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NMpeaucnosue

3azava 5TOl KHUTH — JaTh KPaTKOe 1 YeTKoe u3Joxkenue s3bika C++ B COOTBETCTBUN
co cranzaprom ISO/IEC 14882 (1998) Ges jerkoBecHOCTH U (PparMeHTapHOCTH
cepun «/IJ1g yaitHUKOB» U Ge3 POCTPaHHBIX PACCY/KIEHHUIT O HI0AHCAX, BaXKHOCTh KO-
TOPBIX CTAHOBUTCSI OUEBMIHOI TOIBKO MOCJIE IPUOOPETEHMs OIIbITa IPOrPAMMUPOBa-
Hust. KHUTa mpeiHazHaYeHa IUIs CTYIEHTOB, U3YYAIOIINX SI3BIK «C HYJIsI», HO Oy/eT 1o-
JiesHa U GoJiee UCKYIIEHHBIM B IIPOrpaMMHUPOBaHKiU. MOKHO paccMaTpuBaTh €€ Kak
KOHCITEKT JICKI[UI MK GOJIBIIYIO ITaprajiky.

Kuura ne TIPETECHAYET Ha MOJJHOTY HU3JIOKEHUA MaTepuasa, AJd 3TOro CyHieCTBYIOT
CITIPaBOYHUKHU, JOKYMEHTalluA 1 KOHTEKCTHas ITOMOIIb. He]’[b, KOTOpas CTaBUJIaChb IIpn
€€ HalluCaHUM, — AaTb IIPpaBUJbHOE TIPEACTaBJEHNE O BO3MOKXHOCTAX fA3bIKa Ct+tu
cnocobax ux IIPUMEHEHHA, a TaKKe TOJTYOK K IIaJIbHeﬁIHeMy N3YYEHUIO 9TOTO U /IPY-
TUX A3bIKOB IIPOrpaMMHWPOBaHUA.

Kpome KOHCTPYKITMI S3bIKa, B KHUTE PACCMATPUBAIOTCS OCHOBHBIC CTPYKTYPBI JIaH-
HBIX, UCITOJIb3yeMble TP HAITMCAHWU IIPOTPaMM, KPUTEPUH KayecTBa IIPOrPaMM, a TaK-
JK€ PEKOMEeH/IAIUNU 110 CTUJIIO M TeXHOJIOTUH ITPOrPaMMUPOBAHMSL.

JlotiostHeHMEM K 3TOMY y4eOHUKY siBJisieTcst pakTukyM Ilasiosckoit T. A. u Illyma-
ka IO0. A. «<C/C++. [IporpammupoBaHue Ha g3bIKe BBICOKOTO ypoBHs. CTpyKTypHOE
IporpaMMupoBaHues, BbIylenHas nnarenbctBoM «Ilutep» B 2002 rogy. B nem ornu-
cpiBafoTcs cpeicTBa C++, UCMOTIb3yeMble B paMKaX CTPYKTYPHOI TTapajiuiT™bl, BBITIOJ-
HsIeTCsT pasbop U aHasm3 TaboPaTOPHLIX 3aIaHNH, TPUBEICHHBIX B yIeOHUKE, TOAPOOHO
paccMaTpUBaeTCd TeXHOJIOTUS CO3AHUS U OTJIAJKHN IIPOTPAMM, IPUBOJIATCH BApUAHTHI
petieHnit ¢ oreaKoi nx ahderrusroctr. B 2004 romy miaHupyeTcst BBITYCK BTOPON
YaCTU MPAKTUKYMA, MOCBAMIEHHO 00bEeKTHO-OPUEHTHPOBAHHOMY MPOTPAMMHIPOBA-
nuio. Kpyr pacemarpuBaeMbIxX B pakTuKyMe BOIpocoB — UML, 6a30Bble KOHIENIIN
MPOrPaAMMHO WH;KEHEPUH, TTATTEPHBI TIPOEKTUPOBAHUS — BBIXOIUT 32 PAMKH y4eOHU-
Ka ¥ MO3BOJISIET YMTAaTeTi0 ObICTPee BOUTH B MUP MPODHECCHOHATLHOTO TTPOTPAMMIPO-
BaHUA.

DBosee TpeTn KHUTH TIOCBSTIEHO 00630y CTAHAAPTHON GUOIMOTEKN — WHCTPYMEHTA,
KOTOPBIM JIOJDKEH BJIAJIETDh KaxK bl TPohecCMOHAIbHBIN TPOrPAMMUCT JIJIs1 YMEHbIIIe-
HUS CPOKOB PaspaboOTKK MPOrPaMM U TIOBBIIEHUST UX HAAEKHOCTH, IEPEHOCUMOCTHU 1
YHUBEPCATBbHOCTH.

B kHure He paccMaTpuBaercst mporpammuposanue mox Windows u ipyrue cpejibl, mo-
HTOMY BCe TTPUMEPBI MPEICTABISIOT COOON TaK Ha3bIBAEMBIE «KOHCOJIBHBIE TIPIIOKE-
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HusT». CHHTAKCHC TPIMEPOB COOTBETCTBYeET cTaHAapTy C++, M0aTOMY HEKOTOpbIEe U3
HUX MOTYT He KOMITMJIMPOBATHCS B 0O0JIOUKAX, BBIYIIEHHBIX /10 €70 YTBEPKICHUSI.

Kuura cocrout m3 tpex uacreit: «CTpykrypHoe mporpamMmmupoBanues, «O6GHeKTHO-
OpUEHTUPOBaHHOE MporpaMmmupoBanues u «Cranzapraas 6ubanorexas.

B mepBoit wacTi paccMaTpuBaIOTCS OCHOBHbBIE KOHCTPYKIINH S3bIKA U 6A30Bast TEXHO-
JIOTUST CO3/IaHUST TIPOTPAMM, OTBEYAIOIINX COBPEMEHHBIM TPeOOBaHUSIM KauecTBa U Ha-
TEe>KHOCTH.

Bropas yacTe mocssiiena ornucanuio CPeICTB SI3bIKA, MO3BOJIIONINX YCIENTHO CO3/Ia-
BaTh IIPOrPaMMbI GOJBIIOr0 0ObeMa — KJIACCOB, HACAEMOBAHUS, IHAOIOHOB U UCKJIIO-
yenuil. MaTepua 5Toil yacTi HeOOXOAMM TaKyKe JJIs OCBOECHHS CTaHAAPTHON O1bimo-
TeKMN.

B rperbeii yacTy 1aHo onucanue CpeAcTB cranaapTHoil oubanorekn C++. PaceMmaTpu-
BAIOTCS TIOTOKH, KOHTEIHEPDI, UTEPATOPDI, BEKTOPBI, CTAHJAPTHBIE aJITOPUTMBI U CBSI3U
MEXy HUMHU.

OmpeneseHns] CHHTAKCUYECKUX 3JIEMEHTOB SI3BIKA BBIIETIEHBI B TEKCTe KHUTU MOJIY-
SKUPHBIM TITPUQDTOM.

B npusioskeHusx cofepKutTest G0bIIoe KOJMIECTBO CIPABOYHON HHBOPMAIHK, He0O-
XOJIUMOI1 TIPM HATMCAHUK JIIOOOH TIPOrPaMMBbI.

Bce xmoueBbie €10Ba, TUTIBI, KOHCTAHTBI, (DYHKIIMHW, MAaKPOCBI U KJIACCHI, ONTUCAHHBIC
B KHUTE, MO’KHO HAWTH TI0 IPEJIMETHOMY yKa3aTeJIio, YTO TI03BOJISIET UCIIOIb30BATh €€
U KaK crpaBodHUK. J[J1s1 y1o0cTBa MOIb30BaHUsI IOCJIE UMEHH 3JIEMEHTa B CTPOKE YKa-
3aTesisl Yepes3 3arsTyio MPUBEIEHO MMS KJacca, K KOTOPOMY TPWHAJTIEKUT JTaHHBINA
3JIEMEHT, UJIN TIOSICHEHUE.

[Tosb3ysich ciyyaeM, X049y BbIpasuTh riyboKyIo 6J1arofapHoCTh MOMM IEPBLIM IIPEIo-
nasaresisim iporpammupoBanus [1. A, Iununosy u I. JI. TosoBaneBckoMy, cOTpy/-
HUKY usznarenbctBa «Iluteps» A. B. BacunbeBy, kosteram A. B. Jlazauny, 10. A. Ily-
naky u U. dxoBaeBy, Bcem KopudesM, yIIOMIHYTBIM B CITUCKe JTUTEPATYPhI, a TaKKe
MOUM POJUTEJIAM W CbIHY EBI‘(‘Z‘HI/IIO7 HapHCOBABIIEMY KapTUHKU.

Kuura nmognepskana mporpaMmoii Munucrepersa o6pasosanust Poccuiickoii @epe-
paumu «['ocyzmapcTBeHHas MOAEPKKA PETHOHATBHON HAYYHO-TeXHUYECKON MTOTUTUKYI
BBICIIIE TIIKOJTbl ¥ PAa3BUTHUS ee HaydHOro rnorteHimasay na 2001 rogm.

JloGposkenaTesbHYI0 U KOHCTPYKTHBHYIO KPUTHKY KHUTW HaIpaBJsiiTe MO agpecam
mux@tp2055.spb.edu nam 2:5030/1016.20@fidonet . org.

OT u3sparenbcTBa

Bamm 3amevanusi, mpe/IoKEHUs, BOIIPOCH OTIPABJALNTE MO ajpecy 3JeKTPOHHOM
mouThl comp@piter.com (M3gaTeancTBO «IlMTEpy, KOMIBIOTEPHAS PEAAKITHUS).

Mbri GyzieM pajibl y3HATh Ballie MHEHUE!

IMoapobuyio nHGOpMaLMIO O HANIMX KHUTaX Bbl Haiigere Ha Web-caiite usgarenbcrsa
http://www.piter.com.
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CTpyKTypHOE
nporpaMmMmuvpoBaHune

Hanucanue xopowux npozpamm
mpebyem yma, 6Kyca u mepneHus..

B. Crpaycrpyn

TpamuinoHHasi TEXHOJOTUS MPOTPAMMHUPOBAHUS CKJIA/IBIBATACH B YCJIOBUSX, KOT/A
OCHOBHBIMM TOTPEOUTEIAMU  TIPOTPAMM  OBIIM  HAay4YHbIE YUPEKAEHUS, BbIYUCIH-
TEJIbHBIE PECYPCHI OBIIM OrpaHUYEHbBI, a TMPOOIEMbI COTPOBOKAEHUS O CYIIECTBY
HensBecTHBI. OCHOBHBIMYM KPUTEPHUSIMHU KAUYeCTBa MPOrPAMMbBI CYUTAJINCH €€ Y3KO TI0-
Humaemasi 9(h@GEKTUBHOCTh U KOMITAKTHOCTh. CO BpeMeHeM CJIOKHOCTh ITPOrpaMM
BO3POCJIA HACTOJIBKO, YTO Ha UX PazpaboTKy YXOIUJIH TOIbI TPyaa GOIBITOTO KOJIEK-
THBA, & B PE3yJIbTAaTe CUCTEMBI TIOSIBJISIUCD C OTIO3/IAHUEM W CONIEPKAN THICSYH OIIH-
6OK.

Kpusuc mnporpaMMHOro obecrieueHuss MpUBea K HeoOXOAMMOCTH CO3JaHUst HOBOTO
crocoba co3/laHms MPOTPaMM, KOTOPBIH CHUKAT GBI 001IIMe 3aTPaThl HA TPOTSKEHITH
BCErO LUK/ IIPOrpaMMbl, — OT 3aMbICJIa 10 3aBeplienns dKcIryaranuy. Takas TexHo-
JIOTHS TIOSIBUJIACHh B Havase 70-X ro/ioB 1 OblJia Ha3BaHA CTPYKTYPHBIM TIPOTPAMMUPO-
BaHMeM. B ero ocHOBe JIeXKUT coyeTanme TeOPUH TPOTPAMMUPOBAHUS U IMTHOTO OTIBI-
Ta BBICOKOKBAIM(DUITMPOBAHHBIX IMPOTPAMMUCTOB, a TaKXe Y4YeT COBPEMCHHBIX
TpeboBaHUil K TIPOTPAMMaM U TIPOMBIIIIJIEHHOTO XapaKTepa WX MPOU3BOJCTBA.

Inasnoe mpebosanue, Komopomy 00axcHa YOOBLEMEOPAMb NPOZPAMMA, — Pabomamsv 6
NOJHOM COOMBEMCMEUU CO CReUUDUKAUUEL U A0eKEaMHO Peazuposams na iodvie oeti-
cmeus noavzosameist. Kpome amozo, npoepamma donxcna 6uims vinyuena mouno K 3a-
ABNEHHOMY CPOKY U 0ONYCKAMb ONEPATMUBHOE 6HECCHUE HEOOXOOUMDIX USMEHEHUTI U 00-
noanenuti. O0vem 3aHUMACMOL NAMAMU U IPDEKMUCHOCIL N20PUMMOE NPU IMOM,
K CONCALenuIo, omxoosam na emopoi nian. Mnvimu ciosamu, cospemennvie Kpumepu
KQuecmea npozpammvl. — Mo, NPexHcoe 6cezo, HAOCHCHOCTb, A MAKNCE BOSMONCHOCTD
MOUHO NIAHUPOBATND NPOU3EOOCNBO NPOZPAMMDBL U ee COnposoxcoenue. JIst TocTrxKe-
HUS 9TUX 1eJIell IporpaMMa JI0JKHA MMETh [IPOCTYIO CTPYKTYPY, ObITh XOPOIIO YnTae-
MO U JIeTKO MOAUMDUITNPYEMOT.
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CTpyKTypHOE IIPOrpaMMUPOBAaHUE — 3TO TEXHOJIOTWS CO3/[aHUS TIPOTPAMM, 1103BO-
JITIOTAS TTYTEM COOTIONEH ST OTPeIeIEHHbIX TIPABUT YMEHBIIUTD BPEMST Pa3pabOTKIL 1
KOJIMYECTBO OMHMOOK, a TakKe 06JerduTh BO3MOKHOCTh MOAU(DUKAIIMK [TPOTPAMMBIL.
CTpyKTYPHBIH MOAXO/T OXBATHIBAET BCE CTAINHU Pa3pabOTKU TPOEKTA: CHEII(PUKAIIIIO,
IPOEKTUPOBaHIE, COOCTBEHHO ITPOTPAMMUPOBAHUE U TECTUPOBAHMUE.

OcobGeHHO BasKHO MPUAEPKIBATHCS OMPEAETECHHON TUCITUTLINHBI IPU [TPOTPAMMUPO-
Banuu Ha C++. ITOT A3BIK 06IAMACT HACTONBKO GOJBIION TMOKOCTHIO ¥ IMUPOKUMHE
BO3MOKHOCTSIMHU, 4TO, €CJIM He MOCTaBUTh ceOs B )KECTKHME PaMKH C CaMOr0 HadaJa,
mporpaMMa GbICTPO TIPEBPATUTCS] B OTPOMHOTO HEYTIPABJISIEMOTO MOHCTPA, HE MOJIA0-
HIerocs oTJaKe.

CTpyKTYPHBII MOAX0/] K TTPOrPAMMHUPOBAHUIO TIO3BOJIUJI YCIIENTHO CO3/IaBaTh JOCTA-
TOYHO KPYIHBIE TIPOEKTHI, HO CJIOKHOCTh MPOrPAaMMHOTO 00eCIeYeH s MPOIOJIKAIA
BO3pacTaTh, U TpebOBAUCH Bee GoJiee Pa3BUTBIE CPEICTBA ee mpeooieHust. Men cTpyk-
TYPHOTO IIPOrPaMMUPOBAHMS OJIYUUIN CBOE JajibHelilee PasBUTHE B 0OBEKTHO-OPHU-
entupoBanHoM mporpammupoBanun (OOIl) — TexHOMOTHN, TTO3BOIAIONIEH JOCTUYD
MIPOCTOTHI CTPYKTYPBI U YIIPABAIEMOCTU OYEHDb KPYITHBIX MPOTPAMMHBIX CHUCTEM.

He cyriectByeT eIMHCTBEHHOTO CAMOTO JIYUIIIETO criocoba co3ianust mporpamm. Jliist
pelleHys 3aad PasHOro pojia U YPOBHSI CJOKHOCTH TpeOyercsl MPUMEHSITh PasHbIe
TEXHOJIOTUW TTPOTPaMMUPOBaHMs. B mpocTedmux ciaydasgx J0CTaTOYHO OCBOWTH a3bl
CTPYKTYPHOTO HATUCaHKs porpaMMm. /st cO3/IaHus JKe CIOKHBIX TIPOEKTOB TpebyeT-
Csl He TOJIBKO CBOOOIHO BJIAIETh SI3BIKOM B MOJIHOM 00beMe, HO U UMeTh IIpeJcTaBJie-
HUEe O MPUHIIATIAX TTPOEKTUPOBAHUS M OTJIAJKUA MTPOTPAMM, BO3MOKHOCTSIX CTaHIAAPT-
HOH u apyrux Ombimorex u T. 4. Kak mpasuio, ueM cioxkHee 3agada, TeM OOJbIIe
BpeMeHHU TpebyeTcst Ha OCBOEHNEe MHCTPYMEHTOB, HEOOXOIUMBIX JIJIS €€ PEIeHMS,

MbI HaUHEM C n3ydeHusa CoCTaBa M OCHOBHBIX KOHCprKHI/H;'I SA3bIKa — IIpeAMETa I
HaITMCaHUA TTPOTPpaMM H606XOZ[I/IMOI‘O, HO JaJIEKO HE JOCTATOYHOTO.



r'NMIABA 1

Ba3oBble cpeacTBa f93bika C++

CocTaB f13bIKa

B rexcre Ha M060M €CTECTBEHHOM SI3BIKE MOYKHO BBIZIETUTDH YETHIPE OCHOBHBIX HJT€-
MEHTA: CUMBOJIBI, CJIOBA, CIOBOCOYETAHNUS W MPETIOKeHust. [1000HbIe 3IeMeHTHI CO-
JepPsKUT U AITOPUTMUYECKUH SI3BIK, TOJTBKO CJIOBA HA3BIBAIOT JIEKCEMaMU (2JIeMeHTap-
HBIMI KOHCTPYKITUSIMI), CJIOBOCOUETAHUS — BBIPDAKCHUSIMM, a TPEAJOKEHUS —
orieparopamu. JlekceMbl 00PasyiOTCst U3 CUMBOJIOB, BBIPDAKEHUST — U3 JIEKCEM U CHM-
BOJIOB, 4 OTEPATOPbl — M3 CUMBOJIOB, BhIpaskeHnH 1 jekcem (puc. 1.1):

a AJI(baBI/IT A3bIKa, UJIM €0 CHMMBOJIbI — 39TO OCHOBHbBIC He/IeJIMMbl€ 3HaKM, C I1O-
MOIIbIO KOTOPBIX MUMIYTCA BCE TEKCTHI Ha A3bIKE.

a ]IeKceMa, nJn 3J€MEHTapHasl KOHCTPYKINWA, — MHUHHMAJIbHasl €AMHUIA f3blKa,
nmelroIiasAa CaMOCTOSITE/IbHBIIT CMBICIIL.

a BI)IP&)KGHI/IG 3aZla€T IIPpaBUJIO BIYMCJAEHUA HEKOTOPOTO 3HAYEHUA.

O Ormeparop 3a/1aeT 3aKOHYEHHOE ONHMCAHNE HEKOTOPOTO JEeHCTBUS.

Oneparopsl

CuvmBonbl

Puc. 1.1. CoctaB anropMtMmnyeckoro a3bika
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JUtst omucaHus CJIOKHOTO JEHCTBUS TPeGYETCsT TOCTIEN0BATEILHOCTD OMEPaTOPOB.
Omneparopbl MOTYT ObITh OOBEAUHEHBI B COCTABHOIT orteparop, uin 6710kt B atom ciry-
Yyae OHU PACCMATPUBAIOTCA KaK OJIUH OTIEPATOp.

Onepartopbl ObIBAIOT UCIIONHIEMbIE U HEUCTIONHAeMble. VICIoHsgeMble onepaTtopbl 3a/1a-
10T JIeHCTBUSA Ha/l JaHHBIMU. HewncrosHgemble omepaTopbl CJIyKaT /g ONMUCAHUS JaH-
HBIX, TI03TOMY MX 4aCTO Ha3bIBAIOT OllepaTOpaMy OIMCAHUSA WK IIPOCTO OIMUCAHUSIMU.

Kasknpiit a/1eMenT sI3bIKa OTIPEIesISIeTCST CUHTAKCUCOM U ceMaHTuKoil. CuHTakcuue-
CKUe OIpe/ie/IeHNs YCTaHABIMBAIOT IIPAaBUJIa IIOCTPOCHUS 2JIEMEHTOB A3bIKa, a CEMaH-
TUKA OIPEesseT UX CMbICJ U IPAaBUJIA UCIIOJIb30BAHUA.

OO6bearHeHHas eMHBIM aJITOPUTMOM COBOKYITHOCTD OIMCAHUI 1 OIIePaTopoB 00pasy-
€T POrpaMMy Ha aJTOPUTMUIECKOM si3bike. [[Jist TOro 4TOOBI BBITIOJHUTH TPOTPaAMMY,
TpebyeTcs epeBecTy ee Ha A3bIK, OHATHBII IPOIECCOPY — B MAIIUHHbIE KOABL. JTOT
MPOIIECC COCTOUT U3 HECKOJbKUX ITAMOB. Prucynok 1.2 MIOCTpUpPyeT 9TH TATIBI [T
s3pika C++.

CHauasia rporpamMMa IepeaeTcs npenpoueccopy, KOTOPbII BbIMOJHIAET OUPEeKmuen,
coJiepKaluecst B ee TekcTe (HapuMmep, BKJAOUEHNE B TEKCT TaK HAa3bIBAEMBIX 3ar0JI0-
BOYHBIX (hAIlIOB — TEKCTOBBIX (DAMIIOB, B KOTOPBIX CO/IEPIKATCS OTTMCAHUS MCTIOJIb3Ye-
MBIX B [IPOTPaMMe 3JIEMEHTOR).

[TonyyuBiuiicd mMOAHBIA TEKCT TPOTPAMMBI TIOCTYIIAET HA BXOJ KOMNULAMOPA, KOTO-
Pblil BblIeJISeT JIEKCEeMDL, a 3aTeM Ha OCHOBE I'PaMMAaTHUKU 3bIKa PACIIO3HAET BbIpaxe-
HUS U OIlepaTopbl, TOCTPOEHHbIE M3 3TUX JeKceM. [Ipr 3ToM KOMIUJISTOP BBISIBJISIET
CHHTaKCHYeCKHe OMUOKU U B CJydae UX OTCYTCTBUS CTPOUT 006eKMHbLIL MOOYID.

Komnonoswux, winu peakrop cBsizeil, GOPMUPYET UCROAHACMBLIL MOOY.Ib TIPOTPAMMBI,
HOAKIIOUAs K 0ObEKTHOMY MOZYJIIO APyTHe OOBEKTHBIE MOLYJIM, B TOM YUCJE COLEP-
skatue GYHKIUN 01bImoTek, obpaiieHne K KOTOPBIM COIEPKUTCS B JTI000I Iporpam-
Me (Harpumep, /I OCYIIeCTBICHUS BBIBOA HA 9KpaH). Ecin mporpaMmma COCTOUT U3
HECKOJIbKUX MCXOAHBIX (DAiiIOB, OHM KOMIIMIUPYIOTCS MO OTAEIbHOCTH U 00beAUHI-
I0TCS Ha HTare KOMITOHOBKU. VICTIOTHSEMBIIT MOJTYJIb IMEET PACITUPEHeE . exe U 3aIyC-
KaeTcsl Ha BBIIOJIHEHMEe 0OBIYHBIM 00Pa3oM.

[lns onucaHus g3bIKa B JIOKYMEHTAIlUN 4acTO UCIIOJIb3yeTCs HEeKOTOPbIN (ropmaiib-
HbII MeTasI3bIK, HAaTTpuMep, hopmysibl bakyca—Haypa win cuaTakcudeckue quarpam-
MblL. [IJ1 HATJIAAHOCTH 1 IIPOCTOTBI U3JI0KEHUS B 9TOM KHUTE MCIOJb3YETCS IUPOKO
pacTpocTpaneHHbIil HeOPMATBHBIH CTOCOO OTMCAHUS, TTPU KOTOPOM HeOOsI3aTeNDb-
HBIE YACTH CHUHTAKCHMYECKUX KOHCTPYKIMIT 3aKJIIOYAIOTCS B KBaj[paTHbiE CKOOKH,
TEKCT, KOTOPBIil HEOOXOANMO 3aMEHUTh KOHKPETHBIM 3HAUYEHMEM, MUIIETCS MO-Pyc-
CKH, @ BBIOOP OIHOTO U3 HECKOTBKUX ITIEMEHTOB 0003HATAETCS 8ePMUKALLHOU YePMOT.
Hamnpuwmep, 3ammcn

[ void | int ] uma();
03HAYAET, YTO BMECTO KOHCTPYKIIMU UM HEOOXOAUMO YKa3aTh KOHKPETHOE UM B CO-

OTBETCTBUM C TIPABUJIAMU SI3bIKA, a TE€PE] HUM MOXKET HaXOAUThes Jubo void, ambo
int, 6o Huuero. Duzypnvie CKOOKU WUCTIONB3YIOTCS JJIsI TPYIIUPOBKU 3JIEMEHTOB,

! Biokom B sizbike C++ cumTaeTcs MOCAeI0BaTEIbHOCTh ONEPATOPOB, 3aKII0YeHHas B (GUTyp-
Hble CKOOKHU { }.
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N3 KOTOPbIX Tpe6yeTCH BbI6paTb TOJIbBKO OJIMH. B Tex cJydasx, KoTr/la KBa/I[paTHbIE
CKOOKM ABJISIOTCS 9JIEMEHTOM CHTAKCHCA, 9TO OTOBAPUBAECTCA 0c0060.

)

McxoaHbi TekcT
mopayns 1 (.cpp)

v v v
Mpenpoueccop A/ \\A Mpenpoueccop \ Mpenpoueccop

VicxoaHbIn TEKCT
mopyns 2 (.cpp)

NcxoaHbi TekeT
mozysisi n (.cpp)

MMonHbIA TekcT
mMogayns n (.cpp)

[MonHeIn TekcT
mopayns 1 (.cpp)

MonHbIA TekcT
mopyns 2 (.cpp)

Komnunstop Komnunsatop Komnunstop

OObEKTHbIN Koa
moaynsi 1 (.cpp)

dannsl (.lib)

OObEeKTHbIN Ko
moayns 2 (.cpp)

OObEeKTHbIN KoA,
mMozyns n (.cpp)

KomnoHoBLuK

VMcnonHsiemas
nporpamma (.exe)

Puc. 1.2. Otanbl co3gaHns NCNONHAEMON NPorpamMmmebl

Haunem usyuenne C++ ¢ camoro mpoctoro — ¢ ajidabura, a 3aTeM, OcBanuBasi Bce 60-
Jiee CJIOXKHBIE HJIEMEHTHI, MOCTETIEHHO YTrIyOuMcest B 1e6py 06bEKTHO-OPUEHTHPOBAH-
HOTO TIPOTPaMMUPOBAHUS U TIOCTAPAEMCS B HUX He 3a0yauThest. K KOHILY usydeHust
HTOI KHWUTH YUTATEIO OYIET JIETKO U TPUSATHO TIOPACCYKAATH 00 «MHKAIICYIHPOBaH-
HBIX aOCTPaKIUAX ¢ YETKUM MTPOTOKOJIOM JIOCTYIIa», O TOM, OTYETO HEJNb3sT «CreHePH-
pOBaTh UCKJIIOUEHIE, €CIU KOHCTPYKTOP KOMUU 00BEKTa HE SIBJSETCS OOIIENOCTYTI-
HBIM», 1 O MHOTUX CTOJIb K€ MHTEPECHBIX Bellax.

AndaBut a3bika

Andasur C++ Briiouaer:

QO [POIUCHBIE U CTPOYHBIE JIATUHCKUE OYKBBI M 3HAK TIO[YEPKUBAHNS;
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Q apabekue mudpst ot 0 10 9, mectHaanaTHpUYHBIE TGP 0T A 10 F;
QO cnenuagbHBIC 3HAKM:

E S O O A, T

? < = > ! & # ~ ; A

)

Q npobesbHbIE CUMBOJIBL TPOOEJI, CUMBOJIBI TAOYJISIINK, CUMBOJIBI TIEPEXO/Ia HA HO-
BYIO CTPOKY.

N3 cumBosioB andasuta (GOPMUPYIOTCS JeKceMbl SI3bIKA:

O uaeHTUOUKATOPDI;

QO xJyoueBble (3ape3epBUPOBAHHDIC) CIIOBA;

0 3HaKM orepanuii;

O KOHCTaHTBHI;

Q pasgenurenu (CKOOKHU, TOUKA, 3aTsITas, MPOOETbHBIE CHMBOJIBI).

I'panutrst mekcem ompenesgoTcs APYTUMU JIEKCeMaMy, TAKUMHY, KaK Pa3feTuTe T NiIn
3HAKU OTlepaIluii.

UpneHTndukatopsbl

Wpentudurarop — 370 UMs IporpaMMHOro obbekra. B waentndukarope MoryT mc-
MOJIb30BAThCS JIATHHCKUE OYKBBI, HU(Pbl W 3HAK MOAYEpKUBaHUsA. [IpomucHbie U
CTpouHble OYKBBI PAa3INYalOTCs, HApuUMep, Sysop, SySoP m SYSOP — Tpu pas/mdHbIX
umenn. [TepBbIM CHMBOJIOM HAEHTH(DUKATOPA MOJKET OBITH GYKBA VJIH 3HAK TIOYEPKH-
Banus, Ho He 1udpa. [Ipobesbr BHYTPH MMeH He TOMyCKAIOTCST.

COBET
JlJist yorydieHust Y4uTaeMOCTH TIPOTPaMMBbI CJIE/lyeT AaBaTh 0ObEKTaM OCMbICIeHHbIE nMeHa, Cy-
MIECTBYET COTJIAllleHNe O TPAaBUJIaX CO3/[aHUsI MUMEH, HAa3bIBAaeMOe BEHTepCKoil HoTarmei (11o-
CKOJIBKY TIPEJIOKUII ee COTPYAHUK Kommauuu Microsoft BeHIp 110 HAIMOHAJIBHOCTH), TIO
KOTOPOMY KasKJIO€ CJIOBO, COCTABJISIIONIeE MACHTU(UKATOP, HAUNHAETCS C TIPOMUCHON OYKBBI,
a BHauaje CTaBUTCs TpeMKC, COOTBETCTBYIOMIMI THUIYy BeJMYUHBI, Hanpumep, iMaxLength,
IpfnSetFirstDialog. /lpyras tpaguiius — pasfendarh CJI0Ba, COCTABISAIONINE UM, 3HAKAMU T1O]I-
yepkuBaHus: max_length, number of galosh.

Jlnmna npentudukatopa 1Mo cTaHAApTy He OrpaHUYeHa, HO HEKOTOPbIe KOMITUIISITOPBI
1 KOMITOHOBIIIUKY HAJIATAIOT HA Hee orpaHndenus. VieHTuduKraTop cosaercs Ha aTa-
e 00bABIEHHS TIEPEMEHHOM, (DYHKIMH, TUIIA U T. II., II0CJIE 9TOIO €r0 MOKHO HUCIIOJIb-
30BaTh B HOCJEAYIONIMX onepaTopax mporpamMmbl. [Ipu BeiGope uieHTHGUKATOpa He-
006X0/IUMO UMETh B BUJLY CJIEAYIOIIEE:

a I/IHGHTI/I(bI/IKaTOp He 0J/I’KEeH COBIIaJaTb C KJ/IIOYE€BbIMHM CJ/JI0OBaMM (CM. CJIGI[yIOH_[I/Iﬁ
pasz[eﬂ) 1 IM€HaMU UCIIOJIb3YEMbIX CTaHAaPTHBIX 00BEKTOB A3bIKaA;

O He PEKOMEH/YeTCSd HAYMHATHh MAEHTU(UKATOPBI ¢ CUMBOJIA TIOAYEPKUBAHUS, TI0-
CKOJIbKY OHU MOTYT COBHACTb C UMEHAMU CUCTEMHBIX (QYHKIUN UK [T€PEeMEHHBIX,
U, KpOME TOTO, 3TO CHUKAET MOOUIBHOCTH TIPOTPAMMBI;
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d Ha I/IlIeHTI/I(bI/IKaTOpr, HCIIOJIb3YyEMbIE [UJIsd OlIpe/ieJIEHNSI BHEIIHUX IIEPEMEHHDBIX,
HaJararoTCAa OTrpaHUYEHUA KOMITOHOBIIHMKA (I/ICHOJIBSOBaHI/Ie Pa3/IMYHbBIX KOMIIO-
HOBIIIMKOB WUJIN Bepcmﬁ KOMITIOHOBHIMKA HaKJa/IbIBa€T pa3Hble Tpe6OBaHI/IH Ha nMme-
Ha BHCITHUX HepeMeHHbIX).

KniouyeBblie cnoBa

KroueBblie cyioBa — 9TO 3ape3epBUPOBAHHbBIE UIEHTU(DUKATOPDI, KOTOPbIE UMEIOT CIie-
IUaJIbHOE 3HAYEHUE [T KOMITUJIATOPA. VX MOKHO MCIT0JIb30BaTh TOJTBKO B TOM CMbIC-
Jie, B KOTOPOM OHH otipesiesieHbl. CIucok kiroueBbix cioB C++ npusezer B tabur. 1.1,

Ta6nuua 1.1. Cnucok koyeBbIx cnos C++

asm else new this

auto enum operator throw
bool explicit private true
break export protected try

case extern public typedef
catch false register typeid
char float reinterpret_cast typename
class for return union
const friend short unsigned
const_cast goto signed using
continue if sizeof virtual
default inline static void
delete int static_cast volatile
do long struct wchar t
double mutable switch while
dynamic_cast namespace template

3HaKu onepauum

3HaK omeparyu — 3TO OIUH WU GoJiee CUMBOJIOB, OMPECAAIONINX CHCTBIE HAJl OTie-
paHzamu. BHyTpu 3Haka ornepanni mpobesibl He JomyckaoTest. Omepaliuy AeIsaTcst Ha
yHapHble, OUHAPHbIE U TEPHAPHYIO 110 KOJUYECTBY YYACTBYIONIMX B HUX OIEPAHJIOB.
OmWH 1 TOT Ke 3HaK MOJKET MHTEPIPETHPOBATHCS MO-PA3HOMY B 3aBHCUMOCTH OT KOH-
Tekcra. Bee sHakuW onepanuii 3a uckioueHueM | |, () u ? : mpenacrasisiior coboil ot-
NleJIbHbIE JIEKCEMBI.

3naku ornepanuii C++ onucansl B pasnene «Oneparuny, ¢. 31, a Takxe npuBe/ieHbl B

npuoxkerrd 1. BombITIMHCTBO CTaHAAPTHBIX OMEPAITHiT MOKET OBITH TIEPEOTIPENETEHO
(meperpysxeno). Ileperpyska omnepanmii paccmorpena Ha c. 189.
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KoHcTaHThI

KoncTantamMy Ha3bIBAIOT HEM3MEHSIEMblE€ BEJIMYUHEBL. Pas3maaroTcs oeJible, BEUleCT-
BE€HHbIE, CUMBOJIbHbIE 1 CTPOKOBbIEC KOHCTAHTBI. KOMHI/IJIHTOP, BbI/IEJINB KOHCTAHTY B
Ka4eCTBE JIEKCEMbI, OTHOCUT €€ K OTHOMY N3 THUIIOB 110 €€ BHEIIHEMY BI/IZ[yl.

DopMaThl KOHCTAHT, COOTBETCTBYIONINE KAyKIOMY THITY, TIPUBEAEHDI B Tab. 1.2.

Ta6nuua 1.2. KoHCTaHThI B A3blke C++

KoHcTaHTa dopmar Mpumepsbl

Iemas JleCcaTUYHBII: TTOC/IeI0BATETHHOCTD 8, 0, 199226
JECATUIHBIX 1IUDP, HAUMHAIONIASICST
He ¢ HYJISI, eCJIA HTO He YHCJIO HYJIb

Bocbmepuansblit: HyJb, 32 KOTOPBIM 01, 020, 07155
CTIEYIOT BOCbMEPUYHBIE 1IN(PBI

(0,1,2,3,4,5,6,7)

Ilectuamanarepuunsiii: 0x nan 0X, 0xA, 0x1B8, 0X00FF
32 KOTOPBIM CJIEJIYIOT TeCTHA/AIIATepUYHbIE
mudpsr (0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F)

Bemecrsennas | JlecAaTndHbIii: 5.7, .001, 35.
[undppat]. [rdpper]*
IKCIOHEHI[aIbHbI: 0.2E6, .11e-3, 5E10
[uncppat][][ndpper[{Ele}[+— ][ macdpsi |’
CumBoJIbHAS OMH WJIN JiBa CUMBOJIA, 3aKTI0YEHHbBIX A, o, ', db, N0, "\,
B anocTpodsbl 012", \x07\x07"
CtpoxoBast ITocemoBaTesbHOCTD CUMBOJIOB, "3pech 6Obin Vasia",
3aKJIIOYECHHAd B KaBbIYKN "\t3HaueHne r=\0xF5\n"

JlomycTrMble IManasoHbl 3HAYEHUH TEJIbIX W BEMIECTBEHHBIX KOHCTAHT MPUBEICHDI
B Tabu. 1.4.

Eciu tpebyetcst ¢chopMUPOBATD OMPUyAmMenviy MeJayi0 W BENECTBEHHYIO KOH-
CTaHTY, TO Tlepe]l KOHCTAHTOM CTAaBUTCS 3HAK YHAPHOW orepaliii M3MEHEHUsI 3HaKa
(—), maripumep: —218, —022, —0x3C, —4.8, —0.1e4.

BermrecTBeHHAs KOHCTaHTA B 9KCTIOHEHITMATBHOM (hOpMaTe TPEICTABIISETCS B BUIE MAH-
muccol 1 nopsdika. MaHTHcca 3aICHIBAETCS CJIEBA OT 3HAKA IKCTIOHEHTH! (E WK e), To-
PSZIOK — CIpaBa OT 3HAKA. 3HAU€HHe KOHCTAHTBI ONPEEessieTCs KaK IPOU3Be/leHe
MaHTHCCHI 1 BO3BEIEHHOTO B YKazaHHYI0 B OPsiKe cTernelb uncira 10. O6pature BHU-
MaHue, 9To MPoGesbl BHYTPH YUCJA HE JOMYCKAIOTCS, & JIJIST OTAEIEHUS [eI0U JacTu
OT IPOGHON MCMOIB3YETCsT He 3aIlsATast, a TOUKA.

! TIporpamMmucT MOKeT 3a/aTh THII KOHCTAHTBI CAMOCTOSATEIBHO (CM. cTp. 24).
2 MoryT GBITh OIyIeHb! 60 IeIast YacTh, TG0 APoGHAs, HO He 0be cpasy.

3 MoryT 6BITh ONYIICHBI MO0 TiesIast YacTh, 1160 ApobHast, Ho He obe cpasy. Ecim yxasamsr obe
YaCTH, CUMBOJI TOYKN 00sg3aTe IeH.
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CHUMBOJIbHBIE KOHCTAHTBI, COCTOSIIME U3 OJIHOTO CUMBOJIA, 3AHUMAIOT B NTAMATH OJIMH
GaliT M UMEIOT CTaHAAPTHBIA TUI char. JIByXCHMBOJIbHBIE KOHCTAHTBI 3aHIMAIOT J[Ba
GaliTa U MMEIOT THII iNt, IIPY HTOM HEPBBIIA CUMBOJI pa3MeNIaeTcs B GaliTe ¢ MEHBIINM
azipecoM (O TUIIAX JJAHHBIX PACCKa3bIBaeTCs B CJIe/lyIoleM pasjeJie).

CumBoa O6paTHOIL/,I KOCOTt YEPThI UCITOJIB3YETCA JIJIA TIPEICTABICHUA:

O KO/0B, He UMEIINX Tpahuaeckoro uzobdpakeHus (Harpumep, \a — 3BYKOBOI1 CHT-
Hast, \N — IePeBOJ] Kypcopa B HAYAJIO CJeIyIONIell CTPOKH );

Q cumBoJioB anoctpoda ('), obpaTHOIl Kocoil uepThl ( \ ), 3Haka Bonpoca ( ? ) U Ka-
BBIYKK (" );

0 mo60ro CUMBOJIA € IIOMOLIBIO €r0 IECTHAALATEPUIHOIO UK BOCBMEPUYHOTO KO,
Hampumep, \073, \OxF5. UucmoBoe 3HaueHNe MOKHO HAXOAUTHCS B AUATla30HE
or 0 1o 255.

ITocrenoBaTeIbHOCTH CUMBOJIOB, HAYMHAIOMIMEC ¢ 00paTHON KOCOI 4epThl, HasblBa-
10T YNPAGIIOWUMY, WITH escape-nociedosamenviocmsamu. B tabmuie 1.3 mpuBeneHs!
WX JIOTIyCTUMBble 3HAUEHMS. YIIPABJISION[asl MOCJIe/[0BATeTbHOCTh NHTEPIIPETUPYeTCst
KaK OJMHOYHBII CUMBOJI. Ec/in HemocpencTBeHHo 3a 0OpaTHON KOCOH 4epToii ciemyer
CHMBOJI, He TIPeyCMOTPEHHBIH Tabr. 1.3, pesysibTaT MHTEPIPETAIli He OIpee/IeH.
Ecam B mocnenosarenbHOCTH (P BCTpeYaeTcd HEJOMyCTUMAs, OHA CUUTACTCS KOH-
1IOM 11I1(POBOTO KOJA.

Ta6nuua 1.3. Ynpasnsiowme nocnenosaTensHOCTH B 93blke C++

U306paxeHune LLlecTHapuaTepuyiHbIA KOA, HaunmeHoBaHue

\a 7 3BYKOBOI CUTHAT

\b 8 Bosspar na mar

\f C ITepeBon cTpanuiisl (dhopmara)
\n A IIepeBos cTpokn

\r D Bosspar kaperku

\t 9 TopusoHTanbHas TaOYAAIKS
\v B Beprukanbaast tabysisius

\\ 5C O6parHast Kocas geprta

\' 27 Aroctpod

\" 22 Kasbruka

\? 3F Bonpocutensusrit 3HaK

\0ddd — Bocbmepuunblii ko cumMBoOIa
\0xddd ddd [IlecTHammaTrepuaHbIil KOZ CUMBOJIA

Ynpasisioniye mocae[0BaTeTbHOCTH MOTYT UCTIOJb30BATLCS U B CTPOKOBBIX KOHCTAH-
Tax, Ha3bIBAEMbBIX MHAYE CMPOKOGuiMU Jumeparamu. Harpumep, ecam BHYTPU CTPOKA
TpebyeTcst 3ammcarh KaBblUKY, ee MPeABapSAIOT KOCOW YepToid, Mo KOTOPOH KOMITHIA-
TOP OTJIMYAET €€ OT KaBBIYKU, OTPAHUYMBAIOINIEH CTPOKY:

"W3patensckuii oM \"Mutep\
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Bce CTPOKOBbDIE JINTEPAJIbI PaCCMATPUBAIOTCA KOMITMJIATOPOM KaK pa3/iIndYHbIe 0OBEKTBI.

CTpOKOBbIe KOHCTAHTBI, OTAEJIEHHDBIEC B IIPOTPaMME TOJIbKO HpO6€]IbeIMI/I CUMBOJIaMU,
IpYU KOMIWJIALIUK 00beANHSIOTCSA B OfHY. [IJIMHHYIO CTPOKOBYIO KOHCTAHTY MOKHO
PasMeCTUTh Ha HECKOJIbKHMX CTPOKaX, MCIIOJIb3Ysl B KauecTBe 3HaKa IepeHoca obpart-
HYIO KOCYIO Y€epTY, 32 KOTOPOIl CJIe/lyeT epeBoji CTPOKU. ITU CUMBOJIBI UTHOPUPYIOT-
CsI KOMITUJIITOPOM, TIPH 9TOM CJIe/IyToTast CTPOKA BOCIIPUHUMAETCS KaK TPOI0JIKEHNe
npeapaymieit. Hampumep, ctpoka

"HUKTO He [OBONEH CBOel \
BHEWHOCTbI0, HO BCE AOBOMbHbI \
CBOMM ymom"

MTOJTHOCTBIO 9KBUBAJIEHTHA CTPOKE
"HUKTO HE [NOBOJNEH CBOEN BHEWHOCTbK, HO BCE NOBOJSIbHbI CBOUM yMOM"

B KoHeI[ KaX/0T0 CTPOKOBOTO JIMTEPaIa KOMITHJAATOPOM NO00ABJIAETCH HYJACGOU CUM-
60J, TPEJACTaBJgeMbIil ynpasisomieil nocaenosareabHoctoio \0. [loatomy pmmna
CTPOKM BCETMIa Ha eMHUILY OOJIbIITe KOJMIECTBA CHMBOJIOB B ee 3armicu. Takum obpa-

30M, IIycras crpoka "" umeer anuny 1 Gaiit. O6paTTe BHUMAHNE HA PA3HUILY MEKILY
CTPOKOI M3 OJHOTO CUMBOJA, HaIpuMep, "A", I CHMBOJIBHON KOHCTAHTON 'A’.

HyCTaH CMBOJIbHAaA KOHCTaHTa HEO0IIyCTHUMaA.

KoMmmeHTapumn

Kommenrapwuii 1160 HaUMHAETCS C JIBYX CUMBOJIOB «IIpsiMast Kocast yepra» (//) u 3a-
KaHYMBAETCS] CHMBOJIOM TTEPEXO/Ia HA HOBYIO CTPOKY, THOO 3aKTIOYAETCST MEKY CUM-
BOJIaMK-CKOOKaMu /* 1 */. BHyTpr KOMMEHTapUsi MOXKHO KCIIOJIb30BaTh JIOObIE 10~
IIyCTUMBbIC Ha JJAHHOM KOMIIbIOTEpe CHMBOJIbI, & He TOJIbKO CUMBOJIBI U3 ajdaBuTa
s3pika C++, TOCKOJNBbKY KOMIHMJISITOP KOMMEHTapuu MTHOpHpyeT. BiokeHHBIE KOM-
MEHTAPUH-CKOOKHM CTAHIAPTOM HE JOMYCKAIOTCS, XOTSI B HEKOTOPHIX KOMITHJISITOPAX
paspeleHbl.

COBET
PexoMeHyeTCsl MCII0/b30BaTh ISl OSICHEHUIT //-KOMMEHTapuu, a cKoOKu /* */ npuMeHsTH
JUIST BDEMEHHOTO MCKITI0YeHHUsT OI0KOB Kozia mpu otsrajgke. COBETBI 10 COEPKAHNI0 KOMMEHTA-
pueB cM. B paszienie «KopnpoBanue 1 IOKyMEHTUPOBAaHUE TIPOTPaMMbly, ¢. 102.

Tunbl gaHHbIX C++

KoHuenuua Tuna aAaHHbIX

OcHoBHas 11eJ1b 0001 TIPOrPaMMBbl COCTOUT B 00paboTKe JMaHHBIX. J[aHHbBIE pas/imd-
HOTO THUIIA XPaHATCS M 00pabaThiBAIOTCA MO-pasHOMY. B J060M alropuTMUYECKOM
A3bIKE Kakjlas KOHCTAHTA, MePeMeHHasl, Pe3yJbTaT BbIYMCJICHUS BbIPAKEHUS WIIH
(byHKITMY TOKHBI UMETH OTIPE/ICTICHHBIN THII.

Tun JaHHBIX ONpeneisier:
Q eunympennee npedcmagienue TAHHBIX B TTAMSITH KOMITBIOTEPA,;
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O MHOXMCEeCmB0 3HAUEHUTI, KOTOPble MOTYT IPUHUMATDh BEJIUYUHBI 9TOTO THUIIA;
Q onepavuu u Pynkyuu, KOTOpble MOKHO IIPUMEHATH K BEJTMYMHAM TOTO TUIIA.

Vcxoas 13 3TUX XapaKTepPUCTHUK, IPOrPaMMUCT BHIOMPAET THUIT KayKA0W BEJIMUYNHDI, NC-
NOJIb3yeMOW B NPOrpaMMe ISt NPEACTaBAeHUs peaabHbix 00bekToB. Obs3aTempHoe
OIMCaHUE THUIIA NO3BOJISET KOMIIUIATOPY POU3BOANUTD IIPOBEPKY JOITYCTUMOCTHU Pas-
JIMYHBIX KOHCTPYKIUI nporpaMMbl. OT THIIA BEJIMYMHBI 3aBUCAT MAIIMHHBIE KOMAH-
IIbI, KOTOPBIE OYAYT MCIOJIb30BATHC A1 00paGOTKU JaHHbIX.

Bce tumbr s3pika C++ MOKHO pasfenTh HAa OCHOBHBIE U cocmasHvle. B sa3bike C++
OIIpeIeJIEHO MIECTh OCHOBHBIX TUIIOB JAHHBIX /IJIA IPEICTABIECHUA [[€JIbIX, BEIECTBEH-
HBIX, CHMBOJIbHBIX W JIOTHYEeCKUX BesnyuH. Ha ocHOBe aTHX TUIIOB TPOrPAMMUCT MO-
JKeT BBOJINTD OTMCAHNE COCTAaBHBIX TUTIOB. K HUM OTHOCSTCS MACCUBHI, TTEPEINCICHIS,
(DYHKINU, CTPYKTYPBI, CCHLIKY, YKa3aTeau, 00beANHEeHUs U KIACCHL.

OCHOBHbI€ TUMNbI A aHHbIX

OcHoBHBIE (Cdeadpmele) THUIIBI TaHHbIX 9aCTO Ha3bIBAIlOT aput]mtemuuecxumu, 110~
CKOJIbKY MX MOJKHO HCITOJIb30BAaTh B apI/I(i)MeTI/I‘{eCKI/IX orepanuiax. I[JIE[ OIIMCaHuA OC-
HOBHBIX munoe onpe/ieJeHbl CJAEAYIONe Kao4YeBbIie CJI0BaA:

Q int (mesbrit);

Q char (cuMBOJIbHBII);

Q wchar_t (pacmupeHHbIT CUMBOJIbHBIH);

Q bool (noruyeckuii);

O float (BelecTBeHHDII);

QO double (BermmecTBEHHBIN € IBOWHON TOYHOCTHIO).

[TepBbie yeThipe THUIIA HA3BIBAIOT 1EJIOYUCTEHHBIMU (UeablMUL), TTIOCTIETHUE IBA — M-
namu ¢ niasawweti mouxoi. Kon, KoTopbiii hopMUPYeT KOMIIMIATOP At 00paboTKu
[EJIBIX BEJIUMYUH, OTJIMYAETCS OT KOJa /I BEJIMYUH C ILJIaBaIoIeil TOYKOIL.

CymiecTByer yeTbipe cneyuguxamopa muna, yTOUHSIONMX BHYTPEHHee IpelcTaBiie-
HUE U IUaNa30H 3HAYCHWH CTaHaPTHBIX THUIIOB:

Q short (kopoTkuit);

Q long (AIMHHBIN);

QO signed (3HAKOBbLIH);

QO unsigned (6e33HAKOBBIIL).

Uenbii Tvn (int)
Pasmep Tuna int He onpenessieTcsl CTaHAPTOM, a 3aBUCUT OT KOMITbIOTepa U KOMIIH-

agaropa. s 16-paspsaHoro mpoieccopa moj BeJIMYUHbL 9TOr0 THIIA OTBOAUTCS 2 Oaii-
Ta, s 32-paspsgHoro — 4 Gaiirta.

Crenudukarop short mepes UMeHeM THUIIA YKA3bIBAET KOMIIUJIATOPY, YTO 110/ YHCJIO
Tpebyetcst oTBecTH 2 Gafita HE3aBHCHMO OT PaspsiIHoCTH mpoteccopa. Crennpurarop
Tong osHauvaer, 4To Iejas BeawdrHa OyzerT 3aHuMaTh 4 Gajita. Takum o6GpasoM, Ha
16-paspsHOM KOMITbIOTEpPE IKBUBAJIEHTHI int 1 short int, a Ha 32-paszpsgHom — int
n long int.
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Buympennee npedcmagnenue BeTMYUHBI 1[EJIOTO THUIA — I€JI0€ YUCJIO B JIBOUYHOM
koze. [Tpu ucmosnb3oBannu crienuduraropa signed crapiinii OUT YKCIa WHTEPIIPETHU-
pyercs kak 3HakoBbiil (0 — mosoxurenbHoe uncyio, 1 — orpunarenbioe). Crenudu-
KaTop unsigned mMo3BoOJIIET MPEACTABJATh TOJBKO MOJOXKUTEIbHBIE YNCITA, TOCKOIbKY
CTapIIHiT Pa3psi/i PACCMATPUBAETCS KaK YacTh KOZA grcia. Takum 06pa3om, Irama3on
3HAYeHUll TUMA int 3aBUCUT OT crieliuduKaTopoB. /lrana3onsl 3HaYeHUI BEJINYUH Tie-
JIOTO TUTIA C Pa3AnIHbIMU crienudukaropamu st IBM PC-coBMecTUMBIX KOMIIBIOTE-
poB npuBeeHbl B Tab. 1.4.

[To ymosrganuio Bce 1eOUUCICHHBIE TUITHI CYUTAIOTCS 3HAKOBBIMU, TO €CThb crienudu-
Katop signed MOKHO OITyCKaTb.

Koncrantam, BcTpedaionmumcs B IporpamMme, TPUTTHUCHIBAETCST TOT WJITM WHOM THTT B CO-
OTBETCTBUM € UX BUAOM. EC/IM 9TOT THUI MO KaKMM-JUG0 MPUYMHAM HE yCTparBaeT
IIPOTPAMMHUCTa, OH MOKET SIBHO yKasaTh TPeOyeMbIil THII ¢ TOMOIIbIO cy(HhUKcos L,
(Tong) 1 U, u (unsigned). Hampumep, koHcranTta 321 Gyner MMeTh THUI 10Ng U 3aHU-
Math 4 Oaiita. MoKHO MCIONb30BaTh cy(hdukcesl L u U 0JHOBPEMEHHO, HATPUMED,
0x22UL mam 05Lu.

NMPUMEYAHUE

Tumer short int, Tong int, signed int m unsigned int mosxHO coxpamiaTh 10 short, long, signed
7 unsigned COOTBETCTBEHHO.

CumBonbHbIA TUN (char)

ITox BeIMYMHY CUMBOJIBHOIO THUIIA OTBOAUTCS KOJIMYECTBO OANT, JOCTATOUHOE IJIsI
pasMelnieHus 11000ro CMMBOJIA U3 HaOOPa CUMBOJIOB IS JAHHOTO KOMIIbIOTEpA, 4TO U
o6ycaoBuIo HazBanue Tumna. Kak mpasuio, 51o 1 6aiit. Tun char, Kak 1 Apyrue Heble
TUIIBI, MOKET OBbITh CO 3HAKOM WM Ge3 3Haka. B BeimunmHax co 3HAKOM MOXKHO Xpa-
HUTH 3HaYeHus1 B auarnazoHe ot —128 no 127. [lpu ucnonb3oBanuu crerudukaTopa
unsigned sHaYEHMST MOTYT HAXOAUTHCS B rpeesax oT 0 10 255. ITOro 1oCTaTOqHO ISt
XpaHeHus 11060ro cuMBosa u3 256-cumsosbioro nabopa ASCII. Benuuunbl Tuia
char TIPUMEHSIIOTCS TaK)Ke JIJIsT XPAHEHUs IEJIbIX YMCEJI, He TIPEBBIIIAIONTUX IPAHUITbI
YKa3aHHbBIX IHANA30HOB.

PacwupeHHbii cumBonbHbIv TUN (wchar_t)

Tun wehar_t npenxasHaden st paboTbl ¢ HAOOPOM CUMBOJIOB, /IS KOAUPOBKK KOTO-
pbix HegoctaTouHo 1 Gaiira, Hanpumep, Unicode. Pasmep Toro tuma 3aBucuT or pea-
JIN3AIMW; KaK MPaBUJIO, OH cOOTBeTcTBYeT Tuily short. CTpOKOBBIE KOHCTAHTBI THIIA
wchar_t 3anuceiBaioTcst ¢ npedurcom L, Hanpumep, L"Gates".

Jlornyeckumn Tun (bool)

BesnmuuHbl Iornyeckoro Tria MOryT IPUHUMATh TOJbKO 3HaueHus true u false, sB-
JISTIOTINECS 3ape3ePBUPOBAHHBIME CJI0BaMU. BHYTpeHHsIs dopMa MpeacTaBIeHns 3Ha-
vyenus false — 0 (HyJip). JItoboe apyroe 3HaueHue UHTEPIpETHpYyeTcs Kak true. Tpu
npeobpazoBaHuy K 1IEJIOMY THITY true uMeer 3Hauerue 1.
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Tunbl ¢ nnaBaowen Toukon (float, double un long double)

Crannapt C++ onpenesnsier Tpu TUTIA JAHHBIX /IJIS XpaHEHUS BENIECTBEHHBIX 3HAUe-
uuit: float, double m Tong double.

Tunel JaHHBIX C [JIABAIOIIEN TOUKON XPAHATCS B MAMITH KOMIIbIOTEPA NHAYE, YeM Iie-
JIouncIeHHble. BHyTpeHHee Tpe/icTaBieHne BEMIeCTBEHHOTO YUCAa COCTOUT U3 JIBYX
yacreil — MaHTHCChl U niopsaka. B IBM PC-coBMecTUMBIX KOMITBIOTEPAX BEJUIUHBI
tuna float 3aHMMaioT 4 6aiiTa, U3 KOTOPBIX OJWH JBOUYHBIH PA3Psii OTBOAUTCS IO/
3HAK MAaHTHUCCHI, 8 Pas3psIoB MO TOPSZIOK U 23 1o/ MaHTuccy. MaHTHCcca — 9TO YHC-
Jj10, 6osbiiee 1.0, no menbiiee 2.0. TTockosbKy crapiias nudpa MaHTUCChI BCET/Ia PaB-
Ha 1, OHa He XpaHUTCA.

Jlnst BesmunH trna double, saHUMArOMUX 8 GaiiT, MO TOPSIOK U MAHTUCCY OTBOAUTCS
11 u 52 paspszga coorBeTcTBeHHO. J[JIMHA MAaHTHCCBI OINpe/eJisieT TOUHOCTh YHUCJIA,
a JUIMHA nopsijika — ero auanason. Kak Moxno Bujerb us tabi. 1.4, npu ognHAKOBOM
KoJmdecTse 6aliTOB, OTBOAMMOM II0/] BeJImunHbl Tuna float u long int, auamasonsr ux
JIOITYCTUMBIX 3HAYEHUI CUJIBHO PA3JIMYaloTcs M3-32 BHYTPeHHel (hopMbI TIpejIcTaBIe-
HUS.

Cuernucdukarop long nepen umenem tutia double yKasbiBaeT, 4TO 110/] BEJIUYUHY OTBO-
qutes 10 6aitTos.

KoncranTsl ¢ nuaBaoreil TOUkoil UMEIOT 1o yMoadanuio Tum double. MoskHO SBHO
yKasaThb TUII KOHCTAHTbBI ¢ TIOMOIIIbIO cyddurcos F, f (float) u L, 1 (Tong). Hampu-
Mep, KoHcTaHTa 2E+6L Oymer umers Tun long double, a koHcranra 1.82f — tun float.

Tabnuua 1.4. [lnana3oHbl 3HaYEHN NPOCTbIX TUMOB AaHHbIX ans IBM PC

Tun Anana3oH 3Ha4YeHui Paamep (6aiiT)
bool true u false 1
signed char -128 ... 127 1
unsigned char 0..255 1
signed short int -32 768 ... 32 767 2
unsigned short int 0 .. 65535 2
signed long int —2 147 483 648 ... 2 147 483 647 4
unsigned long int 0 ..4 294 967 295 4
float 3.4e-38 ... 3.4e+38 4
double 1.7¢-308 ... 1.7e+308 8
long double 3.4e-4932 ... 3.4e+4932 10

II]I?I BEIECTBEHHBIX THUIIOB B Ta6]II/IL[6 IpuBEACHDBI a6COJIIOTHbI€ BeJIMYMHbI MUHUMAaJIb-
HbIX 1 MAaKCUMAJIbHBIX 3HAUEHUI.

[l Hamcanus 1MepeHOCUMbIX Ha pasjinyHble MJIAT(HOPMbI IPOrPAMM HEJIb3s J1es1aTh
TPEMOJIOKEHUH 0 pazMepe Tuma int. JIJst ero moydennst HeoGX0ANMO MOTb30BATHCS
onepaieii sizeof, pesyabTaToM KOTOPOH sBaseTcss pasmep tuna B Oaiitax. Hanpu-
Mep, 715t orepaiiioHHol cucteMbl MS-DOS sizeof (int) mact B pesysiprare 2, a ayst
Windows 9X wan OS/2 pesynbratom Oymer 4.
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B cranpapre ANSI nuanazonbl 3HaU€HUI /1711 OCHOBHBIX TUTIOB HE 33/1af0TCs, Olpe/ie-
JITTOTCS TOJILKO COOTHOIIEHUS MEXK/y UX pa3MepaMHy, HallpuMep:

sizeof(float) < sizeof(double) < sizeof(long double)
sizeof(char) < sizeof(short) < sizeof(int) < sizeof(long)

NMPUMEYAHUE
Munumaabible 1 MAKCUMaJIbHbIE JIOITYCTUMbBIC 3HAYCHUS I8 IIeJIbIX TUIIOB 3aBUCAT OT peasi-
3aI[UU ¥ [IPUBEJIEHBI B 3ar0ji0BoYHOM (haiisie <limits.h> (<climits>), XapaKTepUCTUKK BEIEeCT-
BEHHbBIX TUIIOB — B (haiise <float.h> (<cfloat>), a Taxske B mabmoHe Kiaacca numeric_1imits (cm.
paszen «/Ipyrue cpeacrtsa craHaapTHOM 6ubIMoTeKn», ¢. 378, U MpuIoKeHHE 5).

Paznmunble BUJBI 11€JIBIX W BEIIECTBEHHBIX THUIIOB, PAa3nyaionifecs: AUAna30HOM M
TOYHOCTBIO TIPECTABICHUST AHHBIX, BBEAEHBI JJII TOTO, YTOOBI IaTh MPOTPAMMUCTY
BO3MOKHOCTD Hanbosiee a((heKTUBHO UCITOTB30BATh BOZMOKHOCTH KOHKPETHOM arma-
paTypbl, MOCKOJIBKY OT BEIOOPA TUIIA 3aBUCUT CKOPOCTH BBIYNUCJECHUN 1 OOBEM TAMSITH.
Ho onrrumusupoBatHast JUist KOMIBIOTEPOB KAKOT0-uG0 OIHOTO THTIA TIPOTPAMMAa MO-
JKET CTaTh He ePeHOCUMOIl Ha IpyTHe IaT(MOPMBI, TI03TOMY B OOIIEM CIydae CIemayer
usberaThb 3aBUCUMOCTEN OT KOHKPETHBIX XapaKTEPUCTHK THIIOB JAHHBIX.

Tun void

Kpome mepedncieHHbIX, K OCHOBHBIM THUIIAM $I3bIKA OTHOCHUTCS THII VOid, HO MHOKeCT-
BO 3Ha4YeHUIT 3TOro TUMA mycto. OH UCIONB3YeTCsT sl onpenesennst (hyHKIIHi, KOTO-
pbIe He BO3BPAIIAIOT 3HAYEHUS, JIJIsI YKA3AHUS ITYCTOTO CIIMCKA apryMeHTOB (hyHKIIUN
(0 pyHKLMIX pacckasbiBaeTcs Ha ¢. 73), Kak 6a30Bblil THI 115 yKkaszaTeseii (¢. 51) u B
orepaiuu npuseaenust TUmos (c. 56).

CtpyKTypa nporpamMmmbi

ITporpamma Ha si3bike C++ COCTOUT U3 PYHKUUL, ONUCAHUT T OUPEKTNUE NPENPOUCCCO-
pa (c. 16). Onna u3 hyHKIUN J0KHA UMETh UM main. BwinoaHeHne mporpaMMbl Ha-
YUHAETCS C MTePBOTO oneparopa aToi dyukiuu. [Ipocreiiniee onpesesnenne byHKIUN
UMeeT CJeAyIomuii (hopMar:
TUn_BO3BpawaemMoro 3Hadexus uma ([ napametpel 1){
onepaTopsl, COCTaBfsoWue Teno (QyHKUMM

}

Kax nipaBuiio, hyHKIIMS UCTIOTIB3YETCS JIJIsT BBIYUCIECHUST KAKOTO-TMO0 3HAYCHMS, T10-
aTOMYy Iepejl nMeHeM (DYHKIMM yKasbiBaeTcs ero Tuil. O QyHKIUAX paccKas3blBaeTCs
Ha ¢. 73, HUJKe MPUBEIEHBI JIUIIH caMble HEOOXOIUMbIE CBEICHUST:

a ecan (I)YHKLII/IH HE TOJI’KHA BO3BPallaTh 3HAYCHNE, YKA3bIBACTCA TUIL void;

Q Tteso GyHKIMU SBAAETCS OJIOKOM M, CJIEJ0BATENBHO, 3aK/II0YaeTcs B (pUIypHbIE
CKOOKH;

Q GyHKIUU He MOTYT OBITh BJIOKEHHBIMI,

O Kax/Iblil onepaTrop 3aKaHYMBAETCs TOYKOHU ¢ 3angaToil (KpoMe COCTaBHOTO ollepa-
TOpa).
[Ipumep cTPYKTYpBI IPOTrpaMMBI, cofiepxkatieit pynkiuu main, f1 u f2:
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NMPEKTUBbI Npenpoleccopa
OnucaHms
int main(){
OnepaTopsl TNaBHOA YHKUNN
}
int f10){
onepatopsl QyHKumn 1
}
int f20){
onepaTopsl QyHKuMn 2

}

ITporpamMmMa MOKET COCTOATh M3 HECKOJbKUX MOOy/etl (MCXOMHbBIX (HaiiIoB).

Heckonvko npedeapumenvhvlix 3ameuanuil 0 6600e/6vi600e. B siabike C++ HET BCTPOEH-
HBIX CPE/ICTB BBOJIA/BbIBOJIAa — OH OCYIIECTBJISETCS € HMOMOIIBIO (DYHKIIMH, TUIIOB 1
00BEKTOB, COMEPKAIIUXCS B CTAHAAPTHBIX OubsnoTekax. Vcnombayerest 1Ba crocoba:
dbyurunn, yaaciregobannbie n3 as3pika C, u 00bexThr C++.

OcHoBHble Qynkuuu 6600a,/6vi600a B cruie C:

int scanf (const char* format. .. ) // BBOA
int printf(const char* format, .. ) // BbBOA

OHM BBIMOJTHSOT (hOPMAaTUPOBAHHBIN BBOJI M BBIBOJ TPOU3BOJLHOTO KOJTMYECTBA Be-
JIMYWH B COOTBETCTBUM CO CTPOKOii (hopmata format. Ctpoka popmata cOEpKUT CUM-
BOJIBI, KOTOPBIE ITPY BBIBOJIE KOTTUPYIOTCS B TIOTOK (HA 9KPaH ) WJIN 3aIIPAITMBAIOTCS 13
MOTOKA (C KITABUATYPHI) TIPH BBOJIE, U CHEUUPUKALUYL NPEOOPA308aHUs, HATNHAIOTIE-
Cs1 CO 3HAKA Y%, KOTOPbIE MPU BBOJE U BbIBOZIE 3AMEHSIOTCS KOHKPETHBIMU BeJTHMYNHA-
mu. Crincok Hanbosree yIoTpeOUTETbHBIX CIEIMBUKAIIIT TPeodpa3oBaHusT TIPUBEIEH
B TIPUJIOKEHUN 2.

[Ipumep mporpammbl, ncnoab3ytomiel (GyHKINM BBo/a,/BhiBojIa B cTie C:

#include <stdio.h>

int main(){
int i;
printf("Beegute uenoe yucno\n");
scanf("%d", &i);
printf("Bsl BBenn yncno #d, cnacubo!", 1);
return 0;

}

IlepBag cTpoka 3TOi1 MporpaMmMbl — JUPEKTUBA MPENPOIeccopa, MO KOTOPON B TEKCT
IIPOrpaMMbl BCTaBJISI€TCS 3aroJI0BOYHbIN (haiin <stdio.h>, copepskaiiuii onucanue uc-
MOJIb30BAHHBIX B Iporpamme (hyHKIIUN BBOJA/BBIBOAA (B JAAHHOM CJydae YIJIOBbIE
CKOOKHU SIBJIAIOTCS 9JIEMEHTOM I3bIKa). Bce MMPEKTUBBI MPErnporeccopa HauMHAOTCS
co 3HaKa #. /[MpeKTUBHI Mpermpolieccopa omrucansl Ha c. 93.

Tperbst cTpoka — olucaHue MepeMeHHON T[eI0To THIa ¢ uMeHeM i. [lepementbie pac-
cMaTpuBafoTcs Ha c. 28.

Dyukius printf B 4eTBepTOil CTPOKE BBIBOAUT TIpUTIanieHue «Beeaure 1esnoe unc-
JIO» W TIEPEXOINT HA HOBYIO CTPOKY B COOTBETCTBUU C YIIPABJISIONIEH MOCTEI0BATEb-
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HocTbio \n. DyHKIMs scanf 3aHOCUT BBeJEHHOE C KJIaBUATYPBI 1I€JI0€ YUCJIO0 B Tepe-
MeHHYT0 1 (3HaK & O3HAYAET OIEPAIUIO MOJYyUEHUs apeca), a CAEAYIONUN OTepaTop
BBIBOJUT Ha 9KPaH YKA3aHHYIO B HEM CTPOKY, 3aMEeHUB crenn(UKanuio npeodpasosa-
HUS Ha 3Ha4YeHue 3Toro uncia. Beox/BoiBoz B ctuiie C paccmoTped B pasaese «DymHk-
UK BBOJIA,/BbIBOIa» (c. 88).

A BOT KaK BBITJISIIUT Ta JKe IIporpaMma C UCII0JIb3OBaHNEM bubruomexu xaaccoe C++:

#include <iostream.h>

int main(){
int 1;
cout << "Beepute uenoe yucno\n";
cin >> 1i;
cout << "Bbl BBEM HUCIIO
return 0;

< i o<< cnacubo!";

}

3arosoBouHbIii (aiin <iostream.h> cogepuT onucanme Habopa KIaCCOB A/ yIIPABJIe-
HUSI BBOJIOM/BBIBOJIOM. B HeM oIpejesieHbl cTaHgapTHble 00bEKThI-IOTOKU Cin st
BBOJIA C KJIABUATYPBI U COUL JJI BBIBOJA HA 9KPaH, a TaKKe OIlepalliy IIOMENIeHUs B
IOTOK << M YTEHUs U3 I0TOKa >>. [IoToKKM paccMoTpeHsl B pasaene «IloToKoBbIe Kiac-
ChI» Ha C. 265.

B manbueiimem usnoxennn OyIyT UCIOAb30BaThCsa 00a c11ocoba, HO B OAHOM IIPO-
rpaMMe CMEeNTBaTh UX He PEKOMEH/TYETCSI.

NMepemeHHblIe U BblpaXXeHUs

B m1060ii mporpamme TpebyeTcss TPOM3BOANTD BbIYUCAeHUA. [[JI BBIUMCIEHIS 3HAYE-
HUI NCHOJIB3YIOTCS 8bIPANCEeHUS, KOTOPbIE COCTOAT U3 OIIEPAH/I0B, 3HAKOB Ollepaluii 1
cko60k. OmepaH/Ibl 3aa10T JaHHBIEC /i1 BbrarcaeHuit. Omepaliy 3aal0T AeHCTBIS,
KOTOpBIE HEOOXOIMMO BBITIOHUTD. KasK/blil OTlepaH/l SIBJSIETCS, B CBOIO OYepe/lb, BbI-
pa’keHHeM WJIM OJJHUM U3 €TI0 YaCTHBIX CJIydyaeB, HaIlpUMep, KOHCTAHTON UK IlepeMeH-
HOI1. Onepanuy BBITIOJHATIOTCS B COOTBETCTBUU C TPUOPUTETaMU. /|y 3MeHEeHUs T10-
PSI/IKA BBITIOJHEHMST OTIEPAIlUil UCIIONB3YIOTCS KPYTJIble CKOOKH.

PaCCMOTpI/IM COCTaBHbIE YaCTU Bpra)KeHI/Iﬁ 1 IIpaBUJjia X BBIYHCJIECHUA.

NMepemeHHble

Ilepemennas — 910 uMeHOBaHHas 00JIACTh IIAMSATH, B KOTOPOIl XpaHATCS JaHHbIE OII-
pelleJIeHHOTO TUIa. Y TlepeMeHHON ecTh UM U 3HaueHue. VIMs caryskuT st obpatiie-
HUS K 00JIaCTU [IaMATH, B KOTOPOIl XpaHUTCS 3HaYeHue. Bo BpeMsl BBIIOIHEHUs IIPO-
rpaMMbl 3HaYeHHE MEePEeMEHHO MOMKHO M3MeHATh. Ilepel MCIOJIb30BaHUEM JIH0Oast
nepeMeHHast 0JIKHA ObITh OIHCAHA.

[Ipumep onmcanus 1es101 MepeMeHHON ¢ UMEHEM a M BeleCTBEHHOH 1TepeMeHHOM X:

int a; float x;
OO6muit BUz onepamopa onucamiLs epeMeHHbIX:

[knacc namatu] [const] Tun umMa [uHMuManu3atop];
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PaCCMOTpI/IM IIpaBWJia 3a/laHnsA COCTaBHBIX yacTel 9TOro orieparopa.

O HeobGg3aTebHbIN KaCC NaMaT MOXKET IPUHUMATh OJHO U3 3HAUEHUH auto, extern,
static u register. O HUX pacCcKa3bIBAETCs UYTh HUKE.

O Momuduratop const MOKa3bIBaeT, YTO 3HAUECHUE MEPEMEHHON M3MEHATHh HEJb3S.
Takyto mepeMeHHYI0 Ha3bIBAIOT UMEHOBAHHOU KOHCMAHMOL, NJIW TIPOCTO KOHCMAH-
motl.

Q IIpu onmcaHml MOKHO TIPUCBOUTD TIEPEMEHHON HavaahbHOE 3HAUeHIe, TO Ha3hIBa-
eTcst unuyuanusayueid. VIHMInaan3aTop MOKHO 3allUChIBATh B JABYX (hopMax — CO
3HAKOM PaBEHCTBA:

= 3HayeHue
WK B KPYIJIBIX CKOOKaXx:
( 3HayeHue )

Koncmanma nonxua ObITh HHUIMATIU3UPOBAHA TIPU 00bsiBIIEHNH. B 0/1HOM omepatope
MO>KHO OIUCATh HECKOJIBKO MTEPEMEHHBIX OJIHOTO TUIIA, PA3JIENSIsl UX A ThIMU.

[Ipumepsr:
short int a = 1; // Uenas nepeMeHHaq a
const char C = 'C"; // cuMBONbHAA KOHCTaHTa C
char s, sf = 'f'; // MHUUMANM3auns OTHOCUTCSA TOMbKO K ST
char t (54);

float ¢ = 0.22, x(3). sum;

Ecav tunm MHUTIMAIN3UPYIONIETO 3HAYEHUST HE COBMAAAET C THUIIOM TEPEMEHHOMH, BBI-
HOJIHSIOTCS 1Peobpasosanus munda 1o onpeneJeHHbM npasuaaM (cM. ¢. 38 u mpuo-
sKenue 3).

Omncanne mepeMeHHOM, KpoMe THIIA U KJIacca TMaMsTH, SIBHO WX 110 YMOJYaHUIO 3a-
naer ee obracmy deiicmeus. Knace mamMsitu u 06J1acTh IGHCTBUA 3aBUCAT HE TOJIBKO OT
COOCTBEHHO OTIMCAHUS, HO M OT MECTA €T0 PA3MEIEHUST B TEKCTE TIPOTPAMMBI.

Obracmv deticmeust udenmuguxamopa — 3To 4acTh MPOTPAMMBI, B KOTOPOI €T0 MOK-
HO KCIIOJIb30BATh VIS JIOCTYIIAa K CBSI3aHHON ¢ HUM 00JiacTy TaMsaTh. B 3aBucHMOCTH
oT 06J1acTH AeiiCTBUS MepeMeHHas MOKeT ObITh JIOKAJIbHOI MIN TJI06ATbHOI.

Ecsmn nepemeHHast onpejiesieHa BHyTpH GJ10Ka (HAIIOMHIO, 4TO OJIOK OrpaHuyeH huryp-
HBIMH CKOOKaMM ), OHA HA3bIBACTCS LOKALbHOL, 00IACTD ee IeUCTBUS — OT TOYKHU OIIKCa-
HIS 10 KOHIA GJI0Ka, BKJIIOYas Bee BJIOKeHHble Ooku. Ecin nepemenHas onpezesieHa
BHEe m0O0r0 GJIOKA, OHA HA3BIBAECTCS 2100a1bHOl 1 0OJACTBIO ee JIEHCTBUS CUNTAETCS
(baiis, B KOTOPOM OHa OTpesiesieHa, OT TOUYKHU OIMCAHUS 0 €T0 KOHIIA.

Knacc namsimu onpedensiem epems scusnu u 061acmv UOUMOCINU NPOZPAMMHOZO 00DEK-
ma (8 wacmuocmu, nepemennoir). Ecnu xnacc namsmu ne yxasam aswoim 06pasom, om
onpeensiemcst KOMIUISIMOPOM UCX00S U3 KOHMEKCMA 00636/1eHUsL.

Bpemsi ocusnu MoxeT OBITH TIOCTOSTHHBIM (B T€UEHHUE BBITIOTHEHMSI TPOTPAMMBI) U Bpe-
MEHHBIM (B TeYEHUE BBITTOJHEHUST OIOKA).

Obracmuio sudumocmu udenmuguramopa Ha3bIBAETCST YaCTh TEKCTA TPOTPAMMBI, U3
KOTOPOU JOTTyCTUM OOBIYHBII IOCTYTI K CBSI3aHHOU ¢ UAEHTH(HUKATOPOM 00JIACTHIO TTa-
My, Yare Bcero 06JacTh BUIMMOCTH COBIAAeT ¢ 06JaacThio peiicTust. Vckiaode-
HUEM SIBJIIETCST CUTYAITHsI, KOT/IA BO BIOKEHHOM GJIOKE OTTHCAHA TIePEMEHHAsT ¢ TAKUM
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JKe UMeHeM. B aToM cilyyae BHEIIHSISI [lepeMeHHasl BO BJIOKEHHOM 0JI0Ke HeBUINUMA,
XOT$ OH U BXOJMT B ee 00s1acThb geiictBus. TeM He MeHee K 9TOH [epeMEeHHOI, ecJin OHa
riao6aIbHast, MOKHO 00PaTUTBCs, UCIIONb3YS OIIEPAIMIO JOCTYIA K 00JaCTH BUAAMO-
CTH ::.

[l 3ajanus Kaacca namsimu UCIoJb3yIOTCs CeAyIoniue crelu@uKaTopsbr:

auto — asmomamuueckas nepeMenHas. I1aMATh MO Hee BBIAEIACTCA B CTEKE ¥ IIPU He-
00XOAMMOCTY MHUIMAIM3UPYETC KaKIbI pa3 IMPU BBIIOJIHEHNN OIIEPATOPa, COLEP-
sKarero ee onpegenenne. OcBoboKaECHNE aMATH TPOUCXOAUT IPU BBIX0Je U3 GJI0Ka,
B KOTOPOM OITCaHa MepeMeHHasl. BpeMs ee JKU3HN — ¢ MOMEHTa OIMCAHN 10 KOHIA
6s1oka. JIyist roGasbHbIX MepeMeHHbIX 9TOT CIeU(UKATOP He MCIIOAb3YEeTCs, a st
JIOKaJILHBIX OH MPUHUMAETCS M0 yMOJTYaHHIO, O3TOMY 3aaBaTh €ro SBHBIM 00pasoM
GOJIBIIIOTO CMBICTIA HE MMEET.

extern — osHayaer, 4TO TEpEMEHHAs] OIpPENEsSIeTCs] B JPYTOM MeECTe TPOTPaMMBbI
(B mpyrom aiine nim nasbie 1o Tekety). Memomb3yerces 1i1s co3ianns mepeMeHHbIX,
JOCTYIIHBIX BO BCEX MOYJISAX IIPOrPAMMBIL, B KOTOPBIX ot 00bsasaensil. [Togpobuee 06
yrorpebJeHNU BHENTHUX TIePEMEHHbBIX paccKasblBaeTcsl B pasjesie «BHemHue o6bsB-
JeHusd», ¢. 98.

static — cmamuueckas nepemennas. Bpems xusnu — nocrogutoe. uunuanusupy-
eTCsI OJITH Pa3 P! TEPBOM BBITIOTHEHUH OTIEPAaTOPa, COAEPIKAIIETO OIpeieIeHne Te-
peMeHHOI. B 3aBUCHMOCTH OT pacIiioNOKEHUs ONepaTopa OMUCAHUS CTaTUYECKUe Te-
peMeHHbBIE MOTYT OBITh TIOOGATHLHBIMU ¥ JIOKATLHBIMA. [J0GanbHble cTaTHYecKue
nepeMeHHbIe BUTHBI TOJTBKO B TOM MOJIYJie, B KOTOPOM OHH OINUCAHBI.

register — aHaJIOTMYHO auto, HO MAMATH BBIIEJAETCA 110 BO3SMOKHOCTUA B PErucTpax
npoiteccopa. Ecam Tako# BO3MOKHOCTH y KOMITUJISITOPA HET, TepeMeHHbIe 06pa6aTbl—
BaloTCA Kak auto.

int a; // 1 rnobanbHaa nepemeHHas a

int main(){
int b; // 2 nokansHad nepemeHHad b
extern int x; // 3 nepeMeHHada X OnpefefieHa B ApyroMm MecTe
static int c; // 4 nokanbHas CTATU4ECKAdA NMEpeMeHHas C
a=1; // 5 npucsansaHue rnobansHO NepemeHHol
int a; // 6 NOKaNnbHaqa MnepeMeHHas a
a=2; // 7 NpuUCBanWBaHWe NOKaNbHON NepeMeHHON
A =3 // 8 npucsansanne rnobanbHON nepemeHHoNn
return 0;

}

int x = 4; // 9 onpepeneHne W UHAUMANM3AUNA X

B atom mpumepe riobanbHas epeMeHHas a onpejiesicHa BHE BeeX 6J0KOB. [laMsTh
MO/l Hee BBIAEISIETCS B CETMEHTE JaHHBIX B Hauyasie pabOThI TPOrPaMMbl, 00JIaCTHIO
neiictBus stBaisietcst Best nporpamma. O6JacTh BUMMOCTH — BCsS IPOrPaMMa, KpoMe
CTPOK 6—8, Tak Kak B IIepBOIl U3 HUX Ollpe/lesIseTcs JIOKaIbHAas [lepeMeHHasl ¢ TeM Ke
UMeHeM, 00TACTh EHCTBUS KOTOPOH HAYMHAETCS € TOUYKH ee OMMCAHUS U 3aKaHINBa-

! Ecoi niepemennas B TOM e olepaTope MHHIMATN3UpYyeTcs, crenudukaTop extern urHopupy-
eTcs.
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€TCA TIPU BBIXO/€ U3 6J10Ka. HGPEMQHHI)IG b u ¢ — JOKaJbHBIE, 0bJ1acTb UX BUIMMO-
CTHU — 6JIOK, HO BpeM:A KU3HU PA3JTUYHO: TIAMATDH IO b BoIIEIsIETCS B CTEKE Ip1 BXO/1e
B OJIOK U OCBO60>KILaeTCH IIpU BBIXOZE M3 HETO, a IIepeMeHHada C paclojaraeTcia B Cer-
MEHTE /IaHHBIX 1 CYHIECTBYET BCE BPEM:, IIOKa pa60TaeT IporpamMmma.

Ecnu npu onpesenennn HavaabHOE 3HAYECHNE TIEPEMEHHBIX SIBHBIM 00Pa3oM He 3aa-
eTcst, KOMITUJIATOD TPUCBauBaeT TI00aJbHBIM U CTATUYECKUM MEPEMEHHBIM HYJIEBOE
3HaYEHUE COOTBETCTBYIONIETO THUTA. ABTOMATHUYECKUE TIepeMEHHbIE He WHUINATU3N-
pYIOTCHL.

VMg nepeMeHHOI 0JKHO ObITh YHUKAABHBIM B CBOEH obacTu geiictBus (Harpumep,
B OIHOM GJIOKE He MOKET OBITh JBYX MEPEMEHHBIX € OIMHAKOBBIME UMeHamu). Bosee
noApoOHO 0b1acTH AeiicTBUS paccMaTpuBaloTes Ha ¢. 97.

COBET
He sxaseiiTe BpeMeHM Ha NPUAYMbIBAHUE TTOAXOAANMX UMeH. VIMS JI05KHO OTpaskaTh CMBICTT
XPAHUMON BEJMYUHBI, OBITH JIETKO PACIIO3HABAEMBIM H, JKEJIATEIbHO, HE COAEPKATh CHMBOJIOB,
KOTOpBIe MOKHO TIeperryTaTh JIPYT C IpyroM, Hanpumep, 1, 1 (ctpounas L) nam I (mpormcnas i).
Jluia pasnenenud yacteir MUMEHN MOYKHO MCIIOJIb30BATh 3HAK ToyepkuBanus. He naBaiite mepe-
MEHHbBIM UMEHA, IEMOHCTPHUPYIOIINE 3HAHUE MHOCTPAHHOTO CI9HTA — BE/Ib «KaK BbI JIOJIKY Ha30-
BeTe, TaK OHAa ¥ TOIUIBIBET>. Kak mpaBuiio, mepeMeHHbIM ¢ GOJIBIION 06JaCcThio BUANMOCTH
natores Gosiee JUIMHHBIE UMEHa (JKeJaTesbHO ¢ NpeUKCOM THUIA), a AJIS [ePeMEHHbIX, BCS
SKM3HD KOTOPBIX IIPOXOJUT Ha NMPOTSIKEHUH HECKOJIBKUX CTPOK MCXOJHOTO TeKCTa, XBaTUT U O]1-
HOU OYKBbI C KOMMEHTApPHEM MPU OObSIBIEHUN.

Onucanme nepeMeHHOl MOKET BBIIOIHATHCS B (hOPME 066861CHUSL UL ONPEOCTeHU.
Obpssnenue nuGOPMUPYET KOMIIUIATOP O TUIIE IEPEMEHHOI U Kjlacce IIaMsITH, a 07-
pedenenue codepircum, Kpome amozo, yKazaHue KOMITUJISITOPY BBIIEJUTH TaMsITh B CO-
OTBETCTBUU C THIIOM IepeMeHHol. B C++ GoJbIINHCTBO OOBSABICHIIT ABISIOTCS OJI-
HOBPEMEHHO U OTIpe/ieJIEHNsIMU. B MpuBeieHHOM BBIIIIE TIPUMepPEe TOJIBKO OINHcaHue 3
ABJISETCS OObABIEHUEM, HO HE OIPEIEIEHUEM.

ITepemenHas MoskeT ObITh 00bsIBJIEHA MHOIOKPATHO, HO OIpe/leieHa TOIbKO B OJHOM
MeCTe MPOTPAMMBI, TOCKOJIbKY 00bSIBIIEHIE ITPOCTO OTUCHIBAET CBOMCTBA ITEPEMEHHOIA,
a ompejesieHne CBI3bIBAET €€ ¢ KOHKPETHOI 06/1aCThIO IIAMSTH.

Onepauumn

B Tabsuiie 1.5 nmpuBeieH CIMCOK OCHOBHBIX OIEPaIliii, ONpeieeHHbIX B a3bike CH++,
B COOTBETCTBUU € UX IpuopuTeramu (110 yObIBaHUIO IIPUOPUTETOB, OIIEPALIUU C PA3HbI-
MU TPUOPUTETAMU pasfieieHbl 4epToii). OcranbHblie omnepanun 6yayT BBOAUTLCS 110
Mepe uanoxerust. [TogHbIN cuCcoK oreparwii mpuBeeH B TpuJoskeHun 1.

B cooTBercTBUM ¢ KOTMYECTBOM OIEpPaHIOB, KOTOPbIE UCIOJB3YIOTCS B OIepaIusx,
OHU JIeJISATCS Ha YHapHbIe (OJWH orepaHj), GUHApHbIe (1Ba OlepaHAa) U TEPHAPHYIO
(Tpu omnepanya).

Bce npuBe/ieHHbIE B TabJIHUIIE OIIEPAIIUH, KPOME YCJIOBHOMU 1 S1ze0f, MOTYT OBITH mepe-
rpy:kenbl. O neperpyske oreparnnii pacckaspiBaercs Ha c. 189.
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Ta6nunua 1.5. OcHOBHbIe onepaumm a3bika C++

Onepauus KpaTtkoe onucaHue

YHapHble onepauumn

++ yBesuuenue na 1

-- yMeHbInenne Ha 1!
sizeof pasmep

~ IOpaspsiJIHOe OTPUIIAHIE
JIOTHYECKOE OTPHIIAHUE

- apudmerniyeckoe oTputianne (YHapHBII MIHYC)

+ YHApHbBI T1JIIOC

& B3d4THE ajipeca

* pasazpecanus

new BbI/IeJICHUE TTAMATHU
delete 0CBOGOKIEHNE TTAMSITH
(type) npeobpasoBaHue TUIIA

BuHapHble N TepHapHas onepauumn

* YMHOKeHHne
/ nejienue
% OCTATOK OT JleJIeHUST
+ CJIOKeHNEe
- BBIYHTAHWE
<< CIIBUT BJIEBO
>> CIIBUT BIIPABO
< MeHbIIIe
<= MEeHbIIe UJINU PaAaBHO
> 6oJiblire
>= 6oJIbIIe WK PaBHO
== PaBHO
1= HE paBHO
& nopaspsnas konbionkius (1)

nopaspsHoe uckiovaiomniee NJIN

| nopaspsaaas ausbionkims (MJ11)

&& Jsornyeckoe U

I snoruveckoe MJIN

! TIpo6estbl MesKTy CHMBOJIAMH BHYTPH OTIEPAI[MK He JOTYCKAIOTCA.
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Onepauus Kpatkoe onucaHue
? ycJIoBHas ollepalius (TepHapHast)
= IprcBanBaHue
*= YMHOKEHUE C IPUCBaBaHUEM
/= JieJIeHne C TPUCBanBaHueM
%= OCTaTOK OTJIeJIeHUs C IPUCBAUBAHIEM
+= CJI0JKeHue C IIpUcBaBaHueM

-= BblUUTaHWE C IIPUCBaNBaHUEM

<<= C/IBUT BJIEBO C IPUCBANBAaHUEM
>>= C/IBUT BIIPABO C IIPHUCBaBaHIEM
&= nopaspsijinoe U ¢ npucBanBanuem

|= niopaspsaaoe NJIN ¢ mpucBanBanuem

= nopaspsanoe nckmovaomniee NJIV ¢ mpucBanBanuem

rocJjsie0BaTe/ibHOE BblYMCJIEHUE

PaccMOTpUM OCHOBHBIE OTlepaliiy mogpoOHee.

Onepamyu yBeuyeHus U yMeHbleHus Ha 1 (++ U --). DT onepaiyu, Ha3bIBaeMble
TaKkKe MHKPEMEHTOM M JIEKPEMEHTOM, UMEIOT /iBe (POPMBI 3aUCH — NpPePuKCHYIO,
KOT/la ollepaliys 3aliCbIBAaeTCs Iepel] OllepaHioM, U nocm@ukcuyio. B npedukcHoit
(hopMe cHavasa M3MEHSIeTCS OTEPAH, a 3aTeM ero 3HadeHNEe CTAHOBUTCS Pe3YJIbTH-
PYIOIIMM 3HAYEHUEM BBIPA’KEHUS, a B MOCTPUKCHON (hopMe 3HAUECHUEM BbIPAXKCHUS
ABJISETCS UCXOJJHOE 3HAYEHUE OllepaH/ia, 110cje Yero OH U3MEHSeTC .

#include <stdio.h>

int main(){
int x=3, y=3;
printf("3HavyeHne npeduKCHOro BbipaweHus: Zd\n", ++x);
printf("3HayeHne NOCTOUKCHOrO BbipakeHus: %d\n", y++);
printf("3HaueHne x nocne npupawenna: zd\n", x);
printf("3Hayenne y nocne npupauenns: zd\n", y);
return 0;

}

Pesynbrar paboThl TPOTPAMMBIL

3HayeHne NpepuKCHOTO BbipaKeHna: 4
3HayeHne NoCTOUKCHOTO BbipakeHus: 3
3Ha4yeHne x nocne npupawerus: 4
3HaveHne y nocne npupawenna: 4

OmnepaHioM oTepaliy KHKPeMEHTa B 00IIeM CJIydae SIBJSETCS TaK Hasvieaemoe L-snua-
uenue (L-value). Tax o6o3Hauaercst j000e BbIpaskeHue, afpecylollee HeKOTOPBIN yJa-
CTOK TIAMSITH, B KOTOPBIH MOKHO 3aHeCTH 3HaveHue. HazBanue mpousonio oT onepa-
IV TIPUCBAaNBaHUsI, TOCKOJIBKY nMeHHO ee JieBast (Left) wacTh onpenesnsier, B Kakyo
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obractb mamsaTu Gyjier 3aHeceH pe3yJbTaT oneparuu. [lepemMenHast sIBJsIeTCS 4acT-
HbIM ciyyaeMm L-snauenus.

Onepanus onpezeineHus pagmepa sizeof npejnasnadena JJisi BIYUCIEHUST pazMepa
obbexTa uian Tuna B Gaiitax, 1 uMeeT aBe (OPMBL

sizeof BbipameHue
sizeof ( Tun )

[Ipnumep:
#include <iostream.h>
int main(){
float x = 1;

cout << "sizeof (float) :" << sizeof (float);

cout << "\nsizeof x :" << sizeof x;

cout << "\nsizeof (x + 1.0) :" << sizeof (x + 1.0);
return 0;

}

Pesysibrar paboThl IPOTPAMMBIL

sizeof (float) : 4
sizeof x : 4
sizeof (x +1.0) : 8

[Tocnenauii pe3ybTaT CBSI3aH C T€M, YTO BEINECTBEHHbIE KOHCTAHTHI 110 YMOJTYAHUIO
umeroT Tuil double, K KOTOPOMY, Kak K GoJiee JTIMHHOMY, TPUBOAUTCS THIT TEPEMEHHO
x 1 Bcero BoipaskeHust. CKOOKM HEOOXOAUMBI JIJIsT TOTO YTOOBI BBIPAKEHHE, CTOSIIIEE B
HUX, BBIYUCIISITIOCH PAHBINE ONMEPaIliyl TTPUBEICHUS THIIA, UMEOIed GOMBIIUH TPH-
OPUTET, YeM CJIOKEHUE.

Onepamyuu orpunianus (—, ! u ~). Apupmemuuecxoe ompuyanue (yHaAPHBII MIHYC —)
M3MEHSET 3HAK OINEpaH/a IeJO0T0 UM BEIEeCTBEHHOTO THUMA HA MPOTUBOTOJIOMKHBIA.
Jlozuuecxoe ompuyanue (1) naer B pesynbrare 3Hadenue (), ecu orepaHji ecTb UCTUHA
(He HYJIb), W 3HaUeHUe 1, eciu oriepaH paBeH HyJo. OnepaH/ K0JKeH ObITh EJI0TO
WJIA BENECTBEHHOTO THIIA, & MOXKET MMETh TaKKe TUI yKasaTesb. [lopaspsonoe ompu-
yanue (~), 4aCTO HA3BIBAEMOE MOOUTOBBIM, HHBEPTUPYET KAXKIBIH Paspsi/l B IBOUTHOM
MPE/ICTABIEHUN TI€JIOYUCTIEHHOTO ONePaH/IA.

Henenue (/) u ocratok ot aenenus (%). Onepauus deienus IpUMEHNMA K OllepaHaM
apudmeTnyeckoro Tuna. Eciu oba omepaHza LeJIOYMCIECHHbIE, PE3YJIbTAT OIIE€PaLin
OKPYTJISIETCST JIO 1€JIOTO YHCJIa, B TIPOTHBHOM CJIy4ae THUII Pe3yJbTata ONPeIesisieTCst
npaBuiaMu npeoGpasoBanust (cM. paszes «Boipaskenust», ¢. 7-38, u npusoxkenue 3).
Onepauus ocmamxa om Oejienust TIPUMEHSIETCS TOJBKO K II€JIOUNCIECHHBIM OIIEPaH/IaM.
3HaK pe3yJIbTaTa 3aBUCHT OT Peasi3allii.

#include <stdio.h>
int main(){
int x =11, y = 4;
float z = 4;
printf("PesynbTatsl fgenenna: #d %f\n", x/y, x/z):
printf("Octatok: Zd\n", x&y);
return 0;
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Pesyabrar paGoThl IPOTPAMMBIL:

PesynbTtaThl fefieHua: 2 2.750000

OctaTok: 3
Omnepanuu casura (<< U >>) NMPUMEHSIOTCS K IIeJOYNCJIEHHBIM omepanaaMm. OHI
CABUTAIOT IBOMYHOE ITPEACTAaBJEHUE IIEPBOTO OllepaH/a BJE€BO UJIN BIIPaBO Ha KOJINY€E-
CTBO JIBOMYHBIX PaspsIOB, 3aJlaHHOE BTOPBIM ornepanaoM. IIpu cdeuze 61es0 (<<) ocBo-
GomuBIIecs pa3psiibl oOHyJsiioTest. [pu cdeuze enpaso (>) 0cBOOOAUBIIIECS OUTHI
3AIOJIHSIOTCS HYJISIME, €CJIN TIePBBIN oliepan] 6€33HaAKOBOI'O THIIA, U 3HAKOBLIM Pa3psi-
IOM B IIPOTUBHOM CJIy4ae. OHepaHI/H/I CABUTA HE YYUTBIBAIOT IIEPEIIOJIHEHNE U TIOTEPIO
3HAYMMOCTU.

Omnepanuu oTHOmEHUs (<, <=, >, >= ==, |=) cpaBHUBAIOT ITEPBBII OTEPAH/ CO BTO-
poiM. Oneparbl MOTYT ObITh apr(pMETHIECKOr0 TUIIA WU yKazaTeasMu. Pesyibratom
olepalnuu aBjsgerca sHadeHnue true wan false (Jmoboe 3HaYeHUe, He PaBHOE HYJIIO, H-
TeprpeTupyetcd Kak true). Omeparum cpaBHEHNST HA PABEHCTBO W HEPABEHCTBO MMe-
10T MEHBIINIT TPUOPUTET, YeM OCTAJIbHbIE OTepaIluy CPABHEHNS.

BHMMAHUE

OG6paruTe BHUMaHKE HA PasHUILy MEXK/Y OIlepallieil IIPOBEPKU Ha PAaBEHCTBO (==) U omepaiueii
NpUCBauBaHM (=), PE3YJIbTATOM KOTOPOII SIBJISIETCS 3HAYEHUE, TIPUCBOEHHOE JIEBOMY OTIEPAH/TY.

Iopaspsiaubie onepauun (&, |, *) TPUMEHSIOTCSA TOTBKO K IIEJOYMCAEHHBIM OTlepaH-
naM U paboTatoT ¢ WX JBOUYHBIME MPEACTABICHUAMU. [IpU BBIOJTHEHUN OMeparnuit
orepaH/Ibl COMOCTABISAIOTCS TTOOUTOBO (MEPBbIN GUT MEPBOTO OTIEPaHa ¢ MePBbIM OH-
TOM BTOPOTO, BTOPOil OUT MepBOTro OIepaHia co BTOPHIM OMTOM BTOPOTO, U T 1I.).

[Ipu nopaspsaonoi konsionxyuu, win nopaspsaonom M (onepanust obosnavaercs &) 6ur
pesysbTaTa paBen 1 TOJIBKO TOT/IA, KOT/IA COOTBETCTBYIONME OUTHI 060X OTIEPAHIIOB
pasubr 1.

[Ipu nopaspsaonoii duseronxuyuu, wa nopaspsonom MJIM (onepanms obozHadaeTcs |)
6uT pesyabraTa paBeH 1 TOrIa, KOIrJa COOTBETCTBYIONIMIA OUT XOTA GbI OIHOTO U3 OIIe-
paHIoB paBeH 1.

IIpu nopaspsonom uckmouarowem HJIH (onepauus obosHadaercs ™) OUT pesysbraTa
paBeH 1 TOJIBKO TOr/Ia, KOTa COOTBETCTBYOIINI OUT TOJBKO OJHOTO U3 ONEPAHIOB pa-
Ben 1.

#include <iostream.h>
int main(){

cout << "\n 6 & 5 =" << (6 & 5H);
cout << "™\n 6 | 5 =" << (6 | 5):
cout << "\n 6 *5="<< (6" 5);

return 0;
}

Pesynbrar paboThl TPOTPaMMBL
6&5=4
6|5=7
6~5=3
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Jlornueckue onepanun (&& u ||). Onepanznt norudeckux oneparuii M (&&) u UJIN
(1) MoryT nmeTh apudMeTHIeCKUil THI UK GBITh yKa3aTeJsMHU, TPU STOM OTIePaH/Ibl B
KaKJIO OTepaIiyt MOTYT ObITh PA3IMYHBIX TUIIOB. [Ipeo6pa3oBaHust TUIIOB HE MPOU3-
BOJISTCST, KsKBIH ONlepaH/| OIeHNBAETCS C TOYKU 3PEHUS ero 9KBUBATEHTHOCTH HYJIIO
(omepann, paBHBIN HYJIIO, paccMaTpuBaeTcst Kak false, He PaBHBIM HYJIIO — Kak true).

PesynbraTom siornueckoit oreparnuu sBisietcst true nan false. Pesymbrar onepammu
nozuveckoe M umeer 3Hadenue true TOAbKO e 0ba onepaHja UMEIOT 3HaueHue true.
Pesynbrar onepaiun aozuueckoe MJIH nMeer 3Hadenne true, ecam XoTsa Obl OMUH U3
oTIepaHIOB NMeeT 3HaueHue true. Jlormueckne orepamuy BBITIOTHSIOTCS CJIeBa Harmpa-
Bo. Eciin 3HayeHus 1epBOro omnepaHja A0CTATOUHO, YTOObI OIPEAETUTh Pe3y/IbTaT
oTiepalivy, BTOPOU OTIepaH/| He BbIUUCJISIETCS.

Onepamuu npucBauBanus (=, +=, -=, *= u 1. 1.). Onepanuu NTPUCBANBAHUS MOTYT
HCIIOJIb30BATHCS B IIPOrPaMMe Kak 3aKOHYEHHbBbIe OllepaTophl.

Dopmat oreparuu npocmozo npuceausanus (=):
onepaHi_1 = onepaHp_2

ITepsbiit onepan A0JsKeH ObITh L-3Hadennem, BTopoii — BhipakenneM. CHayajia Bbl-
YUCJISETCS BBIpAKEHUE, CTOAIIee B TTPABOM YaCTU OMEpaIliy, a TIOTOM €T0 Pe3yJbTaT
3aMuchIBaeTCs B 00J1aCTh AMATH, YKa3aHHYIO B JIEBOI YacTu (MHEMOHITYECKOE TIPaBU-
JIO: «IIpUCBanBaHue — 3TO Tiepefiada MAaHHBIX "HaieBo'»). To, 4To paHee XpaHWIOCH
B 9TOi1 06JIaCTH IAMATH, €CTECTBEHHO, TEPSIETCSL.

#include <iostream.h>

int main(){
inta=3 b=5 ¢c=7;
a=b;:b=a;,c=c+1;
cout << "a =" << Qa;

cout << "\t b = " << b;
cout << "\t ¢ = " << c:
return 0;

}

Pesysbrar paboThl IIPOrPaMMBbL
a=5b=5c=28

BHUMAHMUE
[Ipu npricBavBaHUU IIPOU3BOAUTCS TPEOOPA3OBAHUE TUIIA BBIPAKEHUST K TUILY L-3HaueHns, 4To
MOKET MpUBECTN K MoTepe WHhopMaLuy.

B cnoxcnvix onepavyusix npuceausanus ( +=, *=, /= 1 T 11.) IpN BBIYUCTEHUN BBIpaKe-
HUS, CTOSIIIETO B TIPABOM YacCTH, NCTIONb3yeTcs n L-3Havenne n3 jgeBoil yactu. Hampn-
Mep, TIPU CAOJCEHUU € NPUCCAUBAHUEM KO BTOPOMY ONepaHy TpuOaBJIsieTcst TIePBbIH,
U Pe3yJIbTaT 3aMUChIBAECTCS B TIEPBBIN OMEPAH/, TO €CTh BBIPAKEHUE a += b SBJISETCS
6oJiee KOMITAKTHOI 3aIMCHI0 BHIPAKEHUST @ = @ + D,

YcnoBuas onepanug (?:). JTta omepanus TepHAPHAs, TO €CTh UMeeT TPU ONepaH/a.
Ee dopmar:
onepavi_1 ? onepaHp_2 : onepaHa_3
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ITepsblii onepany MoKeT UMeTh apubMeTHUeCKil TUII WK ObITh yKkazaTeaeM. OH ole-
HUBAETCS C TOYKW 3PEHUS €T0 9KBUBATEHTHOCTHU HYJO (ONEPaH/, PaBHBIN HYJIIO, pac-
cMmarpuBaeTcs Kak false, He paBHBIN HyJI0 — Kak true). Eciu pe3ysibTat BeIYUCIEHMsT
omnepana 1 paBen true, To pe3yIbTaToOM YCIOBHON Orepaliiu OyeT 3HaYeHrne BTOPOTO
oliepaH/ia, MHauUe — TPETHhEro olepaHjia. Boruucisiercst Beeraa Jubo BTOPOIl onepaH,
6o Tpetuii. VIX TUII MOKeT pa3inyarhes. Y CJIOBHAS OTEPaIUst SIBJSETCS COKPAIeH-
HOIT (hopmoii ycsroBHOTO omepaTopa if (oH paccmoTpen Ha c. 40).

#include <stdio.h>

int main(){
int a = 11, b = 4, max;
max = (b >a)? b : a;
printf("Haubonswee yucno: #d", max);
return 0;

}

Pesysibrar paboThl IPOTPAMMBIL
Hanbonbuwee yucno: 11

JIpyroii npuMep pUMEHEHHUs YCIOBHOI oneparuu. Tpebyercst, 4ToObl HEKOTOPas Iie-
Jiag BeJIMYMHA YBEJNYMBATACh Ha 1, ecyid ee 3HAYeHME He TIPEBBIIIAET N, a MHAYE TIPU-
HuMaJsa 3Hayenue 1:

i=0G<n ?21+1:1;

He paccMOoTpeHHBIE B 3TOM pasjielie orepaiuu OyIyT OMUCAHbI TTIO3KE.

BbipaxeHus

Kaxk yske TOBOPHIIOCH BBIIIE, BRIPAKEHUST COCTOSIT U3 ONEPAH/IOB, OTIE€palliii 1 CKOOOK
U UCIIOJIb3YIOTCS JIJIsl BBIYUCJIEHUST HEKOTOPOTO 3HAYEHUSI OlpejiesieHHoro Tumna. Kaxk-
JIBII OTTepaH/I SIBJISIETCS, B CBOIO OYePelb, BhIPAKEHNEM WJIM OJHUM U3 €T0 YaCTHBIX
CTy4aeB — KOHCTAHTOW WJIW TIePEMEHHOI.

[Ipumepn! BbIpakeHMi:

(a +0.12)/6
x&&y || 'z
(t * sin(x)-1.05e4)/((2 * k +2) * (2 * k + 3))

Orepaiiuy BBIOJHAIOTCS B COOTBETCTBUY C npuopumemamu. J1ns nu3aMeHeHus nopsijika
BBITIOJTHEHUS OTIEPATINET UCTIOIBb3YIOTCS KPYTJIble CKOOKU. ECIM B OTHOM BBIPKEHUH 3a-
MIMCAHO HECKOJIBKO OTIepaIiinii OJIMHAKOBOTO IIPUOPUTETA, YHAPHBIE Ollepalliy, YCA0BHAS
oliepariys 1 oleparuy IpUCcBauBaHUs BBIIOJIHSIOTCS CNpasa HAleso, OCTaIbHble — Cle-
ea nanpaso. Haripumep, a = b = c o3Havaera = (b =c),aa + b + c o3Havaer (a + b) + c.
[Topsamox BbraucaeHUs MOABLIPAKECHUHM BHYTPHU BbIPAKEeHUN He OIpefie/ieH: HalrpuMep,
HeJIb3sI CYUTaTh, YTO B BhIpaskeHUU (Sin(x + 2) + cos(y + 1)) obpaiieHue K cuHycy Oy-
JIET BBITIOJTHEHO PAHBIIE, YeM K KOCUHYCY, U UTO X + 2 OYyIeT BBIUUCJIEHO PAHbIIE, YeM
y + 1.

PesynpraT BBIUMCIEHNST BRIpAKEHUST XapaKTepu3yeTcs 3HadeHueM u tunom. Hampu-
Mep, ecJii @ U b — repeMeHHbIe 11eJJ0r0 TUTIa U OMHCAHbI TaK:

int a =2, b=>5;
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TO BBIPAJKEHUE a + D MMeeT 3HaueHue 7 1 TUIl int, a BbIpaskeHue a = b uMeeT 3HAUEHUE,
paBHOE MOMEIIEHHOMY B IIepeMEHHYIO a (B aHHOMY CJy4ae 5) U THII, COBIAIAIONINN
¢ TUTOM 3TO# TepeMenHoil. Takum o6pasom, B C++ JOMyCTHMBI BBIPAKEHUS BHU/IA
a = b = C: cHauasa BbIYMCIIETCS BblpaskeHue b = ¢, a 3aTeM ero pe3yJsbTaT CTAaHOBUTCS
TIPaBbIM OTIEPAH/IOM JIJIs1 ONEePAIiy TPUCBANBAHNS TIePEMEHHON a.

B BbIpaxkenue MOryT BXOAUTDL OllepaH/bl pas3jnyHbIX TUIOB. Ecin onepanbl HMEIOT
OJIMHAKOBBII THII, TO PE3yJIbTAT Ollepaly OyAeT UMeTh TOT e TUIL EcJu onepanibl
PasHOTO TUTIA, TIEPEJl BBIYUCIECHUSIMU BBITIOJTHSIIOTCS TPe0OPA30BaHIsI TUIIOB TI0 OTIpe-
JIEJICHHBIM TIpaBUJIaM, obecriednBaioniuM npeodpasoBanue 6ojee KOPOTKUX THUIIOB
B GoJiee JIMHHBIE JIJIst COXPAHEHUS 3HAYMMOCTU ¥ TOYHOCTH.

ITpeobpasoBatus ObIBAIOT [IBYX TUIIOB:

0 u3MeHSWIINe BHYTPEHHEee TIPeICTaBIeHre BeJnunH (¢ moTepeil TouHocTr uim 6e3
OTepu TOYHOCTN);

Q wu3MeHsolMe TOJIbKO MHTePIPeTaliio BHYTPEHHEro Ipe/CTaBIeHn .

K mepBoMy THITY OTHOCHTCS, HATPUMED, TIPeoOPa30BaHie TIeT0T0 YHCIa B BEIECTBEH-
Hoe (6€3 oTepr TOYHOCTH) 1 HA060POT (BO3MOKHO, ¢ TIOTEPE TOUHOCTH ), KO BTOPO-
My — TipeobpasoBaHie 3HAKOBOTO 11eJI0T0 B Ge33HAKOBOE.

B mo6oM ciryuae BeJMUMHBI THUIOB char, signed char, unsigned char, short int u
unsigned short int mpeoGpasyrTes B THIT int, €CJIU OH MOKET MIPEICTABUTH BCE 3HAUE-
HUS, WK B unsigned int B IPOTUBHOM cJlyyae.

ITocJie sTOroO OIEpaH/Ibl IPEe0OpasyIoTes K TUIY HanboJiee JJIMHHOTO U3 HUX, M OH KC-
MOJIB3YETCST KaK THI pe3yJ/ibraTa. [I[paBuia mpeoOpasoBaHUil IPUBEAEHBI B ITPUJIOKE-
HUM 3.

ITporpaMMuCT MOJKET 3a/1aTh IPe0OPa30BaHUsI THIIA SIBHBIM 00pa3oM (00 9TOM paccka-
3bIBaeTca B pasyene «IIpeobpasosanust Tumnos» Ha c. 231).

Wrak, MbI MOTpaTUAN AOCTATOYHO MHOTO BPEMEHW, PAacCMaTpWBAs CaMbIil HUKHUI
YPOBEHb KOHCTPYKINI, COCTABJISIONINX SI3BIK TPOTPAMMUPOBAHUS, U Terepb 1opa Ha-
YUHATH CTPOUTH U3 HUX HEUTO HOJIee OCMBICTIEHHOE — CHAYaJIa OT/e/IbHbIE OMIePaTOPBI,
a 3areM nporpammbl. Jlaxke camas 1pocras IporpaMma J0JKHA CO3/1aBaThCs 110 olIpe-
JIeJIEHHBIM TIPaBUJIaM, TOT/Ia OHA Gy/eT HajexHa, a¢hekTuBHa 1 KpacuBa. M3ydernem
9TUX IIPaBUJI Mbl U 3aliMeMcs B cilelyloleM paszelie.

Cosnanue mpoCTEHUX MPOrpaMM TOAPOGHO PACCMATPUBAETCS HA TIEPBOM CeMUHAPE
npaktukyma [11, c. 13].

Ba30Bble KOHCTPYKLUUU CTPYKTYPHOro
nporpaMmMmmpoBaHus

B Teopuu nporpaMMUPOBaHUS IOKA3aHO, YTO TIPOrPAMMY JIJIsI PEIeHUsT 3a1a4u o060
CTTOKHOCTU MOKHO COCTABUTDH TOJBKO U3 TPEX CTPYKTYP, HA3bIBAEMBIX CJICTOBAHUCM,
BETBJICHUEM M IUKJIOM. IJTOT pe3yJbTaT ycraHoBjieH boliMom u fAxonunum emnie B
1966 romy myTeM IOKasaTEIbCTBA TOTO, YTO JHOOYIO MPOrpaMMy MOKHO mpeobpaso-
BaTh B 9KBUBAJIEHTHYIO, COCTOSIIYIO TOJBKO U3 STUX CTPYKTYP U MX KOMOWHAIUIA.

CriepoBanue, BeTBICHUE U UK HA3BIBAIOT GA306bIMU KOHCIMPYKUUAMU CTPYKTYPHOTO
nporpammupoBanust. Credosanuem Ha3bIBACTCS KOHCTPYKIUS, MPEICTABISIONAA CO-
6oit TocIeI0BATEIbHOE BBITIOJIHEHNE JBYX WK OoJiee orepatopoB (MPOCTHIX MU CO-
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CTaBHBIX). Bemenenue 3ajaet BuIMOJIHEHUE MO0 OJHOTO, JTUGO APYrOro Orepatopa B
3aBUCUMOCTH OT BBITTOJTHEHUST KAKOTO-THO0 YCaOBUA. [[uKn 3a1aeT MHOTOKPATHOE BBI-
nosuenne oneparopa (puc. 1.3). OcobeHHocTbI0 6a30BBIX KOHCTPYKIUN SIBJISETCS TO,
9T 00ast U3 HUX MMEET TOJBKO OJUH BXOJI U OJWH BBIXOJ, TIO9TOMY KOHCTPYKIIHH
MOTYT BKJIQJ[BIBATHCS IPYT B IPyTa MPOU3BOJBHBIM 00Pa30oM, HATIPUMED, UK MOKET
COZIEP’KATH CJIEJIOBAHNE U3 [IBYX BETBJIEHUI, KAXK/0€ U3 KOTOPBIX BKJIIOYAET BJIOXKEH-

uble UKl (puc. 1.4).
<>
| |

L ||
L \_v_l

CnepoBaHue Linkn BetBnexue

Puc. 1.3. ba3oBble KOHCTPYKLMN CTPYKTYPHOr0O NporpaMmMmpoBaHnsg

Puc. 1.4. BnoxeHne 6a30BbiX KOHCTPYKLWI

[lespio ucmoab3oBanusa 6Ga30BBIX KOHCTPYKIIUIT SIBJSETCS TOJYYEHHE MPOTPAMMBI
MPOCTON CTPYKTYPhI. Takyio mporpaMmy JIETKO 4uTaTh (2 MPOrpaMMbl dalle MPUxo-
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JIUTCST YUTATH, YEM TIHCATD), OTJIAKUBATH U TTPU HEOOXOMMOCTH BHOCUTD B HEe U3Me-
HeHust. CTPYKTYPHOE ITPOTPAMMUPOBAHUE YACTO HA3hIBAJIM «[IPOrPaMMUpPOBaHHeM Oe3
g0to», U B 3TOM €CTb OOJIbIIAsST JI0JIsI TIPAB/IBL: YACTOE MCIIOIb30BAHUE OIIEPATOPOB Iie-
pellaun yrpaBJeHusT B TPOU3BOJIBbHBIE TOYKN TTPOTPAMMBI 3aTPYIHSIET MPOCTEKUBAHNE
goruku ee pabotel. C APYroii CTOPOHDI, HUKAKUE MPUHIUITBI HEJIb3sT BO3BOJAUTH B ab-
COJIIOT, U €CTh CUTYAIMH, B KOTOPBIX MCIIOJIb30BaHIe gOt0 ONPABIAHO W IPUBOUT, Ha-
MPOTUB, K YIIPOIIEHUIO CTPYKTYPBHI Tporpammbl. O HIX TOBOPUTCS B pasfene «Onepa-
Top goto» (c. 49).

B 60sbITIHCTBE SI3BIKOB BBICOKOTO YPOBHST CYIIECTBYET HECKOJIBKO peannsannii 6a3o-
BBIX KOHCTPYKIMif; B C++ ecTh TPU BUIA IIUKJIOB U /[BA BU/IA BETBJICHUI (Ha /[Ba U Ha
MPOU3BOJIBHOE KOJIMYECTBO HarpasaeHuii). OHU BBEAEHBI s yI006CTBA TIPOTPAMMHU-
POBaHWUS, ¥ B KayKIOM CJIy4ae Ha0 BHIOMPATh HanboJiee MOAXOISIIIE cpeicTBa. [maB-
HOE, O YeM HY>KHO MOMHUTD JJaKe TIPU HAIMMCAHUU CAaMbIX MTPOCTBIX MPOTPAMM, — 4TO
OHW JIOJUKHBI COCTOSATD M3 YETKOI TTOCIIEI0BATEILHOCTH OJIOKOB CTPOTO OIPE/IeTEHHON
KoHuUryparmn. «KTo sICHO MBICINT, TOT SICHO M3JaraeT» — MPaKTHKa AaBHO MOKa3a-
JIa, 94TO MPOrPaMMbl B CTUJIE «IIOTOK CO3HAHUS» HEKM3HECTIOCOOHDI, HE TOBOPST O TOM,
YTO OHM IIPOCTO HEKPACUBBL.

PaccMOTpUM OTIEpaTOPBI S3bIKA, peannusyionie 6a30Bble KOHCTPYKITMH CTPYKTYPHOTO
[IPOrpaMMUPOBAHMUSI.

OnepaTop «BbipaxXeHue»

Jlio60e BbIpaskeHue, 3aBEPIIAOIIeecs] TOYKOH € 3aMATON, PACCMATPUBAETCST KaK OIlepa-
TOP, BBIIIOJIHEHUE KOTOPOTO 3aKJII04aeTCs B BbIYMCJIEHUN BbIpaskeHnd. JacTHbIM CJIy-
JaeM BBIPDKEHUS SABIIETCS nycmotl onepamop ; (OH MCIIOJIb3YeTCs, KOT/Ia TI0 CHHTAK-
cucy onepatop Tpebyercs, a 1o cMbicay — Het). [Ipumepsbr:

T++; // BbLINOAHAETCA Onepauns WMHKPEMeHTa
a*=b+c; // BbLINOAHAETCA YMHOKEHUE C NPUCBAUBAHWEM
fun(i, k); // BHINONHAETCA BbIZOB (yHKUNN

Onepartopbl BeTBIeHUS

YcnoBHbivi onepaTtop if

Ycaosublii onepatop if ncrnosb3yeTcs it pasBeTBICHUSI IPOIlecca BHIYMCICHUI Ha
nBa Hanpasienus. CTpyKTypHas cxema oreparopa mpusezena ua puc. 1.5. @opmar
orieparopa:

if ( BbipakeHue ) onepatop 1; [else onepatop 2;]

CHayvaJsia BbIYMCTISIETCS BBIpAKEHME, KOTOPOE MOXKET UMETh apruMeTHUeCKUi THIT NN
TUIl yKadaress. Ecau ono He paBHo HyJso (nMeeT 3HadeHue true), BBIIOTHAETCS 1Iep-
BBI oriepaTop, nHaye — BTOpoil. [locse aToro ynpasienne nepejgaeTcs Ha oneparop,
CJIE/IYIONIMH 32 YCJIOBHBIM.

Opnna n3 BeTBeH MOKET OTCYTCTBOBATb, JJOTMUHEE OIYCKaThb BTOPYIO BETBb BMecCTe
¢ KJII0UeBbIM cJI0BOM else. Ecii B Kakoii-mu6o BeTBu TPeOYeTCst BBIOJIHUTD HECKOJIb-
KO OIepaTopoB, UX HEOOXOAMMO 3aKIIOYNTh B GJOK, HHAYE KOMITHIISATOP HEe CMOKET
TIOHSITD, T/l 3aKAHIMBAETCS BETBIEHIME. DIOK MOKET COMEPKATH JTOOBIE OMEPATOPHI,
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B TOM YHMCJIE OITUCAHUS U JIPYTHE YCIOBHBIE OTepaTOPbl (HO He MOKET COCTOATh U3 OJ1-
HUX ornucanuit). HeoOX0aMMO yUUTHIBATh, YTO MEPEMEHHasT, OMMCaHHast B GJIOKe, BHE
6JI0Ka He CyLIeCTBYeT.

false false
BoipaxkeHue BrlipakeHune
true
Onepatop 1 Onepartop 2 Onepatop

R ;

Puc. 1.5. CTpykTypHas cxema ycloBHOro ornepartopa

[Ipumepsr:
if (a<0) b = 1; // 1
if (a<b && (a>d || a==0)) b++; else {b* =a; a = 0;} /]2
if (a<b) {if (a<c) m = a; else m = c;} else {if (b<c) m =b; elsem=c;} // 3
if (a++) b++; /4
if (b>a) max = b; else max = a; //'5

B npumepe 1 orcyrcrByeT BeTBb e1se. [Too6HasT KOHCTPYKITNST HA3BIBAETCS «TIPOTTYCK
oTepaTopas, MOCKOJIbKY MPUCBANBAHHTE JTUOO BBITIOMHIETCS, JTHOO TTPOTTYCKAETCS B 3a-
BUCHMOCTHU OT BBITIOJIHEHUS YCIOBUS.

Ecnu TpebyeTcst TpOBEPUTH HECKOIHLKO YCIOBUH, MX OOBEIMHSIOT 3HAKAMHU JIOTHYe-
ckux omeparnii. Hampimep, BoIpaskerine ¢ npumepe 2 OyneT UCTUHHO B TOM CIIydae,
€CJIU BBITIOJIHUTCST OJIHOBPEMEHHO yCJIOBUE a<h M OJ[HO M3 YCJIOBHI B cKoOKax. Ecim
OTMyCTUTDL BHYTPeHHME CKOOKM, Oy/IeT BHITIOMHEHO cHAYama Jormdeckoe U, a motom —
NJIN.

Onepatop 6 npumepe 3 BoIYUCIsIeT HabOIIbIIIEE 3HAUCHUE U3 TPEX MepeMeHHbIX. Du-
rypHble CKOOKH B JIAHHOM cJiydae He 00sI3aTesIbHbI, TaK KaK KOMITHJISITOP OTHOCUT
yacTh else k Ommkaiimemy if.

IIpumep 4 narioMmmuHaeT 0 TOM, YTO XOT4 B KauecTBe BbIpakKeHUil B oriepaTope if uvare
BCETO MCTOIB3YIOTCST OTIEPAIIUI OTHOTIEHHSI, 3TO He 00s13aTeNHHO.

KoncTpykiinu, mogoOHbIe OLepaTopy 6 npumepe 5, MPOIIe U HATJISI[HEE 3alUChIBaTh B
BUJIe YCJOBHOM orepaiuu (B JaHHOM ciydae: max = (b >a) ? b : a;).

ITpumep. TIpousBoANTCS BBICTPEJ TTO MUIIEHH, M300paskeHHON Ha puc. 1.6. Omnpee-
JINTH KOJIMYECTBO OYKOB.

#include <iostream.h>
int main(){
float x, y; int kol;
cout << "BBeguTe KOOpAMHATbLl BhiIcTpena\n";
cin >> x >>y;
if ( x*x + y*y < 1) kol = 2;
else if( x*x + y*y < 4 ) kol = 1;
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else kol = 0;
cout << "\n OukoB: " << kol;

return 0;
1
A
1|o4ko
\y 1 2 ‘3
Puc. 1.6. MuLieHb
BHUMAHUE

Pacrnipoctpanennast ommuOKa pu 3alicH YCJIOBHBIX OMEPATOPOB — UCHOAb30BAHUE 8 GLIPAICEHU-
51X 8MeECmO NPosepKu Ha pasencmeo (==) npocmoezo npuceausanus (=), naupumep, if(a=1)b=0;.
CuHTakcH4ecKoi ommuOKY HET, TAK Kak Ollepaliusl IprcBanBanust (GOPMUPYET PE3YIIbTAT, KOTO-
PBIii 1 OIleHUBAETCA HA PABEHCTBO,/HEPABEHCTBO HyJII0. B 1aHHOM IIpuMepe npucBanBaHue mnepe-
MEHHOM b Gy/IeT BBIIIOJIHEHO HE3aBUCHMO OT 3HAYEHUs ePeMeHHOI a. [109TOMY B BBIPayKEeHMSIX
IIPOBEPKU IIepeMeHHON Ha PaBeHCTBO KOHCTAHTEe KOHCTAHTY PEKOMEH/1yeTCsl 3alllChbIBaTh CJIeBa
oT onepaiuu cpapienus: if (1= =a)b=0;.

Bropas omibka — negepnas sanuco nposepku na npunadieiciocmy duanasony. Harmpumep, aro-
Gbl IPOBEPUTD YCJIOBHE 0<x<1, HEJIb3sI 3AMUCATH €T0 B YCIAOBHOM OIEPATOPE HEMOCPEACTBEHHO,
Tak Kak Oy/IeT BBIIIOJHEHO CHAYasIa cpaBHerue 0<x, a ero pesyJsbrar (true min false, mpeobpaso-
BaHHOE B int) Gyzer cpaBHuBarbes ¢ 1. [IpaBuibHbIil criocob sammucu: iT(0<x && x<1)..

Tum nepeMeHHBIX BBIOMPAETCS UCXOMs U3 WX HasHaueHUs. KoopauHAThI BhICTpEsa
HeJIb3s1 TIPEJICTABUTD IEIbIMU BEJTMYNHAMU, TAK KaK 9TO MPUBEJET K MMOTEPE TOYHOCTU
pes3yJIbTata, a CIeTINK OUYKOB HE IMEET CMBICJIA OITMCHIBATh KaK BeNeCTBEeHHBIH. /laxke
TAKYIO MPOCTYIO MPOrPaAMMY MOJKHO €lile YIIPOCTUTD C IIOMOIIBIO TIPOMEKYTOUHOI Tie-
PEMEHHOI! ¥ 3aIHCH YCJIOBUS B BUJIE IBYX TI0CJIEIOBATEIBHBIX, a HE BJIOKEHHBIX, OIe-
paropos if (obpaTuTe BHUMaHWE, YTO B TIEPBOM BapHaHTe 3HAUEHME MepeMeHHON Ko
MPUCBAUBAETCSI POBHO OJIUH Pa3, a BO BTOPOM — OT OJIHOTO /[0 TPEX pa3 B 3aBUCUMOCTH
OT BBITIOJTHEHUST YCJIOBUN ):

#include <iostream.h>
int main(){
float x, y, temp: int kol;
cout << "BBeguTe KOOpAMHAThLl BhiIcTpena\n";
cin >> x >>y;
temp = x * x +y *y;
kol = 0;
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if (temp < 4 ) kol = 1;
if (temp < 1) kol = 2;
cout << "\n OuykoB: " << kol;

return 0;
}

Ecin xakasg-nmu6o nepemMeHnHasi UCIIOJIb3YeTCs TOJbKO BHYTPU YCJIOBHOIO OIIEPATOPa,
PEKOMEHYEeTCsT OOBIBUTD €€ BHYTPH CKOOOK, HAIIPUMED:

if (int 1 = fun(t)) a -=1; else a += 1;
O6’b$IBJIeHI/Ie HepeMeHHOfI B TOT MOMEHT, KOI'/la OHa Tpe6yeTc51, TO €CTb Kor/la eu HeO6-
XOIMMO IIPUCBOUTD 3HAUYEHUE, ABJJIACTCA ITPU3HAKOM XOPOIIETO CTUJIA 1 ITO3BOJIACT N3~
6exaTb CJIy9aliHOTO UCTIOJIb30BAHUS ITEPEMEHHON /10 ee MHUITNAIN3AIINU. OO6bABIATD

BHYTPH orepatopa if MOKHO TOJbKO ofHy nepemennyio. O61acTh ee BUANMOCTH Ha-
YMHAETCH B TOYKe 00bABJICHUS 1 BKIIOUaeT 00e BETBH OIepaTopa.

Onepatop switch

OmepaTop switch (mepexiroyaresp) TperHa3HAUEH [T PAa3BETBJCHUS TIPOIlecca BBI-
YUCJIEHUI HAa HECKOIBKO HanpaBienuii. CTPyKTypHAas cXxema orepaTopa mpuBeeHa Ha
puc. 1.7. @opmar oreparopa:

switch ( Bbipaxenue ){
case KOHCTaHTHoe BbipaeHue 1: [cnnucok onepaTopos 1]
Case KOHCTaHTHoe_BbipaxeHue 2: [CnNnCOK_onepaTtopos_2]

Case KOHCTAHTHOe BblpameHue n: [CMUCOK_onepaTopos n]
[default: onepaTtopsl ]

switch 1

case 2

|

Onepatopsbl 2

|

casen
Oneparopbl n

default

Oneparopbl

<

Ai

Puc. 1.7. CtpykTypHas cxema onepatopa switch

BolnosiHeHMe ollepaTopa HAauMHAETCSI ¢ BBIYMCIIECHMS BbIPaskeHUst (OHO JOJIKHO OBITh
[[EJIOYNCIEHHBIM ), & 3aTeM YIIPABJIEHUE MEPEAETCsT IEPBOMY OIEPATOPY U3 CIIHCKA,
[IOMEYEHHOTO KOHCTaHTHBIM BbIpaKeHHEM, 3Hau€HHEe KOTOPOIO COBIIAJIO C BBIYMCJICH-
ubiM. [Tocsie 9TOTO, eciin BBIXO/ U3 TTEPEKIIoYaTe st SBHO HE YKa3aH, MOCIe0BaATEIbHO
BBITIOJIHAIOTCA BCE€ OCTAaJIbHbIE BETBU.

Boixo/ 13 nepeksodaTesist 0ObIYHO BBIIOJIHIETCS ¢ IIOMOIIbIO ONepaTopoB break mim
return. OmepaTop break BBITOJIHSIET BBIXOJ M3 CAMOTO BHYTPEHHETO U3 OOBEMITIOININX
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ero orepaTopoB switch, for, while n do. Onepatop return BeITIOJHSET BbIXO/ U3 (PYHK-
IINH, B TeJie KOTOPOI OH 3aIiCaH.

Bce koncranThbie BbIpasKeHUA AOJIKHBI UMETb pa3Hbl€ 3HAYCHUA, HO 6I)ITb O/[HOIro u
TOTO K€ IEeJIOYNMCJIEHHOTO THuIIA. Heckompko meTok MOTYT CJaeA0BaTb MMOAPAM. Ecan
COBIIQ/ICHUS HE HpOI/ISOHIJIO, BbIITOJIHAIOTCA onepaTopm, pacnonomeHHme 11ocJie cjaoBa
default (a mpu ero oTCyTCTBUU yTIPaBJIeHUE MepeaeTcs ciaeayioneMmy 3a switch ore-
paropy).

[Ipumep (mrporpamMma peasnsyer TPOCTEUTINI KaJTbKyJASITOP HA 4 IeNCTBUSA):

#include <iostream.h>

int main(){
int a, b, res;
char op;
cout << "\nBseaute 1it onepaHg : "; cin >> a;
cout << "\nBeeauTe 3HaK onepauun : "; cin >> op;
cout << "\nBeeante 2ii onepaHg : " cin >> b;

bool f = true;
switch (op){

case '+': res = a + b; break:
case '-': res = a - b: break;
case '*': res = a * b: break;

case '/': res =a / b; break;

default : cout <<"\nHeussecTHas onepauus"; f = false;
1
if (f) cout << "\nPesynbTat
return 0;

<< res.

NMPUMEYAHUE

B ciyuae cunTakcndeckoil ommbku B caoBe default coobimernne 06 ommbKe He BBIIAETC, TI0-
CKOJIBKY KOMITUJISITOP BOCIIPUMET 3TO CJIOBO KaK JOTYCTUMYIO METKY OIlepaTopa.

OnepaTopbl uUKNa

OrmepaTopbl UKJIA UCTIONTB3YIOTCS /TSI OPTAHU3AIIMA MHOTOKPATHO TOBTOPSTIOMINXCS
Bbrumcseruii. JIIoO0i MUK COCTOUT U3 TeJjia IUKJIA, TO €CTh TeX OIepaTOPOB, KOTOPbIE
BBIIIOJIHAIOTCS HECKOJIBKO pa3, HadaJlbHbIX YCTAHOBOK, MOAMMDUKALMMU napamempa
I[KJIAa ¥ TPOBEPKU YCJIOBHS MTPOOJIKEHNS BBITTOJHEHN Iukia (puc. 1.8).

OnnH TPOXo/ TMKJIA HasbiBaeTcs uTepanueil. [IpoBepka ycioBust BBITOTHSIETCS Ha
KaKJI0H ureparuu b0 10 Tesa ukaa (Tora TOBOPST O IHKJE C MPELYCIOBHEM),
6o mocsie Tesa 1ukia (IUKJ ¢ TOCTycJaoBreM). PasHUIa MEXIy HUMU COCTOWUT B
TOM, YTO TEJIO TIUKJIA C TIOCTYCJIOBUEM BCET/Ia BBITIOTHAETCS XOTS OBI OIMH pas, Mocie
YEero mpoBepAeTCd, Ha/l0 JIM €rOo BBITIOJTHATDL €I1e pa3. HpOBepKa H€O6XO[[I/IMOCTI/I BbI-
MIOJTHEHUST IIMKJIA C TIPEYCIOBUEM JIETAeTCs /10 TeJla IHKJIA, I09TOMY BO3MOIKHO, YTO
OH HE€ BBITIOJIHUTCSA HU Pa3y.
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! !

HauanbHble HavanbHble
yCTaHOBKU yCTaHOBKM
» »
) 4 |
BblpaxeHue Onepatopb
Moandukaumsa
napameTpa umkna
Oneparopsbl
Moandwvkauumsa BbipaxeHue
napameTpa uukna

]
—

a 6

Puc. 1.8. CTpyKTypHbIe CXxEMbl ONEPATOPOB LUMKIA: @ — UMK C NPeayCloBUEM;
6 — LMKJ C NOCTYC/IOBUEM

Ilepemennble, uamensIoOmMecs B Tejle LUKJA U UCIIOJIb3yeMble IIPU IIPOBEpPKe YCJI0BUS
IIPOJIOJIPKEH ST, Ha3bIBAIOTCS MapaMeTpamu Iukia. [lesounciennble mapaMeTpbl UK-
JIa, U3MEHSIONMeCs ¢ IOCTOSHHBIM 11arOM Ha KaX/10l UTepaliyy, Ha3blBAIOTCS cuem-
YUKAMU UUKILA.

Hauambubie YCTaHOBKMN MOTYT ABHO HE HNPUCYTCTBOBATH B IIPOTPaMMe, X CMbBICJI CO-
CTOUT B TOM, 4TOODBL A0 BXO/la B IIUKJI 3a/1aThb 3HAYE€HUA ITEPEMEHHBIM, KOTOPbI€ B HEM
HCIIOJIb3YIOTCA.

[ukn 3aBeprmaeTcs, ecan ycJaoBHe €ro MPOAOJIKEHUs He BBITOTHSETCS. Bo3MOKHO
MIPUHYANTEJbHOE 3aBepllieHre Kak TeKylled urepanuu, Tak M 1UKJIa B 11esaom. s
ATOTO CJIy:KaT orepatopsl break, continue, return u goto (cm. pazzmen «Oneparopsl 1e-
penaun yrpaBieHusi», ¢. 49). IlepemaBarh yrpaBieHre U3BHE BHYTPH ITUKJIA HE PEKO-
MEH/LYEeTCA.

Jlst ynobeTBa, a He mo HeobxoauMocTw, B C++ ecThb TPU PasHBIX OnepaTopa IuKIa —
while, do while u for.

LUuxn c npeaycnosuem (while)

[uka ¢ mpegycioBueM peajausyeT CTPYKTYpHYIO cxeMy, IpuBeeHHylo Ha puc. 1.8, a,
U IMEET BUJI:

while ( BbpakeHue ) onepaTop

Boipaxkenue ormpeziesisieT yCJI0BHe MOBTOPEHMS TeJsa ITUKJIA, MPeICTaBIeHHOTO MPOo-
CTBIM WJIM COCTABHBIM OTIepaTOPOM. BpIlloTHeHMEe oTiepaTopa HAUMHAETCS ¢ BbIYHUCIIE-
Hug BbIpaxkeHus. Ecau oo nctunHo (He paBHO false), BBIIOJIHAETCS OLEPaTop 1HK-
Ja. Ecau 1ipu 1iepBoii TpoBepKe BbIpaKeHUe PaBHO false, IUKJ HE BBITIOJHUTCS HU
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pasy. Tur BeIpakeHUsT JOJKEH OBITh apu(METHYECKUM WM MTPUBOAUMBIM K HEMY.
Brrpakerue BuauCIsieTCs nepel] KaKA0NH UTeparueil IKIa.

ITpumep (1porpaMma mnedaraer Tabauiy sHadeHUd GyHKIUU y=x2+1 BO BBEIEHHOM
Jamma3one):

#include <stdio.h>

int main(){
float Xn, Xk, Dx;
printf("BeeanTte [uanas3oH W war W3MEHeHWs aprymeHTa: ");
scanf ("% fafaf", &Xn, &Xk, &Dx);

printf("| X | Y |\n"); // wanka Tabnuubl
float X = Xn: // yCTaHOBKa mapaMeTtpa UuKna
while (X <= Xk){ // TMpoBepKa YCNOBWA MPOJONKEHNSA
printf("| %5.2f | ¥5.2f |\n", X, X*X + 1); // Teno umxna
X += Dx; // moamdurauug napametpa
}
return 0;

}

[Tprmep (TTporpaMMa HaXOANT BCE IETUTENH TIEJI0TO TTOJIO0KUTETBHOTO YHCIa):

#include <iostream.h>
int main(){

int num;

cout << "\nBeegute unucno : "; cin >> num;

int half = num / 2; // nonoBuHa 4nucna

int div = 2; // KaHOMpaT Ha [enuTeNb

while (div <= half){
if (M(num % div))cout << div <<"\n";
divtt;

1

return 0;
1

PacnipocTpaneHHbIil TIpUEM TIPOTPaMMUPOBAHUSA — OPraHU3aIust 6eCKOHEYHOTO UKJIA
¢ 3aromoBKoM while (true) mmb6o while (1) W MPUHYAUTENTHHBIM BBIXOJIOM U3 TeJa
[IMKJIA TI0 BBIOJHEHUIO KaKOTO-T100 YCA0BUS

B kpyribix ckoOKax mocJjie KJIoueBoro ¢joBa while MOKHO BBOAWTH OIMCAHKE Iepe-
Mennoit!. ObyacTpio ee 1efCTBUA ABJSETC 1K

while (int x = 0){ .. /* obnacTe peicTeus x */ }

LUukn ¢ noctycnosuem (do while)

ITuKT ¢ TIOCTYCIOBUEM PEATU3YET CTPYKTYPHYIO CXeMy, TIPUBEeHHYIO Ha puc. 1.8, 6,
U UMeeT BUJI:

do onepatop while BbipakeHue;

' B cTapbIx BepcusAX KOMITHISTOPOB 9TO TpeboBaHMe CTAHAAPTA MOKET He MOIePKHBATHCS.
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CHauasa BBITIOTHSETCS TPOCTO MJIM COCTABHOI OIIePaTOP, COCTABJISAIONINI TeJIO K-
J1a, a 3aTeM BBIUMCsIeTcs Beipaxkerne. Ecau ono nctuaHO (He paBHO false), Tero MukK-
Jia BBIITOJIHAETCA €eIlle pas. HI/IKJI 3aBepHiaeTcsd, Korja BbIpa)X€HWE CTaHeT PaBHbIM
false nim B Tese MK GYIET BBHITOJHEH KAKOH-TO0 OMepaTop mepefadn yripasie-
Hug. Tun BbIpaKeHUA JTOJIKEH 6bITb apI/I(l)MeTI/I‘{eCKI/IM NJIn IPpUBOJUMBIM K HEMY.

[Ipumep (mrporpaMma oCyIiecTBJISIET TPOBEPKY BBO/A):
#include <iostream.h>

int main(){
char answer:
do{

cout << "\nKynu cnoHuka! cin >> answer;
jwhile (answer != 'y');
return 0;

}

[Tpumep. [Iporpamma BbIYUCISAET KBAJAPATHBIN KOPEHb BEIECTBEHHOTO apryMeHTa X
C 3a[TaHHOI TOYHOCTBIO EPS TI0 UTEPAITMOHHOI (hopMy.Te:
1
Yo =5 (Yn1 + X/yn1),

rie y, 4 — Ipeabiayliee npubanKenne K KOpHio (B Hayaje BblYMCAeHUN BbIOUpaeTcst
IIPOU3BOJIBHO), Y, — Mocjenyiomiee npubamkenue. IIporece BIUMCAEHUN IPEKpaliia-
ercst, Korjia MpubIMKEeHNsT CTaHYT OTJMYATHCS APYT OT APyra 10 abCOTOTHOM Besu-
yKHe MeHee, 4YeM Ha BeJIMYMHY 3aJaHHON TouHocTH. [ BhIYMCIeHus abCcOMIOTHON
BEJIMYMHBI UCIIOJIb3yeTcs cTaHpapTHas QyHkims fabs(), oObsaBIeHHE KOTOPOH Haxo-
JIUTCST B 3aroJIOBOYHOM (paitye <math.h>.

#include <stdio.h>
#include <math.h>
int main(){
double X, Eps; // apryMeHT W TOYHOCTb
double Yp, Y = 1; // npeabifyuwee v nocnepywouee npubamkeHue
printf("Bsegute aprymMeHT W TOYHOCTb: ");
scanf("Z1f%1f", &X, &Eps);
do{
Yp =Y;
Y = (Yp + X/Yp)/2;
twhile (fabs(Y - Yp) >= Eps);
printf("\nKopeHb u3 %1f pasen Z1f", X, Y);
return 0;

}
LUwnkn c napameTtpom (for)

Huka ¢ mapaMeTpoM uMeet ceayionuii opmar:
for ( wHMuUManM3auus; BbipakeHWe; MoAaMdUKALMN) OnepaTop;

Hnuyuanusayus MCToMb3yeTcst st OOBSIBICHNST W TPUCBOEHNST HAYATbHBIX 3HAUEHUIT
BEJIMYMHAM, MCTIOTb3yEMbIM B ITUKJIE. B 9TOl 4acT MOKHO 3ammcaTh HECKOJIBKO OTle-
pPaTopOB, Pa3/ieJIeHHbIX 3alATON (olepalueil «11ocae0BaTeIbHOE BBIIIOJTHEHUE» ), Ha-
puMep, Tak.
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for (int i =0, J=2;
int k., m;
for (k =1, m=0;

O06sacTbio eiiCTBUS IepeMEHHbIX, 00bIBAEHHDIX B YaCTU MHUIUAIU3ALUK [[UKJIA, SAB-
sstercst k!, IHUIIMaIm3aIiist BITIOTHSIETCST OJIMH pa3 B Havasle NCITOJTHEHUS IUKJIA.

Buipasxenue ompesiesisieT yCIoBUe BLITTOJTHEHMS IINKJA: €CIHM eTO pe3yJbTat, TpuBe-
JIEHHBIN K TUIy bool, paBeH true, 1ukJ BoinoHsgeTcs. LUk ¢ mapameTpom peannso-
BaH KaK ITUKJ C TIPEyCIOBHEM.

Mooduguxanuu BBITIOTHAIOTCS TOCTE KayKA0NH UTEPAIUY [UKJIA U CITY5KAT OOBIYHO JITIsT
u3MeHeHus apaMeTpoB IukJa. B yactu Mopudukanuil MosKHO 3al11caTh HECKOJIbKO
OIIepaTopoB uepes 3arsaTyio. [IpocToil uim cocTaBHOU onepamop TpecTaBiser coboil
Tesio rukia. Jlrobas us yacreii onepatopa for MokeT OBITH omyIeHa (HO TOYKY ¢ 3aris-
TOM HA/0 OCTABUTDH HA CBOMX MecTax!).

[Tpumep (omepatop, Berancsionuit cymmy unces ot 1 1o 100):

for (int i =1, s = 0: i<=100; i++) s += 1;
ITpumep (1porpamma mnedartaer Tabanily 3HadeHUi GyHKIMU y=x2+1 BO BBEIEHHOM
JIMara3oxe):

#include <stdio.h>
int main(){
float Xn, Xk, Dx, X:
printf("BeeanTe [uanas3oH W wWar W3MEHeHWs aprymeHTa: ");
scanf("%fafaf", &Xn, &Xk, &Dx);
printf("| X | Y |\n");
for (X = Xn:; X<=Xk; X += Dx)
printf("| %5.2f | %5.2f |\n", X, X*X + 1);
return 0;

}

HpI/IMep (HporpaMMa HaXOoUT BCeE JICJIUTEJIN I1€JIOI'0 ITOJIOKUTE/IbHOI'O I-II/ICJIB.)I

#include <iostream.h>
int main(){
int num, half, div;
cout << "\nBseante unucno cin >> num;
for (half =num / 2, div = 2; div <= half; div++)
if ((num % div))cout << div <<"\n";
return 0;

}

IIB& TIOCJIEITHUX TTPUMEPA BBITTOJTHAIOT TE JKe I[efICTBI/IH, 4TO W INPpUMEPDI AJIA IUKJa C
mpeaycjoBrueEM, HO 3allCaHbI 6ojiee KOMIIAKTHO 1 HarJis1;IHO: BCeE lIeI‘/JICTBI/IH, CBA3aH-
HbI€ C YTIPABJIEHUEM ITUKJIOM, JIOKAJIN30BAHBI B €r0 3aroJIOBKeE.

JIo6oii ks while MoXeT GBITH TIPUBENEH K 9KBUBAJIECHTHOMY eMy UKy for u Ha-
06opoT 110 cJenyomeil cxeme:

' B cTapbIx BepcHSX KOMIMJISTOPOB 5TO TpeGOBaHUe CTaHAapTa MOXKET HHTEPIPETHPOBATHCS
110-/IPYTOMY.
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for (bl; b2; b3) onepatop bI;
while (b2){
onepatop; b3;}

YacTo BCTpeYaIONIMeCs OwWuUbKU Npu NpozpamMMUpPOSanuy UUKI08 — WCIOJIb30BaHNe
B TeJie [IUKJIA HEMHUIMATM3UPOBAHHbBIX IT€PEMEHHBIX U HEBEPHAS 3aITUCh YCJIOBUS Bbl-
X0JIa U3 IMKJIA.

Y1066l H36€KaTh OIMUOOK, PEKOMEHIYETCS:

Q 1poBepUTh, BCEM JIM NIePeMEeHHBIM, BCTPeYalolNMCcsl B IIPABOI 4acTH OIlepaTopoB
[IPUCBaMBaHUS B TeJie IIUKJIA, IPUCBOEHDI /10 3TOTO HavaJbHble 3HAYeHUS (a TakxKe
BO3MOJKHO JI BBITIOJTHEHUE J[PYTUX OTIEPATOPOB);

a IIPOBEPUTDH, USMEHAETCS JIN B IIUKJIE XOTSA ObI O/lHa I1epeMeHHasd, BXo/JAlias B yCJI0-
BH€ BbIXO/Ja M3 IIUKJIA;

Q 1mpexycMOTpeTb aBapUNHBIN BBIXO/ U3 IUKJA 110 JOCTUKEHNI0 HEKOTOPOTO KOJu-
yecTBa UTepaluii (cM. IpUMep B CJIEAYIONEM pasfiesie);

Q u, KOHEYHO, He 3a0BIBATH O TOM, UTO €CJIU B TeJie IIUKJIA TPeGYeTCsT BRITIOMHUTE 60-
Jiee OJIHOTO OIEepaTopa, Hy;KHO 3aKJII0UaTh UX B (PUTYPHBIE CKOOKL.

OHepaTopr IUKJa B3aUMO3aMeHA€Mbl, HO MOKHO IIPUBECTU HEKOTOPbIE peKOMeHad-
uuu 1mo Bbl60py HaWJIy4dHlIero B KaX/I0OM KOHKPETHOM CJIy4dae.

Onepatop do while 06BIYHO UCTIOB3YIOT, KOT/IA MK TpebyeTcst 06513aTeIbHO BBITIOJ-
HUTH XOTsI OBI pa3 (HampuMep, ecid B IIUKJIE TPOU3BOIUTCS BBOJ TAHHBIX).

Omnepatop for npezanodyTurebiee B OOJIBIIMHCTBE OCTANbHBIX CilydaeB (0QHO3HAY-
HO — JIJIs1 OPTaHU3AIUU ITUKJIOB CO CUETUMKAMM).

OHepaT0p0M while yz[06Hee TI0/Ib30BaTbhCA B CJIyHasX, KOT/la YUCJIO I/ITepaHI/If/’I 3apaHee
HE€ M3BECTHO, OYEBUJIHDLIX TapaMETPOB IUKJ/Ia HET WJIN MOI[I/I(i)I/IKaHI/IIO ImapaMeTpoB
y1[06Hee 3allMCbIBaTh HE B KOHILE TeJla ITMKJIA.

OnepaTtopbl nepepaym ynpassieHUs

B C++ ectb ueTbipe orneparopa, U3MEHSIONNUX €CTECTBEHHbIN TTOPSIZIOK BBITOJIHEHUS
BBIUMCJICHUI:

QO omeparop 6e3ycI0BHOTO Hepexoma goto;
O omneparop BbIXOJA U3 IMKJIA break;
QO ormepaTtop mepexojia K caenyonieil nTepauu mukaa continue;

QO omnepartop Bo3Bpara u3 (GpyHkimu return.

OnepaTtop goto
OmnepaTop 6e3yc/I0BHOTO nepexoa goto nmeer popmar:
goto MeTKa;
B rene Toii e GyHKIMET 10JKHA IPUCYTCTBOBATH POBHO OHA KOHCTPYKIIUS BUJA:

METKa: onepaTtop,;
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Omneparop goto mepegaer yipapjieHue Ha IOMeYeHHblil oneparop. Memxa — 910 0ObIY-
HBII uAeHTH(GUKATOP, 06IACTHIO BUIMMOCTH KOTOPOTO SIBJISIETCST (DYHKIIHSI, B Tesie KO-
TOPOH OH 3aj1aH.

Hcnonb3oBanue oIrrepaTopa 683y€JIOBHOI‘O Iepexo/ia OolpaBJaHO B /IBYX CJIy4YasXx:

QO TPUHYAUTESbHBIN BBIXOJ] BHU3 TI0 TEKCTY ITPOTPAMMBI M3 HECKOIBKUX BJIOKEHHBIX
IIUKJIOB WJIN TlepeKIiovaTese;

Q nepexo/ U3 HECKOJIbKUX MeCcT QYHKIIMU B OHO (HAIIPUMED, eCJIU Hepejl BbIXOJ0M
u3 HYHKIMT HEOOXOANMO BCET/IA BLITTOTHATH KaKe-In00 IelfiCTBIS).

B ocrasibHBIX cIrydasix JJist 3alliUCy JII0OOT0 aliTOPUTMA CYIIECTBYIOT GoJiee MOIXO7IsI-
1IMe CPeCTBa, a UCHOJb30BaHNe Joto IMPUBOAUT TOJBKO K YCJIOXHEHUIO CTPYKTYPBI
nporpaMmbl 1 3arpyzasnenuto oriaaku!. [IpuMenenve goto HapyImaer HTPUHIUIIBL
CTPYKTYPHOTO U MOJYJIBHOTO TIPOTPAMMHPOBAHS, 10 KOTOPBIM Bee GJIOKH, U3 KOTO-
PBIX COCTOUT TTPOTPAMMa, JOJIKHBI UMETh TOJBKO OJINH BXOJl W OJINH BBIXO/I.

B s11060M cirydae He clieyeT nepeiaBaTth yipaBieHue BHYyTPb onepaTopos if, switch u
K108, Henb3sl nepexoauTb BHYTPh OJOKOB, COAEPKALIMX MHUIIMAIN3ALMIIO TIepe-
MEHHBIX, Ha OIIepaTOPBhl, PACIIOJOXKEHHbIE TTOC/e Hee, TOCKOJIbKY B 9TOM cJydae WHN-
Huanusanus He OyIer BbIIIOJIHEHA:

int k; ..
goto metka;
{inta=3 b=4;
k =a+b;
metka: int m =k + 1;

}

IToce BBITIOTHEHUST ATOTO Q)paI‘MEHTa IIporpaMMbl 3Ha4Y€CHHWE HepeMEHHOﬁ m HEe ompe-
JleJIeHO.

Onepatop break

Omneparop break MCIIOIb3YeTCs BHYTPH OIEPATOPOB IUKJIA, i niau switch mis obecre-
YeHUsI MePexo/ia B TOUKY IPOTPAMMBbI, HAXOJSIIYIOCS HEIOCPEICTBEHHO 32 OTEPATO-
POM, BHYTPU KOTOPOTO HAXOIUTCS break.
ITpumep. ITporpamMma BbIYUC/ISET 3HAUEHKE TUIIEPOOINIECKOTO CHHYCA BELIECTBEHHO-
ro apryMeHTa X ¢ 3aZlaHHOM TOYHOCTbBIO €PS € OMOIIbIO Pa3JIOKeHUS B OECKOHEYHbBII
psiL.

sh x = x + x3/31 + x3/50 + X/7! + ..
Borumciienrie 3akanyrBaercst, Korja abcosioTHas BeJIMYMHA O4epelHOrO YjieHa psija,
npuGaBJIIEMOTO K CyMMe, CTaHET MEHbIIe 3aJaHHOI TOYHOCT.

#include <iostream.h>

#include <math.h>

int main(){

! Jlaxxe B nmpuBeieHHBIX CIyYasX AOIYCTHMO HPHMEHSATb goto TOJBKO B CIyuae, ecili B 9THX
(parmenTax Koma He CO3MAI0TCS JIOKAJIbHbIE 0OBEKTHI. B ITPOTUBHOM CJlydae BO3MOKHO MpU-
MeHeHue JIeCTPYKTOpa IIPK MPOIYIIEHHOM KOHCTPYKTOPE, YTO MPUBOAUT K CEPhE3HBIM OING-
KaM B IIPOTpaMMe.
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const int MaxIter = 500; // OTpaHNYynUTeNb KOMWYecTBa WUTepauni
double x, eps;
cout << "\nBBeauTte apryMeHT W TOYHOCTb:
cin >> x >> eps;
bool ok = true; // NPU3HAK YCMEWHOro BbIYNCNEHNA
double y = x, ch = x; // Cymma ¥ NEpBbIA 4YneH paja
for (int n = 0; fabs(ch) > eps; n++) {

ch *= x * x /(2 *n+2)/(2*n+ 3); // o4epefiHoil 4neH paja

y += ch:

if (n > MaxIter){

ok = false; break:}

}

if (flag) cout << "\n3HayeHne yHKUNN:
else cout << "\nPap pacxopmntca!";
return 0;

<< Y,

}

Onepatop continue

Ormepatop 1mepexojia K cJeyroniel nTepaiun 1uKiaa continue mpoiycKaeT Bce onepa-
TOPBI, OCTABIITUECS /10 KOHIIA TeJa IUKJIA, U TePejlaeT yIpaBieHne Ha HAuajo cJeryto-
el uTeparum.

Onepartop return

Ormepatop Bo3Bparta u3 GyHKIIUHN return 3aBepiraeT BLITOTHEHWE (DYHKITUU U TTepe/ia-
eT yIpaBJieHHe B TOYKY ee BbI3oBa. Buj omneparopa:

return [ BbipakeHue ];

Beipaskenue m0JKHO MMeTh CKassipHbIM Tutl. Ecam tum BoszBpamaeMoro (gyHKIMei
3HAYEHUS OMKMCAH Kak void, BbIpaskeHUe JIOJKHO OTCYTCTBOBATD.

Ykasartenm n MmacCcuBbl

Ykasatenu

Korga xommmastop o6pabaThiBaeT olepaTtop OlpeaeseHus IIePeMEeHHOIl, Harpumep,
int i=10;, OH BBIZENSIET MAMATh B COOTBETCTBUU € TUTIOM (int) ¥ MHUNIMATU3NPYET ee
ykaszaHHbIM 3HadeHneM (10). Bee obpaiennst B mporpaMme K IiepeMeHHOI 110 ee nMe-
HU (1) 3aMEHSIOTCSA KOMITMJISATOPOM Ha aipec 06JIacTH ITaMsATH, B KOTOPOH XPaHUTCSI
3HaYeHue nepeMeHHol. IIporpaMMICT MOKET OIIPeAeUTh COOCTBEHHbIE IIePEMEHHbIE
IUI XpaHeHus: aapecos objacTell mamaTu. Takue nepeMeHHble Ha3bIBAIOTCSI yKasaTe-
JISIMU.

Wrax, yxasamenu npeonasnauenvt 0ns xpanenus aopecos obnacmeil namsmu. B C++
pasIMYaloT TPU BH/A yKasareseil — ykasarean Ha o0beKT, Ha (GYHKIMIO 1 Ha void, oT-
JIMYAIOINUECs CBOMCTBaAMU U HAOOPOM JIOIYCTUMBIX Ollepalnii. YKasaTe/lb He sSBJIseT-
€Sl CaMOCTOSITEJIBHBIM TUIIOM, OH BCEr[a CBsA3aH ¢ KaKUM-J100 APYrHMM KOHKPETHBIM
TUIIOM.
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Ykazatesib Ha (DYHKIIMIO COIEPIKUT aJ[PEC B CETMEHTE KO/, TI0 KOTOPOMY pacIioJiara-
€TCs UCTIOJIHAEMbI Kozl (DYHKIIUU, TO €CTh a[[pec, TT0 KOTOPOMY TIepeiaeTcst yipasJie-
HUe TIPU BBI30Be (DYHKIMU. YKazaTeqn Ha (DYHKIIUN UCTIOJIb3YIOTCS ST KOCBEHHOTO
BbI3OBa QYHKIMK (HE uepes ee MMsl, a yepes obdpallleHne K TIepeMeHHOI, XpaHsIieil ee
ajipec), a Takyke JUid repenadyn uMeHn (GyHKIUY B IPYTyIo GYHKIINUIO B KayecTBe Tapa-
MeTpa. Ykazamenv QpyHKuuu UMeeT TUIT «yKa3aTesb (DYHKITNHU, BO3BpaIaolieil 3Hayve-
HUE 32[]aHHOTO TUTIA U UMEIOIIel apryMeHThl 3a/JaHHOTO TUTIAY:

Tan (*uMa) ( CMNUCOK TMMOB_apryMeHToB );
Hampumep, oO6bsiBIeHNE:
int (*fun) (double. double);

3a/la€T yKasareJb ¢ MeHeM fun Ha (hyHKIIMIO, BO3BPAIIAONIYIO 3HAUYeHUe Thla int n
HMMEIONLYIO JIBa aprymMeHTa Tuia double.

Ykasatesb Ha 0GBEKT COAEPIKUT APeC OOTACTH MTAMSITH, B KOTOPOH XPAHSITCS TaHHbIe
onpe/esIeHHOro THTIa (OCHOBHOTO WK cOCTaBHOTO). [IpocTeiiniee 06bsBICHE YKA3A-
mens na ob6vexm (B MaTbHEHTIIEM Ha3bIBAEMOTO MPOCTO yKA3aTeIeM) NMeeT BU/T:

TUN *umMa;

re TUn MOKeT ObITh J1I0ObIM, KpoMe CChLIKK (O CChLIKAaX paccKasbiBaercs Ha . 58) u
6uTOBOrO 10JIsA (CM. ¢. 69), IpUYEM THII MOKET OBbITh K 9TOMY MOMEHTY TOJIBKO 00bsIB-
JIEH, HO ellle He onpeiesieH (CIe0BaTe/bHO, B CTPYKTYPE, HAlIPUMEpP, MOKET TIPUCYT-
CTBOBATb yKa3aTesb HA CTPYKTYPY TOTO e THIIA).

36esdouxa omuocumes: Henocpedcmeenno K UMeH, TTOITOMY JIJIst TOTO, YTOOBI OOBIBUTH
HECKOJIbKO yKaszaTesell, TpeOyeTcst CTaBUTD ee Tepel] MeHeM Kaskaoro n3 mnux. Ha-
puMep, B orepaTope

int *a, b, *c;
OIIMCBIBAIOTCA /IBa YKa3aTeJIsd Ha 1eJjioe C MMEHaMn d 1 C, a TaKXKe I1eaasa IepeMeHHasA b.

PaSMep YKa3aresst 3aBUCUT OT MOJEJIN ITaMATH. MoxHO OIIpeZICJINTh YyKa3aTesJab Ha
yKa3areyab U T. /1.

Yrazamenv na void npuMeHsieTCs B TeX CIydasx, KOTa KOHKPETHBIN THTT 06beKTa, aji-
pec KOTOPOTo TpebyeTcst XPaHUTD, He OTpeiesieH (HampuMep, ecii B OHOM U TOT ke
HepeMEHHON B PasHble MOMEHTBI BDeMEHU TPeOyeTcst XPaHUTh ajpeca 00bEeKTOB pas-
JIMYHBIX TUTIOB).

Yxkazatermo #Ha void MOXHO TPHUCBOUTH 3HAYEHHUE yKazaTessl J0O0TO THUTA, a TaKkkKe
CPaBHUBATH €ro0 € JIOObIMK yKa3aTeJsIMU, HO Iepe/l BbIIIOJHEHUEeM KaKuX-aubo peict-
BUiT ¢ 06JIaCTHIO MAMSTH, Ha KOTOPYIO OH CChLIAeTCst, Tpebyercst peobpa3oBaTh €ro K
KOHKDETHOMY THITY SIBHBIM 00pazoM (cMm. ¢. 231).

Vkaszareib MOKET ObITh KOHCTAHTON WU TIEPEMEHHON, a TaKKe YKa3blBaTh HA KOH-
CTaHTY WJIU [lepeMeHHy10. PaccMOTpUM 1puMepsl:

int i; // uenas nepeMmeHHas

const int ci = 1; // uenas KOHCTaHTa

int * pi; // ykazaTeNlb Ha Uenyld NepeMeHHywn

const int * pci; // yKas3aTeNb Ha LENyn KOHCTAHTY

int * const cp = &i; // yKkasaTeNb-KOHCTAHTA Ha Uenyln nepeMeHHyio

const int * const cpc = &ci; // YKa3aTeNnb-KOHCTAHTA Ha LUeNyl KOHCTAHTY
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Kak Buzno u3 npumepos, MopuguUKaTop const, HaxoadIuica Mexx/ly UMeHeM yKasa-
TeJsT U 3BE37I0YKOI, OTHOCUTCST K CaMOMY YKasaTesio U 3alpeliaeT ero M3MeHeHNe,
a const cyieBa OT 3BE3/I0UKH 33/1aeT MOCTOSTHCTBO 3HAYCHMS, HA KOTOPOE OH YKa3bIBACT.
[l uHunmanusanuy ykasareaei NCIoJb30BaHa ollepalus IoJayYeHus ajpeca &.

Bennunnbr Tuma YKazaTeJb IMOAYNMHAIOTCA O6HII/IM IIpaBUJIaM OIIpeJleJIeHUS obJacTn
HGﬁCTBI/IH, BUIMUMOCTU 1 BPEMEHU KHU3HU.

MHuumnanusauma ykasarenemn

Ykasatesi gatiie BCETO NCTIOAB3YIOT MPU paboTe ¢ TMHAMUYECKON TTaMSITHIO, Ha3bIBae-
MOI HEKOTOPBIMU 3CTeTaMu Kyueil (1lepeBojl ¢ aHTJIMIICKOTO si3biKa cioBa heap). 1o
CBOOO/IHAST TTAMSITE, B KOTOPOI MOKHO BO BPEMsI BBITIOJHEHUST TTPOTPAMMBI BBIICISATh
MECTO B COOTBETCTBUU € TOTPEOHOCTSME. J[OCTYII K BBIJIEJIEHHBIM yUacTKaM JINHAMU-
YECKOU TTaMSITH, HA3bIBAEMbBIM OUHAMUYECKUMU NEPEMEHHBIMU, TTPOU3BOIUTCS TOJIHKO
Yyepes ykazaTesu. BpeMs KM3HU AMHAMUYECKUX MMEPEMEHHBIX — OT TOUKH CO3/[aHUS
JI0 KOHIIA ITPOTPAMMBI HJIU JI0 SIBHOTO 0CBOOOXKIeHus mamsit. B C++ ucrnomnbayercst
nBa crocoba paboThl ¢ IMHAMUYECKONW MaMsAThio. [IepBBIN MCHIONIb3yeT ceMeiicTBO
ynxmmii malloc u qocrancs B HacaencTBO OoT C, BTOPOI MCTIOJMB3YET ONEPAIUN New 1
delete.

[Ipu omnpesesienun ykazaTesst HaJlo CTPEMUTHCS BBIITOJTHUTh €r0 MHUIMAIU3AIIIO, TO
€CThb TIPUCBOEHNE HAaYaIbHOTO 3HAaUeHus1. HenpegnaMepeHHOe MCITOIb30BaHNEe HEMHN-
LUAIM3UPOBAHHBIX YKa3aTeseil — pacipoCTPpaHeHHbI NCTOYHUK OMIMOOK B IIPOrPaM-
Max. VIHAIMaIu3aTop 3alliChIBAETCS 1I0C/Ie MMEHN yKasaTessd Ju00 B KPYIJIbIX CKOO-
Kax, 60 MmocJjie 3HaKa PaBeHCTBA.

CyH.[eCTByIOT cjaeaytomme CIoCOOBI MHUIINAJIN3alluN yKa3aTeJIAa:
1. HpI/ICBaI/IBaHI/Ie YKazaTeJro agpeca CyneCTBYIOHIEro oObeKTa:

B C IIOMOIIbIO OIl€pallnu TIOJIYUYE€HU aZpeca:

int a = b; // uenas nepemeHHas
int* p = &a; // B ykasaTenb 3anuchiBaeTCq appec a
int* p (&a); // TO Ke camoe ApyrumM cnocobom

B C TTOMOIIBIO 3HAYEHUS JIPYTOTO MHUITUATU3UPOBAHHOTO YKa3aTeJs:
int* r = p;

B C ITOMOIIBIO NMEHN MAaCCHUBa WM (DYHKIINH, KOTOPbIe TPAKTYIOTCS KaK aapec (CM.
«MaccuBbi», c. 58, u «Ilepenaua nmen (byHKIMI B Ka4eCTBE MapamMeTpoBs, ¢. 80):

int b[10]; // wmaccus
int* £ = b; // npucBanBaHue appeca Hayana Maccuea

void f(int a ){ /* .. */ }  // onpeneneHne QyHKUMK
void (*pf)(int); // ykasaTenb Ha QyHKLMD
pf = 1 // npuceansaHue agpeca QyHKumn
2. Ilpucsausanue yxazameno aopeca 0OIACMU NAMSAMU 6 SGHOM 6ule:
char* vp = (char *)0xB8000000;

3nech 0xB8000000 — 1mecTHaIIaTepUYHAs KOHCTAHTa, (char *) — omeparus mpuBe-
JIeHUs THIIA: KOHCTaHTa IpeoOpasyercs K TUILy «yKasaTesb Ha chars.
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3. Hpuceaueaﬁue nYcmozo 3HAYeHUusAd:!

int* suxx = NULL;

int* rulez = 0;

B nepsoii crpoke ucnosbdyercs koncranta NULL, onpezesienHast B HEKOTOPLIX 3a-
roToBOYHBIX (haiimax C Kak ykasaTesb, paBHbBIN HYI0. PeKOMEHyeTcsT NCIOIb30-
Barh mpocTo 0, Tak Kak 9To 3HaYeHue TUTA int GyaeT MPaBUIbHO MPeobPa3OBaAHO
CTaHAAPTHBIMU CITOCOOAMU B COOTBETCTBUU ¢ KOHTEKCTOM. [TOCKOJIbKY rapaHTHPY-
ercst, 4T0 OOBEKTOB C HYJIEBBIM aJ[PECOM HET, yCTON YKa3aTeJb MOKHO MCIOJIb30-
BaTh /IS TIPOBEPKH, CCHIIACTCS YKA3aTeab Ha KOHKPETHBIN OGBEKT WU HET.

4. Buidenenue yuacmxa OuHAMUMECKOU NAMAMU U NPUCCAUBAHUE €€ aA0Peca YKA3ameio:
E C TIOMOIIBIO OTICPAITUU NEW:
int* n = new int;
int* m = new int (10);
int* g = new int [107;

m ¢ nomomsio (ynkiuu malloch:
int* u = (int *)malloc(sizeof(int)): /] 4

B onepatope 1 ornepaiiusi new BbIIIOJIHAET BblJIeIEHUE JI0CTATOYHOTO JIJIs1 pa3MelleHus
BEJIMYMHBI THTIA int yyacTKa IMHAMUYECKON MaMSITH U 3aMAChIBAET aJlpec Hadaja 3To-
rO yJacTka B repeMeHHyio n. [lamars mon camy mepemennyio n (pasmepa, 10CTaTOYHO-
O JIJIg pa3MellleHus yKa3aTess) BblesseTcs Ha aTale KOMIUISAINN.

B omieparope 2, kpoMe OIMCAaHHBIX BBIIIE ACHCTBUH, TPOU3BOAUTCH MHUITUATIU3AIUS
BbI/ICJICHHON JMHAMM4YecKOl namsaTy sHadenueM 10.

B oneparope 3 oreparius new BbITIOJIHSET BbiesieHne aMaTi 1o/ 10 BeanywH THNa
int (mMaccuBa u3 10 2JIeMEHTOB) M 3aIMCHIBACT aJpec Hayada 3TOTO ydacTKa B Tiepe-
MEHHYIO (, KOTOpas MOKET TPAKTOBAThCA KaK MM MaccuBa. depes uMs MOKHO obOpa-
maThes K oboMy semMeHTy MaccuBa. O MaccuBax paccKasbiBaeTcs Ha ¢. 58.

Eciu namsith BbIZEIUTH HE YIATI0Ch, 110 CTAHAAPTY MOJHKHO HOPOKAATHCS UCKII0UE-
Hue bad alloc (06 MCKIOUEHUSX pacckasbiBaercst B paszene «O6paboTKa HCKIIOUN-
TeJIbHBIX CUTyaluli», ¢. 222, a 06 06paboTKe OMmnOOK BbIIeeHUs ITaMATH — Ha ¢. 378).
Crapple Bepcnu KOMIIMJIATOPOB MOTYT BO3BpamaTh 0.

B omepatope 4 nenaercs To ke caMoe, 9TO U B oreparope 1, HO ¢ TOMOIIBIO DYHKITUN
BBIZIETeH ST amMaTr malloc, yHaciaenoBantoi u3 6ubanorexn C. B dynkmuio mepezna-
eTcs OJIMH MapaMeTp — KOJMYECTBO BbIEJsieMoil mamsaTu B Gaiitax. Koncrpykums
(int*) mcmosb3yeTcs [T MPUBEAEHUS THIIA YKa3aTessl, Bo3BpamaeMoro (GhyHKIneH,
K Tpebyemomy Tury (0 SsBHOM NpeobpazoBaHuy TUHOB cM. ¢. 231). Eciiu mamMsTh Bbijie-
JIUTH He yAaT0Ch, GYHKINS Bo3Bparaet (.

Omepario new MCMOJIb30BaTh MPEANOUTUTENbHEE, YeM (YHKIUIO Malloc, 0coOeHHO
pu pabore ¢ 0GBEKTAMH.

OcBoboskieHre TaMSITH, BBIIETEHHON ¢ TIOMOIILIO OMEPAIiy New, TOJKHO BBITIOJ-
HATHCA C TIOMOIIBIO delete, a mamMsATH, BbiZieIeHHOM (hyHKITHEH malloc — MOCpeaCcTBOM

! Jlns Toro uToGbl nenonb3osath malloc, TpeGyercs NOAKMOUNTS K POrpaMMe 3ar0JI0BOUHbII
(aitn <malloc.h>.
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bynkimu free. Ilpu aTOM 1epeMeHHag-ykasaTeslb COXpAHAETCS U MOXKET WHUIUAJU-
3UPOBATLCS MOBTOPHO. [IpuBeieHHbIe BbIlE TUHAMUYECKIE TIepeMeHHbIe YHUUTOXKA-
I0TCSI CJIETYIONUM 06PasoM:

delete n; delete m; delete [] q; free (u);

EcJiit TaMsITh BBIZIEJSITIACH € TIOMOTITBIO New[ 1, ZI7ist 0OCBOOOSKACHUSI TAMSITH HEOOXOIMMO
npuMenaTh delete[]. PagmepHocTbh MaccuBa Tpu 3TOM He yKadbiBaeTcs. Eciu KBaj-
PaTHBIX CKOOOK HET, TO HUKAKOro coolieHust 06 ommnbke He BbIIACTCS, HO MOMEYeH
Kak CBOOOJIHBII Oy/IeT TOJILKO MEPBBIil 9JIEMEHT MACCHUBA, 4 OCTAIBHBIE OKAKYTCS He-
JOCTYIIHBI /I JalbHeNH X onepaiiuii. Takue g4eiiky IaMsaTH Ha3blBAIOTCS MYCOPOM.

BHUMAHMUE
Ecain iepemMenHasi-yKasaresib BBIXOAUT U3 00JaCTH CBOETO JIEHCTBUS, OTBEACHHAS O] Hee Ma-
MsITh 0cBOGOKIaeTcst. CrieIoBaTeIbHO, IMHAMUYECKAsT TIePeEMeHHast, Ha KOTOPYIO CChIIAJICS yKa-
3aTeJsib, CTAHOBUTC HeJOCTYTHON. [Ip1 3TOM naMsATh U3-110/] CaMOil TMHAMUYECKOU IepeMeHHON
He ocBoOoskzaercst. J[pyroil ciydail MosiBJAEHUs] «Mycopas — KOIr[a MHUIMATU3UPOBAHHOMY
yKasareJIio TPUCBANBAETCS 3HaUeHIe IPYroro ykaszatess. [Ipu aToMm ctapoe 3Hauenue Geceres-
HO TepseTcs.

C 1moMoIIbI0 KOMOUHAIIMH 3BE3/[0Y€K, KPYTJIBIX U KBaJPATHBIX CKOOOK MOYKHO OTIUCHI-
BaTb COCTaBHbIE TUIIbI 1 YKa3aTEJW Ha COCTAaBHBIE THUIIbI, HAIIPUMED, B OII€paTOpE

int *(*p[101)();
o6bsaBsteTcst MaccuB 13 10 ykazareneit Ha yHKIYM 63 TapaMeTPOB, BO3BPATIAIONINX
yKasaTean Ha int.

[To ymom4anuio KBaJpaTHBIC W KPYIJble CKOOKM WMEIOT OAWHAKOBBIN TIPHOPHTET,
GOJTHIINT, YeM 3BE3M0YKA, M PACCMATPUBAIOTCS CJIeBa HAMpaBo. J[JIsT M3MeHeHUsT TI0-
PS/IKA PACCMOTPEHUST UCTIONB3YIOTCS KPYTJIble CKOOKH.

HpI/I MHTEPIpEeTan CJIOKHBIX ONMCAHUN H606XOI[I/IMO NIpUAECPKUBATHCA TIPpaBUJIa

<UBHYTPU HAPYKY»:

1) eciu crpaBa OT UMEHKM MMEIOTCS KBaApaTHble CKOOKH, 9TO MACCHUB, €CJI CKOOKHU
KpyTrJible — 3TO (DYHKIINS,

2) ecam cjeBa €CTh 3BE3/I0YKA, 9TO yKaszaTesb Ha IPOMHTEPIIPETHPOBAHHYIO paHee
KOHCTPYKIIUIO;

3) ecam crpaBa BCTpeyaeTcst 3aKphIBAIONIAs Kpyrias cKOOKa, HEOOXOAMMO TMpHMe-
HUTb [IPUBE/IEHHBIE BbIIIE TIPaBIa BHYTPU CKOOOK, a 3aTeM MEePEXOAUTh HAPYKY;

4) B TIOCJIEHIO0 OYepelb UHTEPIIPETUpyeTcs crueluduKaTop Tua.
[t TIpUBEZICHHOTO BBITIE ONMUCAHUS TIOPSI/IOK WHTEPIPETANK YKa3aH u(paMu:

int *(*p[101)();
5 42 1 3 // MOPANOK MHTepnpeTauun onucaHus

Onepauuun c ykasaTtensamm

C yxasaTesssMI MOJKHO BBITIOJHSITD CJELYIOMINe ONepaIyi: pas3ajpecaris, Win Koc-
BeHHOe obOpaiiieHne K 00bekTy (*), MIpUCcBauBaHUeE, CIOKEHNE ¢ KOHCTAHTOMN, BbIUMTA-
Hue, HHKpeMeHT (++), rekpeMenT (——), cpaBHeHue, IpuBeaerHne Tunos. [Ipu pabore ¢
YKa3aTesJsIMH 4acTO HICIIOJNb3YeTCs oIepanus noaydeHns aapeca (&).
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Oneparust pazajipecariui, Uil pa3bIMEHOBAHUSI, TPEAHAZHAYEHA TSI IOCTYTIA K BEJIH-
Y1He, a/[peC KOTOPOH XPAaHUTCS B yKazarese. DTy ONEepaiuio MOKHO HUCIOJIb30BATh
KaK [IJId IMoJy4eHusd, Tak 1 1J1d USMEHEHWA 3HaYeHWA BEeJIMYMHbI (eC]II/I OHa He O6'b${B'
JieHA KaK KOHCTaHTa):

char a; // nepemeHHad Tuna char

char * p = new char; /* BbifeneHne naMaT NOA YKa3aTellb WU MOA AMHAMUYECKYI
nepemerHyi Tuna char */

*="0": a="*p: // TMpucBanBaHue 3HayeHus 00enM nepemMeHHsiM

Kak BumHO M3 nmpuMepa, KOHCTPYKITUIO *MMA_yKasaTenq MOXKHO MCIIOTIb30BaTh B JIEBOI
YacTHU olepaTopa IMPUCBaNBaHM, TaK KaK OHa sBJsieTcst L-3Hadenuem (cM. c. 33), TO
€CTh OTIpefiesisieT apec obmacT maMsITi. J[JsT TIPOCTOTHI 9TY KOHCTPYKIUIO MOYKHO
CUUTATH IMEHEM IEPEMEHHOI, HA KOTOPYIO CChlIaeTcst yKazaresb. C Heil 0IyCTUMBI
BCe JIEHCTBYSA, OTIpeieJIeHHbIE /IS BeINYIH COOTBETCTBYIONIETo THTA (eCIH yKa3aTeb
UHATATU3UpoBan). Ha ofHy 1 Ty ke 067aCTh TTaMSITH MOKET CCBIITATHCS HECKOTBKO
yKazaresieil pazauyHoro tumna. [IpuMeHeHHass K HUM omepaiusi pa3ajgpecainuu Jact
pasHble pe3yJbTaThl. Hampumep, mporpamMma

#include <stdio.h>

int main(){
unsigned Tong int A = 0Xcc/7ffaa;
unsigned short int* pint = (unsigned short int*) &A;
unsigned char* pchar = (unsigned char *) &A;
printf(" | %x | #x | %x |". A, *pint, *pchar);
return 0;

}

Ha IBM PC BeiBeier Ha sKpaH cTpoky!:
| cc77ffaa | ffaa | aa |

3Hauenus ykaszatesieii pint u pchar oJlMHAKOBBI, HO pa3ajipecaiius pchar JlaeT B pe3yJib-
Tare OAMH MJIAAMIMN GaliT 1o aTOMY axpecy, a pint — aBa Muaaumx Gaiira.

B npuBeieHHOM BbIlile TIPUMEpPE TIPU MHUIMATM3ANNN YKa3aTeaeil ObLIN UCHOIb30Ba-
Hbl onepavuu npusedenuss munog. CHHTaKCHC OINEPaIii SIBHOTO TPUBEICHMS THIIA
MIPOCT: TIepe]] UMEHEM TTEPEMEHHOI B CKOOKAaX YKa3bIBACTCS THUII, K KOTOPOMY ee Tpedy-
ercs npeobpasoBaTh. [Ipy 9TOM He rapaHTHPYETCS COXpaHeHrne NH(POPMAIUY, II03TO-
My B 00II[eM cJIydae sIBHBIX [IpeoOpasoBaHuii TUlla ciienyer usberars. IloapobHee orre-
panus rpuBe/ileHns] TUTIOB paccMoTpena Ha c. 231.

[Ipu cMenmMBaHWK B BBIPAKEHUN yKa3areJeldl pa3HbIX THIIOB SIBHOE TIPeoOpasoBaHiie
TUMOB TpebyeTcsT IS BCexX yKasaTesel, kpome void*. YKazaTenrb MOKET HESIBHO TIpe-
00pa30BbIBAaThCsI B 3HAUEHME THITA boo] (HAPUMeEDP, B BBIPAKEHUHU YCIOBHOTO OTlEpa-
TOpa), IPU 9TOM HEHYJIEBOH yKas3aTesh mpeobpasyercs B true, a HyaeBoi B false.

[TpucsauBanue Ge3 SBHOTO NPUBEACHUS TUIIOB JOTYCKAETCS B IBYX CJAYYasaX:
QO ykasaresasaM Tuma void*;

Q ecuawn Tt yKasaTeJIeﬁ CIIpaBa 1 CJI€Ba OT Ooll€palluu IIprUuCBanBaHWA OJIMH 1 TOT JKeE.

! Crapbie Bepciu KOMITMIIATOPA MOTYT BBIIATh B pesyJibTate cTpoky | Tfaa | cc77 | ffaa |
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Taxum 06pasoM, HestBHOE TIPeoOPa3oBaHIe BBITIOMHAETCS TOJBKO K THITY void*. 3Ha-
genne () HestBHO Mpeobpasyercst K yKazartesio Ha oboit tur. [IpucBanBanme ykaszaTe-
Jieit Ha 06BEKTHI yKazareasM Ha GyHKIUU (1 Ha060POT) HEAOMYCTUMO. 3aTPEIeHO U
TIPUCBAMBATD 3HAYEHUS YKA3ATETSIM-KOHCTaHTaM, BIPOYEM, KaK U KOHCTAHTaM JII000-
ro Tuna (IIpucBanBaTh 3HAYCHUS yKa3aTeJsM Ha KOHCTAHTY U IePEeMEHHBIM, Ha KOTO-
pbl€ CChLIAETCS yKa3aTe/b-KOHCTAHTA, [IOITyCKAeTCA).

ApI/l(l)METI/I'{eCKl/Ie onepanuu C yKasaTeJasaMun (CJ'[O}KGHI/IQ C KOHCTB.HTOI'/JI, BblYUTaHUeE,
MHKPEMEHT 1 HEerMeHT) ABTOMATUYECKU YUYUTDBIBAIOT pasMEp TUIla BEJIMYWH, aj/ipe-
CYEMbBIX YKa3aTeJsAMU. It orepanuy MpuMEeHNMbI TOJIBKO K yKa3aTeJIAM OJITHOTO THUIla
1 UMEIOT CMBICJI B OCHOBHOM IIpH pa60Te CO CTPYKTYPpaMU JTaHHBIX, TTOCJE/10BATEIbHO
Pa3MEIIECHHBIMI B MTaMATH, HAIIpUMeEpP, C MaCCUBaMM.

Hnxpemenm mepeMernaet yKazatesb K CAETYIONEMY 2JEMEHTY MACCHUBA, OeKpeMenm —
Kk npexnbinyiiemy. DakTuvecku 3HAUeHNMe YKa3aTesas W3MEHSeTCs Ha BeTMYUHy
sizeof(Tun). Ecsin ykasaresb Ha onpe/ie/IeHHbIH TUIT yBEJIMYNBACTCS WM YMEHbIIIaeT-
CsI Ha KOHCTAHTY, €T0 3HaYeHNe U3MeHSIeTC Ha BeIMYNHY 9TOI KOHCTAHTBI, yMHOKEH-
HYIO Ha pa3Mep 00beKTa JJAHHOTO TUIIA, HATIPUMED:

short * p = new short [5];

pt+; // 3HayeHne p yBennynBaeTCcd Ha 2
long * @ = new long [5];
qtt; // 3Hayenne q yBenun4yneaetcq Ha 4

Pasnocmo nByx ykasareseil — aT0o pa3HOCTb UX 3HAUEHUH, JieJieHHas Ha pa3Mep TUIla B
Gafitax (B TPUMEHEHUNM K MACCHBAM Pa3HOCTh yKaszaTesel, HampuMep, Ha TPeTHil u
TIecToil asleMeHTH! paBHa 3). CyMMMUpoOBaHHe IByX yKasaTeJseil He OMyCKaeTcs.

ITpu 3amucy BHIPasKEHUH ¢ yKasaTeIAMU cJiefyeT obpaliaTh BHUMAHUE Ha IPUOPHTE-
Tl onepalinii. B kauecTBe nmpumepa paccCMOTPUM MOCJIE0BATEIBHOCTD /1eiCTBU, 3a-
JAHHYIO B ollepaTtope

*p++ = 10;

Omnepanun pasagpecaliii U MHKPEMEHTA UMEIOT OJUHAKOBBII IPUOPUTET U BBIIOJIHSI-
IOTCS1 CIIPaBa HAJIEBO, HO, IOCKOJIbKY HHKPEMEHT MOCT(MUKCHBINA, OH BBINOJHIETCS 110~
cJie BBIIOJHEHUS olepaliuy npucBauBanus. Takum 06pasoM, cHayaja 110 ajpecy, 3a-
ICAHHOMY B yKasaTeje p, Oyzer sanucaHo sHadenue 10, a saTeM yKasaTelb Oyner
YBEJMUYEH Ha KOJMYECTBO GAlT, COOTBETCTBYOIIEE ero Ty, To e caMmoe MOKHO 3a-
nucarb 1noapodHee:

*p = 10; p++;
Beipaskenme (*p)++, HAIPOTHB, MHKPEMEHTHUPYET 3HaYeHHe, Ha KOTOPOe CChLIAeTCs
yKasaTeJb.
Ynapnas onepayus noryuenus adpeca & NprUMeHNMA K BEIHYUHAM, UMEIOIUM UMS U
Pa3MEIIeHHBIM B OTIePaTUBHO# amsaTu. Takum 06pasoM, HEJIb3st MOTYYUTh A/[PEC CKa-
JISPHOTO BBIPA)KEHUSI, HEMMEHOBAHHON KOHCTAHTBI WJN PETHUCTPOBON TePEeMEeHHOM.
[Ipumeps! onepaiyy TPUBOAUINCDH BBIIIIE.
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Ccbinku

Ccpuika 1peicraBiasier coOOi cunonum umenu, YKa3aHHOTO INPH WHUIMAJU3AIUN
ccptkr. CCBIIKY MOKHO PAacCMaTpUBaTh KaK yKa3aTesb, KOTOPBIM Bcer/ia Pa3bIMeHOo-
BoiBaercsa. DopmaT 0ObABICHUS CCHLIKU:

T™n & uMsa;

rJie TUN — 3TO TUIl BEJIMYUHBI, HA KOTOPYIO YKa3bIBAET CCBLIKA, & — OMEPaTOp CCHIIKH,
O3HAYAIONINH, YTO CJIe/LyIoliee 3a HUM NMA SIBJISEeTCS UMEHEM I1ePeMEHHOI CChIJIOYHOIo
THUTIA, HATIPUMED:

int kol:
int& pal = kol; // cchinka pal — anbTepHaTuBHoe uMg ana kol
const char& CR = "\n"; // CCbIIKa HA KOHCTaHTY

3aroMHUTE CJIe/lyIolre TIPaBuJIa.

O IlepeMenHasi-cChIIKA TOJKHA SBHO MHUITMATIU3UPOBATLCA TIPU €€ OMUCAHUH, KPO-
Me cJIyvaeB, KOT/la OHA SIBJIsieTCs rnapaMmeTrpoM dyukimuu (cM. c. 77), onucaHa Kak
extern myM cchlIaeTCs Ha ToJie JaHHbIX Kiacca (cM. c. 178).

