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BcrynneHue
O KHUTE N A3bIKE C++

3ameuatennnas uzes! YTo x OHa MHe ca-
MOMY B IOJIOBY He NpHILIa?

u3 x/¢p «Hponus cyovbui,

unu C nezxum napom»

Buumanuio yuTarenss npemnaraeTcssi KHHra O f3bIKe IPOrpaMMHPOBAHMSI
C++, TTocobue 1715 TeX, KTO He 3HAKOM (MJIM MAJIO 3HAKOM) C s3bikoM C++
1 X04eT ObICTPO HAYYUTHCS HA HEM MIPOrPAMMUPOBATh.

Co6CcTBEHHO O KHUre

W3nanue cOCTOMT H3 TeMaTHYeCKH HOAOODaHHBIX TMPHMEPOB U 3ajad, KO-
TOpBI€ TIEPEKPHIBAIOT BCE OCHOBHBIE Pa3/ie/ibi M BOMPOCH, BAXKHBIE C TOYKH
3peHHs M3y4eHUs: OCHOB s3HKa C++. 3/1ech X04eTCsT OTMETUTH BA BasKHBIX
obcTosiTeIbCTBA.

Bo-nepBrIX, ONBIT NOKA3BIBAET, YTO HaMbOJiee YCHEIIHO MATEPHAN yCBau-
BaeTCst, €C/M OH WUIIOCTpUpyeTcs: npuMepaMi. Boslee TOro, HHOTAA OYeHb
CJIOXKHO OOBSICHUTD ONpEAE/IEHHYI0 KOHLEIMIO MM TIOIXO0M, eCIH OHM He
HOAKPEIVIEHB MPAKTHYECKUM MaTepuasioM. B 3ToM cMBIC/Ie AJIS KHUTH BbI-
GpaH onTEManbHBIA ciocob mpeacTasienus HHGHOPMALMM.

Bo-BTophIX, NpeanosnaraeTcs, 4To mpu paboTe ¢ MATEPHANOM KHHTH YMTa-
TeNb IPOSBUT HEKOTOPYIO HACTONYMBOCTH U TOTOBHOCTb K YIIIyOJAEHHOMY
aHaJM3y MPOrpaMMHBIX KofoB. C Apyroit CTOPOHE, aBTOD MPHIOKMI MaK-
CHMaJIbHbI€ YCHIHS IJIs1 TOTO, ITOOHI CAENATh CONEPIKUMOE KHHUTH TPOCTHIM
Y HaIJISIHBIM JIa%Ke JUIS1 HEITOATOTOBIEHHOTO YUTATENs.

Iocneanss riasa B onpeneseHHOM CMBICe ocobeHHass. B weit cobpanbl He-
KOTOpble MaTeMaTH4eCKUe 33/ia4H BHIYHCJIHTENbHOTO Xapakrepa. OHu opu-
€HTHPOBAHAEI Ha GOMBUIYIO CAMOCTOSITEJIBHOCTh YMTATE/S B IUIAHE aHAJIM3A
TIPOrPaMMHLIX KOAOB (TI0 CDaBHEHMIO C IPUMePaMH B3 APYTHX IJIaB KHUTH).
JlanHas riaaBa BKIIOYEHa B KHHTY, TOCKOJIBKY MPeCTABIEHHBIE B HEH 329
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Bcrynnesue

PaccMaTpPHBAIOTCS B PAMKaX YHUBEPCHTETCKOTO JIEKIIMOHHOTO Kypca 110 BHI-
YHCJUTENBHOH MaTeMaTHKe.

st my4inero 3aKperieHus MaTepyaia B Kohne nemex YeThIPeX IJIAB MPH-
BOJAUTCS CIMCOK 3aJady JJISI CaMOCTOATENbHOTrO pemenusi. OHU KOHIENTY-
asibHO OJIM3KHM K TEM 3aja4aM M IPHUMEpPaM, YTO PACCMATPUBAJIMCH B OCHOB-
HOM 4aCTH COOTBETCTBYWOIIeH riaBbl. HekoTopbie 3aauyM OYEHb MPOCTHI,
HO BCTPEYAIOTCS M TaKde, A1 PELICHHS KOTOPHIX HeoOXOAMMO INPOSIBUTH
CMeKaJIKy. Takke CTOUT OTMETHTD, YTO VIS YACTH 3a/iay, Npe/JIaraeMbIx Uist
CaMOCTOSITEJIBHOTO PEINeHus], B KHUre (0ObIYHO B CJIEAYIONIUX [JIaBaX MOCJIe
TOM, IAe NpeaIaraeTcs 3ajia4ya) puUBoJAATCs pelieHHs. Bo3aMOXXHO, KOHTEKCT
3aj1ayM TIPH pENIeHUH HEMHOTO M3MEHSETCS], HO Y3HATh 3HAKOMEIE «HOTHI»
BCe Xe MOXHO. C/IeJIaHo 3TO CIeNHaIbHO, TIOCKOJIBKY, KaK MOKA3hIBAET OIILIT,
PEIUMTH OAHY M TY Xe€ 3a/ayy pasHbIMHM MeTOAaMH ObiBaeT HAMHOIO II0JIe3-
Hee, YeM IPOCTO PenIaTh Pa3HbIe 3aavu.

B maATOi M mecTo# r1aBax, rae 06CYKAAITCS IPHUHIMITH 00bEKTHO-OPHEHTH-
POBaHHOTO MPOrPaMMHPOBAHUS, CITHCOK 3a/1a4 /IS CAMOCTOSITEIbHOTO pelre-
HUsL TAKXE €CTh, HO OH HAMHOTO CKpomHee. [IpesiaraeMble Tam 3ajaMM HOCST
«3BPHCTHYECKHI» XapaKTep H cOPMYIHPOBAHbI B 00IIEM Buje. ITO HAME-
PEHHas MO3UILUS, TOCKOJIBKY B JAHHOM CJIy4ae BaXKeH KOHTEKCT NOCTAHOBKH
3ajiauy. JpyruMH CJI0BaMM, YacThIO 3371a4H, KOTOPYIO NIPEACTOUT PEUIMTD 4H-
TaTEeJIO, SBJISIETCS, B TOM YHCJIE, H €€ OKOHYATeIbHAsE (POPMY/ITHPOBKA.

B rnaBax ¢ nAToii MO BOCEMYIO BBIIEJISIIOTCS HEKOTOPHIE <HAE0JOTHYECKHE>
HarpaBJleHMs Ha TOT CJTy4aii, ec/Ii YUTaTelb PEIIMT CAMOCTOATEIbHO H3Y4aTh
COOTBETCTBYIOIHE aCNeKThI HPOTPAMMHUPOBaHMs (PEeKOMEHIAIMH IS CaMO-
CTOSITENIbHOM PaboThi). 3azauu JJisi CAMOCTOSTENBHOTO DEIlieHHsi B CEIbMOM
H BOCBbMOIi I7IaBax He NPEeIAraloTcst, IOCKOJIbKY MaTepHa TaM CJIOMKHBIN
1 HEKOTOPHIE TEMH IIPECTABJIEHBI CKOPEe B PesKHMe 03HAKOMJIEHHS.

Hakonen, B nocjefHel riase, Iie paCCMaTPUBAIOTCA MaTeMaTHYECKHe Bhi-
YHCJIMTENbHBIE 331a4M, HET HU 3aJlaHUM Il CaMOCTOSITEIbHOIO peHleHHs,
HH PEKOMEHJALMH /151 CAMOCTOATENbHOM paboThl. TIpyuanna B TOM, 4TO TIa-
Ba OCHOBATEJHHO OPHEHTHPOBAHA HA CAMOCTOSITe/IbHOE U3yYEHHE HETPHBH-
a/IbHOTO MAaTePHUaJia, II03TOMY TIePErpyXarh ee HeXeJaTeIbHO.

A3biK nporpaMmMupoBaHus C++

C++ — onun u3 Hanbosiee MOMYJISIPHBIX S3BIKOB MporpamMmuposanusi, He-
BO3MOXHO NPEeACTaBHTH cebe npodeCCHOHAIBHOTO POrpaMMHCTa, KOTOPBIi
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O kHure un f3eike C++

He 3HaJ 6 ero. B aToM cMbicie Bbibop s3bika C++ 151 MSyYEHHs HPEACTaB>
JIeTCsI BeCbMa YIaYHbIM.

TToMHMO HenocpeaCTBEHHO MPaKTUYECKOMN NOJIB3bI OT YMEHHSI COCTABJISATD
IPOTPAMMBI Ha 3TOM SI3BIKE, €CTH €lle M HEMAJIOBaXHBIH METO0IOTHYECKHI
acnekT. CBsi3aH OH C HCKJIIOYMTEIbHOM rTHOKOCTBIO M 6oratcTBOM C++, ITo-
cJle ero M3y4EeHHsT HAMHOTO Jierye <GpaTh Ha BOOPY/KEHME» NPOYHE SI3HIKH
nporpammupoBanusi. Ho kak 6b1 Tam uu 66110, C++ Ha cerofinsa BocTpebo-
BaH, ¥ B Ouiikaiiliee BpeMs 3TO BPS JIM U3MEHUTCS.

Cpepa pa3paboTku

Her nemoctaTka B mporpaMMHOM ofecnieueHHM AJis paboThl ¢ Iporpam-
MHbIME KofiaMu Ha C++. Ha janHbIli MOMEHT CyIIeCTByeT MHOTO Kaue-
CTBEHHBIX CPEACTB Pa3pabOTKM — Kak KOMMEDYECKHX, TaK U GeCIUIaTHBIX.
OG6RIHO MCTIONB3YIOT CPedbi Paspabomxu, B COCTAB KOTOPBIX BXOANT PeLaK-
TOP KOZOB, OTJIAAYNK, OObIYHO KOMITWISITOP M PSA APYTHX BCIIOMOTATE/b-
HbIX yTHINT. UHTaTenn, 6e3yCI0BHO, BOJIEH BRIGPaTh Ty cpely pa3paGoTKH,
KoTOopasi eMy HauGosee cuMnatnyHa. PaccMaTpuBaeMbie B OCHOBHOM 4ac-
TH KHUTHM KOABl YHMBEPCAJIbHE W He MPUBS3aHbI K KAKOH-TO KOHKPETHOM
cpeae. BmMecte ¢ TeM BaXXHO OTMETHMTb, YTO TECTHPOBAIMCH MPOTrPaMMBbI
B Visual Studio Express 2013. YKenatomue MoryT 3arpysuTs (GecILIaTHO, HO
C perucrpanueii) JaHHyIO cpealy pa3paboTKH ¢ caifta KoMmanuu Microsoft.

06 aBsTOpe

ABrop KHUTH — Bacurves Anexceii Huxonaesuu, noxKTop (HU3UKO-
MaTeMaTH4YeCKHX HaykK, mpodeccop kadeAph TeopeTNIecKoi Pusnukn pusu-
yeckoro ¢akysbrera KneBckoro HaMoOHaJILHOTO YHUBEPCHTETa MMeHH Ta-
paca lleByeHKO. ABTOp KHHUT 10 IPOrPAaMMHPOBAHHIO H MaTEMAaTHYECKOMY
mozeymmpoBannio. Cepa HayuHHIX HHTEPECOB: (hu3MKa KHAKOCTEMH, OHodU-
3MKa, CHHEPreTHKa, MaTeMaTHIeCKHe METObI B SKOHOMUKE, MOJZIeIMPOBAaHHE
COIMATbHO-IIOJIMTUYECKHUX TIPOIIECCOB, MaTEMAaTHYECKasi THHTBHCTHKA.

O6paTtHas CBfi3b

Bo MokeTe BBICKA3aTh CBOHM 3aMe4aHMs H HPeJIOKEHUS 110 TIOBOAY KHUTH
110 3IEKTPOHHOM IoyTe alex@vasilev.kiev.ua.



Bectynnenue

dainbl gng ckaumBaHua

JononuuresnpHne ,rviaTepnanm MOXXHO CKayaTh 110 agpecy https://eksmo.ru/
C++_¢odes.zip

Bnaropapxoctu

ABTOp BhIpa)KaeT HCKPCHHIOKW NPHU3HATEJIBHOCTh CBOMM YUTATEIISIM 32 HH-
TEPEC K KHUTAM. Tonnmanue TOro, 4TO KHHIru BOCTpBéOBaHhI YUTATCISAMHA,
ABJISIETCA HAUTYYITHUM CTUMYJIOM 1A UX HAIIKCAHHUA.



FfnaBsa 1
NPOCTbLIE NPOIrPAMMBI

Coducruka, macrop, copucrukal
u3 x/¢h «Cemnaduyamo mznosenuti ecrvi»

B aroit rnaBe paccMaTpuBaloTCs Haubosee IIPOCTHIE IIpOI‘paMMbI Kpome
HPOYero, MBI y3HaeM:

® Kak OpraHu3oBaHa nporpamma B C++;
® Kak OCyIHecTBJISIETCA BBOA MU BBIBOJ JAHHHEIX Y€PE3 KOHCOJIbHOE OKHO;
¢  KaK OOBABJIAIOTCH IEPEMEHHBIE;

®  KaK BBIIOJIHAIOTCSA NPOCThiE apU(METHYECKHE ONEPaALIUH,

HY ¥ KO€e-4ToO emle.

MNepsas nporpaMmma

Hanee paccMaTpuBaetcs HeGObIIAs IPOrpaMMa, KOTOpast oroépaxcae'r npu-
BETCTBHE B KOHCOJIbHOM OKHE.. COOTBCTCTBYIOIIIPIH IPOrPaMMHBIN KO IPH-
BezieH B uctunre 1.1.

Jincruar 1.1. Nepsaa nporpamma

#include <iostream>

}include <cstdlib>

using namespace std; -

int main () {
// Vi3MeHeHue KOIMPOBKM KOHCONM:
system{"chcp 1251>nul");
// OrobpaxeHue COOOWEHMA B KOHCOJM:
cout<<"llporpamMmuupyeM Ha C++!"<<endl;
// 3anepxka KOHCONBLHOTO OKHa:
system("pause>nul”);

return 0;
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Mhasa 1
[Ipu BBINOTHEHMH TIPOrPaMMBI TIOTy4aeM TaKoi pe3yIbTar:

Pe3ysibTaT BLNIONHGHUN NPOrpaMMBl (U3 nncTuira 1.1)°
NlporpamMmpyem Ha C+t!

COOTBETCTBYIOIIICG COO6II[€HYI€ IOoABJISIETCA B KOHCOJIBHOM OKHE.

PaccMoTpuM ¥ mpoaHanmusupyem nporpammubiit kon. IIpexuge Bcero, Bbi-
IeJIUM OCHOBHbIE 6s10KH B mporpaMme. (DakTHYeCKH OH TaM OIMH: 3TO TEJIO
naenol ynxyuu nporpamMmel. OHa HasbIBaeTCs main () W OINMCAHA B COOT-
BETCTBHH C TAaKUM maGI0HOM:

int main() {

// Kom TmaBHOM QYHKLMM MPOTPaMMH

CobcTBeHHO Teno (PYHKIMH BHIIE/ISETCS C OMOIIBIO Maphl (PHIYPHBIX CKO-
60k: oTKpEIBalomedt { M 3aKpbiBalomIeii }. To, YTO MeXAY ITHMH CKOGKaMu —
Koz yHKIMK main (). KmogeBoe c/10Bo int B onucannyu GpyHKIMH 03HAYAET,
9T0 YHKIHS BO3BPAIAET Pe3YJIBTAT, M Pe3yLTaT QyHKIMHU SBIAETCA Lie-
JIBIM YHCJIOM. o ‘

Brinosinenne l'IpOI’paMMhI B C++ — 310 BHITIOJIHEHHE I/1aBHOW (yHKUMH
main (). [Ipome roBops, 4TOGHI MOHATE, KAKHE KOMAH/IBI BHIIOJIHHIOTCFI NpH
BHITIOJTHEHHH NIPOTPAaMMBI, CJIe/lyeT o6paTHThCs K PyHKImH main (). B man-
HOM CJIy4ae B Tejle (PYHKIMH HECKOIBKO (TOUHEe, CeMb) CTPOYEK KOJa, IPH-
YeM TPH U3 HHX — KOMMEHMAPUU. ‘ o ‘

KomMeHTapnn HaunHaOTCA ¢ ABOHHOMH KOCOi YepThl M NPH KOMITMJISIIIMY
IIporpaMMbl MTHOPUPYIoTcs. Ha3HaueHHe KOMMEHTapusi — OOBbACHATD TOMY,
KTO aHAIM3UPYET IIPOrPAMMHBIA KOJ, Ha3HaYeHHe TeX WM MHBIX KOMAaHI.
KommeHTapnu npeaHasHadeHsbl A1 Y€I0BEK, a He 151 KoMibioTepa. Heob-
XOZIMMOCTH B HCII0JIb30BAHMM KOMMEHTapHeB B IIPOrPAMMHOM KOJ€ HET, HO
UX HAJIMYHE 3HAYUTEJIBHO obJierdaer 3aaqy MporpaMMHCTa.

@ TEOPMUSA

B C++ ucnonb3yioTcs OQGHOCTPOYHLIE U MHOTOCTPOYHBIE KOMMEHTapUM.
OnHOCTPOUHBIA KOMMEHTaPKUA HAYUHAETCA C ABOWHOM KOCOW YepTol //.
Bce, uTo HaxoguTCA cnpasa — KOMMeEHTapuil. OAHOCTPOYHLIA KOMMEH-
Tapui pa3meLLIaeTcA 8 OQHOM CTPOKe.

MHOroCTPOUYHBLIE KOMMEHTAPUU, KakK HECIOXHO A0rafaTbCA, COCTOAT U3
HEeCKOMbkuX CTpok. Hauano sbipensercs kombGuHaumeit CUMBONOB /*,
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MpocTbie nporpaMmi

a kKoHeu, — */. Bce, YTO HAXOAUTCH MEXAY UHCTPYKLMAIMM /* 1 */ aBnaeT-
CSi KOMMEHTapueM.

JIBe xoMaHABI B Tesie QYHKIMU main () HUMEIOT TEXHUYECKHIA, «BCIIOMOTaTENb-
HBlit» XxapakTep. Mix HaluuKe B HPOrPaMMHOM KOZE CBA3aHO C 0COOEHHOCTSI-
MM PYHKIMOHHPOBaHUA KOHCOJIBHOIO OKHA H HEOOXOAUMOCTBIO 0TOOpaXaTh
B HeM KMPWUIM4YeCKuil TekcT. Peub 0 KxoMaHzaax system("chcp 1251>nul®)
# system("pause>nul®). IlepBas mepeBOAHT KOHCOJIb B PEXHM MCHOJIb30-
BaHus KogupoBku Windows-1251, a BTOpas HyXHa IS TOTO, YTOOM IIO-
Cjie BBHIIOJHEHUS IPOrPaMMbl KOHCOJbHOE OKHO He 3aKphIBAJIOCh Cpasy,
3 3aJepXHBATIOCh HA 3KpaHe A0 HaXaTHA MoJb30oBaresieM Kiasuium Enter
(un KaKoii-To Apyroi).

Bl NnOAPOBHOCTH

Mpu pa6ote ¢ onepaunoHHoW cuctemoit Windows v BBoae/BuiBOAe
nHGOPMaUMN Yepe3s KOHCONLHOE OKHO NoNb3oBaTenb, Ckopee BCero,
cToAKHeTcH ¢ aAsyms npobnemamu. MNepsas BO3HMKaeT npu oroGpaxe-
HUMN KUPWTMYECKOrO TEKCTa B KOHCOJIbHOM OKHE.

dDyHpameHTaNnbHas CAOXHOCTL CBA3aHa C TEM, YTO PenaKkTop KOAoSB,
B KOTOPOM HaGMpaeTcs KOA NPOrpaMMmbl, UMEET KOAUPOBKY, OTANYHYIO
OT KOANPOBKN KOHCONBLHOIO KOHa. Flo3TOMY KMPUANMYECKNA TEXCT, Ha-
6panHbilt B penakrope koaos, Gynet HOpManbHO BLIMMAAETL B OKHE pe-
[AaKTopa KOMAO0B, HO COBEPLIEHHO HenPWIMYHO Npu oTobpaXeHun ero
B KOHCONU. Ta xe npobnema ¢ BBOAOM TEKCTA: €C/Y B KOHCOSMN BBOAWUT-
CS KNPUANTUHECKWIA TEKCT, TO NporpamMmMon oH 6yaeT cuMTan Kak Habop
CTpaHHbIX CUMBONIOB.

Mpo6GneMy MOXHO pewnTb, YCTAHOBMB B OKHE KOHCOJIM TaKylo Xe Koan-
POBKY, KaK B OKHEe peaakTopa KoAoB. Caenath 3T0 MOXHO BPYYHYIO UK
HEeNOCPeACTBEHHO Yepes3 NPorpaMmHbiit koa. [lns aToro B Hayane npo-
TpPaMMHOro Koaa nomMetuaerca KomaHaa system ("chep1251>nul").

Euje oaHa npobGnema cBsi3aHa ¢ TeM, 4TO NOCNE 3aBepPLUEHUS! BLINOHE-
HUS NPOrPaMMbl KOHCOSIbHOE oxub, KyAa OCyWecTBNAeTCA BLBOL, aBTO-
Martuyecku sakpuisaercs. MpPoucxoanT Bce 04eHb GLICTPO — HACTONLKO,
4TO NOAL30BATENb HE YCNEeBaeT 3aMeTUTb, Kakas MHOPMALIUA BLIBOAN-
Nacb B KOHCONbHOE OKHO NPW BLINCAHEHWM NPOrPaMMbl. 4TOObLI KOHCONL
HE 3aKPLIBaNachb N0 3aBepileHMU BLINOIHeHUst NPOrpaMMmbl, gobasnsem
B NPOrpaMMHbiiA Ko, KdMaHAy system("pause>nul"). '
KomaHabt system("chcp 1251>nul™) ¥ system("pause>nul”) npeacTasnsior
€060 BbI30B DYHKUMM system (). HTOOLI GYHKUMA system() Gbina pocTyn-
Ha, NOAKMNIOYAEM 3aroNoBOK <cstdlib>. o o
AprymeHToM (yHKUMK system() nepepaeTcs TexkcToBas CcTpoOKa, COo-
Aepxaulas KoMaHgy, KOTopas AONMXHA ObiTb BLINOMHEHA B KOHCOAW.
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Mmasa 1

B 4acTHOCTH, KOMaHAA pause A1 KOHCONW O3HAYAET 3a0EePXKY KOHCONb-
HOro OKHa, a8 KOMaHAa chcp 1251 UCNOJL3YETCR ANS NPUMEHEHUA COOT-
BETCTBYIOLLEH KOAVPOBKK. B nprHumne, B NPOrpaMmMHOM KOAE MOXHO
ucnonb3oBaTh KOMaHAL! system("chcp 1251") v system("pause"), oaHa-
KO B 3TOM Cly4ae B KOHCONbHOE OKHO BLIBOAATCA COOBLLEHUA COOTBET-
CTBEHHO 06 yCcTaHOBKe KOOMPOBKM U O HEOBXOAUMOCTU HAXATL KHOMKY
ANS 3aKPLITUA KOHCOSTbHOro KoHa. Y4106kl 3T0r0 He GbUlo, UCRONbL3IYyeM
MHCTPYKUMIO nul. OHa ykasuiBaeTCcs Yepes CHMBON > nocne CoGCTBEHHO
KOMaHAbl, KOTOPYIO HEOBXO[MMO BLINOAHUTL B KOHCOMN.

Hoxanyii, camas BaXxHas KOMaHJa B Tese GYHKIMH main() — 3TO cout<<"
MporpamapyeM Ha C++!"<<endl. VIMeHHO OHa pemaer OCHOBHYIO 3agavgy
10 0TOOpaXKeHHIo COOOIIEHHSI B KOHCOJIBHOM OKHE, Pajii 1€T0, COGCTBEHHO,
A co3faBanach nporpaMma. OCHOBY KOMaHABI COCTaBJISIET ONEpamop 6bui-
é00a <<. OnepaTopoM BHIBO/IA JAHHLIE, YKa3aHHKIE CITPaBa, OTOGpaXKaIOTCA
B YCTPOIACTBE, CCHUIKA Ha KOTOPOE yKa3aHa cJieBa ot oneparopa. Hanpumep,
KOMaH/a cout<<"llporpammumpyen Ha Ct++!" O3HAYAET, YTO He0OX0QHMO TEKCT
"Tiporpasmpyen Ha C++!" BHIBECTH B yCTPOMCTBO, «crlpsrram{oe» 33 HIEHTH-
¢duxaropom cout.

Mo ymMomdanuIo HAEHTH(UKATOP cout O3HAYaeT KOHCOJb (cout oT console
output). TekcT, KaKk HeCJIOKHO JIOTaJIaThCsl, 3aKII0YAETCS B ABOMHEIE KaBhiu-
kH. OnepaTopoB BHIBOJA B OZHOM KOMAaR/e pa3pelaercss HCHOIb30BaTh He-
ckonbko. MHcTpykuus endl (ot end of line) ucnionsayercs Ans nepesoja
KyPCOpa B HOBYIO CTPOKY B OKHe BhIBOZa (koHCOoH). IToaromy BCS xoMaHzAa
cout<<"llporpaMmupyem Ha C++!"<<endl o3HavaeT caenyioliee: B KOHCOAbHOE
OKHO HEOOXOIMMO BRIBECTH TEKCT "llporpaMMupyeM Ha C++ !™, TIOCJie 4ero BhI-
TNOJIHSAETCS TepPeXo/i K HOBOH CTPOKe.

(@G HA BAMETKY

B npuHuMne, HeT KpaihiHed HeOGXOAMMOCTH B WUCMONbL3OBAHWM WH-
CTpykumm endl ANS nepexopa K HOBOW CTpoke. Bmecto komauawi
cout<<"IlporpammpyeM Ha C++!"<<endl BNOAHE croamnacek 6bi U koMaHna
cout<<"llporpaMmuupyem Ha C++!", ' k

Hocnennsas B Tene Pynxiuy main () KOMaHAa return 0 O3Ha4YAET 3aBepine-
HMe BbINONHeHUs (YHKIMHU ¥ BO3BpalleHHe Pe3yabTaToM QYHKIHY 3Have-
Hud 0. 3HayeHue ( AaeT 3HATh ONEPALMOHHOM CHCTEME, 4TO paboTa PyHKIMK
3aBepIIMIAch B HOPMATLHOM pexcnme, 6e3 omubku. [Tocrenueit KoManaoi
B QYHKUMH main () OOBIYHO ABAAETCA KOMaHAa return 0.
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NpocTbie nporpammi

(G HA BAMETKY

Takxke XO4eTCR OTMETUTb, 4TO KOMaHAabL B C++ 3aKkaHYMBaIOTCH TOUKON
C 3anaToun. -

Mui pazo6panu Koz raaBHON GYHKUMH, HO €CTh e1lie HECKONBKO HHCTPYKImMit
B CaMOM HavaJie TIPOrPaMMBi, 10 Ha4YaJIa ONIMCAHUSA IJIaBHOM PyHKUHH.

WucTpykimu $include <iostream> u #include <cstdlib> mpeacTaBAAIOT
€060t AUPEKTHUBEI PENPOLIECCOPA ¥ UCHOIB3YIOTCS JNIs BKAIOUYEHHS B HIPO-
TPaMMHBIH KOJI 3ar0JIOBOYHHIX (aiiyioB, KOTOPEIE COAEPXKAT BaXKHYI0 HHPOP-
MAIHIO, HeOGXOAMMYIO AJIsI BHIMOHEHHUS IPOTPaMMBI.

DakTiyecku, peyb UAET 00 KCHONB30BaHNY (a30BAIX CTaHAAPTHHIX GHO;IHMO-
TeK, HeOOXOAMMBIX /UIsI BHINIOIHEHHSI HPOrPaMMBI (<iostream> COOTBETCTBY-
€T CcTaHAapTHOM 6uGaMoTeKke BBOAa/BbIBOAA, a <cstdl ib> coorBeTCTBYET
CTaHZaPTHOI obmleit 6ubinoTeke).

BN NOAPOBHOCTHM

CranpaprHan 6ubnuoreka BBOAA/BbIBOAA COASPXUT onpeaeneHue Ta-
KUX UaeHTUMUKATOPOB, KaK cout (KOHCOMBHOE YCTPOMUCTBO) U cin (Kna-
BuaTypa — yCTpoiAcTBO BBoAa). CTaHpapTHas obuana 6ubnuorteka co-
DepxXuT onpeaeneHue, KpoMme npoyero, PyHKUUK system() .

WHcTpykums using namespace std mpeacTasiser co6oit koMaHTy AJs HC-
I0JIb30BAHUSA CTAaHAAPTHOTO NPOCMPAHCMBA UMEH Std. '

@ TEOPUS

MpocTpancTBo MBH — 3TO Hekoe abCTpakTHOE XpaHWUAuLLe, No3Bo-
nswowee uaberarts KoHGANKTA UMeH. Tpn cocTaBneHuK MPOrpPaMMHOro
Kx0Aa HaMm HeoBXOANMMO yKa3aTb, KAKOEe MMEHHO MPOCTPAHCTBO MMeH By-
AeT UCNoNL3OBAHO ANS «XPaHEeHNUA» Ha3BaHWUA CO3RaBaeMbix B Nporpam-
me yTunut. Ml 6yaem WCnonb3osath CTaHOAPTHOE NPOCTPAHCTBO MMEH,
KOTOPOE Ha3wiBaeTcs std.

Cob6cTBEHHO Ha STOM MBI 3aKaHYMBAEM aHAIN3 TPOrPAMMHOrO Koja. B 3a-
BepIIeHHE NIPUMEPA OTMETHM, YTO IPH HANMCAHHM IPOrPAMM MHI B Jaib-
HeiillleM IUIAHHPYeM HCIOJIB30BaTh CJAeAyomui wabmoHHNHA ko (Ge3 yyera
KOMMeHTapHeB):
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masa 1

$include <iostream>
tinclude <cstdlib>
using namespace std;
int main()i
system("chcp 1251>nul");
// Kom rmaBHO¥ QyHKLMM
system("pause>nul");
return 0;
}
Ecsu xe ynratens pemut npobsieMy ¢ KOAMPOBKOM U 3a/IEPKKOM KOHCOJIb-
HOI'0 OKHa crIoco60M, OTIHYHBIM OT IIPe/ICTABAEHHOTO BhINIe, TO IA6I0HHbIH
KOJI eIme Impotle;
tinclude <iostream>
using namespace std;
int main() {
// Kon rnaBHOM . QyHKLMM
return 0;
}
Teneps nepexoanM K pacCMOTPEHHIO CJIE/YIOLIETO TIpUMepa. B HeM MEI 1I0-

3HAKOMHMCS C onepamopom 660o0a (y3HaeM, Kak BBOAMTCA WH(pOpMaLms
C KJIaBHATYPHI) U NEPeMEHHOIMU.

3HaKOMCTBO C NepeMeHHbIMK

Hanee Mbi pacCMOTPHM 3aJ1a4y O IIEPEBOJIE PACCTOSIHUS, YKA3aHHOTO B MH-
AsAX, B 3HaYEHNE, yKa3aHHOe B KioMeTpax. [Ipu ee pemieHny HaM peACTOUT
BBOJHUTH AaHHEIE C KJIABHATYPH U Ilepe/iaBaTh HX B nporpaMMy JL1ST BBITIOJI-
HEHUsI HEOOXOMMMBIX BHIYHCIIEHHIA.

(G HA 3AMETKY

BputaHckas CraryTHas MURs — Mepa AnvHbl, pasHas 1609344 munnu-
meTpaMm unu 1,609344 xunomertpa. YTobbi NepeBecTn 3Ha4YeHue, yKa-
3aHHOE B MUNAX, B KMIIOMETPLI, AOCTATOMHO YMHOXWTL 3HA4YEHNE B MU~
nax Ha 1,609344 .
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MNpocTbie nporpamMmi

I[IporpaMma JOCTAaTOYHO IPOCTAs: CHaYa/1a BHBOIUTCS 3aIIPOC Ha BBOJ, I10JIb-
30BaTeJIeM PaCCTOSIHHUSL B MIJISIX, TIOC/IE Y€r0 BBEJIEHHOE 3HAYEHHE CYUTHIBA-
€TCsl, BBIOJIHAIOTCS HEOOXOMUMbIE BBIYUC/IEHHS, 4 PE3y/bTaT BHIYMCIICHHH
oToOpakaeTcs B KOHCOJIBHOM OKHE.

B npoiuecce BBIYMCJIEHUI HaM nona,uo6wrcx KyZa-TO 3allUChiIBaTh BBOAUMOC
M0JIb30BATEIEM 3HaYeHH e, DABHO KaK U pe3yJIETaThI BBIMMCJIEHUH. HJIH 3TOro
B IpOrpaMMe UCHOJIb3YIOTCA nepeMertvie.

=

TEOPUSA

Mepemennas — umeHOBaHHas obnactb NaMaTH, B KOTOPYIO MOXHO
3anucarb 3Ha4YeHUe M U3 KOTOPOIA MOXHO NMPoYUTaTh 3HaYeHue. B C++
nepeMeHHble nepen, ucnonb3oBaHneM o6uvasnaloTca. s KaxXoon
nepeMeHHON yKasbiBaeTCs TUM 3HA4YeHUst, KOTOPOEe MOXET XPaHUTLCA
B NepeMeHHoi. Tun nepemMeHHoR onNpeaenseTca Yepes KNoYesoe cno-
BO — naeHtuoukaTop Tuna. Hanbonee akTyancHoie 6a30BbLIE TUNLI: int
(uensie yacna), double (AeACTBUTENbHBIE YACHA), char (CUMBOSILI).

B nporpamme nepemerHas o6bsBnsaeTca B Nlo6oM MecTe (HO A0 NepBoro
ee vcnonb3oBaHua). ObnacTb AOCTYNHOCTU NEPEMEeHHoN onpeaenseTca
6noxoMm, B KOTOPOM OHa 06baBneHa. Bok, 8 CBOIO o4epeab, OrpaHUYuBa-
ercs napov GpUrypHsix ckobok. Ecnm nepemeHHan o6bABNEHA B rABHOM
GyHKUMKN NPOTrPaMMbl, OHa ROCTYNHA B NIoOOM MecTe rnaBHOM yHKLIMW.
flomMuMO nepemeHHbIX, HEepPeaKo UCNONL3YIOTCH KOHCTaHThl. OT nepe-
MEHHbIX OHW OTIMYAIOTCA TEM, YTO 3HAYEHUE KOHCTAHTH M3MEHUTL HeJlb-
311. KOHCTaHTbI ONUCLIBAIOTCA TaK X8, KakK NepeMeHHbie, HO C uaeHTUOU-
KaTOPOM const. '

Tenepsb paccMOTPUM NPOTPAMMHEIN KOJ, IPEACTABICHHBIH B IMCTHHTE 1.2,

JiucTuir 1.2, NMepeson Munb B KNAOMETPHI

#include <iostream>
#include <cstdlib>

using namespace std;

int main(){

// V3MeHeHMe KOIOMPOBKM KOHCONM:
system("chcp 1251>nul");

// KoHcTaHTa onpenendeT, CKOJLKO B OLHOI
// Mune KunoMeTpOB: k

const double kmInMile=1.609344;
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fnaea 1

// TlepeMeHHHe IJIA 3aMMCH PACCTOSHMUSA

// B MMISX ¥ KUJIOMETpaX:

double distMile,distKm;

// 3anpoc Ha BBOR PacCTOAHUA B MUJIAX:
cout<<"Ykaxure pacCTOsHuUE B MMAAX: ";

// CunTHBaHMe 3HAUEHMS LA PACCTOSHMA B Mﬁngx:
cin>>distMile;

// BruMCNeHMe DPACCTOSHUS B KMIJIOMETpax:
distKm=distMile*kmInMile;

// Orobpaxenue pesyibTaTa BHUMCIEHMN:
cout<<"PaccrosHue (B KM): "<<disth<<endl;
// 3amepxka KOHCOJBHOTO OKHa:
system("pause>nul®);

return 0;

B Tene riaBHOM DyHKIMM nporpaMMbl MHCTPYKLHe# const  double
kmInMile=1.609344 OOBSBIsETCA KOHCTAHTA neﬁCTBnTeanoro‘qncnonoro
tuna. KoncranTta HasnBaeTcs knInMile M ee 3SHA4€HME PaBHO 1. 60 9344 (xmo0-
METPOB B otHO# MuJie). Takke B nporpaMme oG bABISIOTCA ABE IEPEMEHHbIE
distMile u distKm, 06e THna double. B nepemeHHy10 distMile 3anuChBaeTCsA
3HAueHHe /IS PaCCTOSHUS B MHJIAX, KOTOPOE MOJIb30BaTeb BBOAHT C KJa-
BHATypH. IIpOMCXOAMT 3TO TaK: CHa4Yaja KOMaHJIOH couté(_"ﬂamrre pac-
CTOSHME B MMNAX: " B KOHCOJIM OTOODaXKaeTcsl COOOLIEHHE C IIPEJIOKEHHU-
€M BBECTH YHCJIOBOE 3HaUeHHe. 3aTeM I0JIb30BaTeb C KAABUATYPbl BBOAUT
3HaueHMe M HaxkuMaeT kaasumy <Enter>. Takas curyanus o6pa6a'rmBaeTcn
KOMaHI0# cin>>distMile, OCHOBY KOTODOI COCTABJISIET ONEPAmop 6600a >>.
Wnentuduxarop cin (abOpesuarypa ot console input) 0603Ha4aeT yCTPOit-
CTBO BBOZA.(TI0 YMOJTYaHHIO pedb HIeT 0 KiaBuatype). Crpasa oT oneparopa
BbIBO/Ia YKA3bIBAETCS NlepeMeHHasi (B AaHHOM cJiydae distMile), B KOTOPYIO
3alIMCHIBACTCA 3HA4YEHHE, BBOAHMOE NOJIb30BaTe/IEM.

(O HA BAMETKY

Mockonbky repemMenHas distMile o6bABneHa ¢ TMNOM double, TO BBE-
AEHHOEe Nonb3oBareneMm 3HaHeHMe aBTOMAaTUMECKN NPUBOONTCH K TUNY
double.
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MpocTthie nporpamMmsl

Komanzo# distKm=distMile*kmInMile BBIYHCISIETCS PACCTOSTHHE B KHIIOMeE-
Tpax (paccrosiHue B MIIAX distMile YMHOXaeTcs Ha KOHCTAHTY kmInMile,
onpeAeIomyI0 KOJIUYECTBO KMIIOMETPOB B OXHOH MILIE). -

@ TEOPUSA

31echb Mbi CTaNkMBABMCA C ONEPATOPOM YMHOXeHus *. [ipyrue apud-
METHYECKME ONepaTopLi: ONEpaTop CNOXEHUA +, ONepaTop BbIYUTAHUA
-, oneparop AeneHms /. Oneparop aenedna B C++ cneumdudeckuii:
ecnu 062 onepaHaa LEeNOYMCREHHBLIE, TO NeNeHME BhillONHABTCR HALEeno
{uenouncneHHoe aenenme). Hanpumep, pe3yntTaToM BbipaXkeHun 9/4
ABNAETCA 3HaYeHne 2. YToObl geneHue BbiNONHARNOCh Ha MHOXEeCTBE Aeit-
CTBUTENBHBIX YUCEN, Nepen COOTBETCTRYIOLWEA KOMaHAOW YKa3biBaeTC s
UHCTPYKUMA (double) (kniouesoe cnoBo double B KPyrnbiX ckobkax). Ha-
npuMep, Pe3ynNsLTaToOM BhipaxeHus (double) 3/4 ABARETCH 3HaYEHWe 2,25,
MpucsansaHne BLINONAHAETCS C NOMOLLLIO onepaTopa =. 3Ha4eHue, yka-
3aHHOe cnpasa OT oneparopa NpPUCBauBaHus!, 3aNUCHIBAETCA B Nepe-
MEHHYIO, YKa3aHHYIO CieBa OT oneparopa NPucBanBaHus.

Pe3ysIsTaT BEIMHC/IEHHI 3aIIMCHIBAETCS B llepeMeHHyIo distKm. ITocse sToro
KOMaH[a cout<<"Paccroanue (B kM): "<<distKm<<endl orobpaxkaeT BHYMC-
JIEHHOE 3HaYeHWe B KOHCOJIBHOM OKHe. Pe3ynsTaT BHIIOHEHHS IPOrPaMMBI
- MOXeT OBITh TakuM (PKUPHbIM WPUQPTOM BHIEIEHO 3HAYeHHe, BBOAMMOE
N0JIb30BaTENIEM): ‘

Peaynurar BLINOAHEHNN nporpammn (U3 huc‘mura 1.2)
Yxaxure paccrToshHue B wmmnax: 3.5

Paccroanme (B xM): 5.6327

Brime MBI onepUpoOBaiH HeleThMH (NeHCTBUTEbHBIMA) YMCJIOBHIMM 3Ha-
yeHusAMU. Taxoit MOAX0A MaTeMaTH4YeCKU KOPPEKTEH, HO ¢ PUKJIALHOMN TOY-
KH 3peHHs] He O4eHb YA0OEH, MOCKOJBKY B PEAJBHOCTH /A ONpeNeTeHHst
PacCTOSHMIA UCIIOMB3YIOTCS Pa3HOMacIITabHble MeTpuYeckue eaunauust. [To-
AOOHYIO CHTYAIIHIO PACCMOTPHM JAJee.

(@ HA 3BAMETKY

MoscHum, 4TO UMeeTcs B BuAay. CkaxeMm, B npeabiaylieM npumepe mbl
APy TECTMPOBAHVU NPOrPaMMbl BBOAWAWN 3HAYEHUE 3.5 ANS PACCTORHUSA
8 Munax. Ecnm aTo xe paccTosiHue Bbipa3nuTb B Muasix u dyrax, 1o Gyner
3 MUK 1 2640 HYTOB (B OAHONM MUne PoBHO 5280 ¢yTos). To xe paccTos-
HWE B KWIOMETPAX COCTaBIAET BESINYMHY 5.6327, UNK, YTO TO Xe camoe,
5 KWNIOMETPOB 1 632 MeTpa (ecnu oT6POCUTL 70 CaHTUMETPOB).
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PaccMoTpuM IpUMep, aHAIOTHYHBIH NPeCTaBIeHHOMY BHIIIe, HO HECKOJIBKO
BHAOM3MEHHUM OOIIYIO TOCTAHOBKY 3aiadi. B uacTHoCTH, paccToanue Gyaer
YKa3bIBaThCsl B MHJISIX M (YTaX, a IEPECYUTHIBATLCS — B KMJIOMETDH M MeT-
pul. CoOTBeTCTBYOIMIA IPOTPAMMHBIH KO/ IIPEACTaB/IeH B TUCTHHTe 1.3.

nucnmr 1.3. MNepeson Mune 1 PYTOR B KMAOMOTPE M MOTPLE
#include <iostream>

#include <cstdlib>

using namespace std;

int main() {

20

// W3MeHeHue KOIMPOBKM KOHCOJM:
system("chcp 1251>nul™);

// Kommuecrso ¢yros B Mune:

const int ftInMile=5280;

// KonnyecTBO KMIOMETPOB B Muje:

const double kmInMile=1.609344; »
// UenouucrenHse NepeMeHHHe [JA 3aNMuCH KOAMYECTBA
// mune, GyTOB, KMJIOMETPOB M METPOB:

int dMile, dFt, dKm, dM;

// Bson paccionuua B MWIAX U nyax:
cout<<"PaCCToaﬁMe B Munax u dyrax."<<endl;
cout<<"Mumm: ";

cin>>dMile;

cout<<"¢yma: ";

cin>>dFt;

// PaccrosiHMe B MMNAX:

double distMile=dMile+(double)dFt/ftInMile;
// PaccTosHMe B KMIIOMETDPAX:

double distKm=distMile*kmInMile;

// Tonbxo KWIOMETPH ¢

dKm=(int)distKm;

// Merpu:

dM=(int) { (distKm~dKm) *1000);



MpocTbie NporpamMmibi

+{{ Orobpaxexne pesynbmawa BEIUMCJICHMIA :
cout<<"Paccrosuue B KunomMeTpax u- MeTpax."<<endl;
cout<<"KunoMeTpH: . "<<de<<endl ' ‘
cout<<"Merpu: "<<dM<<endl;

// 3agmepxka KCHCOJBLHOT'O OKHA:
system("pause>nul");

return 0;

IIpoananusupyem nporpammy. B naHHOM ciTydae onpeensiercs 1eI0dHCIeH-
Hast KOHCTaHTa ftInMile cO 3HAaYeHHeM 5280, ONPEAEISIONMM KOJHIECTBO
¢dyToB B Mune. [lelicTBUTENbHAS YHCIOBask KOHCTAHTa kmInMile CO 3HAUEHM-
eM 1. 609344, onpeIe/IAIONIUM KOJIMYECTBO KUJIOMETpOoB B MuJte. Llenouncien-
Hble nmepeMeHHbIe dMile, dFt, dKm M dM MCTIONIB3YIOTCS HaMU AJISA CYATHIBAHUA
KOJIMYEeCTBa MIJIb, (DyTOB ¥ 3aIMCH BEIYMCIEHHBIX 3HAYEHHI [JI51 KOJIHYeCTBa
KHJIOMeTpoB U MeTpoB. CUNTHIBaHUE MIUTh M (DYTOB BBHINIONHSIETCS C [IOMO-
1bIO KOMaH/ cin>>dMile 1 cin>>dFt cooTBeTcTBEHHO. [lanee B mporpaMMHOM
KOZie C TIOMOIIBIO KOMaHZAbI double distMile=dMile+ (double)dFt/ftInMile
BBIYMCIISAETCS PACCTOSTHUE B MIUBIX (UMEETCSI B BUALY PaCCTOSIHHME, BHIPaXKeH-
HO€ TOJIBKO B MIWJISIX, ¥ IOITOMY TaKoe 3HAYEHHE B OOIIEM CIIydae SIBJIAETCS
AeHCTBUTENbHEIM YHCJIOM). [laHHas KOMAHA IOKa3aTeIbHA BO MHOTHX OTHO-
meHusix. Bo-nepBhIX, OHa He TOJILKO BRIYHCIISIET 3HAYEHHE, HO OTHOBPEMEHHO
1 OOBABIISIET IEPEMEHHYIO, B KOTOPYIO 3HauYeHHUe 3anuchiBaercs. Bonee koH-
KpPETHO, 00BsB/IsAeTCS NepeMenHas distMile THma double M ei npucBavBa-
€TCs 3HaueHHe BhIpaxKeHHusa dMile+ (double)dFt/ftInMile. /lanHoe BRIpaxe-
HHUe TIpeAICTaBIsieT co60i CyMMyY 3HAYEHHUS IEPEMEHHOM dMile M BRIPAXKEHMST
(double)dFt/ftInMile, KOTOPOE, B CBOIO O9epe/b, SIBNIACTCS] YACTHBIM OT JIe-
JIeHHs 3HAaUYeHHsI lepeMeHHoit dFt Ha 3HaYeHHUe TepeMeHHOMH ftInMile. Ilo-
CKOJIBKY 00€ mepeMeHHbIe LeJIOYNCICHHBIE, a IeJIeHUe HyXKHO BHIIOJHAT Ha
MHOecTBe IeHiCTBUTEIBHEIX THCe (TO eCTh OBBIYHOE Je/IeHYe, He LIEI0UHC-
JIEHHOE), TO Ilepell BoIpaXKeHHEM YKa3bIBaeTCss HHCTPYKIMs (double).

(® HA BAMETKY

OTHoLweH e 3Ha4YeHU NepeMeHHbiX dFt U £t InMile NpeacTasnaeT cobomn
4aCTb MW, KOTOPas B UCXOAHOM NpeacTaBNeHUU BuipaxeHa B pyTax.

PaccTosiHue B KLIOMETPaX BHYMC/SAETCs KoMaHA0i double distKm=distMile*
kmInMile. 31eCh MbI CTAJIKHBAEMCS C TaKO# ke CHUTyalueil, KaKk M BhIIIe;
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nmepeMeHHasi distKm oObsBiIsI€TCA, M €l Cpasy NPHUCBAaMBAETCs 3HAYEHHe,
IpUYEM 3HAYEHHE BHIYUCAAETCA (KaK MPOM3BeJeHNE PAaCCTOAHUS B MHJISX
distMile Ha KOMYECTBO KUJIIOMETPOB B OAHOM MuJie kmInMile).

(G HA BAMETKY

Curtyauus, korga 3HaueHue NepemMeHHOoR NPUCBanBaeTc Npy ee o6busis-
NEHUU Y NPUCBAUBAEMOE 3HAYEHUE ONPEaenNeTCs BuIPaXKEeHUEM, Ha3bi-
BAETCS AMHAMUYECKOA HHNLNANN3aUNEeH NepeMeHHOH,

B nepemennyio distKm 3amicaHo pacCTOSIHHE B KMJIOMETPaX. ITO JEHCTBH-
TesibHOe 4nci0. Ham HeoGX0AUMO U3BJIEYb U3 HETO LEIYIO 4acTh (KHJIoMe-
TPHI) ¥ APOGHYIO YacTh, KOTOPast, YMHOX€EHHas! Ha 1000 (B oaHOM KIWJIOMEeTpe
1000 Me'rpos), JlaeT 3HaYeHHe U1 KOJIMYeCTBa METPOB. '

YT006bI BHAETUATD U3 3HAYEHHUS nepemennon distKm LEeJIyIo 4acTb, HCTIONB3Y-
eM KoMaHay dkm= (int)distKm. B Heif Hiconb3oBaHo ssBHOE IpHUBEJIEHHE THIIA:
3a CYeT MHCTPYKLHH (mt) BHINOJIHSIETCS TIpUBeJieHHe double-3HAYeHHSA
nepeMeHHOH distKm K IEJOYMCIEHHOMY 3HAYEHHIO IyTeM 0T6pacmBaﬂml
apo6uoii yactu. Ilpome roBopsi, 3Ha4eHHEM BHIPAKEHHSI (int)distKm BO3-
BpAINAeTCs Le/lasi 4YaCTh 3HAYEHHUS IEPEMEHHOM ( dlSth TIpH 3TOM 3HauYeHHe
camoit nepeme}mon distKm He MeHAETCS.

Ilepemennoit dM mpucBauBaeTCsl 3HaY€HWEM BbIpaXeHHe (int) ((distKm-
dKm) *1000). OHO BBIYMCJSAETCS TAK: Pa3HOCTh 3HAYEHUMH nepeMeHHBIX
distkm-dKm ZaeT pe3y/bTaToM APOOHYI0 4acTh TepemenHoi distkm. ITosy-
YeHHOEe 3HaYeHHe YMHOXKaeTcst Ha 1000, M y BBIYHCJIEHHOIO pe3yjbrara oT-
6pacniBaeTcst APOOHAst YaCTh (3a CYET MHCTPYKIMH (int)).

ITony4yenHbie B pe3ysbraTe BHIMHCIEHWI 3HAYeHUS AJS HEPEMEHHBIX dKm
u dM 0TO6paxaloTCsi B KOHCOJBHOM OKHE KOMAHZAMHM COout<<"KuIoMeTp:
"<<dKm<<endl u cout<<"Merpu: "<<dM<<endl. Huxke mokasaHo, Kak MOXeT
BBITJISZIETh Pe3y/bTaT BHINOJIHEHMSI TPOrpaMMBl (KMPHBIM MIpUQTOM BhIfie-
JICHH 3Ha4YEHHsI, KOTOPhie BBOAMT I10JIb30BATENb ):

Pe3ynsTat BuinonHeHus Nporpammsl (U3 nuctunra 1.3)
Paccrosauue B munsax u dyrax.

Mamu: 3

dyra: 2640

PaccTosHMe B IMIOMETPaX M MeTpax.
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fpocThie nporpammbt

KunomeTph: 5
MeTpu: 632

PaCCMOTpeHHbIe [IPUMEPHI JAI0T HEKOTOPOE NPEACTABJICHUE O TOM, KaK HC-
NOJIB3YIOTCA IICPEMCHHBIE. lIaJIee MbI TO3HAKOMHUMCS C d)yuxqwmu

3HaKoOMCTBO C QYHKLUIMM

Teneps MBI pPACCMOTDHM Ty e 3a71a4y O BHIYMCIEHMH PACCTOSHHUSA B KIIIOMET-
pax 1o 3HaYEHHIO, YKa3aHHOMY B MIJISIX, HO Ha STOT pa3 npuberuem K moMo-
my PYHKIHI.

@ TEOPUS

DYHKUMA — UMEHOBaHHbI GNOK NPOrPAMMHOIo KOAa, KOTOPLI MOXHO
BLI3BATL N0 UMeHu. Ipu onucaHnmn GyHKUMK YKa3bIBAETCA ee npoToTUn
(TMn pe3ynsrara, Ha3BaHUe U CNUCOK apryMEHTORB) U, B PUrypHbiX CKOG-
Kax, Teno GyHKUMM (NPOrpaMmMHbLIA KO, KOTOPbLIA BLINONHAETCA NPKU Bbi-
30Be QYHKLWK).

Hosbiit ciocob pemeHus yxe 3HAKOMOM HaM 3a/ladM IIPeACTaBJieH B MpO-
rpaMMHOM KoJie B JICTHHTe 1.4.

.nuc'rnur 1.4. Ucnonbaosanne GpyHxuwi
#include <iostream>
$include <cstdlib>
using namespace std;
// ®yuxkums mna CunTHBaHus PacCTOSHUA B M :
double getDistMile() {
// TlepeMeHHas mNA 3amuCK Pe3yabTarTa QYHKLMM:
double dist;
/1 3anpoc Ha BBOA PacCTOAHMSA B MOATAX
cout<<"Yxaxure pPaccTOAHME B MuIAX: ";
// CumTHBaHMe 3HAUEHMA INIA PACCTOSAHMA B MUNAK:
cin>>dist;
// PesynbraT QYHKLMU:

return dist;



Masat -

}

// Oyuxuma nna nepéaona MUTIEN B KUJIOMETPH:

double getDistKm(double dist){
// B ORHOI MMIe KMIIOMETPOB:
‘double kmInMile=1.609344;
// PesynbTaT byHxuymM:
return dist*kmInMile;

}

int main() {
// V3MeHeHMe KOOMPOBKU KOHCOJN:
system("chcp 1251>nul"™);
//‘HepeMeHHaa_nﬁx,3anﬁcm‘paccroﬂuua,3 MITIAX :
double -distMile=getDistMile(); "
/! Bun0nﬂéune BUUMCNORMIt: ‘
cout<<“Paccro§HMe (B kM) : "€<gefDiéth(distMile)<<endl;”
// 3amepXxa KOHCOJLHOT'O OKHA: ’
system("pause>nul™);
return 0;

}

Pe3yJIbTaT BHITO/HEHUS [IPOTPAMMAL MOXKeET OBITh TakuM (KUPHbIM mpud-
TOM Bbi/leJieH BBOA NOJAb30BATE/Ns )

PesynsTart BueinofHeHu NporpamMmbi (U3 nucTunra 1.4)

YxaxuTe paccrossue B wuiax: 3.5

Paccrosuue (B KkM): 5.6327

@DakTHYeCKH, C TOYKH 3PEHUS] KOHEYHOTO pe3yjbTraTa MPOrpaMMa BHINOJ-
HSIET Te e ONepalliy, YTO ¥ B OXHOM M3 NMpeABAYIMX NPUMEPOB (CM. JH-
crunr 1.2). BMecre ¢ TeM B JaHHOM CJIydae KOA MPHHIMIIHAIbHO WHOIM. [Ipo-
aHAIV3KPYEM ero.

B nporpamme xpome rnaBHO# (yHKUMM main(), OMMCHIBaeTCs elle JBe
bynxumu: pyHkumsi getDistMile(), mpeaHasHaYeHHAs AJAS CUMTHIBAHHS
€ KJIaBHATYDPHl 3HAYEHHs A PaCCTOSTHUA MHJISIX, M (DYHKIHA getDistKm(),
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TNpeAHa3HAYeHHas1 JUis peoOpPa3oBaHus MIIb B KwioMerphl. O6bsaBrenune
¢yHKuMH getDistMile () HAYHHAeTCs ¢ KJIOYEBOro CJIoBa double: pyHKIHA
BO3BpAlAeT Pe3yJIbTaT, M 9T 3HaYeHue THIa double. I[Toce uMeHu GpyHKIH
KpyTJible CKOOKH ITycThie — aprymMeHToB Y GyHkunu Het. B Tene pyHKmmm
KoMaHz0if double dist 0OBsBASETCA JOKaJbHAsA (AOCTYNHA TOMLKO B TeJE
$yHKUMH) TepeMeHHas, 3HaYeHHe KOTOPOM CYUTHIBAETCS C KJIaBHATypHI
(xoManza cin>>dist). Ilocsre 3Toro 3HaueHHe nepeMeHHOM dist Bo3Bpama-
ercs pe3yabraroM QyHKIUH (KoMaHAa return dist).

@ TEOPUSA

HanoMHum, 4t0 obnacte AOCTYNHOCTU NEPEMEHHOW OrpaHU4nBaeTCst
61OKOM, B KOTOPOM OHa obtaEneHa. NepemenHbie, obuassieHHbIe B Tene
DYHKLWM, HA3LIBAIOTCS NOKANLHLIMM W AOCTYNHBI TONLKO B TENE GyHKLMK.
MecTo B naMATH Moj, TOKANLHLIE NePEeMEeHHbIe BLIAENAeTCA NPU. BLI30BE
yHKUMK, a NO 3aBEPLIEHUN BLINOAHEHNA DYHKLMK foKanbHbie nepe-
MEeHHble yaansioTes u3 namsitu. JloxanbHaa nepemexHas, Takum obpa-
30M, CYWIECTBYET, TONbKO NOKA BLINONHAETCA PYHKUNA.

Cnepyet pasnmwyath onucaHue GyHKUMM U ee BbidoB. OnucaHune QyHK-
UMM He NoApasyMeBaeT BuinonHernue kopa dyHkumu. Koa ¢wxuuu Bbi-
NONHAETCH NPY BbI30BE PYHKUMMU.

WHCTPYKUMA return NPUBOAMT K 3aBEPLLEHUIO BLINONHEHUSI QYHKLMN.
ECnu Nnocne MHCTPYKLMK return yKa3aHo 3Ha4yeHue, TO OHO BO3BpalLaeT-
CR PEe3YNLTaTOM DYHKLIMK.

Dynkuus getDistKm() mpeAHasHaueHa A NIEPEBOJIa MIIb B KHJIOMETPEL
y Hee OoAUH apryMeHT (0603HaYeH Kak dlst) THna double, a pe3yJsTaToM
(yHknusa BO3BpallaeT TakXke 3HaueHHe THMa double. Pesysmsrar ¢yHK-
LMK BO3BpalllaeTcA KOMaHJo# return dist*kmInMile. 3TO mpou3BexeHHE
aprymesTa dist M mepemMeHHOH kmInMile (3HauyeHHe IeepMEHHOH paBHO
1.609344).

@ TEOPUSA

AprymeHnTbl GyHKUMM «MMEIOT CUny» NOKanbHOA nepeMeHHoi. O6GbsiBne-
HUE apryMeHTa Npyu onucaHnn PpyHKLMM pacnpoCTPaHAETCA TONbKO Ha
Teno pyHkumun. :

B riiaBnoit GpyHkuu nporpaMMBI KOMaHZ10# double distMile=getDistMile ()
obbsaBrsAeTcs nepeMeHHast distMile ¥ 3HaUEHHEM TOM IIEpEMEHHOM IPUCBa-
MBaeTCA pe3yJibrat GYyHKIMU getDistMile () . BoizoB pyHKkIMu getDistMile ()
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NOPUBOAUT K OTOOPaXKEHHUIO 3alpoca B KOHCOJbHOM OKHE M 3aKaHYMBaeT-
Cs CYHTHBAHUEM 3HAYEHHSA C KJABMATYpH (M BO3BpaTa 3TOr0 3HAYEHHUA
dynkumeii). 3anKucaHHOe B NepeMeHHYIO distMile 3HayeHHWe IiepefaeTCs
apryMEHTOM HpH BH30Be PYHKIMM getDistKm() (uMeeTcs B BUAY KOMaH-
Ja cout<<"Paccrosume (B KM): "<<getDistKm{distMile)<<endl). B urore
MOJIy4aeM B KOHCOJILHOM OKHe coobIieHue, cojepialiiee 3HaYeHHe AJis pac-
CTOSTHUS B KIWJIOMETpaXx.

3HaAKOMCTBO C ONepaTropoM uukna

B crieyrommeM IpUMepe BHMHCISETCS CyMMA KBA[PaTOB HATYPATLHBIX UHCE.

(@ HA 3AMETKY

Peub MaeT o suiuucnerun cymme 12 + 22 + 3% + ... + n®, rne Bepxuss
rpaHvua CyMMbl N 3afaHa. B nporpamme Takas cymma BbiducAseT-
CS HanNPAMYIO, HeNOCPEACTBEHHBIM CyMMUpOBaHuem. [ns nposep-
KW KOPPOKTHOCTU. pesyiibrata MOXHO BOCNO/L30BATLECA. GOPMYNoit
12+ 22+ 3%+ .. +n°=(n(n + 1)(2n + 1))/6.

Jlns npoBeAieHUA BEIYMCIEHHI HCIIONB3YeTcs oneparop uukia while, Ipu-
Mep NpPeACTaBJIieH B ucTHHre 1.5.

NncTunr 1.5, BuluncneHne Cymmbl KBRAPATOR HATYPANLHLIX YUCON
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// W3aMeHeHMe KOOMPOBKM KOHCOQJM:
system("chcp 1251>nul");
// BepxHfs IpaHMLA CYMMH, 3HAUEHUE CYMMH U
// wHnexcHaf nepeMeHHaf:
int n=10,s=0,k=1;
// OniepaTop UMKNA ANA BHUMCIICHWS CYMMEH:
while (k<=n) {

// DoBaBneHye HOBOTO CJIaraeMOI'0 K CyMME:
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s=s+k*k;
// YBenwuenue (Ha 1) 3HAUEHMUA MHIEKCHOM TEPEMEHHOM:
k++;

}

// OToBpaxenue pesyNbTATa BHUMCICHMI:

cout<<"Cymda kBagpaToB OT 1 mO "<<n<<": "<<s<<endl;
// Bamepxxa KOHCOJBHOTO OKHA: ’
system("pause>nul”);

return 0;

}

Huxe IIPpHUBEACH PE3YyJbTAT BBIIIOJHEHHS IDOTDaMMBbI:

Pe3ynuTar BhiNOAHGHKUNA NPporpammsl (M3 nuctvkra 1.5)

Cymmqa xBamparos or 1 pmo 10: 385

B nporpamMme koMaHZoit int n=10,s=0, k=1 OOBSABIAIOTCS TP HEIOYHCIICH-
Hble IePeMeHHbIE, TIPUYeM MM cpa3y IpucBanBaeTcs 3Hadenue. [lepemennas
n ONpefiesisieT BEPXHIOW IPAaHHUILY A/l CYMMBI, B IIEpEMEHHYIO s Oyzer 3anu-
ChIBaThCSI CyMMa KBaJ[paTOB HAaTyPaJIbHbIX YHCEJ, a IIEPEMeHHAsd k MOHaxo-
6uTCs B ONEpaTope HMKJIA ST «3arnbaHus NajiblieB» — MOACYETa KOJHYe-
CTBa CJIaraeMbIX, 100aBJIEHHBIX B CyMMY (TIepeMeHHYI0O k OGyzeM HasnBaTh
HHJIEKCHOH NepeMeHHoiT). Bce ocHOBHBIE BEIMHCIEHHST BRITIO/IHSIIOTCA B OTIe-
parope IMKJIa, ONIMCaHHe KOTOPOro HAYMHAEeTCs C KJIIOYEBOro CIoBa while.
B kpyr/bix ckobKkax mocie KI04eBOro CJI0Ba while yKasaHo yClroOBHe k<=n,
O3Hayalollee, YTO ONepaTop LIMKJIA BHIIOJHSIETCSI A0 TEX MOP, IOKA 3HaYeHHe
TIepeMeHHOM k He IpeBHINIAeT 3Ha4YeHHWe IepeMeHHOM n. 3a KaXIsii LMK
BRITIOJIHSIETCSI BE KOMAH/IbL: KOMaHAA s=s+k*k 00aB/seT K 3HAYEHHIO TIEpe-
MEHHOI s KBaZipaT TEKyIIEero 3Ha4eHus epeMeHHO k, ITocjIe Yero KoMaHAa
k++ yBeJIMuMBaeT 3HaYeHUe NepeMeHHOM k Ha exuHuLy. Bee aTo mponomxka-
eTcs IO TeX Nop, NOKa 3HaYeHue epeMerHol k He cTaHeT GoJibiiie 3HAYEHUS
TIEPEeMEHHOiA n. '

$ TEOPMA

B BbipaxeHuUn k<=n UICNONL30BAH ONEPaTOP CPaBHEHMA <= (MEeHbLLIEe UK
PaBHO), a PE3yNbTATOM BbIpAXXEHUA ABASIETCH 3HAYEHUEe NOrM4ecKoro
THUNAa. Y norMyeckoro Tuna Bcero ABa 3Ha4eHua: true (MCTUHA) M false
(noxb). :
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OnepaTop uMkna while BLINOAHAETCA QO TeX NOP, NOKA BbipaXxeHue, yka-
3aHHOeE B Kpyrbix ckoOkax Noc/e KNo4eBoro CNAoBa while, UMEET 3HaYe-
Hue true. YCNOBME NPOBEPAETCA KaXAbiik pa3 nepen, Ha4yanoMm BuINOSHe-
HUR KOMaHA B Tene oneparopa uukna. '
YHapHeii OnepaTop UHKpeMeHTa ++ rno3soseT yBe4uTe Ha eanHnLYy
3Ha4yeHue cBoero oneparopa. KomaHaa Buaa k++ 3KBUBANEHTHA KOMaH-
ne k=k+1.

YHapHbIA onepaTtop AeKPeMeHTa -- YMEeHbLLIaeT Ha eAMHULY 3Ha4YeHue
cBoero onepaHpa. Komanaa k-- 3KkBUBaNE@HTHa KOMaHAae k=k-1.

Komanzoii cout<<"CymmMa kBampaTos or 1 Jo' "<<n<<": "<<s<<endl pe3y.s-
TaT BHIYMCIICHUI OT06pa)KaeTCH B KOHCOJIbPHOM OKHE. BZ[eCI) MbI UCIIOJIb3yEM
3HaYeHHe [IePEMEHHON n /151 BePXHei IPAHHUITB CYMMBI H BHIYHCIICHHOE 3Ha-
YeHHe s 415 3HAYEHHS CyMMbI KBaIPATOB HATYPAJIbHBIX YHCEL.

HeckobKo BHIOM3MeHEHHAs: BEPCHsl PACCMOTPEHHOIO BHILIE IIPOrPAMMHO-
0 KOZia npeAcTaBieHa B iuctunre 1.6.

Nuctvnr 1.6. AnsTepHaTUBHLIN CNOCO6 BLIYUCNOHNS CYMMbi Ksan.paioa
$include <iostream>
#include <cstdlib>
using namespacé std}
int main(){
// V3MeHeHMEe KOZMPOBKM KOHCOJM:
system("chcp 1251>nul");
// BepxHsfA TpaHMUA CYMMH M 3HAYEHME CYMMH:
int n,s=0;
// BBOO 3HAuUeHMA MOJNA BepXHeil TPaHUUH pHAIa:
cout<<"BepxHAf rpaHuia CyMMH: ";
cin>>n;
// OnepaTop UMKJIA ANA BHYMCIICHUS CYMMH:
while (n) {
// HobaBleHue HOBOTO CJIATAEMOTO K CyMMe:
‘s+=n;n;
// Yuenbmenve (Ha 1) 3HaueHMA NEPEMEHHOIN:

n--;
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// Orolpaxenue pesynbTaTa BHUMCIICHM:
cout<<"Cymma kBampaToB: "<<s<<endl;
// 3Banepxka KOHCOJBHOTO OKHA:
system("pause>nul®);

return 0;

}

B 1aHHOM ciryuae HECKOJIBKO H3MeHEeHHii. Bo-TiepBBIX, MBI BOCIIOIb30BATHCH
TEM, 4TO B Ka4eCTBe JIOTHYECKHX 3HAYeHHil pa3peIaeTcs: yKa3hiBaTh YMCJIO-
BhI€: OTJIMYHOE OT HyJIsl YMC/I0 HHTEPIPETHPYETCS KAk 3HaYEHHe true, a Hy-
JieBOe YHMCJIOBOE 3HAYEHHE MHTEpNpeTHpyeTcs Kak false. ITO IO3BOJHJIO
HaM 06oiTHCH 6e3 MHIEKCHOI TepeMeHHOi# k. Bo-BTOPBIX, MBI BOCIIO/Ib30Ba-
JIUCh COKpaieHHO# PopMoit onepaTopa MpHCBaNBaHHS.

@ TEOPHUSRA

B C++ cywwiecTaylOT cokpaiweHHbie ¢GopMsi onepaTopa npucsansa-
HMa. Hanpumep, BMECTO KOMaHAbi BUOA x=x+y MOXHO WUCMONbL30BaTh
KOMaHAy x+=y. TO Xe 3ameyaHue OTHOCUTCH U K NposM apndmeTnye-
CKUM oneparopaM: BMECTO KOMaHAbl x=x-y BOMNYCTUMO UCNOAL30BaThL
KOMaHAy x-=y, BMECTO KOMaHAbl x=x*y MCNONL3YIOT KOMaHAY x*=y, U TaK
hanee.

3HaueHue IepeMeHHOM n, ONpeAesIsTIoNIell BEpXHIO 'PAaHHIY CYMMEI, TETIEPh
CYHMTHIBAETCA C KJIABUATYPhl. JTa Xe NepeMeHHas YKa3aHa YCIOBHEM B olle-
parope ka2 while. OnepaTop UMK/Ia BHHIONHAETCS, IOKA 3HAYEHUE Tepe-
MEHHO#i n OTJIMYHO OT Hy/s. B Tese onepaTopa nMKIIa MoCj1eJ0BaTENIbHO BHI-
IHOJHSIOTCST KOMAHAN S+=n*n M n--. [lepBoii H3 HUX K TEKyIEMy SHAUEHHIO
nepeMeHHOM s MpUGaBJsAeTC KBaJpaT TEKYIEero 3HaYeHHsl IIEPEMEHHOH n,
TOC/Ie 4€r0 KOMaH/I0i n-~ 3HaYeHUE NIePEMEHHOR n YMEHBIIACTCA HA e/IKHH-
uy. Becs mporuecc npogorKaeTcs A0 TeX HOp, MOKa 3HAYeHHE TIEPEMEHHOI n
He CTaHeT PaBHEIM HYJIIO.

(@ HA 3AMETKY

TakuM  06pa3om, B  NPOrPpaMMe  BbLMUCNAETCE  CyMMa
n’ +(n - 1> + ... + 22 + 1% xoTopas, O4eBUAHO, COBNAZAeT C CyMMOii
12422+ .. +0%




Tnasa 1

Huxe noka3aHo, Kak MOXeT BHITJISIZIETh PE3YJIBTAT BHIFOJHEHHS HPOrPaMMBI
(xupHbM WPUdTOM BhIZIEIEH BBOJ NOJIb30BATENs):

PesynsraTt BeinONHOHUS NporpaMmMel (13 nuctuxra 1.6)
Bepxusas rpanmua cymmu: 10
CymMa xBamgpaToB: 385

Y paccCMOTpPEHHOTO NPOrpaMMHOTO KOZA €CTh ONMH HeGOIbIION HEZOCTATOK:
€CJIM 110JIb30BaTeIb BBEET OTPHIIATEIbHOE 3HAYeHUE /151 IepeMeHHOM n, T10-
AyunM GeCKOHEUYHBIH MK, TIOCKOIbKY TPH YMEHbIIEHHH OTPHALATEILHOTO
3HaYEHHsI HYJIeM OHO He CTaHeT. B caieayionieM npuMepe MBI «3a0JI0KHpYyeM»
AaHHYIO HENPUSTHOCTb.

SHaAKOMCTBO C YC/IOBHbIM onepa'ropom

B HoBoi#t Bepcun npexrutymeit MPOTPaMMEI aoﬁaﬂneﬂa npOBeplca 3HAYEHUs
TiepeMEeHHOii n ToCJIe TOro, KaK OHO CYHTAHO C KJIaBHaTyphl. [ aToro uc-
TI0/Ib30BAH YCr06ubil onepamop if.

& TEOPHUA

YonosuuiiA onepaTtop ONUCHIBAGTCHA Tak: NOCHe KNOYEBOTO CNOBa if
B Kpyrbix cko6Gkax ykasuiBaetcs ycnosue. [lanee cnenyet 610K komaHg,
B GUrypHbIX CkoBKaX; KOTOPLIE BLHNOAHAIOTCH NPU MCTUHHOCTH YCNOBUA.
Ecnu ycnoeue nOXHO, BHINONHASTCH GNOK KoMaHA B GUrypHbix ckobxax
NocNe KHOYeBOro.Cnosa else.

PaccmoTpuMm vnpor‘paMMHmﬁ KO/l IpuMepa B JIMcTHHTre 1.7:

NucTuur 1.7. Nporepxa KOPPEKTHOCTH BREAGHHOIC SHAYGHKN
tinclude <iostream>
#include <cstdlib>
using namespace std;
int main{() {
// ¥3MeHeHMe KOIMPOBKU.KOHCOJM: .
system("chcp 1251>nul");

// BepxHasA TpaHMUA CYMMH ¥ 3HAUEHME CYMMH:
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fipocTbie NporpaMmbi

int n,s=0; ,
// BBOX 3HaueHMA LA BEPXHEM IpaHMUUH PAMNa:
cout<<"BepxHAA TPAHULE CYMMH: ";
cin>>n;
// Ecnu BBEIEHO NONOXKTENLHOE YUCIIO:
if (n>0){
// Oneparop LUMKIa ONA BHYUCIEHMS CYMMH:
while(n){
// IoBGaBneHue HOBOT'O CJIATAEMOTO K CyMMe:
s+=n*n;
// YMeHblLeHME 3HAUEHUA TEPEMEHHOM:
n-=;
}
// OroBpaxeHue pesynbTaTa BEYMCIIECHMI:
cout<<"CyMMa KBampaToB: "<<g<<endl;
}
// Echu BBENEHO OTPULATENLHOE UMCIO MMM HOJB:
else{
cout<<"yxasaHO HeKOpPeKTHOe 3HaueHme"<<endl;
| S
// Bamepkka KOHCONBHOTO OKHa:
system("pause>nul”);
return 0;
}

B ycnosHoM onepaTope npoBepsiercsi ycaoBue n>0, i €CJI1 OHO MCTHHHO, BHI-
HOJIHsIETCA GI0K KOMaH/I, KOTOPHIMH BBHIYMCIISIETCS] CYMMA KBaZpPaTOB HaTy-
panbHEX unces. Eciy xe yciioBue n>0 JIOKHO, TO BHIOJHSIOTCS KOMAHBI
B else-6/10ke. B 1aHHOM CiTyyae TaM BCEro OfiHa KOMaHa cout<<"YkasaHo He-
KOppeKTHOe 3HaueHue"<<endl, KOTOpOi B KOHCOABHOE OKHO BRIBOAUTCS CO-
oTtBeTcTBYIoUlee coobmenne. Hmke mokasaHo, Kak MOXeT BHIIJISIIETb pe-
3yJIBTAT BHIIOJHEHHs TIPOrPaMMBI, ECIIH T0JIb30BaTe/b BBOAMT KOPPEKTHOE
3HAYeHMe JJIA BepXHeH rpaHuibl CyMMbl (KUPHBIM WIPHGTOM BHIAENEH BBOJ
MOJIb30BATENS ): :

31



Masga 1

Peaynsrar BuiNOAHeHUS NpOrpaMmsl (M3 McTunra 1.7)

BepxHAs rpaHuua cymuu: 10 i

Cymma

kBagparTos: 385

Ecsn nosb3oBaTesieM BBOANTCS HEKOPPEKTHOE 3HAUYEHHUeE, PE3YJIBTAT MOXKET
ObITH CJIEAYIOIUM (’KHPHBIM IIPU(TOM BHIZIETIEHO BeIEeHHOE II0/Ib30BaTe/IeM
3HaYeHHe):

Pe3ynuTaTt BLNONHORKS NPOrpaMMbl (3 nncTuHra 1.7)

BepxHAA TpaHMila CyMMH: =5

YKa3aHO HEeKOppeKTHOe BHaueHue

Eme ofHa mose3Has KOHCTPYKIMSA, C KOTOPOM 4acCTO NPUXOAMTCS MMETb
neno — maccuevi. Crenyonmmii pUMep AaeT HEKOTOPOe IIPeACTaBIECHHE

0 TOM,

KaK MaCCHBbI HCIIOJ/Ib3YIOTCA B IPOTPAaMMHBIX KOZAAX.

3HaAKOMCTBO C MaccmBamMmm

MaccuB (0IHOMEDHEII) TIpesicTaB/IseT co6oii Habop 3EMEHTOB, OOBbeANHEH-

HBIX B

OJiHY 0BIIYI0 «KOHCTPYKIWMIO». Kax/ibiii a71eMeHT MaccuBa, 10 CyTH, siB-

JIsIeTCsA OTAEIbHOM nepemenHoi. Ho ocTyn K TakuM nepeMeHHBIM NOJY4aloT
yepe3s uMsi MaccuBa. [10CKOIbKY B MacCHBe 37IeMEHTOB MHOTO, TO U1 OJHO3HAY-
HOU MeHTH(HKAIIMNM 5JIEMEHTA B MACCHBE YKASBIBAETCS UHOEKC ANEMEHMA.

e

TEOPUA

MaccuB 06baBAsiETCS A[OCTATOMHO NPocTo. CHayana yka3biBaeTCH
naeHTUGMKaTOP TMNA, K KOTOPOMY OTHOCATCA 3fIeMEeHThHl Maccuea (Bce
3anemMeHTbl MaccuBa A0MKHLI ObiTb ORHOrO TUNA). 3aTeM ykasbiBaeT-
CSt UMA MaccMBa U B KBaZipaTtHbix ckobkax — pasmep maccusa (Konu-
4eCcTBO INEMEHTOB B Maccusae). pun o6pauieHn. K aneMeHTy Maccusa
yKa3biBaeTCa MM MacCcuBa U B KBaApaTHbIX CkoGkax MHAGKC aneMeHTa.
UHaeKkcauysa 3aneMeHTOB HAYMHAETCA C HyNS, NO3TOMY NEepPBbiiA 3N1eMeHT
MacCuBa UMEET UHAEKC 0, 8 MHAEKC nocheaHero 3eMeHTa Maccuaa Ha
eluHuLY MeHblle pa3Mepa Maccusea. Paamep maccusa 3a4aeTCa KOH-
CTaHTO (370 HE MOXeT 6biTh 0OLIMHAA NepeMeHHan).

PaccMOTpUM MpHMEP, B KOTOPOM CO3ZA€TCs1 YHCIOBOI MacCHB, KOTOPBIH 3a-
MOJIHsIeTCSt OMHOMHATBHBIMHU K03(PHUIIMEHTaMH.
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MNpocTuie nporpammb

(D HA 3AMETKY

Mo onpepeneHuio GUHOMMUANbHLIE KOIDDULNEHTHI BLIMUCARIOTCA KaK
CY = nY/(K\(n - k)!), roe ncnonb3oBaHo 0603Ha4eHue ans daxTopua-
nawcnam!=1-.2.3. ... m(npon3seaeHne HaTypankHLiX Yncen oT
1 no m). HecnoxHo 3ameTuts, 4to C, = C, *, ataxxe C.=1,C, =1,
CZ?=(n(n - 1))/2 v Tax nanee. Mui B NporpaMme BOCNONL3YEMCS PEKyp-
peHTHBIM cooTHowennem C, ' = C,’- (n - k)/(k + 1).

O6paTHMCS K IPOrPaMMHOMY KOZY, TIpe/ICTABIeHHOMY B JIMCTHHTe 1.7.

Jiuctunr 1.8. BunoMmuansHbie X03POULHOHTM
#include <iostream>
#include <cstdlib>
using namespace std;
int main{}{
// V3MeHeHMe KOIVPOBKM KOHCOJM:
system("chcp 1251>nul");
// KoHcraHTa mna ONmpefmeNieHMs pasMepa MacCHUBa:
const int n=10;
// Co3nanue uENOUMCNEHHOT'O MACCUBA:
int bom{n+l];
// WHpexcHas nepeueauax;
int k=0;
// TlepBuii BneMeHT MacCMBa:
bom{0]=1;
// OroGpaxeHue NepBOI0 SJIEMEHTA MACCMBA:
cout<<bnm[0];
// OnepaTop uMkJIa IJI 3aNOJIHEHUA MaCCHUBa:
while (k<n) {
/1l 3HaueHMe SIEMEHTA MACCHBA:
bnm{k+1}=bnm[k]* (n-k) / (k+1);
// OrobpaxeHue 3HaueHUS BJEMEHTA MACCUBA:
cout<<™ "<<bnm[k+1];



aga 1

// Vi3MeHeHue 3HAYEHMS MHIEKCHOM NEPEMEHHON:
k++;

}

cout<<endl;

// 3anmepxka KOHCOJBHOTO OKHA:
system("pause>nul");

return 0;

}

B Ppe3yJibTaTe BBINOJTHEHUS ITPOrPAMMEI ITIOJIyYaeEM CJIeayioniee:

Pe3ynsTaT BLINONHEHUS NPpOrpamMms (13 nuctunra 1.8)
1 10 45 120 210 252 210 120 45 10 1

IIpoanamsupyem mporpaMMHuIil koa. CHavasa KoMaHAoil const int n=10
OOBSBIAETCS UEIOYMCIEHHAsT KOHCTAaHTa n CO 3HaueHueM 10. 3ateM co3-
AaeTcs MacCHB bnm, [/Is Yero MCIOJb30BaHa KOMaHJa int bnm[n+l]. Ilpnu
CO3JIaHUM MacCHBa IIOJ HEro BHIAENSIETCA MECTO B MAMSTH, HO 3HaAYeHUs-
MH DJIEMEHTHl MacCHBa He 3alOJIHATCA. PasMep CO3/JaHHOTO MAacCHBa Ha
enuHuIly 6oJblle 3HAYEHMS KOHCTAHTbI n, MIOITOMY HHIEKCH 37EMEHTOB
MacCHBa HAaXOJATCA B AMANa3oHe 3HAYeHMH OT 0 0 n BKIIOYATENBHO. JlJist
nepeGopa 5/IeMEHTOB MacCHBa B ONEPaTOpe LHKJIA OOBABIIAETCH LEIOUHC-
JieHHasl MH/EKCHas IlepeMeHHass k ¢ HayaubHbIM 3HaveHHeM 0. Taxxke Ko-
MaH0i bnm[0]=1 sIBHRIM 06pa30M NPUCBAaUBAETCS 3HAUYEHHeE [IEPBOMY 3JI€-
MmenTy Maccusa. OHO cpasy oToGpaXkaeTcss B KOHCOTBHOM OKHE (KOMaHAa
cout<<bnm[0]). [l 3amoIHEeHUs IPOYNX 3NEMEHTOB MAaCCUBA 3alyCKAETCsH
onepaTop IuKa while. IIpoBepsieMbIM yCI0BHEM ABJsIETCs k<n, IIO3TOMY,
C yYeToM KOMaHJsl k++ B Tejie onepaTopa ITMKJIa, IEPEMEHHAs k MOCaen0-
BaTeJbHO Npoberaer 3HaYeHHs OT 0 O n-1 BKIIOYUTEIBHO. 3HaueHue O4e-
PEIHOTO 3JIEMEHTA BHIYUCAAETCA KOMaHAoM bnm{k+1]=bnm[k]* (n-k) / (k+1}).
3HayeHHe HOBOTO BbIMMCJIEHHOrO TakuM 00pasoM 3jieMeHTa oTobpaxkaert-
€1 KOMaHAO# cout<<" "<<bnm[k+l] B KOHCOJBHOM OKHe. Takum oGpasoMm,
6uHOMHAMbHEIE K03(DHIMEHTH (3HAYeHHs 5/IeMEHTOB MacCHBa bnm) 0TO-
OpaxaloTcs B OQHOM CTPOKe, H B Ka4ecTBe paanenmelm MEXJy dJIeMeHTaMH
UCIOJIb3YETCs MPobe.
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MNpocTaie nporpaMmb

3apaum Ans CaMOCTOATEeNIbHOrO pellIeHmna

1.

10.

11.

Hanumre nporpaMmy, KOTOPO# [IpH BHIIOIHEHNH B KOHCOMBHOE OKHO
BHIBOAATCS HaTypaJbHHe uncna ot 1 go 10.

Hanuniure nporpamMmy, KOTopoit 0TOGPaXKAIOTCS ATH IEPBBIX HEYETHBIX
YHUCelL S

Hanumure nporpammy st oTo6pasxeHust B KOHCOMIHM YMCEJ], KOTOPbIE
TIpH JleJIeHIH Ha 4 B ocTaTke AaioT 3 (TaKue Yuc/ia OnuchiBaioTes GopMmy-
noit 4k + 3, rae umcno k npurumaet 3Havenus 0, 1, 2 u Tak aanee). Mox-
HO BOCIOJIb30BaThCS TE€M, YTO OCTATOK OT LEJOYMCICHHOTO JIeJieHHUs Bhi-
ucAseTcs onepaTopoM $. KosmyecTBo ynces1 BBOIUTCA NOAb30BATENEM
C KJIABUATYPBHI.

Hanumure nporpammy st 0to6paxkeHsst B KoHCoM wncen Dubonayyu
(nepssie 1Ba unca B noc/exoBarenbHocTH OuGOHATIHN PABHbI EUHALE,
a KaXK/I0€ CJIENyIolIee PaBHAETCA CyMMe JIBYX Ipeaniaymmx). Kosmye-
CTBO BHIBOJIMMBIX YKCEJ BBOAUTCS C KJIaBHATYDHI.

