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NMpeaoucnoeune

Kuwura, KoTOpyio BbI HauMHAETE YUTATh TPeJHA3HAYEHA JIJISI HAYMHAIOMIUX WU3Y4aTh
[pOrpaMMUPOBAHKE, WM UMEIOIUX HeOOIbIIO MPOrpaMMUCTKII OTIBIT. B 0611eM 5T0
KHUTA JIJIST HEUCKYTIIEHHBIX, HO JKEeJIAIONTUX HayYnTCst MHOTOMY. KoHeuHo, jiist mpodeccuo-
HaJIBHOTO TTIO3HAHUS J1I000#1 06J1aCTH, OJHON KHUTH BCET/Ia MaJIo, HO €CJIN Y BaC XBATHUT TEP-
HEeHMsI ¥ YIIOPCTBA B IIPOPabOTKe MPAKTUYECKOTO MaTepralia, a Hallla KHUTA II0YTH IIeJI1-
KOM IOCBSILIIEHA MTPAKTUKE, TO MOYHO OBITh YBEPEHHbBIM, UTO Balll IIPOrPAMMUCTKUIL
YPOBEHB CTAHET JIOCTATOUHBIM JIJIST TATbHEHIIET0 YaKe MPo(ecCHOHATBHOTO POCTa.

Kuwura cocTouT u3 Tpex riaB u ofHOTO npuioxkenus. [lepsas riaBa «Hedopmais-
HOe BBeJleHHUe», (PaKTUUYECKU CaMOJOCTATOUHBIN JIOTUYECKU 3aBEPIIEHHBIN CAMOY4H-
tesib. TuiaresibHoe U3ydeHre HehOPMAIbHOTO BBEIEHUS JACT HeOObIIOM, HO yBEPEH-
HBII HaBBIK PENIeHUs TPUKJIAIHBIX 33/1a4, ¥ 3HaHue si3bika Kommounentusiit [Tackasb.
Bce nedopmasibHoe BBeZieHUE OT MEPBOH JI0 MOCJIEIHEN CTPAHUIIBI 3TO PEllleHUE 3a/1a4.
Kaxnas sagaua pasdupaercst 10CTaTOUHO HOAPOOHO, 3aJaul UCIIOAb3YIOTCS U JJIS PAC-
CKasa 0 A3bIKe. SI3bIKOBbIE KOHCTPYKIUHU BBOASITCS 110 Mepe He0OXOAUMOCTH, TOT/a KOT-
Jla 9TO HYKHO IS PEIIEHUs] OYePETHON 3a/[auyu. JTO JIeTaeT U3ydeHue sI3bIKa XOTsI
U HECKOJIBKO 6eCCHUCTeMHBIM (HO B KHUTE €CTh €llle U CUCTEMATUIeCKOe BBEIEHHUE), HO
IIPO3PavyHbIM U IMOHSTHBIM. ¥ POBEHb CJIOKHOCTHU PEIIAEMbIX 3a/a4 ITOCTEIIeHHOE Pac-
TET, HO 110 HACTOSIIIEMY CJIOXKHBIX 33/1au B He(DOPMATbHOM BBEJICHIH BCE JK€ HET, TI0ITO-
MY JIJISI €70 YCBOEHUSI JIOCTATOYHO YITOPCTBA U JKEJIAHUSI.

Bropas rnaBa — cucrematudeckoe BBesieare B s3bik KII (KommonenTtnsiit Ilac-
KaJib). 3/1eCh yKe HeT TPaKTUKK. Best TiaBa MmocBsiieHa TeOPUH, a TOUHEE U3JI0KEHUIO
si3b1Ka. Eciu B HehopMaTbHOM BBEIEHUH SI3BIK M3JIATAJICS «<MEK/LY JI€JIOM», & TTIABHBIM
ObLIO pellleHune 3aj1a4, TO 3[1eCh [JIABHBIM CTAHOBUTCS A3bIK, II09TOMY BTOpAs IJlaBa OT-
Jryaercss Gojiee CTPOTOM JIOTUKOM 1 6oJjiee TPYIHA JJIsi IOHUMAHUsI, HO ecJiu Hedop-
MaJIbHOE BBEJIEHVE BAMU TTPOI/IEHO YCIIENTHO, TO ¥ BTOPAs TJIaBa He JOJIKHA CO3/1aTh
cepbe3HbIX 3aTpyAHenuil. Eie oHO0 BaxkHOoe oTinure He)OPMATbHOTO BBEIEHUS OT
cucrteMaTnyeckoro. B mepBoii riaBe ncmosib3yetcst He Bech si3bik KII. Bropas rmasa
M3JIaraeT A3bIK B II0JTHOM 00beMe.

Tpetbst ry1aBa — MPAKTUKYM, TIEJTUKOM TTOCBSIIIIEHA 3a/la4aM, HO €CJIU B IIEPBOU TJIaBe
3a/1a41 UCIOJIb30BAJIUCH I OODbSCHEHUS, TO B TPEThEH IIaBe 3a/ja4y [IPe/IIaraloTCs 1S
CaMOCTOSITEJTHHOTO PElIeHUsl. Y POBEHb CJIOKHOCTHU YKe CyIiecTBeHHO Bbile. Ho oT Bac
He TpeGyeTcst pellieHust ¢ IycToro Mecta. Kaxaast npeiaraeMast B IpakTHKyMe I1pobJie-
Ma cHaGsKeHa MOSICHEHUSAME PasHOro YPOBHsL. [e-To 9To onucaHie alropuTMa, riae-To
M3JI0KEHUE UEeH, MHOTAA IIPOCTO MOACKAa3Ka, MHOT/A JOBOJIBHO JeTalbHasl ToMoIilb. Ko-
HEYHO, HECMOTPsI Ha TTOMOTITb, HaJl K&JKOH 3a/1aueil PUIETCS] OCHOBATENbHO TIOTPY/INT-
Cs1, HO €CJTV TIePBbIE JIBE TJIABbI YCBOEHBI YCIIENTHO, TO U TPEThsI BITOJIHE MTPEOIOJINMA.

KpoMe Tpex 0CHOBHBIX TJIaB €CTb elle HeOOJIbIIoe IPUIIOKEHNE, TOCBAIIEHHOE TEO-
puu rpadoB. OHO HEBEJIUKO 110 PAa3MEPY U He MPEJIHA3HAYEHO JIJISI XOPOIIETO N3YYEHUS
TEOPUU. ITO MPUJIOKEHHE TIOSIBUJIOCH JIUIITh B CUJIY TOTO, UTO TaKasl MaTeMaTHYeCKast
KOHCTPYKIIUST KaK rpadbl JOBOJIBHO YaCTO MCIIOJIb3YETCS B 3a/laUax MpakTukyma. Ilo-
9TOMY OBLIO COUTEHO ITOJIE3HBIM aTh XOTsI OBl HEOOJIBIION CIIPABOYHBINA MaTEPHAJL.
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6 HedopMmarbHOe BBeACHME

KpaTko o rmaBHOM

HpOI‘paMMI/IpOBaHI/Ie — HayKa ABJIAIONAsACA IMTPEAMETOM ,ZIaHHOfI KHUTHU CTOUT Ha TPEX
CJIOHAX W OJTHOM Jeperaxe. CJIOHBI ATO: TTOCTAHOBKA 3a/la4u, aJITOpUTM, TIpOrpaMMma.
Kamaoe N3 NMEePpEeYnCJICHHDbIX MMOHATUHN UMeeT CJIOJKHYIO NCTOPHUIO O6paSOBaHI/IH, pas-
JIMYHbIEC ITIOHNMaHWA, HO /IJIA HadaJjla MOKHO OTBJIECYLCA OT CTpOI‘Oﬁ HaYKN 1 3allOM-
HUTD YTO:

® [I0CTAHOBKA 33J]a4M — 3TO OMMCAHNE 33/IJa4H B CTPOTO MaTeMaTU4eCKOl TepMu-
HOJIOTHH;

® QJITOPUTM — 3TO OMUCAHUE JICHCTBUH, BBITIOMHAS KoTOpbie Hekuit UCITOJIHU -
TEJIb o6s3amenvio nonyuut tpebyembiii pesysprar. O6paTure BHUMaHNE HA
BBIJIEJIEHHOE CJIOBO, UMEHHO TaK, HE MOJKET MOJIYYUTD, a 00SI3aTEBHO MOJIYIUT;

® [IporpaMMa — 3TO 3allCh AJTOPUTMA Ha CTPOTOM, OJTHO3HAUYHO TTOHMMAaeMOM
SI3BIKE.

A depenaxa, Ha KOTOPOW CTOSIT HAIIK CJIOHBI — 3TO UCIIOJHUTEID, CIIOCOOHBIN BbI-
HOJTHUTH aropuT™. Kerartu coBepiineHHo He 00513aTeTbHO KOMITbIoTep. B camoM ob1iem
ciiydae HEOGXOIUMO TOBOPUTH O YCTPOUCTBE CIIOCOOHOM BBITIOJHSITH OTIPE/IeICHHBIH,
JKECTKO 33JIaHHBIN HAOOP KOMaH I, HO HAIlla T[eJib — IIPOrPAMMUPOBAHUE KOMITBIOTEDA,
II03TOMY JlaJIee UCIIOJHUTEIIb 9TO BCEerla KOMIILIOTEP.

CirieoBaresbHO, HAYYUTCS TPOTPAMMUPOBATH, 3TO 3HAYNT HAYUUTCS:

(opmysnpoBaTh 3a/1a4y B CTPOTUX MaTeMaTHYECKUX TePMUHAX;
HaXO/JUTb pellleHne B BUJIE T0CIe/10BaTeIbHOCTH 1eCTBIUN MOHATHBIX KOMIIb-
IoTepy;

® 3aIMCBIBATD ITY [IOCJIEJ0BATEIBHOCTD Ha A3bIKE IPOIPAMMHUPOBAHUSL.

3ayeM HyXXeH s13bIK NPOrpPaMMnNpPoOBaHNS

SI3BIK, ecTh CTIOCOO 3AMUCH MBICTH. DTO YTBEPIKAEHIE BEPHO, KAK JIJIST €CTECTBEHHOTO
SI3BIKA, TAK ¥ JIJIST JIF0OOTO IPYTOTO, B TOM YHCJIE U JIJIS SI3bIKA TIporpaMmupoBanust. [To-
3TOMY, TJIaBHast TIPOGJIEeMa JII0O0TO HAUMHAIOIIETO U3YYaTh HAYKY IIPOrPAMMUPOBAHNS,
3TO AITOPUTMUIECKUN CTOCOO MBIINIEHNSI, HEKOTOPbIE CIEIUATbHBIE METOIBI U MTPU-
€MBbI PACCYKACHUN, MBICTUTD aITOPUTMUIECKU MBI Bce oJiee NI MEHEE YMEEM, TTPAK-
TUYECKH JIIOOOU YeIOBEK B COCTOSTHUM MOHSIThH 3alMCh AJTOPUTMA HA €CTECTBEHHOM
SI3BIKE, €CJIN TIPE/IMET aJITOPUTMA eMY U3BECTeH, MHa4Ye TOBOPSI, €CJIM YeJIOBEK SIBJISIeTCS
UCTIOJTHUTEJIEM C JIOCTATOUHBIM JIJIST IAHHOTO aJITOPUTMa HaGOPOM KOMaH/I.

ITosTomy, TI0 KpaliHell Mepe Ha MEPBbIX MOpax, MPoOIeMa KaKyIasicsi BTOPOCTENeH-
HOU BBIXOJIMT Ha MEPBBIil TIaH. JTa MpobieMa Ha3BaHa B 3aTOJIOBKE BBIIIE. 3aueM Hy-
JKEH CIIEIMAJBHBIH SI3bIK ¥ KaK MM T0JIb30BaThCs? [Tompobyem ceifuac penruts HeOOJIb-
Iy KOHKPETHYIO 3a/1auy ¥ yObeM JIBYX 3alilleB: OTBETUM Ha TOCTABJEHHBIN BOIPOC
1 TIOJTYY UM TTepBYT0 mH(MOPMAIUIO 0 s13bike KommonenTHbIN [Tackasb, KOTOPBIH B 1aJ1b-
HeWIIIeM CTaHET OCHOBOII HAIIIETO IBUKEHUST BIJIyOb HAYKU O TPOTPAMMUPOBAHUY (UJTH
HCKYCCTBA).
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3azauva 1. Jlano MHOXKecTBO umces. HallTh cyMMy MOTOKUTCIBHBIX.

[Toka MBI He 3HAEM HUKAKOTO SI3BIKA KPOME eCTECTBEHHOTO, TIOITOMY MOITPOOYEM 3a-
UCaTh HEOOGXOUMYIO TIOCJIEI0BATENLHOCTD JIEUCTBHI (AJTOPUTM) HA PYCCKOM SI3BIKE
U TOCMOTPUM YeM 3TO OYIET XOPOIIO WU HA0OOPOT TLIOXO.

Bapuanr 1:

/lns ecex yucen us 0aHH020 MHONCECTNEA:
eCJiu YUCI0 noJaoxdumesvHoe, mo npu6a8ﬂﬂeM €20 K cymme

HagepHoe, 310 onucanue GyieT MOHATHO KasKAOMY KTO HEMHOIO 3HAKOM C MaTeMa-
THUKOIA, XOTs1 ObI B Iipeenax apudmernku. Ho k coxanenunto, Bce He Tak pocTo. B «ai-
ropuT™e» (ITOKa B KaBbIUKAX, TaK KaK 3TO OMMCAHUE ellle OYeHb /IaJIeKO OT aJITOPUTMa)
CKa3aHO, YTO HEKOTOPYIO OlePaliio HeOOXOAMMO BBIIOJHUTS JJISl BCEX YKCeJl U3 3aaH-
HOI'O MHOKECTBA, HO He CKa3aHO, KaKiM 00pasoM BBIOUPATh YKCJIa U3 9TOI0 MHOKECTBA.
CrenoBaresibHO, IPE/IIIOJIATAETCST, YTO UCTIOTHUTENb AJITOPUTMA YMEET 3TO JIEaTh C TIPO-
M3BOJIbHBIM MHOKECTBOM. TO €CTh, OH B COCTOSIHUY IIepeOpaTth MPOM3BOJbHOE MHOMKe-
CTBO U HU Pa3y He OIIUOUTHCsI, HE B3SITh OJHO U TO JKe YMCJIO ABAKIbI 1 HM OJHO YHCJIO
He IPOIyCTUTh. [ToxKanyii, UCIOJHUTEb ¢ TAKOM CIIOCOGHOCTHIO J0JIKEH 06 IaaTh 10-
BOJIbHO BBICOKUM YPOBHEM MHTEJIJIEKTa, & CJEJOBATENbHO ObITh JOBOJBHO CJIOKHBIM
1 JIOPOTUM YCTPOMCTBOM. ITO He MOKeT ObITh IpuemieMo. Peltaemas 3aaya mpocra
1 JIOJKHA PEAThCS TTPOCTHIM YCTPONCTBOM. A 3TO 03HAYAET, UTO TPUAETCS MTPOTIEYPY
nepebopa MHOKECTBA YMCesl KaK-TO ONKucaTh. M eCTeCTBEHHO KAaK-TO HOOIPEAETHTh
€aMo TTOHSATHE MHOXKECTBA.

[TycTp, Bce ameMeHTBI MHOXKECTBA TPOHYMEPOBAHBI U MTYCTh U3BECTHO, CKOJIHKO BO
MHOKecTBe asieMeHToB, HanpuMep — N. Torga npo6iema penraercs jerko. Mcmosxu-
TeJIb HAUMHAET epebop ¢ 9JIeMeHTa, UMEIOIIEro HyJIeBOil HOMED, a VI 0Ty YeHUsI cJie-
ZIYTOTIero 3JIeMeHTa yBeJINYNBaeT TeKynnii Homep Ha 1.

BapuanT 2:

st Homepa usmenstiorierocst ot myJist 1o yucya N-1 ¢ mrarom 1
BBIIIOJIHSTH JI€ICTBUE
Ecim ouepearoe uncio 60Jibliie HyJIst TO IPUOABIISTD €r0 K CyMMe HOJIOKUTEIbHbIX.

ITO y:Ke 3HAUUTEJIBHO JIYUIlle, HO COTJIACUTECH, BHITJISIIUT OYeHb TPOMO3JIKO. A celi-
4ac MOKIeM 110 Iy THU yIipolnenus 3amucu. PaccmoTpum riepByio ¢hpasy:

Jlnst Homepa uamensiiorerocst ot myJist 1o yucyaa N-1 ¢ marom 1
BBIIIOJIHSTH JI€HCTBUE

37ech OIICaH MPoliece U3MEHEeHNsI HEeKOTOPOH IepeMeHHOU BeJIUIIHBI, KOTOPYIO
MbI Ha3BaJl HoMepoM. CyTIiecTBEHHO B 3TOMH 3aIMCH TOJBKO TO YTO:

® [IepeMeHHas UMeeT UM, 1 9T0 He 00s3aTesibHO c10B0 Homep;
® JICXO/IHOE 3HAYeHUe TIePEMEHHON PaBHO HYJTIO;
® KOHEYHOe 3HaueHue rnepeMeHHoi paBHo N-1;
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® JIepeMeHHad U3MEHSIETCA C Iarom 1;
® Ha KaX/IOM 1Iare u3MeHeHUs1 HepeMeHHOfI BBIITOJITHAETCSA HEKOTOPOE I[Gf/iCTBI/IC.

Honp06yeM IepernmncaTb (1)])3.3}7, TaK 4TOOBI 3TH CyHmleCTBEHHbIC ITYHKTbI HE U3MEHU -
JIN CBOETO CMbICJIa, HO (1)])3.33. CTaJjia KOpo4e. CJIelIyIOHII/IfI BapuaHT:

Jlna k=1 1o k=N-1 ¢ marom 1 genats

Boiieiennblii hparMeHT COIEPIKUT €ellle OJIHY BO3MOKHOCTD JIJIsI YIIPOIIeH U, 3aTu-
caB k=0 MbI yKe Jany UCIOJIHUTENO0 MH(GOPMAIIMIO O TOM, YTO B JajbHENIIeM peub
noiizer o nepeMeHHoi mo umenu K, mosromy k=N-1 aro noxamnyii auimHuil mosTOP,
1 OKOHYaTeJIbHAs 3aMICh OKaXKETCSI 0OYeHb KOPOTKOI:

Jlna k=1 7o N-1 ¢ marom 1 nenathb

[Mocnentee, 3amMiCh BHITTOTHEHA Ha PYCCKOM sizbike. Koneuno, mogpobHyio 3ammch
MOKHO BBITIOJTHUTH ¥ HA HEMEITKOM U Ha XMH/IM U HA KUTAWCKOM U JIIOOOM J[PYTOM SI3bI-
Ke, HO TaK y’K IOJyYUJIOCh, YTO B KAU€CTBE OCHOBBI SI3BIKOB MTPOTPAMMHUPOBAHUS B3ST
anruiickuil. [IoaToMy meperuiineM 3auch CIeAYIOMIM 00pa3oM:

FOR k:=0 TO N-1 BY 1 DO

Y MBI TTOJTYYUM 3aITMCh TAK HA3bIBAEMON KOHCTPYKITUH ITUKJIA HA SI3bIKE KOMITOHEHT-
uoiit [lackans. Ecau st Bac aToro He ¢JI0:KHO, TO TOCTapalTeCh CPa3y OTMETHUTH, UYTO
Takasg popMa IUKJIA Ha3bIBAETCS ITUKJIOM C TTApaMeTPOM WUJIH ITUKJIOM ¢ 1naroM. [lasee,
OyIeM [0JIb30BATHCS BTOPBIM €r0 Ha3BaHIEM.

Ipumeuanus:

e pzanucu k:=0 gBoeToUME 0643aTEIBHO;
e qar 1 cunraercst HanboJIee Yacto BerpedaronuMcst. [losTomy ecuiu mar paseH 1,
to B KII (KommnonenTtnsiii [Tackamns) 3anuch BY 1 MoxkHO OmycTUTD.

3atimeMcs BTopoii hpasoit asropurMa

€CJTH OUepeTHOE YMCII0 OOJIBIIE HYJIS, TO MPUOABIISITH €T0 K CyMMe
MOJIOKUTENbHDBIX

OuepeqHoe YUCI0 3TO BeJIMYUHA. Bee BeJIMYMHBI IO/DKHBI UMETh UMeHa. Tak Kak
BCe TiepebupaeMblie YHCIa TPUHAJIEKAT OHOMY ¥ TOMY K€ MHOKECTBY, TO IOTHYHO UX
BCEX HA3BaTh OJTHUM UMEHEM, a pa3andarh mo Homepy. To ects a[1] aTo amement muo-
JKECTBa «a» ¢ HoMepoM 1. 3aMeTbTe He IIepBbIN AJIEMEHT, a 3JIeMeHT ¢ HoMepoM 1. ITo
cymecTBeHHas pazuuna. a[k] — 3To COOTBETCTBEHHO 27IEMEHT MHOXKECTBA «a» C HOMe-
pom k. Takoe MHOKECTBO TIPOHYMEPOBAHHBIX HTEMEHTOB UMEIOTINX OJTHO MMSI Ha3bIBa-
€TCSI MACCUBOM.

Emte onna ncnosib3yemMas BeJIMYNHA 3TO «CyMMa HOJIOKUTEJNbHBIX», A2JIUM eMY UM
sum u nepenuiieM ¢Gppasy Tak:

Ecanu a[k]>0 To sum:=sum+a[k]
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W nepelifig Ha aHTJIMICKUHT, TTOJYYUM elle oHYy KoMaHay sa3bika KIT

IF a[k]>0 THEN sum:=sum+alk];
END;

Kiouesoe cioBo END He mpeycMOTPEHO aITOPUTMOM, OHO SIBJISIETCST TPEOOBAH-
eM s13biKa. [IpaBuia s3bika TPEOYIOT 3aBepIIaTh CIOKHYIO KOHCTPYKITUIO TAKIM KJTIO-
YeBBbIM CJIOBOM. A yCJIOBHASI KOMaH/Ia SBJISETCS CI0KHOM KOHCTPYKIIMEH.

A Tenepb moJHas 3aMKICh
Jucmune 1

sum:=0;

FOR k:=0 TO N-1 DO
IF a[k]>0 THEN sum:=sum+alk];
END;

END;

31ech IBe CJOXKHBIX KOHCTPYKITUH, TO3TOMY [Ba KJoueBbX cioBa END. Ozxno u3
HUX 3aKpBIBaeT YCJIOBHYIO KOMaH/y, BTOPOE 3aBepIiaeT IIUKJI.

Baocnoe sameuanue. B oxomuarebHOI 3amvicy 1obaBuaach komamaa sum:=0 koro-
poii He OBLIO B MCXOIHOM 3amicH aaroputMa. st MoHMMaHusT HeOOXOANMOCTH ITOI
KOMaH/IbI TOCMOTPUM BHUMAaTeIbHee Ha 3amch sSum:=sum-+alk]. Yto 3nech mpowncxo-
nut? Komara 6eper yrke MOCYNTaHHOE 3HAYEHUE BETHYUHBI SUM (OHO CTIpaBa OT 3Ha-
Ka =) yBEeJIMYMBAET 9TO 3HaueHue Ha Bennunuy a[k] u mosyueHnsiil pesyabraT mpu-
cBaMBaeT CHOBA BeJIMYKMHE SUM, TO €CTh Pe3yJbTaT CTAaHOBUTCSA HOBBIM sum. Takum
o6pa3om, Ha BTOPOM Tiare SUmM o6pasyercst OT SUM TTOJYyIeHHOTO Ha TlepBoM Tmare. Ha
TPETheM MIare sUm o6pasyercst OT SUM TIOJYYeHHOTO Ha BTOPOM Iare ¥ Jlajee BCe
ACHO. A BOT UeMy PaBHO caMoe IIepBoe SUM, OT KOTOPOT'O MBI JIOJIZKHBI IIOJIYYUTh HOBOE
SUm ma MepBoOM Mrare UkJIa? B koMamzie ukIa 06 9T0M HUYETo He TOBOPUTHCS. A pa3
TaK, TO MePBOE 3HAUCHUE MOKET OKAa3aThCs PABHBIM YeMY YTOIHO, €r0 3HaAYeHIe BOO6-
1€ TOBOPST ATO KAKOH-TO YHCIOBON MycOp KOTOPBIi K MOMEHTY pabOTHI Hatrero ¢gpar-
MEHTa OKa3aJjIcs B AYeliKaxX MaMATH XPaHAIIUX BeJUIMHY Sum.

[ToaTomy, TPOrpaMMUCT IOJIZKEH IIepe]] HauaJIoM I1POIlecca BBIUUCIEHUS BeJTMYUHbL
m03a60TUTCS 0 ee UCXOMHOM 3HaueHun. U komanma sum:=0 uMeHHO Takyio paboTy
1 BBIIIOJIHAET, @ Ha3bIBAETCS 9TO MHUITMAIU3AIMEH, TO eCTh OllpeieJIeHeM IIEPBOro, UC-
XOJIHOTO 3HAYEHUS.

CpaBHUTE MOJYYEHHYIO 3aMTUCh C T€M, YTO OBLJIO M3HAYATBHO U BBI COTJIACUTECH, YTO
A3BIK IPOTPAMMMPOBAHNS COXPAHSIS CMBICJI 3AITMCH, IO3BOJISIET ee OUeHb CYNeCTBEHHO
YKOPOTUTB. DTO KOHEYHO He 3aKOHYeHHas nporpaMmma. /[o MoJHOIEHHBIX IIPOrpaMM
etrie 10BOJIbHO jraneko. Ceityac MBI 0OCYsKAAEM TOJBKO 001ITHE BOTPOCHL. [ToaToMy 3a-
MIUIIEeM ellle OANH KOPOTKUM aJITOPUTM ¥ OTBETUM Ha IJIaBHBIN BOIIPOC, IS 4eTO HY KeH
A3BIK IPOTPAMMMPOBAHNS.
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Sanava 2. Haiitu cymmy KBaipaToB HaTYpaabHBIX urces oT 1 g0 N.
He GyzieM TpaTuTh BpeMeHU Ha JIJTMHHBIE PACCYKIEHUSI, 3AMUIIEM CPa3y aJlfOPUTM
Ha KII.

Jlucmumne 2

sum:=0;

FOR k:=1 TO N DO
sum:=sum+k*k;

END;

A Tenepb rnaBHbIN BOMpPoOC

HasepHoe, Bbl y7Ke COTJIACHBI, UTO 3alIMCh HA CTPOTOM SI3bIKE COKPAIIAeT TEKCT, JejIaeT
ero yreHue OOIIeOCTYIHBIM JIsi OOJIBIIOIO KOJUYECTBA JIOEH, TO €CTh MOKET ObITh
OOIEPUHATHIM CTAHAAPTOM OOLIEHN I/ CHEIMAJNCTOB 3aHUMAOLIMXCS PaspaboT-
KOI aJIrOpUTMOB. DTO BaKHO, HO He 5T0 riiaBHoe. CaMoe Ba)KHOE B SI3bIKE IPOrPAMMHU-
POBaHUs TO, YTO OH SIBJISIETCS CBSI3YIONIMM 3BEHOM MEKIY €CTECTBEHHBIM SI3BIKOM
U I3BIKOM KOTOPBIU B AEHCTBUTENbHOCTH MMOHATEH KOMIIbIOTEPY. ITO JAaeT BO3MOXK-
HOCTb IIMCATh CHEIHUAIbHbIE IPOrPAMMBbI — TPAHCJIATOPBI CLIOCOOHbBIE TIEPEBOIUTD IIPO-
rpaMMbl, HAIICAHHbIE HA AJITOPUTMUYECKHX A3BIKAX B TEKCThI YKe MaJIOIIOHATHDIE J[JISt
YyeJI0BeKa, HO MCIIOJIHSIEMbIE KOMIIBIOTEPOM.

JlJ1s1 KOMIIbIoTEPa He CYIIECTBYEeT TaAKMX MOHSTHIL, KAK MHOKECTBO, MACCHB, IIepe-
MmerHas. OH olepupyeT perucTpaMu, afpecaMu ss4eeK HaMsaTH U T.J1. U T.11. To ecTb ueM
TO OYEHb JAAJEKUM JIaKe /IS TOr0, KTO HEeILIOXO BJIaZieeT MaTeMaTHUeCKUM aIlliapaToM.
IToaTOMY /10 TOSIBJIEHUS SI3BIKOB — IIOCPEAHUKOB IIPOrPaMMHUPOBaHKe ObLIO YAEIOM He-
MHOI'MX, 160 TPeGOBAIIO CAUIIKOM OOJIBIINX YCUIUN JasKe [JIs HAIIMCAHUST HECTIOMKHBIX
POrPaMM.

BcrioMHuM elne pas, 4To IPOrpaMMUPOBAaHUE HTO IIOCTAHOBKA 3a1a4l, AJITOPUTMU-
3a1Ms U KoAupoBaHue (3aluch Ha sA3bIKe). Bee Tpu «ciIoHa» OJMHAKOBO HYKHBI JJIS1
penienus 0060l 3a7a4m, HOTOMY OyJeM IIPOCTO pellaTh 3aJa4yd U OJHOBPEMEHHO
YUUTBCS U AJITOPUTMUBAINN U KOJUPOBAHKIO, 4 IOCTAHOBKA 33124l II0KA O3HAYAET 3a-
IUCH YCJIOBUS 3ala4i CTPOTMMU MaTeMaTUYeCKMMK TepMuHamu. JIJIs Tex KTo jKejiaer
3aHUMATDHCS [TPOTPAMMUPOBAHIEM TJIIYOOKO elile OYAeT BO3MOKHOCTD YOEIUTHCS, YTO
OCTaHOBKA 3a/1a4¥ JJOCTATOYHO CJIOKHBIN U TPYZLOEMKHII IIPOIIeCC.

A ceftuac riaBHas npobseMa 9T0O paclidpeHre sI3bIKOBOro almapara. B o0iemM-1o
BEChH SA3BIK IIPOrPAMMUPOBAHUS CBOAUTCS K HAOOPY MOHATUH /IS [IEPEYNCIEHUS KOTO-
PBIX XBATUT MAJIbIIEB HA OAHON pyKe. ITO:

BeJIMYMHA (TIepeMeHHast M KOHCTaHTA);
KOMaH/1a IprcBanBaHus;

KOHCTPYKITUS IIUKJIA;

YCJI0BHAsI KOHCTPYKIIMST;

poueaypa.
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Ho myctsb Bac He paccaabiisier cToib MaJjiblii Habop. Kaxkoe 13 oTux moHsATnii 6ymy-
YK Pa3BUTO, 10 HE0OXOAUMOro (PYHKIIMOHAJIBHOIO YPOBHS CTAHOBUTCS JA0BOJBHO €M-
KUM U CJIOKHBIM JIJIsl XOPOILEro IIOHUMAHMS, TAKOIO IOHUMaHUsL, KAKOro HeoOX0JUMO
JNOOUTbHCS eC/IU Ballla 1[eJib CePhe3HOe U CUCTEMATUYECKOEe OCBOEHME IIPOrPaMMUPO-
BaHWUSI.

C 4eThIpbMs U3 IISATH TTOHSITUI MBI Y2Ke BCTpedaiuch. [IpucBanBanue 9TO JielicTBUE
0603HaUaEMOe 3HAKOM =, €r0 Pe3yJIbTaToM OyIeT BbIYMCIEeHIE BbIPaKEeHUs CIIpaBa OT
3HaKa ¥ MMPUCBOEHUE MOJYUEHHOTO Pe3yJbTaTa BEJUYNHE Ube UMS HAXOJIUTCS CJIEBA
OT 3HaKa npucBanBanus. [[UKJI 1103BOJIIET MHOTOKPATHO BBITIOJHUTD ITOCJIEI0BATEb-
HOCTH JIEUCTBUI 3aNTMCAHHYIO TOJTbKO OAUH Pa3. Y CIOBHAS KOHCTPYKITUS TTO3BOJSECT
BBITIOJIHATD TY UJIW MHYIO MOCJIeI0BATEbHOCTh KOMAaH/ B 3aBUCMOCTH OT Pe3yJibTaTa
rpoBepku ycyoBusi. C potielypoii Mbl IOKA HE BCTPEYAUCH, TOITOMY 3aMETHUM JIUIIIb,
YTO IPOIIEypa 9T0 (hparMeHT POrpaMMbl KOTOPbIH Oy ydu 3arucat OAMH Pas, MOKET
BBITIOJIHATHCS B PA3HBIX TOUKAX MPOTpaMMbl. [Ipo BesiMunHbI yKe U3BECTHO, UTO Y HUX
€CTb UM U 3HAYEHUE, ell[e OHU UMEIOT TUTI — OTIUCAHUE TT03BOJISIONIEE OTPE/IETUTD Pa3-
Mep MaMSITH JIJIsI UX XPaHEeHUSI.

3anmauva 3. ApucdmMernueckast IPOrpeccusi 3a/laHa TPeMs BETUIMHAMU.

¢ N — KOJIMYeCTBO JIEMEHTOB IPOTPECCUN;
¢ al —3HayeHUe NEPBOTO YJIEHA TTPOTPECCUN;
e d — pasHOCTH IIPOIPECCHL.

Beramcauth cymMMy ee 4ieHOB.

Koneuno, msis mporpeccuu cytiecTByeT (hopMysa CyMMBbI, HO Takue (hopMyJIbl eCTh
He J1J1s1 JII0OOTr0 YNCIOBOIO Psijia, a 3aaYl CYeTa KaKuX-JIn00 PsIIOB BCTPEYAIOTCS 10C-
TaTouHOo YyacTo. [loaToMmy Ha mpuMepe aprdMeTHIecKoi MPOTPeccuu MOCMOTPHUM, UTO
MOJKHO C/IeJIaTh, €CJIM MaTeMaTUKA He JIaeT KOHKPEeTHON (hOpPMYJIbI.

Wrak, 4T0 HEOOXOIMMO ClIeJIaTh:

e N — pa3 BBIIOJHUTD OIEPAIU:
— Pacuera ouepeIHOTO UJIeHA TIPOTPECCHH.
— TIpubaBiieHus €TO K yiKe UBBECTHOM CyMMeE,
— Coorsercryiomuii ¢pparment Ha KIT (¢ rpy6oii omm6xoit).

Jucmunz 3

sum:=0;

FOR k:=1 TO N DO
al:=al+d;
sum:=sum+al;

END;

Teso nuksa B HatleM ()parMeHTe COCTOUT U3 IBYX KOMAH/I IPUCBAUBAHUSI, TIEPBAsT U3
koropbix al:=al+d HaxoauT 3HAYEHNE OYEPEAHOro YieHa aprupMeTHIeCKON IPorpec-
cuu, ¥ BTOopas sum:=sum+al yBeiuvyuBaer 3HaUe€HHe CYMMbI HA BEJTUYUHY TOJHKO
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YTO MOCYUTAHHOTO YsieHa. JIoruKa BIIOJTHE MOHATHAS, HO €CTh B Hell o/luH u3bsiH. Ca-
MBI ITepBbII YJIieH TPOTPeccuu U3 Mpoliecca CYMMUPOBAHUS BbINIaJIaeT, TaK Kak yKe Ha
MIEPBOM IITare PACYETOB K MePBOMY TpUOaBJsieTcst Beinurta d v OH MpeBpaiaeTcst B
BTOpOi. MlcpaBuTh CUTYyaINIO MOXKHO TaK:

Jlucmume 4

sum:=al;

FOR k:=1 TO N DO
al:=al+d;
sum:=sum+al;

END;

B sTOM BapuanTe mepBbIi WieH OYIeT yITeH B MOMEHT WHUIHATU3AI[INY BETUYUHBI
CYMMBI, M3 YETO CJAEYET, YTO Ujlest MHUITMATU3AINY HE CBOJUTCS K OOHYJIEHWIO, XOTSI
KOHEYHO MPUCBaNBaHNe WHUINATU3UPYEMON BeJIMUMHE HYJIST BCTPEYAeTCst Hanboiee
4acTo.

YCNOBHbIE UMKIbI

Y:ke paccMOTPEHHBIN HAMU ITUKJI C TIAroM, He eIMHCTBEeHHAs (hopMa ITUKJIA U JJaKe He
camas cuibHad. JIerko mpuaymaTh 3a/1a4y 751 KOTOPOH ITUKJI € IIIaroM He /1acT peliie-
HUs. SICHO, YTO IMKJI C TArOM XOPOII TOJIBKO TOT/Ia, KOT/[a ITPOrPaMMUCT TOYHO 3HAET
CKOJIBKO Pa3 HeOOX0IUMO BBITIOTHUTD TEJIO ITUKJIA. A 3TO BIIOJIHE MOKET OKA3aThCSI 1 HE
n3BecTHBIM. /[ TprMepa BOT Takasl 3a/1a4a:

3anayva 4. Apudmernueckast porpeccus 3ajlaHa HayaJbHbIM ujieHoM al u pa3Ho-
crbio d. Heobxonumo Haiitu Homep 4ieHa N Takoro, 4To cyMma Iporpeccuy BKI0Yast
N-b1ii TpeBBICUT HeKOe 3a1anHoe urco W.

ITO UMEHHO Ta CUTYaIIUsI B KOTOPOW U3BECTHO YTO JIE€JIATh:

® BBIYKCJIATH OYEPEIHOM YieH IPOrpeccuy;
® HaXOJUTb OYEPEHYIO CYMMY.

W ne usBecTHO CKOJIBKO Pa3 9To fesath. Crie10BaTesIbHO, IPUIILIIO BPEMS PACHIMPUTD
HabOP A3BIKOBBIX KOHCTPYKINIL. BepHeMcst Ha BpeMst K 3aIiCH Ha PYCCKOM sI3BIKe (TaKast
3aIMCh KCTATH HA3BIBAETCS TICEBAOKOIOM ). OO1IIast KOHCTPYKITUS PENIEHUST TAKOBA:

TToka Cymma<= lTpeaenbHOro 3HayeHus genatb
BbluncnmnTb ouepepHOM YneH mporpeccmm
BbluncnmnTb ouepepHoe 3HaYeHUE CyMMbI

Temneps, To ke camoe Ha KII

Jucmunz 5

sum:=al;
WHILE sum<=W DO
al:=al+d;
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sum:=sum+al;
END;

JlarHast KOHCTPYKIINST HA3BIBAETCST IIIKJIOM C YCJIOBUEM MTPOJIOJIKEHMSI. ITO O3HAYA-
€T, YTO TeJIO UK (KOMAH/IbI 3aIMCAHHbIE MEK/Y 3aTOJIOBKOM U KJIIOUEBBIM CJIOBOM
END) BoimiosiHsieTcst 10 T€X 1MOp MOKa UCTUHHO YCJIOBUE 3aMUCAHHOE TTOCJIE KITIOYEBOTO
ciosa WHILE (TToka). OtmerbTe cebe, 4To yCIOBUE TPOBEPAETCS Ha KasKA0M Ilare [[UK-
JIa, IPUYEM CHavasIa IPOBEPSIETCS YCIOBHUE U JIUIIb 3aTEM BBITIOTHSIIOTCS] KOMAH/IbI TEJIa
[IUKJTa. DTO HATPUMED, 03HAYAET, UTO TEJIO TIUKJIA MOKET GBITh HE BBITIOJTHEHO HU Pa3y,
€CJIN B MOMEHT BXOJIa B IIUKJI YCJIOBUE OKAXKETCST JTOSKHBIM.

JlaHHbIi hparMeHT pasbsacHsIeT paboTy HOBOI KOHCTPYKITHH, HO He PEIAeT MOCTAB-
JIEHHYIO 3a/1auy. 3aj1aua ske Oy/eT peleHa B TOM CJIydae, €CJIH 10 3aBEPIIEeHUI0 PabOThHI
IIIKJTa KaKasg-Tu60 BETMYMHA OKAKETCS PAaBHA HOMEPY 0YepEIHOTO YieHa TPOTPECCHH.
Huzke yTOUHEHHBIN BAPHAHT IIPOTPAMMBI

Jucmumne 6

sum:=al;

ki=1;

WHILE sum<=W DO
al:=al+d;
sum:=sum+al;
ki=k+1;

END;

Bemmunna k yBemmunBaercst va 1 Ha KaxkI0M MPOXO/Ie Tesa MUKIA 1 (PaKTHIECKH
paBHA HOMEPY CYMMHPYEMOTO YJieHa TIPOTPECCHH.

[Tuka WHILE nHauGosee yauBepcasbHast hopMa IUKJIA, HO3BOJISIONIAs CMOIEINPO-
BaTh JIOGOM TIPoIlece, Yero Hesb3st ckaszaTb o FOR (tukite ¢ marom). Ho 3a sty yuusep-
CaJIbHOCTD HA/I0 TUIATUTH THIATEIBHBIM MOCTPOCHUEM YCIOBUS MTPOIOJIKEHIS ITUKJIA.
OmrbKa B OCTPOEHUH YCIOBHUSI MOKET TPUBECTH K TaK HA3BIBAEMOMY 3aBHCAHUIO, TO
ecTh 6ECKOHEYHOMY BBITIOJMHEHUIO UK. VI BOT TOMY MPOCTOT TIprMep:

Jucmune 7

k:=1;

WHILE k<5 DO
sum:=sum-+Kk;

END;

B nanHOoM parmeHTe Hekast BeJimurHa K cKkiiazbiBaeTcs ¢ CyMMOM Ha KasKIOM 1are
[UKJIa, HO I[UKJI HUKOI/A He 3aBePIINTCS, TaK KaK HayaJbHOe 3HaYeHUe BeJUUnHBI K
H3BECTHO, HO B [IUKJIE OHO HUKAK He M3MEHsIeTCS U CJIeloBaTe/IbHO Beerga OyieT MeHb-
nre 5. [TpaBu/IbHBIH (hparMeHT MOKET BBITJISIZIETh HAITPUMEp TaK:

Jucmumne 8

ki=1;
WHILE k<5 DO
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sum:=sum+Kk;
k:=k+1;
END;

Kak usmensercs Kk koneuno onpegensercs sagadeii, u Heo0A3aTeIbHO OHO U3MEHSI-
ercst ¢ marom 1. Ho BHeceHHOe McITpaB/ieHue [0 KpaiiHeil Mepe pelraeT mpobJieMy 3aBu-
canus. [IUKJ BBIIOJHUT HECKOJIbKO 1IAT0B U Ipu K=5 IpekpaTuT cBoIo 1eATeNbHOCTD.

Hukn WHILE sTo mtuka ¢ yenouem nipogosskenust. I B KII ectb Tak HazbIBaeMbIit
IIUKJI C YCIOBUEM 3aBepiieHust. To ecTh KOHCTPYKIINSI, B KOTOPOI CHAaYaJIa BBITIOTHSIET-
Cs1 TEJIO IIMKJIA U JIUIID 3aTeM MTpoBepsieTcst ycaosue. Ha mceBokoe Takast KOHCTPYK-
1ust OyZeT BBIMJISIETD TakK:

TToBTOPATH
BbluMCAnTL OUepenHOM YleH TTporpeccmm
BbluMcnnTb ouepepHOe 3HaYeHME CYMMbI
TMoka Cymma > TlpenenbHoro 3HayeHus (He cTaHeT 6onbLue)

A na KII aTo ke 3anuiiercs Tak:

Jucmunz 9

sum:=al;

k:=1;

REPEAT
al:=al+d;
sum:=sum+al;
k:=k+1;

UNTIL sum>W;

31ech TIPOCTO TIEPENUCaHbl YiKe N3BECTHBIE BBIYUCIEHUS B HOBOH (popme. JlaBaiite
MPOAHATM3UPYEM, KaK 9T0 paboTaet u Het Jiu mpobiiem. Pabortaet riukst tak: Ha kaxmom
TIare BBITIOJHAETCS TEJIO IIUKJIA U JIUIITh 3aTeM MpoBepseTcs ycaoBue. CireoBaTenbHo,
TEJN0 MUKJIa Oy/IET BBITTOJHEHO XOTs ObI 0iuH pa3. [[uki 3aBepiaet ¢cBoo paboTy npu
HUCTUHHOM ycaoBun. OTMEThTE CYIECTBEHHOE PA3JINIKe OT IUKJIA C YCIOBUEM TIPOIOJI-
sxenust. WHILE Boimosasier cBoto paboty moka ycaosue uctuato, a REPEAT UNTIL o
TeX MOP MOKA YCJIOBHUE HE CTaHEeT UCTUHHBIM. [109TOMY 11 TOSIBIIIOCH pa3inyne B 3aliCh
yeaoBus. Etite o/1HO oTrdne GOpMBI 3aMTUCH B TOM, YTO IUKJI € YCJIOBUEM 3aBEPIITCHIS
He Hy:k/1aeTcs B KiaioueBoM ciioBe END. Ero Teso, 3T0 Bce KOMaH bl HAXOSITUECS MEK-
ny kitoueBbiMu ciioBamu REPEAT u UNTIL.

Ecrb B 3anucu 1ukiaa REPEAT u HeGouiblas cojepskarebHas npobaema. 3ame-
THM, YTO ¥ KaK B CJIy4ae yCJIOBUS POAOKEHUS CyMMa HHUITUATU3UPYETCS EePBbIM
YJeHOM Tporpeccud, mioc K Tomy 1uka REPEAT rapanTupoBanHO mocuuTaeT ere
O[IMH YJIEH TIPOTPECCHH, TO eCTh BTOpoil. Ciiel0BaTeIbHO, €CJIU YKe TEePBBIN YJieH MPOo-
rpeccun oKaxkeTcst 6osibiine yeM W mporpaMma omubercst u 3aBepinut paboTy mpu k=2,
npu npasuwibHOM otBeTe k=1, Takum o6pazom dopma rukia REPEAT cyuectBeHHO
MEHSIET JIOTUKY U PABUJIbHBIA BADHAHT IPOTPAMMBbI Oy/IET TAKOB:
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Jucmumne 10

sum:=0;

k:=0;

REPEAT
al:=al+d;
sum:=sum+al;
ki=k+1;

UNTIL sum>W;

[Muksbl € ycaoBuEeM 3aBeplIieHUs U YCJIOBUEM TIPOIOJIKEHNST B3aMMO3aMeHsIeMbl
1 062 OHU TO/IHBI JIJIST 3aMEHBI IIIKJIA € TaroM. IIpoIeMOHCTPUPYEM Ty B3aNMO3aMEHSI-
€MOCTbD elIe OJJHUM IIPUMEPOM.

3agauva 5. Beruucnuts pakropuan yncsia N.
Dopma UKIA C TaroM:

Jlucmumne 11

fact:=1;

FOR k:=2 TO N DO
fact:=fact*k;

END:;

Dopma UKIA ¢ YCITOBUEM TIPOJIOKEHUST:

Jlucmume 12

fact:=1;

k:=2;

WHILE k<=N DO
fact:=fact*k;
ki=k+1;

END;

Dopma UKIIA ¢ yCIOBUEM 3aBEPIIEHUS:

Jucmunz 13

fact:=1;

k:=2;

REPEAT
fact:=fact*k;
ki=k+1;

UNTIL k>N;

Nrak, yTo y’ke u3BeCTHO.
K manHoMy MOMEHTY MBI TOBOJIBHO IETATBHO PACCMOTPEJIY TPU BUIA TIMKJIOB. B Kax-
JIOM TIPOTPAaMMHOM (DparMeHTe MCII0JIb30BaHbl KOMAH/Ibl TPUCBANBAHMUS, B IEPBON 3a-
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Jlaue UCI0JIb30BaHa YCIOBHAS KOHCTPYKIIMS, HO MHMOPMAITUH O Hell TToKa KOHEYHO He
noctaToyHo. B kaxkmoM dhparmMeHTe MCIOIb30BAJIOCH TIOHATHE TIEPEMEHHON, HO U OHO
ITOKa HUKaK He pacKpbITo. Ha Tekyiuit MOMeHT niepeMeHHas B HallleM ITpe/ICTaBJIeHun
370 T1es10€e yncyio. [Toaromy caepyonas yueOHas 3a[a4a — 3TO YCIOBHASI KOHCTPYKIIUS,
HOCJIE Yero yiKe OYIeT COBEPIIEHHO HEOOXOAUMO PACITUPUTD MPEACTABIEHIE O TUIIAX
nepeMeHHbIX. Ho TIOKa 3aKpenuM MoTyYeHHY 0 HH(POPMAIIIO0 HeOOIbIITNM CAMOKOHT-
poJieM.

3agayqn s CaMOKOHTPOJISI:

1. Hanmwmure tpu BapmanTta (A7151 Kaxk0¥ 3 Tpex GOpM IMKJa) TTPOrpaMMHO-
ro ¢dparmenra cymmuposanus N TocyieloBaTeIbHBIX HATYPATbHBIX YICE:
1+2+3+...+N

2. Jlano aBa nenbix uricaa a u b. Haiitn snauenue spipaskenns ab, hopma 1mkiia Ha
Ballle yCMOTPEHHE.

3. OmnpenennTs HOMED (B HATYPAJBHOM DSy ) YETHOTO YUCJA, TAKOTO, YTO CyMMa
BCEX MPEABIAYINX YETHBIX BKII0Yast fanHoe 6obiie 3agannoro W. Byzem cun-
TaTh, YTO 2 nMeeT HoMeDp 1, 4 HOMep 2 1 T.11.

4. HafiTn cymMMy KBa/[paToOB HATYPAJIbHBIX Ynces OT 1 He MPEBBIIAONIYIO 3a/1aH-
Hoe yncyio W. 3azauy penuTh B ABYX BAPHAHTAX: IUKJIOM C YCIOBUEM TTPOIOJ-
SKEHVST U IUKJIOM C YCJIOBUEM 3aBePIIeHIIS.

5. He momb3ysich (hopMyJioit cyMMbI HAWTH CYyMMY Y4JIEHOB T€OMETPUYECKON MPO-
rPecCcUN 3a[aHHOM HAYaThbHBIM YJIE€HOM, KOJTMYECTBOM YJIEHOB IPOTPECCUU U ee
3HaMeHaTesieM. Vcromp3yiiTe 1711 pereHns UK C [IaroM.

6. Haiitu nponssenenue aByx uncea A u B He mosb3ysich oneparieil yMHOKEHS.
Bri6op hopMBI KA Ha Ballle yCMOTPEHHE.

7. Berunciuts N unenos psiaa @ub6onaun. Psag @ub6oHaum 910 psiji YUCes onpe-
MEJSIeMBIH ey IomuME yeaoBusaMu: a1=1; a,=1; a;=a; ;+a;.». Bei6op dhopmsr
I[UKJIa Ha Ballle yCMOTPEHUeE.

8. Haiitu ocTaTrok u yacTHOe OT fiesieHns yrcaa A Ha MeHbInee yuciao B. Oneparu-
SIMV HAXOK/IEHUST OCTATKa ¥ JIeJIeHNs TI0b30BaThes 3anpeniaercst. Dopma nuk-
JIa Ha Ballle yCMOTpPEHHe.

9. Haiitu cymmy mepsbix N — HeueTHBIX uncer. BoIOop MK Ha Ballle yCMOTPEHHe

10. Apudmerndeckast mporpeccust 3a/1aHa HAYaTbHBIM YJIEHOM U pa3HocThio. [eo-

MeTpUYecKast IPOTPeCcCHsI 3aIaHa HauaJIbHBIM YJIEHOM U 3HaAMeHaTeJieM. Boisic-
HUTL HOMeDP K Tpu KOTOPOM 4JieH reoMeTpHUYECcKOf TPOrPecCun CTaHeT BIep-
BbIe HOJTBINE UIeHa apuhMeTHIecKOi mporpeccuu. Bee BeTMUMHDBI — TIeTbIE,
MTOJIOKUTETbHBIE UHCIA.

OOwasa cTpykTypa nporpammbi Ha KI1

Bce HanrcaHHbIe paHee TPUMEPBI 00JIAIAI0T OJJHUM CYIIECTBEHHBIM HEJJOCTATKOM, OHU
He SIBJISIIOTCS] TOJTHOIIEHHBIMU ITPOTPaMMaMM, KOTOPbIEe MOKHO 3aIyCTUTh U TOJYYUTD
TpebyeMmbiii pe3ysibTaT. K HacTosIIeld riiaBe, y Bac ysKe T0JIKHO BEIPAOOTATHCS HEILIIOX0E
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[peJICTaBJIEHIE O TOM, YTO €CTh TaKoe HeboJbinas mporpamma Ha KIT u gosskeH Bo3-
HUKHYTH BOIIPOC, a KaK JJOBECTH Pa3oOpaHHBIE 33[a4l 10 MOJHOIEHHOHU, pe3yJibTa-
TUBHOI TIporpaMMbl. PaccMoTpuM npobiieMy Ha CIIEYIOMIEM YKe PEIEHHOM MTpIMe-
pe — pacuera chakTOpHaa:
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fact:=1;

k:=2;

WHILE k<=N DO
fact:=fact*k;
ki=k+1;

END;

Wrtak, 4To 04eHb BasKHOE 3/IeCh OTCYTCTBYET. Bo-11epBhIX, 110 3aBepIleH0 PabOThI
(parmenta Bennunna fact comepxut sHavenne akropmana, HO MBI €I0 He YBUIUM,
TaK Kak HeT ollepalliy BbIBOJIA HA 9KPAaH MTOCUUTAHHOTO 3HAYEHWST, BO-BTOPBIX, JIJIST Pa-
60TbI (hparMenTa HeoOXOAUMO KaK-TO 3a[aTh UCXOJHOe 3HaueHue BeJrnunHbl N, KoTo-
past MOJKHO CKa3aThb SABJISETCS apPTYMEHTOM JIJIs1 PACYETHOTO MPOTIECCa, HO 3TO TOXKe He
caenano. JlonosHuM GparMeHT HeOOXOAUMBIMU KOMAHIAMU:
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In.Open;
In.Int(N);
fact:=1;

k:=2;

WHILE k<=N DO
fact:=fact*k;
ki=k+1;

END;

StdLog.Int(fact);

Komanza In.Int(N) unTaercd Tak: B3ATb U3 BXOJHOTO ITOTOKA OJIHO 1[€JI0€ 3HAYCHHUE
u ipucsonth ero nepemennoit N. Komanga StdLog.Int(fact) unraercs Tak: mepenats
B BBIXOZHOH IIOTOK IieJIoe 3Hadenue nepemennoii fact. Komanma In.Open orkpoiBaer
BXOJIHOM IIOTOK JJaHHBIX, fieficTBrE 6e3 KoToporo koMara In.Int He 6yxer uMeTh cMbIC-
sa. TouHoe ompe/ieieHre MOHSTHH BXOJHOTO 1 BBIXOHOTO IMMOTOKA HAM ITOKA He HYKHO,
JOCTATOYHO 3HATH, YTO BXOJHOH MOTOK TO3BOJISIET BBOAUTH JAaHHbBIE C KIABUATYPHI,
a OTCHIJIKA TAHHBIX B BBIXOAHOI MOTOK, TIO3BOJISIET BU3YAJTbHO YBUAETH BETHUNHY.

Hamnee, pjist Toro, uro6er mporpamMmy Ha KIT MOKHO ObLIO 3a11yCTUTD Ha BBIIOJIHEHNE
OHa JIOJIKHA UMETh UMs. ITO BIIOJHE eCTECTBEHHOEe TpeOoBaHue, HeJlb3sl 00PaTUThCS
K TOMY, 4TO He MMeeT UMEeHU. 3aBepIIeHHbBIN TTPOTPAMMHBIH (hparMeHT HA3bIBAETCS
[IPOILELYPOil ¥ BBITJISIANT CIIEAYIOIUM 00Pa3oM:
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PROCEDURE Calculation;
BEGIN
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In.Open;
In.Int(N);
fact:=1;

k:=2;

WHILE k<=N DO
fact:=fact*k;
k:=k+1;

END;

StdLog.Int(fact);

END Calculation;

CiioBo PROCEDURE o3nauaet, 4To HUXKe 3aMican JIOTHIECKH 3aBEPIICHHbBIN (hpar-
MeHT rporpaMMsbl, KoTopbiii Ha KII HazsiBaeTcst npotieaypoil. [lanee, moce kiroueBoro
CJIOBA 3aMKUCHIBAETCST UMST TIPOIIELYPhI U HAKOHET] Mek 1y KitoueBbiMu ciioBamu BEGIN
n END 3amnmceiBaeTcst TEKCT MPOIEAYPHI. DTY MPOTIENYPY Y:Ke MOKHO TTOMBITAThCS HC-
HOJTHUTB, HO K COXKaJIEHNIO Oe3ycIellHo. B TekcTe He XBaTaeT ellle HECKOJIbKO BayKHbBIX
BeIIe.

[Iportenypa neficTBUTETHHO SIBISIETCS JIOTUYECKON eTUHUTIEN, HO He BIIOJIHE CAaMO-
nocraToutoil. IIponenypbrt KIT o6bequHAIOTCS B MOAYJIN. ITO HEOOXOAUMO, AAKe
B TOM cJlydae, ecjIi IPoLeaypa B MOAyJie OyIeT TOJbKO JIIb ofHa. JOMOIHUM Hall
TEKCT:
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MODULE Example;
PROCEDURE Calculation;
BEGIN

In.Open;

In.Int(N);

fact:=1;

k:=2;

WHILE k<=N DO
fact:=fact*k;
k:=k+1;

END;

StdLog.Int(fact);

END Calculation;

END Example.

Kmioueroe cioBo MODULE o3navaeTt Hayaso omucanus Tejaa MOLYJisl, KOTOPOE CO-
CTOWT W3 TIPOIENYp W Pa3IuIHON ApyTol BcrmoMoraresabpHou wHbopmanuu. [locse
MODULE sanucsiBaercst uMst Mozyist. O6paTiiTe BHUMAaHKE, HA TOBTOP UMEH MOIYJIst
U mpotienypsl nocje coorserctyomux END. 3to ob6ssarenbHo. Kpome toro, END 3a-
BEPIIAONIII MOIYJb 3aMUCBIBAETCS] C TOYKOH, Mocjae MMeHN Moy, a ociae END
3aBePITAIONIETO TPOIEAYPY 3aIHCHIBAETCS TOUKA C 3aISITOH, 1TOCTe UMEHU TIPOIIEAYPHI.

B mio6oM si3bike iporpammvuposanust v KIT B ToM He HCKITIOUEHHE €CTh OJTHO BasKHOE
TPaBUIIO: JII0O0E UMSI, UCTIOJIB3YEMOE B ITPOrpaMMe HEOOXONMO OIHCATh, TO €CTh I0JI-
JKHO OBITH M3BECTHO, YTO HTO TaKoe U Kak ¢ HuM paborars. K npumepy ciaosa WHILE,
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DO, END, BEGIN, PROCEDURE, MODULE u HekoTOpbIE APYTHE SBISIOTCS KITFOUEBbI-
mu ciioBamu KT v OHU M3BECTHBI KOMITHIIATOPY U3HAYAIbHO. HO BBECTH B TAMSITH KOM-
MUJISITOPA BCE BO3MOYKHBIE KOMAHJIBI HEBO3MOKHO IO JIBYM ITPUYMHAM: BO-TIEPBBIX, HX
CJIMTIIKOM MHOTO, BO-BTOPBIX, HUKTO HE 3HAET, UTO MOJKET €eIle TTOHA0OUTHCSI TIPOrPaM-
muctaM. [103TOMY SI3BIKM MPOTPAMMHUPOBAHUST CO3/AI0T paciiipsieMbiMu. Jacth Ko-
MaH[ OOBSIBJISIIOT CTAHAIAPTOM SI3BIKA U 9TH KOMAH/[bl KOMITUJISITOPY 3apaHee U3BECTHBI,
a 4acTh KOMAaHJI HAXOJUTCSI B TaK HA3bIBAEMbIX OUOIMOTEKAX (MOYJISIX), TO €CTh J10-
MOJTHUTENBHBIX (haliTax copepRAMMX UMEHA KOMaH/[ M UX UCTIOJHSAEMBbIiT Kojl. B Hatiem
(parmenTe TakuME, OUOIHOTETHBIMU KOMAH/IAMHU SIBJISTEOTCST KOMaH/[bI BBOJIA,/BBIBOIA.
In u StdLog umena mopyiieit — 6ubsarorek. Int 3170 COOCTBEHHO KOMaH/Ia YKa3bIBaO-
111asT Ha BBIMTOJIHSIEMOE JIeiicTBUE (BBO/I U BBIBOJ] BEIMYUHBI OTIPE/IEJIEHHOTO THIIA, B Ha-
IIeM cirydae 1esoit Benuunner ). Ho [71st ucrnosib3oBanust GubJINOTEUHBIX KOMAH KOM-
MUJISITOPY HEOOXOAUMO COOOIIUTH, YTO Ta WK WHas Oubnuoreka (B HajibHeHIeMm
Oy/leM UCIIOJIb30BaTh TOJBKO TEPMUH MOJYJIb) OyIeT UCIoJab30BaThes. Ilepernuinem
MOJLYJIb ¢ HEOOXOMMBIMU JOTIOJHEHUSIMU:
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MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calculation;
BEGIN

In.Open;

In.Int(N);

fact:=1;

k:=2;

WHILE k<=N DO
fact:=fact*k;
ki=k+1;

END;

StdLog.Int(fact);

END Calculation;

END Example.

[Mocepuuii mar. Mbl cCOOOIINITI KOMITHIISITOPY, YTO KOMAH/Ibl BBO/Ia,/BBIBO[a HAXO-
nsiTest B Moty isix In u StdLog , kitoueBbie cI0Ba eMy U TaK U3BECTHBI, CEYaC OCTANIOCh
omnpenenutsd nepemennsie: N, fact, k. Tounee, onpegennts ux tun. Heob6xoammo 510
BOT /i1 4ero. KoMIUIATOP 710 3aIycKa ITPOTpaMMbl pacipeziesiseT OMepaTuBHYIO ma-
MSITh KOMITbIOTEpa. [/t 4ero 9T0 HY;KHO BOMPOC [OCTATOYHO OOIMUPHBIA U JAETAIHHO
MBI €TO PACCMATPUBATh He OYIeM, TIOKA OTPAHUIUMCS CJIEYOIIEel Bepcueil — eCJiu 9To-
O He CJIENIaTh, TO B TIPOIlEcce PAGOTHI TPOTPAMMBI MOJKET CJIYIUTHCSI KOH(PIUKT MEKTY
PA3JIMYHBIMU CTPYKTYPAMHU JJAHHBIX MTPETEH/IYIONNX HA OIHY U TY Ke maMsTh. [Ipuaem
KOMITHJISITOP TTOMOYb IMTPOTPAMMUCTY B Pa3pelieHIH 3TOTO KOH(MJINKTA HE CMOKET, TaK
KaK B IIpoiiecce paboThI IPOTPAMMbI KOMITHIISITOPA YIKe HET.

OmnpejiesieHe THUIIA BBIIOJIHAETCS B OIpeAeieHHOM OJIOKe, KOTOPBI MOKHO CO-
3/1aTh B KQXKON OTAEIbHOM IPOIIeyPe, & MOKHO M B MOy JI€. SAIHIIEeM OKOHUATETTHHO
pPaboTOCTIOCOOHBIIT MOYJTb:



20 HedopmarbHOe BBeAeHWE

Jucmunz 19

MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calculation®;
VAR

N,k,fact:INTEGER;

BEGIN

In.Open;

In.Int(N);

fact:=1;

k:=2;

WHILE k<=N DO
fact:=fact*k;
k:=k+1;

END;

StdLog.Int(fact);

END Calculation;

END Example.

ITOT BapUAHT YK€ MOKHO 3AITyCTUTD Ha BBITIOJTHEHUE W TIOJYYUTD PE3yIbTaT, HO

CHavaJa TPU HeOOJIBIINX, HO OYeHDb BaXKHBIX 3aMEYAHUS:

3ameuanue o pezucmpe cumsonos. J{ns KII manenbkue u Gosibiiue GyKBbI, 5TO pas-
ubie 6yksbl. Hanpumep, nepementnie fact, Fact, FACT ato Tpu pasjMyHbIX TIepeMeH-
ubix. Kirtouesbie ciioBa B KIT 06si3aTesibHO TUITYTCS 3ariaBHBIME GykBamu. [Toatomy,
sanuch KiarodeBoro ciaosa while nim While 6yaer Boctipunsita kak ommmbouHast.

3ameuanue o cumeoe «*». 3aMeTbTe, UTO B TIOCJIETHEN BEPCUU HATIETO MOTYJIS TTOC-
Jie UIMEHU TIPOTIe/[y Pl TOSBUJICS CUMBOJI 3BE3/I0YKA. ITO O3HAYAET, UTO K JIAHHOH MTPO-
Heype MOXKHO TTONyduTh HocTyt u3 cpeasl BlackBox, To ecTh mompocuTs cpey BbI-
MOJIHUTD AHHYTO TIPOTIEyPY U ATy TIPOTELYyPY MOKHO BBI3BATh U3 J[PYTUX MOJYJIE.

Box onpedenenus nepemennvix. B HatiieM puMepe repeMeHHbIE BEJTMIMHBI 00bsIB-
JieHsl B Tesie mporieaypot Calculation. 9to o3Hauaer, 4To IepeMeHHbIE H3BECTHBI TOJIb-
KO mmpouenype Calculation. Eciii B nannom MoOayJ1e 6y[[yT OIIMCaHBI IpyTHe IIpoLeay-
PBI, TO [T HUX 3TU TIepeMeHHbIe OKaKyTCS HeAOCTYNHbIMU. [lepeMeHHBIE MOKHO
OIUCATD TIEPEl BCEMU TPOIIE/LyPAMU TIOCJIE UMEHU MOJLYJIst i O0bSIBIIEHUS TPEOYIOTTHX-
ca MonyJeii. Bot Tak:
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MODULE Example;
IMPORT In, StdLog;
VAR

N,k,fact:INTEGER;
PROCEDURE Calculation®;
BEGIN
In.Open;
In.Int(N);
fact:=1;
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k:=2;

WHILE k<=N DO
fact:=fact*k;
ki=k+1;

END;

StdLog.Int(fact);

END Calculation;

END Example.

B nannom BapHuaHTeE 00ObSABJICHHBIE IIEpEMEHHBIE YK€ CMOTYT MCITOJIb3OBATbCA BCE-
MU 11poneypaMu MOLyJId. A XOpomIo 3TO NJIHA I1JIOXO0, HAa/lO 9TO WJIN HET OIIPEACJIACTCA
TOJIBKO JIOTUKOM 3a/la4 1 3aMbICJIOM IIPOTPaMMMUCTA.

3agayu onsi CaMOKOHTPOJIS:

I[OBB,ZII/ITG penieHua 10 3a/lad 13 IIE€PBOTo 3a/laHus /10 3aBEPIHICHHBIX ITPOTrPaAMM.

YCcnoBHbIN onepaTtop

MbiI yske HEMHOTO Kacauch paboThl ycIoBHOTO otniepaTtopa. Celtuac 3aiimemcst M 60-
Jee fgetanpbHo. Haurem ¢ mpumepa.

3amauva 6. /[aHo Tpu 11esbIX uncIa: &, b, C. BRIICHUTD MOTYT Jit OHU OBITH CTOPOHA-
MM TPeyTroJIbHUKA.

TeoMeTpust yTBEPKIAET, YTO B JIIOOOM TPEYTOJBHUKE CYMMa JIBYX JIIOOBIX €T0 CTO-
POH GOJIbIIE TPEThEH. DTO O3HAUAET, YUTO HEOOXOAUMO U JIOCTATOUYHO TPOBEPUTH TPU
HepaBeHCTBa!

a+b>cuma+c>bub+c>a.

Ecii MbI IpoBEpUM TIepBOE HEPABEHCTBO M OHO OKAKETCS JIOKHBIM, TO CIIeIyTolee He-
PaBEHCTBO y:Ke MOKHO U He TIPOBEPSITh, HO €CJIA OHO OKAKETCS UCTUHHBIM, TO CUTYAITUS
OCTaHETCST HEOTIPEIEJIEHHON U TIOTPeOyeTCst TIPOBEPKA BTOPOTO YCJIOBUS, €CJIN JKe U BTOPOE
OKaJKETCST UCTUHHBIM, TO TOTPEOYETCST IPOBEPKA TPETHETO. ITO MOKHO 3aMUCATh TAK:

Echma+b>cTo
Echma+ c>b To
Ecnm b + ¢ >a 10 "3TO CTOPOHbLI TpeyronbHMKaA"

A ceityac To ke camoe Ha KII
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IFa+b>cTHEN
IFa+c>b T THEN
IF b + c >a THEN StdLog.String(‘3To cTOpOHbI TpeyronbHUKa');
END;
END;
END;
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ITpumeuanue: StdLog.String komaHa BEIBO/IA B BBIXOTHOIT TIOTOK CTPOKH

Takasi KOHCTPYKITUS Ha3bIBaeTCS BJIOXKEHHBIM ycyoBrueM. Kaxkzioe mnocienymoiriee
YCJIOBUE ITPOBEPSETCS TOJBKO B TOM CJIyYae, eCJIM UICTUHHO yCJIOBUE BEPXHETO YPOBHS.

Yo 3xech m1oxo. Eciii Tpy Hanmmx ymcia y10BJAETBOPSIOT BCEM TPEM YCJIOBUSM, TO
MBI TIOJIYYUM COJIEPAKATETBHOE COOOIIEHUE, a BOT €CJIU XOTS OBl OJIHO M3 HEPABEHCTB
OKaKETCST JIOXKHBIM, TO HUKAKOTO COODIIEHUST TPOTPaMMa He BbIIACT. BUIMMO B 11po-
rpaMMe TIPH IIPOBEPKE YCJIOBUSI JTOJIKHO OBITH OIMTUCAHO JIBE TTOCJIEI0BATENBHOCTH el -
CTBUIA, OIHA U3 KOTOPBIX BBITTOJHSIETCS €CJIN YCJIOBUE UCTUHHO U BTOPOE JTOJIKHO BBI-
MOJIHATBCS, €CTU yCcoBUe JokHO. 1yt atux 1esneit B ycaoBHoM oreparope KII ectsb
kioueBoe cyioBo ELSE. C ponossennem nporpaMMHbII parMeHT IpruoOpeTeT Caery-
IONTUH BU;
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IFa+ b>cTHEN
IFa+ c>b THEN
IF b + c >a THEN StdLog.String('3T0 CTOpPOHbLI TpeyronbHUKA');
ELSE StdLog.String('To He CTOpOHbLI TpeyronabHUKa');
END;
ELSE StdLog.String('3To He CTOPOHbLI TpeyronbHUKa');
END;
ELSE StdLog.String('3To He CTOPOHbLI TpeyronbHWKa');
END;

HoBbliit BapuaHT BBIIOJIHSAET CBOIO paboOTy KOPPEKTHO, HO HECKOJIBKO IPOMO3JIKO.
3aMeTHM, UTO JIJIs IIOJIOKUTETbHOIO BBIBOAA HEOOX0AMMA NICTUHHOCTD BCEX TPEX YCJIO-
BUil. JIOXKHOCTD XOTs OBl OJJHOIO M3 HUX IPUBOUT K OTpHUIaTeIbHOMY BbhiBoLY. Cieno-
BaTEJIbHO, BO3MOMKHO C(hOPMUPOBATH OIHO CJIOKHOE YCJIOBKE, KOTOPOE A0JIKHO OBITh
UCTUHHBIM TOJIbKO B CJIy4ae UCTUHHOCTYU BCEX TPEX dJIEMEHTAPHBIX U JIO)KHBIM €CJIN
JIO3KHO XOTs ObI OJTHO U3 HUX. 3anuiieM ciaepyonuii BapuanT cpasy Ha KII
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IF@+b>c)&@+c>b)&(b+c>a)

THEN StdLog.String('3To CTOpPOHbI TpeyronbHUKA');
ELSE StdLog.String('To He CTOpOHbLI TpeyroabHUKa');
END;

Hogeiit TekcT cytectBento kopode. Oneparusi & Ha3bIBAETCS JTJOTUIECKIM YMHO-
sxennem (). Eciu qBa wiu 6oJiee yCJIOBU CBS3BIBAIOTCS JIOTHYECKUM U, TO CIIOKHOE
YCJIOBUE UCTUHHO TOT/Ia X TOJIBKO TOT/Ia KOT/Ia UCTUHHBI BCE 3JIeMEHTapHbIE YCJIOBUS
B HETO BXOJISIIIE U JIOKHO €CJIH JIOKHO XOTsI ObI OTHO U3 3jieMeHTapHbIX. Ele oxHa
HoJie3Hast Joruueckas cBsizka ato csiska OR (MJIN). Ecaiu 1Ba miiu GoJiee JIOTHYECKITX
BbIpakeHu cBa3biBatoTcs Jorndeckum MJIV, To cioxxHOe yciaoBre HCTUHHO €CJIH HC-
TUHHO XOTsI OBl OJTHO U3 3JIEMEHTAPHBIX YCJIOBUH, JIOKHBIM JK€ OHO OY/IET B TOM CJIydae
€CJIU BCe 3JIeMEeHTapHbIe YCJIOBUS OKaXKyTCs JOXKHBIMU. VI eciim peub 3a1iia o Joruyec-
KHX OIlepalnsIxX TO YIIOMSTHEM ellle JIOTHYecKoe OTpUllaHue «~». Ecim oruyeckoe ycjaoBue
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MCTUHHO, TO €ro OTPUIIAHUE JIOKHO U HA060POT eC/IU YCIOBHUE JIOKHO, TO ero OTPHIia-
HUE UCTUHHO. A ceffuac paccMoTpuM GoJiee CJIOKHYIO 3a1a4y:

3amauva 7. [laHo TpU 1eJIbIX YKCIIA: @, b, C BBISCHUTD MOIYT JIX OHU SIBJISATBCS CTOPO-
HaMU TPEYTrOJbHUKA U €CJIU I, TO SBJISETCS JIA 9TOT TPEYTOJbHUK: PABHOCTOPOHHUM,
paBHOOEAPEHHBIM, PA3HOCTOPOHHUM.

SIcHo, uTO (hparMeHT IPOTrPaMMBbI OIIPEAEISIONUI ABJISIOTCS JIM TPHU YKUCJIa CTOPO-
HaMH TPEYTOJbHUKA, HEOOXOAMMO JOMOJHUTh KAaKUMHU-TO KOMaHIaMK IIOCJIE CJIOBA
THEN. Coobiietue 0 TOM, 4TO 3TO TPEYTOJBHUK OCTABUM Ha MECTE, HO MOCJIe CO00IIe-
HUs HeOOXOAMM aHaIU3 YCJAOBMI Ha PaBHOOEAPEHHOCTD, PABHOCTOPOHHOCTD, Pa3HO-
CTOPOHHOCTb.

JList Toro, 4T06bl 06BSABUTH TPEYTOJbHUK PABHOCTOPOHHUM J0CTATOYHO IIPOBEPUTH
nBa pasercrBa a=b u b=c. Tak kak 06s13aT€JIbHO BbIIIOJHEHE 000UX YCIOBHIA, TO MOXK-
HO BOCIIOJIb30BaThCs JJornyeckuM yciaosueM & (I1). 3amnuiiem rpebyemoe yCaoBye:

IF (a=b) & (b=c) THEN StdLog.String('TpeyronbHMK paBHOCTOPOHHUR');
END

A Bech (hparMeHT 3aTUIIETCS TAK:
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IF@+b>c0&@+c>b)& (b +c>a)

THEN
StdLog.String('2T0 CTOpOHbLI TpeyroabHUKa');
IF (@=b) & (b=c) THEN StdLog.String('TpeyronbHMK paBHOCTOPOHHUN');
END;

ELSE StdLog.String('2To He CTOPOHbI TPeyronbHUKA');

END;

Baoicnoe sameuanue. O6parure BHUMaHue, Mbl CYIIECTBEHHO U3MEHUJIM CBOMCTBA
rOTOBOTO (pparMeHTa MpocTo MeXaHUUECKU BCTABUB HOBBIM KOJI, B IIPABUJIBHOCTU KO-
TOPOrO HET COMHEHUH, B TOYKY B KOTOPOH 110 CMBIC/IY 9TO HEOOXOAUMO CeIaTh. ITO
ujeasibHas CUTyalus KOT/a MoJy4aeTcs UMeHHO TakK. Eciu j1ist u3MeHeHus mporpam-
MBI HAJIO TTePeJIeNIbIBATh, BECh paHee HAMMCAHHBIN KOJI, TO CKOPee BCETro 3TO O3HAYAET,
YTO IporpaMMa ObLjIa 0YeHb HeyIauHO CIPOEKTUPOBAHA.

Ewe 00no nebonviuoe sameuanue. Mbl ke 10BOJBHO 4aCTO UCIIOIb30BAIN KOMAH/IbI
MPUCBANBAHUS U 3HAEM, YTO 3Ta KOMAHJIA CTPOUTCS M3 JIBYX 3HAKOB =, 3/IECh JKE B OTIe-
parope IF ectb Boipaxkenus Buga a=b, cogepxamiue ogun 3uak. He myraiite, a10 He
TPUCBOEHNE, 3TO cpaBHEHUE. Pe3yIbTaToM CpaBHEHUS ABJISETCS JIOTHYECKOe 3HAUeHe
Wcrtuna nnau Jloxkb, HO HU B KOeM caydae He M3MeHeHUe 3HAaUeHU N TepeMeHHbIX.

Bepuemcs k samade. Enie HeoOX0QMMO IIPOBEPUTH YCIOBUS PaBHOOEIPEHHOCTH.
TpeyroJbHUK SBJISIETCA PAaBHOOEAPEHHBIM, €CJIA €CTh I1apa PaBHBIX cTOPOH. Takux map
MoxkeT ObITh Tpr: a=b, b=, c=a. TIpuuem gocTarouHo ogHOU U3 HEX, Wiu a=b i b=c
wiu C=a. 3anuiieM ckazanHoe Ha KII ¢ ucmnoib3oBaHMEM JIOTHYECKUX CBSI30K:

IF (a=b) OR (b=c) OR (c=a) THEN
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StdLog.String('TpeyronbHuk pasHobeapeHHbIN');
END;

U Becw pparment:
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IF@+b>c)&@+c>b)&(b+c>a)
THEN
StdLog.String('3To CTOpOHbI TPeyroabHUKA'Y);
IF (a=b) & (b=c)
THEN StdLog.String('TpeyronbHMK paBHOCTOPOHHUI');
END;
IF (a=b) OR (b=c) OR (c=a)
THEN StdLog.String("TpeyronbHuk paBHobegpeHHbIN');
END;
ELSE StdLog.String('>TO He CTOpPOHbI TPeyroabHUKA'Y);
END;

[Tonyyennsiit pparmeHT MOKHO HEMHOTO YCOBEPIIEHCTBOBATh. 3aMETUM, UTO IIPO-
BepKa Ha PaBHOOEAPEHHOCTH GY/IET MPOBOIUTCS HE3ABUCHMO OT PE3YJIBTATOB TTPOBEP-
KU Ha PABHOCTOPOHHOCTb, B JIIOGOM CJIydae mporpaMmma orpaboTtaeT 06a yCIOBHBIX OTTe-
paTopa, HO Be/lb SICHO, YTO €CJIM yCTaHOBJIeHA PAaBHOCTOPOHHOCTb TPEYTOJbHUKA, TO
TIPOBEPSTH €T0 Ha PaBHOOEAPEHHOCTD YiKe He HY:KHO. VIBMEHUM TEKCT € YIETOM CKa-
3aHHOTO U 3alIUIIeM [TOJHOIEHHYIO IIPOTPaMMYy.
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MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;
VAR
a,b,c:INTEGER;
BEGIN
In.Open;
In.Int(a);In.Int(b);In.Int(c);
IF@+b>c)&@+c>b)&(b+c>a)
THEN
StdLog.String('3To0 CTOpPOHbI TpeyroabHUKaA ');
IF (a=b) & (b=0)
THEN StdLog.String('TpeyronbHMK paBHOCTOPOHHUI');
ELSE
IF (a=b) OR (b=c) OR (c=a)
THEN StdLog.String('TpeyronbHuk paBHobeapeHHbIN');
ELSE StdLog.String('TpeyronbHMK pa3HOCTOPOHHUI');
END;
END;
ELSE StdLog.String('>TO He CTOpPOHbI TPeyroabHUKA'Y);
END;
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END Calc;
END Example.

Mgl paccMoTpesid XOpOLIUii IpUMep CJIO0XKHOTO YCJIOBUS UCIOJb3YIOUIero 1 JIOTU-
YyecKue CBSA3KY U BIIOKEHMS yCJIOBUS B YCJIOBHE, a ceiiyac HeCKOIbKO HECJI0KHDIX 3a/1a4
Ha COBMECTHOE MCII0JIb30BaHKe YCJI0BUM U ITMKJI0B. OZHY U3 HUX [I0BEJleM /10 3aKOH-
YEHHOW MTPOTPaMMBbI, B OCTATBHBIX 000 IeMcsT (hparMeHTaMU.

3amaua 8. J[ano uncio. BeisicHUTb, SIBJISIETCS JIW OHO TTPOCTBIM.

Jliist TeX KTO moA3abbll MaTEMATHKY, HATIOMHUM, YTO IIPOCThIE YHUCJIa, — HTO YUCJIa
pessuecs: (HAIes0) TOJIbKO Ha eAUHUILY 1 camoe cebs. [IpuMepsl mpocThix: 2, 3, 5, 7,
11,13,17,19, 23 u T.1. Onipenesienne MPOCTOTO YKCIa aeT 1 MeTo/l perenust. [Tyctsb
aHAJM3UPYEMOE YU CJII0, 3TO Yyncyio N Tora 10cTaToOuHO ONIPEIeIUTh YUCTIOBOM OTpe-
30K B KOTOPOM MOTYT HAXOJUTHCS BO3MOKHbIE JIEJIUTEN U TIPOBEPUTH UX Bce. Ecan
O00HAPYKUTCS XOTS OBl OIIH, TO YKCJIO COCTABHOE, €CJIM JK€ HU OJHOTO JNeJUTENsT He
HaWJIETCsI, TO YUCJIIO TIPOCcToe. ECTECTBEHHO B 9TOM I'MIIOTETUYECKOM OTPE3Ke He JT0JIK-
Ho 6bITh camoro unciia N u 1. Orcrona ciegyer, uro Hanboree OUeBUAHBINA OTPE3OK Ta-
koB [2, N-1], Ho aTOT OTpe30K cauninkom Besuk. Ipeanonoxum, uto N=10, gcHo, 4yTo
aHAJM3UPOBAThH JeaUMOcTh 10 Ha 6 HET cMbICJIa, 3HAYUT MOXKHO OTPE30K COKPATUTD
mo[2, N/ 2]

Ho u 70 eme He Bce. 3amerum ele Gosiee MHTEPECHYO Bellb. JIr0OOI meureb
umeet cebe mapy. Ilycts HanpuMep, posepsiercs Ha npocroty uuciao 100. Ero gesure-
s cocTaBasior mapsl (2; 50), (4; 25), (5;20), (10, 10). IlepBbiii s1eMeHT MTapbl, HAYNHA-
SICh C HAMMEHBIIIETO YBEJIMYNBAETCS, BTOPOI HAYMHast ¢ HanGOJIbIIEro yMeHbIaeTes 1 oba
onu ctpemsarcs k 10, koputo kBagparaomy u3 100. CienroBaTesbHO, MUHUMATBHBIN
orpesok TakoB [2, Sqrt(N)], Sqrt — matemaTuueckas Gyukuus B KIT Beramcisionas
KOpPEHb KBaJ[PaTHBIH U3 YUCJIa.

AJrropuTMuYecKy pobJieMa pelaeTcs ey omuM 06pasoM: HEKOTOPast epeMeH-
Hasl, HasoBeM ee (hJraroM, Iepeil HauajoM repebopa aesureneil pasHa Hyto duar=0.
JloroBopuMcsl, YTO €CJIM OHa OCTAHETCs PaBHA HYJIO, TO 9TO OyJeT 03HayaTh, YTO aHa-
JIN3UPYEMO€ YHCJIO TIPOCTOE. A ecJIi HallfeTCst XOTs Obl OAUH JeJIUTe b, IyCcTh (ar=1.
ITo 3aBepIeHnIO IUKJIA IIepebopa BO3SMOKHBIX Je/IUTeIeH II0CMOTPUM Ha 3HaueHue (Jia-
ra. Ecsiu osiar paBeH HyJIio TO HU OJJHOTO JeJIUTe st HalizeHo He 6b110 1 uncao N mmpo-
CTOE, a €CJIV OH eIMHUIIA, TO 110 KpaiiHeil Mepe OMH JeIuTe b ObLI HalieH U cJIe/j0Ba-
TeJIbHO YnCyIo coctaBHoe. Huske nonHorentnoe perrenue npobaemb Ha KIT:
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MODULE Example;
IMPORT In, StdLog, Math;
PROCEDURE Calc*;
VAR
flag:BOOLEAN;
N,k:INTEGER;
BEGIN
In.Open;
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In.Int(N);

flag:=FALSE;

FOR k:=2 TO SHORT(ENTIER(Math.Sqrt(N))) DO
IF N MOD 2=0 THEN flag:=TRUE;
END;

END;

IF flag THEN
StdLog.String("Yncno coctagHoe');

ELSE
StdLog.String("Ymncno mpocToe’);

END;

END Calc;

END Example.

[TporpaMma peraeT mocTaBIEHHYIO TIepe/l Hell 3a/1auy, Ho BO3MOXKHO 6oJtee addek-
TUBHOE PEIIeHIe, MBI €T0 TIPUBENEM YyTh MO3KE, a cefiuac pazbepeM TO HOBOE, YTO
3/1€Ch TTOSIBUIIOCH.

Hosuwuii mun dannwvix. llepemennas flag o6basiena kak BOOLEAN. Oto nornyeckuii
tur. [lepemennbie nanHoro tuna uMmeioT asa 3Hadenuss TRUE (uctmna) m FALSE
(10p). B Hamem ciydae aByX sHaueHui 1iist mepemennoii flag mocrarouno, mostomy
MbI 1 BeIOpasu ganteiii Tui. Kpome Toro, Tun BOOLEAN gaet Bo3MOKHOCTD HEGOJIb-
mmroro yrpouienus B onepatope |F. MoxkHo 3anmucats u Tak:

IF flag=TRUE THEN

Ho rax kak flag u camo 1o ce6e ectb iornueckoe Beipaxenue, o cpasienne ¢ TRUE
He 0043aTeIbHO.

IIpeobpasosanue munos. SHORT(ENTIER(Math.Sqrt(N))) [To cux mop Mbl 06xo1u-
suck ogauM 1easiM TunoM — INTEGER. Ho aToro tuma nemoctatouno st psizia MmaTe-
MaTH4YeCcKuX omepainuit. Hanmpumep, oneparius qeieHus He ompeaesieHa sl MeIbIX Y1-
cest. TouHO Takske He oIpezeseHa st 1eJI0T0 W OIlepallisa N3BJIedeHrs] KBaPaTHOTO
kopHs. Onepariiis n3BJIeYeHrs] KOPHS OIpeiesieHa IJisl BEMeCTBEHHBIX yncest. [ToaTo-
My, eciu gaxe N ¥ 11es1as1 BeJIMYMHA, TO KOPEHb KBAJPATHBIN 13 Hee OKaKeTCs Belle-
CTBEHHBIM 4mcyioM. JTo mwioxo. KII 3amperaer ucmosib30BaTh B 3aroJIOBKE IHKJIA
C IaroM BelecTBeHHble ynciia. Iloaromy npumensiercs dyrkimsa ENTIER. Ona npeo6-
pasyerT BellleCTBEHHBIN KOPEHD B I[EJI0€ YNCJIIO, ECTECTBEHHO €r0 OKPYTJISISL.

Ho ¢ynkuus ENTIER He perraer Bcex npobiem. Jeso B ToMm , uro B KII ectb He-
CKOJIBKO BHJIOB LEJIBIX YMCEI OTJMYAIOIUXCS IPYT OT Apyra 00beMoM TpeOyeMoli mamsi-
. ENTIER mpeo6pasyer BemectBerHoe umcsio B Henoe 6ouee puHuoe yem INTEGER.
3aroJIoBOK e IUKJIa yipasisercs nepeMmernoii k o0bssiennoi kak INTEGER. Boixo-
JAT Tak, 4To mapameTp K He cOOTBETCTBYET CBOel BepXHeil rpaHulle 110 THILY, U 9TO
¢ TOYKHM 3peHusi KoMmnuisropa ommbka. Omnepanus SHORT ycrpaHser JaHHYIO
ombKy obpesas sumraue 6uthl y uncia ENTIER(Math.Sqrt(N)). Yro sBupouem He
NPUBOAUT K 1oTepe uHopMalmu. O6pesaemMble OUTHI BCe PABHO He COAepsKaT 3Haya-
X mudp.

Onepavus naxosxcdenus: ocmamxa. Onepanpst MOD HaxozuT 0cTaTOK OT 1EJIOUKCIIEH-
HOTO JieJIeHHsI Yrca (BRIpaskeHus ) 3arucanHoro cipasa or MOD Ha ywcsio (BeIpaskeHne)
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sanucanuoro ciaesa or MOD. SIcHo, uTo 9T yncia (BbIPaskeHU ) AOJKHbI ObITH Lie-
JIOTO THUIA.

Heob6xonuMbie 3aMeUaHus CHIETAHbI, OMPOOYEM YJIyUIIUTh AJTOPUTM. [JTaBHBINA
HEeZ0CTATOK MMEIOIErocs pelreHus: B ToM, uto 1uka FOR mo6pocoBecTHo poBepsier
BCe MTOTEHINAJIbHBIE IEJTUTENH, B TO BPEMsi, KaK IIPOIeCC MOKHO 3aBEPIIUTD YK€ 1TOCIe
obuapy:xenus epsoro. [epexon k nukiry WHILE 1mo3Bosiut cchopmupoBath coskHOE
yCJIOBUE, OITHOBPEMEHHO YUNTBIBAIOIIEE U IOCTHKEHUE BEPXHEN IPAHUIIBI YUCIOBOTO
oTpe3ka U OOHApysKeHMe MepBOro jeuTesist. [[0JHOCTHIO TIPOrpaMMy 3auChIBaTh HE
OyieM, OrpaHUIMMCST (PparMeHTOM:

Jucmunez 28
k:=2;
flag:=TRUE;
n:=Math.Sqrt(N);
WHILE (k<=n) & flag DO
IF N MOD k=0 THEN
flag:=FALSE;
END;
ki=k+1;
END;
IF flag THEN
StdLog.String("Yncno mpocTtoe’);
ELSE
StdLog.String("Yncno cocrasHoe');
END;

ITuka WHILE 3aBepinaer paGoTy B ABYX Cydasix:

® nepeMenHast K BbIIIIa 3a PAHKILY OTPE3Ka COIEPIKAIIETO AeuTes . B aToM ciry-
yae (hJrar 0CTaeTCst MCTUHHBIM U 9TO O3HAYAET, YTO JAeJauTesnell HeT, a yncao N
COOTBETCTBEHHO MIPOCTOE;

® (hurar nprobperaeT 3HAYEHKE JI0Kb, ITO O3HAYAET, YTO OBLI HAICH JeTUTEb,
U CJIe/IoBaTeIbHO YUCI0 cocTaBHOe. [IUKII cKopee BCero 3akaHuMBaeT CBOIO pa-
60Ty OCPOYHO.

Ewe necrxonvko npumeuanuii:

O6parute BHuManue, uto B 3arososke WHILE cpaBHMBatOTCS IepeMeHHbIE PasHOTO
YUCIOBOTO THTIA (TIEJI0€ ¥ BENeCTBEHHOE ). B omepanuu mprcBanBaHust 3T0 BBI3BAJIO ObI
coobrmenue 06 ommnbke, cefvac pasandne TUMIOB POGJIEM He BBI30BET, CPDABHUBATDH Be-
JINYUHBI PA3HBIX YUCTOBBIX TUIIOB 0Ty CTUMO.

3arosoBok BosMmoxkHO mepenucarb Tak WHILE (k<= Math.Sqrt(N)) & flag DO ra-
Kasl 3aMUCh MO3BOJIUIA GBI COKOHOMUTD OJIHY MEPEMEHHYIO N ¥ TEKCT COKPATUTCS Ha
OJIHY KOMaH/Iy TIPUCBAUBAHUS, HO B CKOPOCTH PabOTHI MBI OBI TpoUTpasi. BemoMumM,
yto yciaoue WHILE mpoBepsieTcst Ha Kak/IOM IIare UK U BBIPAKEHUS B YCJIOBUU
BBIYHCIISTIOTCS Ha KaXKIOM TI1are, a CJIe0BATEIbHO Ha KasKAOM Iare BHIYMCISIICS Obl
KBa/IPATHBII KOPEHb, & 3TO IOCTATOUYHO TPYALOEMKAsT onepaIius. B ncxoaHom BapuanTe,
KODEHb CYMTAETCSI TOJBKO ofint pa3. Elite aBe 3amaun:
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3amauya 9. Haiitu MakcUMaJIbHOE I1€JI0€ YUCJIO BO BXOAHOM IIOTOKE.
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In.Open;
In.Int(max);
WHILE In.Done DO
In.Int(N);
IF (N>max) & (In.Done) THEN
max:=N;
END;
END;
StdLog.Int(max);

B pemennn ucnosb3yercs nose3nas nepeMennag Done momysis In. 9ta nepemen-
HAsl JIOTUYECKOTO THUIA TPUHUMAET UCTUHHOE 3HAYEHUE MPU YCIEIHOM OTKPBITUU
BXOJIHOTO ITOTOKA U JIO;KHOE TIPU TIEPBOIT HEYTAUHOI MTOTIBITKE TIOJIYIeHUsT 3HAYEHUST U3
BX0HOTO TIoTOKA. [lepemennas DOne 1mo3BoJIsIeT MOMYYUTh BCE AHHBIE 13 BXOIHOTO
MOTOKA, JIAJKe eCJIU HEU3BECTHO, CKOIBKO MX TaM.

3amauva 10. [[aro Tpu pasiIMyHBIX uyncia a, b, C onpegenuts GoJibiiee.
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IF (a>b) & (a>c) THEN
StdLog.String('Hambonbluee uncno - a');
ELSE
IF (b>a) & (b>c) THEN
StdLog.String('"Hambonbluee umcno - b');
ELSE
StdLog.String('"Hambonbliee umcno - c');
END;
END;

W nocneanunii mTpux B U3ydeHUU yCIOBHOTO orteparopa — Konctpykius ELSIF mo-
3BOJISIONIASI HEMHOTO YIIPOCTUTD MMOCTPOEHME CIOKHOTO YCIOBUS
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IF (a>b) & (a>c) THEN
StdLog.String('max - a");
ELSIF (b>a) & (b>c) THEN

StdLog.String('max - b');

ELSE
StdLog.String('max - c');

END;

CMBICJI, HOBOTO KJIIOUEBOTO CJI0OBA HABEPHOE TIOHSTEH U3 IIPUMepa.
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3agayu ons camMOKOHTPOIS

1. Onpenenuts Bee penutenu uncyaa N uckiiouast N u 1

2. Ompenenuts, apiserca au unuciao N coBepuieHHbIM. CoBepIleHHBIE YHMCIHA,

9TO YMCJIA PaBHBbIE cyMMe cBOUX neuteneil. Hampumep: 6 = 1 + 2 + 3; wimn

28=1+2+4+7+14.

Beraucsaute cyMMy BCeX TIOJIOKUTENbHBIX YHNCEN U3 BXOIHOTO TIOTOKA JAaHHBIX.

BeramcanTh cyMMy BCeX YETHBIX YMCEJ M3 BXOJHOTO TIOTOKA TAaHHBIX.

JlaHo Tpu YmcIa, OTNpeleTNTh, SIBJISIOTCS JIM OHU CTOPOHAMH TIPSMOYTOTBHOTO

TPEyTOJbHUKA.

6. [lano 4 uncma a<b<c<d u yncro | onpeneauTs ero moIoKeHNE B 9TOM PAILY.

Hano uncso N. OnpeniesuTh SIBISIETCS JIU OHO CTETIEHBIO TBOMKH.

8. Mano Tpm 1enbix ynciaa. [IpoBepuTs ABASIIOTCS M OHU 4JleHaMH apudMeTye-
CKOT TIPOTPECCHTL.

9. [lano Tpu 1enbix yuciaa. [IpoBeputTh ABISIOTCS JIN OHU WIEHAMH TeOMeTpuye-
CKOT TIPOTPECCHTL.

10.Cucrema u3 AByX JUHEHHBIX YpaBHEHUU 3a/laHa CBOUMU KO3 UIIMEHTAMH.
OmnpenenuTs UMEET JIK OHA PENeHue, €CJIU HET U HECKOHEYHO MHOTO, TO C000-
IIUATH 00 9TOM, €CJIH OJIHO, TO HANTH HTO PeleHHeE.

w

G

~

Kakue ewie ectb Tunbl gaHHbIX B Kl

KII npexocTasisier porpaMMUCTY HEILIOX0H HaGOP THIIOB JAHHBIX, JOCTATOUHBIN J1JIsT
pelieHus J1o60ii pasyMHo ocTtaBjieHHol 3agaun. I1o: menbiii — INTEGER, minHHbIIT
neselil — LONGINT, geiicrBurensuniii — REAL, mornueckuit — BOOLEAN. 9tu tunst
Ha3bIBAIOTCSI OCHOBHBIMU. €CTD €I11€ CJI0KHbIE TUIIBI UJTH COCTABHBIE, HO ceifuac orpaHu-
YMMCS TOJBKO paclIMPeHneM OCHOBHOIO Habopa M K yKe HepeyrcAeHHBIM 100aBUM:
SHORTCHAR - aurepnr HaGopa Latin-1; CHAR — saurepnr Ha6opa UNICODE;
BYTE — MasienbKue Liesble, 13 Ha3BaHMA CHO, YTO 3TO YNCJ/Ia IIOMeIaeMble B OUH OaiiT
namsaTu; SHORTINT — koporkoe nenoe; SHORTREAL — kopoTkue BelecTBEHHEIE;
SET — MHOKecTBa 11eJIBIX YHCEeJL.

OCHOBHOII HCITOJIb3YEMBII THII B 3a/ja4aX HechOPMaTbHOTO BBEJIEHUSI BCE JKe OCTa-
nercst Tunt INTEGER. A ciiemyronunii mpuMep MoKa3biBaeT NCTIOJb30BAHME BENIECTBEH-
HOTI'O THIIA:

3amaua 11. Pemmth kBajipaTHOE ypaBHEHUE.
Pewenue. Haromuum opmybl. KBazipaTHoe ypaBHeHNE 3TO YpaBHEHYE BUJIA:

ax2+bx+c=0

JIJIA BBIYUCJIEHUA €T0 KOpHefI PAaCCUUTBIBACTCSA BEJIMINHA Ha3dblBaeMasl INCKPUMU -
HaHTOM, paBHasd

D = b? - 4ac
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3aTeM paccMaTpUBAIOTCS TPU CIIydast:

D<0 ypaBHenme KOpHEil HE UMeeT

D=0 ypaBHeHUe UMeeT TOJIbKO OJIMH KopeHb X =-b/(2a)
D>0 ypasrenue uMeer asa kKopas X; =(-b+Sqrt(D))/(2a);
x=(-b-Sqrt(D))/(2a);
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PROCEDURE Calc*;
VAR
a,b,c,x,D:REAL;
BEGIN
In.Open;
In.Real(a);In.Real(b);In.Real(c);
D:=b*b-4*a*c;
IF D<O THEN
StdLog.String('YpaBHeHMe KOpHeN He umeeT);
ELSIF D=0 THEN

x:=-b/2/a;
StdLog.Real(x);
ELSE

x:=(-b+Math.Sqrt(D))/2/a;
StdLog.Real(x);
x:=(-b-Math.Sqrt(D))/2/a;
StdLog.Real(x);

END;

END Calc;

IT0 GBI MPUMEP Ha MCTOJH30BAHUE BENECTBEHHBIX umcesn. A 6e3 ducesn THTA
LONGINT, Hanipumep ¢J10:KHO 0O0HTICH IIPU BBIYUCIEHUH 3HAYEHU I YUCIOBBIX (DYHK-
Wit YoKe BhIYMC/AsIeMbIH Bblilie (hakTopuan — GYHKIMI HACTOJIBKO OBICTPO pacTyIlasi,
uro B Trire INTEGER npasunbHO OyzeT mmocuura ToJibko 121,

KopoTkwe urcIoBbie TUITBI TTOJIE3HDI, €CJTH CTOUT 3a/[a9a XPAHEHST O0TBINTOTO KOJIH-
YeCTBa YNCJIOBBIX JAHHBIX, 3HAYEHVSI KOTOPBIX U3MEHSIOTCS B HEGOBINOH MHTEpBAJIE.
ITO HApUMep MOTYT OBITh (PU3MYECKHUE TTAPaMETPBI JIOJIEH: POCT, Bec, Bo3pacT. Kax-
mblii 13 Hux He npesbimaer 200, HO Ay GOJBIIOrO KOJJIEKTUBA JIFOJEH, HallpUMep
KPYIHOE TIPETNPUSTHAE TAKOTO POJIa TaHHBIE MOTYT MOTPE6OBATH 3HAYUTENHHOM MaMsi-
TH, TIO9TOMY €CTh CMBICJ BBIOPATh 60JIee KOPOTKUH THIL.

MaccuBbl

Ha cambix IEPBBIX CTPaHUIIAX He(l)OpMaJH)HOI‘O N3JIOKEHUA, DpEYb O MaCCHUBAX YiKe IIJIa,
HO COBCEM HEMHOTO M BCKOJIb3b. OHAKO MACCUBBI UCKIIOUUTETHHO BasKHBIA THUII CO-
CTaBHBIX TaHHBIX, ITO9TOMY NX HA3HAYE€HUE N TEXHUKY O6pa6OTKI/I HeO6XO,ZII/IMO OCBO-
WTb Ja’K€ Ha HAYaJIbHOM 9Tall€ NU3Yy4Y€eHUA TIPOTrPaMMUPOBaHNA.

I/ITaK, MaCCHB 9TO YHOPAAOYEHHOE MHOKECTBO JaHHBIX KaKOIo-JM00 OCHOBHOIO
tumna. OObABIAETCA MACCUB cJaeayrnnum 06pa30M:



MaccumBbl 31

Mmsa: ARRAY Konunuectso OF nmsa tuma
Hanpumep npaBuibHbIMU 00bSIBICHUSAMU OYAYT:

a: ARRAY 100 OF INTEGER
mass: ARRAY 2 OF CHAR
flag: ARRAY 1000 OF BOOLEAN

Eciu B 00bsaBiennu MmaccuBa ykazaro 1000 31eMeHTOB, 9TO O3HAYaeT, YTO HyMepa-
1ust 3s1eMeHTOB BhimosiHseTcst oT 0 10 999. YkazaTh mpousBoIbHYIO HyMepPAIHio Je-
MEHTOB MaccuBa HeJib3st. KonnuecTBo 910 00s13aTesibHO KoHcTaHTa. Hamnpumep, caeny-
1o1ee 00bsiBIIEHNE OYAET OIIUOOYHBIM:

VAR
N:INTEGER;
mass: ARRAY N OF BYTE;

Kax YK€ rOBOpPUJIOCH 00bABICHUA IEpEMEHHDIX, JIIO6I)IX, B TOM 4HnCJI€ 1 MAaCCHUBOB,
H806XOZII/IMBI JJIA TOTO, 4TOOBI AaTh KOMIINMJIATOPY BO3MOKHOCTD PACIIPEAE/IUTD ITaMATh
10 HadaJia pa6OTI)I IIporpaMMmbl. Ho N IIepeMeHHad 1 eec 3HaueHne 6y,7_I€‘T orpezaeseHo
B IIpo1necce pa6OTI)I IIpOTrpaMMBbI, CJI€JOBATEJIbHO €€ 3HAaY€HHE Ha 9Talle KOMIIMJIAITNA
HEM3BECTHO, N CJI€eJ0BaTE/JIbHO HEM3BECTHO CKOJIBKO IIaMATHU Tpe6y€‘TC5{ 110/ MaCCHuB,
IIOCEMY KOMITUJIATOD JIaHHYTO 3allUCh HE IIPOITYCTHT.