Q Ilocre MHHUIINAJIN3allUN CChIJIKE HE MOJKET OBITh IIPUCBOCHA /JIpyTrasd IepeMeHHasd.
Q Tun cepumkm OOJIZKEH COBIIA/laTh C TUIIOM BEJIMYWHDBI, Ha KOTOPYIO OHA CCBHLIAETCA.

Q He pa3peuraeTcs Oolpeae/iAThb YKa3aTe/JIn Ha CChIJIKH, CO3/laBaTb MaCCHBbI CChIJIOK 1
CCBLJIKM Ha CCBLIKH.

CchITKY TIPUMEHSIOTCS Yallle BCero B KauecTBe mapameTpoB (hYHKIINN U THUIIOB BO3-
BpaiaeMbix QYHKIUAMU 3HaYeHril. CCLIKU MO3BOJISIOT MCIIOJIb30BATh B (PDYHKIIUAX
TepeMeHHbIE, TepelaBaeMble o aapecy, 6e3 omepary pa3ajpecarii, YTo YIydliaeT
YUTAEMOCTD MTPOrpaMMbl (Toapobiee 06 3TOM pacckasbiBaeTcst B paszene «Ilapamer-
pol byHukMmMs, c. 77).

Ccmmca, B OTJIMYME OT YKa3aTeJisd, He 3aHUMaET JOTIOJTHUTEIbHOTO ITPOCTPAHCTBA B T1a-
MATH U ABJIACTCA MIPOCTO APYTUM NUMEHEM BEJINYNHDI. Onepaum{ HaJl CCBLIIKOM IIpUBO-
AUT K U3MEHEHWIO BEJIMUYNHDBI, Ha KOTOPYIO OHa CCBhIJIA€TCA.

MaccuBbli

ITpu UCIOIB30BAHUH MIPOCTHIX MEPEMEHHBIX KaKIOH 00JIACTH MAMSITU [IJisT XPAHEHUST
JaHHBIX COOTBETCTBYET CBOE MMsT. ECJIM ¢ rpyTITOil BeJIMYMH OMHAKOBOTO THTIA TPeby-
€TCsT BBITIOTHATH OAHOOOPAsHble MEHCTBUS, UM AIOT OIHO MMsI, & PA3JIUYaIoT 10 T0-
PSAIKOBOMY HOMEpPY. DTO MMO3BOJISIET KOMIIAKTHO 3alIMChIBATH MHOKECTBO OIEpPaIluii ¢
IIOMOIIIBIO 1IMKJIOB. KoHeyHas uMeHOBaHHasl [10CJIe10BATeIbHOCT OJIHOTUITHBIX BeJIU-
YIH HasbIBaeTcs Maccugom. ONucaHne MacCHBa B MPOTPaMMe OTJINYAETCS OT OInca-
HUSI TTPOCTON TIEPEMEHHON HAJIMYMEM MOCJAe UMEHU KBAJPATHBIX CKOOOK, B KOTOPBIX
3a/1aeTCsl KOJIMYECTBO 3JIEMEHTOB MacCuBa (pasmeprocmy):

float a [10]:; // onucaHue maccusa n3 10 BEWECTBEHHbIX YuUCEN

BHUMAHUE
I[Ipwu ormvicany MacCHBOB KBa/J[PaTHbIE CKOOKH SIBJISTIOTCST 9JIEMEHTOM CHHTAKCHCA, & He YKa3aHH-
eM Ha Heo0sI3aTeIbHOCTD KOHCTPYKITUHL.
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DJIeMEHTBI MaccuBa HyMepyloTcs ¢ HyJd. [Ipu onmrcanun maccuBa UCIIONB3YIOTCS TeE
sKke MoAu(bUKATOPDL (KJ1ace MaMATH, CONst U MHUIMAIN3ATOP), YTO U JIJI IPOCTHIX I1e-
peMeHHbIX. VHUIIMAMU3UPYIOIINe 3HAYEHUS JIJIs MAaCCUBOB 3aIMCBIBAIOTCS B (PUTYD-
HBIX CKOOKaX. 3HAYEHMST 2JIEMEHTAM MPUCBAMBAIOTCS TI0 MOPSIIKY. EC/n 271eMeHTOB B
MaccuBe OOJIbIIle, 4eM MHUIMATN3ATOPOB, SIEMEHTBI, ISl KOTOPbIX 3HAYEHUST He YKa-
3aHbI, OOHYJISIOTCS:

int b[5] = {3. 2. 1}: // b[0]=3. b[1]=2. b[2]=1. b[31=0. b[4]=0

PasMepHOCTD MacCHBa BMECTE C THIIOM €TO ATEMEHTOB OTPEIEIET 0ObeM TTAMSITH, He-
0OXOIUMBIHT JIJIsT pAa3MEIEHNsI MACCHBA, KOTOPOE BBITIOJTHSIETCST HA 9Talle KOMITUJISIIAN,
MO9TOMY Pa3MEPHOCTH MOJKET OBITh 3ajlaHa TONBKO EJMOH TTOMOKUTETBHON KOHCman-
MOU UAU KOHCMAHMHLIM 8bipadcenuem. Ecan pn ommcaHnn MaccuBa He yKas3aHa pas-
MEpPHOCTb, I0JIKEH PUCYTCTBOBATh MHUIIUATM3ATOP, B 9TOM CJIydae KOMITHJISITOD BbI-
JICTAT TIAMSTh 110 KOJWYECTBY WHHUITHATU3UPYIONINX 3HAUeHU. B mambHeleM Mbl
YBUIIM, YTO Pa3MEPHOCTH MOKET OBITD OIYIIEHA TAKKE B CIUCKE POPMATBHBIX TTapa-
MeTpoB (cM. pazzen «Ilapamerpst dynkiuny, c. 77).

L1 poctyma K ajeMeHTY MacCHBa IOCJe eTo UMEeHM YKa3bIBAeTCsS HOMEp dJIeMEHTa
(undexc) B KBaApaTHBIX CKOOKax. B ciemyionieM mpuMepe MOACYUTHIBACTCS CyMMa
3JIEMEHTOB MaCCHBA.

#include <iostream.h>

int main(){
const int n = 10;
int 1, sum;

int marks[n] = {3, 4, 5, 4, 4};

for (i =0, sum = 0; i<n; i++) sum += marks[i];
cout << "CymMa 3NIEMEHTOB: " << sum;

return 0;

}

PaBMepHOCTb MaCCHBOB IIpeAITIouYTuTebHEE 3a/laBaTh C ITOMOIIBIO UMEHOBAHHBLY KOH -
cmanm, Kak 9TO C/ICJIaHO B IIPUMEPE, TMTOCKOJIbKY TIPU TaKOM IOAXO/IE /I €€ N3MEHEe-
HUA TOCTATOYHO CKOPPEKTHUPOBATH 3HAUYEHNE KOHCTAHTBHI BCETO JIUIIb B OJJTHOM MECTE
IIporpaMMbI. O6paTI/ITe BHHMaHMeE, 4TO HOCJIGI[HI/IIL/'I JJIEMEHT MaCCHBa UMEECT HOMED, Ha
CAMHUITY MEHBINNH 3aTaHHOI TIpH €T0 OIMMCAHWHN Pa3sMEPHOCTN.

BHUMAHUE
IIpu obparieHnn K 2JieMeHTaM MacCHBa aBTOMATHYECKUIT KOHTPOJIb BBIXOJIA MHIEKCA 32 TPaHu-
Iy MaccuBa He POU3BOAUTCS, YTO MOJKET TIPUBECTH K OTMIMOKAM.

ITpumep. CopTUPOBKA 1EJIOUNCIECHHOIO MACCUBA MemOo0oM 8bl00pa. AITOPUTM COCTO-
UT B TOM, YTO BbIOMPAETCS HAMMEHBIIUI 2JIEMEHT U MEHSIETCS MECTaMU C TIEPBBIM dJie-
MEHTOM MacCHBa, 3aTEM PACCMATPUBAIOTCS 3JIEMEHTHI, HAUMHAsl CO BTOPOTO, U Hau-
MEHDIINI U3 HUX MEHSIETCSI MECTaMK CO BTOPBIM 3JIEMEHTOM, U Tak jaJsiee n-1 pa3 (rpu
HOCJIeHEM IIPOXOJe IUKJIA IPU HeOOXOAUMOCTU MEHIOTCS MECTaMU [IPEAIOCTIeIHNIIT
U TIOCJIE/IHUH 3JIEMEHTBI MAaCCHBA).

#include <iostream.h>
int main(){
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}

const int n = 20; // KOnMYeCTBO 3J1EMEHTOB MAacCuBa
int bln]; // onucaHne maccuea

int 1;

for (i = 0; i<n; i++) cin >> b[i]; // BBOJ Maccuea

for (i =0; i<n-1; i++){ // n-1 pa3 uuem HauMeHbWNA 3NeMEHT

}

// TPUHMMAEM 3@ HAWMEHbUWWIA NEPBbIA N3 PACCMATPUBAEMbIX 3NIEMEHTOB:
int imin = 1;
// TMOUCK HOMEpa MWHMMANBHOTO 31EMEHTA M3 HEYNOPANOYEHHbIX
for (int j =1 + 1; j<n; j++)
// eCnu Hawin MeHbWWA 31eMeHT, 3anoMUHAEM ero HoMmep:
if (b[j] < bLimin]) imin = j:

int a = b[i]; // 0OMEH 31eMeHTOoB
b[i] = b[imin]; // C Homepamu
blimin] = a: // 1w imin

// BbHIBOA YNOPAJNOYEHHOrO MaCCWBA:

for (i = 0; i<n; i++)cout << b[i] <<

return 0;

I[Tporecc ob6MeHa 2IEMEHTOB MaCCHBa C HOMEpaMu 1 1 imin yepes GydepHyio nepemen-
HYIO @ Ha 1-M ITpoxo/ie KA nponsurioctpuposat Ha puc. 1.9. Iludpsr okosio crpenox
0003HAYAIOT TOPSLOK JACHCTBUIA.

WNHaekc: i i min

N2 7

1 3

Maccus:

a

Puc. 1.9. O6MeH 3HaYeHWI ABYX NEPEMEHHbIX

Wpentudukarop MaccuBa SIBJISIETCS KOHCTAHTHBIM yKa3aTeJeM Ha ero HyJeBOil aJie-
MeHT. Harmpumep, 1711 MaccuBa U3 mpeibIyIero JUCTUHTA UMST b — 9TO TO JKe caMoe,
yro 8b[0], a K i-My 2JIeMEHTY MacCHBa MOKHO OOpPaTUTBLCS, UCIIOJIb3Ysl BbIPasKEHIE
*(b+i). MOXKHO oIMcaTh yKasaTeslb, IPUCBOMTD My apec Hauajla MaccuBa U paboTaTh
€ MaccuBOM Yepe3 yKazaTesb. Ciemytonuii )parMeHT MporpaMMbl KOMUPYeET BCe aJIe-
MEHTBI MACCHBa a B MacCus b:

int a[100], b[1007;

int *pa =
int *pb

// wan int *p = &a[0];

a;
D:

for(int i = 0; 1<100; i++)

*pb++ = *pa++; // wwm pb[i] = pal[il;

JluHaMHYeCKHe MACCHBBI CO3/IAI0T C TOMOIIBIO OTIEPAITUI NeW, TIPH 9TOM HEOOXOINMO
yKa3aTh TUI U Pa3MEPHOCTH, HAITPUMED
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int n = 100;
float *p = new float [n];

B aT0ii cTpoke cosnaercs nepeMeHHasi-yKasaTesb Ha T1oat, B IMHAMUYECKON NaMsATH
OTBOJIUTCS HEMPEPbIBHASA 06JIaCTh, TOCTaTOUHAst JUist pasMmertennst 100 a7eMeHToB Be-
LIeCTBEHHOIO TUIIA, U ajipec ee HayaJla 3allUCbiBaeTcsd B ykasaresb p. JuHamuueckue
MAaCCUBBI HEJIb3SI TIPY CO3JIaHNN WHUIMATU3UPOBATH, U OHU He OOHYJISAIOTCS.

[IpenmyiiecTBO IMHAMUYECKUX MACCUBOB COCTOUT B TOM, YTO Pa3MEPHOCTb MOKET
ObITH IIEPEMEHHOI, TO eCTh 0ObEM ITAMSITH, BbIJEISEMON 110/] MACCUB, ONIPE/E/ISeTC Ha
dTalle BbIITOJIHEHUA TTPOTPAaMMBbI. I[OCTyH K dJIEeMEHTaM JIMHaMUYEeCKOTO MaCCHBa OCY-
IIECTBJISIETCS TOYHO TaK K€, KaK K CTAaTHYECKUM, HaIPUMep, K 3JIEMEHTY HOMep 5 MpH-
BEJIEHHOI'O BBIIIE MACCUBA MOKHO 00paTUTbhCs Kak p[5] mam *(p+5) .

AnbTepHATHUBHBII €MOCOO CO3MAHMS AWHAMHUYECKOTO MACCHBA — WCIIOJB30BAHUE
dbyuxuun malloc 6ubnuorexu C:

int n = 100;
float *q = (float *) malloc(n * sizeof(float));

Onmepanust Tpeo6pa3oBaHiist THIIA, 3aTMCAHHAsT TIepes] oOparenneM K hyHKiwm malloc,
Tpebyercs moToMy, uTo (DYHKIIUSA BO3BpAIaeT 3HAYCHNE yKa3aTess Thia void*, a nHu-
nuaan3upyercs ykasareab Ha float.

[TamsaTsb, 3apesepBUpoOBaHHAs 110/l AMHAMMYECKUN MACCUB € IIOMOIIBIO new [ ], JoJKHa
0CBOOOKIAThCsT oniepariueii delete [, a maMsTh, BbieeHHast (hyHKIMei malloc — mo-
cpeacTBoM pyHkiuu free, HaIIpUMep:

delete [1 p: free (q);

IIpn HECOOTBETCTBUM CIIOCOOOB BBIAETEHNS U OCBOOOKAEHUS TAMATH PE3ybTaT He
onpezesen. PasmepHocts MaccuBa B onepauuu delete He yKasblBaeTcsl, HO KBajpaT-
Hble CKOOKM 0043aTeJIbHBL.

MuoromepHble MacCHBbBI 33/IAI0TCsI yKazaHUEM KajkOTO M3MEPEHUsI B KBaJPaTHBIX
ckobOKax, HAIpUMep, oreparop

int matr [6][8];

3aaeT OIMCaHue ABYMEPHOro MaccuBa 13 6 cTpok u 8 crosbios. B mamsaru takoit
MacCHUB PacCTOJiaTaeTCs B TIOCAEAOBATEIbHBIX SUYelikax nocmpoyrno. MHOTOMEPHBIE
MaCCHBBI Pa3MeIalOTCs TaK, YTO IPHU IEpexoe K CAeAYIONeMy 2JeMEHTY ObICTpee
BCEro M3MEHsIeTCs ocaeHuil uuaekc. /1t docmyna k sjieMeHTy MHOTOMEPHOTO Mac-
CHBa YKa3bIBAIOTCS BCE €ro MHAEKCHI, Hampumep, matr[i1[j], wiu Gojee 9K30THYE-
CKUM c110co60M: *(matr[i]+]) mau *(*(matr+i)+j). DTO BO3MOKHO, IIOCKOIbKY matr[i]
SIBJISIETCST Q/[PECOM Hauasia i-ii CTPOKM MacCuBa.

HpI/I uHuyuaruauuyy MHOTOMEpHOTO MaCCHBa OH IPEJICTAaBIACTCA b0 Kak MaCCUB U3
MaCCHBOB, TIPpU 3TOM KasK/[bII MACCHUB 3aKJIIOYAETCS B CBOU q)HprHbIG CKOOKU (B 9TOM
CJIydae JIEBYIO Pa3sMEPHOCTD IIpKU OIMMCaHUN MOKHO HE YKELSHBaTb), mbo 3a/1a€TCA 00-
AN CITHCOK 3JIEMEHTOB B TOM TopAAKeE, B KOTOPOM 3JIEMEHTDBI PaCIIOIaraloTCs B TTaMATH:

int mass2 [1[1={ {1, 1}, {0, 2}, {1, 0} }:
int mass2 [3][2]={1, 1, 0, 2, 1, 0};

[Tpumep. IIporpamma ompeesseT B 1eJI0YUCAECHHON MaTprile HOMEP CTPOKH, KOTopas
COMEPIKUT HAMOOJIBIIIEE KOTHYECTBO DTEMEHTOB, PABHBIX HYJTIO.
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#include <stdio.h>
int main(){

const int nstr =4, nstb = 5; // pa3mepHOCTM MaccuBa

int blnstr]lnstb]; // onncaHne Maccusa

int 1, J;

for (1 = 0; i<nstr; i++) // BBOJ Maccwea

for (j = 0; j<nstb; j++) scanf("%d", &I[11[j1);

int istr = -1, MaxKol = 0;

for (i = 0; i<nstr; i++) // NMpOCMOTP MAaccuea no CTPOKaM
int Kol = 0;

for (j = 0; j<nstb; j++) if (b[11[j] == 0)Kol++;
if (Kol > MaxKol){istr = i; MaxKol = Kol:}

}

printf(" WcxoaHwid maccus:\n");

for (i = 0; i<nstr; i++){
for (j = 0; j<nstb; j+)printf("%d ", b[11[J1);
printf("\n"):}

it (istr == -1)printf("Hynesbix 31eMeHTOB HeT");
else printf("Homep cTpoku: %d", istr);
return 0;}

Howmep nckoMoit cTpoky XpaHUTCS B IEPEMEHHOM 1Str, KOJTMYeCTBO HYJIEBBIX 2JIEMEH-
TOB B Tekymiel (i-i) ctpoke — B mepeMeHHOH Kol, MakCMMasibHOE KOJWYECTBO HY-
JIEBBIX 9JIEMEHTOB — B TepeMeHHOU MaxKol. MaccuB mpocMaTpuBaeTcs MO CTPOKaM,
B KQyKAOW M3 HMX IIOJCYMTHIBACTCS KOJMYECTBO HYJIEBBIX 2JeMeHTOB (0OpaTuTe BHU-
MaHue, 4To mepeMeHHas Kol oOHyJIsieTcs mepeji MPOCMOTPOM Kaskioit crpokn). Hau-
GoJIbIlIee KOJIMYECTBO K HOMED COOTBETCTBYIOIIEH CTPOKY 3aIIOMUHAIOTCSL.

JLiist co3iaHust AMHAMUYECKOTO MHOTOMEPHOTO MacCHBa HEOOXOAUMO YKas3aTh B oliepa-
IV NeW BCE €0 pa3MepHOCTU (camast JieBasi PAa3MEPHOCTh MOKET ObITh MepeMEHHOI),
HarpuMep:

int nstr = 5;

int ** m = (int **) new int [nstr][10];
Bosee yHuBepcalbHbIl U GE30MACHBIA CIIOCOO BBIAEIEHU MAMATU IOZ ABYMEPHDIi

MaccuB, Kor/ia 06e ero pasMepHOCTH 3a/[al0TCS Ha HTare BBITIOJHEHUS TPOTPAMMBI,
MIPUBE/IEH HUKE:

int nstr, nstb;

cout << " BBeguTe KOMMYECTBO CTPOK M CTONOLOB
cin >> nstr >> nstb;

int **a = new int *[nstr]; /1
for(int i = 0; i<nstr; i++) /] 2
alil = new int [nstbl: // 3

B omeparope 1 00bsiBIsIeTCS TIepEeMEHHAsT THITA «YKa3aTesb Ha yKasaTeab Ha int» U BbI-
JieJigeTcs MaMsATh TI0Jl MacCHB yKasaTeseil Ha CTPOKM MaccuBa (KOJUYECTBO CTPOK —
nstr). B oneparope 2 opranusyeTcs MK [T BbIJCJIEHHS TaMATH 110]] KaXK/yI0 CTPOKY
MaccuBa. B omepaTtope 3 KaK/IOMY 2JIeMEHTY MacCHBa yKasaTeJiell Ha CTPOKHU MTPUCBau-
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BaeTCs aJipec HavaJa ydyacTKa MaMsITH, BBIIEJIEHHOTO TI0/l CTPOKY JIBYyMEPHOTO MacCH-
Ba. Kaxxnas crpoka cocrout us nstb asementoB tuma int (puc. 1.10).

int **a int *a[nstr] int a[nstr][nstb]
0 1 nstb—1
0
E > > alo][1]
W
T >altio]
nstr—1 —
I
\ J
V
nstb

Puc. 1.10. BboigeneHve namsatv nog, AByMeEpPHbIin Maccus

Ocs06021c0etue namsamu M3-moji MacCUBa € JIOOBIM KOJMYECTBOM U3MEPEHUIN BBITIOJ-
HSIETCS ¢ TIOMOIbIo oneparuu delete []. YKazaresb Ha KOHCTAHTY yIAINUTh HENb3sI.

NMPUMEYAHUE
JUist TpaBUIIBHOI HHTEPIPETAIMN OOBSBICHUET MONE3HO 3aTOMHUTH MHEMOHIYIECKOE MTPABUIIO:
«cyhduke npexze npedurcas. Ecin npu onncanuy nepeMeHHO UCIOIb3YIOTCS OJ[HOBPEMEH-
o npedukc * (ykasarenb) u cyddurc [] (MaccuB), TO TepeMeHHAsT UHTEPIPETUPYETCS KAK
MacCHUB yKa3areJei, a He yKaszaresb Ha Maccus: int *p[10]; — maccus u3 10 ykasareseii Ha int.

Ctpoku

Crpoka mpezicTaBisieT co60i MACCHB CUMBOJIOB, 3aKAHYMBAIOTIUICS HYJTb-CHMBOJIOM.
Hynb-cuMBOJT — 3TO cUMBOJI ¢ KOZIOM, paBHbIM (), 4TO 3aluChiBaeTCA B BUJE YIIPaB-
ssonieit mocnenosatesapHocTr \0'. Ilo MMOJIOXKEHWIO HYJIb-CHMBOJIA OTIPENENSIeTCs
(hakTryeckas qauHA cTPOoKU. CTPOKY MOKHO MHUIINATHU3NPOBATH CTPOKOBBIM JINTEpa-
JaoM (cMm. c. 20):

char str[10] = "Vasia";

// Bhineneno 10 anemeHTOB C HOMepamu oT 0 #0 9

// nepsble 3nemeHTs — V', ‘a', 's', "i', 'a', "\0'
B sTOM 1puMepe 1oz ¢cTpoky Bbigeasiercst 10 Gaiit, 5 13 KOTOPBIX 3aHATO 110, CUMBOJIbI
CTPOKH, a MIeCTON — TIOf] HyJIb-CUMBOJI. ECJi cTpoKa mpu orpeieIeHn MHUTTNAIN31-
pyercs, ee pa3MePHOCTb MOKHO OIYCKaTh (KOMITUJISITOD CaM BbIJIEJIUT COOTBETCTBYIO-
1ee KoJIM4ecTBo Oaiir):

char str[] = "Vasia"; // BbijeNeHo u 3anofiHeHo 6 6anT
OmepaTop
char *str = "Vasia"

co3/1aeT HE CTPOKOBYIO IIePEeMEHHYIO, a yKa3aTesJb Ha CTPOKOBYIO KOHCTAHTY, U3Me-
HUTDB KOTOPYIO HEBO3MOKHO (K ITpuMepy, onepatop str{1]="0"' He mormyckaeTcs). 3HaK
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PaBEHCTBA Iepe]l CTPOKOBBIM JIMTEPATIOM O3HAYAET MHUIIMAJIU3AIINIO, 2 He TIPUCBanBa-
uHue. Onepaius TPUCBaUBAHWS OIHOM CTPOKHU APYTOW He orpezeseHa (MOCKOJIbKY
CTPOKA SIBJISIETCSI MACCHBOM ) M MOSKET BBITIOJIHSITHCS € TIOMOIIBIO ITUKJIA UIH (DYHKITHI
cTaHgapTHOM Oubmrorexu. Bubinoreka nMpeaocTaBaseT BO3MOKHOCTH KOMPOBAHUS,
cpaBHEHUsI, OObEIUHEHUST CTPOK, MOUCKA IMOJCTPOKH, OMPENEJCHUS JJIUHBI CTPOKH
U T. . (BO3MOKHOCTH GUOIMOTEK) oIrcanbl B paszaese «DyHkimu paboThl cO CTPOKa-
MU ¥ CUMBOJIaM#», €. 91, 1 B pusoxkeHnn 6), a TAKKe COJEPKUT CIIeIuaTbHbe (DyHK-
IIUM BBOJIA CTPOK U OT/EJIBbHBIX CUMBOJIOB C KJIABUATYPBI U U3 (haiija.

[Tpumep. TIporpamma 3amnpaimmBaeT mapob He 6ojiee Tpex pas.

#include <stdio.h>
#include <string.h>
int main(){
char s[5], passw[] = "kuku";// passw - 3TanoHHbI Naposb .
// MoxHO onucaTe Kak *passw = "kuku";
int i, k =0;
for (i =0; 'k & i<3; i++){
printf("\nsseante naponb:\n");
gets(s); // QyHKUNS BBOAA CTPOKM
if (strstr(s,passw))k = 1; // (GyHKUMA CPaBHeHUs CTPOK
}
if (k) printf("\nnaponb npuHat");
else printf("\nnaponb He NPUHAT")
return 0;

}

HpI/I pa60Te CO CTPOKaMM 4aCTO HCIIOJIb3YIOTCA yKa3aTeJIn.

BHUMAHUE
Pacnipoctpatennbie ommmbKy 1pu paboTe co CTPOKaMKU — OTCYTCTBUE HYJIb-CUMBOJIA M BBIXOJL
yKasaTeJis IIPU IIPOCMOTPe CTPOKU 32 ee IpeJeJIbl.

PaccmoTtpumM 1potiece KomupoBaHus CTPOKH Src B CTPOKY dest. OueBUHbBIN alrOPUTM
nMeeT BUI:

char src[10]., dest[10]:

for (int i = 0; i<=strlen(src); i++) dest[i] = src[i];

JlnmuHa cTpokm ompenessieTcss ¢ TOMOIIBI0 (DYHKIMKM strlen, KOTopas BBIYMCJISET
JUIMHY, BBITIOJIHSAST TTOUCK HYJIb-CHMBOJIA. TakuM 06pasoM, cTpoka (haKTUIECKH TPO-
cMaTpuBaercs JBaxkAbl. Bojee addekTHBHBIM GyIeT HCIIOJAb30BaTh MPOBEPKY Ha
HYJIb-CUMBOJI HEMOCPENCTBEHHO B IpOrpaMMe. YBeJudeHrne MHEeKca MOXKHO 3ame-
HUTb MHKPEMEHTOM yKaszaTesel (/1 9TOro MaMsThb II0J CTPOKY SrC JIOJIKHA Bbljle-
JIITBCST TMHAMUYECKH, a TaKKe TPeOYeTCst ONPeeUTh IOMOTHUTEBHBIN yKa3aTeb U
MHUIMAIU3UPOBATH €T0 aJ[pecOM Havyasa cTPoku dest):

#include <iostream.h>

int main(){
char *src = new char [10];
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char *dest = new char [10], *d = dest:

cin >> src;

while ( *src != 0) *d++ = *src++;
*d = 0; // 3aBepwanwunii Hynb
cout << dest;

return 0;

}

B nuxse mponsBoanTcs TOCMMBOJIBHOE TTPUCBANBAHNE 9JIEMEHTOB CTPOK C O/IHOBpe-
MEHHOU MHKpeMeHTaInel ykazareseir. Pe3ynabTaT onepanny nmprcBauBaHUs — TIepe-
JlaBaeMoe 3HaYeHue, KOTOpoe, COOCTBEHHO, U IIPOBEPSAETCS B YCJAOBUU LIUKJIA, IOITOMY
MOKHO TTOCTaBUTH TPHUCBAaMBaHME HA MECTO yCJOBUS, a TTPOBEPKY HA HEPABEHCTBO
HYJIIO OMYCTUTD (IIPU 9TOM 3aBEPIIAIONIAN HYJIb KOMUPYETCA B IUKJE, U OTAEJIbHOTO
olieparopa JJis ero IpucBanBaHus He Tpedyercsa). B pesyibraTe LUK KOIMPOBAHMSI
CTPOKM IIPUHUMAET BU/:

while ( *d++ = *src++);

O6a crocoba pabGoThl co cTpoKaMu (depe3 MAaCCUBBI WM YKA3aTeIM) IIPUEeMIEMbl K
HUMEIOT CBOM TUTIOCHT 1 MUHYCHI, HO B OOTIIEM CJTyYae JIydiiie He H300peTaTh BEJTOCUTIEN,
a TOJIb30BaThCsl (DYHKIUAMU OUOJHOTEKH WU OIPEIEJCHHBIM B CTaHAAPTHON OHO-
moreke C++ KyaccoM string, KOTOPBIN obecrieynBaeT MHAEKCAIMIO, IPUCBaNBaHUE,
cpaBHenmne, nobasiene, 0ObeNHEHe CTPOK U TIOUCK TIOJICTPOK, a TaKXkKe Tpeodpas3o-
Banue u3 C-CTPOK, TO ecTh MaccuBoB Tuma char, B string, n nao6opor (crpokn C++
omrcaHbl B pasziesie «CTpoku» Ha c. 286).

NMPUMEYAHUE
Crpoku C++ He 06g43aTEIBHO AONKHBI COCTOATH M3 CUMBOJIOB THIIA char. TO MO3BOJSET UC-
HOJIb30BaTh JI060H Habop cuMBoJIOB (He Toabko ASCIT), HO 1JIst TIPOM3BOJIBHOTO Habopa cJe/y-
€T OIpe/eJIUTh COOCTBEHHYIO OIEPAIMIO KOMUPOBAHMUS, YTO MOKET CHU3UTH 3(h(hEKTUBHOCTD
paboThL.

Tvnbl AadHHbIX, onpeanensemMbie
nosib3oBartesiem

B peasbHbIX 3a1a4ax wHOOPMAIIUS, KOTOPYIO Tpebyercst 06padaThiBaTh, MOKET UMETh
JIOCTATOYHO CJOXKHYIO CTPYKTYpPY. [l ee afieKBaTHOTO TIpe/ICTaBACHUS UCIIOIb3YIOT-
€4 TUIIBI IAaHHBIX, TOCTPOEHHBIE HA OCHOBE IIPOCTBIX TUIIOB JJAHHBIX, MACCUBOB U yKa-
3atesieil. A3pik C++ MO3BOJISAET MPOrPAMMUCTY ONIPEIEJATh CBOW TUIIBI IAHHBIX U TTPa-
BusIa paGoThl ¢ HUMU. VICTOPUYECKH AJIs TAKUX TUIOB CJAOKUIOCH HauMEHOBaHMUE,
BBIHECEHHOE B Ha3BaHMeE IVIaBbl, XOTS TPaBuJIbHee ObLI0 Obl HA3BaTh UX THITAMHU, OIIPE-
JIeJIIEMBIMU TTPOTPAMMUCTOM.

NMepenmeHoBaHue TUNOB (typedef)

Jliist Toro 4TOObI CIesIaTh IporpaMMy OoJiee SICHOM, MOKHO 3aj1aTh TUILY HOBOE UMSI C
IMOMOIIBIO KJIIOYEBOTO cJioBa typedef:

typedef tun HoBOoe uMa [ pasMepHOCTb 1;
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B maHHOM ciydae KBagpaTHble CKOOKHU SIBJISIIOTCS 9JIEMEHTOM CHHTaKcHca. Pasmep-
HOCTH MOKeT OTCyTcTBOBaTh. [Ipumepnr:

typedef unsigned int UINT;
typedef char Msg[100];
typedef struct({

char fio[30];

int date, code;

double salary;} Worker;

BBeHeHHOG TaK1M 06p3.30M NMA MOKHO MCITOJIb30BaTb TaKUM JKe O6p3.30M, KaK 1 UMe-
Ha CTaHAAPTHBIX TUITOB!

UINT 1, J: // [Be nepeMeHHbix Tuma unsigned int
Msg str[10]: // maccme 13 10 cTpok no 100 cumsonos
Worker stuff[100]; // maccus u3 100 cTpyKTyp

KpOMe 3a/laHyAa TUullaM C JJIMHHBIMW OIIMCaHUAMMU 60.716‘6‘ KOPOTKUX IICEB/IOHUMOB,
typedef wucrmosnbsyercs st 00JerdeHusl MEPEHOCUMOCTH MPOTPAMM: €CJIU MallliH-
HO-3aBUCUMbIE TUIIBI OOBSABUTD € IIOMOIIBIO OIEepaTopoB typedef, mpu nepeHoce mpo-
rpaMMBbl TIOTPeOYeTCsl BHECTH M3MEHEHMUST TOJBKO B 9TH OIIEPATOPHL

NMepeuuncneHunsa (enum)

ITpy HamUcaHWM MPOTPAMM YACTO BO3HUKAET MOTPEOHOCTH OMPENCTUTh HECKOJIBKO
MMEHOBAHHBIX KOHCTAHT, JIJIs KOTOPBIX TpeOyeTcst, 4ToObI BCe OHU UMEJIN Pa3IndHble
3HAYeHUs (TPU 9TOM KOHKPETHBIE 3HAYEHHSI MOTYT OBITh He BasKHbI). 151 aT0TO y106-
HO BOCITOJI30BATHCS MEPEUNCIIEMBIM THIIOM JIAHHBIX, BCE BO3MOKHBIE 3HAUEHUS KO-
TOPOTO 33JIAI0TCS CIIMCKOM I[eJIOYHCAeHHbIX KoHcTaHT. Dopmar:

enum [ uMa_Tuna ] { CMUCOK KOHCTAHT };

VMst Tulia 3aj1aeTcst B TOM CJIy4ae, €CJi B IporpamMme TpeOyeTcst OTpeIesisiTh mepe-
MeHHBIe 3Toro Tuna. Komimisarop obecriednBaet, 4ToObI 3TH IEPEMEHHBIE IPUHUMAJIN
3HAQUYCHUA TOJIBKO M3 CIIMCKAa KOHCTAHT. KOHCTaHTbI JOJIZKHDBI 6BITb IIEJIOYUCJICHHbIMN
U MOTYT MHUIMATU3UPOBATHCA 00BIYHBIM 06pa3oM. [Ipu 0TCYyTCTBUY MHUTIMATN3ATOPA
nepBasi KOHCTaHTa OOHYJISETCS, a KaKAON CJEIyIOMell MPUCBanBAeTCA Ha €IMHUILY
GoJibliiee 3HAUYEHUE, YeM IIPEAbIIYIIeH:

enum Err {ERR _READ, ERR WRITE, ERR_CONVERT};
Err error:

switch (error){
case ERR READ: /* onepatopsl */ break;
case ERR WRITE: /* onepaTopsl */ break;
case ERR_CONVERT: /* onepaTopsl */ break;
}

Koncrantam ERR_READ, ERR_WRITE, ERR_CONVERT npucBamBaiorcs 3uadenus 0, 1 u 2 coor-
BETCTBEHHO.

[lpyroit npumep:
enum {two = 2, three, four, ten = 10, eleven, fifty = ten + 40};
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Koncrantam three u four mpucBauBaroTcst 3HaueHust 3 u 4, KoHctanTe eleven — 11.

Nmena IepeunciigAeMbIX KOHCTAHT 1OJIKHbBI 6bITb YHUKa/JbHBIMU, a 3HAYE€HUA MOTYT
coBrazarh. [IpeMMyIIecTBO IIPUMEHEHUS HePeYrCcIeHIs Tepell ONUCAHUEeM HMEHO-
BaHHBIX KOHCTaHT U AUPeKTuBoii #define (cm. paspen «Iupexrtusa #define», c. 94) co-
CTOMT B TOM, YTO CBS3aHHbIE KOHCTAHTHI HaIJISIZHEE; KPOME TOTO, KOMIIMISATOD IIPH
NHHUINaIN3allu KOHCTAHT MOJKET BbIITOJIHATD Hp0BepKy TUIIOB.

ITpu BBIONHEHUN apuBMETHYECKUX OIepaliil IIepeuncIeHis MpeoOpasyoTcs B 1e-
sipie. IIocKObKY TiepedncieHust ABASIOTCS TUTIAMU, OTIPEIe/ITEMbIMI TTOTh30BaATEIEM,
IV HUX MOKHO BBOAMTH coOcTBeHHble omepaunuu (cMm. «Ileperpyska omeparmii»,
c. 189).

NMPUMEYAHUE
III/IB.HaSOH 3HAUYEHU I TIepeuYrCJICHUA OIIpe/IeIACTCA KOJTNYECTBOM 6I/IT, HEO6XO/II/IMBIM JUIA TIpe-
CTaBJIeHUS BeexX ero sHauenuil. Jlroboe 3nauenue LEJTOYNCJIECHHOTO TUIIA MOKHO ABHO IIPUBECTU
K TUITY TIepevYUrC/I€HU, HO TIPU BBIXOJE 3a IPeJeJibl €T0 Jilnalla30Ha pe3yJbTaT He OIIpeJeJieH.

CTpykTypsbl (struct)

B otsinume ot mMaccuBa, Bce 9JIeMEHTBI KOTOPOTO OJHOTUITHBI, CTPYKTYPa MOKET CO-
JiepKaTh 9JIeMeHTBI Pa3HbIX TUIOB. B sa3bike C++ cTpyKTypa gBjsSeTCSA BUIOM KJacca
u 06J1a/1aeT BCEMU €T0O CBOMCTBAMH, HO BO MHOTHX CITYJasix OCTATOYHO UCTTOTH30BATH
CTPYKTYPBI TaK, Kak OHM oripeieieHbl B si3bike C:

struct [ uma_tuna ] {
Tn_1 anemeHT_1;
TUN_2 3NeMeHT 2;

TUN_N 3NIEMEHT_N;
} [ cnucok onucateneit 1;

IJIEMEHTBI CTPYKTYPbI HA3BIBAIOTCS NOJIAMU CIMPYKMYPbL T MOTYT UMETh JIOOOH THII,
KpPOMe THIIa TOM JKe CTPYKTYPBI, HO MOTYT OBITh yKazareasiMu Ha Hero. Ecsin orcyTer-
BYET UM TUIIA, IOJUKEH OBITh YKaszaH CIMCOK OIUcaTeJiell TepEMEHHBIX, yKasareeit
WJIM MacCUBOB. B 9TOM cityyae onucanue CTPyKTYPbl CIYKUT Olipe/ieIeHieM dJIeMeH-
TOB 9TOIO CIIUCKA:

// Onpenenexne mMaccuBa CTPYKTYP U yKa3aTens Ha CTPYKTYypy:
struct {
char fio[307;
int date, code;
double salary;
}stuff[100], *ps;
Ecau cricok oTcyTCTBYeT, onrcaHue CTPYKTYPBI OIpeziesisieT HOBBIN TUII, UM KOTO-
POTO MOKHO MCTIOJIb30BaTh B IAJIbHEHINEM HAPSILy CO CTAaHAAPTHBIMU TUTIAMU, HATIPH-
Mep:
struct Worker{ // onucanne HOBOTO TuUna Worker
char fio[30];
int date, code;
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double salary;
}: // onucaHue 3aKaH4MBaeTCA TOYKOW C 3anaToi
// onpenenenne maccuga tuna Worker n ykazatens Ha tun Worker:
Worker stuff[100], *ps:

WMst cTPYKTYPBI MOYKHO HCTIOB30BATh CPa3y Mocye ero obbsaBaeHus (ompeneaeHie
MOJKHO JIATD TIO3/[HEE) B TEX CIIyUasiX, KOTa KOMITHJISITOPY He TPpeOyeTcst 3HATh pa3mep
CTPYKTYPBbI, HaIIpUMep:

struct List; // 0oObsBNEHUe CTPYKTypbl List
struct Link{
List *p; // yrkasaTenb Ha CTPYKTypy List
Link *prev, *succ; // ykasaTenn Ha CTpyKTypy Link

s

struct List { /* onpepenenne cTpyKTypbl List */};
ITO TO3BOJISIET CO3/IaBATh CBSA3HBIE CITUCKU CTPYKTYP.

J1s1 MHMOUANM3aMU CTPYKTYPbI 3HAYEHUS €€ 9JIEMEHTOB IIEPEYUC/ISIOT B (PUTYPHBIX
CKOOKaxX B HOPSIIKE X ONUCAHMSL:

struct{
char fio[307;
int date, code;
double salary:
jworker = {"Ctpaycenko", 31, 215, 3400.55};

ITpy MHUIHATA3AIME MACCUBOB CTPYKTYP CJEAYET 3aKjItouaTh B (pUTypHBbIE CKOOKM
KaK/IBIN A7IeMEeHT MaccrBa (YUUTBIBAsI, YTO MHOTOMEPHBII MAaCCUB — 3TO MAacCHUB Mac-
CHUBOB):

struct complex{
float real, im;

} compl [21[3] = {

{{1, 1}, {1, 1}, {1, 1}}.// ctpoka 1, 1O ecTb maccus compl1[0]

{{2. 2}, {2. 2}, {2, 2}} // cTpoKka 2, TO ecTb Maccug compl[1]

b
[l mepeMeHHBIX OJTHOTO M TOTO JKe CTPYKTYPHOTO THIa OTIpefieleHa oNepanusi npu-
CBaMBaHUs, 11PN HTOM MPOUCXOJUT M03JIEMEHTHOe KonupoBaHue. CTPYKTYPY MOYKHO
nepesaBaTth B (DyHKIIMIO U BO3BpAIaTh B KadecTBe 3HaUeHUs (pyHkiun. /[pyrue orre-
paimu co CTPYKTYpaMu MOryT ObITh OlpezesieHbl nojab3oBareieM (cMm. «Ileperpyska
omnepanuii», ¢. 189). Pasmep cTpyKTypbl He 00s3aTeIbHO PaBEH CyMMe PasMEpOB ee
JJIEMEHTOB, ITOCKOJIbKY OHU MOIYT 6bITb BBIPDOBHEHBI 110 TPaHUIlaM CJIOBa.

HocTym K M0JISIM CTPYKTYPBI BBIIIOJIHSETCS ¢ IOMOIIIbBIO olepaiuii Bei6opa . (Touka)
pu 0OpAIeHNH K MOJTI0 Yepe3 UMS CTPYKTYPBI 1 -> [IPpU 06paIlleHIN Yepes3 YKa3aTeb,
Hanpumep:

Worker worker, stuff[100], *ps;

J

worker.fio = "CtpayceHko";

Stuff[8].code = 215;

ps->salary = 0.12;
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Ecau asnemeHTOM CTPYKTYPBI SIBJISETCS IPyrast CTPYKTYPa, TO IOCTYI K ee aIeMeHTaM
BBITIOJTHSETCS Yepe3 [IBe OTepariy BLOopa:

struct A {int a; double x;};
struct B {A a; double x;} x[21;
x[0].a.a = 1;

x[1].x = 0.1;

Kaxk BuziHO 13 puMepa, 101 pa3HbIX CTPYKTYP MOTYT UMETh OJMHAKOBbIEC NMEHA, 110~
CKOJIbKY Y HUX pasHas 06J1acTh BUAMMOCTH. BoJsiee TOro, MOKHO OOBABIATD B OAHOI
06J1aCTU BUAUMOCTU CTPYKTYPY U APYroii 00beKT (Harmpumep, NePeMEHHYI0 WA Mac-
CHMB) C OJMHAKOBBHIMU MMEHAMH, €CJIM [IPU ONpEeJeHIN CTPYKTYPHOIl MepeMeHHoi
HCIOJIb30BATh CJOBO Struct, HO HE COBETYIO 9TO JeIaTh — 3aIlyTaTh KOMITAJIATOD TPY/-
Hee, yeM ce0sl.

BbuTtoBble nonga

BuroBble mojisi — 910 0co0ObI BUI 110J1€il cTPYKTYpbl. OHU MCIOJIb3YIOTCS IS ILIOT-
HOI YTITAKOBKHY JIAHHBIX, HATPUMep, (DIAKKOB THTIA «/1a/HeT>. MUHIMaIbHAs ajipecye-
Mas sguelika mamsatu — 1 6aiiT, a 111 xpaHeHus uiakka 10cTaTo9HO oHOoro 6ura. Ilpn
olMcaHuK OMTOBOTO TIOJIS TI0C/Ie UMEHH Yepes JBOETOUNe YKA3bIBAETCS JJIMHA TI0JIs B
6uTax (Iesast OJIOKUTETbHAS KOHCTAHTA):

struct Options{
bool centerX:1;
bool centerY:1:
unsigned int shadow:2;
unsigned int palette:4;
}
ButoBble 110J11 MOIyT ObIThH JI0O0IO 1eJ0ro Tuia. VIMs MoJIsl MOKET OTCYTCTBOBATH,
Takue T0JIs CAysKaT /I BBIPABHUBAHUS Ha ammapaTHyio rpanuily. /loctym K moJio
OCyH_[eCTBJIﬂeTCH O6bI‘{HbIM CHOCO6OM — 110 UMEHMN. Az:[pec 110J1A HOJIy‘{I/ITb HeJb34d, O/~
HAKO B OCTaJIbHOM OMTOBBIE I10JISI MOKHO HCIIOJIb30BAaTh TOYHO TaK K€, KaK OObIYHbIE
noJist cTpyKTypbl. CirelyeT yUuThiBaTh, 4TO OMEPAIUU C OTAETbHBIMEI OUTAMU Peain-
3yIOTCA TOpas3no MeHee a(hPeKTUBHO, 4eM ¢ OaliTaMi 1 CI0BaMU, TaK KaK KOMIIUJITOD
JAOJIKEH T€HEpUpPOBaThb ClienaJJbHbIE€ KO/Ibl, 1 9KOHOMUA ITaMATH 110/] HGPEMGHHBIC
obopaunBaeTcs yBesudeHrnemM oobemMa Kojia mporpamMbl. Pasmerenue GUTOBBIX 1101l
B IIaMSTH 3aBUCUT OT KOMITUJIATOPA U allllapaTyphbl.

O6GbepuHeHus (union)

O6beaunenue (Union) IMpeacTaBaseT cOOOM YaCTHBIN CIydail CTPYKTYPbI, BCE HOJI KO-
TOPO#l PACIOJIATAIOTCS 110 OJHOMY 1 TOMY e ajpecy. Dopmar onucaHus Takoi e,
KaK Y CTPYKTYPBI, TOJTBKO BMECTO KJIIOYEBOTO CJIoBa Struct MCIoJb3yeTcs cIoBo union.
JlnnHa oObeIMHEeHIS paBHa HanGOoJIbINeH U3 JIUTMH ero moJieil. B Kaaprii MOMEHT Bpe-
MEHU B TIEPEMEHHO# THTIA 00beIUHEHIEe XPAHUTCST TOJBKO OJIHO 3HAYEHUE, U OTBETCT-
BEHHOCTD 32 €T0 IIPABUJIbHOE MCIIOJIb30BAHUE JICSKUT Ha IPOrPAMMHUCTE.

OGbeauHenys IPUMEHSIOT /ISl SKOHOMUM NaMATH B TeX CJydYasX, KOIja M3BECTHO,
4TO OOJIBIIIE OJIHOTO TIOJISI OTHOBPEMEHHO He TpeOyeTcst:
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#include <iostream.h>
int main(){
enum paytype {CARD, CHECK}:
paytype ptype:
union payment{
char card[25];
long check;
} info;
/* npucBansaHue 3HadveHuir info u ptype */
switch (ptype){
case CARD: cout << "Onpata no kaprte: " << info.card; break;
case CHECK: cout << "Onnata uekom: " << info.check; break;

}

return 0;
1

O6beMHEHNE YACTO UCTIOAB3YIOT B KAUECTBE MOJIst CTPYKTYPBI, [TPU HTOM B CTPYKTYPY
yIOOHO BKJIIOYNTH JOMOJHUTENbHOE TIOJIE, ONPEIe/saiolee, KAaKOH UMEHHO 3JIeMEHT
00BEIMHEH IS UCTIOIb3YETCST B KaXK/Iblii MOMeHT. VIMst 00beINHEHUST MOKHO HE YKa3bl-
BaTh, YTO MO3BOJISIET OGPAIATHCS K €r0 MOJISIM HEMOCPEICTBEHHO:

#include <iostream.h>
int main(){
enum paytype {CARD, CHECK};
struct{
paytype ptype:
union{
char card[25];
long check;
b
} info;
. /* npucsausaHue 3Hayenus info */
switch (info.ptype){
case CARD: cout << "Onnata no Kapte: " << info.card; break;
case CHECK: cout << "Onnata uyekom: " << info.check; break;
}
return 0;

}

OO6beHeHNs TIPUMEHSIFOTCS TaKKe JI7sl Pa3HOi MHTEpIpeTalui OJHOTO W TOTrO Ke
OGUTOBOTO TIpejIcTaBIeHUst (HO, KaK MPABUJIO, B 9TOM CJIyYae JIydllle HCTIOJIb30BaTh SIB-
HbIE OTeparui mpeobpasoBanust THIIOB). B KauecTBe iprMepa paccMoTpuM paboTy co
CTPYKTYPOIi, cojiepskaiiieiil GUTOBBIE MOJIS:

struct Options{
bool centerX:1;
bool centerY:1;
unsigned int shadow:2;
unsigned int palette:4;
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union{
unsigned char ch;
Options bit;
Joption = {0xC4};
cout << option.bit.palette;
option.ch &= 0xFO; // HanoxeHue MacKu

ITo cpaBHEHUIO €O CTPYKTypaMy Ha 0ObEMHEHUS HAJATAIOTCS HEKOTOPbIE OTpaHuye-
Hug. CMBICJ HEKOTOPBIX U3 HUX CTaHET IIOHATEH I1033Ke:

a O6'belII/IHeHI/Ie MOJKET MHUINAJIU3UPOBATHCA TOJBKO 3HAYEHUEM €ro IepBOro aJjie-
MEHTa,

a 06'b€lII/IH6HI/Ie HE MOJKET COAEPKaATh OUTOBBIE ITOJIA;

Q obbeHEHNE HE MOXKET COMEP/KATh BUPTYATbHBIE METO/BI, KOHCTPYKTOPHI, J€CT-
PYKTOPBI ¥ OIlepaliio NPUCBAaUBaHU;

QO oObeauHEeHNe He MOKET BXOAUTh B MEPAPXHIO KJIACCOB.



'JIABA 2

MoaynbHoOe
nporpamMmmMmunpoBaHue

Mooyvrnocmy — yndamenmanvrviii acnexm
6CeX YCnewno pabomalouux KpYntolx CUCMeM.

b. Crpaycrpyn

C yBesnueHneM 00beMa MPOTPAMMBI CTAHOBUTCS HEBO3MOJKHBIM YIAEPKUBATH B Ia-
MATH Bee JieTanu. EctecTBeHHBIM ¢ocoboM GOPbObI CO CIOKHOCTHIO 000N 3a1aun
siBysieTcsT ee pasbuenne ma wactu. B C++ 3amaua mMoxeT OBITh paszenena Ha Gosee
POCTBIE 1 0603PUMBIE € TIOMOIIBIO (IYyHKYULL, TIOCJIE YETO TTPOTPAMMY MOKHO PacCMart-
puBaTh B Gojiee YKPYIMTHEHHOM BUJE — Ha YPOBHE B3aUMOJCHCTBUS (DYHKIHIL. ITO
BayKHO, MMOCKOJIBKY YEJOBEK CIIOCOOEH TIOMHUTH OTPaHUUYEHHOE KOJMYECTBO (DaKTOB.
Ncnob3oBanue (HYyHKIUN SIBISIETCS TEPBBIM [IATOM K TMTOBBIIIEHUIO CTETIEHH abCTPaK-
IIUU [IPOrPaMMBI U BeJleT K YIIPOIEHUIO ee CTPYKTYPDL

Pasnesnerue mporpaMMbl Ha (DYHKITUH MO3BOJISIET TaKKe U30exkaTh U3OBITOUHOCTH KO-
14, TIOCKOJIbKY (DYHKIIMIO 3aIIMCBIBAIOT OJIMH pa3, & BLI3BIBATD €€ Ha BBIIIOJHEHUE MOXK-
HO MHOTOKPATHO M3 Pa3HbIX TOUek mporpammal. [Iporiece oTaakm mporpaMmbl, cofep-
sKarei (OyHKIIMKM, MOXKHO JIy4llle CTPYKTYpupoBaTh. HacTo ucnoiabdyemble GyHKIINN
MOKHO TIoMeIath B 6ubanorexn. Takum o6paszom cosatoTcest 6oJiee MpocThie B 0TIl
Ke U COIPOBOXKIEHUH ITPOTPAMMOBI.

CJieyIolmM IaroM B MOBBINIEHUN YPOBHSI aOCTPAKIIMU TPOTPAMMBI SIBJISIETCS TPYII-
MUPOBKA PYHKITNI 1 CBA3aHHBIX C HUMU JIAHHBIX B OT/ETbHbBIC (hailsrbl (MOIYJIN ), KOM-
MUJIPpYeMble  pas3fesbho. [logydusiecss B pe3ysibTaTe KOMIWIAIMA OOBEKTHBIC
MOZYJIH OOBEAMHSIOTCS B UCIOJHIEMYO MPOrPAMMY € TIOMOIIbI0 KOMITOHOBIIIUKA.
Pasbuenne Ha MO/ YMEHDBIIAET BPEMsT IEPEKOMITAIISIIIIN U 0OJIErYaeT MPOIECe OT-
JIQJIKU, CKPBIBasl HeCylleCTBEHHbIE JleTaln 32 nHTepdeiicoM MOy IS 1 [T03BOJISA OTJ1a-
SKMBATD MTPOTPAMMY TI0 YacTAM (MM Pa3HBIMM MTPOTPAMMUCTAMM ).

Moynb coiepskuT mamubie u GyHKIUN UX 06paboTku. J[PyruM MOAyJIsaM HeKema-
TEJILHO UMETh COOCTBEHHBIE CPEICTBA 0OPaGOTKY 3TUX JaHHBIX, OHU JIOJKHBI MOJIB30-
BaThCS JIUIST HTOTO (PYHKITUSAMU MIEPBOTO MOAYJIsA. [lJ1s TOrO 4TOOBI UCTIOIB30BATH MO-
IyJTh, HY’KHO 3HATh TOJBKO ero mHTepdelic, a He Bce JeTaal ero peaimsarui. Uem
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GoJiee HE3ABUCHUMBI MOJLYJIH, TEM JIeTrde OTJIAKUBATH TIPOTPAMMY. DTO YMEHBIIAeT 00-
il 00beM HHGOPMAIIUU, KOTOPYIO He0OXOANMO OJHOBPEMEHHO TOMHUTD IIPU OTJIa/l-
Ke. Pasjiesienie nmporpaMMbl Ha MaKCUMAJIbHO 060COGJIEHHbBIE YaCTH SIBJSETCS CIIOK-
HOI1 3aj1aueil, KOTopas A0JKHA pelllaTbCs Ha dTalle IPOEeKTHPOBAHUS [IPOIPAMMABL.

Crpuimue demainetl pearu3auuu Ha3vl8aemcs unkancyisyueli. VIHKancyisius sBJsieT-
Cs1 KJIIOYEBOH Mjieell Kak CTPYKTYPHOrO, Tak U 0ObeKTHO-OPHEHTUPOBAHHOTO IIPOrPaM-
mupoBanud. [Ipumep mHKancyndamm — momerienne (gparmMeHTa Koja B (GyHKIINIO 1
rnepejaya Bcex HeoOXOMMBIX elf TaHHBIX B KauecTBe mapameTpoB. Y1o6bI UCIIOIB30-
BaTh Takylo (QyHKIMIO, TpeOyeTcs 3HaTh TOJIBKO ee nHTepdeiic, omnpeaesieMblil 3aro-
JIOBKOM (WMs, TUT BO3BPAIaeMOTO 3HAYEHWS U TUTBI TTapaMmeTpoB). Mumepdgeticom
MO0y SIBJISIIOTCSL 3aTOJIOBKU BeeX (DYHKIMIT ¥ ONMMCAHUs JOCTYIHBIX M3BHE THIIOB,
IIEpEMEHHBIX M KOHCTAHT. Onuncanns F]IO6a]IbeIX IIPpOTPpaMMHBIX O6'beKTOB BO BCeX
MOAYJIAX TIPOTPaMMbI JOJIZKHBI 6bITI) COIJIaCOBaHBbI.

MopyabHocTh B g3bike C++ MO/IEPKUBAETCS C TIOMOIIBIO JIMPEKTUB TIPENPOIIECCOPA,
IIPOCTPAHCTB UMEH, KJIACCOB MaMsITH, UCKJIIOUYEHUI 1 pas3/ie/IbHON KOMITUJISITIN (CTPO-
rO TOBOPSI, pasjieJibHasi KOMITUJISIUS He SIBJISIETCS 9JIEMEHTOM $I3bIKA, a OTHOCUTCS
K €T0 peaynu3aiim).

DOyHKUMN

QynKyuu UCnoLL3yMes Ot HABEOeHUS.
nopadKa 6 Xaoce aizopummos.

b. Crpaycrpyn

OGbsaBneHne u onpepeneHne GyHKUNN

CDYHKLII/UI — 9TO MMEHOBaHHad ITOCJIeJ0BATEJIbHOCTD ONMCAHUN 1 OTIepaTopoOB, BbI-
ITOJTHAIOIAA Kakoe-1160 3aKOHYeHHOoe IIefICTBI/IG. (DyHKL[I/IH MOJKET IIPUHUMATD Iapa-
METPbI U BO3BpalllaTb 3HAY€HUE.

Jliobast mporpamma Ha C++ coctouT u3 (GyHKIHIL, OHA U3 KOTOPBIX JOJKHA UMETh
uMst main (¢ Hee HAYMHAETCS BBIMOJHEHME porpaMMbr). DYHKIMSA HAYMHAET BBITOJ-
HATBCSI B MOMEHT 6vi306a. JIrobast GyHKIUS J0/KHA OBITh 006s6/eHa U onpedenena.
Kak u i Apyrux BeJUYuH, 0ObSBIEHUI MOKET ObITh HECKOJbKO, a OIpeieseHne
TOJIbKO 0HO. OObsBIeHe QYHKIUH T0JKHO HAXOAUTHCSA B TEKCTE PaHbIIE €e BbI30Ba
JUISE TOTO, 4TOOBI KOMITHJIITOP MOT OCYIIECTBHUTD ITPOBEPKY MTPABUIBHOCTH BBI30BA.

Obpsisnenue Qynxyuu (npomomun, 3a201060K, CUZHAMYPA) 3AAET €€ UMSI, THIT BO3BPa-
[AEMOTO 3HAYEHUSI ¥ CIIMCOK MePefaBaeMbIX mapaMeTpoB. Onpedenenue Gynxyuu co-
TEPKUT, KpoMe OODBABIEHUs, meao (GYHKINHU, TPeACTABIsIonee coboil mocaenoBa-
TEJILHOCTD OIIEPATOPOB U OMUCAHUT B (DUTYPHBIX CKOOKAX:

[ knacc ] tun uma ([ cnucok_napameTpos ])[throw ( uckmouenuns )]
{ Teno dyHkuun }
PaccMmoTpum cocTaBHbIe YacTU OIpe/ieieHus.

Q C noMoIbio HeoHA3aTETBHOTO MOAU(DUKATOPA KNACC MOJKHO SBHO 33/1aTh 06JIaCTh
BUIMMOCTH (DYHKITUH, UCTIOJIB3Ys KJII0UEBbIe coBa extern u static:
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m extern — robajabHAsA BUIMMOCTH BO BCEX MOJYJIAX MPOrpaMMBbI (IO yMOJIYa-
HUIO);

m static — BHAUMOCTb TOJBKO B TIpelesiax MOAYJsS, B KOTOPOM OIlpe/esieHa
byuxms.

Q Twn Bo3BpalaeMoro (hbyHKIHeH 3HaUCHUsT MOKET OBITh JIFOOBIM, KDOME MacCuBa W
dyHKIK (HO MOXKeT ObITh yKazaresgeM Ha MaccuB uin GpyHKImio). Ecin Gpyaxims
He JI0JI’KHA BO3BpAIaTh 3HAUEHIE, YKa3bIBAETCS THII VOid.

Q Cnucok napaMeTpos OTIPEENISIET BEJUUYMHBI, KOTOPbIe Tpebyercs mepenaTh B hyHK-
IIUIO TIPH €€ BBI30Be. JJIEMEHTHI CIIICKA TaPaMeTPOB Pa3/eTIOTCS A TRIMA. [
KaK/IOTO [apameTpa, IepeiaBaeMoro B (hyHKITMIO, YKa3bIBAETCS €ro TUIl U UM (B
0OBABICHUH MMEHA MOKHO OTTYCKATDh).

Q O6 ucknyeHnsx, obpabarsiBaeMbix (GyHKIHEH, pacckasbiBaercsi B pasjene «Cru-
COK MCKITI0UeHUH DyHKIMN, . 227.

B onpedenenuu, 6 00psi61enuU U npu 6b1306€ OOHOTL U MO JCe PYHKUUU MUNBL U NOPAOOK
caedosanust napamempos 001icHvL coenadams. Ha uMeHa mapaMeTpoB OrpaHUYEHII 110
COOTBETCTBUIO HE HAKJIAJBIBACTCS, TIOCKOJIBKY (DYHKIIMIO MOKHO BBI3BIBATH C Pa3/iny-
HBIMU apTyMEHTaMU, a B IPOTOTUITAX UME€HA KOMIIUJIATOPOM UTHOPUPYIOTCA (OHI/I CJIy-
JKAT TOJIBKO JIJIS YIIYYIEeHUST YUTAEMOCTH TIPOTPAMMBI ).

DyHKIMIO MOKHO OIIPENETUTh KaK 8CMpoenHyio ¢ MoMoIIbo Moanudukaropa inline,
KOTOPBIH PEKOMEH/IYET KOMITUJISITOPY BMECTO OGpalieHus K (hyHKIMHA TOMEIIATh ee
KO/l HEIIOCPEJCTBEHHO B KayK/IAYIO TOUKY BbI3oBa. MoaudukaTtop inline craBuTCs Iie-
pen tutiom ¢dyukiun. OH TPUMEHSIETCST ISt KOPOTKUX (DYHKIIUH, YTOOBI CHU3UTD Ha-
KJIQJIHble PAcXO/bl Ha BBI30B (COXpaHEeHMe M BOCCTAHOBJIEHHE PErHCTPOB, Iiepejaya
yrpasienud). /[upektuBa inline HOCUT peKOMEHIATeJbHBIN XapaKTep U BBITIOJIHIETCS
KOMIUJISITOPOM 110 Mepe BO3MOKHOCTH. Vcnonb3oBanue inline-gyHxiuii MoxeT yBe-
YT 06BEM MCTOMHAEMON TporpaMMbl. OTipeesiene GyHKINN TOKHO TPeIIe-
CTBOBATh ee BbI30BaM, MHaUye BMECTO inline-paciiupeHnsi KOMIIUJISTOP CreHepupyeT
OOBIYHBIN BBI3OB.

Tun Bo3BpaiaeMoro 3Ha4Y€HUsI M THIIbI TAPAMETPOB COBMECTHO OIIPENENSIIOT mun
dynxyuu.

[l BBI30Ba (DYHKIIMM B ITPOCTEHIIEM cIydae HY’KHO YKa3aTh ee MMs, 32 KOTOPBIM B
KPYTJIBIX CKOOKAX depes 3aTsITyIo TTePEUrCIsTiOTCsT MMeHa TTePeaBAeMBIX apTYMEHTOB.
BbI30B (hyHKI[MHM MOKET HAXOAUTHCS B JIIOOOM MECTE TIPOTPAMMBbI, T/IE IO CUHTAKCHUCY
JIOITYCTUMO BBIPasK€HUE TOTO TUTIA, KOTOPBI (hopmupyeT (pynkiust. Ecan Tun Bo3Bpa-
naeMoro (hyHKIMel 3HaYeHs He Void, OHa MOXKeT BXOIUTD B COCTAB BBIPAXKECHUH WJIH,
B YaCTHOM CJIyyae, PAcIoJaraThCsl B IIPABOIl YaCTU OTI€PATOpa TIPUCBABAHMS.

[Ipumep dynKIMM, BO3BpaIalonieli CyMMY /IBYX 1EJIbIX BEJMUNH:

#include <iostream.h>

int sum(int a, int b); // 0bbaBNeHne dyHKUNM
int main(){

inta=2 b=23, c, d;

c = sum(a, b); // BbI3OB (QyHKUNN

cin >> d;

cout << sum(c, d); // BbI3OB (YyHKUMK
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return 0;

}

int sum(int a, int b){ // onpepenexue dyHKUMM

return (a + b);

}

[Ipumep dyHKIMK, BHIBOSAIICH HA 9KPaH TOJISA TIePeIaHHOM el CTPYKTYPBbL:

#include <iostream.h>
struct Worker{
char fio[307;
int date, code;
double salary;

b

void print_worker(Worker); //00baBneHne hyHKUMN

int main(){
Worker stuff[10017;
/* (opmupoBaHue maccusa stuff */

for (int i = 0; i<100; i++)print worker(stuff[i]);
return 0;

}

void print_worker(Worker w){ //onpepenenne GyHKunn

cout << w.fio << ' ' << w.date << ' ' << w.code <<

}

// BbI30B (yHKUMN

" << w.salary << endl;

Bce Benmmumbl, onucanabie BHYTpU (DYHKIINU, a TAKXKE €€ TTapaMeTphl, SIBJSIOTCS JIO-
KaabHBIMU. O0IaCThIO UX JeiicTBUS stBisteTcst (pyHKIwst. [Ipu Bbi3oBe (DYHKIUU, KaK U
npH BXOJie B 060N GJI0K, B CTEKE BBIIEJIAETCS MAMATH MO JTOKATbHbIE aBTOMATHYE-
CK1e TepeMeHHbIe. KpoMe ToTo, B CTeKe COXPaHSIeTCsI COAEP;KIMOe PETHCTPOB TIPoIiec-
cOpa Ha MOMEHT, MIPe/IIIECTBYIONINIA BEI30BY (DYHKIIUU, U a[pec BO3BpaTa u3 QyHKIUN
IS TOTO, UTOOBI TIPU BBIXOJIE U3 HEe MOKHO OBLIO TIPOIOIKUTE BBITIOJHEHUE BBI3BI-

Baronieil (hyHKIINM.

ITpu BBIXOZIE M3 PYHKIINU COOTBETCTBYIONIIIT YIACTOK CTEKA OCBOOOKIAETCS, TOITOMY
3HAYEHUS JIOKAJIbHBIX II€PEMEHHBIX MEK/Y BBI30BAMHU OJIHOW U TOM ke (DyHKIMM He
coxpanstiorcsa. Ecam atoro TpeGyeTcst m36eKath, Mpu 0ObSIBIEHUN JTOKATBHBIX TIEpe-

MEHHBIX UCI0JIb3yeTcst Mojupukarop static:

#include <iostream.h>
void f(int a){
int m=0;
cout << "nm p\n";
while (a--){
static int n = 0;
int p=20;

COUL << n++ << ' " <M+ << T K pt+t+ << "\n":

}
int mainO{ T(3); f(2): return 0:}
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Crarnyeckas iepeMeHHas N pa3MelaeTcs B CerMEHTe JAHHBIX U MHUIMAIU3UPYETCS
OJIMH Pa3 IIPU IEPBOM BBITIOJIHEHUH OIIEPATOPA, COAEPSKAIIEro ee onpesesaeHue. ABTo-
MaTHu4ecKas TepeMeHHas M MHUIIMATU3UPYETCsT TPU KaXKIOM BXoJie B QyHKITNIO. ABTO-
MaTHJyecKast MepeMeHHas P MHUIHATU3UPYETCA TPU KasKJOM BXOJE B OJIOK IIUKIIA.
[Iporpamma BbIBeseT Ha 9KpaH:

nmop
000
110
220
nmop
300
410

IIpu coemecmioii pabome Qynxuuu 0INCHL OOMEHUBAMDCSL UHDOPMAUUCTL. IMO MOdiC-
HO OCYUWeCEUMD € NOMOULLIO 2I00AILHBIX NEPEMEHHBIX, UePe3 NAPAMEMmPbL U Uepe3 603+
spawaemoe pynKyuel anavenue.

FnoGanbHblie NepeMeHHble

[nobanbHbie mepeMeHHble BUHBI BO BeeX (PYHKIUSAX, T7I€ He OMUCAHbBI IOKATbHbIEC Te-
PEMEHHBIE € TeMU K€ MMEHAMHU, MMOITOMY HCIIOJb30BaTh UX [IJIs TIepeladyl TaHHbBIX
MeXxy QYHKIUAMM O4eHb Jierko. TeM He MeHee 9TO He PEKOMEHJYeTCs, II0OCKOJIbKY
3aTPYAHSAET OTJAAJKY TPOTPAMMBI ¥ TIPEMSATCTBYET MOMEIIEHUT0 (GYHKIMI B 6ubanore-
Ku 001ero noabzosanusa. HysKHO cTpeMuTbest K ToMy, 4TOObI (DYHKITMN ObLIM MaKCH-
MaJThHO HE3aBHUCUMBI, 2 UX WHTepdeiic TTOJHOCTBIO ONPENESICS MPOTOTUIIOM (hyHK-
INN.

Bo3Bpawaemoe 3Ha4yeHue

MexannusM Bo3Bparta n3 (YHKIMH B BBI3BABIIYIO ee (DYHKITHIO PeaTn3yeTcs olepa-
TOPOM

return [ BbipakeHue ];

DOyHKIMS MOXKET CO/EePKATh HECKOJIBKO OIEPAaTOpoB return (aTo orpezessiercsi 1mo-
TpebrocTsiMu asroputma). Ecm pyHkIms onmcana kak void, BeIpakeHue He yKa3biBa-
etcs. Oneparop return MOXKHO OITycKaTh /g (DYHKIMK TUIIA VOid, eciii BO3BpaT U3
Hee TPOWCXOMUT Tepell 3aKphIBAIONIed (GUTypHOil CKOOKOM, W st HyHKIHI main.
B aroil kuure pug skoHoMun Mecta oreparop return B byHKIIMM main He yKasaH, 1O-
3TOMY ITPW KOMITUJISTINY TPUMEPOB BBIZIACTCS TIPEAyIIpesKIcHe. Beipaskenue, ykasaH-
HOe TIocse return, HesIBHO MPeobpa3yeTcst K THITY BO3BpAIaeMoro (hyHKIHel 3Haue-
HU4 U [lepe/laeTcd B TOUKY BbI30Ba (DyHKIINU.

[Tpnmepsr:

int f1(O{return 1;}  // npaBunsHo
void f2(){return 1;} // HenpaBunbHO, f2 He [OMKHA BO3BpallaTh 3Ha4eHue
double f3{return 1:} // npasunvHo, 1 npeobpadyetcs k tuny double
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BHUMAHUE
Henbas BO3BpalllaTb U3 (1)yHK]_[I/II/I YKa3aTeJb Ha JIOKaJIbHYIO ITEPEMEHHYIO, ITIOCKOJIbKY ITaMATb,
Bbl/I€JIEHHAS JIOKAJIbHBIM IIEPEMEHHBIM TIPDU BXO/I€ B (byHKHI/IIO, OCBO60>KHaETCH ITI0CJI€ BO3BpaTa
n3 Hee.

[Tpmmep:
int* f(){
int a = b;
return &a:; // Henb3q!

MapameTpbl pyHKLUN

MexaHnusm mapaMeTpOB SIBISIETCST OCHOBHBIM CITOCOO0M 0OMeHa nHbopMaIimeil Mexmy
BbI3bIBAEMOI U BbI3bIBaIONIe QyHkimsamu. [lapamerpsl, epedncienHble B 3ar0JI0BKe
onrcaHus (GYHKINH, HA3bIBAIOTCS POPMATbHbIMU, & 3ATTCAHHbBIE B OTIepaTope BBI30BA
bynkmmm — gaxkmuuecxumu.

[Ipu BbI3OBE (DYHKIMM B NEPBYIO O4Yepe/lb BBIUMCISIOTCS BBIPAXKEHUS, CTOAIIME HA
MecTe (DaKTUIEeCKUX TapaMeTPOB; 3aTeM B CTEKE BBIIEJSETCS MaMsTh MoJ (hopMasib-
HbIe mapameTpbl (DYHKIMKA B COOTBETCTBUU C WX THUIIOM, U KaXK/[OMY M3 HUX MPUCBaU-
BaeTCs 3HAYCHME COOTBETCTBYIONIEro (hakTuieckoro rnapamerpa. [Ipu atom nposeps-
€TCsT COOTBETCTBYE THUIIOB ¥ TPU HEOOXOAUMOCTH BBITIOJHSIOTCS UX TPEOOPa3sOBAHUSI.
[Ipu HECOOTBETCTBUM TUTIOB BBIIAETCS JIMATHOCTHYECKOE COOOIIEHNeE.

CymectByer jiBa criocoba nepeiaunt mapaMeTpoB B (YHKIUIO: TI0 3HAYEHHIO ¥ 110 A/[PECy

IIpu nepedaue no snauenuio B CTEK 3aHOCATCS KOMUU 3HAYEHUI (PakTHUECKUX Iapa-
METPOB, U onepaTopbl GyHKIUN paboTaIOT ¢ HTUMK KOIMAMU. JJoCTyIa K MCXOLHBIM
3HAYEHUSIM TTapaMeTpoB y (DYHKIMU HET, a, CJeJ0BATEJbHO, HET U BO3MOKHOCTU MX
U3MEHUTD.

IIpu nepedaue no adpecy B CTEK 3aHOCITCS KOTMU aPECOB MAPAMETPOB, a (DYHKITHS
OCYIIECTBJISIET HOCTYII K si4efiKaM IaMsTH 0 9TUM aJpecaM U MOKeT M3MEHHTDb HC-
XOIHbI€ 3HAYEHUA ITapaMeTPOB:

#include <iostream.h>
void f(int 1, int* j, int& k);
int main(){
inti=1 =2, k=23;
cout <<"i j k\n";
cout << j <<' "< j <" <<k o <<"\n';

(i, &, k);
cout << j <<' '<< j <" <<k
return 0;

}
void f(int i, int* j, int& k){

P+ (%) K+t
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Pesyabrar paGoThl IPOTPAMMBIL:
iJjk
123
134

[Tepsorit mapamerp (i) mepenaercst o 3HadeHuio. Ero mamenenne B (OyHKIUU He
BJIMSIET HA MCXOAHOEe 3HavdeHue. Bropoit mapamerp (Jj) mepemaercs 1o ajpecy ¢ TO-
MOIIIbIO YKA3aTeJist, IPU ITOM JIJisI Tiepefiadu B (GyHKIUIO ajzipeca (HaKTUIeCKOro mapa-
MeTpa MCTOJB3YETCS OTEpaIisl B3SATHS aJpeca, a IS TMOJYYeHUs] ero 3HAYEHUsS B
dbyukmu Tpebyercst onepariusi pasbiMeHoBaHus. Tperuit mapamerp (k) mepenaercs mo
a/Ipecy C ITOMOII[bIO CCHLIKH.

IIpu nepedaye no ccoinre B HyHKIUIO MIEPEIAETCS A[PEC YKA3aHHOTO TIPH BbI30BE Mapa-
MeTpa, a BHYTPU (GYHKIINHU BCe 0OPAIEHUs K TapaMeTpy HESTBHO PA3bIMEHOBBIBAIOTCSI.
[TosToMmy wmcnonb3oBaHMe CCHIIOK BMECTO yKasaTeseil yJydllaeT YUTaeMOCTb IIPO-
rpaMMbl, M30aBJsAsS OT HEOOXOAUMOCTH TPUMEHSTh OIepallii TTOJAYYeHUs ajipeca |
pasbiMeHOBaHMs. VICro/b30BaHe CCHIIOK BMECTO Mepeadn 110 3HaueHno Goee ag-
(heKTUBHO, MOCKOJIBbKY HE TpeOyeT KONUPOBAHUS TAPAMETPOB, YTO UMEET 3HAUEHUE
[PH TIepejiave CTPYKTYP AaHHBIX GOJBIIOr0 0ObeMa.

Ecnu tpebyercst 3anperuth u3MeHeHUe mapaMerpa BHYTPU (DYHKIIUH, MCIIOIb3YETCsA
MozuduraTop const:

int f(const char*);
char* t(char* a, const int* b):

COBET
Pexomenyercsa ykaspiBaTh const mepesi BCeMU TapaMeTpaMy, n3MeHeHne KOTOPbIX B (DyHKITMHI
He TIPeyCMOTpeHo. ITo obJierdaer oTiaaKy OOJMBIINX MPOrPaMM, TaK KaK IO 3ar0JOBKY (yHK-
UM MOKHO C/IeJIaTh BBIBOJL O TOM, KaKue BEJIMYMHbBI B HEll U3MEHHIOTCS, a Kakue HeT. Kpome
TOTrO, HA MECTO IapaMeTpa THIa const& MoXKeT IepeaBaTbCs KOHCTAHTa, a /LI IepeMeHHON 1pn
HEOOXOAMMOCTH BBITIOJTHSIIOTCS TIPE0OPA30BaHUsT THIIA.

Taxkum O6p8.30M, NCXOoAHbIE JlaHHbIC, KOTOPbIE HE JOJI’)KHbI U3MEHATHCA B (1)}7HKHI/II/I7
IIpeaIrnoYTuTe/IbHEee TepeaBaTh eif ¢ IIOMOIIbIO KOHCTAHTHBIX CCBIJIOK.

ITo ymomryaHuto ITapaMeTphl JJI060ro TUITA, KpoMe MaccuBa U GyHKIUK (HAIPUMeD, Be-
IIECTBEHHOTO, CTPYKTYPHOTO, Mepedrcienne, 00beIuHEHNE, YKA3ATEND), EPEIAtOTCSI
B (OYHKIIUIO 110 3HAYEHUIO.

MNepepaya maccMBOB B Ka4YeCcTBe NapaMeTpoB

[Ipu ucnosbp3oBaHUK B KayecTBe MapameTpa Maccuéa B (DYHKIMIO 1epeiaeTcs yKa3aTeib
Ha ero IepBblil 2JIeMeHT, MHBIMM CJI0BAaMU, MAacCUB Bcerja Iepejaercd 110 aapecy. Ilpn
3TOM MH(MDOPMAIMS O KOJIMUECTBE 3JEMEHTOB MACcCHBa TepsieTcs, W CJlefiyeT IepeiaBaTh
€ro PasMepHOCTh Yepe3 OTAENbHBIN Mapamerp! (B cydae MaccuBa CUMBOJIOB, TO €CTh
CTPOKH, ee (PaKTUIECKYTO JUTHHY MOKHO OTIPECTNTD 110 TMOTOKEHUIO HYJIb-CHMBOJIA):

! Eciit pasMepHOCTb MacciBa sBISIeTCS KOHCTAHTO, TTPo6IIeM He BO3HUKAET, TTOCKOIbKY MOIKHO
yKa3aTb ee M TIPU OMICaHun (pOPMaIbHOTO MapaMeTpa, M B Ka9eCTBEe IPAHMUIIL IIUKJIOB ITPH 06-
paboTKe MaccuBa BHYTPU (DYHKIIUML.
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#include <iostream.h>
int sum(const int* mas, const int n);
int const n = 10;
int main(){
int marks[n] = {3, 4, 5, 4, 4};
cout << "CyMMa 3NEMEHTOB MaccuBa: " << sum(marks. n);:
return 0;
}
int sum(const int* mas, const int n){
// BapmaHnTbl: int sum(int mas[], int n)

/1 vnu int sum(int mas[n], int n)
// (BenuymHa n [OMKHA ObiTb KOHCTAHTOI)
int s = 0;

for (int i = 0; i<n; i++) s += mas[i];
return s;

}

[Ipn mepemaue mHozomepHvix Maccugos Bce pa3MEPHOCTH, €CJI OHU He M3BECTHHI Ha
aTare KOMIUJISAINN, JTOJCKHBI TIepelaBaThCsl B KAuecTBe MapaMeTpoB. BayTpu ¢GyHK-
IIMU MaCCUB MHTEPIPETUPYETCS KaK OJHOMEPHBIN, a ero UHAEKC MepecYnThIBAeTCs B
mporpamme. B mpuBeZieHHOM HIDKe TTpUMepe ¢ TTOMOITBIO (DYHKITUN TTOICTUTHIBACTCS
CyMMa 2JIEMEHTOB /IBYX /[BYMEPHBIX MaccuBOB. Pa3mMepHOCTh MaccuBa b M3BeCcTHA Ha
aTare KOMIUJIAINY, TI0Jl MACCUB a IMaMATD BbIEJIACTC JUHAMUYCCKU:

#include <stdio.h>
#include <stdlib.h>
int sum(const int *a, const int nstr, const int nstb);:
int main(){
int b[2][2] = {{2, 2}, {4, 3}};
printf("Cymma anementos b: %d\n", sum(&[0][0], 2, 2));
// VMA M3accuBa nepefasaTbh B SUM HENMb3s M3-3a HECOOTBETCTBUsS TUMOB
int i, j. nstr, nstb. *a:
printf("Bseante KOAMYeCTBO CTPOK W CTONOUOB: \n");
scanf("%d%d", &nstr, &nstb);
a = (int *)malloc(nstr * nsth * sizeof(int));
for (i = 0; i<nstr; i++)
for (j = 0; j<nstb; j++)scanf("%d", &a[i * nstb + j1);
printf("Cymma anemeHToB a: %d\n", sum(a, nstr, nstb));
return 0;}
int sum(const int *a, const int nstr, const int nstb){
int i, j. s = 0:
for (i = 0: i<nstr; i++)
for (j = 0; j<nstb; j++)s +=ali * nstb + jl;
return s;

}

Jlnst Toro uTo6bl paboTaTh ¢ IBYMEPHBIM MACCHBOM €CTECTBEHHBIM 06Pa30M, MOKHO
MPUMEHUTH aJTbTEPHATUBHBIN CITOCOO BBIICTCHUS TTAMSITH:
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#include <iostream.h>
int sum(int **a, const int nstr, const int nstb);
int main(){
int nstr, nstb;
cin >> nstr >> nsth;
int **a, 1, J;
// OOpMUPOBAHWE MATPULbI a:
a = new int* [nstrl:
for (i = 0; i<nstr; i++)
a[i] = new int [nstb];
for (1 = 0; i<nstr; i++)
for (j = 0; j<nstb; j++)cin >> ali][Jj];
cout << sum(a, nstr, nstb);
return 0;
}
int sum(int **a, const int nstr, const int nstb){
int i, j, s =0;
for (1 = 0; i<nstr; i++)
for (j = 0; j<nstb; j++)s += a[i11[j];
return s;

}

B aToM ciayuae mamsaTh BBIIEJASETCS B IBA ATAlla: CHAYAJA 110/l CTOJAOEI] yKasareeil Ha
CTPOKU MaTPUIIbL, a 3aTeM B IL[UKJIE 110J KaKJYI0 CTPOKY, KaK IlokazaHo Ha puc. 1.10.
OcBobosXKIeHNE TAMSATH JIOJKHO BBIIOJHATHCS B OOPATHOM MOPSI/IKE.

NMepepaya nmeH pyHKLMI B Ka4ecTBe nNnapamMeTpoB

DyHKIMIO MOKHO BBI3BATH Yepe3 yKazaresib Ha Hee. [[Jist 5T0ro 00bsIBIsIETCS yKa3a-
TeJIb COOTBETCTBYIOIIETO TUIIA U €My C MOMOIIIBIO OTIEPAIINU B3SITUS ajpeca TPUCBan-
BaeTcs azpec (pyHKIUU:

void f(int a ){ /* J */ }  // onpepenenne GyHKunn

void (*pf)(int); // yKasaTeflb Ha QyHKUMIO

pf = &f; // ykasaTeno NpucBayvBaeTCHd afpec QyHKUMU
// (MO¥HO HanucaTs pf = f;)

pf(10); // ®yHKuna f BbI3bIBAETCA Yepe3 ykasaTenb pf

// (MOXHO HanmucaTs (*pf)(10) )
Jluist Toro 94TOOBI C/IesIaTh TPOTPaMMY JIETKO YUTAEMOA, IPH OIMCAHUN yKasaTeJaell Ha
GbYHKITMN HCTOMB3YIOT TTepenMeroBanne THoB (typedef). Mo&kHO 0GBABISATH MACCH-
BBI yKazaTeseil Ha GyHKINH (9TO MOXKET OBITh TTOJIE3HO, HATIPHMED, TIPU PEATH3aIITH
MEHIO):

// Onucanne tuna PF Kak ykasatens

// Ha OyHKUMO C OOHWM napameTpom Tuna int:
typedef void (*PF)(int);

// OnucaHne u MHWUMaNM3auns MacCuBa yKasaTeneii:
PF menu[] = {&new, &open, &save};

menu[1](10); // Bbi3oB (yHKUMKM Open
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3tech new, open u save — uMeHa (GYHKIUH, KOTOPbIE TOJIKHBI ObITH OGBSIBICHBI paHee.

Ykasarenn Ha QYHKIUU [epejaloTcs B HOAIPOrPpaMMy TaKMM ke 0Opa3oM, KaK M Tia-
paMeTPbI /IpYTAX THUITOB:

#include <iostream.h>

typedef void (*PF)(int);

void f1(PF pf){ // dyHKkuna f1 nony4aer B KayecTBe napaMeTpa yKaszaTenb Tuna PF
pf(5); //BbI30B (QyHKUMW, NEpefaHHon Yyepes yKasaTelb

}

void f(int 1 ){cout << i;}

int main(){
fL(F);
return 0;

}

Tum yKazaTeJsida 1 TUII (bYHKIlI/II/I, KOTOpPas BbI3bIBACTCA MMOCPEACTBOM 9TOTO yKa3aTeJisd,
JOJIZKHBI COBITaZlaTb B TOYHOCTH.

MapameTpbl CO 3HAYEHUSAMM MO YMOJIHAHUIO

Y106l yIPOCTUTD BBI30B (DYHKITHN, B €€ 3ar0JOBKE MOJKHO YKa3aTh 3HAUEHUST TTapa-
METPOB MO YMOJYAHUIO. DTH TAPAMETPhI JIOJKHBI OBITh TIOCIEAHUMHI B CIIUCKE U MO-
IyT OIlyCKaTbCA 1Py BbI3oBe dyHKIMK. Ecim n1py BbI30Be TapaMeTp OIyIIEeH, JOJKHbBL
OBITH OMYIIEHBI U BCE TAPAMETPBI, CTOSIINE 32 HUM. B KauecTBe 3HaUCHUI MapaMeTpoB
[0 YMOJTYaHWIO MOTYT UCTIOJNb30BATHCS KOHCTAHTBI, II0OAIbHbBIE IepeMeHHbIe U BbIPa-
SKEHUS:

int f(int a, int b = 0);
void f1(int, int = 100, char* = 0); /* obpaTuTe BHMMaHME Ha Npoben Mexay *
= (6e3 Hero noflydunach Obl Onepauns CNOKHOTO NpUCBaKMBaHMA *=) */

void err(int errValue = errno); // errno — rnobansHas nepemMeHHas
f(100); f(a, 1); // BapWaHTbl BbI30BA (yHKUWNM T
fl(a); fl(a, 10); fl(a, 10, "Vasia"); // BapwaHThl BbI30BA (QyHKUMn f1
fl(a,,"Vasia") // HesepHo!

q)yHKLI,I/IVI C nepeMeHHbIM 4YNCJZIOM NnapameTpoB

Ecau crimcok hopMasibHBIX TapamMeTpoB (DYHKITMN 3aKaHYMBACTCI MHOTOTOYUEM, 3TO
O3HAYaeT, 4TOo IIPU ee BbI30BE Ha 3TOM MeCTe MOKHO yKa3aTh ellle HECKOJIbKO IapaMeT-
poB. IIpoBepka cOOTBETCTBUS TUIIOB JJIsT 3TUX TIaPaMeTPOB He BBINOJHSETCS, char n
short mepenatorcd kak int, a float — kak double. B kauecTBe mpuMepa MOKHO TTPUBEC-
™ QYHKIUIO printf, IPOTOTUIT KOTOPOIT UMEET BUI:

int printf(const char*, .);

ITO 03HAYAET, YTO BBHI30B (DYHKIIUU JIOJIKEH CO/IEPKATH 110 KpaliHell Mepe OJIMH Iapa-
MeTp Tuma char* u MoxkeT Jubo cojepsKarh, JUOO He colepKaTh APYrHe HapaMeTphl:

printf("Beennte WCXOnHbe AaHHbE"): // OOMH napameTp
printf("Cymma: %5.2T pybnei", sum); // nBa napametpa
printf("%d #d #d %d", a. b, ¢, d); // naTb napameTpos
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Jlist mocTyma K HeoOA3aTEIbHBIM MapaMeTpaM BHYTPU (DYHKI[MH UCTIOIb3YIOTCS MaK-
pockl GubmoTeku va_start, va_arg m va_end, HAXOAATIHECS B 3arOJOBOYHOM (hatime
<stdarg.h>. DTH MaKpOCHI OMUCAHBI B IPUIOKEHNN 3.

[TockosbKy KOMIUAATOP He MMeeT MHMOPMAIIUN JIsT KOHTPOJIS TUIIOB, BMECTO (hyHK-
LU C IlepeMEeHHbIM YMCJIOM IIapaMeTPOB IIPeAIOUTUTeIbHEE [101b30BaTbhCs l1apaMeT-
pamMu 1o YMOJYaHWIO WM TeperpyskeHHbiMu dyHknmsamu (cM. «Ileperpyska ¢hyHk-
Ui, ¢. 83), XOTS MOXKHO [IPEICTABUTD CJIyYau, KOT/Ia IepeMeHHOe YUCIIO T1apaMeTPOB
ABJISETCS JIy4IIUM PellleHUeM.

PexkypcuBHblie @yHKLUUN

PexypcuBHOiT HasbiBaeTcst (HyHKIHNS, KOTOPAsT BBI3bIBaeT camy cebst. Takas pekypceus
HasbiBaeTcss npsmoil. CyIIECTBYET ellle KOCBeHHAs PEKYPCHUs, KOTAa JBe uian Gosee
(YHKIMI BBI3BIBAIOT APYT Apyra. Eciu (hyHKIMS BbI3bIBAET ceOsl, B CTEKE CO3MACTCSI
KOIUs 3HAUEHUIT ee MmapaMeTpoB, KaK U TPU BbI30BE OOBIYHON (DYHKI[UH, TIOCIIE Yero
yIpaBJieHue IepelaeTcs IepBoMy HclosngeMomy orepatopy dynkiuu. [Ipu nosrop-
HOM BBI30B€ 3TOT IIpollecc IoBTopseTca. SIcHo, 4To /14 3aBeplIeHNs BbIYUCACHUN Ka-
JKJAsT PeKypCUBHAst (DYHKIMS JOJKHA COAEPXKATH XOTsI ObI OAHY HEPEKYPCHBHYIO
BETBb aJIFOPUTMA, 3aKaHYMBAIOIIyl0Cs ollepaTopoM Bo3Bpara. IIpu 3aBepiienuu GyHk-
Y COOTBETCTBYIOMNIAS YaCTh CTEKA OCBOOOKIAETCS, 1 YIIPABJIEHHE TTEPETAETCS BhI3bI-
Baioniell (GpyHKIMHU, BBITOJTHEHWE KOTOPOH TIPOOJIKAETCA ¢ TOYKH, CJeAYIoNiel 3a pe-
KYPCUBHBIM BBI3OBOM.

KmaccuuecknM mpuMepoM pPEKYPCUBHON (DYHKIIMH SIBJISIETCS BbIYMCJeHUE (haKTo-
puasia (3To He O3HAYAET, UTO (PAaKTOPUAT CJEelyeT BIUUCATh UMeHHO Tak). [[Jist Toro
4TOOBI OJIYYNTh 3HAUEHKE (haKTOpHaIa Yncia n, TpedyeTcss YMHOKUTD Ha n (haKTopHu-
ai yncaa (n-1). MsBectHo takxe, yto 0!=1 n 1!=1.

Tong fact(long n){
if (n==0 || n==1) return 1;
return (n * fact(n - 1)):

}

To xe camoe MOXHO 3aTTCATh Kopoue:

Tong fact(long n){
return (n>1) ? n * fact(n - 1) : 1;

}

PekypcuBtble (DyHKIMU Yalile BCETO TMPUMEHSIOT JIjisi KOMITAKTHON pean3aluil pe-
KYPCHUBHBIX AITOPUTMOB, a TAK)Ke It PaOOThHI CO CTPYKTYPAMU JTAHHBIX, OTTHCAHHBIMHI
PEKYPCUBHO, HalpuMmep, ¢ ABOWYHBIME jepeBbsiMu (¢. 122). JIroOyo peKypcuBHYIO
(YHKIIIO MOKHO peann3oBaTh 6e3 TPUMEHEHUs] PEKYPCUH, [T 9TOTO MPOTPAMMUCT
MOJIKEH 0OeCTIeunTh XpaHeHne BeeX HeOOXOMMMBIX MaHHBIX CaMOCTOSATENbHO. JlocTo-
WHCTBOM PEKYPCUU SIBJISIETCSI KOMITAKTHAS 3aIUCh, & HEOCTATKAMU — PACXO[l BpeMe-
HU ¥ TIaMSITH Ha HOBTOPHBIE BBI30BBI (DYHKIIMU U Tlepeiavy eil KO 1apamMeTpos, 1,
IJIABHOE, OTIACHOCTH TIEPEIOTHEHUS CTeKa.
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Meperpy3ka GyHKUUN

Yacto ObiBaet yao0HO, 4TOOBI (DYHKIMK, peaU3yIONIie OAUH 1 TOT K€ aJITOPUTM JIJIst
Pa3JINYHBIX TUIIOB IAHHBIX, UMEJIH OAHO U TO ke nMd. Ecim 970 UM MHEMOHUYHO, TO
€CTh HECeT HyKHYI0 MH(MDOPMAIUIO, 3TO [eTaeT IporpaMmy OoJiee MOHSTHOH, TTOCKOJIb-
KY JUUIST KQJKIOTO JIeHCTBUsE TPeOYEeTCst IOMHUTD TOJILKO OIHO MMst. cmosib3oBaHue He-
CKOJTBKUX (DYHKIIMIT C OJTHUM U TeM Ke IMEHEM, HO C Pa3JnIHBIMU TUTIAMU MTapaMeT-
POB, Ha3bIBACTCS NepezpysKoll PYHKUU.

KoMmussatop onpesesisier, Kakylo UMEHHO (DYHKIMIO TpeOyeTcs: BLI3BATH, MO THITY
(bakTUIecKMX TapaMeTPOB. DTOT TPOTIECC HABIBAECTCS pas3pelleHueM meperpysku (Ie-
PEBOJL AHTIIMHCKOTO ¢IoBa Tesolution B cMbIcie «yTouHeHMe» ). THIT BO3BpaIaemMoro
(ynkimeil 3HaueHus B paspelieHUU He ydacTByeT. MexaHusm paspeliieHusi OCHOBaH
HA JIOCTATOYHO CJIOKHOM Habope MPaBUJ, CMBICJ KOTOPBIX CBOAUTCS K TOMY, YTOObI
HCIOJIb30BaTh (QYHKIHIO ¢ Hanbosiee MOAXOAANINME apryMeHTaMHt 1 BbIZATh coo0IIIe-
HUe, ecyld Takoi He Halizercs. JlonycTuM, nMeeTcs yeTbipe BapuanTa GyHKIMHT, Olpe-
nesstioniell HanGobliee 3HAUEHUE:

// Bo3BpawaeT Hanbonbliee U3 ABYX LENbIX:
int max(int, int);
// Bo3spawaeTt NOACTPOKY HanbONbWER ANMHbI:
char* max(char*, char*);
// Bo3BpawaeT Haubosbliee M3 NepBOro mapaMeTpa M [SIMHb BTOPOTO:
int max (int, char*);
// BosspawaeT HanbosblLee W3 BTOPOrO napameTpa W [AJIMHbI NEpPBOTO:
int max (char*, int);
void f(int a, int b, char* c, char* d){
cout << max (a, b) << max(c, d) << max(a, ¢) << max(c, b);

}

ITpu BBI3OBE DYHKIIMU MaX KOMITUJISATOP BBIOGUPAET COOTBETCTBYIOIINI THUITY (haKTHUe-
CKUX TapaMeTPoB BapuaHT (yHKIMK (B MPUBEICHHOM MpuMepe OyIyT TOCTIe0Ba-
TeJIbHO BBI3BAHBI BCE YETBIPE BapuaHTa (PYHKITUN).

Ecav TouHOTO COOTBETCTBUS HE HAl/IEHO, BHITTOIHSIOTCS TIPOIBUKEHUS TUTIOB B COOT-
BeTCTBUM ¢ 00umMMuy paBusiamu (cM. ¢. 38 u npuioxenue 3), Hapumep, bool u char
B int, float B double m T. n. /lasiee BBIOMHAIOTCS CTaHAAPTHbBIE MPEOOPA3OBAHUSA TH-
noB, Harpumep, int B double mam yxazaresneit B void*. Ciemayiomum 1aroM sSBJISeTCS
BBITIOJIHEHIE TTPeo0dpa3oBaHuil THIIA, 3aJaHHBIX MMOJb30BaTeaeM (06 aTUX mpeobpaso-
BAHMSIX PACCKA3bIBAETCSI BO BTOPOIT yacTu Kuury, ¢. 195), a Takke 1MOMCK COOTBETCT-
BUI 32 CUET NIEPEMEHHOT0 YKcJia apryMeHToB (hyHKITUH. Ecjiu cooTBeTCTBHE HA OIHOM
U TOM JKe 3Talie MOKET ObITh TOJIy4eHO OoJiee YeM OJTHIM CIIOCOOOM, BBI30B CUUTAETCSI
HEOJIHO3HAYHBIM U BbIZAeTCS cooblieHrue 00 onmmoke.

Heonno3HauHOCTh MOKET MOSBUTBCS MPH:
O npeoGpasoBaHUU THIIA;
Q WCIOIB30BAHUN TIAPAMETPOB-CCHLIOK;

0 WCMOTH30BAaHUHU APTYMEHTOB MO YMOJTYAHUIO.
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[Tpumep HEOHO3HAYHOCTH MIPU TPeoOPA3OBAHIY THIIA:

#include <iostream.h>
float f(float 1){
cout << "function float f(float 1)" << endl;
return i;
}
double f(double i){
cout << "function double f(double i)" << endl;
return 1*2;
}
int main(){
float x = 10.09;
double y = 10.09;
cout << f(x) << endl; // Buabisaetcs f(float)
cout << f(y) << endl; // Buabisaetcs f(double)
/* cout << f(10) << endl; HeopHO3Ha4YHOCTb — Kak npeobpasoaTh 10: Bo float
nnu double? */
return 0;

}

Jlist yerpaHeHUsT 9TOH HEOAHO3HAYHOCTH TpeOyeTcsl sIBHOE MPUBEACHUE THUIA JIJIsk
xoncrantsr 10.

[Ipumep HEOAHO3HAYHOCTU TIPU MCIOJIB30BAHUM MTapaMeTPOB-CCHLIOK: €C/i OfiHA U3
neperpysaemMbix (GyHKIUil o0bsiBieHa Kak int f(int a, int b), a apyras — Kak int
f(int a, int &b), ToO KOMIIUIISTOP HE CMOYKET Y3HATh, KaKasi U3 3TUX (DYHKITNI BbI3bIBa-
€TCsI, TAK KaK HET CHHTAKCUYECKUX PA3JIMUNil MEXKIY BbI30BOM (DYHKIIUH, KOTOPas 110-
JIydaeT rmapamerp 10 3HAaYeHWIO, U BBI30OBOM (DYHKITHMH, KOTOPAs MOJIyYaeT mapaMeTp
IO CCBLIKE.

[IprMep HEOHO3HAUYHOCTH MPU MCIIOJb30BAHUN aPTyMEHTOB 110 YMOJTYaHUIO:

#include <iostream.h>
int f(int a){return a;}
int f(int a, int b = 1){return a * b;}
int main(){
cout << (10, 2); // BuizbiBaetcs f(int, int)
/* cout << f(10); HeonHO3HAYHOCTL — 4TO BbidpiBaeTCa: f(int, int) wm
f(int) ? */
return 0;

}

Hwxe mpuBe/ieHbI TpaBUJia ONMUCAHNS TTeperpy>KeHHbIX (DYHKITNN.

Q IleperpyskeHHble (DYHKIUU JOJUKHBI HAXOAUTHCS 6 00HOU 00AACTU BUOUMOCTU,
MHaye MPOU30HIET COKPHITHE AHAJOTMYHO OJANHAKOBBIM MMEHaM MEePEMEHHbIX BO
BJIOKEHHBIX OJIOKAX.

Q [leperpy:kernbie (GyHKIIMM MOTYT UMETb NApamMempvl N0 YMOJIUAHUIO, TIPA 3TOM
3HAYEHUSA OJTHOTO U TOTO Ke MapaMeTpa B Pa3HbIX (DYHKIIUAX JIOJIKHBI COBIAIATD.
B passimunbIx BapraHTaxX TEPErpyKeHHBIX (QYHKIUH MOKET ObITh PAasIMYHOE KO-
JITYECTBO TAPAMETPOB 1O YMOTYAHUIO.
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O DysHKuKM He MOIYT OBITh IIEPErPY/KEHbI, €CJIU ONUCAHUE UX HapaMeTPOB OTJIHYa-
eTCsl TOJBKO MOOUPDUKAMOPoM CONSt WK UCNOAb308aHUeM CColiki (Hapumep, int
u const int mam int m intd).

LLIa0GNnoHbI PYyHKL U

MHorue anropuTMbl He 3aBHUCAT OT TUTIOB JaHHBIX, C KOTOPBIMU OHU paboTaioT (KJac-
CHYeCKUIl TIpuMep — COPTHUPOBKA). EcTecTBeHHO ’kejaHMe MapaMeTpHU30BaTh aJro-
PUTM TaKUM 06Pa30M, 4TOOBI €r0 MOKHO GBITIO MCIOIB30BATD [ PA3JIUYHbBIX TUTIOB
nauabIxX. [lepBoe, 4To MOXKET MPUITH B FOJIOBY — TiepeiaTh WH(MOPMAIIUIO O THTIE B Ka-
YyecTBe TapamMeTpa (HapuMep, OJHIM MapaMeTpoM B (DYHKITUIO TTepelaeTcs yKa3aTeb
Ha JIaHHBIE, & IPYTUM — JJIUHA 2JIeMEHTa JaHHBIX B Gaiitax). Vcrmoab3oBanue 101moJ-
HUTEJBHOTO TIapaMeTpa O3HauaeT TeHepaluio AOMOJHUTETBHOTO KOJa, UTO CHIDKAeT
5 (hEKTUBHOCTD TTPOTPaMMBbl, OCOOEHHO TIPH PEKYPCUBHBIX BBI30BAX U BBHI30BAX BO
BHYTPEHHUX I[MKJIAX; KPOME TOTO, OTCYTCTBYET BO3MOXKHOCTb KOHTPOJIS TUIOB. [Ipy-
UM pelieHreM OyJieT Hamucanue Jist paboThl ¢ PasJUYHBIMEU TUIIAMU JAHHBIX He-
CKOJIbKUX TIEPErPYKEHHBIX (DYHKIMH, HO B TaKOM cJydae B Iporpamme Oyjer He-
CKOJIBKO OJIITHAKOBBIX TIO JIOTUKe (YHKIWMH, U A KaXk[0TO HOBOTO THMA TIPUAETCS
BBOJIUTH HOBYIO.

B C++ ectb MoIIIHOE CPEACTBO MapameTpusanuu — mabaoHbl. CyecTByOT mabJIoHbI
dbyHkumii 1 maboHbI Kaaccos (o mabioHax kiaaccos cM. ¢. 211). C nomorbio mabio-
Ha (DYHKI[UH MOKHO OIIPEAEIUTH AJITOPUTM, KOTOPBIN OyIeT MPUMEHSATHCS K TaHHBIM
Pa3JIMYHBIX TUIIOB, & KOHKPETHBIN TUII IAHHBIX TTepeaaeTcs: GYHKIMK B BUJIE TIAPAMET-
pa Ha sTarme KOMIWIANAN. KOMINIATOD aBTOMAaTHYECKH TeHepUpyeT MPaBUJIbHBIN
KOJI, COOTBETCTBYIOIINI MepefannoMy THITy. TakuM o0pasoM, cosmaercs HyHKIus,
KOTOpasi aBTOMAaTHYECKH Meperpyskaer cama cebst 1 MpU HTOM He COAEPIKUT HAKJIaJ(-
HBIX PACXOJIOB, CBS3aHHBIX C MTapaMeTpHU3aInei.

Dopmam npocmetiweti GynKuUU-UadIonA:

template <class Type> 3aronoBok{
/* Teno dyHkumn */

}

Bwmecto cioBa Type MOJKET MCIIOJIb30BaTbCA TTPON3BOJIbHOE M.

B o6mem ciaydae mabion GyHKIUU MOKET COAEPKATh HECKOJIBKO IIApaMETPOB, KaxkK-
I[blf/,l N3 KOTOPBIX MOJKET 6LITL HE TOJIbKO THUIIOM, HO 1 IIPOCTO HGPEMBHHOﬁ, Harpu-
Mep:

template<class A, class B, int i> void fO{ ... }

Hanpumep, GyHKIM, COPTUPYIOIIAs METOAOM BbiGopa (OH GbLI paccMOTpeH Ha ¢. 59)
MACCHB ¥3 N 3JIEMEHTOB JII0OOOTO THIIA, B BU/E MIabJOHA MOKET BBITJISIETD TaK:

template <class Type>
void sort_vybor(Type *b, int n){
Type a; //BydepHaq nepemeHHas N4 obMEHa 3NEMEHTOB
for (int i = 0; i<n-1; 1++){
int imin = 1;
for (int j =1 + 1; j<n: j++)
if (b[J] < b[imin]) imin = J;
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a = blil: b[i] = blimin]; b[imin] = a;

}

I'naBHasg QyHKIM TPOrPaMMbI, BbI3bIBAIONIEN 9Ty (YHKIMIO-IIAGIOH, MOKET MMETh
BUIT:
#include <iostream.h>
template <class Type> void sort _vybor(Type *b, int n);
int main(){
const int n = 20;

int i, b[n];
for (i = 0; i<n; i++) cin >> b[i];
sort_vybor(b, n); // COpTMPOBKA LENOYNUCNIEeHHOTO MaccuBea

for (i = 0; i<n; i++) cout << b[i] << ' *;
cout << endl;
double a[] = {0.22, 117, -0.08, 0.21, 42.5};

sort_vybor(a, 5); // COpTMPOBKA MACCKBA BEUWECTBEHHbIX YUCEN
for (i = 0; i<h; i++) cout << a[i] << ' ';
return 0;

}

[TepBbiii ke BBIZOB (DYHKITMH, KOTOPBIN UCTIOIB3yeT KOHKPETHBIN THTI TAHHBIX, TIPUBO-
[T K CO3/IaHNI0 KOMITUJISTOPOM KO/l /I COOTBETCTBYIONIEH Bepcun (hyHKIINNA. ITOT
TPOTIeCC Ha3bIBAETCS MHCTAHIIMPOBanueM Tabiaona (instantiation). KoHkpeTHbIit THIT
JUISI MHCTAHIIMPOBAHUST JINOO OIPE/IENSIETCS] KOMITUIISITOPOM aBTOMATUYECKH, UCXOISI
U3 THUIIOB TIAPAMETPOB TIPH BbI30Be (DYHKIMH, J1O0 3a1aeTcss ABHBIM 06pasom. [Ipu
IIOBTOPHOM BBI30BE € TeM JKe TUIIOM JaHHbIX KOJ| 3aH0BO He renepupyercs. Ha mecre
napamerpa 1mabioHa, SABJIAIONErocst He TUTIOM, a TIEPEMEHHOM, 0JIKHO YKa3bIBAThCS
KOHCTAaHTHOE BbIpaskenuel.

HpI/IMep SABHOTO 3a/laHNA apryMeHTOB nrabsaona IIpH BbI3OBE:

template<class X, class Y, class 7> void f(Y, 7);

void gO){
f<int, char*, double>("Vasia", 3.0);
f<int, char*>("Vasia", 3.0);// Z onpegendercq Kak double
f<int>("Vasia", 3.0); // Y onpepensetcd Kak char*, a Z — kak double
// f("Vasia", 3.0); ownbKa: X onpefennTb HeBO3MOKHO

}

Yro6sl npuMenuTh GyHKIUIO-IAGIOH K TUILY AaHHBIX, OIIPEIEJeHHOMY I0JIb30BaTe-
JieM (CTPYKTYpe WU KJaccy ), Tpedyercs IeperpysuTh onepaiun AJis 9TOro THIA JaH-
HBIX, MCITOJIb3yeMble B (hyHKIMHU (0 meperpyske omnepanuii cM. c. 189).

Kaxk 1 06brunblie (byHKINH, a0J0HBI (DYHKIIUH MOTYT OBbITh nepezpyicetivt Kax ¢ noMo-
U0 WabIoH08, MAK U OOLIUHLIMU DYHKUUSMU.

MO3KHO TIPELYCMOTPETD CIHEUaTBHYI0 00pabOTKY OT/IETbHBIX TAPAMETPOB ¥ TUTIOB C MO-
MOIIIBIO Cheyuausauuu wabaona Gyuxyuu. Jlomycrum, Mbl XoTiM Gosiee ahheKTHBHO

! [oxpobiee o mapameTpax 1mabI0HOB paccKasbiBaeTes B paszene «Ilabmonsr kraccoss, ¢. 211,



nasa 2. MozynbHOE NporpaMmmnpoBaHve 87

peasin3oBaTb O6HII/II>'I AJITOPUTM COPTUPOBKU /IJIS1 TIEJIBIX YHCEJL. B saTtom cJiydae MOKHO
«BPYYHYIO» 3a/laTh BapUAHT nrabaona (l)yHK]_[I/II/I LIS pa6OTbI C II€JIbIMW YHCJIaMM:

void sort vibor<int>(int *b, int n){
// Teno cneunanu3npoBaHHOr0 BapuaHTa QyHKLWN

}

Curnarypa mabsioHa (hyHKIME BKJIIOYAET HEe TOJBKO €€ THIT U TUIIBI TapaMeTpoB, HO U
axTrueckuii apryment mabmona. O6braHast GYHKIUS HUKOT/IA He CAUTAETCS CIIelina-
Jr3arelt mabaoHa, HeCMOTPST Ha TO, 9TO MOKET UMETh TO JKe MMsI ¥ THIT BO3BpaIae-
MOTO 3HaYEHMUSI.

dyHkuma main()

DyHKINA, KOTOPOI IepefaeTcs yIpaBeHue MOCJe 3aIyCKa MPOrPaMMBI, TOJKHA
nMeTh uMs main. OHa MOKeT BO3BpAIaTh 3HAYEHUE B BBI3BABINYIO CUCTEMY U MPUHU-
MaTh MapaMeTpbl U3 BHEIIHETO OKpysKeHus. Bosspalaemoe 3HaueHUe JOIKHO ObITH
nesoro tuna. Cranzapt upeaycmarpusaet Jsa gopmara GyHKIAU:

// 0e3 napameTpos:

tun main(){ /* .. */}

// C DBYMA napamMeTpamu:

tan main(int argc, char* argv[1){ /* .. */}

ITpu 3armycke MpoOrpaMMbI TTAPAMETPhI Pas3/esisaioTcest Tpobeiamu. VIMeHa mmapaMeTpos B
porpaMMe MOTYT GBITh JTIOGBIMU, HO TTPUHSITO UCIOIB30BATh argc u argv. I1epBori ma-
pameTtp (argc) omnpe/essieT KoJMIeCcTBO MapaMeTpoB, Tiepe/jaBaeMbiX (DyHKITUN, BKJIIO-
Yas UM CaMOM IIPOTPaMMBbl, BTOPOii mapaMeTp (argv) sBJjgercsd yKa3aTeJieM Ha Mac-
cuB ykasarejeil tuma char*. Kaxzablil sneMeHT MacCuUBa COJEPXKUT yKasaTesb Ha
OT/IC/IbHBIN TTapaMeTp KOMAaHAHOM CTPOKHU, XpaHsmuiics B Bune C-CTPOKH, OKaHUYU-
Barolencs Hyab-cuMBOJIOM. [lepBbriit anemenT maccuBa (argv[0]) ccelmaercsd HA TOJI-
HOE MM 3aITyCKAeMOT0 Ha BBITTOTHEeHUE haiiia, caeayiomnii (argv[1]) yka3piBaeT Ha
NepBbIi TapameTp, argv[2] — Ha BTOPOU mapameTp, U Tak aajuee. [Tapametp argv[argc]
JoJKeH ObITh paBeH 0.

Ecsn ¢ynxmmsa main() HUYero He BO3BpalaeT, BLI3BABIIAS CUCTEMA MOJYYUT 3HAUE-

HUe, 03HAYalollee ycIenHoe 3apepiieHue. HenysieBoe 3HaueHne 03HavaeT aBapuitHoe
3aBepiienre. OmepaTop Bo3BpaTa U3 main() MOKHO OITyCKaTh.

#include <iostream.h>

void main(int argc, char* argv[]){

for (int i = 0; i<argc; i++) cout << argv[i] << '\n';

}
[TycTh ncniosmusgembrii aitan mporpaMMbl UMEET WMST Main.exe W BBI3bIBAETCS M3 KO-
MaHIHOUW CTPOKH:

d:\cpp\main.exe one two three
Ha akpar GyneT BbIBeeHO:

D:\CPP\MAIN.EXE

one

two
three
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DyHKUUU cTaHAAPTHON OMONOTEKN

Jlio6as nporpamma Ha C++ cogepxkut obpalienus K CTangapTHON 6ubanoreke, B KO-
TOPOIl HAXOAATCS ONMpPENEIeHHs TUIOB, KOHCTAHT, MAKPOCOB, (DYHKIMIA U KJIACCOB.
Yro6bl MCHOJIB30BaTh UX B IpOrpamMMe, TpeOyeTcsl ¢ MOMONIbIO AMPEKTHBLI #include
BKJIIOYNTH B NCXOMHBII TEKCT IIPOTPaMMBbI 3aT0JI0BOYHBIE (DaiijIbl, B KOTOPBIX HAXOIATCS
cooTtBercTByIomue oobasrenus. Camu 6ubinorednble HYHKINNA XPAHATC B CKOMIIU-
JIMPOBAHHOM BHJIE M IIOJK/IIOYAIOTCS K IIPOrpaMMe Ha aTarie KOMIIOHOBKU. B mporpam-
max Ha C++ MOryT mcnosnb3oBaThest GyHKIMHU, yHAcTepoBaHHbIe 0T O6ubanorexu C.
Vcnonb3oBanue KJIaccoB CTaHAapTHON GMOIMOTEKN PacCMAaTPUBAETCS B TPEThEH Yac-
TH KHUTH.

DOyukimyr 6M6INOTEKN MOKHO Pa3bUTh HA TPYIITILI [0 UX HAZHAUEHUIO: BBOJ/BBIBOL,
06paboTka cTpoK, MaTeMaTudeckue GyHKINH, paboTa ¢ IHHAMUYECKO MaMSATHIO, T0-
WCK U cOPTUPOBKA U T. . Cimcok hyHKIMHA GNOIMOTEKN IPUBENEH B TPUIOKEHNN 6.
Huxe npusenen kpatkuit 0630p GyHkumil BBoga,/BbiBoga B ctuie C, pyHKmii pabo-
TBI CO CTPOKAMU W CUMBOJIAMU W MaTeMaTUYECKUX (DyHKITHH.

dyHKUuMM BBOAA/BbIBOAA

Bson/BbiBoz B C++ peanmsyercs b0 ¢ IOMOILbI0 (QYHKIMIA, YHACIEIOBAHHBIX OT 61O~
smorexu C, 6o ¢ nomolnbio notokos C++. Cmermusarh 911 iBa cliocoda B OAHOM 11Ppo-
rpamMMe MOKHO TOJIBKO CUHXPOHU3UPOBAB BBOJL C TIOMOIIIbIO (DyHKIIMM Sync_with stdio().
Kaxprit criocob nMeeT cBou TpenMyiinecTsa. [IperMyIecTBO UCIIONb30BAHUS TIOTO-
KOB B TOM, YTO OHU JieTY€ B MCIOJH30BAHUH B MPOCTBIX CJAydyasx BBOJA/BBIBO/A, HE
Tpebyomux GopMaTHpOBaHu, a, TITABHOE, TIOTOKOBbIE OTIEPAIIUI MOKHO TIepeorpeie-
JIUTH JiJIst COOCTBEHHBIX KaccoB. BBoa/BeiBoj B cTisie C ypo0Hee UCTIOIb30BATh TIPU
(hopMATHPOBAHHOM BBIBOJIE B TIPOTPAMMAX, HE UCTIOJIB3YIOMUX 0OBEKTHO-OPUEHTHPO-
BaHHYIO TeXHUKY. KpoMme TOTO, CYIIecTBYIOT MUJITMOHBI CTPOK, HamMcaHHBIX Ha C u
nepeHeceHHbIXx Ha C++, ¢ KOTOPBIMU MPOTPAMMUCTY TIPUXOAUTCS CTaIKuBaThes. Ilo-
Toku C++ paccMmartpuBaioTcs B paszese «IlotokoBbie kmaccoi», . 265.

Jlnst ucniostb3oBanust (pyHKIMIT BBoAa,/BbiBoa B cTHIe C HEOOXOMMMO MOAKIIOUUTD K
IporpamMmme 3aroJioBoYHbIN (paitn <stdio.h> uam <cstdio>. [Ipu BBOME,/BBIBO/IC TaHHBIE
paccMaTpUBAIOTCS Kak MOTOK 6aiiToB. DU3MYECK MOTOK MPEACTaBAsAET OO0 haii
MJIN YCTPONCTBO, HATTPUMED, KJIaBUATYPy WJIN JAUCIIIEH, paccMaTPUBAIOIINeCs KakK da-
CTHBIH coyuail daiia.

OTKpbITUE NOTOKA

Pa6ora ¢ MOTOKOM HAUMHAETCSI C €T0 OMKpbimus. II0TOK MOKHO OTKPBITD 7T YTEHUS
U/UIW 3AIMCA B JIBOMYHOM WM TeKCTOBOM pesknme. DYHKINS OTKPBITUS ITOTOKA
nmeet gopmar:

FILE* fopen(const char* filename, const char* mode);

[Tpu ycnentHOM OTKPBITHHM NMOTOKA (DYHKIINS BO3BpAIlaeT yKasaTesb Ha IpeJoperie-
JIEHHYTO CTPYKTYPY Tuma FILE, coaepsKailyio BCio HeOOXOAUMYTO JJist paboThl € TIOTO-
koM nHbopmarmio, nian NULL B mpoTuBHOM ciyuae. [lepBoiil mapameTp — UMs OTKPBI-
BaeMoro daiina B Buzge C-CTpOKH, BTOPOI — PEKUM OTKPLITHS (aiina:

'r" — aiisr OTKPBIBAETCA JIJIST YTEHNS;

w" — OTKPBIBaeTCs MycToii (haiin s 3amucu (ecan (haiisi CymecTBYeT, OH CTUPAETCS);
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a — (baﬁn OTKPbIBACTCS J1JI51 I[O63.BJI€HI/I${ I/IH(bOpMaL[I/II/I B €Ir0 KOHEII;

r+" — aiis oTKpbIBaeTCs sl yTeHus u 3arnucu (haiis T0JKeH CYIecTBOBATSD);

wt" — OTKpbIBaeTcs mycTolt aiin juig urenus u 3anucu (ecyu daiisr cyecTByeT, OH
CTUpaeTCs);

a+" — (ballyl OTKpbIBAETCA /IS YTeHH U A00aBaeHuss nHGOPMALMKI B €0 KOHEI.

Pexxum OTKPBITHSA MOKET TakKe COAeP:KaTh CUMBOJIBI T (TEKCTOBBIN PEKUM) WU b
(IBOMYHBII peskuM), OoTJnYalonmecss oOpabOTKON CHMBOJIOB Ilepexoja Ha HOBYIO
cTpoky. ITo ymosganuio (aiisi OTKPhIBAETCS B TEKCTOBOM PEKIME, TIPU KOTOPOM KOM-
OUHAIMS CUMBOJIOB «BO3BPAT KapeTku» U «iepeBoy crpoku» (0x13 0x10) npu BBoze
npeoOpasyIoTcsa B OAMHOYHBIA CUMBOJI IIepeBOAa CTPOKU (IIPH BbIBOJE BBIIOJIHSIETCS
obparHoe npeobpasoBaHue). B IBONYHOM pesKUMe 9TH TIPeoOPasOBaHUsT He BHITTOJIHSI-
I0TCSI.

[Ipumep:
FILE *f = fopen("d:\\cpp\\data", "rb+");

Ykazarenp f ucrnosibdyercst B JadbHEHITNX oOIepausax ¢ MOTOKOM. Ero mepenaior
(YHKIIUSM BBOZIa/BBIBOJIA B KAUECTBE MapaMeTpa.

ITpu OTKPHITHH MOTOKA ¢ HUM CBSI3BIBAETCS 0OJACTh MAMSTH, HasbiBaeMast Oyhepom.
[Ipu BBIBOZIE BCsA MH(OPMAIUS HATIpaBJsieTcss B Oydep U HAKAMIMBAETCs TaM JI0 3a-
nostHeHust 6yepa WIH [0 3aKPBITHST TIOTOKA. UTeHHe OCyecTBIsieTest GIOKAMHU, PaB-
HBIMU pasMmepy Oydepa, u HaHHble ynTatoTcs 3 Oydepa. Bybepusamnus mo3Bosser
6osiee GuICTPO 1 9PPEKTUBHO OOMEHUBATHCS HHPOPMAIUEH ¢ BHEITHUME YCTPOHCTBA-
mu. Crenyer uMeTh B BULY, YTO TIPU aBAPUITHOM 3aBEPIIEHUH MTPOTPAMMBI BBIXOTHOM
Oydep Moxer ObITh He BBITPYKEH, U BO3MOKHA 1oreps AaHHbIX. C IOMOIIbIO (PyHK-
uuii setbuf u setvbuf MOXKHO yIIpaBiIATh pasMepamMy U HajauureM Oydepos.

CytiecTByeT maTh MPEIONPEeTeHHBIX TTOTOKOB, KOTOPbIE OTKPBIBAIOTCSA B Havaje pa-
GOTBI TIPOTPAMMBL: CTAHAAPTHBIN BBOJ Stdin, cTaHAapTHBIN BBIBOJ Stdout, cranmapT-
HBII BBIBOJ co00MIeHUi 06 ommbkax stderr, cTaHAAPTHBIN JOMOJHUTENBHBIH TOTOK
stdaux u crangaptHas meyath stdprn. IlepBbie Tpu MOTOKA 110 YMOJTYAHUIO OTHOCATCA
K KOHCOJIM. DTH yKa3aTeJIn MOKHO HMCIOMb30BaTh B 060N (DyHKIINM BBOZA,/BBIBOIA
Tam, Tie TpedyeTest yKasaresib MOTOKA.

Beopa/BbiBOA B NOTOK

BB0j1/BBIBOZL B MOTOK MOKHO OCYIIECTBJIATh PA3IMYHBIMU CIIOCOOAMI: B BUIE TOCJIE-
JIOBaTeIbHOCTH GAiiTOB, B BUJIE CUMBOJIOB U CTPOK WJIH C UCIIOJb30BaHUEM (hopMmart-
HBIX IpeobpasoBanuil. s Kaxka0ro BUIa Omepaiuil onpeaesneH cBoil Habop (QyHK-
TIH.

Omepanuu BBO/Ia,/BbIBO/IA BBITTOJTHSIIOTCS HAUMHAS C TEKYIEN TTO3UIIMU TIOTOKA, OTIpe-
JIeJISIEMOT TIOJIOXKEHUEM YKa3ameis nomoka. Y Ka3aTesib yCTaHABIUBAETCS TIPU OTKPHI-
TUM Ha HAYaJIO UJan KoHell (aiijia (B COOTBETCTBUY C PEKUMOM OTKPBITHS ) U U3MEHSI-
€TCsI AaBTOMAaTUYECKH TIOCJIe KaK/IOH orlepaluy BBOJIA/BbIBOJIA. TeKyliee MOJOXKeHue
yKasaTeJsss MOKHO TTOJYYUTh ¢ ToMolnbio (GyHknmi ftell n fgetpos u 3a7aTh SIBHBIM
obpaszom ¢ momortipio GyHakiuil fseek u fsetpos. T GyHKIME HETB3ST UCTIOIH30BATH
JUIST CTAaHZAPTHBIX MOTOKOB. Huke mepeunciienbl OCHOBHbIE (DYHKITMU BBOJIA,/BBIBO/IA
MOTOKA.
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O

YreHue 1 3aMKch MOTOKA 6aiiTOB BRIOMHAIOT (hyHKIMK fread u furite.

O

Yrenme cmMBosia U3 MOTOKa — getc, fgetc, w3 crammapTtHOoro moToka stdin —
getchar.

3amnch CUMBOJA B IOTOK — putc, fputc, B cTaHAapTHBIN MOTOK Stdout — putchar.
Yrenne cTpokn U3 noToka — fgets, U3 craHzapTHOTO NOTOKA Stdin — gets.

3amnuch CTPOKN B MOTOK — fputs, B cTanmapTHeIi moTok stdout — puts.

000 Oo

DMopmaTrpoBaHHBIA BBOA M3 TIoTOKa — fscanf, m3 crargapTHOTO MOTOKa stdin —
scanf, u3 ctpoku — sscanf.

0O dopmarupoBaHHBIN BBIBOA B MOTOK — fprintf, B crammapTHbiili moToK stdout —
printf, B cTpoky — sprintf.

3akpbiTe NoTokKa

[MoTok 3aKkpbiBaeTcst MO0 TIPH 3aBEPIIEHUI TPOTPAMMBI, THOO SBHBIM 00Pa3oM ¢ T0-
Motibio pyHku fclose:

int fclose(FILE*);

Ilepen 3akpbiTHEM OTOKA MHAMOPMAIIKS U3 CBSI3aHHBIX ¢ HUM Oy(hepoB BbIIPYKaeTcst
Ha JIncK. PekoMeHyeTcst Beeria siBHBIM 06Pa3soM 3aKPbIBATH MOTOKH, OTKPBITHIE TSt
3arnucu, 4To6bl 136eKaTh MOoTepU JaHHbIX.

O6paboTKka owno60oK

Oyukimy paboThl ¢ TTOTOKOM BO3BPAIIAIOT 3HAYCHUSI, KOTOPbIe PEKOMEHIYETCsT aHa-
JIU3UPOBATH B TIporpaMMe U 00pabaThBATh ONTHOOUHBIE CUTYAIINH, BOSHUKAIOIIHE, Ha-
pUMep, TIPU OTKPBITHH CYIIECTBYIOMUX (hailioB nin yreHnu u3 notoka. [Ipu pabore
¢ aitsramu yacto ucnosb3yiorest hynkiuu feof un ferror:

int feof(FILE*) BO3BpalllaeT He paBHOe HYJIIO 3HAYE€HUE, eCIU JOCTUTHYT
KoHel[ (aiina, B mpoTuBHOM caydae 0;

int ferror(FILE*) BO3BpAIAeT He PaBHOE HYJIIO 3HAUEHME, ecJIi OOHapysKeHa
ormmbOKa BBO/Ia/BBIBOJIA, B TIPOTUBHOM cJryuae 0.

Mpumep paboTbl C NOTOKaMM

Jlonyctum, 9To B (haiisie XpaHATCI CBe/leHUs 0 MOHUTOpaX. B Kak/10ll cTpoKe yKasaH
THUII, ONITOBAs W PO3HWYHAS TIEHBI U TpuMedanue. /[ TpOCTOTH MaHHbIE B KasKION
CTPOKE 3aliCaHbl eIMHO0OPa3HO: TiepBbie 20 CUMBOJIOB 3aHUMAET THII MOHUTOPA, Ja-
Jiee 110 5 CMMBOJIOB T[eJIble YNCJIA, TIPEJICTABJISIONINE ONITOBYIO ¥ PO3HUUYHYIO I[EHBI, 3a-
TeM MpUMeYaHne JInHON He 6osiee 40 CHMBOJIOB.

[IpuBesennasg Huske mporpamma IIOCTPOYHO CYMTBIBAET JIAHHbIE U3 TEKCTOBOTO (haiina
B Oy(epHYIO IIepeMeHHY0 S, 3aTeM (POPMUPYET U3 HUX CTPYKTYPY MON U 3aMUCHIBACT
ee B IBOMYHOM PEXMMe B BBIXOZHON haii. lanee MmocTpupyerTcss cuuThIBaHUE U3
aToro ¢aiiira TPOU3BOJIbHON 3aTTUCH.

#include <iostream.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
int main(){
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FILE *fi, *fo;
if((fi = fopen("d:\\c\\file.txt", "r")) == 0){
cout << "OuwmnbKa OTKPbITUA BXOAHOTO Qaina”; return 1;}
if((fo = fopen("d:\\c\\binfile.out", "w+b")) == 0){
cout << "OuwmbKa OTKPLITUA BbIXOAHOrO aiina"; return 1;}
const int dl = 80;
char s[d1];
struct{
char  type[20];
int  opt, rozn;
char comm[407;
tmon;
int kol = 0; // KonnyecTso 3anucei B Qaine
while (fgets(s, dl1, fi)){
// Tpeobpa3oBaHue CTPOKU B CTPYKTYpY:

strncpy (mon.type, s, 19); // Onucanne strncpy CM. B NMPUIOKEHUN 6

mon.type[191="\0";

mon.opt = atoi(&s[20]); // Onucanne atoi cm. B chep. pasfene

mon.rozn = atoi(&s[25]);
strncpy(mon.comm, &s[30]1, 40);
fwrite(&mon, sizeof mon, 1, fo):
koT++;
}
fclose(fi);
int i; cin >> 1; // Homep 3anucu
if (1 >= kol){cout << "3anuce He cyuectsyeT"; return 1;}
// YCTaHOBKa yKasaTenda Tekywenh nos3uumu (aina Ha 3annuchb 1:
fseek(fo, (sizeof mon)*i, SEEK SET);
fread(&mon, sizeof mon, 1, fo);
cout << "mon.type " << mon.type << " opt " << mon.opt
<< " rozn " << mon.rozn << endl;
fclose(fo);
return 0;

}

dyHKUMM paboTbl CO CTPOKAMU U CUMBOJIaMM

Crpoka mpezicTaBisieT co60i MaCCHB CUMBOJIOB, 3aKaHYMBAIONIUNCS HYJTb-CHMBOJIOM.
B C++ ectb [1Be BOBMOKHOCTH PAbOTBI CO CTPOKAMU: (DYHKIINH, YHACJIEI0BAHHbIE U3
6ubanorekn C (3aronoBounbiii daiin <string.h> mwam <cstring>), u OHOIMOTEUHbIIT
kmace C++ string, mpemocTaBstiontiit 60ee MUPOKITE BO3MOKHOCTH TTPEICTABIEHHS,
06pabOTKHU U KOHTPOJISE CTPOK (OH paccMarpuBaeTcst B paszesie «Ctpoku» Ha c. 286).

Bubmmorexa C comepkuT (GyHKIMM KOMUPOBaHUs CTPOK (strcpy, strncpy), cpaBHe-
Hust (stremp, strncmp), obbenubenust ctpok (strcat, strncat), momcka moACTPOKH
(strstr), mouncka Bxoxkaenust cumBogia (strchr, strrchr, strpbrk), ompenenenws nam-
HbI cTpoKU (strien) u ppyrue. [ToaHblil cicok (hyHKINIT TPUBEIEH B TPUJIOKEHNH 6.
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B 3aronoBounbix daitmax <stdlib.h> m <cstdlib> comepskarcs noJsiesHbie QyHKIIMH
npeoGpasoBaHust CTPOK B urcia (oOpaTHbie MPeodPasoBaHMs MOKHO CAEIATh ¢ TOMO-
nipio dbyakimu sprintf):

double atof(const char* p) mpeobpasyer mepenaHHyO CTPOKY B double;

int atoi(const char* p) npeobpasyer mepeanHyio CTpoKy B int;

Tong atol(const char* p) npeobpasyer mepeflaHuyio CTPOKy B 1ong.

ITpobGesbl 1 Taby I B Hauajie CTPOKH TpoiyckatoTes. [IpeobpasoBaHue Tpekparia-
eTcs TPU BCTpeyue HeJOIMyCTUMOTO CUMBOJIA WU KOHIIA CTPOKU. Eciu cTpoKy Heb3s
npeobpaszoBaTh B 4ncI0, Bosspaitaercsa 0. Ecim uncsio BIXOAUT 3a [pe/iesibl AUaIas3o-
Ha JIAaHHOTO THUIIA, IEPEMEHHOIT errno (3aroJIOBOYHBIN (haiisl <cerrno>) MpucBanBaETCs
3HauyeHue ERANGE m Bo3Bpaiaercsa J01ycTuMoe 4uciio.

ITpumep (mporpamma 3amonHsier MaccuB tuia double uz ctpoku):

#include <stdio.h>
#include <string.h>
#include <stdlib.h>
int main(){
char s[] ="2, 38.5, 70, 0, 0, 1", *p = s;
double m[10];
int i =0;
do{
m{i++] = atof(p):
if (i>9)break;
Jwhile(p = strchr(p, ',"), p++);
for( int k = 0; k<i; k++) printf("%5.2f ", mlk]1);
return 0;

}

s pabomvr ¢ cuméoramu B CTAHAAPTHONH Ombamorexe (3arosoBodHble (DAiiIbI
<ctype.h> u <cctype>) ecTb cienyioniue GyHKIIAN:

Umsa MpoBepka Ha NPUHaANIEXHOCTb CUMBOJIA MHOXECTBY

isalnum 6ykB u udp (A-Z, a-z, 0-9)

isalfa 6ykB (A-Z, a—7)

iscntrl yrpasistionux cuMBosioB (¢ xogamu 0..31 u 127)

isdigit uudp (0-9)

isgraph IHeyaTaeMbIX CUMBOJIOB, Kpome ripobesia (isalfa | isdigit | ispunct)

intbl islower 6yKB HIKHETO peructpa (a—z)

isprint neyaraeMbIX CUMBOJIOB
ispunct 3HAKOB ITYHKTyalun
isspace CUMBOJIOB-Pa3/lenTesNei
isupper 6ykB BepxHero peructpa (A—7Z)
isxdigit mectHagatrepuunbix udp (A-F, a—f, 0-9)

DyHKINN TPUHUMAIOT BEJTMYUHY THUTA int U BO3BpamiaoT 3HaYeHue true, ecin yco-
BU€ BBITIOJIHAETCS. PeKOMEHIyeTCs TI0Jb30BaThCS CTAaHAAPTHBIMU (DYHKIIUSIMH, a HE
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MHcaTh COOCTBEHHBIE IIUKJIBI TTPOBEPKH, TaK KaK 9TO CHUKAET KOJUYECTBO ONTHOOK B
Iporpamme.

Kpowme onucanubix Bbilie, B 6u6an0TEKe ecTh (hyHKIMU tolower 1 toupper, mepeBojis-
e CUMBOJI COOTBETCTBEHHO B HUKHUN W BEPXHUUN PETUCTP.

JList Kask ol 13 1epevrcaeHHbIX (PYyHKIUN eCTh ee aHaIor ik MHOTOGANTHBIX CUMBO-
JIOB THTIa Wchar_t, cojeprkaliuii B HasBaHUU OYKBY W. DT (DYHKIMK TaKKe OIUCAHBI B
MPUITIOKEHNH 6.

MaTtemaTuyeckue pyHKLUN

C++ ynacnenosan uz C craniapTHbie MaTeMaTudeckue (GyHKINN, OTTMCAHUE KOTOPBIX
HaxXOJIUTCSI B 3aroJIOBOYHbIX (haiiax <math.h> (<cmath>). OHU MO3BOJSIOT MOJTYYUTh
abcomoTHOe 3HaueHue (abs, fabs), okpyrieHHoe uncyio (ceil, floor), KBagpaTHbII KO-
penb (sqrt), crernend (pow), 3HaYeHUST TpUTOHOMeTpUYeckux dhyHKIuMi (sin, cos, tan,
sinh, cosh, tanh, asin, acos, atan, atan2), skcronenty (exp), morapudm (1og, 10g10),
Ipob6HYIO U Teyio yactu uncaa (modf), ocratok ot genenus (fmod) u apyrue.

Omubky MHAMIUPYIOTCS YCTAHOBKOIL errno u3 <errno.h> (<cerrno>) B 3Hauerue EDOM
JUIs oIMOOK, CBSA3AHHBIX C BBIXOAOM U3 objacTu onpejeneruns, u ERANGE st ommbok
BBIXO/IA 32 MIPEIeIbl Aana3oHa.

AupekTuebl npenpoueccopa

[Tpemporieccopom HasbeiBaeTcs mepBas ¢aza koMmuasgTopa. HCTpYKIUU mpernporiec-
copa HasbIBalOTCS AnpekTHBaMn. OHM JOKHBI HAUNHATBCS ¢ CIMBOJIA #, TIepe] KOTo-
PBIM B CTPOKE MOTYT HaXOQUTHCA TOJIBKO IPoOesbHbIe CUMBOJLL (¢. 17).

AupekTuea #include

JlupekTtuBa #include <ums_taiina> BCTaBJSET COAEPKUMOE YKA3AHHOTO (hailia B Ty TOU-
Ky MCXOJIHOTO (haiia, T7ie OHa 3anucana. Brirodaemblii (haiis Takxke MOKET CONEP:KATh
mupektuBsl #include. [louck daiina, ecom He ykasaH MOJHBINA MYTh, BEIETCS B CTaH-
MapTHBIX KATATOTaX BKIIOUYAEMBIX (haifioB. BMeCTO yrioBBIX CKOOOK MOTYT MCIIOJIB30-
Barbcs KaBbluku (" ") — B 3TOM cJjiydyae MOUCK hailjia BeJleTcsl B KaTaJlore, COJepsKa-
1ieM UCXOAHBIN (ails, a 3aTeM yxKe B CTaHAAPTHBIX KaTajlorax.

JlupekTuBa #include sSIBJSIETCS TIPOCTEMIITM CPEACTBOM 0OECTIEUeHUsT COTIACOBAHHO-
cTH 0ObSABJIECHWIT B PA3INYHbBIX (haiiiax, OHa BKJIIOYAET B HUX WH(MOPMAIIUIO 06 HHTEP-
(beiice u3 3aro0BOYHBIX (haliJIOB.

3arosoBouHble (ailjIbl OOBIYHO MMEIOT PACIIMPEHUE N U MOTYT COAEPKATh:

Q ompeeeHnst TUIIOB, KOHCTAHT, BCTPOEHHBIX (DYHKI[HL, TaGJOHOB, TIEPEUNCICHUT;
00bsiBeHNs DYHKIWIA, JAHHBIX, UMeH, 1a6I0HOB;

[IPOCTPAHCTBA UMEH;

JIMPEKTUBBI TIPEITPOIECCOPa;

000 o

KOMMEHTAPUN.
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B 3arosoBouHoM aiise He 10JKHO ObITh OIpeaeeHni GYHKIWIL U JaHHBIX. ITH IIpa-
BUJIA HE SBJISIIOTCS TPeOOBAHMEM SI3bIKA, & OTPAKAIOT Pa3yMHBIN CITOCO0 MCTIOMB30Ba-
HUST TUPEKTUBBL

ITpu ykasaHWM 3arOJIOBOYHBIX (hailyIoB CTaHAAPTHOW OMOIMOTEKH pacuuperue .h
MOJKHO OITyCcKaTh!. DTo ciesiano st Toro, 4ToObl HEe OTPAHUYUBATH CIIOCOOBI UX XPa-
Henust. [lng kaxzgoro daitna 6ubanoreku C ¢ nMeHeM <name.Nn> MMEETCs COOTBETCT-
Bytommit daitn 6ubamorekn C++ <cname>, B KOTOPOM Te JKe CPENCTBA OMICHIBAIOTCS
B mpocTpaHcTBe nMeH std. Hanpuwmep, aupextusa #include <cstdio> obecneunBaer te
JKe BO3MOMKHOCTH, uTO W #include <stdio.h>, HO mpum obpalieHuH K CTaHIapTHBIM
dyHkmsM TpebyeTcst yKa3bBaTh UM mpocTpancTBa uMeH std (em. pasmen «Ilomme-
HOBaHHbIE 00sacTu», ¢. 99).

Aunpektusa #define

JlupekTusa #define onpeneisier 1MojCTaHOBKY B TeKcTe TporpaMMbl. OHa UCIOJIb3YeT-
Cs IS OlIpe/leJIeHus:
Q cuMBOIUUECKUX KOHCMAHM.:
#define umMs TEKCT _NOACTAHOBKN
(Bce BXOX/IEHUST UMEHU 3aMEHSIOTCS HA TEKCT MOJICTAHOBKN );
Q Maxpocos, KOTOPbIE BBITISAAAT Kak (PyHKIIMH, HO PEaTN3yIOTCs TOJCTAHOBKON WX
TEKCTa B TEKCT IIPOTPAMMBIL:
#define uma( napaMeTpsl ) TEKCT _MOACTAHOBKM
Q cums0108, Yynpasrsowux ycioenoll komnuasyueri. OHU UCTIOJIb3YIOTCS BMECTE C U~
pexruBamu #ifdef u #ifndef. Mopmar:
#define nms
[Ipnmepsr:
#define VERSION 1
#define VASIA "Bacunuit MBaHosuy"

#define MAX(X,y) (CX)>(y)?(x):(y))
#define MUX

mena PEKOMEHAYETCA 3allChIBATH ITPONTNCHBIMI 6yKBaMI/I, ‘ITO6BI 3PUTEJbHO OTJ/IN-
YaTh UX OT UMEH TepeMeHHbIX U (ynkiuii. [lapameTpsl Makpoca UCHOJIB3YIOTCS TIPU
MaKpOIIO/ICTAHOBKE, HAITPUMED, €CJIU B TEKCTE IPOIPAMMBI UCIIOJIb3YETCS BbI30B MaK-
pocay = MAX(suml, sum2):, oH Oy/eT 3aMeHeH Ha

y = ((suml)>(sum2)?(suml): (sum2));

OTcyTeTBrE KPYTJIBIX CKOOOK MOKET TIPUBECTH K HEMPABUILHOMY TIOPSAJIKY BbIYHUCIE-
HU$, TIOCKOJIbKY IIPENpoIeccOp He OIleHMBAeT BCTABJISAEMbBINH TEKCT ¢ TOYKU 3PEHUS
cuHTakcuca. Hanpumep, ecin k Mmakpocy #define sgr(x) (x*x) obpaTurbes Kak
sqr(y+1), B pesyjbTare IOACTAHOBKU IIOJYYUTCA BbIpakerue (y+1*y+1).

Makpochl U CHMBOJIMYECKHE KOHCTAHTBI YHACIEOBAHBI U3 si3bIka C, TPW HATTMCAHUN
nporpamm Ha C++ ux cieayer uzberatb. BMeCcTo CMMBOIMYECKUX KOHCTAHT MTPETIOY-

! CTapre BEPCUHN KOMITUJIATOPOB MOTYT HE IHOJAJACPKUBATH 9TO CBEKEE Tpe6OBaHI/Ie CTaHzapTa.
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TUTEJIbHEe UCII0Ib30BaTh CONSt WJIM €Num, a BMECTO MAaKPOCOB — BCTPOEHHbIE (DYHK-
UM WJIU 1a0JOHBL.

AnpeKkTuebl YCJIOBHOU KOMNMUNALWN

JlupekTuBbl yciaoBHoit komnusiiuu #1f, #ifdef u #ifndef npumensiiorcst asst Toro,
4TOOBI UCKIIOUUTD KOMIIMJIALMIO OTAEIbHBIX YacTell IIporpaMMbl. DTO ObIBaeT I10JIe3-
HO TIPY OTJIAJIKE WJIN, HATTPUMED, TPH TTOJIEPKKE HECKOJIBKIX BEPCUI TIPOTPAMMBI JIJISI
PA3JINYHBIX T1IaT(HOPM.

Dopmar aupekTUBsb #1if:
#if KOHCTaHTHOE BblpakeHue

[ #elif KoHCTaHTHOE BbipakeHue
]

[ #elif KOHCTaHTHOE BbipakeHue
]

[ #else

]

#endif

KosnuectBo aupektus #elif — npousBosbHoe. VckiouaeMbie OJI0KH KOa MOTYT CO-
JIepKaTh KakK OMMCAHUS, TaK U UCIIOJHSIEMbIe orepaTtopbl. [IpuMep yCI0BHOTO BKJTIO-
YeHUST PA3IMIHBIX BEPCUIT 3aT0JIOBOYHOTO (hatia:

#if VERSION ==
#define INCFILE "versl.h"
#e1if VERSION ==
#define INCFILE "vers2.h" /* n Taxk panee */
#else
#define INCFILE "versN.h"
#endif
#include INCFILE
B KoHCTAaHTHBIX BBIPAKEHUSIX MOKET MCIIOJb30BATHCS IPOBEPKA, OIpe/iesieHa JTH KOH-
CTaHTa, ¢ ToMOIIbIo defined(MMA_KOHCTaHThI), HAIIpUMED:
#if defined(_BORLANDC ) & _ BORLANDC _ == 0x530 // BC5.3:
typedef istream iterator<int, char, char_traits<char>, ptrdiff t>
istream_iter;

#elif defined(_ BORLAND ) // BC5.2:
typedef istream iterator<int, ptrdiff_t> istream iter;

felse // NC5.0:
typedef istream iterator<int> istream iter;

#endif

Jlpyroe nasznadenue JUPEKTHBBI — BPEMEHHO 3aKOMMEHTHPOBATH (hParMeHTbl KOJIA,
HATIPUMep:

#if 0
int 1, J;
double X, y:

#endif
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HOCKOJIbe JIOITYCKA€TCA BJIOKEHHOCTD JIMPEKTUB, TaKoil c11ocob BecbMa leO6eH.

Haubosee yacto B mporpaMmax MCHOJIL3YIOTCSA AUpekTuBbl #1fdef u #ifndef, mosso-
JIIONIME YIIPABJIATh KOMIIMJISAIMENH B 3aBUCUMOCTHU OT TOT'0, OIIPe/IeJIeH JIU € TIOMOIIBIO
JIMPeKTUBLI #define ykasaHHBIH B HUX CUMBOJI (XOTsI OBl Kak MycTast CTPOKa, HAIlpu-
Mmep, #define 32 BIT SUPPORT):

#ifdef cumson

// PacnoONOKEHHbIR HUKE KO KOMMUAMPYETCA, €Cliu CUMBON OnpefeneH
#ifndef cuwmson

// PacnonoOKeHHbIN HUKe KO KOMMWANDYETCH, €CAN CHUMBON He onpefesneH

JlelicTBUE 3TUX AUPEKTUB paclpocTpaHsieTcs 0 rneporo #elif, #else waum #endif.

JlupexruBa #1ifndef yacto mpumeHstieTcst 7ist TOro, 4TOOBI 0OECIIEUNUTH BKIIOUEHIE 3a-
roJI0BOYHOTO haiijia TOJbKO OJUH pas:

#ifndef HEADER INCLUDED

#include "myheader.h"

#define HEADER INCLUDED

#endi

AvpekTuea #undef

lupextusa #undef uMs ynanser onpeznesenue cuMBosia. VICoabp3yeTcs: pemaKo, Harp-
Mep, UL OTKJII0YEeHU Kakoi-1ubo omiumu KOMITUJIATOPA.

NMpeponpepeneHHbie MakpoChl

B C++ ompeneneno HeCKOJIbKO MaKpOCOB, IIPeHa3HAYEHHBIX B OCHOBHOM JJISI TOTO,
4yTOOBI BbIZAaBaTh MH(OPMALUIO O BEPCUU IPOTPAMMBI MM MECTE BO3HUKHOBEHIS
OIINOKH.

__cplusplus — ompenesieH, ecau mporpaMmma Kommuianpyerces Kak ¢aiin C++. MHuorue
KOMITUJISATOPBI IPU 06paboTKe (haiiyia ¢ pacHInpeHneM .C CYUTAIOT, YTO TPOTPaMMa Ha-
nucana Ha s3bike C. Vcnosb3oBaHue 9TOTO0 Makpoca MO3BOJSIET YKa3aTh, YTO MOKHO
MCIOJIb30BaTh BO3MOKHOCTH CH++:

#ifdef _ cplusplus

// [lelicTBus, cneunpuyeckue gng C++

#endif
ITpumensiercst, ecau tpebyercst iepenocuts ko u3 C 8 C++ u obpatHo.
__DATE__ — coiepsKuT CTPOKY ¢ TeKyIeil 1atoit B popmare mecsy, dens 200, HapuMep:

printf(" fata komnunaumm — #s \n", _ DATE );

_ FILE  — cofepKuT CTPOKY € MOJHBIM UMEHEM TeKyIiero aiimna.
_ LINE_ — TekyIasd cTpOKa MCXOHOIO TEKCTA.
__TIME__ — TeKy1ee BpeMs, HaIIpuMep:

printf(" Ouwnbrka B Gaine #s \n Bpema Komnuasuum: %s\n
_ FILE ., TIME );
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O6nacTu gencTeug
M NpoCTpaHCTBA UMEH

Kaxplit mporpaMMHbBIi 0OBEKT UMeeT 00JIACTh IeUCTBUSI, KOTOPAsT ONPEIETISIETCS BH-
TIOM T MeCTOM €r0 00bsaBeHrst. CyIecTBYIOT CTeAYIONe KaTeropun 06IacT aetct-
Bust: 6J0K, ailsr, pyHKIwMs, TPOTOTHN (HYHKIIMH, KIACC U TIOUMEHOBaHHAast 06JIaCTb.

Brok. Upentudukatopsl, onucaHibie BHYTPH OJIOKA, ABJISIOTCS JoKaabHbiMU. O6-
JIACTDb AEeHCTBUS WACHTH(MUKATOPA HAUMHAETCST B TOUKE OTIPe/IeIEHUS U 3aKaHUYNBaeT-
¢ B KOHIle GJIOKa, BUAMMOCTD — B TIpejiesiax OJI0Ka U BHYTPEHHUX OJIOKOB, BpeMs
JKM3HU — 710 BBIXOMa u3 Gsoka. ITocse BhIxoga u3 610Ka MaMsaTh 0CBOGOKIAETCS.

Daiin. VerTndukatopbl, OMUCcaHHbIE BHE JIOO0T0 6JI0Ka, (DYHKIIH, KJIACCA U MTPO-
CTPAHCTBA MMEH, UMEIOT IJ100aIbHYIO0 BUAMMOCTD M IIOCTOSHHOE BPEeMS KU3HU U MO-
TYT UCTIOJIb30BATBCS C MOMEHTA WX OTIPEIC/ICHUSI.

Dyuknus. EquHcTBEHHBIMU HIEHTH(DUKATOPAMU, UMEIOIUMU TaKyI0 00J1aCTh JIeiCT-
B, ABJISAIOTCS METKU O1lepaTopoB. B oiHO# hyHKIMN BCe METKHU I0JKHBI Pa3/inyaTh-
s, HO MOTYT COBIIQJIaTh C METKaMU JPYTUX (HYHKIIHIA.

IIporotun ¢pynkuuu. Vaeatndukatopsl, yKazaHHbIE B CIIUCKE TTAPAMETPOB MTPOTOTH-
na (06bsaBaeHNs) QYHKIIMN, IMEIOT 00JIaCThIO A€CTBUA TOJBKO IPOTOTUI (DYHKIIMH.

Kinacc. DiieMeHTBI CTPYKTYD, OObEAMHEHUI W KJIacCOB (32 MCKIIOUEHUEM CTaThye-
CKHUX 3JIEMEHTOB) SIBJSIIOTCSI BUIUMBIMU JIUIID B Tipejienax kiaacca. OHU 0OpasyroTest
IIPU CO3/IaHUU NIePEMEHHON YKAa3aHHOTO THIIA U Pa3PYIIAIOTCS TIPU €€ YHUUTOKEHHH.

IToumenoBanuast 06actb. C++ MO3BOJAET SIBHBIM 00PA30M 3a1aTh 00TACTH OTIPEIe-
JIEHMSI UMEH KaK 4acTb IJI00aJbHON 00J1aCTH ¢ IIOMOILBIO OllepaTopa namespace.

HarnomHIo, 4To 006J1acTh BUAMMOCTH COBIAAAET ¢ 00IaCThIO ACHCTBUSA 32 UCK/IIOYEHM-
€M CHUTYaI[iH, KOT/[a BO BJOKEHHOM OJIOKE OIMCAaHA [IEPEMEHHAs ¢ TAKUM K€ HMEHEM.
B 5TOM C/1y4ae BHENIHS [epeMeHHas BO BJIOKEHHOM OJI0Ke HEBUAUMA, XOTSI OH U BXO-
JUT B ee 00sacThb aeiicTBus. Tem He MeHee K 9TOH IepeMeHHO, ecii oHa ro0aabHasl,
MOZKHO 0OpPaTUTBCS, UCIIOJIb3Ys OIlePaltio A0CTyIa K obsactu BuauMocTu : ;. Criocob
00paTUThCs K CKPHITON JIOKAJIbHOU [IEPEMEHHOI OTCYTCTBYET.

B ka10i1 obracTi AefiCTBUS Pas3/IMyuaroT TaK Ha3biBaeMble TIPOCTPAHCTBA UMeH. T1po-
CTPAHCTBO UMEH — 00JIaCTh, B IPEeIaX KOTOPOil uAeHTU(UKATOP AOIKeH OBbITh YHU-
KaJbHBIM. B pasHbIX MPOCTPAHCTBAX MMEHA MOTYT COBIA/IATh, TIOCKOJIbKY pa3pelieHne
CCBLJIOK OCYIIECTBJISIETCST IO KOHTEKCTY neHTu(uKaTopa B MporpaMMe, HallpuMep:

struct Node{
int Node;
int i;
}Node;
B nannom ciyyae npoTuBopedns HeT, IOCKOJIbKY MMeHa THUIla, IlepeMeHHON U aj1eMeH-
Ta CTPYKTYPBI OTHOCATCST K Pa3HbIM MpocTpancTBaM. B C++ ompesiesieHo yeThipe pas-
JIeJTLHBIX KJIacca NAeHTU(PUKATOPOB, B TIpe/eiaX KaskK/I0TO M3 KOTOPBIX UMEHA OKHBI
6bITb YHUKa/JIbHbIMU.

QO K oxHOMYy TpOCTpaHCTBY MMEH OTHOCSTCS MMEHA TlepeMeHHbIX, (hYHKITUH, TUTIOB,
oTIpe/IeIeHHbIX ToJIb3oBaTesieM (typedef) u KoHCTAHT repeuncienuii (c. 66) B mpe-
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neax ofHol obaactu BuaMMOCTH. Bee oHM, Kpome uMeH (BYHKIMH, MOTYT ObITH
TIepPEeOTIPEIENEHbI BO BIOKEHHBIX GIOKAX.

Q /lpyroii kiacc uMeH 00pa3yoT UMEHA TUIIOB TIEPEYUCECHUN, CTPYKTYP, KIACCOB U
oO0benuuenuil. Kaxkmoe uMs 10JGKHO OTJIMYATHCS OT UMEH JIPYTUX TUTIOB B TOU Xe
06JIaCT BUAUMOCTH.

Q OTaenbHBIH KIACC COCTABISIOT SJIEMEHTHI KaKIOW CTPYKTYPDI, KJIacca U 00ben-
HeHust. VIMst aieMeHTa JIOJDKHO ObITh YHUKAJIBHO BHYTPHU CTPYKTYPBI, HO MOJKET
COBIIA/IATh C IMEHAMMU JIEMEHTOB JIPYTUX CTPYKTYP.

Q Metku 06pa3yioT OTAETBHOE MPOCTPAHCTBO UMEH.

BHeluHue 00bsBIeHUS

Jliobast (GyHKIMS aBTOMAaTUUECKN BI/IHA BO BCEX MOYJISIX IporpaMMbl. Eciii Tpebyert-
cs OrpaHuYuTh 00J1acTh AeicTBUS (PYHKIMU (ailioM, B KOTOPOM OHa OIMCaHa, MC-
nosb3yeTcst MojmpukaTop static.

Jlist Toro 4Tobbl CAeNaTh TOCTYITHONW B HECKOJBKUX MOJYJISIX TIEPEMEHHYIO WJIH KOH-

CTaHTy, HEOOXOAUMO:

QO ompesenuTh ee POBHO B OJHOM MOJYJIE KaK TJI0OATbHYIO;

Q B Apyrux MOJAYJsIX OODBSBUTH €€ KaK BHEIIHIOW C TOMOIIbI0 Moauduraropa
extern.

Jlpyroii criocob — moMecTuTh 970 0OBABJIEHUE B 3ar0JIOBOYHBIN (Dailjl U BKIIOUUTH €ro

B HYKHbBIE MOJIyJnl.

Bce onucanus 0010t u moii dce nepemerno 00IxCHbL OblMb COZLACOBANDL.

ITpumep onucanust ABYX TI0OAJIBHBIX TEPEMEHHBIX B (hailjiax one.cpp U two.cpp ¢ 10-

MOIIIBIO 3ar0JI0BOYHOTO (haiina my_header . h:

// my_header.h — BHewHne 0ObABNEHNA
extern int a:
extern double b;

[/ e
// one.cpp

#include "my header.h"

int a;

[/ e
// two.cpp

#include "my header.h"

double b;

O6e TiepeMeHHbBIE JOCTYTIHBI B (haiiiax one.cpp u two.cpp.

! Harommio, uto 06bsiB/ICHNE, B OTIHUNE OT onpeiesieHusl, He co3naet rnepemennyio. O6bsiBie-
Hue ¢ extern He JIOJKHO COJEPIKATh MHUIMAIN3AINIO: €CJIN OHa IPUCYTCTBYET, MOAN(UKATOP
extern urnopmpyercs.
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Ecnu mepemennas ommcana Kak static, o6aacTh ee JeHCTBUSA orpaHUYnBaeTcs haii-
JIOM, B KOTOPOM OHA OIIFICAHA.

ITpu onucanuu muna cienyer MPUAEPKUBATHCS NPABULA 00HO20 ONPEOeNeHUsl, TO eCTh
TUII, UCIIOJIb3yeMbII B IIPOrpaMMe, JOJIKEH ObITh OIpeAeseH POBHO oiuH pas. Kax
MIPABUJIO, ITO JIETAETCST B 3arOJIOBOYHOM (haiijie, KOTOPBII 3aTeM TOKIIOUAETCS K MO-
JLYJISIM, UCIOJIb3YIOIMM 9TOT ThIl. Hapyienue aToro npasuia IpUBOIUT K OIOKaM,
KOTOpPBIE TPYAHO OOHAPYKUTh, IIOCKOJIBKY KOMIIMIATOPBI, KaK IIPABUIIO, He 00Ja1aioT
BO3MOKHOCTBIO CJIMYATH OIMPEIEIeHUsI OHOTO U TOTO JKe THUIA B PA3INIHbBIX (ailiax.

MoumeHoOBaHHbIE OONnacTu

IToumeHoBaHHbIE 00JACTH CIIyKAT AJISI JIOTUYECKOTO TPYIIIUPOBAHUA OObABIEHUN 1
OrpaHMYEHHs J0CTyIa K HuM. Yem GoJibliie TIporpaMma, TeM 0oJjiee akTyaubHO UCITOJb-
30BaHMe MOMMEHOBAHHBIX 0OsacTeil. [IpocTelimuM MpUMepOM TIPUMEHEHUS SBJISETCS
oT/leJieHUe KOJla, HATTMCAHHOTO OJ[HUM YeJIOBEKOM, OT KO/la, HAMMCAHHOTO JIPYTHM.
ITpy MCHOIB30BAHUU €IMHCTBEHHOM r100anbHol 06JacTi BUAUMOCTU (POPMUPOBATDH
MPOTPaMMy U3 OT/IEJIbHBIX YaCTell OYeHb CJIOKHO M3-32 BO3MOKHOTO COBIIAJIEHUS U
KoHpMKTa uMeH. Vcronb3oBanne NOMMEHOBAaHHBIX 00J1acTell IIPENnsTCTBYET JOCTYITY
K HEHY’KHBIM CPEJICTBaM.

O06bsIBIeHNE TOMMEHOBAHHON 007acTh (€€ TaKke HA3BIBAIOT MPOCTPAHCTBOM MMEH)
nmMeet gopmar:

namespace [ wuma_obnactu J{ /* OOvaAsnennsa */ }

IMoumenoBanHas 06/1aCTh MOKET 00bAB/ISATHCA HEOJHOKPATHO, IIPUYEM HOCIEAYIONIE
00BSIBJIEHNST PACCMATPUBAIOTCS KAK PACIIUPEHUs IpeablaymX. Takum o6pasoM, 1o-
MMEHOBaHHasT 06J1aCTh MOKET OOBSIBIISITHCS U MIBMEHSITHCS 32 PAMKaMK OHOTO (haiia.

Ecam st 061acTit He 3a1aH0, KOMITUIISITOP OTIPEIEIISIET €70 CAMOCTOSITETBHO € TTOMO-
I[BI0 YHUKATBLHOTO UAECHTU(DUKATOPA, PA3IUYHOTO IS Kaxk0r0 Moy, OObsiBieHue
06beKTa B HEMOMMEHOBAHHO 06JIaCTH PABHOZHAYHO €TO OTIMCAHUIO KaK TI00aThHOTO
¢ monudukaropom static. IHomemars 00DbABICHNS B TaKyIo 00J1aCTh TIOJIE3HO [JIS
TOTO, YTOOBI COXPAHUTH JJOKATBHOCTD Kofia. Hesrb3st MoyunTh TOCTYI U3 OTHOTO (haii-
JIa K BJIEMEHTY HEMMEHOBAaHHOW 00s1acTu APyroro (aiimia.

[Tpnmep.
namespace demo{
int i=1;
int k =0;

void funcl(int):
void func2(int) { /* .. */ }

}

namespace demof{ // Pacumpenne
//ant 1 = 2; HeBepHO — ABOWHOE Onpepenexne
void funcl(double);  // lleperpyska
void func2(int); // BepHo (NoBTOpHOE 00bABNEHNE)

}

B 06baBenny mouMeHoBaHHOM 001acTh MOTYT HPpUCYTCTBOBATb KakK O6'I)$IBII€HI/IH, TaK
" ompeaejeHund. JlormaHO TIOMEIaTh B Hee TOJTbKO O6"bHB]IeHI/IH, a OIpeaeATb UX
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MO3/(HEE ¢ OMOIILI0 UMEHH 00JIACTH U OMlepaTopa A0CTyIa K 00JacTH BUAUMOCTH : :,
HalpuMep:

void demo::funcl(int) { /* .. */}

ITO IIpUMEHAETCA AJIA pa3AejieHuA HHTep(beﬁCa n peanmn3aniu. Taxkum criocobom
HeJsb3s 00bABUTH HOBBII 2J1eMEHT IIPpOCTPAaHCTBA UMEH.

OO61bexThl, 00bIBIEHHbIE BHYTPU 00JIACTH, SIBJSIOTCS BUAUMBIMU C MOMEHTA 00'bsIBJIE-
Hust. K HUIM MOKHO SIBHO 0OpalaThCst ¢ MOMOIIBIO MMEHH 00JIaCTU U orepaTopa JI0C-
Tyma K 00J1aCTU BUAUMOCTH : :, HAIIPUMEP:

demo::1 = 100; demo::func2(10);

Ecau nmst wacto HCITIOJIb3YETCA BHE CBOETO MMPOCTPAaHCTBA, MOKHO 00BABUTD €ro J10C-
TYIIHBIM C ITIOMOIIbIO onepamopa using:

using demo::i;
ITocie 9TOro MOKHO UCIIOJIB30BaTh MMsI 03 BHOIO yKasaHUs 00JIaCTH.

Ecnu TpeGyeTcst caienaTh JOCTYTHBIMU BCE UMeHA U3 KaKOH-1160 06JIaCTH, HCTTOTb3Y-
ercs ollepaTop using namespace:

using namespace demo;

Omneparopsl USiNg 1 USINg namespace MOKHO MCIOJIb30BATh U BHYTPH OODbABICHHS 110~
MMEHOBaHHOW 00JacTH, 4TOObI C/le/aTh B HEil JOCTYIHBIMU OODbSABAEHUS U3 APYroii
obacTu;

namespace Department of Applied Mathematics{
using demo::i:
/..

}

Vmena, o6bsiBJIeHHbIE B IOMMEHOBAHHOI 00J1aCTH SIBHO WJIM C IIOMOILBIO OllepaTtopa
USiNng, IMEIOT IPUOPUTET 110 OTHOIIEHUIO K MMEHaM, OObSIBIEHHBIM C IIOMOIIBIO Ollepa-
TOpa using namespace (3TO MMeeT 3HaAUYEHME TP BKJIOYEHNN HECKOJTbKIX TTONMEHOBAH-
HBIX 0bJIacTell, coleprKaliux COBIAAAONe NMeHa).

Koporkne nmena mpocTpaHCTB MMEH MOTYT BOWTH B KOH(JIUKT JPYT C JIPYTOM,
a JIJIMHHbIE HEIPAKTUYHbI [IPU HAITMCAHUU PEATHbHOTO KOJa, T0ITOMY JIOTYCKAETCs
BBOJIUTh CHHOHUMbI UMEH:

namespace DAM = Department of Applied Mathematics;

ITpocrpancTBa MeH cTanaapTHOM OuGIMOTeKH. OOBEKTH CTAaHAAPTHOH GUOIHOTEKN
ompeziesieHbl B mpocTpaHcTBe uMeH std. Hampumep, oO0bsiBIEHHS CTaHIAPTHBIX
cpencTB BBOjIa,/BuiBojIa C B 3arosioBOYHOM (aiiie <stdio.h> momernieHsl B MPOCTPAHCT-
BO UMEH CJIEAYIONM 06pasoM:

// stdio.h
namespace std{
int feof(FILE *f);

}

using namespace std;
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ITO obecreynBaeT COBMECTUMOCTD CBepXy BHU3. [l TeX, KTO He JKeJaeT MPUCYTCT-
BIS HESIBHO JIOCTYIHBIX NMeH, OIIpefieJieH HOBBIN 3ar0JI0BOYHBIN (aiin <cstdio>:

// cstdio

namespace std{

int feof (FILE *f);

}
Ecim B mporpammy BkiiodeH aiisi <cstdio>, Hy»KHO yKa3bIBaTh UM TPOCTPAHCTBA
HUMEH SIBHBIM 06pa3soM:

std: :feof(j);

MexaHU3M MPOCTPAHCTB UMEH BMeCTe ¢ AUPEKTHBON #include obecrieunBaioT He0HXO0-
AUMYIO TIPY HAITHCAHUHU GOJBIITMX TIPOTPAMM THOKOCTH MYTEM COYETAHUS JTOTHYECKOTO
TPYTIUPOBAHUS CBSI3AaHHBIX BEJIMYNH U OTPAHUYEHUS JOCTYTIA.

Kaxk mpasuiio, B 1060M (DYHKIIMOHATIBHO 3aKOHUYEHHOM (hparMeHTE MTPOTPAMMBI MOJK-
HO BBIJIETUTh UHTEPGENCcHYIO YacTh (HalpuMep, 3aroJ0BKU (DYHKIIU, OMMMCAHUS TU-
MOB), HEOOXOAUMYTO JIJIsST UCIOTB30BAHUST 9TOTO (hparMEHTa, W YacTh Peajnu3alui, TO
€CTh BCIIOMOTaTeJbHbIE MepeMeHHble, (DYHKIIMT U JPYTHE CPEACTBA, AOCTYI K KOTO-
pbiM u3BHE He Tpebyercs. [IpocTpaHCTBa MMEH MO3BOJSAIOT CKPBITh JECTATN Peajin3a-
WU |, CTIEJIOBATEHLHO, YIIPOCTUTDH CTPYKTYPY MPOrPAMMbl U YMEHBITUTD KOJTUYECTBO
MOTEHIMATBHBIX omuOoK. TIpomymMantoe pazbueHne mporpaMMbl HA MOJYJIH, YeTKast
crieruukays HTepEeiicoB U OrpaHUYEHIe JOCTYIIA TIO3BOJISTIOT OPraHN30BaTh -
(beKTUBHYIO pabOTy HaJl IPOEKTOM TPYIIIBI TPOTPAMMHUCTOB.
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TexHonorua cosnaHung
nporpamMmm

MbI U3Y4HIN JOCTATOYHOE KOJMYECTBO CPpeicTB a3bika C++ (6oJblieil YacThio OTHO-
CSIIUXCS K TTOMHOKeCTBY s13biKa C), U MPUIILIO BPeMst 00CYTUTh, KAKIMU JKe TTPUH-
[UITAMU HaJlo PYKOBOJCTBOBATHCS, YTOOBI TIOJNYYUTh B PE3YJIbTaTe HAMUCAHUS TIPO-
rpaMMbl He KapTOUYHBII JOMUK, TOTOBBI PYXHYTh OT JIDOOTO HEOCTOPOKHOTO JIBUKE-
HUs, @ KPACUBYIO U HAJIEXKHYIO KOHCTPYKIINIO.

B aroii riaBe Tpu pasgena. B mepBoM npuBeaeHbl pEKOMEHIAINHI, KOTOPbIe OYAYT 110-
JIE3HBI TIPU CO3/ITaHUMN /JaK€ CaMbIX ITPOCTBIX IIPOTPaMM. OHI/I KacaloTcdad B OCHOBHOM
3aIUCH AJITOPUTMOB Ha g3bike C++ W OKyMEHTHPOBAHUS TTPOTPAMM. | eXHOJOTHs
POEKTUPOBAHUS U TECTUPOBaHUsI GoJiee KPYIHBIX IIPOrPaMM PACCMOTPEHA BO BTOPOM
paszesie (c. 109). Tpetuit pasesn MOCBsIEH PACCMOTPEHUIO JUHAMUYECKUX CTPYKTYP
JAHHBIX, KOTOPBIE MIMPOKO MCIIOAb3YIOTCS ISt co3anust a(PhEeKTUBHBIX IPOIIEAyp 00-
paboOTKK JAHHBIX.

KoanpoBaHue n ,OKyMeHTUpoBaHue
nporpamMmmbl

C 1upuobpereHneM OIbITA IIPOrPAaMMKCT BbipabaTbhiBaeT cOOCTBEHHbIE IIpaBUJa U
ctuib. [Ipu 5TOM MOJIE3HO YUUTHCS HEe TOJBKO Ha COOCTBEHHBIX HEyAayax, U pasyMHOe
cJle/loBaHIe MTPUBEIEHHBIM HIKE PEKOMEH/IAIUSAM MOMOKET M30eKaTh MHOTUX pac-
npoctpaHeHHbIx ommnbok. KoHeuHo, Ha BCe CIy4au JKU3HHU COBETHI IaTh HEBO3MOYKHO,
Be/b He 3psI TTPOTPAMMIPOBAHHe, 0COOEHHO Ha 3ape €r0 Pa3BUTHSI, CUNTAIOCH HCKYC-
CTBOM.

Inasnas yenv, Kk KOMOPOU HYNICHO CMPEMUMBCS, — NOIYUUMD LEZKO UUMACMYIO NPO-
epammy 603modxcHo Gonee npocmoil cmpykmypol. 1IIUPOKO M3BECTEH BEPHBIH B (GOJIb-
HIMHCTBE ciydaeB aeBus — «Better simpler than clever» (syudine mo-npocromy, yem
0-yYMHOMY). B KOHEYHOM cueTe Bee TEXHOMOIMU IIPOrPaMMUPOBAHIs HAIIPABJIEHbI Ha
JOCTHKEHIE UMEHHO 9TOMU 1eJTH, TIOCKOJIBKY TOJBKO TaK MOKHO JOOUTHCST HaeKHO-
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CTH ¥ IIPOCTOTHI MoAM(UKauy mporpaMmbil. CMBICII IeBH3a 3aKII09a€TCsI B TOM, YTO
ecan Kakoe-nub0 JefcTBHE MOKHO 3allporpaMMUPOBATh PasHbIMKM CIHOCOOAMU, TO
HpenoYTeHne JOJKHO OTAaBaThes He Hanbosee KOMIIAKTHOMY U Jlaxke He HanboJiee
9 dEKTUBHOMY, a TAKOMY, KOTODBIN Jjierde st noHuMaHus. OcoGeHHO 9TO BaKHO B
TOM cJiydae, KOT/la MUIIYT MPOTPaMMYy OJIHHU, & COITPOBOK/IAIOT JIPYTHE, UTO SIBJISETCS
ITUPOKO PACIIPOCTPAHEHHON MPaKTUKOM.

Ec/u BB elie He IPOHUK/INCH IIPUBEJEHHBIM BBIIIE TE3UCOM, IONPOOYIiTe pasobpaTh-
sl B IPUBEIEHHON Huzke nporpamme. HecMoTps Ha To, 4TO Ha IepBbIi B3IJIS OHA Ka-
JKeTCs ToiHeleit abpakanabpoii, aTo nporpamma #a C, 1 oHa paboraer

#include <stdio.h>

main (int t, int _, char *a){return!0<t?t<3?main(-79,-13,a+main(-87,1-
main(-86,0,a+1)+a)): 1,t< ? main(t+l, ,a):3.main(-94,-27+t,a)&&t==2\

? <13?main(2, +1,"%s #d #d\n"):9:16:t<07t<-727?

main(_,t,"@n"+,#' /*s{w+/witcdnr/+, {}r/*de}+, /*{*+, /w{%+, /witqin+, /#{1+, /n\
{n+, /+n+ J# gl kg /e AR 3 {wK wiK: Y ed ! dad' T af +d K#N
/+k#;g# riekKK#w' rieKK{n1T" /#:#a#n ) D#Fw ) D {n1T" /+#n" sd}rw' 1:4# ){n1]\
n{ng" s r{fw'r ne{n11"/#{1,+'K {rw" IK{T{InTT /wig#n'wk nw' Fwk {KK{n1]!/\
w{% Vwg' ;{11 /% {g# 1d;r H{nTwb! /*de} "¢ {nT " -{brw] /4, JHE RN
fnc, ' gw] ' /+kd e+ # rdafw! et/ ) JEHRE (n O PR
:t<-50?_==*a?putchar(31[al):

main(-65, .a+l):

main((*a=="/")+t, .a+l):

0<t?main(2,2,"%s")

¥a=="/"]|main(0.main(-61.%a,

"lek;dc 1@bK" (q)-[wl*%n+r3#1, {}:\nuwloca-0;m .vpbks,fxntdCeghiry"

),a+l);

}

Jl1st Tex, KTO HmoJieHu/Ics HabpaTh IPUBEJAECHHBIN BbIIIE TEKCT Ha KJIaBUATYPe, CKOMIIH-
JIMPOBATh €ro W 3alyCTUTh MPOTPAMMY Ha BBITIOJTHEHUE, TTPUBEY ()parMeHT ee BbI-
BOJIA:

On the first day of Christmas my true love gave to me

a partridge in a pear tree.

On the second day of Christmas my true Tove gave to me
two turtle doves
and a partridge in a pear tree.

On the third day of Christmas my true Tove gave to me
three french hens, two turtle doves
and a partridge in a pear tree.

On the twelfth day of Christmas my true Tove gave to me

! MoseT 1oKa3aThes CTPAHHBIM, 3a4eM € CAMOTO HAYAMA LYMATh O MOAM(BUKAIII TPOrPAMMbL.
Ho Besb 151 1106010 CKOMBKO-HUGYb YAAYHOTO KOMMEPUYECKOTO TIPOJYKTa BHIXOJ HOBBIX BEp-
CHIl — €IMHCTBEHHBII CIIOCOD He MOTEPSITh AKTYATbHOCTh CPEI MOJIb30BaTEe.
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twelve drummers drumming, eleven pipers piping, ten lords a-leaping,
nine ladies dancing, eight maids a-milking, seven swans a-swimming,
Six geese a-laying, five gold rings:

four calling birds, three french hens, two turtle doves

and a partridge in a pear tree.

[lepBblii mar B HAKUCAHWK TIPOTPAMMbI — 3ANUCAMb HA ecmecmeenHom s3vike (BO3-
MOJKHO, C TIpUMeHeHreM OOO0BIEHHBIX OIOK-CXeM), YTO MUMEHHO U KaK OHa JOJKHA
nenaTs. Econ BBI He MOkeTe ¢c(hOpMyINPOBATh AITOPUTM HO-PYCCKU, BEIUKA BEPOST-
HOCTB TOTO, YTO OH IIJIOXO MPOAYMaH (eCTECTBEHHO, 51 He IMEIO B BUJLY, UTO HAJIO <IIPO-
roBapmBaTh» BCE HA YPOBHE OT/ENbHBIX OIEPATOPOB, HATIPUMED, «U3MEHSST WHJICKC
ot 1 710 100 ¢ marom 1...»). Takoe onucanme anropuTMa 1MOJIE3HO O HECKOJIBKUM TIPH-
YITHAM: OHO ITOMOTAeT B JIETAJISAX TPOAYMATh aJITOPUTM, HAlITH Ha caMoii paHHel cTa-
VU HEKOTOPBIE ONMMOKH, PasOuTh TPOTPAMMY Ha JIOTUYECKYTO TOCTEeI0BATENLHOCTD
6JI0KOB, a TakxKe 06ecednTh KOMMEHTAPUU K IPOrpaMMe.

Ecnu anroputM MOKHO pasbuTh Ha MOCJAEIOBATENBHOCTh 3aKOHYEHHBIX AEHCTBUN
(a K 9TOMY HaJ[0 CTPEMUTHCs!), KasK10€e 3aKOHUEHHOE JIeficTBIE 0hopmasemcs 6 uoe
Gynxyuu. Kaxnast GyHKIMA J0JOKHA PEliaTh TOJIbKO OHY 3a1a4uy (He Hajo 00bean-
HATH JIBA KOPOTKUX HE3aBUCUMBIX ()parmMeHTa B ofHy dyHKIMI0). Pazmep dhyHKIMN
MOJKET BAPbUPOBATHCS B IMUPOKUX MPEJIesIaX, BCe 3aBUCUT OT TOTO, KAKOI pa3Mep nme-
eT 3aKOHYEHHBII (pparMeHT Ko, BbiaesaseMblil B pyHkuuio. Kenarenbro, 4robbl TeI0
GhyHKIMHI TOMeImanoch Ha 1—2 sKpaHa: OMMHAKOBO CIOKHO Pa3bUpaThest B MPOrpaM-
Me, cojiepiKaliieil HeCKOJIbKO HeOObSTHBIX (DYHKIIUH, ¥ B POCCHINU U3 COTEH MOJIIPO-
rpaMM 110 HECKOJIbKO CTPOK KaK/asl.

Ecu HekoTopbIe IEHCTBUS BCTPEYAIOTCS B TEJIe TPOTPAMMBI XOTSI ObI IBAXKIBI, HX TaK-
JKe HY;KHO ohopMuTh B Buje GyHKINN. OIHOTUITHBIE TeWCTBUS O(DOPMIISIOTCS B BUJIE
neperpyskeHHbIX hyHKIuii uin Gynkimii ¢ napamerpamu. Koporkue dynkimmm mmeer
CMBICJT OGBABUTH ¢ AUPEKTUBON inline.

Heobxomnmo musamenvio evibupams umena nepemennvix. IIpaBUIbHO BHIOPAHHBIE
MMEHA MOTYT C/IeJIaTh MIPOrPaMMy B HEKOTOPOIl CTEIEeHU CaMOJOKYMEHTHUPOBAHHOI.
Heynaunbrie nmena, Hao60poT, caykaT nctouHukoM mpobiaem. He yBrexaiitech cokpa-
MIEHUSIMU, OHU YXYAIAT YATAEMOCTD, U aCTO MOKHO 3a0bITh, KaK UMEHHO OBLIO CO-
KpaIleHo To WK uHoe ¢jioBo. OBIas TeHJAEHIUSA COCTOUT B TOM, 4TO 4eM GoJibiie 00-
JIACTh BUMMOCTH TIePEMEHHOH, TeM Gosiee mHHOE y Hee nMst. [lepex Takum nMeHem
4acTo cTaBUTCS peukce Tuna (0[Ha I HECKOJIBKO OYKB, IO KOTOPBIM MOKHO OTIpe-
JIEJTTD TUTT IepeMeHHON ). J[JIs1 CYeTYNKOB KOPOTKHUX IIUKJIOB, HAIIPOTHUB, JIydiiie 060ii-
TUCH OJIHOOYKBEHHBIMU MMEHAMU ThMa 1, J win k. VIMeHa MakpoCoB MPeANOUTUTEb-
Hee 3aluChiBaTh 3arJaBHBIMU OYKBaMH, 4TOOBI OTJIMYATh UX OT JAPYTUX OOBEKTOB
nporpammbl. He pexkomenmyercs ucIosb3oBaThb MMeHa, HAUMHAIONIMECS C CHUMBOJIA
MOTYEPKUBAHNS, IMEHA TUTIOB, OKAaHUYMBAIOITHECS Ha T, a TakyKe UAEHTU(DUKATOPHI,
COBTIQ/IAIONIIE C MIMEHAMHU PECYPCOB cTaHaapTHOM 6ubanorexn C++.

Ilepemennvie JHeeramenvno UHUUUAIUSUPOBAMD NPU UX 00bS6IeHUU, A OOBIBIATD KaK
MOJKHO OJIVZKE K MECTY MX HElOCPEACTBEHHOTO UCToJb3oBaHus. C Apyroil CTOPOHBI,
y1oOHO Bee OObBSBIECHUS JIOKAJTbHBIX NMEPEMEHHBIX (DYHKIMKM pacrojiarath B Hadaje
6J10Ka Tak, yToObl X ObLI0 1IpocTo HalTu. IIpu HebobIINX pasMepax QYHKIMNA 06a
9TH MOKEJNAHYSI IOCTATOYHO JIETKO COBMECTHTD.
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Jloxanvioie nepemenivie npeonoumumenviee ziobaivivix. Eciu rnobanbHas nepeMeH-
Hasl Bce Ke HeoOX0nUMa, JIydlie OObsIBUTD €€ CTATHYECKO#, YTO OTPAHUYUT 00JIacThb ee
JIENICTBUS OJTHUM UCXOJIHBIM (DaiijioM.

Bcto neobx00umyio pyHkuuu undopManuro HYscHo CmpemMumscs nepedasamy et 6 Kave-
cmee napamempos, a He yepes raodaabHbIe IlepeMeHHble, U3MeHeHUe KOTOPBIX TPY/IHO
OTCJIEINTD.

Bxoduwvie napamempul pynxiuu, KOTOpbie He OJKHBI B HEH M3MEHSITLCS, CIEAYET
nepesaBaTh Kax KOHCMAHMHble CCulAKY, A He 10 3HaYeHno. KpoMe yryumeH st antae-
MOCTH TIPOTPAMMbI U YMEHBIIEHHsT BO3MOKHOCTH CJYYaliHBIX OHIMGOK, aTOT Crocob
ropasnio 6osee adexTIBEH, OCOGEHHO B CTydae Mepefadn CIOKHLIX 00heKkToB. Vc-
KJIIOYCHHE COCTABJISIOT TAapaMeTPbl, pa3Mep KOTOPBIX MEHbIIe pa3Mepa yKasaTens —
ux addekTuBHee IepenaBaTh 1o 3HaYeHo (He 3a0bIBast yKasbiBaTh CONSt).

Bowoonvie napamempot Qyrkyuy IpeIiodTUTEIbHEE TIEPEIaBATD 110 aJ[Pecy, a He M0
CCBITIKE, YTOOBI M3 CEMAaHTUKH BBI30BA (DYHKIINT MOKHO GBIIIO OHSITE, YTO BHYTPU Hee
mapamMeTp U3MEeHSIeTCsI.

Henvss sosepawamov uz ynxyuu ccolixy Ha J0KAAbHYIO NepemMennyio, IOTOMY 4TO OHa
ABTOMATUUYECKU YHUYTOKAETCS [IPU BBIXO/E U3 (DYHKIIMH, KOTOPast sABJsAETCA ee 001a-
cTbio JieiicTBus. He pekoMenyeTcs BO3BpalllaTh CCBIIKY Ha II€PEMEHHYIO, CO3/IaHHYIO
BHYTPU (QYHKI[UK B IMHAMIYECKON 00TACTH TTAMSITH ¢ TIOMOTIBIO (DYHKITHE Mal10C uiIu
oTIepalliy new, Tak KakK 3TO MPUBOJUT K TPYIHO KOHTPOJIMPYEMBIM yTeuKaM MaMsTH.

Cauenyer usbezamv UCNOIL308AHUS 6 NPOZpaAMME Uucen 6 S6HOM 6ude. KOHCTAHTDI
JIOJLKHBI UMETh OCMBICJIEHHBIE MMEHa, 3ajlaHHble yepe3 const miu enum (TocsenHee
MPEANOYTHTEbHEE, TAK KAK MAMSTD TIO]] TIEPeYrCIeH e He Bbiesiercs ). CuMBomde-
CKO€ UM IeJIaeT IIPOrpaMmy 0oJiee MOHATHOIL, a KPOME TOro, IPH HeOOXOAUMOCTHU 13-
MEHUTh 3HAYEHWE KOHCTAHTBI 3TO MOKHO CHIEJIaTh BCErO JIUIIb B OJHOM MeECTe Ipo-
IPaMMBL.

Jlnst 3anucu Kaxkaoro (parMeHTa airopuT™Ma HeoOX00UMO UCNOAb308aMb HAuboIee
noodxodsuue cpedcmsa szvika. JIroOO UK MOKHO, B IPUHIIUIIE, PEATU30BATH C I10-
MOIIIBIO OIIEPATOPOB goto 1 if, HO 9TO GBLIO Gbl HEJIETIO, MOCKOAbKY ¢ MOMOIIBIO OTIe-
PATOPOB IMKJIA Te JKe AEHCTBUS JIerde YMTAIOTCsI, a KOMITUISATOP reHepupyer Oosiee
abexTuBHBIN Ko BeTBieHne Ha HECKONBKO HAIIPABJICHUIT IPeAoYTHTEbHee pea-
JIM30BBIBATH C TIOMOIIILIO OTlepaTopa Switch, a He HeCKOMbKKX 1f, KpaCUBBIiA c110cO0 Te-
penaun yrpaJieHus OAHON (hyHKIIUK U3 TPYIIILI — MACCUB yKa3aTesiel Ha (hyHKIIHN.

Credyem usbezamv auwmnux nposepox ycrosuil. HamprMep, BMECTO OTepaTopoB

if (strstr(a, b) >0 ) { .. }
else if (strstr(a, b) <0 ) { .. }
else if (strstr(a. b) =0) { .. }

JIy4diie HalrcaTb

int is_equal = strstr(a, b);

if (is_equal > 0) { .. }
else if (is_equal < 0) { .. }
else { .} // 3pech is_equal ==

Ecnm mepsast BeTBb omeparopa if comepsKMT mepefady yHpabJeHusi, MCIIOJb30BaTh
else HeT HEOOXOIUMOCTH:
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if (is_equal > 0) { .. break;}
if (is_equal < 0) { .. return;}
{ .} // 3pech is_equal ==

Beccmvicaenno ucnonvzosamn nposepry na nepasencmaso nyaro (AN, 9TO ele XysKe, Ha
paBeHCTBO true uanm false):

bool s _busy:

if (is_busy == true) { .. } // nnoxo! Nyywe if (is_busy)

if (is_busy == false) { .. } // mnoxo! Jlyqwe if (!is_busy)
char s[801;

while (fgets(s) != NULL) { .. } // nnoxo! Jlyqwe while (fgets(s))
while(a == 0) { .. } // wmoxHo while(!a)

Ecnu oxra u3 BeTBeil yCIOBHOTO OTepaTopa TOpasio Kopoue, ueM JApyras, 6oiee Ko-
POmMKYI0 6emab if IyulLe NOMECIUMb CeepXY, MHAYE BCS YIPABISIONAs CTPYKTypa MO-
JKET He TIOMECTUTBCA Ha dKpPaHe, YTO 3aTPYAHUT OTJAJKY.

B HexoTopbIxX cayuasx ycsoBHaAs ONepanus Jydille YCJIOBHOTO ollepaTopa:
if (z) 1 =7]; else i =k; // naydwe Tak: i =273 : k;

IIpu ucnonv3osanuu yUKI06 HA0O CMPEMUMbCS 006eOUNAMNY UHULUALUSAULIO, TPOGEPKY
YCA06US BbIX00A U Npupauenue 6 00Hom mecme. PekoMeHzauu 1o Bbi6opy Haubosiee
HOAXOAIIEr0 OlepaTopa IKUKIa ObLIN IpuBegeHbl Ha ¢. 49. TIpu 3anucu nTeparuBHbBIX
UKJIOB (B KOTOPBIX JIJIsI TIPOBEPKU YCJIOBUS BBIXOJA MCIIOJB3YIOTCS COOTHOIEHUS
HepeMeHHbIX, (GOPMUPYIOIIUXCA B TeJIe IUKJIA), HeOOXOAUMO npedycMampueams asd-
PuLibiil 661x00 110 JOCTUKEHUN 3apaHee 3aJJaHHOTO MAKCUMAJIbHOIO KOJIMYECTBA UTe-
pauuii.

Heob6xo0umo nposepsmu kodvl 6036pama owubox v IpeyCMaTpUBaTh MeyaTh coobIie-
HUH B TeX TOYKAX TPOTPAMMBI, Ky/a YIIpaBJIeHIe TPU HOPMaTbHOH paboTe mporpam-
MBI TIEPEaBaThCs HE JOJDKHO (MMEHHO 9TO COOOIIEHIE BbI ¢ GOJIBIION BEPOSTHOCTHIO
MOJIyYrTe MIPHU TIEPBOM Ke 3alrycke porpammbl). Hanpumep, oreparop switch mosken
uMeTh ¢ioBo default ¢ 06pabOTKOI CUTYyaIHI TI0 YMOJYaHWI0, 0COOEHHO €CJIU B HEM
MepevyrcyeHbl Bce BO3MOXKHBIE 3HAUCHUS TICPEKJII0YaTeIs.