-Hammumure nporpammy ans oto6pasxenus (6e3 npezIBapmeJIbHoﬁ 3amu-

cn B MacCUB) GHHOMHUABHBIX Koa<1)d)nunemon C,! (mapamerp k = 0, 1,

2, ..., n). IlapameTp 7 /151 HIKHETO MHEKCA Koa(b(bnunem*oa BBOZHMTCS
c KJIaBHaTypr. TIpexycMOTpeTh NPOBEPKY BBEIEHHOTO IOMb30BATeNEM
3HaYeHUA Ha KOPPEKTHOCTb. ' |

Hanuimnte nporpaMmy 1151 iepeBoja KMJIOMETPOB B MAJIH.

Hanumute nporpaMMy /st nepeBoJia PacCTOSIHUS, YKa3aHHOIO B KWJIO-
MeTpax ¥ MeTpax, B MHJIH ¥ QYThL

HanumuTe mporpamMMy /st epeBo/ia PaCCTOSTHUSA, YKA3AHHOTO CANCEHSY
(1 caxxens paBusiercs 2,16 MeTpa), B METPbI.

Hanuumnre nporpaMMy AJisl epeBoOAa PacCTOSHUSA, YKa3aHHOTO B Caxe-
HAX ¥ apmmHax (1 caxeHbp paBHsAercs 2,16 Merpa, a 3 apmmHa paBHBI
1 caxxenn), B MeTpal 1 caHTUMeTpH (B 1 MeTpe 100 canTHMETpPOB).

Hanummure nporpammy ¢ pyHkuueit Jist nepeBoaa CKOPOCTH, YKA3aHHOM
B KM/4 («KIJIOMETPH B 4ac») B M/C («MeTpPbl B CEKYHAY» ). Y4YeCTb, UTO
B 1 xuiaomerpe — 1000 merpos, B 1 munyre — 60 cekyHz, 8 1 yace —
60 MuHyT.

Hanumure nporpammy ¢ pyHKived 17151 nepeBoia CKOPOCTH, YKa3aHHOU
B M/C («METPHI B CEKYHAY» ), B KM/4 («KHJIOMETPHI B 4ac»).
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Masa 1

12. Hanmnmmre nporpaMmy ¢ yHKIHe# /1 BHIYHCICHHS CYMMB HaTypaJib-
HBIX YHCEL.

13. Hanummure niporpammy ¢ GyHKIMel 11 BHIYHCIIEHHA CYMMBI HeYETHBIX
HATYPaJIbHBIX YHCEJL.

14. Hanmmmure nporpaMmy, B KOTOPO#M CO3ZaeTCA MACCHB M 3aIlOJIHSIETCS
YeTHHIMH HATYPAJIbHBIMH YHCJIAMH.

15. Hanmumwre nporpammy, B KOTOPO# CO3a€TCsi MACCHB U 3aNIOJTHAETCA He-
YETHHIMM HaTYPAJbHRIMHU YHCJIAMH.

16. Hanmmmmure nmporpaMMy, B KOTOPOif CO3ZaeTCA MAaCCHB M 3alOJIHSETCS
2
KBaJpaTaMH HATYPaJIbHHX uncen (3navenus 17, 2%, 3 u Tax nanee).

17. Hanmmvre nmporpaMMy, B KOTOPO# CO3Za€TCsA MACCHB H 3allOJIHSIETCS
1 92 o3
crenensiMu aBoitky (3Havenns 2°, 2', 2%, 2° u Tax manee).

18. HammmuTe nporpamMmy, B KOTOPOH CO3ZaeTcsi MAacCHB, KOTOPHIH 3a-
nosnusercs yucaamu Oubonawyu (Nepsble 11Ba YHCIIA PABHBI eMHHILE,
a KaXxaoe cIeAyionee paBHO CyMMe IBYX NPEAbIAYIHX ).

19. Hanumure nporpamMmy, B KOTOpOIi co3naercst Maccus. Maccus sanonns-
€TCA TaK: IEMEHTbl C YETHHIMM MHAEKCAMH 3HAaYeHUEM IOJy4aloT MH-
IEKC, a 3IEMEHThI C HEYETHBIMH WHAEKCAMH 3HAYeHHEM TOJTy4aloT KBa-
JpaT uHAeKca. J[pyriMu cJIoBaMH, MaCCHB 3aMOTHAETCSA YHC/IAMM: 0, 1%
2,3% 4,5 6,7 n tak nasnee.

20. Hanumwre nporpamMmy, B KOTOPO# CO3aaeTcsi MacCHB. MaccHB 3amotHsi-
€TCS TO3JIEMEHTHO: NTOJIb30BATE b AJISl KAXKKOTO 37IEeMEHTa BBOAUT 3Hade-
HUE ¢ KJIaBHaTyphl (OpPraHM30BaTh BBOJ 3HAYEHMI A4 DREMEHTOB: Mac-
CHBa C IPHBJIEYCHHEM ONlEPaTOpa LHUKJIA).



- Tnasa 2 |
YNPABNKAIOLWME UHCTPYKLIUM

Hy 3auem Takue cioxHocTu?!

u3 x/¢p ellpuxmovenus Illeproxa Xoruca
u doxmopa Bamcona»

B a710ii raBe paccMaTpHBAIOTCSA MPHUMEPHL, B KOTOPHX KJIIOYEBOE MECTO 3a-
HAMAIOT YTIPaB/IAIOIIHE HHCTPYKIMHK: ONIepaTOph LHK/Ia, onepaTop BuGopa
U yCJIOBHHI oneparop. B npeangymeii riiaBe MbI NO3HAKOMMJIMCH C OIEpa-
TOPOM I[MKJIA while. [lanee, B YacTHOCTH, MBI MO3HAKOMMMCST:

® ConepaTopoM HMKJa for;

® C OnepaTopoM IHKJA do-while;

®  pacCMOTPUM OCOOEHHOCTH ycnonuororonepa'ropa if;
®  pacCMOTPHM OnepaTop Bhibopa switch,

a TakXe PaCIIMPUM IO3HAHHS B 00JIACTH HEKOTOPHIX APYTMX MPOrPAMMHBIX
KOHCTPYKIMIi, OlepaTOPOB M IIPHEMOB IPOrPaMMHPOBaHHS.

Oneparop uukna for

B npenniymeii raase MuI pacCMaTPHBAJIM TPUMED, B KOTOPOM BHYMC/ISIACh
CyMMa KBaJpaTOB HATYpPaIbHBIX uMces. TaM MBI MCHOJIB30BAIU OIIEPATOP
nukia while. Teneph pemiMM aHAJIOTHYHYIO 33aAa4y, HO C UCIIOJI30BAHUEM
onepaTopa nuKia for.

& TEOPMA

Onepartop uvkna for ONUCHIBAETCA NO cnegyoueMmy wabnoHy: nocne
K/IO4eBOro cnosa for B Kpyrnbix ckobGkax ykasbiBaetcs Tpu 6noka un-
CTPYKUMit (6NOKM Pa3nenslioTCs TOUKON C 3ansToi). B durypHbix cko6-
Kax pasmewaioTcn KoMaHabl (Teno oneparopa uukna), BbilOsHAEeMbIe
8 pamKax oneparopa uvkna.

OnepaTtop uukna for BLINOAHAETCA NO cneaylouleil cxeme:




Tnasa 2

*  VIHCTPYKLWW B NEPBOM G10Ke BbINOSHAETCA OAVH pa3 B HaYare Bbi-
MOSHEHUS LUKIa;

* NpOBEpPSIETCS YCIOBYE BO BTOPOM,0X0KE UHCTPYKLMIA — Af1st NPOAOn-
XEHUS NMPOLLECCa OHO AOMKHO ObITb UCTUHHBIM;

*  BbIMONHSKOTCS KOMaHAb! B TeNe onepartopa LmkIa (koMaHabl B huryp-
HbIX CKODKax);

*  BbIMNOSHAOTCA KOMaH/b! B TPETbEM BOKE UHCTPYKLMIA

* MpoBEPSIETCH YCIIOBKE BO BTOPOM GI10KE MHCTPYKLMIA, M €CIM OHO UC-
TVHHO— BbIMNOJHSIOTCS KOMaH[bl BTENE onepartopa LKna, utakaarnes;

* €eCsin ycnosue BO BTOPOM 6rnoke JI0OXXHO, BbIMOJIHEHWE onepaTopa LUUK-
a 3aBepLUaeTCs.

PaccMoTpHM MpOrpaMMHEIH KOZA B tUCTHHTE 2.1.

EHJhunuurzd.Bbﬂucneuuecmwuhunuuuunoscnmwunuuo:nuuunnpaununaﬂu
$include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// V3MeHeHwe KOAMPOBKU KOHCOJM:.
system("chcp 1251>nul");
// TlepeMeHHasa ONA 3anWCY BepxXHe}d I'PaHMUH CYMMH,
// nepeMeHHas IJA 3amMMCH 3HAYEHMA CyMMH 1M MHIEKCHaA
// nepeMeHHas ONA omepaTopa LMKIA:
int n,s=0,k;
cout<<"BemMTe BEPXHID TPaHMULY IJA cyumui'"}
// CuuTHBaHMe BepXHE}! IPaHMUE INA CYMMH:
cin>>n; '
// Onepatop umkya ONA BHUMCTEHNSA CyMMH KBAJpaTOB UMCen:
for (k=1;k<=n;k++) {
// TipubaBieHMe K CyMMe OUEPENHOTC CIaraeMoro;
s+=k*k;
}
// OroGpaxeHne pesynbrara Buqmcneamu'
cout<<"Cymma kBagpaToB uMcen oT 1 go "<<n<<"- "<<s<<endl,

// Bazmepxxa KOHCONBHOTO OKHa:
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system("pause>nul");
return 0;

}

Huxe nipecTaB/ieH BOSMOXHBIIH pe3yJibTaT BhITOMHEHN MPOTPaMMBI (KUp-
HBIM HIPHTOM BHIIEIEHO BBE/IEHHOE NOJIb30BaTeIeM 3HaYeHue):

Pe3yneTaT BLIMONHEHUA NPorpaMmmel (M3 AUCTUMHra 2.1)
BBeOuTe BEepXHOD Ppanuuy Ing cymMe: 10
CymMa kBagparoB umcen or 1 go 10: 385

B nporpammMe oODBABJSAETCS TPH LIEJIOYKUCIEHHBIE TIEPEMEHHDIE: B IIEPEMEH-
HYIO n Gy/IeT 3aIiCHIBAThCS 3HAYEHHE /151 BEPXHel TPaHUIbI CyMME, Tlepe-
MEHHAsl § ¢ HAYAJIbHBIM HyJA€BbIM 3HAYCHHEM HY)XHa JUIS 3alMCH 3HAYEHUs
CYMMBI KBa[PaTOB HATYPAJIbHBIX YKCEJI, 3 WHAEKCHAs [IepeMeHHast k MCTI0JIb-
3yeTCs B OlepaTope NHUKJIA for /ISt HOACYETa KOMHYECTBA CJIaraeMbIX, pu-
GaBJIsIEMBIX K CYMME.

Ilocse cUMTHIBAHMA 3HAYEHUS IJISI NIEPEMEHHOH n 3alyCKaeTCst OmepaTop
mukia for. IlepBoiit 61101; B KPYIJIbIX CKOOKaX TMOC/Ie KJII0YeBOro cnoBa for
COCTOMT M3 OJJHOM KOMAaH/B k=1, KOTOpast BHIIOJIHSIETCA OUH pa3 B Havdaje
BBITIONIHEHHUS olepaTopa nukia. [locse npucsauBaHus nepeMeHHOH k eau-
HUYHOTO 3HAYEHWs, IPOBepsieTcsl yCcaoBue k<=n. EciM ycioBMe MCTHHHO,
TO BHITIOJHAECTCS KOMaH/a s+=k*k B TeJie ollepaTopa LMKJa, 1I0CJ€e 4€TO BbI-
NOJIHAETCA KOMaHZA k++ M CHOBa IIpoBepsieTcA ycjoBue k<=n. Ecim yciaoBue
0CTaeTCsA HCTHHHBIM, BRITIOJHAIOTCA KOMaHABI s+=k*Kk H k++, 10CJIe YEro CHOBa
NPOBEPSIETCS YCJIOBHE k<=, M Tak Aajee. [Iponecc mpogosmkaeTcs 0 TeX Hop,
TIOKA [IpH MPOBEPKE BRIPaXKeHHs1 k<=n He GyJeT noy4eHo 3HadeHue false.

Tlocie 3aBepilieHys BHIIOJHEHHS OMIEPaTOPa MKJIA B [IEPEMEHHYIO s 3alHCa-
Ha CyMMa KBaJIpaTOB HaTyPJIBHEIX Yucena OT 1 A0 n. PeayisraT Boruncienmnit
oTofGpaXkaeTcsi KOMaHAOM cout<<"CymMa kBafpaToB umces oT 1 .o LN
"<<s<<endl.

CTONT 3aMETHTh, YTO MIPOTPAMMHEIN KO/ «OTJIaBJIMBaeT» CHTYALUIO, KOraa
II0JIb30BaTe/Ib BBOAUT HEKOPPEKTHOE (OTPULATEIHPHOE) 3HAUEHHE JJIs IIepe-
MEeHHOI n. B TakoM ci1y4ae /11 CyMMBI BHIYHC/IAETCSA HYJIEBOE 3HAYEHUE:

Pe3ynsTaT BbiNoSIHEHUA NporpamMmmnl (M3 nucTuHra 2.1)
BBemuTE BEpXHKD I'PaHMUY OIA CyMMH: -5

CymMqa xBagparTorR umcen or 1 mo -5: 0
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IIpyrunsa B TOM, YTO IPH OTPUIIATEILHOM 3HAYEHHH TIEPEMEHHOI h IPH Niep-
BO# NpOBepKe YCJIOBHA k<=n, KOTOpasi HIMEET MECTO CPa3y MOCJe BhIIOIHE-
HHUSA KOMaH/B k=1 B 1epBOM 6JI0Ke MHCTPYKLHMH, YCJIOBHE OKA3hIBAETCS JIOXK-
HEIM U BHINOJIHEHHE ONEpPaTopa IUK/a Ha 3ToM 3aBepmiaercs. [Iporpammoit
oTo6paxkaercs 3HAYEHHE EPEMEHHOI S, KOTOPOE B TAKOM CJIy4ae PABHO Ha-
YaIbHOMY HYJIEBOMY 3HAYEHHIO JAHHOH NepeMeHHOM.

Ba0KM MHCTpYK1Mit B OTIepaTope LMKJIA for MOIYT GHITH ITyCTHIMH WJIM Ha-
IPOTHB, COAEPKATh IO HECKOIBKO KoMaHx. Ecim 610k uHCTpYKIMit coaep-
XHT HECKOJIbKO KOMaHJ|, OHH Pa3zieIAoTCs 3ansiToiMu. Kak IpHMepH pasHBIX
BapMaHTOB CHHTAKCHCa JAHHOTO OIepaTopa pacCMOTPHM BCE TOT K€ IIPHMeED
O BLIMMCJIEHUH CYyMMBI KBaJIPaTOB HATYPAJIbHBIX YHCEJl, HO TOJbKO KaXJIbii
pas3 oneparop uMKIa for OyAET HCNOAB30BATHCS 110-0CO60OMY.

B ymmcTunre 2.2 npencraBieHa BepcHsi MPOTPaMMBI, B KOTOPOil 610KM HH-
CTPYXHHi B onlepaTope HMKIa for coaepaT HeCKOJIBKO KOMaH 1 (AJist YMEHb-
meHus ofbeMa Kozia Bce KOMMEHTapUH YAaJIeHhl ),

J'Iuc'runrz.z. Bioxu MHCTPYKLME B OnepaTope unxna for conepxar
HOCKONMKO KOMANA, o

#include <iostream>
#include <cstdlib>
using namespace std;
int main(){ ‘
system("chcp 1251>nul”);
int n,s,k;
cout<<"BBemuTe BEPXHOK TPaHMIY LA CyMMH: ";
cin>>n;
for (k=1,s=0; k<=n;s+=k*k, k++);
cout<<"CyMma KBampaTOB umceJsl oT 1 mo "<<n<<": "<<s<<éndl;
system("pause>nul");
return 0;

}

B manHOM ciyyae mpHCBauBaHHe HYJIEBOTO HAYaJIbHOTO 3HA4YEHHs Iepe-
MEHHO# s BHIHECEHO B NepBHlif 610Kk MHCTPYKIHii orrepaTopa for, a KOMAHAa
s+=k*k Temepb HaXOAMTCS B TPETbeM G10Ke MHCTPYKIMi (Iepes KOMaHAOH
k++). Teno omeparopa umkia, TakuM oOpasoM, OKa3anoCh MyCTHIM {TaM Te-
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Teph HET KOMaHA)), I03TOMY MBI (pUTypHBIE CKOOKH HE HCTIONb3yeM, a IPOCTO
NOCTABHJIH TT0CJie £0r-HHCTPYKUMH TOYKY C 3aIIsATOMH. ’

B HexoTOpOM CMBICJIE MTPOTHBOMOJIOXKHASI CHTYal[Us NpeNCTaB/leHa B JiH-
CTHHTe 2.3 — TaM epBHH U TpeTHii 6;10KK onepaTopa LHKIA for. IyCThHIE.

Juctunr 2.3. NMepsauil n TpeTHit 6n10KkN MHCTPYKLMEA B ONEPATOPS UNKAS
for nyctnie

$include <iostream>
$include <cstdlib>
using namespace std;
int main{() {
system("chep 1251>nul®);
int n,s=0,k=1;
cout<<"BBeaMTe BEPXHDD IpaHUUY IJA CyMMu: ";
cin>>n;
for (; k<=n;){
s+=k*k;
k++;
}
cout<<"CyMMa KBafpaToB umcen or 1 mo "<<n<<": "<<s<<endl;
system("pause>nul");
return 0:

}

IIpucpanBaHie HAYAILHBIX 3HAYEHMI IIEPEMEHHBIM K M S BRIIOJIHACTCS IPH
X O0BABIEHMH, TIO3TOMY NepBE 6JI0K HHCTPYKIMIi B ONepaTope KA for
nycroit. Komananl s+=k*k 1 k++ BHIHECEHH! B T€JIO ONepaTopa HHKJIA, II03TO-
MYV IIYCTO# ¥ TPeTH# 610K MHCTPYKLHIA B onepaTope nukia for.

HaxoHelr, 0CTaTOYHO 3K30THYECKAsA CHTYaIHs IPOM/LIIOCTPHPOBAHA B JIH-
crunre 2.4. Tam Bce Tpu 6710Ka HHCTPYKuMii (BK/IIOYas BTOPoi 6JI0K € ycio-
BHEM, PEryJIMPYIOLIMM BHIIOTHEHHE OIIepaTopa 1UKJIa) MyCThie.

EHJhununr2L4.Booﬁmomnuuc1pyxuuﬁlcuuuunopaunxnnfornycnuo
$include <iostream>
#include <cstdlib>
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using namespace std;
int main{() {
system("chcp 1251>nul");
int n,s=0,k=1;
cout<<"BeemmTe BepXHODO TpaHMLY IJs CyMMH: ";
cin>>n;
for(; ) {
st+=k*k;
k++f
if (k>n) {

break;

}
cout<<"CymMa kBagpaToB umces OT 1 mo "<<n<<": "<<s<<endl;
system("pause>nul");

return 0;

}

Ilycroii Bropoit 6J10K B omepaTope UMKJIA for SKBMBAIEHTEH YCJIOBHIO true,
noatoMy (opManbHO nomyyaeTcst 6ecKkoHeuHbIH HMIUL YTOOH BHIATH U3 Ta-
Koro 6eCKOHEYHOro LMKJIA, B TEJIO OnepaTopa uukia for A06aBeH ycioB-
HEI oneparop if. B ycsioBHOM onepaTtope mpoBepsieTcs ycaoBue k>n. Eciu
OHO MCTHHHO, TO BBIIIOJIHSAIETCSI BCETO OZHA KOMAaHAA break, KOTOPOi 3apep-
HIAETCSI BHINOJHEHHE OllepaTopa LUKJIA. '

CI R
(A7 Y
(1.1

NOAPOBHOCTMH

3aech MCrnonbL3oBaHa ynpouleHHan $opma yCROBHOrO oneparopa, KoTo-
pas He COASPXWT else-BETKU. YCNOBHLIA ONEPATOP B TaxKoik «obneryeH-
HO» BEPCUK BLINONHAETCA TaK: NPOBEPRETCA YC/I0BUE NOCNE KNIOHEBOro
CNoBa if, N €CNMU GHO NCTUHHO, BLINONHAIOTCA KOMaHAOb! B PUrypHbIX CKOB-
Kax nocae if-uHCTpyKUumn. Ecnu ycnoeme NOXHO, TO HUHEro He NPoucxo-
AVT v ynpaBneHue NepeaaeTca KoMaHae Nocae YCAOBHOrO onepartopa.
Y10 kacaeTCa MHCTPYKUuM break, TO 3TO CTAHAAPTHAA KOMaHza ONs
BbIXOAA U3 ONepaTopoB LUMKNa (Takmx KaK while, do-while u for), a Tak-
e oneparopa Bbi6opa switch. ECTb elle 0fHa None3Has UHCTPYKUMA
continue, KOTOpas NO3BOMRET AOCPOYHO 3aBEPLUNTL HE BECb Oneparop
LMKNa, a TONLKO TEKYLLYIO r0 UTepaumio (TeKyLLMIA uvkn)
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Oneparop umkna do-while

Tomumo onepaTopoB umkia while u for, B C++ ecTh oneparop nuKia do-

while.

e

TEOPUSA

Onucanve oneparopa uukna do-while HAUMHAETCSI C K/HOYEBOro CNOBa
do, nocne KoToporo B GUrypHuix ckobkax (Teno oneparopa Lupkna) yka-
3bIBAIOTCS KOMaHAb!, BLINOMHAEMbIE B KOHTEKCTe oneparopa umkna. Mo-
cne 6noka U3 HUrypHbix ckoboK cneayeTt UHCTPYKLUMS while, a Nocne Hee,
B Kpyrbix ckob6kax, ykasbiBaetca ycnosue. Onepatop umkna BbINoaHAeT-
Cft A0 TexX Nop, NOKa UCTUHHO BaHHoe ycnosue. OHO NPOBEPSETCH KaX-
AbIA pa3 No 3asepLueH BLINOSHEHNA KOMaHA, B Tene oneparopa uukna.
Onepatop unkna do-while NPUHUMAKMANBHO OTNIMMAETCA OT OMEpaTo-
pa uukna while TeM, H4TO B onepatope do-while CHavana BbINOAHAIOTCS
KOMaHAbl, a 3aTeM NpoBepsieTca yCrnosue, B TO BPEeMA Kak B Oneparo-
pe while CHaYana NPOBEPSETCH YCN0BME, @ NOCNE ITOrO BbINONHAIOTCS
koMaHab. Takum 06pa3oM, KOMaHa! B Tefe onepaTopa uukna do-while
BbiNONHAIOTCA, NO MEHbILUeA Mepe, OANH pas.

Ilpumep ucnonb3oBaHMs oneparopa LMKJIA do-while IpUBEAEH B JIACTHH-
re 2.5. B npencraBreHHOi MporpaMme BHYMCASETCS 3HAYEHHE SKCHOHEHTHI
IUIs 33/IaHHOTO apryMeHTa. Pe3yIsraT mpoBepseTcs ¢ IOMOIILIO BCTPOEHHOM
MaTeMaTr4decKoit GYHKIMM exp (), IpeAHAZHAYEHHOMH /IS STHX Ke LeJIei.

®

HA 3AMETKY

Ons BblYMCNEHUN 3HAYEHUS IKCTIOHEHTbLI OT APryMEeHTa X MOXET WUC-
NONb30BaTLCH PAA exp(x) = 3 (F/kl) = 1 + x + (x¥/2!) + (*/31) + ...
+ (X/k!) + ... Ha npaxmkxié, NOCKONbKY BbMUCNUTL BeckoHeu-
HYI0 CyMMY NpOGReMaTU4HO, BLIMUCIAETCA OrpaHnyeHHas Cymma
exp(x) = ;; (F/KY) = 1+ x + (E/21) + (X°/31) + ... + (X"/n!). Takum 06-
pa3oM, BoiMUCEHUe 3HAYEHUSi SKCMOHEHTb caop.mcn K BBINMCNEHUIO
COOTBETCTBYIOLLEN CYMMbL. HeM 6oNnblue KOAUYECTBO Craraembix, TemM
TOYHEE BbIYUCANETCH 3HaYEHWe A1 IKCNOHEHTbI.

Boluncnsemylo cymmy yaobHo npeacrasutb B BUAE exp(x) ~ Z q" rpe
0603Hau4eHo q, = XK. Takum obpazom, UMEET MecTo coomoxueﬂue
Qi1 =G - (x/(k + 1)). DaHHBIM COOTHOLLEHWEM BOCTIONL3YEMCA B NPO-
rpamme npu BLIYUCNEHNUN CYMMBI /151 BKCTIOHEHTbI.

PaccMoTpuMm npencTaBiaeHHBIH HUAXe IIPOrPaMMHBIM KO,
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Jincrunr 2.5. Oneparop unkna do-while
#include <jostream>
$include <cstdlib>
tinclude <cmath>
using namespace std;
int main(){
// VisueHeHue KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VHmexc nocnegsero CNaraeMoro B Cymme:
int n=100; '
*// BpryMeHT IJIA 3KCMNOHEeHTH:
double x=1;
// TlepeMeHHas IN 3aNUCH 3HAUYEHUSA cyuﬁu, nepeMeHHas
// mna 3amucu 3HaueHus DOGABKM M MHAEKCHAS NEepeMeHHas:
double s=0,q=1,k=0; ‘
// OnepaTop LMKNA IVl BHUMCJIEHUS CYMMH:
do{
// TpubaBnenue K CyMMe HOOaBKM:
st+=q;
// HoBOe 3HaueHMe MHIEKCHON NEPEMEHHOM:
k++;
// HoBoe 3HayeHue ana noGaBKM:
q*=x/k;
}while (k<=n);
// OroBpaxenue pesynbTaTa BHUMCIICHWI:
Cout<<"BwuUMCIIeHHOE 3HaueHme: "<<s<<endl;
// Wcnomb3oBaHue BCTPOEHHOM QYyHKUMM LIS Béqucneaua
// 3HAUEHMS SKCTOHEHTH:
Cout<<"KOHTpONbHOE 3HaueHue: "<<exp (x)<<endl;
// 3anepxxa KOHCONBHOTO OKHa:
system("pause>nul®);
return 0;
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B nporpamMMe o6bABIIseTCS HENOYNCIEHHAs NepEMeHHas n, 3HaUYeHHe KO-
TOpO#i ONpeZieNseT HHEKC NOCEHENO CIATaeMOTO B CyMMe (M Ha eIMHHILY
MeHbIlle KOIMYECTBa CIAraeMBIX B CyMme). B sieficTBuTeIbHyI0 NIepeMeHHyI0
X 3aIMCHIBAeTCS 3HAYEHHE APTyMEHTA SKCTOHeHTHL. Takke B Tporpamme
OGBSIBIIAIOTCA EPEMEHHBIE S C HyJIeBHIM HAYaTLHAIM 3HAYeHHeM (3HAYEHHe
CYMMBL), g C €/MHHYHBIM HAYAIBHBIM 3HaUYeHHeM (3HaueHHe F0OaBKH K CyM-
Me) H MHAEKCHAs TiepeMeHHast k ¢ HyJIeBBIM HaYaJIbHEIM 3HAYEHHEM.

s BHIYMC/IEHHSI CYMMBI MCITOJIB3YETCA Oneparop nukia do-while. B Tene
oneparopa MKJIa KOMAHJIOH s+=q K CyMMe npubasJisieTcs 3HavyeHue 506aBku
g. 3aTeM KOMaHAOH k++ Ha eUHMILY YBEJHYMBAETCA 3HAYCHHE MHAEKCHOH
HepeMEeHHOM, ITOCJIe Y€T0 € NOMOMIBI0 KOMAH/IBI g*=X/k BBIYHCJISETCH 3HAYe-
HHe 06aBKu 11 crefyomeit urepaiun. OnepaTop MUK BHIIONHSETCH,
NOKa UCTMHHO ycJioBHe k<=n. [0 3aBepmeHu# BRIIOTHEHHA ONEPaTOpa LMK-
Jia KOMaHZla cout<<"BHqucneunoe 3HaueHme: "<<s<<endl 0'ro6paxcae'r BBIYHC-
JIEHHOE B POrpaMMe 3Ha4eHHe JUIS SKCIIOHEHTHI, a ISt TIPOBEPKH KOMaHJa
cout<<"KoHTposbHOe 3Hauemue: "<<exp (x)<<endl oToGpaxaer 3HAYEHHE ST
3KCIOHEHTI, BHIYMCIEHHOE C IOMOIIBIO PYHKIMHK exp (). ‘

(G HA 3AMETKY

Dna ucnonb3oeaHna GyHKUMU exp () AoGaBnsem B NPOrpaMMy UHCTPYK-
umo #include <cmath>, NO3BOAKIOWYIO NOAKMOUUTE BnbBanoTEKy MaTe-
MaTU4ECKUX DYHKLMA,

Pe3YJIbTaT BBRITOJIHEHHUSA IIPOTPaMMbI TaKOit:

Peaynstar BoinONHeHMS NporpaMmsl (M3 ancruira 2.5)
BuuMcieHHOe 3HaueHue: 2.71828
KouTponeHoe 3HaueHue: 2.71828

BuaumM, uto oba 3HauyeHusi GAKTHYECKH COBNAAAIOT, YTO CBHAETENBCIBYET
0 IIpHeMJieMO# TOYHOCTH BRIYMCIIEHHUH.

Onepatop BbiboOpa switch

PaccMoTpuM crenyiomyio mpocTyio 3ajady: NOJIb30BaTe/lb BBOAHT YHCJIO
B WaMa30He 3HaYeHui OT 1 10 3 BKJIIOYMTENBHO, a IPOrPaMMOi BHIBOAHMT-
csl Ha3BaHMe 3TOro yucia ("omuu", "asa" wiam "tpu"). Iipu HaNMCAHHK MPO-
FPaMMHOTO KOJIa BOCIIOJIb3yeMCs OllepaTopoM BRfopa switch.
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TEOPUSA

OnepaTop BLIGOpa switch MO3BONSIET NPOBEPSTH 3HAYEHUE HEKOTOPOrO
BbIPAXEHUR, U B 3aBUCUMOCTH OT MONTYYEHHOIrO PE3ynbTaTta BLINOAHATDL
pa3Hbie 610ku koMaHa,. B HEKOTOPOM CMEICNe onepaTop BuLGopa Hano-
MWHAaEeT YCAOBHLIA oneparop, HO B AAHHOM Cfiyyae ansrepHatns 6onb-
we, YeM ABe. 4T0 KACAETCH 3HaYeHUA NPOBEPREMOT0 BLIPAXKEHUS, TO 3TO
MoxeT BbiTh Nnbo umcnosoe, NGO CUMBONLHOE (TUN char) BLIDAXEHME.
OnucwiBaeTcs onepartop Bbibopa cnepyiowmm 06pasom. Mocne knioueso-
ro Cnoea switch B KPyMibiX CKODKaX yKa3biBAETCA BbIPDAXEHUE, 3HAUSHUE
KOTOPOro nposepaeTca. [lanee B rene oneparopa (8 urypHuix ckobkax)
cnenyiot case-610kn. B xkaxaoM case-610ke yka3zaHO KOHTPONLHOE 3Ha-
4YeHue ANA CPaBHEHUs HA NPeAMET COBNAZEHNA CO 3Ha4YeHueM npose-
PREMOTO BbHIPAKEHWS, a TAKKE KOMaHabl, KOTOpLIe CneayeT BuNONHUTL
B CAy4ae, ecnm CoBnaaeHne nmeet mecro. Kaxabin case-6n10K 06bi4HO
3aKkaH4YMBaETCH MHCTPYKLMeN break. MocneaHum B onepartope BbiGopa
MOXeT ObiTb default-GNOK, KOMaHAb KOTOPOro BLINONHSIOTCS B Cny4ae,
€CNU HY B OJHOM M3 case-610KOB He GbINO COBMAAEHUA KOHTPONBLHOrO
3HAYEHUS U 3HAYEHUSN BbiPAXEHUS,

Paccmorprm nporpammubiit kox B iictunre 2.6. Ilpencrasiennas Tam mpo-
rpaMMa OpraHM30BaHa MO CJAeAYIOIeMY IPUHIUITY:

e 3amyckaeTcsi OIeparop IMKIa, B TeJle KOTOPOro BBIBOAUTCA 3ampoc Ha

BB

o7 4KcJia (B Jana3oHe 3HaYeHuit ot 1 a0 3).

e BpeneHHoe Moib30BaTe/ieM 3HAYEHHE CUUTHIBAETCSI M IIPOBEPSETCS
B oIlepaTope Bbibopa switch.

¢ BaasucuMocTu OT BBEJACHHOIrO 3HaA4YE€HHs B KOHCOJIBHOM OKHE 0To6pa>1ca
eTCﬂ(fohHEHHe(:HaBBaHMeh(BBQHEHHOTO‘QHCH& ‘

Teneps 06paTHMCst K IPOrpaMMHOMY KOZY:

Jincrunr 2.6. 3nakoMCTBO C onepaTopom BsiGopa switch .

#include <iostream>
_ #include <cstdlib>

using

namespace std;

int main()}{

/]

AzMmenenue KOOMPOBKM KOHCOJIN:

system("chcp 1251>nul");

/!
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int num, k;
// BHNONHAETCH ONEPATOp LMKIA:
for (k=1;k<=5;k++) {
cout<<"Yxaxure umcuo or 1 mo 3: ";
// CuuTHBaHMEe 3HAYEHUS [EPEMEHHON:
cin>>num;
// BHIOJHAETCA omeparTop BHOOpa:
switch(num) {
case 1:
cout<<"3ro emuuuua”<<endl;
break:
case 2:
cout<<"3ro reonxa"<<endl;
break;
case 3:
cout<<"3ro Trpornka"<<endl;
break;
default:

cout<<"q He 3Hap Takoro umcna"<<endl;

}

// 3anepkxa KOHCOJIbHOT'O OKHa:
system("pause>nul");
return 0;

}

Pe3aybTaT BHIIOJHEHMS IPOrPAMMBI MOXKET OBITh TAKHM, KaK IOKa3aHO HIKe

(xupHBHIM PUPTOM BHIZIETIEHBI BBOAMMBIE IT0JIb30BaTeIeM 3HAYEHMS )

Pe3ynsrar BbiNONHEeHUA NporpamMmmol (M3 nuctunra 2.6)
Ykaxure uucio or 1 go 3: 2

3ro gmBOMKA

Yxaxure uucno ot 1 mo 3: -2

A He 3Ha TAKOIO uYMCna
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Yrasure uucno or 1 mo 3: 1
3ro emMHMUA
Yxamure umcno or 1 mo 3: 3
3ro rpoiixa
Yxamure uucno or 1 mo 3: 5

A He 3Hap TAKOro uUMcClHa

Yro KacaeTcss HENOCPEACTBEHHO MPOrPaMMHOIO KOZ3, TO B TeJIe OepaTopa
IUKJa (BBITIOJIHSETCS POBHO NATh HUKJIOB) KOMAaHAO# cout<<"Ykamure umc-
70 or 1 mo 3: " BBHIBOAMTCS coODlieHHe C NPENIOKEHHEM BBECTH YHCIIO.
Ilonb3oBaTenb €ro BBOAMT, M YMCJIO 3aIUCHIBAETCS B MIEPEMEHHYIO num, YTO
Aocturaercs 6arogaps komanze cin>>num. ITocsre aTOrO0 3amyckaercs onepa-
Top BoiOOpa. [IpoBepsieMBIM BhHIpaXKEHHEM yKa3aHa IepeMeHHas num. B Tpex
case-6710KaX yKa3aHbi COOTBETCTBEHHO 3HaYeHus 1, 2 u 3. Eciin 3navenne me-
PeMeHHO# num paBHO 1, BRITIONHAETCS KOMaHAA cout<<"3ro emumua"<<endl.
Ecim 3HaueHWe IlepeMeHHOH num paBHO 2, BHIIOJHSETCA KOMaHZa
cout<<"3r0 mBOMKa"<<endl, a eCIM 3HaYEHHE NIeDEMEHHOH num paBHO 3, TO
BBITIOJIHSIETCA KOMAaH/Ia cout<<"3ro rpoiika"<<endl. Kaxaplil case-610K 3a-
KaH4YNBaeTCsa HHCTpYKLuei break.

(G HA 3AMETKY

Onepatop BbIGOpa BLINOAHAGTCA TaK: NOCNEA0BATENbHO NPOCMATPUBA-
IOTCSl KOHTPOMbHLIE 3HA4YeHUsi B case-6Nn0Kax 4O NEPBOro COBMNaAEHUS.
Ecnu coBnageHne HaOeHO, TO HAYUHAIOT BLINOAHATLCH KOMaHAabt No-
cne COOTBETCTBYIOWIEN case-MHCTPYKUMU. KOMaHAbI BbiNONHAKTCH A0
KOHUA Tena onepatopa BHGOPa, UM NOKA He BCTPETUTCA WHCTPYKUMS
break. Tak 4TO €CAN HAM HYXHO, YTOOBI BLINONHSNNCH KOMaHAbI TONBKO
B OAHOM case-G10Ke, TO AAHHLIN case-GNOK NOMKEH 3aBEPLIATLCA break-
MUHCTPYKLMEIRA.

B default-6i0Kke BHIIOJHAETCA KOMaHAa cout<<"fl = He - 3HaD. TaKOTO
umncna®<<endl. Jlanunii 610K <BCTYTIaeT B HTPY», TOJIbKO €CJH TIPpH nposeplce
KOHTPOJIbHEIX 3HaY€HWii B case-6J101ca conna.uelmn He 6I>IJIO

Eme onna neéonbmaﬂ mloc'rpaxmﬂ K MCIIOJB30BAHUIO ONEepaTopa Bm6opa
switch npeacrapiieHa B ucTHHre 2.7. B HeKOTOPOM CMBIC/IE pacCMaTpHBa-
€MBlil 37leCb IPHMEP MOX0X Ha NMpeabIAYIIMiL, HO B HEM €CTb H HEKOTOpble
ocobeHHOCTH. B 4acTHOCTH, B IPOrpaMMe F€HEPUPYIOTCS CIydaitHbie YKCIIa,
a onepaTop BbhIOOpa COAEPKHUT IIyCTHE case-OIOKML
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Ynpasnaowme UHCTPYKLMN

TEOPMSA

Ana reHepnpoBaHuA Cy4anHbiX Yucen ncnonbayercs GyHKUMA rand (),
KOTOpasa QOCTYNHa rnocne noaKiOYEHUs 3aronoBka <cstdlib>. Pesynb-
TatoM PyHKUMM rand () BO3BPAWAETCA Lenoe, paBHOMEPHO pacnpene-
ReHHOe HeoTpuuaTensHoe Cny4ainHoe YNCNO OT 0 A0 HEXOTOPOH BEpXHe
rpaHuLbl (KOTopas A0CTAaTOYHO 6onbLuas).

Ecnu Ham HyXHO NMOAY4YUTb CNy4aiHOE YUCNO B AUanasoHe 3Ha4YeHwui
OT a A0 b, TO MOXHO BOCMNO/b30BATLCA BbipaXeHUeM a+rand () % (b-a+l).
B 3TOM BbipaxXeHun UCNONL3OBAH OMNEpPaTop % BbLIMUCNGHNA OCTaTKa OT
LeNOYNUCNEHHOrO AeNEHUS.

Ecnu rand() — HekOTOpoe Cny4aitHoe YUCNO, TO Pe3ynbTaT Bbipaxe-
HUA rand{) % (b-a+1) — OCTATOK OT AESMEHUR HA YUCNO b-a+l, U 3TO 4KUC-
Nno B AMana3oHe ot 0 A0 b-a. CnenoBaTensHo, pes3ynsTaTtoM BuipaXeHus
at+rand ()% (b-a+l) sBASETCA YMCNO (Cny4anHoe) B p,uanaaoue 3HaYEeHWiA
OT a 40 b, 4TO 1 TPe6GOBANOCH NONYHUTE.

Mpy reHepuposaHuy CNyuaitHbiX (Ha CaMOM Aene NCeBAOCAYHAAHBIX)
yucen Heabxoanmo HadaneHoe «pabodee» YUCNoBOE 3HaYeHWe, YTOOLI
3anycTuTtb Becb npouecc. lNpoueaypa Ha3bIBAETCH MHULMANU3AUNEN
reHeparopa cayuaiHbix ymcen. [1na BLINOMHEHU UHUUMANU3ALMN
MCNONBL3YeTCA PYHKUMS srand () , ApPrYMEHTOM KOTOPOM NepenasTCa Ync-
NoBOE 3HavYeHue.

KOHKpEeTHOE 4MCROBOE 3HAYEHWe, NepeAaHHoe apryMmeHTom GyHKumN,
0co6oit Harpy3kmn He HeceT. BaxHO TO, 4TO NPXU OAHOM M TOM Xe apry-
MeHTe PYHKUMKM srand () nony4aem OQHY U Ty Xe NocCneaoBareNnbHOCTb
(nceBao)CNyHaiHbLIX Yucen.

Wnes, peann3oBaHHasi B NporpaMme, OUY€Hb NPOCTa. BHIIONHAETCA He-
CKOJIBKO HTeparuil (IMKIOB), M 32 KaXKIYK) HMTEPaliMi0 TeHepUpYeTrcs
chy4aifHOe YMCJIO B AUATIa30HE BO3MOKHEIX 3HAYEHUI OT 2 0 8 BKJIIOUH-
TEIBHO.

B 3aBHCHMOCTH OT NOJIy4eHHOTO 3HaUEHHsI, YEPE3 OIepaTop Bhibopa switch,
oToGpaxkaercs olpeaeeHHoe coobUIeHue:

IJISL Yucen 2, 4 ¥ 8 3T0 coobIeHue co 3HaYeHneM YHUCia i (pasoit 0 ToM,
4TO YHCO ABJISETCH CTENEHbIO ABONKHY,

AJIS UMces 3 ¥ 6 NOSIBIISETCS COODMLIEH e CO 3HAYeHHeM YiCIa U bpasoii
0 TOM, YTO YHMCJIO ACTUTCA Ha TPH;

And4ucen Su 7 coo6me}me COACPXKHUT 3HAYCHNE YHCJIa 1 TEKCTOBOE €ro
Ha3BaHHUE.

PaccMoTpHM npeAcTaB/IeHHBIH HUXeE IPOTPaMMHBIN KO
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Jiuctunr 2.7. Ucnonwaosanumne oneparopa switch
finclude <iostream>
#include <cstdlib>
using namespace std;
int main(}{
// Vi3MeHeHMe KOIMPOBKM KOHCOMM:
system("chcp 1251>nul");
// lenounucneHHas nepeMeHHas:
int num;
// VHuMumamusauus TeHepaTopa CHydaiHHX 4YMCemn:
srand(2);
// Oneparop umMkna:
for(int k=1;k<=10;k++){
// Cnyqaﬁaoe yucno or 2 mo 8:
num=2+rand () %7;
// OnepaTop BHOGOpa:
switch (num) {
case 3:
case 6:
cout<<num<<": umucno mesurTca Ha Tpu"<<endl;
break;
case 2:
case 4:
case 8:
cout<<num<<": creneHs gBoMKM"<<endl;
break;
case 5:
cout<<num<<": narepka"<<endl;
break;
case 7:
cout<<num<<": cemepka"<<endl;

50



Ynpasnsiowme nHCTPYKUMN

}
// Bamepxxa KOHCOJBLHOTO OKHa:
system("pause>nul");
return 0;
}

Pe3ysIsTaT BHINOJHEHHS NPOrPAMMBI MOXKET OHITH TaKNM (C MOMPABKOY Ha
TO, YTO HCIIOJIB3YETCS FeHepaTop Cay4aiHbIX Yuces):

Pe3ynnraT BLINONHEHUA NPOrpaMMbl (U3 NUCTUHra 2.7)
5: narepka '

¢ ceMepka

! CTeneHb IBOMKHM

! UMCJIO IEeNUTCA Ha Tpu

: CTeneHL MBOMKKU

! CTeneHb IBOVKM
. CTeneHb OBOMKU

7

8

3

2

3: uMcno HeNmMTCs Ha TpU
4

8

4: creneHs OBOMKM

6

. UYMCHO LeJUTCA Ha TpH

B mporpammMe koMaHAoO#H srand(2) MHHIMAJIA3UPYETCS T'eHEPATOP Cay4daii-
HBIX Y¥cesl ¥ 00bsABIsieTCA 1eJIOYHCIIeHHas repeMenHas num. JlaHHO# mepe-
MEHHOIi B TeJte OIlepaTopa HMKIa KOMaH/0i num=2+rand () $7 TIpUCBaHBaeTCA
clyqaitHoe 3HaYeHHe B Juana3oHe 3HAYeHUH OT 2 10 8 BKJIIOYHTENHHO,

(@ HA BAMETKY

Peaynbrat BuipaxeHus rand() 37 npeacraenseT coboii ocTatok oT gene-
HUA CNY4aRHOro Ynucna Ha YUcno 7, TO €CTb STO MUCNO B AnanasoHe ot 0
B0 6. Ecnu npubasuTtb K HEMy 2, TO NOAYYUM YUCNO B Anana3oHe 3Ha4Ye-
HWA OT 2 NO 8.

Take o6paTnTe BHUMaHWe, YTO MHAEKCHan NepemexHan k obbaBnseTcs
HeNOCPeACTBEHHO B for-oneparTope B NepBoM 6/10Kke MHCTPYKUMiA. Tak
MOXHO fienatb, HO CneayeT NOMHUTb, YTO 06bABNEeHHAs B for-oneparope
nepemeHHas A0CTynHa TONbKO B 3TOM Ooneparope. '

Hanee B omepaTope switch «IepebupaioTcs» HEKOTOphie BapuaHThl. Crienu-
¢uKa onepatopa BHIGOpa CBA3aHa C HAIMYMEM MYCTHIX case-6JI0KOB: Iocye
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fhasa 2
OZIHOM case-HHCTPYKILMHM cpa3sy maer apyras. O6umii acbdext Takoit: nms

BCEX COOTBETCTBYIONMIMX KOHTPOJIBHEIX 3HAUYEHU BHIIOJIHSIETCS OAUH H TOT
e 610K KOMaHJ, -

(G HA 3AMETKY

B nocnepHeM case-6510Ke UHCTPYKUMA break HE UCNONL3YETCH, NOCKOSbKY
B Hoit HeT HeobBXoAUMOCTH: 9TO NocneaHwui 60K, U NOCHe ero BuINONHe-
HUA Apyrue 610KK1 BLINOAHATECH He ByayT (NOCKONbLKY UX NONPOCTY HET).

BnoxeHHbie VCNOBHLIE Oonenaronb!

YcnoBHBIE OMEpaTOpHl MBI YK€ He pa3 MCIOJIb30BAIH. 3/eCh PaCCMOTPHM
CHTyalHIo, KOT/Ia B TeJle YCJIOBHOTO ONIepaTopa HCTIoJIb3YeTCsl APYTOii yCIoB-
HBIi oneparop. Kak wumocTpaluio peann3yeM NpOrpaMMHBIM KOA OJHOrO
M3 MPEABIAYIIUX IPUMEPOB (CM. TUCTHHT 2.6), HO €CJIM TaM HUCHOJIb30BaJICA
omiepaTop BeiGOpa switch, TO 3K€Ch BOCIIO/Ib3yEeMCSI YCJIOBHBIMM OliepaTopa-
mu. IIporpaMma mpezcrasieHa B aucTuHre 2.8.

Jinctunr 2.8. BnoxexHble YCNOBHbIe ONepaTopst
#include <iostream>
#include <cstdlib>
using namespace std,
int main(){
// VisMeHeHMe KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
// llenounclieHHHE NepeMEHHHE :
int num,k;
// BHIIONHAETCHA ONEpaTop UMKJIA:
for (k=1;k<=5; k++) {
cout<<"Yxaxure umcio or 1 mo 3: ";
// CunTHBaHMe 3HAYEeHUA NEepEeMeHHO:
cin>>num;
// Buemnwit yCJIOBHEBI onmepaTop (1-# ypoBeHb):
if (num==1) {

cout<<"3ro emmHuua"<<endl;
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Ynpasnfaowmue MHCTRYKLMK

// Bnok else BHemHeTo
// ycmossoro oneparopa (1-i#t ypomeHs):

else{

// BHYTpeHHwMit yCJIOBHHI onepaTop (2-# ypoBeHb):
if (num==2) {
cout<<"3ro gneoyka"<<endl;
}
// Bnok else BHyTpeHHero oneparopa (2-i1 ypoBeHS):
elsef
// BHYTpeHHMI! yCIOBHHIt onepaTop (3-i ypoBeHb) :
if (num==3) {
cout<<"3ro Tpoika"<<endl;
}
// Buok else BHYTpeHHero ycnonadro
// onepatopa (3-it ypoBHeB):
else{
cout<<"f He 3Ham TaKoro .uucna"<<endl;.

// Bamepkka KOHCOJNBHOTO OKHa:
system("pause>nul");

return 0;

Hitke Npe/ICTAB/EH Pe3y/IbTAT BHIIOJIHEHHS MPOrpaMMel ((KMPHBIM mpud-
TOM BhIZIEJICHEI 3HAYEHUS, BBEZICHHEIE [TOTB30BaTeIEM ):

Pe3yNbLTaAT BLITIOAHOHUS NPOrpamMmbl (U3 nucTiHra 2.8)

Yxaxure uucyio ot 1 go 3: 2

310 - ABOMKa

Ykaxure umcno or 1 mo 3: -2
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Al He 3HAD TAKOIO YKUCIA

Yxaxure uucno or 1 go 3: 1

370 emMHMUlA

Yxaxure uuciao or 1 no 3: 3

310 TpoiKa

Yxkaxure uucyno or 1 mo 3: 5

S He 3HaD TAKOr'O Y;ucCia

@akTHYeCKH Pe3yJIBTaT TAaKOM e, KaK M B IPEMEpe, B KOTOPOM HCIOJb-
3oBajics omeparop switch (cM. jMcTuHr 2.6). 3aech MBI OpPraHH30BAIN
NMPOBEPKY 3HaYeHHsI NePeMEHHOM num Yepe3 BIOJKEHHbIE YCIOBHBIE Olepa-

TOPHL.

S

TEOPUSA

Oneparop paBeHCTBa == AB/SETCA, HapaBHe CO 3HaKOMbIM Ham onepa-
TOPOM <= (MEeHbLLE NN PABHO), OAHUM U3 ONEPaTOPOB cpaBHeHUs. Kpo-
M€ STHUX ONepaTopos, NOAE3HLIMK MOIYT GLiTb ONEPaTopbl < (MeHbwe), >
(6onbwe), >= (6onbLue UK PaBHO) U != (He paBHO).

BnoxeHHble onepaTopb! uMkna

PaccmoTpuM nipuMep, B KOTOPOM BBHIITOJHSETCSE COPTHPOBKA YHCJIOBOTO Mac-
cuBa. [locTaHoBKa 3a71auM TakOBa: NIMEETCS1 MACCHB, 3aIIOTHEHHBIN YUCIAMH.
Heob6x0auMO pacnonoXkuTh Mx (MOMEHATh MECTAMHM 3HAYEHHS IJIEMEHTOB
MAacCHuBa) B IOPSAAKE BO3PaCTaHMs 3HAYECHHIA.

B NOAPOBHOCTHM

34

[ns cOpTPOBKM 3N1EMEHTOB MaccuBa UCNONb3yeM METOA NY3biPbKa.
CyTb ero B cnepyiouieM. MocnepnosarenbHo nepebupaloTcs 3NeMeHTbl
MaccuBa M CPaBHUBAIOTCA 3HAYEHUS ABYX COCeAHUX I/IBMEHTOB. Ecnm
3Ha4YeHue 3nemMeHTa cnesa Gonbllie 3HAYEHUA BNEMEHTa cnpasa, TO
TaKue 3N1eMEeHTbl «OBMEHUBAIOTCA» 3HaveHusaMN. B peaynsTaTe OaHOro
«NPOXoaa» NO MaccuBy camoe GONblLOe 3HAYEHUE OKAXETCS B NPABON
KpaviHeit No3numm (CTaHeT 3HayeHnem nacneaHero. anemenTa). Mocne
eute ogHoro nepebopa 3neMeHTOB Maccuea y npeanocnenHero ane-
meHTa GyaeT BTOpOE Mo BenuunHe 3Ha4eHue, U Tak aanee. Takum obpa-
30M, 3a 0auH nepebop 3nemMeHTOB MaccuBa OaVH 3NEeMEHT OKa3biBaeTC s
C «NPaBUNbHBIM» 3HAYSHNEM.



YnpaBnsiowme UHCTPYKLMY

IIporpaMMmHublii KOz, B KOTOPOM CO3AAETCA LIEJ0YNCICHHKI MacCHB, 3ano-
HSIETCS CTyYaifHBIMHM YMCJIAMH 2 3aTeM COPTHDYETCS MemodoM ny3vipvxa,

TTNATATIAD TOLY D MIANATIITD ') 0

Jinctunr 2.9. Coprmposka maccusa
#include <iostream>
#include <cstdlib>
using namespace std;
int main{(){
// VaMeHeHue KOOMPOBKA KOHCOJM:
system("chcp 1251>nul");
// Pazmep maccuBa:
const int n=10;
// VHmimanusauus TeHepaTopa CIyYaiHHR uMCen:
srand(2);
// Coapanue Maccuza:
int nums{n];
// UenouMCneHHHE NEepeMEHHHE:
int i,3,k,s;
cout<<"Maccue §0 coprupoBkKM:\n| ";
// BanonHeHMe MACCMBA CIIYUalHHEMM YMCIAMM:
for (k=0; k<n; k++) {
nums [k]=rand () %10;
cout<<nums [k]<<" | ";
}
cout<<"\nMaccue nocne coprmposku:\n| ";
// CoptupoBka Maccusa:
fOr(i=l;i<én—l;i++){
// TlepeGop 27EeMEHTOB MaCcCMBa:
for(j=0;j<n~i;j++){
/] "O6MeH" 3HaAUEHMAMN:
if (nums [j]>nums {j+1]) {

s=nums [j+1};
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nums {j+1]=nums[j];

nums [j]=8;

}
// OroOpaxeHue OTCOPTMPOBAHHOT'O MacCHUBA:
for (k=0;k<n; k++) {
cout<<nums[k]<<" | ";
}
cout<<endl;
// 3apmepxxa KOHCOJILHOT'O OKHa:
system("pause>nul");
return 0;

}

Pesysnbrat BHIIOIHEHUS TIPOrPAMMBbI MOXKET GBITH TAKHM:

Pe3ynsTar BhINOARBHMS NPOrpaMmbi (U3 nucTuHra 2.9)
Maccue IO COPTMPOBKM: |
5161815141010 2]5]6]
Maccue mocne COPTMPOBKMK:

1010111 4151515161 6] 8]

B oporpaMMHOM KoZe 00BABAAETCS LEJOYUCAEHHAA KOHCTaHTa n, Onpene-
asomas pasMep Maccna. CaM MacCHB cO371aeTCA KOMaH/o# int nums([n].
3ano/IHeHNe MACCHBA BBITIOHAETCS ¢ OMONIBIO ONEPAaToOpPa IMKJIA, B KOTO-
POM I1epeOUPAIOTCS INEMEHTHL. 3HaUEeHHS d/IeMEHTaM MaCCHBA B TeJle Onepa-
Topa KA (IIpH ofIpe/ie/IeHHOM 3HaYeHHH MHIEKCHOH nepeMeHHoit k) mpH-
CBAMBAIOTC KOMaHMOMH nums [k]=rand () $10 (momy4aercd cay4adHoe YHCIO
B iMana3oHe 3HauYeHui ot 0 1o 9). OqHOBpPEMEHHO ¢ MPUCBAaHBaHHEM 3Haye-
HMI 3JIeMEHTaM MaCCHBA BBIIOJHAETCS 0ToOpaXkeHue 3HaYeHU 971eMEHTOB
B KOHCOJIBHOM OKHe.

(G HA BAMETKY

Paspenutenem npv oTOBpaXeHuy 3/eMEeHTOB Maccuea CIyXWUT BepTu-
KanbHan YepTa. B HeKOTOPLIX 0TOGPaKAEMbIX B KOHCOMM TEKCTOBLIX 3HAYE-
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Ynpasnaiowme MHCTPYKLMA

HUAX B NPOrPaMMe UCTNONL30BaHa MHCTPYKLMA \n, KOTOPAsR ABANETCH. KD-
MaHAOM nepexoaa K HOBOM CTPOKE NPY OTOBPAaXEHNM COOTBETCTBYIOLLETrO
TeKcTa. IHCTPYKLMS \n BK/HOHAETCS HENOCPEACTBEHHO B TEKCT, a pa3phis
CTPOKM BLINONHAETCA B TOM MECTE, rAe HaxX0ANTCA RAHHAA MHCTRYKUMA.
ObparuTe BHUMaHue, YTO AN MaccyBa, COCTOSLLEro U3 n 3/IEMEHTOB,
nepeMeHHas k, onpeaensiowas nHaekc aneMeHTa, npoberaer 3Ha4yeHus
B AnanasoHe OT 0 A0 n-1 BKMOYKUTENLHO.

Tocste 3ano/IHeHNsT MACCHBA B OTOGPaXKEHHA B KOHCO/IM 3HAYEHHIH ero 1e-
MEHTOB, HAUMHAETCS1 COPTHPOBKA MacCHBa. [lJ151 COPTHPOBKH MCIOJIB3YIOTCS
BJIGKEHHBIE ONlepaToOphl 1IMKa for. BHEIHKUM onepaTopoM IHKJIa (C HHAEKC-
HOM nepeMeHHON 1) OTCUMTHIBAKOTCS HOJIHbIE ePebOPH 3JIEMEHTOB MaCcCHBa.
OnuH Takoi mepeGop B o61IEM Cilydae 03HAYAET Pa3MENICHUE B <IIPaBUJIb-
HOHM» TIO3MLMH OJHOTO 3HAYEHHUS.

(@ HA BAMETKY

Ecnu MaccuB COCTOUT U3 N1 3aNEMEHTOB, TO A1 COPTUPOBKKA BCEro Mac-
cusa Heo6XOANMMO MOCNEA0BATENLHO BLINOAHNTL NN — 1 NONHLIN nepeGop
anemeHToB. OAUH NOnHbLIA NepeGop 3N1eMeHTOB NPUBOAWT K Onpeaene-
HWIO «NPaBUALHOMO» MECTa ANs OAHOrO 3HadeHus. Ho peno 8 YoM, yto
KOTAa Ha BTOPOIl MO3ULMKM OKA3LIBAETCA «MPABUILHOE» 3HAYEHHUE, Ha
nepso# NO3NLUKA ABTOMATHYECKHM OKa3bLIBABTCH CaMoe ManeHbkoe 3Ha-
yeHue. No3ToMy KONMYECTBO NONHLIX Nepebopos Ha e.nunuuy MeHblle
KOMMYeCTBa aNeMEHTOB B Maccmee.

Kpome Toro, cnenyer y4ecTtb, 4TO npu nonHoM nepebope anNeMeHToB
HET CMbICNA NPOCMATPUBATL T 3HAYEHWUR, KOTOPLIE YXe HaXOAATCA Ha
«NpasuibHOA» NO3uumn. OITOMY NPU KAXAOM HOBOM TIONHOM nepedo
pe NPOCMaTPUBAETCA Ha OOVH 3/IEMBHT MEHbLLIE:

BHy'rpeHHnﬁ onepaTop uMKia (C MHAEKCHOHN mepeMeHHOH j) nepebupaet
3/IEMEHTHl MacCHBa. BepxHAs rpaHuIla A1 MaNa30Ha M3MEHeHu  HH/leKca
j 3aBHCHT OT 3HaYeHNsI WHAEKCA i BHENIHEro MaccuBa. 31ech y‘rreﬁ TOT Q)alcr,
4TO HET CMbICJIa IepeOUpaTh ke OTcopmponaHHme 3HAYEHHS.

B Tese BHyTpeHHero omeparopa IHKJA C TIOMOINBIO YC/AOBHOIO oIliepa-
TOpa CDaBHWBAIOTCS 3HAYEHMS JBYX COCEIHMX 3jleMeHTOB (YCiIOBHe
nums [j]>nums[j+1]), A ecau 3HaYeHHE 3JIEMEHTA ClAeBa 60.71]:11[6 3Haqe}ma
dJIEMEHTa CTIPaB2, TO 3JIEMEHTHl OOMEHUBAIOTCSA 3HAYCHHUAMM.

Tlo 34BEPIIEHNHU COPTHPOBKH MAaCCHRBA C IIOMOHIBIO elle OAHOro oneparopa
MK 3HAYCHHS JIEMEHTOB YK€ OTCOPTHPOBRHHOIO MaCcCHBa 0'1‘06})331(310’1"

MUY T TAALTAN T TEARL ATATTIO
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Luxn no xonnexunu

B paccMOTPEHHBIX paHee NPUMEpPax, KOrAa Mbl MMEJH AeN0 C MaCCHBaMH,
o6pamente K 31eMEeHTAM MaCCHBa BINIOJIHAIOCH Yepe3 ABHOe yKa3aHHe HH-
Kekca aneMenTa. CymecTByeT i HHOM criocob nepe6opa 5IEMEHTOB MaCCHBa,
B PaMKaX KOTOPOTO JOCTYII OCYHIECTBJIAETCA HEMOCPEACTBEHHO K 3JIEMEHTY
MaccuBa. PeanusyeTcs Takoil HoaX01 ¢ HOMOMIBIO CENUATLHOM BePCHY Olle-
patopa mukia for. CoOTBETCTBYOILYI0 (POPMY BHIIOIHEHUS IUKJIOB OOBIYHO
HA3bIBAIOT YUKAOM MO KOIAEKYUU.

IIMK 0 KOJUTEXIIMHE peanusyeTcs Yepe3 for-oneparTop, KOTOPHIA onpexess-
ercs B creaywimeM Buae (KUPHBIM IpuGTOM BhIIE/IEHBI KIOYEBHIE DJIEMEH-
THI ma60Ha): ‘

for(run &nepeMeHHas: Maccus) {
// Teno omepartopa LMKJA

}

IToce KiII0Y€eBOrO C10Ba for B KPYIJ/IBIX CKOOKAX YKA3BIBAETCS TMN 3JIEMEHTa
MACCHBa ¥ Ha3BaHHE nepeMeHHOM, KOTOPas OTOXAECTBIAET COOOM 3eMeHT
Maccusa. Ilepen uMeHeM iepeMeHHO 0OBIYHO CTABHTCA HHCTPYKUHMA &. Ilo-
cjie MMEHH repeMeHHO Yepe3 ABOETOYME yKAa3bIBAeTCS Ha3BaHUE MacCuBa,
3JIEMEHTHI KOTOpOTO nepebupaioTcs. KoManzsl, BEIOIHAEMEIE 33 KAKABII
LHKJI, YKa3biBaloTCs B GUrypHBIX CKoOKax (TesI0 oneparopa UKJa).

OnepaTop HMK/Ia BHIIOJHAETCS TaK: NepeMeHHas, yKa3aHHas B for-
HHCTPYKLYH, TIOCJI€ZIOBATE/IbHO CCHIJIAETCSA Ha d/ileMeHThl Maceusa. Jlist kax-
ZIOT0 TaKOTO 3HAYEHHS BLITIOJHAITCS KOMAHA B Tejie UK/, foC/e Yero
CCHLIKA NiepeOpachIBaeTCs Ha APYro# 3/IEeMEHT MacCHBa.

=] TEOPMUSA

MHCTPYKUMR & HyXHa AN TOro, 4ToObi NepemeHHas, ykasaxHas B for-
MHCTPYKLMMW, HE MPOCTO NPUHUMANa 3HA4YEHUA 3MIEMEHTOB MAaccwvea,
a Gbila couinkoi Ha 3neMeHT Maccuea. Cominka — 310 Kak O anb-
TEPHATUBHOE HA3BaHWUE 1A dNEeMEeHTa Maccuea, NOITOMY Yepes Takylo
CCLUIKY MOXHO HE TO/IbKO NPOYUTaTL 3HAYEHNEe IeMeHTa MaccuBea, HO
¥ NPUCBOMTL EMY 3HA4EHMe.

Jlanee paccCMaTpHBaeTCsi IIPHMED, B KOTOPOM CO3/JaeTCH UMCJIOBOH MaccuB,
¥ ¢ TIOMOIIBIO IUKJIA TI0 KOJLIEKIIMH 3TOT MACCUB 3alIOJHAETCS CJIydaiiHbl-
MM YHCIaMH, a 3HAYeHUS 3JIEMEHTOB BHIBOSITCS B KOHCOJTbHOE OKHO. Takxke
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C MOMOIBI0 IIKJIa IO KOJUIEKITHHY BBINOJIHAECTCA HOACHYET KOJHYeCTBa dJie-

MEHTOB B MaccuBe. PaccMOTpMM niporpaMMHbIi KOJ, TPeACTABJICHHBI B JIH-
Amrrrrma 2 410

Jincrunr 2.10. Liuxn no xonnexuun
tinclude <iostream>
#include <cstdlib>
using namespace std;
int main(}{
/] SIMCOSAAT AUMMPUDIV RURLUIAG
system("chcp 1251>nul");
// MHMUManu3auMsa TeHepaTopa CHAYYaiHHX UYMCeN:
srand(2);
// Co3manue Maccupa:
int nums{12};
cout<<"MaccuB ciyqadHuX umcer:\n";
// UMKn o KONMmeKiwu:
for(int &x: nums) {
x=rand()%10; // Cnyuaitioe umcno or 0 mo 9
cout<<x<<" "; // QroGpaxeHue 3HAYEHWUA BJEMeHTa
}
cout<<endl;
// TlepeMmeHHas OjiA 3alMCK pa3Mepa MACCUBa:
‘int length=0;
// UMK 1O KONNeKuMu:
for(int &x: nums) {
length++;
}
cout<<"Paamep Maccusa: "<<length<<endl;
cout<<"IlpoBepka COZEPAXMMOTO MaccuBa:\n";
// OBGHYHEDY onmepaTop LMKNa:
for (int k=0;k<length;k++) {
cout<<nums [k]<<" ";
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cout<<endl; - i
// 3amepxxa KOHCOJILHOPO OKHAl:
system("pause>nul");

return 0;

}

Pe3ybraT BHIIIOJIHEHHs TPOTPaMMBI (C YYETOM TOTO, YTO UCHIOJIb3YETCs Tre-
HEDATOD CAVJIANHBIX YMcen ) MOKeT OBITh TAKMM; \

Peaynsrar BbiNONHeHUN NPOrpamMmMal (U3 nucruxra 2.10)
MaccuB ClydyalHHX 4YMCen:

568540015679

Pasmep MaccmBa: 12

[IpoBepka COREPXMMOI'O MacCMBa:
5685400156789

B nporpamMmHOM KoZie KOMaHAOM int nums{12] co3maeTcs YHCAOBOH MacCHUB.
3anosHeHre MacCHBa BHINOJIHAETCS B OlePaTOpe KA, KOTOPHIH onucaH for-
MHCTpYKIMeH BuAa for (int &x: nums). OHa 03Ha4aer, 4To nepeGOp BHIOJHA-
€TCA I10 MACCHBY NuMS, a Yepe3 x 0603HAYEHA CCHLTKA HA 37IEMEHT JAHHOTO Mac-
cuBa. B purypHmix ckobkax ykazaHa koMas/a x=rand () $10 (3/1eMEHTY MaccCHBa
IIPUCBANBAETCS CIy4YaiHOe YHCIIO B IHATA30HE BO3MOXKHEIX 3HadcHHH oT 0 10
9) ¥ KOMaH/a cout<<x<<" ", KOTOpOii 0TOOpaKaeTcs 3HAUEHHE JJIEMEHTA.

Eme oqus TIPUMED UCIIONB30BaHUA ITUKJIA MO KOJLIEKIINH CBA3al C BRBIYHACJTIE-
HHEM pa3Mepa MaCCHBa.

& TEOPHSA

Paamep maccuea B C++ 06bMHO 3anMCbIBAETCA B OTAENBHYIO NepeMeH-
HYI0 (KOHCTaHTY). MaccuB OAHO3HAYHO ASHTUDULMPYETCR ABYMA Napa-
MEeTpaMK: TOUKOW BXOAa (8ApecoM Ha4anbHOro aneMeHTa) v pasMepom
maccusa. B obuieM cayvae onpefennTs pasmep Maccvusa no OAHOMY
TONBKO €ro UMeHu NPoGneMaTU4HoO.

B nporpammioM Kope 00bsiBlsieTCst LieJIOYMCIIEHHas NepeMeHHast length
C HaYaJbHbIM HyJIEBHIM 3HaYeHHEM. 3aTeM 3aITyCKaeTCa MK 110 KOJLTEKIMH
U B TeJjie JaHHOTO ONEepaTopa BEIONHAETCS KoManza length++. Takum obpa-
30M, TIPH NOJYYEHUY CCHUIKH Ha KAXKIBINA U3 371EMEHTOB MacCHBa nums 3Ha-
YyeHHe NepeMeHHO# length yBesmmauBaeTcs Ha exunnLy. Ilocne saBepuienus
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olepaTtopa IMKJIa 3Ha4eHHe NIEPEMEHHOM length PaBHO KOJIHYECTBY 3A€MeH-
TOB B MacCHBe nums.

/lnst npoBepKH COAEPKUMOe MACCHBA NUMS BHIBOAMTCS B KOHCOJIbHOE OKHO
C IIOMOIIBI0 o6wmoro for-omepatopa, B KOTOPOM JIOCTYII K 3/IEMEHTaM 0Cy-
IeCTBJIAETCS Yepe3 HHIEKC.

FfeHepupoBaHue U nepexsaT UCKIOYEHNA

B C++ ectb MexanuaM 06paboTku uckmouumensroix cumyayuti (ommubok),
KOTOPHL, IOMMMO CBOETr0 HENIOCPEACTBEHHOTO HA3HAYEHHS, MOXET HCIIOJb-
30BaThCS /I OPraHU3alMK B IPOrpaMMe TOY€eK BeTBIeHus. B Takom cirydae
HCIIO/Ib3yeTCsT MpOlieAypa HaMEPEHHOTO TeHePUPOBAHUS MCKIIOYHTEIbHOM
CHTYaIl{H. '

$ TEOPMKA

Npu 06paboTke UCKNIOYUTENLHBLIX CUTYaLIWIA KOL, KOTOPLI MOXET Bbi-
38aTh OWKMOKY, NTOMEUIAETCR B try-OnOoK: Tako#i GnOK noMe4aeTcs kniove-
BbIM CNIOBOM try U 3aKnioyaeTcs B purypHuie ckobku. Mocne try-6noka
CneayeT OfIMH MU HECKORLKO catch-610koB. Kaxawik catch-6nok npen-
HasHaueH ans 06paboTku ownbkn onpegeneHHoro Turna. Ecnm npy sui-
NONHEHUN KOAA B try-6aoke Bo3HMKNE OWNOKA, TO BLINOAHEHU® 3TOMO
6noxa npekpaujaercs, a ynpasneHue nepepnaeTcs catch-6noKy, npeaxa-
3HaYEeHHOMY gns 06paboTku ownbku COOTBETCTBYIOILErD TUna.

Anga NCKyCCTBEHHOrO reHepUpPOBaHNA OLMGKM MCNONBL3YIOT MHCTPYKUMIO
throw, NOCAE KOTOPOI YKa3biBaeTCA OOLEKT, NEPEMEHHAN Wik 3HA4eHWe,
KOTOPbIE UrPAINT PONb 0GBLEKTa OLIMGKM M NEPERAIOTCA B catch-60K Npu
ee obpaboTke.

Ecan B mporpamMe Mcnosin3yercs o6paboTka MCKITIOYUTEBHBIX CHTYALMIA,
TO COOTBETCTBYIOMM ()pParMeHT MPOrPaMMHOTO KOJa C OHUM 6I0KOM st
nepexpara OMHMOOK MOXET BHIJISAETh TaK (AKHPHbIM MPUQTOM BhIZETEHBI
KJ1I0YeBbie HparMeHTHI Koza):

try{
// Kom, KOTOpli MOXeT BH3BATh OWMUGKY

}
catch(mun_omnbxu obvexT _omubku) {

// Kom, BHNONHAEM:it Mpyu oBpaBoTKe OWMOKM
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Ecmu npy BHINOJHEHUH Koza B 610Ke try ommboK He GBLIO, TO IPOrpaMM-
Hblit KoA B catch-6y10ke (win 610Kax — ecIM UX HeCKOJbKO) HTHOPHpYeT-
csa. Ecom B try-0/0ke BO3HHMKJIA OMMOKA, TO HAYMHAET BBIIIOJIHATBCA KOJ
B catch-6sioke. Bce 3T0 1OBOJIBHO CUJIBHO HATIOMUHAET NIOAXO0], PEa30BaH-
HbIil B CIOBHOM OIIEpaTope, 4eM, COGCTBEHHO, MOXXHO BOCITOJTB30BAThCA.

Paccmotpum nporpamMmy B ucTurre 2.11. Tam, ¢ moMombio MexaHU3Ma UC-
KYCCTBEHHOTO reHepUPOBAHUSA HCKIIOUMTE/IbHOM CUTYalMH C TIOCTIeAyIomei
ee 06paBOTKOl, PelIAETCs 3a444a O IOMCKe KOPHS JHHEHHOTO ypaBHeHHst
BHZIa Ax = B (OTHOCHUTEIBHO NIEPEMEHHOI X).

(@ HA 3AMETKY

XoTa popmanbHO ypasHeHue Ax = B oueHb NPOCToe, TYT BO3MOXHbL He-
KoTOpble cneunduyeckme cutyaumun. Bo-nepseix, ecnu A = 0, TO peiue-
Hue ypaBHeHus naetcs Gopmynoit x = B/A. Ecnv xe A = 0, n npn aTom
B # 0, TO peiltleHunit y ypaBHeHuUs HeT. U, HakoHeu, ecnu A = 0 n agHoBpe-
MeHHO B =0, To pelueHuem ypaBHeHUs ABNSETCA nio6oe ynucno.

B nporpamMe /s IOHCKA pellleHUs ypaBHeHHA Ax = B ¢ K1aBHaTyphl BBO-
AATCS 3HAYEHHU A1 mapameTpoB A u B ypasuenus. B saBucamoctn OT CJI0-
KUBIIEHCS CUTYallMM BBIYHCISIETCS pellieHHe ypaBHEHME WJIM BBIBOAUTCS
COOBIIEH e O TOM, YTO PelIeHHEM MOXeT GHITh II060€ YHCAO UIIH YTO pele-
HUH HeT.

(G HA BAMETKY

MOHATHO, YTO aHANKU3 BO3MOXHbLIX CUTYALIMIA SIerKO OpralM3oBaTh C Nno-
MOUWbIO BJIOXEHHBIX YCAOBHLIX ONepaTtopoB. Mbl uCNonb3yem B HEKOTO-
POM CMbICNE antkTePHATUBHBLIA NOAXOA, KOTOPLIA, OAHO3HAYHO, HE ca-
Mbili ONTUMANBHLIA C TOYKW 3PEHUA OPraHKU3aLMKM NPOrpamMmHOro Koaa,
HO NoKa3aTeNbHLIN B NNaHe UCNoNbL30BaHMA MexaHu3ma o6paboTku uc-
KNIOYMTESbHBIX CUTYaLuit ANA OPraHn3aLmmn TOHEK BeTBNIEHHA.

VHTepecyiomuii Hac MPOrpaMMHBINA KO BRITJISUTMT CJIENYIOIAM 06pa3oM:

Nncrvnr 2.1 1. TeHepuposaHue N NBPEXBAT UCKIMOHSHUIA
#include <iostream>

#include <cstdlib>

using namespace std;

int main(){ '
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// VisMeHeHue KOIOMPOBKM. KOHCOJM:
system("chep 1251>nul");
cout<<"Pemenve ypaBHenus Ax = B\n";
// TlapaMeTpu ypaBHEHMSA:
double A,B;
// CuviTHBaHME 3HaueHMit Ljis NAPaMETPOB YPaBHEHUS:
cout<<"a = ";
cin>>a;
cout<<"B = ";
cin>>B;
// KouTpomupyemii BJIOK KOZa:
try{
if(al=0){
// TenepupoBaHME WMCKIDYEHUSA:
throw A;
}
1f(B!=0){
// TeHepUPOBaHME WCKIIOUCHMA:
throw "PeweHwuit Her";
}
cout<<"Pemeune — nwboe umcno"<<endl;
}
// OBpabBorTka UMCIIOBOTO UCKIIOUEHMS:
catch (double e){
cout<<"Pemenue ypaBHeHMA: "<<B/e<<endl;
b
// 0BpaboTka TEKCTOBOTO MCKIDYCHMA:
catch(char* e){
cout<<e<<endl;
}
// 3apmepxxa KOHCONBHOLO OKHA:
system("pause>nul");
return 0;
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B 3aBHCHMOCTH OT BBOAMMBIX 3HAYEHHIA, PE3YABTATH ‘BHITIOJTHEHHUA IIPO-
rpaMMBbI KQ4€CTBEHHO PA3JTHYHBI. Huxe nokasaHo, KaK BRITJIAAUT pe3yabrart
BBINIOJIHeHHSI TPOrpaMMbl, €CJIH AJIA NIapaMeTpa A BBOZMTCS HEHYJIEBOE 3Ha-
YEeHHeE:

Pe3ynuTaTt BLINOAHOHUA NporpaMMbl (3 amcTunra 2.11)
Pemenye ypaBHeHMs Ax = B

A =2

B =10

Pemenue ypaBHEHMA: 5

Ecsn 3HayeHue Ui apaMeTpa A HyJieBoe, a DK 3TOM NlapaMeTp B HeHyte-
BO#, pe3y/IbTaT MOXKeT OKITH CJIeYIOIHM: ’

Poe3ynuTar BLINONHOHUA nporpaMmul (s amcTmHra 2.11)
Pemenne ypaBHeHuAa AX = B

A=0

B=3

PemeHuit HeT

Ecu 3HaueHus 4151 060MX IapaMeTPOB HyJIEBbIE, Pe3YJIBTAT TaKOi:

Pe3ynsTar BLNONHeHUN NPOrpaMMsd (W3 nucTrira 2.11)
PemeHue voaBHeuus Ax = B

A=0

B=20

Pemenue — nn6oe uuCNO

IIpoaHanu3upyeM NIpPOrpaMMHBIH KOJ, BHIIIOJHEHHWE KOTOPOIO IPHBOAMT
K TAaKUM pe3yJIbTaTaM.

B nporpamMme ImocJjie CYMTHIBAHMS 3HAYEHHIA TIEPEMEHHRIX A U B, HAUMHaeT
BBHITOJHATHCA try-60K.

B sTOM 6710K€E B YCJIOBHOM OmEparope MpoBepsAeTcs ycjoBue Al=0, ¥ eciu
OHO HCTHHHO, KOMAHAOMH throw A reHEpHPYEeTCA MCKIIOYCHHE.

3HaueHue NIEPEMEHHOM A mepesiaercs B catch-610K, peqHasHaYeHHBIN Jyis
06paborku ombru (06Cy)aaeTC Aanee).
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@ HA BAMETKY

TeHepupoBaHMUe UCKNIOHEHUs O3Ha4aeT npexpalleHne BBINONHEHUS KO-
MaHA B try-6noke.

" Ecni omuGka He 6bU1a creHeprpoBana (4To, 0O4eBUAHO, IPOUCXOAMT NPH HY-
JIEBOM 3HAYEHWH NEPEMEHHON A), B UIPY BCTYNaeT CAEAYIOMUil yCAOBHBIIA
omeparop, B KOTOPOM TIpoBepsieTcst ycaoBHe B!=0. Ecam ycroBue HCTHHHO,
KOMaHJIOi throw "Pemenuit HeT" reHepHPYeTCs OIIMOKA C TEKCTOBBIM JIMTe-
PajIOM, KOTOPHIH npeaaercs B catch-6,10k Ay o6paborku ommbxu. Ho ecn
H 5T OIMOKa He TeHEPUPYETCSL, TO BHIMIOJIHAETCS KOMaH/Ia cout<<"Pemenue —
ym6oe umcio"<<endl. [TocKONBKY reHepupoBaHHe BTOPOii OIIMOKH BO3MOXKHO,
TOABKO €CJIN HE CTEHEPAPOBAIACH TIEPBast, TO OTCYTCTBHE CreHEPUPOBAHHBIX
omub0K 03HayaeT, 4To ofe mepeMeHHBIe A U B HMEIOT HyJieBhie 3HAYEHHS.
JpyruMu coBaMH, KOMaH/ZIa cout<<"PemeHue — ymo6oe uucno"<<endl BRIMOJI-
HSIETCA, TOJBKO €CJIM JUIS IEPEMEHHBIX A H B C K/IaBHATYPHI ObUIM BBEAEHDI
HyJIeBble 3HAUEHUSL.

Iocne try-610Ka onucansl gBa catch-610ka. B kaxaom catch-60Ke B Kpy-
TIBX CKOGKaX yKa3biBaeTcs:

® TUN 3HayeHHs, KOTOPHI HepeaaeTcss B catch-6i0k Aast 06paboTKH
omubKy;

® o6o3HaueHHe U TIEPEMEHHOM, B KOTOPYIO 3allMCHIBAeTCA (MM Yepes
KOTOpYIO epeiaeTcs) 3Ha4eHHe, NepeaHHoe B Koa 06pa6oTkn npu re-
HEePUPOBAHNH OIMHOKH.

TIpu renepupoBanuys omu6KH B try-6110Ke 1151 ee 06paGOTKY HCIOJIb3YETCs
TOJILKO OAMH U3 ABYX catch-6;10k08. Pemtenue 0 TOM, KaKOit HMEHHO, — NIPH-
HHMMaeTCsl Ha OCHOBE TUNA 3HaYeHHs], KOTOPOE Iepenaercs A o6paboTku:
THI TIEPeaBaeMOr0 3HAYEHUSI CPABHUBAECTCS C THIIOM, YKa3aHHKM B catch-
6n0ke. Bok ucronp3yercs st 06paboTkM omMOKM, €CAH THIB 3Have-
Huit (mepeaaHHoro st 06paboTKH M YKa3aHHOTO B catch-6i0ke) coBmana-
1oT. B nanHoM ciyuae ectb catch-6mok ans 06paboTku double-3HaueHus,
H catch-GJI0K 1 06pabGOTKH TEKCTOBOrO 3HayeHus (Tul char*).

R NOAPOBHOCTH

Mo ymonuaHuio TexcT B C++ peanmuayerca B BUAE CUMBOILHOIO MacCu-
8a — TO €CTb Maccusa, COCTOALIEero u3 cumeonos. CUMBONbHBIA TUN —
370 TR char. CUMBORNBHLINA (1 HE TONLKO) MACCUB NEPeRaAeTCA B PYHKLMK
", B YaCTHOCTH, B catch-GNOK yepes ykasaTesb Ha CBOM NEPBLIA 2NEMeHT.
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Yxasarens — 370 NepemeHHasi, 3Ha4eHuem KOTOPOW, ARNRETCS, anpec
[pyroit nepemeHHoi. M03TOMy MaccuB (aKTMHECKU MEpPeaaeTcs ye-
pe3 agpec CBOEro NepBOro SMeMEHTa (KOTOPHIA RBNAETCH 3HAYEHUEM
TMNa char). 4106b1 NOKa3aTh, 4TO B catch-6nok nepepaeTcs appec char-
3MEMEHTA, 4 HE CaM char-3NEMEHT, B ONucaHum catch-6noka B naeHTudu-
KaTope TMNa MCNoNbL3YETCA 3Be3A04Ka *, 2 BCS UHCTPYKUMA, UaeHTUhNLK-
pYIOWwan TUN NepeaaHHoro B catch-610K 3Ha4EHUR, BLIFMAAWT KaK char*,

B catch-60ke 1151 06paboTku onmbKy ¢ nepenayeii double-3HauyeHUA Depe-
XBaTHIBAaeTCs MepBasi omuOKa (KOTOpas reHepupyeTcs: KOMaHAOM throw B).
B atoM Gioke 1oz e noApa3yMeBaeTCs NepeaaHHoe B GIOK 3HayeHne — TO
ecTb 3HauyeHue nepeMeHHoi A. IloaToMy npu BEIMUC/IEHUN 3HA4€HUs BbIpa-
JKeHUs B/e Ha caMOM JeJie BRIYHMCISIETCS] 3HAaYE€HUE BHIPAXKEHUS B/A.

B catch-6s0Kke /st 00pabOTKM MCKJIIOUEHMSI C mepefader char*-3HaYeHHs:
IlepexBaTHIBAETCA BTOpad OmubKa (CreHepHpOBaHHAs KOMAHIOHW throw
"Pemenuit ner"). B aTOM OJ0Ke 3HAYEHMEM NEPEeMEHHON e SBJSETCS! TEKCT
"PemeHwit HeT" (Ha CAMOM JieJie 3HAYEHUEM e SIBJISIETCS YKA3ATENb Ha JIUTe-
paJt "Pemexmt HeT", HO B JAHHOM KOHKPETHOM CJIy4ae 3TO He CTO/Ib BaXKHO).
HosToMy npu BhImOHEHMU KOMaHAB! cout<<e<<endl B KOHCOJBLHOM OKHeE
0TOOpAXKAETCSI UMEHHO YKa3aHHBINH TEKCT.