Ho Briosiae AOITYyCTHUMa CJeytollaA 3allChb:

CONST n=100;
VAR
mas: ARRAY n OF INTEGER;

3xech N — Bpojie 6bI GYKBEHHBIN HACHTH(HUKATOP, HO MBI UYTh BBITIIEe 00BIBUIM €TO
snaueHne (CONST — pasien oObsIBI€HHS KOHCTAHT) U 9TO I KOMITHJISATOPA YiKe
BITOJIHE IONYCTUMO. JlaHHAasI 3a1IKCh JIJ1sI KOMITUJISITOPA UICHTUYHA CIIEYIOMIEN:

mas: ARRAY 100 OF INTEGER,;

O texnnke pabOTHI ¢ KOHCTAHTAMH elife OyeT CKa3aHO B CHCTEMATIHYECKOM BBeJIe-
HHNH, 3/1eCh K€ 3aMETHUM TOJIbKO, YTO 3HAa4Y€HHNE KOHCTAaHTbI HEJ/Ib34 U3SMEHATD. Ecim BBI
moJiaraeTe, 4To JAJIMHY MaCCUBa MOJKHO USMEHUTD 3allCaB B TeJI€ IIPOI'PaMMBbI ITPHUCBO-
eHre N:=N+YnNCN0, TO KOMITUISATOP PACIIEHUT TO KaK OMIMOKY. A ceifuac HECKOJIBKO
MIPUMEPOB.

3anmaya 12. /lan MaccuB HaiiTh HanOoJIbIIICE 3HAUCHUE.
Pewenue:
Wnest TakoBa: TIPEATIOI0KUM, YTO MAKCUMAJBHBIN 3JIEMEHT 3TO MEPBBIIL:

max:=mas|[1];

3aTeM OpraHm3yeMm IUKJ mepebopa OT 2 0 MOCTeAHETO ITEMEHTA W HA KakKIOM
IIary 1ukKJia, ecjiaun O‘{epeﬂHOﬁ 9JIEMEHT MaCCHBa 6OJIIJH_[€ yKe Haﬁ[[eHHOI‘O MaKCHMaJIb-
HOTO, TO IIYCTh MAKCUMAJIHbHOMY TIPUCBANBAETCS 3HAUEHIE OYEPEIHOTO dJIEMEHTA. 3a-
MHUIIEM [IPOrPAMMY IIOJHOCTDIO:
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Jucmunz 33

MODULE Example;

IMPORT In, StdLog;

PROCEDURE Calc*;

VAR
mas:ARRAY 100 OF INTEGER;
k,N,max:INTEGER;

BEGIN

In.Open;

N:=-1;

WHILE In.Done DO
N:=N+1;
In.Int(mas[N]);

END;

N:=N-1;

k:=1;

max:=mas[0];

WHILE k<=N DO
IF mas[k]>max THEN

max:=masl[k];

END;
k:=k+1;

END;

StdLog.Int(max);

END Calc;

END Example.

IIpumeuanus. Oneparop N:=N-1 HeoOXoaUM [/t yueTa MOCTEAHEN HeyIauHON
onepauuu BBoja. Ilepex rem, kak ki BBoga WHILE 3aseprunt cBoio paboTy, BbIIIOJ-
HUTCS MOMBITKA YTEHUS U3 YIKe MYCTOTO TIOTOKA, YTO CO3/IaCT COCTOSIHIE OMUOKH, TIepe-
MmenHast Done nosyunt 3Hauerue FALSE v 1iuki 3aBepIiuT cBoto paboTy, HO TEJIO THK-
sia yxke Oyner Bormosinero u N Beipacter Ha 1, 3Ty 1 1 Ha/10 BepHYTH Ha3a/1.

B Hamrem mipuMepe B 0OBSIBJIEHUN MAacCHBa 3ape3epBUpoBaHa maMsTh Ha 100 aue-
MEHTOB, 3TO HE 03HAYaeT, 4YTO BBl 0043aHbl BBOAUTD NX nMeHHO 100. MokHO MeHbIIIE,
6oJIbllle HeJb3d, 0ObABICHHON MaMATH He XBaTUT. HerocTaTok Takoro 0ObsIBJICHUS
B TOM, UTO HEOOXOIMMO PE3EPBUPOBATH MAMSITH C 3aMTACOM, U €CJIM YaCTh TTAMSITH OKa-
JKETCs He HysKHa, ee HeJIb3sl BEPHYTh B CBOOOIHYIO 00J1acTh, O0jiee TOro, ecii MacCUB
GoJibIlle He MOHALOOUTCS, TAMSITD OTBEIEHHYIO MO/l HETO BCE PABHO YK€ HENb3sI UC-
M0JIb30BaTh. He/locTaTOK BIIPOYEM He CITUIIKOM CePbe3HBIN, BBI IIPOCTO JIOJIKHBI TITA-
TEJbHO MPOEKTUPOBATH MPOTPAMMY U OTPENEJNSITh UMEHHO T€ MACCHUBLI M IIPOYHE
CTPYKTYPBI JAHHBIX, KOTOPBIE PEAJbHO HYKHBI W BBIJICJISATD MO/l HUX CTOJBKO MaMATH
CKOJIBKO B jieficTBuTeIbHOCTY ToHAa06uTest. Ha 6oitee coskubie cayuan B KIT ects gu-
HAMUYECKUE CTPYKTYPHI JAHHBIX, C KOTOPBIMU MOXHO oOpariarbcest 60Jiee cBOOOIHO.
Ceiiuac, ere HECKOJIBKO TPUMEPOB, /I 3aKPETIeHNS TOHATHS MaccuBa. /loroBopum-
cs1, I7Is1 9KOHOMUU MECTa, OIYyCKaTh BBOJ U BBIBOJ] JAHHBIX, TaK KaK 3TO JOCTATOYHO
CTaH/IapTHAS OTIePAITHSL.
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3anmauva 13. /[an maccus, N — HeHyJieBbIX 971eMeHTOB. [locuuTaTh KOJIMUECTBO MOJI0-
JKUTEJIbHBIX U OTPUIIATEJbHBIX YUCET.

Jlucmumnz 34

sum1:=0; sum2:=0;
k:=0;
WHILE k<N DO
IF mas[k]>0 THEN
suml:=suml+1;
ELSE
sum2:=sum2+1;
END
ki=k+1;
END;

IIpumeuanue. O6pature BHUMAHUE, B IpeAbIAyIIei 3agade N nMeso cMbICT BepX-
Hell rpaHuilbl MHIEKCa 3JIeMEHTOB MaccyBa, ceifuac u ganee, N 6yeT MMeTh CMBICI KO-
JINYeCTBa 3JIEMEHTOB. HOBTOMy, C y‘{eTOM HavdaJjia HyMepa]_[I/H/I 2JIEMEHTOB MacCCHBa
C HyJIS B 3ar0JIOBKe I[MKJIa ycyoBue 3anucano kak k<N, a ne k<=N;

3anmauva 14. Haiitu cyMMy 4eTHBIX 2JIEMEHTOB MaCCUBa

Jucmume 35

sum:=0; k:=0;
WHILE k<N DO
IF mas[k] MOD 2=0 THEN
sum:=sum+mas[k];
END;
ki=k+1;
END;

3anmaua 15. /[an cuMBOJIBHBIN MaccuB. [logcunTaTh KOIMYIECTBO CUMBOJIOB «b».

Pewenue: B saToii 3a/laye€ MbI BIIEPBbIE BCTPpeUaeMCA C MaCCUBOM HE UM CJTOBOTO THUIIQ,
ITO9TOMY HHJKE TTOJTHOE pEIIeHue.

Jucmumnz 36

MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;
VAR
mas:ARRAY 100 OF CHAR;
N,k,sum:INTEGER,;
BEGIN
In.Open;
N:=-1;
WHILE In.Done DO
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N:=N+1;
In.Char(mas[N]);
END;
k:=0;sum:=0;
WHILE k<N DO
IF mas[k]='b' THEN
sum:=sum+1;
END;
k:=k+1;
END;
StdLog.Int(sum);
END Calc;
END Example.

3agaya 16. B cuMBOJIIBHOM MaccuBe COCTOSIIEM 3 YETHOTO KOJTMYECTBA AJIEMEH-
TOB, TOMEHSTH MECTAMU YETHbIE 1 HeYeTHbIE CUMBOJIBI.
Ipumep:

e ucxonHblil MaccuB: a, d, s, h, g, 1, p, 1;
e MmaccuB pesyibTar: d, a h,s, 1, g, 1, p.

Jucmume 37

k:=0;

WHILE k<N DO
c:=maslk];
mas[k]:=mas[k+1];
mas[k+1]:=c;
k:=k+2;

END;

Sanava 17. /lan maccuB 11e1bIx unces1. PacrpesesnTh ero mooKUTeNbHbIE U OTPU-
IaTeJIbHbIE 3JIEMEHTHI 110 /IBYM Pa3HbIM MaCCHBaM.

Pewenue: 3amaua HECKOIBKO CIOKHEE TTPEBIIYIINX, TOITOMY 00CYIUM AJITOPUTM.
EcrectBeHHO, HEOOXOAUMO IIPOUTH BECh MACCUB 3aITUCAB, JIJIs 3TOTO TY UJIH UHYIO (hop-
My nukJa. Komanabl Tesia 1MuKa J0JKHBI IPOBEPSTH MOJIOKUTEIEH OUEPEHON dJie-
MEHT MacCMBa UJIM OTPUIATeJIeH U B 3aBUCHMOCTH OT Pe3yJibTaTa IPOBEPKU 3aHOCUTD
OY€epEeHOI 2JIeMEHT JINGO B MACCHB TIOJIOKUTENBHBIX, IHOO B MACCUB OTPHUIIATENbHBIX.

3aMeTuM TaksKe, YTO TIEPBOE MOJIOKUTETBHOE, OJZKHO TIONACTh B TIEPBbIH 3JI€MEHT
MaccuBa MOJIOKUTEIbHBIX, BTOPOE COOTBETCTBEHHO, BO BTOPOM, HE3aBUCUMO OT TOTO, T/ie
STU NEPBbIN U BTOPOIL aJieMeHT ObLTy HaiieHbl. Ec/u epBbiil MOJI0KUTEbHBIH, B HCXO/I-
HOM MaccuBe OyJIET COTBIM, TO B MACCHBE TIOJIOKUTENBHbIX, OH BCE PABHO JOJUKEH OBITH
MEepPBBIM. AHAJIOTUYHO U JIJIs MACCUBA OTPUIIATEIbHBIX. [IporpaMMy 3armiieM OJTHOCTBIO:

Jucmumne 38

MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;
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VAR
mas,masO,masP:ARRAY 100 OF INTEGER;
k,kp,ko,N:INTEGER;

BEGIN

In.Open;

N:=-1;

WHILE In.Done DO
N:=N+T1;
In.Int(mas[N]);

END;

k:=0;ko:=0;kp:=0;

WHILE k<N DO
IF mas[k]>0 THEN

masP[kp]:=mas[K];
kp:=kp+1;

ELSE
masO[ko]:=mas[k];
ko:=ko+1;

END;

ki=k+1;

END;

StdLog.Ln;

FOR k:=0 TO ko-1 DO
StdLog.Int(masOI[Kk]);

END;

StdLog.Ln;

FOR k:=0 TO kp-1 DO
StdLog.Int(masP[k]);

END;

END Calc;

END Example.

Hpumeuanusi:

Bemmunnesr ko u Kp oTCYMTHIBAIOT KOTHYECTBO yike HAEHHBIX OTPUIIATETHHBIX
Y COOTBETCTBEHHO TOJIOKUTEIbHBIX YHCEJT U OHOBPEMEHHO UTPAIOT POJIb HOMePa ove-
PEIHOTo 2JIeMEeHTa COOTBETCTBYIONUX MaccuBoB MasO (MaccWB OTPUILIATENBHBIX)
1 masP (MaccuB OJIOKUTENBHBIX).

Komanza StdLog.Ln He BbimosHsieT HUKAKOW cofiepsKaTeIbHON paboThl, OHA TMPO-
CTO TTEPEBO/IUT IT€YATh PE3YIbTATOB B JKypPHAJIE HA CIAEAYIONIYIO CTPOKY.

3agayu ansi CaMOKOHTPOS

1. Haiiti cymMMy 3JIeMEHTOB MacCHBa UMEIOIINX YeTHOE 3HAaUYeHne WHleKca. Dy ib-

Te BHUMATEJIBHBI, 3T 33jlaYa TTOX0Ka Ha 3a/1a4y M3 PENICHHBIX BBIIIE, HO TaM

YUUTHIBAJIUCH 3JIEMEHTH HEMHOTO WHOMW TIPUPO/IBL.

B cvuMBOJIBHOM MacCUBe HAlTH BCe CUMBOJIBI «a» 11 3aMEHUTD X Ha «1».

3. Haiitu B MaccuBe aBa HanboJbIIMX 3HaueHus. [Tpumep: s Maceusa: 1, 1, 2, 2,
3, 1; orBeToM Gyzer 2 u 3.

o
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Boruncauts N — wirenos nociaegosaressbaoctu MubboHaUN ¢ UCIOAB30BAHKEM
MaCCHBOB.

ITepeBepuyTh MaccuB, coctosuuil u3 N yuces, Tak 4TOObI IIEPBBIA 2JI€MEHT
BCTaJI HA MECTO TIOCJIETHETO, BTOPOIl Ha MECTO TIpeAroceaHero u T.j. [Ipumep:
g MaceuBa: 1, 2, 3, 4, 5; orBerom Oyzer 5, 4, 3, 2, 1. Yernocts/HeueTHOCTD
KOJIMYECTBA 3/IEMEHTOB MaCCHBa 3HAUYEHUS HE UMEET.

Pacnieuarats B pa3HbIX CTPOKAX JKypPHAJIA yIACTKU CUMBOJIBHOTO MAaCCHBA COCTO-
sne U3 OJIMHAKOBBIX CUMBOJIOB. [IpuMep, /id MaccuBa: a, a, v, a, v, S, S, S, OTBe-
TOM OyJer:

® aga;

[ ] 'S

® a;

[ ] 'S

® SsSs.

[TepemecTuTh 2/1eMEHTBI YUCJIOBOTO MaccuBa 1o Kpyry. [Ipumep, 1 maccusa:
1,2, 3, 4, 5, orBerom Oyzer: 5, 1, 2, 3, 4;

JlaH 4KrCII0BOI MacCUB, COCTOSIIIINI 13 HEHYJIEBBIX 2JIeMEeHTOB, u uncJo L. Bera-
BUTb HOJIb B mo3utinio L maccusa. [Ipumep, man maccus: 1, 2, 3, 4, 5; L=4. Torna
pes3yJbTaToM paboThl iporpamMmet Oyzer 1, 2, 3,0, 4, 5

Jlan yuca0BOil MaccuB, COCTOSIIUI U3 HEHYJIEBBIX 9JIEMEHTOB, 1 uncio L. ¥Ya-
JINTD U3 MacCHBa YUCJIO, cTosee B mo3utium L. I[Ipumep, nan maceus: 1, 2, 3, 4, 5;
L=4. Torxa pe3ysibraTom paboTer iporpamMmbl Oyzer 1, 2, 3, 5

10. /Iano xBa cuMBOIbHBIX MaccuBa LIMHBL N. BeIacHUTD, COBIIALAIOT JIM OHU C TOY-

HOCTbBIO /IO CUMBOJIA.

Brno)XeHHble uuKJibl

JIi060it s13bIK, B ToM unciie 1 KII, [0yCKalT UCIIONb30BaHKE BIOKEHHBIX KOHCTPYK-
{11, BBIIIE MBI YK€ PabOTajIM C BJIOKEHHBIMK YCJIOBUSIMU, I0ITOMY COBEPIIEHHO HO-
BOM CUTYyaIIUsI He SIBJISIETCSI, HO BJIOKEHHBIE IUKJIbI MHOT/A CYLIECTBEHHO YCIOKHAIOT JIO-
I'MKY IIPOTPaMMbl, IO9TOMY TeMa M BblJesieHa crenuanbio. CienoBaTebHO, BaxKHas
JIOIIOJIHUTEIbHAs yueOHas 3a/1aua IJIaBbl, — aHaIn3 OoJiee CII0KHBIX aIropuTMoB. Kak 00brd-
HO, PACCMOTPUM HECKOJIBKO IIPUMEPOB, HO JIJIsL Hayajia HEMHOIO OOIIUX PaCCy K ACHUIA.

KOHCprKHI/IH 13 ABYX BJIOKEHHDBIX ITUKJIOB MOJKET BBITJIAETD HAIIPUMEDP TaK!:

Jucmunz 39
FOR k:=1 TO 10 DO

FOR j:=1 TO 10 DO
END;

END;

CDpaI‘MeHT COCTOUT M3 ABYX BJIOKEHHDBIX ITUKJIOB C ITYCTBIM TE€JIOM. HI/IKJI 110 Imapa-

MeTpy K HazbIBaeTCst BHENTHUM, [TUKJI [T0 TAPaMETPY j BHyTpeHHUM. BHYTpeHHUIT BJIO-
JKE€H BO BHEITHUN. DTO 03HAYAET, YTO BHYTPEHHUN ITUKJI BBITIOTHSAETCS /I KasK/I0TO
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1rara BHENTHETO 1UKJIa. B 1aHHOM (hparMeHTe B 3aroJioBKe BHENTHETO ITUKJIA YKAa3aHO
10 1maroB, CTOJIBKO Ke JIJisi BHYTPEHHETO, 3TO 03HAYAET, YTO IYCTOE TEJIO BHYTPEHHETO
nukia 6yzner Boinosreno 100 pas. Huske anasor Takoii ke CTPYKTYPBI /IS IUKJIA C yC-
JIOBUEM TIPOJIOJIKEHUS U ITUKJIA C YCJIOBUEM 3aBEPIICHMUS:

[Muks ¢ ycsioBUEeM ITPOJIOJIKEHUS:

Jlucmune 40

k:=1;
WHILE k<=10 DO
=1
WHILE j<=10 DO
Ji=j
END;
ki=k+1;
END;

[Muka ¢ ycsoBUeM 3aBepIlieHUsI:

Jlucmumne 41
ki=1;
REPEAT
j=1;
REPEAT
Ji=j+;
UNTIL j>10;
ki=k+1;
UNTIL k>10;

OG6paruTe BHUMaHUE, TIOBE/IEHIE BHENTHETO U BHYTPEHHETO [IUKJIOB OMUCHIBAETCS
pasyuyHbIMU TlepeMeHHbIMUA. C TOYKM 3PEHUs MPaBUJI TOCTPOEHUS CJIOKHBIX KOHCT-
PYKIIUH, 3TO HE SIBJISIETCST 00s13aTETbHBIM, HO TEM HE MeHee, BJIOKEHHbIE IIUKJIbI, TOBE-
JleHue KOTOPBIX OIMCBIBAETCS CIeMaIbHON ITepeMeHHON TOJIKHBI 3TOI caMoil nepe-
MeHHOU oTimuaThes. [IpocToii mpumep:

Jlucmume 42
k:=1;
WHILE k<=10 DO
k:=1;
WHILE k<=10 DO
ki=k+1;
END:;
ki=k+1;
END:;

Ha mepBoM 1irare BHEITHETO [UKJIA BHYTpeHHU oTpaboTtaet 10 pas, mocJie yero me-
pemennas k momyuur 3Hauenue 10, u BHYTPEHHUIT IIMKJI 3aBEPIITUT CBOIO paboTy, HO
BHEITHII TaksKe 3aBepinaercst mpu k=10, ciie1oBaTeIbHO 1 BHEITHUH IIUKJI HA IEPBOM
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JKe IIare 3aKOHYUT CBoe (DYHKIIMOHUPOBAHUE, YTO JejaerT oopmieHue nukia Gec-
CMBICJICHHBIM.

Eie ogun BapuanT omnbku (¢ uciosbzosanreM FOR):

Jucmunz 43

FOR k:=1 TO 10 DO
FOR k:=1 TO 5 DO
END;

END;

Irta KOHCTPYKIU 3aBUCHET. BHYTpeHHMIT IIMKJI He JacT BeinynHe K jocTryb 3Ha-
yenus 10.

Mbl paccMOTpesn, TOJIbKO ABa BapuanTa omuOku. K coxanenuio, BO3MOKHOCTENR
OMOUTHCA B IOCTPOEHUH CJIOKHBIX IUKJNYECKUX KOHCTPYKIMUI JOCTATOYHO MHOTO,
JIBEe YIIOMSHYTbIe Hanboiee rpyOble U MPOCThie, HO O HUX OYEHb YaCTO CIOTHIKAIOTCS
HaUYMHATOTIIE TPOTPAMMHUCTRL. A ceffuac HeCKOJIbKO COEP/KAaTETbHBIX TPUMEPOB.

3anayva 18. BoisicHuTh, €CTh JIU B YUCJIOBOM MAaCCHBE Pa3JIMYHbIE YUCTIA, U €CJIH /I,
TO CKOJIBKO HX.

Pewenue:

JLJ1st KasK10T0 9JIeMeHTa MacCUBa, HeOOXOAMMO IIPUHSATD PEIIEHUE O €0 YHUKAIbHO-
cTi. JIJIst 9TOT0 MOKHO IIPOCMOTPETh BECh MACCUB ¥ BBISICHUTD, €CTh JIU XOTs ObI OJUH
Takoi xe. Ho, MOJKHO OTpaHUUUTCS TOJTBKO 3JIEMEHTAMU TIPaBee JJAHHOTO UJIU dJIEMEH-
Tamu Jiesee ganHoro. [Togymaiite caMOCTOSATEIBHO, II0YEMY HET HEOOXOAUMOCTH TIPO-
BepsITh BECh MACCHB.

Boibepem it orpeieIeHHOCTH IIPOCMOTP Beex, KoTopbie Jesee. CiiegoBaresibHo,
HaM II0TPeOyeTCst BHELTHII IMKJI /IS IPOXO0/a BCEr0 MacCHBa ¥ BHYTPEHHUN IS IIPO-
X0/Ia 3JIEMEHTOB JieBee JAaHHOTO (BbIsICHEHNE YHUKAJTBHOCTY JJaHHOTO). /le10 BHYyTpeH-
HETO IMKJIa 3aIIOMHUTb, CJIYYIIOCH JI XOTS Obl 0HO coBragenue. s 3alioMUHaAHS
aToro (pakTa ncmoyb3yeM MmoHsATHA duiara. Bepaurecs BbIllie, B pas3zies < Y cIOBHAS KOH-
CTPYKIIMS», 3a/1a4a 8, TOCMOTPUTE YTO 3TO Takoe. [Iporpammy 3amuiieM MmoJTHOCTHIO:

Jlucmumnz 44

MODULE Example;
IMPORT In, StdLog;

PROCEDURE Calc*;

VAR
mas:ARRAY 100 OF INTEGER;
k,j,N,sum:INTEGER;
flag:BOOLEAN;

BEGIN

In.Open;

N:=-1;

WHILE In.Done DO
N:=N+1;
In.Int(mas[N]);
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END;
sum:=0; k:=0;
WHILE k<N DO
j:=0; flag:=TRUE;
WHILE j<k DO
IF mas[k]=mas[j] THEN
flag:=FALSE;
END;
Ji=j+;
END;
IF flag THEN
sum:=sum+1;
END;
ki=k+1;
END;
StdLog.Int(sum);
END Calc;
END Example.

3anayva 19. /[an cuMBOJIBHBIN MacCUB 1 4o L. BBITOMTHUTD MUKINYECKUI CABUT
MaccuBa Ha L maros.

Pewenue:

3ameTuM, 4TO MOAOOHYIO 3aauy MbI ysKe Pellajiy, BHIIIOJIHSI cMelleHre Ha 1 wmar.
IT0 U3 3a1a4 caMOKOHTPoJIs. HazieeMcst, 4To BbI €€ PeLIrI, eCJI JKe HeT, TO mopaboTa-
eM HaJl Heli BMecTe. /les10 B TOM, 4TO pelieHne 3TOi MPOCTOH 33j1auu JaeT KJT0U K pelre-
HUIO cJI0KHOMW. IlycTh ecTh HEKOTOPBIN MTPOTPAMMHBIM TEKCT BBITIOJHSIONUN CIBUT
Maccusa Ha ofHy nosutiuio. Hazosem ero TEKCT. Torzna Beimosinenue TEKCT-a L — pas
¥ TpuBeieT K caBury Ha L mosuiuit. parMeHT mporpaMMbl 3alUIIETCS TaK:

FOR k:=1 TO L DO
TEKCT
END;

OO61ast cTpyKTypa sICHa, 0CTAJIOCh BBISICHUTD, 4TO Kpoercs 3a cioBoM TEKCT. s
CMEIIEH ST HA OJIHY MO3UIINIO, 3ATIOMHUM B JIONOJTHUTENbHON TEPEMEHHON MOCTeAHNI
AJIEMEHT MACCHBA, 3aTEM BCE OCTAJIbHbIE CMECTHM OT HAYaJa K KOHILYy HA OJHY TO3U-
IUI0, TIOCJIE YETO 3ATIOMHEHHBII 3JIEMEHT TOMECTUM B IEPBYIO O3UIIUIO.

Jucmume 45

c:=a[N];

FOR k:=N TO 2 BY -1 DO
alk]:=a[k-11;

END;

a[1]:=c;

Ito u ectb uckombrit TEKCT. /lanee, npomo/kuM pemnath 3a/1a4r CO BJIOKEHHBIMHI
LMKJIaMU, HO OT MAaCCUBOB HEMHOTO OTOMIEM.
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3anauva 20. Haiitu Bce ipoctblie uncsa He ipeBocxojsniue 3agantoe N. bosee ipo-

cTas 3az7ava y:ke peineHa (3azada 8). Ocranoch ee HeMHOTO MoanbUIMpoBaTh. Ilo-
CMOTpPHUM, UTO HaM HE XBaTaerT.

Jlucmumnz 46

k:=2;
flag:=TRUE;
n:=Math.Sqgrt(N);
WHILE (k<=n) & flag DO
IF N MOD k=0 THEN
flag:=FALSE;
END;
k:=k+1;
END;
IF flag THEN
StdLog.String("Yncno mpocToe');
ELSE
StdLog.String("Yncno cocrasHoe');
END;

PesyabraT paboTbl (hparMenTa — Bbiada coobIIeHus o (haKkTe, IPOCTOE YUCIIO WK
cocrastoe. [l HoBO1 3a1a41 He0OXOMMO HE TEKCTOBOE COOOIIEHHE, a [TeYaTh CaMOro
ycJIa, eci OyeT BhIAICHEHO, 4TO OHO rpocToe. CoobIieHne 0 TOM, YTO YKCJI0 COCTAB-
Hoe JininHee. BueceM He0OX0MMbIE U3MEHEHHUSL:

Jlucmumne 47

k:=2;

flag:=TRUE;

n:=Math.Sqrt(L);

WHILE (k<=n) & flag DO
IF N MOD k=0 THEN

flag:=FALSE;

END;
k:=k+1;

END;

IF flag THEN
StdLog.Int(L);

END;

Kpowme Tor0, MBI MI3MEHUJIN UMS TTIEPEMEHHOI TTpoBepsieMoit Ha ipocToTy ¢ N Ha L.
[IpuHIUTIHATBHOTO 3HAYEHWS JaHHAS TIepeMeHa He mMeeT, TpocTo uMs N B ycioBun
3ape3epBUPOBAHO O] BEPXHIOIO TPAHUILY TTPOBEPSIEMBIX YHce. A ceifuac, MOXKHO BOC-
MOJIb30BATHCS UCTIBITAHHBIM TTPUEMOM, 3aKTI0OYUTD TOTOBBIN (DPATrMEHT B HOBBIH ITUKJL.
Jl1st pasHoo6pasust Bociosbayemcst nukiaom FOR.
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Jlucmumne 48

FOR L:=2 TO N DO
k:=2;
flag:=TRUE;
n:=Math.Sqrt(L);
WHILE (k<=n) & flag DO
IF N MOD k=0 THEN

flag:=FALSE;
END;
ki=k+1;
END;
IF flag THEN
StdLog.Int(L);
END;
END;

O6paTurte elije pa3 BHUMaHKE Ha TO, Kak Obljia peniena 3agada. Takoi moxo Has3bl-
Baercs siekomnosutreit. CymnecTBo moAXo/1a 3aKII09aeTCs B IPOCTON U €CTECTBEHHOM
nznee. He Gpocarbes Ha 3agady B JOOOBYIO aTaky, a MONpoOOBaTh pa3OUTh ee Ha He-
CKOJIBKO TO/I33/1a4, KayK/1ash U3 KOTOPBIX HECKOJIBKO MPOIIIE UCXOAHOH. ONbIT TOBOPHT,
YTO PEHINTD HECKOJIbKO TIPOCTBIX 3a/iayd Jierdye 4eM OAHY CJIOKHYIO W 110 BpEMEHU U 110
3aTpa4€HHbIM WHTEJ/IJIEKTYAaJbHbIM YCHUJIUAM. KOHGLIHO, paccMaTpuBaeMbI€ 3a/lavunl
camu 1o cebe He CJOKHBI, HO U HA TAKMX 3ajlauaX, BBITO/Ia BUJIHA, YTO e KACAETCs
CJIOKHBIX ¥ O4€Hb TPYAOEMKHUX IIPOOJIEM, TO MOKHO ¢ YBEPEHHOCTBIO CKA3aTh, 4TO 6e3
pasbuenns 60JIBIIOTO IPOEKTa Ha IOA3aJa4l CEPbEe3HOE IPOrPaMMUPOBAHNE B IIPHH-
I[UIIEe HEBO3MOKHO.

3amauva 21. Beruuciauts cymmy psga. 1+ (1 +2) + (1 + 2+ 3) + ...+ (1+...4+N).

Pewenue:

DTy 3a/1a4y PEINIUM JBaXK/bl. Bo-1epBbIX, HCTIOJNb3YeM HEI0 JeKOMTIo3uIuu. Bo-
BTOPBIX, TOIPOOYEM TIPOBECTH JIOOOBYIO aTaKy ¥ PEIIUTh IPOOIEMY OJHUM YAAPOM.
CxkaxeM cpasy, uTo BTOPOE pellieHue oKakeTcst kKopode. Ho 3To HU B KoeM cirydae He
HaJI0 pPacCMaTpuBaTh, KAk KaMeHb B OrOpojl xopoiieil uiaee. /leficTBUTEIBHO MHOTIA
MOJIE3HO MOyMaTh MOAOJIbIIE W MPUAYMATh KPACUBOE, IPKOE M KOPOTKOE PelieHue.
JleKOMIIO3UIMA TapaHTUPYET pellieHne, HO He TapaHTHPYET, 4YTO OHO OyleT HaujIyd-
M. Ho rapaHTuu HausIydIiero pereHus B 061eM-To HIKOT[a HeT, a OJIyYUTh pele-
HUe HeoOXOANMO Beerja, IIPUYEM 3a4acTyio B orpaHudYeHHoe BpeMs. B obiieM Bee He
TaK OJTHO3HAYHO.

Bepnemcs k 3azade. B mepByio ouepezib 00paTUM BHUMAaHKE, YTO UMEET MECTO CYM-
Ma cyMM. Kaskaas cko6ouka 5T0 cyMMa, OTIMYAOIIASCS OT IPEAbIAYILE KOTMIeCTBOM
seMeHToB. Ecain HamucaTh pparMeHT CYUTAONIUNA CYyMMBI B CKOOOYKAX, TO 3aKJIIOUNB
€ro B LIUKJI OTCYUTHIBAIONIIIT CKOOOUKY HOJIydnuM Tpebyemoe pemenue. CienoBareib-
HO, TIepBasi 1o/[3a/1a4a 3TO TOJCYET CYMMbI HaTypaJbHbIX ynces oT 1 1o L.
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Jucmunz 49

sum:=0;k:=1;

WHILE k<=L DO
sum:=sum-+k;
k:=k+1;

END;

IMoxzanava peutena. Jlajee, B ka0l ouepeJHON CKOOOYKE KOJIMYECTBO CyMMUpPYe-
MbIX ynces Ha equnuily 6osbire. Ciaegosaresbio, N uamensercs ¢ marom 1. 3to Bee
YTO HEOOXOAMMO JIJISI 3AIMCH BHEITHETO [IUKJIA:

Jucmumz 50

L:=1;

SUM:=0;

WHILE L<=N DO
sum:=0;k:=1;
WHILE k<=L DO

sum:=sum+Kk;
k:=k+1;
END;
SUM:=SUM+sum;
L:=L+1;
END;

JleKOMIIO3UIMA Jaja HEeIJIOX0e pellleHue, TpedyIoliee ABYX BIOKEHHBIX I[UKJIOB.
A ceituac monpobyeM HaliTH MaTeMaTudeckoe penienue. VicXomaHoe MOoI0KeHe TO JKe
caMoe — 3aJ1a4a 3aKJII0YAETCSI B CYMMUPOBAaHUU CYMM, Ha30BEM 3TH CYMMBI TIPOMEKY -
TOYHBIMU U BBejieM obo3Hauenue Sy. 3ametum, uto Sy = Sk + (k+1). To ectb ecin
M3BECTHA HEKOTOPAs MPOMEXKYTOUHASI CYyMMa, TO JIJIS MOJCYETa CIAEAYIONENH CyMMbI
muka HE HYJKEH. /loctatouno omHO# KOMaH/pI TpUicBanBaHus. A camas mepBast
MPOMEKYTOUHAsI CyMMa U3BECTHA, OHA PaBHA eIMHMUIIE.

Jucmunz 51

SUM:=0; sum:=0; k:=1;

WHILE k<=N DO
sum:=sum+k;
SUM:=SUM+sum;
k:=k+1;

END;

Komanna, BeizieIeHHBIH JKUPHBIM NIPUQTOM, 3aMEHWITA TEJTbIH TTHKJI.
3agaua 22. Haiit cymMy creneneit Buzia agxk. aj — 27€MEHTBI MACCUBA, X HEKOTO-

poe BEIIECTBCHHOEC YNCJIO. HOJH)SOB&T])CH TOTOBBIMU (byHKHI/IHMI/I BbBIYMCJICHUAI CTEIIe-
HU He paspemaercs. k=0, 1, ... \N
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Pewenue:

Curyarus y:xe sHakoMa. TpeOyeTcst BBITOJHUTD CYMMHUPOBAHIE BEJIUYIH, KAJKIYIO
U3 KOTOPBIX elle HeoOXOAMMO BHIYMCAUTD. B Halem ciydae Takas BeJMdnMHa — apX~.
Brpouem, yMHOKeHIE cTeTleHN Ha KOA(M(GUITHEHT TPOOIEMBI HE COCTABIISIET, TIOITOMY
JlyMaTh He0GXOAMMO TOJIBKO O BbIunceHnu crenenn XK. Huske (hparMeHT BBITIOIHSIO-
muii 3Ty pabory:

Jucmumnz 52

st:=1;

i:=1;

REPEAT
st:=st*x;
ii=i+1;

UNTIL i>k;

st:=a[k]*st;

DparMeHT coAepKUT HeMHOTo OoJiee 0OEaAHHOTO, 110 3aBEPIIEHUH IUKJIa BHIUNC-
JIeHHasl CTelleHb YMHOKaeTCs Ha KOa(h(MUIMEHT IIpeACTaBIeHHbIi COOTBETCTBYONIMM
9JIEMEHTOM MaccuBa. BbIunciieHre cTelieHn 3aBepIleHo, BTOPOi IIar — 9TO 3alliCh [[UK-
JIa CYMMUPYIOIIETO CTEIeHN:

Jucmunz 53

k:=0;

sum:=0;

WHILE k<=N DO
st:=1;

ii=1;

REPEAT
st:=st*x;
ii=i+1;

UNTIL i>k;

st:=a[k]*st;

sum:=sum-+st;
ki=k+1;
END;

B 3aBepIICHUN HAIIOMHHM, YTO pa3/IMYHbI€ TUIIbI UKJIOB UCIIOJIB3YIOTCA TOJIBKO
JUTA TIPAKTUKU B X UCITOJIb30OBaHU .

3anmauva 23. Yopsa/0uuTh MAaCCUB, COCTOSIIIINI U3 1IEJIBIX YMCEN B IOPSIIIKE BO3pac-
tauust. [Ipumep, aist maccusa: 1, 4,9, 2, 1; pesyabrar: 1, 1, 2, 4,9

Pewenue:

YnopsiiounBaHre MHOKECTB PAa3JIMYHOM IIPUPOJIBI — 3TO OOJIBIION U OYEHD BaXK-
HBII pasges nporpamMmmupoBanus. IIpobieMa 3aKI04aeTcss B TOM, YTO OIIEPALMs
YIOPSI0UUBAHUS IOBOJILHO TPYAOEMKA, TTOITOMY JIJIsi MHOTUX 3a/1a4, B KOTOPbIX TPe-
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GyeTcst yHOPsIIOYUTh MHOTO 3JIEMEHTOB WJIU YIIOPSIIOYUTD X OU4eHb OBICTPO, TpobieMa
cOpTUPOBKU (Jasiee OYIeM MOIb30BAThCS ITUM TEPMUHOM ) CTAHOBUTCSI OY€Hb U OUE€HD
TPYIHOI. AJITOPUTMOB COPTUPOBKU C PA3JIMYHBIMU CBOHCTBAMU U JIOCTOMHCTBAMU
MpUAYMaHO He Masio. Mbl paccMOTpUM HauMeHee a(hhEeKTUBHBIN, HO MOKAIYH caMblit
POCTOH CTI0c00 COPTUPOBKHU — COPTUPOBKA My3bIPLKOM. U IIpesk/ie ueM nepeiT K Ha-
MCAHUIO TIPOTPAMMBI PACCMOTPUM CyTh CAMOTO METO/IA.

CopTupoBka ny3bipbKOM

[17151 1Ty3bIPbKOBOI COPTHPOBKHU BBeJleM IIOHATHE HellpaBuIbHOM napsl. [Tapa psaaom
CTOSITIUX JIEMEHTOB MACCUBA Ay U ap4( ,0yI€T CINTATHCS HEMPABUJIBHOM Mapoil eciu
ay > aj.1. Ecoiu, mpocMaTpuBast MacCHB, TpoTpaMMa OOHAPYIKUT TaKYIO APy, 7IEMEHThI
Tapbl IOJKHBI 06MEHSATHCST CBONMY 3HAYECHUSIMHU, BOT TaK:

C= Ay, Ak:= 41, Ar1-=C5

EctectBenno H€O6XO[[I/IMO OpraHmn30BaTh TTOJTHBIN IIPpOXO/I BCEX BO3MOJKHBIX ITap
MaCCHUBa U BLIITOJIHATE OOMEH 3JIEMEHTOB TIapbI TOJIBKO B TOM CJIy4dae €CJIr ITapa HelIpa-
BUJIbHaA.

Jucmunz 54

FOR k:=0 TO N-2 DO
IF a[k]>a[k+1] THEN
c:=al[k];a[k]l:=a[k+1]; a[k+1]:=c;
END;
END;

3a OIH POXOJT TAKOTO TIMKJIA HEKOTOPOE KOJTNYECTBO HETIPABUIBHBIX AP 0OMEHsI-
I0TCsI CBOMMU 3HaUYeHusiMU. By et jiu aToro gocratouro? Bo3bmeM B KauecTBe IUCIO0-
BOTO TIPUMeEPA MACCUB YTIOPSIOUEHHDIH B TIOPsIIKe YObIBaHUsL: 5, 4, 3, 2, 1. OtpaboTaem
npotiecc 1o maram. N 37.ech paBHO 5, IO3TOMY IIAros 4.

1. a[0]>a[1]. Bemonuserca obmen. Coctosinne maccusa: 4, 5, 3, 2, 1

2. a[1]>a[2] (rak kax ceituac 5 cTOUT BO BTOPOI Mo3uiuu ). BoimosHsercst 06MeH.
Cocrosanue maccusa: 4, 3, 5, 2, 1

3. a[2]>a[3]. Bemmomausercs oomen. Cocrosguue maccusa: 4, 3, 2, 5, 1

4. a[3]>a[4]. Bemonnsercsa obmen. CocTosiHue maccusa: 4, 3,2, 1,5

O6paTI/ITe BHUMaHHE, 4YTO 3a OJJMH ITPOXO/] HanOoJIbIIeE YUCIIO YK€ BCTaJIO Ha CBOE
MECTO, a BCE€ OCTaJIbHbIC CMECTUJIMNCH Ha O/IHY ITO3UINIO K HadaJly MaCCHUBa. Ecmm mono-
JKHUTb Ha4aJI0 MaCCHBa BEPXOM, 4 KOHEI[ HU30M, TO MOKHO CKa3aTb, YTO JIETKHE YMCJla
(KaK Hy3blpbKI/I) IMOAHUMAIOTCA BBEPX, a TAKEJJIbIE TOHYT. OTCIOlIa 1 Ha3BaHNE MCTO-
la — «Hy3b1peK>>. I/ITaK, camoe 0O0JIbIIOEe BCTaJI0 Ha MECTO 32 OZIMH IIPpOXO/, cjaea0oBa-
TEJbHO CJIeAyIomiee caMoe 60JIbIIOE U3 OCTABUINXCS , BCTAHET Ha CBOE MECTO 3a CJIEAYIO-
i IIpoxoa. BI)IXOI[I/IT TaK — 3a OJINH IIPOXO/f KaK MUHUMYM O/THO YU CJIO BCTAET Ha CBOC
3aKOHHO€ M€eCTO, HO MOJKET OBITH U 60]II)HIG, 9TO 3aBHUCUT OT COCTOAHHA MaCCHBA.
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Nckniodenue cocTaBiseT MOCAEHNN TIar, Ha MOCJAeHEM Iare cpa3y JiBa Yucja BCTa-
HYT Ha cBou MecTa. OTCI0/Ia CIIeIyeT, 4To Uit MaccuBa coctosiiero us N urcen Heobxo-
muM N-1 ipoxoz. U mosyyaem cieyfoniuii mporpaMMHbBIN (hparMeHT:

Jucmume 55

FOR i:=1 TO N-1 DO
FOR k:=0 TO N-2 DO
IF alk]>a[k+1] THEN
c:=alk];a[k]l:=a[k+1]; a[k+1]:=c;
END;
END;
END;

3nech HET OMHUOOK, (hparMeHT BITOJHE PabOTOCTIOCOOEH, HO eT0 3 (HEKTUBHOCTD
MOKHO 3HAYUTEIHHO MOBBICUTDh. 3aMETHUM, UTO IOCJIE MEPBOTO TIPOXO/A, TOCIETHEE
YHCJI0 MOKHO UCKJIIOUUTH U3 aHau3a. [locjie BTOporo mpoxo/1a MOKHO UCKIJIIOUUTD 13
aHa/IN3a [IBA TIOCJEIHIX YHCJIa U HAaKOHEI] 001I[ee MPaBUJIO: Ha | — TPOXOJIe U3 aHAI3a
MOJKHO UCKJIFOYHTD | 9/1eMeHTOB MaccuBa. OKOHUYATEIbHBIN BADUAHT 3aIHIIEM B BUJIE
TTOJTHOTIEHHOH ITPOTPaMMBI:

Jucmunz 56

MODULE Example;
IMPORT In, StdLog;

PROCEDURE Calc*;

VAR
a:ARRAY 100 OF INTEGER;
k,i,N,c:INTEGER;

BEGIN

In.Open;

N:=-1;

WHILE In.Done DO
N:=N+T1;
In.Int(a[N]);

END;

FOR i:=1 TO N-1 DO
FOR k:=0 TO N-i-1 DO

IF a[k]>a[k+1] THEN
c:=a[k];a[k]:=a[k+1]; a[k+1]:=c;
END;

END;

END;

FOR k:=0 TO N-1 DO
StdLog.Int(a[k]);

END;

END Calc;

END Example.
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Bce paccmoTpenHbIe Bblllle TPUMepPDI Ha BJIOXKEHHbIE IIUKJIbl UMEIOT O/IMH Cylile-
CTBEHHBIN HepocTaToK. OHU CO37AI0T HETIPAaBUJIbHOE BIIeYaTIeHUE, YTO MIPU Opra-
HU3AIWH [[UKJITIECKOTO TTPOIECCa, 3aBE[OMO U3BECTHO, CKOJIBKO JOJKHO OBITD BbI-
noJiHeHO onepaiuil. YToObl 9TO BIleYaTJeHUE He YKPEIMUJIOCh PACCMOTPUM JBa
IIPUMEPA, B KOTOPBIX IIPOTPAMMUCT HE 3HAECT CKOJIBKO Pa3 JOJIKHO BBIIIOJIHATLCA
TEJIO [UKJIA.

3amauya 24. /[BormuHOE 4KMCJIO 3aaHO 1[€JI0OYUCIEHHBIM MaccuBOM anHbL N. Borsic-
HUTbH, CKOJIbKO MOKHO BBITIOJIHUTH OTIePAlMil CJIOKEHUsT 9TOTO YUCJa C eUHUIIEN 10
coctosHus nepenosinerust. CocTosiHUE IepenoTHEHNs BOSHUKAET, €CJIN JIJIsSI XPAaHEHUST
3HaUeHU HeoOxouMO Gostee yeMm N 2JIEMEHTOB MacCUBa.

Pewenue:

Vike M3 yCIOBUSL BUIHO, YTO KOJUYECTBO OIEpaluil He MOKeT ObITh U3BECTHO,
MMEHHO OHO U SIBJISIETCS IIPEAMETOM BblYKCIeHMIL. PernteHnem OyaeT K/, B TeJie KOTO-
POTO BBITIOJIHSAETCS CYMMUPOBAHUE YUCJTIA C €IUHUIEN U BBISICHSIETCSI BO3MOKHOCTD TIe-
peToJIHEHUS Ha TTOCJIeIyIoNeM Iare.

Bo3aMoxHOCTD TepenoiHeHN S BBISICHIM ITPOBEPKOI BCeX 2JieMeHTOB MaccuBa. Ecin
X0Ts1 ObI OZIMH U3 HUX PaBeH HYJIIO, TO CJIEAYIOIas olepanus MpubaBIeHus euHUIbI
BO3MOKHA, €CJIM JKe BCe eIMHUIBI TO Jajiee TPOou3oiiaer nepemnoaHenne. MparMeHT
MIPOBEPKU 3ATUIIETCS TAK:

Jucmume 57

flag=FALSE;

k:=0;

WHILE k<N DO
IF a[k]=0 THEN

flag:=TRUE;

END;
k:=k+1;

END;

Kax npubasumo edunuuy. J11s onepanum CIoKeHNs ¢ eAMHUIIEN JOCTaTOYHO B YMC-
Jie (MaccuBe) HAUTH MEePBBIM MIAANTNIN pa3psl PAaBHBINA HYJIO, TPUCBOUTH €MY €TUHU-
1y, @ 3aTeM OOHYJIUTH BCE PA3PsIbl Maajive ero. Bot kak aTo samuiiercs:

Jucmume 58

k:=N-1;

WHILE a[k]=1 DO
k:=k-1;

END;

alkl:=1;

i:=N-1;

WHILE i>k DO
ali]:=0;
i:=i-1;

END;
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[k utrymuii mepBoIil HOJIb UCXOAUT U3 TOTO, UTO 3TOT HOJIb cyIecTByeT. Ecan ske
€r0 HET, TO IUKJI OyeT OIuboY€eH, HO 10 OMMOKHU He [0ieT, paboTa MPEKPATUTCS TIPU
0bHapyKeHUU yrposbl nepenoaHenns. M Best mpobiieMa TOJbKO B TOM, CMOKEM JI Mbl
rPAaMOTHO CKOMIIOHOBATh 3TH JIBa (hparMeHTa B €JIUHOE IEJIOE.

Enunbiv mesbiM 6yaeT MUK/ BRIIOIHAIOMMI CBOIO paboTy 1o Tex mop, moka flag
MPUHUMAET 3HaUeHue nCTUHHO. CKOMIIOHYeM:

Jucmunz 59

sum:=0;

flag:=TRUE;

WHILE flag DO
sum:=sum+1;
k:=N-1;

WHILE a[k]=1 DO
k:=k-1;

END;

alkl:=1;

i:=N-1;

WHILE i>k DO
alil:=0;
i:=i-1;

END;

flag=FALSE;

k:=0;

WHILE k<N DO
IF a[k]=0 THEN

flag:=TRUE;

END;
ki=k+1;

END;

END;

Benmuyuna Sum cyutaeT KOJIMYECTBO OTIEPAIINI CJIOKEHUS 0 COCTOSHUS TIEPETo-
nenwust. [Tosyyernas nporpaMma uMeer oAuH HeGoIbIIoi HegocTaToK. OHa Ipenoa-
raer, 4To XoTs1 Obl OAIMH pa3 equHUIy TprubaBUTh MOKHO. TecT, COCTOSINN U3 OLHUX
eIMHUIL, TIPUBeIET K omnbKe. A ceffuac ele ouH IpUMep:

3azaua 23. B copTupoBKe mMy3bIphKOM, KOJTMYECTBO TTPOXOT0B MACCHBA KECTKO OTI-
peJlesisieTcst KOJTMYeCTBOM 2JIEMEHTOB, B Pe3yJibTaTe B 3aBUCUMOCTU OT UCXOJHOTO CO-
CTOSTHUST MACCHBA, YAaCTh ITPOXO0/IOB MOKET OKa3aThCs JinniHeil. Hanmpumep /i1t Mmaccusa
1,2, 3, 5, 4 MOCTaTOYHO TOJIHKO OHOTO TTPOXO/IA.

IlopaboraeM mporpaMmy Tak, 4TOObI IIPOXObI 3aBEPIIAJUCH 110 PEaJIbHOMY 3aBep-
MEHUIO COPTUPOBKH.

Jucmumne 60

flag:=TRUE;
WHILE flag DO
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flag:=FALSE;
FOR k:=0 TO N-2 DO
IF a[k]>a[k+1] THEN
c:=alkl;a[k]l:=a[k+1]; a[k+1]:=c;
flag:=TRUE;
END;
END;
END;

Ecnu daar uctunen, To MaccuB HeymopsiaodeH. Ecim duiar 1o/keH To MaccHB yIio-
panouen. CienosaresbHo Bxoz Bo BHemnHuil nuka WHILE Gyzer BoinosiHeH B 11060M
ciydae, repej; HauajaoM paboThl IIPEIIOJIaraeTcs, YTO MACCUB BCe JKe He YIOPSIIOUYEH.
Ho cpasy ke 3a 3aroioBKoM (hJiar MeHsieT CBOe 3HaYeHMEe Ha JIOKb U UCTHHOMN CTaHO-
BUTCS TOJIbKO B TOM CJiy4ae, ecJu Oy/er HaiijieHa XoTs Obl 0JJHa HelPaBUJIbHAsI Iapa.
CiiefioBaTeIbHO, B JAaHHOM BapUaHTe, HEOOXOAUMBIM YCIOBHEM MPOIOJIKEHMS PaOOThI
BHEITHEro IMKJIa OyaeT oOHapysKeHKe X0Tst Obl OAHOMN HelpaBuibHOM mapel. Cienosa-
TEJIbHO, JIUIIHUIT TIpoxo/ OyJeT TOJBKO OJUH ¥ TOJBKO B TOM CJIyYae, eCJIU Ha BXOJe
MAaCCHUB TIOJTHOCTBIO YIIOPSIIOUEHHBIN 110 BO3PACTAHHUIO.

Wrtak, MBI CyIIIECTBEHHO MOBBICHIIN CI0KHOCTD PACCMATPUBAEMBIX IIPUMEPOB U U3Y-
YT BO3MOKHOCTD TIOCTPOEHUSI BJIOKEHHBIX KOHCTPYKIIMHA, KCTATH COCTOSIIUX He
TOJIBKO JIUIIb 13 OAHUX ITUKJI0B. Ha 9TOM IJ1aBy 3aKOHYMM U ITepeiizieM K CAMOKOHTPOJTIO.

3agayun Asss CaMOKOHTPOJIS

1. BbruucauThb Bce COBEPIIEHHBIE YKCIIA He TPEBOCXOsAIIIE 3aanHoe 11esoe N.

Y 1amuTh 13 CMMBOJIBHOTO MaCCHBA BCE CUMBOJIBI <a».

3. /laHo Ba CMMBOJIBHBIX MAcCUBA. BBISICHUTD, SBJISIOTCS JTU OHU PABHOCOCTAB-
JIEHHBIMHU, TO €CTh CYIIECTBYET JIX TaKasl IePeCTaHOBKA 3JIEMEHTOB OJTHOTO U3 HUX,
1ocJjie KOTOPO MacCUBBI CTAHYT MOJTHOCTBIO UIEHTUYHBIMHU.

4. JlaHo Ba CUMBOJIbHBIX MaccuBa. [IocTpouTh TpeTnii MaccuB ABIAIONUNCS UX
nepecevycHueM.

5. Jlano 1Ba CUMBOJIBHBIX MACCHBA, TOCTPOUTH TPETUN MACCUB SIBJISIONIMIICS UX
Pa3HOCTHIO.

6. Pea3oBaTh COPTUPOBKY BBHIOOPOM uucI0BOTO MaccuBa. COPTUPOBKaA BHIOO-
POM, 3aKJIFOUAETCS B CIIEAYIOIIEM: B UCXOHOM MACCUBE 00SI3aTEIHHO CYIIECTBY-
€T HauMEHBINUI 3JIeMeHT (TO, YTO OH MOKET MMOBTOPSATCS poJin He urpaet). Haii-
JIeM 3TOT HAaWMEHBITUHI W TTOCTAaBUM €TO B MEPBYIO MO3UINIO MaccuBa. Cpean
OCTaBIMMXCsI 00S13aTEJILHO CYIIIECTBYET HOBBIN HauMeHbimii, Halizem ero u mo-
cTaBUM BO BTOpyIo mosutuio. 1 tak ganee. Ha k+1-om mrare copruposku, k —
3JIEMEHTOB OKa3bIBAIOTCS OTCOPTUPOBAHHBIMU, HAUMEHDBIINH CPe/l OCTABIINX-
cs1 HeOGXOIUMO HAWTHU U MOCTaBUTH ero B mo3urmio k+1. TIpumep:
® ycxoaHbIi Maccus: 1, 2,8, 1, 3;

e nepsbiii mar: 1,2, 8,1, 3;
e propoii mrar: 1, 1, 2,
e Ttperuii mar: 1, 1, 2,

N

8, 3;
8,3;

’
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e uerBepThiii miar: 1, 1, 2, 3, 8.
® 1I0CJIE/IHUI 2JIEMEHT He y4acTBYeT B aHAJu3e, OH U TaK HAUMEHbIIUN JIJIsT
cebs caMoro.

7. PeanusoBaThb COPTUPOBKY BCTaBKaMM YKncJ0BOro MaccuBa. COPTUPOBKA BCTaB-
KaMU 3aKJII0YAEeTCS B TOUCKE JIJIS KAK/IOTO 3JIEMEHTA MAaCCHBA HAUMHAS C TIEPBO-
TO, ETO «IIPABUJILHOTO MecTay. [[paBuibHOE MECTO, 9TO TAKOE, YTO BCE DJIEMEHTHI
crosiue jesee He Gosblie gaHHoro. IIpeamonoxum, uyro K — sieMeHTOB yiKe
OTCOPTUPOBAHO 1 HEOOXOIMMO IIPUHSATD PElIeHNe O IIPpaBUIbHOM MecTe st K+ 1
sJieMeHTa. {1k 9TOro BBIIOJIHSIETCS IIPOXO/ 110 MaccuBy oT K+ 1 1mosunuu B cro-
POHY Hauajia MaCCUBA 1 UIETCS IEPBLIN 3ieMeHT yike Ooubinuii k+1-ro. ITycTs
HalJICHHBIN 2JIeMEHT UMeeT HoMmep j. Torma MaccuB cMeniaeTcst Ha OJHY TI03U-
[UI0 HAYMHAS C TO3UIKHK j BOPaBO U K+1 —blil 971eMEHT CTaBUTCS B TIO3UIIMIO j.
[Tpumep:

UCXOIHBIN Maccus: 1,2, 8, 1, 3;

nepsbiii miar: 1, 2, 8,1, 3;

BTopoi mar: 1, 2, 3, § 1;

tperuii mar: 1, 2, 3, 8, 1;

yeTBepThIl mar: 1,1, 2, 3, §;

[epPBbIii AJIEMEHT HE YYACTBYET B aHAJIN3E, TAK KaK JIEBee ero HeT HUA OJTHOTO

3JIEMEHTA MaCCUBA.

8. Iano xBa maccuBa A u B. O6HyiuTh B MaccuBe A Bce 3JIeMEHTHI UMEIOLIeCst
u B Maccusbe B.

9. CBepHyTb OJITHOMEDPHbBIN MACCUB TIO CJIEYIOIIEMY MPAaBUJIY: HA KaXK/IOM IIare
OuYepeTHOM 3JIEMEHT HOBOTO MACCUBA IOJIYUAETCsl CYMMUPOBAHUEM JIBYX CUM-
MeTPUYHbIX (OTHOCUTEJBHO CEPENHDI) 3JIEMEHTOB MACCUBA, TIOJIYYeHHOTO Ha
npezbiayineM mare. [Ipotiecc 3akaHunBaeTcst, KOTIa OCTAETCS OJTHO YUCJIO.

10. B maccuBe HaWiTH TAJTUHAPOM 33JIaHHOU JIJIMHBI, €CJIU TAKOBOTO HET, TO BBIJIATh

COOTBETCTBYIOIIEE COOOIIEHNE.

MHoOromepHbie MacCuBbl

B ABYX ITPEAbIAYIINX TJIaBaX JIOCTATOYHO A€TAJIBHO PACCMOTPEHO ITOHATUE MaCCHUBa, HO
TOJIBKO YaCTHOTO CJjIy4das — O/lTHOMEPHOTO. KOHe‘-IHO, OlIHOMeprIﬁ MaccuB — 3T0 Hanbo-
JIEE 4aCTO BCTPEUAIONIAACSA CTPYKTYPA JIJaHHBIX, HO pa3MEPHOCTb MaCCHBOB HE OIrpaHM-
YHUBaA€TCA elIHHHHeﬁ. HaHpI/IMep, BO3MOJKHO CJieIyIoniee orpeeJIeHne:

mas: ARRAY 100, 100 OF INTEGER;

31ech 00bsIBIIEH, TAK HA3BIBAEMBIN JIBYMEPHBIH MACCHUB, TO €CTh MACCHB B KOTOPOM
KayK[[bIH 2JIeMeHT uMeeT aBa nuiekca. [lepsoiit muagexc uamensercs ot 0 10 99, BTopoii
ot 0 10 99. NToro 100 x 100 — 10000 1espix uncen. /IByMepHBINT MAaCCUB MOKHO Ha-
TJISITHO TIPEJICTABUTH B BUJI€ MATPHUIIBI (TAOJIHIIBI).

[TpaBa XOTs TaKOe MpeCTaBIEHUE TOJE3HO JJIST HATJISIAHOCTH, ¢ HUM HA/0 ObITH
OCTOPOKHBIM, TaK KaK HATJISIHOCTD YaCcTO BeleT K HETOYHOCTH TMoHuManus. Hampu-
Mep, B TaOJHUIEe €CTh CTOJMOIBI U CTPOKU M €CJIU [ByMEPHBIH MAaCCHB OTOKIECTBUTH
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C T36JII/H_[ef/)I, TO BO3HUKHET CO6.7133H OJH U3 MH/IEKCOB CBA3aTh C IIOHATHEM CTPOKH,
a [[pyrofl C IIOHATHNEM CTOJI6]_[a, BeAb J1d Ta6JII/H_IbI 9TH IOHATHA peaJTbHbI. Ho JJId Mac-
CHBA, 4YTO CIUTATD CTOJAOIIOM, a YTO CTPOKOM JIMIIb HeKasl YCJIOBHOCTD. Bee onpeaenser-
Cs JIMYHDBIM JKE€JTaHUEM IIPOTrPaMMUCTA.

Kpome Toro, MacCUBBI BEl[b MOTYT OBITh M TPEX M YETBIPEX — MEPHBIMU U ke 6O-
Jiee. 4! ecJin TpeXMeprIfI €€ MOJKHO HATJIAHO ITPEACTAaBUTD B BU/IE ITapaJljieIenuIie-
I, TO ¢ 4-X 1 Gosree pa3MepPHOCTSMH, IOIBITKA JaTh FTEOMETPUYECKOE IIPEACTABIECHIE
BOOOIIIE He cpaboTaer.

JlJist IepBOTO TIpUMEpPa, PACCMOTPUM YsKe PElleHHYI0 paHee 3aj1ady MOUCKa Hau-
GOJIBIIETO, HO pelleHa OHa ObLIa AJIST OJHOMEPHOIO MACCHBA, MBI PACCMOTPUM CUTYa-
1o ¢ IByMepHbIM. Huke 3aBepiiieHHast mporpaMmMa:

Jlucmumnez 61

MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;
VAR
a:ARRAY 10, 10 OF INTEGER;
k,i,N,M,max:INTEGER;
BEGIN
In.Open;
In.Int(N);In.Int(M);
FOR k:=0 TO N-1 DO
FOR i:=0 TO M-1 DO
In.Int(alk,i]);
END;
END;
max:=a[0,0];
FOR k:=0 TO N-1 DO
FOR i:=0 TO M-1 DO
IF max<alk,i] THEN
max:=alk,i];
END;
END;
END;
StdLog.Int(max);
END Calc;
END Example.

OJHO OTJIYKE OT OJIHOMEPHOTO MacChBa 04eBHIHO. [ToJIHBIN 06X0 AByMEPHOTO Mac-
cuBa Tpebyer JBa IuK/Ia (A1 KaxKaoro nHaekca). JBa MUKIa 1Jist BBOZA, IBA IIMKJIA JJIsT
06paboTKK U eciu Obl TOTPEOOBATIOCH MACCUB PACIIEYATATD, TO 1 JIBa IIMKJIA /IS BHIBOJIA.

Bropoe otiinune 6osiee Torkoe. Eciii Hy1eBoIi aJieMeHT 10 Hadasia mporiecca 00bsiB-
JIIeTCST MaKCUMAaJbHBIM, TO €T0 M3 aHAJTM3a MOKHO NCKJIIOUNTh. B ciaydae ¢ omHOMED-
HBIM MaCCHUBOM TaK U CJIeJIaHO:
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Jlucmumne 62

k:=1;

max:=mas[0];

WHILE k<=N DO
IF mas[k]>max THEN

max:=masl[k];

END;
ki=k+1;

END;

C IBYyMEpPHBIM MaCCHBOM HECKOJIBKO ciokHee, [TompobyeM Tak:

Jucmumnz 63

max:=a[0,0];
FOR k:=1 TO N-1 DO
FOR i:=0 TO M-1 DO
IF max<alk,i] THEN
max:=alk,il;
END;
END;
END

B aTom ciryuae nponymuien 6yzaer He ogus asemenT a[0,0] a messix N mpu k=0. TTo-
3TOMY OCTaBUM TakK Kak ObL10, 1ipu aToM astement a[0,0] moyyacTByer B ananmse gBax-
JIBL, HO 5T0 Oeza He Gospuias. Cremyromas 3afada:

3agaua 26. Haiitu cymMmMy TpousBe/ieHUH CTPOK B IBYMEPHOM, KBJIPATHON MaTpHILE.

Pewenue:

3amada chopMyIMpPOBaHa B TEPMUHAX MATPUIL, TOITOMY TEPMUH «CTPOKay B yCJIO-
BUU BIIOJIHE YMeCTeH. MbI IOMHUM, YTO COTIOCTABJIEHUE MH/IEKCA CTPOKAM U CTOJIOIaM
3TO YCJIOBHOCTH. BaskHO JIUIITD TO, YTO 110 HEKOTOPOMY MH/IEKCY BBITIOJIHAETCS YMHOXKE-
HUe, a 110 JIPYTOMY cJIoKeHue. 3anuiieM ckazannoe Ha KII:

Jlucmumne 64

sum:=0;k:=0
WHILE k<N DO
p:=1; i:=0;
WHILE i<N DO
p:=p*masli,k];
ii=i+1;
END;
sum:=sum+p;
ki=k+1;
END;

BGSI[G, /i€ HE OTOBOPEHO MHOE BEJIMYNHA N 6y11eT 03Ha4aThb JJINHY MaCCHUBa.
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Sanava 27. Haiitu cymMMy 37IeMEHTOB HaXOJSNIMXCA B KBAJPATHOUW MaTpuile Ha
TJIaBHOM IMarOHAJIA M HUIKE €ee.

Pewenue:

WHeKcehl 9/1IeMEHTOB HaXO/SAMIMXCS Ha TJaBHOU JUaroHaJu paBHbI, OyaeM Hasbl-
Barb 9T0T exunbiil nHaexkc — MHAEKCOM. Torza o uaaekcax 3J1€MeHTOB CTOSIINX
HUKe, MOKHO CKasaTb, uTo oguH u3 Hux pasen MHIEKCY, a Bropoil Menbiie 1160
pasen. 3armiieM ckazanHoe Ha KIT (MHIEKC — nepemennast <k»):

Jucmunz 65

sum:=0;k:=0;
WHILE k<N DO

i:=0;

WHILE i<=k DO
sum:=sum+ali,kl;
ir=i+1;

END;

k:=k+1;

END;

Sanayva 28. /ana kBasipaTHast MAaTPUILA C Y€THBIM KOJTUYECTBOM CTPOK. BBITIOJNHUTD
MepecTaHOBKY YeTHBIX M HeYeTHBIX CTPOK. [lepBasi cTpoka co BTOPOH, TPeThsI C UeTBep-
TON ¥ T.JI.

Pewenue:

3anmava uMeeT JiBa pa3HbIX penieHus. [lepBoe 0cCHOBaHO HA IPENCTaBICHIY MAaTpPH-
1[bl IBYyMEPHBIM MacCUBOM. Pelierne OyzeT peacTaBisTh co6oii Ba muKia. BHemHui
MIyCTUM TI0 CTPOKAM, BHYTPEHHUH 3aiiMeTcsl TepecTaHOBKOW 3JIeMEHTOB MeX /1y TTapoi
CTPOK.

3anuiineM pelieHre TOTHOCTBIO UCIIOIb3Ys IUKJIIBI ¢ YCIOBUEM 3aBepIieHUs (Mbl
yKe JJaBHO MU He TT0JIb30BAJINCh)

Jlucmumnz 66

MODULE Example;
IMPORT In, StdLog;

PROCEDURE Calc*;

VAR
a:ARRAY 10, 10 OF INTEGER;
k,i,N,c:INTEGER;

BEGIN

In.Open;

In.Int(N);

FOR k:=0 TO N-1 DO
FOR i:=0 TO N-1 DO

In.Int(alk,i]);

END;

END;

k:=0;
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REPEAT

i:=0;

REPEAT
c:=alk,il;alk,i]:=alk+1,il;a[k+1,i]:=c;
i=i+1;

UNTIL i>=N;

k:=k+2;

UNTIL k>=N;
FOR k:=0 TO N-1 DO

FOR i:=0 TO N-1 DO
StdLog.Int(a[k,i]);

END;

StdLog.Ln;

END;
END Calc;
END Example.

Bropoe pemnienune ormyaercs crocoboM npeacrasieHus MaTpuilsl. Ho ajst Toro,
4TOOBI IIOHATH CYyTh HOBOIO PELIEHUs, IPUIETCSA BBECTH IOHATHE COOCTBEHHOIO THIIA
nauubix. Tunsl INTEGER, REAL, BYTE u HekoTOpbIE IpyrUe, Ha3bIBAIOTCS Oa30BbIMU
W OCHOBHBIMU. HaM yike M3BecTeH OJUH BU CJI0KHOrO Tuna — MaccuB. CoO6CTBEH-
HBIH THII, — 3TO KOHCTPYKIINS U3 YK€ CYIIECTBYIONIUX TUIIOB, B TOM YHCJIE U YK€ OTIH-
CaHHBIX COOCTBEHHBIX. 3aU€M 9TO MOKET OBITh HY/KHO, BOIIPOC HE IIPOCTOM, MBI K HEMY
elne OyzeM BO3BpaIIaThCs, a ceifuac monpoOyeM IMOHATh HOBYIO HIEI0 Ha IIPUMEPaXx, KaK
MBI TIOCTYTIAJIA ¥ PaHee ¢ HOBBIMU TIOHATUSIMA ¥ UIESIMU.

Onucanne coOCTBEHHOrO TUIAa HayumHaeTcs KiaodeBbIM ciaoBoM TYPE. Cocrout
oTMCcaHue U3 YHUKAJIBHOTO (HEIIOBTOPSIONIErOcs ) HAEHTU(DUKATOPA ¥ ONACAHUS KOH-
CTPYKIINU COCTABJIEHHOM U3 yiKe CyIecTBYIOuX TumoB. Hampumep Tak:

TYPE
mas=ARRAY 10 OF INTEGER;

BZIQCI) I/I,ZIEHTI/I(l)I/IKaTOI) masS O3Ha4Ya€T HE MaCCHB I1€JIbIX, a TUII MaCCHUB II€JIbIX. JTo
O3Ha4daeT, 4To I/II[GHTI/I(I)I/IKB.TOP masS MOJXKHO MCITOJIb30OBAaTD JIJIA 00bABICHUA MaCCHBOB,
HO HeJIb3A NCITOJIb30BAaTh KaK MaCCHB. CJIenonmee 00bsIBIICHNE:

VAR
a:ARRAY 10 OF mas;

aBjgerca oObaBIenneM Maccuba u3 10 ajeMeHTOB THIA mas, TO eCTb J1eCATU MaCcCu-
BOB, IJIA KasKZI0T'O N3 KOTOPbBIX PE3EPBUDPYETCA ITaMATD 110/1 10 IIEJIBIX YN CEJI. ITo pa3Mme-
Py pe3epBI/IpyeM0171 aMATH 3TO 00 bABJICHHE NICHTUYHO CJIEAYIONIEMY:

a: ARRAY 10, 10 OF INTEGER,;

HO (DYHKIIMOHAJIBHOCTD Y Hero HeMHoro apyras. B oobssienun a:ARRAY 10 OF mas;
orpe/ieJieH He IByMEPHbII MACCUB, & MACCHB MACCUBOB. JTO 03HAYAET, YTO K OT/EIb-
HBIM MTOJIMACCHBAM 3TOTO MACCHBA MOKHO 00OPAIIAThCST KaK K CAMOCTOSATELHBIM BEJTH-
yrHAM. A ceiiyac BepHEMCS K 33j1ave TePeCTaHOBKE CTPOK U TOCMOTPUM, YTO JaeT HO-
Bast KOHCTPYKIIUSI:
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Jlucmumne 67

MODULE Example;
IMPORT In, StdLog;

PROCEDURE Calc*;

TYPE
mas=ARRAY 10 OF INTEGER;

VAR
a:ARRAY 10 OF mas;
k,i,N:INTEGER;
C: mas;

BEGIN

In.Open;

In.Int(N);

FOR k:=0 TO N-1 DO
FOR i:=0 TO N-1 DO

In.Int(alk,i]);

END;

END;

k:=0;

REPEAT
c:=alk]; a[k]:=a[k+1];a[k+1]:=c;
k:=k+2;

UNTIL k>=N;

FOR k:=0 TO N-1 DO
FOR i:=0 TO N-1 DO

StdLog.Int(a[k,il);

END;

StdLog.Ln;

END;

END Calc;

END Example.

Ot BYX IUKJIOB 00pabOTKM OCTAJICS TOJIBKO OUH. DTO G1aroaps TOMY, 4TO B Olle-
paTopax npucBanBaHusI

c:=alk]; a[k]:=a[k+1];a[k+1]:=c;

MPUCBAaNBaHKE BBITIOJIHSAETCS HE C OTAECJBbHBIMU YUCTaMH, a ¢ moaMaccuBamMu. OTcrona
MOPaJIb; TPAMOTHOE MOCTPOEHNE COGCTBEHHOTO TUTIA MOKET CYIIECTBEHHO YIPOCTUTH
JIOTUKY TIPOTPAMMBI.

3amava 29. /lana kBajpaTHas MaTpuila. Pacmeyatath K-y auaroHajib BHU3 OT
TJIABHOM.

Pewenue:

anue y>1<e 6bIJIO BbIZICHEHO OTHOCUTEJIbHO I‘JI&BHOI?I JAaroHaJsiv, 4YTo NH/IEKCHI ee 3J1e-
MeHTOB paBHbl. OUeBHIHO, YTO JJIs1 OO0 AMArOHAIM MOYKHO IIOCTPOUTDL (POPMYJIY ISt
MH/IEKCOB. I[JIS[ peIlIGHI/IH 3a/la4l UMECHHO 9TO U H€O6XOIII/IMOZ BpraSI/ITb 3aBUCUMOCTD
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IBYX UHZIEKCOB OT HOMepa finaronanu. [lompodyeM HaAlTH HYKHYIO 3aKOHOMEPHOCTH Ha
IpruMepe ¢ MaTpulleil pasMepoMm 4 X 4.

Ta6nuua 1.1. Tabnrua MHAEKCOB

0,0 0,1 0,2 0,3
1,0 1,1 1,2 1,3
2,0 2, 1 2,2 2,3
3,0 3,1 3,2 3,3

B sueiikax TabJuIbl IPOCTaBJEHbI 3HAYEHUs MHIEKCOB, 3HAYEHUsI 9JIEMEHTOB
JUISL JaJIbHEHIIMX paccysKAeHui poan He urpaot. O6paTuTe BHUMaHUe Ha IIePBbIN
HHJIEKC:

® rjaBHas AnaroHainb (Hysesas): 0, 1, 2, 3;

® TepBas quaroHasnp: 1, 2, 3;

® BTOpas AMAroHamib: 2, 3;

® TpeThs AUaroHasb: 3.

Orcioza sicia popmyaa. ITycers k — Homep auaronasu. Torma:
k<=MHAOEKC1<=N
B Hamem ciryuae N = 3. k=0, 1, 2, 3. [lajiee HOCMOTPUM 3HauEHNE BTOPOTO MHIEKCA:

raBHas quaronab (Hynesas): 0, 1, 2) 3;
niepBast Auaronasns: 0, 1, 2;

BTOpas auaronains: 0, 1;

TPEThs IUaroHayb : 0.

Jlnamason nsMeHeHUA BTOPOTo MHJIEKCa OYEBUIHO TaKOM:
0<=MHAEKC2<=N-k

MHTepBaibl M3MEHEHUs MHAEKCOB B 3aBUCUMOCTH OT K (HOMepa AnaroHanin) sCHbI.
Ho auaronans 510 TUHEHHBIH 00BEKT, XOTS U HAXOAALIMIICI B CTPYKTYPE ABYMEPHO-
ro 00beKTa, IO3TOMY CAEAYIOMNUM [eiicTBIeM, He0OOXOAUMO BBHIPA3UTh OAMH M3 UH-
JIEKCOB Yepe3 JIPYroii, HAalpuMep BTOPOii uepes repbiit. OueBupHO GOpMYJia TaKOBA:
WHAEKC2 = NHOEKCT - k

Jlucmune 68

i:=k;

WHILE i<=N DO
StdLog.Int(ali,i-k]);
ii=i+1;

END;
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KopoTkoe peliieHre 1Ipu JJOBOJLHO JIMHHOM PacCysKAE€HUH, HO TaK OBIBAET J0CTa-
TOYHO yacTo. [Ipu paboTe ¢ MHOTOMEPHBIMU MAaCCHBAMU OY€Hb Ba)KHO TOYHO OTIpe/Ie-
JIUTh B3aUMO3aBUCHUMOCTHU MESKIY UHAEKCAMU, 3TO TIpobieMa TpeOyIoIast ompeesieH-
HOTO BpeMeHH. [[J1s1 3aBepilieHusI TJ1aBbl PACCMOTPUM ellle OJIHY HEeCJ0XKHYIO 3a/1a4y, HO
€ MacCuBOM OOJIBIIIEN PA3MEPHOCTH.

3anauva 30. /[an TpexMepHbBI MAacCUB, IeJIbIX TOJOKUTENbHBIX Ynces. [Ipencra-
BUM, eT0 Kak Tpexmepnyio penieTky pasmepamut NX x NY x NZ. B yssax pernieTku Haxo-
It 1esble yrcsa. Takas pemerka umeet hopmy napasienenunena. [Ipeamnomsoxum,
ATOT TTapaJIIeJIeNUIIe]] PACIUJIIIN Ha TUIOCKOCTH (JIByMepHbIe MaccuBbr). TpeGyercst
HalTH HOMeP IIJIOCKOCTH, TAKOHM UTO CyMMa 3JIeMeHTOB PACIOJIOKEHHbIX Ha Hell Han-
GoJtbImast.

Pewenue:

B ycioBuum 33124 He CKa3aHO B/OJb KAaKOW OCH paclyjieHa pelieTka, Ho 3TO U He
MMeeT 3HaUYeHNUs, TaK KaK OPUEHTAIUS PEIIeTKH OTHOCUTETBbHO CUCTEMBI KOOPINHAT
BCETO JIUIIb HeOOJIbIIast yCJOBHOCTD. [LyCcTh pelieTka pacnuieHa BaoJb ocu Z. Torpa
JUTSE KQKJIOH KOOPIMHATHI Z, HEOOXOAUMO BBIUYUCIUTH CYMMY TI0 BCEM X, Y:

0<=x<NX; 0<=y<NY

Jucmunz 69

z:=0;

max:=0;num:=0;

WHILE z<NZ DO
sum:=0;

x:=0;

WHILE x<NX DO
y:=0;

WHILE y<NY DO
y:=y+1;
sum:=sum+alx,y,zl;

END;

X:=xX+1;

END;

IF sum>max THEN
max:=sum,;
num:=z;

END;

END;

ITepemennast num 1o 3aBepiieHUn paboOTHI (hparMeHTa OyAET COMEPKATH HOMED
HanOOJIbIIIEN TIIIOCKOCTH, HOMEP COBIAIAIOIINN ¢ KOOPAUHATOM Z.
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3agayu ons camMOKOHTPOIS

1.
2.

[lan nBymepnbiii MmaccuB pasmeproctu N X M. Halitu cymMMy ero ajieMeHTOB.

BoimotHUTD TpaHCIIOHMPOBaHUE /IBYMEPHOW MaTpullbl. TpaHCIIOHUPOBaHUEM

HA3bIBAETCST OTIEPAIHSI TIPEOOPA30BAHUSI MATPHIIBL, TIPH KOTOPOH CTOJIOIIBI MEHSI-

I0TCS CO CTPOKAMU.

BoisicHuTb, SIBISIETCS M KBaJpaTHAsE MaTpUIla CUMMETPUYHON OTHOCUTEIBHO

TJIaBHOM /TMaroHaju.

BoisicHUTD, AIBISIETCS M KBapaTHASI YMCJI0Bas MaTpUIla MarnuecKuM KBaJipa-

ToM. Marudecknii KBaipaT 3TO YMCJI0Basl MaTPHUIA, B KOTOPOH /IJIsT BCeX CTPOK

U BCEX CTOJIOIOB CyMMa 3JIEMEHTOB OJIHHAKOBA.

Haiitu B 1ByMepHOM MaccuBe Bee celIoBbie TOUKU. CelToBbIe TOUKM BO3MOKHBI

ZIBYX THUTIOB:

a. CemioBOM TOYKOI HasbIBaeTCsl 3JEMEHT MaTPUI[bl HAUOOJBIIUN B CTPOKE
U HAMMEHBIITHIT B CTOJIOIIE.

b. CemoBoii TOUKOU HA3BIBAETCS HIEMEHT MATPUIIbI HAMMEHBIII B CTPOKE
U HanOOJIBIITHIT B CTOJIOIIE,

Boisicautsb, ecth Jiv B 3aganHoi MaTpuile padmepamu M x N kBazpat co ctopo-

HOII L, cocTosIumii u3 OgHUX eJUHAIL.

[Tepenmncarp nByMepHBIH MaccuB pazmepoM M x N B 0ZTHOMEPHBITA.

3amaua obpaTHas 7-0ii. JlaH 0HOMEPHBIN MaCCUB, AJMHA KOTOPOI'O €CTh IIPOM3-

BesieHme nByX 1enbix yncea M u N. Tlepenvcath gaHHbBIN OJHOMEPHBII MacCHB

B ZIByMepHbIit pagmepoM M x N.

TpexmepHast KyOudecKkast perreTka co cTopoHoil N 3aroiHeHa HYJISIMU. 3a11oJ1-

HUTH ee BHyTPEHHUE JUaroHa/IN eIMHNAIIAMHU U HATJISI/THO ITPOJIEMOHCTPUPOBATh

YCIENTHOCTh BBITTOJHEHHON PaGoThl. JIJIsT IEMOHCTPAI[UH YCIEITHOCTH J0CTa-

TOYHO PACIEYaTaTh CPe3bl PEIIETKH BOJb JIOO0U KOOPAMHATHON OCH, TIpel-

cTaBJsAOIINE COOOH JIBYMEPHbIE MACCUBBIL.

10. B nBymepHbIil MACCUB 3aMMCAHbI KAK TTOJIOKUTEbHbIE, TAK U OTPUIIATEJbHBIE

qucJja. PaCCOpTI/IpOBaTb UX 10 IBYM Pa3/INYHBIM O/THOMEPHBIM MaCCHUBaM.

NMpouepnypbl

TepMuH «Tporienypas He ABJsIeTcs HOBbIM. TeKCT perenust 0ot 13 3a1a4, KOTOPHIX
ysKe PEIeHo J0CTATOYHO MHOTO, 3TO ipotieaypa. Ho perierme He 06513aTeIbHO COCTOUT
TOJIBKO JIWIIb W3 OJHOW TIPOTIEAYPHI, UX MOKET OBITh HeCKOIbKO. OOBIUHO peleHue
Pa3bUBAIOT HAa HECKOJIBKO MPOLEAYP, €CJU PeUb HIET 0 OOMBINNX 3a1auax. Ho MHOTO-
MPOTIEYPHOE PEIEHNE €CTh CIeACTBYE Gosiee (DyHIAMEHTATBHOTO MPUHITNTIA — IEKOMIIO-
sutn. HamoMHIM, 9TO IEKOMITO3HUIINS, ATO pasGUeHre 3a/1aul Ha HECKOJILKO JIOTHYECKH
HE3aBUCUMBIX 10/[3a/1a4. A eCJIn 110/13a/1a4M JIOTMYECKHU He3aBUCUMBI, 3alIUChIBATDh X
yI06HO B BHIE OTAETBHBIX Mpotieayp. O TeOPUH elife TOTOBOPUM, a Ceuac B KAUeCTBE
WJLJIIOCTPALIMY TIOJIYYUM ellle OJTHO pellleHue ysKe PelIeHHOH 3a/1a4yi — COPTUPOBKA I1y-
3bIPbKOM.
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Jlist pelieHns], MACCUB HEOOXOAMMO BBECTU U3 IIOTOKA, 3aT€M BBIIIOJHUTH €ro 06-
paboTKy U 3aTeM BbiBecTU. Takum 00pa3oM, UCXOAHAs 3a4a4a pasbUBaeTCs Ha TPHU.

Jlaium UM UMeHa U 3aluileM B TOU MOCJIe0BATEIBHOCTA B KOTOPOil UX TpebyeTcst
BBIIIOJIHATD!

Input; — BBOZ MaccuBa U3 IIOTOKA
Bubble; — mysbIipbKoBas cOpTUPOBKa
Output; — BBIBO/I.

3armcas 3T TPU CTPOYKH MBI B KAKOM-TO CMBICJIE PENTUJIN ITOCTABJIEHHYIO 33/1a4y.
Mo:xHO 0hOPMUTD MOJTY JTh:
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MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;
VAR
a:ARRAY 100 OF INTEGER;
N: INTEGER;
BEGIN
Input;
Bubble;
Output;
END Calc;
END Example.

Ho paborarbk MoLyJIb KOHEUHO ke He OyzeT, Tak Kak Tpu TepMuHa Input, Bubble,
Output He o/IEpKAHBI HUKAKUM KOZOM. Penum npobiiemy, nepermcas Koj Kacaio-
1iics BBOZA, B TEJIO POy Pbl INpuUt, Ko copTupoBKu B Tesio mporeaypbl Bubble,
KOJI BbIBO/IA B TeJIO Tipotieypbl Output. Paboraronuii BApUaHT BBITJISAUT TaK:
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MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;
VAR
a:ARRAY 100 OF INTEGER;
N: INTEGER;
PROCEDURE Input;
BEGIN
In.Open;
N:=-1;
WHILE In.Done DO
N:=N+1;
In.Int(a[N]);
END;
END Input;
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PROCEDURE Bubble;
VAR
i,k,cC:INTEGER;
BEGIN
FOR i:=1 TO N-1 DO
FOR k:=0 TO N-2 DO
IF a[k]>a[k+1] THEN
c:=a[k];a[k]:=a[k+1]; a[k+1]:=c;
END;
END;
END;
END Bubble;
PROCEDURE Output;
VAR
k:INTEGER;
BEGIN
FOR k:=0 TO N-1 DO
StdLog.Int(a[k]);
END;
END Output;
BEGIN
Input;
Bubble;
Output;
END Calc;
END Example.

HeBoopyskeHHBIM IIa30M BUHO, YTO TEKCT cTal faxe Goubiire. CTOWMIIO JIH 3TO Jie-
snaTh? KoHeuHo, mis TaKkoil HeOGOJIbIIOi IpOrpaMMbl MOKET OBITh U HET, HO JaBaiiTe
HEMHOTO paccyAnM. TeKcT rIaBHOI IPOTIeyPBl COKPATUIICS 0 TPeX KoMaH . [ aBHas
MPOIIEypa MPEeIebHO SICHA: BBOJ, 00pab0oTKa, BBIBOA. U aHAIN3 KaXKI0H 13 HIX MOJK-
HO BBITIOJHSITH OT/IEJBHO, He JIepsKa Mepe]l TIa3aMu BECh TEKCT. ITO yA0GHO Maxke st
HeOOMBINON MPOTPAMMBI, JIJIsT HOTBINON JKe PasOMBKa MPOTPAMMBbI Ha OT/IEIbHbIE TIPO-
eIy PBI CTAHOBUTCS JKU3HEHHO HEOOXOUMOIT OTieparineii.

[Tonpo6Gyem MPOUILTIOCTPUPOBATH ITO YTBEPKIEHUE CEPHE3HBIM TIprMepoM. OueHb
6OJTBIIAST ¥ OUEHb CJOKHAS TIPOTPAMMa — 3TO TIPOTPAMMA UTPATONIast TPOTHB YeJ0BeKa
B MHTEJJIEKTYJIBHYIO UTPY UJIH KaK elle NX Ha3bIBAIOT B UTPY C MTOJHOM nHpOpMaIuei.
[Tpumep Takoit urpsl maxmarsl. VIrpoit ¢ mosHoN nH(pOpMaIueit maxmMaTbl Ha3bIBAIOT-
s TOTOMY, YTO 06 TPOTUBHUKA BU/ISAT BCE, YTO HAXOMUTCS Ha IOCKE, CKPBITHI TOJIBKO
HaMepeHM:.

Haunewm pazpabotky. Uro Ham He06X0MMO peann3oBaTh? QUeBUIHO, TOTpeGyeTcst
MPOPUCOBKA TMaxMaTHON moautuu. [TotpebyeTcst Kakoii-To crmocob ompeeeHus, 3a-
BepIIieHa UTPA WIH HET U eCJTH 3aBepIIIeHa TO B YbI0 MoJb3y. Heobxoamnmo nath BO3MOK-
HOCTB YeJIOBEKY COOBIUTH MPOrpaMMe O BHIGOPE CBOETO XO/Ia W HAKOHEIl HeOOXOANM
METOZ TIPUHSTHS PelIeHNs KOMITBIOTEPHOI ITPOTPAMMOIi O CBOEM XOjie. 3amuIlieM CKa-
3aHHOE Ha TICEBIOKO/IE:



60 HedbopmarbHoe BBeAcHWE

IIpopucoBka HCXOAHON MO3UTINHT
IToxa Urpa He 3aBepiiieHa /e1aTh
3amnpocuThb XO/1 YesIoBeKa
Brimoaauts x07,
Ecan naptus ne 3aBepiena To
IIpunATH pelienue 0 Xoe MPOTPaMMbl
Breimoaauts x07,
3aBepILUTh IIPOrPaMMy U COOOIUTD OOEUTE s

[TycTs a1 ynpoleHns 4eJIoBeK HAaYMHAET UTPY Beersia. «rpa He 3aBepiiieHay 3TO
HEKast TIPOBEPKA, BO3MOXKHO JOCTATOYHO CJIOKHAS, HO ceiiuac He Oy/ieM pasduparnbces,
KaK IMEHHO PaboTaeT IPOBEPKA, MOKHO IIPUHSITH TOJBKO UTO:

® €CJIY pe3yJbTaT IPOBEPKU = 0To HUrpa He 3aKOHY€Ha;
® ¢eCJIM pe3yJbTrar = 110 BbINTPAJI YHEJIOBEK]
® ¢eCJIv pe3yJibTar = 210 BbIUTpaJia IIporpaMmMa.

Hasosem npouenypy Proverka. ITpouenypa «BbIIOJHUT X0/I» CBOUM PE3yJbTa-
TOM OYEBHUHO MMeEET U3MEHEHNEe TO3UI[NK, B 9TOM CMbBICJIE OHA CHUJIBHO ITOXO’Ka Ha
«IIpopucoBka MCXOAHOM MO3UIUU» U OBITH MOJKET ECTh CMbBICJ UX 00BEUHUTD, HO BO3-
MOKHO Takoe 00beIMHEHHE CJMIIKOM YCIOKHUT JIOTUKY. Mbl 00beIUHATH UX He CTa-
HeM. ITyctb 5T0 GyayT pasanuHblie mpoueaypbl. KpoMme Toro, BbIoJHEHE X0/1a Hy K 1a-
ercs B wMHGOpPMaNMU O TOM, KTO CAeJaJ XOA U 4eM, B TO BPeMsI KaK MCXOJHasi
MIPOPUCOBKA HY B KAKOW MH(MOPMAIIMY HEe HYKIAETCS.

Kak coobumuth npoueaype «BolnoHUT X01» nHOpMaInio o xoxe? Xox aTo JaBe
Benu: Otkyzsa n Kyna. CnenoBartesbHO, BCe OTNPEETSIETCS TeM, KAKOH CTPYKTYpPO
JaHHBIX Pa3pabOTUMK IpeacTaBuT cebe focky u ¢urypy. Ilycts 310 OyaeT napa Beju-
YUH. A UMEHHO:

® HOMep KJIETKU, C KOTOPOI1 BBITIOJTHSIETCS XO/I;
® HOMep KJIETKU, HA KOTOPYIO BBITIOJIHSIETCS XOJI.

3Has KJIeTKY, Mbl 3HaeM U Kakas (pUTypa Ha Hell CTOUT U KaKOTO OHA IIBETA, TO3TOMY
nanHas uHpopmalusg noctatouHa. [IpuHaTbIe peleHns Mo3BOSAI0T HATUCATh TEKCT
MOy JIST:
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MODULE Game;
VAR
N1, N2:INTEGER;
PROCEDURE Start;
END Start;
PROCEDURE Move(n1,n2:INTEGER);
BEGIN
END Move;
PROCEDURE Man;
BEGIN
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END Man;
PROCEDURE Computer;
BEGIN
END Computer;
PROCEDURE Proverka(n:INTEGER):INTEGER;
BEGIN
RETURN O;
END Proverka;
PROCEDURE Main*;
VAR

Res:INTEGER;
BEGIN

Start;
REPEAT

Man; (*Xogn, 3a yenoseka*)

Move(N1, N2);

Res:=Proverka(1);

IF Res=0 THEN
Computer; (*Xog 3a iporpammy®)
Move(N1, N2);
Res:=Proverka(2);

END;

UNTIL Res>0;
END Main;
END Game.

E1ie moutu HuYero He U3BECTHO, O TOM Kak OyIET BBITJISAETh KOHKPETHBIN KO pea-
JIU3YTONTUI HAIPUMED XO/I WJIH UIILYIIHE X0/ 32 KOMITBIOTEP, HO KOe-4TO ysKe eCcThb. Bo-
[IEPBBIX, €CTh 00I1Iast CTPYKTYpa Ipolecca Urpbl. Bo-BTOPHIX, €CTh IIepeveHsb Moasanad
MOJIJIEKAIUX PaspaboTKe U ¢ KaxK A0 oA3a1adueil comocTaBIeHa KOHKPeTHasI [Ipolle-
Nypa, KAKAYIO U3 KOTOPBIX MOKHO Jlajiee TUCaTh OT/EIbHO OT ApyruX. [locTaBieHHbIe
noazagauu (IIpoLeLyPbl), BO3MOKHO TakKe Oy IyT pasOUThI Ha 6oJiee MeJIKUe T0A3a/1a-
4, IPOLIECC Pa3pabOTKU CTAHET MOHSATHBIM U ITONIArOBbIM, K HEMY MOKHO OyzeT mpu-
BJIEYb HECKOJIBKUX Pa3paboOTYUKOB, IIPU 9TOM He OOBACHSIS KaskIOMY U3 HUX B U€M 3aK-
JIoyaercs o01as 3aaya.

Paspa6oTka Takoii IporpaMMbl OueHb GOJIBIION TPY I, JOCTONHBII OTAETbHON KHI-
I'Ml, MBI JK€ Ha 9TOM 9TaIle 3aKOHYNM, TaK KakK I1eJIb — IEMOHCTPAIHUSI IPOTIElyPHOTO ITPO-
rPaMMUPOBAHUST IOCTUTHYTA.

Moy sib COCTOSATITUI U3 HECKOJBKUX TIPOIIEYP CTAHOBUTCS JOCTATOUYHO CJIOKHBIM
opranuamoM. OKa3bIBaeTCs YTO:

® [IpOoIeZYPbl BO3MOKHO ONIMCHIBATh HA Pa3HBIX yPoBH:X. He mpocTo BHYyTpH Mo-
JLyJIs1, a B TeJie [PYToii IPoLeyPbl U TAKUX BJIOKEHHI MOKET OBbITh CKOJIb YTOLHO
MHOT0;

® OINMCAaHUA IEPEMEHHDIX BLIIIOJHEHHbBIE CPa3y IIOCJe 3ar0JI0OBKa MO/YJIA U B TeJle
MIPOIIe/LyP NMEIOT PAa3JINYHbIe CBONCTBA;

® 3HAYeHWA BEJIUYMH IIPpOLEeAypaM MOKHO IIepelaBaTh;
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® TIPOIELYPHI CIIOCOOHBI BO3BPAIIATH 3HAYEHUSI B TOUKY BBI30BA;
® B TeJe IPOleyPbl BO3MOKHO BbI3bIBaTh HE TOJIBKO MHBIE ITPOIIE/YPhI, HO U ee Ke
caMy, 3TO Ha3bIBAaeTCs peKypcueil.

EcTb 1 elie mHTEPECHBIE CBOMCTBA, HO Ia’Ke IEPEYUCTEHHBIX IOCTATOYHO JIJIsT XOPO-
meit pa6othL. [TpucTymmMm.

JlokanbHble n rnobasbHbie nepemMeHHbie

Kax Bcerzna npumep:
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MODULE Example;
VAR

k, g:INTEGER,;
PROCEDURE Procl;
VAR

k:REAL;
BEGIN
END Procl;
PROCEDURE Proc2;
BEGIN
END Proc?2;
END Example.

B Mozysie 06bsIBIIEHBI He IBE TTepeMeHHbIe, a Tpi. nobabbie K u g, u mokanbias k.
JlokabHast 3HAUUT BUAMMAsSI TOBKO B TOH TPOIIEAype B KOTOPOit oHa 00bsBaeHa. Jlo-
KaJIbHast TIePeMEHHasT BEleCTBEHHOTO THa 00bsiBIeHa B Tiporieaype Proc]. Tlporemny-
pa Proc2 Huuero He 3HaeT IO BelleCTBEHHYIO BeanunHy K, Ho obOparnenue B Proc2
K TepeMeHHol o nmenu K He mpuBeser k ommbKe, Tak Kak CyIecTByer ente oxHa k
06bsABIeHHAsT /TSI Bcero MoyJist. [loatomy oGparenve k epemernoi k B Tese Proc2
Gy/eT o3HavaTh oGpareHne K MeJ0YNCIeHHOM r106aabHON BETHYHHE.

I'mo6anbHast, 3HAYUT U3BECTHAST BCeM TIpotienypam. To ecTs resouncaenHast k mo-
sKHa ObITh ocTynHa 1 11t Proc u st Proc2. Ho ecTb B HallieM IpuMepe O/IMH HIOaHC.
B Proc1 ums k mcnonb3oBano 7ist TOKaTbHON TTepeMEHHON. DTO TIPUBOIUT K HEBO3-
MOKHOCTH JJOCTYTIa K ri1o6anbHoii K B Tesie Proc1 ve Baupast Ha ee [JTIOBAJIBHOCTD.

Taxum 06pa3oM, TepeMeHHast 0OHAPYKEHHAsT B TeJIe MPOTIELYPhI OYAET HCTOTKOBA-
Ha, KaK JIOKaJTbHAS €CJIU OHA €CTh B CIIUCKE JIOKATHHBIX TIEPEMEHHBIX, KaK TI00aIbHasT
€CJI OHA eCTb B OTIPe/IeIEHNSIX MOIYJISI U €€ TIPH 9TOM HET B CITUCKE JIOKAThHBIX TTepe-
MEHHBIX ¥ KaK OMMOKa, eCJTU ee HET HU B OJTHOM CTIHCKE.

Curyanusi HECKOJIBKO YCIOXKHSIETCS, eCIH TIOSBISIOTCS TIPOIEAYPHI BIOXKEHHbIE
B mpornenypol. Hampumep tax:
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MODULE Example;
VAR
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k, g:INTEGER;
PROCEDURE ProcT;
VAR

k:REAL;
PROCEDURE Proc2;
BEGIN
END Proc2;

BEGIN
END Procl;
END Example.

[Mosno:xenne iporeypol Proc2 cyiectBenno uamenusnock. Ceituac Proc2 cocras-
Has yacth Proc1. IToatomy oGpamienne kK umeHn k B Proc2 ceiiuac osnauaer oGpaiie-
HUE K BEIECTBEHHOIT IIepeMeHHoI 00bsaBIeHHOI B Proc, a He k riiobanbHoii mesoi k.
B cnenyrormmem caydae:
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MODULE Example;
VAR

k, g:INTEGER;
PROCEDURE Procl;
VAR

k:REAL;
PROCEDURE Proc2;
VAR

k: BYTE;
BEGIN
END Proc?2;
BEGIN
END Procl;
END Example.

obpaienue B Tesie Proc2 k tomy ke nmenn K yske Gyner o3Hayarh obpalieHue K mepe-
MEHHOI 00bsIBJIEHHON 111 Proc2, To ecth mepemeHHOH GaiiToBoro tuma. A ceiluac
MOKHO c(OPMYJIMPOBaTh U 00Iee IPABKIIO: IPKU OOPAlIeHUH K UMEHHU MepeMeHHOI
B TeJie TPOLEAYPHI, ee 0ObsBIEHNE UIETCA B 9TOH ke Ipolleaype, B ciydyae Heyaaun
B IIpolLeype colepskalieil JaHHyIo 1 T.1. B ciydae, eciu HU B OAHON 13 0ObEMIIIOIIIX
[IPOIIEAYP MMEHU MePEeMEeHHON OOHAPYKUTh He YAAJIOCh, TO MM UILETCS B CIIUCKE
00BSIBJIEHUIT MOLYJISI @ €CJIN U 9TO HE YAAJI0Ch, TO BO3HIUKAET COCTOSHUE OIMUOK.

3 ckazaHHOTO SICHO, YTO OObSIBIIEHIS MOKHO J€JIaTh I10 Pa3HOMY, HO KaK OIIpee-
JIUTh TOUKY B KOTOPOH 11eJ1eCO00PasHO 00bSIBIATh KOHKPETHYIO IIEPEMEHHY0?

Ortser oueHb mpoct. IlepemenHas 1oJKHa ObITh 00bsIBIEHA B TOI IIPOLEYPE, B KO-
TOPOIi OHa HysKHa. KoHeuHo, 5T0 ToIbKO 0011as ¢pasa, ee ele HeoOXOAUMO TTOICHUTh
npumepamu. Ho ceituac eme oguu o6l oTBeT, Ha 00K BOIIPOC — /IS YEro U KaK
MepealoTcs 3HAYEHWS B TPOIIEAYPBI U UTO 3HAYUT TIEPEAaTh 3HAYEHUE.

HawmonesHeiinee cBOUCTBO IPOIEAYPHI 3aKTIOYAETCS B TOM, UTO 3aITUCAB €€ OJTUH
pas, IPOrpaMMUCT MOZKET IT0JIb30BATHCS €l MHOTOKPATHO B CAMBIX PA3JIMYHbBIX TOYKAX
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MO JIS U IaKe B IPYTUX MOJIYJISIX, €CJIU TIPOTIelypa MoMedeHa «*», To eCTb 9KCIIOPTH-
pyercst. Ho 3T0 COBepPIIIEHHO He 03HAYAET, YTO TTOTPEOHOCTD B 3TOH MPOIELype BCera
omua u ta xe. [Tocmorpum Ha npotenypy SQrt (Berauciene KBaIpaTHoro Kopus). Ona
GBI MOJTHOCTHIO TIOTEPSIIA CMBICJI, €CJIH OBl BEIYUCIISLIIA KOPEHD BCET/IAa OT OJTHOTO ¥ TOTO
JKe yncJia. 3HaueHue OT KOTOPOTO Hy KeH KOPEHb ONpe/leisieTcs JOTUKOM TOTo dpar-
MEHTa, B KOTOPOM BBITIOJIHSIETCSI BBI30B. SQrt mporeaypa 6ubaunoreunas (yKe KEM-TO
HalMcaHHAs M COXpaHeHHas B CIENUATbHOM (halisie), HO CKa3aHHOE BEPHO U B OTHO-
HIEHWU TPOIeJYyp CO37aBaeMbIX ITPOTPaMMMCTOM JJs1 cBoeil 3amauu. llepeiinem
K IpUMepy:

Sanava 31. Beruucantb cymMmmy (hakTOpUaoB.

Pewenue:

N cuer CYMMBI 1 CHET (I)aKTOpI/IaJIOB BeIU ITOHATHDBIE, TIOTOMY HOBas OpraHun3aliAa
POrpaMMbl OyIeT oHATa Jierko. 3anuiieM cpady Tekct Ha KII.
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MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;

VAR
sum: LONGINT;
N,k:INTEGER;
PROCEDURE Factorial(n:INTEGER): LONGINT;
VAR
fact:LONGINT;
k:INTEGER;
BEGIN
fact:=1;

FOR k:=1 TO n DO
fact:=fact*k;

END;

RETURN fact; (*Bo3BpaT 3Ha4YeHUs B TOUYKY Bbi30Ba*)

END Factorial;

BEGIN

In.Open;

In.Int(N);

sum:=0;

FOR k:=1 TO N DO
sum:=sum-+Factorial(k);

END;

StdLog.Int(sum);

END Calc;

END Example.

U B mpottenype Calc u B mportenype Factorial ects mepementas k, ona urpaer poJib
napaMmeTpa IUKJIa. JTa epeMeHHast B 000UX TPOIelyPax SBJSETCS JIOKATbHON. 3/1eCh
paboTaer HeMMCaHHOE TIPABUIIO TPEOYIOIIEe BCE TaPAMETPBI IIUKJIOB 3a/1aBATh JIOKAJIBHO.
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M HOe BO3MOKHO U He 3alIPelaeTcst, HO JIerKo MOKeT IPUBECTH K oirbke. ITorpobyiite
omnpeenenue seandnnbl K yopars us Factorial, pesyibrar paboThl mporpaMMbl cepbes-
HO U3MEHUTCS.

Benuunner N 1 sum me HyxHbI 3a npegeramu npouenypsr Calc, Bernunna fact me
Hy’KHa 3a npejenamu nporenypsl Factorial. Tloaromy paHHbie BeJIMUMHBL OIIpezesie-
HBI, KaK JIOKQJIbHBIE B CBOUX MPOIEyPax.