Coobwenue 06 owubre 00xHCHO ObLMD UHGOPMAMUGHBIM W TIOJICKA3bIBATD 110Jb30BaTE-
JII0, KaK ee NCIpaBuTh. Harpumep, npu BBOzie HEBEPHOTO 3HAYEHUS B COOOLICHUN J10J1-
JKeHn 6BITB YKa3aH I[OHyCTI/IMbII;JI Analta3oOH.

Onepanuu BblAEJEHNUsST U OCBOOOKACHHS TMHAMITYECKON MaMSATH CJELyeT HOMeIaTh
B OIHY ¥ Ty Ke (DYHKI[MI0. Y TEUKH MaMsITH, KOT/[a €€ BBIIEIUIIH, & 0CBOOOANUTH 3a0bI-
JI, CO3ai0T GOJIbIIIE POBIEMBI B IIPOrPaMMaX, IIPOAOIKUTENLHOCTh PabOThl KOTO-
PbIX HE OrpaHUYeHa: Ha cepBepax 0a3 JaHHbBIX, B ONEPAIMOHHBIX CUCTEMaX M T. J1.

Iocne nanucanus npozpammy ciedyem muyamenvio ompedaxmuposams (I 3TOTO Mo-
JIE3HO TIPENICTaBUTH cebe, K TIPUMEPY, UTO ee TIHCAJ BAll 3TeHIIi Bpar, KOTOPOTO BbI
XOTUTE YJIUYUTh B MOJHONH HEKOMIIETEHTHOCTH) — yOpaTh HEHY)KHBIE (hParMEHTBI,
CTPYTIITIIUPOBATh ONMUCAHNS, OTITUMU3UPOBATH TPOBEPKU YCJIOBUM U TIUKJITBI, TIPOBEPUTH,
OINITUMAJILHO Jin pazbuenue Ha GYHKIUU U T. 1. TIOAXOMUTH K HAITMCAHWIO TIPOTPAMMBI
HY’KHO TakiM 00pPa3oM, 4TOOBI €¢ MOKHO OBLIO B JIOGOH MOMEHT TepeaTh APyroMy
nporpaMmucty. IToJIe3HO JaTh MOYUTATH CBOK MPOTPaMMy KOMY-HUOYIb U3 Apyseil
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nan KoJuter (a eme Jiydille — BPAaroB WJM 3aBUCTHUKOB), U B Te€X MeCTaX, KOTOPbIE
He Oy/yT UM TIOHSTHBI 6€3 YCTHBIX KOMMEHTApUEB, BHECTH UX MPSIMO B TEKCT TIPO-
I'PaMMBbl.

Kommeumapuu umerom oueHsv eajlcHoe 3HadeHue, MMOCKOJIbKY ITPOrpaMMUCT, KaK HH
CTPAHHO, Yallle YuTaTeJib, YEM INCATEJIb. [[a>1<e €CJIN COITPOBOXK/IAIOIM ITPOIrpaMMM-
CTOM ABJIAETCA aBTOP IMTPOTPaMMBI, paS6I/IpaTbCH Ygepes3 1o/ B IJ10X0 JOKYMEHTHUPOBaH-
HOM TEKCTE€ — COMHUTEJIbHOE YOBOJIbCTBUE.

JlapHeiine coBeThl KacaloTcs KOMMEHTapueB 1 (popMATHUPOBAHUS TEKCTA TTPOTPAM-
mbl. [Iporpammbr Ha C++ BechMa IJI0OX0 YHTaeMbl (Jydiiie, 4eM mporpammMbl Ha Perl,
HO Xy’Ke, geM Ha Pascal), 1 B HUX 0COGEHHO BaKHO TTPUAEPKUBATHCS XOPOTIETO CTUIIS
pu (HOPMATUPOBAHUM U TOKYMEHTAIIMM.

«ITporpamma 6e3 KOMMEHTapUEB HECOTIPOBOKIaeMa. JTO... acoBast 6oMba, a He KOM-
nbioTepHast iporpammas [9]. TIporpamma, eciiu oHa HMCIIOJIb3YETCs, KUBET He OfUH
rojl, TOTPEGHOCTD B KAKUX-TO €€ HOBBIX CBOHCTBAX MOSIBJISIETCS CPa3y ke T0Ce BBOJA
B 9KCILIyaTaIMIo, ¥ COMPOBOK/ICHHUE TIPOTPAMMbI 3aHUMAET TOPasio GOJMBIINI TTpoMe-
JKYTOK BpeMeHH, yeM ee Hanucanue. OCHOBHAS 4acTh JOKYMEHTAIlUK JOJKHA HAaXO-
ANTHCA B TEKCTE IIPOTPaMMBI. XOpOH_H/Ie KOMMECHTapPWHN HAITUCATDH ITOYTHU TaK KE€ CJIOXK-
HO, KaK M XOPOIIYIO POTPaMMy.

Kommenmapuu donxcnol npedcmasismo coboil npasuivioie npedioicenus 6es coxpauye-
HULL U CO 3HAKAMU Npenunanus! U He JOJKHBI MOATBEPKAaTh O4eBHIHOe (KOMMEHTa-
pUHM B 9TOI KHMTE HE MOTYT CJYKHUTh 00PA3IIOM, TOCKOJbKY OHU MPEHA3HAYECHBI JJTsT
obyueHust, a He JIJisi COIPOBOsKAeHUst ). Harpumep, GeceMbICeHHbI (DPa3bl THITA <BbI-
30B DYHKIUY F» Uiy <onucanue nepemennvixs. Ecau xommenmapuil k gppazmenmy npo-
ZPAMMbBL 3aHUMACT. HECKOIDKO CMPOK, AYUUe PASMecmums ezo 00 (pazmenma, wem
cnpasa om mezo, U BbIPOSHIMD NO EEPMUKALU. AO3AUHDIL OMCMYN KOMMEHMAPUS. 00JL-
JCeH COOMBEMCMBOBAM® OMCIMYNY KOMMEHMUPYEMO20 OLOKA.

// KoMMeHTapuii, OnMChIBAUMIA,

// 4TO NPOUCXOOUT B CNENYOWEM HUKE

// ONOKe MporpaMmsl.

{ /* HenoHATHbIA

610K

nporpammsl */}
Jlua pasnenenvs (yHKIME U APYTUX JOTUYECKU 3aKOHYEHHBIX (DParMeHTOB T10JIb3Yii-
TEChb ILyCTBIMU CTPOKAMU MJIM KOMMEHTapueM BU/a

Buoxcennvie 610ku 0onxcHol umems omemyn 8 3—4 cumeona, upudeMm OJIOKU OHOTO
YPOBHSI BJIOKEHHOCTH JIOJKHBI OBITH BBIPOBHEHBI 110 BepTuKaiu. JKenareabHo, 4ToObl
3aKphIBAIONIast (GUTypHast CKOOKA HAXOAMIACh CTPOTO TOJ OTKpbiBatomei. Mopmarn-
pyiite TekcT 1o cTonbIaM Be3jie, T/e 9TO BO3MOKHO:

#include <string.h>
#include <stdlib.h>
int main(){

! CoBcem xopo1o, ec/m OHE TIpU 3TOM He GyAyT cofepKaTh ophorpadrdaeckux omuboxK.
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double m[107; // KOMMEeHTapuii

const char s[] = "2, 38.5, 70, 0, 0, 1"; // KoMMeHTapwuii

char *p =s; // KOMMeHTapuii

int i=0; // KOMMEeHTapuii
A R T

do{

m{i++] = atof(p):

if (1 > 9) break;
Jwhile(p = strchr(p. '."). p++);
for( int k = 0; k<i; k++)

printf("%5.2f ", mfk]);
return 0;

}

IIJIH yaydmieHusda ACHOCTH MOKHO OTCTYIHUTDH OT IPaBUJia OTCTYTIOB!

if ( 1s_best ) best();
else if ( is_bad ) worse();
else if ( is_vovochka ) worst();

Ilomeuaiime KOHely, ONUNHO020 COCMABH020 onepamopa.:

while(1){
while(gets(s)){
for(i = 0; 1<10; i++){
for(j = 0; j<10; j++){
// nBe CTpaHuubl Kona
}// for(j = 0; j<10; j++)
}// for(i = 0; 1<10; i++)
} /7 while(gets(s))
}// while(1)

He cnemyer pasmeniats B 01HOI CTPOKE MHOTO OIepaTopoB. Kak u B pyccKoM sI3bike,
nocae 3HaAK08 NPEenUHanUs 00JNCHbL UCTIOND30BATNLCS NPOOEbL:

f=a+b; // nnoxo! Jlyqwe f =a + b;

OueHb MHOTO KOHKPETHBIX PEKOMEH/IAIUI 0 TPOTPAMMUPOBAHWIO W TIPOEKTHPOBA-
Huto nporpaMM Ha C++ comepskutcs B kaure Asiena V. Toay6a [9]. Maccy unTepec-
HOTO MOKHO MOYepIHYTh, ocu/inB Ge3 masoro 1000 crpanui kauru Bb. Ctpaycrpyia
[17]. B 3akiroyenue xoTeaoch Obl IPUBECTH LUTATY U3 9TO KHUTrK: «Bomnpoc “Kak mu-
caTb xopoiue mporpamMmbl Ha C++7?” HanmomuHaeT Boripoc “Kak mucath XOpoIryio aHr-
sqmiickyio 1po3y?”. EcTh nBa coBera: “3Hail, 4TO XOouellb ckazath’ u “TpeHupyiics
IMoppaskaii xoporemy crumio”. O6a cosera rogarca Kak aast C++, Tak U AJIs aHIIAii-
CKOM MPO3BI, 1 000MM OJMHAKOBO CJIOKHO CJIE0BATH.>
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NMpoekTupoBaHue u TectTupoBaHue
nporpamMmmbil

3axonbl Mapbu

Bce cnoocnee, uem kascemcs.

Bce msnemcs donviue, vem mMoxcHo oxrcudam.

Ecau umo-mo moocem ucnopmumucs, 0no 00513ameavio nopmumcs.

Kommenrapuit Kannarana x 3akonam Mapdu
Moapdu 6o onmumucmonm.

Hauunarormue 1mporpaMMICTbl, OCOOEHHO CTYAEHTBI, 4acTO THUIIYT MPOTPaMMBI TaK:
MOJTYYUB 33/laHne, TYT JKe CA/SATCS 32 KOMIBIOTEDP W HAYMHAIOT KOAMPOBATH Te dhpar-
MEHTBI AJITOPUTMA, KOTOPBIE UM Y/laeTcsl MpuaAyMaTth cpady. [lepeMeHHBIM aioT Tep-
BbI€ IONABIIMECA MMEHA THUIIA a, b, C WIU Apyrue, Oojee OTpakalollre CIOBApPHbIL
3armac aBTopa, YeM cojiepskanue BesmunH. Korga KoMibrorep 3aBucaet, 6e3Kal0CTHO
yOMBast MePBLIN OPHIB SHTY3UA3MA, JETAETCST IEPEPBIB, TIOCJE KOTOPOTO HATIMCAHHDIE
(bparMeHTHI CTUPAIOTCS, U BCE TTIOBTOPSETCST 3aHOBO.

B 1mporiecce paboThl HECKOJIBKO pa3 M3MEHSIIOTCS CTPYKTYPBI JAHHBIX, (DYHKIKH HEPBHO
VIQISIOTCS. U KOAUPYIOTCS 3aHOBO, a pasOMeHUe Ha MOZYJIU JIeJaeTCsl TOJMbKO TOT/a,
KOT/Ia JINCTATh TIPOTPAMMY CTAHOBUTCST yTOMHUTENbHO. Hevuero roBOpuTh, 4TO0 KOMMEH-
Tapuy K MporpaMMe He MHIIYTCs, a ee TeKCT HUKak He dopMmarupyercs. Ilepuoamde-
CKU BBICKA3bIBAIOTCS COMHEHMS B IIPABUILHOCTU PA0OTHI KOMIIMAATOPA, KOMIIbIOTEPa
U OTIEPAIMOHHON cUcTeMBbI!.

Korza nporpamma BiiepBble JJOXOIUT J0 CTAJUU BBITOJTHEHUS, B HEe BBOJSATCS TTPOU3-
BOJIbHBIE 3HAYEHUS, TIOCJAEe Yero 9KpaH Ha HEKOTOPOE BPEMS CTAaHOBUTCH OOBEKTOM
MPUCTATIBHOTO YAUBJIEHHOTO U3ydyeHust. « PaboTaeTs Takast mporpaMmMa 0ObITHO TOTBKO
B GEpesKHbIX PyKax XO3AMHa Ha OZHOM Habope UCXOAHBIX JAHHBIX, 4 BHECEHHE JaKe
HEeOOJIBININX U3MEHEHWIT MOKET IPUBECTH aBTOPa K IIOTEPE BEpbl B ceOs U HeHABUCTU
K TIPOIECCY MPOTPaMMUPOBAHUA.

Barira 3aiada cOCTOUT B TOM, YTOOBI HAYYUTHCSI MOAXOAUTH K ITPOTrPAMMUPOBAHIIO TTPO-
(peccronanbro. B komile KOHIIOB, TpodheccuoHaT OTIMYAETCS TEM, YTO MOXKET JIOCTa-
TOYHO TOYHO OIEHUThH, CKOJIBKO BPEMEHN y HETO 3aliMeT HalncaHue TPOrpaMMBbl, KOTO-
pas Oyzer paboraTh B MOJIHOM COOTBETCTBUM C MOCTaBIEHHON 3agaueil. Kpome «yma,
BKyCa U TEPIEHUsI»2, 17l 9TOro TPeOYeTCs OIBIT, a TaKyKe 3HAHKe OCHOBHBIX IIPHHIU-
OB, BBIPAOOTaHHBIX MPOTPAMMUCTAMK B TeUeHIe OoJiee YeM TT0JyBEeKa PAa3BUTHSI 3TOM
qucruruinibl. /lake K HAIIMCAHUIO CAMBIX MIPOCTBIX MPOrPAMM HYKHO TIOJIXOAUTH 110-
caleoBaTeIbHO, COOJI0Iast ONPeAeeHHYIO JUCIIUILINHY.

' O6s3aremsro ynomunaercst busnn leiire.

2 MHe 04eHb HPABHTCS 9TO BhIpakeHue B. CTpaycTpyIia, MoaTOMY s TIOBTOPSIIO €r0 Yike BTOPOiT
pas.
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NMPUMEYAHUE
I[Ipeskae 4em roBopuTh 06 OCHOBHBIX TAIAX CO3/AHIsSI TIPOTPAMMBIL, XOTEIOCHh ObI YIIOMSIHYTH O
Gosiee abCTPAKTHBIX BelaX — TMPUHIIUNAX, KOTOPBIMU JOJDKEH PYKOBOJCTBOBATHCS KasK/IbIi
nporpamMmuct. OueHb 4acTo IIPOTrPAMMHUCTBI YIIPSIMO CYUTAIOT, YTO X OCHOBHOM T1€JIbIO SIBJISIET-
cs1 u300peTEHE HOBBIX U30IIPEHHBIX AJITOPUTMOB, a He BBIIIOJIHEHUE 110JIE3HON PabOoThI, U HAIIO-
MHUHAIOT 3THUM I1€4aJbHO M3BECTHYIO TOYKY 3PEHUS <«MarasuH — g IPOZIaBlia, a He [t
rokymaress». Hajo MOMHUTB O TOM, 4TO IPOTPAMMUCT B KOHEYHOM cUeTe Beeraa paboTaer st
[OJIb30BATEIST TIPOTPAMMBI U SIBJISIETCST WIEHOM KOJITIEKTHBA, KOTOPBIN TOJKEH 00€CIednTh CO3-
JlaHue HA/IeSKHOW ITPOrPaMMbl B YCTAHOBJICHHBIN CPOK.

CTpPYKTYpHBII MOAXOA K TPOTPAMMHPOBAHUIO, KaK YK€ YIOMUHAJIOCH, OXBATHIBAET
BCE CTajiuu pa3paboTKU MPOEKTA: Creln(UKAIINIO, TPOEKTUPOBAHKE, COOCTBEHHO TIPO-
rpaMMUPOBaHUE U TeCTUpoBaHue. 3a/lauld, KOTOpble IIPU 9TOM CTaBATCS, — YMEHbIIle-
HIU€ YKCJIa BO3MOKHBIX OMIMOOK 3a CUET IPUMEHEHUST TOJBKO JOTMYCTUMBIX CTPYKTYD,
BO3MOXKHO GoJiee paHHee obHapyskeHue omMbOK U YIIPOIEHNE TIPOIecca UX UCITPaB-
Jenust. KimoyeBbIMU HesIMU CTPYKTYPHOTO MOJXO/IA SBJSIIOTCS HUCXOJANIAs pa3pa-
6OTKa, CTPYKTYPHOE TIPOrPAMMUPOBAHIE U HUCXO/ISIIEE TECTUPOBAHMUE.

ITpuBeieHHBIE HIZKE ATATIBI CO3IAHUST IIPOTPAMM PACCUUTAHBI HA JIOCTATOUHO GOJIBIINE
NPOEKTHI, pazpabaTbiBaeMble KOJJIEKTUBOM TIPOrpaMMUCTOB. /1715t TiporpaMMbl HeGOIb-
moro o6beMa KaskIbIi 9Tall YIIPOTIAET s, HO CO/IepsKaHme U TTOCTIeI0BATEIbHOCTD 9Ta-
IIOB HE M3MCHAIOTCA.

I sran. Cosnarnve m060it IPOTPAMMBI HAUMHAETCS € NOCMAH06KYU 3adayu. VI3HAYaIbHO
3ajlaya CTaBUTCS B TEPMUHAX MPEIMETHON 00JacTH, U HeOOXOMMMO TTEPEBECTH ee B
TepMUHBI, 6osiee GIM3KKME K MPOrpaMMUPOBaHuio. [T0CKONBKY TPOTPAMMUCT PEIKO
MOCKOHALHO Pa3dMpaeTcst B MPeIMETHON 06acTH, a 3aKa39NK — B MPOTPAMMUPOBa-
Hun (IpoCToii mpuMep: Tpebyercs Hamucath GyXraJITepekyio porpaMMy ), TTOCTaHOB-
Ka 3a/1a41 MOKET CTAaTh BEChbMa HETIPOCTBIM HUTEPAIMOHHBIM TporieccoM. Kpome Toro,
IIPU TIOCTQHOBKE 33/1a4M 3aKa3UMK 3a9aCTYI0 He MOXeT YeTKO U TTOJTHO c(hOPMYIIIPO-
BaTh CBOM TPeGOBAHUS ¥ KPUTEPUU. B KauecTBe MILUTIOCTPAIIUY TIPUBELY KapUKaTypy
«Kauenm» (puc. 3.1), koropast nosteusack 1973 roy B nHMGOpMaIMOHHOM Of0JIIeTEHE
BLIUNCJIUTENLHOTO HeHTpa JIOHZOHCKOTO yHHMBepcHTeTa M Cpasy cTaja IHPOKO U3-
BECTHOI, TOCKOJIbKY OYeHb TOYHO OTPa’Kaja MPOIecC CO3MaHM MTPOTPAMMBI.

TTocTaHOBKA 3a/Ia4 3aBEPIINAETCS CO3MAHUEM MEXHUUCCKO20 3A0AHUSL, & 3aTEM GHEUL-
Hetl cneuupuUKayu npozpammol, BKIOYAIoNei B cebs:

Q onucaHue UCXOAHBIX AAHHBIX W PE3YJIbTaTOB (TUIIBI, (HOPMAThI, TOUHOCTH, CIOCOH
1
nepefavyy, OTPaHNYEHNsT ) ;

Q omucaHue 33/1a4M, PEATH3yeMOil TPOTPaMMOii;
Q crocob obpaieHus K IPorpamMmMe;
Q onucaHue BO3MOKHBIX aBAPUHHBIX CUTYAIMii U OMUOOK MOJTb30BATEI.

Takum 06pa3oM, IporpaMMa pacCMaTpUBAETCS KaK YEPHBIN MUK, s KOTOPOLO OIl-
peziesiena (hyHKIUS U BXOJHBIE W BBIXOJIHBIE JJAHHBIE.

II sran. Paspabomxa enympennux cmpykmyp oannvix. BOJIBIIMHCTBO aJTOPUTMOB 3a-
BUCHT OT TOTO, KaKuM 00pasoM OPraHM30BaHbl JaHHBIE, II09TOMY MHTYUTUBHO SICHO,

! HOI[ THUIIaMHW 1 Q)OpMaTaMI/I HE MMEIOTCA B BU/Yy TUIIBI A3bIKa IIPOTPAMMUPOBAHUA.
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YTO HAYMHATH MPOEKTUPOBAHKE MPOTPAMMBI HAJI0 HE C AJTOPUTMOB, a ¢ PazpaboTKu
CTPYKTYP, HEOOXOIMMBIX JIJIsI TIPEICTABICHIS BXOJHBIX, BBIXOAHBIX W IIPOMEKYTOU-
HBIX JaHHbIX. [Ipy aTOM TpUHMMAIOTCS BO BHUMaHWe MHOTrHMe (haKTOPbBI, HATIpUMED,
OTpaHMYEHVsI HA Pa3Mep JAHHBIX, He0OXOMMast TOYHOCTD, TPeOOBaHMs K OBICTPOIET-
cTBUIO TTporpaMMbl. CTPYKTYPBI TaHHBIX MOTYT OBITh CTATHYECKUMU WM JUHAMUYE-
CKUMHM (IMHAMMYECKUE CTPYKTYPBI PACCMATPHUBAIOTCS B CJIEAYIONIEM pasfiesie).

—

Kak 6b1n10 npeanoxeHo Kak Ob1510 onucaHo
opraHM3aTopom pa3paboTku B TEXHUYECKOM 3aaHUU
N
N AN
Kak 6b1n10 cnpoekTmpoBaHo Kak 6b1no peanusoBaHo
BeAyLWMM CUCTEMHbIM CMeLuanncTom nporpaMmmMucTaMmu
2~ 72NN
Kak 6b1no BHegpeHO Y70 X0Ten nonb3oBartesib

Puc. 3.1. «Kavenun»

III aran. [Ipoexmuposanue (onpeneienne oOIeil CTPYKTYPbl U B3AUMOAEHCTBHS MO-
nyneit). Ha aToM aTarie MPUMEHSIETCS MEXHON0ZUS HUCXOOAUE20 NPOEKMUPOBAHUSL
TIPOTPAMMBI, OCHOBHAST UJIEsT KOTOPOTO TEOPETHYECKH MPOCTA: pa3buenue 3ama4u Ha
10/133/1a41 MEHbIIeH CJI0XKHOCTH, KOTOPble MOXKHO paccMaTpuBaTh pasnesbHo. [Ipu
HTOM HCIOMB3YETCST METOJT TIOTAroBoil metamu3arimi. MOsKHO TPeACTaBUTEH cebe aTOT
IpoIece TaK, YTO CHAvYaJIa IIPOTPaMMa ITUIIETCS Ha S3bIKe HEKOTOPOU rMIIOTEeTHYECKON
MAaIlUHbI, KOTOPas CIIoco6GHa MOHMMATh caMbie 0006IIEHHbIE IEHCTBIS, a 3aTEM KasK-
1I0e M3 HUX OMKCHIBAETCST Ha Gosee HU3KOM ypoBHe abcTpakiyu, u Tak ganee. Odemnp
BAKHOU HA 3TOM 3Talle SIBJSIETCSl cneyuurauus unmepgheticog, To ecth crocoboB
B3aUMO/IeHCTBUS 110/13a/1a4.

Jlns kaskaol nmoj3aziaun coCTaBiseTCsl BHENIHASA clielndUKaIns, aHaJIoTHYHas 1IPU-
BelleHHOW Boire. Ha 3TOM ke 3Tame PemmaioTcss BOMPOCH Pa3OMEHUs MTPOTPAMMBT
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Ha MOJYJIU, TJIaBHBIA KpUTepuii — MUHMMM3aIMs UX B3auMozeiictus. OziHa 3a1aua
MOJKET PEaM30BBIBATHCS € MMOMOIIIBIO HECKOJIBKUX MOJYJIel 1 HA0OOPOT, B OHOM MO-
JLyJIe MOJKET PelaThCs HeCKOIbKO 3a1a4. Ha GoJiee HU3KUI ypOBEHb POEKTUPOBAHMST
IEPEXO/ISIT TOJIBKO MOC/Ae OKOHYAHUS TPOEKTUPOBAHSI BEDXHETO YPOBHsL. AJITOPUTMBI
3aMUCHIBAIOT B 0000IeHHON (hopMe — HarmpuMmep, CJIOBECHOH, B BHje 000OIIEHHBIX
OJIOK-cXeM WK ApYruMu criocobamu. Eciim BO3HUKAIOT TPYAHOCTH C 3alUChIO aJIro-
PUTMa, OH, CKOPEe BCETO, MI0XO0 MPOLYMaH.

Ha arare mpoekTHpOBaHUsI CIEAYET YUUTHIBATh BOSMOKHOCTH OYAYIIIX MOAM(IKA-
Ui TIPOrPaMMbI U CTPEMUTHCST TPOEKTUPOBATH MIPOrPAMMY TAaKUM 0OPa3oM, 4TOObI
BHOCUTH U3MEHEHUsI OBLIO BO3MOKHO Mpoiie. [T0CKoIbKY HEM3BECTHO, KaKie U3MeHe-
HUST TIPUETCS BBITTOJHUTD, 9TO MOKEJAHWE HAOMUHAET CO37aHKe <«OOIIel Teopuu
BCEro»; Ha IIPAaKTHUKe HaZ0 OTPAaHUYMTLCS PasyMHBIMM KoMIlpomuccamu. IIporpam-
MUCT, UCXO0/i5 U3 CBOETO OIILITA U 3/IPAaBOI0O CMbICJIA, PelIaeT, Kakie UMEHHO CBOHCTBA
POrPaAMMBI MOJKET TIOTPEOOBATHCS U3MEHUTH MJIU YCOBEPIIEHCTBOBATD B OYyIIEM.

Hpouecc TIPOEKTUPOBAHUSA ABJIAECTCA UTEPAITMOHHDBIM, TTOCKOJIBKY B IIPpOTPpaMMax pe-
AJIbHOTO pa3Mepa HEBO3MOKHO IMPOAYyMaTh BCE JA€TaJin C TIEPBOTO pa3a.

IV aran. Cmpyxmypnoe npozpammuposanue. 1lpoiiecc TporpaMMHUpPOBAHUS TaKKe Op-
raHU3yeTcs 110 IIPUHIIMITY «CBepXy BHU3»: BHaUaJIe KOAUPYIOTCI MOJLYJIA CAMOT'0 BEpX-
HETO YPOBHS M COCTABJISTIOTCST TECTOBBIE MTPUMEPBHI JIJIST UX OTJIAJIKH, TIPH 3TOM Ha MecTe
elle He HAIMCAHHBIX MOJLYJIeil CIIe/lyIoero yPOBHS CTaBATCA «3arIylIKu» — BPeMeH-
HBIE [IPOrPaMMBbI. «3arJiyliKiu» B IPOCTEHIIEM CJIydae MPOCTO BBIAAIOT COOBIIEHIE O
TOM, YTO UM TIe€Pe/IaHO YIIPaBJICHUE, & 3ATEM BO3BPAIIAIOT €T0 B BBI3BIBAIONTUI MOLYJTh.
B apyrux ciyuyasx <«3arjyika» MOXKET BblaBaTbh 3HAUYeHHWd, 3a/laHHbIe 3apaHee WK
BBIUUCJICHHBIE TIO YIIPOIMIEHHOMY aJTOPUTMY.

Takum 06pa3oM, cHaYaIa CO3/1AeTCs JOTUYECKUI CKeleT IIPOrPaMMbl, KOTOPbI 3aTeM
obpacTaer II0ThIO KOZa.

Kasanoch 6b1, Gosiee JTJOrMYHO TIPUMEHSTH K TIPOIECCY TPOTPAMMUPOBAHUSA BOCXOIS-
YO0 TEXHOJOTUIO — HATIMCATh U OTJIQJUTh CHAYAJIa MOYJIM HUKHETO YPOBHS, a 3aTeM
00OBeIMHATD UX B O0siee KPYIHbIE (DPArMEHThI, HO 3TOT TTOAXOJ UMEET PSijl HEeJ0CTAaT-
KOB.

Bo-11epBbIX, B 1IpoIiecce KOAMPOBAHUS BEPXHETO YPOBHS MOTYT OBITH BCKPBITBI T€ UJIH
WHbIE TPYHOCTU MTPOEKTUPOBAHUS 60JIee HU3KUX YPOBHEH MPOrpaMMBbl (TIPOCTO MOTO-
My, YTO TIPH HAIUCAHUK TPOrPAMMBbI €€ JIOTUKA MPOAyMbIBaeTcst GoJiee TIIATEIbHO,
deM npu npoektuposarun). Ecaun nogobuas omubka o6HAPYKUBAETCSA B TIOCIEIHIO0
ouepestb, TPeGYIOTCS IOMOTHUTENHHDIE 3aTPATHI HA TIEPEETKY YKe TOTOBBIX MOJYJIei
HUKHETO YPOBHSI.

Bo-BTOPBIX, JIsT OTJIAKN KasKI0TO MOJLYJIsA, a 3aTeM OoJjiee KPYITHBIX (hparMeHTOB MPo-
rpaMMBbl TPEOYETCS KaKIblil Pa3 COCTABJIATH CBOU TECTOBBIE IIPUMEPDI, 1 IIPOrPAMMUCT
YacTO BBIHYKJIEH HMUTHPOBATh TO OKPYKEHUE, B KOTOPOM JI0JKEH paboTaTh MOJLYJIb.
Hucxopsiast ke TeXHOJOTHST TPOrPAMMHUPOBAaHUST 00ECTIEYNBAET ECTECTBEHHBII 110-
PSAJIOK CO3/IaHUSI TECTOB — BO3MOYKHOCTb HUCXOJISAIIEH OTIa/IK1, KOTOPask PACCMOTPeHa
zanee.

Pekomenganuu 1o sanucu aaroputMoB Ha C++ (GONBIIHHCTBO M3 9THX PEKOMEH/a-
1A CIIPaBeVINBEI U IS IPYTUX SI3BIKOB BBICOKOTO YPOBHS) TIPUBE/IEHBI B MTPEBILY-
nieM paszesie. Harmomuio, 4to rjiaBHbIE 11€JIM — YUTAEMOCTb U IIPOCTOTA CTPYKTYPbI
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IpOrpaMMbl B 1[eJIOM U Ji060i U3 cocTaBasAonux ee GyHKUM. [Ipu npozpammuposa-
Huu credyem omoensimo unmepgpeiic (pynxuuu, MoOYs, KIACCA) OM €20 Pearu3auu
U ozpanunusamos docmyn K nenyxcnot ungopmavuu. Hebpexxnoe naxe B Meo4ax IIpo-
TpaMMUPOBaHUE MOJKET IIPUBECTHU K OTPOMHBIM 3aTpaTaM Ha ITOUCK OH_H/I6OK Ha 9Talle
OTJIAJIKN.

ITallbl MPOEKTUPOBAHUS W MTPOTPAMMHUPOBAHUS COBMEIICHBI BO BPEMEHU: B Hjeajie
cHayaJja IIPOEKTUPYETCs U KOAUPYeTCs BEPXHUN YPOBEHb, 3aTeM — CJIeYIONINH, U TaKk
nanee. Takasg cTparerus npuMeHsaeTcs IIOTOMY, YTO B IIPOLiecce KOAUPOBAHUSA MOXKET
BOBHUKHYTH HEOOXOAUMOCTh BHECTH U3MEHEHVS, OTPAKAIONINECS Ha MOJYJISX HUKHE-
IO yPOBHSL.

V sran. Hucxodsuwee mecmupoganue. DTOT 3TAIl 3alUCaH TOCJICIHUM, HO 9TO He 3Ha-
YUT, YTO TECTUPOBAHUE HE JIOJKHO TMPOBOJAUTHCS HA MpeAbIAyIuX aramnax. [IpoexTu-
poBaHMe U TIPOrpaMMUPOBaHKe 00513aTEIbHO HOJKHBI COIPOBOKAATHCS HAMCAHUEM
Hnabopa mecmog — MPOBEPOUHBIX UCXOIHBIX JAHHBIX U COOTBETCTBYIONMX UM HAGOPOB
ATAJIOHHBIX PEAKIU.

Heobxoanmo pasandaTh TPOIECCH TeCTUPOBAHUS W OTJAIKK TIPOTpaMMBL. Tecmupo-
éanue — TIPOIIeCC, TTOCPEICTBOM KOTOPOTO MPOBEPSIETCS MPABUJIBHOCTD TPOTPAMMBL.
TectpoBanue HOCUT TTO3UTUBHBIN XapaKTep, €ro IeJib — MO0Ka3aTh, YTO IMPOTrpaMMa
paboTaeT TPaBUILHO W YAOBJIETBOPSET BCEM TPOEKTHBIM crerudukarmsM. Omiao-
Ka — TIPOIECC WCTIPABIEHMS OMMMOOK B MPOTPAMME, TIPH ITOM IeJb MCTIPABUTH BCE
omubKu He cTaBuTcst. VcpaBisior omubKu, 0OHAPYKEHHbIE TIPU TecTupoBanuu. [pu
IUTAHUPOBAHWK CJIEAYET YYUThIBATh, YTO MPOIECC OOHAPYKEHUST ONTMOOK MOAUMHSIIET-
CsI 3aKOHY HACBINIEHUS, TO €CTh OOJBIIUHCTBO OMMOOK OOHAPYKUBAETCS HA PAHHUX
CTa/MSX TECTUPOBAHMSI, U YeM MEHBIIIE B TIPOTPAMMe OCTAJIOCh OMUGOK, TEM JI0JIbIIE
MCKaTh KAXKIYIO N3 HUX.

JUJist MCUepIIBIBAOIIETO TECTUPOBAHUSI TPOTPAMMBI HEOOXOIMMO NPOGEPUML KANHCOYIO
us semeeil aneopumma. OOIee YMCI0 BETBEl oIpenensercs KoMOuHanmeil Bcex anb-
TepHATUB Ha KayKIOM dTare. DTO KOHEYHOE YHCJI0, HO OHO MOKET OBITh OYeHb GOJIb-
MM, II03TOMY IIPOrpaMMa pa3OuBaeTcst Ha (DParMeHThl, OCIe MCIEPIILIBAIOLIETO TEC-
TUPOBAHUA KOTOPHIX OHU PACCMATPUBAIOTCA KaK dJIeMeHTapHble Y3JIbl 60J1ee IINHHBIX
BeTBeﬁ. Kp0Me JAaHHDbIX, O6ECHe‘H/IBaIOH.II/IX BBITTIOJTHEHNE OTIEpaTOpOB B Tpe6yeM0ﬁ I10-
CIIEI0BATEIBHOCTH, TECTHI JOJIKHBI COLEPIKATD NPOCEPKY 2PANUUHBIY YCA06Ul (HAIIPU-
Mep, MePexol 1Mo Yea0BHio x>10 10/KeH IPOBEPATHCS sk 3HAUEHUH, OOJIBIINX, MEHb-
mux 1 paBHbix 10). OTzenbHO TpOBepsieTcs peakius IPOrpPaMMbl Ha ouubouHbLe
ucxoonvle damnmie.

Wnes nHucxozasmniero TeCTHPOBAHUS MPEIIOIATAET, YTO K TECTUPOBAHUIO TIPOTPAMMBI
MPUCTYIIAIOT €ITie 0 TOTO, KaK 3aBEPIIeHO ee MPOeKTUPOBaHNe. JTO TTO3BOJIIET PaHb-
e ormpoboBaTh OCHOBHBIE MEKMOJYJIbHbIE HHTEP(DEICH, a TakKe yOeaUuThCs B TOM,
YTO TIPOTPAMMA B OCHOBHOM YIOBJIETBOPSIET TPEOOBAHMIM TOIB30BaTENS. TOIBKO MO~
CJIe TOTO KaK JIOTMYECKOE AAPO MCIBITAHO HACTOJBKO, YTO MOABIACTCA YBEPECHHOCTD
B TIPABUJIBHOCTU PEATTU3allMK OCHOBHBIX MHTep(deiicoB, TPUCTYTIAIOT K KOJUPOBAHUIO
1 TECTUPOBAHUIO CJICIYIOIIETO YPOBHS IIPOrPAMMBI.

EcrecTBenno, nojiHoe TecTUpOBaHNE TIPOrPAMMBbI, TOKA OHA TIPE/CTaBIeHa B BU/IE CKe-
JieTa, HEBO3MOKHO, OZIHAKO [00aBJIeHIe KasKI0T0O CIeAYIOIero YPOBHS MO3BOJISET 110-
CTENEHHO PACIIUPATH 00JACTh TECTUPOBAHUSI.
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ITall KOMIJIEKCHON OTJIQJIKM HA YPOBHE CUCTEMbI IIPU HUCXOJSAIIEM TPOEKTHPOBAHUM
3aHMMaeT MEHbIIe BDEMEeHH, YeM IIPYU BOCXOJAANIeM, U IIPUHOCUT MEHBIIE CIOPITPA30B,
MOCKOJIBKY BEPOSITHOCTD TIOSIBJIEHUST CEPHE3HBIX OMIMOOK, 3aTPArHBAOIINX GOJIBIITYIO
4acTb CUCTEMBI, ropasjio Huxe. Kpome Toro, 1 Kax/10ro MOIKII0YaeMOro K CUucTeMe
MOJIyJIl YK€ CO3/IJaHO ero OKPY)KeHMe, U BBIXOJHbIE JaHHble OTJIaKeHHbIX MOJyJiell
MOKHO HCIIOJIb30BATh KAK BXOJHBIE JIJIsI TECTUPOBAHUS JPYTUX, 4TO 00JErdaer mpo-
1[ecC TeCTUPOBaHUA. JTO He 3HAYUT, YTO MOJLYJIb HA/IO ITO/IKII0YaTh K CUCTEME COBCEM
«CBIPBIM» — OBIBAET yAO0OHBIM TIPOBECTH YaCTh TECTUPOBAHUS aBTOHOMHO, MTOCKOJIBKY
CTEHEPUPOBATh HAa BXOJE CHCTEMbI BCE BAPUAHTBI, HEOOXOIMMBIE JIJIST TECTHPOBAHUSI
OTZIEJILHOTO MOJLYJISI, TPY/HO.

PaccmoTrpenne MeTOI0B OTJIAZIKU MTPOTPAMM BBIXOAMT 32 PaMKM JaHHOW KHUTH, TI0-
CKOJIBKY TPU OTJIAJ[KE aKTUBHO HCIOJIB3YIOTCS CPEACTBA KOHKPETHOM 060JI0UKY TIPO-
IPaMMUPOBAHUA.

AOnHamunyeckune CTPYKTYPbI AaHHbIX

Jliobast mporpamMma TIpefHa3HaueHa JIJIst 06pabOTKY JaHHbBIX, OT CHOCOOA OPraHU3aIUN
KOTOPBIX 3aBUCAT QJTOPUTMBI PabOThI, MOATOMY BBIOOP CTPYKTYP JMaHHBIX TOJIKEH
MPEAIIECTBOBATh CO3/IAaHMI0 AJITOPUTMOB. BbIliie OBLIM PAacCMOTPEHBI CTAHIAAPTHBIE
C110coOBI OPraHU3aIUK JAHHBIX, PeocTaBseMbie s13bikoM C++, — OCHOBHbBIE U CO-
craBHbie THITBL. Hanbosiee 4acTo B MporpaMMax UCIIOJIb3YIOTCS MACCUBBI, CTPYKTYPBI 1
UX COUYETAHUST, HATPUMED, MACCUBBI CTPYKTYD, TIOJISIMU KOTOPBIX SIBJISTIOTCST MACCHUBBI 1

CTPYKTYPBI.

ITaMsITh MOZ JaHHBIE BBIAEIsIETCS MO0 HA aTane KOMIUAAIUN (B 9TOM cydae HeoO-
XOAMUMbII 00beM JI0JIKeH ObITh M3BECTEH JI0 Hadasla BbIIIOJHEHUS IPOIPAMMBI, TO €CTh
3a[aH B BUJE KOHCTAHTHI), MO0 BO BPEMS BBIIOJIHEHM IIPOIPAMMBI € IIOMOLIBIO OIIe-
paruu new win GyHKIME malloc (HeoOXOAUMBI 00beM HOJKEH OBITh M3BECTEH 10
pacipezesienus namMsaTi). B 06oux ciydasx BbIAEISAETCS HEIPEPLIBHBIN y4acTOK Iia-
MATIL.

Ecnm 1o Hayama paboThl ¢ JaHHBIMU HEBO3MOIKHO OTIPEAENUTD, CKOJIBKO MAMSTH 110~
Tpebyercs Il UX XpaHEeHUs, IIaMATh BbIAEISAETCA [0 Mepe HeoOXOAMMOCTH OTAENb-
HBIMU GJIOKaMH, CBSABAHHBIME JAPYT € APYTOM C MOMOIIBIO yKazaTeseii. Takoii criocob
OpraHM3aIMK JAHHBIX HA3BIBACTCH OUHAMUUECKUMU CIIPYKMYPAMU OAHHBLX, TIOCKOJb-
Ky UX pasMep M3MEHsSETCs BO BPeMs BBIIOJIHEHUS [POrpaMMbl. V3 AMHAMHYECKHX
CTPYKTYP B IIPOrpaMMax Yaile BCETO UCIIOJb3YIOTCS AUHELHbLE CNUCKU, CTNEKU, 04epeou
u bunapnvie depesvs. OHU Pa3INYAIOTCS CIOCOOAMU CBI3U OTAEIbHBIX 2JIEMEHTOB U
JIOIIYCTUMbBIMU ollepanusMy. [{MHaMuduecKas CTpYKTypa MOKET 3aHMMaTh HECMEKHDIE
YYaCTKM ONEPaTUBHON HAMSITH.

JluHamMudecKue CTPYKTYPBHI MIUPOKO MPUMEHSIIOT U JJist bosiee adbekTUBHON paboThI
C MAHHBIMH, Pa3Mep KOTOPBIX M3BECTEH, OCOOEHHO IS PENICHUsT 3a/1a4 COPTUPOBKH,
TOCKOJIBKY YTIOPSIIOUNBAHNE THHAMUIECKUX CTPYKTYD He TpehyeT TepecTaHOBKH HJre-
MEHTOB, a CBOJIUTCS K M3MEHEHMIO yKasaTeseil Ha 3Tu aseMeHThl. Hampumep, ecan
B MIPOIIECCE BBITIOJHEHUSI TPOTPAMMBI TPEGYETCSs MHOTOKPATHO YHOPSAIOYMBATH HOJIb-
IT01f MACCUB JIAHHBIX, UMEeT CMBICJI OPTAHU30BaTh €T0 B BUJE JNHeWHoro ciucka. [Ipu
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PeIeHnH 3314 MONCKA JIeMeHTa B TeX CJIydasx, KOT/la BaKHA CKOPOCTb, JIaHHbIE JTyY-
1€ BCEro MpeACTaBUTh B Bujie OMHAPHOIO AepeBa.

Inemenm 00O TMHAMUYECKON CTPYKTYPHI TAHHBIX TIPEACTABISIET COO0H CTPYKTYPY
(B cMbicate struct), comepskalryio 1o KpaiiHeil Mepe JiBa TOJIS: /IS XpaHEHUS TaHHBIX
u s ykazaresns. [Tomeft JaHHBIX U yKazaresaeidl MOXKeT ObITh HeCKOTbKO. [1osst mam-
HBIX MOTYT OBITh JTIOGOTO THIIA: OCHOBHOTO, COCTABHOTO WJIM THIA yKazaresb, Onuca-
HUE TIPOCTEHTIEro aeMeHTa (KOMIOHEHTHI, y3J1a) BBITJISIIAT CJAEAYIONNUM 00pa3oMm:

struct Node{
Data d; // Tun paHHbix Data pomkeH ObiThb ONpefeneH paHee
Node *p;
b
PaccmotpuM peanmsaniiio OCHOBHBIX OTepalivil ¢ IMHAMUYECKUMU CTPYKTYpaMu JlaH-
HBIX (B gasibHelineM Oyaer IpuBeleH IIPUMeED Pealusallii CIICKa B Buje mabioHa
KJacca, cM. ¢. 211).

JInHenHbIe CNUCKu

Camblii IpoCTOi €c1I0cOO CBA3aTh MHOKECTBO 2JIEMEHTOB — C/EIaTh TaK, 4TOObl KakK-
JIBII BJIEMEHT COJEep Kall CChLIKY Ha ciaeayiomnil. Takoil CIIMCOK Ha3blBaeTCs 00HOHA-
npasiennvim (00nocesznvim). Eciiu 106aBUTh B KasKAbI 9JIEMEHT BTOPYIO CCBLIKY —
HA [PEBIYIIIT 3IEeMEHT, MOJYIUTCS 08YHANPABAeHHbIL CNUCOK (08YCEA3HDIIL), €CITHT
MOCJIe/THUIA 9JIEMEHT CBSI3aTh YKa3aTeJeM C TIEPBBIM, MTOJIYYUTCS KOAbUCBOU CNUCOK.

Kaskprit as1eMeHT cIMCKa COJEPIKUT K104, UIEHTUMUITUPYIOINiT 3TOT nemenT. Ko
00b14HO ObIBaeT OO IEJAbIM YMCIOM, JUOO CTPOKOM U SABJSETCSA YACThIO TI0JIS JlaH-
HbIX. B kadecTBe Kjioda B 1poiiecce paboTbhl CO CIIMCKOM MOIYT BBICTYIATh pasHbie
YacTy T0JIg JJaHHbIX. Harpumep, ecim co3paeTcst IMHEWHBIN CIIUCOK U3 3aINCEN, CO-
Jepakaiinx (paMuInio, roj POKAECHUs, CTask paboThl U 10JI, JT00as 4acTh 3alUCu MO-
JKET BBICTYIATh B KAUeCTBe KJII0YA: TIPYU YIIOPSIOYUBAHUU CITUCKA TI0 aJi(DaBUTY KJTIO-
yoM Oyner daMuins, a IpU MOUCKe, K MPUMeDY, BETEPAHOB TPyAa KJIOYOM Oyaer
ctak. Kirfoun pasHbIX 37IeMEHTOB CITMCKA MOTYT COBIA/IATh.

Han cnimckaMu MOKHO BBITIOJIHATD CHEYIONIAE ONEPatulL:

O nHavyanbHOe hopMHUpPOBaHUE CIHMCKA (CO3/[aHUe TIEPBOTO 2JIEMEHTA);
Q aobaBieHne aJIeMeHTa B KOHEI[ CITUCKA,;

QO yTeHue sJeMeHTa C 33JIaHHBIM KJII0YOM;
Q

BCTaBKa 3JIeMEHTA B 33/[aHHOE MECTO CIUCKa (710 WM TTOCTe 9JIeMeHTa ¢ 33/[aHHbIM
KJTIOYOM );

Q ynajeHue ajeMeHTa ¢ 33JJaHHBIM KJII0YOM;
Q ynopsounBaHue CIIKUCKA 110 KJII04Y.

PaccMoTpyM [IByHAIpaBIeHHbI JUHEIHbIHA crmiucok. [l hopMUpOBaHUS CIIMCKA 1
paboTsl ¢ HUM TPeGyeTcst UMETh TI0 KpaifHeil Mepe OJIiH yKa3aTeslb — Ha Ha4aso CIHC-
Ka. Y106HO 3aBecTH elle OJMH yKa3aTeslb — Ha KOHel[ crucka. /s IpocToThI 01y c-
THM, YTO CIIHCOK COCTOMT W3 IIEJIBIX YHCEJ, TO €CTh OIMCAHUE AIEMEHTA CIIUCKA BBITJIsI-
IUT CIAEYIONIM 06pa3oM:
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struct Node{

int d;

Node *next:

}i

Huske mpuBesiena mporpamMma, KoTopast (hOPMUPYET CIHUCOK U3 5 4uces, 106aBisier
YIICJI0 B CHUCOK, YAAQJISIeT YICJIO0 U3 CIINCKA W BBIBOANUT CIMCOK HA 9KPaH. YKazaTemib
Ha HayaJsio crucka 0b03HaueH pheg, Ha KOHeI[ Ciucka — pend, BCoMOoraTeIbHbIe YKa3a-

TEIN

#i
st

N
N

Node *prev;

— pv 1 pkey.
nclude <iostream.h>
ruct Node{
int d;
ode *next:
ode *prev;

Node * first(int d);

void add(Node **pend, int d);

Node * find(Node * const pbeg, int i);

bool remove(Node **pbeg, Node **pend, int key):

Node * insert(Node * const pbeg, Node **pend, int key, int d);

int main(){

/]

Node *pbeg = first(1l); // ®opmmupoBaHue NepBOro 3fieMEHTa ChNCKa
Node *pend = pbeg; // CNNCOK 3aKaH4ynBaeTCd, e[Ba HayasWWCh
// [lobaBneHue B KOHELU CMUCKa YeTsipex 3neMeHToB 2, 3, 4, n 5:
for (int i = 2; i<6; i++)add(&pend, 1);
// BcTtaska anemeHTa 200 nocne anemeHTa 2:
insert(pbeg, &pend, 2, 200);
// YnaneHue 3nemeHTa 5:
if(!remove (&pbeg, &pend, 5))cout << "He HalpeH";
Node *pv = pbeg;
while (pv){ // BbHIBOQN CMNCKA Ha 3KpaH
cout << pv->d << '
pv = pv->next;
}

return 0;

hopMMpOBaHIME MEPBOTO 3/eMeHTa

Node * first(int d){

Node *pv = new Node;
pv->d = d; pv->next = 0; pv->prev = 0;
return pv;
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// [lobaBneHne B KOHel CnucKa
void add(Node **pend, int d){
Node *pv = new Node;
pv->d = d; pv->next = 0; pv->prev = *pend;
(*pend)->next = pv;
*pend = pv;

// TIouCK aneMeHTa No KoYy
Node * find(Node * const pbeg, int d){
Node *pv = pbeg;
while (pv){
if(pv->d == d)break;
pv = pv->next;
}

return pv;

// Ynanenue 3nemeHTa
bool remove(Node **pbeg, Node **pend, int key){
if(Node *pkey = find(*pbeg, key)){
if (pkey == *pbeg){
*pbeg = (*pbeg)->next;
(*pbeg)->prev = 0;}
else if (pkey == *pend){ /13
*pend = (*pend)->prev;
(*pend)->next = 0;}
else{ /] 4
(pkey->prev)->next = pkey->next;
(pkey->next)->prev = pkey->prev;}
delete pkey:
return true; //5

}

return false;: // 6

// BCTaBKa anemeHTa
Node * insert(Node * const pbeg, Node **pend, int key, int d){
if(Node *pkey = find(pbeg, key)){

Node *pv = new Node;
pv->d = d;
// 1 - yCTaHOBfieHWe CBA3W HOBOrO y3fla C MOCAefyownm :
pv->next = pkey->next;
// 2 - YCTQHOBMIEHWE CBA3M HOBOTO y3Na C NPenblaylmnm:
pv->prev = pkey;
// 3 - YCTAHOBMIEHWEe CBA3M MpEblAyulero y3na C HOBbIM:
pkey->next = pv;
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// 4 - yCTQHOBNIEHWE CBA3M MOCNENYOWErO y31a C HOBbIM:
if( pkey != *pend) (pv->next)->prev = pv;

// OOHOBNEHWE yKa3aTens Ha KOHel Chnucka,

// ecnu y3en BCTaBNAETCA B KOHel:

else *pend = pv;

return pv;

}

return 0;
1

Pesyabrar paGoThl TIPOTPAMMBIL:
1220034

Bce napametpsl, He usMeHsieMble BHYTpU (DYHKIMH, TOJKHBL IIepeilaBaThcsl ¢ MOJU-
(ukaropom const. Ykazaresan, KOTOpble MOTYT U3MEHUTHCS (HAIIpUMep, MpU yaaJe-
HUM U3 CIKCKA TOCJIEHEr0 djeMeHTa yKasaTeslb Ha KOHEI[ CIHCKa TpedyeTcs: CKop-
PEKTUPOBATD), [IepelaloTcs 110 ajpecy.

Pacemorpum noapobHee gynxuuio yoanenus snemenma us cnucka remove. Ee mapamer-
PaMU ABJIAIOTCA YKa3aTeJIn Ha Ha4aJI0 U KOHEIL CITMCKa U KJI0Y 3JIEMEHTA, IoJIeKallle-
ro yzajenuio. B crpoke 1 BbizessieTcst aMsITh 1O/ JIOKAJIbHBIN yKazaTesib pkey, KO-
TOPOMY MPUCBANBAETCST PE3YJIHTAT BBITOJHEHNS (DYHKIIUN HAXOKIAECHUS dIEMEHTA TI0
kiaouy find. dra GyHKIMS BO3BpalllacT yKasaTelb Ha 9JIEMEHT B CJIydae YCIIEIIHOrO
noucka u 0, ecii sIeMenTa ¢ TaKIM KJIIOYOM B cIincke HeT. Eciiu pkey mosydaer Heny-
JIeBOe 3HaUYeHue, yCJI0BUe B oriepaTtope 1f CTAaHOBUTCS UCTUHHBIM (9JIEMEHT CYIIECTBY-
eT), U ylpaBJeHue TepeaaeTcss OlepaTopy 2, eCu HeT — BBITIOJIHSIETCS BO3BpaT W3
bynxmmu co snauenuem false (omepatop 6).

yI[a]IeHI/Ie 13 CIIMCKa IPOUCXOAUT IT0-Pa3HOMY B 3aBHUCHMOCTU OT TOI'O, HAXOAUTCA
9JIEMEHT B Ha4aJie CIIMCKa, B C€pe/IMHE NJIN B KOHIIE. B oriepartope 2 IIpOBEpPAETCA, Ha-
XOAUTCA JIN yI[ElJIHGMbeI JJIEMEHT B Ha4daJsi€ CIIMCKAa — B 9TOM CJIy4dae CJaeAyeT CKOPPEK-
TUPOBATb yKa3aTeJlb pbeg Ha HadaJjio CIIMCKa TakK, 4yTOOBI OH YKa3bIBaJ Ha C]Ie]lyIOH_[I/II';I
9JIEMEHT B CITMCKE, a/[peC KOTOPOTO HAaXOJIUTCA B I10JIE next IIEPBOTO 2JIEMEHTA. HoBuwrit
HaYaJIbHBIN 9JIEMEHT CITMCKA JOJIKEH UMETDb B CBOEM I10JIE€ YKa3aTeJIsd Ha Hpe]j[bIIIyH_[I/Iﬁ
aysieMeHT 3HaueHue 0.

Ecii ypaisieMblil 9/leMeHT HaXOAUTCS B KOHIle crrcka (omeparop 3), Tpebyercs cMe-
CTUTH yKazaTesb pend KOHIIA CIIUCKA HA MPEABIIYITUI 3JIEMEHT, aipec KOTOPOTO MOXK-
HO TIOJIYYUTDh U3 TOJIS Prev ocaeaHero siemMenta. KpoMe Toro, HY:KHO OOHYIUTH 115t
HOBOTO TIOCJIEZHETO 3JIEMeHTa yKasaTeldb Ha CleAylomunil smeMeHT. Ecam yaanenne
MPOUCXOJUT U3 CEPEAUHDBI CIIUCKA, TO €INHCTBEHHOE, YTO HAJIO CAETATh, — 00ECIIEUUTh
JIBYCTOPOHHIOIO CBSI3b MPEBbIAYIEero U rnocjaeayioiero anemenTtos. Ilocne koppekTu-
POBKH yKa3aTesell maMsITh U3-TIO]] 9TeEMEHTa 0CBOOOKIAETCS, 1 (DYHKIINSI BO3BPAIIAET
3HaveHue true.

Pabota ¢ynxuuu ecmasxu snemenma B CIUCOK MPOUJUIIOCTpUpoBata Ha puc. 3.2. Ho-
Mepa OKOJIO CTPEJIOK COOTBETCTBYIOT HOMEPaM OTIepaTOpOB B KOMMEHTAPUSIX.

COpTHpOBKa CBSI3aHHOTO CITMCKA 3aKJII0YaeTCs B M3MEHEeHUN CBs3el MEX/1Yy dJIeMeHTa-
MU. A]II‘OpI/ITM COCTOHUT B TOM, YTO I/ICXOLIHI)II?I CITMCOK ITPOCMATPUBAETCA, 1 Ka)KlIbII;'I aJIe-
MEHT BCTaBJISIETCS B HOBBIN CIIMCOK Ha MECTO, OIIpeaesaAeMOe 3SHAYECHNEM €Tro Kirova.
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Puc. 3.2. BcTaBka a5ieMeHTa B CNNCOK

Huske nipuBenieHa QyHkuus Qopmuposaniis ynopsoouennozo cnucka (IpemoiaraeTcs,
YTO [IE€PBBII 2JIEMEHT CYIIECTBYET):

void add_sort(Node **pbeg, Node **pend, int d){
Node *pv = new Node; // pobGaBnsaemblii aneMeHT
pv->d = d;

Node * pt = *pbeg;
while (pt){ // NpOCMOTP CMUCKa
if (d < pt->d){ // 3aHecTn nepen Tekyumm 3nemeHTom (pt)
pv->next = pt;
if (pt == *pbeg){ // B Hayano cnucka
pv->prev = (;
*pbeg = pv:}
else{ // B CepeanHy Cnucka
(pt->prev)->next = pv;
pv->prev = pt->prev;}
pt->prev = pv;
return;
}
pt = pt->next;
}
pv->next = 0; // B KOHeu Crnucka
pv->prev = *pend;
(*pend)->next = pv;
*pend = pv;

Ctekn

Crek — 9TO 9aCTHBIH CIy4yail OHOHATPABIEHHOTO CITMCKA, T0OABIEHIE HIEMEHTOB B
KOTOPBIH U BBIGOPKA M3 KOTOPOTO BBITIOJHAIOTCS ¢ OJJHOTO KOHIIA, HA3BIBAEMOTO Bep-
IMUHOW cTeka. JIpyrue omepaiy co cTeKoM He orpesesensl. [Ipu BEIGopKe aeMeHT
UCKJTIOYaeTCst U3 creka. [OBOPST, UTO cTek peasuayer mpuHimi obcryskubanuss LIFO
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(last in — first out, mocseaHuM Tpuies — mnepBbiM yiien). CTek Ipole BCero mpe-
CTaBUTH cebe KaK 3aKPhITYIO ¢ OZHOTO KOHIIA Y3KYI0 TPYOY, B KOTOPYIO OPOCAIOT MSTUH.
JlocraTh 1epBblii OPOIIEHHBIA MY MOKHO TOJBKO IIOCJE TOIO, KAaK BBIHYTBHI BCE
ocranbuble. KeraTy, cerMenT creka Ha3BaH TaKk MMEHHO [10TOMY, YTO HaMSThb 110/ JIO-
KaJIbHbIE rTepeMeHHbIe Bbiziessercs mo npunnuny LIFO. Ctexn mmpoko MpuMeHsoT-
Cs B CUCTEMHOM TIPOTPAMMHOM 0GECHEeYeHUH, KOMIMIATOPAX, B PA3IMIHBIX PEKYP-
CUBHBIX aJITOPUTMAX.

Hwuxe mpuBenena nmporpamma, Kotopas (popMuUpyeTr cTek U3 TsaTh 1ebix yucen (1, 2,
3, 4, 5) u BeiBOAUT ero Ha sKpan. OyHKINA TOMENEHNS B CTEK M0 TPAAUIINY HA3LIBA-
ercs push, a BRIGOPKU — pop. YKazaresib Jist paboThl co cTekoM (top) Beerza cebliaeT-
Cs1 Ha €TO BepIIUHY.

#include <iostream.h>
struct Node{
int d;
Node *p;
b
Node * first(int d);
void push(Node **top, int d);
int pop(Node **top);

int main(){
Node *top = first(1);
for (int i = 2; i<6; i++)push(&top, i);
while (top)
cout << pop(&top) << '
return 0;

// Ha4anbHoe GopMupoBaHME CTeKa
Node * first(int d){
Node *pv = new Node;

pv->d = d;
pv->p = 0;
return pv;
}
S mmm e

// 3aHeceHue B CTeK
void push(Node **top, int d){
Node *pv = new Node;

pv->d = d;
pv->p = *top;
*top = pv;
}
R e

// BbibopKa 13 CTeka
int pop(Node **top){
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int temp = (*top)->d;
Node *pv = *top:

*top = (*top)->p;
delete pv;

return temp;

}

Pesysbrar paboThl IPOTPAMMBL
54321

Ouepean

Ouepesib — 9TO YACTHBII CITydYail OJHOHATIPABIECHHOTO CIIMCKA, I00aBJIEHIE HIEMEHTOR
B KOTOPBIH BBITIOMHSAETCS B OTMH KOHETT, a BRIOOPKa — U3 IPYToro KoHIa. /[pyrue ore-
paIuu ¢ O4ePebIo He ornpeieieHbl. [Ipu BEIOOPKE 9JIEMEHT UCKIIIOUAETCS 3 OUEPEIH.
ToBopst, uto ouepenpb peanusyer npuHuun obcayskusanus FIFO (first in — first out,
HePBBIM TIPUIES — TepBbIM yiren). Ouepeb Mpolie BCEro MPeACcTaBuTh cebe, TIOCTOSIB
B Hell yac-apyroil. B mporpamMmMupoBaHuu ouepesin MPUMEHIIOTCS, HAIIPUMep, B MO-
NeTMPOBAHNH, AUCTIETYEPUIAINHN 3224 OMEPAIMOHHON crucTeMol, 6yhepru3oBaHHOM
BBO/I€,/BBIBOJIE.

Huxe npuBenena nporpamma, Kotopas (GOpMUPYET OUepe/ib U3 MATU TIeJIbIX YhCces 1
BBIBOJUT ee Ha dKpaH. DYHKINS TTOMEINEeHUsT B KOHEI[ ouepeiv Ha3biBaeTcst add, a BbI-
6opxu — del. YkasaTesb Ha HA4aJI0 OYepe/y Ha3biBaeTcs pbeg, ykasaresb Ha KOHeI[ —
pend.

#include <iostream.h>
struct Node{
int d;
Node *p;
b
Node * first(int d);
void add(Node **pend, int d);
int del(Node **pbeg);

int main(){
Node *pbeg = first(1);
Node *pend = pbeg:
for (int i = 2; i<6; i++)add(&pend, i);
while (pbeg)
cout << del(&pbeg) <<
return 0;

// Ha4anbHoe (opMupoBaHMe o4epenu
Node * first(int d){

Node *pv = new Node;

pv->d = d;

pv->p = 0;
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return pv;

// [lobaBneHne B KoHel
void add(Node **pend, int d){
Node *pv = new Node;
pv->d = d;
pv->p = 0;
(*pend)->p = pv;
*pend = pv;

// BbibopKa

int del(Node **pbeg){
int temp = (*pbeg)->d;
Node *pv = *pbeg;
*pbeg = (*pbeg)->p;
delete pv;
return temp;

}

Pesyabrar paboThl IPOrPaMMBbL
12345

BuHapHble pepeBbs

Bunapnoe nepeBo — 310 AMHAMMYECKasl CTPYKTYpa JaHHBIX, COCTOIAS U3 Y3JI0B, Ka-
JKIBIE U3 KOTOPBIX COAEPIKUT, KPOME JIAHHBIX, He GoJiee JIBYX CChIJIOK Ha PasMYHbIe
GumHaphbie epeBbst. Ha Kax/Iplii y3ea nmMeercst pOBHO ofHa cchlika. HauambHbIi y3er
Ha3bIBACTCS KOPHEM JiepeBa

Ha pucynke 3.3 mpusesieH mpumep 6MHAPHOTO fepeBa (KOPEHb OOBIYHO H306paKaeTcst
CBEpXyY, BIIPOYEM, KHUTY MOKHO U IiepeBepHyTh)!. ¥Y3en, He uMeioniuii mojmepesbeB
HazbIBaeTcs Jucmom. Vicxondiue y3ibl Ha3bIBAIOTCS TIPeKaMy, BXOJAIIUE — TTI0TOM-
Kamu. Buicoma depesa oTipeienisieTcsi KOJMYeCTBOM YPOBHEH, HA KOTOPBIX PACITOara-
I0TCS €70 Y3JIBL.

Ecuiut iepeBo OpraHrsoBaHo TaKUM 00Pa3oM, UTO JIJIsT KaKIOTO Y3J1a BCE KIIOUH €ro Jie-
BOTO I0JijIepeBa MEHbIIe KJo4ya 9TOro y3Ja, a Bce KJIOUM ero MpaBoro mnojyjiepeBa —
Gosrpiite, OHO HasbIBaeTcst depegom noucka. ORANHAKOBBIE KIIOYN HE JOMYCKAIOTC.
B ziepeBe 10oMcKa MOKHO HAUTH 3JIEMEHT TI0 KJIIOUYZ, IBUTASICH OT KOPHSI U MEPEXO/IsT

" HysHo He 3a6bIBaTh O TOM, YTO B ONEPATUBHON MAMATH SUYEHKH PACTIONOKEHbI JTMHEIHO 10
BO3pacTaHMIO AJPECOB, & IePEBO — 3TO TOJbKO METOJL JIOTUYECKO OpraHu3aliuu JaHHbIX.

? JI71st Tak HA3BIBACMOTO COALANCUPOBANTOZ0 Depesa, B KOTOPOM KOJIMUECTBO Y3JI0B CIIpaBa 1 CJie-
Ba OTJINYAETCst He GoJiee UeM Ha e[IMHUILY, BBICOTA JlepeBa PaBHA IBOMYHOMY Jioraprdmy Kojiu-
yecTBa y3J0B. JIMHEHHBI CIIMCOK MOKHO TIPEJICTABUTD KaK BBIPOJKAEHHOE GHAPHOE JIEPEBO,
B KOTOPOM KasK/IbIil y3eJs uMeeT He GoJiee 0HOI CChUTKN. JIJist CriicKa cpejiHee BpeMst OHCKa
PaBHO IIOJIOBUHE JIJIMHBI CIIUCKA.
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Ha JIeBOe WJIN TIPaBoe MO/JIEPEBO B 3aBUCUMOCTH OT 3HAUEHU KJII0Ua B KAK/OM Y3JIe.
Taxkoit momnck ropasno a¢dekTrBHee MONCKA MO CIHCKY, TTOCKOJIBKY BpeMs MONCKa
oTIpeiesIieTCsl BBICOTOM /lepeBa, a OHA MPOIOPIUOHANIbHA IBOMYHOMY JIOrapudmy Ko-
JINYECTBA Y3JI0B.

10
6 25
1 8 20 30
(ON N© o110 @) _w o110
21
o |0

Puc. 3.3. buHapHoe nepeso

[lepeBo aByseTCS PEKYPCUBHON CTPYKTYPOU AAHHBIX, TTOCKOJBKY KasKI0€e TOAIEPEBO
TaKKe SIBJISIeTCsT jiepeBoM. /leficTBUS ¢ TAKUMU CTPYKTYpPaMU U3SIIHEE BCETO OIMUCHI-
BAIOTCS € TIOMOIIIBIO PeKypcusivix anzopummos. Hampumep, GyHKINIO 00X0/1a BCEX y3-
JIOB JiepeBa B 00I1eM BHUIe MOKHO OIUCATh TakK:

function way around ( pepeso ){
way around ( nesoe noppepeso )
noceueHne KOpH#
way _around ( npasoe Nognepeso )

}

MosKHO 06XOAUTE JIEPEBO U B APYrOM TIOPSZKE, HAPUMED, CHAYala KOPEHb, TTOTOM
MOJI/IEPEBDST, HO MPUBeeHHAs (DYHKIIHS TO3BOJISIET TOJAYIUTh HA BBIXOIE OTCOPTHPO-
BaHHYIO ITOCJ/IEA0BATEJIbHOCTD K]IIO‘{EfI, IIOCKOJIbKY CHadaJia IOCEeHaloTCA BEPHIMHDBI C
MEHDBIINMI KJIIOYaMH, PACTIONIOKEHHbIE B JIEBOM MojiepeBe. Pesyibrat o6xoza mnepe-
Ba, n300pakeHHOTO Ha puc. 3.3:

1. 6,8, 10, 20, 21, 25, 30
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Ecnu B Gyukunm 06xo/1a nepsoe obpaiienne ujaet K NpaBomy TOIEPEBY, Pe3yabTar
obxoa GyIeT APYTUM:

30, 25, 21, 20, 10, 8, 6. 1

Taxum 06pasoM, epPeBbsT TIOMCKA MOKHO TPUMEHSITD JIJIst COPTUPOBKH 3HaueHuil, [Tpu
06xo0j1e JlepeBa y3JIbl He YIAJISIOTCS.

Jl1st GMHAPHBIX JIEPEBbEB OIIPEEeIeHbl OllePaLluu:
0 BKJIIOYEHU y3JIa B IEPEBO;

O 1ouckKa IIo IepeBy;

O ob6xoxa aepesa;

O yaajeHus ysJa.

J171s1 KaKI0T0 PEKYPCUBHOTO aJATOPUTMA MOKHO CO3/IATh €r0 HEPEKYPCUBHBIIT SKBIBA-
JieHT. B mpuBeieHHOI HIZKe TTPOTPaMMe Peasin30BaHa HEPEKYPCUBHAS PYHKUUSL NOUC-
Ka no depegy ¢ exkaUeHUeM W PeKypcUuBHas QyHKIMs o0xoza gepesa. [lepBast GyHK-
I[UST OCYIIECTBJISIET MONCK BJIEMEHTA C 33JIaHHBIM KJIiouoM. Ecoin aslemenT HalizeH, ona
BO3BpAIaeT yKa3aTe b HA HETO, a €CTU HeT — BKJIOYAET 9JIEMEHT B COOTBETCTBYIOIIEE
MECTO JiepeBa M BO3BpalllaeT ykasaTesb Ha Hero. J[Jis BKIoueHns ajieMeHTa HeoOX o/ -
MO MTOMHUTb MPONAEHHBIN 1O JIepeBY TTyTh HA OJUH TIIaT HAa3a/ U 3HATH, BBITTOIHSIETCS
JIN BKJTIOYEHUE HOBOTO 3JIEMEHTA B JIEBOE WJIM TIPABOE TMOJIEPEBO ero mpeakal.

[Tporpamma hopMupyeT fepeBo U3 MaccuBa TEJIbIX YUCEJ W BBIBOAUT €0 Ha 9KPaH.

#include <iostream.h>
struct Node{
int d;
Node *Teft;
Node *right;
b
Node * first(int d);
Node * search_insert(Node *root, int d);
void print_tree(Node *root, int 1):

int main(){
int b[J] = {10, 25, 20, 6, 21, 8, 1, 30};
Node *root = first(b[0])
for (int i = 1; i<8; i++)search_insert(root, b[i]);
print tree(root, 0);
return 0;

// ®opMupoBaHUE MepBOTO 3NleMeHTa fepesa
Node * first(int d){
Node *pv = new Node;

! «JIoBOJIBHO €CTECTBEHHO HCIBITHIBATH HEKOTOPOE He0BEPHe K alrOPUTMY MOMCKA TI0 JIePeBy
¢ BrioueHneM» — H. BupT, aBTOp KJIacCHYecKoil KHUIM « AITOPUTMBI + CTPYKTYPbI IAHHBIX =
mporpaMMbl» [8].
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1/

pv->d =d;
pv->left = 0;
pv->right = 0;
return pv;

[loncK C BKIYEHUEM

Node * search insert(Node *root, int d){

1/

Node *pv = root, *prev:
bool found = false;
while (pv && !found){

prev = pv;

if (d == pv->d) found = true;

else if (d < pv->d) pv = pv->left;
else pv = pv->right;

}

if (found) return pv;
// Co3naHne HOBOTO y3fa:

Node *pnew = new Node;
pnew->d =d;
pnew->left

=0;
pnew->right = 0;
if (d < prev->d)
// TlpucoennHerne K NeBOMy NOAAepeBy Npeaka:
prev->left = pnew;
else
// TlpncoennHenne K npaBoMy MOANEPEBY NPeKa:
prev->right = pnew;
return pnew;

06xon nepesa

void print_tree(Node *p, int Tevel){

}

if (p){
print_tree(p->left, level + 1); // BbiBOA NEBOro nogpepesa
for (int 1 = 0; i<level; i++)cout << " ;
cout << p->d << endl; // BbHBOA KOPHA MOAfEpeBa
print_tree(p->right, Tevel + 1); // BbBOA NPaBoro noppepesa

Texymuil ykaszatesb sl OUCKA 110 JiepeBy 0003HAYEH PV, YKaszaTeJb HA TIPeJKa pv
o6o3HaueH prev, mepeMeHHast pnew NCTIOIb3YETCsT TS BBIIETEHUS MTaMSTH O BKJTIO-
JaeMblil B lepeBo y3eir. Pexypcun yaanoch u36eskaTh, COXPAHUB BCETO OJIHY HepeMeH-
Hyl1o (prev) U IIOBTOPUB IIPY BKJIIOUEHUHU OIIEPATOPDI, OIIPe/eIgIoNine, K KaKOMy 0/1-
JiepeBy TIPHCOETMHSETCS HOBBIN y3eT.
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Pesyabrar paboThl IPOrpaMMBI /LTI JiepeBa, H306pakeHHOro Ha puc. 3.3:
1

10
20
21
25
30

Pacemorpum noapobuee gynxuyuio 06xoda depesa. BropbiM apaMeTpoM B Hee repejia-
eTcs TieJiasl TepeMeHHas, OlpeIesITIoNias, Ha KaKoOM YPOBHe HaXoauTcs y3eld. KopeHb
HaxoguTcs Ha yposHe 0. /lepeBo mevataeTcs O TOPU3OHTANN TaK, YTO KOPEHb HAX0-
autest caeBa (MMOCMOTPHUTE HA Pe3yJibTaT PabOThI IPOTPAMMBI, HAKIIOHUB TOJIOBY BJie-
BO, 1 cpaBHUTE ¢ puc. 3.3). [lepen 3HaueHNeM y371a /1J11 UMATAIIMHA CTPYKTYPHI /lepeBa
BBIBOJIUTCST KOJMUYECTBO MPOOEJIOB, TPOMOPIIHOHAIILHOE YPOBHIO yaia. Ecim 3aKoM-
MEHTHPOBATh UK TIEYaTH MPOOETOB, OTCOPTUPOBAHHBIN MO BO3PACTAHIIO MAcCUB Oy-
TIET BBIBEZIEH B CTOJMOUK. 3aMeThTe, uTo (hYHKITHST 00X0/a iepeBa TMHON BCeTo B He-
CKOJIBKO CTPOK MOJKET HAIleUaTaTh JIePeBo JI0O0TO pasMepa — BaKHO TOJBKO CIIEUTD,
9TOOBI PEKYPCUBHBIE BBI3OBBI HE TIEPEMOTHUIN CTEK.

Yoanenue ysna us depesa mipenctaBisieT coboil He TAKYIO MPOCTYIO 32129y, TTOCKOTBKY
YIQISIEMbIH y3eJ MOKET ObITh KOPHEBBIM, COAEPIKATD JIBE, OHY MJIU HU OJHO CCHLIKI
Ha Tro/iiepeBsbs. [l y3J10B, colepIKaIuX MEHbIIe IBYX CCBLITOK, YAaJeHue TPUBUATh-
H0. UTOOBI COXPAHUTD YTIOPSAAOIEHHOCTD IEPEBA TIPH YAATEHNHN Y3J1a € ABYMST CChLIKA-
MM, €r0 3aMEeHSIIOT Ha y3eJ ¢ CAMbIM GJM3KUM K HEMY KJIIOYOM. ITO MOXKET OBbITh ca-
MBI JIEBBIH y3€JI €ro TIPaBoro TO/IepeBa UK CaMBbIil TIPABBIil y3eJT JIEBOTO Mo/IiepeBa
(HampuMep, YTOOBI YIAIUTH U3 JIepeBa Ha PrC. 3.3 y3eJ ¢ KJIIUOM 25, ero Hy;KHO 3aMe-
Huth Ha 21 wmm 30, ysen 10 3amensercs ua 20 wm 8, u 1. 11.). Peanmuzanus dynkium
VIATEeHNs M3 IepeBa OCTaBJIeHA YUTATENIO /7S CAMOCTOSITENFHOM PaboTHI.

Peannsauusa gUHaMU4YECKUX CTPYKTYpP
C NOMOLLbIO MAaCCUBOB

Omnepanuu BblIeJIeHUST U OCBOOOKIECHUS MTAMATH — J0POrO€e YAOBOJBCTBUE, TOITOMY
ecii MaKCUMaJIbHbII pa3Mep JaHHBIX MOKHO OIIPEeJUTh 10 HavdaJja UCIT0OJb30BaHUA
U B 1porecce paboThl OH He U3MeHsiercs (HalpUMep, IIPU COPTUPOBKE COAEPKUMOIO
(aiina), 6osee apHEKTUBHBIM MOKET OKA3aThC OAHOKPATHOE BbIJEJEHIE HEIIPEPbIB-
HOi obstacTyt mamsiTh. CBSI3M 9JIEMEHTOB [IPH 9TOM Peai3yIoTCcs He Yyepes yKasaTesIu,
a yepe3 BCIIOMOTaTeJIbHbIE TIepeEMEHHbBIE WJIM MACCUBBI, B KOTOPBIX XPaHSTCS HOMEpa
9JIEMEHTOB.

ITporie Bcero peasnsoBaTh TaKuM 00pa3oM cTek. Kpome MaccuBa 3€MEHTOB, COOTBET-
CTBYIOIIMX TUITY JIAHHBIX CTEKA, IOCTATOYHO MUMETDh OJIHY IePeMEHHYIO I1eJI0r0 THIa /s
XpaHeHNsT MH/IEeKCa 3IeMEeHTa MaCCHBa, SBJIIONIET0Cs BEPIIMHOM cTeka. [1pu moMernenrm
B CTEK MHJICKC YBEJMYNBACTCS Ha GIAUHUILY, a TPU BLIGOPKE — YMEHBIITACTCH.

ﬂ]IH peasinsannm oyepein Tpe6y10Tc;1 JIB€ TIEPEMEHHBIX IIEJIOT0 TUIla — JIJIA XPaHEHU A
WH/IEKCa 9JIEMEHTOB MAaCCHBa, ABJIAINUXCA Ha4YaJIOM 1 KOHIIOM OYepean.
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Jluist peansaliuy JMHEIHHOTO CIIMCKA TPeOYeTCs: BCIIOMOTaTeIbHbIi MAaCCUB LIEJIbIX Y1-
ceJl ¥ elle OJ{Ha TiepeMeHHasi, HallpuMep:

10 25 20 6 21 8 1 30 — maccuB [AaHHbIX
1 2 3 4 5 6 7 -1 — BCNOMOTaTeNbHbI Maccus
0 — WHOeKC nepBOro 3feMeHTa B ChUCKe

i-11 BJIeMEHT BCIIOMOTaTeJIbHOTO MacCuBa COZIEPIKUT [JIs1 KaXK/10T'0 i-TO BJIeMeHTa Mac-
CHBa JJTaHHBIX MH/ICKC CJICAYIONIETO 3a HUM 2JIEMEHTA. OTpI/ILIaTEJIbHOG YHMCJIO UCITIOJIb-
3yYETCA KaK IIPpU3HaK KOHIla CITMCKaA. Tot xe maccus 1oce COPTHUPOBKU!

10 25 20 6 21 8 1 30 — maccuB [aHHbIX
2 7 4 5 1 0 3 -1 — BCcnomoraTenbHblii MACCKB
6 — MHJEeKC NEepBOro 3/EMEHTA B CNUCKe

Jlist cosmanns OMHAPHOTO JiepeBa MOKHO HCIIOJb30BaTh JBAa BCIIOMOIaTEJbHBIX Mac-
cuBa (MHJEKCHI BEPIIMH €ro PaBoro u JieBoro mojjepesa). OrpuiiaresibHoe YUCTIO
WCITOJTB3YETCST KaK MPU3HAK IMYCTON cchblIkM. Harpumep, nepeBo, NnpuBeeHHOE Ha
puc. 3.3, MOJKHO TIPEACTAaBUTh CIEAYIONINM 00PasoM:

10 2520 6 21 8 1 30 — maccuB faHHbIX
3 2 -16 -1-1-1 -1 - neBaa CChIIKa
1 7 4 5 -1 -1 -1 -1 - npaBad cchinka

ITamsaTb 110/ TaKre CTPYKTYPblI MOKHO BbIZEJINTDH JII/I6O Ha 9Talle KOMIINJIAIINN, eCJIN
pasMep MOKHO 3a/1aTh KOHCTAHTOIA, IMOO BO BPeMs! BBIIIOJHEHKS IIPOrPaMMBbI, HAIlPU-
Mep:
struct Node{
Data d; // twun paHHeix Data ponwed ObiTb ONpEfeneH paee
int i;
Node spisok1[1000]; // Ha aTane KoMnunAUUM
Node *pspisok2 = new Node[m]; // Ha 3Tane BbiNONHEHWS

BHUMAHUE

I[Ipu pabore ¢ ONOOHBIMU CTPYKTYPAMU HEOOXOAUMO KOHTPOJIUPOBATH BO3MOKHbIN BBIXO/[ UH-
JIEKCOB 3a TPaHUIy MacCUBa.

ITpuBeeHHBIN BbIIE CIIOCOO PEATU3AIUU MO3BOJISIET UCIIOIb30BATh MTPEUMYIIECTBA
JIUHAMWYECKUX CTPYKTYP (HAIpuMep, COPTUPOBATh CTPYKTYPBI U3 IPOMO3JKUX 3Je-
MEHTOB JaHHBIX (€3 UX (PU3UUECKOTO TIePEMEIIECHHS B TAMSTH ), U TIPK 3TOM He Pacxo-
MOBATh BPpeMsI Ha BBIIEJIEHNE W OCBOOOKIEHIE MAMSITH JIJIST KAsK/IOTO dJIeMeHTa aH-
HBIX.
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LUunknunyeckune BblYUCIUTENIbHbIE NMPOLLECChbI

BapuaHT 1

BoruncmmTh 1 BbIBECTH Ha 9KpaH B Buje Tabanipl 3Hadenus Gynkimn F Ha maTepsase
oT XHau. 10 XKoH. ¢ maroMm dX.

ax> +b npux<0ub=0

F=1%"¢ npux >0u b=0
x—c
x

— 6 OCMAlIbHbLYX CAYUasix
C

rne a, b, ¢ — peiicTBUTEIbHbIE YUCIA.
ODyuknus F pomkHa TpUHUMATH I€HCTBUTETBHOE 3HAYEHIE, €CJIU BhIPpasKeHUe
(A 1JIN Bu) 1 (A MJIN Cir)

He PaBHO HYJI0, U IleJIoe 3HaueHue B IpoTHBHOM caydae. Yepes A, Bir u Cii o6o3Ha-
YeHbI 1eJIble YacTy 3HaYeHuil a, b, ¢, onepauu Y u MJIN — nopaspsable. 3HaueHust
a, b, ¢, Xuau., XxoH., dX BBeCTH ¢ KIaBUATYPHIL.

BapuaHT 2

BblunciuTh 1 BbIBECTH Ha 9KpaH B Buje Tabauibl 3Hadenus Gynkiuy F Ha untepsase
oT XHau. 10 XKoH. ¢ maroMm dX.

1 b npux+5<0uc=0
ax
F=]t"4 npux+5>0uc#0
x
10x
n 6 OCMANLHIX CAYUASLX
c—

rae a, b, ¢ — nefiCTBUTEIbHBIC YUCIA.
Oyuxnua F nomKkHa IpUHUMATh JefCTBUTENbHOE 3HAYEHUE, €CII BHIPAKEHNEe
(Au 1 Bu) MJIN (Bu U Cuy)

He PABHO HYJIIO, ¥ 1[eJIoe 3HaYeHne B IPOTUBHOM cayuae. Yepes A, Bip u Cip o6o3Ha-
YeHBI IeJIble YacTH 3HaYeHul a, b, ¢, oneparun U u MJIN — nopaspsiambie. 3HaueHust
a, b, ¢, Xuau., XxoH., dX BBECTH ¢ KITaBHATYPHIL.
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BapuaHTt 3

BbrumcinTh 1 BBIBECTH Ha 9KPaH B Bujie TabauIbl 3HaveHus pyHkiyu F Ha nHTepBaie
oT XHad. 10 XKoH. ¢ nrarom dX.

ax> +bx+c  npua<Ouc#0

F=]"° npua>0uc=0
x-c

a(x +c) 8 OCMANLHLIX CAYUASX

rae a, b, ¢ — neficTBUTEIbHBIC YUCIIA.
ODyuknus F pomkHa IpUHUMATH JI€HCTBUTETBHOE 3HAYEHIE, €CJIU BbIPpasKeHue
A 1 (B NJIN Crr)

He PaBHO HYJIIO, U 1leJI0e 3HaUYeHKe B IIPOTUBHOM caydae. Yepes An, Biy u Cii o6o3Ha-
YeHBI T[eJIble YacTh 3HaueHn a, b, ¢, oneparmn M u MJIV — nopaspsignabie. SHAYCHS
a, b, ¢, Xuau., Xxon., dX BBecTH ¢ KJIaBHATyPbI.

BapuaHT 4

Bbluncmmth 1 BbIBECTH Ha 9KpaH B Buje Tabanubl 3Hadenus Gynkiuy F Ha unTeppase
oT XHau. 10 XKoH. ¢ marom dX.

- ax— c npuc<Qux =0
xX—a
F= npuc>0ux =0
—
bx
— 8 OCMATLHYIX CYUASIX
c— a

rje a, b, ¢ — JeliCTBUTEIbHbIE YUCIA.
Oyuknus F qomkaa mpuHUMATh IefICTBUTENBHOE 3HAYEHUE, €CIIU BHIPAKEHUE
A 1JIN B NJIN Cig

He PaBHO HYyJIIO, U 1leJIoe 3HaueHue B IIpoTuBHOM caydae. Yepes An, Biy u Cii obosHa-
YeHBI T[eJIble YacTH 3HAUeHuH a, b, ¢, onepatus VJIV — mopaspsaanas. 3Hauenusd a, b,
¢, Xuay., XxoH., dX BBeCTH ¢ KJaBUATyPBL.

BapuaHT 5

BoruncinTh U BBIBECTH Ha 9KPaH B BUjie TaOIUIbI 3HaueHus pyHKIMK F Ha nHTEpBase
oT XHau. 10 XKoH. ¢ maroMm dX.

a- X npux <0ub=0
10+b
F=]t"¢ npux>0ub=0
xX—c
2
I+ = 8 OCMANLHDIX CAYUASX
c

rae a, b, c — neficTBUTENbHbIE YNCIIA.
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®YHKHHﬂ F JOJI’KHA IPUHHUMATh llefICTBHTeJIbHOG 3Ha4yeHune, eCJn BbIpaK€HUE
(A NJIN Bi) N Cu
HE€ paBHO HYJIIO, 1 1I€JI0€ 3HAYC€HNE B IIPOTHUBHOM CJIy4dae. qepes A]_[, BL[ u Cig 0603Ha-

YeHBI 1eJIble YacTH 3HaYeHul a, b, ¢, oneparuu Y u MJIN — nopaspsauble. 3HaueHust
a, b, ¢, Xnau., Xxomn., dX BBeCTH ¢ KIaBUATyPHIL.

BapuaHT 6

BBI‘-H/IC]II/ITB " BBIBECTU Ha 3KpaH B BHU/IE Ta6JH/H_[bI 3HaUYCHUI (byHKHI/H/I F Ha I/IHTepBaﬂe
oT XHau. 10 XKoH. ¢ maroMm dX.

ax> +b*’x  npuc<0ub=0

F=lX*a npuc>0ub=0
x+c

X
— 6 OCMAJlbHblX CAYUasax

C

e a, b, ¢ — nefiCTBUTETbHbIE YNCITA.
Oyukiusa F 1okna IpuHIMaTh 1€iicTBUTEIbHOE 3HAYEHHE, €CJIM BIPAaKEHHe
(Au 1 Bu) MJIN (A U Cnr)

He PaBHO HYyJIIO, U IleJioe 3HaueHue B IpoTBHOM caydae. Yepes An, Bip u Cii obo3Ha-
YeHBI 1[eJIble YacTH 3HaYeHul a, b, ¢, oneparuu Y u MJIN — nopaspsaubie. 3HaueHust
a, b, ¢, Xuau., Xxon., dX BBECTH ¢ KIaBUATYPHIL.

BapuaHT 7

BoluncmmTh 1 BbIBECTH Ha 9KpaH B Buje Tabanipl 3Hadenus Gynkiuy F Ha untepsase
oT XHau. 10 XKoH. ¢ maroMm dX.

—ax’— b npux<5uc#0
x-a

F = npux>5uc=0
x
- x
—= 6 OCMANLHLIX CLYUASX
c

rae a, b, ¢ — neficTBUTEIbHBIE YUCIIA.
Dyukius F pomkHa TpUHUMATH eHCTBUTETbHOE 3HAYEHWE, €CJIN BhIpaKeH1e
(A 1JIN Bu) MO/12 (A NJIN Cir)

He PaBHO HYyJIIO, U IleJIoe 3HaueHue B IIpoTUBHOM caydae. Yepes An, Bip u Cii obo3Ha-
YeHBI T[eJIble YacTH 3HaYeHuit a, b, ¢, oneparmu U, MJIM n MO/I2 (ciaoxenne 1mo Mo-
IyJIo 2) — nopaspsHble. 3Hadenus a, b, ¢, XHau., XxoH., dX BBeCTH ¢ KJIaBUATYPBbI.

BapuaHT 8

BoruncmmTs 1 BbIBECTH Ha SKpaH B Buje Tabanibl 3Hadenus Gynkiuy F Ha unTeppase
oT XHau. 10 XKOH. ¢ maroMm dX.
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— ax’ npuc<0Qua=0
F=]%"" npuc>0ua=0
cx

6 OCMAlIbHbLY CAYUasx

X
C

rie a, b, c — pefcTBUTEIbHbBIE YUCIA.
Dyuknus F nomkHa IpUHUMATD TeHCTBUTETbHOE 3HAYEHME, €CJIN BhIPaKeH1e
(At MO/I2 Bi) I HE(An JIN Crr)

He PaBHO HYyJIIO, U IleJIoe 3HaueHue B IIpoTUBHOM caydae. Yepes An, Bip u Cii obosHa-
YeHBI T[eJIble YacTH 3HaYeHuit a, b, ¢, oneparmn U, MIJIM n MO/I2 (cinoxerne 1Mo Mo-
Iyso 2) — mopaspsiiable. 3HaueHus a, b, ¢, Xuau., XkoH., dX BBeCTU ¢ KJIaBHATYPBL

BapuaHT 9

BoluncmmTs 1 BbIBECTH Ha SKpaH B Buze Tabanibl 3Hadenus GyHkiuy F Ha uHTeppase
oT XHau. 0 XKoH. ¢ maroMm dX.

ax’ +b’x npua<0ux #0
a
F=3x- npua>0ux =0
x—c
x
1+= 6 OCANLHBIX CYUAAX

Cc

rine a, b, ¢ — peiicTBUTEIbHbBIE YUCIA.
ODyuknus F pomkHa IpUHUMATH JIEHCTBUTETBHOE 3HAYEHIE, €CJIU BbIPaKeHNEe
HE(An MJIY Bu) U (B UJIN Cir)

He PaBHO HYJIIO, U IleJIoe 3HaueHue B IpoTuBHOM caydae. Yepes An, Bir u Cii o6o3Ha-
YeHbI LeJIble YacTu 3HadyeHuii a, b, ¢, onepauun HE, 11 u JI — nopaspsiambie. 3Ha-
yeHus a, b, ¢, Xuau., Xxon., dX BBeCTH ¢ KIaBUATYPHIL.

BapuanTt 10

BoruncinTh U BBIBECTH Ha 9KPaH B BUjie TaOIUIbI 3HaueHus pyHKIMK F Ha nHTEpBase
or Xuau. 10 XKoH. ¢ maroMm dX.

ax’ — bx+c npux<3ub=#0
x-a

F= npux >3ub=0
x-c
x
= 8 OCMALLHOLX CIYUASX
c

rae a, b, c — nelfiCTBUTeIbHbIE YUCIIA.

Oyuknus F qomkHa npuHUMaTh [efICTBUTENbHOE 3HAYEHUE, €CJIU BhIPAKEHUE
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HE(An NN Bu) N (A MO/I2 Cry)

He PaBHO HYyJII0, U IleJioe 3HaueHue B IIpoThBHOM caydae. Yepes An, Bip u Cii obosHa-
YeHBI 1eJIble YacTH 3HaueHwuii a, b, ¢, onepanuu HE, 1, MJIN u MO/I2 (cnoxenue 1o
MoOIyJIi0 2) — mnopaspsiiHbie. 3HadeHus a, b, ¢, Xuau., Xxon., dX BBecTH ¢ KJaBua-
TYPBI.

Bapuant 11

BoIuncinTh U BBIBECTH Ha 9KPaH B BUjie TaOIUIbI 3HaueHus pyHKIMK F Ha nHTEpBase
or XHau. 10 XKOH. ¢ maroMm dX.

ax’ + = npux <luc=0
c
F= Laz npux >15u c=0
(x—c)
xZ

— 6 OCMAIbHLLY CAYUasix

rne a, b, ¢ — peiicTBUTeIbHbIE YUCIIA.
Dyukius F pomkHa IPUHUMATD IEHCTBUTETbHOE 3HAYEHWE, €CJIN BhIPaKeH1e
(At 1 Br) MO/12 Cnt

He PABHO HYJIIO, ¥ I[eJIoe 3HaYeHue B MPOTUBHOM ciydae. Yepes A, Bir u Cir o6o3Ha-
YeHbI I[eJIble YacTh 3HadeHuil a, b, ¢, omepaiuu I u MO/I2 (cnoxenue mo momy-
o 2) — nopaspsanbie. 3Hadenus a, b, ¢, Xuau., Xxkon., dX BBeCTH ¢ KJIaBHaTypPbl.

BapuaHTt 12

BbluncmmTh 1 BbIBECTH Ha SKpaH B Buje Tabanibl 3Hadenus GyHkiuy F Ha uHTepBase
oT XHau. 0 XKOH. ¢ maroMm dX.

ax’ +b> +¢  npux <06ub+c#0
x-a

F= npux >06ub+c=0
x—c
X x
Z4+Z 6 OCMANLHLIX CIY UASX
c a

rne a, b, ¢ — peiicTBUTEIbHbBIE YNCIA.
ODyuknus F pomkHa npuHUMATh JI€HCTBUTEIBHOE 3HAYEHME, €CJIU BbIPaskeHue
(A WJIN Br) U Cu

He PaBHO HYJII0, U IleJIoe 3HaueHue B poTHBHOM caydae. Yepes A, Bip u Cir o6o3Ha-
YeHBI 1[eJIble YacTH 3HaYeHul a, b, ¢, oneparun Y u MJIN — nopaspsambie. 3HaueHus
a, b, ¢, Xuau., XxoH., dX BBeCTH ¢ KIaBUATypPHI.

BapuaHTt 13

BoruncmmTh v BbIBECTH Ha SKpaH B Buze Tabanipl 3Hadenus Gynkimy F Ha unteppase
oT XHau. 10 XKOH. ¢ maroMm dX.
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ax’* +b npux— 1<0ub- x#0
F=1%"¢ npux— 1>0ub+x=0

x

x

= 6 OCMANLHIX CAYUASX

c

e a, b, ¢ — neficTBUTEIbHBIE YUCIIA.
Oyuknus F no/mkna npuHuMaTh IeficTBUTENbHOE 3HAYEHUE, €CJIU BhIPAKeHUe
(A 1JIN B) MO/12 (B 1 Cir)

He PaBHO HYyJIIO, U IleJIoe 3HaueHue B IIpoTHUBHOM caydae. Yepes An, Bip u Cii obosHa-
YeHBI T[eJIble YacTh 3HaYeHuit a, b, ¢, oneparmu U, MJIWM u MO/I2 (cinoxenne mo Mo-
Iyso 2) — mopaspsiiabie. 3uaueHus a, b, ¢, XHad., XkoH., dX BBeCTU ¢ KJIaBHATYPBL

BapwuaHT 14

BoluncmmTs 1 BbIBECTH Ha SKpaH B Buze Tabanibl 3Hadenus GyHkiuy F Ha uHTeppase
oT XHau. 0 XKoH. ¢ maroMm dX.

—ax®— b nmpux+c<OQua=0
x—a

F= npux+c>0ua=0
x—c
x ¢
Z= 6 OCMANLHBIX CYUASX
c x

rine a, b, ¢ — peiicTBUTEIbHbIE YUCIA.

ODyuknus F pomkHa IpUHUMATH JIEHCTBUTETBHOE 3HAYEHIE, €CJIU BbIPaKeHNe
(A1t MO/I2 Br) MJIN (At MO/12 Cir)
He PaBHO HYJII0, U IleJIoe 3HaueHue B poTuBHOM caydae. Yepes A, Bir u Cii o6o3Ha-

YeHbI 1IeJIble YacTy 3HaueHuii a, b, ¢, onepauuu NJIN u MO/I2 (cioxkeHue 110 MOLY-
Jo 2) — nopaspsaHbie. 3HayeHus a, b, ¢, Xuau., XkoH., dX BBeCTH ¢ KIaBUATYypPbL.

BapuaHT 15

BoruncinTh U BBIBECTH Ha 9KPaH B BUjie TaOIUIbI 3HaueHus pyHKIMK F Ha nHTEpBase
or Xuau. 10 XKoH. ¢ maroMm dX.

—ax’+b  npux<O0ub=#0

F={Y 455 npux>0ub=0
x-c

X

- C

6 OCMAlbHblX CAYUasax

rae a, b, ¢ — neficTBUTEIbHBIE YHCIIA.

Oyuknus F qomkHa npuHUMaTh [efICTBUTENbHOE 3HAYEHUE, €CJIU BhIPAKEHUE
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HE(An MJIN Bu UJIN Cu)

He PaBHO HYJIIO, U IleJI0e 3HaUYeHKe B IIpOTUBHOM caydae. Yepes An, By u Cii o6o3Ha-
YeHBI I[eJIble YaCTU 3HaueHui a, b, ¢, onepartun HE u MJIVW — mopaspsambie. 3Have-
Hus a, b, ¢, Xuau., Xxon., dX BBeCTH ¢ KJIaBHATYyPBL.

BapuaHT 16

Bbruncmuts 1 BbIBECTH Ha SKpaH B Buje Tabanibl 3Hadenus GyHkuy F Ha uHTepBase
oT XHau. 10 XKOH. ¢ maroMm dX.

a(x+c¢)’— b npux=0ub=0

X —a

npux=0ub=0
—

X
a+ — 6 OCMAlbHbLX CAYUasix
C

rie a, b, ¢ — jeficTBUTEIbHBIE YUCIA.
Oynknng F nomkHa IpUHUMATH efiCTBUTEIbHOE 3HAYEHNE, €CJIN BBIPAKEHNEe
(At MO/I2 Bii) I HE(An JIN Cr)

He PaBHO HYJIIO, U IIeJI0€ 3Ha4YeHKe B IIPOTUBHOM caydae. Yepes An, By u Ciy o6o3Ha-
YeHBI 11eJIble YacTH 3HaueHwuit a, b, ¢, onepanuu HE, W, NJIN u MO/I2 (croxenwue 1mo
MOJyJI0 2) — TopaspsiiHble. 3HaueHus a, b, ¢, XHau., XKoH., dX BBeCTH ¢ KJIaBHUaTy-

pBIL.
BapuaHT 17

BoruncmmTh v BbIBECTH Ha 9KpaH B Buje Tabanipl 3Hadenus GyHkimy F Ha mHTepBase
oT XHau. 10 XKoH. ¢ maroMm dX.

ax® — cx+b npux+10<0ub=0
F=]t"4 npux +10>0u b =0

X —C

_ 6 OCMAJlbHblX CAYUasax

a— ¢

rae a, b, ¢ — nefiCTBUTE/IbHBIC YUCIA.
Oyurnus F omkHa MpUHAMATH JEHCTBUTETbHOE 3HAYEHHUE, €CITH BhIPasKeHIEe
(A MJIN Bu) U HE(Au MJIN Ci)

He PaBHO HYyJIIO, U IleJIoe 3HaueHKe B IIpoTUBHOM caydae. Yepes An, Biy u Cii o6o3na-
YeHBI 1[eJIble YacTh 3HaueHuit a, b, ¢, onepann HE, 11 u MJIN — mopaspsianbie. 3Ha-
yenud a, b, ¢, Xuau., Xxon., dX BBeCTH ¢ KIaBUATYPBL

BapuaHT 18

BobruncmmTh v BbIBECTH Ha SKpaH B Buze Tabanibl 3Hadenus Gynkiun F Ha unTeppase
oT XHau. 10 XKOH. ¢ maroMm dX.
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ax® + bx* npux <0ub =0
F=1X"¢ npux >0ub=0
x—c
x+5
—_— 8 OCMANLHLIX CYUASX
c(x— 10)

rie a, b, ¢ — meiicTBUTEIbHBIC YNCIIA.
Oyuknus F nqomkaa npuHUMATh IefICTBUTENBHOE 3HAYEHUE, €CJIU BHIPAKEHUE
HE(An 1 B U Cr)

He PaBHO HYyJIIO, U IleJIoe 3HaueHue B IIpoTUBHOM caydae. Yepes An, Bip u Cii obosHa-
YEeHBI TIeJIble YaCTH 3HaYeHW a, b, ¢, onepanm HE n VI — mopaspsigabie. 3HaUeHUs a,
b, ¢, Xnau., Xxom., dX BBecTH ¢ KJIaBUaTypPbI.

BapuanTt 19

BoIuncinTh U BHIBECTH Ha 9KPaH B BUjie TaOIUIbI 3HaueHus QyHKIMK F Ha nHTEpBase
or XHau. 10 XKoH. ¢ maroMm dX.

a(x+7) — b npux<5ub=#0
F= x—cd npux>5ub=0

ax

x

= 6 OCMANLHLIX CYUASX

c

rne a, b, ¢, d — nelictBurenbHble YnCIA.
Oyuxnua F 1omKkHa IpuHIMAaTh JefiCTBUTENbHOE 3HAYEHUE, €CII BHIPAKEHNEe
(At MOJI2 Bir) MJIA (A MOJI2 Cr)

He PaBHO HYyJII0, U IleJIoe 3HaueHue B poTHBHOM caydae. Yepes A, Bip u Cii obo3Ha-
YeHBI 11e/Ible YacTH 3HaueHuii a, b, ¢, onepauuu MJINM u MO/I2 (cioxkeHue 1Mo MOLY-
o 2) — nopaspsaHabie. 3Havenus a, b, ¢, d, Xuau., Xxon., dX BBeCTH ¢ KJIaBHATYPBHL.

BapuaHnT 20

Bbrumc/inTh U BBIBECTH Ha 9KPaH B Bujie TabauIbl 3Hauenns GpyHkiuuu F Ha unrepsaie
oT Xuau. 10 XKkoH. ¢ marom dX.

2x— ¢

- = - npux <0ub=0
x— a

x—a

F= npux >0ub=0

xX—c
x - c

e 6 OCMANLHLIX CAYUASIX
c 2x

rje a, b, ¢ — nelfiCTBUTEIbHbIE YUCIIA.

q)yHKLII/IH F JOJIKHA IPUHUMATDH ﬂeﬁCTBHTeHBHOE 3Ha4YeHne, eCJan BhIpa’KeHUe
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HE(An MJINM Bu) N1 HE(An NJIN Cu)

He PaBHO HYJIIO, U IleJIoe 3HaueHue B IIpoTUBHOM caydae. Yepes An, Biy u Cii o6o3Ha-
YeHBI 1[eJIble YacTH 3HaueHuit a, b, ¢, onepannu HE, VI u MIJIN — mopaspsianbie. 3Ha-
yenusd a, b, ¢, Xuau., Xxon., dX BBeCTH ¢ KJaBUATYPBL.

OpnHomMepHble MacCuBbI

HpI/IMe‘{aHI/IQ. PaSMepHOCTI/I MaCCHMBOB 3a4al0TCA MMEHOBAHHBIMU KOHCTaHTaMMH.

BapuaHnTt 1
B OAHOMEPHOM MacCCHUBE, COCTOAIIEM M3 77 BEIIECTBEHHBIX 9JIEMEHTOB, BBIYHUCJINTD!
1) CyMMY OTpuUllaT€/JIbHBIX 2JIEMEHTOB MaCCHBa,

2) TIPON3BEICHUE IJIEMCHTOB MAaCCHBA, PACIIOJIOKEHHDBIX MEXK/Y MAKCUMaJbHbIM 1 M-
HUMaJbHBIM 3JIEMEHTaMMU.

YHOpHI[O‘H/ITb 9JIEMEHTBI MaCCHBa 110 BO3PaCTaHUIO.

BapuaHT 2
B OHOMEPHOM MaCCHUBE, COCTOAIIEM M3 77 BEIIECTBEHHBIX 9JIEMEHTOB, BbIYNCJINTD!
1) CYMMY IOJIOKHUTEJIbHBIX 9JIEMEHTOB MaCCHBa;

2) TIpOn3BE/ICHUE JIEMEHTOB MaCCHBa, PACITOJIOKEHHBIX MEK/y MAaKCUMAJIbHBIM 110 MO-
AYJI10 1 MUHUMAJIBHBIM 110 MOZYJIIO 9JIEMEHTaMU.

YHOleIO'-II/ITI) 9JIEMECHTBI MaCCHBa I10 Y6I)IB3.HI/IIO.

BapuaHTt 3
B onHomepHOM MaccuBe, COCTOSIIEM U3 7 IIEJIBIX 2JIEMEHTOB, BBIUNCIUTB:
1) mpousBejieHrie 97IeMEHTOB MAaCCHBA C YETHBIMU HOMEPAMU;

2) cyMMy 2JIeMEHTOB MaCCHBa, PACIIONOKEHHBIX MEXK/Y MEPBBIM U TIOCTETHUM HYJIe-
BBIMU 3JIEMEHTAMH.

[IpeobpazoBarh MaCCUB TaKMM 06PA30M, YTOOBI CHAYAJIA PACIOJIATAIUCEH BCE MOJOKH-
TeJIbHBIE HJIEMEHTBHI, a IOTOM — BCE OTPUIIATEIbHbBIE (3JIeMeHThI, paBHble (), CYUTATDH
MOJIOSKUTETbHBIMU ).

BapuaHT 4
B OTHOMEPHOM MaCCHUBE, COCTOAIIEM M3 77 BEIIECTBEHHBIX 3JIEMEHTOB, BLIYHUCINTD!
1) CyMMY 3JIEMEHTOB MaCcCUBa C HECYETHBIMU HOMEpaMM;

2) cymMMy 3JeMEeHTOB MAacCHBa, PACTIONOKEHHBIX MEXIY TIePBBIM M MTOCTETHUM OTPHU-
LATEJIbHBIMU 3JICMEHTAMMU.

CskaTh Maccus, yIaIuB 13 HETO BCE JIEMEHTHI, MOIYJIb KOTOPBIX HE IIPEBLINIAET 1. Oc-
BO6OI[I/IBI_HI/I€CH B KOHII€ MacCCHBa 9JIEMEHTbBI 3aIlTOJTHUTH HYJISIMUA.

BapuaHT 5

B OJHOMEPHOM MacCCHBe€, COCTOAIIEM U3 77 BEIECTBEHHBIX 9JIEMEHTOB, BbIYNCJINUTD!

1) MakcUMaJbHBIN 2JIEMEHT MAaCcCUBA;
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2) CYMMY 2JIEMEHTOB MaCCHUBa, PACIIOJIOKEHHBIX /IO ITOCJIE/ITHETO TTOJIOKUTEIbHOI'O 9J1€-
MEHTa.

CsxaThb MacCcHB, y/IAJIUB U3 HETO BCE 3JIEMEHTBI, MOJYJIb KOTOPBIX HAXOAUTCSA B MHTEP-
Basie [a,b]. OcBoGoauBIIMEcs B KOHIIE MACCHBA JIEMEHTBI 3aTIOJTHUTD HYJISIMI.

BapuaHT 6
B omHOMepHOM MaccuBe, COCTOSIIIEM U3 7 BENECTBEHHBIX JIEMEHTOB, BEIUNCTUTD!
1) MUHWMaJbHBIA 3JIEMEHT MaCcCUBa,;

2) cymMMy 2JIeMEHTOB MaCcCUBa, PACTIOJNOKEHHBIX MEK/Y TIEPBBIM U MOCJIEHUM TI0JIO-
SKUTEJIBHBIMU 3JIeMEHTaMU.

Hpe06pa30}3aTb MacCCHUB TaKMM 06pa30M, yTOOBI CHAYaIa paciiosiaraJinCb BCe€ 9JiEMEH-
TbI, paBHbIE HYJIIO, a TIOTOM — BC€ OCTaJIbHbIE.

BapuaHT 7
B OJHOMEPHOM MacCCHB€, COCTOAIIEM U3 M 11EJIbIX 3JIEMEHTOB, BbIYNCJINUTD!
1) HOMEP MaKCUMaJIbHOTO 3JIEMEHTAa MaCCHBa;

2) IIpOM3BEICHUE IJIEMECHTOB MAaCCHBa, PACIIOJIOKCHHBIX MEJK/Yy IIE€PBbIM M BTOPbIM
HYJEBBIMU 9JIEMEHTaAMMU.

ITpeobpazoBaTh MaccUB TaKuM 00pa3oM, YTOObI B IIEPBOM €ro IOJOBUHE paciiojara-
JIVICH JIEMEHTBI, CTOSIBIITME B HEYETHBIX MO3UIIHSIX, a BO BTOPO MOJOBUHE — DJIEMEH-
TBI, CTOSIBIIIAE B YE€THBIX TTO3UIIUSIX.

BapuaHT 8
B OHOMEPHOM MacCCHBeE, COCTOAIIEM U3 77 BEIIECTBEHHDBIX 3JIEMEHTOB, BbIYNCJINUTD!
1) HOMEPp MUHUMAJIBHOTO 3JIEMEHTA MaCCHBa;

2) cyMMy 2JIeMEHTOB MacCHBa, PACHOJIOKEHHBIX MEK/y HepBbIM U BTOPBIM OTPHUIIA-
TEJTbHBIMU 2JIEMEHTAMU.

ITpeobpaszoBaTh MacCUB TaKUM 0OPa3oM, YTOObI CHaYa/Ia PACIOJIAraJnuch BCE dJIeMeH-
TBI, MOJYJIb KOTOPBIX HE IIPEBBIIIAET 1, a IOTOM — BCE OCTa/IbHBIE.

BapuaHT 9
B OIHOMEPHOM MaCCHUBE, COCTOAIIEM M3 77 BEIIIECTBEHHDBIX 9JIEMEHTOB, BHIYHUCJINTD!
1) MakCUMaJIbHBIN IO MOJLYJIIO 2JIEMEHT MaCcCUBa;

2) cymMMy 3JIEMEHTOB MaCCUBA, PACIOJIOKEHHBIX MEK/Y ITePBBIM M BTOPBIM MTOJIOXKU-
TEJIbHBIMU 2JIEMEHTAMU.

Hpe06pa30}3aTb MaCCHUB TaKUM O6p3.30M, 4TOOBI JJIEMEHTDBI, paBHbIEC HYJIIO, paclioJjara-
JINCDH II0CJI€ BCE€X OCTAJIbHBIX.

BapuanTt 10
B oxHOMepHOM MaccuBe, COCTOSIIIEM U3 71 TIEJIBIX JIEMEHTOB, BHIYUCIUTD:
1) MUHUMATBHBIN 11O MOLYJIIO JIEMEHT MACCUBA;

2) cymMMy MOJyJiell 3JIeMEHTOB MAacCHBa, PACIIOJIOKEHHBIX MTOCJe TTePBOr0 3JeMeHTa,
PaBHOTO HYJIIO.
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ITpeoGpasoBaTh MaccuB TakuM 00pa3oM, 4TOObI B IIEPBOI €ro MOJOBUHE paciiojara-
JIACD 9JIEMEHTDL, CTOSABIINE B YETHDIX [TO3ULUAX, @ BO BTOPOH 110JI0BUHE — 9JIEMEHTDI,
CTOMABIIIME B HECYETHDBIX IMTO3UIUAX.

BapuaHnT 11

B OIHOMEPHOM MaCCHUBE, COCTOAIIEM M3 77 BEIIECTBEHHDBIX 9JIEMEHTOB, BBIYHCJINTD!

1) HOMEPp MUHUMAJIBHOTO II0 MO/IYJIIO 3JIEMEHTA MaCCHBa,

2) cyMMy MOAyJeil 2JIeMEHTOB MacCHBA, PACIIOJIOXKEHHBIX II0Cje [1€PBOr0 OTPUIla-
TEJBHOTO 3JIEMEHTA.

CsxaThb MacCUB, y/IaJUB U3 HETO BCE AJIEMEHTHI, BeJIMYMHA KOTOPBIX HAXOAWTCS B WH-
tepBasie [a,b]. OcBoboauBIIHECS B KOHIIE MACCHBA 3JIEMEHTHI 3alIOJIHUTD HYJISIMU.
BapuaHT 12

B opmHOMEpHOM MaccuBe, COCTOSIIEM U3 7 BEIECTBEHHBIX 2JIEMEHTOB, BBIYUCIIUTD:

1) HOMep MaKCHMMAaJIbHOTO TI0 MOYJIIO 3JIeMEHTa MacCHBa;

2) CyMMY JJIEMEHTOB MacCCHBa, PACIOJIOKEHHBIX II0CJ€ IIE€PBOIO ITOJOKUTEIbHOT'O
9JIEMEHTa.

ITpeobpaszoBaTh MacCUB TaKUM 0OPa3oM, YTOObI CHAYa/Ia PACIIOJIATANNCH BCE DJIEMEH-
ThbI, 1l€JIasl YacTh KOTOPBIX JIEKUT B MHTepBaje [a,b], a moToM — Bce ocrasibHbe.
BapuaHTt 13

B ogHOMepHOM MaccuBe, COCTOSIIEM M3 72 BEIECTBEHHBIX DJIEMEHTOB, BIYUCIUTD:

1) KomMuecTBO 371eMEHTOB MACCUBA, Jie)KAINX B AuanazoHe ot A mo B;

2) cyMMy 2JIeMEHTOB MaCcCUBa, PACIIOJNOKEHHBIX TOCJIE MAKCUMATBHOTO JIEMEHTA.
VIIOpSAZAOUNTD DI€MEHThI MaCCHBa 10 YOBIBAHUIO MOLYJIEH DI€MEHTOB.

BapwuaHT 14

B onnomepHoM MaccuBe, COCTOSIIIEM U3 7 BEIECTBEHHBIX JIEMEHTOB, BHIYUCIUTD:
1) KomMuecTBO 27EMEHTOB MacCHBa, PaBHBIX 0;

2) cyMMy 2JIEeMEHTOB MAaCcCUBa, PACIIOJNOKEHHBIX TOCJIE MUHUMATBHOTO HJIEMEHTA.
YHopsiiounTh 3JeMEHTHI MACCUBA 110 BO3PACTAHUIO MOJLYJIEN 2JIEMEHTOB.

BapuaHT 15
B O[[HOMepHOM MacCcCuBe, COCTOAIIEM U3 71 BEIIEeCTBEHHbIX 3JIEMEHTOB, BbIYUCJINTD:
1) xosmyecTBO BIEMEHTOB MaccuBa, Oosbumnx C;

2) TIPOM3BE/ICHNE JJIEMEHTOB MaCCHBA, PACIOJIOKEHHBIX ITOCJIE€ MAaKCHUMAJBbHOTO IIO
MOAYJIIO dJIEMEHTa.

ITpeoGpasoBaTh MacCUB TaKUM 0OPa3oM, YTOOBI CHAYAIA PACIIOJIATAIUCH BCE OTPUILA-
TEJIbHbBIE SJIEMEHTBI, & IOTOM — BCE MOJIOXKUTENbHbIE (31eMeHTbI, paBHbie 0, cauTaTh
MTOJIOKUTETbHBIMU ).

BapuaHT 16
B OJHOMEPHOM MaCCHUBE, COCTOAIIEM M3 77 BEIIECTBEHHBIX 9JIEMEHTOB, BbIYMCJNTD!

1) KoIMYecTBO OTPUIATETHHBIX HITEMEHTOB MACCUBA;
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2) CyMMY MOlIy]'IefI JJIEMEHTOB MaCCHBa, PACIOJIOKEHHBIX IOCJI€ MUHUMAJIbHOTO TI0
MOZAYJIIO 2JIEMEHTA.

3aMeHUTDh Bce OTpUllaTeJIbHbIE 3JIEMEHTbI MaCCHBa MX KBa/[paTaMW W YIIOPAAOYUTDH
JJIEMEHTBI MaCCHBa 110 BO3paCTaHUIO.

BapuanTt 17
B OHOMEPHOM MacCCHBE, COCTOAIIEM U3 7 1IE€JbIX 3JIEMEHTOB, BBIYNCJINUTD!
1) KOJINYECTBO IMOJIOKUTEJBbHBIX 3JIECMEHTOB MaCCHUBaQ,

2) cyMMy 2JIeMEHTOB MaCCHBa, PACIOJOKEHHBIX TIOCTE MTOCIEHEro 3JIeMeHTa, PaBHO-
TO HYJTIO.

[IpeobpazoBath MacCUB TakKUM 0OPa3oM, 4TOObI CHAYaJIa PACTIOIArajuch BCE DIEMEH-
TBI, IleJ1asl YacTh KOTOPBIX He IpeBblnaeT 1, a IoToM — Bce OcTasbHBbIE.

BapuaHT 18
B osHoMepHOM MaccuBe, COCTOSIIEM U3 71 BEIECTBEHHBIX AJIEMEHTOB, BBIYNCIINTH:
1) xonudecTBO 2s1eMeHTOB MaccuBa, Menblux C;

2) cyMMy IIeJIBIX YacTell 3JIeMEHTOB MAaCCHBA, PACIIONOKEHHDIX TIOCTIE TOCTEHErO OT-
PHUIATEJIBHOTO 3JIeMeHTa.

ITpeobpaszoBaTh MacCUB TaKUM 0OPa3oM, YTOObI CHaYa/Ia PACIIOJIAraJuch BCE dJIeMeH-
ThI, OTJIMYAIONIIECS OT MaKCUMaIbHOTO He Oosee ueM Ha 20%, a II0TOM — BCE OCTaJlb-
HbIE.

BapuaHnT 19
B OJHOMEPHOM MaCCHUBE, COCTOAIIEM M3 77 BEIIECTBEHHBIX 9JIEMEHTOB, BbIYMCJINTD!
1) mpomusBemeHne OTPUTIATEIBHBIX AJIEMEHTOB MACCHUBA;

2) CYMMY ITOJIOKUTEJBHBIX 3JIEMEHTOB MaCCHBa, PACIIOJIOKEHHDIX 10 MaKCUMAJIbHOT'O
9JIEMEHTA.

Mamenutn TOPANOK CJae/l0BaHuA 9JIEMEHTOB B MaCCHBE Ha O6paTHbII71.

BapuanT 20

B OAHOMEPHOM MaCCHUBE, COCTOAIIEM M3 77 BEIIECTBEHHDBIX IJIEMEHTOB, BLIYNCJINTD!
1) IIpoun3Be/icHrE TTOJIOKUTEIbHBIX 9JIEMEHTOB MaCCHBA;

2) CYyMMY 9JIEMEHTOB MaCCHBa, PACIIOJIOJKEHHBIX 10 MUHUMAJbHOTO 9JIEMEHTA.

YHOleIO‘H/ITb 110 BO3paCTaHUIO OTAEJIbHO 3JIEMEHTDbI, CTOANIME Ha YETHBIX MeECTaxX,
1 9JIEMEHTDI, CTOAIIME Ha HEYETHBIX MECTaxX.

AByMepHble MacCUBbI

BapuaHT 1
[lana 1eouncieHHas NpsMOyrobHast Matpuiia. OnpenesanTs:
1) KOJIMYECTBO CTPOK, HE COACPKAIUX HU O/HOI'O HYJIEBOTO 3JIEMEHTA;

2) MakCHMaJIbHOE U3 YKCeJI, BCTPEUAIOIINXCS B 3a[aHHO MaTpuiie 6oJiee OJIHOTO pasa.
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BapuaHT 2

lIaHa TejIovncieHHada MpAMOYTOIbHAA MaTpuUIia. OHPG[[GJII/ITB KOJIM4E€CTBO CTOJI6LIOB,
He coZepiKallnXx HU OJHOT'0 HYJIEBOTO 3JIEMEHTA.

XapaKTepI/ICTI/IKOﬁ CTPOKHA He]IOLII/ICJIeHHOﬁ MaTpUIlbl HA30BEM CYMMY €€ ITOJIOKUTEJIb-
HDBIX YETHBIX 3JIECMCHTOB. HepeCTaBJIHH CTPOKHN SaﬂaHHOﬁ MaTpPUIIbI, PACIIOJIOKUTD UX B
COOTBETCTBUHN C POCTOM XapPaKTEPUCTHUK.

BapuaHT 3

IIaHa IeJIouncaeHHass npAMOyTroJibHadA MaTpulla. OHpeI[eJII/ITbZ

1) KoJM4YecTBO CTOJAGIOB, COAEPIKAIIMX XOTS ObI OJIUH HYJIEBOU HJIEMEHT;

2) HOMep CTPOKHU, B KOTOPOM HAXOANTCS caMast ITTMHHAS CePUs OJIMHAKOBBIX 3JIEMEHTOB.

BapuaHT 4
l[aHa IeJIouncaeHHas KBa/[paTHasd MaTpuUIia. OHpelIeJII/ITbZ

1) npousBejieHre 2JIeMEHTOB B T€X CTPOKaX, KOTOPbIE HE CO/EP:KAT OTPUIIATENbHDIX
9JIEMEHTOB;

2) MakCUMyM CpPe/id CYMM 3JIeMEHTOB JiMaroHaleil, IapaiebHbIX [JIaBHOI 1aroHa-
JI MaTPUIBL

BapuaHT 5

[lana nenounciaenHas kBajgpatHas MaTpuia. OIperennTs:

1) cymMy 271€MEHTOB B TeX CTOJIOIAX, KOTOPbIE He COIEPKAT OTPHIATEBHbIX JIEMEHTOB;

2) MUHUMYM CPefl CYMM MOZYJEH 2JeMeHTOB AMaroHajel, mapaytelbHbIX moHod-
HOU MaroHalInl MaTpPUIIBL

BapuaHT 6

Jlana nenouncienHas IpsIMOyrojbHas Matpuna. OnpeaeanTb:

1) cyMMy 5JIEMEHTOB B T€X CTPOKAX, KOTOPbIE COAEPKAT XOTs ObI OZWH OTPUIATEIb-
HbBII BJIEMEHT;

2) HOMEpa CTPOK 1 CTOJI6HOB BCEX CE/IJIOBBIX TOYEK MATPUIIbI.

NMPUMEYAHUE
Matpuna A uMeeT cesioByIo TOUKY Ajj, ecn Ajj ABJIAETCA MUHUMAILHLIM 2JIEeMEHTOM B i-ii
CTPOKE M MaKCHMAaJIbHBIM B j-M CTOJIOILE.

BapuaHT 7

Jlns 3agaHHON MaTpuilbl pasMepoM 8 Ha 8 HaliTi Takue B, 4TO k-9 CTpPOKA MaTpPUILbI
coBmazaer ¢ k-M cToaOIIoM.

Haiitu cyMMy 2JIeMEHTOB B TEX CTPOKaX, KOTOPbIE COJePKAT XOTsI Obl OAUH OTPUILA-
TEJIbHBIA 9JIEMEHT.

BapuaHTt 8

XapakTepucTHKOi CTOI0IA 1eJI0YNCIEHHON MAaTPUIBI HA30BEM CYMMY MOJIYJEH ero
OTPHUIATETLHBIX HEYETHBIX 2JEMEHTOB. IlepecTaBisiss cTOMOIBI 3aaHHON MATPHIHI,
PacIIONOXKUTL UX B COOTBETCTBUU C POCTOM XapaKTePUCTUK.
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Haiitu cymMy 2JIeMEHTOB B TeX CTOJIOIAX, KOTOPbIE coAepsKaT XOTs Obl OJMH OTPUILA-
TEJIbHBIA JJIEMEHT.

BapuaHT 9

Cocensamu siemenTa Aj; B MaTpHIle HazoBeM deMeHThl Ay ¢ i—1 <k <i+1, j—1 <1 <j+1,
(k, 1) # (i, j). Onepanus criuakuBaHust MAaTPUIbL JA€T HOBYIO MaTPHUILY TOT'O Ke pasMe-
Pa, KQKIBII 9IeMEHT KOTOPOU MOJIyJaeTcst Kak cpejiHee apuMeTHIecKoe NMETOTNX-
¢S coceliell COOTBETCTBYIOINIETO AIeMeHTa NCXOHOM MaTpuiibl. [locTpouTh pesynbrat
CTJIAKMBAHUS 33/IaHHON BellecTBeHHON MaTpuilbl pazmepom 10 Ha 10.

B crnaxxenHoit mMaTpuile HAUTH CyMMY MOJYJIEH 2JIEMEHTOB, PACIIOJIOKEHHBIX HUKE
IJIABHOU JMarOHaJIN.

BapuanTt 10

DJIEMEHT MATPUIIBl HA3BIBACTCSA JIOKATHHBIM MUHUMYMOM, €CJU OH CTPOTO MEHBbIIE
BCEX UMEONIUXCsT y Hero cocefieid. [loicunTaTh KOJMYECTBO JIOKATbHBIX MUHUMYMOB
3a7laHHON MaTpuIlsl pasmepom 10 ma 10.

Haittnn CyMMY MOZIy]IefI JJIEMEHTOB, PACIIOJIOKEHHBIX BbIIIE IJIaBHOM JiaroHaJin.

BapuanT 11

Koaddurmentsr cucrembl JTMHENHBIX ypaBHEHWN 3a/laHbl B BUE MPIMOYTOJIbHON
Marpuilbl. C OMOIIBIO JOMYCTUMBIX TIPEOOPAa3OBAHUI IPUBECTU CUCTEMY K TPEYTOJIb-
HOMY BHIY.

Haiitu xonmyecTBo CTPOK, cpetee apiudMeTUyecKoe 91eMEHTOB KOTOPhIX MEHbIIIE 3a-
JAHHON BEJIMYUHBL.

BapuaHT 12

YIAOTHUTD 3aMaHHYI0 MATPUILY, YAAJSIS U3 Hee CTPOKU W CTOJIOTIBI, 3aMOTHEHHbIE HY-
nsgmu. Haiiti HoMep 11epBOH U3 CTPOK, COAEPIKANIMX XOTsI OBl OJUH TIOJOKUTETbHBII
9JICMEHT.

BapuaHT 13

Ocy1ecTBUTh HUKJIUYECKUN CABUI 9JIEMEHTOB IIPSIMOYTOJIBHOM MaTpPUIbI Ha 7 dJle-
MEHTOB BIIPABO WJiM BHU3 (B 3aBUCHMOCTH OT BBEJIEHHOTO PEKUMA). 7 MOXKET OBITH
GOJIbIIIE KOJMYECTBA HJIEMEHTOB B CTPOKE MJIH CTOJOIIE.

BapuaHnT 14

Ocy1ecTBUTh IIMKJANYECKUH CIBUT 2JIEMEHTOB KBaJ[PAaTHOM MaTpHIbl Pa3MEPHOCTH
MxN BIIpaBO Ha k 2JIeMEHTOB TaKMM OOPa3OM: JIEMEHTBI 1-if CTPOKU CIABUTAIOTCS B
MOCJIeTHIIT cTOJIGET] CBEPXY BHU3, U3 HETO — B MOCJIEHIO CTPOKY CIIPaBa HAJIEBO, U3
Hee — B TIEPBBIN CTOJAOEI] CHU3Y BBEPX, M3 HETO — B MEPBYIO CTPOKY; /TSI OCTATBHBIX
9JIEMEHTOB — aHAJIOTUYHO.

BapuaHT 15

Jlana 1esiounciiennasi npsMoyroJibHas marpuiia. OmnpenesnTb HOMED ITIEPBOrO U3
CTONOIOB, COMEPKAIIUX XOTsI Obl OAMH HYJIEBOIi 9JIEMEHT.

XapaKTepUuCTUKON CTPOKHU IEJTOYNCIEHHON MAaTPUITHI HA30BEM CYMMY €€ OTPHUIIATe N b-
HBIX YeTHBIX 2JieMeHTOB. [lepecTaBiisis cTPOKY 3a1aHHOM MATPUILbI, PACIIOJIOKUTD UX B
COOTBETCTBUU € YObIBAHHEM XapaKTEPUCTHUK.
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BapuaHT 16

YTopsanounTh CTPOKU IEJTOUHUCACHHON MPSMOYTOJIBHONW MaTPUIIBI MO BO3PACTAHUIO
KOJIMYECTBA OJIMHAKOBBIX 3JIEMEHTOB B KaX/10H CTPOKe.

Hatitu HOMED miepBOTO U3 cToN06110B, HE coZieprKalliuX HU OJHOrO OTPULIATE/IbHOI'O dJIe-
MEHTa.
BapuaHTt 17

ITyreM IiepecTaHOBKM 3JIEMEHTOB KBaJpPaTHOM BENIECTBEHHON MaTpPUIbl TOOUTHCS
TOro, 4TOObI €€ MAKCUMAJIbHbIN 2JIEMEHT HaXOAUJICA B JIEBOM BEPXHEM YIUIY, CJIELYIO-
MW TI0 BeIMIuHe — B MO3UINN (2,2), CIeAYIONNii 0 BeJinynHe — B no3unuu (3,3)
U T. JI., 32II0JIHUB TaKUM 00Pa30OM BCIO IVIABHYIO JUarOHaJIb.

Hatitn HoMep mepBOIl U3 CTPOK, He COAEPKAIIUX HU OJHOTO MOJOKUTEIBLHOTO 3Je-
MEHTa.

BapuaHT 18
I[aHa IeJIouncaeHHas nmpAMOyroJibHada MaTpulla. OHpeI[e.HI/ITb:
1) KOJIMYeCTBO CTPOK, COAEPIKALIMX XOTSA Obl OAUH HYJIEBON DJIEMEHT;

2) HOMEDp CTO]I6H8., B KOTOpOfI HaXOAUTCA CaMasd [JIMHHaA Cepusd OAMHAKOBBIX dJIe-
MEHTOB.

BapuaHT 19
l[aHa IeJI0UYncCJIeHHadA KBa/JpaTHAadA MaTpuUIia. OHpeIIeJII/ITbZ
1) CYMMY 9JIEMEHTOB B T€X CTPOKaX, KOTOPbIC HE COAEPKAT OTPUIATEBbHBIX 9JIEMECHTOB;

2) MHWHUMYM Cpe€/In CYMM 3JIEMEHTOB ,ZII/Ial“OHaJIeI./JIy IapaJjijieJIbHbIX rJIaBHOM JinmaroHa-
JIN MATPUILBL.

BapwuaHnT 20
[lana 1ietouncieHHas npsAMOyrobHas Marpuiia. OnpemnesnTs:

1) KoIMYecTBO OTPUIATETHHBIX 2JIEMEHTOB B TE€X CTPOKAX, KOTOPbIE COMEPKAT XOTS
Obl OMUH HYJIEBOI 9JIEMEHT;

2) HOMepa CTPOK M CTOJOIOB BCEX CEIJIOBBIX TOYEK MATPHIIBL.

NMPUMEYAHUE
Marpuna A umeer ce/710By10 TOUKY Ajj, €cain Ajj ABIAETCA MUHUMAJIbHBIM 9JIEMEHTOM B i-if CTpo-
K€ U MaKCUMAaJbHBIM B j-M CTOJIOIIE.

OpHOMepHbIe u ABYMEpPHbIE MaCCUBDI
BapuaHTt 1

/IBa BBIMMYKJIBIX MHOTOYTOJbHUKA 33/JaHbl HA TIJIOCKOCTU TIEePeYncIeHueM KOOpAUHAT
BepIIMH B TOpsiake o6xona rpanuiibl. OnpenejauTs IJIOM@Aal MHOIOYTOJbHUKOB 1
[IPOBEPUTD, JIEKUT JIM OJJUH U3 HUX CTPOTO BHYTPU JPYTOro.

BapuaHT 2

13 3a/[aHHOI'O Ha IIJIOCKOCTHM MHOKECTBa TOYEK BbI6paTb TPpU pas3jindiHbi€ TOYKU TakK,
4TOOBI Pa3HOCTDL MEXKAY IJIOIIAbI0 KPYyTrad, OTPAHUYEHHOTO OKPYKHOCTDHIO, TTPOXOIA-
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e yepe3 9T TPU TOYKH, U TIJIOIIa/IbIO TPEYTroJIbHUKaA C BEPIIMHAMHN B 9TUX TOYKaX
OblIa MUHUMAJTBHOI.

BapuaHT 3

JlaHbI [[Ba MHOKECTBA TOYEK HA MJIOCKOCTH. BbIOPAaTh TPU PasiUUHbIe TOYKH MEPBOTO
MHOKECTBA TaK, 4TOObI KPYT, OTPAHMYECHHBIN OKPYXKHOCTBIO, MTPOXOAAIIEH Yepes aTH
TPH TOUKH, COJIEPKAJ BCE TOUKU BTOPOTO MHOKECTBA U UMEJT MUHIMAJIBHYIO TIJIOIIAIb.

BapuaHT 4

JlaHbl Ba MHOKECTBA TOYEK HA ILJIOCKOCTU. BhIOpaTh YeThipe pasinyHble TOUKU 11ep-
BOIO MHOKECTBA TaK, YTOOBI KBaApaT ¢ BEPUIMHAMU B 9TUX TOYKAX HAKPBIBAI BCE TOU-
KU BTOPOTO MHOKECTBA M UMeJI MUHUMAJIbHYIO TLJIOIIA/Ib.

BapuaHT 5

l[aHbI JABa MHOKECTBa TOYEK Ha IIJIOCKOCTH. BbI6paTb TPHU Pa3JIMYHbIC TOYKHN IIE€PBOTO
MHO’KeCTBa Tak, 4TOODbL TPEYroJIbHUK C BEPIIMHAMU B 9TUX TOYKaX HaKPbIBaJl BCE TOY-
KN BTOPOI'O MHOJKECTBa M1 MMeEJI MUHMMAJIbHYTO IIJIOIIA/lb.

BapuaHT 6

Jlanbr 1Ba MHOKECTBA TOUEK Ha MI0cKOCTH. Haiitn paaimyc u 1eHTp OKpyKHOCTH, TIPO-
XOZIAmIeid yepe3 7 (1>=3) TOYeK MepBOTO MHOXKECTBA W COJIEPIKAIIEH CTPOTO BHYTPU
cebst paBHOE YKCIIO TOYEK TIEPBOTO ¥ BTOPOTO MHOJKECTB.

BapuaHT 7

JlaHbl 1Ba MHOKECTBA TOYEK HA TIOCKOCTH. V3 TIepBOr0 MHOKECTBA BBIGPATH TPH Pas-
JIMUHBIE TOYKU TaK, YTOOBI TPEYTOJBHUK C BEPITUHAMH B STHX TOUYKAX COAEPIKAI
(cTporo BHYTpH cebsT) paBHOE KOJMYECTBO TOYEK TIEPBOTO U BTOPOTO MHOKECTB.

BapuaHT 8

Ha miockocTu 3azanbl MHOKeCTBO ToueK M u Kpyr. BeiOparb us M aBe pasinyHble
TOYKH TaK, YTOOBI HANMEHBITIM 00PA30M Pas3InIaInch KOJTMIECTBA TOUEK B KPYTE, JTe-
JKaIllKe 10 Pa3Hble CTOPOHBI OT TIPAMON, TTPOXOAIIECH Yepe3 aTH TOUKH.

BapuaHT 9

[lano 3n Touek Ha IJIOCKOCTH, IPUYEM HUKAKWE TPU U3 HUX He JIeKaT Ha OJHOMN Ips-
Moii. ITocTponTh MHOXKECTBO 77 TPEYTOJIBHUKOB C BEPIIMHAMU B 3TUX TOYKAX Tak, YTO-
Obl HUKAKWeE JBa TPEYTOJbHUKA HE TIEPECEKAICH U He COAEPKAIU JPYT APYTa.

BapuanTt 10

BoibpaTh Tpu pasinuHble TOYKM U3 3a[aHHOTO MHOKECTBA TOYEK Ha MJIOCKOCTH TaK,
9TO6B! GbIJTA MUHUMATBHOM Pa3HOCTh MEKIY KOJTHYECTBAME TOYEK, JTEKANUX BHYTPH
U BHE TPEYrOJIbHUKA C BEPIIMHAME B BHIOPAHHBIX TOYKAX.

BapuanT 11

OrnpeneTh paJyc U MEHTP OKPYKHOCTH, TIPOXOJIAIIEH 110 KpaiiHell Mepe yepes3 TpH
pasyinyHble TOUYKHU 33JJaHHOI0 MHOXKECTBA TOYeK Ha IIOCKOCTU U cojiepiKallleil BHyTpr
HanbhoJIbITIee KOJMYECTBO TOUEK HTOTO MHOKECTBA.
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BapuaHTt 12

Ha mockocTy 3a1anbl MHOKECTBO TodeK A 1 Touka d BHe ero. [logcunTaTh KOJIMYECT-
BO Pa3/IMYHBIX HEYIIOPSAOYEHHBIX TPOEK TOYEK a, b, ¢ U3 A TaKUX, YTO YETHIPEXYTrOJIb-
HUK abcd sIBISIETCSI TTAPAJLIETIOTPAMMOM,

BapuaHTt 13

Ha mrockocTtn 3a1anbl MHOKECTBO TOYEK A M MHOKeCTBO OKpyskHOCTel B. Haiitu jiBe
Takue pasjindyHble TOYKU U3 A, 4TO MpOXOoAdIias yepe3 HUX MpsMas MePeceKaeTcs ¢
MaKCUMaJIbHBIM KOJUYECTBOM OKPY>KHOCTEH n3 B.

BapwuaHT 14

3a/laH0 MHOKEeCTBO TOUYeK Ha Tockoctu. HaliTu Bce 4eTBEPKU TOYEK, SABJISIONTUXCS
BepITUHAMU KBaApaToB. Hall Tk KBajpar, BHYTPH KOTOPOTO JIGKHUT HANOOIbIee KO-
YeCTBO TOUYEK MHOKECTBA.

BapuaHTt 15

OrnpeneTh pamguyc M MEHTP OKPYKHOCTH MUHUMAJIBHOTO PaJNyca, TTPOXOJSIIeit
XOTs OBl 4epes TPU pasardyHble TOUKHM 33JaHHOI0 MHOMKECTBA TOUEK Ha ILJIOCKOCTH.
BapuaHT 16

Haiit Tpu TpeyroabHUKa ¢ BEPITUHAMU B 33]AaHHOM MHOKECTBE TOUEK HA MIOCKOCTH
Tak, 4ToOBl BTOPOIl TPEYTOJbHUK JIesKal CTPOIO BHYTPHU IEPBOIO, a TPETUH BHYTPU
BTOPOTO.

BapuaHTt 17

JlaHO MHOXeCTBO TOYEK Ha TIOCKOCTU. [ToCTPOUTH Bce BO3MOKHBIE TPEYTOJBHUKH C
BepITMHAMHU B 9TOM MHOKECTBE TOUYEK M HAWTH CPein HUX TAKO, CTOPOHBI KOTOPOTO
[IEPECEKAIOTCS C MAKCUMAJIbHBIM KOJIMYECTBOM TPEYTrOJbHUKOB.

BapuaHT 18

Ha nmockocTt 3a1anbl MHOKECTBO TOYEK M OKPY’KHOCTH PaJIiycoM R ¢ TIeHTPOM B Ha-
yaje KoopauHaT. [locTpouTh MHOKECTBO BCEX TPEYTOJIbHUKOB C BEPIIMHAMU B 3ajIaH-
HBIX TOUYKAX, BCE TPU CTOPOHBI KOTOPBIX MEPECEKAIOTCS ¢ OKPYKHOCTBIO, M HAUTH cpe-
/1 HUX TPEYTOJHHUK C MUHUMATBHOU TIJIONIAIBIO.

BapuaHT 19

HOIIC‘H/ITaTb KOJIMNYECTBO PABHOCTOPOHHUX TPEYTOJbHUKOB C PA3/IMYHBIMU IJIMHAMU
OCHOBaHWI 1 BE€pIIMHaAMM B 3a/laHHOM MHOKECTBE TOYEK Ha IIJIOCKOCTH U OIIPEAEJINTD,
IepeceKkaroTcd Jih OHU.

BapuaHT 20

MHoskecTBO 1I0IAPHO Pa3/IMYHBIX IJIOCKOCTENl B TPEXMEPHOM IIPOCTPAHCTBE 3a/1aHO
nepevyrcaeHueM TPOeK TOUeK, Yyepe3 KOTOpbIe TPOXOANUT Kaxkaas 13 MJI0CKOCTel. Bol-
6path MaKCUMAJILHOE MTOJIMHOKECTBO TIOTIAPHO HEIAPAJLIEIbHBIX ILJIOCKOCTE.,

CTpyKTYypBbI

BapuaHT 1
1. Omucarp ctpyktypy ¢ umenem STUDENT, conepxaiiyto ciemyiomue moJst:
m NAME — damuius u iHUIAAJID;
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m  GROUP — nHoMep rpymnibr
m  SES — ycneBaemocTh (MaccuB M3 TSATH 9JEMEHTOB).
2. Hammcatp nporpaMmy, BBITIOJHSIONIYIO CAEIyIONTUe AeHCTBUS:

E BBOJ| ¢ KJ1aBUarypsl gaHubix B MaccuB STUDI1, cocrosimuii u3 gecstu cTpyk-
typ Tuna STUDENT; sanucu g0/KHBI ObITh YIIOPSAOYEHBI 110 BO3PACTAHUIO
conepxkumoro noJsis GROUP;

E BbIBOJI HA JIUCILIEN (paMUJINIT 1 HOMEPOB TPYIII JIJIsSI BCEX CTY/IEHTOB, BKIIOYEH-
HBIX B MACCHUB, €CJIM CPeHuil Gasur cryaenTta GoJbiie 4,0;

B €CJIM TaKuX CTYAE€HTOB HET, BBIBECTU COOTBETCTBYIOIIECE COO6HI€HI/IG.

BapuaHT 2

1. Omnucars crpykrypy ¢ umenem STUDENT, conepzkariyio cieayrotiue 1moJs:
s NAME — damumus v nHAIHATE;
m  GROUP — Homep rpymiibr
m  SES — ycneBaemocTb (MaccuB U3 TATH 2JIEMEHTOB).

2. Hanwmcartb nporpaMmy, BBIIOJHSIONIYIO CIeAYIOIUe 1efCTBUS:

E BBOJ c KJ1aBUarypsl faHHbIX B MaccuB STUD1, cocrosmuii 3 gecsatn CTpyk-
typ tuna STUDENT; sanucu go/KHBI ObITh YIOPSZAOYEHbI 110 BO3PACTAHKIO
cpenHero Gamia;

B BbIBO/[ Ha ZII/ICHJIGﬁ q)aMI/I]II/IfI nu HOMepOB prHH JJId BCEX CTyIIeHTOB, NMeEIonmnx
oeHku 4 u 5;

B €CJIM TaKuX CTYyA€HTOB HET, BbIBECTN COOTBETCTBYIOIIEE COO6ILI€HI/I€.

BapuaHTt 3

1. Ommcarp ctpykTypy ¢ mmeneM STUDENT, conepxaiiyto ciemayiomue moJst:
s NAME — damuiug v nunuimaibi
m GROUP — nomep rpyriib;
m SES — ycneBaemocTb (MaccuB U3 MATH 2JIEMEHTOB).

2. Hammcatp nmporpaMmy, BBITIOJHSIONIYIO CAeIyIONTue AeHCTBUS:

E BBOJ| ¢ KJaBUarypsbl AaHHbix B MaccuB STUD1, cocrosinuii u3 gecsatu CTpyk-
typ tuna STUDENT; sanucu qoJKHBL ObITh YIOPSIA0YEHBI 110 andaBuTy;

B BBIBOJ Ha JUCILIEH (GaMUJIMil 1 HOMEPOB TPYIII VIS BCEX CTYAEHTOB, UMEIOIINX
X0Ts OBl OJIHY OLEHKY 2;

B €CJIM TaKuX CTYyJA€HTOB HET, BbIBECTN COOTBETCTBYIOIIEE COO6IH€HI/I€.

BapuaHT 4

1. Ommcarp ctpyktypy ¢ nmenem AEROFLOT, comepskaniyio cienyionme moJs:
m NAZN — nHa3BaHue MyHKTa Ha3HAYEHUS peiica;
m NUMR — nHomep peiica;
m TIP — tum camonera.

2. Hammcatp nmporpaMmy, BBITIOJIHSIONIYIO CAeIyTONTue AeHCTBUS:
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® BBOJ ¢ kiaBuatypsl 1anubix B MaccuB AIRPORT, cocrosinii n3 cemu asemen-
toB Tunia AEROFLOT; saruicu K0JKHBL OBITh YIIOPSIZIOYEHB! 10 BO3PACTAHUIO
HOMepa peiica;

B  BbBIBOJ Ha 9KpaH HOMEPOB peﬁCOB " TUTIOB CaMOJIETOB, BBIJIETAIONINX B IIYHKT
HaszHa4Y€HUd, Ha3BaHME KOTOPOIr'o COBIIAJO C Ha3BaHMWEM, BBEJICHHBIM C KJlaBUa-

TYpBI;

B eC/IU TaKUX PEiiCOB HET, BbIIATh HA AMUCILIEH COOTBETCTBYIOIIEE COOOIIEHIIE.
BapuaHT 5
1. Omnucarp ctpykrypy ¢ nmeneM AEROFLOT, conep:xanyio ciemyionue moJs:

m  NAZN — Ha3BaHue MyHKTa Ha3HAYEHUS peiica;

m NUMR — nomep petica;

m TIP — tum camoutera.
2. Hamwmcatp nporpaMmy, BBITIOJHSIONIYIO CAEIyIONUe AeHCTBUS:

B BBOJ C KjaBuaTypbl fannbplx B MaccusB AIPORT, cocrosmuil us cemu anemen-
toB Tiiia AEROFLOT; 3anucu go/kHbI ObITh pa3MelleHbl B an(aBUTHOM I10-
PsiiKe 110 Ha3BaHUSAM IIyHKTOB Ha3HAuYeHUS;

B BBIBOJ HA 9KPaH IYHKTOB Ha3HAYEHUS U HOMEPOB PEiicoB, 0OCTYKUBAEMBIX Ca-
MOJIETOM, THII KOTOPOTO BBEJICH C KJIaBUATYPHI;

B ceCJIM TaKHuX peﬁCOB HET, BblJIaTb Ha JIACILIE COOTBETCTBYIOIIEE COO6H.[€HI/I€.

BapuaHT 6

1. Ommcarp ctpyktypy ¢ unmenem WORKER, conepxaiyto ciemyromue mos:
m NAME — damusus u uHUIIHAIB PaOOTHUKA,;
m  POS — nasanue 3aHnMaeMoil JOJKHOCTH;
m  YEAR — rox nocrymenust Ha pabory.

2. Hamnucarp nporpaMmy, BBITIOJHSIONIYIO CJEAYIONINE NeHCTBUS:

E BBOJ C KJIaBUATYPHI JaHHBIX B MaccuB TABL, cocTogmmii n3 gecsitt cTpyKTyp
tuna WORKER; sanucu Jo/KHBL ObITh padMelleHbl 110 an(aBuTy.

B BBIBOJ Ha JMCIUIEll amMuiimii pabOTHUKOB, Yell cTak padOThl B OpraHU3aIMy
MIPeBBINIAET 3HAUEHNUE, BBEIEHHOE C KIaBUATYPHI;

B eC/IM TaKHuX pa6OTHI/IKOB HET, BbIBECTU Ha IIHCHJIGfI COOTBETCTBYIOLIEE COO6H_[€‘HI/IG.

BapuaHT 7

1. Omnucarp cTpyktypy ¢ nmeneM TRAIN, conmepskantyto caemyroniye moJs:
m NAZN — nHasBanue myHKTa Ha3HAYEHNS;
m NUMR — #omep moesna;
m TIME — Bpems otmpasieHns.

2. Hamwucarp rnporpammy, BBIIOJHSIONIYIO CJleylolue AeHCTBUL:

B BBOJI C KJaBUATypPbI JaHHbIX B MaccuB RASP, cocrosiiuii u3 BocbMu dJjieMeH-
toB tuna TRAIN; sanucu 10/KHbI ObITh pasMelieHbl B an(aBUTHOM HOPSIKE
10 HA3BAHUAM ITyHKTOB Ha3HAYCHUS;
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B BBIBOJ Ha 9KPaH MHMOPMAIIMK O 110€3/1aX, OTIPABJILIONINXCA 110CJIe BBEJACHOTO €
KJIaBUATyPbl BPEMCHY;

B €CJIM TaKHX II0€3/10B HET, BbIJAaTh Ha JACTLIEN COOTBETCTBYIOIIIEE COO6H_I6HI/Ie.

BapuaHT 8

1. Ommcarp ctpykTypy ¢ nmeneM TRAIN, cozepskaiiyio cienyroniie moJis:
m NAZN — nHazBanue nmyHKTa Ha3HAYEHUS;
m NUMR — #omMep moesna;
m TIME — Bpems ornpasiieHns.

2. Hamwmcatp nporpaMmy, BBITIOJHSIONIYIO CAeMyIONUe AeHCTBUS:

E BBOJ C KJIABUATYPhI JlanHbIX B MaccuB RASP, cocrosmuii u3 iectu a2jieMeHTOB
tura TRAIN; sanucu g0/KHBL GBITh YIIOPSIZIOUEHBI 110 BDEMEHU OTIIPABJIEHMUSI
1oes/ia;

B BbBIBOJ Ha 3KpaH I/IHCI)OpMa]_[I/II/I O Tmoe3ax, HallPaBJAAIIIUXCA B IIYHKT, Ha3Ba-
HHE KOTOPOI'O BBEJICHO C KJIaBUAaTYPbI;

B CCJIM TaKHMX I10€30B HET, BbIJaTb Ha JIACILIEN COOTBETCTBYIOIIEE COO6HI€HI/I€.

BapuaHT 9

1. Omnucarp ctpykrypy ¢ numeneM TRAIN, conmepskantyto caemytornime moJis:
m NAZN — nHazBaHme MyHKTAa Ha3HAYEHNS;
m NUMR — momep moesna;
m TIME — Bpems otmpaBieHns.

2. Hammcatp nmporpaMmy, BBITIOJTHSIONIYIO CeIyTONTue AeHCTBUS:

B BBO/l C KJIaBUATYPbI JaHHBIX B MaccuB RASP, coctosmuit 3 BocbmMu aeMeH-
toB Tna TRAIN; 3anucu 10/KHBL OBbITH YIOPSAIOYEHBI 110 HOMEPaM 10€3/[0B;

B BbIBO/] Ha 9KpaH I/IH(bOpMaHI/II/I O 110€3/1€, HOMEP KOTOPOI'o BBEACH C KJIaBUATYPbI;

€CJIN TaKHX I10€3/10B HET, BblJIaTh Ha JIMCILIein COOTBETCTBYIOIIEE COO6I_H€HI/I€.

BapuanTt 10

1. Omnucarp cTpykrypy ¢ umeneM MARSH, cozepskatyio ciemyonue moJsi:
m BEGST — na3zBanue HauajbHOTO ITyHKTA MapIIpyTa;
m TERM — nazBaHue KOHEYHOTO ITyHKTA MapIIpyTa;
m NUMER — HOMep mapmipyTa.

2. Hammcartp mporpaMmy, BBIIOJHSIONIYIO CIeAYIONNe 1efiCTBHS:

B BBOJ ¢ kjaBuatypsl gaHHbIX B MaccuB TRAFIC, cocrosmuii u3 BocbMu aJie-
menToB Tra MARSH; 3amvicu 10/0KHBL OBITH YIIOPSIZIOYEHBI TI0 HOMEPAM Map-
IIPYTOB;

B BbIBOJ Ha 9KpaH MHGOPMAIIUKA O MapIIpyTe, HOMEP KOTOPOTO BBEJEH C KJaBHa-
TYPBI;

B eCJ/IU TaKUX MapLIPYTOB HET, BbIAATH Ha JUCILIEH COOTBETCTBYIONIEe COOOIIEHNE.
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BapuaHnT 11

1. Ommcarp ctpykTypy ¢ umenem MARSH, comepxariyto ciemyronine moJs:
m BEGST — na3Banue HauasbHOTO ITyHKTA MapIiipyTa;
m TERM — na3zBaHue KOHEYHOTO ITyHKTAa MapIIpyTa;
m NUMER — HOmep mapmipyTa.

2. Hamnwucarp rnporpaMmy, BbIIOJHSIONIYIO CJleylolue AeiCTBUs:

® BBOJ ¢ kj1aBuatypsl ganubix B MaccuB TRAFIC, cocrostimuii uz Bochmu aJie-
MeHTOoB Ta MARSH; sanvicu 10/KHB OBITH YITOPSIZIOYEHBI IO HOMEPaM Map-
IIIPYTOB;

B BbIBO/[ Ha 9KpaH I/IH(bOpMaL[I/II/I O MapHIpyTax, KOTOPpbl€ HAYMHAIOTCA NJIN KOH-
YaloTCA B IIYHKTE, Ha3BaHME KOTOPOTO BBEAEHO C KJIaBHUATYPbI;

B eCJIM TaKUX MapIipyTOB HET, BbIAaTh Ha JUCILIEH COOTBETCTBYIOIIEE COOOIIe-
HUe.
BapuaHT 12
1. Ommcarp ctpykTypy ¢ mmenemM NOTE, conmepskaryio cienyiomniye mos:
m NAME — damunms, nms;
m TELE — nowmep renedona;
m BDAY — nenb poxaenus (MacCWB U3 TPeX UHCEN).
2. Hammcartp mporpaMmy, BBITIOJIHSIONIYIO CIeAYIONINe 1efCTBUS:

m BBOJ ¢ kiaBuatypsl ganubix B MaccuB BLOCKNOTE, cocrosiuii u3 BocbMu
snementoB tuia NOTE; sanucu moKHbI ObITh YIOPSZOYEHbBI 110 JaTaM AHei
POKIIEHNS;

B BbIBOJ| Ha 9KpaH nHMOPMalIK O YeJ0BeKe, HoMep TenedoHa KOTOPOro BBe/leH ¢
KJIAaBUATYPBI;

B CCJIM TaKOI'o HET, Bbl/IaTb Ha I[I/ICHJIGP'I COOTBETCTBYIOMIEE COO6H_[€‘HI/IE.

BapuaHTt 13

1. Omucarp crpykTypy ¢ umeneM NOTE, comep:kaniyio cienyioriye moJis:
s NAME — damunus, nms;
m TELE — nowmep tenedona;
m BDAY — nenb poxaenus (MaccuB U3 Tpex 4mced).

2. Hammcatp nmporpaMmy, BBITIOJIHSIIONIYIO CAeIyTONTUe AeHCTBUS:

®m BBOJ ¢ kiaBuatypsl jJanabix B MaccuB BLOCKNOTE, cocrosinuii 3 BocbMu
anemenToB Tuta NOTE; 3anucu Jo/oKHBL OBITh PasMeleHbl 10 ali(haBuTy;

B BbIBOJ[ Ha 9KpaH I/IH(I)OpMaHI/II/I O JIIOJAX, YbM AHUW POXKACHUA IPUXOJATCSA Ha
MECAII, 3HAYE€HNE KOTOPOTrO BBEJICHO C KJIaBUATYPbI;

B ecJIM TaKUX HeT, BbIAATh Ha AUCILIEH COOTBETCTBYIOLIEE COOOIIEHNE,
BapuaHnT 14
1. Ommcarp ctpykTypy ¢ mmenemM NOTE, conepskartiyio cienayioriye mos:
m NAME — dpamunus, nms;
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m TELE — nowmep Tenedona;
m BDAY — nenp poxzaenust (MacCcuB M3 TpexX 4UCE).
2. Hammcatp nmporpaMmy, BBITIOJHSIONIYIO CAEMyIONTUe AeHCTBUS:

m BBOJ ¢ kiaBuarypsl janubix B MaccuB BLOCKNOTE, cocrosinuii u3 BocbMu
anemenToB tua NOTE; sanucu Z0JKHBI ObITh YIIOPSZIOYEHBI 110 TPEM TI€PBBIM
nudpam Homepa TesnedoHa;

BBIBOJI HA 9KpaH MH(MOPMAITUH O YeIOBeKe, Ubst (haMIJINs BBEJICHA C KIIaBUATYPBI;

€CJIN TaKOI'O HET, Bbl/IaTb Ha I[I/ICHJIefI COOTBETCTBYIOMIEE COO6H_[€‘HI/Ie.

BapuaHTt 15

1. Omnucarb cTpyktypy ¢ numeneM ZNAK, comepskaiiyio ciaenyiolime moJis:
s NAME — damunus, ums;
m ZODIAC — 3nak 3oamnaka;
m BDAY — nenp poxzaenusi (MacCuB M3 TpexX YUCE).

2. Hamnucarp nporpaMmy, BBITIOJHSIONIYIO CJEAYIONNe NeHCTBUS:

E BBOJ ¢ knaBuarypsl gannbix B MaccuB BOOK, cocrosiuii u3 BochbMu ajieMeH-
toB Tuna ZNAK; sanucu go/kHbL GbITh YIIOPSIZIOYEHBI 110 JaTaM JIHE posie-
HUS,

B BbBIBOJ Ha 9KpaH MH(OPMAIUU O 4esoBeKe, Ubs (haMUIns BBeJeHa ¢ KJaBha-
TYPbI;
B eCJIM TAKOTO HET, BBIIATh HA ANCILIEH COOTBETCTBYIOIIEE COOOIIEHNE.

BapuaHT 16

1. Omnwucarp cTpyktypy ¢ nmeneM ZNAK, conepskantyto caenyrorime moJs:
s NAME — damunms, nms;
m ZODIAC — 3nax 3oanaka;
m BDAY — nenb poxaenus (MaccuB U3 Tpex 4mced).

2. Hamwucarp nporpammy, BBIIOJHSIONIYIO CeLylolue AeHCTBUL:

E BBOJ C KJaBUaTypsl JaHHBIX B MaccuB BOOK, cocrosmnii n3 BocbMu ajieMeH-
ToB Thia ZNAK; 3anucu JoJKHBL ObITh YIOPSZOYEHbBI 110 JaTaM JAHEH posKje-
HUSI,

B BBIBOJ HA 9KpaH WH(GOPMAITUH O JIOJSIX, POAMBIINAXCS 10/ 3HAKOM, HAUMEHOBA-
HUEe KOTOPOTO BBEIEHO C KJIABUATYPHI;

B €CJIM TaKMX HET, Bbl/IaTb Ha JMCILIen COOTBETCTBYIOMIEE COO6U.[€HI/I€.

BapuaHTt 17

1. Ommcarp cTpykTypy ¢ mmeneM ZNAK, copepskaiiyio ciemyrorniie moJis:
m NAME — damunus, nms;
m ZODIAC — snak 3oamnaka;
m BDAY — nenp poxzaenust (MacCcuB M3 TpeX YUCE).

2. Hammcatp nmporpaMmy, BBITIOJIHSIONIYIO CAeIyTONTue AeHCTBUS:
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E BBOJ ¢ KJ1aBuarypsl JanHbiX B MaccuB BOOK, cocrosmuii u3 BochbMu ajieMeH-
ToB Tuia ZNAK; 3anucu Jo/sKHBL OBITh YIIOPSIIOYEHBI 110 3HAKaM 30/IMaKa;

B BbIBOJI HA AKPaH MHMOPMAIIUU O JIOASIX, POJAUBIIUXCS B MECs1], 3HAUeH1e KOTO-
POTo BBEJICHO C KJIaBUATYPHI;

B CCJIM TaKMX HET, BbIJIATHb Ha III/ICHJIef/,I COOTBETCTBYIOIIEE COO6H.I6HI/Ie.

BapuaHT 18

1. Omnucarp crpykrypy ¢ umenem PRICE, coznepxarniyio ciemyiomiue moJst:
m TOVAR — nHasBanue ToBapa;
m MAG — Ha3BaHue MaraswHa, B KOTOPOM IIPO/IAeTCsl TOBAp;
m STOIM — croumocTh TOBapa B pyo.

2. Hammcartp mporpaMmy, BBIIOJIHSIONIYIO CIeAYIONNe 1efCTBUS:

B BBOJ C KjaaBuaTypbl ganubix B MaccusB SPISOK, cocrosuiuit us Bocbmu aie-
mentoB Tuiia PRICE; 3anmcu po/KHbl ObITh pasMelneHbl B ajdaBUTHOM I10-
PA/IKe TT0 Ha3BaHUSIM TOBApOB;

B BBIBOJ HAa 9KpaH MHMOPMAITIH O TOBape, Ha3BaHNe KOTOPOTO BBEZIEHO C KJIaBHa-
TYPBHI;
B CCJI TAaKUX TOBApPOB HET, BBIATH HA JUCILICH COOTBETCTBYIONIEE COOOIEHNE.

BapuaHT 19

1. Ommcarp ctpykTypy ¢ mmenem PRICE, comepsantyio ciemyiomiie moJs:
m TOVAR — nasBanue toBapa;
m MAG — Ha3BaHUe MarasnHa, B KOTOPOM IIPOJIAeTCsI TOBAp;
m STOIM — croumocTh TOBapa B pyo.

2. Hamwmcatp nporpaMmy, BBITIOJTHSIONIYIO CAeMyIONIe AeHCTBUS:

B BBOJ ¢ knaBuarypsl ganubix B MaccuB SPISOK, cocrosiuii u3 Bocemu aJie-
mentoB Tuiia PRICE; 3anucu g0/kHbI ObITh pasMeIneHbl B aq(aBUTHOM I0-
PsJiKe 1T0 HAa3BAaHUSIM Mara3uHOB;

B BbIBO/[ Ha 9KpaH I/IH(l)OpMaHI/II/I O TOBapaX, NpOoJIalolINXCs B Marasmie, Ha3BaHne
KOTOPOT'O BBEJIEHO C KJIaBUATYPbI;

B eC/IM TaKOro MarasuHa HeT, BbIIaTh Ha AMCILIEH COOTBETCTBYIOIIEE COOOIIEHHE.

BapuaHnT 20

1. Omnucars crpykrypy ¢ umeneM ORDER, copepxantyio caemyromniue most:
m PLAT — pacyeTHBIH cueT MIaTebINMNKa;
m POL — pacuernsriii cuer nosryuareJig;
m SUMMA — nepeuncisieMasi cymma B pyo.

2. Hamwmcatp nporpaMmy, BBITIOJHSIONIYIO CAeMyoNue AeHCTBUS:

® BBOJ ¢ kjnaBuarypsl ganubix B maccuB SPISOK, cocrosiuii u3 Bochmu aJie-
menToB tuna ORDER; sanucu m0/kHbI ObITh pasMelieHbl B andaBUTHOM I10-
PsIJIKe TT0 PACUETHBIM CUYeTaM TLIaTeNbIIUKOB;
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B BbIBO/[ Ha 9KpaH I/IH(bOpMa]_[I/II/I O CyMMe, CHSITOM C pacyeTHOro cHeTa IJIaTeJib-
IINKa, BBEICHHOTO C KJIaBUATYPbI;

B €CJIM TAKOIO PACUETHOIO CYETa HET, BbLAATh Ha JMUCILIEH COOTBETCTBYIOILEE CO-
ob1enue.

Ykasatenu

BomonnuTs 3aanus 3 pasneno «/IBymepHbie MaccuBbl» U «CTPYKTYPbI», HCIOJIb-
3yl TMHAMWYECKOE BbIJICJICHUE TTaMATH.

MpocTenwme pyHKUUN

BomonnuTh ynpaxkHeHus u3 paszena «/[BymepHble MaccuBBbI», O(DOPMHUB KaKblii
IYHKT 3alaHusl B BUAe (QyHKIUU. Bee HeoOXomuMble faHHbIe [Jist (DYHKIIMH TOJKHBI
HepeaBaThCst UM B KAUeCTBE MapameTpoB. Vcmonb3oBatHue rioOaabHbIX MePEMEHHBIX
B (yHKIUAX HE JIOIYCKACTC.

DyHKunn n pannol

BapuaHT 1

[l xpaHeHUd JaHHBIX O IBETHBIX TIJIAHNIETHBIX CKaHepaxX OMUCATh CTPYKTYPY BUIA:
struct scan_info{

char model[257; // HauMeHoBaHUE MOpfesu

int price; // ueHa

double x_size; // TOPW3OHTANbHLIA pa3mep 00NACTWU CKAHWPOBAHWA
double y size; // BepTUKaNbHbIA pa3mep 00NACTH CKAHMPOBAHNA
int optr; // ONTu4yeckoe paspeleHue

int grey; // 4ncno rpapayuin ceporo

b
Hanucarp (GyHKIMIO, KOTOpas 3alychbiBaeT B OMHAPHBIN (aiil faHHbBIe O CKaHepe 13
npuBegeHHON cTpykTyphl. CTpykTypa (aiiia: B HepBbIX ABYX OailTax pasMeniaercs
3HA4YeHNe THUMA int, ompesessioniee KOJMUECTBO CAEJAaHHBIX B (DAl 3ammceit; maiee
6e3 TIPOIYCKOB Pa3MEIaloTCs 3aIlUCH O CKaHepax.

Hamnucarp dynkumio, KoTopast usBjekaeT U3 aToro ¢aiija JaHHble 0 CKaHepe B CTPYK-
Typy tuma scan_info. Ob6s3arebHblil mapameTp — HOMep Tpebyemoii 3anucu. DyHK-
114 JIOJDKHA BO3BpAlllaTh HYJIeBOe 3HAUCHUE, e/ YTeHue IPOIIo ycielHo, 1 —1 B
MIPOTUBHOM CJIy4ae.

[IpuBectu npumep nporpaMmbl, cozjaoiieil Gaiij ¢ JaHHbIMU O CKaHepax (JlaHHbIe
BBOJISATCS € KJIaBUATYPbl) — 6—8 3armiceil 1 BRIBOAINEN HA UCIIIEH JaHHbBIE O 3aIPO-
LIEHHOU 3aIlUCHU.

Bce Heob6XouMble aHHbIE IS (GyHKIWI T0JOKHBI TIEPe/IaBaThCsl UM B KauecTBe Tapa-
MeTpoB. Vcnosb3oBatue TI00alIbHBIX IEPEMEHHBIX B (DYHKIIUSAX HE JOMYCKAeTCs.
BapuaHT 2

[l XpaHeHUsT TaHHBIX O I[BETHBIX IIJIAHIIIETHBIX CKaHEPax OIMMCATh CTPYKTYPY BHU/A,
OTIMCAHHOTO B BapuaHTe 1.
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HarmcaTh (byHKIUIO, KOTOpas 3allichiBaeT B OMHAPHBIN (bail JaHHbIE O CKaHepe U3
npuBeIeHHON cTpyKTyphl. CTpyKTYypa (haiiia: B MEpBBIX ABYX OailTax pasMeniaeTcst
3HaYeHue THUIa int, orpesessioliee KOJUUECTBO CAeJAaHHbIX B (halia 3aIuceil; naiee
6e3 TIPOIYCKOB Pa3MEIaloTCs 3aTUCH O CKaHepax.

Hammcats hyHKIHIO, KOTOPast COPTUPYET 3aIMCH B OMUCAHHOM Bbiliie GUHAPHOM (haii-
Jie TI0 OJTHOW M3 CJEAYIONTIX XapaKTePUCTHK: TleHa Tuho 9ucsio rpagaimii ceporo. O6s-
3aTeJIbHBIM TTapaMeTp — MPU3HAK, 33/Ial0MINH KPUTEPUil COPTUPOBKU.

[IpuBectn mpumep mporpaMmbl, cozjaoiieil Gaiiy ¢ JaHHbIMU O CKaHepax (JlaHHble
BBOJISITCS C KJIaBUATYPBI) U3 HEe MeHee BOCbMU 3alrcell U OCYIIeCTBIISAIONNHI ero cop-
TUPOBKY.

Bce HeobxoaumMble JaHHbIE [Tt (DYHKIUN JOJCKHBI TEPEIaBaThCsl UM B KauecTBe Mapa-
MeTpoB. Vcnosb3oBanue T00albHBIX IEPEMEHHBIX B (DYHKIIUSX HE JOMYCKAETCSI.

BapuaHTt 3

ﬂ]IH XpaHeHUs JaHHDbIX O IIBETHBIX IJIAaHIIETHBIX CKaHEpaX OIINCAaTb CTPYKTYPY BH/IA,
OITMCAHHOTO B BapHaHTe 1.

Harnvicarh (byHKIMIO, KOTOpas 3allKchiBaeT B OMHAPHBIN (haill JaHHbIE O CKaHepe U3
npuBeIeHHON cTpyKTypbl. CTpyKTypa (hailjia: B mepBbIX YeThpex GaiiTax pasMelnaer-
cs1 3HaYeHue TUIIA 10ng, OMpeIeisiioniee KOJTMIeCTBO CeJIaHHbIX B (hailyl 3armuceit; na-
Jiee 6e3 MPOTTYCKOB PasMENAOTCs 3alCH O CKaHepax.

HaricaTh (yHKIINIO, KOTOpasi COPTUPYET 3alUCH B OIIMCAaHHOM BbIllle GUHAPHOM (haii-
JIe TI0 HAaMMEHOBAHUIO MOJEIN CKaHepa.

[IpuBecTn prMep TPOTPaMMBbI, co3zaromieil (hailyl ¢ JTaHHBIMU O CKaHepaxX (JaHHbIE
BBOJISITCS C KJIaBUATYPBI) U3 HE MeHee BOCbMU 3aIncell U OCYIIECTBISAIONINHI ero cop-
TUPOBKY.

Bcee HeobxommmMbie aHHbie A (QYHKINH TOKHBI TEPEAABATHCS UM B KauecTBe Tapa-
MeTpoB. Vcmonb3oBanue TI06ATbHBIX TIEPEMEHHBIX B (DYHKITHSIX He TOTMYCKAETCST.

BapuaHT 4

[l XpaHeHMsT TaHHBIX O IBETHBIX IJIAHIIETHBIX CKaHepax oIucaTh CTPYKTYPY BU/IA,
OIIMCAaHHOTO B Bapuante 1.

Harmucarp dyHKIMIO, KOTOpast AITHAMUYECKN BBIEJISIET TTAMSTD MOJ] MACCHB CTPYKTYP
(He MeHbIIe MIECTH ATIEMEHTOB), 3aMOJHSET €r0 JAHHBIMU B PEKIME TUAJIOTa W 3aIu-
chiBaeT MaccuB B Gunapublil (aitn. CTpykrypa daiiia: B mepBbix ABYyX Gaiitax paszve-
IMaeTcs 3HAUeHNe TUMa int, ompezessionlee KOJUYECTBO CeTaHHBIX B (aiils 3ammceii;
nasee 6e3 MPOIYCKOB PA3MEIAIOTCS 3aMICH O CKaHepax.

Hammcats hyHKITNIO, KOTOpast M3BIEKAET JAHHBIE O CKAHEPE U3 OTIMCAHHOTO BBITIE OH-
HapHoro (aiina B crpykTypy Tuma scan_info. ObssaTebHbIil HapaMeTp — HOMep Tpe-
Gyemoii 3amucu. DyHKINA JOKHA BO3BPAIIATh HYJIE€BOE 3HAYEHUE, €CJIN YTEHHUE TTPO-
MLJIO YCIIENHO, U —1 B TIPOTUBHOM CJIyYae.

[IpuBecTn prMep TPOTpaMMBbl, coszarolieil hailyl ¢ TaHHBIMU O CKaHepax (JaHHbIe
BBOJISITCS C KJIABUATYPBI) U3 He MeHee BOChbMU 3aIlCell U OCYIIeCTBISIONINI BbIBOJ Ha
MUCTIIIEN IAHHBIX O TPeOyeMoil 3amucH.

Bce HeobxoaumMble JaHHbIE 11 DYHKIMN JOJCKHBI IepeJaBaThCsa UM B KauecTBe Hapa-
MeTpoB. Vcnosb3oBatme TI00aTbHBIX IEPEMEHHBIX B (DYHKIIUSAX HE JOMYCKAETCS.
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BapuaHT 5

Jlnst XpaHeHus JAaHHBIX O IIBETHBIX TJIAHIIETHBIX CKaHepaxX OMucaTh CTPYKTYPY BHIA,
OTIMCAHHOTO B BapuaHTte 1.

Hamucarp dyHKIMio, KoTopas 3alichlBaeT JJaHHble 0 CKaHepe U3 IPUBEIeHHON CTPYK-
TYpbI B Tpebyemyto mo3uiuio B GuHapHoM daiiie. CTpykTypa (aiiia: B TIepBBIX JBYX
Gaiitax pasmelaeTcs 3HadeHWe TUIA nt, oNpeessionee KOJUIECTBO CAETaHHbIX B
aiin 3amceit; mamee 6€3 MPOMYCKOB Pa3MENAIOTCS 3aIMCH O CKaHepax. 3aIich MO-
JKET OCYIIECTBJISITHCS B JIOOYIO TO3UIINIO, IPUYEM €CJIU MEXK/Y BBOIUMOIL 3aMUCHIO 1
nocieineit (M HavaaoM daiisa) UMeIOTCs MPOITYCKU, OHU 3AIOJHSAIOTCS HYJISAMMU.

Harmvicath (byHKIINIO, KOTOpass «YIUIOTHSIET> ONUCAHHBIN BbIlle OMHAPHBINA (hbaiis 1my-
TeM yJaJeHusa U3 Hero 3alucell, copeprkalux Bee HyJIH.

[IpuBectn nipuMep nporpammsbl, cosfaolieil haiiyl ¢ JaHHBIMU O CKaHepax (JaHHbIe
BBOJISITCS C KJIABUATYPhI) U3 He MeHee MeCTH 3aMHCeil M OCYIIEeCTBIISIONIII eTo YIIoT-
HEHUe.

Bce Heo6xoaumble JaHHbIe 11 QYHKIUN JOJKHBI IEPeJaBaThCsa UM B KauecTBe Hapa-
MeTpoB. Vcnosb3oBaHue TI06albHBIX IEPEMEHHBIX B (DYHKIIUSAX HE JOMYCKAeTCs.

BapuaHT 6

ﬂ]lﬂ XpaHEeHUA JaHHDbIX O IIBETHBIX IJIAHIIETHBIX CKaHEpaX OIINCaTb CTPYKTYPY BH/IA,
OITMCAHHOTO B BapraHTeE 1.

Hammcatp dhyHkmmio, KoTopas AMHAMUYECKU BBIIESET TTAMSITD TIOJI MACCUB CTPYKTYP
(He MeHbIIIe TECTH 2JIEMEHTOB), 3aI0JIHAET €r0 IaHHBIMU B PEeXKUME TUAJIOra, 1 3au-
chIBaeT MaccuB B OuHapHBIN (aiir. CTpykTypa daiiia: B IepBbIX ABYX GaliTax pasme-
niaeTcst 3HaueHue Tuna int, ompezesnsdioniee KOJUYECTBO CETAHHBIX B (haiisl 3ammceii;
najee 6e3 MPOIMYCKOB PAa3MEIAIOTCST 3aMiCH O CKaHepax.

Hamwmcatp dbyHKITNIO, KOTOPas 3alpaliiBaeT JaHHble O CKaHePe B PesKUMeE JTHAJIoTa 1
3amemntaeT sanucu B GuHapHoM (aile 1o sagannoMmy Homepy. OGg3aTesbHBI ITapa-
MeTp — HoMep 3aMeraemMoii 3anvcu. MyHKIMS 0KHA BO3BpAIaTh HyJIeBOe 3HayUe-
HUe, eCJIU 3aMUCh MPOIILIA YCIEemHo, 1 —1 B MPOTUBHOM CJIydae.

[IpuBectn ipuMep mporpammbl, coszaolieil haiiyl ¢ JaHHBIMU O CKaHepax (JaHHbIe
BBOJISITCS C KJIABUATYPHI) M3 HE MeHee BOCBMNU 3aMiceil M OCYIIECTBIISIONIII BCTaBKY
HOBBIX JIAaHHBIX O CKaHepe.

Bce Heob6xoaumble gaHHbIe 11 GYHKIUN JOJKHBI IEPeJaBaThCsa UM B KaUueCcTBe Iapa-
MeTpoB. Vcnosb3oBaHue TI00albHBIX IEPEMEHHBIX B (DYHKIUSAX HE JOMYCKAeTCs.

BapuaHT 7

ﬂ]IH XpaHEHUA JaHHDBIX O IIBETHBIX IJIAHIIETHBIX CKaHEpaX OINCAaThb CTPYKTYPY BH/IA,
OIMMCAHHOTO B BapyWaHTE 1.

Harmicats (hyHKIINIO, KOTOPask 3alliChiBaeT B OMHAPHBIN (hails JaHHBIE O CKaHepe U3
npuBegeHHoN cTpykTypsl. CTpykTypa (aiiia: B HepBbIX ABYX OaiiTax pasMeniaercs
3Ha4YeHNe THUMa int, olpesessioniee KOJMUECTBO CAeJAaHHBIX B (DAl 3ammceit; mamee
6e3 TPOITYCKOB Pa3MeIaloTCs 3alUCH O CKaHepax.

Hamnucarp @yHkimio, Kotopas BBOAUT JaHHBIE O CKaHEPe ¢ KJIaBUATYPbl B CTPYKTYPY
tma scan_info,  ecim gamHbIe 06 ATOM CKaHepe OTCYTCTBYIOT B (haiise, TTOMEIAET Co-
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JEpAKUMOe CTPYKTYpbl B KOHel[ (haiijia; B IIPOTUBHOM CJIydyae BbLIAET COOTBETCTBYIO-
ee cooOIIeHme.

[IpuBectn mpumep mporpaMmbl, cosziamoniell Gaily ¢ JaHHBIMU O cKaHepax (JlaHHbIe
BBOJISITCSL U3 TEKCTOBOro (haitia) — 6—8 3amuceiil u jonosHsioneil ¢aiiyl 3anucsamu
0 2—3 ckaHepax, BBOAMMBIX C KJIABUATYPBL.

Bce neob6xoaumble gaHHble 11 GYHKIUN JOJKHBI IEPeJaBaThCsa UM B KauecTBe Iapa-
MeTpoB. Vcnosb3oBaHue TI00aTbHBIX IEPEMEHHBIX B (DYHKIIUSAX HE JOMYCKAETCs.

BapuaHT 8

[l XpaHeHUsT TaHHBIX O IBETHBIX IJIAHIIETHBIX CKaHepax ONucaTh CTPYKTYPY BU/IA,
OIIMCAHHOTO B BapuaHTte 1.

Hanucarp GyHKIMIO, KOTOpas 3alKcbiBaeT B OMHAPHBIN (aiil JaHHbBIE O CKaHepe 13
npuBegeHHON cTpykTypsl. CTpykTypa (aiiia: B NepBbIX ABYX OailTax pasMeniaercs
3HaueHue TUMA int, onpenessioniee KOTMYECTBO CAEJAaHHBIX B (Daiiy 3ammceii; najee
6€3 IIPOILYCKOB PasMENIAIOTCs 3aIUCH O CKAaHepax.

Hammcats GyHKINIO, KOTOpast BBOAUT JTaAHHBIE O CKaHEPE ¢ KJIAaBUATYPBI B CTPYKTYPY
Thma scan_info u moMeniaer ee coep;KUMoOe Ha MeCTO TepBoi 3amnucu B (aitre. MDaiin
JIOJUKEH CyIIecTBOBaTh. IIpu aToM, 3amuch paHee 3aHUMABIIAS TEPBYIO TIO3UIIAIO, TO-
MEIIAETCsT HAa BTOPYIO, BTOPAsi 3aIMCh HAa TPETHIO, U T. JI.

[IpuBectn pumep nporpaMmbl, cozjaoiieil Gaiij ¢ JaHHbIMU O CKaHepax (JlaHHble
BBOJIATCST M3 TEKCTOBOTO haityia) — 6—8 3anuceit u gonomHsonieit atot daiia 1-2 Ho-
BBIMU 3AMKUCSIMU, BBOJIUMBIMU C KJIABUATYPBI.

Bce HeobxoauMble JaHHbIE U1t (DYHKIUN JOJDKHBI TEPEIaBaThCsl UM B KauecTBe Mapa-
MeTpoB. Vcnosb3oBanue T00albHbIX EPEMEHHBIX B (DYHKIIUSX HE JOMYCKAETCSI.

BapuaHT 9

[l XpaHeHUsT TaHHBIX O I[BETHBIX IIJIAHIIIETHBIX CKaHEPax OIMUCATh CTPYKTYPY BHUIA,
OTIMCAHHOTO B BapuaHTe 1.

Hammcars ¢gysknmio, KoTopas 3ampalinBaeT KOJNIECTBO CKaHEPOB, WH(OPMAII O
KOTOPBIX OYZET BBOAUTHCS, IUHAMUYECKN BBIAEISIET aMATh II0J MACCUB CTPYKTYP CO-
OTBETCTBYIOIETO Pa3Mepa 1 3al0JIHAET ero JaHHbIMU B PexkuMe Juasora (¢ KiaaBuaty-
pbi). TIpu 9TOM UM CKaHEPa MOKET COJEPIKATh MPOOEIIBL.

Harmicatp GyHKIHIO, KOTOPast 3allMChIBAET JaHHbBIII MacCHUB B CO3/aBacMblil OHHAP-
HbIl (aiir. Ecau mieHa ckanepa menbiie 200, To ganHbie 00 9TOM CKaHepe B (ailsn He
samuchiBaioTcst. VHdopmanusa 06 OCTaTbHBIX CKaHepaxX MOMENaeTcss B GUHAPHBII
baitr, mpuyeM cHavasia TUIITYTCS IAHHBIE O BCEX CKaHepax, MMsT KOTOPBIX HAUMHACTCS
C 3arJaBHOU OYKBBI, a 3aTeM — C MIPOTUCHOIL.

Crpykrypa daiia: B epBbiX ueTbipex GaiiTax pasMeriaercs: 3HaueHue Tura 1ong, ompe-
TeJISToTee KOJMMYECTBO CEMaHHbIX B (haila 3ammceil; naiee 6e3 POTMYCKOB pa3Mera-
IOTCA 3aIMCU O CKaHepax.

[IpuBecTn mpumep mporpaMmbl, co3aaoliei hair ¢ JaHHBIMEI O CKaHepax M OCyIIecT-
BJIIOLIMIA BBIBOA Ha AUCILIEN ZaHHBIX 0 TpeOyemoil samucu (6o Beex, abo o Ho-
Mepy).

Bce HeobxoauMble JaHHbIe 171 DYHKIMN JOJCKHBI IePeJaBaThCsa UM B KauecTBe Hapa-
MeTpoB. Vcnosb3oBaHme TI00ANbHBIX IEPEMEHHBIX B (DYHKIIUSAX HE JOMYCKAETCS.
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BapuanTt 10
Jliist XpaHeHUs TaHHBIX 0 HOYTOYKaX OIKCaTh CTPYKTYDPY BHIA:

struct NOTEBOOK{
char model[21]; // HanmMeHOBaHNe
struct size{ // rabapnTHble pasmepsl

float x;

float y;

float z;
b
float w; // Bec
int price; // ueHa

}

Haricatp (yHKIMIO, KOTOpas YUTAeT AaHHBbIE 0 HOyTOyKax u3 (haiia note.txt (cm.
c. 158) B crpykrypy npuBeseHHoro suza. Hamucarb GyHKINMIO, KOTOpas 3aliCchbiBaeT
COZIEPKUMOE CTPYKTYPbI B KOHel[ GuHapHoro daiina. Ctpykrypa GuHapHoro (aiiia:
nepBbie JBa Gaiita (Ilesoe) — uucyo 3amuceil B (aiiie; manee 3amucu B (opmare
crpykrypst NOTEBOOK.

Hammcath mporpamMmy, B KOTOPOii Ha OCHOBE pa3paboTaHHBIX (QDYHKIUH OCYIIECTBIIsI-
eTCsT YTeHne TAHHBIX TOJBKO 7T TeX HOYTOYKOB, 4aCTOTa TTPOTIECCOPA KOTOPHIX OOJIb-
me 120 MT'n, u 3anuck B OuHApHBIA (aiil Mo yOBIBAHMIO IIEHbI.

BapuaHnTt 11

Jluist XpaHeHUs IaHHBIX 0 HOYTOYKaX ONMUCATh CTPYKTYPY BUJA, ONIMCAHHOIO B BapUaH-
Te 10.

Hanucars GyHKIMIO, KOTOpasg uyuTaeTr AaHHble 0 HOyTOykax u3 (aiisa note.txt (cm.
c. 158) B crpykrypy npuBezseHHoro Buza. Hamumcarb GyHKINMIO, KOTOpas 3aIiChbiBaeT
COZIEPKUMOE CTPYKTYPbI B KOHel[ OuHapHoro (aiina. Ctpykrypa GuHapHOTO (haiiia:
nepBbie gBa Oaiita (1jesoe) — umcso 3amnuceil B aiine; gasee samucu B dopmare
crpykrypst NOTEBOOK.

Hamucath mporpamMmy, B KOTOPOii Ha OCHOBE pa3paboTaHHBIX (QDYHKIUH OCYIIeCTBIIsI-
eTCsl YTeHWE JIAHHBIX TOJIBKO /Uit TeX HOyTOyKoB, 00beM HDD KOTOPBIX MEHBIIE
1 T6aiit, v 3aIMCh CYNTAHHBIX TAHHBIX B OUHAPHBIN (ailsn B anhaBUTHOM TOPSIIKE TIO
HaMEHOBAaHUIO.

BapuaHT 12

Jlist XxpaHeHus JaHHBIX 0 HOYTOYKaX OIMCaTh CTPYKTYPY B/, OIIMCAHHOTO B BapUaH-
Te 10.

Harmicarps yHKIMIO, KOTOpas YuTaeT AaHHble 0 HOyTOyKax us (haiiia note.txt (cm.
c. 158) B crpykrypy npuseznenHoro Buza. Hammcars hyHKIINIO, KOTOpPas 3aIMChIBAET
COIEPAKUMOE CTPYKTYPBI B KoHel Gunapuoro ¢aiina. Ctpykrypa Gunapaoro (aiiia:
nepsble aBa Gaiita (1lesoe) — uuncao samuceil B (aiiie; mainee samucu B (opmare
crpykrypsl NOTEBOOK.

Hamnucarb nporpaMmy, B KOTOPOH Ha OCHOBE pa3paboTaHHbIX (DYHKIIUN OCYIIECTBIIA-
eTCsl 3alKCh B JIBOUYHBIH (hailsl JAHHBIX TOJBKO O TeX HOYTOYKAX, 1EI0€ KOJMYECTBO
KOTOPBIX B OJHOM KyOUYEeCKOM MeTpe He MpeBbIiiaet 285 MTyK.
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BapuaHT 13

Jluist XpaHeHus IaHHBIX 0 HOYTOYKaX ONMCATh CTPYKTYPY BU/A, OIIMCAHHOIO B BapUaH-
Te 10.

Hanucars GpyHKIMIO, KOTOpas uyuTaer gaHHble 0 HOyTOykax u3 (aiija note.txt (cm.
c. 158) B crpykrypy npuBeseHHoro suza. Hamucarb GyHKINMIO, KOTOpas 3aIliChbiBaeT
COZIEPAKUMOE CTPYKTYPbI B KOHel[ OuHapHoro ¢aiina. Crpykrypa GuHapHoro aiiia:
nepBbie aBa Oaiita (1jesoe) — uuciao 3amnuceil B daiiie; gasee samnucu B dopmare
ctpykrypsl NOTEBOOK.

Hamnucarb nporpamMmy, B KOTOPOii Ha OCHOBe pa3paboTaHHbIX (DYHKIMI OCYIIEeCTBIs-
eTCs 3aIKCh B ABOMYHBII (haiil IJAHHBIX TOJTBKO O TEX HOYTOYKaX, MAaKCUMAIbHBINA 00b-
em O3Y koropsix He meree 40 MOaiiT, OTCOPTUPOBAHHBIX 110 00BEMY.

BapwuaHT 14

Jluist XpaHeHus IaHHBIX 0 HOYTOYKaX ONMCATh CTPYKTYPY BUJA, OIIMCAHHOIO B BapUaH-
Te 10.

Harmicatp (hyHKIMIO, KOTOpas YUTAeT AaHHBbIe 0 HOyTOyKax u3 (haiia note.txt (cm.
c. 158) B cTpykTypy npuBeneHHOr0 Bua. Hammcats (hyHKIINIO, KOTOPast 3alIUChIBAET
COZIEPKUMOE CTPYKTYPbI B KOHel| GunapHoro daiina. Ctpykrypa GuHapHoro aiiia:
nepBble gBa Oaiita — 1esi0e YucIo 3anuceil B (aiise; ganee samnucu B hopMare CTpyK-
typst NOTEBOOK.

Hamucarh nmporpamMmy, B KOTOPOIi Ha OCHOBE pasdpaboTaHHBIX (DYHKIUH OCYIIECTBIIs-
eTCsT 3aliCh B IBOUYHBIN (hailsl JaHHBIX TOJIBKO O TeX HOyTOYKaX, ANaroHab JUCIIEsT
KOTOPBIX OOJIbINE OAUHHAMIATH TIOUMOB.