UHcTpyKuusa 6e3ycnoBHOro nepexoaa

Kax He60J1pI11y10 MILTIOCTPAIHIO cKopee K THOKoCTH s13bika C++, yeM K Ipak-
THYeCcKoli CTOpPOHE POrpaMMHPOBAHKSA, PACCMOTPHM IIPHMED, B KOTOPOM 3a-
7iaya O BHIYHCJIEHMH CYMMBI KBaJIpaTOB HATYPAJIbHEIX YUCEJ PEIHaeTCs ¢ 1o-
MOIIBIO UHCMPYKYUY DE3YCI08HOZ0 NEPexooa goto.

@ TEOPMUA

MUHCTPYyKUMs goto NO3BONAET NEpeaasarth ynpasneHue B onpeaeneHHoe
MeCTO NPorpaMMHoro koaa. Mecto B NporpaMMHOM KOAE FOMEeHaeTca
MEeTKO#M’, U 3Ta METKA YKa3biBAeTCA NOCNEe UHCTPYKUUK goto.

Metka — O6bluHBIA uaeHTUDUKATOP (Ha3BaHWe BLIGUPAETCH NPOW3-
BONbHO C YYETOM HANIMYUA 3ape3ePBUPOBAHHBIX KIMOYEBbIX cnoa) nocne
KOTOPOro CTaBUTCH ABOETOUME. :
Wcnons3oBaHne MHCTPYKLUUKU goto B npOI‘paMMHOM Kop.e MHOrMMM npo-
rpaMMnCcTamMm CHUTAETCA HeuenecoobpasHbiM.

PaccMOTpHM nporpaMMHBIi KOA, NpeCTaB/IeHHbIN B AucTHHTe 2.12,
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JucTunr 2,12, UucTpyxums Gei'ycno-uoro nepexona
#include <iostream>
#include <cstdlib>
using namespace std;
int main{() {
// ViaMeHeHue KOOUPOBKYU KOHCOJM:
system("chcp 1251>nul");
// lenouncrnenHue nepeMeHHHe :
int n=10,s=0,k=1;
start: // Merxa
st=k*k;
if (k<n)
k++;
/{ Tlepexon x MecTy, 0BG03HAYEHHOMY METKO :
goto start;
}
// OrobpaxeHue pesyNbTaTa BHUMACIIEHWIA:
cout<<"CyMMa KBampaToB umcen oT 1 1o nn<<t; "<<s<<endl;
// 3anepxKa KOHCONLHOTO OKHa: »
-system("pause>nul");
return 0;

}

Huxe npeaCTaB/ieH PE3YyJIbTAaT BhIMIOJTHEHUS TPOTPAMMEBILL

Pe3ynuraTt BuNONHGHUA NPorpammsl (M3 NnUCTHHra 2.12)
CymMa KBampaToB umcen of 1 mo 10: 385

B nporpamme 06bsIB/IEHBI TEpEMEHHBIE n CO 3HAYeHHEM 10 (BepXHsIst PaHH-
L[a CYMMBI), s CO 3Ha4yeHMeM 0 (MepeMeHHass IJIs 3allHCH CYMMBI KBaJpaToOB
4ucen), k Co 3HaUeHNEM 1 (aHAJIOT HHAEKCHOH nepeMeHHOi ).

ITepen xomaHno# s+=k*k ykasaHa MeTKa start. [Ipu mepBoM BHITIOTHEHAK
KOMaH/Ibl S+=k*k HaITH4YMe METKM HUKAK He CKasbiBaeTcsa. ITocie BBIMOMHe-
HMA KOMaH/bI B YCJIOBHOM OliepaTope NpoBepseTcs ycjoBue k<n. Ecau ycno-
BHe MCTHHHO, KOMAH/JOH k++ 3HaYEHHE MEPEeMEHHO k yBeIMYMBAeTCsA Ha
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E€AHHHILY, 2 BCJICACTBHE BBIMOJHEHHA HHCTPYKUMHU goto start ynpaB/ieHue
NEPEXO/HT K KOMaH e, IOMeYeHHOM MeTKOM start — TO €CTb CHOBa BHITIOJTHSI-
eTcs KOMaHia s+=k*k, TI0CJI€ YeTro BBIIIOJTHAETCS YCJIOBHBIH ONEparop, H Tak
Iasnee. Ecin nipy npoBepKe YCJI0BUS k<n B YCJIOBHOM OIlepaTope OHO OKAXKeT-
CS1 JIOXKHBIM, TO HHCTPYKLIHA goto start He BHIIOJHAETCS, a BHMIIOAHACTCA
KoMaHJa cout<<"CymumMa KBagparToB uucesn oT 1 go "<<n<<": "<<s<<endl no-
CJIe YCJIOBHOTO ollepaTopa.

3anaum AN CaMOCTOSTEJIbHOrO pelueHnus

1. Hanwnmmurte nporpaMMy il BEIYUC/IEHHS CYMMBb! HEYETHBIX HaTypasib-
HBIX YHCEJ C HCIIOJIb30BAHHEM OfiepaTopa for.

2. Hanumure nporpaMMmy JUIst BRIYHCICHHSA CyMMBbl YETHBIX HaTyPalbHBIX
yuces ¢ UCIIOJIb30BaHNEM omniepaTopa do-while.

3. Hanwmure Takyio nmporpaMMy: IOJIb30BaTeJIEM C KJIABHATYPhI BBOAUTCS
LIEJI0€ YKCJIO, 2 IPOrPAMMOI 0TOOPaXKAIOTCS BCE YMCJIA, Ha KOTOPHIE JaH-
HO€ YHCJIO IENUTCS €3 OcTaTKa.

4. Hanummure nporpaMMy A BRIYUCTIEHHS HAaUGOIbIIEro 0OMIero feuTe-
Jis1 ABYX YHCeL ,

5. Hanmmure nporpaMMy J1Jisi BHIMHCJIEHHS 3HaYeRUA HaTyPaJbHOTO JIOTa-
pudma In(1 + x) = x — (*/2) + (2%/3) - (x'/4) + ... + ((- )" ") /n.

6. Hamummre nporpaMMy i BHYMC/IEHHS 3HAYEHMS CHHyca
sin(x) =x — (F/31) + (&°/51) — (£ /71) + ... + ((- 1) H/(@n + D).

7. HamumwuTte nporpaMMy /Ui BHUMCJIEHHMS 3HauyeHHS KOCHHyca
cos(x) = 1 — (x*/21) + (2'/41) - (2°/6)) + ... + ((— 1)"¢")/((2n))).

8. Hamumure nporpaMMy s BHIYMCJIEHMS - 3HAYEHMS mnep()onme-
ckoro cutyca sh(x) = (exp(x) — exp(— x))/2 = x + (:*/31) + (x 3/51) +
@ /M) + .+ 2 (20 + D). ,

9. Hanwnumre nporpaMMy VISl BRIYHCJIEHWS 3HAYEHUA mnepéommecxo-
ro Kocmiyca ch(x) = (exp(x) + exp(- x))/2 =1+ (@P/2) + (x /4!) +
(/61 + .. + 2" /((2m)).

10. Hamummre nporpaMMy JUisi - BBIYMICJICHHS ~ 3HAY€HHA - nbxpameﬂm
(exp(x) — 1)/x =1+ (x/21) + (#/31) + (P /4) + ... + 2 /((n + 1))).

11. Hanuurute nporpaMMy UIs pellieHHst YPaBHeHHUs BUa Ax = B, ucnoun-
3y BJIOXKE€HHBIE YCJIOBHbIE OIIEPATOPHI.

12. Hanmmire nporpaMMy AA pellleHHs YPaBHEHHS BUAa Ax = B Ha MHO-
JKeCTBe HeJIHX Yucel: mapaMeTpsl A H B ABJIAIOTCA HENHIMH YHC/IAMH,
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H pellleHHe X TaKXKe JO0/DKHO OBITh LeJIbiM YHCIOM (MHAYe [0JIaraeM, 4To
peneHyi HeT).

13. Hanvmyre nporpamMMy JUIst HAXOKTeHust (B Npefesax nepsoit coTHH)
TaKHX LEeJOYMCTIEHHRX NAPaMeTPOB 4, b ¥ ¢, YTO BRINOIHAETCS PaBeH-
crBo @ + b° = ¢’ (uanpumep, 3° + 4% = 5?). Jlns BouMcHeHus KBaJipat-
HOTO KODHS MOXET HCIOJIb30BaThCs PYHKIMA sqrt () (ZOCTyNMHa mocJie
TOAKJIOYEHHS 3ar0JI0BKa <cmath>).

14. Hanumvre nporpaMMy /UIsl pemieHHsi KBaJIpaTHOTO YDaBHEHMS BHAA
Ax’ + Bx + C = 0 (npeanoxuth pasHbie METO/IbI PEIIEHHS 3a5a4H).

15. Hanmmure nporpamMmy ¢ GyHKUHEH, KOTOpas A/Isi CBOETO [e/I0UMC/IEH-
HOTO apTyMeHTa BO3BpalliaeT pe3yIbTaTOM CyMMY AeuTesieit (CyMMa 1H-
ceJ, Ha KOTOPBIE YHCJIO-aPTYMEHT AeIuTCs 6e3 0cTaTKa).

16. Hanmmure nporpammy (¢ HCIIOJIb30BaHUEM OmepaTopa switch), B KOTO-
poii AJig BBEAEHHOTO I10Jb30BaTeieM uKcia (B guanasode or 1 ao 10)
MpoBepAeTCs, ABIAETCA JH OHO yucioM PuboHayyn (ogHO U3 yucen 1,
2, 3, 5 u 8). Ilpeanoxure abTepHATUBHBIE CIIOCOOB! OPraHM3alMH NPO-
rpaMMHOTO KOJa.

17. Hanuure nporpaMMy, B KOTOPO# CO3/1a€TCs M 3aII0NHSIETCS CIy4aiHbl-
MM YHCJIaMH MacCHB. 3aTeM MacCHB COPTHPYETCH B HOPAAKE yOnBaHus
3HaYEeHWH 3JIeMEHTOB.

18. Hanunmre nporpamMmy, B KOTOPO# CO3AA€TCS YMCI0BOI MaccuB, Maccus
3aMoJHseTCA CaydaiiHhMu yucaaMu. Heo6xonquMo uaMeHHTh NOPAAOK
3JIEMEHTOB B MaccuBe (YTOObI TIOCJAEAHMI JIEeMEHT CTaJl IEPBRIM, TIpef-
HOCJIEAHHI — BTODPBIM, H TaK Jiajiee).

19. Hanumure nporpaMmy, B KOTOPO#t CO3a€TCs YHUCJIOBOI MACCHB M 3a110J1-
HSETCS CJIyYaiHbIMK LEeJBIMH YMCJIAMH. DJIEMEHTH MacCHBa AOJLKHHBI
GBITb YIIOPAZOYEHBI CAEAYIOIIAM 06pa3oM: CHavasa CAeAyIoT B HOPS/Ke
BO3pacTaHHs HeYETHbIE 3HAUYEHMS, 2 3aTEM B IIOPS/IKE BO3PaCcTaHMsI CJie-
AYI0T YeTHble 3HaueHns. Hanpumep, eciu cHavand B MaccuBe OBLIH 3J1e-
MEHTHI CO 3Ha4YeHUsIMH 7, 2, 5, 1, 8, 4, To mocste yIopsaa0YeHUsT JO/KHEI
TOJIy4HTh HOC/IeZ0BaTeabHOCTh 1, 5, 7, 2, 4, 8.

20. Hammuure nporpamMmy, B KOTOpo# CO34a€TCsA YUCOBOM MAaCCHB ¥ 3aN0N-
HAETCSA CAYYaMHBIMH I[EJILIMH YHCJIaMH. DJIEMEHTHl MAacCHBAa AOJDKHBI
GBITh YIOPSAOUEHb! CEAYIOmMM 00pa3oM: CHaUAIA CIEAYIOT B TIOPSAKE
yOBIBaHMs YeTHBIE 3HAYEHHSI, & 3aTEM B NOPSIAKE BO3PaCTaHUs CICAYIOT
HeyeTHbIe 3HauyeHusi. Hanpumep, ecoim cHavana B MacCHBe OBLIH 3/1€MEH-
THI CO 3HaYeHUAMH 7, 2, 5, 1, 8, 4, To mocJie yIopsIO4EH s OJDKHEI 110~
JIYYWTb NIOC/IeIoBaTeNnbHOCTD 8, 4, 2, 1, 5, 7.
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YKASATEJIU, MACCUBbI U CCbUIKH

— JTOT THII MPOTHBEH MHE TAaK Xe, KaK
n tebe. ‘
— Hy, xoHeuHo, 51 caM cebe IPOTHBEH.

u3 x/¢p «HMponus cyovbut,
unu C nezxum napom»

B 3T0ii r71aBe paccMaTpUBAIOTCS IIPUMEPHI M 33Ja4YH, CBA3AHHbIE B OCHOBHOM
C UCITIOJIb30BAHUEM yKa3ameneti i MaCCUBOB. Mbl, KpoMe IpOYero, y3HaeM:

® KaK CO3/Jal0TCSI ¥ I'/I€ HCTIOJIB3YIOTCS YKa3aTeJlu;
® YTO CBSI3BIBa€T MACCHBLI M YKa3aTeJH;
® YyeM CebiKa OTIINYAETCA OT YKa3aTess;

® KaKOBbI OCOGEHHOCTH CHMBOJIBHBIX MACCHBOB M KaK C MX IMOMOIIbIO p€a-
JIU3YETCA TEKCT,

® KaK AMHAMHYECKH BBIACACTCA NaMATb IO/ ITEPEMEHHBIC H MaCCHUBBI;

® KaK co3Jaercs nByMepnmﬁ MacCCHB,

a TaKoKe TIO3HAKOMMMCS] M HEKOTOPBIMM PYTHMH OCOOEHHOCTSIMH Peau3a-
I[UM yKa3aTeJei, CChUIOK U MacCHBOB B C++. "

3HaKOMCTBO C yKa3zaTtenamMmm

Yxasamenv — niepeMeHHas1, 3Ha4€HUEM KOTOPOit ABJSIETCS aJipec APYToii Ie-
pemennoit. Eciu 0ObIYHast epeMeHHasi MO3BOJISIET MOKYYUThb AOCTYH K 00-
JIaCTH HAMSATH N0 UMEHH NEPEMEHHOIl, TO yKa3aTeb MO3BOJISET HOMYYHTD
IOCTYM K 061aCTH NaMSATH 10 afipecy. ITU ABa crocoba 0OpaIeH ST K OFHOM
U TOi e 00/IaCTH HAMATH MOrYyT KOMOWHMPOBATBCS M KCIIONB30BaThCS
OZHOBpeMeHHO. B paccMaTrpuBaeMoOM Aasiee mpuMepe CO3JAIOTCA JBe Tmepe-
MEHHBIE, HO AOCTYII K HIAM /I IPHCBANBaHMsI 3HAYEHUH BHIIIOJIHAETCS] C 110-
MOIIBIO YKa3areJeil.
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& TEOPMS

Yxasarens 06bABNSETCA Tak: 3343€TCH TUM 3HAYEHWA, HA KOTOPOE OH
MOXET yka3nigaTh, a nocne naeHtTudukaTopa Tuna pasMeLLaeTcs 3ees-
Aouka *. Jlanee TpaguUMOHHO CNeflyeT uMs ykasaTtens.

Yro6ul noAy4uTL aapec nepeMeHHon (00biuHON|, He ykasaTtens), nepen
VMeHEeM NepemMeHHOoi pasMeLwaloT &. YTobsl NoNyYnTh 3HAYEHNE nepe-
MEHHOW, aApec KOTOPOK 3anncaH B ykaszartene, nepea uMeHem ykasare-
IS CTaBAT *.

B nucrtunre 3.1 npezacrasiieH He6OIBIIOH TPOTPAMMHBII KO/, B KOTOPOM HC-
TOJIB3YIOTCS YKa3aTesiu.

JinctuHr 3.1. 3HAKOMCTBO C YKa3aTensmm
#include <iostream>
#include <cstdlib>
using namespace std;
int main(){
// V3meHeHue KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// CvmBonbHas nepemeHHad:
char symb; '
// lenouncleHHaAa NepeMeHHas:
int num;
// YkazaTenp Ha CHMMBOJIbHOE 3HAYEHUE:
char* p;
// YrazaTesnb Ha UEJIOUUCIIEHHOE BHAUEHME:
int* q;
// BHaueHMe ykasaTens p - ampec NEpeMEHHoH symb:
p=&symb;
// 3HaueHme ykaszaTens q - énpec NepeMeHHO! num; .
g=&num;
// 3HaueHMe nepemeHxoit symb npucBamMBaeTcs
// uepe3s yka3sarenb Ha Hee:
*p='A";
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// SBhaueHve NepeMEeHHO} Num NPUCBaUBAETCH
// uepes ykasaTenb Ha Hee: '
*q=100;

// TipoBepseTCs 3HaueHMe MepeMeHHO symb:
cout<<"symb = "<<symb<<endl; o
// TipoBepseTca 3HaueHMe NEpEeMEeHHO num:
cout<<"num = "<<num<<endl;

// 3amepxka KOHCONBHOTO OKHa!
system("pause>nul");

return 0;

}

Hwke npuBeieH pe3yIbTaT BHITOJTHEHUS IPOrPaMMBL

Pe3ynuTaT BuINONHEHUA NPOrPaMMbl (U3 AMCTUHIE 3; 1)
symb = A

num = 100

KoMmanziaMu char symb ¥ int num B IpOorpaMme COOTBETCTBEHHO OGBABIAIOT-
Cs1 CUMBOJIbHAS TIEPEMEHHasi symb (3HAYEHHEM MOXKET OBITh CUMBOJI — OAHM-
HOYHBII CHMBOJ 3aKJI0YAETCS B OJJMHAPHEIE KaBbIYKK) H LIEJIOYMCIICHHAS
nepeMeHHast num,

VYkasarenb p Ha CHMBOJIbHOE 3HayeHME OOBSABJSAETCH KOMaHAOM char* p.
Ykasatenb p, TAKHM 06pasoM, MOXKeT COZiep)KaTh 3HaYeHHeM afipec NepeMeH-
HOM THNA char. 3HaYeHHe YKa3aTesio p NPUCBAUBAETCS KOMaHnbﬁ p=&symb,
TaK YTO B Pe3yJLTaTe 3HAYCHHUEM YKA3aTeJs p ABJIAeTCA aapec NepeMeHHOH
symb. AHAJIOTHYHO OOCTOST Jlefia C YKa3aTeneM q Ha HeJIOYHCJIEHHOE 3Have-
‘HHe. YKa3aTe/b O0bABIAETCS KOMaHAOM int* g, a 3HAYEHHE YKa3aTeo NPH-
CBaWBaeTCs KOMAH/IOH g=&num, B PE3YJIETaTe 4ero 3HAYeHMeM yKasaTels g
SABJISIETCS afipec nepeMeHHOH num.

(@ HA SAMETKY

3HaueHus ykasarensim p U g NpUcBamMBaloTCA A0 TOro, Kak NepeMeHHbIM
symb U num GLINU NPUCBOEHLI 3Ha4eHus1, Mpolue rosops, 4robel ykasare-
N0 NPUCBOUTL 3HAYEHUEM afapPec NEePEeMEeHHON, AAHHOK NePeMEeHHON
coBCeM Heobs3aTenbHO NpucBauMBaTh 3HaveHus. JOCTaToyHO, YTOGb
nepemeHHas cyuiecrsosana (To ects Hbina o6vasnexa). MpuunHa B TOM,
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4TO yKasaTemo HeobXoaUM TONbKO aapec NepeMeHHON, KOTopLIA y Hee
nossasercs npy O6LRABAGHUM,

EcCnv 3Ha4eHNEeM yKasaTens ABASeTCA aapec HeKOTOPOWH oﬁnacm nams-
™, TO Gyaem rosopuTh, YTO yKasaTesb CCbiNaeTca Ha 3Ty obnacts, unm
4YTO OH YCTaHOBJIEH Ha 3Ty 0611aCTb.

3HaueHHs nepeMEeHHBIM symb M num IPHCBAMBAIOTCS Yepe3 yKa3aTeqH. SHa-
YeHHe TePeMEeHRO# symb IPUCBANBAeTCsS KOMAHAOH *p="'A". JHaYeHue nepe-
MEHHOI num NpUCBAUBAaeTCA KOMaHAoN *q=100. MuI ywin, yTo A5t AOCTyma
K 06712CTH IaMsATH, Ha KOTOPYIO YCTAHOBJIEH YKa3aTeIb, Iepe/l HMEHEM yKa-
3aTesis cleAyeT HOCTaBUTH 3Be3nouKy *. Ilocne npucBauBaHMs 3HaYeHHI
TepeMeHHRIM symb H num MBI IIPOBepsieM 3HAUYEHHS TepeMeHHBIX KOMaHAAMH
cout<<"symb = "<<symb<<endl # cout<<"num = "<<num<<endl, COAEPXKAMMUMHA
ABHOe oOpaIleHHe K IepEMEHHBIM symb M num.

Maccusbl n ykasarenu

Crnenyiomuii npuMep WUIIOCTPUPYET CBA3b MeXAY MacCUBaMHM M yKa3are-
JISIMH. ’

@ TEOPUSRA

ECTb HECKONBKO BaXHbBIX $HaKTOB N0 NOBOAY MACCHUBORB (Mbl NOKa 06CYX-
haeM OQHOMEpHbLIe CTaTudeckne MacCUBLl) U ykasaTteneit. Bkparue BoT
OHM: ’
¢ Mpu o6bABREHWU MACCHMBA MECTO NOA €ro 3NEeMeHTbl B NaMATK Bbi-
AENKeTCH TaK, YTO INEMEHTLI PACNONOXKEHB OOUH 38 APYTM.

* iMA MaccuBea ABNKETCA yKa3aTeneM Ha ero Nepsbiii INeMeHT.

¢ K yxazarensm MOXHO NpubGaBnaTb M OTHUMATbL OT HUX LeNbie Yucna.
Pe3ynbratoM AIBNSETCA yKA3aTesb, CMELLEHHbIA OT TeKyllero ykasa-
Tens Ha COOTBETCTBYIOWBe KOMMYECTBO sUeeK NaMaTu (B8 Hanpaene-
HUU YBENMMEHNA U YMEHbLLUIeHWUS aapeca).

¢ Pasnuueit AByx ykasarenei (0AHOro Tuna) ABAKETCH uenoe 4Uucno,
onpepensiollee KOMMHECTBO NO3ULMIA (RHeeKk) Mexay sueiikamu na-
MATU, HA KOTOPbIE CChINAIOTCA yKa3aTenu.

* Yxasatenn MOXHO MHAEKCUPOBATL (MHOEKC YKa3biBaeTCa B KBaapar-
HbIX cxoBKax nocne UMeHn ykasatens u Gopman-Ho Moxer GbiTb
oTpMuaTenbHbiM). 3HAYEHW® MHAEKCUPOBAHHOrO yKasarens — 370
3Ha4eHue B AYenKe, KOTOPas OTCTOUT OT AAHHOIO YKa3aTesns Ha Konu-
YeCTBO NO3NLKA, ONpeaenftemMoe HHAEKCOM.

Pe3loMe AOCTaTO4HO NPOCToe: 06paLieHne K aNeMeHTy Maccusa npea-

craensieT cOBOU onepaunio UHAEKCMPOBAHUA YKa3aTens.
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B nuctunre 3.2 npeAcrassieHa MporpaMMa, B KOTOPOil CO3aeTCA CHMBOJIb-
HbII MacCHB H 3aNOJIHSETCA 3HaueHUAMH. TIpH 3TOM B 3HaYNTeNbHOM cTere-
HH MCTIO/B3YIOTCS YKA3aTeNn. '

Jinctunr 3.2. Maccussl v yxasatenm

#include <iostream>
#include <cstdlib>

using namespace std;

int main () {
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// VismeHeHue KOAMPOBKM KOHCOMM:
system("chcp 1251>nul");
// Pasmep Maccuea:
const int size=12;
// VHOeKCHas NepeMeHHad:
int k;
// Coapanue cnméonbuoro MaccuBa:
char symbs[size];
// YkasaTenu Ha CUMBOJIbHHE BHAYEHMA:
char* p;
char* q;
// YxazaTens Ha NMEpBEV 3IEMEHT MAcCMBa:
p=symbs;.
// 3HaueHue NEpBOTO 3JIEMEHTA MaCCHBA:
p[0]="A"
// YxasaTenb Ha NOCNENHMA 3NEMEHT MacCKBA:
g=&symbs[size-1];
// KonmmMueCTBO MO3MUMIA MEXZY NEpPBEM
// v nocnemuuM 3JeMeHTaMM MACCHMBA‘:
cout<<"Mexny nepemM u nocnenﬂnuyaneMeHTauu "<<q—p<<"'noauﬁuﬁ\n";
// 3anonHeHMe MaccCHBa 3IHAUSHMAMM: '
while (p!=q) {
/! YxasaTene Ha cnenynmuﬁ‘sneueﬂrz
ptt;



Yxasatenu, MacCHBbI 1 CChIKN

// BuuMCTEHME 3HAYEHMA SNEMEHTA MaCCMBa:
*p=p[-1]+1; ‘
1
cout<<"dnemeHTH MaccuBa\n| ";
// OrTobpaxeHuMe COHEPXUMOTO MacCHUBa:
for (k=0; k<size; k++) {
cout<<symbs[k]<<" | ";
}
cout<<"\n3nemeHTu B oBpaTHOM mopsanke\n | “;
// OToGpaxeHue COOEPXMMOTO MacCuBa B oGpawaom nopznxe.
for (k=0; k<size;k++) {
cout<<g[-k]«" | ";

}

cout<<endl;

// 3amepxka KOHCONBLHOTO OKHa:
system{"pause>nul");

return 0;

}

Peaynbra'r BBINTOJTHEHHUS IPOTrPAMMBI NPERACTABJIEH HIXE:

Pe3ynsTar BhiNONIHeHUS NPOrpaMMbl (M3 nMcThira 3.2)

Mexmy NepBHM u MOCTEIHMM 3J1eMeHTaMu 11 nozmumi

SneMeHTH MacCHUBa
|AIB|ICI|IDIE|IFIG|IHITIIJI|IKI|LI

JneMeHTH B OGPaTHOM nopanxé

| LIK}JI|II}JH|G|FJ|]E|D]|]C]BY{A]

B nporpamme o00BsBAsSETCS LEAOYMCIEHHAs KOHCTAaHTa size, OIpene-
JAI0Mas pasMep CHMBOJBHOTO MacCHBa, KOTOPBIH Co3fiaeTcs KoMaHAOH
char symbs([size]. Takxe B nporpamMme 0OBsBASIOTCS B2 CHMBOJIbHEIX yKa-
3arens p M q (KOMaHARI char* p M char* g). Ykazarenio p 3Ha4yeHHE NpH-

CBaMBaeTCss KOMaHJOH p=symbs. HOCKOJIBK}’ HUMs1 MaCCHBa ABJSCTCA CChLI-
Ko# Ha nepnmifl 3JIEMEHT MACCHUBA, TO NIOCJIE BHITOHEHUS NaHHOH KOMaHIbI
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yKa3aTeslb p CChUIAETCSA Ha HEPBBIil a/eMeHT MaccHBa symbs. Komanzoit
pl0]='A' nepBoMy 3JIEMEHTY MacCHBa symbs npﬁcsauBaeTCﬂ 3HaueHue 'A'.
Tak npoHCXOAUT B CHIY NpaBiJIa HHAEKCHPOBaHMs yKasareaei: p[0] npex-
craBjsieT co6oii 3HaueHue 06J1aCTH TaMsITH, KOTOPasi OTCTOMT Ha ( NMO3HIui
OT si4eiiKH, Ha KOTOPYIO CChUIaeTcs yka3sareb p. Ilockobky Ha MOMEHT Bbi-
MTOJIHEHMS IIPOrPaMMbl yKa3aTesib p COAEPKHT 3HAaYCHMEM aapec HepBOro
3jieMeHTa MaCCUBa, TO UMEHHO 3TOT 9JIEMEHT NOJy4aeT 3HaueHue 'A’.

3HaueHMe YKa3aTeqo g IPUCBAaNBAETCA KOMaHAOM g=&symbs [size-1]. Ilo-
CKOJMBKY symbs [size-1] eCTh HH YTO HHOE, KaK MOCJIEAHHIT 31eMEHT Mac-
cuBa symbs, TO &symbs[size-1] — aapec nocnézmero 3JIEMEHTa MacCHBaA.
Taxum 06pa3oM, 3HaYE€HMEM yKa3aressd q SBJISETCS afpec MOCTEeRHEero
3jileMeHTa MaccuBa. EC/iM BBIYMCIMTD Pa3sHOCTb yKasareseil q-p, To pe-
3yJbTaTOM nony‘mm KOJINYECTBO NO3HUIMH MEXAY HOCHEAHUM M TIEPBHIM
aMeMeHTaM# MaccuBa. /laHHOe 3HaYeHHe Ha eAHHUILY MeHbIIIe JJIMHBI Mac-
cuBa (M B JaHHOM KOHKDETHOM CJIy4dae paBHO 11 HOCKOJBKY B MaccuBe 12
3JIEMEHTOB).

i 3ano/HeHHst MACCHBa 3HAYeHUAMH 3aITyCKaeTcs OnepaTop HUKJIa while.
B oneparope npoBepsieTca yCIOBHE p!=q, KOTOPOE COCTOMT B TOM, YTO 3Ha-
yeHHs yKasaTeJieii p u g pa3yinyHbl. B Tese oneparopa Hukia koMaHaoM pt++
onepanus HHKpEMeHTa IPHMEHAETCA K yKasareno p. JlaHHas xoMaHaa 3K-
BHBaJIeHTHa KoMaHzie p=p+1. [IpuGaBiieHue K yka3aTesio eJMHALbI JIa€T B pe-
3yJIbTaTe yKa3aTeJb, KOTOPHIH YCTaHOBJIEH Ha cocefHIo stueiky. [Tockoib-
Ky B MacCHBE 2JIeMEHTHI B TIAMSITH PaciioyIoKeHbl NIOAPAL OJIMH 33 APYTHM,
TO TIOCJIE BHITIOJIHEHMSI KOMAHJBL p++ yKa3aTesb p OyAeT CChUIATHCA Ha CJie-
Ayouuii anemeHT B MaccuBe. KomaHo#t *p=p [-1] +1 BEIYUCJIETCA 3HAaYeHHE
aJieMeHTa MaccuBa. B sieBo#t yacTH KOMaHZAbI CTOMT BhIpPa)KE€HHE *p, SIBJIAIO-
1Teecst 37IEMEHTOM MAacCHBa, Ha KOTODHIH YCTaHOBJIEH yKa3aTenb p. Burpaxe-
HHeE p[-1]+1 B PaBOi YaCTH COMEPKUT MHCTPYKIMIO p{-1]. DTO 3HaueHHUE
3JIEMEHTa, KOTOPHI HAXOAUTCA Ha OAHY NO3MINI0 Hasaj (B HaNmpaBieHNU
yMeHbIIeHUs aJipeca) O OTHOIIEHHIO K 3JIEMEHTY, Ha KOTOPbIi YCTaHOBJIEH
ykasartenb p. [Ipome roBops, 1ist onpeneseHus 3Ha4eHUs 3J€MEHTa, Ha KO-
TOPHIif YCTAHOBJIEH YKasaTeJb p, Gepercsi 3HaueHue npem,mymero 37IeMEeHTa
H K HeMy IIprOaBIIsieTcst eUHMIIA.

(@ HA 3AMETKY

CnepnyeT 3aMeTUTL, YTO 3HAYEHUAMWU SIEMEHTOB MaCcCHBa symbs ABARA-
I0TCH cMMBOnbI. Onepauun npuGasneHns K CUMBOY Yicna obpabarhi-
BaeTcA Tak. bepercs kop cMMBONA B KOAOBOK Tabnuue v kK Hemy npu-
Gaensetcn uucno. Ecau pesynasrat HeoBX0AUMO MHTEPNPETUPOBAaTL Kax
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CUMBON, TO NONYYEHHOE HYUCNOBOE 3HAYEHUE CTAHOBUTCA KOLOM B KO-
noso# Tabnuue, No KOTOPOMY U BO3BPAaLLIRETCA CUMBON. B utore npu-
GaBneHue egMHULLI K CUMBOAY AAET PE3yNLTaToOM CReaylowmii CUMBON
B KOAOBOH Tabnuue (ecam peub naer o 6yksax, To nosyyaem CReayIouLyio
6yksy B andasure). ‘ .

Taoke CTOUT HaNOMHWUTb, Y4TO MHCTPYKUMA \n ABNSIETCA KOMAHANO0#M nepe-
XoAa K HOBO# cTpoke nNpu oToGpaxeHnn Tekcra.

Taxum o6pasom, Kax/iblii pa3 NP BHINOJHEHHH OfHOTO IIHKJIA YKA3aTelb p
CMEMIaeTCsA BIIPABO HA O/(HY IO3MIHIO, H 3TO OyZeT NMPOAO/IKATHCA AO TeX
Nop, MOK2 YKa3aTeJlb p He CTAaHeT PaBHBIM YKa3aTeNio q Ha IMOCTeHHH dJ1e-
MEHT MaCCHBa.

Jnst orobpaxkeHHst COAEPKUMOro MacCHBa (TIOCJIE ET0 3ANOTHEHHS ) HCIIOIb-
3yeM OOBIYHBII UKJI, B KOTOPOM OOpalleHHe K 3/IeMEHTaM MacCHBa BhIliOJI-
HseTcs MOCPeACTBOM MHAeKca. Eme B 01HOM omepaTope I{MKJIA 3HAYEHUS
3JIEMEHTOB MACCHBA O0TOOPaXXaloTCs B OOPATHOM TMOPSAKE: C KOHIA MACCH-
Ba B Hayasio. B aToM oneparope nuKka MHAEKCHAs IEPEMEHHast k mpoberaer
3HayeHM# OT 0 10 size-1, a oGpalieHne K 3IeMEHTaM MACCHBA BHIIOIHSETCS
B BuAe q[-k]. HamomuuM, 4yTO q — yKa3aTesp Ha NIOCJIEHHI 37IEMEHT Mac-
CHBa, a TorAa q[-k] mpeAcTaBasieT cobOM 3HaYEHHE IIEMEHTAa MacCHBa, KO-
TOPHIif CTOMT Ha k NO3HIUI BJIEBO OT NOC/IEAHETO 37ieMeHTa. B pesysbrare
noy4yaeM nepeGop 37IeMEHTOB MacCHBa B 0OPaTHOM IOPS/KE.

3HaAKOMCTBO CO CCbUJIKaMM

Jins WUToCTpauuu 0cOOEHHOCTEH UCTIOAb30BAHMS CCbLIOK PACCMOTPHM CO-
BceM HeOOJBIIO#H MpUMep, TIPE/ICTABJIEHHBIH B JiHcTHHTE 3.3,

JNucTumr 3.3. IHAKOMCTEC CO CCuNKaMu
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// Vi3MeHeHMEe KOZMPOBKM KOHCOJIMA:
system(fchcp 1251>nul®);
// uenoumclieHHas NepeMeHHad:

int num;
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// CcHNKa Ha NEpPEeMEeHHYD: -

int &ref=num; '

// TipucmauBasMe SHayeHUA nepeueuu@ﬁ:
num=100;

// TipoBepka 3HauUeHMA TEPEMEeHHO! ¥ CCHUIKM:
cout<<"num = "<<num<<endl;

cout<<"ref = "<<ref<<endl;

// TlpucBaMBakMe 3HAUEHMA CCHUIKE:

ref=200;

// TlpoBepka 3HAUEHMS [EPEMEHHOM M CCHUIKK:
cout<<"num = "<<num<<endl;

cout<<"ref = "<<ref<<endl;

// 3amepxKa KOHCONBHOTO OKHA:
system("pause>nul");

return 0;

}

B nmporpamMme 0OBSIBIISIETCS LIEJIOYHCIIEHHAS [IEPEMEHHAS num, & TakKe ellie
OZIHA TIepeMEHHasl, KoTopad Ha3niBaercs ref. OGbsABIeHEe H HHHIMAIH3A-
s 3TOl NepeMeHHOM (KOMaHZa int &ref=num) UMeeT HEKOTOPhIe 0CObeH-
HOCTH. A HMEHHO:

* 1pu oObsB/IEHMH NEPEMEHHOMN ref mepes MMeHeM TIepeMeHHOM yKa3aH
amIepcaHy &;

b nepeme}moﬁ ref JIPUCBAMBAETCH B KAYECTBE 3HAYEHHSA TIEpEMEHHas num,
IIpuieM caMo# IIepEMeHHOﬁ num 3Ha4YCHUE €1Ie He IIPHUCBOECHO.

JIBe nepeuncieHHble 0COGEHHOCTH XapaKTEPHbI /IS OObABICHHS CCOUIKU.

& TEOPUA

Ccuinka npegcrasnaet coboit nepemeHHy0, KOTopas ccbinaetca (no-
3BONKET NOAYNMTH AOCTYN) HA TY Xe 06nacCTb NaMATH, 4TO U HEKOTOpast
apyrast nepeMeHHan. C HeKOTOPbLIM YNPOLWEHNBM CCbUTKY MOXHO C4M-
TaTb CUHOHUMOM ONpeaeneHHON NePeMeHHON.

Aeno B ToM, 4T0 npu 06bsiBNEHUM 0OLIYHOR NEePEMEHHON AN Hee B na-
MATY BLIZENAETCA MeCTO. MPU CO3AaHUN CCLINKK NaMSTL Mg, CCLINKY HE
BBIJENSIETCH, a UCNONLIYETCA 06/1aCTb NAMATU, BbiASNEHHAR Nog Apy-
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ryio nepemeHHylo. B peaynsrate nony4aem gse nepeMeHHbie, KoTopble
UMEIOT A0CTYN K OQHOM U TOM Xe 06nacTn naMsTu.

MNepemeHHas, 06nacTb NAMATU KOTOPON UCNONLIYETCSH CCHLINIKOU, NpU-
cBavBaeTca cchinke npu obusisnexun. Mepen MmeHem couinku npu
06bABNEeHVM UCRONBL3YETCH CUMBON &. CChilka CO3/AETCS ANR-OAHOMN ne-
pemMeHHO’ u He MoxeT BbiTb «<nepebpolueHa» Ha APYIYIO NePEeMEeHHYIO.

B nmporpamMMe BBIOTHSIIOTCS. TaKHe ONEPALHMU C NMEPEMEHHOM num M CChLI-
Ko¥ ref:

® [IPpHCBAHMBaeTCs 3HAUYEHHE nepemeﬂoﬁ num, mocJae qero nponepsno’rca 3HaA-
YEHUA nepeMeHHon num ¥ CCHUJIKY ref;

® [pUCBauMBaeTCA 3HaYeHHE CChUIKE ref ¥ CHOBA IMPOBEPAIOTCA 3HAYCHMS
NiepeMeHHOM num U CCHLIKY ref.

Pesyuibrar BHIIOJHEHHS IPOTPAMMBI CJIEAYIOIHIA:

Pe3ynbTaT BLINOAHEHUA NPOrpaMMmet (M3 IMCTUHra 3.3)

num = 100
ref = 100
num = 200
ref = 200

BuaumM, YyTo M3MeHeHHe MePeMEHHOM num IIPUBOJUT K U3MEHEHUIO 3Haye-
HHS CChUIKH ref, a MI3MeHEeHHe 3HaYeHHUsI CCHIKK ref NPUBOAUT K M3MEHe-
HUIO 3HAYEHMSI IEPEMEHHOE num. 3TO BIOJIHE JIOFUYHO, €CJIM BCTIOMHHTD, 4TO
Y NepeMeHHas num, H CChLIKA ref MMEIOT /IeJI0 ¢ OAHOM M Toi ke 06/acTbio
TaMSTH.

AuHaMuuyeckoe BbiaenieHmMe namaTm

MaccuBbl, KOTOpble MBI PaCCMaTPUBAIN A0 3TOTO, OBUIH Cmamuueckumu —
IaMsITh II0]] HUX BBLIEISJIAch B MPOIlECCe KOMIUIALMK IporpamMMbl. Cyie-
CTBYIOT OuHAMuuecKue MaCCHBBI, IIAMSITH 110 KOTOPhIe BBIJEJISETCS B IPO-
I[eCCe BBHITIOJIHEHHST IPOTPAMMBI.

@ TEOPUSR

AvHamuueckoe BbiAeNneHue NaMAaTK BLINONHAETCA C MOMOLLLIO one-
patopa new. lNocne oneparopa new yka3biBaeTCs uaeHTUdUKaTop TMNa,
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onpepensiowmin, AN XpaHeHns NepeMeHHoN Kakoro TUna smaenaeTca
namatb. ECnu namaTh BLIASNKETCR HE NOM OTAENbLHYIO NEPEMEHHYIO,
a nop, Maccuse, To noche upeHTndukaropa Tvna B keaapatHbix ckoBkax
YKa3biBaeTCR pasMep AMHAMUHECKOTro MacCcuea. -
Pe3ynsTaToM MHCTPYKUUHK NO BLIAGNSHUNIO ANHAMU4ECKOW NAMATY BO3-
BPALLIAGTCA yKa3aTenb Ha BulAGNEHHYIO 06nacTh NamMaTy (ANs OTRNLHOH
nepeMeHHON) UM ykasaTens Ha NepsBbit INEeMeEHT maccusa (ecnu coa-
[aeTca Maccus).

flocne ToOro, xak B AMHAMUYECKU BbIAENEHHON NaMsTU Heoﬁxop,umocrb
oTnana, ee ocsobOXAAI0T C NOMOLLLIO onepaTopa delete: Mocne onepa-
TOpa delete pasMeLLIAETCA yKa3aTenb Ha ocsoboxaaemylo obnacte na-
mMaTU. ECcnn ynansetcs aAMHaMrM4eckuit MacCcmB, TO MeXJy OnepaTtopom
delete M yKa3aTesieM Ha NEPBbLIi 3NEMEHT YAANSEMOro Maccusa pasme-
LWAIOTCH NYCTHIE KBaapaTHbie CKoBKkK [].

B smctunre 3.4 npeacrapsieHa mporpaMMa, B KOTOPO# CO3aeTCs AHHAMMYe-
CKUil MaCCHB, 3alI0JIHSETCS 3HAYEHUAMH, MTOCJIE Y€r0 MaCCHB YaNIA€TCA.

EHJhnnuur3u4unnumuuqocxnﬁuumcus

#include <iostream>
#include <cstdlib>

using

namespace std;

int main() {

/1

A3MeHeHMEe KOOMPOBKM KOHCOJIU:

system("chcp 1251>nul");

/!

Yxasareynp Ha LeJioe WUCHO:

int* size;

/!

JuHaMuueckoe BHIOeJNEHWE NaMATH NON NEPeMEeHHYD:

size=new int;

cout<<"Beemure pasMep MaccuBa: ";

/1

CunTHBaHME 3BHAYEHMUSA C KNaBUATYPH

cin>>*size;

/!

YxasaTesb Ha CHUMBOJIBHOE 3HAYeHue:

char* symbs;

/!

CospaHue CHUMBOJIBHOT'O MacCuBa:

symbs=new char[*size];

/!
80
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for(int k=0;k<*size;kt+){
symbs[k]="a'+k;
cout<<symbs [k]<<" ";
}
// Ymanenue MmaccuBa:
delete [] symbs;
// YnaneHuue nepeMeHHO:
delete size;
cout<<"\nMaccus u nepeMeHHas ymaneHw\n";
// Banepxxa KOHCOJILHOTO OKHAa:
system("pause>nul");
return 0;

}

B03MOXHBI pe3yibraT BHNOJTHEHHS IPOrPaMMBI IPEICTaBaeH HUXKe (KHp-
HBIM pHGTOM BBEUIE/IEHO 3HAYEHHE, KOTOPOE BBOAHT IIOIb30BATEb):

Poaynhm BRTIONHOHUS NPOrPaMMMI (US nucTUNra 3.4)
BeemuTe pasmep Maccuea: 12
abcdefghiijkl

MaccuB ¥ nepeMeHHas yIaneHH

B mporpamme co3zaercsi Ba yKa3aresid: YKa3ateab size Ha LEJIOYHCICHHOE
3HaYeHHe M yKa3aTesb Symbs Ha CHMBOJIbHOE 3HayeHne. 3HaueHUe yKkasaTte-
JIO size mpucBaMBaeTcs KOMaHOM size=new int. B pe3yisrare BhnosHeHus
JaHHOH KOMAH/HI B IAMATH AUHAMWYECKU BRIAEIACTCA MECTO IO, LEJIOYHC-
JIHHYIO TIEPEMEHHYIO, a aJipeC BHIEJIEHHOM 06/1aCTH MaMATH 3aNMCHIBAETCS
3Ha4YeHHEM B YKa3aresib size. 3MeCh ciieyer e pa3 NOAYEPKHYTh, YTO size
npeAcTaBisieT coboit ykasarenb. Ilocsie AMHAMMYECKOTO BhIIECTIEHHS Mams-
TH 3TOT yKa3arejb mosydaer 3Hayenne. Ho obimacTb mamsitit, Ha KOTOpYIO OH
CCBUIAETCS, 3HaYeHNe He Toy4aer. B mporpamMMe oHO CUMTEIBaeTCA C KJIABHA-
TYPHI, IJIA 4ero HCIOIb3YeTcs KOoMaHAa cin>>*size. [lockosbKy cunTaHHOE
3HaYeHHe 3AHOCHTCH He B yKa3aTesb size, a B 00JIaCTh IAMSTH, Ha KOTOPYIO OH
CCBUIAETCS, TO CIIPABa OT OfIEpaTopa BBOAA >> HCNOJB3YEM BHPaKEHHE *size.

JlnHaMHYeCKHif CHMBOJIBHBIM MacCHB CO3ZA3€TCA KOMaHAOH symbs=new
char[*size]. B kBajpaTHBIX CKOOKax yKa3aHO BHIpDaX€HHE *size, KOTOpOe
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onpejieJieT pa3Mep MaCCHBA U ABJSETCS CYUTAHHBIM C KJIaBUaTyphl 3HaYe-
HHEM AMHaAMHYeCKU CO3JaHHO NepeMeHHO.

(G HA BAMETKY

Mbi Ha3biBaeM auHaMMU4eCcKu CO3AaHHOK nepemMeHHon obnacTb naMaTu,
BbIIENIEHHYI0 B ANHAMUYECKOM pexume. ITO He COBCEM -KOPPEKTHbLIA
TEepMUH, HO OH AOCTAaTOYHO YAOOHLIA, NO3TOMY Mbi ero yaem ncnonb-
30BaTb.

Takke AOCTOMHO BHUMAHUA cnegyioliee OBCTOATENLCTBO: €Cnn Npu
CO30aHnu CTaTUYEeCKOro MaccuBa pa3mep Maccusa AONXKEH 3aQaBaTbCs
KOHCTAHTOM, TO NPY CO3AaHUN SUHAMNYECKOro MaccuBea pasmep MoXeT
6biTb 3agaH OCPEACTBOM NEpeMeHHOI (He ofs3aTenbHO guHamuye-
CcKO#).

B pe3ynrprare BHIMONHEHMS KOMaHAM symbs=new char[*size] cosgaercs
MaccHB pa3sMepa *size, a apec 3Toro Maccusa (aJpec €ro nepBoro 3JaeMeH-
Ta) 3allMCHIBAETCA B yKa3aTeJlb symbs. B craTudeckoM MaccuBe HMs MaccHBa
SIBJISIETCSI YKa3aTesleM Ha [IeDBhIH 2JleMeHT MaccHBa. B 1aHnoM ciydae MaeH-
THUKATOD symbs TakKe SIBJSETCS YKA3aTe/eM Ha [IEPBbIil 3/IEMEHT MACCUBA.
IToaToMy MBI BIIOJIHE MOXEM OTOXAECTBJATD SyMbs ¢ IMEHEM AMHAMHYECKO-
ro MaccuBa. MbI 310, COGCTBEHHO, ¥ /1e/IacM, KOr/1a ¢ TIOMONIbIO onepaTopa
HMKJIa 3aTI0JIHIEM MacCUB 3HaYEHUAMU B 0TOOpaXkaeM 3HAYeHUs 2IEMEHTOB
MacCHBa B KOHCOJIbHOM OKHe. 3Ha4eHHe 3JIeMEHTY MacCHBa NMPUCBaHBAETCHA
KOManzo# symbs [k]="a'+k. B paBoii yacTy BoIpakeH e 'a' +k BHIMMUCISETCS
TaK: K KOAY CHMBOJIA 'a' NpuOaBIsieTCs 3HAUYEHHE k U MOJTYYEHHOE YHCIIO
CTYKHUT KOZIOM, TI0 KOTOPOMY OTIPE/eIAETCs CUMBOJL, SB/LIIOMANACS Pe3yJib-
TaTOM BhIpaskeHUA. B uTore MaccHB. symbs 3an0IOHSeTCS HOCHE0BATEIbHO-
CTHIO OYKB, HAUMHAsI C 'a’.

JIns ymanenus JMHAMHYECKOTO MACCHBA sSymbs UCHONB3YeTCST KOMAaH-
Ja delete [] symbs, a AUHAMHUYECKas NE€pPeMEHHAs] YAAISAETCST KOMAHIOM
delete size. ' ‘ o

(G HA 3AMETKY

NepemenHble-ykasaTenu size v symbs ABASIOTCH CTATUHECKUMM U HAKY-
ha He ypansiotcs. [lop, yoanesuem maccmsa symbs ROAPA3yMEBaeTCs
yAaneHue TOro Maccvsa, Ha KOTOPLIN CChiIaeTca ykasaTenb symbs. Mpo
yoaneHue AMHaMU4eCKOn NnepemMeHHON Mbl FOBOPUM B TOM CMbICNe, YTO
ocBoboxpaeTca ob6nactb NamMuTU, Ha KOTOPYIO CCLINAeTCA ykasaresib
size. :
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0Oco6eHHOCTU CUMBOJILHbLIX MACCUBOB

Maccush, cocTosIIHEe H3 CHMBOJIOB (CHMBOJIBHBIE MACCHUBBI) UMEIOT HEKOTO-
phie 0OCOGEHHOCTH, CBSI3aHHBIE C TEM, YTO CHMBOJIBHBII MAaCCHB — OCHOBHOM
CIoco0 peaTN3alMi TEKCTOBBIX 3HaYeHuit. 06 aToM caexyomuii npumep.

2

TEOPUSA

InaBHas 0COGEHHOCTb CUMBONLHOrO MacCuBa, COAEPXALLEero TeKCT —
3TO TO, 4TO pa3mep Maccuaa B O6LWEeM cnydae He CoBnanaeT ¢ pasme-
POM TEKCTa, KOTOPLIi B HEro 3annChLIBAaeTCA (Maccus aonXeH ObiTb AO-
cTaTo4Ho 6onblloit, 4TO6BB OH MO CoaepXaTb TEKCT PasHOM AnMHDI). Kak
VIHOVKATOP 3aBEpLUEeHNA TeKCTa B CUMBO/IbHOM MacCuBe MCNONBL3YIOT
HYNb-CUMBON \ 0, Y KOTOPOro HYNeBov KOA.

Onepatop BuIBOAA <<, €C/IM CNPaBa OT Hero yka3aHo UMt CUMBONLHOTO
MacCKBea, BbLINONHNAET 8biBOA BCEX 3NEMEHTOB CUMBOMLHOIO MacCcusa,
BNIOTb Q10 HYNb-CUMBONA.

B snucrusre 3.5 npeacrassieHa mporpaMma, B KOTOPO#i BBINOJIHSIOTCA Olpe-
JeJIeHHBIE MaHUITYIALUM C TEKCTOBbIMU 3HaveHHUsIMH. OCHOBHOM A1 pea-
JIM3aUHMH TEKCTA CJIY’KUT CUMBOJIBHBIH MaCCHUB.

=

TEOPUSA

B C++ cywecreyeT asa cnocoba peannsaumu TekcTa: B BUAe CUMBOSIb-
HOro Maccusa v 4epes o6bexT Kiacca string. OaHaKo 6a30BLIM ABNAET-
A cnNocob peannsaumn TeKCTa NOCPEACTBOM CUMBONLHONO MaccuUea —
BO BCAKOM CNy4ae, TEKCTOBLIE IMTEPATH PEANU3YIOTCSt UMEHHO Tak.

PaccMOTpHM NpeACTaBIEHHBIN HIKe IPOrPAMMHBIIA KO

NucTunr 3.5. OCOGEHHOCTH CUMBO/hHLIX MACCUBOB

#include <iostream>
#include <cstdlib>

using namespace std;

int main() {

// Vi3aMeHeHMEe KOOVPOBKM KOHCOJM:
system("chcp 1251>nul");

// CUMBOMBHEIY MacCHB:
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char str(100]}="lporparmpyeu Ha C++";
// OrobpaxeHue COHEPXMMOTO CHUMBOJILHOIO MaCCHMBA:
cout<<str<<endl; ,
// TloanementHoe orTofpaxerue COREPAMMOTIOC
// CMMBONBHOTO MaccuBa:
for(int k=0;str[k];k++) {

cout<<str[k]<<"_";
}
cout<<endl;
// OrobpaxeHue COOEPXMMOTO HAUMHAS
/l ¢ onpeneﬁenﬂoﬁ O3MUMH ;
for (char* p=str;*p;pt+){

cout<<p<<endl;
}
// VsuMeHeHue CUMBONA B MacCMBe:
str{13]="\0";
// OToBpaxeHue COINEPXUMOI'O MAaCCHBA:
cout<<str<<endl;
// OrobpaxeHue, HauMHast C YKaSaHHONM MOBULMM:
cout<<str+ld<<endl;
/1 Orobpaxenue TekcTa, X KOTODOMY MpUBaBNIRETCA UMCIO!
cout<<"Pas nBa Tpu"+4<<endl;
// YxasaTenr Ha CUMBOJIbHOE 3HaYeHME:
const char* g="Pas mpa Tpu"+8;
// 3Hauenme cuMBONA, Ha KOTOPHM CCHUIA€TCS yKa3aTesb:
cout<<q[0]<<endl;
// OToGpaxeHue 3HaueHMA yKa3aTels:
cout<<qg<<endl;
// 3apmepxxa KOHCONBHOT'O OKHa:
system("pause>nul");

return 0;



YKasaTeNu. MaCCHBb U CCbHIKKM

Pe3yabTaT BHIOJTHEHUA POrPaMMEI TAKO#:

() Pesynsrar seinonuennn nporpamms: (wa mictunra 3.5)
llporpamarpyem Ha C++ '
[lporpaympyen Ha C++
porpammupyem Ha C++
orpamMMupyeM Ha C++
rpamumpyeM Ha C++
paMapyeM Ha C++
aMmmpyeM Ha C++
MMupyeM Ha C++
MupyeM Ha C++
upyeM Ha C++
pyeM Ha C++

yeM Ha C++

eM Ha C++

M Ha C++

Ha C++

Ha C++

a C++

C++

C++

+

+

[lporpamMMmpyen

Ha C++

IBa TPMU

by

TpU

O6cyaum ocHoBHHIE ¥ HauGosee nHTEpecHHe pparMenTH porpaMMel. Mitak,
KOMaH/IOH char str[100]="llporpamespyeM Ha C++" CO3JAETCA CHMBOJIbHBIM
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MacCHUB str U B 3TOT MacCHB aBTOMAaTHYECKH 3ATIHCHIBAETCA (TOCHMBOJLHO)
TeKCT "llporpammupyeM Ha C++". HemocpeacTBeHHO MacCHB COCTOUT U3 100
3n1eMeHTOB. TeKCT, KOTOPhid. 3aNMCHIBACTCS B MACCUB, OUEBUIHO, COACPKUT
HaMHOro mexbme 6yks. II03TOMy YacTh 3/1eMEHTOB MAaCCHBA OCTAIOTCA He-
KCHOABb30BaHHBIMM. UT0OH IpH 06paGoTKe CHMMBOJIBHOTO MacCHBa ObLIO
TIOHATHO, I'/le 3aKaHYUBAeTCs TEKCT U HAUMHAIOTCA <«HEUCHOJ/b3yeMbIe» dJjie-
MEHTBHI, B MACCUB aBTOMaTHYECKH 00aBIIsIeTCst HYJb-CHMBOJ '\0'.

(G HA BAMETKY

TexcT COCTONUT U3 20 cUMBONOB. [PU KUX 3anNUCK B MAcCKB str NepBbie
20 anemMeHTOB Maccuea 6ynyT 3anonHeHbL CUMBONaMK U3 TEKCTa, a 21-#
3NEeMEeHT MacCmMBa aBTOMATUHECKMN MOYHAEeT 3HAYEHUEM HYNbL-CUMBON
"\O'. ‘ :
Kax oTMeyanoce paHee, Npu peanMsaunn TEKCTa 4epes CUMBONbHbIV
MacCuB pa3mep MaccuBa M pasMep TekCcTa OTAM4AIOTCA. Ons Buumc-
NEHVs [UIMHLI TeKCTa, 3aNUCAHHOrO B MAaccus, MCNONL3YIOT YHKUMIO
strlen(). APryMeHTOM QYHKUMX NepeaaeTcs MMA CMMBOSIbHOFO Mac-
CUBA C TEKCTOM, a pe3ynbTaTOM BO3BpAalLaeTcs KONU4YecTs0 CMMBONOB
B TeKCTe, 3anMCaHHOM B MacCuB.

Jlnst oToOpaXkeHMs TEKCTA U3 MAcCUBa str B KOHCOJIBHOM OKHE WCTIOJb3Y-
eM KoMaHIy cout<<str<<endl. (DopMasibHO B AaHHOM CJry4ae OTOOpaxkaeT-
cd 3HauyeHWe yKasaTenas: (IIOCKOJbKY UMSI MAaCCHUBA SIBJSIETCS yKasaTesneM
Ha MepBHIii 3eMeHT MaccuBa). Ecau Obl peys 1u1a, HarpuMep, O YHCIOBOM
MaccuBe, To OBl ObI 0TOOpaXKEH YMCAOBON KOJ ajipeca, SBJAIOMIEroCs 3Ha-
yeHueM ykaszatess. Ho CHMBOJIbHBIE MACCHBEI (2 €CJIM TOYHEE, TO YKa3aTelH
Ha CUMBOJIbHbIE 3HAYeHHsT) 00PabaTHIBAIOTCS OCOOBIM 06Pa30M: IPH MOIBIT-
Ke BHIBECTH B KOHCOJIBHOE OKHO C ITOMOIIBIO ONIepaTopa BHIBOAA 3HAYEHUST
yKasaTeJsi Ha CHMBOJI HA CaMOM jiejie OTOOpaXkaeTcsi CHMBOJI U3 siueiiKy, Ha
KOTOPYIO YCTAaHOBJIEH YKa3aTelb, @ TAKXKE CUMBOJIbI M3 CJEAYIONHX SYeeK.
TIpomecc npoxo/KaeTcs: O TEX I0p, NoKa B ouepenHoii siueiike He Oyner
NPOYMTaH Hy/ib-cMBOJI. VITOT Takoi: 4TOOH OTOGPA3sHTh CONEPKUMOE CHM-
BOJIBHOTO MacCHBa B KOHCOJIM, CJIEAYET CIIpaBa OT ONEpaTopa BHIBOAA yKa-
3aTh UMSI MACCHBA.

BMecTe ¢ TeM HUKTO HaM He 3ampemiaer obpabaTeiBaTh H 0TOOPAXKaTh CO-
NEPXKUMOE CHMBOJIBHOI'O MACCHBa M03/IeMEeHTHO. CUTYalHIO WLTIOCTPUPYET
omepaTop IMK/Ia, B KOTOPOM TEKCT M3 MAcCHBa str OTOOpakaeTcs CHMBOIL
3a CHMBOJIOM, TIPH 3TOM I10CJI€ Kayk0T0 CHMBOJIa A00aBiseTes CHMBOJ NOJ-
YePKUBAHWSL. ' SR
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B NOAPOBHOCTHM

YcnosueM B oniepaTope LKA yKa3aHo BbipaXeHue str k], ABAsioweecs
CYIMBOJIOM, 3aNWCaHHLEIM B MaccuB str noj, MHOEKCOM k. 3aeChb Mbl BOC-
NONb30OBAMChL TEM, YTO OTAUYHLIE OT HYNA YUCNOBLIE 3HAUYEHWA UHTEp-
APETUPYIOTCH KaK 3HAYEHUE true, a HYIEBOE 3HAYEHUEe HTEpnpeTupyeT-
csl KaK false. ECnu peub MOET O CUMBONE, TO YUCNOBOE 3HAYEHUE — 3TO
KoA cumBoONna. EgUHCTBEHHDLIA CUMBOJ, KOTOpPbLIA MMEET HyNeBoit Kkog, —
3T0 HyNb-cUMBON. MO3TOMY €Cnu BbipaXXeHWe BMaa strk] yka3aHo ycno-
BUEM, TO TAKO@ YCROBUE IKBUBANEHTHO false, TONLKO €Cnu str (k] ABNS-
€TCH HYNIb-CUMBO/IOM, U SKBUBAIEHTHO true BO BCEX NPOYMX ClyyasX.

JlonoTHUTEIbHBIN NPHMED <HECTAHAAPTHOTO» OTOOpa’KeHHs TeKCTa IpH-
BOJIUTICS €Hle B OAHOM onlepaTtope LHKJIA. B atom for-omepaTope B mepBOM
6110Ke HHCTPYKIMit O6bABJICH yKa3aTellb p HAa CHMBOJIbHOE 3HAYEHHE, Ha-
. YQJIBHBIM 3HAYEHUEM KOTOPOM IPHCBAMBAETCA UM MAacCHBa Str — TO €CTb
B HayaJle BBITIOTHEHHSI OIIePaTopa yKasaTelb p COAEPKHT aJIpec IEPBOTO Jie-
MEHTa B MaccHBe str. 3a KaXkbii I{UKJ 3HAYEHUE ylcéaaTeJm P KOMAHAOM pH+
YBEIMYMBAETCA TaKMM 00pa3oM, YTO JaHHbIH ykaszaTeab nepebpachiBaeTcst
Ha CJeAyoIMii (32 TEKYIIMM) 3JIEMEHT Macana HponepaeMblM ycJoBHE
B OIIEPAaTOpE LMKJIA SABJISETCS BHPaXEHUe *p. DTO CUMBOJI, aZ[peC KOTOPOTo
3aIMCaH B yKasaTeJle p. 3HaueHHe yCJIOBHE CTAHOBUTCS PaBHbIM false, ecnu
yKa3aTeJib COAEPXKUT aJpec 3JIeMEHTa MacCUBA C HYyJbh-CHMBOJIOM. B Tene
orepaTopa LMKJIa BLIIOJHSAETCSA KOMaH/a cout<<p<<endl. OGpabaTsiBaercs
OHa TaK: OTOOPAXKAIOTCS BCE CUMBOJIB B TEKCTE, HAYMHASI C TOTO MECTa, KyAa
YKa3hIBAeT p, ¥ 10 KOHIa TEKCTOBOro 3Havenus. [lockonbKy ykasarens p mo-
CTENEHHO NepeMEINAeTcA OT Havyajla TEKCTA B €r0 KOHEL[, TO KaXAoe HOBOoe
coobmeHre B KOHCOJIBHOM OKHe Oy/ier Kopodye MpeAblAyIiero Ha ogHY Ha-

YaJIbHYI0 OYKBY.

Crenyiomast 4acTb SKCIIEPUMEHTA C TEKCTOBHIM MACCHBOM St COCTQHT B TOM,
4TO KOMaHAOH str[13]='\0' BMecTo npobesia B TEKCT BCTABJAETCSA HyJIb-
cumBost. Eciiv Terepb BOCTIONb30BaThCS KOMaHAOM cout<<str<<endl, To 6y-
IeT oToOpaXkaThCsl TEKCT A0 MEPBOTO HYJIb-CHMBOJIA: Teleph 3TO 3IeMEHT
C MHJIEKCOM 13, Ecnu MBI BOCHIONIB3yeMCS KOMaHAOM cout<<str+l4<<endl, T0
B peayJisraTe GyAeT 0To6paXxaTbCsi TEKCT, HAYMHAsi C CHMBOJIA C MHIEKCOM 14
(MHIEKCAIMs 5/IEMEHTOB B CHMBOJIBHOM MacCCHBe, KaK U B npoqnx Maccnnax,
HaYMUHAETCS C HYJIsA).

Heckosbko clexyomux KOMaHA WUTIOCTPHPYIOT cneumbmcy pea.rmsaunn
TEKCTOBBIX JIMTEPAJIOB.

87



masa3

Z TEOPHA

TexcToBbi€ IMTEPANL! B NAMATA PEANU3YIOTCA B BUAE CUMBONbLHbIX Mac-
cnBoB. Cam iMTepas Ha CaMOM fieNe NepepaeTCcs B BuipaxeHus u o6pa-
GaThiBaeTCA 46pe3 HesIBHLIY yKa3aTesk Ha CBOM NepsLIi CUMBO.

B pesysibraTe BhIIOJIHEHHSA KOMAH/H cout<<"Pas nBa Tpu"+4<<endl oTobpa-
XKaeTCs TEKCT "Pa3 1Ba Tpu" HaYMHasi C CHMBOJA ¢ HHAeKCOM 4. IIpuunna
B TOM, YTO TEKCTOBLIH JIUTEPAJI "Pas nBa Tpu" B ONEPAIMH CIIOKEHHS C YUC-
70M oOpabaTbiBaeTcst KaK yKasaTesib Ha NepBHIit cumBos- B Texcre. Ilocae
npubaB/IeHNs K YKa3aTelio YMC/a 4 TIONMy4aeM YKa3aTeslb, CMEMIEHHBIA 10
OTHONIEHHIO K IEPBOMY CHMBOJTY Ha 4 TIO3UIIMH.

[Toxoxast cuTyauMa MMeeT MeCTO TPH BHIIOJIHEHHM KOMAaHZBI const
char* g="Pa3 gpa Tpu"+8. B pesyssraTe ee BHIIONHEHUS YKA3aTeNb q COREP-
JKHT aipec CHMBOJIA C HHAEKCOM 8 B TeKCTe "Pa3 nsa Tpu":

() HA 3AMETKY

Yxasaresib, KOTOPbIA BO3BpaulaeTca AN TeKCTOBOro nurepana, asnna-
€TCA KOHCTaHTOM (4TO BNONHE sIOrnyHo). ECnm Mul AaHHbIA ykasaTens
NPUCBaNBaEM 3HaAUEHUEM NepemMeHHON (YKasaTenio), YO AaHHLIK ykasa-
Tens NOMKEH BbiTh OGLABAEH KK KOHCTaHTa, UK, B NPOTUBHOM CAyuae,
nepea BbIPAXEHWEM B NPABOiA YaCTU CTABUTCA MHCTPYKUWS (char*) ana
BbINONMHEHNA ABHOIO NPUBEASHMS THUNA. C

IIpy BRIMONHEHHMH KOMAaHABI cout<<q[0]<<endl oToOpakaeTcs CHMBOJ,
aJpec KOTOPOI'o 3aNMCaH B yKa3aTeJe g. A eC/TH BOCIIONIb30BAThCA KOMaHAOH
cout<<g<<endl, To 6yZeT OTOOpaXkeH TEKCT OT TEKYIIETO CHMBOJIA 0 KOHIIA
CTPOKH.

AsymepHbie MacCusbi

B asymepHOM MaccHBe JOCTYII K 37IEMEHTY BHIIIOJIHAETCS C TIOMONIBIO ABYX
uHAexcoB. B iucTuHre 3.6 mpeacTaBsieHa mporpaMMa, B KOTOPO# co3zaercs
ABYMEPHBIM MacCHB. MaccuB 3anoHseTcst CayJaliHHMM cuMBoiaM# (Oyx-
BaMH) ¥ €ro coiePAKHUMOe BLIBOJAHTCSA B KOHCOJIBHOE OKHO.

g TEOPUSA

MNpu co3patnm ABYMEPHOrO MaCCHUBA YKa3biBaeTCA TUM €ro 3/1eMeHTOB,
Ha3BaHMe Maccvea M pasmep No KaXaoMy U3 MHAEKCOB. [nn Kxaxaoro
MHAEKCa UCNIONB3YIOTCA OTAEeNbHLIe KBaapaTHbie CKOGKM.




Ykaszarenu, MacCuebl U CCbIAKU

JBsymepHbiit Maccue yaoOHO NPeACTaBNATL B BUAE Tabnvub MM MaTpuubl.
Pasmep no nepsoMy UHAEKCY ONPEeNENseT KONUYeCTBO CTPOK B MaTpuue,
a pa3mep No BTOPOMY UHAEKCY onpeaenseT KONm4ecTso cTonbuos.
OGpatieHue K 3/ieMeHTY ABYMEPHOro MacCuBa BLINONHAETCA ykasaHnem
WMEHM MaCcCUBa M Napbl MHAEKCOB. Vlu.nexcauun (no KaXxaoMy U3 asyx
VHAEKCOB) HAYUHAETCA C HYNA.

PacCMOTpHM IIpe/ICTaR/IeHHEIA HHXKe IPOrPAMMHBII KOJI:

Jincrunr 3.6. Dsymepnbiit maccus us chyvaiinmx 6yxs
#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
// U3MeHEHME KOOMPOBKMA KOHCOA:
system("chcp 1251>nul");
// VHuMuMamMsauus TeHepaTopa CIyYaiHHX UMCeN:
srand(2) ;
// Komrsectso "cronGuos” B Maccuee:
-const int width=9;
// KonmuecTBo "CTpPOK" B MaccuBe:
const int height=5;
// Cosparue OBYMEpHOI'O MAaCCHBa:
char Lts[height] [width];
// 3BanonHeHMe NBYMEPHOTO MACCHMBA:
for(int i=0;i<height;i++){
for(int j=0;i<width;j++){
// Cmy4aitHas Gyxea or 'A' go 'Z':
Lts[i}[j]1="A"+rand() %25;
// OrobpaxeHue 3HAUSHMUS SNEMEHTa MaccMBa:
cout<<Lts[i] [jl<k" ";
}
// Tilepexom Kk HOBO# CTpOKe:
cout<<endl;
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}

// Banmepxka KOHCOJBLHOT'O OKHA:
system("pause>nul");

return 0;

}

PesynbraT BHIIOJIHEHHS POTPaMMBI (€ TONIPABKOM Ha HCHOJIb30BaHKE FeHe-
paTopa CIy4alHRIX YHCEJI) MOXKET OBITh CIEAYIOMHM: :

Pesynetar nunonueumi hpérpéﬁuu (usrnué'l"lﬁuré 3.6)
UQXUJAPGF
QHOCGDENR
ILOKRRUPM
YLMXUCOYN
XMOVYBEMY

UYro xacaeTcst HENOCPEACTBEHHO IIPOTPAMMHOI0 KO, TO TaM OOBABJIAIOTCS
IBE IIE€JIOYUCTIEHHbIE KOHCTAHTHI width U height, KOTOpBIE OIIPEAENAIOT pa3-
Mepsl MaccuBa. CaM MacCHB co3ilaeM KOMaHZOM char Lts[height] [width].
i1 3ano/iHeHHMs1 MacCHBa U BBIBOJA 3HAYEHMI €r0 3JIEMEHTOB B KOHCOJIb
HCTIOIB3YIOTCA BJIOXKEHHBIE oneparopnl LMiiIa. MHaekcHas nepeMeHHas
i BO BHEINHEM ONepaTope IMKJIA NMepeOupaeT CTPOKM MacCHBa, a MHJEKC-
Hasl TlepeMeHHast j BO BHyTPeHHeM oIlepaTope IuKJjia nepebupaer cTOAGIE
MaccuBa. 3JHaYeHMS 1eMeHTaM MacCHBa IIPUCBAWBAIOTCA KOMaH/OH Lts (1]
[j1='A"+rand() $25. 3HaYeHMe 37TEMEHTa MACCHBA NOIYYaeTCA MPUOaBJIeHH-
€M K KOy CHMBOJIa 'A' 11€JI0T0 CIy4YyalfHOTO YUCJIa B NATIa30HEe 3HAYEHHH OT
0 10 24, ¥ 1O MOJYYEHHOMY TakUM 00Pa30oM KOAY BOCCTAHABJIMBAETCS CHM-
Bos. OToGpaxaercsi 3HaUYeHWE BJIEMEHTA ABYMEPHOTO MacCHBa KOMaHZOH
cout<<Lts[i] [j]<<" ". PasmenuTteneM MeXIy CUMBOJIAMH B OIHOH CTPO-
ke sBysercst npobes. Ilocie 3aBepiueHusl OTOOpaXKEHHS CTPOKY KOMaHZOMH
cout<<endl BHIIIONHsIETCS IEPEXOX K HOBOH CTPOKE.

B kayecTse ele 0fHOH# WLTIOCTPALUH PACCMOTPUM 3a/1ady O BHIYMCICHUH
NPOH3BE/IEHHS ABYX KBAJIPaTHBIX MaTPHIL. '

B NOAPOBHOCTH

KBanparHo# Ha3biBAETCA MATPWULIA, Y KOTOPOIA KONUYECTBO CTPOK coBna-
HaeT C KONN4ecTBoM CTONGLIOB.
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Ecnu Matpuua A COCTOUT U3 NEMEHTOB &, a MaTpula B cocTouT U3
aneMeHToB b; (uHaekchl i,j = 1,2,...,n), TO aneMeHTbl C; MaTpuubl C = AB,
paBHou NpoV3BeAeHnIO MaTpuL, A n B, onpenensioTcs CoOTHoLeHeM
Z a,kbk, UMeHHO 3Ty POPMYNY Mbl UCMONL3YEM AAS BHIMUCAEHUS
3Ha-4eva 3IEMEHTOB MaTPULILI-NPOU3BEAGHNA. ~

B nucrunre 3.7 npeacraBiieHa IIporpaMMa, B KOTOPOM OIpPenesIAIOTCS ABE
KBaJpaTHbIE MATPHUIIBI, M BBIYUCJISIETCS] UX Npou3Beaenue. Vicxoannie ma-
TPHLBI 1 MATPULA-PE3YJIBTAT OTOOPAKAIOTCS B KOHCOIBHOM OKHE,

®

HA SAMETKY

B nporpamme ans BbiBoaa nHGopmMaumm B KOHCOMBHOE OKHO BMECTO one-
paTopa BbiBOAA UCNONL3YETCR DYHKUMA printf () . [LNs 9700 Mbl NOAKNIO-
YyaeM B NporpaMme 3arofioBoK <cstdio>. HaNPOTUB, NOCKONLKY onNepaTop
BbIBOZA HE UCTIO/Ib3YETCH, 3arofloBOK <iostream> MOXHO He NOAKMOYATD.
DyHkums printf () yaobHa Tem, 4TO NO3BONSET BLINOMHATL dopmMaTu-
POBaHHLIA BLIBOA B KOHCONLHOE OKHO. 3Ta 0COBEHHOCTL PyHKLMM HaM
nNpUroanTcs Npu 0To6paKeHN COAEPKUMOro ABYMEPHBIX MACCHUBOB.

PaccmoTpuM nipeacTaBieHHBIN HIKE TPOTPAMMHBIH KO

JNincruur 3.7. NpousseneHue maTpuly
#include <cstdlib>
#include <cstdio>

using namespace std;

// TnobanbHasd KOHCTaHTA:

const int n=3;

// OyHKumMA ana oToGpaXeHMs 3JIEMEHTOB OBYMEPHOT'O MaCCHUBA:
void show({int M[n][n]){

for{int i=0;i<n;i++){

for (int j=0;79<n;j++){
// OroBpaxeHnue SJEeMEHTa MaCCHUBA:
printf ("%4d",M[i]1([3]);
}
// Tlepexon X HOBOM CTpOKe:
printf("\n");
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}
/1

T'naBHas QYHKUMS OPOTDAMMH:

int main(){

92

/| Vi3MeHeHue KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// OGvbaBNEeHMe M MHMUMANM3ALMA ONBYMEPHOT'O MAaCCHBA:
int A[n}I[n]={{1,-2,1},{2,0,-1},1{2,3,-1}}; "
printf ("Marpuua A:\n");
/! OroBpaxeHye COOEPXMMOTO MACCHBA:
show () ;
// OGbABNEHME ¥ MHMUMANABALMA HBYMEDHOTO MacCHBA:
int B[n] [n}={{2,1,-1},1{1,3,1},(-2,1,4}};
printf ("Marpuua B:\n");
/! OrofpaxeHue CONEpEMMOIO MAaCCHMBa:
show(B) ;
// OGbsBNEHMe NBYMEPHOTO MaCCHBa:
int C[n][n];
// BHuMCNEHME NPOM3BENEHUA MAaTDMIL:
for(int i=0;i<n;i++){
for(int 3=0;3<n;j++){
C[i][j)=0; // HauanbHOe 3HaueHME BJIEMEHTA
for(int k=0;k<n;k++) {
CLil[31+=Ali] [K]*B[k] [j];

}

printf ("MaTpuua C=A*B:\n");

// OroGpaxeHue CONEPXMMOTO MAaCCHBA:
show(C);.

// 3apepxKa KOHCOJNLHOT'O OKHa:
system("pause>nul");

return 0;



Ykaszarenu, MacCushbl U CCbiNku

Huxe IpeACTaBJICH Pe3yJAbTaT BHINOJHCHUA NPOrPaMMbI:

PO3yNLTAT BLINONHSHNS NPOrpammel (Us nucTnira 3.7)

Marpuua A:
1 -2 1
2 0 -1
2 3 -1
Marpuua B:
2 1 -1
1 3 1
-2 1 4
Marpuuya C=A*B:
-2 -4 1
6 1 -6
9 10 -3

JlaHHBIii TPOrpaMMHBIA KOII HMeeT HEKOTOpHe oco0eHHOCTH. Bipare oM
CBOJATCA K CJIEAYIOHIEMY. , ~

¢ B nporpamme oObsBseTcA I106ajIbHas HEJOYUC/IEHHAsS KOHCTaHTa n,
onpezieNIAoNmas pasMep ABYMEPHBIX MaCCHBOB.

e Jlna oroépaxceuwl COEPKHMOTO IBYMEPHBIX MACCHBOB (4€pe3 KOTophle
PEaM3yIOTCS MATPHIILI) onucaHa GyHKIgHsE show ().

e Jlns1 BHBOAA COOOMIEHM B KOHCOMBHOE OKHO MCHOJB3yeTcs: QyHKuust
printf () (4, COOTBETCTBEHHO, HE HCIIOJIb3YETCSA ONEPATOP BHIBOAA).

HesoyncieHHas KOHCTaHTa n OGBSBAAETCS CaMbIM OOLIMHEIM 00pa3oM, HO
BOT MHCTPYKIHSI C OGBSBJIEHMEM KOHCTAHTH HAXOAMTCS He B TeJie [ABHOM
(YHKIMH IPOTPAMMBL, 2 B CaMOii HaYaJbHOM 4acTH KOAA, A0 OOBABIECHHUS
dyHKumii show () ¥ QYHKIMHE main (). ITO HEOOXOAHMO, MOCKOABKY M B.DYHK-
UHH show (), ¥ B GYHKIIMM main () HCOOAB3yeTCsl KOHCTAHTA n.

@ TEOPUA

O6nacTb AOCTYNMHOCTY NEPEMEHHBIX (U KOHCTaHT) orpanuyusaetcs 6no-
KOM, B KOTOPOM OHM 06bABNEH. ECnn 00BRBUATL KOHCTAHTY n B yHKUUN
main (), TO ROCTYNHA OHA ByAeT TONLKO B PyHKUMM main ().
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DyHKIMA show () HpeaHa3HayeHa it OTOOPAKEHMS COAEPIKHMOrO ABY-
MepHoro mMaccuBa. OHa He BO3BpAIlaeT DPE3YJIBTAT, MOITOMY HAEHTH(HU-
KaTOpOM pe3yJbraTa (PyHKIMH yKa3aHO KJo4eBoe cl0BO void. OyHkius
ONUCaHa C OJHUM apTyMEHTOM, KOTOPBI 32/1aH UHCTPYKIMe# int M[n] [ri] ,
no[pasyMeBalonel, 4To peyb HIAET O ABYMEPHOM IEJIOUUCIEHHOM MAcCHBE.
B Tese QyHKIMHU 3a1yCcKaAIOTCS BJIOKEHHBIE ONEpPaTOpPH IUKaa. Bo BHem-
HEM OIlepaTope LHKJIA HHAEKCHAsA MmepeMeHHast 1 nepe6upaeT CTPOKHM Mac-
CHBa, a HHAEKCHasI NlepeMeHHasi j BO BHYTPEHHEM ofiepaTtope I[HKJa mepe-
Gupaer cronbubl MaccuBa. Bo BHyTpeHHeM omneparope IHKJIa KOMAaHZOH
printf ("$4d",M[i][j]) oToOpaxkaeTcs 3HaYeHHE JEMEHTAa C MHAEKCAMH
i n j aBymepHOro maccusa M. Ilocine 3aBepiieHust BHYTPEHHETO OIlepaTopa
IIMKJIA /IS Tepexo/ia K HOBOM CTPOKe NPH OTOOPasKEHUHU 3JIEMEHTOB BHINOJI-
HsAETCS KOMaHAa printf ("\n"). ‘

B NnoAPOEBHOCTH

C noMoLLbio PyHKUMK print £ () BbINONHAETCA GOPMATUPOBAHHDIA BbIBOS,
B KOHCONbLHOE OKHO. ECnn apryMeHTOM ¢yHKUUM nepenath TeKCToBoe
3HauYeHue, TO AaHHOE TeKCTOBOE 3HaueHue SyaeTt 0TOGPaXEHO B KOHCO-
nn. NMpuMep Taxon cuTyaummn naeT KOMaHAaa printf ("\n"), KOTOPO «ne-
4YaTaeTCA» UHCTPYKLUA nepexoga K HOBOW CTPoke \n — fpoLue roBops,
BbINOMHAGTCH Nepexon, K HOBOW CTpoke. Ho aTo 4acTHbi caywain cuTy-
auuu, korga B KOHCOMM otoBpaxaetcs TekcT. Npumepsl BLI3oBA GYyHK-
uumn printf{) C OQHUM TEKCTOBBIM apryMEHTOM BCTPEYaIoTCA B PyHKUMN
main() (Hanpumep, KOMaHAA printf{*MaTpuua A:\n")).

Ecnu peyb nget 06 orobpaxeHun, HaNpUMeEp, YUCNOBOrO 3HaYEeHUs, TO
3TO YUCNOBOE 3HA4YEHWEe NEePERAeTCA BTOPLIM apryMEeHTOM (YHKLMK
printf (). MepBbiM apryMeHTOM GyHKUUM B TaKOM CNydae nepenaeTcs
crieumManbHas TEKCTOBa| CTPOKa, KOTopas, dakTu4ecku, onpegenser
dopmar oTobpaxeHnn AaHHbIX. NMPUMEPOM TaKOM CUTYaLMMU CNYXUT KO-
maHaa printf("%44”,M{i1{j]). 3aecb oToGpaxaemoe YUCNOBOE 3HAYE-
Hue M[i] [j] nepenaHo BTOPLIM apryMeHTOM OyHKUMK printf (). MNepsbiM
aprymeHTom GyHKLMM NepenaeTcs TekcTosas cTpoka popMaTMpOBaHUA
"$4d". B 91Ol CTpOKE CUMBON d O3HAYAET, YTO OTOGPAXKAETCSH Lenoe Y1c-
no, a undpa 4 onpeaenseT KONUUECTBO TOINLMIA, KOTOPLIE BLIAEGNAIOTCA
anst otoGpaxeHunst Yucna ([axe €CnAmn YUCNo COCTOUT U3 oaHOoM undpbl,
NoJl, HEro BLIZESNNETCH HeThipe NO3uLnn).

B rnaBHo#t GpyHKIMM MPOrpaMMBI KOMaHAaMH int A[n] [n]={{1,-2,1},{2,0,
-1},{2,3,-1}} m int B[n][n]={{2,1,-1},(1,3,1},{-2,1,4}} obmsmsioTCS
¥ HHUIMATH3UPYIOTCS ABA HEJ0YHCIeHHBIX IBYMEPHBIX MaccHBa A H B. 3Ha-
YeHMs, NpUCBauBaeMblie JIEMEHTaM MaCCHBA, YKA3HBAIOTCS, Yepe3 ornepa-
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Ykaszatenn, MacCMBb! 1 CCHAKN

TOP MPUCBAUBAHUA, B ¢mrypumxc1<061<ax. Ins oTobpaxenus COJEPXXUMOTO
MaCCHBOB HCIIOJIB30BAHEI KOMaHAB! show (A) 1. show (B) COOTBETCTBEHHO.

JlByMepHEIif MaccuB C TOJIBKO 0OBABIsIETCS (He MHHULMAIM3APYETCs), A
Yero 3aefiCTBOBaHa KOMaHJa int C[n] [n]. ‘anonssiercs JaHHbIA MaccuB
3HAYEHUSAMH B IIPOLECCE BHIYUCIEHUA IPOU3BEAEHNA MaTpuil. [is 3TOTO 3a-
MYCKAIOTCA BJIOXKEHHbIE ONepaTopH LukIa. Bo BHeiHeM onepatope HHKJa
MH/IEKCHAs IlepeMeHHas i olpesesiseT NepBhIil HHAEKC BHIYHCAIEMOTO 3Jie-
MeHTa. Bo BHyTpeHHeM onepaTope IMKJIA HHAEKCHAs epeMEHHas j onpese-
JisieT BTOPOH MHAEKC BhIYUCJAsgeMOoro maccusa. IIpu (pUKCHpOBaHHBIX 3Ha-
UEHUAX MHAEKCOB i U j BBIYMC/IEHUs! BBINOJHAIOTCS CIeAYIONIM o6pa3zoM.
Chayasa koMaH/10# C[1i] [j]=0 BEIYNCIAEMOMY 3JIEMEHTY MACCHBA IPUCBAHU-
BaeTcs HyJieBoe 3HaueHue. ITocse aToro 3aryckaercs onepatop HHUKAA C MH-
JEKCHOM NepeMeHHOH k, M [UIsi KAKAOTO ee 3HAYEHHUS U3 AMAMa30Ha ot 0 10
n-1 KoMaH®o# C[1] [J]+=A[1] (k] *B[k] []] K TeKylleMy 3HaUEHHIO 37ieMEHTa
C[i] [j] mpubansiercs mpoussenenue A[i] [k]*B[k] [3]. Tem cambim peanu-
3yercs (popMya AJs1 BHIYUCIEHHS IJIEMEHTOB MATPHIIbI-[IPOU3BECHHS.

