo nekpementa --i. IlosydyeHHoe 3HadeHne ureparopa
MO3BOJISIET BEPHYTh U3 (DYHKIIUU CChLJIKY Ha T10Jie info HOBOTO ajieMeHTa.

B kurace nobasiieH MeTo/ Show, KOTOPBIH MPOCTO BBIBOJKT B MOTOK COUL TI€pedeHb aJie-
MeHTOB (MH/IEKCHI U 3HAYeHUsT ) (PU3UIECKOTO MACCHUBA.

B ksimmmenTe main mokaszaHo jiBa BapraHTa MHCTAHITMPOBAHUS Kiacca SparseArr. B mepsom
ciayyae (onepamop 3) cospaercs gorndecknii maccus sal uz 2 000 000 amemenTOB THIIA
double. [Tonavasry oH He cofiepKUT (PU3NIECKUX 2JIEMEHTOB. BoiTtoHeHNE onepamopa 4
HAuHeTCS ¢ BbI30Ba olepaluu sal.operator[](127649). Tak kak ajeMeHTa ¢ yKa3aHHBIM
UHIEKCOM B MAacCHBe HeT, OYIeT CO3/IaH dJIeMeHT, UMeIoMMi nHaeke 127649 u sHaueHue
0.0 (sHauenue must Tuna double Mo ymosdaHuio), u gobasieH B KoHel maccuBa. Ore-
panus WHEKCUPOBAaHUS BEPHET CChIIIKY Ha 1osie info co 3Hauenunem 0.0, BeIToIHIEMAas

L cerr — ofpexT Kmacca 0Stream, mpeacTaBssomuii cmandapmioe ycmpoicmeo ons 6vi600a co-
obwenuil 06 owubKax, KOTOPbIil aHATOTMYHO 0OBEKTY COUL HalpaBJIsieT BBIBOAUMbIE [aHHbIE Ha
TEPMUHAJT TIOJTb30BaTe . Pasimane COCTOUT B TOM, UTO BBIBOJL 00beKTa CErr e Gydepusupyer-
ST M 0TOOPAKAETCsT HEMEJIEHHO.
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cJIe/IoM oniepaliusd IpUCcBanBaHms UI3MEHUT 3T0 3HadeHue Ha 1.1. Beimonnenue onepamo-
P08 5 1 7 aHAJIIOTUYHO, & BOT TIPHU BBITIOJHEHUH onepamopa 6 OyjeT obHapyskeHa ormnbKa
WHICKCUPOBAHNUA.

B onepamope 9 iposepsieTcst obpatieHre K CyIecTBYIOIEMY 2JIEMEHTY MaCCHBA JIJISI €T0
BbIBOJIA B IOTOK cout. InTepecHbiM gBsieTcst onepamop 10 — B pe3yJsbsraTe ero BbIIOJI-
HeHus ayeMeHT $al[38225] momyuyut 3Havenne (. Ecin BbI BHUMATEbHO YUTAHN TIPEJI-
BIYIIME [TOSICHEHMS, TAKOI pe3yJbTaT He BbI30BET y Bac BOIPOCOB. B mrore BbIBOJ Ha
9KpaH TEPBOI YacTH POTrpaMMBbI (paboTa ¢ MacCUBOM Sal) Gy/IEeT CIeYIOIIM:

Error of index: 2004056

===== gg] =====
127649 1.1
38225 1.2
1999999 1.4
sal[38225] = 1.2
After the modification of sal:
===== gg] =====
127649 1.1
38225 0
1999999 1.4

93 0

Bo Bropom cityuae (onepamop 11) coznaercs soruueckuiit maccus sa2 u3 1000 anemen-
ToB Tuna string. [lelicTBus 10 MPOBEPKE €10 NCIIOIH30BAHUS AHATIOTUYHBI [TPEIBIY M.
BbIBO/I HA 9KpaH BTOPOU YaCTH IIPOrPAMMBbI OYJIET CIIELYIOIINM:

OOpaboTKa UCKITIOYNTENIbHbIX CUTYyaL Ul

ITpu perteHNUN NPEAbIAYIIEH 3a/1a41 MBI CTOJKHYJINUCH ¢ TTPOOJIEMON — UTO JIeJIaTh Me-
TOy Kjacca (MJIH, HAPUMED, OTEPAIH WHAEKCUPOBAHNUS), €CJU OH 0OOHApYKIBa-
€T HEKOTOPYIO OMMNOKY, BHI3BAHHYIO HEKOPPEKTHBIM 0OpaIleHneM KJIHEHTa K METOY
(HemomycTMOe 3HaUeHWe MHeKca)? VIHCTpyMeHTaprii, KOTOPBIM MBI TTOJIb30BAJINCH
J10 CUX II0p, HaYUHAs ¢ ceMUHapa 7, [I03BOJISIL IPeAIIPUHATD OAHO U3 CJIEeLYIOUUX Pe-
MeHnH:

U npepBarh BHITIOJTHEHNE TIPOTPAMMBI;
O BO3BpaTUTH 3HAYEHUE, O3HAYAIOIIEE «OIMUOKAY;

O ssiBecTn coobuiente 06 omubKe B MOTOK CErr W BEPHYTH BBI3BIBAIOIIEH TIPOTPaMMe
HEKOTOPOE ITPUEMIIEMOE 3HAUEHHUE, KOTOPOE TI03BOJIUT el MTPO0JIKUTH PaboTy.
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[TepBbIit BapranT pereHus He TOHPABUTCS TIOJb30BATEIIO TIPOTPAMMBbI, TAK KaK B CAMBIH
HEMOAXOAALIMIA MOMEHT OHA OyIeT «JIOMaThCA» 0e3 BCAKOTO YBEAOMJIEHUS O IPUYUHE
cBoeii tubenn. BTopoil BapranT BO3MOKEH JIMIIb TOTa, KOIa BO3BPAIaeMOe 3HaYeHIe
dyHKINN DpegHasHaYeHo UMEHHO I KOAMPOBaHM CTaTyca ee 3aBepirerus. Tak Obl-
BaeT JIaJIEKO He BCer/ia: HAlpUMeEp, B oTeparny uHpekcupoBanust operator[]() kiacca
SparseArr BosBpalllacMoe 3HaYeHHe ecTh CChliika Ha moJie info obbekra. Hy 1 HakoHerr,
TPETUIl BAaPUAHT PEIIeHUs] TOXKE YacTO CBS3aH C TPYAHOPENIAEMBIMU BOIPOCAMMU: YTO
eCTh <IIPHEeMJIEMOe 3HAaYeHUe» 1 MOYeMy IIPOrpaMMa IIPOAOJIKAET CBOIO PaboTy Hesa-
BUCHMO OT OOHAPYKEeHHON OMIMOKI?

C mogo6HBIME TIPOBIEMAMU YaCTO CTAIKUBAIOTCS Pa3pabOTYUKU MPOMBIIILIEHHBIX O1-
GJIMOTEK KJIACcCOB. ABTODP OMOJIMOTEUHOIO KJIacca MOKET OGHAPYKUTh OUIMOKU BpeMeH!
BBITIOJTHEH S, HO B OOIIEM CJIydae He 3HAeT, Kak J0JUKEH Ha HUX PearrpoBaTh KIUEHT.
Jlns pemennst mopo6HbIx 1mpobiaem B C++ ObLIM BBeIEHBI CPEACTBA TeHEPAMd U 00-
paboOTKK uckmouenuil (exception). 3aMETHM, UTO TAKUMU CPEACTBAMU IOJb3YIOTCS HE
TOJIbKO Npu paspaboTke 6nbanorek. Hapumep, B mporecce BbIIOJTHEHUS KOHCTPYKTOPa
KJIacca MOKET BOSHUKHYTh KaKasi-TO HEIITaTHASA CUTyanus (CKasKeM, HeXBaTKa MaMSITH ).
[TockoMbKY KOHCTPYKTOP HE MMEET BO3BPAIaeMOTO 3HAYEHUS, eANHCTBEHHBIM CIIOCO-
GOM JIJISI HETO YBEIOMHUTH 00 3TOM KJIMEHTA TaKKe SIBJISETCS TeHEPAIs NCKIIOUCHIS.

OnpeneneHue UCKJTIOYEHUN

JL1st Toro 4Tobbl paboTaTh ¢ UCKIIOUEHUAME, HEOOXOAMMO:

QO BBIAETNTD KOHMpOAUpYyeMbitl 60K — COCTABHOI OTIepaTop, Nepel KOTOPBIM 3aIMCcaHo
KJII0YEeBOE CJIOBO try:

try {
// ®parmeHT Kopna

U npemycMOTpeTh reHepaInio OHOTO MM HECKOJIBKUX UCKITI0OYeHUH onepatopaMu throw
BHYTpU OJIOKA try wiu BHYTPU (DYHKI[HIT, BBI3BIBAEMBIX U3 9TOTO GJIOKA;

O pasmecTrTh cpasy 3a GIOKOM try OIMH UM HECKOJIBKO 06paboTYnKOB catch.