BapuaHT 15

Jlist XpaHeHus IAHHBIX 0 HOYTOYKAaX OMKUCATh CTPYKTYPY BUIA:

struct NOTEBOOK{
struct disp_res{ // paspewanwas CnocoOHOCTb Aucnned

int x; // N0 TOpPWU3OHTaNM

int y; // no BepTuKamu
s
int T; // 4acToTa pereHepauunu
float d; // pa3mep AnMaroHann aucnnes
int price; // UeHa
char model[217; // HaumeHoBaHue

}

Harmicats QyHKIMIO, KOTOpas YUTaeT AaHHble 0 HOyTOyKax u3 (haiiia note.txt (cm.
c. 158) B crpykrypy npuBezsenHoro Buzia. Hammcars hyHKIINIO, KOTOpas 3aIlMChIBAET
COIEPAKUMOE CTPYKTYPBI B KoHel| GunapHoro daiina. Ctpykrypa GuHapHoro aiiia:
nepsble JBa GaiiTa — Iesioe YrCIo 3anuceii B (ailse; naiee samucu B popMare CTpyK-
Typel NOTEBOOK.

Hanucarp nporpamMmy, B KOTOPOH Ha OCHOBe pa3paboTaHHbIX (DYHKIUN OCYLIECTBIIsA-
€TCs 3aMUCh B IBOMYHBIN (hailsl JAHHBIX TOJIBKO O TeX HOYTOYKaX, BEC KOTOPBIX MeHee
7 KT, OTCOPTUPOBAHHBIX B TOPSI/IKE BO3PACTAHUS TIEHBI.
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BapuaHT 16

Jlist XpaHeHns JaHHBIX 0 HOYTOyKaX OIMcaTh CTPYKTYpPY BU/a, OMMCAHHOIO B BapUaH-
Te 15.

Harcats (hyHKIMIO, KOTOpast YUTAeT JaHHble 0 HOyTOyKax u3 (haiima note.txt (cm.
c. 158) B crpykrypy npuBesenHoro Buza. Hammcarb GyHKIMIO, KOTOpask 3aIiChbiBaeT
COZIEPKUMOE CTPYKTYPbI B KOHel[ OuHapHoro (aiina. Crpykrypa GuHapHOro (aiiia:
nepsble ABa GaiiTa — Ie10e YIC/Io 3amnmceii B daile; naee samucu B popMare CTpyK-
Typsl NOTEBOOK.

Harmicatp nmporpaMMy, B KOTOPOH Ha OCHOBE paspabOTaHHBIX (BYHKIHIT OCYIECTBIISI-
eTCs 3aIKCh B IBOMYHBIN (haiisl JAHHBIX TOJBKO 0 TeX HOYTOYKaX, 00beM BUACOTaMATH
KOTOpBIX 2 MO6aiiT, 0TCOPTUPOBAHHBIX B MOPSIIKE YMEHBIEHMS] TAKTOBOW YaCTOTHI
1polieccopa.

BapuaHT 17

Jluis1 XpaneHus ZaHHbIX 0 HOYTOYKaX OIMCATh CTPYKTYPY BUAA, OIIMCAHHOIO B BapUAH-
Te 15.

Harmicatp yHKIMIO, KOTOpas YUTAaeT AaHHBbIe 0 HOyTOyKax u3 (haiiia note.txt (cm.
c. 158) B crpykrypy npusezentoro Buzia. Hamucars GyHKIinio, KOTopasi 3aiichbiBaeT
COEPKUMOE CTPYKTYPbI B KOHel| GuHapHoro daiina. Ctpykrypa GuHapHoro aiiia:
nepBbie JBa GaiiTa — IeJioe YICII0 3anuceil B (aiise; najiee 3amucu B popMare CTpyK-
typst NOTEBOOK.

Hamnucarp nporpammy, B KOTOPOii Ha OCHOBE paszpaboTaHHbIX (DYHKIUH OCYIIEeCTBIIs-
€TCsI 3aTNCh B ABOWYHBIN (haill TAHHBIX TOJIBKO O TeX HOyTOyKax, o6bem HDD xoTO-
pbix Gosbiite 1 THaiiT, OTCOPTUPOBAHHBIX B TIOPSIIKE BO3PACTAHKS pa3Mepa JUATOHAIN
JIVICILIIES.

BapuaHT 18

Jliist XpaHeHust IaHHBIX 0 HOYTOYKAaX OMUCATh CTPYKTYPY BUJIA, OMIMCAHHOTO B BapUaH-
Te 15.

Harmcarh GyHKIMIO, KOTOpas YuTaeT JaHHble 0 HOyTOyKax u3 (paiiaa note.txt (cm.
c. 158) B crpykTypy npusenenHoro Buaa. Harmucars dhyHKIMIO, KOTOpasi 3a1iuchbBaeT
COJIEPKMMOE CTPYKTYPBI B KoHell 6unapHoro daiina. Ctpykrypa 6uHapHoro daiiia:

nepsble JBa GaiiTa — Iejioe YrcIo 3anuceii B (ailse; najee samnucu B popmare CTpyK-
typet NOTEBOOK.

Harmiicatp nporpaMMy, B KOTOPOH Ha OCHOBe pa3paboTaHHBIX (BDYHKIHIT OCYIIECTBIISI-
eTcs 3aliCh B JIBOUYHBIN (haiisl JaHHBIX TOJBKO O T€X HOYTOYKaX, TAKTOBAs 4acToTa
npoieccopa KoTopbix Oostbie 120MTI, 0TCOPTUPOBAHHBIX B MOPSIIKE YMEHbIICHMUSI
Beca.

BapuaHTt 19
]_IJIH XpaHEHHUA /ITaHHbIX O H0yT6yKaX OITNCaTb CTPYKTYPY BUaa:

struct NOTEBOOK({
struct disp_res{ // pa3pewatwwas CnocobHOCTb AuChAEs
int x; // No TOpWU3OHTaNM
int y; // no BepTuKanm
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b

int f; // 4actoTa pereHepaumnu
float d; // pa3mep AuaroHanu aucnnes
float hdd; // 0bvem aucka

char model[21]: // HaumeHOBaHue

}
Hanucarb QyHKIHIO, KOTOpast YUTAET JaHHbIe 0 HOyTOYKax u3 (haiiia note.txt B cTpyK-
Typy npuBezenHoro Buja. Hanucars QyHKIMIO, KOTOpas 3alMCbIBAET COJEPKUMOE
CTPYKTYPBI B KOHell OuHapHOro (haiina. Ctpykrypa GuHapHOTO (hailjaa: mepsbie IBa
GaliTa — 1es10e uncio 3anuceil B (paiise; nanee sanucu B popmare ctpykrypsl NOTE-
BOOK.

Harmiicatp nmporpaMMy, B KOTOPOH Ha OCHOBE paspabOTaHHBIX (QYHKIHIT OCYIECTBIISI-
€TCS 3aIlMCh B ABOMYHBIN (halljl JAHHBIX TOJBKO O TeX HOyTOyKaX, TAKTOBas 4acTOTa
npoiteccopa Kotopbix Gosbire 120MT1, 0TCOPTUPOBAHHbBIE B MOPSKE BO3PACTAHMI
I1[E€HBI.

BapuaHnT 20

Jluist XpaHeHus JaHHBIX 0 HOYTOYKaX OIMCATh CTPYKTYPY BUAA, OIIMCAHHOIO B BapUaH-
Te 19.

Hammcats dyHKIMIO, KOTOpast 4uTaeT AaHHBE O HOyTOyKax 13 aiima note.txt B
CTPYKTYpY TpuBezieHHoro Buaa. Hamucarb GyHKIINIO, KOTOPAst 3alUCHIBAET CONEPIKI-
MOe CTPYKTYDPbI B KoHell OuHapHoro aiina. CTpykrypa OunapHoro daiina: mnepsbie
nBa Gafita — 1esoe uncso 3anuceil B (aiise; ganee sanucu B opMare CTPYKTYPhI
NOTEBOOK.

Hamucarh mporpamMmy, B KOTOPOii Ha OCHOBE pa3paboTaHHBIX (QDYHKIUH OCYIIECTBIIsI-
€TCsT 3aIKCh B IBOUYHBIN (haiis JAHHBIX TOJBKO O TeX HOYTOYKAX, leHa KOTOPBIX O0JIb-
e $3500, oTcopTUpOBaHHbBIE B MOPSIIKE BO3PACTAHUSI TAKTOBON YaCTOTHI IIPOIECCOPA.

[Ipumep daiina note.txt:

Aser Note Light 2699 5.6 02.0x11.8x08.3 100 40 10.4 1 1024x0768 60 0.774
ASW ND5123T 3489 7.2 02.3x11.8x10.1 133 32 12.1 2 1024x0768 70 1.300
ARMNote TS80CD 3699 7.2 02.0x11.5x08.8 133 64 11.3 1 1024x0768 75 1.300
AST Ascentia P50 4499 7.5 02.3x11.3x09.0 133 40 11.3 1 0800x0600 70 0.774
BST NP8657D 2605 8.0 02.3x11.8x09.3 133 40 11.3 1 1024x0768 60 0.810
BSI NP5265A 3765 8.2 02.5x12.0x09.0 150 32 12.1 2 1024x0768 70 1.300
Dell Xpi P100SD 3459 6.0 02.3x11.0x08.8 100 40 10.3 1 1024x0768 60 0.773
Digital HiNote 4799 4.0 01.3x11.0x08.8 120 40 10.4 1 0800x0600 56 1.000
Gateway Solo Sb 4499 5.6 02.0x11.9x08.8 133 40 11.3 2 1024x0768 60 0.686
Hertz Z-Optima NB 3995 8.0 02.3x11.9x09.0 150 40 11.2 2 1024x0768 75 1.000
HP OmniBook 5500 6120 7.1 02.0x11.5x09.0 133 64 11.4 1 1024x0768 75 1.300
IBM ThinkPad 560 3749 4.1 01.3x11.8x08.8 120 40 12.1 2 1024x0768 85 0.774
NEC Versa 4080H 4780 6.6 02.3x11.8x09.5 120 48 10.4 1 0800x0600 70 0.776
PoTywell Poly 500 3300 7.9 02.3x11.9x09.0 120 40 10.4 1 1024x0768 72 1.000
Samsung SENS 810 3667 8.7 02.3x11.5x09.5 100 32 11.4 2 1024x0768 75 0.773
Twinhead STimnote 2965 7.4 02.0x11.5x08.0 075 64 10.4 1 1024x0768 70 0.772
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B daiise note.txt HaxoauTcs TekcToBasg uHMOpManusa o HoyTOyKax. Kaxaas crpoka
CONEPIKUT MaHHbIe 06 OHON Mozesn. JIaHHbIe B CTPOKE PA3MEIAIOTCS B CIETYIONIIX
MOJIAX:

1 : 20 — HanMeHOBaHUE MOJEJIN;
21 : 24 — nena B ponnapax (11ejioe 4ucJo);
26 : 28 — macca HOyTOYKa B KI' (UKCJIO € AECATHYHOI TOUKOI 13 YeThIPEX CUMBOJIOB);

30 : 43 — raGapuTHbie pasmepbl HoyTOYKa B aoiivax (BBICOTAX/IJIMHAXIITNPU-
HA — tpu uncia ¢ recatnaHoit Toukoii (4 CMMBOJIA, BKJIIOUast TOYKY, pa3jieieHnble 'X');

44 : 47 — vacrora nipotieccopa B M1y (11es10e 4ucio u3 Tpex CUMBOJIOB);
49 : 50 — makcumanbHbiil 00beM O3Y B Merabaiitax (11€J10€ YHUCI0 U3 ABYX CUMBOJIOB);

52 : 55 — pasmep auaroHasu ANUCIUIes B JI0fMax (4UCIIO ¢ AeCATUYHON TOYKON U3 de-
TBIPEX CHUMBOJIOB, BKJIIOUAs TOUKY );

57 — pasMep BUAEONAMATH B MerabailTax — IeJIoe YUCI0 U3 OJHOTO CUMBOJIA;

59 : 67 — paspemnaonast ciocOGHOCTD JUCILIES B MUKCETaX (JBA [EJbIX YNCIIA, Pasjie-
JieHHble 'X');

69 : 70 — vacroTa pereneparuu aucies B ['11 (1tesioe 4ncyio U3 IByX CUMBOJIOB);

72 : 76 — o6bem HDD B ruraGaiitax (4uciio ¢ JeCITUYHON TOYKOI U3 HATH CUMBO-
JIOB).

Bce neonucannnie ITO3UIINN 3allOJTHEHbI HpO6€JIaMI/I.

DyHKUNN GMdNnoTekmn pgna padoTbl CO CTPOKaMU
M CUMBOJIaMU

BapuaHnT 1

C TOMOITBIO TEKCTOBOTO peflakTopa Co3/aTh (aiiy, comepsKamiiil TeKCT, AINHA KOTO-
poro ue nipesbiinaet 1000 cuMBoJIOB (JI7TMHA CTPOKY TEKCTA He JI0JIKHA MpeBbIath 70
CHUMBOJIOB).

Nmsa daiina momxHo nMeTh paciuupenne DAT.
Hanucatp nmporpammy, KoTOpast:
O BBIBOAWT TEKCT HA 9KPaH JAUCILIES;

O 10 HAXKATUIO NTPOU3BOJILHON KJIABUIIIN TIOOYEPEIHO BbIJIEJISIET KaXKI0€ TIPeJIoxKe-
HHUE TEKCTa;

O ormpenpesgeT KOJIN4ecTBO HpelI]IO)KeHI/Iﬁ B TEKCTE.

BapuaHT 2

C TOMOITBIO TEKCTOBOTO PeflakTopa Co3/aTh (aiis, comepsKaniiil TeKCT, AINHA KOTO-
poro ue nipesbiinaer 1000 cuMBoJIOB (JIJTMHA CTPOKY TEKCTA He JI0JIKHA MpeBbIath 70
CHUMBOJIOB).

msa daiina momxHo nMeTh pacuiupenne DAT.
Hanucatp nmporpammy, KoTOpast:
O BBIBOAWT TEKCT HA 9KPaH JAUCILIES;
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d 1o HaxKkaTuio HpOHBBOJIbHOfI KJIaBUIIN ITOOYEPEIHO BbBIJACIAET Kak/10€ CJO0BO
TEKCTa;

O ormpenaesaseT KOJAUYECTBO CJIOB B TEKCTE.

BapuaHTt 3

C TOMOITBIO TEKCTOBOTO peflakTopa Co3/aTh (haiiy, comepsKaniiil TeKCT, AINHA KOTO-
poro ue nipesbimiaer 1000 cuMBOIOB (JJTMHA CTPOKU TEKCTA HE JIOJKHA TPEBBIIIATH
70 cUMBOJIOB).

WNwms daiina gomxno umets pactmpenne DAT.
Hanucatp nporpammy, KoTopast:
QO BBLIBOAUT TEKCT Ha 9KpaH AUCILIES;

Q 110 HAXKATHUIO IPOU3BOJIBHON KJABUIIN [I00YEPEHO BBLIEJSAET KaXKJ0€ CJIOBO TeK-
CcTa, OKAHYMBAIOIIeecs: Ha ITacHyio OYKBY;

O ormpenessgeT KOJAUYECTBO CJIOB B TEKCTE, OKAHUYMBAIOIINXCSA HA TJIaCHYIO 6yKBy

BapuaHT 4

C TOMOITBIO TEKCTOBOTO PeflakTopa Co3/aTh (aiiy, comepsKauiiil TeKCT, ATNHA KOTO-
poro He tnipesbiaer 1000 cumBooB. TeKCT MOMKEH COCTOATD U3 TPEX MPEAJIOKEHNT
(mMHA CTPOKM TeKCcTa He MoJkHA TpeBbimaTh 70 cumBosioB). ima daiina 1omKHO
nMeTh paciupenne DAT.

Hamwmcatp nporpamMmmy, KoTopast:

QO BBIBOAMT TEKCT Ha KPaH JUCILIEST,

Q 10 HaKaTHIO TTPOU3BOJIHHON KJIABHUIIHU TTOOYEPETHO BBIIEISIET KAKIOE TIPEII0Ke-
HHe TeKCTa B IocjenosareabHoctu 2, 1, 3.

BapuaHT 5

C TOMOIIBIO TEKCTOBOTO PelakTopa CO3/aTh (hailjl, Comep KAl TEKCT, AINHA KOTO-
poro #e mipeBbimiaeT 1000 cuMBOIOB (JTMHA CTPOKU TEKCTa He JIOJKHA TPEBBINIATDH
70 cuMBOJIOB).

Nwmsa daiina nomkno numers pacimmpenue DAT.
Hammcars mporpamMMy, KOTOpast:
O BBIBOAWT TEKCT HA 9KPaH AUCILIES;

d 110 HAaXKaTUIO HpOI/ISBO.HI)HOIjI KJIaBUIIN TTOOYEPEIHO BBIJEJIAET KaK/10€ U3 CJIOB TEK-
CTa, Y KOTOPBIX HepBbeI n HOCJIGIIHl/If/,I CHMBOJIbI COBITaalOT;

a oTpesesisAeT KOJIMYECTBO CJIO0B B TEKCTE, Y KOTOPbIX HepBbeI u HOCJ’IelIHI/H;'I CUMBOJIbI
COBITQ/IAIOT.
BapuaHT 6

C HOMOIIBIO TEKCTOBOTO PeflakTopa Co3/aTh (haiij, comepKaliil TeKCT, AINHA KOTO-
poro He nipesbimiaer 1000 cuMBOIOB (JTMHA CTPOKM TEKCTA HE JIOJKHA TPEBBINIATH
70 cuUMBOJIOB).

Nwms daiina gomxno numets pactmpenne DAT.
Hammcatp nporpamMmmy, KoTopas:

0 BBIBOAUT TEKCT Ha dKpaH JUCILIET,
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QO 110 HAKATHUIO TIPOU3BOJIBHON KJIABUIIM T100YEPEIHO BBIIEILIET KaKI0e CJIOBO TEK-
cTa, HAYMHAIOTIeeCsT Ha TIACHYIO OYKBY;

U ompezesasgeT KOJAUYECTBO CJIOB B TEKCTE, HAUMHAIONMXCS Ha ITaCHYIO 6yKBy

BapuaHT 7

C 1OMOIIBIO TEKCTOBOTO PelaKTOpa co3/aTh (haily, copepsKaliiil TeKCT, JJIMHA KOTO-
poro #e mipeBbimiaeT 1000 cuMBOIOB (JTMHA CTPOKU TEKCTa He JIOJKHA TPEBBINIATDH
70 cuMBOJIOB).

Nwms daiina gomxno umets pacimipenrie DAT.

Harmmcatp nporpamMmy, KoTopast:

O BBIBOJIUT TEKCT HA 9KPaAH JIUCILIEST;

Q ompeenseT KOJIMYECTBO CUMBOJIOB B CAMOM JIJTAHHOM CJIOBE;

d 110 Ha)XaTUIO HpOI/ISBO.TIbHOI';I KJIaBHUIIN TTOOYEPE/ITHO BBIEJIAECT KaXX/10€ CJI0BO TEK-
CTa, Co/iepsKalllee MaKCMaJIbHOE KOJIMYECTBO CUMBOJIOB.

BapuaHT 8

C TOMOITBIO TEKCTOBOTO PeflakTopa Co3/aTh (haiiy, comepsKaufiil TeKCT, AINHA KOTO-
poro ue nipesbimiaer 1000 cuMBOIOB (JTMHA CTPOKU TEKCTA HE JIOJKHA TPEBBIIIAThH
70 cuMBOJIOB).

Nwmsa daiina nomkno numers pacimmpenue DAT.

Hammcars mporpamMmy, KOTOpast:

O BBIBOAMT TEKCT HA 9KPaH AUCILIES;

QO ompesessieT KOJIMIECTBO CHMBOJIOB B CAMOM KOPOTKOM CJIOBE;

d 1o HaxxkaTuio HpOHSBOJIbHOf/JI KJIaBUIIN TTOOYEPEITHO BBIAEJIACT KaK/10€ CJI0OBO TEK-
CTa, coAep Kallee MUHNMa/JIbHOE KOJMYECTBO CUMBOJIOB.

BapuaHT 9

C 1OMOIIIBIO TEKCTOBOTO PelakTopa co31aTh (ailj, Comep KAl TEKCT, AIUHA KOTO-
poro He mipesbimiaer 1000 cuMBOIOB (ZTMHA CTPOKM TEKCTa HE JIOJKHA TPEBBIIIATH
70 cUMBOJIOB).

Nwms daiina gomxxo numets pactmpenne DAT.
Hanucatp nporpammy, KoTopast:
O BBLIBOAUT TEKCT Ha 9KPaH JAUCILIES;

Q onpesenseT B KaKIOM TPEJIOKEHUN TeKCTa KOJTUUECTBO CUMBOJIOB, OTJIUYHBIX OT
O6ykB 1 npobea;

QO 110 HAXKATUIO TIPOU3BOJILHON KJIABUIIK TIOOYEPEHO BBIIEJSIET KAKI0E TIPEIOXKe-
HUE TEKCTa, a B BBICJIEHHOM TIPE/IOKEHUH — TT00YEPEIHO BCE CUMBOJIBI, OTJINY-
Hble oT OYyKB 1 mpobera.

BapuanTt 10

C 1OMOIIIBIO TEKCTOBOTO PelakTopa co31aTh (ailj, comepKaIIil TEKCT, AJIUHA KOTO-
poro He mipesbimiaeT 1000 cuMBOIOB (ZTMHA CTPOKM TeKCTa HE JIOJKHA TPEBBITIATH
70 cUMBOJIOB).
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WNwmsa daiina gomxno nmets pactmpenne DAT.
Hanucatp nporpammy, KoTopast:
O BBIBOAWT TEKCT Ha 9KPaH JAUCILIES;

a orpenesdgeT KOJINM4YeCTBO HpG[[JIOHQCHHﬁ TeKCTa M KOJHUYECTBO CJIOB B KaXIOM
TIPEAJIOKEHN M,

O 1o HaxXaturo HpOI/ISBOJIbHOfI KJIaBHUIIN ITOOYEPETHO BBIACJIACT KaK/10€ ITPeIIoKe-
HHE TEKCTa, a B BbIICJICHHOM IIPE/JIOJKEHNN — ITOOYEPEIHO BCE CJIOBA.
BapuaHnT 11

C 1OMOIIBIO TEKCTOBOTO PeflakTopa Co3/aTh (haiiy, coepsKaliil TeKCT, AINHA KOTO-
poro He nipesbimiaeT 1000 cuMBOIOB (JTMHA CTPOKU TEKCTA HE JIOJKHA TPEBBINIATH
70 cuMBOJIOB).

WNwms daiina gomxno nmets pactmpenrie DAT.

Hammcars mporpamMmy, KOTOpast:

O BBIBOJWT TEKCT HA 9KPAH JMCILIES;

Q ompeensieT KOJUUeCTBO OYKB 'a’ B TIOCJETHEM CJIOBE TEKCTA;

O 1o HAXKATUIO TIPOU3BOJIBHON KJIABUIIHN BbIIEJISIET TIOCTEHEE CI0OBO TEKCTA, a B BBI-
JIEJIECHHOM CJIOBE TI00YePEeIHO Bee OYKBBI 'a'.

BapuaHT 12

C MOMOIIBIO TEKCTOBOTO PeaKTOpa CO3/aTh (haili, copepsKalifil TeKCT, AJIUHA KOTO-
poro #e mipesbiniaeT 1000 cMBOIOB (ZJTMHA CTPOKM TEKCTa He J0JKHA MPEBBIIIATD
70 cMMBOJIOB).

msa daiina momxHo nMeTh paciuupenne DAT.
Hammcatp nmporpamMmy, KoTopast:
QO BBIBOAWT TEKCT HA 9KPaH JUCILIEST,

Q omnpefesngeT caMyio JJIMHHYIO 110CJIe0BaTeIbHOCTh (P B TeKcTe (CYUTATH, 4TO
m060€e KOJMYeCTBO TIPOGETOB MEKIY IBYMsI THpaMul He MPEPHIBAET MOCIeT0Ba-
TeJIbHOCTH 1IUQP);

O 1o HaxxaTuio HpOHSBOJIbHOﬁ KJIaBUIIN MTOOYEPEIHO BBIZACJACT KaK/AYIO ITOCae0Ba-
TEJBHOCTH IUMP, ComepKaIyI0 MAKCUMATBHOE KOJTMYECTBO CUMBOJIOB.
BapuaHTt 13

C TOMOIIBIO TEKCTOBOTO PelakTopa CO3/aTh (hailji, comep KAl TEKCT, AINHA KOTO-
poro #e mipeBbimiaeT 1000 cuMBOIOB (JTMHA CTPOKU TEKCTa He JIOJKHA TPEBBINIATDH
70 cuMBOJIOB).

Nwms daiina gomxno umets pacimpenne DAT.
Harmwmcatp nporpamMmmy, KoTopast:
O BBIBOAWT TEKCT HA 9KPAH JAUCILICS;

Q onpejesgeT IOPAAKOBBII HOMED 3a/JaHHOTO CJI0BA B KaXK/I0M IIPE/IJIOKEHUN TEKCTa
(3a71aHHOE CJIOBO BBOJUTCS C KIABUATYPHI);

d 1o HaxaTuio HpOHSBOJIbHOﬁ KJIaBUIIN ITOOYEPETHO BBIACJIACT KaX/10€ ITPEIJIOKE-
HHE TEKCTa, a B BBIICJICHHOM IIPE/IJIOKEHNN — 3a/laHHOE CJIOBO.
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BapwuwaHT 14

C moMOIIBI0 TEKCTOBOTO PEIAKTOpa CO37AaTh Gailil, comep:kammii TeKCT, AJNHA KO-
toporo He tpesbiniaer 700 cuiMBOJIOB (JIJIMHA CTPOKU TEKCTA HE JIOJIKHA TPEBBINIATD
70 cuMBOJIOB).

Nwms daiina gomxno umets pacimipenne DAT.
Hanucatp nporpammy, KoTOpast:
QO BBIBOJIUT TEKCT HA 9KPaH JIUCILIEST;

QO 110 Ha)KaTUIO IIPOU3BOJILHOM KJIABUIIM II0OYEPEJHO BbIAESAET B TEKCTE 3aJaHHOe
CJIOBO (3a/1aHHOE CJIOBO BBOJIUTH C KJIABUATYPHI);

O BBIBOAUT TEKCT HA 9KpaH JIMCIIEA elle pa3, BbIKU/bIBasd W3 HETro 3aJlaHHOE CJIOBO
" yJajadasa JAIMTHAE HpO66JIbI.
BapuaHTt 15

C 1OMOIIBIO TEKCTOBOTO peflakTopa Co3/aTh (haiij, comepsKaliil TeKCT, AINHA KOTO-
poro He mpesbiiaer 700 cuMBOJIOB ([JIMHA CTPOKU TEKCTA HE JOJKHA ITPEBBINIATDH
70 cuUMBOJIOB).

Nwms daiina gomxno umets pacimpenrie DAT.
Harmmcatpb nmporpamMmy, KoTopast:
O BBIBOAMT TEKCT HA 9KPaH JIUCILIEST;

0 1o HaxXaTUIo HPOI/ISBOJIBHOP)I KJIaBUIIHN ITOOYEPEIHO BBIJAEJIACT B TEKCTE 3a/laHHbIE
CJIOBa, KOTOPbIE€ HYXHO ITOMEHATH MECTaMn (BaﬂaHHI)Ie CJIOBa BBOJAMTDH C KJ/laBHa-

TYpBI);

O BBIBOAUT TEKCT HA dKPaAH AUCILIES ellle pa3, MeHssl B HeM MeCTaMU 3aJlaHHble CJI0Ba
U yIajiss JUIIHEE IpoOeIbl.

BapuaHT 16

C TIOMOIIBIO TEKCTOBOTO PeflakTopa Co3/aTh (aiij, comep Kaliil TeKCT, AJTNHA KOTO-
poro He mpesbimaer 700 cuMBOJIOB (AVIMHA CTPOKU TEKCTa He JOJKHA IIPEBBINIATH
70 cuMBOJIOB).

msa daiina momxHo nMmeTh pacuupenne DAT.
Hamucatnp mporpammy, KOTOpast:
O BBIBOJIUT UCXOJHBIN TEKCT HA HKPAH JIUCILIES;

O 1o HaXkaTHIO TTPOM3BOJIBHON KJABHUIIN TOOYEPETHO BBIZEASET B TEKCTe 3a/laHHOE
CJI0BO (33/IaHHOE CJIOBO BBOAUTD C KJIABUATYPBHI);

O BBIBOJ/IMT TEKCT Ha 9KpaH JIMCIIEA €lle pa3d, 3aKJjro4dasd 3alaHHO€e CJI0BO B KaBbIYKH,
1 ITOoYepeTHO BBIAECJIACT 3a/laHHOE CJI0BO BMECTE C KaBbIUYKaMM.
BapuaHTt 17

C TOMOITBIO TEKCTOBOTO PeflakTopa Co3/aTh (haiiy, comepsKaufiil TeKCT, AINHA KOTO-
poro ne mpeBbinaer 700 cuMBOJIOB (JI/TMHA CTPOKHM TEKCTA HE JIOJIKHA TPEBBIIIATH
70 cUMBOJIOB).

Nwms daiina gomxno numets pacimipennie DAT.
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Hamnucarp nnporpammy, KoTopas:
O BBIBOAUT MCXOJHBINA TEKCT HA 9KPAH JUCILICS;

O BBIBOJUT TEKCT HA 9KpaH AUCILJIEA €II€ pa3d, BCTaBJIKAA B KaK/10€ IPEAJIOKEHNE B
Ka4geCTBE TIOCJIEITHETO 3a/laHHOE CJIOBO, BBE/ICHHOE C KJIaBUATYPbl B Ka4€CTBE UC-
XOZHbIX JaHHDbIX.

d 1o HaxaTuio HpOI/ISBOJIbHOfl KJIaBUIIHN ITOOYEPETHO BBIJIEJIAECT B TEKCTE BCTABJIECH-
HO€ CJIOBO.

BapuaHT 18

C 1OMOIIIbIO TEKCTOBOTO PelakTopa co3/aTh aiij, comepKaliil TeKCT, IJIUHA KOTO-
poro #e mnpesbiiaer 500 cMMBOJIOB (JTMHA CTPOKU TEKCTa HE JIOJKHA TIPEBBINIATH
70 cUMBOJIOB).

msa daiina momxHo nMeTh pacuiupenne DAT.
Hanucatp nporpammy, KoTOpast:
O BBIBOAMT TEKCT HA 9KPaH JIUCILIEST;

Qd 10 HaXXaTUIio HpOI/ISBO]IbHOfI KJIaBUIIN ITOOYEPEAHO BBIJAEJIAECT B TEKCTE JIMIITHUE
HpO6e]IbI MEKAY CJIOBaMM;

QO BBIBOJUT TEKCT HA SKPAH JUCILIES ellle pa3, youpast JUIHue poOesbl MEK/LY CI0-
BaMU M HauMHas KaxKoe IPeJIoKeHre ¢ HOBOH CTPOKH.

BapuaHTt 19

C TIOMOITIBIO TEKCTOBOTO PeflakTopa Co3/aTh (aiij, comepsKamiil TeKCT, ATNHA KOTO-
poro He mpeBbiniaet 700 cuMBOJIOB (JIIMHA CTPOKU TEKCTAa HE JOJKHA MPEBBINIATDH
70 cuMBOJIOB).

Nwms daiina gomxno umets pacipenrie DAT.
Hammcatp nporpamMmmy, KoTopast:
O BBIBOJIUT TEKCT HA 9KPaH JIUCILIEST;

O 110 HAXKATUIO IIPOM3BOJILHOM KJIABUIIM 1I00YEPEJHO BbIIEJSAET B TEKCTE 3aJaHHOe
CJI0BO (3a/IaHHOE CJIOBO BBOAUTH C KJIABUATYPBHI);

QO BBIBOJWT TEKCT HA 9KPAH JIMCILIES €Ille Pa3, 3aMeHsIsl B 33[aHHOM CJIOBE CTPOUYHbIE
GYKBBI ITPOTTUCHBIMHU.

BapuaHnT 20

C moMOIIBIO TEKCTOBOTO peflakTopa Co3/aTh (haiis, copepKalfiil TeKCT, AINHA KOTO-
poro He mipeBbimiaer 1000 cuMBOIOB (ZTMHA CTPOKM TEKCTA HE JIOJKHA TPEBBINIATH
70 cuMBOJIOB).

WNwms daiina gomxno numets pactmpenne DAT.

Hanucatp nmporpammy, KoTOpast:

Q0 BBIBOJUT TEKCT HA 9KPaH IUCILIEST;

Q ompezensieT HAMOOIbINEE KOTMIECTBO TOAPS/T WYX TPOOETIOB B TEKCTE;

O 10 HAKATHUIO TTPOU3BOJIBHON KJIABUIIN TTOOYEPETHO BBIJIESIET KaXKAYI0 M3 Toce-
JIOBATEIbHOCTEH TIPOOETIOB MAKCUMAJIBHOI JITTHHBI.



YnpaxHeHus K yacTu | 165

LLIa6noHbI PyHKLMIA

BomonnuTs ynpaxkienuss 3 pasznena «OmgHoMepHbIE MACCUBBI», O(DOPMUB KaK/IbIi
IYHKT 3a/IaHKst B BUje mabaona ¢pyHKiuu. Bee HeoOXoanMble qaHHbIe Uit (QYHKIIIT
JIOJIKHBI TIEPEaBaThCsl UM B KauecTBe mapaMeTpoB. Vcmonb3oBatue Tio0aibHbIX Tie-
peMeHHBIX B (DyHKIMAX He jonyckaercs. [IpuBectu nmpumeps! IporpaMm, UCHOJb3YI0-
nux oty mabsaoHsl g TMHoB int, float u double.

MopaynbHOe nporpamMmmMupoBaHue

BormoaauTs ynpakuHeHust u3 pasaena «DOyHKIUM 1 (Haitibiy, pasMecTUB OMUCAHUE
CTPYKTYPBI B 3ar0JIOBOYHOM haiisie, a onpeeneHust GyHKIUN U TIaBHYIO (QYHKITNIO
MPOrPaMMBbl — B JIBYX OT/IE€JBHBIX (haiiyax.

AvnHamMmuyeckue CTPYKTYypbl AaHHbIX
BapuaHT 1

CocTaBuTb IIPOrpaMMy, KOTOpasi COAEPKUT ANHAMUYECKYIO NH(MOPMALUIO O HATMYUU
aBTOOYCOB B aBTOOYCHOM TIapKe.

CBezieHHsI 0 KaxKIOM aBToOyCEe COIePIKaT:

QO HoMmep aBTOOYCA;

QO damMuauio 1 UHUIMATBI BOJIUTEJIS;

O Homep MapIuipyra.

IIporpamMma K0/KHA 0OECIIEYNBATD:

O HavasbHOE (HOPMUPOBAHUE JAHHBIX O BCEX aBTOOYCAX B MapKe B BUJE CIIUCKA,

Q 1pwu BbIE3/e KaXk0ro aBToOyca U3 mapka BBOJAUTCS HOMEpP aBToOyca, U MporpaMma
yaajsieT faHHble 06 9TOM aBTOOyCe M3 CTHCKa aBTOOYCOB, HAXOMATINXCS B MAPKe,
U 3allICHIBAET TH JAHHBIE B CIIUCOK aBTOOYCOB, HAXOSAIINXCS HA MapIIPYTE;

Q 1pu BBE3E KaKAOro aBTodyca B MapK BBOAUTCA HOMEp aBToOyca, ¥ MporpaMmma
yaajsieT JaHubie 06 9TOM aBTOOyCe M3 CIUCKA aBTOOYCOB, HAXOMAIINXCS Ha Map-
MIPYTe, U 3AMUCHIBAET 9TU JAHHbBIE B CIIMCOK aBTOOYCOB, HAXOASAIIMXCS B TAPKE;

QO 110 3a1POCy BBIAIOTCS CBefeHMs 06 aBTOOYCax, HAXOSAIIUXCS B TIAPKe, WU 00 aB-
TOOYCaX, HAXOAAIMXCSA HA MaPIIPYTE.

BapuaHT 2

CocTaBUTh IIPOrpaMMy, KOTOPast COAEPKUT TEKYIIyIo HH(GOPMALIUIO O KHUTaX B O1b-
JINOTEKeE.

CaenieHust 0 KHUTax COJEepKaT:

Q nomep Y/IK;

(hammInio M MHUITHMAJIBI AaBTODA,
Ha3BaHUE,

TOJi U3AHUT;

0O00o0o

KOJIMYECTBO 9K3EMILISPOB JaHHON KHUTKU B GUOIHOTEKE.
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HporpaMMa JLOJIZKHa obecIieunBaTh:

Q0 HavaabHOE (hOPMHUPOBAHUE JAHHBIX O BCEX KHUTaX B GUOIMOTEKE B BUIE ABOMUHO-
TO JiepeBa;

a I[O6aBJIeHI/Ie JAaHHBIX O KHUTAX, BHOBb ITOCTYIIAIOIINX B 6I/I6JII/IOTeKy;
a YAas€eHne JJTaHHBIX O CIIMCbhIBAEMbBIX KHUTAX;

0 II0 3alIpOoCy BbIZAIOTCSA CBEAEHUS O HAIUYNU KHUT B 6I/I6JII/IOT6K€, YHnopAa0o4YeHHbIE
II0 TO/JIlaM M3aHMnA.

BapuaHt 3

CocTaBuTh IPOrpaMMy, KOTOpPas COAEPAKHUT TEKYINYI0 HMH(MOPMAIMIO O 3asBKaX Ha
aBMaOUJIETDI.

Kaxxnas sasBKa co/ep:KuT:

0 OYHKT Ha3HAYECHI,

Q HoMep peiica;

O damMuauio 1 UHUIKUAIBI TACCAKUPA;

O ’KejaeMylo /1aTy BbLIETa.

ITporpamma 10/KHA 0GECTIEUMBATE:

XpaHeHHe BCeX 3ad4BOK B BUJIE CIIUCKa;

nobaBJiervie 3aBOK B CITHCOK;

YAQIEHHE 3a4BOK;

BBIBOJI 3a51BOK 110 3a/laHHOMY HOMepy peiica U /jaTe BblIeTa;

OO0 DD

BbIBO/I BCEX 3asBOK.

BapuaHT 4

CocTaBuTh TPOrPaMMy, KOTOPasi COAEPKHUT TEKYIIyl0 HH(MOPMAIMIO O 3asBKaX Ha
aBUaOUJICThI.

Kaxnas sasiBka cozepsKart:

U IIYHKT HasHauyeHUs],

O HOMep peiica;

Q daMuanio ¥ THUIHAIBI TACCAKUPA;

O ’KejaeMmylo aTy BBLIETA.

ITporpamma 10JKHA 06ECTEINBATE:

U XxpaHeHHe BCeX 3asIBOK B BU/IE€ IBOMYHOTO JI€PEBA,
Q znobapienue U yjaajaeHne 3asiBOK;

QO 10 3aJaHHOMYy HOMeEpY peiica U aTe BbLIETa BBIBOJ 3adBOK € UX IIOCJIEYIONINM
yAaleHueM;

O BBIBOJ BCEX 3a4BOK.
BapuaHT 5

CocTaBuTh MPOTPAMMY, KOTOPast COAEPKUT TEKYIYI0 WHGOPMAIINIO O KHUTaX B 616-
JINOTEKe.
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CBe/leHnst 0 KHUTAaX COJEPIKAT:
nomep Y /IK;

(bammHIO ¥ MHUIHATIBI aBTOPA;
Ha3BaHUE;

TOJ U3LAHUST;

0000 Do

KOJITYECTBO HK3EMILISIPOB TAHHON KHUTH B GUOIHOTEKE.
[Tporpamma gosKHA 06GECIEYNBATE:
QO HavasbHOE (hOPMUPOBaHUE JTAHHBIX O BCEX KHUTaX B OGUOJHOTEKE B BUJIE CIIHCKA;

Q 10pu B3ITUM KaxkJ0H KHUTH BBoauUTC HoMep Y /K, u mporpamMma yMeHbIIaeT 3Ha-
YeHUe KOJMYeCTBAa KHUT Ha eUHKILY WU BbIAAET COOOLIeHne O TOM, 4To Tpebye-
MOt kHuru B 6ubmoTeke HeT, uau TpebyeMasi KHUTa HaXOAUTCS Ha PyKax;

QO 1pu BO3BpallleHUH KaKA0W KHUTH BBoAUTCA HOoMep Y /K, u mporpamma yBenyu-
BaeT 3HaYeHHUE KOJIMYECTBA KHUT HA eAMHMUILY;

QO 110 3aIpOCy BBIAAIOTCI CBEIEHUS O HAJIMYUU KHUAT B Oubimoreke.

BapuaHT 6

CocTaBuUTb IIPOrpaMMy, KOTOpask COAEPKUT ANHAMUYECKYIO NH(MOPMAIUIO O HATMYUN
aBTOOYCOB B aBTOOYCHOM TIapKe.

CaezeHus 0 KaxI0M aBToOyce CoepsKar:

Q Homep aBrobyca;

Q daMuaNo U THUTTHAIBI BOIUTEIST,

O HoMep MapLIpyTa;

Q npH3HAK TOTO, I/Ie HAXOJAUTCA aBTOOYC — HA MapHIPyTe WU B TIAPKE.
[Tporpamma gos5KHa 06ECIEYNBATD:

0 nHavambHOe (POPMUPOBaHIE TAHHBIX O BCEX aBTOOyCax B BUIE CIUCKA;

QO 1pu BbIE3/ie KAKIOTO aBTOOyCa U3 MapKa BBOIUTCS HOMepP aBTOOYyCa, U IPorpaMma
yCTaHAB/IMBAET 3HAYeHNe [IPU3HAKA <«aBTOOYC HA MapILIPYTe»;

QO 1npu Bbe3le KaKA0ro aBrodyca B MapK BBOAUTCS HOMEP aBTOOyca, W MPOrpaMma
yCTaHAB/IMBAET 3HAYeHNe [IPU3HAKA <«aBTOOYC B IapKe»;

Q 110 3amMpocy BBIAAIOTCS CBeeHusT 00 aBTOOyCax, HAXOMAINXCS B TApKe, U 06 aB-
ToGycax, HAXOAAIINXCS Ha MapUIPyTe.

BapuaHT 7
COCTaBI/ITb l'[pOI‘p.':lMMy7 OTBICKUBAONIYIO ITPOXO/ 110 JIa6I/IpI/IHTy.

JIaBUPUHT TIPEACTABAAETCS B BUJE MATPHIBI, COCTOSMIEH M3 KBaapaTtoB. Kaskabrii
KBajzipar Jub0 OTKPHIT, JUOO 3aKpbhIT. BX0A B 3aKpbIThIil KBajpar samnpemieH. Eciu
KBa/IpaT OTKPBIT, TO BXO/l B HETO BO3MOKEH CO CTOPOHBI, HO He ¢ yria. Kaxabiii kBas-
pat oripeziesisieTcsl ero KoopArHaTaMyu B MaTpHUIle.

ITporpaMma HaXOIWT IIPOXOJ Yepes JaOUPHUHT, ABUrasCh OT 3aJaHHOro Bxoia. Ilocie
OTBICKAHUS MTPOXO/Ia MPOTPAMMa BBIBOJIUT HAMIEHHBIN TTyTh B BUE KOOPJUHAT KBa/l-
patoB. /[yt XpaHeHusT IyTH NUCIIOTh30BATh CTEK.
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BapuaHT 8

lapaxHast cTossHKA IMeeT O/IHY CTOSTHOYHYIO TI0JIOCY, TIPUYeM Bbe3/] U BbIe3 I HaXOSaTCs
B OJHOM KOHIIE I0JI0ChL Ec/m Biazeren aBTOMANIMHbL IPUXOAUT 3a0paTh CBOI aBTO-
MOGWUJIb, KOTOPBIL He ABJSIETCs OJIMKAUIINM K BBIXO/Y, TO BCe aBTOMAIINHBI, 3aropa-
SKMBAIOIINE TIPOe3]l, YIAJISAIOTC, MalllnHA JJAHHOTO BJIaJeJIbIla BBIBOJUTCS CO CTOSTHKH,
a Ipyrue MallliHbl BO3BPAIAIOTCS HA CTOSHKY B MCXOJHOM TIOPSJIKE.

Harmmicatp mporpaMmy, KOTopasi MOAEJUPYET TPOIeCC MPUOBITHST W OThE3/Ia MaIlUH.
IIpubbiTHE WIN OThe3[ aBTOMAIINHBI 3aa€TCI KOMAHIHO CTPOKOM, KOTOpPast Comep-
SKUT NPU3HAK NPUOBITUS WM OThe3a ¥ HOMEpP MallnHbl. IIporpamMma JoJKHA BbI-
BOJAUTH COOOIEHKE TIPpU IPUOBITUN WK Bbles/ie J000i MaimuHbl. IIpu Bblesge aBTo-
MAIIMHBl CO CTOSHKKM COOOIIEHME JOJKHO COAEPKaTh YKUCIO Pas, KOTOPOe MalliHa
YIQISIACH CO CTOSTHKY JIJIsE 0OecTieueHnst Bbleaia IPYTUX aBTOMOOMIIE.

BapuaHT 9
CocTaBuTh IIporpaMmy, MOZIEJINPYIONILYIO 3allOJIHEHNE I‘I/I6KOI‘O MAaromTHOI'O MCKa.

O6mmit o6pem mamaTn Ha mcke 360 Koaiir. Daitabr MMEIOT TPOU3BOTBHYIO TUHY OT
18 Gaiit go 32 K6aiit. B mpouecce paboTsl (aiiibl 1u60 3alUChIBAIOTCS HA AUCK, OO
YIAJISIOTCS € HEro.

B nauase paboThl (HalJIbl 3aAMUCHIBAIOTCS MOAPS APYT 3a ApyroM. Ilocie ynajneHust
(aiina Ha aucke oGpasyercss cBOOONHBII YY4ACTOK IIAMSTH, U BHOBb 3allMChIBAEMbIIl
(aiinr b0 pasmeraercs Ha cBOOOIHOM ydacTke, Jubo, eciu (aill He BMEIIAETCS B
cBOOOIHBII YY4aCTOK, PasMEIAETCs I10C/Ie TIOCIEAHero 3alucanHoro daia.

B ciyuae, korga ¢aiisr IpeBOCXOAUT JUIMHY CAMOTO GOJIBIIIOTO CBOGOIHOTO y4acTKa,
BBIZIaeTCsT aBapuiiHoe coobieHue. TpeGoBaHUe Ha 3alUCh WIHN yajieHue (daiiia 3aja-
eTcst B KOMaH/IHOIl CTPOKe, KOTopast COAEP:KUT UM (aiiya, ero 1ymny B GailTax, mpu-
3HAK 3alMcu uian ypanenus. IIporpamma Jo/kHa BblIABaTh 110 3alIPOCY CBEAECHUS O
3aHATBHIX U CBOOOMHBIX YUACTKAX TAMSITH HA JIHCKE.

Yxkaszanue: CJIeAy€ET CO3/1aThb CIIMCOK 3aHATHIX YUYaCTKOB U CIIMCOK CBO6OHHI>IX Yy4aCTKOB
ITaMATH Ha JMUCKE.

BapuanTt 10

B daitnoBoit cucteme katasor GaiisioB OPTaHN30BaH KaK JUHEWHBIN CITHCOK.
Jlna kaxzoro (aiiya B KaTtajaore CopepskaTcs CIeAYIONTe CBEeACHUS:
Q umsa daiina;

O mara CO3MaHMNT,;

Q xosamyecTBO obpalleHuii K daiiny.

CocTaBuTh TIPOTPAMMY, KOTOPast 00eCIieynBaeT:

QO nHavasbHOoe hopMHUpPOBaHKe Katajuora (haiiyios;

QO BbIBOJ KaTasora (ailios;

QO ynarenue ¢GaiiIoB, 1aTa CO3/IaHUS KOTOPBIX MEHBIIE 33/IaHHOI;
Q BoIdOPKY (aiina ¢ HAUOOIBITUM KOJUYECTBOM 0OpalieHuil.

ITporpamma MoKHA 06€CTIEYMBATD AUATOT € MOMOIIBIO MEHIO ¥ KOHTPOJb OIHOOK
IIpA BBOJIC.
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BapuaHnT 11
[IpeamerHblii ykazaTesb OPraHM30BaH Kak JIMHEWHBIN CITMCOK.

Ka)KlIa?I KOMITIOHEHTA yKa3aTeJisd COAEPIKUT CJIOBO 1 HOMEPA CTPAHUIL, Ha KOTOPBIX 3TO
CJIOBO BCTp€YaeTCA. Koanuectso HOMEPOB CTPaHUIl, OTHOCAIINXCA K OJHOMY CJIOBY, OT
O/IHOTI'O /10 JECATH.

CocTaBuTh TIpOrpaMmy, KOTopasi 00eceunBaer:

0O HauvaJgbHOE (POPMHUPOBAHNE TIPEAMETHOTO YKA3aTes;
O BBIBOJL IIPEJMETHOIO YKa3aTeJid;

0O BBIBOJ HOMEPOB CTPAHUIL JJIST 33/[aHHOTO CJIOBA.

ITporpamma oKHA 06€CTIEYMBATD AUATOT € MOMOIIBIO MEHIO ¥ KOHTPOJb OIMHOOK
IIpU BBOJIC.

BapuaHTt 12
Texct momoliu 711 HEKOTOPOI ITPOrpaMMbl OPTaHU30BaH KaK JUHEWHBIN CIIMCOK.

Kaxmast KoMIIOHeHTa TEKCTa TOMOIIK COAEPIKUT TEPMUH (CIOBO) U TEKCT, COMepIKa-
IV TTOSICHEHUST K 3TOMY TepMuHy. KoJm4ecTBO CTPOK TEKCTa, OTHOCSIIINXCST K OTHO-
My TEpMHUHY, OT OZHON J0 IATH.

CocTaBuTh IIPOrpaMMy, KOTOpas 00ecIIeunBaer:

O nHavambHOE (HOPMUPOBAHUE TEKCTA TIOMOIIH;

QO BBIBOJI TEKCTA TTOMOIIH;

O BBIBOJI TIOSICHSIONIETO TEKCTA JIJIS 33JIaHHOTO TEPMUHA.

ITporpamma MoKHA 06€CTIEYNBATD AWATOT € TMOMOIILIO MEHIO ¥ KOHTPOJb OITHOOK
1IpU BBO/IE.

BapuaHTt 13

Kaproreka B 610po 0OMeHa KBapTHP OPraHU30BaHa KaK JIMHEIHbI CIICOK.
CejieHUsT 0 KaXK/I0il KBaPTUPE COJEPIKaT:

U KOJIM4eCcTBO KOMHAT;

d srTax;

O 1Iomianab;

a axpec.

CocTaBuTh IIPOrpaMMy, KOTOpas 00ecIIeunBaer:

0O HavasbHOE (hOPMHUPOBAHUE KAPTOTEKU;

Q BBOJ 3a4BKM Ha 0OMeH;

0 IIOMCK B KapTOTEKe IIOAXOJAIIEero BapuaHTa: IIPU PaBEeHCTBE KOJUYECTBAa KOMHAT
" 9Taska N pasjindinn H]IOIHalIefI B IIpejiesrax 10% BbIBOJIUTCA COOTBETCTBYIOIIaA
KapTOdKa W yJaJisA€TCA M3 CHHUCKA, B IMPOTUBHOM CJiyda€ MOCTYIIMBIIAA 3asiBKa
BKJIIOYa€eTCA B CIIMCOK;]

O BBIBOJ BCEro CIIMCKA.

[Tporpamma oKHA 06€CTIEYMBATD UATOT € MOMOIIBIO MEHIO ¥ KOHTPOJb OIMHOOK
IIpA BBOJIC.
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BapwuwaHT 14
AHTII0-pyCCKUIT €T0Baph TOCTPOEH KaK JIBOMYHOE JIEPEBO.

Kamaaﬂ KOMITIOHEHTa COAEPKUT aHTJIUICKOE CJIOBO, COOTBETCTBYIOIIEE €My PYCCKOE
CJIOBO M CUHETUYHMK KOJIMYECTBaA o6pameHMﬁ K JIaHHOW KOMIIOHEHTE.

[TepBoHavyanbHO siepeBo HOPMUPYETC COTTIACHO aHTniCcKoMY asdaButy. B mpoiecce
OKCILTYATAI[MH CJOBAPS MTPU KAXKIOM OOPaIeHU K KOMIIOHEHTE B CYETYMK obpariie-
HUH 1006aBIISIETCST eNHATIA.

CocTaBuTh poOrpamMmy, KOTopasi:

Q obecrieynBaeT HAYAJIbHbBII BBOJ CJIOBapsl ¢ KOHKPETHBIMU 3HAYECHUSAMH CYETUYMKOB
obpatieHuir;

Q dopMupyer HOBOe IIpe/CTaBIeHNe CI0Baps B BUJIE IBOMYHOTO JlepeBa 110 Cleylo-
IeMy aJITOPUTMY: a) B CTAPOM CJIOBApE UIIETCS KOMIIOHEHTA ¢ HAMOOJIBIIIM 3Ha-
yeHWeM cyeTynka obparieHuii; 6) HaiifieHHass KOMIOHEHTa 3aHOCUTCS B HOBBII
CTIOBaph M yAAJISETCS M3 CTaporo; B) MEPEXO K 1. a) 10 UCUYEPITAHUS UCXOIHOTO
CJI0Baps;

O I1IPOM3BOAUT BBIBOJ MCXOJHOIO U HOBOT'O CJIOBApeil.

ITporpamma 0/KHA 00ECTIEUNBATD THAJIOT € MOMOIIBI0 MEHIO U KOHTPOJb ONHOOK
IIpU BBO/IE.

BapuaHT 15

Ankera /1719 ompoca HaceJeHUsT COJIEP>KUT JIBE TPYIIBI BOITPOCOB.

[IepBas rpyrma cofiepKuT CBeIEHUsT O PeCcIiOH/IeHTe:

Q Bo3pacr;

Q 1o,

QO ob6pasoBanue (HAYaIbHOE, CPEHEE, BBICIIEE).

Bropas rpynma comep&nT coOCTBEHHO BONMPOC aHKETHI, OTBET Ha KOTOPBIH 6o JIA,
nmbo HET.

CocTaBuThb Iporpammy, KoTopas:
QO obecrieunBaeT HAYAIBHBII BBOJL aHKET U (DOPMUPYET M3 HUX JUHEHHBIN CIUCOK;

0O Ha OCHOBE aHA/IN3a aHKET BbIJIAeT OTBETHI Ha CJIEYIOIN[NE BOIPOCHL a) CKOJBKO
My:KuiH crapiie 40 Jiet, IMEIoIIUX Bbiciiee oOpasoBatue, oTBeTu/n J[A Ha BOITpOC
AHKETDI; a) CKOJIbKO KEeHIIUH MoJtoxke 30 JieT, MMEeIoIuX cpejHee oOpa3oBaHue, OT-
ety HET #Ha Borpoc aHKeTBHI; a) CKOJIBKO MY/KUHH MOJIOKE 25 JIeT, UMEIOINX
HauajibHOE oOpasoBaHue, oTBeTran [IA Ha BOIIPOC aHKETbI;

a IIPOM3BO/IMUT BbIBO/I BCEX aHKET N OTBETOB Ha BOITPOCHI.

ITporpamma 0o/KHA 00€CTIEUNBATD [HAJOT € MOMOIIBI0 MEHIO U KOHTPOJb OUHOOK
IIpU BBO/IE.

BapuaHT 16

CocTaBuTh IPOrpamMMy, KOTOPast COAEPKUT TEKYIYI0 MH(GOPMAIIUIO O KHUraX B O1O-
JINOTEKE.

CBeneHUs 0 KHUTAX COIEPIKAT:
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Homep Y /IK;

(bammmio 1 MHUIIMATBL ABTOPA;

a
a
O Ha3BaHUE;
QO roj usganud;
a

KOJIMYECTBO 9K3EMILISPOB TaHHOI KHUTH B OUOIHOTEKE.

ITporpamma M0JKHA 06ECTEINBATE:

O

HadaJIbHOE (l)OpMI/IpOBaHI/Ie JIaHHBIX O BCE€X KHHTIaX B 6ubanorexe B BU/I€ CIITMCKa;
,Z[O6aB]IeHI/Ie JAaHHBIX O KHUTAX, BHOBb ITOCTYIIAIOIINX B 6I/I6JII/IOTeKy;

yaaseHnne JaHHbIX O CIIMCbhIBAEMbBIX KHUTAX]

O oo

110 3aIIpOCy BbIZAIOTCA CBEACHUSA O HAJIMYNN KHUT B 6I/I6JII/IOT€K6, YHOpAAOYECHHBIE
II0 TOJlaM M3JaHMA.

BapuanTt 17

Ha mesxayropoaHoii TesieOHHOI cTaHIMU KapToTeKa aGOHEHTOB, COAepKallas CBee-
HUSA 0 TenedoHaxX U MX BJIAEIbIIaX, OPTaHN30BaHa KaK JMHEWHBIN CITICOK.

CocTaBuTh TPOrpamMmy, KOTOPast:

Q obecrieunBaeT HavaabHOE (DOPMUPOBAHKE KAPTOTEKU B BU/IE JIMHEHHOIO CIIMCKA,;
O TPOM3BOIUT BHIBOJ BCE KapTOTEKMH;

QO BBoAuT HOMEP TesedOHA U BpeMsI Pa3roBOpa;

0 BBIBOJIUT U3BEINIEHNE HA ONJIATY Tese(pOHHOTO pa3roBopa.

ITporpamma MOKHA 00ECTIEYNBATD AUATOT € MOMOIIBIO MEHIO M KOHTPOJb OITHOOK
P BBOJIE.

BapuaHT 18

Ha MesxayropoHoii TesieoHHOI cTaHIINN KapToTeka abOHEHTOB, CO/IepIKalllas CBejie-
Hus o0 TesehoHax U MX BJIAJIENbIIaX, OPraHn30BaHa KakK JBOMYHOE JEPEBO.

CocTaBuTh MPOrpamMmy, KOTOpas:

QO obecrieunBaer HavaabHOE (POPMUPOBaHIE KAPTOTEKU B BUJIE ABOMYHOTO AEPEBA;
O 1pOU3BOJUT BBIBOJ BCEWl KAPTOTEKU;

QO BBoAUT HOMEP TesiehoHA U BPEMST Pa3roBOPa;

O BBIBOAUT M3BEINIeHNE Ha ONJIATy Tese()OHHOrO pa3roBopa.

[Tporpamma josKHa 06€CTIeYrBATh JUAJIOT ¢ MOMOIIBIO MEHIO ¥ KOHTPOJb OIUO0K
IIpA BBOJIE.

BapuaHTt 19

ABTOMaTU3MpOBaHHASA MH(MOPMAIIMOHHAS CHUCTEMA Ha JKeJIe3HOOPOKHOM BOK3aJle CO-
JEPAKUT CBeJIeHUS 06 OTIPABICHUH TIOE3/I0B ATbHEro ciefoBanus. [l Kakaoro mo-
e3/la yKa3blBaeTCs:

O HOMEp 110e3/1a;
O craHIUMg HAa3HAYCHUI,

O BpeMa OTIpaBJICHU.
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[lannbie B MHGOPMAIIMOHHON cHCTEeMe OPraHU30BaHbl B BU/IE JIMHEHHOTO CIUCKA.
CocTaBuThb porpamMmy, KoTopasi:

QO obecrieunBaeT MePBOHAYAIBHDIN BBOJ JaHHBIX B HH(MOPMAIMOHHYIO CHCTEMY U
(hopmupoBanue JUHEHHOrO CIUCKA;

U IIPpOM3BOAUT BBIBOJ, BCETO CIIMCKA,
U BBOAMUT HOMEP 110€3/1a U BBIBOJUT BCE JaHHbIE 00 3TOM I1oes/ie;

O BBOAUT Ha3BaHUE CTAHIIMU HA3HAYCHUS U BBIBOAUT AaHHbIe 000 BCeX 1oe3jax, ce-
JIYTOTINX 10 9TON CTAHIIM.

ITporpamma oKHA 06€CTIEYMBATD UATOT € MOMOIIBIO MEHIO ¥ KOHTPOJb OIMHOOK
IIpA BBOJIE.

BapwuanT 20

ABTOMaTI/ISI/IpOBaHHaH I/IH(I)OpMaLII/IOHHaH CHUCTEMa Ha KeJIe3HOJOPOKHOM BOK3aJie CO-
JOEPKUT CBEJICHUA 00 OTHPpaBJIEHNUH T1I0€3/10B JaJIbHETO CJI€JOBaHUA.

[l Kaskmoro moe3a yKa3bIBaeTCS:

O HOMEp IT0e3/13;

O craHIM4g Ha3HAUYCHUI;

O BpeM#A OTIIPaBJICHUA.

Jlannbie B mH(MOPMAIIMOHHON cUCcTeMe OPTaHU30BaHbl B BUJIE IBOMYHOTO JIepeBa.
CocTaBuTh MpOrpamMmy, KOTOpast:

Q obecrieynBaeT MEPBOHAYATBHBII BBOJI IAHHBIX B MH(OPMAIIMOHHYIO cucteMy U (hop-
MHUpOBaHNe IBONYHOTO JIEPeBa;

U IIpOM3BOAUT BBIBOJ, BCETO JIEPEBA;
U BBOAUT HOMEDP 110€3/1a U BBIBOJUT BCE JaHHbIE 00 2TOM I1oes/ie;

0 BBOAUT HasBaHUe CTAHLMK Ha3HAYeHWs U BBIBOAUT JAaHHBIE O BCEX IOE3/aX, CJie-
JIYTOTINX 10 9TON CTAHIIM.

[Tporpamma oKHA 06€CTIEYMBATD UATOT € MOMOIIBIO MEHIO ¥ KOHTPOJb OIMHOOK
IIpA BBOJIE.



HYACTDb I

OOBbEeKTHO-OpUEeHTUpPOBaHHOEe
nporpaMmmMupoBaHue

B okoHuaTesbHOM BHIE JTH00AsT TIPOrpaMMa MpPeACTaBisieT co00il Habop WHCTPYKITHIA
nporeccopa. Bee, uTo Hanmcano Ha J060M sI3bIKe IPOrpaMMEpOBaHusi, — GoJiee y100-
Hasl, YIIPOIIEHHAsT 3alUCh 9TOr0 HabGopa MHCTPYKIMI, obJerdaonias HallucaHue, oT-
JIAZIKY M TIOCJIEAYIONYI0 MOIM(DUKAIIUIO TTPOTPAaMMBbL. UeM Bbillle yPOBEHbD A3bIKa, TEM B
GoJtee poCToii (hopMe 3aIUChIBAIOTCS OIHK 1 Te ke feiicTBus. Hanpumep, ais peanu-
3allMy [IMKJIA Ha s13biKe acceMOJiepa TpeOyeTes 3almcaTh MOC/Ae0BATEbHOCTh HHCT-
PYKILUIA, 103a00TUBIIICH O Pa3MeLIeHNH [IEpEMEHHBIX B peructpax, a B C um [Tacka-
Jie JUJIsE HTOTO JIOCTATOYHO OJHOTO OIIEPaTOpa.

C pocToM obbeMa IIPpOrpaMMbI CTAHOBUTCA HEBO3MOJKHDBIM Y/IEPKUBATH B IaMATU BCE
JeTaan, M CTaHOBUTCA H606XOI[I/IMBIM CTPYKTYPUPOBATH I/IH(l)OpMa]_[I/IIO, BbBI/ICJIATD
TJIaBHOE U OT6paCbIBaTb HeCcylieCTBEHHOE. JToT IIpoI1ieCcC Ha3bIBA€TCA IOBbIIEHUEM
CTelneHun a6CTpaKHI/II/I IIporpaMMmbil.

ITepBBIM IIATOM K MOBBIIIEHNIO aOCTPAKIINN SIBISIETCS] UCNONb30BAHUE (DYHKUUL, TIO-
3BOJISIIONIIEE TTOCTIE HATMCAHUS M OTJIaAKH (DYHKIIMU OTBJIEUbCS OT JleTajlell ee peasnsa-
MM, TTOCKOJIBKY JI/IsT BbI3oBa (pyHKIMKM TpebyeTcs 3HaTh TOJNBKO ee uutepdeiic. Ecm
r106asbHble TIepEMEHHBIE He HCIOJBb3YIOTCS, WHTepdec MOTHOCTBIO OIPEIeISIeTCsT
3ar0JI0BKOM (DYHKITHTL.

Crenytonuii mar — onucanue cOOCmMEEHHbIX MUN08 OaHHbLX, TO3BOJSIIONINX CTPYKTY-
pHpOBaTh W TPYNIUPOBATh MHMDOPMAIUIO, HPEACTABIsIA ee B (oJiee €CTeCTBEHHOM
Bujie. Harrpumep, MOXKHO IIPEACTABUTD C IIOMOIIBIO OJIHOM CTPYKTYPbI BCE Pa3HOPO/I-
Hble CBeJleH1s, OTHOCAIIUEC K OZHOMY BUJYy TOBapa Ha CKJaJe.

Jlst paboThl ¢ cCOOCTBEHHBIME THUIIAMH JaHHBIX TPEeOYIOTCS ClielnaibHble (QYHKIUH,
EcrtecTBeHHO crpynnupoBaTh MX C OIMCAHUEM STUX THIOB JJAHHBIX B OJJHOM MeCTe
IIPOrpaMMBbl, a TaKXkKe 110 BO3MOXKHOCTH OTAEJNUTDb OT ee OCTalbHbIX yacteil. [Ipu aTom
IS MICTIOTb30BAHMST ATUX TUTIOB U (DYHKITHI He TpeGyeTCsT TIOTHOTO 3HAHWS TOTO, KaK
UMEHHO OHM HAIMCAHBI — HEOOXOAMMBI TOJBKO omucanust uurepdeiicos. Ofsedure-
Hue 6 MOOyJu OTTMCAHUIN TUMOB JAHHBIX W (hYHKITMH, TIPeHA3HAYECHHBIX /7T PAGOTHI
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C HUMH, CO CKPBITUEM OT I10JIb30BaTEJIsA MOAYJIA HECYTITECTBEHHBIX ﬂ(ETa]IeI';I, ABJIACTCA
[[aJIbHefIHII/IM Pa3BUTUEM CTPYKTYPU3AIIUU ITPOTPAMMBI.

Bce Tpu ornmcaHHbIX BBl METO/IA TIOBBINIEHUsT aGCTPAKIIUY [TPECIENYIOT 1[eJb YIIPO-
CTUTD CTPYKTYPY MPOTPAMMEI, TO €CTh NPeICmasumy ee 6 8ude MeHbUez0 KOIUUeCmEa
bonee KpynHolx OJ0KO8 U MUHUMUSUPOBAMY CBA3U MENHCOY HUMU. ITO MO3BOJISIET YIIPAB-
JATh GOIBITUM 06beMOM WH(MOPMAIIUY 1, CIEJOBATENBHO, YCIENTHO OTIaKIUBATh 60-
Jiee CJIOKHBIe TIPOTPAMMBL.

BBejienne MOHATHS KAACCA SIBISETCS. €CTECTBEHHBIM Pa3BUTUEM WJIEi MOLYJILHOCTH.
B wmmacce cTpyKTYpBI MaHHBIX U GYHKIMN X 06paboTku obbeanmsiores. Kmace nc-
II0JIb3YETCsT TOJIBKO Yepe3 ero uurTepdeiic — aetany peanusaluu 1js MoJb30BaTesst
KJlacca HeCyIIeCTBEHHBL Vjiess KJIaccoB OTpakaeT CTpoeHre OOBEKTOB PEealbHOTO
MHUpa — Be/lb KK/BIi [IPEIMET MM TIpolfece 0bazaeT HabopoM XapaKTepUCTHK NI
OTJIMYUTEILHBIX YePT, MHBIMU CJIOBAMHU, CBOUCTBAMU U TIOBeIeHHeM. [IporpaMMbI yac-
TO TIPe/IHA3HAYEHBI /71T MOJIETTHPOBAHUSI TIPE/IMETOB, TIPOIECCOB U SIBIEHHN PEaTbHOTO
mupal, 103ToMy B sI3bIKE IPOrPAMMUPOBAHUS YA0OHO UMETH aJIEKBATHBIN HHCTPYMEHT
JUISE IPEJICTABJICHYS MOJICTIEH.

Knacc siensiemes munom oannvix, onpedeisemoim noivsoeamenem. B kiacce 3asarorcst
CBOIiCTBA U II0BeJeHNe KaKOoro-aubo IpeaMeTa WIn IIPOLecca B BUE IO JaHHbIX
(aHaJIOTUYHO CTPYKTYpe) ¥ DYyHKIMM 171t paboThl ¢ Humu. CosaBaeMblii THIT JaHHBIX
obJiaziaeT MpaKTUYECKU TeMU K€ CBOICTBaMH, YTO U CTaHAapTHbie Tibl. HarmoMHIo,
YTO THIT 33/1aeT BHYTPEHHEE TIPECTABIEHIE JaHHbIX B IAMSITH KOMIIbIOTEPA, MHOKe-
CTBO 3HaYEHUI, KOTOPOE MOTYT IPUHUMATh BEJIMIMHBI HTOTO THIIA, a TAKKE OTlepaIliu
u (YHKIMHU, IPUMEHsIEMbIE K 9TUM BeJnyuHaM. Bce 9T0 MOKHO 3a/1aTh U B KJIaccCe.

Cy1iecTBEHHBIM CBOMCTBOM KJlacca SIBJISETCS TO, YTO JIeTaIM €r0 Peau3allii CKPBITLI
OT TT0JIb30BaTesel Kaacca 3a mHTepdelicoM (Be/ib U B pealbHOM MUPE MOXKHO, HATIPH-
Mep, YIPaBJIsATh aBTOMOOHIIEM, HE UMesT TIPEACTABICHUST O MPUHIIUIIE BHYTPEHHETO
CTOpaHWS W YCTPOHCTBE BUTATEIS, & IOTB30BATHCS Tese)OHOM — He 3HasI, <KaK et
CHTHAJI, TPUHITAIIOB CBA3U U KTO KJas kabesb»2). urepdeiicom Kiacca ABISIOTCS 3a-
TOJIOBKH €ro MeTofioB. TakuMm 06pasoM, Kiace Kak Mofiesib 00bEKTa PealbHOTO MUpa
SIBJISIETCST YEPHBIM SATINKOM, 3aMKHYTBIM 110 OTHOIIIEHUIO K BHEITHEMY MUY .

Wpest kaccoB ABJISIETCST OCHOBOH 0OBEKTHO-OPHEHTHPOBAHHOTO TIPOTPAMMUPOBAHUS
(OOII). Ocuosubie npunnunsl OOTII Gbin paspaboranbl emie B A3bikax Simula-673
u Smalltalk, Ho B TO BpeMst He TONYYHIIN MIKPOKOTO MTPUMEHEHUSI U3-3a TPYIHOCTEH
OCBOEHMST M HU3KOH acddexTuBHOCTH peasn3anun. B C++ aTu KOHIENNN peasn3oBa-
HBI 3(D(HEKTUBHO, KPACUBO W HEITPOTUBOPEUMBO, YTO U SIBUJIOCH OCHOBOM YCIIENTHOTO
pacIpocTpaHeHust ATOTO SA3bIKA U BHEJPEHUS MOAOOHBIX CPEJICTB B IPYTHE A3BIKH TPO-
rPaMMUPOBAHUSI.

OOII — 310 He MPOCTO HABOP HOBBIX CPEACTB, N0OABIECHHBIX B A3bIK (Ha C++ MOXKHO
ycrenHo nucath u 6e3 ucnoabzosannst OOTI, u Ha060poOT, BOZMOKHO HATHCATH 00D-

! Hanpumep, B. Crpaycrpyn paspaboran C++ /s MOfeIupoBanust TeedOHHbIX KOMMYTAIU-
OHHBIX CUCTEM.

2© BI

% ObparuTe BHIMAHME HA TOI: HE TAK YACTO MOSBJSIOTCS HOBBIC MCH B IPOTrPAMMIPOBAHNIIL..
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€KTHYIO 10 CYyTH IIPOTPaMMy Ha f3bIKe, He COJepIKAIUM CIIeIUATbHBIX CPEJCTB MO/
nepxkr 06bexToB). OOTI wacTo HAa3bIBAIOT HOBOI MAPATUTMON TTPOTPAMMUPOBAHNIS.

KpacuBsblii TepMIH «ITapagurMa» 03HayaeT HabOp TeOPHii, CTaHAAPTOB U METOJ0B, KO-
TOPbIE COBMECTHO MPEACTABIAIOT cO00il criocob OpraHu3aIuu 3HaHWiT — WHBIMU CJIO-
BaMH, cioco6 BUICHUS MUPa. B MporpaMMupoOBaHUM 3TOT TEPMIH HUCTIOTB3YETCS ISt
OTpe/IesIeH ST MOIETN BBIYUCIEHHH, TO €CTh CIocoba CTPYKTYPUPOBAHMS MH(MOPMA-
I[[M1, OPTAHU3AIUY BHIYMCICHUN U JaHHBIX. OGBEKTHO-OPUEHTUPOBAHHAS TIPOTPAMMA
CTPOUTCSI B TEPMUHAX OOBEKTOB U UX B3aMMOCBSI3EH.

Boi6op crermeHn abCTpaKIUU ONPEAEseTCss TUIIOM 3ajlaui, KOTOPYo TpebyeTcs pe-
mmTh. He nMeet cMbIc/ia UCIIOTH30BATH CJIOKHBIE TEXHOJIOTUN JIJIS PEIIEHNS TIPOCTIX
3a/1a4, a MOMBITKA «BPYKOIALIHYIO» CIIPABUTHCS CO CIIOKHBIME IIpodieMamMu oOpedeHa
Ha npoBas. C APYroii CTOPOHBI, CJIOKHBIE TEXHOJIOTUH TPEOYIOT GOJIBIIIX 3aTpaT Bpe-
MeHU Ha UX OCBOEHUE.

Hanpumep, ecin Tpebyercs HaledaTaTh [IUCHMO, IS 9TOM IeJU OJOUIET IIPOCTei-
I TEKCTOBBIN PeJlaKTOP, UMEIONUI MUHUMYM BO3MOKHOCTE, KOTOPBIM MOJKHO 32
10 MuHYT 0Oy4YuTh gaxke cOOCTBEHHYIO GaGyIIKY; MOATOTOBKA CTaTbu ¢ (GOPMYJIaMu
notpebyer ocBoeHust H0JIee CJI0KHOTO TEKCTOBOTO Tipoiteccopa Tutia Microsoft Word,
a Ul CO3[MaHUsI PEKJAMHON OPOLIIOPHI ¢ MJLIIOCTPALUMSAME JIyYlle BCEro IOAOUIeT
OJIVIH W3 U3[ATebCKUX MAKETOB, /sl OBJIACHUST KOTOPBIM TOTPEOYETCS He O/[HA Hejle-
ag. Tak u B nporpammupoBannu: ujgen OOIl He ouenb MPOCTHI JJisl IOHUMAHUS U,
B 0COOEHHOCTH, JIJIsi MIPAKTHYECKOTO HCIIOJb30BaHUA (MX HErpaMOTHOE IPUMEHEHUE
MPUHOCHUT rOopa3fo OOJIbIle Bpeja, YeM MOJIb3bl), a OCBOEHHE CYIIECTBYIOIIUX CTaH-
IapTHBIX 6uGIOTEK TpeOyeT BpeMEHH U JOCTaTOUHO BHICOKOIO YPOBHS II€PBOHAYAJIb-
HOU TTO/ITOTOBKH.

KoHKpeTHbIe BeJMYMHBI THIIA JAHHBIX <KJIACC» HA3bIBAIOTCS IKICMMAAPAMU KAACCA,
unu o6vexmamu. OObeKTbl B3AUMOAECHCTBYIOT MeK1Y COOOM, IOChLIas U 1oJydas Co-
obumenus. Coobwenue — 3TO 3alPOC Ha BBIIOJIHEHKE AeICTBHS, cogepKaluii Habop
HEOOXOMMBIX MapaMeTpoB. MexaHi3M COOOIIEHNH peasn3yercs ¢ TIOMOIIbIO BbI30Ba
coorBercrByoiux Gyukiuit. Takum o6pasom, ¢ nomorsio OOTI erko peanusyercst
TaK HasblBaeMasd <«COOBITUHHO-yIIpaBiseMasd MOJE/Nb», KOIJa IaHHble aKTUBHBI U
VIIPABJISIOT BHI30OBOM TOTO HJIM MHOTO (PparMeHTa MporpaMMHOro Kojal,

NMPUMEYAHUE
[Ipumepom peanu3aiiy cOOBITHITHO-YIIPABIISIEMON MOJIEJH MOKET CITYKUTD JIF0OAs IIPOrpaMMa,
yipasJisiemas ¢ nomoiipio Metio. [Tocse 3amycka Takas nporpamMMa MacCUBHO OKUIAET AEHCT-
BUIT [I0J1b30BATEISE U JI0JIKHA YMETh PABUJIBHO OTPearupoBarh Ha jitoboe u3 Hux. CoObiTuiiHast
MOJIEJIb SBJISICTCS TPOTUBONOJIOKHOCTBIO TPAAUIIMOHHON (ZAMPEKTUBHOI ), KOT/Ia KOJ| YIIPABJISET
JAHHBIMU: TIPOTPAMMa TI0cJIe CTapTa IpejjiaraeT 1MoJb30BaTe 0 BbITOJHUTH HEKOTOPBIE JeHCT-
BUsI (BBECTH JIAHHbBIE, BBIOPATH PEKUM) B COOTBETCTBUU € JKECTKO 33/[AHHBIM aJTOPUTMOM.

! CobrrTuiino-ynpassemas Moesb He spisercs yactbio OOII 1 MoxeT GbITh peaan3oBana 1
6e3 ucnosb3oBaHus 00beKTOB (IprMep — TporpaMmmuposatne Ha ssbike C nog Windows
¢ ucnosab3oBanueM dynkiuit APT).
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OcuosubiMu cBotictBamMu OOl sBsIIOTCS MHKATICY AN, HACIE0BAHUE U TTOJMMOP-
(uzm. Hurke KpaTKO TOSICHSIETCST MX CMBICJI, & TIOJIHOE TIPEACTaBAeHNEe O HUX MOYKHO
MOJIydnTh! Moc/Ie N3yYeHHsT ATOM YacTH KHUTH.

OO6bearaeHre JaHHBIX ¢ (QYHKIUAMU UX 00pabOTKH B COYETAHUU CO CKPBITUEM He-
HYKHOH /1T HCTIOTb30BAHMST OTUX JAHHBIX WHMDOPMAIINN HASBIBACTCS UHKANCYIAUUEL
(encapsulation). Dta ujest He HOBa U MPUMEHSIIACH B CTPYKTYPHOM M MOJLYJIBHOM ITPO-
rpamvuposannn, a 8 OOTI nonyuynia csoe Jorudeckoe 3asepiierne. VHKACysms
TIOBBITITAET CTEMeHb abCTPAKIIUI TPOTPAMMBI: IAHHBIE KITACCa U PEATH3AINS eT0 (PYHK-
U HAXOJATCS HUKE YPOBHS abCTPAKIIUK, U JIJIs HAITMCAHUS TPOrPaMMbl MH(MOPMa-
1vst 0 HUX He Tpebyercst. KpoMe Toro, MHKANCYIANUS TO3BOJISIET M3MEHUTD Pean3a-
o kaacca 6e3 MOAMMUKAIIMK OCHOBHOW YaCTW TPOTPAMMBI, ecan WHTepdetic
OCTaJICSA NMPEKHUM (HATIPUMED, TIPU HEOOXOAUMOCTH CMEHUTD CIIOCO0 XPaHEHUs aH-
HBIX C MaccuBa Ha crek). [IpoctoTa MopnbuKanmm, Kak yxke HEOJHOKPATHO OTMEYa-
JIOCh, SIBJISIETCST OYEHb BaKHBIM KPUTEPUEM Ka4eCTBa MPOTPAMMBI.

VHKaICyJIsIIust 103BOJISIET UCIOIb30BaTh KJIACC B JPYTOM OKPY)KEHHU U ObITh yBe-
PEHHBIM, YTO OH He UCTIOPTUT He TIPHHAIEKAIINE eMy 00JIACTH TTAMSITH, & TAKKe CO3-
flaBaTh GUOJINOTEKH KJIACCOB /IS IIPUMEHEHUST BO MHOTHX IIPOrPaMMaXx.

Hacnedosarnue — 510 BO3MOKHOCTD CO3aHUsI NEPAPXUK KJIACCOB, KOT/IA IIOTOMKH Ha-
CJIEYIOT BCE CBOWCTBA CBOMX IPEAKOB, MOTYT MX M3MEHATh W A00ABIATH HOBHIE.
CsoiicTBa IIpy HAC/IE0BAHUK IIOBTOPHO HE OIMCBIBAIOTCS, YTO COKpAIIAeT 0ObEM IIPo-
rpaMMbl. Bbigesnenne o6Imx 4epT pasinuHbIX KJIACCOB B OAUH KJIACC-TIPEIOK SABJISET-
Cs1 MOIIHBIM MeXaHM3MOM abCTpakiuu — Beib U J00as HayKa HaunHaeTcs ¢ abcrpa-
rUpOBaHUs M KJIACCU(UKALUKM, KOTOPbIE IIOMOTalOT CIIPABUTHCSA CO CJAOKHOCTBIO
paccMaTpuBaeMoii mpeMeTHON 061acTh.

Vepapxusi KJIaccoB MPEJACTABJISETCS B BUAE APEBOBUIHON CTPYKTYPHI, B KOTOPOii 60-
Jiee 001Ie KIacchl pacioiaraiores OJmske K KOPHIo, a 6ojiee clielUaiu3upoBaHHbIe —
Ha BETBAX M JIUCTbsAX. B C++ KaAblil KI1acC MOKET MMETh CKOJIBKO YTOAHO IIOTOMKOB
1 npeakoB. VIHOMIA peIKN Ha3bIBAIOTCSA HAAKIACCAME WU CYTIEPKIACCAMH, @ TIOTOM-
KU — IIOJKJIACCaMU WU CyOKIACCaMU.

Tperbum kuTOM, Ha KOTOpoM ctout OOII, aBigerca noaumoppuam — 603M0ONCHOCIY
UCTIONIb306AMb 68 PASIUUHDIX KAACCAX UEPAPXUL 00HO UMSL OJLsk 0O03HAUCHUS CXOOHDIX 10
cMbLCay detcmeuil u 2ubKo evldupams mpedyemoe 0eiUcmeue 60 6PEeMs GblNOIHEHUSL NPO-
2pammo.

[Moustne mommmopdusma ucnosb3yercst B C++ BecbMa mupoko. [IpocTbiv mpumepoM
noJIMMOp(GU3Ma MOXKET CIYKUTb PACCMOTPEHHAd B I1€PBOI YaCTHU KHUTH ITIeperpy3Ka
(YHKIMH, KOTZla M3 HECKOJbKMX BapUAHTOB BblOMpaeTcs Hanbosee MOAXOAsIast
(byHKITMS 110 COOTBETCTBUIO ee TIPOTOTHIIA TiepeiaBaeMbIM TTapameTpam. /lpyroii mnpu-
Mep — MCToJIb30BaHue MmabroHoB MYHKIWIT (B JaabHEHIeM Mbl PACCMOTPUM U Tab-
JIOHBI KJIACCOB), KOT/Ia O/INH M TOT K€ KO/ BUOMU3MEHSIETCSI B COOTBETCTBUH C TUTIOM,
nepeJiaHHbIM B KadecTBe napameTpa. Yaie Bcero mnousarue noaumMopdusma CBI3bIBa-
10T ¢ MEXaHU3MOM BUPTYAJIBHBIX MeTo10B (OH Gy/eT paccMoTper Ha c. 205).

' A MOKHO U He HOJIYYHTE.
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Baiarogapst ToMy, 4To IporpaMmMa TIpeCTaB/ISIeTCs B TEPMUHAX MOBEAEHUS] OObEKTOB,
[PU TPOTPAMMHUPOBAHUY UCIIOJIB3YIOTCST MMOHSTHS, GoJiee GJIU3KKE K TIPEMETHON 00-
JIaCTH, CJIEA0BATEJNbHO, MPOTPAMMa Jlerde YUTaeTCss W IIOHUMAETCA. ITO ABJSETCS
Gosbimam npenmyiiectBoM OOTL. Oxnako mpoekTUpoBaHue 00BEKTHO-OPUEHTHPO-
BAHHOU MPOrpaMMBbI IIPeICTaBIIsIET COO0IT BeCbMa CIIOKHYIO 3229y, TIOCKOJIBKY B IPO-
1ecc 00aBJIsIeTCs elle OMH BaKHbIN dTan — paspabomya uepapxuu Kiaccos.

[1n0x0 cripoekTpOBaHHAS NEPAPXUS IPUBOAUT K CO3MAHIIO CIOKHBIX M 3AITyTAHHBIX
nporpamm. JIpyrum npensrcerueM K npumeHernto OOII apisgercss 6oubioil 00bem
uH(bOPMAIK, KOTOPYIO TPeGYETCsST OCBOUTD, U €€ 3HAYMTEIbHAS CJIOKHOCTD.

BaskHO 110 Hauajia MPOEKTUPOBAHUS MTPABUJIIBHO ONPEAETUTD, TpebyeTcst Jin BooOIIe
IPUMEHSITh OOBEKTHO-OPUEHTUPOBAHHBIN 1T0AX0/1. EC/IU B MepapXuy KJIaccoOB HET He-
006XOIMMOCTH, TO, KaK ITPAaBUJIO, JOCTATOYHO OPAHUYUTHCST MOJLYJIbHON TEXHOJIOTHENH,
IIPU HTOM MOKHO YCIEITHO UCIOJIb30BATh KJIACCHI KaK CTaHAAPTHOM OMOIMOTEKH, TaK
U coOCTBEHHOI paspaboTku. EcTecTBEHHO, /Ui IPUMEHEHUs] CTAaHIAPTHBIX KJIACCOB
TpebyeTcst cHaYaIa U3y4InuTh HEOOXOMMBIN CHHTAKCHC U MEXaHU3MBbI, a 3aTeM — KOH-
KpeTHbIe CBOICTBaA 9THX KJaccoBl.

! B nmporpaMmax, npuBeIeHHbIX B 9TOI KHUTE, yKe He3aMeTHBIM 06Pa3oM MPUMEHSIIICh KIACChI
craugaptHoit 6ubsimoreku cin u cout. Vlcronb3oBanue Apyrux KJIaCcCOB MOXKET Ha MEPBBIil
B3IJIAJ] TOKA3aThCS HE CTOJb IPOCTHIM, HO a(h(EeKT OIpaBaacT 3aTpaycHible Ha U3yYeHne yCu-
.
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Knacchbi

B aroii riaBe paceMarpuBaercst (pyHIaMeHT, 6€3 KOTOPOTO HEBO3MOKHO HAMUCATh HHU
o7iHy 0OBEKTHO-OPHEHTUPOBAHHYIO TIPOTPAMMY — CHHTAKCHUYECKHUE TTPABIIIA OTIUCAHIIST
06bekToB. B KoHIIE aTOI yacTi Mbl BepHeMcst kK o0cyskaenuto nputimnos OOTI u merto-
JIOB TTPOEKTHPOBAHUS OOBEKTHBIX ITPOTPAMM, MTOCKOJIBKY «TOJBKO XOPOIee TIOHUMAHWE
njiei, CTOSIMX 32 CBOWCTBAMU $3bIKa, BeleT K MactepcTBy» (b. Ctpaycrpy).

OnucaHue Knacca

Kuacce siBasiercss aGCTPakTHBIM THIIOM JIaHHBIX, OIPEAENAEMbIM I10Jb30BATEIEM,
U TIpeIcTaBiasieT coO0il MOJIeb pealbHOro 00beKTa B BUJE JAHHBIX U (DYHKITUH JIst
paboThI ¢ HUML.

[lannble kyacca Ha3bIBAIOTCS noAaMy (110 AHAJIOTUN C TOJISAMU CTPYKTYPBI), a (hyHK-
n kracca — memodamul. TIosst 1 MeTOIbI Ha3bIBAIOTCs aneMenmamu kaacca. Ommca-
HUE KJIacca B IIEPBOM TPUOINKEHUU BBITJISUT TAK:

class <uma>{

[ private: 1]
<ONMWUCaHMEe CKPbITbIX 3JIEMEHTOB>
public:

<ONWUCaHWe AOCTYMHbIX 3NIEMEHTOB>
}:; // OnucaHue 3aKaH4YMBAETCs TOYKOWA C 3anAToi

Crenudukaropsl goctyna private u public ynpaBJsioT BUAMMOCTBIO 9JIEeMEHTOB KJlac-
ca. DJIEMEHTDI, OMICAHHbBIE TIOCTE CITYKeOHOTO CI0BA Private, BUANMBI TOTHKO BHYTPH
KJ1acca. DTOT BUJL JIOCTYIA MPUHAT B Kjacce 1o ymosdanuio. Mintepdeiic kiacca onu-

' B amreparype uaiie BCTPEUAIOTCS TEPMUHBI <JIaHHbIC-UJICHb> 1 «(DYHKIIHH-UICHbI», 2 TAKKE
«KOMIIOHEHTHBIE JIAHHbIE> W «KOMIOHEHTHBIE (DYHKIMU», HO MO0 HEOOBSICHUMBIM ITPUYMHAM
< TIPEIIOYNTAIO <IIOJIT» M «METOZbI». B Tex cyyasx, Korja U3 KOHTEKCTA TIOHATHO, YTO Pedb
neT o GYHKIMAX-UIeHax Kaacca, a He 00 OOBIIHBIX (YHKIMMSX, METObI HA3BIBAIOTCSI IPOCTO
«(yHKIIAMIS .
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chiBaeTcs mocsie creruduraropa public. lefictsre mo6oro crenuuraropa pacipo-
CTPAHSETCS JI0 CJAEAYIONIETO crenupuKaTopa Win 10 KOHIA Kiaacca. MOKHO 32/1aBaTh
HECKOJIbKO CEKIMH private m public, MOPAMOK UX CJIe/IOBAHUS 3HAUYCHUSA HE MMEET.

Ilons xnacca:

Q MoryT uMmeth JirobOoil THIT, KpOME THITA 3TOTO JKe Kjaacca (HO MOryT ObITh yKaszare-
JIAMM WJIU CCBIJIKAMU HA 9TOT KJIACC);

QO MoryT ObITH OMUCAHBI ¢ MOAUGDUKATOPOM CONSt, IPU STOM OHM MHUIHMATH3UPYIOT-
€S TOJIBKO OJIMH pa3 (C IMOMOIIbIO KOHCTPYKTOPA) U HE MOTYT U3MEHSTHCS;

O MoryT ObITh ommcaHbl ¢ MOAUGUKATOPOM Static (06 5TOM pacCKasbIBAaeTCsI B pas-
nene «Cratnueckne noJist», ¢. 186), Ho He kak auto, extern m register.

I/IHI/IHI/IaJII/IBaHI/IH rmoJieit IIpU OITMCaHNUW HE JOITyCKa€TCAA.

Knacent MOryT ObITh 2106ambHbiMu (0ObABIEHHBIMU BHE 0600 OJI0KA) U LOKALbHDL-
mu (06bsSIBICHHBIMU BHYTPHU 6J10Ka, HAlipuMep, (GYHKIMU WK APYTOTO Kacca).

Huxe IepedyncyeHbl HEKOTOPbIE 0Cc06EHHOCTH JIOKATIBHOIO KJIAcca:

O BHYTPH JIOKAJTHHOTO KJACCAa MOXHO MCIOJIb30BATh TUIIbI, cTaTuveckue (static) u
BHemtHUe (extern) mepeMeHHble, BHENTHUE (DYHKIIMU U 3JTEMEHTHI TepedrcIeHit
u3 00JIaCTH, B KOTOPOIl OH OIMCAaH; 3alPEIAETCs UCIOIb30BATh aBTOMATUYECKHIE
nepeMeHHble 13 9TOi 00J1acTy;

O JIOKaJbHBIN KJIACC HE MOKET UMETh CTaTUYECKUX 9JIEMEHTOB;
0 MeTo/bl 9TOr0 KJjaacca MOLYT OBITH OMMCAHBI TOJTBKO BHYTPHU KJjIacca,

QO eciM OJIMH KJIacC BJIOKEH B JPYrOil KJacc, OHM He MMEIOT KaKUX-JHO0 0COOBIX
[PaB JI0CTYTIA K SJIEMEHTaM JPYT APYra 1 MOTYT 00paaThCs K HUM TOJBKO M0 06-
UM ITPaBUJIAM.

B kauecTBe mpHMMepa CO3MaZMM KJACC, MOJEJUPYIONIMI MEePCOHAXK KOMIBIOTEPHOM
urpsl. JI71st aT0r0 TpebyeTCst 3aMaTh €To CBOICTBA (HATIPHMED, KOJTMYECTBO TIYTIAJENT,
CUJIy WJIM HAJIMUHWe TpaHaToMeTa) u nosesienne. Ecrectsenno, npuMep Gyer cxeMaru-
YeH, TIOCKOJIbKY ITPUBOAUTCS JIUIID JIJIT IEMOHCTPAIUN CUHTaKCHCA.

class monstr{
int health, ammo;
public:
monstr(int he = 100, int am = 10){ health = he; ammo = am;}
void draw(int x, int y, int scale, int position):
int get_health(){return health:}
int get_ammo(){return ammo;}
b
B aToMm kiacce iBa CKpBITBIX 110711 — health 1 ammo, OIy4UTh 3HAUYEHUS KOTOPBIX U3-
BHE MOKHO C IIOMOIIBIO MeTof0B get_health() m get_ammo(). [loCTyII K OJIAM C IOMO-
HIbI0O METOJIOB B JIAHHOM CJlydyae Ka)KeTcd MCKYCCTBEHHBIM YCJIOKHEHUEM, HO HaJlo
Y4UUTbIBaTh, 4TO IIOJISIMU PE€aJIbHBIX KJIaCCOB MOIYT 6bITb CJIOJKHbIE JIMHAMWYECKUE
CTPYKTYPBbI, W MOJTy4YeHre 3HAYeHUI UX 3JIEeMEHTOB He Tak TpUBUAJIbHO. Kpome ToTO,
OYeHb BAKHOM SBJIETCS BO3MOXKHOCTb BHOCUTD B 3TU CTPYKTYPbI U3MEHEHU, He 3a-
TparuBasi nnrepdeiic kiacca.
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Bce MeTozibl Ky1acca UMEIOT HEMOCPEACTBEHHDIH JOCTYII K €10 CKPBLITBIM I10JISIM, NHbI-
MU cI0BaMu, Tesia (DYHKIUI KiIacca BXOAAT B 00JIACTb BUANMOCTH Private aieMeHTOB
KJlacca.

B mpuBeIeHHOM KJlacce COIEPIKUTCS] TPU OIPEAETIECHIST METOIOB U OJIHO OOBSIBJICHUE
(meton draw). Eciu Teo MeToa ompesiesieHO BHYTPH KJIacca, OH SIBJISIETCST 8CTMPOEH -
notm (inline). Kaxk mpaBusio, BCTPOEHHBIMU JIeTAf0T KOPOTKME MeTo/bl. Eci BHYTpH
KJIacca 3alicato TOJIbKO 00bsaBIeHne (3ar0J0BOK) METO/IA, CaM METOJ JI0JIKEH ObITh
OIIpe/iesIeH B IPYTOM MeCTe IIPOrPaMMBbI ¢ IIOMOILbIO OIlepalluy A0CTyIa K 00JacT BU-
auMocTh (::):
void monstr::draw(int x, int y, int scale, int position){
/* Teno metopa */

}

MeTos MOXXHO OTIpeZeUTh KaK BCTPOEHHBIH M BHE KJAacca C ITOMOIIBIO TNPEKTHBBI
inline (kaK M st OOBIYHBIX (DYHKI[WIT, OHA HOCUT PEKOMEHIATEIbHbBII XapakTep):

inline int monstr::get ammo(){
return ammo;

}

B kaiom kiacce ecthb X0Tst ObI OIUH METOJT, UMsI KOTOPOTO COBIA/IAET C UMEHEM KJIac-
ca. OH Ha3BIBAeTCS KOHCMPYKMOPOM W BBI3BIBAETCS aBTOMATHYECKH TIPH CO3TAHUN
o6bekta kiaacca. KoHCTpyKTOp npeiHasHaveH /Uit MHUIMAIN3auu oobexTa. ABTOMAa-
TUYECKHiT BHI30B KOHCTPYKTOPA MO3BOJISIET U306€XKaTh OMMOOK, CBI3AHHBIX C UCIOJb-
30BaHUEM HEMHUIMATM3UPOBAHHBIX TIePEMEHHbBIX. MBI TOAPOOHO PACCMOTPUM KOHCT-
PYKTOPBI B pasnene «Konctpykropbiy, c. 182.

Turbl JaHHBIX STruct 1 union SIBJSIIOTCS BUIAMU KJIACCA, PA3HUIIA MEXKIY HUMU OyIeT
oObsicHena 1o3:xke, Ha ¢. 210. /[pyroit npuMep OnucaHust KIacca, a TaKKe IPUMep JIo-
KaJIbHOTO KJiacca nmpuBezieH B paszese «Cosaanne mabioHOB KiraccoB» Ha c¢. 211,

OnucaHvie o0ObEeKToB

Konkpetnble mepeMeHHBIE TUTIA «KJTACC» HA3BIBAIOTCS IKIEMNASAPAMU KIACCA, UNU 006~
exmamu. BpeMs KU3HU U BUANMOCTD 00BEKTOB 3aBUCUT OT BUJIA U MeCTa UX OITUCAHUS
U TIOYUHSETCS OOIUM IpaBuIaMm C++:

monstr Vasia; // 00beKT knacca monstr C napameTpamu 1o yMOMYaHo
monstr Super(200, 300); // OObeKT C ABHOW WHWLMANA3aLNeN
monstr stado[1007; // MaccnB OObEKTOB C MapaMeTpaMu no yMon4aHuio

monstr *beavis = new monstr (10); // [uHamuyeckuii obbeKkT
//(BTOpOI MapamMeTp 3afaeTca no yMONYaHmo)
monstr &butthead = Vasia; // CCbiIka Ha 00beKT

IIpu cosmannm Kaxaoro oGbEeKTa BBIICAAETCS MaMATh, JOCTATOYHAS [ XPAHEHUS
BCeX ero HOHEﬁ, 1 aBTOMATHUY€CKU BBI3BIBAECTCA KOHCTPYKTODP, BbIHOJIHHIOH_[I/Iﬁ X NHU-
nuanusanmio. Merozpl Kjaacca He Trpaxkupylorcs. IIpu Bbixoge oObekra u3 obaactu
JENCTBUST OH YHUUYTOKAETCS, [IPU 3TOM aBTOMATUYECKHU BBI3bIBAETCSI IECTPYKTOD (J1e-
CTPYKTOPBI OMUCAHBI lajiee Ha c. 188).
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Jlocmyn k snemenmam 0b6vexma aHATOTHIEH TOCTYITY K TOTSAM CTPYKTYpHI. [t aToro
UCTIOIB3YIOTCS oTiepanust . (TouKa) mpu 0OpaIeHu N K HIEeMEHTY depe3 nMst 00bheKTa
U oreparnus -> 1pu oOpalieHnn Yepe3 yKasaTeb, Halpumep:

int n = Vasia.get _ammo();

stado[5].draw;

cout << beavis->get health();

O6paruTbest TakuM 00Pa3oM MOKHO TOJIBKO K 3JIeMEHTaM co crieriuduraropom public.
[MosyunTh MM U3MEHUTH 3HAYEHUS AJIEMEHTOB CO CHEM(pUKATOPOM private MOKHO
TOJIBKO Yepes oOpallleHre K COOTBETCTBYIONINM METOZAM.

MosKHO CO3/1aTh KOHCMAHMHbLLL O6b€7€m, 3HAUYEHUS TMOJIei KOTOPOTO M3MEHATDH 3allpe-
naercst. K HEMY JAOJIKHbBI IPUMEHATHCA TOJIBKO KOHCTAaHTHBIC METO/IbI:

class monstr{

int get_health() const {return health;}

s

const monstr Dead(0,0): // KOHCTaHTHbIN 00bEKT
cout << Dead.get health();

KomcranTHbIi MeTOST:

Q 00bABISETCA € KJIIOUEBBIM CJIOBOM CONSt MoC/Ie CIMCcKa HapaMeTpos;
QO He MOKeT U3MEHSITh 3HAUEHUs I10JIel Kacca;

O MOKeT BBI3bIBATh TOJBKO KOHCTAHTHDBIE METOJIBI;

O MOJKET BBI3BIBATHCS /IS JIOOBIX (HE TOJBKO KOHCTAHTHBIX) OOBEKTOB.

Pexomenmyercs onmmchiBaTh Kak KOHCTAHTHBIE T€ METOJBI, KOTOPbIE TIPe/IHAa3HAYEeHbI
JIUIA TIOJTy9eHUs 3HAaUYeHUH TTOJIei.

YkazaTtensb this

Kaxplit 00bEKT COMEPKUT CBOM 9K3eMILIAD HoJIel Kiacca. MeTobl Klacca HaXOIaT-
Cs B TIAMATU B €IMHCTBEHHOM DK3EMILJISIPE ¥ UCTIOJIB3YIOTCS BCEMU OOBEKTaMI COBME-
CTHO, TOATOMY HEOOXOANMO 06eCTIeYrTh PAOOTY METOIOB C TOJISIMU UMEHHO TOTO 00b-
€KTa, JJIsI KOTOPOTO OHU OBbLJIM BbI3BaHbL ITO obecriednBaeTcs nepegadeil B (pyHKIINUIO
CKpBITOTO TTapameTpa this, B KOTOPOM XpaHUTCS KOHCTAHTHBIN yKa3aTeJsb Ha BbI3BaB-
muil HyHKIUI 00beKT. YKazaTedb this HESBHO MCIOJB3YETCs] BHYTPU METOJA JIJIst
CCBLJIOK Ha 9JIeMEHTBI 00beKTa. B IBHOM BHjIE 9TOT yKa3aTeJb IIPUMEHSIETCS] B OCHOB-
HOM JIJId BO3BpAIlleHUS M3 MeToja ykaszarTesusd (return this;) mmm cebiku (return
*this;) Ha BBI3BABINHUIT OOHEKT.

JUtst MULTIOCTPAIiy UCTIONB30BAHUS yKazaTesst this 106aBUM B TIPUBEAEHHBII BbIIITE
KJIacC monstrr HOBBIN METOJI, BO3BPAIAIONINI CCHIKY Ha HanboJee 3/0pOBOTO (T10JIe
health) u3 1ByX MOHCTPOB, O/INH M3 KOTOPBIX BBI3bIBAET METO/I, a JAPYToi Iepeaercs
eMy B KauecTBe mapameTpa (MeToJ[ HY’KHO MOMECTHTb B CEKIMIO public ommcanus
KJacca):

monstr & the best(monstr &M){

if( health > M.get health()) return *this;
return M;
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1
.. monstr Vasia(50), Super(200);

// HoBbiid 00beKT Best uHWUManu3upyeTca 3HayeHuamu nonei Super:
monstr Best = Vasia.the best(Super);

Ykaszarespb this MOXKXHO Takke TPUMEHSATH I MIeHTU(UKAIUY TI0JI KJIacca B TOM
cydae, KOT/la ero MM COBIIQJIaeT ¢ MeHeM (hopMabHOTO TTapameTpa MeToza. [ pyroi
c110co6 MAeHTUMUKALIN T0JIS KCIIOAb3YeT OIlePalitio JOCTYIa K 00JIacTH BUAUMOCTH:

void cure(int health, int ammo){

this -> health += health; // Wcnonb3oganne this
monstr:: ammo  += ammo; // Vcnonb3oBaHue onepaumnn
}
KOHCTpPYKTOpPbI

KOHCprKTOp TpeaAHasHadeH Jid MHUInaan3alnn 00beKTa U BbI3bIBACTCS aBTOMATH-
YECKH IIpU €ro CoO3/[aHnN. Huke rnepeyncaeHbl OCHOBHbBIE CBOIICTBA KOHCTPYKTOPOB.

u]

u]

Koncrpykrop ne 6o3spawaem snauenue, naxe tuia void. Hemrb3st moayunts ykasa-
TeJb Ha KOHCTPYKTOP.

Kiacc MoXkeT UMeTb HeCKOAbKO KOHCMPYKMOPoE ¢ Pa3HbIMU I1apaMeTpaMu /I pas-
HBIX BUJIOB MHUIIUATU3ANU (IIPU HTOM HCHOJIL3YETCS MEXAaHU3M MIE€PErPy3KH ).

KOHCTPYKTOP, BbI3bIBaeMbIil 0e3 IapaMeTpoOB, Ha3bIBACTCA KOHCMPYKMOPOM 10O
ymoadanuio.

Ilapamempol KoHcmpykmopa MOTyT UMeTh JIOOOH THII, KPOMe TOTO Ke Kjacca.
MoxHO 3amaBaTh 3HAUEHHUS MapaMeTPOB IO YMOJYaHUI0. VX MOXKeT cozmepsKaTb
TOJIBKO OJINH M3 KOHCTPYKTOPOB.

Eca nporpaMMucT He yKazaj HU OJTHOTO KOHCTPYKTOPA, KOMITHJISITOP CO3/IAET €T0
asmomamuyecky. Takoll KOHCTPYKTOP BBI3BIBAET KOHCTPYKTOPBI 1O YMOJYAHUIO
LIS TIOJIeli KJlacca ¥ KOHCTPYKTOPBI 110 YMOJYaHMIO Ga30BBIX KJIACCOB (CM. pasziel
«ITpocroe macienoBanmuey, c. 201). B ciydae, korma kimace cofiepKUT KOHCTAHTHI
WJIN CCBUIKH, IIPU MOIBITKE CO3JaHMs 00beKTa Kracca OyaeT BblgaHa ommOKa, mo-
CKOJIBKY MX HEOOXOAUMO MHUIIMAIM3MPOBATh KOHKPETHBIMU 3HAYEHMSAMM, a KOH-
CTPYKTOP TI0 YMOJYAHUIO ATOTO JIEJIaTh HE YMeeT.

Koncmpyxmopor ne nacnedyromest.
KoHcTpyKTOpBI Heslb3sT OMUCHIBATH ¢ MoAuuKaTopamu const, virtual u static.

KoHeTpykTopbl ro6aibHbIX OOBEKTOB BBI3BIBAIOTCA 0 BbI30Ba (DYHKI[UM Main.
JlokanbHble 0GBEKTBI CO3/IAIOTCS, KAK TOJBKO CTAHOBUTCS aKTHBHON 06JacTh WX
netictBust. KOHCTPYKTOD 3allycKaeTcst U MPpU CO3/IaHUN BPEMEHHOTO 00beKTa (Ha-
npuMep, Ipu tepeade 00bekTa u3 HYHKIUN).

KoHcTpyKTOp BBI3BIBAETCS, €CIM B TIPOTPAMME BCTPETHUIACH KaKas-THOO M3 CUH-
TaKCUYECKNX KOHCTPYKIIMI:

uMA_Knacca umMa_obbvekTta [(cnucok napameTtpos)];
// CnuCOK napaMeTpoB He NOSKEH ObiTb MyCTbiM
uMa_knacca (CNMCOK napaMeTpos);
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// Co3paetcs 0ObeKT 0e3 umeHu (CNUMCOK MOKET ObiTb MyCTbM)
WMA_Kfacca WMA_oDbeKTa = BbipaKeHue;
// Co3paetcs o0beKT 0e3 WMeHU W KonupyeTca

[Ipumepsr:
monstr Super(200, 300), Vasia(50), Z;

monstr X = monstr(1000);
monstr Y = 500;

B TIEPBOM OIlepaTope CO3/IaI0TCA TPHU oObeKTa. SHAYEHUS He YKa3aHHBIX ITapaMeTpPOB
YCTaHaBJIMBAIOTCA IO YMOJYaHUTO.

Bo BTOpOM ormeparope cosmaercsi Ge3bIMAHHBI O0OBEKT CO 3HAUEHHEM IapaMeTpa
health = 1000 (3HayeHMe BTOPOTO TTapaMeTpa yCTaHABJINWBAETCS 110 YMOJTYaHUIO). BoI-
JEJIIETCS aMTh 10Z 00BEKT X, B KOTOPYIO KONUpyeTcs Ge3bIMAHHbBII 00beKT

B mocrenmem omepatope cosmaercst Ge3bIMSHHBIT 00BEKT CO 3HAYEHMEM TapaMeTpa
health = 500 (3HaueHUe BTOPOTO MapaMeTpa yCTaHABIMBAETCS 10 YMOJIYaHWIO). Boije-
JIIETCsT TAMSITh IO/ OOBEKT Y, B KOTOPYIO KOMUPYyeTcst 6e3bIMHHbI 00bekT. Takast
dbopma cosmammst 00beKTa BO3MOKHA B TOM CJIy9ae, eCIIH TSI MHUTIHATH3ANNT 00heK-
Ta JIOIyCKaeTcs 33/laTh OIMH MapameTp.

B xauectBe mpuMmepa Kjacca ¢ HECKOJbKUMU KOHCTPYKTOPAMM YCOBEPIIEHCTBYEM
OTIMCAHHBIN paHee Kjacc monstr, 100aBUB B HEro I10Jid, 3a1a01He [1BeT (Skin) U UM
(name):
enum color {red, green, blue}; // Bo3MOKHbie 3HaueHWd uBeTa
class monstr{
int health, ammo;
color skin;
char *name;
pubTlic:
monstr(int he = 100, int am = 10);
monstr(color sk);
monstr(char * nam);
int get_health(){return health:}
int get_ammo(){return ammo;}

monstr::monstr(int he, int am){
health = he; ammo = am; skin = red; name = 0;

monstr: :monstr(color sk){
switch (sk){

case red : health

case green: health

case blue : health

100; ammo = 10; skin = red; name = 0; break:
100; ammo = 20; skin = green; name = 0: break:
100; ammo = 40; skin = blue; name = 0; break:
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monstr: :monstr(char * nam){
name = new char [strlen(nam) + 17;
// K nnuHe cTpoku pobaBngercqa 1 nd XpaHeHus Hylb-CUMBONA
strcpy(name, nam);
health = 100; ammo = 10; skin = red;

monstr * m = new monstr ("Ork"):
monstr Green (green);

[IepBblil U3 NpUBEIEHHBIX BbIIlIe KOHCTPYKTOPOB SIBJISIETCS KOHCTPYKTOPOM 110 YMOJI-
YAHWIO, TOCKOJIBKY €r0 MOYKHO BbI3BaTh Ge3 mapamerpoB. OObeKTh Kiacca monstr Te-
nepb MOKHO MHUITMATM3UPOBATH PA3JUUHBIMU CIIOCOOAMHE, TPEOYEMbIil KOHCTPYKTOP
GyJIeT BbI3BAH B 3aBUCHMOCTH OT CIIMCKA 3HaYeHuii B ckoOkax. [Ipu 3ajiaHin HeCKOJIb-
KUX KOHCTPYKTOPOB CJIEAYET COOMOMATE Te JKe MPaBIJIa, YTO U TP HATHCAHWUH TIepe-
IPY’KEHHBIX (DYHKIUH — Yy KOMIHUJIATOPA AOJDKHA ObITH BO3MOKHOCTH PACIIO3HATH
HY>KHBIM BapHaHT.

NMPUMEYAHUE
[Teperpy:xaTh MOXKHO He TOJIBKO KOHCTPYKTOPBI, HO U IpyTHe MEeTO/bl KJIacca.

CyH.[eCTByeT €lre O/InH cnocob Unuyuartusauuu nonetl 8 KOHCMPpPYKMmope (KpOMe nuc-
IIOJIb30BAHHOI'O B HpHBG]ICHHOfI BblIllI€ IIpOrpaMMe IPpUCBaNBaHUA ITIOJIAM 3HAUYEHU T
(bOpMa]IbeIX napaMeTpOB) — C IIOMOIIbIO CITMCKa WHUIHMAJIN3aTOPOB, PACIIOJIOKEH-
HBIX ITOCJIE ABOETOYMA MEKAY 3arOJIOBKOM U TEJIOM KOHCTPYKTOpPA:

monstr::monstr(int he, int am):
health (he), ammo (am), skin (red), name (0){}
IMosis nepeurcsgioTes yepes sansryio. JIJisg KaxIoro mojst B CKOOKaxX yKasbIBaeTCsl
MHUIMAIU3UPYIOLIee 3HaYeHne, KOTOpoe MOKeT ObITh BhIpaskenueM. bes atoro croco-
6a e 06OUTUCH IPY UHUIMATU3ALUN NOJLeHL-KOHCIMANM, NOACT-CCLI0K U NOACT-006eK-
moe. B nocsenseM ciydae OyAeT BbI3BaH KOHCTPYKTOP, COOTBETCTBYIOIINN yKa3aH-
HBIM B CKOOKax mapamMeTpaM.

NMPUMEYAHUE
KoHeTpyKTop He MOKeT BO3BPAaTHTh 3HaUeHue, uTOObI COOOIIUTH 00 OMnbKe BO BpeMsl MHUIIUA-
szaiuu. JIJist 9TOro MOKHO UCIOJIb30BaTh MEXaHU3M 00Pa0OTKU UCKIIIOUMTENbHBIX CUTYAIIUN
(cm. paszen «VckmoyeHns B KOHCTPYKTOPAX M JIECTPYKTOPax», . 228).

KOHCTpYKTOpP KONMUpPOBaHUS
KoncrpykTop KonupoBaHus — 9TO CIENUANbHbBIN BUJ KOHCTPYKTOPA, TOJYYAIONUii B
KadyeCTBe €/IMHCTBEHHOI'O ITapaMeTpa CCbI]IKy Ha 06’beKT ITOIO Ke KJlacca.

T::T(const T&) { .. /* Teno KoOHCTpykTOpa */ }

rae T — ums KJjacca.
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ITOT KOHCTPYKTOP BbI3bIBACTCS B TEX CJIy4asX, KOT/la HOBBII 0OBEKT CO31a€TCs IyTEM
KOIMMAPOBaHUA CYIIECTBYIOMIETO:

QO [pu OMUCAHUKM HOBOTO OOBEKTA ¢ MHUIMATIU3AIUEN IPYTUM 00BEKTOM;
Q mpwu nepenade 06beKTa B (DYHKIIUIO MO 3HAYCHHIO;

1
Q npu BosBpaTe 00beKTa U3 (QYHKIIUH .

Eciu mporpaMMuUCT He yKasaj HU OJHOIO KOHCTPYKTOPa KOIMPOBAHU, KOMILIISATOP
CO3/1aeT €ro aBTOMaTHYeCKH. Takoll KOHCTPYKTOP BBIIOJIHSET 03JIEMEHTHOE KOIMPO-
Banue nosieit. Ecaim Kmace comepsKnuT yKasaTeam Uiu CChIIKH, 9TO, CKOpee Beero, OyeT
HenpaBU/IbHBIM, IIOCKOJIbKY U KOIM, U OPUTMHAJ OyAyT yKasblBaTh Ha OLHY U Ty Ke
06JIaCTh TMAMSTH.

3anuiieM KOHCTPYKTOP KOIMMPOBaHUs Jist Kiaacca monstr. Ilockosibky B HeM ecTb 1oJie
name, cofiepskaliiee yKaszaTeJab Ha CTPOKY CHMMBOJIOB, KOHCTPYKTOP KOIIMPOBAHUS J10JI-
JKEH BBIJIEJIATD MaMATDH 110/ HOBYIO CTPOKY M KOIMMPOBATh B HEE MCXOAHYIO:

monstr: :monstr(const monstr &M){
if (M.name){
name = new char [strlen(M.name) + 17;
strcpy(name, M.name):}
else name = 0;
health = M.health; ammo = M.ammo; skin = M.skin;

monstr Vasia (blue);

monstr Super = Vasia; // PaboTaeT KOHCTPYKTOP KOMMWPOBAHNA

monstr *m = new monstr ("Ork");

monstr Green = *m; // PaboTaeT KOHCTPYKTOP KOMUPOBAHMA
NMPUMEYAHUE

JI1060ii KOHCTPYKTOP KJIAcca, IPUHUMAIOLIUN OIUH TIaPAMETP KaKOro-J1ub0 JAPyroro THIIA, Ha3bi-
BaETCsI KOHCMPYKMOPOM Npeodpas3osanuss, OCKOJIbKY OH OCYIIECTBJISIET NpeobpasoBaHue W3
THIIA TTapaMeTpa B THII 9TOTO KJacca.

[IpaBuna HamucaHusi KOHCTPYKTOPOB KJIACCOB, BXOJSIIUX B MEPAPXUIO, OTKMCAHbI B
pasuenie «IIpocroe nacienoBanues, c. 201.

CratTnyeckue anemMeHThbl KJlacca

C nomomnipio Mopuduratopa static MOKHO omucath cTaTUYeCKHWe TI0JiS U MEeTOJbI
Kyacca. VX MOKHO paccMaTpUBaTh Kak TI00aibHbIE IepeMeHHbIe WIH (BYHKIIUH, 10C-
TYIIHbIE TOJBKO B IIpejieax 00JacTy Kaacca.

' A taroke mpu 06paboTKe MCKITIOYCHHIL.
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CtaTuueckue nons

Cratmdeckue TOJIsT MTPUMEHSIOTCS [ XPAHEHUsT TAHHBIX, 0OTINX IS BCeX 0OBHEKTOB
KJIACCA, HATIPUMEDP, KOJINYECTBA OOBEKTOB MU CCHUIKH HA PA3JIe/IsIeMbIil BceMU 00beK-
TaMU PeCypc. ITH MOJISI CYIIECTBYIOT JIJIst BCEX 0OBEKTOB KJIacca B eIMHCTBEHHOM JK-
3EMIIJISIPE, TO €CTh He TyOIMPYIOTCS.

Huxe IepednceHbl 0COOEHHOCTU CTaTUYECKUX I10JIEH.

Q ITamars nox cratuyeckoe I10JI€ BBLAEJSAETCS OAUH Pa3 IPU €ro WHUNKUAIU3ALUN
HE3aBUCUMO OT YKCJIa CO3JaHHBIX 00BEKTOB (M Jlaske MPU UX OTCYTCTBUM) U WHU-
[ATTM3UPYETCST ¢ TTOMOIIIBIO OTIEPATINH IOCTYTAa K 06JacTh AEHCTBYS, a He orepa-
n BeIGopa (oTpeiesienne 0KHO OBITh 3ATHCAHO BHE (DYHKITHIT):

class A{

public:
static int count; // 06bssneHue B Knacce

b

int A::count; // Onpepenexne B rnobansHON 061acTy
// Tlo yMONYaHMo MHUUMANU3NPYETCA HyNeM
// int A::count = 10; lpuMep MHUUMaNN3auny Npou3BOSbHLIM 3HAYEHNEM

O CraTuyeckue moJs JOCTYIHBI KaK 4epes MMsl KJIacca, Tak U 4epe3 UMsl 00beKTa:
A *a, b:

cout << A::count << a->count << b.count:
// Bynet BbiBEEHO OfHO U TO Ke

Q Ha cmamuueckue nois pacnpocmpansemcs: 0eiicmeue cneuupukamopos docmyna,
NO3MOMY CMAMUYECKUE NOJLS, ONUCAHHbIE KaK Drivate, Heavss usMeHumy ¢ IoMo-
IBIO OTNEPAIMK J0CTYNA K 00JacTH AEHCTBUSA, KaK OMUCAHO BBILIE. IMO MONCHO
coenamv moavbko ¢ NOMOULLIO CIMAMUUECKUX Memodos (cm. daee).

Q Iamsmo, sanumaemas Cmamudeckum Nojiem, He YUumvleaemcs npu onpeoeienuu
pasmepa obvexma ¢ nNoMowpo onepayuu sizeof.

CraTnyeckue mertoabl

Crarudeckue METO/IbI TIPETHA3HAUCHBI JIJIsT OOPAIEHIS K CTATHUECKUM TTOJISIM KJIacca.
Onu MOTYT O6pa]l[aTbCH HEIOCPEJICTBEHHO TOJIBKO K CTAaTUYECKUM I10JISAIM 1 BbI3bIBATb
TOJIBKO JIPYTHE CTATUYECKHE METO/IBI KJIACCa, TOTOMY YTO UM HE MEPeaeTCst CKPITBIN
ykazaresb this. OOpallleHne K CTaTHYeCKHM METOJaM MPOM3BOJUTCS TaK Ke, KaK K
CTaTHYECKUM IIOJIAM — JIMO0 uepes uMs KJacca, Jubo, ecau XOTsa Obl OfUH O0OBEKT
KJIacca yoKe CO3/laH, uepes uMst 00beKTa.

class A{
static int count; // Tlone count — cKkpbiToe
public:
static void inc_count(){ count++; }
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A::int count; // Onpepenexne B rnobansHON 0061aCTy

void f(){
A a;

// a.count++ — Henb3s, none count CKpsiToe
// W3MeHeHWe nong C noMoublo CTaTUYeCKOro MeTona:
a.inc_count(); // wan A::inc_count();

}

Craruueckue METO/IbI HE MOTYT 6BITI) KOHCTAaHTHbBIMU (COHSt) 1 BUPTYaJIbHbBIMN
(virtual).

AOpyXxecTBeHHble PYHKLUNUN U KNaCChbl

WNuorpa xenatebHO MMETb HEMOCPEACTBEHHBIN JOCTYIT M3BHE K CKPBITBIM IOJISM
KJIacca, TO €CTb paclIMpuTh unrepdeiic xkaacca. s aToro ciyskar Apy>KeCTBEHHbIE
byHkIMM 1 1pysKecTBEHHbIE KIACCHI.

ApyxecTBeHHass GyHKLUSA

JlpykecTBenHbie (PYHKIMU MPUMEHSIIOTCS I OCTYIa K CKPBITBIM MOJISIM KJlacca u
IPEACTABISAIOT cOOOM albTepHATUBY MeToaM. MeToI, Kak NMPaBUIIo, OTIUCHIBAET CBO-
cTBO 00BEKTA, a B BHUJE APYKECTBEHHBIX (DYHKIMI 0DOPMIISIIOTCS TeHCTBUS, He SIB-
JIFIONIMECS CBONCTBAMHU KJIACCA, HO KOHIIENITYAJbHO BXOJIAIINE B €ro MHTepQENc u Hy-
JKIAIOIMECss B JIOCTYIe K €ro CKPBITBIM TIOJISIM, HATIPUMEP, TepeorpeiesieHHbIe
oreparu BbiBoja 06BEKTOB (cM. ¢. 284).

Hmxe TIEepEeYmnCJAECHDI ITPaBUJjIa OTMTUCAHWA 1 OCO66‘HHOCTI/I APY/KECTBEHHBIX (l)yHKHHﬁ.

Q /lpysxkectBentast (hyHKIHS OOBSIBISIETCS 6HYMpPU KIACCA, K ITEMEHTAM KOTOPOTO
el Hy»KeH JIOCTYTI, C KJII0UeBbIM cJI0BOM friend. B kauecTBe nmapamerpa eil 1oJkeH
nepeiaBaThCst 0OBEKT MM CChIIKA Ha OOBEKT KJIACCA, MOCKOIBKY yKazaTelb this
el He TepeaeTcs.

Q pyxecrBeHHast GYHKIA MOKET ObITh 0OBIYHON (DYHKIIHEH UM METOIOM JPYTO-
ro paHee onpejeseHHoro kiaacca. Ha Hee He pacnpocTpassieTcs JeficTBre CIeln-
(bUKATOPOB JIOCTYIIA, MECTO PA3MEIEHUs ee 0OBABICHNS B Kacce He3pasamyHo.

Q Ogana hyHKIUSA MOKET OBITh APYKECTBEHHOI Cpa3y HECKOJBKIM KJIACCAMU.

B kayectBe mpumepa HUMXKe TMPUBEACHO ONMCAaHUE ABYX (DYHKIUH, JAPY>KeCTBEHHBIX
kiaccy monstr. @yukims ki1l gBisteTcst MeToOM KJacca hero, a ¢hyHKIms steal ammo
He MIPUHAIEKUT HU OJHOMY Kiaccy. ObenM (DyHKIIUSM B KaueCcTBE MapaMeTpa Tepe-
JlaeTcsl CChUTKA Ha 0OBEKT Kacca monstr.

class monstr;  // lpensaputenbHoe 0ObABNEHWE Kacca
class hero{
public:
void kill(monstr &);
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class monstr{

friend int steal ammo(monstr &);
friend void hero::kill(monstr &);
// Knacc hero pomkeH ObiThb ONpPEefeneH paHee
b
int steal ammo(monstr &M){return --M.ammo;}
void hero::kill(monstr &M){M.health = 0; M.ammo = 0;}

Vcnonb3oBanus APy KEeCTBEHHBIX (DYHKIMH HYKHO 110 BO3MOKHOCTH M36eraTh, MO-
CKOJIbKY OHW HAPYTITAIOT TIPUHIIATT WHKATICYISIIIUI U, TAKAM 06Pa3oM, 3aTPYIHSIOT OT-
JIAZIKY ¥ MOJIM(DUKAIINIO TPOTPAMMBI.

ApyXecTBeHHbIN Knacc

Ecau Bce METO/IbI KaKOFO-JII/I6O KjlacCa AOJIKHBI MMETHb JOCTYII K CKPBITBIM ITOJIAM
JPYTOTO, BECh KJIACC OOBSBIAETCS IPYKECTBEHHBIM C MOMOIIBIO KJIIOYEBOTO CJIOBA
friend. B mpuBeieHHOM HIKe TTPUMepE KTACC Mistress 00bABIISETCS APYIKECTBEHHBIM
KJiaccy hero:

class hero{

friend class mistress:

}

class mistress{

void f1();
void f20);
}

Oynximu Tl u f2 SBJISIOTCS APYKECTBEHHBIMHU 110 OTHOIIEHHUIO K KJIaccy hero (Xotst
1 onucanbl Ge3 KIo4eBoro cioBa friend) M UMEOT TOCTYI KO BCEM €ro MOJIsIM.

O0Obasaenue friend He aBiagercsa CHG]_[I/I(l)I/IKaTOPOM AO0CTYyIla 1 HE HaCJeAyeTCA.

NMPUMEYHAHUE

OG6paTuTe BHUMAHKE HA TO, YTO KJIACC CaM OIIpeesisieT, Kakue (DYHKIUKM U KJIACChI SIBJISIIOTCS
JIPY>KeCTBEHHbIMU, a KaKue HeT.

HOecTpykTOopbl

JlectpykTop — 2T0 0COOBIN BUJI METO/IA, IIPUMEHSIONUICS 11 OCBOOOKIEHUS T1aMsi-
TH, 3aHMMaeMOil 00beKTOM. JIeCTPYKTOD BbI3IBAETCS aBTOMATUYECKH, KOrAa 00beKT
BBIXOAUT U3 00JACTH BUAUMOCTH:

Q a1a 1okaisHvix 00BEKTOB — IIPU BBIXOJE U3 OJI0Ka, B KOTOPOM OHU OObSABJIEHBI;
Q g 2100a1bHbix — KaK 4acThb POIEAYPbI BBIXOAA U3 Main;

Q 11 006eKmos, 3a0anivix uepes YKasameiu, JeCTPYKTOD BBI3IBACTCS HESIBHO MIPU
HCIIOJIb30BaHUU ornepannu delete.
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BHUMAHUE
ABTOMATUYECKUI BBI30OB JECTPYKTOPA OOBEKTA MTPU BBIXO/E 13 00JIaCTH IEUCTBUS yKa3aTesl Ha
HETO He MPOU3BOINUTCS.

Nms pecTpyKTOpa HAUMHAETCSI C TUJIBABI (~), HEMOCPEJICTBEHHO 32 KOTOPOU CJIeyeT
nMs kaacca. /lectpykrop:

0 He UMeeT apryMEHTOB ¥ BO3BPAIIAEMOT0 3HAUEHILST;

Q He MOXeT ObITb 00bABJIEH Kak const uim static;

O He HacJexyeTcs;

Q MosKeT OBITh BUPTYaJbHBIM (CM. pasjien «BupryasibHbie MeTobl», ¢. 205).

Ecau mecTpyKTOp SIBHBIM 06pa30M He OTpesiesieH, KOMITUISITOP aBTOMATIHIECKH CO3/1a-
€T IIyCTO¥l IeCTPYKTOP.

OnuceiBaTh B KJacce AeCTPYKTOP sSBHBIM 00pa3oM Tpebyercs B ciydae, Korjga 0ObekT
COJEP/KUT yKasaTeJu Ha HaMATh, BbIAEASAEMYIO AMHAMUYECKA — WHAYE [PU YHUYTO-
JKeHNN 0OhEKTa TTAMATD, Ha KOTOPYIO CCBLIAIUCH €0 TOJIsA-yKasaTenu, He Oyaer mome-
YyeHa Kak cBOOOIHAsA. YKasaTesb Ha AECTPYKTOP ONPENEIUTD HeJIb3sl.

[lectpykrop s pacemarprBaemoro npumMepa (c. 183) moskeH BBITTISANETh TaK:
monstr::~monstr() {delete [] name;}

JlecTpyKTOP MOKHO BBI3BATh AIBHBIM 00Pa3oM IIyTeM YKasaHUs TIOJHOCTbIO YTOYHEH-
HOTO UMEHM, HAIIpUMeED:

monstr *m;
m -> ~monstr();

ITO MOKET MOHATOOUTHCST TSI 0OBEKTOB, KOTOPBIM C MTOMOTITHIO MEPErPYKEHHON OTTe-
pAIlU New BBIJIEJSIICS KOHKPETHBIN ajipec maMsitu. bes HeoOXOAMMOCTH SIBHO BBI3bI-
BaTh JIECTPYKTOP OOBEKTA HE PEKOMEH/YETCH.

NMeperpy3ka onepaunm

C++ Mo3BOJISIET MTEPEOTIPEESUTD eHCTBIE OOMBITUHCTBA OMEPAIUN TaK, YTOOBI pU
UCIIOJIb30BAHUN C OOBEKTAMK KOHKPETHOTO KJIACCa OHU BBITIOJHAIN 3a/laHHble (PYHK-
. JTa JaeT BO3MOKHOCTD UCII0JIb30BaTh COOCTBEHHbBIE TUIIBI JAHHBIX TOYHO TaK Ke,
Kak crangaprabie. O603HaYeHMsT COOCTBEHHBIX OTIEPAIliil BBOJAUTH HEJb3st. MOXKHO
neperpyskath JoObie onepary, cyiectsyonue B C++, 32 HCKITIOYEHIEM:

X 7 s # #H sizeof

[Teperpyska orepaiuii oCyIeCTBISIETCS € MOMOIIBIO METOJOB CIEIUATHHOIO BU/A
(Qynxyuii-onepayuil) 1 MOTINHSIETCS CJIEAYIONAM TTPABUIIAM:

QO 1npu neperpyske omepanuii COXPAHSIOTCI KOJTUYECTBO apryMEHTOB, PUOPUTETHI
oTepariii M mpaBuUIa acconuaiun (crpaBa HaJEBO WX CJeBa HAIIPABO), UCIIOJb-
3yeéMbI€ B CTaHAaPTHbIX TUIIAX JaHHDBIX;

Q s cTaHAPTHBIX THUIIOB JIAHHBIX TIEPEOTIPE/IENATh Olepaluy HeJlb3s;
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Q odyHKIUKU-ONIEPAITUY HE MOTYT UMETh apTyMEHTOB M0 YMOJYAHUIO;

Q dyHKIUKU-OnEepauy HACAeayIoTC (32 UCKIIOYEHUEM =);

O dyHKIUM-ONIEpPAIIUN He MOTYT OIPEIeNAThCS Kak static.

DynkuuIo-onepayuIno MojICHO ONPeoesums mpems cnocobamu: oHa 10/KHa ObITh 1100
MEeTOIOM KJiacca, 0o ApysKecTBeHHON (pyHKIeN Kiacca, 1160 0ObIYHON (DyHKIIEI.

B aByx mocaeaHux cayvasx (QYHKIMS TOJKHA TIPUHUMATE XOTsI ObI OJIH apTyMEHT,
HMEIOIINIA THIT KJlacca, yKasaTessl M CChLIKKM Ha Kiaccl.

DyHKIUS-0TIepaIust COAEPKUT KI0UEBOE CJIOBO operator, 3a KOTOPBIM CJIEyeT 3HAK
MIEPEOTIPE/IEISIEMOIT OTIEPAIIUH:
TMn operator onepauus ( cnucok napameTpos) { Teno dyHkuuu }

NMeperpyska yHapHbIX onepauuvin

VuapHast (yHKIUS-OTIEpaIinst, olpe/esisieMast 6Hympu KAaccd, NOJEKHA ObITh TIpe-
CTaBJieHa ¢ MOMOIIbIO HECTATHYECKOTO MeTo/ia 6e3 ImapaMeTpoB, IIPU 3TOM OIlePaHIOM
SIBJISIETCSI BBI3BABIINI ee 00bEKT, HAPUMeD:

class monstr{

monstr & operator ++() {++health; return *this;}
}
monstr Vasia;
cout << (++Vasia).get health();

Ecmm (pyHKIII/IH OIIpeNeJIACTCA 6He Kadacca, OHa NOJIKHa UMETb OJAWH IapaMeTp THIIa
Kjacca:

class monstr{

friendmonstr & operator ++( monstr &M):
monstr& operator ++(monstr &) {++M.health; return M;}
Ecnu ne omucwiBaTh (hyHKIMIO BHYTPU KJacca Kak JIPY’KECTBEHHYIO, HY>KHO YUUTbI-
BaTh JIOCTYITHOCTb U3MEHAEMbIX IToJiel. B annoMm ciaydae mnoJie health He1OCTYIIHO U3-
BHE, TaK KaK OIMCAHO CO CHeNn(MUKATOPOM private, MO3TOMY /IS €TO N3MEHEHUS Tpe-
GyeTcsi MCIOJAb30BaHUE COOTBETCTBYIONIEr0 MeTojla. BBeseM B ommcaHue Kjacca
monstr metog change health, o3BossIOmIMil U3BMEHUTD 3HayeHue 110Jis1 health

void change health(int he){ health = he:}

Toraa MOXKHO II€PErpysUTh OIEPALUI0 HHKPEMEHTA ¢ IOMOIIbI0 0OBIYHOI (DYHKIMH,
OIMCAaHHOU BHE KJjacca:

monstr& operator ++(monstr &M){
int h = M.get_health(); h++;
M.change _health(h);

Y Ocobbrit caydaii: hyHKIIA-OMEpPAIHs, TIEPBBIH TAPaMeTp KOTOPOIl NMeeT CTAHAAPTHBI THII,
He MO’KeT OIIPEIeIAThCS Kak MeTOZ KJacca.
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return M;
Orneparyt MOCTUKCHOTO WHKPEMEHTA U JIEKPEMEeHTa MOJKHBI MMETh MEePBBIN Tapa-
MeTp Tuma int. OH UCTOIB3YETCsT TOIBKO I TOTO, YTOOBI OTJIMYHUTH UX OT TIPehUKC-
HOI (hOPMBI:
class monstr{

monstr operator ++(int){
monstr M(*this); health++;
return M;

b
monstr Vasia;
cout << (Vasia++).get health();

NMeperpyska OMHapHbIX onepauuni

BI/IHapHaH QJYHKIII/IH-OHepaHI/IH, onpenesisgaeMaa sHYympu Kiacca, J10JIKHA OBITD npen-
CTaBJIEHa C ITOMOIIbIO HECTATUYECKOTO METO/Ia C IMTapaMeTpaMu, IIPU 3TOM BBI3BaBIITNI
ee 0OBEKT CUUTAETCS TIEpBbIM OIl€PpaHIOM:

class monstr{

bool operator >(const monstr &M){
if( health > M.get health()) return true;
return false;

Ecimn dbynknms onpezensercsa eue xiacca, OHa JOJKHA UMETDh /[BA Mapamerpa Tula
KJlacca:

bool operator >(const monstr &M1, const monstr &M2){
if( Ml.get health() > M2.get health()) return true;
return false;

Meperpy3ka onepauvm npucBanBaHns

Omnepanys npucBauBanus onpeaeieHa B J060M Kjacce M0 yMOTYAHUIO KAaK I1103J1e-
MEHTHOE KOIMPOBaHNe. JTa ONePalts BBI3BIBAETCA KaxK bl Pas, KOIIa OXHOMY CyIIe-
cTByIOIEMY OOBEKTY NPUCBAUBAETCS 3HaYeHKe APyroro. Ecm Kaace cogepsKuT 1oJs,
HaMATH 110, KOTOPBIE BRIJEIAETCS ANHAMUIECKH, HeOOXOANMO OIpPefeauTh COOCTBEH-
HYIO OIIepalyio IpucBanBaHud. UToObI COXPAaHUTh CEMAHTUKY [IPUCBAMBANUS, OII€Pa-
1us-(OyHKIMS JOJKHA BO3BPAIIATh CChLIKY Ha 0OBEKT, A/ KOTOPOIro OHa Bbl3BaHa
Y IPUHAMATH B KAY€CTBE MTapaMeTpa eMHCTBEHHBII apTYMEHT — CChIJIKY Ha IPUCBa-
BaeMblil 0OBEKT.

const monstr& operator = (const monstr &M){
// TlpoBepKa Ha CaMOnpuCBauBaHue:
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if (&M == this) return *this;

if (name) delete [] name;

if (M.name){
name = new char [strlen(M.name) + 17:
strcpy(name, M.name);}

else name = 0;

health = M.health; ammo = M.ammo; skin = M.skin:

return *this;

}

Bosspar u3 (GyHKI[IME yKazaTesss Ha 00BEKT JeJaeT BOSMOKHOM METOUKY Omepariuii
PUCBANBAHUS:

monstr A(10), B, C;

C=B=A;
Ormepanuio TpUCBAaUBAHUS MOXHO OIPEIENITh TOJBKO Kak MeTo/ kinacca. OHa He Ha-
CTIelyeTCsl.

Meperpy3ka onepauu new n delete

Yro6bl 00eCIIeUnTh albTePHATUBHDIE BAPUAHTDI YIIPABICHUS IAMATbIO, MOKHO OIIpe-
JEJIATh COOCTBEHHBIE BADMAHTDI OIepaliil new u new[ ] f/1sh BbIIeIeH s ANHAMIYECKOI
MaMATHU 01 0OBEKT U MACCUB OOBEKTOB COOTBETCTBEHHO, a TakkKe omepanuu delete u
delete [] g ee ocBOOOXKIEHUA.

Itu GYHKIUU-OTIEPAITUH JTOJKHBI COOTBETCTBOBATD CJELYIONTUM MTPABUIIAM:
Q wuM He TpebyeTcs TepeaaBaTh mapaMeTp THIA KIacca;

Q 1epBBIM MapaMeTpoM (YHKIHSM new 1 new[ ] 0JDKEH TepeaBaThes pasMep 00bek-
Ta THMa Size t (9TO THI, BO3BpAIlaeMblil onepaiueil sizeof, oH onpejensercs B
3arosioBouHoM caitsie <stddef.h>); nmpu Bbi3oBe OH mnepenaeTcss B (DYyHKIUU HESB-
HBbIM 00Pa30oM;

U OHU AOJIKHBI OPENeNsaTbCs C TUIIOM BO3BpallacMOIo 3Ha4YeHUsI void*, maxke ecau
return BO3BpallacT yKa3aTeJb Ha APYTrUe TUTIBI (qame BCEro Ha KJIaCC);

Q omnepaiug delete go/kHa MMeTb TUII Bo3Bpara void M IIepBLIM apryMeHT TUlla
void*;

Q omepanuu BLIZETEHNST U OCBOOOKIECHNS TAMSITH SBJISIIOTCST CTATHYECKUMU TIEMEH-
TaMu KJIacca.

[ToBenenune neperpy:KeHHBIX OTePAIIAil TOJKHO COOTBETCTBOBATD JIEHCTBUSIM, BBITIOJ -
HseMbIM UMU 110 yMoJsdaHuio. /7151 onepaiuu new sTo 03HadaeT, YTO OHA JIOJKHA BO3-
Bpalath MpPaBUJIbHOE 3HAYEHWE, KOPPEKTHO 06pabaThbiBaTh 3ampoc Ha BBIIETEHUE
IIaMATU HYJIEBOTO pa3Mepa U IIOPOXKAaTh UCK/IOUEHNe [IPU HEBO3MOXKHOCTU BbIIIOJIHE-
Hust 3ampoca (06 MCKIIOYEHUsAX pacckasbiBaeTcss B pasjene «O6paboTka MCKIIOUH-
TEJIbHBIX cUTyanuil> Ha c. 222). Jlus onepaiuu delete ciemyer cobmoaaTh yCJIOBHE,
4TO ylaleHne HYJIEBOTO yKa3aTes JIOJIKHO ObITh He30MacHbIM, OATOMY BHYTPHU OTIe-
paru HeobXoMMa MTPOBEPKa yKa3aTe s Ha HYJIb U OTCYTCTBHE KAKUX-TNO0 eHCTBHiT
B CJlyyae paBeHCTBa.
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CraHzapTHble ollepalliu BbIAEJEHNs 1 0CBOOOKIEHM AMTH MOI'YT HCIIOJIb30BaThCS
B 00JTacTy JIEWCTBYSI KJlacca Hapsifly ¢ TepPerpy KeHHbIMU (C TIOMOIIBIO ONePaIuu 0~
cTymna K 00JIaCcT BUAUMOCTHU :: A OOBEKTOB 9TOrO KJIacca U HENOCPENCTBEHHO —
VIS JIIOOBIX JIPYIHX).

[Ieperpyska orepanuu BbliesleHNAS TaMATH IPUMEHIeTCs /11 9KOHOMUU [aMSATH, 110-
BBITIIEHYST OBICTPOJIEHCTBYSI TPOTPAMMBI WJIN JIJIs PasMeEIeHUsT TaHHBIX B HEKOTOPOIi
KOHKPeTHON obnact. Hanmpumep, mycTh OMUCHIBAETCS KIIACC, COAEPIKAIINIT YKA3aTEh
Ha HEKOTOPBIH 00HEKT:

class Obj { .. };
class pObj{

private:
Obj *p;
s
ITpu BbIEAeHU TaMATH 107 00beKT Truna pObj ¢ IOMOIIbIO CTAHAAPTHON onepaiun
new

pObj *p = new pObj;
(dakTHueckoe KoaMYecTBO OaiiToB OyzeT mpeBbimarth Sizeof(pObj), MOCKOIBKY new

0OBIYHO 3aMUCHIBAET B HAUAJIO BBIIEIAEMOi obmacTu ee pasmep (J1Jist TOro 4ToObl Mmpa-
BUJIbHO OoTpabaTbiBasa omepanusa delete):

Jliist #HeGOIBITNX 0OBEKTOB 3TU HAKJIAJHbIE PACXOJBI MOTYT OKa3aThCsl BEChbMa 3HAUM-
TeAbHBIME. JJI1 9KOHOMHUM TAMATH MOKHO HANUCATh COOCTBEHHYIO OTEPAIUIO New
kiacca pObj, KoTopast OyaeT BhIAETATH GOJIBIIOM GJIOK MaMITH, a 3aTeM pasMellaTh B
HeM ykasarenn Ha Obj. [uma srtoro B 00bexT pObj BBOAUTCS CTaTUYECKOE IIOJIE
headOfFree, B KOTOPOM XpaHUTCS yKas3aTe/Ib Ha MEPBYI0 CBOOOAHYIO sueiiky OJIoKa st
PasMeIeHUsT OUEPETHOTO 00BEKTA

Hewucrosbayemble STUEHKN CBSA3BIBAIOTCS B CIIUCOK. UTOOBI He 3aHMMATh MaMSITh O]
10JIe CBA3MU, UCIIONb3yeTcs oObeaunenye (Uunion), ¢ IOMOIIBIO KOTOPOTO OfHA 1 Ta JKe
siyeiika MCHoJbayercest TU6o s pasMellieHUsT yKasaTesisl Ha 00beKT, MO0 Uit CBI3U
CO caemyIomeil CBOOOIHON TUEHKOIL:

class pObj{
public:
static void * operator new(size t size);

private:
union{
Obj *p; // YkazaTenb Ha 00beKT
pObJ *next: // YKaszaTenb Ha cleayiouyio CBOOOAHYI AYelKy
b
static const int BLOCK SIZE; // Pasmep 0Onoka
// 3aronoBOK CMMCKA CBODOMHbBIX A4EeK:
static pObj *headOfFree;
b
void * pObj::operator new(size t size){
// TepeHanpaBuTh 3anpoChl HEBEPHOTO KOMM4eCTBa MaMATy
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// CTaHOapTHOW onepaunu new:
if (size != sizeof(pObj)) return ::operator new(size);
pObj *p = headOfFree; // YxazaTenb Ha nepByi CBOOOAHYI AYerKy
// TlepemecTTh yKasaTenb CMNUCKA CBOOOAHBIX fAYeeK:
if (p) headOfFree = p -> next;
// Ecnn cBOOOAHOW MaMaTW HET, BblAeNaeM 0YepenHol 60K :
else {
pObj *newblock = static_cast<pObj*>!
(::operator new(BLOCK SIZE * sizeof(p0bj)));
// Bce syelikn CBOOONHbI, Kpome nepsoit (oHa Oypet
// 3aHATa), CBA3bIBAEM UX:
for (int 1 =1; i< BLOCK SIZE - 1; ++1i)
newblock[i].next = &newblock[i + 11;
newblock [BLOCK SIZE - 1].next = 0;
// YcTaHaBMMBAEM HAyano CnucKa CBOOOAHbIX AYEeK:
headOfFree = &newblock[1];
p = newblock;

}

return p; // Bo3BpawaeM ykasaTeslb HA BbIJENEHHYI NaMATb

Ileperpy:xennas ornepanus new HacJeayeTcs, II09TOMY OHa BbI3bIBACTCS [ IIPOU3-
BOZIHBIX 00BEKTOB. Ecai X pasmep He cOOTBETCTBYeT pasMepy 6azoBoro (a Tak, CKo-
pee BCETO, M €CTh), 3TO MOJKET BBI3BATDH MPoGeMbl. UToOb X M36eKaTh, B HaUaJe ore-
paIy TPOBEPSIETCST COOTBETCTBIE pa3MepoB. Eca pasmep 00hEKTa He paBeH TOMY,
[Tl KOTOPOTO TIeperpyskeHa orepaiys new, 3aipoc Ha BblieJieHue TTaMATH liepeiaeTcst
CTaHIAPTHON Omepartiy new.

B mporpamme, ucnosbayioneit kiaace p0bj, Jo/KHA MPUCYTCTBOBATD MHUITUAT3AIUST
€r0 CTaTUYEeCKNX IoJiel (cTarnyeckue MoJisi paccMaTpuBaauch Ha c. 186):

pObj *p0Obj::head0ffFree; // Yctanasnusaetrca B 0 no ymMonyanuo
const int pObj::BLOCK SIZE = 1024;

Kak BuzmHO 13 9TOTO IIpUMEpPa, TOMUMO 3KOHOMHUH TAMSATH JIOCTUTAETCS elle U BbICO-
Koe ObICTpOjIeliCTBIE, Belb B OOJIBIIMHCTBE CJAYYaeB BbIACICHUE MAMITH CBOAUTCS
K HECKOJIbKIM TIPOCTBIM OTIEPATOPAM.

EcrecTBeHHO, YTO ec/ii OTepalist New ImeperpyskeHa, To JKe caMoe J0JIKHO ObITh BbI-
MOJIHEHO U /i omtepariuu delete (HanpuMep, B HAIllEM CJIyyae CTAaHAAPTHAS OlePaIlisd
delete He Haliier B HaYase 06bEKTa BEPHOH MH(MOPMAIINHU O €r0 PasMepax, 4To MpuBe-
JIeT K HeOoTIpe/Ie;IeHHOMY MOBEIEHUIO TTPOTPAMMBI ).

B paccmoTpenHoM mpuMepe omnepanus delete moskHa A00aBIATH OCBOOOKIECHHYIO
SIUEKY TAMSATH K CIUCKY CBOOOJIHBIX STUEEK:
void pObj::operator delete(void * ObjToDie, size t size){
if (ObjToDie == 0) return;
if (size != sizeof(pObj)){

! 3j1ech ncmomp30BanoO SBHOE MPeOBpA3OBAHIE THITA ¢ TIOMOIIBIO omeparin static_cast. O Hem
pacckasbiBaeTcs B paszesie «Omepaius static_cast» Ha c. 237.
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::operator delete(ObjToDie); return;
}
pObj *p = static_cast<pObj*>(0ObjToDie);
p->next = headOfFree;
headOfFree = p;

}

B onepanuu delete BbinosHeHa IPOBEPKA COOTBETCTBUS PAasMEPOB OOBEKTOB, aHAJIO-
TMYHAS PUBEIEHHON B OTIePAIlUM New.

Meperpy3ka onepauvu npuBeaeHNs Tuna

MoskHO onpenesuTh (QYHKIIMU-OTIEPaIii, KOTOPbIe OYAyT OCYIIECTBIISATh TPEoOpaso-
BaHue oObeKkTa Kjaacca K agpyromy tuiry. Dopmar:

operator umMs_Hosoro_Tuna ();

Tun Bo3BpaIaeMoro 3HaueHUs 1 MapaMeTpbl YKasbiBaTh He Tpedyercsa. MoKHO orpe-
MEJSITH BUPTyaTbHble (QYHKIUU TPeoOpPa3oBaHusT THTIA.

[Tpnumep:
monstr::operator int(){return health;}

monstr Vasia:; cout << int(Vasia);

Meperpyska onepauun Bbi3oBa GyHKLUUN

Kinace, B xoTopom onpeziesiena onepaius BbizoBa (GyHKINU, Ha3bIBACTCS PYHKUUO-
nanorvim. OT TAKOTO KIacca He TpeOyeTcsT HAMMYMS IPYTUX MOoTeil 1 METO/IOB:

class if_greater{
public:
int operator () (int a, int b) const {
return a > b;
}
b
Wcnosb3oBaHne TaKOro Kjacca UMeeT BecbMa clielinruuecKuii cuHTakcuc. PaceMor-
pUM TIpUMeED:
if_greater x;
cout << x(1, 5) << endl; // Pesynbtar — 0
cout << if_greater()(5, 1) << endl; // Pesynbtar -1

[Tockombky B kiacce 1f_greater ompenesneHa omepanys BbI30Ba QYHKIINN € IBYMS TIa-
pameTpamu, BbIpaxkeHue x(1, 5) ABigeTcd MOIMyCTUMBIM (TO XKe caMOoe MOXKHO 3aIlv-
catb B Bujie x.operator () (1, 5)). Kak BugHO u3 npriMepa, 06beKT (hyHKIIHOHATHHOTO
KJIACCA MCIOJIB3YETCS TaK, Kak ecyu Obl OH ObLI (DyHKIIUEIL.

Bo Bropom omnepatope BbiBoja Bbipakenue if greater() MCIOAB3yeTCs /Ui BBI30BA
KOHCTPYKTOPa M0 YMOJYaHWio Kiacca 1T greater. Pe3ysbTaToM BBIIOJHEHUS] 9TOTO
BBIPAKEHUST sBJIsieTcst 0O0beKT Kiaacca 1f _greater. Jlajee, Kak U B MPEABIAYIIEM CIIy-
yae, JI7ist 9TOr0 OObEKTa BhI3bIBAETCsI (DYHKIIUS € ABYMsI apIyMEHTaMHU, 3allCAHHbIMU B
KPYIJIBIX CKOOKAX.
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Omnepanuio () (a Takke orepanuio [ |) MOKHO OIpe/iesisATh TOJbKO KaK MeTO/l Kacca.
MOKHO OTIpeIesINTD Teperpy KeHHbIe OMepalini BbI3oBa (DYHKIIUK € PA3JTUIHBIM KO-
JIMYECTBOM apryMeHToB. DyHKIMOHATbHBIE OGBEKTHI MUPOKO TIPUMEHSIOTCSA B CTaH-
napraoil 6ubmnoreke C++.

Meperpyska onepauvm UHAEKCUPOBaAHUSA

Oneparust HHACKCUPOBaHUs | | 00BIYHO TIEPETPYIKAETCST, KOT/IAa THII KJTacca IIPeCTaB-
JISIET MHOKECTBO 3HAYEHMWIA, /711 KOTOPOTO UHIEKCUPOBaHMe nMeeT cMbic. Oreparus
MH/IEKCUPOBAHII I0JI’KHA BO3BPAIIATh CCHIIKY HA 3JIEMEHT, COJePIKAIIMIICS B MHOKE-
ctBe. [Tokaskem 3TO Ha pUMepe KJacca Vect, TpeIHa3HAYEHHOTO JIJIsT XPaHEHUS U pa-
GOTBI ¢ 6E30MACHBIM MACCUBOM TIEJIBIX YHCEJ:

#include <iostream.h>
#include <stdlib.h>
class Vect{
public:
explicit Vect(int n = 10);
Vect(const int all, int n): //nHuumanu3auna MacCuBOM
~Vect() { delete [] p; }
int& operator [] (int 1);
void Print():

private:

int* p;
int size;
s

Vect::Vect(int n) : size(n){
p = new int[sizel;
}
Vect::Vect(const int a[], int n) : size(n){
p = new int[sizel;
for (int i =0; i < size; i++) p[i] = al[i];
}
// TNeperpy3Kka onepauny UHAEKCUPOBAHNA :
int& Vect::operator [] (int 1){
if(1 <0 || 1> size){

cout << "HeBepHblii uHAEKC (i = " << i << ")" << endl;
cout << "3aBepuweHue nporpammbl” << endl;
exit(0);

}

return p[il;
1
void Vect::Print(){
for (int 1 =0; 1 < size; i++)
cout << p[i] <" ",
cout << endl;
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int main(){
int arr[10] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10};
Vect a(arr, 10);
a.Print();
cout << a[b] << endl;
cout << a[l2] << endl;
return 0;

}

Pesysbrar paboThl POTPaMMBL

1 2 3 45 6 7 8 9 10

6

HesepHbiil Haekc (1 = 12)

3asepuwenne nporpammbl
[Teperpy-kennas orepaiiis MHIAEKCUPOBAHUS TIOJYUYAET TIeJIBI apTyMEHT U MPOBePsI-
€T, JISKUT JIU eT0 3HaUeHUe B TIpefiesiaxX Auanazona Maccusa. Ecam a, To Bo3Bpataet-
¢4 azipec 3JeMeHTa, YTO COOTBETCTBYET CEMAHTUKE CTAaH/IAPTHON oTepallu UHAEKCU-
poBaHus.
B paHHOM mprMepe KOHCTPYKTOP € IapaMeTpoM IO YMOJYAHUIO OOBABJIEH Kak
explicit ajst Toro, 4ToObl OH He SBJISICS KOHCTPYKTOPOM IIpeoOpasoBanus Tuia (CM.
c. 185), Boi3biBaeMbIM HesiBHO. KirtoueBoe csioBo explicit yKasblBaeT Ha TO, 4TO 9TOT
KOHCTPYKTOP GYy/IET BBI3BIBATHCS TOJIBKO SIBHBIM 0OPa30OM.

YKka3aTtenu Ha 3J1IeMeHTbl KJ1aCcCOB

K semMeHTaM KJTacCOB MOKHO 0OPaIaThCst ¢ OMOIIbI0 yKazareseil. JIJist aToro omnpe-
JIeJIEHBI oTepaluu . * U ->*. YKazaTeJau Ha TOJII U METOJbI Kjacca OIpeNessdioTcs
I0-Pa3HOMY.

Dopmar yxasamens na memoo Kiacca:
BO3Bp_TuUN (MMA_Kracca: :*uMa_ykasaTtens) (napaMeTpsl) ;
Harmpumep, onucanne ykasaresst Ha METOBI Kjacca monstr
int get_health() {return health:}
int get_ammo() {return ammo;}
(a Takke Ha APyTHE METOJBI HTOTO KJIacca ¢ TAKOH e CUTHATYPOI ) OyeT MMeTh BIIL:

int (monstr:: *pget)();
Takoii ykazaTesb MOKHO 33JlaBaTh B KauecTBe TapaMeTpa (GyHKIUU. JTO JaeT BO3-
MOKHOCTbD TIepejlaBaTh B (DYHKIIMIO UMsI METO/IA:

void fun(int (monstr:: *pget)()){
(*this.*pget)(); // BbI30B (yHKUMM Yepe3 onepauuo .*
(this->*pget)(); // BbI30B (QyHKUMM Yepes onepaumip ->*

}

MO’KHO HaCTPOWTD yKazaTelb Ha KOHKPETHBIH METO C MOMOIIBIO ONEPAIlUN B3SITH
azipeca:
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// TlpuCBanBaHWe 3HAYEHNs yKasaTeno:
pget = & monstr::get health;

monstr Vasia, *p;:

p = new monstr;

// Bbi30B (ByHKUMM 4Yepe3 onepaunio .* :
int Vasin_health = (Vasia.*pget)();
// BbI30B (yHKUMW Yepe3 onepauun ->* :
int p_health = (p->*pget)();

Husxe nepeuncienbl TpaBuJia UCIOJIb30BaHUS yKa3aTeseil Ha MeTO/Ibl KJIacCOB.

QO VYkasaresio Ha METOJ] MOXKHO TIPUCBAMBATDh TOJBKO ajipeca MeTo/10B, UMEIOIUX CO-
OTBETCTBYIOIUI 3ar0JI0BOK.

Q Hembssa onpenennTh yKaszareab Ha CTaTUYECKUNT METOJI Kiacca.

Q Henbss npeobpaszosaTh ykasareab Ha METO/ B yKazareJb Ha 0ObIYHYIO (DYHKIHUIO,
He ABJIAIONIYIOCS 3JIeMEHTOM KJIacca.

Kax n yxaszarenn na oObranbie (hyHKINN, YKa3aTeIN Ha METOIBI UCTIOIB3YIOTCS B TOM
caydae, KOT/ia BO3HUKAET HeOOXOAUMOCTh BbI3BATh METO/I, UMsI KOTOPOTO HEM3BECTHO.
OxHako B OTINYHE YKA3aTeJs Ha TIEPEMEHHYIO WITH 0OBIYHYI0 (DYHKITHIO, YKa3aTeab Ha
METOJ[ He CCBLIAETCS Ha OTIPeIeleHHbIi ajipec mamsiti. OH OOIbINe TOX0XK HA WHAEKC
B MaccuBe, IIOCKOJIbKY 3a/laeT cMelienre. KOHKPeTHbIN ajpec B HaMATH MOJyYaeTCs
MyTEM COYETAHUsT yKA3aTeasd Ha METO/ C YKA3aTeleM Ha OMpeleIeHHbIi 00HEeKT.

NMPUMEYAHUE

MeTOHbI, BbI3bIBa€MbI€ 4Y€pe3 yKa3aTeJsu, MOryT ObITH BUPTYaJIbHBIMU. HPI/I 9TOM BbI3bIBAa€TCA
METO/, COOTBeTCTByIOIHI/II\/'I TUITY O6’I)€KTa, K KOTOPOMY TIpUMEHAJICA YKa3aTeJb.

Dopmat ykasamens Ha noie Kiacca:
TUN_RaHHLIX(MMA_Kacca: :*uMa_ykasatens);

B ompenenenme ykazatesass MOXKHO BKJIIOUNTD €70 WHUIIMATN3AINIO B hopMe:
&uma_knacca: :*uma_nonda; // Mone gomkHo ObiTb public

Eci 661 moste health 6bw10 06BABIEHO Kak public, onpeeieHe yKasaTeas Ha HEro
uMesio Obl BUJL:

int (monstr::*phealth) = &monstr::health;
cout << Vasia.*phealth; // 06paweHue 4epes onepaunmo .*
cout << p->*phealth; // 0OBpaueHne yepes onepaunpo ->*

O6paTI/IT6 BHUMaHWE Ha TO, YTO YKa3aTEJaN Ha MOJ KJIACCOB HE ABJAIOTCA OOBIYHBIMI
YKa3aresasaMn — Be/lb IpU IpUCBaBaHUN UM 3HAYEHUI OHU HE CChLIAIOTCS HAa KOH-
erTHHﬁ aJIpecC MaMATH, ITOCKOJIBKY IMaMATh BBIZAECJIACTCA HE IO/ KJIACCHI, a IO/ 00OBeK-
Thbl KJIaCCOB.

PekoMeHaauum no cocTaBy KJjiacca

Kak mpaBuno, kiacc kak TUI, ONpe/eseHHbIN MOJIb30BaTENEM, JIOJIKEH CO/IePKATh
ckpoIThie (private) mouas u caemnyonme GyHKITAN:
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U xoncmpyxmopul, olipeslesidionine, Kak MHUINAJIN3UPYIOTCS 0OBEKTBI KJiacca;

Q uabop memodos, peanusyrouux ceolicmea Kiacca (npu smom memoovl, 6036PAUAI0-
wue 3navenus CKPBITHIX TOJeH KJacca, OMUCHIBAIOTCS ¢ MOAMGMUKATOPOM Const,
YKa3bIBAIOIINM, YTO OHM HE JOJCKHBI U3MEHATH 3HAYCHUS TI0JIEH );

Q nabop onepayuil, MO3BOJILIONMX KOIUPOBATh, IPUCBAUBATh, CPABHUBATH OOBEKTH
U IPOU3BOAUTD ¢ HUMU APYIrUe AeiicTBUA, TPeOYIOMUECS 110 CYTH KJIACCa;

Q KJIacC UCKIoueHUil, NCTIOIb3YEMBbIil JIJIst COOBIIeH i 06 ONMOKaX ¢ MOMOIILIO TeHe-
PaIi UCKIIOUUTETbHBIX cuTyanuii (06 aToM Oy/er pacckasaHo Ha c. 228).

Eci cymiecTBytoT (byHKIMH, KOTOPbIe pabOTAIOT ¢ KJACCOM MJIM HECKOJbKUMHU KJlac-
camu yepe3 uHTepdeic (To eCTh JOCTYI K CKPBITHIM TIOJISIM UM He TPEOYETCsT), MOKHO
oIucaTh MX BHE KJIACCOB, YTOOBI HE Ieperpy:kaTh UHTepdEicsl, a 1asa 00ecieueHms
JIOTMYECKON CBSI3U IIOMECTUTD UX B 00IIEE ¢ STUMU KJIACCAMK IIPOCTPAHCTBO UMEH, Ha-
[puMep:
namespace Staff{

class monstr { /* .. */};

class hero { /* .. */};

void interact(hero, monstr);



N'MABA S5

HacnepnosaHue

MexaHn3M HacJIe0BAHNS KIACCOB TIO3BOJISIET CTPOUTH UEPAPXUHU, B KOTOPBIX TIPOU3-
BOJIHBIE KJIACCHI TIOJIYYAIOT HJIEMEHTHI POAUTETBCKUX, UIN GA30BBIX, KIACCOB U MOTYT
JIOTIOJTHSATH WX WM U3MEHSTh WX cBoicTBa. [Ipy GOBIIOM KOJUUECTBE HUKAK HE CBSI-
3aHHBIX KJIACCOB YIIPABJISATh UMW CTAHOBUTCS HEBO3MOXKHBIM. HaciemoBanue 103Bo-
JISIET CIIPABUTRCS € ATOH MPOGAEMOTT TyTeM yIIOPSIIOYNBAHUS 1 PAHKUPOBAHUS KJIac-
COB, TO €CTh OOBEUHEHS OOIIUX JIJIsT HECKOJIBKUX KJIACCOB CBOHCTB B OJHOM KJlacce
U UCIIOJIb30BAHUSI €T0 B KauecTBe Ga30BOTO.

Kiaccesl, Haxomsmumecst O/mke K HAYaIy HepapXun, 00beAnHSIOT B cebe Hanbosee 00-
1[1e YePThI JIJIs BCEX HUIKeJIeRaInX KiaaccoB. [lo Mepe 1npoiBuKeHNs BHU3 110 Mepap-
XM KJIacChl TpUoOpeTaloT Bee 6oblIe KOHKPETHBIX 4epT. MHOKeCTBeHHOEe HacIe/10-
BaHMeE MO3BOJIAET OZHOMY KJaacCy 00IafaTh CBOMCTBAME ABYX M 0OJI€E POAUTENbCKIX
KJIACCOB.

Knioun pocTtyna

[Ipu ommcanum kyacca B ero 3aroJIOBKE TEPEUYMCISIOTCS BCE KJIACChI, SBJISIONIUECS
JUist Hero 6a3oBbIMU. BO3MOKHOCTD OOpAIIEHNUST K 9JIeMEHTaM 9THX KJIaCCOB PETYJIUPY-
eTcs ¢ IIOMOIIBIO Kuouel docmyna private, protected m public:

class ums : [private | protected | public] 6a3soBbiii_knacc
{Teno knacca};

Ecam 6a30BBIX KJ1aCcCOB HECKOJIbKO, OHU TIEPCUUCIIAIOTCA Y€PE3 3alIATYIO. Kirou OOCTy-
I1a MOJKET CTOATD Iepe/] KaK/AbIM KJIaCCOM, HallpUMep:

class A { .. };
class B { .. };
class C { .. };

class D: A, protected B, public C { .. };

[To ymomganmio 171 Ky1acCcOB UCTIOJIB3YETCs KJTTOU JIOCTYyTa private, a st CTPYKTYp —
public.
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[lo cux Top MBI paccMaTpPUBAJIN TOJIBKO TIPUMEHSIEMbIE K JIEeMeHTaM KJacca cneyudu-
xamopot docmyna private u public. J{ist m006Oro seMeHTa Kracca MOKET TaKKe HC-
I10J1b30BAaTHCHA CHeLu/I(pI/IKaTop protected, KOToprf/’I IJId OJJMHOYHBIX KJIACCOB, HE BXO-
JSAIAX B MEPapXuio, paBHOCHUJIeH private. Paznuiia Mexxay HUMU TPOSIBISETCS MPU
HacJea10BaHUM, YTO MOXHO BUIETH U3 HpI/IBe/ﬁ[eHHOfI Ta6JII/H_IbIZ

Kniou poctyna Cneuundukatop AocTyn B NPON3BOAHOM KommeHTapuin
GasoBoro knacca | knacce

private private private Bce private
protected private
pubTic private

protected private private BCe protected,
protected protected Kkpome private
public protected

public private private He U3MEHSETCS
protected protected
public public

Kak Bugno 3 Ta6JII/ILIbI, private ajeMeHTbI 6a30BOro KJacca B ITpONU3BOAHOM KJlaCcCe
HEZOCTYITHBI BHE 3aBUCUMOCTU OT KJItO4a. O6pameHHe K HUM MOJKET OCYIIECTBJIATHCA
TOJIBKO 4Y€pe3 METO/bI 6a30BOro KJjacca.

dJjieMeHTbI protected npu HacIeOBAaHUU C KJIIOYOM private cTaHOBATCS B MPOU3BO/I-
HOM KJiacce private, B OCTQJIbHBIX CJy4yasX IpaBa JIOCTyIa K HUM He U3MEHAIOTCS.

Jocry1 k asemenTam public IIpy HaCJeA0BAHUN CTAHOBUTCS COOTBETCTBYIOIIUM KJIIO-
4y JIOCTYTIA.

Ecii 6a30BBIi KJIace HACIeyeTcs ¢ KJIIOYOM private, MOKHO BBIOOPOUYHO CHEJIaTh He-
KOTOPbIE €r0 9JIEMEHTbI JOCTYIHbIMU B IIPOU3BOAHOM KJjacce, OObIBUB MX B CEKIUU
public MPOMBBOAHOIO KJacca ¢ IMOMOIIBIO ONepaluy A0CTyIa K 00JaCTH BUAUMOCTH:

class Base{
pubTic: void f();
b

class Derived : private Base{

public: Base::void f();

NMpocToe HacnepoBaHue

HpOCTbIM Ha3bIBACTCA HacCJsiel0OBaHNE, TIPY KOTOPOM HpOI/ISBO,ZIHHﬁ KJjlacC mMeeT OJHO-
TO poaunTesIA. IIJIH PA3MMYHBIX METO/IOB KJjlaCcCa CYMECTBYIOT pa3HbI€ TTpaBUJjia HacCJIe-
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JIOBaHUS — HAIPUMEpP, KOHCTPYKTOPBI W ollepalys IpUCBauBaHUSA B ITPOU3BOHOM
KJIacce He HacJefyIoTCsl, a AeCTPYKTOPHI HacjexyioTcs. PaccMoTpnM HacsefoBaHMe
KJIaCCOB U MPOGJIEMbI, BOSHUKAIOIME NIPU ATOM, Ha TIPHIMeEpe.

Cosmagum IIpOM3BOAHBII OT Kaacca monstr kmace daemon, 1o6aBUB MOJIE3HYIO B HEKO-
TOPBIX CJIyYasx CIIOCOOHOCTD AyMaTh. BaszoBblil Kjaace NPUBELEH ¢ HEKOTOPBIME METO-
JaMu, 100aBIEHHBIMU B IIPEAbIAYIUX pasjeax

enum color {red, green, blue};

A Knacc monstr -------------
class monstr{
F A R E T CKpbITble MON4 Kfacca:
int health, ammo;
color skin;
char *name;
public:
F A R E T KOHCTPYKTOpSI:

monstr(int he = 100, int am = 10):
monstr(color sk):

monstr(char * nam);

monstr(monstr &M);

/- flecTpykTop:
~monstr() {delete [] name:}
/] mmmmmmeee- Onepauwn:

monstr& operator ++(){
++health; return *this;
}
monstr operator ++(int){
monstr M(*this); health++; return M;
}
operator int(){
return health;
}
bool operator >(monstr &M){
if( health > M.get health()) return true;
return false;
}
const monstr& operator = (monstr &M){
if (&M == this) return *this;
if (name) delete [] name:
if (M.name){
name = new char [strien(M.name) + 17;
strcpy(name, M.name);}
else name = 0;
health = M.health; ammo = M.ammo; skin = M.skin;
return *this;

e MeTtonbl [OCTyNna K NOAAM:
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int get _health() const {return health;}
int get _ammo() const {return ammo;}

A EEEEEE MeTogbl, W3MEHAWNE 3HAYEHUA MNoJel:
void change_health(int he){ health = he:}
/] =mmmmmmm oo lpoyne meToabl:
void draw(int x, int y, int scale, int position);
b
/] =mmmmmee e Peanuzauna knacca monstr -------------

monstr::monstr(int he, int am):
health (he), ammo (am), skin (red), name (0){}
monstr: :monstr(monstr &M){
if (M.name){
name = new char [strlen(M.name) + 17;
strcpy(name, M.name);}
else name = 0;
health = M.health; ammo = M.ammo; skin = M.skin;
}
monstr: :monstr(color sk){
switch (sk){
case red : health = 100; ammo
case green: health = 100; ammo
case blue: health = 100; ammo

10; skin = red; name = 0; break:
20; skin = green; name = 0; break;
40; skin = blue; name = 0; break;

}
}

monstr: :monstr(char * nam){
name = new char [strlen(nam)+17;
strcpy(name, nam);
health = 100; ammo = 10; skin = red;
}
void monstr::draw(int x, int y, int scale, int position)
{ /* .. OTpucoska monstr */ }

A et Knacc daemon -------------
class daemon : public monstr{
int brain;
public:
A e KOHCTPYKTOPSI:

daemon(int br = 10){brain = br;};
daemon(color sk) : monstr (sk) {brain = 10;}
daemon(char * nam) : monstr (nam) {brain = 10;}
daemon(daemon &M) : monstr (M) {brain = M.brain;}
A e Onepaunu:
const daemon& operator = (daemon &M){

it (&M == this) return *this;

brain = M.brain;

monstr::operator = (M);

return *this;
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/] == MeTofnbl, M3MEHANWME 3HAYEHUS MONEN:
void think();
/] =mmmmmmm - lpoyne meToabl:

void draw(int x, int y, int scale, int position):

/] =mmmmmee - Peanuzauna knacca daemon -------------
void daemon::think(){ /* . */ }

void daemon::draw(int x, int y, int scale, int position)
{ /* .. OTpucoska daemon */ }

B kmacce daemon BBezieHo moJie brain u meton think, onpemesneHbr cob6CTBEHHBIE KOHCT-
PYKTOPBI U ollepalys MIpUCcBanBaHUs, a TaKXKe IepeolpeiesieH MeTO OTPUCOBKH draw.
Bce momst xmacca monstr, omepanun (KpoMe NpucBawBaHus) M MeToAbl get health,
get_ammo u change_health HacienyioTcst B Kjacce daemon, a JiecTpyKTop (opMupyercs
110 YMOJTYaHUIO.

PaCCMOTpI/IM IIpaBWJia HaCJI€JOBaHWA Pa3JINYHbIX METO/IOB.

Koncmpyxmopbw He HACTENYIOTCSA, TIOITOMY MTPOU3BOHBIN KJIACC JIOJKEH UMETh CoOCT-
BEHHbIe KOHCTPYKTOPBI. ITops0K BbI30Ba KOHCTPYKTOPOB OIIpe/lesIseTcs IPUBe/IeH-
HBIMW HUKe TIPABUJIAMU.

Q Ecau B KOHCTPYKTOPE MPOU3BOHOTO KJIACCA SBHBII BBI30B KOHCTPYKTOPA Ha30BO-
o KJIacca OTCYTCTBYET, aBTOMATHYECKU BBI3BIBAETCS KOHCTPYKTOP (Ga30BOro KJac-
ca 1Mo yMOJYaHUIO (TO €CTh TOT, KOTOPBIF MOKHO BBI3BATH €3 TapaMeTpoB). ITO
HCTIOTh30BAHO B TIEPBOM 13 KOHCTPYKTOPOB Kjacca daemon.

Q /lns uepapxuu, COCTOSIIEH M3 HECKOJbKUX YPOBHEH, KOHCTPYKTOPHI 0a30BBIX
KJIACCOB BBI3BIBAIOTCS HAUMHAS C CaMOro BepxHero ypoBH4. [locie aTOro BbINOJ-
HSIOTCSI KOHCTPYKTOPBI T€X 3JEMEHTOB KJACCa, KOTOPBIE SIBJASAIOTCS OOBEKTAMH,
B TIOPsIZIKe UX OOBSIBIECHUST B KJIACCE, 4 3aT€M HCTIOMHIETCST KOHCTPYKTOP KJIacca.

QO B ciyyae HeCKOJbKUX Ga30BBIX KJIACCOB UX KOHCTPYKTOPHI BbI3BIBAIOTCS B TTOPSI/-
Ke 00DbSABJICHUS.

BHUMAHMUE
Ecan koHcTpykTOp 6a30B0ro Kjaacca TpeGyer yKasaHUs MapaMeTPOB, OH JOJGKEH OBITh SIBHBIM
06pa3oM BBI3BaH B KOHCTPYKTOPE TIPOU3BOAHOTO KJIacca B CIIUCKE HHUIMAIM3AIMHT (TO TIPOJIe-
MOHCTPUPOBAHO B TPEX MOCJEAHUX KOHCTPYKTOPAX).

He macnemyercss m omepanusi IPUCBAaUBAaHUS, MOITOMY €€ Takxke TpeOyeTcsl SBHO
ompenenuTh B Kiacce daemon. OOparuTe BHMMaHME Ha 3amUCh (DYHKIUI-OIIEPAIIML:
B ee TeJie IPUMEHEH ABHBII BbI30B (PYHKIMU-ONEpaluy IprcBarnBatus u3 6asoBOro
Kaacca. YToObl Jrydmie TpeacTaBuTh cebe CUHTAKCUC BBI30BA, KJIOYEBOE CJIOBO
operator BMecCTe CO 3HAKOM OIEpalMi MOKHO MHTEPIPETUPOBaTh Kak UM (PyHK-
[IUH-OTIepaliN.

Boizos ¢yHkumii 6azoBoro Kjacca NpeAlOYTUTENbHEEC KOIMPOBaHUS (PparMeHTOB
Koma u3 pyHKnui 6a3oBoro kmacca B GyHKIMU MponsBoaHOro. Kpome cokpamnenns
o0beMa Koza, STUM JIOCTUTAETCsl YIIpolleHne MOAU(MUKAIIMN IPOrPAMMBL U3MEHEHI
Tpebyercss BHOCUTH TOJIBKO B OAHY TOYKY IPOTPAMMBbI, YTO COKPAIIAeT KOJUYECTBO
BO3MOJKHBIX OITNOOK.
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Hwuxe IepedncyeHbl IpaBuJja HacJe/[0BaHUA 8ecmpy1<m0p03.

Q Jecmpyxmopvt He Haciedyiomcs, U eCJI IPOrPaMMECT He OIIMCal B IIPOU3BOJHOM
KJlacce JIeCTPYKTOP, OH (DOPMUPYETCST MO0 YMOJYAHUIO U BBI3BIBAET JECTPYKTOPBI
Bcex 6Aa30BbBIX KJIACCOB.

QO B ominyme oT KOHCTPYKTOPOB, IIPU HAIIMCAHUN JIECTPYKTOPA TPOU3BOJHOTO KJlac-
ca B HEM He mpedyemcst si8HO 6bi3bléamy decmpyKmopvl 6aA306blxX KAACCO8, TTOCKOTb-
Ky 9TO Oy/IeT C/leJIaHO AaBTOMATUYECKH.

Q /15 nepapXuu KJIaccoB, COCTOAIIEN U3 HECKOJBKIUX YPOBHEH, IECTPYKTOPDI 8bl3bL-
8aIOMCsL 8 NOPAOKe, CMPO20 OOPAMHOM 6bI308Y KOHCIMPYKMOPOE: CHAYAA BHI3bIBA-
eTcs JeCTPyKTOp KJjacca, 3aTeM — JeCTPYKTOPbL 9/IeMEHTOB KJlacca, a II0TOM Jie-
cTpyKTOp 6a30BOTO KJacca.

Ilons, ynaciemoBaHHbIe W3 Kjacca monstr, HEZOCTYIHBI (DYHKIUSM IIPOU3BOIHOTO
KJTacca, TIOCKOJbKY OHU OTIPeleNTeHnl B 6a30BOM Kiacce Kak private. Ecam dyHkimsM,
onpeseseHHbIM B daemon, Tpedyercst paboTaTh ¢ STUMU MOJIAMHU, MOKHO MO0 OTHCaTh
ux B 6a30BOM Kiracce Kak protected, 60 06paImaThest K HUM ¢ TIOMOIIBI0 (QYHKINHN 13
monstr, 16O SIBHO TEpPEOTpeiesNTh NX B daemon Tak, Kak ObLJIO TOKA3aHO B MPEbILY-
niem paszene (c. 201).

PaccmaTpuBag HacjenoBanue memooog, oOparuTe BHMMaHHUE Ha TO, 4TO B KJacce
daemon ommcan meton draw, TIEPEOTIPENESIIONTNI METOl C TEM )K€ MMEHEM B KJIacce
monstr (MOCKOJbKY OTPUCOBKA PA3TUUYHBIX MEPCOHAKEN, eCTECTBEHHO, BLITIOTHSIETCS
no-pasHomy ). Takum 06pasoM, IPOM3BOAHBIN KJIACC MOKET HE TOJBKO JOMOJHATH, HO
U KOPPEKTUPOBATH IoBe/ieHrne 6a30Boro Kiaccal. JIocTym K mepeonpeeieHHOMY Me-
Tomy 6a3oBOTO Kjacca s IPOU3BOAHOIO KJIACCA BBIIOIHIETCA YePe3 MMsI, YTOUHEH-
HOE ¢ MOMOIIIBIO OTePaIliK JOCTYTa K 061acTi BUAMMOCTH (: :).

Bu pPTyaJibHbi€e MeTOoAbl

Pa6ota ¢ oObeKTaMu Yalle BCEero MPOM3BOANTCS Yepe3 yKasaTesn. YKasaTeo Ha Oa-
30BBII KJIACC MOXKHO MPUCBOUTH 3HAUEHHE ajapeca 0ObeKTa JHI0OOTO TTPOU3BOIHOTO
Kjacca (Mpu OTKPBITOM HACJETOBAHIN )

// OnucbiBaeTca ykas3aTeflb Ha 0a30Bbll Knacc:

monstr *p;

// YkazaTenb CCbinaeTca Ha OObEKT NpOW3BOJHOIO KJAacca:

p = new daemon;
Bbi30B MeTOZ0B 00BEKTA IIPOUCXOAUT B COOTBETCTBUU € THIIOM yKaszarelisd, a He (ak-
TUNYECKUM TUIIOM O6T)eKTa, Ha KOTOprﬁ OH CCbLJIA€TC:A, ITOITOMY TIpM BBINTIOJTHEHU N
omepaTopa, HaIpuMep,

p->draw(1, 1, 1, 1);:

OyJeT BhI3BAH METOJ KJracca monstr, a He KJacca daemon, MOCKOJbKY CChIJIKU Ha METOJIbI
pasperrainTcs BO BPeMsT KOMIIOHOBKH IIPOrPAMMBbL. JTOT IPOIIECC HAZBIBAETCS PAHHUM

! TlepeonpeneiaTh B TPOM3BOIHOM KJIACCE PEKOMEHIYETCST TOIBKO BUPTYATbHBIE METOIBI (CM.
CJIel. paszent).
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ceazviéanuem. IYToObl BbI3BATDH MeToJ, KJjlacca daemon, MOKHO MCII0JIb30BaTh SIBHOE Iipe-
O6paSOBaHI/Ie TUIIA YKa3aTeJIsd:

((daemon * p))->draw(1l, 1, 1, 1);

ITO He Beera BO3MOKHO, ITOCKOJIbKY B Pa3HOe BpeMsl yKa3aTe b MOKET CChLIAThCS Ha
0OBEKTHI Pa3HBIX KJIACCOB MEPAPXUNI, U BO BPEMs KOMIIMJISAIINH IIPOrPaMMBbI KOHKPET-
HBII KJacC MOKeT ObIThb HeM3BecTeH. B KauecTBe IpuMepa MOKHO IIPUBECTH (PYHK-
LMIO, TApaMeTPOM KOTOPOW SBJISIETCS yKasaTeab Ha 00beKT 6a30Boro Kiacca. Ha ero
MECTO BO BPeMs BBITIOJTHEHUSA TIPOTPAMMBI MOKET OBITh TIepelat yKasaresb Ha Ji000ii
POU3BOAHDBIA K1acc. J[pyroil IpuMep — CBS3HbIIA CIIMCOK yKaszaTeseil Ha pas/IMuHble
0OBEKTHI HePapXuii, ¢ KOTOPHIM TpebyeTcst paboTarh eIuHOOGPasHO.

B C++ peanusoBaH MeXaHU3M 71030He20 C8A3bI6AHUS, KOTAA Pa3pelleHne CChUIOK Ha
METO/I TPOUCXO/IUT HA ATAIle BHITIOJHEHUS TPOTPAMMbBI B 3aBUCUMOCTH OT KOHKPETHO-
ro Trna 00beKTa, BbI3BABIIEr0 METO. DTOT MEXAaHU3M PeaiM30BaH ¢ OMOIIbIO BUPTY-
AJIbHBIX METOJIOB M PACCMOTPEH B CJIEAYIONIEM pasiesie.

Jlist onpeiesieHust BUpmyaivbiozo memooa UCIoab3yercs crenuduraTop virtual, Ha-

puMep:
virtual void draw(int x, int y, int scale, int position);

PaccmoTpum mpaBumiia ONMMcaHus W UCTIOIH30BAHUS BUPTYAJIbHBIX METOIOB.

O Eciau B 6a30BOM KJIacce METOJ ONpeesieH Kak BUPTYaIbHBIN, METOI, OIIPe/ie/IeHHbII
B IIPOM3BOHOM KJIACCE C MEM JCe UMEHEeM U HAOOPOM NAPAMEmpPos, aBTOMATHIECKH
CTAHOBUTCSI BUPTYAJIbHBIM, & € OMAULAIOUUMCS. HAOOPOM NAPAMempo8 — OOBIUHbBIM.

Q BupryasbHbie METOABI HACIEOYIOMCSL, TO €CTh TEPEOIPEALTIATh UX B IPOU3BOLHOM
KJacce TpedyeTcs: TONbKO IMPU HeOOXOAUMOCTH 3aaTh OTJIMYAIOIINECS AeHCTBUSL.
[IpaBa noctyma mpu mepeornpenesieHn M3MEHUTD HEJb3sI.

Q Ecuu BUPTYaJIbHbIH METOJ TIEPEOIIPEIENIEH B TIPOU3BOIHOM KJIacce, 00bEKThI HTOTO
KJIacca MOTYT MOJIYYUTh JOCTYII K METOLY Ga30BOro Kiaacca ¢ MOMOIIbIO OIIePaIiK
JOCTyTa K 00J1aCTH BUAUMOCTH.

Q BupryaJbHbIil METO HE MOKET OOBSABJIATHCS ¢ MoAudUKaTopoM static, HO MoskeT
OBITH OOBSABIEH KAK APY/KECTBEHHBIA.

Q Ecuu B ky1acce BBOANTCS ONUCAHUE BUPTYAIBHOTO METO/I, OH JIOJI’KEH OBITH OTIpe-
MeJTeH XOTsT ObI KaK YMCTO BUPTYATHHBIH.

Qucmo supmyaivivlii Memood COAEPKUT MPU3HaK = 0 BMECTO TeJia, HallpuMep:
virtual void f(int) = 0;

Hucro BUPTYaTbHBIN METOJT I0JKEH TIEPeOTIPE/IeSAThCS B TIPOU3BOIHOM Kiacce (BO3-
MO’KHO, OTISITh KaK YMCTO BUPTYAJIBHBIN ).

Ecau onpenenmTs MeToz draw B Kacce monstr Kak BUPTYAJIbHBIN, pellIeHre O TOM, Me-
TOJl KAKOTO KJIacca BbI3BATh, OY/IET TIPUHUMATLCS B 3aBUCUMOCTH OT THTIa 0ObEKTa, Ha
KOTOPBIi1 CChLIAeTCs yKa3aTellb:

monstr *r, *p;

r = new monstr; // Co3paetca 00beKT Knacca monstr
p = new daemon; // Cospaercq 00beKT Knacca daemon
r->draw(1l, 1, 1, 1); // Bbi3biBaeTca MeTop monstr::draw

p->draw(1, 1, 1, 1); // BbizbiaeTcs meton daemon: :draw
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p-> monstr::draw(l, 1, 1, 1); // 00xoi MexaHu3Mma BUPTYasbHbIX METOLOB

Ecim o6bekT kaacca daemon Gyner BbI3bIBaTh METOA draw He HEOCPEACTBEHHO, a KOC-
BEHHO (TO €CTh U3 JAPYroro MeToja, OMpelesIeHHOTO B Kacce monstr), Gyer BbI3BaH
MeTo] draw Kjacca daemon.

Urak, supmyaivhoim HaA3ui6aemcs Memoo, CCbLIKA Ha KOMOPbLLL PA3Peuaemcst Ha smane
gvinonnenus npozpammol (TIEPEBOJ KPACHBOTO aHTJINHCKOTO cJIoBa virtual — B TaHHOM
3HAYEHUH BCETO-HABCETO «(PaKTUIECKUII», TO eCTh CChLIKA Pa3periaercs mo hakTy Bbl-
30Ba).

MexaHn3m no3aHero CBA3biBaHUA

Jlnst kaxgoro kaacca (He oObekTal), comepsKamiero Xorst Obl OAUH BUPTYaJbHbII Me-
TOJI, KOMITUJISITOP CO3/IaeT MabAuLy supmyaivivlx memodos (vtbl), B KoTopoii st Ka-
JKJIOTO BUPTYAJTBHOTO METOJIa 3alliCaH eTo aJpec B MaMsATH. Alipeca MeTOJ0B CONep-
skarcst B TabJIiile B MOPSIKE UX OMKMCAHWS B KjaccaX. Ajpec Jto60ro BUPTYyaabHOTO
MeTo/la UMeeT B VEb1 0/IHO U TO JKe cMellleHue JIJisl KayK/IOTO KJacca B IIpejiesiaX nepap-
XUU.

Kaskapiit 06beKT COMEPRUT CKPBITOE MOTIONHUTETHHOE NOE CChLIKY Ha ViD], HasbIBae-
Moe vptr. OHO 3aTOHSETCST KOHCTPYKTOPOM MPU CO3[aHuk 00beKTa (JIJIs1 3TOr0 KOM-
MAJIATOP 06ABJISIET B HAYAIO TeJla KOHCTPYKTOPA COOTBETCTBYIONINE WHCTPYKITAN ).

Ha sTame KOMIMJISIINT CCHIIKU Ha BUPTYaJIbHbIE METOIBI 3AMEHSIOTCS Ha 0OPAIeH s
K vtb] uepes vptr obbekTa, a Ha JTale BHINOJHEHUS B MOMEHT OOPAIEHUsT K METOLY
ero ajipec BbIOMpaeTcs u3 Tabauisl. TakuM 06pasoM, BBI30B BUPTYATHLHOTO METOIA,
B OTJINYHE OT OOBIYHBIX METOMOB U (DYHKI[HIL, BBITOJHSIETCS Yepe3 JOMOMHUTETbHBI
ATAll TOJYIEHUsT A[Peca METO/Ia 13 TabJIHUIIbL. DTO HECKOIBKO 3aME/IJISIET BbITOJTHEHUE
IIPOTPAMMBIL.