ITocne 3aBeprieHUs BBIYUCTIEHMI KOMaHAOM show (C) coziepKuMoe AByMep-
HOT'0 MacCuBa C BBIBOAUTCSHA B KOHCOJBHOE OKHO.

Maccusbl ykasaTtenemn

dlleMEHTaMH MacCHBa, KpoMe Mpo4ero, MOryT ObiTh yKaszarenau. JIpyrumu
CJI0BaMH, HUKTO He 3alpemiaeT HaM CO3/aTh MacCHB U3 yKasareneil. Bojee
KOHKPETHO, IPe/ICTaBUM, YTO CO3AETCSI MACCHB M3 yKa3aTesel Ha 1eJIouuc-
JIEHHBIE 3HaYeHMs1. DJIeMEHThl TAKOTO MACCHBA SIBJISIIOTCA yKa3aTeaaMu. Mms
JAHHOTO MaCCHBa ABAAETCS YyKa3amenem Ha YyKka3ameas Ha LeJIoe YHCIIO.

@ TEOPUSA

Y1066 06bABUT yKa3aTenb Ha ykasaTeflb, B KOMaHAEe 06bABNeHUA UC-
NONL3YIOT ABE 3BE3104KM **. Hanpumep, MHCTPYKUMSA int** p o6bABNSET
yKasaTtenb p, 3Ha4YeHueM KOToporo MoxeT BbiTh aapec NepeMeHHOn, Ko-
TOpas camMa ABNAETCA yKa3aTeneMm Ha LLeNOYMCNEeHHOEe 3Ha4YeHne.

Hanee nocTynaem cienyiommm o6pasoM: Co3aeM AUHAMHYIECKHE YUCIOBbIE
MaCCHBBI M afIpeca STHX MacCHBOB (MX IEpBBHIX 3IEMEHTOB) IPHCBaMBaeM
3HaYEeHMSIMHU 3/1eMeHTaM MaccuBa ykasareieit. Ilomyuaercs cnenuduyeckas
KOHCTPYKIIMSI, KOTOpas IO BceM BHEILIHHM IPU3HAKAM HaIlOMUHAET JByMeEp-
HbIH MaCCHB, TOJIBKO B TAKOM MacCHBe B Pa3HBIX CTPOKAX MOKET COAEPKATHCSA



nasa 3

'pa3HOe KOJIMYeCTBO 37ieMeHTOB. O3HayeHHBIMH
rpaMMa, ipeJiCTaB/IeHHaA B AUCTHHTe 3.8.

EHJhunuursjhlwuoculqucnomumyxmun'nou
tinclude <iostream>
$include <cstdlib>
using namespace std;
int main() {
// V3MeHeHMe KOMMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// ViuMumanmzaums TeHepaTopa CIyYalHHX uYMCen:
srand{2);
// VHIEKCHHe NepeMeHHHE:
int i,3;
// Pasmep MaccuBa ykasarteneit:
const int size=5;
// MaccuB CO 3HaueHMAMM, ONpeleNiDipML pasMepH
// YMCNOBHX MacCHBOB: ;
const int cols([size}={3,7,6,4,2};
// IvHaMMueckmit MAacCMB yKaszaTeJel:
int** nums=new int*[size];
// CoSHaHMe IMHAMVMECKMX UMCIOBHX MACCHBOB
// n 3anonHeHue MX SHAUEHMAMM:
for (i=0;i<size;i++) {
// IvHaMuueckmii UMCIIOBOM MAaCCMB:
nums [i)=new int[cols{i]];
cout<<®| "}
// 3BanonHeHue UMCIOBOT'O. MACCHBA:
for (j=0;j<cols[i];j++) {
// Cnyuaitsoe uucno or 0 mo 9:
nums [i] [§]=rand()%10;
/1 OTo6paxeHue BHAYEHUs DJIEMEHTa MacCUBa:
cout<<nums[i] [j]<<" | ";



}

Yxazaresnn, MacCHBbi U CChAKN

cout<<endl;

// Ynanenue 4MCNOBHX [UHAMUYECKMX MACCHUBOB:.
for (i=0;i<size;i++){ !

// YnaneHue IOuHaMMYECKOT'O UYKCIIOBODO MACCHBA:
delete [] nums{i];

// YmaneHve mMHAMMYECKOI'O MAaCCUBa yKasaTeJsem:
delete [] nums;

// 3anepxxa KOHCONBLHOT'O OKHA:
system("pause>nul™);

return 0;

B nporpamme, KpoMe IPOYEr0, CO3NAETCA LEJOUNCIEHHAs KOHCTAHTa size,
KOTOpasi omnpefeisieT MacCMB yKazaTeneil. MaccuB cosmaeM KoMaH7oi
int** nums=new int*[size].3T0 muHaMUueckuii MaccHB. THI ero ssleMeHTOB
olnpeziesIAeTCsA HHCTPYKIMeil int* B paBoii YacTH BhIpaXKeHHsA. 3Be3/{04Ka *
nocJie int-WHCTPYKIMHU CBUAETEJIBCTBYET O TOM, 9TO Peyb HAET 00 yKasaTessx
Ha Uesbie yucia. [loxyepkHeM, YTO yKa3aTeau Ha LEJIbie YHCIIa — HNEMEHTHI
CO3IAHHOTO MaccuBa. VIMs MAaCCHBA ABJISIETCS yKA3aTeJeM Ha NEpBbIil a/ie-
MEHT, KOTOPHH B JaHHOM CJIydae caM sBjsercs ykasareieM. Iloaromy ums
MacCHBa nums ABJISIETCA YKa3aTesleM Ha yKa3aTeJb Ha Lesioe yuciio: [loaTomy
niepeMeHHas nums OOBSB/IEHA C HACHTU(PHKATOPOM THIIA int**,

B NOAPOBHOCTM

B viHcTpykuun o6baBneHus ykasaTens 3ge3noyka * Ha camom aene oT-
HOCUTCS K OObLsIBNSEMOiA NepeMeHHO’, a He K UAeHTUDUKATOPY TUNa.
Hanpumep, uHcTpykumeit int* x,y oGLABNSIETCH yKa3aTenb x Ha ueno-
YucneHHoe aHaveHune u obuiuHas (He yxasarenb) USNOYUCNIBHHAR nepe-
MeHHasn y. Bonee Toro, BMecCTo o6uLaBneHUst int*- x, y 4aCTO MCNOAL3YIOT
obuasneHue int *x,y. 34€Chb pedb uaeT 06 OQHOMN U TOM Xe UHCTPYKUMM,
HO 3anucaHHOW HEeMHOro No-pasHoMy. BTtopoi cnocob nopgvepxkneaerT,
YTO 3BE300YKa * «AeNCTBYET» TONLKO Ha OAHY NEPeMEeHHYI0. floatoMy
nonarartb, Y4TO int* ABAAETCA UASHTMOUKATOPOM VISt TUNA BAHHLIX HE
COBCEM KOPPEeKTHO. BMecTe C TeM, ecnm MHCTPYKUMM BUpA int* MW
int** paccmMaTpmearb Kak UAEHTUPMKATOPLI TUNA, TO BO MHOTUX CATyHaaX
3T0 cnocobecTayeT NyHuieMy NOHMMAHMO NPUHLMINOB OpraHKu3aLmn Npo-
rPaMMHOro KOAA. '
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Eme B nporpamMme xoMaHzo#t const int cols[size]={3,7,6,4,2} 06b-
ABJISETCS] M HHUIMAIU3UPYETCd KOHCTAHTHBIH (MaccUB C 3JIeMeHTaMH-
KOHCTAaHTAMH) MAacCHUB Cols. JJIEMEHTHI JAHHOTO MAacCHBA ONPEessiioT
pasMep AMHAMUYECKHX YHCJIOBRIX MACCHBOB, KOTODBIE CO3JAIOTCS Aasiee
B IIpOrpaMMe M YKa3aTeJy Ha KOTOPbIe 3alIHChIBAIOTCSA B MACCHB nums.

[ co3naHus TUHAMHYECKHX YHCIOBBIX MACCHBOB U 3allOJIHEHHS HX 3Ha-
YEeHUSIMHM 3allyCKaeTcsi ollepaTop I[MKJA, B KOTODOM HHIEKCHasA i nepe-
MeHHasi mpoberaer 3HayeHus oT 0 A0 size-1. B Tese onmeparopa 1uKia Ko-
MaHAOH nums(i]=new int{cols[i]] co3maeTca AMHAMHYECKHH YHCJIOBOIA
MaccuB. Pasmep MaccrBa onpenensiercs 3JieMeHTOM cols[i] MaccuBa cols.
Ykazaresib Ha MacCHB [IPUCBAUBAETCsl 3HAYEHUEM 9JieMeHTY nums [1] MaccH-
Ba yxasaresieil. [locse TOro, Kax 4YMC/I0OBOH AMHAMMYECKHH MacCHB CO3JiaH,
OH 3aMOJIHSIETCS. CIyYaUHRIMY YHCAAMH, 2 3HaYeHHUs] er0 3JIEMEHTOB BBIBO-
IATCSL B KOHCOJIBHOE 0KHO. PeanuayeTcst Bce nepeducIeHHOE IIOCPECTBOM
oneparopa UMKJIa, B KOTODOM MHJEKCHas IEpeMEHHasl j ITOCI€I0BATENbHO
NPUHKMAET 3HAYEHUS B JHariazoHe oT 0 g0 cols[i]-1. 3HayeHne 3MEMERTY
IIpUCBauBaeTcd KOMaHJoM nums{i][j]=rand()$%10, a orobpaxkaercsi 3Haye-
HUE 3JIEMEHTA B KOHCOJIM KOMAHZAO#M cout<<nums[i] [j]<<" | ". o

‘B noaPOBHOCTH

Maccus nums ABNAETCA OAHOMEPHLIM MacCUBOM. MHCTPYKUMS nums [i]
DAeT 3Ha4YeHue aneMeHTa Maccmea C UHAEKCOM i. HO TakoW anemeHTt
ABANETCA yKa3artenem, Npu4eM ykasaTtenem Ha Ha4vanbHblid SNeMeHT an-
HaMMUYECKOTO YUCIOBOrO MaccuBa. YKasaTenu, Kak Mbl OMHUM, MOX-
HO MHAaeKcupoBaTh. [loaToMy nuns{i] [j] npeacTaBnsieT Co60# INeMeHT
C MHOEKCOM j B MACCUBE, HA KOTOPLINA YKa3niBaeT afieMeHT nums [i]. Apy-
UMK CIOBaMU, Mbl OPraH30Ba/I ONHOMEPHBIE MACCUBhI TaK, 4TO CO3-
DAeTCa NonHas UNNo3ns ABYMEPHOrO MacCuBa.

Tlocse Toro, Kak AMHAMHYECKHE MACCHBBI CO3AHbl M 3aIIOJIHEHbI, MOTPe6-
HOCTh B HUX OTHAaJaeT, ¥ OHM yAIA0oTCA U3 namaTy., CHavasa yaansorcs
YHCJOBBIE MACCUBHI, /U1 YET0 3allyCKaeTCst ONePaTop HKIA U B TeJle. LIHK1a
KOMaHAo delete [] nums([i] yJansieTcst KaXAbii U3 YHCIOBBIX AUHAMUYE-
ckux MaccHBoB. Ilocsie aToro koMaHAoI delete [] nums yaajseTcs AMHAMMU-
4ecKHii MacCHB yKa3aTeieil.

C nonpasxoii Ha To, YTO B IIPOrPaMMe HCTIOIb3YeTCst TeHEPATOP CIyYalHbIX
yuces (TI03TOMY KOHKPETHbIE YMCIIOBhie 3HAYEHHUA [IPH 3aITyCKe ITPOrpaMMbl
Ha Pa3HBIX KOMITBIOTEPAX MOTYT OT/IMYAThCA ), Pe3YJIETAT BRINIOJTHEHHS IIPO-
IPaMMBbI BHITJISIIUT CJIEAYIOMUM 06pa3oM:
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Ykasarenu, MacCvBb! M CCbIAKU

Pe3ynbTar SsiONHeHUN NPorpammel (Us nucTunxra 3.8)

151618] '

[ 5S1410}101111]5] 6|

|1 7191216131 9

P31 71811

9151

Panee Ml yxke HMeH ZIeJI0 C ABYMEPHBIM CHMBOJIbHBIM MacCHBOM (CM. JIM-
cruHr 3.6). OHaKo TaM BCst «CHMBOJIBHOCTb» MACCHBA CBO/IUJIACH K TOMY, YTO
3/IEMEHTH MACCHBA SIBJISLTHCH CHMBOJIaMH. Maccus coaaasasicsi 1 o6pabathi-
BAJICA I03/IEMEHTHO, H B 3TOM CMBICJIE OH MAJIO OTJIMYAETCS OT JBYMEPHBIX
MaCcCHBOB NTPOYMX THUNOB. BMecTe ¢ TeM CHMMBOJIbHBIE MACCHBHI (M 3TO MBI
TOXe 3HaeM) B C++ Haxoznarcst Ha ocoboM cuery. Hekoropbie ocobGeHHOCTH
CHMBOJILHOTO ABYMEDHOTO MAcCHBA NPOHJLTIOCTPUPOBAHEI B HPOrPaMMHOM
kozie B mictiHre 3.9. Ecsn GuiTh Gosiee TOYHBIM, TO TaM CO3JAETCH OXHOMED-

HbI¥ MACCHB U3 yKasaTeJieit Ha yka3aTe/In Ha CHMBOJIbHBIE 3HaueHus. CuTya-
IUs HEMHOT'O TIOXO0Xa Ha Ty, YTO ONUCHIBAJIACH B IPEABIIYLIEM IPUMEDE.

HWrak, paccMOTpHM npeACTaBIeHHBIH HHXXe MPOrPaMMHBI KOA: -

Jincrunr 3.9. Maccus cnmeo

#include <iostream>

#include <cstdlib>

using namespace std;

int main(){
// Vi3MeHeHMe KOIMPOBKM KOHCOJM:
system("chcp 1251>nu1");
// MaccuB CUMBOJNBHHX yKazaTeneit:
char* stri3]={{"xpacuuit"}, { "xenTsit"}, {"3eneHnin"}};
// OrobpaxeHue CTPOK:
for(int 1=0;1<3;i++){

cout<<str[i]<<endl;

}
// OOpémeHMe K 3JIeMEHTaM MaCCHBa:
cout<<str{0] [3]<<str[1][1]<<str[0][1];
cout<<str{2][5]<<str([l][5]<<endl;



hasa3

// 3amepxka KOHCOJNILHOTO OKHa:
system("pause>nul");
return 0;

}

Peaysbrar BRIIO/IHEHHS IPOrPaMMHEI CJIEAYIOMUIA:

Pe3ynsTarT BeiflONHeHNS NPOrpaMMnl (U3 nuctunra 3.9)
KpaCHHUA

xémruﬁ

3eJICHEI

CepHi

MaccuB cMMBOJIBHBIX yKasaTesied co3faeTcsi KoMaHmo#f char* str[3]=
{{"xpachiit"}, {"xentwit"}, {"senenwit”}}. DopManbHO JaHHA KOMaHJA
03Ha4aeT, YTO CO3AAETC MACCHB H3 TPEX 3/IEMEHTORB, KAXKAbIH M3 KOTOPHIX
SIBJISIETCS yKa3aTeJieM Ha 3HadeHwe Thna char. B npaBoif yacTd BHpaKeHHS
yKa3aH CIIHCOK 3HaYeHNH, KOTOPHIMH HHUITMATH3UPYIOTCS 3/IEMEHTHI MaCCH-
Ba str. TexcTOBhHIe JMTepalibi "KpacHH", "xenTeii™ ¥ "3eeHuii" aBToMaTIIE-
CKH 3a[IMCHBAIOTCA B MACCHBHI H TIpH 00paboTKe 3THX JIMTEPAJIOB BO3BpaILa-
IOTCS YKa3aTellH Ha COOTBETCTBYIOHIME MAacCHBHL. B pesy/nrate sHaUCHHAMU
3/IeMEHTaM MacCHBA str PHCBAMBAIOTCS aZPeca IMEPBhIX 31eMEHTOB MACCH-
BOB, B KOTOpbie OBLIM 3aITMCaHbl TeKCTOBHeE JuTepassl. [loaromy, Hanpumep,
IIPH BHITIOJIHEHHH KOMAHAM BHAA cout<<str[i]<<endl B omepaTope HKIa
peyb MIET O BHIBOAE B KOHCOJb CHMBOJIBHOTO YKAa3aTelsd, H B pe3yJisraTe
0TOOpa)kaeTcs COOTBETCTBYIOIIMI TEKCTOBHIH JMTepal. B To Xe BpeMs Mu
MOXeM 00pamlIaThCs K JIEMEHTaM MaCCHBa str TaK, Kak ecyd Onl 310 Obul
aByMepHbIii MaccuBa. Hanpumep, str[0][3] mpeacrasiaser cobGoit GykBy
C MHJIEKCOM 3 B JINTepajie ¢ MHAEKCOM 0 (deTBepTasi GyKBa B [1€PBOM JIATEpa-
ne — OGyksa 'c'),a str(1][1] — Bropas Gyksa Bo BropoM Jurepaie (Oyxsa
'e'), u Tak Aanee. [Ipuniun agech npocroii. Uacrpykima str[i} npeacras-
nsiet coboil yxa3aTesib Ha CAMBOJIBHOE 3HAYEHHE, 2 HA CAMOM JeJie yKa3aTellb
Ha NEPBHIi 371eMEHT CHMBOJIbHOTO MaccuBa. Torfa MHCTPYKIMA str[i] (i)
ABJsieTcsi GyKBO# ¢ MHAEKCOM j B MaccuBe, apec KOTOpPoro (ero mepsoro
a/leMeHTa) COAEPAKUTCS B 3/IEMEHTE C MHAEKCOM i MaCCHBa str.

G HA BAMETKY

Ecnn Mil nonbiTaeMCcAa NPUCBONTL HOBOE SHAYEHUe 3NIeMeHTY striil [j)
(ckaxem, noGaBum B NPOrpaMMHbIA KOA KOMaHay srt{0][3]='z'), no-
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Ykasarenu, MaccuBbl U CCbiNKK

FIY4UM OLIMOKY BPEMEHUN BbiNOAHEHUR, NOCKONLKY 3A6Ch UMEET MECTO
NonbiTKa U3MEHUTL 3HAYEHNE TEeKCTOBOro nuTepana, KOTopLIii ABNAETCA
KOHCTaHTON.

3apaum Ans CaMOCTORTENIbHOro pelleHnn

1.

Hanumure nporpaMmy, B KOTOPOil CO3ZAeTCs ABAa YHUCIOBHIX MacCHBA
oauHaKoBoro pasmepa. Heo6x01MMO BEIMHC/IMTD CYMMY NONAPHKIX IPO-
H3BeJIeHHi 371eMeHTOB 3TUX MaccuBoB. Tak, ecin depes a, u b, 06o3Ha-
YHTH 3/IEMEHTH MaccuBoB (HHzekc 0 < k < n), To HEO6XOAUMO BHIYMC-
JIUTh CyMMY Z abi

HanummuTte nporpamMMmy, B KOTOpPO#i CO3aeTCs YHCIOBOM MacCHB M 1
3TOr0 MACCHBA BHIYHCJIAETCS CyMMa KBaJPaTOB 3JIEMEHTOB MacCHBa.

‘Hanumure nporpamMMmy, B KOTODOH CO3AaeTcs ABYMEPHBIH HHCJIO-

BO# MAacCHB M JJIf 3TOTO MacCHBa BBIYUCIIAETCA Cywa KBaJApaToOB €ro
JJIEMEHTOB.

Hanumute nporpaMmy, B KOTOPOIi co3faeTcst KBaApaTHas MaTpHua (pea-
JH3yeTCs Yepe3 AByMEpHbIii MaccuB). Matpuily HeoOX0AHMO 3aI0/IHHTh
YHCJIOBRIMH 3HaYeHUAMH (CHOCO6 3an0IHEHUs BHIGPATh CAMOCTOATEb-
HO), a 3aTeM BHITIOIHHTD MPAKCNOKUPOSAHIE MATPHIIEL: MATPHIIA CHMMe-
TPHUYHO <«OTPAXKAETCSI» OTHOCHTEJIHHO IJIABHO#H JUAroHaH, B pe3yJibraTe
Y€ro 5NEMEHT MaTPUIIbI @; CTAHOBHTCS 3JIEMEHTOM @, H HaoGopoT.

Hanuniure nporpamMy, B KOTOPOIi co3fiaeTcs KBaApaTHas MaTpHua (pea-
JI3yeTcs 4epes IByMepHHIH Maccus). MaTpuiia sanoHseTcs cay4aifHbl-
MM YHCJIaMH, TIOCJIE YETO BRITIOTHAETCS «[I0BOPOT MO YaCOBOM CTpeJiKe»:
nepBHii cToN6eI CTAHOBHTCS TIEpBOii CTPOKOM, BTOPOit CTONGEN CTAHO-
BMTCSI BTOPOH CTPOKOH, U Tax Jajiee.

Hanumure nporpamMmy, B KOTOpO# A1 AByMepHOH KBaJpaTHOM YMCIO-
BOIi MAaTpHIIBI BRIYUC/SETCS (el — CYMMa JUATOHAJIbHBIX 3J/IEMEHTOB
MAaTPHIIEL

Hanumure nporpamMmy, B KOTOPOii /IS 0JJHOMEPHOT'O YHCIOBOTO MAcCH-
Ba BHIYMCJIAETCS HAWOOMbmMil (HaHMEHbHIMI) 3/IeMEHT W MO3MIMS, Ha
KOTOPOH 37IeMEHT HaXOAUTCS B MaCCHBE.

Hanumure nporpaMmy, B KOTOpO# CO3Ja€TCsi OXHOMEPHBI YHCIOBOM
Maccus. ITocie 3anosiHenus 3HaYeHUAMH (HANPUMeD, CTyYalfHBIMH YHC-
JIaMH) MacCHBa B 'HEM HY)KHO BHITIOJIHUATH IUK/INYECKYIO IIEPECTAHOBKY
aneMeHTOB. KosmmdecTBo NO3UIMiA IS IMK/IHYECKOH [IePECTAHOBKH BBO-
AWTCS [OJIb30BATEJNIEM C KJIaBHATYPHI.
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9.

10.

11.

12.

13

14.

15.

16.

17.

Hanummwre nporpaMmy, B KOTOPOH CO3AA€TCS! M 3aIIONHAETCSE HATYPaJIb-
HBIMU YHCJIaMHU ABYMepPHBIH MaccuB. 3anmomeHre HAaYHHAETCS C JIEBOTO
BEPXHEro 3JIEMEHTA CJ/IeBa HANPABO, CBEPXY BHU3 (TO €CTh 3aIOIHAETCS
CHayaJIa NepBasi CTPOKa, 3aTeM BTOpas, U TaK Jajiee).

Hanwmmre nporpamMmy, B KOTOPO# CO3/aeTCA M 3a1I0/IHAETCS HATYPaAb-
HBIMHU YHCJIaMH IByMEPHBIH MaccHB. 3amoHeHHe HAYUHAETCS C JIEBOTO
BEPXHETO 3JIEMEHTA CBEPXY BHH3, CJIEBa HAIPaBO (TO €CTh 3aN0JHAeTCS
CHayasa mepBsIii CTOMOEL, 3aTEM BTOPOH ¥ TaK jiaJiee).

Hanummrte mporpamMMmy, B KOTOPOH CO3AaeTcsi KBajpaTHas MarpHIa.
deMeHTaM Ha 00eHX AMArOHAISAX MPUCBAMBAIOTCSA €AMHWYHbIE 3HAYE-
HMSI, BCE OCTAJIbHbIE 3IEMEHTHI HYJIEBHIE,

Hamimure nmporpaMMy A71s1 BBIYMCJIEHUS INPOM3BENEHUSI NPAMOYTOJIb-
HBIX MATpHUI| (KOJHYECTBO CTPOK U CTOJNGHOB B MATPHIAX PA3/THUHOE).
Ilepemuoxatorcsi MaTpuisl A (pa3mepamul m Ha n) H B (pasmepamu n
Ha [). PesysisraToM siasiercst Marpuna C (pasMepaMu m Ha I) Pa6o‘{aa
(hopMya 1ist BRIMUCTEHMS 3HAYEHMIH ManHI.lbI Cumeer BUA C,= 3, a;b,,
rrel<i<mul<jsl !

Hanumure nporpaMMmy, B KOTOPOI CO3/1a€TCA CUMBOJIbHBIH MacCHB ISt
3aMKCH TeKCTa. B MacCHB 3aMMCBIBAETCA TEKCT, NIOCJTE YeT0 HEOOXOAMMO
M3MEHHTE NIOPSAOK CJIeZIOBAaHUS CHMBOJIOB B TEKCTE Ha MPOTHBONOMIOXK-
HBII: TOCJIEHUI CUMBOJI CTRHOBUTCSI TIEPBBIM, IIPEATIOCTIETHUAN CHMBOJI
CTAHOBHTCS BTOPBIM H TaK AaJiee.

Hanumure nporpaMMy, B KOTOPOI CO3AaeTcA JBYMEDHBIH YHCIJIOBOR
MacCUB M 3aIOJHSETCA caydaMHbBIMH umcnaamu. s waxzpoit cTpoxn
(wm cTonf1a) AByMEPHOTO MACCHBA Omnpezessietcsl Hanbonpmmit (1im
HaVMEHBIIHUI ) 3JIEMEHT, U U3 TAKUX JIEMEHTOB co311ae'rca OHOMEPHBIH
YHCJIOBOI MaCCHB.

Hanunmre nporpamMMmy, B KOTOpO#t CO371aeTCsI CHMBOJIbHBIH MacCHB 71t
3anucH TekcTa. IlogcyuTath A5 3aIIMCAHHOTO B MACCHUBE TEKCTA KOJIIYe-
CTBO CJIOB U UIMHY KaXzaoro cyosa. CioBaMu cYMTaTh HabOp CHMBOJIOB
Mexy npoberaMu.

Harmmmivre nporpamMmy, B KOTOPO# cO3/1aeTcsi IMHaMIUIECKHH MaceuB. Pas-
Mep MacCUBa — cJydalfHoe YHCI0 (TO eCTh reHEPUPYETCS CIIydaiiHoe YHCJIO,
KOTOpOe onpejesisieT pa3Mep MacCHBa). 3allOJHMTh MAacCHB «CHMMETPHY-
HBIMM» 3Ha4YeHMSsIMU: TIEPBBIH 1 NOCTIeAHMI 3JIEMEHT IIOy4aI0T 3Ha4enue 1,
BTOPOii ¥ NpeNOCc/IeAHHIT 3/IEMEHT MOJTy4aloT 3HauyeHHe 2, ¥ TaK JaJlee.

Hanmuire nporpammy, B KOTOPOil CO3ZIA€TCA TPH OAHOMEPHBIX YHCJIO-
BBIX MaCCHBAa OQWHAKOBOro pa3Mepa. [lepBrie 7Ba MacCHBA 3aTIO/IHAIOT-
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20.

YKazarenu, MaccuBbl ¥ CCbiNKN

sl Cy4alHBIMM YuCaaMy. ‘TpeTwnii MacCHB 3amOJIHSETCS Tak: CDaBHUBA-
I0TCs 3/IEMEHTHI C TAKMMH JX€ MHJEKCaMH B IEPBOM M BTOPOM MacCHBE
¥ B TPETHii MACCHB HA TAKYIO Ke TOIHITHIO 3aNMChiBaeTCst Gosibiee (WK
MeHblIIee) H3 CPABHUBAEMbIX 3HAYEHUIA.

Hanumiure nporpamMmy, B KOTOpPOii CO3a€eTCs ABa AMHAMMYECKHIX MaCCH-
Ba (pa3sHo# AMMHBI). MacCHBBI 3aNTOJIHAIOTCS CIyYaiiHBIMM YHCJIAMH. 3a-
TeM CO3/[a€TCs TPETHI AMHAMUYECKHit MAaCCHUB, ¥ €r0 Pa3Mep paBeH CyM-
Me Pa3MepoB MePBHIX ABYX MAaCCHBOB. 1peTuil MaCCHB 3aIIONHSETCS TaK:
CHaYajia B HETO 3aNMCBhIBAIOTCS 3HAYEHHS JJIEMEHTOB IIEPBOTO MAaCCHBA,
a 3aTeM 3Ha4YeHUsI JIEMEHTOB BTOPOTO MacCHBa.

Hanmummure nporpamMmy, B KOTOpO# cO3ZaeTcs [Ba JUHAMMYECKHMX Mac-
CHBa OAMHAKOBOTO pa3Mepa. MacCHBHI 3aIIOJHSIOTCS Cy4afHBIMM YHC-
JaMH. 3aTeM CO3ZaeTcsl TPeTHil AMHAMHYECKHH MaCCHB, U €r0 pa3Mep
B /[Ba pa3a 60JIbiLie pa3Mepa KaX/0To U3 IEPBEIX ABYX MaccriBOB. Tpetwit
MaCCHB 3aN0JIHAETCS II004YEPENHOM 3aITMCHIO 37IEMEHTOB U3 MEPBBIX ABYX
MaCCHBOB: CHayaJa 3aTIMChIBA€TCs 3HaUYEHHeE 3IEeMEHTA NePBOT0O MaCCHBa,
3aTeM 3HaYeHUe 3IeMEHTA BTOPOTO MACCHBA, 3aTeM CHOBA IIEPBOIO ¥ CHO-
Ba BTOPOTO, M TaK JaJee.

Hanumure nporpamMMy, B KOTOPO#l co3zaeTcss ABYMEPHBIH 4HCJIOBOM
MaccuB. MaccuB 3anosiHsiercs: crydaiiHeiMu yicaamu. Ha ero ochose
co3/1aeTCs HOBHI MaCCHB, KOTOPHH MOJMY4aeTCsl «BRIYEPKNBAHHEM» U3
CTaporo OAHOM CTPOKH M OJHOFO CTOJIOLA. Homepa «BbryepkHBaeMbIx>
cTO6uA ¥ CTPOKU ONPEAESAIOTCS BBOAOM C KJIABHATYDHL WJIH C Tomo-
IIBIO TeHepaTopa CIYYaiHbIX YHCEJL.



fMmasad4 .
OYHKUUUN

— Hy, BoT y Bac, Ha 3eMJie, KaK RBI OIpe-
zensiere, KTO Nepef KeM CKOJILKO AOIKEH
TIPHCECTD?

— Hy, aTo Ha rias...

u3 K/ «Kun;ﬂéa-ﬂ;ad'»

Jta r1aBa NoCBsleHa B OCHOBHOM (ynkimsam. Hexoropeie aocraTousno
NPOCTBbie IPUMEPHI HCTIOIb30BaHUsL HYHKIHI HaM ye BCTPEYaINCh PaHee.
37ech ke MBI TIOCTApaeMCsi TIOKA3aTh BCIO MOIIb H KPacoTy TIPHMEHEeHHUst
¢bynxuumit B nporpaMMuBIX kozax. IIpeqMeToM Hamero pacCMOTPEHHS CTa-
HYT CJIeyIoNye BONPOCH H TEMBI: o '

® neperpyska QyHKuui;

® MexXaHW3MHI llepe/iaul apryMEHTOB QPYHKIHAM;

® 3HAYEHUA APryMCHTOB d)yHKIIHPI o yMOJl‘laHmO;
® HCIIOJIb30BaHHuE PEKYypPCHH,

® fmepesaya apryMeHTOM (YHKIMHM yKa3aTesed, MaCCMBOB H TeKCTOBRIX
3HAYECHUI;

® BO3BpalllEcHHE PE3YJILTATOM (l)}’HKIIHH YKa3aTeiisi H CChLUIKH,

® HCNOJb30BaHHE ylcaaa'reneﬁ Ha (byHKIIPIH,

H HEKOTOPbIC NPYTHE aCHIEKThI, CBSA3aHHEIC C QDYHKHMHMH.

O6GbasneHue u onucaHne GyHKUnN

OueHnb NpOCTO# NpHUMep HCTIOJIb30BaHUA (PYHKIIMIL IPeACTAB/IEH B JIHCTHH-
re 4.1. Tam onucaHn MareMaTH4eckue (PYHKIUH IJ/if BRIYHCIEHHS CHHYCa
H KocHHyca. B mporpamMme faHHbie (DYHKIIMH HCIIOJIB3YIOTCS AJIA BRIYHCIIE-
HHS 3HAYEHHH IPH 3aIaHHOM apTYMEHTE, 2 aHAJIOTHYHbIE BCTPOEeHHbIe QYHK-
MM BHI3BIBAIOTCA JUIs1 IPOBEPKH PE3YJIbTaTa BEIMUCIEHHH.
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DyHKLMM

ZH MNOAPOBHOCTH

AnA BbIMMCNIEHNA CHMHYCA W KOCWHYCa (NPU 33aAaHHOM 3HaveHWu apry-
MEHTa X) HaMW UCTIONbL3YIOTCH Cneayolme NpUiAKeHHbIe  BHIDAXEeHUS::
cos(x) = 1- (¢/21) + (/1) - GE/B) +...+ ((= 1)) =& (- 1)5*Y/
((2K)1)) ;s kocwHyca u sin(x) = X ~ (0€/31) + (C/51) — (/T + ... + (= 1)’
47 )20 + 1)) = £ (= D52k + 1)) 29 onyca. Hem Someue
3HauYeHne BepxHei rpaHuLibl CYMMBI 1, TEM BbilLIe TOYHOCTb BLIYUCTIEHWA.

PaccmoTpum npeacrasieHHbI HHXKE IPOTPAMMHEIN KO

JNucvmnr 4.1. Boiuncnexnne cunycan xoclmyél
#include <iostream>
tinclude <cstdlib>
#include <cmath>
using namespace std;
// OBbaBnenue DyHKUMD
double myCos (double); // BuumcneHme KOCMHyCa
double mySin(double); // BuuMcnenme CHHyca
void show (double); /! BcrnomorareneHasa GyHKUMA
// TnaBHas QYHKUMA NPOTpAMMH:
int main(){
'// W3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// KoxcraHTa mns SHaueHus uucna "mu":
const double pi=3.141592;
// BHUMCTIEHME CMHYCa ¥ KOCMHYCA IPM Pa3HHX
// 3HauEHMAX apryMeHTa:
show (pi/6);
show (pi/4);
show(pi/3);
show(pi/2);
// Bamepxxa KOHCONBLHOI'O OKHa:
system("pause>nul");
return 0;
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// Omucanue QyHKUMM IJIS BHYUCJIEHMS KOCHHYCa:
double myCos(double x){
// BepxHas T'paHMUA CyMMH:
int n=100;
// Hepeuenﬁue NI 3a0MCH 3HAYEHUS CYMMH
/! u poBaBku K CymMe:
double s=0,q=1;
/! BHUMCIEHME CYMMH:
for (int k=0;k<=n;k++) {
s+=q; // JoGaBka k cymme
// HofaBka INa ClemyomeR MTepaiym:
g*=(~1) *x*x/ (2*k+1) / (2*k+2) ;
}
/! Pesymbrar QyHKuMM:
return s;
}
// Onucauue QyHKUMM IJIS BEYMCIIEHMS CHHyCa:
double mySin(double x){
// BepxHAS TpaHMUA CYyMMH:
int n=100;
// TepemeHHHe LN 3amuCM BHAYEHUA CYMMH
// v noBaBkM K CymmMe:
double s=0,qg=x;
// BHUMCNEHME CYMME:
for (int k=0;k<=n;k++) {
s+=q; // loBaBka k cymme
// IofaBka Ind CReIyKWei MTepaLym:
g*=(-1) *x*x/ (2*k+2) / (2*k+3) ;
}
// Pezymprar QyHKUMM:

return s;
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DyHkumm

// Onucanue BCHOMOTATENEHOM GYHKLMM:
void show(double x){
cout<<"3HaueHue apryMeHTa: "<<x<<endl;
// BuuMCINEHME KOCHHYyCa:
cout<<"Kocmuyc: "<<myCos (x)<<" vs. "<<cos(x)<<endl;
// BENMCIIEHMe CHMHyCa:
cout<<"CmHyc: "<<mySin(x)<<" vs. "<<sin{x)<<endl;
// JONONHUTENbHEST OTCTYM:
cout<<endl;
}

Peayanbratr BRINOMHEHMS POrPAMMBI TaKOi:

Peaynurart BuiNONHOHMA NporpamMml (M3 nuctunra 4.1)
3HaveHue aprymenra: 0,523599

Kocuuyc: 0.866025 vs., 0.86602¢

Cuuyc: 0.5 vs. 0.5

3nauenue aprymeHTa: 0.785398
Kocuuyc: 0.707107 vs. 0.70710"
Cunyc: 0.707107 vs. 0.707107

3naueHue aprymeﬂma:‘1.0472
Kocunyc: 0.5 vs. 0.5
Cunyc: 0,866025 vs. 0.866025

3Hauenue aprymesra: 1.5708
Kocuuyc: 3.26795e-007 vs. 3.26795e-007
Cunyc: 1 vs. 1

B nporpaMMe onuchHBalOTCA PYHKIMU myCos() A1 BBIYMCJICHUS KOCHHY-
ca, mySin () AJIA BRIMMCIAECHUs CHUHYCA M BcrioMorareabHass PYHKIIME show ().
IIpudemM QyHKUMH CHayasa OOBABIAIOTCH, a HEMOCPEACTBEHHO OIHCAHME
GbyHKUHI BRITOJIHAETCS TIOCTIE ONMCAHHUS IIaBHOM QyHKImMM main ().
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Bl NOAPOBHOCTM

MNpy o6vaBRexuy GyHKLVK YKa3bIBaETCA ee NPoToTUN: naeHTudukaTop
TUNa pe3ynerara, HassaHue QyHKLUK U CUCOK apryMEHTOB, NPUYEM Ha-
3BaHMA apryMEHTOB MOXHO HE YKa3biBaTb — TOALKO UX TUI.

PyHkums pomkHa BbiTb 06bABNEHA A0 TOrO, Kak OHa BRepBLie Bui3biBa-
eTcs.

@yHKuus myCos () pe3yJIbTaTOM BO3BpAILAET 3HAYeHHe THMA double M y Hee
ouH apryMeHT (0603HaUeH KakK x), ToKe Tuna double. JIokanbHast HEAOYMC-
JleHHas1 nepeMeHHas n 00bABJIEHHAN U HHUIMAIM3UPOBAHHAS CO SHAYECHHEM
100 B Teste byHKIMH, ONIpefeAeT BEPXHIOKI IPAHMILY CyMMbI, BO3BpalllaeMoii
pe3yasraroM Gynkuuu. Ente aBe nepeMeHHrie THNa double mpexHa3HAYEHBI
AJIs1 3allMCH 3HaYEeHUs CyMMBI (lTlepeMeHHas s ¢ HaYaJIbHBIM 3HaYeHHeM 0)
H CJ1araeMoro, KOTopoe Ha KaKAOU UTepaluu 100aBiseTcs K cyMMe (mepe-
MeHHasl q C Ha4YaJbHbIM 3HaYeHWeM 1). Brruucisiercss cymMa ¢ nomomisio
onepaTopa LIMKJIa, B KOTOPOM HHAEKCHAs IepeMeHHasi k mpoberaer 3HaueHHe
OT 0 0 n BKJIOYUTEJIBHO, H 32 KaKABIH LMK BHIITOJHSIOTCS KOMAaHJIbBL $+=q
(no6GaBieHNE HOBOTO C/IAraEMOTO K CYMME) M g*=(-1) *x*x/ (2*k+1) / (2*k+2)
(Briuncenue fobasky Ais caeayomeit urepauun). [lo saBepireHuu BEYKC-
JIeHU# 3HaYeHHe NepeMeHHON s BO3BpalaeTCcsa pe3yabTaToM QyHKIHH.

(@ HA BAMETKY

Ans xocuHyca BHMMCTSETCA CyMma 1 - Oé/21) + (x*/a1) + (°reY) + .

(= 1)@ = £, . e wepes g, = (- 1)32/(2K)) oosnavera no-
Gaska k cymme (oNns UTepaumm uHaexcom k). Ecnu g, , , — nobaska Ha cne-
Ayolwiei utepaumu, To NErko 3aMeTUTb, YT0 q, ., /4, = ((- 1))(2)/((2k + 1)
(2k + 2)). BuiBoa Taxoit: 4To6b NOAY4MTL fO0aBKY ANa cnegyloutei ure-
pauuu, Texywiee 3HaueHue foGaBkM CneayeT YMHOXUTh Ha BESIMMUHY
(- 19A)/((2k + 1)(2k + 2)). Takoi NOAXOA PEANUIOBAH B ¢ymu.mu myCos ()
Ana cunyca BbLIYUCNRETCR Cymma X — (4731 + /51 - (X /M + .
(- 1% )20+ 1)1) =3 gy, rme oBosHaveHo g, = (- 1) ")/((2k + 1)')
OTHOWEHUE G, , /G, = ((— 1PC)/((2K + 2)(2k + 3)). TOSTOMY U BBIMUCHEHUM
cuHyca (yHkuma mySin () ) paccuntoisas nobaBky ana cnenyiouleit urepa-
UMM, 3HAYEHME TeKyLLeh o6aBkn ymHOXaeM Ha (- 10¢)/((2k + 2)(2k + 3)).

DyHKIMA A1 BEIYHCJIEHUSI CHHYCamySin () OINMCaHa aHAIOrHYHO K QYHKIMA
LIS BRIMUCJTEHHS! KOCHHYCa myCos (), pa3Be YTO C MOMPaBKOi Ha H3MEHEHHOE
HaYaJbHOE 3HaYeHHe /Ui J0OaBKH (TepeMeHHast q) U crocob ee 06paGoTKH
(xoMaHza q*=(-1) *x*x/ (2*k+2) / (2*k+3) B TeJie oHepaToOpa LUKJIA).
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Oynkima show () He BO3BpaulaeT pe3yJbTat, NOITOMY HAeHTH(HKATOPOM
THIIa Pe3yJIBTaTa AJig Hee YKa3aHO KJIIOYEBOE CNIOBO void. Y PyHximu ectsh
aprymeHT THIa double, 0603HayYeHHBIH KaK x. DTO 3HAYEHHE HCIIONB3YETCH
[IpH BHIYHMCIEHHM CHHYCa M KOCHHYCA. '

Oynknueit show () oTobpaxaercs 3HaYeHHe apryMeHTa, st KOTOPOTo BH-
YHCJIAIOTCS CHHYC M KOCHHYC, 3Ha4YeHHe CHHYCA ¥ KOCHHYCA, BHIYMCJICHHBIE
¢ oMompio QYHKIHMIA mySin () ¥ myCos (), a TAKXKe //isl CPaBHEHHUsE IPUBO~
AATCA 3HAYEHMA I CHHYCa M KOCHHYCA, BBIYHCJIEHHbIE C IIOMOIIbIO BCTPO-
eHHHX GyHKuumi sin () M cos ().

() HA BAMETKY

Ons ucnonb3oBaHMA BCTPOEHHLIX PYHKUWA sin() WU cos() B: ﬁporpaume
NOAKAIOHAGTCA 3ar0N0BOK <cmath>.

Kon riaenoli ¢yHKIHM IporpaMMel AOCTaTOYHO mpoctoiil. B tene ¢yHk-
IuHM main () onpenessiercs AeHCTBUTENbHAS YMCI0Basi KOHCTAHTa pi €O 3Ha-
yeHmeM 15t uncia 1t = 3,141592, a 3ateM myTeM Bh30Ba (DYHKIMH show ()
BEIYHCJIAIOTCS CHHYC M KOCHHYC /1 3HaueHuit aprymentos n/6, n/4, n/3
u 1t/2. Kax BuauMm, coBniazieHue co 3Ha4eHHUsIMH, BHIMHCIEHHBIMY C IIOMOIIBIO
BCTPOEHHBIX (hyHKIH, Gostee YeM nprueMIeMoe.

Neperpy3ka GyHkKUMNiA
PeilrumM nporpaMMHBIMH METOAAMH 3a/ia4y O BHYUCICHHH NPUOHUIH, nory-
YaeMoil BKIaTYMKoM GaHKa, BXOAHBIMY TapaMeTpaMH 33124 SBJIIOTCS:

® HCXOAHasl ACHEXHasl CyMMa, KOTOPYIO BKIAQJYHK Da3MeliacT B 6aHKe Ha
ACMO3UTHOM CYETY,

® rof0Basl IPONEHTHAS CTABKa, IO KOTOPOH HAYMCIIAETCA 0XOA HA BJIO-
KEHHYIO CyMMY; .
®  KOJIMYECTBO JieT, Ha KOTOPEIE Pa3MEMIAeTCs AENO3HT,;

¢ KOJMIM4YECTBO IEpHOAOB B TOAY, KOrZa BHUIOJHSAETCS Ha4YucJieHue Ipo-
IEHTOB.

Bl NOAPOBHOCTH

Ecnu Ha Aeno3nT BHOCUTCR CYMMA /M, U HA BKNAL HAUUCNAETCHA F NPOLSH-
TOB roao0BbIX, TO Yepes roa, puHanbHas cymma (aoxoa) 6yaer COCTaRAATL
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senmvumny m(1 + (r/100)). Ecnn pedyb maet O HeCKONbKMX ropax, v 3a
KaXabiA roa AeNCTBYeT CTaBKa HauMCNeHns NPOLGHTA r, TO Yepes y net
UTOroBan AeHeXxHas CyMMa Ha aenosure 6yaeT COCTaBnATh BENMUUHY
m(1 + (r/100)Y.

Builwe NoapasymMeBanoch, HTO NPOLEHTbI HAYUCNKIOTCH pas 8 roa. B pe-
anbHOCTU MOXEeT UCMONb30OBATLCA CXeMa, NP KOTOPOIt NPOLIBHTH Ha-
4MCAAIOTCA HECKONbKO a3 B roa. Hanpumep, €CnK NPOLEHTLI Ha4UCnA-
I0TCA 1 pa3 B rof, Yepes pasHbie NPOMEXYTKU BPEMEHM, TO Ha OAUH TakowH
MHTEpBaN BPEMEHU NPUXOAUTCS CTaBKa NPOLEHTA /N, rae Yepes r o6o-
3HaueHa roaosas npoueHTHas crasxa. Mpu atom 3a y ner Gyaer ny Ha-
yKUCneHuiA Co CTaBKoM NpoueHTa 7/n. B pesynbrarte Ans UTOroBoi CyMMmb
Bxnana umeem m(1 + (r/(100 - n)))" .

MBI XOTHM NpeaycMOTPETh B NPOrpaMMe CJieAyIolHHe BO3SMOKHOCTH:

¢ eCJH OpH BbIYUCJIEHHH J0X0/a YKA3bIBAETCs TOJBKO HavasnbHast CyMMa
H NIPOLCHTHAA CTaBKa, TO aBTOMATH4YECKH CYHTAECTCAH, YTO ACIIO3UT pa3-
MEIAeTCA Ha OAWH ros ¥ NIPOLCHTHI -Ha‘IHCJIHIOTCﬂ TOX¢ OHH pa3 B rox;

® ecJaHu npu Bbl‘lPICJIeHI/IH noxona YKa3hiBaeTCAa Ha‘IaJII:Haﬂ CyMMa, IIpo-
HEeHTHadA CTaBKa ¥ KOJIHYECTBO JIET, TO IO YMOJI‘laHHIO nonaraeM, 4910
IPOHEHTHI HAYHC/ISIIOTCS pa3 B oA,

® TaK)ke MOXHO IPH BHIYMCJIEHHH [J0X0JA YKA3aTh HAYAABHYIO CYMMY, I'0O-
IOBYIO IPOLEHTHYIO CTAaBKY, KOJUYECTBO JIET M KOJIHYECTBO NEPHOIOB
HAYMCJIEHHS! TIPOLIEHTOB.

Jlnst BceX NEpeYHCIeHHBIX CIYYA€B MBI OMHLIEM OTAENBHYIO (PyHKUMIO, BHI-
YUCJIAIONIYI0 HTOTOBYIO CYMMY, IPHYEM BOCIIOJIb3YEMCSE TAKUM MEXaHU3MOM,
KaK nepezpyska Qynxyui.

=

TEOPUSR

Meperpy3axa GpyHKumit COCTOUT B TOM, 4TO B NPOrpaMMe CO3AaeTCA He-
CKONLKO PYHKUMIA C OANHAKOBLIMUY Ha3BaHNAMW. Takue PYHKLIUK BODKHBI
OTANHaTLCA NPOTOTUNOM (TUN pe3ynbrata, Ha3saHue QyHKUUK, KONn4e-
CTBO U TUMN apryMeHToB) TakK, 4TOOLI NPK 8bI308E hYHKLMN MOXHO ObINO
ONHO3HAYHO ONPENENINTD, O KAKOM UMEHHO BEPCUN hYHKLIMM MAET Pelb.
O dyHKUMAX C OAMHAKOBLIM Ha3BaHUEM O6GLIMHO FOBOPAT KakK O PA3HbIX
BEPCUAX O[HOM DYHKLMM. '

HpOI‘paMMHbIH KO C PCHICHHEM NAHHOHM 3aJayuu npenc*raa.nea B JIHAC-

THHTIE
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Juctunr 4.2. Neperpyaxka GpyHKumii
#include <iostream>
$include <cstdlib>
using namespace std;
// ®yHKLUMS C IBYMS apTyMeHTaMu:
double getMoney (double m,double r){
return m* (1+r/100);
}
// OYHKUMS C TpeMs apTyMeHTaMu:
double getMoney (double m,double r,int y){
double s=m;
for(int k=1;k<=y;k++){
s*=(14r/100);
}
return s;
}
/] ®yHKUMA C YETHPbMS ApTyMeHTaMu:
double getMonéy(double m,double r,int y,int n){
return getMoney(m,r/n,y*n);
}
/! Tnaphas QyHKUMA NPOTPaMM::
int main(){ ‘
// ViaMeHeHMe KOIOMPOBKYM KOHCOJM:
system("chtp 1251>nul");
// HauanepHas CyMMa BKJama:
double money=1000;
// TlpoueHTHas CTaBKa: -
- double rate=5;
cout<<"HauanbHasa cymma: "<<money<<endl;
cout<<"T'omoBas craBka: "<<rate<<"%\n";
// BuuMClieHMe L[OXOZa 3a pPas3HHE NPOMEXYTKM BPEMEHU:

cout<<"Bxynagn Ha omMH rogz: "<<getMoney(money,rate)<<endl;
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cout<<"Bxnanm Ha 7 ner: "<<getMoney (money, rate,7)<<endl;
cout<<"Bkmnaxg Ha 7 ner\n(Hauucnenus 3 pasa B rom): ";
cout<<getMoney (money, rate, 7, 3) <<endl;

// 3amepxxa KOHCOJNBHOTO OKHa:

system("pause>nul");

return 0;

}

Huke NPEACTABJICH PE3YJIbTAT BBIIIOJIHEHHA HPOIrPaAMMBL

Pe3ynbTaT BLINOMHOHNS NPOrpaMMbl (13 nucTunra 4.2)
HauanbHas cymma: 1000

Topomasa craBka: 5%

Bxnag Ha ommu rom: 1050

Bxyiag Ha 7 ner: 1407.1

Bxnag Ha 7 ner

(Hauucnenusa 3 paza B rop): 1414.98

ITpoananmu3upyeM nporpaMMHBiii ko, Hac B ocHoBHOM 6y11e'r HHTEPEeCcOBaTh
onucaHue QyHKIHK getMoney (). B nmporpamme onucansl Tpu Bepcuy JaHHOM
(QYHKIMHE, KOTOpBIE OTIMYAIOTCA JIUIIb KOJIUYECTBOM aPTYMEHTOB, KOTOphIe
nepepaioTcs GyHKIUH. PaccMOTpPHM KaXXApIii N3 HUX B OTAEJbHOCTH.

Haubonee mpoctoit Koa y GyHKIMM getMoney() C ABYMS apryMeHTaMM.
B atom cayuae double-apryMeHT m OIIpedesigeT HAYATbHYIO CYMMY BKJIaJia,
a eire oZiHM double-apryMeHT r JaeT 3HaYeHHEe ro0BOH IIPOLIEHTHOH CTaBKH.
PesysnbratoM (yHKHMHM BO3BpamiaeTcsl 3Ha4€HHe BhIpaXkeHus m* (1+r/100)
B TIOJTHOM COOTBETCTBHH C (POPMYJIOM st BEIMMCJIEHHS WTOIOBOH CyMMHB
JUIA TOAMYHOTO JEII03HTa. ‘

B Bepcuu GpyHKIMY ¢ TpEMs apTyMEeHTaMH [IepBbie Ba aDTYMEHTa M ¥ r UMe-
IOT TaKOe XK€ HasHa4YeHHe, KaK U B NMpeAbIAyLIeM CIydae, a TPeTHil HeJ0YnC-
JIEHHBIN apryMeHT y onpezesseT KOIH4YeCTBO JieT, Ha KOTOphbie pa3MeNaeTcst
Jeno3uT. Pesysabrar B Teste pyHKIMM BRIYMCIISAETCA C IOMOMIBIO OlepaTopa
mMKJa. JIoKaIbHasA nepeMeHHas1 s ¢ HayaJbHBIM 3HaYeHHeM m (IIepBhIH ap-
TyMeHT (pyHKIMH ), KOTOPasi BO3BpALIAeTCA pe3yabTaToM QYHKIMH, 3a KaXk-
JABIA LMK YMHOXKAeTCS Ha MHOXUTENDb (1+r/100), M TaKMX IIUKJIOB POBHO
y. B pe3yJisrate nmosiy4aeM 3Ha4€HHe, COOTBETCTBYIOIIee GOPMYJie BEIMHCIIE-
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HMSl HTOTOBOM CYMMBI [IENIO3MTA, Pa3MEIEHHOr0 Ha HECKOJILKO JIET (C OHO-
KPaTHBIM HaYMCJIEHHEM MPOLIEHTOB B KOHI[E TOZA).

B Bepcuu QpyHKIHH getMoney () ¢ WeThIpbMs apryMeHTaMM NOCHAeAHUN Lie-
JIOYMC/ICHHBIN apryMeHT n OMpeesieT KOJMYECTBO NEPHOAOB B TOAY s
HAYHC/IEHUA TPOLEHTOB. Peaym;TaTQM dyHKIMM BO3BpalIaeTCs 3HaUEHME
BHIpaXKEHHe getMoney (m, r/n, y*n). 34€Ch MBI (aKkTHYeCKH B Tele (byHKnlm
C YeTHIPHMS apryMEHTaMH BLI3bIBaeéM BEPCHIO 3TOM ke caMoil (QyHKIuH
C TpeMsl apryMeHTaMH.

(G HA BAMETKY

Danee mu Gynem paccMaTpysaTh Takoi MexaHnam, Kak pexypeus. flpu
pexypcumn B Tene QyHKUMM Bbi3bIBAETCA 3Ta Xe caMan GyHKuus. 3aechb,
8 fJAHHOM NpUMeEpe, O PEKYPCUKM Pedb He UAET, NOCKONbLKY B OQHOV BEp-
cum GyHKUMM BbI3tIBAETCH APYran Bepcun GyHKUMK. TeXHUMeCKHU 3T0 BCE
paBHO, Kak ecnu Gbl B 0aHOK GyHKUMM BbI3bIBANACH COBEPLLEHHO ApYyras
¢yHkums. NMpoCcTo B AaHHOM Cny4vae y Takux pasHbiX no cytn GyHKUMA
OANHAKOBbLIE HA3BaHWUS.

Y70 kacaeTcs BbipaxXeHUsa getMoney(m, r/n,y*n), KOTOpOe BO3Bpawaer-
CR pe3ynbraTtoM anst GyHKUMWU getMoney() C 4eTbiPbMS apryMeHTaMmu,
TO 3AE€Cb Mb! BOCIIOML30BAMUCH TEM OYEBNAHLIM OGCTOATENLCTBOM, YTO
WUTOroBas CymMMa Nno AenO3uUTYy Ha Y NIeT C HavyanbHo# CYMMOW BKnana m
NoA r NPOUEHTOB rofloBLIX C N-KPaTHbIM HAYUCNEHUEM NPOLEHTOB paB-
Ha UTOrOBOW CyMME BKNafa C Ha4yanbHO# CyMMOIA m, pa3MeLLieHHON
noA CTasKy NPOLEHTA /N HA Ny NeT C OAHOKPaTHLIM HaYUCNeHneMm npo-
LeHTOB.

B riaBHO# GYHKIMM NPOrpaMMBI IPEACTaBJIEHB! IPUMEPH] BH30Ba (QYHK-
MM getMoney() ¢ pasHBIM KOJIMYECTBOM apryMenToB. Kaxamii pas, koraa
BhI3bIBaeTCs (GYHKIHMS, MMEIONIas HECKOIBKO BePCHH, pellIeH e O 3aJieHCTBO-
BaHMHM TOW WJIM MHOI BepCcHU QYHKIMH NPHHHMAETCS Ha OCHOBE KOMaHBI
BBI30Ba: B OCHOBHOM II0 KOJIMYECTBY ¥ THITy apTyMEHTOB, a TaKe [0 THITY
pe3yJIbTara.

3HauyeHus apryMeHToB o YMON4YaHUIO

PaccMOTpEHHYIO Bbillle 3aa4y MOXHO OBUIO PelNTh M HECKOJHKO HHaue.
B 4acCTHOCTH, B JAHHOM KOHKPETHOM CJIydae BMECTO Neperpy3ku GyHKui
MBI BIIOJIHE MOT/IM OTPaHUYMTHCS CO3/IaHieM BCETO OAHOI (hyHKImIH, HO C ap-
TYMEHTaMH, HMEIOIINMI 3HAYEHUS N0 YMOTUAHUIO. -

113



Masa 4

@ TEOPUSA

Mpu onucaHm GYHKLWW AR HEKOTOPLIX UK BCEX €€ apryMEHTOB MOXHO
yKasaTb 3Ha4eHWN N0 YMONYAHMIO. [laHHLIe 3HAYEHUS UCTIOALIYIOTCS,
€CN NPY BLI30BE GYHKLIMM COOTBETCTBYIOLUMIA BPryMEHT He ykasaH. Ap-
MYMEHTLI, UMEIOLLME 3HA4YEHUA MO YMOMYAHMIO, ONUCHIBAIOTCA B CRIMCKe
apryMeHTos QyHKUMIA [OCNeoHUMNA. 3HayeHue no ymMonuaHwio ana ap-
ryMeHTa yKasbiBaeTcsa B npoToTurie GyHKUMM NOCNE UMEHU apryMeHTa
yepes sHaK paBeHCTsa,

B mcrunre 4.3 npeacrabneHa mporpaMma, B KOTOPOi pemIaeTcsa IOCTaB-
JIeHHas paHee 3371a4a, HO TOJIbKO Temepb MbI CO3/IaeM BCETO OAHY DYHKINIIO
getMoney (), a iBa ee MoCJeAHHX apryMeHTa MMeEIOT 3HaYeHHe [0 yMosrya-
HHIO.

NincTinr 4.3. 3HaUeHUR aPTYMEHTOB NO YMOMMAHWIO
#include <iostream>
#include <cstdlib>
using namespace std;
// OyHKUMA C apryMeHTaMM, KMMEUMMY
// BHaveHMA MO YMONYAHMD:
double getMoneY(double m,double r,int y=1,int n=1) {
double s=m;
double z=n*y;
double g=r/n;
for(int k=1;k<=z;k++) {
s*=(14+q/100);
}
return s;
}
// TnaBHas QyHKUMA NPOTDAMME
int main(){
// VisMeHeHMe KONMPOBKM KOHCOJMK:
system("chcp 1251>nul");
// HauanbHas CyMMa BKJIaja:
double money=1000;

114



DyHKrUMK

// TipoueHTHaA CTaBKa:

double rate=5;

cout<<"Hawanenas cyMma: "<<money<<endl;

cout<<"TomoBaa CTamka: "<<rate<<"$\n";

// Bﬂqucneaue IOXOHa 3a pas3HHe IPOMeXYyTKH Béeueun:
cout<<"Bxjianm Ha ozuH rof: "<<getMoney (money,rate)<<endl;
cout<<"Bxnag Ha 7 ser: "<<getMoney (money, rate,7)<<endl;
cout<<"Bxmag. Ha 7 neT\n{Hauucnenus 3 pasa B roxm): “;
cout<<getMoney(money, rate, 7, 3) <<endl;

// BamepxKa KOHCOJLHOTO OKHA:

system("pause>nul®);

return 0;

}

Pe3yssTaT BRINOJHEHHS IPOrPaMMBI TaKOW e, Kak ¥ B IIPeARIAyIIEM
cayvae:

Pe3ynsTaT BuiNNONHEHNS NporpaMmbl (us nuctuira 4.3)
HavansHas cymda: 1000

TopoBas craBka: 5%

Bxnag Ha oguH rox: 1050

Bknag Ha 7 jer: 1407.1

Bxnan Ha 7 aer

(Haumcynenus 3 pasa B rogp): 1414.98

Koraa dbyHKums getMoney () BBI3MBAeTCH C TPEMS apryMeHTaMH, 9TO BCe
PaBHO, KaK eCJH GBI 4eTBePTHii ee apryMeHT GELI paBeH efnHuIle (3HAYEHNE
10 yMosrdaHuio). Eciiv pyHKIIMS BHI3LIBAETCS TOJMBKO C ABYMST apIyMEHTaMH,
TO TPETHH B YETBEPTHIH €€ apryMEeHTH aBTOMaTHYECKU CYHTAIOTCS eIHHMY-
HBIMH (3HaYEHHUs 110 YMOIYAHUIO JUIA JAaHHLIX apryMeHToB). Yro xacaercs
KoZla, onpeaendionero GpyHKIyo, To JOKaJIbHAsA MePeMEHHas s ¢ Hadalb-
HBIM 3HaYeHHEM M OlIpefesisieT CTapPTOBBI BKJIAM, HepeMeHHas z CO 3Have-
HHeM n*y ornpezeJiser oblee KOIHYECTBO NEPHOAO0B HAYNCIEHUS NPOLIEHTa,
nepeMeHHas q CO 3HaYEHUEM I /n OIpeessieT MPOUEHTHYIO CTaBKY NPOLIEHTa
JUISE KaJKAOrO NEPHOJIA, 32 KOTOPHI HAYUCISIIOTCS IPOLEHTHI. Pe3yasraT Bhi-
YHCJIAETCS ¢ TIOMOIIBIO OTIEPaTOpa IMKJIA, B KOTOPOM 2 IMKJIOB H 32 KaXKALIH
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UK epeMEHHasA s YMHOXaeTcst Ha (1+q/100). Ilo 3aBepuieHnu BHYHCITE-
HMM 3HaYCHHe NIePEMEHHON s BO3BpaIaeTCsl pe3yabTaToM GyHKIuu. 34€Ch,
110 6ONIBIIOMY CYETY, Mbl IOBTOPIJIN aJTOPUTM BBIYMC/ICHHH, HCIIO/Ib30BAH-
Hbl B IpeAbIAYIIeM IIPUMeEpe AJIA CIyYasi GYHKIMH C TPEMS apryMeHTaMH.
EnuHCTBEHHOE, MBI CAENANM <IONPAaBKY» Ha 3((EeKTHBHYIO NPOLEHTHYIO
CTaBKY ¥ KOJIMYECTBO IIEPHOAOB HAYHCIEHHS IPOLEHTHOTO I0XO0A2.

(@ HA 3AMETKY

Ha nepBuiiA B3rNag, MOXET NOKa3aTbCH, YTO MEXAHU3M OMpeseneHust
3HaA4YEHUA apryMeHToB No ymon4yasuio 6onee NpocT B UCNOAL30BaHUM,
yeMm reperpyska dyHkuuin. B npunumne, ato Tak. OgHako cneayeT noHu-
MaTb, 4TO neperpyska GyHKUNA — TEXHONOMUSI NCKIIOYUTENLHO rMeKan
v adPpekTnBHan, U He MOXeT ObiTb 3aMeHeHa ONpeaeNeHUeM 3Ha4YeHWi
apryMeHTOoB No YMONYaHUIO.

Taioke BXHO UMETbL B BUAY, 4TO U neperpyska GyHKuUuiA, 1 onpepene-
HME 3HAYEHWIA NO YMONYAHUIO ANS aPTYMEHTOB MOTYT UCMONL30BATLCH
opHOBpeMeHHO. B Takom cnyyae ¢yHKuUM A0MKHBI NeperpyXaTbCa Tax,
4To6bl NO KOKTEKCTY Bbi30Ba PYHKUMU BCEFAA MOXHO BbifIo OAHO3HAYHO
onpeaenvTb BapuaHT QYHKLMK K TO, KAKWe apryMeHThl nepepaHsbl;-a ka-
KWE — HeT.

Pexypcua

Ecin B onucanumy (pyHKIMM BbI3biBaeTcsl 9Ta caMasi QyHKuMs (HO, Kak
HpPaBMJIO, C APYTUM apTyMEHTOM WM apryMEeHTaMH), TO TaKas CHTyauHs
Ha3BIBAeTCs1 pexypcueti. IlpuMep HCHONb30BaHHUSA PEKYPCHM NpPEACTaBJICH
B ucTHHre 4.4. Peub et Bce 0 TO¥ XKe 3azaye PO BHIYHCIEHHE MTOTOBOM
CYMMBI [IeTIO3UTa, HO TOJIBKO TENEPH AJIA MPOCTOTH MbI PACCMAaTPHBaeM He
TPH, 2 OXHH CIIOCO0 HAYMC/IEHUsT IIPOIIEHTOB: JeNIO3MT Pa3MEIaeTCsl Ha yKa-
3aHHOE KOJHYECTBO JieT NOoA (PHKCHPOBAHHYIO FONOBYIO CTABRKY HPOLEHTA,
a HaYMCJIEHHs IOX0Aa MO IIPONEeHTaM HPOH3BOAATCA pa3 B rol. B mporpam-
Me onucaHa GyHKIMA getMoney () C TpeMsl apryMeHTaMH, ¥ PH OIMHCAHMH
GyHKIME HMCHOb30BaHA PeKypcHA. PaccMOTpHM HpeACTaBJeHHBIH HEXKe
HNPOrPaMMHKII KOA:

Nuctuir 4.4. Pexypcns
#include <iostream>
#include <cstdlib>

using namespace std;
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// B dyHKuUMM MCHONbL3YeTCA PEKYPCMBHEIA BH3OB:
double getMoney(double m,double r,int y){
if (y==0) {
return m;
}
else{
return (1+r/100) *getMoney(m, r,y-1);
) :
}
// TnaBHas QYHKUMS NPOTPaMMH:
int main() {
// V3meHeHME KOIMPOBKM KOHCOJM:
‘system("chcp 1251>nul™);
// HauansHas cyuMa BKIafa:
double money=1000;
// TpoueHTHas CTaBKa:
double rate=5;
cout<<"HawanbHas cymma: "<<money<<endl;
cout<<"T'omomas craBka: "<<rate<<"%\n";
// Buumcneuue noxonavsa Pa3HHE NpPOMEXYTKYM BPEMEHM:
cout<<"Bknag Ha 1 rom: "<<getMoney(money,rate,1l)<<endl;
cout<<"Bksian Ha 7 Jer: "<<getMoney(money,rate,7)<<éndl;
cout<<"Bknap Ha 10 ner: "<<getMoney (money,rate,10)<<endl;
// BanmepxXka KOHCONBHOD'O OKHA: '
system("pause>nul®);

return 0;

}

Pe3ybTaT BHIOJIHEHHUS IIPOrPaMMBEI OYIIET CAELYIOIINM:

Pe3aynsTar sbinonHeHns nporpamMmsl (U3 nuctnira 4.4)
HavanbHas cymma: 1000

TonoBas craBKa: 5%
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Bknanm Ha 1 rom: 1050
Bxyam Ha 7 jer: 1407.1
Bxniag Ha 10 ;mer: 1628.89

B nporpamme onuceiBaeTcs pyHKIMA getMoney () ¢ TPeMsI apryMeHTaMH, O~
cJie 4eTo B r/1aBHOH (pyHKINMM IporpaMMe! GYHKIHS getMoney () BBI3bIBaeTCS
C Pa3sHbIMH 3HAYEHUSAMY TPETHETO apIyMEHTa.

Hntepec npexacrabiser cnocob onucanusi GyHKumu getMoney (). OcHoBy
KoZia GyHKIHH COCTaBJ/IsIET YCJAOBHBINH ONEpaTop, B KOTOPOM IIPOBEPSIETCS
ycoBue y==0 (4epe3 y 0603HauUeH TpeTHii apryment QyHKIMH getMoney () ).
Ecan yciosue uctHHHO, pe3ynbTaToM (DYHKIMM BO3BPALIAeTCsA 3HAYEHUE m
(nepBHiii apryMeHT GyHKUuH getMoney () ). 3mech Mbl UCXOAUM U3 06CTOS-
TEJLCTBA, YTO Ha BKJIajl, pa3MELIEHHBIN B 6aHKe Ha ( JIeT, IPOLEHTH He Ha-
gucasiorcst. [ToaToMy utorosast cymMa B Takoii CHTyallMy PaBHAETCS HAUAJIb-
HoM cymMMe BKJIaga. Eciiu ke ycnoBue y==0 JI0)KHO, TO pe3yJIbTaToM (PyHKIINH
BO3BpalllaeTCs 3HayeHHe BBIpaXeHWst (1+r/100) *getMoney {(m,r,y-1). 910
M €CTb PEKYPCUBHbIN BEI30B QYHKLMH getMoney ().

Bl NOAPOBHOCTH

Flpn onpeneneHnn GyHKUMKN Mbi UCXOOUNU U3 Cnegyiowmx coobpaxe-
Huit. [lonycTuM, 4TO getMoney(m,r,y) RAET 3HAYEHUE UTOTOBOW CyM-
Mbl [0 Aeno3uTy Yepea y nNet. Kak MOXHO nonyunutb 3Ty cymmy? OyeHb
NPOCTO: HAYUCAWUTL FOAOBLIE NPOLEHTLI HA UTOFOBYID CYMMY BKNaaa 3a
nepuoa B y-1 neT. UTorosan cyMma BKnaaa 3a y-1 NeT [aeTcs sbipaxe-
HUWeM getMoney(m,r,y-1). Hauucnenme ronoswix NPOUEHTOB O3HAYaeET
YMHOXEHME Ha Benuuudy (1+r/100). B urore nonyyaem, 4To 3HaveHns
getMoney (m, r,y) U (1+r/100) *getMoney {m, r, y-1) AOMKHEI COBNAAATL.

3Havenne pyHKIUHU getMoney () € 3aJaHHBIMK apryMeHTAMH m, r ¥ y (3Ha-
YeHHe BBIDAXXEHHsI getMoney (m, r,y)) BBIMUCISIETCS CAEAYIOUMM 06pasoM.
IipoBepsieTcs 3Ha4EHNE APTYMEHTA Y, H €CJIH OHO OTJIMYHO OT HYJISA, BHIYHC-
JisseTcs 3HaYeHUe BRIpaXkeHud (1+r/100) *getMoney (m, r, y-1) . IIpu Beruuce-
HHM 3Ha4YEeHHUs BhIpaKeHHs CHOBA BhI3hIBaeTCs QYHKIMSA getMoney (), HO Ha
3TOT pa3 TPeTHii apryMEeHT Ha eAMHUILY MEHbIIle, ¥ TAK AaJjiee, [10Ka He OyaeT
BbI3BaHa GYHKIHMS getMoney () ¢ HyJIEBbIM TPETBHM apryMeHToM. Toraa npu
BBI30Be (DYHKIIMM BO3BpaINaeTcsi 3HaueHue m (1epBblii apryMeHT QYHKIIMH).
ITO MO3BOJISIET BHYMCIN T 3HAYCHHUE HPEABIYIIETO BHPAKEHMS, 3aTEM TOTO,
4TO OBLJIO TMEPEA HUM, U TaK AaJiee, BILIOTh O CaMOTO IIEPBOTO BHIPAXKEHHA,
C KOTOPOTO BCEe HAYMHAJIOCh.
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MexaHu3ambi nepeapayvm apryMmeHros (by}ll(ulﬁlM

Yro6H NOHATH MPUPOAY TpobieMul, KoTopas Gyaer 06CyKAaThCsl, PacCMO-
TPUM He6OJIbIION IPIMED, PEACTABIEHHEII B iucTHHTe 4.5. CyTh nIporpam-
MBI OY€Hb NPOCTA: :

e onuchBaeTcsa GbyHKIMA swap () ¢ AByMsA CUMBOJIbHBIMY (THII char) apry-
MEHTaMH;

¢ 1npH BH30Be (PYHKIHH 3HAUYEHHS NEPeNaHHBIX apTyMEHTOB BBIBOAATCS
B KOHCOJIBHOE OKHO; '

® aApryMEHThHI 0OMEHHBAIOTCS 3HAYCHHUSAMH, H X HOBHEIC 3HAYCHHUA TaKXe
omépamaxorca B KOHCOJIBHOM OKHE.

B nmporpamme 06BsiBAIsSIeTCST Be IepEMEHHBIE, OHH 1TEPEAAIOTCS ApTyMEHTa-
MH QyHKIMM swap () IIPH €e BhI30BE, a 3aTeM IIPOBEPSIOTCSA 3HAYEHMS Tiepe-
MEHHBIX. ‘

HnTepecylonuii Hac MporpaMMHBI Ko Takoi:

(] Aincrunr 4.5. Nepenasa aprymenTos no anavenmo

$include <iostream>

#include <cstdlib>

using namespace std;

// llepenaua apryMeHTOB 0 3HAYEHMD:

void swap(char a,char b){
cout<<"BusuBaercs QyHkuma swap () "<<endl;
// TpoBepADTCA 3HAYEHUA API'YMEHTOB GYHKLWM:
cout<<"llepBrnt apryMeHT: "<<a<<endl;
cout<<"Bropoi aprymenT: "<<b<<endl;
// WsMeHenne aaaqeauﬁ‘apryueumos byHKLM

char t=b;

b=a;

a=t;

for(int i=1;i<=20;i++){
cout<<"-";
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cout<<endl;
// TipoBepAnTCA 3HAYEHUS apI'yMEHTOB QYHKLM:
cout<<"llepBrut apryMQHT: "<<a<<endl;
coht<<"BTopoﬁ apryﬁeHT: "<<bh<<endl;
cout<<"BemosHenue dyHxpm swap() 3asepweHo”<<endl;
}
// TnaBHas QYHKUMA NPOTDaMMH:
int main(){
// W3MeHeHMe KOIMPOBKM KOHCQM:
system("chcp 1251>nul");
// TlepeMeHHHe HANA NepejauyM apryMEHTaMy QyHKLMMA:
char x='A',y='B';
// TpoBepADTCS 3HAUEHMs MEPEMEHHHX:
cout<<"llepBas nepemeHHas: "<<x<<endl;
cout<<"Bropas nepeMeHHas: "<<y<<endi;
// Bu30B OQyHKLMM:
swap (X,y) ;
// TpoBepADTCA 3HAYEHUS NEPEMEHHHX:
cout<<"llepBas nepemeHHas: "<<x<<endl;
cout<<"Bropas nepemeHHas: "<<y<<endl;
// 3aIepxka KOHCOJBHOI'O OKHa:
system("pause>nul");
return 0;

}

Hamy oXHIaHUs OT Pe3y/IETaTOB BHIMOJHEHHS IIPOrPaMMBI MOTJIH GhI OBIT]
CIEYIOIAMM: TI0CJIe BEI30Ba QYHKIMH swap () epeMeHHbIe, KOTOphie nepe
JAI0TCs eif apryMeHTaMH, OOMEHIOTCS 3HaYeHHsIMU. B peasibHOCTH pe3yJib
TaT BHIIOJTHEHHs IPOrPAaMMBbI TAKO#, Kax IIPEAICTaBIEHO HIXe:

Pe3ynuTar BNOAHSHUN NporpaMmbl (M3 nucTurra 4.5)
[lepas nepemeHHas: A
Bropas nepemeHHas: B

BursuBaeTcs (QyHxums swap ()
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[lepBent aprymeHT: A
Bropoit aprymer: B

MepBuit aprymexT: B

Bropoi aprymeHT: A

BunonHeHue dyHkuMM swap() 3aBepmeHO
lleppas nepemeHHas: A

Bropas nepemennas: B

Kax BUIM, I IPOBEPKe 3HAYCHHUIE APIYMEHTOB B TeJie QYHKIMH BCe HAET
1O IIaHy: apryMeHTH obMeHsUTHCh 3HadenusiMu. Ho BOT Korza M IIpoBe-
psieM 3HaYeHHsI NepEMEHHBIX II0C/IE€ BHI30Ba QYHKIUHE swap{) OKa3hIBaeTCs,
YTO UX 3HAYEHHs He H3MeHMAMCh. IIpuyuHa KkpoeTca B criocobe epesadu ap-
ryMeHTOB QyHKIMH. [To ymMoT4aHMIO HCIIOIB3YeTCA PeXUM Nepejadyd apry-
MEHTOB N0 3HAYEHUI0: TIEPESAIOTCA He CaMy IIepeMeHHbIe, a HX KOIHH (T1ocre
3aBepIICHNs] BHINOAHEHNS! GYHKIMH KOITMH apryMEHTOB yAaJIsIOTCs U3 a-
matH). [loaToMy nipu BeI3oBe GYHKIMH swap () BCe OI€PaliH BHITIOIHSIIOTCS
He C NIePEMEHHBIMH X H Y, KOTOpble NepelaBaIuCh apryMeHTaMH QyHKIMH,
a ¢ ux KonuAMHU. MiMeHHO KoMK 0OMEHHBAIOTCA CBOMMH 3HAYeHHMsIMHU. 3Ha-
9eHHsI NEPEMEHHBIX X M Y OCTAIOTCSI HEU3MEHHBIMU.

ITomumo nepenayy apryMeHTOB 110 3HAYEHMIO, aPI'YMEHThI IIepefaloTCcs ele
1 no ccouike. B aToM cydae B PyHKIMIO NIepeAaloTCA He KOIMUM lepeMEHHRIX,
a caMu nepeMeHHble. UToOhI NiepeaBaTh apryMeHTHI 110 CChUIKE, B OIHCa-
HuM GYHKIHH Tlepe]i Ha3BaHHSIMH APTYMEHTOB YKA3HBAETCH MHCTPYKIHA &.
B mictunre 4.6 ¢pyHkuma swap () onucaHa Tak, YTO apryMeHTH el mepesa-
10TCs N0 cehisike. [0 cpaBHeHMIO ¢ IPOrpaMMOii 3 JIMCTHHTA 4.5 U3MEHEHMSI
MUHHMAJIBHBIE (171 yA00CTBA B IPEACTABJIEHHOM Jlajlee KOJIE YAAIEHbI 104~
TH BCe KOMMEHTAapHH, a HHCTPYKIMH & B ONMHMCaHUH QYHKIMYU swap () Bhie-
JIeHH! XKMPHBIM mpUQTOM): v o '

EHJhunuur41tlkunuuﬂaapnnuunnlnoccumnl
#include <iostream>

#include <cstdlib>

using namespace std;

// Nepemaua apr'yMEHTOB [0 CCHUIKE:

void swap (char &a,char &b) {

cout<<"Bu3uBaercs pyHxums swap () "<<endl;
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}

cout<<"llepBHIt apIyMEHT:

Ccout<<"BTopoi apryMeHT:

char t=b;

b=a;

a=t;

for(int i=1;i<=20;1i++){
cout?<"-";

}

cout<<endl;

cout<<"IlepBLi1 apryMeHT:

cout<<"BTopoﬁ~apryMeﬁT;

"<<a<<endl;

neche<endl;

"<<a<<endl;
"<<bg<endl;

cout<<"Bunosuenue dyrxwns swap{) zasepmeno"<<endl;

int main(}{

}

system("chcp 1251>nul");
char x='A’,y='B';

cout<<"lleppas nepemMeHHas:

cout<<"Bropas nepemeHHad:

swap (x,Y) ;

cout<<“nepsaa nepeMeHHasn:

cout<<"Bropas nepeMeHHas:

system("pause>nul”);
return 0;

"<<x<<endl;
"<<y<<endl;

"<<x<<endl;
"<<y<<endl;

Peaynb'ra'r BBIITOJIHEHHSA TPOTPAMMBI NIPEACTABJIEH HAXKE:

Pe3ynsTar BLNOAHOHMUA NPOTrPaMMSI (3 AucTUNTa 4.6)

lleppasa nepeMeHHasa: A

Bropas nepemensas: B

BusuBaeTcs QyHKUMs swap ()

TlepBHit apryMeHT: A

Bropoit aprymeHT: B
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llepBrlt apryMeHT: B

Bropoit aprymeHT: A

BunonHenue QyHrumM swap() BaBepmeHO
lleppas nepemeHHas: B

Bropas nepemeHHas: A

Kak BuauM, mepeMeHHBIE HA CaMOM JieJie H3MEHWIM CBOM 3HAYEHHS TOCTIe
nepenayy apryMeHTaMu B PYHKIMIO swap (|

MNepepnava ykazaTtens apryMeHToM GpyHKLUUN

Eme opu crioco6 onvcanust pyHKUMH swap (), HO Ha 3TOT pa3 apryMeHTaMHu
dyHxuuu nepeparoTcs ykasaTteau. PaccMOTpMM TIporpaMMy, peACTaBJIeH-
HYIO B TUCTHHTE 4.7,

Jinctunr 4.7. Nepeaaya aprymenTomM GyHKUUK yKasaTens
#include <iostream>
#include <cstdlib>
using namespace std;
// ApryMeHTamu QyHKLUMM NepemanTCs yKas3aTesu:
void swap{char* a,char* b)({
cout<<"BusuBaercs QyHkumua swap () "<<endl;
// TlpoBepapTCA BHAUEHMA ApI'yMEHTOB QYHKUMMA:
cout<<"[lepBas nepemeHHas: "<<*a<<endl;
cout<<"Bropas nepemeHHas: "<<*b<<endl;
// V3aMeHeHMe 3HAaYEHMH MEPEMEHHHX :
char t=*b;
*b=*a;
*a=t;
for(int i=1;i<=20;i++){
cout<k"~";
}
cout<<endl;
// TIpoBepsAnTCA 3HAUEHMA NEPEeMEeHHHX :

cout<<"llepBas nepeMmeHHas: "<<*a<<endl;
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cout<<"Bropasa nepemeHHas: "<<*b<<endl;
cout<<"BumnonHeHne ¢yHkuMM swap() 3aBepumeHo"<<endl;
}
// TnaBHas QYHXUMUA NPOTDAaMMH:
int main(){
// VisMeHeHMe KONUPOBKM KOHCOJM:
system("chcp 1251>nul"); ‘
// TlepemeHHHe InA mepefiauyM apTyMEHTAMM QYHKLMM:
char x="A',y="'B';
// TIPOBEPHDTCA: 3HAYEHNS -TTEPEMEHHEX
cout<<"lleppas nepemeHHas:, "<<x<<endl;
cout<<"Bropas nepeMeHHas: "<<y<<endl;
//° Bu30B byHKuMM:
swap (&x, &y} ; o
// TipoepspTcs SHaHeﬁManepéMéHﬁHX:k
cout<<"[lepras nepeMerHas: "<<x<<endl;
cout<<"Bropas mnepeMeHHaf: "<<y<<endl;
// 3amepxKka KOHCOJIBHOTO OKHA:
system("pause>nul");
return 0;

}

PesyanaT BBITIOJTHEHH A TIPpOrpaMMBI IPHBEAEH HHXKE:

Pesynsrar 8ninoNHeRns NporpamMmMet (M3 nucTmnra 4.7)
[leppas nepeMeHHasa: A

Bropas nepemenHasi: B

BusnBaercs. yHxkums swap ()

[leppass nepemeHHas: A

Bropas nepeMeHHas: B

llepBas nepeMeHHas: B

Bropas nepemeHHas: A

BumnonHeHue QyHxuum swap() 3aBepmeHo
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llepBas nepeMeHHas: B e

Bropas nepemeHHad: A

B nporpamme B onucanuu GyHKIMH swap () THR OOEHX aPTYMEHTOB YKa3aH
Kak char*. 9To 03Ha4aeT, 4TO apryMeHTamMu (PYHKIHH MepefaloTcs yKasaTe-
JI Ha CUMBOJIbHBIE 3HaYeHMs1. [ToaroMy koraa pyHknus swap () ‘BBISHIBAETCA
B IJIaBHOX (DYHKIMH ITPOTPAMMBI, KOMAH/Ibl BRI30Ba HMeeT BHJ swap (&x, &Y).
ITockoabky nepeMeHHBIe x U y OOBSABIEHBl KaK OTHOCSLIMECS K THIY char,
TO §x M &y (aZpeca NepeMEHHBIX) — 3TO yKa3aTeJH Ha 3HAYeHUs TUIA char.
JpyruMu cioBaMH, ecid B NIPEALIIYIMX NIpHMepax B (PYHKUMIO NepejaBa-
JINCH NEpEeMeHHBbIe (MJIM UX KONMHK), TO HAa 3TOT pa3 apTyMeHTaMH QYHKIHH
TIEpPeNaloTCs yKa3aTeld Ha lepeMeHHBIE.