Omneparop throw, IpesiHasHAuYEHHDBIN JIJIS 2eHepayuy UCKII0ueHus, uMeeT BUjL throw sspa-
#enue;. Tur BoIpaskeHust onpe/iesisieT TUIT TOpokiaeMoro uckatoyenust. [Ipu renepanun
UCKJIIOYEH VS BBITIOJHEHUE TEKYIIEro OJI0Ka TPEKPAIAeTCst, TPOUCXOAUT MOUCK COOTBET-
CTBYIOIIEro 06paboTyrKa U repejiaua eMy ylpaBJIeHus.

Cunraxcuc 06pabomuuros uckiouenuti HATOMIUHACT oTIpeie/ienne (GYHKIUK € OTHUM
napaMeTpoM u umeHeM catch:

catch (/* ... */) {
// neicTsus no 00paboTKe WUCKNYEHNA
}

O6bstBenne apamMeTpa 06paboTINKa BO3MOKHO B OZHOM U3 Tpex (hopM:
catch (Type) { // ®opma 1: o6paboTKa WCKYeHns Tuna Type

catch (Type info) { // ®opma 2: 00paboTKa WUCKYyeHns Tuna Type

npooosicenue
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// C CNONb30BaHNWEM 3HayeHus info

}

catch (...) { // ®opma 3:00paboTKa MCKMOYEHUA BCEX TUNOB

}

ITocre ob6pabomiu uckmouenuss ypaBIeHre TePeIaeTcs: eEPBOMY OTIEPATOPY, HAXO/ISIIIE-
MYCST HETIOCPEICTBEHHO 3a oOpaborunkamit. Tyza ske, MUHYsT Bce 06pabOTUNKH, epe/ia-
eTCsI YIIPABJIeHNE, eCTU UCKTIOUeH e B try-6J0Ke He OBLIO CTEHEPIPOBAHO.

Eciin 06paboTunk He B COCTOSIHUM [IOJHOCTHI0 00paboraTh OMIMOKY, OH MOKET CreHepu-
pPOBaTh MCKJIIOYEHNE TIOBTOPHO € TIOMOIIBIO oneparopa throw 6e3 napamerpos. B aTom
cJIydae mpe/IoIaraeTcs Halname BHEITHUX 0O0BEeMITIONINX OJI0KOB, B KOTOPBIX MOJKET Ha-
XOJIUTHCS APYTON 06PabOTUNK ISt ITOTO THIA UCKITIOUEHUSI.

MepexBaT UCKJTIOYEHUN

Korza ¢ moMompio throw renepupyercs HCKIO4YeHne, (DYHKIMKI UCIIOJHUTENbHON O1-

6mmorexu C++ BBITIOMHSIIOT ciesytomue 1efCcTBUL:

O cospaior Koo mapaMerpa throw B BUjie CTaTU4ecKoro 00beKTa, KOTOPbI COXPaHseTCst
JIO TEX TI0P, TI0Ka UCKJIoueHwre He Gyer 00paboTaHo;

O B nouckax noxxoAdiiero o6paborunka packpyuusaiom cmex (00 5TOM UyTh HITKE);

O nepenaior 06BEKT U yIpaBieHre 00pabOTINKY, UMEIOIIEMY IIaPaMeTP, COBMECTUMBII
O THITY € 9TUM 0OBEKTOM.

A uT0 Takoe noaxoAAIui pazpaboTunk? PaccMoTpUM Takoi npumep:

try {

throw EQ);
1
catch ( H) {

// KOT[pa Mbl copa nonajem?

}

O6paboTurk OyaeT BhI3BaH, €CJII

O HuE — oxHoro TuIa;

U H sBisieTcst OTKPBITBIM 6a30BbIM KJIACCOM I E;

O HuE — ykazartean JubO CCHUIKY W JIJIST HUX CIIPABEAJUBO OJHO W3 MPEbIAYIIIX
YTBEPIKIACHU.

Cremyiolast MajieHbKas pOrpaMMKa JIEeMOHCTPUPYET TIepPexXBaT UCKIIIOYeHU !

class A {
pubTic:
A() { cout << "Constructor of A\n"; }
~A() { cout << "Destructor of A\n"; }
b
class Error {};
class ErrorOfA : public Error {};
void foo() {
Aa;
throw 1;
cout << "This message is never printed" << endl;
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int main() {

try {

foo();

throw ErrorOfA();
catch( int ) { cerr << "Catch of int\n"; }
catch( ErrorOfA ) { cerr << "Catch of ErrorQfA\n"; }
catch( Error ) { cerr << "Catch of Error\n"; }

}

Omna BbIZIACT CJIEYIONINI Pe3yJIbTaT:

Constructor of A
Destructor of A
Catch of int

[TepBbiM TeHepupyeTcst uckaouenue throw 1 BuyTpu dbynkiuuu foo. VcnomaurenpbHas
CHCTEMA CO3/IaeT KOTMIO OOBEKTA «I[eJIasi KOHCTAHTA 1» U HAUMHAET [TOUCK HOAXO/SIIETO
obpaborumka. [TockoabKy BHYTpU f00 HUYETO OAXOSIIETO HET, TIOUCK MEPEHOCUTCS BO-
BHe — B kmeHT main. Ho (Basknas metasn!) nepes TeM, Kak TOKUHYTD Tesio hyHKImn foo,
CHCTEMA BBI3BIBAET JIECTPYKTOPBI BCEX €€ JIOKAIbHBIX 00BEKTOB! DTO U eCTh packpymka
cmexa.

B dyukimm main HyKHBIH 06paboTurk o6HAPYKUBAETCSA U faeT o cebe 3HaTh coobIIe-
nueM «Catch of int». Takum o6pasom, reHepalys BTOPOro KCKaodeHns throw Error0fA()
371eCb HEBO3MOXKHa.

[MomeHnstiiTe MecTaMu CTPOKH B GJIOKE try W 3allycTHTE MPOrpaMMy cHOBa. Terepb uc-
Kiouenue throw Error0fA() 6yzeT creHepupOBAHO U BbI TIOJYYUTE PE3YJIBTAT:

Catch of ErrorOfA

NurepecHo, uto kiaace Error0fA cosepiierHo mycroil. Ho aToro goctatouso, 4Tobbr uc-
MOJIb30BATDh €r0 AK3eMIJIAP (B JJAHHOM CJIyvyae aHOHUMHBIN ) /I TeHepaluy UCKIoue-
HUSL A Terepb 3aKOMMEHTUpYiiTe cTPoKy ¢ o6paboTumkom catch(Error0fA). TIporpamma
BBIJIACT:

Catch of Error

HenepexBayeHHbIe UCKJTIOYEHUS

Ecsu nckioyenue creHeprpoBato, HO He IepexBayeHo, BbI3bIBaeTCs cTaniapTHas QyHK-
s std::terminate. Ona OyzeT BbI3BaHA U B TOM CJIydae, eciii MeXaHu3M 0OpaboTKY
UCKITIOYEHVsT OOHAPY/KHT, YTO CTEK Pa3pyIleH, WIN eCU JeCTPYKTOP, BLI3BAHHBIA BO
BPEMsI PACKPYTKH CTEKA, TIHITAETCST 3aBEPIINATH CBOIO PAGOTY MPHU MOMOTIIN NCKTIOUEHS.
ITo ymosuanuio terminate BbI3bIBaeT (yHKIIMIO abort.

YTo6b! YBUIETH, YTO MTPOUCXOINUT TIPU BHI30BE ITUX (HYHKINH, CKOMITMINPYITE U BbI-
TTOJIHUTE CJIEYIONLYIO IPOIPAMMY:

int main() {

throw 5; // NponN3BONbHOE 3HAayeHne
return 0;



250 YacTb Il. O6beKTHO-0PNEHTUPOBAHHOE NPOrPaMMUpPoOBaHMe

Ha mamem kommbiorepe (Windows XP u Visual Studio 2005) ma sxpad BeIBaIuBaeTCs
OKHO ¢ coobIenneM 06 aBapuitHOM 3aBepIIEHIH TPOTPAMMBL:

Debug Error!.. This application has requested the Runtime to terminate it in an
unusual way.

Bbl MOJKETE 3aMEHUTD, €CJIM 3aX0TUTE, BBI30B (DYHKIMK abort BI30BOM ¢BOero o6paboT-
yuKa. ITO [lelaeTcst ¢ moMolbio (hyHKImy set_terminate. Hampumep:

void SoftAbort() {
cerr << "Program is terminated." << endl;
exit( 1)

int main() {
set_terminate( SoftAbort ):
throw 5;
return 0;

}

ITpoBepsTe, UTO 3aBEPIIEHNE TPOTPAMMEI TETIEPD AEHCTBUTENHHO OKAKETCST GOJTee MsiT-
KIIM.

Knaccbl nuckmodenunin. Uepapxum ncknioveHnmn

OTMeTHM, 4TO, XOTA SA3bIK 03BOJISIET TEHEPUPOBATH UCKIIOUEHHS JTI0OOTO BCTPOEHHOTO
Tna (Kak, HalpuMep, THIa int B pACCMOTPEHHBIX BbIIIE TIPUMEPAX), B PEaJbHBIX T1PO-
rPaMMHBIX CUCTEMAX TaKKe UCKIIOUEHUsT UCTIONb3YIoTCs peko. [opasio ynobHee co3na-
BaTh CIENMaIbHbIe KJIacChl MCKII0YeHniT (Takue, Kak Error0fA) u MCrosb30BaTh B Orle-
partope throw 1160 0OBEKTHI 9TUX KJIACCOB, TNO0 AaHOHUMHBIE 9K3E€MILIAPDI (4€PE3 BBHI30B
KOHCTPYKTOPA KJIacca).