Pexomendyemes Oeramv sUpmyaivivimu 0ecmpykmopol sk TOTO, YTOObI rapaHTHPO-
BaThb PaBUILHOE 0CBOGOKICHIE MAMSITH U3-10/ JUHAMUYECKOTO 0OBEKTA, OCKOIbKY
B 9TOM CJIydae B OO0 MOMEHT BpeMeHn OyaeT BhIOpaH AeCTPYKTOP, COOTBETCTBYIO-
muil dpaxtuyeckoMmy tumy oObekTa. JecTpykTop mepemaer omepanuu delete pasmep
obbexTa, uMerornii Tin size t. Ecau yaaiseMbiil 0ObeKT SBJISETCS MTPOU3BOAHBIM 1
B HEM He ONpeJIeeH BUPTYATbHBIN IeCTPYKTOD, MepefaBaeMblil pasmep 0ObeKTa MO-
JKET OKa3aThCsl HEIIPABUJIbHbIM.

YeTKOro npasuiIa, o KOTOPOMY METOJL CJIELYET JeJIaTh BUPTYaabHBIM, HE CYHIECTBYET.
MOKHO TOJIBKO JaTh PEKOMEHIAIMIO OObSBIATh BUPTYAJIbHBIMU METO/bI, /sl KOTO-
PbIX €CTh BEPOSATHOCTDb, YTO OHM OYIyT IIE€PEONPEAENEHbl B HPOU3BOAHBIX KJIACCAX.
MeTO[[bI, KOTOpPBIE BO BCGIL/,I nepapxmmn OCTaHyTCH HEM3MEHHBIMU WJIN T€, KOTOPbIMU
IIPpOM3BO/IHbIE KJIACCHI I10JIb30BATHCA HE 6y,11yT, JeJIaTb BUPTYyaJIbHBIMM HET CMbICJIA.
C apyroii CTOPOHBI, TIPY MPOEKTUPOBAHIK MePapXuK He BCErja MOYKHO IPeJCKa3aTh,
KakuM 00pa3oM OyayT pacimpsaTbes 6a3oBble Kaacchl (0OCOOEHHO P MIPOEKTUPOBA-
Huy 6uGIMOTEK KJIaccoB), a 0ObsBJIEHUE METOA BUPTYalbHBIM OGECIeYnBaeT Tud-
KOCTb M BO3MOKHOCTDb PaCHINPEHUSI.

ZIJIH TIOACHEHUWA ITOCJIEIHETO Te31cCa IMPeACTaBUM Ce6e, YTO BBI3OB MeToj1a draw ocy1ie-
CTBJISICTCA M3 METO/la II€peMENICHN A obbekra. Ecan tekcr METO/la IepeMelieHns He
3aBUCUT OT THUIIA IT€epeMEniaeMoro obbeKTa (HOCKOJIbe TIPUHIUIT TIEPEMENIECHNA BCEX
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06BEKTOB OJITHAKOB, & JIJIst OTPUCOBKU BBI3BIBACTCST KOHKPETHBIN METO/), TIEPEOTIPEIe-
JIITH 9TOT METO/] B TIPOU3BO/IHBIX KJlaccaX HET HeOOXOAUMOCTH, 1 OH MOKET ObITh OTIU-
caH Kak HeBUPTyaJabHbIH. Ecim MeTos draw BUPTYasbHBIH, METO/ IepeMeIIeHUs CMO-
KeT 6e3 TMepeKOMIUIISIIINN PaboTaTh ¢ 00HEKTAMU JOOBIX TPOM3BOAHBIX KJIACCOB —
JIa’Ke TeX, 0 KOTOPBIX MPH €r0 HAMCAHUKM HUYETO U3BECTHO HE OBLIO.

Bupryanbubiii MexaHusM paboTaeT TOAbKO IIPU UCIIONb30BAHNY yKa3aTeIel U CChl-
70K Ha 00beKThl. OOBEKT, ONPEIETEHHBIN Yepe3 yKasaTeslb UKW CCBUIKY U COAEpPIKa-
MU BUPTYaTbHBIE METOABI, HA3BIBACTCS NOAUMOPPHbIM. B TAaHHOM ciydae MOJUMOP-
(U3M COCTOUT B TOM, YTO € MOMOIIBIO OJHOTO U TOTO K€ OOPAIeHUs K METO/y
BBITIOTHSIIOTCS Pa3JIMYHbIe IEHCTBUS B 3aBUCHUMOCTHU OT THIIA, HA KOTOPBIN CChIITAeTCs
yKasaTesb B KaK/[bIi MOMEHT BPEMEHHU.

AOGCTpaKTHbIe KJ1acChbl

Kuace, comepskaruii XoTst GbI OMH YKCTO BUPTYAIBHBIH METOJ, HA3bIBACTCS aOCM-
paxmuvim. AGCTPAKTHBIE KJIACCHI MTPEIHA3HAUECHBI JJIsT TIPECTABJICHS 00IIUX TIOHSTHIA,
KOTOPbIE TIPEIIOJIATAETCST KOHKPETU3UPOBATh B TIPOU3BOHBIX KJaccaX. AOCTPaKTHBIN
KJTACC MOJKET UCTIOIB30BATHCS MOILKO 6 Kauecmae 6a3068020 JUIS IPYTHX KITACCOB — 00b-
€KTbI abCTPAKTHOTO KJIACCA CO3/[AaBATh HEJIb3s, TIOCKOJIBKY TIPSIMOIL UM KOCBEHHDIN BbI-
30B YHCTO BUPTYAJIBHOTO METO/IA TIPUBOUT K ONIMOKE 1TPU BBIOJHEHUH.

HpI/I orpeaegeHnn a6CTpaKTHOFO KJjacca HeO6XOlII/IMO HNMETDb B BULY CJICAYIOIIEE:

QO abCTpaKkTHBINH KJIace HeJb3sl MCIOJAb30BaTh IPU SIBHOM I[PUBEAECHUU THUIIOB, JJIsI
OTMCAaHUs TUIIA TTapaMeTpa U TUIlA BO3BpaIlaeMoro GpyHKIiireil 3HaueHus;

Q gormyckaercst OObABAATH YKA3aTEAN U CCHUTKM Ha abGCTPAKTHBIN KJIAacc, eCJu Mpu
WHUTATA3AIN He TpebyeTcs co3/1aBaTh BPEMEHHbIH 00HEKT;

Q ecui KJ1ace, IPOU3BOAHBII OT aOCTPaKTHOTO, He ONMPEAETISIET BCE YUCTO BUPTYaJIb-
Hble (DYHKI[UHU, OH TaKKe SBJISETCS aOCTPAKTHDIM.

Takum 06pa3oM, MOKHO co31aTh (DYHKIIMIO, TTApaMeTPOM KOTOPOH SIBJISIETCS yKas3a-
Tesib Ha abCTpakTHBIHM Kiace. Ha MecTo 9Toro napamerpa Ipy BbIIOJIHEHUH IPOrpaM-
MBI MOJKET TIepelaBaThCsl YKa3aTeJ b Ha OOBEKT JH000T0 TIPOU3BOIHOTO Kracca. ITO Mo-
3BOJIIET CO3/IaBaTh NOAUMOPOHble Pynkuuy, paboTaionme ¢ 06BEKTOM JTI0O0r0 THIIA
B TIpefieTaX OTHON MepapXui.

MHOXeCcTBeHHOe HacJieagoBaHue

MHOKeCTBEHHOE HACIEI0BAHNE O3HAUAET, YTO KJIACC MMEET HECKOIBKO Ga30BBIX KJIac-
coB. Ecait B 6a30BBIX KJIaccax €CTh OJHOMMEHHbBIE 9JIEMEHTBI, TIPH 9TOM MOKET TIPO-
M30UTH KOH(MJIUKT UIeHTU(HUKATOPOB, KOTOPBIM YCTPAHSETCS € TIOMOIIBIO OTIepaIiiu
JOCTYTa K 006JIaCTH BUIANMOCTH:

class monstr{
public: int get health();
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class hero{
public: int get health();

s

class ostrich: public monstr, public herof

b
int main(){
ostrich A;
cout << A.monstr::get health();
cout << A.hero::get _health();
}
Kak Buzno 3 mpumepa, /75 Bbi3oBa MeToza get_health Tpebyercst SBHO yKa3biBaTh
KJIacC, B KOTOPOM OH otrcan. Mcmoib3oBanue oObIYHON /171t BBI30BA METO/a Kjlacca
KOHCTpyKIuu A.get health() mpuBemeT K ommbKe, MOCKOJIbKY KOMIHJISITOP HE B
COCTOSHUU Pa3obpaThest, K METOAY Kakoro u3 (Ga3oBbIX KjaccoB Tpebyercs obpa-
TUTHCA.

Ecnu y 6a30BbIX KJIACCOB €CTh OBIIHIT MPEIOK, 9TO MPUBEIET K TOMY, YTO MPOU3BOJI-
HBII OT 9TUX 0A30BBIX KJIACC YHACJEAYET B HK3EMILISPA MOJeH MPeKa, YTO Jale
BCETO SIBJIACTCS HEsKeaarTeqbHbIM. UToObI n3beskaTh Takoi cutyaruu, TpeGyeTcst pu
HACJIEZIOBAHUHT OOIIETO MPEIKA OTMPEIETUTh €T0 KaK BUPTYAIbHBIH KJIacc:

class monstr{

s

class daemon: virtual public monstr{

s

class Tady: virtual pubTlic monstr{

s
class baby: public daemon, public Tady{

Kuracc baby comepskuT ToIBKO OIUH 9K3EMIIISP TT0JIel Kaacca monstr.

MHOKeCTBeHHOE HACTe0BaHUe TIPUMEHSETCS I TOTO, 4TOOBI 06eCednTh MPOn3-
BOJHBII Kjacc cBodcTBaMu ABYX ujm Gosee 6Gasosbix. Yale BCero oAuH U3 9TUX
KJIACCOB SABJIAETCS OCHOBHBIM, a APYTHe 00eCIeunBaioT HEKOTOPbIE JONOTHUTENbHDIE
CBOMCTBA, II09TOMY OHM Ha3bIBAIOTCS KJaccaMu IOAMelInBaHus. 110 BOBMOKHOCTH
KJIaCChbl IToAMeIBaHuA AOJIKHDBI 6bITb BUPTYaJbHBIMH 1 CO3/1aBaTbCsA C ITOMOIIBIO
KOHCTPYKTOPOB (€3 IapaMeTpoB, 4TO [03BOJIAeT n3bekaTh MHOIUX IIPOGJIeM, BO3HU-
KaloMKX Ipyu poMOOBUIHOM HacaegoBaHuK (Korja y 6a3oBbIX KJIAaCCOB eCTh OOUUil
MIPEJIOK).
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OTnn4ma CTPYKTYp N o0 beanHeHun
OT KJ1aCCOB

Crpyxrypsr (struct) u obbeaureHus (UN10N) MIPEACTABISAIOT COOON YaCTHBIE CIydan
KJIacCOB.

CTpyKTYpbl OTJIMYAIOTCS OT KJIACCOB TEM, YTO JIOCTYTI K dJIEMEHTaM, a TakKe GasoBbIi
KJIacc IIPU HacJIel0BAaHUU 110 YMOJYaHUIO cuuTalores public. CTpyKTYpbl IIPeANouTH-
TeJIbHEE UCIIOIb30BaTh AJIA KJIACCOB, BCE SJIEMEHTBI KOTOPBIX JOCTYIIHBL

Orimmuust 06sedunenuli 0T KJIacCOB IePeYnCIeHbl HUXKe:

u]

u]

MOCTYT B 0OBETMHEHUSAX TI0 YMOTIAHUIO pub1ic, KpOMe TOTO, B HUX BOODIIE HETb3sT
SIBHBIM 00PA30M UCIIOJB30BATh CIIEU(PUKATOPBI JOCTYIIA;

O6'I)€,Z[I/IH€HI/IG HE MOJKET y4aCTBOBATb B ME€PaPXHM KJIACCOB;

9IIEMEHTAMU OOBEINHEH ST He MOTYT ObITh 0OBEKTHI, COMEPIKAIINE KOHCTPYKTOPDI
1 JIeCTPYKTOPDI;

oObeIMHEHE MOJKET UMETh KOHCTPYKTOP U JPYTHe METOJbI, TOJbKO HE CTaTude-
CKHUE;

B aHOHMMHOM O6'be,Z[I/IHeHI/II/I HEJIb34 OIIMCbhbIBATH METO/LbI.
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LLIaG/10OHbI KJ1ACCOB

B nepsoii yactu aToit kKHurK G paceMoTperbl mabaoHbl hyHKmi (¢. 85), ¢ moMo-
IIBIO KOTOPBIX MOKHO OT/IETUTD AJTOPUTM OT KOHKPETHBIX THIIOB JAHHBIX, C KOTOPBIMU
oH paboTaeT, TepeiaBast TUTI B KagecTBe mapamerpa. [1TabIoHbI KIACCOB TTPETOCTABIISIOT
AHAJIOTUYHYIO BO3MOKHOCTD, TTO3BOJISISI CO3/[aBATh TTAPAMETPI30BAHHbIE KJIACCHI.

[TapameTpu3oBaHHBIN KJACC CO3/aeT CEMEMCTBO POJCTBEHHBIX KJIACCOB, KOTOPbHIE
MOKHO TIPUMEHATD K JII0O0MY THITY JAHHBIX, TIEPEaBAEMOMY B KaueCcTBe MapaMeTpa.
Hawubosee mupokoe mpuMeHeHre TMabJOHbI HAXOAAT TMPU CO3MAHUT KOHMEHEePHOIX
kaaccos. KoHTeiiHePHBIM Ha3bIBAETCSI KITACC, KOTOPbII MpeAHA3HAYEH JIJIST XPAHEHUSI
KaKnM-J1n60 06pasoM OpraHU30BaHHBIX JaHHBIX U paboTsl ¢ HUMU. CTaHgapTHas Oub-
guoreka C++ CONEPKUT MHOKECTBO KOHTEHHEPHBIX KJACCOB JJIsI OPTaHU3AIUN
CTPYKTYP JIAHHBIX PA3JINIHOTO BHU/A (OHU OMMCcaHbl B pasjiese «Koureiineprbie Kiac-
cBI» Ha c. 295).

HpeI/IMYH.IeCTBO MCIOJIB30BaHN MabJI0HOB COCTOUT B TOM, YTO KaK TOJIBKO aJTOPUTM
pa6OTbI C JTaHHBIMUW OIIpe/ieIeH 1N OTJaKE€H, OH MOKET IMPUMEHATHCA K JM0OBIM THTIAM
JLTaHHbIX 6e3 IepenncbiBalnvsA Ko/Ja.

Co3paHue wabJsIoOHOB KJ1aCcCOB

PaccmoTpum 11poliece cosanus mabiona Kiaacca Ha upumepe. B pasgene «JIuneiinbie
crmckn» (¢. 115) ObL1 onucan ABYCBSA3HBINA CIIMCOK U MIPUBEIEHbI aJITOPUTMbI PabOThI
¢ HuM. TTOCKOJIBKY CITMCKM YacTO MPUMEHSIOTCS JJIsl OPraHU3alui JaHHbIX, YI00HO
OIHCATh CIIUCOK B BUJIE KJIACCA, & TAK KaK MOJKET TIOTPEOOBATHCSI XPAHUTD JIaHHbIE Pa3-
JIMYHBIX THIIOB, 9TOT KJIACC AOJKEH OBbITh IIapaMeTPU30BAHHBIM.

Cnavama PACCMOTPUM HETlapaMEeTPpU30BaHHYIO BEPCHUIO KjlaCCa «CITMCOK».

CITHCOK COCTOUT U3 Y3JI0B, CBSI3aHHBIX MEKIY COOOU ¢ TOMOTIIbI0 yKazaTeaend. Kax-
JbII y3eJ XPaHUT 1eJioe YMCJI0, ABJIoNieecs KAOUoM ciucka. OnuiieM Beromora-
TEeJIBHBIH KJIACC /IS TIPEJICTABIeHNS OJTHOTO y3JIa CIIHCKA:

class Node{
pubTic:
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int d; // [laHHbie
Node *next; // YKasaTenb Ha nocnepyownii ysen
Node *prev; // YKaszaTenb Ha npegbiayumin ysen

Node(int dat = 0){ // KoHCTpYyKTOp
d = dat; next = 0; prev = 0;

b
IMockombKy ATOT Kiace GyAeT OTMMcaH BHYTPH KJIACCA, MPEACTABISIONIETO CIHCOK,
MOJIA JIJIsE TIPOCTOTBI ZIOCTYIIA M3 BHEITHETO KJjacca CeJaHbl JocTymHbIMU (public).
It0 1mo3BoJIAeT 060iiTHCh Ge3 hYHKIMI JocTya U u3MeHeHus noJjeil. HasoseM kiacc
crcka List:

class List{
class Node{

b

Node *pbeg, *pend; // YKazaTenn Ha Hayano u KOHel CMUCKa

public:
List(){pbeg = 0; pend = 0;} // KoHCTpyKTOp
~List(); // NecTpyKTop
void add(int d): // [lobaBneHne y3na B KOHeL CNUCKa
Node * find(int 1); // Tlouck y3na no Knwn4yy

// BcTaBka y3na d nmocne ysfa C Kinyom key:
Node * insert(int key, int d);

bool remove(int key): // Ynaneune y3na
void print(); // TleyaTb CnnUCKa B MPAMOM HanpasfieHnn
void print_back(); // TleyaTb cnucka B 0OpaTHOM HanpasneHuu

PaccmoTtpum peanusanuio MeTo/10B Kiaacca. Metos add BoiesisieT maMAaTh O/ HOBBIN
00bexT Tuma Node U IPUCOEAMHSIET €r0 K CIUCKY, 0OHOBJISIA YKa3aTel Ha ero Hauajo
1 KOHEIT:

void List::add(int d){

Node *pv = new Node(d): // Bbipenexuwe namaTu NOA HOBLIA y3en
if (pbeg == 0)pbeg = pend = pv; // TepBhii y3en cnucka
else{

// CBA3bIBAHWE HOBOTO y3N1a C Npepblayumm :

pv->prev = pend;

pend->next = pv;

pend = pv:} // OOHOBNEHWE yKa3aTeNa Ha KOHel ChuUCKa

ITpu xeJaHUU HOJTYYUTH OTCOPTUPOBAHHBIN CIIUCOK 3TOT METOJ[ MOKHO 3aMEHUTDH Ha
MeTOJI, aHAJIOTUYHBIN (DyHKIMKU HOPMUPOBAHUST OTCOPTUPOBAHHOTO ciincka add_sort,
MIPUBE/IEHHOI B pasziese «J/ImHeitHble criucku» Ha c. 119.
Mertoz find BBITOTHSIET MTOUCK Y3JIa € 33[aHHBIM KJIIOUYOM U BO3BPAIIAET yKA3aTeb HA
HEro B cjlydae yCHemHoro noucka u 0 B cydae OTCYTCTBUSI TAKOTO y3Jia B CIIUCKE:
Node * List::find( int d ){
Node *pv = pbeg;
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while (pv){
if(pv->d == d)break;
pv = pv->next;

}

return pv;

}

MeTOZI insert BCTaBJIAET B CIIMCOK y3eJg1 ImocJie yaJjia € KJIH0490M key " BO3BpalllaeT yKa-
3aTeJib Ha BCTaBJIEHHDII y3eJi. Ecau takoro y3Jia B CIIMCKE HET, BCTaBKa HE BbITIOJIHA-
€TCA W BO3BPallla€TCA 3HAYCHUE 0:

Node * List::insert(int key, int d){
if(Node *pkey = find(key)){ // Mouck y3na c Koyom key
// BblpeneHue namsTu NoA HOBLIA Y3EN U ero MHMUMANM3aumua:
Node *pv = new Node(d);
// YCTaHoBNEeHWe CBA3M HOBOTO y3/ia C MOCHeAyounM:
pv->next = pkey->next;
// YCTAHOBMIEHWE CBA3M HOBOTO y3Nna C MPemblgyumnm:
pv->prev = pkey;
// YCTAHOBMIEHWE CBA3M MPEbiAyuero y3na C HOBbIM:
pkey->next = pv;
// YcTaHoBneHue CBA3KM NOCAEAYIWETO y3/la C HOBbIM:
if( pkey != pend) (pv->next)->prev = pv;
// OOHOBNEHWE yKa3aTens Ha KOHel Chnucka,
// ecnu y3en BCTaBMAETCA B KOHel:
else pend = pv;
return pv;

}

return 0;
!

Merton remove ypasisgeT y3es ¢ 3aJlaHHBIM KJTIOUOM U3 CIICKA U BO3BpaIlacT 3HAUCHUE
true B caydae ycIenrHoro ynanenus u false, ecau y3es ¢ TAKUM KJTIOYOM B CITHCKE He
HalIeH:

bool List::remove(int key){
if(Node *pkey = find(key)){
if (pkey == pbeg){ // Ynanenne u3 Hayana Cnucka
pbeg = pbeg->next;
pbeg->prev = 0;}
else if (pkey == pend){ // Ynanexue u3 KoOHUa CnuCKa
pend = pend->prev;
pend->next = 0;}
else { // Ypanenne n3 cepefnHsl Cnucka
(pkey->prev)->next = pkey->next;
(pkey->next)->prev = pkey->prev;}
delete pkey:
return true;}
return false;
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METOIlbI TrevyaTu CIiMcCKa B IIPpAMOM U O6paTHOM HallpaBJIEHUU ITO3JIEMEHTHO ITpOCMaT-
PUBAIOT CIIMCOK, TIEPEXOJS IO COOTBETCTBYIOINUM CCBIJIKAM!

void List::print(){
Node *pv = pbeg:
cout << endl << "Tist:
while (pv){
cout << pv->d <<
pv = pv->next;}
cout << endl;
}
void List::print_back(){
Node *pv = pend;
cout << endl << " Tist back:
while (pv){
cout << pv->d <<
pv = pv->prev;}
cout << endl;

}

]_IeCprKTOp CIINCKa OCBO60>KI[B.ET ITaMATb U3-110/1 BCEX €r'0 3JIEMEHTOB:
List::~List(){
if (pbeg = 0){

Node *pv = pbeg;

while (pv){
pv = pv->next;
delete pbeg;
pbeg = pv;}

}

Hwxe npuBenen mpuMep mporpaMMBbl, UCTIOIb3YIomel kracce List. IIporpamma ana-
JlornyHa npuBegentoi Ha ¢. 116: ona hopMupyer crucox u3 5 4ucesi, BRIBOAUT €ro Ha
aKpaH, 106aBJISIET YUCIO0 B CIIUCOK, YAAIAET YKCIO U3 CIUCKA U CHOBA BBIBOAUT €r0 HA
9KpaH:

int main(){
List L;
for (int i = 1; i<6; i++) L.add(i);
L.print();
L.print_back();
L.insert(2, 200);
if (!L.remove(5))cout << "not found";
L.print();
L.print_back();
}

Knacce List mpeanasHaden [J1s XpaHeHUs LeJIbIX 9ucesl. YToObI XpaHUTh B HeM JaHHbIe
J1000T0 THIA, TPEOYETCsT OMUCaTh HTOT KJIAcC Kak IabJIOH U IepeiaTh TUIL B KAYeCTBe
rnapamerpa.
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Cunmaxcuc onucanus wabiona:
template <onucaHve napameTpoB WabnoHa> onpefesieHne Knacca;

IMapameTpsl MabIOHA TIEPEUUCIISIOTCS Ye€Pe3 3alsATyI0. B KauecTBe IapaMeTpoB MOTYT
HCIIOJIb30BATHCS THITBI, MAGTIOHBI U TIEPEMEHHBIE.

Tunvt MOTYT OBITH KaK CTAaHAAPTHBIMHE, TaK U OIPEIeJCHHBIME TOJIb3oBaTeseM. st ux
OMKMCAHUS WCTIOJNB3YETCS KJII0YEBOE CJA0BO C1ass. BHyTpu mabsona mapaMerp Tuma
MOJKET MTPUMEHSTHCS B JIIOOOM MECTe, T/ie IOTYCTHMO UCTIOIb30BAThH CIEIU(UKAIINIO
THUTIA, HATIPUMED:

template <class Data> class List{
class Node{
public:
Data d;
Node *next;
Node *prev;
Node(Data dat = 0){d = dat; next = 0; prev = 0;}

Knacc Data MokHO paccMaTpuBaTh Kak (DOPMaTBHBIN MapaMeTp, HaA MECTO KOTOPOTO
IpU KOMIWJIAIIK OyIeT MOoACTaBJeH KOHKPETHBIN THII JaHHbIX.

Jlist mo6BIX TTapaMeTpoB mabaoHa MOTYT ObITh 3a/laHbl 3HAUCHUS 110 YMOTYAHWIO, Ha-
puMep:

template<class T> class myarray { /* .. */ };

template<class K, class V, template<class T> class C = myarray>
class Map{

C<K> key:

C<V> value;

b
Ob6uacTh JeicTBUs mapameTpa adJoHa — OT TOYKK ONMCAHUS 0 KOHIA InabJIoHa,
TO3TOMY ITapaMeTp MOJKHO MCIIOJIb30BATDH IPU OIMMMCAHUN CJIEAYIOMINX 3a HUM, HAIIpH-
Mep:

template<class T, T* p, class U = T>class X { /* .. */ };
Metopl mabioHa Kjacca aBTOMaTHYECKH CTaHOBsITC Maboramu GyHKmid. Ecim me-
TOJL OITUCBHIBAETCS BHE TMA0JIOHA, €T0 3aT0JIOBOK JIOJKEH UMETh CJIEIYIOINIE SJIEMEHTHL:

template <onucanue napameTtpos_wabnoHa>
BO3BP_TWM WMA_Knacca <napaMeTpbl_wabnoHa >::
UMA_yHKUMKM (CNUCOK_napaMeTpoB hyHKLMK)
Omnucanre mapaMeTpoB MabioHa B 3aroJioBKe (DYHKIMU JIOJKHO COOTBETCTBOBATH
mabJI0Hy KIacca, IIPY 9TOM MMeHa IIapaMeTPOB MOIYT He COBIIaAaTh. IIpoine paceMor-
PeTh CUHTAKCUC OIMCAHK METOAOB 1IabjoHa Ha MpUMepe:

template <class Data> void List<Data>::print()
{ /* Teno dyHKkuMn */ }
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3nech <class Data>— ommcanue napamerpa mabjaoHa, void — THII BO3BPAIAaeMOIo
dbyukumeil sHauenns, List — uMs kiacca, <Data>— mapamerp mabJoHa, print — s
dyHKIK 6e3 mapaMerpos.

B ciyyae HeCKOTBKUX MapamMeTpoB MOPSANOK MX CJeI0OBAaHUSA B ONUCAHAN_NapaMeTpoB M
napameTpax_wabnoHa JA0JKeH OBITh OJMH U TOT K€, HATTPUMED:

template<class T1, class T2> struct A{
void f1();
b
template<class T2, class T1> void A<T2, T1>::f1(){ .. }

Huske mepedrciennt mpaBiia OTHCAHS TTabI0HOB.
Q JlokasbiHble KIACCH HE MOTYT COMEPIKATD MAOTOHBI B KAYECTBE CBOWX JJIEMEHTOB.
Q [ITabyoHBI METONOB HE MOTYT ObIThH BUPTYAJIbHBIM.

Q [IabsoHBI KITACCOB MOTYT COMEPKATH CTATHYECKUE ITEMEHTHI, IPY’KECTBEHHbIE
(bynkimm n kaaccol.

Q [IabsoHbl MOTYT GBITH MPOU3BOAHBIMU KaK OT IMABJIOHOB, TaK M OT OOBIYHBIX
KJIACCOB, a TAKIKe SIBISATHCST GA30BBIMI 1 JITIST TIAOIOHOB, ¥ JI7IsT OOBIIHBIX KITACCOB.

Q Bayrpu mabiona Hesmb3st onpeaessaTs friend-mabaoHsL.

B kauectBe npumepa mabioHa pPacCMOTPUM IOJHOE OIMCAHUE [apaMeTPU30BAHHOIO
KJIacca ABYCBA3HOIO CIIUCKA List.

template <class Data> class List{
class Node{
public:
Data d;
Node *next, *prev;
Node(Data dat = 0){d = dat; next = 0; prev = 0:}
b
Node *pbeg, *pend;
pubTic:
List(){pbeg = 0; pend = 0:}
~List();
void add(Data d);
Node * find(Data i);
Node * insert(Data key, Data d):
bool remove(Data key):
void print();
void print_back()

template <class Data>
List <Data>::~List(){
if (pbeg !'=0){
Node *pv = pbeg;
while (pv){
pv = pv->next; delete pbeg;
pbeg = pv;}
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template <class Data>
void List <Data>::print(){

Node *pv = pbeg;

cout << endl << "Tist: "

while (pv){
cout << pv->d << ' '
pv = pv->next;}

cout << endl;

template <class Data>
void List <Data>::print_back(){
Node *pv = pend;
cout << endl << " Tist back: "
while (pv){
cout << pv->d << '
pv = pv->prev;}
cout << endl;

template <class Data>
void List <Data>::add(Data d){
Node *pv = new Node(d);
if (pbeg == 0)pbeg = pend = pv;
else{
pv->prev = pend;
pend->next = pv;
pend = pv;}

template <class Data>
Node * List <Data>::find(Data d){
Node *pv = pbeg;
while (pv){
if(pv->d == d)break;
pv = pv->next;
}

return pv;

template <class Data>
Node * List <Data>::insert(Data key, Data d){
if(Node *pkey = find(key)){
Node *pv = new Node(d);
pv->next = pkey->next;
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pv->prev = pkey;
pkey->next = pv;
if( pkey != pend)(pv->next)->prev = pv;
else pend = pv;
return pv;}
return 0;

template <class Data>
pbool List <Data>::remove(Data key){
if(Node *pkey = find(key)){
if (pkey == pbeg){
pbeg = pbeg->next; pbeg->prev = 0;}
else if (pkey == pend){
pend = pend->prev; pend->next = 0;}
else {
(pkey->prev)->next = pkey->next;
(pkey->next)->prev = pkey->prev;}
delete pkey: return true;}
return false;

}

Eciau Tpebyercst ncmosib3o0Bath mabion List st XpaHeHUsT TaHHBIX He BCTPOEHHOTO,
a OTIPEIEIEHHOTO TOb30BATEIEM THUIIA, B OMUCAHUE ITOTO THIMA HEOOGXOANMO 106a-
BUTD TIEPETPY3KY OIMEPAIMH BBIBOAA B TOTOK (00 HTOM PACCKA3LIBAETCS B Pasjiesie
«IToToku u TUIIBI, ONpejIeIEeHHBIMU TT0JTb30BaTeeMy» Ha €. 284) W cpaBHEHUs HA pa-
BEHCTBO, a €CJIH /IJIST eT0 MoJIell NCIO0Ib3yeT s IMHAMUYeCKOoe BBIeTIeHNe TaMsITH, TO 1
oTIepaIuio IPUCBABAHUS.

[Tpu ompenenenny cuHTaKcKca MabgoHa GBITO CKa3aHO, YTO B HETO, KPOME THUTIOB 1
mabJI0HOB, MOTYT TiepefaBaThest nepemernvie. OHU MOTYT OBITH 1IEJIOTO WU TIePedrC-
JIIEMOTO THUTIA, 2 TAKKE YKa3aTeJIIMU UK CChIKAMU Ha 00beKT nim yHKIuo. B tese
mabloHa OHU MOTYT HMPUMEHSIThCSI B JIOOOM MeCTe, I7ie JOMYCTHUMO HCII0Jb30BaTh
KOHCTaHTHOE BhIpaxkeHue. B kayectse mpumepa co3aaganm mabaoH Kiacca, CopepiKka-
1ero 610K MaMsITH OTNPEICTICHHON JUTMHBL U TUTIA:

template <class Type, int kol>
class Block{
public:
Block(){p = new Type [kol]:}
~Block(){delete [] p;}
operator Type *();
protected:
Type * p:
b
template <class Type, int kol>
Block <Type, kol>:: operator Type *(){
return p;

}

[Mocne cosmanmst W OTIAAKK MAOJIOHBI KJIacCOB YAOOHO TTOMEIATh B 3aT0JOBOYHbBIE
aitmbr.
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NUcnonb30BaHve Wa0G/IOHOB KJ1aCCOB

Yro6bl €O37aTh MPU TIOMOIIU 1TabJ0Ha KOHKPETHbIH 0OBEKT KOHKPETHOTO KJacca
(9TOT TIPOTIECC HA3BIBAETCS] MHCTAHI[MPOBAHUEM ), TIPU OTIMCAHUH 00HEKTA TIOCTE MMe-
HY M1aGJI0HA B YIJIOBBIX CKOOKAX TEPEYHCIISIOTCS €T0 apTyMEHTBI:

UMA_WwabsioHa <apryMeHTb>
uMa_obbvekTa [(napaMeTpbl_KOHCTpyKTOpa)];

ApryMeHTBI I0JIKHBI COOTBETCTBOBATH TlapameTpam abiona. MM mabaona BMecTe ¢
apryMeHTaMu MOXKHO BOCIIPMHMMATb KaK yTOYHeHHOe MM KJacca. IIpumeps! cosna-
HUST 00BEKTOB TIO abJI0HaM, OITUCAHHBIM B TIPEIBILYINEM Pa3ielie:

List <int> List int;

List <double> List double;

List <monstr> List monstr;

Block <char, 128> buf;

Block <monstr, 100> stado;

[Ipu ucnosb3oBaHUK TTAPAMETPOB MIAGIOHA [0 YMOJYAHUIO CIIUCOK apryMEHTOB MO-
JKET OKa3aThCsI MYCTHIM, TIPU 9TOM YTJIOBbIE CKOOKHU OTYCKATh HEJIb3ST:

template<class T = char> class String;

String<>* p;
Ecom ImapaMeTpoM H.Ia6]IOHa ABJIACTCA ].LIa6JIOH, I/IMeIOH.[I/Iﬁ Clreruajansalunio, ona y4m-
TBIBACTCA IPU MHCTAHIIUPOBAHUU!

template<class T> class A{ // VcxonHblit wabnoH
int x;
b
template<class T> class A<T*> { // Cneunanusauna wabnoHa
long x;
b
template<template<class U> class V> class C{
V<int> y;
V<int*> z;

s

C<A> c:
B sTom mpumepe V<int> BHYTpu (<A> HCHOJIB3YET UCXOMAHDIN MIabJIOH, TOITOMY C.Y . X
nmeeT TUIl int, a V<int*> ncnosab3yer crenuaansanmio nrabJona, IIO9TOMY C.Z.X UMEET
THI long.
Ha wmecre dopmanbubix mapamMeTpoB, SBJSAIONIUXCS TIEPEMEHHBIMU 11€JI0TO THUIIA,
JIOJIKHBI CTOATH KOHCTAHTHDBIE BbIPAKEHUS.

IMociie cospanns 06bEKTOB € IOMOILBIO MAGJ0HA ¢ HUMU MOKHO padoTaTh Tak ke, Kak
¢ oObekTaMK OOBIYHBIX KJIACCOB, HAIIPHUMEP:

for (int i = 1; i<10; i++)List_double.add(i * 0.08);
List _double.print();

for (int i =1; i<10; i++)List_monstr.add(i):
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List monstr.print();

strcpy(buf, "OyeHb BawHOe coobueHne");
cout << puf << endl;

JLiist yTIpOIIeHNst UCTIOIb30BaHMUST MIabJOHOB KJIACCOB MOKHO TIPUMEHUTD TIePenMeHO-
BaHUe TUIIOB C MoMoIIlbIo typedef:

typedef List <double> Ldbl;
LdbT List double;

Cneunanunsauusa wabJ/IOHOB KJ1aCCOB

Kaxxknast Bepcus kacca win GyHKIHH, CO3IaBaeMas 1o MabI0HY, COAEPKUT OJMHAKO-
BbII 6a30BBIN KOJI; UBMEHSIETCSI TOJILKO TO, YTO CBSI3aHO ¢ MapameTpaMu mabona. [Ipu
9TOM 2(DPEKTUBHOCTD PabOThl BEPCHil, CO3aBAEMBIX /I PA3INYHbIX TUIIOB JAHHBIX,
MOJKET CUJTBHO Pa3JINndyaThCsl.

Ecimu pis xakoro-mubo THIA JAHHBIX cylnecTByeT Gosee a(pPeKTUBHBINA KO, MOKHO
b0 MPELYyCMOTPETh JIJISE 9TOTO THIIA CIEIUATIbHYI0 PEaJU3alliio OTAETbHBIX METO-
JI0B, 1100 MOJHOCTHIO MEPeoPeAeauTh (CIeUain3upoBaTh) mabIoH Kaacca.

st cneyuanusavuu memoda tTpebyercs OnpeeSuTh BAPHAHT €ro KOJa, YKasas B 3aro-
JIOBKE KOHKDETHBIN TUII JaHHBIX. HampuMep, ecyin 3arojoBOK 0000IIEHHOTO METO/A
print mwa6saona List umeer Buz

template <class Data> void List <Data>::print();

CIIEIMATM3UPOBAHHBII METOJ[ JIJIT BBIBOJA CITUCKA CUMBOJIOB OY/ET BBITJISIAETD CJie-
JYIOIIUM 00PasoM:
void List <char>::print(){
... // Teno cneunanu3upoBaHHOr0 BapuaHTa MeTopa print

}

Ecii B iporpaMme co3ziaTh aK3eMILIsp mabiona List Tuma char, cOOTBETCTBYIONIHIA
BapUaHT MeToja OyZeT BhI3BAH aBTOMATUYECKHU.

Ilpu cneyuanusayuu Uen0z0 Kiacca moce omucanust 0O600IIEHHOTO BapraHTa KJacca
HOMEIIAeTcsl MOJHOe OIMCcaHue CIelaJn3ipoBaHHOrO KJacca, IIpyu 5ToM Tpebyercs
3aHOBO OIPEAENUTh BCe €ro MeToAbl. JlomycTiM, Tpedyercs creluagiusnpoBarh mab-
Jion Block, onucanubiil B IpeabiayIieM pasnedne, s xpanenus 100 mmenbix Besnaul:

class Block<int, 100>{
public:
Block(){p = new int [1007:}
~Block (){delete [1 p:}
operator int *();
protected:
int * p;

! He cronT ucKatsh B 9TOM MIyGOKHH CMBICI — IPIMEp IPHBEICH IS IeMOHCTPAIHI CHHTAKCHCA.
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Block<int, 100>::operator int *(){
return p;

}

[Ipu onpenenennn sx3eMApos mabaona Block ¢ mapamerpamu int u 100 Gymer 3a-
JeHCTBOBAH CIIEIMATM3UPOBAHHbBII BADUAHT.

JocTonHcTBa U HepgocTaTKu LWabsIoOHOB

[Ta610HbI IpeACTaBIISIOT co60it MoTITHOE 1 9(hhEKTUBHOE CPEACTBO OOPAIIECHHS ¢ Pa3-
JIMYHBIMU TUTIAMU JIAHHBIX, KOTOPOE MOKHO HA3BATh MTApaMeTPUYECKUM MOJUMOPhU3-
MOM, a TaksKe obecriednBaT 6e30MacHOe HCII0Ib30BaHIE TUIIOB, B OTJIMYKE OT MaKPO-
coB mpenporieccopa. OIHAKO cIeayeT UMETh B BULY, UYTO MIPOrPaMMa, UCIOJIb3YIONas
1ma6JI0HbI, COAEPKUT MOIHbII KO I/ KaXKIOTO IIOPOKIEHHOIO THIIA, YTO MOKET yBe-
JUYUTH pa3Mmep ncrogHseMoro daiina. Kpome Toro, ¢ HEKOTOPHIMU THUTIAMU JTAHHBIX
mabI0HbI MOTYT paboTaTh He Tak 3G (dEKTUBHO, KaK ¢ APYITUMU. B aTOM ciydae nmeer
CMBICJI KICIIOJIb30BaTh CIelUaNn3aliio mabIoHa.

Cranpapraas 6ubarorexa C++ npenocrasisier 60bi0il Habop MabJIO0HOB JJIsA pas-
JUYHBIX CITOCOOOB OPTAaHM3ANNY XpaHeH!s 1 06paboTku maHHbIX (cM. pasmen «Kow-
TeliHepHbIe KIACCHI», C. 293).



N'MABA 7

OOpaboTKka NCKNIOYUTENbHbIX
cutyauumn

Hckmouumenvruas cumyauus, NI UCKII0YEHUe — ITO BOSHUKHOBEHUE HeIpe/IBU/ICH-
HOTO WJIM aBapUIHOTO COOBITHSI, KOTOPOE MOKET TOPOKAATHCS HEKOPPEKTHBIM KC-
MOJIb30BAHUEM almapaTypbl. Harpumep, 3To feieHre Ha HOJIb Wi oOpaliieHue o He-
cymiecTByioniemMy ajapecy mamsatu. OOBIYHO 3TH COOBITHS TPUBOAAT K 3aBEPIICHUIO
TIPOTPAMMBI C CHCTEMHBIM coobImenneM 06 ommbke. C++ MaeT MPOrPaMMUCTY BO3-
MO>KHOCTb BOCCTAHABJIMBATH ITPOTPAMMY U TIPOJIOJIKATH €€ BBITOJIHEHNE.

Uckirouenust C++ He MOAAEPKUBAIOT 00pabOTKY aCHHXPOHHBIX COOBITHIA, TAKUX, KaK
omubKu 060pyoBaHUs WM 06pabOTKY MpepbIBAHUIL, HAIPUME], HaKATHE KJIABHIIL
Ctrl+C. MexaHn3M HCKIIOYEHWIT TTPeIHa3HaAYeH TOJBKO ST COOBITHIH, KOTOPBIE TTPO-
UCXOIAT B pe3yJibrare paboThl caMOii MPOrPaMMbl M YKA3bIBAIOTCSA ABHBIM 00Pa3soM.
VcxmodeHnst BO3HUKAIOT TOT/[A, KOT/[A HEKOTOPAst YacTh MPOTPAMMBI HE CMOTJIa Clie-
JIATh TO, 4TO OT Hee TpeboBanoch. IIpu aTOM Apyrast 4YacTh MPOrPaMMbI MOKET MOTIbI-
TaThCsl CJIENATh YTO-HUOYb UHOE.

Hcxnrouenust no3eonsom i02udecku pasoeiums bluuCIumenbHull npouecc Ha 06e yac-
mu — o6Hapyicerie asapuiinoi cumyauuu u ee 06pabomxa. ITo BaKHO HE TOTBKO JTIsT
JIydniell CTPYKTYPHU3aIuu MporpaMMbl. [JIaBHOU TTPUYWHON SABJSETCS TO, YTO (DYHK-
1¥st, OOHAPYIKUBIIAS OMUOKY, MOYKET He 3HATD, YTO TPEANPUHUMATH JJIst €€ UCIPaB-
JIEHUS, a UCIIOJIb3YIOMMH 9Ty (QYHKIIMIO KO/ MOKET 3HATb, YTO JleJlaTh, HO He yMeTb
OIIPE/IEIUTH MECTO BO3HUKHOBEHUS. ITO OCOOEHHO AKTYyaJbHO TPU UCIIOJb30BAHUH
GUGIMOTEYHBIX (DYHKIIUI U TPOrPAMM, COCTOSIINX U3 MHOTHX MOJYJICH.

JIpyroe I0CTOMHCTBO UCKJIIOUEHHIT COCTOUT B TOM, UTO JJIst Tiepeadn uHhopMaiuu 06
omubKe B BBI3BIBAONYIO (DYHKIHIO He TpebyeTcst MPUMEHSITh BO3BPAIaeMoe 3Haue-
HUe, apaMeTpbl Win TI00aJbHble TIepeMeHHbIe, MoaToMy uHTepdeiic hyHKIUN He
pasyBaeTcs. ITo 0COGEHHO BaXKHO, HAIIPUMED, JIJIst KOHCTPYKTOPOB, KOTOPBIE TIO CHH-
TaKCHUCY He MOTYT BO3BpallaTh 3HaYCHUE.
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NMPUMEYAHUE
B IIpUHIIUIIE, HUYTO HE MEHIaeT paCCMaTPpUBaThb B Ka4€CTBE HMCKJIIOYEHUIT HE TOJIBKO OH_[I/I6KI/I, HO
1 HOPMaJIbHbI€ CUTYyallMM, BO3HUKAIOIINE IIpU 06pa60TKe JIAaHHBIX, HO 9TO HE MMEET IIPpEnuMy-
MIEeCTB epel APYTruMu pEuICHUAMMN 1 HE YAYyUIIaCT CTPYKTYPY U YUTAEMOCTD ITPOTrPaMMBI.

Oo6OwWwnn mexaHn3am oopadoTKu
UCKJII0OYEeHUN

MecTo, B KOTOPOM MOKET TIPOU30UTH OIMUOKA, JOJKHO BXOAUTH B KOHTPOJIUPYEMBbIit
6JIOK — COCTaBHON omepaTop, mepeji KOTOPhIM 3aIMCaHo KI0UeBoe CI0BO try.

Pacemorpum, Kakum 06pasoM peanusyercss 06paboTKa MCKIIOYUTETBHBIX CUTYAIU.

O O6paboTka UCKIIOUYEHIS HAUMHAETCS ¢ ostBIeHrs omnOku. DyHKIMS, B KOTOPOM
OHa BO3HUKJIA, TEHEPUPYET UCKIIOUEeHHE. J[JIs1 9TOTO MCIOMb3yeTCsT KII0YeBoe CJI0-
BO throw ¢ mapamMeTpoM, onpeAesSIonuM By UcKIodenus. Ilapamerp MoxeT GbITh
KOHCTaHTOH, TTepeMeHHOi N 0GBhEKTOM U MCIIOABb3YETCs IS Tepegadr nHgop-
Manuu 00 UCKIIOYEeHU ero 00paboTUUKY.

QO OTBICKUBAETCS] COOTBETCTBYIONHIT 00PA0OTUNK HCKJIIOUEHUST U €My IepelaeTcst
yIIpaBJIeHue.

Q Ecam 06paboTYNK MCKITIOUEHNST He Hali/leH, BBI3BIBAETCS CTaHAAPTHAS (DYHKITHSI
terminate, KoTopast Bbi3biBaeT (hyHKIMIO abort, aBapuitHO 3aBEPHIAIONIYIO TEKY U
nporiecc. MOKHO yCTaHOBUTH COOCTBEHHYIO (DYHKITHIO 3aBEPIIEHMsI TTPOTIECCA.

B nepsoit yactu xkuuru (cm. pasgen «DyHKimn», ¢. 73) TOBOPUIOCH O TOM, YTO TIPU
BBI3OBE KayKI0U (DYHKIIMU B CTEKE cO3/aeTCst 06JaCTh TAMATH JIJIsl XPAHEHUST JIOKAIb-
HBIX IIepEMEHHBIX U ajipeca Bo3BpaTa B BbI3bIBAIONLYIO (pyHKIMIO. TepMUH cmek 6bi30-
606 0003HAYAET MOCIETOBATETBHOCTD BHIZBAHHBIX, HO €I1le He 3aBEePHINBITNXCS QYHK-
i, Packpyuueanuem cmexa Ha3bIBACTCS MPOIECC OCBOOOXKICHUS TAMSTH W3-TOJL
JIOKQJIBHBIX TIePEMEHHBIX W BO3BpaTa yIpaBJjieHus BbI3biBatonieil ¢yakmmu. Korzaa
(byHkIMs 3aBepiaeTcs, TPOMCXOMUT €CTECTBEHHOE PACKPyUMBaHMe cTeka. ToT e ca-
MBIiT MEXaHU3M UCHOJIb3yeTcst U pu 06paboTke vckodenuii. [ToaTomy mocse Toro,
KaK MCKII0YeHre ObLIO 3aUKCHPOBAHO, MCTIOJHEHIE He MOXKET OBITH MPOOIKEHO C
TOYKY TeHepaIy UCKIodeHust. [loapobHee aTOT MEXaHU3M PACCMATPUBAETCS B CJie-
JyIolleM pasjelie.

CuHTaKCUC UCKJTIOYEHUN

KmoueBoe ¢moBo try cayxur mas 0003HAYEHUS KOMMPOAUpyemozo O1oKa — KOma,
B KOTOPOM MOKET TeHepHpOBaThCs UCKIIOYeHHe. BJIOK 3akiiodaercss B (DUIypHbIE
CKOOKH:

try{

}

Bce Q)YHKHI/II/I, MpAMO HUJIM KOCBEHHO BbI3bIBA€MbIC M3 try-6J101<a, TaKXe€ CUHUTAIOTCA
EMY IMpUHAJICKAITUMU.
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Tenepavus (nopoxcoenue) UCKIOUEeHUS TPOUCXOIUT 110 KJIIOUEBOMY CJI0BY throw, KoTo-
poe yrorpebiisieTcst 1ubo ¢ mapameTpoM, Jubo 6e3 Hero:

throw [ Boipakenue J;

Tur BeIpaskeHus, CTOSIIETO 1Tocye throw, orpeessieT TUIT IIOPOKIAEMOTO UCKIIIOUeHUSI.
ITpu reHepanuy UCKIIOYEHKS BBIIOJIHEHHE TeKYIIEero 6JI0Ka IPeKpaIiaeTcs, U IPOUCX0-
JIUT TIOUCK COOTBETCTBYIOIIETO 00paboTUrKa U Tiepeiada emy yipasieHus. Kak npasu-
JIO, UCKJIIOUEHNe TeHePUPYeTCs He HEIIOCPeCTBEHHO B try-0/10Ke, a B QYHKIMSIX, IPSIMO
WM KOCBEHHO B HETO BJIOJKEHHBIX.

He Bcerma nckiouenmne, BO3HUKINEE BO BHYTPEHHEM OJI0Ke, MOKET ObITh Cpa3y mpa-
BUJIbHO 00paboTano. B 3TOM ciydae MCIOMB3YIOTCS BJOKEHHBIE KOHTPOJHUPYEMbIE
OJIOKHM, ¥ UCKJIIOYEHHE TiepeiaeTcst Ha 6oJiee BBICOKHMHA YPOBEHb € MOMOIIBIO KII0YEBO-
ro cJioBa throw 6e3 mapameTpos.

Obpabomuuxu uckiouenutl HAYNHAIOTCS ¢ KJIUYEBOTO CJIoBa catch, 3a KOTOPBIM B
cxoOkax ciemyer Tun obpabaTbiBaeMoro uckiaodenys. OHU JOJKHBI PaCIIoIaraThesl
HEMOCPEIICTBEHHO 3a try-610KoM. MoKHO 3amucaTh ONH WM HECKOIBLKO 06paboTun-
KOB B COOTBETCTBUH € THUIaMU oOpabaTbiBaeMbIx uck/oueHnii. Cunrakcuc o6pabort-
YUKOB HATTOMUMHAET OfpejiesieHne (hYHKIMU ¢ OJIHUM TIAPaMETPOM — TUIIOM UCKJII0Ye-
Hus. CytiecTByeT Tpy (DOPMBI 3ATTHCH:

catch(tun uma){ .. /* Teno obpaboTunka */ }
catch(tun){ .. /* Teno obpabotuuka */ }
catch(..){ .. /* teno obpabotuuka */ }

ITepBas popma IpUMEHSIETCST, KOT/Ia UMsI TapaMeTpa UCIIOJb3YeTCs B Tesie 00padoTum-
Ka JIIS BBITIOJTHEHUS KaKuX-1ubo AeHCcTBIIT — HanpuMep, BbIBO/A MH(bopMaruu o6 uc-
KioueHnn. Bropast (opma He mpeamoiaraeT HCII0Ib30BaHUs MHMOPMAIIUT 00 UCKJTO-
YEeHUH, UTPAET POJIb TOJIBKO €ro Tuil. MHOTOTOUHE BMECTO MapamMeTpa 0003HAYAET, 4TO
06paboTUNK TIepexBaTHIBACT BCEe MCKIOUYEHUs. Tak Kak 06pabOTYMKK TPOCMaTpuBa-
IOTCST B TOM TIOPSIZIKE, B KOTOPOM OHH 3aIlUCaHbl, 00pabOTYNK TPETHETO THIIA CIIEAYET
MOMENIATD TI0CJIe BCeX OCTaTbHBIX. [Ipumep:

catch(int 1){
// 06paboTKa UCKYeHuid Tuna int
}
catch(const char *){
// 06paboTKa WUCKYeHnii Tuna const char*
}
catch(Overflow){
// 06paboTKa uckmoyeHnii knacca Overflow
}
catch(j){
// 00paboTKa BCeX HEOOCYKEHHbIX UCKIYEHWN

}

Iocne ob6pabomiu uckmoueus ypaBieHne mepefaeTcs epBOMY OTepaTopy, HaXo/s-
IEMyCsl HETOCPEACTBEHHO 3a obpaboTyrkamu UCKIoYeHunid. Tyna jke, MUHYS KOJI
BCeX 06pabOTUNKOB, MEPEIAeTCsT YIIPABICHIE, €CJIU UCKITIoUeHre B try-610Ke He OBLI0
CTEHEPUPOBAHO.
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NMepexBaT UCKNIOYEHUN

Korga ¢ nomompio throw renepupyercss uckiiodyenue, (PyHKIUU UCIOTHUTENbHOM
6ubmmorekn C++ BBITIONHAIOT CIEAYIONINE TeHCTBI:

1) cosmaroT KOIMio TapaMerpa throw B Bujie CTAaTUIECKOr0 00bEKTa, KOTOPBIU CYIIecT-
BYET JIO TeX TIop, ToKa MCKIoueHne He 6ymer o6paborano;

2) B TMOKMCKaX MOAXOJAIIET0 00paboTuNKa PACKPYIMBAIOT CTEK, BBI3HIBAsL AECTPYKTO-
PBI JIOKAIbHBIX 00BEKTOB, BRIXOAAMINX U3 00JaCTH JeiiCTBIL;

3) mepezsaoT 0OBEKT U yIpaBieHne 0OpabOTUNKY, UMEIOIIEMY [apaMeTp, COBMECTH-
MBI TI0 TUITY ¢ 3TUM OOBEKTOM.

IIpu packpy4ymMBaHUK CTeKa BCe 00pabOTUMKU HA KasKAOM YPOBHE IIPOCMATPHBAIOTCS
HOCJIe[OBATEIbHO, OT BHYTPEHHETO OJI0KA K BHEITHEMY, TI0Ka He OyAeT HallJieH MoaX0-
Jaamuii 06paboTuuK.

O6paboTurK cYUTaeTCS HAWAECHHBIM, CCIH TUTT 0OBEKTA, YKA3aHHOTO Toce throw:

Q TOT e, YTO M yKasaHHbII B mapaMerpe catch (mapamerp MoKeT ObITh 3alliicaH B
(opme T, const T, T& unm const T&, rae T— THIT UCKIIOYEHUS );

QO sBjsieTcs MPOM3BOJHBIM OT YKa3aHHOTO B rapameTpe catch (ecsiu HacjenoBaHue
MIPOU3BO/INIIOCH € KJITIOYOM JlocTyta public);

QO sBJISIETCS yKa3aTesleM, KOTOPbI MOKET ObITh TPeodPa30BaH Mo CTaHIAPTHBIM TIpa-
BUJIAM TTPpeoOpa3oBaHust yKasaTesell K TUITy yKasaTesst B lapameTpe catch.

V3 BBIIEU3JIOKEHHOTO CJIEAyeT, YT0 00pabOTYMKU MPOU3BOAHBIX KJIACCOB CJIELYeT
pasMelnarhb 10 06paboTunKOB 6a30BbIX, IIOCKOIbKY B IPOTUBHOM CJAy4ae UM HUKOTAA
He Oyzer nepenano yrpasierne. O6paboTYMK yKazaress TUINA VOid aBTOMaTHYECKH
CKPBIBAeT yKasareJb J000ro APyroro TUIIA, MOITOMY €ro TakKe CJIeLyeT pa3MelaTh
nocsie 06paboOTUMKOB yKazaTeseil KOHKPETHOTO THIIA.

PaccmoTtpum mpumep.

#include <fstream.h>
class Hello{
// Knacc, vHOOpMUPYWWA O CBOEM CO3MAHUM U YHNYTOKEHWN
public:
Hello(){cout << "Hello!" << endl;}
~Hello(){cout << "Bye!" << endl;}
b
void f1(0){
ifstream 1fs("\\INVALID\\FILENANAME");  // OTkpbiBaeM daiin
it (1fs){
cout << "TeHepupyeMm ucKnodeHne" << endl;
throw "OwnbKa npu OTKpbITMM daiina”;}

}

void f2(){
Hello H; // Co3paeMm NOKaNbHbIA 00bEKT
f10); // Bbi3biBaeM (yHKUWIO, FEHEpUPYUYD UCKAYEHME

}

int main(){
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try{
cout << "Bxoamm B try-0mok" << endl;
f2();
cout << "Bbixogum u3 try-6noka" << endl;
}
catch(int i){
cout << "Bbi3BaH 00paboTyuK int, nCKYeHue -
return -1;

<< i << endl;

}

catch(const char * p){
cout << "BbizBaH 06paboTyuMKk const char*, uckniovenne -
<< p << endl;
return -1;

}

catch(j){
cout << "Bbi3BaH 00paloTYMK BCex WCKJHeHnii" << endl;
return -1;

}

return 0; // Bce obownock 6naronony4Ho
}

PESYJIbTaTbI BBITTIOJTHEHUA TTPOTPAMMBbI:

Bxoaum B try-050K

HelTo!

[eHepupyem UCKMoYeHne

Bye!

BbizsaH 00paboTymk const char *, ucknoveHue - OwubKa npu OTKpbITMM daina
OO6paruTe BHUMAHUE, YTO TOCJIE MTOPOKIEHUS UCKIIOYEHNUsT ObLT BHI3BAH JECTPYKTOP
JIOKaJIbHOIO 00bEKTa, XOTsI yrpasienue us ¢pyHkuuu f1 6bLio nepegano oOpaboTInKYy,
HaxosmemMycs B ¢pyakinun main. Coobierne «Boixoanm us try-6j0ka» He OBLIO BbI-
Begeno. [lust paboThl ¢ (aiiioM B IporpaMMe UCIIOAb30BAJIICh ITOTOKK (0 HUX paccKa-
spiBaercst B rimase 10 «IloTokoBbie Kmacchl» Ha c. 265).

Taxum 06pasoM, MEXaHU3M UCKIIOUEHHIT II03BOJIAET KOPPEKTHO YHUUTOKATh OOBEKThI
[IPU BO3HUKHOBEHNH OMMOOUHBIX cuTyaiuii. [ToatoMy evidenenue u oceoboxcoenue pe-
CYPCOB NONE3HO OPOPMAAMY 6 6Ue KIACCO8, KOHCTPYKTOP KOTOPBIX BBIJEJSIET PECYPC,
a IECTPYKTOP 0CcBOOOXKAAeT. B KauecTBe IprMepa MOKHO IPUBECTH KJIACC It PaOOThI
¢ dafimom. KoHCTpyKTOp Ki1acca OTKpbIBaeT (haiis, a 1ecTPyKTOp — 3aKpbiBaeT. B aToM
cllydae ecTh rapaHTHsl, YTO [IPU BO3HUKHOBEHUN OmMOKU (ailn OymeT KOPPEKTHO 3a-
KPBIT, 1 WHGOpMalus He OyJer yTepsiHa.

Kaxk y:ke yIIoMHHAIOCh, NCKIIOYEHIE MOKET ObITh KaK CTAHZAPTHOTO, TaK M OIPEe-
JIEHHOTO TI0JIb30BarejieM Tuiia. [Ipu 9ToM HeT HeoOXOAMMOCTHU OIPEeIATh 9TOT THIL
r106a/IbHO — JJOCTaTOYHO, YTOObI OH ObLJI M3BECTEH B TOYKE HOPOKICHUS UCKIIOUEHMS
u B Touke ero obpaborku. Kmace aia mpencrasienus MCKIIOYEHUsT MOKHO OIUCATh
BHYTPH KJ1acca, Ipu paboTe ¢ KOTOPBIM OHO MOJKET BO3HUKATh. KOHCTPYKTOP KOMHMPO-
BaHUST HTOTO KJIAacca JOJKEH ObITh 00bABICH Kak public, MOCKOIbKY WHavYe OyeT He-
BO3MOJKHO CO3/aTh KOO 00beKTa IIPU FeHepalui NCKII0UeHIs (KOHCTPYKTODP KOIHU-
pOBaHUs, CO3/IaBaeMblii 110 YMOJIUYAHUIO, UMeeT clieltudukarop public).
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Cnucok ucknw4deHmnin yHkumnm

B 3arosioBke dhyHKIIMM MOKHO 32/1aTh CIIUCOK UCKJIIOUEHUIA, KOTOPbIE OHA MOKET TIPSIMO
MJI KOCBEHHO TIOposk/1aTh. [lockobKy 3arosoBox saBJsteTcst mHTepdelicoMm (pyHKINH,
yKazaHUe B HEM CIIMCKA MCKJIIOYEHUH JaeT MOJIb30BaTesIM (DYHKITHE HEOOXOAMMYIO
nHGOPMAIIHNIO JIJIsI €e UCIIOJb30BAHUS, a TaKyKe TApaAaHTUIO, YTO TP BOZHUKHOBEHUU
HETPEABUACHHOTO UCKTIOUEHHSI 9Ta CUTYaIust OyaeT oOHapysKeHa.

AsroputM 06pabOTKY MCKIIIOYEHUST [IPEACTaBieH Ha puc. 7.1.

HenpegycmoTpeHHoe
UCKIHOYeHMe

v
O6paboTka
VCKITHOYEHMS!

unexpected( )

set_unexpected( )

A
CobcTtBeHHast
yHKUMS

terminate( )

set_terminate( )

A
CobcTBeHHas
dyHKUNS

abort( )

Puc. 7.1. Anroputm 06paboTkn UCKOYEHUs

THIBI NCKITIOUEHUH TIEPEUNCISTIOTCS B CKOOKAX depe3 3arsITyI0 TTOCTe KII0IEBOTO CII0-
Ba throw, pacros0;KeHHOTo 32 CIIMCKOM TTapaMeTpoB (DYHKIINU, HAITPUMED:

void f1() throw (int, const char*){ /* Teno dyHKkuun */ }
void f2() throw (Oops*){ /* Teno QyHKuuu */ }
Oyuknus fl 10/KHA TeHEPUPOBATH UCKIIOYEHUsT TOJIbKO TUIOB int m const char*.

CDYHKHI/IH 2 moJyKHA T€HEPHPOBATh TOJIBKO MCKRJIIOYCHUWA THUIIA YKa3aTeJisd Ha KJaccC
OODS W TIPOU3BOJIHDBIX OT HETO KJIACCOB.
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Ecnu xmodeBoe cioBo throw He ykasaHo, (GyHKIIHSA MOXKET TeHEPUPOBATh JI0O0E HC-
kirouenne. [TycToii cimcok o3Havaer, 4To (HyHKINS He TO0JKHA TTOPOXKIATh UCKITI0Ue-
HUH:
void f() throw (){
// Teno QyHKUWM, He NOpOoXaanuen UCKIYeHWR

}

Uckmouenus He BxogaT B nporotutl (ynkimu. [Ipu nepeonpeneseHun B ponsBoI-
HOM KJlacce BUPTYaJbHOM (DYHKIIMU MOXKHO 32/laBaTh CIIMCOK MCKJIIOYEHUH, TaKOH ke
usn 6ojiee OTpaHUMUYEHHBIN, YeM B COOTBETCTBYIOIIEH (QYHKI[MI 6a30BOr0O KJacca.

Ykasamnue cnucKka UCKIIOUEHNH HI K 4eMy He 00s3bIBaeT — (hYHKIMST MOKET TIPSIMO
WJI KOCBEHHO TIOPOJNThH WCKJIOYEHHE, KOTOPOEe OHa 0o0ellaia He MCIOJIb30BaTh. JTa
cuTyarnust o6HapyKUBAETCSA BO BPEMST MCTIOJHEHVSI TPOTPAMMBI ¥ TPUBOUT K BHI30BY
CTAHAAPTHOH (YHKITNH Unexpected, KOTOpast IO YMOJYAHUIO TPOCTO BBI3BIBAET (PYHK-
muio terminate. C momomuipio GyHKIMK Set_unexpected MOKHO yCTaHOBUTH COOCTBEH-
HyT0 (DYHKINIO, KOTOpast GY/IET BHI3BIBATLCS BMECTO terminate m ompenessiTh aeficTBIe
IIPOTpPaMMbl IIPU BO3HUKHOBEHUH HEIpe/IBUJIeHHON UCKIIOYNTEIbHON CUTyalun.

DyHkIMs terminate Mo yMOJTYAHUIO BRI3BIBAET (DYHKITMIO abort, KoTopas 3aBepimaeT
BblosiHeHe 1porpaMMbl. C momotpio yHkimu set terminate MOXXHO yCTaHOBUTD
coGCeTBEHHYHO (DYHKITHIO, KOTOpast OyIeT BhI3BIBATHCS BMECTO abort U OMpeAessiTh CIo-
cob 3aBepinenust mporpammbl. Dyukiwu set_unexpected u set terminate ommcans B
3aroJIOBOYHOM (haiie <exception>.

UcknioyeHns B KOHCTPYKTOpPax
U AeCcTpyKTopax

SIzpik C++ He MO3BOJSAET BO3BpANIaTh 3HAYEHWE M3 KOHCTPYKTOPA M AECTPYKTOPA.
MexaHu3M UCKJIIOUeHUH JaeT BO3MOKHOCTh COOOIUTE 00 onbke, BOZHUKIIEH B KOH-
CTPYKTOpE WU JecTpykTope obbekrta. [l mimocTpanuy cosgaauMm Kiaace Vector,
B KOTOPOM OIPaHMYMBAETCS KOJIMYECTBO 3AIPAIINBAEMON TaMATH:

class Vector{

public:
class Size{}: // Knacc nckodenns
enum {max = 32000}; // MakcumanbHas ANWNHA BEKTOpa
Vector(int n) // KOHCTpyKTOp

{ if (n<0 || n>max) throw Size(); .. }

[Ipu ucrionpzoBannm ksacca Vector MOXKHO TMPEAYCMOTPETh MEPEXBAT UCKJIIOUEHUI
Tuna Size:

try{
Vector *p = new Vector(i);
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catch(Vector: :Size){
// 06paboTKa owubKKM pa3mepa BEKTOpa

}

B 06paboTunke MOKET MCMOTB30BAaTHCA CTAHAAPTHBIN HAOOP OCHOBHBIX CTTOCOOOB BbI-
na4n coobieHnit 06 ommbKe U BOCCTaHOBIeHN. BHyTpH Kiacca, OIpeneIsionero ue-
KJTIOYEHUE, MOKET XPAHUTHCS WHMDOPMATIHsT 00 UCKIIOYEHUH, KOTOPast MepeaaeTcst 00-
paboTurky. CMBICT 9TON TEXHUKHU 3aKJIIOUAETCS B TOM, YTOOBI 00ECIIEUUTH Tepeaady
urdopMaimu 06 omubKe M3 TOYKKM ee OOHAPYKEHUS B MECTO, Tae s oOpaboTKu
OMmUOKN MMeeTCst JOCTATOYHO BO3MOKHOCTEN.

Eciii B KOHCTPYKTOPE 0OBEKTA TEHEPUPYETCST UCKIFOUEHUE, aBTOMATUIECKU BbI3bIBA-
I0TCSI JIECTPYKTOPBI JIJIS OJTHOCTBIO CO3/AHHBIX B 9TOM OJIOKE K TEKYIEMY MOMEHTY
00OBEKTOB, a TaKKe st TOJIEH TaHHBIX TEKYIIEro 00bheKTa, SIBISIONINXCS 00bhEKTaMU,
u juist ero 6a30BbIX KiaccoB. Hampumep, ecjii HCKIIOYEHNE BO3HUKIIO TIPU CO3IaHUM
MaccuBa 0OBEKTOB, JECTPYKTOPBI GYAYT BBI3BAHBI TOJBKO JJIS YCIIENTHO CO3MaHHbIX
37IEMEeHTOB.

Ecin o6bext CO3/IaeTCd B IUHAMMYECKON MMaMITH € TIOMOTIIBHIO orepanunm new 1 B KOH-
CTPYKTOPE BOSHUKHET MCKJIIOYEHUE, ITaMATb U3-110/] obbeKTa KOPPEKTHO OCBO60>KI[3.-
€TCA.

UepapXxmm NCKioYeHum

Hcmosb3oBarne COOCTBEHHBIX KJIACCOB MCKJIOYEHUN TIPEANIOUTHTEbHEE TIPUMEHEHST
CTAHIAPTHBIX TUIOB AaHHBIX. C IOMOIIBIO KJIACCOB MOKHO GoJjiee THOKO OPraHM30BaTh
nepeady uHbopMarnuu 06 UCKIHOYEHNH, Jierde quddepeHInpoBaTh 06paboTKY HCKITIO-
YEeHWH, a KpOMe TOTO, TIOSBJISIETCSI BO3MOKHOCTD MCIIOIb30BATh NEPAPXUM KJIACCOB.

[TockoMbKY MEXaHU3M YIIPABJICHUS UCKIIOUEHUSMU TIO3BOJISIET CO3/IaTh 06paboTUNK
1Uist 6a30BOTO KJIacca, POJACTBEHHbIE MCKJIIOUEHUST YaCTO MOKHO TIPEJACTABUTh B BUJIE
uepapxun. [IpousBojs uCKIOUeHUs OT 001Iero 6a30BOTO KJaacca, MOKHO B 06paboT-
YUKe MepexBaThiBATh CCHUIKY WJIN yKa3aTedb Ha 6a30BbIil KJIACC, UCIOTb3YST MOJINMOP-
dbusm. Hanpumep, B MaTeMaTHueCKON GUOIHOTEKE MOKHO OPraHU30BaTh KJIACCHI CIe-
JYIOIUM 00PasoM:

class Matherr{};

class Overflow: public Matherr{}; // NepenonHexne

class Underflow: public Matherr{}; // Wicye3HoBeHne nopaaka
class ZeroDivide: public Matherr{}: // [leneHne Ha HOMb

Jlnst mpencraBieHust ommOOK BBOJA/BBIBOJA MOTYT WCIOJIb30BATHCS CIIEAYIOIINE
KJTacChl:

class I0err{};

class Readerr: public I0err{}; // Ounbka uTeHns
class Writerr: public I0err{}: // Ownbka 3anucw
class Seekerr: public I0err{}; // Ounbka noucka

B saBucuMocTi 0T 06CTOATENBCTB MOKHO UCIIOAb30BaTh IGO0 00pabOTUNK UCKIIOUe-
HUI 6a30BOTO KJacca, KOTOPBIN Gy/IeT mepexBaThiBaTh U MPOM3BOAHBIE UCKIIOYEHUS,
b0 cobeTBeHHbBIE 00PaGOTYNKY MTPOU3BOIHBIX KJTACCOB.
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CyliecTByeT psijfi CMaHOApMHbIX UCKIIOUEHUL, KOTOPbIE TEHEPUPYIOTCST OTIePAIMSIMU
wim Gyukiuamu C++ (em. raaBy 16 «/Ipyrue cpeacTBa craHAapTHON OUOIMOTEKN>,
c. 378). Bce oHM SABJIAIOTCS POU3BOAHBIMU OT GUOIMOTEYHOTO KJacca exception, ormm-
CAHHOTO B 3aroJioBouHOM (aitse <stdexcept>. Hampumep, omepanus new mpu Heyaad-
HOM BBIJICJICHUN ITAaMATU TeHepupyeT uckiaoyenne tura bad alloc.

HpOFpaMMI/ICT MOJKET OIIPEeIeTNTD cOOCTBEHHBIE NCKJIIOYEHUA, IIPOMN3BO/HBIE OT CTaH-
JapTHDBIX.
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NMpeoOpa3zoBaHNd TUMNOB

ITpu BBITIOJTHEHUY IPOTPAMMBI TIPOU3BOJISITCS SIBHBIE U HESIBHBIE TIPEOOPA30BAHUS Be-
JIMYUH U3 OJHOrO Tulia B Apyroil. Heasuble mpeoGpasoBanys BBIIOJHAIOTCS B COOT-
BETCTBUU C IIPaBUJIaMU, IIPUBEeHHbIMU Ha ¢. 38 u B upuiokenuun 3. g BblosiHe-
HUST SIBHBIX 1peoOpazoBanmii Tuiia B C++ cylecTByer Iesiasi Tpymina onepanui —
const_cast, dynamic_cast, reinterpret cast m static_cast, a Takke onepaius npuBe-
JIeHNsI THTIA, YHACJIeIoBaHHas 13 s3bika C, KoTopas y:ke UCIO0Ib30BaNTach B 9TOH KHU-
re (c. 56). [lyist Havyaa paccMOTPUM ee TopoOHee.

Onepauusa npueBeaeHus Tunos B ctuse C

Ormeparusi MOKeT 3aITUCHIBATLCS B ABYX (popmax:

TUn (BbIpaKeHue)
(Tun) BbipaxeHue

PesynpraTom omepaiinu SBJsSeTCS 3HAUEHNE 33/JaHHOTO TUTIA, HAlPUMeEp:
int a = 2;
float b = 6.8;
printf("%1f %d", double (a), (int) b);

Besimuuna a npeobpasyercs Kk Tuiry double, a mepeMeHHas b — K TUILy int ¢ oTceyeHu-
eM IpOOHOM JacTH, B 000UX CIydasx BHYTPEHHsIsT OpMa MPEICTABIEHIS Pe3yIbTaTa
orepanuu npeobpazoBanust WHas1, 4eM (HOPMa UCXOIAHOTO 3HAYEHUSI.

Heob6xogumocts B mpeoOpa3oBaHuy THUIIA BO3HMKAET, HAIIPUMED, B CJIydae, KOI/Ja
(dbyHKIIMs BO3BpalllaeT yKasaTeJlb Ha TUI void, KOTOpBIil TpeGyeTcst NPUCBOUTD TIepe-
MEHHOI KOHKPETHOTO TUIIA JJIs IIOCJeAYIONIEro BhIIOJHEHUS ¢ Hell KaKux-aubo jeii-
CTBUI:

float *q = (float *) malloc(100 * sizeof(float));

SIBHOE TpeobpasoBaHue THUTIA SBJISIETCS HCTOYHUKOM BO3MOKHBIX OMIMOOK, TIOCKOJIbKY
BCA OTBETCTBEHHOCTb 3a €r0 pe3yJbTaT BozJjaraercs Ha Inporpammucta. [lostomy
B C++ BBeneHBI onepalini, TO3BOJISIONINE BHITTOJHATh YACTUIHBIN KOHTPOJIb BBITIOJ-
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HSIEMBIX [IPe0OpasoBaHUil MU CIeJIaTh HAMePeHUsl IporpaMMucTa 6oJiee SBHbIMU J1JIsT
noHuManus. PaccMorpertoe Bbilie npeoOpasoBanue B ctuse C ocraBieHo B C++
TOJIbKO JIJIsI HUCXOZSIIE COBMECTUMOCTH, M UCNOIb306AMb €20 He PEeKOMeHOYemcs.
B saBucumocTu o Bua TpebyemMoro npeodpasoBaHus HE0OXOANMO HCIIOJIb30BaTh CO-
OTBETCTBYIOIYIO €My OTIepaIiio IPUBENCHUS THTIA.

NMPUMEYAHUE
B pannux Bepcusx komnuiagTopos C++ orepaiuu npuBejeHns Tuma const _cast, dynamic_cast,
reinterpret cast u static_cast me mommepsrkuBaioTCA.

Onepauusa const_cast

Omnepanus caykut i ynanenus mogaudukaropa const. Kak npasuiio, ona ucrosb3y-
eTcs TIpH Tepefade B GYHKITIIO KOHCTAHTHOTO yKa3aTess Ha MeCcTo (hOpMasTbHOTO Ta-
pamerpa, He umeroniero moaudukaropa const. Mopmar ornepanun:

const cast <tun> (Bbipamenune)

O603Ha9eHHbII TN ZOJKEH OBITh TAKUM K€, KaK 1 TUII BBIPAsKEHUS, 32 MCKIIOUEHUEM
Mozudukaropa const. O6bIuHO 910 ykaszaresb. Onepanust HOPMHUPYET Pe3ybTaT yKa-
3aHHOTO TUIIA.

HeobxoxumocTs BBeIeHUST 9TOH omeparini 00yca0BIEHa TEM, YTO TPOTPAMMUCT, pea-
JIUBYIONIUE (QYHKIMIO, He 00s13aH OMUCHIBATH HE M3MEHsIeMble B Hell (hopMasIbHbIE T1a-
pameTpbl Kak const, Xotd aTo n pekomenyercs. [Ipasuna C++ 3anpemalior nepegavy
KOHCTaHTHOTO yKazaresast Ha MecTo oObrunoro. Omepanust const_cast BBemeHa st
TOr0, 4T0OBI 0GOUTH 9TO OrpaHUUeHUe. EcTecTBEHHO, (DYHKIIUS HE JIOJIKHA MBITATHCS
M3MEHUTDb 3HAYEHHE, HAa KOTOPOE CChIJIAeTCA Tlepe/laBaeMblii yKa3aTesib, HHAUE Pe3yJib-
TaT BBITIOJHEHNS TPOTPAMMBI HE OTIPefiesieH.

[Ipumep:
void print(int *p){  // OyHKUAA He U3MEHAET 3Ha4yeHne *p
cout << *p;

}

const int *p;

/* print(&p); OunbKa, NOCKONbKY p 00BbABNEH KAaK yKa3aTeflb Ha KOHCTaHTy */

Ormeparust const_cast MCIoJMb3yeTcsI B TOM cJIydae, KOT/la TPOrPaMMUCT YBEpeH, YToO B
Tesie GYHKIUN 3HAUEHNE, HA KOTOPOE CCBITIAETCS yKazaTesb, He M3MeHseTcs. EcTect-
BEHHO, €CJIM €CTh BO3SMOYKHOCTD I06ABUTH K OMUCAHUIO (POPMAIBHOTO MapaMeTpa Mo-
nuduKaTop const, TO MPEATOYTUTEbHEE MCTIOMB30BAHNST TIPEOOPAZOBAHUS THTIA TIPH
BBI3OBE (DYHKITUH.

Onepauusa dynamic_cast

Onepanust IpUMeHsIeTCs 11 TIPeoOpasoBaHusl yKasareseil poACTBEHHbBIX KJIaCCOB He-
papxXuu, B OCHOBHOM — yKaszarejst 6a30BOTO KJacca B yKasaTesb Ha MPOU3BOIHBIN
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KJIacC, TIPU 9TOM BO BPEMsI BBITIOJHEHUS TIPOrPAMMBbI TPOU3BOIUTCS POBEPKA 0Ty C-
TUMOCTH TIPEOOPasOBaHUSI.

Dopmar omeparuu:
dynamic_cast <tun *> (BbipameHue)

BhipameHme TOKHO OBITH yKa3aTeJaeM WM CCHUTKOI Ha K1ace, Tun — GAa30BBIM MJIH TIPO-
M3BOJIHBIM JJTsT 9TOTO Kaacca. [Tociie MpoBEPKU OTTYCTUMOCTH TIPE0OPA3OBAHU B CITY-
Yyae YCIENIHOTO BBINOJHEHUS olepaius (opMUpPyeT pe3yJsbTaT 3aJaHHOTO THIIA,
B IIPOTHBHOM CJIy4Yae JUJIsl yKazaTeJisl Pe3yJIbTaT PaBeH HYJII0!, a JIJIsl CCHUTKH MOPOJK/Ia-
eTcs uckiodenue bad cast. Eciu 3aganublil TUII ¥ TUI BbIpa)KeHUs He OTHOCATCS K
OZIHOI repapxuu, peobpasoBaHie He TOMYCKACTCH.

ITpeoGpasoBanue u3 6GAa30BOTO Kjacca B IPOU3BOJHDBIN HA3BIBAIOT NOHUMCAKOUUM
(downcast), Tak kak rpaduuecku B MepapxXuy HACTEAOBAHUS MPUHATO M300paKaTh
TIPOU3BOIHBIE KTACCHI HIDKe 6a30BbLIX. [IpHBeeHre M3 MPOU3BOAHOTO Kiaacca B 6a30-
BbIiT HA3BIBAIOT n0Gbiialowum (upcast), a IpuBeIeHIe MeXK/y TPOU3BOIHBIMU KIacca-
M OIHOTO 6Aa30BOTO WM, HAOGOPOT, MEXKAY GA30BBIMU KJIACCAME OJHOTO MPOU3BOI-
HOTO — nepexpecmuvim (crosscast).

MosbiwaloLwee npeodpasoBaHne

BoimosiHeHre ¢ TOMOIIBIO OTeparnuu dynamic_cast MOBBINIAIONIET0 TMPeodPa3oBAHU
PaBHOCUJIBHO MTPOCTOMY TIPUCBANBAHUIO (IIPU OTKPBITOM HACJIE/JOBAaHUN ):

class B{ /* .. */ };

class C: public B{ /* .. */ };

C* ¢ = new C;

B* b = dynamic_cast<B*>(c): // OxsusaneHtHo B* b = c:

NMounxalowee npeobpasoBaHne

Yaie Bcero omepaius dynamic_cast MpUMEHSIETCsS TIPU MOHUKAIONIEM MTPeodpa3oBa-
HUU — KOTJIa KOMIUJISITOP HE UMEET BO3MOKHOCTH TIPOBEPUTD TIPABUJIHOCTD MTPUBE-
JICHUS.

ITpon3BoHbIE KIACCH MOTYT COMEPKATH (DYHKITNN, KOTOPHIX HEeT B GA30BBIX KIACCaX.
Jlist ©X BBI30Ba uyepe3 ykaszaresib 0a30BOTO KJIacca HYKHO UMETh YBEPEHHOCTb, UTO
9TOT yKa3aTesb B IEHCTBUTENHLHOCTH CCHLTAETCST Ha OOBEKT MPON3BOAHOTO Kiracca. Ta-
Kas IpoBepKa MPOU3BOJIUTCS B MOMEHT BBITIOJTHEHUS IPUBEICHUS TUTIA C UCTIOJIb30Ba-
auem RTTI (run-time type information) — «uHdopMaIiu o TUIIe BO BPEMST BBITTOJIHE-
HUSI TIPOTPaMMBbI». JIJIst TOro 4To0BI MPOBEPKA JOMYCTUMOCTH MOTJIa OBITh BBITIOJTHEHA,
aprymeHT otieparuu dynamic_cast s0/ukeH ObITh TIOMUMOPGHOTO THIIA, TO €CTh UMETh
XOTsI Obl OJIH BUPTYaJIbHbIH MeTos (cM. ¢. 205).

! Ecan BbIpaskenye paBHO HYJTIO, Pe3yJIbTaT TakKe PaBeH HyJIo.
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NPUMEYAHUE
Jlnst wcnonbzoBanuss RTTI #eo6X0ANMO TOAKJIOYUTL K TIPOrPaMME 3aroJIOBOYHBIH  (haiir
<typeinfo>. Kpome T0r0, HEOGXOANMO, YTOOBI OBLI YCTAHOBJIECH COOTBETCTBYIONTHN PEKUM KOM-
HUJIATOPA.

Jlist mosumopdHOoro obbeKTa peanusaiust omeparuu dynamic_cast BecbMa ahpeKTrB-
Ha, MOCKOJIbKY CChLIKA Ha HH(MOPMAIIIO O THIle 00beKTa 3aHOCUTCS B TAOIUIY BUPTY-
AJTBHBIX METOJIOB, U JIOCTYII K HEHl OCYIIECTBIISIETCS JIETKO.

C Touku 3peHus JOTUKKM TpebGoBaHue, 4TOOBI 0OBEKT ObLI MOTUMOP(DHBIM, TAKKE OI-
PaBJAHO: Be/lb €CJIN KJIAacC He UMeeT BUPTYAJIbHBIX METO/0B, €r0 HeJb3st 6e30MacHbIM
00pa3oM HCIOJIb30BaTh, He 3HAS TOYHbBINA TUIT yKasaressl. A €M TUII U3BECTEH, HC-
10JIb30BaTh Olepanuio dynamic_cast HeT HeoGXOAUMOCTH.

Pesynvmam npumenenus onepayuu dynamic_cast x ykazamenio 6cezda mpebyemcs npo-
gepsimo s16HLIM 00pasom. B IPUBEIEHHOM HIKE TIPUMepPE OTUCAH TTOJUMOPMHBIN 6a30-
BbIIl KJIacC B M TIPOM3BOAHBIN OT Hero kjacc C, B KOTOPOM oripenesieHa (pyHkius f2.
Jliist Toro 4ToGbI BBI3BIBATH ee M3 (DYHKIMU demo TOJBKO B CJIydae, KOoraa MocjaeHeil
nepejlaeTcss ykasaresab Ha OOBEKT MPOM3BOIHOTO KJIACCA, UCIOJB3YeTCs OTepariust
dynamic_cast ¢ mpoBepKoii pe3ysabTaTa mpeodPazoBaHU:

#include <iostream.h>
#include <typeinfo.h>
class B{
public: virtual void f1(O){};
¥
class C: pubTic B{
public: void f2(){cout << "f2";};
b
void demo(B* p){
C* ¢ = dynamic_cast<C*>(p);
if (c) c->T20);
else cout << "lepepaH He knacc C";
}
int main(){
B* b = new B;
demo(b); // Bbinaetca coobueHne "MepenaH He knacc C"
C* ¢ = new C;
demo(c); // Bbinaetca coobuenne "f2" (NpaBUibHO)
return 0;

}

[Ipu ucmonb3oBaHNM B HTOM IIpUMeEpe BMecTo dynamic_cast MpuBeseHUs TUTIOB B CTH-
sie C, Haripumep:

C* c = (C*) p:
TPOKOHTPOJIMPOBATE JIOMYCTUMOCTH OTMEepAaINy HEBO3MOKHO, M eCJIN yKa3aTeJab p Ha
CaMOM JieJie He CChLIAeTCsT Ha 0OBEKT Kiacca C, 37O MpUBEET K OIubKe.

Jlpyrum HemocTaTkoM TipuBesieHust B ctuse C sBIsIETCST HEBO3MOXKHOCTDL Tpeobpa-
30BaHMsI B MTPOU3BOJHBIN BUPTYAIBHOTO HA30BOTO KJIACCA, ITO 3ATPEIIEHO CHHTAKCHU-
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geckn. C momoripio omneparnuu dynamic_cast Takoe mpeoGpazoBaHue BO3MOKHO TPH
YCITIOBUH, YTO KJIACC SIBJSETCS TOJUMOPGMHBIM 1 MPeodpa3oBaHie HeIBYCMbBICTEHHO.
PacemMoTpuM nipumMep, B KOTOPOM BBITIOJHSAETCS ROHUNCAIOUee NPeoOPA306aHUe GUpmMYy-
anviozo 64308020 K1ACCA:

#include <iostream.h>
#include <typeinfo.h>

class A{ // A
public: virtual ~AQ){}:}: /)N
class B: pubTic virtual A{}; // B C
class C: public virtual A{}; /N
class D: public B, public C{}; /7 D

void demo(A *a){
D* d = dynamic_cast<D*>(a);
it (d {.}

}

int main(){
D *d = new D; demo(d);
return 0;

NMpeoOpa3oBaHue CCbINOK

JList apryMeHTa-CChUTKE CMBICTT OTIepaIiiu peodPa30BaHusT HECKOJIBKO UHOM, YeM JIJist
ykasaresst. [ToCKOIbKY CCBITKA BCErfia yKa3biBaeT Ha KOHKPETHBIN OOBEKT, OMeparivst
dynamic_cast moKHA BBIMONHATH MPeoOpa3oBaiie MMEHHO K THITY 9TOTO OOBEKTA.
KoppekrHocTb 1puBezieHUs 1IpOBepsIeTCS aBTOMATUYECKU, B CJydae HECOBIAIEHUS
ITOPOsKIaeTCs UCKIIodYenue bad cast:

#include <iostream.h>
#include <typeinfo.h>
class B
public: virtual void f1(){};
b
class C: pubTic B{
public: void f20{ .. };

b
void demo(B& p){
try{
C& ¢ = dynamic_cast<C&(p);
c.f20);
}

catch(Bad cast){

}
}

int main(){
B* b = new B; demo(*b); // TopoxaaeTcs UCKAYeHne
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C* ¢ = new C; demo(*c); // TlpasunsHo
return 0;

NepekpecTHoe Nnpeobpa3oBaHue

Omepanust dynamic_cast TMO3BOJISET BBITONHATH O€30TACHOe MTPeodpa3oBaHme THTIA
MEKITY TIPOM3BOHBIMHU KJIACCAMU OJHOTO Ga30BOTO Kjiacca, HalpruMep

#include <iostream.h>
#include <typeinfo.h>
class B{
public: virtual void f1(){};
b
class C: public B{
public: void f20){ .. };
b
class D: public B{ .. };
void demo(D* p){
C* ¢ = dynamic_cast<C*>(p);
if(c)c->f20);
else cout <<" He BbLINOMHEHO

}

int main(){
B* b = new C; demo((D*)b);
return 0;

}

Kuaccnt C 1 D siBAIsTIOTCST TPOM3BOAHBIME OT Kiacca B. Dyukimu demo mepegaeTcs yka-
3aresib Ha KJace D, SIBJSIONMIICS HA CAMOM JIeJie yKa3aTeeM Ha «OpaTCKuity 17t HEero
Kiace C, moaToMy AuHaMudeckoe mpeobpasoBanue tuma u3 D B C B pyHKIMHU demo 3a-
BepIIaeTcs yCIHenrHo.

NMPUMEYAHUE

Vkazaresb 11st iepegadr B GyHKIMIO ¢(hOPMUPOBAH UCKYCCTBEHHBIM 00PA30M MCKJIIOUNTEIbHO
JUIA JIEMOHCTPAIMY BO3MOKHOCTY TUHAMUYECKOIO Hpeo6pa30BaHI/19{ TUIIA.

ITpu HeOOGXOAMMOCTH MOKHO OCYIIECTBUTD IIpeoOpasoBaHme MeKay Ga30BBIMU KJac-
caM¥ OJTHOTO TTPOM3BOHOTO Kjacca, HampuMmep:

#include <iostream.h>

#include <typeinfo.h>

class B
public: virtual void f1(){ .. };// B C
b /N
class C{ // D
public: virtual void f20){ .. };
b

class D: public B, public C{};
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void demo(B* b){
C* ¢ = dynamic_cast<C*>(b);
if(c)c->f20);

}

int main(){
D* d = new D; demo(d);
return 0;

}

Kmacc D siBsisgeTcst TOTOMKOM B 1 C, TO3TOMY COZEPKUT METO/IBI obounx kaaccos. Ecan
B (pyHKIIMIO demo TiepelaeTcst Ha cCaMOM JleJie yKasaTesib He Ha B, a na D, ero MOXKHO TIpe-
o6paszoBaTh K ero BTopoMy 6azoBoMy kiaccy C.

Onepauug static_cast

Onmneparnust static_cast Ucmmosbayerest st MpeoOpasoBaHust THITA HA dTare KOMITUIIS-
AU MEXIY:

O 1eabIMU TUMIAMU;
1eJIbIMI U BellleCTBEHHBIMU TUIIAMU;

IeJbIMU U TIEPEUYNCIIAEMBbIMI TUITAMU;

0O00o

YKa3aTeJIsIMA U CChLIKAMU Ha OOBEKTBI OJIHON MepapXuu, MPU YCIOBUM, UYTO OHO
OJIHO3HAYHO W HE CBSI3aHO C TIOHMIKAOIIUM TIPe0OPasoBaHeM BUPTYaIbHOTO 6a30-
BOTI'0 KJIacca.

Mopmar ornepaiuu:

static_cast <tun> (Bbipakenue)
Pesysibrar oneparnuu UMeeT YKa3aHHBIN THII, KOTOPBII MOKET OBITh CCBUIKOH, yKa3a-
TesieM, apuMeTUIeCKUM WU TePeYnCIsieMbIM TUIIOM.

HpI/I BBIITOJTHEHU U OTiepallnl BHYTPEHHEE ITPEACTaBJIACHNE JaHHbIX MOKET OBITD MoOaHU-
(1)I/II_II/I])OB&HO7 XOTA YUCJICHHOE 3HAaYCHHE OCTACTCA HEM3MCHHDIM. Haan/IMep:

float f = 100;
int i = static_cast <int> (f);
// lenble 1 BeWeCTBEHHbIE WMET Pas3fIMiyHOe BHYTPEHHEe NpefcTaBsfieHne

Taxoro poma mpeoOpazoBaHUsS MPUMEHSIOTCS OOBIYHO JIJIST TOABJIEHUST COOOTIEHUT
KOMITUJISITOPA O BO3MOJKHOI TIOTEPE JIAHHBIX B TOM CJIydae, KOT/la eCTh YBEPEHHOCTh,
4TO TpeOYeTCs BBIIOJHUTh MMEHHO 9TO JeicTBre. PesybTar mpeobpasoBaHust 0CTaeT-
CsI Ha COBECTH TPOTPAMMHUCTA.

Omneparust static_cast MO3BOJIET BBIMOJHATH MPeOOPa3OBaHUS U3 MPOUSBOIHOTO
Kjacca B 6a3oBblii 1 HA0060POT Ge3 OrpaHuYeHMIA:

class B{};

class C: public B{}:

Cc;

B *bp = static_cast<B*>(c); // lponssoaHbiii -> 06a30BbIil

B b:
C &cp = static_cast<C&>(b): // Ba3oBblil -> NPOU3BOAHbII
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[IpeobpazoBanue BBIMOTHAETCS TIPU KOMITUJISIIIUH, TIPH HTOM OOBEKTHI MOTYT HE OBIThH
nosimMopdHbIMU. [IporpaMMucT MOJKEH caM OTCJIEKUBATDH JOMYCTUMOCTD JasibHEH-
IUX AeHCTBUH ¢ IIpeoOpa3soBaHHbIMU BEJIMYMHAMUI.

B obuieM ciydae WCIOJb3oBaHUe sl MPeoOpasoBaHus yKasareseil POACTBEHHBIX
KJIaCCOB MepapXuu MpearnoYTuTeNbHee UCIOIb30BaTh onepanuio dynamic_cast. B atom
cilydae ecsiu mpeobpasoBaHyie BO3MOKHO Ha Talle KOMIITMJISIIUY, FeHEPUPYETCS TOT JKe
KoJI, uTo U Jiid static_cast. Kpowme Toro, dynamic_cast mormyckaeT mepekpecTHOe TIpe-
obpasoBaHye, HUCXOsIIee IPUBEAEHNEe BUPTYalbHOro Ga30BOrO Kjaacca U IPOU3BO-
AUT TIPOBEPKY AOIIYCTUMOCTHU IIPUBEACHUA BO BPEMS BbIITOJTHEHUWA.

Onepaumsa reinterpret_cast

Oneparnust reinterpret_cast npumeHsteTcst st IpeoOPA30BaHKSI HE CBSI3AHHBIX MEKILY
co6oii TUIIOB, HAIIpUMep, yKasaTejell B ILiejible WA HaoOOpOT, a TakKe yKasareeil
Thma void* B KOHerTHbeI THUII. HpI/I 9TOM BHYTpPEHHEE TIpe/ICTaBJICHNE JaHHbIX OCTa~-
€TCA HEM3MEHHBIM, a U3SMEHAETCA TOJIbKO TOYKa 3PEHNA KOMINJIATOPa Ha JaHHbIE.

Dopmar orepariuu:
reinterpret cast <tun> (Bbipaxenue)

Pesyabrar onepaiuy UMeeT YKa3aHHbBIIl THII, KOTOPBIH MOJKET ObITh CCBIIKOM, yKa3a-
TeJIeM, TIeJIBIM MU BENeCTBEHHBIM THITOM.

[Ipumep:

char *p = reinterpret cast <char*>(malloc(100));

Tong 1 = reinterpret_cast <long>(p);
Pazmune mexxny static cast m reinterpret cast mosBosisieT KOMIUAATOPY TTPOU3BO-
AUTHh MUHUMAJIbHYIO [IPOBEPKY IIPU UCIIOJIb30BaHUU Static cast, a IporpaMMUCTy —

0603HaYaTh omacHble IpeodpasoBaHusl ¢ MOMOIIbIO reinterpret cast. Pesyzbrar mpe-
06pa30BaHMsI OCTAETCST Ha COBECTH MPOTPAMMUCTA.

p,I/IHaMVI‘-IeCKoe onpepapeisieHue tuna

Mexanuam npentudurauy Tia Bo BpeMs BoinosHenust nporpammbl (RTTT) nosso-
JISIET OTpeNesIsiTh, Ha KaKOW TUI B TEKYITUH MOMEHT BPEMEHU CCHLITAETCS yKA3aTEeb,
a TaKKe CpaBHUBATH TUIIBI 00beKTOB. g nocryna k RTTI B cTangapr s3blka BBeIeHa
omeparust typeid n kiracc type infol.

Dopwmar omeparuu typeid:

typeid (tun)
typeid (BbipaweHue)
Orneparysi IpUHUMAET B KAUeCTBe TTapamMeTpa UMs THIIA WK BbIpakKeHre U BO3Bpalila-

€T CCBIIKY Ha 00bheKT Kiracca type info, comepskamntuii madopmarmio o tutie. Eciu orre-
paiys He MOXKeT OIPeAeIUThb TUII OllepaH/ia, IOPoXAaeTca uckaouenue bad typeid.

'B CTapbIX BEPCUAX KOMIIMIATOPOB 9TOT KJIACC MOXKET Has3blBaThCA Type info mam typeinfo.



naBa 8. NpeobpasoBaHus TUNOB 239

Korna onepan mpezcrasisieT coboil yKaszaTesib WM CCHUIKY Ha MOJUMOPMOHBIN THIT,
DE3YJIBTATOM SIBJITETCST AMHAMITYecKast HHGOpMaIs o Tute (To ecTh 00beKT type info
CoflepKUT UHMOPMAIUIO O TUIe 0OBEKTA, HA KOTOPBIA B JaHHBIII MOMEHT CCBIJIAETCSI
yKasaTeJsb).

Ecnu omiepaloM sIBIISIETCS BBIPAsKEHNE, MPEICTABISIONIee COOON CCHIIKY Ha HETIOJH-
MopGHbII THTL, 00beKT type_info copep:KuT HHPOPMAIMIO O THUIIE BBIPAKEHUS, a HE O
THIE 0OBEKTA, Ha KOTOPBII OHO CCHLIAETCS.

OHepaHI/IIO typeid MOJKHO HCIIOJIb30BATh KaK C OCHOBHbBIMU, TaK 1 C IIPOHU3BOJAHBIMHA
THUIIaMU JaHHDbIX.

Kuace type_info onucan B 3arosoBounoMm aitie <typeinfo> caemymommm oOpaszom:

class type info{
public:
virtual ~type info();
bool operator==(const type info& rhs) const;
bool operator!=(const type info& rhs) const;
bool before(const type info& rhs) const;
const char* name() const;
private:
type_info(const type info& rhs);
type info& operator=(const type info& rhs);
s
MeTtozm name Bo3BpaIiaer ykasaTesqb Ha CTPOKY, MTPEACTABIISIONIYI0 UM THUIIA, OTHACHI-
BaeMOro o6beKTOM THIa type info.

Bupryanbhbiii ectpykrop jesaet kiaacc type info moaumopdubim.

KoHeTpyKTOp KOMUPOBaHUS ¥ OTlepallisl IPUCBAUBAHUSA OObsIBJICHBI Kak private, 4To-
ObI UCKJIIOYNTH BO3MOKHOCTD CJIYYAiHOTO KOIMPOBAHMS W MPUCBAMBaHUS OOBEKTOB
KJlacca.

Onepanuu == u = NO3BOJIAIOT CPABHUBATH J{Ba 0OBEKTA HA PABEHCTBO U HEPABEHCTRO,
a pynximst before BoImoOHSIET MOGYKBEHHOE CPaBHEHE UMEH ABYX TUTOB. /l7ist cpaB-
HEHIA WCIIOJIb3YETCA KOHCTPYKINA BUJA:

typeid(T1).before(typeid(T2))

Ecimt Mg Tuma T1 iekcrKorpaduyeck MpeaiiecTByeT UMeH! 12, peay/ibraT OyIeT uc-
TUHHbBIM.

Tounasg nropmanus o Trie 00beKTa BO BPEMSI BBIIIOJIHEHUS [IPOIPAMMbI MOKET I10-
TpeboBaThCsl, HalIPUMep, KOrJa IIPOrpaMMUCT PaciiupsieT (pyHKIHMOHAIbHOCTh HEKO-
TOpPOro O6ubGIMOTEYHOro Ga30BOrO KJacca ¢ HOMOIIbIO IIPOU3BOIHOIO, U HEBO3MOKHO
un GecCMbICIeHHO N00aBIATh K 6a3oBOMY KJjaccy BUpTyanbuble dynxunu. Hanpu-
Mep:
#include <typeinfo.h>
class B
public: virtual ~BO{};
b
class C: pubTic B{
public: virtual void some _method(){ .. };
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s
void demo(B* p){
if (typeid(*p) == typeid(C))
dynamic_cast<C*>(p)->some_method();
}
int main(){
C* ¢ = new C; demo(c);
return 0;

Nudopmaruio o TUIe MOAE3HO UCTIOIB30BATh U B IMArHOCTUYECKUX T[CTIAX:
void print_type(some obj *p){
cout << typeid(*p).name();
Omepanus typeid He MOJKHA TPUMEHSITHCS BMECTO BUPTYAJIbHBIX (DYHKIINHI 1 B CJIy-
Yasx, KOTjla TUT 0ObhEKTa MOKHO ONPEIETUTh Ha aTare KOMITUJISIUH.
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PekomeHpauum
no NporpaMmmMmnpoBaHuIO

B 57011 yacTu ObLIM PACCMOTPEHbBI OOBEKTHO-OPUEHTHUPOBAHHBIE BO3MOMKHOCTU SA3bIKA
C++, 1 Terepp IPUIILIO BPpeMst OCTAHOBUTBCS Ha IpobiieMax, KOTOPble BOZHUKAIOT B
npolecce HalMCaHUs IPOrPaMM: KaKKe CPeICTBA A3bIKa IIPEANOUTUTEIbHEE BIOUPATh
B Pa3HbIX CJyYasx, HA 4YTO 06paTUTh 0c0O0e BHUMAHUE, YeTO HYKHO M30eraTh, YT0OBI
nporpaMma mosyduaack shGEKTUBHON 1 JI€TKO COMPOBOKIAEMOIL.

Opanosnaunble peKOMeHally, Kak BCer/a, JaTh HeBO3MOXKHO — TOJIbKO IIOHUMaHUe
MexarnaMa pabotbl C++ MO3BOJUT TPAMOTHO €r0 UCTIONb30BATD.

Cosmanme m060T0 TTPOTPAMMHOTO TIPOYKTA HAUMHAETCS € TIPOTIEcca TPOEKTHPOBA-
HU, U OJIHA U3 MEPBBIX 337124, BOBHUKAIOIIUX TIPU 3TOM, — OTPEETUTh, JOJLKHA MTPO-
rpaMMa GbITh OOBEKTHO-OPUEHTHUPOBAHHON win HeT. OGBEKTHO-OPUEHTHPOBAHHOE
TIIporpaMMHUpOBaHMe, TIPUMEHEHHOE K 3a/1ave, B KOTOpOfI B HEM HET H6‘06XOI[I/IMOCTI/I,
TOJIBKO YBEJUUUT 0OBhEM TIPOTPAMMBI U CJIOKHOCTH ee Hanucanus. Ecim B nporecce
aHaJIM3a MOCTAHOBKY 33/[aU¥ BBISICHSIETCS, YTO HEOOXOANMOCTH B MEPapXUy KJIacCOB
HET, Yallle BCEro MOKHO OOOUTHCH CTPYKTYPHBIM moaxogoM. B. CTpaycTpyil cuuTaer,
4TO «Be3Je, Tie He HYy)KHO 6ojiee OIHOTO 0OBEKTa OTPENETCHHOTO THUIA, TOCTATOUHO
CTWUJIA TPOTPpaMMUPOBaHNUA C COKPBITUEM JaHHBIX ITPpU IMTOMOIIN Moayneﬁ».

CwmemuBaTh JiBa TIOJIX0/Ia B OJTHOM IIPOEKTe He PEKOMEHYETCS, TTOCKOJbKY MOKET
0Ka3aThCsl, YTO FOTOBBII IPOAYKT 00/1alaeT HEAOCTATKAMK U CTPYKTYPHOTO, U 0OBEKT-
HO-OPUEHTUPOBAHHOTO TTPUHIIUTIOB TTOCTPOEHUS.

TexHoMOrMM TPOEKTUPOBAHMS ITPOTPAMM TIOCBSIIEHO MHOTO JIUTEPATYPBI, U OCBEIIEHIE
ATOTO BOMpPOCA HE BXOAUT B 3ajlauy JaHHOW KHUTH. TeM, KTO cOOUPAETCs TPUHIMATHCS
3a cepbe3Hble IPOrPAMMHbBIE TIPOEKThI, PEKOMEHIYETCS IIPeBAPUTENBHO U3YUUTh CTaB-
nme knaccndeckumu kauru @. bpykea [6], I. Byua [7] u B. Crpaycrpyna [17]. Jlanee
PacCMATPUBAIOTCS BOTIPOCHI, HA KOTOPDIE CIEAyeT 0OOpaIaTh BHUMAHNE Ha CIETYIONIEM
aTare Co3MaHUs TIPOrPAMMbl — B TIPOIECCE HAMMCAHUS IPOrPAMMHOTO KOJIA.

IIpu cosdanuu xracca, mo ecmv 108020 MUNA OAHHDIX, CLEOYEM XOPOULO NPOOYMAMb €20
unmepeiic — cpesictBa pabOTHI € KIACCOM, TOCTYITHBIE UCTTOIB3YIOIUM €T0 TIPOrPaM-
muctam. Vurepdeiic Xopouo cripoeKTUPOBAaHHOIO KJacca MHTYUTHUBHO SCEH, HEIPo-
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TUBOpeYnB U 0603puM. Kak mpaBujio, oH A0/KEH BKJIIOYATh TOJBKO METObI, HO He
NOJIst JaHHbIX. T10JIsT TAHHBIX MOJGKHBI OBITH CKPBITBIME (private). DTo gaeT BO3MOK-
HOCTH BIIOCJICACTBUY U3MEHUTD Peajn3alnio Kaacca 6e3 usMeHeHuii B ero marepdeii-
ce, a TakyKe PEryJIMpoBaTh JOCTYII K TOJISIM KJIacca ¢ MOMOIIbI0 Habopa MpeiocTaBisie-
MBIX T10JIb30BaTEJN0 METO/IOB.

He cnedyem onpedensmo memodvt muna get/set dus ecex ckpoimvix nojietl Kaacca — 9To
BCE PaBHO, YTO OTKPbITb K HMM JOCTYIL, TOJIbKO GoJiee CJI0KHBIM crocobom. Basxkno
HOMHUTD, Y4TO TOJIST KJIACCa BBOASTCS TOJIBKO ISl TOTO, 4TOOBI pean30oBaTh CBONCTBA
KJ1acca, mpejicTaBJaeHHble B ero uutepdeiice ¢ momorbio metonos. Koneuno, Her auye-
I'0 ILJIOXOTO B TOM, YTOObI YyCTAHOBUTH WU HOJIyYUTh 3HAYEHIE HEKOTOPOTO MOJIs C 110~
MOIIBIO METO/IA, €CJIM TAKMM 00Pa3oM peannsyeTcs CBOMCTBO Kaacca (Takum o6pasom,
KO/ OyJIET TOT K€, @ €r0 CMBICI — COBCEM J[PYTHM).

He nysxHo pacumpsarh nnrepdeiic kiaacca 6e3 HeoOXOAMMOCTH, «Ha BCAKUI CIIydail»,
MMOCKOJIBKY YBeJTUYEHNEe KOJNYECTBA METO/IOB BEIET K TPYAHOCTH MOHMMAHUS KJacca
nosp3oBaresiem!l. B ugease untepdeiic 10KeH OBITh TOJTHBIM, TO €CTh IPEIOCTABIISATH
BO3MOKHOCTD BbIIIOJIHUTD JIIO6bIe pa3yMHbIe ﬂEﬁCTBHH C KJlaCCOM, U MUHUMaJIbHBIM —
6e3 nyGaMpoBaHKs U TIEPeCeYeH s BO3MOKHOCTE METOIOB.

B Buse MeTo10B pekoMeHIyeTcs onpeieissTh TOTbKO JeHCTBY, Pean3yIolie cBO-
crBa kiacca. Ecam kakoe-i1mbo geiicTBre MOKHO peains3oBarhb, He 00pamasach K CKPbI-
TBIM IIOJIIM KJIACCA, €0 HET HeoOXOAUMOCTHU OIMCHIBATH KaK METOZ; JIy4Ile OIIACATh
ero Kak oObIYHYI0 (DYHKIIMIO, TIOMECTUB ee B ofliee ¢ KJIacCOM IPOCTPAHCTBO MMEH.
Ecim dbyHnknusa BbITIOIHSAET AeiicTBHE, He SBJSIONIeecs CBOMCTBOM KJjacca, HO HYXK-
JIaeTCs B JOCTYIIE K €r0 CKPBITBIM II0JISIM, €€ CliefyeT 00bABUTh KaK APYKECTBEHHYIO.
Ho B o61iieM cayuae opyacecmeennvlx Gynkuyuil u Kiaccos naoo usbezamo, mOCKOJIbKY
riaBHoit uzeeit OOII saBisieTcss MUHUMU3AINS CBI3ei MEXK/ly UHKATICYJIUPOBAHHBIMU
KJIACCAMU.

Jlist yBeJIM4eHus: MPOU3BOAUTEIBHOCTH MPOrPaMMbl HanboJiee YacTO BbI3bIBAEMbIE
METO/Ibl MOKHO 00bSIBUTH Kak BeTpoeHHbie (inline). B ocHOBHOM 5T0 KacaeTcs KOpoT-
KUX METOJIOB, TEJIO0 KOTOPBIX OKA3BIBAETCSI MEHbIIE pa3Mepa Ko/1a, TEHEPUPYEMOTO JIJIsT
WX BbI30Ba. Kpome ycKOpeHUsI porpaMMbl 3a CUET MCKJIOUEHUS BBI3OBOB, 9TO JaeT
BO3MO’KHOCTb KOMITHJIITOPY TIPOU3BOUTE GoJiee TOJHYI0 ontumusaiiuio. OHaKo He-
00X0AMMO YUYUTBIBATh, YTO AMPEKTUBA inline HOCUT s KOMIIMJIATOPA PEKOMeHa-
TeJIbHBIN XapaKTep, M OH MOXKET €l He MOCJIe/I0BaTh — HAIIPUMED, €CJIM METOJL CONEP-
SKUT CJIOJKHBIE IUKJIbI M 00bsIBJIEH KaK BUPTyaabHbIil. KpoMe Toro, ecim mmporpamma
WJIM KOMIUJISITOP MCIOJIB3YIOT yKa3aTeab Ha METOJ MU (DYHKIUIO, JOMOJHUTETHHO
OylleT creHepupoBaHa UX HEBCTpanBaeMasi Komus. Emie ogHuM coobpakeHHeM, KOTO-
poe TpebyeTcst IPUHIMATh BO BHUMAHME, SIBJISETCS TO, YTO MHOTHE OTIaIuiKU UMEIOT
pobJIeMbl CO BCTPAUBAEMBIME (DYHKI[SIMIL.

KoHCTPYKTOPHI U IeCTPYKTOPHI JeIaTh BCTPAUBAEMBIMI HE PEKOMEH/YETCs, TOCKOJIb-
Ky B HUX (haKTHMUECKU TPUCYTCTBYET KOJI, IMOMEeNaeMblii KOMIIMJISTOPOM, U pa3Mep
ATOTO KOJIa MOYKET OBITh BEChbMa 3HAYUTEIbHBIM (HAIIPUMED, B KOHCTPYKTOPE TIPOM3-
BOJIHOTO KJIACCA JOJIKHBI ObITh BBI3BAHBI KOHCTPYKTOPBI BCeX GA30BBIX U BJIOKEHHBIX
KJIaCcCOB).

! ITox mob3oBaTesieM nMeeTcs B BUy IPOTPAMMMUCT, HCHOJIBZSyIOH.IHfI KJj1acc.
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[TeperpyskeHHbIE OTIEPaAIlUK KJIACca TOJKHBl MIMETh HHTYUTHBHO MOHATHBIN OOTIIENpPH-
HSATBII CMBIC]T (HATIPUMED, HE CJIEYET 3aCTABJSATH OMEPAIUIO + BBIIOIHSATH YTO-JIHOO,
KpOMe CJIOJKeHUs Win jobaBienns). B 0OCHOBHOM Tieperpyska orepaiiyii Hcrosib3yer-
€Sl U1 CO3/JaBaeMbIX [IPOIPAMMUCTOM apu(MeTUYeCKUX TUIIOB, @ B OCTaJILHLIX CJlyda-
SIX TSI PEATU3ANNN KaKUX-TU00 TeHCTBHUIA ¢ OOBEKTAMH KJIACCA MPENTOYTUTENbIHee
MCIOJIb30BATh METO/IbI, TOCKOJIBKY UM MOKHO JIaTh OCMBICJICHHbIC UMCHA.

Ecnu kakas-m6o onepanust meperpyskena, caeiyeT, eciiu BO3MOKHO, ePEerpy3uTh u
AHAJIOTUYHBIE OTIEPAINH, HATIPUMeD, +, += 11 ++ (KOMITUJISATOP 9TOTO aBTOMAaTUYECKU He
caenaer). Ilpu aToM onepanuu JOKHBI UMETH TY K€ CEMAaHTUKY, YTO U UX CTaHIapT-
Hble aHAJIOTH.

OcHOBOI JI060TO KJIacca SIBISIIOTCS €T KoHCmpyKmopwl u decmpyxmopot. Kak nssect-
HO, TIPW OTCYTCTBUU SBHO 33/IaHHBIX KOHCTPYKTOPOB, KOHCTPYKTOPA KOMMPOBAHUS 1
oTiepary MpUCBaMBaHUSA KOMITUJISITOP CO3/IA€T UX ABMOMAMUUECKU.

W KOHCTPYKTOP KONMWPOBAaHWS, U Olepalus MPUCBAMBAHUI, CO3/IaBAEMbIe TI0 YMOJI-
YAHUIO, BBITNOJHAIOT MOSJIEMEHTHOE KOMUPOBaHME U3 OOJACTU-MCTOYHHMKA B 00-
JacTh-TipreMHUK. Ecin 06bEKT COMEPIKUT YKa3aTelu, 3TO MPUBEAET K TOMY, 4TO TIOCJIE
KOIMPOBAHMUSA JIBa COOTBETCTBYIOIIMX YKA3aTesk Pa3HbIX 00BEKTOB OYYT CCBLIATHCS
Ha O/IHY 1 Ty XK€ O6]IaCTb ITaMATHU. HpI/I YHUYTOXEHNN TIE€EPBOTO N3 O6'beKTOB 9Ta Ila-
MATH GyzieT 0cBOOOKIeHa, a TIOBTOPHAS MOMBITKA 0CBOOOIUTD €€ TIPU YHUUTOKEHUH
BTOPOTO 00BEKTa NMPUBELET K HEONPeIeTeHHOMY MOBEAEHUIO TIporpaMMbl. [ToaTomy
JUISL KJIACCOB, COIEPIKAIINX MOJISI-YKA3ATe U, CJELYET BCEr/Ia SIBHO OTPEAEISTh KOHCT-
PYKTODP KOIIMPOBaHUA W OIEPaliNIio IIpUCBanBaHMsA, BbITIOJHAIONINE BbIJ€JIEHNE TTaM -
TH [I0J] IMHAMIYECKUE M0Jist 0ObeKTa.

Kpome Toro, dunamuueckas namsmo, evi0eiennas 6 koncmpykmope obvexma, 00INcHa
oceoboxcoamvcs 6 e20 decmpykmope. HeBbinosHeHHE 5TOTO TPeOOBAHMS TIPUBOIAUT
K yTeuKaM IIaMATH. Y JajIeHie HyJeBOro yKasaTes 0e30macHo (IIpH 9TOM HUYEro He
IIPOKMCXO/MT), TI0ITOMY €CJIU KOHCTPYKTOPbI, KOHCTPYKTOPHI KOIMPOBAHUS 1 OIE€pa-
sl TPUCBAMBAHUSA HAMCAHBI IPABUJIBHO, JIOOON yKazaTesnb JuG0 CChITAETCS Ha BbI-
flesieHHyio 06JacTh maMaTH, MO0 paBeH HYJIO, U K HEMY MOKHO NPUMeHATh delete
6e3 IIPOBEPKIU.

Paznuia Mesxy KOHCTPYKTOPOM KOIMPOBAHWS U OIepalyeil MpucBauBaHUs 3aKJIIO-
YaeTcs B TOM, YTO TOCTEAHAs PabOTaeT B TOM cJydae, KOrja 0ObeKT-TIPUEMHUK YIKe
CYIIECTBYET, MMO9TOMY B Heil Tiepe/l BbIIeJIeHNEeM JIMHAMUYECKON TTaMsITH CJie/lyeT Oc-
BOOOAUTH 3aHATYIO0 paHee. I3 3TOTO CJIeyeT, YTO MPU peau3anuu Olepanun mpu-
CBAMBAHUA [IJIs1 KJIACCOB, COAEPIKAIINX TTOJIA-YKA3ATETH, HEOOXOAUMO TIPOBOAUTD TIPO-
BEPKY Ha CaMOIPHUCBAaMBAHUE W B 3ITOM CJy4ae OCTaBUTb OObeKT 6e3 M3MEHEHW.
Heobxoanmo Takske MOMHUTB O TOM, YTO OIepalyst MPUCBAUBAHUS JIOJIKHA BO3BPa-
IaTh CCHIIKY Ha KOHCTAHTY. Takum 06pa3oM, orpe/iesieHIe OTepalui TPUCBANBAHNST
JIOJIKHO UMETDb BUI:

class X{
const X & operator=(const X & r);

b
const X & X::operator=(const X & r){
if(this 1= &r){
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// Konuposanue

}

return *this;
}

B xoncmpyxmopax 0nst 3a0anusi HAUAIbHOIX SHAUEHUL NOLSAM PEKOMEHOYEMCcst UCNOJb-
306amb UHUUUAIU3AUUIO, A He TIPUCBauBaHue:

class X{
string s;
public:
X(const char * str);
b
// BapmaHT KOHCTPYKTOpa C NpUCBaNBaHWeEM:
X::X(const char * str){ s = str; }
// BapuaHT KOHCTPYKTOpa C MHUUMANN3AUMWeN:
X::X(const char * str): s(str){}

Muunmamisanust 6oJiee YHUBEPCAIbHA, TaK KaK MOKET TIPUMEHSATHCS B TEX CIIydasix,
KOI/la IPUCBaMBaHMEM IOJIb30BAThCA Hesb3s (Halnpumep, MpU 3a/@aHUM 3HAYEHUN
KOHCTaHTHBIM TIOJIIM WK cChikaM). Kpome Toro, oHa BeimosHsiercst 6osee addek-
TUBHO, ITOTOMY 4TO co3faHue o0bekTa B C++ HauMHAETCsT ¢ MHUIMATM3AINN €To 110-
Jiell KOHCTPYKTOPOM 110 YMOJTYAHUIO, TIOCJIE Yero BBITTOJTHSAETCS BbI3bIBACMBIN KOHCT-
pykrop. Takum o6pasoM, /I7Ist IEPBOTO BapHaHTa PACCMOTPEHHOTO TIPHIMEpa CHaYaIa
OyeT BbI3BaH KOHCTPYKTOP KJacca string mo yMOTYaHUIO, U TOJBKO MOTOM Oy/IET BbI-
MOJIHEHO MPUCBAMBaHKe, B TO BpeMsl KaK BTOPOH BapuaHT I03BOJIIET Cpa3y Ke BbI-
3BaTh HYKHBIH KOHCTPYKTOP. [[J151 CTOKHBIX KIACCOB, COCTABIISIONINX MEPAPXUIO, pa3-
HUTA MEXTY TTPUBEICHHBIMU BapUaHTaMU TOPA3/lo 3HAYNTEJbHEE.

Heobx0nMo yauThiBaTH U TOT (PAKT, YTO MOJISI UHUITUATHU3UPYIOTCS B TIOPSIIIKE X 00b-
ABJIEHNUS, a He B [IOPSJIKe HO4BJIeHNs B ClIMCKe MHUIManu3anuu. Iloatomy i ymenn-
TEHVST YMCTa BO3MOKHBIX OMMMOOK TOPSIIOK YKA3aHUS TOJEH B CIIMCKe MHUIIHATA3A-
MU KOHCTPYKTOPA J0JKEH COOTBETCTBOBATH MOPSIKY UX OOBSIBJICHUS B KJIACCE.

CraTuueckye T0JIs He TOJIKHBI MHUITHAIN3UPOBATHCS B KOHCTPYKTOPE, TIOCKOJIBKY UM
HY’KHO TIPHCBanMBaTh HavyaJbHOE 3HAUEHME TOJBKO OMWH a3 I KaXKI0TO KJacca,
a KOHCTPYKTOP BBITIOJIHSIETCS JIJIsT KAKA0TO 00bekTa Kiiacca. CraTiuyecKue 1oJist MHU-
HUAIU3UPYIOTCS B TI06aIbHON obaacTi onpeaesnenns (BHe 000l hyHKINN).

KoHCTpYKTOPB KOMMPOBAHNUS TaKyKe MOJKHBI NCTIOTh30BATh CITUCKN MHUITMATN3AITNN
moJtedt, TOCKOJIBKY WHave 15T 6a30BbIX KJIACCOB M BIOKEHHBIX 0OBEKTOB OYIyT BHI3BA-
HBI KOHCTPYKTOPBI 110 YMOJIYAHHUIO:

class X{
public:
X(void);
// KOHCTPYKTOp KOMMPOBaHMA :
X(const X & r);
b
class Y: public X{
string s; // BnoweHHbIn 00beKT
public:
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// KOHCTPYKTOP KOMMWPOBAHMA :

Y(const Y & r): X(r), s(r.s){}
Onepanus MpUCBaNBaHU HE HACJELYETCsI, TIOITOMY OHa JI0JIKHA OBITH OTpe/eieHa B
ITPpOU3BOJAHBIX KJlaCCaX. HpI/I 9TOM M3 HEeE CIEAYET SIBHBIM O6p330M BbI3bIBaTb COOTBET-
CTBYMOIILYIO orepaiuio 6a30Boro kiaacca (cM. ¢. 204).

HacsieroBatue KJIaccoB MPEIOCTABIISIET TIPOTPAMMUCTY GoraTeiliiiie BO3MOKHOCTH —
BUPTYyaslbHbIe ¥ HEBHPTYaJbHble 6a30Bble KIACChI, OTKPHITOE, 3aALUICHHOE 1 3aKPbI-
TOE HacJef0BaHue, BUPTYaJlbHble METOABI U T. J. Bbibop Hanbosiee MOAXOASAIINX BO3-
MOKHOCTEN JIJIs1 11eJieii KOHKPEeTHOTO MTPOeKTa OCHOBBIBAETCS HA 3HAHWU MeXaHU3Ma
ux paboThl ¥ B3aMMOIEHCTBUSL.

Omxpoimoe naciedosanue xkracca Y us xnacca X osnauaem, umo Y npedcmasisem co-
6ot pasnosudnocms xiacca X, To ectb 6oJiee KOHKPETHYIO, YACTHYIO KOHIEno. ba-
30BbII Kiace X gsisgerca Gosee oOmmM nouarueM, yem Y. Besze, rae MoOKHO uc-
[0JIb30BaTh X, MOKHO MCIIOJIb30BaTh U Y, HO He HA060POT (BCIIOMHMTE, YTO HAa MECTO
CCHIIOK Ha GA30BbIi KJIACC MOKHO TIepelaBaTh CCBUIKY Ha JIDOOH 13 TPOU3BOIHBIX).
Heo6x0auM0 IIOMHUTH, YTO BO BPEMs BBIIOJHEHHSA IPOTPAMMBL HE CYILECTBYET
uepapxuy KJIaccoB M Iepeaadn cooOuennii oobekraM 6a30BOro Kjaacca U3 Ipous3BoJl-
HBIX — €CTb TOJbKO KOHKPETHbIE OOBEKTbI KJIACCOB, 110Jis KOTOPLIX (DOPMUPYIOTCS Ha
OCHOBE MePapXuu Ha 9Tarie KOMITUJISIUU.

Memoowl, xomopuie dorichbL umems 6ce NPOU3B00HbIE KIACCHL, HO KOMOPbe He MO2YMm
Obimb Peanru308anvl Ha Yyposue 6a306020 KIACCA, 00JxHCHbL Obimb supmyarsroimu. Ha-
npuMep, Bce 00BEKTHI MEPAPXUH JIOJIKHBI YMETh BBIBOAUTH nHMOpMaIuio o cebe. [To-
CKOJIbKY OHa XPAHUTCS B PA3JIUYHBIX MOJAX TPOMIBOAHBIX KJIACCOB, 9Ty (DYHKIIUIO
HEJIb3sT Peain30BaTh B 6a30BOM Kiiacce. ECTeCTBEHHO HasBaTh ee BO BCEX KJIaccax Ojiu-
HAKOBO U OOBSBUTH KaK BUPTYaJbHYIO C TeM, 4T0ObI APYyrie MeToAbl Ha30BOro KJacca
MOTJIU BBI3BIBATH €€ B 3aBUCHMOCTH OT (haKTUYECKOTO THUIA 00BEKTa, C KOTOPBIM OHK
pabotator. [To 310l pudrHe decmpyrmopol 00bABAAIOMCS KAK GUPTMYATLLHBLE.

IIpu nepeonpedenenuu UPMYATLHOIX MEMOOOB HEL3S USMEHAMb HACIedYeMoe 3Haue-
HUe apeymenma no YMoauanuro, MoCKoJbKy 1o npasuiaMm C++ OHO orpenesseTcs TH-
MOM yKazaTeJss, a He (haKTUIECKUM TUTIOM OOBbEKTa, BBI3BABIIETO METO/I:

#include <iostream.h>
class X{
public:
virtual void fun(int a = 0){cout << a;}
s
class Y: public X{
public:
virtual void fun(int a

1) {cout << a;}
b
int main(){

X *px = new X;

px->fun(); // Beisopnutca 0

! Hanpumep, Kask/iblii IPOrPAMMECT — UE/IOBEK, HO HE KAXKIBIH 4EIOBEK — IIPOrPAMMIUCT.
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X *py = new Y;
py->fun(); // BeBogutca 0
}

Hesupmyanvnoie memoovl nepeonpeoeisimo 6 npouseo0Hblx KIACCax He PeKOMeHOYemcsl,
MOCKOJIBKY TIPOM3BOJIHbBIE KIACCHI JIOJBKHBI HACTEN0BATh CBOHCTBA 6Aa30BbIX. VIHBIME
CJIOBaMU, HEBUPTYAJbHBI METOJ[ WHBAPUAHTEH OTHOCUTENBHO CHEIWATU3AINU, TO
€CTh COXPaHsieT Te CBOWCTBA, KOTOPbIE OJIKHBI HACJAEN0BaThCs U3 Ga30BOro Kjacca
HE3aBUCUMO OT TOI'O, Kak KOHKpeTusupyercs (CHelMalu3upyercs) IIPOU3BOAHDII
kacc. Creruannsariyst TPOM3BOAHOTO KJIACCA TOCTUTAETCST T0OABIEHIEM HOBBIX Me-
TONIOB U Ile€peolIpeiesieHueM CyIIeCTBYIONNX BUPTYAIbHBIX METO/IOB.

I'maBHoe MIPpENMYIIECTBO HacCJae0BaHUA COCTOUT B TOM, YTO MOKHO Ha ypOBHE 6azo-
BOro KJjiacCa HallMCaTb yHI/IBepCaJIbHHﬁ KO/, ¢ IOMOIIbIO KOTOPOI'0 MOKHO pa6OTaTb
n ¢ oObeKTaMmu IIPOM3BOAHOIO KJaCCa, YTO PEAJMU3YETCA C ITOMOIIbIO BUPTYAJTbHBIX
METOLO0B.

A]IbTepHaTI/IBHbIM HacJaeJOBaHUIO METOAOM HCIIOJIb30OBaHWA OJHUM KJIAaCCOM /[PYTroro
ABJIAETCA 6/109HCeHUe, KOTJa OJIMH KJIaCC ABJIAETCA T1OJIEM JIPYTOTO:

class X{ J };
class Y{
X X;

b
Broskenue npeacrapasger oTHomenus kaaccos «Y codepaycum X» nan «Y peanusyercst
nocpenctsoM X». Heo6X0oIMMOCTh UCIIOAb30BaTh BAOKEHHE BMECTO HACJIEIOBAHMSI
MOKHO OIIPEIEINTD, 3a4aB cebe BOmpoc, MOKeT a1 Y Y ObITh HECKONbKO O0BEKTOB
kaacca X. Ecom Tpebyetcst, K mpumepy, onucarh KJIace A7t MOJETHPOBAHUS CaMOJIeTa,
6y/:[eT JIOTUYHO OIINCATb B HEM II0JI€ TUIIA «/IBUTATEJIb». CaMOJICT COI[Cp)KI/IT JIBUTATEJIb,
HO HE SIBJISIETCS €r0 PasHOBUAHOCTBIO.

OTHOIIeHNe «peaTnsyeTcsl TOCPEeCTBOM» MCHOIb3YeTCsl BMECTO HACTIEAOBAHUS TOT/A,
KOTZIa 11po KJ1acchl X 1Y HeJb3sl CKa3aTh, YTO Y ABJISIETCS Pa3HOBUAHOCTBIO X, HO IIPU
3TOM Y MCHOJB3YeT 9acTh (DyHKIMOHATbHOCTH X. CreyeT MpeioInTaTh BIOKEHNE
HaCJIeJ0BAHUIO.

B cayuagx, Korma MeKIy KIacCaMU HeT JIOTHYECKOH B3aMMOCBSI3H, a TPeOYeTCs Tpo-
CTO WCIOJIb30BATh YaCTh KOJA OJHOTO KJACCa B JAPYTOM, MOKET OBITh TIOJE3HBIM HC-
TOJTE30BATh 3aKPBITOE HACTEeN0BaHNE (C KJIIOYOM JOCTyTa private). DToT cmocob nc-
MOJIb3YeTCsl, KOTJ[@a B MPOU3BOJAHOM Kjacce Tpebyercss MOCTYI K 3aliUIeHHBIM
aJIeMeHTaM 6a30BOTO KJIACCA U 3aMEIIEHIE er0 BUPTYATbHBIX METO/IOB.

Illabnonwvl K1GCCO6 UCTIONB3YIOTCS Il CO3JAHM CEMENCTB KIACCOB, IIOBEIEHIE KOTO-
PBIX He 3aBUCHUT OT THIa 00beKTOB. [ITabJOHBI ClIeyeT UCII0Ib30BaTh aKKypPaTHO, OT-
JaBag cebe OTY4eT B TOM, UTO JJIs KasKAOTO TUIA HOPOXKIAeTcss cOOCTBEHHAS KOIMS
mabJI0Ha, YTO MOXKET IIPUBECTH K pasOyxaHnuio koza. s yMeHbIIeHs pa3sMepa Kojga
PEKOMEH/LYETCsT BBIHECTH B Ga30BBIN KJTacC BCe METO/IbI, He UCIIOJIb3yoline nHhopma-
I1IO O THIle 0ObEKTa, ¥ YHACIEA0BATh OT HEro MabJOHHbII KJIAaCC CO BCEMH OCTaJIbHbI-
MU MeTOZIaMK. DTO MO3BOJIUT U3bekaTh AyOJUPOBAHK T€X METOJI0B, TEKCThI KOTOPBIX
HE 3aBUCAT OT NapamMeTpa IabaoHa.
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VIcKII04eHns UCIIOIb3YIOTCS, KaK IPABUJIO, B TEX CIydasX, KOrJa MHOIo c1rocoba co-
o6HTh 00 omMbKe He CyIecTBYeT (HAPUMED, €CJIM OHA IIPOU3O0IILIA B KOHCTPYKTOPE
WA TIePErpysKeHHOI olepannn), a Takke Korja omrbOKa HercIpaBUMasi W O4eHb
peznkas u neoxugannas. O6paboTka UCKIIOYEHUH HECKOJIBKO YMEHbIIAET IPOU3BOIN-
TEJbHOCTDb IIPOTPaMMbI H, C Moeﬁ TOYKH 3pEHUA, YXYAIIAET €€ YNTAEMOCTD, ITO3TOMY
6e3 HeoOXOMMMOCTH TI0JIb30BAThCs MCKIIOUEHUSAME HE HYKHO.

Jlnst Gosee mogpOOHOTO M3YUYEHUS PACCMOTPEHHBIX B 9TOM Pasjiesie BOPOCOB PEKO-
MeHryercst obpatutbest K kKHuram A. Tomy6a [9] u C. Meiiepca [13].



YnpaxHeHua Kk yactu ll

Knaccsli

BapuaHT 1

Omucarp kyace, peanusylomuii crek. HamucaTe mporpamMmy, MCIIOTB3YIONIYIO TOT
KJIACC JIUIST MOJIeTUpoBatust T-06pasHOro COPTUPOBOYHOTO y3Jia Ha JKeJIe3HO opore.
[TporpaMma mosKHA pa3mesisaTh Ha ABa HANIPABJIEHUS COCTaB, COCTOSIINI U3 BAaTOHOB
JIBYX TUTIOB (Ha Ka)k/[0€ HalpaBjieHue (pOPMUPYETCs COCTAB U3 BATOHOB OJTHOTO THIIA).
[IpemycMoTpeTh BOSMOKHOCTH (hDOPMUPOBAHMS cOCTaBa M3 (haiijia U ¢ KIaBUATYPHI.

BapuaHT 2

Omnwncatb KJacc, peaﬂnsylomﬂﬁ 6I/IH3.pHO€ A€PEBO, 06]13.113.1011_[66 BO3MOXHOCTBIO 10-
6aBIEHNA HOBBIX JJIEMEHTOB, yAAJICHUA CYIIECTBYIOMINX, ITONCKA 2JIEMEHTA 110 KJII0YY,
a TaKyKe IMOoCJe0BaTEJIbHOIO JOCTYIIa KO BCEM dJIEMEHTaM.

Harmucarp nporpamMmy, MCHOJIB3YIONIYIO 9TOT KJIACC JJISL TIPENCTABJIEHUs aHTJIO-PyC-
ckoro cioBaps. llporpamMma moykHA cofep:kaTh MEHIO, TIO3BOJIIONIEE OCYIIECTBUTH
MIPOBEPKY BCEX METOJOB KJacca. IIpeaycMoTpeTb BOSMOKHOCTD (DOPMUPOBAHUSA CJIO-
Baps u3 daiiyia 1 ¢ KJIaBuaTyphl.

BapuaHt 3

[TocTponTh cuCcTEeMy KJIACCOB /TSI OMUCAHUS MIIOCKUX TEOMETPHUYECKIX (GUTYP: KPYT,
KBaJ[paT, MPAMOYTONbHUK. [IpesycMOTpeTh METO/BI JIISt CO3/IaHusl OOBEKTOB, TIepeMe-
HIeHUd Ha IIJIOCKOCTH, U3MEHEHUS pa3MepOB UM BpallleHUs Ha 3aJJaHHbIN yTOJL.

Hammcatsh mporpaMmy, eMOHCTPUPYIONIYIO paboTy € 9TUMHU Kiaccami. IIporpamma
JIOJKHA CONIEPKATh MEHIO, TO3BOJIAIONIee OCYIECTBUTD ITPOBEPKY BCEX METOIOB KJIac-
COB.

BapuaHT 4

[Moctpouts omnucanme Kiacca, copep:Ramnero nHMOOPMAIMIO 0 TIOYTOBOM ajpece opra-
Huzanuu. [IpeaycMoTpeTh BOSMOKHOCTD Pa3eIbHOTO M3MEHEHHST COCTABHBIX YacTell
ajpeca, CO3aHNsl 1 YHIUUYTOKEHUsI 0GBEKTOB 9TOI0 KJjacca.

Hamucath iporpamMmy, IEMOHCTPUPYIOTIYO paboTy ¢ 9TUM KJaccoM. TIporpaMma 0JmK-
Ha coAepsKaTb MEHIO, ITO3BOJIAIONIEEe OCYIIECTBUTDL ITPOBEPKY BCEX METO/I0B KJjlacca.
BapuaHT 5

CocTaBuTh omnMcaHue Kjacca JUIS TIPEACTABJICHUS KOMITJIEKCHBIX YMCEJI. Ob6ecrieynTs
BBITIOJIHEHUIE onepauﬂﬁ CJIOJKEHU S, BbIYUTAHWA U YMHOKEHNA KOMIIJIEKCHBIX YN CEJT.
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Hammcarb iporpaMmy, ISMOHCTPUPYIONTYTO paboTy ¢ 9TUM KiaaccoM. [IporpaMma J1oJmK-
Ha cojiepskaTh MEHIO, TTO3BOJLIIONIee OCYIIECTBUTH POBEPKY BCEX METOJIOB KJIacca.

BapuaHT 6

Cocrasuth onmcanue Kiacca /st 00bEKTOB-BEKTOPOB, 3a/[aBAEMBIX KOOPAMHATAMU
KOHIIOB B TpeXMEPHOM mpocTpaHcTBe. OOECeunTh OMepaui CAOKEHNsT U BhIUMTA-
HUST BEKTOPOB C TIOJIyYeHHEeM HOBOTO BeKTOpa (CyMMBI MJIM PA3HOCTH ), BBIUUCJICHUS
CKaJISIPHOTO ITPOMU3BE/IEHUS /IBYX BEKTOPOB, JJIMHBI BEKTOPA, KOCHHYyCa YIJa MEX1y
BEKTOPAMM.

Hammcats mporpaMmy, IEMOHCTPUPYIONIYTO paboTy ¢ 9TUM KIaccoM. [IporpaMma T0JTK-
Ha COZIEPKaTh MEHIO, TO3BOJIAIONIee OCYIECTBUTD ITPOBEPKY BCEX METO/IOB KJIAcCCa.

BapuaHT 7

CocTaBuTh onmcaHue KJacca IPSIMOYIOJBHUKOB €O CTOPOHAMU, IlapajiiesbHbIMU
ocaM Koopzaunar. IIpegycMoTperb BO3MOXKHOCTD IlepeMellle s [IPSAMOYTOIbHUKOB Ha
IIJIOCKOCTH, U3MEHEeHMe Pa3MepoB, IOCTPOEHUEe HAUMEHbBIIETO MPSIMOYTOJIbHUKA, CO-
MEPIKAIETO BA 3aJaHHBIX MPSIMOYTOJBHUKA, ¥ MPSIMOYTOJbHUKA, SBISIONET0CST 06-
nieii yacTpio (mepecedyeHnem) IByX MpSAMOYTOJIbHUKOB.

Harnucath iporpamMmy, IEeMOHCTPUPYIOITYTO paboTy ¢ 3TUM KaaccoM. TIporpamMma 107mK-
Ha cojlepsKaTh MEHIO, TTO3BOJITIONIEe OCYIIECTBUTH TIPOBEPKY BCEX METOOB KJIacca.

BapuaHT 8

CocTaBuTh ONMucaHue Kiacca JJig OlpeneeHrus OJHOMEPHBIX MACCUBOB 1EJIBIX YNCET
(BexTOpOB). [IpeycMoTpeTh BO3ZMOKHOCTD 0OPAIEeHUs K OTCTBHOMY JIEMEHTY Mac-
CHBa C KOHTPOJIEM BBIXOJA 32 MPEIETBl MAaCCHBA, BO3MOKHOCTD 3aJ[aHNS TTPOU3BOITH-
HBIX TPAHUI] MHEKCOB TIPU CO3IaHUU 0OBEKTa W BBITIOJTHEHUS ONepaliii ModJIeMeHT-
HOTO CJIO’KEHUSI M BbIYMTAHUS MACCHBOB C OJIMHAKOBBIMU TI'DAaHUIAMHU HHICKCOB,
YMHOKEHUS U JIEJIEHUST BCEX 2JIEMEHTOB MAacCHBa Ha CKAJISIP, BBIBOJIA HA 9KpaH aJje-
MEHTa MacCHBa 110 3a/[aHHOMY MHIEKCY M BCETO MAaCCHBA.

Hamucarb iporpaMmy, IeMOHCTPUPYIONLYIO paboTy ¢ 9TUM KiaaccoM. [IporpaMma J1oJmK-
Ha cojiepskaTh MEHIO, TTO3BOJLTIONIee OCYIIECTBUTH TPOBEPKY BCEX METOJIOB KJIacca.

BapuaHT 9

CocTaBuTh Onmcanue Kiacca /sl onpefeJeHus OHOMEPHbBIX MAaCCUBOB CTPOK (DUKCH-
poBaHHOU AyMHBL. [TpeaycMOTpeTh BO3SMOKHOCTh 0OpAIEHUS K OTAETBHBIM CTPOKAM
MaccHBa M0 WHJIEKCAM, KOHTPOJIb BBIXO/A 32 TIPE/IeJIbl MACCHUBA, BBITOJHEHUS OTepa-
W TI09JIEMEHTHOTO CIETUIEHUsST IBYX MAacCHBOB ¢ 006Pa30BaHMEM HOBOTO MACCHBA,
CMSTHYIST IBYX MACCHBOB C NCKJIIOUEHIEM TTOBTOPSIIONINXCS 3I€MEHTOB, BBIBOJ HA 9K-
paH aJeMeHTa MaccuBa 10 3a/[aHHOMY MHJICKCY M BCETO MAacCUBA.

Hamnmcarb iporpaMmy, IeMOHCTPUPYIONTYIO paboTy ¢ 9TUM KiaaccoM. [IporpaMma JoJmK-
Ha coJiepskaTh MEHIO, TTO3BOJITIONIEee OCYIIECTBUTH TPOBEPKY BCEX METOJIOB KJIacca.

BapuanTt 10

CocraBuTh OlucaHre KJIacca MHOTOYJIEHOB OT OJIHOU IepeMeHHOI, 3a/laBaeMbIX CTe-
MEeHbI0 MHOTOUJIEHA U MaccuBOM KoadduimenTon. [IpemrycMoTpeTs METOBI JI7IST BbI-
YUCJIEHUS 3HAYEHWS MHOTOUJIEHA IS 3a/[aHHOTO apTyMEHTa, OTepPaIliil CJOKEHUS,
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BbIUUTaHUA U YMHOKEHNUS MHOTOYJIEHOB C ITIOJIy4€HUEM HOBOTI'O O6’beKTa-MHOI’O‘-I]IeHa,
BBIBO/JI HAa 9KPaH OIMMCAHWA MHOTOYJICHA.

Hamnucarb iporpaMmy, ISMOHCTPUPYIONILYIO paboTy ¢ 9TUM KaaccoM. [Iporpamma JoJK-
Ha cojiepsKaTh MEHIO, TTO3BOJIIIONIee OCYIIECTBUTH TPOBEPKY BCEX METOJOB KJIacca.

BapuaHnT 11

CocTtaBuTh OMMCAHNE KJIacca OJHOMEPHBIX MAaCCHBOB CTPOK, KaXK/Ias CTPOKA 33IaeTCs
JUTMHON M yKazaTesieM Ha BbIJIeJIEHHYIO /I Hee NaMsaThb. IIpeaycMoTpeTb BO3MOXK-
HOCTB 0OpAIeHnst K OTAETbHBIM CTPOKAM MacCHBA MO MHAEKCAM, KOHTPOJIb BBIXOJIA 34
IIpeJiesibl MACCUBOB, BBITIOJTHEHUS OTlepaliii I03JIeMEHTHOTO CIeTIJIeHHsT JIBYX MacCh-
BOB ¢ 06pa3oBaHUEM HOBOTO MACCHBA, CJAUSHUS JBYX MACCHBOB C UCKJIIOYEHUEM T10-
BTOPSIIONINXCS 9JIEMEHTOB, BBIBOJL Ha 9KPAH 3JIEMEHTA MacCHBa W BCETO MAaCCUBaA.

Hamnucath iporpamMmy, IEMOHCTPUPYIOITYTO paboTy ¢ 3TUM KaaccoM. TIporpamma 10JmK-
Ha COZlepsKaTh MEHIO, [103BOJIIONIee OCYIECTBUTD IIPOBEPKY BCEX METO/IOB KJlacca.

BapuaHT 12

CocTaBuTh OMMCaHNe KIACCa, 0OECTIEUNBAIONIETO TTPECTaBIEHNEe MATPUIIBI TTPOW3-
BOJIHOTO Pa3Mepa ¢ BO3MOKHOCTBIO U3MEHEHUST YUC/Ia CTPOK U CTOJIOIOB, BBIBOJA HA
9KPaH MOAMATPUIIB JIOOOTO pa3Mepa 1 BCEeil MaTPHUIIHL.

Hamucarh iporpamMmy, IEMOHCTPUPYIOITYO paboTy ¢ 9TUM KJaaccom. TIporpamMma J10JmK-
Ha COJIEPKaTh MEHIO, IMO3BOJISTIONIEE OCYIIIECTBUTH TIPOBEPKY BCEX METOJIOB KJlacca.

BapuaHTt 13

Harmcatp knace aust apdexTuBHOI paboThl CO CTPOKAMHU, ITO3BOJIAIONIMIA (hOPMATH-
poOBaTh U CPAaBHUBATH CTPOKHU, XPAHUTH B CTPOKAX YMCJTIOBbIE 3HAYEHUS W M3BJIEKATDH
ux. J[J1s 5T0ro HeOOXOAUMO PeaTu30BaTh:

a TIEPETPYKEHHBIEC OTIEPATOPDI TPUCBANBAHNA M KOHKATCHAITNN;
Q ornepanuu cpaBHEHUS U TIPUBEJICHUS THIIOB;

0O npeoGpasoBaHue B YUCIIO JHOOOTO THUIIA;

Q dopMaTHblii BEIBOJ CTPOKH.

Hammcars mporpaMmy, IEMOHCTPUPYIONIYIO paboOTy ¢ 9TUM KaaccoM. [IporpaMma T0JTK-
Ha COZIEPKaTh MEHIO, TO3BOJIAIONIee OCYIECTBUTD TPOBEPKY BCEX METO/IOB KJIacca.

BapuanT 14

Omnucarp kirace «goMarnrtsis 6ubanorekas. [IpeaycMoTperTh BOSMOKHOCTE PaboThl ¢
MPOU3BOJIHBIM YHCJIOM KHUT, TIOMCKa KHUTH 110 KAKOMY-JIHO0 MPU3HAKy (HATpuMeD,
0 ABTOPY WJIN 110 TOJIY U3JIaHus), 100aBIeHN KHUT B GUOIMOTEKY, yAaJeHUs KHUT U3
Hee, COPTUPOBKH KHUT 110 Pa3HBIM IOJISIM.

Harmucath iporpamMmy, IEMOHCTPUPYIOITYO paboTy ¢ 9TUM KaaccoM. TIporpamMma J10JoK-
Ha COAEpsKaThb MEHIO, ITO3BOJIAIONIEE OCYIIECTBUTDH ITPOBEPKY BCEX METO/I0B KJjlacca.
BapuaHT 15

OmnwmcaTh KJIace «3alicHas KHIKKa». [IpeaycMoTpeTh BO3MOKHOCTb PAbOTHI ¢ IPOU3-
BOJIBHBIM UHCJIOM 3alliCeld, TIOMCKa 3alliUCU M0 KAaKOMYy-JnG0 MpU3Haky (HalpuMep,
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1o hamuIiu, 1aTe POKACHUS I HOMEPY TeiehoHa), 10OaBICHIS U YIaJICHUS 3aITi-
cell, COpPTUPOBKH IO PA3HBIM TTOJISIM.

Hanmcarb iporpaMmy, IeMOHCTPUPYIONILYIO paboTy ¢ 9TUM KiaaccoM. [IporpaMma JoJsK-
Ha cojiepskaTh MEHIO, TTO3BOJIIIONIee OCYIIECTBUTH TPOBEPKY BCEX METOJOB KJIacca.

BapuaHT 16

Omnwcath KIacce «CTyileHdeckast rpymas. [IpeycMoTpeTh BO3MOKHOCTL PABOTHI ¢ Tie-
PEMEHHDBIM YHCIOM CTYIEHTOB, TONCKA CTYIEHTa O KAKOMY-T100 MpusHaKy (Hampu-
Mep, o (haMIJIUH, IaTe POKACHUST UM HOMepy TeseoHa), T06aBICHUS U YAATCHUS
3ammced, COpPTUPOBKH MO Pa3HBIM MOJISIM.

Harnucatb miporpamMmmy, IEMOHCTPUPYIOITYTO paboTy ¢ 3TUM KaaccoM. TIporpamma 10JmK-
Ha COZlepsKaTh MEHIO, [103BOJISIONIee OCYIECTBUTD IIPOBEPKY BCEX METO/I0B KJlacca.

BapuaHT 17
Onucarb KJ1acc, peaJII/IBy'IOHII/Ifl TUIT JaHHBIX <«BC€HIECTBEHHAsA MaTpuUlla» 1 pa60Ty C
HUMMN. Knacc JNOJIKEH PEAJIM30BBIBATD CJIEAYIONNE ONIE€PAIK Ha/l MaTPUIlaMU:

Q cJoXkeHue, BbIYUTaHKWeE, YMHOXKEHMeE, fejaeHue (+, —, *, /) (yMHOXeHUe U JieJieHue
KaK Ha JIpyTyio MaTpHUILy, TaK U Ha YNCJTIO0);

0O KOMOWHUPOBAaHHbBIE OTIEPAIMH MPUCBaMBaHus (+=, —=, *= /=);

QO onepanuy cpaBHEHUS Ha PaBeHCTBO,/HEPaBEHCTBO;

QO ormepanuu BbIYUCIEHUsT 0OPATHOW U TPAHCIIOHUPOBAHHON MATPHUILBI, OIEPAIUIO
BO3BE/ICHUS B CTEIICHD;

O MeToabl BHIYMCJICHUI JE€TepMUHaHTa U HOPMDbI;

QO MeTo/bl, peasu3yioliue IMPOBEPKyY THIAa MAaTPUIlbl (KBajipaTHas, [UaroHaabHast, Hy-
JIeBasi, eIMHINYHAS, CHMMETPUYeCcKast, BePXHSS TPEyToJbHAs, HIDKHSS TPEyTroJib-
Has);

a orepanmnmn BBOZIa/BbIBOZIa B CTaHIapPTHBIE TTOTOKH.

Harnucath iporpamMmy, IEMOHCTPUPYIOITYO paboTy ¢ 9TUM Kaaccom. TIporpamMma 10JmK-
Ha COZlepsKaTh MEHIO, [103BOJIAIONIee OCYIECTBUTD IIPOBEPKY BCEX METO/IOB KJlacca.

BapuaHT 18

Omnwucath Kjiacc «MHOKECTBO», HOSBOJI?[IOIL[I/IfI BBIITOJIHATD OCHOBHBIE OII€pallun — /10~
GaBiIeHne N ymajienmue aJeMEeHTa, ImepecedyeHune, O6TJ€III/IH6HI/IG 1 Pa3HOCTb MHOJKECTB.

Harnucath iporpamMmy, IEMOHCTPUPYIOITYO paboTy ¢ 3TUM KaaccoM. TIporpamMma 10JmK-
Ha COZlepsKaTh MEHIO, [103BOJISIONIee OCYIECTBUTD IIPOBEPKY BCEX METO/I0B KJlacca.

BapuaHTt 19

Onucatp kiace, peanusytonuii crex. Hammcarp mporpammy, MCHOJB3YIOULYIO 9TOT
KJTIACC JIJIST OTBICKAHIIST TIPOXO/IA TT0 TAOUPUHTY.

JIaBUPUHT TIPEACTABAAETCA B BUJE MATPHIBI, COCTOSIIEH M3 KBaapaTtoB. Kaskabrii
KBajzipar Jub0 OTKPHIT, JUOO 3aKphIT. BXOA B 3aKpbIThI KBajpar samnpelieH. Eciu
KBa/IpaT OTKPBIT, TO BXO/l B HETO BO3MOKEH CO CTOPOHBI, HO He ¢ yria. Kaxabiii kBas-
pat orpenesseTcs ero koopauHaramu B Marpuite. [locse oTbickanug mpoxoza 1po-
rpaMMa TiedaTaeT Hal/IeHHbIN My Th B BU/Ie KOOPAMHAT KBAJPATOB.
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BapuanT 20

OmnwncaTp Kacc «HpeﬂMETHbIﬁ YKa3aTeJab». Kaxpas kommonenTa YKa3zaTeJssd COACPIKUT
CJIOBO M HOMEpPA CTPaHUIl, Ha KOTOPbIX 3TO CJOBO BCTPEYAECTCA. KommuectBo HOMEPOB
CTPpAaHMUIL, OTHOCAIINXCA K OJJTHOMY CJIOBY, OT O/THOTO /10 A€CATH. HpeI[yCMOTpeTb BO3-
MOJXHOCTb (l)OpMHpOBaHI/IH YKa3aTesida ¢ KJIIaBUuaTypbl U U3 (baflﬂa, BbIBO/la YKa3aTeJidd,
BbIBOJla HOMEPOB CTPaHUIl AJiA 3a/laHHOTO CJIOBa, YAAJECHUA dJIEMEHTa U3 yKa3aTeJid.

Hanucarb iporpammy, IeMOHCTPUPYIOLTLYIO paboTy ¢ 9TUM KiaaccoM. [Iporpamma JoJmK-
Ha cojiepskaTh MEHIO, TTO3BOJLTIONIee OCYIIECTBUTH TPOBEPKY BCEX METOJIOB KJIacca.

HacnepoBaHue
BapuaHT 1

Cosnatp knace CFile, uakancynupyiomnmii 8 cebe takue dhyHkimu paboTsl ¢ (hailmamu,
kak Open, Close, Seek, Read, Write, GetPosition u GetLength. Ha 6ase atoro knacca
cosath npousBoaHbiil Kiaacc CMyDataFile — aiiu, conepskaniuii B cebe JaHHbIE He-
KOTOpOro onpezaetennoro tuna MyData, a TaksKe 3aro10BOK, 00JIeT4aioOmnil JOCTYIL K
atomy daiiny.

Harticarsb mporpammy, IEMOHCTPUPYIOIILYIO PA0OTY ¢ STUMH KJiaccami. TIporpaMma J0JGK-
Ha COZIEPIKATh MEHIO, TI03BOJIIONIEe OCYIIECTBUTh TIPOBEPKY BCEX METO/IOB KJIACCOB.

BapuaHT 2

Cosnatb knacc CPoint — touka. Ha ero ocuose cosmarh kiacesl CcoloredPoint u
CLine. Ha ocHose kimacca CLine cosuars kinacc CColoredLine u kmace CPolyLine —
MHOTOYTOJIbHUK. Bce Kacchl OKHBI UMETh METOJBI JIJIST YCTAHOBKU U TTOJTYYEeHUS
3HAYEHUI BCeX KOOPMHAT, a TAK)Ke U3MEHEHUST I[BETA U TTOJYIeHUs TEKYIIEro IBeTa.

Hamucarp JAEMOHCTPAallMOHHYIO IIPOTpaMMy, B KOTOpOﬁ 6y11eT NCITIOJIb30BATHCA CITMCOK
06'b€KTOB I9TUX KJIaCCOB B Z[I/IHaMH‘IGCKOﬁ ITaMATU.
BapuaHTt 3

Cospnarb aberpakrhbiii kiaace CVehicle. Ha ero ocrose peanmsosarh knacesl CPlane,
CCar u CShip. Knaccbl 10/KHBI IMETh BO3MOKHOCTD 3a/aBaTh M HOJy4aTh KOOPAU-
HATbI, TAPAMETPbI CPEJICTB MepenBuskeHus (1leHa, CKOPOCTh, Tojl Bbilycka). /l1s camo-
JleTa 0JKHA ObITh OIpe/ie/ieHa BbICOTa, /I caMoJjieTa 1 KopalJis — KOJIMYEeCTBO 1ac-
cakupoB. [y Kopabiss — HOPT IPUIICKH.

HarmicaTh mporpaMMy, CO3AA0NLYI0 CIIMCOK 0O0BEKTOB HTUX KJIACCOB B JUHAMIYECKOI
namsty. [IporpaMma 0/KHA coiepskaTh MEHIO, TI03BOJISIONIEe OCYIIECTBUTD TIPOBEP-
KY BCEX METOJIOB KJIACCOB.
BapuaHT 4
1. Omnucarb 6a30BbII KJIACC «DJIEMEHT>.

[Tons:

m uMd 3seMeHTa (yKa3aTesb Ha CTPOKY CUMBOJIOB);

B KOJMYECTBO BXOJOB JJIEMEHTA;

B KOJIMYECTBO BBIXOJOB 3JIEMEHTA.



YnpaxHeHus K yactu Il 253

Metopbr:

B KOHCTPYKTOD KJIacca;

B JIECTPYKTOP KJacca;

B METOJI, 33/[Af0INIl NMs 3JIEMEHTA.

2. Ha ocHoBe Kiacca «DJIEMEHT» OlucaTh HPOU3BOAHBIN Kiaace «KombOunammon-
HBII», IPEJCTaBIAIONNN cO60I KOMOMHAIIMOHHBI 51eMEeHT (ZBOMYHBINA BEHTUIb),
KOTOPBINT MOKET UMETh HECKOJIBbKO BXOJ/IOB M OJIUH BBIXO/I.

ITons:

B yKa3aTeJlb, I/ICHO]IBSYBMHI;'I AJIA JMHAMHUYECKOT'0 pasMeEllleHr A HOJIeﬁ, coaeprra-
IMMUX 3HAaYEHUA BXOJO0B.

MeTtobl:

KOHCTPYKTOD;

KOHCTPYKTOP KOMUPOBAHUS;

JIECTPYKTOD;

METO/I, 33/IAI0NTNI 3HAYeHNe HA BXO/IaX IK3eMILISIpa KJacca;

METO/, [TO3BOJISTIOLINIA OIlpalllnBaTb COCTOAHME OT/IEJbHOI'O BXO/la 9K3EMILIAPA
KJ1acca;

B METO/], BEIUNCASIONIH 3HaueHne Bbixo/a (110 BapUaHTy 3a/IaHU).

3. Ha ocroBe kytacca «9JeMeHT» OIncaTh IPOU3BOAHBIN Ki1ace «IlaMaTe», pencTas-
asotux co6oii Tpurrep. Tpurrep uMeer BX0Obl, COOTBETCTBYIOIIIE TUITY TPUTTEPA
(cM. HIKe BApWAHT 3a/[aHUs ), U BXOJBI YCTAaHOBKY 1 cOpoca. Bee Tpurrepsr cumra-
I0TCSI CHHXPOHHBIMH, CaM CMHXPOBXO/[ B COCTaB TPUITEePa He BKJIIOUACTCS.

ITons:

B MacCcHB 3HAa4YeHMil BXOZOB 00beKTa Kaacca (3aZaeTcs CTaTUYeCKn), B MacCHUBe
YUYUTBIBAIOTCST BCe BXO/IbI (yIIpaBJsdionivie 1 nHOPMaIMOHHBIE);

B COCTOSTHHE Ha IPSMOM BBIXOZIE TPUTTEPA,;

B COCTOSTHHE Ha WHBEPCHOM BBIXOZIe TPUTTEpA.

Mertobl:

KOHCTPYKTOP (0 YMOJUAHWIO cOPAChIBACT 9K3EMILISP Kiacca);
KOHCTPYKTOP KOMUPOBAHUS;

JIECTPYKTOP;

MeTOI, 3a/Jaf0oNUH 3HAaYeHe Ha BXO/aX 9K3EMILISIpa KJIacca;

METO/IbI, TIO3BOJIAIOIIME OIIPpaIlllNBATh COCTOAHUA OTAC/TbHOTO BXOJda 9K3EMILJIA-
Ppa KJjacca;

B METOJ, BBIUMCJISIONINIT COCTOSTHIE IK3EMILJIAApa KJacca (HO BapuaHTy SallaHI/IH)
B 3aBUCHUMOCTU OT TEKYLIETO COCTOAHUA 1 3HAUYeHN Ha BX0/1aX;

B MeTOJ, TIepPeoTIpe e ISTIONTIH OMepariio == /7T 9K3eMILISIPOB KJacca.
4. Cosnatp kmacc «Peructp», ucnonb3ys kiace «[lamMarb» kak BKIIOUAEMBIN KJacc.
[Togs:

m cocrostaue Bxoga «COpoc» — OJIMH JIJIst 9K3EMILIsIpa KJIacca;
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COCTOAHHE BXOJda «YcraHoBka» — OIVH /IJIAA 9K3EMILJIAPA KJyaccCa;
craTuyecknii MaccuB tuna «IlamsaTb» 3ajanHoll B BapuvaHTe pa3sMEPHOCTH;

cratuyeckuii(e) Maccus(bl), cojiepKalirie 3HAYeHUST HAa COOTBETCTBYIOIIUX BXO-
JIax 9J1eMEHTOB MaccuBa Thma «llaMaTe».

Metoppbr:

B MeTO/I, 33/Ial0NINiT 3HaUeHre Ha BXOJaX H9K3eMILIsIpa Kiracca (JKejaTeabHo B Ka-
YecTBe MMapaMeTpPoB TiepeilaBaTh METOY YKa3aTen Ha MacCUBBI 3HAUEHUTT );

B METO/I, TI03BOJISIIONIMI OTIPAIINBATh COCTOSTHUE OTAEJbHOIO BBIXO/A DK3EMILISI-
pa KJacca;

B METO/l, BEIUMCJISIONINI 3HAYeHe HOBOTO COCTOSIHUS AK3eMILIsIpa Kjacca.

Bce nosg kmaccoB «DaeMeHTs, « KoMOMHaMoHHbI» 1T «I1aMaTh» JOJKHBI OBITH O~
CaHbI C KJIIOYEBBIM CJIOBOM private.

B samanny mepeunciieHsl TOMbKO 00sI3aTeTbHbIe YJIEHbl 1 METOBI Kiacca. MOoKHO 3a-
JlaBaTh JOMOJHUTEIbHBIC YIEHBI ¥ METO/IbI, €CJIM OHU HE OTMEHSIOT 06s3aTe/IbHbIE 1
06ecrednBaoT MOTIOMHUTETbHBIE YA0OCTBA TPU paboTe ¢ TAaHHBIMU KITACCAMU, HATIPH-
Mep, ONMUCaTh (DYHKITUU BBIYMCJICHUS BBIXOJIA,/COCTOSHUS KaK BUPTYaTbHbIC.

5. [lna mpoBepku (QYHKIIMOHMPOBAHUS CO3AAHHBIX KJIACCOB HAIKCATHh IIPOrPAMMY,
UCIIOJIB3YIOILYIO 9T KJIACChl. B IporpaMme A0J/KHBL OBbITh IIPOAEMOHCTPUPOBAHBIL
BCE CBOWCTBA CO3/IAHHBIX KJIACCOB.

KOHerTHbII‘/JI THIL KOM6I/IHaHI/IOHHOFO JJIEMEHTa, TUIl TPUITEPa U Pa3pAJHOCTb PETUCT-
pa BbI6I/IpaIOTCH B COOTBETCTBUU C BaPMAHTOM 3a/[aHU.

BapwuaHTt KomMOGuHaUVOHHBbI Yucno Tpurrep PaspspgHocTb
anemeHTt BXOZl0B perucrtpa
1 N-HE 4 RS 8
2 nimn 5 RST 10
3 MO/12-HE 6 D 12
4 n 8 T 8
) NJI-HE 8 \Y 9
6 n 4 RS 10
7 NJIN-HE 5 JK 11
8 MO/12 ) D 8
9 " 4 T 10
10 nian 3 JK 8
11 N-HE 3 RS 12
12 NJI-HE 4 RST 4
13 MO/J2 5 D 10
14 MO/I12-HE 6 T 10
15 NJI-HE 8 \Y% 10




YnpaxHeHus K yactu Il 255

BapwmaHTt KomOuHauvoHHBbI Yucno Tpurrep PaspsigHoCTb
anemeHT BXO0B perucrtpa
16 n 8 JK 6
17 N-HE 8 RS 10
18 nimn 8 T 10
19 MO/12 6 JK 8
20 MO/12-HE 5 \Y% 10
BapuaHT 5

Ommucatb 6a3oBbiil k1acc CTPOKA.

Ob6g3aresbHbIE IO KJIACCa:

Q

]

YKa3aTeJsb Ha char — XPpaHUT aJIpeC IMHaMNYECCKN BbIlIe]IeHHOI‘/JI TMaMATHN 1JIA pa3dMe-
IEeHnA CUMBOJIOB CTPOKH;

3HAYECHHUE TUMA it — XPaHWT JUIMHY CTPOKK B HaiiTax.

ObssaTesnbHbIE METO/IbI TOJIPKHBI BBITIOJIHATDH CJACAYIONINE JIefCTBUS:

d
a

000D Oo

KOHCTPYKTOp 6e3 mapaMeTpos;

KOHCTPYKTOP, IPUHUMAIONINI B KadecTBe mapamerpa CH-CTPOKY (3aKaHUMBACTCS
HyJIeBbIM HGaiiToMm);

KOHCTPYKTOP, TPUHUMAIOIIMH B Ka4eCTBE MapaMeTpa CHMBOJ;
KOHCTPYKTOP KOIIMPOBAHUS;

MoJTydeHue JUTUHBI CTPOKU;

OYHMCTKA CTPOKM (CesaThb CTPOKY IIyCTOMH );

ZECTPYKTOP.

Omnucats npoussBoubiii ot CTPOKA kracc CTPOKA_ N/IEHTUDOUKATOP.

CTpPOKH JIAaHHOTO KJIacca CTPOSITCS 110 TIPaBUJIAM 3aIUCH HeHTH(HUKATOPOB B sizbike C
1 MOIryT BKJIIOYaTb B C€6H TOJIbKO T€ CHUMBOJIbI, KOTOPpbl€ MOTYT BXOJAWUTb B COCTaB
C-unentudukaropos. Ecinm wucxojnbie gaHHble MPOTUBOPEYAT IPABUJIAM 3allUCH
uzpentudukaropa, To codnaercs mycras CTPOKA MJTEHTUOUKATOP.

OobssaTesbHble METO/bI:

a
Q

O00D0O0D

KOHCTPYKTOp G€e3 mapameTpos;

KOHCTPYKTOP, IPHHUMAIONINI B KadecTBe mapamerpa Cu-cTpoky (3akaHunBaeTcst
HyJIeBBbIM HGaiiTom);

KOHCTPYKTOD, IPUHIMAIONINI B KaUeCcTBe MapaMeTpa CMBOJT;
KOHCTPYKTOP KOMMPOBAHMS;

MepeBOJI BCEX CUMBOJIOB CTPOKH B BEDXHUIT PETUCT;

MEPEBO/T BCEX CUMBOJIOB CTPOKU B HUKHUI PETUCTP;

MIOUCK TIEPBOTO BXOKAEHUSI CUMBOJIA B CTPOKY;

ZECTPYKTOP.
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[lepeorpenenTh ciaexyioNye ONepaum:
QO npucBauBanue (=);
Q cioxenue (+) — omnepanusd KOHKaTeHAIUN CTPOK;

QO BbruuTaHue (-) — U3 CTPOKU (TIEPBLIH ONEPAH]) YAAJISIOTCS BCE CUMBOJIBI, BXOJIS-
1iye B CTPOKY, — BTOPOI OllepaH/l, IIPU 3TOM MOXKET II0JIyYUTbCS I1ycTast CTPOKa;

Q omepatop — mposepka Ha Gosbiie. CTpoka curraercst GoJbIe APYTOil, eCau Koj
CUMBOJIA TIEPBOM CTPOKM B i-if mo3uimn (i mamensiercs ot 0 1o n—1, rne n — ammHa
Gosee KOPOTKOII cTpoKu) 6OJIblIe KOJa CHUMBOJA B TOH sKe IIO3UIMU BO BTOPOI
CTPOKE, JIJINHBI CTPOK MOTYT He COBIA/ATh.

QO omnepartop < — mpoBepka Ha MeHbllle. CTPOKa CYMTAETCS MEHbIIIE JAPYTOid, €CJIU KOJI
CUMBOJIA TIEPBOI CTPOKU B i-1 mo3utwu (i m3amensiercs ot 0 1o n—1, rae n — aimna
GoJiee KOPOTKOI CTPOKM) MEHBIIe KOJIa CUMBOJIA B TOH JKe MO3UITMN KOJla CUMBOJIA
B TOI1 JKe TIO3WIIMU BO BTOPOI CTPOKE, JAJIMHBI CTPOK MOTYT HE COBIA/IATh.

Paspaborunk BrpaBe BBOAWUTH J06oe (¢ 060CHOBaHMEM HEOOXOAMMOCTH) YHCIO 10~
MOJIHUTETHHBIX TTOJICH U METOJIOB.

Hamucarp TecToByIo IporpaMMy, KOTOpast:
Q AMHAMUYECKU BBIZIESIET MACCHUB yKas3aTeseill Ha 6a30BbIil Kiaace (4-6);

U B pexmuMe auajiora 3alloJHseT 3TOT MACcCUB yKa3aTeJsIMU Ha IIPOU3BOJHBIE KJac-
CBbI, TIPX 3TOM 3K3EMILJIAPDBI ITPONU3BO/IHBIX K/IACCOB CO3MAI0OTCA AMHAMWYECKHN C 3a-
JaHueM Hada/JlbHbIX 3Ha‘{€HI/II>)I;

O A CO3LaHHBIX 9K3EMILIAPOB IIPOU3BOAHBIX KJIACCOB BBIIIOJIHAET IIPOBEPKY BCEX
paspaboTaHHBIX METOAOB € BbIBOJOM HCXOAHBIX JIAHHBIX U Pe3yJIbTaTOB Ha JIMC-
ILIEN.

[l KOHCTPYKTOPOB KOIMPOBaHUA KaXKJOrO Kjacca [PeflyCMOTPeTb AuarHocruye-
CKYIO TIeYaThb KOJUYECTBA €rO BBI30BOB B OIpe/leJIEHHOE MEeCTO Auciiess (PeKOMEeH/Ty-
€TCS UCII0JIb30BATh CTATHYECKHE YJIeHbl KIacca).

Pexum JInaJjiora obecIieynBaeTcs ¢ ITOMOMIIbIO NEPAPXNYECKOTO MEHIO.

BapuaHT 6
Onucars 6azosbiil kaacc CTPOKA.
Obs3aresbHbIe 110 KIacca:

O yxkazaTesb Ha char — XpPaHUT aJ[pec IMHAMUYECKH BbIJIEJIEHHOI MTaMsITH JIJIsl pa3Me-
IIEHUsT CUMBOJIOB CTPOKH;

Q 3HavyeHue TUIA iNt — XPaHUT JJIUHY CTPOKU B Gaiitax.
O6st3aTesbHbIe METO/IBI JIOJKHBI BBITIOJIHATE CJIELYIONIIe JTeHCTBUS:
Q KOHCTPYKTOP 6e3 mapaMeTpos;

O KOHCTPYKTOp, MPUHUMAOIINI B KauecTBe mapamerpa Cu-CTPOKy (3aKaHUMBAETCST
HYJIEBBIM GaiiTOM );

O KOHCTPYKTOP, IPUHUMAIONIAHN B KauecTBe apaMeTpa CUMBOJT;
U KOHCTPYKTOpP KOIIMPOBaHU;

0 moJsydenne IJIUHBI CTPOKU;
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O ouMcTKa CTPOKHU (clesaTb CTPOKY IIyCTOM );
O JeCTpPyKTOP.
Ommcatp npounsBoguerii o1 CTPOKA kiracc BUTOBAA CTPOKA.

CTpoK# TaHHOTO KJIacca MOTYT cojiepsKaTh Toabko cuMBosbl ‘0" mum '1'. Ecm B cocra-
B€ WHUIUAJU3UPYIOIIEN CTPOKU OY/yT BCTPEUEHBI JIF0ObIe CUMBOJIBI, OTJIUYHBIE OT [0~
nyctumbix, BUTOBASA CTPOKA npunumaer nysieBoe 3nauenue. Cojep:knumoe JlaH-
HBIX CTPOK PAacCMATPUBAETCS KaK JIBOMYHOE YUCJIO.

OTpurarenpHble 9CIa XPAHATCS B JOIOJTHUTETBHOM KOJE.
Obs3aTesbHbIe METOJIB:
Q KoHCTpyKTOp €3 mapaMeTpos;

O KOHCTPYKTOP, MPUHUMAOIINI B KauecTBe mapamerpa Cu-cTPOKy (3aKaHUMBAETCsT
HYyJIEBBIM GaiiToOM );

O KOHCTPYKTOP KOIIMPOBaHUI,
O JecTpyKTOop;
O wu3MeHeHHe 3HaKa Ha TPOTUBOIIOJIOKHBIN (IIepeBOJI YKCa B IOTIOJHATEIBbHBIN KOT).

[lepeonpenenuTs caepyiomye onepauuy (IJUMHA CTPOKM pe3yJbTaTa paBHa JJIUHE
GoJIbIIIei U3 CTPOK; B ciydae HEOOXOAUMOCTH 0ojiee KOPOTKasi OGUTOBast CTPOKa pac-
IINPSIETCS BJIEBO 3HAKOBBIM Pa3pALOM):

QO npucBauBanue (=);
Q ciaoxkenue (+) — apudmeTnyeckasd cyMMa CTPOK;
QO omnepaiug (==) — [IpoBepKa HA PABEHCTBO.

Paspaborunk BrpaBe BBOAUTH J060e (¢ 060CHOBaHMEM HEOOXOAMMOCTH) YHCIO J0-
MOJIHUTETHHBIX TIOJICH U METOJIOB.

Hammcatp TecToBYIO TPOrpamMmy, KOTOPAs:
0 AMHAMUYECKH BBIAENSIET MACCUB yKasaTesiell Ha 6a30Bbiil kiace (4—6);

0 B pexkuMe auajiora 3alloJHsSeT 3TOT MaCcCUB YKa3aTeJIsIMU Ha MTPOU3BOJHDBIE KJlacC-
ChbI, IP1 3TOM 3K3EMILJIAPDbI ITPOU3BO/IHBIX KJIACCOB CO3MAaI0TCA IUMHAMWYECKHU C 3a-
JaHneM Hada/IbHbIX 3Ha‘-I€HPIﬁ;

Q 1 CO3JIAHHBIX IKIEMIISIPOB TIPOM3BOIHBIX KJIACCOB BBITOJHIET TTPOBEPKY BCEX
paspabOTaHHBIX METOAOB € BHIBOJOM HCXOAHBIX NAHHBIX U Pe3yJIbTaTOB Ha INC-
ILIEH.

I[]IH KOHCTPYKTOPOB KOIIMPOBAHHA KaX/IOT'O KJjlaCCa TIPEAYCMOTPETh AMarHoCcTu4de-
CKYIO TIe4aTb KOJIMYECTBA €Tr0 BbI3OBOB B OIIPEACJIEHHOE MECTO JUCIIICA (peKOMeHI[y-
€TCA MCIIOJIb30BaTb CTaTUYECKNE YJI€HbI KJIaCCa).

Pexum muanora obeclleunBaeTcs ¢ IIOMOMIIbIO NEPAPXNYECKOTO MEHIO.

BapuaHT 7
Ommucatb 6azoBbiil knacc CTPOKA.
Ob6g3aresnbHbBIE TTOJS KJIACCa:

a YKa3aTeJsb Ha char — XPpaHUT aJIpeC IMHaMNYECKN BBIJIEJICHHOM TTAMSTH JIJIST pasMme-
IEeHnA CUMBOJIOB CTPOKH;



258 YacTb Il. O6beKTHO-0PMEHTUPOBAHHOE NPOrPaMMMPOBaHME

Q 3HaveHWe THTA Nt — XPaHUT JJIUHY CTPOKU B GaiiTax.
Obst3aTesbHbIE METO/IBI JIOJKHBI BBITIOHATE CJIELYIONIHe JIeHCTBUSE:
Q KoHCTPYKTOp €3 mapaMeTpos;

O KOHCTPYKTOP, IPUHUMAIONIMHI B KauecTBe 1apamerpa Cu-CTPOKY (3aKaHUMBAETCA
HyJIEBBIM GaliTOM);

KOHCTPYKTOP, TPUHUMAIONIMI B KaueCTBe MapaMeTpa CUMBOJ;
KOHCTPYKTOP KOTIMPOBAHUS;

Tosydyenume JJJIMHbI CTPOKH;

00000

OUYNCTKA CTPOKMU (C/Ies1aTh CTPOKY ITyCTOM );
ZeCTPYKTOP.
Omnucatp npousBoubiii or CTPOKA knace JECATUYHAA CTPOKA.

CTpoKn MaHHOTO KJacca MOTYT CONEP>KaTh TOJBKO CUMBOJIBI JECATUYHBIX IU(pP U
CUMBOJIBI — U +, 3a/1ai01Ke 3HaK yncsaa. CUMBOJIBI — WJIN + MOTYT HAXOJIUTHCS TOJIBKO
B I1€PBOIi MMO3UIMK YUCJA, IPUYEM CHUMBOJ + MOXET OTCYTCTBOBATb, B 9TOM CJlydae
YUCJO CYUTAETCS TOJOXKUTETbHBIM. Ecm B cocTaBe MHUIIMATU3UPYIONIEH CTPOKU
OyoyT BCTpedeHsl JI00bIe CUMBOJIBI, OTJIMYHbIe OT gomyctumbix, JECATUYHAS
CTPOKA npunmmaet HyseBoe 3HaueHne. Co/ep>kMMoe JJaHHBIX CTPOK paccMaTpuBa-
eTCsl KaK JIeCITUYHOe YHCJIO.

Ob6s13aTebHBIE METOJIBI:
QO KoHCTpyKTOp GE3 mapameTpos;

O KOHCTPYKTOP, IMPUHUMAOIINI B KauecTBe mapamerpa Cu-CTPOKy (3aKaHUMBAETCST
HYJIEBBIM GaiiToOM );

O KOHCTPYKTOP KOIMPOBAHUI,

O JeCcTpyKTOp;

O MeToJI, OlpeieIIoNINi, MOKHO JIU MPEJCTaBUTh JJaHHOe YUCJo B (hopmare int;
[IepeornipesesTh cemyionime omnepauu:

QO npucBauBanue (=);

Q BbuuTanue (-) — apudmMeTnIecKas pasHOCTh CTPOK;

QO omepanus — mposepka Ha GoJblie (110 3HAYEHUIO);

QO omepalnus < — MpoBepKa Ha MeHbIe (110 3HAYCHUIO).

PaSpa60T‘-H/IK BIIpaB€ BBOJAUTD moboe (C obocHOBaHUEM HeO6XOI[I/IMOCTI/I) YHUCJO /10~
MTOJIHUTENbHBIX TTOJIENl M METOOB.

Hamucarp TecToByIo mporpaMmy, KOTOpast:
Q AWHAMUYECKM BBIIE/IAET MACCHUB yKazaTesell Ha 6a3oBbiil Kiaace (4—6);

a s pekumMe auaJsora 3aroJIHAET 9TOT MACCUB yKa3aTe/IAMU Ha NMPOU3BO/HBIEC KJlac-
CbI, IIPX 3TOM 3K3EMILJIIAPDbI ITPOU3BO/IHBIX KJ/IACCOB CO34AaI0TCA AUHAMWYECKU C 3a-
JlaHHEM Ha4daJIbHbIX 3Ha‘-leHHI>i;

O A CO3LaHHBIX 9K3EMILIAPOB IIPOU3BOAHBIX KJIACCOB BBIIIOJHAET IIPOBEPKY BCEX
paspaboTaHHBIX METOAOB C BbIBOJOM HCXOAHBIX JIAHHBIX U Pe3yJIbTaTOB Ha JIMC-
ILIeN.
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ﬂ]IH KOHCTPYKTOPOB KOIIMPOBAaHHA Ka)X/IOT'O KJjlaCcCa TIPEAYCMOTPETh AMarHoCcTu4de-
CKYIO TI€4aThb KOJIMYECTBA €Tr0 BbI3OBOB B OIIPEACJIEHHOE MECTO JAUCIIICA (peKOMeHI[y-
€TCA MCIIOJIb30BaTb CTaTUYECKNE YJIE€HbI KJIaCCa).

Pexxum auamora obecrieunBaeTcs ¢ IIOMOIIBIO MEPAPXNUIECCKOTO MEHIO.

BapuaHTt 8
Ommucatb 6azoBbiil kaacc CTPOKA.
Ob6sg3aTebHbBIE IO KJIACCa:

a YKa3aTeJib Ha char — XpaHUT aJIpeC IMHaMNY€ECKN BbIJIEJICHHOM TIAMSTH JIJISI pa3me-
IEeHnA CUMBOJIOB CTPOKH;

Q 3HaveHWe TUTA iNt — XPaHUT JJIUHY CTPOKU B GaiiTax.
Ob6st3aTebHbIE METO/IBI JIOJKHBI BBITIOHATE CJIELYIONIHe JeHCTBUS:
Q KoHCTPYKTOp 6e3 mapaMeTpos;

O KOHCTPYKTOP, IPUHUMAIONIMHI B KauecTBe mapamerpa CH-CTPOKY (3aKkaHUMBAETCA
HyJIEBBIM GaliTOM);

KOHCTPYKTOD, TPUHUMAIOIIII B KaUeCTBe MapaMeTpa CHMBOJT;
KOHCTPYKTOP KOTIMPOBAHUS;

MoJydeHne JJTUHBI CTPOKH;

OUYNCTKA CTPOKM (C/Ies1aTh CTPOKY ITyCTOM);

JIECTPYKTOP.

[poussomuwiii or CTPOKA kiracc KOMIIVIEKCHOE YUMCJIO.

CTpOKH JIAaHHOTO KJIacca COCTOST U3 JIBYX TIOJIEi, Pa3jieJIEeHHbIX CUMBOJIOM 1.

[y Wy

[IepBoe nosie 3a1aeT 3HaUYeHNE PeATBLHOM YaCcTH YUCa, a BTopoe — MHUMOI. Kasxkioe
13 I0JIell MOXKET cojiepKaTh TOJBKO CUMBOJIBL €CATUYHBIX HU(P U CUMBOJBL — U *,
3ajaronre 3HaK gucaa. CUMBOJBI — WM + MOTYT HaXO[UTHCS TOJIBKO B TIEPBOH TO3M-
IUW YKCJIA, TPUYEM CUMBOJI + MOKET OTCYTCTBOBATH, B 9TOM CJIyYae YMCJIO CUUTACTCS
MOIOKUTETBHBIM. ECITH B cOCTaBe MHUIMATM3UPYIONIEH CTPOKU GYIyT BCTPEYEHBI JTI0-
6bie cMBOJIBI, oTInuHbIe OT gonycTuMbix, KOMIIJTEKCHOE YMNCJIO npunumaer
nyseBoe 3nadenue. [Ipumepsr ctpok: 33i12, —7i100, +5i-21.

Obsa3aTesbHbIe METOJIBL:
QO KoHCTpyKTOp Ge3 mapameTpos;

O KOHCTPYKTOP, TPUHUMAIONIMHI B KadecTBe mapamerpa CHu-CTpPOKY (3aKkaHUMBAETCA
HyJIEBBIM GaliTOM);

O KOHCTPYKTOP KONMPOBAHUS;

O ZeCTPYKTOP.

[IepeonpesiesuTs cemyionie onepainmu:

Q upucsanBaHue (=);

Q omnepaiug (==) — IIpoBepKa Ha PABEHCTBO;
Q ymHOXeHue (*) — yMHOXeHUe 4uces.

PaspaboTuuk BIpase BBOAUTD Jito6oe (¢ 000CHOBaHUEM HEOOXOAUMOCTH) YHCIO JI0-
IIOJIHUTEIbHBIX II0JIE U METO/OB.
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Harmucarp TectoByio mporpaMmy, KOTOpast:
0 AMHAMUYECKH BBIAESIET MAaCCUB yKasaTesieil Ha 6a3oBbiil kiace (4—6);

0 B pexuMe auajiora 3alloJHsgeT 3TOT MaCcCUB YKa3aTeJIsIMU Ha MTPOU3BOJHDBIE KJlacC-
ChbI, IPX 3TOM 3K3EMILJIAPDbI ITPOU3BO/IHBIX KJIACCOB CO3al0TCA AMHAMUYECKU C 3a-
JaHneM Hada/IbHbIX 3Ha‘-IeHHﬁ;

O Uit CO3/IAaHHBIX AK3EMILISIPOB TTPOU3BOJIHBIX KJIACCOB BBITIOJHSIET TIPOBEPKY BCEX
paspaboTaHHBIX METOLOB C BBIBOJOM HCXOAHBIX HAHHBIX U PE3yJIbTaTOB Ha IMC-
IJIeH.

JlJ1s1 KOHCTPYKTOPOB KOTMPOBAHUST KAKIOTO KJIACCA IPEAYCMOTPETh IUATHOCTHIYE-
CKYIO TI€4aTh KOJIMYECTBA €r0 BHI30BOB B OIIPEE]EHHOE MECTO Auciiiest (PeKOMEH/LY-
€TCsI UCITOJIb30BATh CTATHYECKHUE YJIEHBI KIacca).

Pexxum auamora obecIieunBaeTcs ¢ IIOMOMIBIO MEPAPXUIECKOTO MEHIO.

LLIaGnoHbI KNaccos
BapuaHnTt 1

CozpaTp 1mabIoH Kiacca «CTeks. VIcmoib30BaTh €ro TpH pelieHrn 3aiaun 1 u3 pasje-
na «Knacewr».

BapuaHT 2

Cosnarb mabyioH kiacca «crek». Vcmoab3oBarh ero npy pelieHn 3a1a4n 7 us pasje-
na «/luHnamMuueckue CTPyKTYPhI JaHHBIX> (CM. YIIPA)KHEHUS K TIePBON YacTNn).
BapuaHT 3

Cosnath mabioH kracca «crek». Vcmoab3oBarh ero mpy pelieHnn 3a1a4n 8 u3 pasjie-
na «/luHamMuyeckue CTPyKTYPhI JaHHBIX» (CM. YIIPA)KHEHUS K TIepPBOii YacTn).
BapuaHT 4

Cosmarb 1mabJIoH KJIacca <OAHOHAIPABIEHHbII JUHEHHbI CIUCOK». VICIoab30BaTh
€ero 1pu pertennn 3aj1aun 1 u3 paszena «/[uHamudeckue CTpyKTypbl JaHHBIX> (CM. YII-
pPa’kHEHUS K IIepPBOH 4acTu).

BapuaHT 5

Cosmarh mabaoH KjIacca <OAHOHANPABIEHHbI JUHEHHDI CIUMCOK». VICIoab30BaTh
€To IIPY pPelleHNN 3371241 3 U3 pasnena «/[uHaMudyeckue CTpyKTYpbl JaHHBIX> (CM. YII-
pakHEHUS K MEePBOI 4acTH ).

BapuaHT 6

Cosnarb mabion Kimacca «GUHApHOE JepeBo». VICMomb30BaTh €ro mpu pelieHny 3aa-
gy 2 u3 pazzmena «/[uHammdeckme CTPYKTYPBI JaHHBIX» (CM. YIPaKHEHUS K TepPBON
4acTu).

BapuaHT 7

Cospmarp mab/oH Kiacca «<OuHapHoe gepeBos. Vcrnonb3oBaTh €ro Ipu pelieHnn 3aja-
yu 4 u3 paszjena «/luHamuveckue CTPYKTYPbl AaHHBIX» (CM. YIPAKHEHUS K MEPBON
JacTn).
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BapuaHT 8

Cosnarb mabyoH knacca «GuHapHOe 1epeBoy. Mcmoab30BaTh €ro st COpTUPOBKH T1e-
JIBIX YHCeJ U CTPOK, 33/[aBAeMBIX C KJIaBUATYPBI MM n3 (aiiia.

BapuaHT 9

CoszaTp 1mabIoOH Kjacca «odepeib». HamucaTh mporpaMMy, A€MOHCTPUPYIOIIYIO pa-
60Ty ¢ 9TUM IAOJOHOM ISl Pa3JIMYHBIX TUIIOB MapameTpoB Imabsona. [Tporpamma
JIOJIKHA COZIEPsKaTh MEHIO, TI03BOJISIONIEee OCYIIECTBUTH IPOBEPKY BCEX METO/OB I1ald-
JIOHA.

BapuanTt 10

Cozzmatp mabJIoH Kjacca <«odepeb ¢ Mpuoputetamus. [Ipu 1006aBJIEHUN 3JEMEHTA
B TaKylo o4yepe/lb ero HoMmep olpezessiercs ero npuopureroM. Hammcars nporpammy,
MEMOHCTPUPYIOMYIO PAbOTy ¢ 9TUM TMAGIOHOM /TSI PA3TUIHBIX THTIOB TTAPAMETPOB
mabsaona. [TporpammMa J0JKHA COAEPIKATH MEHIO, TIO3BOJISIONEe OCYIECTBUTD TIPO-
BEPKY BCEX METO/IOB TMabIoHa.

BapuaHT 11

Cosnarb mabmoH Kaacca st PaboThl ¢ KOMIIEKCHBIMU YUCIaMU (CM. BapUaHT 5 U3
pasnena «Kmaceosr»). Hammcarh mporpaMmy, UCTOTB3YIONIYIO 9TOT MabI0H, 3aiaBast
BEIIIECTBEHHYIO M MHIMYIO YaCT! KaK YncJIaMy Tuna double, Tak ¥ IeJIBIMU YHUCJIAMU.

BapuaHTt 12

[TapamerpusoBaTh Kjacc OJHOMEPHBIX MacCHBOB uuces (CM. BapuaHT 8 U3 pasjesa
«Kmaccenrs). HamucaTs mporpaMMy, CTOTB3YIONIYIO CO3MAHHBII MabI0H 75T co3/a-
HUA MACCUBOB Pa3JIMYHOTO THUIIA.

BapuaHT 13

[TapamerpusoBath KJyacc, omucaHHbBIN B 3amade 12 u3 paszpena «Kmaccsr». Hammears
MPOrPaMMY, MCTIOJNB3YIONIYI0 CO3JAHHBIN MAOJ0H IS CO3/IaHUsT MATPUI] PA3TUIHOTO
THTIA.