Hrak, aprymentamu ¢yHkiun swap () nepenatorcst ykasarem. Ho nposepsi-
I0TCS 3HAYEHHUs1, KOTOPHIE 3aMUCAHBI IO COOTBETCTBYIOUMM azpecaM. M 06-
MeH 3HaYeHHUAMH ITPOMCXOAUT He JJIs1 yKa3aTeJleH, a /i 3HaYeHUH, KOTOphIe
3aIMCaHbl [0 a/[pecaM, SBJISIONMMCS 3HaYeHUsIMU yKasaTeneit. Tak, koMaH-
noit char t=*b 0OBSBISETCS JTOKANIbHAsA IEPEMEHHAs t ¥ €if IPHCBAUBaeTC A
3HaYeHWe, 3aIHCaHHOe TI0 a/Ipecy U3 yKa3aTeJd b (BTOpO#H apryMeHt pyHk-
nuu). lanee xoMaHn0# *b=*a N0 aapecy U3 yKa3aTeJs b 3aIMCHIBAETCS 3HA-
4yeHHe, pasMemeHHOe 110 aipecy M3 yKasaTess a (mepsblii aprymeHT yHK-
muu). Tlocie 3TOro KOMaHAOM *a=t IO a/pecy, COAEPHKAMEMYCS B yKasaTeJle
a, 3aITUChIBaeTCA 3HayeHue MepeMeHHO! t (MMEHHO 3TO 3HaYeHHe B CAMOM
Hayasie GBUIO 3aIIKCaHO 1O aZipecy U3 yKa3aTess b). 4

BaxxHo noHMMaTh, YTO, KOTAA MBI ITepefaeM apryMeHTaMH (DYHKI[MH yKa3aTre-
JIH, OHU NIEPEAAIOTCS 10 3Hauenuio. To eCTh Ha CaMOM JieJie CO3aeTCst KOst
apryMeHTa, KoTopbiii nepefaercs pyHkimn. Ho crienngnka curyaruu B ToM,
YTO KOIHS YKa3aTelsl CONEePIKUT TO JKe 3HAYeHHe, YTO M MCXOIHEIH YKa3aTeb,
aO3TOMY KONMs yKa3aTesisl yCTaHOBJIEHA Ha TY JKe sSTYelKy IaMATH, YTO U OpH-
I'MHAJIBHBIH yKa3aTeh. B Tesne QyHKIUH, B CBOIO OYepenb, onepaniH (1o H3-
MEHEHWIO 3HaUeHMNs1) BRINOJHAIOTCA He ¢ YKA3aTeJSIMH, a ¢ A4eikamy, ajipeca
KOTOPHIX 3alTMCaHbl B yKa3aTe/siX. Tak YTO MEXaHM3M Nepesiayy apryMEeHTOB
110 YMO/TYaHHIO B JAHHOM NIPYMEpe NPHHIMITNATBHOM POH He Urpaer.

Nepepaua maccuBa aprymeHToM QyHKUUN

Hepeako npuxonutcs nepenasarth apryMenToM ¢yHKiud Maccus. Kak ato
AelaeTCA B Cllydae OJHOMEPHOIO MacCHBa, WLTIOCTPHPYET IporpaMma u3
JucTuHra 4.8.
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@ TEOPUS

OnHoMmepHbIi Maccus nepeaaeTcst B GyHKUMIO C NOMOLUBLIO BBYX Napa-
MEeTpOB: yKa3aTens Ha Nepsblii 3a1eMEeHT Maccuea (MMst Maccuea) v ue-
" IOFO YACNA, ONPeASAOWEr0 KONMMeCTBO NMeMEHTOB B MaccuBe.

B npencrasneHnoit HIke riporpaMMe OnUCHBaeTcs GyHKINT mean (), apry-
MEHTOM KOTOPOM NEPeNaeTCs YUCIOBOM MACCHB, 2 Pe3yJILTaTOM BO3BPaIIaeT-
sl cpeiHee 3HaYEHHUE 3JIEMEHTOB 3TOr0 MacCHBa. B riaBHO# dyHKIMM mpo-
rpaMMBl PYHKIMSI mean () BLI3BIBAETCS AJisl BHIYHCIIEHHS] CPETHETO 3HAYEHHS
3JIEMEHTOB JIJIs1 ABYX MacCHBOB.

JiucTunr 4.8. nepenaua aprymeHTom GyHKLMM OQHOMEDHOTO MECCUBA
#include <iostream>
#include <cstdlib>
using namespace std;
// Tlepenaua GYHKLMM apTryMeHTOM MaccuBa:
double mean(double* m,int n){
// JlokanbHaA MepeMeHHas A BalUCH CYMMH
// 3HaYeHM BIEMEHTOB MACCHUBA:
double s=0; ;
// BHUMCIIEHME CYMMH 3HaYeHuM SJIeMeHTOBR MACCHUBa:
for{int k=0;k<n;kt+){
s+=m[k};
}
// Pesynerar QYHKUMM — CpPeLHEE 3HaueHMe:
return s/n;
}
// TnaBHas QyHKUMA NPOTpaMME:
int main(){
// VisMeHeHMe KOOMPOBKM KOHCONM:
system("chcp 1251>nul”);
// TlepBeDt MACCHB:
double A[]={1,3,8,-2,4};

// Bropoit Maccus:
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double B[]={4,6,2};

// BH30B QYHKIYM C Nepenaueil apryMeHTOM MAacCHBa:
cout<<"CpeznHee Nno MaccuBy A: "<<mean(A,5)<<endl;
cout<<"CpenHee nmo Maccusy B: "<<mean (B, 3)<<endl;
// 3anepxka KOHCONBHOTO OKHA:
VSystem("pause>nul");

return 0;

}

Pe3ysnsrar BLINOTHEHHUS TPOTPAMMEI TaKOM:

Pesynsfar nuﬁo_nueuuu nporpaMmmbl (M3 NUCTUHra 4k.'8)
Cpensee mo MaccuBy A: 2.8
CpenHee no maccmBy B: 4

@DyHK1us mean() ommcaHa ¢ ABymsi aprymentaMu. IlepBblit aprymeHT m
¢ uneHTMHKATOPOM THIa double* ¢OpPMANBHO SBIAETCA yKa3aTeleM Ha
3Ha4yeHue TuIa double, HO YYMTHIBAsA, YTO UMsl MACCHBA SIBJIAETCA yKasare-
JieM Ha IIepBBIi JIeMEHT MacCHBAa, Mbl BIIOJIHE MOXKEM OTOXKAECTBJIATH ap-
TYMEHT m C MMeHeM MaccuBa, VIMeHHO Tak mepeMenHas m o6paGaThiBaeTcs
B TeJie pyHKimH. Bropoi uesroyucieHHbli apryMeHT n GyHKIIUH ONpeae/s-
€T pa3Mep MacCHBa.

B rene pyHKknun BEMHUCIAETCS CyMMa 3HaY€HHI 3J1eMEHTOB MacCHBa, H HO-
JIly4eHHOE 3HaueHUe 3aIHCHIBAaeTCs B JIOKAIBHYIO IlepeMeHHyIo s. Pesysbra-
TOM (PYHKIIMHM BO3BpANIAaeTCs 3HaYeHHe s/n (CyMMa 3HAUY€HMI 3IEMEHTOB,
Ae/leHHas Ha KOJIMYeCTBO 3JIEMEHTOB — TO €CTh CpefiHee 3HAYEHNeE).

B rnaBHo#t ¢yHKIMHM nporpaMMmbl KOMaHZaMH double A[l1={1,3,8,-2,4}
udouble B(]={4,6,2} co3xaorcau MHALHAIM3UPYIOTCA Ba YKHCJIOBBIX Mac-
CcuBa.

(G) HA 3AMETKY

Npu oGbsBNeHUN MACCUBOB pa3Mep He yKkaswisaeTcs. OH onpegiensiercs
aBTOMATU4ECKN MO KOJNIMHECTBY 3/IEMEHTOB, YKA33aHHbIX B CNUCKE UHU-
LuManMaaummn Maccuea.

IIpu BeizoBe QyHKIMHK mean{) apryMeHTaMH TepeAAIOTCS MM MaCCHBA
M pa3Mep MacCHBa: HalpuMep, mean (A, 5) WK mean (B, 3).

127



Thasa 4

AHanoruyHbIM 06pa3oM B (HYHKIIHIO IiepeiaeTcst AByMepHBbIi MaccuB. B iu-
cTusre 4.9 pecTaBJIeH POrPAMMHLIIN KOX, B KOTOPOM OIUCHIBAeTCsA QyHK-
1us show (). ApryMenToM GhyHKIMH NiepesjaeTcs IByMepHbI MacCHB, 3Have-
HUSL 3/IEMEHTOB KOTOPOTO 0TOOPAXKAIOTCS B KOHCOJIBHOM OKHe.

e TEOPMUSA

Ecnv peuyb uaeT 0 CTaTUYecKoM ABYMEPHOM Maccuae, To OH o6pabaTsi-
BaAETCHA KaK OQHOMEDHDLIYi MAacCUB (HA30BEM €ro BHELHVMM MacCHUBOM),
3neMeHTaMn KOTOPOro ABASIOTCA OAHOMEPHbIE MAaCCUBLI (HA30BEM WX
BHYTPEHHMMW MacCuBaMm). 3aeCb €CTb OAUH NPUHLUMNMANLHLIA MO-
MEHT: KQXAbIA TAKOW BHYTPEHHUIA MAcCUB-INEMEHT UMEET pa3mep, KO-
TOPLIA ABNAETCH HEOTLEMIIEMON XapaKTEePUCTUKOW TUNA AN INEeMEHTa
BHELIHero Maccvea, Mpolue rosopsi, Masfio yka3aThb, 4T0 BHEWHUA Mac-
CUB COCTOWT U3 BHYTPEHHUX Maccusos. HeobXxoauMo KOHKPEeTU3nupo-
BaTb PasMep 3TUX BHYTPEHHUX MaccusoB. Mpu nepepaye ABYMEPHOrO
MaccuBa B QYHKLMIO peanbHO apryMeHTaMu nepeaaloT iBe xapakrepu-
CTUKU: Ha3BaHKe ABYMEPHOr0o MaCCUBa C IBHLIM YKa3aHueM pa3mMepa no
BTOPOMY MHAEKCY, A TaKKe LeAOYUCNEHHOR 3HaueHue, onpeaensioilee
pa3Mep ABYMEPHOIrO Maccusa o NepBOMY MHAEKCY (pasMep BHeLUHero
maccuea).

PaccMoTpuM nmporpaMMHEIl KO

.l'lhcrunr 4.9. Nepenava RBYMEPHOTO MAcCHBa B DYHKUMIO
#include <iostream>
#include <cstdlib>
using namespace std;
// PasMep MaccuBa NO BTOPOMY MHIEKCY:
const int n=3;
// ®yuxuma mns oBpaboTKM ABYMEPHOTO
// craTMueckoro Maccusa:
void show(int M[][n],int p){
for{int i=0;i<p;i++){
for (int §=0;j<n;j++) {
cout<<M[i} [jI<k™ ";
}
cout<<endl;
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// TnaBHas QyHKUMA NPOTpaMMH:

int main() {
/] VismeHenue KOIMPOBKYM KOHCOMMA:
system("chcp 1251>nul”);
// TepsHit Maccus:
int A[2][n]}={{1,2,3},14,5,6}};
// Bropoi Maccus:
int B[] [n}={{11,12,13},{14,15,16},{17,18,19},{20,21,22}};
cout<<"llepeent Maccus:\n";
show (A, 2);
cout<<"Bropoit Maccus:\n";
show (B, 4);
// 3amepxxa KOHCOJIEHOTO OKHa:
system("pause>nul");
return 0;

}

Huxe npecTaBnieH pe3y bTaT BHITOJHEHHS IIPOrPaMMBb:

EHlhunnunlrlumonuonn-npmnunﬂpu(nauucnuntlLO)

lepBent MaccuB:

123

456

Bropoit Maccus:

11 12 13

14 15 16

17 18 19

20 21 22

B nporpaMMé VLI onipeziesIeHNs1 pa3Mepa ABYMEPHOTO MaCCHBa 10 BTOPOMY
HHJIEKCY OOBABISAETCS LeJOYMCIeHHaA KOHCTaHTa n. IIpu sToM, X0Ta AaH-

Hast KOHCTaHTa AOCTYNHA B (DYHKIMH show (), ee epBbiii apryMeHT BCe PaBHO
ONHCaH BhIDAKEHHEM int M[][n] ¢ ABHHIM yKa3aHWeM pa3Mepa MacCHBA
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no sropoMy uHzaekcy. Takum o6pasoM, QyHKIMs show() MpAMEHHUMA IS
0TOOpaXkeHHs1 CONEP)KUMOIO MAaCCHBOB, paMep KOTOPHIX IT0 BTOPOMY HH-
JAekcy paBeH n. Bropoit apryMeHT (pyHKIHH show() OTOXAECTBJAET pas-
Mep ABYMEPHOTO MacCHBa IO epBOMY MH7EKCy. B riaBHo#i GyHKIMH 1po-
rpaMMBl GYHKIMS show () MCIOJB3yeTCs st OTOOpaskeHUs COAEPKUMOTO
MAaCCHBOB A H B, CO3/JaHHNX M UHUIHATH3NPOBAaHHBIX KOMaHAaMH int A{2]
{n}={{1,2,3},{4,5,6}} m int B[][n]={{11,12,13},{14,15,16},{17,18,
19},{20,21,22}}. Y aTMX MacCHBOB pa3Mep MO BTOPOMY MHJIEKCY paBeH n,
a pasMepHl 110 IIEpBOMY MH/IeKCy pa3iuyHbl. [Ipuuem ana maccusa A'paaMep
I10 IIEPBOMY HHJIEKCY YKa3aH SBHO, a pa3Mep M0 TIEPBOMY HHAEKCY /I Mac-
cuBa B (ITOCKOJIbKY IIPH €TI0 OMCaHMM TepBasi KBafpaTHast CKOOKa Iycras)
onpeZensieTcss aBTOMaTHYECKU B COOTBETCTBHH € CONEPKUMBIM CITHCKA HHH-
IfHAIN3aUY Ui JaHHOTo MaccuBa. I1py BrisoBe QyHKUMM show () mepBBIM
apryMeHTOM Ilepe/iaeTcsl MMA MacCHBa, a BTOPOit apryMeHT — pasMep MaccH-
Ba 10 NEPBOMY MHJIEKCY. :

Hecko/bko HHaye BCe MPOMCXOAMT, KOTAa B (PYHKIUIO HEOOXOAMMO Iiepe-
JaTh ABYMEPHBIH TUHAMUYECKUH MacCHUB.

'@ TEOPUS

[OByMepHbIA AMHaMMYecKuit Maccue no ¢akTy npeacrasnser coboi
OAHOMEPHDLIA MACCUB M3 yKasaTenen Ha ykasatenn. Kaxabii aneMeHT-
yKasaTtefib TaKOro MaccuBa COAepXvT azipec NepeBoro anemMeHTa apy-
roro oaHoMmepHoro maccusa. Takum o6pasom; nepenada ABYMEPHOro
AUHAMUYECKOF0 Maccusa B PYHKUMIO CBOAUTCA K nepeaavye ofHoMep-
HOro Maccuea (aBa napamerpa: ykasaresb Ha nepebil 3neMeHT Maccou-
8a ¥ pa3Mep Maccuea), NIINC elie OAUH apryMeHT, KOTOPbIA onpeaens-
€T pa3Mepbl BHYTPEHHUX MaccusoB. B ntore obbi4HO OrpaHU4YMBaIOTCA
nepenadeit Tpex apryMeHToB: OAUH SBNAETCA yKa3aTesieM Ha ykasaTenb,
1 ABa LeNI0YMCNEHHbIX apryMeHTa.

B suctunre 4.10 npeacrassieHa mporpaMMa, B KOTOPOi, KaK U B IIpeAbLAYIIeM
clIy4yae, OMMUCKIBAeTCSA PYHKIUSA show (), HO HA 3TOT pa3 OHa NpeAHa3HaYeHa
IS OTOOpaXkeHHst CONEPKUMOTO JBYMEPHOTO IMHAMHYECKOTO MacCUBa.

(G) HA BAMETKY

Ans BoinONHeHWs GOPMATUPOBAHHOTO BLIBOAA NPK PaboTe ¢ YNCNOBLI-
MU 3HAYEHUAMU Mbi UChonb3yem byHKUMIO printf{). COOTBETCTBEHHO,
8 NPOrpamMme NOAKNIOYAETCH 3aroNoBOK <cstdio> U HEe NOAKMNOYAeTCA
3aronoBOK <iostream>. o
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Tlo cpaBrenmio ¢ npeapixy M npuMepoM (cM. TUCTHHT 4.9), 35iech H3MeHeH
cnocob OIMcaHusA apryMeHTOB QYHKUMH show (), HY H cI0XKHee (110 CpaBHe-
HHIO CO CTaTMYECKNM MAacCHBOM) BBIIVISAMT NPONENYPa CO3AAHUS ABYMEP-
HOT'O IMHaMHUY€ECKOTO MACCUBA B IJIaBHOM (DYHKI{MM IPOrPaMMBL

NucTunr 4.10. NMepenaya ABYMEPHOr0 AUHAMUYECKOTO MACCHBa B PYHKLIMIO
#include <cstdio> |
#include <cstdlib>
using namespace std;
// OYHKUMM apT'yMEHTOM MNEepefaceTCs NBYMEPHE
// IOMHaMMYECKMiT MACCHB: .
void show(int** M, int p,int n){
for(int 1=0;i<p;it++){
for{int 3=0;1<n;j++){
printf ("%4d",M[i][3]);
}
printf("\n");

}
// TnaBHasa QYHKIMSA NPOTPAMME;
int main(){
// Vi3MeHeHMe KOAMPOBKM KOHCOJM:
system{"chcp 1251>nul");
// PasMepH IUHAMMYECKOT'O MacCCHBa
// ¥ VHIEKCHHE IepeMeHHHE :
int a=3,b=5,1,73:
// CospaHme MaccuBa yKaszaTeneit:
int** A=new int*[a];
// Co3maHme ¥ 3anonHEHUe BHYTPEHHUX MACCHUBOB:
for (i=0;i<a;i++){
A[i]=new int[b]:
for(j=0;j<5;j++){

// BHadeHue SNEMEHTa MacCCMBa:
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A[i][3]=1*Db+]+1;

}
printf ("Comepxmmoe Maccupa:\n");
// OroBpaxeHue CONEPAMMOTO MACCHBA:
show (A, a,b);
// Ynaneuye BHYTPEHHMX MACCUBOB:
kfor(i=0;i<a;i++){

delete [] Ali];
}
// Ynanemue MaccuBa yKasaTenesi:
delete [] A;
// 3anmepxxa KOHCONBHOTO OKHA:
system("pause>nul");
return 0;

}

IIpH BRINOJIHEHHUH NPOTPaMMBbI NTOJIy4aeM CJAeAYIOmMIl pe3yJIbTaT:

POIYALTAT BLINONHONNNA NPOrPaMMLI (K3 nuCTHHIa 4.10)
ConepxmMoe MaccuBa:
1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
Ecnu cpaBHMBaTh pa3iuyHe B criocofax nepeaayd B QyHKIUIO ABYMEPHOIO
CTaTHYeCKOro ¥ AMHAMHYECKOTO MACCHBOB, TO C AMHAMWYECKHM MaCCHBOM HeET

XKECTKO# IPUBS3KH K Pa3Mepy MacCHBa 110 BTOPOMY MHIeEKCY. B paccmaTpusa-

eMoM npumepe pYHKIHA show () MPUMEHHMA ISt OTOOPaKEHHsA COREPIKHMOTO
MOOKIX (B CMBICJIE IIOOHX Pa3MePOB) ABYMEPHBIX THMHAMHYECKUX MaCCHBOB.

Nepeaaua Texcra B GyHKUMIO

CuMBOJIbHBIH OAHOMEPHHIE MacCHB C TEKCTOM B NpPHHIMNE NepeaaeTrcs
aprymeHTOM (QYHKIMH TaK Xe, Kak ¥ moboi Apyroit oAHOMEpHbIN MacCHB,
C TONpaBKoO# Ha TO, YTO Pa3Mep MACCHBA SIBHO YKa3HBaTb He HYXHO — OH
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OIpefeNseTCss aBBTOMATHYECKH M0 PACTIOJIOKEHHIO HY/Ib-CHMBOJIA B MacCHBE
(TOYHee, aBTOMATHYECKH OIpe/ie/isieTCsl pa3Mep TEKCTa B MaCCHBE).

$ TEOPHA

Mpy nepepa4e CUMBONBLHOrO MaCCUBA C TEKCTOM B (DYHKLMIO apryMeH-
TOM GYHKUMN BOCTATOMHO NEPERATb YKa3aTeNib Ha NepBbLIit SNeMeHT
MaccuBa (WMS MacCcuBa).

IIpuMepn onucanus QyHKIHIA, B KOTOPHIE NEPEfAIOTCS CHMBOJbHBIE OJHO-
MepHble MaCCHBHI, PHBeJIEHH B IIporpaMMe B uctunre 4.11.

() nucrunr 4.11. Nepenaua 8 dymauno cumsonsHoro maccusa
#include <iostream>
$include <cstdlib>
using namespace std;
// OyHkuMA nNA oNpeneNeHUS IMHH CTPOKM:
int gefLength(char* str) {
int s=0;
for(int i=0;str[i];i++){
st+t;
}
return s;
}
// OyHxuMa nns onpelieNeHMs KOAMYeCTBA NpPoGEJIOB B CTPOKE:
int getSpace (char* str){
int s=0;
for(int i=0;str[i];i++)(
if(str(i]==" "}{
st++;

}

return s;
}

// Gyuxums Lns OTOODAKEHMS CTPOKM M HEKOTOPHX
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// DBOTMONHWTENBHHX XapaKTEPUCTMK:
void show(char* str){
cout<<"dpaza: "<<str<<endl;
cout<<"CumBomos: "<<getLength (str)<<endl;
cout<<"TipoBenos: "<<getSpace( tr)<<endl;
for (int k=1;k<=35;k++) {
coutk<"-";
}
cout<<endl;
}
// TnaBHas QyHKUMSA NMPOTPAMMH:
int main() {
// Vi3MeHeHMe KOIMPOBKM KOHCOMM:
system("chcp 1251>nul");
// CvMBOJIbHHIT MaCcCuB:
char txt[100]="M3y4aeM ssuk nporpaMmmpoBauma C++";
// Tepenaua apryMEHTOM (GYHKUMM CMMBOJIEHOTO MacCHUBa
show (txt);
// Tepemaua apTyMEHTOM ¢yHKUMM TEKCTOBOI'O JIATEPANa:
show ("B C++ ecTh KJACCH ¥ 06BeKTH") ;
// 3agepxka KOHCOJILHOTO OKHa:
system("pause>nul");
return 0;

}

Huxe nipeZicTaBJieH pe3yJbTaT BRITOJIHEHHUS JaHHOM ITPOTPAMMBI:

Pe3ynsTar shinonHeHMs nporpammsl (u3 nucrunra 4.11)
dpaza: M3yuaeM AsHK NporpamMupoBaums C++
CumBONIOB: 33

NpoBenos: 3

¢paza: B C++ ecTb KnaccH ¥ OOBEKTH
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CumvBonor: 27

llpoGenoB: 5

B nporpaMMe omnmcaHo HecKosibKo GyHKIUiA, mpeaHasHa4YeHHbIX A1 o0pa-
60TKM TeKCTOB (NEepeZJaHHBIX B (DYHKIMIO Yepe3 CUMBOJbHBIA MacCHB WK
TeKCTOBBIH JuTepan). B wactHocTH, Mb1 onmcanu GYHKIHMIO getlength(),
BO3BPAIIAIONLYI0 PE3YJIBTATOM KOJIMYECTBO CHMBOJNOB B Tekcre. (DyHKuums
getSpace () BO3Bpalaer pesyJIbTaTOM KOJIAYECTBO IPOGEJIOB B TeKCTe. Oyuk-
1¥st show () ONMCAHa TAK, YTO TPH BBI30BE OTOGPAXKAET TEKCT, NepeJaHHbIMH
eif apryMeHTOM, a Takke yepe3 BhI30B (yHKIMI getLength() M getSpace()
orobpaxaeT MH(MOPMALHUIO O JJIMHE TEKCTOBOH CTPOKM M KOJHYECTBE NPO-
6es10B B He#t. BceM TpeM GYHKIUMSIM apryMeHTOM IIepPefaeTcs yKas3aresb Ha
cuMBoNbHOe 3Hadenue. Ilog aTHM yKasaresiem mMMeeTcs B BHAY UMS CHM-
BOJIbHOTO MaccuBa. Takxe QYHKIMAM apryMEHTOM MOXeT ObiTb mepeaaH
HENOCPEICTBEHHO TEKCTOBBIil amrepas (TOCKOJbKY TEKCTOBHIH JHMTEpa
obpabaTbiBaetcs yepe3 yKasaTesh Ha NEPBIH CHMBOJ B TeKcTe). B riaBHO#M
(pyHKIMU IPOTPAMMBbI ECTh KOMAH/Ib! C BbI30BOM (PYHKIIHH show ().

YKa3zarersnb Kak pe3ynsrar GQyHKuum

OyHKIMS pe3ysbTaToOM MOXeT BO3BPALiaTh NMPaKTHYECKH BCe, YTO YIOZ-
HO — 3a MCKJII0YeHHeM CTaTHMYeCcKOro MaccuBa. B wacTHOCTH, pe3ysnsraToM
GyHKIMH MOXKeT ObITh yKa3aTens. B mucrunre 4.12 npeacrasiiena nporpam-
Ma, B KOTOpOii omuchiBaeTcsi QyHKIMA getMax (). B dyHkumio nepenaercs
YKCJIOBOM OIHOMEDHBII MacCUB, a pe3yJibTaToM (DYHKIVS BO3BpallaeT yKa-
3aTesb Ha JIEMEHT C CaMbiM GOJIBILMM 3HAYEHMEM B MaccuBe. PaccMOTpuUM
ApeCTaBJIeHHbII HDKe IPOrPaMMHBIii KOZ: '

JincTunr 4.12. GyHkuun B03BPaLaAceT PE3YALTATOM YKa3aTesb
$include <iostream>
$include <cstdlib>
using namespace std;
// GyHKUMS pe3yJALTATOM BO3BpAmAET
// yxkasaTenr Ha BJIEMEHT MaCCHUBA:
int* getMax(int* nums,int n}){
int i=0,k;
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// OnpepeneHue MHIEeKCa HauGONBLIETO IJIEMEHTA:
for (k=0;k<n; k++) {
if (nums [k]}>nums[i]) {

i=k;

}
// PesynbraT QYHKUMM — yKa3aTeNb Ha JJIEMEHT:
return nums+i;
}
// GyHxums mns oTOGpPaxeHMA COINEPXMMOTO MACCHUBA®
void show(int* nums,int n){
for (int i=0;i<n;i++){
 cout<<nums[i]<<" ";
}
cout<<endl;
}
// TnaBHasd QyHKUMA RPOTPAMME:
int main(){
// V3MeHeHue KOOMPOBKMU KOHCOJM:
system("chcp 1251>nul");
// Pasmep Maccuma:
‘const int size=10;
// Co3pmanue maccuea:
int numbers[size]={1,5,8,2,4,9,11,9,12,3);
// OToGpaxeHue COMEPXMMOTO MACCMBA:
show (numbers, size) ;
// 3amuch pesynbTaT QYHKUMM B yKasaTelb:
int* maxPnt=getMax (numbers, size);
// OrobpaxeHue MaKCUMANBLHOTO 3HAUEHMA:
cout<<"MakcumanbHoe 3Hayenue: "<<*maxPnt<<endl;
// TipucBaMBaHMe 3HAYEHMUA 3IJIEMEHTY:
*maxPnt=-100;
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// OroGpaxeHue CONEPXMMOTO MAaCCHMBA:

show (numbers, size); ;

// 3nauenve NPUCBAUBAETCA NEPEMEHHOM:

int maxNum=*getMax (numbers,size);

// TipoBepka MaxCHMANIBHOTO 3HAYEHMA:
cout<<"MakcumanbHoe 3HaueHue: "<<maxNum<<endl;
// Hpuésanaauue SHaYeHUA [EepeMEeHHOM:
maxNum=-200;

// TlpoBepka COREPXMMOTO MacCHBA:

show (numbers, size);

cout<<"MakCuMaNbHOE SHaueHue: ";

// BHuMCIIEHME HOBOT'O HaMGONLIET'O SHAYEHUA:
cout<<*getMax (numbers, size)<<endl;
cout<<"Munexc snemeHTa: "; _

// BHUMCNEHME MHOEKCA BJNeMeHTa C HaubOoJbmMM 3HaueHMEeM:
cout<<getMax (numbers, size) -numbers<<endl;

// 3anepxxa KOHCONBHOTO OKHa:
system("pause>nul”);

'

return 0;

B pe3yJjibraTe BHIIOJIHEHHS IIPOrpaMMHI MOJIy4aeM ClieAyioniee:

PO3yNnsTaT BINOANGHUN NPOIPAMML (uam 4.12)
158249119123

MaxcumancHoe 3HaueHMe: 12

158249119 -100 3

MaxcumaneHoe 3HaueHue: 11

158249119 -1003

MakcuManpHOe 3HaueHme: 11

Mupexc sneMeHTa: 6

HpentuduxaropoM Tuna pesyisrara Ais (yHKIMH getMax() yka3aHa
HHCTPYKIMS int*, O3HavYaOmasi, YTO Pe3yAbTaTOM GYHKUMM SBASETCH
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yXa3aTesb Ha leJIOYHCc/ieHHOe 3HaueHHe. B Tene QyHKIUH HeIoYncIeHHasA
nepeMeHHasl 1 HHHIMAIM3HPOBaHa C HAYaIbHBIM HYJIEBBHIM 3HavyenueM. Jla-
Jiee 3aITyCKAEeTCA ONepaTop UMK/Ia (MHIEKCHas IepeMeHHas k npoberaer Bce
BO3MOXHbBIE 3HAYECHUA IJIsI HHACKCOB Maccmsa) B KOTOPOM OCTI€/I0BATE b
HO CPaBHMBAIOTCS 3HAUEHHS HJIEMEHTOB MacCHBA CO 3HAYECHHEM 3JIEMEHTa,
uMeromeM unaekc i. Ecau spinosnHeHo yesrosue nums [k} >nums[1], TO 3Haye-
HUE HHAEKCa k IpUCBauBaeTCs nepeMeﬂﬂbﬁ i. B peayaprare nocie nepe6opa
BCeX 5JIEMEHTOB MacCHBa B IEPEMEHHYIO i Oy/eT 3alMCcaH MH/EKC 31eMEeHTa
¢ Han6OIbIINM 3HaueHHeM (MJIH MHIEKC nepnbro BCTPETHBILIETOCS 5JIEMEHTa
¢ HanOOJIBLINM 3HAYEHHEM, €CIH TAKHX HJIEMEHTOB HECKOJIbKO). Peayabra-
TOM (DYHKIIMM BO3BpaNIaeTCst 3HAYEHHE nums+1i. 34ech MBI BOCIIOIb30BATUCH
IpaBUJIaMK aZpPecHOil apudMeTHKH U TeM, YTO UM MAcCUBA SBJIAETCH yKa-
3arejieM Ha €ro TePBhI 3JIeMEHT.

B ¢bynkuum main() cosgaercsa nenovHcieHHass KOHCTAHTA size, ompende-
Jsmouias pa3Mep MaCcCHBa, a CaM MacCHUB CO3JaeTCsi KOMaHA0H int numbers
[sizel={1,5,8,2,4,9,11,9,12,3}. OToﬁpamenue COAEPXXHMOTO MacCHBa
BHITIOJTHSAETCA C MOMOIIbIO CIENHAIbHO OIMCAHHOM 1A TAKOH Hean JyHK-
1y show (). :

[Ipu BbINONHEHMM KOMAHAB int* maxPnt=getMax (numbers,size) B yxa3a-
TeJIb MaxPnt 3aNKMCHIBAaeTCA afipec TOTO 3/IeMEHTa B MaCCHBe number, KOTOPBIN
MMeeT HauOoJIblliee 3HAYeHWe. Y3HaTh JAHHOE 3HAYEeHHEe MOXKEM Yepe3 BHI-
paxenue *maxPnt. [Ipu sTOM maxPnt siBAseTCA aApecoM (HO He MHAEKCOM!)
HAHHOrO 3eMeHTa. YT0ObI y3HATh HHIEKC 3JeMEHTa, HEOOXOAMMO BRIYECTD
M3 yKa3aTeJis Ha 3TOT /IEMEHT yKa3aTeJIb Ha MepBbIii 3JleMeHT MaccuBa (MMs
MaccuBa).

Tocae BoimoNHEHUST KOMaHAB *maxPnt=-100 sJ1eMEHT Maccmsa, nmenmnn bi (o)
3TOro HauboIbIIee 3HAYECHHE, TIOMYYUT HOBOE 3HEUEHHE =100,

Ecnn HaC MHTEepeCcyeT 3HaYeHUE IIEMEHTA, 4 He eT0 aJpec, TO MOKHO IIPU BhI-
30Be GYHKIMM getMax () yKasaTh Iepel ee MMEHeM 3Be304Ky * (4TO 03Ha-
YaeT TMOJyYeHNe 3HAYEHUA 110 a/Ipecy), Kak JeaaeTcA B HHCTPYKIUM int m
axNum=*getMax (numbers, size). B pesysbrare B nepeMeHHyI0 maxNum 3aIM-
CBIBaeTCS 3HaUYeHHe HanbOJIbIIero 3IeMeHTa, Ho MpH 3ToM uHdopmaist 06
aZipece 5JieMEHTa He 3anoMuHaeTcs. I1oaToMy ec/ii MBI BIIOC/IEACTBHM TIPH-
CBOMM IlepeMeHHOH maxNum HOBOe 3HaueHMe, Ha HCXOXHOM MacCuBe 3TO0 HU-
Kak He cKaxerca. HakoHel, /Uil BEIMHCIEHUS 3HAYEHUA HHEKCA 3JIeMEHTa
¢ HaubOJIbIIMM 3HAYEHHEM BHIYMCIISIEM BRIpasKEHHE getMax (numbers, size) -
numbers (pasHHIA yKasaTesell faeT LleJioe YuCio, Onpenessilee Kojauye-
CTBO Y€EK MEXAY COOTBETCTBYIOMMMY 00JIaCTSIMUA NAMSATH — JUIst 3/1eMeH-
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TOB MaCCHBa II0JIyYeHHOE TaKuM 00pa3oM 3HaYeHHe COBIAZAeT C HHACKCOM
3/7IEMEHTA).

Ccbinka kak pesynsrat pyHKUUU
@OyHK1Ms Pe3yNBTaTOM MOXKET BO3BpallaTh CChUIKY. Ecin ¢yHKUmsA Bo3Bpa-

IIfaeT CCBUIKY, TO €€ PE3YABTATOM ABJIAETCA HE MPOCTO 3HAYEHUE HEKOTOPOTI O
BBIDAXECHUA NITA HEPEMCHHOﬁ, a (baKT HYCCKH CaMa ITepeMEHHasA.

G HA BAMETKY

[MOHATHO, YTO B TAKUX CAYHARAX PeUb HE MOXET WATH O NIOKASILHOWN nepe-
MEHHOW — HeT CMbICNna AasaTb A0CTYN K NepeMeHHO’, KoTopas cylle-
CTBYET, TOALKO MOKa BbINOAHSAETCH QYHKUUA.

H_e6onbmasi BapHalliisl Ha TeMy IpPeAbIAYHIEr0 NMpUMepa, HO Ha 3TOT pa3
¢ Bo3BpaimeHneM (yHKUMEH CCHUJIKM BMeCTO yKasaTeld, NIpHBefieHa B /-
crure 4.13.

JSincTuir 4.13. yHKUMA BO3BPALLAET PESYALTATOM CChISIKY
#include <iostream>
#include <cstdlib>
using namespace std;
// OyHKUMS Pe3YyJBTATOM BO3BpAUAET
/| CCHUKY Ha SeMeHT MaccuBa:
int &getMax (int* numé,int n) {
int i=0,k;
// Onpemernenue MHAEKCA HauGONBLUEI'O 3JEMEHTa:
for (k=0; k<n; k++) {
if (nums[k]}>nums[i]) {

i=k;
}

// PesynbrTaT (QYHKUMM — CCHUIKA Ha DJIEMEHT:

return nums([i];
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// dyuxuma ans orobpaxeHMsa CONEPAMMOTO MACCHBA:
void show(int* nums,int n){
for(int i=0;i<n;i++){
cout<<nums[i]<<" ";
}
cout<<endl;
}
// TnaBHas QYHKUMA NMPOTPaMMH:
int main(){
// VismeHeHue KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Pasmep maccuea:
const int size=10;
// Cospanue maccuba:
int numbers[size]={1,5,8,2,4,9,11,9,12,3};
// OroGpaxeHne CONEPRMMOTO MacCHBA:
show (numbers, size);
// SanMCb'pGSYﬂbTaT QYHKLMM B NEPEMEHHYD:
int maxNum=getMax (numbers,size);
// OrobpaxeHuMe MAaKCHMAJLHOTO 3HAYEHUA:
cout<<"MakcuManbHOe 3HaueHme: "<<maxNum<<endl;
// Hpucsanaanﬁe 3HAUEHMA NEPEMEeHHO:
maxNum=-100;
// OroGpaxeHue COAEPAMOTO MACCHBA:
show {numbers, size);
// PesynbTaT QYHKUMM 3aNMCHBAETCA B CCHUIKY:
int smaxRef=getMax (numbers,size):
// TipoBepka MaKCHMMaNbHOTO 3Hauenna:
cout<<"MakcuManeHoe 3HaueHKue: "<<maxRef<<endl;
// TipucBauBaHMe 3HAUEHMS CCHUIKE:
maxRef=-200;

// Tlpopepka COOEpPXMMOTO MacCHuBa;
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show (numbers, size) ;

cout<<"MakcuManbHoe 3HaueHue: ";

// BuuMclieHye HOBOTO HAMOONLWErO 3HAYEHMA:
cout<<getMax (numbers, size)<<endl

// 3amepxra KOHCONBHOTO OKHA:
system{"pause>nul");

return 0;

}

PeavisTaT BRIMONIHEHUS INOTDAMMBI TAKO0M|:

POIYNLTAT SMNONHOHNNA NPOrpamMMsl (U3 nucTunra 4.13)
158249119123

MakcyMansHoe 3HadeHue: 12

158249119123

MakcuManbHOe 3HadeHMe: 12

158249119 -2003

MakcuManbHOe 3HaueHue: 11

IlocMOTpHM, YTO NPHHIMNHANLHO H3MEHWJIOCHh B NPOrpaMMHOM Koge (1o
CpaBHeHHIO ¢ MHCTUHIOM 4.12.). B mepByIo o4epesib, KOHEYHO, 3TO pe3y/IbTaT
GyHKUMM getMax (): Tenepb QYHKIMA BO3BpallaeT He YKa3aTelb, 3 CCHUIKY,
0 4eM CBH/IeTEIbCTBYET HHCTPYKIHS & Nepe/l MMeHeM QDyHKIMH B €€ onwca-
M. [Tockonbky ¢pyHKuMs onucaHa ¢ HAEHTH(PUKATOPOM int, TO pedb HAET
0 CCHUIKE Ha LieJIoYHCJIeHHoe 3HauyeHne. B tene dpyHkumu, Ans ynciaoBoro
MAacCCHBa nums, epeAaHHoOro B JYHKIHIO, BO3BPAIAETCA CCHUIKA Ha 3JieMEHT
¢ HaubonbimM 3HavenneM. @opManbio KOMaHAA Bo3BpaeHHs: GyHKuMedH
pe3yJIbTaTa BRIVIAAMT KaK return nums [i], YTO B IpHHI{HIIE O3HAYaeT BO3BPa-
HieHHe pe3yJIETAaTOM 3HA4YeHHS /IeMeHTa C HHAEKCOM i 13 Maccusa nums. Ho
NOCKOJIBKY B AAHHOM CJIyvae B OnHCaHUH (HYHKIMH Niepel ee HMEeHeM CTOUT
HHCTPYKIIHA &, TO BOSBDAIAETCA HE IPOCTO 3HAYEHHE SAEMEHTA, 3 CCAKA HA
310T 3/1eMeHT. C NPUKAAAHOM TOYKY 3PEeHUsA JaHHOE YTBEPKAEHHE 03HAYAeT,
YTO Yepe3 pe3yasraT yHKIMM getMax () Mbl MOXEM He TONbLKO IIPOYHTATD
3HaueHHe HanGOIbIIIErO JIEMEHTA, HO M IPHCBOHTD MY HOBOE 3HAYECHHE.

B ¢yHkiuM main() cosjaercs LENIOYHUCIEHHBM MAacCHB number pasme-
pa size, ¥ MMEHHO C 3TMM MACCHBOM BhINOJHAIOTCA OmMepalHH C npH-
BiaeyeHneM yHkuunm getMax(). Tak, NpPH BHINOMHEHHH KOMaHAH
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int maxNum=getMax (numbers,size) B IepeMEHHYI0 maxNum 3alUCHIBAETCS
3HauyeHHe HanbosibIero sjseMenTa Maccupa. JlasbHellee U3MeHEHHE 3Ha-
YeHHsl TIePEMEHHOU maxNum (KaK, HampUMEpP, NPH BHINOJTHEHHM KOMaHbI
maxNum=-100) Ha MaccuBe numbers He CKa3bIBAIOTCS — 3HAYEHMS €ro AJIEMEH-
TOB OCTAIOTCS HeH3MEHHBIMH. Ho eC/Ti MBI pe3yIsTaT (DyHKIIHH 3aIMIIeM He
B OOEIYHYIO IEDEMEHHYIO, 2 B CCHUIKY (TIPUMEPOM MOXET C/Iy’KMTh KOMaH/Ia
int smaxRef=getMax (numbers,size)), To 3Ta CChIJIKA CTaHET aJbTEPHATUB-
HBIM Ha3BaHHEM JUISI COOTBETCTBYIOLIEr0 3JleMEeHTa MaccHBa (TOTO 9/IEMEeHTa,
Ha KOTOpPbIH QYHKIMA Bo3BpamaeT cchlnky). [103TOMy, ckaxeM, BBINIOIHE-
HHMe KOMaH/Ibl maxRef=-200 03Ha4aeT, YTO COOTBETCTBYIOIMI 3JIEMEHT Mac-
CHBa I0JY4YaeT HOBOE 3HaYeHHUe,

AvHamunyeckuit MaCcMB Kak pe3ynbTaT GyHKLUK

Teopernyeckn MOXHO omucath (GYHKUIHIO, KOTOpasi pe3yJbTaTOM BO3-
BpalllaeT AuHaMudeckuii MaccuB. TouHee, OHa BO3BpauIaeT yKa3aTejb Ha
TepBbiii 37IEeMEHT MacCHBa, & CaM MaCCHB CO3/IaeTCsA NPH BH30Be QYHKIHH.
IIpaBza, 3TO AOCTATOYHO OMACHKI CIIOCO6 MPOrpaMMHUPOBaHUs (TI04EMY —
obpsacHseTCs qanee). Bmecre ¢ TeM HEKOTOpHIE crieupUIECKHe MOMEHTHI
0611ero xapakrepa OH MO3BOJSAET NPOAEMOHCTPUPOBATD, TIO3TOMY PAaCcCMO-
TPHM €ro.

B smcTuure 4.14 npeacraBiena nporpaMMa, B KOTopoﬁ OIIKCaHBI /(B (by}nc#
I{HH, KK U3 KOTOPHX BO3Bpaniaet pesynb'raTOM nnnammecxnn MaccuB:
B cnyqae ¢Gynxium £ibs () 310 MaccHB, 3aOJIHEHHBIH ‘IP[CJIaMId (Dn6ona'{'m,
a QyHkiuei myrand{) Boanpamaerca uenoqncne}mmu MaccCHB, 3aHOJIHeH-
HBIi CTy4aiiHEIMM YHCJIAMH B Mania3oHe 3HaveHuit oT 0 10 9.

@ HA 3AMETKY

B nocneposatensHOCTH Yncen MPruboHaqwuu nepsoie Asa 4ucna paskbi
eauHULe, a KaXA0e CNeayloLLee YMCAO PABHABTCS CyMMe ABYX Npeabl-
Aywwx. B wtore nony4aem: 1, 1,.2, 3, 5, 8, 13, 21, 34, 55 n rak ganee. :

Kaxzoi 13 9Tux QyHKIMii IpU BLI30BE apTyMEHTOM TepeiaeTcs 1eoe Yuc-
JI0, ONpeiefisiioliee pasmep MaccuBa. JIpyr or apyra QyHKIMHM TPHHITAIH-
aNTbHO OTJIMYAIOTCS TOJIBKO CHOCOGOM 3aOJTHEHHsI IMEMEHTOB, a B OCTAIb-
HOM OHM IPAKTHYECKH HAEHTHYHBL. '

PaccmoTpuM ciexymomuii IporpaMMHBEN KO
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JiucTuHr 4.14. Oynkuus BO3BPALLAGT PE3YNLTaTOM AUHAMMWYECKWl Maccus
#include <iostream>
#include <cstdlib>
using namespace std;
// Pesynbrar OYyHKUMM — IMHAMMYECKMIA MACCUB
// ¢ uucnamm OuBoHauuy:
int* fibs(int n){
int* nums=new int[n];
for(int i=0;i<n;i++){
1f(i==0}}i==1){
nums [1]=1;
}
else(
nums[i]=nums [i-1]+nums[i~2];

}
return nums;
}
// Pe3yneTaT QYHKUMM — OUMHAMHUUECKMHA MACCHUB
// co cnyuaHHMM UMCTAMM:
int* myrand(int m){
int* nums=new int[m];
for(int i=0;i<m;i++){
nums [i]=rand () %10;
}
return nums;
1
//- TnaBHas QYHKUMA NPOTDAMME:
int main() {
// V3MeHeHMe KONMPOBKM KOHCOJIM:
system("chcp 1251>nul”);
// VHmumanMsauMs DeHepaTopa CIydYaiHHX YUCEN:

srand(2);
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// TepeMenH:e:
int n=10,m=15,1i;
// YxasarTenr Ha LENOUMCIEHHOE 3HAYEHME:
int* £;
// CospaeTcs mMHaMMuECKMHt MACCHB:
f=fibs(n);
// OroGpaxenue 3HAUEHMIT BJIEMEHTOB
// DvHaMMUECKOrO MAaCCHBa:
for (i=0;i<n;i++){

cout<<fij<<" ";
}
cout<<endl;
// Yranemve IMHaMMUECKOTO MacCuBa:
delete [] £;
// ROBHItT TMHaMMJYECKMZ MACCHMB:
f=myrand{m) ;
// OrobpaxeHue CORNEPXMMOTO MacCMBa:
for (i=0;i<m;i+4) {

cout<<f[ij<<" ";
}
cout<<endl;
// Ynmanenue mMHaMMYECKOTO MAaCCMBA:
delete [] f;
// 3anmepxxa KOHCONBHOTO OKHa:
system("pause>nul®);
return 0;

}

Pe3yIbraT BHIIOSHEHHS IIPOTPAMMEI, C IONIPABKOM Ha TO, YTO BTOPOM MacCHB
3aNnOMHAETCA CIy4aiHBIMM YHCIIAMH, MOXKET BHIIJISAETD TaK:

POIYMTAT BMNONHOHMA NPOrpaMmMal (M3 nucTwnra 4.14)
1123581321 3455
568540015679263
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IIpoanamusupyeM Haubosee HHTEpecHHle MecTa nporpammsl. CkaxeM,
dynxuusa fibs() ¢dopMambHO BO3BpaIlaeT yKa3aTesb Ha HeJioe 4ucjo (ee
HAEHTHQUKATOP THIIA ONMpeResieH Kak int*). B rese GyHKImMH KOMaHAOMH
int* nums=new int[n] coszgaeTecs: AUHAMMYECKHi MAcCHB {(yepe3 n 0603Ha-
YeH LEJIOYMCIIEHHB apryMeHT QyHKIHK). MaccuB 3anoHAETCS C TIOMO-
INBIO OTiepaTopa 1uKia. B HeM, B CBOIO odYepesb, €CTH YCIOBHHIN oNleparop,
BKOTOPOM IPOBEPSIETCA 3HAYEHIE HHAEKCA 3TeMEHTA (B YCJIOBHH i==0} | 1==1
HCIIOMB30BAH OIIEPATOP | | M02U%ecK020 Wi, KOTOPHIM BO3BPAINAETCA 3HAYe-
HMe true, eCIM XOT OBl OAUH U3 €T ONEPaHAOB paBeH true). [Ins AyreBoro
H eIMHUYHOTO MHAEKCA COOTBETCTBYIOLIEMY 3JIEMEHTY TIPHCBANBAETCS €M~
HHYHOe 3HavyeHHe. [l a/leMEHTOB C HPOYMMH HHAEKCAMH 3HAUYEHHE BbI-
YHCJISeTCS KaK CyMMa 3HaYeHUH JIBYX IIpeAbIAYIIMX 3IEMEHTOB B MacCHUBe
(xoMmauaa nums [i]=nums[i-1]+nums [1i-2]). Ilocse 3amonnenus MacciBa 3Ha-
yeHHe NIepeMEHHOM-yKa3aTe/s nums (CCHUIKA Ha TIEPBLIN 51EMEHT AMHAMHE-
4eCKOT0 MacCHBa) BO3BPAl[aeTCs Pe3yJIbTaTOM (DYHKIIHH. '

AHanoruyHo opranu3soBana ¢yHkiusa myrand (), TOJIBKO Yy Hee 3HaYEeHHe dJIe-
MEHTaM JMHAMHYEeCKOT0 MacCHBA IIPUCBAUBAETCS C UCIIONb30BaHHEM DYHK-
[HH reHePHPOBAHHUA CJIyYalHBIX yHces rand ().

B QyHK1uK main () 0OBABASETCA yKa3aTeab f HA LeJIOYNCAEHHOE 3HaUYeHHeE.

3areM xoMaHAO# f=fibs(n) B yka3aTesb f 3alUCBHIBAETCA azpec nepsoro‘
3/leMeHTa MacCHBa, CO3aBaeMOro NpH BEI30Be GyHKIMH fibs (). ITocse sto-

ro £ MOJKHO PacCMaTPUBATh KAK MACCHB, 3aNT0IHEHHHIH unciamu Oubonay-

yu. [lepemenHoii-ykxa3aTesnio £ MOKHO IIPUCBOUTE M APYroe 3Ha4eHHe — Ha-

mpuMep, KoMauzoH f=myrand (m) B f 3aNMUCHIBaeTCA afipeC IIepBOro 3NeMeHTa

3aMOJIHEHHOTO CAYy4YalHbIMH YMCJIaMHM MacCHBa, KOTODPHIA CO3AaeTcs IpH

BHI30Be (hyHKUMHU myrand (). Ho mepen mpucsamBaHMeM HOBOTO 3Ha4eHHA

yKa3aTten f HeoOXOXUMO BEITIOTHUTh KOMaHAy delete [] £, koTopoii yaa-

nsercs maccus ¢ ynciaamu @ubonayun. Ecin sToro He caenars, To ampec

MaCCHBa «II0TepsieTcs» (OH He OyZeT 3alMcaH HU B OAMH yKa3aTeJsb), U B pe-
3yJIbTaTe NaMsTb OCTaHeTcs1 HeocBoGoxaeHHoH. CoOCTBEHHO, 34€Ch KPOBTCS

Ba)KHBI{ apryMeHT NMPOTUB HCNOJb30BAaHUS MOAXOAA, IPH KOTOPOM (hyHK-

1ueil Bo3BpalnaeTcss JuHaMH4eckuii MaccuB. Takoii MaccuB co3faeTcst Ipu

BBI30Be (PYHKHMH, HO II0 3aBePIEHUH ee PabOTH He YAAIAeTCs U3 NaMATH.

Curtyalus 4ypeBaTa TeM, YTO MAcCHB He GYZeT CBOeBPEMEHHO YAAJIEH U3 T1a-

MSTH.

OnucaHHyIO Bbilile IpoLeAYPY (C BO3BPalllEHHEM PE3yIbTaTOM (DyHKIMHU AU~
HaMUYECKOTO MacCHBa), CO CTATHYECKMM MaCCHBOM IIPOJEIATh He TOMYYHT-
cs1. JIes1o B TOM, 4TO BCe CTaTHYECKHE IIEPEMEHHBIE (B TOM YHCJI€ M MACCHBBI),
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KOTOpBIE CO3/1a10TCS ITPY BRI30Be (PYHKIIMH, TIOCIE 3aBEPIIEHHS] €e BhIIOJIHE-
HHSI aBTOMaTH4eCKH yAanaioTcs. ORHaKO MOXKHO IPHMEHHUTD HHYIO TAKTHKY,
H BMECTO TOT'O, YTOOBI IIBITATHCSI ONMMCHBATH (PYHKIUMIO, BO3BPAIAIONIYIO Mac-
CUB, iepesath B QYHKI[NIO MaCCHB Yepe3s apryMeHThI, a 3aTeM BHECTH B 3TOT
MacCHB Hy)KHble u3MeHeHus. B ymuctunre 4.15 npeacTaBreHa AporpamMma,
KoTopast (pOpMaJIbHO HANOMHHAeT NpeAbAynryio (u3 auctunra 4.14). Ho
TOJIbKO Tellepb MACCUBRI, C KOTOPHIMH BBHITIOIHAIOTCA MAHHITYJIAIINM, Tiepe-
HAIOTC B COOTBETCTByIOIyIo (GYHKUMIO yepe3 apryMeHTh. PaccMoTpum
MpeACTaB/ICHHbIN HUXKe MPOrpaMMHEIN KOA:

Jincrunr 4.15. 3anonnenne CTATMHECKOro Maccusa
$include <iostream>
tinclude <cstdlib>
using namespace std;
// B QyHKuMO nepefaeTCA MaCCMB LJIA 3alOJHEHMS
// uncnamy dmbonauum:
void fibs(int* nums,int n){
for (int i=0;i<n;i++) {
if(i==0] |i==1) {
nums[1]=1;
}
elsef

nums [i}=nums[i-1]+nums[i-2];

}
// B QyHKUMI nepemaeTCs MacCUB IJIA 3alOJHEHMA
// cnydalHEMM uMCnaMm:
void myrand (int* nums,int m) {
for (int i=0;i<m;i++) (

nums [i]=rand () %10;

}
// TnaBHasg GYHKUMA NPOTPAMMEL:
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int main{() {

}

Pe3y/bTaT BHINONHEHUS QYHKITMH MOXKET ObITh CJIEAYIOLIMM:

Pe3ynurar BuinonHeHns nporpaMmMm (U3 nuctudra 4.15)

// Vi3MeHeHMe KOIMPOBKM KOHCOMM:
system("chcp 1251>nul");

// VHMUManu3au¥A TeHepaTopa CAydYalHHX uMUCejl:

srand(2);
// Pa3Mep maccuBa:
const int n=15;
// Maccus:
int f{n};
// 3anonHeuue Maccupa uuciamu OuGOHAUUM:
fibs(f,n);
// OrobpaxeHue 3HauEHMIT DNEMEHTOB MACTHBa:
for(int i=0;i<n;i++){
cout<<flij<" ";
}
cout<<endl;
// 3anonHeHMe MacCuBa CIYYalHEMM YMCJIaMu:
myrand{f,n);
// OrobpaxeHue CONEPRMMOTO MAcCHBa:
for(int i=0;i<n;it++){
cout<<flil<<" ";

}

-cout<<endl;

// 3anmepxxa KOHCONBHOT'O OKHa:
system("pause>nul");

return 0;

1123581321 345589 144 233 377 610
568540015679263

DyHKLm
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Tenepp ¢ynkuuu fibs() ¥ myrand() He BO3BpalIalOT pe3yJIbTaT, 2 MacCHB,
KOTOPBHIN CJIeyeT 3aN0JIHUTh COOTBETCTBEHHO yHcaamu Dubonayuu u ciy-
YaifHBIMA YHCJIaMH, NiepeaaeTcsa B GYHKIHIO (C IOMOIMIBIO ABYX aPTyMEHTOB:
HMMEHH MacCHBa U €ro pa3Mepa). '

B Tene ¢yHkimu cozaaercs cTaTHUECKHIl HENOUMCIEHHBIH MaccuB f mpe-
AONpeieJIEHHOro pasmepa. 3ateM, A0 NPHUCBAHBAaHHA 3HaYeHMH 3/1eMeHTaM
MacCHBa MMsl MacCHMBa IepefaeTcs apryMeHToM B QpyHkmmio fibs(). 3Tto
KOPpPeKTHasi KOMaH/ia, IOCKOJIbKY f npeacTasisier coboit ykasaTesb Ha 1ep-
BHIIf 3JIEMEHT MacCHBa, M TIOCJI€ CO3AHMS MACCHBa, faXke €CAH OH elle He
3aM0JIHEH, Y YKa3aTesd f yke ecTh 3HaYeHHe. Bo BceM oCTATbHOM KOMAaHIH
HPOrpaMMBI IOJIKHBI OBITH IIOHATHH YUTATEIO.

Yka3zarenb Ha QYyHKUMIO

WM pynkuuu sBasiercss ykasatenaeM Ha GyHKUuUO. 310 mpoctoe obcrosi-
TeJILCTBO MOXHO MCIIOJIb30BATh IPH PElIeHHH 3HAYUTEIHLHOTO KIacca NpH-
KJaZHBIX 3a7a4. [lasee pacCMaTpHBAIOTCA HEKOTOPHIE NIPUMEPH HCIIOIb30-
BaHUA yKa3aTesell Ha PyHKIIMH.

@ TEOPUSR

MNepeMeHHan, ABNAIOWAACA YKA3ATENOM HA QYHKUMIO, ONUCLIBAETCA

cneayowum obpasom: B

¢ yxasbiBaETCS KNOYEeBOe CNOBO, ONPEeASNSIOLLeEe TUN pe3ynsLTara, KoTo-
pbiti Bo3BpaLaeT GyHKLMA, Ha KOTOPYIO MOXET CChiNaTbCA yKa3aTenb;

* yKa3LIBAETCA Ha3BaHve ANsi NepeMeHHON-yKasarens;

* nepep UMEHEM NepeMeHHOoR-yKa3aTei CTaBUTCHA 3883404Ka *, a BCA
KOHCTPYKUMA U3 38€3004KW U MMEHWU yKa3aTensi 3aKAiguaeTcs B Kpy-
rnoie ckobxu;

® NOCNe UMEHH YKa3aTenn B KPYrbix CKOGKaX NEPeYnCNNIOTCA UAGH-
TMPHNKATOPHLI TUINOB aPrYMEHTOB, KOTOPLIG NepeaanTcn PyHKUMK, Ha
KOTOPYIO MOXET CCbiNaTbCA yKa3arenb.

B muctunre 4.16 npeacrasiied oueHb NPOCTOl NpUMED MCHOIL30BAHHS YKa-
3aresieii Ha PYHKIHIO. '

JincTvnr 4.16. YxasaTens Ha GyrHxumo
#include <iostream>
#include <cstdlib>
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#include <cmath>
using namespace std;
// dyuxumm c nayuayapryMeHTaMM (runn double u int),
// Bo3Bpamammmue pesyabTar TMna double:
double f(double x,int n){
| double s=1;
for(int k=1;k<=n;k+t){
s*=(1+x);
}
return s;
}
double g(double x,int n){
double s=1;
for (int k=1;k<=n;k++){
s*=x/k;
}
return s;
1
// ®yuxwm c onmmmM aprymveHToM (Tmn int),
// BO3Bpamapuye pe3ynbTaT Tuna char: .
char h(int n){
return 'A'+n;
}
char u(int n){
return 'Z'-n;
}
// TnaBHas OyHKUMA IPOTPaMME:
int main{() {
// VisMeHeHue KOIUPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlepeMmeHHHe ONA nepefauyM apryMeHTaMu:
double x=2;

int n=3;
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}

// YxazarTem Ha QyHKUMM:
double (*p) (double, int);
char (*g) (int);
double (*r) (double);
// Vicnonb3oBaHMe ykasaTeseit Ha QyHKuMM:
p=tf;
cout<<"| "<<p(x,n)<<" | ";
p=g;
cout<<p(x,n)<k" | *;
g=h;
cout<<g(n)<k" | ";
q=u;
cout<<qg(n)<k" | ";
r=exp;
cout<<r(x/2)<<" | ";
r=log;
cout<<r (x)<<" |\n";
// 3amepxxa KOHCONBHOTO OKHA:
system("pause>nul");

return 0;

Hue nokasaH pesy/IbTaT BBIIOTHEHHS IPOTPAMMBL

Pe3ynuTar BuifloNHeHUS NPOrpaMMs: (M3 nucTuHra 4.16)
| 27 1 1.33333 | D | W | 2.71828 | 0.693147 |

B nporpamMme onvcaHb! YeThIpe BCIIOMOTATeIbHbIe (DYHKI[MH:

¢dyHkuumeit £ () a1 apryMEHTOB X ¥ n BO3BPAIAETCSA aHavenme (1 + x)%
GbyHKIMeit g () A apTYMEHTOB X M n BO3BPALlaeTcs 3HadeHue X' /nl;

byHkiueit h() A apryMeHTa n BO3BpAaINaeTCst CHMBOJI, CMEILEHHBIN
B KOZIOBOi TabJIMIie CUMBOJIOB OT CUMBOJIA 'A' Ha n NIO3MIMH BIEpen;

¢dyHKIuMeR u() AN apryMeHTa n BO3BPAINaeTCsi CHMBOJ, CMEIEHHBIN
B KOZOBO#I Tab/IMIIe CHMBOJIOB OT CHMBOJIA 'Z' Ha n TIO3MIMi Hasaj.
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B rnaBHO# hyHKIME TPOrpaMMbI OOBABIIAETCH TPH YKA3aTEIA HA QYHKIHH:

Vkasatenb p 06bsBIeH KOMaH0# double (*p) (double, int). 3HaueHneM
3TOMY YKa3aTeJi0 MOKET IPUCBAWBATHCS HMsI PYHKIMM, y KOTOPOH ABA
aprymenTa (TiepBhiii THITa double W BTOPOIi THIIA int) M KOTOpast pe3yib-
TaTOM BO3BpaillaeT 3HayeHue THNA double. Hanpumep, nocre Brmoste-
HUA KOMaHAbl p=f yKas3aTeJb p SIBJSETCSA AAKTEPHATHBHBLIM CIIOCOO0OM
obpamenns k Gynxuum £ (). [losToMy KOMaHza p (x,n) O3HAYAET BHI3OB
¢yuxuuu £() ¢ aprymenTamu x u n. Ilocae anom{emm KOMaH/IBI p=q,

. BBIDaJKEHUE p (X, n) O3HAYAET BBI3OB (byﬂxmm g () C apryMeHTaMH X H n.

Ykasatenp q 0ObsB/IEH KOMAHAOM char * (*q) (int}. 3HauyeHMEM 2TOMY

* YKa3aTesIio MOXeT MPUCBAMBATELCA MM byukMn, y KOTopoﬁ OAMH ap-

TYMEHT THIIa int ¥ KOTOpas Pe3yJIbTaTOM BO3BpAIaeT 3HAYEHWE THIIA
char. Hanpumep, nocsie BHIOHEHMS KOMAHIBI g=h yKazaTesb q sIBJA-

eTCst A/ITEPHATHBHBIM CriocoboM obpantenns ' Gynxuumu h (). Komanna
g(n) o3HayaeT BLI30B q)ymcunn h()¢ apI'YMGHTOM n. Iocste BHIMONTHEHMSE

' KOMaHZBI g=U, Bmpa)lcenne q(n) oanaqae'r BHBOB q)ymcmm u{) ¢ apry-

MEHTOM n.

Ykasaresb r 06bsABIeH KOMaHI0M double (*r) (double). 3HayeHHEM 3TO-
MY YKa3aTeJlio MOXET IPHCBANBATHCA UMsT QYHKITHH, y KOTOPO# OfHH ap-
TYMEHT THIIa double M KOTOpas pe3yJILTATOM BO3BpalliaeT 3HaYeHHe THIIA
double. Tlocte BRITIOTHEHYISI KOMAHBI r=eXp ((bymcm»m AJIs1 BHIYVICTICHUA
3KCIIOHEHThl) YKa3aTelb I SBJSETCS aNETePHATHBHBIM criocobom 06pa-
HIeH!A K BCTPOEeHHOI MaTeMaTHuyecKkol pyHkumH exp (). Komanaa r (x/2)
O3HaYaeT BHI30B PYHKIMU exp () ¢ aprymeHTOoM x/2. [loce BrimonmHenus
KOMaH/bl r=1og ((pYHKLUS U151 BRIYUCIECHUS. HATyPaJIbHOTO JorapudmMa)
BBIPQXKEHHE I (x) O3HAYaeT BHI30B (QPYHKIMH 1og () C ApTYMEHTOM X.

HA BAMETKY

Ans ucrnonb3oBaHUa BCTPOEHHbIX Maremarudeckux ¢GyHkuMiA 8 npo-
rpaMMe Mbl NOAKNI0YaeM 3aroNoBOK <cmath>. ' ’

Y710 KacaeTCs BblMMCNIAEMbIX 3HA4YEHWH, TO UMEeT CMbLICH 06pPaTUTL BHU-
MaHue Ha 70, 4TO NPKU X = 2 U N = 3 UMEIOT MECTO TakMe COOTHOLLEHWUS:
(1 +x)7" =3 =27, X/ = 231 = 8/6 = 4/3 ~ 1,33333,
exp(x/2) = exp(1) = 2,71828 u In{x) = In(2) ~ 0,693147. TpeTba Gyksa no-
cne6ykebi 'A' — 6yksa 'D', aTpeTbha Oyksanepen 6yksoi '2' — Gyksa 'W'.

Eme oxun npumep ucnonb3oBaHUs yKa3areseil Ha GyHKIMM TpeACTaBlIeH
B mctuHre 4.17. Tam MBI HMeeM AieJI0 ¢ IPOrpaMMOii, B KOTOPO# B YHCIOBOM
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BHZie BHYMCIIAETCS onpeliesieHHbli HHTerpai. /I BRMMCIEHNs HHTErpaia
co3JaeTcs ClielHaIbHasA (PyHKIUHA, apryMeHTaMH KOTOPOi IIPH BHI3OBE Iiepe-
AaeTcs yKasaTesb Ha IOJBIHTETPaJbHYI0 (PYHKIHIO M YHCIOBhIE 3HAYEHHH,
OIpee/IAIOIIMe IPAHUIBI 061aCTH HHTETPHPOBAHUS.

] NOARPOBHOCTH

Y1006l He yCROXHATL cebe xu3Hb, 6yaemM UCXOAUTL U3 TOro, 4TO onpe-
DENEHHLIM UHTErpanom L”ﬂx)dx OT noabIHTerpanbHoi GyHkUuK f(x) Ha
uHTepBane 3Ha4YeHuit OT a o b ABNRETCR NAOLLAAL NOA KPHBOA, onpe-
DenseMon 3aBMcUMOCTLIO f{x). Ho Ha camom pene popmanbHO onpe-
AeneHve MHTerpana B AaHHOM Clyvae He O4eHb BaxHO. BaxHo 1o, 4TO
Mbl GyeM BLIMMCAATL MHTerpan (B NpUGAMXeHHOM YMCNOBOM BUAE) MO
cnedyowei popmyne (GopmMyna Tpaneumii): [*fix)dx = ((fa) + (b))/2)
Ax + Ax k2_11(f(a + kAx), rpe BeeneHo 0603Havenme Ax = (b - a)/n, a ve-
pe3a n 0603HaYEHO HEKOTOPOE LeNoe YMcno (4em oHo GonbLue, TeM Boitle
TO4HOCTb BuYMCNIEHMIA). iIMeHHO NpuBeaeHHan Bbilue Ppopmyna (Npu 3a-
DaHHoM PyHKLUUK (X)) N rpanmiax a w b) ncnons3yeTca B NporpaMmMe ans
BbiMUCNEHUA UHTErpana. ‘

PaccMoTpHM npeAcTaB/ieHHYIO HHXe IPOrpaMMy:

Jiuctunr 4.17. Nopensua ykasaresnn Ha GYHKIUMIO apryMenHTOoM GyHKLMK NPU
BLIMUCNEGHWN UHTOTPANA

#include <iostream>
#include <cstdlib>
using namespace std;
// QyHKUMA ONA BEMUMCIIEHUS MHTerpaia. Hepsﬁu apT'yMEeHTOM
// mepemaerca ykasarenb Ha (QyHKUMD: ,
double integrate(double {(*F}(donhla)._donhle a.ﬁnlrh]p INVE

int n=1000;

double ‘dx=(b-a)/n;

double s=(F(a)+F(b))*dx/2;

for (int k=1;k<=n-1;k++){

s+=F (a+dx*k) *dx,
}

return s;
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// NMomuHTerpaneHue OYHKLMM:
double f(double x){
return x*(1-x);
}
double g(double x){
return 1/x;
}
// TnaBHas QyHKUMA NpOTpamMMu:
int main(){ .
// Maueueﬂue‘xoxupoaxu KOHCOMNM: -
system("chép 1251>nul");
// Tepsuit uxTerpan:
cout<<integrate(f,0,1)<<endi;
// Bropoit uuTerpan:
/cout<<integrate(g,1,2)<<end1;
// 3adepxka KOHCOJILHOTO OKHa:
system{"pause>nul®);
return 0;

}
B pesysbrare BHIIOJIHEHHS POTPaMMBI TIOJIyYaeM CIeAYIOmee;

Pe3yNuTaT BLINOAHONUN NPOrPaMMbE (U3 incTuHra 4.17)
0.166667
0.693147

QOyHKIMA U1 BHIYHCJIEHHUSI HHTErPaJla HasbiBaeTcs integrate (). Ona omm-
CaHa TaK, YTO pe3yJbTaTOM BO3BpalljaeT 3HaueHWe THNA double (3HaYeHHe
uHTerpaia). Ee nepBhlif apryMeHT onucaH Kak double (*F) (double). laH-
HBIH apryMeHT — yKa3aresb Ha (pyHKIHIO, y KOTOpO$i 0AMH double-apryMeHT
H KOTODasi BO3BpalliaeT 3HaueHue Tuna double. [TostoMy B Tene GpyHKmu ap-
ryMeHT F o6pabarniBaeTcs kak uMsa GyHKiun. [[Ba Apyrux double-apryMesTa
a U b onpeeNsiioT rpaHUIb 061aCTH HHTETPUPOBAHUA.

JloxanbHast nmepeMeHHas n oInpejiesisieT KOJIM4eCTBO MHTEPBAJIOB, HA KOTO-
pHie pa3buBaeTcs 061aCTh MHTETPHPOBAHMSI, A TIEPEMEHHAs dx CO 3HAYEHHEM
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(b-a) /n ompemenseT IIMHY KaKAOTO Takoro uHTepBana. HHTerpanbHas
CyMMa 3aIHCHIBAeTCS B TiePEMEHHYIO s, HayaJlbHOE 3HaYeHHe KOTODOM 3a-
JiaHO BhipaxkeHHeM (F (a)+F (b)) *dx/2. [lasee 3almyckaeTcs onepaTop UMKIa,
B KOTOPOM 32 KaXIYI0 O4EPEIHYIO NTEPALMIO K 3HAYEHHIO nepeMeiiHbﬁ s 0-
6aBasieTcs caaraemoe F (a+dx*k) *dx. ITocsie 3aBepieHust onepaTopa NUKJIa
3HaYeHHUe IEPEMEHHON 5 BO3BpAILaeTCsl pe3yIbTaToM QyHKIUH. -

Taxke OnMCcaHbl ABe MOABHTerpatbHbie GyHkimu. Oyuknus f() ompexne-
JsieT 3aBHCHMOCTD BHAa f(x) = x(1 — x), a ¢yHKIUA g() onpesensieT 3a-
BHCHMOCTB BuAA g(x) = 1/x. B rnaBHOi QyHKIMM NPOrpaMMBl KOMaHAAMH
integrate(f,0,1) u integrate(qg,1,2) COOTBETCTBEHHO BHIYMCIIAIOTCA MHTE-
rpanst fx(1 — x)dx = 1/6 ~ 0,166667 u J} (dx/x) = In(2) ~ 0,693147.

3apaum ans CaMOCTOSITENIbHOIO peLueHus

1. Hanumure nporpammy ¢ dyHKIMel s BRIYUCIeHNs (pakTopuaia yHC-
na (dakTopuan uucaan! =1-2- 3 - ... - n — npousBeeHNe HATYPATbHBIX
ypuces ot 1 o 3Toro uncaa). IIpeanoxure pasHsie ciocoOs OpraHu3a-
MM Kozia (HanpuMep, ¢ peKypcueii ¥ 6e3 pekypcun).

2. Hanmmure nporpaMmy ¢ GyHKIHel 771 BEIYUCIEHUS ABOHHOTO hakTo-
puasa yuca (aBoitHol pakTopuan uucran!! =n-(n—-2)-(n-4)-..—
NpPOM3BEJIeHUE HATYPAJIBHBIX YMCeJ «4epe3 OIHO YHCII0» — MOCJeTHHUH
MHOXHTEH 2 i YeTHBIX Yucen U 1 fuist HedeTHEIX ynceln). [pennoxuTte
pasHbie COCOOBI OpraHMu3alMy Ko (Hanpumep, ¢ pexypcueit u 6e3 pe-
KypCUH).

3. Hanummure nporpamMMy (pyHKUHEH sl BhraucaeHus yuces Pubonay-
uyn. ApryMeHTOM QYHKIIMH IepeiaeTcss HOMep YiCJIa B MOCJIeR0BaTe b-
HOCTH, a pe3yJ/IbTaTOM BO3BpaIaeTcs camo yncio. PaccMoTpets criocob
onucaHus QYHKIMH C KCIIOIb30BaHHEM PEKypCUH U 6€3 HCIoIb30BaH s

pexypcuu.

4. Hamumure nporpamMmy ¢ byHKIMe# A1 BEMUCTEHNUS OMHOMHANBHBIX
koadduiimentos C: = nl/(ki(n - k)l) Hapame'rpb! kun nepez:alo'rcn ap-
rymMeHTaMH QyRKIMH.

5. Hanummure mporpamMmy c (bymcunen st BEIYHCIEHHS CyMMbI Ha'ry-
pabHEIX yucel. B QyHKIMHM HCIIOIB30BATE PEKYPCHIO. IIeperpysm'b
(dYHKIMIO TaK, 4TGB! BTOPO# apryMeHT ONpeneJisii CTeeHb, B KOTOPYIO
BO3BOAATCA CJIaraeMble NpH cymMmmupoBanuH. Hanpumep, eciiu aprymes-
TaMK QYHKINH IEPeAaHbl 3HAYEHNS 72 ¥ £, TO Pe3yJIbTaToM BO3Bpalaer-
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DOyHukunmn

Csl cymMMa tr+28+ 3+ o+t (uipu & = 1 noxyMaeTca cyMMa HaTypaJib-
HBIX YHCeN).

Hanumure nporpaMMy ¢ ¢yHknuel 1A BHIYUCIEHUA 3KCHOHeHTI>I
exp(x) = 1 + x + (A*/2 D +..(x"/nl). Y dbyHKIMK HOIKHO GBITh JBA ap-
rymenTa (IIapaMeTpsl X 1 1), a TIPY ee ONHMCAHMH HCIIO/IB30BATh PeKyp-
cuio. Bocrionb3osathes TeM, uto ecomn S,(x) = 1+ x + (x 2/721) +. (x /nb),
TO MMEET MECTO PEKYPPEHTHOE COOTHOLIEHHE S,,(x) - 1(X) + (& /n))
H KpoMe Toro Sy(x) = 1. - :

Hamumure nporpamMy c neperpyxennoit ¢ynkmnueit. Eciu cbymcunn
1epeaaeTCsl ONMH YHC/IOBOM apIyMEHT, TO OHa BO3BPaUlaeT Pe3yabTaTOM
3HaueHue 3TOro aprymenTa. Ecyim GyHKIHM nepeaaeTcst ABa YUCIOBBIX
apryMeHTa, TO OHa BO3BpANIAeT Pe3yJIETaTOM CyMMY KBaJIpaTOB HX 3HA-
yeHHH. Ecan QyHkuuu nepemaerca TpM YMCJIOBBIX apryMeHTa, TO OHa
BO3BpAINAET Pe3yJILTATOM CYMMY Ky00B HX 3HaYeHHIA. -

Hanmnmwure nporpammy ¢ ¢yHKIMeid, apryMeHTaMy KOTOPO# NiepeaioT-
cs1: yKa3aresb Ha (PYHKIMIO M MacCHB YMCJIOBHIX 3HaYeHuii. [Ipu BhizoBe
(YHKIMM K KaXIOMY M3 JJIEMEHTOB MacCHBa NPHUMEHSAETCA (pyHKUMS,
nepefaHHas MEPBRIM apryMeHTOM (depe3 ykasatesns). IIpeaycmorperh
neperpy3ky GYHKUMHM TakuM 00pa3oM, YToObl NEPBHIM apryMEHTOM
(BMecTO yKazaTesisi Ha GyHKIHIO) MOXHO GbLTO iepeaBaTh YHCJIO (B Ta-
KOM CJIyJae BCe 3JIEMEHTBI MACCHBa-apTyMeHTa YMHOXKAIOTCS Ha JaHHOe
YHUCJIO).

Hamuniure nporpammy ¢ QyHKIMel, IpeAHasHaYeHHOM A BHIYHCIIE-
HUsA nponanozmon OT HeKOTOpoit pyHKIMH. IlepBEIM aprymMeHTOM nepe-

_naeTcsl ykasaTenb Ha AudipepeHnnpyeMyio QyHKIMIO, a BTOPOi apry-

10.

MEHT — TOYKa, B KOTOPOH BBIYHCIISAETCA MPOU3BOAHAA. [JIsl BRYHMCIEHU
TIPOM3BOZIHOM OT HEKOTOpO# byHKUMH f(*) MCIONB30BATh MPUGTHKEH-
Hy10 dopmyuy f'(x) = (f(x + h) — f(x))/h, riie 4epe3 h 0603HaYeHO Masioe
IpUpalleHne 1o apryMeHTty (Bbibupaercsi mpoussoikHo). IIpexycmo-
TPETh NEPErpy3Ky PYHKUHHU TAKYIO, YTOObBI BMECTO BTOPOT0O YHCJIOBOIO
apryMeHTa MOXHO GBUIO IlepeAaBaTh MacCHB 3HaueHmit. B takom ciyyae
apryMeHToM QYHKIHMU IepeaaeTcs elle OAUH A0NOMHUTEbHIA MACCHB,
B KOTODBIH 3alIMCBHIBAIOTCA 3HAYEHHST MPOM3BOJHOI B KaX/I0H U3 TOUEK,
onpezieisieMbIX 3JIeMEHTaMH IEPBOTO MACCHBA.,

Hanumute mporpamMmy ¢ ¢pyHKuueldl A/ BHIMMCACHUSA 3HAYECHUSA TIO-
JIMHOMA B TOYKe. ApryMeHTaMH (yHKIMH NepelaloTcs MacCHB C YHC-
JIOBBIMM 3HaYEHMSMH M TOYKA, B KOTOPOil BRIYUCISAETCS 3HAYEHHE I0-
nuHoma. Ecou yepes @, 0603HAYMTD 3IEMEHTH MACCHBA, TIEPEAAHHOTO
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11.

aprymentoM yHkuuu (uagexc £ =0, 1, 2, .., n), a 4epe3 x 0603HAIATSH
TOYKY, B KOTOPO# BHIYMCJIAETCS 3HAYEHHE TIOJIMHOMA, TO PE3YIBTaTOM
$yHKIHMK J0/KHA BO3BpaINaThCa CyMMa g, + ax + a_,x2 +..+ax" Ile-
pErpy3uTh (bymcﬁum Tax, 4TOGBI IIPH OTCYTCTBHH apryMeHTa, onpexe-
JIAIOMET0 TOYKY AJIA BBIYMCIEHWS 3HAYEHHUS NOMHOMA, GyHKIHeH
B KOHCOJIbHOE OKHO BHBO}IHJIPICB Koatbq;nunemm nommoma (3Haqemm
3JIEMEHTOB MacCHBa).

Hanumure nporpamMmy ¢ pyHKIKei, apryMeHTOM KOTOpOi nepeaaeTcsa

. 4ncnoBo# Maccub. IIpy Bbi3oBe yHKUMU 3EMEHTHI MacCHUBa COPTH-
_PYIOTCSL B TIOpsiiKe BO3pacTaHHA, a pe3y/AbTaToM (PyHKI[HA BO3BpalllaeT

12.

13.

14,

15.

16.

17

18.

YKa3aTeJib Ha MoCJIefHHI 2JIEMEHT MaCCHBA.

Hanumnmre nporpaMmy ¢ ¢yHKimMeli, apfyMEHTOM KOTOpOI nepeaaeTcs
4yKcI0BOM MaccuB. IIpH BbI30Be (DYHKIMH 31€EMEHTHI MACCHBA COPTHPY-
I0TCS B TOPSIZIKe YORIBaHMS, A Pe3yJIbTaToM (DYHKI[Usi BO3BPAIIAeT CChL-
Ka Ha IIOC/IeHMIA 3JIEeMEHT MacCHBa.

Hanumure nporpamMmy ¢ dbyHKIuell, apryMEHTOM KOTOPO#H nepesaeTt-
Cs1 CHMBOJIBHbII MacCHB ¢ TeKCTOM. Pe3ysraToM (PyHKHUM BO3BpaIia-
€TCA AJIHHA CaMOro JUTHHHOTO CJI0Ba B TEKCTe, COAEpXKalieMcs B Mac-
CHBE.

Hanmmwure nporpamMy ¢ ¢pyHKIHelt, aprTyMeHTOM KOTOpOH nepeaaeTcs
CHMBOJIbHBII MaccuB ¢ TekcToM. ITpH BrizoBe QYHKITNH TEKCT, 3aNIHCaH-
HbIN B MacCHB, oTobpaxaercsi B o6paTHoM nopsiake. Ilompobyiite peanu-
30BaTh TaKylo QYHKIUIO YEPE3 PEKYPCHIO.

Hammure mporpammy ¢ ¢pyHKIMelH, apryMeHTaMH KOTOPO# repeaoT-
C5t CHMBOJIBHBI} MACCHB ¥ OT/IE/TbHBIH CHMBOJL. Peaynsratom QyHkumei

BO3BDAIAeTCH KOJUYECTBO OYKB, OIpeesieMbIX CHMBOJIbHRIM apryMeH-
TOM, B TEKCTE, CO/[epAKaIIEeMCS B CHMBOJIbHOM MacCHBe. '

Hanumure nporpamMmy c pyHKumHel, apryMeHTOM KOTOPO# nepeaeTcs
ABYMepPHBIH 4KcaoBoit MaccuB. PesynsraTom ¢QyHkIHel Bo3BpanlaeTcs
CCBUIKA Ha 3JIEMEHT MacCHBa C HAMGOAbIIHM 3HAYEHHEM.

Hanuurite nporpaMMy ¢ pyHKIHeH, apryMeHTOM KOTOpO# nepeaaercs
ABYMeEpHbI uncioBoii MaccuB. PesyasraroM ¢yHKIMel Bo3BpamaeTcs
yKa3aTeJIb Ha 3JIEMEHT MacCHBa C HAMMEHBITUM 3HaYEeHHEM.

Hanummre nporpamMy ¢ ¢yHKIMeH, apryMeHTOM KOTOpO¥ repenaeTcsa
ABYMEDHHIH yncioBoii MaccuB. PesynbraToM ¢yHKIueli Bo3Bpamaercs
cpennee apubMeTrHYecKoe A 3JIEMEHTOB MaccHBa (cyuma Bcex aJie-
MEHTOB, Jie/IeHHast Ha NX KOJIMYECTBO).
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DyHxuAn

19. Hamumure nporpamMy ¢ QyHKitne#, apryMeHTOM KOTOPO#i IiepesiaeTcst
CHMBOJI M ABYMEpHHII CHMBOJIBHBI# MacCHB (TpeIBapUTEJIbHO 3am0JI-
HEHHBIH CTyJaliHMA cuMBoAaMu). Pesy praTon thysximeil Bosppama-
€TCsl KOJIMYECTBO BXOXK/AEHHI CHMBOJIA B IByMEPHLIi MacCHB.

20. Hanumute nporpammy c ¢yHKuuel, apryMeHTOM KOTOPOii mepeza-
€TCs CHMBOJI H IByMEpHBIH CHMBOJIbHBIH MacCHB, B KaXAyi0 CTPOKY
KOTOPOTO 3alMCaH TeKCT. PesyasraToM QyHKIMel Bo3Bpamaercs Ko-
JUYeCTBO BXOXKAEHUH CHMBOJA B ABYMEPHHIH MaccuB (B OT/MYME OT
npeAbIAyIe 3aa4yy, B JAHHOM CIy4ae IPOBEPATH HYKHO He BCE 3JI1e-
MEHTH IByMEPHOIO CHMBOJIBHOT'O MacCHBa, a TOJIbKO Te, YTO COAEPXKAT
TEKCT). 4



Mmaeab
KNACCbI U OBBbEKTbI

V3HaTh B HOXe KapeTHYyIo peccopy. Kakoe
riy6oxoe MPOHMKHOBEHHE B CyTh Bemieii!
Bupouem, [IpuHi BcerZia TOHKO aHAIH3H-
POBAJI CAMYIO CJIOKHYIO CHTYAUMIO,

u3 k/p «Knyb camoybuiiy,
wau purmovenus mumynosannoi ocobvi»

B aroii riaBe Mbl TMO3HAKOMHMCSI C a3aMH OOBEKTHO-OPMEHTHPOBAHHOIO
nporpammupoBanus (cokpaienno OOII), B yacTHoCTH:

Hay4YHMCsI OIINCHIBATD maCCH U CO3aBaTh 06'beKTbI;
PaCcCMOTDPHUM PEXHUMBI JOCTYIA K IOJISIM U METO/AaM KJIacca,
HAay4YHMCA UCTIONAb30BATh KOHCTPYKTOPH U AE€CTPYKTOPBI;
Y3HaeM, UYTO TaKoe IepeErpy3ka MeTOAO0B,

ITO3HAKOMHMCH C HACJIEAOBAHUEM,

y3HaeM, KaK BHITIOJHSETCS Meperpy3Ka onepaTopos,

a TaKXe OCTARHOBMMCA Ha HCKOTOPBIX CMEXHBIX BOIIPOCAX, CBA3AHHBIX C HC-
II0Ib30BAHMEM KJIACCOB H OOBEKTOB.