[Tpr HEOOXOAMMOCTH B ITHX KJIACCAX MOJKHO MEPEaBaTh Yepes mapaMeTphbl KOHCTPYK-
TOpa U COXPAHATH IS TOCTEAYIONIel 06paboTKy o6YI0 WHGMOPMAIIUIO O COCTOSTHUN
[IPOrpaMMbl B MOMEHT TeHepaluu UCKJoueHusd. Jpyroe npenMyInecTBo 3TOro 1mojixo-
Jla — BO3MO’KHOCTD CO3/IaHMS Mepapxuu nckiodennii. Hanpumep, nckimouenus nis Ma-
TEMaTHYECKON GUOIMOTEKH MOKHO OPTAaHU30BATh CIIEAYIONNM 06Pa3soM:

class MathkError { /* ... */ }; // BasoBblil Knacc 06paboTKM OWNOOK
class Overflow : public MathError { /* ... */ }; // Knacc ownbkn nepenoniHenns
class ZeroDivide : public MathError { /* ... */ }; // Knacc ouwwbkn "penenne Ha 0"

Eciu He moJieHUThest W 06ABUTh B 0A30BBIN KJace BUPTYaJbHbINA MeTos ErrProcess,
3aMECTUB €T0 B MPOU3BOJHBIX KJaccax BepCUsiMU ErrProcess, OpUEHTHPOBAHHBIMU Ha
06paboTKy KOHKPETHOTO THIIA ONTHOKH, 9TO MO3BOJINUT 33/[aBaTh Mocjie GaoKa try emH-
CTBEHHBIH 06paboTunk catch, mpuHUMATOIHi 06BHEKT 6HA30BOTO KIacca:

try {
// reHepauna nobbix uckmodernii MathError, Overflow, ZeroDivide,

}
catch (MathError& me) {

me.ErrProcess() // 06paboTKa bOro NCKIYeHNs
}
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Ha sramne Boimosmenus Takoii o6paborunk catch 6yzer o6pabaThbiBaTh Kak NCKIIOUEHII
Tia MathError, Tak U MCKITIOYeHHsT II0O0TO TPOM3BOHOTO THIIA, TIPUYeM OJ1arofaps mo-
JUMOPGU3MY KasK/IbIil pas3 Oy/leT BbI3bIBATHCS BEPCUS METO/A ErrProcess, COOTBETCTBY-
[0Iast IMEHHO JTaHHOMY THITY UCKJITIOYEHMSI.

Opranusaiusi UCKJIIOYeHU B BUJE MEPAPXUMI MCKIIOYUTENBHO BasKHA, €CJIM CTaBUT-
s 11eJb paspaboTarh JIerko MoauduUIpyeMoe IIporpaMMHoe obectieuerre. Benp mpu
CTPYKTYpPe K0/Ia, KOTOPYIO Mbl pacCMOTpe/H, JoOaBjieHre B CUCTEMY HOBOTO BHIA UC-
KJIIOYEHUs, BXOASIIEr0o B CYIIECTBYIONIYIO HepapXuio, Boobile He 110TpedyeT U3MeHsITh
HanucaHHble paHee (hparMeHThl KOJa, IIPeJHasHaYeHHbIe A/ IepexBaTa u 00paboTKu
UCKJTIOYEHMIA.

Cneundukaumm NCKIIOYeHNn

B 3aronioBke (hyHKIIMN MOXKHO 33/1aTh CIIUCOK TUITOB UCKJIIOUEHUI, KOTOPbIE OHA MOXKET
MPSIMO WJIN KOCBEHHO TIOPOXKAATh. DTOT CITMCOK IIPUBOMTCS B KOHIIE 3ar0JIOBKA U TIPEJI-
BapsieTCs KIOYEeBBIM cJI0OBOM throw. Hampumep:

void Func(int a) throw (Fool, Foo02);

Takoe 06bsIBJICHIE O3HAYACT, YTO FUNC MOJKET CreHEPUPOBATH TOJBKO UCKIIIOYEHMs FOO],
F002 1 MCKJTIOUEHUS, SABJISIONINECS TPOU3BOHBIMU OT 3TUX THUIIOB, HO HE JIpyrue. 3aro-
JIOBOK sIBJIIeTCS HHTEpeiicoM (GYHKINHU, TOITOMY TaKOe 0OBSABICHUE JAET TT0JIb30Ba-
TessiM (DYHKITMU OTIpe/IeIEHHbIe TapaHTHH. JTO 0YeHb BAJKHO MIPU UCIIOJIb30BaHUE OH-
GMOTEYHBIX (PYHKITNH, TaK KAK ONpeeJeHUs TakuX (DYHKITMI He Beer/a JOCTYITHBL.

Yro mpousoiiet, ecau (hyHKIMS BAPYT HAPYIIUT B3SThIE Ha cebst 06s13aTe/IbCTBA U B €€
Hezpax Gy/eT BO3OYKIEHO UCKIIOUEHNE, HE COOTBETCTBYIONIEE CTIMCKY CIENMUKAIINT
uckmouennii? Torma cucrema BbI3oBeT 06paboTunk std: :unexpected, KOTOPBII MOKET
HOIBITATbCS CreHEPUPOBATh CBOE UCKJIOYeHUE (9TO 3aBUCUT OT peasu3allviu), U ecu
OHO He OGy/eT MPOTHBOPEUUTH CHEIMMUKAIN, TO MPOAOJIKUTCS TOUCK TOAXO/SAIIETO
obpaborunka. B mporuBHOM ciiydae BisbiBaeTcs std: :terminate.

Ecin Bac He ycTpanBaeT moBesieHHe unexpected Mo yMOTYaHUIO, BBl MOJKETE YCTAHOBUTD
cobCTBEHHYT0 (DYHKITNIO, KOTOPYIO OH GYZET BBI3BIBATD. [/ 9TOTO HYKHO BOCTIOIB30-
BaThCsT (DyHKIMEN Set_unexpected.

Ecim crierucpmkarinsg uckIoueHni 3amana B Bujie throw(), aTo o3HadaeT, 4To (PyHKITUS
BOOOIIE HE TeHepupyeT UCKIoueHnil. OTeyTcTBIE CriennUKaInu UCKIIOYEeHIIT B 3a-
roJioBKe (hyHKIIUU, TO €CTh 3allUCh 3ar0JIOBKA B TIPUBBIYHOM HAM BH/E, O3HAYAET, YTO
(DYHKIIHS MOJKET CTeHEPUPOBATh JI060€ NCKITIOUEHIE.

Ecuiit 3arofoBoK (QYHKIMU COAEPKUT CIEMPUKAINIO UCKIIOYEHUH, TO KaK10e 00bsIB-
Jienue 3Toi GyHKIMYU (BKJIIOYAs OTIPe/IeIeHIe) JI0JKHO UMETh Creln(UKaInio UCKIIIO-
YEHUIT C TOYHO TaKMM ke HaGOPOM THUIIOB UCKJII0UeHN. BupryaibHas (hyHKIUS MOXKET
OBITH 3aMellleHa B IIPOU3BOHOM KJiacce (DYyHKIIMEH ¢ He MeHee OrPAaHUYUTENbHOM cIie-
nuduKanyen NCKI0YeHil, 4eM ee COOCTBEHHAsL.

Crenudukaiiys MCKIIOUEHUN He gBJSETCS 4acThIo TUia (HyHKIINH, TToaTOMY typedef He
MOJKeT ee cozepskatb. Hanpumep:

/7 typedef int (*PF)() throw( A ); // ouwnbKa!
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UckniouyeHus B KOHCTPYKTOpax

VICKITIOUEH ST TPEOCTABIISIOT €IMHCTBEHHYIO BO3MOKHOCTD IepeaTh HHGOPMAIIIO 00
obsiome (cpbiBe, Kpaxe, (DUACKO), CIYYUBIIEMCS B IIPOIECCE CO3[AHUST HOBOTO 0OBEKTA
Paccmorpum tpumep koma (suctunr 12.5), Harmcannoro, Msrko roBopsi, HEKOPPEKTHO,
HO UMEHHO 3TO [TO3BOJISIET CMOJIEJIMPOBATH CUTYAIIMH, KOTOPbIE MOTYT UMETh MECTO B pe-
AJIbHOM Iporpamme

Jinctuur 12.5. VicknoyeHns B KOHCTPYKTOpE

#include <iostream>
using namespace std;
class Vect {
public:
Vect(char);
~Vect() { delete [] p; }
int& operator [] (int 1) { return p[i]: }
void Print();
private:
int* p;
char size;
)
Vect::Vect(char n) : size(n) {
p = new int[size]; /11
for (int i =0; 1 < size; ++i) p[i] = int():

void Vect::Print() {
for (int i =0; 7 < size; ++i) cout << p[i] <<
cout << endl;

}

int main() {

int x = -1;

cout << "x =" << hex << x << endl; // BbBOA B WECTHaAUATEPUYHOM
// (opmaTe

Vect a(3);

a[0] = 0; a[l]l=1; a[2] =2; a.Print();

Vect al(200); /]2

al[10] = 5; al.Print();
1

B nporpamme peasnnzoBan kiacc Vect, mpe/fHa3HAUYE€HHBIN JIJIsT CO3/IAaHUS M MCII0JIb30Ba-
HUS OJTHOMEPHBIX MACCUBOB THTA 1Nt TPOU3BOJIBLHOTO pasmepa (pazMep mepeaaeTcs ue-
pes mapaMeTp KOHCTPYKTOpa KJiacca).