Besmmuuna n o6bsaBieHHas B 3arojioBKe npoueaypsl Factorial ucnosnbsyercs aist
nepeiayy 3HaueHus. N HasbiBaeTcsa (DOPMaJIbHBIM IIapaMeTPOM, 3HaYeHue IepejaBae-
MO€ B MOMEHT BbI30Ba HasblBaeTcs (haKTUYeCKMM HapaMeTpoM. Ilepenaua 3HaueHust
B KaKOW-TO CTeIleH! S9KBUBAJIEHTHO BBIIIOJHEHUIO IprcBanBanus N:=K; moka nMeHHO
TaK «B KaKOI-TO CTEIIeHU», €CTh B 9TOM BOIIPOCE OCOOEHHOCTH KOTOPbIE MbI PACCMOT-
PHUM B CCTEMATHYECKOM BBEIEHUN.

ELLje HeCKOJIbKO Ba)XkHbIX 3aMeYaHUn:

O obsizamenvrocmu gopmanvivix napamempos. C roukn sperns KITI popmasibHbie na-
paMeTpsI He 06513aTesIbHBL. MBI MOTITH GBI (POPMATBHBIIH TApaMETP UCKIIOYHUTH, MOSKHO
UCKJII0YnTh U3 onucanus Factorial u sennunny fact o6bsaBuB ux B 06beMIIONIEH TTPO-
nenype Calc. Ho Toraa B carydae ommGOYHOTO UCTIOMB30BAHNSI TUX BETUYUH MTPOTPaM-
MUCTY TPUETCS aHATM3UPOBATh BCE TEKCTHI, TI€ OHU MOTYT OBITH WCIOJb30BAHBI.
B marrem ke BapriaHTe BETHYNHBI JIOKATH30BAHBI ¥ €CJTM ¢ HUMHU MTPOU30TILIA OMMHOKA,
TO UCKATh ee MOKHO TOJIbKO B Factorial. rave roBops, uem GoJtbiire 06IINX mepeMen-
HBIX, TeM GOJIbIITE BO3MOKHOCTEH JIJIsT COBEPIIEHUS OMNGOK.

O xomande éosspama RETURN. Komatia mpepbiBaeT BBIIOJIHEHNE TPOLIELYPbI U BO3-
Bpainaet Bbrunciaennoe snavenne. RETURN MoskeT B TEKCTe TIPOTIEy Pbl HAXOAUTCS TIE
YTOMHO, X MOXKET OBITH HECKOJIBKO, HO TT0 KPaiHe! Mepe oInH To/KeH ObITh. Komarma
RETURN warie ucrosb3yeTcst B poleaypax ¢ Bo3BpaToM. MHaye oHU HA3BIBAIOTCS
mporenyps! — GyHKINHU. Takye IpoIeyphl OTANIAIOTCS OT IPOYUX TEM, UYTO B UX 3aT0-
JIOBKE YKa3bIBAeTCsI THUII BO3BPAIIAEMOTO 3HAUEHW. [HIT BO3BPAIIaeMOTO 3HAUEHUS
TOJIKEH OBITH COBMECTUMBIM € THTIOM BBIPAXKEHISI TIOTYYAIONEro 3HaY€HE, B TPOTHB-
HOM CJIy4ae KOMITUJISITOP BBIIACT COOBIIEHHE O OTTHOKE.

O pacnonoxcenuu npouedypot. B Hatem crydae nporienypa Factorial pacmonoskena
B Tekcre mporeaypel Calc. Y3 atoro crexyert, uro mpoteaypoit Factorial mosxmo
MOJTb30BaThCst TOMBKO B Teste Calc mim B Teste mporenyp 3amucannsix B Calc moce
Factorial. B unbix mporierypax MOy Jist T B MHBIX MOJIYJISIX €€ HCTIOIb30BATh HETb3sI.
Ecsim mporpaMMuUCT cunTaeT, YTO HATMCAHHAS M MPOIIEyPa MOKET UCIOIb30BATHCS
3a mpepenamu Calc, To MOy b oKeH OBITH 3aTHMCAH TaK:
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MODULE Example;

IMPORT In, StdLog;
PROCEDURE Factorial(n:INTEGER): LONGINT;
VAR

fact:LONGINT;
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k:INTEGER;
BEGIN
fact:=1;

FOR k:=1 TO n DO
fact:=fact*k;

END;

RETURN fact; (*Bo3BpaT 3Ha4e€HMsA B TOUYKY Bbl30Ba*)

END Factorial;

PROCEDURE Calc*;

VAR
sum: LONGINT;
N,k:INTEGER,;

BEGIN

In.Open;

In.Int(N);

sum:=0;

FOR k:=1 TO N DO
sum:=sum+Factorial(k);

END;

StdLog.Int(sum);

END Calc;

END Example.

Jliist paccunThIBaeMOW BeJIMYMHBI HUYEro He M3MEHUJIoch, HO ceiluac Calc u
Factorial paBromnpaBHsI 110 OTHOIIIEHHIO K IPYTUM Ipoliesypam MoayJist u Factorial
BO3MOJKHO HCIIOJIb30BaTh 3a npegenamu Calc.

ITpouenypa BrosHe MOKeT ObITh M 6€3 BO3BpalllaeMbIX napaMeTpoB. Mbl yiKe pac-
cMoTpesn npuMep (COPTHPOBKA IY3bIPHKOM ) B KOTOPOM IIPOLIEAYPBI ObLIN CPEACTBOM
JIEKOMITO3UIINHY 3a/Ia4H, a BCe TIepelaBaeMble BeJIUUNHbBI OObABJISAINCH, KaK [JI00aIbHbIE
nepeMeHHbIe.

Sanava 32. Y amuTh Bce HYJIU U3 [IEJI0OYNCTIEHHOT0 MaccuBa. Oreparuio y1aaeHus
HYJIs1 0DOPMUTH, KaK OTIETHHYIO TIPOTIELYPY.

Pewenue:

AJITOPUTM MOJKET TIPEICTABISATH COOOT IUKJI BBHITIOHSIONINN TIPOXO]] IO MACCHUBY,
Ha KaXKJIOM IIare KOTOPOTO OTHOCUTEIbHO 3JIeMEHTa TPUHUMAETCS PellieHue O yaamie-
HuM (yAQJISTh WK HET) U eCJIU JIa, TO BBI3BIBAETCS TIPOIEAYPA BBITTOJIHSIONIA yaa-
senue. lenp mpotie1ypbl UI3MEHUTD COCTOSTHIE MACCHBA, TO3TOMY BO3BpAIIaTh HOBBIN
MaCCHUB HET CMBICJIA, HOBOTO MacCHBa ITPOCTO HET, BCE OIIEePAITNy BHITOJTHSIOTCS Ha O]1-
HOM MaCCUBE, a IIepeJaTb HOMED IMO3UIINU B KOTOpOﬁ HaXOoJAUTCA y}:[aJIHeMbII;)I HOJIb BO3-
MO3KHO. 3anuiieM pparMeHT riaaBHOTo KA (N — KOTMYecTBO 37IeMEHTOB MAaCCUBA):
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k:=0;
WHILE k<N DO
IF a[k]=0 THEN
Del(k);
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k:=k-1;

N:=N-1;
END;
ki=k+1;

END;

[Tpucsausanue k:=k-1 neobxomrmo. B ciydae yanenust HyJist, MACCUB CIBUTAETCST
BJIEBO Ha OJIHY TIO3UIIHIO, TIOCJE Yero TapaMeTp K cMermaercst Mo MaccuBy BIPaBo,
B pe3yJibTaTe mapaMerp K OTHOCHUTENHFHO MacCHBa CMEIIAETCsT He Ha OTHY TO3UIIHIO,
a cpasy Ha jABe. Eciin B MaccuB 3anucath /[Ba PSJIOM CTOSIINX HYJId, TO BTOPOH HOJIb
octaHercs He BbruepkHyThIM. [IprcBanBanme N:=N-1, neo6xoaumo /71st yuera usmene-
HUS JUIMHBI MaccuBa. Ero MOJKHO BBIIIOJIHUTD, KaK B TeJle IIPOIIEY P, TAK ¥ TaM IJie OH
sammcaH ceituac. K monoskennio komanant ki=k-1 mporpamMma moskeT okaszatbest 6oJee
YyBCTBUTEJBHOHN. A ee Jy4llle ¢/ies1aTh JJOKaJIbHOM’, BbIIIe MBI TOBOPUJIH, UTO ITapaMeT-
PBI IIMKJIA JIyYIlle BBITJIA/IAT JOKAIbHBIMU.
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PROCEDURE Del(n: INTEGER);
VAR
k: INTEGER;
BEGIN
k:=n;
WHILE k<N-1 DO
a[k]:=a[k+1];
ki=k+1;
END;
END Del;

[Tepemennast N sBIsTOIAsICS JIUHON MAacCCHBA MPEAMONIATAETCS TI0OATBHON. ITO
Pa3yMHO, TaK KaK U caM MACCHB TI0 JIOTHKE TIPOTPAMMBI TJI06ATbHBIN (0O BABIEH st
Bcero moayJist). [lponeaypa ne conepskut uu oxnoit komanzsl RETURN. B aux Her ne-
06X0IMMOCTH, TPOTIELYPa YECTHO OTPabATHIBAET CBOI UK U 3aKaHYMBAET paboTy, pe-
3ysmbTaToM OyzeT TiobanbHblil MaccuB. Ho MHOTIA Bee Jke TOJIe3HO MepeiaTh MacCHB
B KavyecTBe mapamerpa. PaccMOTPUM MeXaHU3M 3TOTO JEHCTBHS HA yKe PENeHHOM
prUMepe.

3amaua 33. Haiit cymMMy TTOCTPOYHBIX TTPOU3BEIEHUH TTPSIMOYTOTBHON MaTPHUITHI
pasmepom N x M. s pacyera mponsBeieHIsT HATUCATD TPOIIEAYPY MOTYYAIoNIyio Ha
BXOJI CTPOKY MaTpPHIIHI.

Pewenue:

[l petieHUsT MpUAETCS IBYMEPHBIN MAacCUB TIPEICTaBUTh, KAK MACCHB MACCHBOB,
TOJIBKO TaK MOKHO MEPEaTh B IPOIIEAYPY OTAETbHYIO CTPOKY.
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MODULE Example;
IMPORT In, StdLog;
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TYPE mas=ARRAY 10 OF INTEGER,;
PROCEDURE Multiply(b:mas; N:INTEGER):INTEGER;

VAR
p, k:INTEGER;

BEGIN

p:=1;

k:=0;

WHILE k<N DO
p:=p*blk];
k:=k+1;

END;

RETURN p;

END Multiply;

PROCEDURE Calc*;

VAR

a:ARRAY 10 OF mas;
sum,N, M, k,j:INTEGER;

BEGIN

In.Open;

In.Int(N);In.Int(M);

FOR k:=0 TO N-1 DO
FOR j:=0 TO M-1 DO

In.Int(alk,j]);

END;

END;

sum:=0;

k:=0;

WHILE k<N DO

sum:=sum+Multiply(a[k],M);

k:i=k+1;
END;
StdLog.Int(sum);
END Calc;
END Example.

O6cymum atot Tekct. Ha uto cenyer o6patuTh BHUMAHHE:

® THUII JJAaHHBIX MAS KUCHOJb3YETCS B 0O0MX IIPOLEAYPAX, I0ITOMY OH O0ObIBJIEH
B 3aroJioBke MoyJist. Eciin 00bsiBIeHME THIIA PA3MECTUTD B 3ar0JIOBKE IIPOLELY-

put Calc, to must pouemypsr Multiply ono okaxercs HeOCTYITHBIM;

e B npouenypy Multiply nepenaercs asa nmapamerpa. IlepBblil sBJsieTcss Maccu-
BoM. BTopoii urpaet posib (hakKTHYeCKOI JIJIMHBI TIepelaBaeMoro MaccuBa. B Ha-
IIeM CJIydae aTo He 00s3aTeJIbHO, TAK KaK BCe CTPOKH UMEIOT OJUHAKOBYIO JJIH-
Hy, HO MbI IOKasaau, 4o s Multiply oamHakoBocTb CTPOK He sBJseTcst

00s13aTeJIbHBIM, YTO JIeJIAeT IIPoLeAypy Oojiee yHUBEPCAIbHOI.

3aBepiimm riaaBy 60jee eMKUM TPUMEPOM.
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3anava 34. Halitu 1esible peneHus caeayoniero ypaBHeHUs:
AnX" + a x4+ +a9g=0

[Tycts nst yopoienus KoahPUIMEHTH &y, — 1eJible yncaa. M3BecTHO, 4TO Bee Iie-
JIBIE KOPHU TAKOTO YPABHEHUS HAXO/SATCS CPEIU JIeTuTe el CBOOOIHOTO wieHa. [ToaTo-
MY aJITOPUTM PellleHUsI I0JIKeH HallT! Bee JIeTUTes N U KaK/IbIi 13 HUX ITPOBEPUTD, a He
KOpeHb Jii 3T0. [IpoBepka umncsia Ha CBOMCTBO OBITH KOPHEM 3aKJII0YAETCST B BBIYHCITE-
HUM 3HAUEHUST MHOTOUJIeHa a, X" + a, (x™1 + ... + a9 OT apTyMeHTa «X» KOTOPO€ BO3-
MOJKHO 1 €CTb KOPEHb.

3aMeTHM, ITO BO3MOSKHBIE TIeJTbie KOPHU HAXO/SITCST B UNCTOBOM OTpesKe [-3g, dgl,
3a UCKJIOYeHUeM HyJd. Bpluuciaenus cBogarcd K cyMMUpoBanuio crereneil. Ipeamno-
JIOKUM, PazpabOTUNK He UMEET TOTOBBIX MOLYJIEH [IJist BBIYUCIEHUST KOPHEW U cTerie-
Heil. B aTom cayuae rcxonnas 3asaua pazbuBaeTcst Ha CIeAyIOIIe MOA3aIaun:

BbIYMCJIEHNE CTEIIEHN HEKOETO 3a/laHHOT O, I1€JIOT0 YHCJIa,

BbIYMCJIEHHME 3HAYCHMA MHOTOYJIECHA,

IOUCK BCEX BO3MOJKHBIX JIeJIUTEIEeH 3a/ITaHHOTr'O 4ncJja, C HpOBepKOfI JICJIUTEJIA,
KODEHDb NJIN HET.

[TepBas mo/3aa4a He TpeIcTaBsAeT 060l HUYero caoxuoro. OhopmuM ee peiie-
HUe B BUJIE [TPOLIEIYPBL:
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PROCEDURE St(x, N: INTEGER):INTEGER;
VAR
p,k:INTEGER;
BEGIN
p:=1;
FOR k:=1 TO N DO
pi=p*X;
END;
RETURN p;
END St;

I[aJIee, Hopa60TaeM Ha/l BBIYMCJICHUEM 3HAYE€HMA OT MHOI'O4YJICHA. Hckomas Ipoie-
Aypa A0JI’KHa Ha BXO/l IOJIYUUTb MaCCUB, CTapIIylO CTEIICHb MHOTOYJICHA N 3HAYCHUE
<«X» OT KOTOPOIro cOoGCTBEHHO U 6leeT CUUTATbCA MHOT'OYJICH.
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PROCEDURE Summ(a: mas; N:INTEGER; x:INTEGER): INTEGER;
VAR
sum,k:INTEGER,;
BEGIN
sum:=0;
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FOR k:=0 TO N DO
sum:=sum+alk]*St(x,k);

END;

RETURN sum

END Summ;

Becob Tak ckazatb UHCTpYMEHTAapUil FOTOB, MOJKHO HAIIUCATh IJIABHYIO IIPOIELYPY —
MIOMCKA JIeIUTeJIeN U UX IIPOBEPKHU.

Jucmunz 83

PROCEDURE Calc;
VAR
k : INTEGER;
BEGIN
k:=1;
WHILE k<=a[0] DO
IF a[0] MOD k=0 THEN
IF Summ(a,N, k)=0 THEN
StdLog.Int(k)
END;
IF Summ(a,N, -k)=0 THEN
StdLog.Int(-k)
END;
END;
k:=k+1;
END;
END Calc;

KommenTnposats npotierypy He 6y/ieM, OHa I0CTATOYHO mpo3payda. OcTamoch 10-
GaBUTD KOJI /ISt BBO/IA 3HAYEHUT MACCHBA U CKOMITOHOBATH BCE B IMHBIN MOy b, BoT
€ro TEKCT:
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MODULE Example;
IMPORT In, StdLog;
TYPE mas=ARRAY 100 OF INTEGER,;
PROCEDURE Calc*;
VAR
k, N : INTEGER;
a: mas;
PROCEDURE Summ(a: mas; N:INTEGER; x:INTEGER): INTEGER;
VAR
sum,k:INTEGER;
PROCEDURE St(x, N: INTEGER):INTEGER;
VAR
p,k:INTEGER;
BEGIN
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p:=1;
FOR k:=1 TO N DO
pi=p*X;
END;
RETURN p;
END St;
BEGIN
sum:=0;
FOR k:=0 TO N DO
sum:=sum+alk]*St(x,k);
END;
RETURN sum
END Summ;
BEGIN
In. Open;
In.Int(N);
k:=0;
WHILE k<=N DO
In.Int(alk]);
ki=k+1;
END;
ki=1;
WHILE k<=a[0] DO
IF a[0] MOD k=0 THEN
IF Summ(a,N, k)=0 THEN
StdLog.Int(k)
END;
IF Summ(a,N, -k)=0 THEN
StdLog.Int(-k)
END;
END;
ki=k+1;
END;
END Calc;
END Example.

[obasnbHble TIepeMeHHbIe TIOJTHOCThIO OTCYTCTBYIOT. Bee BeJMunHbl HEOOXO0mau-
Mble [t pabOThI IIPOLEAYD JTHOO OIPeAe]eHbl B TEKCTE IIPOLEY P, TUOO0 MOy YeHbl UMU
Yyepes CIUCKH (POPMaTbHBIX TapaMeTPoB. MOIyJIb COCTOUT TOJIBKO U3 OJHON TpoIie-
nypsl — Calc. Iporeaypa Summ HyskHa ToabKo nponenype Calc, mosromy ona omnpe-
nejieHa kak BiaoxenHas B Calc. IIponenypa St HysKHa TOJIBKO 11t paboTh SUMM, 110~
ATOMY OHa OTIpejiesieHa, Kak BiaoskeHHass B Summ. Kcratu Biosxkennocts St 8 Summ me
HakJagpiBaeT Ha St Hukakux obOssatenbcts nepen Calc. ITonpoGyiite rae-HuOYab
B Tesie Calc sanmucars Hanpumep komanay k:=St(1,2); kommuasaTop coobuUMT, 4TO 3a-
MMcaH HeolpeIeeHHbIN naeHTruduKaTop. Ta jKe 3amuch B TeJie MpoIeypsl Summ He
cosgact rpobsem. Eie oquH HeGOIbIIOl IPUMED U MOXKHO IIEPEXOAUTh K 3a1auaM JJIsk
CaMOKOHTPOJISL.
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3anauva 35. Beruncauts kopenb crerienu N u3 yncsia A>1. Ilpu ycioBuu, 4To m0Ibh30-
BaThCS TIPOIEYPAMU MOJLYJIsI MATEMATHKH 3aITPEIIAETCS.

Pewenue:

He cTouT BOCIIPUHUMATH, KAK IPUXOTH TPpebOBaHIe 060UTHCH €3 TOTOBBIX TIPOIE-
nyp. Ha camom zieie, 9T0 04eHb BasKHO yMETh 00XOAUThCS MUHUMYMOM BO3MOMKHOCTEN
UL pertenus 3agaun. TOT KTO MOKeT MHOIO Ha GeJHOM MHCTPYMEHTaPHH, CMOYKET elle
6oJible Ha 6GoraToM, a BOT oOpaTHoe HeBepHO. KpoMme Toro, 3aiaun Takoro Tuia Xxopo-
11ast TPEHUPOBKA yMa, a 00ydueHue 4eMy-1100, 3TO B IIEPBYIO 04epeib TPEHUPOBKA yMa,
U y2Ke TOTOM YCBOEHHE 3HAHUHU BBIPAOOTAHHBIX APYTUMU. ECJIM 3TUX IByX apTyMEHTOB
BaM HeJOCTaTO4YHO, TO BOT elle OANH. >KeﬂaHI/Ie BOCITIOJIb30BATHCA TOTOBBIMU UHCTPY -
MEHTaMHU OCHOBAHO Ha OIIMOOYHOM yOEKAEHIH, 4TO BCE, UTO MOKHO CEIaTh, YKe Clie-
gaHo. B [[eflCTBI/ITeJIbHOCTI/I HepenIeHHbIX HpO6.HeM O4Y€Hb MHOTO, a U €CJU HYKHasd
BaM MUKPOITPOOJieMa PellieHa, TO OTKY/Ia BbI 3HAETE, YTO OHA PEIIEHA € TPEOYEMBIM JIIsT
BaC KaueCTBOM?

Y aBTOpa 9TUX CTPOK ObLJIA CUTYAIUsI, B KOTOPOU CTAPbIil U 3aCHYKEHHBINH KOMITH-
JIITOP, KaK OKA3aJI0Ch CUUTAN 3HAYEHUST OOBIYHOTO CUHYCA C TIOTPENTHOCTHIO HEIOTYC-
TUMOI JIJIT KOHKPeTHOH 3asaun. Tak 4to Bestkoe ObrBaer!

BepuewMmcs k 3azaue. B aToM nipuMepe Mbl HCIIOJIb3yeM ellle OJIMH BasKHBI MeTO/10-
Jorudyeckuil mprem. Eciiu 3a1a4a JOCTATOYHO CIOKHA, TO JIJIST HE CJIUIITKOM OIIBITHOTO
paspaboTurKa ObIBAET MOJIE3HO PEIIUTH OOJiee MPOCTYIO 3a/auy, Pa3BUBas PEIICHUE
KOTOPOU MOKHO TMTOCTETIEHHO BBIUTH HA MCXOIHYIO.

Jlyist Hatero cirydast, Takoi 6oJiee pOCTOH 3aj1aueil 6y 1eT BEIYUCIEHUE KBAPATHO-
ro kopHst u3 A. HauGoJiee ipocToii criocod morcKa KBaJpaTHOT0 KOPHS 9TO METOJ IT0JIO-
BUHHOTO JIeJIeHUsT 0Tpe3Ka. ETo cyTh B CiIefyOIIeM: 3aMETHM, YTO KOPEHb HAXOIUTCSI
B orpeske [1, A]l. OTpe3ok MOKHO ae Cy3UThb, HO IIycTh OyzeT Takoil. O603HaunM
npubJIKeHne K KOPHIO yepes Beanuuny b u mycts b=(1+A)/2, T0 ecTb cepenuna.

Ckopee Bcero ato oueHb rpyboe npubimkerre. BeISCHUM B KaKyt0 CTOPOHY OIIMO-
Ka, TO €eCTb HpI/I6JII/I}K€HI/Ie CJIUIIIKOM BEJIMKO UJIN CJINIIKOM MaJIO. I[JIH 9TOro BO3BEAEM
npubJIMKEeHNe B KBAJIPaT U CPaBHUM ero ¢ A. BO3MOKHBI CJIeIyIONIIie BAPUAHTDIL:

e b2 > A - 570 03HauaeT, yTO MPUOIMKEHNE CTUIIKOM BEJIMKO U B IeHCTBUTE/IHHO-
CTU KOpeHb HaxoauTcs Ha otpeske [1, b];

e b2 <= A - 5710 0O3HaYaeT, YTO NPUOINKEHNE CMIIKOM MAJIO U B IeHCTBUTEIHHO-
CTH KOpeHb HaxoauTcs Ha otpeske [b, Al.

IIaJIee, IIpUMEM HOBBII OTpeE30K 3a HCXOZIHI)Iﬁ 1 IIPpOJAOJIZKUM BbIYHUCJIEHHUE 1O TEX
110D, IIOKa AJInHa OTPE3Ka HE CTaAaHET MEHbIIIE SaﬂaHHOﬁ tounocTu. IToce 9TOTO, IToCJIe-
,ZIHI/Iﬁ Ppa3 BbIUUCJIUM CEPEJNHY OTPE3Ka, — 9TO U 6leeT WCKOMBII KOpeEHb C BaHaHHOﬁ
TouHOCThIO. Hixe IIporpamMma:
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MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;
VAR
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A,b,min,max:REAL;
BEGIN
In.Open;
In.Real(A);
min:=1;
max:=A;
WHILE max-min>0.01 DO
b:=(min+max)/2;
IF b*b>A THEN
max:=b;
ELSE
min:=b;
END;
END;
StdLog.Real((min+max)/2);
END Calc;
END Example.

31ech TOUHOCTh (PUKCUPOBaHa, KOHEYHO B PeasbHON IIporpamme, ee Jydylie BBO-
1uTh. ITosrydeHHBIN TEKCT 110 OTHOIIEHUIO K NCXOAHOH 3a/1aye MMeeT TOJIbKO OJIHO CJla-
60€e MeCTO, 2 IMEHHO CJIEAYIOIIEe YCIOBUE:

IF b*b>A THEN

Tomnbko U3-3a 3TOTO ycCaoBus, BOSMOKHOCTHU ITPOTPaMMbl OTPaHUYE€HBI KBaJlPATHBIM
KOPHEM. Ecau 6b1 31€Chb CYNTa/IaChb IPONU3BOJIbHAS CTEIICHDb, TO IPOIrpaMMa MOIJIa OBl
CUUTaThb HpOI/ISBOJIbeIfl KOPEHb. CJIelIOBaTe]H)HO, BC€ YTO OCTAJIOCh, 9TO HAITUCATD ITPO-
EeAYPY BbIUUCJIEHUA HpOI/ISBOJH)HOfI CTEIIEHU, a MbI 9TO YiK€ [ieJaJin B Hpeabmymeﬁ
3ajladye (HO TOJIBKO JIJIA IIE€JIbIX I-II/ICGJI) 1 CKOMITOHOBATH C UMeEIOIIencs Hpoueaypoﬁ.
Hwuxe monHocThIO pa60Ta10H11/11”4 TEKCT:
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MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;

VAR
A,b,min,max:REAL;
N:INTEGER;

PROCEDURE St(x: REAL; n:INTEGER): REAL;

VAR
p: REAL;

k: INTEGER;

BEGIN

p:=1;

FOR k:=1 TO n DO
pi=p*X;

END;

RETURN p;
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END St;

BEGIN

In.Open;

In.Real(A);

In. Int(N);

min:=1;

max:=A;

WHILE max-min>0.01 DO

b:=(min+max)/2;
IF St(b, N)>A THEN
max:=b;
ELSE
min:=b;
END;

END;
StdLog.Real((min+max)/2);
END Calc;

END Example.

3agayun Asss CaMOKOHTPOJIS

HexoTopbie 113 9THX 33/1a4 BAMU YK€ PENTATICE, HO 6€3 NCITOIb30BAHNUS TOTIOTHUTETb-
HBIX [TPOIIEYP.

1.

Boisicuuts, ecth Jiu B 3agannoi matpuile paamepamu M x N kBazpat co ctopo-
HOI L, cocTosinuii u3 ofHUX eUHUI]. B 10TI0JTHUTETbHO TIPOIeype Peasn3o-
BaTh IPOBEPKY COBIA/IEHUS KBaApaTa ¢ YaCThIO MAaTPUIILI B TEKYIIeH Touke.
PeannzoBaTh COPTUPOBKY BCTaBKaMU YHCJIOBOTO MacCuBa. B oTaenbHyIo Iporie-
NPy BBIIEIUTD OTlepalinio BcTaBku. OnucaHne COPTUPOBKHU TOCMOTPUTE B TJIa-
Be «MaccuBbi»

Omnpenennts Bee neqmtenn ynciaa N uckmodast N u 1. CamMocTogTesbHO peasn-
30BaTh MPOIEAYPY ONpeeJIeHUS OCTaTKa OT JIeJIEHUS U 3aTeM UCII0JIb30BaTh e¢
B pelLIeHUN.

BoruncanTh Bce coBepllieHHBIE YKCIa He TTpeBocxoasdmue 3agannoe menoe N.
Ncromb3oBaTh COOCTBEHHYIO TIPOIELYPY TPOBEPSIOIILYIO YUCTIO HA COBEPIIEH-
HOCTb.

TpexmepHast KyOudeckast perieTka co cropornoii N 3armosiHeHa HyIssMu. 3artoJi-
HHUTDb €€ BHYTPEHHNE JaroHa/Jan eINHUITaMU U HarJIAZHO TPOIEMOHCTPUPOBATH
VCIIENTHOCTD BBITTOJHEHHOU PaboThl. J[JIsT 1EMOHCTPAIIUN YCIEITHOCTH [[0CTa-
TOYHO pACIeyaTaTh CPE3bl PEIIETKH BJOJb 060U KOOPAMHATHON OCH, TIPEN-
cTaBJstoNne cobol AByMepHbIe MaccuBbl. [IycTh cOOCTBEHHAS TIPOIEAYpa 3a-
HUMAETCS BOITPOCAMU PACTIEYaTKH CPE30B.

[lano HarypasabHoe uncio. [locTpouTs ero KaHoHUYeckoe passosxkenue. [Lis on-
penesieHrd CTENEHU ACJIUTEIA YCJia HalluCaTb JOIOJHUTEJIbHYIO TIPOLEAYPY.
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7. [laH TpexXMepHBIN MacCHUB, TIEJBIX TTOJOKUTEIbHBIX ynce. [IpeacTaBuM, ero Kax
TpexMmepHylo petieTky pasmepamu NX x NY x NZ. B yssax penieTku HaxosTes
1esible uncya. Takas pererka umeet (hopmy napasuiesenunesna. [Ipeamnoaoxum,
ATOT TapaJljiesienuiie]l PAaCIUININ Ha TJIOCKOCTYU (JIByMepHble MaccuBbl). Tpe-
OyeTcs HaiiTy HOMEp IJIOCKOCTH, TAKOW YTO CyMMa 3JIEMEHTOB PACIIONIOKEHHBIX
Ha Heil HanboJibIas. JJonoJHUTENbHYIO IPOLEAYPY HAMCATD IJI BHIYMCACHIS
CYMMbI 3JIEMEHTOB JIEJKAIUX HA TIJIOCKOCTH.

8. /lpowmuHOe YKCJIO 3aJaHO I[eJOYNCAeHHBIM MaccuBoM AauHbl N. BoisscHUTH
CKOJIBKO MOKHO BBITIOJIHUTH OTIEPAITUI CJIOKEHUST 3TOTO YUCJIA C eJUHUIIEN 10
cocrosaus 1epenosnenus. Oueparuio npubaBieHnus eAUHALB 0POPMUTH, KaK
JIOTIOJIHUTEJIBHYIO TIPOLETYPY.

9. BbiscHUTD, €CTH JI B YUCJIOBOM MACCUBE PAa3JTUYHbIE YNCJIA, U €CJIU /1A, TO CKOJIb-
KO ux. /lomoHUTeIbHYIO POTIelyPY HAITUCATD JIJIsI IPOBEPKU YMCJIA HA TIOBTO-
psieMocCTb (QJITOPUTM CM. BBIIIIE)

10. /laH cMMBOJILHBINA MaccuB 1 4ucyI0 L. BBITOJHUTD [IUKINYECKUI CABUT MacCUBA
Ha L nraros. M cioib30BaTh JI0MOJTHUTENBHYIO TIPOLIE/LYPY BBITIOJTHSAIONTY IO CIBUT
Ha 1 mmar.

Pekypcusa

[Tpu obcyskaeHnn 06IUX CBOMCTB MPOTEAYP YoKe ObLIO CKa3aHO, YTO BBI3BIBATH MTPOILE-
IyPY BO3MOKHO B ee COGCTBEHHOM Tesie. HampuMep, CHHTaKCHYECKH CIIEAYIONIast KOH-
CTPYKIIUS BIIOJIHE 3aKOHHA!
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PROCEDURE St;
BEGIN

St;

END;

Cwmpbicia mpaBia OHa He UMeeT, GoJiee TOTo, eI Mpotieypa Gy/IeT BhI3BaHa OHA CO-
3mact omubKy. JleiicTBUTETBHO, TIEPBHI BHI30B St MpHBEAET KO BTOPOMY BBI30BY, BTO-
poii K TpeTheMy U T.11. IIpotiece MOT 6bI GBITH HECKOHEUHBIM, CITACET CUTYAITUTO (OTHOCH-
TEIBHO KOHEYHO) TOMBKO TO, UTO TIOJ[ KasK/BIH BHI30B MPOIEYPBI TPEOYETCS TTaMSITh,
MaMsTh ke He 6ECKOHEUHa, TI0ITOMY JIOBOJBHO GBICTPO BOBHUKHET COCTOSTHUE TIepe-
MOJTHEHUsT ¥ paboTa MPOrpaMMbl TpepBeTcst. Hike mOMTHBIN TprMep:
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MODULE Example;
PROCEDURE Calc*;
PROCEDURE St;
BEGIN
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St;

END St;

BEGIN

St;

END Calc;
END Example.

PesysnbraTom samycka mpoienypsl Calc 6yner coobuienue — stack overflow (mepe-
nostHenne creka). Ho KoHeuHo e He Beerzia aTo Tak GeceMbicaeHHo. PaceMoTpum co-
nepxareapHbIi mpuMep. Paccuntaem dakropuarn ot uyncaa N. Mbl yke 3aHUMATINCH
3TOI 3a/1a4€, TErmeph MOJYIHUM EIlle OJIHO PENIEHNE — PEKYPCHUBHOE.

Jlist TOTO, YTOOBI TTOJMYINUTH PEKYPCUBHOE PEITeH e MATEMATHIECKOT 331241, He06-
XOJIIMO TIPEICTABUTH MaTeMATUIECKOE PEIeHne B PeKyppeHTHoil hopme. Ompenere-
Hue dakropuana dopmysoit Nl=1*2*3* . *N He pekyppeHTHOEe. 3aMETUM OJHAKO,
gro N1=1%2%3%_ . *(N-1)*N. I3 aroit hopmyJbr MOKHO BBIIeaUTH 1 ¥2%3* .. *(N-1)=
=(N-1)! orciozna ciemxyer 4to:

NI'= N *(N-1)!

S,Z[GCI), 3Ha4Y€eHnEe (baKTOpI/IaJIa OIIpEeZIEJIEHO Y€PE3 CaM XKe q)aKTOpI/IaJI, HO OT MEHb-
IIETOo apryMeHTa. ITO U €CTh PEKYPPEHTHOE OIIpeIe/IeHrE. OHo normaroBo CBOAUT pac-
4YET BEJIMYMHDbI K CUTYalluH, B KOTOpOﬁ 3Ha4Y€HHE BEJIMYHNHBI U3BECTHO 110 OIIpe/ieie-
Huto. 13 (bOpMy]H)I BbIIII€ HE IIOHATHO, YTO 9TO 3a 3HaY€HUE, ITOITOMY €€ HYKHO
JOOIIPEAEJINTD. Bor Tak:

1. NI'=N*(N-1)!

2. 11=1.

Ceiliuac pekyppeHTHOe OIpejieieniie mojHoe. PaccMoTpuM, Kak Ha OCHOBAHIH 9TUX
(bopmyJ1, MOKHO TOCTPOUTH TTpoIiece pacueTta akTopuaia. Paccuntaem Hampumep 5.

1. Ha aToM miare Hesb3s BBIYMCIUTH (PaKTOPHUAT, HO TIepBast GopMyJia HaM JIaeT,
uro 5! =5 * 4!, Ecau 4] Gy et Borunciies, To OyaeT BbIarcieH u 5!

2. 41 =4"* 3] CBest BBIYMCJIEHUS K €1I[e MEHBIIIEMY apTyMEHTY.
3. 31=3*2]

4. 21=2*1l

3.

EnwrcTBeHHBIN 1T, HA KOTOPOM MBI PEAJIbHO MOXKEM BBIUHUCIUTD (pakTopHal,
auMenHo 11 =1.

Jlasee, BBITIOMHSIETCS OOPATHBIN TTOIbeM. BepHYBINNCH Ha YeTBEPTHIH IIar BBIYKC-
Jaum 2!=2*1=2 BepHYBIINCH HA TPETHUH MIar BeraucanM 3!=3%*2=6, BepHyBIInCH Ha BTO-
poti mar BeraucauM 4!=4*6=24 v BepHyBIITNCH HA MIEPBBII IaT PENTUM UCXOIHYIO 33/1a-
qy 51=5%24=120.

A HamMcaHVe PeKyPCUBHON IPOTPAMMBI TPAKTIYECKU CBOAMTCS K 3aITUCH HA SI3bIKE
POTPAMMUPOBAHUS PEKYPPEHTHOTO oTpesieenus. Hiuke 3aBepIneHHBIN TEKCT TIPO-
rpammbt Ha KI1.



Pexypcms 77

Jucmunz 89

MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;
VAR
N:INTEGER;
PROCEDURE Factorial(n: INTEGER):INTEGER;
BEGIN
IF n=1 THEN
RETURN 1; (*TTpamoe BbluMCneHne*)
ELSE
RETURN n*Factorial(n-1); (*TTepexopn, kK MeHbLLEMY apryMeHTy™)
END;
END Factorial;
BEGIN
In.Open;
In.Int(N);
StdLog.Int(Factorial(N));
END Calc;
END Example.

JL1st TI0JTHOTO IOHUMAHKS MeXaHu3Ma PabOoThI IPOrPaMMbl, HEOOXO[UMO TTO3HAKO-
MUTBCS C IOHATHEM CTeKa. PeKypcHBHbIE BBI30OBBI UMEIOT BAXKHYIO 0COGeHHOCTD. IIpej-
[IOJIOKUM BBI3OB 32 HOMEPOM K HOJIHOCTBIO 0TpaboTall, HOJYYHI BCIO HEOOXOAUMYIO
MHMOPMAIIUIO OT BbI30BOB HIYKHET'O YPOBHSI 1 IIPUIILIO BPeMs [lepeaaTh HEKY1o HHMOP-
MAI[IO BbI30BY ¢ HoMepoM K-1. DTo o3Havaer, 4To JoJKHA CyIeCTBOBATH 00JIaCTh I1a-
MSATH JUJISE XPaHEeHUsl JaHHBIX 9K3eMILIsipa Ipoleaypsl ¢ HomepoM K-1, a Tounee st
KasKIOTr0 9K3eMILISPA BI3bIBAEMOII IIPOLIEAYPhI J0JKHA CYIECTBOBATH CBOSL 00JIaCTh
[AMSTH, B KOTOPOU XPaHSATCS ee JaHHbIe.

Irtu obsractu, OyeM Ha3bIBaTh UX Jajiee 6JI0KaMU, UMEIOT OJMHAKOBYIO CTPYKTYPY,
TaK KaK BCe 9K3eMILISPbI BEI3bIBAEMOI IIPOLIEAY PbI UaeHTHYHbL. Kpome Toro:

® KaK/blil OJIOK Hy’KEeH TOJBKO JIMIIb HA TO BPEMsI, IOKa COOTBETCTBYIONIUI eMy
AK3EMILISP HAXOAUTCS B pabOTe, TIOCIIE Y€TO MaMsITh, 3aHUMAaeMYI0 GJIOKOM MOK-
HO BEPHYTH B CBOOOIHYIO 00JIACTB;

® [epBbIi 6JOK OyIeT YHUUTOKEH MOCJAEIHUM, & CO3MaHHbIN MOCJAEIHIM 0CBOGO-
JINT 3aHUMAEMYTO [TAMSITh TIEPBBIM.

Crpykrypa mamsTi paboTalias Mo TaKOMY MPHUHITUITY: MEPBBIM 3alllell, TTOCe-
JIHUM BBIIIE]T HA3BIBAETCSI CTEKOM. Pa3paboTuuKy HEOOXOAUMO 3HATh, UTO IMOJ CTEK
BBIJIEJISIETCST IAJKE HE BCsI OTIEPATUBHASI TAMSITH MMETOIIAsICST Y KOMITBIOTEPA, & TOJIBKO
4aCTh, MOITOMY PEKYPCUBHBIE MTPOIIEAYPHI JOJIKHO pazpabaThiBaTh OYeHb aKKYPATHO,
TOYHO PACCUYUTHIBast HEOOXOIUMBIN 00beM JaHHbIX. Elile 0/{Ha MpobIeMa PEKyPCUB-
HBIX TTPOIIE/YP 3TO BO3MOKHO GOJIBIIIOE KOJUIECTBO BBI30BOB, Ha KAJKIBII 3 KOTOPBIX
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TaKXKe YXOAWUT TIpoIileccopHoe BpeMs. [loaTomMy mpeske 4em, MTPUHUMATD pellleHre
0 TIOWCKE PEKYPCUBHOTO PEIEHMUsI, CIEAYET MOAYMATh O BO3MOKHOCTH PENIEHUs He
PEKYPCUBHOTO.

Kcratu B Hayke 0 TPOrpaMMUPOBAHUY €CTh YTBEPKAEHUE, TIOYTH TEOPEMa, UTO JJIs
J060i1 331241, €CTh KaK PEKYPCUBHOE, TaK ¥ HE PEKYPCUBHOE PELIeHHeE.,

Baxxublit Bonipoc. 3aueM ke Hy;KHA PEKYPCHUSI, ECJIM OHA €CT PECYPCHI ITPOIIECCO-
pa, Hy:KIaeTCsI B CIENNaJIbHO OPTaHU30BAHHON MaMSITH, KOTOPOH ellle MOKET U He
XBaTUTH?

OTBeT JIEXKUT B IJIOCKOCTHU JIOTUKH. 3a4acTyIo peKypcuBHoe pemienue tpoiie. Ciie-
IyIONUi ipuMep 3amada /[eiKkcTpor:

3anayva 36. YucioBast GyHKIMS ONIpejiesieHa YCIOBUSIMMU:

1. F(1)=1
2. F(2N)=F(N)
3. F(ON +1)=F(N) + F(N + 1)

[ly1g He pekypcUBHOTO pelieHus TPUAETCs MPOBECTU KOe-KaKol MaTeMaTUdeCKui
aHAJIN3 U HAUTH XOPOIIYI0 YUCJIOBYIO 3aKOHOMEPHOCTh. JDTO BIIOJTHE BO3MOKHO, HO
MOKHO 3TOTO U He JleJlaTh. 3aMeTUM MPOCTO, YTO oTpesieieHrne QYHKINHN yKe PeKyp-
perTHO. O 4eM TOBOPAT 3anucanubie (GOpMYIbl: BTOpast hopMyJia yTBEPKIAET, YTO TPH
YETHOM apryMeHTe (DYHKIHS TepexoiuT B (DYHKIIMIO OT BABOE MEHBIIIETO apTyMeHTa,
TpeThs (OpPMYyJia YTBEPKIAET, UTO TIPU HEYETHOM apTyMeHTe, QYHKIINST BbIpaskaeTcst
Yyepe3 CyMMY IBYX (DyHKIIUI, apTyMEHTBI KOTOPBIX OTJINYAIOTCS APYT OT JIPyra Ha e/lu-
HUILy ¥ B CyMMe PaBHBI UCXOZHOMY, U HaKOHeI[ mepBast (bopMysia 3TO eIMHCTBEHHbIH
cIy4al, KoT/ia 3HayeHue (DYHKIIMU CYNTAEeTCS HEMOCPEeACTBEHHO. Pelenne 3amminem
B BU/JIE TIPOIEYPBIL:
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PROCEDURE F(n: INTEGER):INTEGER;

BEGIN

IF n=1 THEN RETURN 1;

ELSIF (n MOD 2=0) THEN RETURN F(n DIV 2);
ELSE RETURN F(n DIV 2)+F(n DIV 2 + 1)

END;

END F;

IMompobyiiTe caMOCTOSATENLHO HANTA HEPEKYPCUBHOE PEIIEHUE, MOKET OBITH OHO
MOJIyYUTCS] HE HAMHOTO JITHHHEE, HO TO, YTO JIOTUKA €r0 GyJIET CYIIeCTBEHHO CIOKHEE,
310 (hakT. OTCI0a MOKHO C/IeSIATh BBIBOJL O TIOJIE3HOCTH PEKYPCHUN:

PexypcuBHbIe pelieHns BBITOJHBI, €CJTH PeUb W/IET O BETBSIIINXCS BBIYUCAUTETbHBIX
IIPOLIECCaX.

MbI 06s13aTEIBHO PACCMOTPHUM €IIle TTapy MPUMEPOB ¢ BETBSIIIIUMUCSI TIPOIECCAMHU,
HO TIOKa HEMHOTO TIOTPEHUPYEMCS C IMHENHBIMHU, ITOMHST, YTO 3TO TOJBKO yueOHbIE TIPH-
MepBl U B peaJibHOM KM3HU TaKue 33/1a4i Ha/l0 peliaTh He PEKyPCUBHO.
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Sagayva 37. Hatitu N — wien apudmeTryeckoil Iporpeccuu ¢ 33/JaHHBIM a1 ¥ Pa3HO-
crhio d.

Pewenue:

He pexyppentras popmy.ia riacut, uro ay = a1 + d(N - 1). PexkyppenTrast popmy-
Jia 6y et TakoBa:

an = ay.1 + d; HermocpeACTBEHHO CUMTaeMblii cilyJyail 31ech He Hy KeH, IIepPBbIii aJ1e-
MEHT TIPOTPECCHUHN SIBJISTETCST 33IAHHBIM.

Jucmume 91

PROCEDURE F(n, a, d: INTEGER):INTEGER;
BEGIN

IF n=1 THEN RETURN a;

ELSE RETURN F(n-1, a, d)+d;

END;

END F;

3azaya 38. BerumcanTs KBajipaTHBIN KOPEeHDb 13 uncaa A>1.

Pewenue:

Kak v ipeskie, MBI IOJKHBI HAMTH PEKyppPeHTHYI0 (OopMyIUPOBKY 3aa4yu. B kaue-
CTBE OCHOBBI /IJISI PACCy K/IeHUI BO3bMeM ysKe UMeIoNIniics BapuaHT. Bot aToT:
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WHILE max-min>0.01 DO
b:=(min+max)/2;
IF b*b>A THEN

max:=b;
ELSE

min:=b;
END;

END;

[Tuk. 3aBepimaet cBoio pabory mpu max-min<=0.01; Buaumo B peKypCcUBHOM Ba-
PHAHTE 3TO YCJIOBHE U OY/IET YCIOBUEM 3aBEPIIEHUS TPOIIECCA BBI30BOB. 3aMETHM TaK-
Ke, 4TO TOTPeGHOCTH B BO3BpaTe KakuX-n60 3HadeHuit Het. Korma ycioBue 3aBepiite-
HUST BBITIOJHUTCS, HEOOXOAMMO pACIeyaTaTh 3HAYEHUE OYEPEIHOTO TPUOIIKEHMS
u 3aBepiuTh pabory. He 06s13aTeIbHO PaCieyaTKy MOJYIEHHOTO KOPHS BBITIOIHSATE
B [IEPBOM BBI30BE PEKYPCUBHOI MPOIIELYPbL. ITO MOKHO CAETATH U B CAMOM ITyOOKOM,
a3aTeM CBEPHYTH BCE BbI3bIBAEMbBIE DK3EMILISIPDI, TAK CKA3aTh B XOJIOCTYIO.
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PROCEDURE F(min, max, A:REAL);
VAR

b:REAL;
BEGIN
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IF max-min>0.01 THEN
b:=(max+min)/2;
IF b*b>A THEN

max:=b;
ELSE
min:=b;
END;
F(min,max,A);
ELSE
StdLog.Real((max+min)/2);
END;
END F;

PetieHHbIil TpuMep, TOKA3bIBAET, YTO CXEMBI OPTaHU3AIUN PEKYPCUH MOTYT OBITH
pasnuuubiMu. TakuM 06pazoM 6e3 BO3Bparta, MOXKHO OPraHM30BaTh M PEKYPCUBHBII
mpoliecc pacueTa akTopuaa, HO 3/1eChb OTCYTCTBHE BO3BpaTa MOMEHT ITPUHIUITNAAJb-
HbIit. JI71s1 Hatelt 3aaun moTpebyeTcst BO3BPAT ABYX 3HAYEHUE Min 1 max, a mporey-
pa — pyuxnus Ha KIT He MoskeT BepHYTEH 60JI€e OTHOTO 3HAYEHSI, C UCTIOIH30BAHIEM
M3BECTHOI HaM TEXHOJIOTHH. BipoueM, ecTb U Apyrie CrocoObl OpraHu3anni BO3BPaTa,
HO MMU MBI 3aliMeMCs B CHCTEMaTU4YeCKOM BBE/ICHUU.

3agaua 39. Beruucauts N — yucio @ub60oHaUN.

Pewenue:

3J1ech TOYHO TaKas ke pobsema ¢ rnepegadeil pakrnyeckux napamerpos. Kaxkmo-
My 9K3eMILIAPY Oyayliell IpoueLypsl HeOOXOMMMO [Ba YKC/Ia JJIs pacyeTa TPEThero.
CuieioBaTe/IbHO, ¥ BO3BPAIIATh HEOOXOUMO JIBa, €CJIM BOCIIOJIb30BAThCs CXEMOH pe-
Kypcuu 13 3a1aur 0 hakTopraiax. Ho MOKHO MOCTYIIUTD TaK jKe KaK U B IPeAbIAyIIeil
3ajaye.
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PROCEDURE F(a1,a2, N:INTEGER);

VAR
a3:INTEGER;

BEGIN

IF N>2 THEN
a3:=al+a2;
al:=az2;
a2:=a3;
F(al,a2,N-1);

ELSE
StdLog.Int(a2);

END;

END F;

Ente oxtira pexypcuBHas mpotienypa 6e3 Bospara. Ho k coskaleHnio Takas cxema pe-
KyPCHUU BO3MOXKHA TOJIBKO TP YCJIOBUH, YTO BBIYUCANUTEIBHOMY [IPOIIECCY OCTATOUHO
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O[[HOﬁ KOHEYHOI TOUKU. 3TO O3Ha4daeT, 4YTo AJId 6OJH)HH/IHCTB3 BETBAMINUXCA ITPOIECCOB
cxema 6e3 BozBpara paborathb He Oyzer. Harpumep, Takast cxeMa HEIPUMEHMa B 33/1a-
ye /leikcTphI.

3anauva 40. [Tonyunts Bce nepectaHOBKH N — 37IeMEHTOB [IEJIOYMCIECHHOTO MACCHUBA.

Pewenue:

3ajaua MMeeT XOpolliee HEPEKYPCUBHOE M XOPOIllee PEKYPCUBHOE PelleHue, HAC
uHTEepecyeT Bropoe. IIpocToil M IMOHATHBIA Coco6 MOCTPOEHHS NEPECTAHOBKU HTO
MUKJINIeCKuit caBur MaccuBa. [1yctb N — KoJmuecTBO 9/1eMEHTOB MacCHBa, TOTA TTUK-
JIMYECKUM CJIBUTOM MOKHO 1ory4uTh N — iepectanoBok. [Ipumep:

1. 1,2,3
2. 3,1,2
3. 2,31

BosbMmeM J1100y10 11epecTaHoBKY, ojaydernyio capurom N — sieMenTos. Boigennm
B Hell mogmaccuB B N-1 aement. 3 Hero moskuo nosyunth N-1 nepectanosky. Coot-
BETCTBEHHO st /110601t iepectaHoBku N-1 MOKHO BbigeuTh mogMaccus N-2 u 1moct-
poutb N-2 niepecraHoBoK u T.21. TakuM 06pa3oM MOKHO Oy YU Th:

N*(N-1)*(N-2)*....*2=N! mepectaHOBOK.

ITporiecc MOMYUIEHYSI TIEPECTAHOBOK OUEBUIHO, OYIET 3aKTI0YATHCS B BHITTOJHEHITH
JIBYX JIEVUCTBUI:

1. Omnpezenenue moagMaccuBa Ha KOTOPOM HEOOXOAMMO BBIIIOJIHUTD [IUKJIMYECKUI
CIIBUT.
2. Brinosanenwue casura.

Bropas onepanust oueBnHa. B oTHOIIEHNUN TIEpPBOTO IEMCTBUS 3aMETHUM CJIeNyIo-
ttee: JIJist moiMaccuBa cocTosero us K — ajieMeHTOB MOKHO BBITIOIHUTH K — 1UKIH-
qeckux ciBuroB. OTCIofIa CIeyeT, UTO TSI KasKIOTO MOAMACCHBA HEOOXOMIMO 3aBECTH
CYETUYHK C/IBUTOB. B HEPEKyPCUBHOM BapUaHTE 9TO MOXKeET ObITh MACCHB, 9JIEMEHTHI KO-
TOPOTO YBEJINYMBAIOTCS Ha 1 TPU KAXKJIOM CABUTE, B PEKYPCUBHOM BaPUAHTE 3TO MOXKET
OBITH HOMEP BBI30Ba MpoIleaypbl. Hike oHOE pelieHue:
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MODULE Example;
IMPORT In, StdLog;
PROCEDURE Calc*;
VAR
a:ARRAY 10 OF INTEGER;
N:INTEGER;
PROCEDURE Print;
VAR
k:INTEGER;
BEGIN
FOR k:=0 TO N-1 DO
StdLog.Int(a[k]);
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END;

StdLog.Ln;

END Print;

PROCEDURE Rec(N:INTEGER);

VAR
i,j,C.INTEGER,;

BEGIN

i:=0;

WHILE i<N DO
c:=a[N-1];
j:=N-1;

WHILE j>0 DO
af[jl:=alj-11;
j=j-1;

END;

a[0]:=c;

IF i<N-1 THEN
Print;

END;

IF N>O THEN
Rec(N-1);

END;

ir=i+1;

END;

END Rec;

BEGIN

In.Open;

N:=-1;

WHILE In.Done DO
N:=N+1;
In.Int(a[N]);

END;

Print; (*PacrreyaTka Ha4yanbHOW TTepeCcTaHOBKU*)

Rec(N);

END Calc;

END Example.

3anmaua 41. Xanoiickas Gamras. Crapast Kaccuueckast 3a/[ada BCTPEYAIOTIASICS BO
BCex yueOHMKAX mporpaMMupoBaHust. CMBIC 3a/1a4d B CJIEAYIONIEM: JAHO TPU TOJ-
CTaBKH, HA TIEPBOI M3 HUX JIEKUT HEKOTOPOE KOJTMYECTBO TUCKOB, TAKUX UTO JIJIS JIIO-
60l mapbl AUCKOB TOT, UTO CBEPXY, MMEET PAJNYC MEHBIITHIT TOTo, uTo HIKe., Heobxomu-
MO TIEPEJIOKUTD BCE AMCKU HA TPETHIO TTOICTABKY, He HAPYIIas CJAeYIOMNX TPaBUJI:

® 32 OJIMH Pa3 MOKHO OpaTh TOJNBKO OJMH JIHCK;
® J[UCK MOXHO KJACTh TOJIBKO Ha AMCK OOJIBIIErO Pajlyca WK Ha IIYyCTYIO MOJ-
CTaBKY.
[Torpobyem 06HAPYKUTh PEKYPPEHTHYO IPUPOLY 3aa4r. ITO JETKO CAeJaTh, 10-
CMOTPEB Ha JIBa PUCYHKA.
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s

Puc. 1.1. XaHorckaa 6allHs, MCxoaHoe NonoxeHue

— e

Puc. 1.2. XaHowckas 6allHs, MPOMEXYTOYHOE NOSIOXEHME

Ecii yacTest mosryquTh CUTYAInio, n300pakeHHY 0 Ha puc. 1.2, To ncxomHas 3aaa-
Ya MepeMeIeHst TUPAMU/IBI € JIEBOH MOICTABKU Ha MPaByTo PemuTes B 1a mara. Bo-
MEPBBIX, IUCK C JIEBOH MOICTABKY TIepeMENIaeTCs Ha TIPAaBYIo, a 3aTeM PelaeTcs 3a/1a4a
nepeMeneHnss MeHbIel TUPaMU/IbI CO CPe/lHEl MOACTABKU Ha MpaBylo. A /IJig TOTO,
4TOOBI TIOJYIUTh TAKYIO CUTYAIINIO, HAJIO0 CHAYAJIA PENTUTH 33/a4y TIepEMEIEeHUs Xa-
HOIiCKOIl GamHu 6e3 HUXKHEro AMCKa Ha CPeAHIO MoAcTaBKy. TakuMm o6pas3oMm, uc-
XO/IHAS 3aj1a4a O MepeMeleHru GallHU U3 MSITH AUCKOB CBOJUTCS K JABYM 3a/[a4aM
0 TIepeMeNIeHN T YeThIPEX IUCKOB.

PexyppeHTHBII XapakTep 3a7laud HAJIUIIO, CJE0BATETHHO, TIOUCK PEKYPCUBHOTO
peliieHus BIOJIHE onpaBaH. TpUBUAIBHBIN cirydaii (KoTIa IeficTBUE BBITIOJTHSAETCS He-
MOCPEICTBEHHO) JIJIsI TIOCTPOEHUST PEKYPCUBHOM MIPOIIELYPBI TOKE MOHSATEH — 9TO Hall-
HS U3 OJTHOTO AANCKA. BXOHbIE TaHHbBIE /71 PEKYPCUBHOI MPOIIEYPBI CIeyONTe:

® HoMepa IOACTAaBOK B CJAEAYIOIIEM OPAAKE: IIOACTaBKa, C KOTOpOﬁ HeO6XO,ZII/IMO
IIEPEMECTUTD TEKYILYIO TUPaMUAYy, BCIIOMOTaTE/JbHAs II0/ICTaBKa, U ITIOJACTaBKa,
Ha KOTOPYIO Tpe6yeTC§1 TIEpEMECTUTD TUPaAMU/LY;

® BbICOTA HepeMemaeMoﬁ ITMPpaMH/bl.

A]IFOpI/ITM PEKYPCHUBHOTIO ITpOIE€CCa Ha IICEBAOKO/I€ MOJKET BBITJIAACTD TaK:

Ecnu nepemeniaemas Boicota = 1 To

[IepemecTuTh OMMH ANCK C UCXOMHOU MOJCTABKYU HA MMOJICTABKY — IICTIb.

WNnaue
Bri3BaTh nipoiielypy, nepeMenianiiyio nupaMuay ¢ BbiICOTOM Ha 1 MeHbIe
C MCXOTHOU TTOICTAaBKY HA BCTIOMOTATEIbHYIO.
[lepemecTuTh HUKHUHN AUCK C MICXOTHOU MOJACTABKY HA MTOJICTABKY — 11€JIb.
Bri3BaTh mniporieypy, mepeMenamoInyo THPpaMUay ¢ BCIOMOTaTeIbHOU IO -
CTaBKHU Ha TIO/ICTaBKY — I1€JIb.
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Jucmunz 96

MODULE Example;
IMPORT In, StdLog;
TYPE mas=ARRAY 10 OF INTEGER;
PROCEDURE Main*;
VAR
a:ARRAY 4 OF mas;
h:ARRAY 4 OF INTEGER,;
n,k:INTEGER;
PROCEDURE Print;
VAR
k,j:INTEGER;
BEGIN
FOR k:=1 TO 3 DO
StdLog.String('__");
FOR j:=1 TO h[k] DO
StdLog.Int(a[k,j])
END;
StdLog.String('__");
END;
StdLog.Ln;
END Print;

PROCEDURE hanoy(al,a2,a3,m:INTEGER);

PROCEDURE perest;

BEGIN

hl[a3]:=h[a3]+1;

ala3,h[a3]]:=alal,h[al]];

alal,h[a1]]:=0;
h[al]:=h[al1]-1;

Print;

END perest;

BEGIN

IF m=1 THEN
perest;

ELSE
hanoy(al,a3,a2,m-1);
perest;
hanoy(a2,al,a3,m-1);

END;

END hanoy;

BEGIN

In.Open;

In.Int(n);

h[1]:=n;h[2]:=0;h[3]:=0;

FOR k:=1 TO n DO
a[1,kl:=n-k+1;

END;

Print;



Pexypcms 85

hanoy(1,2,3,n);
END Main;
END Example.

Kaxmas noscraBka npejictaBieHa ajmeMeHTOM MaccuBa a. [lepBwiii nHeKC Maccu-
Ba — IO/ICTaBKa, BTOPOU MHIEKC MTPOXONT TI0 IMCKAaM JIesKallliM Ha TTojicTaBkax. Hyoe-
BBI€ 3JIEMEHTHI MACCHUBA HE UCITOIb3YIOTCS, TaK KaK HyMePaInio MO/ICTABOK U TUCKOB
6oJiee eCTECTBEHHO HAUMHATD € JUHMIBI, @ HECKOJIBKO JIUIIHUX 3JIEMEHTOB MacCHUBa
IPOOJIEMBI HE COCTABJISIIOT.

[Tonyuennoe penierue — xopouuii mpuMep GoOpMaTbHOTO TOAX0/1a. MBI yske TOBO-
PHJIM O TOM, YTO JIJIsSI OCTPOEHUS aJIFOPUTMA BEChbMa JKeJIaTeIbHO BhIpaboTaTh XOpo-
Iree mpejcTaBjieHue o mpoiiecce. Ilonpobyiite MpencTaBUTh MPOIECC MePeMEIleHIs
IMCKOB. J1Jist BYX IMCKOB 9TO 9JIEMEHTAPHO, IS TPEX 3aTPYAHUTEIBHO, a IIOTIPOOyiiTe
[IPEACTaBUTH cebe MPOIIECC IS ATH MU IIECTH AUCKOB. ITo OyIeT yrKe He TaK IIPOCTO.
Wu paske monpoOyiiTe, MOHSB aJITOPUTM HA YEThIPEX JUCKAX, IOBTOPUTD €ro I [Iec-
. CoBepIIIEHHO HE OYEBH/IHO, UTO Y Bac aTO nosryuntcst. KeraTu, naxe B anaimnse 3a/1a-
YU MBI HAIIJIA CYIIECTBEHHYIO CJIOKHOCTD. PeKyppeHTHOE oTIpe/ieJieHre TOBOPUT O TOM,
YTO MCXOJIHAS 3aj[ava CBOAMTCS K JIBYM 33jla4aM, TIPU 9TOM IIeJIeBOe MCIT0JIb30BaHNe
MOJICTAaBOK MeHsieTcs. BoT aTa MocTosiHHAsI TlepeMeHa MpeHa3HAuYeHUsT MMOJICTaBOK
CUJIBHO OCJIOKHSIET TIOHUMaHUe TTpoTiecca.

Ho pas6uparbcst getasbHO B MeXaHU3Me B OOLIEM-TO ¥ HET HEOOXOAMMOCTH. MbI
yoKe ONUCAIN HEKYIO OOLIYIO TEXHOJIOTHIO IIOCTPOEHUsI PEKYPCUBHBIX porpamMM. OHa
cOCTOUT 13 psifia GOPMATbHBIX IIATOB: OTIPE/IeJIEHNEe YCIOBUS 3aBEPIIEHMST, OPTaHN3a-
11T PEKYPCUBHOTO BBI30Ba, BBITIOJIHEHNE TEKYINUX orepainii. Ecim aTo cienano xop-
PEKTHO, TO 6ECIIOKOMTCS O IPABUJIBHOM IOHUMAaHUHM [IPOLIECCa YKe He CTOUT, IIPABUJIb-
HOCTB TIPOIECCa TapAaHTUPYET KOMITUJISITOP.

B paccMoTpenHo# 3a/1aue Ha KaXK/[OM TIaTy BBITIOJTHSIETCS 2JIEMEHTapHOe TepeMe-
IeHre JMCKOB U JIBA PEKYPCUBHBIX BBI30BA, OTIUYAIONINXCS JAPYT OT IPyTra HAa3HAUYEHU-
€M ITO/ICTaBOK (KaKkas U3 HUX KOHEUHas, a Kakas BCrioMoraTebHas ). TouHoe otpesiee-
HUe HasHaYeHUs MMOJCTABOK IIPU KasKAOM BbI30Be M30aBJISIET HAC OT HEOOXOAUMOCTH
TTOHUMAaHUS BCETO MpoTlecca epeMereH .

3agayu ansi CaMOKOHTPOS
(PEKYPCUBHOCTb peLueHnst npearnosiaraercs)

B artom paszesie 71st CAMOKOHTPOJISI TOJIBKO 5 33jia4 U BCE OHU JIMHEHHbIe. PeKypcuB-
HBIX 3a/1a4 C BETBSIIMUCS MPOTeCCaMu Gy/IeT OYeHb MHOTO B TPeThell TraBe — mpak-
THKYMe.

1. Boramcauts cymmy psma 1 - 2 + 3 - ... + (-1)N+IN,

2. Boruuciutb cymmy N — uyieHOB aprMeTHIeCKON TPOTPeCcCUy MPH 33/]aHHBIX A,
u pasHoctu d.

Borauciuts cymmy N — wienos psiia OubGoHaun.

Boruncants cymmy Buga 1 + (1 +2) + (1 +2 + 3)+...(1 + 2 +....+ N).
PeanusoBatp asroput™ EBkinsa.

Gu W
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3anucu

[lo cero MoMeHTa MBI MCII0JIb30BAJINA TOJIBKO O/IHY PA3HOBUHOCTD CJIOKHBIX CTPYKTYP
MaHHBIX — MACCUB. BCIIOMHIIM, /75T OTIpe/Ie/IeHUST 3IEMEHTOB MACCUBA TOAUTCS TI0OOT
OCHOBHOM THII, HO YTO IIPUHIMIIMAIBHO JJIs1 MAacCUBA, THUII MAacCUBA SBJISETCS TUIIOM
BCEX €ro 37eMeHTOB. HeBO3MOKHO, OGBSIBUTD, TIEPBbIi 3IEMEHT TIETBIM, BTOPOH CHM-
BOJIBHBIM U T.JI. BripoueM 310 1 He Hazo. Ho Bce jke BO3MOXKHDBI CUTYallMM B KOTOPBIX
OTHOPO/IHOCTD CTPYKTYP JaHHBIX CTAHOBUTCS CYIIECTBEHHBIM MUHYCOM. B kauecTBe
TPUMEPA PACCMOTPHUM CTPYKTYPBI IAHHBIX U3 3aj1aun 0 XaHolckoit bamrte. Bot onn:

a:ARRAY 4 OF mas;
h:ARRAY 4 OF INTEGER,;

/lBa MaccuBa, OIIMCBHIBAIOT OJIHY CYIIHOCTD. OTCIeKUBaHUE CBI3U MEXK/y MacCUBa-
MM TIOJTHOCTBIO Ha COBECTH MporpaMmucTa. B 3asaue o Xanoiickoii 6arite 370 He BbI3bI-
BaeT 0cOOEHHOTT TPOBIEMBI, HO JIUIITH TOTOMY, YTO TIPOTpaMMa He Bearka. OTcreKknBa-
HUE CBsI3efl MOKET TIPEBPATUTHCSA B 3aMETHYIO MPoOIeMy, ¢ yBeInvYeHneM obbheMa
mporpaMMbl. Ho KoHEYHO U IIPOCTO pa3yMHO OIKCATh BCe AaHHbIE B OJJHOM MeCTe.

KomcTpyxkiust 3aricH, O3BOJISIET OTPEIETUTh CTPYKTYPY XaHONUCKOH Gty cJie-
AYIOIUM 00Pa3oM:

TYPE
mas=RECORD
Disk: ARRAY 10 OF INTEGER;
h:INTEGER;
END;
VAR
a: ARRAY 4 OF mas;

Ceiiuac «a» 03HayaeT He MaCCUB MAaCCUBOB, KaK paHee, a MACCUB CJIOKHBIX CTPYK-
TYP, K&K/asl U3 KOTOPBIX COCTOUT U3 JIBYX KOMIIOHEHTOB: MACCUB IMCKOB, HAXO/SANNX-
Cs1 Ha TIOJICTaBKe U BBICOTA OGATIIHY CTOSITIIEN Ha TTO/ICTABKe. 3aMETHM, YTO B TAHHON KOH-
CTPYKIIMH, MBI, BO-TIEPBBIX, YIILJIN OT IBYMEPHOTO MaCCUBA, & BO-BTOPLIX, /IJI1 XPaHEHUS
MaHHBIX O BLICOTE BOOOTIIE HET HEOOXOANMOCTH B MACCHBE, TAK YTO MOJKHO YTBEPIKAATD,
YTO KOHCTPYKIIMS HE TOJIbKO BHYTPEHHE JIOTUYHee, HO 1 IIPOIILE.

Kax mosryuuts 10CTyT K KOMIIOHEHTY 3armucu. [l71s 0TBeTa Ha BOTIPOC, 3amuiineM 60-
Jiee IPOCTYI0 KOHCTPYKIIUIO:

VAR

rec: RECORD
a:INTEGER;
N: CHAR;
END;

SZIer 00bsIBJIEHA 3AITACH C UMEHEM FeC 1 ABYMA KOMIIOHEHTaMU, TaKK€ UM ECIOIIINMU
nmena. Mms rec 06H1ee JUJISL 060UX KOMIIOHEHTOB. I[JISI IosIydeHunsd I0CTyIla K KOMIIOHEH-
Ty HeO6XO]_II/IMO YKa3aTb NMs 3allUCH, K KOTOpOfI OH NPpUHAIJIEKUT 1 YK€ ITIOTOM €TO co0-
CTBEHHOE MMsI. ITO TaKKe, KakK (l)aMI/I]II/IH YEJIOBEKA YKa3bIBACT €r0o IPHUHAJICKHOCTD
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K poAy u 3aTeM UM YKa3bIBA€T Ha HETO CaMOTO. ﬂOCTyH K KOMIIOHEHTaM OCYIIECTBJIA-
€TCA TaK:

rec.a:=1;
rec.N:="a";

Ito obuuit puanun. OH JOCTATOYHO MPOCT, HO JIJIST 3aKpeIieHrsT pasdepeM He-
CKOJIBKO O0JIee EMKIX TIPUMEPOB.

Ipumep 1. Maccue sanucei

TYPE
shablon=RECORD
a: INTEGER;
N: CHAR;
END;
VAR
mas: ARRAY 10 OF shablon;

Hoctym: mas[1].a:=1;
Ipumep 2. Maccue sanuceii coOepicausux Maccus

TYPE
shablon=RECORD
a:ARRAY 10 OF INTEGER;
N: CHAR;
END;
VAR
mas: ARRAY 10 OF shablon;

Hoctym: a[1].a[9]:=1;
31ech NMs KOMIIOHEHTA COBIIAIAET C IMEHEM 3aMUCH. DTO BIIOJIHE Aomyctumo. [le-
peMeHHBIe TUIIA 3aMTICh MOKHO TIPUCBAUBATh APYT Apyry. Hiske mpumep

Jucmumne 97

PROCEDURE Calc;
TYPE
shablon=RECORD
a:INTEGER,;
N:CHAR;
END;
VAR
a,s:shablon;
BEGIN
a:=s;
END Calc;

Ho ecsm 3ammucn Pa3HOro TUlla, TO IIPUCBOCHUE YK€ HEBO3MOJKHO. ﬂame €CJIM OHHU
00BbABJICHBI TAK:
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Jucmume 98

PROCEDURE Calc;
VAR
s: RECORD
a:INTEGER;
N:CHAR,;
END;
a:RECORD
a:INTEGER;
N:CHAR,;
END;
BEGIN
a:=s; (*3pecb HeCoOBMeCTMMOe TTpuCBanBaHue™)
END Calc;
A BOT Tax, onsATh Oy CTUMO:

Jucmunz 99

PROCEDURE Calc;
VAR
a,5:RECORD
a:INTEGER;
N:CHAR;
END;
BEGIN
a:=s;
END Calc;

B03MOXHOCTD BIOKEHUS 3aNIUCH B 3aITUCh TIO3BOJISIET CO3/[aBaTh CTPYKTYPHI aH-
HBIX JII000H citoxkHocTH. [TprMep:

Jucmune 100

PROCEDURE Calc;
TYPE
shablon=RECORD
N:INTEGER;
a:ARRAY 10 OF INTEGER
END;
VAR
a:RECORD
rec:shablon;
N:CHAR;
END;
BEGIN
a.rec.a[5]:=5;
END Calc;

S,ZIGCI) B Ka4€CTBE€ KOMIIOHEHTDI 3aIIMCH BBICTYIIACT 3aITI1Ch, B KOTOpOﬁ €CTb KOMIIO-
HEHT MaCCHUB. HOBTOMy 4TOOBI ,ZIO6paTI)CH J10 9JIEMEHTa MaCCHuBa HeO6XOlII/IMO YKa3aTb
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uMst 00BEMITIONIEH 3ATMCH, 3aT€M BJIOKEHHOI U JIUIIb 3aT€M MMsI MACCUBA U UHEKC
seMeHTa. [TOHSTHO, 4TO yBeJUUEHME TIIYOUHDI BIIOKEHHOCTH OTPAKAETCS JIUIIb B Y-
JIMHEHU W UMEHU, B KOTOPOM, HAUMHAS ¢ UMEHU CaMOil 0O heMJIIONIIEN 3aITHUCH, TIepedC-
JISTIOTCS YePe3 TOUKY UMEHA BCEX BJIOKEHHBIX KOMIIOHEHTOB.

3arucu, COBepIIEHHO HEOOX0UMBI pa3paboTunkam 6a3 JaHHBIX, HO MX TIPUMEHE-
HUE pa3yMeeTcs 3HAUUTeIbHO mmpe. [locTaBuM 3a1auy paspaboTKu JUIHHHON apudMe-
tuku. [lojx 1MHHON aprudMETHKOI TT0[pa3yMeBal0T HaOOP OTEPAIUH ¢ YUCTIaAMU HMe-
IOIUMHY JIJTMHY HEBBIPA3UMYIO HU OJIHUM OCHOBHBIM THIIOM. CUTyarus OyeT TaKOBOI
HATPUMEP, €CJIU YUCJIA UMEOT JJIHHY B HECKOJIBKO JIECSTKOB 3HAKOB,

Taxoro pojia 3aj1auy He BCTPEUYAIOTCS HA KaXK/IOM IIIary, IO3TOMY CO3/[aBaTh TaKKe
THUIIBI, KAK OCHOBHBIE U Pa3pabaThIBATh COOTBETCTBYIOIIIE ONEPAIUY ObLIO GBI CJIUIII-
KOM HAKJIAJ[HO, HO BCE K€ 3TO OUEHb MOJIe3Hast 3ajiaua. HamuiieM ToJbKO MpoIeaypy
CYMMUPOBAHUS JIBYX YHCEL.

OrnpezeuMcs co CTPYKTYPOH IAHHBIX, TPE/ICTABISIONIEN uncio. JanHEbIe Yncia
MOTYT UMETh Pa3JNUHYIO JUTHY. /s BBITOJHEHUS JKe OTepPaiuil IJINHA JOJKHA ObITh
U3BECTHA. YUeT JJINHBI BO3MOKHO OCYIIECTBUTD CJIEAYIONIUMU CII0CO0aMu:

® 3aMKUCHIBATH BCE YNCJIA OIHON JJTMHOM, TPY ATOM CTapIITie He 3HAYaIe Pa3psiibl
3aTOJTHATH HYJISIMHY;

® BTIIEPBbIN CTAPIINI He 3HAYATIUH Pa3psI/l 3aTUCHIBATH CIIEI[UATbHBI CUMBOJI 03-
HavyaroUIMii KOHeI[ 3alicy ynca. [IJis Toro MacCus IpUAETCst O0bABIIATH CUM-
BOJIBHBIM THTIOM;

® I KaK/IOTO YMCJIA BBOAUTH TOTIOJTHUTETHHYIO TIEPEMEHHYT0 BEJTUUNHY UMET0-
Y0 CMBICJI JJIMHBI YMCJIa MM HOMepa cTapiuero (Mid Hao00pOT MJIAAIIEro)
paspsiza.

bBes crpykrypst RECORD mocyiesnnii BApuaHT 03HA4YaeT NOsIBJIEHUE JIBYX HECBSI-
3aHHBIX MEKIY c060i CTPYKTYp AaHHBIX. C MCMONMb30BAHUEM 3aTUCEH, UTHHY YHCTIa
1 MaccuB 1uep (IUCT0, KOHEYHO ke, Oy/IeM MPE/ICTABISTE 1[eJOUNCIEHHBIM MaCCH-
BOM) CaMOT'0 YHCJIa MOKHO PA3BMECTUTH B OJIHOM CTPYKTYPE 3alIUCH.

TYPE
Num=RECORD
a:ARRAY 1000 OF INTEGER,;
N:INTEGER;
END;

Jlucmumne 101

PROCEDURE Sum(a,b:Num);
VAR
max,i,sum:INTEGER;
res: Num
BEGIN
IF a.N>b.N THEN
max:=a.N;
ELSE
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max:=b.N;
END;

i:=0;
sum:=0;

(*TTpouecc mopaspsagHOro CyMMUPOBaHMA*)
WHILE i<=max DO

IF i<=a.N THEN
sum:=sum-+a.ali];

END;

IF i<=b.N THEN
sum:=sum+b.al[i];

END;

res.a[i]:=sum MOD 10;
sum:=sum DIV 10;
ir=i+1;

END;

(*OnpepeneHne cUTyauumn TieperoNiHeHms ans nobasneHuns paspaga*)

IF sum>0 THEN
res.N:=max+1;
res.a[max+1]:=sum;

ELSE
res.N:=max;

END;

END Sum;

[Tosryuennas npoiiezrypa HUIUETo He BO3BPAIIAET, IIPOCTO COXPAHSET YNCII0-PE3YJIb-
TaT B BEJMYMHE FeS. ITOT HEJJOCTATOK BBl CMOXKETE UCTIPABUTD ITPH JKETaHUH, TIocste 60-
Jiee 6TM3KOTO 3HAKOMCTBA C METOIAMHU TIePEladul IAHHBIX B TPOIEYPHI (BTOpast TaBa).

B 3aBepuienuu riiaBbl pacCCMOTPUM JIBE 3a/1a41, B KOTOPBIX OTPAaHUYMMCS IIPe/ICTaB-
JIEHUEM CTPYKTYP JJaHHBIX.

Sanava 42. JlaHo HEKOTOPOE KOJNIECTBO MPSIMOYTOJBHBIX TITTUT PA3HOTO pa3Mepa.
HCO6XOIII/IMO BbBIACHUTDH, MOJKHO JIM ITOKPBITH UMU 3a/TaHHYIO IJIOMIA1b.

Pewenue:

Tak Kak 0 maInTax U3BECTHO TOJIBKO TO, YTO BC€ OHU IIPAMOYTOJIbHBIE, TO BUANUMO
3aja4a peraercs mepebopom. UTo MOKHO CKa3aTh O CTPYKTYPE JaHHBIX ?

Kaxnas mmra onpenessieTcs IByMs pa3MepaMy JJIMHON 1 mupuHoit. Kpome Toro,
HeOOXO0/[MMa MTePEMEHHAsI JIJIST yUeTa KOJMYEeCTBA TIUT KaK[0T0 pasMepa. ITy uHpop-
MaIllio MOKHO OTIMCATh CJeAYIONel CTPYKTYPOH TaHHBIX:

TYPE
P=RECORD
Lx, Ly, N:INTEGER;
END;
VAR
s:ARRAY 10 OF P;
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3anmaua 43. [TocTpouTh MO/IEJIb IBUKEHUS TIJIAHET COJTHEYHOM CUCTEMBI.
Pewenue:

Harna 11es1b, Bcero s, onucaThb CTPYKTYPY AaHHBIX. /17151 aTOTO yuTeM ciemyolee:

TEKYyIIEE ITOJIOJKEHNE TIJIAHET OITMCbIBACTCA TPEMA KOOP/IMHATAMMU;
ABHUKEHHE OITUCbIBAECTCA TPEMA KOMIIOHEHTAMU CKOpOCTefI n TpeMA KOMIIOHEH-
TaMM yCKOpeHI/IfI;

® I pacyeTra yCKOpeHI/Iﬁ corjacHo 3akoHaM HeioToHa HeO6XOlII/IMO 3HAaTb MaCChbI
IIJIaHET.

ﬂOI‘OBOpI/IMCH, AL YIIPOIIEHUS CUTYAall, YTO BCE€ BEJIMYNHDI BbIPAKAIOTCA BEIIE-
CTBEHHBIMHM YN CJIaMU 1 YTO MaTEMaTNYECKHNE HpO6JIeMI)I PAaCU€TOB BCEX YKAa3aHHbIX BE-
JIMYMH HaC ceiyac He HWHTEPECYIOT. BaMeTI/IM, 49TO BCE H€O6XO,ZII/IMI)I€‘ BEJIMYNHBI, KpOME
MacCCbI BXO/JIAT B paCY€ThI TpOfIKaMH, IIpHU 9TOM Ka)KlIbIﬁ IJIEMEHT TpOIjIKI/I CBs3aH C CUcC-
TeMOI KOoOop/inHar. ITOT (baKT MOJKHO OTPa3uTh CJACAYIOIIUM TUIIOM

TYPE
point=RECORD
X, Y, Z: REAL;
END;

Mmes Takonm TUTT, MOXHO CO34aTb TUTT - TIJlaHeTa

TYPE
planets=RECORD
coord, v, a: point;
m: REAL;
END;

A CTPYKTYpa JaHHBbIX OIIMCbhIBaIONIad COTHEYHYIO CUCTEMY 3TO OUEBU/ITHO MAaCCHUB:

VAR
planet: ARRAY 9 OF planets;

JlocTyn K KoopAUHATE X, TPEThEH IIJIaHEThI OMUIIETCS], CJAEAYIOIIUM CIOKHBIM UMe-
Hem: planet[2].coord.x, a HanpuMep K COOTBETCTBYIOIIEH KOMIIOHEHTE YCKOPEHIS
crenyromieil rernoukoii planet[2].a.x, umMsa X npucyTcTByeT B 000MX HEIOUKax, HO 9TO
MMeHA Pa3HbIX BEJTMYHH.

3agayu ansi CaMOKOHTPOS
(3agayn Ha pa3paboTKy CTPYKTYpPbI 4aHHbIX):

1. CTpyKTypa JaHHBIX JIJIT ONMUCAHUS TEOMETPUIECKON (PUTYPBI MTPEICTABIECHHOM
KoopanHaTamu N — TOYeK.

2. OmnucaTb CTPYKTYpa MUKCEJIS:
® KOOPAMHATHI X, y
® IBET
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Crpykrypa panubix nacnopt PD. /[y cTPOKOBBIX TAaHHBIX UCIIOTH30BATD CHM-

BOJIbHbIE MACCHUBBI. Y Y€CTh JAHHbIE:

e Cepus

e Howmep

e OUO

e Korma 1 KkeM BbIZ[aH

Crpykrypa ornasienus Kuuru. OTJiaBjieHne COCTOUT U3 HECKOJIbKUX YPOBHEN

e Towma, cocTosime U3 4acTeil U UMeIOIIIe Ha3BaHUE.

e UYacTu coCcTosIINE U3 [JIAB U UMEIOINEe HA3BAHUS

e [1aBbl, IMEIOIIVE HA3BAHKE U MHTEPBAJ CTPAHUIL

CrpykTypa 111 Xpanenust mHGOPMAIINK O IAaXMATHOM Xoze. [/ Kax1oro xoa

YYeCTb:

e [IBer urpoxka.

e [lose — Hauamo xoza

e [lose — 3aBepnienue xoza. VIMs 1noJieid, B maxmaTax COCTOUT U3 IBYX KOMIIO-
HeHT: OyKBa 1 1udpa.

e HaumenoBanue Gpurypbl. MOKHO UCIIOTIB30BATH TIEPBbIe OYKBbI HAUMEHOBA-
HUi Guryp.

B urpe I'O nozuius coctout u3 kamuei (¢uiek) BbICTaBJIEHHBIX HA TIEpEKpec-

tugax aunuii gocku. CranpaptHas gocka 'O 19 x 19. BaxkHol MO3UIIMOHHOM

CTPYKTYPOU sIBJIsIETCsE rpyIa. Ipytimy 00pas3yroT KaMHU SIBJISTIOTIIIECST COCEJIsI-

MU 110 TOPUBOHTAIN UK BepTuKaau. Co3IaTh CTPYKTYPY /s OMUCAHUS TPYIIIIBI

T'O. B crpykType n0/KHA OBITH COXpaHeHa MHPOPMAIHS 0 KaXK/[0M KaMHE BXO-

JISITIEM B IPYIIIY U KOJUYECTBO KAMHEl BXOISAIINX B rpyimy. [IJis1 Kakoro KaMHst

nosiKHA OBITH 3anucaHa NH(GOPMAIIHS O €T0 MOJIOKEHUN Ha JIOCKE U O €T0 4-X BO3-

MOJKHBIX COCEJISIX.

CrpyKTypy 00IIeCTBEHHOTO TPAHCIOPTA TOPOJIa MOXKHO TIPEJCTABUTD CJIELYIO-

muM o6pasom: ExuHuiia ctpyKTypsl — MapiipyT. OpenessieTcss MapIipyT HO-

MEpPOM U TUIIOM TPaHCHopTa. B Tum Tparcnopra KpoMe BMECTUMOCTH TPAHCIIOP-

THOTO CPEJICTBA MOJIE3HO BKIOUUTH CTOUMOCTD IIPOE3/1a, VIS YIIPOTIeHUs OyieM

CYUTATh, UTO JIJIST KAJKOTO MAPIIPYTa OHA (PUKCHPOBAHA 10 OTHOIIEHUIO K OCTA-

HOBKaM, HO MOJKeT OTJIMYaThCs OT MapuipyTta Kk Mapuipyry. Kpome onucanus

THUIIA TPAHCIIOPTA B MAPIIPYT HEOOXOMMO BKJIIOUUTD TEPEUYEHD OCTAHOBOK (Ha-

3BAHUS) U K KXK/I0H OCTAaHOBKe TIPUBSI3aTh MAPIIPYThI, BKJIIOUYAIONINE Ty OCTA-

HOBKY. OTIHIITNTE COOTBETCTBYIONIYIO CTPYKTYPY AAHHBIX.

ITporpaMmy MOKHO ITPEACTABUTE B BUjie HAO0Pa GJIOKOB IBYX THIIOB: OO GJIOK

BBIMOJIHSIET HEKYIO TIOCJIEeI0BATENbHOCTD OIIEPAIINI U 3aTeM TepeaeT yIiipaBJie-

HIe Jipyromy 6JI0KY, 1160 GJIOK TPOBEPSIET HA UCTUHHOCTH HEKOE YCIOBUE U B 3a-

BUCHMOCTHU OT Pe3yJIbTATOB IIPOBEPKU IepeaeT yrpaBjieHne Ha COOTBETCTBYIO-

miue 6J10KY (HAIIpUMep TIPU KCTUHHOM YCJIOBUU Ha GJIOK A TIPH JIOKHOM Ha GJIOK

B). Onuiiure cTpyKTYypy ZaHHBIX, B KOTOPOU YUUTHIBAETCST TOJIHKO HA3BAHUE,

tun 6JI0Ka, crocob mepefaun yIpaBieHus] U eCTECTBEHHO YCIOBHUe (KaK mepe-

mennas tuia BOOLEAN).
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9. Pe3yabTaTOM MPOU3BOICTBEHHOTO MPOIECCA MOTYT OBITH U3E/UST HECKOTBKIX
BUOB. Kaskapril Bua npentudunupyercs HauMeHoBaneM. Kaxxbrii Buz ussne-
Jiust TpeOyeT 3aTpaT PeCypPCOB UMEIOIIIXCS Y MPEATPUATHS (3JIEKTPOIHEPTHS,
CBIPbe, MOy (HabPUKATHI U T.11. ). JIJIs KasKI0TO U3/e st HeOOXOIMMO TaKKe Ol -
caTb U pacxXo/l pecypca, Ky/ia BXOIUT Ha3BaHUE Pecypca U KomdecTBo. Vznemne
umeet cebectonmocts. OTucanme pecypca KpoMe HAMMEHOBAHUST TAKKE BKITO-
4aeT CTOUMOCTD.

10. Ananu3 apuMeTHIeCKOTO BhIPAKEHUS KOMITUISTOPOM IIPE/III0JIAaraeT MoCTPo-
enue JiepeBa oneparuii (mpumep Huke ). Cosnalite KOHCTPYKIUIO /IS XPAHEHUS
CTPYKTYPBI IAHHBIX JiepeBa. J[Jist yIpoleHus: 6y1eM moJiaraTh, 4T0 BCe OlepaIium
BBITIOJTHSATOTCS HAJL IETTBIMU YUCJIAMH, YIACTBYIOT TOJILKO 4 OTIEPAITIH: CTIOKCHIE,
BBIYUTAHUE, YMHOKEHUE, IeJIEHUE, BBIPAKEHUE MOKET COJIEPKATH CKOOKH.

IIpumep depesa onepavuii: (6%((1-2) +3)+4)-7/2

Puc. 1.3. lepeBo onepauunit
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Yka3saTenbHble TUMNbI

O6wssaenne Buga VAR a: INTEGER; npuBoauT K BbIAETEHIIO TTAMSITH MO IEPEMeH-
HYIO BEJIMYUHY 11eJ0T0 THIa. [laMsTh, TPU 9TOM OKa3bIBAa€TCsl 3aHSATON Ha BCe BpeMst
PaboTHI IIPOIIEAYPEI, AJIsT KOTOPOI oNucaHa repeMeHHas. Eciiv mepeMeHHast OKaxeTcst
He Hy’KHa, 3aHSTYIO el TaMsITh BEPHYTh BCe PAaBHO HEJb3sl. B ciydae mepeMeHHO#T oc-
HOBHOT'O THIIa 9TO HaBEPHOE He MpecTaBJsgeT mpodaeMbl. Ecim jke peub uaeT o Bejau-
YIHAX 3aHUMAIONNX 3HAYUTEIbHYIO MaMATh (HallPpIMep MaCCUBBI 3aITUCel ), TO U3/EP-
JKKH CYIIECTBEHHO BO3PACTAIOT.

OnucanHasg cutyanus obimas 1Jist 00l IporpaMMUCTKOI 00JIaCTH, TIOITOMY JIO-
60ii SI3BIK IPOrPAMMUPOBAHUST IPEAOCTABIISIET CTPYKTYPHI JAHHBIX CO3JIaHIUEM U YHITY-
TOKEHHEM KOTOPBIX MOJKHO YIIPaBJSITh. Takne CTPYKTYPHI JaHHBIX HA3bIBAIOTCS [AITHA-
MudecKuMu. IIpuMep ncnob30BaHusT AMHAMUYECKOTO MACCHBA:

Jucmumne 102

MODULE Example;

IMPORT In, StdLog;

PROCEDURE Calc*;

TYPE
mas=ARRAY 100 OF INTEGER;

VAR
a: POINTER TO mas;
N,k:INTEGER,;

BEGIN

NEW (a);

In.Open;

N:=-1;

WHILE In.Done DO
N:=N+1;
In.Int(a[N]);

END;

FOR k:=0 TO N-1 DO
StdLog.Int(a[k]);

END;

END Calc;

END Example.

Kaxk BUAHO, IJId CO3/laHNA IMHAMNYECKOTO MaCCHBa HeO6XO,ZII/IMI)I JAB€ BEIln: BO-
TIIE€PBLIX, Tpe6YETC§I €ero O6'b$IBI/ITI), KaK " O6I)I‘~IHI)Iﬁ Mmaccus. Oranune or O6I)I‘-IHOI‘0
MaCCHBa B p€3€PpBUPOBaHUU TaMATH. B momenT O6’I)SIB]I€HI/IH ANHAMNYECKOTro MacCu-
Ba I[TIaMATDH HE BbIJIEJIAE€TCA. [[]IH BbI/ZI€JICHUA ITaMATN HeO6XOlII/IMO BBITIOJIHUTD IIPOILE-
nypy NEW.

ITo oxonuanuio pa6OTbI C lIHHaMH‘IeCKOﬁ BEJIMYNHON 3aHUMaEMYy10 el maMsTh MOYKHO
BEPHYTH B cBOOOAHY0 00acTh. [y atoro B KIT HeT criennanbHbIX IPOIEayp, 9Ty pabo-
TY aBTOMAaTHUY€CKU BbIIIOJIHAECT C60pHII/IK Mycopa. OH camMOCTOATEIbHO HAaXO/IUT YyiKe
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HEWCTIONB3YEMYIO TTAMSITh U BO3BPAIIAET €€ B CBOOOIHYI0 0061acTh. [Ijist TOTO, 4T00bBI 06-
PabOTYMK CMOT BBITIOJHUTH CBOIO PabOTy JIOCTATOUHO yKa3aTeJb HA HEUCIOIb3YEeMYIO
ctpykTypy nomeruts 3HauenreM NIL. [Tocsie 5Toro morbiTKa 10CTy11a K JAHHBIM BHI30BET
coobuenne o oubke. st 1eMOHCTPAIMK 3aBEPIIUM IPEAbIAYIIUI IPUMED TaK:

Jucmumne 103

FOR k:=0 TO N-1 DO
StdLog.Int(a[k]);

END;

a:=NIL;

FOR k:=0 TO N-1 DO
StdLog.Int(a[k]);

END;

END Calc;

[TepBblii OnepaTop MUKJIA BBITIOJHUT CBOIO PAbOTY Kak 00BIYHO, @ yKe BTOPOA 3a1iu-
cannbiii mocse a:=NIL; BbizoBeT coob1IeHNE 0 OMNOKE BO BPeMst PaGOThI TIPOTPAMMBI.
Pa3paboTyrK TOIBKO J0JKEH UMETh BBU/LY, 4TO OMIMOKU TAKOTO POJIa He OOHAPYK1UBa-
I0TCsI BO BPEMsT KOMITHJISIIIUH, TO9TOMY MCTIOJb30BaHKE ANHAMUYECKUX CTPYKTYP Tpe-
Oyet GOJIbIIOI BHUMATEIbHOCTH.

KII pasperaer cosuaBath yKazaTeIbHbIE TUIIBI TOJBKO CO CJIOKHBIMU CTPYKTYPaMU
JIAHHBIX: MaccuBaMu U 3anucsiMu. CJieiyionias morbiTKa:

s: POINTER TO INTEGER;

OyzeT BOCIPUHSATA KOMIIMIATOPOM Kak omn6ouHast. Eie ojHa BO3MOKHOCTb OOBSIBUTD
JTMHAMIYECKYIO CTPYKTYPY:

a: POINTER TO ARRAY OF INTEGER,;

B 06bsABIeHNN TAKOrO BH/IA, YKa3aTe/Ib IPUBS3bIBAETCS K OTKPBITOMY MACCHUBY, TO
€CTh MacCHBY 00bSBIEHHOMY 0€3 yKa3aHUs AJUHbL. B 9TOM ciIy4ae BbleIeHne TaMsITH
MTPOU3BOIUTCS CIIEAYIONIUM 00PA30OM:

NEW (a,10); unn NEW(a, N);

[Tporesype new, KpoMe MMEHU YKA3aTeNst COOOIAETCST ¥ PasMepP MAaCCHBa, MO KO-
TopbIil Tpebyercs maMaTb. OTKPBITBIA MACCUB, TakKe KaK U OOBIYHBIN MOJKET OBbITh
MHOTOMEPHBIM.

IIprMep ABYMEPHOrO OTKPHITOIO MaCCUBA:

a: POINTER TO ARRAY OF ARRAY OF INTEGER;

AHAJIOTHYHO MOXKHO OOBSIBUTH MacCHUB Jt060# pasmepHoctu. Ho B 00bsiBIeHUE
MHOTOMEPHBIX, OTKPBITBIX MACCHBOB €CTh CYIIECTBEHHASI 0COOEHHOCTD, BepHeMcst He-
HAJI0JITO K 00buHbIM MaccuBaM. OObsIBIIEHUE BU/IA:

a: ARRAY N1, N2 OF INTEGER;

€CTb cokpallleHHas hopMa cieyIonieil 3arucu:
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a: ARRAY N1 OF ARRAY N2 OF INTEGER;

EcrecTBeHHO 1711 OTKPBITBIX MACCUBOB COKpalieHHast hopMa y:ke HeBO3MOJKHA, He
SICHO KaK MePeYNCINTh Yepe3 3aIsATyI0 HeCyIeCTBYIONIE IJTNHBI.

Dopma 06bSIBIECHNST AUHAMUYECKUX 3ATTACEN TaKas jKe Kak ¥ AMHAMHUYECKUX Mac-
cuBoB. [Ipumep:

rec: POINTER TO RECORD
a:INTEGER;
c:CHAR;
END;

NJIn TaK:

TYPE
record=RECORD
a:INTEGER;
c:CHAR;
END;
VAR
rec: POINTER TO record;

Jlist mocTyma K KOMIOHEHTaM 3aluCH MCIOJb3YETCsl ONepalusi Pa3biIMEHOBAHUSI
«"». Harmpumep: recA.a:=1;

B ocrambrOM mOpsiiok paboTH ¢ yKa3aTeMbHBIMU TUITAMY TaKO¥ JKe KakK 1 ¢ 00bIY-
HBIMHU, TO9TOMY CTIEUATBHBIX TPUMEPOB PACCMATPUBATh He Gy/1eM. BoI 1715 TpeHnpoB-
KU MOJKETE B3STh JII0OBIE 3a/[a91 HAa MACCHBDI, 3aTMCH ¥ TIEPETINCATh UX C HCTTOJIh30Ba-
HUEM yKa3aTeJIbHbIX TUITOB.

CBsi3HbIe CMUCKU

Texunka pabOThI ¢ yKa3aTeJbHBIMU TUIIAMU, KaK yKe ObLIO 3aMEYEHO HE 3aKJIH0YaeT
B cebe OUTH HUYETO HOBOTO, KPOME OJTHOU TIPOIIELyPBI BBIIEISIONIEN TaMsITh U OTlepa-
[ BO3BPATA MAMSITH, KOTOPYIO BIIPOUYEM BBITIOJIHsIET COOPIIUK MycOpa He YIIpaBJisie-
MBIl iporpammuctoM. Ho TeM He MeHee yKa3aTebHBIN TUTT HeceT B cebe TIPUHITUIIN-
aJIbHO HOBYIO BO3MOXHOCTL. PaccMOTpHUM clIeyIonry1o KOHCTPYKLHIO:

TYPE
pointer=POINTER TO record;
record=RECORD
a:INTEGER;
next: pointer;
END;
VAR
uk: pointer;

B cTpyKType 3amucu ecTh JIOOOTBITHBIA KOMIOHEHT NeXt, yKa3bIBaOMUil Ha 3a-
MUCD TOTO K€ TUTIA, KOMIIOHEHTOM KOTOPO# OH SIBJISETCS. DTO O3HAYAET, UTO TUHAMU-
YeCKyIo CTPYKTYPY TUIIA Fecord, MoKHO CBS3aTh ¢ APYroii TAKOM JKe CTPYKTYPOU U 1axkKe
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6oJtee TOTO, MOKHO BBICTPOUTD IIETIOYKY CTPYKTYP TUIa record, Takux 4to kaskiast 0y-
neT HecTH B cebe MHPOPMAIHIO 0 cieayoiieil. Takast ermoYKa Ha3bIBAETCSI CBSISHBIM
crckoM. JIJist mpuMepa TMOCTPOUM TIPOTPaMMy C JABYMS JIEHCTBUSIMU: TIOCTPOEHUE
CBSI3HOTO CITHCKA U TPOXO]T TIO HEMY.

Jlucmumne 104

MODULE Example;

IMPORT In, StdLog;

PROCEDURE Calc*;

TYPE
pointer=POINTER TO record;
record=RECORD

a:INTEGER,;
next: pointer;
END;

VAR
uk,uk1: pointer;
k:INTEGER;

BEGIN

NEW(uk);uk1:=uk;

ukA.a:=1;

k:=2;

WHILE k<=10 DO
NEW(ukA.next);
uk:=ukA.next;
ukA.a:=k;
ki=k+1;

END;

ki=1;

uk:=uk1;

WHILE k<=10 DO
StdLog.Int(ukA.a);
uk:=ukA.next;
ki=k+1;

END;

END Calc;

END Example.

Pas6epem nipoiece pabotsl 1m0 yacTsam. CoszgaHue CBI3HOIO CHUCKA HAYMHAETCSI
¢ BBIfIeJIeHUsT aMaTh st iepBoii samucu: NEW(uk); k komange uk1:=uk Bepremcs
HeMHOTO 1o33ke. [locsie BbIieIeHUsT TTaMsITH TIO/T TIEPBYIO 3a-
MTUCh MOKHO TIPU/IATh 3HAYEHUE KOMIIOHEHTY «a», 4TO U JleJIa-
eTcst 10 uKaa KoMaugoi ukA.a:=1; a=l 11 et

Puc 1.4. OnemeHT CBASHOro Cnncka uk
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KomioHneHnT next samcu okasbiBaeT B HUKY/1a, IlepeMeHHas UK ykasbiBaeT Ha 3a-
nuch. [lanee yupasienue nepegaercs B uuki Ilepsas oneparus NEW(ukA.next);
MPUBOIUT K CO3/TAaHUIO HOBOI 3aITMCU CBSI3aHHOU C TIEPBOM:

a=l nex —m =0 nex

ulk

Puc. 1.5. Co3paHne anemMeHTa CBA3HOro cnucka

3anmmch co3/laHa, ee KOMIIOHEHT d WHUIMAJIU3UPOBAH HyJieM, KOMIOHEHTa heXt
yKa3piBaeT B HUKya. Ciemyionias 3aiada TpUCBOUTH 3HAYCHUE KOMIIOHEHTE d BTOPO
3aMUCH, HO CIIEJIaTh 3TO HEBO3MOKHO, TaK KaK KO BTOPOU 3amucu HeT fgoctyta Uk mo
npekHEMY yKasbiBaeT Ha nepByto. Oneparust uk:=ukA.next; meHster curyanutio:

nex

Puc. 1.6. MNMepexoa no CBA3HOMY CMNCKY

uk ykasbIBaeT Ha BTOPYIO 3aIHCh, TOITOMY CTAHOBUTCSI BO3MOKHBIM ITPUCBOEHIE
ukA.a:=k; 6e3 mpeapIIyIIIETO TPUCBOEHIS, 3TA OTIEPAIHSI M3MEHUIa Obl 3HAYEHUE KOM-
MOHEHTA & TIePBOH 3anucu. A celiyac moJrydaeM CaeyIontyio KapTuHy

a=1 tiext =2 fes

ul

Puc. 1.7. NpucBOEHWE 3HA4YEHNA CNeaylowemMy aNemMeHTy
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W coenyromumii mar 1nukJia NOBTOPSIET BCE YKa3aHHbIE ONIEPAIUU, TOJBKO yiKe B OT-
HOIIIeHWU cjeayotieil 3amcu. [IoBTOpHBIN MPOXO CBSI3HOTO CIUCKA 3aKTI0YACTCI
B IleYaTy KOMIIOHEHTA «ay» TEKYIleil 3amicu U B 1epexojie Ha ciaenymotryio. Ceituac
MOKHO OOBSICHUTH 3a4eM I0CJIE CO3/JaHUs MEePBOM 3alMCH BBIIOJIHAETCS KOMaH/Ia
uk1:=uk. B mporecce cosmanus CBA3HOTO CIMCKA yKa3aTesb UK co3zaeT 3ammcu u yxo-
JIAT BIIEPE/] 110 CBA3ZHOMY CIIUCKY, ECTeCTBEHHO 3a0bIBast ajpeca IPeAbIAYIUX 3al1Ceii.
BepHyThcs 110 CBSIBHOMY CIMCKY HA3a/l HEJIb3sI, TAK KaK 3a1IUCU He TIOMHSIT CBOUX TTPe/I-
HIECTBEHHUKOB. BbIx0/ cireyommii, Heo6X0AMMO B MOMEHT CO3[[aHKs [IEPBOM 3a11cu
CITMCKA 3aTIOMHUTD €€ aJIPec ellle B OJIHOM yKazaTteJie. B HallleM cirydae 3TO yKa3aTesib
uk1. Torza 1mociie Mpoxoa Mo CBA3HOMY CIIMCKY MbI MOKEM BEPHYTBCS K Havyasly, ajl-
pec KOTOPOTo XpaHUTCA B ykazaTese UK 1. DTOT BO3BpaT BLIIIOJIHIETCS HePe IUKI0M
BTOPOTO IIpoxoa npucsoennem: uk:=uk1;

B 7001 1 noceyomux 3ajadax, B UCII0JIb3yEMbIX 3aIIUCAX Oy €T TOJBKO OLHO CO-
JiepsKaTesIbHOE 1I0JIe U OHO JJIS YIPOIeHus Beeraa Oyzer 1esoro tuia. KonedHo xe,
coJiepsKaTesIbHbIX M0JIeil MOJKeT ObITh CKOJIBKO YIOAHO MHOTO. YKasaTeslell Ha 3allich
TOTO JK€ TUIIA MOKET OBbITh TAKIKE Pa3IMUHOE KOJIUYECTBO U OHU MOTYT UCIIOJIb30BATHCS
JIJIST PA3HbBIX I1eJIeid, HAalPUMeEP, MOYKHO CO3/1aTh yKa3aTeJib COJIePKAIUi aJ[pec Ha TIpe-
JIBIIYIIVI 3JIEMEHT CBSI3HOTO CITMCKA, TOT/Ia TOSIBUTCS BO3MOKHOCTD JIBUXKEHUS TI0
CITHCKY B 00€ CTOPOHBI.