3HakoMCTBO C Knaccamu u obrexramm

PaccMOTpHM yoXe 3HAKOMYIO HaM 33/1a4y O Da3MEIeHUH Ha Jel03UTe ompe-
NEJIeHHOM MEHEXHON CYMMEI, HA KOTOPYIO HAYMC/AIOTCS NPOLEHTHI, HO Ha
3TOT pa3 pHOErHeM K IIOMOIIHM KAACCo8 U 06vexmos.

Bl NOAPOBHOCTH

HanoMHuUM, 4TO ecnn Ha [Eeno3uTe pa3MeLlaeTCa CyMMa m Ha BpeMs
(8 ropax) t nop r NPOLEHTOB rOAOBbIX, TO UTOrOBas CyMMa NO Takomy
BKNafy BbiMUcnseTcs no popmyne m(1 + (r/100))".
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Knacchl ¥ 06bexTbi
PaccMoTpuM TIpOrpaMMHBIH KOJ, IIPeICTaBAeHHBIN B INCTHHTE 5.1.

Sinctunr 5.1. Onucanne knacca u coapnanne obvexta
#include <iostream>
#$include <cstdlib>
#include <string>
using namespace std;
// Ommcauue kmacca:
class MyMoney{
public:
// Tons:
string name;
double money;
double rate;
int time;
// Merome:
double getMoney () {
double s=money;
for (int k=1;k<=time;k++) {
s*=(1l+rate/100);
}
return s;
}
void showAll () {
cout<<"Mmsa: "<<name<<endl;
cout<<"Bknan: "<<money<<endl;
cout<<"CraBka (%): "<<rate<<endl;
cout<<"llepuox (ner): "<<time<<endl;

cout<<"Mrorosasa cymma: "<<getMoney()<<endl; .

i

// TnaBras dyHxums npo
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int main{() {

/!

/sMeHeHMe KOIMPOBKU KOHCONM:

system("chcp 1251>nul");

/!

CozpnaHue o0BeKTa:

MyMoney obj;

/!

[IpucBaMBaHWe BHAUEHMIA MOJIAM:

obj.name="VBaHoB UBaH MBaHoBMY";

obj.money=1000;

obj.rate=8;

obj.time=5;

/!

Bu30B MeToOna:

obj.showAll();

//

3anepxka KOHCOJILHOT'O OKHa:

system("pause>nul”);

return 0;

}

Haunbonee BaxkHast yacTh MIPOTPaMMEI CBS3aHA C OIMCAHUEM KJIacca, KOTO-
puiit Ha3bIBaeTCA MyMoney.

S
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TEOPUSA

Knacc npeactasnsiet co60it o6uiyio cxemy wim wabnoH, Ha OCHOBe
KOTOPOro 3aTeM co3naloTcs 06bexThl. Knacc coaepxur onucaHve no-
nei n METOROB, KOTOPbLIE HA3LIBAIOTCA WNenamu knacca. MNone knacca
aHanorn4HO NepemMeHHo’, a MeTog — aHanor ¢pyHkuuu. Mpu cospaHuu
Ha OCHOBE Knacca 06beKToB, NOCNeaHUe NOAYHAIOT NePCOHANbHBLIR Ha-
60p noneit U METOA0B — CTPOro B COOTBETCTBUU C ONMCAHUEM KNacca.
Mona 0O6bLEKTOB UMEIOT 3HAYEHUS, 8 METOAB BbINONHAIOT HEKOTOPLIe
AeCTBMA ¥ MOIyT BO3BpallaTh peaynbrar. PakTuyecky, rons u MeTo-
Abl — 3TO COOTBETCTBEHHO NepeMeHHbIe U GYHKLMK, HO TONbLKO CTPOro
«NpUKpennexHbie» K onpeaeneHHoMy o6bexty. PasHole 06beKkTh, Co3-
AaHHble Ha OCHOBE OQHOr0 KAacca, MMeloT oauHakoswie Habopbl Mo-
neit 1 METOAOB, NPU 3TOM 3HAvYEHUst Nonei y kaxaoro obuvexkra caowm,
a MeToabl UMeIoT asToMaTHU4eckuil [ocTyn K obbexkram, U3 KOTOPLIX
BbI3LIBAIOTCA. HeT cMbiCna roBOpUTL O 3HAYEHUK NONA KK pesynbrarte
BbI30BA METOMa, €Cin He UgeHTUGULMPOBAH 06LEKT, K KOTOPOMY OHH
npuHagnexar.



Knaccbl u 06bexThl

OnucaHue Kjacca HaUMHAETCA ¢ KJIIOYEBOro CI0Ba class, MOCJIe Yero yKasbl-
BAeTCs MM KJIACCa, a 3aTeM B GUI'YPHBIX CKOOKAX OIMHCHIBAETCS TEJIO KAAcca
(B KOHIlE ONHCAHMS CTOMT TOYKA C 3alATOH).

B Tene xjacca ONMMCHIBAIOTCS nois ¥ Memoodw: xaacca. Ho nepen HauanmoMm
OMHMCAHHS CyielyeT KIIOYeBOe CJI0BO public (T0CE KOTOPOro CTOMT ABOETO-
yue). JlaHHOE KII0YeBOe CJIOBO MAEHTUGUIUPYET 60K OTKPHTHIX WIEHOB
KJ1acca — TaKMX, JOCTYII K KOTOPLIM €CTh HE TOJIbKO B IpeZesax macca, HO
¥ U3 BHEILHETO KOZA.

Honeii y knacca MyMoney ueTrpe:’

® [0Jie name THMa string (TEKCTOBOe 3HA4YeHHE) NMpeTHA3HAYeHOo [ 3a-
IMMCH MMEHH BKJIaJUYHKa;

® 10Jie money TUMa double NMpeAHa3HAYEHO ISl 3alTMCH HAYaIbHOMH CyMMEI.
BKJa/1a;

® 1oJie rate THNa double MpeAHA3HAYEHO AJIs1 3aNUCH OKA3aTeNsl FO[0BOi
TIPOIEHTHOH CTAaBKH;

® esoYMCIeHHOe (THII int) MoJje time NMpeAHA3HAYEHO IS 3AHCH KOJH-
YeCTBa JIET, HA KOTOPhIe Pa3MEIAETCsT AETO3UT.

G) HA 3AMETKY

TekcToBOE Nnone name B AAHHOM Cllyyae peanwayercs 8 Buge obbekra
BCTPOEHHOrO KNacca string, NPegHasHa4eHHoro ans paboTbl C TEKCTOM.
Ans ncnonb3oBaHus Knacca string B nporpamMme noaxuovaeTca 3aro-
NOBOK <string>.

ITomumo mozei, y knacca MyMoney emme ects 1Ba Metofa. Meron getMoney ()
TpefiHa3HavYEeH VIS BRIYHCJIEHUSI UTOTOBOH CyMMEI IO BKJaxy. Merox Bo3-
BpallaeT 3HayeHue THna double (MTOroBas CyMMa IO BKJIAJyY), H Y HErO HET

apryMeHTOB.

NOAPOBHOCTH

[ns sblMUCNEHUsE UTOrOBOW CyMMbI NO BKnagy Heob6XxoAnMO 3HaTh TPU
napaMeTpa: HauanbHylo CyMMy BKNaga, FOA0BYIO CTaBky NpoueHTa
1 KO/IMMECTBO NIET, Ha KOTOPbie PAa3MeLUaeTCa Aeno3nT. 3Ha4YeHUA ITUX
napameTpoB MEeTo[, getMoney () NOMy4yaeT 4epes NONS money, rate U time
o6bexTa, U3 KOTOPOro Buidbisaercs. MNoaromy HeT HeoBXxoaMMOCTH ne-
penasatb METOAY getMoney () apryMeHThI.
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Maea5

B Teme merona getMoney() 0ODBsBIsieTCs JIOKaAbHasi MEPEMEHHAsi S CO
3HayeHHeM money (TO €CTh MPH BHI30BE METO/A JIOKAJIbHOM NepeMeHHOMH s
NPHUCBANUBAETCS 3HAYEHUE [OJIS money TOro 00beKTa, U3 KOTOPOro Bbi3bIBa-
eTcs MeToz). Janee 3amyckaercs onepaTop LMKJIa, B KOTOPOM HHAEKCHAA
nepeMeHHasi mpoberaetT 3sHauyeHust B AWaNa3oHe OT 1 JO 3HAYeHUs MOMA
time (OHATD XKe, 3/[ECh KMEETCS B BUAY IT0Jie OGBEKTA, U3 Icoroporo BBI3BI-
BaeTcA Mg'ron). 3a Kax/blH LUK BBINOJAHAETCS KOMaH/ia s*= (l+rate/100),
KOTOpOil TeKylllee 3Ha4YeHHe NMEPEMEHHOH s YMHOXAeTCs Ha MHOXKHTEJDb
(1+rate/100) (3mech rate — mose obbexra), Iloce 3aBepuieHust BBITIOJTHe-
HHUS OollepaTopa UMKJIa 3HaYeHNe IEPEMEHHON s BO3BPAIlAeTCs Pe3y/IbTaToM
MeToza getMoney (). ‘ ' ‘

(G HA BAMETKY

Takvm 06pa3om, Koraa MeTop, getMoney () Bbl3biBaeTCs M3 06bekTa, TO OH
o6pauwiaeTcs K nofsm AaHHOro o6bekTa Ana NoNyHeHns Tex 3HAYEHUN,
KOoTOpble Heo6xoouMbl NPy BuiNOAHEHUN pacyeTos. MoaToMy ecnu Me-
TOQ, getMoney () BbI3LIBAETCH M3 pa3HbiX OGLEKTOB, TO B 06uieM cayyae
fony4yaem U pasHbie pe3ynsTarhl.

Meron showAll() He Bo3BpallaeT pe3yiabsTaT (MaeHTHdHKATOp THHA void
B HauaJle ONMCaHHs METONA), M y Hero HeT aprymenToB. [Ipu BeizoBe MeTona
B KOHCOJIbHOM OKHE OTOOPaXKaloTCs 3HAYeHUS BeeX qe'rmpex noneii o6bexTa,
13 KOTOPOTO BhI3LIBAETCS METOLL. ‘

Co6cTBEeHHO, Ha 3TOM OMMCaHMe Kjacca MyMoney 3akan4uBaercs. [lanee
paccMOTPHUM KOMaH/hI B IJIaBHOM GyHKIMH nporpaMMH. TaMm, Bo-niepBhIX,
cosgaercst 06BEKT obj Kaacca MyMoney. [les1aeTcs 3T0 04€eHb POCTO — C TO-
MOIIBI0 KOMAHAHN MyMoney obj. PakTuyecku OOBEKT CO3HAETCA TAK XKe,
Kak 06BABAAIOTCS OOBIYHBIE IEPEMEHHbIE, TOIBKO IIPH CO3aHUH 00beKTa
B KauecTBe uaeHTH(uKaTopa THNA yKa3niBaeTcsa UM knacca. Ho cospanue
o6bexTa elle He O3HAYAET, YTO €ro MOJIA NOMYJYWiM 3HadeHus. Ilox HuMX
TOJIBKO BBLAEJIEHO MECTO, 2 3HAYCHHUsI IPUXOJUTCS IPHCBaHBaTh BPYYHYIO.
O6pamenne K noJisiM 06BEKTa BEINOIHAETCS Tak: YKasbIBAeTCs HMsT 00bex-
Ta, ¥ Yepe3 TOUKY I0CJIe UMEHH OOBEKTa YKA3BIBAETCS Ha3BaHHe nons. Bo
BCEM OCTAJIbHOM IIOJIAIMHA MOXHO MAHMITYJIMPOBATH TaK JKe, KaK 1 OOKIYHbI-
MU niepeMeHHbIMH. B YacTHOCTH, KOMaHAaMH obj .name="}Banos UBaH Upa-
HoBMu", obj .money=1000, cbj.rate=8 1 obj.time=5 nonsaM o6beKTa 0b]j TIPH-
CBaWBalOTCA 3HAYEHMs. 3aTeM KOMaHAOH obj.showAll() u3 obbekra obj
BBI3BIBAETCST MeTOJ, showAll (). PesybraT BHINOIHEHHS IPOrPaMMBbI Oyner
TaKkHM:
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Knaccbl v 06veKTHl

Pe3ynsTat BuiNONHeHNA NporpamMisl (U3 aucrunra 5.1)
Wua: MeaHoB ¥Bau MeaHOBUY

Bxmag: 1000

CraBka (%): 8

llepuon (mer): 5

Hrorosasa cymMa: 1469.33

Kak BuauM, BCnosib30BaHue Ki1acca ¥ 00beKTa BO MHOTOM 0Ka3aj1oCh ya06-
HBIM — MOJXeT ObITh, JIMIIb 32 HCKIIIOYEeHUEM TIPOLIEAYPH IPUCBaNBAHMSA 3HA-
yeHuii nossaM obbexTa. Ho, kaxk MBI yBHANM Aanee, y AaHHOM NpobaeMbl ecTh
peuienue (4 aaxe HECKOABKO).

OTKpbITHIE U 3aKPbLITLIC YNeHb! Knacca

BaeceM HeKOTOpbie H3MEHEHHS B INPOTPAMMHBIH XOJ, pacCMOTDEHHbIH
B NpeAbIAYIEM TpUMeDe.

B vactHoCTH, ANA NpHCBanuBaHUA 3HAYEHHUI NOJIAM CO3aANM CTIeIHATbHBIN
METOM, 2 CaMH IT0JISE H METOA AJIsS1 BBIMHCJICHHUA HTOTOBOM CYMMBH! 110 JCIIO3UTY
CHEJIaeM 3aKPbimbiMu.

e TEOPMS

K 3axkpbiTeiM NONSM U METOaaMU MOXHO o0pauiaTbCs TONLKO B8 NPO-
rpaMMHOM KOAE B Tene knacca. 3akpbiThle Nosjia U MeTOOLI ONUCHIBAIOT-
ca B 6nOKe, NOMEYEHHOM KNIIO4eBbIM CNOBOM private (Wnu Boobuie Ges
KNIOYEBOro CNOBAa: MO YMOMHAHMIO, €CNW YeHbi KNacca ABHO He UAEHTU-
GNUMPOBaHbLI KNIOYEBLIM CAOBOM public KaK OTKPLITHIE, OHW CHUTAIOTCA
3aKpbITHIMK).

B npensinynmiem npuMepe MEL MOIJIH B I71aBHOH QYHKIIMHM B ABHOM BH/IE DM~
CBaMBaTh 3HAYEHHs NOJAM 0ObEKTa MMEHHO IIOTOMY, YTO TOJIS ObUTH OMH-
CaHBl KaK OTKPHITHE. B ciiefyioniem npuMepe, Kak yxke 0TME4aJoCh, MBI BCe
T0JIsA CAeIaeM 3aKPhITHIMH, TO3TOMY IIPMCBOMTDH UM 3HAYEHHS FBHBIM 00pa-
30M IOCJIE TOTO, KaK CO34aH 00BexT, yxKe He MoayyuTes. Jist 310l 1eiH Mbl
OIIMCHIBAEM METOA setAll () ¢ YeTHIpbMA apryMeHTaMH, ONpeneIsIOniuMH
3HaYeHMsl, KOTOPbIE CJIEAyeT IPHCBOUTD MOJsIM 0bbekra. IloHATHO, YTO caM
MeToJ setAll () ;omxeH OBITH OTKPHTHIM. PacCMOTPUM IpOrpaMMHBIH KOZ,
IIpeCTaBIEHHbIH B IUCTUHTE 5.2.
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JincTunr 5.2. 3axphiThi® 1 OTKPLITHIO YASHE KASCCA
tinclude <iostream>
#include <cstdlib>
tinclude <string>
using namespace std;
// Ommcanme knacca:
class MyMoney{
private: // 3axpHTHe WIEHH Kiacca
~ string name;
double money;
double rate;
int time;
double getMoney () {
double s=money;
for (int k=1;k<=time;k++) {
s*=(l+rate/100);
}
return s;
}
public: // OTxpHTHE YiIeHH KJacca
void showAll () {

" cout<<"Mma: "<<name<<endl;
cout<<"Bxnanm: "<<money<<endl;
cout<<"CraBka (%): "<<rate<<endl;
cout<<"Mlepmon (ner): "<<time<<endl;
cout<<"Mroropas cymMa: "<<getMoney(}<<endl:

}

void setAll(string n,double m,double r,int t){
name=n;
money=m;
rate=r;

time=t;



Knaccibl ¥ oGnextl

}i

// TnaBHaa QYHKUMA NPOTPEMME:

int main() {
// V3MeHeHMe KOMMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Coszanme OGBEKTOB:
MyMoney objA, objB;
// TlpucBavBaHue 3HAUEHMIA MONAM:
objA.setAll("MBaHOB WBaH MBaHoBuu",1000,8,5);
objB.setAll ("llerpos [erp Nerposuu”,1200,7,4);
// OTobpaxeHue 3HAYEHMIt NOJIEMH:
objA.showAll ();
cout<<endl;
objB.showAll();
// 3apepxxa KOHCOJLHOTO OKHa:
system{"pause>nul"); .
return 0;

}

Huxe npuBesieH pe3yJibTaT BHITOTHEHUSI IPOTPaMMBIL:

Pe3ynuTaT BhINONHeHNA NporpaMmms! (U3 ancTunra 5.2)
Vua: Kpanor Mean MeaHoBMHU

Bxyrag: 1000

CraBka (%): 8

Mepuon (met): 5

Mmorbaaa cymma: 1469.33

Hua: Ilerpos lletp IleTpoBuu
Bxmagm: 1200

CraBka (%): 7

lepuoxn (met): 4

WroroBaa cymma: 1572.96
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B Tene metona setAll() 3HaYeHHSI apTYMEHTOB IIPHCBAUBAIOTCS 3HAYEHUS-
MH TI0JISIM 00BEKTa, U3 KOTOPOTO METOX BhisbiBaeTcs. IloaTomy st 3amos-
HEHHsI [oJIeit 3HaYeHUSIMH M3 COOTBETCTBYIOHIET0 00BbeKTa CIefyeT BH3BATh
MeTox setAll() W mepenaTh eMy apryMeHTaMM 3HaueHHs /I MoJjeil name,
money, rate U time.

B rnaBHoil ¢yHKUMM Temepb co3gaeTcs ABa o0bexta (objA U objB), mus
Yero MCHoJIb30BaHa KOMaH/ia MyMoney objA,objB. [lis npucBauBaHMs 3Ha-
yeHW 1mosAM OOBEKTa ObjA MCHOJB3YeM KOMaHAY objA.setAll ("Meanos
MBaH Meanomuu",1000,8,5). KoManma obiB.setAll("lerpos MleTp
Netposuy™,1200,7,4) 3ameldCTBYyeTCs LI MPHUCBAUBAHUS 3HaYEHUH ITONSAM
o6bexTa objB. [IpoBepUTh 3HAYEHHE TIOJIEH KaXKAOTO 13 0GBEKTOB HOMOTAIOT
KOMaH/Ibl objA.showAll () ¥ objB.showAll ().

(G HA BAMETKY

B meTope selill() nepBbii apryMEeHT ONUCaH Kak Takoi, YTO OTHOCUTCA
K TUNY string (Ha camMoM gene 310 00beKT knacca string). TexcToBbIA
AWTepan peannsyercsi NocpeacTBOM CUMBONBHOIMO Maccuea. To ecTs
B NPUHUMNE TUNLI pa3Hbie. Ho 3a cyeT aBToMaTuyeckoro npeobpasosa-
HUA TUNOB Mbl MOXEM flepenaBaTh TEKCTOBbIE NUTEPANbl apryMeHTOM,
KOTOPbLIA HA CaMOM Aene A0XEH OTHOCUTLCS K TUMY string.

Meperpyska meTonos

AHanu3Mpyst IpeAbIAYIIYIO TPOrPaMMy, JIETKO 3aMETUTb, YTO Cocob mpu-
CBaVBaHMA 3HAYeHWH NONAM C NOMOIIBIO CHEHUAJBHOTO METOJa XOTH
M YIPOU[AET MPOLECC MCHOIb30BAHUSI 0ObEKTOB, HO HEKOTOPHIE «TOHKHE»
MeCTa B HeM Bce paBHO ocTaiorcst. CKaxeM, BIIOJIHE MOXET ITOHaOOMTHCA
HU3MEHHUTD 3HAYEHHE He BCeX I0IeH, a TOIbKO HEKOTOPhIX. B 3TOM cirydae no-
JIE3HOM MOXeET ObITD nepezpyaxa memoooe.

@ TEOPUSA

MNMpn neperpysxe METOAOB, KaK 1 Npu neperpysxke GyHKLUUA, ONUCHIBA-
€TCHA HeCKONbKO BEepCuii MetToaa ¢ OQHUM U TeM Xe Ha3saHueMm. Takune
«BEePCUM» [OJDKHbl YEM-TO OTAUYATLCS: KONMUYECTBOM apryMeHTOB, MX
TUNamK, TUNOM BO3BPALLLAEMOTO pe3yiLTaTa.

B auctunre 5.3 npeacrasieHa BEPCHA ITPOrpaMMbl, IpeHA3HAYEHHOH 1151
BBIYHCJIEHUA HTOFOBO! CYMMBI II0 ZIETIO3UTaM, B KOTOPOii, KakK M PaHee, OIH-
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CHIBaeTCs Kjacc MyMoney, HO Telleph B 3TOM KJacce IIEperpyXXaercsa MeTol
setAll (), 6arozaps YeMy NpH H3MEHEHNH 3HAYCHHMI Tos1ell o6beKTa Kaacca
MyMoney HET HeOOXOAMMOCTH YKa3bIBaTh 3HAYEHHS BCEX APTYMEHTOB — MOX-
HO OTPaHUYMTBCH TOJHKO HEKOTOPHIMH M3 HHX. ' '

Nuctunr 5.3. Neperpysxa meronos
#include <iostream>
#include <cstdlib>
tinclude <string>
using namespace std;
// Omucamme xnacca:
class MyMoney{
private: // BakpuTHe WIeHH Kjacca
string name;
double money;
double rate;
int time;
double getMoney() {
double s=money;
for(int k=1;k<=time;k++) {
s*=(l+rate/100);
}
return s;
}
public: // OTKpHTHe uNeHH Kjacca
void showAll () {
cout<<"Mmsa: "<<name<<endl;
cout<<"Bknan: "<<money<<endl;
cout<<"CraBka (%): "<<rate<<endl;
cout<<"llepuoxn (yeT): "<<time<<endl
cout<<"HroroBas cymma: "<<getMoney ()<<endl;
}
// Bepcusa C 4YeTHpPEMS apryMeHTaMu:
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void setAll{string n,double m,double r,int t){
name=n;
money=m;
rate=r;
time=t;
}
// Bepcus C TpeMd apryMeHTaMu: v
void setAll (double m,double r,int t){
money=m;
rate=r;
time=t;
}
// Bepcua C TEKCTOBHM apryMEHTOM:
void setAll(string n){
name=n;
}
// Bepcua C LENOYUCNICHHHM APTYMEHTOM:
void setAll (int t){
time=t;
}
// Bepcus ¢ nByMs aprymenramu tuna double:
void setAll (double m,double r){
money=m;
rate=r;
}
// Bepcua c nmeyms aprymMeHrtamu {runa double u Tuma bool):
void setAll (double x,bool s=true){

if(s){
money=x;

}

else{
rate=x;
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}i

// TnapHas QyHKUMA NPOTPaAMMK:

int main() {
// V3MeHeHue KOIOMPOBKM KOHCOMM:
system("chcp 1251>nul®);
// Cosmanme obBexTa:
MyMoney obj;
// TpucBauBaHue 3HAYEHWIA OJIAM:
obj.setAll ("MBaHoB MBaH MBanoeuu",1000,8,5);
obj.showAll ();
cout<<endl;
// Vi3MeHeHue UMEeHM:
obj.setAll ("llerpcs lleTp. llerpoBuu");
obj.showAll();
cout<<endl;
// V3MeHeHMe BpeMeHM BKJaga:
obj.setAll (10);
obj.showAll();
cout<<endl;
// VsMeHeHMe HAYANIBHOM CyMMH:
obj.setAll1(1200.0);
obj.showAll();
cout<<endl;
// V3MeHeHye HaAUabHOM CyMMH:
obj.setAll (1500,true);
obj.showAll();
cout<<endl;
// Vi3aMeHeHMe TPOLEHTHO# CTaBKM:
obj.setAll (6,false);
obj.showAll();
cout<<endl;

// W3MeHeHMe HAYaJIbHOM CyMMH, NPOLEHTHOW CTABKM M
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// BpeMeHM pa3MeleHMS HEMO3MUTA:
obj.setAll (1000,8,5);
obj.showall();

// 3anepxka KOHCONMBHOTO OKHa:
system("pause>nul");

ratiirn Ne

}

Pesysisrar BRINOIHEHHsI IPOTPaMMBI TaKOi:

PesynsTaT BuiNONAHOHMA NporpaMmmel (U3 nuctuxra 5.3)
MMa: UBaHoB VBaH VBAHOBU

Bxymaz: 1000

CraBka (%): 8

llepuon (ner): 5

Wroromas cymma: 1469.33

Mua: Merpos llerp lerposuy
Bxyag: 1000

CraBka (%): 8

Nepuon (ner): 5

Mrorosaa cymMa: 1469.33

MMa: Nerpos lleTp llerpoBud
Bknanm: 1000

CraBka (%): 8

lepyon (met): 10

MrToroBas cymMa: 2158.92

Mua: Tlerpor lleTp IlleTpoBuy
Bxyap: 1200

Craska (%): 8

lepuon (met): 10
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Hroromaa cymma: 2590.71

MuMa: Nlerpor lleTp lleTpoBud

Bryag: 1500
CraBka (%):
Mlepuogn (met) :

Mrorosas cyMma: 3238.39

Mua: [erpor lerp [leTpoBuw
Bxnag: 1500

CraBka (%):

llepuon (nert) :

HroroBasa cymma: 2686.27

Mus: Merpos lleTp llerpoBuy
Bxnan: 1000

Crapka (%):

Nlepuon (neT):

WroroBaa cymma: 1469.33

o cpaBHEHHUIO ¢ NPEABIAYIMM NIPUMEPOM (CM. JIMCTHHT 5.2), MBI 106aBHIH
HECKOJIbKO JOTOTHUTEIbHBIX BEPCHit MeToa setAll (), ¥ W3MEHHIH B CBA3H
C 3THM KO/ I71aBHOI (DyHKIMHK IPOrpaMMBI — TAakMM 0GpasoM, 4TO TaM Te-
CTHPYIOTCS Pa3/IMYHEIE CIIOCOOBI BBI30Ba MeToza getAll (). Bomee Komcpe'r-
HO, IOMHUMO BEPCHY MeToJa 5etAll () ¢ YeTHIpbMsI apryMeHTaMH, eCTh elle
H CJIeyIOLI¥E CIIOCOOR! epeauy apryMeHTOB METOLY:

¢ Ecau MeTo/i BRI3BIBAETCS € TpeMAa YHCJIOBLIMU aprymeHTaMH, T0 STPI ap-
TYMEHTBI ONIPEAEIAIOT 3HAYEHHE nonaen money, r ate ¥ time.

o Ilpu nepegaye METOAY apryMEHTOM TEKCTOBOIO 3HAYEHHSI OHO IIPHCBaU-
BAeTCs 3HAYEHHEM ITOJHO name 0ObexTa. 3hech HeJMIIHUM OyZeT 3ame-
THTb, 4TO Ha CAMOM JI€JI€ TEKCTOBBIA JIUTEPAN PeIN3yeTC B BHJIE CHM-
BOJIBHOTO MaccuBa. OZHAKO ITyTeM aBTOMATHYECKOro. NPeoGpasoBaHHs
THIIA TEKCTOBHIH JTUTEPA <IPUBOUTCS» K TEKCTOBOMY THIY string.

L d HpH BBI30BE€ METOAA C OAHUM LENCUYHCIACHHBIM apryMEHTOM OH 3aa€eT
HOBOE 3HaueHue s 1oJs time,
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¢ TIpu BHI30BE METOAA C IBYMSI YHCJIOBBIMU apryMeHTaMn,‘ OHM olpejess-
' 10T 3Ha4YeHHsI ToJIel money M rate COOTBETCTBEHHO.

¢  Hakonen B kiacce MyMoney onmcana Bepcust MeToAa getAll () C AByMsA
apryMeHTaMu: 1epBhriii Tina double U BTOpoi THna bool (JIOrMYeCKHI
tin). [IpudyeM BTopo# apryMeHT MMeeT 3HaUEeHHe N0 YMOJTYAHHUIO true.
Ecin 3HayeHue BTOPOro aprymMeHTa PaBHO true, TO TOTAA MEPBBIH YHC-
JIOBOIl apTyMeHT CJIYXKHUT 3HadeHUeM I 110/ money. Ecim Bropoit ap-
TyMeHT paBeH false, TO IlepBHIl YMCI0BON apryMEHT CIIYXKHUT 3HaYEeHHEM
IUISL OJIA rate.

() HA 3AMETKY

Takum 06pPa3oM, ecnmn MeTop sethAll () Bbi3biBAETCA C OfHUM LIENOHUC-
NIEHHbIM apryMEHTOM, TO B TaKOM Clly4ae 3HaveHWe NpuUCBavMBaeTCH
nomo time. ECnn MeToA setill() Bbi3bIBAGTCA C OAHUM APryMeHTOM
TMNa double, TO 3HAYEHWUE NPUCBANBAGTCA NONIO money. Mo3aToMy, Hanpwm-
Mep, B KOMaHAe obj.setAll (1200.0) YMCNOBOW apryMeHT 1200.0 yka3aH
C NECATUHHOW TOYKOM, TaK Kak B NPOTUBHOM Ciiy4ae OH 6bi Obin ueno4uc-
NEHHbIM, 1 3Ha4eHue Obl NPUCBaMBANOCH NONIO time. Mockonexy apry-
MEHT y METOAa OTHOCUTCS K TMNY double, TO BLI3LIBAETCH BEPCUSR METOAA
C ABYMA apryMeHTamu, NepBblit U3 KOTOPbLIX TUNa double, a A1 BTOPOrO
NOrn4ecKoro apryMeHTa UCnonb3yeTcs 3Ha4eHWUe No YMONYaHUIO true.
A BOT B MHCTPYKUMU obj.setAll (1500, true) 3HaYeHUE BTOPOro AOru4e-
CKOFQO aprymMeHTa yka3aHo fABHO (XOTb OHO U COBMafaeT Co 3Ha4eHUEeM
no YMOMHYAHMIO), @ NepBLIi apryMeHT ABNSETCA LenbiM Yucnom. B Ta-
KO CATYauMK NepBbi LIeNOYUCNISHHbBIN apryMEeHT aBTOMATUHECKWU Npuy-
BOAUTCA K TUNY double. MNoa 3TO Xe Npasuno noanagaeTt koMaHaa obj.
setAll (6, false). OAHAKO NOCKONLKY B HEeil 3HAYeHWe BTOPOro noruue-
CKOro apryMmeHTa paBHO false, TO YUCNOBOE 3HAYEHUE NPUCBaNBAETCA
noMo rate. :

3HaKOMCTBO C KOHCTPYKTOpaMm
M AeCcTpyKTopamMm

B paccMarpuBaeMOM fajiee IPOrpaMMHOM KoZie KJIacc MyMoney NONOJMHSET
CBOIl «apceHaI» 33 CYET KOHCMPYKXMOPA ¥ decmpyKmopa.

@ TEOPUSR

KoHCTpyKTOp — MeTOoA, KOTOPLI aBTOMATUYECKK BLI3LIBAETCA NP CO3-
[aHum o6bexTa. HassaHue KOHCTPYKTOpAa CoOBRagaeT C Ha3BaHWeM Knac-
Ca, KOHCTPYKTOp He BO3BpalaeT pesynsrar v onucbisaercs 6e3 naex-
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TudukaTopa TMNA peaynsrarta. Y KOHCTPYKTOPa MOTYT GbiTb apryMeHThl,
M KOHCTPYKTOP MOXHO neperpyxatsb (8 knacce AONyCTUMO OMMCLIBAThL
HECKONbKO BEPCUil KOHCTPYKTOPA). '
AecTpyxTop — MeTo4, KOTOPbLIA aBTOMATUYECKN BbI3LIBAEGTCA NpU
yAaneHun oGbekta ua namaTu. JleCTpykTop He Bo3BpailaeT pesynbrart,
onucbiBaetca 6e3 ykasaHua naeHtudukaropa Tuna pe3ynsrara, y Hero
HET apryMeHTOB, 1 OH He Neperpyxaertcs (8 Knacce MOXeT GuiTk TONLKO
OAVH AecTpykTop). Uma pectpyktopa ¢popmmpyetcs obveamHeHnem ~
¥ Ha3BaHWA Knacca.

UnTepecyionmuii Hac MPpOrpaMMHBII KOZ NpeACTaBieH B auctunre 5.4. s
yMeHbleHHs1 00beMa KoZla MBI B KJIacce MyMoney OITMCHIBAEM TOJIBKO ONHY
BEepCHIO MeToaa setAll () (BepcHsi C YeTHIPbMS APTYMEHTaMM ).

HHJhunuanaG.Koucwpvxnunaunpcnnnnopu
tinclude <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Ormmcanme xnacca:
class MyMoney{
private: // 3aKpHTHe uNeHH Kjacca

string name;

double money;

double rate;

int time;

double getMoney () {

double s=money;
for(int k=1;k<=time;k++) {
s*=(l+rate/100);
}
return s;

}

public: // OTKpHTHE WiIeHH KJlacca

// KOHCTPYKTOpP 6e3 apryMeHTOB:
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MyMoney () {
name="Kor Marpockuu";
money=100;
rate=5;
time=1;
cout<<"Co3naH HOBEI 0GBexT:\n";
showAll();
}
// KOHCTPYKTOp C UETHDbMS apryMeHTaMu:
MyMoney(string n,double m,double r,int t){
setAll(n,m,r,t); '
cout<<"CoznaH HOBHI 0OBekT:\n";
showAll();
}
// TecTpyxTop:
~MyMoney () {
cout<<"06bekT Ans \""<<name<<"\" ynamex\n";
for (int k=1;k<=35;k++) {
cout<<"*";
}
cout<<endl;
}
// Merom knacca:
void showAll() {
cout<<"Mmsa: "<<name<<endl;
cout<<"Bknagp: "<<money<<endl;
cout<<"CraBka (%): "<<rate<<endl;
cout<<"llepuon (ner): "<<time<<endl;
cout<<"HroroBas cymMa: "<<getMoney ()<<endl;
for(int k=1;k<=35;k++){
cout<<"-";
}

cout<<endl;
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}

void setAll(string n,double m,double r,int t){
name=n;
money=m,
rate=r;

time=t:

b
/] ®ydaxuus:
void postman() {
// Cozmanue JNOKaNbHOIO OBLEKTA:
MyMoney ob3jD("Ilouransox euxus",200,3,2);
}
// TnapHas QyHKLUMA- IPOTPAMMH :
int main(){
// V3MeHenue KOEMPOBKM KOHCOJM:
system("checp 1251>nul");
// Coznanye OGBEKTOB:
MyMoney objA;
MyMoney objB({"Lsans ¢emop",1500,8,7);
// Bu30B OyHKUMHM:
postman{();
// Co3gahme OMHAMMYECKOTO OGBEKTA:
MyMoney* objC=new MyMoney("llec Mapmk",1200,6,9);
cout<<"Bce ofbexkTH CO3HaHH\N";
// Ypmaneume IOVMHAMMYECKOI'O OGBEKTd :
delete objC;
cout<<"BunosHenMe OpoTpaMMu 3aBepmeHo\n";
cout<<endl;
// 3anepkxa KOHCOJNLHOTO OKHa:
system("pause>nul”);

return 0;
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PesynbraT BHIOJIHEHUSA IIPOTPAMMBI TAKO#:

Pe3synerar BbiNOAHEHUS NPOrpaMmbl (U3 nMCTUHra 5.4)
Co3paH HOBHN OOBEKT:
MMa: Kor MaTpockuH
Bxnam: 100

CraBka (%): 5

Nepuon (ner): 1
WroroBasa cyMma: 105
Co3naH HOBEUf OGBEKT:
Wmsa: Dana denop

Bxnag: 1500

Craska (%): 8

llepuon (ner): 7
HroroBas cymma: 2570.74
CosnmaH HOBHII OBBEKT:
Uma: Nouranbor leuxuH
Bxyam: 200

CraBka (%): 3

llepuon (ner): 2
WroroBasg cymma: 212.18

06bexT mis "MouranboH [leukuH" ymajel
kkkkkhkkhhkhhkkhkhkhhkkhkkhkhkhkhkhkhkhkkkhkhhkid
CospaH HOBHIE OOBEKT:

Mua: Ilec Mapuk

Bxnam: 1200

Crapka (%): 6

lepuon (met): 9

Hroromasa cymma: 2027.37



Knaccbl h 06beKTbI

Bce 0O6BEKTH CO3LaHH

Ofrvexr mia "llec Hapux" ynanex

khkkkkhkkhkhkkhkhkkhkkkdkkhhhkkkhkkkkkkkhkxkhk

BHIIOJIHEHME [POTPAMMH 3aBEpUEHO

O6vexT mna "lans demop" ymaned

khkkkkkkkkkkhdhkhkkkkhkhkkhkhkkkhkkhkkhkkkkxx

O6wexr nna "Kor MaTpocxuu" ymanes

kkkhkkkkkkhkkhkkhkhkhkkhkhkhkhkhkkhkkkhkkkhhkhkkxk

Hac B iporpaMMHOM KOZle HHTEPECYIOT B IEPBYIO O4epesib ABE BEPCHHU KOH-
CTPYKTOpa M JIeCTPYKTOP, OIIMCaHHbIe B KJacce MyMoney. B kiacce omucano
IBe BEPCHM KOHCTPYKTOpa: (e3 apryMeHTOB U C YETHIPhMS apryMeHTaMH.
B Bepcum KOHCTpykTOpa 6e3 apryMeHTOB KOMAaHAAMH name="Kor Marpo-
ckun", money=100, rate=5 ¥ time=1 1OJAM OObEKTA IPHCBAUBAIOTCS 3HAYE-
HHA. 3aTeM KOMaHOM cout<<"Co3nas HOBEI 06beK?:\n" B KOHCOJIBHOE OKHO
BRIBOJIUTCS COOTBETCTBYIONIEE COOOLIEHHUE U, HAKOHEH, KOMaHAOM showAll ()
H3 C03/1aBaeMOro 0ObEKTa BBISHIBAETCS METOA, Grarogapsi 4eMy CBeNEHUSE
0 3HAYeHUsAX T0JIei 06BbeKTa MOSABIAIOTCS B KOHCOIBHOM OKHe: Ente pa3 nox-
YepKHeM, YTO BCE 3TH ACHCTBHS BHIMIOIHSIOTCSA TIPH CO3[IaHUU 00BEKTa, eCIH
JiSi €70 CO3/IaHHs MCIIOb3YETCsl KOHCTPYKTOp 6€3 apryMeHTOB.

(@ HA 3BAMETKY

Mb! HECKOMbKO YCOBEPLIEHCTBOBAM MEeTOA, showAll (), Tak YTO Tenepb
fpwv ero Bui30BE, NOCNe Toro, Kax orto6paxeHa nHopmaumusa o6 o6bL-
exTe, noasnseTca ChopMupoBaHHas n3 epucos MMNPOBA3UPOBAHHANA
ropu3oHTansHas Yepra. lNpeanonaraeTca, HYTO 3TO NO3BOAUT NyuLle BU-
3yanmanposaTth PE3yNLTaT BLINOJHEHWA NPOrPaMMbl.

Takxke B kj1acce MyMoney OomuMcaH KOHCTPYKTOP C YETHIPbMsI apryMEHTaMU.
B TakoM ciyyae Br3hIBaeTcs MeTOJ setAll () ¥ eMy NepealoTcs Te XKe ap-
TYMEHTHI, YTO OBLIH HepeJaHbl KOHCTPYKTOpY. Takum o6pasoM, apryMeHTH
KOHCTPYKTOpa B AaHHOM CJIydae ONpeAeIsioT 3Ha4eHHs1, KOTOPHIe PHCBay--
BAIOTCSI [OJISIM CO3/IaBAEMOTO OOBEKTA.

Jlanee, mociie 3anoTHEHHKS N0JIeH, KOMaHAOM cout<<"CoznaH HOBEHIt 06seKT: \n"
0T06paXkaeTcsi COOOIIEHHE O CO3MAHUM OOBEKTA, TTOCJIe YETO BRI3BIBAETCS Me-
TOA showAll ().
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B aecrpykrope xoMaHAOM cout<<"06wexT zna \""<<name<<"\" ypanem\n"
B KOHCOJIb BRIBOAMTCS coobuIeHHe 06 yaaieHns 00beKTa (B COOGIIEHHH YKa-
3bIBAETCS, B ABOHHBIX KABBIYKAX, 3HAYEHHE TI0JISA name yAAISEMOro 00beKTa).
ITocne 3TOrO «NOABOAMTCS YEPTa» U3 CMMBOJIOB * (i1 4€r0O MCIOJIb30BaH
onepaTop IUKIA).

7 NOAPOBHOCTH

Y1061 0TOOpPa3uTb ABOWHbLIE KaBbiMKM B TEKCTe, Nepes HAMWM CTaBuTCH
Kocas Yepta. MNpouie roeops, ecnv B TeKCT He06X0ANMO BCTABUTL ABOW-
Hblé KaBbl4K#, TO NCNONb3IYETCH NHCTPYKUMS \". icnonb3oBaHWe B Takoi
CUTyaummn OaHNX NULWIb KaBblvek (6e3 kocoW YepTwl) NpuseaeT K owmnoke,
MOCKONbKY ABOIHLIE KaBbiYKM UCNONL3YIOTCS ANA UABHTUDUKALUK TEK-
CTOBbIX AUTEPANos. ’

Kpome kiacca MyMoney B mporpamme omucana (pyHKust postman (). QyHk-
U He BO3BPalaeT Pe3yJibTaT, H y Hee HeT apryMeHToB. Kox dyHxuum oyenn
TIPOCTOM: B TeJle QYHKIHUM KOMAH/0# MyMoney objD("louranson Meuxu",
200, 3,2) co3aaercst 00beKT KIacca MyMoney.

B ¢ynxun main () co3faercs HECKOJIBKO OOBEKTOB KJIacca MyMoney M BHI3HI-
BaeTcs yHKus postman () . [IpaBaa, 06beKTH CO34A0TCA 10-pa3HoMy. OAMH
13 06BEKTOB co3aeTCsa KOMaHAOM MyMoney objA. 31ech pedb HAET O CTaTH-
yeckoM 00beKTe objA, IIPH CO3TAHHM KOTOPOTO BHI3BIBAETCS KOHCTPYKTOP
6e3 apryMeHTOB. A BOT IIPY CO3{aHuM 06beKTa objB MCII0Ib30BaHa KOMaH/a
MyMoney objB("Iana ®emop",1500,8,7), B KOTOPOi TI0C/Ie HMEHH CO3/[aBae-
MOT0 00BEKTa B KPYTJIHIX CKOOKAX YKA3aHbI 3HAYEHMUS, [IEPEJABAEMbIE KOH-
crpykropy. Kax HecioxkHo goragatecsi, 00beKT objB CO3LAETCs C BBI30BOM
KOHCTPYKTOP2 C YeThIPbMS apryMeHTaMu.

ZR NOAPOBHOCTMW

PelueHue O TOM, KaKyil0 MIMEHHO BEPCMIO KOHCTPYKTOpa ClieAyeT Bbi3bi-
'BaTb NPY CO3AAHUN 06BEKTA, NPUHUMAEBTCS MCXOAS U3 CNUCKA aprymeH-
TOB, KOTOpbie NEPEnAITCA KOHCTPYKTOPY (apryMeHTh, yKasaHHbie no-
cne uMmeHu obbexTa B KOMaHAae, KOTopoi o0bLeKT co3apaeTcs).

Take HYXHO UMETb B BUAY, 4TO NOKA B KNACCE He ONUCaH HM OAUH KOH-
CTPYKTOP, TO NPY CO3AAHUN UCTIONB3YETCA TaK Ha3biBAEMbili KOHCTPYK-
TOP MO YMOJIMAKMUIO, Y KOTOPOro HET apryMEHTOB M KOTOPbIiA HUKaKuX
AONOMHUTENLHBIX AeWCTBAA ¢ o6bekToM He BuinonHaer. Kak Tonwko
B K/IACCE OMMUGAH XOTA 6bl OANH KOHCTPYKTOP, KOHCTPYKTOP N0 yMonua-
HKio 6onblue He AOCTYNEeH.
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CTOMT 3aMETHTb, YTO KaK PH CO3ZIaHMH 00BEKTa objA, TAK U NP CO3AHUH
obbeKTa objB BCIEACTBHE Bbi30Ba KOHCTPYKTOPA (PasHOIO /151 Pa3HBIX 00K -
TOB) B CaMOM KOHCTPYKTOp€ BhI3biBaeTcs MeTox showAll (). Kak cnenctue
€aMO TOJIbKO CO3AaHKe OOBEKTa IPHBOAMT K MOSBJICHHIO B KOHCOJILHOM OKHe
co0blIeHNs COOTBETCTBYIONIETO COAEPXKaHUsA ¢ HH(bOpPMaLHEH 0 3HAYEHUAX
noJieff CO34aHHOTO 00BeKTa. JTO JKe 3aMeYaHne OTHOCHTCS K OOBEKTY, KOTo-
phiit conaercs mpM Bbi3oBe PyHKUMM postman (). OAHAKO Temepb pevb uAeT
0 JIOKa/IbHOM OGbexTe. JIoKanbHEI 00BEKT, Kak M JIOKA/IbHAsA NIePeMEHHa, Cy-
HIECTBYET, TOKa BhinosHAeTca GyHkiusA. [IoaToMy Koraa Bh3biBacTCA QyHK-
U postman () ¥ HAYMHAET BBITIONHATHCH €e KOJI, co3z1aeTcsl 00beKT objD; Ha
yeM BHINosIHeHHe GyHKIMK 3aBepuiaercsi. Ho mpu 3aBepiieHNH BhINOJHEHUS
GbYHKUMH U3 TaMATH YAQISAETCS IOKATbHbIN 00beKT objD. Kak créacTaue, Bhi-
30B PyHKIMHM postman (} HPHBOAKT K BHIIOBY KOHCTPYKTODA Kacca MyMoney
(C 4eThIpbMs apTYMEHTaMK) U TPAKTHYECKH CPa3y K BHI3OBY AECTPYKTOpa.
IIpu BEI30BE AECTPYKTOpA NOsiBJseTCS coobliteHme 06 yaasieHuH 06beKTa.

Taxoke B IIpOrpaMMe CO3/aeTCS AMHAMHYECKHH OOBEKT, I YeTO MbI HCTIONb-
3yeM KOMaHZy MyMoney* objC=new MyMoney ("llec WMapuk",1200,6,9). 3nech
MHCTpyKIHel MyMoney* objC OOBABISIETCS yKasaTenb objC Ha obbeKT Kracca
MyMoney. MHCTpyXipHedi new MyMoney ("Tlec Hapux", 1200, 6, 9) CO3aeTCH AMHA-
MHYECKHIi 06BEKT (CO3AAETCST OOBEKT IyTeM AWHAMMYECKOTO BBIIEIEHUs TIaMsi-
TH HIOJl Hero). AJipéc 06 beKTa 3aNUCHBAETCA B yKa3aress objC. IIpy cosganuu
ZMHAMHYECKOTO OGBEKTa BHIHIBAETCS KOHCTPYKTOP C €TLIP5M3 apTyMEHTaMH.

ITocne cosnanusi AMHAMMYECKOTO OOBEKTAa KOMAH/OM cout<<"Bce OGBEKTH
cosmane\n" orobpaxkaercsi cooliieHre O 3aBepIIEHHM INPONEcca CO3Aa-
HUs1 OGBEKTOB M KOMaHzoH delete objC AMHAMUYECKHIT 0OBEKT ynanser-
ca. Ilpu ymanenun o6beKTa BEI3BIBAETCSH AECTPYKTOP. 3aTeM KOMaHHOH
COut<<"BemoyHenMe nporpaus 3aBepmeHo\n" OTOGpaXkaeTcs coobmeHHe
0 3aBepIIEHUH BHIIOIHEHNs! IPOrPaMMBI (¥ BHIIOIHAETCS AOTOIHATE bHBIH
MPOIYCK CTPOKM C TIOMOHUIBIO KOMAHBI cout<<endl).

OZHAKO Ha CaMOM JeJIe HA STOM BBIIOJIHEHHeE IIPOrPAMMBI He 3aKAHYHBAeTCAL.
Tlocne Toro, Kak MoJIb30BaTeNb HAXKMET Kiasuiny <Enter> (WIu APYyTyIo Kia-
BHIIy), B KOHCOJILHOM OKHe TIOSBATCA CO0GIeHHs 06 yaaneHH 06beKToB co
3HaYeHWSAMM "Jlans ®egop™ M "Kor Marpocxuu" mosis name. Ilpasja, npousoii-
JIET 3T0 OYeHb GRICTPO M KOHCOJIBHOE OKHO Cpasy IoCJie STOTO 3aKPOeTCs.

() HA 3AMETKY

Yrob6bi yBMOETL pesynsrar BLINOAHEHNS nporpaMMBI «BO BCei kpace»
MOXHO nopekomeHgosaTtb (npu paloTe ¢ ONepaLmoOHHOR CUCTEMON
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Windows) BOCnonb308aTbCA KOMaHAO!H BuINONHUTL B rNaBHOM MEHIO
N 3anycTurb yYepes 3Ty YTWIMTY OTKOMNWIMPOBAHHLIN exe-dain
npoekta.

IIpyyusa B TOM, YTO MpPY 3aBepIieHAH BHIIOJHEHHS [POrpaMMbl (TO €CTh
IIPH 3aBepIIeHHMH BBINOTHEHUS GYHKIMM main()) U3 maMATA YAUISIOTCA
06beKThI, KOTOpBIE OBUTH CO3/1aHbl B QYHKIMU main (). O6bexTH yRansiorcs
B TIOpsiZiKe, 0OPaTHOM K TOMY, KaKk OHH co3faBaymcs. [lostomy cHauana yzaa-
nsietcst o6beKT objB, a 1oce 3TOro yaausercss o6bekT objA. [onaTHo, yTO
KaX/blii pa3 BBI3BIBAETCS AECTPYKTOP. ‘

MNpuHUMNbLI Neperpysku oneparopos

IIpuBenenHbIi Aanee MpUMep SBJISAETCA OYepeNHOI Bapualueil Ha GHHAHCO-
BYI0 TeMy, ZOTIOJIHEHHYIO HA Ceil pa3 nepezpy3xoti onepamopoa.

® TEOPUSA

Jns NONbL30BATENLCKUX KNACCOB MOXHO NEepeonpeaenstb (MNn, TouHes,
3302a8aThb) NPABMNG BbIMUCNEHNA BbipaXeruh C OCHOBHLIMW ONeparo-
pamu. 3TO HA3LIBAETCA NePerpy3Kko# oneparTopos. [ins neperpysku
onpeneneHHoro oneparcpa oNUCLIBAETCA cneuMantHas onepaTopHan
dyHxumna unv oneparopHniit Mmeton. OnepatopHas GpyHKLMSt unin me-
TOQ ONUCLIBAIOTCA, Kak U OOWI4HAR DYHKLMA AN METOR, HO C HEKOTOPLI-
mMu ocobeHHoCTaMK. Tak, Ha3saHue ONepaTopHON GYHKUUN AU MeTo-
Aa nonyyaerca 06beaAuHeHUEM KNIOYEBOro CNOBA operator ¥ CUMBONA
oneparopa. Tun pesynsrara onepaTopHoOi GyHKLMKM MK METOAA — TUN
3HA4YeHUs, KOTOPOe BO3BpaLLaeTCsl NPU NPUMEeHeHUU onepartopa K o6b-
eKTy Knacca. ApryMeHTLl OnepaTopHoii GyHKLMM onpeaensiotcs one-
paHAaMM BLIPAXEHUA, AN KOTOPOro 3ajaeTcs AelcTeBue oneparopa.
Ecnu peub nget 06 onepatopHOM MeToae, TO 06LEKT Bbi30Ba METoOa
OTOXAECTBAAETCA C NEPBLIM ONEPAHAOM BLIDAKEHUS.

B muctunre 5.5 npeacrasiieHa nporpaMMa, OCHOBY KOTOPOM COCTaBASIET KJAAce
MyMoney, /151 KOTOPOTO OIIPeAeIeHO HECKGJIBKO OIEPATOPHBIX METOZIOB H He-
CKOJIbKO ONepaTopHbix (GyHKumMi. B 9acTHOCTH, ¢ TOMOIIBIO OflePATOPHBIX
dyHKUMIt onpefeNsaIoTCs TaKKe AeHCTBHS C 00beKTaMH Kaacca MyMoney:

¢ BriunTaHMe 0OBEKTOB: €C/IM U3 OJHOTO O0BEKTA KJIAacca MyMoney BHIYECTD
Apyroiit o6BEKT Kiacca MyMoney, B pe3yJIbTaTe HOJIYYHM PasHHIYY MTOrO-
BBIX CyMM II0 COOTBETCTBYIOLIMM BKJIAJAM.
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¢ IIpedukcHas ¢opma oneparopa AeKpeMeHTa: P MPUMEHEHUH Onepa-
Topa IeKpeMeHTa K 00beKTy 3HaueHMe 10/ money 0ObeKTa yMEHbIIAeT-
st Ha BeJImYMHy 1000 (HO OCTAaeTCst CO 3HAYEHHEM HE MEHbILE HyJIs).
P

e TlocrdukcHas GopMa onepaTopa AEKPEMEHTA: IPH IIPUMEHEHNH OIepa-
TOpa JleKpeMeHTa K 00beKTy 3HAYEHHE TOJIA time 06BEKTa yMEHbIIAETCS
Ha 1 (HO He MOXeT ObITb MEeHbIIIE HyJIST). '

C HOMOIIBIO ONEPATOPHBIX METOIOB 3aJAI0TCS CAEAYIONIME ACHCTBHSA € 00b-
€KTaMH KJacca MyMoney:

¢ TIpu cioxeHuH IBYX 0OBEKTOB KJacca MyMoney nojiy4aeM HOBBIi OOBEKT
3TOTO JKe KJIacca, y KOTOPOro 3HaYeHHs IToJiell BEIYUC/IAIOTCS Ha OCHOBE
3HAYEHUH N0JIEH UCXOAHBIX (CYMMHPYEMBIX) 0OBEKTOB.

¢ JlpedpukcHas ¢opMa onepaTopa KHKpeMeHTa: IPU IPUMEHEHUH ONEpa-
TOpa MHKPEMEHTa K 00BeKTy 3HaUeHHe OIS money 0ObeKTa yBeTHIMBa-
€Tcs Ha BeJImuuHy 1000.

¢ TlocrduxcHas ¢popma onepaTopa MHKPEMEHTA: IPY IPUMEHEHUH ofepa-
TOpa HHKPEMEHTA K 061>e1c“ry 3HAYEHHE MO time obbeKTa YBEJIHYUBAET-
CAHal.

B NOAPOBHOCTH

Y onepatopoB UHKPEMEHTa ++ U [eKpeMeHTa -- eCTb npedukcHas
n noctdukcHan popmbl. B npedurkcHoit popme onepaTop ykasbiBaeT-
ca nepeg onepaHaoMm. B noctoukcHoit popMe onepaTop ykasniBaeTcs
nocne onepaxnaa. NpedukcHyio U NOCTPUKCHYI0 POpMbI ONEepaTropos
UHKpEeMEHTa 1 ieKpeMeHTa MOXHO Nneperpyxarb No-pa3Homy. leicTey-
€T Takoe npasuno: Npy neperpyske NocThukCHoO GopMul oneparopa
B onepaTopHOM meToae win GyHKuuK obvsensieTcs dopmanbHbiii He
MUCMNONb3YEMBbII AONONHUTENLHBIN LLeTOYUCNEHHBLIN 8PIrYMEHT.

JIns ympomieHHsl CUTyallMM M COKpaIleHHsl 0OBbeMa IPOrpaMMHOTO KOZAa
B MPOTPaMMHBIN KOZ Kjacca MyMoney BHECEHbI HEKOTODbIE M3MEHEHUSI.
B yacTHOCTH, BC€ 10JIsl H METOABI B KJ1acce o0bsiBiaeHs! OTKphITEIMU, He uc-
0JIb3YETCSA AECTPYKTOP. YIIPOIIEH KOJ KOHCTPYKTOPOB (Temeps Py co3aa-
HUH 00BEKTOB COO0MIEHHS He OTOOpaXkaloTcs ). B HTOre IOMYYHIICS CITERYIO-
MK MPOrpaMMHBIH KOZ:

JNucTuir 5.5. OneparopHbie MeToAb U GYyHKUUM
#include <iostream
#include <cstdlib>
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#include <string>
using namespace std;
// Ommucanue kmacca:
class MvMonev{
public:
string name;
double money;
double rate;
int time:
// KoHCTpPYKTOp Ge3 apryMeHTOB:
MyMoney () {
name="";
money=0;
rate=0;
time=0:
}
// KOHCTPYKTOp C UeTHpPbMA apryMEHTaMu:
MyMoney (string n,double m,double r,int t){
setAll(n.m.r.t):
}
// Meromx kmacca:
double getMoney () {
double s=money;
for(int k=1;k<=time;k++){
s*=(1l+rate/100);
}
return s;
}
void showAll () {
cout<<"Mma: "<<name<<endl;
cout<<"Bxnagp: "<<money<<endl;
cout<<"CraBka (%): "<<rate<<endl;
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cout<<"lepuoxn (ser): "<<time<<endl;
cout<<"Hroromas cymMa: "<<getMoney()<<endl;
for (int k=1;k<=35;k++) {
cout<<"-";
}
cout<<endl;
}
void setAll (string n,double m,double r,int t){
name=n;
money=m;
rate=r;
time=t;
}
// TpepuxcHas popMa oOmepaTopa MHKPEMEHTa:
MyMoney operator++ () {
money=money+1000;
return *this;
}
// TocrdurcHas ¢opMa OmepaTopa MHKPEMEHTA:
MyMoney operator++ (int) {
time++;
return *this;
}
// OnepaTOpHHI MeTOn ANA CIIOXEHMUA. OBYX OBBHEKTOB:
MyMoney operator+ (MyMoney obj) {
MyMoney tmp;
tmp.name="llouTansol Neukuu";
tmp.money=money+obj.money;
tmp.rate=(rate>obj.rate) ?rate:obj.rate;
tmp.time=(time+obj.time)/2;
return tmp;

Knacchbl 4 06»exThi
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}i
// OneparopHas QyHKRUMA IS BHYMTAHUA OGBEKTOB:
double operator-(MyMoney objX,MyMoney objY) {
return objX.getMoney()-objY.getMoney();
1
// TpebukcHas dopMa omnepaTopa HEKPEMEHTA:
MyMoney operator--(MyMoney &obj) {
if (obj.money>1000) {
obj .money-=1000;
}
elseq
obj.money=0;
}
return obj;
}
// HocrduxcHas dopMa onepaTopa OeKpeMeHTa:
MyMoney operator--(MyMoney &obj,int) {
if (obj.time>0) {
obj.time--;
}
else{
obj.time=0;
}
return obj;
}
// TnaBHaf QYHKUMSA OPOTPAMME :
int main{() {
// V3meHeHUe KOOMPOBKM KOHCOJIM:
system("chcp 1251>nul"); ‘
// Cospanme 0OBEKTA:
MyMoney objA("Kor Marpocxmun”,1200,7,1);
objA.showAll();
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// YueHbeHMe 3HAUEHMA NONA time:
objA--;

objA.showAll ();

// YMeHbmeHue 3HaueHus nons time:
objA--;

objA.showAll{);

// YBenuuenue 3HaueHus nong time:
ObjA++;

objA.showAll();

// YumeHblleHue 3HaueHMs MOJA mMoney:
--objA;

objA.showAll();

// YMeHbmeHue 3HaueHMs MoJig money:
--objA;

objA.showAll();

// YBenuuenue 3HaueHMs NONA Money:
++objA;

objA.showAll();

// Coznanue oBmbexTa:

MyMoney objB ("llec Hapux",1100,8,5);
objB.showAll();

// Cosmanue oGBEKTa:

MyMoney objC;

// BHuMCNEHME CYMMH OGBLEKTOB:
objC=0bjA+0bjB;

objC.showAll () ;

// BuuMCNeHME PasHOCTM OBBEKTOB:
cout<<"PasHmua B moxomax: "<<objC-objB<<endl;
// 3Bamepxxa KOHCONLHOI'O OKHA:
system("pause>nul");

return 0;
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Pe3ysIbTaT BRIIOJHEHHS IIPOTPAMMBI IPEZICTABIIEH HHXKe:

Pe3ynsTaT BuINONHeHKR NDOrnaMMnl (U3 nuctusra 5.5)
MMa: Kor MaTpoCKuH
Bwxnam: 1200

CraBka (%): 7

Nepuon (net): 1
Wrororas cymma: 1284
Mus: Kor MaTpoCkuH
Bxyam: 1200

CraBka (%): 7

llepuon (nert): 0
Hroroeas cymmMa: 1200
Mma: Kor MaTpockuH
Bkyan: 1200

Craska (%): 7

Nlepuon (nmet): 0
HroroBas cymma: 1200
Wma: Kor MaTpockuH
Brynagm: 1200

CraBka (%): 7

Mepuon (mer): 1
WroroBas cymMa: 1284
Mua: Kot MaTpockuH
Bxnan: 200

Crapka (%): 7

llepuon (ner): 1
Wroroepas cymma: 214
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Mug: Kot MaTpoCkmH
Bxnaz: 0

CraBka (%): 7

llepuoxn (ner): 1
Wroroeas cymma: 0

Mus: Kor MaTpoCKmH
Bxnagz: 1000

CraBka (%): 7

Hepuon (ner): 1
Wrorosas cymmMa: 1070
Mua: Ilec Mapwmx

Bxnag: 1100

Crapka (%): 8

Ilepuon (mer): 5
Urorosas cymma: 1616.26
Mua: TouranboH [leuxkuH
Bxmaz: 2100

CraBka (%): 8

lepuon (seT): 3
Wrorosaa cymma: 2645.4

Pasuuua B moxomax: 1029.13

IIpoaHaniu3upyeM Ty 4acTh NPOrPaMMbi, KOTOPAs CBA3AHA C OMHCAHHEM
M UCTIO/Ib30BAaHUEM OIEPATOPHBIX METOAOB M OnepaTopHbiX Qynkuuit. Hau-
HEM C aHaJIN3a OMMCAHUS OMEPaTOPHRIX (PYHKIMIA.

Onepa'ropﬂaﬂ dyskuus AJist BBIMHTAHUSA 06'bem‘03 Ha3bIBaeTcsa operator-{(),
BO3BpalllacT pe3yskraT THIIA double, Uy Hee obbsBJIEHO Ba apryMeHra objX
H objY — 06a 06BbeKTH Kacca MyMoney. JlaHHOe 06BsIBIEHME O3HAYAET, YTO
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€CJIH MBI OT OJIHOTO 00BbeKTa Kjlacca MyMoney OTHEMEM JPYroii 00beKT KiIacca
MyMoney, TO pe3y/IbTaToM OyzeT uuciio Tuma double. IlepBhiii apryMeHT objX
COOTBETCTBYET MEPBOMY OmnepaHay (06beKT, U3 KOTOPOro BEIYUTAETCA 3HaYe-
HHE), a BTOPOi apryMeHT objY COOTBETCTBYET BTOPOMY omepaHAy (06bexr,
KOTOpBIi BouMTaercs). B resie pyHkuu Bcero ofHa koMaHza return objX.
getMoney () -objY.getMoney (), KOTOPO# pe3y/pTaTOM (PyHKIMHU BO3BpaIaeT-
Cs pa3HOCTh 3HaYeHUH, BO3BpalllaéMbIX METOROM getMoney () A/ KaXkKAOTO
13 06bexToB. OYEeBHIHO, YTO 3/€Ch HAET PeUb O BHIYMCICHHH PAa3HOCTH 3Ha-
YeHHI MTOTOBBIX CYyMM IIO ZIETIO3UTaM.

Omneparopaast GyHKuus 11t npedpukcHol PopMbl oneparopa JleKpeMeHTa
Ha3HIBaeTCsl operator-- (). Y QyHKUM oauH apryMeHT (0003HaYeH Kak obj)
THIa MyMoney, IIpHYeM 3TOT apTyMeHT Hepelaercs MO ccbulke. Pe3ysbra-
TOM (PYHKIIMS BO3BpaIlaeT TaKke 00BEKT Kiaacca MyMoney. B Tese pyHkumu
B YCJIOBHOM OIIEpaTOpe IPOBePsIeTCs YCJAOBHE obj .money>1000. YcaoBHe co-
CTOMT B TOM, YTO 3HAYEHHE II0JISA Money TOro 00beKTa, K KOTOPOMY IIPHMEHSI-
eTcs orepanus MHKpPEeMeHTa, peBbimaet 3Hadenue 1000. Ecan aro Tak, TO
KOMaHJI0# obj .money-=1000 3HaYeHME JAHHOTO NOJISI YMEHbINACTCS Ha BEJIU-
yuHy 1000. B mpoTMBHOM ciy4ae KOMaHZOM obj.money=0 NOJIO HPHCBAHBa-
€Tcsl HyJieBoe 3HaueHue. Pe3y/ibraToM QyHKUMHU BO3BpaILaeTcs 00bEKT obj.

(G HA 3AMETKY

B onepaTopHOi PYHKLMM operator—- () U3MEHAETCA apryMeHT QyHKLUn
{06bexT obj). MIMEHHO NO3ITOMY apryMeHT B GyHKUMIO nepeaaeTcs no
CCbifIKe, a He NO 3HAYEHUIO.

Oyuxuus a1s nocThurcHOH GOpMEI onlepaTopa AEKPEMEHTa, N0 CPaBHEHHIO
¢ npedukcHoit GopMOH, 0OBsBIEHA C JOMOTHHTEIBHBIM 1IEIOYHCIEHHBIM
apryMeHTOM. [IpHyeM mOCKOJIBKY POJIb apryMeHTa YucTO (popMaibHasi, TO
MMsI apTyMEHTa MOXKHO He YKa3hIBaTh, a TOJBKO €ro THIL B Tesie pynkiun
3aMyCKaeTCsl YCJIOBHLI omeparop ¢ yciaoBueM obj.time>0. Ecau nemouuc-
JIEHHOE IoJie time Heorpnua'renbno, TO KOMAHZOII obj . time-- €ro 3HaYeHHe
yMeHbIIaeTcs Ha equHuny. Eciu ycmoBue obj . time>0 He BBIIOJHEHO, TO KO-
MaH/Io# obj . time=0 [10JIO0 MPUCBAMBAETCA HYJIEBOE 3HAYEHHE.

Kak oTMedanoch paHee, TIpH Heperpyske onepaTropoB OOBIMHO €CTh AJIBTep-
HaTHBa: OMKCHIBATH OMEpaTOpHble (DYHKHMM WIM ONepPaTOPHble METOHHL.
B ZaHHOM IIpHMepe YacThb ONEpALMil peanu3yeTcs Yepe3 ONepaTOPHHIE Me-
tozsl. Tak, OlepaTOpHBI METOA operator++() JJIsi ONepaTOpa HHKPEMEHTa
onucaH 6e3 apryMeHTOB W KaK TaKoOii, YTO BO3BpallaeT 3HaYeHHeM O0beKT
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KJacca MyMoney. OTCYTCTBHe apryMEHTOB Y OII€paTOPHOrO METOZA 06bACHS-
€eTCsl TIPOCTO: €IMHCTBEHHKIH OTepaH/ B JaHHOM CIyYae OTOXAECTBIIAECTCS
C 00BEKTOM, H3 KOTOPOTO BBI3BIBAETCA METOA. MOXHO CKa3aTh U HHaYe: 00b-
€KT, K KOTOPOMY TIpUMEHAETCS ONepaH, sIBJIAeTCS TeM 00bEKTOM, U3 KOTO-
POTO BBI3KIBAETCS ONEPATOPHBIX METOA st 00pabOTKH COOTBETCTBYIOUIEH
KOMAH/IbL.

B tene merona xomaHzol money=money+1000 H3MEHSIeTCS 3HAYEHMe IO
money, II0CJIe 4Yer0 KOMaHAOI return *this 0ODBEKT, U3 KOTOPOT'O BHI3BHIBAET-
Csi METO/I, BO3BPAIIAETCS Pe3yJIbTaTOM BhIpaKeHHs. 3/1eCh MbI BOCTIOJIb30Ba-
JINCh CTAH/IAPTHBIM KJIIOYEBBIM CJIOBOM this, KOTOPOE SIBJISIETCS yKa3aTeJIeM
Ha O0BEKT, U3 KOTOPOro Bbi3BaH MeToZl. COOTBETCTBEHHO, *this o6o3HayaeT
caM OOBEKT.

-
A
-

F NOAPOBHOCTH

Hennunvm GyaeT yTouHUTb Cnoco6, KoTopsiM GYHKUMK U MeTonu (one-
PaTOPHBLIE ¥ HEe TONLKO) BO3BpALLAIOT pe3ynbrart. UTak, Bkparue cutyauus
cnepyoias. Ecnv meton nny GyHKLMR BO3BPALLAET Pe3ynsTar, TO noa
BO3BpallaeMoe 3HaYeHue BbigenseTca obnacts namatu. B aty obnacte
NaMATH 3aNUCHIBRETCA KONUA TOrO 3HAYEHUR, KOTOPOE BO3BPAILAETCA
pes3ynstTatoMm MeToaa unu GyHkumn. Noatomy ecnu metToa unu GyHKUNA
B03B8pauiaeT pesynbTaToM HEKOTOPbIA 06LEKT, TO Ha CaMOM aene BO3-
BpaLaeTCs Konus 3T1oro obwexTa.

AHaNOrHYHEIM 06pa3oM ONMCHIBAETCS ONEPATOPHEIA METOJ IS TOCT(HKC-
Hoit (popMbl oneparopa MHKpeMeHTa. ToJbkO Temeps y Merona ectb $op-
MAIbHBIH 1eJIOYHCIeHHBIH apryMeHT (TOYHee, YKa3aH TOJbKO HAECHTH(DUKA-
TOP THIIa apryMeHTa) — NPH3HAK TOTO, YTO pe4b HIET 0 MOCTPUKCHOI hopme
oneparopa. B Tese oneparopa koMaHZo# time++ HAa €IUHHITY YBEJIMIHBAET-
¢s 3HaYeHHe Mo time, MOC/E Yero KOMaHAo# return *this Bo3Bpaiaercs
061eKT, U3 KOTOPOTO BRI3BIBAETCS ONEPATOPHEIN METON (OGBEKT, K KOTOPOMY
MPUMEHSETCA ONlepalius HHKPEMEHTA).

OneparopHbiif MeTOA operator+() IAs CJIOXKeHHS ABYX OOBEKTOB OIMCAH
C apryMeHTOM obj — 06BEKTOM Kiaacca MyMoney, M pe3yJIETaTOM METO/I BO3-
BpaiiiaeT 06BEKT TOTO XKe Kaacca. Takum 06pa3oM, mepshiii onepany B co-
OTBETCTBYIOLEM BHIDaXKEHHH OTOXJIECTBJIAETCA C OOBEKTOM, H3 KOTOPOrO
BHI3LIBAETCS METOZ, a BTOPO# ONEPaH] B BHIPAKEHHMH OTOXAECTBIAAETCA
¢ 00beKTOM obj, MEpPEAHHHM apIyMEHTOM ONEPaTOpPHOMY MeToxy. B Tene
MeTo/la KOMaH/IoH MyMoney tmp CO3JaeTCs JOKATbHbINA 06BEKT tmp KiIacca
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MyMoney. Ilocsie co3zanus o6beKTa €ro TOJAM NPHCBAUBAIOTCS 3HAYEHMS.
Tak, koMaHAOil tmp.name="flouransoH [MeuxuH" IIPHUCBANBAETCSI 3HAYEHHE
nomo name (OYEBHIHO, 3HAYEHHE He 3aBHCHT OT 3HaueHMH nosell obbex-
TOB, 3a/1ei{CTBOBAaHHBIX B ONEpALMK CIOKEHUs ). IHaYEHHe [I0/A money s
006beKTa tmp BEMMCASETCS KOMaHIOM tmp.money=money+obj.money. Taxmm
o6pa3om, nose money 0o0bexTa tmp MpeAcTaBiasieT co60M CyMMYy 3HaYeHwuik
noseit money CyMMHpPyeMuIX 06beKTOB. 3HaYeHMeE MOJA rate o6beKTa tmp
BRIYMCIAETCS KOMaHIOM tmp. rate=(rate>obj.rate) ?rate:obj.rate. 3aech
MBI BOCIIOJIb30BATMCh TEPHAPHBIM OnlepaTopoM ?:. Pe3ysbraT BhlpakeHus
(rate>obj.rate) ?rate:obj.rate BRIMHCIIAETCA TaK: IPOBEPSAETCA yCIOBHE
rate>obj.rate ¥ eCJli OHO HCTHHHO, TO PE3Y/ILTATOM BO3BPAIIAETCs 3HaYe-
HMe rate (mose 06beKTa AIst iepBoro onepanzaa). Ecau ycnosue rate>obj.
rate JIOXKHO, Pe3yJLTaTOM BO3BpalllaeTcsi obj.rate (fose oBbexTa obj
AJis BTOpOro onepanza). Takum obpasoM, 3HaYeHHEM TOJIO rate 0ObeKTa
tmp MpHcBamBaeTcs Haubosbiiee U3 3HaYeHUIt noJleil rate CyMMHpPYeMBIX
O0OBEKTOB.

Hakorern, koMaH0# tmp. time= (time+obj.time) /2 SsHAYEHHe O time BHI-
YHCIAETCS Kak cpeHeapudpMeTHUeCKoe /UIS 3HaYeHM# nosielt time cymmu-
pyemnix 06bexToB. Cieyer yuecTb, 4YTO HOCKOJIBKY MoJIe time HEAOUHCIIeH-
HOe, TO Onepanys JeJeHHsl B MPUBEACHHO! BBIllIE KOMAH/E BBINOJIHSIETCS
Ha MHOXECTBE LEJIBIX Yhcen (fie/ieHne Haleno — ApobHas 4acTbh oTépach-
BaeTcs). '

Tloce mpucBavBaHHs 3HAYEHHI NOJISAM O0BEKTa tmp JaHHBIA OODBEKT BO3-
BpalaeTcs pe3yJIbTaTOM OIEPaTOPHOrO METOAA.

B ¢ysknuu main() npoBepsieTCsi BO3MOXHOCTH ONMCAaHHHEIX B IMpOrpaM-
Me OnepaTopHbiXx QYHKIMIT 1 MeTonoB. [l Hayana KOMaHAOI MyMoney
objA("Kor Marpockun”,1200,7,1) co3maerca oObekT objA Kaacca MyMoney.
Ha atoM 06beKTe TeCTHpyeTCsl BRIIOJIHEHNE YHAPHRIX ONIEPaTOPOB HHKpe-
MEHTa ++ M JeKpeMeHTa --. Kaaniii pa3 nocje H3MEHEHUA NMapaMeTpoB
obbeKxTa KOMaHMOM objA.showAll () BRINOMHAETCS nponeplca 3HaYEeHUH ero
noned.

s TecTHpoBaHMsI OMHAPHBIX onepaumii (COXKeHHe ¥ BHIYMTaHHE 00BEK-
TOB) KOMaHZO0# MyMoney objB("llec Mapmk",1100,8,5) co3aaerca emie OquH
06peKT (BTOpPOIt ONIepaHn), a ISt 3alIHCH Pe3YJIbTaT BHIYHCIEHHS CYMMBI CO3~
XaeM 00BbEKT KOMaHAO# MyMoney objC. ITocsie 3TOro BhinoJHAETCA KOMaH/AA
objC=0bjA+0bjB, a 3HaYEHH TNOJIEH 0ObEKTa-Pe3yJIbTaTa IPOBEPSIOTCA C TI0-
MOMBIO MHCTPYKIMH 0bjC.showAll(). Takxke B mporpaMMe BRIMHCJsSeTCA
PasHOCTb 00BEKTOB 0bjC~objB (pe3dysbraT — 4MCJI0 TUMA double).
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Knaccot v o6bexry

3HaKOMCTBO C HacnieaoBaHUeMm

B caenyronieM npuMepe Ha OCHOBeE KJlacca MyMoney Iy TeM Hace006aHus Co3-
. laeTcs KJacc BigMoney.

S

TEOPMUSA

Hacnepnosanue — mMexaHn3aMm, NO3BONANKIOLMNIA CO3NaBaTb HOBbLIE KNACCH
Ha OCHOBe yXe cyuiecTsyioLux. Knacce, cayxatumin OCHOBHOM Ans co3aa-
HWUA APYroro Knacca, Ha3biBaetcs 6a3oBeiM. Knacc, KOTopbii co3naet-
cs Ha ocHose 6230BOro Knacca, Ha3biBaeTCA NPONIBOAHDBIM K/1AaCCOM.
Y706bi CO30aTH NPOU3BOAHLIA KNACC Ha ocHoBe 6a30B0ro Knacca B onu-
caHun NPOM3BOARHOIO KNAacca NocNne ero MeHn ykasbisaeTcs 6a30BbIA
knacc. Mexay umeHeMm NpPOU3BOAHOINO U 6a30BOro Knacca CraBUTCA
ABoertoune u ngeHTuduKaTop, onpeaensiowmnii xapakrep (Tun) Hache-
[OBaHUR, B xayectse nocnegHero MOryT UCNOML30BATLCH KIOYEBLIe
cnoBa public {OTKPLITOE@ HacnenoBaHwue), private (3aKpbiToe Hacneno-
BaHue) U protected (3awmieHHOe HacheaosaHue ). HezaBucumo ot Tuna
HacnenoBaHnUa, B NPOU3BOAHOM KNacce 3akpbiTbie 4neHbl 6a3oBoro
Knacca He HaCnenyloTCs.

I'naBHoe oTmMuMe Kaacca BigMoney OT KJacca MyMoney COCTOHT B TOM, 4TO
B KJacce BigMoney TIOSIBIIsAETCS 1eI0UMCIEHHOE TOJIe periods, onpenensio-
Iiee KOJIMYECTBO TOAOBBIX HAYHMCIEHUH NPOIEHTOB 0 Aeno3uty. CooTBeT-
CTBEHHO, KOPPEKTHBHI BHOCATCSI B CHOCO0 BBIYACAEHUS MTOTOBOMH CYMMBI Ha
Zero3uTte U criocob oTobpaxkerust uudpopmanuu 06 o6bexTe.

Hanee IIpeACTaB/ICHA HpOorpaMma, B KOTOpOﬁ HCIIOJB30BaHO HacJA€AOBaHHE
KJIaCCOB:

Nuctunr 5.6. Hacneposanue xnaccos

#include <iostream>
#include <cstdlib>

#include <string>

using namespace std;

// OmucaHme Gaz30BOTO Kjacca:

class MyMoney{

public:

// Tona GasoBoro knacca:
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string name;
double money;
double rate;
int time;
// Merops 6a30BOTO Kyacca:
double getMoney () {
double s=money;
for {int k=1;k<=time;k++) {
s*=(l+rate/100);
1
return s;
}
void showAll(){
cout<<"Mma: "<<name<<endl;
cout<<"Bxnaxn: "<<moﬁey<<endl;
cout<<"CraBka (%): "<<rate<<endl;
cout<<"llepuon {metr): "<<time<<endl;
cout<<"Uroromas cymma: "<<getMoney ()<<endl;
}
void setAll(string n,double m,double r,int t){
name=n;
money=m;
rate=r;
time=t;
}
// KoHcTpykTOp 6a30BOTO KJlacCa (4eTHpe apI'yMeHTa):
MyMoney (string n,double m,double r,int t){
setAll (n,m,r,t);
}
// KoucTpykrop BaszoBoro kyacca (6e3 apTyMeHTOB) :
MyMoney ()
setalli("",0,0,0)
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Vi
// Tlpou3BOmHENI KNacc:
class BigMoney: public MyMoney{
public:
// Tona npoM3BOMHOTO Kjacca:
int periods;
// TlepeomnpeneneHue MeTOHOB:
double getMoney () {
double s=money;
for(int k=1;k<=time*periods;k++) {
s*=(1+rate/100/periods);
}
return s;
}
void showAll () {
cout<<"Mmsa: "<<name<<endl;
cout<<"Bxjag: "<<money<<endl;
cout<<"Craska (%): "<<rate<<endl;
cout<<"llepuon (net): "<<time<<endl
cout<<"Haumcnenmt B rom: "<<periods<<endl;
cout<<"Mroropasa cymma: "<<getMoney ()<<endl;
}
void setAll(string n,double m,double r,int t,int p){
MyMoney::setAll (n,m, r,t);
periods=p;
}

// KOHCTDYKTOp NPOM3BOIHOTO KJacCa (NATh apryMEHTOB):

BigMoney(string n,double m,double r,int t,int p=1):
MyMoney (n,m, r, t) {

periods=p;
}

// KOHCTPYKTOp MNPOM3BOLHOI'O Kiacca (6e3 apryMeHTOoB):

BigMoney () : MyMoney () {
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periods=1;

b

// TnaBHas QYHKUMA OPOTDAMME

int main(}{
// V3MeHeHMe KOOVPOBKM KOHCOJM:
system("chcp 1251>nul”);
// Coamanme ofmekTa knacca MyMoney:
MyMoney objA("Kor Marpockuu",1200,8,5);
// Cozpanme 06BEKTOB Kiacca BigMoney:
BigMoney obiB("Iams demop",1000,7,6,2);
BigMoney objC("Nec lapux",1500,6,8);
BigMoney objD;
objD.setAll ("Mouranson [euxknu",800,10,3,4);
// TlpoBepka XapaKTepUCTUK OOLEKTOB:
objA.showAll();
cout<<endl;
objB.showAll(};
cout<<endl;
ob3jC. showAll () ;
cout<<endl;
objD.showall();
// Bamepxxa KOHCOJBHOT'O OKHA:
sYstem("pause>nul");
return 0; |

}

Pe3aynbraT BRIIOJHEHNS IPOTPAMMBbl OyAeT TaKuM:

Pe3aynurar suiNONHOHU: NporpaMms! (U3 nucTunra 5.6)
Mma: Kor MaTpockmH
Bxnan: 1200

CraBka (%): 8
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Hepuorn {(mer): 5
Hrororas cyMma: 1763.19

Mg Diaga denop
Bxnan: 1000

Crapka (%): 7
llepuon {mer): -6
Haumcnenuit B rog: 2

Wrorosas cymma: 1511.07

Mua: Tlec lapuk
Bxmaz: 1500

CraBka (%): 6
Nlepuogn (mer): 8
Haumcnesmit B rog: 1

Wrorosas cymma: 2390.77

MMa: TouransoH IleukuH
Brxmanm: 800

Craeka (%): 10
Nlepuon (net): 3
Haumcnenwit B ron: 4

WroroBasa cymmda: 1075.91

Basosbiii x1accMyMoney onucaH JOCTATOYHO MPOCTO: Y HETO €CTh YETHIPE 10715
(name, money, rate ¥ time), Tpu MeToza (getMoney (), setAll() u showAll()),
a TaKxe /iBe BEPCHM KOHCTPYKTOpa — 6€3 apryMEeHTORB H C YeTHIPbMSI apry-
meHTamu. Hac oH uHTepecyeT He caM 110 ceGe, a Kak OCHOBa IS CO3JaHHS,
IyTeM HacleoBaHUs, Kiacca BigMoney. B onncanum kaacca BigMoney nocie
HMEHH KJacca (Yepe3 ABOETOYMHE) YKA3aHO KJIIOUeBOe CJIOBO public U MMS
KJaacca MyMoney. 3T0 03HaYaeT, YTO Kjiacc BigMoney CO3AaeTcs IyTeM OTKDPLI-
TOTO HacJIeAOBaHNA Ha OCHOBE KJIacca MyMoney M IO3TOMY BCe OTKDHITHIE 4Jie-
HH KJacca MyMoney aBTOMATH4YE€CKH CTAHOBATCS WIeHaMM Kjacca BigMoney.
CrienoBaresIbHO, HEMOCPEACTBEHHO B KJacce BigMoney MMeeT CMBICH. OfM-
CHBaTh TOJBKO T€ WIEHH], KOTOphie «A00aB/SIOTCA» K YHACAEAOBAHHMIM U3
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6a3oBoro knacca. ITo yacTu noxneil B Knacce BigMoney £0o6aBJisieTcss TOMBKO
eJIOUHCIEHHOE T0JIe periods. TakKe MBI HCIIOJIB3YeM NepeonpedencHue Me-
mo006, yHaCJIeJOBaHHBIX U3 KJjlacca MyMoney:

@ TEOPUSA

Mpw HacnenoBaHUK B NPOU3BOAHOM KNAcce MOXHO U3MEHWUTDb, UMK Ne-
peonpeaenuTb, KOJ METOAAa, KOTOPLIA HacneayeTcs u3 6asoBoro kKnac-
ca. [1ns 3TOro B NPOM3BOAHOM Kacce MeToq (HeCMOTpst Ha TO, YTO OH
HacneayeTcs), ONUCHIBAETCH 3aHOBO C HYXHbIM KOAOM.