CHavajia HeCKOJIBbKO CJIOB O BO3MOJKHOI TIPEABICTOPUH TIOSBJICHIS 3TOTO KOJIA Ha CBET.
PykoBogmTesnb poekTa, /71 KOTOPOTO MpefHa3HadeH Kiacce Vect, 3asiBUJI, 9TO pa3Mep
MacCUBa HUKOTZA He mpeBbicuT yncao 256. ITpoekr (cucrema) paspabaTbiBaeTcst JJIst
«KeJe3ay ¢ KYTKUMHU OTPAHMUYEHUSIMUA Ha pa3Mep orepaTuBHON mamsitu. [Iporpammu-
cThI BeyT 6opbOy 3a Kaskblii Oaiit! YesoBek, KOTOPOMY MOPYUNIIN PEaTH3aIUI0 Kaacca
Vect, pemmus XpaHUTh MH(HOPMAITAIO O pa3Mepe MaccuBa B moJie char size. Beb uis Tumna



CemuHap 12. LLlabnoHbl knaccos. O6paboTka NCKMOHUTENIbHBIX CUTYaLLMiA 253

char BbIesIeTCS OAMH OANT, a JUaa30H BO3MOKHBIX 3HAYEHUIT /11 BOCBMIPA3PSIIHOTO
IBOMYHOrO yncia cocrasiser 0 ... 255.

B dynknuu main co3mannbiii kiacce tectupyercst. IIpeasapurenbio jguctunr 12.5 no-
sKeH ObITh OTKOMIIMJIMPOBAH B 0TJag04Hol KoHdurypanuu (Debug) npoekra. Ecin 3a-
MYCTHUTb IIPOTPAMMY ITOJI OTJAAMYNKOM (KJIaBuiia F5), To IporpaMma BbIBOIUT

x = fIffffff
012

IOCJIE YETO CEPHE3HO «JIOMAETCSI» — CPella BBITOJHEHUS COOOIIAET O HEJIOITYCTUMOM Pa3-
Mepe 3arpaninBaeMoii mamsu: 4 294 967 295 Gaiir.

BoimosiHeHre 1o maraM MoKasbIBAET, YTO KPaX MPOUCXOANUT MPHU CO3aHnn 0O0bekTa al
(onepamop 2). Ecau BBIIOJIHUTD TPACCUPOBKY 9TOTO OIlEpaTopa, HaxkaB Kiasuiny F11,
TO MOKHO JIOCTHYb onepamopa 1 B KOHCTPyKTOpe Vect W yBUZIETb, UTO 3HaYeHUE Size,
3aj1aioliee pa3Mep 3arpaninBaeMoil TaMsITH, PaBHO —56.

Otky/a Takoe cTpaHHoe 3HaueHre? OGBIYHO I HAUMHAOIUX [TPOTPAMMHUCTOB HEIPO-
CTO BBISICHUTD TIPUUUHY... Hari repoil, BUANMO, TosKe ObLI HAUMHAIOIIUM IPOTPAMMUCTOM.
Bosee Toro, ckopee BCero, OH HEBHUMATENHHO U3YUnT YueOuuk [21], re Ha crpanuiax
24—25 00bsICHSIETCST, UTO Char — cOKpallleHHoe 06o3HaueH ke TrMa signed char, B KOTOPOM
cTapinii GUT MCHOJIb3YETCs IJIs IPeACTAaBIeHI 3HaKa dyrc/a. [[0aToMy auanasoH mpej-
CTaBUMBIX YUCeJI /I TUIta char cocrasisier —128 ... +127.

Kax ske OyeT MHTepIPETHPOBATHCS B 3TOM cJiydae aecstuanoe uncyo 200? TIpeobpaso-
BaB €T0 B IBONYHBIN akBUBaJeHT, ToydaeM 11001000. Bor BummTe, 4To cTapimii pa3psia
paBeH efiMHUIE?.. ITO O3HAYAET, YTO KOMIIbioTep Bociipumet ero kak —1001000.

OO6paTHbIil TIepeBol B HECATUYHYIO CUCTEMY OyAeT HeCKOJIbKO cjoxHee. HamoMmHmM,
YTO OTPUIATEIBHBIE TIEJIbIE YUCIA XPAHSITCS B MAMSITU KOMIIBIOTEPA B 00NOIHUMETLHOM
K00e, KOTOPBIiT MOJIyYaeTcsl MHBEPCUEN BCEX Pa3psjIOB ¢ TOCIEAYIONIUM TPHOaBICHIEM
CANHUIBI. 3Ha‘H/IT, JJIA O6paTHOI‘O TepeBosia HYyKHO CHadaJjia BbIY€CThb €AMHUILY, a TTIOTOM
WHBEPTUPOBATH BCe Pa3psiibl. B urore momyamm unco —56.

Ecnu Teriepb BBIIOJHUTD TPACCUPOBKY onepamopa 1, HaxkaB KjaaBuiry F11, TO OTJIad9uK
OCTAHOBUTCS TIEPE/] 3aTOJOBKOM OGUOIMOTEUHON Peausaliui OTiepaiuu new:

void * CRTDECL operator new[](size t count)

a 3HaUeHMe apryMeHTa count OyzeT paBHO yxke He —56, a 4 294 967 295. Ecau niepese-
CTH 3TO JECATUIHOE YHCJIO B IIeCTHAAIATepUIHbI akBuBaseHT, moayunm fHf ., Tas
THna Size_t, 3KBUBAJICHTHOTO TUITY Unsigned int, 3TO MaKCHIMaJIBHO BO3MOXKHOE 3HAYC-
Hue 32-paspsaAHoro AsondHoro yncia. g tuna signed int aTo 3Hadenue npejicraBiser
—1 (cM. pesyabraT BBIBO/IA TIPOTPAMMBI JIJ15T IEPEMEHHON X).

Tanee onepanus new saBepliaeTcs aBapuilHo, OyAy4Yd HE B COCTOSHMU BBIAEIHUTD
4 294 967 295 Gaiit.

Wrax, Mbl Hatwin omuOKy B peaiusaiiuu kiaacca. MlenpaBuTh OmmOKy HECTOKHO — HYK-
HO Bce char 3ameHHUTDb Ha unsigned char (mpoepbre 310). Ho He Oyaem crienutsb. Jlero
B TOM, 4YTO MbI MM€€M IIPEKPACHYIO MO/ E/J1b HEHOPMATUBHOTO IIOBEAECHNA OII€PaAIllK NEW
U 71 JaTbHeNINX 3KCIIEPUMEHTOB OHA HaM eIle TIPUTOANTCA.
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[IpuBezieHHBIH TpUMeEp TTOKA3as, YTO, €CJI BbI3bIBAEMbIC B Tesie KOHCTPYKTOpA KJjacca
(YHKIIMY UK OTIepaIiii MOTYT 3aBEPIIUTLCS aBaPHUiiHO, HEOOXOAMMO HH(MOPMUPOBATh
06 aToM KJmenTa ((yHKIHUIO, B TeJIe KOTOPOU co3aaeTcss o6beKT kiacca). Vcnosb3osa-
HIIe MeXaHU3Ma UCKJIIOUYEHU aeT sJleraHTHOE peliierne pobaeMbl. VISMeHnM Kol KOH-
CTPYKTOPA KJIacca Ha CIEYIONINH:

Vect::Vect(char n) : size( n ) {
try { p = new int[sizel; }
catch(...) {
throw "ErrorVectConstr"; }
for (int i =0; i <size; ++1 ) p[i] = int();

Buecure taxke usMmeHeHust B (QyHKIIUIO Main, MCIIOAB3YIONTYI0 00bEKThI Kiacca Vect:

int main() {

try {
int x = -1;
cout << "x = " << hex << x << endl:
Vect a(3);

a[0] =0; a[l]l=1; a[2]=2; a.Print();
Vect al(200);
al[10] = 5; al.Print();

catch( const char* except name ) { cout << "Error:
endl; }

}

Jlist ipoBepkr paboThl HOBOH BEPCHU TIPOTPAMMBI HEOOXOANMO OTKOMITHIMPOBATH JIM-
crunr 12.5 B BoiyckHoi kKouduryparn (Release) mpoexrta. /[e10 B TOM, 4TO TI0 HETIO-
HSATHBIM TIPUYIHAM oriepaiiust new B cpezie Visual Studio 2005 reHepupyeT UCKIIOUEHUST
TOJIBKO B BBITTYCKHOW KOH(UTYPAITUU TPOEKTA.