BapwuaHT 14

Ommcatp mabIoH K1acca <«MHOJKECTBO», HOSBOJIE[IOHII/Iﬁ BBIIIOJIHATD OCHOBHDbIE OIl€pa-
o — lIO6aBIIeHI/I€‘ n yadajeHue 3JIEMEHTa, IepeceyeHue, O6'belII/IHeHI/Ie 1 Pa3HOCTb
MHOJKECTB.

Harmicatp mporpamMMy, J€MOHCTPUPYIOILYI0 paGoTy ¢ 3TUM IMabJIOHOM [t Pasjimd-
HbIX THUIIOB JaHHbIX.
BapuaHTt 15

CospaTh 1abJIOH Kjlacca <OJHOHAMPABJIECHHBINH KOJIBIEBOI ciucok». Vcmob3oBaTh
€To TIPH pPEIeHNH 3a1a4u 5 13 paszena «/[nHaMuyeckue CTpyKTyPhI JaHHBIX> (CM. YII-
paKHEHUS K MePBOH 4acTh).

BapuaHT 16

Coszmarb mabJIoH Kjacca «/AByHaIPaBAeHHbII KOJIbLEBOI CIIMCOK». VcI101bp30BaTh €ro
1pu pereHnn 3ajaun 6 u3 paszesa «/[uaammyeckue cTpyKTypbl IAHHBIX» (CM. YIIPAK-
HEHU K TepBOI 4acTn).
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BapuaHT 17

CosgaTp mabIoH KJIacca «OAHOHAIIPABIEHHBIN JUHEHHBII CIIMCOK yKasareneii». Vc-
MOJTh30BATH €To0 1Tpy penieHnn 3amaun 11 n3 paznena «/[naamMmyecke cTpyKTypPHI 1aH-
HBIX»> (CM. YIPKHEHUS K TIEPBOI 4acTh).

BapuaHT 18

Cospmarp mabaoH Kiacca <buHapHoe gepeBos. Vcrnonb3oBaTh €ro Ipu pelieHnu 3aa-
yn 2 u3 pazzena «Knaccwi».

BapuaHTt 19

Cosmatp mabon kiaacca «GuHapHoe 1epeBo». VIComb30BaTh €ro Mpu PeleHy 3a/1a-
yu 18 u3 pazgena «/[mHamudeckne CTPyKTYpbI JaHHBIX> (CM. YIIPAKHEHUS K TIePBOI
JacTn).

BapwuaHnT 20

Cosmath mabmon kracca «6GUHAPHOE JIEPEBO», CoepsKaliee YKA3aTed HA HIEMEHTHI
nauabiX. Vcnomb3oBarh ero mpu penieHnn 3agadn 20 u3 paszuena <«/luHamudeckue
CTPYKTYPBI JIAHHBIX» (CM. YIPa)KHEHUS K IePBOH 4acTh).



HACTD I

CraHpapTtHasa Omonmorteka

B m060ii iporpamMmme, KpoMe OTepaTopoB sI3bIKA, UCIIOAB3YIOTCS CpeicTBa GUbIMOTEK,
BKJIIOYAEMbIX B CPe/y MPOTPaMMUPOBaHMs. Pas3indnbie cpebl IIPeIoCTaBISIIOT B pac-
HOPSIKEHME MPOrPAMMUCTa pasHble HabOPbI CPECTB, 00JErdaionux co3Aanue Ipo-
rpaMm, — Harpumep, koMnuigaropsl Microsoft Visual C++ u Borland C++ conepaxar
O6ubIMOTEKM KJaccoB g Hanucanus upuiaoxenuin Windows. Hacrs 6ubanorex
CTaHJAPTU30BaHA, TO €CTh JOJUKHA TOCTABIATHCA € JIOOBIM KOMITUISATOPOM SI3bIKA
C++.

Crangaprayto 6ubaunoreky C++ MOKHO YCJIOBHO pas/esuTh Ha JBe dactu. K mepBoii
OTHOCATCS (DYHKIIUK, MAKPOCHI, TUTTBI U KOHCTAHTbI, YHACJE0BAHHbIE U3 GUOIMOTEKH
C, a ko Bropoii — kacchl u apyrue cpeacrsa C++. Iepsas yacTh 6GubIMOTEKH pac-
cMarpuBaziach B paszene «Dyuknuu crangapraoii 6ubauorexn» (c. 88). Cnucok KoH-
CTaHT, MAaKPOCOB U TUIIOB TIPUBE/IEH B IPUJIOKEHUN 5, & CIIUCOK (DYHKIMNA — B ITPUJIO-
skeHuu 6. Bropast 4acTh COMEPIKUT KJIACChl, MIabJOHBI U IPYTHE CPEACTBA JIJIS BBOJA,
BBIBOJIA, XPaHEHUsT 1 00PabOTKM JJAHHBIX KaK CTAaHJAaPTHBIX TUIIOB, TAK U TUIIOB, OIIpe-
JIeJIEHHBIX M0JB30BATETIEM.

Kiacest crangapTHON GUOJIHOTEK MOKHO PasfleIuTh Ha TPYIIIBI B COOTBETCTBUY C UX
Ha3HAYCHHEM.

Q Ilomoxkogvie kaaccyl TpeIHA3HAUYEHBI [ YITPABICHUS MOTOKAMHU JAHHBIX MEXITY
OTIePaTUBHON NaMSTBIO W BHENIHUMHU YCTPOHCTBAMU (HAIIPUMED, TUCKAMU U KOH-
COJIBIO), @ TAKJKe B IIpejiesiaX OlepaTUBHON MaMSATH.

Q Cmpoxoswiil kiacc npeHasHadeH s y1o0HOH 1 3aluIeHHON 0T omnOOK paboThl
C CUMBOJILHBIMY CTPOKAMU.

Q Koumetinepnwvie kiaccol peanusyior Hanubosee pacipocTpaHeHHbIe CTPYKTYPBI ISk
XPaHEHUs! JIAHHBIX — HATPUMEP, CIIUCKHU, BEKTOPA U MHOXKecTBa. B GubIMOTEKY
BXOJIAT TAKIKe QI20PUMMbl, UCTIOJB3YIOIINE 9TH KOHTEHHEPHI.

Q Umepamopw. ipeiHAZHAYECHBI IS YHUOUITTPOBAHHOTO IOCTYTIA K 9JIeMEHTaM KOH-
TEeHEePHbIX W JIPYTUX KJIACCOB.

Q Mamemamuueckue kiacco MOAAEPKUBAIOT 3hEKTUBHYI0 06pabOTKY MacCHBOB €
IJTABAOIIEH TOUKOW 1 paboTy ¢ KOMILIEKCHBIMHU YHCJIAMU.
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Q Juaznocmuveckue xiaccol 06eCeUMBAIOT IMHAMUYECKYIO UACHTH(HDUKAIIMIO THITOB
1 00BEKTHO-OPUEHTHPOBAHHY0 00pabOTKY OUTHOOK.

Q Ocmanvoie kaaccor 06eCTIEYNBAIOT IMHAMUYECKOE PACTIPE/IESIEHUe TTaMSITH, aJar-
TAlMIO K JIOKAaJbHBIM OCOOEHHOCTSIM, 00pabOTKY (DYHKIMOHAIBHBIX OOBEKTOB
U T. L.

Yacth 6UOIMOTEKH, B KOTOPYIO BXOAAT KOHTEHEPHbIE KJIACChl, aJITOPUTMbL 1 UTEpPa-
TOpPBI, HA3LIBAIOT cmandapmuoil oubauomexoul wabronos (STL — Standard Template
Library).

Jlts MCTONB30BAHUST CPEICTB CTAHAAPTHON OuOIMOTEKM B mMporpaMmy Tpebyercs
BKJIIOYUTH C MOMOIIBIO TUPEKTUBBI #include coOTBETCTBYIOMNIME 3aro0BOUHbIE (haii-
Jgiel. HampuMep, TIOTOKH ONMcaHbl B <iostream>, a ciucku — B <1ist>, DjeMeHTHI 3ar0-
JIOBOUHBIX (haiiyios Ge3 pacumperus .h ompeesieHbl B IPOCTPAHCTBE UMeH std, a oj-
HOVMEeHHBIE (hailJIbl ¢ paciipeHneM .h — B TI06aTbHOM MpocTpaHcTBe MMeH. CIICoK
3aroJIOBOYHBIX (DAlJIOB CTaHAAPTHOW OMOJNOTEKY TIPUBEIEH B IPUIOKEHUN 4.

NMena 3arooBouHbiX (aiinos C++ mius dyskinuil 6ubmmorexu C, omnpe/ejicHHbIE B
npocTpaHcTBe MMeH std, HaumnaloTcs ¢ OYKBBI C, Hampumep, <cstdio>, <cstring>,
<ctime>. /[y kaxoro 3arosoBouHOTO (haiiya Buma <cX> cyuiecTByet aiin <X.h>, omnpe-
NSO Te e UMeHa B I1o0aabHoM npocrpancTse uMeH (cM. ¢. 100)1.

' Haubosburas IIyTaHWIla BO3HUKAET C UMEHAMMU 3ar0JIOBKOB CTPOK: String — 3aroJIOBOK /I pa-
60TbI O cTPOKOBBIMU Kaaccamu C++, cstring — Bepcus sarosioska ¢pynkimii C B mpocTpaHcT-
Be uMeH std, string.h — To ke camoe B rJ100aIbHOM MIPOCTPAHCTBE UMeEH, cstring.h — cTapbrit
3aroJIOBOK IIst paboThl CO CTPOKOBbIMU Kiaaccamu C++ B roGasbHOM HMPOCTPAHCTBE UMEH
B OZIHOM U3 060JIOUEK.



NNABA 10

NMoToKOBbIE KJ1aCCbl

IHomox — 3710 abCcTpaKTHOE TOHATHE, OTHOCAIIEECS K JIIOOOMY MEPEHOCY JAHHBIX OT
ncrtouynnka kK npueMHuky. [lotoxkn C++, B otaimume ot hyHKINN BBOIa,/BBIBOJIA B CTH-
je C, obecrieuynBaoT HAEKHYI0 paboOTy Kak CO CTaHAAPTHBIMU, TaK U C OIPE/eIeH-
HBIMHU TI0JIB30BATEJICM TUTIAMY JIAHHBIX, 4 TAKKe ¢ANHOOOPA3HbI U TOHATHBIA CUH-
TaKCHUC.

YreHne IaHHBIX U3 MOTOKA HA3BIBACTCS U3GACUEHUCM, BBIBOJL B TIOTOK — NOMEULCHUECM,
unu exaouenuem. [IOTOK ompenenseTcsa Kak II0CAeI0BaTeIbHOCTh OAliTOB 1 HE 3aBU-
CHUT OT KOHKPETHOTO yCTPOICTBA, C KOTOPBIM NPOU3BOANTCA 00MeH (olepaTHBHAS Ma-
MATB, (haiis Ha ANCKe, KaaBuaTypa uau npuatep). O6MeH ¢ MOTOKOM /IS yBETNYEHNST
CKOPOCTU Iepeflaud JAHHbIX [IPOU3BOJUTCS, KaK [PaBUJIO, YEPE3 CICLHUATIbHYI0 00-
JIacTh onepaTHBHON mamsatu — 6ygep. DaxkTuueckas mepegada JAHHBIX BBHITOJHIECTCS
pU BBIBOJIE TI0C/Ie 3amoaHeHns Oydepa, a npu BBoje — ecin Oydep ucdepia.

ITo nampaBeHnio 06OMeHa TOTOKM MOKHO Pa3IenTh Ha 6X00Hble (TaHHbIe BBOIATCS B
HaMSITh ), 8blX00Hble (JJAHHbBIE BHIBOISATCS U3 IIaMSTH) U dgyHanpasiennvle (10IycKaio-
Iye KaKk U3BJIeUeHHe, TaK U BKIIOUYEHHE).

ITo BuAY yCTPOIiCTB, ¢ KOTOPHIMU paboTaeT MOTOK, MOKHO Pas/eiTh IIOTOKK Ha CTaH-
JapTHBIE, (DallJIoBbIe M CTPOKOBBIE.

Cmandapmuvie nomoku TpeHAZHAYEHDI JIJIsT TIEPeladl TAHHBIX OT KJIaBUATYPHI U HA
9KpaH JAUCILIES, (halliosvle nomoku — ijist obMeHa uadopMmarueii ¢ ailiamu Ha BHEII-
HUX HOCHUTEJSIX JAHHBIX (HAIPUMeED, HA MAarHUTHOM [IUCKE), & CMPOKOBble NOMOKU —
JUIst pabOTHI ¢ MACCHBAMK CUMBOJIOB B OIIEPATUBHON TTAMSITH.

Jlna nopepxkku moTokoB 6ubanoreka C++ ComepKUT Mepapxuio KJAacCoB, IIOCTPOEH-
HYIO Ha OCHOBe ABYX 0a30BbIX KJaaccoB — 10s 1 streambuf. Kiacc i0s comepskut obrine
JUISL BBOJA M BBIBOJA IMOJIST U METOJBI, Kiace streambuf obecrieunBaer Oydepusarmio
IOTOKOB 1 UX B3aUMOZEHCTBHE ¢ (pusndeckumMu ycrpoiicrBamu. OT 9TUX KJIAaCCOB Ha-
crepyeTcs Kjaace istream s BXOAHBIX IOTOKOB M OStream — it BBIXOHHBIX. [IBa
MOCJIETHUX KJIacca sIBJISTIOTCS GA30BBIMU JIJIsT KJTacca 10Stream, peaausyolero AByHa-
npaBJjieHHble TTOTOKU. Hike B Mepapxuu KJIaccoB paciiojiaraiorcst (ailjioBble U CTPo-
KOBbIE MOTOKM. Jlajiee TepedncieHbl 4acTo UCIOJIb3yeMble KIacChl MOTOKOB.
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i0s — 6a30BbBIil KJIacC TIOTOKOB;

istream — KJIACC BXOJHBIX TTOTOKOB;

ostream — KJIACC BBIXO/IHBIX ITIOTOKOB;

jostream — KJIacC /IByHAIIPABJICHHBIX TOTOKOB;
istringstream — kjacc BXOAHBIX CTPOKOBBIX IIOTOKOB;
ostringrstream — kjacc BBIXOAHBIX CTPOKOBBIX IIOTOKOB;
stringstream  — gjracc ABYHANpPaBJEHHBIX CTPOKOBBIX MOTOKOB;
ifstream — KJIacC BXO/IHBIX (PailIOBBIX TOTOKOB;

ofstream — KJIACC BBIXOHBIX (hallJIOBBIX TIOTOKOB;

fstream — KJIaCC JIByHAIIPABJICHHBIX (DailIOBBIX TOTOKOB.

Onncanus KJIacCOB HAXOASTCS B 3aTOJIOBOYHBIX Q)aﬁﬂaXZ

<ios> — 6a30BbIil KJIacC IOTOKOB BBO/A,/BbIBOA;

<iosfwd> — npeaBapuTeIbHbie 00bSBIEHUS CPEACTB BBOJA/BbIBO/A;
<istream> — 11abJI0H TIOTOKA BBOJIA;

<ostream> — mabJIOH TIOTOKA BBIBOJIA;

<jostream> — CTaHJapTHbIE 00BEKTBI U orepanuun ¢ MOTOKaMM BBO/:[a/ BBIBO/IA;
<fstream> — TIOTOKH BBOJIa/BbIBOJIA B (Dailibl;

<sstream> — TIOTOKH BBOJIa/BBIBO/IA B CTPOKH;

<streambuf>  — Gydepusanus MOTOKOB BBOJIA,/BHIBO/IA;

<jomanip> — MaHUILYJISATOPbI (0 HUX paccKasblBaeTcs janee, cM. . 271).

[Monkmouenne k mporpamme daiiynoB <fstream> u <sstream> aBTOMaTHYECKH MOJKJIIO-
vaeT u (aiis <iostream>, Tak Kak OH SIBJISIETCS JIJIST HUX OA30BBIM.

OCHOBHBIM TIPEUMYIIIECTBOM MOTOKOB 0 CPaBHEHUIO ¢ (DYHKIIUSIMU BBOJA/BBIBOJIA,
yHacae0BaHHbIMU 13 Oubsmorexu C, ABIAETCS KOHTPOJIb TUIIOB, a TAK)Ke pacIiupsie-
MOCTb, TO €CTh BO3MOKHOCTH PabOTaTh ¢ TUIIAMH, OIIPEAEJICHHBIMU II0JIb30BATEIIEM.
Jlst aTOrO TpEbyeTCs MepeoIpeneauTh onepany II0TOKOB (06 9TOM paccKasbiBaeTcst
B pazziesie «IloToku m THUIIBI, OTIpeIeIEeHHBIMU TI0JIb30BATEIEM>, C. 284).

Kpome Toro, motoku MoryT paboTaTh ¢ PacHIUpeHHBIM HAOOPOM CHMBOJIOB wchar t.
J1J1s1 9TOTO MCTIOMB3YIOTCST Kaccehl wistream, wostream, wofstream u T. .. K nemocrat-
KaM [OTOKOB MOYKHO OTHECTH CHUKEHKE OBICTPOAEHCTBYS TPOrPaMMBbI, KOTOPOE B 3a-
BHCHMOCTH OT PEATH3ANUN KOMITUIATOPA MOKET GBITh BECbMA 3HAYNTETHLHDBIM.

! Ha camom nese notoku peanuzoBanbl B GUGIMOTEKE ¢ HOMOMLIBIO 11aGI0HOB, HAPAMETPOM KO-
TOPBIX SIBJISIETCS] TUTI CUMBOJIA. VIMeHa KiaccoB /71t mapaMeTpoB char u wchar t ompesiesieHst
¢ rioMotIbio typedef.
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CtaHpapTHbIE NOTOKMU

3aroJIoBOUHBIN (haiisr <iostream> comep>kUT, KPOMe ONMMCAHUS KJIACCOB JIJI BBOJIA,/BbI-
BOJIa, YEThIPe MPEIOTIPENETEHHBIX 00BeKTA.

O6bekT Knacc Onucaxune

cin istream CasisbIBaeTcsl ¢ KaaBuaTypoli (craHzapTHbIM Oydepru3oBaHHBIM
BBOJIOM )

cout ostream CBsa3bIBaeTcst ¢ 9KpaHOM (CTaHAAPTHBIM Oyhepr30BaHHbIM
BBIBOJIOM )

cerr ostream CassbiBaercst ¢ 9kpaHoOM (cTaHAapTHBIM HeOyhepU30BaHHBIM
BBIBOJIOM ), Ky/Ia HATIPABJISIOTCST cOOOTIEHNsT 06 OmmrbKax

clog ostream CBsi3bIBaeTcst ¢ 9KpaHOM (CTaHAAPTHBIM Oyhepr30BaHHbIM
BBIBOJIOM ), Ky/la HAIIPABJISIIOTCST coobIenust 06 ommubkax

AT OOBEKTHI CO3MAIOTCS TIPW BKIOYEHHUM C TIPOTPAMMY 3ar0JIOBOYHOTO (haiiia
<iostream>, mMpu 3TOM CTAHOBATCS JOCTYIMHBIMU CBSI3aHHBIC C HUMM CPEICTBA BBO-
na/BeiBosIa. VIMeHa aTHX 0OBEKTOB MOKHO TMEpeHA3HAUNTh Ha Apyrue (Hailibl wim
CUMBOJIbHBIE Oy(hepBI.

B kmaccax istream u ostream onepauuu ussieuenus U3 nomoka >> u NOMeueHus 8 no-
MOK << OTIPeJIeJIEHBI ITyTeM Ieperpy3ku onepanuii casura. [Ipumep:

#include <iostream.h>
int main(){
int i;
cin >> 1i;
cout << "Bbl BBEMM
return 0;

<< q:

}

Ornepanyt U3BJIeYEHUS U YTEHUS B Ka4eCcTBe Pe3yJibTaTa CBOErO BbINOTHEeHNS (OpMU-
PYIOT CCHITKY Ha OOBEKT TWTA 1Stream Ui M3BIEUEHNS U CCHIIKY Ha ostream — st
YTeHus. JTO MO3BoJigeT (POPMUPOBATD MEMOYKH OIEPAIUiA, YTO TTPOUIITIOCTPUPOBAHO
HOCJIe/IHAM OIIePaTOPOM IIPUBEIEHHOTO [IpUMepa. BbIBOJ 11U 9TOM BBIIIOJIHSETCS Clle-
Ba HAIIPABO.

Kak u 17151 pyrux meperpy KeHHbIX Ollepaliyii, 1711 BCTABKU U U3BJICYEHUS HEBO3MOXK-
HO U3MEHWUTD IPHOPUTETDI, TIOITOMY B HEOOXOIMMBIX CJIYUASAX UCTTOMB3YIOTCS CKOOKI:

// CKOOKM He TpebynTCa — NpUOpUTET CROKeHUa Oofblie, 4em <<

cout << i + J;

// CKOOKW HEeoOXOAWMbl — NPUOPUTET onepauny OTHOWEHUA MeHblie, yem <<

cout << (i < J):

cout << (1 << j): // TpaBaq onepauns << 03Ha4yaeT CABUT
Besmuumnl Ipyu BBOZE OJKHBL PasAeaThes IpoOeIbHbIMU cUMBOIaMu (mpodeaamu,
3HaKaM¥ TaOyJIALMKE WM TiepeBoja CTPoKu). V3BeyeHne npekpariaercs, eciam ove-
PEeIHOI CMMBOJI OKA3aJICsl HeJIOTTYCTHMBIM.



268 YacTe lll. CtaHpapTHas 6ubnmorteka

Eciu B onepanuu noMerieHusi B MOTOK BCTPEYAETCs] BbIPAXKEHUE, U3MEHSIOIee He-
KOTOPYIO TIEPEMEHHYIO, TO OHa He I0JUKHA TIPUCYTCTBOBATH B IETIOYKE OMeparmii 60-
Jiee OJIHOTO Pasa, MOCKOJBKY B TAKOM CJIydae Pe3ysbTaT MOXKET 3aBHCETh OT peajin3a-
1IN KOMITHUJIATOPA.

Onepauym <<Hu>> TIEpETrpy’KeHbI IJId BCEX BCTPOEHHDBIX TUIIOB JaHHDIX, YTO ITO3BOJIAECT
aBTOMATUYECKHU BBITIOJTHATh BBOJ U BBIBOJ] B COOTBETCTBHH C THIIOM BEJUYUH. ITO
O3HAYaET, 4TO TIPU BBOJIE MOCJIE0BATEIBHOCTH CUMBOJIOB IIPEOGPa3yeTcst BO BHYTPEH-
Hee TpeAcCTaBJeHne BEJINYNHDI, CTOHH.[Gﬁ CIIpaBa OT 3HaKa M3BJI€YEHU, a ITPU BbIBO/E
BBINIOJIHSIETCS 0OpaTHOe npeobpasoBaHue, HallPUMep:
#include <iostream.h>
int main(){
int 1 = 0xD;
double d;
// CuMBOAb 13 MOTOKa BBOAa npeobpasywTcs B double:
cin >> d;
// int u double npeobpasyiTCs B CTPOKY CMMBOJIOB:
cout << i << ' ' << d;
return 0;

}

PaccmoTpum, kKak 06pabaThIBAIOTCS € TTOMOTIBIO 3TUX OTEPAIINil JAHHBIE PA3TITIHBIX
THUIIOB.

Yucnogule 3nauenuss MOKHO BBOIUTH B IECITUYHON WM IECTHAAIATEPITYHON cCrCTeMe
cuncienus (¢ npedurcom 0x) co 3HaKOM uim 6e3 3HaKa. BelllecTBeHHbIE YHCTa Peji-
cTaBagioTcst B hopme ¢ GUKCHPOBAHHON TOYKOW myn ¢ mopsiikoM. Hampumep, ecan
JUTST TIPEIBIYTIETO PUMeEPa ¢ KIaBUATYPBI BBOAUTCS MOCIEIOBATEIbHOCTD CHUMBOJIOB
1.53e-2, OHa MHTEPIIPETUPYETCS KAK BEIIECTBEHHOE YUCIO C MOPAAKOM M IIpeobpasy-
eTcs BO BHyTPEHHee IpeICTaBIeHne, COOTBeTCTRYoIee Tumy double. IIpu BeIBO/IE BBI-
noJiHsgeTcs obpaTHoe 1peobpasoBatue, U Ha 9KPAH BBIBOJSATCSA CUMBOJIBL:

13 0.0153

[Tockoubky BBOI OyheprsoBaH, moMelleHne B 6ydep BBOJA MPOUCXOIMT IIOC/IE HasKa-
THUST KJIABUIIN TIEPEBOJIa CTPOKH, TI0CIe Uero 13 Oydepa BBIIOJHSIETCS Oleparus nu3-
BJIEYEHUST U3 TTIOTOKA. JTO JIaeT BO3MOXKHOCTH MCIIPABJISITh BBEJIEHHbIE CUMBOJIBI 10
TOTO, KaK HakaTa KJjaBuiia Enter.

IIpu 6600e cmpok W3BJIEeUeHUE MPOUCXOAUT 10 Gvskaiiero npobena (BMECTO HETO
B CTPOKY 3aHOCHUTCS HYJIb-CUMBOJI):

char stri[100]. str2[100]:
cin > strl >> str2:

Ecau ¢ xnaBuatypsr BBOAMTCST CTpOKA "pa3 [Ba Tpu YeThipe NaATh", mepeMeHHbIe strl
1 Str2 IpuMyT 3HaYeHUA "pa3” U "[Ba" COOTBETCTBEHHO, & OCTATOK CTPOKU BOCIIPUHAT
He 6yzet. [Ipr Heo6GXOAMMOCTH BBECTH U3 BXOIHOTO MOTOKA CTPOKY TIETUKOM (10 CUM-
BoJia '\n") nosb3ylorcst Metogamu get miu getline (em. c. 273).

3nauenus yxazamesell BbIBOJSATCA B IIeCTHAALATEPUYHOI cucteMe cuncaenus. [log sro-
Gy10 BETMYUHY TIPU BBIBOJIE OTBOAUTCS CTOJBKO MOZUIHIT, CKOIBKO TPEOYETCS IS ee
npezicrasaenust. YToObl OTAENNTD OAHY BEJMYUHY OT APYTOii, UCIIOIB3YIOTCS POOEJIbI:

<< d <<

cout << i << << J:
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Ecsn dopmat BbIBOZIA, MCHIOIB3YEMBIH 110 YMOJTYAHUIO, HE YCTPAUBAET [IPOrPAMMUCTA,
OH MOXXeT CKOPPEKTHPOBATh €T0 C TIOMOIIBI0 METO/IOB KJIACCOB BBOJIA,/BBIBO/A, (hIaTOB
(hopMaTUPOBAHISI U TAK HA3BIBAEMBIX MAHUITYIATOPOB. O 5TOM pacCcKas3bIBaeTCsI laiee.

dopmaTpoBaHue AaHHbIX

B 10TOKOBBIX KJaccax (hOpMaTUPOBaHKE BBIIOJHSAETCS TPEMs CIoCObaMU — C TIOMO-
b0 (hIaroB, MAHUITYJIATOPOB U (POPMATUPYIOIINX METOJIOB.

dnarn v popmaTupylowime meToabl

Dnazu npencraBasior coboil oTaenbHble GUTHI, 0ObeMHEHHbIE B 1I0JIe X_T1ags Tuia
Tong knacca ios. @uaru nepeuncienst B Tabr. 10.1.

Ta6aunua 10.1. ®narv dopmaTnpoBaHus

dnar Monoxexnue | YMonuyaHue | OnucaHue AeACTBUS NPU YCTAaHOBIIEHHOM OGuTe

skipws 0x0001 + [Tpu n3BIeYeHUN TIPOOETHHBIE CHMBOJIBI
UTHOPUPYIOTCS

Teft 0x0002 BeipaBauBanue mo jieBomMy Kparo MoJist

right 0x0004 + BrrpasauBanne 1mo mpaBoMy Kpaio 1moJist

internal 0x0008 3HaK 4nCsIa BBIBOJUTCA 110 JIEBOMY Kpalo,

yncao — 1o npasoMmy. IIpomeskyTox
3anosHsercs cumBosiaMu x_fill (cMm. HIKe),
110 YMOJIYAHUIO TIPOOesIaMu

dec 0x0010 + JlecsaTrunas cucTeMa CUMCICHUS

oct 0x0020 Bocbmepuunas cucrema cuncieHus

hex 0x0040 [ecTHaanarepuynas cucTeMa CUNCIEHUS

showbase 0x0080 BreiBomnTest ocHoBaHMe CHCTEMBI CUNCTICHUS
(0x st mecTHAAIATEPUYHBIX urces u O st
BOCBMEPUYHBIX)

showpoint 0x0100 [Ipu BBIBOJIE BellleCTBEHHDBIX YKCEN Ile4aTaTh
JIECATUYHYIO TOYKY ¥ APOOHYIO 4acTh

uppercase 0x0200 IIpu BbIBOZIE MCIIOIH30BATH CUMBOJIBI BEPXHETO
perucrpa

showpos 0x0400 IledaraTp 3HAK 1PU BBIBOJIE MOJOXKUTEIbHBIX
quces

scientific | 0x0800 ITeuaraTp BemecTBeHHbIC yncaa B hopme

MaHTHCCHI C TIOPAAKOM

fixed 0x1000 ITeuaraTp BemecTBeHHbIE yncyia B hopme
¢ pUKCUPOBAHHOI TOYKOI (TOUHOCTD
olpeziesisieTcst MOJIeM X_precision, cM. HIKe)

unitbuf 0x2000 Boirpyzxats Oydepbl Bcex MOTOKOB MOCJIe
KayK/I0TO BBIBOJIA

stdio 0x4000 Boirpy:xath 6ydepnr norokos stdout u stderr
1ocJie KakI0To BbIBOJA
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NPUMEYAHUE
Duraru (Teft, right u internal), (dec, oct u hex), a Takxke (scientific u fixed) B3BaMMHO UCKJIOYA-
IOT JIPYT PYTa, TO €CTh B KK MOMEHT MOXKET OBITh YCTAHOBJICH TOJBKO OMH (hJrar 13 Kask-
JI0I IPYIIIDL.

Jlns yupasienus dpJiaraMu B KJaacce 10S ectb memoodwt flags, setf m unsetf:

Tong fos::flags(long); — Bo3Bpalaer Texyuue (Jark moToKa;
Tong fos::flags(long); — npucsauBaer (JiaraM 3HauCHUE [apaMeTpa;
Tong ios::setf(long, Tong): — mpucsamBaer (raram, GUTHI KOTOPBIX yCTaHOBJIEHDI

B IIEPBOM IIapaMeTpe, 3HAUYeHHe COOTBETCTBYIOLIMX
OUTOB BTOPOIO IIapaMeTpa;

Tong 7os::setf(long); — ycraHaBauBaer GJiard, GUTbl KOTOPHIX YCTAHOBJIEHbBI
B IapamMerpe;

Tong fos::unsetf(long): — cOpacpiBaer (uarn, OUTHI KOTOPBIX yCTAHOBJIEHDBI B
napamerpe.

Bce dbynkmmmm BozBpamnaoT npeskane (GJiaru moToka.
Kpome daaros, 17151 hopMaTUPOBAHUS UCTIOIB3YIOTCS CAELYONTNE 1058 Kaacca 10S:

int x_width — MUHUMAaJbHAS MTUPUHA TIOJIS BBIBOIA;

int x_precision — gosmyecTBO UMD B APOOHON YaCTH TP BHIBOJE BEIIECTBEHHBIX
YHUCET;

int x_fill — CUMBOJI 3ATI0JTHEHUST TI0JISI BBIBOA.

JlJ1s1 yripaBjieHust 9TUMHE TIOJISIME UCIIOJIb3YIOTCsT Memodst width, precision m fill:
int ios::width() — BO3BpAlllaeT 3HAYEHNe IIUPUHBI 10 BHIBOJA,

int ios::width(int) — yCTaHaBJIMBaeT IUPUHY 110Js BBIBO/IA B COOTBETCTBUU CO
3HayeHueM I1apaMeTpa;

int ios::precision() — BO3BpallaeT 3HaueHre TOYHOCTHU TIPe/ICTABJIEHUS TIPU BbI-
BO/I€ BEIIIECTBEHHbIX YMCEJI;

int jos::precision(int) — ycranaBnmBaeT 3HaueHHEe TOYHOCTHU IPECTABICHUS IIPU
BBIBOJIE BEIIECTBEHHBIX YHCEJI, BO3BPAIlaeT CTapoe 3Ha-
YeHKre TOYHOCTH,

char fil10) — BO3BpaAIllaeT TEKYIUI CUMBOJ 3all0JHEHNST;

char fill(char) — yCTaHABJIWBAaeT 3HAUYEHHE TEKYIIEr0 CHUMBOJIA 3aIloJIHe-
HUS1, BO3BPAIIAET CTapoe 3HaYeHe CUMBOJIA.

[Tepen ycranoBkoit HEKOTOPBIX (hraroB Tpe6yeTCH C6pOCI/ITb daaru, KOTOpbIE HE MO-
IyT OBITD YCTaHOBJIEHBI OJIHOBPEMEHHO ¢ HUMM. /{7151 aTOTO y1106H0 HUCII0JIb30BaTh BTO-
PBIM IMapaMeTpoMm MeToza Setf nmepeunciaennble HUKe Cmamuyeckue KOHCmMAanmol Kiac-
ca i0s:

adjustfield (left | right | internal)

basefield (dec | oct | hex)
floatfield (scientific | fixed)
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[Ipumep dopmaTupoBaHus IPU BBIBOJE C TIOMOIIBIO (DJIArOB U METO/IOB:

#include <iostream.h>
int main(){
long a = 1000, b = 077;:
cout .width(7);
cout.setf(ios::hex | ios::showbase | i0s::uppercase);
cout << a;
cout.width(7);
cout << b << endl;
double d = 0.12, ¢ = 1.3e-4;
cout.setf(ios::left);
cout << d << endl;
cout << c;
return 0;

}

B pesysbraTe paboThl TPOTPAMMBI B TEPBOIi CTPOKE OYAYT MPOTIUCHBIMI OYKBaMU BbI-
BeJIeHbl TlepeMeHHble @ U Db B MIECTHAIATEPUYHOM IPEICTABIEHIH, MO/ KAKIAYIO U3
HUX OTBOAMTCS 110 7 rto3utiuii ((pyHKIus width gelicTByeT ToIbKO Ha OTHO BEIBOAMMOE
3HAUCHIE, TIOITOMY €€ BBI30B TPEOYETCsT IOBTOPUTH ABAXK/IbI). SHAUCHUS TEPEMEHHbBIX
C u d IpMKaThl K JIEBOMY KPato TOJIS:

0X3E8  OX3F
0.12
0.00013
MaHunynaTopsl

ManumynaTopaMu Ha3bIBAIOTCS (DYHKITNH, KOTOPBIE MOKHO BKIIOYATH B I[ETIOUKY OTIe-
paruii nomenieHus 1 nu3BjaedeHus 1 (popMarupoBanus JaHHbIX. MaHUITyIATOPDI J1e-
JIITCS Ha npocmoie, He TPeOyIOle YKasaHusi apTyMEHTOB, U Napamempusosanioie.
IMosb30BaThCST MaHUITYJIITOPaMu Oosiee YI0OHO, YeM METONAMHU YCTAHOBKHU (hraros
opmarupoBanus.

HDOCTbIe MaHUNynaTopbl

Huske nepedricieHbl MAaHUIYJISITOPDI, He TPEOYIOIHe YKa3aHUsI apTyMEHTOB.

dec  — ycramaBnuBaeT Ipu BBOJIE M BBIBOJIE (DJIAT IECATUYHON CUCTEMBI CUMCITICHHUST,

oct  — ycranaBauBaeT npu BBOJE U BbIBoOZE (hJ1ar BOCBMEPUYHON CHCTEMbBI CYHCIE-
HUSE;

hex  — ycramaBauBaeT TpW BBOJE W BBIBOAE (hyar MIECTHAAIATEPUIHON CHUCTEMBI
CUKCIICHUST,

WS — yCTaHaBJIMBAET MPU BBOJE U3BJEUYEHUE TIPOOETBHBIX CUMBOJIOB;

end]  — mpu BBIBOZE BKJIIOYAET B IIOTOK CUMBOJI HOBOI CTPOKH U BHITPyKaeT Oydep;

ends — IIPpU BBIBO/I€ BKIIOYAET B ITOTOK HyJIeBOf/’I CHUMBO.T;

flush — mpwu BBIBOZIE BBITPY:KaeT Oydep.

W3meHenns cucTeMbl CIUCTEHUS HeﬁCTBYIOT [0 CJEAYIONIETO ABHOTO M3MEHECHUA.
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[Ipumep:
cout << 13 << hex << ' ' << 13 << oct << ' ' << 13 << endl;

Ecnu npyrue 3nadenuss hJiaroB yCTaHOBJIEHBI 10 YMOJTYAHUIO, OYIET BBIBEAEHO:
13d 15

MapameTpu3oBaHHbIE MAaHNNYNATOPbDI

Huske mepedncyieHsl MAaHUTTYJISITOPHI, Tpebyiotue ykasamus aprymenta. [l1st ux wc-
0JIb30BaHUsT TPEOYETCSI TIOKIIOYUTD K TIPOTPAMME 3aroJI0BOYHBII (haiir <iomanip>.

sethase(int n) — 3aj1aeT OCHOBaHue cuctemsl cuncyaeHus (n = 8, 16, 10 uin 0).
0 stBISIETCST OCHOBAHUEM IO YMOJIYAHUIO (JIECSITUIHOE, KPOME
CJIyJaeB, KOT/Ia BBOAATCS 8- Wian 16-pryHbIe Yncia);

resetiosflags(long) — cbpacoiBaer hurarm COCTOSHUS MOTOKA, GUTBI KOTOPBIX yCTa-
HOBJIEHBI B [IAPAMETPE;

setiosflags(long)  — ycramaBamsaeT (hJlary COCTOSHISA IIOTOKA, OUTBHI KOTOPBIX B Ma-
pameTpe paBHbI 1;

setfill(int) — YCTAHABJIMBAET CUMBOJI-3AII0JIHUTEJIb C KOJIOM, PABHbIM 3Haye-
HUIO ITapaMeTpa;

setprecision(int)  — ycramaBaMBaeT MaKCMMaJIbHOE KOJMYECTBO UMD B APOOHON
YACTH JIUISI BEIECTBEHHbIX YHCET;

setw(int) — YCTAaHABJIMBACT MAKCUMAJIbBHYIO HIMPUHY I10JIA BbIBO/IA.

[Ipnmep ncnosb3oBaHUs apaMeTPU30BAHHBIX MaHUITYISITOPOB:

#include <iostream.h>
#include <iomanip.h>
int main(){
double d[] = {1.234, -12.34567, 123.456789, -1.234, 0.00001};
cout << setfill('.") << setprecision(4)
<< setiosflags(ios::showpoint | ios::fixed);
for (int i =10; 1 <5; i++)
cout << setw(12) << d[i] << endl;
return 0;

}

Pesysibrar paboThl IPOTPAMMBIL

....-12.3457
....123.4568
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MeTonbl oOOMeHa ¢ NnoToKkamMu

B noTokoBbIx KTaccax HapaAy C onepanuaMn U3BJICUYEHUA > U BKIAIOUYEHUA << OIIpe/e-
JIEHbI METO/Ibl JJII He(pOpMaTI/IpOBaHHOI‘O YyTeHuA U 3allMCH B IIOTOK (HpI/I 9TOM Hp806-
Pa30BaHUA JaHHBIX HE BbIHOHHHIOTCH).

Hwxe mpuBeniensl (hyHKITMM YTEHUS, OTIpesieIeHHble B Kiacce stream.

gcount() —

get() —
get(c) —

get (buf,num, Tim="\n")" —

getline(buf, num, Tim="\n") —

ignore(num = 1, Tim = EOF) —

peek () —
putback(c) —

read(buf, num) —

readsome(buf, num) —

seekg(pos) —

BO3BpallaeT KOJIUYECTBO CUMBOJIOB, CYUTAHHBIX C I10-
MOTIBIO TIocTenHed (GyHKIuM HehopMaTUPOBAHHOTO
BBO/IA;

BO3BpAIaeT KOJ[ M3BJEYEHHOTO M3 TOTOKA CHMBOJIA
nnu EOF;

BO3Bpallla€T CCbLIJIKY Ha ITOTOK, N3 KOTOPOI'O BbIITOJIHA-
JIOCh UTE€HME, U 3alICbhIBA€CT W3BJIEUeHHBIN CUMBOJT B C;

CUMUTBIBAET num-1 cUMBOJIOB (MM IIOKA HE BCTPETUTCS
CUMBOJI lim) u Komupyer uxX B CUMBOJIBHYIO CTPOKY
buf. Bmecto cumBosia lim B ¢cTpOKy 3anuchiBaeTcst pH-
srak konna crpoku (\0"). Cumsou lim ocraerca B no-
ToKe. Bo3Bpaliiaer cChblIKy Ha TEKYIHIMH MTOTOK;

aHanornyHa (GyHKIIUN get, HO KomupyeT B buf u cum-
BOJI 11im;

CUMTBIBACT U IMPOITYCKAET CUMBOJIBI /10 TEX I0P, TOKa
He GyJIeT MPOYNTAHO NUM CUMBOJIOB UJIH HE BCTPETHUTCS
paszenTeNh, 3aJaHHbIH TapaMeTpoM 1im. Bosspatmaer
CCBIJIKY Ha TEKYUIMH MOTOK;

BO3BpAILAET CIAeAYIOMINIA CUMBOJI 0e3 yIaleHus ero us
noToka nin EOF, ecti IOCTUTHYT KOHeTT (haiiia;

IToMenraeT B IIOTOK CMMBOJI C, KOTOPHI;'I CTaHOBHUTCSA Te-
KYIIUM IIPpU U3BJICHECHNUUN M3 TTOTOKAQ;

CUMTBIBAECT NUM CUMBOJIOB (MJIM BCE CUMBOJIBI 10 KOHIIA
aiisa, ecqi UX MeHbIIIE NUM) B CUMBOJIbHBII MacCUB
buf 1 BO3BpaIaeT CCHUIKY Ha TEKYIIHil TTOTOK;

CYMTBIBAET NUM CUMBOJIOB (MJIM BCE CUMBOJIBI /10 KOH-
na aiiyia, eciv UX MEHbBIIE NuUM) B CUMBOJIbHBII Mac-
cuB buf 1 Bo3BpallaeT KOJMYECTBO CYUTAHHBIX CUMBO-
JIOB;

yCTaHABJIMBAET TEKYIIYIO MMO3UIMIO YTCHUs B 3Have-
HIE pos;

1I‘IE].]'IOMH}O, qTO 1Ipn 06pameHm/I K q)yHKIII/]I/I TTapaMeTphbl, YCTAaHOBJIEHHBIC II0 YMOJIYaHUIO,

MOJKHO HE€ yKa3bIBaTb.
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seekg(offs, org) — IepeMeniaeT TeKyulyIo Mo3uIMo YTeHusd Ha offs Gaii-
TOB, CUMTAsT OT OJHOW M3 TPeX TO3UINI, OTpe/esie-
MBIX IapaMeTpoM org: ios::beg (orT Hauana daiina),
ios::cur (ot Tekymiell mo3uiuu) uam ios::end (ot
KoHIa (aiina);

tellg() — BO3BpAIAET TEKYILYIO IMO3UIMIO YTEHHUS ITOTOKA;

unget () — TIOMeIaeT MOCAeTHUH MPOYNTAHHBI CUMBOJ B MTOTOK
1 BO3BPAIAET CCHIJIKY HA TEKYIHI MOTOK.

B xuacce ostream ornpeziesiensl anajsoruytbie HYHKINY 1715 HehopMATUPOBAHHOIO BbI-
BOJIA:

flush() — 3alliCbIBaeT COJEpKUMOe IO0TOKa BBIBO/IA Ha (hpuanyeckoe ycrT-
POCTBO;

put(c) — BBIBOJMT B IIOTOK CUMBOJI C U BO3BpalllaeT CCLLIKY Ha IOTOK;

seekg(pos) — yCTaHaBJIMBaET TEKYULYIO MO3UINIO 3alIICH B 3HAYEHHUE POS;

seekg (offs, org) — mepemenaer TEKyILyo HO3UIMIO 3amucK Ha of fs GaiiToB, cumnras
OT OHOW M3 TpeX TMO3UIUH, OMpeNeIIeMBbIX TapaMeTPoOM Org:
ios::beg (ot mavasa aiina), 10s::cur (OT TeKylel MO3UITUN)
nim i0s::end (oT KoHIA aiiya);

tellg() — BO3BpaIaeT TEKYIYI0 MO3UINIO 3aITUCH TTOTOKA;

write(buf, num) — 3anuchIBaeT B IOTOK NUM CUMBOJIOB U3 MaccuBa buf u Bo3Bpaina-
€T CCBIJIKY Ha ITOTOK.

IIpumep 1. [Iporpamma cuuTHIBAET CTPOKU U3 BXOJHOTO MMOTOKA B CHMBOJIHHBIN Mac-
CUB.

#include "iostream.h"
int main(){
const int N = 20, Len = 100;
char str[N][Len];
int i=20;
while (cin.getline(str[i], Len, '"\n') && i<N){
/..
i+t
1
return 0;

}

IIpumep 2. [Iporpamma 3anmceiBaeT B ¢aitn (daiiyioBble TTOTOKN pacCMaTPUBAIOTCS B
cIIeyToNIeM pasiesie) YUCJIO ¢ TIaBAoNIed TOUKON U CTPOKY CUMBOJIOB, a 3aT€M CUU-
ThIBAeT MX U3 (paila u BHIBOJUT Ha HKPaH:

#include <iostream.h>

#include <fstream.h>

#include <string.h>

int main(){

// 3anuch B dain
ofstream out("test");
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}

if(lout){
cout << "Cannot open file 'test' for writing" << endl;
return 1;

}

doubTe num = 100.45;

char str[ 1 = "This is a test.";

out.write(reinterpret cast<char *>(&num), sizeof(double));
out.write(str, strien(str));

out.close():

// YTenne n3 daina

ifstream in("test");

()|
cout << "Cannot open file 'test' for reading" << endl;
return 1;

}

double check_num;

char check_str[60];

in.read(reinterpret_cast<char *>(&check num), sizeof(double));
in.read(check str, 60);

int Istr = in.gcount(); // KOANYECTBO MPOYMUTAHHLIX CUMBOSOB

check_str[lstr] = 0; // 3aHECTW HyNb-CUMBON B KOHel CTPOKM
cout << check _num << ' ' << check_str << endl;

in.close();

return 0:

[IpuBenenue tuma reinterpret cast<char *> B BbizoBe yHkimii write() u read() ne-
00X0IMMO B TeX CJIydYasix, KOIja mapaMeTp He sIBJSETCS CUMBOJIBHBIM MacCHBOM.

IIpumep 3. B npuBenernoil Huzke mporpamme dopmupyetcst Gaiin test, B KOTOPbIi
BBIBOJIUTCST TPU CTPOKH.

#include <iostream.h>
#include <fstream.h>
#include <string.h>
int main(){

// 3anuce B Gain
ofstream out("test");

if(lout) {
cout << "Cannot open file 'test' for writing" << endl;
return 1;

}

char *str[ 1 = {"This is the first Tine.",
"This is the second Tine.",
"This is the third line."};
for (int i =0; 1<3; ++i){
out.write(str[il, strlen(str[il))
out.put("\n");
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out.close():

// YTenne n3 daina

ifstream in("test");
if(Hn){
cout << "Cannot open file 'test' for reading" << endl;
return 1;
}
char check str[3][607;
for (i =0; i<3; ++i){
in.get(check str[i], 60);
in.get();}

// KOHTPOSbHbI BbIBOA

}

for (i = 0; 1<3; ++i) cout << check str[i] << endl;
in.close();
return 0;

[Tocue BoimosHenus gyukimu get(check str[i], 60) cumMBoOJI-pa3aeanuTesb CTPOK '\n'
0CTAEeTCsI BO BXOAHOM IIOTOKE, II09TOMY HEOOXOMMM BBI30B get () AJIs IPOILyCcKa OLHOIO
CHMBOJIa. AJIbTEPHATHBHBIM CIIOCOOOM SIBJISIETCST MCITOJIb30BAHUE BMECTO (DYHKIMK get
bynknum getline, KoTopag U3BJIEKACT CUMBOJI-OTPAHIYUTEIb U3 BXOIHOTO TIOTOKA.

IIpumep 4. Oynkimu peek () u putback() MO3BOJISIOT YIIPOCTUTH YIIpaBJIeHHUE, KOT/A
HENU3BECTEH TUIl BBOJAMMOW B Ka)K/IbIi KOHKPETHBIN MOMEHT BPeMeHM WH(OpMaIliH.
Cremytotas mporpamma UJTIOCTpUpYeT 9To. B Heii u3 daiiya (¢aitioBbie TOTOKHU pac-
CMaTPUBAIOTCS B CJIEAYIONIEM pasjieie) CYUTHIBAIOTCS JUO0 CTPOKH, JUOO IIejbie
CTpOKM U 1IeJIble MOTYT CJIEA0BATh B JI0OOM MOPSIKE.

#include <iostream.h>
#include <fstream.h>
#include <ctype.h>
#include <stdlib.h>
int main(){

char ch;
// ToproToBKa haina
ofstream out("test"):

if(lout) {
cout << "Cannot open file 'test' for writing" << endl;
return 1;

}

char str[80], *p;

out << 123 << "this is a test" << 23;

out << "Hello there!" << 99 << "bye" << endl;

out.close();

// Ytenne (aiina

ifstream in("test");

1f(Hn){
cout << "Cannot open file 'test' for reading" << endl;
return 1;
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}
do{
p = str;
ch = in.peek(); // BbISCHEHWe Tuna clnepyvuero CUMBona
if(isdigit(ch)){
while(isdigit(*p = in.get())) p++; // CYuTbIBAHME LENOro
in.putback (*p); // BO3BpPAT CWUMBOMA B MOTOK
*» = "\0"; // 3aKaH4YMBAEM CTPOKY Hynem
cout << "Number: " << atoi(str);
}

else if(isalphalch)){ // CYUTHIBAHME CTPOKN
while(isalpha(*p = in.get())) p++;

in.putback (*p); // BO3BpAaT CWUMBOMA B MOTOK
*p = "\0"; // 3aKaH4YMBAEM CTPOKY HynemM
cout << "String: " << str:

1

else in.get(); // nponyck

cout << endl;
} while(!in.eof());
in.close();
return 0;

}

Pesyabrar paGoThl TIPOTPAMMBIL:

Number: 123
String: this

String: is
String: a

String: test
Number: 23
String: Hello

String: there

Number: 99
String: bye

[Ipu opranusaiuu AMagsoTOB € TOJB30BATETIEM MTPOTPAMMBI TIPU TIOMOIIBIO TTOTOKOB
HEeoOXOIMMO yUUThIBaTh Oyepusariio. Harmpumep, pu BBIBO/E TIPUTIANICHIS K BBO-
JIy MBI HE MOJKEM TapAaHTHPOBATh, YTO OHO MOSIBUTCS PaHbIIle, 4eM OYIyT CUUTAHBI JaH-
HbI€ U3 BXOJHOTO TIOTOKA, MMOCKOJIbKY MPUTJIAIEHNEe TTOSBUTCA HA 9KPaHe TOJbKO MPU
3anosHenun 6ydepa BHIBOJA:

cout << "Bepute x":
cin >> Xx:
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Jlnst penenvist a10# MpobIeMbl B basic_10s ompenesnena dhyHKImMs tie(), KoTopas CBs-
3bIBAeT MOTOKM 1stream u ostream ¢ moMoIIbio Bei3oBa Bua cin. tie(&cout). Ilocae ato-
O BbIBOJI ouuiiaeTcst (To ecThb BbiosinsgeTcs pyukius cout. flush()) kaskapiii pas, Ko-
ria TpebGyeTest HOBBIH CUMBOJ U3 TTOTOKA BBOJIA.

Vcrob30Barh B OAHON nporpamve moToku u (yHKinuu oubamorexku C, omucaHHbIe
B <cstdio> mam <stdio.h>, He pekoMenayercsa. Ecam 910 1m0 KakuM-1mn60 IpUYHHAM
HEOOXOMMO, TO JIO BBITTOJHEHUS TIEPBOIl Omepaliy ¢ MOTOKAMH CJIEIYeT BBI3BATh
OIMCAHHYIO B 10S_base (yHKIMIO sync_with stdio(), koropas obecreduT 1CIoab30Ba-
Hue obmux 6ydepos. Beizos sync_with stdio(false) pasweaunser 6ydepa (3T0 MOKET
MIPUBECTU K YBEJIMYEHUIO TTPON3BOJAUTENBHOCTN).

OLWwWunOKM NOTOKOB

B 6azoBoMm kitacce 10s orpeziesieHo modie state, KOTOpoe TpeacTaBsieT coO0H coCTOosI-
HH€e [I0TOKA B BUJIE COBOKYITHOCTH GUTOB:

enum io_state({
goodbit = 0x00, // HeT ownbok

eofbit = 0x01, // [OCTUTHYT KOHeu (aiina
failbit = 0x02, // Ouubka (GopmaTmpoBaHus wan nNpeobpas3oBaHus
pbadbit = 0x04, // CepbesHas ownbKa, nocne KOTOpon

// NONb30BATbCA NOTOKOM HEBO3MOKHO
hardfail = 0x08 // HencnpaBHOCTb 000pynOBaHN4
CocTrostHMEeM TTOTOKA MOKHO YITPABJISATH C TTOMOIIBIO TIEPEYNCIEHHBIX HIKE METOJI0B 1
oTIepaIlnii;

int rdstate() — BO3BpallfaeT TeKyIee COCTOAHNE TOTOKA;

int eof() — BO3BpalllaeT HEHYyJeBOe 3HAueHUe, ecjy yCcTaHoBJieH diar
eofbit;

int fail() — BO3BpallaeT HEHyJIeBOe 3HAYCHUE, €CJAN YCTAHOBJIEH OJWH U3
¢aaros failbit, badbit wim hardfail;

int bad() — BO3BpalllaeT HEHYJeBOEe 3HaAYEHUe, €CJAU YCTAaHOBJEH OAUH U3
(daaros badbit nim hardfail;

int good() — BO3BpaIlaeT HEeHyJIeBOe 3HaUeHue, ecau cOPOIIeHbl Bee (iaru
OINOOK;

void clear(int = 0) — mapaMerp TPUHUMAETCS B KayeCTBE COCTOSIHUS OMMOKH, TIPH
OTCYTCTBUM TIapaMeTpa COCTOSTHUE ONIMOKU yCTaHABJIMBAET-
cs 0;

operator void*() — BO3BpAIl[aeT HYJEBOU yKas3aTeJib, €CJIU YCTAHOBJIEH XOTsI Obl
OIUH OUT OMINOKHU;

operator !() — BO3BpaIllaeT HEHYJIEBOI yKa3aTeb, €CJU YCTAHOBJIEH XOTsI Obl
OIMH OUT OIUOKU.

[lasiee MpUBEIEHBI YaCTO MCIIOTB3yeMbIe OTePaIuy ¢ (hJiaraMi COCTOSTHUS TTOTOKA.
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// TlpoBepnTb, YCTAHOBAEH nn ¢nar flag:
if(stream_obj.rdstate() & ios::flag)
// Cbpocuth tdnar flag:
stream_obj.clear(rdstate() & ~ios::flag)
// YcTaHouTb dnar flag:
stream obj.clear(rdstate() | io0s::flag)
// YcTaHoBuTb dnar flag u cOpoCuTh BCE OCTalbHblE:
stream_obj.clear( ios::flag)
// CbpocnTb BCE (naru:
stream obj.clear()

Omneparust void*() HeSTBHO BBI3BIBAETCS BCSIKUI pas, KOT/A MOTOK cpaBHUBaeTcs ¢ 0.
ITO MMO3BOJISIET 3ANUCHIBATD IIMKJIbI BU/IA:

while (stream obj){
// Bce B NOpPAJKE, MOKHO NPOW3BOAUTH BBOM/BbIBOA

}

B npuBeseHHOM HUKe npuMepe TokaszaHa pabora ¢yHkuuu rdstate(). IIporpamma
BBIBOJIUT Ha 9KPaH COJEPKUMOE TEKCTOBOro (paiijia, UM KOTOPOTO 3aJ[aeTcsl B KO-
MaHAHOU crpoke. Ilpu Hajmmuuy omubku GyHKIUS coobmaer 06 9TOM II0CPEACTBOM
CheckStatus().

#include <iostream.h>
#include <fstream.h>
void CheckStatus(ifstream &in);
int main(int argc, char *argv[ 1){
if(argc = 2){
cout << "Usage: <program name> <file name>" << endl;
return 1;
}
ifstream in(argv[1]);
()|
cout << "Cannot open file" << argv[1] << endl;
return 1;
}
char c;
while(in.get(c)){
cout << ¢; CheckStatus(in);
}
CheckStatus(in); // KOHTPOAb QWUHANLHOTO COCTOSAHWA
in.close();
return 0;
}
void CheckStatus(ifstream &in){
int i;
i = in.rdstate();
if(i & ios::eofbit)
cout << "EOF is occured" << endl;
else if(i & ios::failbit)
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cout << "Not fatal input/output error" << endl;
else if(i & ios::badbit)
cout << "Fatal input/output error" << endl;

dainoBbie NOTOKU

Moz daitiom 00BIYHO TTOAPasyMeBaeTcs MMeHOBaHHAS MH(MOPMAIIUST Ha BHEITHEM HO-
curesie, HAPUMEpP, HA KECTKOM WM MOKOM MarHUTHOM Jucke. Jlormaecku aiia
MOJKHO TIPEACTABUTH KaK KOHEYHOE KOJMYECTBO TTOCITIE0BATENBHBIX HaliTOB, TI0ITOMY
TaKne YCTPOWCTBA, Kak AUCIIEH, KJIaBHATypy W NMPHHTEP TaKXe MOKHO PacCcMaTpH-
BaTh KaK YacTHbIE CIydau (Daiiios.

ITo crocoby poctyma (haiijbl MOKHO Pasie/IuTh Ha nOCLe008amenvHvle, YTEHUE U 3a-
MICh B KOTOPBIX MPOU3BOATCS ¢ Havama GaliT 3a 6aliToM, U Qaiiivl ¢ NPOU3COTLHBIM
docmynom, JOIYCKAIONMEe YTEHNE U 3aIMCh B YKA3aHHYIO HO3HILHIO.

CrangaprHas 6ubIMOTEKA COAEPKUT TPU Kjacca A paboThl ¢ (ailiamu:
ifstream — kJacc BXOAHBIX (DaiJIOBBIX TTOTOKOB;

ofstream — kJacc BBIXOHBIX (PANJIOBBIX TTOTOKOB;

fstream — KJacc AByHANPaBIeHHBIX (DANIOBBIX TOTOKOB.

ITH KJIACCHI SIBJISIOTCS IPOU3BOHBIMU OT KJIACCOB istream, ostream u iostream coot-
BETCTBEHHO, TI09TOMY OHM HACJENYIOT MePerpyKeHHble orepanun << u >, dyaru ¢op-
MaTUPOBaHUA, MaHI/IHy]IHTOpr, METO/Ibl, COCTOAHMEC IIOTOKOB 1 T. /.

UcnionpzoBanue (haiiyioB B IIPOTpaMMe MPeIoiaraeT Caeyone onepaiumn:
0O cosmaHue MOTOKA;

O OTKpBITHE MMOTOKA W CBSI3bIBAHUE €T0 ¢ (hailjiom;

Q obmeH (BBOJ/BLIBOL);

QO 3akpbiThe daiina.

Ka)KlIbeI KJacc (baI;'I]IOBbIX ITOTOKOB COZIEPIKUT KOHCTPYKTOPBDI, C ITIOMOIIIbIO KOTOPBIX
MOJKHO CO3JaBaTb OOBEKTHI 9TUX KJIACCOB Ppa3mMIYHbIMN criocobamu.

O KoucTpyKTopsl 0€3 IIapaMeTpoB CO34al0T 0OBEKT COOTBETCTBYIOIIEIO KJacca, He
CBSI3BIBasI €T0 ¢ (hailaoM:

ifstream();
ofstream():
fstream();

Q KoHCTPYKTOpBI ¢ MapaMeTpamMu CO3/AI0T 0OBEKT COOTBETCTBYIOIIETO KJIacca, OT-
KpbIBatoT (aiijl ¢ yKasaHHBIM UMEHEM U CBA3BIBAIOT (aill ¢ 00bEKTOM:

ifstream(const char *name, int mode = i0s::in);
ofstream(const char *name, int mode = jos::out | jos::trunc);
fstream(const char *name, int mode = ios::in | i0s::out);
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BroppiM nmapamMeTpoM KOHCTPYKTOpaA gBJsETCS PeXuM OTKpoITus daitaa. Ecim ycra-
HOBJIEHHOE TI0 YMOJTYaHUIO 3HAUeHHe He yCTpPanBaeT MPOTPAMMUCTA, MOKHO YKa3aTh
JIPYTO€, COCTaBUB €ro U3 OUTOBBIX MACOK, OIPEIEEHHBIX B KJIacce 10S:

enum open_mode{

in = 0x01, // OTKpbITH [NA YTEHnA

out = 0x02, // OTKpbIT Anif 3anucu

ate = 0x04, // YCTaHOBNTbL yKasaTenb Ha KoHel (aina
app = 0x08, // OTKpbITb [ns n00aBNeHMs B KOHel
trunc = 0x10, // Ecnu Qaiin cyuwecTByeT, ynanuThb

nocreate = 0x20, // Ecnu Gain He CyuecTByeT, BblaTb OWWOKY

noreplace = 0x40, // Ecnu Gain CywecTByeT, BbiAaTb OWMOKY

binary= 0x80, // OTKDbITb B NBOUYHOM DEKNME
B Tabsuie 10.2 mpuBeieHO COOTBETCTBHE MEKAY OMTOBBIMU MacKaMK Kjacca i0S
U pexxuMaM¥ OTKPbITH haiisa, onmucaHubiMu B <stdio.h>.

Ta6aunua 10.2. Pexumbl OTKpbITUS daina

KomG6uHauusa ¢naros ios OKBUBANEHT
binary in out trunc app stdio
+ "w"
+ + "q"
+ + W
+ et
+ + T
+ + + "
+ + "wb"
+ + + "ab"
+ + + "wh"
+ + "rb"
+ + + "rth"
+ + + + "w+b"

OTKpBIT (haiia B mporpaMMe MOKHO ¢ MCIOJIb30BaHUEM JTUO0 KOHCTPYKTOPOB, JTUGO
MeTO/Ia 0pen, NMEIOIIEeTO TaKue Ke MapaMeTphl, Kak U B COOTBETCTBYIONEM KOHCTPYK-
TOpe, HallpuMep:
ifstream inpf ("input.txt"); // Ycnonb30BaHue KOHCTPYKTOpa
if (Hinpf){
cout << "HeBO3MOKHO OTKpbITb (alin ans 4teHna": return 1;
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}

ostream f;
f.open("output.txt", ios::out); // Wcnonb3oBaHne metofa open
it ()]

cout << "HeBO3MOKHO OTKPbITb (ain [ns 3anucu”;

return 1;

}

Yrenne M 3aM1Ch BBITOJTHSIOTCS ]II/I6O C ITIOMOIIIbIO OHepaHI/HL/,I YTEHUA U M3BJICYCHUA,
AHaJIOTNMYHbIX ITOTOKOBbBIM KJIaCCaM, JII/I6O C IIOMOIIbIO METO/I0B KJIACCOB.

[Ipumep mcnomp3oBanms MeTO/I0B (TTPOTPaMMa BBIBOAWT HA dKPaH cofiepskuMoe Gaiima):

#include <fstream.h>
int main(){
char text[81], buf[81]:
cout << "Beeante umMa Qaina:";
cin >> text;
ifstream f(text);
it ()
cout << "Ouubka OTKphITWA ®daiina"; return 1;
}
while (!f.eof()){
f.getline(buf, 81);
cout << puf << endl;

}

return 0;
}

JL71s1 3aKpbITUA NOTOKA OIIpejieieH MeTo/| C10se(), HO IIOCKOJIbKY OH HEesIBHO BBIIIOJIHAET-
sl IECTPYKTOPOM, SABHbII BBI30OB HEOOXOJMM TOJBKO TOT/A, KOT/a TpedyeTcs 3aKpbITh
MOTOK PaHBIe KOHIA €r0 06JaCTH BUANMOCTH.

CTpokoBble NOTOKU

CTpPOKOBBIE TIOTOKH TIO3BOJISIIOT CUUTHIBATH M 3aMMCHIBATh HH(MOPMAIMIO U3 0bJaacTeil
OTIEpAaTUBHOM IMaMATU TaK Ke, Kak 13 (paiija, ¢ KOHCOJM Wiu Ha Jucieil. B crangapt-
HOT GMOIMOTEKE OTIPEAEIEHO TPU KTacca CTPOKOBBIX MOTOKOB!:

istringstream — BXOHbBIE CTPOKOBBIE TIOTOKH;
ostringstream — BBIXOJAHbBIE CTPOKOBBIE IIOTOKY;
stringstream — gByHaAIpaB/IeHHbIE CTPOKOBBIE TTIOTOKH.

OTH KJACCHI OTPEESIOTCS B 3ar0JOBOYHOM (aiime <sstream>2 u SBISIOTCS TTPOU3-
BOJHBIMU OT KJIaccoB istream, ostream m iostream cOOTBETCTBEHHO, MTO9TOMY OHU Ha-

' B crapbIx BepeHsAX KOMITMISTOPOB 9TH KJIACCHI MOTYT HMETD JAPYrie HA3BAHHUSL.

2 B cTapbIX BEPCHSIX KOMIMIISTOPOB 3aroJ0BOUYHEI (hafi MOKeT nMeTh uMsi <strstrea.h>.



naea 10. MNoToKOBbIE KNacchl 283

CJIE/IYIOT TIeperpysKeHHbIe ollepaliuu << u >>, (yaru GpopmMaTupoBaHusl, MAHUITYJIATO-
PBI, METO/IBI, COCTOSTHUE TTOTOKOB U T. L.

Yyactkn IIaMATH, ¢ KOTOPbIMUW BBIINIOJIHAIOTCA OIll€pallu 4YTECHUA W H3BJIECYCHUA, 110
cranjapty onpenensiorcs kak crpoku C++ (xmace string). CTpokoBelil Kacc pac-
cmatpuBaetcs Ha ¢. 286. CTpOKOBbIE TIOTOKU CO3/IAIOTCS U CBSI3BIBAIOTCS C STUMU y4a-
CTKaMH TTaMSITH C TIOMOIIBIO KOHCTPYKTOPOB
explicit! istringstream(int mode = ios::in);
explicit istringstream(const string& name, int mode
explicit ostringstream(int mode = ios::out);
explicit ostringstream(const string& name, int mode = io0s::out);
explicit stringstream(int mode = ios::in | ios::out);
explicit stringstream(const string& name, int mode = io0s::in | j0s::out);

i0s::in);

CTpOKOBBIE TIOTOKH SIBJISIFOTCST HEKOTOPBIM aHaioroM (yHkiwit sscanf u sprintf 6ub-
sorekrt C ¥ MOTYT IPUMEHATHCS /IS TIPe0OPa3OBaHsI TAHHBIX, KOTIA OHU 3aHOCSIT-
Cs1 B HEKOTOPBIN YIaCTOK MAMSITH, a 3aT€M CUUTBIBAIOTCS B BEJIMYUHBI TPEOYEMBIX TH-
HOB. ITH MOTOKU MOTYT TPUMEHSITHCS TakKe jiuisi oOMeHa uH(bOpMAIel MKy
MOJLYJISIMH ITPOTPAMMBI.

B cTpokoBbIX TOTOKAX onucaH MeTo/| Str, BO3BpAIIAONUN KOIIMIO CTPOKU WJIM yCTa-
HaBJINBAIOIUI ee 3HAYEHIE

string str() const;
void str(const string & s);

ITpoBepsATh CTPOKOBBIH TIOTOK Ha TIEPemoTHeHrne He TPeGyeTcs, TTOCKOIbKY pasMep
CTPOKU M3MEHSAETCS TUHAMUYECKH.

B npuBeneHHOM HUKE TPUMEpPe CTPOKOBBIN TTOTOK UCTIONMB3YeTCs 71t (hOPMUPOBAHUSA
COOBIIEHNS, BKIIOYAIONIEr0 TEKYIee BPeMsl U MepelaBacMblil B KauecTBe TlapaMeTpa
HOMeED:

#include <sstream>
#include <string>
#include <iostream>
#include <ctime>
using namespace std;
string message( int 1){
ostringstream o0s;
time t t;
time(&t);
0s << " time:
return os.str();

<< ctime(&t) << " number: " << i << endl:

}

int main(){
cout << message(22):
return 0;

Lem. e 197.
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NMoToKku n Tunbl, onpeaeneHHblie
nosib3oBartesiemMm

[l BBOZIa M BBIBOJIA B ITOTOKAX MCIOJIB3YIOTCS TIeperpysKeHHble [ BCeX CTaH/IapT-
HBIX THUIIOB OMEPAIUU YTCHUS ¥ U3BJECUCHUST << ¥ >>, [Ipu 9TOM BBIGOP KOHKPETHOIL
olepaIuu OMpPeIesiIeTCs TUIIOM (PAKTUIeCKUX apaMeTpoB. J[Jist Toro 4roObl BBOAUTH
U BBIBOJIUTH BEJUYUHBI THIIOB, OTPEIETECHHBIX MOIb30BaTENIEM, TPeOYETCsT meperpy-
3UTh 9TU Omeparuu. ITo GUHAPHBIE ONEPAINN, JIEBBIM OMEPAHIOM KOTOPBIX SIBJISIETCST
06BEKT-TIOTOK, a MPaBBIM — OOBEKT, KOTOPBIH TpebyeTcs M3Bjiedb UM TIOMECTUTH B
aTOT MOTOK. Bo3BpariaeMoe 3HavemHme JOMKHO OBITh CCHUTKOI Ha MTOTOK, YTOOBI MOKHO
OBbLIO OPTaHU30BBIBATD IIETIOUKU OIEPAIINi, KaK U B CJydae CTAaHIAPTHBIX TUIIOB.

[Iyctb, HantpuMep, B Iporpamme omnpezesieH kiaacc MyClass:

class MyClass{
int  x;
float y:

}

Jliist Toro yToGBl BBOAUTDH U BBIBOJIUTH OOBEKTHI 9TOIO Kjacca, TpeOyeTcst OlpeIe/iuTh
B kJacce MyClass onepanuu cJaeayonero Buja:

// BbiBOA:
friend ostream& operator << (ostream& out, MyClass& C){
return out << "x = ! !

<< C.x << y = << C.y:

}

// BBOR:

friend istream& operator >> (istream& in, MyClass& C){
cout << "Beepute x: ":in >> C.x;
cout << "Beepute y: ":in >> C.y;
return in;

}

ITocne atoro B IIporpaMmMe MOKHO HCITIOJIb30BaTb 00BEKTBI KJIacca MyC] dSS B omiepalim-
JX BBOJIa M BBIBO/JIa HAPAAY C BeJIMYMHAMUW CTaH/IAPTHBIX TUITOB!

#include <iostream.h>
class MyClass{

int X;
float y;
public:

MyClass(int nx = 1, float ny = 0.01){x = nx;: y = ny:}
friend ostream& operator<< (ostream& out, MyClass& C){

return out << "x = " << C.x << y="<<Cy;:
}
friend istream& operator>> (istream& in, MyClass& C){
cout << "Beemute x: "; in >> C.x;
cout << "Beante y: in>>C.y:
return in;
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1
b
int main(){
MyClass C;
cout << C << endl;
MyClass C1(100, 100);
cout << C1 << endl;
MyClass C2;
cin >> C2; cout << C2 << endl:
return 0;

}

Ix3eMiigp C kmacca MyClass cosmaercs ¢ mapamMeTpamMu KOHCTPYKTOpa IO yMOJ4a-
HUIO, TIOATOMY Ha 9KpaH OGy/IeT BHIBEACHO:

x=1y=20.01
Ix3emiisap C1 kmacca MyClass codmaetcs ¢ napamerpamu 100, 100
x =100 y = 100

IMocrne cozmanust ax3emmsipa C2 O6yIeT BBIBEIEHO TIPUTJIANIIEHNE KO BBOLY X 1 Y, & 3a-
TeM BBEECHHBIE ¢ KJIABUATYPBI 3HAYECHUS OYAYT BHIBEJCHBI HA KPaH.
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Ctpokm

Cmaﬁaapmubte KJACCbL NPOCMoO Mmax
6 cocmae C++ ne dobaensiomcsl.

I'. Hlnnar

C++ He COJEPKUT CTAHJAPTHOTO TUIIA JIAHHBIX «CTPOKa». BMecTo aTOro OH mojjiep-
JKMBACT MACCUBBI CHMBOJIOB, 3aBEpIIacMble HYJIb-CHMBOJOM. BubaroTeka CopepsKuT
(byHK]_II/II/I JLIA pa6OTbI C TaKUMMN MaCCHUBaMW, YHaCJ€TOBaHHbIC OT C u omnmcaHHbie
B 3aroJI0BouHOM (aiize <string.h> (<cstring>). O6 sTux GYHKIUAX PACCKA3BHIBALIOCH
B pasziene «DyHKIMKM pabOTHI CO CTPOKAMU U CUMBOJaMu», ¢. 91. OHU TO3BOIAIOT
JIOCTUYB BBICOKOU 3(h(heKTUBHOCTH, HO BechbMa HEYI0OHBI U HEOE30ACHBI B UCTIOJIB30-
BaHUU, [TOCKOJIbKY BBIXO]] 32 IPAHUIIBI CTPOKH He IIPOBEPSIETCSI.

Tun gaHHbIX String cTaHAapTHON OMOJMOTEKH JIMIIEH 9TUX HEAOCTATKOB, HO MOKET
MIPOUTPBIBATh MAacCUBaM CUMBOJIOB B adextnBHOCTH. OCHOBHBIE EHCTBUS CO CTPO-
KaMWM BBIITIOJTHAIOTCA B HEM C ITIOMOIIIbIO onepaum‘/’l 1 METO/I0B, a JAJiMHa CTPOKU N3Me-
HAETCS AMHAMUYECKU B COOTBETCTBHM C TOTpeOHOCTAMM. [IJI MCIIOJIb30BaHUs Kacca
HEeOOXO0MMO MOAKIIOUUTH K IIPOrpaMMe 3aroJIOBOYHBIN (aiir <string>l, Paccmorpum
MpuMep:
#include <cstring>
#include <string>
#include <iostream>
using namespace std;
int main (){
char c1[807, c2[80], c3[80];// Crpokn C 3aBepwanwnm Hynem
string sl. s2, s3;
// TpucsaneaHue CTPOK
strcpy(cl, "old string one");
strepy(c2, cl);

'B CTapblX BEPCHUAX KOMITMJISITOPOB 3aroJIOBOYHBIN (hails i MoJKJIIoueHns Kiaacca string
MO’KeT IMeTh UM cstring.h mam bstring. h, a 3aT0TOBOYHBIH (hailsr 1T CTPOK CTAPOTO CTHUJIS —
string.h.
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sl = "new string one":
s2 = sl;

// KOHKaTeHauma CTpoK
strepy(c3, cl);
strepy(c3, c2);

s3 = sl + s2;

// CpaBHeHne CTpOK

if (stremp(c2, ¢3) < 0 ) cout << ¢2;
else cout << c3;

if (s2 < s3) cout << s2;
else cout << s3;

}

Kax BupHO U3 mpumepa, BBIMTOJIHEHUE JIOOBIX ACHCTBUN CO CTPOKAMH CTAPOTO CTHJISA
TpebyeT Mcmomb30Banmst GYHKIN 1 Metee HATTsIIHO. Kpome Toro, HeoOX0MMMO TIpo-
BEPSTD, JIOCTATOYHO JIM MECTA B CTPOKE-TIPUEMHMKE MTPU KOMUPOBAHWH, TO €CTh (hax-
THYECKHU KO PabOTHI CO CTPOKAMU CTAPOTO CTHUJIS IOJKEH GBITH elrie Horee THHHBIM.

CTpOKI/I ThIla String 3alluineHbl OT BBIXOJA I/IH(I)OpMaL[I/II/I 3a MX TPpaHUIbI 1 C HUMN
MOKXHO pa6OTaTI) TaK Ke, KaK C JIIOOBIM BCTPOCHHBIM THUIIOM JIaHHBIX, TO €CTb C IIOMO-
1IIbIO OHepaLlI/IfI. PaCCMOTpI/IM OCHOBHBIE 0COOEHHOCTH 1 ITPpHUEMBI pa6OTI)I CO CTPOKaMH.

KOHCTPYKTOPbI 1 NpucBanBaHne CTPOK

B xmacce string ompeesieHo HECKOTLKO KOHCTPYKTOPOB. Hitke B yIpoteHHOM BuIe
MPUBEJIEHBI 3aT0JIOBKU HauboJiee yoTpeOUTeIbHbIX:

string();

string(const char *);
string(const char *, int n);
string(string &);

ITepBBIil KOHCTPYKTOP CO3/AET MycTOi 00BeKT THIa string. Bropoil cosmaer 06beKT
Tumna string Ha OCHOBE CTPOKU CTAPOTO CTUJIsL, TPETHI CO371aeT 0OBEKT THUMa string u
3aIMCBIBACT Ty/la N CUMBOJIOB M3 CTPOKH, yKa3aHHON 1epBbIM napamerpoMm. ITocaen-
HU KOHCTPYKTOP SBJSETCS KOHCTPYKTOPOM KOTMPOBAHUS, KOTOPBIN CO3/IaeT HOBBIH
06BEKT Kak KOMUI0 00bEeKTa, EPEJaHHOTO eMy B Ka4ecTBE MapaMeTpa.

B knacce string onpeziesieHbl TpU ONepanyuy MPUCBAHBAHUS:

string& operator=(const string& str);
string& operator=(const char* s);
string& operator=(char c);

Kak BUiHO 13 3ar0JI0BKOB, CTPOKE MOXKHO TIPUCBANBATD JIPYTYIO CTPOKY THIa string,
CTPOKY CTapOTro CTUJISL UM OTAEJbHBII CUMBOJI, HAIIPUMED

string sl:

string s2("Bacsa");
string s3(s2);

sl = "X";

sl = "Baca";

s2 = s3;
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Onepauum

Huske mpuBeieHbl JOMYCTUMBIE IS 0OBEKTOB KJIacca string omeparim:

Onepauus AencTBUue Onepauus AeiicTBue

= IIpucCBanBaHue > 6oJblIre

+ KOHKaTeHalug >= GOoJIbIIe MIN PABHO
== paBeHcTBO L[] HHIEeKcaIs

I= HEPaBEHCTBO << BBIBO/],

< MEHBbIIIEe >> BBO/],

<= MEHbIIIE WU PABHO += nobassieHne

Cunrakcuc onepanuil 1 Ux JefcTBUE O4eBUAHDLL. Pa3Mepbl CTPOK yCTaHaBIUBAIOTCS
ABTOMATHYECKU TaK, YTOOBI OOBEKT MOT COMEPIKATH MPUCBAUBAEMOE €My 3HAYeHVE.
Hazo orMeTHTh, 4TO JIJIst CTPOK THTIA String He COBIIONAETCS COOTBETCTBUE MEKLY all-
PECOM TIEPBOTO AIEMEHTA CTPOKU U MMeHeM, Kak 9TO OBIIO B CJAydae CTPOK CTApOro
ctuid, To ectb &s[0] He paBHO S.

Kpowme ormepariy wHEKCAINU, IS IOCTYIA K JIEMEHTY CTPOKU ompesiesieHa (hyHK-
14 at:

string s("Bacsa");
cout << s.at(l); // byner BbBEJeH CUMBON a

Ecsm nHzAEKC TIpeBHINIaeT AINHY CTPOKH, TIOPOXKIAAETCS NCKIoUeHne out of range.

Jlist paboThl CO CTPOKAMU IETMKOM ITUX OTepanuii JOCTaTOYHO, a Ayt 06paboTKu
JacTeil cTPOK (HAImpUMep, MONCKa MOACTPOKU, BCTABKHU B CTPOKY, YAATEHUS CUMBO-
JIOB) B KJacce String olpeaeneHo MHOKECTBO PasHO0OpasHbIX MeTOA0B ((PyHKIMIL),
Hanbosee ymoTpeGUTENbHbIe U3 KOTOPHIX PACCMATPUBAIOTCS B CIIEAYIONIEM paszee.

DOyHKUMN

@yukimy kracca string st yo6cTBa pacCMOTPEHUsST MOKHO Pa3OUTh Ha HECKOJIBKO
KaTeropuii: mprcBanBaHue u JoOaBIeHUE YacTell CTPOK, IpeobpasoBaHust CTPOK, TO-
WCK TIOJICTPOK, CPaBHEHUE U MOJIyYeHUE XapaKTePUCTUK CTPOK.

MpuceaneaHne n podaBneHue YacTen CTPOK

[ly1g mpucBauBaHus 4acTy OJTHOM CTPOKU JIPYTOU CIYKUT (DYHKITUS assign:

assign(const string& str);

assign(const string& str, size type pos, size type n);

assign(const char* s, size type n);
[TepBas gopma dyHKIIMK TpUCBaUBaeT CTPOKY Str BBI3BIBAIOIIEH CTPOKE, MPU 9TOM
I[efICTBI/Ie (l)yHKLII/II/I 9KBUBAJICHTHO OIlepannn IIpUCBanBaHMA:

string s1("Baca"), s2;
s2.assign(sl): // PaBHOCUABLHO S2 = S1:
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Bropas dopma nmpucBanBaeT BbI3bIBAOIIEN CTPOKE YACTh CTPOKU Strr, HAUMHAS C TIO3U-
e post. Ecom pos GoJibliie UIMHBI CTPOKHU, TIOPOKIAETCS UCKIoUeHre out of range.
BoI3bIBaloIeli CTPOKe MPUCBAMBAETCS N CUMBOJIOB, OO0, €I POS + N OOJIbIIE, YeM
JUTMHA CTPOKMU Str, BCe CUMBOJIBI JI0 KOHIA CTPOKNU Str.

Tperba (opma npucBanBaeT BbI3BIBAIOIIEH CTPOKE N CUMBOJIOB CTPOKM S CTApoOro
THIIA.

Jlist MoGaBIeHUst YacTh OHOM CTPOKU K JAPYTON CaAyKUT (PyHKIMs append:

append(const string& str);
append(const string& str, size type pos, size type n);
append(const char* s, size type n);

Iepsas hopma GyHKINN H00ABISIET CTPOKY SLI K KOHILY BBI3BIBAOIIEH CTPOKH, MTPU
aTOM JielicTBUE (DYHKIIMYM SKBUBAJIEHTHO ONeparuy KoHkarenanuu (+).

Bropas dopma 106aBsieT K BbI3bIBAIOIIEH CTPOKE YaCTh CTPOKMU Str, HAUMHAS C 03U~
n pos. Ecam pos GoJibine AJIMHBI CTPOKM, MOPOKIAETCA MCKIoUenne out of range.
K BeI3BIBaIoOIEil cTpoKe H100aBISETCS N CUMBOJIOB, MO0, €CIU pos + N OOJIbIle, yeM
JUIMHA CTPOKM Str, BCe CUMBOJIBI JI0 KOHIIA CTpoKku str. Ecam ammna pesybraTa 6071b-
e MaKCUMAaJAbHO JOIYCTUMON [JIMHBI CTPOKH, IIOPOKAAETCS HUCKIIOYEHUE
length_error.

Tperbst hopma 106ABIISIET K BBHI3BIBAIONIEH CTPOKE N CHMBOJIOB CTPOKH S CTAPOTO TUTIA.

NMpeoOpa3oBaHus CTPOK

/17151 BcTaBKU B OJIHY CTPOKY YacTU JIPYTON CTPOKM CIY:KUT (DyHKIMSA insert:

insert(size type posl, const string& str);
insert(size_type posl, const string& str, size type pos2, size type n);
insert(size type pos, const char* s, size type n);

[lepBas dopma ynkimm BeTaBisgeT CTPOKY St B BBI3BIBAIONIYIO CTPOKY, HAYMHAS C
MO3UITNHN POS] BBI3BIBAIOIIEH CTPOKHU. VIHBIMU CJTOBaMU, BBI3bIBAIOTIAS CTPOKA 3aMella-
€TCSl CTPOKOM, KOTOpas COCTOUT U3 MEPBBIX PoS1 CHMBOJIOB BBLI3LIBAIONIEH CTPOKH, 32
KOTOPBIMU CJIEZIyeT CTPOKA Str IIeJIMKOM, a I10cJie Hee PACHoJIaraloTesl OCTaIbHbIE CHM-
BOJIBI BBI3bIBatOIIEi cTpoku. Ecain pos1 GoJiblite JIJTMHBL CTPOKHU, TOPOKIAAETCST UCKITIO-
uenue out_of range. Eciu ayinna pesysibrata 60J1blne MaKCUMaIbHO JOMYCTUMO JIJTH-
HBbI CTPOKH, IIOPOXK/IaeTcs UCKIoYenue length error.

Bropast ¢hopma hyHKIIME BCTABJISIET B BBI3BIBAIOILYIO CTPOKY YaCTh CTPOKU Str, HAUU-
Hasl C MMO3UIMU POS] BBI3BIBAIOIIEN CTPOKU. BBI3bIBAIOIIAS CTPOKA 3aMEIAeTCsT CTPO-
KO, KOTOpasi COCTOUT M3 MEePBBIX POS] CUMBOJIOB BBI3bIBAIOIIEN CTPOKH, 32 KOTOPBIMU
CTIEJIYIOT N 3JIEMEHTOB CTPOKM Str, HauWHas C TIO3WITMH POS2, a MOCJe HUX PacroJiara-
I0TCST OCTAJIbHbIE CUMBOJIBI BhI3bIBaOIIEil cTpoku. Ec/m n GoJiblie IIMHBL CTPOKH St
KOIIMPYETCS BECh OCTATOK CTPOKH str. Ecain posl uiu pos2 Gosiblie AJIMHBI COOTBETCT-
BYIOIIEll CTPOKH, TOPOsKAaeTcs nuckmaodenne out of range. Ecam nnwHa pesymbrarta

'size type mpencrasiser co60it Ge33HAKOBBIIT e TBIH THII, JOCTATOYHBII /LIS XPAHEHMS pasMepa
camoro 6GOJBIIOro 0OBEKTA /I JAHHOW MOJIEJIN.
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GoJIbIIIe  MAKCUMAJILHO JIOMYCTUMOM JITMHBI  CTPOKH, TMOPOKAACTCS WMCKIIOUEHUE
length_error.

Tperba dopma GyHKIINN BCTAaBJALET B BBI3BIBAIOINLYIO CTPOKY N 2JIEMEHTOB CTPOKU S
CTapoTO THIIA, HAYWHAS C TTO3UIIUN POS BBI3BIBAIONIEH CTPOKU.

Jluig yaaneHust 4acTu CTPOKU CJIYKUT (PYHKIIUS erase:
erase(size type pos = 0, size type n = npos);:

OHa ynazseT 13 BBI3BIBAIOIIE! CTPOKM N 3JIEMEHTOB, HAYMHAS € MTO3UINH pos. Ecim pos
He YKa3aHO, 2JIEMEHTbI YJQJISIOTCS ¢ Havyaja CTPOKU. Eciu He yKasaHo n, yaaisdeTcs
BECb OCTATOK CTPOKU.

BHUMAHUE

Besmmunia NpoS sIBJsIeTCsT CTaTHYECKMM YJIEHOM KJiacca string m mpezcTaBisier coboil camoe
GOJIBINTOE TTOJOKUTETBHOE YHCII0 THITA STze type (Bce eMHUIBI B GUTOBOM IMPEICTABICHIN).

OuncTKy BCell CTPOKU MOKHO BBITIOJIHUTD € MTOMOIIbIO (hyHKIIUK clear:
void clear();
[l 3aMeHBI YacTl CTPOKU CJIYKUT (DyHKITUS replace:

replace(size_type posl, size type nl, const string& str);

replace(size_type posl, size type nl, const string& str, size type pos2,

size type n2);
31ech posl — TO3UTINST BBI3BIBAIOIIEN CTPOKH, HAUMHAS C KOTOPOU BBITTOTHSIETCS 3aMe-
Ha, Nl — KOJIMYECTBO yAAIACMbBIX 2JIEMEHTOB, P0S2 — MO3UIKA CTPOKHU Str, HaYMHad C
KOTOPOI OHA BCTaBJSAETCS B BBI3BIBAIOIIYIO CTPOKY, N2 — KOJUYECTBO BCTABJISIEMBIX
9J1eMeHTOB cTPOKM Str. Ecim posl win pos2 GoJibliie IJIMHBI COOTBETCTBYIOLIEN CTPOKH,
Hoposkaaercs: uckirodeHue out of range. Ecau piwna pesysbrata GOJbIIE MaKCH-
MaJIBHO JIOIYCTUMOU JIJIMHBI CTPOKH, MMOPOKAAETCS UCKI0YeHrne length _error.

Tperbs opma (yHKIIUU 3aMeHBI TIO3BOJISIET 3aMEHUTh N1 CUMBOJIOB BBI3bIBAIOTIEH
CTPOKM Ha N2 CUMBOJIOB CTPOKU CTapOTO CTUJA S:

replace(size type posl, size type nl, const char* s, size type n2);
Jlist 06MeHa COMEPKIUMOTO JIBYX CTPOK CIYKUT (DYHKITUS Swap:
swap(stringd s):
[l BBIZI€JIEHHST YaCTH CTPOKHU CJIYKUT (PyHKIMSA Substr:
string substr(size type pos = 0, size type n = npos) const;

Ita (YHKINSI BO3BpalaeT MOJCTPOKY BBI3BIBAEMOH CTPOKU JJIMHOM N, HAUWHAs ¢ HO-
sutun pos. Ecim pos 6osibIiie JTTMHBI CTPOKH, TIOPOsKAAETCsT UCKIoYeHre out_of range.
Ecm n 6obine UTHHBI CTPOKH, BO3BPAIIAETCS BECh OCTATOK CTPOKHL.

Wnorga tpebyercs 1mpeodpasoBbIBaTh OOBEKTHI TUIIA String B CTPOKH CTAPOr0 CTHJIS.
Jlnst aToro npeaHazHaueHa (hyHKIWMs C_Str:
const char* c_str() const;

Ona Bo3BpalaeT KOHCTAHTHBIN yKazaTelh HA OKAHYMBAIOIIYIOCS HYJb-CUMBOJIOM
CTPOKY. ITY CTPOKY HeJIb3sl MbITAThCS U3MEHUTD. Y Ka3aTesb, KOTOPBIN Ha Hee CChlla-
€TCsT, MOJKET CTaTh HEKOPPEKTHBIM MOCJIE OO0 OTIEPAIIT HAJT CTPOKOI-HCTOUHIKOM.
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Ananormuno paboraer dyHkius data, 3a TeM MCKIIOUEHHEM, YTO He T00aBJISET B KO-
Hell CTPOKU HYJIb-CIMBOJ:

const char* data() const;

DyHKIMsT COPY KOMMPYET B MACCUB S N HIEMEHTOB BBI3BIBAIOIIEH CTPOKH, HAYMHAS C
no3utiuu pos. Hyib-cumBoJl B pe3dysbrupyioniuii MaccuB He 3anocutcs. OyHKIM
BO3BpallaeT KOJINYECTBO CKONMMPOBAHHBIX 3JIEMEHTOB

size type copy(char* s, size type n, size type pos = 0) const;
[Ipumep ncnonb3oBarus HYHKIINI U3MEHEHUS COJIEPKIMOTO CTPOK:

#include <string>
#include <iostream>
using namespace std;
int main (){
string sl("npekpacHas Koponesa"), s2("ne"), s3("koposa");
cout << "sl= "<< sl << endl;
cout << "s2= "<< s2 << endl;
cout << "s3= "<< s3 << endl;
// TlpumeHeHne QyHKunn insert:
cout << "nmocne insert:" << endl;
cout << "s3= " << s3.insert(4, s2) << endl;
cout << "s3= " << s3.insert(7,
// TipumeHerne QyHKUWK erase:
sl.erase(0,3);
cout << "mocne erase:" << endl;
cout << "sl= " << sl.erase(12,2) << endl;
// TlpumeHenne dyHKumn replace:
cout << "nocne replace:" << endl;
cout << "sl= " << sl.replace(0,3, s3, 4,2) << endl;

}

Pesysbrar paboThl IPOTPAMMBIL

K") << endl;

sl= npeKkpacHaf KopofieBa
s2= e

S3= KOpoBa

nocne insert:

S3= KopoJneBa

S3= KopofieBKa

nocne erase:

S1= KpacHas KopoBa
nocne replace:

sl= necHas KopoBsa

NMouck noacTpok

Jlns moucka B Kaacce string mpemycMmorpeHo Gosbiioe pazHoobpasue (yHKIWIA.
Hwuske tiprBeieHbl OCHOBHBIE:

size type find(const string& str, size type pos = 0) const;
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I/IHIGT CaMo€ JIeBO€ BXOXK/ICHUE CTPOKN str B BbI3bIBAIOIYIO CTPOKY, HAYMHasA C ITO31-
I POS, M BO3BPpalla€T IMO3UITNIO CTPOKH WUJIN NPOS, €CJIN CTPOKa He HalijieHa.

size type find(char c, size type pos = 0) const;

Muter camoe neBoe BXOKieHUE CUMBOJIA C B BbI3bIBAIOIIYIO CTPOKY, HauMHasA C IO31-
I POS, M BO3BpallaeT IMO3UINIO CMMBOJIA UM NPOS, €CJIN CUMBOJI HE HaliJieH.

size type rfind(const string& str, size type pos = npos) const;

Wiet camoe 1mpaBoe BXOKI€HNE CTPOKHU Str B BBI3BIBAIOILYIO CTPOKY, 10 TIO3UITUU POS,
1 BO3BpAIaeT MMO3UIINIO CTPOKU WJIN NPOS, €CJI CTPOKA He HaiijeHa.

size type rfind(char c, size type pos = npos) const;

UieT camoe mpaBoe BXOXK/EHHUE CUMBOJIA C B BBI3BIBAIOIIYIO CTPOKY, JI0 TIO3UITUHU POS,
1 BO3BpAIaeT MO3UIIMIO CUMBOJIA UJIM NPOS, €CJIM CUMBOJI He Hali/leH.

size type find_first of(const string& str, size type pos = 0) const;

Mier camoe JieBoe BXOsKIEHHE JI0O0r0 CUMBOJIA CTPOKK Str B BBI3BIBAIOIIYIO CTPOKY,
HAUYMHAsI C MTO3UIIMK POS, ¥ BO3BPAIIAET MO3UIIUIO0 CUMBOJIA WU NPOS, €CJIN BXOXKIEHNE
He HalIeHo.

size type find_first_of(char c, size type pos = 0) const;

Muter camoe neBoe BXOKeHUE CUMBOJA C B BbI3bIBAIOIIYIO CTPOKY, HaUMHasA C IIO31-
I POS, M BO3BpallaeT IMO3UITNIO CMMBOJIA UJIM NPOS, €CJIN BXOJXK/ICHHE HE HaﬁIIEHO.

size type find _Tast of(const string& str, size type pos = npos) const:

Miier camoe IpaBoe BXOKeHKe J1060T0 CUMBOJIA CTPOKK St B BBI3BIBAIOLILYIO CTPO-
Ky, HAUMHasl ¢ TIO3UITUH POS, ¥ BO3BPAIIIAET TO3UITHIO CUMBOJIA UJTH NPOS, €CJIA BXOXK/Ie-
HUe He HalIeHo.

size type find Tast of(char c, size type pos = npos) const;

I/IHIBT CcaMoOe€ IIpaBO€ BXOKAEHNE CUMBOJIA C B BbI3bIBAIOIIYIO CTPOKY, HAUYMHaA C IO3U1-
I POS, M BO3BPpallaeT IMO3UINIO CMMBOJIA UJIM NPOS, €CJIN BXOJK/IECHNE HE HaliIeHo.

size type find_first not of(const string& str, size type pos = 0) const:

I/IIHET CaMyIO JIEBYIO ITO3UIVIO, HaUYNHaA C ITO3UINU DOS, JIJIA KOTOpOI';I HIM OJINH CUMBOJI
CTPOKH str He COBIAJaeT ¢ CUMBOJIOM BBI3BIBAIOTIEH CTPOKM.

size type find_first not of(char c. size_type pos = 0) const:

Nmer CaMyl10 JIEBYIO ITO3UINIO, HAaYNHAA C IO3UIIUU POS, IJIA KOTOpOfI CHUMBOJI C HE
COoBIIaZla€T C CMUMBOJIOM BbISbIBaIOH.IefI CTPOKM.

size type find_Tast not of(const string& str, size type pos = npos) const;

WieT camyio mpaByio O3UITUIO 10 TIO3UITUHU POS, /I KOTOPOH HU OJIUH CUMBOJI CTPO-
KU Str He COBMajiaeT ¢ CHMBOJIOM BBI3BIBAIOIIEH CTPOKMU.

size type find_Tast not of(char c, size type pos = npos) const;

UimeT camyto mpaByio MO3UITUIO /10 TIO3UITUHU POS, I KOTOPOI CUMBOJI C HE COBITaIaeT
C CUMBOJIOM BBI3bIBAIOIIEN CTPOKH.

Jlig kaxoit GyHKIUK CyIecTBYET BAPUAHT, TTO3BOJISIONINI UCKATh B 33/JaHHON CTPO-
Ke MOJICTPOKH CTApOTO CTHUJIA.
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[Ipumep nprumenenust GyHKITUHN MTONCKA:

#include <string>
#include <iostream>
using namespace std;
int main (){
string s1("necHaa Koponega"), s2("ne");
cout << "sl= " << sl << endl;
cout << "s2= " << 52 << endl;
int 1 = sl.find(s2);
int j = sl.rfind(s2):
cout << "nmepsoe s2 B sl " << i << endl;
cout << "nocnepHee s2 B sl " << j << endl;
cout << "mepsoe '0' B sl " << sl.find('0') << endl;
cout << "nocnepHee '0' B sl " << sl.rfind('0") << endl;
cout << "mepsoe B s1 " << sl.find first of("adcde") << endl;
cout << "nocnegHee 8 sl " << sl.find last of("adcde") << endl;

}

Pesynbrar paboThl POTPAMMBIL

sl= necHas KopofneBsa
s2= e

nepsoe s2 8 s1 0
nocnegHee s2 B sl 11
nepsoe 'o' B sl 8
nocnegHee 'o' B sl 10
nepsoe B sl 1
nocnegHee 8 sl 14

CpaBHeHue yacTeu CTPOoK

[l cpaBHEHUMS CTPOK ITEJMKOM MPUMEHSIIOTCS TepPerpy KeHHbIE OMePaIlu OTHOIITe-
HUSI, @ ecJii TpeGyeTcs: CPaBHUBATD YaCTH CTPOK, UCTIOIb3YeTCst (DYHKIMST compare

int compare(const string& str) const;
int compare(size_type posl, size type nl, const string& str) const;
int compare(size type posl, size type nl,

const stringd str, size type posZ, size type n2) const;

[Tepsast hopma (hyHKIINN CPaBHUBAET JBE CTPOKU IIEJTUKOM M BO3BPAIIAeT 3HAYEHUE,
Mmenbinee 0, ecau BBI3BIBAIOIIAST CTPOKA JIEKCHKOrpaduuecKn MeHble Str, paBHOe
HYJIIO, €CJIM CTPOKK OJMHAKOBBI, U OOJIbllee HYJISI — €CJIU BbI3bIBAIOLIAst CTPOKA GOJIb-
me. Jta GopMa ABIAETCA aHATIOTOM (DYHKIMU CPaBHEHUs CTPOK Strstr Gubamore-
ku C.

Bropast ¢opma (yHKIIMM BBITIOSHSET aHAJIOTWYHBIE [EWCTBUS, HO CPaBHUBAET CO
CTPOKOI1 Str nl cMMBOJIOB BbI3bIBAIONIEH CTPOKM, HAYMHAS C POS1.

Tperbst popma DyHKIIMU CpaBHUBAET N1 CHMBOJIOB BBI3bIBAIONIEH CTPOKH, HAUMHAS
¢ posl, ¢ TOACTPOKOI CTPOKHU Str AJIMHON N2 CUMBOJIOB, HAUMHAS C POS2.
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Anasornunble (popmbl GYHKINMN CYIHIECTBYIOT W JIJIs1 CPAaBHEHUS CTPOK THIa string
CO CTPOKAMM CTapoTO CTHJIS.

[Ipumep ncnonb3oBanmst HYHKINNA CPABHEHUS CTPOK:

#include <string>
#include <iostream>
using namespace std;
int main (){
string sl("necHaa Koponesa"), s2("ne"), s3("koposa");
cout << "sl= " << sl << endl;
cout << "s2= " << s2 << endl;
cout << "s3= " << s3 << endl;
if (s2.compare(s3) > 0) cout << "s2 > s3 " << endl;
if (sl.compare(7, 4, s3) < 0)
cout << "s1[7-10] < s3 " << endl;
if (sl.compare(7, 4, s3, 0,4 ) ==10)
cout << "s1[7-10] == s3[0-3] " << endl;
}

Pesynbrar paboThI IIPOrPAMMBIL
s1= necHas Koponesa

s2= e
S3= KOpoBa
s2 > s3

s1[7-10] < s3
s1[7-10] == s3[0-3]

MonyyeHne xapakTepucTUK CTPOK

B xuacce string omnpeziesieHo HECKOJMBKO (QYHKIIUK-UIEHOB, TTO3BOJISIONINX TTOTYYUTH
JUTHHY CTPOKU U 00beM MaMsITH, 3aHUMAaeMbIH 0OBEKTOM:

size type size() const; // KonuyecTBO 371€MEHTOB CTPOKM

size type length() const; // KonnyecTBo 3MeMEHTOB CTPOKH

size type max_size() const; // MaKkcumanbHas ANWMHA CTPOKK

size type capacity() const; // 0ObeM mamMaTu, 3aHWUMAEMbli CTPOKOW

bool empty() const; // WcTuHa, ecnu CTpoKa nycTas
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KOHTenHepHblie Knacchbl

KonTeitnepHple Kacchl — 9TO KIACChl, TPEAHAZHAYECHHBIE /I XPAHEHNST TaHHBIX, Op-
TaHM30BAHHBIX OMpeIeeHHBIM 00pa3oM. [IpuMepaMit KOHTEHHEPOB MOTYT CJIYKUThH
MAaCCHBBbI, IMHEHHBIE CICKK WM CTeKU. J{JI KaxKI0ro THIla KOHTeHHepa OIpeie/IeHbl
METO/IBI /1715t pPabOThI € €r0 HJIEMEHTaMHU, HE 3aBUCAIINE OT KOHKPETHOTO THITA JAHHBIX,
KOTOpBIE XPAHATCS B KOHTeHHepe, M0ITOMY OAUH U TOT Ke BUJ KOHTelHepa MOMKHO
HCIIOJBb30BaTh AJIA XpaHEHUA JITaHHBIX PA3JIMYHBIX THUIIOB. STa BO3MOKHOCTDH p€ain3o-
BaHa C HMOMOIIBIO MAGJOHOB KJIACCOB, MOITOMY YacTh Oubanorexku C++, B KOTOpyIo
BXOJAT KOHTEITHEPHBIE KJIACCHI, a TAK)Ke aJITOPUTMbI U UTEPATOPbI, O KOTOPBIX OyIeT
PaccKasaHo B CJIEAYIONINX pasjiesiaX, HasbIBAOT CIAHOApmHoll OuOIUOmexoll uabionos
(STL — Standard Template Library).

Vcmonp3oBanue KOHTEHHEPOB MO3BOJISET 3HAYUTENBHO MOBBICUTH HAJEKHOCTD TIPO-
rpamMM, UX TEPEHOCMOCTb M YHUBEPCATBHOCTD, a TAKKE YMEHBITUTH CPOKM UX paspa-
OOTKMU.

EcTecTBenHo, 9T NMpeMMyllecTBa He JaloTCsl JapoM: YHHBEPCAAbHOCTh M Ge3omac-
HOCTD KCIIOJIb30BAHNs KOHTEHHEPHBIX KJIACCOB He MOTYT He OTPakaThCs Ha OBICTPO-
neficrun nporpammMbl. CHUKeHNE OBICTPOAEHCTBUS B 3aBUCHMOCTH OT pealu3aluu
KOMITIJIATOPA MOJKET OBITh BEChbMa 3HauUTeIbHEIM. Kpome Toro, A1 9 PeKTUBHOTO
UCIOJIb30BaHKA KOHTEIHEpOB TpeOyeTcs 3aTpaTuTh yCUIUS Ha BAYMUMBOE OCBOEHUE
61OIMOTEKN.

STL comepskuT KOHTEHHEPHI, PeATU3yIOIe OCHOBHBIE CTPYKTYPbI TaHHBIX, UCTIOJIb-
3yeMbie TIPU HAMHMCAHUK TIPOTPAMM — BEKMOPbl, 08YCMOPOHHUE 0uepedu, CNUCKU U UX
Pasnosuonocmu, crosapu u mMuoicecmea. Koureinepbl MOXKHO pasfenTh Ha Ba THTIA:
HOCTIe0BaTeIbHBIE U aCCOINATHBHBIE.

Iocnedosamenviivie Konmeiinepst 06ECTIEYMBAIOT XPaHEHHE KOHEYHOTO KOJIMYECTBA OJI-
HOTWITHBIX BEJIMYWH B BUJIE HEMPEPLIBHOW TOCAENOBATEIbHOCTH. K HUM OTHOCSTCS
BeKTOpHI (vector), nBycropounue ouepean (deque) m crmcku (11st), a Takyke Tak Ha-
3bIBaeMble a/IallTepPhbl, TO €CTh BapHaHThI, KOHTeHepoB — cTeku (stack), ouepemn
(queue) u ovepenu ¢ puoputeTamu (priority queue).

Kaxprit Buz KoHTeliHepa obecrieunBaer ¢Boii HabOp AeHCcTBUI Hall AaHHBIMU. Bbibop
BHUJIa KOHTEHHEPa 3aBUCUT OT TOTO, U4TO TPeOyeTcst [eJaTh ¢ JAHHBIMHU B TIPOTPaMMe.
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HaHpI/IMep, 1pun HEO6XO,HI/IMOCTI/I HaCTO BCTABJIATD N YJAJATD 9JIEMEHTBI N3 CEPE/INHBI
TIOCJIEN0BATEC/IBHOCTU CJIEAYET MCIIOJNb30BATh CIIMCOK, a €CJIM BKJ/JIIOYECHUE IJIEMEHTOB
BBIIIOJIHAECTCA I'JIaBHBIM O6p2130M B KOHEI] WJIM Ha4YaJI0O — ABYCTOPOHHIOIO O4Y€pe/ib.

Accouuamuenvie xonmetinepvl obectiednBaroT OBICTPBII AOCTYII K JAHHBIM 110 KJIIOYY.
ITU KOHTEHHEPHI MOCTPOEHBI HA OCHOBE COAIAHCHPOBAHHbBIX JepeBbeB. CylecTByeT
IATh TUIIOB ACCOLUATUBHBIX KOHTEHHEPOB: caoBapu (map), caoBapu ¢ AyOJuKaTaMu
(multimap), MHOKecTBa (Set), MHOXKecTBa ¢ ayOnnkaTamu (multiset) u GUTOBBIE MHO-
skecTBa (bitset).

[TporpaMMucT MOKET co3faBaTh COOCTBEHHBbIE KOHTEHHEPHBIE KJIACCHI Ha OCHOBE
UMEIOIIUXCI B CTaHAapTHOI Gubinoreke.

[enrpanbubiv noustem STL sBisiercst wabaon, OITOMY HEpe TeM, Kak TPHUCTY-
[UTh K U3YYEHUIO MaTepuaja 9TOH IJIaBbl, PEKOMEHAYETCs YOeAUThCS, YTO HTO MO-
HSATHE He TIpecTaBJsieT st untaress 3aragky (cm. «I[abmonsr yHKImii», c. 85,
u «Illabnonel K1accos», ¢. 211). Takke HEOOXOAUMO 3HATh, YTO TAaKOE IIPOCTPAHCTBA
nMmeH (c. 99), neperpyska ¢dynknuii (c. 83) u neperpyska orneparuii (c. 189).

Konteitneprbie Kiaacchl 06ecrednBaOT CTaHAapTU30BaHHbIA HHTEP(EHC TP X Hc-
noJsib3oBanuu. CMBICIT OTHOMMEHHBIX ONEPAINiA /TSI PA3TMYHBIX KOHTEHEPOB O/INHA-
KOB, OCHOBHBIE OTIEPAIlY TPUMEHUMBI KO BCEM THUTIaM KOHTelHepoB. CTaHmapT ompe-
JlesigeT ToJIbKO MHTepdeiic KOHTeHepoB, IT0ITOMY pa3Hble PeaJnu3alii MOTYT CUJIBHO
oTNYaThes 1o 3P HEKTUBHOCTH.

[IpakTuyecku B J1IOOOM KOHTEHHEPHOM KJacce ONPEIeSeHbI MOJs TePeYrCIeHHbIX
HIKE THUIIOB:

Mone MoscHeHne

value type Tur aslemenTa KoHTelTHepa

size type Tun nHIEKCOB, CYETYMKOB JIEMEHTOB U T. [I.
iterator Ureparop

const_iterator Koncranrusiit ureparop

reverse iterator OGpatnblii uTepatop

const_reverse_iterator

KowncranTtupiii 06paTHbIil nTEpatop

reference

CchlKa Ha 9JIEMEHT

const_reference

KoncranTHas ccblika Ha 9J1€MEHT

key type

Tum xmoua (1719 acCOIMATUBHBIX KOHTEHHEPOB)

key compare

Tum xpuTepus cpaBHeHUS (/I ACCOIMATUBHBIX KOHTEHHEPOB)

HUmepamop sBisieTcst anaiorom ykasaTesisi Ha sjeMentT. OH UCHOJIb3YeTCsT Ui PO-
CMOTpa KOHTeliHepa B IPSIMOM WM 0OpaTHOM HampasjeHuu. Bee, uto Tpebyercst or
UTEpaToOpa — YMETDh CChLIATHCS Ha HJIEMEHT KOHTEHHepa U PeaM30BbIBATH OTEPAIINIO
nepexozia K ero ciaenyoneMy aaeMeHTy. KoHcTaHTHbIe UTepaTopbl UCTIOIb3YIOTCS TO-
I71a, KOIjla 3HaUeHUs COOTBETCTBYIONINX 9JIEMEHTOB KOHTeliHepa He uaMmensiorcs (60-
Jiee oApoOHO OT UTepaTopax pacckasbiBaercs B pasjuese «Ireparopbr», c. 328).
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[Tpu moMOIIM UTEPATOPOB MOKHO TTPOCMATPUBATH KOHTEHHEPHI, He 3a60TACH 0 (hakTH-
YeCKUX THUIAX JaHHBIX, UCIOJb3YEMBIX JIJIS IOCTYIA K ajeMeHTaM. /[ aToro B Kak-
JIOM KOHTEHHepe OIpe/ieJIeHO HECKOIBKO METOJIOB, IEPEUNCACHHBIX B Cle/ylolei Tab-
JIutIe.

MeTop MosicHeHue

iterator begin(), YKa3pIBalOT HA TIEPBBII 2JIEMEHT
const_iterator begin() const

iterator end(), YKa3bIBaIOT HA 3JIEMEHT, CJeAYIONNii
const_iterator end() const 3a MOCJIeIHUM

reverse iterator rbegin(), VKasbIBAIOT HA MEPBbIi 97IeMEHT B 06paTHOI
const_reverse iterator rbegin() const [IOCJIE/IOBATEJIbHOCTH

reverse_iterator rend(), YKaspIBaIOT Ha 3JI€MEHT, CJeyIoNnnii
const_reverse iterator rend() const 32 TI0CJIEJIHUM, B 0OPATHON MOC/IEI0BATEILHOCTH

B kas0M KOHTeHepe 9TU TUIIBI M METOJbI OIPEAEIAIOTCH CII0COO0M, 3aBUCIIIUM OT
UX peasn3aiiuu.

Bo Bcex kKoHTeliHepax ONpeneIeHbl METO/bI, II03BOJISIONIIE IIOIyYUTh CBEAEHH 00 UX
pasmepe:

MeTop MosicHeHune

size() Yucno asemenToB

max_size() MaxkcumasibHbIi pasMep KoHTeliHepa (TI0ps/ika MUJLITAP/A 3JIEMEHTOB)
empty() Bynesckas dyHkims, mokasbiBalolas, mycrt Ju KOHTeliHep

JIpyrue ToJist ¥ METO/Ibl KOHTEHHEPOB MBI PACCMOTPHUM IO MepPe HEOOXOAUMOCTH.
STL omnpenensiercst B 13 3arosioBoYHBIX (haiiyax:

algorithm  deque functional iterator list map
memory numeric queue set stack utility vector

NocnepoBaTesibHble KOHTEWHEepPbI

Bexropsr (vector), nByctoponnue oudepeau (deque) n crucku (1ist) moanepskuBaioT
pasHble HaOOPHI OTIEPAITHit, CPe/I KOTOPBIX €CTh COBMajaioniue omnepariu. OHI MOTYT
ObITh peajin30BaHbl ¢ PasHO ahPEKTUBHOCTHIO:

Onepauus MeTop, vector deque list
BeraBka B Hauasno push_front - + +
Ynanenve 3 Havyamta pop_front - + +

BceraBka B xoHen push_back + + +
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Onepauus MerTop, vector deque list
Ynanenue u3 KOHIA pop_back + + +
BeraBka B mponsBoJibHOE MECTO insert (+) (+) +
Ynanenne n3 Mpou3BOIBHOTO MECTA erase (+) (+) +
[IponsBoBHBIN TOCTYT K 9JI€EMEHTY [ ] at + + -

3Hak + 03HAYaAeT, YTO COOTBETCTBYIOLIAS Ollepallisl pean3yeTcs 3a IOCTOSIHHOE Bpe-
Ms, He 3aBHUCsIee OT KOJNYeCTBA N 2JIEMEHTOB B KOHTelHepe. 3Hak (+) o3HavaeT, 4To
COOTBETCTBYIOIIAsT OIepallisl peajnsyeTcsl 3a BpeMs, IporopiroHaibHoe n. [lias ma-
JIBIX N BPeMsI omieparnii, 0003HauYeHHBIX +, MOKET TPEBBINIATH BPEMsT onepariuii, 060-
3HAYEHHBIX (+), HO [UIsT GOJBINOTO KOJMUYECTBA ITEMEHTOB TIOCTEHIE MOTYT OKA3aTh-
Cs1 OYeHb JJOPOTUMH.

Kax BU/IHO U3 Ta6J'II/IHI)I, TaKUMH OllepaliusAaMU ABJIAIOTCA BCTaBKa U ylaJIeHHUE TTPON3-
BOJIbHBIX 9JIEMEHTOB O4Y€pPEe/IN U BEKTOPA, ITIOCKOJIbKY IIPUW 3TOM BCE IMOCJEAYIONINE 3J1e~
MEHTDbI Tpe6yeTCH TIepEennchIiBaTh Ha HOBBIE MeECTa.

Nrak, sexmop — 2T0 CTPYKTYPa, 3(hHEeKTUBHO peanusyiomas MPOU3BOJIbHBIN TOCTYT
K 2J1eMeHTaM, JobaBjieHre B KOHel[ U yaaJeHue 13 KOHIA.

Jsycmoponnss ouepedv 3(pHeKTHUBHO pean3yeT IPOU3BOJIbHBIA JOCTYII K 2JIeMEHTaM,
nobasienne B 00a KOHIIA U yIaJeHUe 13 000MX KOHIIOB.

Cnucox 3(pheKTUBHO peasu3yeT BCTABKY U y/aJieHUe 3JIEMEHTOB B IPOU3BOJILHOE Me-
CTO, HO HE MMEEeT MTPOU3BOIBHOTO JOCTYTIA K CBOUM 3JIEMEHTAM.

ITpumep paboThi ¢ BeKTOpOM. B daiiyie HaXOAUTCSA MPOU3BOJIBHOE KOJUYECTBO 1EJbIX
yuces. [Iporpamma cunThiBaeT MX B BEKTOP M BBIBOJUT HA 9KPAH B TOM K€ TTOPSIIKE.

#include <fstream>

#include <vector>

using namespace std;

int main(){
ifstream in ("inpnum.txt");
vector<int> v;

int x;

while ( in >> x, lin.eof())
v.push_back(x);
for (vector<int>::iterator i = v.begin(): i != v.end(); ++i)
cout << * << " "

}

[Tockoabky hailan comepKUT 11eJible YMCJIa, UCII0JAb3YeTCs COOTBETCTBYIONIAS Clielua-
nusanus nabaona vector — vector<int>. /la cosganus BeKTopa v HCITOJIb3YETCS KOH-
CTPYKTOp 110 yMoJsidanuio. Opranusyercs UK /10 KoHIla (aiija, B KOTOPOM U3 HEro
CUMTBIBaeTCs ouepeHoe 1esoe yucao. C momMornpio MeTosa push_back oHO 3aHOCHTCS
B BEKTOP, Pa3Mep KOTOPOTO YBETMUNBAETCS aBTOMATHIECKH!,

! PasMep BEKTOpa HE U3MEHACTCA Ka)KHbeI pa3 1npun [[O6aB.HeIII/II/I 9JieMeHTa, 9TO ObLI0 ObI Hepa-
ITMOHAJIbHO. On YBEJIMYNUBACTCA 11O ONPE/ICTICHHOMY aJITOPUTMY, KOTOPBIM MOJKHO YIPaBJIATH

(cm. c. 301).
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Jlst mpoxojia 1Mo BceMy BEKTOPY BBOJUTCS MEPEMEHHAsT 1 KaK UTEPATOP COOTBETCT-
BYIOIIETO TUIA (HAMOMHIO, 4TO OTepals : : 0003HAYAeT AOCTYI K 00JACTH BUANMO-
CTH, TO €CTb 3/IeCh 00bBJIAETCS TIepeMeHHas i THIIa «UTePaTOpP /Il KOHKPETHOM cIie-
uaausaiuy mabsaoHas ). C MOMOIIBI0 9TOrO MTepaTopa OCYIIECTBISETCS JOCTYI KO
BCEM TI0 TIOPSAZIKY dJIeMeHTaM KOHTeiHepa, HaunHas ¢ mepBoro. Meton begin() Bo3Bpa-
IaeT yKa3aTeJb Ha TEePBbIil aeMeHT, MeTo]] end() — Ha 2JIeMeHT, CIeYIONINi 3a T0-
creHUM. Peanuzanus rapaHTUPYET, 9TO 3TOT yKa3aTedb OTpe/esicH.

CpaBHUBATDH TeKyIlee 3HAYEHUE C TPAHUYHBIM CJIelyeT UMEHHO C TOMOIIIBIO OllepaIuy
I=, TaK KaK OMEePAINK < WK <= MOTYT GBITH JIJIsI JAHHOTO THTIA He ompeseaeHbl. Omepa-
Vs MHKpeMeHTa ( i++) pealn30BaHa Tak, YTOOBI TIOCTE Hee UTepaTop yKa3biBal Ha
CJIEAYIONIMIT DJIEMEHT KOHTeliHepa B mopsake oOxozma. J[ocTyil K ajeMeHTy BeKTOpa
BBITIOJTHSAETCST ¢ MTOMOTITHIO OTIEPATINT PA3aIPECAIINH, KaK JJIsT OOBIYHBIX YKa3aTeell.

B mamnoM mpuMepe BMECTO BEKTOPA MOXKHO OBLITO MCIOIB30BATD JII0OOI TTOCTeN0Ba-
TeJIbHBI KOHTEHHED IIyTeM IPOCTON 3aMeHbl cioBa vector Ha deque mam 1ist. Ilpn
9TOM M3MEHWIJIOCH Obl BHYTPEHHee TIPe/ICTaBIeHIe JTaHHBIX U HabOp HOCTYITHBIX Olle-
paiiuii, a B HOBEJIEHUHU TIPOTPAMMbI HUKAKUX U3MEHEHUI He TIPOU3OILIO ObL.

O,ZIHB.KO €CJIM BMECTO IIMKJa for BCTaBUTh (ppaI‘MeHT

for (int i = 0; i<v.size(); i++) cout << v[i] <<

B KOTOPOM HCITIOTb30BAHA OTIEPATIHS TOCTYTA TI0 WHAEKCY [ |, TporpamMma e OyzmeT pa-
Gorarh JJIst KOHTeliHepa Thma 11st, TIOCKOJAbKY B HEM 3Ta ONepalius He onpe/esieHa.

BekTopbl (vector)

Jl1s cosmaHMs BEeKTOpa MOKHO BOCIOJTIB30BATHCS CJEAYIONIMMU KOHCTPYKTOPaMH
(TipuBeieHa yIpoieHHast 3a1uch):

explicit vector();
explicit vector(size type n, const T& value = T()); //
template <class Inputlter>
vector(Inputiter first, Inputlter last):
vector(const vector<T>& x); /] 4

KioueBoe ¢ioBo explicit ucmonb3yercs A Toro, 4ToObl IPHU CO31aHUuN o6beKTa 3a-
MPETUTD BHIOJIHAEMOE HESTBHO TIPe0Opa3oBaHe PU MPUCBANBAHNY 3HAYCHUST IPYTO-
ro tuma (cM. Takxe c. 197).

Konctpyxrop 1 gBisieTcss KOHCTPYKTOPOM MO YMOJTYAHUIO.

Koncrpykrop 2 coszmaer BEKTOP JUIMHOW N W 3aTIOJIHSET €T0 OJIMHAKOBBIMU 2JIEMEHTA-
MH — KOIIMSIMU Value.

[TockonbKy U3MeHeHue pa3Mepa BeKTopa 0OXOUTCs IOPOTo, IPU ero CO3aHuu 3a/a-
BaTh Haya/bHbII pazMep BecbMa 110J1e3H0. [Ipu aToM /1718 BCTPOEHHDIX TUIIOB BBIIIOJI-
HSETCST MHUIMAIN3AINS KaKIOTo 2JIeMeHTa 3HadeHneM value. Eciaum oHoO He ykasaHo,
HJIEMEHTHI TI06ATbHBIX BEKTOPOB MHUIIUATUIUPYIOTCS HYJIEM.

Ecsm i aemenTa BeKTOpa OTpesesieH TT0Ib30BaTesieM, HadaabHoe 3HaueHne hop-
MHUPYETCsl ¢ TIOMOIIbIO KOHCTPYKTOPA 110 YMOJYAaHUIO /sl JaHHoro Tuma. Ha mecre
BTOPOTO TIapaMeTpa MOKHO HANMUCATh BbI30B KOHCTPYKTOPA C IapaMeTpaMi, CO3/aB
TaKUM 0OPasoM BEKTOP 9JIEMEHTOB ¢ TPeOYeMbIMU CBOUCTBaME (CM. IPUMED Jajiee).
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NMPUMEYHAHUE

DJIeMeHTHI J1I060ro KOHTefIHepa SBJISIOTCS KOIMSMU BCTaBJISIEMbIX B HETO OOBEKTOB. HOSTOMy
JJI HUX JIOJIKHBI OBITH OoIpe/iesIeHbl KOHCTPYKTOP KONMPOBaHUA U Ollepallus IMTpUCBanBaHUA.

Konctpykrop 3 co3zmaet BEKTOp IIyTeM KONMUPOBAHNS YKA3aHHOTO C TIOMOIIBIO UTEpa-
TOPOB [IMATIa30Ha 27eMeHTOB. TUIT UTEePaTOPOB MOKEH OBITDH «/IJIST UTEHHS>.

Koncrpyxrop 4 siBisieTcss KOHCTPYKTOPOM KOTIMPOBAHMSI.
[IpumMepbr KOHCTPYKTOPOB:

// Co3naetcd BeKTOp M3 10 paBHbIX €[UHWLE 3NIEMEHTOB:

vector <int> v2 (10, 1);

// Co3pgaeTca BEKTOp, PaBHb BEKTOpYy VI1:

vector <int> v4 (vl);

// Co30aeTCd BEKTOD M3 [BYX 3JIEMEHTOB, PABHbIX MEPBbIM [ABYM 3neMeHTam v1:
vector <int> v3 (vl.begin(), vl.begin() + 2);

// Co3pnaetcd BekTop M3 10 00beKkTOB Knacca monstr (cm. c. 183)

// (paboTaeT KOHCTPYKTOP MO YMOAYaHWIO) :

vector <monstr> ml (10);

// Co3paetca BeKTOp M3 5 00bEKTOB Knacca monstr C 3afaHHbIM UMEHEM
// (paboTaeT KOHCTPYKTOp C napameTpom char*):

vector <monstr> m2 (5, monstr("Baca"));

B mabsione vector onpezesienbl onepaiis IPUCBAUBAHUS U (DYHKI[VS KOMHPOBAHHS:

vector<T>& operator=(const vector<T>& x);
void assign(size type n, const T& value);
template <class Inputlter>

void assign(Inputlter first, Inputlter Tast);

3nech yepes T 0603HaUEH TUTT BJIEMEHTOB BeKTOPa. BeKTOpa MOXKHO TIPUCBANBATH JPYT
JIPYTy TOYHO TaK K€, KaK CTaHIaPTHbBIE TUTIBI JAHHBIX Wu cTpoku. [loce mpucBanBa-
HUS pa3Mep BEKTOpa CTAHOBUTCS PaBHBIM HOBOMY 3HAUEHUIO, BCE CTAPBIC 2JIEMEHTHI
VAAJSAIOTCA.

DyHKIMS assign B mepBoii (hopMe aHAJIOTHYHA TI0 IEHCTBUIO KOHCTPYKTOPY 2, HO TIPU-
MeHsIeTCsT K cylecTByroliemMy oObekty. DyHKIMS assign Bo BTOpol dopme mpes-
Ha3Hay€Ha /IJid IIPUCBaNBaHUA 3JIEMEHTAM BbI3bIBAIOIIETO BEKTOPA 3HaquHﬁ n3 aua-
Ma3oHa, omnpejesnsieMoro urepatopamu first m last, aHAJTOTUYHO KOHCTPYKTOPY 3,
Halpumep:

vector <int> vl, v2;

// Tepsbim 10 anemeHTam BekTOpa V1 npuceanBaeTcs 3Hayexune 1:

vl.assign(10,1):

// TlepBbiM 3 9neMeHTaM BEKTOpa VZ npucBanBanTcs 3HaveHus v2[5], v2[6], v2[7]:

vZ.assign(vZ.begin() + 5, v2.begin() + 8);

Hreparopsl Kiacca vector nepeduncaensl B Tabu. 12.

,ZIOCTyII K 9JIEMEHTaM BEKTOpa OCYHIECTBJIAETCA C IOMOMIbIO CJAEAYIONINX onepaumﬁ
1 METO/10B:

reference operator[](size_type n);
const_reference operator[](size_type n) const;
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const_reference at(size_type n) const;:

reference at(size type n);
reference front():
const_reference front() const;
reference back();

const_reference back() const;

Omneparys | | ocymiecTBasieT Z0CTYII K 9JIeMEHTY BEKTOPa 110 MHAEKCY 6e3 IIPOBEPKU
€T0 BBIXOJIa 32 rpaHuIly BekTopa. DYHKITH at BBIMOJHSIET TAKYIO IIPOBEPKY U TOPOK-
naet uckiodenue out of range B ciyyae BBIXO/Ia 32 TPAHUILY BeKTOopa. EcTecTBeHHO,
yro (pyHKIMs at paboTaeT MejjieHHee, YeM omepaiys | |, oaToMy B ciydasx, Koria
IIMaTIa30H OMpeZIeIeH SIBHO, TIPEAIIOUTHTEIbHEE MTOTb30BAThCS Oepallieii:

for (int i = 0; i<v.size(); i++) cout << v[i] <<
B mpoTuBHOM CIydae MCIOIb3yeTcsa GyHKIMA at ¢ 06pabOTKOM MCKIIOYEHNT:

try{
/]..

v.at(i) = v.at(.);
}

catch(out of range) { ..}

OrmepaInu [ocTyIa BO3BPAIIAOT 3HAUEHWE CCBIIKH Ha aJeMeHT (reference) MM KOH-
CTaHTHOH ccbliku (const reference) B 3aBUCMMOCTH OT TOTO, IPUMEHSIIOTCS JIN OHU
K KOHCTAaHTHOMY OOBEKTY WJIH HET.

Metonnt front m back BO3BpaIaloT CChIIIKA COOTBETCTBEHHO Ha MEPBbIN 1 TOCAeHUI
3JIeMEHTBI BeKTopa (9TO He TO JKe caMoe, 4To begin — ykasaTeJsb Ha TEPBbIH 3JeMEHT
u end — yKasaTeJb Ha 9JIeMEHT, cielylomuil 3a nocaenuum). [Ipumep:

vector <int> v(5, 10):
v.front() = 100; v.back() = 100;
cout << v[0] << " " << v[v.size() - 11; // Bwisop: 100 100

DyHKIEsT capacity ompenesisieT pa3Mep OnepaTHBHOM MAMSTH, 3aHIMAEMOIT BEKTOPOM:
size type capacity() const;

[TamaTp ol BEKTOP BbIZIE/ISIETCS AMHAMUYECKU, HO He TIOJI OJMH 3JIEMEHT B KaK/bIi
MOMEHT BpeMeHH (3TO OBLIO GBI PACTOUMTENHHBIM PACXOMOBAHUEM PECYPCOB), a Cpasy
O/l TPYIIILY 3JIeMeHTOB, HarpuMep, 256 wiu 1024. [lepepaciipenenene mamMsaTi Ipo-
HCXOIUT TOJIBKO MPU TPEBBIIEHUN 9TOTO KOJUYECTBA HJIEMEHTOB, IPU ITOM OObEM
BBIZIEIEHHOTO TIPOCTPAHCTBA yaBanBaeTcst. [locie mepepacipeenest Tio0ble nTepa-
TOPbI, CChLIAOIIHECa Ha 3JIEMEHTbI BEKTOPA, CTaHOBATCA He[[efICTBI/ITEJIbeIMI/I, I10-
CKOJIbKY BEKTOP MOJKET GBITh TIePEMEIeH B APYTOH YIaCTOK MAMSITH, U HEJIb3sT OKH-
J1aTh, 4YTO CBA3aHHbIC C HUM CCBLJIKN 6yIIyT O6HOBJIeHbI AaBTOMAaTHUYECKU.

CymectByer Takske (hyHKITUS BbIENEHUS NaMATW reserve, KOTopas IMO3BOJISIET 3a/1aTh,
CKOJIBKO MaMsITU TpeOyeTcst [Jist XpaHEHUsT BEKTOPA:

void reserve(size type n):
[Ipumep npumenenus: byHKIUN:

vector <int> v;
v.reserve(1000): // Buipenedve namatw nog 1000 anemeHTOB
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ITocne BBITONHEHNs 5TOI QYHKIMKM 3HaYeHre (YHKIMU capacity Oymer paBHO IO
Menblieir Mmepe n. MYHKIUIO reserve MoJae3Ho NPUMEHSITh TOT/IA, KOT/Ia Pa3MepP BEKTO-
pa M3BecTeH 3apatee.

[l n3meHeHns pasMepoB BeKTOPa CIIyKUT (yHKITUS resize:
void resize(size type sz, T c =T(0));

IT1a (YyHKINS yBeJINUYNBAET WJIN YMEHBITaeT pa3Mep BEKTOpa B 3aBUCUMOCTH OT TOTO,
GoJibllie 3a7aBaeMOe 3HaYeHMe Sz, 4eM 3HadeHue Size(), mim Menbiue. Bropoil mapa-
MeTp 3aJlaeT 3HaueHWe, KOTOPOe IMPHCBANBAETCS BCEM HOBBIM 3JIEMEHTaM BEKTOpa.
Onu 1noMenfaioTcsi B KOHeI[ BekTopa. Eciiv HOBBINM pa3Mep MeHbllle, YeM 3HaYeHue
size(), U3 KOHIIA BeKTOpa yzasusiercs size() - Sz 2JIeMEHTOB.

OnpeesieHbl Ceayrole METOAbI IJisi H3MEHEHHs 00bEKTOB KJjracca vector:

void push back(const T& value);
void pop_back();
iterator insert(iterator position, const T& value);
void insert(iterator position, size type n, const T& value);
template <class Inputlter>
void insert(iterator position, Inputlter first, Inputlter Tast);
iterator erase(iterator position);
iterator erase(iterator first, iterator last);
void swap();
void clear(); // O4nucTka BekTopa

Oyukrwmst push_back mobasiisieT ajileMeHT B KOHEIl BEKTOPa, (GYHKITHS pop_back — yaa-
JIIeT 3JIEMEHT M3 KOHIIA BEKTOpA.

DyHKINg insert cayKuT A BCTaBKH sjeMeHTa B BekTop. [lepsas dopma dyHKIINN
BCTAaBJISIET 3JIEMEHT Value B TI03UINIO, 33/IaHHYIO MIEPBBIM MapaMeTpoM (MTepaTopoM),
1 BO3BpAllla€T UTEPATOP, CCHUIAIOIINKCA HA BCTaBJICHHbIN ajeMeHT. Bropas dopma
(byHK]_[I/II/I BCTaBJIAET B BEKTOP N OAMHAKOBBIX 9JIECMEHTOB. TpeTbH (bopMa (byHK]_[I/II/I I10-
3BOJIAET BCTaBUTh HECKOJIBKO 9JIEMEHTOB, KOTOPbIE MOTYT 6I)ITb 3a/laHbl ]IIO6bIM JAuna-
[TA30HOM 2JIEMEHTOB ITOJIXO/IAIIIET0 TUIIA, HAlIpUMep:

vector <int> v(2), v1(3,9);

int m[3] = {3, 4, 5};

v.insert(v.begin(), m, m + 3); // Copepkumoe v: 34500
vl.insert(vl.begin() + 1, v.begin().,v.begin() + 2);:

// Copepwmmoe vli: 93499

BcraBka B BEKTOp 3aHUMAET BPeMsl, TIPOTIOPIIMOHATHHOE KOJUIECTBY CABUTAEMBIX HA
HOBBI€ [TO3ULIUU 9J1eMeHTOB. [Tpu 9TOM, ecjii HOBBII pasMep BEKTOpa IIPeBbIIaeT 00b-
€M 3aHUMaeMOil TTaMsITH, ITPOUCXO/IUT Iepepaciipejiesienre maMsaTu. ITo — Iara 3a
JIETKOCTH JIOCTYTIA 10 WHAeKcy. Ecin mpu BcTaBKe TepepacipesiesieHus He TPOUCX0-
JIUT, BCE UTEPATOPBI COXPAHSIOT CBOU 3HAYEHUs. B IPOTUBHOM cilyyae OHM CTaHOBSIT-
Cs1 HeJIeICTBUTEIbHBIMU.

DyHKIMS erase CIAYKUT IS yAAJeHUsT OJHOTO ajieMeHTa BekTopa (repBas (opma
(byHKRIIMM) MM AMana3oHa, 33/[aHHOTO € TIOMOTIBI0 UTepaTopoB (BTopas dopma):
vector <int> v;
for (int i = 1: i<6; i++)v.push_back(i);
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// Copepwmmoe v: 1 2 345
v.erase(v.begin()); // Conepwumoe v: 2 3 45
v.erase(v.begin(), v.begin() + 2); // Conepwumoe v: 4 5

OG6paruTe BHUMAHHUE, YTO TPETHUM MAPAMETPOM 33/Ia€TCs He MOCTIEAHUN YIausieMblii
AJIEMEHT, a 2JIEMEHT, CJIEAYIONINIT 32 HUM.

Kaxpiii BBI30B (DYyHKIIMN erase Tak e, KaK U B CJIydyae BCTABKH, 3aHUMAeET BpeMs,
IIPOIOPIMOHAJIBLHOE KOJIMYECTBY CJIBUTaeMbIX Ha HOBblE IO3UIMU 2JIeMEHTOB. Bce
NTEpaTOPhl U CCHITKU «IIPaBee» MeCTa YAAJIeHUs] CTAHOBSTCS HeAeCTBUTETbHBIMMU.

DyHKINS SWap CAYKUT 71 0OOMeHa JEMEHTOB JIBYX BEKTOPOB OMHOTO THIIA, HO HE
00s13aTeJIHHO OJHOTO pasMepa:

vector <int> vl, vZ;

vl.swap(v2); // OKkBuBaneHTHo v2.swap(vl);

[l BEKTOPOB orpe/ieieHbl onepanuyd CPaBHEHUs = =, |=, <, <= u =, /[Ba BeKTOpa CUn-
TalOTCA PAaBHBIMU, €CJIN PABHBI NX PA3MEPDBI 1 BCE COOTBETCTBYIOIINE TTaPbI 9JIEMEHTOB.
O/H BEKTOP MEHbIIIEe JAPYTOTO, €CJU MEPBBIN U3 3JIEMEHTOB OJTHOTO BEKTOPA, HE paB-
HBII COOTBETCTBYIOIIEMY AJIEMEHTY JIPYTOT0, MEHBIIE HEero (TO eCTh CPaBHEHUE JIEKCH-
korpaduueckoe). [Tpumep:

#include <vector>
using namespace std;
vector <int> v7, v8;
int main(){
for (int i = 0; i<6; i++)v7/.push_back(i):
cout << "v/: "
for (int i = 0; 1<6; i++) cout << v/[1] <<
cout << endl;
for (int i = 0; 1<3; i++)v8.push_back(i+1);
cout << "v8: ";
for (int i = 0; i<3; i++) cout << v8[i] <<
cout << endl;
if (v7 <v8 ) cout << " v7 < v8" << endl;
else cout << " v/ > v8" << endl;

}

Pesyabrar paGoThl TIPOTPAMMBIL:

v7: 012345
v8: 123
v/ < v8

Jlnsa abdextuBHON pabOTLI ¢ BEKTOPaMH B CTAHAAPTHON OMOIMOTEKE OMpereseHbl
mabaoHbl GyHKIMI, HasbiBaeMble anropurMamu. OHM BKIIOYAIOT B ceOst OUCK 3HaUe-
HUI1, CODTUPOBKY 3JIEMEHTOB, BCTaBKY, 3aMeHy, y/IajJeHue 1 JApyrue omeparuu. AJro-
PUTMbBI OITUCAHBI B pasjiesie « AJITOpUTMBbI» Ha c. 343.

BekTopbl nornyeckux sHayeHum (vector <bool>)

CHeHI/IaJII/ISaHI/IH nrabsona vector <bool> oripezesicHa AJid OIITUMU3all padMEeNieHnA
TMMaMATH, TTOCKOJDBKY MOJKHO DPEaIN30BaThb BEKTOP JIOTUYECKUX 3HAYEeHUH Tak, 4TOOBI
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ero ajaeMeHT 3aHuman 1 6ut. Ilpu 5TOM azpecanus OTAEIbHBIX OMTOB BBIIOJIHIETCS
nporpamMMHuo. MTepatop Takoro BEKTOpa He MOKET OBITh yKasaresem. B ocTtambHOM
BEKTOPBI JIOTUYECKUX 3HAYEHUI aHATOMMYHbI OOBIYHBIM 1 Peaju3yIoT TOT Ke Habop
onepanyii U1 METONOB. B [omo/HeHne K HUM OIpejeJieHbl METOAbI NHBEPTUPOBAHMUS
6uta u Bekropa B 1esoM (f1ip).

Ccblika Ha 3J€MEHT BEKTOPa JIOTMYECKUX 3HAUYEHWN peaqr30BaHa B BUJE KJACCA
reference, MOMETUPYIONIETO OOBIYHYIO CCHIIKY HA HTEMEHT:

class reference{
friend class vector;
reference();
public:
~reference();
operator bool() const;
reference& operator=(const bool x);
reference& operator=(const reference& x);:
void flip();
s
[Tpumep (¢ xTaBuaType! BBOAATCS B BekTop 10 3navennit 0 nin 1, mocsie 4ero oHN BBI-
BOJISITCS HA 9KpaH).

#include <vector>

#include <iostream>

using namespace std;

vector <bool> v (10);

int main(){
for(int i = 0; i<v.size(); i++)cin >> v[i];
for (vector <bool>:: const iterator p = v.begin(); p!=v.end(); ++p)
cout << *p;

ABycTopoHHUe o4yepeau (deque)

JIBycroponussa ouepesib — 9TO [10CAe10BaTesIbHbII KOHTelnep, KOTOPbLH, Haps/ly ¢ BeK-
TOPOM, TIOJUIEP;KUBAET ITPOU3BOJIBHBIN JIOCTYIT K 3JIEMEHTAM 1 00€CTIeUBAET BCTABKY U
ylajenue 13 060X KOHIIOB OYepein 3a TOCTOSTHHOE BpeMst. Te ke omepari ¢ aeMeH-
TaM¥ BHYTPHU OYepe/r 3aHUMAIOT BPEeMs, IIPOIOPIMOHATIBHOE KOJINYECTBY IIepeMernae-
MBIX 3JIeMeHTOB. Pacripe/iesienrie maMaTH BbIIIOJHSIETCS aBTOMAaTHYECKH.

Pacemorpum cxemy opranusaiiuu ouepean (puc. 12.1). /It Toro uto6br obecrednTsb
IIPOU3BOJIGHBIN JIOCTYII K 3JIEMEHTAM 3a [OCTOSIHHOE BPeMsl, 04epeib pasbura Ha 6J10-
KM, IOCTYII K KasKJI0MY 13 KOTOPBIX OCYIIECTBIIseTCs yepe3 yKa3areab. Ha pucynke 3a-
KparenHble 06JJaCTH COOTBETCTBYIOT 3aHATHIM deMeHTaM ouepesi. Ecau mpu no6as-
JIEHUM B HAYAJIO WJIM B KOHeEIl GJIOK OKa3bIBAETCS 3AII0JHEHHDIM, BBIJEISAETCS MaMATh
O/ 04epeIHoit 610K (HATPUMED, TIOCTIe 3aMoTHeHns 610K 4 GyIeT BbIieeHa TaMsITh
nozt 6JI0K 5, a 1ocJie 3anosHeHust 6ioka 2 — nox 6Jok 1). IIpu 3anonHeHnn KpailHero
13 6JIOKOB TIPOMCXOUT TIEpepacIpe/ieieHe TaMATH 110/l MACCHB YKa3aTeseil Tak, 4To-
OB UCTTOTB30BATINCH TOJIBKO CPEHUE HIEMEHTLI. DTO He 3aHMMAaeT MHOTO BPEMEHT.
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Taxkum O6p330M, JOCTYIT K 9JIEMEHTaAM O4Yepe i OCYHIECTBJIACTCA 3a IIOCTOAHHOE Bpe-
M, XOTA OHO M HECKOJIBKO 6OJIbH_Ie, YeM 171 BEKTOopa.

d.begin()

1 }

d.end()

Puc. 12.1. OpraHusaumsi ABYCTOPOHHEN o4epeamn

[l co3manms AByCTOPOHHEH odepe/in MOKHO BOCIOJIb30BATLCS CIEAYIONINMYI KOHCT-
pykTopamu (TIpUBejieHa YIIPOIeHHAs 3aMich), aHATOTHYHBIMI KOHCTPYKTOPaM BeK-
Topa:

explicit deque(); // 1

explicit deque(size type n, const T& value = T());// 2

template <class Inputlter> //3
deque(Inputlter first, Inputlter last);

deque(const vector<T>& x); /] 4

KOHCprKTOp 1 aBngercs KOHCTPYKTOPOM 110 YMOJIYaHUIO.

Konctpykrop 2 coszmaer odepesib AJWHON N M 3aTIOJHSET €€ OJIMHAKOBBIMU dJIeMEHTa-
MU — KOIIMSIMH Value.

Konctpyxkrop 3 codmaeT ouepe/ib myTeM KOIMMPOBAHUS YKa3aHHOTO C TOMOIIIbIO UTepa-
TOPOB JIMATIa30Ha 27eMeHTOB. TUIT UTEPATOPOB MOJIKEH OBITH «/IJIST UTEHS>.

Koncrpykrop 4 sBjseTcss KOHCTPYKTOPOM KOIIMPOBAHUS.
[IprMepbr KOHCTPYKTOPOB:

// Cospaetca odepenb 13 10 paBHbIX €ANHNLE 3NIEMEHTOB:

deque <int> d2 (10, 1);

// Co3paeTcq ovepefb, paBHad odvepean vl:

deque <int> d4 (vl);

// Co3paeTcd oyepelb M3 [BYX 3JIEMEHTOB, PABHbIX MEPBbIM [BYM

// 3nemeHTaM BekTOpa vl 43 npepbayuero pasjena:

deque <int> d3 (v1.begin(), vl.begin() + 2);

// Cospaetca ovepenb 13 10 obbekToB Knmacca monstr (cm. c. 183)
// (paboTaeT KOHCTPYKTOP MO YMOAYaHMIO) :

deque <monstr> ml (10);

// Co3paeTca ovepefb 13 5 00bEKTOB Kflacca monstr C 3afaHHbIM UMEHEM
// (paboTaeT KOHCTPYKTOP C napamMeTpoMm char*):

deque <monstr> m2 (5, monstr("Bacsa B oyepenn"));
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B ma6ione deque ompejiesieHbl oTiepaiivsi MPUCBauBaHus, (DYHKINSA KOMAPOBAHUS,
HUTEPaTOPBI, ONepaIMi CPaBHEHHUs, oniepalini U (HYHKIUN JOCTyNa K dJIeMeHTaM U
U3MEHEHHUS! O0BEKTOB, aHAJOTHYHbLIE COOTBETCTBYIONIMM OIepalusaM U (DYyHKIUAM
BEKTOPA.

BcraBka u ynanenme Tak ke, Kak 1 JIJIsT BEKTOPA, BBITIOJHSIOTCS 32 MPOTIOPIINOHATb-
HOE KOJIMYeCTBY 9JieMeHTOB BpeMs. Eciiu aTu orepaiiuy BeITIOJHSIOTCS Ha/l BHYTPEH-
HUMU 3JIEMEHTaMH Ouepei, Bce 3HAUEHUST UTEPAaTOPOB U CCHIJIOK Ha 9JIEMEHTBI 0Uepe-
I CTaHOBATCS HeaelcTBUTEIbHBIMU. Ilocie omnepanuii gobaBieHuss B J000H U3
KOHIIOB BCe 3HAYEHUSI UTEPATOPOB CTAHOBSTCS HEJEHCTBUTENbHBIMU, & 3HAUEHUST CChI-
JIOK Ha 3JIEMEHTBI ouepenn coxpansiorcs. [Toce onepannii BoIGOPKU U3 JI060r0 KOH-
11a CTAHOBSITCS HeJleHCTBUTENBHBIMU TOJIBKO 3HAYEHUS UTEPATOPOB U CChLIOK, CBSI3aH-
HBIX C 3TUMHU DJIEMEHTaMU.

Kpome miepednciieHHbIX, omnpe/eicHbl (DYHKINY H00aBIEHHSI ¥ BHIOODKH U3 Hayaja
ouepeau:

void push_front(const T& value);

void pop_front();
[Ipu BBIGOPKE BJIEMEHT YAANSETCSA U3 OUEPE/IH.
[lns oyepenn He onpesiesieHbl HYHKIIMK capacity u reserve, HO ecTb (DYHKIMM resize n
size.

K ouepesiM MOKHO TTPUMEHSITH AJTOPUTMbI CTAHAAPTHOU OMOJUOTEKH, OIUCAHHbBIE
B Ty1aBe 14 «Asroputmbly» Ha c. 343.

Cnucku (list)

Cumcok He 1pefocTaBigeT IIPOU3BOJIBHOIO I0CTYIIA K CBOMM 3JIeMEHTaM, 3aTO BCTaB-
Ka ¥ yiaJieHue BBIOJHSIOTCS 32 mocTostHnHoe BpeMst. Kiace 11st peasmzoBan B STL B
BUJIE JIBYCBSA3HOTO CHUCKA, KAK/IBIN y3€J KOTOPOTO COJEPKUT CCBIKU HA TTOCTENYIO-
Ui 1 npeabaynii anemenTsl. [loaTtomy onepainu MHKpeMeHTa U JieKpeMeHTa J1JIsd
UTEPATOPOB CITUCKA BBITIOJIHSIIOTCS 32 MMOCTOSTHHOE BPeMsl, a TIepe/IBUKEHUE Ha N Y3JI0B
Tpebyer BpeMeHH, MPOMOPIIMOHATILHOTO N.

[Tocne BbITONTHEHUS Orlepalnii BCTaBKW W y/aJeHUs 3HAYEHUs BCEX UTEPATOPOB
CCBLJIIOK OCTAIOTCs J€HCTBUTEIbHBIMUA.

Crucok nojiepkiBaeT KOHCTPYKTOPBI, ONePAIMIO NPUCBAUBaHUS, (PYHKIUIO KOIH-
POBaHUs, ollepalii CPAaBHEHUSI I UTEPATOPDI, AHAJOTHYHbIE BEKTOPAM U OYepe/iaM.

I[OCTyH K 9JIEMEHTaM /IJIsI CIUCKOB OTPAHMYMBACTCA CJACAYIOMNMN METOIaMU:

reference front();
const_reference front() const;
reference back();

const_reference back() const;

IIJIH 3aHECEHHs B HAYAJI0 U KOHEIL CIIMCKa OIIpeAe/IeHbl METO/Ibl, aHAJIOTUYHDBIE COOT-
BETCTBYIOIIIUM METO/IaM O4Ye€pe/un:

void push_front(const T& value):
void pop_front();
void push_back(const T& value):
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void pop_back();

Kpome Toro, IeiicTBYIOT BCe OCTalbHbIe METObI /LIS KBMEHEHUsI 00bEKTOR 11st, aHa-
JIOTUYHbIE BEKTOPAM U OYEPEJISIM:

iterator insert(iterator position, const T& value);
void insert(iterator position, size type n, const T& value);
template <class Inputlter>
void insert(iterator position, Inputlter first, Inputlter last);
iterator erase(iterator position);
iterator erase(iterator first, iterator last);
void swap();
void clear();

Jlnst cniucka He onpesiesieHa (hyHKIMS capacity, TTOCKOJIbKY MaMsITh IO/l 3JIEMEHTBI OT-
BOJIMTCS 110 Mepe HeoOXoanMocT. MOKHO U3MEHUTH Pa3Mep CIIUCKA, YIAIUB WU J10-
GaBUB 2JEMEHTBI B KOHEI[ CIIUCKA (AaHAJIOTHYHO JIBYCTOPOHHEH ouepe/in):

void resize(size type sz, Tc =T(0));

Kpowme mepeuncieHHbIX, IS CITMCKOB ONPeIeJICHO HECKOJIBKO CIeu(pUIecKnx MeTo-
noB. Cienka cmuckoB (splice) caysKuT /715 TIepeMeIeHtst 3JIEeMEHTOB U3 OJTHOTO CITH-
CKa B Ipyroil Ge3 mepepacrpeeieHIs MaMsITH, TOJbKO 3a CUYET U3MEHEHUs yKasaTe-
JIeit:

void splice(iterator position, Tist<T>& x);

void splice(iterator position, Tlist<T>& x, iterator i);

void splice(iterator position, 1ist<T>& x, iterator first, iterator last);

O6a crrcka JOJKHBL COIEPKaTh 3JIeMEeHThI ofiHoro Tuia. IlepBas dopma QyHKIMN
BCTaBJISAET B BbIBbIBaIOH_[I/Iﬁ CITMCOK IIepe/ 3JEMEHTOM, IMO3UIMA KOTOPOIo yKa3aHa
IIepBbIM ITapaMeTPOM, BCE DJIEMEHTBI CIHCKA, YKAa3aHHOTO BTOPBIM IlapaMeTpoM, Ha-
TIpuMep:

1ist <int> L1, L2;

.. // ®opMUpOBaHME CNUCKOB

L1.splice(L1l.begin() + 4, L2);

BTOpOﬁ CITUCOK OCTa€TCA I1yCTbIM. Henb3s1 BCTaBUTH CIIMCOK B caMOro cebs.

Bropas dhopma dyHKIINN TTepeHOCUT 3J1IeMEHT, TTIO3UIIUI0 KOTOPOTO OIpeiesisieT TPeTHi
MapaMeTp, U3 CIHCKA X B BBI3BIBAIOIINIA CITUCOK. /[oTTyCcKaeTcst MepeHOCUTh 2JIeEMEHT B
npejiesiax OJ[HOTO CITUCKA.

Tperbst hopMa (HYHKITMM aHATIOTHYHBIM 06PA30M TIEPEHOCHUT U3 CIHCKA B CIIHCOK He-
CKOJIBKO 3JIeMeHTOB. VX /mamna3oH 3a/aeTcss TPeTbUM M YeTBEPTHIM IlapaMeTpaMu
bynkimmu. Ecam 17151 oiHOTO M TOTO Ke CIUCcKa NepBblii TapaMeTp HaXOUTCS B ihalia-
30HE MEX/ly TPETbUM U YeTBEPTBHIM, pe3yJibTaT He olipezeset. [Ipumep:

#include <list>
using namespace std;
int main(){
Tist<int> L1;
list<int>::iterator i. j. k:
for (int i = 0; 7<5; i++)L1.push back(i + 1);
for (int i = 12; i<l4; i++)L1.push_back(i);
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cout << "MCXOopnHbli CNNCOK:

for (i = L1.begin(); 1 != Ll.end(); ++i)cout << *i <<

cout << endl;

i =L1.begin(); i++;

k = Ll.end();

Jo= ko kg

L1.splice( i, L1, j, k);

cout << "CnuCOK nocne Cuenku:

for (1 =L1.begin(); i !=Ll.end(); ++i)
cout << * << " "

}

Pesysibrar paboThl IPOTPAMMBIL

Mexoaublid cnncok: 12 3 4 512 13
Cnucok nocne cuenkn: 1 12 132 3 4 5

[TepemerieHHbie 3JIeMEHTHI BbIEIEHbI Oy KUPHBIM pudTom. Obparnute BHUMAHME,
YTO JIJISI KTEPATOPOB CIIMCKOB He OIPEIeIEHbI OIIePAINU CJIOKEHUSI U BLIYUTAHUS, TO
€CTb HeJIb34d HallucaTb J =k - 1, ITO3TOMY ITPHUIIJIOCH BOCIIO/IB30BATHCA TOITYCTUMbIMN
JUISL UTE€PATOPOB CIIMCKOB OIepallisaMU MHKPEMEHTa 1 JeKpeMeHTa. B obiiem ciaydae
JUUTST TIOMCKA AJIEMEHTA B CIHMCKe Mcmobayercs (pynkims find (em. c. 346).

[lns1 ynaneHus ajgemMeHTa 10 ero 3HAYEeHUIO IPUMEHsIeTCs (DYHKITUS remove:
void remove(const T& value):
Ecjiit 2/1eMeHTOB €O 3HaueHHeM value B CIHCKe HECKOJIbKO, Bce OHU OYAYT yiaJieHbl.

MosHO yIaluTbh M3 CIHUCKA 3JIEMEHTBI, YIOBJETBOPAIONNE HEKOTOPOMY YCJIOBHIO.
[l aToro ncmosb3yercs GyHKIM remove if:

template <class Predicate> void remove if(Predicate pred);

[TapameTpoMm sIBJISIETCS KJTacC-TIPEIMKAT, 3a[af0MIIil YCI0BIE, HAKIaIbIBaeMOe Ha JJ1e-
MeHT crincka. O npenukartax cm. ¢. 336.

HJIH YHOPAAOYUBAHUS DJIEMEHTOB CIIICKA UCIIOJB3YETCA METO/ SOrt:

void sort();
template <class Compare> void sort(Compare comp);

B 1iepBoM ciiydae cricok cOpTUPYeTCs 110 BO3PACTAHUIO 371eMEHTOB (B COOTBETCTBUU
C OTIpe/leJIeHNeM OTIepaliiy < JIJIs 3JIEMEHTOB), BO BTOPOM — B COOTBETCTBUH C (PyHK-
[UOHAJIBHBIM 00BbeKTOM Compare (0 (DYHKIIMOHATBHBIX 00BEKTaX PACCKA3BIBAIOCH B
paszene «Ileperpyska omepannu BbizoBa GyHKIMN» Ha ¢. 195). OyHKIMOHATBHBIN
00OBEKT MIMeeT 3HaueHue true, ecu JBa TepelaBaeMbiX €My 3HAYCHUST MOJKHBI TIPH
COPTUPOBKE OCTAThCS B MPEKHEM TMOPAKe, U false — B IPOTUBHOM CJIyyae.

[Topsimok ceoBaHUS 3I€MEHTOB, UMEIOMNX OJNHAKOBBIE 3HAUEHUS, COXPAHIETCS.
Bpemst copruposku nponoprironansio N-logoN, rae N — KOJM4YecTBO HI€MEHTOB
B CITHCKE.

MeTozt unique OCTaBJISIET B CITMCKE TOJBKO TIEPBbII AJIEMEHT U3 KaKI0H Cepuu UAyIInuX
TO/IPSI/L OJIMHAKOBBIX 2yieMeHTOB. [TepBas hopma MeToia uMeeT caenyiomnuii popmar:

void unique();
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Bropast hopma MeTo/1a Unique HCTIOIb3YeT B Ka4ecTBe TTapaMeTpa OMHAPHBIN MPeInKaT
(em. ¢. 336), uTO TMO3BOJISIET 3a/laTh COOCTBEHHbBIN KPUTEPUN YAaJCHUS JIEMEHTOB
criucka. [Ipeaukar uMeer 3HaueHue true, ecau Kputepuii cobmmoeH, u false — B Ipo-
TUBHOM CJIydae. APryMEHTbI TIPeIMKATa UMEIOT THUII 3JIEMEHTOB CITHCKA

template <class BinaryPredicate>
void unique(BinaryPredicate binary pred);

IIJIH CIIUAHUSA CIIUCKOB CJIYKUT METOZ, merge:

void merge(Tist<T>& x):
template <class Compare> void merge(1ist<T>& x, Compare comp):

O6a crivcKa J0JKHBL ObITh YITOPSZ0UYEHB! (B IEPBOM CJIydae B COOTBETCTBUU C OIPe/ie-
JIEHUEM OTlepaliuy < JIJisl 9JIEMEHTOB, BO BTOPOM — B COOTBETCTBUU € (DYHKITMOHAb-
HBIM 0ObekTOM Compare). Pesyibrar — ynopsgodeHHbIil criiucok. Ecii ajieMeHTh B
BBI3BIBAIOIIEM CIMCKE W B CIHCKe-TIapaMeTPe COBITAJAIOT, MEPBBIMU OYyT pacroJia-
raThCsl 2JIEMEHTHI U3 BBI3BIBAIOIIETO CITHCKA.

Metoz reverse CIy>KUT JIJisi UIBMEHEHHSI TIOPSIIKA CJI€JIOBAHUS 2JIEMEHTOB CIIMCKA Ha
obparHbIii (BpeMst paboThI TIPOMOPIUOHATBHO KOJUYECTBY 3JIEMEHTOB):

void reverse():
ITpumep paGoThI CO CIIUCKOM:

#include <fstream>

#include <list>

using namespace std;

void show (const char *str, const Tist<int> &L){
cout << str << ":" << endl;
for (1ist<int>::const _iterator i = L.begin(); i !=L.end(); ++1i)

cout << * << " "

cout << endl;

}

int main(){
list<int> L:
list<int>::iterator i;
int x;
ifstream in("inpnum");
while ( in >> x, !in.eof()) L.push_back(x);
show("McxopHblii cnncok™, L) ;
L.push_front(1);
i=1L.begin(); L.insert(++i, 2);
show("llocne BcTaBku 1 u 2 B Ha4vano", L);
i=L.end(); L.insert(--i, 100);
show("Mocne scTaskn 100 nepen nocnepHum”, L);
i =1L.begin(); x =*i; L.pop_front();
cout << "Ypanunnm u3 Hayama" << x << endl;
i=~L.end(); x="*--7; L.pop_back()
cout << "Ypganumm C KoHua" << x << endl;
show("Cnucok nocne ynaneuns", L)
L.remove(76):
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show("llocne ynaneHuss 3neMeHTOB CO 3HayeHuem 76", L);
L.sort();

show("Mocne copTupoBku", L);

L.unique();

show("Mocne unique”, L);

Tist<int> L1 (L);

L.reverse();

show("Mocne reverse", L);

}

Pesysbrar paboThl IPOTPAMMBIL

CXOMHBIA CMUCOK :

56 34 54 0 76 23 51 11 51 11 76 88

llocne BCTaBKM 1 n 2 B Havano:
12563454076 2351 1151117688
locne scTasku 100 nepen nocnegHum:
12563454076 235111511176 100 88
Ypanunu n3 Hayvana 1

Ypanunu ¢ KoHua 88

Cnucok nocne ynanexus:

256 34540762351 11 51 11 76 100
locne ynaneHusa 3NEeMEHTOB CO 3HayeHueMm 76:
256 34 5402351 11 51 11 100

llocfie COPTUPOBKN:

0211 11 23 34 51 51 54 56 100

llocne unique:

02 11 23 34 51 54 56 100

llocne reverse:

100 56 54 51 34 2311 2 0

K cruckaMm MOKHO TIPUMEHSITH aJTOPUTMBI CTAHAAPTHON OUOIMOTEKH, OTMCAHHbIE
B pasnene «Anroput™biy> (c. 343).

Cteku (stack)

Kax usBectHo, B cTeke (omnpenenenne cM. pasdzen «Crekuy, c. 119) gomyckaiorcs Tob-
KO JIBE OTIEPATINH, N3MEHSTIONTIE €T0 pasMep — N0OaBIIeHNe 2JIEMEHTA B BEPITIHY CTe-
Ka ¥ BbIOOpKa 13 BepiinHbl. CTEK MOKHO PEATN30BaTh HA OCHOBE JIIOOOTO U3 PaCCMOT-
PEHHBIX KOHTEHHEPOB: BEKTOPA, IBYCTOPOHHEN Ouepeain nin crucka. Takum o6pasom,
CTEK SBJISIETCS HE HOBBIM TUIIOM KOHTEIHEPa, & BADUAHTOM UMEIOIIUXCS, TI09TOMY OH
Ha3bIBaeTCst adanmepom KouteliHepa. /Ipyrue aganrepsl (o4epenn U OYepein ¢ mpu-
opuTeTaMm) GYIYT PACCMOTPEHBI B CAEAYIONINX pasiesax.

B STL crek onpesiesieH mo yMoJauanuio Ha 6ase [BYCTOPOHHEN OYepein:

template <class T, class Container = deque<T> >
class stack {
protected:
Container c;
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public:

explicit stack(const Container& = Container());

bool empty() const {return c.empty();}

size type  size() const {return c.size();}

value type& top() {return c.back():}

const value type& top() const {return c.back();}

void push(const value type& x) {c.push back(x);}

void pop() {c.pop_back();}

s
W3 npusesennoro onucanns (OHO JaHO C COKPAIEHUSIMU ) BU/IHO, YTO METO/T 3aHece-
HUST B CTEK PUSh COOTBETCTBYET METO/IY 3aHECEHUsT B KOHEIL push_back, MeTo/1 BBIOOPKH
U3 CTeKa pop — MeTOAy BBIOOPKHU ¢ KOHIA pop_back, KpoMe Toro, nobasieH MeTos top
JI7IST TTOTYYeHUsT NIV M3MEeHEHUsT 3HAUeH!s 9IeMeHTa Ha BepinHe cteka. KoncTpyxro-
Py Kiacca stack mepemaeTcss B KauecTBe IapaMeTpa CChLIKa Ha 0a3oBBII KOHTelHep,
KOTOPBINT KOMUPYETCs B 3aNTUINIEHHOE TI0JIe TaHHBIX C.

ITpu paboTe co CTEKOM HeJb3sl OJIb30BAThCS UTEPATOPAMU U HEJIB3ST MOJYINUTH 3HAUE-
HIE DJIeMEHTAa U3 CePeAUHbl CTeKa MHAJYe, YeM BBIOpAB U3 HEro BCE JIEMEHTHI, JIe)Ka-
mue Boimie. J[Jist creka, Kak U Uit BCeX PACCMOTPEHHBIX BbIIIE KOHTEHHEPOB, OTpe/ie-
Jienbl oniepannu cpaBuenus (cm. 303).

[Ipumep ucnonbzoBanus cTeka (IIporpaMma BBOAUT U3 (aiiia ymncia 1 BBIBOAUT X HA
9KpaH B 0OPATHOM MOPSIIKE):

#include <fstream>
#include <vector>
#include <stack>
using namespace std;
int main(){
ifstream in ("inpnum");
stack <int, vector<int> > s;
int x;
while ( in >> x, !in.eof()) s.push(x);
while (! s.empty()){
x = s.top(): cout << x <<
s.pop();

non,

}
Copepsxkumoe daiiia inpnum:

56 34 54 0 76 23 51 11 51 11 76 88
Pesyubrar paboThl IPOrpaMMBbL:

88 76 11 51 11 51 23 76 0 54 34 56

Ouepeau (queue)

[ns ouepenn (ompezenenne cM. pasdnen «Ouepenns, c. 121) pormyckaiores 1Be ornepa-
MM, I3MEHSIIONIHE ee pasMep — AobaBJIeHne aJIeMeHTa B KOHEI[ M BBIOOPKA M3 Havaa.
Ouepespb ABISIETCS aAlTePOM, KOTOPBIH MOKXHO peaJn30BaTh HA OCHOBE JIBYCTOPOH-
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Hell ouepean WM crnucka (BeKTOp He IOAXOAUT, IOCKOJIbKY B HEM HET OIlepalliu Bbl-
GOpPKM U3 Hayasa).

B STL ouepenpb onpesiesieHa 10 yMOJIYaHUO Ha (Gase ABYCTOPOHHEN ouepe:

template <class T, class Container = deque<T> >
class queue {

protected:
Container c;

public:
explicit queue(const Container& = Container())
booT empty() const {return c.empty():}
size type  size() const return c.size();}
value type& front() return c.front();}
const value type& front() const return c.front();}

c.back():}

{

{

{
value_type& back() {return
const value type& back() const {return c.back();}
void push(const value type& x) {c.push_back(x);}
void pop() {c.pop_front():}

B
Metoast front u back ucnosb3yiores A MOAYyYeHUs 3HaYeHUH 91eMeHTOB, HaXO/1s-
IIUXCS COOTBETCTBEHHO B HavaJsle U B KOHIE ouepean (IIPU 3TOM 3JIEMEHTBI OCTAIOTCS B
ouepenn).
ITpumep paboTsl ¢ odepeabio (IporpaMMa BBOAUT M3 (aiijia yucia B O4epeib U Bbl-
MOJTHSAET BBIGOPKY U3 Hee, TIOKa OYepe/ib He OIMyCTeeT):

#include <fstream>
#include <list>
#include <queue>
using namespace std;
int main(){
ifstream in ("inpnum");
queue <int, list<int> > q;
int x;
while ( in >> x, !in.eof()) q.push(x);
cout << "g.front(): " << g.front() << "
cout << "g.back(): " << g.back() << endl;
while (! q.empty()){
q.pop();
cout << "g.front(): " << g.front() << "
cout << "g.back(): " << g.back() << endl;

}
Conepxxumoe daiisa inpnum:

56 34 54 0 76 23 51 11 51 11 76 88
Pesynbrar paboThl TPOTPaMMBL

g.front(): 56 g.back(): 88
g.front(): 34 q.back(): 88
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g.front(): 54 q.back(): 88
g.front(): 0 g.back(): 88
g.front(): 76 g.back(): 88
g.front(): 23 g.back(): 88
g.front(): 51 q.back(): 88
g.front(): 11  q.back(): 88
g.front(): 51 q.back(): 88
g.front(): 11  q.back(): 88
g.front(): 76 q.back(): 88
g.front(): 88 q.back(): 88
g.front(): 0 q.back(): 0

K crexam u ouepeasiM MOKHO IPUMEHSTh aJITOPUTMbI CTaHAAPTHOM OUOIMOTEKU, OIIK-
CaHHbBIe B pasfese «Aaroput™mbl» (c. 343).

Ouepepu c npuoputetamu (priority_queue)

B ouepenn ¢ mpuoputetaMn KakJioMy 3JIEMEHTY COOTBETCTBYET MPUOPUTET, OTpesie-
JISTIOTII TIOPSIIOK BBIOOPKH 13 ouepen. 110 yMOSTYaHUIO OH OTPEIEJISETCST ¢ MOMO-
IIBIO OIIEPALUH <; TAKUM 00OPa3oM, U3 OYepenr KasKAblil Pa3 BHIOMPAETCA MAKCUMAIlb-
HBIN 3JIEMEHT.

Jlna peammzanuu ouepein ¢ MPHUOPUTETAMH IOAXOANT KOHTEIHHep, MOITyCKAIOMNi
IIPOM3BOJIbHBIN OCTYI K 3JIEMEHTAM, TO €CTh, HAIIPUMED, BEKTOP WJIH JBYCTOPOHHSIS
ouepesb. Tum KoHTeiHEpa MepefaeTcst BTOPBIM mapaMeTpoM mmabiona (mepBbiil, Kak
0OBIYHO, THIT 3JIeMeHTOB). TpPEThUM MapaMeTPOM YKasbiBaeTcsl (DYHKIUS Wi (yHK-
HUOHAIBHBIN 00beKT (cM. ¢. 195 1 334), ¢ IIOMOLIBIO KOTOPBIX BHIIIOJHAETCS OIIpeie-
JieHue TIPHOPUTETA:

template <class T, class Container = vector<T>,
class Compare = Tless<typename Container::value type> >
class priority_queue {
protected:
Container c;
Compare comp;
public:
explicit priority queue(const Compare& x = Compare(),
const Container& = Container());
template <class Inputlter>
priority queue(Inputlter first, Inputlter Tast,
const Compare& x = Compare(), const Container& = Container())
bool empty() const {return c.empty();}
size typesize() const {return c.size();}
const value type& top() const {return c.front();}
void push(const value type& x);
void pop():
i
[l a;emMeHTOB ¢ PaBHBIMH MPUOPUTETAMU OYepelb C TPUOPUTETAMU SIBJISIETCS TIPO-
cToit ouepeibio. Kak u jijist CTEKOB, OCHOBHBIMU METOIAMU SIBJISIIOTCS push, pop u top.
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[Ipocroit mpumep:
#include <iostream>
#include <vector>
#include <functional>
#include <queue>
using namespace std;
int main(){
priority queue <int, vector<int>, Tess<int> > P;
int x;
P.push(13); P.push(51); P.push(200); P.push(17);
while (!P.empty()){
x = P.top(); cout << "BbiOpaH anemeHT: " << x << endl;
P.pop();

}
Pesyabrar paGoThl TIPOTPAMMBIL:

BoiOpaH anemeHT: 200
BbiOpaH anemeHT: 51
BoiOpaH anemeHT: 17
BoiOpaH anemeHT: 13

B sTOM npuMepe TpeTbuM HapaMeTpoM IabjoHa sABJjsgercs mabaoH, OlpefeIeHHbII
B 3arosoBoyHoM (aitie <functional> (cm. pasmen «DyHKuMOHAMBHBIE OOBEKTHI»,
c. 334). On 3a/1aeT onepanuio cpaBHEHUS Ha «MeHbIe». M0OKHO 3a/1aTh cTaH[apTHBIE
mabJIoHbI greater<tun>, greater_equal<tun>, less_equal<tun>. Ecau TpeGyetcst onpeje-
JIUTH JPYTOI MOPSAAOK BBIOOPKHU 13 OYepeau, BBOAUTCS COOCTBEHHbII (DYHKIIMOHAb-
HbII 00beKT. B puBeeHHOM HIZKe IpruMepe BLIOOPKA BBIIOJIHAETCS 110 HAaUMEHbIIel
cymMme 1udp B 4uciIe:

#include <iostream>
#include <vector>
#include <functional>
#include <queue>
using namespace std;
class CompareSum{
public:
bool operator()(int x, int y){
int sx =0, sy =0;
while (x){sx += x % 10; x /= 10;}
while (y){sy +=y % 10; y/=10;}
return sx > sy
}
b
int main(){
priority queue <int, vector<int>, CompareSum > P;
int x;
P.push(13); P.push(51); P.push(200); P.push(17);
while (!P.empty()){
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x = P.top(); cout << "BuhibpaH anemeHT: " << x << endl;
P.pop();

}
Pesyabrar paGoThl TIPOTPAMMBIL:

BoiOpaH anemeHT: 200
BoiOpaH anemeHT: 13
BoiOpaH anemeHT: 51
BoiOpaH anemeHT: 17

AccoumaTuBHble KOHTEUHEPDI

Kax yske yKas3bIBasoCh, aCCOIMATHBHBIE KOHTENHEPD 00€CTIEUNBAIOT GBICTPHII TOCTYTI
K JIAHHBIM 32 CYET TOTO, YTO OHU, KaK MPABKJIO, TOCTPOEHBI HA OCHOBE cOATaHCUPOBAH-
HBIX JIepeBbeB TTONCKa (CTAaHAAPTOM PerJTaMeHTHPYEeTCS TOTbKO MHTepdelic KOHTeliHe-
POB, a He UX peayu3aius).

CyliiecTByeT TIsITh THIIOB aCCOIMATHBHBIX KOHTEHepOB: cjoBapu (map), cJoBapu
¢ nybamkaramu (multimap), MHOKecTBa (Set), MHOKecTBa ¢ aybsmkatamu (multiset) u
6utoBbie MHOKecTBa (bitset). CyoBapu 4acTO HA3BIBAIOT TAKKE ACCOUUATNUSHLIMU
MACCUBAMU WA OTOOPANCCHUAMU.

CroBapb MOCTPOEH Ha OCHOBE TIap 3HAUEHHH, TTePBOE 13 KOTOPBIX MPEICTABIAET COGOI
KJTIOY JIJIs1 UleHTU(hUKAIIUY 9JIEMEHTA, a BTOPOe — cobCcTBEeHHO asieMenT. MOKHO cKa-
3aTh, UTO KJIIOY ACCOIMMPOBAH C 9JIEMEHTOM, OTKyJa U TIPOU3OIIJIO HA3BAHMIE STUX
KOHTeliHepoB. Hampumep, B aHTJIO-PyCCKOM CJI0OBape KJIOYOM SIBJISIETCS aHTIUNCKOe
CJIOBO, & 3JIEMEHTOM — pyccKoe. OObIYHbIIT MACCUB TOKE MOYKHO PACCMATPUBATH KaK
CJIOBaph, KJIIOUYOM B KOTOPOM CJIY>KUT HOMED 2JieMeHTa. B cIoBapsx, OMMCAaHHBIX B
STL, B kauecTBe KJI10Ya MOXKET MCIOJb30BAThCSA 3HAYEHUE TTPOU3BOJIBHOTO TUTIA. Ac-
COI[MATUBHbIE KOHTEITHEPHI OIMCAHBI B 3ar0JIOBOYHBIX (hailax <map> u <set>.

Jliist XpaHeHUsT apbl «KJII0Y—3JIeMEHT»> MCIIOJIb3yeTcsT IMabIOH pair, ONMCaHHbIN B 3a-
roJioBouyHOM paiine <utility>:
template <class T1, class T2> struct pair{
typedef T1 first type;
typedef T2 second type;
T1 first;
T2 second;
pair();
pair(const T1& x, const T2& y);
template <class U, class V> pair(const pair<y, V> &p);
I8
[ITabsioH pair uMeeT ABa IapaMmeTpa, PeACTaBIAIONUX COO0 TUIIbI 91IEMEHTOB HaphL.
[Tepsebiit astement umeer ums first, BTopoit — second. Ompe/iesieHoO /1Ba KOHCTPYKTOpa:
OJIMH JIOJIZKEH TIOJIydaTh /[BA 3HAUEHUS JIJIs1 MHUTIMATU3AINH 9JIEMEHTOB, BTOPOU (KOH-
CTPYKTOP KOIMPOBAHUA) — CCBIIKY Ha JPYryio mapy. KoHCTpyKTOpa 10 yMOJTYaHUIO
y Iapbl HET, TO €CTh IIPU CO3AAHUN 00BEKTa eMy TpeOyeTcs: IPUCBOUTh 3HAUEHUE SB-
HBIM 00Pa30OM.
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[l mapbl onpe/iesieHbl TPOBEPKa HA PABEHCTBO U Ollepallisl CPaBHEHMS Ha MEHDIIIE
(Bce ocTasbHBIE OTepalluy OTHOIIeHUs TeHepupyforcs B STL aBToMaTHdeckn Ha oc-
HOBe 9TUX /IByX onepanuii). Ilapa pl Mmenbiie napel p2, eciu pl.first < p2.first uau
pl.first == p2.first && pl.second < p2.second.

[l mpucBauBaHus 3HaYEHHS 11ape MOKHO MCIIOJIb30BaTh (pyHKIMIO make pair:

template <class T1, class T2>
pair<Tl, T2> make pair(const T1& x, const T2& y);
[Ipumep dopmupoBanmst map:
#include <jostream>
#include <utility>
using namespace std;
int main(){
pair<int, double> pl(10, 12.3), p2(pl);
p2 = make pair(20, 12.3);// 3KkBuBaneHtHo p2 = pair <int, double >(20, 12.3)

cout << "pl: " << pl.first << " " << pl.second << endl;
cout << "p2: " << p2.first << " " << pZ.second << endl;
p2.first -= 10;

if (pl == p2) cout << "pl == p2\n";
pl.second -= 1;
if (p2 > pl) cout << "p2 > pl\n";

}
Pesynbrar paboThl POTPAMMBIL
pl: 10 12.3
p2: 20 12.3
pl == p2
p2 > pl

3arosioBouHbIi (haitn <utility> mpum UCIOIB30BAaHUN <map> WU <set> MOAKII0YaeTCS
ABTOMATUYECKH.

Cnosapu (map)

B cioBape (map), B oramuue ot cjaoBaps ¢ agyouaukaramu (multimap), Bce KIIOYH TOJK-
HBI OBITH YHUKATLHBL DJIEMEHTBI B CJIOBAPE XPAHITCS B OTCOPTHPOBAHHOM BHJIE, TIO-
HTOMY JIJIST KITIOYEN TOIKHO OBITHh OTIPEIEIEH0 OTHOIeHne «MeHbIes. [ITabaon cro-
Bapsi COJIEP:KUT TPU MapaMeTpa: TUI KJI0Ya, TUIl dJIeMEHTa ¥ THIT (hyHKI[MOHATIBHOTO
06beKTa, OMPEesSIIONEro OTHONIEHNE «MeHbIe»> ((hyHKIMOHATbHBIE 0OHEKTHI pac-
cMmarpuBasiuch Ha c. 195):

template <class Key, class T, class Compare = less<Key> >
class map{
public:
typedef pair <const Key, T> value type;
explicit map(const Compare& comp = Compare())
template <class Inputlter>
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map(Inputlter first, Inputlter Tast, const Compare& comp =
Compare());
map(const map <Key, T, Compare>& x);

Kak BujiHO 13 mpuBeieHHOTO onucanus (OHO JIAHO ¢ COKPAIIEHUSME ), TUTI 3JIEMEHTOB
cioBaps value type ompejesiseTcs Kak 1apa ajgeMeHToB THia Key u T.

[TepBbIii KOHCTPYKTOP CO3MAET TYCTOHM CJIOBAapb, MCIOJb3Yysl yKa3aHHbBIN (DYHKIINO-
HAJIBHBII 00beKT. BTOPOIl KOHCTPYKTOP CO3MAET CJIOBAPDH U 3allCHIBAET B HETO 3JIe-
MEHTBI, OIpe/ieisieMble JINANa30HOM YKa3aHHBIX WTepaTtopoB. Bpems paboTel 9Toro
KOHCTPYKTOpA TIPOITOPITIOHATBLHO KOJTMYECTBY 3aIMCBIBAEMBIX 3JIEMEHTOB, €CJIU OHU
VIOPSAJI0YEHDbI, ¥ KBaJ[PaTy KOJUYECTBA 3JEMEHTOB, €Cau HeT. TpeTuil KOHCTPYKTOP
ABJISETCS KOHCTPYKTOPOM KOIIMPOBAHUSL.

Kak 1 17151 Bcex KOHTeITHepOB, IJIsT CI0BapsI OTIpe/ie/IeHBI IECTPYKTOP, ONePAIHs IPH-
cBauWBaHMs U onmepanuu otHoureHus. MtepaTopsl cioBapst nepedncieHsl B Tabir. 12

II]IH AOCTYIIA K 3JIEMEHTaM 110 KJIIOUY OIIpe/ieJieHa oliepalns [ :|I
T& operator[]J(const Key & x):

C TOMOIIIBIO 3TOH OTEPAIUU MOXKHO HE TOJBKO TOIydaTh 3HAYEHUS IJIEMEHTOB, HO U
106aBJIATh B cloBapb HOBbIe. He Oyzy oTCTynaTh OT TPaAMIIMii U B KA4eCTBE [prMepa
cJIoBapst IpUBeELY TeleOHHYIO KHUTY, KJIIOYOM B KOTOPOI CIY:KUT (haMUJIus, a dJie-
MEHTOM — HOMeD TesiepoHa:

#include <fstream>

#include <iostream>

#include <string>

#include <map>

using namespace std;

typedef map <string, long, Tess <string> > map_sl;// 1
int main(){

map_s1 ml;

ifstream in("phonebook"):;

string str;

Tong num;

while (in >> num, !in.eof()){ // YTeHwe Homepa
in.get(); // Nponyck npobena
getlineCin, str); // YTeHne Gamunnn
ml[str] = num; // 3aHeceHue B CNOBApb

cout << str << << num << endl;

ml["Petya P."] = 2134622; // [lononHexne cnosap4
map_s1 :: iterator 1i;
cout << "ml:" << endl; // BbiBOA CnoBaps

for (i = ml.begin(); 1 !'= ml.end(); i++)

cout << (*1).first << " " << (*1).second << endl;

i =ml.begin(); i++: // BbiBOA BTOPOTO 3M1EMEHTA
cout << "BTOpon anemeHT: ";

cout << (*1).first << " " << (*1).second << endl;
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cout << "Vasia: " << ml["Vasia"] << endl; // BbIBOA 3NneMeHTa no Kapyy
return 0;

}

JUist ynydiieHnst YUTaeMOCTH MPOTPaMMBbl BBEIEHO 6ojiee KOPOTKoe 0603HaueHue
ThTa caoBaps (omneparop, moMmedeHHblin // 1). CBeleHns 0 KaK0M YesIoBeKe Paciiosio-
sKeHbl B haiisie phonebook Ha 0iHOI CcTpOKe: cHavasia ujeT HoMmep TesedoHa, 3aTeM Je-
pes mpober hammuus:

1001002 Petya K.
3563398 Ivanova N.M.
1180316 Vovochka
2334476 Vasia

[l nrtepaTopoB cioBapsl IOIYCTUMbI Ollepaliid MHKPEeMEeHTa U JieKpeMeHTa, HO He
omnepanun + u -. Huke npusesieH pesy/braT paboThl mporpaMMbl (oOpartiuTe BHIMAa-
HUE, YTO CJIOBAPb BBIBOAUTCA B YIOPSAJOYECHHOM BH/IE):

Petya K. 1001002
Ivanova N.M. 3563398
Vovochka 1180316
Vasia 2334476

ml:

Ivanova N.M. 3563398
Petya K. 1001002
Petya P. 2134622
Vasia 2334476
Vovochka 1180316
Bropoit anemeHT: Petya K. 1001002
Vasia: 2334476

/1151 moucKa 2J1IeMeHTOB B CJIOBape OlpesiesieHbl caeyionine (pyHKImu:

iterator find(const key type& x);
const_iterator find(const key type& x) const;
iterator Tower_bound(const key type& x):
const_iterator Tower_bound(const key type& x) const;
iterator upper_bound(const key type& x);
const_iterator upper_bound(const key type &x) const:
size type count(const key type& x) const;

Oyuknus find Bo3BpalaeT UTEpaTop Ha HAUAEHHBIN 9JIEMEHT B CJIydae YCIEIIHOTO
noucka unum end() B IIPOTUBHOM CJIyvae.

ODymukiust upper_bound Bo3BpaiaeT uTepaTop Ha MEPBBIil 3JIEMEHT, KJII0U KOTOPOTO He
MeHbIIIe X, WJIH end(), ecm TAKOTO HeT (ECIIH JIEMEHT € KJII0YOM X €CTh B CT0Bape, 6y-
JleT BO3Bpalllel UTepaTop Ha Hero).

Dyukius Tower _bound Bo3BpallaeT MTEPATOP HA MEPBBIA 3JEMEHT, KJII0Y KOTOPOTO
6ouiblie x, mim end(), ecan TaKOToO HeT.

JloGaBuM B TIPUBEIEHHBII BBIIIE TIPUMEP ONEPATOPBI

getline(cin, str);
if (ml.find(str) !'= ml.end())
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cout << ml [strl;

else{
cout << (*ml.upper bound(str)).first <<
cout << (*ml.lower bound(str)).first << "

}

Eci BBecTH ¢ KaBuaTypbl (haMUINIO, KOTOPast €CTh B CJI0OBape, OYAET BbIBEAEH COOT-
BETCTBYIONTMI HOMeD TesiehoHa, a MHade — /[Ba Pa3a MoApsi mepBas u3 haMunii, Ko-
Topas 1o aadaBUTy CJAELYeT 3a BBEICHHOI, HATIPUMEp:

Petya M. // Topyepkusanuenm 0003Ha4eH BBOA MOSb30BATENA
Petya P. Petya P.

ODymukius count BO3BpalaeT KOJUYECTBO IEMEHTOB, KII0Y KOTOPBIX PaBeH X (TaKUX
a71eMeHTOB MOskeT ObITh 0 miu 1).

/17151 BCTaBKU U yJaJieHUs 2JIeMEHTOB OlnpesiesieHbl (DyHKITUU:

pair<iterator, bool> insert(const value type& x);
iterator insert(iterator position, const value type& x);
template <class Inputlter>

void insert(Inputlter first, Inputlter Tast);
void erase(iterator position);

size type erase(const key type& x);

void erase(iterator first, iterator last):
void clear();

[lepBast popma (HyHKIUKM UCTIOTB3YETCS [T BCTABKU B CJOBAPD Mapbhl «KJIIOY—3Ha-
yennes. DYHKIUS BO3BPAIIAET MAPY, COCTOSIIYIO U3 MUTEPATOPA, YKABIBAIOIIETO HA
BCTaBJIEHHOE 3HAUeHMe, 1 OYJIeBOT0 PU3HAKA Pe3yJibTaTa Olepaliil: true, eCJim 3amu-
CH C TAKUM KJIOYOM B CJIoBape He OBLIO (TOJBKO B 9TOM CJIydae POUCXOAUT HobaBiie-
Hue), u false B IPOTUBHOM cirydae (UTE€pPaTOP YKa3bIBaeT Ha CYIIECTBYIONLYIO 3aII1Ch).
Bpemst paboThl (DyHKITUE TIPOIOPIIMOHATBHO JIOTApU(MY KOJIUIECTBA 3JIEMEHTOB B CJIO-
Bape.

Takum 06pasoM, CKOPPEKTUPOBATH CYIIECTBYIOIIYIO 3allUCh, UCIOJb3Yst (DYHKIIUIO
BCTaBKH, HEJIb3s. JTO JleJaeTCs ¢ TIOMOIIBIO Ollepaliy J0CTyIa M0 MHAEKCY.

Hwxe mpuBe/icHO HECKOJBKO MTPUMEPOB BCTABKU B CJIOBAPD, THUI KOTOPOTO OIKCAH B
IIPe/IbIYIIEeM JUCTHHTE:

map_s1 m2; // Co3paHne nycToro cnosaps
m2.insert(map_sl::value type("Lena", 3157725));

str = "Anna";

num = 5536590;

m2.insert(make pair(str, num));

num = 5530000

// TlonmbiTKa BCTABKW CYWeECTBYOWENR 3anncu:

m2.insert(make pair(str, num));

i =ml.begin();

m2.insert (*1); // BcTaBKka B M2 nepBOro afemeHTa cnosapqa ml
m2["Lena"] = 2222222; // KoppeKkTupoBKa anemeHTa
for (i = m2.begin(); i !=m2.end(); i++) // BbiBOA cnosaps

n "

cout << (*1).first << << (*1).second << endl;
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Pesyabrar paGoThl IPOTPAMMBIL:

Anna 5536590
Ivanova N.M. 3563398
Lena 2222222

Bropas ¢opma dyHKIIMN insert mpuMeHsieTcs IS YCKOPEHUS TPOoIlecca BCTABKU.
C 271011 11e71bI0 € nepeiaeTcs IepBbIM TapaMeTPOM TIO3UIUS CJI0Baps, HAYMHAas ¢ KO-
TOPOii TpebyeTcs OCYIIECTBIIATh MOUCK MecTa BeTaBKul, BeTaBka BBIMOMHIETCS TOJIb-
KO B CJIy4ae OTCYTCTBUS 3HaveHus: X B cioBape. DyHKINS BO3BpAIaeT UTEPATOP HA
9JIEMEHT CJIOBapsl C KJIIOUOM, COJIEPIKAIIUMCH B X.