Jlasiee, pacCMOTPUM HECKOJILKO TT0JIE3HBIX OTIEPAIUiA HAJl CBSI3HBIMY CITUCKAMU.

3amauya 44. /lano nBa cBasubix cnucka. Hasosem ux A u B. IlogkienTs cBSA3HBINI
crincok B x criiucky A.

Pewenue:

Crucox A 3akaHYMBaeTCsl HEKOTOPOU 3aITUChIO, T10Jie NeXt KOTOPOoii HUKY/Ia He yKa-
3biBaeT. Iyt Toro 4robbl MOAKIENTDh K KOHIY A crucok B gocratouno azpec nepsoit
3anucu B mpucBouTh yIOMSTHYTOMY BBIIIIE MOJIIO, /IJISl YETO:

® YCTaHOBUM HEKUit YKasaTeJib Ha KOHEIT CIITMCKa A (,ZI]IH Yero KOHEYHO CIIICOK A
HEO6XO]_II/IMO HpOﬁTH OT Ha4daJia 10 KOHHa);

® YCTaHOBUM leyFOfI YKa3aTeJib Ha Ha4aJIo CITUCKa B;

® BBIIIOJTHUM OIlepaliiio IIPUCBOEHMUSI.

ﬂOI‘OBOpI/IMCH, I10JI1€ 3allNCH, conepmamﬂﬁ ajipec C]IellyIOIHeﬁ 3allMCH CIITMCKa BCe-
r/1a Ha3bIBaTh hext. 3aMeTum TaKXe, 4YTO Au B, B TEKCTE IIPOI'PaMMbl 9TO UME€HA YKa3a-
Tesen OTBE€YaIOIINX 3a O6HI€HI/I€ CO CIIMCKaMM, MBI K€ 3TN MME€HA HUCIIOJIb3YEM U JIJIS1
0603HaYeHNS CIIMCKOB. JTO leO6HO, HO H€O6XO,ZII/IMO IIOMHUTD, YTO YKa3aTeEJIb HE IIPpU-
BA3BIBACTCA JKECTKO K KOHKPETHOMY CIIMCKY, Ha YTO UMEHHO YKa3bIBA€T KOHKPE‘THI)Iﬁ
YKa3aTeJib B OHpelIeJIeHHbeI MOMEHT BPEMEHHU 3TO BOIIPOC HE NMEH, a JIOTUKHU IIPpOI'paM-
mbl. Het HUuero IIPOTUBO3aKOHHOTI'O B IIPUCBOCHUN YKa3aTeJII0 a/Ipeca JI060M 3allMCH,
mo60ro CIINCKa, ITpN yCJIOBUHN COBITaJICHUA TUIIOB YKa3aTeJIs U 3allCH.

Jucmunz 105

MODULE Example;
IMPORT StdLog;
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PROCEDURE Calc*;

TYPE
pointer=POINTER TO record;
record=RECORD

a:INTEGER;
next: pointer;
END;

VAR
A,B,A1,B1:pointer;
k:INTEGER,;

BEGIN

NEW(A);A1:=A;

NEW(B);B1:=B;

A.a:=1;B.a:=1;

FOR k:=2 TO 10 DO
NEW(A.next);NEW(B.next);
A:=A.next;B:=B.next;
A.a:=k;B.a:=k*k;

END;

B:=B1;

A.next:=B;

A:=AT;

FOR k:=1 TO 20 DO
StdLog.Int(A.a);
A:=A.next;

END;

END Calc;

END Example.

B texcre IIporpaMMbl HE UCITOJIb3YETCs Oll€pallnusd Pa3bIMEHOBaHU A > IS TOCTY -
I1a K KOMITOHeHTaM 3anucu. B MMPpEeAbIAYIINX ITIPUMEPAX OHA UCITOJIb30BAJIACh. ITO 03Ha-
YaeT, 4TO B KII orepanusa pa3dbIMEHOBAHUS MOJKET BBITIOJTHATHCA aBTOMAaTHUYCCKU. ,Z[a-
Jiee, Uil paclli€edaTKn pe3yJbTaTa MCIIOJIb3YETCA TOJBKO OAWH YKa3aTeJlb — A, C €ero
TIOMOIIbIO BBIITOJIHAETCA ITPOXO/1 1 T10 TOM YaCTH, KOTOpasd paHee Obl1a ciuckoM A 1 110
TOM YacTH KOTOpasA paHee Obla crmckoM B. 9to kax pa3 1 MOATBEPIKAAECT, CKa3aHHOE
BbIIII€ O B3BaMMOOTHOIICHUAX CIIMCKOB N yKaSaTe]IefI Ha HUX YKa3bIBalOINX.

3amaua 45. JlaH cBs3HbIN crcok. BeiOpocuTh us Hero ¢ nosummu L, N — sanuceii.

Pewenue:

B coobuiennu o KIT ckasano, 4To 0cBOOOKIEHNEM ITaMSTH OT HEHYKHbBIX AMHAMI-
YEeCKUX TIEPEMEHHBIX 3aHMMAETCs CllellalbHast IporpaMMa — COOPIIMK Mycopa, Bbi-
HOJTHAIOMIAsE CBOIO PaboTy aBTOMaTHYeCKHU, 6e3 BeZioMa IporpaMMucTa. BeJmunHa cuu-
TaeTcsl HEHYKHOI, €CJTU Ha Hee He YKa3bIBaeT HU OJIUH yKa3aTesb. Hampumep, ecim

a: POINTER TO ARRAY OF INTEGER;
T0 a:=NIL;

IIpUBEAET K BI)ICBO60>KZI€HI/IIO ImaMATH.
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C yHUUTOXXEHUEM 3alceil CBA3HOTO CIUCKA CUTYyaIlusg HeMHOro cioxHee. [Ipen-
MOJIOKUM, YTO yKas3aTesJb A B HEKOTOPbII MOMEHT BPEMEHW BUIUT HEKYIO 3aITHCh.
U B 10T MOMeHT BbioHUTC onepanus A:=NIL. 91o 6e3yciioBHO IIpUBEET K IIOTEPE
CBSI3U MEJK/Ly YKa3aTeJIeM U CBSI3HBIM CITUCKOM, HO 3TOTO OY/IET HEOCTATOUHO JIJIST BBIC-
BOOOJK/IEHVSI TAMSITH, TaK KaK TEKYIIast 3aIliCh OYEBUIHO CBsI3aHa C ITPEJIbIYIIEN, a cJie-
JIOBATEJILHO CYIIECTBYET YKa3aTesb TOKA3bIBAIOIINI HA JAHHYTO 3aITUCh.

Ete o150 coobpaskenue. PaccMoTpuM parMeHT (THIT 3aIIUCH, TAKOU KaK U BO BCEX
puMepax)

Jucmumne 106

NEW(A);

A.a:=1;

FOR k:=2 TO 10 DO
NEW(A.next);

A:=A.next;
A.a:=k;
END;

Ykaszaresb A 1o Mepe MMOCTPOEHUS CITUCKA YXOMUT BIiepell. 3alOMHUTD Ke HadaJo
CIUCKA B TOTIOJTHUTETHHOM yKa3aTese TPOrPAMMUCT He YAOCYKUJICA. DTO O3HAUYAET,
4TO TIepBast 3aMMCh OKA3a/Iach HUKOMY He HY;KHOU u Oyer yHuuToReHa. [Tociie ocBo-
60K IEHIS TAMSITH OT IIEPBOI 3AIMCH, HEHYKHOIN OKasKkeTcs yke Bropas u T.1. M ciyc-
TS HEKOTOPOE BPeMS, B TaMATH KOMITBIOTEPA OCTAHETCS TOJBKO OJTHA 3AITUCh, Ta KOTO-
PYIO TIO 3aBEPIEHUIO IIUKJIA BUAUT yKa3aTesb A.

W3 ckazaHHOTO cjenyeT, 4To 751 YHUYTOKEHUS IIeMOYKU CBSI3HOTO CITMCKA, HA/l0
pasopBaTh CIUCOK B Touke L 1 mepekunyTh cBA3b 3a N 3anuceid,

=1 nex =2 next M a=3 nex —W a=d next

Puc .1.8. NepeonpeneneHne ceasn
TaK Kak 3TO MMOKa3aHo Ha pucyHke. Hmxe pparMeHT mporpamMMbl.

Jlucmumne 107

A:=Al; (*rrepexo, Ha HA4YaJ10 CTTUCKA™)
(*rrepexof Ha 3amMcb C HOMepoM L*)
FOR k:=1 TO L-1 DO

A:=A.next
END;
C:=A;
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(*OTtcyueT N 3ammcen™)
FOR k:=1 TO N DO

A:=A.next;
END;
C.next:=A;

B mporpammuom parmenTe HUKaKoMy ykazaTesio He ipucBauBaetcst NIL. 9to u ne
HyskHo. [Tocue Buimonnenust npucBanBanus C:=A; 3anuch ¢ HoMmepoM L+1 okaxercs
«HUYbEI».

3amaua 46. O6pesaTh CBSI3HBIN CIIMCOK C MO3UIMH L.
Pewenue:
A ceituac NIL Heob6xoauM.

Jlucmune 108

A:=Al; (*rrepexom, Ha HA4aJ10 CTTUCKA™)
(*rrepexof Ha 3amMcb C HOMepoM L*)
FOR k:=1 TO L-1 DO

A:=A.next
END;
A.next:=NIL;

3anaua 47. /lano gBa cBsa3HbIX circka A u B. Betasuts cricok B B ciicok A, Haun-
Hag ¢ no3uiuu L.

Pewenue:

BeimorauM careyrorye 1elicTBUS:

1. TIpoiinem no crircky B o mo3urum L, 3armomMuHast ipu 9TOM ajipec IpeInecTBy-
TOIIleH 3aIlIUCH.

2. IlpenrrecTBYIOIIYIO 3aITHCh CBSI)KEM C HAUAJIOM CITHCKa B.

3. Koner criucka B, cBsizkeM ¢ mponoskenneM crimcka A (3amuch L).

CxazanHoe, TpOUJITIOCTPUPOBAaHO Ha puc. 1.9:

Cnucok A

L ] e N e I

Crmicox B

e N O e T O . T O

Puc. 1.9. Bcrtaska cBS3HOro cnmucka
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Jucmumne 109

PROCEDURE Calc*;

TYPE
pointer=POINTER TO record;
record=RECORD

a:INTEGER,;
next: pointer;
END;

VAR
A,B,A1,B1,C:pointer;
k,L:INTEGER;

BEGIN

In.Open;

In.Int(L);

NEW(A);A1:=A;

NEW(B);B1:=B;

A.a:=1;B.a:=1;

FOR k:=2 TO 10 DO
NEW(A.next);NEW(B.next);
A:=A.next;B:=B.next;
A.a:=k;B.a:=k*k;

END;

A:=AT;

FOR k:=1 TO L-1 DO
C:=A;

A:=A.next;

END;

C.next:=B1;

B.next:=A;

A:=AT;

FOR k:=1 TO 20 DO
StdLog.Int(A.a);

A:=A.next;
END;
END Calc;

3anaua 48. CosaTh CBS3HBIN CIECOK C BOSMOKHOCTBIO 00X0/a B IBYX HATIPABJIEHHIX.

Pewenue:

Ob6ecteunTh BO3MOKHOCTD IIPOXO0/a B IBYX HAIIPABJIEHUSIX MOKHO JBYMSI yKas3are-
JISIMHU, OJUH U3 KOTOPBIX, OyeM KaK M Mpexae HasbiBaTh NeXt, CBA3bIBAET TEKYILYIO
3aIMCh ¢ MOCJIeAYIONIe, 1 BTopoil, Gyiem HasbiBaTh ero back, cassbiBaer Tekylyo 3a-
MTUChH C TIPEBIAYIIIEN.

Jucmumne 110

PROCEDURE Calc*;
TYPE
pointer=POINTER TO record;
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record=RECORD
a:INTEGER;
next,back: pointer;
END;
VAR
uk,uk1,uk2: pointer;
k:INTEGER;
BEGIN
NEW(uk);uk1:=uk;
uk.a:=1; k:=2;
WHILE k<=10 DO
NEW(uk.next);

uk2:=uk;
uk:=uk.next;
uk.back:=uk2;
uk.a:=k;
k:=k+1;

END;

k:=1;

WHILE k<=10 DO
StdLog.Int(uk.a);
uk:=uk.back;
k:=k+1;

END;

END Calc;

TpI/I KJITOYE€BbIX KOMaH/IbI:

uk2:=uk;
uk:=uk.next;
uk.back:=uk2;

Kommonent back mossken coxpaHuTh afipec ouepeaHoi 3alucy B HOCTeAYOIIEN.
Anpec ouepeHO# Ha KaXKJIOM Iare IUKJa CO3/[aHKs CITUCKA, HAXOJUTCS B yKazaTeJe
uk. Ho ero ucrionb3oBath HeJib3s1, TAaK KaK [IPH [IEPEX0Ie K CJeAyIolIei 3armuch (To eCTh
TOH B KOTOpPOU TpebyeTcss 3anoHUThH moJe back) on 3abbiBaeT azpec <«TeKyieii»
(B KaBBIUKAX, TAK KaK OHA IIOCJIE IIePeXoia yiKe He OyeT TeKyIiel, OHa CTaHeT MPeIbl-
nyieii, a uk Bcerga mokassiBaeT Ha TeKyIyIo). Il0aTOMY U MCIIOB3yeTCS TaKast CXeMa:
aJipec MpHCBanBaeMblii Ha mocJieayomieM mare mojo back saromunaercst B crenuaib-
HOM yKazareJie Ha TIPEIbIYIIeM Iare.

IT1o ObLIN TI0JIe3HbIE ollepauy Hay ciinckamu. OHU BaM 0043aTeIbHO TOHA 00 T-
cs1, ISl PellleHnsT PeaibHBIX 3a7a4d. A ceiiuac, 1Jisi 3aBepIIeHns UCCIeJOBaHUs CBOICTB
JIMHEHHBIX CBSIZHBIX CIIMCKOB, PACCMOTPHUM OJIHY peajbHyIo 3agauy. IlycTb 910 Oymer
yKe PEIIeHHbI HaMU TTY3BbIPEK, TOJBKO ceifiuac peajn3yeM ero He Ha MacCUBax, a Ha
JIMHEITHOM CBSI3HOM CITHCKE.

Pewenue:

Jloruka nporpaMMbl ocTaneTcs 6e3 BCAKOTO COMHEHMS TOYHO TAKOM 5Ke, UBMEHUTCS
TOJIBKO CTPYKTYpa JaHHbIX. Ha 4T0 9T0 OKaxeT BIUsAHUE pasbepyTe CaMOCTOSTEIbHO:
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Jucmumne 111

PROCEDURE Calc*;

TYPE
pointer=POINTER TO record;
record=RECORD

a:INTEGER,;
next: pointer;

END;

VAR
uk,uk1,uk2: pointer;
a,N,k,j,c:INTEGER;

BEGIN

NEW(uk);uk2:=uk;

In.Open;

(*TTpeamonaraeTca HaaMyMe XoTa 6bl OAHOIO YNCAA BO BXOAHOM TTIOTOKE™)

In.Int(uk.a); N:=1;

REPEAT
In.Int(a);

IF In.Done THEN
NEW(uk.next);
uk:=uk.next;
uk.a:=a;

N:=N+T1;

END;

UNTIL ~In.Done;

FOR k:=1 TO N-1 DO
uk:=uk2;uk1:=uk2.next;
FOR j:=1 TO N-k DO

IF uk.a>uk1.a THEN
c:=uk.a;uk.a:=uk1.a;ukl.a:=c;
END;
uk:=uk.next;uk1:=uk1.next;

END;

END;

uk:=uk2;

REPEAT
StdLog.Int(uk.a);
uk:=uk.next;

UNTIL uk=NIL;

END Calc;

[TukJIBI ¢ yCJIOBUEM 3aBEPIIEHUS MCIIONB3YIOTCS [IJIST TOTO, YTOOBI O HUX HE 3a-
6b1Th. U ritaBHOE, 0OpaTUTE BHUMAHKE HA I[UKJI BHIBO/A. B HEM He UCIIOJIb3YeTCs Tie-
pemernas N — 3HAIOIASA KOJTMYECTBO 3aITUCEN CBSI3HOTO CIUCKA. Y Ka3aTesb UAET IO CITUC-
Ky /IO TeX TIOp 1oka He BctpetuT 3HaueHue NIL, mHave roBops moka He ympeTrcsi B KOHell
CIUCKA. DTO ellle OJJHO HeHOJIBIIIOE TPEUMYITIECTBO Miepel MaccuBamu. HeT skecTKOM Heo6-
XOJIUMOCTHU 3alIOMHHATDH CKOJIBKO OBLJIO CO3/IaHO 3alUCed. DTO MOKHO BBISICHUTD TIPU
JII06OM IIPOXOJIE.
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3agayun asiss CaMOKOHTPOJIS
(BO Bcex 3agaqax npegnosaraercs,
4YTO B CBSI3HOM CNUCKEe 3anucamsl Lesiblie Yucnaa):

Haiit cyMMy 4nCJIOBBIX TT0JIEli CBSI3HOTO CITUCKA.

HaiiTit HanGoMbITNI IEMEHT CBSISHOTO CITHACKA.

Or11pe/iesinTh, CKOJIBKO B CITUCKE PABIUIHBIX THCEJL.

B crincke mmeroTcest, Kak moJiOKUTEIbHbIE, TAK U OTPUIIATEIbHbIE yncia. Passe-

JIUTH UX 110 IBYM PA3JIMYHBIM CBSI3HBIM CITUCKAM.

5. JlaH CBSI3HBII CIIUCOK C IBYCTOPOHHEN cBsA3bI0 (next — suepen, back — wazan).
IMepeonpenenuts ykasarenu cBs3u (next — uwaszan, back — snepen)

6. Co3maTh KOTBIIEBOI CBSA3HBIN CITUCOK (TIOCTIEIHUI 3JIEMEHT CBSI3aH C IEPBHIM)
U OCYIIECTBUTD CIBUT KOJIbIa Ha N mo3utiuii.

7. YnamuTb U3 CIIMCKa BCe HYJIN.

[lano naBa crivicka. BoIsicHUTD, SBISIOTCS JIM OHU PABHOCOCTABJIEHHBIMI.

9. CozpmaTh CHHCOK C JOTOTHUTEIBHBIM YKA3aTEJbHBIM IOJIEM, MTO3BOJISIONIM
JBUTATHCS [0 CITUCKY C IIAToM 2.

10. CospmaTh CIIUCOK € JIOTIOTHUTEIBHBIM yYKA3aTeJbHBIM IOJIEM, TIO3BOJISIONINM

JIBUTATHCS TOJIBKO IO TIOJIOKUTETHHBIM DIEMEHTAM CITHCKA.

al s

oo

AdepeBbs

Bo Bcex mpuMepax BhIIIle, CBSI3HBIE CITUCKU — JUHEIHbIe. B TUHETHOM cricKe y Kaxk-
Jo# 3anmcu (KpoMe TIePBOI) eCTh O/IHA MPEATIECTBYIONAs U eCTh (KpoMe TToCIeHe )
OfiHa TOCIeyToMIast. B ¢BI3HOM crimcke, KOTOPBIN MBI f1ajiee 6yieM Ha3bIBATE IEPEBOM,
y KaXIOH 3alMich OMUH TMPEIIeCTBEHHUK, HO TIOTOMKOB MOYKET OBITh HECKOJBKO.
CMoTpuTE PUCYHOK:

Puc. 1.10. lBonyHoe aepeso
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Ha pucynke ajis ynpolieHus u3o06pakeHo JBOMYHOE JEPEBO, TO €CTh JEPEBO, B KO-
TOPOM Y KaskZ0oro yaja (KpoMe IIOC/Ie[HEero), eCTh POBHO ABa HoToMka. KoHeuHo xe
JBOMYHOE JePEBO He eAMHCTBEHHO BO3MOKHOE. KOJIMYeCTBO y3/I0B IIOTOMKOB MOJKET
OBITH JII00BIM, O0JIEe TOTO, COBEPIIEHHO He 00513aTe/IbHO, YTOOBI KOJIMYECTBO IIOTOMKOB
Y BCEX y3JI0B OBLIO OAMHAKOBBIM.

[l MojieupoBaHus iepeBa HeOOXOAUMO, B 3allUCh 00BbSIBUTD [[Ba yKas3aTess Ha
HOBYIO 3anuch. CBA3HBIN CIIMCOK C JBYMs yKa3aTeJISIMU Mbl YoKe HCII0JIb30BaJIH, CTPOSI
CIIMCOK C BO3MOKHOCTBIO 06PaTHOTO X0/1a, HO cefiuac HEMHOIO Jpyras cuTyarys. Jljs
CIIMCKA — JiepeBa, HeoOXOAUMBI J[Ba YKa3aTe st Ha HOGble 3AlIKCH, B CIICKE ¢ 00OpaTHbIM
XO0JI0M yKaszaTeJsib back ucrosb3oBaics ajist XxpaHeHUs ajipeca ysKe MMeIOLeics 3alicH.

3aMeTHM TaKKe, 4TO 3ajladya IOCTPOEHHUS JepeBa MMeeT SBHO PEKYPCUBHBIH Xapak-
Tep. /leicTBUTEIbHO, KAXKIBIN y3e, 32 UCKII0YEeHNEM TOCAeTHUX TTOPOXKIAeT TBOUY-
Hoe ziepeBo. Ciie1oBaTe/IbHO, IBOMYHOE 1€PEBO MOKHO OIPEIENUTh, KaK Y3eJl, IIOPOK-
JIAIONINIL 1Ba JBOMYHBIX J€PeBa, KasKI0€e U3 KOTOPIX TaKKe HAUMHAETCS ¢ HEKOTOPOTO
y3J1a, KOTOPBIH ..... 1 T.1I.

CuieroBaTesibHO, IIPOrPaMMy MOKHO IIOCTPOMTH, KaK PEKYPCUBHYIO IIPOLELYPY,
JIeATeJIbHOCTh KOTOPOI CBOAMTCS K IOJIYYEHUIO aJipeca 3allUCh — y3Jia CO3JaHHOrO
paHee U JIByM BbI30BaM ce0s1 JKe JIJIs CO3aHMs JIEBOM BETKU ¥ [IPaBOiil. A BOT KaK 3TO
BBITJISIJIAT.

Jucmumne 112

MODULE Example

IMPORT In, StdLog;

TYPE
pointer=POINTER TO record;
record=RECORD

a:INTEGER,;
left,right: pointer;
END;

PROCEDURE Tree(tree:pointer;n:INTEGER);

BEGIN

tree.a:=n;

IF n<4 THEN
NEW(tree.left);Tree(tree.left,n+1);
NEW(tree.right);Tree(tree.right,n+1);

END;

END Tree;

PROCEDURE View(tree:pointer;n:INTEGER);

BEGIN

StdLog.Int(tree.a);

IF n<4 THEN
View(tree.left,n+1);
View(tree.right,n+1);
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END;

END View;
PROCEDURE Main*;
VAR
tree:pointer;
BEGIN
NEW(tree);
Tree(tree,1);
View(tree,1);
END Main;
END Example.

B mporenype Main mer ykaszartesist 3alfOMUHAIONIETO HAYAIO CITHCKA, TIEPE]] 3AITyC-
KOM TIpOIe/lypbl Tree coszaioiieil cnucok. Bo Bcex 3ajauax pacCMOTPEHHBIX patee,
9TOT OTIEPATOP TPUCYTCTBOBAI. 3/I€Ch OH TOXKE TPUCYTCTBYET, HO HESIBHBIM 00PA30M.
B momenT BbI3oBa mporieypsl Tree(tree, 1), cozmaercst Komusi ykazaresisi tree u uMe-
HO ¢ Hell Mpo/oJkaeTcs paboTa o CO3/IaHuo IepeBa. Y Ka3aTesb ke tree 00bsBIeHHbII
B Main, ocraercsi Ha MecTe U TIPOJIOJIKAET YKa3bIBATh Ha KOPEHb jiepeBa. Vimento 1o-
5TOMY, MPH BBI30BE MPOIEAYPHl VieW, MOKHO BOCIIOIb30BATHCS TEM Ke yKa3areieM
tree. IIpu BoizoBe View c tree omsath OyzeT CHsITa KoK 1 epegata B View, ykasaTeb
tree u B 3TOT pa3 OCTAHETCs] HA MeCTe, YKa3biBasl Ha KOPeHb JiepeBa.

3anmauva 49. B 1BouuHOM /iepeBe TIOMEHSITh MECTAMHU BCE JIEBbIE U TIPaBble TTOJI/Ie-
PEBBSI.

Pewenue:

YcaoBue HeoOXOAMMO TIOSICHUTh PUCYHKOM. IIyCTh 1aHO Takoe AepeBo:

Puc. 1.11. MicxooHoe aepeso
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JlepeBo pe3ybTaT, TOJKHO BBITJSIETD TaK

Puc 1.12. lepeBo peaynbrar

[annas 3azaya 1eMOHCTPUPYET ellle 0/HO BaKHOE IIPENMYIIECTBO CIIMCKOB IIepPej]
MaccuBaMHU. J{peBoBUIHBIE CTPYKTYPBI MOXKHO IIPECTABIIATD B BUE MACCUBOB, HO /I
3TOTO HEOGXOAMMO CO3/[aBaTh UCKYCCTBEHHBIE KOHCTPYKIIUU MaJIO TIOXOKUE Ha Jiepe-
Bbd. IlocpesicTBOM CBSIBHBIX CIIMCKOB MOXKHO MOJIEJIMPOBATDb JlepeBbs HENOCpe/l-
CTBEHHO.

BTopoe mpenMyIiecTBo 3aKII0YAETCS B OYEHB MPOCTOH Tpotieaype mpeobpasoBa-
HUs nepeBbeB. Hampumep, B Harell 3aaue He0OXOUMO TPOCTO TTOMEHITh MECTaAMU
JieBble U IIpaBble BETBU. A 9TO BCEro JIUIIb TPU KOMaH/bI IpucBanBanus. Kak nome-
HATD /1B 3HAUYCHUS MeCTaMU, MOKHO IIOCMOTPETH B 3a/laye COPTUPOBKU MaccHUBa IIy-
3BIPbKOM.

Her HeoOX0ANMOCTY TPUBOIUTE BECH TEKCT PEIIEHMUsT, OH B 3HAUNTETHHOMN CTETTeHN
COBTIAZIET C MPEIBIAYIINM. B mporteype cos3aaioniell Crcok H3MeHIM CIToco6 3amosrHe-
HUST YUCIOBOTO TOJIsL. JI7ist yio6CTBa KOHTPOJIST PE3yIbTara, TOMe3HO BCe 3HAYCHMST
B y3JIaX JiepeBa MMETh PA3TMYHBIE, LIS YETO CO3MM TI00TBHYIO TIEPEMEHHYIO SUM,
HHUIHATU3UPYEM €€ HYJIeM U TIPY 3aTI0JTHEHUH 0U€ePeTHOTO y3a, 6yeM SUm yBeu-
YuBaTh Ha efuHUIly. BoT Tak:

tree.a:=sum;
sum:=sum+1;

Hemtoro usmenunTces npoueaypa Main. [l eseii sagaum, 1epeBo HeoGX0AMMO pac-
[eYaTbiBaTh ABAXKAbI, 40 00paboTKU U mocie. U MmosBiseTcss BhI30B JOIOJIHUTEIBHON
mpouenypbl Change co6CTBEHHO M BBITIOJIHAIONIEH IIOCTaBJIEHHYIO 3a4a4y, 10 0OMEHY
BeTBell.
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Jucmumne 113

PROCEDURE Main*;
VAR

tree:pointer;
BEGIN
NEW(tree);
sum:=0;
Tree(tree,1);
View(tree,1);
Change(tree,1);
StdLog.Ln;
View(tree,1);
END Main;

U Hakowrer| riaBHas mporeaypa Change, mosyuaroriast Ha BXOJ OYePeIHON y3et, Me-
HSIOIasi MECTAMM €TO BETBU U BBI3BIBAIOIIAS JIBE CBOU KOIIWH, JIJIsl CJAEAYIONIUX Y3JI0B.

Jlucmumne 114

PROCEDURE Change(tree:pointer;n:INTEGER);

VAR
c.pointer;

BEGIN

IF n<4 THEN
c:=tree.left;
tree.left:=tree.right;
tree.right:=c;
Change(tree.left,n+1);
Change(tree.right,n+1);

END;

END Change;

3anava 50. /[Bouumoe jepeBO 3aMOJHEHO, KaK MOJOKATENbHBIME, TAK U OTPHIIA-
TeJTBbHBIMY YNCTaMU. Y AAJUTh BCE Y3JIBI (BMECTE C UX TOAIEPEBBSIMU ), COMEPIKAIITIE
OTpHIIATEThHBIE YNCIIA.

Pewenue:

ITO TOT, CIydYail, KOTJa B iepeBe — Pe3yabTaTe OT HEKOTOPBIX Y3JI0B MOKET BBIXO-
IUTH MeHee YeM JIBe BeTBU. BoJjiee TOTO, TIIyOGHHA TAKOTO /ePeBa PE3yIbTaTa MOKET
OBITH Pa3MUYHON U GoJIee TOTO, IEPEBO MOKET OBITH TYCTHIM, €CJIH B KOPHE OKaKeTCsT
otpuiareixbHoe uncio. [Iporenypa co3nanus nepesa cepbe3HO He U3MEHUTCS, €IIIH-
CTBEHHO 3AITOJTHSITE €r0 Gy/IeM YHCIaMU U3 BXOTHOTO TOTOKA.

CyTiiecTBeHHO U3MEHUTCS TIPOIleaypa mpocMoTpa aepesa. /o 06paboTku nepeBo
MO’KHO KOHEUHO MTPOCMOTPETH yrKe MOJyuYeHHOH paHee mpolenypoii View, Ho mocye
06paboTku View yike He CMOKET BBIMTOJHUTH CBOIO PabOTY, Tak KaK M3MEHUTCST KOJIH-
YeCTBO Y3JIOB, BETBEH M3 HUX BBIXOAAMUX. [y MomepHU3aniy View BCIIOMHIIM, YTO
yKaszaTesb B HUKyaa ecTh NIL.
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PROCEDURE Main;
VAR
tree:pointer;
BEGIN
In.Open;
NEW(tree);
Tree(tree,1);
View(tree);
Work(tree);
StdLog.Ln;
View(tree);
END Main;

[Tpornenypa Main mpakruuecku He mamenuach. Mecro mpouenaypst Change 3ans-
na nporexypa Work.

Jucmumne 116

PROCEDURE View(tree:pointer);

BEGIN

StdLog.Int(tree.a);

IF tree.left#NIL THEN
View(tree.left);

END;

IF tree.right#NIL THEN
View(tree.right);

END;

END View;

[Iporienypa View usmenniach cymecrserno. Ceitgac myTh BruyOb epeBa mpojoJ-
JKAETCsI TOJIBKO B TOM CJIyYae, eCJIH 9TO BOBMOXKHO, TO €CTh COOTBETCTBYIOIUH yKa3a-
Tesb He paBen NIL.

Jucmumne 117

PROCEDURE Tree(tree:pointer;n:INTEGER);

BEGIN

In.Int(tree.a);

IF n<4 THEN
NEW(tree.left);Tree(tree.left,n+1);
NEW(tree.right);Tree(tree.right,n+1);

END;

END Tree;

Wsmenenne B Tree KacaroTcst TOTbKO BBO/la, BBO/] UM CEJI OCYIIECTBJIAECTCA N3 BHEII-
HEro IIoToKa.
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PROCEDURE Work(tree:pointer);
VAR
c:pointer;
BEGIN
IF tree.left#NIL THEN
c:=tree.left;
IF c.a<0 THEN
tree.left:=NIL;
ELSE
Work(tree.left);
END;
END;
IF tree.right#NIL THEN
c:=tree.right;
IF c.a<0 THEN
tree.right:=NIL;
ELSE
Work(tree.right);
END;
END;
END Work;

Work — nporenypa Boinoiasiornias paboTy Tpebyemyio 1o ycaosuio. Kak oHa ato
Jenaer?

® Ha BXO/I TIPOIle/lypa OJIyJIaeT HeOTPUIIATETbHBIH y3e. [/ yIpoleH st 10ToBo-
pPHUMCS, YTO TIEPBBIH y3€J COAEPKUT HEOTPUIIATeTbHOE YHCI0 (TIepBOe YHCJIO
B TIOTOKeE);
3aTeM MpoIeypa MpocMaTpuBaeT Ha miar Brepes Betku left u right;
ecJIv Kakast Tn60 BEeTKa MPUBOAUT K Y3JIy C OTPUIATETLHBIM 3HAUCHUEM, OHa 00-
pesaercs 3naverurem NIL.

3agaua 51. Co3zxath epeBO ¢ BO3MOKHOCTHIO BO3BPATa OT IIOTOMKA K ITPE/IKY.

Pewenue:

DakTuyecku peub UAET O JOTOJHUTEILHOM yKa3aTese B 3allCH, MOTYIIUM Xpa-
HUTD aJIpec MPeJIKa, TO €CTh y3J1a OT KOTOPOTO MepelaH MPoIlece co3anus nepesa. Mu-
Tepecyiolnasi Hac CTPYKTYPa MOKET BBITJISIETh HAPUMED TaK:

TYPE
pointer=POINTER TO record;
record=RECORD
a:INTEGER;
left,right,back: pointer;
END;

ITomnocTbio IporpamMmy, Ipu sKeJIaHUM MOXKeTe HallcaTh caMOCTOSATeNbHO. Mbl
371eCb OrpaHUYMMCS OZIHOH [TPOlIe/lypoil co3dzaolieil 1epeso.
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PROCEDURE Tree(tree:pointer;n:INTEGER);
VAR

uk:pointer;

BEGIN
In.Int(tree.a);
IF n<4 THEN

NEW(tree.left);
uk:=tree.left;
uk.back:=tree;
Tree(tree.left,n+1);
NEW(tree.right);
uk:=tree.right;
uk.back:=tree;
Tree(tree.right,n+1);

END;
END Tree;

[Tocsie co3manus o4epesHOTO y3Ja, TPOIeypa MOCPEACTBOM MOTIOTHUTEIHHOTO
yKasaTeJisl Ha BPEMSI TIEPEXOIUT K 9TOMY Y3JIy U 3amuchiBaetr B ero mose back axpec
y3Jia TEKYIIETO 1 yKe 3aTeM BBI3BIBAETCS HOBAsk KON tree.

3agayu ons caMOKOHTPOIS

(Bce y3/1bI fepeBa 3arnoJIHIIOTCS LeJibIMU YUCJs1aMu,
BCe UCIMoJib3yeMble AepeBbs 4BONYHbIE,

€CJiIn He OroBOpPEeHoO NHoe)

1.
2.
3.

Bobramcauth cyMMy Ymnces 3allCaHHbBIX B y3JIaX JBOMYHOTO /lepeBa.

Haiitu HanGoJibliee 41CI0 Ha JePeEBE.

JlepeBo TIOCTPOEHO CIIEAYIONIM 00Pa3OM:

e 3HavyeHWS /I Y3JI0B UNTAIOTCS U3 BXOHOTO MMOTOKA

® VY3eJs ¢ YeTHBIM, TTOJIOKUTETbHBIM 3HaUeHNEeM TTOPOsK/IaeT /Be BEeTBU

® VY3es c HeYeTHBIM, TTOJIOKUTEIbHBIM 3HaUeHNEM TTOPOsK/IaeT OJTHY BETBb

® VY3es c oTpUIlATeIbHBIM 3HAaUEHUEM SIBJISIETCS TYTTUKOM.

TpebGyeTcst BEIYMCIUTD MAaKCUMAJIbHYIO TIyOUHY iepeBa. Boraucasath riayOouny
JlepeBa B ITpoIlecce ero MOCTPOeH!sI 3arpeniaeTcsl.

Ha nepese ecTb HEKOTOpOe KOJIMYECTBO HyJel. Berancantb caMblii KOPOTKUI
MyTh K HYJIEBOMY 3HAUYEHUIO.

Haiit myTh ¢ HauboJbITUM BecoM. BecoM HAa30BEM CyMMY UHCEN BJOJb MYyTH.
B xauecTBe oTBeTa I0CTaTOUHO BBIBECTH 3HAUEHNE BeCa.

BoINOTHUTS 0OMEH YHCJIOBBIMU 3HAYEHUSIMU MEKTY coceHuMu y3aamu. Cocen-
HUE Y3JIbI — 3TO Y3JIbl, UMEIOIHe OOIIEro MPeIKa.

B nepee Bce y3Jbl, KpoMe TYNUKOBBIX, 3alI0JHEHBI HYJIsIMU. TyNHUKOBbIE
Y3JIbI 3aTIOJIHEHBI TOJIOKUTEIBHBIMU YU CJIaMU. aMIOJHUTD BCE JIEPEBO YUCTIAMU,
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UCHOJIb3YsI CJAEAYIONIEe TPABUJIO: KAyKbII y3€JI MoIydaeT HauOoJIbliee 3Haue-
HUE OT CBOMX ITOTOMKOB.

8. /lepeBo 3amOJIHEHO TIEJIBIMH, KaK MOJOKUTEIbHBIMU, TAK U OTPUIATEITHHBIMU
yucaamMu. Haiitu noziepeBo ¢ MakcuMaIbHBIM BecoM. Becom HazoBeM CyMMy
3HAUEHUI y3JI0B Mo/iiepeBa. B kauecTBe 0TBeTa JOCTATOYHO HATIEYaTaTh 3HAUE-
HUe Beca.

9. [lano Hekortopoe uuciio L. I[TIocTpouThb nepeBo UCIOb3ys CIEeLYONIYI0 YUCI0-
BYIO (DyHKITHIO:

e F(1)=1; ysen coorBeTcTBYOMUI aprymeHTy 1 ecTh y3es TYHMUKOBBIH, €T0
yucaoBoe 3HaueHue 1.

e F(2N)=F(N); uuciosoe 3Hauenue y3ia paBHo 2N, y3es IOPOKIAET TOJBKO
OJIMH y3eJ B KOTOPbIH oTipaBisieTcst apryMeHT N.

e F(2N + 1)=F(N + 1) + F(N); uucnoBoe 3nauyenue ysna paHo 2N+1,
y3€JI TOPOKIAET JBA y3JIa, B OJIUH U3 KOTOPBIX OTIpaBJsieTcss apryMeHT N+1
u B ipyroit aprymeHT N.

¢ B riaBe 0 peKypcuu, Mbl yKe paccMaTpuBaiu aTy (ynkimio. Ceiiuac ke 3a-
JIaya COCTOUT B TOM, YTOOBI 3AIIOJHUTH HEKOTOPOE JIEPEBO TPOMEKYTOUHBIMHU
3HaueHUAMU 3To (pyHKIMU. B KopHe nepeBa yucio L. B TynukoBbIx y3max
€IUHUTIBL.

10. Cosnatb f1epeBo, y3Jibl KOTOPOTO XPAHST HE OJ[HO YUCJIOBOE 3HAUEHUE, A JTNHEN -
HBI CBA3HBIN CITUCOK. Bee cBSI3HbIE CTUCKU MOTYT UMETDH Pa3HyIo JIINHY. 3a-
MOJTHAIOTCS CHUCKY U3 BXOJHOTO TIOTOKA TIOJIOKUATEbHBIMU ynciamMu. Hosb Bo
BXOJ[HOM TIOTOKE MPeICTaBIIsieT cOO0U KOMaH/y 3aBepiieHust (hopMUPOBAHUS
0Y€ePEIHOTO IMHEWHOTO CBI3HOTO CITHCKA.

dannsl

Peup B TJ1aBe TOIET O Tak HasbiBaeMbIX (hailnax gaHHbIX. COOCTBEHHO 3TO yiKe He
cpenctBo si3bika. Maiiyibl, Kak 1 BeCh HAOOP CPENCTB BBOJA — BBIBOJIA MIPEICTABIISIOT
co00ii JIOTIOTHUTENHBIE BO3MOKHOCTH TTOCTaBsieMble MoayJisiMu cpefbl BlackBox.
Ho (aiiibl faHHBIX CYIIHOCTH HACTOJBKO BasKHAsL, UYTO 000HTH MX B HE(DOPMATHHOM
BBEJICHUU ITPOCTO HEJb34I.

B npumepe Hmske nBe mporeaypbl. OHA U3 HUX 3aITUCHIBAET TIeJIble Yrcya B (haiiir.
Bropas BoimosiHsteT 06parHyo paboTy — dnuTaeT 3amucaHubie drcaa. Onepanun mpo-
CThI€e, HO JIJIST UX BBITIOJTHEH ST HEOOXOIUMBI HEKOTOPbIE OTIOJTHUTENbHBIE IEHCTBUS:

OTIPEIETNTD MATIKY B KOTOPOU HAXOUTCS WU Oy/IeT cO3/1aH (Hailyl JaHHbIX;
MPUBS3aTh TIepeMEHHYI0 (haiiJIoBOTO TUTIA K COOTBETCTBYIOIIEMY MeTOy (uTe-
HUS UJIM 3aTIUCH);

® JJIsT 3ATUCH 3aPETUCTPUPOBATH (Al (TIocse 3TOTO OH OYAET PearbHO CO3/aH Ha
MarHMTHOM HOCHTeJIe B OTIPe/IeJIEHHOH Tarke).



dartAbl 115

Jucmumne 120

MODULE Example;

IMPORT Files,Stores, StdLog;

PROCEDURE Do*;

VAR
f: Files.File;
wr: Stores.Writer;
loc: Files.Locator;
res: INTEGER,;
X,a:INTEGER,;

BEGIN

(*Ompegennm marky*)

loc := Files.dir.This("");

loc := loc.This("Files.dat");

(*YBa3ka ¢annoBon TTepeMeHHON™)

(*NEW - HoBas™)

f := Files.dir.New(loc, FALSE);

wr.ConnectTo(f);

(*Omepaumsa 3ammcu®)

FOR a:=1 TO 10 DO
X:=a*a;
wr.Writelnt(x);

END;

(*Pernctpauus dpanna*)

f.Register("file", "dat", TRUE, res);

END Do;

PROCEDURE Do1%;

VAR
f: Files.File;
rd:Stores.Reader;
loc: Files.Locator;
res: INTEGER,;
X,a:INTEGER,;

BEGIN

loc := Files.dir.This("");

loc := loc.This("Files.dat");

(*Old - cywecTBytoL,an®)

f := Files.dir.Old(loc, "file.dat", Files.shared );

rd.ConnectTo(f);

FOR a:=1 TO 10 DO
rd.Readlnt(x);
StdLog.Int(x);

END;

END Dol;

END Example.
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3anaua 52. 113 BXOIHOTO II0TOKA BBOAMUTCS I10CJIEL0BATENBHOCTD YMCeJI. 3allucaTh
B (haiisl TOJIBKO TIOJIOKUTEIbHBIE, 3aTEM B IPYTON MPOIEAYyPe MPOUYUTAThH U BHIBECTU HA
IeyaTh.

Pewenue:

3ajiaua HECKOJIBKO OTJIMYAETCS OT TIPEJBIAYIIEN TEM, YTO BTOPast IPOIe/lypa He 3Ha-
eT CKOJIbKO Yrcell B (hailjie, a 9T0 03HAYAET, YTO YUTATh HAJIO 10 TEX II0P, IIoKa He Oyuer
CUUTAHO BCE, UTO 3aITMCaHO. 3anuch B (haiil MOJKHO BBITIOJIHUTD, TAK K€ KaK U B IIPEJIbI-
JIyIIEM TIPUMEPE, [I0ITOMY U3MEHUM TOJILKO TIPOIIELyPY BbIBOA:

Jlucmumne 121

PROCEDURE Do17%;
VAR
f: Files.File;
rd:Stores.Reader;
loc: Files.Locator;

res: INTEGER;
X,a:INTEGER,;
BEGIN

loc := Files.dir.This("");

loc := loc.This("Files.dat");

(*Old - cywecTBytoLan®)

f := Files.dir.Old(loc, "file.dat", Files.shared );

rd.ConnectTo(f);

rd.Readlnt(x);

WHILE ~rd.rider.eof DO
StdLog.Int(x);
rd.Readlnt(x);

END;

END DoT;

BbIBO[[ OTJIMYAETCA TOJBKO CICAYIONUM ITUKJJIOM:

BbITTONIHAEM TTEPBYIO OTIEPALLNI0 YTEHUS
rd.Readlnt(x);
TToka omepaLum YTeHUS YCTTeLLIHbI BbITTONHATh
WHILE ~rd.rider.eof DO
TMeyaTaTb pe3ynbTaT OT TIpeAblAyLLEN OTTepaLUn YTeHUS
StdLog.Int(x);
BbITTOIHUTL HOBYIO OTTepaLLUio YTeHUA
rd.Readlnt(x);
END;

Tak Kak JeTanbHOE U3ydeHUe MOyJiell mocrabisembix ¢ BlackBox, B Tom umciie
u monyJisi Files we siBistercst iesibto HepOPMaJIbHOTO BBEICHUSI, TO Ha 9TOM U3JIOKEHUE
MEPBOIT YACTU MOKHO CIMTATH 3aKOHYCHHBIM.
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BeBepeHue

[Tpucrymarh K M3y4eHUIO TaHHOI TIaBbI He PEKOMEHYeTCsT 6e3 TPopaboTKH MepBOii.
Ecau sxe maTepran HedopMaIbHOTO BBeIeHHE BaMU YCBOEH, TO BUAMMO A3bIK KIT BbI
MOHKUMaeTe HEeIlJIOXO0 U BCE YTO HY>KHO 9TO JIONOJHUTD Ballll 3HAHUA 3bIKA U HEMHOT'O MX
CHCTEeMAaTH3UPOBaTh. ViealbHO crucTeMaTH3upoBaHa HHMOPMAIIUS O sI3bIKe B cO00IIIe-
Hun 0 st3b1ke. COOBIIEH e SIBJISIETCS COCTABHOMN YaCThIO IOKYMEHTAIINH MTPUIATAIONIEHCsT
K cpejie MTPOrpaMMHUPOBAHUS 1 PUHITUITHAIBHO €T0 BIIoJHe foctatouro. Ho coobimenne
0 SI3BIKE — 9TO OUeHb (hOPMATM30BAHHBIH TEKCT YMTATh KOTOPBIHT H€3 CIIEIMATBHBIX HABBI-
KOB JIOCTaTOYHO 3aTPyAHUTENbHO. [loaTOMY BTOpad riaBa 110 CBOEMY CO/lepsKaHUIO
u opme mpecTaBisieT coboil pasBepHyTOE coobIeHue o s3bike. OnpeiesIeHus 3bIKa
naHbl cpefctBamu opmanusMa bakyca-Haypa 1 umeror fonosHuTes bHble MOSICHEHNS,
MaHO HECKOJILKO GOJTBITE TPUMEPOB, YEM HTO ECTh B COOBIIEHUH. VIMEeTCsT IOTIOTHUTEb-
Has nHdopMalys, I03BOJIA0NIAd JyYllle TOHATh KOHCTPYKIIUU SA3BbIKA U €0 UIEHHYIO
OCHOBY. B OCHOBHOM CTPyKTypa cOOOIIEHUsT COXPAaHEHa, HO €CTh HEKOTOPbIE OTCTYTIIE-
HYIsT, KOTOPBIE ITO MHEHHIO aBTOPA MOMOTYT JIy4Iiie pa3oOpaThes B TekcTe. [1aBa He MeeT
HUKaKUX BOIIPOCOB [IJIS1 CAMOIIPOBEPKH U 3a/1a4 /IS TPaKTUKyMa. JTOH 11eJIH ITOCBsIeHa
TPETHSI TJIaBa — MEJHUKOM MPECTABIISIONAS COO0 TPAKTHKYM TI0 TIPOTPAMMUPOBAHUIO.

O6Lwume Bonpocskl

I'maBHast mpobiemMa 0OIIEH ST MEXKTY YETOBEKOM U KOMITHIOTEPOM 9TO OTPOMHBIH CMBIC-
JIOBOH pa3pbIB MEK/Ly eCTECTBEHHBIM SI3IKOM UeJIOBEKa U I3bIKOM MalIHbL. BoT Heko-
TOPBIE U3 PA3INYNN:

® B €CTECTBEHHOM SI3bIKe OTPOMHBIN HAOOD TOHATHI, KOMIBIOTEDP HCIIOJIb3YET
KpaiiHe OTPAaHWYEHHBIN U JIaKe CKY/THBIN TIOHITUITHBIN arapar;

® eCTECTBEHHBIH SI3BIK OTPAXKaeT 11eJI0e MHOKECTBO MBICIUTEIbHBIX HHCTPYMEH-
TOB MCIIOJb3YEMbIX YEJOBEYECKUM UHTEIEKTOM. UemoBek, MokeT 06001aTh,
abcTparnpoBath U T.A1. ¥ T.1. KoMmbioTep criocobeH ToMbKO K BOCITPOU3BEAECHUIO
AJITOPUTMOB;

® YeJIOBEYECKHUE TTOHSITUS MHOTO3HAYHBI, X KOHKPETHOE HAITOJTHEHIE 3aBUCHUT OT
Pa3INYHBIX KOHTEKCTOB, OT KYJbTYPHI 1 CTETIEHN PAa3BUTHSI KOHKPETHOTO YeJo-
BeKa. MaIyHHbIe TIOHATUS OJHO3HAYHBI U TIPAKTUYECKH HE M3MEHSIOTCS TIpU
nepexo/ie OT MAIIMHEI K MaImyHe. Hesrb3st ckasaTh, YTO COBCEM He MEHSIOTCSI, HO
3TU UBMEHEHVISI HE CTOTh 3HAUNTEThHBI.

MoskHO NIpUBECTHU U [IPYTUE€ Pa3jandnsd, HO /JaK€ CKa3aHHOI'O JOCTAaTOYHO, YTOOBI
TOHATD, MEXK/1y YEJIOBEYECKUM N3JIOKEHUEM DEIICHU A 3a/[la91 U MallIMHHO-TTPUTOHBIM
HaXOAUTCS OTpOMHas ITPOITACTb. C OlIHOﬁ CTOPOHDBI aJITOPUTM, 3alMCaHHbIN Ha ecTe-
CTBEHHOM $3bIKE€E HEBO3MOJKHO ITOJIBEPTHYTH KOMITMJIATITNN (HepeBozly B MaIlMHHBIN
KO,ZI), C ].IpyI‘Oﬁ CTOPOHDBI aJITOPUTM, 3alMCaHHBIN Ha SI3bIKE€ MaITMHHBIX KOJ/IOB O4Y€Hb
TPYA€H JIsI HOHUMaHU .

BI)IXO,ZI 13 MOJIOKEHUS OBbLI HaTiJleH B BH/I€ AA3bIKa ITOCPEHNKA. Taxoii 13bIK OoIirpa-
eTcs Ha HeGOoJIbIIOe KOJIMYEeCTBO 63.30BI>IX, CTPOTro OoIIpeAeJIEHHbBIX MTOHSTHI (OlIHOSHa’-IHO
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MMOHUMAEMBIX ), CMBICJI KOTOPBIX JIOCTATOYHO OJIM30K K MOHSITHITHOMY aIlapary Wc-
MOJIb3YEMOMY Y€JIOBEKOM. TaKue sI3bIKU ObLIU HA3BAHBI SI3BIKAMHU BBICOKOTO YPOBHSL.

C nosiBIeHNEM S3BIKOB BBICOKOTO YPOBHS IIPOTPAMMUPOBAHUE, KaK BUJ €SI TCIBHO-
CTH HE TOJIBKO CTAJIO BO3MOKHBIM JIJist O0JIBIIIOTO KOJIMYECTBA CIEIHAIUCTOB, paboTato-
WX B PA3HBIX MIPUKJIAJHBIX 00JIACTSIX, HO M JAJI0 OOJIbIINE TPEUMYIIECTBA [JIsT TIPO-
(eccroHaTbHBIX TPOrPAaMMUCTOB. BIIpoueM, MOXKHO CKa3aTh, UTO C TMOSIBJIECHUEM YyiKe
MEPBBIX SA3BIKOB TEPMUH «MPOGHECCUOHAIBHBIN TPOTPAMMHUCT» CTAT B 3HAYNTEIHHON
CTEIIeHU PAa3MbIBATbCA.

O 60pbb6E c owmnbkamu

SI3BIK BBICOKOTO YPOBHS HE CMOTPSI Ha BBICOKH YPOBEHD CTPOTOCTHU HE MOHSATEH KOM-
MBIOTEPY U HYKIAETCSI B TIEPEBOJIE HA MAITUHHBII S3BIK. DTO B CBOIO OYepelb CO3/AeT
HEOOXOIUMOCTD PazpabOTKY CIIENMATBHBIX TPOTPAMM — TPAHCJSATOPOB 00ECIIEUNBAO-
IIUX BO3MOKHOCTD TAKOTO TIEPEBOJIA.

[MosiBieHME SI3BIKOB BBICOKOTO YPOBHSI U MIX TPAHCJSITOPOB BBI3BAJIO K KU3HU BaK-
HBIN BOMTPOC — KaK HOPOTHCS € OMMTUOKaMU TIPOrpaMMuUcTa. BOpoc aTOT KOHEYHO CTOSLI
BCET/Ia, HO B 90Xy MPOTPAMMUPOBAHNS B MAIlTMHHBIX KOJAX, OTBET HA HETO JABAJICS
ABTOMATUYECKU: BCE UTO JIeJIaeT MPOrpaMMa JIEKUT Ha COBECTH mporpammucTa. I1osiB-
JIEHUE TPAHCJISITOPOB OTBET HA 3TOT BOTIPOC YCJIOKHIIO. TPAHCIISITOP, KOHEUHO He yua-
CTBYET B pazpaboTKe aJropuTMa, HO (haKTUYECKH YUACTBYET B HATMCAHUN TPOTPAMMBIL,
OH 3aHMMAaETCsT ee MEPEBOJIOM, M B MPOIlECCE MEPEBOJIA BBHITIOJHSIET aHAJIU3 TEKCTa,
a3HAYUT MOKET OOHAPYKIBATH KaKue-TO OIuOKY. BpeMst 3aTpaumBaeMoe mporpaMMu-
cTOM Ha 60pbOY € OMHUOKAMU COTIOCTABUMO CO BPEMEHEM Pa3pabOTKU MPOTPAMMEI,
a3a4aCTyto U IPEBBIIIAET €T0, TOITOMY BO3MOKHOCTH ABTOMATH3AIINHU TTOUCKA OITUGOK
6€e3yCJI0BHO OYEHb BasKHa.

U BOT 3/16Ch OKA3aJ10Ch, YTO JIJISI MUHUMH3AIIUU ONITHOOK, aJEKO He BCe PABHO, KakK
yCTpOeH si3biK. UeM GOJIbIIe TPEOCTABIISIET SI3BIK BO3MOKHOCTEN TPOTPAMMUCTY, TEM
6OJIbIIIEe TPOTPAMMUCT MOKET COBEPIIUTD ONMMOOK M TEM CJIOXKHee X Oyaer oOHapy-
KUTD. [09TOMY ITPOEKTUPOBAHIE SI3BIKA HTO MOUCK 30JI0TOH CEePeIUHBI MEXK LY TPOCTO-
TOU U SICHOCTBIO € OJTHOIT CTOPOHBI U OOUJIEM BO3MOKHOCTEN € IPYTOMA.

CylIecTBYIOT pa3/IMuHbIe TOUYKU 3PEHUSI O TOM, TJIe HAXOUTCS 3Ta 30JI0TAsT CEPeIH-
Ha. Mbl 5Ke Oy/1eM IPUIEP;KUBATLCSI TOTO MHEHUS, UTO IOTEPU BPEMEHU Ha UCITPABJIEHIE
OIIMOOK IOPOKE CAMBIX IMTHPOKUX BO3MOKHOCTE. V1 SI3BIK TPOrPAMMUPOBAHUS IOJKEH
[IPEIOCTABJISITD JIAIID TO, UTO SIBJISIETCS JKU3HEHHO BaXKHBIM. SI3BIK 3TO Oa30BBII MUHU-
MYM, TIO3BOJISTIOIIHMI MTUCATH KPUCTAIBHO SICHBIE, XOPOIIIO YUTAEMBIE TIPOTPAMMBIL.

Kcratu Takoil moxoji COBEPIIEHHO He MPOTHBOPEYUT Ujee OOJIBITIUX BO3MOKHO-
creit. Hato mpocTo pasinyaTh [BE PasJUYHBIE CYIHOCTU: SI3BIK TPOTPAMMUPOBAHIIS
U CPejly TPOrPaMMUPOBAHUSL, KOTOPAst MOKET COEPKATH MHOTOUNCJIEHHDIE PACIIIPe-
HUS SI3BIKA ¥ 06ECTIeYnBaTh JIDOOU YPOBEHD CJIOKHOCTH.

fI3bIK N onpegesieHne anropuTMma

[IporpammupoBaHue B CBOEll OCHOBE OTMPAETCS HA MOHITHE AJTOPUTMA, KOTOPOE
UMeeT CTPOTOe ONpejiesieHre, HO TaK YK MOJYyYUJIOCh, UTO He ofHO. [loaTomy s
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pa3paboTUnKa SI3BIKA MPEsKIE BCETO HEOOXOAMMO PEMUTD BOTIPOC, Ha KAKOE MTPE/ICTAB-
JIEHUE O aJITOPUTME OH OyieT orrparbest. Mbl He Oy/ieM ceifyac yXOAuTh rIyboKo B Te-
OPUIO AJITOPUTMOB, OTMETHM TOJIBKO, UTO CYTIECTBYIOT /[BA OCHOBHBIX MOIXOIA:

® JIeKJIAPATUBHOE TPOTPAMMUPOBAHUE;
® UMIIEpAaTUBHOE TPOTrPAMMUPOBAHUE.

HpI/I JEKJIapaTUBHOM I10XO/I€ ITpOI'paMMa (a]IFOpI/ITM) IIOHUMaETCA, KaK HEKasd CHUC-
TeMa OHpe].IeJIeHI/Iﬁ TOI'O, 4YTO JOJIZKHO TTOJIYUYUTCA. HpI/I UMIIEPAaTUBHOM I10/AX0/I€ 11PO-
rpaMMa ITIOHHUMAETCA, KaK I10CJIe/10BaTEeJIbHOCTb lIefICTBI/II';I, BbIITIOJTHEHHWE KOTOPbIX HE-
KOTOPbIM UCITOJTHUTEJIEM IIPUBOAUT OJAHO3HAYHO, K Tp€6y8MOMy pe3yJbTarty.

Ham BI)I60p — UMII€EPpAaTUBHOE IIPOIrpaMMUPOBaHUE. BosmoskHO TOoHUMaHME ajiro-
PHUTMa, KaK ITOCJI€J0BATECJIbHOCTHN lIeI'/JICTBI/IfI Hanb6oJiee 6IM3K0 YEJIOBEYECKOMY MHTEJI-
JIEKTY. IJTO TaK I10 KpaﬁHeﬁ Mepe C TOUKH 3peHUA aBTOpa 3TOT'O TEKCTa, ITON TOYKU
3pEHUA IPUAEPKHUBAIOTCA MHOI'MME HAMHOT'O 6osee ABTOPUTETHBIE JITO/IN B objacTu 1Ipo-
rpaMMHPOBaHKA, HO KOHEYHO CIIEIIUAJINCTDI 110 A€KJIaPATUBHbBIM A3bIKaM HafIlIYT apry-
MCHTBI B I10JIb3Yy CBOEI TOYKHU 3peHuAd.

MuHumanbHbIVi HA60P [AenCcTBUIA

3 cka3aHHOTO BBIIIIE BBITEKAET 33/[a4a OTPeIeIEHUSI MUHUMAJIbHO HEOOXOIMMOTO Ha-
Gopa melicTBUil. 3aMeTHM, YTO Ha YPOBHE TIPOIECCOPA BCE TIPOUCXOJISIIEE CBOIUTCS
K IpeobpasoBaHusM drcell. Bee, 4To Mbl Ha BLICOKOM YPOBHE MOJKEM €JIaTh C YUCIAMHM,
3aIMUChIBAETCS apU(PMETUIECKUMU BhIPAKEHUSIMU BU/JIA!

Pesynbtat = BblpaxxeHue

Ito nepsasg 6aszoBas sI3bIKOBas Bo3MokHOCTh. OHa HasbiBaeTcst «[TPICBANBA-
HUES». Ee cMbIc B BBIYHCIEHUN BBIPASKEHNS 3aIIFICAHHOTO CIIPaBa OT PaBEHCTBA U TIPH-
CBOEHUE TIOJYIEHHOTO BBIPAKEHMS BEJTMUNHE, Ybe MMs YKa3aHO CJIeBa OT PABEHCTBA.

MosKeT BOZHUKHYTH MOTPEGHOCTH BBHITOJHUTH HEKOTOPYIO TOCTIEA0BATETBHOCTD
nefCcTBUI MHOTOKPATHO, 6€3 MHOTOKPATHOI uX 3amucy. COOTBETCTBYIONIAS SI3LIKOBAST
KOHCTPYKITUST Ha3BIBAETCSI IIITKIIOM.

[TocnenoBateTbHOCTD BHITIOTHIEMBIX I€HICTBITI MOKET PA3BETBJISTHCS B 3aBUCIMO-
CTH OT pe3yJbTaTa BBIYNCJIEHUS HEKOTOPBIX yCaoBUid. /1 opraHn3anuu BeTBIEHUN
SI3BIK TIPETOCTABJISIET YCIOBHYIO KOHCTPYKINIO. [ padudeckt IUKJ 1 BETBJIEHHIE MOK-
HO MTPEJICTaBUTh CXeMaTHYECKH.

baok-cxema mukna (puc 2.1) untaercs Tak: Moka UCTUHHO yCJIOBHUE BBITIOJTHSIETCS
MIOCJIeIOBATETBHOCTD JIEHCTBUIA, €CJIN YCIOBHE JIOJKHO, YIIPABJIeHNUE TlepelaeTcs Ha KO-
MaH[y CJIeAYIONIYIO 32 IIITKJIOM.

Biiok-cxema BeTBierus (puc. 2.2) unTaeTCs TaK: BHIGOP UCIIOIHAEMON MOCIen0Ba-
TeJTBHOCTH JIeHCTBUI TPOUCXOMUT B 3aBUCMOCTH OT UCTHHHOCTH ycyoBust. [loce mc-
TIOJTHEHUS BBIGPAHHOW TIOCIEI0BATEIBHOCTH YITPaBIEHUE TTEPEIAETCS Ha KOMAH/TY Cle-
IYIONIYIO 32 BETBJICHHIEM.

KomeuHo, 310 cambie 061111e KOHCTPYKITHN, MX PEATTM3AIHS B SI3BIKE BBICOKOTO YPOBHS
MOJKeT GBITh PA3TUYHOMN, axke GoJiee TOTO, B OJTHOM U TOM JKe SI3BIKE, YCTENTHO COCYTIe-
CTBYIOT Pa3JIMYHbIE PEaTU3alli, UMEIOINe OTINYHbIE APYT OT IpyTa CBOICTBA U 0CO-
GEHHOCTH.
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Puc. 2.1. KOHCTpyKUMS upkna

¥eooB HbIH Mepe xo

uiil il HCTHHA

¥eomoEne

h

IMocn. geitc T8 Hi Ilocn. medic T8 HH

Puc. 2.2. BetBnenusa

Ciienyioniast BaykHast sI3bIKOBasi KOHCTPYKITUS 3TO mponieaypa ((yHKIHS, TIOAITPOT-
pamma). IIpotieypa — 3T0 B HEKOTOPOM CMBICJIE TIporpamMMa. Bo BesikoM ciydae ona
obmazaeT BceMu cBoMcTBaMu TporpaMmbl. OHa peanusyer cOOCTBEHHBIH alrOPUTM,
0OPMJISIETCS OTAEJNBHO OT BCEX TMPOYNX TEKCTOB (JIPYTUX MPOIELYD, MOLYJEH U T.1).
CMBICJI TIPOIIEAYP B TOJJIEPKKE MTPOIlecca JeKOMITO3UITNY 3a1a4u. Ecoiu 3ajaua nocra-
TOYHO BEJUKA, IPU IIPOEKTUPOBAHUY PELICHUSI 33/1a4a pa3OUBaeTCs Ha JIOTUYECKH He-
3aBUCHUMBIE T10/[3a1a4l, KaskK/asi U3 KOTOPhIX 0(hOPMIISIETCSI B BHJIE OTAEJbHOIO peliie-
HUS — IPOLIEAYPHI U YK 3aTeM U3 IIPOIIEAYD, KaK M3 KUPIIMYMKOB COOMPAETCS TOJHOE
3aKOHYEHHOE pellleHue 60JIbIION 3a1a4M.

Omuowenue KII x nabopy onepayuii. KomnonentHsiil ITackasib mocTpoeH Mo MpuH-
LUITY MUHUMaJBbHOCTH Habopa AeiicTBUil. To He B yiiepd GyHKIIMOHAIBHOCTH. B s3bI-
Ke IIPUCYTCTBYIOT TPH THIIA IIMKJIA, IBA THIIA YCIOBHOTO OllepaTopa, Habop 10CcTaTou-
HBIH JIJIs TOJTHOTIEHHO (DYHKIIMOHUPYIOIIETO SI3bIKA TPOrPAMMUPOBAHUSI.
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Tunbl gaHHbLIX

SI3BIK OTIpesessieTcst ABYMsI CYITHOCTSIMI: HAO0POM BBITIOTHSIEMBIX OTtepanuii u Habo-
POM CTPYKTYP JaHHbIX. JlanHoe (BesanduHa) onpejiessercs UMeHeM, 3HaueHUeM U TH-
oM. VIms jaeTcs mporpaMMUCTOM, Ha MMS He BO3JIaraeTcsl HUKaKoOTo cepbe3Horo yH-
KIIMOHAJBHOTO CMBICJIA, 3HAUYEHUE BEJUYUHBI OIpe/esseTcs JIOTMKON IPOrpPaMMBI,
B Ipotiecce ee paboTsl. Hanboee 3HaUNMO [17151 BeTMYNHBI TTIOHATHE THTIA. THIT JaHHBIX
OTpeesiTeT MHOJKECTBO 3HAYEHUH, KOTOPOe MOJKET MPUHUMATH BEIWYWHA W HAOOD
oliepaluii, KOTopble HaJl TON BEJTMYUHON MOKHO BBITTOIHATD.

CTpyKTYpBI JAHHBIX JTIOO0TO A3BIKA TPOTPAMMHUPOBAHYST OBIBAIOT ABYX THUIIOB: OC-
HOBHBIE 1 cocTaBHbIe. OCHOBHBIE TUIILI 3TO HANG0JIEE TTPOCTHIE. DTO HATTPUMED PA3IIITY-
HOTO BU/Ia yncia u gutepbl. CocTaBHbIEC 9TO MACCUBBI — YIIOPS0YEHHbIE MHOKECTBA
OIHOTUITHBIX JAHHBIX U 3alIMCH — MHOKECTBA JJaHHBIX pa3inyHoro Tuna. Kpome toro,
JaHHDIE JIeJIATCS Ha CTaTUYeCKHe — TaMATh 110/l KOTOPbIE BbIIEJIeTCs Ha 9Talle KOMIIH-
JIAIUU U AMHAMHUYECKHe, IIPOIIeCCOM CO3/IaHMs M yaJleHUs KOTOPBIX MOXKHO YIIpaB-
JISITH BO BPeMst PaGOTHI TIPOTPAMMBL.

Buabl Tunnsauun

BepHeMCH K BOIIPOCY O IIPpOrpaMMHbBIX ommnOKax. 3HaunuTeabHAsA UX 4acTh CBO/IUTCA
K HENTPpaBUJIbHOMY M CITIOJIb3OBaHHWIO JaHHbIX. CocTrosiHre omMOKY BO3HUKAET eCJIA HeKas
onepanu:Aa UCIOJIb3YET JaHHbIC HEPA3PEHIECHHOI'O THUIIA. Her 6osbpmoro cMbIcsIa cKJja-
AbIBATb JIUTEPDI, HAIIPUMEDP TaK:

Yuncno=Jlntepa + Jintepa

Taxkyto omepanmio ecTb CMBICT 3aTpeTUTh. HaBepHOE MOXKHO 3aITpeTUTh IPHUCBANBa-
HUS B Pe3yJIbTaTe KOTOPOTO YHCJIO 3aHUMAroIee MHOTO TIAMSITH TPUCBANBAETCS TIepe-
MEHHOI TI0/l KOTOPYIO BBIJIETIEHO MAJIO TaMATH. B 06111eM He3aKOHHBIMU SIBJISTIOTCSI OTIe-
panu repefadyy 3HAYEHWH OT ITepeMeHHON (BBIPaKeHN ) O/IHOTO THUTIA K TTePEMEHHON
APYTOTO THTIA, ECITN MUNLL NEPEMEHHBIX (BbIPAdCEHUI) He COOmeemcmayiom opye
opyezy no pasmepy 6vl0eNeHHOU namamu u Habopy 0oNYcMuMbLX OnePauuil.

Bompoc cooTBeTCTBUS B Pa3HBIX SI3BIKAX IIPOTPAMMHUPOBAHUST Pa3penaeTcs 110 pas-
HOMY, HO BCE€ BO3MOJKHBIE BAPMAHTHI CBOASTCS K IBYM TEPMUHAM: «CHJIbHAS TUITN3a-
VST U «cabast TUITH3atusT».

Cnabas munuzayus. Bo3mMoxHo modTn Bee. 3HaveHne J0OOTO THIIA MOKHO Tepe-
naTh MOYTH JI060# BesmunHe. CTeNeHb 9TOTO «TIOYTH» B PA3HBIX sI3bIKaX pa3indHa. He
COBTIAJIAIONINE THUIIB BEJITMYUH TIPU Tlepe/ilade aBTOMATHYECKU WM KaK €Ile TOBOPSIT
«Hes’BHO» peobpasyiorest. [IporpaMMUCT OJKEH XOPOTIIO TOHUMATh TPaBUIIa TIPe0d-
Pa30BaHUA M OH CaM HECET OTBETCTBEHHOCTH 32 Pe3yIbTar. SI3bIku co caboil Tummsa-
el 1atoT 6OIBITYI0 CBOOOY B OOPAIIEHUH C TAMATHIO U BETHYHHAMHE, HO TUIATUTD 32
3TO IPUXOIUTCS BEICOKOH BEPOSTHOCTBLIO TPYAHO OGHAPYKUBAEMBIX OITHGOK.

Cunvnas munuzayus. llepenaya sHaueHNsT BOSMOKHA TOIBKO IPU COBMECTIMOCTHU
tunos. Hanpumep, 1esi0e MO3KHO ITPICBOUTSH I1eJIOMY. B aTOM cirydae Mbl ©MeeM TTOTHOe
coBMajieHne TUTOB. lles0e MOKHO TPUCBOUTH BEIIECTBEHHOMY. 371eCh THUITBI HE COBIIA-
Jaf0T, HO OHU COBMECTHMBI, B TOM CMBICJIE, UTO I[eJI0e 3HAUeHNE MOXKHO Pa3MeCTHUTh
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B 06JIACTHU TAMSITH BBIIEJIEHHOH 1T0/] BEIECTBEHHYO BEJUUNHY U OHH COBMECTUMBI 10
apudMeTUIecKUM orleparysiM. BeliecTBeHHOE e 11eJIOMY TPUCBOUTD HEJIb34, TaK Kak
TI0/T BETI[ECTBEHHOE YHCJI0 TpebyeTcst Gosblire mamsiTi. Heb3st IPUCBOUTD JIUTEPY HU-
KaKoMy uyncjoBoMy TUIy. Hesib3st BBIOJHUTD IIPUCBOEHNE [IBYX 3alllcCell ¢ Pa3HBIM
HabopoMm tosieil. CujibHAs TUITM3AIMS JEJIUTCS Ha JBa BUJA:

® cunvHas cMpykmypHas munudayus. JIBa TUa CANTAIOTCS OJJMHAKOBBIMU, €CJTN
OHU COBIAJIAIOT C TOYHOCTBIO /10 CTPYKTYPHI. [OBOPUTH O TAKOM BH/Ie TUTTU3ATTUN
MOJKHO Pa3yMeeTCsl TOJIbKO B OTHOLIEHUH TUIIOB 00JIaal0NINX CTPYKTYpoil (3a-
nceit). /IBe 3ammcu cunTaOTCS OAMHAKOBBIMU €CJIM OHW MMEIOT OJIMHAKOBHIN
HabGOP I0JIel, TP 9TOM UMEHA UX TUIIOB MOT'YT Pas/nyaThCs;

® cunvHas UMeHHas munusayus. J[Be mepeMeHHbBIX CUMTAIOTCST OJJMHAKOBOTO THUTIA,
€CJI COBMAIAIOT MMEHA UX TUTOB. JIerko TIOHSITh, YTO UMEHHAs TUTTU3AIINST Ha-
KJ1azbIBaeT 6oJjiee JKeCTKIe OrpaHMYeHus. 3alicy UMEIOIUe OAUHAKOBbINA THUII
€ TOYKH 3PEHUST UMEHHON TUITU3AIMK 0Y€BUIHO OYAYT COBIIAZATh 1 C TOUHOCTHIO
JI0 CTPYKTYPbI, 0OPATHOE e HEBEPHO.

Ommnowenue KII x munusayuu. KommouenTHoril [lackanp sSBsieTcs SI36IKOM CUITb-
HO MeHHON Tunu3anun. /{1 6a30BbIX TUIIOB BBOAUTCSA COBMECTUMOCTD, TO €CTh IIPH-
CBOEHUE JIOMYCTUMO HE TOJIBKO JIJISI BETUYUH OJIMHAKOBBIX TUTIOB.

Ynpasnenue namsarsio. Coopka mycopa

YrpaBiieHue maMsAThIO 3aKTI0YAETCS B IBYX A€HCTBUSX BBITIOHSIEMBIX MO X0y pabo-
TBI TPOTPAMMBI: BBIJIeJIEHHE TaMSITH MO/ CTPYKTYPbI JAHHBIX U BO3pallleHre TaMsITH
B CBOGOMHYIO 067acTh. [[JIs1 CTATUYECKUX TTEPEMEHHBIX BCE BOTIPOCHI C BBIIETECHUEM
MaMsITH PEIIAIOTCS Ha 9Tare KOMITUJISIN. [T TUHAMIYeCKUX BeJTUIWH TIPU HeoHXO0-
IMMOCTH X UCITOTb30BaHMSI BBI3BIBAETCS CIIEI[MATbHAS TPOIIEIy Pa BB He-
06X0nUMBIH 06beM maMsITH. Bostee MHTEpeceH BOMPOC BO3BPATa MAMSTH B CBOOOIHYIO
001acTh (JIs1 BTOTO JEUCTBUS €CTh CIelUalbHbI TepMIH «cOOpKa Mycopas ). 31ech
IIBE BO3MOKHOCTH:

Omeemcmeennocms 3a YoanreHue HeHYICHbIX OAHHBIX 8031AZACMCIL HA NPOZPAMMUC-
ma. B aTOM ciry4ae B sI3bIKe IPEAYCMATPUBAETCS CHIEIMAIbHAsT TIPOIIEAYPA, BBIZ0B KO-
TOpOII 03HAYaeT YHUYTOKEHUE CTPYKTYPHI JaHHBIX. llpeamosaraeTcs, 4To mporpam-
MICT He OMUOETCS B OTIEHKE CUTYAIUHU ¥ TIPUMEHUT TIPOTEAYPY K HEHYIKHBIM TaHHBIM
B IIPaBUJIBHON TOYKE.

Komeuno sxe 310 cIMIIKOM CHIIBHOE Tipenonoxkenue. He omubaromuxcst mporpam-
MICTOB He OBIBAET, 9TO BO-MIEPBBIX, & BO-BTOPBIX, BOTIPOC O HEHYKHOCTU TAHHBIX MOJK-
HO PENTUTh aBTOMATUYECKH, TIPU YCIOBHH, YTO TOYHO OIPe/esIEHO, YTO 3HAUNT (Ppasa
«CTPYKTypa TaHHBIX HE HYKHa».

s KII cTpyKTypa DaHHBIX CUUTAETCS TOJJIesKalel YaJleHIIo, eCJIu HeT HU OJTHO-
ro ykaszaress (mepeMeHHast CIEIMaIbHOTO BU/Ia) COMEPIKAIIETO aipec 06IacTh TaMsI-
TH, B KOTOPOI XpPaHUTCS CTPYKTypa. JleficTBUTENbHO, eCTM HeT HU OHOTO YKa3aTeJs
Ha JIaHHOE, TO Y TPOTPAMMICTA TPOCTO HET BO3MOKHOCTH K TAHHOMY OOPATHUTCS U CJIe-
MOBATEIBHO PA3YMHO MIPUHSATH PENTeHIe O 0OCBOOOK/IEHNH MaMSITH, a’ke eCJIU 3Ta CU-
Tyalusi BO3HUKJIA BCJEACTBIE TIPOTPAMMUCTKO OTTHOKL.
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Taxum 06pa3oM, JIJist BRICBOOOKIEHUS IAHHBIX JIOCTATOYHO BCEM YKA3ATEJISIM CBSI3aH-
HBIM C He HY>KHBIMU JAHHBIMU IIPUCBOUTH crieluanbHoe 3HaueHue NIL (azpec B HUKy).
OcBOGOKIEHNE TTAMSITH TaKKe TPOU30UIET €CJIU BCEM YKA3aTENsIM CBSI3aHHDBIM C JlaH-
HBIM Oy/IyT IPUCBOEHBI Kakue-1u6o wHble ajgpeca (He NIL).

dopmasibHblie rpaMMaTUKN.
dopmannam bakyca-Haypa

[TporpammMa ecTb OCMBICJIEHHOE TIPEJIOKEHNE 3alTMCAaHHOEe HA CHEIMaJbHOM SI3BIKE.
CMBICJI TEKCTa TIPOTPAMMBI OIIPEIEISETCS TIeJISIMUA TTPOTPAMMUCTA U (POPMYJIUPOBKOT
3a/1a4M, TO €CTh SIBJISETCS] BHEITHIM 0 OTHOIIEHUIO K I3bIKY. [loaToMy Tpesoxenie
3amcaHHoOe Ha SI3bIKe TTPOTPAMMHUPOBAHUS MOKET NIMETh CMBICJI, HO 3TO He SIBJISIETCS
ero 00s3aTeIbHON XapaKTepUCTUKON. BHYTpeHHel, 00s13aTe/IbHOI XapaKTepUCTUKOIT
SIBJISIETCST COOTBETCTBUE HAOOPY MPABUJI, OTUCHIBAIOIIIX, UTO SIBJSIECTCS TIPABUIHHBIM
TIPEJITOKEHNEM BHE 3aBUCHMOCTH OT €ro cMbicia. Habop Takux MpaBuJI Ha3bIBAETCS
cuHTaKkcucoM. CrezoBaTesIbHO, ONMUCAHNE SI3bIKA TTPOTPAMMHUPOBAHUS €CTh OMUCAHWE
€T0 CHHTAaKCHUCA.

[TpaBmia cuHTaKCcHCa MOXKHO ONMMCHIBATH HedopMarbHo. Hampumep, nomyctumo
cJIeyIolIee TTPaBUJIO:

OmuncaHme LKMKAa C LWIaroM HaumMHaeTcs ¢ kawveroro cnosa FOR
m
3a knwoyesbim cioBom VAR cnepyeT 610K OTTMCAHMA TTePEMEHHbIX

[lannble mpaBuiIa 1eiCTBUTEIbHO ONUCHIBAIOT HEKNH CUHTAKCUC, HO OHU HEe TOYHHDI,
HEO/JHO3HAYHBI U He PellaloT IJIaBHOH 3a/1auil IOCTPOEHNS CUCTEMbI CHHTAKCHYECKUX
IIpaBuUJL.

A 71 TOCTPOEHMST SI3BIKA TPOTPAMMUPOBAHUS TPEOYETCS, YTOOBI CHHTAKCUC OBLT
OIIMCaH Ha OIPe/eJIeHHOM CTPOroM fA3blKe. To ecThb cUTyalus TOYHO Takas ke, Kak
C OIIMCAHUEM aJITOPUTMA. AJITOPUTM SIBJISETCS O/IHO3HAYHO TOHMMAEMbBIM TEKCTOM, T10-
3TOMY JIJIS1 €T0 3allUCH HY’KEH CIIeIMaJbHbIN A3bIK, Ha3bIBAeMbII S3bIKOM IIPOrPaMMU-
poBaHUs. SI3bIK IPOrpaMMHUPOBAHUS OIIUCHIBAETCS CUCTEMON CUHTAKCUYECKUX ITPaBUIL.
Kaxnoe takoe mpaBuiIo gBjsieTcsd OJHO3HAYHO IIOHUMAEMBIM TEKCTOM, [T03TOMY /IS
€ro HallMCaHUs HYKeH OIATh CHelMaIbHbIN S3bIK Ha3bIBaeMbIi (hOpMaJIbHON IpaMMa-
tukoii. CyiecTByer Ba THIA (POPMATHHBIX TPaMMaTHK:

Iopoxcdawuasn epammamuxa. Tlopoxaaoniast TpaMMaTUKa MPEACTABISIET cOOOI
ANTOPUTM TO3BOJISAIONINH U3 HEKOTOPOTO MUHUMAIBHOTO Habopa MPE/TOKEHI TTOCT-
POUTD BCe JI0IyCTUMBbIE ITPEJIOKEHUS JAaHHOT O S3bIKA.

Pacnosnaiowas zpammamuia. PacmosHaioniasi TpaMMaTHKa MPEICTaBAET cOOOit
AJITOPUTM IIPOBEPKU TEKCTA, ITO3BOJIAIONINI 32 KOHEUHOE YHCJIO IAroB, BLISICHUTD SIB-
JieTcs JIM TeKCT IIPOTpaMMON Ha SI3bIKe OIMCBIBAEMOM JIaHHOM CUCTEMON TTPaBUIL

Besne, nanee, roBopst o hopManIbHON TpaMMaTHKe, 6y/IeM UMETh BBULY TIOPOKIAI0-
HIyIo rpaMMaTuKy. Tpu BakHEUIINX IMOHATHUSA IPAMMATHKU 3TO TeEPMUHAIBHBIN 1 He-
TEPMHUHATBHBIN CUMBOJIBI 1 JIEKCeMa.
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e TepMHHaJ (TEPMHHAJIBHbBIA CUMBOJI) — OOBEKT, HEIIOCPEACTBEHHO IPUCYTCTBY-
IOIIUH B CIOBAX A3bIKA, COOTBETCTBYIOIIETO TPAMMATHUKE, M UMEIONUI KOHKPET-
HOe, Hen3MeHsieMoe 3HaueHue;

® HerepMHHAT (HETEPMHHAJbHBI CUMBOJI) — 00BEKT, 0G03HAYAIOIIUN KaKYIO-
60 CYHMIHOCTD A3bIKa ((PopMYILy, BhIpaskeHUe U T.1.) U He UMEIOIUN KOHKPET-
HOTO CUMBOJIbHOTO 3HAUECHUS;

® JIeKceMa — II0CJIe/J0BAaTeJbHOCTh CHMBOJIOB, OTPaHWYEHHAs! CIeNUaJIbHBIMU
CUMBOJIAMHU, HarpuMep 1pobesamu. V1 repMUHAIbHBIN 1 HETEPMUHAIBHBIA CUM-
BOJIBI CyTh JIEKCEMBI.

[TpenyosxkeHUsIMU SI3bIKA, 32/IaHHOTO TPAMMATUKOM, SIBJISTIOTCST BCE MTOCJIE€I0BATE N b-
HOCTHM TEPMHUHAJIOB, BBIBOJMMbIE (MTOPOKIAEMbIe) U3 HAYAJbHOTO HETEPMUHAJA TI0
[paBuJIaM BbiBoja. TakiM 06pasoM rpaMMaTHKA sI3bIKa — 9TO MHOKECTBO TEPMUHAJIb-
HBIX U HETEPMUHAJIBHBIX CUMBOJIOB M MHOKECTBO TIPABYJI BBIBOJIA. [1JIs1 OTTMCAHWST CUH-
TaKCHca sI3bIKa KOMIIOHEHTHBIN [lackasb NCIoIb3yeTcst TaK Ha3bIBAEMbIN PACITUPEH-
HbIi hopmasmam bakyca-Haypa (POBH).

PD®BH - 510 caenyonmii HaGop MpaBuIL: albTePHATHBbI PA3eIsSIOTCS CUMBOJIOM |.
KBazparHtbie ckoOKH [ 1 | 03HaUarOT HEOGA3ATEIBHOCTD 3aKJI0YEHHOIO B HIX BbIpasKe-
Hust, a GUrypHble CKOOKHU { U } 03HAYAIOT ero Bo3MoskHoe mosropenue (0 mwiu 6ojiee
pas). B cayyae He0OXOAUMOCTH AJIsl TPYIIIIUPOBAHKS JIEKCEM HCIOJIb3YIOTCS KPYTJIbIe
cko0ku (1 ). HerepMuHaIbHbIE JIEKCEMbI HAUMHAIOTCS ¢ 60JIbIION OYKBbI (HaIpUMeD,
Statement). TepMUHaIbHBIE T€KCEMbI IUGO HAUMHAIOTCS ¢ MAJIEHbKOI OYKBbI (HAIIPH-
Mmep, ident), ybo 3anucaHbl TOJIBKO GosbimMu OykBamu (Hanpumep, BEGIN), 6o
0003HAYAIOTCS LEeIOUKaMU JIUTep (HAlIPUMED, <:=»).

OCHOBHbIE€ TePMUHbI

JIt060i SI3BIK TIPOTPAMMHUPOBAHYSI TIPE/IoaaraeT HeGo b0 HabOP OCHOBHBIX MO-
HATHUI Yepe3 KOTOPbIe pa3dBOPAYUBAIOTCS Bee A3bIKOBbIe cMbIcbl. [lepeuncanm atn
MOHATUA (ITOPSA0K IIePEYUCIeHNS HU B KOEM CJIydae He XapaKTepu3yeT 3HAYMMOCTH ):
udenmuguramop, onepayus, onepanod, onepamop, NepemMennasl, KOHCMAanma, Gulpajce-
Hue, mun, J0KAIbHoLL, 2100AT6HBLIL, IKCHOPIM, UMNOPM.

Hoenmugpuxamop — yHUKaIbHOE UMST TIPOTPAMMHOTO 610Ka (TTPOTEy Pl UIH MO-
JyJis1) UJIN BEJIMYNHBL.

Onepayus — apudmeTndecKkue UK JOTHYecKye ollepalii Hajl JaHHBIMU, X Olle-
paluu Hajl CUMBOJIbHBIMU [[EIIOYKAMU.

Onepand — Apryment omepanuu. ['paMMaTideckass KOHCTPYKITHsI, 0603HAYATOMAST
BBIpa’KeHUe, 3a/ialollee 3HaYeHue apryMeHTa ollepaliui, HHOT/la OIlePaH/IoM Ha3blBalOT
MECTO, HO3UIIUIO B TEKCTE, T/I€ A0JKEH CTOSATD apTYMEHT OIlePallUH.

Onepamop — obosnauenue aeiictBust. OepaTopbl pa3InyaioT 3JTeMEHTAPHBIE U CTPYK-
TypupoBanHble. OTInYMe 3JIeMEHTAPHOTO OT CTPYKTYPUPOBAHHOTO B TOM, YTO JIEMEH-
TapHBII OIIEPATOP HE COAEPIKUT YacTell, KOTOPbIe CaMU ABJIAIOTCS OllepaTOpPaMu.

Ilepemennas — Benuunua, ube 3HaUEHNE MOXKET OBITH MIBMEHEHO B ITporiecce pabGoTh
IIPOrpaMMBI U CJIeZI0BATEIbHO OIIpe/iesisieMoe B XO/1e UCIIOJIHEeHUS IIPOrPaMMBIL.
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Koncmanma — BeqnunHa uybe 3HAYEHUE He MOKET U3MEHSITHCSI B X071€ PabOTHI TIPO-
IpaMMBl U CJIe/IoBaTeIbHO OlIpejiesisieMoe Ha 3Tale KOMITUIISIINH.

Buipasicenue — KOHCTPYKITUS, OTIMCHIBAIONIAS BBIYMCJIUTEIbHbIE TIPABUJIA, B COOTBET-
CTBUU C KOTOPBIMU KOMOMHUPYIOTCSI KOHCTAHTBI U TEKYIIIE 3HAYEH ST TIEPEMEHHBIX J[JIsT
BBIUMCJIEHUS IPYTUX 3HAYEHUI TTOCPEICTBOM TIPUMEHEHNS OTIepalliii U Ipotieayp-hyH-
KIuii. BerpakeHust cCOCTOSIT U3 oriepan;ioB u oriepaiuil. Kpyribie CKOGKU MOTYT HCIIOJb-
30BaThCS TS BBIPAKEHMS KOHKPETHBIX CBA3€H MEKTY ONEePaIlusMU U OTlePaHIaMu.

Tun — Onucanne panHoro. CofepKuT WH(POPMAIUIO, TO3BOJISIONTYIO ONPE/CTUTH
00bEM TTAMSTH, JIJIST XPAaHEHUST BEJIUUUHBI IAHHOTO THIIA, HAOOP JOMYCTUMBIX HAJ[ JaH-
HBIM OTIE€PAINii U COBMECTUMOCTD C [PYTUMU TUTIAMU JTAHHBIX.

Jlokanvivili — MOHSITHE UCTOJB3YETCS JIJIST OTPAaHUYEHUST 00JIACTH UCTIOJIb30Ba-
Hus umenu. JIokaJbHOCTh UMeHYU (HATIPUMEp MePEMEHHO ) 03HAYAET, YTO CTPYKTYPOI
C JAaHHBIM UMEHEM MOKHO I0JIb30BaThCsI TOJIBKO B IIpejiesiaX Mpolleypbl B KOTOPOH
OBLITO TAHO OOBSIBJIEHUE.,

Inobanviwviii — OHSTHE OOPATHOE TIOHSATHIO «JIOKAJBHBIN», 03HAYAET UTO CTPYKTY-
pa cBsI3aHHAs C UIMEHeM M3BeCTHA B IIpejiesiaX BCero MOy JIsl.

JKcnopm — Bce IPOrpaMMHbBIE KOHCTPYKITUH U CTPYKTYPBI IAHHBIX U ITPOIEYPhI OT1-
pesiesIsTIoTes B IIpe/iesiaX MOYJisl M 110 YMOJTYAHUIO 3a TIpefieslaMi MOJTYJIsT He BUIHBI.
Ornepaiiys 3KCopTa MO3BOJISIET TIepeiaTh UMS IIPOTPAMMHON KOHCTPYKIIUU WA CTPYK-
TYPBI JAHHBIX 32 TPAHUIIBI MOJLY JISI.

Hmnopm — oniepariust o6paTHast 9KCiopTy. VIMIIOPT Omepariist O3BOJISIIOIIAs [TOJTY -
YUTH HUHPOPMAITUIO O TPOTPAMMHOM KOHCTPYKITUHU WK CTPYKTYPE TaHHBIX U3 IPYTOTO
MOy JISI.

['maBHOe MOHATHE NPOZpamMmy Yepe3 ONIMCAHHbIE BbIIIle OCHOBHBIE TIOHSITUSI MOKHO
OTIPEIETUTD CJIEAYIONUM 0OPa3OM: TIPOrPaMMa 3TO TOCIE[0BATENLHOCTD OMEPATOPOB
YIPABJISIONINX BBIYUCIECHUEM BBIPAKEHUH U TPUCBOCHUEM ITOJTYYCHHBIX 3HAUCHUH TTe-
pPEMEHHBIM.

lMocTpoeHue npennoXxxeHnn

IIporpamma — 3To TpemokeHne HamucaHHoe Ha s3bike Kommonentusiii [Tackasib.
IIpensioxxenme cCOCTOUT U3 CJIOB HAa3bIBAEMBIX JeKceMaMu. JlekceMa 3TO TMocjieoBa-
TeJIbHOCTh CUMBOJIOB CJIOBAPS pasfieJIeHHbIX pobeaamu. JlekceMa MoKeT ObITb:

upeHTuuKaTOopoM (MMeHeM uero Jinbo);

YUCJIOM;

orepaiuei;

orparuuuTesieM. [ToHATHE OTPAHUYUTEIST HEOOXOIUMO [IJIST IOOTIPEIeTEHUST
cMbica Tekcta, OrpaHuYUTEIEM MOKET OBITh CKOOKA, KJII0UEBOE CIOBO S3bI-
Ka U T.J.

ITpoGesibl He ABJSIOTCS PasTPAHUUUTENSIMU JIEKCEM B ABYX CJYYastX: €CJI OHU I110-
SIBJISTIOTCS] BHYTPH JINTEPHBIX [IETTOYEK U €CJIU OHU HAXOASTCS BHYTPU KOMMEHTAPHEB.
KomMmeHnTapueM, TO €CTbh TEKCTOM He SIBJISTIOIUMCST TEKCTOM TIPOTPAMMBbI, CUMTAETCS
TEKCT 3aMMCAHHBIN MeXIY Tapoit autep «(*» u mapoit aurep «*)».

U nocnednee. Boabine u MajeHbkue 6ykssl B cioBape KII cunrtarorcs pasHbIMU.
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MoHaTune umcna

Yucsa B KIT MOTyT OBITH 3alMCAHbBI B IBYX CUCTEMAX CUUCJIEHUST: I€CITUYHON U IIeCT-
HagarupuaHoi. Ecain umncsio 3anucano ¢ cyddurcom «H» nmm «Ls To aT0 1mIecTHaAIA-
TUPUYHOE Yncyio uHaue fgecsituatoe. Cybdure «Ly» npepHasHaueH st 0003HAUEHIST
64-x OUTHBIX KOHCTAHT. BelllecTBEHHbBIE YNCIa BCET/IA COIEPIKAT B CBOE 3AMUCH JECsI-
TUYHYIO TOUKY. Yucsio 3 6ymeT BOCIPUHIITO Kak 1iesioe. [ist 0003HaYeHUST BETeCTBEH-
HOTO YHucJia He0OOXOAMMO UCIIOJIb30BaTh 3anuch 3.0. BellecTBEHHOE YUCTIO MOKET CO-
nepskaTh MacitabHbIil MHOKUTENND E. Tora 3anmch 4rca pacagaeTcst Ha MaHTUCCY
U OPSIZIOK. MaHTHCCa — 3TO MOCIE0BATENLHOCTD UMD 0 MACIITAOHOTO MHOKUTEJIST
E. ITopsimok aTo 3HaK U mocjefoBaTeabHOCTD 1udp nocie E. Ecam 3Hak oTcyTCTBY T,
TO TIOPSIIOK CUUTAETCST TOMOKUTeNbHbIM. Yucno 1.2E2 unrtaercs xkak BelecTBeHHOE
yucyo 120. /lynsg 3ammcy niecTHAAIIATUPUYHBIX YHCeJT TOYCTUMBI CIEAYIONINe 3HAKN
B KauecTBe UPP: «A», «B», «Cs, «D», «<E», «F».

NMoHaTne naeHTudmukaropa

ITporpammy, B HEKOTOPOM CMBICJIE MOKHO OTIPEEJUTh, KaK HAOOP MAEHTU(DUKATOPOB
(MMEH), JUIST KasKIOTO U3 KOTOPBIX 33[aHO OIMKCaHue (CMBICT) U 00JIACTh BUAMMOCTH
(610K TIPOTPaMMBI B KOTOPOM MIEHTU(UKATOPOM MOKHO TTOJIB30BATHCST ).

Coobiienre 0 sI3bIKE IAET CIIeAyIollee OpeieieHne HaeHTu(hUKaTopa

ident = (letter | "_") {letter | "_" | digit}.
letter = "A" .. "Z" | "a" .. "Z" | "A"."L" | WLt | W
digit ="0"|"1"|"2" | "3" | "4" | 5" | "6" | "7" | "8" | "9".

IIpumeuanue. [lanuoe otipeiesieHre 6e3yCJIOBHO pabOTAET, ECIIH BBl HCIOJIb3y€ETe Cpe-
ny BlackBox. Eciin Batra pabouast cpeia WHast, TO BO3MOKHO TaM CHMBOJIBI KUPHJLTUATIBI
3aIPEIEHbI JIJIST TOCTPOEHUST UAeHTH(HUKATOPOB. HyKHO 3aMETUTH, UTO JIJIsT I3BIKOB
[IPOrpaMMUPOBaHUst 60Jiee TUITUYHA OPUEHTAINS HA CUMBOJIBI JIATUHCKOTO ajihaBuTa.

[Moctponm uMst HaeHTUGDUKATOPA TOJIB3YSICh IAaHHBIM olpe/ieieHreM. [oHsaTre nieH-
tudukatopa 3ech Borpaxkaercs repmunom ident. Iepsast kpyriiast ckKoGKa TOBOPUT
0 TOM, YTO UIEHTU(UKATOP MOKET HAUMHATHCS ¢ letter b0 ¢ CMMBOJIA TIO[YEePKUBAHUSL.
anee nano omnpezesenue HerepMuHaia letter. 9to Moxker ObITH CTpOUHAS, JIOO TIPO-
mucHast OyKBa JIATUHCKOTO ajihaBuTa, CTPOUHAs, JIUOO MIPONUCHAS OYKBA KUPUJLIUIIBL,

Ciie1oBaTEIbHO, MBI MOKEM BBIOPATH B KAUECTBE IIEPBOTO CUMBOJIA HIEHTU(DUKATO-
pa o6yt OykBY, MO0 CUMBOJI MOAYepKUBaHU. Jlajee, B ONpeleseHUN HaXOISATCS
(urypHbie CKOOKY, B KOTOPBIX 3alIUCAHDBI TPU aJIbTEPHATUBBL: HeTepMuHau letter, or-
pelleJieHre KOTOPOro YiKe PACCMOTPEHO, CUMBOJI IOIYePKUBaHus u HerepmuHai digit,
MIPEACTABISIONIUN cOO0H 01MH 13 (P POBBIX CUMBOJIOB. TakM 06pa3oM mocJie nepBo-
rO CHMBOJIa BO3MOKHO MHOTOKPATHOE MOBTOPeHHe OYKB, Mudp U MOAYePKUBAHIIL
[TpuMeps! TPaBUIBHBIX HAEHTU(HUKATOPOB:

A1, ADCD, A_123, df34_8

3aMeTuM, U3 OTIPEeIeJIEHUS CJAEAYET, UYTO UAECHTUPUKATOP HE MOKET HAUMHATHCS
¢ UdpBI. ITY BO3MOKHOCTD 3allpPeliaeT IepBoe MPaBUI0, YeTKO YTBEP:KAAIONIEe, YTO
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HEPBBIN CUMBOJI 3TO OYKBa, JIMOO TTO[YEPKUBAHIE, & UCTIOJIb30BAHUE 1TU(DP BO3MOKHO
TOJIBKO CO BTOPOU TTO3UIUH.

ITpaBusia 0ObSIBJIEHUS U BUIMMOCTHU UAECHTU(DUKATOPOB:

N neHTH(hUKATOPBI UCTIONIB3YIOTCS s 0003HAUEHUS PA3JHUHBIX 0OBEKTOB: KOH-
CTaHT, TUIIOB, MEPeMEeHHbIX, npoueayp. VaeHTndukatop A0MKeH ObITh OObABICH
C YKa3aHUEM THUIla JJId TEPEMEHHDIX BEJIMYWH U IJIA KaKI0T0 I/IZIGHTI/I(bI/IKaTOpa o11pe-
nensiercst 00J1acTh BUAUMOCTH, TO €CTh OJI0K IIPOrPaMMbl B KOTOPOM JIaHHBIM UIEHTH-
(hUKATOPOM MOKHO 0JIb30BaThCs. IIpOrpaMMHBINA OJI0K — 5TO MOJLYJIb, IIPOLEypa, 3a-
IINCh. HOBeI[eHI/Ie I/IZ[eHTI/I(l)I/IKaTOpa 110 OTHOIIIEHUNIO K O6JIaCTI/I BU/IUMOCTU OIINCBhIBAIOT
YeThIpe TTPaBUIIA:;

Yuuxanonocmo umenu. ipentudukatop Moxer 0603HAYaTh TOJBKO OAUH OOBHEKT
B JIAHHO# 0OstacTu BUAUMOCTH (T.€. HUKAKOU MIeHTU(HUKATOP HE MOXKET OBITH 00bsIB-
JieH B OJIOKe JIBayK (bl );

Hesepno:

Tabnuua 2.1. MNMprmMepbl 0OWMB0YHOro 06bSABNEHNS

VAR VAR VAR
A, b:INTEGER,; AIINTEGER; A: REAL,
A:REAL; A, B:IINTEGER; A: ARRAY 10 OF INTEGER;

Joxanvnvlii xapaxmep ucnoiv3osanus. Ha o0beKT MOKHO COCJIATHCS TOJBKO B €r0
06J1aCTH BUAUMOCTH;
Hesepno:

PROCEDURE Examplel;
VAR
A:INTEGER;
BEGIN
END Examplel;
PROCEDURE Example2;
BEGIN
A:=1; (*ObnacTb BUAMMOCTU BENNYUHBI A 3TO TTpoLeaypa Examplel*)
END Example2;

[TpaBuio onpeniesienust MAeHTU(GUKATOPOB Yepes ApyTrre upeHTuduratopsl. Onu-
canue tumna T, coiepskaiiee CChIJIKYM Ha IPYToil TUI T 1 MOTYT CTOSITh B TOYKaXx, T71e T 1
eme e uzsecten. Ho torna omcanme tuma T 1 10JKHO cile1oBath fajee B TOM e 010~
Ke, B KOTOPOM JIOKQJIM30BaH T;

[Ipumep:

TYPE

Mas=A;
A=ARRAY 10 OF INTEGER;

B omnpeniesiennn Ha MoMeHT 00bsiBIIeHUs uaeHTH(UKaTopa Mas upenrudurarop A
He OIMCaH, HO ONucaHe A HaXoJuTcs ¢ onrcanueM Mas B 0HOM porpaMMHOM 6J10-
Ke, II09TOMY 371€Ch HeT ONIMOKH.
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Crenyioniuii npumep:

PROCEDURE P1;
TYPE
Mas=A;
PROCEDURE P2;
TYPE
A=ARRAY 10 OF INTEGER;
END P2;
BEGIN
END PT;

IIpencrasiaser coboil Gojiee CAOKHYIO cCUTyaluio. MOKHO paccMaTpuBaTh JABa
nnentuduraropa A u Mas kak o6bsIBI€HHBIE B OJHOM IIPOrPAMMHOM OJIOKE — IIPOIie-
nype P2. C 1ol TOuKHM 3peHus IpaBuia 00bsIBICHHS BbIIIOJIHEHDI, HO TAKas TOUYKA 3pe-
HUST HEBEPHA, JIJIsI KOMITUJISITOpa mporeaypbl P1 u P2 pasubie mporpaMmMHubie GJIOKH,
Jaske HecMoTps Ha To, 4yTo P12 Bioxkena B P1. He6Goublias mepectraHoBKa 0ObsIBIEHUIN
yCTpaHseT OnoKy:

PROCEDURE P1;

TYPE

A=ARRAY 10 OF INTEGER;
PROCEDURE P2;

TYPE

Mas=A;

END P2;

BEGIN

END PT;

B rakom BapraHTe KOMIUIISTOP He 06Hapy:KUT ormubku. Upentudukaropst A u Mas
0 TIPEKHEMY PACMOIOKEHBI B PA3HBIX MPOTPAMMHBIX GJIOKAX, HO ceifiuac ompeaeisio-
muit uaenTuduratop A Mo TEKCTy TPEIIecTByeT onpeeaseMomy Mas B o6beMitio-
medt mpotemype. To uro mpoteaypa P1 sBisieTcst o6beMITioneit MOMEHT TIPUHITATTH-
anpHbIH. Ciepylomuii IpuMep eMOHCTPUPYeET IoYeMy:

PROCEDURE P1;

TYPE

A=ARRAY 10 OF INTEGER;
BEGIN

END PT;

PROCEDURE P2;

TYPE

Mas=A;

BEGIN

END P2;

31ech onucanve uaeHTUGUKaTopa A 1o TEKCTY MPEIIIeCTBYET ONMUCAHUIO UAEHTH-
¢dukatopa Mas, Ho aTH [1Ba OMUCAHUS PACTIONOKEHBI B HECBA3AHHBIX MEKIY COOOit
mporeaypax. [loaTomy Takoe o6 bsABIEHIE OMTHGOTHO.
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Ucnonb3oBaHMe COCTaBHbIX UMEH

VIMs MOSKET YKa3bIBaTh Ha eAMHUYHBINA 00BEKT, KaK yiKe OBLIO CKa3aHO BBIIIE U MOKET
YKa3bIBaTh Ha COCTABHOI OOBEKT, TO €CTh OOBEKT, COCTOSAIIMI U3 APYTUX 00bEKTOB.
Takux ciaoxubix koHcTpykiuil 8 KIT ase: sanucu 1 06bexTbl. CoOCTaBHON 4aCThIO 3alIK-
CH SIBJISIETCS T10JIe, COCTaBHOE YacThio 00beKTa — MeTO. JlOCTYII K MIMEHU, SABJISTIOLIIM-
€SI 9aCTBIO CJIOKHOTO UMEHU, OCYTIECTBIISIETCS Yepe3 TOUKY.