<< except_name <<

UcknioueHuns B pecTpykropax

Ec/u 1ecTpyKTOp, BbI3BaHHbIIA BO BpEMS PACKPYTKH CTEKA, OIBITAETCS 3aBEPILUTD CBOIO
paboTy IpU MOMOLIM MCK/IIOYEHHUS, CUCTEMA BbI30BeT yHKIMIO terminate. Ha atane ot-
JIaJIKK IIPOTPaMMBbI 3TO AOIYCTUMO, HO B TOTOBOM IIPOAYKTE MOSBJIEHUE OKOH CO00IIe-
Huit 06 o1nbKax JOJKHO ObITh CBEJEHO K MUHIMYMY.

Orcronia HanBakHeiliTee TpeGOBAHKE K JICCTPYKTOPY: Hil 00HO U3 UCKTIOUEHULL, KOMOPOe
MO2710 GbL NOABUMBCA 8 NPOUECCe PabomvL decmpyKmopa, e O0JACHO NOKUHYMb €20 npede-
vt ITOOBI BBITIOMHUTE 9TO TpeboBaHue, IPUICPKIUBANTECH IBYX TIPABUI.

1. Hukorna He reHepupyiTe UCKJIIOYEHUS B TeJjle IeCTPYKTOpa € TIOMOIIBIO throw.

2. Ecsam dwHambHBIE AEHCTBUS B JECTPYKTOPE CBSI3AHBI C BBI3OBOM JIPYTUX (DYHKITUT,
OTHOCUTEJBbHO KOTOPBIX y BAaC HET rapaHTUIl OTCYTCTBUA TeHEPaIluy UCKIIOUEHUIH,
WHKATICYJUPYUTE 9TU IeWCTBUS B OMHOM MeTofie, HapuMmep Destroy, U BbI3bIBAiTe
ero B OJI0Ke try:

T::Destroy() {
// KON, KOTOpbIi MOKET FEeHepupoBaTh WCKAYEHNS
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T::~TO | // pecTpykTop
try { Destroy(); }
catch(.) { /* . */ }

}

MbI 3aBepIIUIN PACCMOTPEHNE BOTIPOCOB, CBA3AHHBIX ¢ 06pabOTKON McKIoYeHuii. Pe-
KOMeH/lyeM BaM J0paboTath JTUCTUHT 12.4, TIPelyCMOTPEB B PeaM3aliuy Orepaliiu WH-
JEKCUPOBAHUS FeHEPAIIUIO UCKITIOUEHUST JIJIst OTMOOYHOTO 3HAYEHUST MHIEKCA.

Tenepb paccMOTPUM pellleHUe 3a4adur, B KOTOPOH TpebyeTcst MCII0JIb30BaTh U MabI0H-
HBIE KJIACChI, U 00pabOTKY UCKIIOUEHUI.

3apava 12.2. LLIaGnoHHbIN K1acC BEKTOPOB

Paspabomams wabnonnwil kiacc Vect 0nst npedcmasienust OUHAMULECKUX 0OHOMEPHDBIX
maccusos (sexkmopos). Knacc domicen obecneuusamn xpanenue oannvix mobozo muna T,
051 KOMOpo2zo npedycmompenst KOHCMPYKMop no YMOIUAHUIO, KOHCIMPYKMOP KONUPOBA -
nus u onepayus npuceausanus. Knacc donxcen cooepycamn:

KOHCIPYKMOP 1O YMOIUAHUIO, CO30AI0UULL BEKMOP HYLEB020 PASMEPA;

KOHCMPYKMOP, CO30AI0UULL 6eKMOp 3a0anH020 PA3MePd;

ONEPaUUI0 UHOCKCUPOBAHUSL, BO3BPAULAIOUYIO CCLLTKY HA COOMBETNCMBYIOWULL d1eMeHM
gexmopa;

Memod, 000asRAI0UULL STEMENM 8 NPOU3BOTLHYIO NOULUI 6EKMOPA;

Memo0, 000asAAI0UUTL SeMEHM 8 KOHEY, GEKMOopd;

o000 000

Memod, YOansiouuil SNeMeHm U3 KOHYA 6eKmopa.

IIpu neobxodumocmu dobasumnv 6 xiacc opyeue memoowt. [pedycmompems 2enepauuio
u 06pabomKy UCKAOUCHUTL Ol BO3MONCHBIX OUUOOUHBIX cumyayuil. B xauenwme main npo-
OCMOHCIPUPOBATIL UCNOL30BAHUE IMO20 KIACCA.

OHIM 13 TIPUHITMITHATBHBIX BOMPOCOB TPU pa3paboTKe KOHTEHHEPHOTO KIacca siBJis-
eTCs BOIIPOC peasu3aliuy XpaHeHMs 3JIeMEeHTOB KOHTelHepa, WK, APYTUMHU CJIOBaMU,
BBIGOP TOAXOMSIIEH CTPYKTYPBI JAHHBIX (MAcCHB, CITHCOK, OWHAPHOE JIEPEBO ¥ T. II.).

B aHHOM cirydae Mbl OCTAHOBHM Halll BBIOOD HA IMHAMITYECKOM MAacCHBE, Pa3MeIaeMOM
B TTAMSITH TTOCPEIICTBOM OTIEPAITHH New, TIOCKOJIBKY 9TO HanboJee Tpoctoe petrerue. [1o-
cJie pa3MeITeH st aIpec TIEPBOTO AIeMEHTa BeKTOpa Gy/IeT 3aTOMUHATLCS B TTosie T+ first,
a azipec aJIEMEHTA, CJAeAYIOIIETO 3a TOCTeAHNM, — B 1oJie T* last. C y4eToM TOoro, 9To M-
MOJTb3YEMBIIT B KJlacce MeTOJ[ S1ze BO3BpalllaeT KOJTMYECTBO 3TIEMEHTOB B BEKTOPE, pas-
MelleHre KOHTeHepa B TaMsITH TTosIcHsieTcst Ha puc. 12.1.

MepBbIni MocnegHun

3NeMeHT 3NeMeHT
first > 0] vl | Jusizeo -1 ]
last A

Puc. 12.1. Pa3melLeHne BekTopa vV B NamMsaTn
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[Tpu perennu 3TOi 334K MbI TOCTAPAEMCST CIETaTh Kiaace Vect Kak MOKHO GoJiee T1o-
XOKHUM (C TOYKM 3peHus ero nHTepdeiica u, 4acTHYHO, peayn3aiii) Ha KOHTeHHEPHbII
Kaace std: :vector uz 6ubmnorexn STL (¢ yueToM orpaHrYeHni, BBITEKAIONINX U3 TIOCTA-
HOBKM 3a71a4un ). [TloaTomy B coctas uurepdeiica OyayT BKIIOYEHBI METOJIbL:

void insert(T* P, const T& X) — BCTaBKa 3JIeMEHTA B ITO3ULAIO _P;

void push_back(const T& x) — BCTaBKa dJieMEHTa B KOHEI[ BEKTOPa;

void pop_back() — yaaseHue sajeMeHTa 3 KOHIIA BEKTOPa;

T* begin() — nosydyeHue ykasareJis Ha IIePBBII 2JIeMeHT;

T* end() — mosyueHne yKasareJis Ha 3JIeMeHT, CIelyIOINH 3a TIOCTIeTHUM;

o000 0O0

size t size() — momydenue pagmepa Bektopa (tur std: :size t gBigeTcd CHHOHUMOM
Trma unsigned int).

IDTHU METObl UMUTHUPYIOT UHTepdeiic kiaacca std: :vector. YTouHUM, 94TO BMECTO THUTIA
iterator, uMeromierocs B std: :vector, 3/1€cb UCIOIb3YETCA YKA3aTeIb [*, HO KOHIEINTY-
aJIbHO 9TO OJTHO ¥ TO Ke. [[eThio TaKOTo TMOAPasKaHMST SBJISIETCST TICUXOJIOTUIECKast TO/I-
rOTOBKA HAILIMX YuTaTeNel K GoJiee JIErKOMY BOCIPUSITUIO KOHTEHEPHBIX KaccoB STL
(cemmnuap 15).

K ByM KOHCTPYKTOPaM, TPEOYIOIUMCSI T10 3a/IaHUI0, T0OaBUM KOHCTPYKTOP KOITMPOBa-
HUst, 4TOOBI 0OECTIEYUTh BO3MOKHOCTD Tlepeiautt 00bEKTOB KJIacca B KA4eCTBE apryMeH-
TOB JIJ1s1 11060 BHEITHEH (QYHKITUIL

ITo HEeKOTOPHIM mapaMeTpam Haml Kjacc Vect, oaHako, OyZeT TPEBOCXOAUTH KJIACC
std::vector. /lg neseit oTaaaky u 00ydeHUss Mbl XOTUM BU3yalu3upoBaTh paboTy Ta-
KMX METOJIOB KJIacca, KaK KOHCTPYKTOP KOIMPOBAHUSA M AECTPYKTOP, IIyTeM BbIBOJIA Ha
TEPMUHAJ COOTBETCTBYIOIINX coobieHnit. Utobbl a1 coobiieHus 6biu Gosree HHGOP-
MaTUBHDI, MbI CH36I[I/IM Ka}K[[bH;’I O6'beKT KJjaCcCa TaK Ha3bIBA€MbIM OTJIQIOYHBIM UMCHEM
(noste markName), KOTOPOE MO3BOJIUT PACTIO3HABATH UCTOUHUK COOOTIEHMS.