Hampumep, ecii M3BECTHO, YTO HIEMEHTHI OYAYT TOMEAThCS B CTOBAPD B TIOPSIIKE
BO3pACTaHU, MOXKHO IIepeIaBaTh IIEPBbIM MapamMeTpoM B (DyHKIIUIO BCTABKU TO3UIUIO
IIpeJIbIYIIero ajeMenTa (B 9TOM cJiyyae BpeMs BCTABKU ABJISETCS KOHCTAHTOMN):

#include <iostream>
#include <string>
#include <map>
using namespace std;
typedef map <string, Tong, less <string> > map_s1;
typedef pair <string, Tong > pair_sl1;
int main(){
pair sl p[3] = { pair_s1("Anna", 123123),
pair_s1("Maria", 234234),
pair_s1("Teresa"”, 345345)};
map_s1 ml;
map_s1 :: iterator i = ml.begin();
for (int k = 0; k<3; k++)

i =ml.insert(i, plkl); // sic!
for (i = ml.begin(); i !=ml.end(); i++)

cout << (*¥7).first << " " << (*7).second << endl;
return 0;

}

Tpetbs opma dhyHKIMM insert UCIOab3yeTcs sl BCTABKU TPYIIITBI 9JIEMEHTOB, OTIpe-
JlesisieMoN Tuarna3oHoM utepatopoB. OyHKINN yAaJeHNs 9JIEMEHTOB U OYUCTKH CJIO-
Bapsd aHAJOTUYHBI OJIHOMMEHHBIM (DYHKIUAM JAPYTUX KOHTEHHepOB: repBas dopma
(byHKITMY erase ymanseT 3JIeMEHT CJI0Baps W3 MO3UINH, 3aJaHHOI UTEPAaTOPOM, BTO-
pas — 10 33JJaHHOMY KJIIOUY, & TPEThs yAaAdeT TUAna30H 3J1eMeHTOB.

Omepanuu BCTaBKH B CJIOBAPb HE MPUBOJIAT K ITOPY€e CBI3aHHBIX C HUMU UTEPATOPOB 1
CCBIJIOK, a ONepaluy yHaJeHUus JAeNafoT HeAeHCTBUTETHHBIMU TOJBKO UTEPATOPBI 1
CCBLJIKH, CBSI3aHHbBIE C Y/IAISI€MbIMU 2JIEMEHTAMU.

Jlist oGMeHa Bcex 3JIEMEHTOB JIBYX CJIOBapeil IpUMeHsieTcst (GYHKIUS Swap:

template <class Key, class T, class Compare>
void swap(map<Key, T, Compare>& x, map<Key, T, Compare>& y):

U Ecn ykasannast O3MITNS HAXOIMTCS TOCTIE MECTa, B KOTOPOE TPeOYETCs BCTABUTH JICMEHT,
BCTaBKa Oy/leT BCe PAaBHO BBIIIOJHEHA BEPHO.
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Dyukius  equal _range  Bo3Bpamaer  mapy — ureparopoB  (lower bound(x),
upper_bound(x)) /s IepelaHHOTO el 3HaYeHus X:

pair<iterator,iterator> equal _range(const key type& x);
pair<const_iterator, const iterator>
equal_range(const key type& x) const;

Iocsie BBI3OBA (hyHKIMK 0Oa MTepaTopa OYIyT YKA3biBaTh HA HJIEMEHT C 3ajlaHHBIM
KJIFOYOM, €CJIU OH MPUCYTCTBYET B CIOBApe, WM HA TIEPBIN 2JIeMEeHT, GOJBINUI HETo,
B IIPOTUBHOM CJIydae.

CnoBapu ¢ ayonukatamm (multimap)

Kak yske yrmoMuHAIOCh, croBapu ¢ ayOsukatamu (multimap) AOMYCKArOT XpaHeHHe
9JIEMEHTOB C OJIMHAKOBBIMU KJtoyamu. IloaToMy i HUX He oIpeziesieHa Olepalus
JOCTYIIA 10 WHAEKCY [ ], a mobaBjieHre ¢ MOMOIIBI0 (DYHKIMK inSert BBITOJHIETCS
ycremuo B ao6oMm ciaydae. DyHKIUA BO3BpAIlaeT UTEPATOP Ha BCTaBJECHHbIN de-
MEHT.

DJIEMEHTBI ¢ OJJMHAKOBBIMU KJIIOYAMU XPAHITCS B CJIOBape B MOPSIIKE UX 3aHECEHMUSI.
IIpu ynaieHun s1eMeHTa 10 K04y (GYHKIHUA erase Bo3BpallaeT KOJMIeCcTBO YAAIeH-
HBIX a1eMeHTOB. DyHKIMS equal range Bo3BpalaeT AUANA30H UTEPATOPOB, ONpEiie-
JISTIOTITUIT BCE BXOKEHUST AIeMEHTa ¢ 3aIaHHBIM KIfouoM. (DYHKITNST count MOKET Bep-
HyTh 3HaueHue, Gosbiiee 1. B ocrajbHOM cioBapu ¢ ayOiMKaTaMy aHAJIOTHYHbI
OOBIYHBIM CJIOBAPSIM.

MHoxecTBa (set)

MHokecTBO — 3TO acCOIMATUBHBIN KOHTEHHED, COAEPKAITNN TOJbKO 3HAYECHUS KJTIO-
4yell, To ecTb TUN Value type cooTBeTcTByeT TwIy Key. 3HAUeHWS KJIOYEH JIOJLKHBI
ObiTh yHUKaJIbHBL 11Ia0I0H MHOXKeCTBa MMeEET [Ba TapaMeTpa: TUI KJIKYa U THUII
(DYHKIIMOHATIBHOIO 0OBEKTA, ONPEAEIAIONIEr0 OTHONIEHIE «MEHbIIIE

template <class Key, class Compare = Tess<Key> >

class set{

public:
typedef Key key type;
typedef Key value type;

explicit set(const Compare& comp = Compare())
template <class Inputlter>

set(Inputlter first, Inputlter last,

const Compare& comp = Compare());

set(const set<Key, Compare>& x):
pair<iterator,bool> insert(const value type& x);
iterator insert(iterator position, const value type& x);
template <class Inputlter>

void insert(Inputlter first, Inputlter Tast);
void erase(iterator position);
size_type erase(const key type& x);
void erase(iterator first, iterator last);
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void swap(set<Key, Compare>&);

void clear();

iterator find(const key type& x) const;

size type count(const key type& x) const;

iterator Tower_bound(const key type& x) const;

iterator upper_bound(const key type& x) const;
pair<iterator,iterator> equal range(const key type& x) const;

W3 omnwucanusi, NpuBEAEHHOTO C COKPAIIEHUSIMH, BUIHO, 4YTO UHTepdelc MHOKECTBA

anajornyen uHrepdeiicy ciosaps. Huzke npuBesien mpocToii npumMep, B KOTOPOM CO3-
JlaI0TC MHOJKECTBA 1eJIbIX YUCel:

#include <iostream>

#include <set>

using namespace std;

typedef set<int, Tess<int> > set i;
set i::iterator i;

int main(){

}

int a[4] = {4, 2, 1. 2};

set 1 sl; // Co3paetcs nycToe MHOKECTBO

set 1 s2(a, a+4); // MHOKeCTBO CO3[aeTCA KOMUPOBAHMEM MACCUBA
set 1 s3(s2); // PaboTaeT KOHCTPYKTOpP KOMMWPOBAHMA
s2.insert(10); // BCTaBKa 3NeMeHTOB

s2.insert(6);

for (1 = s2.begin(); 1 != s2.end(); i++) // BbBOg
cout << *j << " "

cout << endl;

// TlepemeHHad 0N4 XpaHeHWd pesynbTaTa equal_range:

pair <set i::iterator, set i::iterator > p;

p = s2.equal_range(2);

cout << *(p.first)<< " "

p = s2.equal_range(5);

cout << *(p.first)<< " "

return 0;

<< *(p.second) << endl;

<< *(p.second) << endl;

Pesysbrar paboThl TPOTPAMMBL
124610

2 4
66

Kak n 17151 coBaps1, aJIeMEHTBI B MHOKECTBE XPAHITCS OTCOPTUPOBAaHHBIMHU. 1loBTO-
psIolecs 3JeMEeHThl B MHOKECTBO He 3aHOCATCS.

Jlist paboThl ¢ MHOKECTBAMU B CTaHIApPTHOU OMOIMOTEKe OIpelesieHbl aJrOPUTMBI,
olucaHuble Ha ¢. 364
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MHoXxecTBa ¢ ayonukatamm (multiset)

Bo MHOKecTBax ¢ AyOJUKaTaME KJIIOUH MOTYT HOBTOPSITHCS, TOITOMY OIEpAIist
BCTaBKM 3JIEMEHTA BCET/IA BBITIOJHIETCS YCIElNHo, U (QyHKIus insert Bo3Bpaiiaer
WUTEpaATOp HAa BCTABJIEHHBIN 9JIEMEHT. DJIEMEHTHI C OJIMHAKOBBIMU KJIIOUaMU XPAHITCS B
cioBape B nopsizike ux 3anecenus. Oyukiwms find Bo3Bpaiaer urepatop Ha TEPBBIT
HalJEeHHBIN dJeMeHT Uau end(), ecim HU OJHOIrO dJeMeHTa C 3aJaHHBIM KJIIOYOM HeE
HaMeHo.

ITpu pabore ¢ OAMHAKOBBIMK KiO4aMu B multiset 4acTo MOJb3YIOTCS (DYHKIUAMU
count, Tower_bound, upper _bound m equal_range, UMEIOIIMMHU TOT K€ CMBICJ, YTO U JIJI
coBapei ¢ Ly6auKaTaMuy.

ButoBblie mMHOXecTBa (bitset)

BurtoBoe MHOKeCTBO IpeacTaBsger coboi MabnoH A npejcTaBaeHns u 06paboTKI
JIJIMHHBIX ITocsenoBaTeabHocTel outos!. @aktruecku bitset — 510 GUTOBLIN Maccus,
JUISL KOTOPOTO 00eCIIeunBaIOTCS Olepallii IPOU3BOJIBHOIO JOCTYIIA, U3MEHEHUsT OT-
MeTHLHBIX OUTOB U BCETO MaccuBa. BUTHI HyMePYIOTCS clipaBa HasieBo, HaunHas ¢ 0.

[Ta610H GUTOBOrO MHOKECTBA OIPEAEIEH B 3aroI0BouHOM (aiire <bitset>. [Tapamer-
poM TabIoHa SABJISIETCS UTHHA GUTOBOM TTOCTEI0BATENLHOCTH, KOTOPAst TOJIKHA OBITH
KOHCTaHTOI:

template<size t N> class bitset { .. };
st angpecanmyi OTAEIBHOTO 6uta B bitset BBemeH kiace reference:

class reference {
friend class bitset:
reference();

public:
~reference();
reference& operator=(bool x); // ans b[i] = x;
reference& operator=(const reference&); // ana b[i] = bljl;
bool operator~() const; // wHBepcus b[i]
operator bool() const; // ana x = b[i];
reference& f1ip(); // 0ng nHeepcun b[i71;

KOHCprKTOpI)I ITO3BOJIAIOT CO3/1aTh OUTOBOE MHOKECTBO U3 BCEX HyJIef/,I, N3 3HaYCHUA

ThMa 10Ng WJIN U3 CTPOKM THUMa StringZ:

bitset();
bitset(unsigned Tong val):

! Mosker okasaTbest, 4TO B 3aBUCUMOCTH OT peanmzanuu GUTOBBIE TIOCJAE0BATEIBHOCTH, IS
pasMelennst KOTOPBIX HEeOCTaTOYHO MepeMeHHoil THia int, Ho goctaTodro long, 6osee ad-
(exTHBHO 00pabaThiBaTh C IIOMOIBIO OUTOBBIX Olepaluii Haj HejabiMu dncaamu (cM. 31).
KopoTtkue 1oc/ie1oBaTeIbHOCTH, YMEIIAIOIIUECS] B OJJHOM CJIOBE, MOTYT 00pabaThiBAThCS C 110~
MOIIIBIO GUTOBOTO MHOKeCTBA GoJiee ahHEKTUBHO.

2 Onucanne KOHCTPYKTOPOB HPHBEACHO C COKPAIICHISIMI.
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explicit bitset(const string& str, //3
string::size_type pos = 0,
string::size_type n = string::npos);

IepBbiil KOHCTPYKTOP CO3/IaeT OUTOBOE MHOXKECTBO W3 HYJIEH, BTOPOI MPUHUMAET
3HAYECHHUE TUTA 10Ng U WHUITMATIU3UPYET KasKAbIH GUT MHOKECTBA COOTBETCTBYIONINM
OGUTOM BHYTPEHHETO TIPE/ICTABJICHUSI 9TOTO 3HaUeHMsL. TpeTuii KOHCTPYKTOP MPUHIMAa-
€T CTPOKY, KOTOpasi JI0JKHA COCTOATD U3 HYJIel U eIMHUIL (€CIM 3TO He TaK, IOPOXK/Ia-
ercst Mckovenne invalid_argument) W MHUTMATH3UPYET KaXKIblii GUT MHOKECTBA B
COOTBETCTBUH CO 3HAUYEHMEM CHMBOJIA CTPOKHU. BTOpO 1 TpeTnii nmapaMeTpbl KOHCT-
PYKTOpa 33/1a10T [MO3UIUK HAaYasla CTPOKKM M KOJIMYECTBA CUMBOJIOB, KOTOPbIE HCIIOJIb-
3ytorcd g ununuanusanuu. [To ymomuanuio uciosbdyercs Bes CTpOKa.

[Tpumepsbl co3annst GUTOBBIX MHOKECTB:

bitset <100> bl; // CTO Hynen
bitset <16> b2 (0xf0f); // 0000111100001111
bitset <16> b3 ("0000111100001111"); // 0000111100001111
bitset <5> b4 ("00110011", 3); // 10011

pbitset <3> b5 ("00110101", 1, 3); // 011

C 6UTOBBIMU MHOKECTBAMU MOYKHO BBIIIOJIHATD CJIieyIone onepamnun:

bool operator==(const bitset<N>& rhs) const;
bool operator!=(const bitset<N>& rhs) const;
bitset<N>& operator&=(const bitset<N>& rhs);
bitset<N>& operator|=(const bitset<N>& rhs);
bitset<N>& operator”®=(const bitset<N>& rhs);
bitset<N> operator<<(size t pos) const;
bitset<N> operator>>(size t pos) const;
bitset<N>& operator<<=(size t pos);
bitset<N>& operator>>=(size t pos);
bitset<N>& set();

pitset<N>& set(size t pos, int val = true);
pitset<N>& reset();

bitset<N>& reset(size t pos):

bitset<N> operator~() const;

bitset<N>& flip();

bitset<N>& flip(size t pos);

reference operator[](size t pos); // b[il;

MHoskecTBa MOKHO CPAaBHUBATH Ha PAaBEHCTBO (= =) 1 HepaBeHCTBO (!=). Onepannu <<
U >> c037a10T OGUTOBBIE HAOOPBI, CABUHYTHIE HA POS OUT BJIEBO MM BIIPABO COOTBETCT-
BeHHO. IIpu caBure 0cBOOOKIAIOIINECS MO3UIIUN 3ATIOJIHSOTCS HyassMu. Orepariust
set ycraHaBimBaeT Bce OUTbl MHOKecTBa B 1, reset — B 0. Onepanus ~ co3maer A01oJ1-
HUTeIbHBIN Habop. C moMoipio T11p MOKHO MHBEPTUPOBATH 3HAYEHHE Kax0ro Oura
u GuTa, 3aJJaAHHOTO [APAMETPOM POS.

HocTtyn x oTnesbHOMY 61/1Ty MOJKHO BBIIIOJIHATD C IIOMOIIBIO Ollepaliyl HHAEKCAIIUH.
Ecnu 3mavenue WHIeKCa BBIXOAUT 3a TPAHUIBI HabGOPa, TMOPOKIAETCS MCKITIOYEHIE
out_of range.
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B mabone bitset onpeaeseHbl METOAbI IPeOOPAa3OBAHUS B IJIMHHOE 1[EJI0€ U B CTPO-
Ky, a TaKXKe aHaIn3a 3HAYeHUH MHOKECTBA:

unsigned long to _ulong() const;
string to_string() const;
size t count() const;

size t size() const;

bool test(size t pos) const:

pool any() const;
pbool none() const;

/7
/!
/!
1/
/!
/!
/!

B unsigned long

B string

KONMYeCTBO OMTOBbIX 1

KONnU4ecTBo OMTOB

true. ecnm b[pos]==

true, ecnm xoTq Obl OfMH OUT paseH 1
true, ecnm Hu OOMH OUT He paBeH 1

Onpeniesienbl Takke 0ObIYHBIE OTIEPAIIMU BBOJA U BBIBOJA << 1 >>. BUTHI MHOKeCTBa
BBIBOJATCS € TIOMOIIbI0 cuMBOJIOB ‘0" 11 '1' ciieBa HalpaBo, caMblii cTapiinii OUT cjieBa.

B 6MTOBOM MHOKECTBE HE OTPEEJIeHbl UTEPATOPBI, TOITOMY OHO HE SIBJISIETCS KOH-
TeiHEPOM B YHUCTOM BHUJE, IIOCKOJIbKY HE IIOJIHOCTHIO 0OeCIIeYynBaeT CTaHAAPTHBIN 1H-
Tepdeiic KOHTEIHEPOB.

NMpumep UCnonb30BaHNS KOHTEMHEPOB

[IpuBenennas nuke nporpamMmma opMUpyeT U1 3aJaHHOTO TEKCTOBOTO (haiiya ykasa-
TeJb, TO €CTh YIOPSA0UEeHHBIH 110 a(haBUTy CHUCOK BCTPEUAIONTNXCST B HEM CJIOB, /IS
KaKZI0TO M3 KOTOPBIX TIOKa3aHbl HOMEPA CTPOK, COAepIKAIIUX 3TO ¢J0oBo. Eciu cioBo
BCTPEYAETCsT B CTPOKE Hosiee OIHOTO pas3a, HOMeP CTPOKU BBIBOAUTCST OJWH Pas.

#include
#include
#include
#include
#include
#include

using namespace std;

<iostream>
<fstream>
<iomanip>
<string>
<set>
<map>

typedef set<int, Tess<int> > set i;
typedef map<string, set i, Tess<string> > map_ss;
bool wordread(ifstream &in, string &word, int &num){

char ch;
// TlponycK [0 nepBoil OYKBbI:
for (;:){
in.get(ch);
if (in.fail()) return false;
if (isalpha(ch) || ch == "_") break:
if (ch == "\n") numt+;
}
word = "";
// TIoNCK KOHUa CNoBa:
do{
word += tolower(ch):
in.get(ch);
twhile (Min.fail() && (isalpha(ch) || ch = "_"));

if (in.fail()) return false;
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in.putback(ch); // Ecnu cumson - '\n'
return true;
}
int main(){
map_ss m;
map_ss::iterator im;
set_i::iterator is, isbegin, isend;
string word;
int num = 1;
ifstream in ("some file");
if (!in){cout << "Cannot open input file.\n"; exit(1);
}
while (wordread(in, word, num)){
im = m.find(word) ;
if (im == m.end())
im = m.insert(map_ss::value type(word, set i())).first;
(*im) .second. insert(num) ;
}
for (im = m.begin(); im !'= m.end(); im++){
cout << setiosflags(ios::left) << setw(15) << (*im).first.c_str();
isbegin = (*im).second.begin();
isend = (*im).second.end();
for (is = isbegin; is != isend; is++)
cout << " " << *is;
cout << endl;
}
return 0;
}

Jlonyctum, BxozsHOM haiisr some_file coepKUT caemyIomuil TeKCT:

class value compare:
public binary function <value type, value_type, bool> {
friend class map; protected:
Compare comp;
value_compare(Compare c) : comp(c) {} public:
bool operator() (const value type& x, const value type& y) const {
return comp(x.first, y.first);}
s

B arom ciryyae mporpamma BbIBeJIeT Ha 9KpaH:
binary function 2

bool 26

C 5
class 13
comp 458
compare 45
const 7
first 8
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friend

map

operator

protected

public

return

value_compare

value type

X

Y
Paccmorpum paboty tiporpamMmmbl mozipoGHee. DyHKIwMst wordread cUMTBIBAeT 0YepeHOE
CJIOBO M3 BXOMHOTO (haliia, cCuuTas, 4To B CJIOBO MOTYT BXOAUTD ahaBUTHO-TIM(HPOBLIE
CUMBOJIBI U 3HAK MTO[YEPKUBAHMS, a TaKxKe (popMUpyeT HOMep TeKylei CTPOKH.

NN N O WOoOWw W
@ ~ O1 (@a]

@

CosnmaBaeMblil yKazaTesb XPaHUTCS B CJI0Bape, COCTOSIIIEM 13 Map «CTPOKa — MHOsKe-
cTBO». CTpOKA SIBJISIETCS KJIIOYOM, B HEH CONEPIKUTCST OTAENbHOE CJIOBO M3 BXOJHOTO
(haitia. MHOXKECTBO 11eJIbIX YKCesl XPAHUT HOMEPA CTPOK, B KOTOPBIX BCTPEYAETCS JlaH-
Hoe ¢JI0BO. V1 MHOKeCTBO, U cjioBaph (€3 HalIero yd4acTusl 0OecleuynBaioT ObICTPHIIL
MOUCK M YHOPSIIOUEHHOE XPAHEHVE 3IeMEHTOB 6e3 1y0IMKaToB.

Jlng xkaxzoro cioBa ¢ momotnpeo Gyakimum find mpoBepsieTcs, COAEPKUTCS I OHO B
cnoBape. Ecim ner (dynkimsa Bossparusia end()), B €JI0Bapb ¢ MOMOIIBIO (DYHKITUN
insert mobasJisieTcst mapa, COCTOAMAA UX ITOTO CJIOBA U TMYCTOTO MHOKECTBA (BBI30B
KoHcTpyKTopa set i()). DyHKIus insert Bo3BpaiaeT mapy, mepBbIM 3JTEMEHTOM KO-
Topoit (first) siBigeTca uTeparop Ha BCTaBICHHDIN ajeMenT. OH IpucBanBaeTcs Tie-
peMEeHHOU im.

B cremytoriiem orepaTope TPOUCXOANT H0OABIEHHUE ¢ TIOMOTIBIO (DYHKITMH insert HOBO-
TO 9JIEMEHTA B MHOKECTBO, KOTOPOE SIBJISIETCS BTOPBIM (second) 2JIeMEHTOM CJIOBapA.

lIaJIee BBITTIOJTHAECTCA BBIBOJ[ CJIOBApPA. IIJIH KaK0ro CJI0OBa B IIMKJI€ BBIBOJATCA dJI€-
MEHTbI MHOXECTBa HOMEPOB CTPOK.



NNABA 13

UTepaTopbl
n PYHKLUOHAJIbHbIE 00bEKTbI

Wrepatopsl U (hYHKIIMOHANBHBIE OOBEKTHI TMUPOKO MCTOJIB3YIOTCS B CTAHAAPTHON
6ubmmoreke. ToHsATHE UTepaTOpa OBLTO BBEAEHO B TIPEALIAYIIEM pasfiesie TP pac-
CMOTPEHUY KOHTEWHEPHBIX KJIAaCCOB, ¢ (PYHKIIMOHATBHBIME 00BEKTAMU MbI BCTpEUYa-
JIVCH TIPU PACCMOTPEHUN odepesiei ¢ mpruoputeTamut. PaceMoTpiM nx 6oee mogpobHo
JUISE TOTO, YTOOBI TIPUMEHSITh B aJITOPUTMaX OMOJIMOTEKH, KOTOPbIE OMMCHIBAIOTCS JIa-
Jiee B pasjiesie «AaropuTmbr» (c. 343).

UTepaTopbl

ITpeacraBum cebe paHHbIE KaK HEKYIO aOCTPAKTHYIO MOCJE0BATEIbHOCTh. BHE 3aBH-
CHMOCTH OT CII0c00a ee OPraHU3aAINHU U TUTIA JJAHHBIX HaM TPeOYIOTCSI CPE/ICTBA M03JIe-
MEHTHOT'O IIPOCMOTPA [10CJIEJ0BATEIBHOCTH U JI0CTyIIA K Kax/0My ee ajeMeHTy. Wre-
parop oGecrieynBaeT aTH CPEACTBA IIPOCMOTPA.

Nreparop — 210 00001IeHIe TOHATHS yKazaTest 1 pabOThl ¢ Pa3IMYHBIMU CTPYK-
TYPaMU JIaHHBIX CTAHIAPTHBIM CIIOCOOOM. JIJis1 TOTO, YTOOBI MOKHO OBLIO PEATU30BATH
AJITOPUTMBI, KOPPEKTHO 1 ahheKTUBHO paboTaloline ¢ JAHHBIMI PA3INYHON CTPYKTY-
PBI, CTAHAAPT OTIPE/IeISIeT He TOJbKO uHTepdeiic, Ho 1 TpeOOBaHMSs KO BPEMEHH J0CTY-
a ¢ IOMOIIbIO UTEPATOPOB.

ITockosibKy MTepaTop sBigercss 0000IIeHNeM IIOHATHS «yKa3aTe/Iby, CEMaHTUKA Y HUX
OIMHAKOBast, U Bce (DYHKIMK, IIPUHUMAIONINE B KaueCTBe TapaMeTpa HTepaTtopbl, MO-
IyT Takke paboTaTh U ¢ OOBIYHBIMU YKA3aTEIISIMU.

B cranmaprHOit 6ubIMOTEKE UTEPATOPHI UCTIOMB3YIOTCS 75T PabOTHI ¢ KOHTEHEPHbI-
MU KJTaCCaMU, IOTOKaMu U OyhepamMu MOTOKOB.

B ureparopax MCIoONb3yIOTCS MOHATHS «TEKYIINHM yKa3bIBaeMblil JIeMeHT» M <«yKa-
3aTh Ha CJEAYIONUii aeMeHT». JloCcTyIl K TeKylleMy aJeMeHTY MOoCae0BaTeJbHOCTH
BBIIIOJIHAETCS aHAJOMMYHO yKa3aTessM ¢ IIOMOLbIO ollepauuiil * u ->. Ilepexon k cie-
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AYIOILIEMY 9JIEMEHTY — C IIOMOIIbIO OIlepaluu MHKPEMEHTa ++. [[]IH BCEX UTEPAaTOPOB
OTIpeeJIEHbI TaKKe IPHUCBanBaHNeE, TIPDOBEPKA Ha PAaBEHCTBO M HEPABEHCTBO.

Jlanubie MOTYT OBITh OPraHu30BaHbl PA3IMYHBIM 006Pa30M — HAIIPUMED, B BIIE MaCCH-
Ba, CIIMCKA, BEKTOPa WK JepeBa. Iy KaskaIoro BUAa IOCAe0BaTeIbHOCTH TpebyeTcst
CBOM THII UTEPATOPA, MOAEPKUBAIONINIT pasinuHble HaOoPbI orepanuii. B coorBerct-
BUU ¢ HAOOPOM 00eCIIeYnBAEMBIX ONEPALMl UMEepamopvL 0eiames Ha Namv Kamezo-
puil, onrcanubix B Tabu. 13.1. Ilpusegennbie B Tabuile onepanun 06eceynBaioTCs 3a
MTOCTOSTHHOE BPEMS.

HyCTb inj— HUTEPATOPHbI O/IHOTO BU/a, X — IIEpEMEHHas TOTO K€ TUIla, YTO U 9JIEMEHT
IIOCJIEIOBATE/IBHOCTH, N — IeJad BeJIn4YnHa. Torna JIOITYCTUMBI BbIPDAYKCHUA:

P+ i=3 =3 il=]

Ta6aunua 13.1. Kateropum ntepatopos

KaTteropus nutepartopa Onepauun KoHTeliHepbl
BXOZHOH (input) X = *j BCE
BBIXOZIHOI (output) = x BCe
npsimoit (forward) X = *i, *i = x BCe
JIBYHATIPABJIEHHBIH X =%, % =X BCe

(bidirectional) -

IIPOU3BOJILHOIO JI0CTYIIA X =%, %]
(random access)

X, Bce, kpoMme list
-4, d--

i+tni-nit+=ni-=n

<3100 <31

Kak BUIHO U3 TabJIUIIBL, NPSAMOU UTEPATOP MOIEPKUBAET BCE OMEPAIUN BXOIHBIX U
BBIXOJIHBIX UTEPATOPOB U MOJKET UCIIOTIBb30BATHCS BE3/IE, TAe TPEOYIOTCS BXOIHbIC UJTH
BBIXOIHbIE UTepaTophl. /leynanpasnennviii. NTepaTop MONAEPKUBAET BCE OINEparun
NPSMOTO, 2 TAKIKE JTEKPEMEHT, ¥ MOKET UCTIOJIb30BAThCS BE3/Ie, T/ TPeOyeTCs PAMOi
uteparop. Uteparop npouseonviozo docmyna TOIEPKUBAET BCE OTEPAIUy JBYHA-
MIPaBJIEHHOTO, & KPOMeE TOTO, ITepexo/l K TPOM3BOJbHOMY 3JIEMEHTY 10CJIe/[0BaTeTbHO-
CTU U CPaBHEHME UTEPATOPOB.

MOKHO cKa3aTh, 4TO UTEPATOPhI 0OPA3YIOT UEPAPXHIO, HA BEPXHEM YPOBHE KOTOPOM
HAXO/ATCSA UTEPATOPBI MTPOU3BOIBHOTO J0CTYIA. YeM BbIlie yPOBEHb UTEPATOPA, TEM
Gosiee BbICOKME (DYHKI[MOHAMbHBIE TPEOOBAHUS TIPEABSBISAIOTCS K KOHTEHEpY, /s
KOTOPOTO KCIIOJIb3yeTcsl urepatop. Hampumep, Uit CIUCKOB UTEPaTOPaMK MPOM3-
BOJIBHOTO JIOCTYTIA MOJIb30BATHCA HEJIb3s], MOCKOJIbKY CIUCOK HE MOIEPKUBAET Tpe-
GyeMbIii HAOOD omepalmii uTeparopa.

NrepaTopuble Kiacchl ¥ (DYHKIIMHU OMKUCAHBI B 3ar0JI0BOYHOM haiiie <iterator>. Ilpu
UCIIOJIb30BAHUY CTAHAAPTHBIX KOHTEHHEPOB 9TOT (haiiyl MOAKII0YAETCS aBTOMATHIYe-
CKU.

Wrepatopbl MOTYT ObITh KOHCTAaHTHBIMU. KOHCTAHTHBIE HTEPATOPBI UCTIOIB3YIOTCS TO-
I71a, KOT/[a M3MEHSTh 3HAYEHVsI COOTBETCTBYIONMX 2JIEMEHTOB KOHTElHEpa HeT HeoO-
XOUMOCTH.
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Nreparop Moxker ObITh Oeticmeumenvivim (KOTa OH yKasblBaeT Ha KakoH-aubo siie-
MEHT) WK Hedeticmeumenviivim. VITepatop MOKET cTaTh HeAeHCTBUTENbHBIM B CJie-
JYIOMINX CAyJasix:

Q wreparop He OB HHUIMATU3UPOBAH;
O KoHTeliHep, C KOTOPLIM OH CBA3aH, U3MEHUJI pa3Mepbl UM YHUYTOXKEH;
QO wuTepaTop yKasblBaeT Ha KOHeIl 110CJe/[0BATEeIbHOCTH.

Konery ocsieoBaTeIbHOCTH IIPEJICTABIISACTCS KaK yKasaTeb Ha 9JIEMEHT, CIeAyIoNui
3a MOCJTIEAHUM 9TIEMEHTOM TTOCTIEA0BATENbHOCTU. DTOT yKa3aTeslb BCEera CYIIeCTBYET.
Takoil mojxo/; 1M03BOJISIET He pacCMaTpPUBATh MYCTYIO T10CJEI0BATEIBHOCTD KaK 0CO-
Ooiit cayyait. [TOHSITHS «HYTEBON UTEpaTop» He CYIIECTBYET.

ITockoJbKY MTEPATOPbl MCIOJIB3YIOTCSA s paboThl ¢ 0ObEKTaMU, Ha KOTOPble OHU
yKasbiBaioT (HalpuMmep, JJId IIOJIyd4eHs 3HaYeHusl dJleMeHTa KOHTeliHepa), Tpebyercst
OTIPE/IETTUTh COOTBETCTBYIONME TUTIBL. /[jis1 aTOrO B 3arosioBouHoM daitne <iterator>
orpeiesieH mabJioH iterator traits (trait B mepeBojie ¢ aHTIMIICKOTO — XapaKTepHast
yepTa).
template<class Iter> struct iterator traits{
typedef typename Iter::difference type difference type;
typedef typename Iter::value type value type;
typedef typename Iter::pointer pointer;
typedef typename Iter::reference reference;
typedef typename Iter::iterator _category iterator category;
b
Kimouesoe cioBo typename HeOOXOAMMO /sl TOTO, YTOObI KOMIIJIATOP MOI OIO3HATh
[ter kak Mg THMa. iterator category — sTo TUII UTepaTOPa, KOTOPBIN ONpe/IeIsieT, Ka-
Kue OH moJiepkuBaeT ornepanun. Tun difference type ciyskuT s BeipakeHus pas-
HOCTU MEXIY ABYMA UTEPATOPAMU.

B 3arosoBouHoM haiisie ONucaHbl CJAEAYIONINE THIBI HTEPATOPOB:

struct input_iterator tag{};
struct output_iterator tag{};
struct forward iterator tag: public input iterator tag{}:
struct bidirectional iterator tag:
public forward iterator tag{};
struct random_access iterator tag:
public bidirectional iterator tag{}:

Tun ureparopa MOKHO yKa3aTh B CIIMCKE MapaMeTpoB MmabioHa (hyHKIUK, MCIIOMb-
3yTolel nTepaTop, 17151 TOTO yTOOBI HA ATATE KOMITUJISIUA MOKHO OBLIO BbI6paTb TUI
ureparopa, obecrieunBaiomuii Hanbosee 3PGHEKTUBHYIO PEATUZANUIO, MOCKOIbKY
OJIMH U TOT K€ aJITOPUTM JIJIST PA3JTUYHBIX BUIOB UTEPATOPOB MOKET OBITH PEATU30BaH
¢ pasHoii a(hHeKTUBHOCTBHIO.

Jlist OOBIYHBIX yKasaTeJiell B MeJsIX TMOBBIEHUs 9(h(MEKTUBHOCTH OTPE/EJEHBI CIie-
nUaIu3aInuu mabaoHa iterator_traits (0 crienaau3anusax mabJaoHOB pacckasbiBa-
Jock Ha ¢. 220):

template<class T> struct iterator traits<T*>{
typedef ptrdiff_t difference type;
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typedef T value type;

typedef T* pointer;

typedef T& reference;

typedef random access_iterator_tag iterator_category;:

b

PasnocTp Mexay AByMs yKazaTeJaMu UMeeT cTaHAapTHbI tun ptrdiff t, ompene-
JIeHHBIH B <cstddef>. AmamormyHasi crenuanusanus mabJoHa BBeAEHA U s THIIA
const T*.

[TocKOMbKY TOIBKO UTEPATOPHI IPOU3BOIBHOTO IOCTYIIA TOIEPKUBAIOT OTIEPAIIH +
u —, B 6ubsmoreke onucanbl yHrimu distance u advance. Mywkius distance coaykut
JUISL OTIPEJIeJIEHUS PACCTOSTHUS MEXKIY dJIeMeHTaMK KOHTeHHepa

distance(Inputlterator first, Inputlterator last);

Omna BosBpaiaer 3HaveHue Tumna difference type, mpencrasisoriee co6oil PasHOCTD
MEXy IByMs uTepaTopamu. JTta (PyHKIMS U1 BCeX UTEPATOPOB, KPOME UTEPATOPOB
IIPOU3BOJIBHOTO JIOCTYIIA, BBIINOJHACTCA C MCIOJIb30BAHUEM OICPAIlUN ++ 3a BpeMH,
IIPOTIOPIMOHATIBHOE PACCTOSIHUIO MEX/1y dJieMeHTaMi KOHTelHepa, TO eCTh I0BOJIbHO
pecypcoemia. AHamornyno paboraer u (hyHKIMs advance, KOTOpast MPUMEHSIETCST JTTsT
peanusanuu onepanun i += n:

void advance(Inputlterator& i, Distance n);

Besmunza n MOKET ObITh OTPHUIATEIBHO TOJMBKO /IS ABYHAIPABICHHBIX UTEPATOPOB
1 UTepaToOPOB IIPOMU3BOJILHOTO JIOCTYIIA.

OOpaTHble ntepaTopbl

[l ByHAnpaBieHHBIX UTEPATOPOB U UTEPATOPOB MPOU3BOJBLHOIO JIOCTYIIA OIpeie-
JIEHbI PA3HOBUHOCTH, Ha3blBaeMble adanmepamu umepamopos. Ajanrep, npocMaTpy-
BaIOH_lI/Iﬁ II0CJIeI0OBATCJIbHOCTL B O6paTHOM HaHpaBJIeHI/II/I, Ha3bIBACTCA reverse_
iterator:

template <class It>
class reverse iterator : public
iterator<typename iterator_traits<It>::iterator_category,
typename iterator traits<It>::value type,
typename iterator traits<It>::difference type,
typename iterator traits<It>::pointer,
typename iterator traits<It>::reference>{
protected:
It current;
pubTlic:
typedef It iterator_type:
reverse iterator();
explicit reverse iterator(It x);
template <class U> reverse iterator(const reverse iterator<U>& u);
It base() const;
reference operator*() const;
pointer operator->() const;
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reverse_iterator& operator++();
reverse_iterator operator++(int);
reverse_iterator& operator--();

reverse iterator operator--(int);
reverse_iterator operator+ (difference_type n
reverse iterator& operator+=(difference type n
reverse iterator operator- (difference type n
reverse iterator& operator-=(difference type n
reference operator[](difference type n) const;

const;

const;

NN NN

|5
OO6patHblil nTEPaTOP UMEET 3aLUIIEHHOE II0JI€ JaHHbIX, HA3bIBAEMOE TEKYIIMM UTepa-
TopoM — current. Olnepaius HHKpeMeHTa peaju3yercs IIyTeM JeKpeMeHTa 9TOro uTe-
paropa:
template <class It>
reverse iterator<It>& reverse iterator<It> operator++(){
--current;
return *this;

}

NrepaTop MoxKeT yKka3blBaTbh Ha BCe JIeMEHTbl KOHTellHepa, BKJIo4as caeLylomuil 3a
MOCJIEIIHUM, HO JIJist 0GPATHOTO UTEPaTOpa TAKUM 3JIEMEHTOM OY/IET 2JIEMEHT, CTOATIHI
nepejl IepBbIM, a ero He cyuiectByeT. [ToaTomy current Ha camom zesie yKa3biBaeT Ha
BJIEMEHT, CJIE/IYIONIUII 32 TeM, HAa KOTOPBIN yKasbiBaeT oOpatHbiil uteparop. CooTHO-
IIEHUE MEXK/IY TIPAMBIM U 0GPATHBIM UTEPATOPOM BBIPAKACTCS CIEAYIONNM 06pasoM:

&*(reverse iterator(i)) == &*(i - 1).

Jlist 06paTHBIX UTEPATOPOB MOJIEPKUBAIOTCS OOBIYHBIE OTIEPAIIUU OTHOIIEHUS ==, |=,
<’ <=, u =.

OO6parHbie UTEPATOPBI OMMCAHBI B KOHTEHHEPHBIX KJIACCAX JJIST IIPOCMOTPA UX DJIEMEH-
TOB B 0OpaTHOM Topsiike. Kpome Toro, onucanbl MeTobl rbegin() u rend(), Bo3Bpa-
marorie reverse_iterator. Hampumep, 4T06bI TPOCMOTPETH BEKTOP B 0OPATHOM TIO-
PALKE, MOKHO BOCIIOJIB30BATHCA CIACAYIOMNM IIUKIOM:

vector <int> v;

for (vector <int> reverse iterator i = v.rbegin(); i != v.rend; ++i)
cout << *¥ << " "

Ecii koHTeliHep 00bsABIEH Kak const (HAllpuMep, B CIIUCKE TIePeaBaeMbIX (DYHKITHN
napaMeTpoB), TO TpeOyercs WCHOJIb30BaTh urepaTop ¢ mpedurcom const —
const_reverse_iterator.

UTepaTopbl BCTAaBKU

WrepaTopbl BCTaBKU Tak ke, KaK ¥ OOpaTHBIE, SBJSIOTCS alalTepaMu UTEPATOPOB.
Omnu mpeiHa3HAYeHbI /15T T0OABIEHNS HOBBIX 9JIEMEHTOB B HAYAJIO, KOHEIT UJIH TIPOW3-
BOJIbHOE MeCTO KOHTeliHepa. B craHzapTHOIl O6ubmMoTeKe onpeesieHo Tpu mabioHa
KJIaCCOB MTEPAaTOPOB BCTaBKH, IIOCTPOEHHBIX HA OCHOBE BBIXOAHBIX HTEPATOPOB:
back _insert iterator, front insert iterator m insert iterator.
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Kpowme Ttoro, orpezenens! Tpu (yHKIIMM BCTABKU:

template <class C> back_insert iterator<C>
back_inserter(C& x);

template <class C> front_insert iterator<C>
front_inserter(C& x);

template <class C, class Iter> insert iterator<C>
inserter(C& x, Iter 1);

3mech C — KoHTelinep, B KOTOPGLIH TpebyeTcss BCTaBUTH siaeMeHTh. DyHKImsg
back_inserter BcTaBJisleT aJeMeHTHI B KOHel[ KOHTeitHepa, front inserter — B HauaJo,
a inserter — 1epes 27eMEHTOM, Ha KOTOPBII CCBLIAETCS ee apryMeHT-UTepaTop. ITU
(byHKITMYT BO3BpAIAIOT UTEPATOPBI COOTBETCTBYIOINIETO THUIIA U YaCTO MCIIOTB3YIOTCS B
KayecTBEe apryMEHTOB CTAHAAPTHBIX aJTOPUTMOB (CM. 355), T/le ONPEAETAIOT PEKUM
paboTBhI — BCTaBKa WJIM 3aMeHa 2JIEMEHTOB KOHTEHHepa.

NMoTokoBbIE nTEepaTops.l

IToTOKOBBIE NTEPATOPBI BBEAEHBI [/ TOIO YTOOBI CTAHAAPTHBIE AJITOPUTMbI, KOTOPbBIE
paccMaTpUBAOTCA B CJEAYIONIEM pasjiesie, MOTJIN HETIOCPEJICTBEHHO NCITOTh30BATh T10-
TOKM BBOJIa/BbIBOJIA. [IOTOKM TpeICTAaBIAIOTCS B BUjle mocyeoBaTesibHocTeil. Onpe-
JeJIeHO JBa 1abJIOHA KJIACCOB IIOTOKOBBIX MTEPATOPOB: UTEPATOP BXOAHOIO IIOTOKA
istream_iterator m mTepaTop BBIXOAHOTO MTOTOKA OStream iterator.

Hrepatop BXOIHOTO MOTOKA YMTACT HJIEMEHTBI 13 MTOTOKA, /ST KOTOPOTO OH OBLI CO3-
TIaH, TOCJIe YeTo K HIM MOKHO 00paIaThess OOBIYHBIM IS HTepaTopa 06pa3oM, TO eCTh
yepe3 olepanuio pasajpecaiuu. Harpumep, aig dareHud 1enoro umciaa u3 daiina
¢ UMeHeM temp MOXKHO MCIIOJIb30BaTh CJeAYIONNil (hparMenT:

istream in("temp");

istream iterator<int> i(in);

int buf = *i;
OuepeziHoe 3HaYeHME U3 BXOJHOTO MOTOKA CYMTBIBACTCS MIPU BLITIOJTHEHUH OllepaIluN
MHKPEMEHTa, HaIllpuMeD:

++7;

int bufl = *1;
[Ipu gocTukeHUM KOHIIA BXOAHOTO TOTOKA WTEpAaTOp NMPUHUMAET 3HAUEHUE KOHIIA
BBOJIa. JTO ’Ke 3HAUYeHWEe MMeeT KOHCTPYKTOpP MTepaTopa 10 yMOJYAHUIO, TO3TOMY
KT YTeHUs U3 (hailjia MOKHO OPraHU30BaTh CJEAYIOMUM 00PA30M:

while ( 1 != istream iterator<int> () )
cout << *i++ << " "

[l nTepaTopoB BXOJIHOTO TIOTOKA OIPE/Ie/IEHBI Ollepalliy CPaBHEHMS Ha PAaBEHCTBO 1
HepaBeHCTBO. Bee mrepaTtopsl, paBHBIE KOHILY BBOJA, PAaBHBI MEKIy coboil. CpaBHU-
BaTh He PaBHbIe KOHILY BBO/IA NTEPATOPLI MOKHO IIPU YCJIOBUU, YTO OHU CKOHCTPYHUPO-
BaHBI /I OJTHOTO U TOTO K€ ITOTOKA.

Ocob6eHHOCTD UTEPATOPOB BXOZHOTO MOTOKA 3aKJII0YAETCH B TOM, YTO OHU HE COXPAHS-
0T PaBEHCTBO MOCJE WHKPEMEHTAIINH, TO €CTh €CJU 1 == J, To He 00s3aTeNbHO, YTO
++1 == ++j. [loaTOMYy TIX PEKOMEHYeTCST NCHOIB30BATh TOIBKO B OHOIIPOXOTHBIX all-
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TrOpruTMax. Ecmm AJITOPUTM Tpe6yeT HECKOJIbKUX TIPOXO/I0B, NPEAIIOYTUTE/IbHEE UC-
TIOJIb30BATh CTPYKTYPHI JTaHHBIX B OHepaTI/IBHOﬁ IIaMATH.

Nrepatop BbIXOIHOTO MOTOKA 3AITMCHIBAET C TOMOIIBIO OTIEPAIINN << 3JIEMEHTHI B BbI-
XOJIHOH MOTOK, JJIsi KOTOPOTO OH ObLI CKOHCTPYMPOBaH. ECIU BTOPBIM apryMeHTOM
KOHCTPYKTOpa GBI CTPOKA CUMBOJIOB, OHA BBIBOJMTCS MOCJE KasKIOTO BBHIBOIMMOTO
3HAYCHUA:

ostream iterator<int> os(cout, " Kr");
*0s = 100; // bynet BbieeneHo: 100 Kkr
++0S; *0s = 2; // Bynet BbiBEEHO: 2 Kr

PaCCMOTpI/IM peasin3anuio orneparuun rmprucBanBaHuA:

ostream_iterator& operator=(const T& value){
*out_stream << value;
if(delim != 0) *out_stream << delim;
return (*this);

}

3mech out_stream — cchlika Ha BBIXOHOW TIOTOK, 33/IaHHBIN TIEPBBIM TTapaMeTPOM KOH-
CTPYKTOpa uTepaTopa, delim — cTpoka, ykazaHHasl BO BTOPOM ITapaMeTpe KOHCTPYKTOpa.

ITpuMep HpUMEHEHUsI TOTOKOBBIX UTEPATOPOB BMECTE € aJrOpUTMaMu OUOIUOTEKN
npuBezieH Ha c. 350.

(MDyHKUMNOHAaJIbHbIE 00bEKTbI

DyHKITMOHATLHBIM 00HEKTOM HA3bIBAETCS KITACC, B KOTOPOM OIpe/iesieHa Omepartis
Bbi30Ba (yHKIMH (cM. ¢. 195). MbI yike BCTpedanuch ¢ (QyHKIIMOHATbHBIMU 0ObeKTa-
MU [IPHU paccMoTpeHuu odyepezeil ¢ npuopureramu (c. 313). Yaie Bcero st oObeKThI
HCTIOTB3YIOTCS B KaUuecTBe MapaMeTPOB CTAHAAPTHBIX AJITOPUTMOB /IS 3a/[aHN TOJTh-
30BaTEJIbCKUX KPUTEPUEB CPAaBHEHUA 0OBEKTOB WK CIOCOO0B UX 00pabOTKH.

B rex asropurMmax, rje B KauecTBe rapaMeTpa MOXKHO HCIIO0JIb30BaTh (DYHKIIMOHAIb-
HBIIT 06BEKT, MOKHO MCIOIB30BATh M YKaszaTesb Ha hyukmnuio. [Tpu aToM npuMenenue
(DYHKIIMOHATIBHOTO 0OBEKTA MOKET OKaszaThest Oosiee a(hhEeKTUBHBIM, TOCKOJIBKY OTIe-
panuio () MOXKHO OIPEIEUTh KaK BCTPOEHHYIO.

CranzaprHas 6ubauoTeKa MPeIoCTaBaseT MHOKECTBO (DYHKIIMOHAIbBHBIX 00bEKTOB,
HEOOXOMMBIX JIUIsT ee 9(hPeKTHBHOTO UCIOIBL30BaHMs U paciiupernst. OHM OTMCAHBI B
3aroji0BoYHOM (aiise <functional>. Cpean aTuX 0OBEKTOB MOKHO BbIAEINUTH OOBEKTDI,
BO3BpaInaIe 3Hadenus Tuma bool. Takrme 0OBEKTHI HA3BIBAIOTCS NPeOUKAMAMU.
ITpeankaTOM Has3bIBaeTCs TakKe W 00BbIYHAS (DYHKIINS, Bo3BpalaIas bool.

B kauecTBe 6a30BBIX KJAACCOB, KOTOPBIE BBOAAT CTAHAAPTHBIE UMEHA [T THIIOB apry-
MEHTOB, B OMOINOTEKE OIpe/e/eHbl a0 0Hbl YHAPHOI M OMHApHOH PYyHKIMM:

template <class Arg, class Result>
struct unary_function{
typedef Arg argument_type;
typedef Result result type;
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template <class Argl, class Arg2, class Result>
struct binary_function{
typedef Argl first_argument type;
typedef Arg2 second_argument type;
typedef Result result type;
b
DyHKITMOHATbHBIE 00BEKTHI GHOTNOTEKN SBISTIOTCS TOTOMKAMI 9THX 6a30BBIX 00HEK-
ToB-(pyHKIui. OrpeseeHie CTaHIAPTHBIX NMEH TUIIOB JIJIST apTYMEHTOB U Pe3yJibTa-
Ta HEOOXOIMMO JIJIST TOTO, YTOOBI (HYHKITMOHATbHBIE 0OBEKTHI MOJKHO OBIJIO HCTIOJIB30-
BaTh COBMECTHO C aJIalITEPaMU U JPYTUMU CPEICTBAMU OUOJIMOTEKH.

Adanmepom QyrHkuuy HA3BIBAIOT (DHYHKIUIO, KOTOPAST MOJTyJYaeT B KAYECTBE apryMeHTa
(YHKIIUIO U KOHCTPYUPYET U3 Hee Apyryto dyHKIo. Ha Mecte GyHKIINI MOKET ObITh
Takke (QYHKIMOHAIBHBIN 00BEKT.

CTaHlIapTHaH 6ubamorexa COJZIEPIKUT OIIMCaHNE HECKOJIbKUX TUIIOB a/IalITEPOB!:

Q cea3visamenu niasg UCIOJIb30BAHUA beHKI_II/IOHaJIbHOFO obObeKTa ¢ ABYMs apryMEH-
TaMU Kak 00beKTa ¢ OTHUM apryMeHTOM;

Q ompuuameny 1JisT MHBEPCUN 3HAYEHUS TTPEIUKATA;
QO ajanrtepsl yKazaTeseil Ha QyHKITHIO;
Q adanmepor Memodos I NCTIONB30BAHUS METOJIOB B aJITOPUTMAaX.

CuHTakcuc U IpUMeHeHNe TIePeUnCIeHHbIX a/IallTePOB PACCMATPUBAIOTCS B CIIENYIO-
IIUX pasjiesax.

ApndmeTuyeckue pyHKUNOHANbHbIE O0bEKTbI

B cranpaprroit 6ubaroteke ompeneseHsl MabaoHbl GYHKITMOHATBHBIX 00HEKTOB IS
BCeX apupmMeTnudecKux omnepaiuii, onpeneeHHbIX B A3bike C++.

Ta6aunua 13.2. ApudmeTtuyeckne GyHKLUMOHaANbHbIE 0OBEKTbI

Uma Twn PesynbTaT
plus OUHAPHbI Xty
minus OUHAPHbIN X -y
multiplies OUHAPHbIV X *y
divides OUHAPHbI X!y
modulus OUHAPHbIA X%y
negate YHaPHbI - X

Huxe npusegen mabaon o6bexra plus (ocTaabHbie 00beKThI OIMCAHBI aHATOTTYHBIM
06pasom):
template <class T> struct plus : binary function<T, T, T>{
T operator()(const T& x, const T& y) const{
return x +y;
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[MockombKy (ByHKIMOHATBHBIE 0OBEKTBI HCIOMB3YIOTCS GOJBIIEH YacThI0 BMECTE C -
rOPUTMAMU CTAHAAPTHOH OUOJMOTEKM, TPUMEPbI MPUMEHEHUS apu(pMETHIECKIX
(OYyHKIIMOHATIBHBIX OOBEKTOB ITPUBE/IEHBI B pasjieie «AlropuT™br» Ha c. 356, 370.

Mpeoukartsbl

B crangaprtHoit 6ubimoTeke onpeeaeHsr mabaoHbl (DYHKIIMOHATIBHBIX 00BEKTOB JIJIsT
orepanuii cpaBHeHMsT U JIOTUYECKUX ONepaluid, onpeaesaeHubix B a3pike C++. Onu
BO3BPAIIAIOT 3HAUeHKe TUTIA D001, TO €CTh SBJSIOTCS MPEIMKATAMU.

Ta6nunua 13.3. MNMpeaykaTtsl cTaHAAPTHOM BUBANOTEKN

Umsa Tun PesynbTrar
equal_to OUHAPHbI X ==y
not_equal to OUHAPHbIN x =y
greater OUHAPHbIV X >y
less OUHAPHbIN X<y
greater_equal OUHAPHbI X >=y
less_equal OUHAPHbIN X <=y
logical and OUHAPHbIV X && y
Togical_or OUHAPHbINA x|y
logical not YHAPHbIV I X

Husxe npusenen mabion obbekTa equal_to (ocTaibHble 0OBHEKTBI OIIMCAHBI AHAJIOTHY-
HbIM 00Pa3om):

template <class T> struct equal_to
binary function<T, T, bool>{
bool operator()(const T& x, const T& y) const{
return x == y;

b
IIporpaMMHUCT MOKET OIIMCATh COOCTBEHHBIE IIPEAUKATHI A/ OIIPeIeIeHns KPUTEPIEB
cpaBHEHUSI 00BEKTOB. ITO HEOOXOAMMO, KOTJa KOHTEHHEP COCTOUT W3 3JIEMEHTOB
noJjib3oBaresibckoro Tuna. Hanpumep, miis onucantoro Ha c. 183 kiracca monstr nipenu-
KaT, CPaBHUBAIONIMIT Ba 0OGBEKTA 10 3HAUEHUIO TI0JIs ammo, UMEEeT BUI:

struct monstr_less_ammo:
public binary_function<monstr, monstr, bool>{
pool operator ()(monstr & ml, monstr & m2){
return ml.get ammo() < m2.get _ammo();

s

[Ipumepsr TprMeHeHUS TTPEAMKATOB TpUBeeHbl Ha ¢. 338, 360, 363.
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OTpuuartenu

Orpunatesnn notl u not2 NpUMeHIOTCS JJIs oJydyeHus IIPOTUBOIIOJIOKHOIO YHAPHO-
ro ¥ GUHAPHOTO MpeIMKaTa COOTBETCTBEHHO. VCnob30BaTh OTPUIIATENN OYEHD TIPO-
cro. Hampumep, 771t TOTO 9TO6BI MOTYYUTH WHBEPCHIO TIpeAnKaTa 1ess<int>(), Hy»KHO
3amucaTh BeIpakeHne not2(less<int>()). OHO aKBUBAJIEHTHO greater equal<int>.

OTpI/IHaTeJII/I TIPUMEHAIOTCA JIJII UHBEPTUPOBaHUS TIPEANKATOB, 3a/laHHbIX I10Jb30Ba~
Te€JIEM, TTIOCKOJIbKY /I CTaH/APTHBIX ITPEANKATOB 6ubamoreKa COIEPKUT COOTBETCT-
Bylo1re nM IpOTUBOIIOJIOKHbBIE 0OBEKTHL

PaccMorpuM peanusanuio orpurareseil. B 6ubroreke omvcanbl GyHKIIMOHATbHbBIE
0o0beKThI Unary negate um binary negate, sBjsiolmecs HOTOMKaMu unary function u
binary function coorBeTcTBEHHO. JTHM KJacchl MPUHUMAIOT B KayecTBe TapaMeTrpa
KOHCTPYKTOPA OOBEKT, SIBJISFOIMIUNACS MPEAUKATOM TPeOyeMOoro THIIA:
template <class Predicate>
class unary negate: public
unary_function<typename Predicate::argument type, bool>{
pubTic:
explicit unary negate(const Predicate& pred);
bool operator()
(const typename Predicate::argument type& x) const;
b
Onmneparust () BO3BpalllaeT HHBEPCHUIO IIpeanKaTa. notl 1 not2 ompeesieHbr Kak mado-
HbI (DYHKIMIL, IPUHIMAIOMIMX TIPEIMKAT U BO3BPALIAIONINX (DYHKIIMOHAIBHBINA 00hEKT:
template <class Predicate>
unary negate<Predicate> notl(const Predicate& pred);
template <class Predicate>
binary negate<Predicate> not2(const Predicate& pred);

Ceda3biBaTenm

C nomoIpio GUHAPHBIX IPEJUKATOB MOKHO CPaBHUBATH ABa PA3JMYHBIX OOBEKTA.
Yacto tpebyercs CpaBHUTh 0ObEKT He ¢ APYTUM OOBEKTOM, a ¢ KOHCTaHTOH. YToObI
HCIIOJIb30BATh JIJIT TOTO TOT JK€ CaMBblil TIPEIMKAT, TPeOYETCsT CBI3aTh OAUH U3 JIBYX
€ro apryMeHTOB ¢ KOHCTaHTOW. [lJ1g 3TOro mcmosb3yiorcst cBsidbiBaTen bind2nd u
bindlst, MO3BOMSIONIHE CBS3AaTh C KOHKPETHBIM 3HAUYEHUEM COOTBETCTBEHHO BTOPOH 1
HepBBIi apryMeHT GUHAPHON (DYHKIIUH.

Casa3bIBaTeNM peain30BaHbl B CTaHAAPTHON OWOGIMOTEKEe Kak TabGIOHBI (hyHKIHI,
MPUHUMAIOIIUX TIEPBBIM TTapaMeTpoM (DYHKIIHOHAIBHBIH 0OBeKT T ¢ IBYMST apryMeH-
TaMH, a BTOPbIM — IIPUBA3bIBaeMoe 3HayeHue value. PesysbraToM BbI3oBa (yHKIINN
stBIIsIeTCs (PYHKIMOHAIBHBII 00BEKT, CO3JaHHBIN 13 BXOAHOTO 00beKTa f ImyTeM «Ioj-
CTAHOBKH» value B ero NepBblil Nan BTOPON apryMeHT.

ZIJIH OITMCAaHWA TUIIa BO3BpaliaeMoro (l)yHKLII/IOHaJIbHOFO obbexTa B OMbINOTEKE O~

canbl mabIoHbI K1accos binder2nd u binderlst. Huske mpuBeseHb! abaoHbI CBA3bIBA-
Tesei:

template <class Op, class T>
binder2nd<Op> bind2nd(const Op& op, const T& x);
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template <class Op, class T>
binderlst<Op> bindlst(const Op& op, const T& x):

3aech Op — Tl (PYHKIMOHAILHOTO 00beKTa, T — THII IIPUBA3BIBAEMOTO 3HAYECHMSL.

Jlotyctim, TpedyeTcst BBIUUCIUTD KOJIMIECTBO 9JIEMEHTOB 1EJI0UMCICHHOTO MACCHBA,
Menbinx 30:

#include <iostream>

#include <functional>

#include <algorithm>

using namespace std;

int main(){
int m[8] = {45, 65, 36, 25, 674, 2, 13, 35};
cout << count_if(m, m + 8, bind2nd(less<int>(), 40));
return 0;

}

B aroil nporpamme st nozjcyeTa KoJmyecTBa 3J€MEHTOB IIPUMEHSIETCS aJrOpUTM
crangapTHOil 6ubmoreku count it (em. ¢. 345). [ljig ero ucmosnb3oBaHus Tpebyercs
MOJIKJIIOYNTH 3aroJIOBOYHBIN haiisn <functional>. IlepBbiMM AByMS TapameTpamu
count_if OJKHBI GBITH UTEPATOPBI, OTPEAEISIONIIE HAYATIO U KOoHell 06pabaTsiBaeMoii
TOCJIe/IOBATETbHOCTH. B KadecTBe NTepaTOPOB MacCUBa MCTOJB3YIOTCS yKa3aTean Ha
ero anemenTsl. Tperuii mapamerp dyHkmuu count if mosker O6biTh GUHAPHON (DYHK-
el WM (YHKIIMOHATbHBIM 0OBEKTOM. Dyukius bind2nd mpespaiaer ycjaoBue
CpaBHEHUA X < Yy B ycaoBue x < 40.

ApanTtepbl ykazatenem Ha PyHKLUUN

Jliist Toro 4ToOBI MPUMEHSITH CBSI3bIBATEN K OOBIYHBIM YKa3aTesiM Ha (DYHKITUH, Tpe-
GytoTcs crieruasbibie mpeobpasoBatenu, wian agantepsl. CrangaprHas 6ubarorexa
ompesesnsieT nBa (QYHKIMOHATLHBIX 00beKTa — yKasaTedb HA YHAPHYO (DYHKIIHIO
pointer to unary function m ykasarenp Ha OmHapHyO (ByHKIMIO pointer to binary
function, a Takxe aBe pynkiuu-ajgantepa ptr_fun c o1HUM U ABYMS apryMeHTaMu, KO-
TOpBIe Pe0OPa3yIOT MePEAHHBIN UM B KAUeCTBe MAPAMETpa yKa3aTesb Ha (GyHKIINIO B
(OYHKIMOHATBLHBII OOBEKT.

Huke nipuseseno onucanue mabaona Kiacca v GyHKIUU I YHAPHBIX U OGUHAPHBIX
bysKIIIIH:

template <class Arg, class Result>
class pointer _to_unary function : public
unary_function<Arg, Result>{
pubTic:
explicit pointer to unary function(Result (*f)(Arg));
Result operator()(Arg x) const; // Bosspawaet f(x)
B
template <class Arg, class Result>
pointer_to_unary function<Arg, Result>
ptr_fun(Result (*f)(Arg));
template <class Argl, class Arg2, class Result>
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class pointer_to _binary function : public
binary function<Argl, Arg2, Result>{
pubTic:
explicit pointer_to binary function(Result (*f)(Argl, Arg2));
Result operator()(Argl x, Arg? y) const;

b

template <class Argl, class Arg2, class Result>

pointer to binary function<Argl, Arg2, Result>

ptr_fun(Result (*f)(Argl., Arg2)):

[Ipumep npumenenus aganrepa OYHKIMH:

#include <iostream>
#include <functional>
#include <algorithm>
using namespace std;
struct A{
int x, y:
b
bool Tss(A al, A a2){return al.x < a2.x;}
int main(){
Amal5] = {{2, 4}, {3, 1}, {2, 2}, {1, 2}, {1, 2}};

A elem = {3, 0};
cout << count_if(ma, ma + 5, bind2nd(ptr_fun(lss), elem)):
return 0;

}

ODyukius 1sS 3a1aeT MPABUIO CPABHEHUS dJIEMEHTOB CTPYKTYPhI A. AJITOPUTM CTaH-
mpapTHoil Oubimorexu count if BBIUMCIASET KOJUYECTBO 2JIEMEHTOB CTPYKTYDbI Ma,
VAIOBJETBOPSIIONINX YCIOBUIO, 33]aHHOMY TPETbUM TapaMeTpoOM. JTUM TIapaMeTPOM
aBysieTcss PYHKIMOHAIBHBIN 0OBEKT, CO3IaHHbIi cBsA3bIBaTEIeM bind2nd us GpyHKInO-
HAJILHOTO 00hEKTA, MOJYIEHHOTO U3 (DYHKIMK 1SS ¢ ITOMOIIBIO ajgarrepa ptr_fun, u me-
PEMEHHOI, IOACTABJIEMOIl Ha MEeCTO BTOPOro IapaMmerpa ¢pyHkimu. B pesynbrare Gy-
JIET BBIYMCJIEHO KOJIMYECTBO 3JEMEHTOB CTPYKTYPBI A, TOJie X KOTOPBIX MEHBIIe 3
(pesysprat — 4).

B kauecTBe BTOPOTO IIpUMeEPa PACCMOTPUM BEKTOP U3 00BEKTOB KJjacca monstr, BBe-
nernoro panee (cm. c. 183). IlpuBenernHast HIKE TTPOTPAMMa C MTOMOIIBIO AJITOPUTMA
crangaptaoii 6ubanorexn count if (cM. ¢. 345) BBIYUCISET B BEKTOPE KOJUYECTBO
MOHCTPOB, 3/[0OPOBbE KOTOPBIX MOMIATHYJIOCH (JOMYyCTUM, YTO 9TOT MeYaIbHBIN (haKT
UMeeT MeCTO TIpU 3HaueHuu 1o health < 30). /[ kpaTKOCTH IpUBEEHBI TOJIBKO He-
00X0/IMbIe METObI KJIacca:

#include <iostream>
#include <vector>
#include <functional>
#include <algorithm>
using namespace std;
enum color {red, green, blue};
class monstr{
int health, ammo;
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color skin;
char *name;
public:
monstr(int he = 100, int am = 10);
monstr(color sk):
monstr(char * nam);
monstr(const monstr &M):
~monstr() {delete [] name;}
operator int(){return health;}
int get_healthO){:return health;}
friend ostream&
operator <<(ostream & out, monstr & m){
return out << "monstr: " << " ammo = "<< m.ammo
<< " health = " << m.health <<endl;}
b
monstr::monstr(int he, int am):
health (he), ammo (am), skin (red), name (0){}

monstr: :monstr(const monstr &M){
if (M.name){ name = new char [strlen(M.name) + 17;
strcpy(name, M.name);}
else name = 0;
health = M.health; ammo = M.ammo; skin = M.skin;

}

monstr::monstr(color sk){
switch (sk){

case red :

health = 1; ammo = 10: skin = red; name = 0; break;
case green:

health = 2; ammo = 20: skin = green; name = 0; break;
case blue:

health = 3: ammo = 40; skin = blue; name = 0: break;

b

monstr: :monstr(char * nam){
name = new char [strlen(nam) + 1]; strcpy(name, nam);
health = 200; ammo = 10; skin = red;

}

bool less_health (monstr ml, monstr m2){
return ml.get_health() < m2.get health() :}

int main(){
vector <monstr> m;
monstr M (10, 30);
m.push_back(M);
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m.push_back (monstr("vasia"));

m.push_back (monstr(red));

cout << " MONSTRY:" << endT;

for (int i = 0; i<m.size(): i++) cout << m[i] << " ";

cout << endl;

cout << " COUNT_IF: ";

cout << count_if(m.begin(), m.end(),
bind2nd(ptr_fun(less health), 20))

return 0;

}

Bynesa dynkmms Tess health cpaBHuBaeT mosst health y AByX TmepefiaHHBIX eii apry-
MeHTOB KJjacca monstr. UroOsl cpaBHUTH moJje health ¢ KOHCTaHTON, Tpebyercs CBs-
3aTh € HEW BTOPOIT apryMeHT aToil dhynkimn. Cega3piBaresib bind2nd 1omken moaydathb
B KayecTBe IEepBOro apryMmeHTa (DyHKIMOHAJIbHBIIN 00BEKT, KOTOPBIH (hopMHUpyeTcs
¢ moMolibio azanrepa ptr_fun. Pesyabrar paborhl nporpaMMbl (60JIbHBIX MOHCTPOB —
2 MTyKN):

MONSTRY :

monstr: ammo = 30 health = 10

monstr: ammo = 10 health = 200

monstr: ammo = 10 health =1

COUNT_IF: 2

Apantepbl MeTOOOB

[Tpu xpaHennu B KOHTeHHEPaX 0GBEKTOB MOJIH30BATEIBCKUX KIACCOB JTAHHBIX 4ACTO
BO3HUKAeT 3a/[aua MPUMEHHUTH KO BCEM dJIeMEeHTaM KOHTelHepa OJMH M TOT K€ MeTO/]
Kaacca. JIJsg mpocMoTpa 2JeMEeHTOB KOHTelHepa B OubIMOTEKEe eCTh alrOpPUTM
for_each. B mero MokHO TepesiaTh yKazatesab Ha (hYHKITMIO, KOTOPYIO TpeGyeTcsT BbI-
3BaTh JIJIST KAKAOTO ITPOCMATPUBAEMOTO 3JIeMEeHTa KOHTelTHepa, HalpuMep:

#include <iostream>
#include <algorithm>
using namespace std;
void show(int a){ cout << a << endl;}
int main(){
int m[4] = {3, 5, 9, 6};
for_each(m, m + 4, show);
return 0;

}

Ecnu BMecTO 06BIMHOrO MacCWBa MCIIOJAb30BaTh KOHTEHHED, cofepsKaimuii 06beKThI
HEKOTOPOr'o KJacca, TO 3allicaTh B aHAJIOTUYHON ITporpamMme Ha Mecte (pyHKIuu show
BBI30B METO/IA KJIACCA HE YAACTCH, MOCKOJIbKY MeTOJ TPeOYyeTCsl BhI3bIBATH € YKA3aHU-
€M KOHKPETHOTO 0OheKTa Kacca

AlIaHTepr METO/IOB TTO3BOJIAIOT HMCIIOJB30BaTh METO/Ibl KJIaCCOB B Ka4€CTBE apryMEH-
TOB CTaHAAPTHBIX aJITOPUTMOB. A/:[aHTep METO/la TaK K€, KaK OTpUulaTeJib 1 CBA3bIBA-
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TeJb, oJiydaeT (GyHKIMIO U KOHCTPYUPYET U3 Hee Apyryio (GpyHkimio. B cranzapTHoit
6ubaMoTeKe OMpeesTeHo HECKOMBKO afanTepoB U METOOB € PA3TUYHBIM YHCIOM
ApPTYMEHTOB:

Ta6nuua 13.4. Anantepbl METOO0B KJ1aCCOB

Umsa Tun o6bekTa HencTene

mem_fun mem_fun_t BoisbiBaeT Ge3apryMeHTHBIIT METO/ Yepes
yKasaTeJsb

mem_fun const_mem_fun_t BoisbiBaeT Ge3apryMeHTHbIN KOHCTAHTHbII
METOJI, 4epe3 yKasaTeslb

mem_fun mem_funl_t BuispiBaeT yHapHblil MeTOJ uepes
yKasaTeJlb

mem_fun_ref mem fun ref t BoisbiBaer Ge3apryMeHTHbINH MeTOJ yepes
CCBLIKY

mem_fun_ref const_mem fun_ref t BoisbiBaeT Ge3apryMeHTHbINH KOHCTAHTHbII
METOJI, 4epe3 CChLIKY

mem_fun_ref mem_funl_ref _t BuispiBaeT yHapHbIil MeTO/] 4epe3 CCLLIKY

mem_fun_ref const_mem funl ref t Bri3biBaeT yHapHBIIT KOHCTAHTHBIN METO]T

yepes CCBIIKY

mem_fun_ref const _mem funl t Boi3biBaeT yHapHBIM KOHCTAHTHBIN METO/L
yepes yKasaTeJib

B kauecTBe mpumepa omnuiieMm B Kiacce monstr meros dead, Onmpenessoniui, KB Jn
MOHCTP:

bool dead(){return !health;}

[TopcunTaTh ¢ MOMOIIBIO yiKe YIIOMUHABIIETocs: airopuT™a count if KoJIMuecTBo 10-
Tepb B BEKTOPE, ONMMCAHHOM, HallpUMep, Kak

vector <monstr> ostrich (100);
MOXKHO C TIOMOIIIBIO OTIepaTopa:

cout << count_if(ostrich.begin(), ostrich.end(),
mem_fun_ref(&monstr: :dead));
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Anroputmsbl

Asropurmbr STL nipeHasHaueHbl 17151 pabOThI ¢ KOHTEHHEpAMK W APYTUMHU TOCJIE0-
BATEIbHOCTAMM. KasKblil a/lrOpUTM peannsoBal B Bue mabaona uin Habopa mab/io-
HOB (DYHKIINH, TOITOMY MOKET paboTaTh ¢ Pa3iINYHBIMU BUAAMU TIOCTEA0BATETHHO-
cTell U JaHHBIMKM Pa3HOOOPa3HbIX TUIOB. /i HACTPOMKM aJropuT™Ma Ha KOHKPETHbIE
TpeGoBaHUA [OJIb30BATEd IPUMEHAIOTCS (PYHKIMOHAIbHbIE 00beKThI (CM. ¢. 334).

Hcrnonb3oBanme CTAaHAAPTHBIX aJITOPUTMOB, KaK N APYTUX CPE/CTB CTaHlIapTHOfI 6m6-
JINOTEKH, usbasJser nporpaMMucTa OT HaIllUCaHUA, OTJAAKU U JOKYMEHTUPOBAHUA
ITNKJIOB O6pa6OTKI/I HOCHGLIOBaTeHbHOCTefI, 4YTO YyMEHbHIIAET KOJINYECTBO omnboK B 1po-
TpaMMe, CHUKAET BpeEM: ee pa3pa60TKI/1 n 1e/1a€T ee 60Jtee YNTAEMOM ¥ KOMITAKTHOI.

OObsiBIEHUsT  CTAHAAPTHBIX AJTOPUTMOB HaXOAATCS B 3aroJOBOYHOM  (paiiie
<algorithm>, craHgapTHHIX (YHKIMOHAIBHBIX 00beKTOB — B (daiije <functional>.

Bce anroputmbr STL MOXHO pasieTh Ha YeThIpE KaTETOPUM:
Q "HeMOAU(UIMPYIOIIKE ONEPAIIUN C TTOCTEI0BATETHHOCTSIMY;
O mozauduUpyIOLIMe ONepalii ¢ 110CIe0BaTeIbHOCTMY;
QO aJTOPUTMBI, CBSI3aHHBIE C COPTUPOBKON;

QO anropuT™Mbl pabOThI ¢ MHOKECTBAME ¥ MTHPAMUIAMU;

Kpome Toro, 6ubsmoreka coaepkuT 0000IeHHbIe YICIeHHbIE alrOPUTMbI, 00bsIBIIE-
HUST KOTOPBIX HAXOMATCs B (haiie <numeric> (cm. taBy 15 «CpezmcTBa 1151 YUCTEHHBIX
pacueToB», c. 369).

B xauecTBe napamMeTpoB aJirOPUTMY Ilepe/laloTCs UTEPATOPDI, OIpe/esIdIolue Hayalo
1 KoHerr 06pabaThiBaeMoil OCAeTOBATETBHOCTH. BUI NTEPATOPOB OMPEESIET THIIDI
KOHTEHHEepOB, /71 KOTOPBIX MOXKET UCIO0JIb30BaThbCA AAHHBIA anroputM. Hampuwmep,
ANTOPUTM COPTUPOBKH (Sort) TpeGyeT st cBoel paboThl UTePaTOPh MPOU3BOIHHOTO
JIOCTYTIa, TI0ITOMY OH He Oyer pabotarh ¢ KoHTeiiHepoM 11St. AJITOPUTMBI He BBITIOJ-
HAIOT TIPOBEPKY BBIXO/IA 32 IIPeJIeJIbl TOCAeI0BATEIbHOCTH.

Tabm1ibl, IPUBECHHBIE B HAYAJIE CIIEAYIONNX PA3IeIoB, Jat0T MPEACTaBICHNE O BO3-
MOKHOCTSX cTangaptubix anroputmos STL. /lasee npuBesieHo orurcanme Kaxaoro aji-
roputMma. Ciemyer yuuTbBaTh, YTO /IS ITOCTENOBATENLHOCTENM, COIEPIKAIINX TT0JIb30-
BaTeJIbCKUE THUIIbI JaHHBIX, MOKHO 3a/1aBaTh COOCTBEHHbIE KPUTEPUU.
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HpI/I OIMMCaHWHN ITapaMETpPOB 11abJI0HOB AJITOPUTMOB HUCIIOJIB3YIOTCA CJe/lyonue Cco-

KPAIEHIT:

In — ureparop 1A YTEHUd;

Out — ureparop AJd 3alucy;

For — mpsMOIi UTEpaTop;

Bi — nByHampaBJIeHHBIN UTEPATOP;

Ran — uTepaTop MPOU3BOJBHOTO OCTYTIA;

Pred — yHapubIil ipeukaT (ycjaoBuUE);
BinPred — GUHAPHBII MIPEANKAT;

Comp — dyHKIIMSA cpaBHEHUS;

Op — yHapHas omneparusi;

BinOp — GuHApHAs OIIEPaIKsL.

Hemoanduuupyrowme onepaunu
C nocJsiefaoBaTeNIibHOCTAMMU

AJTOPUTMBI ATOW KATETOPUU MPOCMATPUBAIOT TIOCJIE0BATETHHOCTD, HE U3MEHSIS ee.
OHU UCTIONB3YIOTCA JIJI TOJydeHNsS WHHOPMAIIUKA O MOCJAEA0BATEIBHOCTH U JIJIS
olIpe/ie/IeHUS TTOJIOKEHUS JIeMEHTa.

Ta6nnua 14.1. HemoguduumpyoLime onepaumm ¢ nocnenoBaTe/lbHOCTAMMN

Anroputm BbinonHsemasa pyHkuns
adjacent _find Haxozxaenue napol cocelHUX 3HaYEHU N
count [TogcueT KoTMYecTBa BXOK/IEHNWIT 3HAYEHUST B TIOCJIEIOBATETHHOCTD
count_if Ilozcyer xommuecTBa BBITIOTHEHUH YCIOBUS B TIOCTE0BATEIBHOCTI
equal [lonapHoe paBeHCTBO 37IeMEHTOB JIBYX I0OCJIEI0BATEIbHOCTEH
find Haxoxnenue nepBoro BXoxaeHus 3HaUeHUs B TOCJIEI0BATEIbHOCTD
find_end Haxo:xnenne mocienero BXoXIeHUS OTHON TTOCIeI0BaTeTbHOCTH
B JIPYryIo
find_first of Haxosxenne nepBoro 3HaueHus: U3 OJHON 110CJIe0BATEIbHOCTI
B ZIpyrou
find if Haxosxmenne mepBoro COOTBETCTBUS YCIOBUIO B TTOCIE0BATETHHOCTH
for_each Bbi30B yHKITHH 7151 KQXKIOTO 9JIeMEHTa TIOCTIe0BATETbHOCTH
mismatch Haxosxenne epBoro HecoBIIAIaioONero sJ1eMeHTa B JIBYX
MOCJIe/I0BATEIbHOCTSIX
search Haxoxmenne mepBoro BXOK/IE€HUS OHON TTOCTEI0BATETBHOCTA B APYTYIO
search n Haxosknenme n-ro BXOKIEHUS OTHON TTOCTE0BATETbHOCTH B IPYTYIO

PaccMoTpuM 5TH alropuTMbl moapodHee.
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adjacent_find

Aunroput™m adjacent find BblIOIHSAET HAXOXK/EHHUe IIapbl COCEIHUX 3HAYEeHUI.

template<class For> For adjacent find(For first, For last):
template<class For, class BinPred>
For adjacent find(For first, For last, BinPred pred);:

[epBast (hopma anropuT™Ma HAXOUT B TTOCTEOBATETHHOM KOHTEHHEPE Mapy COCETHUX
O/IMHAKOBBIX 3HAYEHUI U BO3BPAIAET UTEPATOP HA [TEPBOE N3 HUX MJIU KOHEI] MocJie-
JIOBaTeTbHOCTU (UTEpATOp HA 3JEMEHT, CJeYIONINH 3a MTOCTeTHUM ).

Bropas dbopma HaxoauT coceHue 3JIeMEHTBI, YAOBJIETBOPSIONINE YCIOBHIO, 33/JaHHO-
My TIpesinKaToM pred B Bu/e (DYHKIUY WK (QYHKIIMOHAIBHOTO 00BEKTA.

[Ipumep (ITporpamMma HaXOIUT CaMyIo JIEBYIO Mapy OJMHAKOBBIX 3JIEMEHTOB T[CJIOUNC-
JIEHHOTO MaccHBa U Mapy 2JEeMEHTOB CTPYKTYPBI, Y KOTOPLIX paBHA CyMMa I0JIel):

#include <algorithm>
using namespace std;
struct A{ int x, y;};
bool f(A &al, A& a2){
return al.x + al.y == a2.x + a2.y:}
int main (){
int m(8] = {45, 60, 60, 25, 25, 2, 13, 35};

cout << *(adjacent find(m, m + 8)); // BoviBop: 60
A mal5] = {{2.4}, {3.1}, {2.2}, {1.2}, {1.2}};

cout << (*adjacent find(ma, ma + 5, f)).x << endl; // BbiBOf:3
return 0;

count, count_if

A]II'OpI/ITM count BBIITOJHAET MO/ICYET KOJIMYeCTBa BXO)KI[BHI/If/'I 3Ha4YCHMA B IIOC/IE€10Ba~
TEJIbHOCTD:

template<class In, class T>
typename iterator traits<In>::difference type
count(In first, In Tast, const T& value):

drta GhopMa ITOPUTMA BBIUUCISET B MOCJAEIOBATEJbHOM KOHTEHHEpE KOJUYECTBO
BXOK/IEHN 33/ITaHHOTO 3HAUEHUST value. Pe3ysibTaT nMeeT THUI PAa3HOCTH MEXKTY ABYMSI
ntepatopamu difference_type (cm. c. 330).

Anroputm count_if BBITIOJIHSET MOJACYET KOJUYECTBA BBITOJTHEHUN YCJIOBUS B MOCJIE-
JI0BATEJIbHOCTH:
template<class In, class Pred>
typename iterator traits<In>::difference type
count_if(In first, In last, Pred pred);

IT1a (hopMma anTOprUTMA BEIYHUCIISIET B TOCTEI0BATEThHOM KOHTEHepe KOJTMYeCTBO aJie-
MEHTOB, Y/IOBJIECTBOPSIONINX YCIOBUIO, 33JIAHHOMY TMpenKaToM pred B BUe (PyHKITUN
i PyHKIHOHAIBHOTO 00BEKTa.

[Ipumep ncnonp3zoBarmst GhyHKIMn count 1f nmpuseseH Ha c. 338.
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equal

AJIFOpI/ITM equa? BBIIIOJIHAET IIOIIapHOE CpaBHEHUE IJIEMEHTOB [ABYX ITOCJ/TIEI0OBATEIb-
Hocreii. [Tonb3oBarenb MoKeT 3a/laTb IIpeJInKar, OHpeI[eJIHIOHIHfI, 4YTO CHUTATb paBeH-
CTBOM:

template <class Inl, class In2>
bool equal(Inl firstl, Inl Tastl, In2 first2);
template <class Inl, class In2, class BinPred>
bool equal(Inl firstl, Inl Tastl, In2 firste,
BinPred pred);

find, find_if
Anroputmbl cemeiictBa find OCyIIeCTBISIOT IIOUCK B 110CJIEA0BATEIbHOCTH.

A]II'OpI/ITM find BBIIIOJIHSET IIOMCK 3aJJaHHOIO 3HAUYeHUs Value:

template<class In, class T>
In find(In first, In last. const T& value):

Anroputm find_if BbITIOIHSET TIOUCK 3HAYEHUS, COOTBETCTBYIOIIETO 3a/[aHHOMY TIpe-
JUKary pred:

template<class In, class Pred>
In find_if(In first, In last. Pred pred):

It AJITOPUTMbI BO3BPalllalOT UTEPATOP Ha CaMOe€ JIeBOE HafmeHﬂoe 3HaueHue B CJIy-
Yae YCHEMIHOTO MMONCKa N Ha KOHEI] TOCJE/I0BATEJIbHOCTU — B IMIPOTUBHOM CJIy4ace.

B kauecTBe nprMepa pacCMOTPUM HAXOKIEHUE 3HAUEHWH B BEKTOPE, 9JIEMEHThI KOTO-
poro cuuThIBalOTCs U3 (aiiia (B KayecTBe MpeinKara UCHONb3yeTcst (HyHKIIMOHATb-
HBII 00BEKT):

#include <fstream>
#include <iostream>
#include <vector>
#include <algorithm>
using namespace std;
class In_10 50{
public:
bool operator()(int x) {return x > 10 && x < 50;}
s
int main(){
ifstream in ("inpnum");
vector<int> v;
int x;
while ( in >> x, !in.eof()){
v.push_back(x);}
for (int i =0; i<v.size(); i++) cout << v[i] << " "
cout << endl;
// TIouCK anemeHTa, paBHOro 51:
cout << *find(v.begin(), v.end(), 51) << endl;
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// TloucK anemeHTa, yponeTsopabuwero ycnosun 10<x<50:
cout << *find_if(v.begin(), v.end(), In 10 50()) << endl:
return 0;

}

Pesynbrar paboThl TPOTPAMMBIL

56 34 54 0 76 23 51 11 51 11 76 88
51
34

find_first_of

Anroputm find first of HaxoauT 1epBoe BXOKJeHMeE B IIePBYIO 1I0CJIe/J0BATEIbHOCTD
aJIeMeHTa U3 BTOPOH MOCIe0BATEIBHOCTH:

template<class Forl, class For2>
Forl find first of(Forl firstl, Forl Tastl,

For2 first2, For2 last2);
template<class Forl, class For2, class BinPred>
Forl find first of(Forl firstl, Forl Tastl,
For2 first2, For2 last2, BinPred pred);

I'panuiisl ocae10BaTebHOCTER 33/1a10TCA ¢ TOMOTIBI0 uTepatopoB. Ilepsas (opma
AJITOPUTMA UIIET BXOXKAEHUE JI0O0TO 2JIEMEHTa, a BTOPast — 3JIEMEHTa, /ISl KOTOPOTo
BBITIOJTHSIETCST OMHAPHBIN TIPEAMKAT, aHAJTU3UPYIONIHIl COOTBETCTBYIOIINE 3TE€MEHTHI
MepBOil U BTOPOII MOCe0BaTeNbHOCTU. B cilyyae HeyauHOTO MOMCKA BO3BpaIlaeTCs
lastl.

find_end

Anroputm find_end HaxoauT TepBOe BXOK/I€HNE B MEPBYIO MOCJIE0BATEIHHOCTD BTO-
POl Toc/Ie[0BATEBHOCTH (€ AHATIM30M TIpeIrKaTa uin 0e3) U BO3BPAIAeT UTEPATOP
Ha [IOCJIE/IHUI COBIIAQIAIONINI dIeMEHT:

template<class Forl, class Fore>
Forl find_end(Forl firstl, Forl Tastl,
For2 first2, For2 last2);
template<class Forl, class For2, class BinPred>
Forl find_end(Forl firstl, Forl Tastl,
For2 first2, For2 last2, BinPred pred);

B cay4ae HeymayHoTO MomMcKa Bo3Bpaiaercs lastl.

for_each
AJIFOpI/ITM BbI3bIBACT JIJISI KaK/IOTO dJIEMEHTA MMOCJIEA0BATEJIbHOCTHN 3alaHHYIO (byHK-
1IUIO:

template<class In, class Function>
Function for_each(In first, In Tast, Function f);

[Ipumep npuMeHeHNS aaTOpUTMA MTPUBEZIEH Ha C. 341.
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mismatch

AnropuT™ mismatch wieT mepByio mapy HeCOBMAIAIONINX 9JIEMEHTOB JBYX MOCTEI0Ba-
TeJBHOCTEN 1 BO3BPAIIAET UTEPATOPHI HA ATY Tapy:

template<class Inl, class In2>
pair<Inl, In2> mismatch(Inl firstl, Inl lastl,
In2 first2);
template <class Inl, class In2, class BinPred>
pair<Inl, InZ> mismatch(Inl firstl, Inl Tastl,
In2 first2, BinPred pred);:

JlmHa BTOPOII II0C/IeI0BATENbHOCTI CYUTAETCS OOJIbIIEN UM PAaBHON AJIMHE IIEPBOIL.
[Tosib30BaTe/Ib MOXKET 33/1aTh ITPEAMKAT, OIIPEEJISIONII, YTO CUNTATD HECOBIIAJIEHUEM.

search, search_n

AnropuT™m search HAXOIUT TIEPBOE BXOXKIEHUE B TIEPBYIO MOCAEI0BATEIbHOCTD BTOPOI
HocJenoBaTebHOCTH (¢ aHAIM30M IpeArKara uir 6e3) ¥ BO3BpallaeT UTepaTop Ha
MepPBBIN COBMAAIOMIUI 2I€MEHT:

template<class Forl, class For2>
Forl search(Forl firstl, Forl lastl,
For2 first2, For2 last2);
template<class Forl, class For2, class BinPred>
Forl search(Forl firstl, Forl Tlastl,
For2 first2, For2 last2, BinPred pred);

B cayyae neyzaynoro noucka Bosspataercs lastl.

AnropuTt™ search n HaxoAWT B MOCJEAOBATENBbHOCTH TOJIIOCTEI0BATEIBHOCTD, CO-
CTOSIIYIO M3 110 KpaiiHell Mepe n 3HadyeHuil value (¢ aHajau3oM mIpeanrkara i O6e3)
1 BO3BpalllaeT UTepaTop Ha NEepPBBIH COBHAAIONINI 9JIEMEHT:

template<class For, class Size, class T>
For search n(For first, For last,
Size count, const T& value);
template <class For, class Size, class T, class BinPred>
Forl search n(For first, For Tast,
Size count, const T& value, BinPred pred);

Moaunduumpyowme onepauum
C nocnepoBaTesibHOCTAMU

AJIFOpI/ITMI)I ATOM KaTeroprnun TEM WJIN HNHBIM o6pa30M N3MEHAIOT IIoCJe0BaTe/Ib-
HOCTB, C KOTOpOﬁ OHn pa60Ta10T. Onn HCITIOJIB3YIOTCA JIAA KOIIMPOBAHUAA, yAaJICHNW A,
3aMEHbI 1 USMEHEHUA TTOPAKA CJACTOBAHUA 3JIEMEHTOB ITOCTIEA0BATECIbHOCTN.
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Ta6nnua 14.2. MoandouumpyioLime onepaunn ¢ NocreaoBaTeslbHOCTAMMN

Anroputm BbinonHaemasa pyHKumua

copy KomnupoBanwue mociie1oBaTebHOCTH, HAYWHAsI C TIEPBOTO dJIEMEHTa
copy_backward KomnupoBanwe mocieioBatebHOCTH, HAUUHAS C TTOCJIE/IHETO JIeMeHTa
fil1 3aMeHa BcexX 9JIEMEHTOB 3a[aHHbIM 3HAUYCHIEM

i1l n 3aMeHa TIepBbIX N 3JICMEHTOB 3a/[aHHBIM 3HAYCHUEM

generate 3aMeHa BCeX 3JIeMEHTOB Pe3yJIbTaTOM OMepaIuy

generate n 3aMeHa TIepBbIX N 3JIEMEHTOB PE3YJIbTATOM OIlepaliiu

iter swap OGMen MecTaMy BYX 9JIEMEHTOB, 3a[aHHbIX UTePaTOPaMu

random_shuffle | IlepemernieHne a1eMeHTOB B COOTBETCTBIU CO CIYIAHHBIM PAaBHOMEPHBIM

pacmnpeneseHuem
remove [Tepemerrienue 9JEMEHTOB € 3alaHHBIM 3HAYECHIEM
remove_copy KommpoBamue mocae0BaTeIbHOCTH € TIEPEMEIEHIEM DJIEMEHTOB

C 3a/laHHbIM 3HAaY€HUEM

remove_copyj f KOHI/IpOBaHI/Ie TIOCJIEN0BATEJbHOCTU C ITEPEMEIICHNEM IJIEMEHTOB IIPN
BBITIOJTHECHUU TIpe/InKaTa

remove 1if ITepemernienue 2J1eMEHTOB IIPU BBIMOJHEHUH TIPEIKaTa

replace 3aMeHa 9JIECMEHTOB € 3aIaHHBIM 3HAYCHUEM

replace_copy KomnupoBanue 1mocaeoBaTelbHOCTH € 3AMEHON 9JIEMEHTOB € 33/[aHHBIM
3HAYCHIEM

replace_copy if | KommpoBaHue mocirei0BaTebHOCTH C 3aMEHOI 9JIeMEHTOB NIPH
BBITIOJTHEHUY TIPEINKATa

replace if 3amMeHa 2JIEMEHTOB TIPU BBIITOJHEHUU TIPENKATa

reverse M3MeHenue mopsiika 9JeMEHTOB Ha 0OpaTHBII

reverse_copy Komnuposanue 1mocjieoBaTeJbHOCTH B 00paTHOM HOPSIIKE

rotate [uxmdeckoe mepeMeriieHre 2JeMEHTOB TTOCIE0BATETbHOCTH

rotate_copy [ukanueckoe KOMUPOBAHUE 3TIEMEHTOB

swap OO6MeH MecTaMy IBYX 9JIEMEHTOB

swap_ranges OO6MeH MecTaM¥l 3JIEMEHTOB JIBYX MOCJEI0BATEIbHOCTE!H

transform Brimosmenue 3aanioii onepanuu Hal KaKIbIM 9J1eMEHTOM
1OCJIe/IOBATETbHOCTHA

unique Y nanenve paBHBIX COCEIHUX 2JIEMEHTOB

unique_copy KomupoBanue 1mociie/1oBaTeIbHOCTU € yaJ€eHUEM PaBHBIX COCEHUX
9JIEMEHTOB

PaceMOTpUM aTH alirOpUTMBI TIOAPOGHEE.
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copy, copy_backward

AJITOPUTM COpy BBINOJIHSET KONKMPOBaHMe HAauMHAas ¢ IEePBOro 3JeMeHTa [10CJIeI0Ba-
TEJIbHOCTH, TPAHUIIbI KOTOPOH 33j1at0Tcst uteparopamMu first u 1ast, B BBIXOIHYIO T10-
CJIe/I0BATEJIbHOCTD, /I KOTOPOH 3a/laeTcd UTepaTop Havasa result:

template<class In, class Out>
Qut copy(In first, In last, Out result);
AsropuT™m copy_backward BBITIOJIHSAET KOMMPOBAHME, HAUMHAS € MTOCJEIHET0 3JIeMEHTA
3a/IlaHHOM TocenoBaTeJbHOCTH. TpeTuil nmapaMeTp J0JKEeH YKasblBaTbh Ha 3JIEMEHT,
CTIeIYIOMWH 3a MOCTIeTHUM 3JIeMeHTOM TIPUEeMHMKA, TOCKOJIbKY ero 3HauYeHNe YMEeHb-
IraeTcs Ha I1ar mnepej onepareil KommpoBaHusl KasKJ0To 3JIeMeHTa:

template<class Bil, class Bi2>
Bi2 copy backward(Bil first, Bil Tast, Bi2 result);

HOC]IelIOBaTeJII)HOCTI/I MOTYT IEPEKPbIBATbHCA. HpI/I KOIMMPOBaHWHN HYKHO CJIC/IUTH 3a
TEeM, 4TOOBI HE BBIATH 3a TPpaHUIIbI BbIXOIIHOﬁ II0C/I€I0BATEC/IbHOCTH.

HpI/IMep KOIIMPOBaHUA MMOCJI€0BATEJIbHOCTH!

#include <iostream>
#include <algorithm>
using namespace std;
int main(){
int b{4], a[b] = {1, 2, 3, 4, 5}, i;
copy (a+ 1, a+5, b);
for (i =0; 1 <4; ij++) cout << p[i]; // 2345
cout << endl;
copy (a+ 1, a+5, a);
for (1 =0; 1 <b5; i++) cout << a[i]; // 23455
cout << endl;
copy backward (b, b + 3, b + 4);
for (1 =0; i <4; i++) cout << b[i]; // 22 34
cout << endl;
return 0;

}

AJIropuT™M COpY MOKHO TIPUMEHSITH TaKsKe JIJIST BBOJA W BBIBOJIA TTOCJIEIOBATETHHOCTH.
JlJ1st 3TOTO TPEThUM TIAPAMETPOM 3a/1a€TCsI MOTOKOBBIN urepatop (cm. ¢. 333):

#include <iostream>
#include <algorithm>
using namespace std;
int main(){
const int N = 5;
int a[N] = {1, 2, 3, 4, 5};
copy (a, a + N, ostream iterator<int>(cout, " "));
cout << endl;
return 0;
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fill, fill_n

Anroputm fill BBITONHSIET 3aMeHY BCeX 3JEMEHTOB ITOCJe/0BATEbHOCTH, OIpejie-
JIEHHOU ¢ TIOMOIIbIO uteparopos first u last, 3ajanubiM 3HauenreM value. AJroputm
111 _n BBIMOJHAET 3aMEHY N 3JIEMEHTOB 3a/IaHHBIM 3HaYCHUEM:

template<class For, class T>
void fill(For first, For last, const T& value);
template<class Out, class Size, class T>
void fill n(Out first, Size n, const T& value);
PaccmoTtpum mpumep 3amoTHEHUS TEJIOYNCIEHHOTO MacCUBa:
#include <iostream>
#include <algorithm>
using namespace std;
int main(){
int al5], 1i:
fill (a, a +5, 1);
for (1 =0; i <b5; i++) cout << a[i]; // 11111
cout << endl;
filln(a+2, 2, 0);
for (1 =0; i <b; i++) cout << a[i]; // 11001
cout << endl;
return 0;

}

OG6paruTe BHUMAHUE HA TO, YTO JIJISI CIIUCKOB MBI HE MOJKEM IT0JIb30BATHCST BBIPAKEHH-
em Tuna i1l (a, a + 5, 1);, MOCKOJIbKY OIlepallysl CJIOKEHN JIJIS UTEePATOPOB CIIMCKA
ne omnpenesnena. Eciu HaM He usBecTen UTEpaTop Ha KOHEL[ 3all0JIHAEMON 110C/Ie10Ba-
TeJbHOCTHU, MOKHO BOCIIOJIb30BATHCS BTOPOH (hOPMOIi alirOpuT™MA.

generate, generate_n

AsropuTM generate BBITIOTHSIET 3aMEHY BCEX 3JIEMEHTOB PE3yJIbTaTOM OTlepanni. ITO
MO3BOJISIET 3AMOJHUTD KOHTEHED He OZIMHAKOBBIMU 3HAYCHUSIMU, & BBIYUCJICHHBIMU C
MOMOTIBI0 (DYHKITY WK (DYHKIHOHATLHOTO 00BEKTa gen, 3a[aHHOTO TPEThUM Tiapa-
METPOM.

template<class For, class Generator>
void generate(For first, For last,
Generator gen);
template<class Qut, class Size, class Generator>
void generate n(Out first, Size n, Generator gen);
IIpocroit mpumep:
#include <iostream>
#include <algorithm>
using namespace std;
int TO{
static int i = 1;
return (++i) * 3;
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}
int main(){
int alb]. i;
generate(a, a + 5, f);
for (1 = 0; i<h; i++) cout << a[i] << " ": // 69 12 15 18
return 0;
}

iter_swap, swap, swap_ranges

Asroputy™ iter _swap BBIMOJIHSIET 0OGMEH MeCTaMU JIBYX HJIEMEHTOB, 3aJ[aHHbIX UTEpPa-
TOpPaMH:

template<class Forl, class Forz>
void iter_swap(Forl a, For2 b);

AJII‘OpI/ITM SWap BBIIIOJTHAECT O6M€H MeCTaMU ABYX 9JIEMEHTOB!
template<class T> void swap(T& a, T& b);

A]II'OpI/ITM Swap_ranges BbIIOJJHAET oOMeH MecTaMU 32JIeMEHTOB B JABYX YKa3aHHBbIX
JHraIrasoHax (lIJIH BTOPOTO aualia3oHa 3aaHO TOJBKO €ro Ha‘-IaJIO):

template<class Forl, class Forz>
For2 swap_ranges(Forl firstl, Forl lastl, For2 first2);

random_shuffle

Anroputm random_shuffle BeimoJinsgeT nepemeliiienve (IepeTacoBKy) 3J€eMEHTOB B CO-
OTBETCTBUU CO CJIyYailHBIM PaBHOMEPHBIM pacrpejesieHreM. 1 peTbiuM MapaMeTpoM
aJITOPUTMAa MOKHO 3a/aTh TeHepaTop CJIyYallHBIX duces. DTO TO03BOJISIET MOJIydaTh
pasHble Pe3yJIbTAThl IPU KAJKIOM 3aIyCKe TPOrpaMMbl. ['eHepaTop MoKeT GbITh (hyHK-
el min QyHKIMOHATBHBIM 00BEKTOM, TTOJIYJAIOIIM apryMEHT N THIA int 1 BO3Bpa-
MIAIOIIMM T[eJioe Ynuco B ananasone ot 0 1o n.

template<class Ran>
void random_shuffle(Ran first, Ran last);
template<class Ran, class RandomNumberGenerator>
void random_shuffle(Ran first, Ran Tast.
RandomNumberGenerator& rand);

B npumepe B reneparope uciosib3oBata GyHKIus rand, o0bsBIeHHAsA B 3ar0JI0BOYHOM
daiire <time.h>:
#include <iostream>
#include <algorithm>
#include <time.h>
using namespace std;
struct random gen{
random_gen(){srand((unsigned int)time(NULL)); }
int operator()(int n){return rand() % n:}
b

int main(){
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int a[5] = {1. 2. 3. 4. 5}. i:
random_shuffle(a, a + 5, random_gen());

for (i =0; i<5; i++) cout << a[i] <" "; // 53412
cout << endl;
return 0;

remove, remove_if, remove_copy, remove_copy _if

AJITOpUTMBI ceMeICTBa emove BBITTOJMHSIOT TIepeMeIeHre B KOHEIl TTI0C/IeI0BaTeTbHO-
CTH 3JIEMEHTOB C 3a/laHHBIM 3HaYeHWeM value nan 1o npeankaty pred. [Ipm atom oc-
TaBITUECS AJEMEHTBI TIEPEMETIAIOTCS B HAYAJIO MOCJIEI0BATEIbHOCTH € COXPAaHEHUEM
UX OTHOCUTETBHOTO MOPSIKA. AJTOPUTM BO3BPAIIA€T TPAHUILY UX Pa3MeIIeHus . JJie-
MEHTBI, PACTIOJIOKEHHBIE TTOCJIE TPAHUIIBI, He YAAJISIOTCS, pa3Mep TOCIeI0BaTeThHO-
¢ty He uaMensiercss. MopMbI aJITOPUTMa, COIEpsKalIie CIOBO COpy, Hepel 06paboTKOil
KOTIUPYIOT MOCJIEI0BATEBHOCTh Ha MECTO, 33[aHHoe urepaTopoM Out, n obpabarbiBa-
10T KOITHIO TTOCJIEI0BATEBHOCTH.

template<class For, class T>
For remove(For first, For last, const T& value);
template<class For, class Pred>
For remove_if(For first, For last. Pred pred);
template<class In, class Out, class T>
Out remove copy(In first, In last,
Out result, const T& value);
template<class In, class Out, class Pred>
Qut remove copy if(In first, In Tast,
Out result, Pred pred);

[TpuMep mpuMeHeHNUs remove 7T y/IAJeHNsT 3JIEMEHTOB BEKTOPA, 3HAUECHUST KOTOPBIX
paBHBI 2:

#include <iostream>

#include <algorithm>

#include <vector>

using namespace std;

int main(){
vector<int> a;
int 1;
for (i =0; 1 <5; i++) a.push_back(i);
for (1 =0; 1 <5:; i++) a.push_back(i);
for (1 =0; 7 <a.size(); i++) cout << a[i];
cout << endl;
vector<int>::iterator k, p = remove(a.begin(), a.end(), 2);
for (i =0; i <a.size(); i++) cout << a[i];
cout << endl;
for (k = a.begin():; k !=p: k++) cout << *k;
return 0;
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Pesyabrar paGoThl IPOTPAMMBIL:

0123401234
0134013434
01340134

[Tpumep mpuMeHeHNs remove if COBMECTHO ¢ METONIOM erase JJIsl yAATeHUsS dJeMeH-
TOB BEKTOPA, 3HAYEHUsT KOTOPBIX JiesKaT B mpeesax ot 10 go 50:

#include <iostream>
#include <algorithm>
#include <vector>
using namespace std;
bool In_10 50 (int x) {return x > 10 & x < 50;}
int main(){
vector<int> a;
int 1;
for (i =1; 1<10; i++) a.push_back(i*10);
for (i = 0; i<a.size(); i++) cout << a[i] << " "
cout << endl;
vector<int>::iterator new_end = remove if(a.begin(), a.end(), In 10 50);
a.erase(new_end, a.end())
for (1 = 0; i<a.size(); i++) cout << a[i] << " "
cout << endl;
return 0;

}

Pesysibrar paboThl IPOTPAMMBIL

10 20 30 40 50 60 70 80 90
10 50 60 70 80 90

replace, replace_if, replace_copy, replace_copy if

ANTOpPUTMBI ceMelicTBa replace BBITTOJHSIIOT 3aMeHY 9JIEMEHTOB C 3a/laHHBIM 3HAUEHU-
€M Ha HOBOE 3HaYeHWe UJIH B COOTBETCTBUH C ITpenukaroM. DopMbl aJirOPUTMA, COJIep-
JKAIKe CJI0BO COpy, mepesi 06paboTKON KOMUPYIOT MOC/IEI0BATEIbHOCTh Ha MECTO, 3a-
pannoe ureparopoM Out, 1 06pabaThIBAIOT KOIIMIO II0C/IeI0BATEIbHOCTH.

template<class For, class T>
void replace(For first, For last,
const T& old value, const T& new value);
template<class For, class Pred, class T>
void replace_if(For first, For last,
Pred pred, const T& new value);
template<class In, class Qut, class T>
Out replace copy(In first, In last, Qut result,
const T& old value, const T& new value);
template<class Iterator, class Out, class Pred, class T>
Out replace copy if(Iterator first, Iterator last,
Out result, Pred pred, const T& new_value);



nasa 14. Anroputmebl 355

PaccmoTpuM mipuMep, B KOTOPOM BBITIOJTHSIETCST KOITMPOBAHNWE BEKTOPA @ B HOBBIN BEK-
TOp b (MCIOIB3yeTCsSI UTEPATOP BCTABKU) C 3aAMEHO BCEX JIEMEHTOB, JIEXKAIIX B THA-
nasone or 10 o 50, Ha snauenue 33:

#include <iostream>

#include <vector>

#include <algorithm>

using namespace std;

bool In 10 50(int x){

return x >10 && x < 50;
1

int main(){
vector<int> a, v;
vector<int>::iterator 1i:
for (int k = 1; k < 10; k++)a.push back(k * 10);
for (i = a.begin(); i !'= a.end(); i++) cout << *i << " "
cout << endl;
replace copy if(a.begin(), a.end(),
inserter(v, v.begin()). In 10 50, 33):
for (i = v.begin(); i !'= v.end():; i++) cout << *i << " "
cout << endl;
return 0;

}

Pesynbrar paboThl TporpaMMbl (B TIEPBOI CTPOKE MCXOAHBII BEKTOP, BO BTOPOIl — pe-
3YJIBTUPYIOITUI )

10 20 30 40 50 60 70 80 90

10 33 33 33 50 60 70 80 90

reverse, reverse_copy

AJII‘OpI/ITM reverse m3MeHgdeT TIOPAZIOK CJIeJOBaHUA 3JIEMEHTOB I1OCJ/TI€10BaTEJIbHOCTU
Ha oOpaTHBbIii, a reverse_Copy BBIIOJHSAET KOIMPOBAaHUE MCXOIHOI 110C/Ie10BaTeIbHO-
CTU B PE3YJIbTUPYIOIIYIO B 00PAaTHOM HOPSIIKE
template<class Bi>
void reverse(Bi first, Bi last):
template<class Bi, class Qut>
Out reverse copy(Bi first, Bi last, Out result);

rotate, rotate_copy

Anroput™m rotate BBITIOSHSIET IIUKJINUECKOE TIEPEMETIEHIE 2JIEMEHTOB TI0C/Ie/I0BATEb-
HOCTH, a rotate_copy — KOINU IIOCJIE0BATEJIbHOCTH:

template<class For>
void rotate(For first, For middle, For Tast);
template<class For, class Out>
Out rotate copy(For first, For middle, For last,
Out result):
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[Tepemerrienrie BbITIONHSETCS /10 TEX TIOP, TIOKA JIEMEHT, HA KOTOPBIN YKa3bIBAET BTO-
poil mapameTp, He CTaHeT NEePBBIM B IOcje0BaTebHOCTH. [lepBoiit 1 TpeTnii mapa-
MeTphI 3aal0T Hayajo U KoHell obpabaThiBaeMoil 1ocaenoBarelbHocT. Hampumep,
JUI TlesiouncaeHHoro Mmaccuba int a[5] = {1,2,3,4,5} Bei3oB rotate(a, a+2, a+5) npu-
BeJIeT K TOMY, 4TO 3JIEMEHTBI Oy YT CJIefoBaTh B opsake 34512, Eciu 11ociie 9Toro Bbi-
3BatTh rotate(a, a+3, a+b), MaccuB IpUMeT IIepBOHAYAIbHBII BUL.

transform

Anroputm transform BBITTOTHSET 33J[aHHYIO OMEPAINIO HAJl KaXK/BIM 3JIEMEHTOM TIO-
cnenosarenbHocTu. llepBas (opma anropuTMa BBITOJHSAET YHAPHYIO OIIEPAITHio,
3aganiyio GpyHKIueid minm QyHKIMOHAIBHBIM 00OBEKTOM 0D, U IOMENIAET PE3YJIbTaT
B MECTO, 33JJaHHOE UTEPATOPOM result:

template<class In, class Out, class Op>
Qut transform(In first, In Tast, Out result, Op op);

Bropas dopma airopuTMa BbIIOJHIET OUHAPHYIO ONEPAIMIO HaJl 1apoil COOTBETCT-
BYIOIIIUX 3JIEMEHTOB JIBYX TTOCJIEI0BATELHOCTEHN U MTOMeIaeT Pe3yabTaT B MECTO, 3a-
JTAHHOE UTepaTopoM result:

template<class Inl, class In2, class Out, class BinaryOperation>
Qut transform(Inl firstl, Inl Tastl,
In2 first2, Out result, BinaryOperation binary op);

(DyHKHI/IOHaJIBHBIfI O6’[)6KT MOJKET 6BITB CTaH/IapTHBIM WJIN 3aJlaHHbIM 110JIb30BAaTE-
seM. TTosib30BaTeNbCKI (DYHKITHOHATBHDIA 00BEKT JOJUKEH OBITH MOTOMKOM UNary
function wmm binary function (cm. c. 334).

B npuBeneHHOM HUKe IIPUMEpE II€PBbIil BBI30B transform BHIIOJHAET MpeoOpasoBa-
HHUe MaccuBa a 1o dopmysie: a; = a;2 — b2, Bropoii BbI30B MeHsIeT 3HAK Y JIEMEHTOB
MaccuBa b ¢ TIOMOIIBIO CTAaHAAPTHOTO (DYHKIIMOHAILHOTO 0OBhEKTa negate.

#include <iostream>
#include <algorithm>
#include <functional>
using namespace std;
struct preobr: binary function <double, double, double>{
double operator()(double x, double y) const{
return x * x -y * y:}
b
int main(){
const int m=5;
double a[m] = {5, 3, 2. 3, 1},
b[m] = {1, 10, -3, 2, -4};
transform(a, a + m, b, a, preobr());
transform(b, b + m, b, negate<double>()):
int 1;
for (i = 0; i<m; i++) cout << a[i] <<
cout << endl;
for (i = 0; i<m; i++) cout << b[i] << " "
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cout << endl;
return 0;

}

Pesynbrar paboThl TPOTPAMMBIL
24 -91 -5 5 -15
-1-103 -2 14

unique, unique_copy

AnropuT™ unique BBITIOTHSIET yAaleHWe U3 TMOCTe/[0BATETbHOCTA COCEHUX dJIeMeH-
TOB, PABHBIX JIPYT APYTY WK YIOBJETBOPSIONIMX KPUTEPUIO, 33JJAHHOMY C TTIOMOIIHIO
6uHapHoro npexukara pred. Pasmep 1mocjieoBaTtelbHOCTU DU 9TOM He U3MeHsieTcs !,
AnTOpuTM BO3BpalaeT UTEPaTOp Ha HOBBIHM JIOTHIECKUI KOHEI] TaHHBIX.

template<class For>
For unique(For first, For Tast);
template<class For, class BinPred>
For unique(For first, For last, BinPred pred);
AnropuT™ unique_copy BBITIOJHSET Te Ke JIeHCTBUS ¢ KOTMEHN TTOCIe/I0BaTeTbHOCTH:
template<class In, class Out>
Out unique copy(In first, In last, Out result);
template<class In, class Out, class BinPred>
Qut unique _copy(In first, In last,
Qut result, BinPred pred);

AnroputmMbl, CBSi3aHHble C COPTUPOBKOM

AJITOPUTMBI 9TOM KaTeropuy yHOPSA0YMBAIOT MOCAEI0BATENBHOCTH, BBIIOIHAIOT TI0-
WCK 3JIEMEHTOB, CJIMSHUE TOCTeA0BATEeTbHOCTEH, MONCK MUHUMyMa U MaKCHMyMa
Jiekcukorpaduueckoe cpaBHeHne, TIEPECTAHOBKY | T. TI.

Ta6nunua 14.3. Anroputmbl, CBA3aHHbIE C COPTUPOBKOWA

Anroputm BbinonHaemas pyHkuma

binary search [Touck 3aganHOrO 3HAYEHUST

equal_range Haxozxmenue mocieoBaTeIbHOCTH 3JIEMEHTOB C 33/JAaHHBIM
3Ha4YeHUEeM

inplace merge Ciusinyue OTCOPTUPOBAHHBIX TOCIEI0BATEBHOCTEN OHOTO
JimanasoHa

lexicographical _compare Jlexcukorpadudecku mepBast U3 JByX IOCJIe0BATEbHOCTEN

Tower_bound Haxosxnenne mepBoro BXOK/I€HUs 33]aHHOTO 3HAUYEHUST

npodormkeHue

! I[JI?[ CITMCKOB NPEAIIOYTUTEIbHEE TT0JIb30BaTbCA OJJHOMMEHHBIM METO/IOM KJacca 1ist.
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Ta6nuua 14.3 (NnponomkeHue)

Anroputm

BbinonHsemas pyHkumns

max

Boubiiee u3 aByx snaueHuit

max_element

Haubousbiee 3nayenue B 110CJIe10BAaTEJIbHOCTHU

merge

CrhnstHue OTCOPTUPOBAHHBIX HOC]IeZ[OBaTe]IbHOCTeﬁ

min

Menpbirree 13 AByX 3HAYEHUTT

min_element

Hanmenbiniee 3HayeHue B TIOCJIC0BATECJIbHOCTHU

next_permutation

Caeyronast TlepecTaHOBKA B JIEKCUKOTPADUIECKOM TTOPSIIKE

nth_element

[Tomernienue n-ro ajemMeHTa Ha 3alaHHOE MECTO

partial sort

YactuuHag cOpTUPOBKA

partial _sort copy

YactuuHast COPTUPOBKA C KOIIMPOBaHNEM

partition

[Tepemernienne BIiepes 2JeMEHTOB, YOBIETBOPSIONINX
YCJIOBUIO

prev_permutation

ITpeapiayas mepecTaHoBKa B JIEKCUKOTPADUIECKOM TOPSIIKE

sort

CoprupoBka

stable partition

HepeMeLueHI/Ie BIlepe/ 3JIEMEHTOB, YIOBJETBOPAIOIINX
YCJIOBUIO, C COXpaHEHUEM UX OTHOCUTEJIbHOI'O ITOPSAIKA

stable sort

COpTI/IpOBKa, COXpaHdmoniad MopAIOK JIJIA OJJMHAKOBBIX
9JIEMEHTOB

upper_bound

Haxoskaernne mepBoro sjieMenTa, 60JIbIIero, ueM 3aanHoe
3HaYeHue

PaccMoTpuM 9TH anroputMbl mogpoduee. [ KaK[Ioro U3 aJrOPUTMOB CYILECTBYET
ZiBe POPMBI: OJIHA MCTIOJIB3YET Omeparuio <, a fipyrasd — GyHKIUIO CPaBHEHNS, 3a/IaH-
Hy10 oJsb3oBareseM. Ob6parnre BHUMAHUE HA TO, YTO MHOTHM aJITOPUTMaM TPeOyioTcst
UTEepPaTOPbl MPOU3BOJIBLHOIO TOCTYTIA.

binary_search

Asroput™m binary search BblIOJIHSIET TIOMCK 3HAYEHUS Value B 0MCOpmMupo8antou 1o-
CJIeJIOBATELHOCTH, 33JIaHHOI nTepaTopamu first u last. Bo3Bpaiaercs ToabKo hakTt
HafIILGHO HMCKOMOE€ 3Ha4YeHe NJI HET. IIBOI/I‘IHI)IM ITOMCK Ha3bIBa€TCA IIOTOMY, YTO BbI-
HOJIHAETCS IIyTeM I10CJIel0BaTe/IbHOTO JleJleHUsl UHTepBaa HooJIaM («Kak II0HMaTb
JIbBA B IIyCTBIHE» ).

template<class For, class T>
bool binary search(For first, For last,
const T& value);
template<class For, class T, class Compare>
bool binary search(For first, For last,
const T& value, Compare comp);
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equal_range

Anroput™ equal_range BBITIOJIHSET HAXOK/JEHUE TPAHUI] MOCJE0BATETHHOCTI 3JIe-
MEHTOB, B /11000 MECTO KOTOPOI MOKHO BCTaBUTh 3aJaHHOE 3HaueHue (Ge3 HapyIie-
HUST TIOpsAAKA. [locmeoBaTebHOCTD OKHA OBITH OTcOpTUpoBaHa. [Ipm 3amanumm
(DYHKIIMOHATIBHOTO 0OBEKTA AJTOPUTM HAXOAUT TPAHUIIBI, B TPEAETaX KOTOPBIX JIJIst
KasK/IOr0 3HAYeHUs1 uTepaTopa kK BBINOJHAETCA ycjaoBue comp(*k, value) == false &&
comp(value, *k) == false.

template<class For, class T>
pair<fFor, For> equal range(For first, For last,
const T& value);
template<class For, class T, class Compare>
pair<for, For> equal range(For first, For last,
const T& value, Compare comp);

Hampumep, nist mocsenoBarenbuoctu 24 557 9 12 18 Boi3oB equal_range ¢ value = 8
JIaCT B pe3yJbTaTe Mapy MTEPaTOPOB, YKA3bIBAIOIINX Ha 3JeMeHThl 9 u 9, a BBI3OB
c value = 5 — Ha MepBBI U3 2JIEMEHTOB, PaBHBIN 5, 1 7.

inplace_merge

Asroput™m inplace_merge BBITIOJHSET CAUSHUE JIBYX OTCOPTUPOBAHHBIX YaCTEN OFHON
1ocJIe0BaTeIbHOCTH. I'paHuIIbl IEPBOI YaCTH 33/1a10TCS IBYMS IIePBBIMU IIapaMeTpa-
MU, HA4aJI0 BTOPOH 4aCTH — TPETHUM ITapaMeTPOM.

template<class Bi>
void inplace merge(Bi first, Bi middle, Bi last);
template<class Bi, class Compare>
void inplace_merge(Bi first, Bi middle, Bi Tast,
Compare comp);

lexicographical_compare

Anroputm Tlexicographical compare BBITIOJTHSIET TTO3JEMEHTHOE CPaBHEHUE JIBYX TI0-
clIe0BaTeIbHOCTEN 100 ¢ UCIOIb30BaHIEM OIIEPALMH <, THOO0 ¢ IOMOIIBIO 3aJaHHOI
(ysxnmm comp. BosBpamaercst true, ecau mepBas Mocje/[0BaTeTbHOCTD JIEKCUKOTPa-
(buuecku mMenbIre BTOPOIi (TO €CTh OUEPETHON JIEMEHT MEPBOIi TTOCTE/I0BATETLHOCTI
0Ka3aJICcs MEHBIIIE COOTBETCTBYIOIIETO AJeMEHTa BTOPOIi), u false B IPOTUBHOM CJIY-
yae. Ecam 1yiHBI TIOC/Ie10BaTeIbHOCTEN He COBIAMAIOT, HEJIOCTAIOIINe 3JIeMEHThI CUH-
TAIOTCA MEHBIINMU COOTBETCTBYIOIIUX 3JIEMEHTOB JIPYTOH TOCJIe/I0BATEIbHOCTH.

template<class Inl, class In2>
bool Texicographical compare
(Inl firstl, Inl Tastl, In2 first2, In2 last2);
template<class Inl, class In2, class Compare>
bool Texicographical compare
(Inl firstl, Inl lastl, 1In2 first2, In2 lastz,
Compare comp);
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[Ipumep:

#include <iostream>

#include <algorithm>

#include <functional>

using namespace std;

int main(){

const int m = b5;
double a[m] = {5, 3, 2, 3, 1},
bm] = {5, 3, 2, 3, 2},
cfml = {5, 3, 1, 3, 10};
cout << Texicographical _compare(a, a +m, b, b+ m);
cout << Texicographical _compare(a, a +m, c, ¢ +m);
cout << lexicographical compare(a, a +m, b, b +m, greater<int>()); // 0
return 0;

~ ~
~ ~
O

lower_bound, upper_bound

Anroputm Tower_bound HaxoauT uTeparop Ha MepBbIi, a upper_bound — Ha TIOCJIeTHUI
13 3JIEMEHTOB OTCOPTUPOBAHHON 110CJI€/I0BATEIbHOCTH, [1epe]] KOTOPbIM MOXKHO BCTa-
BUTD 33/IaHHOC 3HAYCHUE, HE HapyIIad YIIOPAJA0YCHHOCTH.

template<class For, class T>
For Tower_bound(For first, For last, const T& value);
template<class For, class T, class Compare>
For Tower bound(For first, For Tast, const T& value,
Compare comp);
template<class For, class T>
For upper_bound(For first, For last, const T& value);
template<class For, class T, class Compare>
For upper_bound(For first, For Tast, const T& value,
Compare comp);

max, min

Asroput™ max uier HauboJIblliee U3 JAByX 3HAUYEHMUIA, a MiN — HaUMEHbIIIEe, UCIIOJIb3YsT
WU OTIEPAINIO <, WM COOCTBEHHBIN KPUTEPUil CPABHEHMSI.

template<class T> const T& min(const T& a, const T& b);
template<class T, class Compare>

const T& min(const T& a, const T& b, Compare comp);
template<class T> const T& max(const T& a, const T& b);
template<class T, class Compare>

const T& max(const T& a, const T& b, Compare comp);

max_element, min_element

Anroput™ max_element BozBpaiaeT nurepatop Ha HanboJIblee 3HAYEHNE B TTOCJIE0BA-
TeJbHOCTH, a a7TOPUTM min_element — HAa HaMMeHBbIIIee 3HAUCHIUE.
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template<class For>

For min_element(For first, For last):
template<class For, class Compare>

For min_element(For first, For Tast, Compare comp);
template<class For>

For max_element(For first, For Tlast);
template<class For, class Compare>

For max_element(For first, For Tlast, Compare comp);

merge

AJIFOpI/ITM merdge BBIIIOJIHAET CANAHNE OTCOPTUPOBAHHBIX HOCJIG]IOB&TCJII)HOCTCI?I.

template<class Inl, class In2, class Out>
Out merge(Inl firstl, Inl Tastl, In2 firste,
In2 Tast2, Out result);
template<class Inl, class In2, class Out, class Compare>
Out merge(Inl firstl, Inl Tastl, In2 first2,
In2 last2, Out result, Compare comp):

B oT/inyne OT O/ITHOMMEHHOI'O MeToa CJANAHNA CIIMCKOB, 9JIEMEHTDBI 13 NCXO/AHDbBIX I10-
ciefoBaTeabHOCTEN He yaansiores. [Ipu paBeHcTBe KIIioueil 2J1eMeHThI TepBOi mocJie-
JIOBATEJILHOCTH TPEAIIECTBYIOT JIEMEHTAM BTOPOH (3TO MMeeT 3HAYEHUe IS CTPYK-
TYP JIAaHHBIX, COJIEPXKANINX, KPOME KJTI04a, UHPOPMAIIMOHHYIO YacTh).
[Tpumep:

#include <iostream>

#include <algorithm>

using namespace std;
int main(){

const int m=5;
doublealm] = {3, 4, 8, 17, 20},

b[m] = {5, 6, 8, 10, 35}, c[m * 2];
int 1;

merge(a, a +m, b, b +m, ¢);

for (1 =0; i <m*2; i++)
cout << c[i] << " " // 3456881017 20 35
cout << endl;

return 0;

next_permutation, prev_permutation

DJieMeHThI J1000I 110C/Ie[0BATEIbHOCT MOKHO PACIONOKUTh Pa3HBIMU CIIOCOOAMU.
g mocsienoBaTeIbHOCTH JIJIMHBL N TAKUX [1€PECTAHOBOK CYIIECTBYeT n! (1%2% . *n)
Anroputm next_permutation mpom3BoaUT OUepesHYIO ITepecTaHOBKY B JIeKCUKOTpadu-
4ECKOM IOPSIJIKE, a aJTOPUTM prev_permutation — npeabiyinyio. AJropuTMbl BO3Bpa-
maroT OyJIeBCKoe 3HaYeHue true, eciiu ciepyolas mepecTaHoBKa CylecTByer, 1 false
B IIPOTUBHOM CJIydae.



362

YacTs lll. CtanpapTHas 6ubnuoteka

template<class Bi>

bool next permutation(Bi first,

template<class Bi, class Compare>

bool next permutation(Bi first,

template<class Bi>

bool prev_permutation(Bi first,

template<class Bi, class Compare>

bool prev_permutation(Bi first,

[Tpumep:
#include <iostream>
#include <algorithm>
using namespace std;
int main(){

const int m = 3;

int a[m]={1, 4, 2}, b[m];
int i;

copy(a, a +m, b);

cout << "

for (i =0;
cout << endl;}

Bi

Bi

Bi

i last);

last, Compare comp);
last);

last, Compare comp);

next_permutation(a, a + m):" << endl;
while (next permutation(a, a + m)){
i <m; d++) cout << a[i] << "

cout << " prev_permutation(b, b + m):" << endl;

while (prev_permutation(b, b + m)){
i<m; i++) cout << b[i] << " "

for (i =0;
cout << endl;}
return 0;
}

Pesyabrar paboThl TPOrpaMMBbL
next permutation(a, a + m):
214
241
412
421

prev_permutation(b, b + m):
124

nth_element

AJITOPUTM BBITIOTHSIET YaCTUYHYIO COPTUPOBKY MaccuBa. [locsie BbITOSHEHUSA aniro-
pUTMa 3HAUEHUE HJIEMEHTa, 33/JaHHOTO UTEPaTOpoM nth, 6yZeT TaKuM e, Kak MocJe
MOJTHOW COPTUPOBKH, TO €CTh BCE DJIEMEHTHI JIEBEE 3TOM TO3UIIK OYIYT MEHbIIIE HETO

a BCe, 4TO IIpaBee, — OOJIbIIE.

template<class Ran>

void nth_element(Ran first, Ran nth, Ran Tast);

template<class Ran, class Compare>
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void nth_element(Ran first, Ran nth, Ran last,
Compare comp);

partial_sort, partial_sort_copy

Anroputm partial _ sort Takske BBITIOJIHSIET YACTUIHYIO COPTUPOBKY TIOCJIEI0BATEb-
Hoctu. TlocJie BBIOMHEHUST aJIrOpUTMa 3ieMeHThl oT first mo middle OyayT pacmosa-
raTbCs B TAKOM JKe IOps/IKe, KaK 10Cjie II0JHOW COPTUPOBKU.
AusroputyM partial sort copy BBIIIOJIHSIET Te Ke JACHCTBUS ¢ KOIUel 110C/1e/I0BaTeIbHOCTH.
template<class Ran>
void partial _sort(Ran first, Ran middle, Ran last);
template<class Ran, class Compare>
void partial _sort(Ran first, Ran middle, Ran last,
Compare comp);
template<class In, class Ran>
Ran partial_sort copy(In first, In last,
Ran result first, Ran result last);
template<class In, class Ran, class Compare>
Ran partial sort copy(In first, In last,
Ran result first, Ran result last, Compare comp);

YacruuHast COPTHUPOBKA 9KOHOMUT BPEMA B TEX CayUadX, KOr/la HaC UHTEPECYIOT TOJIb-
KO HECKOJIbKO CaMBIX OOJIBIINX MJIM CAMbBIX MaJE€HbKUX 3Ha‘{eHI/II>,I, HaIpuMep, «Trops-
dad JecATKa».

#include <iostream>

#include <algorithm>

using namespace std;

int main(){
const int m = 8;
int a[m] = {3. 1., 2, 34, 8, 7. 20, 2}:
int i;
partial _sort(a, a + 5, a +m, greater<int>());
for (1 =0; 7 <m; i++) cout << a[i] << " "

cout << endl; // 3420873122

return 0;

partition, stable_partition

Anroput™m partition pasmeliaeT sJ1eMeHTb, YOBJIETBOPSIONNE 3a/JaHHOMY YCIOBUIO,
nepesi OCTaNbHBIMU ajieMeHTaMu. Asroput™ stable partition BbIIONIHSET TO Ke ca-
MOg€, HO C COXPaHEHUEM OTHOCUTEJILHOTO TTOPS/IKA 2JIEMEHTOB. Y CJIOBHUE 3a/1a€TC C T10-
MOIIbI0 (GYHKIUE WU (DYHKIIMOHATBHOTO OOBEKTA.

template<class Bi, class Pred>

Bi partition(Bi first, Bi last, Pred pred);
template<class Bi, class Pred>

Bi stable partition(Bi first, Bi Tast, Pred pred);
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sort, stable_sort

AsropuT™ SOrt BBITIOJHSAET COPTUPOBKY 3(h(PeKTUBHYIO MOCAE0BATEIbHOCTH 32 Bpe-
M1, mportoprinorabioe N-1ogoN. [yt coxpaHeHusT MopsiiKa CJIeJOBAHUS OMHAKOBBIX
HIIEMEHTOB CJIEYET TIPUMEHSTH airopuT™ stable sort. Bpemst ero paboTs! mpotmop-
moranbHo N-(logyN)2.,

template<class Ran>

void sort(Ran first, Ran last);
template<class Ran, class Compare>

void sort(Ran first, Ran last, Compare comp);
template<class Ran>

void stable sort(Ran first, Ran Tast);
template<class Ran, class Compare>

void stable sort(Ran first, Ran last, Compare comp);

OG6paruTe BHUMaHKE Ha TO, YTO HTOMY aJITOPUTMY TPEOYIOTCS UTEPATOPHI IPOU3BOJIb-
HOTO JIOCTYTIA.

Anroputmsl paboTbl C MHOXECTBaMM
VU NMpaMupamMmm

A]II'OpI/ITMbI 3TON KaTeTOPNU BBITIOTHAIOT COPTUPOBKY MHOKECTB 1 Ollepalivun C Im1pa-
MHTaMH. B TIEPBOM CJIyda€ OTCOPTUPOBAHHAA MMOCTECAOBATEIBHOCTD PACCMAaTPUBACTCA
KaK MHOJIcecmeo, a onnepalumn O6"I)€,JII/IH€HI/IE[ u rnepecedeHnda MMerT TOT K€ CMbBICJI, 4TO
B T€OPpHUH MHOIKECTB. HpI/IBelIeHHbIe AJITOPUTMbBI HE M3MCHAIOT BXO/HBIE T1IO0CJIE/I0OBaA~
TEJIbHOCTH, a BBIXOAHDbIC TTOCJIE/I0OBATEIbHOCTU YIIOPAJOYECHDI.

Iupamudoi! HaspIBAETCS TOCTENOBATENLHOCTD, /7SI BCEX HJIEMEHTOB KOTOPO# BHITTIOJ-
HAIOTCSI YCJIOBUS:

ali1] < af2xi + 1]

ali]l < a[2*i + 2]
[Mpumep nupamubr u3 10 memsrx uncesr: 23 20 21 17 19 18 15 12 10 14.

Kak cremyet u3 onpezesieHus, MAaKCUMATbHBIN 3JIEMEHT MUPAMU/IBI PACTIOJNIOXKEH TIep-
BBIM, TI09TOMY MHPAMU/IBI YIOOHO MCMOIb30BATh M PEANU3AIUN Ouepesieil ¢ mpu-
oputetamu (cM. ¢. 313), Tak Kak cyniecTBYIOT a(PHEKTUBHDBIE ATOPUTMbI M3BJICUCHUS
MePBOTO BJIeMEHTa U JI06ABJIEHIS HOBOTO C COXPAHEHUEM YCIOBUS TTHPAMUAATLHOCTH.

Jlnst paboThl ¢ mUpaMuIoN TpeOGYIOTCsT UTEPATOPBI IPOU3BOJIBHOTO JOCTYTIA.

Tak ke, KaKk 1 JIJIs APYTUX KATETOPUI aJTOPUTMOB, JIJISI KXKJIOTO aJTOPUTMA CYIIEeCT-
ByeT ZiBe (hOPMBI: OJIHA HMCIOJIB3YET olepanuio <, a Apyrasg — (QYHKIUIO CpaBHEHUS,
3aJITaHHYTO TTOJTb30BATEJIEM.

"Yacro NUPAMULY U3SIIHO HA3bIBAOT Kyuel (1epeBojl aHIJIMICKOro cioBa heap).
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Ta6nnua 14.4. Anropntmbl paboTbl C MHOXECTBaMU U NpaMugamm

Anroputm BbinonHsemasa GpyHkums

includes Bxmouenue ogHOro MHOXKeCTBa B Jpyroe

set_intersection Co3sanre OTCOPTUPOBAHHOTO TT€PeceYeHr s MHOJKECTB

set_difference Cosnanne 0TCOPTUPOBAHHOI T10CIE10BATEIHBHOCTI
9JIEMEHTOB, BXOJAIINX TOJBKO B IIEPBYIO U3 IBYX
rocJieloBaTeIbHOCTe

set_symmetric_difference Co3sanue OTCOPTUPOBAHHOI TIOCTIEIOBATENbHOCTH
9JIEMEHTOB, BXOJAIINX TOJbKO B OJHY U3 IBYX
10cJ1e/I0BaTe/IbHOCTEH

set_union Co3snanue 0TCOPTUPOBAHHOTO OObEMHEHUST MHOKECTB

make_heap [IpeobpazoBanue MOCAE0BATETBHOCTH C ITPOU3BOJIBHBIM
JIOCTYIIOM B ITUPAMULY

pop_heap 3Bneyenne asemeHTa U3 TUPAMU/IBI

push_heap JlobaBJieHe sJieMEHTA B IIMPAMULY

sort_heap CopTupoBKa IUpaMuIbl

PaceMOTpUM aTH alropuTMBI TIOAPOGHEE.

includes

AsroputMm includes BBITIOTHSIET MPOBEPKY BKJIOUEHUS OIHOM MOCAEI0BATENBbHOCTH B
npyryio. PeayibTaT paBeH true B TOM cirydae, KOT/Ia KaXk/[bIi 9JIeMEHT 10CJIe/[0BATEb-
Hoctu [first2, last2) comepskutcs B mocaemnoBatebHOCTH [firstl, Tastl)l

template<class Inl, class In2>
bool includes(Inl firstl, Inl lastl,
In2 first2, In2 last2);
template<class Inl, class In2, class Compare>
bool includes (Inl firstl, Inl Tlastl,
In2 first2, In2 last2, Compare comp):

set_intersection

Anroput™ set_intersection co3maeT OoTCOPTUPOBAHHOE TepecedyeHre MHOXKECTB (TO
€CTb MHOXKECTBO, Co/lepsKallee TOJbKO 3JIEMEHTDI, BXOJAIINE U B 1IepBOe, U BO BTOPOE
MHO>KECTBO):

template<class Inl, class In2, class Out>
Out set intersection
(Inl firstl, Inl Tastl, In2 first2, In2 Tlaste,

! Kpazpatnas ckobKa 03HAYAET, UTO COOTBETCTBYIONIHIT 57IEMEHT IPHHAIEKHT ITOCACI0BATE b=
HOCTH, KpyTJIas — 4TO He NPUHAIEKUT (YKa3bIBaeT Ha CJeyIONNHI 3a HEll 2JIeMeHT).
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Out result);
template<class Inl, class In2, class Out,
class Compare>
Qut set intersection (Inl firstl, Inl lastl,
In2 first2, In2 Tast2, Out result, Compare comp);

set_difference, set_symmetric_difference

Anropurm set _difference BbimosiHsier konupoBanve B Qut 3J€MEHTOB, BXOJSIINUX
TOJIBKO B IIEPBYIO U3 JABYX I10CJIe10BaTe]bHOCTENH:

template<class Inl, class In2, class OQut>
Qut set difference(Inl firstl, Inl Tastl,
In2 first2, In2 Tast2, Out result);
template<class Inl, class In2, class Out, class Compare>
Out set _difference (Inl firstl, Inl Tastl,
In2 first2, In2 last2, Out result, Compare comp):

Anroputm set_symmetric_difference BbiosinsgeT KonupoBanue B Out a1eMeHTOB, BXO-
JANIAX TOJBKO B OIHY M3 JABYX ITOCJIEI0BATEILHOCTEI:

template<class Inl, class In2, class Out>
Qut set symmetric difference(Inl firstl, Inl lastl,
In2 first2, In2 Tast2, Out result);
template<class Inl, class In2, class Out, class Compare>
Out set symmetric difference(Inl firstl, Inl Tastl,
In2 first2, In2 Tast2, Out result, Compare comp);

PeSy.HbTI/IpyIOH_[aH TIOCJIEIOBATE/IbHOCTD HE JOJIYKHA ITEPEKPBIBATHCA HU C OTHOI U3 HC-
XOAHbIX.

set_union

Anroput™m set_union cosmaeT OTCOPTUPOBaHHOE OOBEAWHEHWE MHOKECTB (TO €CTh
MHOJKECTBO, COZIEPIKATIee IEMEHTHI TEPBOTO U BTOPOTO MHOKECTBA He3 TIOBTOPOB):

template<class Inl, class In2, class Out>
Out set_union(Inl firstl, Inl lastl,
In2 first2, In2 Tast2, Out result);
template<class Inl, class In2, class Out, class Compare>
Out set union(Inl firstl, Inl lastl,
In2 first2, In2 last2, Out result, Compare comp);

Mpumep ncnonb3oBaHUa anropuTMoB padoTbl
C MHOXeCTBaMu

#include <iostream>

#include <algorithm>

using namespace std;

void show(const char *s, const int *begin,
const int *end){
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cout << s << " ;
copy(begin, end, ostream iterator<int>(cout, " "));
cout << endl;
}
int main(){
int al4] = {2, 5, 7, 9}, b[3] = {1, 5, 9},
Union[7], *p_union,
isect[4], *p_isect,
dif[3], *p_dif.
symdif[7], *p_symdif;
p_isect = set intersection(a, a + 4, b, b + 3, isect);
p union = set union(a, a + 4, b, b + 3, Union);
p_dif = set _difference(a. a + 4, b, b + 3. dif):
p_symdif = set symmetric_difference(a, a + 4, b, b + 3,

symdif);
show("a: "oa,a+4);
show("b: ", b, b+ 3);
show("isect: ", isect, p isect);
show("Union: ", Union, p_union);
show("dif: ", dif, p_dif);

show("symdif:", symdif, p_symdif);
if (includes(a, a + 4, b, b+ 3))
cout << "a BKmwyaeT b.\n";
else cout << "a He BKMYaeT b.\n";
if (includes(Union, p union, b, b + 3))
cout << "Union BkmyaeT b.\n";
else cout << "Union He BK4aeT b.\n";

return 0;

}
Pesynbrar paboThl IIPOrPaMMBL

a: 2579

b: 159

isect: 59

Union: 12579

dif: 27

symdif: 127
a He BK/4aeT bD.
Union BKMyaeT b.

make_heap

A]IFOpI/ITM make_heap BBIIIOJTHACT Hp606p330BaHI/Ie IIOCIE0BATEJIbHOCTH C IIPONU3BOJIb-
HBIM JIOCTYIIOM B IIUPaMUY:

template<class Ran>

void make heap(Ran first, Ran Tast);
template<class Ran, class Compare>

void make heap(Ran first, Ran last, Compare comp);
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pop_heap

AsropuT™ pop_heap ynassieT MepBblid 2J1eMEHT MOCAeI0BATEbHOCTH, & 3aTEM BOCCTa-
HaBJIMBAET yCJIOBHE MTUPaMUAATbHOCTH:

template<class Ran>
void pop_heap(Ran first, Ran last);
template<class Ran, class Compare>
void pop_heap(Ran first, Ran last, Compare comp);
IToyueHne 3HAUYEHMS U3BJIEKAEMOIO 9JIEMEHTA U3 IMPaMUIbl TPeOYEeTCsl BBIIIOJIHUTD
00b14HbIM 0OpasoM. Hanpumep, /i IPUBEAEHHOIO BbIIE MACCHBA (& MOKHO 3aIIUCATD:

X = *a; pop_heap(a, a + m);

push_heap

Ausroput™ push_heap BBITIOJIHSIET TIPEOOPA3OBAHUE TTOCTIEA0BATENBHOCTH B TUPAMULY
nocJie 106aBJIEHYS B HEe MOCJEIHETO dJIeMEeHTa:

template<class Ran>

void push_heap(Ran first, Ran last);
template<class Ran, class Compare>

void push_heap(Ran first, Ran last, Compare comp);

O6paruTe BHUMaHUE, 4TO 10 BbI3oBa push_heap Tpebyercs 106aBUTh 9JIEMEHT B IOCJIE-
JIOBATEJILHOCTH CIIOCOGOM, COOTBETCTBYIOIIUM THUITY KOHTEHHEpa, HAllPUMep:

v.push_back(x); push_heap(v.begin(), v.end());

sort_heap

Anroputm sort_heap mpeobpadyeT THpaMHIy B OTCOPTHPOBAHHYIO TI0 BO3PACTAHUIO
I10CJIe10BaTECJIbHOCTD:

template<class Ran>
void sort heap(Ran first, Ran Tast);
template<class Ran, class Compare>
void sort _heap(Ran first, Ran last, Compare comp);
TTocKOJIBKY STOT aJTOPUTM HCHOJIB3YET CBOUCTBA MUPAMUbBI, OH paboTaer ObIcTpee

0OBIYHO COPTHUPOBKMU. COpTI/IpOBKa HE COXpaHAEeT OTHOCHUTEJIbHBII TMopANOK cjen0Ba-
HUA 9JIEMEHTOB C O/IMHAKOBBIMU KJIIOUYaMM.



N'NMABA 15

CpeactBa A9 YUNCIIEeHHbIX
pacyeToB

00600 EeHHbIe YNCIIeHHbIe aNirOPUTMbI

JUist UCTIOJTb30BAHUST YMCTIEHHBIX AITOPUTMOB TPEOYETCsI MOKIIOUNTH 3aT0JI0BOYHBIN
aiin <numeric>.

Ta6nunua 15. O606LLEHHbIE YACEHHbIE aITOPUTMbI

Anroputm BbinonHaemasa GyHKuunsa

accumulate Haxomenne

inner_product CxasisipHoe pou3BeieHne

partial_sum Pacyer cymmbl ¢ HakoILIeHEM

adjacent_difference Borunciienne pasnoctu MeKIy CMeKHBIMU dJIeMEHTAMK
accumulate

[lepBas dopma anroputma accumulate MCIOJb3yeTCs I HAKOIJIEHUS CYMMBI dJie-
MEHTOB 110CJIe/10BaTeJbHOCTH, 3ajaHHoil uteparopamu first u last. Hauanbnoe 3na-
yeHre cCyMMbI (00bIYHO 970 0) 3a1aeTCst TPETHUM HTapaMeTpoM. THIl 3TOTO mapameTpa
orpezienisieT TUIl pesysbrata (GyHKIKS BO3BPANIAeT BHIYUCICHHYIO CYMMY ):

template <class In, class T>
T accumulate(In first, In Tast, T init);

Bropast opma anroputma accumulate mo3BOJISET BBITTOTHATH HAJL TPETHUM TTapaMeT-
POM U OUepPEeITHBIM 3JEMEHTOM TOCIeI0BATEIbHOCTH 3aJIaHHYIO OIlepaIiuio:

template t<class In, class T, class BinOp>
T accumulate(In first, In Tast, T init, BinOp binary op);

B IIPpUBEACHHOM /lajie€ IPUMEPE BbIYUCIIAETCA CyMMa, ITPON3BEACHNE N CYMMa KBa/Ipa-
TOB 9JIEMEHTOB MaCCHBa:
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#include <iostream>
#include <numeric>
#include <functional>
using namespace std;
int sumkv( int s, int x){ return s + x * x;}
int main(){
const int m = 5;
int afm] = {3, 2, 5, 1, 6}, sum =0, mul =1, sum2 = 0;
cout << accumulate(a, a + m, sum) << endl;
cout << accumulate(a, a +m, mul, multiplies<int>()) << endl;
cout << accumulate(a, a + m, sum2, sumkv) << endl;
return 0;

}

inner_product

[Tepsas (opma asroputma inner_product NCHOIB3yeTCS /711 BEIYHCACHNS CKAISIPHOTO
MPOM3Be/IeHUs IBYX TIOCIeI0BaTebHOCTEN (CKATSPHBIM ITPOU3BEICHUEM MTOCTIeI0Ba-
TeJIbHOCTEH a 1 b sABJsgeTcs BeIpaskenne Xai*bi). HauambHoe 3HaUeHMe MPOM3BeIeHNsT
3aj1aeTcsd TPeTbUM TapaMmeTpoM. THIT 3TOro mapaMeTrpa ompenessieT THUIT pe3yJbTara
(dyukiusa Bo3BpaliaeT BbIYNCICHHOE TPOU3BE/ICHUE):

template t<class Inl, class In2, class T>
T inner_product(Inl firstl, Inl Tastl. In2 first2,
T init);
Bropas dopma anropurma inner product mcnosib3yeTcs /ISl BBIIOJIHEHUS HaJl AByMs
MOCJICIOBATEILHOCTSIMY IEHCTBU, 33JTaHHBIX C TIOMOIIBIO BYX (QYHKIUI min hyHK-
[UOHAJIBHBIX O0BEKTOB. T1epBbIil MCHOIB3YETCs BMECTO OIEPAIUE CJOKEHWUs], BTO-
pOil — BMeCTO YMHOKEHMUSI:

template t<class Inl, class In2, class T,
class BinOpl, class BinOp2>
T inner_product(Inl firstl, Inl lastl, In2 firste,
T init, BinOpl binary opl, BinOp2 binary op2);
CJIC[[yIOHII/IfI BbI3OB BBIYHNCJIAECT IPOU3BEACHNE CYMM COOTBETCTBYIOIINX 3JIEMEHTOB
rnocJjezioBaTeIbHOCTEN @ 1 b:

cout << inner_product(a, a +m, b, mul, multiplies<int>()., plus<int>()):

partial_sum

Asroputy™ partial_sum ¢dopMHEpyeT TOCIEI0BATEIBHOCTH U3 YACTHYHBIX CYMM 3JIe-
MenToB. Hampumep, s mocienosarenbHoctu yncen 3 1 2 3 5 pesyabraToM Oyner
3469 14, To ecTb KaXX/blil 2JIeMEHT pe3yJibTaTa paBeH IIPe/bILYIeMY JIeMEHTY, yBe-
JIMYEHHOMY Ha TEKYIIMH 3JIeMEHT NCXOMHOM TOCae10BATEIbHOCTH.

BMmecTo cymMMbl 4eTBEPTHIM [TapaMeTpoM MOXKHO 33/1aTh APYTYIO oliepaiiuio. Pedyibratr
MO>KHO TIOMECTHUTD W B UCXOIHYTO TIOCTEI0BATETHHOCTD, JIJISI TOTO TPETBUM MapaMeT-
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POM YKa3bIBA€TCA UTEPATOP Ha €€ HaydaJjio. CDYHKHI/Iﬂ BO3Bpallla€T UTEPATOP Ha 3Jie-
MEHT, C]IeI[yIOH.[I/Iﬁ 3a KOHIIOM peS}UIbTprIOH.IefI IIOC/IEI0OBATE/IbHOCTH.

template t<class In, class Out>
Out partial sum(In first, In last, Out result);
template t<class In, class Out, class BinOp>
Qut partial _sum(In first, In last, Out result,
BinOp binary_op);

adjacent_difference

Anroputm adjacent_difference BeITIOJIHSET BbIUMCIEHNE PABHOCTU MEXK/Y CMEKHBIMU
9JIeMEHTaMM, TO €CTb d; = a; - aj_1. BMECTO Pa3HOCTU YEeTBEPTHIM IIapaMeTPOM MOXKHO
3a7ath pyTyIo onepaiuio. OyHKIMS BO3BPAIIACT UTEPATOP HA HJIEMEHT, CIEAYIONINit
32 KOHI[OM pPe3yJIbTUPYIOIIEH M0Cae10BaTeIbHOCTH.

template t<class In, class Out>
Out adjacent_difference(In first, In last, Out result):
template t<class In, class Out, class BinOp>
Out adjacent difference(In first, In last, Out result,
BinOp binary op);
ITOT AJITOPUTM SIBJSAETCS OOPATHBIM IIPEABIAYIEMY, TO €CTh BbI30B ISl OJHOI 1 TOi
JKe TIOCTIeIoBAaTeIbHOCTH CHAvala OJHOTO, a TIOTOM JIPYTOrO aJITOPUTMA TIPUBEZIET K
NCXOHON TIOCJIEI0BATEIbHOCTH.

Knacc valarray

s apdexTrBHO pabOTH ¢ MAacCHMBAMU YKCe] B CTAHAAPTHON OMOIMOTEKe OIpee-
JieH mabaoHHBIN Kaace valarray. Onepaiuy ¢ STUM KJIaCCOM PeaJn30BaHbl ¢ PACYETOM
HA UX TO/IEPKKY B aDXUTEKTYPaX BHICOKOTIPOU3BOIUTEBHBIX crcTeM. B 6ubimorexe
OTTMCAHBI TAKKE YEThIPE BCITOMOTATEIBHBIX KJIACCa, TO3BOJISIONINX MTOJTYYUTh Pa3JIy-
HbIC TIOJIMHOKeCTBa valarray: slice_array, gslice array, mask_array m indirect array.
Bce a1 Kitacchl peasns3oBaHbl Kak MabJOHbI KJIACCOB € HapaMeTPOM, IIPeICTaBIsio-
M coO0ll THII BJ1eMEHTa MacCHuBa.

Jlu1st MCII0/Ib30BaHuUs Klacca valarray M CBSI3aHHBIX C HUM CPEJACTB TPeOYeTCs MOAKIIO-
YUTH K IPOTPaMMe 3aTOJIOBOUHBIH (haiia <valarray>. B HeM onucaHbl, KpOMe TIepevrc-
JIEHHBIX 1TabJI0OHOB KJIACCOB, KJacchl s1ice u gslice, 3amaoniie MoIMHOKeCTBa NHIEK-
COB MacCHBa, a TaKKe 3aroJOBKM (PYHKIIMH, MpeAHasHauYeHHbIX AJ1s1 pabOThl ¢ STUMK
mrabJIoHaMU U KJIACCAMU.

[MTa6son slice_array mpeacTaBisieT cOO0H CTPOKY, CTOJIGEIl WK IPYTOe PEryJIsspHoe
MOIMHOKECTBO 9JIEMEHTOB Valarray (Hampumep, ero dyeTHble 3jeMeHTsl). C moMoIbio
aTOro MmabJoHa MOKHO MIPEACTABIATh valarray Kak MaTpUILy IIPOM3BOJBHOII pasMep-
HOCTH.

[MTabmom gslice array MO3BOJISET 33/1aBaTh OOJIEe CIOKHBIE 3aKOHBI (hOPMUPOBAHU
MOJIMHOKECTBA MAaCCUBA, a Mask_array — IIPOM3BOJIbHBIE TTOAMHOKECTBA € TTOMOTIBIO
6uroBoit macku. [labson indirect_array comepsKUT He caMU 3JIEMEHTBI MACCHBA, U WX
WHJIEKCBI.
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B xnacce val array omnpezaesieHbl KOHCTPYKTOPBI, I[TO3BOJIAIOIINE CO3/IaBaTh HyCTOfI Mac-
CUB U MaCCHB, 3am0JTHEeHHBIN OIMHAKOBBIMHM WJIN 3aJaHHBIMN 3HAYCHUAMM:

template<class T> class valarray{
pubTic:
// MaccuB Hynesoro pasmepa:
valarray();

// MaccuB n3 n 31eMeHToB (K KawgoMy npuUMeHdeTca

// KOHCTPYKTOP NO yMON4aHuio:
explicit valarray(size_t n):

// MaccuB n3 n 3NEMEHTOB CO 3HaYeHueMm Vv:

valarray(const T& v, size t n);

// Maccus u3 n 371EMEHTOB CO 3HAYEHMAMM W3 MACCUBA M:

valarray(const T* m, size t n);
// KOHCTpYKTOp KOMMUPOBaHMA
valarray(const valarray&):
// Maccus CO 3HaYeHUsMU U3 Cpesa:
valarray(const slice array<T>&);

// Maccus cO 3HayeHusmn u3 000OWEHHOrO Cpesa:

valarray(const gslice array<T>&);

// Maccus CO 3HAYEHUAMWU U3 MOJMHOKECTBA:

valarray(const mask_array<T>&);

// Maccus co 3HadeHnamn u3 indirect array:

valarray(const indirect array<T>&);

}
[Ipumepsl co3panmst MacCCUBOB

valarray <double> vl;: // NycToil

valarray <int> v2(100): // Maccus
[/ KaK[bli

valarray <int> v3(5, 100); // Maccus

const int m= {4, 4, 3, 6, 2};

valarray <int> v4(m, 5): // Maccus

Maccms

n3 100 anemeHTOB,

no yMmonyaHuio oO6HYyNeH

n3 100 3nemeHTOB, paBHbIX 5

n3 5 anemextoB: 4.4,3.6.2

B maccuBax oripezesieHbl olepannu A0CTyIla 10 HHAEKCY 1 IPUCBaVuBaHUI:

T operator[](size_t) const;
T& operator[](size_t);
// KomupoBaHue MaccuBa:

valarray<T>& operator=(const valarray<T>&);
// TlpucBamBaHue OAHOTO U TOTO Ke 3HAYEHWA BCEM 3INEMEHTAM:

valarray<T>& operator=(const T&):

// TpuceanBaHue NOAMHOKECTB MAcCUBY valarray:
valarray<T>& operator=(const slice array<T>&);
valarray<T>& operator=(const gslice array<T>&);
valarray<T>& operator=(const mask_array<T>&);
valarray<T>& operator=(const indirect array<T>&);

HYMepaHI/IH 9JIeMEHTOB MacCHBa valarray Ha4MHaeTCs C 0. HpOBepKa BbIXO/la 3a IIpe-

JEJIbl JUalla30Ha HE ITPOU3BOJAUTCA.
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KpoMme 1puBeieHHBIX BbIIE, OIPeeJeHbl onepanun 0600IeHHON MHAEKCAIUU, WK
U3BJIEYEHU MTOAMACCUBOB 13 valarrayl:

valarray<T> operator[](slice) const;

slice_array<T> operator[](slice):

valarray<T> operator[](const gslice&) const;

gslice array<T>  operator[](const gslice&);

valarray<T> operator[J(const valarray<bool>&) const;
mask_array<T> operator[](const valarray<bool>&);
valarray<T> operator[](const valarray<size t>&) const;
indirect_array<T> operator[](const valarray<size t>&);

Dopwmbl omeparuii ¢ const BO3BpAIAOT MOAMHOMKECTBO KaK HOBbLIII MAaCcCUB THIA
valarray, a hopMbl 6e3 const — Kak MaccuB COOTBETCTBYIOIIETO THIIA.

Omnpenesnennsl yHapHbIe ONE€Palyu +, -, ~ 1 |, OMHApHbIE ONepamun +, -, *, /, %, * &, |, <<,
>> a TaKKe COOTBETCTBYIOININE CIOKHbIE IPUCBAUBAHUS (+=, *= 11 T. ]I.), BTOPBIM OII€e-
PaHIOM KOTOPbIX MOKET ObITh KaK YUCJIO, TAK U MACCUB, HAIIPUMEP:

valarray<T>& operator+= (const T&);
valarray<T>& operator+= (const valarray<T>&);

B niepBoM cirydae Kaskiblil 9JIeMEHT MacCHBa YBEJUYNBAETCS Ha 3aJlaHHOE YHCIIO, a BO
BTOPOM BBITIOJIHSIETCSI TIOYJIEHHOE CJIOKEHIE COOTBETCTBYIONINX 9JIEMEHTOB BYX MacC-
CHBOB. OHepaL[I/II/I NpUMEHNMbI K MaCCHUBaM, /JisA 3JIEMEHTOB KOTOPbLIX OHU ABJIAIOTCA
JOIYCTUMbBIMU. Eciii pasMepbl MacCHBOB, yYaCTBYIONIUX B ONEPAIlH, He COBIIA/AIOT,
pesyJabrar He onpeeset. Oneparuu << 1 >> 0603HAYAIT TOPA3PSAHBIN CABUT KasKI0-
ro ajieMeHTa (TO eCTh He CABWI 9JIEMEHTOB ¥ He BBOJ,/BBIBOI).

[Ipnmepsr:
v4 += 1: // PesynbtaTt — 5.5.4,7.2 (v4 onucad Bblwe)
v2 += v3; /] v2[i] = v2[i] + v3[i] pna i =1, ... 100
v4d >>= 1 // Pesynbtar — 2.2.2.3.1

B knacce valarray ornpezesnieHbl Cae/lyione MeTOIbL:
size_t size() const; // Pasmep maccusa

T sum() const; // CyMma 3NeMeHToB
T min() const; // HaunmeHbliee 3HayeHue
T max() const; // Hanbonbuwee 3HavyeHue

// Tloruyeckuit casur Ha 1 anemeHtos (Bneso, ecan i>0):
valarray<T> shift(int i) const;

// UMKNMYecKkuin casur Ha 1 anemeHtos (Bneso, ecan i>0):
valarray<T> cshift(int) const;

// TlprmeHeHne dyHKumm func K KaxgoMmy 3/1EMEHTY MacCuBa:
valarray<T> apply(T func(T)) const;

valarray<T> apply(T func(const T&)) const;

// NOBTOpHAd MHUUMANNU3AUNA (BCE 3/IEMEHThl 3aMEHAINTCA Ha
// 3HAYyeHue No yMONYaHWi, pas3Mep BEKTOopa — SZ:

void resize(size t sz, Tc=T0));

! TlosicHeHnst neifcTBUst HTHX oTiepaIuii JaHbl B CJIEAYIONIEM pas/ere.
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Dyukiun caura shift u cshift u npumenenue GyHKIMU apply BO3BPAIAIOT HOBBII
MACCHB, IIPU 3TOM UCXOHBII ocTaeTcst 6e3 uaMeHeHni. [Ipu JIOTHIEeCKOM CIBUTE OCBO-
GOAMBINNECA 3HAYECHUS 3ATOJHAIOTCS 3HAUEHUEM 110 YMOJYAHUIO IS JJAHHOTO THIIA
3JIEMEHTOB.

[ToBTOpHAs MHUIIMAIU3AIMS C TOMOIIBIO resize He IpeiHasHavYeHa [ TOro, 4T0ObI
JMMTHAMUYECKU W3MEHSTHh pa3Mep CYyNIeCTBYIONIEro MaccuBa. lIpemosaraercs, 4To
valarray MCIoJb3yercs st ObICTPOoil paboThl ¢ YUCTAMU M €r0 pasMep OCTAeTCs I0-
CTOSTHHBIM B T€UYE€HME BCETO BPEMEHU €T0 MCIOTb30BAHMUSI.

K maccuBam MokHO nipuMensaTh yHkiuu abs, acos, asin, atan, atan2, cos, cosh, exp,
10g, 10910, pow, sin, sinh, sqrt, tan, tanh, Hanpumep:

v2 = cos(v3): // v2[i] = cos(v3[i]) ana i =1, ... 100
ITockoIbKY 2JIeMEHTBhI MacCHBa valarray MpeACTaBJIsAOT cOOOM IOCIeI0BATENbHOCTb,
K HeMy IIpUMEHNMBI BCE CTaH]IapTHI)Ie aJII‘OpI/ITMbI n I/ITepaTOpr, paCCMOTpeHHbIe B

npeabaynmx pasaenax. Ho 6osee apdektnsro pabotaTh ¢ MACCUBOM Yepe3 Cpe3bl 1
IIOJIMHOKECTBA, paccMaTpUBaeMble B CJIeyIONeM pasziede.

Jluig valarray onpe/iesieHbl JJOTHYECKUE ONEPAIH <, >, ==, |= 1 T. JI., Jal0Il1e B Pe3YJib-
Tare MacCWB TUTA b001, KaK/bIH 2JIeMEHT KOTOPOTO PaBEeH Pe3yJbTaTy ollepaliu, Ipu-
MEeHEHHOH K T1ape COOTBETCTBYIOIINX 2JIEMEHTOB CPABHUBAEMbIX MACCUBOB, HAIIPUMEP:

template<class T> valarray<bool>

operator== (const valarray<T>&, const valarray<T>&);:
template<class T> valarray<bool>

operator!= (const valarray<T>&, const valarray<T>&);

Ecnu pasmepbl MaccHBOB, yYacCTBYIOIIMX B Ollepallid, He COBIIQJAIOT, Pe3yJbTaT He
OTIpEe/IeTICH.

BcnomorartenbHblie KJ1acChbl

Kiacc slice (cpes) mo3BoJIsieT 3a1aTh MOMHOKECTBO UHIEKCOB 3JIEMEHTOB MACCUBA:

class slice{

public:
slice();
slice(size t start, size t size, size t stride);
size_t start() const: // MHJEKC NepBOro 3feMeHTa
size t size() const; // 4nNcno 3nemMeHTos
size t stride() const; // war

b
[ITar — aT0 paccrogHue MeXIy AByMd ajeMeHTamMu cpe3a. Hampumep, slice(3, 4, 2)
3a/[aeT Cpe3, COCTOSIINI 13 9IeMEHTOB MacCuBa ¢ HoMepamu 3, 5, 7, 9, a sTice(1, 3,
4) — ¢ nomepamu 1, 5, 9. Takum 06pa3oM, ¢ TIOMOIIBIO CPE30B MOKHO MPEACTABUTD
MacCHB KaK MaTpPHILy, 3a/[aB B HEM CTPOKY WU CTOJIOEIL.

Tenepb MOXXHO NPUBECTH IMPUMEP OIEPAIMU WHAEKCAIUN MOIMHOXECTB MaCcCUBa
valarray, onucaHHOH B TIPe/IbILyIIieM pasjene: orepaTop a[slice(l, 5, 3)] = b BeImo-
HUT IIpYUCBauBaHue MaccuBa b TOJBKO dJ1eMeHTaM MacCUBa a, 3aJaHHbIM CPE30M.
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Jlnst yno6HOM paboThl ¢ TIOAMHOKECTBOM HJIEMEHTOB MACCHBA BBEJICH 1MTAGJIOH Kiacca
slice_array. CamocTosiTe/IbHBIE OOBEKTHI HTOTO KJIACCa He CO3/AITCs, Bce 00paleHUsT
K HUM Ha CaMOM JieJie 1epeaipecyioTcess Ha MCXOHBIN MacCHUB:

slice array<double>& sl = v2[slice(0, v.size() / 10, 10)1;

// YBennynTb Ha 5 nepsbiii cTonbed matpuusl 10 X 10:

sl +=5;

slice array<double>& s2 = v2[slice(0, v.size() / 10, 1)];

// YBenuynTb B 2 pasa Kawfblii 3n1eMeHT nepBoi CTpoku matpuusl 10 X 10:
S2 *=2;

B mabsone slice_array ompe/esieHbl CIOKHBIE OTEPAIlN IPUCBAUBAHUS (+=, *=, >=
U T. JI.), HATIPUMEP:

void operator*= (const valarray<T>&) const;
void operator/= (const valarray<T>&) const;

OHM BBITIOTHAIOT YKa3aHHbIE JIENCTBUS C APryMeHTOM U dJIEMEHTaMU NCXOAHOTO Mac-
CHBa, 3a/TaHHbIMU CPE30M, Ha KOTOPbIE CChLJIACTCA ST 1’ce_a rray. KpOMe TOTrO, onpeaesie-
Ha orepainusa IMprucBanBaHUA CKAJAPHOTO 3HAYECHUA, KOTOPasd BBITTOJTHACT IIPpUCBanBa-
HHE BCEM dJIEMEHTaM MCXOJHOTO0 MaCCHUBa, BXO/AINM B CPeE3.

Cranmapras 6M6IHOTEKA HE MPEIOCTABIISAET CPEACTB st pabOThI ¢ MATPUIIAMU, HO C
MOMOIIBI0 aOCTPAKIIN, 3a[aBAEMbIX Cpe3aMi, MOKHO 3((HEKTUBHO paboTaTh ¢ MACCH-
BOM valarray Kak ¢ MaTpHIleil TIPOU3BOJIBHOIN Pa3MEPHOCTH.

Eci Tpebyercst paboTaTh ¢ TOAMHOKECTBOM, KOTOPOE HEJb3s1 3a/IaTh OJIHUM CPE3OM,
UCToMb3yeTcst mabaon gslice — 0600NeHHbII cpes:

class gslice{
public:
gslice();
gslice(size t s, const valarray<size t>& len,
const valarray<size t>& d);
size t start() const: // unpexc nepsoro anemenTa
valarray<size t> size() const; // 4uCNO 37EMEHTOB B U3MEpPEHUU
valarray<size t> stride() const; // warn gns uupexcal0], wunpekca[l],..
b
OO60OIIEHHBIN cpe3 3alaeT HECKOJBKO CPe30B. IMHIEKC HAYaJbHOTO dJIEMEHTa yKa-
3bIBaeTCsl MEePBbIM IapaMeTpPoOM S, pa3Mepbl CPe30B Iepe/aloTcsl yepe3 MacCuB len,
a maru — yepes MaccuB d. PaaMepHoCcT MaccuBOB, ollpeiesisioniie KOJN4ecTBO 3a/1a-
BAaEeMBIX CPE30B, TOJKHBI COBIIA/IATh

Harmpumep, eciim 3aath mapaMeTpsl

start = 0
len = {2, 3}
d=1{4, 1}

HOJIyYHMM I10CJIe0BATEIbHOCTh NHIEKCOB MaCCHBa
k=1(0.1) x4+ (0.1.2) x1

KOTOpbIE IAJIyT B pe3yJbTaTe MaTpUIly 2x3 U3 JIeBOrO BEPXHEro yrja MaTpullbl 3x4,
PACIIOJIOKEHHON B MAMSTH MO CTOJIOIaM (TIEPBbIi CPe3 ¢ AJIMHOM 2 U MIaroM 4 OIiChI-
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BaeT J[Ba JIeMeHTa CTPOKM, BTOPOil — ¢ AJMHON 3 1 marom 1 — onmcbIBaeT Tpu sJ1e-
MeHTa CTOJI0IA):

Vcxoaast MaTpuia: OG6o01IeHHBIH cpes:
00 01 02 00 01

10 11 12 10 11

20 21 22 20 21

30 31 32

Pacnonoxenne B mamsaru:
00 10 20 30 01 11 21 31 02 12 22 32

Tenepsb, 4To6bI, HATIPUMEDP, OOHYIIUTH SJEMEHTBI TOAMATPHUIILI 2X3, MOKHO 3aTHCATH:

valarray<double> v(1, 12); // Co3paem Maccus 13 epmHny
int length[] = {2, 3};

int str{] = {4, 1};

valarray<int> Ten (length, 2);

valarray<int> d (str, 2);:

// Q6Hynaem anementsl VL0, v[1], v[2], v[4], v[5], v[6]:
vlgslice(0, Ten, d)] = 0;

Ananornyno ma6/omy slice array, 41 paboThl ¢ IIOAMHOKECTBOM DJIEMEHTOB MACCHU-
Ba, 3aJlaHHBIM 0OOOIIEHHBIM CPE30M, BBEJeH 1Ma0/IoH Kiacca gslice array, coaepska-
Uil TOT ke Habop SIeMEHTOB, uTo 1 slice array. CamMocTosITEIbHbIE OOBEKTHI KIacca
gslice array cosmaBaTh 3allpelleHo: Bce oOpallleHusl K HUM IepeafpecyioTcs Ha Kc-
XOJIHBIII MAaCCHB.

Ecii TpebyeTcst 3a1aTh TIPOU3BOJIBHOE TIOJMHOKECTBO 9JIEMEHTOB MAaCCUBA, JIJIsI KOTO-
pOTo HeJb3s ONUCATh 3aKOH U3MEHEHUS UH/IEKCOB, UCIIOJIb3YIOT JOTUYECKUil MacCUB
mask_array, KOTOpblil Ipeicrasisier coboii valarray<bool>. DJIEMEHT 9TOro MacCuBa,
paBHBIN true, 03HAYAET, YTO COOTBETCTBYIOIINM 37IEMEHT Valarray BKJIIOYAeTCs B MO/-
MHOKecTBO. [l mask_array ompezeseH TOT ke Habop MoJIell 1 METOI0B KJacca, 4To 1
g gslice_array.

OG6DBEKTHI HTOTO KTacca MOTYIAIOTCS B PE3YIbTATe MCTOMB30BAHMS B OMEPAITHIX 0600-
IIeHHO! MHEeKCallK valarray, olMCaHHbIX B IIPebIyIIeM pasjiesie, HalpuMep:

pbool m[] = {true, true, false, true, false};

valarray<bool> mask (m, 5);

// 3nemeHTam Homep 0, 1 u 2 maccusa Vb MpuCBaNBaeTCH

// 3Ha4yeHue CUHyCa COOTBETCTBYWWMX 3NIEMEHTOB Maccupa V4,

// ONUCAHHOTO B MpEfbiayleM pasfene:

valarray<int> v6 = sin(v4[mask]):
Jpyroii croco6 BbIAEIEHNS IIPOU3BOIBHOIO MOAMHOKECTBA, MO3BOJIAIONINN TIepeyIIo-
PAOUMBATE AJIEMEHTHI Valarray, SBJseTcs KOCBeHHBI MaccuB indirect array. B nem
3a/laeTcsl 1OCAe0BaTeIbHOCTD UHAEKCOB MaccuBa. OOBEKT 3TOro Kjacca CO31aercst
IIpU UCIIOJIb30BAHUHU B KayecTBe MHJEKca valarray<size t>, Hampumep:

int i[] = {3, 2, 4, 0, 1};

valarray<int> index(i, 5);
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valarray<int> v7 = v4[index];

// v7[0] = v4[3]., v7[1] = v4[2]. v7[2] = v4[4]. v7[3] = v4[0], v7[4] = v4[1]
Yucso a7eMeHTOB MacCuBa, MCTIOJIb3yeMOT0 B KauecTBe WH/EKCa, He JIOJKHO TTPEBBI-
n1aTb YMCJIO 3JIEMEHTOB B I/IH]j[eKCI/IpyeMOM MaccCuBe.

[lepeuncaiennbie kmacesl — slice array, gslice array, mask array u indirect array — Hesb-
351 CO3/IaBATh BIPAMYIO 1 KOUPoBaTh. OHM MIPO3PAYHBbI /17 TI0IH30BATEII U CO3/IAI0T-
¢S B pe3ysbTaTe MCMOMb30BAHNSI B KaUeCTBe MHIEKCA MacchBa valarray cpesos, 0600-
HIEHHBIX CPe30B, JIOTMYeCKUX MaCcCHUBOB Vvalarray W MacCUBOB Tuma Size t
COOTBETCTBEHHO.



N'NMMABA 16

Opyrve cpencrtea
CcTaHAapTHON OMONnoTeku

Kpome paccmorpentbix, crammaptHas 6ubmaroreka C++ cOmepsKUT cpeacTBa TOJ-
MEPAKKY SI3BIKA, TUATHOCTHKM, JIOKATU3AINHI, PAOOTHI ¢ KOMIIJIEKCHBIMHU YHCIaMH, 60-
see 200 pyHKIMIL, yHACIEIOBAHHBIX 13 cTaHAApTHOI OGubanoreku C, a TakiKe TUIIOB
IUTS UIX TIOJI/IEPKKY W MAaKPOCOB.

Cpedcmea no00depicKu sS3vika BRIOUAOT OMUCAHUS (QYHKIUIT U TUIIOB, KOTOPBIE TOJIK-
HBI TIPUCYTCTBOBATD MIPU BBINOJIHEHUU porpaMMbl. OHU BKJIIOYAIOT B ce0sT MOIEPIK-
Ky 3alycka M 3aBepIieHus MPOTpaMMBbl, onepartuii new n delete, onucanue cCBOHCTB
BCTPOEHHBIX THIIOB JaHHBIX, JMHAMUYECKYIO0 MACHTU(DUKAIIIO TUIIOB, 06pabOTKY HC-
KJTIOUEHUI W JIPyrue CPe/iCTBA BPEMEHU BBITOTHEHUS. JTU CPEACTBA MPEJCTABIEHBI
B 3aroJIOBOYHBIX (paiimax <cstddef>, <limits> <climits>, <cfloat>, <cstdlib>, <new>,
<typeinfo>, <exception>, <cstdarg>, <csetjmp>, <ctime>, <csignal>.

B 6ubnuorexe (aiia <1imits>) onpexenen mabaoH Kaacca numeric_1imits, B KOTOpoM
OIIPEJIEISTIOTCST CBOFICTBA TUIIA JIAHHBIX, 3ABUCSIIIE OT PeATM3allii: JAUAITa30H, TOU-
HOCTbh, HATMYME 3HAKA U T. 1. [lJIs1 KasK1I0TO U3 OCHOBHBIX THIIOB JaHHBIX OIMpPEIeIeHa
crienmasnu3sanus mabaona numeric_Timits. OTu ke XapaKTePUCTUKU ONIPEAEIAIOTCS U B
KOHCTAHTaXx, ONMCAHHBIX B 3ar0JIOBOYHBIX (haiiyax <climits> m <cfloat>, yHacienoBan-
HbIX u3 Oubsmorexu C, Hapumep:

FLT DIG — KoM4YecTBO BEPHBIX 3HAYAIuX MUhp B BeamunHe tumna float;

FLT MIN — MUHMMaJbHOE HOPMAJM30BAHHOE YUCJO C IJIABAIONIEH TOYKON, KOTOpOe
MOJKeT GBITh TpeicTaBIeHo THmoM Tloat;

UINT_MAX — MakcuMaJbHOE 3HaueHue, KOTOPOe MOXKET IPUHUMATh BeJWYMHA THUIIA
unsigned int (moykHO OBITH He MeHee 65 535).

IIo/HOCTBIO 3TH KOHCTAHTBI OIMCAHBI B MPUJIOKEHNN 5.

st obpabomku owubox npu eviderenuu namsmu B OUOAMOTEKE OIMCAH KJACC
bad_alloc, Tun yHKImii-06paboTunKoB omuboK new handler u GYHKIMS YCTAaHOBKH
HOBOTO 06paboTurka set new_handler.
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MexaHusm 06paboTKU OMIMOOK BhIAENEHUS TTAMATH CJELYIOIIL eCJI Ollepalust new
HEe MOJKET BBIAEINUTH TpebyeMoe KOJMYeCTBO IUHAMUUYECKON MaMsITH, OHa BbI3bIBAET
dyHKIMI0-00paboTunK Tria new_handler, KOTOPBI AOJKEH JUOO MOMBITATHCST 0CBOOO-
JTh TIAMSITh, TMOO0 IOPOANTD UCKJIIOUEHIE B BI/IE 00BeKTa KJIacca bad_alloc msm npo-
U3BOJHOTO OT Hero, 1uG0 BbI3BaTh (GYHKIMIO abort MJu exit Ajisd 3aBeplLieHus IIPo-
rpammbl. DyHKIMs set new handler wcmoib3yercst st YCTaHOBKHM COOCTBEHHOTO
06paboTyrka BMECTO craHgapTHoro. Kak mpasuiio, oHa IpUMEHSIETCS IIPU IIeperpysKe
omnepaiuii new u delete.

Jlist noddepacku Ounamuyueckoll uoenmudurauuu munog B GUOJIMOTEKe ONPEIesIeH KIace
type info, paccMoTpeHHBIN B paszgene «IIpeoOpasoBanmsa Tumos» Ha c. 231, a Taxxe
KJacchl UcKIoueHuit bad_cast u bad_typeid.

Bce cmandapmmvie uckmiouenuss SBISIOTCS TOTOMKAMU OTIMCAHHOTO B 3aTOJIOBOYHOM
haitme <exception> kmacca exception.

Cpedcmea duaziocmuxy BKITIOYAIOT B ceOsl CTaHAAPTHBIE KJIACChl U GYHKIUI, KOTOPbIE
UCTIOJIB3YIOTCS JIIST IMATHOCTUKK ONTHOOK, BO3HUKAIOIIUX B Mpoilecce paboThl TMPo-
rpaMmbl. Bece ommbku mozppasgensiorcs Ha Jgozuueckue (10gic_error), KOTOpbIE B
IPUHIIAIIE MOKHO OOGHAPYKKUTh 0 3allyCKa IIPOIPAMMBbI, U OUUOKU BDEMEHI 6bINOINHE-
nus (runtime_error). B 6ubsnoreke onpejeseHa mpocras nepapxus KJIacCOB UCKJIO-
YeHUH, KOTOpast J0KHA CIYKUTH OCHOBOU JIJISI MCKJIIOYCHUM, CO3/IaBAa€MbIX TTPOTPaM-
MUCTOM:

exception

bad_alloc

bad_cast
— bad_typeid

bad_exception

logic_error
length_error
domain_error
out_of range
invalid_argument

runtime_error

range_error
overflow_error
underflow_error

Puc. 16.1. Mepapxusi knaccoB CTaHOAPTHbIX UCKJTIOYEHWI

Hiuke xpaTko onucanbl 9TU KJIACCHL
Q bad_alloc — ommbKa MpU IMHAMHUYECKOM PACTIPEAECHUY TIAMSITH C TTOMOITITHIO New,

QO bad cast — HempaBMJIBHOE HUCIOJIb30BaHUE omeparopa dynamic_cast (cMm. pasmen
«IIpeobpasoBanus THIOB>, ¢. 231);

O

bad typeid — omepamms typeid He MOXKeET ONpeesnTh THIT otiepana (cM. c. 238);

QO bad exception — moposzaaeTcs, ecyiv IIpU BbI3oBe (DYHKINY, B crelndrKaIium ruc-
KJIIOUEHHH KOTOPOIf OHO YKAa3aHO, TIPOU30IIJI0 HEOXKHIIAaeMOe HCKIIIOUEHIIE;
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Q Tength_error — mombITKa co3anusi 06bEKTA, OOJBIIETO, YeM MaKCHMAJIbHBII pa3-
Mep ThIa size_t;

Q domain_error — HapylleHue BHYTPEHHUX YCJIOBUI 11epe]] BbIIOJHEHUEM JIefiCTBU;

QO out of range — monbiTKa Bbl30Ba (PYHKIUHU € [TaPaMeTPOM, He BXOJIAIIMM B JIOILYC-
TUMbIC 3HAYCHUS;

Q invalid_argument — mombITKa BBI30BA (DYHKIINK C HEBEPHBIM MapaMeTpoM;
QO range_error — HENMPaBUJIBHBIN Pe3yJbTAT BBITIOJIHEHNS;

Q overflow_error — apudmeTnyecKoe mepenotnenue (Pe3yabTaT CIUIIKOM GOTBITON
JUIST YKa3aHHOTO THUIA JaHHBIX );

Q underflow _error — mcuye3HOBEeHUE TIOPSIIKA (PE3YAbTAT CIAUIIKOM MAJTEHbKUH JIJIst
YKa3aHHOTO TUIIA JIAHHBIX).

[l MCIO/Ib30BaHUA 9THX KJIACCOB HEOOXOAUMO MOAKIIOUNTD 3ar0JOBOYHBINA (haiin
<stdexcept>.

Cpedcmea noxanusayuy BKIOYAIOT B cebst YIOPAIOYEHHYIO TI0 KATEropusiM nHbopma-
W10, CIIeIU(DUYHYTO /IJIT PA3HBIX CTPaH, HAIPUMeED, TIPeJICTaBJeHue aThl U BPEMEHH,
opmar HaMOHATBHON BaJIOTBHI, MpeEJCTaBIeHUE YHMceJ U CUMBOJIOB. Karteropum
MpeJICTaBIeHbl KiaaccaMu. [IporpaMMHUCT MOXKET UCTIOMb30BATh WX JUI 0GeCTedeH st
YHUBEPCAIBHOCTU TIPOTPaMMbI TIpH ee paboTe B PasJuuHbIX crpaHax. OmucaHus
CPEeJICTB JIOKAJTN3AINY HAXO/ATCS B 3ar0JI0BOYHBIX (aiiyax <locale> n <clocale>.

s pabomoi ¢ KomMnieKcHoiMu wuciamu OubIMoTeKa IpesocTaB/sgeT mabIoH Kiacca
complex, ero crienmanan3anuu A TamnoB float, double m Tong double, a Takke MHOTO-
YUCJICHHbIC C]f.)YHKL[I/II/I. BCG 3TO 6OI‘3TCTBO CTAaHOBUTCA JOCTYIIHBIM ITPH IMOAKJIIOYEHUN
3aroJI0BOYHOTO haiima <complex>.

Oynariyuy 6ubIMOTEKN ONMCAHBL B IPUIOKEHUN 6, KOHCTAHThI, MAKPOCHI M THIIbI —
B TIPUJIOKEHUN 5, 3aTOJIOBOYHBIE (DaiiIbl — B MPUIOKEHUN 4.
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CtaHaapTHbIE NOTOKU

Boimonnuts 3aganus u3 pasaena «llukanyeckne BbIYMCANUTENIBHBIE TTPOIECCHI> (CM.
yIpakHEHUS K TIePBO YaCTH) C MCIOJb30BAaHNEM CTAHIAPTHBIX TTOTOKOB, MAaHUITYJIS-
TOPOB 1 (POPMATUPYIOIIUX METO/OB.

daiinoBblie NOTOKMU

Beimosinuts 3amanus u3 pasuena «Dyukimu u (aiisibi» (M. yIpaKHEHUs K TIEPBOI
YacTH) C MCIIOJIb30BaHNEM (DailJIOBBIX TIOTOKOB ¥ METOIOB 06paboTKM OMMGOK.

MoToKu u TUNbI, onpepeneHHble NoJib3oBaTeNiemM

Jlomomnuts nporpaMmel U3 paszena «Kiaccpr» (cM. ynpakHEeHUS KO BTOPOH YacTH)
MeperpysKeHHbIMI OTIEPANMSIMU BBOJIA,/BbIBOJIA B TMIOTOK JIJISI CO3/TAHHBIX KJIACCOB.

Ctpoku

Boimosauth 3ananus u3 pasgena «Dyurimn 6ubanoTeKn st paboThl CO CTPOKAMU
1 cUMBOJIaMU» (CM. YIIpa)KHEHUS K TIepPBOI YaCcTH) ¢ MCIIOJIb30BaHEM KJacca string.

KoHTenHepHble Knacchbl

BeimomanTh 3azanusg n3 pasneno «OpHOMEpHBIE U AByMEpPHbBIE MaccuBbI», «CTPyK-
Typbl» U <«/[uHaMUUeckue CTPYKTYPbI JaHHLIX» (CM. yIpa)kKHEeHUs K 1epBOH 4acTu)
C WCTIOJIB30BAHUEM COOTBETCTBYIONIMX KOHTEHHEPHBIX KIACCOB GUOIMOTEKH.

Anroputmsl

BoimonnuTs 3ananng u3 pasjena «OpHoMepHbIe MACCHBBI» (CM. YIIPaKHEHUS K TIep-
BOW YaCTH) ¢ UCTOTH30BAHIEM KOHTEHHEPHBIX KIACCOB M AITOPUTMOB GHOIMOTEKM.

Knacc valarray

Bomonnuts 3aganus u3 pasnenos «OaHoMepHble MacCUBBI» 1 «/[ByMepHble Maccu-
BBI» (CM. yIIpa)KHEHU K TIePBOM YacTN) C MCII0JIb30BAaHNEM KJlacca valarray u cpe3os.



NocnecnoBue

B o100l kHUTe 6OJIBIIOE BHUMAHUE YIEASI0Ch ONMUCAHII0 OCHOB sizbika C++. Biage-
HUe UMM sBJsgercs 6a30ii, HeoOXoAUMOI i Hanucanus nporpamm. Ho cosparb sd-
(heKTUBHYIO, JIETKO YATAEMYIO U PACIIMPSIEMYIO IIPOrPaMMy HEBO3MOKHO 0e3 3HAHMsI
MEXaHU3MOB peajii3alliid BO3MOKHOCTEH sI3bIKa M CIIOCOOOB WX B3aMMOIEHCTBUSI.
Kpome toro, kak yrBepskmaaer Ckorr Maiiepe, «pabora Ha C++ npu npasuivrnom ezo
UCNONL306anUY  CII0cOOHA JOCTABUTh yIOBOJLCTBUE». HemosHoe ke IIOHHMaHue
(byHK]_[I/IOHI/IpOBaHI/IH A3bIKa, HAIIPOTUB, TTPUBOJAUT K CO3JaHUIO TIPOTrPaMM, ITOJIHBIX
ombOK M He TIOAIAIOIINXCS COIPOBOKICHMIO.

ToBeneHME A3BIKA OTIPEIETSIIOT 1IEJIN, TIOCTaBJIeHHbIe Tpu ero paspadorke. [l C++
OCHOBHBIMH TIEJISIMU SIBJISITUCH 3(D(HEKTUBHOCTD, TPUMEHUMOCTD JIJIST IMUPOKOTO CTIEK-
Tpa peasbHbBIX 33/1a4, a TAKXKEe COBMECTHUMOCTD C S3bIKOM C, TPAUITHIOHHBIMI WHCTPY-
MEHTaMU U OKPYKEHUEM.

Wcropus co3manns s3bIKa U IPHYUHBI BKIIOYEHIST B HETO TEX BO3MOKHOCTEN, KOTOPBI-
MU OH 00OJI/IAeT B HACTOSIIUE MOMEHT, MOAPOGHO ormcanbl B kuure b. Ctpaycrpyma
«/lm3aitn n aBosrorus s3pika C++» [18]. Vsyuerne aToif KHUTH TTOMOSKET MOHSTB, OT-
Yero CpeICTBA sI3bIKA PEAM30BAHBI UMEHHO Tak, a He uHaue. [losesibie pakTuyeckue
COBETHI TI0 TPAMOTHOMY HANMCAHUIO 3P (hEKTUBHBIX MTPOTPAMM COIEPKATCS B KHUTAX
[17], [13] u [9]. g momydeHrs: TIOTHON CIIPaBOYHOM MHMOPMAIUU O S3BIKE U CTaH-
IapTHOil GubanoTeke Jydlne Bcero moab3oBatbes crangaprom ISO/IEC 14882:1998
(ero TIpeABapUTE/bHBIC BAPHAHTHI, MAJIO OTJINYAIONIIECST OT OKOHYATETBHOTO, MOXKHO
Havitu B VuTepHeTe).

JKemaro BceM unTaTesIsIM IAbHEHINNX YCIIEX0B B OCBOCHUM U ncnoJib3oBanuu C++!
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Onepauuu a3bika C++

Omnepanuu npuBeIeHbl B nopaake yobiBanusa npuopurera. Onepannuu ¢ pa3HbIMU IIPH-
OpHUTETaMU Pas/ieIeHbl YePTOM.