VMst 06 beMITIONIEN CTPYKTYPBI «.» VIMSI BIIOSKEHHOU CTPYKTYPhI
BrioskenHast cTpyKTypa TaksKe MOXKET GBITh COCTABHOM.

Ymounenue udenmugpuxamopa. OObABIECHHBIN UAEHTU(MUKATOP MOKET UCIOJIH30-
BaThCsI TOJBKO B TOM ITPOTPAMMHOM OJIOKE, B KOTOPOM OH ObLT otipenesieH. CambIii Bep-
XHUH YPOBEHD B KOTOPOM MOZKHO BBITIOTHUTD OTIPeiesieHne, 3To Moy ib. Ho cTpykTypa
OITMCAHHAS B MOJYJIE MOKET OBITH HKCIIOPTUPOBAHA 3a TPeIebl MOyJist. Tora B Cy-
Jae KCHOJb30BAaHUS ee UACHTU(UKATOPA 3a IIpefiellaMU OIPeAeTSIONero MOAYJI,
uAeHTU(DUKATOP TOJKEH OBITh yTOUHEH UaeHTH(GUKATOPOM MOy st Eciu, Harpumep
uneHTudurarop A skcmopTrpoBaH 13 MoayJist M, To 3a mpegeamu moyist M obparite-
HUE K HeMy BbITIosiHgeTcs Tak: M.A

BenunuuHbl. TUNbI AaHHbIX.
OObsiBNEeHue v Buabl TUMNOB

B mepeuHe 0CHOBHBIX TIOHSATHI MBI OIIPEAETUIN TPOTPAMMY, KaK YIIPaBIeHNE BBIYHC-
JIeHVIeM BBIpaKeHUil. BeipaskeHne Colep:KUT OTlepanny, KOHCTAHTHI, KOHCTAHTHBIE BbI-
paxkenwus, ckoOku. [103TOMY TIpesk/ie YeM MPUCTYTIATh K pazbopy mpobeM YIpaBIeH st
(omepaTopoB sI3bIKa) HEOOXOAUMO JIATh JETATBHOE TPEACTABICHIE MEePEUNCIECHHBIX
HOHATHUI.

3HaveHUe BBIPAsKEHUS 3TO BeIMYNHA HEKOTOPOTO ThTia. [loaTomy, mpeskie pa3roso-
pa 0 BeJIMYMHAX, HEOOXOANMO JaTh MPEACTABIECHIE O THTIAX.

Nudopmanus o Tune popmupyercsa B KIT HeckonbkuMu criocobamu. Bo-1epBhix,
CYIIECTBYIOT TaK Ha3bIBA€Mble OCHOBHBIE THIIBI, — 3TO TIPOCTEHIITNE THITBI TPEACTABIIS-
fotue coboii HanboJree YacTo BCTPEUAIONINECs BU/IBI JaHHBIX. DaKTHIeCKH aTO TO, 6e3
Yero HeBO3MOKHO HaTMCaHue IPOCTeHIIel TPOTPaMMBL: HEKOTOPBIE BU/IBI YHICE H JIH-
Tepbl. V13 OCHOBHBIX THTIOB (DOPMUPYETCS IBA BU/A COCTABHBIX: MACCHBBI M 3AITHCH U3
KOTOPBIX MOKHO COCTABJIATH CJIOKHBIE CTPYKTYpHI maHHbIX. KII, Takke mo3BosisteT
(hopMupOBaTH OOBSBIEHHUE THUTIA, TAKOE OOBSABIIECHIE OMMCHIBAET HE CBOWCTBA BEJIMYWH,
a CBOIICTBA TUTIOB.

BesmuuHel, onuchiBaeMble HETIOCPEICTBEHHO B OJI0OKEe OOBSIBICHUN HA3BIBAIOTCS
cTaTnyecKMMH BelnymHaMU. [laMsATh moj HUX BBIAESETCS Ha 3Tare KOMITHJIAINH.
Ectb B KIT BO3MOKHOCT OGBSIBUTE IUHAMIYECKYTO BEJTMYMHY, TO €CTh BEJTMIUHY OITH-
CaHHYI0, HO TIOKa He CYUIECTBYIOIIYIO, 10 0COOOTO PaCIOPSLKEHUsT TMPOTPAMMUCTA.
Tunel AMHAMUYECKUX BEJIMIHUH OTIPEESIIOTCS TaKKe, KaK ¥ TUITBI cTaTudeckuX. [ mHa-
MUYeCcKast BETHYUHA, ITO He 0COOEHHBIH THUT, 9TO CIIOCO0 0OBABIEHUS U CTOCO6 CyIIe-
CTBOBAHUS BEJINYITHBI.
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U naxonert B KII cyiiecTBYOT Tak Ha3bIBaeMble KOHCTAHTBI — BEJTUYMHBI J1JIsI KOTO-
PBIX Ha dTalle KOMIWJISAIUU OIPEIe/sieTcs He TUII, a Cpasy 3HaYeHKe U yiKe 110 3Hade-
HUIO KOMIIMJISTOP IIPUHUMAET peliieHrne 0 06beMe BhIAEIAeMON HaMATH U 4TO ¢ 9TON
BEJIMYMHOM MOKHO ziejiaTh. HauHeM n3ydueHre BeJIMYMH ¢ KOHCTaHT.

CorjiacHO cOOOIEHHIO O A3bIKE, ONMCAHNE KOHCTaHThI CBA3bIBAET UACHTU(HUKATOD
¢ HEM3MEHAEMBIM 3HaueHreM. HensMeHsaeMoCTh 3HaueHIA O3HaYaeT BOSMOKHOCTD OII-
peliesieHUsT 3HAYeHUsT Ha 9Tale KOMIMJISIMKA. BIOK onycaHuss KOHCTAaHT HAYMHAETCS
kto4eBbiM ciioBoM CONST.

ITpyrMepsl IPaBUIBHOTO OIIPeAEIeHNS KOHCTAHT:

CONST
N=5;
A=12.45;
C=4*N+6*A;

Koncranra C orpeznesieHa TOJIbKO B TOM CJaydae, €CJIn OIpe/ieJieHbl KOHCTaHTBI UC-
ITOJIb3yEMbIE B €€ OIIMCaHWU. HOpFI/IOK OIMMCaHUA CYHIECTBEHHO Ba’KE€H. CJIe[[yIOH_[ee
Oonucanue

CONST
C=4*N+6*A;
N=5;
A=12.45;

C TOUKH 3PEHUST KOMITIIIITOpa omu60uHO. IIpu 06Cy KaeHnN CBONCTB HIeHTU(HUKATO-
POB YTBEPKIAIOCH, UTO OOBSBJICHUS BEJIMYMH MOTYT 3aITUCHIBATHCS HETTOCTIET0BATEb-
HO TP YCJIOBUH, YTO OHU 3allMCAHBI B OJHOM OJIOKe. B mipuMepe Ha mepBbIil B3TJIsIT
UMEHHO Takast cutyaiust, BeiuanHbl A, N, C omrcabl B 0JIHOM OJIOKe, HO TEM He MeHee
310 o1ubKa. Bee jke cuTyarnust HeMHOTO oTJindHa. [IpaBuiio 00bsABIeHNS HIeHTH(DUKA-
TOPOB PaboTaeT AEUCTBUTENLHO UMEHHO TaK, KaK OBLIO yKa3aHO, HO 3/IeCh Mbl UMEeM
JeJio He ¢ 00bsIBIIEHUEM, a onipesiesieHueM. OTIndre B TOM, YTO TIPHU OIIPEIETIEHUH YKa-
3bIBAETCS U 3HAYEHUE BEJTUUMHBI.

[TosTomy 371€Ch pabOTAET MPABUIIO OIIPEAETEHUST KOHCTAHTHBIX BBIPAKEHUN KOTO-
poe TOBOPUT, UTO KOHCTAHTHOE BBIPAsKEHME BO3MOKHO BBIUMCJIUTH TPOCTHIM IIPOCMOT-
poM (ITPABUJIO JIAHO UyTh HUKE ). A 3TO BO3MOXKHO TOJIBKO B TOM CJIy4ae, eCIi K MOMEH-
TY KOMIIWJISIIIUY BCE BEJTMUMHBI BXO/ISIINE B BbIpaKeHNe UMEIOT TOUHO ollpeieJIeHHble
3HAYEHMUSI.

Tum KOHCTaHTBI He yKa3blBaeTcs, ONpe/Ie/IeHHOCTh 3HaYeHNs] KOHCTAHTBI Ha 3Tale
KOMITUJISIITAY [TO3BOJISIET KOMITUJISITOPY BBIJIEJUTD BCIO HEOOXOAMMYI0 MH(POPMATIHIO 13
BBIYMCJIEHHOTO 3HaueHus. Onucanue KOHCTaHThI C MMOKa3bIBaeT TakKe, YTO 3HAUCHUEM
KOHCTaHTbI MOJKET OBITh KOHCTAHTHOE BBIPaKEHIE. ITO JOMYCTHMO COTJIACHO OTIpeIe-
JIEHUs] KOHCTAHTBI, TaK KaK KOHCTAaHTHOE BbIpa)keHUe, TakKe MMeeT Heu3MeHsieMoe
3HaYeHue.

KoHcTaHTHbIE Bblpa>keHuns

B COO6HI€‘HI/II/I o KII AaHO CJIEAYIOIIEE OIIpeCJICHUE: KOHCMAHMHOE 8blpaicenue — 3TO
BbIpa’K€HHE, KOTOPOE MOJKET OBITH BBIYACJIEHO IIpU IIPOCTOM TEKCTYAJIbHOM ITPOCMOTPE
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6e3 (haKTHYECKOTO BBIMOJHEHUs MPOrPaMMbl. Ero ormepaHbl CyTh KOHCTAHTHI WJIH
IpeIonpeieJIeHHBIE TTPOTIEAYPhI — (DYHKIIMU, KOTOPbIE MOTYT OBITh BBIYUCIIEHBI TIPH
KOMIIMJIALIAN.

dopmanbHoe onpepesieHue

ConstantDeclaration = IdentDef "=" ConstExpression.
ConstExpression = Expression.

IIpuMepbl KOHCTAHTHBIX BBIPAXKEHU ysKe TPUBOJUIINCD BBIIIE, TOSICHUM JIUIIb, YTO
IpeionpeiesieHHble Mpoleypbl — MYHKINN 3TO (YHKIUN U3BECTHBIE KOMITUJISATOPY,
UMEHHO MOITOMY WX 3HAUEHHE MOJKET OBITh BBIYMCIEHO Ha HTATe KOMIUJISIIUHH, eCTe-
CTBEHHO IIPU YCJIOBUH, YTO apPTyMEHT TaKuX (DYHKIUH, TaK)Ke KOHCTAHTHOE BBIPasKEHHE.

AHTUIIOJ TOHATHS KOHCTAHTa — MOHATHE IlepeMeHHOol. 13 camoro TepmuHa sICHO,
YTO IlepeMeHHas — 9TO BeJIMYNHA, Ybe 3HAUCHUE MOXKET U3MEHATHCS B X0/I€ BBIITOJIHE-
Hug nporpammel. [ToaTomy Ha aTanie KOMIUJSIIMKM ONpe/eseTcs TUI IepeMeHHOH,
u He onpesiensiercs 3Havervie. OObsIBIEHNE TIEPEMEHO COTIACHO COOBIEHMUS O S3BIKE
BBITJIS/IUT TaK:

VariableDeclaration = IdentList ":" Type.

IdentList — aT0 cnmcok MMeH mepeMeHHBIX. I109TOMY OHO OOBIBIEHUE MOMKET
OBbITH IIPUMEHEHO K TPyIIle MMeH MepeMeHHbIX. Jlajee 3a [BOETOUNMEM CJIEAYET MM
THIIA.

Nms nepeMeHHOM BETMYUHBI — 3TO UAEHTU(HUKATOP, TOITOMY TIpaBuia (hpopMupo-
BaHMS UMEH U BO3MOKHBIE OTPAaHUYEHUS CIEyeT CMOTPETh B maparpade onucanus
uzeHTUGUKATOPOB. A 00bSIBIIEHIE THIIA COTTIACHO COOOIIEHUIO O SI3BIKE IMEET CJIeLYI0-
I BU:

TypeDeclaration = IdentDef "=" Type.
Type = Qualident | ArrayType | Record Type | PointerType | ProcedureType.

TypeDeclaration — 00bsiBII€HNE THIIA
IdentDef — onpezesieMblii naeHTIHGUKATOD
Type — Tun

Qualident — yTouHeHHBII HAEHTIDUKATOD
ArrayType — Tun maccuBa

Record Type — Tui 3amnucu

PointerType — ¥YkazaTembHbIH TUTI
ProcedureType — [TpoueaypHbIil THII

Ocobenno cienyer obpatuth BHuUMaHue Ha Tepmud Qualident. Yrounuts Tun
WIEHTH(HUKATOPA BOSMOKHO, KAK OCHOBHBIM THIIOM, TaK U COOCTBEHHBIM. TO eCTh 1oj1
onpenenenne Qualident nonagaer 0GbsBICHUE CIIEAYIONIETO BUIA:

TYPE
Mas=ARRAY 10 OF INTEGER,;
MyMass=Mas; (*yrounennsiit uneatudurarop MyMass*)
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Crenyer Takske 06paTUTh BHUMAaHUE Ha MPOIe/Ly PHBIN TUIL. BeanuuHbl 9TOTO THIIA
CBSI3BIBAIOTCSI HE CO CTPYKTYPaMU JaHHBIX, a TPoIleypaMu. B aToM mpotiery pHbIit THTT
CTOUT 0CO00 OT APYTUX TUIIOB AaHHBbIX. HeoOX04uMO TakKe B OTHOIIEHUH TIPOLIELYP-
HOTO THUIIA 3aMETUTb, YTO OH B HACTOSIIEE BPEMST CIUTAETCS YCTAPEBIITUM CPEICTBOM
u octasjed B KII TombKo A1 moanepxky yake paspadorannoro I10. Cormacuo coobuie-
HUIO, TIO/[IEPKKA TPOIE[YPHBIX TUIIOB MOXKET OBITh COKPAIIIEHA B CIIEAYIONINX BEPCUIX
s13biKa. [109TOMY JIJIsT TPOTPAMMHKCTOB BHIOPABIINX B KAUECTBE SI3BIKA SI3BIK CeMelCTBa
[Tackayib BUIUMO CJIELYET BO3AEPKUBATHCS OT YIOTPEOJIEHUS 3TOTO CPEJICTBA TPU Pas-
pabotke HOBOTrO I10.

OnucaHe THITOB IEPEMEHHBIX BEJMYNH, HAUHEM ¢ OCHOBHBIX. Kak yske ObLIo CKa-
3aHO BbIIlI€, OCHOBHbIE€ TUIIbI ITPEAHA3SHAYEHDbI AJId OITMCAHUA PAa3JIMYHBIX BU/JIOB YHCEJT
n JINTEDP. Bce octasbHble BO3MOKHOCTU BbIHECEHDI B COCTABHBIE TUIIBI 1 CO6CTB€HHI)I€.
OCHOBHBIE TUIIBI IEPEYNCIEHEI B CIEAYIOIEH TabauIle.

OCHOBHbI€ TUMNbl AaHHbIX

Tabnuua 2.2. CNUCOK OCHOBHbBIX TUMOB AaHHbIX

Umsa Tuna 3HaueHus

BOOLEAN nornyeckne 3Havenva TRUE n FALSE

SHORTCHAR Nntepbl Habopa Latin-1 (0X .. OFFX)

CHAR Nutepel Habopa Unicode (OX .. OFFFFX)

BYTE uensie or MIN(BYTE) no MAX(BYTE)

SHORTINT uenslie ot MIN(SHORTINT) no MAX(SHORTINT)

INTEGER uenele oT MIN(INTEGER) no MAX(INTEGER)

LONGINT uenslie oT MIN(LONGINT) no MAX(LONGINT)

SHORTREAL BeulecTteHHble ymcna oT MIN(SHORTREAL) no MAX(SHORTREAL),
3HayeHve INF (INF npeponpeneneHHoe 3HadeHre KOToOpbiM
3aMelLaeTca BELECTBEHHAA BENMYMHA B Cly4ae BbIXO[a 3a npenens
[0nyCcTUMOro nHtepeana. 3Hak INF coBnagaeT co 3HaKOM MCXOAHOIO
3Ha4YeHUs)

REAL BewecTteeHHble ymucna o MIN(REAL) 0o MAX(REAL), 3HadeHne INF

SET MHOXECTBa Lenbix Yyncen ns guanasorHa ot 0 o MAX(SET)

Oyurimu MIN 1 MAX ucniosib3yioTcst sl ONTUCAHUST UHTEPBAJIOB TUIIOB B CHITY
TOT0, YTO PEAJTHHOE 3HAUCHIE TPAHUI] UHTEPBAJIOB 3aBUCHUT OT PEAIN3AIII. Y Ka3aHHbIE
(hyHKITUY HCTTIONB3YIOTCS IJIST OTIPE/IeJIEHUSI TPAHUI] HHTEPBAJIOB OCHOBHBIX TUTIOB.

OcHOBHBIE TUTIBI 06Pa3yOT Wepapxuio TUTOB. CMBICT UEPapXUH B CIEAYIONIEM:
€cJIu TUTI A SIBJISIETCS] MITAJIIIIAM 110 OTHOIIIEHUIO K TUILy B, To Besmunna Tuna A MoxeT
6BITH IpUCBOeHA Besmunte Tuma B. Hanpumep: Bermectsennast sesnmumnna:=11enas Be-
JINYMHA, HO HUKAK He HA060poT. Ilesbie TUIBI ABJISIOTCS MJIAIITUMU TIO OTHOIIEHUIO
k peiictButespibiM. B KII ectb fBe 11eMI0UKY MepapXuu JiJist YUCET U /LIS IUTED.
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Wepapxus 4MCI0OBBIX TUTIOB:
REAL>SHORTREAL>LONGINT>INTEGER>SHORTINT>BYTE
Wepapxus 1uTepHbIX TUTIOB:

CHAR>SHORTCHAR

[l cCOCTaBHBIX TUIIOB TOHSTHE UePapXUN He OTPe/ieIeHO.

CocraBHsble tiunsbl. Tunbl MaccuBoOB

MaccuB — cTPYKTYypa, SIBJIAIONIASICS YITOPSIIOYeHHBIM MHOKECTBOM 9JIEMEHTOB OJ[HOTO
1 TOTO Ke Tuia. KoJMuecTBO 3;IeMEHTOB MacCUBa HasbIBaeTcst ero daunoi. Obpaiienue
K 9JIEMEHTaM MacCCUuBa BBIIIOJIHAETCA C IIOMOIIBIO MHAEKCOB, ABJIAIOINXCA IIEJIBIMU
ypcgamMu u3 auanasona ot 0 go pummHa — 1. B cooliennu o s3bIKe JaHo CIeAyIolee
oTIpeJieIeHue:

ArrayType = ARRAY [Length {"," Length}] OF Type.
Length = ConstExpression.

Omnucanue JJTMHBI MOJKET OTCYTCTBOBATh, TaK KaK JIJIMHA yKa3aHAa B KBAJPATHBIX
ckobkax. Ecim qinHa He yKa3bIBaeTCs, TO TAKOM MaCCUB Ha3bIBAETCH OTKPHITHIM. [ljim-
Ha OTKPBITOTO MAaCCUBa OIIPEEJISIeTCs B IIpoliecce paboThl IIPOrPAMMBI, U3 YETO CJIELY-
€T, YTO OTKPBITHI MACCUB MMPUMEHSIETCS TOJBKO B CAEAYIOMUX CUTYAITUIX:

® i1 O0BSIBJIEHUS YKA3ATEIbHOTO TUIIA;
® i1 OOBSIBJIEHUS TUIIA 3JIEMEHTA OTKPBITOIO MAaCCHBa,;
e st 00bsIBJIEHNUS TUIIA (OPMAJIBHOTO [TapaMeTpa B IIPOLELype.

Onucanue AJIUHBL IPEJACTABISIET COOOM CIIMCOK KOHCTAHT, CJI€0BATENbHO JaHHOE
olMcaHue IpeAIoaraeT BO3MOKHOCTh MHOTOMEPHBIX MaccuBOB. KosinuecTBO pas-
MEPHOCTEH ITpaBUIaMU I3bIKA He OTPAHIYEHO 1 OIIPEAEJISIETCS TONBKO 00EMOM JOCTYII-
HOM IMaMsTH.

Twumn Buga

ARRAY LO, L1, ..., Ln OF T
UHTEPIPETUPYETCA KaK COKpallleHHasd 3allUCh JJId
ARRAY LO OF
ARRAY L1 OF

" ARRAY Ln OF T

ITOT BUJL 3alIUCH MOXKHO BOCIIPUHUMATD ¥ KaK MHOTOMEPHBIN MACCUB, 9JIeMEHTaMUI
KOTOPOTO ABJISIIOTCS 9JIEMEHTBI YKa3aHHOTO THIA ¥ KaK MAaCCUB MAaCCUBOB, B KAUeCTBE
3JIEMEHTOB KOTOPOT'0 MOKHO MCII0JIb30BaTh MACCHBBI MEHBIIIEeH PA3MEPHOCTH.

Hanpumep npu cienyiomiem OlnucaHuu:

mas1, mas2: ARRAY 10,10 OF INTEGER;
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caenytoriee npucsoenne : mas 1 [k]:=mas[2]; 6yzer BrojiHe 3aKOHHBIM.

Paznuume Mexy MOJHON U COKPaIleHHON 3alMMChI0 CYIECTBEHHO CKa3bIBaeTCA
B 0OBbSIBJIIEHUN OTKPBITHIX MACCUBOB. A UMEHHO JIJIS OTKPBITOIO MaCCUBa COKPallleHHas!
3aIKCh HEBO3MOYKHA, TaK KaK COKpallleHHas 3al1iCh TpebyeT IBHOTO YKa3aHWsI JJINHbBI
JUII pa3MepHOCTEH.

ITpumMepsl 0ObSABICHISA MaCCUBA:

mas: ARRAY 5 OF REAL; math gelicTBUTEIbHBIX YHCET
mas: ARRAY 2, 3, 4 OF CHAR; tpexmMepHbIii MACCUB CUMBOJIOB
mas: ARRAY 100 OF Type; ogHoMepHbIiT MacCHB 3JIeMeHTOB Thtia Type

[IprMepbI OTKPBITHIX MACCUBOB:

mas: ARRAY OF INTEGER; oTKpbITbIit MACCUB I€JIBIX
PROCEDURE P(mas:ARRAY OF INTEGER); maccus kak ¢hopMaIbHBIH TapaMeTp

CocTtaBHbIe Tuneil. Tunesl 3anuceun

Tun 7aHHBIX 3a1TCh MOJIEJIUPYET CTPYKTYPY AAaHHBIX — MHOKECTBO 3JIEMEHTOB Pa3HoO-
ro tuna. [Ipu aTom 3anuch SaBisieTcs HeymopsI04eHHBIM MHOKeCTBOM. J[oCcTyTI K KOMIIO-
HEHTaM 3aIMCH OCYIIECTBIISIETCS TI0 UMeHW. KOMIIOHEHTBI 3a1TCH HA3bIBAIOTCS TIOJISIMHU,
UX KOJIMYeCTBO (DUKCUPOBAHO U JIJIsSI KAXKIOTO 1M0Jist yKasbiBaercs Tuir. CoolbleHne
0 sA3bIKe JaeT ciegylolee olpejeienue:

RecordType = RecAttributes RECORD ["("BaseType")"]
FieldList {";" FieldList} END.

RecAttributes =[ABSTRACT | EXTENSIBLE | LIMITED].

BaseType = Qualident.

FieldList = [IdentList ":" Type].

IdentList = IdentDef {"," IdentDef}.

Haunem ananus CTPYKTYPbI 3allUCU C YPE3aHHOTI'O OIIpe/ICJICHUA:

RecordType = RECORD FieldList {";" FieldList} END.
FieldList = [IdentList ":" Type].
IdentList  =IdentDef {"," IdentDef}.

W3 omnpe/eseHust BUIHO, YTO OOBSIBJIEHUE 3AMUCH COCTOMT U3 KJIOUYEBBIX CJIOB
BEGIN 1 END mesxay KOTOPbIMU pacIojiaraercst Clucok 06bsABIEHUI MOJIei.
[Ipumepsr:

Recl1= RECORD
A:INTEGER;
B: REAL;
C: CHAR;
END;

B npumepe o6bsiBiien Tum Recl ¢ Tpemst mosisiMu.
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Rec2:RECORD
mas: ARRAY 10 OF INTEGER,;
N:INTEGER,;

END

B npuMmepe 00bsBJICHA BeJIMYNHA C ABYM:A ITOJIAAMUA, OZTHO N3 KOTOPBIX COCTAaBHOI'O TUTIA.
ITonem 3amcy BIioJiHe MOKET OKa3aThCs CJIOKHAS CTPYKTYPa, B TOM YUCJIE 1 CTPYK-
Typa THUIla 3allCH. HaHpI/IMep, BIIOJIHE 3aKOHHa CJICAYIOIasd KOHCTPYKI U

Rec2:RECORD
mas: ARRAY 10 OF Recl;
N:INTEGER;

END;

CyuiecTByeT oHO orpanuyenue. TuI He MOKeT ObITh CBOEH cocTaBHOM yacThbio. 06
3TOM y’Ke TOBOPHUJIOCH BBIIIE, 3/[eCh 9TO OTPAaHUYEHHUE TPOVIIIOCTPUPYEM TIPUMEPOM
OMUGOIHOTO OOBABICHIIS:

Rec=RECORD
Rec1:Rec;
END;

Taxoe 0ObsIBIIEHIIE HA3BIBAETCS PEKYPCUBHBIM M OHO SIBJISIETCS 3aIIPEIIEHHbBIM.

Bermire roBopustocs o Tom, uto KII ecTh s13bIK cMIbHON MMEHHON TUTIM3ANNU. B oT-
HOIIIEHNH 3aIIICH 9TO 03HAYAET, UTO 3AMMCH COBMECTUMBI C TOYHOCTBIO /[0 O{HHAKOBBIX
uMeH TuIoB. IloaToMy, HarpuMep cJieayioiiee 0ObsABICHUE:

TYPE
s1=RECORD
a: INTEGER;
b:REAL;
END;
s2=RECORD
a: INTEGER;
b:REAL;
END;

ecTh 00BSABIEHHUE IBYX PA3TUYHBIX TUTIOB, HECMOTPSI Ha CTPYKTYPHYIO MICHTUIHOCTD 1
TIPUCBAMBAHNE BETUYWH JIBYX TAKUX TUTIOB OY/IET TPU3HAHO KOMITUIATOPOM HE3aKOHHBIM.
Bonpocwvt docmyna:
octy1 K 1T0JIsIM OCyIIeCTBIISIeTCS 110 UMEHHU 110J1g YKa3aHHOMY 4epe3 TOUYKY I110cJIe
nMeHu 3anucu. Hanpumep:

Rec:RECORD
a: INTEGER;
b:REAL;

END;

Tocrymn: Rec.a:=1; Rec.b:=0;
Ecuu moJte 3ancu mpezcrapiisieT coO0M CIOKHYIO CTPYKTYPY, TO ZOCTYII K €€ KOMIIO-
HEHTaM BBITIOJHSAETCS 10 TIPaBUJIaM TIPETTICAHHBIM Y3Ke 715 3TOM CJI0KHOU CTPYKTYPHI.
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[Tpumep:

Rec2:RECORD
mas: ARRAY 10 OF INTEGER;
N:INTEGER;

END;

Hocrymn: Rec2.mas[3]:=1; Rec2.N:=1;
TouHO TakUM Ke 0OPA3OM ONPENEISIETCS JOCTYI K KOMIOHEHTAM TI0JIEH U B TOM
cray4dae, ecau noJist camu siBrsaiorest crpykrypamu tuia RECORD. TTpumep:

Rec=RECORD
a:INTEGER;
b:REAL;

END;

Rec1:RECORD
Rec2:Rec;
a:INTEGER,;
b:REAL;
END;

loctym: Rec1.Rec2.a:=1; Recl.a:=1;
[y6uHa BIOKEHHOCTH CTPYKTYP MOKET OBITH CKOJIb YTOMHO OOJIBIION, TEXHUKA
JIOCTYTIa OCTAETCSI TOU K€ U3MEHSIETCSI JIUTIID JINHA TIETTOYKU UMEH.

3ameuyaHue 0 3KcnopTe

IToJist 3a1KCH B OTHONIEHU T KCIIOPTA MOTYT OBITH Iy OJIMUHBIMU (TO €CTh BUAMMbBIMHU 32
TpejielaMy OTTUCBHIBAIONIETO MOJIYJISI) U MPUBATHBIMU (TO €CTh JOCTYIMHBIMU TOJHKO
B IIpezieiaxX OIMChIBAIOLIEro MOAYJIsA). [t Toro, 4To6bl HoJIe CTalo IIyOJUYHBIM €ro
HEOOXOAMMO IIOMETUTH 3BE3/J0YKOIL. B OTCYTCTBMM METKH II0JIE CYUTACTCS IIPUBATHBIM.

Bepremcs k morHOMY oTipeziesieHuIo 3anucu. Tun 3anucu ucronbayetcs B KIT s
MOJEPKKH MaPALUTMbl 00bEKTHO-OPUEHTHPOBAHHOTO IIporpaMmMupoBanust. Iloapo6-
Hoe uzsoxenue texHoyoru OOII He BXOAUT B 3alayy 9TON KHUTH, IO3TOMY OyIeM
[10JIaTaTh, YTO BbI JIMOO ¢ HEll 3HAKOMBI, 10O B CjIy4ae HEOOXOAUMOCTH M3Y4YUTE ee
TIPUHITUIIBI 110 JIPYTUM UCTOYHUKAM. 3aMEeTUM TOJIbKO, 4TO JIJis TOHUMaHUsT (PyHKITNO-
naasnoct Tunia RECORD uet HeobxoaumocTu BHUKaTh B fetanu QOTL.

B o6uux yeprax rexuosorusg OOII 3akiouaeTcst B BOSMOKHOCTHU CBA3BIBAHUS ITPO-
11e/lyp — UMEHYEMbIX B 9TOM CJIydyae MeTO/IaM¥ CO CTPYKTypaMu JaHHbiX. Kak aTo uc-
rosiHeHo B KIT Bbl MOKeTe TT0O3HAKOMUTBCS B Tlaparpade MoCBSIIeHHOM MPOTlelypaMm.
Bropast ¢pyHmamenTanbHas BO3MOKHOCTb — 3TO Iepejiada 4acTu CTPYKTYPbI OJTHOTO
THUTIA B CTPYKTYPY Apyroro Tuna. B KII Takoii mepeHoc BBIMOTHSAETCS HA OCHOBE 3aIlh-
Cell 1 Ha3bIBAETCSI HACJIE[OBAHUEM.

ITepeHoc cTpyKTYphI 3anUcK He 00s13aH ObITh OJHBIM. [ToJIHOE KOIMPOBaHUE THUIIA
3aIMCH B JIPYTOU TUII 3aITUCH 3a4aCTYT0 BeJIET K JIUIITHUM 3aTpataM namsaTu. HoBbrii Tumn
Yaiile BCero Hy K1aeTcs JIUIIb B YaCTH (PYHKIIMOHATBHBIX BO3MOKHOCTEN YIKe UMEIOIIIe-
rocst. Kpome Toro, cOkpbiTHe YacTu MH(POPMAIIUU O TUTIE TI03BOJISIET CO3/IaTh MEXAHU3M
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3amuThl nHGOpMaIuy (B JaHHOM caydae roJiel 3amucn ). B KII Borpocs! focTyria perra-
I0TCST CUMBOJIOM «*». TToJte moMedeHHOe 3BE3/I0UKOM OYIeT SKCIIOPTUPOBAHO B IPOIIECCE
HACJIEIOBaHUsI, a 1MoJie Ge3 3TOr0 CUMBOJIA OCTAHETCSI CKPBITHIM. JlOCTYyIIHBIE 1TOJIS,
B repmuHax OOTI HazbIBAIOTCS TyOJINYHBIMY, 8 3aKPBITBIE — IIPUBATHBIMU, THUIT 9KCIIOPTHU-
PYIONIMIT TIOJIST Ha3BIBAETCS MIPEJIKOM, a TUI MOJIYYAIONTUH M0JISI HAa3bIBAETCS TTOTOMOK.

B oTHOIIEHUSAX MEK/Y TUTIOM IPEIKOM U TUIIOM TTIOTOMKOM BO3MOSKHBI 4 BAPUAHTA.

Iepeuwiii sapuarnm. O6baHbBIN THI 3arTucy Oe3 aTPUOYTOB, TAKOI THTI HE TTPeTHA3HA-
YeH /11 HacaeoBaHus. VIcromb3yeTcs TOMbKO /IS CO3JAHUS CTPYKTYP IaHHbIX.

Bmopoii sapuanm. Tyt IpUTOIEH 11 CO3/ITaHNS CTPYKTYP JAHHBIX 1 HACJIEOBAHUS, HO
TOJIBKO B IIpeJiesiaX cBoero MofyJist. ArpuGyT taxkoro tuma LIMITED. [lyist Toro, ato6s1 06ec-
MEYUTH OTPAHMIEHHOCTD TUIIA, €70 OTPAHUYEHHOCTD JIOJUKHA OBITH TIEPeaHa TOTOMKAM.

Tpemuii sapuanm. Tut TpUTOJieH /Ui CO3/IaHUsI CTPYKTYP JAaHHBIX 1 HacJe/loBa-
Husa. HaciegoBaHue BO3MOKHO 3a IIpeJejlaMd CBOEro MOAyJs. Arpubyr Tuia
EXTENSIBLE.

Yemeepmouid eapuanm. Tak HasbiBaeMbIi abcTpakTHBIN THIL. He npeaHasHaueH s
CO3/IaHUS PeasIbHbIX JAHHBIX, HCIOJIb3YETCsI TOJMBKO JIJIst HACJIE0BAHUS. ATPUOYT TUTIA
Abstract.

[Ipumep pacnmpeHHOTO HACIEIOBAHMS:

3anucsk npenok: Rec=EXTENSIBLE RECORD a:INTEGER; END;

31ech 00bsSIBIIEHA 3aMUCH JOTYCKAIIAS PACITHPEHHOE TIEPEOTpeieieHre, ITY 3a-
MUACh MOJKHO PACCMATPUBATh KaK Mpe/ika. A HUKe TPUMEP BO3MOKHOTO MTOTOMKA

3anuco notomok: Rec1=RECORD (Rec) b:REAL; END;

3amnuch MOTOMOK, IMEET CBOE COOCTBEHHOE TIOJIE ¥ TIOJIE TIONYYEHHOE OT TIPEKA.
ITosTOMY TIOCIIE CJEAYIONIETO OO DSIBIECHIS BEJIMIHHBL:

VAR
A:Recl;

Byner nomycrumbiM cieyotiee obpaiienue: A.a:=0;
ITpuMep OrpaHMYEHHOTO HACTEAOBAHUSL. 3AMUCH TPEOK:

s1=LIMITED RECORD
a:INTEGER;
END;

OmmbouHOe HacIe0BaHNe. 3alIUCh IOTOMOK:

s2=RECORD (s1)
b:REAL;
END;

[IpaBusbHOE HaceOBaHNE. 3ATUCh TOTOMOK:

s2=LIMITED RECORD (s1);
END;

Ipumeuanus.

® Hesb3sl AKCIOPTUPOBATH THUII 3alMCel SIBJSIONNXCS TTOTOMKOM CKPBITOrO (He
3KCMOPTUPOBAHHOTO TUIIA);
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® AHAJIOTUYHO BBl MOKETE IIOCTPOUTDH IIPUMEPHI Hac/le0BaHusA aOCTPAKTHBIX TH-
110B. M bl ke OrpaHUYUMCS TTPUBE/IEHHBIMU ITPUMEPAMHU, TaK KaK JIeTaTbHOE U3Y-
yenue texroaorun OOII He BXOAUT B HAIIN I[EJIU.

YkazarenbHbii TN

OyHKIMOHATbHOE Ha3HAYEHME TIEPEMEHHON YKA3aTeabHOr0 TUIIA — 9TO YIpPaBJIeHUe
AMHAMUYECKUMU BEJIMYMHaAMU, TO €CTb BEJIMYMHAMU, CO3/[TaBa€MbIMU U Y/IAJIIEMbIMU
B Iipotiecce paboThI porpaMmbl. PaboTa ¢ AMHAMUYECKOI BETMYMHON COCTOUT U3 IBYX
JIeTICTBUU:

® 00bsABJIEHUE YKa3aTesd Ha JMHAMUYECKYIO BEJINYNHY;
® Co3zaHue JMHAMUYECKON BeJIMYMHBI B IIporiecce paboThl IPOTrPaMMBbIL, B HEO6X0-
MO TOUKe.

OO0bsiBIIEHNE YKa3aTEIbHOIO TUIIA COTJIACHO COOOIIEHUS O SI3bIKE BIIIOJHSAETCS TaK:
PointerType = POINTER TO Type.

3neck PointerType — upeHTHGUKATOD YKa3aTeIbHOTO THIIA. TYpPe — Tull Oyayuieil
muHaMndeckoil Benmnauibl. B KIT BO3MOKHBIMY AMHAMUYECKIMH BEJTUYNHAMUI MOTYT
ObITH TOJIbKO MaccuBbl 1 3anucu. Caexyioiree oObsisierre: A=POINTER TO INTEGER
Oyzer npusHaHO KoMOuisiTopoM ommbounbiM. Kommuasitop KII 6eper Ha cebst 1mpo-
BEPKY CBsI3eil MeskIy oObsiBieHuAME. [10aTOMY cilenyromas MombITKa o6MaHa:

a=INTEGER;
uk=POINTER TO a;

6leeT YCIIETHO pacClio3HaHa KOMITHUJISATOPOM. OrpaHquHHe Ha OCHOBHBI€ THIIBI 9TO
JKECTKOE, KATETOPNYHOE OTpaHNYC€HNE, HO OHO OITpaB/IaHO. CroxHOo npuaAyMarb 3a/1avy,
KOTOpasd JIENCTBUTEHHO HYyKIaaaCb OBl B YKa3aTeJisIX Ha OCHOBHBIC TUIIBI.

HpI/IMepI)I IIPpaBUJIbHOTO 00bABICHUA YKa3aTeJIbHbIX TUIIOB:

YxkaszaTesib HA MAaCCHB:

mas=ARRAY 10 OF INTEGER;
A=POINTER TO mas;

YxkaszaTesib Ha TUII 3aITUCH:

rec=RECORD
a:INTEGER,;

END;

B=POINTER TO rec;

Ykasaresb Ha MaccuB 6e3 O0bSIBICHUS CIIEITHATBHOTO THTIA:
a:POINTER TO ARRAY 10 OF INTEGER,;

[TpaBuibHOE 0ODBSABICHUE THIIA W TIEPEMEHHON 00€CTIEUNBAET BO3MOKHOCTD CO3/la-
HUST TUHAMUYIECKON BETMYMHBI, JJIS1 IEHCTBUTETHLHOTO CO3/IAHMUST BETHNYNHBI HEOOX O/~
MO BBITIOJTHUTB TTpenonpeneneHHyo npoieaypy NEW. PesysbraTom BeI30oBa mporeny-
pot NEW(a) Gysiet pasmerrierivie BeTMUMHLE & B CBOOOTHON MAMSITH, TTAMSITH BBIIEIISIETCST
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CTOJIBKO, CKOJIBKO HEOOXO[UMO JIJIs TUIIA 9TOM BeJUYUHbL. VICK/IoueHe 13 npaBuia —
pasMellieHre OTKPHITOro MaccuBa. Tak Kak Ha sTare 0ObsBJIEHUs TAKOTO MaCCUBA €ro
JUIMHA He U3BECTHA, TO €ro JAJIMHY HeoOX04uMo coobmuTh nporeaype NEW.

e NEW(nma maccmea, N) 1751 omHOMEPHOTO MacCuBa
e NEW(nmsa maccmea, N1, N2, ...Nm) a1 MHOroMepHOTO

Bce nosist 1 as1eMeHTHI pa3MerieHHoN IMHAMUYeCKOW BeJIMUNHBI ountaoTcs. Yuc-
JIOBbIE 3HAUEHUSI MHUIIMATU3UPYIOTCS HyJIeM, yKasatesu 3HadeHueM NIL.

BasoBbIM THIIOM /IS yKa3aTesst MOKET ObITh 3alliCh. A 3aIMCH KaK yKe U3BECTHO
B KII moazepKuBaoT mapagurMmy o0beKTHO-OPUEHTHPOBAHHOIO IIPOrPaMMUPOBAHMSI
1 MOTYT HacJe/IoBaTh U Tepe/laBaTh CBOW KOMIOHEHTHL. [loaTomy ecom ykasartesp vc-
HOJIb3YeT B KauecTBe 6A30BOT0 THUIIA 3AIMCh, TO CTAHOBUTCS HEOOXOAMMbIM HCCJIEN0-
BaTh OTHOIIIEHVE YKa3aTeIell K MeXaHN3MYy HacJieZIoOBaHUS.

ITO OTHOIIIEHNE BbIPAKAETCS CJAEAYIONUM TTPABUJIOM: €CJIU THII SIBJISIETCS TIOTOM-
KOM yKa3aTeJbHOTO THIIA, TO OH SIBJISIETCS U IIOTOMKOM THIIA ABJISIOIIETOCsa 6a30BBIM
17t ero nipegka. [losicHUM ckazaHHOe TPUMEPOM:

PROCEDURE example;
TYPE
P1=RECORD
a:INTEGER;
END;
P2=POINTER TO P1;
P3=P2;
VAR
P:P3;
BEGIN
P.a:=1;
END example;

[Ipumeuanns:

e cymectByet npexonpenaenenubiii Tum ANYREC umeroriii cMbica — yKasaTesnb
Ha 10601t Tu. JI00i yKazaTebHbIN TUI CYUTAETCS ETO TOTOMKOM;

® omepanus A gBisieTcs onepaiueil pazpiMmeHoBanus. OHa MMO3BOJISIET TTOJYYUTh
JIOCTYTI K BEJTUUMHE CBSI3aHHOM ¢ yKazaTesjeM. Eciu A ecTh ykazaresib Ha BeJn-
YUHY HEKOTOPOTO TUMa, To AA — ecTh 3HaYeHNE BesnInHbL. Ho Ha TpaKkTHKe orre-
paifreil pa3pIMeHOBaHUST MOKHO He TT0JIb30BaThesL. Y 17151 pabOThI € a[pecoM U J1Jist
paboTHI CO 3HAYEHUEM MOSKHO TI0JIb30BAThCST MACHTU(HUKATOPOM yKazaresst Oe3
3Haka orepaiuu A. [IpuHATHE penieHus 0 TOM, YTO UMEHHO UMeeT B BUIY IIPO-
TPaMMUCT OCYITECTBJSETCS UCXO/IS U3 KOHTEKCTA.

lMpouenypHbIN TUMN

[IpoueaypHblil TUII — 3TO yKa3aTesb Ha IPOLeLyPY WK IIpelolIpe/iesieHHOe 3HaYeHre
NIL. ITocsre mpucBanBanms mepeMeHHO MPOIIeyPHOTO THIIA IMEHU MTPOIeTyPh, TPO-
IIe/LyPy MOJKHO BBI3BIBATb UCIIOJIb3YS MpOleAypHYIo nepeMennyio. [Ipumep nuke mo-
Ka3bIBAET KaK OOBSIBIATH U MCHOIH30BATH TIEPEMEHHBIE TIPOTIEYPHOTO THTIA.
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PROCEDURE example(x:INTEGER);

BEGIN
X:=X+1;
StdLog.Int(x);
END example;
PROCEDURE P2;
TYPE
Function=PROCEDURE(x:INTEGER);
VAR
a:Function;
BEGIN
a:=example;
a(7),
END P2;

[TporteypHbIE TEPEMEHHBIE UCIIOIB3YIOTCS TOIBKO JIJISI IPOIIELYP CO3[aHHBIX MTPO-
rpammuctoM. [IporterypHast lepeMeHHast He MOKET YKa3bIBaTh Ha IPEIONPeeEHHY 0
MIPOTIEAYPY U HE MOKET YKa3bIBaTh Ha METO/. B OTHOIIIEHNU cOGCTBEHHO MPOTIEAYD CY-
I[[ECTBYET TOJBKO OHO OTPAaHIUYEHUE — MPOIIEYPa MOJKHA OBITH OMUCAHA HA BEPXHEM
ypoBHe MojtyJist. [ToTbITKa CBSA3ATD IEPEMEHHYIO € JIOKAJIBHOI TIPOIelypoli GyIer Boc-
MIPUHATO KaK OMIMOKa.

[Tpumep omubKM:

PROCEDURE P2;

TYPE
Function=PROCEDURE(x:INTEGER);

VAR
a:Function;

PROCEDURE example(x:INTEGER);

BEGIN

X:=X+1;

StdLog.Int(x);

END example;

BEGIN

a:=example;

a(7);

END P2;

Jlpyrux orpanndenuii Hetr. CBsA3bIBaeMast C TIEPEMEHHON TIPOIEYPa, MOKET GBITH
Kak cCOGCTBEHHO ITPOIIEAYPOM, TAK ¥ IIPOLEAYPOI — QYHKIUEIH.

Basicnoe npumeuanue. Erte pas HATOMHNM YTO: TIPOTIEYPHBIH THIT CYUUTAETCS yCTA-
pesireit ocobennocTrio s13bika 1 B KIT BBeieH, TOABKO /TSI MOAJEPKKHU yike paspabo-
TaHHOTO TIPOTpaMMHOTO obGectmedenus. [Ipeanonaraercst B aTbHEHIIEM OTPAHUYINTE
WCTIOJIb30BAHME 3TOTO MHCTPYMEHTA.

Leno4ykun nurep

JIurepHas 1eIoYKa 9TO He CIIeIUaAbHbII TUII, 3TO CII0CO0 XPaHEHUS JIUTEP B JIUTEP-
noMm maccuBe. B KII jjist mpeictaBiieHuUst TUTEPHBIX I[ENTOYEK HET MPEOTIPeIeIeHHbIX
uaeHThUKaTOpoB. {JIs TIpecTaBIeHNs eloYek NCToIb3yoTcst MaccuBbl Tuma CHAR



149 Cuctematmyeckoe eeeaeHme B K

u SHORTCHAR, takske JinTepHbIe HETIOYKH MOTYT XPAHUTHCS B CTPOKOBBIX KOHCTAH-
tax. JIuTepHast enoYKa CTAHOBUTCS YEM-TO OTJIUYHBIM OT MACCUBa OJIAar0apst CIIEIU-
anmproMy cuMBOJIY 0X. DTOT CUMBOJI SIBJISIETCST 3ABEPIIAIOIIUM CUMBOJIOM Tiernouku. OH
HAIPUMeP UCIIOIb3YeTCs JIJIs OTpe/ieJIeHUS IITUHBI IIETIOUKH MTpeloTpeieIeHHON (hyH-
ket LEN. B onmucanum atoit pynxinu (naparpad «IIpenonpenenennbie hyHKITITS )
MOKHO ITOCMOTPETD U puMep. JIuTepHast mernouka 0003HAYAETCS UMEHEM JINTEPHOTO
MaccuBa ¢ f1obaBierueM ciuMBosia $. To ecTb ecii @ ecTh NMsT INTEPHOTO MACCUBA, TO
a$ — ectb uMa TUTEPHON TIENIOYKK XpaHANIEHCs B JAHHOM MacCHUBE.

JluTepHast 1€II0YKa MOKET OBITh 3aKJI0UYEHAa B OJMHAPHbIE (armocTpodbr) aubo
NBOMHBIE KaBbIYKU. OTKPBIBAOIINE KaBBIYKM W 3aKPBIBAIONINE JIOJIZKHBI COBIIAJIATh.
OTkpbIBafoIas KaBbIYKa He 0JKHA HAXOAUTCS BHYTPH 1IeMTOYKH. JInTepHas 1emnoyka
JITHBL 1 MOJKET UCTI0JIb30BaThCS, KaK JUTEPA.

[Ipumep:

Ecau a:ARRAY 100 OF CHAR; 10 a:='1234567890"; crpokoBasi KOHCTaHTa

Onepauvn

Omepan MOKHO OTIpPEeIETNTD, KaK JAeHCTBUS BBITIOTHsIEMble B BbhipakeHmsix. B KII
PasIMYAIOTCS OTIepaIlnu:

apudMeTHYeCKUE;
JIOTUYECKHUE;

HaJ/l MHOKECTBAMU;

HaJl IUTEPHBIMU I[ETIOYKAMU.

Omneparuu KII MoxHO Tak:ke pa3zieJinTh HA KJIacchl 1o mpuoputety. IIpumoputeTrom
HA3bIBAETCSI CUJIA CBsI3bIBaHUs. VHaye TOBOPST IPUOPUTET 3TO XaPAKTEPUCTUKA HA OC-
HOBAHUU KOTOPOU MPUHUMAETCS PEIieHIe O TOM, KaKOe JeHCTBIE U3 IBYX (COCENCTBY-
IOIIUX B Bpra}KeHI/II/I) JTOJIZKHO BBITIIOJIHATDHCA. W o TIPUOPUTETY OIlepalin JeJIATCA Ha
YeThIpe KJlacca:

® ~onepanud OTPpUIIAHMA,

® MyJIbTUIJIMKATHBHBIE Orepaliuu (onepanuu 001aaniine CBONCTBAMUI YMHO-
JKEHWUS);
AJINTUBHBIE OTlepaliuu (onepariy 06 1aIafoIne CBOMCTBAMY CIIOKEHIST );
OTHOIIIEHU (OTIepPAITH OTIPEIETISAIONTIE OTHONIEHUS MEXKILY IBYMSI OTIEPaH/IaMU,
HATPUMEP OTHOIIEHUST TOPSIIKA: OOJIbIIIE, MEHDIIIE, PABHO).

[IpuHamIesKHOCTD K KJIACCy ¥ 03Ha4aeT omcanue npuopurera. [lostomy onepanum
U3 OZHOTO KJacca 06JaaloT OAMHAKOBBIM MPUOPUTETOM. ECIM B BBIpAKEHUU HIYT
HOAPSI], HECKOJIBKO OIepaliuii U3 OJJHOTO KJIACCa, TO MOPSI0K WX BBITOJTHEHUS ONPee-
JIIETCSI TEKCTOBBIM TTOpsAAKOM. OIepanuy 0HOrO MPUOPHUTETA BHINOJIHSIIOTCS CIeBa
Harpaso. [lopsagok He MeHee BakeH 4eM MPUOPUTET. PaccMOTpUM ciresyloniee BbIpa-
sxenne: 2/3/5/6/7/8. Ero 3HaueHne caMbIM CUJIbHBIM 0OPa30M 3aBUCHT OT MTOPSIIKA
BBINIOJTHEHUST OTIEPAIlUL.



OnepaLimm 143

Coo0iieHue 0 sI3bIKE AET CIIEYIONIee OPeIeeHUe OMepauii:

Expression = SimpleExpression [Relation SimpleExpression].

SimpleExpression =["+"|"-"] Term {AddOperator Term}.

Term = Factor {MulOperator Factor}.

Factor = Designator | number | character | string | NIL | Set |
"(" Expression ")"|"~" Factor.

Set ="{"[Element {"," Element}] "}".

Element = Expression [".." Expression].

Relation ="="["#"|"<"|"<="|">"|">="|IN|IS.

AddOperator ="+"|"-"| OR.

MulOperator ="*"|"/"| DIV|MOD|"&".

ITepsas crpouka onpezenenus SimpleExpression [Relation SimpleExpression]
FOBOPHT O TOM, UTO BbIPAsKEHHE MOXKET IIPEACTABJISATH COOO0I IBa IIPOCTHIX BIPAKEHIIS
CBsI3aHHBIX onepaiiueit orHomeHus. Harpumep: Boipaskenne 1 >Bripaskenune2. Mopmu-
POBaHUe BbIPAKEHHS TOJBKO JIBYMS TPOCTBIMKA — MOMEHT ITPUHITUTTHAIbHBIN. Ecii ero
yOpaTh, TO CTAaHYT BO3MOMKHBIMU BBIPasKeHUs Bpoze cieayiomero: 30>a>1, koropoe
MOKHO MHTEPIPETUPOBATH Pas/IMYHBIMU CIIOCOOAMIL.

[Tomo6HBIE BBIPAsKEHNsT BO3MOYKHO OJHO3HAYHBIM CIIOCOOOM OIPEAESITh ¢ IIOMO-
1Ib10 cKOGOK. BepHoe ckobouHOe BoipaskeHue Oyaer BoiraneTh Tak: (30>a) & (a>1),
TO 371eCh MbI BUJIIM HE OJIHO BBIPAXKEHUE, & JIBA COENUHEHHBIX 3HAKOM MYJIbTUILITUKA-
TUBHOW onepaiiuu. To 4To /[Ba oTiepania MOTYT PA3IeISThCS a/INTUBHBIMY U MYJIbTH-
MJINKATUBHBIMY OTIEPAIUSIMU BUJTHO U3 CJEAYIONINX CTPOK ONIPEIe/ICHUSI:

SimpleExpression =["+"|"-"] Term {AddOperator Term}.
Term Factor {MulOperator Factor}.

Tpu onpenesienust:

Relation =g | < <= >t =" | IN IS,
AddOperator ="+"|"-"| OR.
MulOperator =" " | DIV MOD | "&".

[Mepeuncasior HabGOp paspelieHHbIX ONePaIlii.
Jlornueckue onepauumn

e OR sornueckoe NJIN (norudeckoe cmoxkenue). [IBymectHast onepaiust. OmepaH-
ZIBl OTIEPAIMU CYTh JIOTMYECKUE BBIPAKEHUS, B YACTHOCTHU TIEPEMEHHBIE THUTIA
BOOLEAN. Pesysibrar ornepariiyt UMeeT THTI JIOTHYeCcKuiil. Pe3yibraT ecTb uctuna
€ecJir XOTst ObI OJIVH M3 OTIEPAH/IOB UCTHHEH U JIOXKb, €CJIH JIOKHBI 06a OmepaH/a.
Bropoii onepan;i BbIUnCASIETCS TOJBKO B TOM CJIy4ae, ecii MepBblii TPUHUMAaeT
sHauerne FALSE, B mpoTuBHOM cityuae 3HaUeHME Pe3ysIbTaTa OTMPEAETSIETCS 0
MIEPBOMY OTIEPaH/LY;

e & normueckoe U (ormueckoe ymHoxeHue). [BymectHas omeparus. Ote-
paH/Ibl OTIepAIy CYTh JIOTUYECKUE BBIPAKEHNUS, B YACTHOCTHU ITEPEMEHHbIE TUTIA
BOOLEAN. PesysbTat onepainuu uMeeT TUIT JoTudecKuil. Pe3ybraT ecTb HCTHHA
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ecsin 0ba orepaH/ia 10 3HAYEHUI0 UCTUHHBI U JIOKb, €CJIU JIOKEH XOTS ObI OJIMH
OTIEPAHT;

e -~ orpunanue. OgHomecTHas oneparust. OnepaH/ JIOTHYECKOe BEIPAKeHUE, B Ua-
craoctu nepemennas tuna BOOLEAN. Pesynbrat ectb ucTuHa, eciv onepas
JIOKEH, 1 JIOKD €CJIM ONePaH/ ICTUHEH.

ApudmeTuyeckue onepauum

® +cymma;

- Pa3HOCTb;

* IpOu3BeIeHNUE;

/ BellleCTBEHHOE YaCTHOE;

DIV ormepartust 11es10urcyieHHOTO jiesieHust. [IpuMeHrnMO TOJBKO K 11eJIbIM OllepaH-

nam. ITpu sTom X DIV y = ENTIER(x/y). [Tpumep uctosnpzoBanus: a:=xX DIV 5;

e MOD mnaxoxmeHue ocTaTKa IeJOYUCIEHHOTO feneHust. [IpuMeHuMO TOIBKO
K T[EJTBIM OTIePaHIaM.

Tun pesysbrara omepaiuii COBIALAET CO cTapiiUM (110 UEPAPXUU TUIIOB) THIIOM
OJTHOTO U3 OIIEPAH/IOB, TO €CTh €CJIM HATIPUMED, THIT OJIHOTO U3 onepannoB REAL, tum
pesyJbraTa B mobom ciaydae 6ymer REAL. 113 Tiumos LONGINT u INTEGER 6yzer Boi6-
par LONGINT. Ecsiu tuibt o6oux onepatnos 1o nepapxuu Huske INTEGER, To Tun pe-
sysbraTa obszaresbHo INTEGER. MckioueHue cocrasisier onepaius «/». Tur ee pe-
gysbrarta Bcersia REAL BHe 3aBUCUMOCTH OT pe3yJibTara.

3ameuanue o nepenoanenuu pesyavmama: EC 10 BBIMTOJHEHHUIO OTIEPAIINH IATOTIEH
Pe3yJIbTaT BEIIECTBEHHOTO THIIA BO3HUKAET COCTOSTHUE MePENoTHeH s (3HaYEHIe BBIXO-
JIAT 32 PAMKH OTIPeJIETIEHHbIE TSI TAHHOTO TUTIA), TO 3HAYEHUE 3aMEHSIETCsT Ha TIPe/IoTpe-
neneHHoe 3HaueHne 0603HaYaeMoe HIEHTH(DUKATOPOM inf co 3HAKOM HCXOTHOTO Pe3yIib-
tara. [To06HOTO ke ACHCTBUS IS TIETOYUCIEHHBIX OTIEPAIHil He OTpe/esIEHO.

Onepauun Hapg, MHOXecTBamu (Tun SET)

® +obObemuHeHe. MHOKECTBO PE3yIbTAT BKIIOYAET B CeOsT 27IEMEHTHI 000MX MHO-
skectB onepansios. [Ipumep: (1,2) +(3,7,9)=(1,2,3,7,9);

® - pPa3HOCTh. MHOKECTBO PE3YIbTAT BKIIOUAET B CeOsI MHOXKECTBO 3JIEMEHTOB Jie-
BOTO OTepaH/ia He COBIAAIONINX C 3JIeMEHTaMH MHOKECTBA IIPaBOTO OTIePaH/Ia.
[pumep: (1, 2,3) - (1,4) = (2, 3);

e * Jlepeceuenne. MHOKECTBO Pe3yJbTaT COCTOUT U3 3IEMEHTOB NMPUCYTCTBYIO-
IUX B 060MX MHOKECTBAX U MPABOTO U JIEBOTO OMEPAH/IA.
[pumep: (1, 2,3)*(2,9, 3,0) = (2, 3);

® / CUMMETPUYECKasT PasHOCTh. MHOKECTBO Pe3yabTaT MPEACTaBIsieT co6oil
obbeanHeHne AByX pasHocteil. O603HAYMM JIEBBIH onepany — A U IpaBblii ore-
paun — B. Torna cuMmMeTpudeckyio pasHOCTb MOKHO BBIPA3WUTh CJIeIyTOMIei
dopmyioit: A/B=((A-B)+(B-A)). llpumep: (1, 2, 3,4)/(2, 3, 5)=(1, 4, 5). Cum-
METPUYECKYTO PASHOCTD TAKKE MOYKHO MPECTABUTD, KAK 0OheIMHEHNE 32 BbIde-
ToM niepecedernst A/B=(A + B) — (A * B).
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Onepauuun Hag ueno4YkamMmm

® + KOHKaTeHalus. Onepaum{ BBITIOTHAETCS Ha IETIOYKaMU JIUTED. ]_[eHO'-IKa pe-

3yJIbTAT COAEPKUT JIUTEPDI JIEBOTO OIEPAH/IA, 32 KOTOPBIMU CJEIYIOT JUTEPhI
mpaBoro onepama. Tur enouku — peaysabrara Shortstring ecou 0b6a onepara
umetot i Shortstring, uxave tun pesysbrara String.

OTHOLUEeHMsA

® = pasHO (OTHOIIEHME CPAaBHEHNA ) BO3BpAll[aeT UCTUHY, €CJIU OllePaH/Ibl PAaBHbI

1 JIOXKD B CJTyYae HEPABEHCTBA,;

# HepaBHO (OTHOIIEHIE CPABHEHSI) BO3BPAIAET UCTUHY, €CJIM OTIEPAH/IbI He-
PaBHBI ¥ JIOKb B CJIy4ae PABEHCTBA,;

< MeHblie (OTHOIIEHIE CPABHEHUST) BO3BPAIIAET UCTUHY, €CJIU JIEBBIN OTI€PaH/l
MEHBIIIE [TPABOTO U JIOXKb B IPOTUBHOM CJIyYae;

<= MeHbIlle WU PaBHO (OTHOIIEHNE CPABHEHUS ) BO3BPAIIAET UCTUHY €CJIH Jie-
BBIH OTepaH;i MeHbIle TG0 paBeH MPaBOMY ¥ JI0XKb B TIPOTUBHOM CJIYYAE;

> GoJbiiie (OTHOIIEHYE CPABHEHVST) BO3BPAIAECT UCTUHY, €CJIH JIEBBIN OTepaH/T
6OJTBIITE TPABOTO 1 JIOXKD B TPOTUBHOM CJIyYae;

>= GoJIbIIle WM PABHO (OTHOIIEHNE CPAaBHEHSI) BO3BPAIIAET UCTUHY, €CJH Jie-
BBIH orepan;t 601bIre Tu60 paBeH MPABOMY ¥ JIOXKD B TPOTUBHOM;

IN mpoBepka, TPUHAJIESKUT WU HET YUCTIO MHOKecTBY. TipuMep: X IN S. 31ech X
— I[eJI0€ YNCII0, S — MHOXKeCTBO. OTIepaIus JaeT 3Ha4eHue UCTHHA, €CJIU X SIBJIsI-
€TCsI 2JIEMEHTOM S U 3HAUEHIE JIOKb B TPOTUBHOM CJIyYae;

IS mpoBepka, siBJIseTCs JIU 3a[aHHAsT BEJINYNHA BEJIMIMHOM OIPEIETIEHHOTO Ju-
HamMudeckoro Tutia. Orneparusi TIPUMEHIMA TOJIBKO B CJAEYIONIX CAYUasIX: €CIIH
[TPOBEPSIEMBIHT TUII SIBJISIETCS] TOTOMKOM CTATUYECKOTO TUTIA, ECITH TPOBEPSIEMbIiT
THII SIBJISIETCST yKa3aTeJeM Ha TUII 3aIHCeH, WK eCJIU TIPOBEpsieMast iepeMeHHast
ssiasiercst IN wm VAR napamerpowm turma 3anuceii B mpotienype (o IN u VAR ma-
pamMeTpax cM. B maparpade o mporeaypax).

Bce omeparnu — otHoutenus Bosspariator tu gorndeckuii (BOOLEAN). Omnepa-
mmn =, #, <, <=, >, >= MPUMEHUMBI KO BCEM YNCTOBBIM TUTIAM, TUTEPHBIM U T[ETTOTKAM
qutep. OTHOIEeHNsS =, # TakKe IPUMEHNM K YKa3aTeJbHBIM THUIIAM, TIPOTIEyPHBIM,
JIOTHYECKUM U TUTTY MHOKECTBO.

Onepatopbl

Kax yske roBopuioch, olepaTopsl B I3bIKe IIPOrPaMMUPOBAHUsI 0003HAYAIOT AEHCTBHSL.
OcCHOBHBIE JIEHICTBUSI 9TO:

TpUCBanBaHNe 3HAUYEHUS BBIPAXKEHUST HEKOTOPOH BEJTMIMHE, EMY COOTBETCTBYET
omnepaTop MPUCBANBAHUS;

WCTIOJIHEHNEe TToBTOpsomierocs aeiictBus. las ero peanusarnuu B KII mpemyc-
MOTpPEHO 4 BU/A TIUKJIA;
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® BeTBJICHUE, TO €CTH IEWCTBYE BHITTOJTHSIEMOE B 3aBUCUMOCTU OT UICTUHHOCTH WU
JIOKHOCTH HEKOTOporo ycioBus. s ero peammsanuu B KII ects 1Ba Buja yc-
JIOBHOTO OTIEPATOPA,;

® s (DyHKIITMOHUPOBAHUS TPOIIELYP, NpeaycMoTpeHo aBa oreparopa: RETURN
JI7Ts1 BBIXO/IA U3 TIPOLIEAYPBI M OTIepaTOpa BhI30BA IIPOIE/LY PHI;

e oneparop EXIT crenmanbubiii oneparop ajist npexpanieius paboThl olepaTopa
nukiaa LOOP;

e onkperusaius Tuna (oneparop WITH) mosBosisger 171 HeKOTOPO# omepaTop-
HOM TTOCTIeIOBATEIbHOCTH OMPENeTUTh TUIT JAaHHBIX Ha/l KOTOPBIM JJaHHAS T10C-
JIeZIOBATETbHOCTD BBITIOJIHSET OTI€PAITUH.

Omnepatopst KII nensarcs Ha iBa BU/Ia: 3JieMEHTapHbIE U CTPYKTYPUPOBAHHBIE. JJie-
MEHTapPHBIN ONEPAaTOP HEe UMEET CTPYKTYPBI, TO €CTh HE COAEPIKUT APYTUX OTIEPATOPOB
B KauecTBE CBOUX cOCTaBHbIX Yacreil. CocTaBHOI omepaTtop Ha00OPOT MOKET COAEP-
JKaTh OIIePAaTOPHBIE OCJIe0BATETbHOCTH. KpoMe Toro 1ommycKaeTcs mycToi onepaTop
0003HAYAOIIHIT OTCYTCTBUE IEHCTBUSL.

[IporpaMmy HamucaHHYIO Ha SI3bIKE BBICOKOTO YPOBHSI MOXKHO OIPEIEIUTD, KaK
MOCJIEIOBATELHOCTD OTIEPATOPOB, HO M3-3a CYIECTBOBAHMS CTPYKTYPUPOBAHHBIX OIle-
paTopoB, haKTHUUECKU TOBOPUTD O €IMHON 1OCJIeI0BaTETbHOCTH Hestb3s. HekoTopsoie ee
wyacTu Oy/IyT BBITOJHSITHCSI MHOTOKPATHO, BBITTOJTHEHHE IPYTHX €€ YacTell 3aBUCHT OT pe-
3yJIbTATOB IPOBEPKH OIpeIeJIeHHBIX yea0BUiL. [10aTOMY 1 HEslb3s1 yTBEP:KIATh, UTO OTIe-
paTopHas TOCTIe/I0BATeIbHOCTh UMEHyeMasl TIPOTPaMMOl HAYMHAsI CBOE BBITIOJHEHUE
€ HEKOTOPOTO TIEPBOTO OTIEPATOPA BBITIOIHUT TIOCJIEIOBATEILHO BCE OMTUCAHHBIE IEHCTBYS
B TOM TIOPSIZIKE, B KOTOPOM OHU 3aITMCaHBI X 3aKOHYUT HEKOTOPBIM TTocaeHUM. O4eBuI-
HO, TOJIBKO TO, 4TO HAYHET CBOIO PABOTY IIPOrPaMMa ¢ TOYHO OITPEIEJIEHHOTO OTIEPaTOPa.

OHAKO0, MOSKHO YTBEP:KIATD, YTO TPOrPAMMa COCTOUT U3 ONEPATOPHBIX MOCJIeI0BA-
TENBLHOCTEN, 06JAAI0INX YKa3aHHBIM CBOWCTBOM, TO €CTh HAUMHAIOIUXCS TOUHO OTI-
pezieJIeHHBIM OIIePaTOPOM, BBITIOTHSIONTNX CBOU OMEPATOPBI B TOM MOPSIIKE B KOTOPOM
OHM 3aITMCaHbI, POBHO 0 OJTHOMY Pa3y W 3aKaHUYUBAIOIINECS BCET/A OJHUM M TEM K€
oriepaTopoM. HauHem paccMoTpeHue o1epaTopoB ¢ TOHSITUS ONEPAaTOPHON OC/Ie0Ba-
TeNbHOCTH. B COOOIIEHNT O SI3BIKE IAHO CIIEAYIOIIEE OIPEIETECHIE:

StatementSequence = Statement {";" Statement}.

To ectb, onepaTopHast OCAEA0BATENbHOCTh HAYMHAETCS ¢ JII06Or0 oIieparopa, 3a-
TeM KayK/[bIH TTOCJIEAYIOIHI OTIEPATOP OTIESAETCS OT MPEJABIYINEr0 3HAKOM «;» TOUKA
¢ zansroil. [TocieoBaTeIbHOCTD 0053aTEIbHO JTMHEHHAS, HO €€ COCTABJISIIOIUME MO-
ryT OBITh COCTABHBIE OIEPATOPHI COAEPIKAIINE APYrUe OlepaTOPHbIE IOCAe[0BATEb-
Hoctw. [Ipumep:

FOR I:=1 TO 10 DO

TepBas ormepaTopHas MoC/ief0BaTeNIbHOCTb

END;

IF t=1 THEN

BTopas omepaTopHas moc/ief,0BaTeIbHOCTh
ELSE

TpeTbs omepaTopHas TOC/eL0BATENbHOCTb.
END;
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TekcT comepsKUT OIHY ONEPATOPHYIO MOCJEI0BATEIbHOCTD, B KOTOPYIO BIOXEHO
ente Tpu. OrnepaTopHas MOCJAeI0BATEIbHOCTD BEPXHETO YPOBHS COCTOUT U3 JIBYX OIIe-
paTopoB: onepaTopa MUKIa U ycjaoBHoro. ITocienoBarebHOCTH 0003HAUEHHbIE, KaK
nepBas, BTOPasi M TPEThS SBJSIOTCS BIOKCHHBIMU.

YcnoBHbIN oneparop

CTpyKTypHpPOBaHHbI OIIEPATOP ONMPEAEIAIONINIL, KaKas U3 OII€PATOPHBIX MOCIEA0BA-
TeJIbHOCTeﬁ JOJI’KHA BBITIOJTHATDHCA. PeIHeHI/Ie NpUHUMAETCA Ha OCHOBAaHUU BbIYUCJIE-
HUSI TOTHYECKOTO BhIpaxenus. [Toamas popma omepaTopa COrJIaCHO COOOIIEHIIO BBIT-
JISLIAT CJIEAYIONUM 00Pa3oM:

IfStatement =
IF Expression THEN StatementSequence
{ELSIF Expression THEN StatementSequence}
[ELSE StatementSequence]
END.

Bcromuum, uto GurypHbie cKOOKHM 03HAYalOT IIOBTOPEHKE, BOBMOYKHO HOJIb pas,
KBaJ[paTHbIe CKOOKM TIPEJICTABISAIOT Heobs3arebHoe 3HaueHue, CireoBaTebHO MU-
HUMaJIbHO HeoOxoauMast (hopMa CIIeAyIOIasi:

IfStatement =

IF Expression THEN StatementSequence
END.

PacemorpuM ee. Expression — siormueckoe BoipaskeHue (B COOOIIEHUHN O SI3bIKE UC-
MOJIb3YETCS TEPMUH «0XpaHay ). [[oJIHOCTBIO 3aIMCh MOKHO MPOYMTATh Tak: Ecau uc-
TUHNO BbIPANCEHUE, MO BLINOIHEMC ONEPAMOPHASL NOCI008AMELLHOCY CLeOYIOUAS
3a xmouesvim croeom THEN.

Cnepylowaa popma

IfStatement =
IF Expression THEN StatementSequence
ELSE StatementSequence
END.

31ech HaMepeHHO yOpaHbl KBajipaTHbIE CKOOKH, TaK Kak popMy 6e3 KJII04eBOTO CJI0-
Ba ELSE mb1 yixe pacemorpenu. [lanuas 3amnuch ynrtaercst Tak: Ecau ucmunno svipaice-
HUe M0 6bINOIHACTNCS. ONEPAMOPHAS. NOCIEO08AMENLHOCIL CAeOYIOUAsl 30 KIHOUCBbIM
cnosom THEN, unaue svimonmnsiemcs onepamopuas nociedosamesvHocmy cielyrouas 3a
Katouesvim crosom ELSE.

Kmoueroe cioBo ELSIF mepeBoauntcest kak Muaue Eci. To ecth nHave, eciu BBITION-
HSETCS YCJIOBUE TO BBITIOJHEHUE TIePeaeTcs Ha OTePATOPHYIO MOCJIeI0BATEIbHOCTD
CIIEYIONITYTO 32 COOTBETCTBYONNM KJfoueBbiM cioBoM THEN. ¥Ycrnosmit ELSIF moxker
OBITH MHOTO, TakM 00pasoM BapuanT ELSIF mo3Bosisier 0TKa3arhest 0T BJIOKEHHBIX yC-
JIOBU CTIEAYIONIETO BUIA!
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IF BbipaxxeHmne THEN
OrmepaTopHas 1moc/ie40BaTebHOCTb
ELSE
IF BbipaxxeHmne THEN
ELSE
IF BbipaxxeHmne THEN
OmepaTopHas moc/ie4,0BaTeNbHOCTD
ELSE
END
END;
END;

3ameTnM, uTo KmoueBoe cioBo END B ycioBHOM oniepaTope HCIIoIb3yeTcs eITHOK/IB,
TSI 3aKPBITHS COCTaBHOM KOHCTPYKINH. OTiepaTopHas mocaenoBateabHocTb TO oTaens-
eTcst ot orepatopHoii mocsenoBarerbuocT MHAYE wioueBbim cioBom ELSE. Ita s13b1-
KoBast ocobentocTh KIT mo3Bosister mporpaMMHUCTy He GeCTIOKOUTLCST O TTPaBUILHOM 3aBep-
IIEHUN COCTaBHOW KOHCTPYKIIMU B CJIyYae M3MEHEHWs BXOSIINX B Hee OIePATOPHBIX
MOCJIe/IOBATETbHOCTEH. DTO YTBEP:KIEHIE BEPHO U /IJIST IPYTHX CTPYKTYPHBIX OTIEPATOPOB.

O606muM ckazanHoe. YCJIOBHBIN OMEpPaTop — 3TO KOHCTPYKITHS CBSI3LIBAIONIAS
OTIePATOPHBIE TTOCTEA0BATENBHOCTH C JJOTHIECKUMHU BBIPAKEHUSIMI HAa3BIBAIOTTUMIICS
ux oxpaHamu. /71 mepegayn BBITIOTHEHNS COOTBETCTBYIONIE ONepaTOPHOI MocIe1o0-
BaTEJIbHOCTHU BBIUUCIISIOTCS 3HAUEHST OXPAH (JIOTUYEeCKIX BBIPAXKEHUIT) B TOM TIOPSII-
K€, B KOTOPOM OHU 3alMCAHBI B TEKCTE, /10 TeX TOP TOKa Kakasi-Iubo oXpaHa He 1acT
sHauenusg NCTUHA. Ilocie yero BblosiHEHNE TIepeiaeTcs TOCIE0BATEIbHOCTH CO-
OTBETCTBYIOIEH TaHHOH oxpaHe. Eciin HU olHA OXpaHa He [ajla UCTUHHOTO 3HAYEeHN S,
TO BBIMIOJHEHWE TIEPEAAETCs] OTIEPATOPHO TTOCTIe0BATEbHOCTH 3aITNCAHHON MOCe
kioueBoro cyioBa ELSE. Ecain ELSE orcytcTByeT, To BbITOJIHEHNE TIEPEAaeTCs Ha TIep-
BbIHT orepartop ciexytomuii 3a END 3axkpbeIBatonum ycioBHYIO CTPYKTYPY.

Oneparop BbIOOpa

OmepaTop BeIGOPa TakIKe, KAK U YCAOBHBIH YITPABJISIET Mepeadeil BHIMTOTHEH S Ha OTie-
paTopHBIE 110CJIe/[0BATEJIbHOCTH B 3aBUCUMOCTH OT PE3yJIbTaTOB BHIYMCJIECHNS HEKOTO-
poro BbIpaskeHud. Boruncisgemoe BolpakeHue JOJKHO /1aBaTh 3HAUYCHUE IIeJI0T0 WU
JINTEPHOTO TUIIA. BBIYMCIEHHBI pe3ysbTaT NIeTCs Cpeil MHOXKeCTBA METOK, Kask/as
13 KOTOPBIX CBI3aHa ¢ HEKOTOPOU ollepaTOpHOH nocienoBaTeabHocTbo. [Ipy nepsom
JK€ COBIIQJICHUM BBIMOJIHAETCS OllepaTOpHasl M0CJe0BaTeJbHOCTD CBA3aHHAs ¢ Haii-
MEHHOI METKOI1. B cooBIIeHn 0 A3bIKE TAaHO CIEMYIOIIEe OMpe/leIeHHUE:

CaseStatement = CASE Expression OF Case {"|" Case}
[ELSE StatementSequence] END.

Case = [CaseLabelList ":" StatementSequence].

CaseLabelList = CaseLabels {"," CaseLabels}.

CaseLabels = ConstExpression [".." ConstExpression].

e EXxpression — BeIpasKeHUeE I1€JI0TO WU JTUTEPHOTO TUTIA
e (Case — ajgpTepHaTHBA
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Caselabellist — ciucok meTok

Caselabels — meTxa

StatementSequence — omepatopHas MOCJae0BATETHHOCTD
ConstExpression — KOHCTaHTHOE BbIpaKeHUe

3amerum, 4To Jaxe mpocreiias Gpopma oneparopa TpebyeT XoTs Obl OIHOM ajib-
tepHaTuBbL. OTiepaTop BUIA

CASE k OF
END;

[TpuBezet k onubKe Bo BpeMst uctiosinenust. DurypHbie CKOOKH YKA3bIBAIOT HA BO3-
MOKHOCTH MHOKECTBa aJIbTEPHATUB, Pas/leJIeHHbIX 3HAKOM «|». [Ipumep:

CASE k OF
1:a:=1;
| 2:a:=2;
| 3:a:=3;
END;

1,2, 3 B ipuMepe — 3TO METKH MOCJIe KOTOPBIX, 3AITUCHIBAIOTCS UCIIOTHAEMbIE OTIepaTop-
HBIE TIOCTE0BATEIBHOCTH. B HallleM TipuMepe Kaskas MocIeIoBaTeIbHOCTh COCTOUT U3
OJTHOTO OTIEPATOPA, YTO KOHEYHO JKe He 00s13aTenbHo. Kaskaast abTepHATHBA IPHMEpA CO-
JEPIKUT JIUIIIb O[HY METKY. ITO TAKKe He 00s13aTeTbHOE OTPAHIYEHIE, KAK BUTHO U3 OTIpe-
NIeJIeHN s, KasK/Iast albTePHATHBA OTIPEIE/ITETCS MHOKECTBOM METOK. [1py 3TOM MHOKECTBO
METOK MOJKET 33/[aBaThCST IBYMSI CIOCOOAMIL: MTHTEPBAIOM 3HAYECHUN U TIEPEUNCIEHUEM.,

[Iprmep nepeunceHnss METOK:

CASE k OF
1,2,3:a:=1;
|4,5,6:a:=2;

END;

[Ipumep nHTEpBaa METOK:

CASE k OF
1..3:a:=1;
|4,5,6:a:=2;

END;

Bropas anpTepHaTHBa, KaK 1 B IPEBbIYIIEM IIPIMeEPe MOCTPOEHA NepeqncieHneM,
repBasi aJbTepHATHUBA OIIpe/iesieHa MHTePBAJIOM 3HaueHU . VIHTepBasbl, Tak:ke MOTYT
BKJIIOYATHCS B [IEPEUMCIeHNs, KaK 1 a1eMeHTapHbie MeTKU. [Ipumep:

CASE k OF
1..3, 9:a:=1;
|4,5,6:a:=2;

END;

[Torrast popma omepaTopa comaepiut tekcemy ELSE mociie KoTopoii 3amuchiBaeTcst
onepaTopHas MOCJe[0BaTeNbHOCTD UCIIOJIHSIeMAas B CJIydae, eCJIU 3HAU€HME BbIYNCJIEH-
HOTO BBIPQKEHUSI He OBLIIO 0OHAPY/KEHO HU B OTHOM U3 MHOXKECTB MeTOK. [Ipumep:
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CASE k OF
1..3, 9:a:=1;
|4,5,6:a:=2;
ELSE a:=3;

END;

Baoicnas ocobennocms. Korcrpyximst CASE 06s13aTeTbHO TOTKHA BHITIOJHUTD OJTHY
13 BJIOKEHHBIX OIIePaTOPHBIX IocIeioBaTesbHOCTe. Ecii aToro He mpousoiizieT cpena
TPOTPaAMMUPOBAHUS ABAPMITHO MPEPBET BHITOIHEHNE TIPOTPAMMBI U COOBIIUT O COCTO-
STHUH OTMTUOKU. ITO 03HAYAET, YTO 0053aTETHHO BBITOJIHEHNE OHOTO U3 IBYX YCIOBHIA:

e 3HaueHMe BIYKMCIEHHOTO BRIPAKEHUS TIEPEKTI0UaTe T 00HAPYKEHO B OJTHOM U3
MHO>KECTB METOK.

e 3HaueHue He OOHAPYKEHO, HO B CTPYKTYPE OMeparopa MPUCYTCTBYET JIEKCeMa
ELSE.

MHOKeCTBa METOK He JIOJIZKHBI TePeceKaThes. Ecim XoTst Obl 0/{HAa METKA OKAKETCS
AJIEMEHTOM Cpa3y JIBYX MHOKECTB 3TO OyJIeT paciieHeHo Kak onribOKa. U ara ommbka
Oyzer oOHapysKeHa Ha 9Tare KOMITMIISAIIN,

Mertka s1BsIeTCSI KOHCTAaHTHBIM BbIpa’K€HHEM, UYTO CJIECAYET U3 OIIPpEAEJICHUA:

non

CaseLabels = ConstExpression [".." ConstExpression].

ITonbiTKa yKa3aTh B KaueCTBEe METKH IIEPEMEHHYIO BEeJIMYMHY, TaK:Ke OyeT paciie-
HeHa Kak oInOKa Ha 3Tare KOMIUJIAIUN.

Linknnyeckne koHcTpykuun KI1

[Muknnyeckne KOHCTPYKIMU YIIPABJISIOT MHOTOKPATHBIM MCITOJTHEHIEM OTIePaTOPHBIX
ocJIe/1oBaTeIbHOCTEN. B TaKHX CTPYKTypax cieyeT pasinyaTh olepaTopHbIe [TocIe10Ba-
TEJIBHOCTU HA3bIBAEMBIE TEIOM I[HKJIA U KOHCTPYKIIUH OMHCHIBAOIIIE COOCTBEHHO TIUKJL

KommonenTbriit [Tackanb mpeziocTaBisieT MpOrpaMMUCTY YeThIPe BapUaHTA IIUKIAYe-
CKUX KOHCTPYKIIUIL /IBa YCJOBHBIX, OJIUH C [IIATOM U OJIH Ge3YCJIOBHBIN. JIBE YCIOBHBIX
(hOPMBI ITO: ITUKJI C YCTOBUEM ITPOIOJIKEHIST 1 ITUKJI ¢ YCIOBUEM 3aBEPIEHNst, UX pabo-
Ta WM HA0OGOPOT OCTAHOBKA OMPEENSAETCS] HEKOTOPBIM JIOTUYECKUM BBIPAKEHHEM
(oxpaHoil B TepMuHax coobrenus ). IToBeseHue IUKIa ¢ IaroM Olpee/isieTes HEeKOTO-
Ppoii 11es10#1 BeTMYMHOM Ha3bIBaeMON I1aroM MJIM MHOT/Ia TapaMeTPOM ITUKJIA, U3MEHSTIO-
nretics ¢ GUKCUPOBAHHBIM IAaroM. Be3ycioBHBIH ITUKJI He TPeyCMaTPUBAET OCTAHOBKH,
7151 eT0 TIpephIBaHUsT HYKHO BBITIOJIHUTD OTIePaTOp MPepbIBaHUsI.

Y cnosabie kbl KIT 0611210 T X0poIiell yHUBEpCaTbHOCTHIO. [[PUHITUTTHAIBHO OTHON
opmbI ycsioBHOTO 1IMKIIA T0CTATOUHO. Bee ocTambHbie (hOpMBI MOXKHO PACCMATPUBATD JIUIITH
¢ TOUKHM 3peHust yao6cTBa. HauneMm pacCMOTpPEHIE € IIUKJIA ¢ YCJIOBUEM MTPOIOJIKEHUSI,

Linkn c ycnosnem npogosmkeHns (WHILE)

]_[I/IK]I C YCJIOBHUEM IIPOJOJIZKEHUA ITPOBEPACT 3HAUYCHNE cBOel OXPaHbl 10 BBIITOJHE-
HHUA onepaTopHoﬁ ITOCJIe/I0BAaTEJIbHOCTH. Ortcrojia ero Ha3BaHUE. KpOMe TOTO, yCJIO-
BHE (oxpaHa) IIUKJa €CTh YCJIOBHE IPOAOJIZKEHUS pa6OTbI, TO €CTb ollepaTopHasda
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IIOCJIeJ0BATEIBHOCTD ABJIAIONIAACA TEJIOM HUKJIA BBIITOIHACTCA [0 TeX II0P, II0KA YCJIO-
BU€ UCTUHHO. JIOXKHOCTD YCIOBUSI IPUBOJIUT K TIPEKpaIieHuo paboTol. B coobiieHnu o
A3BIKE JAHO CIeAYIolIee OIpeIeIeHUE:

WhileStatement = WHILE Expression DO StatementSequence END.

CorytacHO OIpesieieHrI0, COOCTBEHHO KOHCTPYKIIUS KA COCTOUT U3 TPEX JIEK-
cem: WHILE, DO, END. Mesxay nekcemamu WHILE u DO samuchiBaeTcst ToTHdeckoe
BBIPpAXKEHMUE SIBJISTIONIeecs: OXpaHoil iukia u mexay jJexcemamu DO u END 3anuceiBa-
€TCS OTIePaTOPHAS MOCIE/I0BATENbHOCTb.

[Tprmepsr:

sum:=0; k:=1;

WHILE k<=10 DO
sum:=sum+Kk;
ki=k+1;

END;

sum:=0; k:=0; flag:=TRUE;
WHILE flag DO
sum:=sum+alk];
IF sum>max THEN
flag:=FALSE;
END;
ki=k+1;
END;

Ciielyer 3aMeTHTD, YTO TEJIO [TUKJIA ¢ YCJIOBUEM ITPOIOJIKEHHUS BO3MOKHO He OyIeT
BBITIOJIHEHO HU O/THOTO Pa3y, eIy Iepe/l BXOK/IeHUeM B ITUKJI, YCJI0BHE OKAKeTCsI JIOK-
HbIM. OXpaHa MPUHIUITHAIBLHO MOKET He MMETh HUKAKOTO OTHOIIEHUS K TEJTy 1TUKJIa,
TO €CTh BETMYUHBI YUACTBYIOMIHE B POPMUPOBAHUY OXPAHBI BIIOJIHE BO3MOKHO HE OYIyT
BBIYKCJISTHCS B TEJIE IUKJIA. TaKas CUTyalrust He sIBJISIETCS OIMUOKON ¢ TOYKY 3PEHHST
KOMITUJISITOPA, HO HEOOXOJMMO TIOHUMATb, UTO B 3TOM CJIyYae HET MIPUYUH JIJIsST M3MEHe-
HUSI 3HAUEHUST OXPaHbI U CJIe/I0BATeIbHO HET IPUYUH U JIJISI TPeKpaIlieHNs BhITOTHEeHNsT
IUKJIA. TO O3HAYAET, YTO IIUKJI C YCIOBUEM MPOOJIKEHMSI MOKET BIIACTDH B OECKOHEY-
HOE BBITIOJIHEHNE (3aBUCHYTH ). [[09TOMY OTCYTCTBUE UBMEHEHNT BeTNIH (hOPMUPYIO-
IUX OXPaHY B OllepaTOPHOH ITOCJIeI0BAaTEIbHOCTH TeJla IUKJIa cIelyeT CYnTaTh CeMaH-
THUYECKOH (CMBICTIOBOI) OMMOKOM.

Lnkn c ycnosnem 3asepuieHnss (REPEAT UNTIL)

[TukJ ¢ ycsoBueM 3aBepIeHus MpoBepsieT 3HaYeHne CBOEH OXPAHbI TOCJIe BBITTOJHE-
HUSI ONIEPATOPHON MOCJIE0BATETHHOCTU U [IJIsT 3TOU (POPMBI OXpaHa ecTh yCIOBUE
3aBepnieHus 1ukia. B oranure ot nukia WHILE, 1iuks ¢ ycsioBuem 3aBepineHust 3aBep-
maet paboTy TOT/a, KOT/la OXPaHa JaeT 3HaueHre UCTUHBI. B coobIeH 0 sI3bIKe TaHO
CcJIeLyToliee Onpe/iesieHue:

RepeatStatement = REPEAT StatementSequence UNTIL Expression.
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Huknudeckast koHCTPYKIUS cocToUT U3 1ByX JekceM REPEAT u UNTIL mesxy ko-
TOPBIMU 3aMTMCBIBAETCS OIIEPATOPHAS TIOCIEIOBATEIbHOCTD SBJISIONASCS TEJIOM ITUKJIA.
[lanHas cTpykTypa He Hy:kzaaetcs B ekceme END, TesoMm 1iukiia cuntaeTcst oneparop-
Has MocJjenoBaTebHOCTD 3anucannas mexay Jekcemamu REPEAT u UNTIL. Oxpana
UKJIa 3anuceiBaercd moce jgexkceMbl UNTIL.

[Ipumepnr:

sum:=0;k:=1;

REPEAT

sum:=sum-+k;
k:=k+1;

UNTIL k>10;

sum:=0;k:=0;flag:=FALSE;
REPEAT
sum:=sum-+alk];
k:=k+1;
IF sum>max THEN
Flag:=TRUE;
END;
UNTIL flag;

Tak Kak IMKJI C yCJIOBUEM 3aBepHIEHUs BBIYUCISIET OXpaHy IMOCJe MCIOJTHEeHUS
TeJa, TO OUEBUIHO TEJIO IUKJIA OyIET TAPAHTUPOBAHHO BBITIOJHEHO XOTS OBl OJTUH Pas.
Orciofa BUIHA TTOJIE3HOCTH KA. Ecm BesimauHbl (hopMUpyIoime 0XpaHy BbITOHO
BBIYHCJISITD B TeJIE IIUKJIA, B CUJTY YETO TEJIO OJLKHO OBITH 00s13aTEIbHO BBITOJHEHO, TO
IIUKJI C YCIOBHEM 3aBEPIIIEHUST MOXKET aTh HEOOIBIITYI0 9KOHOMUIO OTIEPATOPOB.

JLJist MUKJIA ¢ YCIOBHEM 3aBEPINEHUSI CITPABEJTIMBO BCE YTO OBLJIO CKA3aHO B OTHOIIIE-
HUW IIUKJIA C YCIOBUEM MTPOIOJIKEHIST O BO3SMOKHOCTH CMBICJIOBBIX OMTHOOK.

Linkn c warom (FOR TO BY DO END)

IIJIFI IIUKJIa C IIaroM OTCYTCTBYET ITOHATHE OXPaHbI. Ero ImoBeAEeHUE OIPpeaesaeT HEKO-
TOPpasA yIIpaBJIdIONiad IMepeMeHHasd MMEHyeMadA MIaroM. I[JIH nrara OIIMCBHIBAIOTCA Ha-
YaJIbHOE 1 KOHEYHOE 3HAUYCHUA U 3HAYCHNE U3MECHCHU 1IIara. HI/IKJI 3aBepIIaeT CBOIO
paborty, Tora Koria ylpasJ/siolias epeMeHHas JOCTUTaeT CBOero KOHEYHOro 3Have-
HUs1. B coo01IeHNY 0 SI3bIKe JAHO CJIEYIOIIEe OTIPEIe/ICHIE;

ForStatement =
FOR ident ":=" Expression TO Expression [BY ConstExpression]
DO StatementSequence END.

W3 onpepesieHns BUIHO, YTO IKUKJI C IIaroM HanboJiee CI0KHast IUKINYecKast KOH-
CTPYKI[US, 3TO SICHO XOTs ObI U3 KOJMYecTBa JieKceM (IISITh JIEKCEM) OIMChIBAIOLIIX
ki, Mexny nekcemamut FOR u TO omnuchiBaeTcst HadaabHOE 3HAYEHUE YITPABJISIO-
tieit mepemerHoit. [Tocste tekcempr TO 3amuchbiBacTCst KOHEUHOE 3HAUEHUE M TTOCIIE JIEK-
cembl BY 3amuceiBaeTcs 1mar SBJsIONUNACS He HYJIEBBIM KOHCTAHTHBIM BbIPA)KEHUEM.
W3 onpejiesieHust BUIHO, UTO LIAT ABJISETCS HeoOsA3aTe IbHOM COCTaBISIONIEN, €CIM 11ar
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HE€ YKa3aH, TO IO YMOJIYaHWIO OH CYUTAE€TCA PaBHbBIM €JWHUIIE. n MEXK/IY JIEKCEMaMn
DO u END 3amucsiBaeTcst UCTIOHsIEMAast OTIepaTOPHAst TOCJIEI0BATETHHOCTb.
[Tpumep:
sum:=0;
FOR k:=1 TO 10 DO

sum:=sum+Kk;
END;

DaxTuyecku poJib YIIPABJISIONIEH TTepeMEeHHOI CBOIUTCS K TIOJICUETY KOJTMUECTBA
WCTIOJTHSIEMBIX IIUKJIOM 1maroB. OHa MOKET yY4acTBOBATH B BBIUMCJIEHUSX ONIEPATOPHON
TTOCJIe/I0BATEeIBHOCTHY TeJia KA. HeT Hu4Yero cTpantioro ecyiv ee 3HaueHUE UCTIOJb-
3yeTcs ISl BBIUUCAEHUS IPYIUX BeJndnH. MOKHO M3MEHSITh 1 ee 3HaueHKe, HO Heob-
XOAUMO IIOMHHTD, YTO B 9TOM CJIy4ae OyAeT M3MeHeHa JIOriKa paboThl BCEro IUKJIA,
[I03TOMY K JIIOOBIM M3MEHEHHSIM YIIPaBJIAIONIEi IIepeMeHHON B TeJie IIUKJIa HeoOX01u-
MO TTOIXO/INTH KPaliHe OCTOPOKHO.

Berpaskenus, ucnombayeMeble 7151 BBIYUCIEHNS HAYaJIbHOTO M KOHEYHOTO 3HAYEHN S
11ara, BBIYUCISTIOTCS TOJIBKO OJIMH Pa3 PU BXOXKAeHNH B INKJI. Eciu B pacyere rpanmny-
HBIX 3HAUEHMIA IIara y4acTBYIOT KaKue-JIi0o IepeMeHHbIe, TO 3TH IIepeMeHHbIE MOTYT
y4acTBOBATh B OMEPATOPHON MOCTEI0OBATEIbHOCTH Tea IUKJIA B TOM YHCJIe U3MEHSTh
CBO€ 3HaUYeHNe, OJIHAKO TaKue U3MeHeHUsI HUKaK He IOBJIMSIOT Ha TTOBeJleHne ITUKJIA.

[pumep:

sum:=0;a:=0;

FOR k:=1+a*a TO 10 DO

sum:=sum+Kk;
a:=a+1;

END;

MO}KHO 6bIJIO 6bI OKNIaTh, YTO BEJIMUYMNHA «a» YBEJINYNBAACHh YMEHBIIUT KOJINYE-
CTBO IIaroB BLIIIOJIHAEMBbBIX ITUKJIOM, O/THAKO 3TOI'O HE HpOI/ISOfI[[eT. I[aHHOQ CBOfICTBO
IUKJA aeT BO3MOKHOCTDb HAIIPUMeEP UCIIO0JIb30BATh OIHY U TY Ke MTepeEMEeHHYIO B pa3-
HbIX IIeJIAX.

[Tpumep:

sum:=0;k:=10;

FOR k:=1 TO k DO

sum:=sum-+Kk;
END;

B npumepe niepeMenHast K siBIsieTCst yIpaBIsiolieil iepeMeHHON KA U B TO Ke
BPEMSI OHA 33/12€T CBOe KOHeuHOe 3HaverHre. Ho TeM He MeHee mpuMep OyzeT paboTaTh
NIpaBUJIbHO, TaK KaK TPaHNYHbIC 3HAUYE€HUA BbIYUCJIAIOTCA /10 Hadajia pa6OTI)I TeJa MUK-
sa. Ho B 06111eM-T0O TaKOH IPOrpaMMHBII (hparMeHT ITPOU3BOJIUT ILJIOXO0E BIIEYATIEHHE,

BbesycnoBHbivi unkn (LOOP)

BesycioBHblil UK, 1M0oKaayil HanboJee mpocTast popMma Iukaa. Ero nosexeHue He
ompenensieTcs HudeM. [Ipexparienue BbITOTHEHNS caMoll (pOpMOIT ITUKIA HE TIpery-
cMoTpeno. B coobimennn o sS3bike aHO CIeAyIoNIee onpe/eeHue:
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LoopStatement = LOOP StatementSequence END.

CrpyKTypa IuKJIa onuckiBaercs Juib AByms JekceMamu LOOP u END mexny ko-
TOPBIMU 3aMUCHIBAETCS OIIePaTOPHAsI TOCIeI0BATETBHOCT SIBIISIONIASICS TEJTOM ITUKJIA.
B cuuty cBoeit poCTOTHI OTIepaTop He MMeeT KaKMX-T100 3aMETHBIX 1 HHTEPECHBIX 0CO-
GernocTell. Best OTBETCTBEHHOCTS MO TIPEKPAIIIEHHIO €T0 PabOTHI BO3JIATaeTCsT Ha TPO-
TPaMMUCTA.
[Ipumepsr:
sum:=0;k:=1;
LOOP
sum:=sum+Kk;
k:=k+1;
IF k>10 THEN
EXIT;
END;

END;

sum:=0;k:=0;

LOOP
sum:=sum+alk];
k:=k+1;
IF sum>max THEN
EXIT;
END;

END;

B 3aknioyeHue

B kauecTBe 3aK/I104€HUST OTMETHUM, YTO BCE ONKMCAHHBIE BbIIIE (POPMbI IIMKIMUECKUX
KOHCTPYKIIMI B 3HAUMUTEJIbHO CTEIIEHU B3aMMO3aMeHsieMbl. B3anMo3aMeHsIeMOCTh
MO3KHO OBLJIO ObI CYUUTATD IIOJHOMN, eciii Obl He UK ¢ marom. @opMma IUKIIa ¢ IaroMm
TpebyeT OT IPOrpaMMUCTa YKa3aTh TOYHOE KOJMYECTBO BBIIOJIHSIEMBIX JAeHCTBUI, UTO
HE BCErJa BO3MOKHO.

Onepartop koHkpeTun3sauynumn tuna WITH

Ormepatop yCTaHABJIMBAET COOTBETCTBHE TIEPEMEHHON HEKOTOPOMY THITY, €CJIM COOT-
BETCTBUE MMEET MECTO, TO BBITIOJHSAETCS olepaTopHas mocienoBaTeabHOCTh. WITH
MI03BOJISIET B OIHOM OIIEPATOPE 3aMUCATH HECKOIBKO TPOBEPOK, BMECTE C COOTBETCTBY-
IOIUMU UM OII€PATOPHBIMU MOCIe0BATEbHOCTAME. [[JIs1 yueTa BO3ZMOKHOM JIOKHO-
CTH BCEX TIPOBEPOK, 3AMUCHIBAETCS OllepaTopHas nocyienosarenbHocTh ELSE. B c006-
MIEHUN O SI3BIKE JIAHO Cileylolee olpeeeHue:

WithStatement = WITH [ Guard DO StatementSequence ]
{"I" [ Guard DO StatementSequence} |
[ELSE StatementSequence] END.

Guard = Qualident ":" Qualident.
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Cpena mmporpaMMUPOBAHUS TIPETIOIATAET, UTO OJIHA U3 3AITUCAHHBIX OMEPATOPHBIX
[ocJie[oBaTeIbHOCTEl 00s3aTebHO OyAeT BBIIOJHEHA, MHOE CYMTAETCS OMIMOKOIL.
Caenosarenbho s WITH o6s3aresibHO BbIIOJIHEHNE OJHOIO U3 JABYX YCIOBUIL:

® 0/[Ha U3 IPOBEPOK 00A3aTeIbHO AACT 3HaYeHne McTuna;
® Bce IIPOBEPKH JIOKHBI, HO €CTh BO3MOKHOCTD BBITIOJIHUTD OTIEPATOPHYIO MOCIe-
JIOBaTeJIbHOCTD Ioce JekceMbl ELSE.

HpI/IMep NCITIOJIb3OBaHUA:

PROCEDURE P1;
TYPE
mas=RECORD
END;
mas1 = POINTER TO mas;
VAR
a:POINTER TO mas;
BEGIN
WITH a:mas1 DO
END;
END P1;

Onepartop Bo3Bpara RETURN

Omneparop Bo3BpaTa MCHOJIB3YETCs IS IPEPBIBAHUS PabOTHI TIPOIIELYPHI U BO3BPATA
3HAYEHUs] ecJiu 3TO Tpoleaypa — pyHnkius. OnepaTop COCTOUT U3 OJJHOU JIeKCEMbI
RETURN mocJie KoTopoii yKasblBaeTCsl BO3BpallaeMoe 3HaueHre. ITO MOKET ObITh, KaK
VMsI TIepEMEHHOI, TaK U BBIPasKeHUe.