TpyIHO TIEPEOIIEHUTD, KAKYIO TT0JIb3Y IPUHOCSIT 3TU COOOIIEHNSI HAUMHAIOIIUM ITPOTPAM-
MUCTaM, TIOMOTasi IIPOYYBCTBOBATH CKPBITbIE MEXaHU3MbI (DYHKIMOHUPOBAHMS KJIACCA.
Jlsist GoJiee OTBITHBIX YATATEIEH 9TH CPEICTBA MOTYT OKA3aThCSI [IOJE3HBIMU [IPU ITOUCKE
HEOUYEBU/IHDBIX OMUOOK B IPOTPAMME.

3aanue TpebyeT TakKe MPedycMompenty 2eHepauuio u 06padomxy UCKIoueHuil Ot 603-
MmodcHvix owubounvix cumyayuid. Haubonee ouesudnoimu seasiomes: owubra undexcu-
POBaHUSL, K020a KIUECHM NbLMAemcs: NOAYUUms 00CMyYNn K HeCYueCmayrouemy d1emMeHmy
sexmopa, u owubKa Yyoarenus Hecyuecmeyiou,ezo dieMenma u3 Konya 6eKkmopa — Koz-
Oa sexkmop nycm. B nipuHIIMIle BO3MOKHA €llle OJHA HEIITATHAS CUTYAI[Vs], CBSI3aHHAST
€ HEXBATKOI TTAMSITH, KOTJIa Ollepallns new 3aBepiinaercs aBapuitno. Ho Mbl pacemoTpenu
BBIIIE, KAK PEIIATh 9Ty MpobJeMy, U ceifyac paji KpaTKOCTH M3JI0KEHMs GyIeM moJa-
raTh, 4TO 00JIa/IaeM HEOTPAHMYCHHON MaMSTHIO.

Jlist 06paboOTKM MCKITIOUMTENBHBIX CUTYAIMH CO3/IAJIMM MEPapXHIo KJIACCOB BO TJIaBe
¢ 6asoBbiM KaaccoM VectError. TIpousBoanbiii kaacce VectRangeErr Gymer npeaHasHaueH
111 00paboTKU OMIMOOK NHIEKCUPOBAHNUS, a IIPOM3BOIHBII Kaacc VectPopErr — s 06-
paboTKHU OIUOKH yaIeHUsT HECYIIECTBYIONIEro aiemMenTa. B mucrunre 12.6 npusoautcest
KOJI TIPEJIJIATAEMOT0 PEIIEeHNUST 3a/Ia4H.
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Jinctunr 12.6. LLIaGnoHHbIN KNnacc BEKTOPOB

IITTTITIIIL L i e i1 1777777177177 NectError.h /1117777
#ifndef VECT ERROR_
#define VECT ERROR_
#include <iostream>
#define DEBUG
class VectError {
public:
VectError() {}
virtual void ErrMsg() const { std::cerr << "Error with Vect object.\n"; }
void Continue() const {
#ifdef DEBUG
std::cerr << "Debug: program is being continued.\n";
#else
throw;
#endif

}

class VectRangeErr : public VectError {
public:
VectRangeErr(int min, int max, int _actual) :
min(_min), max(_max), actual(_actual) {}
void ErrMsg() const {
std::cerr << "Error of index: "
std::cerr << "possible range: " << min << " - " << max << "
std::cerr << "actual index: " << actual << std::endl;
Continue();
}
private:
int min, max;
int actual;

class VectPopErr : public VectError {
public:
void ErrMsg() const { std::cerr << "Error of pop\n"; Continue(); }

B
#endif /* VECT FRROR_ */
IIPIIILIIIED L0 0000070170771 177777771) Nect.h /7777111111111
#ifndef VECT
#define VECT_
#include <iostream>
#include <string>
#include "VectError.h"
template<class T> class Vect { A R R R L LT Template class Vect
public:

explicit Vect() : first(0), last(0) {}

explicit Vect(size t n, const T& v =T(0)) {

Allocate( n );

for (size t 1 =0; 1< n; ++i) *(first + 1) = v;

npooosicenue
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JNluctuur 12.6 (npogosmkeHne)

Vect( const Vect& ); // KOHCTPYKTOp KOMUPOBaHMA
Vect& operator =(const Vect&); // onepauns npuceaneaHns
~Vect() {

#ifdef DEBUG

cout << "Destructor of " << markName << endl:
#endif

Destroy();

first = 0, last = 0;

void mark(std::string& name) { markName = name; } // yCTaHOBMTb OTNafO4HOE WUMS

std::string mark() const { return markName; } // NONy4nTh OTNAAOYHOE UMA
size t size() const; // nony4YnTb pasmep BeKTopa
T* begin() const { return first; } // NONY4YnTb yKasaTenb Ha 1-ii anemeHT
T* end() const { return Tast; } // NONy4NTb yKasaTellb Ha 3NEMEHT,

// cnepyoumnii 3a NocneaHum
T& operator[J(size t 1); // onepauns WHNEKCUPOBAHMA
void insert(T* P, const T& X); // BCTAaBKa 3NeMeHTa B nosuumo P
void push_back(const T& Xx): // BCTaBKA 3NeMEHTA B KOHEL BEKTOpaA
void pop_back(); // ynaneHue 3neMeHTa M3 KOHLA BEKTOpa
void show() const; // BbIBOA B COUT CONEPKMMOTO BEKTOpA

protected:

void Allocate( size t n ) {
first = new T [ n * sizeof(T)];
last = first + n;

1

void Destroy() {
for ( T* p = first; p != last; ++p ) p->~T();
delete [] first;

T* first; // yKaszaTenb Ha 1-W aneMeHT
T* Tast: // yKa3aTenb Ha 3NIEMEHT, ClefylWuini 3a NOCNeHNM

std::string markName;

template<class T>
Vect<T>::Vect(const Vect& other) { // -----------commm-- KOHCTPYKTOp KOMWPOBAHUS
size t n = other.size();
Allocate( n );
for (size t i =0: 1 <n; ++1) *(first + i) = *(other.first + 1);
markName = string("Copy of ") + other.markName;
#ifdef DEBUG
cout << "Copy constructor: " << markName << endl;

#endif

template<class T>

Vect<T>& Vect<T>::operator =(const Vect& other) { // -------- Onepauus npuceauBaHna
if (this == &other) return *this;
Destroy();

size_t n = other.size();
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Allocate(n);
for (size t i =0; i <n; ++i) *(first + i) = *(other.first + 1);
return *this;

}
template<class T>
size t Vect<T>::size() const { // ---------mmmmmmcomnn Mony4eHne pasmepa BeKTOpa
if (first > last) throw VectError();
return (0 == first ? 0 : Tast - first):
}
template<class T>
T& Vect<T>::operator[](size t i) { // ---------------- Onepauus [OCTYNa NO WHAEKCY
if(1 <0 ] 1>Csize() - 1))
throw VectRangeErr(0, Tast - first - 1, i);:
return ( *( first + 1) );:
1
template<class T> // ------------- BcTaBKa aneMeHTa CO 3Ha4YeHneM X B no3uumo P
void Vect<T>::insert(T* P, const T& x) {

size t n = size() + 1; // HOBbIA pa3mep

T* new_first = new T [n * sizeof(T)];

T* new_last = new first + n;

size t offset = P - first;

for (size t i =0; i < offset; ++i) *(new_first + i) = *(first + i);

*( new_first + offset ) = x;

for (size_t i = offset; i < n; ++i) *(new_first + 1 + 1) = *(first + 1);
Destroy();

first = new first;

last = new _last;

template<class T>

void Vect<T>::push back(const T& x)
if (lsize()) { Allocate(l); *firs
else insert( end(), X );

R BCTaBKa afeMeHTa B KOHEL BEKTOpa

t —
I~
|

}
template<class T>
void Vect<T>::pop back() { // ----------------- Ynanesue afneMeHTa W3 KOHUA BeKTopa
if(Tast == first) throw VectPopErr()
T* p =-end() - 1;
p->~T();
last--;
}
template<class T>
void Vect<T>::show() const { // ---------------- BbiBOL B COUt COMEPKMMOTO BEKTOPA
cout << "\n===== Contents of " << markName << "=====" << endl;
size t n = size();
for (size t 1 =10; 1 <n; ++1) cout << *(first + i) << " "
cout << endl;

}

fendif /* VECT */

0001000000011 0000777170707707771117771771111777 Main.cpp /711111117
#include "Vect.h"

npooonxcenue
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JNluctuur 12.6 (npogosmkeHne)