He cneayeT nyTath neperpysky v nepeonpepenenme metona. Mpu
neperpyske CO3AaeTcs NONONHUTENbHAs BEepCWSi METOAa C TakuM Xe
Ha3BaHWeM, HO U3MEHEeHHbIM NpoToTunom. MepeonpeaeneHue MeToaa
MOXET UMETb MECTO TONLKO MPY HACNEA0BAHUN U COCTOUT B TOM, YTO
CO30aeTCA HOBAaRA BEPCUR METOAA BMECTO TOl, YTO Hac/ieayeTcs.

HecMoTpsi Ha To, 4TO B KJIacce BigMoney HacJIeyIOTCS METOZbI getMoney (),
showAll () # setAll (), HacC OHM He O4YE€Hb YCTPAHBAIOT, MIOCKOJIbKY Yy KJacca
TeInepb eCTh JONOJHUTEIBHOE TI0JIE, YTO, KPOME MPOYEro, BiedeT 3a coboii u3-
MeHeHHe crioco6a BBIYHCJIEHUS] HTOTOBOM CYMMBI [0 AeT03UTy. [l pyruMu cio-
BaMH, HYKHO YTOObI TAKHe METO/IH y KJ1acca BigMoney 6buty, HO HeobXoAMMO
BHECTH M3MEHEHHs] B MX MPOrPaMMHBIA KoA. MBI OCTyIIaeM MPOCTO M He3a-
TEeIIHBO — B TeJI€ KJlacca BigMoney OMUChIBaeM JaHHEIE METOBI 3aHOBO.

IIporpaMMHBIii KO MeTOZa getMoney () U3MeHsAETCH TaK, yTOGBI B y4€T npu-
HMMAJIOCh HATMYHE HECKOIBKUX BHIUIAT B roxy. OCHOBHBIX H3MeHeHuH (110
CPaBHEHHIO C KOJIOM MeTOZA U3 KJlacca MyMoney) ZiBa: KOJIMYECTBO NIEPHOJIOB
Ha4YKMCJICHUS POIIEHTOB YMHOXAETCA Ha 3HaY€HHe N0JIA periods, a NPONEHT-
Hasl CTaBKa JIeJINTCS Ha 3HaYeHHe I0JIA periods.

(@ HA 3AMETKY

DaKTUYECKM, 6CNIM PaHblLe BLIYUCNIEHNS NPOU3BOAMNANCE B COOTBET-
ctauun ¢ popmynont m(1 + (r/ 100))', TO Tenepb pabouas popmyna umeer
sug m(1 + r/(100p))”, rne napameTpsi m, r, t u p 0603HA4aAIOT COOTBET-
CTBEHHO HaYanbHyIo CyMMY BK1aJia, FONOBYIO NPOLEHTHYIO CTaBKy, Bpe-
M$i, Ha KOTOpOe pa3MELLAETCS BKNaA, W KOMMHECTBO NEpUOSOB B roay
LV HAYUCNIEHWUR NPOLEHTOB.

IporpamMMmuEIif kOA MeToza showAll() B IPOM3BOAHOM KJjacce OTAHYa-
€TCA OT KOJa aHAJOTHYHOrO MeToja B 6a30BOM KJacce TOJNLKO KOMaHZOH
cout<<"Hauucneuuit B ron: "<<periods<<endl, KOTOpO# B KOHCOJbHOE OKHO
BLIBOAUTCS 3HAYEHUE T10JIA periods.
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B NOAPOBHOCTH

B Tene metoaa showAll() B NPOU3BOAHOM KNacce eCTh KOMaHaa Bbl3o-
Ba METOAa getMoney(). NOCKONbKY METOA getMoney() nepeonpepeneH
B NPOM3BOAHOM Knacce, To GyaeT BLI3biBaTbCA UMEHHO 3Ta nepeonpe-
AeneHHas BePCUA meToaa.

Merton setAll () onucaH B IPOU3BOIHOM KJIACCE C ISITHIO, 4 HE ¢ YETHIPhMS
apryMeHTamH, KaK 6bu10 B 6a30BoM Kiacce. [[ONONHUTEIbHbIN NATHIH apry-
MEHT HYXeH JUIS Tlepejayyl 3HaYeHUs TTOJHIo periods. B Tesie MeToza setAll ()
BCero ABe koMaHAbl. KoMmanzioii MyMoney: :setAll (n, m, r, t) BeI3KIBaeTCs cTa-
pasi, yHacJieoBaHHas 13 6a30BOrO KJacca MyMoney BepeMsi MeTOAa setAll ()
C YeTHIPbMS apryMeHTaMy. B pesysbraTe Noay4aioT 3HAUY€HHUA NOJAS name,
money, rate M time. A 3HaYeHMe 100 periods IPHCBANBACTCS B IBHOM BHE
KOMaHZ0M periods=p.

NnOAPOBHOCTH

Mpu nepeonpepenexsnn METOAOB B NPOU3BOAHOM KNacCe «CTapbie» Bep-
CWU, KOTOpbIE HAacheayloTCs U3 6a30BOro KIIAcca, Ha CaMoM Aene HUKYAA
He gesaioTCs. TeXHNYECKN OHKU CYLLIECTBYIOT. POCTO «NepeKpbLIBAIOTCA»
HOBLIMN BEPCUAMU MeTOA0B. Mpu HEO6XOAUMOCTH 3TU «CNPATaHHLIE»
BEpCUU METOAO0B M3 6a30BbIX KNACCOB MOXHO «U3BNEYL» U UCMONL3O-
B8aTh NO Ha3HauYeHuo. OaHaKko ANA 3TOro Heo6GX0AVMMO AIBHO YKa3aTb, YT0
noapasyMeBaeTCs Ta Bepcusa MeToaa, Kotopas Hacneayercs ua 6a3o-
BOro knacca. [ina 3Toro nepes MMeHeM MeToAa YKasbiBaeT st UMs 6a30-
BOTO Knacca, U3 KOTOporo MeToA Hacneayetcs. Mexay umereM knacca
M UMEHEM MEeTOAIa CTAaBUTCS ONepaTop paciuMpeHns KOHTeKCTa :: (ABa
DBOETOYNA). :
BOCTOMHO BHUMAHKUA U TO oﬁcromenbcrao, 4YTO B KNacce BigMoney me-
TOA4 setAll () ONUCHIBAETCA C MNATHIO apryMeHTamMy, a B Kiacce MyMoney
Y MEeTOfAa setAll () yeThipe aprymeHTa. MoXer CloXuTLCA BriedatneHue,
YTO B NPOM3BOAHOM KNacce BLINONHAETCA Neperpyska MeToaa setall(),
HO 3TO He Tak. B Npou3BOAHOM Knacce Bepcus MeToAa setAll () C NATLIO
aprymeHTamu «repekpouiBaet» Hacnenyemylio ua 6a3osoro knacca sep-
CUI0 MeTOAA setAll () C YeTipbMsi aprymeHTamu. Tak 4to npsMoit (Ges
ykasaHus 6a30B0ro Knacca) #ocTyn B NpoM3BOAHOM KNACCe €CTb TONLKO
K TO/ BEpCWM MeToAa, HTO OnucaHa B NPOM3BOAHOM Knacce.

B npoM3BOZHOM KJIacCE ONHKCAHbI JiBe BEPCUH KOHCTPYKTOpa: 6e3 aprymes-
TOB M C IATHIO apryMeHTamu (OfAMH U3 apryMEHTOB HMeeT 3Ha4YeHHe II0
yMoganuio). Cienudika onucaHus KOHCTPYKTOPa B IIPOM3BOHOM KJacce
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TaKOBa, YTO HEOOXOAMMO SIBHO YKa3bIBaThb BHI30B KOHCTPYKTOpa 6a30BOro
ki1acca. Hanmpumep, npu onicaHny KOHCTPYKTOPA KJiacca BigMoney C nsIThiO
apryMeHTaMH MOCJIe Ha3BaHMsl KOHCTPYKTOPA U CITMCKAa apryMEHTOB 4epes
JABOETOYHE YKa3aHa HHCTPYKIMS MyMoney (n,m, r,t), KOTOpPas O3HAaYAET BHI-
30B KOHCTPyKTOpa 6a30BOr0 K71acca ¢ COOTBETCTBYIOUIMMM apryMeHTaMH.
Ilocae Toro, KaK BBIMOJIHEHHE iconc’rpylc'ropa 6a30BOro Kjacca 3aBepiiaer-
csl, KOMaHZI0H periods=p NMPHCBAMBaeTCA 3HaYeHHE 10O periods. Ilpome
TOBOpA, B Tejle KOHCTPYKTOpa NPOU3BOAHOIO KJIacca HPOrpaMMHPYIOTCS Te
AONOJHUTENbHbIE JEHCTBHS, KOTOpBIe cleAyeT BBIOJHUTh NOCJE BhI30Ba
KOHCTPYKTOpa 6a30BOro Kjacca.

(@ HA 3AMETKY

B Ttene koHcTpyktOopa 6a30BOro knacca MyMoney Bbi3biBAa€TCA METOf,
setAll() C uYeTbipbMA aprymeHTamu. MOCKOALKY BbI30B NPOUCXOAUT
B KOHCTPYKTOpE “MEHHO 6a30BOro Knacca, To U Bbi3biBAETCR BEpCUA
metoga ua 6a3oBoro knacca.

AHasorMYHBIM 06Pa30M ONHCHIBAETCS BePCHsI KOHCTPYKTOPA IPOU3BOAHOTO
Kkaacca Ge3 aprymenTos. To/bKo Tenepb KOHCTPYKTOP 6a30BOro Kjaacca Tak-
e BHI3BIBAeTCs1 6e3 apryMeHTOB, a [IOJII0 periods MPUCBAMBAETC eAMHUYHOE
3HaueHHe.

B ¢ynxnum main() co3ganoTcs HECKOABKO 0OBEKTOB, H 3aTEM HPOBEPSIOT-
Csl MX XapaKTePUCTUKH. Tak, KOMaHzoil MyMoney objA("Kor Marpockuu",
1200, 8,5) cosaaetcst 06beKT 6a30BOroO Kjacca MyMoney. KoManaamu BigMoney
objB("hans  demop",1000,7,6,2), BigMoney objC("lec Mapmk",1500,6,8)
M BigMoney objD co3AaioTcst 00beKTH HPOM3BOJHOIO Kiacca BigMoney. ITo-
CKOJIbKY B TPOM3BOAHOM KJIacCE ONMCAH KOHCTPYKTOp 6e3 apryMeHTOB
¥ C IIATBIO apryMeHTaMH (IIPH TOM, YTO OAMH M3 apIyMEHTOB MMEET 3Haye-
HHE [10 YMOJTYaHHIO)), TO IIPH CO3AaHIH O6BEKTa B KOHCTPYKTOP MOXHO Iepe-
aBaTh YeTHIPE MM MATH aPIYMEHTOB, MM He nepeaasarb UX coBceM. Ko-
MaHJ0#t objD.setAll ("lloyransou Heqmn"; 800,10, 3, 4) 3agaloTca SHaquna
nosteit o6’beKTa MPOU3BOAHOTIO Kiacca. [IpoBepka 3HaYeHwMi moiei 06beKTOB
BBHINOJIHAETCSA ¢ NOMOIIBIO MeToAa showAll ().

3apaumn Ans CaMOCTOSNIT@NIbHOro peleHuna

1. Hamnumure nporpamMmy, B KOTOPO#i CO3AETCA KIACC A OIMCAHUA TAKO~
ro (pU3MYECKOro 00BeKTa, KaK «lapauie/ienuien». Y Kiacca TpH IOJ:
IIMPHHA, IIyOMHA M BHICOTA, a TAKXKE METOJI Ul BRIYMCIEHHS o6beMa
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Knaccot U 06bexTbi

(npou3Benenne 3HayeHuil moneit ob6bvekTa). IIpenycMorpers Hamuume
KOHCTPYKTOD2 ¥ METO/a AJIA OTODOPa’KEHMsI XapaKTEPHCTHK o0beKTa.
PaccmoTpuTe MexaHW3M HacleJOBAaHHS; CO3[AaB HA OCHOBE KJjlacca Ipo-
M3BOAHLIHA ¢ JOTMOMHUTEAGHEIM I10JIEM, ONpelesTIOIHM MACCY «HapaJ-
nenenunenas. JJo6aBUTh B MPOM3BOIHOM KJIACCE METO/ /ISt BEIYHCIEHUS
IIOTHOCTH MaTepHaa, H3 KOTOPOro CAeNaH <napajnejenunesy (Maccy
HYXHO IOAETUTD Ha 00beM). [Toaymaiite Haz TeM, Kak 106aBUTH B KJaccC
OIEPaTOPHEIE METObI WIH OIIMCATh ONlepaTOPHble (PYHKITMHK ISt BBIITOJI-
HEHHA HEKOTOPHIX NIPOCTLIX onepaumii c o6bexktaMu. Hanpumep, neenne
00beKTa Ha YHUCJI0O MOXET IPHBOAUTD K TOMY, YTO MacCa «NapaJLIe/ienu-
1ea» YMEHBINAETCS B ONpeAesIeHHOe KOJNJecTBo pa3. im: B peayasra-
Te CJIOXKEHHUS ABYX OOBEKTOB HOJIy4aeM HOBH 06bekT. Ero o0nem paBen
cyMMe 06BbeMOB HCXOAHMX OOBEKTOB, €I0 Macca paBHa CyMMeE Mace HC-
XOHBIX 00BEKTOB, a BCe TPH THHEHHBIX pa3Mepa OAHHAKOBHIE.

Hanumure nporpaMMy ¢ KJ1acCOM /7SI peaM3all i KOMILIEKCHBIX YHCe.
Y knacca aBa nossi (A€HCTBUTENbHAS B MHMMAsA 9aCTH KOMILIEKCHOTO
unca). OmicaTh IS KIaCCa ONepaTopHble (PYHKINM M METOAHI, TIO3BO-
JISIOIYE BHIIONHATH 6230Bbie MATeMaTHYECKHE ONepaliy ¢ 00beKTaMi
xiacca. Co3aath Ha OCHOBe 6a30BOro KJIacca HPOM3BOAHKIN KJacc, B KO-
TOPOM Peai30BaTh NpeCTaBIeHHe KOMIUIEKCHOTO YHC/Ia B TPHTOHOME-
Tpuyeckoit popme. HanoMHMM, YTO KOMILJIEKCHOE YUCHIO 2 = X + iy UMe-
eT AeVCTBUTENBHYIO X H MHEMYIO I YacTH, a MHUMasT eqMHHIA { TaKkad,
9t0 i = —1. OCHOBHbIE MaTEMATHYECKHE OIEPALHH C KOMILTEKCHBIMH
YUCJIAMM BBITTOJIHSIOTCA TaK JKe, KaK ¥ C OOBIYHBIMH YUCIAMH, C YIETOM
JMIIB TOTO, 4TO i° = —1. B TpHroHoMeTpHyeckoi ¢$opMe xoMILTEKCHOE
YMCJIO IPEACTABUMO B BUAE 2 = |lzlexp(ip), rae Mony.1s urcia |2 = a2+ 32,
a apryMeHT @ TaKo, uto sin(Q) = y/(N2 + y?) u cos(¢) = x/(N22 + y?).

YyecTnb, 4TO MMeeT MECTO TOXKAECTBO exp(ip) = cos(p) + i - sin(¢).

Hanummire NporpaMMy ¢ KJIaCCOM /Il PEIM3allii BEKTOPOB B AByMep-
HOMIIPOCTPAHCTBE. Y KJlacca iBanoist (KoopAuHaTh BekTopa). [Ipenycmo-
TPeTh BHINOJIHEHNE (A30BHIX Onepaiuii ¢ BEKTOpaMK (TaKux, HApUMep,
KaK CJIOXeHHe ¥ BRIYHTaHHEe BEKTOPOB, YMHOXKEHHE H JieJieHHe BeKTOPOB
Ha YHCJIO, BBIYMC/IEHWE CKAIAPHOIO MpoM3BefeHHs BekropoB). [lyrtem
HacJIeZIOBaHUsl CO3/IaTh KJAcC /Jisi Peaid3aliiy BEKTOPOB B TPEXMEPHOM
npocrpancTBe (Y Takoro BeKTopa Tpu koopanHathl). HanoMuuM, 4T0 Bek-
TOP B TPEXMEPHOM IIPOCTPAHCTBE OJHO3HAYHO OIMCHIBAETCS TPEMSI KOOP-
auHaTamu. ONepaluy ¢ BEKTOPAMH BBITIOIHAIOTCS TAK: €CANE = (a,,d,,a5)
ub = (b,,b,,b,) BexTOpHL, a A M E — uncna, To Aa + Eb = (Aa, + Eb, \a, + Eb,,
Ag, + £b,), a ckanspHoe npousBenennea - b = a,b, + a,b, + asbs.
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4.

HanumuTe nporpaMMy ¢ KJIacCOM VISt OIHCAHUSA «JIETKOBOTQ aBTOMO-
Owsi». Yepes mosst Kiacca peaiM3yioTCs TAKME XAPaKTEPHCTHKH, Kak
Mapka, nBeT, o0beM TOIVIMBHOIO Gaka (B JMTPax), HOPMa NoTpedIeHUs
6ensuna (surpos Ha 100 kunoMerpos). IlpenycMoTpeTh, KpOMeE IPOYEro,
HAJTHYHE METO/Ia, IO3BOJIAIONIEr0 BRYKMCIHTh PACCTOSHHE, KOTOPOE IPO-
€eT AaBTOMOOHJIb, U3PACXOA0BAB MOJIHEI 6aK OGeH3NHA (BHIYMCIASAETCS
Kak ymHOXeHHoe Ha 100 oTHomeHue 06beMa TOIIMBHOTO 6aka K HOpMe
norpebsienusi 6eHsuna). Ha ocHoBe x1acca myreM HacJieIOBaHHSA CO3AATD
NPOM3BOAHAIN KJIACC /LIS OIIMCAHUSA «IPY30BOr0 aBTOMOOIWIsI». [lo6aBuTh
110Jie, OTIHCHIBAIOIee TPY30NMOABEMHOCTb ABTOMOOWIS (MaKCcHMaTbHas

' Macca rpy3a B TOHHAX, KOTOPYIO MOJXET II€PEBO3UTh aBTOMOOMb) H Me-

TOH, NO3BOJISTIONIHI BHIMHCIUTD ce6ecTOMMOCTh TPAHCIIOPTHPOBKH oaHoi

* TOHHBIH I'Py3a Ha OAUH KWJIOMETP. Peay.nb'ra'r METOAA PACCYHTBIBACTCA

TaK: HopMa noTpebiennst GexHsuna aexutcs Ha 100, yMHOXKAETCS Ha LEHY
nuTpa 6eH3HHA W JeJIUTCS HA TPY30N0ABeMHOCTD. LleHa auTpa Gensuna
IepeAaeTcsi apryMeHTOM MeToay. PaccMOTpeTs BO3MOXKHOCTD OIpesesie-
HHS /11 KJIACCA OTePaTOPHBIX METOJIOB M OTePaTOPHHIX yHKIMiA.,

Hanmnnire nporpaMMy ¢ KJIACCOM VIS OITMCAHHS CHTYaIHH, KOTa AeHeX-
HBIH BKJIQN, pa3MenIaeMblii Ha AETIO3UTe, COCTOMT U3 ABYX 4acTeil. Bpems
pasMelleHNs JEN03UTa OJHO M TO XKe Ul 00eHX JacTeil BKJIaja, a mpo-
LIEHTHasl CTaBKa I KKAOH 4acTH BKJIa/a CBOst. (DakTHYECKH pedb MAET
0 pacIHMpeHHOM BapMaHTe 3aJia4dH, PACCMOTPEHHOM BhINIe B JaHHOI I71aBe.
TlpeanaraeTcst peain30BaTh TE XK€ ONEPALMHM, YTO OIIMCHIBATNCH IJIs 00D-
€KTOB Kj1acca MyMoney, HO TOJIBKO C Y4€TOM HOBO# NOCTAHOBKH 33/1a4M1.

PexomeHpauum ans caMmocTosTensHoi paborn

Tpeanoxute 0GBEKTH U ABIEHUS U3 PEATILHOM KH3HHU, KOTOPHIE MOXKHO
6110 ObI ONHCATh Ha MPOrPAMMHOM YPOBHE B PaMKaxX KOHIIETII{MH KJIac-
coB H 06bexToB. CocTaBBTE COOTBETCTBYIONIHE IPOTPAMMBL.

Kakune MaTemarmyeckue OObEKTH ¥ Onepay MOTyT GHITH 3aIIporpam-
MHpOBaHHl C NpPUMEHEHHEM OOBEKTHO-OPHEHTHPOBAHHOIO MOAXOAa?
IIpensoxure cBOM NPOrpaMMBL.

Ipeanoxure BApHAHTH PeLIeHNS TeX 3a/a4, KOTOPhIE paCCMATPHBAIIMCh
B NPeAbIAYINHNX IJ1aBax (MM NPeJIaTaJIuCh TaM ISk CaMOCTOSITEIBHOTO
PELIEHHMs ), C MCIOIb30BAHMEM KJIACCOB U OOBEKTOB.



asa 6
UCNOJNIb3OBAHUE KJIACCOB
N OBBbEKTOB

— A 1oyeMy OH poeT Ha iopore?
— Jla moToMy, 9TO B APYIMX MECTaX BCe
yKe IIEPEPHITO U TIEPECESTHO.

uz /g <31 wonss»

B ar0it rnaBe MBI pacCMOTPHM psifi cielPUYECKUX BONPOCOB, CBA3AHHBIX
C HCIOJb30BAaHUEM KJ1acCOB U 06beKkToB. KpoMe 1npovero, Mel 0CTaHOBUMCS
Ha TAKHX TeMax Kak:

® co3jgaHHe MacCHBa OObEKTOB,

® co3naHue 06BEKTA C IOIEM-MACCHBOM;

® paboTa C yKa3aTe/asiMi Ha OObEKT;

¢ co3jganue GYHKTOPOB;

® MHIEKCHPOBaHHE OOBEKTOB;

® peanM3aUus KOHCTPYKTODA CO3/IaHMS KOTIUU O0beKTa;
®  HCHOJIb30BaHHE BUPTYAJbHBIX METO/IOB;

¢ [pHUMEHEHHE MHOXECTBEHHOTO HAC/IEOBaHHUST,

® 0cOOEHHOCTH paboTHI C 3aKPHITHIMK WieHaMK Ga30BOr0O KJacca NpH Ha-
CJIEOBAHUH;

® jocTyn K 00beKTaM IIPOM3BOAHOTO KJIacca 4epe3 0ObeKTHBIE epeMeH-
Hble 6a30BOrO KjIacca.

PaccmaTpuBaeMele Jasiee IPUMEPH! M 3a/la4H HPU3BAHBI IPOHILTIOCTPHPO-
BaTb HauGoJiee BaxkHble MexaHu3Mbl OOII, peamusyembie B C++.

Yxa3atenn Ha 06bexT

s o6bexTa, Kak M U1 3HaYeHUs1 pocToro (6a30BOro THIAa) MOXHO CO3-
AaTb yKa3aTeb. YKa3aTeb Ha 00BEKT — IepeMeHHas1, 3HadeHHEM KOTOpOit
SIBJISIETCA aJipec QObeKTa.
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@ TEOPMUSA

Monywuth anpec ob6vexra MOXHO C FIOMOLLLIO WHCTPYKLMH &. Ecnu ne-
pea ykasatenem nocrTaBvUTb *, NONYYUM 3Haqeuue — TO ecTb cam o6bexT.
Ecnm umeeTcs ykasatens Ha 06beKT, TO ANs RONYYeHUA A0CTYNA K NONAM
¥ metoaam o6vexTa yepes ykasarenb UCMONb3YIOT ONepaTop ->.

HeGosbmoit npumep MCronb30BaHust yKasaTeJel Ha 0GbeKThl PEACTaBIEH
B JIUCTHHTE 6.1.

JiucTurr 6.1. flocTyn x o6bvexTam 4epes yxasaresib
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Ommcanme xnacca:
class MyClass{
public:
// TekcToBoe none:
string name;
// LenouucnexHoe none:
int number;
// Meron mna orobpaxeHus BHAYEHMUA [OTeNH:
void show () {
cout<<"[lose name: "<<name<<endl;
cout<<"Mlone number: "<<number<<endl;

}i
// TnaBHad QyHKUMA TNPOTPaMMH:
int main(){
// VI3MeHeHue KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Cosnanue OBBEKTOB:
MyClass objA,objB;

// OBBABIEHMe yKazaTend HAa OOBEKT:
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}

Wcnonb3oeaHue knaccos n 06bexTos

MyClass* p;

// Anpec obwexkTa 3anMCHBAeTCA B yKasaTelb:
p=&0biA;

// TpucBauBaHue 3HAYEHMI NONAM OOLEKTA
// uepes ykasaresb:

p->name="06vekT ObjA";

p->number=111;

// BH30B MeTOZa UYepe3s yKa3arelb:
p->show();

// Hoeoe 3HaueHMe yxaszaTeys:

p=&0bijB;

// TlpucBaMBaHMe SHAYEHMIt NONAM OBBEKTA
// depes ykasareib:

p->name="06wexT objB";

p->number=222;

// BHZ0B MeTOHa 4Yepes3 YKasarTelkb:
p->show () ;

cout<<"llporepsaeM 06BeKTH\N";

// TipoBepka 3Ha4YeHMit rojuei OGBEKTOB:
objA.show();

objB.show () ;

// 3amepXxa KOHCOJBLHOTO OKHa:
system("pause>nul");

return 0;

Pesysprar BolnoJIHEHHS ITPOTPAMMBI TaKOH:

Pe3ynbraT BuINOAHOHUA NporpamMmbl (M3 nucTmnHra 6.1)

Mlone name: O6BexT ObjA
llome number: 111
llone name: O6wvexT objB
None number: 222

[IpoBepsieM OBOBEKTH
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Mnasa 6

llone name: O6wekT -objA
lone number: 111
Mone name: O6wexkT ObjB
lone number: 222

B nporpamme onuceiBaeTcs kiacc MyClass, B KOTOPOM €CTh TEKCTOBO€ (THIT
string) moJsie name M 1eJIOYMCIEHHOE (THII int ) moJte number. Takxke B KIacce
OnuUcaH MeToj show (), IpeaHasHAYEHHBIN IS OTOOPAXKEHUSI 3HAYEHHS 10~
neit 06beKTa, N3 KOTOPOTO BHI3EIBAETCSA METOL.

B ¢ynkumu main() koMaHZOR MyClass objA,objB CO3AAITCS ABa 0GBEKTA
Kacca MyClass. 3aTeM KOMaHOM MyClass* p oOBsBISIeTCA yKasaTelib Ha
00bexT Kacca MyClass. Komanoii p=50bjA 3HaUeHMEM yKa3aTe 0 HPHUCBaN-
Baerca ajpec obbekTa objA. IloatoMy KoMaHAaMM p->name="06sexT ObjA"
¥ p->number=111 OPUCBAUBAIOTCS 3HAYEHUNA TOJISIM 0OBEKTA objA, a KOMaH-
A0 p->show () M3 00bEKTa objA BhI3BIBAETCS METO, show ().

Iociie npucBauBaHuA HOBOIO 3HAYEHUS YKA3aTENIO p C IIOMOINbLIO KOMAaH/IbI
p=&0bjB, HHCTPYKI{UH p->name="06wvexT 0bjB", p->number=222 ¥ p->show ()
noApasymeBaioT oOpauieHue K ToJisiM ¥ MeToay obbekrta objB. IIpoBepky
3HaueHMH mojieil 06BEKTOB objA U objB BBINOJIHAEM, BhI3BaB U3 ITHX 00b-
€KTOB METOJ show ().

Eite oquy npuMep HCIoNb30BaHUs yKa3aTeseldl Ha 0ObEKT MpPeACTaBIeH
B cjeAyloneM npumepe. TaM co3maetcs yenouxa o6sexmos. Bce 06beKTH
AMHAMUYECKHe — TO eCTh MaMsTh O] HUX BHIAEASETCHA B THHAMHYECKOM
pexxume. Y Kaxaoro o6beKTa ecTh I0Jie-yKa3aTesb, CoJepiKalnee aapec
caenyiomero o6bekTa B nenodke. TakuMm o6pa3oM, UMesi ZOCTYI K mep-
BOMY OOBEKTY B IIe[I0YKe, MOXeM MOJYYUTb JOCTYH K JI060My OOBEKTY.
IIporpaMma, B KOTOpO# peain30BaHa 3Ta HAEs, IPEACTABIEHA B JIUCTHH-
re 6.2.

JlucTunr 6.2. Ucnons3osaHue yxasareneii Ha o6bexT
#include <iostream>

#include <cstdlib>

using namgspacé std;

// Onmcanme kjacca:

class MyClass{

public:
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Wcnonb3oBaHye KnaccoB U OGLEKTOB

// CuMBONMBHOE mOsIE:
char code;
// Tome — ykasaTenp Ha OBBEKT:
MyClass* next;
// Decrpykrop:
~MyClass () {

cout<<"06weKT c moneM "<<code<<" ymaneu\n";
}
// Meton Ana OTOOpAXEHMA 3IHAYEHMA CMMBOJIBHOI'O NONA:
void show() {

// OroBpaxenue 3HaUEHUA MONA:

cout<<code<<" ";

if (next){

// BH3OB MeTofma mnd clemdywmero ofweKxTa:

next~->show () ;

}i
// OyHKUMS OA yRaneHud UeNoYkyu OGBEKTOB:
void deléteAll(MyClass* a) {
// TlpoBepka ampeca B Mojne next:
if (q->next) {
// BuB0B QyHKUMM HNA Clefylmero ofmeKTa:
deleteAll (g->next);
}
// Ynanesme rexymero o6meKTa:
delete g;
}
// TnaBHasi $YHKUMS TPOTPAMMH:
int main() {
// Vi3MeHeHue KOIOMPOBKM KOHCOJM:
system("chcp 1251>nul");
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fhasa 6

// lenouncneHHas nepeMeHHas:
int n=10;
// Inuammueckoe co3naHue OGBEKTA:
MyClass* pnt=new MyClass;
// Docrtyn k nojp o6beKTa uepes yKasaTeNbk Ha Hero:
pnt->code='A";
// YxasaTenb Ha OBBEKT:
MyClass *p;
// HauanmbHOe 3HAUEHME yKaszaTesd:
p=pnt; ’
// Co3spanve LEnouYKy OBBEKTOB:
for (int k=1;k<=n;k++) {
// Co3paHne ouepemHOTO OOBEKTA:
p->next=new MyClass;
// 3BHauenue nona code nyA HOBOTO OBBEKTA:
p->next->code=p->code+l;
// HoBoe 3HaueHue ykazaTens — ajpec
// BHOBB CO3NAHHOTC OOBEKTA:
p=p->next;
}
// Hynemas cchiika B mojie next ana NOCHeRHero
// obwexTa B Uenouke:
p->next=0;
// BH30B MeTOoma Ijis MEpPBOTO OGBEKTa B LEMOYKE:
pnt->show() ;
cout<<endl;
/! Ynanenue Lenouku OGBEKTOB:
deleteAll {pnt);
// 3anepxka KOHCOJNBLHOT'O OKHa:
system("pause>nul");

return 0;
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Ucnonb3osaHue Knaccos u 06beKTos

Huke npeACTaBsieH pe3y/ibTaT BHITOTHEHHS MPOrPaMMBI:

Pe3ynsTar BbiNoNHEeHUNA NporpaMmbl (M3 nucrunra 6.2)

ABCDEFGHIUJK
ObwekT ¢ nomneM K ygpaneH
ObvexT C noneM J ynalleH
yIoaneH
yoaneH

yaaneH

0bBexT C noJsieMm

06BeKT noJjieM

06BexT C nomem

O6bexT
OfrexT

o
o
c
C noJyeM
O6bexT ¢ noyeM
c
c
C

ynanex
ynanes

OOBeKT yLalex

K
J
I
H
G

nosieM F ynaneH
E
D
nojyiem C
B

06wexkT c noneMm B ynaneH

Ob6vexT C noneM A ygmalnel

[Ipoananu3upyem nmporpaMMHbIil Kox mpuMmepa. B xiracce MyClass onucano
JiBa MOJisl: CHMBOJIBHOE T0JIe code H ITOJIe next, KOTOpOe SIBASETCS yKa3aTe-
JieM Ha 0O6BeKT Kjacca MyClass (mojie OOBSBIEHO C TIOMOLIBIO HHCTPYKIIMH
MyClass* next). Taxke B knacce omucaH necTpykTop. B Tene mecrpykropa
KOMaH/IOH cout<<"06mekT c momeM "<<code<<" ymanex\n" oTobpaxaercs co-
obmenvie 06 yaaneHHH 00BEKTa M YKA3HIBAETCsi, KaKoe 3HaueHue IoJis code
ynansemoro obbekra. [{eCTpyKTOp HaM HyXeH HCKJIIOYHTEJIbHO AJISA TOTO,
4TO6BI CAeAaTh HAIJISIAHBIM IpoIecC yAaieHus oOnekTa. IIpome rosopsi,
Korja GyZieT yaansaTeCs TOT WM UHOM OOBEKT, MBI 3T0 YBHAMM (TIpaKTHde-
CKH B GYKBAJIbHOM CMBICJIE). .

Eie B kacce MyClass onucaH MeTOA shovw (), KO KOTOPOr0 IOCTOHH OTAE/Ib-
HOro BHMMaHHs. MeToa He BO3BpallaeT pe3yibrar, H Yy HETO HeT apryMeH-
ToB. IIpu BLI30BE MeTOAa cHayaia KOMaHAoH cout<<code<<" " otobpakaercst
3HaueHMe 1oJIA code 06BEKTA, M3 KOTOPOro BhI3biBaeTcst Metoa. Ho aTo eme
He Bce. [locie oro6paxkeHus 3HayeHms MOJA code B YCJIOBHOM oneparope
MpoBepsieTCs 3HaYeHHe 1107151 next. Eciu 3HadeHue nmoJst OTJMYHO OT HyJ,
TO KOMAHZOM next->show() MeTOX show() BHI3BIBaeTCA AJIA CIACAYIOUIErO
00bexTa B HEenouKe. -

B NOAPOBHOCTHM

B none next o6beKTa 3anucad agpec cneayloulero anemenHTa. ns no-
cnegHero obbvexta B Uenouke chnepywowero obvekra HeT, nosToMmy
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nocnegHuit o6beKT He cewinaeTcs Ha gpyron obvekT. Mpegnonaraercs,
4TO Nose next NocnegHero 8 yenoyke obbexkra coaepXxuT Hynesoe 3Ha-
yeHue. Takum 06pa3oM, PaBEHCTBO HYMHO NONA next UHTEPNpPETUpYeTCA
Kak npu3Hak nocneaHero obbekTa 8 Lenoyke.

3aech TakkKe YMECTHO HaNOMHUTDb, 4TO OT/IMMHbLIE OT HYNIA 3HAYEHUA UH-
TepnpeTupyloTCA Kak NOrn4eckoe 3HavyeHue true, a Hynesoe 3HavyeHue
MHTEPNPeTUPYETCH KaK NIOruieckoe 3HaveHue false. [03TOMY OTANUHDIN
OT HYNA aapec B rnone next (nepeaaHHbiii YCI0BMEM B YCNOBHLIA onepa-
TOp) MHTEPNPETUPYETCHA KaK JIOru4ecKoe 3HaueHue true, a none next
C HyneBbiM 3Ha4YEeHUEeM B nocneaHeM o6bekTe MHTEPNPEeTUMPYeTCA Kak
3HayeHue false.

CnepoBaTtesibHO, IPH BHI30BE MeTo/a show () M3 06bekTa oToOpaXkaeTcs 3Ha-
yeHue code 0OBEKTA, MOCJIE YETO ABTOMATHYECKH BHI3bIBACTCS METON show ()
WIS ciefyiomero 06beKTa, ¥ Tak jajee. B pesysbTaTe IpH BHI30BE MeTOAA
show () moc/IeA0BaTENbHO OTOOPAKAIOTCS 3HAYEHHS TIoJIel code Bcex oObek-
TOB B LI€NIOYKE, HAYMHAs C TOT'O, C KOTOPOTO BHI3BIBAETCS METOL.

[TockonbKy 06BEKTH B IPOrPaMMe CO3AAIOTCSE ANHAMMYECKHE, TO HX CIELY-
et ynamate. IIpo6ieMa CBS3aHa C TEM, YTO Peyb HAET O HENOuYKe 0OBEKTOB
H TIPAMOIi OCTYTI UMeeTCsl TOMBKO K niepBoMy oObexty. [loaToMy npu yza-
JIeHUH OOBEKTOB HYXKHO «IIPOMTH» TI0 LETIOYKe H YAAIHTh KaXkIbld OOBEKT.
Jins pemieHus 3agauu onmuchiBaeTcss QYHKUUA deleteAll (). DyHKuusa He
BO3BpaIlfaeT Pe3yJIbTaT, U Y Hee OJMH apryMeHT (0003Hauy€eH KakK q), KOTOPHIii
ABJISIETCA YKa3aTeneM Ha 00beKT Kiacca MyClass. Kog Tena pyHKuuy Hauu-
HAEeTCst ¢ YCAOBHOTO onepatopa (B ynpoleHHoi ¢opme), B KOTOPOM IIpoBe-
psieTcsi ycJIoBUe g->next. YCIOBHE g->next COCTOUT B TOM, 4TO aJIpec B IOJie
next o6beKTa, Mepe/laHHOTO Yepe3 yKasaTelb q apryMeHToM (QYHKIMH, He
pasex Hy©. [Ipoiie roBOpsi, JaHHOE YCJIOBHE HCTHHHO, €CJIM OOBEKT, ajpec
KOTODOTO 3allHCaH B YKa3aTeJb g, He AB/AETCS NOCTeHHM OGBEKTOM B Iie-
nouke. Ecau Tak, To Komanao#t deleteAll (g->next) byHKiHs deleteAll ()
BBI3BIBAeTCS /1A Clefyiomero o6bexTa B itenouke. ITocse ycIo0BHOTO onepa-
TOpa KOMaHAOM delete q yaamsiercss OODBEKT, ajpec KOTOPOIo COAEPKUTCS
B yKa3areJie q.

(G HA 3AMETKY

To ectb o6uwan cxema Takan: GpyHkuus deleteAll () BbI3LIBAETCH C yKa-
3aHMeM appeca HekoToporo o6bekta, KOTOpbiii gonxeH ObiTb yaa-
ned. Ho nepep ero ynaneHnem asTOMaTU4ECKWN Bbi3bIBAETCH ByHKUMS
deleteAll () Aans yoaneHust cnepyiouwiero obvekra. lNepen ynaneHmem
cneayouiero 06LeKTa ONATL BH3bIBAETCA GYHKUMA deleterll () AnA yaa-
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neHust ewe oaHOro o6LexTa B Lieno4ke, v Tak aanee — noka ouepeab He

Aaoiper po nocnegHero obvexra. OH yaanseTcs, Nocne Yero yaasnercs

npeabiayLwmii 06bekT, 3aTeM 06LeKT nepea HuM, 1 Tak aanee. Takum 06-

pa3oMm, 06bexThl GyAyT YAaNsTLCA C KOHLA LenoyYkn B ee Havano. Mpun

Bbi30BE QYHKUMM deleteAll () apryMEeHTOM ei nepenaercs nepsuiit 006b-
" eKT B uenouke.

B riaBroi QpyHKIMM nporpaMMsel OOBsABISAETCS LEJIOYUCIeHHAs TlepeMeH-
Has n. KonuyuecTBo 06BbEKTOB B Lienouke Ha e€UHHMIYY OOJIbIIE 3HAYEHHS
3TOl nepemenHo. KoManaolt MyClass* prit=new MyClass co3faercs AuHa-
MHYECKUI 0OBEKT M €ero azipec 3amuchHIBaeTCs B yKasaTesib pnt. Komannoit
pnt->code="A' moJi0 code 3TOro oObEKTa NPHUCBAMBAETCS 3HAUYeHHe 'A’.
Komannoii MyClass *p cosaaercsi yKasaTesb p Ha 0OBEKT Kjacca MyClass
M 3HAYEHWe YKa3aTesio IIpUcBaMBaeTcs KoMaHAo# p=pnt. IlosToMy B Ha-
YaJbHbIH MOMEHT YKa3aTeJlb P COAEPIKHUT afipec TOro XKe 00BEeKTa, 4YTO U yKa-
3aTenp pnt. Jlamee 3alycKaeTcss OIepaTop HUKJIA, B KOTOPOM HHAEKCHAs
NepeMeHHas k NPMHMMAEeT 3HAYeHMs OT 1 10 n BK/IIOYHTENBHO. 3a KaXkALi
IMKJI IOC/IeIOBATENbHO BBINOJHAIOTCS TPU KoMaHAbl. CHauajla KoMaHAOH
p->next=new MyClass CO3/a€TCs OUYePEXHOM AUHAMUYECKHIN OOBEKT M €TO
ajipec 3aIlIMCBIBAETCS B TOJIE next 0OBEKTa, ONMPENEIIEMOTO yKa3aTeJleM p
(cnepylomuii o6bekT B Henouke). Komanmoit p->next->code=p->code+l
TOJI0 code BHOBB CO3/IaHHOTO 0GBEKTa TIPHCBAMBAETCS YBETMYEHHOE Ha
eANHHUIY 3HAYeHHeE IT0J1s1 code TeKyniero (agpec KOTOpPOro 3anMcaH B yKa3a-
Tesie p) 06beKTa. o

B noAPOBHOCTM

‘O6paluenue K nonio code 06bEKTa, aAPEC KOTOPOro 3anucaH B none
next (a none next, B CBOIO ouepeab, OTHOCUTCH K 0ObekTy, onpeaense-
MOMY yKa3artesniem p), BbIrIAAMT KaK p->next->code. Takasi MHCTPYKUMS
HaxXOAMTCA B NEBOM YaCTU KOMAHABI NPUCBANBAHUA 3HANEHUA p->next—>
code=p->code+l. C Apyroi CTOPOHLI, Y 06bEeKTa, OnpeaenseMoro yka-
3arenem p, NOMUMO NMOARK next UMEETCA eLe 1 none code. ObpawieHmne
K 3TOMY MONI0 BLINOMAHAGTCA C MOMOLWLIO UHCTPYKUMK p->code. Mone
CUMBONLHOE, NO3TOMY eCnu K Hemy NpubaBuTt eanHULY (BbipaXxeHue
p->code+l), noay4Mm cnenyouyio 6ykey No OTHOLLEHWO K TOW, 4TO 3a-
nucaHa B noae code 00bLEKTa, onpesensemMoro ykasarenem p. UMeHHo
Takoe 3Ha4YeHue (MMeeTCn B BUAY BhipaXeHue p->code+l) npucsansaeT-
CsA NOMO p->next->code.

Haxomneir, koMaHao# p=p->next B yKa3aTeJjb P 3alIMChIBACTCA 3HaYEeHHE NO0JIsA
next 061>e1<Ta, aJIpeC KOTOPOro J0 3Toro OBl 3aIKMCaH B HAaHHOM yKaaaTeJie.
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Taxkum 06pasoM, yka3zatenb <mepeGpachiBaeTCA» Ha CIEAYIOIHMH OOBEKT
B 1lEMOYKE.

Iocne BeIMOIHEHMs omepaTopa UKJIA Uenodyka o6bekTos codgana. Ocra-
JIOCh TOJIbKO KOMaH/I0# p->next=0 NPHCBOUTD HyJIEBOE 3HAYEHHE ITOJII0 next
noclenHero 0GbeKTa B Henoyke. 3Aech Mbl BOCIIOAb30BAIUCEH TEM, YTO 1O 3a-
BepILEHMH ONlEPaTOpa LMKJIA yKa3aTesb p OyAeT CONepPKaTh afipeC NOCEHE-
ro oObEKTa B HENOYKe OOBEKTOB.

Komannoit pnt->show () u3 mepBoro o6beKTa B LENOYKe BBI3BIBACTCA Me-
TOA show (). bilarogaps aBTOMaTHYECKOMY BhI3OBY 3TOTO METOAA /15 BCEX
HpoYux 06beKTOB, B KOHCOJIbHOM OKHE B CTPOUKY Yepe3 mpoben orobpa-
Xal0TCA 3HAYCHUSE CUMBOJIBHBIX TI0J1ell 06BbeKTOB A7 Beeil Lenouky. Io-
clie 3TOTO KOMaHAOW deleteAll (pnt) Henouka OOBEKTOB YAANAETCS U3
MaMsITH, \

Co3pnaHue maccuBa o6bexros

Hepenxo mpHxXoayTcst CTaJIKMBAaThCs C CHUTyalMell, Korja Hy>XHO CO34aTh
MaCCHB, 2JIEMEHTAMH KOTOPOTO SIBIIIOTCS 00bekThl. IMeHHO Takoit mpuMep
paccMOTpuM Aasiee. B HEKOTOPOM CMBIC/IE OH HAaNOMHHAET TPeNBIAY NI

© TEOPMA

Maccue 06LEKTOB CO3AAETCH TOYHO TaK Xe, Kak N MacCUB 3/IEMEHTOB
APYTAX TUNOB, C TOM MWL Pa3HULIEN, YTO B K3YECTBE TUNA 3/eMEeHTa
YKa3LIBaeTCs Ha3BaHWe Knacca. ’ '
BaXHOe YCNOBIWE COCTOUT B TOM, 4TO KS1aCC, Ha OCHOBE KOTOPOro co3aa-
I0TCS 3NeMEHTL MacCUBa, AOMKEH UMETHL KOHCTPYKTOP 663 apryMeHTOB,
NOCKOJIbKY MMEHHO TaKo# KOHCTPYKTOD BbI3LIBAETCS NPH CO3AAHNM 3ne-
MEHTOB MacCuBa. : - :

OCHOBY IIpPeACTaBJIEHHOrO B JUCTHHTE 6.3 IPOrpaMMHOr0 KOAA COCTABJISIET
onMcaHue xiacca MyWords. Y xiacca ecTh TeKCTOBOE (THH string) nose word,
norudeckoe (THII bool) mone state, OMUCAH KOHCTPYKTOp 6€3 apryMeHTOB
7 Mero/ read (). B koHCTpykTOpe KOMaHAaMH word="" | state=true MOJAM
OpUCBaUBaIOTCs 3HaYeHUs. Meroz read () (MeTOx He BO3BpaIaeT pe3yJIsTar,
¥ y HETO HeT apTYMEHTOB) COCTOHT i3 KOMAHBI Cout<<word<<" " (KOMaHIOMH
oToGpaXkaercs 3Ha4eHue Hoast word oObeKTa, U3 KOTOPOrO BHI3BIBACTCS Me-
TOA) 4 YCJOBHOTO ONepaTopa B yIpouterHoi ¢opme. B ycioBHOM onepatope
NpoBepsieMBIM YCJIOBHEM BHICTYTAeT 3HaYeHHe NoJA state. Ecau 3HayeHMe
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MO0JIs1 paBHO true, TO KOMaHAOH (this+l)->read () BeI3mBaeTcs MeTox read ()
AJIs1 C/IeAYIOIEro 0GbeKTa B MacCHBe. 3eChb Mbl BOCIIOJIb30BAJIHCH ABYMsi 00~
CTOSITEAbCTBAMMU:

® 3JIEMEHTHI MACCHBA B NIAMATH PACHOJOXEHBI TIOAPAL;

® npu npubaBAEHHH K YKA3aTeNIO eJIOro iC/a TOMydaeM yKa3aTeab Ha
06/1acTb MaMSTH, OTCTOSIIIYIO OT HCXOAHOM Ha KOJIHYECTBO A4eeK, onpe-
nensieMoe NpHOARIAEMBIM YUCIIOM.

KmioueBoe cI0BO this B Telle METOAA ABJIAETCS yKasarejeM Ha OODbeKT, u3
KOTOPOTO BHI3BIBAETCA METO/l. 3HaUEeHHEeM BhIpaXKeHus this+l ABjseTcs yKa-
3aTesib Ha 0OBEKT, HAXOAANMHCSA B IAMSITH 3a JAaHHBIM 00bexTOM. ITockosb-
Ky 37leCh peub HileT 06 00beKTax, KOTOphie ABASIOTCHA 3N1eMEHTAaMU MacCH-
Ba, TO 3HAYEHME BRIPAXXEHHS this+l — yKasaTesb HA CJAEAYIOMMA 3IeMEHT
(oH xe 00bexT) Maccusa. [loaToMy KoMaHAa (this+l)->read() o3Havaer
BhI30B MeTOAa read() AJs CIEAYIOIIEro (IO CPABHEHHIO C TEKymMUM) 06b-
€KTa B MacCHBe.

(G HA 3AMETKY

MNonyuaeTtcs Tak, YTO NPV BLI30BE METOAA read () U3 06bLEKTa B MACCUBE
DAHHBLIA METOA HAYHET BLI3bIBATLCH U3 KAXAOrO CNAEAYIOLLEro 3N1eMeHTa
B maccuee. Tak GyAeT NpoaoAXaTLCA A0 TeX Nnop, Noka B8 MaccuBe He
BCTPETUTCH OOBLEKT CO 3HAYEHWeM NONA state PABHLIM false. Kak Mbi
yBUAUM Oanee, none ¢ Takum 3HaueHnem SyaeT y nocneaHero obvexta

(- W VE-Tala Vi-T-]

Becb nporpaMMHBIif KOJ{ IIPAUMEpA [IPEACTABJIEH HHKE:

Jiuctunr 6.3. Maccus ob6nvextos
#include <iostream>
#include <cstdlib>
$include <string>
using namespace std;
// Omucanme Kiacca:
class Mderds{
public:
// Texcrosoe nose:

string word;
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// Tlone nOTWYECKOro THMA:
bool state;
// KOHCTpyKTOp 6e3 apryMeHTOB:
MyWords () {
word="";
state=true;
}
// MeTon mnsA CUMTHBAHMA SHAYEHMS TEKCTOBOTO MOJIA:
void read(){
// OroGpaxeHue 3HayeHMA nons OOBEKTA:
cout<<word<<" ";
// TipoBepka 3HaueHus nons state:
if (state)
// BH30B MeTO@a HNA COCERHEro OObeKTa:
(this+l)->read();

}

b

// TnaBHas QYHKUMSA NPOTPaMMH:

int main(){
// Wi3MeHeHMe KOZMPOBKM KOHCOJM:
system("chcp 1251>nul™});
// Pasmep MaccuBa:
const int n=5;
// TeKCTOBHI MacCHB:
string numbers(n]={"ommus", "nBa", "Tpu", "uernpe", "nare"};
// MaccusB O6BEKTOB:
MyWords words(n];
// 3BHauenme gna nona state nocnegHero
// ofbekra 3 MaccuBe:
words[n-1].state=false;

// TlpucBavBaHue 3HaueHMA Hoip word mnA
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// oBrexToB B MacCuBe:
for (int k=0;k<n;k++) {
words [k] .word=numbers (k] ;
}
// Bu30B MeTOma:
words[0] .read();
coﬁt<<endl;
words[2].read();
cout<<endl;
// 3amepxka KOHCONBHOT'O OKHA:
system("pause>nul");
return 0;

}

B rnaBHO# (yHKHMH TIpOrpaMMbI OOBSABJISETCS WEJIOYHCIEHHAs KOH-
CTaHTa n CO 3HaYeHMeM 5 (pa3Mep MaccuBa). BcnomoraTteapHHI Mac-
CHB C TEKCTOBHIMM 3HAYEHHSIMH CO3JaeM M HHULHAIM3NPYyeM KOMaHIOH
string numbers|n]={"omuu","aea", "tpu", "vernpe", "naTs"}.

JlaHHH# MacCHB COJAEPKMT 3HAaYeHHsi, KOTOphle OyAyT IPHCBAHBATHCS
TEKCTOBBIM IIOJISIM OOBEKTOB M3 MAcCHBa, OOBABIAEMOTO HMHCTPYKIHei
MyWords words [n]. KoHcTpykTop 6€3 aprymMeHTOB, KOTOPBIii aBTOMaTHYECKH
BBI3BIBAETCS JUIS1 CO3JAHMsI KAXA0ro U3 0OBbEKTOB B MacCHBe, IPHCBAUBAEeT
TOJIIO State KaKIOro M3 o6beKToB 3Hauenue true. Komannoit words [n-1].
state=false mocnegHeMy oGBbeKTy B MaccHBe words AJis OJA state 3afa-
ercs 3Havyenue false. [locae sToro samyckaercs OonepaTop LMK, B KOTO-
POM TepeOHUpPaIOTCs 3/IEMEHTHI MACCHBA words M 3@ KaXKABIH LUK KOMaHAOM
words [k] .word=numbers [k] m0JIO word 04epesHOro 06BbEKTa B MacCHBe words
MPHCBAaNBaeTCsl 3HAYCHUE COOTBETCTBYIOINETO SJIEMEHTA M3 TEKCTOBOTO Mac-
CHBa numbers.

Tlocsie TOro, Kak moJisi 0GBHEKTOB B MacCHBe words 3allOJIHEHBI, 3 IIEPBOTO
06BbEKTa B MACCUBE BHI3BIBAETCSA MeTOA read () (koMaHAa words[0].read()).
B pesyJibTaTe UL KaXA0T0 3 OGBEKTOB B MACCHBE words 0TOOpakaeTcs 3Ha-
yenue moJst word. Eciiu xke BoCIIosib30BaThest KOMaH/0# words [2] .read (), TO
3HaueHMe NoJisA word 6yzieT oToGpaXkaTses ISl BceX OOBEKTOB B MAacCHBe, Ha-
YHHAs C TPETbero (MHAEKC 2) U 0 KOHIA MacCHBa, Peaynsrar BBIITOJTHEHHSA
IIPOTpaMMbI TaKOM: '
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Pe3ynsrart BuinonHeHus nporpamMmbl (W3 nucrunra 6.3)
OIVH IBa TpU UYETHPE NATH

TPY YETHpE IATH

IlepBast cTpoka B KOHCOJIBHOM OKHE HOSBJISIETCSI BCJAEACTBHE BHIIIOJTHEHUS
KoMaHAbI words [0] . read (), BTopasi — NpH BHITOJHEHUH KOMaHALI words [2].
read().

Maccue kak none Knacca

B HeKOTOPHBIX CIyYasix MMeET CMBICJ HJIH IIPOCTO He0OX0AUMO, 4TOOHI B KJiac-
ce nios1eM 6611 MaccuB. PaccMOTpUM Takoii ciiy4aid. B mpeacTaBieHHOM fajee
IIpUMepe ONHCHIBAeTCsl Kjaacc Taylor, npefHasHAYEHHBIH /IS peaM3aluu
psna Teitnopa ana pasangHbIx QyHKLIMIA.

B NOAPOBHOCTHM

Insa dyHrkumm f{x) pspom Teitnopa B OKPECTHOCTH TOYKU X, Ha3biBaeTCs
npeacraesneHne GyHKUuK B Buae f{x) = iock(x =X, ), rae koadduumenTs
c.= (1(x,))/k!. Psip Teitnopa MOXHO UCNONL30BATL ANA ANFPOKCUMUPO-
BaHUA ¢ynxuuﬁ. B atoM cnyyae psa obpbiBaeTcs, U UMEET MeCTO OLeHKa
fix) = éo(ck(x - xo)"). Ecnu pevb ngert o pasnoxennn B OKPECTHOCTW HYNA
(To ecTb npwn X = 0), To ana pyHKuuK fx) nony4aem OLEHKY B BiA€ no-
mHoMa f(x) = éo(c,X‘), KoTOpast naeT NPpUbnuxeHHoe 3raveHne GyHKUUm
B TOuke X. B Takom cnyyae npeacrasneHue oyHkumn f(x) B BuUOe pspa
cBoaMTCS K onpeaenexnio koadpduumeHTos ¢, (uapekc k=0, 1, ..., n).

B paccMaTpuBaeMoit aanee nporpamMmme OfMCLIBAETCA KAce ¢ Nonem-
MacCMBOM, W B 3TOT MacCuB 3aHOCATCA KO3GOUUMEHTH, onpenensio-
wwe paa (orpaHudeHHbiit) Telinopa ans HekoTopoi GyHKuun. Kaxabii
06beKT Takoro Knacca CoOTBETCTRYET OnpeaeneHHON GyHKLUMOHANILHOM
3aBUCUMOCTH.

B nuctunre 6.4 npenctasreHa porpaMMa, B KOTOPOil OMHCHIBAETCA KJIaccC
Taylor. ¥ Kiacca eCTb Iojie-MacCHB. MaccB mpeanasHayeH JJisl 3allOMH-
HaHUA K03 PHIMEHTOB, KOTOPhIE MBI OTOXAECTBIIAEM ¢ KO3 pHUIMEHTaMH
pasinoxeHus yHKUIuH B psig Teitnopa (B OKPECTHOCTH HYJIS).

¥V knacca ecTb iBe BEPCHH KOHCTPYKTOpA H METOZ, ITO3BOJISTION{MIM BBHIYHC-
JIATH 3HaueHue psifia Teiiopa B yka3aHHOU Touke. PaccMoTpuM koA mnpo-
TPaMMBL:
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Jiuctunr 6.4. Pap Teiinopa ana GyHxuMmM
#include <iostream>
#include <cstdlib>
#include <cmath>
using namespace std;
// PasMep MaccuBa:
const int n=10;
// Knacc nna peanmsaumm pana Teitnopa:
class Taylor{
public:

// Tone — Maccus:

double a[n];

// KOHCTPYKTOp C OZHMM UMCJIOBHM apTyMEHTOM:

Taylor (double p=0) |

for(int k=0;k<n;k++) {
a(k]=p;

}
// KOHCTDPYKTOpP C apTyMeHTOM — yKa3aTeJem:
Taylor (double* b) {
for(int k=0;k<n;k++) {
a(k]=b(k];

}
// Meron ons BHUMCJIEHMA 3BHAYEHMA DANA:
double value(double x){
double s=0,g9=1;
for(int k=0;k<n;k++) {
s+=a[k]*q;
q*=x;
}

return s;
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b

// TnaBHas QYHKUMA MPOTPaMMH:

int main(){
// V3MeHeHue KOIMPOBKM KOHCOJM:
system("chep 1251>nui");
// UncnoBoit Maccus: v
double b[n]={0,1,0;1./3,0,2./;5,0,17./315,0,62./2835};
// Cosnanme 0GBEKTOB:
Taylor myexp, f(1),mytan(b);
// Obpamenue x 3/IeMEHTY MacCMBA — MOJS OOBEKTA:
myexp.a[0]=1; ‘l
// 3anonHeHue MaccuBa — NONS OOBEKTA:
for(int k=1;k<n;k++) {

myexp.a[k]=myexp.a[k-1]/k;

}
// ApryMeHT INs BHUMCJIEHMA 3HaueHus QYyHKUMM M pAga:
double x=1.0;
// BHuMCIeHMe 3HAueHMt INA pAma M byHKUMM:
cout<<myexp.value (x)<<" vs. "<<ex§(x)<<endl;
cout<<mytan.value (x)<<" vs. "<<tan(x)<<endl;
cout<<f.value(x/2)<<" vs. "<<1/(1-x/2)<<endl;
// 3amepxxa KOHCOJILHOTO OKHa:
system("pause>nul");

return 0;

Pasmep maccuBa a (koTopHI olucaH kak moje B kKiacce Taylor) ompeze-
nsieTcs TI0GANIbHOM LeNnoYMCaeHHOoM KoHcTaHTol n. KoHCcTpykTop Kiacca
Taylor omucaH ¢ ogHuM double-apryMeHTOM, KOTOPbIii HMeeT 3HAYEeHHe 110
YMOTYaHUIO. APryMeHT KOHCTPYKTOpa ompejesisieT 3HaYeHHsI 3/IeMEeHTOB
MAaCcCHBa a, KOTOphle M MPHCBAUBAIOTCS NpH co3AaHuM obvekTa. Ecn npu
BHI30BE KOHCTPYKTOPA apTyMEHT He YKa3aH, TO Y BCeX 3JIeMEHTOB MacCHBa
GyayT HyJeBbie 3HaueHHA. Taxxke eCTb Bepcusi KOHCTPYKTOPA, apryMeHTOM
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Hcnonb3osaxue knaccos M o6wexTos

KOTOPpO#i TiepefiaeTcst MacCHB ¢ Ko3dpuieHTaMH, KOTOPHIE IIPHCBAUBAIOTCSA
3HaYEHHSIMU 3JIEMEHTaM MacCHBa a.

(@ HA 3AMETKY

B o6uiem cay4ae Maccus B GyHKLMIO UMW METOA NepPeaeTCA C NOMO-
LLIO ABYX NApPaMeTpOBs: yKa3aTens Ha rnepaniit 3AeMeHT Maccusa n Ko-
MNECTBa 3NeMEeHTOB B Maccuse. B paHHOM xe cnyvae pasMepbl BCeX
MaCCMBOB, C KOTOPLIMU HAM NPEACTOUT UMEeTh ASN0, UMEIOT OfMHAKO-
Bbili pasMep, KoTopslii onpeaenseTca rmobanbHOR KOHCTaHTOM n. Mo3To-
My HeT HeoGXoAMMOCTU NepeAaBaTh B KOHCTPYKTOP BTOPOA napamMerp,
onpegensiowuin pasmep maccusa. B pesynsrare y KOHCTPYKFOpa khac-
ca Taylor OAMH apPryMEHT, KOTOPbIA AIBANETCH YKasaTenem Ha suaqenue
TVNa double (yka3aTesnb Ha NepBLIi aneMeHT Mmaccusa).

B xnacce Taylor onucaH MeToZ value (), nMpeAHAa3Ha4Ye€HHBINA JUIA BHIMHCTE-
HUS 3HaYeHus psja Teiinopa B Touke (19 YKa3aHHOTO apryMeHTa). MeTox
BO3BpamNIaeT 3HaueHue THNa double M Y HETO OZMH apryMeHT (0603HAYEH KaK
x) Tuna double. B Tese Meroaa joKaIbHOH NEepeMEHHOi s NPUCBaNBaeTCs
HayaJIpHOe 3HadeHnwe 0, a JIOKAJbHAs MepeMeHHas q nonyqaer Ha4aJIbHOE
3HayeHHe 1.

Hanee 3amyckaeTcst OnepaTop IMKJIA, B KOTOPOM C NOMOINbIO HHAEKCHOM
nepeMeHHOM k nepeGHpaIOTCsl 3J1eMEHTHI MACCHBA a. 3a KKABIH LUK KO-
MaHJI0H s+=a[k]*q 3HaYeHMe NEPEMEHHON s YBEJIMYMBAETCS HA OYepenHoe
ciaraeMoe, a KOMaHAOH q*=x BRIYMCJISIETCS 3HAYEHHE /UL [IEPEMEHHOH q Ha
caexyiomeit urepanun. Ilo 3aBepmeHuy BRIYHCIIEHWH 3HAYEHHE NEPEMEH-
HO# s BO3BpalllaeTCs Pe3yIbTaTOM METOZA.

]
A\l

nNOAPOBHOCTH

Ham ¢pakrrieckn HeoGX0ANMO BHINUCIUTE CYMMY 8, + a.x + a,a? +...+a,_,
X", rnevepes ay, a,, ..., ,_, 0O03HA4EHH ANEMEHTH MacCHBa a, a Yepes
x 0603Ha4YeH apryMeHT Metoaa value () . CymMy MOXHO 3anucate B suae
a,Go+8,qy + ... + 8,_,G,_, 30ECh Mbl 0603HaYWM g, = X* (aHaNOr NOKasb-
HOW NepemMeHHoM q B Tene Metoaa value () ). HayansHoe 3HaveHue g, = 1,
a ANs NPOYUX UTepaunii HECNOXHO 3aMeTUThL, TO q,. 4 = G,X- UMeHHO
3TUM COOTHOLLEHNEM Mbi BOCRIONL30BANMUCH, KOTAA BLIMUCNANN 3HaYe-
HUE NePEeMEHHON q AR CNEAYIOWEN utepaumu.

B rinaBHO# (pyHKIMM mporpaMMbI KOMaHIo# double b[n]={0,1,0,1./3,0,
2./15,0,17./315,0,62./2835} co3maercss ¥ MHUIMATU3NPYETCH YHCJIOBOH
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MAaCCHB, KOTOPHIN MKl HCTIOAB3YEM /I HepeRavt-apryMeHTOM KOHCTPYKTO-
Py kiaacca Taylor. . :

B NOAPOBHOCTH

Pan Teiinopa ans TaHreHca umeet Bua tg(x) = x + (1/3p¢ + (2/15)¢° +
(17/315)x" +.(62/2835)x°. OTCyTCTBUE CnaraeMbiX C 4eTHLIMM. NOKa3a-
TEAAMU CTENeHN apryMeHTa O3Ha4YaeT, NTO HMCHoBbe KOIDOWLIMeHTH!
ANA Takux cnaraembix pasibl Hymo. MNpu-onpeaeneuy kosbGruUMeHToB
MacCHBa b YNCAA B YUCAINTENS YKA3AHBI C AECATUMHON TOUKO#M, HTOObI U3-
6exartb LenoYUCNEHHOTO NENEHUA, :

Taoke 8 NporpamMme UCronb3osatnl cneayowme npuﬁmeuuue npea-
cTasnenus ana GyHkumi: 1/(1-x)= 1 +x+8 +XC+ X+ 0 + )0+ X + P +X°
(oueHka cnpaBenMBa TOALKO NPK |x| < 1) nexp(x) = 1+ x + (*/2!) +
(C/31) + (x/41) + (F/51) + (X°/61) + (X'/T!) + (x/81) + (x°/9}).

Komanzo# Taylor myexp, f(1),mytan(b) co3nanTcs TpH 00BeKTa KiIacca
Taylor. IIpu co3aanuu 06beKTa myexp() BRI3BIBAETCA KOHCTPYKTOP C HyJIe-
BHIM (3HauyeHHe N0 YMOJTYAHHUIO ) YHCIOBRIM apryMenToM. B pesyasrare Bce
3JIEMEHTHI MacCHBa a B 00BEKTe myexp IOMy4aT HyJieBbie 3HadeHus. IIpu
co3faHuu 00beKTa f BHI3BIBAETCA KOHCTPYKTOP C YMCJIOBBIM apryMEHTOM,
3HaYeHHe KOoToporo paBHO 1. Takoe 3HaueHue OyAET Y BCEX 2T1€MEHTOB Mac-
cuBa a B o6BekTe £ (nomyyaeM psan s dynxuun f(x) = 1/(1 - x)). Hako-
Hel, TPH co3AaHNM 06bEKTa mytan apTyYMEHTOM KOHCTPYKTODY HepeaaeTcst
MMs MACCHBa b, B PE3YJIBTaTE YEro y 3IEMEHTOB MaCCUBA a B 00beKTe mytan
GyayT Takue e 3HAYEHUS, KaK M Y :-memen'ron B MaccuBe b (pAX ATA TaH-
reHca).

Hnst 06bexTa myexp 3HaUYeHHsI KO3(PUIHEHTOB MaCCHBA BEIYHCIIIOTCS C 1O~
Moiblo omepatopa mmkia. Ilepea BrizoBOM Oneparopa, MK Kouamzoﬁ
myexp.a[0]=1 NepBOMY 3JIeMEHTY ITPUCBANBAETCH €IHHIYHOE 3HAYEHHE, 110~
CJi€ Y€r0 3aIyCKaeTCsI ONepaTop LHKIa, B KOTOPOM MHAEKCHAS IiepeMeHHas k
nepe6upaet 3/1eMeHTH (MHAEKCH 9/IEMEHTOB j, HAYMHAs CO BTOPOTO.

3a Kax el UMK BRIOTHAETCH KOMAHAA myexp.a[k]l=myexp.a{k-1]/k; xoTo-
Poii 3HAYECHHE J/IEMEHTA MACCHBA Bmucme‘rca Ha OCHOBE 3Ha‘-IEHPIH npenm—
AYWIETO 3/IEMEHTa B TOM xe Maccmae :

B NOAPOBHOCTH

Ecnu 4epes a, 0603Ha4nTL SNeMEeHTH Maccusa a, TO Toma a,=1/k\. Ner-
KO 3ameTuTh, Y10 a,/a,_, = 1/k, wm a, = a,_,/k.
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Komanznoii double x=1.0 OOBSBISETCS MEPEMEHHAS X, HCHOJb3yeMasd JUIsS
nepesadyd apryMeHTOM IIpH BHIYHCJIEHHM 3HadeHMs psga. Jlenaercs 3To
¢ IIOMOIIBIO MHCTPYKIHUI myexp.value (x) (3KCIIOHEHTa B TOYKE X), mytan.
value (x) (TaHreHC B TOYKe x) U f.value (x/2) (3HaueHUe psiaa A1 QYHKIH
f(x) =1/(1 - x) B Touke x/2). -

Jlnsa cpaBHEHHS MPUBOAATCSA TOYHbIE 3HAYEHUS], BHYUC/ICHHBIE C MTOMOIIBIO
BCTPOEHHBIX MaTeMaTH4eckuX PyHKumii exp () (9KCIOHEHTa), tan() (TaH-
reHC) ¥ HeNOCPeICTBEHHO BBIMUCJIAETCS 3HaYeHUe BhipakeHust 1/ (1-x/2).

() HA BAMETKY

Ans ucnonb3osaHus MareMaTU4eckmx GyHKLWIA B NporpaMme noakio-
4aeTCcs 3aroIoBOK <cmath>.

Pesyssrar BbInOHEHHS IPOIPAMMBI TAKOIH:

Peaynurar nunonueuus‘nporpamuu (13 nuctnura 6.4)
2.71828 vs. 2.71828 ’

1.5425 vs. 1.55741

1.99805 vs. 2

BumuMm, 94T0 COBNaZeHHE JOCTATOYHO HEILIOXOE. HJIH YyBEJIHMYECHHA TOYHOCTH
HeOﬁXOJII/IMO B3ATh GOJIbIIE CIaTaeMbIX B pdaae.

dDyHkTOpLI M MHAEKCaUns 06bexToB

PaccMoTpenHy10 Bblilie 331a4y MOXHO PEaIM30BaTh B BUJIE€ TIPOrPAMMHOIO
xozia 6osee spdexrHo. {151 aTOTO CIEAYET B KIacce Taylor ONMCATH ABA Olie-
PaTOPHBIX METO/A:

® MeTOI A1 ONEepaTopa <«KBaJpaTHbie CKOOKHM» (Merox operator(]()),
HO3BOJMAIOMUN HMHAEKCUPOBaTh 00BEKTH (0OpalIaTbCa K 3IeMEHTaM
MaccuBa a B 00beKTe YKa3biBasi HHAEKC HEIOCPEACTBEHHO MOC/IE HMEHH
o0beKTa);

® MeTOJ JJisl OTIepaTopa «KpyTJisie CKOOKH» (MeTox operator () () ), TO3BO-
JIIOMIUI «BBI3BIBATH> OOBEKT Kak GpyHKIHmIO.

+
Hosas Bepcust nporpaMMBI IpeZICTaBJIeHA B JIMCTHHTE 6.5,
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Jiuctunr 6.5. None-m
#include <iostream>
#include <cstdlib>
#include <cmath>

using namespace std;

// Pasmep MaccuBa:
const int n=10;
// Knacc s peammsaumu pana Tednopa:
class Taylor{
private:
// Tone — Maccus:
double a[n];
public:
// OnepaTOpHEIT MeTOn LN MHAEKCUPOBaHMS OOLEKTA:
double &operator[] (int k){
return alkl;
}
// KOHCTPYKTOp C ONHMM YMCJIOBHM apryMEHTOM:
Taylor (double p=0) {
for(int k=0;k<n;k++){
(*this) [k]=p; // UupexcupoBauue .06BEKTA

}
// KOHCTpPYKTOp C apryMeHTOM — yKa3aTeleM:
Taylor (double* D) {
for (int k=0;k<n;k++) {
(*this) [k]=b[k]; // Wunmekcmposarue obrbexTa

1
// OnepaTopHElT MeTOn M BHUMCIIEHMA 3HAUEHUS DARA:

double operator() (double x) {
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double s=0,q=1;

for(int k=0;k<n;k++) {
s+=(*this) [k]*q; // WHmekcupoBauue oOBEKTa
q*=x;

}

return s;

}i
// TnaBHas QYHKUMA NPOTPaMMH:
int main(){ ’
// Vi3MeHeHue KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Yucnosoit Maccus:
double b{n]={0,1,0,1./3,0,2./15,0,17./315,0,62./2835};
// Co3panve OGBEKTOB:
Taylor myexp, f(1),mytan(b);
// MHOmexkcupoBanue OOBEKTa:
myexp[0]1=1;
// BanonHenue MaccuBa — nosis oBGBEKTA:
for (int k=1;k<n;k++) {
myexp[k]=myexp[k-1]/k; // VupekcupoBaHme OGLEKTA
}
// BprymeHT LnA BHUMCNEHUA 3HAueHus OQYHKUMM ¥ PAnA:
double x=1.0;
// BuMMCNeHMe 3HAYEHMHt IONA pARa M QyHKLMM:
cout<<myexp (x)<<" vs. "<<exp (x)<<endl;
cout<<mytan (x)<<" vs. "<<tan(x)<<endl;
cout<<f(x/2)<<" vs. "<<1/(1-z/2)<<endl;
// 3anepxxa KOHCONBHOTO OKHa:
system("pause>nul") ;
return 0;
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Koa moxox Ha paccMOTpeHHBIH paHee, HO eCTb HEKOTOpble OCOOEHHOCTH.
B nepByio ouepenp 3TO Kacaercsi ONMEPATOPHOTO METOAA I KBaJPaTHBIX
cxo060K. MeToz onucas 04eHb IPOCTO:

double &operator([] (int k) {
return a[k];

}

PeayarraToM MeTOZja BO3BPAIAETCs CCHUIKA HA 37IEMEHT MacCHUBa a C MHAEK-
COM, KOTOPLI onpenesisieTcst apryMeHToM MeToja. PesysisraTom Bo3Bpaina-
eTcs MMEHHO CCBUIKA Ha 3j1eMeHT (0 4eM CBHAETENbCTBYET HHCTPYKIHMA &
B NPOTOTHITE METOJA), TOCKOJIBKY MBI XOTHM He IIPOCTO CYHTHIBATH 3Haue-
HHE 3JIEMEHTa MAacCHBa, HO M MMETb BO3MOXHOCTb TIPUCBAMBATh 3HAYEHHE
JJIEMEHTY. '

(@ HA 3AMETKY

MaccuB a B knacce Taylor Tenepb 06bABNEeH Kak -3aKpuiThiA. MosToMy
BHE Tena Knacca npsMoe obpalieHue K Maccuay a HeBO3ZMOXHO.

OnepaTopHblit MeTOZ 7151 BRIYUCIIEHHS] 3SHAYEHUA psiZia operator () () onucaH
HPaKTUYECKH TaK Xke, KAk MeTOX value () B NpeabiyleM npuMepe (CM. JH-
ctuHr 6.4).

EnuHcTBEeHHOE MPUHIMNHAIBHOE OTJIHYME COCTOMT B TOM, YTO BMECTO MH-
CTPYKUMM a[k] AJisi oOpalleHus1 K 3JIEMEHTY MacCHBa HCIIOJb30BaHA MH-
CTPYKIMS (*this) [k], B KOTOpO¥ MpHHATA BO BHUMaHMe BO3MOXHOCTb HH-
nexcupoBaTh 00BeKTH Kiacca Taylor. [TogobHas «3aMeHa» BBHINOJHEHA He
TOJBLKO B METO/E, HO H B KOHCTPYKTOPE KJIacca.

B NOAPOBHOCTHM

Heo6xoaAMOCTH OTKA3bIBATLCA OT UHCTPYKUMi BUBAA alk] He Gbino —
MOXHO 6biN0, KaK U paHblue, UCNONb30BaTh AAHHYIO MHCTPYKLMIO.

BoipaxeHue (*this) (k] npeacTasnaeT coboi npumeHeHre onepaTopHo-
ro MeTopa operator[] () K OGBLEKTY, N3 KOTOPOFO BLI3LIBAGTCA ONepaTop-
HbIYi MeTop, operator () (). MlockonbKy this — 370 yKasaTenb Ha 06beKT, T0
*this — caM obbvekr. Ecnn gonucartb kBaapaTHbie CKOGKU ¢ MHAEKCOM,
NONY4YaeM MHAEKCMPOBAHHbLIN 00bekT. O6paboTka TaKkoro BhipaXeHus
BLINONHAGTCS C NOMOLLBIO ONEPaTOPHOro MeToAa operator(] {) . Kpyrnuie
CKOBKU UCNONL3YIOTCA C YHETOM NpuopuTeTa oneparopos * U [] (4To0bi
cHayana «NpUMeHANIacb» 3Be3A04Ka *, a 3aTeM KBaapaTHbie ckobku []).
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B rnasroil GyHKIMHA MPOTPaMMbI M3MEHHJIMCH KOMAHAB!, KOTOPBIMU BHi-
TOJIHSIETCs 0OpaIleHHe K 37IeMeHTaM MacCHBa B 06beKTe 1 CIocob BhHIYKCIIe-
HUS1 3HAYEHUS psina. Tak, HHCTPYKiMs myexp (k] 3KBHBaJIeHTHA 0OpailIeHHIO
K 37IEMEHTY C MHIEKCOM k MacCuBa a B 06beKTe myexp. /{151 BoIuMC/IEeHUs 3Ha-
YeHHUH pALOB HCIOJIB3YIOTCS BRIPaXKeHHUA myexp (x) ,mytan (x) u f (x/2). 3mech
06beKTHL BHI3BIBAIOTCA Kak QYHKLUHMM, M BCe Oarofapsi TOMY, YTO B KJacce
Taylor OIMCaH ONepaTOPHHIH MeToA operator () {).

@ HA 3AMETKY

O6beKTbl, KOTOPbIE MOXHO Bhi3biBaTb HANOA06UE DYHKLMK, HA3LIBAIOTCS
dbyHKTOpamMu. ’ T :

PeslebTaT BBITIOJTHCHHA [TPOrPAaMMBI NIPEACTABJICH HUXE!

Peaynbrar BMNOAHEHUS Nporpammst (M3 nucTunra 6.5)
2.71828 vs. 2.71828

1.5425 vs. 1.55741

1.99805 vs. 2

BuauM, 4TO pe3ysbTaT BHITIOJIHEHHsSI MPOTPAMMBI TOYHO TAKOH e, Kak
Y B NIpeABIAYINEM CIIydae.

KOHCTpPYKTOp CO3AaHNUA KONUN

OOBIYHO NPH ONMUCAHMM KJACCAa CPeAH ero KOHCTPYKTOPOB OMHCHIBAIOT,
KaK MHHMMYM, KOHCTPYKTOp 6€3 apryMeHTOB H KOHCTPYKTOP CO3JaHHs KO-
nuu. B nocnexnem caydae peyn He 06s13aTENBHO UAET O CO3AAHUU KOIMM
o6bexTa, a cKopee o TpoLEAype CO34aHuA 06beKTa Ha OCHOBE YXKe Cylle-
CTBYIOWIETO. '

@ TEOPUSA

Mpu coapannn o6bekTa Ha OCHOBE yXe CyulecTByiowero obvekra (Toro
Xe Knacca), apryMeHTOM COOTBETCTBYIOWEMY KOHCTPYKTOPY nepena-
€TCH UCXOAHbIA 06beKT. BaxHoe npaBrMno COCTOUT B TOM, YTO aprymMeHT
KOHCTPYKTOPY CO3AaHUA KONUW NepenaeTcs no ccbinke. Mo aHaveHno
aprymeHT nepefasarts Henb3f. pyu nonbitke nepepatb apryMeHT no
3HaveHnio gna obbekta-apryMmeHTa cospaetca konus. Tpu cosnaHum
KONUK BLI3LIBAEBTCA KOHCTPYKTOP CO3AaHUA Konuu. EMy nepepaercs
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konus ana konuu obvexTta-aprymeHTa. M03TOMy CHOBA. BhLI3bLIBAETCH
KOHCTPYKTOP CO3A4aHWA KONWK, U Tak no GeckoHeyHocTU. MonydyaeTtca
Takon ¢80e06pa3Hbiil PEKYPCUBHbLIN BHI30B KOHCTPYKTOPA CO3AAHNUSA KO-

A UTN HANNIAOAM NANN

Kax WIoCTpauio pacCMOTPHM 33/a4dy, KOTOpast pelliajiach B IUCTHHTe 6.2,
HO Tellepb EO0JOTHYECKHUIL oaxo OyzieT 6a3sMpoBaThCS HA MCIIONIb30BAHHH
KOHCTPYKTOPA CO3/1aHUs Komuu. PaccMOTPMM ITPOrpaMMHBIN KOZ, IpeACTaB-
JIEHHBI# B jincTHHTE 6.6.

JincTuir 6.6. KOHCTPYXTOp CO3AAHUA KONUKN
#include <iostream>
#include <cstdlib>
using namespace std;
// Onucauue kjacca:
class MyClass{
public:
// CvMBonbHOE mone:
char code;
// Tlone — yxasareyib Ha OBBEKT:
MyCléss* next;
// KOHCTPYKTOp CO3HAHUA KOIMM:
MyClass (MyClass &obj) {
// 3Hauenme Tond next MCXOOHOTO oOBEKTa:
obj.next=this;
// 3Hauenue mons code cospaBaeMoro oOBeKTa:
code=obj.codetl;
}
// KOHCTPYKTOP C CUMBONbHEM apTyMEHTOM:
MyClass(char s){
code=s;
Vo
// IectpykTop:
~MyClass () {
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if (next){ // Eciu He nocnepmumit o6HLEKT
' // Ynaneuve clenypmero OGBEKTa:
delete next;
}
cout<<"06weKkT ¢ nonem "<<code<<" ymanes\n";
}
// Meron mna oTOOpaxXeHus 3HAYEHUA CUMBOJILHOTO MOJA:
void show() {
// Orofpaxenue 3HaUEHMA MONA:
cout<<code<<" ";
if (next) {
// Bu30B MeTona ONs CleAymero o6heKTa:
next->show();

}i
// TnaBHas QYHKUMA OPOTPaMMEl:
int main{() {
// V3MeHeHMe KOIMPOBKM KOHCONM:
system("chcp 1251>nul");
// UenouucneHHas NepeMeHHas :
int n=10;
// Iuxamuueckoe CO3HaHMe OOBEKTA:
MyClass* pnt=new MyClass('A');
// Yxazarenb Ha OGBEKT:
MyClass *p;
// HauanbHoe 3HAYEHME yKa3aATENA:
p=pnt;
// Cosnanme LENOYKM OGBEKTOB:
for (int k=1;k<=n;k++t){
// Cosnaume ouepenmHoro oOBLEKTA:
p=new MyClass(*p);
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}

// HyneBad CCHNKA B 1ONe next INs AOCJEXHETro
// ofBexra B LeNouke:

p->next=0;

// BHBOB MeToma INS NepBOrc oOBeKTa B LENOYKe:
pnt->show(};

cout<<endl;

// Ynanesme nepBoro oGBexTa (C aBTOMAaTHYECKMUM
// ynanesueMm BCeil LENOYKM OBBEKTOB):

delete pnt;

// 3amepxxa KOHCONBHOT'O OKHA:
system("pause>nul");

return 0;

}

f{HM«}HpeﬂCTaBHeHINByﬁbTaTlﬁﬂHOHHeHHHIHXNIHuuMbK

[Z] Paavnurar amnonuenus nnornamm (Ma nucTusra 6.6)

ABCDEFGHIJK

O6rexkT ¢ nojeM K ypanen

o
O6BekT ¢ noneM J ynaleH
c

06wexT ¢ nomem I ymaneH

O6wexT ¢ none™ H ynpanex

Ob6wexT ¢ noneM G ynanex

06eeKT C noleM E ynaneH

06beKT C moneM yzaJies

O6rexT c nojpeM C yIaneH

06BexT ¢ mnoneM

K
J
I
H
G
06wexT C nonem F ynaned
E
D
C
B ynmanex
A

O6wvexT C noseM A ynanes

Buznm, 4TO pe3ysbTaT BLIMOJHEHHA MPOrpaMMbl (1T0 CPaBHEHUIO C IpHUMe-
pom u3 uctuHra 6.2) e usMenuics. IIporpaMMHBIH KOz, TEM He MeHee, ITpe-
TepIiea 3HAaYHTeNbHble u3MeHeHusl. [IpoaHanusupyeM ux.
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B xnacce MyClass Tenepb eCTb KOHCTPYKTOD C CHMBOJIbHBIM apryMeHTOM,
olpefeNAUIHM 3HaYeHHe N0JIsL code co3naBaeMoro obbexra. Eme B kiacce
MyClass OMHCaH KOHCTPYKTOP CO3AaHHs KONMHU. Y 5TOH BepCUM KOHCTPYK-
TOpa OAUH apryMeHT (0603HaYeH Kak obj), ¥ 3T0 00BEKT Kiacca MyClass.
ApryMeHT nepefaercss HO cCbuIKe (MHCTPYKHHS & B OIIMCAHMM apryMeHTa
KOHCTPYKTOpa). B Tesie KOHCTPYKTOpa KOMaH/Io# obj . next=this 3Ha4EHHIO
noJist next 00BEKTA, IIEPEZAHHOTO KOHCTPYKTOPY, TPHCBAKBAETCS afpec CO3-
AaBaeMoro 00bexTa. Mbl HCXOAMM M3 TOTO, YTO B HETIOYKe 0OBEKTOB HOBBII
06BEKT co3maeTcss Ha OCHOBe IpeAnayuero. iMenHo <«npeanaymuii» 06b-
€KT nepeiaeTCsi apTYMEHTOM KOHCTPYKTOPY TIPH CO3JIaHMK HOBOTO 06bexTa.
ToaToMy JIOTHYHO, ecM B NoJie next 06BEKTa, Ha OCHOBE KOTOPOTO CO3/laeT-
Csl HOBBIIA, 3aTIMCHIBAETCS APEC BHOBb CO3aHHOTO 00BEKTA.