[pumep:

PROCEDURE Example(a:INTEGER):INTEGER,;

BEGIN

RETURN a*a;
END Example;

B onucanuu nporeaypsl Moxket ObITh Heckoibko omepatopoB RETURN. 3asepie-
HUe paboThI MPOTEAYPHI MPOUCXOAUT MO TIePeade BLIMTOTHEHNs Ha 000 UX HUX.
Omeparop Bo3BpaTa MOKHO HCIIOJIb30BATh, KAK B MPOIEAYPaX — (YHKITUSIX, TAK 1 0OBIY-
HBIX TIpoleaypax. B caydae o6pranbix mpoiueayp RETURN He nosmken copepkarh BO3-
BpalaeMoe 3HaYeHue.

Om6xa:

PROCEDURE PT;
BEGIN

RETURN 1;

END P1;

[IpaBusbHO:

PROCEDURE PT;
BEGIN

RETURN;

END P1;
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Onepartop npepbiBaHnsa EXIT

OrepaTop HeOOXOMM TSI TPEPLIBAHSI UCTIOJHEHST OTIEPATOPHO MOCIEI0BATENHHO-
cru B onieparope LOOP. O6osHauaercst onuoii ekcemoii EXIT. Ero BbinosiHeHE TIPUBO-
JIAT K 3aBEPIIEHUIO OXBATHIBAIOIIETO JAHHYIO OTIEPATOPHYTO MOCTIEA0BATENBHOCTD ITUK-
sa LOOP u mepenmaue ympaBiieHusi Ha orepaTop cJjaemylonuii 3a jekcemoir END
3agepaioruit ganubiii LOOP. EXIT npepbiBaeT BbITIOJIHEHNE TOJIBKO TOTO OTIEPaTOpa
LOOP B kotopom o sanucat. B ciyuae Bioxkernbx LOOP o6bemitonue MUKIbl He
npepoiBaiotest. Ecoim EXIT HaxoguTest BHyTPU COCTABHOTO OTIEPATOPA, TO 3TO HUKAK HE
MeEIIaeT eMy BBITIOJHUTE CBOTO paboTy. [Ipumep HILKe:

LOOP
IF T=1 THEN
EXIT;
END;
END;

Cunrakcuuyecku EXIT ne cBsszan ¢ LOOP. Ho ero ucnosb3oBanue 3a npeaeaamu
LOOP onpezensercs KOMIUIATOPOM, Kak ouribKa. [ToaToMy mpepBaTh ¢ MOMOIIBIO
EXIT 1ukst vyt BBITIOSTHEHWE TIPOIEY PBI HEJIB3SI.

MNMpoueaypsbi. OnucaHne

TytaBHBII CMBICJT ¥ TIeJTb JIIOOOH TPOIIEYPhI — 3TO BBIIEIUTH B OTAETbHBIN JTOTHYECKH
3aMKHYTHII PAarMEHT TOCIEI0BATENBHOCTD AEHCTBHIA. ITO MOKET OBITH TIOJIE3HO JIJIS:

® TIOJIEPKKU TIPOIlECca JIeKOMITO3UIIY 3aiaun (pa3OueHro ee Ha TO/I3a1aun);
® /Uit MUHUMU3AIIUHY TEKCTa TTPOTPaMMBI (OIMH Pa3 THIIEM, MHOTO Pa3 BbI3bIBAEM ).

ITo pyukimonansuomy naznauenuio B KII Boiesisiercst Tpu BapuanTa mpoueayp:

Obvrunas npouedypa. OOBIUHAS TPOTIELYPA MOKET MOTYYATh Ha BXOJ (POPMATBHbIE
TapaMeTphl, ee MOKHO BBI3BIBATH €3 MapaMeTpoB, 3aBepIleHne paboThl MOXKET OBITH
BBITIOJIHEHO 110 TIepeziaue yipasienust Ha coorercTByionuii END, a takske u o BbI-
nosHeHuto onepaTopa RETURN 6e3 BosBpaiaembix sHaueHuil. BbI30B MpoIeayphl He
MOJKET OBITH COCTABHOM YaCThIO CIOKHOTO BHIPAsKEHUSI.

IIpoyedypa — Pynxyus. B oramanu ot 06BIYHO# MTPOTIELYPbI IOTKHA UIMETh CITHCOK
(hopMaIbHBIX MTapaMeTPOB, HO ITOT CITUCOK MOKET OBITH MyCTHIM. B ciydae mycroro
criucka (hoOpMaTbHBIX TTAPAMETPOB, CTIMCOK (DAaKTIHYECKUX TAKKe TOJKEH OBITh MYCTHIM.
O6i1iee MPaBUIIO TITACHT, YTO CITUCOK (hOPMATBLHBIX MTAPAMETPOB JTOJKEH COOTBETCTBO-
BaTh CUCKY akTriecknx. CKoIbKO (OPMATBHBIX B OMMUCAHNH, CTOJBKO U (haKTHYe-
CKUX B BBI30BE. THIBI COOTBETCTBYIONNX (HaKTUIeCKOTO U (POPMATBHOTO TTapaMeTpa
MOJIKHBI OBITH COBMECTUMBIMU. 3aBepIICHNE MPONEAYPhl — (YHKIUH MPOUCXOIUT
TOJIbKO 110 BhITTostHeHIo oniepatopa RETURN. Ero oTcyTcTBre 03HaYaeT 1151 KOMITUIIS -
TOpa OIHOKY.

IIpoyedypa — memoo. [porieypa cBsI3aHHAS CO CTPYKTYpaMu aHHbIM. [Ipotienypa —
meton B KIT mpearasnauena auist moAaepsKKu 00beKTHO-OPHEHTHPOBAHHOTO TIPOTPaM-
mupoBanust. «CBOM» CTPYKTYPBI IAHHBIX OTJIHYAIOTCS OT TPOYKX TEM, YTO TIPOIEyPa —
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METO/I He HY>K/IaeTcsl B UX MOJYy4YeHNH, TPOoIelypa UMeeT O0CTYI K CBOMM CTPYKTYpaM
6€3 CrenuaIbHbIX YCUIHIL,
CooGlieHe 0 sI3bIKe aeT cJeyoliee o01Iee onpeesieHIe OIUCAHS TTPOIELYPBI:

ProcedureDeclaration = ProcedureHeading [";" ProcedureBody ident ].
ProcedureHeading =PROCEDURE [Receiver] IdentDef
[FormalParameters] MethAttributes.
ProcedureBody = DeclarationSequence
[BEGIN StatementSequence] END.
DeclarationSequence = {CONST {ConstantDeclaration ";"} |

TYPE {TypeDeclaration ";"} |

VAR {VariableDeclaration ";"} }

{ProcedureDeclaration ";" | Forward Declaration ";"}.
ForwardDeclaration =PROCEDURE """ [Receiver] IdentDef

[FormalParameters] MethAttributes.

V3 omipe/iesieH st BUAHO YTO OTIMCAHUE TIPOTIEAYPHI COMEPIKUT CIAEMYIONIYIO OOTIYIO
UHGPOPMAITHUIO:

MM IPOIIEAYPhI (HEOOXOAMMO sl BBI30BA);

nHdopMaIs 0 HeOOXOUMbBIX BHEITHUX JAHHBIX;

uHbOPMAaIIKs O BO3BPAIaéMbIX 3HAYEHUSIX;

CITCOK OOBSIBJIEHUI TUIIOB, BEJIYNH, IIPOLIELYP;

onmcanue Bu/a (I METOJIOB);

TEJIO TMPOTIEIyPhI — TIOCE0BATETBHOCTD UCITOJHIEMBIX OIIEPATOPOB.

Onpenenenne ForwardDeclaration= PROCEDURE " A " [Receiver] IdentDef
OIINUCbIBaET Ba)KHbIﬁ HSI)IKOBI:)II;'I HIOAHC. I/IMH Inponeaypbl 9TO I/IlIEHTI/I(I)I/IKaTOI) Ha KOTO-
PBIIf PacIpoCTPAHSIIOTCS TPaBUJa BUAUMOCTH UAeHTHUMDUKATOPOB. OTBIEKUTECH OT
AaHHOI'O IMTYHKTAa Ha MUHYTY, HpO‘{I/ITaﬁTe HX €ell€ pa3 BHUMATEJIbHO. I/IS ITUX IIPaBUJI
CJIEAYET, 4TO cJjeAyronlee OlnCaHne KOMIIMJIATOP BOCIIPUMET KaK OHII/I60‘-IHOG.

PROCEDURE P1 ( x: INTEGER );
BEGIN

P2(x)

END P1;

PROCEDURE P2 (y: INTEGER );

BEGIN

(* oTrepaTopHan MoCNen0BaTEeNbHOCTb *)
END P2;

[TpyurHa B TOM, YTO K MOMEHTY KOMOWJSAIWH Tipoueaypsl P1 upentuduxatop
P2ere He u3BeCTEH, a JIJIsT KOMITUJISIIIUY BCE UAEHTU(DUKATOPHI IOJKHBI OBITH 0OBsIBIIE-
HBI, JI0 TOTO, KAK OHU MOHA00SITCSI KOMITUJISITOPY.

JarHas mpobJieMa Jierko mornpasuMa. KoMmuisitopy Het HeoOXOIMMOCTY UMETD T10JI-
HYI0 nHOOPMAIHO 0 P2. 10CTaTOYHO COOBIIUTD TOIHLKO 3ar0JI0BOYHYI0 HHPOPMAIIHUIO.
VMeHHO Ha Takyl BO3MOXKHOCTh W yKasbiBaeT ompexeneuue ForwardDeclaration.
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ITpuMep Bbilile MOKHO TIEPENUCATD CIEAYIOIIUM 00Pa3OM:
PROCEDUREA P2 (y: INTEGER );

PROCEDURE P1 ( x: INTEGER );
BEGIN

P2( x)

END PT;

PROCEDURE P2 (y: INTEGER );

BEGIN

(* oTrepaTopHan moc/aef0BaTENbHOCTb *)
END P2;

VcnpaBieHublit hparMeHT yike He COAEPIKUT ONMTUO0K C TOUKH 3PEHUST KOMITUIISITOPA.

dopmasnbHbie NapamMeTpbl

Hasznavyenne opmaibHBIX apaMeTPOB 3aKJI0YaeTCs B Mepefave mporeaype uH-
dbopmaiuu HeoOXOAUMON I ee ycienrHoll paborbl. TakoBass mHMOPMaIUs Ipej-
cTaBJIseT cOOO0I CIIMCOK BEJIUYMH SIBJISTIONIUXCSI JINOO TTApaMeTPaMu — 3HAYEHHSIMU, JIOO0
napameTpamu niepeMeHHbIMU. [apaMeTpsl — 3HaUeHUS SABJISIOTCS JIOKATBHBIMU TIEPEMEH-
HBIMHU [IJIs1 TIPOIIE/Y PBI B 3ar0JIOBKE KOTOPOI OHM onicanbl. CBOM 3HAYEHUST OHU IOy YatoT
MIPUCBOEHUEM COOTBETCTBYIONIMX (DaKTUUIECKUX TTapaMeTpoB. [lapaMeTpsl — epeMeHHbIe
COOTBETCTBYIOT (haKTUUECKUM, 3TO O3HAYAET, UTO UM (PaKTIMYECKOTO MapameTrpa u $hop-
MaJIBHOTO €CTh [[Ba UMEHU OJTHOM 0OJIACTH MAMSITH U BCE U3MEHEHUSI BBIMOJHSIEMbIE HAJl
MapaMeTPOM IePEMEHHBIM, TPOUCXOAT U ¢ (hakTHIecKuM. VIHaye roBops mapameTp — Tie-
peMeHHas ¥ COOTBETCTBYIONINI €i (haKTUUECKUH TapaMeTp 3TO OTHA U Ta JKe TTepeMeHHas.
[TapameTp — nepeMeHHYIO MOKHO TIOMETUTD OTHUM 13 TPEX OIUcATEEl:

e IN - ITapaM€eTpbI Ipe€/ITHa3HaY€HbI TOJIBKO /JISI BBO/I4, OHU JJOCTYITHBI TOJIBKO Ha
YTEHHE U MOTYT NCITOJIb30BAaTbCA TOJIBKO 1JIsI MAaCCUBOB MJIN 3armcef1;

e OUT - ITapaMEeTPbl UCITOJIB3YIOTCS TOJBKO JIST BBIBO/IA;

e VAR - ITapaMeTPbI NCITOJIB3YIOTCS KaK /IJIs1 BBO/IA, TaK 1 JIJISI BBIBO/JA.

OUT u VAR — mapameTpsl peaiin3yioT co6oii MexaHusM 6J1arogapst KOTOPOMY IIpo-
Te/Ty PbI He SIBJISIIONIIECS TPOoTielypamMu — (yHKIUSMEU MOTYT (haKTHIECKH BO3BPAIIATH
3HAYEHUSsT B BBI3BIBAIOIIYIO MTPOTIEAypy. [Ipumep:

TYPE
mas=ARRAY 10 OF INTEGER;
PROCEDURE P1(OUT a:mas; IN b:mas);
BEGIN
a:=b;
END P1;
PROCEDURE P2;
VAR
c,d:mas;
BEGIN
P1(c,d);
END P2;
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[Iponenypa P2 wucrosb3yer B kauecTBe (GHaKTUYECKUX MMAPAMETPOB [[BA MACCHBA
c umeHamu C u d. MaccuB C npeiHasHAYEH JIJisI TIOJTyYeHUsE pe3yJibTata paboThI poile-
aypot P1. Maccus d maccus apryment miist P1. Tlporenypa P1, BoinoiHuB ipucBanBa-
HUE BO3BPAIlaeT MACCUB @ B TOUKY BbI30Ba. 3aMETUM, YTO KaKUe-JIu60 OrepaIiiy Hajl
maccuBoM b B P1 sanpemenst. Ecom B P1 omcaresns IN samenuts Ha VAR, To onepanun
Haj b craHyT BOBMOYKHBL.

Omnucarens VAR umeer cymecrBernnoe otamune ot onucaress IN. VAR gomyckaer
nmapameTpbl TPocThiX TUTIOB. Ho mapaMeTp — mepeMeHHas Bce PaBHO OCTAeTCA Tepe-
MenHoi. Hanmpumep, cienyrommii pparMeHT COAEPKUT OMUOKY:

PROCEDURE P1(VAR a:INTEGER);

BEGIN

END P1;

PROCEDURE P2;

BEGIN

P1(2);

END P2;

Omubka 3akodaercst B caenytomem. Onucaresb VAR cosmaer BO3MOKHOCTD KakK
IUUTSE BBOJIA JITAHHBIX, TaK U JIJIT BBIBOJA. JTO MPENIoaraeT BO3MOKHOCTh NU3MEHEHUS
BEJIMYUHBI — (PaKTUYECKOTO IMapaMeTpa, 4YTO B TAHHOM ITpUMepe HEBO3MOXKHO, (DakTh-
YecKMH mapamMeTp KOHCTaHTa, U3MEHUTDh 3HaueHHe KOTOpOol HeBO3MoskHO. [loaTomy,
BBI30B P1 nmoskeH comepskath MMs TepeMeHHOM.

Coob1ieHre 0 sI3bIKE JaeT CJeAYIoIee OMpeieieHre CUCKy (POPManbHBIX Tapa-
METPOB:

FormalParameters "(" [FPSection {";" FPSection}] ")" [":" Type].
FPSection =[VAR|IN|OUT] ident {"," ident} ":" Type.

Crpykrypa cnucka GopMalbHBIX [TapaMeTPOB HaBepHOe yoKe SCHA U3 IIPUMEPOB.
Omnpenernenre 106aBIISIET TOIBKO TO, YTO CITCOK MOKET COCTOSATE U3 HECKOJNBKUX CEK-
LW, 119 KasKJI01 13 KOTOPBIX BO3MOKEH O/IMH U3 ollycaresiell napaMeTpoB — IepeMeH-
HbIX. Omnucaresy, COTJIacHO OIIPeIeJIEHUIO0 MOTYT OTCYTCTBOBATD, B 3TOM CJlydae peub
UIET 0 TapaMeTpax — 3HaueHusIX. CIIMCOK CEKITM 3aKTI0UeH B KBaIPATHBIE CKOOKH, 9TO
03HayYaeT, YT0 GOPMATBHBIE TTAPAMETPHI B 3aTOJIOBKE HE 003aTETHHBL.

lMpoueaypsl. Bbi3oB

BbI30B pOTIEypPhI BBITIOTHSIETCS [0 MMEHW. AKTUBU3AIUS TPOIELYPHI MOXKET OBITh
BBITIOJIHEHA TOJIBKO B TPOTPAMMHOM GJIOKE TIPEICTABIISIONIEM 00IaCTh BUAMMOCTH JIJIsST
uJeHTU(hUKATOPA MTPOIEAYPHI (BCIIOMHUTE TIPABUIA BUIUMOCTU UIEHTUDUKATOPOB).
Ecam ommcanme nporeaypel COJEPKUT CITUCOK (hOPMaJIbHBIX TTAPaMEeTPOB, TO BBHI30B
00s13aH COIEPKATH CIIUCOK COOTBETCTBYIOMNX (PaKTHUECKUX, 3aMEMIAI0ITUX (HOpMaIb-
Hble. EcTecTBEHHO ITPU 3aMeleHN ! TTapaMeTPOB JTOJKHBI BBITIOJHSTHCS BCe IIpaBuJIa
COOTBETCTBHSI TUTIOB.
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Moaynu

Momyib 3TO CHHTAKCHYeCKas eIHUIIA A3bIKa [Tpe/IHa3HaueHHAs /71 XpaHeH s Ollnca-
HUU IPOIeyP U CTPYKTYP AaHHbIX. Ilo yMoIyaHUIO Bce ONMMCaHUs MOJLYJISL JOCTYITHBI
TOJIBKO BHYTPU HETO, II03TOMY MOKHO CKa3aTb, YTO MOYJIb 3TO CPEICTBO OXPAHBI OT
HECAHKIMOHMPOBAHHOTO focTyna. Ecau paspaboTymk MOIyJsl sKelaeT HEeKOTOpbIe
onucanus (Kax Mpoleayp, Tak U CTPYKTYP JaHHBIX ) clleIaTh AOCTYIIHBIME JJI IPYTUX
MOJLyJIell MU cpejibl IPOTPAMMMPOBAHNS OH JIOJIKEH 9TH ONUCAHUS KCIIOPTUPOBATD.
IIpouenypa skcnopra B KII MakcuMasibHO 1IpOCTa — 9KCHOPTHUPYEMBbIE OIIpe/ie/IeHuUs
IIPOCTO OTMEYAIOTCS 3BE3/[0YKON.

Monynpb siBasieTcst enqunuieil kKomnuasaiuu. Ecin pazpabaTbiBaeMasi TporpaMma
JIOCTATOYHO BeJIMKA U COCTOUT U3 HECKOJIbKUX MOJyJIel, TO pas/iesbHas KOMIUJIAIN
JlaeT BO3MOJKHOCTD IIe€pe/lesIblBaTh OT/IeJIbHbIe MOJYJIM, He 3aTparnBasi OCTaJbHBIX.
ITocse nepenucbiBaHNS TEKCTa MOLYJISL OH KOMIIMJIUPYETCS M 9TOT MPOllecCc HUKAK He
BJIMSET Ha JAPyTHe YacTH CO3/1aBaeMOM CHCTEMBL.

Coob1ieHve o SI3bIKE AET CIeAYIONIee OpeieeHe MOy JIs:

Module =MODULE ident ";" [ImportList] DeclarationSequence
[BEGIN StatementSequence]
[CLOSE StatementSequence] END ident ".".

ImportList = IMPORT Import {"," Import} ";".

Import = [ident ":="] ident.

Onucanue Moy s HaurHaeTcst KiaoueBbiM cjioBoM MODULE 1 06s13aTesibHO HaeH-
TUDUIUPYeETCS YHUKAJIbHBIM nMeHeM (siekceMa ident). CoriacHo orpeneieHuio Mo-
ILyJIb MOYKET MUMeTh (HO He 0053aTe/IbHO ) CIIMCOK UMIIOPTA COCTOSAIINI 13 UaeHTH(hUKA-
TOPOB MMIIOPTUPYEMBIX Mopyjeil. Moxayb HUMeeT aBa Heo0sA3aTeNbHBIX CIHCKA
HCIIOJTHSIEMBIX OTIEPATOPHBIX TOCIEA0BATENbHOCTE:

® orepaTopHasi OCJIe0BaTETHHOCTD Mocie KioueBoro ciosa BEGIN ucronmser-
Cs1 TIOCJIe 3aTrPy3KH MOJLYJIsl, BHE 3aBUCUMOCTHU OT TOTO, OYAYT UJIM HET UCIIOJIb30-
BaThCSl €ro MPOIEAYPhl. ITY OMEPaTOPHYIO MOCJIEI0BATEILHOCTh MOKHO HC-
M0JIb30BATh JIJISI MHUTINAIU3AI[UHN [TePEMEHHBIX MOIYJIST;

® orepaTopHast ITOCTIe0BATENbHOCTD rocJie KiaodeBoro cioBa CLOSE ucnionusier-
Cs1 TIOCJIE yIAJIEHUsT MOYJISl N3 CUCTEMBI.

To, uto B onpeesienny ykasato, kak DeclarationSequence ectb nepedern 0ObsiB-
snernit Moy, OObsIBIeHNE — 9TO BCe, BO3MOXKHbIe 00baBienus a3bika KII. To ectb
OODBSIBIEHUS TUIIOB, IEPEMEHHBIX, KOHCTAHT, TIPOIeAyp. B HeopMaTbHOM BBEIEHUH
HpI/IBeZ[eHO JTOCTAaTOYHO MHOTO HpI/IMepOB OInncaHuia MO/:[yJIefI. EI[I/IHCTBGHHO MbI 3/1€Cb
MPOUJLTIOCTPUPYEM TIPUMEPOM MOJIYJIb C UCIIOJb30BAHUEM OTIEPATOPHOM MOCe10Ba-
TEeJIBHOCTHU UCITOJIHSIEMOU B MOMEHT 3aTPY3KH:

MODULE Example;
IMPORT In, StdLog;
VAR

N:INTEGER;



[TOAHBIM CMIMCOK NPEeAOMPEACACHHBIX MPOLEAYP 161

PROCEDURE Calc*;
BEGIN
StdLog.Int(N);
END Calc;

BEGIN

N:=10;

END Example.

3nech 3arpy30uHasi orepaTopHasi oCJaeI0BATEIbHOCTD UCTIOIb3YETCS JIJIsI MHUIHA-
Jusanuy robanbHoi nepeMerHoit N.

MonHbIM CNNCOK
npeponpepneneHHbiX npouenyp

Hms pynxyuu: ABS(x)

Apeymenm: Guciio moboro tuma

Pesynvmam: Yucno. [Lns Beex nenbix, kpome LONGINT tumn pesynbrata ects INTEGER.
st aprymenToB LONGINT u REAL, Tun pesysibrata COBIAAAET C TUIIOM apryMeHTa.
Hasnauenue: Beravcienme MOIyJIst BETUIITHBI

Hms pynxyuu: ASH(X, y)

Apeymenm: 0b6a apryMeHTa — I[eJible YUCIa

Pesynvmam: Yucno. [Lns Beex nesbix, kpome LONGINT tumn pesynbrata ects INTEGER.
st aprymenToB LONGINT, tum pesyabrata LONGINT

Hasnauenue: Bermosnenne apudMeTUIECKOTO CIBUTA B IBOUYHOM CUCTEME CUNCICHUS
IHpumep: a:==ASH(11,3);

1110= 1011, moce casura ua Tpu paspsiza 1011000. TlepeBenem o6paTHO B recsi-
tuunyio cucremy 1011000, = 884

HUms pynxyuu: CAP(X)

Apeymenm: nurepa us Habopa Latin1

Pesynvmam: murepa us Habopa Latini

Hasnauenue: TipeobpazoBaHue CTPOYHON GYKBBI B 3arIaBHYI0

Hms pynxyuu: CHR(X)

Apeymenm: 11e710€ YNCI0

Pesyabrar: iutepa

Hasnauenue: nomydeHune JUTEPHI MOPSIIAKOBBIN HOMEP KOTOPOI €CTh apryMeHT (hyH-
KITUU

ITpumep: 3unauenne CHR(83) ectb Gosblrasg murepa S

Hms pynrxyuu: ENTIER(X)

Apeymenma: Huciio BeleCTBEHHOTO TUIIA

Pesynvmam: Yuciao Tuma LONGINT

Hasnauenue: BoraucjieHe HANOOJIBINETO [EJIOTO, HE TIPEBOCXOISIIETO X
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Hms gpynryuu: LEN(v)

Apeymenm: V — MaCCUB COJIEPKAIINH 1IETTOUKY JIUTED;

Pesynvmam: niesioe 4nucio

Hasnauenue: nyvHa TUTEpHON 1IeNIOYKHU coziepsKalielicst B MacCHUBe.
Ipumep:

PROCEDURE P2;
VAR
a: ARRAY 20 OF CHAR;
BEGIN
a:="1234567890";
a[5] ;= 0X;
StdLog.Int(LEN(a$)); (*OnnHa NUTEPHON LLeTTOYKM™)
StdLog.Int(LEN(a)); (*AnnHa maccma®)
END P2;

Hms pynrxyuu: LONG(X)

Apeymenm: Besmmamna 1106010 OCHOBHOTO THIIA

Pesynprar: Betmunmia ocHOBHOTO THTIA

Hasnauenue: VIsMeHeHye THIIa apryMeHTa B CTOPOHY yanHeHus. Tabuia HusKe moKa-
3bIBAET Maphl 3aMeH TUIIOB

BYTE SHORTINT

SHORTINT INTEGER

INTEGER LONGINT

SHORTREAL REAL

SHORTCHAR CHAR

Shortstring String
Hms pynxyuu: MAX(T)
Apeymenm: VIMst OCHOBHOTO THTIA
Pesynvmam: Eciii o0CHOBHOM TUTI He MHOXKECTBO, TO MAKCUMAaTbHOE 3HAUYEHNE JIJIST 3TO-
IO TUTIA, JIJIS MHOKECTBA — MAKCUMAJIbHBIH 9JIEMEHT MHOKECTBA. A TaK KaK MHOKECTBO
B KII 9T0 MHOKECTBO IIEJIBIX YHCEJI, TO THII Pe3yJIbTaTa st MHOKECTBA 9TO 0053aTe lb-
1o INTEGER.
Hasnauenue: Otipesniesienie BepxXHell TPAaHUIIBI 3HAYEHU I JIJISI TUTIA .
Hms pynxyuu: MAX(X, y)
Apeymenmul: BeJIMYMHBI JTI060T0 OCHOBHOT'O THIIA, 32 UCKIOueHreM Tuna SET
Pesynvmam: Ecnv apryment neseril Tum, Ho He LONGINT tum pesyiprara — INTEGER.
[1pu seiicTBUTENLHOM THIIE ApTyMEHTA THII PE3YJIbTaTa COBIIAIAET C TUTIOM apryMeHTa.
[Tpu nuTepHOM THUIlE apTyMeHTa TUII Pe3yJibTaTa TaKyKe COBIAJIAeT C TUIIOM apry-
MEHTa.
Hasnauenue: Oupegesenue 6OJIbIIEro 3HAUEHWS U3 IBYX apryMeHTOB. B cirydae Besu-
YMH JIUTEPHOTO TUIIA, GOJIBIIEH CYMTAETCS BeJIMYMHA UMEoIast OOJIbIIIIA KOJI.
Hms @pynryuu: MIN(T)
Apeymenm: VIMst OCHOBHOTO THTIA
Pesynvmam: Ecii 0CHOBHOI TUIT HE MHOKECTBO, TO MUHUMAJIBHOE 3HAYEHHUE JIJIST 9TOTO
THTIA, JIJISI MHOYKECTBA — MUHUMAJIbHBIN 3JIEMEHT MHOKECTBA. A TaKk KaK MHOKeCTBO
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B KII 5T0 MHOK€ECTBO T[EJIBIX YHCE, TO THTI PE3YIbTaTa [IJist MHOKECTBA — 06513aTeIbHO
INTEGER.
Hasnauenue: Onipeniesienvie HUKHEW TPAHUITH 3HAUEHUH I/ TUTIA.
Hms pynxyuu: MIN(X, y)
Apeymermul: BeTHUUHBL TIOOOTO OCHOBHOTO THIIA, 33 HCKI0UeHneM Tuma SET
Pesynvmam: Ecnu apryment tiesbiit Turt, Ho He LONGINT tun pesysiprata — INTEGER.
[Tpu meficTBUTENLHOM THUIIE APTYMEHTA THIT PE3YJIbTATa COBIIAIAET C TUIIOM apryMeHTa.
[Tpu nuTepHOM THIIE APTYMEHTA TUI PE3YJIbTaTa TAKIKE COBIA/IAET C TUIIOM apryMeHTa.
Hasnauenue: Onipenenenne MeHbIIIero 3HaYeHUsI U3 IBYX apryMeHTOB. B ciryuae Besu-
YITH JIUTEPHOTO THUIIA, MEHBIIIEN CINTAETCS BETMUNHA NMETOTast MEHBIIUH KOJI.
Hms pynxyuu: ODD(X)
Apeymenm: BeJImIrHA JIOOOTO TIEJIOTO THUTIA
Pesynvmam: BemuuHa IOTHIECKOTO TUITA
Hasnauenue: CpaBHeHUE 110 MOJIYJIIO 2 € eAMHUTICH
IpumepuL:
ODD(2) umeer 3nauenue FALSE; ODD(3) umeer 3nauenne TRUE
Hms pynxyuu: ORD(X)
Apeymenm: BeIn4rHA CUMBOJIBHOTO TUIIA UJIM THITA MHOKECTBO
Pesynvmam: Ecin apryment tuia CHAR, to tum pesyabrata INTEGER. Ecomu tun apry-
MeHnTa SHORTCHAR To Tun pesysibrara SHORTINT. /lsis aprymenta Tuna SET (MHO-
skecTBO) Tum pesyabrata INTEGER
Hasnauenue: mopsinikoBbIN HOMED JIUTEPHI
Hms pynxyuu: SHORT(x)
Apezymenm: BeTudnHa I060TO OCHOBHOTO THTIA
Pesynvmam: BeTmInHA OCHOBHOTO THIIA
Hasnauenue: mpeobpazoBaHiie THIIA BEJUYUHBI B CTOPOHY yMeHbIeHus. B Tabiie
HUKe TIOKa3aHO COOTBETCTBUE TIAP TUTIOB:

LONGINT INTEGER

INTEGER SHORTINT

SHORTINT BYTE

REAL SHORTREAL
CHAR SHORTCHAR
String Shortstring

Hms pynxyuu: SIZE(T)

Apeymenm: iepeMeHHast JTI060T0 THITA

Pesynvmam: senmnunna tuma INTEGER

Hasnauenue: Konnuectso 6aiit TpedyeMoe jiJist IepeMeHHON JaHHOTO THIIA
ITpumeuanue: SIZE He MOKET IPUMEHSTHCS B KOHCTAHTHBIX BHIPAKEHHUSIX, T.K. €T0 3HA-
YeHUe 3aBUCHT OT (haKTUIECKON peaTu3aliii KOMITHISITOPA.

Hms npouedypor: ASSERT(x)
Apzymenm: TOTUYECKOe BhIPAKEHUE
Hasnauenue: octanoBKa pabOThI IIPOTPAMMBbI, €CJIU APTYMEHT JI0KEH
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Hms npouedypor: ASSERT(X, n)

Apeymenm: X — TOTUIECKOE BhIPAKEHUE; N — I[eJI0e

Hasnauenue: octanoBKa pabOThI TPOTPAMMBI, €CJIU APTYMEHT JIOKEH
Ilpumeuanue: 3Hadenvie n — ONPeNENIETCsT PeATU3AIIE.

Hms npouedypor: DEC(V)

Apeymenm: IlepeMenHast 1eJioro TUIa

Hasnauenue: ymenbiieHie 3Ha4€HUST ADTYMEHTA HA €IUHUILY

Hms npoyedypor: DEC(v, n)

Apeymenm: 0ba apryMeHTa TieJIble YHca

Hasnauenue: ymenbliieHre 3HaU€HUS APTYMEHTA V HA 3HAUEHIE apTyMeHTa N
Hms npoyedypoi: EXCL(v, X)

Apeymenmoi: V — MHOXKECTBO, X — II€JI0€ YUCJIO

Hasnauenue: ynanurp 1esoe 4ucao X U3 MHOKECTBA V

IIpumeuanue: vHTEPBAJ AOMYCTUMBIX 3HaUYeHUN 11st X: 0 <= X <= MAX(SET)
Hms npouedypor: HALT(n)

Apeymenm: 11esiast KOHCTaHTA

Hasnauenue: ocTaHOBUTD IIPOTPAMMY

IIpumeuanue: 3madenvie KOHCTAHTHI N OTIPE/IETISIETCS PeATU3aIUE.

Hms npouedypor: INC(v)

Apeymenm: BeIUIUHA 1[€JIOT0 TUTIA

Hasnauenue: yBenndenne 3naueHust apryMenTa Ha eTUHUILY

Hms npouedypor: INC(v, n)

Apeymenm: 06a apryMeHTa BEJTUYMHBI [[EJI0TO THTIA

Hasnauenue: yBennienune 3HaueHUsI apTyMEHTa V Ha 3HAYEHUE apTyMeHTa N
Hms npoyedypor: INCL(v, X)

Apeymenmoi: V — MHOXKECTBO, X — I[€JI0€ YHCJIO

Hasnauenue: o6aBUTH 11EJI0€ YHUCIO X KO MHOKECTBY V

IIpumeuanue: MHTEPBAJ AOIMYCTUMbBIX 3HaUeHUH 1ist X: 0 <= X <= MAX(SET)
Hms npouyedypor: NEW(v)

Apeymenm: yKazaTesb Ha 3a1ICh UITH (PUKCUPOBAHHBIN MacCUB
Hasnauenue: Pazmenienne yKazaHHOTO THITA BEJIUYUHBI B TTAMSITH

Hms npouedypor: NEW(v, X0, ..., Xn)

Apeymenm: V — yKa3aTeslb HAa OTKPBITII MACCHB, OCTATIbHbIE APTYMEHTHI BETUYNHBI I1€e-
JIOTO TUTIA

Hasnauenue: Pazmerienne oTKPBITOTO MaccuBa ¢ amnaamu X0.. Xn
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JlaHHbBI pas/ies1 IpeceyeT IBe MeJIN: TPAKTUKA B Pa3pabOTKe U Pean3aliiu aJITOPHT-
MOB U IPUOOPETEHHUE MPEICTABIEHUS O METO/IAX U IPUEMAX aJTOPUTMU3AIIK. Bropast
1eJIb He CTABUTCSI BO TJIaBY YTJIa, TAKas [[eJIb IOCTONHA OTAETBHOTO YIeOHUKA, TOITOMY
BBIOOD 3a/1a4 He TIOYMHEH 3aj[ade XOPOIIETO YCBOEHUSI TOTO WK HHOTO MeToza. Iloz-
6Gop 3a71ay HECKOJILKO XAaOTUY€EH, HO BCE 3aja4l JJOCTATOYHO MHTEPECHBI U HE BIIOJIHE
TPUBUAJIBbHBI B PEATM3AIUN.

Hu onny 3amavy Bam He IpuzieTcs peniath ¢ Hy s, [y kask10i onmcaHa ujest pe-
HIEHUS, HO OITUCAHBI UJIE C PA3HOH CTETEeHbIO ieTaibHOCTH. VITHOT 1A 10CTaTOUHO IOy -
MaTh HaJ[ HAIMCAHUEM TIPOTPAMMBI, MHOT/[A Oy/IeT HEOOXOMMO HEMHOTO JI0paboTaTh
UJIE10, MHOT/IA HaJl Wjleell IpUieTcst opaboTaTh GoJiee TIATENBHO.

3/1ech HET HU OJ[HOM 10 KOHIIA PEIEHHOI 3a1auu, GoJiee TOTO, TOYTH HET CTPOTOTO
OIMCAHUS AJITOPUTMOB, XOTsI OBl Ha TICEBOKO/IE. DTO CIEJIAHO CIIEIUATIBHO, [IJIsI TPEHU-
POBKH TIepeX0/ia OT HEIMOJTHOTO OTIMCAHUS K CTPOTUM AJITOPUTMUYECKIM (hOPMYINPOB-
kaMm. EAHCTBEeHHOE NCKIIIOUEHNE B OTHOIIIEHWH OITMCAHUS C/IEJIAHO JIJIsI HEKOTOPBIX 3a-
nau B paszenie «Ipadbi». ITU HECKOJIBKO 3a/1aU TPECTABISIOT co00i TpeboBaHUE
peann3aluy CTAaHAAPTHBIX M OYeHb BASKHBIX aJITOPUTMOB, TSI HUX TIPUBEIeHA Pean3a-
st Ha TiceBokoze. Ho 3To He cauikoM 00JIerduT Bainy paboTy, Tak Kak ONMUCAHUE
AJITOPUTMOB TIPUBENIEHO B TEPMUHOJOTHH JOCTATOYHO JAJIEKOH O TOTO, YTO MOKET
MPENCTaBUTD B PACTIOPSIKEHME TPOTPAMMUCTA SA3bIK TPOTrPaMMUPOBaHus. 151 3TUX Ke
3aJ1a4 MPUBE/IEHBI OUE€HD JIETATIBHO TPOPAbOTAaHHbIE IPUMEPDI, UTO JETAET UX ONUCAHUE
04YeHb OO HEMHBIM.

Hauunaercs mpakTukyM pasnenoM «Pasnblie 3agaums. ITO 321241, KOTOPBIE CIIOXK-
HO KaK-TO OJIHO3HAYHO KJIACCU(UIIMPOBATD UX PElIeHUE ¢ MyCTOTO MECTa MOKET T10-
TpebGOBATH CAMBIX PA3JIMYHBIX 3HAHUN, a CAMOE TJIABHOE XOPOIIeil CIoCOOHOCTH K HC-
CJIe/IOBAHUIO PellleHn.

3amaun, KOTOPbIE MOKHO OTHECTH K cJenytotiemMy padneny « CopTUpPOBKU» yiKe pe-
HIaJiich B HechOPMaJIbHOM BBe/leHUU. Pa3imune 3aKa09aeTcss B TOM, YTO METO/IBI COP-
TUPOBKH MCIIOJIb3y€EMbBIE 3/1€Ch CYTECTBEHHO CJIOKHEE U COOTBETCTBEHHO a(PHeKTUB-
Hee METOJIOB YITOMUHAEMBIX B He(hopMaTTbHOM BBEJICHUM.

IlBa caenyronux pasjena «3ajgaun nepebopas u «I['padbi» B 3SHAUUTENBHON CTe-
neHu nepecekaoTcsd. Hanpumep, 3ajjaun 0 paccTaHoBKe ¢ep3eil U 1MOUCKe MyTel
JI7IT KOHS MOKHO OTHECTH U K pasneny «I'padbi», Tak Kak UX pereHne MOKHO pac-
CMaTpHUBATh, KaK IpoIlecc MOCTPOeHUsI HeKOToporo aepesa. Ho oHU Bee ke BKIOYe-
HBI B pas/iet mepeOGopHbIX 3aj1ay. B 1esioM 3a1aua pas/esa mokasath MpUpoILy Iepe-
GOPHBIX 33/[a4 U HEKOTOPBIE BO3MOKHOCTU ONTHMH3AI[UU AJTOPUTMOB MOJHOTO
nepebopa.

U HakoHerr nocyeauii pasaen «I'padbi» 10 60JIbIIEN YaCTH COCTOUT U3 3a1a4 TIPe/I-
CTaBJISAIONNX OO0 (POPMYJIUPOBKHU yIKE U3BECTHBIX AJITOPUTMOB, HO €CTh HECKOJBKO
3a/1a4 PelraeMbIX ¢ UCITOTb30BaHNEM IpadoB, UX MOKHO Ha3BATh TPUKJIAIHBIMHU 110 OT-
HOTIIEHUIO K Teopun rpados. U nociesnee, Tak Kak 3a TePMUHOM «Tpacd» CTOUT OUEHDb
cepbe3Hasi ¥ Pa3BUTasi TEOPHs, TO PEKOMEH/yeTCs ITpesk/ie ueM peliaTh 3a/1a4u pas/esa
MO3HAKOMUTCST KAK MUHMMYM ¢ OCHOBAMHU 3TOU TEOPUU IO CIIEIMATBHOMY TOCOOUIO
WJTH XOT$1 OBI TIO TIPUJIOKEHUIO K IAHHOU KHHUTE.
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Ecmu B THIaTE/JIbHO Hpopa60TaeTe BCeE 3a/la4yM IIPAKTUKYyMa, TO BO-TIEPBLIX, ITOJIY-
YHUTE HEIJIOXOU HaBbIK penieHnd JJOTUYECKU CJIOKHDBIX 3a/[a4, a BO-BTOPbBIX, ITOJYYNUTE
npeJicTaBJI€HE O MAaTEMAaTUYECKUX METO/laX HCIOJIb3YEMbBIX B IIPOTPaMMMPOBaHUU
M 3TO CMOJKET CTAaTh OCHOBOU I I[&JIbHCﬁH.IGFO YKe CUCTEMAaTUYECKOT0 U3y4YeHA Ma-
TeMaTU4YE€CKUX METOJ0B.

Pa3zpnen A. Pa3Hblie 3apaumn

3anmaua 1. 3amaua /lelikcTphl.

BoraucanThb GyHKIINIO 33/IaHHYIO CTELYIONUMHU YCIOBUSIMU:
F(1)=1;

F(2N) = F(N);

F(2N +1)=F(N) + F(N + 1);

3aIpeIaeTcs UCIOIb30BaTh MACCUBBI M PEKYPCHIO.

Hoes pewenusi:

B03MOXXHOCTD UCIIOJIb30BAHUSI MACCUBOB UJIM PEKYPCUY 3HAUUTEJHHO YITPOCTUITH
6b1 perrenue 3agaun (nuctuar 90 HehOpPMaATIBHOTO BBEACHUS COAEPIKUT PEIIEHUE C UC-
[10JIb30BaHUEM PEKYPCUH ), HO OHU 3allpelieHbl. ITO 03HaYaeT HeOOXO0AUMOCTD IIOUCKA
XOpoIIel MaTeMaTUIeCKON 3aKOHOMEPHOCTH. Y CJIOBUA 3a7[a4l TOBOPST O TOM, UTO:

HEMOCPEICTBEHHO BBIYUCAUTD (DYHKITMIO MOXKHO TOJBKO OT €IUHUIIBI;
ec y (PyHKITUU YETHBIN apryMeHT TO (DYHKIIUS BhIpaskaeTcs dyepe3 (HyHKITUIO
C B/IBO€ MEHBIINM apPTYMEHTOM;

® ccimy GyHKIUYA HEYETHBIN apTyMEHT, TO (QPYHKIIUS PACIIaIaeTCs Ha CYMMY JIBYX
(yHKIINH, TAKUX 9TO NX aPTYMEHTBI Pa3invaloTcs Ha 1 1 B cyMMe JIal0T UCXOTHBIN.

Haunewm mouck 3akoHOMEpPHOCTH ¢ pacyeTHOTO nipuMepa. Berancanm F(113). Ilpo-
MEKYTOUHBIE Pe3yIbTATHI 3AITHIIEM B BUIE TIOCIEA0BATEIBHOCTH YHCET:

F(113) = F(56) + F(57) = F(28) + (F(28) + F(29)) n nasce

1. 113

2. 56,57

3. 28,28, 29

4. 14,14,15

5. 7,7,7,7,8

6. 3,4,3,4,3,4,3,4,4

7. 2,1,2,2,1,2,2,1,2,2,1,2,2
8§ L, ,1,1,1,1,1,1,1,1,1
Nroro F(113) =13

33M€TI/IM, YTO Ha Ka’K/IOM IlTare pacuy€eToB ITOJY4Ya€TCA TOJBbKO /IBa YU CJIa, OHO YET-
HO€ 1 OJIHO HeYeTHOeE. HOBTOMy €CTb CMbBICJI TIOMCKATh 3aKOHOMEPHOCTD MEXK/AY KOJIM-
YeCTBAMU YETHBIX M HEUETHBIX YMCeI. 3alullleM 9TH JKe pe3yabTaThl B BU/IE Ta6JII/I]_[bII



168 MpakTUKyM

Ta6numua 3.1. [NpomexyTouHble JaHHbIe

War YeTHbIX HeueTHbIX

1 1 1

2 2

3 3 1

4 1 4

5 5 4

6 9 4

7 0 13

BI/II[HO YTO HadMHasdA CO BTOPOTO IIara OAHO U3 YMCEJI paBHO CyMM€E KOJIMYECTB Y€T-
HBIX 1 HEYETHDBIX IMIPEAbIAYIIETO IlTara, a BTOPOE€ paBHO OZTHOMY M3 KOJINYECTB IPEAbIAY -
1Iero miara. OcTaercst OTBETUTH HA BOIIPOC, B KaKOM CJjiydae KOJIMYECTBO YETHBIX PaBHO
CyMMe, a B KaKOM CYMMe€ paBHO KOJIMYECTBO HEYETHDBIX.

3anaua 2. [TocTpoenue rpaduka copeBHOBAHUIA.

Tpebyercst cocTaBuThH TpaMK COPEBHOBAHUIT 110 BU/LY CIIOPTa MPEAIOJIATAIOIIETO
napHble cocTs3anus. Buj cropra pojiu He urpaer, HeoOXOAMMO TOJbKO BBIOJHUTH
CJIEYIOIINE YCIOBUSL:

® B KaXX/10OM 6010 Y4aCTBYIOT /IBa CIHOPTCMEHA;

L4 HpOI/IFpaBIHI/Iﬁ CIIOPTCMEH BBIOBIBAET U3 COPEBHOBaHU;

® B OO0OM TMMOEAMHKE BCTPEUYAIOTCA CIIOPTCMEHDBI, ITPOBEANINE NJIN PaABHOE KOJINYC-
cTBO 60€EB UIIH Yy OIHOTO N3 HUX Ha OJINH 6011 MEHBIIIE.

Hoes pewenus:

IIpemioxum caepyonuii cnocob onpeaesenus nap 60MI0B: BBICTPOUM CIIOPTCMe-
HOB B psa/l. [lycThb mapbl 06pasyoT CIIOPTCMEHBI SIBJISTIOTIIECST cOCcesIMU. TTaphbl MOKHO
CO3/IaBaTh MTPOXO/IS PSJI cjieBa HA MTPaBo (HA30BEM 3TO HAINPABJICHUE MIPSIMbIM ) U Ha-
060pPOT MPOXOJIST PSIZL CIIPaBa Ha JieBo (Ha30BEM 3TO HalpasJieHue o0paTHbiM). [Ipsmoe
n O6paTHO€ HaIlpaBJ€HUA HE paBHO3HAYHbI, B TOM CMBbICJIE UTO IIPU IIPAMOM HallpaBJie-
HuK Goer| 6e3 mapbl MOKET OKa3aThCA Ha TTPABOM KPaio, a pU 0OPaTHOM Ha JIEBOM.

Haunewm mocTpoenue map, HanpuMmep ¢ IpsiMoro mpoxoza. PaccMoTpuM HeKOTOPBIHI
ouepenHoii mar. TlocTpoeHue map Ha OYePeTHOM IIare MOKET OCTABUTH Oe3 TTaphl POB-
HO 0Z1HOTO Ooiita. Eciii Ha cJIeyomieM Iare HalpaBjieHIe TTOCTPOEHUST TTap OCTABUTh
TEM JKe, TO GOEI] OCTaBIIHIICsT Ge3 TTaphl Ha MIPEABIAYIIEM IIATe, MOKET OISITh OCTATHCS
6e3 comepHuKa. JlanbHele paccy KIeHUsT OUEBU/HBIL.

3agaua 3. Beibopka us MujLinapa.

V3 41CI0BOTO MHTEPBAJIA OT EAMHHIIIBI 10 MUJLIHAP/A, CIy4aiiHbIM 00pa3oM BEIOMpa-
€TCST MUJUTHOH, HETIOBTOPSIIOIIUXCST YU CEJT U 3anuchiBaercst B (aii. Heobxoaumo 3a mpu-
eMJIEMOe BPeMsl BBISICHUTh, HAMMEHbIIIee, OTCYTCTBYIOIIee B haiiyie ynciuo. Vcnosnb3o-
BaTb MaCCHUBbDI NJIX MHBIE CTPYKTYPbI [TaHHBIX MOTYIHIUX UX 3aMEHUTD 3allpeliaeTCAd.
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Hosicuenue. Iycth, HapuMep Mbl BoIOpasiu u3 untepsasa 1..5 qBa uncsa 1 u 4. Tor-
J1a HauMeHbIIlee He BRIOPAHHOE 9TO YUCJIO 2.

Hoes pewenusi:

3ajaua uMeeT TPOCToe, HO CKaKeM Cpa3y HEroJHoe pellleHne. A MMEHHO, MOSKHO
YIOPSAMOUNTD (haii B TOPSIKE BO3PACTAHMS, TTOCJIE YeTo TPOITH (aiin ee pa3 1 Hali-
TH [IePBOE YCI0 (Ha3oBeM ero YrcioM ) OTIHYAIOIIeecs: OT CBOETO cocelia crpasa 60-
Jiee ueM Ha enunuily. Torga Mckomoe 3nauenne = Yucso + 1. OpHako 9T0 11710X0€ pe-
mennre. COpTUPOBKA OYEHD TPYIOEMKAs OTIEePAIINs, /IasKe eCITU PEYb U/IET O COPTUPOBKE
MaccuBa. B 3aiaue jke ckaszaHo, 4TO YHC/Ia XPAHSTCS B (haiise, moatomy mpobieMa ycy-
ry0JIsIeTCsT TPYA0EMKOCTRIO onepaiiuii haitsioBoro goctya. Xopoliee perieHue J0JIK-
HO 30aBUTh OT HEOOXOAMMOCTI MHOTOKPATHOIO IIPOXo/a (daiija.

A Tenepb xopotias uzes. [logennm Muuapaabii nntepBa Ha a8a no 500 Musiu-
0HOB. ['/1e MOKeT HaX0AUThCSA KCKoMOoe Yrcsio? OUeBUIHO B IEPBOM MHTEPBAJe, TaK Kak
500 MUTMOHOB MUJITMOHOM YHCEN He 3amoMHUTE. Jlaee, mogennm nepsorit 500-Musiiu-
OHHBIN WHTEPBAJ HA /iBa U T.1. PaHO WJIM MO3/THO 3aKJII0YEHUE O TOM, UTO UHTEPBAJ,
COZIEPIKAIIII ICKOMOE YUCJIO OYET TIEPBBIM, MOKET OKA3aThCST HECTIPABEJIUBBIM.

N3 ckazaHHOTO BBIIIIE SICHO, UTO HYKHO HAWTU MHTEPBAJ, IVIMHA KOTOPOTO OKAKETCS
6OJIbIIIEe KOJIMYECTBA YUCEJ B HEM JIEHCTBUTENBHO COMNEPIKAIINXCS U OTOT HHTEPBAJ
JIOJIKEH OBITD TIEPBBIM 13 00JIAIA0NINX TAKUM cBOiicTBOM. ITycTh, HapuMep, paccMmar-
pusaembiii uaTepsal [3000, 3999]. YTo6bI OBITH TOJHOCTHIO 3ATIOJIHEHHBIM, OH JIOJIKEH
conepskatb 1000 uncern (HamoMHNM, YTO Yucya B (paiiie He MOBTOPSIOTCS, MHAYE Y CEJT
B MHTepBajie MOKeT okasarbes Oosbiie 1000 1 uHTEpBas IpK 3TOM Oy/eT He 3aI0Ji-
HeH). I3BecTHO, 4TO Bee aTu uncia He meHbie 3000 u ve Goubie 3999. TTpounTtaem
aiis onuH pa3 u nocurutaeM, ckobko B HeM unces ot 3000 u 10 3999. Eciiu ux okaxet-
csg Menbire 1000, To B 3TOM WHTEPBAJIE €CTh JIbIPKA.

OcraJcst BOIIpoc 0 TOM, Ha CKOJIBKO MHTEPBAJIOB JIEJIUTh MCXOIHBIHM 1 TTPOMEKYTOU-
Hble UHTEPBAJBl M KOT/Ia 3aBepIIaTh Ipoilecc ejeHus. Ha aToT Borpoc BbI HalizeTe
OTBET CAMOCTOSITEIBHO.

3anaua 4. O6paTHas 10JbCKast 3aIUCh.

Jlano apugmernyeckoe BbIpaxKeHUe, COCTOSIIIEE U3 HATYPAJIbHbBIX YKCEJ, 3HAKOB
apuMeTHYECKUX olepaluii, ckobok. [IpeobpazoBarh 9T0 BhipakeHue B (hopmy obpat-
HOU TTOJTbCKOM 3aTINCH.

Hoes pewenusi:

O6paTHas 1oJbCKast 3a1Kch 3T0 (opMa 6ecCKOO0UYHON 3anuc apudMeTUYeCKOro
BeIpaskeHus. [IpumMepsr:

TpaauronHas 3ammce: 2 + 2
O6parHas : 2 2 +
Tpamunuonnas: 4 * (2 + 3)
O6parnas: 423+ *

[lepBbIM B crivcke AeHCTBUM CTOUT 3HAK ILJIIOC, TIO3TOMY BBITIOJTHIETCS CJIOXKEHUE
2 + 3. Pesyaibrart: 4 6 *. Ciepryioiiiee JIeliCTBUE B CIIUCKE — YMHOXKEHUE, PE3YJIbTAT YIKe
OKOHYATEJIbHBIN = 24.
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3aMeTuM, UTO B CIydae 3JIeMEeHTAPHOTO apU(METHIECKOTO BBIPAKEHU ST, COCTOSIIIE-
r0 U3 OJHOW apupMeTUIecKOil oneparuu, 0OpaTHas 3aliCh TOIYyYaeTCsT TTEPEHOCOM
3HAKa Olepalliy 3a PaBbIli apTyMEHT. JTY ONEPAIIO MPUHIUINAIBHO MOXKHO HC-
MOJIb30BATh JIJIST JIFOOBIX BEIPAKEHUH, €CJIM YUECTh YTO aPTYMEHT CIIPaBa, COOTBETCTBY-
OTIIH 3HAKY OTEPAIIUU MOKET OBITD JIBYX BUJIOB:

® [IpaBBIi apIyMEHT MOKET OKa3aThCs BBIPAsKEHUEM 3allMCaHHBIM B (hopMe 00pat-
HOII II0JIbCKOM 3aIIUCH;

® [IpaBBI apryMEHT MOJKET OKasaThCs elle He 06paGOTaHHBIM TPaAUIOHHBIM
BBIPAKEHUEM.

B niepsom ciryuae, eciiv cripaBa CTOUT 0OpaTHAasI MOJbCKAs 3aIlUCh, TO IpobeMa Ie-
peHoca 3HaKa CBOAUTCS K IpobJeMe pasjndeHus yxke 00paGoTaHHOI YacTu BhIpaxe-
HUs oT HeobpaboTaHHoI. TIpencrasbTe cebe cuTyalnio, Bbl Oepere 3HAK, IEPEHOCHUTE
€ro yepes YucJIo, CTOsIIee ClipaBa OT HEro U 0OHApY KUBAeTe elle OJHO YKCI0. BeiBoj
OIMH. DTO CJIeAYIOLIee YHCIO CTh YaCTh BHIPAKEHUS, YIKE 3alUCAHHOrO B (hopme 06-
PaTHOH MOJBLCKOI 3alucy, Tak Kak B TPajUIMOHHON (opMe JiBa ynciaa 00s3aTeIbHO
PasiesIsiioTCs 3HAKOM.

WHoii caydail. Bel mepeHocuTe 3HaK uepes YUCI0 M oOHApysKUBaeTe 3HaK. Takas
CUTyallisl HEOJAHO3HAYHA. ITOT 3HAK MOXKeT ObITh KaK 4acThio 06pabOTaHHOIO, Tak
1 HeoOpaboTaHHOTO BhIpaskeHus. [Ipr 9TOM caM 3HaK He HeceT B ce0e HUKAKUX JIOTI0JI-
HUTEJIbHBIX IIPU3HAKOB ITI03BOJISTIOIIUX OIIPEEIUTD, YTO OH €CTh TaKoe. A ecJin Ipu3Ha-
KOB HET, TO UX HeoOX0oAnMO cosiarh. HampuMep, nepeHeceHHbIi 3HaK (ABJIAIOIIUICS
4acThio 00PATHOIT TOJIbCKOI 3aIIMCH ) MOYKHO BBIIEIATH TOuKaMu. Torga mpobema pe-
nraeTcs jierko. Eciin nepeHocuMblil 3HaK HATaJKUBAETCs Ha ellle OJUH 3HaK, TO Halo
IIOMCKATh TOUKHU BbiZiesieHus. Eciin oHM ecTh, TO 3TO HOBast (hopMa 3alucy, HHA4Ye 9TO
HeoOpaboTaHHAs YACTh BHIPAKEHMS.

Ciuenyrormas npobseMa — 6ajaHc ckoOOK. Eciiu Ha Iy TH IepeHOCUMOT0 3HaKa BCTpe-
4aTCsa CKOOKH, TO HEOOXOAUMO MPOUTH CTOJBKO 3aKPBIBAIOLIIMX CKOOOK, CKOJBKO
1 OTKPBIBAIOIIHX.

AJIropuT™M MOKHO O(DOPMUTD KaK IIPOIIECC ITOCIEI0BATEIHHOTO IIEPeHOCca 3HAKOB 3a
MpPaBbIli aPTyMEHT C YYETOM CUTYaIlllil OMMCAHHBIX BbIlIe. Kask/blil mepeHeceHHbIN
3HAK BBIZEJISETCA TOYKAMMY, JIJII TOTO YTOOBI €r0 MOKHO OBLJIO OTJNYUTH OT €IIe He I1e-
penecennoro. 1o 3aBepliieHUY MPoIecca JOCTATOYHO YAAJUTD BCE TOUYKH U OCTABIIIME-
S CKOOKH.

3agaua 5. /[BuskeHue B 10JI€ CUJI TATOTEHUSL.

HecKonbKo TeJI M3BECTHOM MAaCChl ¢ M3BECTHBIME BEKTOPAMHU HAadaIbHBIX CKOPOCTE
HaXO/ATCA B ITyCTOM TPEXMEPHOM IpocTpancTBe. Heo6X0aMMo II0CTpOUTD NX TPaeKTO-
PMH IBUKEHHUSL.

Hoes pewenus:

3aKOH BCEMUPHOTO TATOTEHHS MO3BOJISET B KaK/Iblii MOMEHT BPEMEHH BBIYMCIUTD
CYMMAapHYIO CHJIy JeHCTBYIOILYIO Ha TEJIO CO CTOPOHBI APYTuX Tesr. Bropoii sakon Hpio-
TOHA IO3BOJISIET PACCYUTATH YCKOPEHHE TI0Iy4eHHOE OT 3TOH CHJIbL. 3Has yCKOpPEHHUe,
MO’KHO IIOCTPOUTH 3aKOH PABHOYCKOPEHHOTO IBUKEHHUE TEJIa.
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[TpobJieMa 3aKITIOYAETCST B TOM, YTO CUJIA U COOTBETCTBEHHO YCKOPEHUE OMIPEIESIOT-
€S B3aMMHBIM PACIIOJIOKEHUEM TeJl. A 3TO B3aUMHOE PACHOJIOKEHIE B CIEAYIONNUN MO-
MeHT Gyger yxke apyruM. CriefioBaTesbHO, MbI BBIHYK/IEHBI DACCUUTHIBATH YCKOPEHME
JI7Ts1 KasKJTIOTO MOMEHTA BPEMEHU 1 CJIe/I0BATeIbHO JABUKEHNUE TeJl HeJIb3s1 CYUTaTh PaBHO-
YCKOPEHHBIM.

JIBU:KeHME TaKOU CHCTEMBI TeJI OTTUChIBAETCSI CUCTeMOU Tud depeHIuaibHbIX ypaB-
HEHWH, pelieHre KOTOPOH TpeCTaBIsieT co0oi 3HaunTebHy0 mpobiemy. Ho MOKHO
TIO/IONTH K 33j1aue C IPYTOH CTOPOHBL. J[O1TyCTHM, YTO CHUJIBI B3AUMHOT'O TATOTEHUS U3Me-
HSIIOTCSI He HelIPEePbIBHO, & IMCKPETHO, C HEKOTOPBIM BPEMEHHBIM MHTepBasioM. B Teye-
HUM BBIJIEJIEHHOTO BPEMEHHOTO NHTePBaja CiJla CYUTAeTCs TOCTOSTHHON BeJTMUNHON He
3aBUCSIIEN OT B3aUMHOTO pacnoJioxkeHns Teds. [To 3aBepiieHnn nHTepBasa CUIbI 1eii-
CTBUSI Ha KQK/I0€ TeJIO OIISITh IePeCYUTHIBAIOTCS C YYETOM YK€ HOBOTO MOJIOKEH U TeJl.

Taxast MoJ1eJTb TI03BOJISIET CBECTH JABUIKEHHUE 10 CJI05KHOI KPUBOJIMHEHON TPAaeKTO-
PHUHU K JIOMaHOH TPaeKTOPUU COCTOSIIEH 13 MHOKeCTBA IIPSIMBIX OTPE3KOB, B/I0JIb KOTO-
PBIX BCe TeJia IBUIKYTCS PAaBHOYCKOpPeHHO. CXeMa pacueToB TaKOBa:

Pazo6beM BpeMeHHY0 OCh Ha PaBHBIE HHTEPBA/bL. TOUKY PasOUEHUsT — HTO TOUKU
nepecyeTa CUJ TATOTEHUS. B Kak10# TOUKe BBITIOJHSIOTCS CJEAYIONINe pacueTs! (171
KaXKIOTO Tesa):

® pPaACCUYMTBIBAIOTCA BEKTOPA CHUJIbI U COOTBETCTBEHHO BEKTOPA yCKOpeHI/Iﬁ CO3/1aH-
HbI€ BOS,ZIEI;'ICTBI/IHMI/I Ha JaHHOE TEJIO APYTUX TE€JI CUCTEMBbI;
® DACCYUTBIBAETCA CYMMapHOE YCKOPEHHE paBHOE BEKTOpHOfI CyMMe yCKOpeHI/II;'I.

Hajee B TeueHUN CJIelyIONIETO NHTEPBaIa BPEMEHHU, CUJIA CUUTACTCS IIOCTOSHHOM
U TEJIO IBUKETCS PAaBHOYCKOPEHHO.

SIcHO, 9TO TaKast MOJEND IACT TPAEKTOPUIO C HEKOTOPOIT, MOJKET OBITD [aXke 3HAUN-
TeJIbHOW IOrPENIHOCTBIO, HO YBeJUYnBas KOJWYECTBO TOYEK IepecyeTa cujl (YMEHb-
11asl UHTEPBaJ PABHOYCKOPEHHOTO ABUKEHUS ), MOSKHO CKOJIb YTOJHO YMEHbBINATD 110-
IPENIHOCTD PacyeTOoB.

Baoicnoe 3ameuanue. O6aymaiite, kKak 6yneT BecTu cebst MOJIETb B CIydae yaapa
ABYX WK GoJiee TeJ.

3amauva 6. OMUHOKNI Ty THUK C TIJIOXON TaMSITHIO.

Ha xBazpaTHOM TI0JIe yCTAaHOBJIEHB! TPEISITCTBUS MPONU3BOJIBHON (DOPMBI U /1Ba
nynkra A un B. Ilepes myTHKOM mTocTaBsieHa 3aj1aua — HaiTu myTh 13 A B B. U3Bect-
HO, YTO IIYTHUK HE pacroJiaraeT KapToil MECTHOCTH, Y HETO OUEHb TIJI0X0€e 3PeHNE, OH
MPaKTHYECKU BUAUT HA OJTHY TOUYKY BIIepe/ Iy ces1 M 04eHb TI0XAs MaMsTh, HACTOJIBKO
TJI0Xast, YTO OH MOJKET 3aIIOMHUTB TOJIBKO OJTHO YncyO0. V13 cpeicTB OpHeHTAIINH ITyT-
HUK PacIojiaraeT eCTeCTBEHHBIM YyBCTBOM IIPABOTO ¥ JIEBOTO, OH MOJKET CKa3aTh TIe
y HETo TIpaBasi pyKa, a riie jeBast. Takske y Hero ecTb IpUOOP BCer/ia MOKa3bIBAIONINI Ha
MyHKT B.

Hoes pewenus:

Jl1s1 yriporeHust aHaIH3a J[OTOBOPUMCS, UYTO MPEISITCTBUS COCTOSIT M3 TOPU30H-
TAJTBHBIX ¥ BEPTUKAJIBHBIX JUHUHN. T0 eCcTh CyIIecTByeT KaKasi-TO KOOPAUHATHAS CeT-
Ka ¥ MPEISITCTBUS MO Heil OpHeHTHUPOBaHbL. TaKyio KOOPAWHATHYIO CETKY MOXKHO
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HaIllpUMep MPUB3aTh K 9KPAHY KOMITBIOTEPHOTO MOHUTOPA. JTa IOTOBOPEHHOCTD HU-
KaK He YIPOIAeT 33/1a4y 1 He OTPAHNYMBAET €€ OOIITHOCTH.
Pazo6beM J[BUKEHHUE Ty THUKA HA JIBE YACTH:

® JIBUJKEHUE II0 IYCTOMY IIPOCTPAHCTBY,
L4 O6XO,ZI O6Hapy>KeHHOI‘O IpENnATCTBUA.

JlBUzKeHUME 1O TIyCTOMY ITPOCTPAHCTBY He NpejicTaBisieT nHTepeca. CorjacHo ycJio-
BHS Y MyTHUKA €CTh KOMIIAC, MOKA3bIBAIOIINIA Ha 11eJ1h. ClieIoBaTeIbHO, TyTHUKY Ha
MyCTOM ITPOCTPAHCTBE JIOCTATOYHO U/ITH IO KOMIIACY.

Bropoii ciyudaii cymectBeHHo nHTepecHee. I[IyTHUK, BCTPETUB T1epel coboi mpe-
HATCTBUE JOJIKEH 000ITH €ro U B HEKOTOPOI TOUYKE OIISAITh HauaTh JABUKEHHUE 10 KOMIIa-
cy (OTOpBaThCS OT MPENSTCTBU ).

O6oiiTy NpesSTCTBYE IyTHUK MOKET JEPKach 32 HETO IPABOU UJIM JIEBOH PYKOIL.
Borpoc sasepiienus o6xona cioxHee. O6pasHO TOBOPS, IyTHUK J0JKEH OTOPBAThCS
OT TIPETSATCTBUS TOT/IA KOT/JIA OH OKAKETCsS Ha <«JIPYTOil CTOPOHE». A BOT, UTO TaKOe
«JIpyrasi CTOpOHa» He BIIOJIHE SICHO. [IJIs1 TOro, YTOOBI IPOSICHUTD CYTh IIPOOJIEMbI Pac-
CMOTPHM OLIKMOOUYHOE PEleHME.

[TycTh MyTHUK, IBUTASICH BIOJTb IPEMSTCTBUS, HA KAK/IOM ATy MIPOBEPSIET, HETh3sI
JIN HAYaTh JBUKEHUE TT0 KoMIiacy. To ecTh OH T0JIaraeT, 4To KakK TOJIBKO 110 KOMIIACY
BIIEped Hero oOpasoBajioch IIyCTOE MPOCTPAHCTBO, TO 3HAYNUT OH BBILIE HA APYTYIO
cTopony. B psizie ciydyaeB aTo geiicTBUTENbHO TaK. Ha coreyionieM pucyHke moaTBepK-
JAOIIHI TpUMeEp:

A

Puc. 3.1. YoauHblin 06xo4 npenaTcTaua

B 97011 cutyanuy yTHUK PO ABE CTEHKU OOHAPYIKUT 1epe; cob0ii IycToe mpo-
CTPaHCTBO 0 NMyHKTa HazHauenus. Ho tak Oymer jmaneko He Bcerga. Ha ciemgyioriem
PUCYHKE IIJIOXasd CUTYyal .

A E

Puc. 3.2. HeypadHblh 06x00 NpensaTcTBus
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CirieJiaB o/iiH TIOBOPOT Iy THUK OOHAPYKUT CBOOOIHOE IIPOCTPAHCTBO MEKIY COOOM
W 11€JIBI0, HO JIBHZKEHIE TI0 KOMITACY ITPUBEIET €r0 K TOM JKe CTEHKE, B/I0JIb KOTOPOIl OH ke
nBurasicst. [lajee, IBUKeHUE CTaHET GECKOHEYHBIM 10 3aMKHYTOMY KOHTYPY. Buumo mpo-
€TO (haKT ITIOBOPOTA HE JIOJIKEH OBITH TIPUYUHOM MOTBITKU OTPHIBA OT IPETSITCTBHUSL.

3aMeTuM, YTO B PACIOPSIKEHUU ITYTHUKA TOJBKO [[Ba TUIA TOBOpoToB. HazoBem
[IOBOPOTHI KOTOPBIMU Iy THUK OOXOJIUT KBAIPAT U3 PUCYHKA 3.1 IPaBbIMHU, 8 TOBOPOTHI
TOTO K€ TUTIa KaK TIOBOPOT U3 pUCYHKA 3.2 jieBbIMU. OUeBUTHO, YTO MOKHO /IaTh OTIICA-
HUEe IIYTHU BAOJIb IPEMATCTBUA IMOCJAE0OBATEIbHOCTHIO JIEBBIX U ITPABBIX ITOBOPOTOB.
Ou4eBHUIHO TAKXKeE, YTO PACCTOSTHIIE OT OJHOU TOYKHU IIOBOPOTA JIO CJIEIYIONIEeil He UTPAET
HUKAKOI POJIH, CYIIIECTBEHHOE 3HAUEHIE UMEET TOJILKO (hakT II0BOPOTA. MOKHO TaKkKe
copmyIpoBaTh CIEAYIONLYIO TUTIOTE3Y: /s peulenie 60npoca o <mot cmopone npe-
namemeusi» 00CMamouro UHMGOPMAuUU 0 PaAsHUYe MeHCOY KOAUUECTBAMU EBHIX U NPA-
8bLX NOBOPOMO.

Ob6xymaiite 9Ty THITOTE3Y, OHA IAET KJIIOY K PEMEHUTO 3aMaUH.

3anmauva 7. 3akpacka OJIHOCBSI3HOTO KOHTYpa

Ha mtockocty 3aiad IpOM3BOJIbHBII OAHOCBSI3HBII KOHTYP, TPeOYeTCs ero 3akpa-
cuThb. 13 Bcex TpachuyecKux BO3MOKHOCTEN Pa3peraeTcs: NCIO0JAb30BaTh TOJIBKO MPO-
ey Py PUCOBAHUSA TOUKU.

Hoes pewenusi:

OHOCBSA3HOCTD KOHTYpPa O3HAUAET CJeAlyIolee: MyCcTh 0 Toukax A u B u3BecTHO,
YTO OHW HAXOJSTCS BHYTPU KOHTYpa. Tor/a cyliecTByeT JoMaHast IUHUS TaKasl uTo:

HAvaJio JIOMaHOUW HAXOJIUTCS B TOUKE A;

KOHEI IOMaHOH HaXouTcs B Touke B;

BCe TOUKHU MIPUHAIJIEKAIIIE JOMaHOH, IPUHALJIeKaT BHYTPeHHEH 06/1acTi KOH-
Typa.

[TpeacTaBuM nporece 3akpacku o6pasHo. EcTb HekoTopas Touka (OyneM HasbiBaTh
ee UCTOYHWK) O KOTOPOH IOCTOBEPHO M3BECTHO, YTO OHA HAXO/IUTCS BHYTPU KOHTYpA.
A KOHTYP 9TO UTO-TO BpOJie HU3KOTO 3a60pUMKa uepe3 KOTOPBII KpacKa He MOJKeT Iepe-
JuThesa. Ecm uTh KPacky B TOUKY-MCTOYHUK, TO KPACKA HAYHET PA3JIMBAThCS OT TOU-
KM K TOYKE II0Ka He 3aJIbeT BeCh KOHTYP. ITo 06pas. A ceiiuac mepeiizem K 6oJjiee cTpo-
TOMY TIPEJICTABJIEHUIO.

Byznem cuntaTh kKaXk1yto TOUKY BHYTPU KOHTYPA, UCTOYHUKOM €CJIN OHA TOJIBKO UYTO
3akparena. Kaxmas rakast TouKa siBJIsIeTCS NUCTOUHUKOM [IJ1s 9eThipeX coceieil. [Toce
TOrO KaK COCeU 3aKPAIlUBAIOTCS, X HCTOYHKK HepecTaer ObITh MCTOYHUKOM, 2 BHOBb
3aKpalieHHble TOUKU CTAHOBSITCSI HOBBIMU MCTOUHUKAMH.

Cosmagum MaccuB ICTOYHUKOB, B HaUaJie Tpoliecca cojiepKaninit oHy Touky. [1po-
11eCC JKe 3aKPACK MOKHO OTHCATh CJAEAYIONUM aJTOPUTMOM:

IToka B MaccHBe HCTOUHUKOB €CTh XOTsI Obl OJIMH UCTOYHUK BBIIIOJIHSTD:

B34ATb U3 MacCHUBa Oqepe/:[Hoi/’I NCTOYHUK;

OIIpeIEJINTD HE3aKPalll€eHHbIX COCG[[Gﬁ O4YepeaHOTO UCTOYHUKA,
3aKpaCuTb COCG[[Cﬁ 1 IIOMECTUTDb UX B MaCCHUB UCTOYHNKOB;
YAQJUTb 13 MaCCHBa OTpa6OTaHHbII>)I HNCTOYHUK.
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Baxcnas npobaema.
PaccmoTpum caepyromnuii pucyHoK:

o0
ol

Puc. 3.3. lybnnposaHne UCTo4H1Ka

31ech n3o6pakeHbl yetbipe Touky. ITycTh Tpu 3aKpallieHHble ABJISIOTCS MCTOYHH-
KaMu, OZlHa He3aKpallleHHas — cocefl i BeeX Tpex. Crie1oBaresibHO, BCe TPU UCTOYHU-
Ka B mpolecce 06paboTKU 3aHECYT CBOEro 00Iero cocea B MaCCUB UCTOYHUKOB. Tak
KaK Takue CUTYallud He PeJKOCTb, B MACCHBE MCTOYHMKOB IIOSIBUTCS MHOTO KOIIMIA.
W jes — mpoBepKyr MaccHBa Ha HAIMYMK KOIIUY, TIepe/l 3aHeCeHneM UCTOYHUKA He 0YeHb
yJlauHa, TaKkasl [IPOBEPKa BBIMOJHISACH MHOTOKPATHO, HaJl OOJIBIINM MaCCUBOM IIOTPE-
Oyet MHOTO pecypcoB. MIHTepecHee 00yMaTh HOPALOK 3aHECEHIA UCTOYHUKOB U COOT-
BETCTBEHHO MX BHIOOPKH.

Sanayva 8. JKusag rpymma ['O.

B urpe TO ectb nonsTHE KUBOI rpymibl. Tpebyercst, Mest KOOPAMHATHI OJTHOTO
KaMHs1, yCTAHOBUTD, SABJISIETCS JIM 3TOT KaMEHb MTPEICTABUTEIEM KUBOH I'PYTITIBL.

Hoes pewenusi:

Jljist IOHVMaHUS CYTH 3ajlaui, HeT HEOOXOAUMOCTHU JETAIHHO U3ydaTh MPaBHJIA
urpbi 'O, Tem 6oJree 4TO OHU IOCTATOYHO CIIOKHBL, PACCMOTPUM TOJIBKO MOHSATHE TPYII-
el 1 skuBoi Tpynbl. rpa 'O Bezetcs Ha mocke 19 x 19 kietok. Kaskabrii urpok B ¢BOIO
ouepe/b X0JIa CTaBUT OIHY (DUINKY, HA3bIBAEMYIO KAMHEM Ha TiepeKkpecTue JuHni. /[Ba
KaMHSI Ha3bIBAIOTCS COCENSIMU, €CJIU OHU COCEIM TIO0 BEPTUKAJIU WM TOPUIOHTAJM.
MHOKeCTBO KaMHEN Ha3bIBa€TCsI TPYIIMOW €Cid OT JIDOOTO KaMHs TPYIIIBI MOKHO
OPOUTH 10 JIOOOTO KaMHsI TPYIIIbI TEPEABUTASICH 110
coceisiM. MHOKECTBO M3 OTHOTO KaMHS TaKKe CUUTA-

€TCsl IPYIIIOH. | | I

[pymna cunTaercsa *KUBOM, €CU XOTS Obl OJHOMY O O C__
KaMHIO U3 9TOH IPYIIIbI MOKHO 06aBUTD COCeIa. .
Ha pucynke 3.4 jiBe JKUBBIX rpyiibl. 13 Gebix Kam- . O

Hell ¥ 13 YePHBIX. ..__

Puc. 3.4. MNpumep XnBow rpynnel
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Ha pucynke 3.5 rpymma 4epHbIX KaMHel TOJHOCTHIO OKPYKeHA TPEMST TPYIIIaMu
GeJIbIX.

QOO
QCO®O
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Puc. 3.5. Mpumep HEXMBOW rpynnbl

ITepBolii mar B HOCTPOEHNN PEKYPCUBHOTO PellleHUsI — 3TO IOJydyeHUe PEKYPPEHT-
HOTO oIlpeiesIeHMs ITpoliecca. B Haiell 3ajjaue pekyppeHTHas IIprupo/ia npoiecca Ha-
JIUTIO, TIPOTIECC 3aKTI0YAETCSI B TIEPEXO0/Ie OT KAMHS K KAMHIO B TIOMCKE XOTsI GBI OJTHOTO
cBO6GOIHOTO «cocenas. Ecau Takoit «cocei» HalijieH, To TPYTIa KiBast, nHade HeT. Cxe-
Ma PeKypCUy MOKeT OBITh TAKOBA:

® ¢CJIM paccMaTpuBaeMoe IoJIe IIyCTo, TO TOMCK MPeKpaliaeTcs 1 Bo3BpallaeTcs
CoO6IIeHNE 0 YIaUHOM 3aBEPIICHNN;

® ccJIM paccMaTpuBaeMoe IoJie 3aHATO KaMHEeM IIPOTUBHIUKA, TO ITOMCK IIpeKpalaer-
Cs1 ¥ BO3BPAIaeTcst COOOIEeHe 0 Heylaue TaHHON BETKH TToncka. IMeHHO BeTKH,
TaK Kak YacTHasI Hey/laya He O3HAYAET MOJTHON HEYAauH, IPYTras BETKa MOKeT 00-
HApYKUTH CBOOOTHOE TTOJIE;

® ¢CJIM paccMaTpuBaeMoe I0JIe 3aHATO CBOMM KaMHEM, TO BBIIIOJHSETCS HOBBII
BBI30B PEKYPCUBHON IIPOLEAYPHI.

Bmopou sapuanm pewenus:

3amauy o xuBoi rpyrie 'O MOKHO cBecTH K celbMoit 3a1a4e . J{yis aTOro 1octatou-
HO 3aMETHTh JIUIITb, 4TO T10J1s1 ocku ['O Kak 1 TOYKY B 3aKpalImBAeMOM KOHTYPE UMEOT
4 cocegiei. [lanee, mpecTaBUM TPYIITY KaMHEH, KakK TPYIITY TOYEK MCTOYHUKOB. J{aib-
HellTe paccy:KIeHUs [IJIsT CAMOCTOSITELHON TPOPAbOTKH.

3agauva 9. [Touck 1yt ¢ HAMGOIBIINM BECOM.

[lana Matpuiia, 3aroTHEHHAS TTOJI0KUTEIbHBIMHY, TIEJIBIMU, CTYIAiHBIMU YUCIAMU.
Heo6xoaumMo HalTH Ty Th U3 JIEBOTO BEPXHETO yTJIa MATPUIILI B TPABbIA HUJKHUN ¢ HAM-
GOJIBIIIIM BO3MOKHBIM BecOM. BecoM myTu Gy/ieM Ha3bIBATh CYMMY YHCEN BCEX 3JIe-
MEHTOB MATPHIIbI, Yepe3 KOTOPbIE IIPOXOIUT My Th. [TyTh MOKHO CTPOUTD TOJIBKO IBYMSI
TUIAMY CMeIleHUH: BIIPABO HA OJIUH IIAT U BHU3 HA OJ[UH IIIar.

Hoes pewenusi:

3ajiaua BHITJISIUT KaK 3a/[a4a MOJTHOTO miepebopa. JlelicTBUTELHO, €€ MOKHO PEIIUTD
OPTaHU30BaB MOJIHbIH TIeEpeGOp BCeX BOSMOKHBIX Ty Te ¢ BBIGOPOM Iy T HAUGOJIBIIETO
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Beca, HO KOJIMUECTRO Iy Tel ¢ yBeJMYeHeM pa3dMepa MaTPUILbI PACTET HACTOJIBKO ObIC-
TPO, YTO PEATHHO JAKE JJIsI OTHOCUTETHHO HEOOJIBIIION MATPHUIIBI TIOTPEOYETCS CIIUIII-
KOM MHOTO BPEMEHH.

Bouee apdexruBHOE peleHie 0OCHOBAHO Ha HEOOJIbIIOM BCIIOMOTATENIbHOM IOCT-
POEHUM: TPOI/IS BCIO MATPUILY CHU3Y BBEPX U CIIPaBa Ha JIEBO OTIPEIEJIUM JIJIs1 KasK/I0TO
AJIEMEHTAa HOBBIN BeC, PaBHBINA CyMMe COOCTBEHHOTO BeCa U BECOB JIBYX 3JIEMEHTOB:
CIIpaBa OT JJAaHHOTO U CHU3Y OT JlaHHOTO. Takas 06paboTKa He 3aiiMeT MHOTO BPEMEH.
[Tocne yero nCKOMBIH Ty Th OT JIEBOT'O BEPXHETO 3JIEMEHTA, /10 TPABOr0 HUKHETo 1Tpoii-
JIEeT 10 BJIEMeHTaM ¢ HauboJibiiuM BecoM. Huke mpumep.

Tabnuua 3.2. [pryMep NOCTPOEHNS

1 2 8 3 5 1480 816 419 190 70
3 2 2 1 45 663 395 221 117 65
5 1 1 0 4 265 172 102 51 20
2 3 4 3 8 88 69 50 31 16
1 1 3 4 8 17 16 15 12 8

JleBast TabUIIA COMEPKUT UCXOIHYIO MATPHUILY, TIpaBast BCroMorarenbHyio. JKup-
HBIM IIPUMTOM OTMeYeH UCKOMBIH Iy Tb.

Sanayva 10. [Touck NoTeHITMAIBLHO PEKYPCUBHOI MTPOIIEYPBI.

[laH TeKCT TpOrpaMMbl, COCTOSITIINEI U3 HEKOTOPOTO KoJindecTBa mpoieayp. Ipore-
ZLyPbl MOTYT COJIEPKATh BBI3OBBI APYTUX Mporeayp. HeoOX0MMMO BBIACHUTD, HET JIK
Cpe/li HUX TTOTEHITNATBbHO PEKYPCUBHBIX. [l0TEeHIIMAIbHO PEKYPCUBHON TIPOIEy POl
HA30BEM TIPOIEYPY, MOPOKIAIONIYIO 1IEMTOYKY BBI3OBOB TAaKyl0, YTO B 3TOU IIETIOUKE
BCTPEUYAETCS BBI30B IIPOIIE/LYPBI TOPOIUBINIEH 1IETTOUKY.

Hoes pewenus:

Tak Kak 11eJ1bI0 aHAT3a ABJSETCS TOJBKO JIUITH BBISIBJIeHUE (DaKTa PEKYPCUH, MO3K-
HO CUUTATD, YTO KAXK/Asl IIPOIIeypa COCTOUT TOJIBKO JIUIIb U3 BBI30BOB mpoleayp. Ha-
3BAHUSI TIPOIEYP TAKIKE POJIU HE UTPAIOT, UX MOKHO TPOHYMEPOBATD B JIIDOOM HOPSI/I-
Ke W WM 3aMEHUTH Ha TOPSAAKOBBIH HOMep. CocTaBUM JIJisI MHOXKECTBA HOMEPOB
npouexyp Tabauiy. Bepxumuii psa u JeBblii cTo10er B TabInIe 3aIl0IHUM HOMEPaMu
MPOLIE/LYP, & OCTAIbHBIE STYeHKY TaGJUIIBI HYJISIMU U e[UHUIaMK, EAUHUIA Ha Tiepece-
YEeHUU CTPOKU U CTOJIOI[A O3HAYAET, YTO TIPOIEIyPa Y€l HOMepP YKa3aH CJIeBa BbI3bIBAET
MpOoIey Py uelt HoMep ykasaH BBepxy. [Ipumep

Tabnuua 3.3. Tabnuua BLI30BOB

Ol =|O|—=
— | oo
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0
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3 TabuIIbI BUIHO, UTO TIEPBAst IPOIIE/IYPa BHI3BIBAET TPETHIO, BTOPAsI TIEPBYIO U TPE-
TBIO, TPETHS BTOPYIO. 3/1€Ch BCE TPH IIPOTIEY PbI TOTEHIIUATBHO PEKYPCUBHBL JTO CIIEY-
eT 13 TOro, uto npoiieaypa 1 Boi3biBaeT mpoienypy 3. OHa B CBOIO 0OYePE/lb BbI3bIBAET
MIPOLIEAYPY 2, a TIPOIlelypa 2 BHI3BIBAET JBE TIPOIIEYPbI, B TOM YUCJE U Mpoueaypy 1.
To ecTb Bce TpH IIPOTIELyPbI BBI3BIBAIOT IPYT APYTa IO KPYTY.

Ipumeuanue. Ilouemy peub et He O PEKYPCUBHOCTH, & O TOTEHIIMAIBHON PEKYP-
cuBHOCTU? [l€710 B TOM, YTO MBI UCKJIIOYAEM M3 aHAJIN3a BCE ONEPATOPBHI IPOTPAMMBI,
KpOMe BBI30BOB IIPOIIEAYP, 9TO O3HAYAET, UTO HET aHAJIN3a PEATBLHOTO Ipollecca repe-
Jlauyd yTIpaBJieHUs B IPOTPaMMe, 3 B PEIbHOM TIPOIIeCCce, 3aBUCAIIEM OT COCTOSHUS
JIAHHBIX YIIPaBJIE€HUE Ha BHI30B MPOIELYPBI MOXKET U HE ObITD MEPEIAHO.

ByseM cuuTaTh, YTO BBI3BIBAIOIIUE TIPOIEAYPHI TIEPEUHCIEHBI B JIEBOM CTOJOIIE,
a B BepXHeli CTPOKe Bbi3biBaeMble. OTpeies M OTHOMEPHBIN MACCUB 711 XPAHEHUS HO-
MEPOB BBI3bIBAEMBIX TIpoleayp. [IycTh Ha peKypCUBHOCTD aHATM3UPYETCS TPOTIELyPa
c HomepoM k. Brecem B Mmaccus unciio k (B nepBbiii asemenT Mmaccusa). Jlasee miar mpo-
1[ecca MOJKHO OTIACATD CIIEAYIOIINM 00pa3oM:

1. Ecau Maccus mycT, To nipekpaliaeM paboty. B aToM cirydae mpoieaypa He siBJIs-
€TCSI MOTEHITUATBHO PEKYPCUBHOI.

2. Ecsii MaccuB He IyCT, U3BJIEKAEM OuepeHoe Yncao (YAasis ero U3 MacCuBa).
BssToe mciio ectb HOMEp ouepedioil CTPOKK TabIUIBL.

3. TIpocMaTpuBaeM ouepednyio CTPOKy TabJUIBI U €CJiu B j-cTosibue crout 1 (mpo-
IleJlypa BbI3BIBAETCS), TO BBITIOJHSIEM TPOBEPKY, €CTh JU B MacCHUBE YUCJIO j.
Ecuii rakoBoe ecTb, TO IipekpaliaeM paboTy, B 9TOM cJIydae Ipoleaypa sBIsieTcst
MMOTEHIIMATBHO PEKYPCUBHOM, MHAYE 32aHOCHM j B MACCUB.

4. Tlo saBepiuenuio aHanusa k — oif crpoku, ecin paboTa ajropuT™a He Oblia pe-
pBaHa, BO3BpallaeMcs K MyHKTY 1 ¥ MepexXo/IuM K aHaJIN3y CJEAYIONIEeNd CTPOKU
TaOJUILBL.

Hpmeuaﬂue. I[JISI ITIOCTPOEHUA aJITOPUTMA BaM H806XOZII/IMO OIIPEZEJINTD, YTO O3HA-
qaeT (bpasa «MacCCHB IIyCT»

3anaua 11. [TocTpoeHne Moaen CTOSTYEl BOJTHEI.

Cpena npezcrasisger coO0i MHOKECTBO PABHOOTCTOSIINX TOYEK, HAXOAAIIUXCS Ha
O/THOU TIpsiMOii. JleBast KpaifHsIst TOUKA MOPOsKIAeT MOTiepevHyo BOJHY. BosrHa orpejie-
JISIeTCs IBYMSI XapaKTePUCTUKAMU: BBICOTON (aMILIUTY/Ia) U CKOPOCTHIO PacIpocTpa-
Henus. [IpaBas kpaliHsIST TOYKa SIBJSETCS OTpaskarollell cTeHKou. BomHa moxoas 1o
CTEHBI OTPAKAETCS OT Hee Ge3 T0TePh S9HEPIHH, TO €CTh HAUYMHAET ABUIaThCA B IPOTHU-
BOIIOJIOKHYIO CTOPOHY, € TOH K€ aMIIJIUTY/I0 HAKJIbIBAsICh HA TIPSIMYTO BOJIHY.

Hoes pewenus:

Bouina pacripoctpaHsieTcst B IMHEHHOU cpejie, COCTOSIIIEH 3 PABHOOTCTOSIIIINX TO-
4yek. BosHOBOe IBUIKEHME B MCXOHOM TOUKe (KpaliHel JIeBOIT ) OTIpe/iesisIeTcst 3aKOHOM
Y=A*sin(wt) ruze w — yacrora kojebanuil, t — Bpems, A — ammuinryzna. KosebarenbHblit
3aKOH B JII00OU TOYKEe HAXOIAIIEHCS TpaBee HCTOUHNUKA OIIPEAEISETC TEM 5Ke CaMbIM
3aKOHOM, HO Ha4yaso KoJjebaTeJbHOro IPoLecca CMENIeHO 110 BpeMEeH! Ha BeJINYMHY
(N-1)*Dt rme N — Homep Touku, Dt — BpeMsT MPOXOKAEHUS BOJTHBI MEXK/Y TOUKAMM.
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Korza BostHa 1oX01UT /10 IPaBOi KpaitHel TOUKH, TIpaBasi KPAHHISA TOYKA CTAHOBUTCS HO-
BBIM MCTOYHMKOM BOJIHBI € TOH JKe aMIVIUTY/I0H, HO TIPOTUBOIIOJIOKHBIM HallPaBJIEHNEM.

Sanava 12. YMHOKeHNE MHOTOUJIEHOB.

JIBa MHOTOYJIEHA PA3JIMUHOU CTeTleHU 3a/laHbl MaccuBaMu KoadhduiineaToB. /s
HEOOJIBIIOTO YIIPOIIEHUsT MOKHO MOJIOKUTE BCE KOIMDUIIUEHTHI TIEIBIMU YUCTAMU.
Boruucanth MmaccuB K03 GUITMEHTOB MHOTOUJIEHA SIBJISIONIETOCS UX TPOU3BEICHIEM.

Hoes pewenusi:

MHoTouJIeH MOKHO TPEJACTaBUTh MHOXKECTBOM KO3(hUIMeHToB. 3anuiineM Ba
MHOTOYJIEHa — MHOKHTEJIS B CJIeylomeM Buze (ag ay, ....., a,) 1 (bg by, ..., by), n#m
MepeMHOKaeMble MHOTOYJIEHBI MOTYT UMETh Pa3Hble cTerneHru. MHOTOUJIeH — TPon3Be-
JIeHHe TaKKe MOXKHO IIPEJICTABUTh B BUJie (Cg Cy, ....., C1). Bo3bMeM kakoii-mbo anemeHT
MHOTOWJIEHa — TTPOU3BeieHNUs, ¢.. OUEeBUAHO UTO € paBeH CyMMe BCeX MPOU3BeleHU
9JIEMEHTOB MHOKUTEJIEN ai*bj takux 4To k=i + j. 310 ocHOBHas uzess. Bam ocranoch 10-
JIyMaTh, YeMy PaBHA [IJTAHA MACCUBA MPOU3BEICHUS WX YTO TO JKe caMoe YeMy PaBHO L.

3amaua 13. Tlojcuer YepHbBIX MATEH Ha OEJION MKy pe.

Ha Gemoii mkype uMeeTcs HEKOTOPOe KOJUYECTBO YePHBIX msiteH. Halitu camoe
GOJIBITIOE TISITHO.

Hoes pewenusi:

EcTecTBeHHO NIKYPY MPENCTaBUTD B BUIE IBYMEPHOTO YMCIOBOTO MACCHBA, B KOTO-
POM YepHBIE TOUKH 3TO €JIMHUIIBI, 2 OeJible — HYJIU.

[Ipenrnonoxum, MbI IMeeM HEKYIO TIPOIIeLy Py, YMEIOIIYIO [0 O/IHOH TOYKe sITHA Hall-
TH Bee TisITHO. Torma Gy/IeT 10CTaTOYHO MPOCMOTPETH BCE TOUKU MACCUBA U €CJIH OUePe]-
Has TOYKA COMEPKUT YU CIIO 1, BBITOJHUTD IOCTPOEHUE MIATHA OT OYE€PETHON TOUKH.

[TocTpoenue nsaTHA MOKET 3aKJII0YAThCS B 3aMeHe e/IMHUIL Ha IBONKHU. Takas 3ame-
Ha TT03BOJIUT M30€KaTh TIOBTOPHOTO OOHAPYKEHMSI OJTHOTO U TOTO K€ MSITHA, TaK KaK
BCE TOUKM OOHAPY/KEHHOTO TISITHA CTAHYT [BOMKAMHU, a 3alyCK TIPOIELYPBI OCYIIECTB-
JITETCSI TOJILKO TIPU OOHAPY/KEHUH €[IHUTIBI.

Ecau oncannyio BeIlie TpOleAypy HAyYNUTh BO3BpallaTh pa3Mep IsTHA, TO pele-
HU€ 32/[a4U CBEJIETCS K TIOMCKY HAOOJIbIIETO U3 BO3BPAIIAEMbBIX YHCEIT.

Mertoj onpe/ieieHusT TOYeK TIPUHAIEKAINX TISITHY MOKET ObITh pa3HbIM. MBI 9Ty
npobJieMy pacCMaTPUBAIU YiKe ABaK/IbL: B 3ajiaue 7 O 3aKpacKe KOHTYpa U B 3aja4e 8
o sxmBoii rpyme ['O.

Sanava 14. KpagpaTHbie CyMMBI.

[ana xBagpatras matpuiia a[0..n][0..n] u yncso m<=n /{1 Ka:Ka0T0 KBajipaTa pas-
Mepa T Ha T B 3TOHU TabJIHIle BBIYUCIUTD CyMMY CTOSIIIIUX B HEM YHCEL.

Hoes pewenusi:

Jlyist IPOCTOTO, HO IOBOJIBHO TPYyOOTO PEIIEHUsT TOCTATOYHO OPTaHU30BATh /[BA BJIO-
JKEHHBIX ITUKJIA JIJIs 00X0/1a MOUTH (ITOYEMY MOUTH? ) BCEX 3JIEMEHTOB MATPHIILI U PACUeTa
CYMMBI KBaJ[paTa JIJIsT KOTOPOTO TEKYIHUil 3ieMeHT OyJIeT JIeBOW BepXHEN BEPIIMHOM.
Cepbe3Hblii HEJJOCTATOK 3TOTO PEIIEHUS B TOM, UTO KayK/IbIH 3JIEMEHT UCXO/IHON MaTpu-
ITbI TIOYYACTBOBYET B pacuyeTaX MHOTOKPATHO.
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Bousee achdexTHBHYIO HIEI0 BB MOKeTe T0paboTaTh caMi ¢ HeOOMBINON TTOACKA3-
KOM. Bpramcsmm cyMMy ajieMeHTOB TOJIBKO O/IHOTO KBaJIpaTa ¢ BEPIINHOM B JIeBOH Bepx-
Hell TOYKe UCXOIHOM MaTpuIlpl. Ecyin Terepb 3TOT KBaIpaT CIBUHYTD BIIPABO, TO CYMMY
3JIEMEHTOB HOBOTO KBa/ipaTa MOKHO IIOJIYYUTh U3 CyMMBI ITPEbIIYIIEro, eCIU BHIYeCTh
U3 TIPEBIIYIIEN CYMMBI M — 3JIEMEHTOB JIEBOTO CTOJOIA (YIIEIIIEro U3 KBapara) u J10-
6aBUTH M — BJIEMEHTOB MTPABOTO CTOJIOMA (BKIIOUEHHOTO B KBJIPAT HA 3TOM IIIare).

3amaua 15. BeicTpoe BeIYMCIEHUE CTETIEHH.

JlaHo 71Ba TIEJIBIX MOJI0KUTENbHBIX yncsa N 1 M. Boruncants NM
Hoes pewenusi:

AJTOPUTM CTPOUTCS HA CJIEAYIOMIUX OUEBUHBIX YTBEPIKIEHUSIX:

® ec/iM B BBIPaXKeHUH a” n=2m (TO eCTh 4eTHO) TO a” =(a*a)™ U TaKuM 00Pa3OM I10-
Ka3aTesb CTENEeHH YMEHBIIAEeTCS BIBOE;

® cciu B BRIpaskenuu a® n=2m+1 (To ecTh HeweTHO) TO at=(a™!)*a Takum o6pasom
MTOKA3aTeNb CTETIeHN YMEHbITaeTcst Ha 1 ¥ IPUBOIUTCS K Y€THOMY YNCITY.

3amaua 16. [lenounciennas pemerka.

Ha nockocty 3amana mesounciaeHtas pemerka (KOOPAUHATBI TOYEK PENIeTKA —
nesble yncsa). Ha miockocTn Takske 3ajlaH MHOTOYTOJIbHUK, KOOPAMHATHI KOTOPOTO
parmoHayibHble yncaa. OmpeesuTb KOJTUIECTBO 1ETBIX TOUEK JIESKAIUX B BEPITHHAX U
Ha CTOPOHAX JIAHHOTO MHOTOYTOJIbHUKA.

Hoes pewenus:

TosbKko HEGOIIBIION HaMeK. 3aJada CBOAUTCS K OIPEAETIEHUIO TOUEK, KOTOPBIE Jie-
JKAT Ha MPSMOI 33JIaHHOM IBYyMsI TOUKaM¥. JTO BO-TIePBbIX. Bo-BTOPBIX, 3a/1aHue mpsi-
MOT¥1 uepes /iBe (PUKCUPOBAHHBIE TOYKH CBOJIUTCSI K COCTABJIEHHIO TIPOTIOPITUH.

3anmaua 17. Y iasenrie KOMMeHTapHeB.

HexoTopsrit BXo#HO (hailn cofiepskuT TEKCT MPOrpaMMBbl. B TekcTe MOTyT HaXOIUT-
cs1 KoMMeHTapuu. Kaxaprit KOMMEHTapuil OTKPBIBAETCS TIOCTEI0BATENbHOCTHIO CHM-
BoJI0B (* M 3aKpbIBaeTCs MocjienoBarebHOCThIO *). KoMMeHTapuu MOryT GbITH BJIO-
KeHHBIMU. TpebyeTcst yIamnTh Bce KOMMEHTapUH M CO3/aTh (DAl ¢ YUCTBIM TEKCTOM.

Hoes pewenus:

BBemem 115t KakI0TO CUMBOJTA TIOHSITHE PA3HOCTH CKOOOK. B HalieM cirydae OTKpbI-
Balolleil CKOOKOI HasbIBaeTCsl MOCIEA0BATEIbHOCTh CUMBOJIOB (¥ M 3aKphIBaroLIeit
CKOOKOIT TIOCTIEMOBATEABHOCTD *). Pa3HOCTBIO CHMBOJIA HA30BEM PAa3HOCTH OTKPBIBAIO-
IIUX ¥ 3aKPBIBAIOTIIX CKOOOK CTOSTINX B TEKCTE 10 JAHHOTO CUMBOJIA. Pa3HOCTh MOJKET
OBITH TPEX BUIOB:

® OTKPBIBAIINX CKOOOK OOJIBIIIE YeM 3aKPHIBAIOIINX. DTO O3HAUAET, UTO JAHHDIN
CHMBOJI HAXOJIUTCS BHYTPU KOMMEHTapuUs;

® OTKPHIBAOIINX CKOOOK MEHBIIIE UM 3aKPBIBAIOIINX. DTO 03HAYAET, UTO KOMMEH-
Tapyy paccTaBJieHbl HEBEPHO;

® KOJMYECTBO OTKPBIBAIOIINX CKOOOK PABHO KOJMUYECTBY 3aKPBIBAIOIINX. ITO 03-
HavaeT, YTO JJAHHBIN CUMBOJI OTHOCUTCSI K YICTOMY TEKCTY.
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3anaua 18. PaznoxkeHne MHOTOUTIEHA.

JlaH MHOTOUJIEH BU/IA Ay + a;X + apx2 + ... + a, X", K02 HUIMEHTHI KOTOPOTO — Te/Ibie
yucaa ot 0 1o L — 1 . BeISCHUTD, MOXKHO JIU €T0 Pa3JIOKUTh HA TPOU3BEIECHNE BYX
MHOTOYJICHOB ¢ KoadduimenTaMu U3 Toro ke nareppayga ot 0 jo L — 1.

Hoes pewenusi:

MHoro4sieH MOKHO 3aIIiCaTh B BUIE 20 a3 ..., @ 3TO HUYTO MHOE KaK 3aIIUCh YHCIa
B L — nuHO# cucreme cuncienus. Takum o6paszoM 3a7aya pasioKeHUsT MHOTOUJIEHA
CBOJIMTCSI K Pa3JI0KEeHNIO YHCJa 3alMCaHHoro B L — nuHOIl cucTemMe cumcaeHns Ha iBa
MHOKUTEJIS.

3anauva 19. [locTpoenue mocyie10BaTEHBHOCTEN.

[TocTponTh BCe BO3MOKHBIE TIOCTEIOBATEIBHOCTH COCTOSTIIE POBHO 13 N Umcest U3
urTepBaa 1.k Tak 4TOOBI KaXk1ast TOCAEI0BATENLHOCTD OTINYAIACH OT MPEAbIIYIIEi
TOJIBKO B OJTHOM YHMCJIe U POBHO Ha 1.

Hoes pewenusi:

ITpencraBuM cebe TOCKY, Pa3IMHOBAHHYIO HA KBaJpaThl IINHON B N — KBa[paToB
U mupuHO B k KBajipaToB. PaccTaBuM Ha TEPBOI TOPU30HTAIM (DUIITKY ¢ HAPUCOBAH-
HBIMM HA HUX CTPEJIKAMU U TYCTh CTPEJKH B JAHHOM HAYAJIBHOM TIOJIOKEHUN Ha BCEX
(umkax opueHTUPOBAHBI OZIMHAKOBO B CTOPOHY TOCJeIHEH ropusoHTam. Ecim mosis
JOCKH TIPOHYMePoBaTh (110 mupuHe) yncaamu ot 1 10 k To smobast paccranoBka dutiex
MpeNCTaBIsAeT HEKOTOPYIO TTOCIeI0BATEIBHOCTD. ByieM cauTaTh, 4TO OMTMCAHHAS Pac-
CTaHOBKA JIA€T TEPBYIO MOCIEA0BATEIBHOCTD. JIT0OOYIO APYTYIO MOCIEM0BATETHBHOCTD
MO3KHO TTOJIYIHUTD U3 YK€ UMEIOMIENCs MO CIeyIoNeMy TPaBUITY:

® HajifeM camylo MpaByio (UIIKY, KOTOPYI0O MOKHO CABWHYTH B HaNpaBJIeHUU
CTPEJIKM Ha Hell HApMCOBAHHOM;

® Bce IIAIIKK MpaBee Hee MOBEPHEM CTPEJKAMU B MPOTHBOIOJOKHYIO CTOPOHY
(TToc1e 9TOTO OHU OTISITH MOTYT JABUTATHCS ).