#include <iostream>

#include <string>

using namespace std;

template<class T> void SomeFunction( Vect<T> v ) {
std::cout << "Reversive output for " << v.mark() << ":" << endl;
size t n = v.size();
for (int i =n-1; 1 >=0; --1) std::cout << v[i] << " "
std::cout << endl;

int main() {
try {
string initStr[5] = { "first", "second", "third", "fourth", "fifth" };
Vect<int> v1(10); vl.mark(string("vl")):
size t n = vl.size();
for (int 1 =0; 7 <n; +1) vi[i]l =1 + 1;
v1.show();
SomeFunction(vl);
try {
Vect<string> v2(5);
v2.mark(string("v2"))
size t n = v2.size();
for (int 1 =10; 1 <n; +1) v2[7] = initStrlil;
v2.show();
v2.insert(v2.begin() + 3, "After_third");
v2.show();
cout << v2[6] << endl;
v2.push_back("Add 1"); v2.push back("Add 2"); v2.push back("Add 3");
v2.show();
v2.pop_back(); vZ2.pop_back();
v2.show();

}
catch (VectErrord& vre) { vre.ErrMsg(); }
try {
Vect<int> v3;
v3.mark(string("v3"))
v3.push_back(41); v3.push back(42): v3.push back(43):
v3.show();
Vect<int> v4;
vd . mark(string("v4"));
v = v3;
v4 . show();
v3.pop_back(); v3.pop_back();
v3.pop_back(); v3.pop_back();
v3.show();

catch (VectError& vre) { vre.ErrMsg(); }

}

catch (...) { cerr << "Epilogue: error of Main().\n"; }
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Hamu KOMMEHTapuun 6YZ[YT CJIeJOBATh B IMOPSAZIKE pa3sMeElleHnA TEKCTa MO]Iy.TIeI;’I.

Moayab VectError.h coepKuT MepapxXuio KIaccoB MCKIodenuit. B 6azoBoMm kiacce
VectError ompezesiensl iBa MeTojia. Bupryanbhbiii Metos ErrMsg obeciiedrnBaeT BhIBOZL 10
YMOJYaHUIO co00tIeH st 00 onbKe (B MPOU3BOAHBIX KJIACCAX ATOT METOJ 3aMEIAeTCsT
KOHKpeTHbIMU MeTozaMu). Metoz Continue onpefiesigeT CTpaTeruio MpoAoJLKeHns pa-
GOTBI IPOrPaMMBI TTocie 06HapysKeHust Ok, CTpaTerist 3aBUCUT OT KOH(MUTYpAIuu
nporpammbl. Mndopmanus o kondUrypaum Koaupyercs HaludueM UM OTCYTCTBUEM
€/IMHCTBEHHO AMPEKTUBBI B Havasie (aiiia: #define DEBUG.

Ecii siekcema DEBUG ompesiesieHa, TIporpaMMa KOMITUIUPYETCST B OMAA00UHOT KOHpU2Y-
pavuu, ecim He oTpe/iefieHa — B 8binycKkHOU Kouguzypayuu. st metoma Continue ato
O3HayaeT, 4yTo

QO B orsazouHoil KOHMUTYpaluu BeBoAUTC coobinenne «Debug: program is being
continueds, mocsie yero pabora POrpaMMbl TPOJOJIKAETCS;

O B BHITYCKHOI KOHGUTYpAIMY TTOBTOPHO BO30Y:KaaeTcst (omepaTop throw) uckiove-
HEE, KOTOPOEe ObLJIO TIEPBONPUYNHON HETOYKN COOBITHIT, 3aBEPUIUBIINXCS BHI30BOM
JAHHOTO METOJIA.

B mpomsBoanbix kimaccax VectRangeErr m VectPopErr metom ErrMsg mepeompemnensieTcst

C y4eTOM BbIBOJa HH(OPMAIMK 0 KOHKPETHOI ornbke. [Tocsie BbIBOA BbI3BIBAECTCS Me-

toz Continue 6a30BOTO KJacca.

Mozys Vect.h comepskut onpesesienne mabdioHHOro Kiracca Vect. Otmernm Hanbosee
MHTEPECHbIE MOMEHTDI.

Jliist yupaBjieHus! BbIIEJIEHHEM U OCBOOOKIEHUEM PECYPCOB KJIACC CHAGKEH METOaMU
Allocate u Destroy. OHu pagmerieHbl B 3alIUIIEHHON YacTH KJIacca, Tak Kak OTHOCATCS
K ero peasiuzaiuu. Hamomuum, uyto oneparusi new T [n] (N — KOJUYECTBO JIEMEHTOB,
KOTOPOE€ MbI XOTUM ITOMECTUTD B MaCCI/IB) He€ TOJbKO BbLACJACT IIaMATh, HO 1 MHUINAJI-
3UPYET 3JIEMEHTBI ITyTeM BbI30Ba T() — KOHCTPYKTOPa 0 yMordanuio 17 Tuma T. [loato-
My B MeToze Destroy cHadasa B I{UKJIE BbI3bIBAIOTCA AECTPYKTOPDLI ~T()BCEX 2JIEMEHTOB
MacCuBa, a HOTOM oliepaineii delete 0cBOOOKIAETCS TAMSTD.

OG6paruTe BHUMaHNE, YTO B 3ar0JI0BKE LUKJIA TOr yCI0BUE €ro NpOLOJIKEHUS 3aIICAHO
BBuge p '= last,anep < last. 3gecwh mbl caenyem Tpaguuuu STL. ITogo6ublii ciocod
IPOBEPKH 00YCIOBIEH TEM, YTO AJI IPOU3BOJIBHON CTPYKTYPhI JAHHBIX (HAIIPUMEp, I/
CIIMCKA) COCENHME DJIEMEHTHI He 00sg3aHbl 3aHUMATh MOAPS UAYLINE SYeHKH IaMsITH,
a MOryT OBITh Pa3OPOCAHbI B IIAMSATH KaK YTOIHO.

JlecTpYKTOp M KOHCTPYKTOP KOTIMPOBAHMSI COACPKAT BBIBOJ COOOIIEHUIT TUTTA «3/1eCh
GBI s1!», IOTIOJTHEHHBIX MEYaThIo COAEPKUMOTo markName. Beck aTOT BBIBOZ OCYITIECTBIIS-
€TCST MOAbKO 8 0MAA00UHOU KOHQuUzypayuy nporpaMmbl. Otiepariust mpucBanBanust (Bep-
Hast CITYTHUTIA KOHCTPYKTOPA KOMTUPOBAHUS ) PEAN30BaHA CTAHAAPTHBIM CITOCOOOM.

B omepanuu gocryma mo umnmexcy operator[]() cayxba BHyTpeHHel oxpanbl (omepa-
Top 1f) MpoBepsieT, He HECET JM UHIEKC ¢ 060 YTO-THO0 B3PHIBOOTIACHOE (3HAYEHIIE,
JieXalnee BHe TPEeNoB JOMyCTUMOTO Anana3ona). Eciu nHaeke okasbiBaeTcs HebJma-
TOHAJIEKHBIM, CTyk06a O6hET TPEBOTY, BBI3bIBast MCKIOUeHne Trma VectRangefrr. Boizon
IIPOMCXO/UT Yepe3 aHOHMMHBIN 9K3eMILIAP KJacca ¢ llepejadyeil KOHCTPYKTOPY Tpex
apryMeHTOB: MUHUMAJIbHON M MaKCUMaJIbHOM IPAHUIIBI U TEKYIEro 3HaueHusl HHIeKca.
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B MmeTone mosiydenus padmepa BeKTopa Size MpeaycMOTpeHa ITpoBepKa Ha JOSJIbHOCTD
B3aMMOOTHOIIEHMI Mexkay first u last. Boobuie-To HelmoHsATHO, ¢ Kakux 9To jea first
MOKET OKaszaTbes 0oJible, yeM 1ast? /la, B HOpMaabHO (HYHKIIMOHUPYIOIIEM KJIAcce 3TO
HeBo3MOkHO. Ho B cirydae Kakux-m160 omubox min c00eB yKasaHHasl IPOBEPKA BECh-
Ma 1ios1e3Ha. [1pu HecoOMoAeHINH YKa3aHHOTO YCJIOBHS FTeHEPUPYETCS MCKIIOYEHUE THITA
VectError.

Mertopn insert (BcraBka ajieMeHTa CO 3HAUEHUEM X B IIPOU3BOJIBHYIO MO3UIUIO P) pa-
6oraet caemyomum o6pazom. Cozaetcst HOBBIE BEKTOP PasMepPOM Ha eIUHUILY GOJIbIITE
CYIIECTBYIOIIETO BEKTOPA; ajipeca pa3MellleHIsl HOBOTO BEKTOPA COXPAHAIOTCA B JIOKAJIb-
HBIX [IepeMeHHBIX new_first, new Tast. 3aTeM B HOBBII BEKTOP KOIIUPYETCS I1epBast 4acThb
CYIIIECTBYIOIIETO BEKTOPA, HAuWHAasg C IEPBOTO 3JeMEHTA M 3aKaHUMBAs 2JICMEHTOM,
[IPE/IIIECTBYIONIUM 3JIEMEHTY € aJipecoM _P.