Onepauus KpaTtkoe onucanue

YHapHble onepauuu

JOCTYII K 00JIACTH BUAMMOCTH

BBIOOD
-> BBIOOD
[] WUHJIEKCAINS
() BBI30B (DYHKIUH
<tn>( ) KOHCTPYUpOBaHue
++ MOCTUKCHBIT THKPEMEHT

- - TMOCTUKCHBIN TeKpEMEHT

typeid uaeHTUhUKAINS T

dynamic_cast 1peobpa3oBaHue TUIIA C IPOBEPKOI HA 3Talle BBIIOJIHEHMS
static_cast npeobpa3oBaHyie TUIA C TIPOBEPKOI Ha dTare KOMITHIIAIII
reinterpret_cast npeobpasoBanue Tuia 6e3 IPOBEPKH

const_cast KOHCTAHTHOE IIpeodpa3oBaHue T

sizeof pasmep 0ObeKTa UJIU THIIA

- - npeUKCHBINA TEKPEMEHT
++ TpeUKCHBINT THKPEMEHT

~ TTOPA3PSITHOE OTPUTIAHTIE

JIOTU4Y€eCKOoe oTpulianne
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385

Onepauus KpaTtkoe onucaHue

- apudmernyeckoe oTpulianie (YHapHbIIT MUHYC)

+ YHapHBIH 11110C

& B3SATHUE ajipeca

* pasanpecaiug

new BbLJEJICHUE [TaMATH
delete 0CBOOOKIIEHUE TAMITH
(<tun>) npeobpazoBaHue TUIA
K BbIGOP

->* BbIGOD

BuHapHbie 1 TepHapHbie onepauun

* YMHOKeHUe

/ JieJieHue

% OCTATOK OT JIeJICHUS
+ CJIOKeHne

- BBIUMTAHME

<< C/IBUT BJIEBO

>> C/IBUT BIIPABO

< MEHbIIe

<= MEHbIIIE WX PAaBHO
> Goutblite

>= 6oJIbllle WU PABHO
== paBHO

1= HE PaBHO

& niopaspsaaas konbloHKI (1)

nopaspsHoe uckaodatomiee VJIN

| nopaspsigHas ausblonkuusg (MJIN)

&& soruyeckoe U

I sorndeckoe MJIN

7 YCJIOBHas oriepartust (TepHapHas)
= IIprCBanBaHue
*= YMHOKEHHE C TIPUCBABAHUEM

/= JeJjienne ¢ MprucBanBaHueEM
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Onepauus KpaTtkoe onucaHue
%= OCTaTOK OT/IEJIEHUS ¢ TTPUCBauBaHUEM
+= CJIOKEHHe ¢ TTPUCBAUBaHUEM

-= BblUUTaHNE C IIPUCBANBAHUEM

<<= C/IBUT BJIEBO C MPUCBANBAHUEM
>>= C/IBUT BIIPABO C IPUCBAUBAHUEM
&= nopaspsiinoe U ¢ nprucBanBanuem

|= niopazpsaaoe VJIW ¢ npucBanBanvuem

= niopazpsaaoe nckmovaorniee VJIN ¢ mpucBanBannem

throw UCKJIIOYEeHUEe

1ocje10BaTe/IbHOE BbIYMCJIEHUE
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Cneundukaunm dopmarta
ana GyHkummn cemenctaa printf

Cneuudukaumsa

MosicHeHue

c

ApPTYMEHT PAacCMaTPUBACTC KaK OT/CIbHbII CUMBOJI

d, i

apryMeHT npeobpasyercst K IeCsITUIHOMY BUILY

e E

apryMeHT, pacCMaTpUBaeMbIil Kak TiepeMenHas tuma float miam double,
npeobpasyercst B gecsaTuaHyto dhopmy B Buge [-Im. nnnnnne[+-1xx, tae
IUINHA CTPOKU M3 N OIIPeessieTcsl YKa3aHHON TOUHOCTBIO (CM. CJIef.
tabs.). ToyHoCTb 10 yMOJIYaHUIO paBHA 6

apryMeHT, pacCMaTpUBAaeMbIll Kak TiepeMenHas tuma float miaum double,
npeobpasyercst B AecATHYHY0 hopMy B Buze [ -Immm.nnnnn, tae AJinHa
CTPOKM M3 N ONPEAETAETCA YKa3aHHON TOYHOCTBHIO (CM. cJief. Tabar.).
TouHocTh IO yMO4aHuio paBHa 6

g)G

ncnoabsyercs Gopmar %e uian %f, KOTOpbIil Kopoye; He3HavYalme HyJan
He T1e9aTaloTcs

apryment npeobpasyercs B 6e33HAKOBYIO BOChbMeprdHyio Gopmy (6e3
JIMAUPYIOIIEro HyJIsl)

BBIBOJL yKa3aTeJssl B MIeCTHaAaTepuaHoM dhopmare (9Ta crielu@uKars
HE BXOAUT B CTaHAAPT, HO OHA CYHIECCTBYET ITPAKTUYIECCKN BO BCEX
peanu3anusax)

APryMeHT ABJIACTCA CTpOKOﬁI CHUMBOJIbI CTPOKU IT€4YaTaloTCA /10 TEX 110D,
IIOKa He 6yneT JOCTUTHYT Hy]IeBOﬁ CUMBOJI WJIX HE 6yz[eT HalledaTaHo
KOJINYECTBO CMMBOJIOB, YKa3aHHOE B CHeHI/I(bI/IKaHI/II/I TOYHOCTH

apryMeHT npeoGpasyercs: B Ge33HAKOBYIO JIECITUUHYIO (HOpMY

X, X

apryMeHT npeobpasyercsi B 6e33HAKOBYIO IIECTHAAIATEPUIHYIO GOpMY
(6e3 mmpupyionmx 0x)

BBIBOJUTCA CUMBOJI %
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Moaudukatopsl popmara

Mopundukarops dhopmaTa TPUMEHSIOTCS /IS YIIPaBJE€HUs] HMIMPUHOW IOJsS, OTBO-
JIUMOTO JIJIs1 pa3Meliienus 3Hauenust. MoaudukaTopbl — 3TO O/IHO UJIK JIBA YNUCJIA, [IEP-
BO€ M3 KOTOPBIX 3a/laeT MUHUMATbHOE KOJTMYECTBO TMO3UINIA, OTBOJAUMBIX MO/ YHUCJIO,
a BTOPOE — CKOJIbKO M3 3TUX MO3UIUH OTBOAUTCS MO APOOHYIO0 YacTh uncyaa (Tou-
HOCTbH). Ecaim ykazaHHOTO KoJIM4yecTBa MO3UIIMH JIJIs1 pa3MellleHns] 3HAUeHUsT HeJ0CTa-
TOYHO, aBTOMATUYECKH BBIZEJIsIeTCs GOJIbIee KOJTUYECTBO MO3UIIUIA:

Q %Z-minC wam #minC;
Q %-min.precisionC mau Zmin.precisionC.

3aech C — crenuduranys Gpopmara 13 IPUBEACHHON Bbllle TaOJUIBI, MiN — YUCIIO,
3a/1al01ee MUTHUMAJIbHYTO TUPUHY 1107151, CMBICA MoarbUKaTOpa precision, Takxe 3a-
JIABAEMOTO JIECSITUYHBIM YUCJIOM, 3aBUCUT OT crielindukanuu ¢hopmara, ¢ KOTOpOit oH
HCTIOJIb3YETCS:

QO 1pu BeIBoJie cTpoku (crienudukaius 4s) precision ykasbiBaeT MaKCUMaJIbHOE YLC-
JIO CUMBOJIOB [IJIS1 BBIBOJIY;

QO 1pu BBIBOJIE BelecTBeHHOTO uncia (crerudukanun % wim %e) precision ykassi-
BaeT KOJMYeCTBO uI/I(bp ocJie IecAITUYHON TOYKU;

Q 1pwu BeIBO/JIE T1esioTo yucia (cnerudukaruum %d wiaum %1), precision ykaspiBaeT Mu-
HUMaJIbHOE KOJIMYECTBO BBIBOAMMBIX 1U(Mp. Eciin 4ucio npejpcrabisieTcss MeHb-
ITUM YKCJIOM TP, YeM YKa3aHO B precision, BBIBOAATCS Beyiiue (HadaJabHbIE)
HYJIN.

CumBoJ MUHYC (-) YKa3bIBaeT Ha TO, YTO 3HAYCHME BBIPABHUBAETCS 110 JIEBOMY KPAio
U, eCJIM HY’KHO, IOTOTHAETCS TpobesiaMu cripasa. [Ipu oTCyTCTBUM MUHYCa 3HAUEHUE
BBIPABHUBAETCS TTO TTPABOMY KPATO U IOTOTHIETCS TIPOOETaMu CIIeBa.

[Tepen criertuduralmeil MOTYT UCIIOIb30BaThCsT peduKcesl 1 u h, Harpumep, %1f, %hu.

[Ipecduke h ¢ Tumamu d, i, o, x U X yKaspiBaeT Ha TO, 4TO TUM aprymeHTa short int,
a ¢ TumnoM u — short unsigned int.

[Ipecduke 1 ¢ Tunamu d, 1, 0, x 1 X yka3bIBaeT Ha TO, UTO TUI aprymeHnTa long int, ¢ Tu-
oM U — long unsigned int, a ¢ Tunamu e, E, f, g u G — 9yrto Tl aprymenta double, a He
float.
[Ipumep:
#include <stdio.h>
int main(){
int intl = 45, int2
float f = 3.621;
double db1 = 2.23;
char ch = 'z', *str = "ramambahari":
printf("intl = %d| int2 = %3d| int2 = %Z-4d|\n", intl, int2, int2);
printf("intl = ZX| int2 = %3x| int2 = %4o|\n", intl, int2, int2);
printf("f = %f| f = %4.2f| f = %6.1f|\n", f, f, );
printf("f = %g| f = %e| f =%+E[\n", f, f, );
printf("dbl = %5.21f| dbl = Ze| dbl = %4.1G|\n", dbl1, dbl, dbl);
printf("ch = %c| ch = %3c|\n", ch, ch);

13;
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printf("str = Zl4s|\nstr = %-14s|\nstr = Zs|\n", str, str, str);
return 0;

}

Pesynbrar paboThl TPOTPAMMBIL
intl = 45 int2 13| int2 = 13
intl = 20| int2 d| int2 = 15
f=23.621000] T=3.62 | f= 3.6 |
[
|

f=3621 | f= 3.621000e+000
dbl =2.23 | dbl = 2.230000e+000
ch=1z| ch=2z |
str = ramambahari|
str = ramambahari |
str = ramambahari |

f = +3.621000E+000 |
dbl = 2 |
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ApundmMmeTnyeckue
npeoopa3oBaHNd TUMOB

HpeO6paBOBaHI/IH TUIIOB BBITIOJTHAIOTCA, €CJN OIl€PaH/Ibl, BXO/SAIINE B BbIPa’KE€HUI,
UMEIOT pa3JIMYHbIC TUIIbI. Huke IIpuBEA€HA 1IOCJIE0BATEJIbHOCTD Hpeo6pa30BaHHﬁ.

Q

a

a

Jliobble onepanabl TUIa char, unsigned char wim short npeoGpasyrores K Tuiry int
10 TIpaBUJIaM:

char pacmmpsercs HyJaeM WU 3HaKOM B 3aBUCUMOCTH OT YMOJIYaHUSA /114 char;
unsigned char pacimupserca HyJeM;

signed char pacmupgeTcs 3HAKOM;

short, unsigned short u enum mpu npeoGpasoBaHUN He U3MEHSIOTCH.

3ateM m06ble [Ba ONEpaHa CTaHOBATCs b0 int, 6o float, double mwim Tong
doubTe.

Ecsmm onH 13 onepanaoB uMeet Tim long double, To Apyroii mpeodpasyercs K THILY
long double.

Ecnu omum u3 omepannoB mmeet tum double, TO ApyToil mpeoGpasyeTcss K THITY
doubTe.

Ecau onun us ornepanoB uMeer tuil float, To Apyroil mpeodpasyercst K TUILY
float.

WNHaue, ecjii OJUH U3 OIIEPAHIOB MMeeT THII unsigned Tong, To Apyroii mpeobpasy-
ercd K TuIy unsigned long.

Wuade, eciv 0fiMH U3 OTIEPAHIOB UMEET TUIT 10ng, TO APYTOit MpeobpasyeTcst K THITY
long.

WNuade, eciii 0JMH U3 OIEPAHIOB UMeET TUII unsigned, To apyroil npeobpasyercs
K TUILY unsigned.

Mnaue o6a onepania DOJKHBI MIMETh TUII int.

Tun pesysabTaTa TOT K€, YTO U TUII yYaCTBYIOIINX B BBIPA)KEHUH OIIEPAH/IOB.
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3arosioBo4Hble pannbl
CcTaHOapTHON OMONnoTeku

Beop/BbiBOA

<cstdio> ODOynkuuu BBoa/BbiBO/A B cTHIE C
<cstdlib> DyuKimK 1151 paboThl ¢ CUMBOJIAMHE
<cwchar> Oyuknun BBoga,/BeiBoja B ctuiie C st MHOTOOANTHBIX CHMBOJIOB
<fstream> DaitoBBIe TOTOKH
<iomanip> Manunynatopbt
<ios> bBazoBrie kacch TOTOKOB BBO/IA/BBIBOZIA
<iosfwd> [IpeaBapuTesibHbie 00bSIBIECHKS CPEACTB BBO/IA,/BHIBOAA
<iostream> CrangapTHbie 0ObEKTbI U OlIEPAIMU C TIOTOKAMU BBOZA,/BbIBO/A
<istream> Bxoxnbie notoku
<ostream> Boixonnble otoku
<sstream> CTpoKoBbBIE TOTOKHI
<streambuf> Bydepuszanus norokos
CTtpoku
<cctype> Oyurimy kraccubUKAIIT CHMBOJIOB
<cwctype>
<cwtype>
<cstring> Oyukiu st paboTsl co crpokamu B criie C
<cstdlib> DOyuKimK 151 paboThl ¢ CUMBOJIAMHE
<string> CTpOKOBBII KJIacC
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KoHTeitHepHble Knacchbl

<pitset> buroBoe MHOXkecTBO
<deque> JIBycToponHss ouepennb

<list> JIBYCBSI3HBII CITCOK
<map> CrioBapb, c10Baphb ¢ JyoauKaTamu
<queue> Ouepe/ib, ouepe/ib ¢ IPUOPUTETAMI
<set> MHOKeCTBO, MHOKECTBO C J{yOJIMKaTaMu
<stack> Crex
<vector> OHOMEpHBIIT MaccuB

ANropuTtMbl, UTEpPaTopbl, YTUIUTDI

<algorithm> AnropuTtmbr

<cstdlib> Copruposka u nouck u3 6nbanorekn C
<ctime> [lata u Bpems B cruie C

<functional> DyHKIMOHATIbHBIE 0OBEKTHI

<iterator> WrepaTopsr

<memory> Pacripenenurenn naMaTH 118 KOHTeHHEPOB
<utility> OrnepaTopsl U napbl

AnarHocTtuka, noaaepxka sidblka, nokanu3dauus

<cassert> Maxkpoc assert

<cerrno> O6paborka ommbok B ctuse C

<cfloat> Makpocsl npeziesibHbIX 3HaYenuii B cruie C
<climits> Maxkpocsl npeziesibHbIX 3Hauenuii B ctue C
<clocale> Jlokanmzarus B ctusne C

<csignal> O6paborka curnanos B cruje C

<cstdarg> [Moanepskka GpyHKIMIA ¢ TEPEMEHHBIM YUCJIOM apTyMEHTOB
<cstddef> [Mopaepxka asbika 6Gnbanorekn C

<cstdlib> 3aBeplieHue MporpaMMbl

<ctime> CucremHubie 4acht

<exception> [Momneprxka nckmoOUeHNIt

<limits> UncnoBble orpaHuYeHMsT

<locale> Kmaccer nokanmsarmm

<new> Pa6ora ¢ iMHAMUYECKOl AMSATHIO
<stdexcept> CraHapTHbIE UCKIIIOUEHWS

<typeinfo> Jlunamideckast ugeHTUGUKANNS TUITIOB
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YucneHHble pacyeTbl

<cmath> Maremarnueckre QyHKITUN
<complex> KoMmutekcHble ynca

<cstdlib> Curyyaiinble yncaa B cruie C
<numeric> YucoBble oreparm

<valarray> Kiacesl 17151 4nCI€HHBIX PACYETOB




NMPUJIOXXEHUE 5

KOHCTaHTbl, MaKpOChbI
M TUNbI AAHHbIX
CcTaHOapTHOM OMONnoTeku

[lepeunciiennble B 3TOM HMPUJIOKEHUM KOHCTAHTBI, MAKPOCHI M TUIIBI UCIIOJIb3YIOTCA
B OCHOBHOM B (DYHKIUSX CTAaHAAPTHON GHOIMOTEKN, YHACTETOBAHHLIX 13 si3bika C.

assert <assert.h>

void assert(int expression):
Makpoc assert IIpepbiBaeT BBIIOJHEHHE POIPAMMbI, €CIM 3HAYEHUE BBIPAsKEHUSI
expression siBysgercs JOKHBIM (HyseBbiM). Ilpu 3aBepurenun paboOTbI BBIBOAUTCS
coobnrenne 06 omubke Buza: Assertion failed: expression, file <uma_daiina>, line <Ho-
Mep_CTPOKM>.

BUFSIZ <stdio.h>

Koncranra BUFSIZ ipuMensieTcst A7 3aanus pasmepa B 6aiitax Gydepa noroka aam-
upIx Gynkuuamu fopen(), freopen(), setbuf(). IIpu oTKpbITHM 1TOTOKA JAHHBIX K HEMY
ABTOMATHUYECKN TIpucoennHsercss Oydep mmuHON BUFSIZ. MuHUMAJBbHBIN pasmep
BUFSIZ — 255 GaiitoB.

CHAR_BIT <limits.h>

B koncranTe CHAR BIT XpaHUTCSI KOJMYECTBO OUT HanboJiee KOPOTKOTO TUIIA JTAHHBIX
(1o crangapry — tumna char). Munnmanbaoe 3Hauenne CHAR BIT — 8.

cin, cout, cerr, clog <jostream.h>

OO6bEKThI OTOKOBBIX KJIACCOB, CBSI3aHHBIE CO CTAHAAPTHBIMU IE€PUMEPUAHBIMU YCT-
policTBamMmU.
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O6GbeKT MoTok paHHbIX Knacc

cin stdin istream

cout stdout ostream

cerr stderr ostream

clog stderr (6ydepusoBamHbIii) ostream

CHAR _MAX, CHAR MIN <limits.h>

B xoncranTe CHAR _MAX comep:KUTCS MaKCUMaJIbHOE 3HAYeHUe, KOTOPOe MOXKET UMETh
tuil char. Eciin B KOHKPeTHOH peanusaliuy 1ojjepxusaeTcs tuil signed char, To 3Ha-
yenne CHAR MAX mpenTtuuno snayenuio SCHAR MAX, B mpotusHOM ciydae — UCHAR MAX.

B xoncranTe CHAR MIN copepskutcss MUHMMaJIbHOE 3HAYeHHEe, KOTOPOoe MOKeT MMeTb
tutl char. Ecsin B KOHKPETHOH peanusaliuu 1ojjiep;xupaeTcs Tuil signed char, To 3Ha-
yenue CHAR_MIN upenTnyno 3Hayennto SCHAR_MIN, B mporuBHOM ciaydae — UCHAR_MIN.

clock t <time.h>

Tun ganabIx clock t mpenHasHaveH /IS MPECTABICHNUS BPEMEHU:

typedef Tong clock t;
3HaueHue 9TOrO THUIIA Bo3BpainaeT GyHukius clock().

CLOCKS_PER_SEC <time.h>

B xoncrtanTe CLOCKS PER SEC comep:KUTCA KOJUUECTBO UKIOB TIPOIIECCOPA B CEKYHIY.
@yukisa clock () Bo3BpaIaeT BpeMst, BRIPAKEHHOE B IIUKJIAX Tporeccopa. YTobsl me-
PEBECTH €TO B CEKYH/IBI, €0 He0OX0AMMO paszenTh Ha CLOCKS PER SEC.

DBL.. <float.h>
(cMm. FLT.)
div_t <float.h>

Crpyktypa div_t cay>KuT 115 oTIpesiesieHHsT THTIA BO3BPAIIAeMOT0 3HAYEHNS (DYHKITNN
div(). Ilose cTpyKTYypBI qUOt COIEPKUT YaCcTHOE, a MOJIe rem — OCTaTOK OT JIeJICHUS.

typedef struct{
int quot;
int rem;
Hdiv_t;

EDOM <errno.h>

Makpoc EDOM 3asiaeT OTIMYHYIO OT HYJIS IIEJIOYUCIEHHYI0 KOHCTAHTY, YTO 1103BOJISIeT
o6HAPYKUBAThH OMHUOKY 006JACTH, TO €CTh OIMUOKY, BO3HUKAIONLYIO TIPH BBIXO/E apry-
MeHTa 32 00JTacTh 3HAYEHWH, [T KOTOPOIT OTpesiesiena MaTeMaTnaeckast (hyHKIs.
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EOF <stdio.h>

Koncranra EOF coobiaer 06 okonyanuu daiina (1peacrasiaser coboil OTpULaTENIbHOE
11eJIoe YUCJio).

ERANGE <errno.h>

Maxpoc ERANGE 3azaeT OTJIMYHYIO OT HYJIS IEJTOYUCIEHHYIO KOHCTAHTY, UCIOJIb3ye-
Myto Ui ukcaruy ommbky auamasona. OmmbKa Arama3ona BO3HUKAET B CJIydae,
€CJIu pe3yJibTaT (DYHKIMK He MOKeT ObITh [TpeICcTaBieH 00beKToM THia double. B atom
caydae riepeMeHHast errno (CM. HUKe) ycTaHaBJAUBaeTcs B 3HaueHue ERANGE.

errno <errno.h>

[noGasbHast 1eJI0YnCIeHHas TTepeMeHHast errno MCIoIb3yeTcs: uisi 00paboTKH Oy~
OOK, BO3HUKAIOIIMX P MCIIOJb30BAHUN MaTeMaTH4ecKuX (DyHKIMH (MOXKET cojep-
JKaTh HOMEp OMUOKK, KOTOPBII AaeT J0NOIHUTEIbHYI0 MHGOPMAIMIO O MOCTIeHEN U3
06HAPYKEHHBIX OMHGOK).

EXIT_FAILURE <stdlib.h>

Koz cocTosanms, KOTOPBI MOKET NCIIONb30BAaThCA MpU OOpaIennn K OnOaImoTedHoi
dyurumn exit() ama coobuienus o6 ommbKe.

EXIT_SUCCESS <stdlib.h>

Koz cocTostHust, KOTOPBII MOKET MCIIOAb30BATHCS TP OOpaleHny K OubIMoTeqHon
dbyHKIMN exit() as coobiieHnst 00 YCIEHOM 3aBEPIICHUN TPOTPAMMBIL.

FILE <stdio.h>

Tun ganubix FILE comepskut nH(GOpPMAIHO, HEOOXOIMMYIO JIJIsT BBIIOJTHEHUST OTlepa-
it ¢ aitsom. CTpyKTypa 9TOTO TUIIA JAHHBIX 3aBUCUT OT KOHKPETHON peaynsaiiui,
HIUZKe TIPUBE/IEHO OJTHO U3 BO3MOKHBIX OTTMCAHUT.

typedef struct{

int Tevel; // Gnar coctoqaHna Oydepa

unsigned flags; // ®nar cocTtosHug ¢aiina

char fd; // npedukc ¢aina

unsigned char hold;  // HenepepaHHblii CUMBON

int bsize; // pasmep BHyTpeHHero Oybepa

unsigned char FAR *buffer; /* 3HaYeHne yKasaTend Ang AOCTyna BHYTpU

Oybepa; 3anaeT Hayano Oydepa, Hayano CTPOKU WU TeKyllee 3HavyeHue yKasaTens
BHyTpUu Oy(epa B 3aBUCUMOCTW OT pexuma Oydepnsaunn */

unsigned char FAR *curp; /* Tekyuee 3HayeHuWe ykasaTena Ans NOCTyna BHYTpU
Oydepa; 3afaer TeKkyuwyio nosuuuio B Oydepe ans obMeHa C nporpammon */

unsigned istemp; // ®nar BpeMeHHoro (aina

short token; // mapKep NeiCTBUTENbHOCTW (alina
JFILE;
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filebuf <fstream.h>

Crennasnusaius mabjona kiacca basic_filebuf st Tua gaHHBIX char.
typedef basic filebuf<char> filebuf:

FILENAME_MAX <stdio.h>

B xoncranTe FILENAME MAX 3azaeTcsi orpaHMueHUe Ha JUIMHY UMeHU (haiina.

float_round style <stdio.h>

[epeuncsiemsrii Tum float_round style ompesensieT KOHCTAHTBI ST PA3JTUUHbIX CITO-
co6OB OKPYTJIEHUS TIPU CJIOKEHUH YHCEN ¢ TIaBaloIiell TouKoi (eM. numeric_Timits).

enum float round style{
round_indeterminate,
round toward_zero,
round to_nearest,
round_toward infinity,
round toward neg_infinity

FLT.. <float.h>

Crenyiomue KOHCTaHTBI OIpejeseHbl Takxke st tunos double (DBL ..) m long
doubTe(LDBL ..):

KoHcTaHTa OnucaHue
FLT DIG KosmuecTBo BEPHBIX AeCATUUHBIX (P B o6bekTe Trna float
FLT EPSILON MunumanbHoe BO3MOXKHOe 3HaUeHue rnepeMennoi tumna float, Takoe,

yro 1.0 + FLT_EPSILON != 1.0

FLT MANT DIG KosmyectBo 1udp 1o ocHoBanuio FLT RADIX B MaHTHCCE JIJISI YHCET THIIA
float
FLT MAX MakcuMasibHOe YUCJIO ¢ TJ1aBalolileil Toukoit tuma float

FLT MAX_10_EXP MakcumasnbHoe 11eJioe YnCIo, Jis KOTOPOTO CIIPaBe//INBO, YTO YUCJIO,
noJiydyeHHoe 1pu Bo3sesieHnu uncia 10 B crenenp FLT MAX 10 _EXP, MokeT
ObITh TIpeICTaBIeHO 00beKTOM THIa float

FLT_MAX_EXP MakcumasibHOe 11eJ10e YUCJ0, 1751 KOTOPOTo CIIPaBe/IJINBO, YTO YUCJIO,
TIOJTy9eHHOe TIpH Bo3BemeHnn unca FLT RADIX B ctemenb (FLT MAX EXP -
1), MOKeT ObITh IPEACTABICHO 00beKTOM THMa float

FLT_MIN MunumanbHOe HOPMAIU30BaHHOE YUCJIO C ILIaBalolleil TOUKOl, koTopoe
MOsKeT ObITh MpejcTaBieno Tuiom float

FLT MIN 10 EXP MunumManbHOe 11eJ10€ YNCTIO0, /11T KOTOPOTO CIIPaBe/IJINBO, YTO YUCIIO,
roJiydeHHoe 1pu Bo3sesieHnn uncia 10 B crenenps FLT MIN 10 EXP, MokeT
ObITh TIpeICTaBIeHO 00beKTOM THIa f1oat
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KoHcTaHTa OnucaHue

FLT MIN_EXP MuHuMasibHOE 11eJI0e YUCJIO0, JJI KOTOPOTO CIPAaBEJINBO, YTO YUCJIO, T10-
JlydeHHoe T1pu Bo3Bejennuu uncaa FLT RADIX B cremenn (FLT MIX EXP - 1),
MOZKeT OBITh MPeICTaBIeHO 00beKToM THa float

Creytomye KOHCTAaHTBI HE UMEIOT COOTBETCTBUS J7ist TUTIOB double m Tong double.

KoHcTaHTa OnucaHue

FLT_RADIX OcHoBaHue Mpe/ICTaBIEHNS KCIIOHEHTHI JIJTST YMCEJT ¢ TIIaBaoniei
3amATON

FLT_ROUNDS Criocob OKpyYTJIeHVs], HCIIOJIb3Y€EMbIN [IPU BBITIOJHEHUN OI€PAIUil Hajl

YHCJIaMU C IIJIABAIONIEN 3a1sITOl

FOPEN_MAX <stdio.h>

B xoncrante FOPEN MAX 3amaeTcsd MaKCHMMaJbHOE YHMCJO OTKPBITBIX TOTOKOB. OHO
MOJIKHO OBITH GOJIBIIE VM PABHO 8, IPU 9TOM Kak/Iast IPOrpaMMa aBTOMATHYECKHU OT-
KPBIBaeT CTaHAAPTHBIE TTOTOKMW MaHHBIX stdin, stdout m stderr. IIporpammbl, KOTOpBIE
UCTIOJIB3YIOT GOJIee TISITH TOTOKOB, I0JKHBI € TIOMOIIBIO MAKPOCOB OCYIIECTBISATH TIPO-
BEPKY, MPEAOCTABJIAETCS JIM MPOrpaMMe CUCTEMOI HeoOXOANMOe KOJMUYECTBO MOTO-
KOB.

fpos_t <stdio.h>

Tun fpos_t ucnosnbdyercs Gynkimamu fgetpos() u fsetpos() ayig XpaHeHus Texytei
mo3unnu aiina:

typedef Tong fpos t;

HUGE VAL <math.h>

B makpoce HUGE_VAL omnpezenserca Hauboibliiee 3Ha4eHIe, KOTOPOE MOKET MMETh Be-
JrunHa tuna double.

ifstream <fstream.h>

Crenanusanus 1mabjioHa Kaacca basic ifstream s Tvia JaHHbIX char.
typedef basic_ifstream<char> ifstream;

INT_MAX, INT_MIN <limits.h>

B koncranTe INT_MAX comepskuTcst Hanboibiee 3HaYeHUE, KOTOPOE MOKET UMETh Be-
auunHa tuma int. 3uadenne INT MAX mo/okHO ObITh Goublune wau paBHo 32 767.

B koncranTe INT MIN comepXuTcs HanMeHblllee 3HaYeHNe, KOTOPOe MOKET UMEeTh Be-
mmguHa tuma int. 3madenue INT MIN 1oKHO OBITH MEHbITe W paBHo —32 767.
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_I0FBF, _IOLBF, _IONBF <stdio.h>

ITH KOHCTAHTHI IPUMEHSIIOTCS AJIs OlIpeeieHus peskuMa Oydepusany B QyHKIMK
setvbuf():

_IOFBF 0 noJHas 6ydepusaius;

_IOLBF 1 nocrpoutas Gydepusanus TeKCToBoro daiiia;

_IONBF 2 ormena Oydepusanuu.

i0s <i0s.h>

Crenmasusaius mabyioHa kiacca basic_i0s st TUIa JaHHBIX char,
typedef basic_ios<char> ios;

istream <istream.h>

Crenmanmsanus mabdaoHa Kiacca basic_istream asa Thna AaHHBIX char.
typedef basic_istream<char> istream;

istringstream <sstream.h>

Crenuanuzanus mabaoHa Kiacca basic_istringstream mss TMHA JaHHBIX char.
typedef basic_istringstream<char> istringstream;

L_tmpnam <stdio.h>

Koncranra L_tmpnam 3aaeT MUHUMAJIBHYIO JIJIMHY CTPOKH, TeHepUpyeMoii (hyHKITrei
tmpnam() B KauecTBe MMeHU (haiima.

LC . <locale.h>

Koncrantsr ¢ mpepukcom LC_ ucrnonbayiotes dynkimmsamu setlocale() u Tocaleconv()
IS BBIGOPA KaTeropwil JIOKATM3AIUH.

KoHcTaHTbl Onucanunsa

LC_ALL Bce xateropun

LC COLLATE WNudopmanus J1st COMOCTABACHNUS TEKCTA U COPTUPOBKU

LC_CTYPE Wndopmanus s 06pabOTKH CUMBOJIBHBIX 3aucei

LC_MONETARY Undopmanust a5t popMUPOBAHKS BATIOTHBIX JTAHHBIX

LC_NUMERIC Teppuropnanpro-crenmduieckas nHGOPMAIMS O TTPEACTABIEHNN
JECATUYHON TOYKU

LC TIME TepputopuanbHo-crierdnyeckas nHGoOpMaIus 0 aTe U BpeMeHU
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Tconv <locale.h>

CrpykTypa 1conv COfepKUT TepPUTOPUAIbHO-CIIEU(pUIecKyi0 nHGOPMAIIIIO:
typedef struct Tconv{

char *currency symbol; // CMBON Ba0ThI
char *decimal point; // CuMBON ANA NECATUYHOW TOYKM
char * frac_digits; // Paspap nocne 3andaTton AnA BanoThl
char grouping; // TpynnupoBKka undp
char *int_curr_symbol;  // BanoTHuii cumson IS0
char *mon_decimal _point; // CumBOMbI ANA NECATUYHOW TOYKM BASOThI
char mon_grouping; // TpynnupoBKa UM(BP BaOTHbBIX AAHHbIX
char *mon_thousand _sep; // Pasgenutenun ThiCcA4 B BaswTe
char n_cs_precedes; // Tlo3nung B BasoTe 3HaKa —
char n_sep by space; // Tlpobensl Mexay 3HAKOM — W OTpUUaTeNbHON
// BANOTHON BENNYUHON
char n_sign_posn; // Paspan » ¢gopmaT cumsona
// 0Na OTPULATENbHOM BAMOTHON BEINYUHI
char *negative sign; // 3HaKnm ONA OTpUUATENbHOW BASTHOW BEUYMHbI
char p_cs_precedes: // Tlo3nuna BanwTHOro CuMBONa
char p_sep by space; // TlpoGensl Mexay BaMoTHLIM CHUMBOSIOM

// W BanNOTHOW BENNYUNHOMN
char p_sign_posn; /* Mo3uund n QOpMaTUPOBAHME 3HAKA + ANA NONOKATENbHON
BAIOTHOM BENYNHBI */

char *positive sign; // 3HaKM 4Ng NONOKATENbHOW BasOTLI
char *thousands_sep; // Paspenntenb ThiCAY
b
LDBL .. <float.h>
(em. FLT )
1div_t <stdlib.h>

Crpyxkrypa div_t ciysKUT U1 olpe/iesieHusl THIIAa BO3BpAlllaeMoro 3HadeHus QyHK-
1mn 1div(). Ilose cTpyKTyphl qUOt COEepsKUT YacTHOe, a MoJIe rem — OCTaToOK OT JieJie-
HUSL.

typedef struct({
int quot;
int rem;
Hdiv_t;

LONG_MAX, LONG_MIN <limits.h>

B xoncranTe LONG_MAX comepskuTcst HauboJibliiee 3HaYeHUe, KOTOPOe MOKET UMETh Be-
mmguHa Trma 1ong. 3maderve LONG_MAX mommkHO OBITH IO MeHbIeit Mepe 2 147 483 647.




an/IJ'IO)KeHI/Ie 5. KOHCTaHThI, MaKpOCbl U TUMbl OaHHbIX CTaH,EI,apTHOI7I 6rnbnnoTekn 401

B xoncrante LONG_MIN comep:kuTcst HAaMMeHbIIee 3HAaUeHNe, KOTOPOe MOXKET UMETh Be-
mryuHa tuma long. 3uadenne LONG MIN momxmo 66iTh He Goee —2 147 483 647.

MB_CUR_MAX <stdlib.h>

B makpoce MB_CUR_MAX 3amaeTcsi MaKCUMaJIbHOE KOJUYECTBO OANT B OJHOM CHMBOJIE
JeficTByOIIEro Habopa CHMBOJIOB.

MB_LEN_MAX <limits.h>

ITa KOHCTaHTa COAEPKAT MaKCUMaIbHOE KOJTUIECTBO GAiiT B CUMBOJIE BO BCEX BCIIO-
MOTaTEeIbHBIX HAOOPaX CHMBOJIOB, CUMBOJBI KOTOPBIX COCTOAT U3 GoJIee 4eM OFHOTO
GaiiTa.

mbstate_t <wchar.h>

Onpesesienne THIA, KOTOPOE MCTOJIb3YETCS PA3IMYHBIMKU (DYHKIHUAMU 006pabOTKI
CUMBOJIBHBIX CTPOK.

new_handler <new.h>

Tun Gysxmun s 06paboTKU OMKUOOK, IIPUMEHSIEMbI P KCII0Jb30BaHUK Ollepa-
Ui new u newl J.

typedef void (*new handler)();

NULL <stddef.h>, <string.h>wu . 1.

Maxkpoc NULL ompezesigeT ykazaTesb Ha HyJb. B coorBerctBuu ¢ ANSI-ctanmaprom
NULL moskeT 6biTh onpesener kak 0 mau OL.

offsetof <stddef.h>

Maxkpoc offsetof BozBparaer cMelene aeMeHTa B cTpyKType B Gaiitax. CTpykTypa
He MOXKET COIePKaTh CCHIIKM FJIN YKa3aTeJH.

size t offsetof(struct bez, element bez);

ofstream <fstream.h>

Crenmasmsaiius mabyoHa kiacca basic_ofstream ajist THITa ZaHHBIX char.
typedef basic _ofstream<char> ofstream;

ostream <ostream.h>

Crenmasusaius mabjoHa kiacca basic_ostream st TWIa JaHHBIX char.
typedef basic_ostream<char> ostream;
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ostringstream <sstream.h>

Crenuanuzanus mabaoHa Kiacca basic_ostringstream mss TMIA AaHHBIX Char.

typedef basic_ostringstream<char> ostringstream;

ptrdiff t <stddef.h>

Tun panapix ptrdiff t gBisgercs 1eOYUCTCHHBIM TUIIOM CO 3HAKOM, ITPeIHa3HAYeH-
HBIM JIJIsT XpaHEHUs Pa3HOCTHU JIBYX yKa3aTeseil.

typedef int ptrdiff_t;

RAND_MAX <stdlib.h>

Comepxut HanbOJbIIIEE BO3MOKHOE W3 TCEBAOCTYYANHBIX YHCEN, BO3BPAIIAEMBIX
dbynxmeit rand().

SCHAR_MAX., SCHAR_MIN <limits.h>

B xoncranTe SCHAR_MAX cozmepskuTCS MaKCMMaIbHOE 3HAUYEeHNEe, KOTOPOe MOKET TIPUHU-
MaTh BeJmumrHa tuma signed char. JlomkHo ObITh He MeHee 127.

B xonctanTe SCHAR_MIN cosepKuTCS MUHUMAJIbHOE 3HAUYEHNE, KOTOPOE MOXKET TTPUHU-
MaTb BeJIMurHa Tuma signed char. JlomxHo ObITh He 6osee —127.

SEEK CUR, SEEK END, SEEK SET <stdio.h>

KoHcTaHThI HCTIOJB3YIOTCST B KaUeCcTBe apryMenTa (hyHKIUN fseek () U yCTaHABIMBAIOT
TOUKY OTCUeTa JIJIs TIepeMellleHIs yKa3aTesd TeKyIel nmo3uiun B daiie.

SEEK_SET 0 CzBUT BBITIOJIHSETCST OT Havasa (aiiia;

SEEK_CUR 1 C/BUT BBITIOJTHSIETCS OT TEKYIIel MO3UITUN yKa3aTelis 3a-
MUCU-YTeHus ¢aiina;

SEEK_END 2 C/BUT BBITIOJIHIETCST OT KOHIA (aiiia.

SHRT_MAX, SHRT_MIN <limits.h>

B koncrante SHRT _MAX comepskuTCs MAKCUMaJIbHOE 3HAYeHHE, KOTOPOE MOXKET TIPUHU-
MaTh BeJIMYMHa TUIA short int; moymkHO OBITH He MeHee 32 767.

B xoncrante SHRT MIN cozep:kuTCs HaMMeHbIllee 3HAUEeHNE, KOTOPOe MOXKET TTPUHU-
MaTh BeJIM4MHa TUIA Signed short; mosmkHO OBITH He Oosee —32 767.

SIG... <signal.h>

I[lepeunciiennble HIKE TUIBI CUTHAIIOB BO3Bpaniaiorest GyHkiweii raise() u obpada-
TBIBAIOTCS (DyHKIMEH signal ().



an/IJ'IO)KeHI/Ie 5. KOHCTaHThI, MaKpOCbl U TUMbl OaHHbIX CTaH,D,apTHOIZ 6rnbnnoTekn 403

Cwvruan 3HaueHue

SIG DFL CcplKa Ha HporpaMMy-o6paboTUrK MCKIIOUEHUIT 10 yMOTIaHIIO

SIG ERR Bosspamaemoe snagenue dyHkumn signal() Ipu BOSHUKHOBEHUN ONTHOKN
SIG_IGN WrnopupoBanue MOJy4eHHOTO CUTHAJIA

SIGABRT ABapwuiinoe 3aBepiieHre IporpaMmbl

SIGFPE Owmmbka apudMeTHIecKoil onepanuy Haj BENIeCTBEHHBIMU 1 LEJbIMU

YUCJIAMU

SIGILL Hepomyctrmas MammHuas HHCTPYKIIAA

SIGINT IIpepbiBanue OT KJIaBUATYPbI

SIGSEGV Hapymenne ycioBuii 3amuThl TaMsATH

SIGTERM 3ampoc o0 3aBepIIeHNun
sig_atomic_t <signal.h>

Twn nannbpIx sig_atomic_t mpenHasHaveH /g XpaHeHus MHGOPMAINH, K KOTOPOH He-
00XO0/IMM JIOCTYI BO BPEMS OJHOIO U3 aCUHXPOHHBIX [TPEPHhIBAHMIA.

typedef sig atomic_t;

size t <stdio.h>

Tun size t gpisgercsa 0e33HAKOBBIM IEJOYMCIEHHBIM THUIIOM, HCIOJIb3YEMbIM ISl
[IPE/ICTAaBICHUS Pe3yJIbTaTa orepaiuu sizeof. ITOT TUIT He MOKET OBITh JJIMHHEE, UM
unsigned long.

typedef unsigned size t;

stdin, stdout, stderr <stdio.h>

stdin, stdout u stderr npencrasisior 00601l MeHa MOTOKOB, TO €CTh UMeHa, UCIIOJb-
3yeMble JIJIsST IOCTYTIa K YCTPOUCTBaM Yepe3 (PYHKITHH, YHACTEA0BaHHbIE U3 OGUOINoTE-
xu C.

stderr CrangapTHOEe YCTPOHCTBO BBIBOAA OMMOOK. 110 yMOTIaHmIo TUCTIICiH
stdin CraniapTHoe ycTpoiicTBO BBozia. [lo ymMomuaHmio KiaaBuarypa
stdout CraniapTHoe ycTpoicTBO BbIBoA. 10 ymMouanuio qucrieit
streambuf <streambuf.h>

Crenuanuzanus mabaoHa Kiacca basic_streambuf mss Thna gaHHbIX char.

typedef basic_streambuf<char> streambuf;
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<i0s.h>

streamoff, streampos

Turbr JaHHbIX, TTpe/ilHa3Ha4Y€HHbIC JIJIS1 TIO3UITUOHNPOBAHUA YKa3aTeJ st TEKyI]_IE‘ﬁ 11031~

IIM1 B IIOTOKAX.
typedef OFF T streamoff;

typedef POS T streampos;
<jos.h>

streamsize
TI/IH JTaHHBIX, HpeZIHaSHa‘{eHHHﬁ JJIA XpaHEHI/IH KOJInyecTBa Hepe,/laHHbIX CUMBOJIOB

W O KOJIMYeCTBe UMeloluxcst 6yhepos.

typedef INT T streamsize;
<string.h>

string

Crenmasusaius mab/ioHa Kiracca basic_string aJist Tuma gaHHbIX char.

typedef basic_string<char> string;
<sstream.h>

stringbuf
Crenmanusanus mabdaoHa Kjiacca basic_stringbuf mmia Thna gaHHbIX char.

typedef basic_stringbuf<char> stringbuf;

terminate_handler <exception.h>

Tun  ¢ysximuun  o6paboTkr  ommbOK, KOTOPHI HUCHOIb3yeTcs (YHKIMeNH set
terminate() mpu aBapuitHOM 3aBEPIEHUN TTPOTPAMMBI.

typedef void (*terminate handler)();

<time.h>

time_t
Tun time_t npeanazuaven juisd xpaneHus BpeMenu. OH COEPKUT KaJeHAAPHOE BPeMsI
B hopMe, B KOTOPOil OHO BO3Bpalaercs GyHKIed time() u obpabarbiBaeTcst GyHKIIU-

eit difftime().

typedef Tong time t;
<stdio.h>

TMP_MAX

B xoncranTe TMP_MAX XpaHWTCS MaKCHMaJbHOE KOJMYECTBO PA3JMUHBIX BPEMEHHBIX
uMeH ¢alina, KOTopble MOTYT FeHepupoBaThes (yHKIMeH tmpnam() B TeueHHe OJHOTO
cearca paboThI MporpaMMbL. 3HaueHue TMP_MAX He MosxkeT ObITh MeHee 25.
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struct tm <time.h>

CrpykTypa tm coIepKUT BCe KOMIIOHEHTBHI KaJEHIAPHOTO BPEMEHU, MCIIOJIb3yeMble
bynxmmsmu Tocatime() m gmtime().

struct tm{
int tm_sec; // cexkyHmb OT Havana MuHyTh (O ... 59)
int tm min; // muHyTb OT Havana 4aca(0 ... 59)
int tm_hour: // 4acel o nonyHoun (0 ... 23)
int tm mday; // 4ncno mecsua (0 ... 31)
int tm mon; // mecaus oT Hayana ropa, (0 ... 11)

int tm_year: // rop nocne 1900
int tm yday; // neHb oT Hayana roga(0 ... 365)
int tm_isdst;// ¢nar neTtHero spemeHnn

UCHAR_MAX <limits.h>

B xonctanTe UCHAR MAX XpaHnTCS MaKcHMMaJbHOE 3HAYeHHe, KOTOPOe MOKeT TTPUHU-
MaTh BeJMUMHA TUTIA unsigned char. 3HayeHUe J0JKHO OBITh He MeHee 127.

UINT_MAX <limits.h>

B koncrante UINT MAX XpaHWUTCS MaKCHUMaJIbHOE 3HAYeHWE, KOTOPOe MOXKeT ITPUHU-
MaTh BEeJIMYMHA THMA unsigned int. 3HaueHue A0JKHO OBITH He MeHee 65 535.

ULONG_MAX <limits.h>

B xoncranTe ULONG MAX XpaHHUTCS MaKCHUMaJbHOe 3HAYeHHe, KOTOpoe MOXKeT ITPUHU-
MaTh BeJawuwHa THma unsigned long int. 3HaueHme MOUKHO OBITH He MeHee
4 294 967 295.

USHRT_MAX <limits.h>

B xonctanTe USHRT MAX XpaHnTCS MaKcHMMaJbHOe 3HA4YeHHe, KOTOPoe MOKeT TTPUHU-
MaTb BeJIMYMHA TUIA unsigned short int. 3uavenue noskHO OBITH He MeHee 65 535.

unexpected_handler <exception.h>

Tun  ¢ysriuu  obpabotku  uckimodenwit.  OH  wucnosib3yercss  (HyHKIMEH
set_unexpected(), muist mepexBata MCKJIIOUEHUS, HE TPELYCMOTPEHHOTO B CIHCKE HC-
KJIOYeHU (DYHKITHH.

typedef void (*unexpected handler) ();
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va_arg, va end, va_list <stdarg.h>

AT BEJUUUHBI TIPUMEHSIFOTCS JJIsT PaOOThI ¢ (DYHKIUSMU € TIEPEMEHHBIM YHCIOM ap-
rymeHToB. OHU OIMCaHbl B 3aroJioBoYHOM aiisie <stdarg.h> Tum va_1ist npennasna-
YyeH JUid XpaHeHMs yKasaTess Ha odepefHoi apryment. Makpoc va_start uHumnman€u-
3UpyeT 9TOT yKazaTesb. Makpoc va_arg Bo3BpalllaeT 3HaueHue OYepelHOro apryMeHnTa,
Ka)X/IbIIl ero BBI30B NPUBOJUT K MPOJBIKEHUIO yKasaTeJss, XpaHsiierocst B va 11st.
ITocne epeGopa apryMeHTOB, HO 10 BbIXO/a U3 (DYHKIIMK C TIEPEMEHHBIM YKCJIOM ap-
IYMEHTOB HEOOXOAMMO 0OPATUTHCA K MaKpocy va_end.

typedef void FAR *va list;

WCHAR_MAX, WCHAR_MIN <wchar.h>

B xoncranTe WCHAR _MAX XxpaHuTcs HanGoJIbllee 3HaUeHre, KOTOPOE MOKET IIPUHIMATh
nepeMeHHas Thma wehar t.

B xonctanTe WCHAR _MIN xpaHuTCS HauMeHbIIIee 3HaYeHne, KOTOPoe MOKeT IIPUHUMATh
nepeMennasa tuia wchar_t.

wtrans_t <wctype.h>

BcrnomoraTtenbHbIN THTT JLJIA HpeO6paSOBaHI/IH CUMBOJIOB paCOIMPEHHOTO Ha60pa.

wctype t <wctype.h>

B cTpykType JaHHBIX WCtype t XpaHUTCS WHPOPMAIUs, TpeHa3HauYCHHA TSI TPe00-
pazoBaHus U KJIACCUMDUKAITUN CUMBOJIOB.

struct wctype_t{

long tmin; // MAHUMANbHLIA KON CUMMBONA
long tmax; // MaKCuManbHbli KO CUMBONA
unsigned char *index; // VHOeKkc Knaccubnraumnm
unsigned int *type; // Tun
long cmin; // MuHMManNbHBIA KOA Ans npeobpa3oBaHna
long cmax; // MaKkcumanbHuid Koo And npeobpas3osaHnd
long *code; // Kop npeobpa3oBaHus
b
WEOF <wctype.h>

KoucranTta WEOF coobiaer 06 okonyanuu daiiia (cuHoHuM EOF 111 MHOTOGANTHBIX
CUMBOJIOB).

werr, win, wlog, wout <jostream.h>

O6DBEKTHI TTOTOKOBBIX KJIACCOB [T TIOTOKOB JIAHHBIX PACIITHPEHHBIX CHMBOJIOB, CBSI-
3aHHBIE CO CTAHJAPTHBIMU TIePUMEPUHHBIMUA YCTPOHCTBAMMU.
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O6BbeKT MoToK AaHHbIX Knacc

win stdin wistream

wout stdout wostream

werr stderr wostream

wlog stderr (6ydepusoBaHHbIif) | wostream

wfilebuf <fstream.

h>

Crenuanusanus 1mabdaoHa Kiacca basic_filebuf mua Tuna panubix wehar t.
typedef basic_filebuf <wchar_ t> wfilebuf;

wifstream <fstream.

h>

Crernuanusarusg mabaoHa Kiacca basic_ifstream must Thna gaHHbBIX wWchar t.
typedef basic ifstream<wchar t> wifstream;

wint t <wctype

.h>

[TestouncIeHHbII THIT IJIST XPaHEHUsT CUMBOJIOB PaCcIMPEHHOTo Habopa.

wios <i0s.

h>

Crerranmsariyst mabaoHa Kaacca basic_10s /Uit TUTTA TaHHBIX wchar t.
typedef basic_ios<wchar_t> wios;

wistream <istream.

h>

Crenuanuzanus mabaoHa Kiacca basic_istream mssa Thna gaHHbIX wWchar t.
typedef basic_istream<wchar t> wistream;

wistringstream <sstream.

h>

Crenmasmsaiius mab/oHa Kiacca basic_istringstream st Tuna JaHHBIX wchar t.
typedef basic_istringstream<wchar t> istringstream;

wofstream <fstream.

h>

Crerranmsartust mabaoHa Kiaacca basic_ofstream st THIa TaHHBIX wchar t.
typedef basic_ofstream<wchar_t> wofstream;
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wostream <ostream.h>

Crerranusaiust mabaoHa Kiaacca basic_ostream st Tuma JaHHbIx wehar t.
typedef basic_ostream<wchar t> wostream;

wostringstream <sstream.h>

Crenanusanus 1mabjoHa Kaacca basic ostringstream s THIa JaHHBIX wchar t.
typedef basic_ostringstream<wchar t> wostringstream;

wstreambuf <streambuf.h>

Creranmsariust mabaoHa kiaacca basic_streambuf auisa Twma ganHbIx wehar t.
typedef basic_streambuf<wchar t> wstreambuf;

wstreamoff, wstreampos <jos.h>

Turibl JaHHBIX, TPETHA3HAYEHHBIH JIJI TTO3UIMOHUPOBAHUS TEKYIIETO YKA3aTessl B T0-
TOKaX JAHHBIX CUMBOJIOB PACIIHPEHHOTO Habopa.

typedef OFF T wstreamoff;
typedef POS T wstreampos;

wstring <string.h>

Crenmasusarus mabioHa Kiacca basic_string mjis THIa TaHHBIX wehar t.
typedef basic_string<wchar_t> wstring;

wstringbuf <sstream.h>

Crenuanusanus mabaoHa Kiacca basic_stringbuf mmsa tuna gaHHbIX wchar t.
typedef basic_stringbuf<wchar t> wstringbuf;



NMPUJ1IOXXKEHUE 6

dyHKUNM cTaHpAPTHON
ononuoreku

[Ipunoxenue conepKuT iBe 4acTu. B 1epBoii yactu GyHKIMU CTPYHITUPOBAHBI 110 3a-
TOJIOBOYHBIM (haiiyiaM, B KOTOPBIX OHU OTTMCAHBI, BO BTOPOH YacTH MTPUBeIeH andaBuT-
HBII TIepedeHb (QYHKIUN ¢ OITUCAHTEM.

CocTaB 3arosioBo4HbIx pannos

3aronoBou4Hbiii paiin <ctype.h> (<cctype>) — pyHkunmn knaccupukaumm
n npeo6pa3oBaHMsa CUMBOJIOB

isalnum IIpoBepsier, siBasteTcst i CUMBOJ OYKBOI it 1iuhpoii
isalpha [IpoBepsier, siBiIsteTCst Ji CUMBOJI OYKBOI

isentrl [Tposepsert, sABSETCA JIM CUMBOJ YIIPABJISIONINM

isdigit IIpoBsepsiet, siBisieTcst i CUMBOJT TT(DPOIT

isgraph IIpoBepsert, sBsieTCd i CUMBOJI BUAUMBIM

isTower ITpoBepsier, siBiIsIETCS I CUMBOJI OYKBOI HUKHETO PErUCTPa
isprint IIpoBepsert, aBseTCS T CUMBOJT TIeYaTaeMbIM

ispunct IIposepser, sBasercs gm CUMBOJI CUMBOJIOM IIYHKTyalllnn
isspace IIposepser, saBseTcsa a1 CUMBOJI pa3rpaHUUNTEIbHBIM
isupper IIpoBepsier, siBiIsteTCs i CUMBOJI OYKBOI BEPXHETO PETHCTPA
iswalnum IIposepsier, sgBasieTcs M CMMBOJ OYKBOI 1 1 poii
iswalpha IIposepsier, ABAsI€TCS JIM CUMBOJI OYKBOI

iswentrl IIposepser, sBiseTCSA M1 CUMBOJI YIIPABJISIONINM

iswctype ITpoBepsier MHOTOOAUTHBIN CUMBOJI
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iswdigit IIpoBsepsiet, siBisieTcst 1 CUMBOJT TTUDPOit

iswgraph IIposepser, ABsgeTca 11 CUMBOJ BUAUMBIM

iswlower [IpoBepsiet, ABJIIeTCS M CUMBOJI GYKBOI HUKHETO perucTpa

iswprint IIpoBepsieT, SBISETCS I CUMBOJ TTeYaTAEMbIM

iswpunct [Iposepser, saBasgeTcsa a1 CUMBOJI CUMBOJIOM ITYHKTYaI[uu

iswspace [Iposepser, sBiseTcsa a1 CUMBOJI pa3TPaHUUNTEIbHBIM

iswupper [IpoBepsiet, ABJIETCS M CUMBOJI GYKBOI BEDXHETO perucTpa

iswxdigit IIpoBepsiet, siBJIsIeTCS JIM CUMBOJI CUMBOJIOM HIECTHAAATEPUYHOM TP
isxdigit IIpoBepser, sBygeTcs I CUMBOJ CUMBOJIOM MIECTHAAIATEPUYHOM TP
tolower Bosspaiaer cuMBoJI B HIDKHEM perucTpe

toupper Bosspaiaer cMBOJI B BEPXHEM perucrpe

towlower Bosspamaer cuMmBos B HIZKHEM perucTpe

towupper Bosspaiaer cuMBoJI B BepXHeM perucrpe

3aronoouHbiii paiin <locale.h> (<clocale>) — ¢pyHKkUUU Nokanuszauumn

localeconv

BOSBpaHIaeT OIIncCanne yCTaHOBOK JIOKAJIbHOM cpeabl

setlocale

YcranaBnuBaer HOBYIO JIOKQJIN3AIINIO

3aronoBou4Hbiii paitn <math.h> (<cmath>) — matemaTuyeckue pyHkuUn

acos Bosspaiaer apkkocunyc aprymenra

asin Bosspaiaer apkcuiyc aprymenTa

atan Bosspaiaer apkTaHreHc aprymeHTa

atan2 Bosspairaer apkTanreHc OTHOHIEHUS apryMEHTOB

ceil Oxpyrsier BBEpx

cos Boruncaser kocuyc

cosh Boruucster runepbomyeckKuii KOCUHyc

exp Bosspaimaer crernennb yncia e

fabs Bossparaer moznyms uncia

floor OxkpyrJsieT BHU3

fmod BosBpataer octatok oT jeseHus X Ha y.

frexp Boizesisier n3 uncsia MaHTHCCY M 9KCIIOHEHIIHAIBHYIO YacTh
Tdexp [TpeoGpasyer MaHTHCCY U MOKA3aTesb CTENeH B YHCIIO
1og Boruncsiser HaTypasbHbIi Jorapudm

10910 Boruucasier norapudm 1mo ocnosanuio 10




MpunoxeHune 6. DyHKLUMK CTaHAAPTHON BLMBANOTEKN

411

modf Pas6uBaer uuciIo Ha 11€1y10 1 APOOHYIO YacTu

pow Bo3BOAUT 4KCIIO B CTEIEHD

sin Boruucasier cunyc

sinh Boiunciisier runepbomueckuil CUHyC

sqrt Boruncasier kBagipaTHBIN KOPEeHb

tan Bosspaiaer TaHreHc apryMeHTa

tanh Bosspaiaer rumepbonyeckii TAHTEHE apryMeHTa

3aronoeouHblii paiin <signal.h> (<csignal>) — ¢pyHkuun 06paboTKM cCUrHaNnoB

raise

[IpepbiBaeT BbIIOJHEHME TPOrPAMMBI

signal

Perucrpupyer 06paboTIMK CUTHAIOB

3aronosouHbivi painn <stdio.h> (<cstdio>) — pyHkuuu BBoaga/BbiBoga B ctune C

clearerr Ouwnmaer duaru ommboK pu paboTe ¢ MOTOKOM
fclose 3akpbIBaeT MIOTOK BBOJA,/BLIBO/IA

feof IIpoBepsieT mocTskenne KoHma gaiia

ferror Bosspaiaer ko omubKu 1mpu pabore ¢ IOTOKOM
fflush 3anmchiBaeT ganHbie U3 6ydepa

fgetc Yuraer n3 MOTOKA CUMBOJI

fgetpos Bosspaiaer texyiiyio noaunuio B daiiie

fgets YuTaer U3 MOTOKA B CTPOKY N CHMBOJIOB

fgetwc Huraer u3 MOTOKA CUMBOJI

fgetws Yuraer u3 MOTOKA B CTPOKY N CMMBOJIOB

fopen OTKpBIBaeT MOTOK BBOJIA,/BHIBOJIA

fprintf 3anucbiBaeT JaHHbIE B TIOTOK

fputc 3anucpiBaeT CMMBOJ B IIOTOK

fputs 3aInmncpiBaeT CTPOKY CUMBOJIOB B IIOTOK

fputwe 3amnnchIBaeT CUMBOJ B TTOTOK

fputws 3anucpiBaeT CTPOKY CUMBOJIOB B TIOTOK

fread Yuraer ganHple U3 MOTOKA BBOIA

freopen OTKpBIBaeT NOTOK BBOJIA/BLIBO/IA

fscanf BoauT u3 daitna ¢hopmarupoBaHHbIe JlaHHbIE
fseek Ilepememntaer nosuiuio B (aiijie OTHOCUTETBHO TEKYyIIei
fsetpos Ilepemeniaer Texyniyio no3unuio B daiie OTHOCUTEIBHO ero Havasla
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ftell Bosspaiiaer tekyiiyio mo3uiiuio B (aiise

fwprintf 3arnmcpiBaeT JlaHHble B TOTOK

fwrite 3anuceiBaeT JaHHble 13 3a7laHHoOTo Oydepa B MOTOK

fwscanf YuraeT n3 mOoTOKA JJaHHBIE U TTHUINET WX IO 33J[aHHBIM ajipecam

getc Yurtaer CUMBOJI U3 ITOTOKA

getchar Yuraer cMMBOJ U3 CTAH/IAPTHOTO BBOJA

gets Yuraer CMMBOJIBI C KJIABUATYPBI /10 HOSBJIECHUS CUMBOJIA HOBOIH CTPOKH

getwc YuraeT n3 MOTOKA CUMBOJI

getwchar Bosspartaer ouepeHoil CUMBOJI ¢ KJIaBUATYPbI

perror [Teuataer CTPOKY BUJA <S: €TTOT COOOIIEHKE>

printf BoiBozut cTpoky mapaMeTpoB B olipesieieHHOM dhopMmaTte

putc 3amnnchIBaeT CMMBOJ B TTOTOK

putchar BoiBoauT cMBOJ Ha cTaHAApPTHOE YCTPOMCTBO BBIBO/A

puts BoiBoauT cTpoKy Ha cTaHIApPTHOE YCTPOMCTBO BBIBO/A

putwc 3anmcpiBaeT CUMBOJ B IIOTOK

putwchar BeiBognT cMBO Ha cTaHAAPTHOE YCTPOMCTBO BBHIBO/A

remove Ynanser daiin

rename IlepenmenoBbiBaeT daiin

rewind Ouwnrmmaer duiarn onmGoK npu paboTe ¢ MOTOKOM U HEPEXOJUT K Haday
daiina

scanf BBoauT cTpoky napameTpos B oripesesieHHOM dopmare

setbuf VYcranasaupaer Gydepusaiuio moToKka BBOA,/BbIBO/IA

setvbuf [IpeoGpasyer cTPOKU Ha OCHOBE TeKyIIei JOKaTU3aIni

sprintf BoiBoauT CcTPOKY 1MapaMeTpoB B OlIpeieieHHOM (opMaTte

sscanf BBoaut nannbie U3 cTpoKU

swprintf BoiBoauT cTpoKy 1mapaMeTpoB B olipeiesieHHOM dopMaTte

swscanf BBoauT mannbie u3 crpokn

tmpfile OTKpBIBaeT MOTOK JIBOMYHOTO BBOJIA,/BHIBOJIA BO BPEMEHHbIN (haiin

tmpnam Cosnaer yHuKaIbHOE UM (aitia

ungetc Bosspaiaer cumMBoJ B 1TOTOK

ungetwc Bosspamaer cumBos B motox

viprintf ITochunaer ordhopMaTUPOBAHHBIN BBIBOJ B TOTOK

viwprintf ITocbunaer ordhopMaTUpOBaHHBIN BBIBOJ B ITOTOK
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vprintf ITocblnaer ordhopMaTUpPOBAHHBIN BBIBOJ B CTAHJIAPTHBIN MTOTOK BbIBOIA
vsprintf BoiBoauT cTpOKy 1apamMeTpoB B olipe/iesieHHOM dopMaTte

vswprintf BoiBoaut cTpoky 1mapameTpoB B olpesiesieHHOM dhopMmaTte

vwprintf ITochlnaer ordhopMaTUPOBAHHBIN BBIBOJI B CTAHJIAPTHBIN MTOTOK BbIBOJIA
wprintf BoiBoauT CcTPOKY 11apaMeTpoB B olpeieieHHOM (opMate

wscanf BBoauT cTpoky napamerpos onpezesieHHOM Gopmare

3aronoouHbivi pann <stdlib.h> (<cstdlib>) — paznuyHbie PpyHkunm B cTune C

abort [IpepbiBaeT BbIOJHEHUE TPOrPAMMbI

abs Bosspaiaer Moyib yncia

atexit Perucrpupyer (hyHKIUIO, BHI3BIBAEMYIO [IPH 3aBEPIIEHUN PAOOTHI
MTPOTPaMMBI

atof [Ipeobpasyer CTPOKY B BEIIECTBEHHOE YUCJIO

atoi [Ipeobpasyer CTPOKY B II€JI0€ YUCIIO

atol [IpeoGpasyer CTPOKY B JUTHHHOE TIEJI0E YUCIO

bsearch Wimet aneMeHT B OTCOPTUPOBAHHOM MaccHUBe

calloc Boizenger 610k namaTu

div [lenut ¢ octaTkOM

exit [TpepbiBaeT BbIIOJHEHNE TPOTPAMMBI

free OcBoGozxmaer 6JOK TaMATH

getenv BosBpartaer sHaueHue nepeMeHHON OKpy KeHUs

labs Bossparmiaer Mmoayb unciia

1div JlenT ¢ 0CTaTKOM

malloc Boigesnsier 610K amsaTu

mblen OumpezesisieT pasmep MHOrOOANTHBIX CUMBOJIOB

mbstowcs [TpeoGpasyer cTPOKY MHOTOGANTHBIX CUMBOJIOB B MACCUB U3 wchar t

mbtowc [Ipeobpasyer MHOrOOAaNTHBII cUMBOJ B wchar_t

gsort Coprupyer 3a/laHHBIIl MacCUB

rand lenepupyet ciyuaiinble yncia

realloc V3mensteT pa3mMepbl paHee BbIIEJEHHOro GJI0KA MaMsITH

srand YcTanaBauBaeT HayaJIbHOE IICEBOCTyYaliHOE YNCIIO0

strtod [Ipeobpasyer CTPOKY B YKCIIO

strtol [Ipeobpasyer cTPOKY B YUCJIO C YYETOM CHCTEMbI CUUCIIEHSI

strtoul [IpeoGpasyer CTPOKY B YKHCJIO € YYETOM CHCTEMbI CYUCICHIST
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system [Tepenaet crpoky komananomy tpoieccopy OC

westod IIpeobpasyer cTPOKY B YKCIIO

westol [TpeoGpasyer CTPOKY B YKCJIO € YYETOM CHCTEMbI CYUCCHIST
wcstombs [Ipeobpasyer wchar_t B CTPOKY MHOTOOAUTHBIX CUMBOJIOB
westoul [Ipeobpasyer CTPOKY B YUUCJIO C YYETOM CHCTEMbI CUUCIIEHSI
wctomb [Ipeobpasyer wchar_t B MHOTOGATHBINA CMBOJI

3aronoeouHblii paiin <string.h> (<cstring>) — ¢pyHKUMM paboTbLI CO CTPOKaAMU
BcTtune C

memchr et nepBoe BXOXK/I€HWE CUMBOJIA B OJIOK MaMSITH
memcmp CpaBHuBaet GJIOKH MaMsTH

memcpy Konupyer 610k namsitu

memmove [TepeHocut 6JI0K mAMATH

memset 3arosHsieT OJIOK TIAMSITH CUMBOJIOM

strcat CxiaibIBaeT CTPOKA

strchr Wmier cumBOJI B CTPOKeE

strcmp CpaBHUBaeT CTPOKN

strcoll CpaBHUBACT CTPOKHU C yYETOM YCTAHOBJICHHOH JIOKAJIU3AIUN
strcpy Konupyer o/ity CTPOKY B JIpyryio

strespn Wimet onuu 13 CMBOJIOB OHON CTPOKH B JIPYTOM
strerror BosBpaiiaer ykaszaresib Ha CTPOKY € OIMMCAHUEM OIITHOK
strlen Bossparmaer qmmnHy ctpoxn

strncat CKJIaZipIBaeT OJIHY CTPOKY € N CUMBOJIAMU JPYTON
strncmp CpaBHUBaeT O/[HY CTPOKY C I CUMBOJIAMU JIPYTOI
strncpy Komnupyer nepsbie n CUMBOJIOB O/IHOI CTPOKU B JIPYTYIO
strpbrk WimeT onun 13 cUMBOJIOB OHOW CTPOKU B JIPYTOiA
strrchr Wimet cumBoT B cTpoke

strspn Wnier cuMBOJI OIHOI CTPOKHU, OTCYTCTBYIOUIUI B JIPYTOit
strstr WimeT moacTpoky B cTpoke

strtok Boiensier u3 cTpoKM JeKceMbl

strxfrm [TpeoGpasyer CTPOKK Ha OCHOBE TEKYIIeil JTOKaJIu3auu
wescat CKJIa/ipIBaeT CTPOKU

weschr Winer cumBoJ B cTpOKe

wesemp CpaBHMBaeET CTPOKN

wescoll CpaBHUMBAeET CTPOKHU C yYETOM YCTAHOBJIEHHOH JIOKAJIU3AIUN
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wescpy Konupyer o/iHy CTPOKY B JIpyryio

wesespn WMimet onnn 13 cMBOJIOB OHOW CTPOKHU B JIPYTOIA
weslen BosBpamiaeT AMUHY CTPOKU

wesncat CkJaziplBaeT OjiHy CTPOKY € N CUMBOJIAMU JPYTOi
wesnemp CpaBHUBAeT OJHY CTPOKY € N CUMBOJIAMHE JIPYTOI
wesnepy Konupyer nepsble n CUMBOJIOB O/IHOI CTPOKU B JIPYTYIO
wespbrk Wier onun n3 cUMBOJIOB OJIHOI CTPOKH B APYTOM
wesrchr Wier cumBoJ B CTpOKe

wesspn WimeT cuMBOJ OHOIN CTPOKH, OTCYTCTBYIONIUN B APYTOI
wesstr WmieT mOACTPOKY B CTPOKE

westok Boizesister 13 cTpoku JIeKceMbl

westrxfrm [IpeoGpasyer CTPOKH Ha OCHOBE TEKYIIeH JIOKATU3AIIN
wmemcpy Konupyer 6710k namsitu

wmemmove [Tepenocut 6J0K TaMsATH

wmemset 3arosHsieT OJI0K TaMsITH CHMBOJIOM

3aronoeouHblii daiin <time.h> (<ctime>) — byHkuun gna paboTsl ¢ gaToi
n BpemeHem B ctune C

asctime [Ipeobpasyer pary/BpeMsi B CTPOKY

clock Bosspaiaer BpeMst UCIIOIHEHUS TPOTPAMMBI
ctime [Ipeobpasyer BpeMsi B CTPOKY

difftime Bosspartaer pazuuily BpeMeH

gmtime Wnnnmanmsupyer cTPyKTYpy tm Ha ocHOBe time t
localtime NuanmmanmsupyeTt cTPyKTYpy tm Ha ocHOBe time t
mktime 3aroJIHSeT NOJIS IHS Helen W JIHS ToIa
strftime IIpeobpasyer Bpemst B popmare fmt B hopmar tm
time BosBparmiaer tekymiue 1aty/BpemMs B Buze time t
wesftime [Ipeobpasyer Bpemst B popmare fit B popmar tm

3aronoeouHblii paiin <wchar.h> (<cwchar>) — ¢pyHkuumu gna paéoTsbl
C MHOro6aiTHbIMy cumBeosiamu B ctune C

btowc [Ipeobpasyer CUMBOJI B JVIMHHOE 1[€JI0€ YUCIIO0
fwide OtpejiesisieT BUJI TIOTOKA

wmemchr Wier nepsoe BXoxkK/IeHMe CUMBOJIA B OJIOK IaMsTH
wmemcmp CpaBHuBaeT GJIOKY TTaMSITH
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AndaBuTtHbIN NepeyeHb PYHKLUN

KoHCTaHTbI, THIIBI ¥ CTPYKTYPBI, UCIOJIb3yeMble TIPUBEIEHHBIMI HUIKE (DYHKIIUSIM,
OIUCAHbI B MIPUIOKEHIH 3.

| abort | IIpepsiBaeT BbINOJIHEHUE TPOIPAMMBI | <stdlib.h>

void abort(void);

DyuKIma BHIBOAUT coobienne «abnormal program termination» u mpepbiBaeT Bbi-
HOJIHEHMe MporpaMMbL. [Ipu aToM Oydepbl He BBITPY/KAIOTCS ¥ TIOTOKHU HE 3aKPBIBAIOT-
csa. [lpenmoururesnpheii ucronb3oBath exit. MYHKIN He BO3BPAIIAET YIIPaBJieHIe B
BBI3BIBAIOIYIO TIPOrPAMMY, OHA BO3BpAI[AeT KOJ| 3aBEPIIEHHs IIPOrPAMMBI, TI10 YMOJI-
YaHWIO PaBHBIN 3.

| abs | Bosspamaer mozysb uncia | <stdlib.h> |

int abs(int num):
ODyHKIMs Bo3BpalaeT abCoMOTHOE 3HAUEHUE YUCIa Num.

| acos | Bosspaiiaer apKKOCHHYC apryMeHTa | <math.h> |

double acos(double x);
(DyHKIMS Bo3BpallaeT 3HaYeHNe apKKOCHHYCa apTyMeHTa X B pajiiaHax.

| asctime | IIpeobpasyer naTy/BpeMsi B CTPOKY | <time.h> |

char *asctime(const struct tm *ctm);

ODyuKiust BO3BpaIaeT CTPOKY, MPEACTABISAIONIYI0 CUMBOJIBHOE TIPEICTABIEHIE [AThI
1 BPpeMeHW M3 CTPYKTYPbI THTIA tm.

| asin | Bossparaer apkcunyc aprymenTa | <math.h> |

doubTe asin(double x);
DyHKIMS BO3BpAIaeT 3HaYEHNe aPKCHHYCa apTyMeHTa X B pajiMaHax.

| atan | Bosspaiaer apkranrenc aprymeHTa | <math.h> |

doubTe atan(double x);
DyHKIMST BO3BpAIAET 3HAYEHNE aPKTAHTeHCA apTyMEHTa X B PajlMaHax.

| atan2 | Bosspaiaer apkTanreHc OTHOIIEHUS apTyMEHTOB | <math.h> |

double atan2(double y, double x);

®YHKHHH BO3Bpallla€T 3HAYCHUE apKTaHI€HCA OTHOIIECHUA ITapaMETPOB y/xX B paana-
HaX.
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atexit Perucrpupyet dyHKIMIO, BEI3BIBAEMYIO TIPU 3aBEPIIEHUN <stdlib.h>
PaboThI IIPOrpaMMbl

void atexit(void (*func)(void)):

@yukiua perucrpupyer pyHkuuio func, kotopast 6y/eT BbI3BIBATLCS MPU HOPMaJb-
HOM 3aBeplieHuy 1porpammbl. OHa He Z0J/DKHA UMETb HU [TapaMeTpoB, HU BO3Bpallliae-
Moro 3HaueHud. [loBTOpHbIe BBI30BHI atexit (hopMupyioT crek hyHKIINIL.

atof ITpeobpasyer CTPOKY B BELIECTBEHHOE YUCJIO | <stdlib.h>

doubTe atof(const char *str);

@yukius peobpasyer CTPOKY, COAEPIKAILYIO CUMBOJBHOE MPEACTaBJICHUE IEJI0TO
MJIN BEIIIECTBEHHOTO YHMCJIa, B COOTBETCTBYIOIEE BENIECTBEHHOE YHCJIO C ABOMHON TOU-
HOCTbBIO. B KauecTBe IpU3HaKa KOHIA YUCJIA CIYKUT IIEPBbIM CUMBOJI, KOTOPBIH He MO-
KeT GBITh MHTEPIPETUPOBAH Kak TpHHaeskamuil yucry. Eciau mpeobpasoBanie He
yaanoch, Bo3sparmaet (.0.

atoi [Ipeobpasyer CTPOKY B 1IEJI0€ YUCIIO <stdlib.h>

int atoi(const char *str):

Oyukiust 1peodpasyer CTPOKY, COMEPIKAILYI0 CUMBOJIBHOE TIPEICTaBIEHHE I[eJ0T0
4ucJIa, B COOTBETCTBYIONEE 11es10e YUCI0. B KayecTBe [Ipu3HaKka KOHIA YHCa CJLYKUT
HEePBBII CUMBOJI, KOTOPBIH HE MOKET OBITh WHTEPIPETUPOBAH KaK MPUHA/IEKAIIUIT
uucay. Eciu ipeobpasoBatue He yaanoch, Bosspaiaer 0.

atol [Ipeo6pasyer CTPOKY B AJUHHOE IEJI0€ YUCIO <stdlib.h>

long atol(const char *str);

Oyukims mpeobpa3yeT CTPOKY, COMEPIKAIIYI0 CHMBOJBHOE MPEACTABIEHUE IETOTO
YHCJIa, B COOTBETCTBYIONIEE JIMHHOE 11e710€e Yncyo. B KayecTBe TpU3HaKa KOHIA Yicia
CJIYKUT TIEPBBIH CUMBOJI, KOTOPBIH He MOKET OBITh HHTEPTIPETHUPOBAH KaK TPHHA/ITIE-
skamuii uncsty. Econ ipeoGpasoBanue He yaaaoch, Bosspaiaet OL.

bsearch Wimer aneMeHT B OTCOPTHPOBAHHOM MacCHBe <stdlib.h>

void bsearch(const void *key, const void *buf, size t num, size t size,
int e(*compare)(const void *, const void *) );

DyHKIINST TPOU3BOAUT AIMXOTOMUYECKUN TTOUCK B yIOPsIOYeHHOM MaccuBe buf asire-
MEHTa, COBIAJAIOIIETO C TEM, Ha KOTOPBII YKa3bIBaeT key, 1 BO3BpalllaeT yKa3aTe/Ib Ha
HalICHHBIA 2JIEMEHT. NUM — KOJMYECTBO 3JIEMEHTOB B Maccube buf, size — pasmep
sJIeMEeHTa MacCuBa B OaliTax.

Oynuxiust compare() J0JKHA BBITOJHITH CPABHEHUE JIBYX 9JIEMEHTOB MACCHUBA U BO3-
BpaIaTh 0J{HO U3 TpexX 3HaueHuii —1, 0 uiam 1 B 3aBUCUMOCTH OT TOTO, MEHbBIIIE, paBEH
un GoJIbINe MepBbIil SIeMEHT B CpaBHEHUHN cO BTOpbiM. HecMoTpst Ha To, uto oba ma-
pameTpa (YHKIMH compare OmpesieleHbl Kak void*, pealbHO mapaMeTpamMyu (QyHKINN
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SIBJISTIOTCST YKA3aTeI! Ha 3JIeMEHTHI, M OHA JOJKHA MPUBOJNTD UX K COOTBETCTBYIOIIE-
My THUITY Tiepesi pa3biIMeHOBaHNeM (TI0JydeHreM 3HAaUYeHNI TI0 afipecy).

Ecim ynkimms bsearch Hamra MCKOMBIN 2JIEMEHT, TO OHA BO3BpAIaeT yKa3aTesb Ha
HEro, B IPOTUBHOM cJydae Bo3Bpamaerca NULL.

| btowc | [Ipeobpasyer cUMBOJL B JVIMHHOE 1[€JI0€ YUCIIO <wchar.h>

wint_t btowc(int c¢);

Oynxnusa Bossparaer WEOF, eciu ¢ paBHo EOF, nHaue mpeoOpasyeT CMMBOJI C B MHOIO-
GaliTHbIN aHamornyHo (yHKIMK mbrtowc. Ecim nmpeobpasoBaHue He yIaaoCch, BO3BPa-
mraet WEOF .

calloc | Boigenger 610k namaru | <stdlib.h>

void *calloc(size t num, size t size);

DOyHKIM BbiIAEgeT OI0K HaMaTh (num 2JIeMEHTOB 110 Size GaliT) U Bo3BpallaeT yKasa-
TeJh Ha Hero. KasKplit a7IeMEeHT MOJydeHHOTO MacCHBa MHUITUATU3UPYETCS HYJIEBBIM
sHavenueM (B orauuue oT ¢pyHkuuu malloc). Ecau BeiaennTsh 60K maMaTu He yia-
J0Ch, Bo3Bpamaercs NULL.

ceil | Oxpyrisger BBepX | <math.h>

doubTe ceil(double x);

DOyHKITIST OKPYTIISET BENeCTBEHHOE 3HAYEHHE X 10 OIMIKATIIET0 GOJBITETO ET0T0 1
BO3BpAllaeT €ro Kak BellecTBeHHOe.

clearerr | Ouumaer ¢uarn ommbok npu paboTe ¢ ITOTOKOM | <stdio.h> |

void clearerr(FILE *f);

Oyukims ountiaer duaarn omubok A7st motoka T (daarn ommbok He cHpachHBAIOTCS,
noka He Gyzier Bbi3BaHa ofHa U3 (yHKIwmii clearerr, fseek, fsetpos uim rewind).

clock | BosBparaer Bpemst UCIHOJHEHUS IIPOTPaAMMBbI | <time.h> |

clock_t clock(void);

ODyHKIN BO3BPAIIAET BPeMsI MCIOJHEHHS MTPOTPAMMBbl KaK 3HayeHue Tuma clock t
(970 3HAUEHNE MOXKET OBITH TEPEBEIEHO B CEKYHIBI IJIEHUEM €T0 Ha OTpeesIeHHYT0
B (haiisie time.h konctanty CLOCK _PER SEC).

| cos | Boruucager kocunyc <math.h>

double cos(double x):
DyHKIMST BO3BpAIlAeT 3HAYEHNE KOCUHYCA YTJa, PABHOTO X PaJIuaH.
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cosh | Boruncistier tunepboImyecKuii KOCHHYC | <math.h>

doubTe cosh(double x);

DyHKIMS BO3BpAIAeT 3HAYCHUE TUTIEPOOTMYECKOTO KOCHHYCA YIJIa, PABHOTO X PajluaH.
Ecsn snavenue GyHKIIMM OKaskeTCd BHE IIPEJACTABUMOrO JMAIla30Ha, TO (PYHKIIUS BO3-
Bpaiaet sHaueHre HUGEVAL, a riiobasibHast mepeMeHHast errno mojrydaer 3aHauenue ERANGE.

ctime | ITpeobpasyeT BpeMst B CTPOKY | <time.h>

char *ctime(time_t *t);

DyHKINS BO3BPAIIAET CTPOKY, MPEACTABISAIONIYI0 CHMBOJIBHOE TIPE/ICTABJICHIE TaThI
U BpeMEHU IapaMmeTpa tuma time t.

| difftime | Bossparaer pazanity Bpemen | <time.h> |

double difftime(time t t2, time_t tl);

ODyHK1us Bo3BpaIlaeT pa3HuIly BpeMeH (t2-tl) B cekyHmax.

| div | JlennT ¢ ocTtaTKOM | <stdlib.h> |

div_t div(int numerator, int denominator);

ODyukius geauT Ienoe numerator Ha Iiesioe denominator, Bo3Bpaias pe3yJbTaT B
CTPYKTYpE, collepKalleil YacTHOe U OCTAaTOK:

struct div_t{

int quot: //4acTHoe
int rem; //0CTaTOK
b
exit | [IpepobiBaeT BbINIOJIHEHNE TPOrPAMMBI | <stdlib.h> |

void exit(int exit code);

DyHKIM BbI3bIBAET HOPMaJIbHOE 3aBepIleHre IIPOrPaMMbl, 3allUchiBas Bee Oydepsl B
cooTBeTcTBYIOITME (halisibl, 3aKPbIBast MOTOKU W BbI3bIBAs (DYHKIIMU, 3aPETUCTPUPO-
BaHHbIE C IIOMOIIBIO atexit, B 06paTHOM PerucTpaiuu MopsiIKe.

| exp | Bossparmiaer crenens uncia e | <math.h> |

double exp(double x):
DyHKINS BO3BpAIAET Pe3yJIbTaT BO3BEJEHUS YUCA € B YKA3aHHYIO CTENeHb.

| fabs | Bosspamaer moayab yncia | <math.h> |

double fabs(double x);

q)}’HKLII/IH BO3BpallfaeT abCOMIOTHOE 3HAYEHUE YHCJIa Num.
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| fclose | 3akpbIBaeT MMOTOK BBOJIA,/BbIBOJIA | <stdio.h> |

int fclose(FILE *f);

(DyHKLII/IH 3aKpPbIBAa€T ITOTOK BBOlIa/BbIBOlIa f.

| feof | [TpoBepsiet moctmkenmne KoHIa daiira | <stdio.h> |

int feof(FILE *f);

Dymukius Bosspamiaet EOF win 3naverue, otandHoe ot (), ecyin JOCTUTHYT KOHelr dhaii-
Jia, B TPOTUBHOM cJiydae Bo3Bpariaet 0.

| ferror | Bosspamaer ko omubky npu paboTe ¢ IOTOKOM | <stdio.h> |

int ferror(FILE *f);

DOyHKIMA BO3BpalLIaeT 1IeJI0€e, O3Hadalee Kox omnOky; 0 — OTCyTCTBHE OMMOKL.

| fflush | 3anucbiBaer naHHble u3 Oydepa | <stdio.h> |

int fflush(FILE *f);

(DyHKHI/IH oyulaeT 6y(bep BBIBOJIA TIOCPEJICTBOM HEeMe/IJIEeHHOH MOCBLIKY TaHHBIX 715
3anucu Ha usndeckoe ycrpoiictBo. [Ipu ycrnennom 3aBepiiieHnn Bo3Bpaliaer 3Have-
nue 0, nnaye Bo3Bpaiaercst sanadenue EOF.

fgetc ‘ YuTaer U3 TOTOKA CUMBOJI <stdio.h>

int fgetc(FILE *f);

ODymukiust Bo3Bpaiiaer ouepeHoi cuMBoJi B hopme int u3 noroka f. Eciu cumBon e
MOsKeT GBITh TPOYKTAH, TO Bo3Bpalaercst 3nayerue EOF,

fgetpos BosBpamniaer tekyiiyio mosunuio B aiie | <stdio.h> |

int fgetpos(FILE *f, fpos_t *pos);

DyHKIINS BO3BpaAIaeT TEKYIIyIo MO3UIHIO B (hafiie, CBI3aHHOM € TIOTOKOM f, 1 KO-
pyeT 3HaueHue Mo ajjpecy pos. ITO 3HAYCHHE TIO3/IHEE MOKET MCTOJMB30BAThCS (DYHK-
mueit fsetpos. Bosspaiaemoe 3nauenue umeer tur fpos t.

fgets Yuraer U3 MOTOKA B CTPOKY N CUMBOJIOB | <stdio.h> |

char *fgets(char *s, int n, FILE *f);

@yukiusa ynraer He 6osee n-1 6ailT u3 motoka T B CTPOKY S, MpeKpaliast YTeHue mpu
o6HapyKEeHUH CUMBOJIa HOBOU CTPOKHU MJIM KOHIIa (aiiia. CUMBOJI HOBOW CTPOKH TIPH
YTEHUU He OTOPACHIBAETCS, @ TOMEIIAETCsT B KOHEI[ CTPOKU. [IpounTanHast CTpoKa Jio-
nostHsiercst orpanwyntesaeM crpoku ('\0'). IIpn obHapyxeHun omubKH WM KOHIA
baitra BosBpamaercs NULL, B TPOTUBHOM cJiydae — yKa3aTeslb Ha CTPOKY S.
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fgetwc Yuraer U3 MOTOKa CUMBOJI <stdio.h>

wint t fgetwc(FILE *f);

OynKIMs BO3BpalaeT ouepeHoil cumBost B hopme wint_t us nortoka f. Ecau cumBost
He MOKeT ObIThb IPOYMTAH, TO BO3Bpailaercss 3HadeHue WEOF. SIBisteTcst aHasiorom
dyukim fgetc 1t MHOTOOAHTHBIX CHMBOJIOB.

fgetws Yuraer n3 MOTOKA B CTPOKY N CUMBOJIOB <stdio.h>

wchar t *fgetws(wchar t *s, int n, FILE *f);

@Dynukiusa yuraer He Gosee n-1 CUMBOJIOB U3 MOTOKA T B CTPOKY S, MpeKpaiiast YTeHue
npu o6GHApy KEeHUU CUMBOJIA HOBOI CTpOKM WK KOoHIa (aiiia. CUMBOJ HOBOI CTPOKK
[IPU YTEHUH He 0TOPACKIBAETCS, a TIOMEIAETCsI B KOHEI[ CTPOKH. [IpounTaHHas cTpoka
nonoJHsteTcst orpanuyuresieM crpoku ('\0"). TIpu obHapyKeHUN ONMOKM UM KOHIA
baitra BozBpamtaercst NULL, B TPOTUBHOM cJiydae — yKas3aTesb Ha CTPOKY S. SABJsieTcst
axasioroM GyHKIUU fgets s MHOroOalTHBIX CUMBOJIOB.

| floor | OxpyrJsieT BHU3 <math.h>

doubTe floor(double x):

CDYHKHI/IH OKPYTJIACT BEUIECTBEHHOE 3HA4YCHUE X 10 O/IMIKafIero MEeHbIIero IIeJIoro u
BO3Bpalla€T €r0o KaK BEIECTBEHHOE.

fmod Bosspariaer octatok ot jiesieHUst X HA 'y <math.h>

double fmod(double x, double y):

®YHKHHH BO3BpalllaeT OCTAaTOK OT JIeJIEHUs X Ha Y. AHanornvyHa orepannn %, HO pa60-
TaeT C BEIIeCTBEHHbIMU YMCJJIaMM.

fopen | OTKpBIBaeT NMOTOK BBOJIA,/BbIBOJIA <stdio.h>

FILE *fopen(const char *fname, const char *mode);

DyHKIMa OTKPbIBacT Gailst ¢ uMeneM fname i paboThl B peskrMe, YKa3aHHOM CTPO-
ko1t mode. ITpu yCTIENTHOM OTKPBITUN BO3BPAIIAETCS YKAa3aTeb HA TOTOK (TaKUM 06pa-
30M, TIOJIyYEHHBIN MMOTOK CBSA3BIBaeTCA ¢ (hailjiom), B TPOTUBHOM cirydae — NULL.

| fprintf | 3anuchIBaeT JJaHHbIE B ITOTOK <stdio.h>

int fprintf(FILE *f, const char *fmt, .);

DyHKIMS 3aUChIBAeT B TTOTOK T MepeMeHHbIe, CITUCOK KOTOPBIX 0003HAYEH MHOTOTO-
yueM (...), B (popmare, ykazanHoM cTpokoii fmt. Bo3Bpaiaer 4ncyio 3armcaHHbIX CHM-
BOJIOB.

| fputc | 3anuchiBaeT CUMBOJI B TIOTOK <stdio.h>

int fputc(int ch, FILE *f);
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Oyukiusa 3anuckiBaetT cuMBoIl ch B otok f. [Tpu onmrbke Bo3Bparaer sHavenwe EOF,
MHave — 3aIMCAHHBIN CUMBOJL.

fputs 3anuceiBaeT CTPOKY CUMBOJIOB B ITOTOK | <stdio.h> |

int fputs(const char *s, FILE *f);

ODyuKius 3aUChIBAeT CTPOKY CUMBOJIOB S B OTOK f. CHMBOJI KOHIIA CTPOKH B (Daiin
He 3amuceiBaercs. [1pu ommbke Bo3Bpamiaer 3nauenne FOF, WHaYe — HEOTPHUIIATETHHOE
YUCJIO.

fputwc 3anuchIiBaeT CUMBOJT B TIOTOK | <stdio.h> |

w_int fputwc(w_int ch, FILE *f);

OynkMa 3anuchBaeT cuMBOJI ch B 110ToK f. [Ipu ommbke Bossparnaer sHavenue WEOF,
HMHaye — 3allMCAHHbIA CUMBOJL. SIBJsieTcst anaimoroM (yHKIMK fputc aist MHOrOGaiiT-
HBIX CHMBOJIOB.

fputws 3amnmceIBaeT CTPOKY CHUMBOJIOB B TMTOTOK | <stdio.h> |

int fputs(const wchar t *s, FILE *f);

DyHKIUS 3aIUCBIBAET CTPOKY CUMBOJIOB S B TTOTOK f. CUMBOJI KOHIIA CTPOKH B (hail
He 3anucbiBaercs. [Ipu ommbke BosBpaiaer sHadenne WEOF, nHAUYe — HeOTpUIATE b~
Hoe unco. SIBgerca aganorom GyHKIuN fputs as MHOTOOANTHBIX CUMBOJIOB.

free OcBoboxkmaer 60K MaMsATH | <stdlib.h> |

void free(void *pointer);

DOyHKIM 0cBOOOXKIAET GJIOK IaMSTH, TTOJYyYeHHbI paHee oAHON 13 GyHKImii malloc,
calloc mmm realloc.

fread Ywuraer maHHble U3 ITOTOKA BBO/IA <stdio.h>

size t fread(void *buffer, size t size, size t count, FILE *stream);

(DYHKHI/IH BO3BpallaeT KOJIUYECTBO IMPOYNTAHHDBIX IJIEMEHTOB, KOTOPOE€ MOJKET OBITD
MEHbIIIe count, ecau Ipy YTEHUN ITPOM3ONILIA omunbKa nan BCTPETUJICA KOHEIT (baﬁﬂa.

freopen OTKpBIBAaeT MOTOK BBOJIA,/BbIBOJIA <stdio.h>

FILE *freopen(const char *fname, const char *mode, FILE *f);

DOynukimsa paboraer anagorndno fopen, HO TPeEABAPUTETHHO 3aKPhIBAET TTOTOK T, ecin
TOT GBI PaHee OTKPAIT.

rex bljlesIsIeT U3 YUCJa MAaHTUCCY U 9KCIIOHEHIIMAIbHYIO 4acTh math.
f B y y. <math.h>

double frexp(double x, int *expptr);
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®YHKHHH BbIZIEJISAECT MaHTHUCCY U ITOKa3aTeJIb CTCIICHW YnCJia X. BO3BpaI[I3.€‘T 3HaYeHHe
MaHTHUCCBI 1 KOIIMPYET IKCIIOHECHIINAJIbHYIO YaCTh 110 a/[peCy expptr.

fscanf | BBomuT u3 daiina popmaTupoBantblie 1aHHble | <stdio.h>

int fscanf(FILE *f, const char *fmt [,parl, par2, ..]);

ODyHKIMg BBOAUT CTPOKY mapametpoB parl, par2 u T. 1. B hopMmaTe, onpeieIeHHOM
cTpokoil Tmt, n3 daiisa f. Bospariaer 4ncio nepeMeHHbIX, KOTOPBIM IIPUCBOEHO 3Ha-
YeHue.

fseek | [Iepemerniaer mo3uiuio B daiijie OTHOCUTENBHO TEKYTIei | <stdio.h>

int fseek(FILE *f, Tong off, int org):

DyHKINSA TIepeMelaeT TeKYIyo MO3UIIo B (dafiie, CBI3aHHOM ¢ ITOTOKoM f, Ha mo-
3urio of f, OTCYUTHIBAEMYIO OT 3HAUEHMST 0rg, KOTOPOE JIOJKHO GBITH PABHO OJHON 13
TpeX KOHCTAHT, ONPe/IeJICHHBIX B <stdio.h>:

SEEK_CUR — oT Teky1ileil MO3UIUN yKa3aTes;
SEEK_END — ot koHIa haitna;

SEEK_SET — ot Hauana aiia.

fsetpos Ilepemeraer Tekynyio mMo3uIMIO B (haiijie OTHOCUTENBHO ero <stdio.h>
Hayasa

int fsetpos(FILE *f, const fpos_t *pos);

ODyHKIUA TTepeMelaeT TeKYIYIo MO3UIIIo B (daiiie, CBI3aHHOM ¢ ITOTOKOM f, Ha mo-
3UIUIO *POS, [IPeIBApUTEIbHO HOJNYyYeHHYIO ¢ rtomMouiblo dyHkunu fgetpos.

ftell BosBpamiaer tekymiyio mosunuio B aiire <stdio.h>

Tong int ftell(FILE *f):

ODyHKIMs BO3BpaNaeT TEKYIIY0 TO3UNNIO B (aiiye, CBI3aHHOM C MOTOKOM f, Kak
JUIMHHOE 1ieJIoe.

| fwide | OrpeienisieT BUJ TIOTOKA | <wchar.h>

int fwide(FILE *stream, int mode);

DyHKIUS ONpe/IesIAeT B 3aBUCUMOCTH OT mode BUJI TIOTOKA — GaifiT-OpHEeHTHPOBAHHBIT
(mode < 0) WK TOTOK 13 MHOrOOAMTHBIX cMBOJIOB (mode > 0). Bosspalaer Tekymuimii
BH/I TIOTOKA.

| fwprintf | 3anurchIBaeT JJaHHbIE B ITOTOK | <stdio.h>

int fwprintf(FILE *f, const wchar t *fmt, .);
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DyHKIM 3alKChIBAeT B II0TOK T IlepeMeHHbIe, CIIMCOK KOTOPBIX 0003HAYeH MHOIOTO-
yueM, B hopmare, ykazaHHOM cTpoKoil fmt. BosBparmaer 4ncio 3ammcanHbIX CUMBO-
J0B. ABnsercs anasorom gyukuuu fprintf s MHOT0OAITHBIX CHMBOJIOB.

| furite | 3anuchIBaeT JaHHble 13 3aMaHHOro Oydepa B MOTOK | <stdio.h>

size t fwrite(const void *p, size t size, size t n, FILE *T);

DyHKIMA 3aICBIBAET N DJIEMEHTOB JUTMHOI S1ze Gaiit us 6ydepa, 3alaHHOTO yKazare-
JieM p, B 1otok f. BosBpalliaeT 4nuc/Io 3allMCaHHbIX 9J1€MEHTOB.

fwscanf YuraeT 3 MOTOKA JaHHBIE U THIIET UX TI0 33/[aHHBIM a/ipecaM | <stdio.h>

int fwscanf(FILE *f, const wchar_t *fmt, .);

DyHKINA B COOTBETCTBUM ¢ (hOPMATOM, YKa3aHHBIM CTPOKOil fmt, unTaer n3 moroka f
IlepeMEHHbIe, CIIMCOK a/[PECOB KOTOPBIX 0003HaUeH MHOroTouneM. Bo3Bpalaer uucio
IIPOYUTAHHBIX 37eMeHTOB uiu WEOF, B ciryuae HeyaayHoro uyreHus. SBisiercs anamno-
roMm ¢yukimn fscanf 1751 MHOTOGAHTHBIX CHMBOJIOB.

| getc | Yuraer cUMBOJ U3 IIOTOKA <stdio.h>

int getc(FILE *f);

OyHKIMS BO3BPAIIAET 04epeiHoi cuMBo B hopme int us notoka f. Ecsin cumBost He
MOKeT OBITh TIPOYUTAH, TO BO3BpaIaercs 3Hauenme EOF.

getchar Yuraer CMMBOJI U3 CTAHIAPTHOTO BBOJIA <stdio.h>

int getchar(void);

ODymukius Bo3Bpalaer ouepeaHoil cuMBoJ B popme int us crangapraoro seoga. Ecin
CUMBOJT HE MOXKET OBITH TIPOUNTAH, TO BO3BpAIaeTcs 3HadeHue FOF.

getenv BosBpariaer 3Hauenmne mepeMeHHON OKPYKEHUS <stdlib.h>

int getenv(const char *var_name);

DyHKIMs BO3BPAIIAET YKA3aTeb HA CTPOKY, KOTOPAsi COAEPKUT ONICAHNE YKAZAHHON
IepeMeHHON OKPY>KeHNs.

gets Huraer CMMBOJIBI C KJIABUATYPBI /10 TOSBJICHUS <stdio.h>
CHMBOJIA HOBO# CTPOKU

char *gets(char *s);

DyHKINS YUTAET CUMBOJIBI C KJIABUATYPHI Z0 TIOSIBJIEHIS CMBOJIA HOBOH CTPOKU U
MTOMeIIaeT NX B CTPOKY S (caM CMMBOJI HOBOHM CTPOKH B CTPOKY He BKJTIouaeTcs). Bos-
BpallaeT yKasaTeJb Ha S.

getwc Yuraer U3 MOTOKa CUMBOJI <stdio.h>

wint_t getwc(FILE *f);
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DyHK1Ms Bo3BpalaeT ouepeHoil cuMBoJl B hopMe wint t u3 motoka f. Ecui cumBos
He MOsKeT OBbITh IPOYMTAH, TO BO3BpallaeTcs sHadeHue WEOF. SIBisteTcst aHAJIOTOM
dyHKIMK getc st MHOrOGaUTHBIX CMBOJIOB.

getwchar Bossparaer ouepenHoil CHMBOJI ¢ KJIaBUATYPbI <stdio.h>

wint_t getwchar(void);

DyHKIMS BO3BPAIaeT 0YePEAHON CUMBOJI U3 CTaHAAPTHOTO IOTOKA BBoAA (OOBIYHO
KJIaBuatypa). JABisercs aHamoroM (GyHKIMK getchar st MHOrOOAUTHBIX CUMBOJIOB.

gmtime uanmnmanmsupyeTt cTPpyKTYpy tm Ha ocHOBe time t <time.h>

const struct tm gmtime(const time t *t):

DyHKIUs BO3BpAIaeT yKa3aTeb HA BPEMEHHYIO CTPYKTYPY THIIA th, HHUIHAIU3UPO-
BaHHYIO Ha OCHOBe JlaThl/BpeMenn u3 t. Bpems ycranasiausaercs no ['punBmay.

isalnum [Iposepsier, sBasgercs i cuMBOJ OYKBOI i uudpoit <ctype.h>

int isalnum(int ch);

DyHKIMa BbIIEIAeT MU GaiiT mapamMeTpa Ch u BO3BpaliaeT 3Ha4eHue true, ecim
cuMBOJI ch siBasieTcst 6yKBOiT mim 1udpoit, unn false B MPOTUBHOM CJIydae.

isalpha [IpoBepsier, sIBASIETCS JI1 CUMBOJI OYKBOI <ctype.h>

int isalpha(int ch);

DyHKIMS BBIIEISET MITANINN OaiiT TapaMeTpa ch 1 Bo3BpalaeT 3HaueHue true, ecim
CHMBOJ Ch saBasgeTcs OYKBOIL, uin false B IPOTUBHOM CJIy4ae.

iscntrl [TpoBepser, siBJIgeTCS JIM CUMBOJI YITPABJISIONIIM <ctype.h>

int iscntrl(int ch);

DyHKIMS BBIIEASET MIIAANIMN OaiiT TapaMeTpa ch 1 Bo3BpalaeT 3HaueHue true, ecim
CUMBOJT Ch SBJISIETCSA YIPABJIAIONMM cuMBOJIOM (Tuma line feed, del, tabymnsanuu u
TOMY IIOZ00HBIX, OOJIBIIMHCTBO U3 KOTOPBIX Haxoaarca B quanasone 0x01—-0x1F (ais
kozpoBkr ASCII)), nau false B MPOTUBHOM caydae.

isdigit [IpoBepser, sBasieTcst 1 cuMBoOJ (PO <ctype.h>

int isdigit(int ch):

DyHKIM BbIAEASET MIAANIMN OaiiT mapaMerpa ch 1 Bo3Bpallaer 3HaueHue true, ecau
CUMBOJI ch sBJsieTcst i poit, i false B MPOTUBHOM CJIydYae.

isgraph [TpoBepsiet, sABISIETCS I CUMBOJI BUTUMBIM <ctype.h>

int dsgraph(int ch);
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DyHKIUS BBIIEIET MIAAIINI GaiiT mapaMeTpa Ch U BO3BpalaeT 3HaYeHKe true, eciim
CUMBOJT Ch SIBJISIETCST BUAIMMBIM (TO €CTh OH He SIBJISIETCST CUMBOJIOM Tipo6esta, TabyJis-
WU U T. [.) UK false B IPOTUBHOM cJIydae.

islower IIpoBepsier, siBIISIETCS I CUMBOJI OYKBOI HUKHETO PErUCTPa <ctype.h>

int islower(int ch);

DyHKIMS BBIIEASET MITAANIMN OaiiT TapaMeTpa ch 1 Bo3BpalaeT 3HaueHue true, ecim
cuMBOJT ch sBJasieTCs OYKBOI HUJKHEro peructpa, uin false B MPOTMBHOM cJIydae.

isprint [IpoBepsier, sBisIE€TCS 11 CUMBOJI [1€4aTaeMbIM <ctype.h>

int disprint(int ch);

DyHKIMS BbIIEASET MIAANIAN OaiiT TapaMeTpa ch 1 Bo3BpallaeT 3HaueHue true, ecim
crMBOJI ch siBisieTcst edaTaeMbiM (isgraph + mpobern), uiu false B POTHBHOM CJIy-
yae.

ispunct [Tposepser, sBsieTcs M CUMBOJI CUMBOJIOM ITYHKTYallnn <ctype.h>

int ispunct(int ch);

CDyHKuI/IH BBIZIEJISIeT MU 6aiT rapamMeTrpa ch u Bo3BpallaeT 3HayeHue true, ecau
CUMBOJT Ch SIBJISIETCST CUIMBOJIOM TIYHKTYaIMu (TO €CTh TIledaTtaeMbIM, HO He 6YKBOM, He
1 poit, He mpodesiom), uiar false B MPOTUBHOM CJIydae.

isspace [IpoBepser, saBigeTcs a1 CUMBOJ Pa3TPaHUIUTETLHBIM <ctype.h>

int isspace(int ch);

DyHKIUS BBIIETICT MIAAIINI GaiiT mapaMeTpa Ch U BO3BpalaeT 3HaYeHIe true, eciim
CUMBOJI Ch SIBJISIETCST CUMBOJIOM Tipobena mian TabyJisiryed, Uil CHMBOJIOM HOBOI
CTPOKH, WJIN CUMBOJIOM HOBOI CTpaHUIlbl (CUMBOJIOM TiepeBojia popmara), uiu false
B IPOTHUBHOM CJTydae.

isupper [IpoBepsiet, ABJIsIETCS U CUMBOJI GYKBON BEPXHETO PErucTpa <ctype.h>

int dsupper(int ch);

DOyHKIMA BbIAEASET MIAAMINN GaiiT mapaMerpa Ch 1 Bo3BpallaeT 3HaueHue true, ecu
CHMBOJI Ch sIBJIsIeTCs OYKBOI BEPXHEro perucrpa, uir false B IPOTUBHOM CJIydae.

iswalnum [Iposepsier, sBsieTcs U CUMBOJ OYKBOI 1w nudpoit <ctype.h>

int iswalnum(wint t ch);

DyHKIMA BO3BpAIIaeT 3HAYEHME true, eciu CUMBOJ Ch apjsgercsa OyKBOH mau mud-
poii, uiau false B MPOTUBHOM ciydae. SIBjsgercs aHanmoroM GYHKIMU 1Salnum A/t MHO-
roOaliTHBIX CUMBOJIOB.
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iswalpha IIposepsier, ABasieTCs J1 CUMBOJ OYKBOI <ctype.h>

int iswalpha(wint t ch);

DyHKIMA BO3BpaAIIaeT 3HAUeHMe true, eciu cuMBOJ ch aBisgerca OykBoll, uim false B
MPOTUBHOM cJiydae. SBisietcst anamorom GyHKuu isalpha st MHOTOGAHTHBIX CUM-
BOJIOB.

iswentrl [TpoBepser, siBJI€TCS JIM CUMBOJI YITPABJISIOITIM <ctype.h>

int iswentrl(wint t ch);

OyHKIMs BO3BpaIaeT 3HadeHne true, ecJau CUMBOJI Ch SIBJISIETCS] YIPABJISIONIAM CHM-
BosioM (Tumna Tine feed, del, tabyssiuu u TOMy OAOOHBIX, GOJTBIIUHCTBO U3 KOTOPHIX
Haxozsares B auarnazone 0x01-0x1F (mra xopmposku ASCII)), nau false B mpoTus-
HOM cJiydae. JBisieTcst aHamoroM (GyHKIUE 1scntr] st MHOTOOAlTHBIX CIMBOJIOB.

iswctype IIpoBepsieT MHOTOOAUTHBIN CUMBOJI <ctype.h>

int iswctype(wint t c, wctype t desc);

DyHKIMS BO3BpAIllaeT HEHYJIEBOe 3HAYEHHUE, eCIM CUMBOJ C 00JajaeT CBOMCTBOM
desc, miii HyJIeBoe B TIPOTUBHOM CJIydae.

iswdigit [IpoBepsier, stBisieTcst it CUMBOJT TTGPOIA <ctype.h>

int iswdigit(wint t ch);

OyHnKIMs BO3BPAIIAeT 3HaUYeHIe true, ecim cuMBoUI ch siBaistercst 1udpoii, nian false B
NPOTUBHOM cJydae. SBisercs anasorom GyHknuu isdigit s MHOTOGAHTHBIX CUM-
BOJIOB.

iswgraph [TpoBepsiet, sABIIsIETCS I CUMBOJI BUIUMbBIM <ctype.h>

int iswgraph(wint t ch);

DyHKIMS BO3BpalllaeT 3HavYeHue true, ecam CUMBOJ Ch SIBJSIETCSI BUIUMBIM (TO €CTh
OH He SIBJISIETCSI CUMBOJIOM Ipo0eJia, TabyJIsAuy U T. JI.) Win false B IPOTUBHOM CJIy-
yae. dBisiercs aHasoromM yHKIUU 1sgraph st MHOroOaiiTHbIX CUMBOJIOB.

iswlower [IpoBepsier, sBJIsIETCS N CUMBOJT GYKBOH HIKHETO PETHCTPA <ctype.h>

int iswlower(wint t ch);

DyHKIIS BO3BPAIIAET 3HaUeHMe true, ecin CUMBOJ Ch sBIIsTeTCsT OYKBON HIKHETO Pe-
ructpa, uiam false B MPOTUBHOM ciiydae. SBisercs anasorom GbyHKIuu islower s
MHOTOOANUTHBIX CHMBOJIOB.

iswprint [IpoBepsier, sABIsI€TCS T CIMBOJI TT€YaTAEMBIM <ctype.h>

int iswprint(wint t ch);
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DyHKIMS BO3BpalllaeT 3HAYeHHWE true, ecJu CHUMBOJ Ch SIBJISIETCS TledaTaeMbIM
(iswgraph + npobeun), uau false B IPOTUBHOM caydae. ABasercs anamoroM (GyHKIINN
iswprint s MHOTOOAITHBIX CUMBOJIOB.

iswpunct [TpoBepsier, siBJISIETCS JIM CUMBOJI CUMBOJIOM TTYHKTYalluu <ctype.h>

int iswpunct(wint t ch);

OyHKIMs BO3BPAIIAET 3HAUeHNe true, ecin CUMBOJI Ch SIBJISIETCS CUMBOJIOM ITYHKTYa-
1 (TO eCTh MevyaTaeMbIM, HO He 6YKBOH, He 11dpoii, He mpobesom), wiu false B 1po-
TUBHOM CJydae. SIBJsieTcst anamoroM yHKITHH 1spunct i7ist MHOTOOAHTHBIX CHMBOJIOB.

iswspace Hp0BepHeT, ABJIAETCA JIM CUMBOJI PAa3rpaHUYrUTEIbHbIM <ctype. h>

int iswspace(wint t ch);

DyHKIMa Bo3BpaIaeT 3HAYeHKe true, eciu CUMBOJ CN SBJISIETCS CUMBOJIOM Mpobea
i Tabysisiiyeil, WM CUMBOJIOM HOBOI CTPOKM, WJIM CHMBOJIOM HOBOW CTPaHUIIBI
(cuMBoOJIOM TIepeBo/ia hopmaTta), nau false B IPOTUBHOM cirydae. SABJseTCsS aHATIOTOM
dyHKIMM isspace st MHOTOOaHTHBIX CHMBOJIOB.

iswupper [Iposepsier, siBisieTcst i CUMBOJI OYKBOI BEPXHETO PErUCTpa <ctype.h>

int iswupper(wint t ch);

OyHKIMA BO3BpallaeT 3HAYEHIe true, eCIn CUMBOIL Ch ABJISIETC OYKBOI BEPXHETO pe-
ructpa, uian false B MPOTUBHOM ciydae. SIBjsgercsa aHajaoroM (GYHKLUE isupper s
MHOTOOAWTHBIX CUMBOJIOB.

iswxdigit IIpoBepser, sABsIETCS T CUMBOJI CIMBOJIOM <ctype.h>
TeCTHAAIATePUIHON TG PHI

int iswxdigit(wint_t ch);

OyHKIMs BO3BpaIaeT 3HadeHue true, ecjam CUMBOJI Ch SIBJISIETCSI CHMBOJIOM HIECTHA-
narepudHoi nudps (Ludpsl, a Takxke OyKBbI OT A 10 F B HUKHEM 1IN BEPXHEM Peru-
ctpax), unu false B mpoTuBHOM ciryuae. SBisgercst ananorom dynkimm isxdigit s
MHOTOOAUTHBIX CUMBOJIOB.

isxdigit IIpoBepser, sBsIETCS T CUMBOJI CIMBOJIOM <ctype.h>
TeCTHAAIATePUIHON TG PHI

int isxdigit(int ch);

DyHKIMS BBIIEASET MITAANIMN OaiiT mapaMeTpa ch 1 Bo3BpalaeT 3HaueHue true, ecim
CUMBOJI Ch SIBJISIETCSI CUMBOJIOM IllecTHaAaTeprudHoi nudpsr (indpsl, a Takske OYKBbI
oT A o F B HIDKHEM Wi BepXHEM permcTpax), win false B IPOTUBHOM CIIydae.

labs Bossparaer Moy yucaa <stdlib.h>

long int labs(long int num);
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®YHKHHH BO3Bpallla€T abCoIOTHOE 3HAUYEHUE YMCJIa Num.

Tdexp IIpeobpasyeT MaHTICCY ¥ MOKA3aTeIb CTENEHH B YHCJIO <math.h>

double Tdexp(double x, int exp);

DyHKIIUS TOJyYaeT MAHTUCCY X U TOKA3aTeh CTEMEHH eXP U BO3BPAIIAET YNCIIO, PAB-
HO€ TIPOU3BE/ICHITO MAHTHCCHI Ha 2 B CTEIIeHN TToKa3aTesb crereHu. [IpoTtnBormosoxHa
bynkm frexp.

1div JlesmT ¢ ocTaTKOM <stdlib.h>

1div_t 1div(Tong numerator, Tong denominator);

DyHKINS AeJUT ITUHHOE TIeJI0e numerator Ha JJIMHHOE Tiesioe denominator, Bo3Bparias
pe3yJbTaT B CTPYKTYPE, cojiepsKalieil YacTHOe W OCTaTOK.

Tocaleconv BosBparmaer onmcanme ycTaHOBOK JIOKAJTbHON CpeJibl <locale.h>

struct Tconv *Tocaleconv(void);

ODyuKiust BO3BpAIIaeT CTPYKTYPY, KOTOPAs COAEPIKUT AETATbHOE OMUCAHNE TEKYIIINX
YCTaHOBOK JIOKQJIBHON CPEIbl, TO eCTh WH(OPMAIINIO, 3aBUCSIIIYIO OT CTPAHBI.

localtime Wuanmmammsupyet cTpyKTypy tm Ha ocHOBe time t <time.h>

struct tm localtime(time t *t);

DyHKIIUsT BO3BPAIAET YKa3aTeb Ha BPEMEHHYIO CTPYKTYPY THIIA th, HHUITHATIU3UPO-
BaHHYIO HAa OCHOBE JIaThl/BpeMeHn 13 t. Bpems ycranapimBaeTcs jJokaibHoe (B OTJIU-
e oT gmtime, T/ie BpeMs yCTaHABJIMBAETCS 110 ['puHBUUIY).

1og Boruncsiger HaTypasbHBIi Jlorapudm <math.h>

double Tog(double x);

ODyukius Bo3BpAIIAeT 3HAYEHIe HATYPAIbHOTO Jorapudma x.

10910 Beraucaser morapudm mo ocrosanuio 10 <math.h>

double ToglO(double x);

DyHKIUS BO3BpallaeT 3HaYeHue jorapudma x mo ocHopaumio 10.

malloc Boizenger 610k namaTu <stdlib.h>

void *malloc(size t size);

Dyukimsa Boiesger 6J0K TTaMATH pa3MepoM Size GaliT 1 Bo3BpalaeT ykasarteb Ha
Hero. B ciyuae neymaun Bossparaembiv 3uauenueM 6yaer NULL. TIpeamouturenbheit
BMeCTO Mal10C MCITOIB30BAThH OMEPATIIIO NEW.
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mblen OmnpenensieT pazMep MHOTOOANTHBIX CHMBOJIOB <stdlib.h>

int mblen(const char *s, size t n);
ODyukiust Bo3BpaIiaeT pasmMep cuMBoJia *s, ecau s me NULL.

mbstowcs [Ipeobpasyer cTPOKY MHOrOOAUTHBIX CUMBOJIOB B MACCUB <stdlib.h>
u3 wchar t

size t mbstowcs(wchar_t *pwcs, const char *s, size t n);

@Oyukius mpeobpasyer cTpOKy MHOrOGAUTHBIX CHMBOJIOB B MaccuB u3 wchar_t. Ecom
BCTPETUJICS HEAOMYCTUMBI CUMBOJ, (hyHKIUS Bo3pamiaer —1. B mpotuBHOM cirydae
(YHKI[MS BO3BpAIAeT KOJIUYECTBO TPe0OPa3OBAHHBIX CUMBOJIOB.

mbtowc IIpeo6pasyer MHOTOOGANTHBII CUMBOJ B wchar_t <stdlib.h>

int mbtowc(wchar_t *pwc, const char *s, size t n);

Oyukius mpeobpasdyer MHOTOOAUTHBIH cuMBOI B wehar_t. Ecim s ykasbiBaeT Ha He-
MHOTOGAUTHBIN cMBOJI, (DyHKIMs Bospaiiaer —1. Ecoiu s ykaspisaer Ha NULL, Bo3Bpa-
maemoe 3uauenune pasuo 0. B mporuBHoM ciyvae yHKIMs BO3BpalaeT IJIUHY CHM-
BoJia B Gaiirax.

memchr Wimet mepBoe BXOK/IeHIE CUMBOJIA B 0JI0K aMATU <string.h>

void *memchr(const void *p, int ch, size t n);

DyHKIMg BO3BpallaeT yKasaTeJb Ha I€pPBOE BXOxKIeHue OaiiTa, NpecTaBIeHHOrO
MuaAmuM GaiitoMm aprymenTa ch B 6JI0Ke aMsITy D JJIMHOM 1.

memcmp CpaBuuBaet OJIOKM TTaMATH <string.h>

int memcmp(const void *pl, const void *p2, size t n);

DyHKIMSI cpaBHUBAET /1Ba 6I0Ka TTAMSITH 1 BO3BPAIAET 3HAUEHUE: MEHDITIE HY ST, PaB-
HOE HYJII0 WJn GOJIbIle HyJI — aHAJTOTMYHO KOJaM BO3BpaTa (DyHKIMK strcmp.

memcpy Komupyer 6710k mamsitu <string.h>

void *memcpy(void *dest, const void *src, size t n);
@yukius Komupyer GJI0K TaMATH JIJIHHON n 6alfT 13 ajpeca src mo ajapecy dest.

memmove [Tepenocur 0JI0K TIaMSATH <string.h>

void *memmove( void *dest, const void *src, size t n);
DyHKIISI aHATOTHYHA MeMCpy, HO OJIOKH dest 1 Src MOTYT TIePeKPBIBATHCS.



MpunoxeHune 6. DyHKLUMK CTaHAAPTHON BLMBANOTEKN 431

memset 3amnosHsaeT 60K aMATH CUMBOJIOM <string.h>

void *memset(const void *p, int ch, size t n);

CDyHKLII/IH 3a10aHsAeT OJI0K ITaMATh CHUMBOJIOM, B3ATBIM N3 MJIaJIIETO Gaiira ch.

mktime 3artoJIHseT moJs Hs HeJeJau U JIHs Tola <time.h>

struct tm mktime(time_t *t);

DOyHKIMS 3a10JHIET TI0JIsI JHS HEeJeN U JIHS ro/la CTPYKTYPBI th HA OCHOBE UMEIO-
nieiica B t undopmanuu.

modf PasbuBaer unciio Ha eIy U ApoOHYIO YacTu <math.h>

double modf(double x, double *intptr);

Oynkiua pasbuBaer X Ha LEeAyo U APOOHYIO Y4acTH, IpUYeM APOOHYIO YacTh 4KC/Ia
BO3BpalllaeT, a 1esIyIo YacTh YKCa IOMellaeT 110 aJipecy, oIpelesseMOMy yKasaTeaeM
intptr.

perror [legataer cTpoky Buzma "s: error coobuerve" <stdio.h>

void perror(const char *s);

DyHKIMA 1IeyaTaeT CTPOKY B/ <S: €ITOr co0OLIEHne», B KOTOPO cooblIeHue onpe-
JleJIsieTcsl Ha OCHOBE 3HaueHns r1o0aabHOl IepeMeHHoll errno. Ecou sHadenueM s sB-
asiercst NULL, To 1medartaercst TOJIbKO coobuienne o6 ommbke. BoiBog mpousBoauTcs B
CTaHJapTHBI MOTOK omuboK stderr, 06bMHO Ha3HAYEHHDBIA HA MOHUTOP.

pow BosBoauT unciio B crenenb <math.h>

double pow(double x, double y);

qDYHKHI/IH BbIYMCJIAECT 3HAaUYCHME YMCJla X B CTCIICHU Y.

printf BeiBomuT cTpoky mapameTpoB B omnpejiesieHHOM dhopmare <stdio.h>

int printf(const char *fmt, ..);

DyHKIUS BBIBOJUT Ha CTAHAAPTHOE YCTPOWCTBO BBIBOJIA 3HAUEHUS MTEPEMEHHBIX, ITe-
PEUNCIIEHHBIX B CIHCKE, 0003HAYEHHOM MHOTOTOYHEM, B (hopMaTe, OMpereeHHOM
crpokoii format. Crienudukanum opmaTa MpuBeneHbl B TPUIOKEHUN 2.

putc 3anuchIBaeT CUMBOJ B IIOTOK <stdio.h>

int putc(int ch, FILE *f);

DOyHKIM 3anucbiBaeT cuMBoJI ch B 1oToK f. Ipu omunbke Bosspaiaer sHadenue EOF,
MHaue — 3AMUCAHHBIN CMMBOJI. PaboTaeT MOTHOCTHIO aHATOTHYHO fputc.
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putchar BoiBouT cMBOJ HA CTaHIAPTHOE YCTPOMCTBO BBIBOJIA <stdio.h>

int putchar(int ch);

DyHKIIMsT BBIBOAUT CHMBOJI Ch Ha CTaHAAPTHOE yCTPOMCTBO BhiBOMA. Ecim BBIBOI yC-
IelleH, Bo3Bpaliaercs 3HadeHue ch, nHaye Bo3Bpaiaercs 3HaueHue EOF.

puts BBIBOWT CTPOKY HA CTaHAAPTHOE YCTPOICTBO BBIBOJA <stdio.h>

int puts(char *s);

DyHKIUA BHIBOAUT CTPOKY S HA CTAHAAPTHOE YCTPOICTBO BBIBO/A, 100ABJIASA B KOHIIE
CUMBOJI HOBOiI cTpoku. BozBpaiaer HeOTpHUIIATENBHOE 3HAYECHUE MPH yCTeXe WM
EOF — nipu ommmbKe.

putwc 3anmceiBaeT CUMBOJI B TIOTOK <stdio.h>

wint_t putwc(wint_t ch, FILE *f);

@yuknums anucbBaet cuMBo ch B Totok f. IIpn omubke BosBpaimaer 3navenne WEOF,
WHaue — 3aTMCAHHbBII CUMBOJ. SIBISETCS aHamoroM (GyHKINU putc st MHOTOOANT-
HBIX CHMBOJIOB.

putwchar BeiBoguT cMBOJ Ha cTaHAAPTHOE YCTPOMCTBO BBIBOJA <stdio.h>

wint_t putwchar(wint t ch);

DyHKIMS BBIBOAUT CUMBOJI Ch Ha CTaHJIAPTHOE YCTPOHCTBO BbIBO/IA. Ecyii BBIBOJ yC-
TlellieH, Bo3BpalllaeTcsl 3HaUYeHUe ch, nHade Bo3BparmaeTcd 3HadeHue WEOF. ABasgercs
aHajoroM (GyHKIKU putchar 11 MHOTOGANTHBIX CUMBOJIOB.

gsort CopTupyeT 3aJJaHHbIIl MACCUB <stdlib.h>

void gsort(void *buf, size t num, size t size,
int (compare)(const void *, const void *));

DyHKIMA BHINOJIHAECT COPTUPOBKY MACCHBOB JIOOBIX pazmepoB u TuiioB. Coprupye-
MBIl MaccuB: buf — ykasaTesb Ha MaCCUB, NUM — YKCJIO 3JIEMEHTOB, Size — pa3Mep Ka-
JK/IOTO 3TIeMeHTa. APIyMeHT compare — ajapec (OYHKIIUH, KOTOpas AOJKHA CPaBHUTD
[IBa 3HA4YeHMS, TepelaHHbIX eil (yHKuuel gsort, U BO3BPATUTb COOTBETCTBYIOIINI
KOJI: MEHBIITe HyJIsT (ecsi IePBBIF apryMeHT MeHbIIle BTOPOT0), HyJIb (eC/n apTyMeHTBhI
paBHbI) Wau GoJibine HyJs (€U TepBbIA apryMeHT (GOJIbIlie BTOPOT0). APTYyMEHTSI,
nepejiaBaeMble i, orpezeseHbl Kak void*, To ecTb BHYTpU (DYHKIHUU OHU JIOJKHDBI
MIPUBOAUTLCS K HY>KHOMY THITY.

raise [IpepsIBaeT BBITIOHEHNE TPOTPAMMBI <signal.h>

int raise(int signal);

DyHKIM OCITAeT CUTHAJ porpaMMe, WAeHTUMUIUPYS OIUOKY BO BPEMS €€ Bbl-
noJiHeHUsA. ITa (PYHKINSA ycTapesa U OCTaBIeHA TOJBKO I cOBMecTUMOCTH ¢ C, Tak
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kak B C++ /719 Tak¥UX 11eJIell UCIOTb3yeTcss MeXaHU3M UCKJIIoueHnil. Bo3Bparaer Hy-
JieBOe 3HAUEHHUeE B cilydae ycriexa 1 HeHyJieBoe — B TIPOTUBHOM CJIydae.

rand lenepupyet caydaitasie ymcyia <stdlib.h>

int rand(void):

OyHKIMS BO3BpAIAET O0YEPEJHOE MCEBAOCAyYaliHoe 4yucjao B auanazone ot 0 o
RAND MAX.

realloc V3MmeHsieT pasMepbl paHee BbIAEJEHHOTO GJI0KA MaMsITH <stdlib.h>

void *realloc(void *memblock, size t size);

Oyuxnua monydaer 610K naMatu (BbLAEJEHHBIH paHee oQHONM u3 GyHKUui malloc,
calloc mm realloc), mpu HEOOGXOAMMOCTH TIEPEMEIAET €ro TaK, YTOObI OH COOTBETCT-
BOBaJ HOBOMY pasmepy. IIpu aToM paHee pa3MmellieHHbIC B HEM JaHHBIE HE TEPSIOTCS.
BoapmmacTBO TIpaBMII, oTHOCANUXCS K malloc, AeiicTBUTEbHBI U 7151 realloc.

3HaueHHne, Bo3BpaiaeMoe (YHKIUeH, SBIgeTcsS yKazaTeleM Ha HOBOE IMOJIOXKEHUE
6oka mamsTi. OHO OTJIMYAeTCst OT CTaporo 3HadeHust (memblock) TOJIBKO B TOM CJIy-
Jae, ecatu realloc TPUIIIOCH MePEMECTUTH OJIOK TaMsITh. Eciii He yaamoch yBeamInTh
6JIOK IaMsATH, TO BO3BpallaeMoe 3Hadenue pasHo NULL, mpuyem smadenme memblock
OCTaeTCsA JOCTYITHBIM IIPOrPaMMe.

remove Ynanger daiin <stdio.h>

int remove(const char *filename);

(DYHKLII/IH yaaJssiert CyH.IeCTByIOH.[I/Iﬁ (baﬁn. B CJIy4dae yCIi€Xa BO3Bpallla€T HYJIEBOE 3HA~
yeHue, nHnadye — HEHYJIEBOe.

rename [TepenmenoBbiBaeT dait <stdio.h>

int rename(const char *oldname, const char *newname);

DyHKIIUs IepenMeHOBBIBAET CYIIECTBYIONIMIT (haila uin nanky. B ciaydae ycrexa Bo3-
BpalllaeT HyJleBOe 3HAYeHUe, MHaYe — HEeHyJIeBoe.

rewind Ounmraer duaru omuboK 1mpu paboTe ¢ MOTOKOM ¥ MEPEXOIUT <stdio.h>
K Havaisy aitma

void rewind(FILE *f);

Oyukius ountaeT Gaaru omuboK B MOTOKe T U yCTAHABIMBAET TEKYIYIO TO3UITIIO
Ha Havasio haiia.

scanf BBoauT cTpoky napameTpos B oripesesieHHOM dopmare <stdio.h>

int scanf(const char *fmt [,parl, par2, ..1);
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DyHKIUS BBOAUT CTPOKY MapaMeTpoB parl, par2 u T. j. B opmaTe, onpeneseHHoM
CTpPOKOii fmt, co craHgapTHOTO ycTpoiicTBa BBoga (0OBIYHO ¢ KiaBUATyphl). Bosspa-
HiaeT 4Y1CJIo IepeMeHHbIX, KOTOPbIM IIPUCBOEHO 3HaY€HUE.

setbuf Ycranasausaer 6ydepusaiuio moToKa BBOAA,/ BbIBO/A <stdio.h>

void setbuf(FILE *f, char *p);

Oynrus ycranasiauBaeT Oydep BBoAa,/BbIBOJIA, 3alaHHbIN ykaszaTeseM p. Pazmep Oy-
(hepa possren 6uiTh AMHON BUFSTZ. Ecou p paBen null, To 6ydepusanus OTMEHSIETCS.

setlocale YcranaBiauBaeT HOBYIO JIOKJINU3AIAIO <locale.h>

char *setlocale(int type, const char *locale);

q)yHKLII/IH yCTaHaBJINBACT HOBYIO JIOKAJU3AIIUIO IIPOTPAMMBI.

setvbuf [Ipeobpasyer CTPOKK Ha OCHOBE TEKYIIEH JIOKAIU3aIIN <stdio.h>

void setvbuf(FILE *f, char *p, int mode, size t size);

Oyukiua ycranasaubaer Oydep BBOIa/BbIBO/IA, 3alaHHbI yKkaszaTesaeM p. [lapamerp
mode ykasbIBaeT peskuM, a Size — pasmep Oydepa. Bosspamaercst snadenue 0 mpu
YCIEITHOM 3aBEPUICHUN U HEHYJIeBOe 3HaYeHue B caydae omubku. [Tapamerp mode aB-
JISIETCS1 TIEJIbIM, TIPUHUMAIOIIUM OHO U3 3HaveHuil: [0FBF (mosHas Oydepusanus),
_TONBF (zamper Oydepusarun) u _I0LBF (7151 BeIBOIa — MOCTpoUHast Oydepusaiiust, To
ecThb omycrourenue Oydepa pu samicu B Oydep cuMBOJIA HOBOH CTPOKN).

signal Peructpupyer 06paboTYNK CUTHAIOB <signal.h>

void (*signal(int signum, void (*func)(int)))(int);

OynKius perucTpupyer 06pabotunk curaanos. Heemorpst Ha TO, 4TO 006paboOTINKM
ucksmouernii C++ obecIeanBaroT JydIinil MeXaHU3M yIpaBJeHust omubOkamu, yHkK-
1mu signal u raise BrJOYeHbI B GubIMOTEKY 715t coBmectumoctu ¢ C.

sin Boruncasier cunyc <math.h>

doubTe sin(double x);

ODyuKius Bo3BpaIlaeT 3HAYEHIe CUHYCA YIJa, PABHOTO X PAlaH.

sinh Boruncisier runepbomyecKuii CuHyc <math.h>

double sinh(double x):

DyHKINSI BO3BpAIaeT 3HaYeHNe THEPOOTIMIECKOTO CUHYCA YTJIa, PABHOTO X Pa/IHAH.
Ecau 3nauenue GpyHKIMM OKaskeTcs: BHE TPEICTABUMOTO JIMANA30Ha, TO (DYHKITNS BO3-
Bpamiaer sHadenue HUGEVAL, a riobajbHasi IepeMeHHas errno ImoJydaeT 3HaueHue
ERANGE.
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sprintf BeiBoauT cTpoky mapameTpoB B ompejieleHHOM dopmare <stdio.h>

int sprintf(char *buffer, const char *format[, argument, 1)

DyHKIUS BBIBOAUT B CTPOKY buffer 3HaYEHUS MepeMEHHBIX, MEPEYUCTEHHbIX B CITHC-
Ke, 06003HAUEHHOM MHOTOTOYMEM, B (hopMare, OTpeeIeHHOM CTPOKOH format.

sqrt Boruncager kBasparHblii KOpeHb <math.h>

double sqgrt(double x);

ODyukius Bo3BpAIIaeT KBAJAPATHBIN KOPEHb 13 YICIA X.

srand YcranaBiauBaeT HauaJNbHOE TICEB/IOCTYYANHOE YUCTIO <stdlib.h>

void srand(unsigned int seed):

(-DyHKHI/IH YCTaHaBJIMBa€T Ha4YaJIbHOE€ 3HaAYEHHE TTOC/IeJ0BaTEJIbHOCTH HCGBI[OCJIy‘{af/)I-
HbIX YHCEJI.

sscanf BBoauTt nannbie n3 cTpoxkn <stdio.h>

int sscanf(const char *buf, const char *format [,parl, par2, jl1);

Dyukius anagornyuo GyHKIUKA scanf BBOAUT JaHHbIE, HO He C KJIaBUATYPbI, a U3
CTPOKU CHUMBOJIOB, TIEPeaHHOM el mepBbIM HapameTpoM. AprymeHT buf — crTpoka
CHUMBOJIOB, U3 KOTOPOI BBOAATCS 3Hauenwus1, format — cTpoka gopMara, B COOTBETCT-
BUU C KOTOPOI MPOMCXOAUT MpeoOpasoBaHuie AaHHBIX, a MHOTOTOUHE YKa3biBaeT Ha
HaInune Heo0A3aTeIbHbIX aPIYMEHTOB, COOTBETCTBYIONIMX afpecaM BBOAUMBIX 3HaUe-
HU.

strcat CxJaibIBaeT CTPOKA <string.h>

char *strcat(char *sl, char *s2):

Oynkus gobasister s2 k s1 1 Bosspaiiaer s1. B KoHell pe3yabTupyromieil CTpoKu 10-
GaBJIIETCA HYJIb-CUMBOJL.

strchr Wnier cuMBoOJI B CTPOKe <string.h>

char *strchr(char *s, int ch);:

DyHKINS BO3BpaIaeT yKa3aTeab Ha TTepBOe BXOKIEHIE CUMBOJIA Ch B CTPOKY S, €CIIH
ero Her, To Bo3spamaercsa NULL.

strcmp CpaBHHUBaET CTPOKU <string.h>

int *strcmp(char *s1, char *s2);

ODyHKINA cpaBHUBAET CTPOKU U BO3BpAIaeT OoTpHIlaTesbHOe (ecau sl MeHbIne S2),
HyJieBoe (ecsin S1 paBHO S2) WU TOJIOKUTEbHOE (ecyu s1 GoJibliie $2) 3HAYCHUE,



436 MpunoxeHune 6. DyHKUMK CTaHAAPTHON BLMBANOTEKN

strcoll CpaBHUBAET CTPOKU C YYETOM YCTAHOBJIEHHOH JIOKQJIN3AIUN <string.h>

char *strcoll(char *sl, char *s2);:

DyHKIUsT CpaBHUBAET CTPOKU AHATIOTUYHO Stremp, HO YYUTHIBAET YCTAHOBKY JIOKAJIU-
3aruu (cM. pynknumio setlocale).

| strcpy | Kormupyer onny cTpoKy B Ipyryio <string.h>

char *strcpy(char *s1, char *s2);

Oynxims Konupyer s2 B S1 1 Bo3Bparaer sl.

| strcspn | WimeT onvH U3 CMBOJIOB OJTHOW CTPOKHU B JAPYTO | <string.h>

size t strcspn(char *s1, char *s2):

®YHKHHH BO3Bpallla€T 3HaY€HNE NMHIEKCA M1060T0 U3 CUMBOJIOB U3 S2 B CTPpOKeE sl.

strerror Bosspariaer ykazaTesib Ha CTPOKY € ONHCAHNEM ONMNOKH <string.h>

char * strerror(size t n);

CDYHKLII/IH BO3BpallacT yKa3aTe/b Ha CTPOKY C OITMCAHUEM omunoOKn HOMED N.

strftime [Ipeo6pasyer Bpemst B popmate fmt B hopmaT tm <time.h>

struct tm strftime(char *s,size t size, fmt, const struct tm *ctm);

ODymukius Bo3BpaiiaeT 0oTHOPMATHPOBAHHYIO CTPOKY C JATON U BpeMeHeM Ha OCHOBE
dopmara fmt. 3nauenne GyHkIMM nMeet THN time_t, cooTBeTCTBYIOMMIA THITY tm.

strien Bosspartiaer amny cTpokn <string.h>

size t strilen(char *s):

DyHKIMS BO3BpAIaeT JIUHY cTPoKH (6e3 yyeTa CHMBOJIA 3aBEPIIEHISI CTPOKN).

strncat CxJaIpIBaeT OJIHY CTPOKY C N CUMBOJIAMHU JIPYTON <string.h>

char *strncat(char *sl, char *s2, size t n);

DyHKIHUS n06aBgeT He HoJiee N CUMBOJIOB U3 S2 K S1 1 BoszBpainaet sl. Ilepblii cum-
BOJI S2 TIMMIETCS Ha MECTO 3aBepIIafollero HyJab-cMMBOJa cTpoku sl. Ecam ammna
CTPOKM S2 MeHbIIle N, IepenuchiBaioTcss Bce cumBobl s2. K crpoke s1 gobasisiercst
HYJTb-CUMBOJI. ECJIM CTPOKM MepPeKphIBAIOTCS, TOBEJIEHNE HE OTIPe/IeIeHO.

strncmp CpaBHUMBAeET O/[HY CTPOKY C I CUMBOJIAMU JIPYTOIl <string.h>

int strncmp(char *s1, char *s2, size t n);
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DyHKIUS CPABHUBAET MEPBYIO CTPOKY W MEPBbIE N CUMBOJIOB BTOPOI CTPOKU W BO3-
BpalaeT oTpuIlaTesbHOe (ecau s1 MeHbIe s2), HyJeBoe (ecyn S1 paBHO S2) WJIH TTOJI0-
sxutenabHoe (eciu s1 Gosbiie $2) 3HAYEHME.

strncpy Konupyer nepsble n CHMBOJIOB O/IHOI CTPOKU B JIPYTYIO <string.h>

char *strncpy(char *sl, char *s2, size t n);

Oyukims komupyeT He 6oJee N CUMBOJIOB 13 S2 B s1 u BosBpamaet sl. Ecam mmmma
UCXOJHON CTPOKU IIpeBBIMIAeT UM PABHA N, HYJIb-CUMBOJI B KOHeIl CTPOKM S1 He J10-
GaBiisieTcst. B IpOTHBHOM CJTydae CTPOKA JIOTOIHSETCST HYIb-CHMBOJIAMH 10 N—TO CHM-
BoJIa. Ec/ cTpoKU 1epeKpblBAIOTCS, II0BeJjeH1e He OIIpe/iesleHo.

strpbrk Mimer ofnH U3 CUMBOJIOB OJTHOH CTPOKHU B JAPYTOH <string.h>

char *strpbrk(char *sl1, char *s2);

DyHKIIN BO3BPAIIAET YKA3aTeIb HA CUMBOJI, SIBJISIONINIICS IEPBbIM BXOKIEHUEM JI0-
6Oro U3 CUMBOJIOB M3 S2 B CTPOKY S1, ecii ero Het, Bo3Bpataercst NULL.

strrchr Wmer cumBOI B cTpoke <string.h>

char *strrchr(char *s,int ch);

DyHKIMS Bo3BpalllaeT yKazare/b Ha ePBOE BXOXKIeHNE CUMBOJIA Ch B CTPOKY S CIipa-
Ba, ecan ero Het, Bo3sparmaet NULL.

strspn WimeT cuMBOJ OTHOI CTPOKHU, OTCYTCTBYIOIINN B APYTOH <string.h>

size t strspn(char *sl, char *s2);

®YHKHHH BO3Bpallla€T MH/EKC II€PBOTro0 CMMBOJIA B sl, OTCYTCTBYIOHIIETO B S2.

strstr WieT moacTpoxy B cTpoke <string.h>

char *strstr(char *sl, char *s2);

DyHKINU BBIIONHSET OUCK IIEPBOTO BXOMKAEHUS HMOACTPOKU S2 B CTPOKY sl. B ciy-
Yae yZIayHOoTO ITOMCKA, BO3BpalllaeT yKasaTesIb Ha 9JIEMEHT U3 S1, ¢ KOTOPOro HaunHaeT-
ca s2, u NULL B IpOTUBHOM CJIyvae.

strtod [Ipeobpasyer CTPOKY B YKCJIO <stdlib.h>

double strtod(const char *str, char **end);

@yukiua peobpasyer CTPOKY CUMBOJIOB B YMCIOBOE 3HAYCHME W BO3BPAIIAET €TO.
[Ipn mepenosraenny Bo3Bpamaet +/-HUGE VAL . IIpn HEBO3MOKHOCTH BBITIOJTHUTD TIpe-
o6pa3oBaHye MM UCUE3HOBEHUH TTOpsi/ika Bosspaiiaer 0. B 060oux nocjaeHux ciayda-
SIX errno ycraHap/BaeTcs B ERANGE. end ykasbiBaeT Ha CUMBOJI, Ha KOTOPOM Ipeopa-
30BaHNe 3aBEePIIAETC .
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strtok Beinensier u3 cTpoku Jekcembl <string.h>

char *strtok(char *sl, char *s2);:

DyHKIMA BO3BPALIAET CIEAYIONIYIO JEKCEeMY U3 S1, OTAeIeHHYIO JIOObIM U3 CUMBOJIOB
u3 Habopa s2.

strtol [Ipeobpasyer CTPOKY B UMCJIO ¢ YUETOM CHCTEMbI CUMCIICHIS <stdlib.h>

double strtol(const char *str, char **end, int radix):

DyHK1usA Mpeobpasyer CTPOKY CUMBOJIOB B YHCJIOBOE 3HAYEHHE € YYETOM YKA3aHHOU
CHCTEMBI CUMCIeHUs radix 1 BO3Bpamaer nosydeHnoe ynciao. OyHKIUS TPoIrycKaeT
BO3MOKHBIE HAYATBHBIE TPOOETHI U 3aKaHINBAET TTPe0Opa3oBaHiie Ha TIEPBOM CUMBO-
Jie, KOTOPBIil He MOKET TIOSBUThCs B o6pase uncia. [lapamerp end sBjsieTcs aapecom
yKasaTeJsst THUTIa Char*; 9ToT yKasaTesb OyAeT coIepKaTh apec TEPBOro Hempeodpazo-
BAHHOTO CHMBOJIA.

[Ipn nepenonnenun Bossparmaet LONG MAX msm LONG MIN. Ilpm HeBO3MOXHOCTH BBI-
nosHUThH peobpazosanue osspaiaet 0. B 060ux mocieHux caydasx errno ycranas-
smBaerca B ERANGE.

strtoul [Ipeobpasyer CTPOKY B UMCJIO C YYETOM CHCTEMbI CUMC/IEHIS <stdlib.h>

double strtoul(const char *str, char **end. int radix):

Oynknusg paboraer aHaJIOrMUHO Strtol, Ho paboTaer ¢ GE33HAKOBBIM JJIMHHBIM 1€-
apim. [Tpu nmepenonmrennn Bossparaet ULONG MAX.

strxfrm [Ipeobpasyer CTPOKK Ha OCHOBE TEKYIeH JIOKaIU3aIiu <string.h>

size t strxfrm(char *sl, char *s2, size t n);

Oyukims mpeobpa3yeT CTPOKY U3 S2 ¥ MOMETIEHHe ee B S1 Ha OCHOBE TEKYIIE TOKa-
mzain. [lpeobpasyercst He 6ojiee N CUMBOJIOB.

swprintf BbIBOAUT CTPOKY T1apaMeTpoB B OlpeieieHHOM (hopmMate <stdio.h>

int swprintf(wchar_t *buffer, const wchar t *format[, argument, ..1);

DyHKINS BBIBOIUT B CTPOKY buffer 3HaueHus mepeMeHHbIX, MEPEYNCIEHHBIX B CITH-
cke, 0003HaYEHHOM MHOTrOTOYMEM, B (hopMare, ONpeeJIeHHOM CTPOKOit format. SBs-
eTcst aHaaoroM (GyHKIMK Sprintf uis MHOroGalTHBIX CUMBOJIOB.

swscanf BBonut nannbie U3 cTpOKU <stdio.h>

int swscanf(const wchar_t *buf, const wchar t *format, ..);

Oyuknus apasornyio GyHkiuu scanf BBOAUT Jaiible, HO He € KJIABUATYPbI, a U3
CTPOKU CHMBOJIOB, IlepelaHHOM eil 1epBbIM I1apameTpoM. Apryment buf — cTpoka
CUMBOJIOB, 3 KOTOPOI BBOJATCS 3HaUeHM, format — cTpoka ¢dopmara, B COOTBETCT-
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BUU C KOTOPOIi MPOMCXOAUT IpeoOpasoBaHie AaHHBIX, & MHOTOTOUHE YKa3bIBaeT Ha
HaJINYHe HeoOs3aTe/IbHBIX apIYMEHTOB, COOTBETCTBYIOIIHX a/[pecaM BBOJUMbIX 3HaUE-
uuii. dBasercsa anamorom GyHkmuy sscanf 11 MHOTOGANTHBIX CUMBOJIOB.

system [Tepenaer ctpoky komanaHomy mpoieccopy OC <stdlib.h>

int system(const char *command);

ODyukius nepegaeT CTPOKY KOMAHIHOMY IIPOIECCOPY OIEPANMOHHON CUCTEMBL. ITO
MO3BOJISIET UCIIOJIHUTD APYTYIO MPOrpaMMy WM YTUJIUTY. BosBpaiiaemoe 3HaueHue
3aBUCUT OT pean3aliy, HO, KaK TpaBuJIo, 3HaueHne () yKasbIBaeT Ha yCIIeNTHOe 3aBeP-
HIeHue.

tan Bossparaer tanrenc aprymentTa <math.h>

doubTe tan(double x);

CDYHKLII/IH BO3Bpallla€T 3HAYECHUE TaHT€HCA apTyMEHTa X.

tanh Bossparaer rumepboindeckii TAHTEHE apryMeHTa <math.h>

double tanh(double x);

(DYHKLII/IH BO3BpallaeT 3HaYeHNe FI/IHCP6OJH/I‘-ICCKOI‘O TaHT€HCa apryMeHTa X.

time BosBparmaer tekyrime naty/BpemMs B Buze time t <time.h>

time_t time(time_t *t);

DyHKIMsS BO3BpalllaeT TeKyiue aaty,/spems B Buzie time t. Ecau *t ne paBuo NULL, TO
3HaYeHNe 3aHOCUTCS U 110 9TOMY aJ[Pecy.

tmpfile OTKpBIBAET MTOTOK IBONYHOTO BBOJIA,/BBIBOA <stdio.h>
BO BPEMEHHBIH (haii

FILE *tmpfile(void);

DyHKIINST OTKPLIBAET BPEMEHHBIN (halll B PEXXIMe IBOMYHOTO BBOJA,/BLIBOA U BO3-
BpalllaeT yKas3aTesb Ha ITOTOK.

tmpnam Cospmaer yHukanbHoe nms daiiia <stdio.h>

char *tmpnam(char *s);

DyHKIMS CO3/IaeT YHUKATbHOE UMsI (Daiiia, KOTOPOe MOKET OBITh YCIIEITHO UCIIOIb30-
BAaHO Kak uMs BpeMmeHHoro aiina. Pazimmunble ctpoku renepupyiorcst TMP_MAX pas.
TMP_MAX ompeziesieHa B <stdio.h> u paBHa 65535. ITapamerp s — im6o 0, 1160 ykasaTeab
Ha MacCHB, COCTOSIINIT He MeHee, yeM U3 L_tmpnam cumBosioB. L_tmpnam ompenesieHo B
<stdio.h>. Ecau s — Houb, tmpnam ocTaBiigeT HMs TeHepUPOBAHHOTO BpeMEeHHOTro daii-
JIa BO BHYTPEHHEM CTATHYECKOM O0OBEKTE U BO3BPAIAET yKas3aTeJb Ha 9TOT OOBEKT.
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Ecau s He Houb, tmpnam momerniaer CBOM pe3yJsbTaT B YKa3aHHBIM MacCHB, KOTOPBIi
MOJKeH OBITH TMHOM He MeHee L_tmpnam CMMBOJIOB, M BO3BPAITAET S.

tolower Bosspaiaer cuMBOJI B HUKHEM perucrpe <ctype.h>

int tolower(int ch);

ODyukius noaydaer mapamerp ch u Bo3Bpalilaer ero B HUKHeM peructpe. B mapamerpe
Ch MCTIOTB3YETCST TOTBKO MITAITHE GailT.

toupper Bosppataet cumMBOJI B BepXHEM perucTpe <ctype.h>

int toupper(int ch);

ODyuKius moryyaer mapaMeTp ch u Bo3BpaliaeT ero B BepxueM peructpe. B mapamer-
pe Ch UCHoIb3yeTest TOILKO MIIAAIIN GaiiT.

towlower BosBparaer ciMBOJI B HIDKHEM perucTpe <ctype.h>

int tolower(wint t ch);:

DyHKIINS OJyYaeT CUMBOJI Ch 1 BO3BPAIIIAeT €ro B HIDKHEM peructpe. SBisiercs ana-
jioroMm (yHKIME tolower it MHOrOOaiTHBIX CHMBOJIOB.

towupper BosBpamaer ciMBOJI B BEpXHEM pPErHCTpe <ctype.h>

int towupper(wint t ch);

DyHKIMS MoJydaeT CUMBOJI Ch U BO3BPAIIlAeT ero B BEpXHeM perucrpe. SBisiercs ana-
JloroM (DyHKIMK toupper Jisi MHOTOOAUTHBIX CUMBOJIOB.

ungetc BosBparmiaer cuMBOJ B TTOTOK <stdio.h>

int ungetc(int ch, FILE *f);

DyHKMs Bo3BpalaeT cuMBOJI ch o6paTHO BO BXoaHOI 1moTok f. Bosspamiaer EOF B
ciydae omOKM, B MPOTUBHOM cJiydae BosBpaiiaer ch. TapaHTupyeTcst Bo3BpalleHne
TOJIBKO OJHOTO CUMBOJIA.

ungetwe Bosspamaer cumBos B oToK <stdio.h>

wint t ungetwc(wint t ch, FILE *f);

DyHKIMS BO3BpaIlaeT CUMBOJ Ch obpaTHO BO BXOzHOI nortok f. Bosspaiaer WEOF
B cilydae omOKY, B IPOTUBHOM CJlydae BoaBpaiiaer ch. [apaHTtupyercs Bo3BpaileHue
TOJIBKO OJHOTO CHMBOJIA. SIBJjsieTcs aHajmoroM (GyHKIUU Ungetc aas MHOrOOalTHBIX
CUMBOJIOB.

viprintf [Tocernaer orchopmMaTpoBaHHBIN BBIBOJ B TIOTOK <stdio.h>

int vfprintf(FILE *stream, char *format, va_list arglist);
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ODynknus anarornyna GyHKIUE fprintf, HO MMeeT NOCTYN K yKa3aTesio Ha CIIUCOK
apTyMEHTOB, a He K CAMOMY CIIHICKY.

viwprintf [Toceutaer oTdhopMaTUPOBAHHBIN BBIBOJ B MTOTOK <stdio.h>

int vfwprintf(FILE *stream, wchar t *format, va T1ist arglist);

ODynkuusa anarornyna GyHKIUH fprintf, HO MMeeT NOCTYN K yKa3aTesio Ha CIIUCOK
APTYMEHTOB, a He K CAMOMY CTIHICKY, & TakKe paboTaeT ¢ MHOTOOAHTHBIMU CMBOIAMU.

vprintf [Mochunaer oTdhopMaTpPOBAHHBIN BBIBOJL <stdio.h>
B CTAH/IAPTHBII TIOTOK BBIBOJIA

int vprintf(const char *format, va_list arglist);

Oyukius anasorndHa GyHKIuy printf, HO UMeeT TOCTYIT K yKa3aTesio Ha CIIUCOK ap-
TYMEHTOB, a He K CAMOMY CIIHCKY.

vsprintf BbIBosuT CTPOKY 11apaMeTpoB B olpesiesieHHOM (opmMate <stdio.h>

int vsprintf(char *string, const char *format, va_list arglist);

Oynxius anasornyna GyHKIUU sprintf, HO UMeeT JI0CTYI K YKasaTesio Ha CIHUCOK
ApTYMEHTOB, a He K CAaMOMY CIIHCKY.

vswprintf BeiBomuT cTpoKy mapameTpoB B omnpejiesieHHOM dopmare <stdio.h>

int vswprintf(wchar_t *string, const wchar_t *format. va_list arglist);

Oyuknus anagorndna GyHKIE Sprintf, HO UMeeT JOCTYI K yKa3aTesaio Ha CIIUCOK
apryMEHTOB, a He K CAMOMY CIIHCKY, a TakKe paboTaeT ¢ MHOTOGANTHBIMU CUMBOJIAMU.

vwprintf [Tocermaer oropmMaTpOBaHHBII BBIBO/T <stdio.h>
B CTaH/IAPTHBII TIOTOK BBIBOJIA

int vwprintf(const wchar_t *format, va Tist arglist);

ODyukius aHasmoruyHa GyHKImU printf, HO UMeeT OCTYII K YKa3aTeJsio Ha CIUCOK ap-
TYMEHTOB, & He K CAaMOMY CTIHCKY, a TakyKe paboTaeT ¢ MHOTOOAHTHBIMI CHMBOJIAM.

wcscat CxJiaibIBaeT CTPOKU <string.h>

wchar t *wcscat(wchar t *s1, wchar t *s2);

Oynxnua gobasiser s2 K s1 1 Bosppamaer sl. Spasgercs ananzorom GyHKIuu strcat
JUI MHOTOOAWTHBIX CUMBOJIOB.

weschr Wmer cuMBoOJI B CTPOKeE <string.h>

wchar_t *wcschr(wchar_t *s, int ch);
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DyHKIMA BO3BpAIIAeT yKa3aTesb Ha IePBOC BXOXKEHIE CUMBOJIA Ch B CTPOKY S, €CIIH
ero Her, To BosBparmaetcst NULL. SIBasteTcst anamorom yHKITHN Strehr 171st MHOTOOANT-
HbIX CUMBOJIOB.

wcscmp CpaBHUBaET CTPOKU <string.h>

int *wcscmp(wchar_t *s1, wchar_t *s2);

ODyHKIus cpaBHUBAeT CTPOKU U BO3BpallaeT oTpuiiaTesabHoe (eciu sl MeHblne S2),
HyJieBoe (ecsin S1 paBHO S2) WU TOJIOKUTETbHOE (ecau s1 GoJibliie $2) 3HaYCHHE,

wescoll CpaBHUBAET CTPOKU C YYETOM YCTAHOBJIEHHON JIOKAJIN3AINN <string.h>

wchar_t *wcscoll(wchar_t *sl, wchar t *s2);

DyHKIUsT CPaBHUBAET CTPOKU AHATIOTUYHO StrCmp, HO YYUTHIBAET YCTAHOBKY JIOKAJIU-
zanuu (cM. dyukimio setlocale). ABasierca ananorom dyukimu strcoll s MHOTO-
GallTHBIX CUMBOJIOB.

wcscpy Komnupyet ofHy CTPOKY B IPYTyIO <string.h>

wchar_t *wcscpy(wchar t *s1, wchar t *s2);

Oynxius konupyer s2 B s1 1 Bo3Bpaniaer sl. ABnsercss anasorom dbyHKiuu strepy
JIUIS1 MHOTOOAHTHBIX CUMBOJIOB.

wescespn WineT oqun 13 CMMBOJIOB OTHON CTPOKU B JIPYTOI <string.h>

size_t wescspn(wchar_t *sl, char *s2);

DyHKIMs BO3BPAIAET 3HAYEH e HHEKCA JTI000T0 U3 CMMBOJIOB 13 S2 B CTPOKe S1. SIB-
JIeTCsT aHATOTOM (hYHKITH SErespn st MHOTOOANTHBIX CHMBOJIOB.

| wesftime | ITpeo6pasyer Bpems B popmate fmt B hopmat tm <time.h>

struct tm wesftime(wchar t *s,size t size, fmt, const struct tm *ctm):

ODymukius Bo3BpaiaeT 0oTHOPMATHPOBAHHYIO CTPOKY C JATON U BpeMeHeM Ha OCHOBE
opmara fmt. 3nauenne dpynkimu nmeer i time t, coorBercTBytonmit Tuiry tm. fAB-
JisieTcst aHastoroM (pyHKIK strftime 17t MHOTOGAMTHBIX CHMBOJIOB.

| wcslen | Bosspamaer piauny crpokn | <string.h>

size t weslen(wchar t *s);

DyHKIMs Bo3BpallaeT JIMHY cTpoku (6e3 yyera CMMBOJIA 3aBepIleHys CTPOKH ). SIB-
JigieTcst aHaioroM (pyHKIMK strlen st MHOTOOATHBIX CUMBOJIOB.

wesncat CKJTa/IbIBaeT OJHY CTPOKY C N CHMBOJIAMU JPYTOi <string.h>

wchar t *wcsncat(wchar _t *s1, wchar t *s2, size t n);
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@Oyukius gobasaser s2 K s1, Ho He GoJiee N CUMBOJIOB, U Bo3Bpamiaer sl. SIBiasiercs
aHajoroM (yHKIMU strncat 1ist MHOTOGANTHBIX CHMBOJIOB.

wcsnemp CpaBHUBaeT OJHY CTPOKY C N CUMBOJIAMU JIPYTOit <string.h>

int wesncmp(wechar t *s1, wchar t *s2, size t n);

DyHKINS CPaBHUBAET TIEPBYIO CTPOKY U MEPBbIe N CUMBOJIOB BTOPOI CTPOKHU, U BO3-
BpaIaeT oTpuIiaTesbHOe (ecau s1 MeHbIe s2), HyJeBoe (ecyan S1 paBHO S2) WJIH TTOJI0-
sxuTesabHoe (eciu s1 Gosbiie s2) 3Hadenue. SIBJsteTcs aHamoromM (GyHKIUH Strncmp st
MHOTOOANTHBIX CIMBOJIOB.

wesnepy Komupyer nepsbie n CHMBOJIOB O/IHO CTPOKU B JIPYTYIO <string.h>

wchar_t *wcsncpy (wchar_t *s1, wchar_t *s2, size t n);

Oyukiust KonupyeT s2 B s1, HO He OoJiee N CMMBOJIOB, U Bo3Bpaiaer sl. SABisercs
aHasIoroM (OYHKIIUH Strncpy /it MHOTOOAHTHBIX CHMBOJIOB.

wespbrk Wimer onnn 13 cCMMBOJIOB OJTHOW CTPOKHU B JAPYTOI <string.h>

wchar_t *wcspbrk(wchar_t *sI, wchar_t *s2);

DyuKIinst BO3BPAIIAET yKA3ATeIb Ha CUMBOJI, SIBJISTIONINIICS IEPBbIM BXOXKIEHUEM JII0-
6Oro U3 CUMBOJIOB M3 S2 B CTPOKY S1, ecaint ero Het, To Bo3sparaercst NULL. STBistercst
aHaJoroM (OyHKIMU Strpbrk 17ist MHOTOGANTHBIX CHMBOJIOB.

wesrchr Wmer cuMBOJI B CTPOKE <string.h>

char *wcsrchr(wchar_t *s, wchar_t ch);

DyHKIMS Bo3BpalllaeT yKazaTe/b Ha ePBOe BXOXK/IeHNE CUMBOJIA Ch B CTPOKY S CIipa-
Ba, €CJIM eTo HeT, TO Bo3Bpamiaet NULL. ABisercs anamorom hyHKIMH strrchr 171 MHO-
ro6aiiTHBIX CHUMBOJIOB.

wCsspn WMnier cuMBOJI OIHOI CTPOKHU, OTCYTCTBYIOUIUI B IPYTOil <string.h>

size t wesspn(wchar t *s1, wchar t *s2);

DyHKIIMsT BO3BpAIaeT WHAEKC TIEPBOTO CUMBOJIA B S1, OTCYTCTBYIONIETO B S2. SBisier-
¢t aHasioroM (hyHKIMK Strspn uist MHOTOGATHBIX CUMBOJIOB.

wesstr Wiet noictpoxy B CTpoke <string.h>

wchar_t *wcsstr(wchar_t *s1, wchar_t *s2);

DyHKIINST BBIMTOJHSET TOUCK TIEPBOTO BXOKIEHUS MOACTPOKA S2 B CTPOKY S1. B cuy-
yae y/IauHOTO [TOMCKA, BO3BpAlllaeT yKa3aTesb Ha 3JIeMeHT 13 S1, ¢ KOTOPOro HauMHaeT-
cs s2, u NULL B mpoTUBHOM ciyvae. SBisieTcd anasoroM (pyHKIUM Strstr a1 MHOTO-
GalTHBIX CUMBOJIOB.
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wcstod [Ipeobpasyer CTPOKY B YKCJIO <stdlib.h>

doubTe wcstod(const wchar t *str, wchar t **end);

ODyukiust peodpasyeT CTPOKY CHMBOJIOB B UKCJIOBOE 3HAYEHUE W BO3BPAIIAET €TO.
SBnstercsa ananoroM GyHKIUU Strtod a1 MHOrOOaRTHBIX CUMBOJIOB.

wcstok Boiziesisier 13 cTpoku JieKceMbl <string.h>

wchar_t *wcstok(wchar t *s1, wchar t *s2);

DyHKIMS BO3BPAIAET CICAYIOILYIO JIEKCEMY U3 S1, OTACTECHHYO JI0OBIM U3 CUMBOJIOB
u3 nabopa s2. dpnagercs anamoroM GyHKIMK Strtok 11 MHOrOGATHBIX CHMBOJIOB.

westol [Ipeobpasyer CTPOKY B UUCJIO ¢ YUETOM CHCTEMbI CUMCIIEHSI <stdlib.h>

double westol(const wechar_t *str, wchar t **end, int radix);

@yukius mpeobpasyer CTPOKY CUMBOJIOB B YMCIOBOE 3HAYCHHE C YIETOM YKa3aHHON
CHCTEMbI CUMCIeHus radix 1 Bo3Bpamaer mosydennoe yncyio. OyHKIUS IporycKaer
BO3MOKHBIE HAYAJIbHBIE MPOOETIBI U 3aKAaHYMBAET TIPeoOpasoBaHKe Ha TEPBOM CUMBO-
Jie, KOTOPBIiT He MOKET TOSIBUThCsT B 06pase uncia. [lapameTp end sIBJAsETCS aIpecom
yKasareJist TUIA char*; aToT yKasaTesb Oy/eT ColepsKaTh apec MepBOro Hempeobdpaso-
BaHHOTO CUMBOJIA. SIBJIsieTcst aHaIoroM (PyHKIMHU Strtol as MHOTOBAUTHBIX CUMBO-
JIOB.

wcstombs [Ipeobpasyer wchar_t B CTPOKY MHOTOOAWTHBIX CUMBOJIOB <stdlib.h>

size t westombs(char *s, const wchar t *pwcs, size t n);

Dyuxius npeodpasyer wehar t B cTPOKY MHOTOOAUTHBIX CUMBOJIOB. Eciin s yKkasbiBa-
eT Ha HeMHOroGaiTHBIN cuMBoOJ, (QyHKIM BosBpamaer —1. B mporusHoM ciydae
(YHKITHS BO3BpAIaeT KOJIUIECTBO TPE0OPA3OBAHHBIX OaiiT.

westoul [Ipeobpasyer CTPOKY B UMCJIO ¢ YIETOM CHCTEMbI CUMCIIEHS <stdlib.h>

double westoul(const wchar t *str, wchar t **end, int radix);

DyuHkuusg paboraer aHAJIOTUYHO Strtol, HO ¢ Ge33HAKOBLIM JJIMHHbBIM IeJIbIM. SBIIsger-
ca aHajoroM GyHKIMU Strtoul as MHOTOOGANTHBIX CUMBOJIOB.

westrxfrm [IpeoGpasyer CTPOKM Ha OCHOBE TeKyIleil JTOKaIu3aum <string.h>

size t westrxfrm(wchar t *s1, wchar t *s2, size t n);

OyukIms mpeodpasyeT CTPOKY U3 S2 U MOMETIAET €€ B S1 Ha OCHOBE TeKYTIeH JTOKaI-
saruu. [Ipeobpasyercs He Gosee N cUMBOJIOB. SBisieTcs anasorom yHkiu strxfrm
T MHOTOOAHTHBIX CHIMBOJIOB.
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wctomb [Ipeobpasyer wchar_t B MHOTOGAMTHBINA CUMBOJI <stdlib.h>

int wctomb(char *s, wchar_t wc);

Oyukrust mpeobpasyet wechar_t B MHOroOaiiTHBIN cuMBoJI. Ecoin ykasaressb s He NULL,
(byHKIMSA BO3BpAIaeT HEHyJIeBOE 3HAYEHNE, €CJI MHOTOOANTHBIIT CUMBOJI UMEET pe-
I'MOHO-3aBUCUMOE COOTBETCTBUE, HOJb B IIpOTUBHOM ciyuae. Ecam ykasaresnb NULL,
wctomb BozBpariaer —1.

wmemchr WNier nepBoe BXOXKeHNUE CUMBOJIA <wchar.h> <string.h>
B GJIOK TTaMsITh

wchar_t *wmemchr(wchar_t *p, wchar t c, size t n);

DyHKIMs BO3BpaIlaeT yKa3aTeIb Ha [IEPBOE BXOKICHIE apryMeHTa C B GJIOKE MaMsITH
p IIMHOM N. SIBasieTcsa ananmorom GyHKIUy memchr 171l MHOTOGANTHBIX CUMBOJIOB.

wmemcmp CpaBHuBaet GJIOKH TaMsITH | <wchar.h>

int wmemcmp(const wchar t *s1, const wchar t *s2, size t n);

DyHKINI cpaBHUBAET /iBa 6I0KA TTAMSITH U BO3BPAIIAET 3HAYEHUE: MEHbITIE HYJIST, PaB-
HOE HYJII0 Win GOJIblile HYJIS — aHAJIOTUYHO KoJAaM Bo3BpaTa (yHkiwu strcemp. SBisi-
eTcs aHAIOroM (DYHKITHU Memcmp JI7ist MHOTOGAMTHBIX CHMBOJIOB.

wmemcpy Komupyer OJIOK TTaMSITH <string.h>

wchar t *wmemcpy(wchar t *s1, const wchar t *s2, size t n);

OyuKIMsT KomupyeT GJOK TTaMITH ITHHOM n GafiT 13 agpeca s2 mo aapecy sl. ABmser-
cs1 aHAJIOTOM (DYHKITUU MEMCPY /LI MHOTOOAMTHBIX CUMBOJIOB.

| wmemmove | IlepeHocuT 610K maMsTH <string.h>

wchar_t *wmemmove(wchar t *s1, const wchar t *s2, size t n);

DyHKIMS aHAJIOTHYHA Wnemcpy, HO OGJOKKM S1 M S2 MOTYT MepeKpbIBaThCs. SBJsteTcst
aHasoroM (OYHKI[UU Memmove ik MHOroOaiiTHBIX CHMBOJIOB.

| wmemset | 3amonnsger GJIOK MaMATU CUMBOJIOM | <string.h>

wchar_t *wmemset(wchar_t *s, wchar t c, size t n);

CDYHKHI/IH 3a110/HseT OJI0K IaMATH CUMBOJIOM C. SIBJIseTcs aHajiorom (bYHKIH/II/I memset
I MHOTOOAMTHBIX CUMBOJIOB.

wprintf BbIBOAUT CTPOKY T1apaMeTpoB B OIpeieieHHOM (hopmMaTte <stdio.h>

int printf(const wchar t *fmt, .);
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DyHKINS BBIBOJUT HA CTAHAAPTHOE YCTPOMCTBO BBIBOJIA 3HAUEHUST MTEPEMEHHBIX, ITe-
PEUYUCIEHHBIX B CIUCKE, 0003HAYEHHOM MHOTOTOYMEM, B (opMaTe, OIpeaeJeHHOM

crpokoii format. SIBasiercst anasorom yHKIwuY printf st MHOTOGANTHBIX CUMBOJIOB.

wscanf BBoauT cTpoky napameTpos B orpesesieHHOM dopmare

<stdio.h>

int wscanf(const wchar_t *fmt [,parl, par2, .1);

DyHKIUS BBOAUT CTPOKY MapaMeTpoB parl, par2 u T. j. B opmate, onpeneseHHoM
CTPOKOIi fmt, co craHzapTHOTO ycTpoiicTBa BBoAA (OOBIYHO ¢ KiaBUATYPh). BosBpa-
IaeT YNCJI0 TIEPEMEHHBIX, KOTOPBIM TIPUCBOEHO 3HaUeHue. SIBJseTcs aHATIOTOM (DyHK-

mu scanf U1 MHOroGAWTHBIX CUMBOJIOB.




NMPUJIOXXEHUE 7

Taonuubl kogos ASCII

CumBosbl ¢ kogamu 0-127

Koa CUMB. KoA CUMB. KoAa CUUMB KoA CUMB.
0 nul 32 64 @ 96

1 soh 33 ! 65 A 97 a
2 stx 34 " 66 B 98 b
3 etx 35 # 67 C 99 C
4 eot 36 $ 68 D 100 d
5 enq 37 % 69 E 101 e
6 ack 38 & 70 F 102 f
7 bel 39 ' 71 G 103 g
8 bs 40 ( 72 H 104 | h
9 ht 41 ) 73 I 105 i
10 |If 42 | 7% ] 106 | j
11 vt 43 + 75 K 107 k
12 ff 44 s 76 L 108 1
13 cr 45 - 77 M 109 m
14 soh 46 . 78 N 110 n
15 si 47 / 79 O 111 0
16 dle 48 0 80 P 112 p
17 dct 49 1 81 Q 113 q
18 dc2 50 2 82 R 114 r
19 dc3 51 3 83 S 115 |s
20 dc4 52 4 84 T 116 t
21 nak 53 5 85 U 117 u
22 syn 54 6 86 \% 118 %
23 etb 55 7 87 W 119 W
24 can 56 8 88 X 120 | x
25 em 57 9 89 Y 121 y
26 sub 58 : 90 Z 122 |z
27 esc 59 ; 91 [ 123 | {
28 fs 60 < 92 \ 124 :
29 |gs 61 |- 93 |1 125 |}
30 TS 62 > 94 A 126 ~
31 us 63 ? 95 B 127 | del
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MpunoxeHue 7. Tabnuubl kopos ASCII

CuimBonbl ¢ kogamun 128-255 (koposas Tabnuua 1251 — Windows)

Koo CUMB. KonA CUMB. | KOa CcCuMB KoAa CUMB.
128 160 192 | A 224 |a
129 161 |V 193 |B 225 |6
130 |, 162 |3 194 | B 226 | B
131 |t 163 |J 195 | T 227 |r
132 |, 164 |1 196 | I 228 |1
133 | .. 165 |I 197 |E 229 |e
134 |+ 166 198 | K 230 | x
135 | % 167 |§ 199 |3 231 |3
136 | " 168 | E 200 |1 232 |u
137 | %o 169 |© 201 |1 233 |
138 | Jb 170 | € 202 | K 234 |k
139 |« 171 |« 203 | JI 235 | &
140 | 172 | - 204 | M 236 | ™
141 173 205 |H 237 |wu
142 174 | ® 206 | O 238 |o
143 175 |1 207 | IO 239 | m
144 176 | ° 208 | P 240 | p
145 | ° 177 |+ 209 | C 241 |c
146 |’ 178 |1 210 |T 242 |1
147 |« 179 | i 211 |V 243 |y
148 |7 180 |r 212 | @ 244 | b
149 181 | p 213 | X 245 |x
150 | - 182 | q 214 |11 246 |1
151 | — 183 215 |4 247 |4
152 |~ 184 |é 216 | 111 248 | m
153 | ™ 185 | Ne 217 | 101 249 | m
154 | m 186 |e 218 |D 250 |®
155 | > 187 | » 219 | bl 251 |
156 | 188 |j 220 | b 252 | b
157 189 |S 221 |9 253 |»
158 190 |s 222 |10 254 |10
159 11 191 |i 223 |4 255 |«
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Mpunoxexne 7. Tabnuupl kogos ASCII

CumBonbl ¢ kogamun 128-255 (kopoBas Tabnuua 866 — MS DOS)

QU= ;e X ST @K A2 2 008 X

224
225
226
221
228
229
230
231
232
233
234

235
236
2317
238
239
240

246

250
251
252
253
204
299

CHMMB| KO4 |(CUMB

o o

192
193
194
195
196

201
202

208

214

218
219
220
221
222
223

160
161
162
163
164
165
166
167
168
169
170

11

176
177

182
183
184
185
186
187
188
189
190
191

KOJ, |CMMB| KOJ, |CMMB| KOA,

128
129
130
131
132
133
134
135
136
137
138

139

lag
145

150
151
152
153
154
155
156
157
158
159
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#%&
#define, 94
#elif, 95

#else, 95
#endif, 95

#if, 95

#ifdef, 95
#ifndef, 95
#include, 93
#undef, 96
_cplusplus, 96
" DATE_, 96
" FILE_, 96
" LINE_, 96
" TIME__, 96
_IOFBF, 399
_IOLBF, 399
_IONBF, 399

A

abort, 223, 228, 416

abs, 93, 416

accumulate, anropurym, 369
acos, 93, 416
adjacent_difference, anropurm, 371
adjacent_find, airopurym, 345
adjustfield, ios, 270
advance, 331

any, bitset, 325

app, ios, 281

append, string, 289

apply, valarray, 373
asctime, 416

asin, 93, 416

assert, 394

assign, string, 288

assign, vector, 300

at, string, 288

at, vector, 301

at, konreitHepsr, 298

atan, 93, 416

atan2, 93, 416

ate, ios, 281
atexit, 417
atof, 92, 417
atoi, 92, 417
atol, 92, 417
auto, 30

B

back, list, 306

back, queue, 312

back, vector, 301

back insert iterator, 332
back_inserter, 333

bad, ios, 278

bad_alloc, 230, 378, 379
bad_cast, 233, 379
bad_exception, 379
bad_typeid, 238, 379
badbit, ios, 278
basefield, ios, 270
before, type_info, 239
begin, ureparop, 297
binary, ios, 281

binary function, 335
binary negate, 337

binary_search, anropurwm, 358

bind1st, cBassiBarenn, 337
bind2nd, cssasbiBaTenn, 337
binder1st, 337

binder2nd, 337

bitset, 323

bool, 24

bsearch, 417

btowe, 418

BUFSIZ, 394

(&

C_str, string, 290
calloc, 418

capacity, string, 294
capacity, vector, 301
catch, 224, 301

ceil, 93, 418
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cerr, 267, 395

char, 24

CHAR_BIT, 394

CHAR_MAX, 395

CHAR_MIN, 395

cin, 267, 395

class, 178

clear, ios, 278

clear, list, 307

clear, map, 319

clear, string, 290

clear, vector, 302

clearerr, 418

clock, 418

clock t, 395

CLOCKS_PER _SEC, 395

clog, 267, 395

close, fstream, 282

compare, string, 293

complex, 380

const, 29, 53

const_cast, 232

const_iterator begin, kouteiinepsr, 297
const_iterator end, konreitreps, 297
const_iterator, koHTelinepsl, 296
const_reference, konreiinepsi, 296
const_reverse_iterator rbegin, konreiinepsi, 297
const_reverse_iterator rend, konreiinepnr, 297
const_reverse_iterator, konreitnepsor, 296
copy, string, 291

copy, aiaropurym, 350
copy_backward, anropur™m, 350

cos, 93, 418

cosh, 93, 419

count, bitset, 325

count, map, 318

count, set, 322

count, aaroputm, 345

count_if, anropurm, 338, 345

cout, 267, 395

cshift, valarray, 373

ctime, 419

D

data, string, 291

DBL, 395

dec, ios, 269

dec, manumnyarop, 271
deque, 297, 304
difftime, 419

distance, 331

div, 419

div_t, 395, 400
divides, Gyuknmonanbubiii 00bexT, 335
domain_error, 379
double, 25
dynamic_cast, 233

E

EDOM, 93, 395

empty, proirity queue, 313
empty, queue, 312
empty, stack, 311
empty, string, 294
empty, KoHnreitnepsl, 297
end, ureparop, 297
endl, manumyssrop, 271
ends, manumysitop, 271
enum, 66

eof, 298

EOF, 396

eof, ios, 278

eofbit, ios, 278

equal, anropur™, 346
equal range, map, 321
equal_range, set, 322
equal_range, anropurm, 359
equal_to, npemukar, 336
ERANGE, 92, 396
erase, list, 307

erase, map, 319

erase, set, 321

erase, string, 290

erase, vector, 302

erase, KOHTeltHepsI, 298
errno, 92, 396
exception, 230, 379

exit, 419

EXIT FAILURE, 396
EXIT SUCCESS, 396
exp, 93, 419

explicit, 299

extern, 30, 74, 98

F

fabs, 93, 419

fail, ios, 278
failbit, ios, 278
false, 24

fclose, 90, 420
feof, 90, 420
ferror, 90, 420
fflush, 420

fgetc, 90, 420
fgetpos, 89, 420
fgets, 90, 420
fgetwe, 421
fgetws, 421

FILE, 88, 396
filebuf, 397
FILENAME MAX, 397
fill, ios, 270

fill, arropurm, 351
fill_n, anropur™, 351
find, map, 318
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find, set, 322 fwide, 423

find, string, 291 fwprintf, 423

find, anropurm, 346 fwrite, 90, 424
find_end, anropurm, 347 fwscanf, 424

find_first not_of, string, 292

find_first of, string, 292 G )

find_first_of, anropurm, 347 geount, istream, 273
find_if, anropur™, 346 generate, anropu™, 351
find_last_not_of, string, 292 generate_n, axroputy, 351
find_last_of, string, 292 get, istream, 273

fixed, ios, 269 getc, 90, 424

flags, ios, 270 getchar, 90, 424

flip, bitset, 324 getenv, {124

flip, vector _bool, 304 getline, istream, 273
float, 25 gets, 90, 424
float_round_style, 397 getwe, 424

floatfield, ios, 270 get\ychar, 425

floor, 93, 421 gmtime, 425

FLT, 397 good, ios, 278

FLT DIG, 378, 397 goodbit, ios, 278

FLT EPSILON, 397 greater, npeukar, 336
FLT_MANT DIG, 397 greater_equal, npeuxar, 336
FLT MAX, 397 gslice, 375

FLT MAX_EXP, 397 gslice_array, 371, 376
FLT_MIN, 378, 397 H

FLT _MIN_10_EXP, 397
FLT MIN_EXP, 398
FLT RADIX, 398

FLT ROUNDS, 398
FLT MAX 10 EXP, 397

hardfail, ios, 278

hex, ios, 269

hex, manumyasarop, 271
HUGE_VAL, 398

flush, ostream, 274 |

flush, manunyssrop, 271 ifstream, 280, 398

fmod, 93, 421 ignore, istream, 273
fopen, 89, 421 in, ios, 281
FOPEN_MAX, 398 includes, anropurm, 365
for_each, anropury, 347 indirect_array, 371, 376
fpos_t, 398 inline, 74

fprintf, 90, 421 inner_product, aixropurm, 370
fpute, 90, 421 inplace_merge, anropur™, 359
fputs, 90, 422 insert, list, 307

fputwe, 422 insert, map, 319

fputws, 422 insert, set, 321

fread, 90, 422 insert, string, 289

free, 55, 422 insert, vector, 302
freopen, 422 insert, konTeiinepsl, 298
frexp, 422 insert_iterator, 332
friend, 187 inserter, 333

front, list, 306 int, 23

front, queue, 312 INT MAX, 398

front, vector, 301 INT MIN, 398
front_insert_iterator, 332 internal, ios, 269
front_inserter, 333 invalid_argument, 379
fscanf, 90, 423 ios, 265, 399

fseek, 89, 423 x_flags, 269

fsetpos, 89, 423 isalfa, 92

fstream, 280 isalnum, 92, 425

ftell, 89, 423 isalpha, 425
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isentrl, 92, 425

isdigit, 92, 425

isgraph, 92, 425

islower, 92, 426

isprint, 92, 426

ispunct, 92, 426

isspace, 426

isspace, 92

istream, 265, 399
MeTObl, 273

istream_iterator, 333

istringstream, 282, 399

isupper, 92, 426

iswalnum, 426

iswalpha, 427

iswentrl, 427

iswectype, 427

iswdigit, 427

iswgraph, 427

iswlower, 427

iswprint, 427

iswpunct, 428

iswspace, 428

iswupper, 428

iswxdigit, 428

isxdigit, 92, 428

iter_swap, airopurm, 352

iterator, 298

iterator begin, konreiinepni, 297

iterator end, konreitnepnr, 297

iterator, konreitrepsl, 296

iterator_traits, 330

K

key compare, koureiitnepsl, 296
key type, konreiinepni, 296

L

L_tmpnam, 399

labs, 428

LC ALL, 399

LC _COLLATE, 399
LC _CTYPE, 399

LC _MONETARY, 399
LC NUMERIC, 399
LC TIME, 399

lconv, 400

LDBL, 400

Idexp, 429

Idiv, 429

Idiv_t, 400

left, ios, 269

length, string, 294
length_error, 379

less, npeaukar, 336
less_equal, npexuxar, 336
lexicographical compare, anrropurm, 359
list, 297, 306

localeconv, 429

localtime, 429

log, 93, 429

log10, 93, 429

logic_error, 379

logical and, npeaukar, 336
logical not, npeaukar, 336
logical or, npenuxkar, 336
long, 23

long double, 25
LONG_MAX, 400
LONG_MIN, 401

lower _bound, map, 318
lower _bound, set, 322
lower bound, anropurm, 360
L-3nauenne, 33

M

main, 26, 87

make_heap, anropurm, 367
make pair, pair, 316

malloc, 54, 231, 429

map, 315, 316, 325

mask array, 371, 376

max, valarray, 373

max, aaroputm, 360
max_element, anropurm, 361
max_size, string, 294
max_size, KoHTeinepol, 297
MB_CUR_MAX, 401
MB_LEN MAX, 401
mblen, 430

mbstate_t, 401

mbstowcs, 430

mbtowc, 430

mem_fun, 342

mem_fun_ref, 342

memchr, 430

memcmp, 430

memcpy, 430

memmove, 430

memset, 431

merge, list, 309

merge, anropurym, 361

min, valarray, 373

min, arroputy™, 360
min_element, anropurm, 361
minus, GYHKIMOHANBHBIN 00beKT, 335
mismatch, anropurm, 348
mktime, 431

modf, 93, 431

modulus, pyHKIMOHANBHBIIT 00BEKT, 335
multimap, 321

multiplies, pynkimonanbubiii 06bekT, 335
multiset, 323
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N

name, type_info, 239

namespace, 97

negate, (hyHKIIMOHAIBHBII
06bexT, 335

new, 54, 116, 180

new_handler, 378, 401

next_ permutation, axropur™, 362

nocreate, ios, 281

none, bitset, 325

noreplace, ios, 281

not_equal_to, npeauxar, 336

notl, orpunaresnn, 337

not2, orpunaresb, 337

nth_element, anropu™, 362

NULL, 54, 401

numeric_limits, 378

o

oct, ios, 269

oct, MaHuITyIsATOP, 271
offsetof, 401

ofstream, 280, 401
open, fstream, 281
open_mode, ios, 281
operator, 190

ostream, 265, 401
ostream_iterator, 333
ostringstream, 282, 402
out, ios, 281

out_of range, 288, 301, 379
overflow_error, 379

P
pair, 315

partial_sort, anropurm, 363
paqueue, 313

pop, queue, 3rtial_sort_copy, anrropurm, 363

partial sum, asropur™m, 371
partition, axropur™m, 363
peek, istream, 273

perror, 431

plus, ¢pyHkIoHaNbHBINH 06bEKT, 335

pointer_to_binary function, 338
pointer_to_unary_function, 338
pop, proirity 12

pop, stack, 311

pop_back, list, 307

pop_back, vector, 302

pop_back, konreiinepsr, 298
pop_front, deque, 306
pop_front, list, 306

pop_front, koureiinepsi, 297
pop_heap, anropurm, 368

pow, 93, 431

precision, ios, 270
prev_permutation, axroputm, 362
printf, 27, 81, 90, 231, 431
private, 178, 200

proirity_queue, 313
protected, 200

ptr_fun, 338

ptrdiff t, 331, 402

public, 179, 200, 210
push, proirity queue, 313
push, queue, 312

push, stack, 311
push_back, list, 306
push_back, vector, 302
push_back, konreiinepsi, 297
push_front, deque, 306
push_front, list, 306
push_front, koureituepni, 297
push_heap, anropurm, 368
put, ostream, 274
putback, istream, 273
putc, 90, 431

putchar, 90, 432

puts, 90, 432

putwe, 432

putwchar, 432

Q
gsort, 432
queue, 311

R

raise, 432

rand, 433

RAND MAX, 402
random_shuffle, anropurm, 352
range_error, 379

rbegin, ureparop, 297

rdstate, ios, 278

read, istream, 273

readsome, 273

realloc, 433

reference, koureiineps, 296
register, 30

reinterpret_cast, 238

remove, 433

remove, list, 308

remove, aIropuT™, 353
remove_copy, aaroputm, 353
remove_copy_if, anropurm, 353
remove _if, list, 308

remove_if, anropurm, 353
rename, 433

rend, ureparop, 297

replace, string, 290

replace, anropurm, 354
replace_copy, anroput™, 354
replace_copy _if, anropu™, 354
replace_if, aropurm, 354
reserve, vector, 301

reset, bitset, 324

resetiosflags, manumyssitop, 272
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resize, list, 307

resize, valarray, 373

resize, vector, 302

return, 76

reverse, list, 309

reverse, aJroputm, 355

reverse copy, aaroputm, 355
reverse_iterator, 331

reverse_iterator rbegin, konreiinepsi, 297
reverse_iterator rend, konreiinepsi, 297
reverse_iterator, konreiinepsi, 296
rewind, 433

rfind, string, 292

right, ios, 269

rotate, aaropurm, 355

rotate_copy, aiaropurm, 355

RTTI, 233, 238

runtime_error, 379

S

scanf, 27, 90, 433

SCHAR MAX, 402
SCHAR_MIN, 402

scientific, ios, 269

search, anropurwm, 348
search_n, anropurm, 348
SEEK CUR, 402

SEEK END, 402

SEEK SET, 402

seekg, istream, 273

seekg, ostream, 274

set, 321, 325

set, bitset, 324

set_difference, anropurm, 366
set_intersection, airopurm, 365
set_new_handler, 378
set_symmetric_difference, anropurm, 366
set_terminate, 228
set_unexpected, 228
set_union, arroput™, 366
setbase, manumnyssTop, 272
setbuf, 89, 434

setf, ios, 270

setfill, manunyssarop, 272
setiosflags, marumysitop, 272
setlocale, 434

setprecision, MmaHumyJsATOp, 272
setvbuf, 89, 434

setw, MAHUITYJISATOP, 272
shift, valarray, 373

short, 23

showbase, ios, 269

showpoint, ios, 269

showpos, ios, 269

SHRT MAX, 402

SHRT MIN, 402
sig_atomic_t, 403

SIG_DFL, 403
SIG_ERR, 403
SIG_IGN, 403
SIGABRT, 403
SIGFPE, 403
SIGILL, 403
SIGINT, 403

signal, 434

signed, 23

SIGSEGV, 403
SIGTERM, 403

sin, 93, 434

sinh, 93, 434

size, bitset, 325

size, proirity_queue, 313
size, queue, 312

size, stack, 311

size, string, 294

size, valarray, 373
size, KoHreitHepor, 297
size t, 192, 403
size_type, konTeiinepsl, 296
sizeof, 231

skipws, ios, 269

slice, 374

slice_array, 371, 375
sort, list, 308

sort, axroputm, 364
sort_heap, anropurm, 368
splice, list, 307
sprintf, 90, 435

sqrt, 93, 435

srand, 435

sscanf, 90, 435
stable_partition, anropurm, 363
stable_sort, anropur™, 364
stack, 310

state, ios, 278

static, 30, 74, 185
static_cast, 237

std, 100, 264

stdaux, 89

stderr, 89, 403

stdin, 89, 403

stdio, ios, 269

stdout, 89, 403
stdprn, 89

STL, 295

str, stringstream, 283
strcat, 91, 435

strchr, 91, 435
stremp, 91, 435
streoll, 436

strepy, 91, 436
strespn, 436
streambuf, 265, 403
streamoff, 404
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streamsize, 404
strerror, 436
strftime, 436
string, 286, 404
KOHCTPYKTOPHI, 287
stringbuf, 404
stringstream, 282
strlen, 91, 436
strncat, 91, 436
strncmp, 91, 436
strnepy, 91, 437
strpbrk, 91, 437
strrchr, 91, 437
strspn, 437
strstr, 91, 437
strtod, 437
strtok, 438
strtol, 438
strtoul, 438
struct, 67, 209
strxfrm, 438
substr, string, 290
sum, valarray, 373
swap, list, 307
swap, map, 320
swap, set, 322
swap, string, 290
swap, vector, 302
swap, aJaroputm, 352
swap_ranges, alroputm, 352
swprintf, 438
swscanf, 438
sync_with_stdio, ios_base, 278
system, 439

T
tan, 93, 439

tanh, 93, 439

tellg, istream, 274
tellg, ostream, 274
template, 215
terminate, 223, 228
terminate_handler, 404
test, bitset, 325

this, 181

throw, 223, 227

tie, basic_ios, 278
time, 439

time_t, 404

tm, 405

TMP_MAX, 404
tmpfile, 439

tmpnam, 439
to_string, bitset, 325
to_ulong, bitset, 325
tolower, 93, 440

top, proirity _queue, 313

top, stack, 311
toupper, 93, 440
towlower, 440
towupper, 440
transform, axropurm, 356
true, 24
trunc, ios, 281
try, 223, 301
type_info, 238
before, 239
name, 239
typedef, 65, 220

V)

UCHAR_MAX, 405
UINT MAX, 378, 405
ULONG MAX, 405
unary_function, 334
unary negate, 337
underflow_error, 379
unexpected, 228
unexpected handler, 405
unget, istream, 274
ungetc, 440

ungetwec, 440

union, 69, 209

unique, list, 308

unique, agroputm, 357
unique_copy, anroputsm, 357
unitbuf, ios, 269

unsetf, ios, 270
unsigned, 23
upper_bound, map, 318
upper_bound, set, 322
upper_bound, anropur™m, 360
uppercase, ios, 269
USHRT MAX, 405

\'J

va_arg, 406
va_list, 406
va_start, 406
valarray, 371
value_type, konreiirepsi, 296
vector, 297, 299
vector_bool, 303
viprintf, 440
viwprintf, 441
virtual, 206
void, 26

vprintf, 441
vptr, 207
vsprintf, 441
vswprintf, 441
vtbl, 207
vwprintf, 441
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w
WCHAR_MAX, 406
wchar_t, 24
wescat, 441
weschr, 441
wesemp, 442
wescoll, 442
wesepy, 442
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