IMocite peausaiiy aITOPUTMA TOKAKUTE, UTO TAKUM CITOCOOOM JIEUCTBUTETBHO OY-
ZyT IOJIyYeHbI BCE BO3MOKHDBIE ITOCIE0BATEIbHOCTH.

3agaua 20. Boiykiiast 060J104Ka.

Ha nnockoctu nano muoxectBo u3 N Touek. [locTpouTh Ha 3TOM MHOKECTBE BBI-
MYKJIYIO 000JI04KY. BbIyKjI0i 000/104K0ii Ha3blBaeTCs BBINIYKJas (purypa, cojaepxa-
11ast Bce TOYKHU.

Hoes pewenusi:

Haiinem geThIpe TOUKM: caMyIo BEPXHIO0, CaMyI0 HIKHIOIO, CAMYIO JIEBYIO U CaMyIo
npaByio. [IpoBeneM yepes aTu TOYKU deThbipe JuHUN. Uepe3 HUKHIOW U BEPXHIOI —
TOPU30HTATbHBIE, Uepe3 MMPaBYIO 1 JIEBYI0 BepTUKATbHbBIE. B pe3yibTaTe MOJyIuM Ipsi-
MOYTOJIbHUK SIBJISTIOTIUICS BBIMTYKJIOH 000JI0UKO#T TaHHOTO MHOKECTBA, HO HE SIBJISTIO-
MMICS PelleHueM ITOCTaBJeHHON 3a/jauu, TaK KaK B €0 yrjaX MOXKeT He ObITh TOUeK
MuOKecTBa. OOpesKeM yIJIbl TOJYYEHHOTO IPIMOYTOJbHIKA, COEMHUB COCEAHNE TOUKH.
B pesyJibTaTe OIATh HOJIYYUM BIIIYKJIYIO 000JI0UKY, B YIJIaX KOTOPO rapaHTUPOBAHHO
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CTOST TOYKU MHOXKECTBA, HO ceiiuac BO3MOKHO He BCe TOUYKU HAXOSATCS BHYTPHU MOJTY-
YEeHHOU BBINYKJI0M (Qurypsl. /lajiee HauHeM paciiupsTh BHITYKIYIO (DUTYPY /10 TEX TIOP
[IOKA 3TO BO3MOKHO CJIEYIOIINM CIIOCOGOM:

1. BhibepeM mapy cocefHUX BEPIIUH BBITYKJIONH GUrypsl. OTPe3oK MX COeAUHSIIO-
Uit HazoBeM J[aHHBIM OTPE3KOM.

2. Cpenu Touek BHEITHETO MHOKeCTBA (TOYKY He TIOTIaBIITNE B BBITYKIYIO QUTYPY )
HaiileM TOUKY OTCTOSIIYI0 Ha HauboJbliee paccTossHue oT JJaHHOTO OTpesKa.
Bripouem, Takoii TOUKM MOKET 1 He ObITh. VI Ha caMOM JieJie TIOUCK TaKOH TOYKU
HEOOX0AUMO OCYIIECTBJIATh He CPel BCEX TOYEK BHEIIHEro MHO)KeCTBa. Bam
HEO6X0[UMO YTOUHUTH MHOKECTBO [TOKUCKA.

3. HalizenHas TouKa COeJUHSIETCS OTPE3KaMU C BBIOPAHHOM 11apoii BEPIINH U CTa-
HOBUTCST HOBOH BEPITUHON BBITTYKJIOU (DUTYPHI.

4. JIs KasKI0i TOYKY BHEITHETO MHOXKECTBA IIPOBEPSIEM, He MOTIaJIa JIU OHA BHYTPb
HOBOW BBITTYKJIOH (PUTYPBI

[Iporiecc 3aBepimmaercs, Korga BHeITHEE MHOKECTBO OKaxkeTcs mycTo. Ete oxwH
Ba)KHBIH, HO HE PACCMOTPEHHBIN BOIIPOC — 3TO KPUTEPUH MO3BOJISIONINN OMPEesITh
IoIafaeT JIM TOYKa BO BHYTPEHHIOIO 00J1aCTh BBIITYKJION (UTYPBI. DTOT BOIIPOC OCTAET-
Cs1 Ha CaMOCTOSITeTbHBIN aHAJN3.

3amaua 21. Jlunraue cKOOKH.

Jlano npaBUJIbHOE apU(METHIECKOE BBIPAKEHNE, COCTOsIIEE U3 OYKB (JATHHCKUIT
andasut A..Z, 6YKBBI HCIOJIB3YIOTCS O3 UHAEKCOB), U(MP, 3HAKOB apu(PMETHUECKITX
olepanmii U KpyribiX cKoOOK, 3alMcanHoe B o0uenpuHaToii popme. CoctaBUTh 1Ipo-
rpaMMy, yIaJISIONY 0 U3 BEIPAKEHUST JIUIITHIE TTAPbl CKOOOK, He BIIMSIONINE Ha TOPSIIOK
BBITIOJTHEHUS OTTePAITUT.

Hoes pewenusi:

Heo6x0uMo paccMOTPETb BCe BO3MOKHBIE CUTYAIMH, B KOTOPBIX yIaleHIe CKOOOK
HeE BJINAET Ha X0/ BBIIIOJIHEHU A BbIuncIeHui. Takux CI/ITyaL[I/Iﬁ HEe O4EHDb MHOTO:

e + (BBIpakeHUE) + CKOGOYHOE BBHIPAKEHHUE CIeBA U CIIPABA YYACTBYET B CIOKE-
HUY;

e + (BBIpaKEHME) — CKOOOUHOE BBIPAKEHHE CIIPABa YIACTBYET B CJIOKEHUH, CIEBA
B BbIYUTAHUU.

Bo Bcex ocTasbHBIX CiIyyasix CKOOKHM CYIIECTBEHHO BJIUSIOT Ha X0 pacueToB. Ha-
[IPUMED, B CJIEAYIONIEM BapraHTe — (BbIpaskeHue) + JJist Toro, 4ToObl yGpaTh CKOOKH,
HEo6X0[UMO BHYTPH IIOMEHSTh 3HAKU BCEX YMCEJl U IlepeMeHHbIX. U cymecTByer He-
CKOJIBKO 0COOBIX CJIy4aeB B KOTOPBIX 3HAKH IIepe]] CKOOKaMU He UTPalOT HUKAKOI POJIHL.
ITO cJeyrole CUTyaluu:

® HUKAKOTO 3HaKa (BbIPasKEHNE) HUKAKOTO 3HaKa. B 3TOM cirydae CKOOKH ITPOCTO
3aKPBIBAIOT BCE BBIPAKEHIE KAaK €IMHOE 11EJI0E;
3Hak ((BoIpakenue)) suak. CKkoOku xyonupyiorcest. OjiHa napa JIUIIHsIS;
3HaK (IyCcTo) 3HAK. BIpoueM TaKyio CUTYaI[li0 MOKHO CYMTATh OITUOOYHON 3a-
I CBHIO BhIPAKEHU .
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Sazayva 22. [Torck naquHApOMA.

[lan ogHOMEpHBIN CUMBOJIBHBIN MaccuB. HaliTy B HeM HEYETHBIN MATUHIPOM HaU-
Gosbineii gymHbl. HedeTHBIN TaTUHAPOM — 3TO MAJMHIPOM, COCTOSIIHIA U3 HEYETHOTO
KOJINYECTBA 3JIEMEHTOB.

Hoes pewenusi:

JI10001i aJiIeMeHT MacCHBa MOKET OBITH IEHTPOM HATUHIPOMa. MaKcHMaIbHO BO3-
MOKHBIM TTAJTMHIPOM 3TO BEChb MacCUB, TI03TOMY IIEHTPOM MaKCUMaJIbHO BO3MOKHOTO
HAIMHAPOMA OYIET CPEIMHHDII 3JIEMEHT MACCHBA.

3ajiaua pa3dUBaeTCs Ha JIBE TO/3a/IaUM: TIepBast 00X0/] BCEX BO3MOKHBIX I[EHTPOB,
(baKTUUECKU 3TO O3HAYAET TePebGOP BCEX HIEMEHTOB MACCHUBA U TIOUCK HAMOOJIBIIIETO
HAIMHAPOMA JIJIsI KaXKI0T0 U3 1eHTpoB. Ho 1yist ontuMusanuu moucka nepebop aiie-
MEHTOB MacCHBa JIy4llle BBIITOJTHATD OT IIEHTPA K KPasiM.

3anauva 23. [TocTpoeHue 1ocjie0BaTeIbHOCTUA YKUCEL.

[TocTpouTh YMCTOBYIO TIOCAEIOBATETHHOCTD, YAOBIETBOPSIIOIIYIO YCIOBUSIM: TIep-
BOE YHCJIO TTIOCTIEI0BATENILHOCTH PaBHO Hy 0. Kask1oe ouepeHoe ya0BIETBOPSIET CJie-
JYIOIIAM TPeOOBAHUSIM:

OHO OoJIbLIE NpeAbIAYIIETO;

OHO HE COAEPKUT III/I(bp NMCIOIINXCA B JIECITUYHON 3aTICH NIpeAbIAYIIETO;

OHO HaMeHbIIEEC N3 MHOKECTBA YUCEJI YIOBJIETBOPAIOIINX /IBYM IIEPBBIM yCJIO-
BUAM.

Hoes pewenus:

[IpeacraBum yncao MmaccuBoM HUGP. IIpeanosoKmum, 4To HEKOTOPOE YNCIO MOCIE-
JOBaTEAbHOCTH yoke moaydero. Hazosem ero ouepennbiv. Crieyromee Yucao MOKeT
OBITH TTOJIY4EHO U3 0YEPELHOTO MO CAEAYIOUIAM IIPABUIAM:

® TaK KaK HOBO€ YUCJIO MUHUMAJIbHOE N3 BO3MOYKHbBIX, OHO /IOJI2KHO 6bITI) noJjsy4de-
HO 1100 3aMeHOH G PhI B KAK MOKHO G0Jiee MITaJIIeM paspsijie, TUO0 yBende-
HUEM KOJIMYeCcTBa Pa3psoB Ha 1;

® 3aMeHa IUMPBI B pa3ps/ie BBITOTHIETCS Ha UMDY, TAKYIO, UTO €€ HET B CTAPIINX Pa3-
PsZlax TEKYILEro Ync/ia 1 oHa 6osibliie 1 pbl TeKyIero paspsa (Ha 1, Ha 2 u T.1.);
3aMeHbl G Pbl HeOOXOAMMO HAUNHATD ¢ MJIAJIIIETO Pa3PsI/Ia;
eciu 1 py B TEKYIIEM Pa3psijie 3aMEHUTD HE YIAJI0Ch, CIEYeT MepeiiTul K ciie-
AYIOLIEeMY 110 CTapIINHCTBY Pas3psay;

® ecJIM He yIaiach 3aMeHa Iu@Pbl B CTapIeM Paspsijie, TO CJAEAYET YBEIUIUTD KO-
JINYECTBO PA3PSI/IOB.

Hckomas nocaenosarensrocts: 0, 1, 2, 3,4, 5,6,7,9, 10, 22, 30, 41, 50, 61, 70,
81,90, 111, ....

Sanava 24. MuHMMabHOE KOJTMYECTBO 3a1TPABOK.

ABTOMOOWMIIb IBUKETCS U3 MyHKTA A B MyHKT B, HAYaB IBUKEHIE C TIOJTHBIM GAKOM.
Pacxoy GeH3MHA Ha OZIUH KIJIOMETp MyTH usBecteH. Mesky nmyHkramu A u B Haxoqurcst
HEKOTOPOE KOJIMIECTBO 3anpaBoK. OnpeesnTh, Ha KAKUX OEH30KOJIOHKAaX HEOOX0/[H-
MO 3aITPaBJISATHCS, YTOOBI KOJIUMIECTBO 3aIIPABOK OBLJIO MITHUMAJIbHBIM.
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Hoes pewenusi:

ITocJie Kax10ii 3ar1paBKu aBTOMOOMIIb MMeeT HoaHbIN 6ak. C HoJHBIM HaKOM aBTO-
MOOWJIb MOKET TIPOUTH BITOJIHE OMPeieIeHHbIH myTh. OG03HAYMM IIyTh C MOJHBIM Ha-
KOM 32 0Tpe30kK JinHbI L. Torna ot Kasx/104 3a1paBku, BKJIOYast HCXOAHYIO TOUKY MOJK-
HO OTJIOXKUTb OTPe30K /nHbl L. Ecaim MHOXXEeCTBO OTPe3KOB He IepeKpbIBaloT BeCh
1IyTh, TO PellleHUsI He cyliecTByeT. Ecau nepekpoiBaloT, TO BO3MOXKHO Ha HEKOTOPBIX
y4acTKax IepeKpbiTHe MHOXKECTBEHHOEe, TO €CTh yYacTOK ITyTH IepeKpbIBaeTcs He-
ckosibkuMu otpeskamu L. Eciiu ectb oTpe3ok L takoil 4to 1060ii y4acToK J0pOrH, Tie-
PEKPBIBAIOIIUIICS TAHHBIM OTPE3KOM, TIEPEKPHIBAETCSI €11le XOTsI ObI OJIHUM, TO TaHHBII
OTPe30K (COOTBETCTBEHHO 3aIIPaBKY ) MOKHO HCKJIIOYUTD.

[l onpesiesieHUst TUIITHETO OTPe3Ka pacCUnTaeM JIJIst KaxkA0ro KMJIoMeTpa MHAEeKC
TePeKPBITUST PABHBIN KOJTMYECTBY OTPE3KOB L mepeKkpbhIBaloNX JAaHHBIN KUJIOMETP.
3areM JJIg KaKIOTO OTPe3Ka TMPOieM BCe KUJIOMETPOBBIE TOUKU W MPOCMOTPUM UX
WH/IEKC TIEPEKPBITUS, €CJIN JIJIsI TAaHHOTO OTPe3Ka HeT HU OJTHOTO KUJIOMeTpa ¢ MH/eK-
COM TIepeKPBITHS PaBHBIM €IMHUIIE, TO OTPE30K (3anpaBKa) JUITHUH.

Hpumeuanue. J1ns1 yupoleHus rnojaraercs, 4to uncyao L — niesoe. Ho aTo ynpornie-
HUE HUKAK He OTPAHUYUBAET OOIIHOCTH 3a/[a9H.

3agaua 25. Ouyncrka mamsITH.

[TaMsITh KOMITBIOTEPA COCTOUT M3 TIPOHYMEPOBAHHBIX siueek mamstu. Hekotopoe
KOJIMYeCTBO GJIOKOB MTAMSITH YK€ 3aHSTO JaHHbMU, OTiepaninoHHON cucreMe Tpedyer-
cs1 elnle OJIH OJIOK TTaMSITH OTPEIEIEHHOM ITnHBL JKeIaTebHO BBIIEJUTH €T0 B CBO-
6OIHON 06JIACTY U €CJTH ITO HEBO3MOKHO, TO OCBOOOIUTH HEKOTOPOE KOJIMUECTBO 3aHS-
TbIX 6JI0KOB. TpebyeTcs HaiiTh BapuaHT, IPU KOTOPOM OCBOOOKIAJICst Obl MUHUMAJIbHBIN
00beM 3aHATON TaMSITH.

Hoes pewenusi:

ITpoHyMepyeM rpaHullbl OJI0KOB MAMSTH, KaK IIyCThIX, TAK M 3aHATHIX. TOYKa ABJIs-
I0IasiCd IPaHUIEil MEXK/Y IIYCTBIM U 3aHATHIM OJIOKOM OTMedaeTcss OJuH pa3. MoKHO
JIOKA3aTh, YTO CAMbII BBITOIHBIN BapUAHT pa3MelleHust OI0Ka UMeEeT CBOeH JIeBOIi rpa-
HUIEH OJ{HY U3 OTMEYEHHBIX TOYEK.

Ianee, ocTaercst IUIIb HONBITATHCA BBIIEAUTD HYKHBIA OJIOK OT KaXKJ0N U3 OTMe-
YEHHBIX TOYEK U BBIACHUTH B KAKOM CJIy4ae HOBBIM OJIOKOM IIEPEKPBIBAETCS MEHbIIIe
GJIOKOB ysKe 3aHSITON HaMATH.

Heo6x01uMo yuecTh, 4TO ecJid CBOOOIHBIN OJIOK MEPEKPHIBAET TOJIBKO YACTh 3aHsI-
TOT0, TO BEICBOOOUTH HEOOXOIMMO BCE PABHO BECH 3aHSITHIH OJIOK.

3azayva 26. [IpaBuibHOE aprdmMeTHIECKOE BBIPpAKEHHE.

JlaHa mMoCJIeI0BATEIbHOCTD U3 JIEBBIX U TIPABBIX KPYTJIBIX U KBAJPATHBIX CKOOOK.
BoisicHUTD, MOKHO Jii T0OABKOU B 3TY MOCJIEA0BATEIBHOCTD YHUCEJT U 3HAKOB apudMe-
TUYECKUX OTIE€PAIMH OJYYUTD MPABUIIbHOE aprMeTHIECKOe BhIPasKeHUE.

Hoes pewenusi:

DakTuueckn HeOOGXOUMO BBISICHUTD J[BE BEIIU:

® yMeeT JII MecTo OasaHc CKO6OK, OTZECJBbHO KPYTJbIX U OTAEJBbHO KBa/[paTHbIX.
Ecmu ner 6aJIaHC3., TO IPpaBUJIbHOE BbIPpAKEHNE COCTABUTD HEJIb34;
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® HeT JIU IlepecevyeHust Maphbl KPYTJIbIX U KBAJPATHBIX CKOOOK. BO3MOKHBI iBa THIIA
nepeceuernii: ([)] u [(]). Eciu ectb X0Ts1 OBI OJIHO TIEpeceyeHne, MPaBUIBHOE
BBIPQJKEHUE COCTABUTH HEJTh3;

Kak npoBepuTb 6asaHc CKOOOK

ITycTh mpoBepsieTcst basmanc Kpyribix ckobok. ITpoiieM Bce BhIpasKeHUE, CUMTAST Pas-
HOCTb OTKPBIBAIOIINX U 3aKPBIBAOIINX CKOOOK. Eciin OsIBIIsIETCST OTKPBIBAIOIIAst CKOO-
Ka, TO K PA3HOCTH MPUOABJISIEM €IHHUILY, €CJIU 3aKPHIBAOIIAST, TO BEIYUTAEM €JMHUILY.
Eciiu pasHoCTb XOTS OBl pa3 CTaHET MEHbIIIE HYJIs, TO 3TO Oy/IET O3HAUATh HAPYIIIEHUE
Gananca. KoneuHo ke 06a banaHca, U LIt KPYIJIBIX U JJIs KBaJPATHBIX CKOOOK MOMKHO
CUUTATH OZTHOBPEMEHHO.

Kak npoBeputb nepecevyeHune

[Tpo6aema mepecevenHmst TaksKe CBOANUTCS K TPoBepKe banmanca cko6oK. A UMEHHO BHYT-
pu 0601 TTapBI OTKPBIBAIONINX U 3aKPBIBAIONIIX KPYTJIBIX CKOOOK IOJKEH UMETH MEC-
To Gasanc KBagpaTHbIX. To jKe caMoe MOKHO YTBEPK/IATh U TIPO KBAaJPATHBIE CKOOKH.
3aseprrure pazpaboTKy UIEH CAMOCTOSITEIBHO.

Paspen B. CopTupoBku

3anmaua 27. CopTUPOBKA CIAUSTHUEM.

CopTHpOBKa CIMSHUEM MPeACTaBIseT cOOO0M IPOIEce Ha KaKIOM IIary KOTOpOro,
MaCCHB ME€PETUCHIBAETCS B JIPYTOil MacCUB, HEMHOTO TPU 3TOM YIOpsiounBasich. Ha
HIEPBOM IIare MacCUB Pa3OUBAETCs Ha Maphl U YIIOPSAOUEHUE BBITIOJHAETCS BHYTPH TIap.
Ha xask1oM 1ocJieyomeM mare B HOBbIE ITapbl 00beANHSIIOTCS TPYIIIIBI Y3Ke OTCOPTUPO-
BaHHBIE Ha TPeAbIAyIeM mare. IIpu oObefuHeHUN ABYX IPYIII B OOIIYIO, 5JIEMEHTHI CJIU-
BaeMbIX TPYIII TIEPETTMCHIBAIOTCS B OPSIIKe Bo3pactanust. [IpuBegeM mpumep.

Ucxonnwrit maccus (3; 7; 1; 8; 2; 1; 6; 1; 2)

1. (3;7), (1;8), (1; 2), (1; 6), (2) MaccuB pa3OUT Ha HAPbI U MAPbI YIOPSIOYEHBL.
3aMeTnM, 4TO OJTHOMY YKCJTY TIaphl He XBATHUJIO.

2. [(3;7),(1;8)], [(1;2), (1;6), (2)] BbIIeNsIEM IPYIITIBI
3. [(3;7), (1; 8) pesymnnbrat (1; 3; 7; 8)], [(1; 2), (1; 6), (2) pesymbTaT (1; 1; 2; 2; 6)]
4. (1;3;7;8), (1; 1; 2; 2; 6) pesyabrat (1; 1; 1; 2; 2; 3; 6; 7; 8)

Sazayva 28. beicTpast cOpTUPOBKA.

Pazo6beM MCXOMHBI MACCUB Ha JIBa MOJMACCHUBA, OTHOCUTENHHO IEHTPAILHOTO
sneMeHTa (Ha3oBeM ero 6aphepom ). JIJist BecexX 3JIeMEHTOB 060UX TIOMACCUBOB BBITIOJ-
HUM CJIEAYIONIYIO OTIEPAITUIO: €CJIU DJIEMEHT JIEBOTO MoAMaccuBa GoJrbiire 6apbepa, To
HIEPEHECEM €TO BITPABO, €CJIN HJIEMEHT ITPABOTO MOAMACCHBA MeHbIIe Gapbepa, TO Tepe-
HECEM €T0 BJIEBO.

ITo 3aBepIIeHIH 3TOTO TPOIECCA MACCUB OKAKETCST HEMHOTO O0Jiee yIMOpsI0Y€eH-
HbIM. [IPOI0JIKIM yTIOpsIIoUeH e, PasOUB KasKIblil 3 yKe 00pabOTaHHbIX OJAMACCHUBOB,
ellle Ha JiBa MOJMACCHBA U MTPOBEIEM HaJl HUMH TY JK€ CaMyIo oreparuio. [T0IHOCTIO
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IIPOTIECC COPTUPOBKY OY/IET 3aBEPIIIEHHBIM, KOT/IA JJINHA TOIMACCUBOB OKAKETCST €111~
HUYHOH. bricTpast copTupoBka nmeer ojiuH HepocTaTok. Hanpumep, ecan nexoaHbIi
MAaCCUB OKaKEeTCS M3HAYAJIBHO MOJTHOCTBIO UJIM TOYTHU TIOJTHOCTBIO YIOPSIO0YEHHDIM,
3TO HE YMEHBIIUT KOJUYECTBO BBITIOJHIAEMBIX Oleparuii. beicTpas copTupoBKa Bce
PaBHO TIPOBEJIET APOOJIEHUE HCXO[HOTO MACCHBA JI0 TOOEHOTO KOHIIA.

IIpusegem tpumep. Mexomuniii maceus (3; 7; 1; 8; 2; 1; 6; 1; 2). Yucuno — Gapbep
Oy/ieM BBIIESTD :KUPHBIM mipudToM. B KauecTBe 6aphepa MOKHO Gpath J060i 3J1e-
MEHT MaccuB. B HaiieM mpuMepe 6apbepoM MOCIyKAT IEHTPAJIbHBIE 3JIEMEHTBL:

1. (3;7;1;8;2;,1;6; 1;2) = (1;1; 15 2), 2, (3; 7; 8; 6)

2. (1;1,1;2),2,(3,7,8,6)=(1;1),1,(2),2,(3;6),7, (8)

3. (1;1),1,2,2,(3;6),7,8=1,1,1,2,2,3,6,7,8

3anmauva 29. Copruposka Illenna.

AdnroputwM Illesnia, MOXXHO paccMaTpuBaTh, Kak MOAUMUKAIIAIO aJITOPUTMA BCTAB-
ku. [lesb asropuT™Ma — 3aCTaBUTH KaX/IbIi COPTUPYEMBIH 3JIeMEHT 3a I11ar BCTaBKH I1e-
peMeNntaThest GOJBITIM CKAauKOM. J[JIs1 3TOT0 UCXOHBIA MACCHB Pa30UBAETCST HA TPYIIIIBI
crieruanbHBIM 06pazom. ITpeamnosoxkum B MaccuBe 16 urcen (4UCJI0 PaBHOE CTEIIEHN
JIBOIKHU B3SITO TOJIBKO [T yI00CTBA WILTIOCTPAIUY ). BBIIOTHUM pa3bueHne MaccuBa
Ha Taphl creayomum o6pasoM: (ay, ag), (Ag, agg).... (g, a1). BHYTPH Kask10ii TPyl
BBITIOJIHSIEM COPTUPOBKY CIIOCOOOM BCTABOK. 3aTEM MEPEXO/IMM K CJIEAYIONEMY pa3ou-
€HWIO, B KOTOPOM 3JIEMEHTBI MACCHBA O0BEAUHSIOTCS YiKe 10 4 CIeAyIomuM 06pazom
(a1, as, ag, ay3), (a4, ag, a3, a46) U T.4. To ecTb aIeMEHTHI OTCTOAT APYT OT ApyTa Ha 4
IIO3UINN. Ha CJIeAYyIOIEM ITare COOTBETCTBEHHO Ha 2 IIO3UIINN U Ha IIOCJIe/THEM Ha 1
Taxum 06pa3oM, TOCIEI0BATENFHOCTD PACCTOSIHIE BHYTPHU TPYIIN B HAIIEM MPUMEPE
TakoBa 8, 4, 2, 1. dcHo, 4TO Takad MocaeL0BATEIbHOCTh HEBO3MOKHA I JTI0O0r0 Mac-
cuBa, Ho coprupoBka [Ilesia aToro u He Tpedyer. CylecTBEHHO BaXKHO TOJIBKO OJHO —
MOCJIeIHee CMEIEHNe JTOJKHO ObITh PaBHO 1, TOC/IEI0BATENBHOCTD K€ MOKET OBITh
JI0001, B IIOOOM CJIydae COPTUPOBKA CIIEJAeT CBOIO paboTy, HO BBIOOD MOCIEI0BATEb-
HOCTH CYIIIECTBEHHO BJIUSET HAa CKOPOCTh 00paboTku. B KauecTBe puMepa BO3bMEM TO
ke maccuB (3; 75 1; 8; 2; 1; 6; 1; 2) npuHa/ie;KHOCTD 3JIEMEHTA MACCUBA OTMETHM HIK-
HUM UH/IEKCOM:

1. (34; 795 15; 845 245 19; 655 145 24) yeTBepTOM IPYIIIIE HA OAUH JIEMEHT GOJIbIIE M3-3a
HEYETHOCTH MCXOMHOTO MHOKecTBa. Pesymbrat = (24; 34; 195 79; 13; 145 24; 84; 63)

2. (2439 14; 75 15 1; 243 89; 64) Peaymprar = (145 145 245 155 395 795 245 85; 61)

3. (145 145 245 143 343 74; 243845 61) Pesymwrar = (14; 145 145 245 245 345 645 745 815)

3amaua 30. /[BonuHast copTUPOBKA.

[IpeamooRIM 371eMEeHTHI MacCHBa PACITIOJNOKEHBI B BEPITHHAX [BOMYHOTO /IepeBa
CO CJIEIYTIONUM CBOMICTBOM: C KaXXJI0W BEPITUHOM /iepeBa (MTPEIKOM ) CBSI3aHBI JIBE BEP-
IIUHBI — MOTOMKA, TAKKE YTO JIEBBIH TOTOMOK BCET/Ia MEHBIIE TIPEIKA, & TIPABLIA HOTb-
1re 6o paBeH MPeKy.

Vmest Takoe Tpe/icTaBJIEHHUE JIETKO COOPATh MACCHB, B TIOPS/IKE BO3pACTaHUs 00X0-
14 nepeso 1o paBuay: Jlesoiit motomok — Ilpenoxk — Ilpaseiit moToMok. Y kKazaHHoe
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TpebGOBAHUE K COXKAIECHUIO HE JaeT MH(DOPMAIINY JIJIST € IMHCTBEHHOTO MTPEICTABIEHIS
nepesa. [Toaromy npusenem nipumep. Ilycts nan caenyionuii maccus: 7, 1, 3,1, 8,1, 9,
5, 6, 13, 0. CooTBeTCTBYMOIIIEE EMY JIEPEBO BHITJISIIUT cieayomum obpasom (puc. 3.6):

Puc 3.6. [IBonyHoe aepeso

B xpyskoukax oTMEUYEHbBI YHCJIa MACCUBA, HAJl KPYKKaMU MTOPSIZIOK TOCTPOEHMS Jie-
pesa. TakuM 0O6pa3oM COPTUPOBKA JBOMYHBIM JIEPEBOM 3aKJIOUAECTCS B BBIIOJHEHUN
JIBYX OTIepariuii:

® [IOIIArOBOM ITOCTPOEHWY JIEPEBA, HA KAJK/IOM IIaTy KOTOPOTO OIPEJIeIsIeTCS Bep-

HIWHA TTOXOIAIAS JIJIST TIO/IKJIEMNBAHUST OU€PEHON BEPIIMHbI;

e 00X0J] IOCTPOEHHOTO JIePeBa 10 YKa3aHHOMY BBIIIE [IPABIILY.

Ipumeuanue: IpaBuno: JleBorii noromok — IIpenox — [IpaBbiil TOTOMOK Takke He
coBceM ntosHO. Haz ero getanusaitieli BaMm MpuaeTcs TOAyMaTh CAMOCTOSITeIbHO. [l s
HOJICKA3KU YKaKeM MOPsoK 00xoa gepeBa — mpuMepa (YKasbIBalOTCS HOMepa Bep-
mwH): 6,4, 11,2,3,8,9,1,5,7, 10
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Pa3zpen C. 3apgaum nepebopa

3amaua 31. ITocTpoeHue BHIGOPOK.

Jlau MaccuB cMBOJIOB. [TOCTPOUTD BCe BO3MOKHbBIE BEIGOPKH.
Hoes pewenus:

[t aTOT 3a/1aUM PACCMOTPUM IBa BAPMAHTA PEIIeHMS.

Bapuanr 1. [Ipeacrasiienne BBIOOPKH JBOUYHBIM YHCIIOM.

[TpouymepyeM MHOKecTBO (6yeM fajee Ha3bIBATh €T0 GA30BBIM) U3 3IEMEHTOB
KOTOPOTO JIOJIKHBI OBITH COCTABIEHBI BRIGOPKHU. HyMeparust BBITIOMHAETCS €CTECTBEH-
HBIM 00pPa30M, €CJTH MHOKECTBO TIPe/ICTaBaeHO MaccuBOM. COCTaBUM ellle OJINH MACCHB
(HA30BEM €T0 IBOWYHBLIM YHCJIOM) IEJBIX YHCEN, 3HAYCHUSIME KOTOPOTO MOTYT OBITH
TosbKO : 0 1 1.

[TpaBuIo MOCTPOEHUsS BLIOOPKU TaKOBO: ecyin K-as 1iucpa ABOMYHOTO YHCIa PaBHA
enuHuUIE, TO K-bIit 271eMeHT 6a30BOT0 MHOKECTBA BXOJUT B BLIOOPKY, HHAYE HET.

Taxum 06pa3oMm, 3aj1a4a MOJTYYEHUsT BCEX BHIOOPOK, CBOAUTCS K 3a/1a4€ MOTYYEHUST
Bcex k-paspsAaHbIx IBONYHBIX yncel. [loTydunTh ke Bce IBOMYHDIE YHCIa MOKHO TaK:

® B HauaJie Ipollecca MPoBe/leM MHUITUAJIU3AINIO IBOUYHOTO YUCJIA HYJISIMU;
® ouepeaHOE ABOMYHOE YKCJIO [TOJIyYaeTCs IIPpUOaBIeHUEM K IIPEAbIAYIIEMY e/I1-
HWIIBI TI0 TIPABUJIAM IBOUYHON apu(PMeTUKH.

IIpumeuanue. B 06111eM-T0 371€Ch PEUb UIET HE COBCEM O IBOMYHOM YHUCIIE, Y UHC/IA HE
MOKeET 6bITb BeAymux HyJIGEIk/)Iy 3/1€CH K€ Mbl YYHUTbIBAEM BCE PA3PAADI « IBOUYHOTO YHUCJIA».
TouHO Takast cCUTyamyst UMeeT MeCTO B HEKOTOPBIX MOCTeYIOMNX 3aadaxX pasyesa.

BapuanT 2. PexypcruBHBIN.

3aMeTuM, 4TO KaKAbli s1eMeHT 6a30BOr0 MHOKECTBA MOXKET MO0 BXOAUTD B BbI-
60pKy, 1160 He BXOAUTD. Eciu 115 BBIOOPKH BBIJIEINUTD OTE/IbHbII MACCUB, C AJUHON
paBHOM JJIHe MaccuBa 6a30BOr0 MHOKECTBA, TO /IS KaK/[0T0 3JIeMEeHTa MaCCUBA BbI-
GOPKHU BO3MOIKHO JIBa COCTOSHUS: INOO 9TOT JIEMEHT IIyCT, JIUO0 OH COIAEPIKUT COOT-
BETCTBYIOIIUH 31eMeHT 6a30BOTO MHOKECTBA.

JlJ1st IepBOTO 2JIeMeHTa MacCHBa BLIOOPKM BO3MOJKHBI [[BA COCTOSIHUS (COIEPIKHUT,
He COJIEPIKUT), JIJIST KAXKJOTO COCTOSTHUS ITEPBOTO 9JIEMEHTA BO3MOSKHbI JIBA COCTOSTHUS
BTOPOTO BJIEMEHTa U T.JI. BBegeM oHATHE Iocaef0BaTebHocT Bhioopku. [Tocaeqosa-
TeJIbHOCTBIO BBIOOPKH AnHbl K, OyzeM Ha3bIBaTh 4acTh MaccuBa BHIOOPKH AnHbl K,
HauMHAad C TIEPBOTO 37eMeHTa. MHOKeCcTBO Toce0BaTeIbHOCTEN ATUHBI K, BO3MOK-
HO OIIPEJEe/IUTD Yepe3 MHOKECTBO MocaegoBarebHocTeil gunabl K-1 ciaemnyommm 06-
pa3oM: KaxK/as ocje0BaTeIbHOCTD bl K nosryyaeTcst u3 HeKOTOPO# MocJieioBa-
tesbHoct K — 1 moGasaenunem B nosunuio K 6o npobea, mm6o K-roro siementa
6a30BOTO MHOKECTBA.

Torga MHOXKECTBO BBIOOPOK — HTO MHOKECTBO HOCJIEN0BATEIbHOCTEN AJUHBI N.
[TonyueHHOE OTIpe/ieIeHIe UMEET PEKYPPEHTHBIN BU/I, U3 YETO CIEAYET BO3ZMOKHOCTD
MOJIYYeHUsT PEKYPCUBHOTO perernst. CTPOUTCS PEKYPCUBHOE PEIleH e Ha CIeAYIONNX
OYEBU/HBIX COOOPAKEHUSIX:
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® [esib UCKOMOI TIpotieypbl 3a N BBI30BOB TIOCTPOUTH OUEPEHYIO BHIOOPKY, CJle-
JoBatesibHO, Ha N — OM BBI30BE MOKHO 3aBEPITUTH MOCTPOCHUE OUEPEHON BHI-
GOPKU U BBITIOJIHUTH PACTIEUATKY;
KK/IBII BBI3OB YIVIMHSET Y>Ke ITOCTPOEHHYIO TOCTEI0BATEIbHOCTD HA O/INH 3JIEMEHT;
OYEPEHOI 3JIEMEHT TIOCIEI0BATENLHOCTA MOKHO OTIPEJIENIUTH JABYMSI CIIOCO6a-
M (ILyCTOU WJTK 31eMeHT Ha30BOTO MHOKECTBA), CJIEI0BATENHHO KasK/IbIil BHI30B
MPOIIEYPBI, COJIEPKUT €1Ile JIBa BHI30BA.

HonyquHoe penieHmne, CoaepKuT CYHIGCTBEHHI:H;'I HEOCTATOK, UCIIPAaBUTb KOTO-
prfI IIpeaoCTaBJIACTCA BaM. A MMeHHO: BI)I60pKa, JlaK€ KOPOTKas COITOCTaBJIAETCA
C MaKCUMaJbHO JIJTUHHOMI IIOCJIE0BATECJIbHOCTbIO JJITMHBI N. 9to O3Ha4dac€eT, 4TO 4aCTb
Imocjae10BaTe/JIbHOCTH (XBOCT) COCTOHHII/Iﬁ 13 OJIHUX HpO6eJIOB He HeceT B cebe I/IH(bOp-
Malun o BbI60pKe, HO TE€M HE MeHee 9TOT XBOCT 6leET ,ZIO6pOCOBeCTHO ITOCTPOEH.

3agaua 32. O rBo3asIX U IePEBSTHHON pelike.

B mmHHYyIO fepeBsiHHYO peiiky 3abuiu N rBo3sziell, MOKHO CYMTaTh, YTO TBO3AU
PACIOJIOKEHBI Ha OHOIT InHIK. [BO311 00be IUHAIOTCS B [Iapbl BEPEBOYKAMU TAK, 4TO-
ObI BBITIOJIHUJIKCH CJIEAYIOIINE YCITOBUSL:

® K Ka)kKJIOMY IBO3JIIO IPUBA3aHA XOTs Obl OJ{HA BEPEBOUKA;
® CyMMa /IJIMH BEPEeBOYEK MUHUMAJIbHA.

Hoes pewenus:

JlJist pelieHnst 3a/1a4u UCIIOJb3yeM MeTOJL riepebopa BceX BO3MOKHBIX BADHAHTOB.
OueBUIHO, YTO €CJIM B PEiiKy BOMTO HEKOTOPOE KOJUYECTBO TBO3/EH, TO KOJUUECTBO
IPOMEKYTKOB MEXK/Y BO3IAAME (a CJeIOBaTeIbHO U BepeBOUYEK) OYIeT Ha eIUHUILY
MeHbIre. Kpome JIMHBI BEPEBOYKH JIJIST PENIEHUST BA)KHO 3HATH, €CTh JIU B IAHHOM TTPO-
MEKYTKE BEPEBOYKA VJIH HET.

ITycth B peiiky BOMTO M rBO3/IEl, TOra MAKCUMAIbHO BO3MOKHOE KOJHYECTBO
NPUBSI3aHHBIX BepeBouek = M-1. Peiiky y06HO IIpeAcTaBUTh B BUAE ABYMEPHOIi Tab-
JIMIIBI pasMepHOCTBIO 2 X (M-1). DiieMeHTbI IePBOii CTPOKHU 9TON TaGJIUIIBI COEPIKAT
JUTUHBI TIPOMEKYTKOB MEXK/Y TBO3/ISIMM, a 3JIEMEHTBI BTOPOU CTPOKU TTOKA3bIBAIOT HA-
JINYKE WA OTCYTCTBUE BEPEBOYKHU B IPOMEXKYTKE C COOTBETCTBYIONUM HOMepoM. Eciin
BEPEBOYKA B TIPOMEXKYTKE €CTh, TO COOTBETCTBYIONIME 3TOMY IPOMEKYTKY 3JIEMEHT
BTOPOU CTPOKU paBeH 1, ecau HeT TO 0.

Heob6xoanmo riepedpaTh Bce BAPHAHTHI PACIIONOKEHNsI BepeBoUeK. [Jist 5TOro Mox-
HO MPEJICTABUTh BTOPYIO CTPOKY Kak JBondHOe uncyio (1 — BepeBouka ecth, 0 — Bepe-
BOYKH HET), TOr/a 3ajaya cBeieTcs K epebopy Beex Takux unces aaumabl (M-1). Tlepe-
6op B HalleM cjydae 3TO IIPOLECC CJOKEHUsI IBOMYHOIO YMCiIa ¢ eAuHuuei (1o
[paBUJIaM JBOUYHOM apudMeTHKI) paboTaoNni 10 TeX 0P, [I0Ka BCe Paspsiibl ABO-
WYHOTO YKCJIA He OKAXKYTCs 3alI0OJTHEHHBIMY e/IMHUIaMU. [IpreM yske ncnosib30BaHHbII
B 3aj1a4e O IOJIyYeHU U BHIOOPOK.

A aJIropuT™ MOKHO IOCTPOUTD KaK IIUKJI llepebopa ABONYHBIX YHCel, HAYMHAs C Hy-
JIEBOTO, Ha KasKIOM IIare KOTOPOro OyieT IPOBEPSIThCS, MOAXOANT JIM JaHHOE PaCIioJIo-
JKeHUe BEePEBOYEK K YCJIOBHIO 3agaun. JIJIs 4ero 10cTaTouHo yOeaAuThCs, YTO IepBast
U TIoCJIeTHSIST TTU(PBI IBOMYHOTO yncya He paBHbI () (T.e. K TEPBOMY U MOCJIEIHEMY
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TBO3/ISIM IIPUBSI3aHBI BEPEBOYKHN ) U YTO B 3aIlCH YMCJA HE COEPKATCS ABa UIYIINX
noApsAA Hy s (T.e. HeT IBO3/Iel, K KOTOPBIM HUYETO He TPUBA3aH0). Ecyiu pacmosnosxke-
HUe BepeBOYEK y/I0BJETBOPSIET YCJOBHUIO 33/]a4H, TO OCTAETCS TOJIBKO MOCUUTATH CyM-
MY JUIMH TeX IPOMEXYTKOB, TJle eCTb BEPEBOYKU U CPABHUTD 3TY CYMMY C y’Ke Haii-
JIEHHBIM HauWMeHbIIUM. B KauecTBe mEpBOro 3HaYeHUs HAUMEHBIIETO MOKHO
UCII0JIb30BATh CYMMY JIJIMH BCEX ITPOMEKYTKOB MeX 1y rBo3aMu. Ecin 17imHa BepeBo-
YyeK IpU paccMaTpuBaeMoil paccraHoBke MeHbiie MIN, TO HEOOXOAMMO COXPAHMTD
3TOT BapUAHT MOJIOKEHUS BEPEBOUYEK B JIOTIOJIHUTEIbHBIN MaccuB, a 3HaueHre MIN 3a-
MEHUTH Ha HOBoe. Takum 06pas3oM, B koHile iepebopa MIN Gy et paBHO MUHUMATLHOI
VZIOBJIETBOPSIONIEH YCJIOBUIO CyMMe JIJINH BEPEBOUYEK, a B JIONOJTHNUTEIbHOM MaccuBe
Oy/IeT COXpaHeHO PACIIOJIOKEHUE BEPEBOYEK, COOTBETCTBYIOIIEE ITOM CyMME.,

3amaua 33. [TocTpoenne apupMeTHIECKOTO BHIPAKEHNS.

ano nenoe yncio M. BeraButh Meskay HekoTopbiMu udpamu 1234567 89
PACHOJIOKEHHBIMYM UIMEHHO B TAKOM MOPSIKE 3HAKU «+» MJIU «-» TaK YTOOBI pe3yJIibTa-
TOM IIOJIYYMBIIETr0Cs BhIpaxkeHus ObL1o yrcjao M. Eciin 9T0 HEBO3MOXKHO, TO BbIIaTh
COOTBETCTBYIOIIEE COOOIIEHHE,

Hoes pewenus:

Pelienrie 3azaun OCYIIECTBJSIETCST METOAOM Iepebopa BapHaHTOB PAaCCTAaHOBKU
3HAKOB Meskay Idpamu. st opraHusanum takoro nepebopa ycaoBumcs, uto 0 — 510
OTCYTCTBUE 3HAaKa MeXXy mudpamu, 1 — 3HAK «+», 2 — 3HAK «-».

B BbIpaskeHUH MOKET ObITh MAKCUMYM 8 3HAKOB, CXEMY UX PACCTAHOBKH IIPEACTABIM
KaK TPOMYHOE YUCJIO JVIMHOI B 8 D, Kakaas 13 KOTOPBIX 0003HaYaeT 3HaK (MJIU ero
OTCYTCTBUE) MEKIY I paMu UCXOHOTO BhIpaskeHus. Camasi JieBas irgpa Toro yucia
0003HaYaeT 3HAK MeXK/Iy MepBhIMU ABYM Idpamu (1 1 2) 1 Tak gajiee cjieBa HAIPaBo.

Yro6bl IepebpaTh BCe TPOMYHbIE YKC/IA 3aJaHHO JJIMHBI, JOCTATOYHO OPTraHU30-
BaTh IUKJINYECKUI TIpoliece NpuOaBIeHUs K JaHHOMY YUCJY €AMHUIBI 10 IPaBUIaM
TPOMYHOI aprpMETUKH 0 TeX IIOP IIOKa He HACTYIIUT CUTyallMs epenojHeHus (60ib-
1€ HeJb3sl IPUGABUTH eAMHUILY Oe3 YBeJIMYeHUsT KOJTMYEeCTBA PA3PAIOB).

Ha kaskzoM 1are aToro HUKJINYECKOro mpouecca Tpedyercs IPOBePUTh, MOAXOAUT
JIA JIaHHAs CXeMa PACCTAHOBKHU 3HAKOB JIJIST BBITIOJHEHUST YCJIOBUS 3aJJaHUST UJIU HET.
[TpoBepKY MOKHO OCYLIECTBHUTD CJIEAYIOMIMM 00pasoM:

3anurreM UCXOAHYI0 pacCTaHOBKY B Bue uncia L = 123456789. B mporiecce niepe-
6opa 1rdp TPOMYHOTOo YKcIa yBeanunBaeM Hekuii CueTunk Ha 1, ecyiu TpondHast 1ud-
papasHna 0 (1.e. 3Haka HeT). Ecaiu mndpa rponvyroro uyncsa pasaa 1 nau 2, To BBITTOTHS-
IOTCST CJIEYIONIHE OTIEPATIIH:

1. Beruucasgem ocratok ot generus L Ha 10 B cteniern, papaoii Cuetunky. Takum
o6pa3oMm, u3 L BbIeISeTCST 9UCII0, KOTOPOE OYIET CTOSTH MOCIE TIPOBEPSIEMOTO
3HAKa B UTOTOBOM apu()PMEeTUUECKOM BbIPAKEHUN.

2. BsigesieHHOE YUCITO TIPUOABIISIETCST (MJIU BHIYUTAETCS, B 3aBUCUMOCTH OT 3HAKA)
Kk ob1eli cymme (miepBoHavaibHO oHa pasHa 0). Kpome TOT0, TO/TydeHHOE YUCITIO
HEOOXOIUMO BBIUEPKHYTD U3 L. JIJIs1 9TOT0 IOCTATOYHO IEJIOUUCTIEHHO TTOIETUTh
L Ha BbIII€O3HAYEHHYIO CTETICHB JIECATKU.
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Tax:ke HeJb3st 3a0BIBATD, UTO MOCJIE TIOCEHETO TIAaTa IIUKJIa OCTAHETCS OJTHO Heyd-
TeHHOe cJjaraeMoe (T.K. KOJIudecTBO udp GOJIbIIE KOJIUIECTBA 3HAKOB), MOITOMY
B KOHI[E €r0 HEOOXOUMO TIPHOABUTH K CYMME. SICHO, UTO 3TO OyJIET PE3YJIIBTAT ITOCIEHE-
TO IIEeJIOYNCITIEHHOTO iesieHus L (cM. BbIe).

IMocJie TPOXOKIECHNS ITUKJIA HEOOXOAUMO IIPOBEPUTH, PABHA JIU IOJYUEHHAS CYyM-
Ma BBeJleHHOMY uuciy. Eciii 1a, TO OCTAeTCsl TOJBKO BBIBECTH TEKYIIMiI BADUAHT
PACCTAaHOBKU 3HAKOB.

3anaua 34. PaccranoBka depseii.

Ha maxmatHOU 0CKe paccTaBUTh BOCeMb (hep3eil Tak, YTOObI HU OJIUH U3 HUX He
oKasasics moj 6oeM.

Hoes pewenus

PeriieHue 3aj1aun OCYIECTBIISIETCS METOIOM IIepebopa BCeX BO3MOKHBIX BADHAHTOB
paccTaHoBKH (hep3aeii v MoncKa UCKOMOTOo BapuanTa. /lyig atoro ycaosumcest, yto 0 — ato
cBOOOIHAS U He OUTast KakM-JTO0 (hep3eM KJeTKa 1moJist, | — KJIeTKa, B KOTOPOit CTOUT
dep3b, 2 — kieTka, buras xoTs Obl oHIM (hepaem. [ITaxMaTHYO TOCKY MOKHO TIPECTa-
BUTD IBYMEPHBIM MacCUBOM Pa3MEPHOCTHIO 8X8.

B o6riiem Bujie ujest pelieHust TaKOBa: HEOOXOAUMO TTIOMECTUTD (ep3si B MEPBOA
KJIeTKe ITePBOI TOPU3OHTANH (T.€ JAHHOMY 2JIEMEHTY MaccuBa IIPUCBOUTD 3HaYeHUe 1),
3aTeM OTMETHUTDH Bce OUThIe 3TUM (hep3eM KJIeTKHU (T.€. KIETKU PACHOJIOKEHHbIE HA OJI-
HOU TOPU3OHTAJIH, BEPTUKAJIN U TUATOHAIY C (heP3eM OTMETUTH B MACCHBE IBOUKAMM ).
[lanee mepexoanM K cJeAyIoNieil TOpPU30HTAIHU, U B TIEPBOH (€ JIEBOTO Kpas TOPU30HTA-
JIN) IIyCTOM 1 HeOUTOM KJIeTKe CTaBUM o4epesHOro depsst. it Hero Takske HysKHO 0Cy-
IIECTBUTH IIPOLIEAYPY OTMETKH OUTHIX UM 110J1eil. VI Tak gaJjee it BceX TOpU3OHTaIeN.
Takum 06pa3oM, HACTYIIUT OJIMH U3 JBYX BAPUAHTOB Pa3BUTHS COOBITHIL: 160 OyneT
YCTaHOBJIEH BOCHMO#T (DeP3b B MIOCTIEIHIO FOPU30OHTAIH (B TAKOM CJIyYae, TaHHBIN Ba-
PHUAHT SIBJISIETCS] OJIHUM U3 UCKOMBIX PEIIeHuit), b0 OyIeT yCTaHOBIEHO MEHbBIIIEe
KOJIMYIECTBO (hep3eit, HO Ha TI0JIe He OCTAHETCST HEOUTHIX KIIETOK.

B ciryuae Heymaun Heo6X0UMO yOPaTh OCJAETHETO (hepast, BEPHYTHCSI HA TIPEIBITY -
Y10 TOPU3OHTAJIb M HANTU CJELYIONYI0 CBOOOIHYIO KJIETKY HA 9TOM TOPU30HTAJIU.
Ecuiu TakoBast IPUCYTCTBYET, TO CJIEAYET IIOCTABUTH Ty/a (heP3st U OTMETUTH OUTHIE UM
OJIST, IEPENTH HA CIEAYIONTYI0 TOPU30HTAIb U CHOBA TOMBITATHCS PACCTABUTH (Dep3eit
B CBOOOJIHBIE KJIETKHU BILIOTH JI0 TIOCJIE/IHEH ropus3oHTasu. Eciu jke CBOGOIHBIX KJIETOK
Ha JIAaHHOI rOpu30HTaJH GOJIBIIE HET, TO HEOOX0IMMO BO3BPAIIATHCS HA MIPEIBIIYIINE
TOPU30HTAJIU U yOUPATh ¢ HUX (hep3eid 110 TeX 0P, MOKA Ha KaKOW b0 U3 HUX He 0OHa-
Py:KUTCST CBOOOIHAST HETIPOBEPEHHAS KJIETKA.

KoneuHo ke youpast hepsst, HeoGX0MMO ITepecurThiBaTh OuTbie 1moJist. [Tpocto yopaTh
C TI0JIS1 JIBOWKY HEJb3sI, TAK KaK MOJI€ MOKET ObITh OMTHIM HeCKOTbKUMU (hep3sivu. Bectu
MOJTHBII TIepecyeT BCeX MOJIEH [T KAKIOTO ysKe YCTAaHOBJIEHHOTO (Pep3st HepanoHAIbHO.
I10 MOsKeT MOTPebOBATH OUEHD OOJIBIIIOTO 00BeMa TiepepacueTa. B kauecTBe ujen periie-
HIIST 9TOU TIPOGJIEMBI MOKEM [TOCOBETOBATH BAM BBECTH JIJIsT KAsK/[OTO MOJIST IOCKU YUCIIO-
BOU K03 (UIMEHT 3aTTOMUHAIOIINI CKOJBKIUMU (hepP3sSME JIAHHOE TI0JIE OUTO.

3ajiaua CTAHOBUTCS CJIOKHEE, €CJIU TOTPEOOBATH TIOyUEHUE He OJJHOTO PEIIEHHS,
a BCEX BO3MOJXKHBIX. B TakoM cJiyuae OHA CTAHOBUTCS 3ajiadeil OJHOTO mepebopa.
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U ¢ yu4eToM KOJIMYIeCTBa BO3MOKHBIX PACCTAHOBOK (hep3eil, OIHBIM epebopoM 3a1a4a
npakTdecku He permaema. OIHAKO OUeHb YacTo CHEnaabHO opranusaryeii epebopa ot
HOJTHOTO Miepebopa MoskHO yiTH. CyliecTByeT jBa OOUIUX TOIX0/Ia K PEHIEHUIO 3TOi po-
6JIeMbI. BO'HepBbIX, 9TO OTCEYEHUE BapMaHTOB, METO/L HAMU B PEIIECHUHN YK€ NCITOJIb3OBAH-
HbeI, OTMETKa 6I/ITbIX HOJIeIK/)Iy BE/IET K OTCEYEHNIO BCEX BaPMAHTOB UCIIOJ/Ib3YIOIIUX 6I/ITI)Ie
I10JI4. BTOpOfI II0/1X0/1 OCHOBaH Ha CpaBHMUBAHUU J€PEBa BAaPUAHTOB U OTCEYEHUU O~
HaKOBbIX BeTBefI. 3TOT I1I0AXO0Z Ha3bIBACTCA CKJIIEUBAHNEM BeTBefI 1 OIMMpaeTCAa Ha BOSMOK-
Hble CUMMeTpPUU B no3uliustx. Hanpumep 1711 3aiaum o Gep3six MOKHO YTBEPKIATb, UTO
3epKaJibHOE OTpaskeHue u moBopot Ha 90 TpajiycoB Ay T HOBbIe BapUAHThL. BO3MOKHBI
u npyrue Buzibl cuMMeTpud. Ilonmmre nx camoctositesibHO. Ellle o1Ha cepbe3Hast TeXHU-
yeckas 1pobjieMa — 9To IpobJieMa yuyeTa CHMMETPHi BHY TPU 001Iero mpoiiecca nepebopa.

3agaua 35. PassiokeHune HaTypajbHOTO YHCIIA.

JlaHo MHOKeCTBO HaTypaJbHBIX uucesa u 4ucio N. OnpenesuTb, BOSMOKHO JIH
npeacTaBUTh N B BHJIE CYMMBI 9JIEMEHTOB JIAHHOTO MHOKECTBA, TIPH YCJIOBYH, UYTO KaK-
JIBIi 9JIEMEHT MOYKET BXOJUTh B CYMMY He 0oJjiee 0JJHOTO pasa.

Hoes pewenus:

Bapmuanr 1: [Ipocroii.
[IpocToe 1060BOE pellieHne 3aKTI0YAETCS B:

® 1epebope Beex MOCJIeI0BaTENbHBIX YKces OT 1 /10 TeX 1mop 1moka He Oy/1eT Haiije-
HO HCKOMOE;

® ISl K&XK/IOTO OYEPEIHOTO YKMCIIa CTPOSITCS. BCE BO3MOKHbBIE BHIOOPKHU U3 3a/[aH-
HOTO MHOKeCTBa. [[JIst Kask/10i BEIGOPKU CUNTAETCSA CYMMA €€ 2JIEMEHTOB, U BbI-
SICHSIETCS PABHA 9Ta CyMMa 33JIaHHOMY YKCJTy WU HeT. 3a/[a4a II0CTPOEH I BCEX
BBIOOPOK ysKe OblLila PACCMOTPEHA — 9TO 3aj1a4a 2.

PerieHre 3a1auu TIOCPECTBOM MOCTPOEHUST BBIGOPOK MOKHO CYIIECTBEHHO YCH-
JuTh. TIpeAnosoKuM, 4To eCcTh HEKOTOPast BBIOOPKa, CyMMa 3JIEMEHTOB KOTOPO#l yiKe
6OJIBIIIE 33IaHHOTO YUCJIA. DTO 03HAYAET, YTO CTPOUTD BEIOOPKH, COAEPIKAIIIE TAHHYIO
BBIOOPKY, B KAUECTBE COCTABHOI YACTH HET CMBICJIA.

Bapmuanr 2: bosee appeKTUBHBIN.

[Tpob6iiema npeapIAyIIero BApMAHTa B TOM, UTO OJHU U T€ 5Ke BBIGOPKU COCTABJIAIOT-
CsI MHOTOKPATHO, JIJTST KJKIOTO YMCJIA U3 HATYPAJbHOTO Psila, YTO OU€Hb He 3(pheKTnB-
HO. ENMHCTBEHHO, 4TO MOJKET CIACTH CUTYAIUIO OT O6OJIBIIOr0 KOJUYECTBA HOBTOPHBIX
BBIOOPOK, 9TO paHee oOHapysKeHre HeoOXoauMoro unca. [TpeaiaraeMoe ycuieHue He-
CKOJIBKO obJierdaeT mpobieMy, HO He PaJuKaJbHO, KPOME TOTO 9TO yJIydllleHHe CyIie-
CTBEHHO YCJIOKHSIET JIOTUKY.

BoJiee uHTEpECHBII BAPHAHT 3aKJII0YAETCSA B OJHOPA30BOM IIOCTPOEHUHU BBIOOPOK.
Ecii moctpouts Bee BHIGOPKH, M UX CyMMaMU 3aII0JHUTh HEKOTOPbII MACCUB, TIpe/IBa-
PUTETHHO MHUITUATU3UPOBAHHBIN HYJISIMU, TO MTOCJIE, IOCTATOUHO HAUTHU MTEPBbII HOJIb
B MacCCHBe, MHEKC HAIEHHOrO HyJIs U OYIeT HCKOMBIM YHCJIOM.

SlcHo, uTO HeT HeOOXOAUMOCTH B OOJIBIIIOM MaCCUBE JJIsI BBIOOPOK, TaK KaK CyMMBbI
OYEBMIHO OYIYT 4aCTO IIOBTOPSITHCSL.
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Takyio cTpaTermio MOXKHO JJaKe CyIEeCTBEHHO YAYUYIIUTh. Y TOPSI0YUM MAacCUB HC-
XOJ[HOTO MHOKECTBA B TIOPsIIKE Bo3pacTaHust. EcJi BBIOOPKU CTPOUTD TaK KAK OMUCAHO
B 33j1a4e 2, TO OYEBUTHO CyMMBI TaKXKe OY/IyT MOJIydeHbl B HEKOTOPOM nopsiike. Kakos
3TOT TOPSIJIOK W UTO OH JIA€T JIJISI PENICHUS 3a1a4l UCCIeyHTe CAMOCTOSTEIBHO.

Sanava 36. O apudmMeTHIECKO TPOTPECCUT.

3amnoJHUTB IeJ0UNCIeHHbII MaccuB uinHbL N uriciamu uHTepBaa 1..N, Tak 4To6bI
HUKAKUe TPU 3JIEMEHTA UYIIHE B MOPSKE BO3PACTAHUS HHIEKCOB HE 0OPAa30BbIBAJIH
ObI apU(PMETHYECKYIO IIPOTPECCHIO.

Hoes pewenusi:

3ajaua umeer pocToe nepebGopHoe peleHre. 3aoJHUM MacCHB JIIOObIM 06pa3oM,
3aTeM 3allyCTUM IIPOILECC TMOJYUYEHUA IMEPECTAaHOBOK. A]IFOPI/ITM IOoJIy4€eHusA TIepecTa-
HOBOK paccMOTpeH B HehopMmanbHOM BBefeHuu (3amava 40, muctunr 95). W ayist kax-
IO TIEPECTAHOBKY TIPOBEPUM BBITIOJHUMOCTD YCJIOBUSI 3aauun. EcJi 3a1aua penaema,
TO IIpaBUJIbHAS IIepPecTaHOBKa 00sA3aTeIbHO OyueT obHapysKeHa U OoJiee TOro, MeTO
MEePECTAHOBOK MO3BOJUT OOHAPYKUTH BCE CYIIECTBYIONNE pemteHust. [Ipobirema 3ak-
JIFOYAETCSI B OU€HB OBICTPOM POCTE YHCJIA TTEPeCTaHOBOK. J[Jist N — 9/1eMEHTOB HCXO/THO-
r'0 MHO’KECTBA, KOJUYECTBO TIEPECTAHOBOK BBIpakaeTcst uncioM N! KoTopoe, ¢ pocTom
N oueHb OBICTPO CTAHOBUTCST ACTPOHOMHUYECKUM. [109TOMY faxe /st He OYeHb 00JIb-
mux 3HaueHnit N, hopMaibHO pelaeMast 3a/1a4a CTAaHOBUTCS (DAKTUIECKU HePa3Pelu-
MOI1 (HeJIb3SI TIOJTYYUTD PellieHue 3a TPUueMyIeMoe BpeMs).

ITepebop WHOT/IA MOKHO OTPAHUYUTH, HO 3a9aCTYIO CIIPABUTHCS C OTPOMHBIM KOJIH-
YeCTBOM BapUAHTOB Tepebopa Bee JKe He yaeTcst. B TaKuX crydasix MOKHO MOIBITATD-
Cs1 IIOCTPOUTD PeLeHre ¢ HY;KHbIMU cBOiicTBaMu. OOUIUI 0X0]] TAKOB:

® JIOCTPOUM pellleHne TPU OTPAHMYEHHOM KOJUYECTBE 3JIEMEHTOB HCXO/HOTO
MHOKECTBA,;

® OIpejiesiNM, KakK 3Has perierue i N a1eMeHTOB niepeitTu K pemeHunto 1715 N + 1
aJIeMeHTa.

B Halrem cirydae sjieMeHTapHOM cuTyaiueid OyJeT MHOKEeCTBO U3 Tpex unces 1..3.
[lna narHOTO MHTEpBAa BO3MOXKHO caenyioniee peierue: 1 3 2. OHO He eIMHCTBEH-
HOe€, TIOJIyMaiiTe 4TO O3HAYAET JIJISI PEMIEHUS 33/Ia4i MHOKECTBEHHOCTD PENIEHUS JIJIST
IIPOCTOr0 MHOKECTBA.

[Tepexon k ciemyiolnieMy MHOKECTBY 3TO pacliipeHue WHTepBajia Ha OJWH dJie-
MeHT. B Harem ciyyae 910 o3HavaeT gobaseHue yncia 4. Ilepecrpoiika perienus Oy-
T 3aKJII0YaThCs B 100aBJIEHUH YUC/IA 4 B HEKOTOPYIO TO3UIIIO psiga 6e3 M3MEHEHMs
B3aUMHOTO TIOJIOJKEHUSI YK€ PACCTABJIEHHBIX YHCEJT, TAK KaK TOJbKO TaK MOKHO rapaH-
THPOBATh HE BO3HUKHOBEHME HOBBIX TPOEK COCTABJISIIOIIUX IIPOIPECCHUIO.

3anauva 37. [IyTerecTBue KOHS 110 JIOCKE.
IMocTpouTs 1y Th 06X0/1a KOHEM IAXMATHON JOCKH TI0 CJIEAYIOIINM MTPAaBUIAM:

® KOHb HAYMHAeT CBOU IIyThb U3 JIEBOT'O HUJKHETO YTJIa;
® B KaXJIOU KJIETKE KOHb OBIBAET POBHO 110 OJIHOMY Pa3sy;
L4 IIyTb 3aKaHYMNBAETC B TOU K€ KJIeTKe OTKYyla 1 HA4YaJICA.
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Hoes pewenusi:

BCG MHOKECTBO HyTefI KOH 110 TOCKE MOKHO IPEACTAaBUTDH B BU/IE /IepeBa C BETBA-
MU pa3HOM b Takum 06pasoMm, 3a1a4a CBOMTCA K 3a/1a4e 00X071a JIepeBa U TIOUCKY
BETKHU C OTIpe/leJIeHHBIM CBOMCTBOM (3aBepliieHue BETKH B JI€BOM HMXHEM YIJIy NpHU
nosiHoM obxoze gocku). Crennduka 3ajaud TOJIbKO JUIIb B 0COOEHHOM CII0CO0€e ero
nocrpoenust. Ciiezi0BaTeIbHO, PEleHne 3a/1a4i CBOJAUTCS K OMUCAHUIO CIocoba mocT-
POEHU iepeBa X008,

® 3aIMuIIeM B KaK/[0M KJIeTKe JLOCKH HOJIb. Honp O3Ha4aeT, 4TO I10Ji€ IT0OKa HE pac-
CMaTpUBaJIOCh;

® 3aluIlIeM B UCXOJHOM I10JI€ €ITUHUILY. HasoBeMm TEKYIIUM II0JIEM, I10JI€ B KOTO-
POM HaXOJUTCA KOHb ITOCJIE OYEPEAHOTO XO/Ia. I[O IIEPBOTO XO/1a TEKyIIEeE I110JIe
ITO JIEBOE HUKHEE;

® Jlajiee 1ocJe KaXJ0ro xo/za, BI)I6I/Ip3.€‘M Jo60e 1ose Ha KOTOPO€E MOJKET IIOIIaCTb
KOHb U3 TEKYIIETO N1 UMEIOIIEEC 3HaYCHNE HOJIb NJIN €ANHUIIA. Ecmm BI)I6paHHOG
I10JI€ UMECT 3Ha4YCHNE €/IMHNUIA, 3SHAYUT KOHb BEPHYJICA Ha UCXOAHOE I10JIE;

® JIepeBOAMM KOH Ha BbI6paHHO€ 110J1€, OHO CTAHOBUTCA TEKYIINM U €TI0 HYJIEBOE 3HA-
YCHUE 3aMEHACTCA Ha 3HAYCHUE MPEAbIAYIIETO ITOJIS YBEJIMYEHHOIO Ha €/IMHUILY,

® ¢€CJIM C TEKYIIEro I0JIA HET BO3MOKHOCTHU C/IejIaTh X0/ TO BBIIIOJHAETCA IIPOoIe-
Aypa BO3BpaTa, CMbICJI KOTOpOfI B ITOMCKE T10JIs1 Ha yiKeE HpOfIlIeHHOM IIyTH C KO-
TOPOTO MOJKHO ITPOJOJIZKUTDH ITIOCTPOECHUE Ty THU.

IIpouedypa éosspama:
[Iporenypa Bo3BpaTa 3aKk0vYaeTcst B CIAEYIOMNX I€HCTBUSIX:

® HIIETCs I10JIe, Ybe 3HAaUECHNE Ha €JUHUILY MEHbIIIE 3HAaYEHU I 11014 TEKYIIETO. ISk\e)
1 €CTb ITOJIE€ C KOTOPOT'O KOHD ITOITaJI Ha TEKYIIIEE;

® B TEKYyllee I10Jie 3alIMChIBAETC -1, J1JI4 TOTO, 9TOOBI TIOJHOCTHIO y6paTb I10Jie U3
I[aJIbHefIHIGFO PacCMOTpEHUA;

L4 Haﬁ/:[eHHoe 110JI€ CTAaHOBUTCA TEKYIIUM.

ITpumeuanue. Ysxe ObLIIO CKa3aHO, YTO pelieHHueM OYET MyTh, 3aKAHIMBAIOMIUNCS
Ha UCXOAHOM T10Jie. Ho KOHb MOXKeT MPUATHA B UCXOHOE TI0JIe U TIPU 3TOM HE MPOUTH
BCIo 10cKy. Kpurepuii 3aBepiiieHrs MOKHO YTOYHUTD ABYMS CIIOCOOAMU:

® IIyTb 3aBepIlIEeH Ha UCXOJHOM II0JIe U HU OJTHO I10JIe JOCKU HEe MMEET HYJIEBOTO
3HAaYCHMA;

® IIYyTb 3aBePIICH Ha UCXOJHOM II0JIE€ U JIJINHA IIYTU paBHaA 64. ,Z[]II/IHa yxKe HpOI'/JI-
A€HHOT'O ITyTHU B HAIlIEM aJITOPUTME 3TO 3HAYECHUE TEKYIICTO I10JIA.

OncanHble eiiCTBUS BBIIIOJIHSIOTCS 10 TeX 0P, II0Ka He OyAeT HalifleHo 110J1e, C KO-
TOpOFO MOJKHO BBIIIOJIHUTH XO/I HaA I10J1€ C HyJIeBI)IM 3HAUYCHUECM. ECJII/I B Hpouecce BO3-
BpaTa KOHD IIOITa/ICT Ha I10JIe CO 3HAYCHUEM 1 n HpI/I 9TOM HE 6y,/1€T BO3MOJXHOCTHU BbI-
[IOJIHUTH XOJ Ha HyJIeBOE I10JIe ¥ Ha JJOCKE ellle OCTAIOTCS HyJIeBble [0Jis, TO 3TO OyIer
03HAYaTh OTCYTCTBUE pelleHus (TouHee 5To Oy/IeT 03HaYaTh OMIMOKY, TaK KaK U3BeCT-
HO, YTO pellieHne CYIIeCTBYET).

3aMeTuM, 4TO KaK U B 3a/1aue 0 (Dep3sIX, Mbl UCIIOJIb30BAJIN UJI€I0 OTCEUYeH s Ba-
PHAHTOB, BHIOPACHIBASI U3 PACCMOTPEHUSI TIOJIS YKE OTMEUYEHHbIE, KAK TYITHKOBBIE,
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[TpuHIIMNIATBHO, KaK 1 3aj1aua O pep3six, JaHHas 3a/1a4a ABJIAETCA epebOPHOM, U Kak
¥ 321242 0 (hep3six, MOJTHBIM 11epebOPOM, TPAKTUIECKU He PEITaeMast.

Bo3MoskHO, elile 0/[HO yJIydllieHre HasbiBaeMoe paBiioM BapHcaopda. 3akmova-
€TCsT OHO B TOM, YTO TIPU KasKIIOM BBIOOPE OUEPETHOTO X014, BBIOMPAETCS TI0JI€, C KOTOPO-
T'O MOJKHO BBITTOJTHUTD HaMMEHbIIIEE KOJIMYECTBO XOZ0B Ha CJIEIYIOIIEM IITare. Hcnoabso-
BaHME IIpaBWJjla BEAET K paHHEMY OTCEUEHUIO TYIIMKOB M YBEJINYEHUIO BEPOATHOCTH
GBICTPOTO OOHAPYKEHUS TPEOYEMOTO Ty TH.

3agaua 38. Tpoiiku ToUeK.

Ha rrockocTty 3ajaHO HEKOTOPOE KOJIMYECTBO TOUEK Mapoil koopauHat. Haiitu Ko-
JINYECTBO TPOEK TOYEK JIeKAIIUX HAa OHOM IIPSIMOIA.

Hoes pewenus:

Jl1st He 04eHb OOJIBIIOTO MHOKECTBA TOUEK 3a/la4a PEIIaeTCsl 1epeGOPOM U CBOJIUT-
1 K OCTPOEHMIO BCEX BO3MOKHBIX BBIOOPOK 110 3 Touku. KosnyecTBo Takux BEIOOPOK
U1t COTHU Tovek paBHO 161700. {uist Kask10ii OIyuYeHHO BBIOOPKH JOCTaTOYHO IIPO-
BEPUTH BBIIIOJTHUMOCTD YCJIOBHs 3agau. KosmmuecTBo BBIOOPOK MOKHO PE3KO COKpa-
TUTD, €CJIM TIepeOUPATh TOJBKO Hapbl ToUeK. Takux BoIOOPOK, mis 100 Touek, cormacHo
Tol ke popmyJie Beero b 4950. [lanee, 1st Kaxk10i BBIOOPKK HEOOXOIMMO HAMTH
BCE TOYKM JIeXKAIKeE C ABYMSI JAHHBIMU HA OJTHOM TIPSIMOIA ¥ M3 HUX Y3K€ HUYEro He Mpo-
Bepsisi COCTaBUTD BCE BO3MOYKHBIE TPOUKH.

HamomHuM, 4TO KOOPAMHATHI TOYEK JIEKANIMX HA OAHOUM IPSIMOM IPEACTABJISIOT
€060ii TPOCTYIO MPOIOPIIHIO.

KosinuecTBo BHIGOPOK MOMKHO CYLIECTBEHHO COKPATUTh. J[JIsl 9TOTO B IIOJIyYeHHOI
CXeMe ecThb 110 KpaliHell Mepe IBe BO3MOKHOCTH:

® [IPEIIOJIOKUM, YTO JIjist HEKOTOPOH Mapbl TOYEK OBLJIO MOCTPOEHO MHOKECTBO
TOYEK JIEXKAIUX C JTAHHOM TTapoil Ha OJTHOM MPSMOIT. ITO 03HAYAET, UTO BCE TTAPDI
TOYEK MPUHAAJIEKAINX JaHHOMY MHOKECTBY U3 JIaJIbHEUIIero pacCMOTPEHUS
MOKHO UCKII0UnTh. HO Toukn JAHHOT'O MHOJKECTBA BIIOJIHE MOTYT Yy4aCTBOBATb
B IIapaX ¢ TOYKaMU €My He ITpUuHa/JIe)KallluMU;

® 1IyCTb OIATD, JIJist HEKOTOPOU Maphl OBLIO MOCTPOEHO MHOKECTBO TOUEK (HA30-
BEM €TO OUEPETHBIM ) JIeXKAIUX ¢ HUMU Ha OIHON npsaMoii. U ycTb Teneps 11
aHa/In3a N3 NCXOJHOTO MHOJKECTBA B3ATHI /IBE€ TOYKHU, HE IIPUHAJIEKAIINE OUe-
peaHoMy MHOKecTBY. Ha3zoBeM MHOKeCTBO TOUEK JiesKalluX Ha OHOHN MpsIMOi
C HOBOI TTapOi TOUeK HOBBIM MHOKeCTBOM. OUeBU/IHO, UTO OYEPETHOE MHOKE-
CTBO 1 HOBOE MHO>KECTBO €CJIN U TIepeceKaloTcsl, TO TOJIbKO B OJTHOM TOUKe.

Sanauva 39. [locnenoBaTeIbHOCTD BO3PACTAIONINX YHCEJL.

[[aHa IIOCJIEJOBATEJIbHOCTD IEJbIX YKMCEJI, CpeAN KOTOPBIX HET /IBYX OAMHAKOBbBIX.
Haiitu MuauMasibHOE KOJIM4EeCcTBO qucesi, TaKUX 4TO IMOCJI€ NX BbIYEPKUBaHUA TTOCJIE-
JIOBATEbHOCTD IIPEBPATUTCS B CTPOTO BO3PACTAIONIYIO.

Hoes pewenusi:

[IpeanosnoxuM, 4TO NCKOMBIE YKCJIa y>Ke HallIeHbl, BBIYepPKHYTHI U CTPOTO BO3pacTa-
IoIasd Mmocjae0BaTECJIbHOCTD IMOJTyYEeHa. HCHO, 4YTO BO-TIEPBDLIX, 9Ta IMMOCJIEA0BATEIbHOCTD
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ysKe CyIecTBOBasa B UCXOHON W BO-BTOPBIX, HAMIEHHAS MTOCJIE0BATEIbHOCTD SBJISI-
eTcst HanboIbIell Bo3pacTarolieil MoAnocae[0BaTeIbHOCTDI0. [[0aTOMY 3a1a4a MOKET
OBITH CBeJIEHA K TIOMCKY HAOOJIbIIeN BO3PACTAIOIIEH TTOIIIOCTIEI0BATENEHOCTH.

Kaxmas momocne1oBaTeIbHOCTh UMEET CBOMM HAYAJIOM OJTHY U3 TOYEK MCXOIHOUN
mocJieZIoBaTebHOCTA. MOXKHO CKa3aTh, YTO YUCJIA UCXOIHOW MOCJIEI0BATETbHOCTH
PasbUBAIOT MHOKECTBO MOJIIOCIEI0BATENLHOCTEN Ha Kiacchl. Kirace — 9T0 MHOKECTBO
MOANIOCIeI0BATENbHOCTER nMenIux o0iiee Hawaso. Takum o6pa3oM HEOOXOAUMO
OpraHu30BaTh MePebOP MO BCEM 3JIEMEHTAM BCEX KJACCOB MOJOCIEI0BATEbHOCTEN.

DakTUvecKn, Mbl UMEEM 3a/1auy TOJHOTO Tepebopa, KOTOPYIO OISATh TAKU MOKHO
HEMHOTO ONTUMHU3UPOBaTh. Crocob onTuMusariy ciaeayonui. Ilycts Ha HEKOTOPBIi
MOMEHT HaliJieHa Bo3pacTalolas o/I1ocae10BaTesbHOCTD AnHbl Max. Torna us pac-
CMOTPEHUSI MOKHO BBIOPDOCUTD BCE TOUYKHU MOCIIEA0BATEIBHOCTH, CIIPABA OT KOTOPHIX
3JIEMEHTOB MCXO/THO TTOCTIeIOBATEIbHOCTH MeHbIe yeM Max.

Paspen 1. Npadnl

3amava 40. Cambiil [TUHHBIN Ty Th PyOKU.

Ha cramnmaptaom mose 8 X 8 paccTaBiieHO, HEKOTOPOE KOJMYECTBO YEPHBIX TTAIIEK
u onHa Oestast, HaliTut caMblil UTHHHBIH Ty Th PyOKHU /1715t GEJI0M TIATITKH.

Hoes pewenusi:

ITyTh pyOKHM MOXKHO MPEACTABUTD KaK JIEPEBO, B KOTOPOM Y3JIAMU SIBJISIIOTCST CPYO-
JIEHHBIE TIMAIIKU W U3 KaKI0TO y3Jia BRIXOAUT He GoJiee Tpex BeTok. Ecan ymactest co-
3[aTh TaKOe JIEPEBO, TO PEIIeHUE 3a/1aUl CBEAETCS K BBIYHMCIEHUIO TJIyOUHBI JIePeBa,
JUISL 4eT0 HeOOXOIMMO OPTaHM30BaTh MPOIEAYPY 00X0/1a (MOKHO PEKYPCUBHYIO) BO3-
BPAIIAOILYO JJITHY TP JOCTHKEHUH TYITUKOBOTO y3J1a (TYIHK — 3TO y3€JI 13 KOTOPO-
IO He BBIXOJIUT HU OJTHOU BETKN).

3azayva 41. BosHOBOII aTOPUTM.

Dopmyauposka 3agaun. /[aH HemrycToii, cBsi3HbIM rpad. HeobxoaumMo HaliTh 1y Th
MESKJLY IByMsI BEPITUHAMU COEPIKAIIII HANMEHDIIIEe KOJUIECTBO pebep.

Hoes anzopumma:

[Tepen HawamoM pabOThI AJITOPUTMA KasKI0H BEPITHHE TPUCBAMBAETCS YNUCJIO HA3bI-
BaeMOe BOJTHOBOIT METKO U UMerIee MUHUMaJbHOe 3HaueHne (Haripumep 0). Pabora
AJITOPUTMA 3aKJII0YAeTCS B PACIIPOCTPaHEeHUN (PPOHTA BOJHBI OT UCXOTHON BEPIIMHBI
1o BceMy Tpady, Jub0 10 HOTHOTO 3aTyXaHWsI BOJHBL JIU0O 0 TOCTUKEHUST BEPITUHBI
HasHauyeHus. B rporecce ABUKEHNST BOJHBI 3HAaUEHUsI BOJTHOBBIX METOK U3MEHSIOTCS
110 OTIpe/IeJIEHHOMY ITPAaBUJTY TI03BOJISIIONIEMY OIIPEesISITh IJIMHY ITYTH 710 KaXKJI01 Bep-
IIUHBI, Yepe3 KOTOPyIo mpoinuta BoaHa. [IpaBusio 3akiovyaeTcs: B yBeJIMUeHUHN 3Have-
HUS BOJIHOBOM METKM BEPIIMHBI B MOMEHT TIPOXOSK/ICHUS BOJTHBI uepe3 Hee. [Ipu aToM
3HaUEHUE TPUPAIEHIS BOJTHOBBIX METOK 3aBUCUT OT JIJIUHBI IIYTH TPOHZIEHHOTO BOJI-
Hoit. Takum 06pa3oM, MOKHO YTBEPKAATh, YTO ueM O0JIblle 3HaYe€HUE BOJTHOBO METKI
TeM OOJIBIINIA Ty TH OBLT TIPONIEH BOJHOM /10 TaHHO BEPITUHDIL.

[l TosTHOTO TIOHMMAaHUS WJIeW BHUMATEJIbHO TPOYMTANTE TPUMEYaHue JaHHOe
11ocJie TeKCTa aJIrOpuTMa.
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Texcm anzopumma:

Mertka ncxomHoit Touku = ()
Cwmemnenne =0
DpPOHT BOJHBI COCTOUT TOJIHKO U3 UCXOJHON TOUKHU
Hoserit pporT myCcT
[ToBTOpPATH
st Bcex BEPIIIMH MponTta
Jls Bcex BepmmH cMe;kHBIX BEPIIIMTHE
Ecan metka = -1 TO meTka = CMmemnienne + 1 1 BepmmHa
BKJIIOYAETCS B CITUCOK BepiiuH HoBoro ¢ponTa
Dpont = Hosriit ppoHT
Cwmemenne = Cmenienue +1
Ecau HoBwlii hpoHT mycT TO perieHune moyyeHo.

Ipumeuanus:

® 3aMeTHM, YTO aJTOPUTM 0OecIIeunBaeT IPoXo/] Bcero rpada, 3To HeMHOTO 00JIb-
1re yeM TpeboBasoCh B YCJIOBHUM, aJITOPUTM (DAKTHYECKU HAXOAMUT KpaTdaiiine
MyTU OT UCXOIHOM TOYKH, JI0 BceX Touek rpada. ['pad npu aTom nipeamnonaraercs
CBA3HBIM. [[J1s1 HeCBI3HOTO rpada aJroputM To ke Oyaer paboTaTh, HO TOUKH He
CBSI3aHHbIE HUKAKUM ITyTeM C UCXO/[HOU BEPIIUHOM BBIAYT U3 PACCMOTPEHUS,
Ha 1poiecc 00pabOTKM OCTaIbHBIX BEPIIMH, HECBSA3HbIE KOMIIOHEHTBI HE OKaKyT
HUKAKOTO BJINSIHNSI,

® BA)KHO 3aMETHUTD, YTO 3HAUEHUE METKU MEHSIETCS TOJIBKO B TOM CJIyYae eCJIv BOJI-
Ha B Hee TPUIILIA TEPBBIH pa3. ITO AaeT BO3MOKHOCTH COXPAHSITH ITyTH K BEPIITH-
He Ha3HauyeHud B uncToM Buze. Ho KoHeuHno sTa 0co6eHHOCTD Jie1aeT MeXaHu3M
pacIpocTpaHeHUs BOJIHBI COBEPIIEHHO He IIOX0KUM Ha paciipocTpanenue pusmu-
YeCKOU BOJTHBL.

ITocne 3aBEpIIEHUA pa6OTI)I aJIropuT™Ma MCKOMBIH IIyTb BOCCTAaHABJINBAETCS CIEY -
IOMIUM aJITOPUTMOM:

OuepeiHas BepIIMHA €CTh BEPIIMHA HAa3HAYEHUS.

[Toxa Tekytiasi BepiiiHa He €CTh UCXOIHAS /1eJIaTh
Hogoit Ouepe/iHoii BepuinHoOil CTAHOBUTCS BEPITUHA Ybe 3HAYEHNE METKU
Ha e[UHUILY MeHbIlle 3HaYeHust MeTKu OQuepeHON BEPIIUHBI.

Obocnosanue arzopumma:

BosbMmeMm J100yi0 BepuiHy rpacda. [IpeanosokuM BoJHA B 3Ty BEPUIMHY MOKET
MPU/ITU U3 JIBYX BepiinH, Ha3oBeM ux A u B. IIpeamnonoxum, 4To myTs oT BepuinHbl B
MIPOXO/INT Y€epe3 /IBe BEPIIUHEI, a TyTh OT BepIInHbI A yepes oxny. VI3 atoro crenyer,
YTO BOJIHA OT BEPIIMHBI A IPUIET 32 OAMH IIar paboThl aJITOPUTMA, 4 OT BepInuHbl B
yepes /iBa. U ciepoBaTenbHO B JaHHYIO BEPIIMHY BOJTHA MPUAET M3 BEPIIMHBI A. ITO
YTBEPIKIEHIE JIETKO 0000MIMTh Ha Iy Th IIPOU3BOJIBHON JJIMHBL. A 9TO U 03HAYAET, YTO
BOJIHA UJIET 110 KpaTyaiiiieMy myTi. Kpome TOTO 13 TOTO, YTO BBICOTA BOJTHBI C KayK/IBIM
11aroM pacteT Ha 1 cefryeT KOppeKTHOCTh MPaBUJia BOCCTAHOBJIEHUS Ty TH.



PazaeA A. padbl 197

IIpumep:

Hcxoonoe cocmosinue. Huxe (puc. 3.7) oKazaHO HCXOHOE cOCTOsTHUE rpada, KOTo-
PBIH MOJIEKUT UCCIeIOBAHUIO BOJTHOBBIM aJIrOpuTMOM. VICTOYHUK BOJIHBI camast Je-
Bas BepinHa. Haia 3a1aya mocTpouTh Bee KpaTyaiiiye IyTH OT Hee /10 BCeX 0CTaJlb-
HBIX BepIIKH. B kauecTBe TecTa MOMPOOYyEM ONPEETUTh KPATYaN TN 1Ty Th 110 KpaiitHeit
1paBoii BepIInHbI. B Havyase [BM:KeHsI BOJIHBI ee BBICOTA paBHA HYJIIO, I0O3TOMY UCXO/I-
Hasl BEPIITITHA TOMeYeHa HyJieM. MeTKI OCTaJIbHbBIX BEPIIUH TaK:Ke Oy1eM CUUTaTh HY-
JISIMU.

Puc. 3.7. VicxomHein rpad®

Iaz 1. icxopHas BepIInHA COeIUHEHA PEOPAaMU ¢ TPEMsI IPYTUMU BEPITUHAMU TPa-
ha, moaTOMy Ha JAHHOM IIIare TPU BEPITUHBI ToMevaeM equnuiiamu (Puc 3.8).

1
Puc. 3.8. War 1
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1llaz 2. Ha ganHOM 11are Tpy BEPITUHBI OTIPABJISIOT BOJHY € BBICOTOH /IBA B T€ BEp-
IIUHBI KOTOPBIE COEJIMHEHBI C HUMU PeOPaMU 1 HUKAK TI0Ka He OTMEYEHbI, TO €CTh HYJIH

(puc. 3.9).

1
Pnc 3.9. War 2

Illaz 3. 9o nocnenuuii mar. BepiHbl, coep;Kalire IBOWKYA TTOCHIIAIOT BOJIHY
C BBICOTOH 3 B HEOTMEUEHHBIE, ITOCJIE€ YeTO HEOTMEUEHHBIX BEPIINH YK€ HE OCTAETCS.
Terepb JIeTKO BOCCTAHOBUTH ITYTh U3 JII0OO0# BEPIIUHBI 10 MCXOAHON. 7151 Hatelt Tec-
TOBOH, KpaliHe#l TpaBO#l BEPIIMHBI 10 UCXOAHON ITyTh OTMeYeH KUpHOU suHuel. YTo
KOpoue ITyTh HEBO3MO>KEH, 0UE€BHUIHO.

1 3

1
Puc. 3.10. LWar 3

Ewe 00no eaxcnoe npumevanue. Kparaaiiumii myTh He 00513aTeIbHO €IMHCTBEHHBIIL.
Ecuiu kparqailininx OKaKeTcst HECKOJBKO, BOJHOBOW aJTOPUTM OOHAPY/KUT UX BCE.
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3amauva 42. AJITOPUTM ITOMCKA KOMIIOHEHT CBSI3HOCTH.

Dopmynuposra 3adauu:

[laH Tpou3BOJIBbHBIN TPad BO3MOKHO COCTOSMINN M3 HECKOJbKUX KOMIIOHEHT CBS3-
HocTH. Ul jmaHa TpousBoibHAs BepiinHa rpacda. Tpedyercss BbIIETUTh KOMIIOHEHTY
CBS3HOCTH, COIEPKAIYIO TAHHYIO BEPITUHY.

Hoes anzopumma:

[Tpenmnonoxum, PO HEKOTOPOE KOJUIECTBO BEPIITUH YK€ U3BECTHO, YTO OHU ITPU-
HAJIJIe’KAT UCKOMOI KOMITOHEHTE CBA3HOCTH. [IpucBOMM 3TUM BepIImHAM HEKOTOPOE
4110, Oy/IeEM HA3bIBATD €70 CTATYCOM U JIOTOBOPUMCSL, UTO JIJIST BEPIIIITH TIPUHAIJIEKA-
X KOMIIOHEHTE CTaTyC UMeeT BIIOJIHE OTpe/ie/ieHHOe 3HaueHue. Torga pacimmupuThb
MHO’KECTBO BEPIIUH ITPUHAIIEKANTNX KOMITOHEHTE MOKHO TIPOCTON TIPOTIELyPOHL:

® BO3bMeM JIIOGYIO BEPIIMHY, Y€l CTATYC TOBOPUT O TOM, YTO BEPIIIITHA TPUHAJLJIE-
JKUT KOMIIOHCHTE CBA3HOCTY;
® [IepejlajiiM €€ CTATyC BCEM BEPIIUHAM, COETUHEHHBIM C Hell peOpOM.

Aneopumm:

[IprucBonm Bcem BepimHaMm ctatyc 1.
pucsonm MCXOHOM Bepumne cratyc 2.
[Toxa ecTh BepIIUHBI UMEIOIINE CTATYC = 2
BribepeM m1106y10 BepiuHy nMmerontyio cratyc 2 nasosem ee TEKYIITEN
J1y1s1 Bcex BEPIIMH CMEKHBIX TEKYILEN
Ecau Bepmuna nmeer ctatyc 1 To ee ctatyc = 2
Craryc TEKYIIIEW Bepumnb = 3

CoBeplIeHHO OUEBHHO, YTO 10 3aBEPIIEHUIO PAGOThI JAHHOTO aJITOPUTMA BCE BEpP-
IIMHBI UMerolIKe cTaTyc 3 GyAyT NPUHALIEkKATh K TOH e KOMIIOHEHTE CBSI3BHOCTH UTO
Y MCXOJTHAsS BEPIINHA, TOYHO TAK}KE MOKHO YTBEPKIAATH, YTO BEPITMHBI UMEIOIINE CTa-
TyC = 3 TIOJTHOCTHIO UCUYEPIIHIBAIOT MHOKECTBO BEPIITUH JAHHON KOMITOHEHTHI CBSI3HOCTH.

IIpumep:

Ha puc. 3.11 auzke mokasan mpumep rpada Ha KOTOPOM MBI TTPOZIEMOHCTPUPYEM pa-
60Ty OIHCAHHOTO AJITOPUTMA.

Puc. 3.11. MicxogHoe cocToanme rpada
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Pesynbrat iepsoro mmara pabotst (Puc. 3.12) 1o npucsoenue craryca 1 BceM Bep-
muHaM rpacda, Tak Kak Ha 3TOM aTaiie paboThl HU TIPO OJIHY U3 HUX HE U3BECTHO, O TIPU-
HAJIJIEKHOCTA MCKOMOI KOMITOHEHTE CBSI3HOCTH.

Puc. 3.12. NepBbil Wwar

Bropoii mar (Puc. 3.13) orpaxkaer ToT ¢hakt, uto npo oxny u3 Bepiun (MCXO/I-
HYIO) usaBecTHO 0 ee MPUHAIEKHOCTH K KOMIIOHEHTE, T03TOMY €H TPUCBOEH CTaTyC 2.

Puc. 3.13. Btopo war
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Hauwnnas ¢ puc. 3.14 wmoctpupyercst paboTa MUKJIa PACIIMPSIONIETO MHOKECTBO
BEPIIMH BKJIUEHHBIX B KOMIIOHEHTY cBsti3HOCTH. Ha mepBom mmare paborst MCXO/-
HASI BepruHa mosydaet ctatyc 3 ¥ BoIObIBaeT U3 06paboOTKY, a JIBe €l CMeKHbIE MPH-
obpetatoT cratyc 2.

Puc. 3.14. Tpetuit war

[Tuksr 06pabOTKH TIPOIOJIKAET CBOIO JIESITENLHOCTD U Ha OUEPEHOM IIIare ele O[Ha
BEPIIIHA OJIYYaAET CTaTyC 3, COOTBETCTBEHHO ee coceziu moydaioT craryc 2 (Puc. 3.15).

Puc. 3.15. YetBepThiit War
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[lymaeTcs nmporiecc pacipeiesieHus CTaTyCcoB BIIOJIHE TOHSTEH, I03TOMY OCTaBIIIHe-
Cs1 JIBa PUCYHKA OCTaBUM 0O€3 KOMMEHTAPHUEB.

Punc. 3.16. MNartuit war

¢’
Puc. 3.17. Pesynbrar

HpuMeuaHue. ITo 3aBEPIICHUIO aJTOPUTMa Mbl IF'apaHTUPOBAHHO IOJYYWJIN OAHY
KOMIIOHCHTY CBA3HOCTH, BCE BEPIINHDBI KOTOpOfI OTMEYEHBI YHCJIOM 3. HpO BEpHINHbBI
OTMEYECHHBIC €/INHUIIaAMU T10 IIPEKHEMY HEJIb34 CKa3aTb HUYETO OIIPEAEJICHHOTO.
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3amava 43. Kparuaiimmii myTs B 1aGupuHTeE.

3ajiaH JJAOUPHUHT C OHUM BXOJIOM ¥ OJIHUM BBIX010M. HaiiTu KpaTyaifiiuii myTb.

Hoes pewenusi:

[TpencraBuMm cebe JAOUPUHT B BUJIE PEIIETKH, HEKOTOPBIE U3 BEPIIUH KOTOPOIL S1B-
JISTIOTCST IOCTYITHBIMM, 8 HEKOTOPbIe HeT. Torga myTh 1Mo JaOUPUHTY, 3TO MEPEXOJ] OT
BEPIIMHBI K COCEIHEN BEPIIUHE, 10 TOPU3OHTAY 1in BepTukaiu. OTOpocuM Bee Heo-
CTYIIHBIE BEPIIMHBI, TOT/Ia MHOKECTBO IOCTYITHBIX BEPIINH C OTPe3KaMU X COeINHSII0-
UM GyJIeT TPEACTABIATh OO0 HEOPUEHTUPOBAHHBIN Tpad, KpaTyaliuil myTh 1O
KOTOPOMY MO>KHO Hai'TH BOJIHOBBIM QJITOPUTMOM.

3azayva 44. Cucrema mecTepeHoK.

Ha mockoctu 3aana cuctema 13 N 0JIMHAKOBBIX CIETITIEHHBIX IlecTepeHoK. CxeMa
crenyenus 3ajaercda. CucremMa NpuBOIUTCS BO BpallleHUE OHOM 1eCTEPEHKOH, KOTO-
pyto GyaeM [ YIIPOIlleHus Ha3biBaTh 11epBoil. HeoOXxoquMo it 3alaHHON CUCTEMbI
[IECTEPEHOK OIPEENUTH OY/IET JIU OHA BPAIIATHCS UJIH €€ 3aKJIUHUT,

Hoes pewenusi:

[ITecTepenka MOKET KPYTUTHCS TOJIBKO B IBYX HAIIPABJIEHUSIX. ByeM oHO 13 HUX
Ha3bIBaTh MePBbIM (0003HauaTh 1), a ipyroe BropbiM (0O03HauaTh 2). Kakoe u3 Hux
CYUTATD TIEPBBIM, a KAKOE BTOPBIM, KOHEYHO Ke He OoJiee ueM ycaoBHOCTh. CyliecTBeH-
HO BaKHO JIMIIb TO, YTO MPH Iepe/ade IBUKEHUS OT MIECTEPEHKHU K IecTepeHKe Ha-
MpaBJicHUE ABUKEHWS MEHSIETCS HA IIPOTUBOIIOJIOKHOE.

[TycTh HampaBiieHNe, B KOTOPOM KPYTUTCS MEPBast IeCTEPEHKA 0003HAUEHO, KaK
nepBoe. /lanee HEOOXOAUMO TOCTPOUTD MOJIENb MTEPEIauu ABMKeHUsL. /st 3TOr0 TOCT-
poum rpad, BEPIIMHBI KOTOPOTO — IIECTEPEHKHU, Pebpa — COEMMHEHMS] MEKIY HUMH,
a HaTpaBJIieHUe KPYYeHUsT XapaKTePUCTUKA MpUHUMalotias 3Hadenud 1, 2, 0 (0 — mecre-
pPeHKa IT0Ka He KPYTUTCS).

[Tporiecc mepesaum KpyueHUs B CUCTEME TECTEPEHOK TOT/Ia MOKHO PACCMATPUBATD,
KaK TIpoliecc Tepeiadi XapaKTepUCTUKI MeKLy BepIinHaMu rpada.

® HayuHaeTcd Iponecc nepegadm XapaKTepUCTUKM C HAYa/JIbHOTO TTOJIOKEHUA B KO-
TOPOM BEPIINHA IPUHATAA 3a IIEPBYIO NMECT XaPaKTCPUCTUKY 1, a XapaKTepUCTu-
KM OCTaJIbHBIX BEPIITNH rpad)a €CTb HOJIb,

® Bce BepUIMHBI rpada pasOMBAIOTCS HA TPH KJ1acca: A — IIOJyYUBIINE XapaKTepH-
CTUKY U II€pE/IaBIINE €€ JAJIBIIE; B - MOJIYUYNBIINE XaPaKTEPUCTUKRY, HO HE II€EpeE-
JIaBIIINE €€; C — BCce ocTaJIbHbIE BEPHINHBI. Ha IIEPBOM IIIare aHaJ/in3a Kj1acc A ycCT,
kJjacc B cocrout u3 HepBOﬁ BEPIIMNHBI, KJIaCC C — Bce ocTajIbHbIE BEPIIMWHBI I'Pa-
ba;

® Ha KayK/JOM Illare Iponecca KaKJas BEpIHIMHaA KJjacCa B nepesaeT XxapakKTepucTu-
Ky BCEM BC€pIIMHaM M3 KJlacCa C cBA3aHHBIM C HeElO,

o IIp1 9TOM BEDPIIINHA II€pe/iaBllasdl XapaKTEPUCTUKY IMEPEMENIAECTCA B KJjacC A,
a BEPIIIHA ITOJIyYrBIIAs XapaKTEPUCTUKY IIEPEMEIIACTCS B KJIACC B;
€CJIM I1epe/laBaeMad XapaKTEPHUCTUKaA 1 T0O IoJry4aemMast 2u HaO60pOT;
CUCTEMA CUNTAETCS 3aKJINHUBIIEHA €CIIN BE€pHINMHa Iepe/lalolaa XapaKTEPUCTURY
SABJIIETCS CMEKHOM C BepHII/IHOﬁ I/IMeIOIHeﬁ TaKYyIO K€ XapaKTEPUCTUKY.
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3amaua 45. DKoHOMHBII 06x0/ rpada.

3ajiaHo IBOMYHOE jiepeBo. Heo6X0IMMO COBEPIIMTD TOJTHBINA 00XO0/T, UCIIOIb3YST MU~
HUMAJIbHOE KOJIMYECTBO IOTIOJHUTETBHBIX CTPYKTYP JIaHHBIX.

Hoes pewenusi:

ITpuHIUIHaIbHO 00XO/ IBOUYHOTO JiepeBa He IPEACTABIsIeT cOO0I mpobIeMbl.
B nedopmanbHOM BBEJICHUT MBI PACCMOTPEJIN PEKYPCUBHOE PellieHre 3Toi 3agauu. Ho
PEKYPCHSI JIJIs CBOEH peayn3anuu TpedyeT HEMAJIBIX PECYPCOB TAMSITH, TI03TOMY J[aHHAST
MOCTAHOBKA 3aj1auil TPeOyeT OTKa3a OT PEKYPCUBHBIX pelieHnil. PaccMoTpuM Hepekyp-
CUBHBI aJITOPUTM TIO3BOJISIIOIIIUN BBITOJHUTH 00X0JT ¢ UCTTOJb30BAHUEM TOJBKO OJTHO-
O IOMOJHUTETLHOTO OUTOBOTO 110Jist (asroputym Jloiiua).

O603Haunm BeTBU BXojsiue B Bepiuny, kak UCTOYHUK, TEBAS u [TPABAA
(BeTBB 3TO yKa3aTeJib HAa BepHImHY, cooTBeTcTBeHHO JIEBAS yKka3piBaeT Ha 109€PHIOI0
seByio Bepiuny, u [IPABAS na nouepnioio npasyio Bepimay ). Bersb UCTOYHNK
COeIUHSIET IAaHHYIO BEPIIUHY ¢ BePIINHOI npeakoM, a BeTBu JIEBAA u [TPABAS aTo
COOTBETCTBEHHO BETBU HyIue BruyOb gepesa. IIpobiema opranusaiuu 00xXoa, oue-
BU/THO, 3aKJIIOYAETCS B MOMEHTaX BO3BpaTa. BepHyBIINCh B BEpIIUHY, MBI MOJKEM BCTpE-
TUTBCS € ABYMS IIPUHITUTTHATBHO PA3HBIMU CUTYAIMSIMU. BOo-TIepBbIX, MOJKET OKa3aThCs,
4TO U3 JIAHHOU BEPITUHBI BO3MOKEH IIyTh BIJIyOb 110 IPYTOi BETKE U BO-BTOPBIX, MOKET
0Ka3aTbest, 4To 1y Th Briryoh u 10 BetBu JIEBAS u o Betu IIPABAS HeBo3MOKEH
(ysKe TIpOiiIeHbl ) ¥ HEOGXOIUMO BBITIOJIHUTH MTPOIIEY Py Bo3Bpara. To ecT, Ipoieaypa
BO3BPaTa MOKET JIOO IIOPOIUTD EIIle OJHY MPOIEYPY BO3BpaTta ubo MpoIeaypy IBu-
SKEHMS! BIUIYOb.

Jlsist Toro, 4TOObI HE OMMUOUTLCS B MPUHITHU PEIICHUS HYKHA JOTIOJTHUTEIbHAST
UHGOPMAIHST, O TOM, YTO OBLJIO CIETAHO B MOMEHT TIPE/IBIYIIETO BXOK/ICHUS B BEPIIHU-
HY. 3allOMITHAHUEM TaKOH WH(pOPMAIIUN 1 3aHUMAETCS MEXaHU3M PEKYPCHUN.

OrmnpaBHOIl TOuKO# anroput™a Jloiiya SBJASIOTCS TPU OYEBUIHBIX YTBEPKICHUS.
Bo-miepBbiX, Kaxkas BepIInHA XPAaHUT WHGOPMAITUIO O TPEX YKAa3aHHBIX BETBAX U BO-
BTOPBIX, BO3BPAT B KaXKAYIO BEPIIMHY [BOUYHOTO JIePEBA BO3MOXKEH TOJBKO JIBAXKIBI
U B TPETHUX, 110 KAJKI0I BETBU JlepeBa IBUKEHUE OYAET BBITIOJTHSITHCS TOJIBKO JIBAXKIBI:
IPU IBWKEHWH BJTyOb U B MOMEHT BO3BpaTa.