[TockosbKy OCTYI K 2JIeMEHTaM OCYIeCTBIIAeTCs Yepe3 cMellleHue OTHOCUTENLHO YKa-
sarens first, mepen KonupoBaHueM TpedyeTcsl BBIUMCAUTH 0ffset — cMeleHune, coor-
BeTcTByIoIee ajgpecy Pl 3atem aseMeHTy c agpecoM new first + offset mpucBanBaer-
cs 3navenme _x. [Tocse aTOTO OCTaBIIAsics 9acTh CyNIECTBYIONIETO BEKTOPA KOITUPYETCs
B HOBBIW BEKTOp, HaUMHad ¢ ro3utuu new_first + offset + 1. Bor m Bce. OcTanoch
0CBOOOIUTD PECYPCHI, 3aHATHIE CYIECTBYIONMM BeKTopoM (Destroy), u HasHAUUTh T10-
Jgam first u last HOBble 3HAYECHU.

Merton push back (BcTaBka aseMeHTa cO 3HAUEHWEM X B KOHEIl BEKTOPA) TOJYUUJICS
OYEeHDb MPOCTHIM OIATO/IAPST UCTIOTB30BAHMIO cepBepHOiT hyHknu insert. Eciam BekTOp
MYCT, TO BBIICTITIOTCST PECYPCHI LIS XPAHEHUST O/THOTO 3JIeMEHTa ¥ 9TOMY 3JIEMEeHTY TIpH-
CBaMBaeTCs] 3HAUEHNeE X. B MPOTHBHOM ciIydae BBI3BIBAETCS insert /s BCTABKH 3Je-
MeHTa B TIO3UIINIO, OMPEIETIEHHYIO ¢ TIOMOIIBIO end.

B metone pop _back (ymaseHue sneMeHTa M3 KOHIIA BEKTOPA) TPOBEPSIETCs, HE TYCT JIN
BekTOp. B myctom Bektope first = last = 0. Ecau aTo Tak, yAamxsaTh HEYeTO U, 3HAUUT,
KJmeHT omubes, 3aTpeboBas Takylo onepaiyio. CiegoBaresbHo, HaJo eMy 00 9TOM Co-
001UTH: TeHepUpPyeTcst CKIouerre tuma VectPopErr. B ipoTuBHOM ciydae onpeues-
eTcs yKa3aTeab Ha MOCJAeTHUN 3JIeMEeHT BEKTOPA, /51 HETO BLI3BIBAETCA eCTPYKTOP ~T()
u 3Hauenue 1ast ymenblaercs Ha eiuHuIly (yUYUThIBas apupMeTuKy yKasaTeJiei).

Moayap Main.cpp comepKUT oOIpeneieHre TII00anbHON MaGMoHHON —(DyHKIMK
SomeFunction u onpesesienue pyHKImm main.

Oyukiusa SomeFunction obecrednBaeT PeBEPCUBHBIN BBIBOJI COAECPKIMOTO BEKTOPA B T10-
ToK cout. ITormyTHO OHa MTO3BOJISIET TIPOBEPUTH MEPEAAUY 0OBEKTOB KOHKPETHOTO KJIacca
Vect B kKauecTBe apryMeHTOB (hyHKITUH.

DyHKIMs main npeaHazHaveHa st TecTupoBanust Kiaacca Vect. CoBeTyeM BHUMATEJb-
HO M3YYUTh €e MHOTOCJOMHYIO apXUTEKTYPY: BHEIIHMIT OJIOK try couepKuT B cebe [aBa
BHYTpeHHUX OJioKa try. U ato He ciaydaiino! Ilepsblii BHyTpeHHMIT GJOK try mpeaHa-
3HAYEH JIJIsI TECTUPOBAHUS OIepaluii ¢ 0OBEKTOM V2, CpeIr KOTOPHIX €CTh OIepaius,

! HammoMmmM, 9TO pasHOCTB /IBYX yKazaTesiell — 3TO Pa3HOCTh X 3HAYEHUH, leIeHHAs Ha pa3Mep
tuna B baiitax. Hanpumep, B IPMMEHEHNN K MACCHBAM Pa3HOCTD yKas3aTeJiell Ha BTOPOI U cellb-
MO 2JIeMEHTBHI PaBHa J.
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BBI3BIBAIOIAA OMUOKY WHAEKcHpoBaHus. Bropoii 60k try pabortaer ¢ o6bekTom v3,
MPUYEM OJIHA U3 OTIEPAIHiT BBI3bIBAET OMUOKY YIAJIEHUST HECYIECTBYIONIETO JIEMEHTA.

O6patute BHUMaHHUE, 9TO 06paGOTUMKHE Catch B 0OBOMX CIydassx UMEIOT MapaMeTpoM
00beKT 6GazoBoro kjiacca VectError, HO OGumaromaps nojauMopdusMy oHE OyAyT Iepe-
XBaTbIBATh U MCKJIIOYEHUA MPOU3BOJHBIX KJyaccoB VectRangeErr u VectPopErr, Tak 4yrto
B pe3yJisTate Oy/IeT BhI3bIBATHCS KOHKPETHBII MeToI ErrMsg /7ist JaHHOTO THma omuoKn!
Bermomunm, uTo mocsie BbIBoa coobiieHust 06 onbKre MeTof ErrMsg  BBI3BIBACT METO]
Continue, paboTa KOTOPOTO 3aBUCUT OT KOH(PUTYPAIIUHU TIPOTPAMMBI.

B orsragmounoii kondurypammm Continue coobImaer o MpoaosKeHIN paboThI IIPOrPaMMbl
U BO3BpAlllaeT yrpasJeHue KaueHTy. B BoiyckHOil KoHdurypammn Continue Bo3Oyxkaa-
eT UCKJIOUeHre TIOBTOPHO. VIMEHHO JIJIst TOTO, 4TOObI €10 MONMaTh, ¥ CIIYKUT BHEITHHUN
6JI0K try ¢ obpaboTunkoMm catch(..) B OCHOBHOM MporpamMmMe.

OTKOMIIMJIUPYTE W BBIOJHUTE TIPOrPaMMy, 4TOOBI YBUIETh, Kak oHa pabotaer. Mc-
XOJHBIII TEKCT HACTPOEH Ha paboTy B OTJIaf0uHOM KoHburypaiuu. Bemorpurtech BHU-
MAaTeJbHO B OTJIAMOYHBIE COOOIIEHNST KOHCTPYKTOPA KOMMPOBAHUS W AECTPYKTOPA.
A Teniepb 3akOMMeHTUPYHiTE TUpeKTUBY #define DEBUG M BBITIOJTHUTE MTPOrpaMMy MOCJIe
KOMIUJISATIAN 3aHOBO. [louyBCTBY#TE pasHUILy!

UTtormn

1. TITabIOHBI KJIACCOB MOAMEPIKUBAIOT MAPAIUTMY 0O0OIIIEHHOTO TPOTPAMMHUPOBAHUSI —
MPOTPAMMUPOBAHUS C UCIIOJIB30BaHUEM TUIIOB B KauecTBe napamerpos. Onpezenenue
KOHKPETHOT'O KJIacca Mo MAa0JIOHY KJIacca 1 apryMeHTaM Ia0JIOHa HA3bIBAETCS] MHCTAH-
upoBaHeM (aKTyajmsaiueil) maboHa.

2. Tlapamerpamu 1abJIOHOB MOTYT ObITh aOCTPAKTHBIE THUIILI UJIH TIEPEMEHHBIE BCTPO-
EHHBIX THIIOB.

3. Jlis HacTpOMKY MabJOHHOTO KJIAcca Ha HEKOTOPYIO CTPATETHIO BOSMOYKHO UCIIOIb30-
BaHMe KJIAaCCOB (DYHKIIMOHANBHBIX 00BEKTOB.

4. O6paboTKa UCKITIOUMTENBHBIX CUTYAIIUE TTO3BOJISIET PAas3euTh IpobemMy o6paboTku
ommboK Ha JiBe (ha3bl: FEHEPAIMIO HCKIIOUEHIS B CJIyUae HapyICHUsT KAKIX-TO 3a/[aH-
HBIX YCJIOBUI U TIOCTEAYIONTYI0 06pabOTKY CreHepUPOBAHHOTO HCKIIOYEHS.

5. @asbl reHepary 1 06paboTKI UCKIIOUEHUI 0OBIYHO pa3HECEHbI B IIPOIPaMME 110 Pas-
HBIM KOMITIOHEHTaM (MO JIsIM, (hYHKITHSIM ). DTO JAET CYIIECTBEHHBIE TPEMMYIIECTBA,
TaK KaK B MECTe BO3HUKHOBEHUS OIUOKU (cepBepHas (PyHKIH) 4ACTO HET BO3MOK-
HOCTU KOPPEKTHO ee 06paboTatTh, a KIMEHTCKast (DYHKIHSI TAKMMU BO3MOKHOCTSIMU
OGBIYHO PACTIOJIAraeT.

6. lyist KOHCTPYKTOPA KJIACCA MCIOJIh30BAHUE UCKIIOUEHUN SIBJISETCS €[HHCTBEHHBIM
CII0co60M COOOMIUTD KIMEHTY 06 ommrbKax win cO0sIX, CAYUUBIIMXCS B IIPOIECCE
KOHCTPYHMPOBaHUs 00bEKTa.

7. st paboThl ¢ MCKJIOUEH