A Tenepb coOCTBEHHO ngesa anroputma foiua

BBemeM it Kas[oi BEPIIMHBI OJHO JOMOJHUTENbHOE OUTOBOE moJie (Ha30BEM €T0
DJIAT) uHUIIMATN3UPOBAHHOE HyieM. [1pu TIepBOM BXO/Ie B BEPIIUHY MbI OOHAPY K-
BaeM DJIAT paBHBIl HYJTI0. ITO SIBISIETCS CUTHAJIOM, YTO BO3MOKHO [IBUKEHUE TI0 BET-
Bu JIEBAS. ¥Yxonum o BerBu JIEBAS 1 Tak Kak ABUKEHME 110 Hell U3 JaHHOW BEPIITN-
HBI YK€ HEBO3MOXHO, TO HcHoib3yeM BeTBb JIEBAJ ams 3anomMunanus BeTBU
NCTOYHUK.

Ecann Mot o6napyxuiu DJIAT = 0 BbIIOJIHSIS BO3BPAT, TO 9TO 03HAYAET, YTO BETBb
JIEBA{ y:xe npoiiziena u ceiiuac oHa paktuyecku xpanuT uHgopmaiuio o setsu NC-
TOYHUK. Torma yxoaum Briry6s mo BetBu [IIPABAS, snauenne MJTATA meHsteM Ha
1. U ceituac BetBb MICTOYHUMK mosxuo 3aroMmuuThb B BeTBU [IPABASL.
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EcJiut 5xe BBITIOJHSIST BO3BPAT, Mbl 06Hapy:kuBaeM sHauenne MJIATA = 1 310 03Haua-
eT, 4T0 0O€ BETBU BEYIIHE BIIIYOb YK€ MPOJIEHbI 1 HEOOXOIMMO BBITIOIHUTD TPOIIELYPY
BO3Bpara eiile pas, a nH(popMaIus JiJjisl 3TOro Bo3Bpara xpanutcs B BetBu [IPABAS.

OnicaHHast Hest COAEPIKUT OMH CYIIeCTBEHHBIN HenocTaToK. 3anomunast B JTEBON
(ITPABOI1) Bersu nndopmanuio o sersu MCTOUHUK, undopmamnuio o JIE-
BOI (IIPABOI1) BetBu MBI TepsieM. DTO HPUBOAUT K TOMY, UTO ¢ 0OXOIOM JiepeBa
OHO MTPAKTUYECKU YHUUTOXKACTCS.

YKa3aHHBIN HEZOCTATOK JIETKO UCIIPAaBUTH, ecau 3amMeTuTh, uTo JIEBAA (ITPA-
BAS) BetBb 0uepennoro y3mna, ectb UCTOYHUK ero nouepuero, To ecTh TOTO, B KOTO-
pbIii OyzieT ocyIecTBIeH epexo u3 tekymiero. Muade ropopst uadopmarwms o JIE-
BOI1 (IIPABOI1) BeTBu cOXpaHsieTCs B IOYEPHIX Y3IaX U CIEJ0BATEILHO e BIOJIHE
MOKHO BOCCTAHOBUTD.

Ilpumeuanue. B TekcTe 4acTo TOBOPUTCS O BETBAX U O TOM, UTO OJ[HA BETBH 3aII0-
MUHAETCH B I[PYTON. B TepMuHAaX BETBEI 3TO BBITJISIAUT OCTATOYHO HESICHO. DTa TEPMU-
HOJIOTHS CTAHET SICHOH MU Mepexojie K yKa3aTessiM U CBI3HBIM CITUCKaM. 3alIOMHUTD
BETBH TO BCETO JIUIIDb TPUCBOCHIE YKA3aTEeH.

Sanauva 46. Anroputm Kpackaiia.

Dopmynuposra 3adauu:

Jlan B3BelleHHDII rpad, B KOTOPOM Beca PUCBOEHbI pedpam. Heo6xoqumo HallTi
MUHHUMaJIBHOE OCTOBHOE JIEPEBO MMelollee CBOUM KOPHEM OJIHY U3 BepIITiH rpada.

Hoes anzopumma:

Vckombie pebpa COEUHSIIOT BEPITUHBI. [103TOMY BO3MOJKHBI JIBE CTPATETUH MTOCT-
poerust. MOKHO UTH OT BEPIIUH ¥ JIJIST KXKI0U U3 HUX UCKAaTh MUHIMAJIbHOE PeGPO
(310 cresano B asmroputMe [IprMa cM. CIeYIONIYIO 331a9y ) @ MOYKHO JIJIsT KaKIOTO ped-
pa BBISICHSTH MOXKHO JIM €T0 BKJIIOUUTD B cTposiiieecs AepeBo. Anroputm Kpackana Be-
JIET IOCTPOEHME OT pebep U IPeJIIAraeT IeIaTh 3TO CJAEAYIONIM 06pa3oM. Bo-1epBbix,
pebpa rpada HymMepyeM B TIOPSIIKE BO3PACTAHIS BECOB. 3aTeM /IJIsT KaXKI0TO pebpa Ha-
YUHAs C IEPBOTO TPOBEPSEM COCITUHSIET UITH HET OHO /IBE HECBA3HbIE KOMIIOHEHTBI I'Pa-
a, ecm 12, TO €T0 MOKHO BKJIIOUUTH B OCTOBHOE ZIePeBO. SICHO, UTO €CJii MBI IMeeM
V BepiiuH, To paboTa AJITOPUTMA HAYMHAETCsI ¢ V HECBSI3HBIX KOMIIOHEHT Tpada (bak-
TUYECKH BepinuH rpada). [IJst Toro, 4toObI UX CBsI3aTh He0OXoaUMO HaliTi V-1 pebpo.

[pyrumu cioBaMu, aITOPUTM OPTaHU3YeT IIPOIIECC POCTA KOMIIOHEHT CBI3HOCTH
B X0/I€ KOTOPOTO OHU 00BEAUHSIOTCS IPYT € IPYTOM JIO TEX MOP MTOKA HE OCTAHETCST OJTHA
SBJIATONIASCSI KOHEYHBIM PE3YTbTATOM.

Anzopumm:

CospaeM crmcok pedep 1o Bo3pacTaHMIo.
Co3smaeM MHOKECTBO KOMITOHEHT CBSI3HOCTH KaXK/1ast U3 KOTOPBIX
COJ/IEPKUT POBHO OJIHY BEPIIUHY.
[Toka KOMIIOHEHT CBI3HOCTH GOJIbIIE YEM O HA:
Bsatb ouepeaHoe pebpo us crucka pedep.
Eciiu pe6po coeuHseT JBe pasHbIX KOMIOHEHTBI CBSI3HOCTH
TO KOMIIOHEHTBI CBA3HOCTH OOBEJUHNUTD B OIHY.
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Huzke pacemoTpen nporece pabortst anropurMa. KaxaoMmy peOpy II0CTaBIe€HO B CO-
OTBETCTBHE J[BA YNCJIA: BeC U B CKOOKaxX HoMep. Pebpo, BKJIIOYEHHOE B OCTOBHOE IEPEBO
(coenuusIONIEE JIBE KOMIIOHEHThI CBSI3HOCTHU) BBIJIEJIEHO JKUPHBIM, BEPIIUHBI BXO/IS-
HiKe B JIepeBo BblJeseHbl OesibiMu KBagparukamu. Ha puc. 3.18 nokasana ucxogHast
cuTyarus.

Puc. 3.18. McxoaHbln rpad

Illaz 1. TlepBoe B crcke pebpo coepuHseT aABe BepiunHbl. OObeJUHIEM X B OIHY
KOMIIOHEHTY cBsI3HOCTH (puc. 3.19).

Puc. 3.19. NepBbil Wwar
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Illaz 2. Pebpo 1ioMeYeHHOE KaK BTOPOE U TaKKe UMeloliee Bec 1 Coe/InHsIeT 1Be Bep-
muHbl. O6beMHIEM UX B OJIHY KOMIIOHEHTY U MTOJIYYaeM J[BE€ KOMITIOHEHTDI, BKJIIOUA0-
mpe B cebst 110 aBe Bepimabl (puc. 3.20).

Puc. 3.20. Btopo war

Ilaz 3. Tperbe pebpPo UMeOIIEe BeC 2, COEAUHSIET OTAENBHYIO BEPIIUHY € KOMIIO-
HEHTOU MMelolleil /1Be BEPIIMHbI 1 Hallla IlepBasi KOMIIOHEHTA yBeJIMYNBaeTcs B pas3-
Mepe (puc. 3.21).

Puc. 3.21. ToeTuit war
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Illaz 4. Pebpo uyliiee B CIIUCKE Y€TBEPTHIM JOOABJISET BEPITUHY BTOPON KOMIIO-
HEHTE CBSI3HOCTHU W TEIEPh MBI UMEEM /[B€ KOMIOHEHTBI B KaXK/IOM U3 KOTOPBIX 110 TPU
BepIuHbI (puc. 3.22).

9 (10)

Puc. 3.22. YetBepThiit war

Ilaz 5. Crenyiotiee pe6po 106aBISET BO BTOPYIO KOMIOHEHTY €1Ile OJTHY BEPIITIHY
U Telephb BCE BEPIIMHBI PACIpeleeHbl MeXKIY ABYMS KOMIIOHEHTaMM CBI3HOCTHU
(puc. 3.23).

Puc. 3.23. Matbii war
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Ilaz 6 3axmouumenvrviil. 3aBepuiaeT Halll 1poiecc pedpo ¢ HomepoM 5. OHO 06be-
JIUHSET JIBE TOCTPOEHHBIE HA MPEBIAYINIUX NIaraX KOMIIOHEHTBI CBSI3HOCTHU B OJIHY, KO-
TOpas U eCTb MUHUMAIBHOE OCTOBHOE JiepeBo (puc. 3.24).

Puc. 3.24. Peaynbrar

3amaua 47. AsnroputMm [Ipnma.

Dopmyruposra sadauu:

JlaH B3BelleHHbII rpad, B KOTOPOM Beca IpucBoeHbl pebpaM. Heo6xoaqumo HailTu
MUHUMAaJIbHOE OCTOBHOE JIEPEBO NMEIOIIYI0 CBOMM KOPHEM OJTHY U3 BEPUINH rpada.

Hoes anzopumma:

[TycTp yacTh OCTOBHOTO ZlepeBa ysKe MOCTPOeHA. JTO YTBEPKAEHNE BCETa BEPHO,
TaK KaK B HauaJse Ipolecca BePITHA ¢ KOTOPOI HAUMHAETCsI TOCTPOEHHE YKe BXOAUT B
nepeBo. M Tak, ecn 4acTh OCTOBHOTO JiepeBa y:kKe eCTh, TO MHOKECTBO BepIINH rpada
MO>KHO Pa3/IeJTNTh Ha [[Ba TIOAMHOKECTBA: TOJMHOKECTBO COCTOSIIEe U3 BEPIIUH YiKe
ITOCTPOEHHOTO OCTOBHOTO JIepeBa 1 OCTABIIIXCS BepPIIUH rpada.

OueBuIHO, YTO cpe/y pebep COSTUHSIONINXCS TH JIBA MHOKECTBA CYIIECTBYET ped-
PO HauMeHbITero Beca. MOKHO I0Ka3aTh, (HO MBI 3/IeCh 9TOTO JIeJaTh He 6YAeM) UTo
MUHUMAJIBHOE IEPEBO TIPOXOIUT YePe3 9T0 pedbpo.

Anzopumm:

MHO:KecTBO OCTOBHBIX BEPIIUH — 3TO NCXO/[HAsl BepIINHA
MHO:KecTBO OCTaBIITNXCST — BCE BEPIINHBI 32 UCKJIIOYEHNEM UCXOHOMN.
[Toxka MHOKECTBO OCTABIINXCS HE MTyCTO
NiteM pe6Gpo coeUHSIONIEE MHOKECTBO OCTOBHBIX I MHOKECTBO
OCTaBIINXCS ¥ UMefolllee HauMeHbINH Bec.
Jlsist HaiiieHHOTO pebpa, BEPITUHY TPUHAJIEKATIYI0 MHOKECTBY OCTABIIUXCST:
BoryepkuBaem 13 MHOXKECTBA OCTABIIUXCS.
Jlo6aBJisieM K MHOKECTBY OCTOBHBIX.
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Huske mokasas mpottece pabotsl asropurma [Tpuma. VicxogHast TOUKa JIJIst TOCTPOE-
HUST OCTOBHOTO JiepeBa 0603HaueHa Kak Touka A. Ha KakioM 1mare paboThl aJiITOPUTM
n06aBJIseT K OCTOBHOMY JIEPEBY OJIHY BEPIIUHY U COOTBETCTBEHHO OHO pebpo. Ha
puc. 3.25 uzobpaken rpad g0 Hayama paboThl aaropuT™a. PeGpa 0CTOBHOTO epeBa
IPOPUCOBAHBI JKUPHBIMU JIMHUSIMU.

Puc. 3.25. McxogHoe cocTosHre rpada

Illaz 1. V13 BepiinHbI A BBIXOAUT /[Ba peOpa KOTOPbIE COEANHSIOT €€ ¢ BEepIIMHAMU
MHOKeCTBa «ocTaBumxcs». OIHO U3 HUX MMeeT Bec = 4 U Bropoe Bec = 8. BeiGupaem
HAMMEHbIINIi, 1 OTMeYaeM KUPHOI InHIel BeiOpaHHoe pebpo (puc. 3.26).

Pnc. 3.26. LWar 1
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Iaz 2. Ceiidac 0OCTOBHOE JIEPEBO COCTOUT U3 OAHOTO pebpa u ABYX BepiiuH. Pac-
CMOTPHUM Bce pebpa COeAUHSIONINE KaKIYIO U3 IBYX BEPIINH OCTOBHOTO JIEPEBA C «OC-
TaBITUMUCS BepiinHaMu». Takux pebep Tpu u ux Beca 1, 5, 8. Koneuno mMbr BoiOupaem
JUISL BKJTFOUEHUST B CTPOSIIIIEECST IEPEBO PeOPO ¢ BecoM 1. U moJryuaeM cleayoliee aepe-
BO (puc. 3.27).

Puc. 3.27. WWar 2

Ilaz 3. Teniepb OCTOBHOE JIEPEBO COCTOUT U3 TPEX BEPIINH. DT BEPITUHBI COE/INHEHBI
C OCTaJIbHBIM JIEPEBOM TpeMsI pedpaMu Yeii Bec COOTBETCTBEHHO paBeH: 3, 5, 8. CienoBa-
TEJIBHO CJIeflyiolee pedpo BKIKYaeMOe B IEPEBO 3TO pebpo ¢ BecoM Tpu (puc. 3.28).

Puc. 3.28. Llar 3
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Illaz 4. B HOBO cUTyaIuu eCcTh 4eThIpe pedpa U3 KOTOPBIX MOKHO BBIOUPATH MIUHU-
MaJIbHOE U Beca aTux pebep: 5, 8, 8, 9. Takum o6pazoM HOBOe peGpo, 9To Pebpo ¢ BecoM — 5
(puc. 3.29).

Puc. 3.29. Lar 4

Illaz 5. Ceityac MHOXKeCTBO pebep — KaHAMJATOB Ha MUHUMAJIbHBIE COCTOUT U3 5
pebep u ux Beca TakoBbL: 1, 2, 8, 8, 9. Buibop oueBuzeH (puc. 3.30).

Puc. 3.30. War 5
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Illaz 6. 1 HakoHel nocjaefHUi mar. Bo MHOMKeCTBe «OCTaBIIUXCA» TOJIBKO OHA
BepIlrHA. JTa BePIIMHA COeMHEHA C OCTOBHBIM IePEBOM YeThipbMs pebpamu. VX Bec:
2,7, 8, 8. Boibupaem pe6po ¢ Becom 2 (puc. 3.31).

Puc. 3.31. Peaynbrar

Baorcnoe npumeuanue:

Ha camom JZieJie OCTOBHOE /IEPEBO CTPOUTCA HE JIJIA KOHerTHOﬁ Touku. B Harmeii BEP-
CUM aJITOPUTMa NCXO/[Had TOYKa CYIIECTBYET 11 MOJKET ITIOKa3aTbCsA, YTO TaKO€ JO0ITyIlIe-
HUe cItocOOHO UCKa3UTh pa60Ty aJITOpUTMa. Ha camom JeJie CyIeCcTBOBaHue HCXO,ZIHOI?I
TOYKM POBHBIM CHETOM HU Ha YTO HU BJIMUSIET. ITO SICHO U3 ABYX ITPOCTBIX COO6pa>KeHHI71Z

® BCe BEPIIMHBI IOJIKHBI OBITh BKJIIOUEHDBI B OCTOBHOE JIEPEBO;
® QJITOPUTM CTPOUT IPOJIOJIKEHME JlepeBa OT BEPIINHDI He CYUTAsICh C TeM KaKUM
MyTeM JIEPEBO OBLIO TOCTPOEHO JI0 ATOI BEPIITUHBI.

3azaya 48. Anroputm [lefikcTphl.

Dopmynuposra 3adauu:

VMeeTcst B3BEIIEHHDIN, HEOPUEHTUPOBAHHBIH rpad (Beca COMOCTaBIeHbI pedpam).
Hekoropas ero BepinnHa o603HadeHa Kak Bepita 1. Heo6xoauMo HallTH MUHIMAJIb-
HBIE ITyTU OT BePIIuHbI 1 10 Kask10#t u3 BepimuH rpacda. MUHUMAIBHBIM MyTeM OyeM
Ha3bIBaTh ITyTh C MUHUMAJIbHOM CyMMOH I1eH B/[0Jb 1Ty TU. [{eHoll Ha3oBeM HeoTpuIiia-
TeJIbHOE YUCJIO SIBJISIONIEecs BeCOM pedpa.

Hoes anzopumma:

WNnes ocHOBBIBaeTCsl Ha cJefyIoNieM o4eBUIHOM yTBepskiaeHuu: Ilycts nmoctpoen
MUHUMAJIBbHBIH Ty Th 13 BepiiHbl A B BepiHy B. U mycTh BepimHa B cBg3aHa ¢ HeKko-
TOPBIM KOJIM4YeCcTBOM BepinH i. O603HaunM depe3 C; — IeHy MyTH U3 BEPIIUHBI B
B BepiiuHy i. Boibepem us Becex C; MUHMMAIbHYIO0 BeJInunHy. Tora MUHIMAIbHOE TPO-
JIOJLKEHUE Ty TH U3 TOYKU B moiijiet yepes3 BBIOPAHHYO BEPIITITHY.
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W3 aToro yrBepakaeHnda BLITEKAET OUeHD cepbe3Hoe cieAcTBue. I1ycThb ecTb MHOXe-
CTBO BEPIINH Uepe3 KOTOPbIe YiKe NMPOXOAsAT MUHUMATbHbIe yTH. Takoe MHOKeCTBO
rapaHTUPOBAHHO €CTh, 3TO BepiTHa 1. Y TBepskaeHmne c(hopMyINPOBAHHOE BBITIE TAET
BO3MOJKHOCTD O0ABJISITD K yiKe CYIIECTBYIOMEMY MHOKECTBY BepiiiH (OymeM najee
Ha3bIBATh UX BbIIEJICHHBIMU ) €Ille OJ{HY BEPINUHY, a TaK KaK B Tpade KOJTMIeCTBO Bep-
HIMH KOHEYHO, TO 32 KOHEYHOE KOJUYECTBO IIAr0B BCE BEPITMHBI Tpada OKAKYTCS BbI-
JIeJIEHHBIMH, & 3TO U OY/IET PEIIEHUEM.

Celiuac mepeiizieM HEMHOTO K JPYTOil TepMuHoJoruu. Pazo6beM MHOKECTBO Bep-
IIVH Ha TPU TPYTIIILL:

® BEPIIMHBI 14 KOTOPBIX YCTAHOBJIEHA OKOHYAaTE/IbHAA 11€Ha,
® BEPIIMHBI 6e3 II€HBI;
® BEPIIMHBI /14 KOTOPBIX YCTAaHOBJICHA IIpeABapuTeabHad IeHa.

B navane Iporecca CyuieCTBy€eT oJHa BEpUINHA, 1JIA KOTOpOfI MN3BECTHA II€Ha IIyTU
J10 HEe. ITO IiepBasd BEPUINHA. Taxk xak IIyTb C HEE€ 1 HAYNHAECTCS, TO €€ OKOHYAaTEJ/JIbHAs
II€Ha paBHa HYJIIO. Ha ocnoBanum atoro (bB.KTa MOJKHO COCTaBUTb U MHOJKECTBO BEP-
ITMH C U3BECTHBIMU IIpeABaApPUTEJTbHBIMU IEHAMMU. HepBaH BEPIIMHa COeAMHEHAa C HEKO-
TOPbIM KOJIMYECTBOM HEOIIEHEHHBIX BEPIITNH. ITUM BEPpHIMHAM MOKHO ITIOCTaBUTb B CO-
OTBETCTBHE IIpeABapUTE/JbHbIC IIEHBI PaBHbIEC BECAM pe6ep COCJUHAIONINX X C HepBOﬁ
BepHIHHOﬁ. HOJIy‘{I/IB TaK1M O6p3.30M MHOJKECTBO IIPE€JABAapUTEJIbHBIX II€H, JaJle€ MOXK-
HO IIOJIYUUTDH €Ie O/IHY OKOHYATCJIbHYIO IIEHY, — 9TO HAaMMEHbIIIAA N3 1EH IIpeABapn-
TeJbHOTO MHOXKecCTBa. JaJjiee 1mpolecc ueT Caeayonmm 06pa30M:

1. CTpouTcsi MHOXKECTBO BEpPIINH, HEe UMEIONUX OKOHYATETHHON IEHbI U COEIH-
HEHHBIX ¢ BepiuHoi (Oynem HasbiBaTh ee BEPIIIMHA) nsist kKoTopoit Ha mipe-
IBILYIIEM I1are Obla yCTAHOBJIEHA OKOHYATEIbHAS [[EHA.

2. Jluid He OTIEHEHHBIX BEPIIIMH 3TOTO MHOYKECTBA YCTAHABIMBACTCS IIPE/IBAPUTEIb-
Hasl [IeHa PaBHas cyMMe oKoHuaTesbHoil 1ieibl BEPIIIMHDBI u 1iensr peGpa co-
eINHSIONIEeTO BEPIINHY C BEPIIIMHOT.

3. [luig BepIuH UMEIOTNX MPe/IBAPUTETHHYIO TIEHY HOBas Mpe/BapuTebHas TleHa

paBHA HAaMMEHbBINIEMY 3HAYEHUIO U3 CTapOl MPeABAPUTEbHON TIEHBI U MOCYU-

TAHHOU B TIPE/IBIIYTIIEM ITYHKTE CyMMBI.

HauMeHbIas U3 mpeBapuTeSbHbIX IleH 00bSIBIISIETCS OKOHYATEIBHOI

Ecau octanuch BepiinHbl €3 OKOHYATEIBHBIX I[€H, TO BBIIOJIHSIETCS MEPEXO]T

K IEPBOMY ITYHKTY.

o1~

O6paruTe BHUMAHUE, YTO AJITOPUTM PAaBOTAET ¢ ABYMS TUIIAMHU IIEH: 1IeHO pedpa
U 11eHO#i BepiunHbL. [[ersl pebep ABJISIOTCS HOCTOSHHON BeJnyrnHON. IleHbl 5ke BepIunH
MOCTOSTHHO TiepecunThiBatoTCst. CMBICT 3THX 1leH pa3simdeH. [leHa pebpa 3o 1ieHa mepe-
X0Jla U3 BEPIIUHBI B BEPIIMHY COEMHEHHYIO 9TUM PeGPOM. A 11eHa BEPIIUHBI 3TO TleHa
MUHUMAJIBLHOTO TIYTH /IO 9TOW BEPITUHBIL.

[Ipex e yem 3anucaTb TEKCT aITOPUTMa PACCMOTPUM IIPUMeEP JIJIs JIYUIIIero MoHu-
manus. Ha puc. 3.32, nocrpoen rpad u ykasaubl Beca pebep. Bepuimia romeueHHast
HYyJIEM 9TO UCXOJHASI TOYKA, OTHOCUTEJIHHO KOTOPOI HEOOXOAUMO UCKATh MUHUMAJIb-
HbIE TTYTHU.
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Puc. 3.32. icxopHoe cocToaHmne

Illaz1. BoieieHHble BEPIIUHBI OyIEM MOMeEYATh IleHaM¥ BHYTPU Kpy:kka. Ha mep-
BOM IIIare U3BECTHA TIeHA MEPBOI BEPIIUHBI. JTa IleHa pPaBHA HYJI10. MHOKECTBO CMeK-
HBIX BEPIITUH COCTOUT U3 JIBYX BEPIITUH UX MPeABAPUTEIbHAS 1leHa (haKTHIeCKN paBHA
1ieHe pebep COeMHSIONINX UX ¢ MCXOIHON BepinuHOu. IIpeBaputeibHyIo 1ieHy OyiemMm
MTPOCTABJATH CBEPXY OT KpyskouKa (puc. 3.33).

Puc. 3.33. Lar 1
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Illaz 2. Ha ciepyiomnieM mare HeoOX0IMMO B MHOKECTBO BbII€JIEHHBIX BEPIIUH J0-
6GaBHTb OJIHY BEPIIMHY U IIPOM3BECTH [I€PecUeT IpeABapUTeabHbIX 1eH. Haumenbias
u3 uMmeroumxcs el = 1. Aty ey 1 00bABUM IIEHOI COOTBETCTBYIOIIEH BEPIIMHDI.
HoBast BbIiesieHHasT BEPIIMHA CBsI3aHa C TPEMSI JIJIsT KOTOPHIX PACCUUTAEM TpeBapu-
TeJibHbIE T1eHb! (puc. 3.34).

3
—(O

3
Puc. 3.34. War 2

Illaz 3. Ha nannom miare (puc. 3.35) uMeeM CJIeIyIOIINe TIPeABAPUTENbHbIE T[EHbI:
3,2, 5, 4. Hanmenpmast u3 Hux — 2. COOTBETCTBYIOIIAS BEPIIMHA CTAHOBUTCS BIJIETEH-
HOW ¢ 1eHo#t 2. HoBasi BbIiesieHHAS BEPITUHA CBSI3aHA C YETHIPbMS HEBbBIIEICHHBIMU.
Jrta cuTyanus yxe ciaoxknasd. [I[poryMepyem BepIIuHbBI — KaHAWAATHI HA TIepecdeT Ha-
YKHasl ¢ BepxHel 1o yacoBoi crpesnke. Toraa:

® ISl TIePBOIi BEPIIMHBI HAIIA HOBASI BbIIEJIEHHAS TIPEIJIATAET IIPEABAPUTENbHYIO
1eHy — 6, B TO BpeMs KaK TTepBasi BepIUHA yKe uMeert 1eny 3. OcrapiisgeM MeHb-
1Iy1o, TO eCcTh 3;

® /I BTOPOIA BEPITUHBI ITPEIJIaraeTcs IieHa 7, B TO BpeMsI KaK OHa ysKe olleHeHa Ha 4.
OcragJisieM MEHBIITYIO.

¢ TpeTbs BeplIMHA HUKAK HE OI[CHEHA, TIOATOMY JIJII Hee Mpe/lBapuTebHast 1eHa
paBHa IpejliaraeMoi To ecTb J;

® ueTBEpPTAs BEPIINHA UMEET [TPEeIBAPUTENBHYIO IEHY J, & BbIJIeJIEHHAS BEPIIUHA
npejanaraeT 1neHy 4. B aTom ciydae npenBaputesibHasg 1leHa U3MEHSAETCSA Ha
HOBYIO.
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Puc. 3.35. LLar 3

Illaz 4. Ha ciiegytolneM mare iMeeM Takoil HaGop MpeaBapuTeIbHbIX IIeH: 3, 4, 5, 4.
MunnmanbHas 1eHa paBHa 3. CoOTBETCTBYIONIAS BEPIIMHA CMEKHA TOJBKO OHOM He-
BBIJIEJIEHHOI U 371eCh TpejljlaraeMasi IpeBapuTeIbHAs TIeHa PaBHA YiKe nMeronieiics,
cJIeZIOBaTETbHO MHOKECTBO TTPEIBAPUTENbHBIX 11eH He MeHseTcs (puc. 3.36).

Puc. 3.36. LLar 4
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1llaz 5. HoBoe MHOXeCTBO IIPeIBAPUTENbHBIX IIeH TaKOe 4, 5, 4. /[ Be BepIiHbI nme-
10T OJJMHAKOBYIO T[EHY, TI09TOMY Ha TEKYIIEM IIIare BHIJEIUTh MOKHO 00y U3 HUX.
Ml BbIIESTUM TTPABYIO KPAHIO, HO 3TO Jesio BKyca (puc. 3.37).

Puc 3.37. LLar 5

Iaz 6. Ocraoch [Be BEPIIUHDL, 06€ OHM UMEIOT TIPEIBAPUTENbHbIE I[EHBL. 9TO 4 1 5.
4 MUHUMAaIbHASA. BriIouaeM ee BO MHOXKECTBO BBIZIEIEHHBIX. JTa BEPIIMHA CMEXKHA OC-
TaBIIEHCS W TIPEJITaTaeT el PeIBAPUTENBHYIO TIeHY 7. DTO OOJIbIIle YeM YIKe MMEoIIa-
sICsI, TOTOMY I[€HA BEPIIUHBI OCTAETCS 5 1 3TA [[EHA CTAHOBUTCST OKOHYATETbHOM TI€HOM
MocJie/IHel BepIIMHbI Ha TiocJieiHeM miare (puc. 3.38).

Pnc. 3.38. LLlar 6
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Creayonmuil pUCyHOK. TTOKa3bIBAET OKOHYATENBHYIO PACCTAHOBKY I€H /JIsI MUHU-
MaJIbHBIX TTyTeH B KaXKAyI0 13 BepiiuH rpada. HamoMHnM, 4TO Bce MUHMMATbHBIE TTYTH
HAUYMHAIOTCS ¢ BePIIUHBI 0603HauYeHHO HyieM (puc. 3.39).

2

3

Puc. 3.39. Peaynbrar

Aneopumm:

MHO}KGCTBO BbI/ICJIEHHDBIX BEPIINH = MCXO/[HAA BEPIINHA

HOKa €CTb HEBBIZIEJICHHDbIEC BEPIITNHBI 1€JIaTh
Jlis1 kasxzoit Bepimmisl emexkaoit IIOCJEHEN BBIJEJTEHHOI
paccyuTaTh IPeBAPUTENIbHYIO IleHy KaKk MUHUMAJIbHYIO U3 YKe UMerolencst
¥ IIeHbI TI0/Iy4eHHOI ¢ yaetoM mytu ot HOCJEJHEN BBIJEJEHHO
10 TaHHOM.
Cpeamt MHOKECTBA BEPITUH JI7IT KOTOPBIX OTIpejiesieHa TpeIBApUTEIbHAS
IIeHa HaflTI/I BEpHIMHY C MUHUMAJIbHBIM 3HaAYE€HNEM Hpel[BapHTeJIbHOﬁ IICHBI.
Haiinennyio BepiimHy 3aHECTA BO MHOKECTBO BBIJIEJIEHHBIX BEPIITHH.

Obocnosarue anzopumma:

[TpeamnooRuM 10 HEKOTOPOI BEPIITMHBI CYIECTBYET HoJiee KOPOTKUH (JIEIeBbIil)
MyTh HEKEIM HAWJEHHBIH aJITOPUTMOM, DTO 03HAYAET, YTO HA HEKOTOPOM aTarie pabo-
TBI MBI MOKEM TIPUCOETUHUTDH K MHOKECTBY BbIJIeJIEHHBIX BEPIITUH He MUHUMAJbHYIO,
a Kakyw-To Apyryio Bepimay. Ho 06ast Apyrast BepIIMHA UMEET TleHy GObINY0 He-
JKeJIM MUHUMAaJIbHAS, a 3TO U 03HAYaeT, YTO ITYTh NMPOXOASANINN Yepe3 Hell MUHUMAaJIb-
HBIM He Oy/IeT.
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3amaua 49. Anrroputm Dioiiza.

Jlan HermycTOl B3BellleHHDIN Tpad ¢ TPOU3BOIbHBIMU Becamu pebep. Tpebyercst
HAWTH KpaTyaiillive JJIMHBI TyTeN MeK/ly BCeMU IapaMu BepiiiuH rpada, eciiv B rpade
HET I[UKJIOB OTPUIATENbHON JJIUHBI UK OOHAPYKUTH HAJTMYIE TAKUX IIUKJIOB,

THoscnenus. LIUKIIBI OTPUTIATETHHON JITTMTHBI MOTYT MTOSIBUTCS ITPY HAJIMYUU OTPUIIA-
TeJIbHBIX BeCOB. B aTOM citydae cymma BeCOB BJIOJIb IIUKJIA EHCTBUTEIBHO MOKET OKa-
3aThCSl OTPUIATENBHON. A TTOJI KpaTJallied JJTMHONU MyTH €CTECTBEHHO TTOHUMAETCS
MyTh CYMMa BECOB B/IOJTb KOTOPOTO MUHUMAJIbHA.

Onucanue aneopumma:

Nuannmanmsanus CTPyKTYp aHHBIX

[Toctpoum matpuity DY pasmeproctu |V| x |V, snementst koTopoii (0603HaunM us v)
OTIPeIEJISTIOTCS IO TTPaBUILY:

1. dii(): 0,
2. dijo: Bec(v;, vj), e i<>j, ecim B rpace cymectsyet pebpo (1yra) (v;, ;);
3. d;’= beckoneunocts , rie i<>j, ecu Her pe6pa (ayrun) (v;, ;).

OcHOBHAasI 4aCTh AJITOPUTMA:

BbITosTHA TS UK, 3aBepIIieHre KOTOPOTO HACTYIAET 110 BBIMOJHEHWIO OJHOTO U3
ABYX YCJOBUIA: 1100 KOJIMYECTBO WIATOB KK/ PaBHO V, 1100 Gl OGHAPYKEH [IUKJI
orpunareabHoii guuneL [aru ukia Hymepytores ¢ vy, [lar nukaa 6ynem o603Ha-
4yaTh iepeMenHoi m. Huske geficTBust mukia:

CrpouTcst MaTpHIIA C MHAEKCOM PAaBHBIM HOMEPY T1ara, 0603HAUNM €ro

4epes m, B KOTOPOH 9JIeMEHTBI ONPE/IEIAIOTCSA YE€Pe3 DIeMEHThI MaTPUI[BI
TPEBILYIIETO MAara 110 CIeAYOUM GopMyIam:

dl-j-’”+7=min{dijm, dl' m+1)m + d(m+1)jm}, rae i<>j; diim+1=0.

Ecau d;," + d,,/* < 0 p1s1 Kakoro-To i, To B rpacde CyIecTByeT UK (KOHTYP)
OTpUIIATEJIbHOU JJINHDI, ITPOXOJANINN YEPE3 BEPIUINHY Uj;

ITo 3aBepineHnio paGOTHI JAHHOTO ATOPUTMA, STIEMEHTHI MATPHUIIBI PABHBI JITHHAM
KpaTYalIIuX MyTeil MeXKy COOTBETCTBYIOMINMHU BEPITUHAMIL.

Houck nymeii

Ecuut TpebyeT HaiiTy caMu Ty TH, TO TIepe]] HauaaoM paboThl aJITOPUTMA TTOCTPO-
MM MaTpuIly P ¢ HauaJbHBIMU 3HAYEHUSAMM DJ1eMEeHTOB p;;=i. Kaxblii pas, korna na
mare (1) snauenue d;/"*’ Gyner ymenbmaThes (T.e. KOTAA digy 1™ + d gy 1)"<d;i™), BbI-
TIOJIHUM HPUCBAUBAHKE ;=P (n+ 1) B KOHIIE paboThI anroput™a Marpuna P 6yner or-
pezlesIATh KpaTyaiiiye myTH MeK/Ty BCeMH ITapaM1 BEpIIIH: 3HadeHue pj; 6y1er paBHo
HOMepY TIPeNoc/e/ el BepIuHbl B My TH MeKy i 1 j (1160 p;j=1i, ec/im myTh He Cy-
IIECTBYET).

[Tpnmevanue: ecm rpad — HEOPUEHTUPOBAHHBIH, TO BCe MAaTPHIIB D™ SBISIOTCS
CUMMETPUYHBIMH, TO3TOMY IOCTATOYHO BBIYUCISTH 3JIEMEHTBI, HAXO/ISIIIECS TOJbKO
BbIlIe (INGO TOIBKO HIKE) IJIABHOM AMarOHAJIM.
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IIpumep:
I'pad mocTpoeHHbI HA PUCYHKE HOCIYKUT IIPUMEPOM TIPUMEHEHUST PACCMOTPEH-
HOro ajnroputMa. Yucsa npocraBjieHHbIe B KPY:KKaX 3T0 HOMepa BepuinH (puc. 3.40).

3

Puc. 3.40. icxopHoe cocToaHmne

HepBI)IM [raroM aJiroputMa CTpoOuTCA MaTpHlla BECOB.

Tabnuua 3.4. Matpuia McxoaHOro COCTOAHNS

0 1 2 3 4 5 6
0 0 1 oo oo oo 5 oo
1 1 0 2 3 oo oo 1
2 oo 2 0 1 oo o 4
3 oo 3 1 0 1 4 5
4 oo oo oo 1 0 3 3
5 5 oo 4 3 0 2
6 oo 1 4 5 3 2 0

Ilaz nepswiii: m=0
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Ta6numua 3.5. MaTtpuua nepBoro wara

1

Illaz emopou: m

Ta6nunua 3.6. Martpuua BTOPOro wwara

-2

Illaz mpemuai: m

Ta6auua 3.7. MaTtpuua TpeTbero wara

=3

1llaz wvemsepmuwiii: m
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Tab6nuua 3.8. Marpuua 4eTBepTOoro wara

0 1 2 3 4 5 6
0 0 1 3 4 5 5 2
1 1 0 2 3 4 7 1
2 3 2 0 1 2 5 3
3 4 3 1 0 1 4 4
4 5 4 2 1 0 3 3
5 5 7 5 4 3 0 2
6 2 1 3 4 3 2 0
IHlaz namoii: m=4
Tabnunua 3.9. Martpuua NaToro wara
0 1 2 3 4 5 6
0 0 1 3 4 5 5 2
1 1 0 2 3 4 7 1
2 3 2 0 1 2 5 3
3 4 3 1 0 1 4 4
4 5 2 2 1 0 3 3
5 5 7 5 4 3 0 2
6 2 1 3 4 3 2 0
Ilaz wecmoii: m=5
Tab6nunua 3.10. Matpuua pesynstar
0 1 2 3 4 5 6
0 0 1 3 4 5 4 2
1 1 0 2 3 4 3 1
2 3 2 0 1 2 5 3
3 4 3 1 0 1 4 4
4 5 2 2 1 0 3 3
5 4 3 5 4 3 0 2
6 2 1 3 4 3 2 0

[MosryueHHast Ha MOCJIEHEM Tare TabJUIA COAEPKUT MUHUMAIbHBIE CTOMMOCTH 32
KOTOPBIE MOJKHO ZOOPATHCS OT OAHON BEPIIUHEI [0 110001t Apyroil. [loap30BaThCs 9TOI
Tabsmieit MOXKHO Tak. [IPe/monoKuM, HaC MHTEPECYET CTOUMOCTD Iy TH OT BTOPO Bep-
MUHbBI 10 TAToi. Ha mepecedyennn BTOPOH CTPOKK M MATOTO CTOJAGIA CTOUT YUCIIO 5.
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ITO 03HAYAET, YTO CYIECTBYET MYyTh CTOUMOCTBHIO B TISITh €IMHUI] U OOJIEE JIEMEBOTO HET.
JlelicTBUTEIBHO BU/IHO, YTO TAKOH MyTh €CTh. JTO IIyTh Yepe3 BePIInHbL 2 — 3 — 4 — 5.
Tax kak Haii rpad JOCTATOYHO TIPOCT, TO JIETKO BUAETH, YTO HOJIce KOPOTKOTO MyTH
JIeHCTBUTEIbHO HeT.

Obocnosanue anzopumma:

VcxomHast cTpyKTypa COIEPKUT MeHbI (Beca) 1715t pebep HEMOCPEACTBEHHO COEIMHSTIO-
HIUX /1Be BepHIMHbI. FHaue MOKHO cKa3aTh, YTO UCXOHAS MATPHUIlA COJEPKUT 1IEHBI yiKe
MOCTPOEHHBIX Iy TEH COCTOSTINX U3 OHOTO Pebpa. BeCKOHeUHbIe 3HAYEHUS TIOSIBJISTIOTCSI
B CHJTY TOTO, UTO €CTb MAPhI BEPIIIMH MEK/Y KOTOPBIMU HET [Ty THU JJIUHON B OZHO PeOpo.

Cuenytonast urepaiusi CTPOUT IyTH JUIMHON B [Ba pebpa, ciepyomas IJInHOMN
B Tpu pebpa u T./1. BBI60p MUHUMAIBHOTO 3HAUEHU S U3 IBYX HEOOXOUM JIJISI TOTO, YTO-
GBI OIIPE/IENUTD, KAKOH Iy Th UMeeT O0Jiee HU3KYI0 CTOUMOCTb, TOT KOTOPBIH YIKe MOCT-
POEH WU HOBBIA, GoJiee TUHHBIN (Ha OJTHO PeGpo).

KommdecTBo utepaiinii paBHO KOJTMYECTBY BepIIH — 1. ITO ciieyeT 13 04eBUTHOTO
(hakTa, YTO MAKCUMAJILHO JIJTMHHBIN TIyTh €3 IUKJIOB (& TOJBKO TAKOH UMEET CMBICIT)
MaKCHMaJIBHO MOJKET COJlep:KaTh KaxK/yI0 BepIINHY TOJbKO OJIUH pa3, a KOJIUYeCTBO
pebep COCTABMSIONIUX TAKOW MAKCHMAJBHBIA MyTh PABHO KOJUYECTBY BepmimH — 1.

Eciiu Bce nienst HeoTputiaTeibHbl, TO anroputM DJroiia MOKHO pacCMaTPUBATH KAk
GoJsiee cubHBIN BapuaHT aaropurt™a JlefkcTpor. OHAKO €CJIU TOSBJSIOTCS] OTPHILA-
TeJIbHbIE BEJIMUYUHBI, TO B CJIy4ae IOsIBJIeHUsI IIUKJIa C OTPUIIATeIbHOW CTONMOCTBIO, aJl-
roput™ DJioiiga yke He CIIPaBUTCS CO CBOEH 3aadeil, HO B KaueCTBe KOMITEHCAIINN OH
MO3BOJISIET OOHAPYKUTDH TAKOU IIJIOXOU ITUKJL.

3anayva 50. [Tonck MakCMMaIBHOTO MTOTOKA.

[lan cBSA3HBIN OpMEHTHPOBAHHBIH, B3BellleHHbIH rpad. Beca comocraBieHbl myram.
OHa u3 BepiiH rpada SBIsgeTcss UICTOUHIUKOM MOTOKA 1 OJTHA CTOKOM i ToToKa. Otpe-
JIEJTUTh MAKCUMAJIBHBIN TIOTOK, KOTOPBIE MOKHO TIPOITYCTHUTB 110 Tpady OT UCTOKA IO CTOKA.

Hoes pewenusi:

Ipexiie 4eM ONMUCHIBATH METOJ PEIIEHHsI 3a/[a9H, HEOOXOUMO BUIUMO TIOSICHUTD €€
cyimHocTb. OTHMCaHHbBIN B yCI0BUHN Tpad) 3TO MOJIETb TPAHCTIOPTHBIX CUCTEM MIEPEAAIOIIHIX OT
HEKOTOPOTO MYHKTa K HEKOTOPOMY IIyHKTY uTO-JI00. B KauecTBe mpuMepa Tako! CUCTEMBI
MOJKHO TTPUBECTH CHCTEMY TPYO, TI0 KOTOPBIM OT UCTOYHUKA (TTPOM3BOIUTEIST, CO CKIIAJIA
1 T.JI.) TIepe/IaeTcst HapuMep Bojia, UK ra3. B aToM ciryyae BepiHb Tpada 3T0 y3JIbI COer-
HeHUs1 TPYO, IyTr — 5TO TPYObI, a X IPOITYCKHAS CIIOCOOHOCTb, — HTO ILIOMIAIb CEYeH st TPYO.

Etrie ofHUM TPUMEPOM MOKET OBITh JIEKTPUIECKAS CETh HCTOYHIUKOM KOTOPOH Oy-
JIeT KaKOi-1100 MCTOYHUK TOKA, JyTH rpaca — 9T0 CUCTEMA TPOBOJHUKOB, BEPIIUHBI
rpada — MPOBOJHUKY TOKA, BEPIIMHDBI — TOYKU COEAUHEHMs], a Beca pebep — 3JIeKTPo-
MPOIYCKHAsE CIOCOGHOCTD TPOBOJHUKOB.

B o61iem cayuae, iCTOUHUK He 00s13aTebHO 0iH. CTOKOB TaK:Ke MOKET ObITh He-
CKOJIbKO. Kpome TOTO, IyTH TPOTIycKarolue TTOTOK TOJIbKO B OZIHOM HAIPABJIECHUU 3TO
TaKKe HEeKOTOPOE YIIPOIIeHHE.

Ho MbI paccMOTpuM Bee Jke UMEHHO TaKylIo YIIPOTIEHHYIO 33/1a4Y, C OTHUM UCTOKOM,
OTHUM CTOKOM U JyTaMW TIOTOK TIO KOTOPBIM MOXKET MJTH TOJIbKO B OJIHY CTOPOHY.
Nmenno moaTomy B UCXOIHON (hOPMYTUPOBKE TOBOPUTCS O OPUEHTHPOBAHHOM Tpade.
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E1me n1Ba 3aMeTHBIX yIIPOIEHUS: BO-TIEPBBIX, yCTh MCXOIHBIHN rpad He NUMeeT 1UK-
JIOB ¥ BO-BTOPBIX Ipa TaKOB, YTO U3 TIOTOK U3 KaXKI0H BepITMHBI Tpacda MOXKET AOUTH
1o croka (rpad 6e3 TYIHKOB).

MpbI ontuiiieM MeTO/| pellieHUs TI0CTaBJIeHHOH YyIIPONIeHHOH 3a/1a4uu, BbI IIPU KeJa-
HUU MOJKETE PACCMOTPETH CUTYAINIO O€3 3alaHHbIX YITPOIIEHHH.

MeTtog dopaa — PankepcoHa

MeTtos ocHOBaH Ha ujee JOMOJTHEHUS yKe cyliecTByioliero noroka. [Ipeanosoxum,
4TO HEKOTOPBLIi TIOTOK 10 ceTH (rpady) yske uzpet. Torma HEOGXOIUMO HANTH My Th, TIO
KOTOPOMY ITOTOK MOXKHO ellle HeMHOTO YBeJINUnTh. TakoBa riaBHas njest. Paccmorpum
TEXHUKY IOCTPOEHUS JIOTIOTHUTEIBHOTO Ty TH.

ComoctaBnmM KaxI0# myre rpacda elre OfHO YHCI0 — OCTATOYHYIO TIPOITYCKHYIO CIIOCO0-
HOCTB. ITO BEJIMYMHA PABHA PA3HOCTH COOCTBEHHOM TIPOITYCKHOM CIIOCOOHOCTY U BETHYHU-
HBI TIOTOKA y>Ke uiyiiero 1o ayre. IIyTb ctpouTcs Tak:

Haii/leM JIyTy ¢ HAUMEHbIIEH 0CTaTOYHON MTPOITYCKHON CIIOCOOHOCTBIO;

ITyCTUM T10 HaliZIEeHHOH /TyTe IONOTHUTEIbHBIN TOTOK PaBHBIN OCTATOYHOH ITPOITYCK-
HOU CTTOCOOHOCTH ¥ BBISICHUM, MOJKHO JI TAKO MOTOK MOJBECTH K JIyT€ 1 MOKHO
JIV TAKOW TIOTOK MTPONYCTUTD OT JJAaHHOH IyTH K CTOKY.

I[Be 3a/lavun: MOJIydeHusA JOIMOJTHUTEJIBbHOTO ITIOTOKA OT UCTOYHUKA U OTBO/la JOITIOJI-
HHUTEJBbHOI'O ITOTOKA /1O CTOKA aHaJIOTUYHDI. HOSTOMy PacCMOTPUM TOJIBKO OITHY N3 HUX.

Kak oTBecTu JononHuUTeNbHbIA NOTOK OT BbIOPaHHOW Ayrn A0 cToKa

BBeneM MoHSATHE «OCTATOYHOHN TPOITYCKHOU CIIOCOOHOCTH BEPIIUHBI» . ITA BEJIMUH-
Ha PaBHA CyMMe OCTATOYHBIX MPOIYCKHBIX CIIOCOOHOCTEN YT UCXOMISIIUX U3 BEPIIHU-
Hbl. [IoTOK OT MCXOHOM JAYTH pacrpoCcTpaHsieTcs 10 CeTH U IIPU 3TOM, JIJIST KaXKI0T0o
pebpa BOBMOKHBI IBE CUTYaI[UU:

® IOTIOMHUTENBHBIH MTOTOK TI0 J[yTe MEHbIIE TUO0 PaBEH OCTATOUHON TIPOTTYCKHOM
CTIOCOOHOCTH BEPIIUHBL. B 3TOM cirydyae MOTOK OT yTH BXOIUT B BEPUIUHY U Tie-
pepacipenesseTcs Meskly UCXOASIIUMHU IyTaMu.

® JIOTIOMHUTENBHBIH TTOTOK GOJIBIIIE OCTATOYHON MPOMYCKHON CIIOCOOHOCTH Bep-
muHbL B 9TOM cirydae M36BITOK TTOTOKA «BO3BPAIAETCSI» B BEPITUHY UCTOUHIK
JAHHOMW ZyTW U B Hell BbIIIOJIHAETCS epepacipesesnenue. Ecan nepepacupene-
JIeHVe B UCTOYHUKE YT HE Peruio mpobaemy (ocrascs erie u3bbITOUHBIT
IIOTOK), TO OCTATOK BO3BpallfaeTcs Jasblie. Eciiu HeKOTOPBIH OCTaTOK BEPHYJICS
K MCXOJHOH J1yTe, TO JOMOJIHUTENbHBIN TOTOK 110 Hell yMeHbIIaeTcs.

ITpumeuanue. Tlocientsis 3aaua camasi CJIOKHAs B pasjiesie U ObITh MOKET caMast
CJIO’KHAST BO BCceM TIpakTrKyMe. Ho TeM He MeHee, BaM TIPEIOCTABJISIETCS HE TOJIbKO pas-
paboTKa ImporpaMMbl, HO M CyllecTBeHHas JopaboTka ajaroputMma. To 4TO CKaszaHO
BBIILIE O METOE€ MOJKHO CYMTATh TOJIBKO IIePBLIM IpubimskerreM. Ho eciu Bbl omnuim
JI0 5TOM 3a/[a4M, TO BbI JIOJIKHBI CIIPABUTHCS CO BCEMU MTPOOIEMaMH.
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BeBepneHue

JIo6oit pasmen MaTeMaTHKKM 3aHUMAeTCst 06pabGoTKOW MaHHbIX. JlaHHbIE 9TH MOTYT
OBITH CAMBIME pa3HooOpasHbiMu. Yarite Beero aTo Koneuno yucia. Ho e Beerma. Muor-
na 00BEKTOM M3YUEHUsI CTAHOBATCS CJIOKHBIE 0OBEKTHI TIOCTPOEHHBIE U3 YUCENT I
naxke IPYTHUX CITOKHBIX 00beKTOB. HanmpriMep, MIaHUMETPUst H3yYaeT MIOCKUE TeOMET-
puyeckue GUrypbl, ONUCbIBaeMble YUCIaM1, HO YUCTIAMU He SBJISIONTIMUCS.

Ho HezaBrCHMO OT TOTO, KaKOe MHOKECTBO 0OBEKTOB U3yJaeT pa3/iesl MaTeMaTHKH
9TUX 06BEKTOB MHOTO, MJTH KaK OBLIO TOJBKO YTO CKA3aHO, MATEMATHKA U3y4aeT MHO-
JKECTBO OOBEKTOB.

Hemnozo ymounum. Boobiie To He 1060e MHOKECTBO. MHOKECTBA MCCIETyEMbIE
MaTeMaTUKOH COCTOSAT U3 HOXOKUX 2JIeMeHTOB. Ta jke JlaHuMeTpurs He U3y4daeT CUcTe-
MBI yPaBHEHMIT (HO MOKET MU MMOJIb30BATHCS ), a ajiredpa He U3ydaeT TPEyTOJbHUKH
(HO MOXKeT UCTIOJB30BATHCS JJIST UX U3ydeHust). JIJist Toro, 4ToObl 00BEKTHI 00bEIH-
HUTD B O[HO MHOKECTBO OHU JIOJIKHBI 00J1a/IaTh YeM-TO OOIIUM, HHAYe TOBOPSI BCE dJie-
MEHTBI MHOKECTBa MOKHO Ha3BaTh OJTHUM UMEHEM.

[Ipumepbl: MHOKECTBO JIMHEHHBIX ypaBHEHUH, MHOKECTBO HATYPAJIBHBIX Y CEJ, MHO-
JKECTBO T€OMETPUYECKUX (DUTYP U T.J. JIJIO K€ MAaTEeMaTUKU UCCIEe0BATh CBOWCTBA
3JIEMEHTOB MHOK€ECTBA U OTHONIIEHUS (CBSI31) MEK/Y HUMU.

Ymo maxoe omuowenus. Bcnomunm reopemy [udaropa: Keadpam eunomenysot pa-
8en cymme Keaopamos Kamemos. ITa TeopeMa OTIUCHIBAET OTHOIIEHIE MEXKY KATETaMK
PSIMOYTOJILHOTO TPEYTOJIbHUKA U runoTery30it. Ente ogun ipumep: Eciu duckpumu-
HaHm K8aopamuoz0 ypasHeHus pasen wyuo, mo ypasuenue umeem 00un deticmeumens-
HbLll KOpeHb. DTO YTBEPKAEHUE OMUCHIBACT OTHOMIEHUE MEK/Yy KOPHSMH yPaBHEHUS
1 3HaYeHNeM JIMCKPUMUHAHTA.

JlocTaTOyHO YacTO OTHOIIEHUST MEXAY 3JIeMeHTaMl MHOXKecTBa MOKHO IIpe/icTa-
BUTD B BUJle pUCYHKa. PaccMOTPUM HECKOJIBKO TPUMEPOB.

Ouenv npocmoii npumep. Ha miockoii kapTe pacmosiokeHo HeCKOIbKO Topo1oB. He-
KOTOpPbIE U3 HUX COeTMHEeHbI IOPOraMu, a HeKoTopble HeT. /[yinHa ka0 10poru n3se-
ctHa. Hexwii myTerrecTBeHHUK HAYMHAS Iy Th U3 TOPOZIA A CTPEMUTCS TIOTIACTD B TOPOT
B. HeoOx01M0 HaliTV KpaTUaiiiiii myTh, €CJIU U3BECTHO, YTO Iy TENIECTBOBATH OH OY-
JIeT TOJIBKO TI0 JIOPOTaM.



BeeaeHue 997

JTa 33j71aya MPOWJLIIOCTPUPOBaHA Ha puc. 4.1.

A

® B
® ®

Puc. 4.1. lNpocTas kapTta

3/1eCh IOPOTU — 3TO OTHOIIEHUS MEKIY dJIEMEHTaAMU MHOKECTBA HACETEHHBIX TTyH-
KTOB, & KPYKOUKH H300PaKal0T CAMU HACEJIEHHDIE TyHKTHL,

Ewe o0un npumep. [lana kyua Kamueil paznoro Beca. Tpebyercst pasbpocatsb aTy
Kydy Ha JIBe, TaK YTOObI X BeC (3TUX ABYX Ky4) OTIUYAJICS KaK MOKHO MeHbIIIe, SICHO,
UTO JIJIsE PENIEHUS 9TOM 33[a4 HeOOXOUMO TIepeOpaTh BCe BO3MOKHbIE BAPUAHTHI PAC-
Mpe/esIeHUsT KAMHEN 110 IBYM Ky4aM, [IJIsT KayKJIOTO BAPHAHTA BHIYUCIUTD PA3HOCTD Be-
COB U B IIpo1iecce paboThI OMPEIEUTh BAPUAHT C HAUMEHBIIIEN Pa3HOCTHIO. 3/1ECh TaK-
JKe MOKHO MOCTPOUTH TPAPUUECKOe TIPEICTABIEHNE.

3aMeTM, U4TO M3 KAKIOTO BAPUAHTA paCIpe/eieHust MOKHO TOJIYIUTh €ellle He-
CKOJIBKO OYeHb MIPOCTHIM JIeiCTBUEM. A UMEHHO B3SIB KaMeHb U3 OAHOM KYJH U MOJIO-
JKUB B IpyTy1o. ByzemM roBOpuTh, 4TO 1BA PACIIpeieleHIs HAXOASITCS B OTHOIIEHUH JPYT
C JIPYTOM, €CJIU OJIHO U3 HUX MOKHO MOJIYIUTh U3 JAPYTOTO MEPEKIIAIBIBAHIEM OTHOTO
KaMHsT U3 OIHOU Ky4u B APyryio. Toraa Bce MHOKECTBO pacIipeieieHuil peCcTaBuMO
MOXOKel KapTUHKOI, PUCOBATH €€ eIIle Pa3 MBI y2Ke He OY/IeM, 3AMETUM TOJIBKO, UTO Yep-
Hble KPY/KKHU HA 9TOT pa3 OyayT n306paskats coO0 pachpenenenus, a OTPE3KN MEKIY
HUMU OYIyT TIOKA3BIBATH KaKUe M3 HUX HAXOJSITCS B OMMUCAHHOM BBIIIIE OTHOTIIEHHU,

Ewe o0un npumep. A ceiiaac mpeicTaBUM B TOYHO TAKOM Ke rpapuaecKoM Bujie apud-
MeTtudeckuit mpumep. BosbMmeMm cienyiorniee Boipaxkenue: 7*(6-2)+5/(9-3) (puc. 4.2).

3/ech CTPeIKaMU TI0KA3aHO TlepeMeIeHne apryMeHTOB MeX/Y OTIepPaIisIMU U CO-
OTBETCTBEHHO MOPSI/IOK BBITIOTHEHUST oTiepariit. ECTh 1Ba HEOOJIBIINX OTJIUYHUS OT Kap-
TUHOK HAPUCOBAHHBIX panbiie. Ceiiyac BMECTO KPY/KKOB MbI UCIIOJIb3YeM KBAJIPATHKY
¥ BMECTO IIPOCTHIX OTPE3KOB cTPesiku. Bropoe oTiindue CyiecTBEHHO, HO O HEM Pa3ro-
BOp OyZeT TO3XKe.



298 MpuroxeHMe. KpaTko o Teopmm rpados

Puc. 4.2. lepeBo onepaumi

OcHoOBHbIE onpeaeneHns

Kaprunku, KOTOpble MBI PHCOBAJIU BBINIE — HA3BIBAIOTCS rpadamMu, ¢ UX MTOMOIIBIO
MOKHO HE TOJIbKO O0Jiee TOHSITHO TIPE/ICTABJISATE YCJIOBUS 33/1a4, HO U pa3padaThiBaTh
MeToIbl periteHust. Ho mpesk/ie ueM 3aHSAThCSI METOJAMU PEIIeHUsT HEOOXOUMO JaTh
TOYHbBIE OlpejiesieHusl. B mpumepax npuBeZieHHBIX BbINIe HAM BCTPEYAJINCh TPU BaK-
HBIX ocobeHHocTu. Ha pucynke 4.1 kpysxku (f1anee GyeM Ha3bIBATh UX BEPITUHAMMT )
COEZTMHEHBI TPOCTBIMY OTPE3KaMU, 2 Ha pUCYHKE 4.2 BEPITUHBI COCTUHEHDI CTPETKAMU.

[epBoiil cayuait rpaca Ha3bIBaeTCs HEOPUEHTHUPOBAHHBIM, & BO BTOPOM cCJiydae
rpad) Ha3bIBAETCS OPUEHTHPOBAHHBIM. KpoMme Toro, oOpaTute BHUMAHUE, YTO HA PU-
CYHKe 4.2 HeT BEPIIUH, /71T KOTOPBIX BO3MOJKEH Ty Th, HAUMHAIOIITUIICS B 9TOH BEPIIHE
U B Hell jKe 3aKaHYMBAIOIINICs. ITa 0COOEHHOCTD TaKkKe HOPOoXKAaeT 0COObIN BUJL Ipa-
a. Bot atu Bupt TpachoB MBI U OTIpEIETTUM

HeopuentupoBannbsiM rpagom i npocto rpadom G = (X, U) nasbiBaercs yro-
psanmouennas mapa (X, U), rae X ecTh HelrycToe MHOKecTBO BepiuH Tpada, a U ecTb
MHOJKECTBO HEYTIOPSIOUEHHBIX Map 3JIEMEHTOB 13 X, Ha3biBaeMbIX pebpamu rpacda.

ITpumeuanue. Kakoii cMbIcJ UMEIOT BepIIMHLL U pebpa rpada, Teopust rpados He
M3y4YaeT, MO3TOMY CMBICJI 9TU MOHSATUS MOTYT UMETH JII0O0H, TEOPUIO JKe UHTEPECYET
TOJIBKO CTPYKTYpa Tpacda. B Hamux mpuMepax BepITMHAME SBISIOTCS KPYKKH U KBAJI-
parsbr, a pebpaMu — OTPE3KH U CTPEJIKU UX COEUHSIONINE.,
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OueHb BaXKHO TakXKe 3alIOMHUTD, YTO Tpad MO ONpe/eIeHUI0 3TO MHOKECTBO, TO
ecTh HabOP 0OBEKTOB TAKOH CTPYKTYPBI KaKast OTIMCAHA B OTIPE/IEJICHIUH, 4 HAIIIU TIPUMe-
PBI C KPY’KOUKaMU U OTPE3KaMU 3TO HarJisgiiHas rpadudeckas MUIIOCTpaius, XoTs,
00BIYHO M300paskas KAPTUHKY O HEell TOBOPSIT, Kak 0 rpade.

OpuentuposanusiM rpacdom (Oprpacdom) G=(X, Y) HazbiBaeTcs yropsimodeHHast
napa (X, Y), e X ecTb HEIyCToe MHOKECTBO BepIIH oprpada(opueHTUPOBAHHOTO
rpada),a’Y ecTb MHOXKECTBO YIIOPSZIOUEHHBIX I1ap 3JIEMEHTOB 13 X HA3bIBAEMBIX JyTa-
Mmu oprpacda. PucyHok 4.2 kak pa3 mpuMep OpueHTHPOBAHHOTO rpada.

Ipumeuanue. OpreHTUPOBAHHBIN Tpad OT HEOPUEHTUPOBAHHOTO OTJINYACTCS TEM,
4TO €0 PeOGPO UMEET JKECTKO 33/[aHHOe HalpaByeHue, Ha pucyHKe 3T0 u306paxaercst
CTpeJiKoil. B opueHTpOoBaHHOM Tpade MeXIy ABYMS COCEIMH COeIMHEHHBIMU TYTON
nepemMenieHre BO3MOKHO TOJIBKO B O/IHOM HallpaBJieHUU. B HeOpueHTHPOBAHHOM I'pa-
(e ecsim BepmnHa A coefrHeHa ¢ BepinuHOW B pebpamu, To u3 A MOKHO noiiTu B B.
B opueHTPOBaHHOM 3TO MOKET OKA3aThCs HE TakK.

Ouenb MHOTO 327124 TeOpUH TPadOB UCCIENYIOT UMEHHO BO3MOKHOCTD TOCTPOEHUS
IIyTH U3 OTHOTO MYHKTA B JIPYTOH, TIO3TOMY JIa/IUM ellle HECKOJIBKO BasKHBIX OIpe/iese-
HUIA, 4TO TaKoe MyTh Ha Tpade, KaKkue BUIBI Iy Tel CyTeCTBYIOT.

[Tycts u — myra oprpacda Buaa (x, y), u=(X, y), Bepimuna X Ha3pIBaeTcs HAYaIOM
JIYTH U, 2 BePIIUHA Y — KOHIIOM JyTH U. [Ip1 9TOM TOBOPAT, 4TO /IyTa BHIXOAUT U3 X ¥ BXOIUT
BY. Eciiut iyra nsiv BXOJIUT B BEPIIMHY WJIN BBIXO/IAT U3 Hee TOBOPSIT, YTO OHA MHITUICH-
THa BepinHe. /lyra, y KOTOpoii Hauasio 1 KOHel[ HaX0/ITCs B O/THOW U TOH Ke BepInHe
HasbIBaeTcd etJieil. BepinHbl, coelnHeHHbIE IyTON Ha3bIBAIOTCSI CMEKHBIMMU.

ITyTem U3 BepUIMHBI & B BepUIUHY b HA3BIBAETCSI TIOCIIEN0BATEBHOCTD BEPIIUH U [IyT
Buza a(a, Xy), X;(Xy, X)....Xp.1(Xp-1, b)b. TIyTh Ha3bIBa€TCS IPOCTHIM, €CJIU HU OJHA BEP-
IITUHA B HEM HE BCTPEYAETCS IBAKIBL.

Ecuu B oprpade nse Bepiunsi (a b) cBst3aumbs mytem u(a, b), To roBopsit, uro b moc-
THKUMA 13 BepiunHbl 8. Oprpad Ha3bIBAETCS 00HOCMOPOHHE CEA3AHHBIM €CJIU OJTHA
BEPIINUHA JOCTIKUMA U3 IpYyToil. Opepadh) nazvieaemcs cunbHO C8A3AHHBIM €CIIU [JIST
JIE0OOH TIAPBI BEPIITWH Kask/ast U3 HUX JOCTUKIMA U3 IPYTOH.

[IyTb HA3bIBaETCS AMUIEPOBBIM ECITV OH COMEPIKUT BCe AyTU rpaca POBHO MO OJHOMY
pasy, U OH HA3BIBAETCS 2AMUTBMOHOBHIM, CCJI OH COJICPKUT BCE BEPITUHBI POBHO TI0
OZIHOMY paasy.

IIpumeuanue. O6patuTe BHUMAHUE HA TOHSATHE CBSI3HOCTH. JTO OJHO U3 BasKHEN-
mux noHsATHil. OHO TOBOPHUT O TOM, HACKOJIBKO Tpad TPeACcTaBIseT coboil eqmHoe Tie-
Jioe. DTO MOHSATHE He XAPaKTEPU3YET KOJIMIECTBO pebep Yepe3 KOTOPBIE MOKHO JTOUTH
710 BEPIIIUHBI, TOJBKO caM (haKT, MOJKHO JIOUTH WU Hesb3s1. Huske TprMeph! CBSI3aHHBIX
1 HecBgI3aHHBIX TpadoB. [lepBbie 1Ba TpUMepa 3TO HEOPUEHTUPOBAHHBIHN CBSA3AHHBIN
1 HecBsI3HBIN Tpad (puc 4.3).

A Teriepb TPUMEpPBI Ha CBI3HOCTh OPUEHTHPOBAHHOTO rpada (puc 4.4).

Boitie yike OBLIO CKa3aHO, YTO MHOTHE 33/[a41 TEOPUU CBSI3AHBI C BO3MOKHOCTHIO
0bxo/1a rpacda WM MOUCKOM TIyTH W3 OJHOU BEPIIWHBI B APyTy0. [losToMy magum
elle HeCKOJIbKO OTIPE/IEIEHU I OMTUCHIBAIOIINX 0COOBIE BEPIIMHDI rpada MIIH UX 0COObIe
CBOIICTBA.
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HeceaaHkii rpadg CeasHuii rpadg

— o

Puc 4.3. MNMpumepsbl rpados

HecenasaHuii rpadg OpHOCTOPOHHECEASHELIA CHNbHOCBAZHLIA

® ® o ®
®

N E

Puc 4.4. MNMpumepsl rpados

CreneHpio BEPIMMHBI Ha3bIBAETCS O0IIEe YNUCIO YT UHITUEHTHBIX BepiruHe, Juc-
JIO TyT BXOJAMIMX B BEPIINHY Ha3bIBaeTCsI MOJIYCTENEeHbIO BX0Oa U YUCJIO IyT UCXO/IsI-
VX W3 BEPITUHBI HA3bIBAETCS TTOJTYCTENEHBIO UCX0A. 3aMETUM, UTO /IJIT HEOPUEHTH -
POBaHHBIX TPadOB 3THU [[BE MOTYCTETICHU PABHBI, JJIs1 ODUEHTUPOBAHHBIX PABEHCTBO HE
00s13aTEIIBHO.

IIpeamiecTBeHHUKOM BEPIIUHBI HA3bIBAETCS BEPIINHA, COe/IMHEHHAs C TAaHHON J1y-
TOMi, 1T0 KOTOPOI M3 MpeAIIeCTBeHHNKA MOKHO ITPOUTH 10 IanHol. Cama TaHHas Bep-
HIMHA 110 OTHONIEHUIO K ITPe/IIIeCTBeHHUKY Ha3bIBaeTCsI TOTOMKOM.

Bxo0M nin HayaIbHOI BePIINHOI rpada Ha3bIBaeTCs BEPIINHA S Y KOTOPOH TTOJTY-
CTEeMEeHb BXO/la PaBHA HYJII0. BXOI0B MOKET OBITH HECKOJIBKO.

Brixoaom i KOHeYHO# BepuIMHO# Tpaca Ha3bIBAeTCS BEPIIUHA t Y KOTOPOU TO-
JIYCTEIEHD BBIXO/Ia PaBHA HYJI0. BBIXO/IOB, KAK U BXO/IOB MOKET OBITh HECKOJIBKO.

Ilpumeuanue. IlIoHATHO, YTO TPU MOCTAETHUX OMPENEACHUS NEUCTBYIOT TOJBKO [T
OPUEHTHUPOBAHHBIX TPahOB.
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Kontyp. Bo MHOTHX rpadax, Kak HapuMep, Ha PUC 4. MOSKHO TOCTPOUTH My Th KO-
TOPBII Oy/IeT 3aKaHYUBATHCS B TOM JKe BEPIITITHE B KAKOH OH 1 HaunHaeTcst. Takoii myTh
Ha3bIBA€TCS KOHTYPOM.

[l opreHTUPOBAaHHOTO Tpada MOXKET TaK TMOJYUYNUTLCS, UTO J[BE BEPIIMHBI COEIH-
HEHBI TOCJIEI0BATEIHHOCTHIO pebep 1 BCe JKe O[HA U3 HUX He JIOCTYKIMA 13 Ipyroil. Ta-
KUe BEPIIUHBI €CTh HA OJTHOCTOPOHHECBSIZHOM rpade puc. 4.4. Ho TeM He MeHee B 9TOM
[IPUMeEPE BCE BEPIIUHBI COEIMHEHBI MEXKLY COOO#, HI OJ[HY U3 HUX HeJb3s1 yOpaTh 13
rpaca He paspbiBast pebep. lJist aHaM3a TAKUX CUTYAIUil BBOJUTCS €IIle JBa MOHSTHUSL:

Ilens. Ienbio HasbIBaeTCs: HOCIEAOBATENBHOCTL pebep (Pi,Pa...pn) HEOPUEHTUPO-
BaHHOro rpada creayomero sujaa p; = (vi Viyg), 1= 1,2, ..n. Bepmunnl 1enu MoryT
WMETD CTeleHb, paBHyIo 1. BepimHa co crenenbio 1 Ha3biBaeTcs KoHieBoi. [lemns Ha-
3BIBAETCST COCTABHOW €CJIU B HEll TIOBTOPSIETCST XOTsI ObI OJ[HO PeOPO, CIIOKHON €U MO~
BTOPSIETCS XOTST OBI OJ[HA BEPIITIHA, 1 TIPOCTON B TPOTUBHOM CJIyYaE.

ITukioM HasbIBaeTCs 1elb y KOTOPOH HauasibHasl U KOHEUHasl BEPIIUHBI COBIAAAIOT.

IHpumeuanue. 1Tk 1 11e11b, KOHTYP U My Th UCTIOJIB3YIOTCS JIJIsI OTIPe/ieIeH s TOHSI-
THS CBA3HOCTH, HO TIEPBbIE [[BA WCIIOJB3YIOTCS JJIsI HEOPUEHTUPOBAHHBIX I'PadoOB,
a BTOPbIE /[BA TOHSTHS /17151 ODUEHTUPOBAHHBIX.

Kouryp npocroii u sitsiepoBbiii. [1yTh, Hauamo 1 KOHEI[ KOTOPOTO COBNAIAIOT HA3hI-
BaeTcs KOHTYpoM. KOHTYp Ha3bIBaeTCs IPOCTHIM, €CJIN HU OJTHA BEPITUHA B HEM HE TI0-
BTOPSIETCS IBAXKIBI, 9MTEPOBBIM, €CJIA OH COJIEPKUT BCe IyTH rpada B TOUHOCTH TIO OJI-
HOMY pa3y, FTaMIJIbTOHOBBIM €CJIN OH COJIEP:KUT BCe BepHIMHBI Tpacha B TOUHOCTH TIO
OIHOMY pa3y. /[inHO myTH UM KOHTYpa Ha3bIBAeTCs YUCJIO YT BXOSIINX B HETO.

Hepeso. CymiectByer emie oguH 0oco0Oblii Buj rpadoB — 310 gepeBbs. JepeBom Ha-
3BIBAETCSI CBSI3HBIN TPad ¢ OHUM BXOZOM B KOTOPOM HET HU OIHOTO KouTypa. Ha puc. 4.5
MpUBe/IeH TPUMep BOMYHOTO JiepeBa.

KoHeuHo, iepeBo, Kak 1 0601 ApyToii rpac MOKET GBITh OPHEHTUPOBAHHBIM 1 HEOPH-
eHTUpoBaHHBIM. HeTpyiHO 3aMeTUTh, YTO OPUEHTUPOBAHHOE JIEPEBO HE MOKET 00JIAIATh
CUJTbHON CBI3HOCTBIO.

VA AN,

Puc. 4.5. lepeso
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Bseemennsiii rpad. BepHeMcst HEHAZOITO K TEPBOMY MPUMEDPY 3aa41 UCTIOJIb3Y-
foteil moHsiTre rpada. B Heil roBOPMIIOCH O KapTe Ha KOTOPOIi My TeleCTBEHHUKY HEOD-
XOZIMMO TIPOCTO HATH Iy Thb U3 Topozia A B Topoa B. BoJsiee peasibha 3ajaua B KOTOPOi
HAJI0 HAWTHU He IPOCTO My Th, & HAITPUMEP KpaTdallnuil win Haubosiee nemnreBoiit. CioBa
KparJyaiinuii, 60Jiee AeeBblil TOBOPSIT O TOM, YTO JIJIsl PEIEHUS 33/[a4l HAM HeOOXO/1-
MO YMETh CPaBHHMBATh, & CPABHUBATH Ha OOJIbIIE, MEHBIIIE MBI MOKEM TOJIBKO UKCJIA,
O3TOMY OOBIUHBIN rpad) TEMEPb HAM YKe HE MOJXO/IUT.

Bssemennsiii rpad — 510 rpad B KOTOPOM Kaxk/0i Bepinute (1iu pebpy/mayre) co-
MIOCTaBJIEHO HEKOTOPOE YKCJIO Ha3bIBa€MOE BECOM.

IMoarpadsi. Tpad MoxeT 0Ka3aThCst 0YeHDb OOJIBIITIM, COIAEPKAIUM OTPOMHOE KO-
JINYECTBO BEPIITUH 1 pebep COCTABJISIONINX OY€HD CJIOKHYIO CTPYKTYPY. B Takoii cuty-
aIMy 4acTo OBIBAET MOJIE3HO BBIIEJUTD U3 GOJIBIIOr0 Tpada MEHBIIHI, ¢ KAKUMHU-TO
orpejieJieHHbIME CcBoficTBamMu. KoHeuHo, moArpadbl MOTYT TO sKe GBITh CKOJIb YTOIHO
CJIOKHBIMH, HO CYIIIECTBYET TPU CTAaHAAPTHBIX TUIIA ToATpacoB. lanum uM ompeeie-
HUS.

YactuyabiM rpacdoM HazbiBaeTcs rpad COCTOSNINI U3 HEKOTOPOTO MOIMHOKECTBA
JIyT UCXOZHOTO Oprpada BMecTe ¢ UX KOHIIAMU.

IMoarpacdom HasbiBaetrcst rpad coOCTOANNN U3 HEKOTOPOTO MOAMHOKECTBA BEP-
IIUH UCXOMHOTO oprpacda u Tex Ayr 06a KOHIAa KOTOPBIX IPUHAJJIEKAT JTAaHHOMY MO/
MHOJKECTBY.

Cyrpadom nazbiBaercst rpad comeps;Kaiiuii Bce BEPIIHHBI HCXOAHOTO oprpada u He-
KOTOpOE TIOJIMHOKECTBO JIyT KCXOIHOTO oprpada.

NuTepecHble pakTbl U TeOpeMbl Teopuu rpacdos

Sazava 1. CKoIbKO CymecTBYeT JiepeBbeB ¢ N BepIIMHAMMT.

ITpeskie yeM pa3bUPATHCS B 9TOM JIOCTATOYHO CI0KHOM BOIPOCE, HEOOXOAUMO BBISIC-
HUTb, KAKHe /1Ba Tpada MOKHO CUUTATDH PA3TUUHBIMHE, 2 KAKUE [[BA SBJISIOTCS OJMHAKO-
BbIME. BCoMHIM, 4TO J/THHA pebGep U X OPUEHTAIHSI HE SIBJISIOTCS XapaKTEPUCTHKAMHU
rpaca. Hanpumep, 1iBa rpaa usobpaskeHHbIE Ha PUC. 4.6 SIBJISIOTCS OMHAKOBBIMIL

Puc. 4.6 somopdHble rpadbl
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Nuaye nx MOKHO Ha3BaTh U30MOPGHBIMU. 130MOPGhHBIMI MOKHO HAa3BaTh /IBA Ta-
Kue Tpada KOTOPbIE OTIUYAIOTCS APYT OT JAPYTa TOIBKO IIMHON Pebep U PACTIONOKEHNU -
€M CBOMX BEpIIMH. A Kak OlpefesIuTh U30MOpP(MHBI ABa rpada uin HeT Mbl pazdepeM
HEMHOTO HUXe.

HetpyaHo npenctaButh cebe, 9To IS IBYX CIOKHBIX TPadOB ¢ OOBIINM KOJIITUe-
CTBOM BEPIIIH U 3allyTAHHOI CUCTEMO# pebep oueHb TPYIHO Oy/IeT YCTaAHOBUTH M30-
MOphHBI OHU WK HeT. [103TOMY HEOOXOMM KPUTEPHIl TO3BOJISIONIII CIeTaTh HY K-
HBII BBIBOJI ITPOCTHIM T107IcueTOM. Takoi KpuTepuil ecTb M BOT KaK OH 3BYUUT:

Jlsa zpapa usomop@rvL eciu ux 6epuIUHbL MONCHO NPOHYMEPOBATIL UEDIMU YUCLAMU
Max, 4mo 0 00bIX 08YX HOMEPOB UX HOCUMENU TUb0 coedunervl pebpom Ha 060uUx pa-
¢ax mbo nem.

Pazobpasumiich ¢ BOTPocoM n3oMopdr3Ma BepHeMCsI K 3ajiaue. 3aMeTHM [IJIsT Hada-
JIa, 9TO 3a/1a4a MepecyeTa JOOBIX IePEBEB CIAUIIKOM CTOKHA JIJIs HATIETO HEOOIBITOTO
MIPUJIOKEHUS U MBI €€ YIIPOCTUM. 3aiiMeMCsI [TePeCUeTOM JIBOUYHBIX lepeBbeB. [Ipumep
TAKOTo JlepeBa OKa3aH Ha pUcyHKe 4.5. BujiHo, 4To IBOMYHOE /IEPeBO 3TO TAKOE /IePEBO
B KOTOPOM U3 JIOOOTO y3Ji1a BEIXOAUT POBHO JIBE BETBHU.

HTak Bonmpoc — CKOJbKO CylIeCcTByeT IBOMYHBIX /lepeBbeB ¢ N BepIIMHAMU.

3ameTuMm, 4T0 OTPYOUB KOPEHD IBOMYHOTO JI€PEBA MBI TOJIYIMM /[BA IBOUYHBIX J[€-
peBa MeHbIIero pazMepa. ITO 03HAYAET, UTO JII0OOE TBOUYHOE IEPEBO MOJKHO cOOPATH
u3 Menbix. OTCI0/1a BOSHUKAET ujiest peteHust. Moxcho nodcuumams Koiuuecmeo oe-
DPeBveEs, eCU U3BECIHO KOAUUECTB0 MEHLULUX Jepegbes. 3aTTUIIeM 3TO OoJiee CTPOTO.

O6o3Haunm yepe3 By kosmuecTBo fiepeBbeB ¢ N BepinuHamu. [IpeaosoKuM, 4To
Bce uncya By, Bo,......... By usBectHbl. Heo6x01uMo HaiiTh BeTuanHy By, .

Tak Kak HOBOE IePeBO MBI TTIOJTy4aeM CKJIEMBAHUEM IBYX MEHBIITUX, TO MOKHO 3aIT1-
caTh paBeHcTBO N+1 =1+ Kk rz1e

JlepeBbeB ¢ i BepimnHaMu B; mTyK, a gepesbes ¢ k Beprmtnamu By mtyk. 9tu gepe-
BbsT MOKHO TTOMAPHO CKJIEUTh B; By cocobamu. Eciivt ske yuecTb HHTEPBAT U3MEHEHST
ik To ofiee KOIMIECTBO BOBMOKHBIX KOMOUHAIIHH IePEBbEB OY/IET BHIPAKATHCS CIIe-
IyToTIel CyMMOM:

Bn+1=B{By+ ByBng T +ByB;

Ira GpopMyia IPEANoaraeT, 9To U3 JIOON BEPIIUHBI BCET/[a BBIXO/AT JIBE BETBU
U CJIEZIOBATEIBHO J11060€ JIEPEBO COAEPKUT [Ba mozaepeBa. OnHAKO 9TO He 00s13aTeb-
HO Tak. BIoJiHe BO3MOJKHA CUTYaI[UsI KOTAA W3 BEPIIMHBI BBIXOIUT TOJBKO OJ[HA
BeTBb. UT0OBI 9Ta popMyJia IPOAOJIKaLa pPaboTaTh U B TAKON cUTyaluu OyieM Cuu-
TaTh, UTO U3 KAJKIOTO Y3JIa BCE JKE BBIXO/SAT 1B IEPEBA, TOJBKO BO3MOKHO, OJTHO U3 HIX
He coBceM HacToslee Oe3 BepinH. [yt Takoro gepesa mosioxuM By = 1. Toraa Hama
¢opmyma mepenurieTcs Tax:

By+1=B¢Bxyt BoByng e +ByBy
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BrruncimMm HECKOJIBKO TaKUX IIocje10BaTEJIbHbIX YN CEJIL:

By=1"1+1%1=2
By=1*2+1*1+2%1 =5
B;=1*5+1%2+2*1 +5*1 =14

ITHU YnCIa Ha3bIBaIOTCA YucaaMu KaTanana n nX MOKHO BBIYUCJIATD He TOJIBKO, Kak
IIOCJICZI0BATEIIbHBIN PSIJL, CYIIECTBYeET U aBHad (popMyJia /71 pacyeTa:

By = (2N1)/((N+1)IN1)

ITpumeuanue. 3uavenne yncesn KatamaHa BHIXOAUT 32 PAMKH ITPOOJIEMBI TIEPEUHCIIE-
HUS IBOMYHBIX JiepeBbeB. Yucsa Katamana paBHBI HATpUMep

KOJINYECTBY c11oco6oB paS6I/IeHI/I§I MHOTOYTOJIbHHUKA Ha TPEYTOJIbHUKU;
KOJINYECTBY c1noco6oB IIOTIapHOTO COEANHEHU A 2n Touek OKDPYKHOCTHU HETlEpece-
KaloUnuMHCs XOpJAaMu;

® KOJHNYECTBY c11oco6oB HpaBHJIbHOﬁ PaCCTaHOBKHU N ITap CKOOOK.

3amava 2. Kakue rpadbl MOKHO PACTIOJIOKUTD HA IIIOCKOCTU H€3 caMoIiepecedueHni

[lng Havyasma paccMOTpUM IpuMep. B 1m1ockoit MeCTHOCTH pacIiosiosKeHO TPH JoMa
u tpu KoJofna (puc 4.7). MOXHO Ji TIPOJIOKUTE OPOTH TAK, YTOOBI BBITIOJTHSIIUCH
CJIe/IyIolye yCIOBUSL:

®  KaXKIBIN IOM COeIUHEH C KayKIbIM KOJIOILIEM;
® HUKaKas 1apa JopOoT He MepeceKaercs.

Puc. 4.7. Ton noma v Tpur Konoaua

Ha pucyHKe He y1aI0Ch COEIUHUTD JOMa U KOJIOIIbI, G0Jiee TOTO, MOKHO JIOKa3aTh,
4TO 3Ta 3a/aYa He UMEET PEIIeHUs MPH JIOOOM PACIIONOKEHUN TOMOB U KOJIOJIEB
U npu JII0O0M criocobe UX COeIMHEHMSI. DTO O3HAYAET, UTO He 060 Tpad MOKHO pac-
MOJIOKUTH HA MJIOCKOCTH Oe3 epecedeHui.
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A MeXIy NMpoYuM yMeHUEe CTPOUTH UMEHHO Takue Tpadbl UMeeT 3HAUMTEJNbHOE
[paKkTUIecKoe mpuMenenne. Harpumep, B aJieKTpOHUKE TpebyeTcs pa3pabarbiBaTh Ta-
KIi€e TIeYaTHbIE [JIATHI, B KOTOPBIX TIPOBOJISIINE TOPOKKH HE MEPECEKATICD ObI, B TIPO-
THUBHOM CJIy4ae miata He OyzeT paboTocnocoOHOM.

I'pacdbi KOTOPBIE MOKHO PACIIOJIOIKUTH HA IIIOCKOCTH (€3 mepeceueHuii Ha3biBa-
I0TCS IJIAaHAPHBIMM U ceifuac Mbl PACCMOTPUM KPUTEPUH 1TO3BOJISIONNN B OTHONIEHU N
J060ro Tpada oTpeesuTh TIAHAPHDBII OH UJIH HET.

Beedem sasxcroe scnomozamenvroe nowamue — L OMEOMOPDHU3M.

[orycTim, 4To MBI IMeeM JiBa rpada 1 HaM pas3perieHo eJaTh C HUMU CJAEAYIONIe
omnepanuu:

® MOJKHO PACTATHBATH UM HA0OOPOT CXKUMATh Pebpa;
® MOJKHO UCKPUBJIATD Pedpa;
® MOJKHO U3MEHSITH MOJIOKEHVE BEPIIIHH.

Hesnb3st TOTbKO /1BE Belly, HeJb3s rpad pe3aTh U cKJIenuBaTh. Ecyiu pu BhITIOIHE-
HUU 9TUX YCIOBUI OKAXeTCsl, YTO OAUH U3 JAaHHBIX IpadOB MOKHO IIpeobpasoBaTh
B JIPYTOM, TO MOXXHO CKa3aTh, TO rpadbl romeoMopdHbl. Hampumep nzomopdubie rpa-
@Bl ¢ puc. 4.6 ABASIOTCS Takke M ToMeoMOPMOHBIMU. Elle oguH HeCTO0XKHBIA TpUMeEpP
romeoMopdHBIX rpadoB (puc 4.8):

Puc. 4.8. lomeomopdHblie rpadbl

A Tenepb GoJiee c0KHbIM IpuMep (puc. 4.9).

Itu iBa rpada Takke romeoMopdubl. Ipad 6) moayuaercs us rpada a) 0HOPa30-
BOI IIePeKPYTKON OKPY>KHOCTH.

Ecm, BbI XOpOTII0 YSACHUIN MOHATHE TOMeMOP(MU3Ma, TO TOHSITh KPUTEPUH TIIaHap-
HocTH Oynet HeTpyaHo. OKa3bIBAeTCs BCe HEMJIAHAPHDIE TPA(bl CTPOSITCS € TOMOIIBIO
TOJILKO JIByX OCHOBHBIX. OHM Ha puc. 4.10

A Teriepb KpUTEPUii TIITAHAPHOCTH.

Teopema Ilontpsruna — Kypartosckoro. ['pad rsianapes Toria u TOJIbKO TOT/A, KOT-
JIa OH He COAIeP:KUT ToArpada, romeoMophHOTO IBYM 2JIeMEHTAPHBIM HETJIAHAPHBIM.
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e

Puc. 4.9. Ewe oavH npymMep romeoMopdusma

St

Puc. 4.10. OcHOBHbIE HennaHapHble rpadbl

Ipumep nennanapnoeo epaga. Pac-
cMoTpuM caenytomuii rpad (puc. 4.11):

Jrort rpad colepKuT B cebe B Kave-
crBe moArpacda rpad tuma 6) u cieno-
BaTeJbHO 1O TeopeMe IloHTpsATMHA OH
He TJIaHAPEH.

Puc. 4.11. lMpumep HennaHapHoro rpada
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NMpeacTaBneHuve rpacda maTpuuamm

Boitie 66110 ano opManbHOe ompeseerue rpada u 6BLTO CKa3aHo, YTO KapTHHKA
HJLTIOCTPUPYIOTIast Tpac 1 ero cBoficTBa aTo He Tpad, a HATISAIHOE H300paKeHUE TPa-
(a. 3avacTyio jKe 0 KapTHHKE TOBOPSIT, Kak 0 caMoM rpade. ITo yao6Ho, HO BCe JKe
HEOOXOIMMO MMOHUMATh, YTO H300pasKeHNe MaTEMaTHIECKOTO O6hEKTa U CaM MaTeMa-
THYECKUH 0OBEKT 3TO He OJTHO U TOKE.

Ilesno B ToM, uTO Tpad AOIYCKAET ellle OJJHO IPeICTaBJIeHIE, He TAKOe HATJISIAHOE, HO
OBITH MOKET GoJiee MmoJiesHoe. DTO IpeACTaBIeHe Ha3blBaeTCs: MaTpulleii (Tabmiieit)
VHIUIEHTHOCTH.

N3 popmanbHOTO OTIpesiesIeHns CAeqyeT, YTO Tpad COCTOUT U3 ABYX BUIOB KOMIIO-
HEHTOB: BepIuH 1 pebep (vuru ayr). Ecn pebpo BXOIWUT WIIH BBIXOAUT U3 BEPIITHHBI, TO
TOBOPSIT, YTO 9TA BEPIIMHA 1 9TO PeOPO UHIUAEHTHI IPYT APYTY.

WunumeHTHOCT (MM HEMHITEIEHTHOCTH) BCEX Tap pebep 1 BEePITHH MOKHO 3aITi-
catb B Bu/e Tabsuibl. [Tokaxkem Ha IpUMepe Kak 9To feTaeTcsa. BosbMeM mpocTenmii
HeopueHTHpOBaHHbBIN Tpad. Bot Takoii (puc. 4.12):

1

3w
o

ey

®:
il
Puc. 4.12. MNpumep 01a NOCTPOEHUS MaTpuL,

ItoT Tpad COCTOUT 13 YeThIPEX IPOHYMEPOBAHHBIX BEPIIMH U YeThipeX pebep 000-
3HaYEeHHBIX OyKBaMH a, b, ¢, d. MaTpuiia MHIIMIEHTHOCTH JJIs 9TOrO TPpada BhILJISIUT TaK:

Ta6bnuua 4.1. Matprua MHUMAEHTHOCTA

MWy =

OO — (©
O —=|10O (T
o= = |0
O|l=—=10O (&

Hamum ctporoe onpenenenne MaTpuilbl. MaTtpuiieil HHIIMAEHTHOCTH HA3BIBAETCS
Marputa a[i, j] Takas, 4To:



238 MpuaoxeHme. KpaTtko o Teopun rpadoB

a[i,j] = 1 ecau i-oe pebPO UHIUAEHTHO j-0ii BEpUIMHE
a[i,j] = 0 eciin i-oe pebPO He UHIMAEHTHO j-Oi BepIInHe

KOHe‘-IHO, JlaHHOE€ OIIpee/IeHrne pa60TaeT TOJIBKO /IJIsI HEOPUEHTHUPOBAHHBIX I'pa-
(bOB. I[JISI OPHUEHTUPOBAHHBIX OIIPpE/ICJICHUE BBITJIAJNT TaK:

a[i,j] = 1 ecsm i-ast myra BXOJUT B j-YIO BEPIINHY
a[i,j] = -1 ecsim i-as1 myra BBIXOIUT U3 j-OU BEPITUHBI
a[i,j] = 1 ecsim i-asd gyra HEMHIU/IEHTHA j-O1 BEPIITHE

Heo6x0auMO0 3aMeTHTB, YTO JIJIST OPUEHTUPOBAHHOTO rpada ¢ meTistMu (TO eCTh Ta-
KUMU JIyraM¥, KOTOPbIe BXO/AT B Ty JKe BEPIIUHY U3 KOTOPON W BBIXO/AT) MATPUILY
WHIUAEHTHOCTHU He TIOCTPOUTD, TAK KaK O/IHA U Ta JKe s9eiiKa B TabuIle J0JKHA ObITh
paBHau 1 u-1. B 3TUX cayvyasx cTpOAT IBE MAaTPUIIBI, OJHA COJIEPKUT MH(POPMAIUIO
0 BXOJISINIUX /IyTaX, a BTOPasi O BBIXOSAIINX.

Erme omna hopma MatpuaHOTO IpeicTaBIeHNS rpada Ha3bIBAETCs MATPUIIEH CMEXK-
HOCTH. ITa MAaTPHUIIA COAEPKUT UHMOPMAIIUIO O TIAPaX BEPIIUH COEANHEHHBIX peOpaMu
(myramu). Tpad w3 TpPeAbIAYIIETO MPUMEPAa MOXKET ObITh MPEACTABJIEH MAaTPUILEi
CMEKHOCTH TaK:

Tabnuua 4.2. Matpuua CMeXHOCTU

~Slo|lw|lo|=

2
1
0
1
1
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AN =

[TpencraBsenne rpacda MaTpuIlaMu CMEKHOCTH M WHITMIEHTHOCTH TTOMOTAeT pe-
MIaTh MHOTHE 337a4u. /[y mpuMepa paccCMOTPUM 33/1ady TTOMCKA IMyTH U3 MyHKTa A
B yHKT B. IIynkTsr A 1 B aT0 roposia Ha kapTe, Ha KOTOPO#1 ecTh U ele roposa. Heko-
TOpPbIE 3 HUX COEMHEHBI JOPOTaMH, HEKOTOPbhIe HeT. B 0b1iem ciydae Takyio KapTy
MOJKHO TIPEICTABUTh B BHUE Tpada ¢ IuKIaMHU. Tak Kak Mo KaxkA0# Jopore MOKHO
€XaTh, KaK B OJ[HY, TaK ¥ B APYTYIO CTOPOHY, TO 3TOT Tpad KOHETHO HEOPUEHTHPOBAH-
HbIi. [IpencraBimM aTOT Tpad B BUEe MATPUIIBI CMEKHOCTH.

Torma n3 mocTpoeHHOI MaTPHUIIHI JIETKO OMPEIETUTh, COEINHEHBI JIU 1BA TOPO/IA JI0-
pOroii HelmoCcpeCTBEeHHO Uau HeT. HanmoMHUM, /171 TTOCIeIyIOMNX PacCyKIEHMIH, YTO
Ha3BaHUe KaKI0TO rOpPOia MPUCYTCTBYET, B BEPXHEH CTPOKe MATPHIIBI M B JIEBOM CTOJI-
611e. BoT Tak:

Tabnuua 4.3. Matpuua CMEXHOCTH

A B
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ToJIbKO KOHEYHO B MATPHIIE OMMCHIBAOIIEH PEabHYI0 CUTYAIUIO, CTPOK U CTOJIO-
110B Oy/ieT 3HaunTebHO O0Jbiiie. ECJIN HAC MHTEPECYeT COENHEHDI JIU [BA TOPOJIA J10-
POTOH, MBI MOKEM MOCTYIIUTD TaK:

1. VMg nepBoro HaiiTH B BepXHell cTpoke MaTpuIlbl. COOTBETCTBYIOMIHI €My CTOJI-
6e1; o6o3naunm kak CTOJIBEIL

2. VMg BTOpPOrO Haiitu B ieBoM cTo101e. COOTBETCTBYIOIILYIO €My CTPOKY 0003Ha-
yuM kKak CTPOKA.

3. Haiinem nepeceuenne CTPOKU u CTOJIBIIA. Ecin Ha mepeceyeHUN CTOUT
€JIMHUIIA, TO JIBA TOPO/Ia COEIMHEHBI JIOPOTOI, NHAYE HET.

Hymepauuum Ha rpade

MHoskecTBO BepiinH rpada HUKAK He YIIOPSII09eHO, MBI HEe MOKEM CKa3aTh KaKasi Bep-
[IWHA ePBast, Kakast BTOpast U T.J. JTO IJI0XO0, eCJIU OBl BEPITHHBI rpaca MPOHYyMepOo-
BaTh, TO paboTars ¢ rpacdoM ObLI0 GBI HAMHOTO TIpoire. [1oaToMy ceifuac Mbl 3aliMeMcst
pazpaboTKoii crioco6oB HyMepaluu BepiinuH. Takux crmoco60B CyMECTBYET TOCTATOUHO
MHOTO, MBI PACCMOTPHM TOJIBKO OJIMH U3 HUX HA3bIBAEMbBIN — Oa3UCHOI HyMepaIueit.

basucHass Hymepauuns

BasucHast Hymepanus crpoutcs Ha criocobax ob6xoza rpada B raybuny. Bor airo-
PHUTM TaKOTo 00X071a:

1. Haxoxscs 8 OUEPE/IHOM Bepinune, niemM, cpeid BePLIMH CBI3AHHBIX C JaH-
HOW elrle He TPOUIeHHYIO.

2. Ecsu TakoBas BepIIMHA HAILJIAC, TO TIEPEXOMM B Hee, 3alTOMUHAS IyTY 10 KO-
TOPO TTPUIILIN.

3. Ecuu TakoBoii Bepmuns! net, To 13 OUEPEJHOMW Bepumnbl Bo3BpamaeMcs
B IIPEABIJIVIIYIO, 1o nyre KoTopas Obliia 3allOMHEHa Ha IPEbIAYIIEM IIare.

Hywmepartus mpu 06Xo/1e o OTIHCaHHOMY BBITIIE aJITOPUTMY CTPOUTCSI TaK: Y3JIBI TPa-
(ha HyMepyIOTCsT B TIOPSIZIKE, B KOTOPOM OHH MOCEMIAIOTCS TIEPBBIN pa3 B potiecce 06Xo-
na rpada. Hymepanus, moctpoeHHast TakiuM 06pa3oM JIJIsT OPUEHTHPOBAHHBIX TpadoB
06J1a1aeT HECKOTBKUMY CBOMCTBAMI:

Ceoticmeo 1: Tlocne 3aBepienust 06xo/a oprpacda mpu MowcKe B TIyOHHy dac-
TUYHBIH Tpad, 06pa30BaHHbI OTMEIEHHBIMHU JYTaMH, €CTh KOPHEBOE JIEPEBO C KOP-
HeM B Havasie 00Xo/1a.

Ceoticmeo 2: JInist Toro 9To6bI TIoCTe 3aBepiiieH st 06xo/a oprpada mpu MorcKe B TIy-
OGUHY BCe BEPITUHbBI OKA3aJIUCh TIPOHAEHHBIMY, HEOOXOAUMO U IOCTATOYHO, 4TOGBI 06-
XOJT HAUMHAJICS BO BXOJIE U TOT BXOJ] OB IMHCTBEHHBIM. [Ip1 5TOM KOpHEBOE Op/Iepe-
B0, 00pa30BaHHOE OTMEYEHHBIMU JIyTAMH, IMEET MHOKECTBO BEPIITHH, COBIIAIAIOIIEE CO
BCEM MHOJKECTBOM BEPITHH rpacda, M TEM CAMbIM SIBJISIETCSI KapKacoM rpada, Ha3bIBae-
MBIM JIEPEBOM TOUCKA B TIyOUHY.

Ceoticmso 3: Texyuuii myTh ecTb IpocToi yTh B oprpade. Ero MoxHo mposoJi-
KUTB TUGO O TYITUKOBOTO, T.€. 3aKaHIUBATOIIETOCS BUCSYEH BEPITHHOMN, THOO0 10 TTHK-
JITYECKOTO, TO €CTh 10 BCTPEUH C Y3Ke TPOHIeHHO BEPITNHOM.



3akJouyeHue

Ecin y Bac XBaTUJIO TEpIEHKS Ha IPOPAOOTKY BCETO MaTepuaJia TOi KHUTH, TO pa3pe-
IIKTE TIO3IPAaBUTh BAaC C IPUOOPETEHNEM YCTOMYMBBIX HABBIKOB PElLeHUs 3a1a4 U XOPO-
nrero ycsoenus si3bika KommonentHbiit [Tackaab. OiHAKO BbI JOJIKHBI TOHUMATh, YTO
IyTh K MACTEPCTBY JOCTATOYHO J0JIOT U €CJIM 9Ta KHUTA Balll IEPBBIN yueOHUK, TO BaM
IIPEICTOMUT ellle JOBOJIbHO 6oJibInas pabora. Bo-1epsbix, HeobxoanMa 6oJibliiast, Herpe-
pBIBHAS TIpakTUKa B perteHun 3azia4. Ecau KII Bamm nepBbiii S3bIK, TO OH HE I0OJKEH
crath nocaeanuM. Koneuno, s3bika [lackasb v OHOU cpesibl TPOrPaMMUPOBAHUS
BIIOJIHE JJOCTATOYHO JJIst JIF0O0M 3a/[aui, HO XOPOIIUI IIPOrPAMMUCT JOJIKEH ObITh MHO-
TOSI3BIYHBIM.

Harma kaura He onuceiBaeT BCe BO3MOKHBIE METO/IbI U TEXHOJIOTUHU TTPOTPAMMUPO-
BaHUs, II09TOMY, BaM [10TpebyeTcs: OTPaTUTh BpeMs Ha U3ydyeHue 00beKTHO-OPHEH-
TUPOBAHHOI'O IIPOrPAMMUPOBAHMUS, IIPOrPAMMUPOBAHMS KaK peakiiu Ha coObiTust. Tex-
HOJIOTMYECKUI HabOP COBPEMEHHOIO IIPOrpaMMHUCTA CJIOKEeH U padHooOpaseH. Kpome
TOro, Halla 06J1aCTh 3HAHKS IIOCTOSTHHO PAa3BUBAETCS, TIOSIBJISIOTCS HOBbIE TEXHOJIOTUN
1 HOBbIE 3HAHUS.

Ho naBepHOe HamBaxkHelIIee fesi0 3TO u3ydeHrne MateMatuku. [IporpammupoBsa-
HUe, KaK 00J1acTh 3HAHMSA MCTOPUYECKH BBIILIO U3 MaTeMaTHKH, Ceiiuac CB3b ¢ MaTe-
MaTHKOI HECKOJIbKO 0c1abJIa, 10CTaTOYHO MHOTO IIPUK/IAAHBIX 33/1a4 IPAKTUYECKU He
HY)KAAIOTCSA B 3HAHUU MaTEeMAaTUKHU, HO XOpoIlee 3HAHWE MAaTeMaTU4YeCKOTro afra-
paTa 3HAUUTEILHOTO PACIIMPUT Ballll BO3MOXHOCTU. Hy 1 KOHEUHO camoe TJiaBHOE
3TO TTPAKTUKA, MPAKTUKA U ellle Pa3 MPaKTUKa.