Jnst nonist code CO3qaBaEMOro O0bEKTA 3HAUCHHE NPHUCBAHBAETCS KOMAHAOM
code=o0bj.code+1l. Takum 0Opa3oM, B HOBOM O0BEKTE 3HAYEHHE TIOJIS code HA
eMHULLY «00JbHIe> 3HAYEHU TI0JIsE code B 00bexTe, EPeJlaHHOM KOHCTPYK-
topy. IloCKOMBKY peus uAeT 0 CUMBOJIBHEIX IOJIAX, TO HA CAMOM AeJie TIOy-
4aeM CJIeAYIOHi CUMBOJ B KOJIOBO#M Tab/iHIie CHMBOJIOB.

B npeasinyIeit BEPCHH MPOTPaMMBI LTS YAQJIECHHA LEIIOYKH OOBEKTOB onnu-
CHIBAJIACh cHellHaabHass QYRKLMA. B naHHOM ciydae anajlornyHas 3ajava
pelraercd ¢ NOMOUIBIO AECTPYKTOPA. Hjiest COCTOMT B TOM, YTO TIpH yAaje-
HHH 00BEKTa yAaIAETCA U BCs HEnouKka o00beKTOB, C HUM CBA3aHHas. Pea-
JU3YeTCA BCE B AECTPYKTOPE C NOMOINLIO YCJIOBHOTO ONEPaTOpa, YCIAOBHEM
B KOTOPOM NIPOBEPAETCS 3HAYEHHe BHIPAXKeHUs next. 3JHayeHHe JAHHOTO
BBIpaXXEHHS PaBHO HYJIIO M MHTEPIPETUPYETCA Kak false, ecau mose next
TeKyIero o0beKTa PpaBHO HYJIO, M, 3HAYMT, OOBEKT MOCJAeNHUIT B Lenoy-
Kke. B aTOM ciyuae KOMaHAa B YCJIOBHOM OTiepaTope MTHOPHPYETCA U Ipo-
CTO BHIBOAMTCS coOOIIEeHMe KOMAHIOMH cout<<"06beKT C nojeM "<<code<<
"yranen\n". TakuMm o6pa3oM, ecii AECTPYKTOP BHIBBHIBAETCS AJISL IOCIEAHE-
ro o6bexTa B LENOYKE, TO NOABJIsieTcs coobuenue, 1 00bexT GyAeT yaaneH
(IIOCKOJIBKY JJISI HETO BHI3BAaH JIECTPYKTOpP, KOTODHIN BBHIXOAUT Ha CLEHY
npn yaajienny obbekta). Ecu xke 3HaYeHue mosst next OTJIMYHO OT HYJs,
TO B YCJIOBHOM onepaTtope KOMaHION delete next BHIIOJHAETCS NOMNHITKA
YAQIHTb 0GBEKT, aJ[pec KOTOPOTo 3allUCaH B Ioje next. JIns 3Toro o6bexTa
BBI3BIBAETCS JAECTPYKTOP, M €C/IM 00BEKT B LENOYKe He MOCIeAHu, TO BH-
3BaHHEIHA ZECTPYKTOP BHI30BET AECTPYKTOP IS CAEAYIOmEro 00beKTa, ¥ TaK
BILIOTH A0 IocJenHero o6bekTa B uenouke. Korma yaansercs nocienuuit
061bexT, OyneT ynajaeH Mpeanocaeanuit 00beKT, 3aTeM 00beKT nepe] HiM,
¥ TaK JI0 CaMOTO NMEPBOro 00BEKTA, AJISi KOTOPOTO BbI3BIBAJICA CaMBIi nep-
BHIH AeCTPYKTOD.
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B ¢yHKUMM main() mepBhiit AHHAMUYECKHMi 00BEKT CO3AaeTCd KOMAaHHOH
MyClass* pnt=new MyClass('A'). HauaspHOe 3HaYeHHE yKa3aTesis p COBIA-
JiaeT co 3HAYeHHeM yKa3aTess pnt. /lajiee B onepaTope UKIA IPH CO3JAHNHU
LEINOYKH 00bEKTOB BHINTOJIHAETCS OJHA U Ta K€ KOMaH/ia p=new MyClass (*p),
KOTOPO# Ha OCHOBE TEKYINEro o0beKkTa (AOCTYN K HEMY IOJIy4aeM ¢ IIOMO-
IIbI0 HHCTPYKLMM *p) CO3/AeTCs HOBEI OOBEKT B LENOYKe, M YKa3aTeab p
«nepebpachBaeTCcsi» Ha 9TOT HOBbIH 06bekT. Ilomo next mocneamero o6b-
€KTa B LIeNOYKe KOMaHAOH p->next=0 NpucBanBaeM HyJieBoe 3HaueHHe. Ko-
MaHJI0# pnt->show () OTOGPAXAIOTCA 3HAYEHHUSA TOJEH code Beex 0OBEKTOB
B LIENIOYKE, a YAJIeHHE [IEPBOr0 OOBEKTa C MOMOMIBIO KOMAHAH delete pnt
MPHUBOJKT K BBTOMATHYECKOMY YAAJIEHHUIO BCEX 0OBEKTOB B LIEMOYKE.

HacnepnosaHue u 3aKpbiThie Nons
6a3oBoro knacca

Crenyomuii HeGONBINOH PUMEP WLTIOCTPUPYET CHTYalMio, Koraa B 6aso-
BOM KJIACCE €CTh 3aKPHIThie WIEHBI, KOTOPBIE He HACAEAYIOTCS B IPOU3BOLHOM
KJ1acce, HO IIPH 3TOM HCHOJIb3YIOTCSI B HACJ/IEAYEMBIX OTKPBITBIX METO/IaX.

@ TEOPUA

YTBEpXAaeTcs, YTO 3aKpbiThie YneHbl 63a30BOro knacca B NPOM3BOAHOM
Knacce He HacneaylTcsa. 910 Tak: B APOM3BOAHOM IUIACCE HEBO3MOXHO
HaNpPAMYIO (TO €CTb ABHO) 0OPaTUTLCH K YeHaM K1acca, KoTopbie B Ha-
30BOM K/1acCe ABNSIOTCS 3aKPLITHIMU. MPU ITOM «TEXHUYECKM» JaHHbIE
YneHbl KNacca CyWwecTBYIOT ¥ B POM3BOAHOM Kknacce. MoaTomy, Hanpu-
Mep, eCnNy NPOM3BOAHLINA KNacc Hacneayer Metoa u3 6a30BOro Knacca,
a atoT metog 8 6a3080M Knacce, B CBOIO odepeab, obpaiuaercs K 3a-
KPbITLIM YNeHaM, TO CUTYauUMUA OCTAHeTCA KOPPEKTHOMU U B NPOU3BOAHOM
Knacce.

PaccMoTpuM nporpaMMHBIH KO, IPEACTaBJIEHHKH B THCTHHTE 6.7.

NucTunr 6.7. 3akpbiTbie 4neHbl 6a3080r0 KNACCa U HAC/IBA0BAHUEe
$include <iostream>

$include <cstdlib>

using namespace std

// BazoBuit xnacc:

class Alpha{
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private:

// BaxpuToe mose:

char symb;

public:

}:

/] KoHCTpYyKTOp KJacca:
Alpha (char s){
symb=s;
}
// MeTon mna oToGpaxeHMA BHAYEHMUH NOJA:
void show() {
cout<<"Kmacc Alpha: "<<symb<<endl;
}
// MeTon mna nNpMCBaAMBAHMA 3HAUEHMA MOJID:

void set (char s){

symb=s;

// TIpOMBBOMHEIM KJACC

class Bravo: public Alpha{

public:

}:

// OTxpuTOe mone:
int num;
// KoHCTpyKTOp KNacca:
Bravo(char s,int n):Alpha(s) {
num=n;
}
// B MeTome BH3NWBAeTCH YHAC/IEHOBAHHHIA METOX:
void showAll(){
show();
cout<<"Kmacc Bravo: "<<num<<endl;
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// TnaBHas QYHKUMA NPOTDAMMH:

int main(){
// V3MeHeHMe KOOMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// Cospanme obbexkTa NPOMSBOLHOTO KJacca:
Bravo obj('A',100);
// OrobGpaxeHye napaMeTpoB OOBEKTA:
obj.showAll (};
// BH30B yHaCJeLOBAHHOT'O METOHA:
obj.set('2');
// OrTofpaxeHue napaMeTpoB OOLEKTa:
obj.showAll{);
// 3Bapepxka KOHCOJBHOTO OKHa:
system("pause>nul");
return 0;

}

Pe3y.nTaT BBITOJIHEHHS IIPDOTPAMMBE IIPEICTABRJIEH HIXKE:

Po3ynsTaTt BuiNoNHeHUA nporpammbl (M3 nuctunra 6.7)
Knacc Alpha: A

Knacc Bravo: 100

Knacc Alpha: Z

Knacc Bravo: 100

IIporpamma AocTaTo4HO MPOCTasi, HO HEKOTOPBIE MOMEHTHI BCE JKe IIPOKOM-
MEHTHpOBaTh CTOMT. MTak, B Kiacce Alpha OITMCAaHO 3aKPbITOE CUMBOJIBHOE
noJie symb. B kiracce ecTh KOHCTPYKTOP € OHUM aPryMEHTOM (3HAYEHUE J7isl
TOJIst) U B2 OTKPHITHIX MeToAa. MeTogoM show () oToOpaxkaercst sHaYeHHe
TOJIA symb, a METOZ set () TIpeHA3HAYEH /I IPHCBAMBAHMA 3HAYEHHM TIOJTIO.
Kunacc Bravo co3aaercst myTeM HacenoBaHus Kjiacca Alpha. B kiacce Bravo
HacJIeAyIOTCSt METOABI set () M show (), HO He HaC/leAyeTCs 110Jie symb. Taxxke
B KJIacce Bravo ONMMCAaHO OTKPBITOE LIe0YMCAEHHOEe NoJie num. Y KOHCTPYK-
TOpa KJjacca Bravo ABa apryMeHTa: BTOPOil apTyMeHT onpezieisieT 3Ha4YeHue
TOJIs num, a IePBBIil CHMBOJIBHEII apryMEHT IEePefaeTcs KOHCTPYKTOpy Oa-
30BOTO KJacca. 3/eCh HYXKHO Y4eCTh, YTO XOTS MoJjie symb B IIPOM3BOTHOM
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KJacce Bravo He HaCJeRyeTcs, MaMsTh MOJ II0JIE BBIEJISIETCS U Te METOZBI
(B TOM 4MCJie M KOHCTPYKTOP) M3 6a30BOro Kjacca, KOTopbie 00pamanTcst
K JAHHOMY TI0JII0 ¥ HACAeIYIOTCS B IPOM3BOHOM KJIACCE, MOTYT 00paIaTscs
K COOTBETCTBYIOIIEl 00/IaCTH TaMSITH. ‘

(3 HA 3AMETKY

MNpowe rosops, «HeHacNeayeMocTb» NONR (UK METOAA) O3HAYaeT, 4To
B NPON3BOAHOM KNAacce K Hemy Henb3a 06paTUTLCS NO UMEHW, HO MOXHO
06paTUTLCS HE HANPAMYIO.

B kiacce Bravo onucan MeTof showAll (), B KOTOPOM, KpOMe IIPOYEro, BhI-
3BIBAETCS YHACIEIOBaHHEBIN U3 Kacca Alpha MeTox show (), @ OH, B CBOIO OYe-
pelnb, 00palaeTcst K Moo symb (KOTOpoe He HaCIeLyeTCs).

B ¢dyHknum main() xomaHAo# Bravo obj('A',100) co3nmaercsi o6bekT
Knacca Bravo. XoTs moJist symb y 06beKTa HeT, IIPU BHIMOTHEHHH KOMaH/BI
obj.showAll () Ay aToro moJs orobpaxaercsa 3Hadenue 'A'. Bouee Toro,
nocJjie MPUCBAaMBAHKS 3HAYECHUSI KOMaHAOM obj.set ('2') «HeCYHIECTBYIO-
IeMy» TIOJIIO NpoBepka (C MOMOLIbIO KOMAHAB! obj.showAll () ) MOKa3bI-
BaeT, 4TO 3HAYEHHE «HeCYNEeCTBYIOMEro» NoJs uaMeHuaoch. Ho Huyero
VANBHTENBHOTO 34€Ch HAa CaMOM Jlejie HeT. Kak 0TMeqasioch Bhillie, MECTO
B MaMATH TOJ IIoJie symb TPH CO3AaHMH OOBEKTa MPOU3BOAHOTO KJacca
BBIIEJIACTCS, [IPOCTO MBI K 3TOM 00JIACTH NMAMATH HE MMeeM MPAMOTO J0-
cTyIa.

BupTtyansHble METOAbI U HacefaoBaHne

T[Ipex /e 9eM NPUCTYIIUTH K 00CYKAEHHIO CYTH cleayomeii mpobieMsl, pac-
CMOTPHM MCKIIOYMTENIBHO IPOCTOH MPOrpaMMHBIA KOA, NMpeACTaBIEHHBIH
B ucTHHre 6.8. : :

Jiuctunr 6.8. Hesupryanshsiii MmeTon,
$include <iostream>

#include <cstdlib>

using namespace std;

// BazoBHit Knmacc:

class Alpha{
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public:
// OGHUHEIf (HEBUPTYaNbHH) METOXL:
void show() {
cout<<"Kmacc Alpha"<<endl;
}
// B MeTOopme BH3HBAeTCH METOX:
void showAll () (

show () ;

b
// Tpov3BOmHHM KjacC:
class Bravo: public Alpha{
public:
// Tlepeonpegjenenve METOHA:
void show () {

cout<<"Knacc Bravo"<<endl;

}i
// TnaBsas QyHKUMSA NpPOT'PAMMLL:
int main(){
// Vi3MeHeHue KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// OBBbexT NpoM3BOJHOI'O KiaccCa:
Bravo obj;
// BH30B METONOB:
obj.show();
obj.showAll ();
// Bazepxxa KOHCONBHOT'O OKHa&:
system("pause>nul");
return 0;

}

Huxe OPEACTABJICH PE3YABTAT BBIMOJHCHUA POrpaMMbLL
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Pe3ynurat BbINO/HEHUA Nporpammnt (M3 nucTuHra 6.8)
Knacc Bravo
Kmacc Alpha

Curyanus HCKITIOYHTETBHO IPOCTast; B Ky1acce Alpha omucaH Metof show (),
KOTOPLIM BRIBOAUTCS cOOOIeHHe B KOHCOJbHOE OKHO. B 3TOM Xe Kiacce
OIHMCaH MeTOX showAll (), B TeJie KOTOPOTrO BHI3bIBAETCS METOA show ().

Ha ocHoBe Kmacca Alpha nyTem Hacre0BaHMs co3faeTcs Kiaacc Bravo. Ilo-
HATHO, YTO B KJIacce Bravo HacJIeAyIOTCs1 METOARI show () M showAll (). Tem He
MeHee MeTOZI show () B KJIacce Bravo IepeolIpeieNIieTcsl — MEHSIeTCS coliep-
XaHue CooOIeHNs], 0TOOPAKAEMOrO B KOHCOJBHOM OKHE,

B rnaBHO#t (yHKUMEH TpPOrpaMMbl CO3AA€TCA OOBEKT obj MPOM3BOAHOIO
KJacca Bravo, M H3 HEro IoOCJeA0BaTeJbHO BHI3BIBAIOTCS METOAbI show ()
u showAll(). Pe3ynbraT BBITONHEHMsSI KOMaHABI obj.show() OXKHAaeM —
B KOHCOJIb BBIBOAUTCS coofIienne Kinacc Bravo, B COOTBETCTBHH C TEM, KaK
HepeonpezneseH MeTol show() B Kiacce Bravo. Ho BoT npu BeIMOJIHEHUM
KOMaH/bI obj.showAll() nosBisiercs coobmenue Knacc Alpha. [Ipuumna
o4eBHAHA: METOZ showAll () BbI3BIBaeT Ty BEPCHIO METOAA show (), YTO OIH-
caHa B 6a30BOM KJ1acce, a He IIE€PeoIpee/IEHHYIO BEPCHIO U3 IPOM3BOLHOTO
knacca. UYTo6u H3MEHUTH CUTYAIMIO, METOX show () B 6a30BOM KJacce HY)XKHO
CAEJIATb BUPTMYATOHBIM,

OnucaHye BUPTYAJIBHOIO METOa HAYHHAETCS C KJIIOYEBOrO CJ0Ba virtual.
Hanpumep, uro6sr onucars B 6a30BoM kiacce Alpha MeTod show () Kak BHp-
TYaJbHBIi, UCITOIB3yeM TaKOH KO
virtual void show () {

cout<<"Knacc Alpha"<<endl;
}
C yueToM H3MeHeHMii, nmporpamma OyAeT BBIIJISIAETh TakK (IpaKTHye-

CKM BCE KOMMEHTapUH YZAJI€Hbl, 3 BAXXHBIE MECTA BbIJAEJEHB XKHPHBIM
mpudTOoM): '

Jincrunr 6.9. BuptyanbHulii meTon,
$include <iostream>
$include <cstdlib>

using namespace std;
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class Alpha{
public:
// Bupryamumit MeTOX:
virtual void show() {
cout<<"Knacc Alpha"<<endl;
}
void showAll () {

show();

bi
class Bravo: public Alpha{
public:
void show() {
cout<<"Kinacc Bravo"<<endl;

bi

int main() {
system("chcp 1251>nul");
Bravo obj;
obj.show();
obj.showAll();
system("pause>nul");
return 0;

}

Pe3aybTaT BRINOIHEHUS IPOrPaMMBI TETIEPD CJIEAYIOMIMIA:

Peaynurar BbinoNHeHUs NPorpaMmMbl (M3 NuCcTUHra 6.9)
Knacc Bravo

Knacc Bravo

TaxkuMm obpasomM, 61arofapst TOMY, 4TO METOA show () Telepb BUPTYaJbHbIM,
TIpH BBI30Be MeTozia showAll () U3 06bEeKTa IPOM3BOIHOTO KJIACCa BH3bIBAET-
CA TepeonpenesieHHast B KJlacce Bravo Bepcusi MeroJa show ().
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Wcnonb3osaHue KNaccoB M 06xexToB

Nepeonpenensiemblie METOALI OOLIMHO OO BLABARIOTCH BUPTYANbHLIMM,

B C++ npousBoaHbIii KJ1acc MOXKET CO3/aBaThCsi Ha OCHOBE CpPa3y HECKOJIb-
kux 6a3oBbix KiaaccoB. 06 aToM cieayoomuil nupuMep, IpeACTaBICHHBIH

B iuctunre 6.10.

Juctunr 6.10. MHOXECTBOHHOO HacnenoBaHue

tinclude <iostream>
#include <cstdlib>
using namespace std;
// TepBbit 6a30BEIt KNacc:
class Alpha{
public:

// Tone:

int alpha;

/! KoucTpykTop:
Alpha(int a){
alpha=a;

}
// Meron:
void show() {

cout<<"Knacc Alpha:

b
// Bropoi#t Daz0OBHM KIACC:
class Bravo{
public:
// Tome:
int bravo;

// KoHcTpyxTOp:

"<<alpha<<endl;

233



fnasa 6

Bravo(int b) {
bravo=b;
}
// Meron:
void show() {
cout<<"Knacc Bravo: "<<bravo<<endl;
} ,
H
// TIpoM3BORHHII KMacc:
class Charlie:public Alpha,public Bravo{
public:
// Tone:
int charlie;
// KoucTpykTop:
Charlie(int a,int b,int c):Alpha(a),Bravo(b) {
charlie=c;
}
// Tlepeonpegenesue MeTona:
void show() {
// Bu30B Bepcum MeToza M3 kyacca Alpha:
Alpha::show();
// BH30B Bepcum MeTOna M3 Kjacca Bravo:
Bravo::show();
// OroBpaxesue 3HaueHus NouAa:

cout<<"Knacc Charlie: "<<charlie<<endl;

H

// TnaBHas OYHKUMS NPOTDAMME:

int main() {
// VaMeHeHwue KOIMPOBKKM KOHCOMM:
system("chcp 1251>nul");
// Cospanue OOBEKTa NPOU3BOOHOTO KJacca:
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Charlie obj(10,20,30);

// Bu3OB MeTorna:-

obj.show();

// 3Bapepxka KOHCONBHOTO OKHA:
system("pause>nul");

return 0;

}

Huke npezicTaBiIeH pe3yJIbTaT BhIMOJIHEHHSI IPOrPaMMBEL:

Pesynurar BbiNnONHeHns nporpamMmmMb (13 nucrusra 6.10)
Kmacc Alpha: 10

Knacc Bravo: 20

Knacc Charlie: 30

Tenepb nmpoaHanu3upyeM NpOrpaMMHEIA Koz, B nporpamme OmHCHIBAIOT-
cs1 KJaccel Alpha M Bravo. OHH cTaHOBATCS 6a30BBIMH JIUIs1 Kjacca Charlie,
KOTODBIHA CO3/1aeTCs Ha MX OCHOBe. B yacTHOCTH, B Kjacce Alpha ecThb LEeJIo-
yyciaeHHoe noJjie alpha, KOHCTPYKTOP C OAHHM apryMEHTOM M METOZ show (),
KOTOPBIM IIPH BBI30Be 0TOOpakaeTcsi 3HaYeHHe MoJist alpha o6beKTa, U3 KO-
TOPOTO BHI3KIBAETCst METOA. AHAJIOTHYHAs CTPYKTypa U y KJjacca Bravo, ¢ no-
NpaBKOM Ha TO, YTO €ro HeJIOYUCIEHHOe TToJie HaskiBaeTcd bravo. Y kiacca
Bravo TakK)Ke HMEETCSI MeTOA show (), BBIMOTHAIONUNA AHAJIOTTYHYI0 MHCCHIO
(xak 1 MeTOZ show () B KJiacce Alpha).

Knacc Charlie co3zaeTcst myTeM OTKPBITOTO HACJie[OBaHMs Ha OCHOBE KJIac-
coB Alpha 1 Bravo. IlosTomy B onmcanuu Kinacca Charlie nocsie MMeHH KJac-
ca yepe3 IBOETOYME YKa3bIBAIOTCS Ha3BaHUs 6a30BBIX KJIACCOB M THII HacJe-
noBanus (KJIIOYEBOE CJIOBO public) Ay Kaxaoro kiacca. Henmocpencreenno
B KJj1acce Charlie OIMCaHO LEJOYHCICHHOE NoJe charlie M eCTECTBEHHO, Ha-
CJIeYIOTCA N0JIA alpha M bravo.

Y KOHCTpyKTOpa K1acca Charlie TpH LeJIOYMCIEHHBIX apTyMeHTa: ABa iepe-
JAIOTCS. B KOHCTPYKTOPbI 6a30BBIX KJIACCOB, a €Il€ OJWH apTyMEHT 3afaeT
3HaueHHWe NojsA charlie. B omucanny NpoM3BOZHOIO Kjacca IOC/e MMEHH
KOHCTPYKTOpa 4Yepe3 ABOETOYHE YKa3bIBAIOTCA MHCTPYKIHM BBHI30BAa KOH-
CTPYKTOPOB 6a30BbIX KJIacCOB (C mepeaiadyeii UM apTyMeHTOB).

Meron show() B kiylacce Charlie mepeompenensercs. B Tese Metoza
show() B Knacce Charlie koMaHaaMu Alpha::show() M Bravo::show()

237



masa 6

NOCJIER0BATEIBHO BBI3BIBAIOTCS BEPCHUU MeToAA M3 Kiacca Alpha M Kiacca
Bravo. B naHHOM ciry4ae 115t uACHTUGHUKAINHN BEPCHH METOAA HCHOJb3YETCSI
Ha3BaHHe KJIacca, B KOTOPOM OIpeZesieHa COOTBETCTBYIONIask BePCHs METO/A.
Mexny nMeHeM Kilacca M IMEHEM MeTOJa PasMellaeTcs ONepaTop Pacilu-
PeHHsI KOHTEKCTa : : (ABoitHoe ABoerouwe). [Tocae BRI30Ba BepcHil MeToAa
show () u3 kaccos Alpha u Bravo (B pe3yJibTaTe Yero B KOHCOJIM OTOOpaXKa-
I0TCS 3HAYeHHs 1oJiedt alpha M bravo) KoMaH0# cout<<"Knacc Charlie:
"<<charlie<<endl oTobpaxkaeTcs 3HaYeHue moss charlie. B rmasHoit byHk-
IIMH TIPOTPaMMBI CO3AeTCsi 0OBEKT MPOU3BOAHOTO KJIacca M sl nponeplcn
3HaYeHUH ero NOJIeH BbI3bIBAETCA METOA show ().

AocTyn K o0beKkTam Yepe3 nepeMeHHYIo
6a30BoOro knacca

Ectb BaxkHOE CBOMCTBO, KOTOPOE «CBSI3HIBaeT» 00DBEKThI 6a30BHIX KJIACCOB
¥ 06BEKTH IPOM3BOAHBIX KJIACCOB: NEPEMEHHO AJist 00beKTa 6a30BOTo KiIac-
ca 3HAYEHHEM MOXKHO IIPHCBOKTH OOBEKT IIPOU3BOAHOTO KJIacca.

JTta BaxkHasi ¥ QyHAaMeHTaJIbHasA BO3MOXHOCTh TPOMJLTIOCTPHPOBAHA B IPO-
rpaMMHOM KoJi€e, IPeACTaBIeHHOM B tuctiHTe 6.11.

Jluctunr 6.11. O6vexTnl 6a30BbIX ¥ NPOU3BOAHLIX KNACCOB
#include <iostream>
#include <cstdlib>
using namespace std;
// TlepBHI Ga30BHI KNacc:
class Alpha{
public:
// Tomne:
char codea;
// Koﬁcrpyxmop:
Alpha(char a){
codeh=a;
}
// BUpTyanbHEIM METOR:

virtual void show(){
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cout<<"Meron u3 kiacca Alpha: "<<codeA<<endl;

bi
// Bropoit 6a30BEIt Klacc:
class Bravo{
public:
// Tone:
char codeB;
// KoHCTpyKTOp:
Bravo{char b){
codeB=b;
}
// BupTyanbHHA METO.:

virtual void show{) {

cout<<"Meroxm M3 Kiacca Bravo: "<<codeB<<endl;

b
// TIpOw3BORHE KJace:
class Charlie:public Alpha,public Bravo{
public:
// KOHCTDPYKTOD C NYCTHM TeJOM:
Charlie(char a,char b):Alpha(a),Bravo(b){}
/! Tepeonpenenexue MeToga:
void show(){
cout<<"Meron m3 knacca Charlie: ";

cout<<codeA<<codeB<<endl;

Vi
// TnapHas QyHKUMA NPOTPAMME:
int main{() {
// ViaMeHeHMe KORMPOBKM KOHCOJM:

system("chcp 1251>nul");
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cout<<"Ucnone3yeM nepeMeHHHe\n";

// Cosmanve OGHLEKTOB:

Alpha objA('A');

objA. show();

Bravo objB('B');

objB. show();

Charlie objC('C','D'});

objC. show();

// TipucBauBaHMe OOGBLEKTHHM NEPEMEHHHM Ga30BHX KJIACCOB
// 3sHaueHueM 06BEKTA nponsnonﬁoro KJacca:
objA=0biC;

objB=0bjC;

objA.show();

objB.show();

cout<<"Mcnonp3syeM ykasarem\n";

// OBnaBnenue yxasarenei:

Alpha* pntA=&0bjC;

Bravo* pntB=&objC;

Charlie* pntC=&0bjC;

// MeTon BHSHBaeTCA uYepes yKa3aTeNu:
pntA->show () ;

pntB->show () ;

pntC->show () ;

// Banepxxa KOHCOJBLHOT'O OKHA:
system("pause>nul®);

return 0;

}

B pe3syasTaTe BHIIOJIHEHHS IPOTPAMMBI TI0JIy4aeM CJeLyIouIee:

Pesynsrat ssinonteHmun NporpaMml (M3 nuctunra 6.11)
Hcnonb3yeM nepeMeHH:e

Meron u3 xsacca Alpha: A
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Meron u3 xnacca Bravo: B
Meron us xyacca Charlie: CD
Meronm 3 knacca Alpha: C
Meron u3 knacca Bravo: D
HcnonbayeM ykazaTenm

Meron m3 kmacca Charlie: CD
Meron m3 kmacca Charlie: CD

Meronm u3 knacca Charlie: CD

IIporpamMHEIl KOZ 3aCIy>XKHMBaeT HEKOTOPBIX moscHeHui. Kiaccst Alpha
H Bravo ABJIsTIOTCS 0a30BBIMHU JUIs KJacca Charlie. B kmacce Alpha ecTs cUM-
BOJIBHOE noJie codeA, KOHCTPYKTOpP C OAHHM apryMeHTOM MU MeTOJ show ()
KOTOPBIH OIHCcaH KaK BUPTYaIbHbIH (C KTIOYEBHIM CIOBOM virtual). AHamo-
THYHBIH METOJ ecTh B Kjacce Bravo. Emle TaM ecTb CUMBOJIBHOE 10JIe codeB
M KOHCTPYKTOp ¢ ofHHM apryMeHToM. Kiacc Charlie HacjemyeT Kjacchl
Alpha ¥ Bravo. ¥ KOHCTPYKTOpa Kiacca Charlie Ba apryMeHTa, KOTOpme ne-
penaloTcs KOHCTPYKTopaM 6a30BhIX KiaccoB. ITockosbky apyrue AeiicTBUS
B KOHCTPYKTOpP€ He BRINIOJIHAIOTCA, TO TEJI0 KOKCTPYKTOpa mycToe (B puryp-
HBEIX CKOOKax HeT KoMaH7). MeTox show () B Kiacce Charlie mepeoripeness-
€TCs1 TaK, YTO MOCAEA0BATENBHO OTOOPAXKAIOTCS 3HAYEHHMS ABYX NOJEH: codeA
M codeB. :

Bce camoe nHTepecHOe NPOMCXOANT B pyHKIMM main (). Tam cHavasa cosza-
ercsi Tpu 06beKTa objA, objB M 0bjC COOTBETCTBEHHO KIaccoB Alpha, Bravo
¥ Charlie. s KaXKoro U3 3THX 0OBLEKTOB BhI3BIBaeTCs Meron show (). Ha
JaHHOM 3Talie BCe MPOMCXOAUT <«INTATHO'. 3aTeM BBIOTHAIOTCA KOMaHIbI
objA=0bjC U objB=0bjC, KOTOPHIMH OGBEKTHHIM MEPEMEHHBIM objA H objB
6a30BbIX KJaccoB Alpha W Bravo 3HaYeHHEM TPHUCBAUBAETCA OODBEKT objC
MpON3BOAHOTO Kiacca Charlie. Ilockonbky kiace Charlie siBnsieTcs IIPon3-
BOJHBIM OT KJIaCCOB Alpha M Bravo, Takue IpUCBavBaHHsl 3aKOHHBL OHAKO
ecTh BAXKHOE OTpaHHYEHHeE: YEPE3 NiepeMeHHy10 6a30BOro Kacca MOXKHO HO-
JIY4HTD AOCTYII K TOJIHKO TEM IOJISIM H METOJaM, KOTOPbIe OObSABJIEHbI B IaH-
HoM 6asoBoM knacce. ITo3ToMy Npu BHI30BE 4epe3 MEPEMEHHYIO objA Mouy-
YaeM JAOCTYII TOJILKO K HOJIIO codeA ¥ BEPCHHU MeToJa show(), 06 BABIEHHOM
B kiacce Alpha. Yepes nepeMeHHyI0 objB IOMy4YaeM AOCTYI K IOJIO codeB
M B€pCHM MeToJa show () W3 Kiaacca Bravo. .

Wuayve €710 06CTONT, €CTH MBI HCIIOJIb3yeM YKasareau. B nporpamme 06bsiB-
JIeHBl TPM YKa3aTeJIsl: yKa3aTeJb pntA Ha 0ObeKT Kjacca Alpha, yKasaTelb
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pntB Ha 0OBeKT KJIacca Bravo M yKasaTeab pntC Ha 00BEKT Kiacca Charlie,
KaxzaoMy u3 ykasarteseit 3HaueHHeM [PUCBAMBAaeTCA afpec oObeKTa objC
TIPOU3BOIHOrO Kjaacca Charlie (MHCTPYKLus &objC). Takas omepaiiusi Toxe
3aKOHHasi, U Bee Gi1aromaps TOMY, YT0O KIacchl Alpha u Bravo sBJIstioTcst 6a30-
BBIMH JJIs1 Ki1acca Charlie. IIMKaHTHOCTB CHTYallMH B TOM, YTO €CJIH MBI BbI-
3bIBAaEM MeTOA show () 4epe3 yKasaTesd pntA M pntB, TO BH3BIBAECTCA BEPCUA
METOAa, OIMUCaHHAs B KJ1acce Charlie.

B NOAPOBHOCTH

Kak 1 B cnyuae ¢ 06bEKTHLIMY NEPEMEHHBIMM, Yepe3 yKas3aTenu Ha 06b-
eiTbi 6a30BOro KAacca eCTb AOCTYN TONBKO K- TEM MONAM ¥ METOAAM
o6bexTa NPOM3BOAHONO KNacca, KOTopuie onmcaHbl B 6a30BOM Knacce.
MMpowe rosops, 4epes ykasatesnb pntA NOMYHAEM AOCTYN TOALKO K NOMO
coded, a 4epe3 ykaaarenb pntB eCTb [OCTYN TOALKO K NOAIO codeB. HO ecnu
Yepes TakoM ykasaTesb Bbi3bIBAETCS MNepeonpeaeneHHbin METoa, a uc-
X0oAHas BEPCMA METOAA ONMCAHa KaK BUPTyanbHas, TO OyfeT Bbi3BaHa
UMEHHO nepeonpeaeneHHas Bepcus MeToaa. ‘

3aaaum ansg CaMmOCTOSTENIbHOrO peLlueHns

1.

Hanuumre nporpamMmy, B KOTOpO#i CO34a€TCs MACCHB OOBEKTOB. Y KaX-
JOoT0 06BEKTa eCTh 3aKPhITOE YHUCJIOBOE HOJIE M METOJ, BO3BPALAOIIHIA
3HaYeHWe faHHOTO noJisl. [Ipu co3maHuu 06BEKTa MO0 NPUCBAMBAETCS
cyuaiiHOe 1leNoe YUCI0.

Hanumure mporpaMMmy ¢ KJIaCCOM, Y KOTOPOTO €CTh I10J1€, IIPECTABIISA-
ommee coboit uncnoBoii Maccus. IpesycMOTpeTs pasHbie COCOGH CO3-
faHusA 0GBEKTOB Kjacca (B TOM YHCJE HA OCHOBE yXKe CYHECTBYIONIEro
o6bekTa). OnucaTs onepaTopHbie GYHKIMH U METOBI /I BEITOJHEHHS
PasJIMYHBIX ONepalyii c 06beKTaMu (HarpuMep, CJI0KeHHEe 0ObEKTOB, HH-
AeKcHpoBaHUe 0OBEKTOB, yMHOXKEHHE H JieleHHe Ha yuciIo). Hanpumep,
IIPU CIOXKEHUH OGBEKTOB PE3YIBTaTOM MOXKET OBIT OOBEKT C MaCCHBOM,
3JIEMEHTHI KOTOPOT'O ONPEAETIAIOTC KaK cpeAHee apuMETHIECKOE CO-
OTBETCTBYIOLIMX 3JIEMEHTOB B MaCCHBaX CKJIAJbIBaeMbIX 00beKTOB. I1pn
BBI30Be 00BEKTA PE3YJIBTATOM MOXET BO3BpaliaThCs cpefHee apudMeru-
YecKoe 3HaYEHHeE 3IEMEHTOB MaCCHBA M3 IAHHOTO 061eKTa, M TaK JaJee.

Hanummre mporpaMmy, B KOTOPOiT CO3M2eTCS «KOJbIO» U3 0OBEKTOB:
«IIenoYKa» OGBEKTOB, B KOTOPOH OAMH OOBEKT CChUIAETCS Ha APYTOi,
a caMbiif mocsieqHUi 06BEKT CChLAeTCs Ha iepBblit. Kaxabiit o6bexT uMe-
€T, KpOMe IPOYEero, 3aKPHITOe YHCJIOBOE MOJIE CO CIY4aiHEIM 3HAYEHUEM,
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Wcnonb3oBanue knaccos n o6weKkTos

¥ 3aKPHITOE CHMBOJIBHOE IT0JIe TOXKe CO CAydaitHRIM 3HaueHHeM. ITpeasio-
XUTh QYHKIHH H METOAHI /151 pa6om C TAKHM <KOJIBLIOM»: HAIIPUMeP,
MeTOA 1A 0ToGpaXernya 3Hauenuit nosnelt oGBEKTOB, KOTOPbIE BXOAAT
B <KOJIBLO», WK GYHKIMIO JUISL yA3JIEHIsE 0OBEKTOB B «KoJblies. Pexo-
MEHyeTCs PElHTh 3a1auy Pa3HEIMH Criocobamu.

4. Hanumure nporpaMmy, B KOTOPO# co3faercsi «<6MHapHoe fepeBo» 00b-
€KTOB: KaX/biii OOBEKT CCHUIAETCS Ha ABa APYTHX 06beKTa. [IpesIoKuTD
AJITOPUTM CO3JIaHMSL TAKOTO <JEPEBa», METOABI Ui MAeHTHGDUKALUH
0OBEKTOB B HEM M CTIOCOOHI YIATIEHUSA <A€PeBay.

5. HanummuTe nporpaMMy ¢ KJIacCOM, Y KOTOPOTO NOJIEM SBJISIETCS MAaCCHB
yKasaTeseit Ha 0O0BEKTHI TOro Xxe Knacca. IIpemioxkure MeToas: ¥ GyHK-
1MH 17151 paboTHI C TAKMMH 0OBEKTAMM.

PexoMeHAaLuM AN CaMOCTONATeNbHOM pabGoTbl

e TlonpoOyiiTe pemwnTh 3a1a4i, PACCMOTPEHHEIE B IJIaBe, HCIOAb3Ys BMe-
CTO CTAaTHYECKHX MacCHBOB JMHAMHYECKHe MacCHBBI M AMHAMHYECKHI
crocob BrIe/IeHUs NaMATH (pa3yMeeTCsl, TaM, IZie 3TO YMECTHO).

e IlompoOyiiTe pemuTh 3a4a4H, paCCMOTPEHHBIE B NMPEABIAYIINX IJIaBax
(v mpeasiaraBIIMeCs TaM JUISl CAMOCTOATEILHOTO PENIEHHs ), HCIIOJIb3Ys]
BMECTO MaCCHBOB MHAEKCHDPYeMBIe OOBEKTHI.

e B npruMepax ¢ HCIIOTb30BaHHEM (QYHKUMIA, KOTOpHIE paccmarpﬁnanncn
B NPEABIYIINX [JIaBaX, NONpolyiite 3aMeHNTh QYHKIHH Ha (PYHKTOPBI.

e MU 3ssectHo, uto JyHKIMSA He MOXKeT Pe3yJsIbTaTOM BO3BpAIlaTh CTaTHYe-
ckuif MaccuB. BmecTe C TeM pe3yIETaToM. cbymcunn MOXET GHTD. o0bexT,
IOTMYCKAIOMMil HHAeKCHpOBaHKe. B TakoM ciyuae cosaaercs WLTIO3U,
yro (QyHKUMA Bo3Bpam@aer MaccuB. Takke HHAEKCHpyeMBlif OODBEKT
MOXeT ORITb Pe3yJbTaToM, Bo3BpaliaeMuM ¢yHkropoM. [lomymaiite
U IPEJJIOKHUTE CIIOCOOBI PelIeHHs HEKOTOPBIX U3 PaCCMOTPEHHHIX paHee
3a/a4 C UCITOJIb30BAaHUEM JAHHOM TEXHOJIOTHH.



Mmaea7

OBOBLUEHHBIE ®YHKLUU
U KNACCh

— Ckaxkure, aokrop Barcon, Bu monuma-
€Te BCIO BAKHOCT MOETO OTKPBITUA?
— Jla, KaK SKCIIEPHMEHT 3TO MHTEPECHO.
Ho kakoe nmpaktudeckoe npuMeHeHue?
— Tocnoan, umenno npakrmyeckoe!
u3 x/@ «IIpuxnouenun Illeproxa Xoamca
..« . . ... udoxmopa Bamcona»

Crcok TeM, 06¢cyKAaeMBIX B 3TOM IJ1aBe, JOCTATOYHO KpaToK. OfHAKO caMu
no cebe TeMbl 0ueHb 0ObeMHbie U uHTepecHbe. UTak, fanee MBI 0GCyauUM
¥ PaCCMOTPHM:

* o6ob6mennbie GyHKIMK:

® 06001eHHbBIE KJIACCHI,

HYy ¥ e1le HEKOTOpbIE€ COITYTCTBYIOIIUE NOAXOABI U MEXaHU3MBI.

O06o6weHHbIe GyHKUUN

Unes 0606uwyenmvix dpymxyusi COCTOUT B TOM, YTO B HUX THIl JaHHAIX BBICTY-

@ TEOPUS

Onucatve oGobLieHHOH GYHKUMM HaYMHAEeTCA C KNO4eBOro CloBa
template, NOCNE KOTOPOro B YrNOBbLIX CKOGKax yka3biBaeTCA KNOYeBoe
CNOBO class U dopManbHoe 0603HaYeHHME ONA TUNA AaHHLIX (napameTp
TMRa unn 0606wWeHHLIA napameTp). Bo Bcem ocTanbHOM 06061LeHHan
dyHKuMst onucbiBaeTCA Kak o6bivHan (He 0606WweHHan), ¢ nonpaskoii Ha
70O, YTO B ONUCaHUK PYHKLIMM B KAYECTBE uaeHTUdUKaTopa Tna MOXHO
1cnonL30BaTh NapameTp.
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0606uieHHbe GYHKLUK 1 KNacCHLl

B macrunre 7.1 npe/icTaBjieHa MporpaMMma, coaepskaiias 0606meHHnyo GhyHk-
1uio show (). IToit GyHKIMelt B KOHCOTBHOM OKHe 0TOGPaKAeTCH 3HAYCHHE
apryMeHTa, KOTOpRIif epeaaeTcst GyHKiy TIpH BHI3OBE.

Nuctunr 7.1. O6o6weHHan GyHKUUA C O/HKUM NAapaMeTpoMm Tuna
$include <iostream>
#include <cstdlib>
using namespace std;
// 06obmenHas GyHruMA:
template<class X> void show (X arg) {
cout<<arg<<endl;
}
// TnaBHas QYHKUMA TPOTPAMME:
int main(){
/] Vi3MeHenMe KOOMPOBKYM KOHCOJ:
system("chcp 1251>nul");
// Bu30B 0B0BmEHHO! QYHKUMM C CHMMBOJILHHM apTyMEHTOM:
show('A');
// Bu30B 0BOGmMEHHON (QYHKUMM C UMCIIOBEM APT'yMEHTOM:
show (123);
// Bu30B 060GWEHHO! QYHKLUMM C TEKCTOBHM 3PT'yMEHTOM:
show ("Texct") ;
// Bapgepxxa KOHCOJNEHOTO OKHa:
system("pausé>nul");
return 0;

}

Pesysprat BhinosiHeHHs HYHKIIMH TaKO#:

Peaynsrar BhinonHeHun nporpammst (M3 nnctunra 7.1)
A
123

TexcT
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CaMoe HHTepecHOe 31€ech, 6e3YCIOBHO — 3TO ONKCaHHUE 0606HI€HHOK byHk-
1uu. BOT Tak BBII/ISIAUT MHTEPECYIOIMIA HAC KO

template<class X> void show(X arg){
cout<<arg<<endl;

}

Onucanne 0606meHHO# QyHKIMM HAYNHAETCS C KTIOYEBOTO CJIOBA template.
Hncrpyknus <class X>, cieayoomas fanee, 0O3HadaeT, YTO HACHTHPHKATOD
X B onucaHun GyHKIMM 0003HaYaeT HEKOTOPHI THI JaHHKIX. Kakoi umeH-
HO — CTAHOBHUTCS SICHO IIPH BbI30Be PyHKImMu. (DYHKUUS, KAK BUAUM, HE BO3-
BpamniaeT pe3yasTaT (KJII0YeBOE CI0BO void mepex nMeHeM (QYHKIHH), H Y Hee
oznH aprymeHT (0603Ha4€eH Kak arg). Tun aprymMenTa onpesesieTcss HaeHTH-
¢duxaropom X. B Tesre pyHkIMM Bcero ogHa KOMaHAa cout<<arg<<endl, B CO-
OTBETCTBHM C KOTOPOil 3HAYEHHE apTyMEHTa OTOOPaXKaeTCsI B KOHCOJIBHOM
OKHe (4 BBITIOJIHAETCS MMEPEXOX K HOBOH CTPOKe).

B rnasnoit ynkumu nporpammbl QYHKIMS show() BBI3BIBAETCH TPHIKABL
peub 0 xoManAax show ('A'), show(123) ¥ show ("Texct").

Kaxaplit pa3 mpu BH3oBe QYHKIMH [0 THIY HepefaHHOTO €if apryMeHTa
ompeiensieTcs: 3HAYEHHeE JUist 06001IeHHOrO napaMeTpa X ¥ Ko hyHKIUH BbI-
MIOJIHAETCS IPH COOTBETCTBYIOIEM 3HAaYCHHM AaHHOro napamerpa. Hanpu-
Mep, B KoMaHze show ('A') yHKIMS show () HOIyJaeT apryMeHTOM 3HaYeHHe
tHna char. [ToaToMy kxox PyHKIMY BBITIOIHAETCS TAK, KAK eCJIH OBl TapaMeTp
X 661 maentudukatopom char. [lpu BeIOIHEHHM KOMAHHI show (123) mapa-
MeTp X «CTaHOBUTCSI» NAEHTHPHUKATOPOM int, a P BHITIOJTHEHUH KOMaH/bI
show ("Texce") mapaMeTp X HHTEPHPETHPYETCS Kak yKa3aTesb Ha CHMBOJIb-
HOe 3HayeHue (yCJIOBHO TOBOPS, THH char*).

B crnenylomeit nporpaMMe MCIIOJIb30BaHHE 0606 1eHHBIX GyHKIUMH HOCUT
Gosiee yTOHUYEHHRIN XapakTep. B yacTHOCTH, B Hell onuchiBaoTCs ABe 0606-
umenHble GyHKIUH: QYHKIM show () MpefHasHadYeHa /71 OTOOpakeHus CO-
AEPKUMOTo MaccuBa, a GYHKIMS sort() MCIOJIB3YeTCS IJISI COPTUPOBKH
MacCHBa MeTO[IOM Iy3bIpbKa. [IpuueM B Tesre pyHKIMM sort () BH3HIBAETCA
dyHKus show ().

(G HA 3AMETKY

Mpu copTpoBke Maccuea (B NOPAAKE BO3PACTaHNA 3HAYEHU aneMeH-
TOB) METOAOM MNy3blpbKa CPABHWBAIOTCA NOCNIEA0BATENBHO 3HAYEHNS CO-
CefiHnX 3NeMEHTOB MacCvBa, U eC/in 3HaYeHne anemMeHTa cnesa 6onblue
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0O60o6ujeHHbie hyHKLUMK U KNACcChl

3HAYEHWs1 INIeMEHTa CNPaBa, TO OHY OOGMEHUBAIOTCA 3HavYeHusMu. Ko-
JMYECTBO NONHbLIX «MPOXOA0B» MAaccvea C «nepeGopoM» 3/eMEHTOB Ha
eAMHULLYY MeHblle KONUHECTBa 3NEMEHTOB B MaccuBe. 3a Kaxabii cne-
OYIOLWMIA NPOXO0A, KONMHMECTBO NPOBEPSIEMbIX 3/1IEMEHTOB YMEHbLIAGTCH

Ha eanHuLYy.

PaccmotpuM porpaMMHBIE KO, IPEACTABIEHHBIHN B JIMCTHHTE 7.2.

JincTunr 7.2. O6o6uiennan GyHKUMA 4NN COPTUPOBKK MACCHBSR

#include <iostream>
$include <cstdlib>
using namespace std;
// OGoGmeHHas QYHKUMA INA OTOGPaxXeHMS MaCcCHUBEa:
template<class T> void show(T* m,int n){
for(int i=0;i<n;i++) {
cout<<mfi]<<"™ *;
1
cout<<endl;
}
// 06o6meHHas QyHKUMA OIS COPTUPOBKM MacCHUBa:
template<class X> void sort(X* m,int n){
// OroBpaxeHue HECOPTMPOBAHHOTO MAaCCHUBA:
show(m,n);
// NoxanbHasd nepeMeHHad OGOGWEHHOTO THMA:
X s;
// BIIOXeHHHe ONEepaTOPH LMKIA:
for(int i=1;i<=n-1;i++){
for (int j=Q;j<n—i;j++){
if(m{jI>m{j+1]){
// OGMeH 3HAYEHMAMM COCEOHMX 3JIEMEHTOB:

s=m|j+1];
m{j+ll=m{j};
m{jl=s;
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}
// OrobpaxeHue OTCOPTUPOBAHHOI'O MacCHBA:
show (m,n);
}
// TnasHas QyHKUMA DPOTDAMMH:
int main(){
// W3MeHeHMe KOIMPOBKM KOHCONM:
system("chcp 1251>nul");
// UncnoBoit Maccus:
int A[51=(3,2,8,1,0};
// CHMMBONBHEIT MAaCCHB:
char B[7]={‘Z‘,'B','Y','A','D','C','X‘};
// CopTMpOBKa MaCCMBOB:
sort (a,5);
sort(B,7);
// Bamepxka KOHCOJIbHOT'O OKHa:
system("pause>nul");
return 0;

}

PGSYJII:TaT BBIITIOJTHEHHUA IPOTPAMMBI IIPE/ICTABJICH HUXKE!

PeaynsTaT BHNOAHEHNWA ApOrpaMmsl (U3 nucTuHra 7.2)
32810

012338

ZBYADCX

ABCDXY?Z

B onvcanuu obobmenHoil ¢yHKuuM show() mapaMerp THHa 00O3HAYEH
Kak T. ApryMeHTOB y GyHKIUM ABA: NEPBbIA apI'yMEHT m ONHCaH C HAEHTH-
¢duxaropom THIA T*. ITO O3HAYAET, YTO aAPIYMEHT M ABJIAETCS yKa3aTeJeM Ha
3HAaYeHHe TOTO THIIA, KOTOPHIN «CKpHIBaeTCsI» 3a mueHTH(uKaTopoM T. He-
CJIOXHO JOrafiaThCs, YTO 1O/ m INOAPA3yMEBAETCS MMSI MAacCHBa, 3JIEMEHTHI
KOTOPOTO OTHOCATCA K THiLy T. Bropoji aprymeHT n GyHKIMHK show () Iemo-
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0606LeHHbie GYHKUMMU 1 KNACCHI

yucaeHHbI. OH onpezensieT pa3Mep MaccuBa, o6pabGaTriBaeMoOro yHKIH-
eit. B Tese ¢pyHKUMH 3aMycKaeTcs1 OnepaTop IMKJIA, B KOTOPOM apryMeHT m
o6pabaTbIBaeTCs KaK MACCHB: B KOHCOJIbHOE OKHO BBIBOJSATCS 3HAYEHHSA €TI0
3JIEMEHTOB. : '

OGobuennast GyHKUMA sort () Ui COPTHPOBKY MAacCHBa OIKCAHA C Tapame-
TPOM THIIa X, OHA He BO3BPALIAeT Pe3yJIbTaT, U Y Hee, KaK ¥ y PYHKIIMH show (),
nBa aprymenra. [lepsuiii (0603HaueH kak m) GOPMaIbLHO ABJSAETCA YKa3aTe-
JieM Ha 3HadyeHHe THIa X, HO MbI IIPEOJIaTaeM Ha CaMOM Jiefie, YTO 3TO UMs
MaccHBa, 3JIEMEHTHI KOTOPOTO OTHOCATCS K TUITY X. BTOpOoii nenouucieHHuIH
apryMeHT n ABJIAeTCS Pa3MepPOM MaccuBa. B tese pyHKIMM CHayama KOMaH-
mo#t show(m,n) BeI3bIBaeTCA 0000meHHast QyHKIMS show(), B peayibrare
4ero B KOHCOJIBHOM OKHE 0TOOPaXaeTcsi COAEPKMUMOE HEOTCOPTHPOBAHHOIO
eille MaccuBa. 3aTeM OOBABIAETCA JIOKAIbHAS MEpEMEHHAs s, KOTopasl OT-
HocHuTca K obobienHoMy THIry X. [lepemMeHHast HaM MOHAKOOHTCS, KOTAA MBI
BO BJIOXKEHHBIX ONEpaTOpax LUKJIA IpH Hepebope U CpaBHEHUH IJIEMEHTOB
Gyznem npous3BoanTh «0OMeH» 3HaueHusiMH. ITocsie Toro, Kak MacCHB OTCO-
PTHPOBAH, KOMaHAOM show (m,n) oToOpa’kaeM HOBBIN TIOPSOK 3JIEMEHTOB
B MaccHBe (TOYHee, HOBBIH NOPSIAOK 3HAYEHUI 3JIEMEHTOB B MACCHBE).

B ¢yuxuuu main() xomanaamu int A[5]={3,2,8,1,0} u char B[7]={'2',
'B','Y','A','D', 'C', 'X'} co3AalOTCS IEJIOYMCJIEHHBIA H CHMBOJIbHEII
MaccuBeL. [l X COPTMPOBKH HCHOJB3YIOTCS COOTBETCTBEHHO KOMAH/IBI
sort (a,5) usort (B, 7).

(@ HA SAMETKY

MNpu cpaBHeHUN 3HAYEHUI INEMEHTOB CUMBOJIbHLIX MACCMBOB CPaBHU-
BaI0TCH KOAbl COOTBETCTBYIOLWX CUMBONOB.

0606weHHan PYHKUMA C HECKONbKUMMW
napamMmerpamm

Y obobmenHo# yHKIME MOXeT GBITH HECKOJBKO mapameTpoB Tuna. Kak
WLTIOCTPALHMIO PACCMOTPHM TIPOTPaMMy, IPEACTABJIEHHYIO B IMCTHHTe 7.3,

‘ Jiuctunr 7.3. OGobuienHan GyHKUMSA C HECKONLKUMU NapaMeTPamu
#include <iostream>
#include <cstdlib>

using namespace std;
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// ObobmerHas DyHKUMA C OBYMS NapaMeTpaMu:
template<class X,class R> R apply(R {*fun) (X),X arg){
return fun(arg);
}
// ObuuHas Qynkums (aprymeHt Tmna double
// w pesynbTaT TMna double):
double f (double x){
return x*(1-x);
} .
// OBuuHag QyHKuMA (apTyMeHT Tuna int
// v pesymerar TMna int):
int factorial(int n){
if (n==0) {
return 1;
}
else{

return n*factorial{n-1);

}

// OBuuHas GyHKUMA (apryMéHT THMMIa int

// n pesymsTar Tuna char):

char symb(int n){
return 'A'+n;

// TnaBHas QyHKUMS NPOIPAMME:

int main{){
/] V3MeHeHMe KOIMDOBKA KOHCOJM:
system("chcp 1251>nul");
// BH30B .0600WEHHON! QYHKIA:
cout<<apply(f, 0.5)<<endl;
cout<<apply(factorial, 5)<<endl;
cout<<apply{symb, 3) <<endl;
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// 3amepkka KOHCOJNBHOTO OKHA:
system("pause>nul");

return 0;

}

B nporpamme omucana obobmeHnas QyHKIMs apply (), mpeAHa3HaYeHHAst
A/ IPUMEHEHUs] HeKOTOpoi (0ObI4HOM) (DYHKIUH, mepeJaHHOH MEPBEIM
apryMeHToM QyHKIHHM apply (), K apryMeHTY, KOTODbIH nlepeAaH BTOPbIM ap-
ryMeHTOM (byHKIMu apply (). Onucanne 06061IeHHOM GQYHKUMH BHIITISAAUT
TaK:

template<class X,class R> R apply(R (*fun) (X),X arg){
return fun(arq);

}

Qyukuust 00bsABIEHA C IBYMsI TapaMeTpaMu THIIA X U R. Pe3ysisratoM yHK-
[{H BO3BpallaeTcs 3HaYeHUe THIA R. ApTYMEHTOB y Hee 1Ba: BTOPOI apry-
MEHT arg OTHOCHMTCSI K TUITY X, 4 1epPBbIii apryMeHT QYHKIUY apply () ABJSI-
eTcA yKasaTesieM Ha (pyHKITHIO, y KOTOpOH OZIHH apTyMEeHT THIIA X ¥ KOTOpast
BO3BpaiiaeT pe3yJIBTaTOM 3HaueHHe Tuna R. VHCTpykinws, OMMCHIBAIOHIAs
MEpBBIi apIyMEeHT, BHITJISAANT Kak R (*fun) (X).

(G) HA BAMETKY

HanoMmHum, 4To yKasartens Ha GyHKLWMO ONUCHIBAETCA cneayiowum o6-

pasom:

® yKasbiBAETCH MASHTUPMKATOP TUNA pe3ynstata GyHKUUN;

® B KPymibix CKOOKax yka3biBaeTca Ha3BaHue nepeMeHHoit-ykasaTens,
nepep Ha3saHUeMm — 3Be3A04Ka *;

* B KPYMbix ckobkax yepes 3ansaTyio nepequcnmorcn unewmcbuxaropu
TUNa ANK aPryMeHTos pyHKumK.

Peaynsrar 06o6menHolt ¢yHkumM apply() BO3BpalaeTcs KOMaHZOM
return fun(arg). MakTH4eckH, 35ech pe3yasTaTOM 0060061EHHOI QYHKIMHI
BO3BpaNIaeTCA 3HAYEHHE, BHIYMCJAEMOe NMPH NpUMEeHEeHHH QYHKIUH, UMS
KOTOpPOH mepesiaHo nepBbIM aprymentoM obobumensoit GpynKnmu apply(),
K 3HaYEHHIO, TepPeJaHHOMY BTODHIM apryMeHToM (GyHKIu# apply().

Jlnst npoBepku paGoThl GyHKIMHK apply () B IporpamMMe oObsIBJIEHO HECKOJIb-
KO 00bIYHBIX GYHKIHIA ([TaBHOE YCIOBUE — YTOOBI OHM BO3BPAILAIH PE3YJIb-
TaT ¥ YTOOBI y HUX OBLT OMH apryMeHT). B yacTHOCTH:
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¢ vy dyrknuu f () apryMeHT THna double U pe3y/kTaT THIIa double;

e ¢yHKIus 11 BeIYUcaeHus pakTopuaa yncaa factorial () Bo3Bpamaer
3HaYeHHeE THMA int ¥ apryMeHT )YHKIMH TaKXKe OTHOCUTCA K THIIy int;

® (QyHKIHUA symb () BO3BpAIIAET Pe3yJILTATOM CUMBOJ (THI char), a apry-
MeHT (PYHKITUH UMeeT THII int.

B rnaBHO# (QyHKHMH TporpaMMbl  MHCTPYKIMAMH apply(£,0.5),
apply(factorial,5) u apply(symb, 3) BbI3biBaeTcsi 0000menHast QyHKIMSA
apply (), apryMeHTOM KOTOpOIi mepenaercs: uMsi 06sraHOl (HeobobmeHHoi
GYHKIMHK) ¥ 3Ha4€HHE, HCIIOJIb3yeMOe TIPH e€ BRI30Be. Pe3ybraT BHINOJIHE-
HMS IPOrPaMMBI IIPE/ICTABJIEH HUXKE:

Peaynbrar BLINO/IHEHUS NPOrPaMMBI (»3 nucTunra 7.3)
0.25

120

D

TakuM 00pasoM, pe3yasTaToM (PYHKUHA apply () BO3BpAlIaeT TO 3HAYEHHME,
KOTOpO€ SIBJISIETCS Pe3YJILTaTOM NepefaHHOH apryMeHToM QyHKHHH.

Meperpy3ka 0606weHHOR PyHKLUMN

McTuHa pocTa — MOXHO CO3[aTh HECKOJIBKO Bepcuii 0606menHo# dyHK-
nuu. IIpuMep Takoit curyanuu npeacTasieH B suctuHre 7.4. Tam ommcano
nBe Bepcuu 0600menHoM GyHKIHH show () : C OXHHM apTyMEHTOM H C ABYyMsI
aprymentamu. Cama GyHKIMS O4€Hb IPOCTast: IPY €€ BRI30BE OTOOPAXKAIOTCSt
3HaYeHH apryMeHTOB. bilarozaps ToMy, 4TO THITB apryMeHTOB HACHTH(H-
LMPYIOTCs Yyepe3 0000IEeHHbIe TapaMeTphl, B iporpamMMe hyHKLMIO show ()
MOXXHO BBI3BIBaTh C OZJHMM WJIHM JBYMS apryMeHTaMH IIPOM3BOJIbHOTO THIIA.
OnHako npy 5TOM JOJKHA MMETh CMBIC]I KOMaH/a BHIBEAECHHS 3HaY€HHsI
apryMeHTa B KOHCOJIbHOe OKHO. PaccMOTpUM npeAcTaB/IeHHBIN HUXe IIpO-
rpaMMHEIH KOJ:

Jincrunr 7.4. Neperpyaxa o6o6ieHHoil pyHxuumn
#include <iostream>
#include <cstdlib>

using namespace std;
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// Bepcus OBOGWLEHHOM QYHKUMM C OHHMM apIyMEHTOM:
template<class X> void show (X x) {
cout<<"¢yHKUMA C OHHMM apryMeHToM\n";
cout<<"3HaueHue aprymeHnTa: "<<x<<endl;
}
// Bepcmn 06O0WEHHOM QYHKUMM C OBYMA apTyMEeHTaMu:
template<class X,class Y> void show(X x,Y y){
cout<<"yHkuma C IOByMAa apryMeHramu\n";
coﬁt<<"HepBuﬁ apryMeHT: "<<x<<endl;
cout<<"BTopoit apryMeHT: "<<y<<endl;
}
// TnaBHas GyHKUMA NPOTPAMMH!
int main(){
// W3MeHeHMe KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// Bu30B OGOOWEHHOV DYHKWWM C ORHMM aPTYMEHTOM:
shbw('A'); 7
show(123);
show ("Tekct") ;
// BHBOB OBOGWEHHOM QYHKUMM C OBYMA apTyMEHTaMu:
show (321, "Texcr");
show('B',456);
show('C','D');
// 3anepxka KOHCOJIEHONOG OKHA: -
system("pause>nul");
return 0;

}

I1pu BoIMOIHEHMY TPOTPAMMBI ITOJTy4aeM TaKOH pe3yJIbTar:

Pe3ynuTar BuNoAHeHNs Nporpammbl (U3 nucrTunra 7.4)
GYyHKUMA C OOHUM ApTYMEHTOM

3naueHue aprymeHTa: A
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OYHKUMA C ORHMM apryMeHTOM
3HayeHue aprymenra: 123
OyHKUMA C OJHMM apIyMEHTOM
3HayeHMe aprymeHra: TekcT
OyHKUMA C OBYMA apryMeHTaMu
llepBent apryMeHT: 321

Bropoit aprymeHnT: TeKCT
OYHKUMA C ABYMA apryMeHTaMmu
NepBHit apryMesT: B

Bropoit apryMenT: 456
dYHKUMA C OBYMS apTryMeHTaMu
llepBuit apryMenT: C

Bropoit apryMeHT: D

fisnas cneumanusaumsa 0606weHHOR dyHKUUMN

IIpu pabote c 0606menHBIME GYHKIUSIME MOXHO CO3/iaBaTh CIIeIIHAIbHBIE
BepCHH (DYHKUMH A4S OnpeAeeHHHX 3HadeHMH 060OmIEHHEIX mapame-
TPOB.

B nono6HOM cirydae TOBODSIT O 26HOt cneyuarusayuyu o606ieHHoH GyHK-
1uM. TIpuMep Takoi CUTyalMu peACTaBJeH B IMCTHHTE 7.3.

JlucTunr 7.5. Aisvan cneumanusauus oGobueHwoil pyHxuum
#include <iostream>
#include <cstdlib>
using namespace std,
// OnucaHue Kkiacca:
class MyClass{
public:
int number;
MyClass(int n){
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number=n;
}
void show(){ .

cout<<"ObwekT xyiacca MyClass: "<<number<<endl;

b
// OBobmeHHaa QyHKIM:
template<class X> void show (X arg){
cout<<"3HayeHue apryMmeHTa ¢yHrumm: “<<arg<<endl;
} :
// fBHas cneumaﬁuzauuﬂ 0600mEeHHON QYHKUMM L
template<> void show<int>(int arg) {
cout<<"llenounMcneHHsit aprymenT: "<<arg<<endl;
}
template<> void show<MyClass>(MyClass obj) {
obj.show(); '
}
// TnaBHas QYHKIMS TPOTPAMMEH:
int main(){
// V3MeHeHMe KOAMPOBKM KOHCOJIN:
system("chcp 1251>nul");
MyClass obj (300);
// BH30B 0B06meHHO! GyHKUMM:
show('A');
show(100.0);
show (200) ;
show (obj) ;
// 3amepxxa KOHCONBHOTO OKHa:
system("pause>nul");

return 0;
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PeaynsraT BHIONIHERNS NPOTPAMMEI TaKOM:

Pes3ynurar BuiflOAHeHus ﬁporpaumu {n3 nucTuira7.5)
SHaueHMe apryMeHTa OyHKumm: A

3HaueHue aprymeHTta Qyukumm: 100

HenouncnenHst aprymeHr: 200

OfvexT kmacca MyClass: 300

B nporpamme onucana 0606menHas GyHKUMsA show () € OIHMM apryMeHTOM,
THII KOTOPOI'O 32/1aH Yepe3 0600meH HbIH napameTp Oyuxumeit mpu Br30BE
oToOpaxkaeTcst 3HaUEHWE apTyMEHTa.

BMmecTe ¢ TeM B nporpaMMe Tak>ke B SIBHOM BHJI€ OITMICAHBI /[Be CTIEHUAIN3aLHH
dyHKIMY 419 cIydas, KOTIa apryMeHT SIBJISIETCS LeJIhIM YMCJIOM (3HaYeHHe
THHA int) ¥ KOI/Zla apTyMeHT sIBJsieTCsE 00beKTOM Kitacca MyClass. ITocaeanmii
ONHCAH B IIPOrpamMme TakuM 00pa3oM, YTO y 0OBEKTOB KJiacca MyClass eCThb
nosie number ¥ MeTOZ show (), IPH BEI30BE KOTOPOTO OTOOPaXKAETCS 3HAYCHHS
10151 number. SIBHas cnemmamsanus GyHKuuu show () 1A apryMeHTa, siBJisi-
folerocst 0GbeKTOM Ki1acca MyClass, MPeAYCMATPHUBAET, YTO U3 OOBEKTA, IIepe-
AaHHOTO apryMeHTOM (yHKIMM show () BEI3bIBaeTCA ONHOMMEHHBIH METOI.

YTo xacaeTcss TEXHMYECKOro BOIPOCA MO SBHOH Crenuaiu3aiuu o600meH-
HOH (PYyHKIHM, TO HaYHMHAETCA ONMCAaHWE SBHOH CHElHaIM3aLUH C KJoYe-
BOTO CJIOBA template, HOCJIe KOTOPOTO CIEAYIOT IyCTHIE YIJIOBBIE CKOOKH <>,
Janee naeT oOn4HOe onMcanue QyHKIMH, 32 TEM HCKIIOYEHHEM, YTO TOCTIE
HMeHH (QYHKIHM B YIJIOBBIX CKOOKAX yKa3blBaeTcsi MAeHTH(UKATOP THIIA,
JU1 KOTOPOTO BHIIIOJIHSETCS SIBHAsA ClIenManu3auys GyHKIMHU.

0606wWeHHbIe Knacchbl

AHaorH4HO 0600ImEHHBIM HYHKIUAM MOXHO CO3A3Barh KIACCHl, B KOTO-
PbIX HAEHTH(DUKATOPHI TUIIOB JAHHKIX BRICTYIIAIOT IAPAMETPaMM.

@ TEOPUSA

Onucanuve 06061EHHOro Klacca HaYMHAETCA Tak Xe, KaK 1 onucaHue
0606LEHHOM YHKUMU: C KMNIOHEBOro CAOBA template, NOCNE KOTOPOro
B YrnoBbix CKoBKax nepeyncnsioTca napaMeTpbl iis 06061LeHHbIX TUNOB
(kaxawii NnapamMeTp ykasbiBaeTCA C KAIOYEeBbIM CNOBOM class). 3atem
nmaer onucaHue Knacca, B KOTOPOM MOXHO MCMONbL30BaTh NapamMeTpbl
0606LEHHBIX TUMOB.
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Mpw co3panunu o6veKTa Ha 0CHOBE OBOBWEHHOro Knacca NOCNe NMEHN
Knacca B yrnoBbix cKo0kax yka3niBaloTCA MAGHTWIUKATOPL TUNA, KOTO-
pbie cnenyeT MCNONL30BaTL BMECTO 06006iLUeHHbIX NapaMeTpoB.

B nucTunre 7.6 npuBeieH NpUMep ONIMCAHHUS U HCII0J/Ib30BaHKs 0000EeHHO-
ro KJjiacca.

Jiucrunr 7.6. OGoGwiennmii xnacc
#include <iostream>
#include <cstdlib>
#include <string>
using nameépace std;
// OBOBWeHHNH Knacc:
template<class A,class B> class MyClass|{
public:
// Tona xnacca:
A first;
B second;
// KoHcTpyKTOp Kjacca:
MyClass(A £,B s){
first=f;
second=s;
}
// MeTom nns OTOOpaxeHMs 3HAYECHUA MOJEN:
void show() {
cout<<"lleproe nome: "<<first<<endl;
cout<<"Bropoe nome: "<<second<<endl;

}i

// TnaBHas QYHKUMA NPOTPaMMH:

int main(){
// V3MeHeHMe KOMMPOBKM KOHCOJM:
system("chcp 1251>nul");
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}

// Cosjanme OBGLEKTOB Ha OCHOBe 0BOOGmMEHHOTO KNacca:

MyClass<int,char>'objA(lOO,'A');
MyClasé<string,double> objB("rekct",10.5);
MyClass<char*, string> objC ("nepsuit", "BTOpPOI") ;
MyClass<int,int> objD(1,2);

// TlpoBepka 3HayeHMit MONet OOBLEKTOB:

objA.show () ;
objB.show();
objC.show();
objD.show () ;

// 3amepxkxa KOHCOJILHOTO OKHa:
system("pause>nul");

return 0;

Pe3ynbTaT BEIIOTHEHUS TPOrPAMMBI TAKOM:

Pe3ynuTaT BoiNONMHeHUs NporpaMml (us nuctunra 7.6)

NlepBoe mnone: 100

Bropoe mnone: A

lleppoe none: TEKCT

Bropoe none: 10.5

lleproe mnojne: nepshit

Bropoe nose: BTOpOH

Hepsoe none: 1

Bropoe mone: 2

Onucanne 0606MIEHHOTO Kaacca, Kak M CJAEN0BAI0 OXHJIaTh, HAYMHAETCH
C KJIOYEBOTO CJI0Ba template. IHCTpyKknua <class A,class B> o3Hauaer,
YTO B KJlacCe MCIONb3YIOTCA IBa 00061 EeHHBIX napaMeTpa A ¥ B 71l HAEHTH-

thuKaIu THIOB.

Hanee maer HemocpeACTBEHHO OMMcaHMe Kjacca MyClass. B wacrtHOCTH,
B Kjacce 06bsaBIIeHo nose first Tuma A, u noje second Tuiia B. YTo CKpbIBa-
eTcs 3a TapaMeTpPaMH A U B, CTaHET NIOHATHO TOCJIe CO3/aHust 06beKTa Kracca

MyClass.
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B ksacce ommcaH KOHCTPYKTOP ¢ ABYMA apryMeHT3mM (Tuna A mepsbiii
| TMNA B BTOPOIl), KOTOpBIe ONpeAensioT 3Ha4eHus nojuei first u second.
Taroke B k1acce ecTb MeTOX show (), upezmaanaqeunun IJIsE OTOOpaXkeHHUs!
3HaYeHMU moJeii.

B rnaBHO# GYHKUMH TIPOrpaMMal co3fiaercs psifi o6bexroB. B yacTHOCTH,
IJIsT 3TOTO HCIIONB3YIOTCA KOMaHA®l MyClass<int,char> objA(100,'A'),
MyClass<string, double> objB("rekct",10.5), MyClass<char*,str1ng>
objC ("nepswt", "BTOPOI") nMyClass<1nt int> objD(1,2).

B kxaxnoit KoMaHze 1oc/e MIMEHH Kiacca MyClass B yIJIOBBIX CKOOKax yKa-
3aHBl WAEHTU(MUKATOPHI THIIOB, KOTODBIE CJEAYeT UCIOJb30BATH BMECTO
0600meHHbIX TapaMeTpoB 1IPH Cco3zaHuK o6bekTa Kaacca. CKaxeM, WH-
CTPYKIMS <int,char> B KOMaHfie CO34aHus 0ObEKTa objA O3HA4aeT, YTo
B KayeCTBe IIapaMeTpa A Hy>KHO HCIIOIb30BaTh int, a B KA4eCTBE MapaMeTpa
B — char.

B xomanne MyClass<string,double> objB("rexcr®,10.5) AnsA nepBoro na-
paMeTpa YKa3aHO 3HaYeHHe string U, COOTBETCTBEHHO, IIEPBBIM APTYMEHTOM
KOHCTPYKTOPY IlepefiaeTcst TEKCTOBBII iuTepai "rexcr". Kak HeoqHOKpaTHO
0TMEYaJI0Ch, TEKCTOBBIE JIMTEPAbl PeaIH3YIOTCS B BUJAE CHMBOJIBHBIX Mac-
CHBOB, [TO3TOMY Ha CaMoOM JieJie peub ujeT o ¢popMaabHOM Tune char*. Ho
371eCh MMeeT MEeCTO aBTOMaTHYeCKOe IIpUBeZeHHEe THIIOB U JiMTepan Ge3 Ha-
IIero y4acTHs NPUBOAMTCS K THIy string. BMecTe ¢ TeM HapaBHe ¢ THIIOM
string JOMyCTHMO HCIIOIBb30BaTh ¥ OPMaIBHBIM THII char* 71 0603HaYe-
HUS «T€KCTOBOTO» THIIA.

Ipumepom ciayxuT koMaHZa MyClass<char*,string> objC("nepsent",
"BTOPOI").

Haxkonen, 06a 06061eHHbIX apaMeTpa MOTYT IIPMHUMATD OJIMHAKOBbIE 3HA-
YeHMst — KaK, HallpUMeD, MMEEeT MeCTO TIPH CO3JaHNH OObEKTa KOMaHIOR
MyClass<int,int> objD(1,2). 3aecs o6a mapamerpa A ¥ B IPUHHMAIOT 3HA-
4YeHue int.

(@ HA BAMETKY

ﬂ.ﬂﬂ MCnonb308aHWA B NporpaMMe knacca string nogknioyaeTcsa 3aro-
NOBOK <string>.

Jli1st IPOBEPKH 3HAYEHHU I10JIei CO3ZIaHHEIX 00BEKTOB M3 KaXI0ro 00beKTa
BBI3BIBAETCH MeTOZA show ().
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fisHas cneumannsaums 0606LU1eHHOro Knacca

Kak u B cayyae ¢ 0606meHHEME QYHKIHMAMH, IPH OMHCAHUHA 0606MIeH-
HOTO KJIaCCa MOXHO 32JaBaTh €T0 AGHYI0 CREYUANU3ALUI0 I HEKOTOPHIX
YAaCTHHX CaydyaeB. PaccMOTpMM mpuMep, NpeJCTABIEHHBI B JHCTHH-
re 7.7. ‘

NucTunr 7.7. fisnas cneumanmsaums o606LIeHHOro Knacca
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// 06oGmeHHHNIt KiIacc:
template<class T> class MyClass{
private:
// 3axpuroe noje:
T value;
public:
// KoHCTpykTOp:
MyClass (T v){
value=v;
}
// Meron mns orobpaxeHMs 3HAYEHMA NOJA:
void show () {
cout<<"3Hauenme nona: "<<value<<endl;

B
// fABHaa crneuMamuzaums Kjacca:
template<> class MyClass<string>
private:
// 3axpuTOE NOJEe — MACCHB:
char value[100];

public:
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// KoHcrpyxrop:
MyClasé(char* str) {
int k;
// TlepBHit CMMBON B MOJe — MAcCHUBe:
value[0]=']";
// 3anonHenue nons — MacCMBa:
for (k=0;str[k];k++) {
value[2*k+1]=str(k];
value(2*k+2]="}|"';
}
// DobGaBneHMe HyNb-CHMMBOJIa B KOHEl MacCHUBa:
value[2*k+1]="\0";
1
void show () {
cout<<value<<endl;

}i

// TnaBHaA QYyHKUMA HPOTPaMMH:

int main{() {
// ViameHeHue KOAMPOBKM KOHCOJNM:
system("chcp 1251>nul");
MyClass<int> objA{100); ‘
// Co3paHue OOBEKTOB HA OCHOBE OOOOMEHHOrO KJacca:
MyClass<char> objB('A');
MyClass<char*> objC ("rekct");
MyClass<string> objD("Trexce?");
// Bu30B MeTOona u3 O6BEKTa, CO3KAHHOTO Ha
// ocHoBe 0GOOmMEHHOIO Kjacca:
objA.show();
objB.show();
objC.show();
objD.show();
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// 3anmepixka KOHCONBHOTO OKHa:
system("pause>nul");
return 0;

}

Pesynprar BHIIOJHEHUS IPOrPAMMBI OY/IET TaKNM, KaK IIOKa3aHO HUXKE:

Peaynprart BinonHeHus nporpaMmmbl (W3 nucTunra 7.7)
3Havenne nong: 100

3Hauenye nonsa: A

3HaueHue MOJA: TEKCT

frielk|c|T|

B nporpamme onucsiBaetcst 0606meHH R K1ace MyClass, B KOTOPOM Yepe3 T
obo3naveH 0606meHHbI TUIL Y KIacca ecTh 3aKPHITOE MOJIE value, OTHOCS-
meecs K 0006menHoMy THITY T.

KoHcTpyKkTOp KiIacca TOIyYaeT OMH apTyMEHT, KOTOPHII ¥ 3a1aeT 3HaYeHHe
moJiA value. {ns nonydenns uHGopMaliy 0 3HaYEHHH T0J1 value npeaHa-
3HaYeH MeToJ, show ().

SIBHas crenmanu3anys kjiaacca MyClass onmcaHa JUIs corydas, Korz(a B Kade-
CTBe 0606IIEHHOTO NapaMeTpa HCIIO/Ib3yeTC s THIT string.

(G HA 3AMETKY

Mockonbky B NporpamMmMe ucnonb3yeTcs KNacec string, NOAKMOYAEM 3a-
ronoBoOK <string>. 4T0O KacaeTcs ABHOWU cneuuanu3aumm ans o606LeH-
HOro Knacca, To Nocne KNo4Yesoro CNoea template YKa3biBaIOTCA NYCThie
yrnosbie ckoGku <>, @ oCNe UMEHN KNacca B YrnoBbiX ckobkax ykasbi-
BaeTCs ngeHTUPUKaTop TMNa (B JAHHOM Cayyae string), Ons KOTOpPOro
BLINOJIHAETCA CneumManmsauus khaccea.

CrernmanbHas Bepcust Kaacca MyClass COZEpPXKMT, KaK M «00miasi» BepCHst
KJIACCa, 3aKPhITOE I0JIe ¢ Ha3BaHHWeM value, KOTOPOe TeNeph SIBISIETCS CUM-
BOJIbHBIM MacCHBOM (43 100 asieMeHTOB). OH 3a0/IHAETCS B KOHCTPYKTOPE.
ApryMeHTOM KOHCTPYKTOpPY (0603HaueH Kak str) ¢opManbHO mepegaeTcs
yKa3aresb Ha 3HaueHue Tuma char, 4TO MO3BOJISAET MEpeaTh apryMEHTOM
KOHCTPYKTOPY TeKCTOBbIi1 muTtepas. IIpunnun sanonHenuss MaccuBa value
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TaKoii: B HETO KONMPYIOTCSI CHMBOJIBI H3 TEKCTOBOTO JINTEPAJIA, TIePeJaHHOTO
apryMEHTOM KOHCTPYKTODY, HO MEXAY CUMBOJIAMH J00aBJISIETCS] BEPTHKATIL-
Has yepTa. Takast e yepTa foOaBjsieTcs B Ha4aI0 MaccuBa value. ITockob-
Ky BEPTHKAIbHASI 9YePTa — ITO OTAEIbHbIH CUMBOJI, TO 3aITOJIHEHUE MacCHBA
value BHITJISITUT HETPUBUAIBHO.

B camom Hauasie koMaHAoM value[0]1=" |’ nepBHIM CHMBOJIOM B MAaCCHB value
3aNMCHIBAETCS BEPTUKAJIBHAS 4epTa. 3aTeM 3alyCKaeTcsl OMepaTop LHMKIIA,
B KOTOPOM MHJEKCHAst IEpeMEeHHast k mpoberaer 3HaYeHust OT 0 H 10 KOHLA
TEKCTOBOTO JINTepaJia. "

Bl NOAPOEHOCTH

Ycnosye B YCNOBHOM onepaTope BbLIFNAAUT KaK str[k OHo 6ypeT uH-
TepPnNPeTUpOBaTLCA KaK false, TONLKO €C/M 3NEMEHT C UHIEKCOM k SBAs-
©TCA HYNb-CUMBONOM OKOHYaHWR CTPOKM.

MHaekcHas nepemMeHHan k o6basneHa A0 3anycka oneparopa uuxna, no-
CKOJfIbKY 3HauYeHve, KoTopoe oHa GyaeT umeTh No 3aseplueHny onepa-
TOpa LWKNA, HaMN UCMNOML3YETCH NP 3aNUCK HYNb-CUMBONA B Maccve
value.

Ilpn ¢uKcMpoBaHHOM 3HAYEHHMM WHAEKCHOH IepeMEHHON KOMaHZOH
value[2*k+1]=str [k] B MACCHB value 3aIMCBHIBAETCS OUepenHasi OyKBa U3 ap-
ryMeHTa str KOHCTPYKTOpa, a Iocjie Hee J00aBIIsTeTCs] BEPTHKAIbHASA YepTa
(xomaHza value[2*k+2]="1|").

Bl NOAPOBHOCTH

Unpekc k onpeaenser 6yKBY B TEKCTOBOM niUTepane str (KOTOPbLIit Ha ca-
MOM fiene ABANETCA CUMBOJIbHBIM MaccuBoM). MaccuB value 3anonHa-
€TCA NOo ABa 3nemMeHTa. Ha No3vumsax ¢ YeTHLIMU UHAEKCAMU B MacCHBe
value pasmeLwialoTcs CUMBOJbLI BEPTUKaNbHOM 4epThl. Ha HeYeTHLIX No3n-
umMax B Maccuee value HaxoaaTcn GyKBbl U3 MaccuBa str.Dopwyna ans
HEYETHbIX UHAEKCOB B MacCuBe value JAETCH BLIDAXEHUEM 2+k+1, @ 3Ha-
YEHMSI AN YETHBIX UHAEKCOB BLIMUCNSIOTCA KaK 2*k+2. 34eCh Mbl YU,
YTO NPpU HYNEBOM 3HAYEHUU uHaexca k (nepsas 6ykBa B maccuee str)
B MaccuBe value cnep.yeT 3anNONHATL 3NIEMEHT C MHAeKCOM '1, a cumBon
BEPTUKANLHOW YepThi NPUCBANBAETCA ANEMEHTY C WHIEKCOM 2 B Maccu-
Be value. )

Iocsie 3aBepueHMs ONEpaTOpa IMKJA MAacCHB value 3amojiHeH GykBamu
¥ BEPTHKAIbHBIMM YEPTOYKAMM, HO HYXXHO elile ZOGABHTH HYJb-CHMBOJI.
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Ilockonpky B omeparope HHK/Ia HepeMeHHas k yxe NOJy4MJa odepen-
HOe 3HaueHHe, TO A0OaBAEHHe HYJIb-CHMBOJIA BBHIOJIHSEM ~KOMAHZIOM
value[2*k+1]="\0".

B NOAPOBHOCTH

MNocne 3asepLueHMs onepaTopa UMKIa MHAEKCHasi NePeMeHHas k nosy-
4aeT 3HAYSHNe 3NEMEHTA B MAaCCHUBE str, KOTOPkA COOTBETCTBYET Hyfb-
cumMmBony. B maccuae value 3TON NO3ULMK COOTBETCTBYET 3NEMEHT C UH-
DEKCOM 2%k+1.

Merton show () B JaHHO#M BepCHH KJ1acca MyClass onpe/esieH Tak, 4To oToGpa-
XKaeTcsl COAEpPKMMOe MaccuBa value (6e3 JONOJHMTEIBHOTO MOSICHAIOMIETO
TEKCTa. ‘ '

(@ HA 3AMETKY

Takum 06pa3oM, 8 ABHOW cneyuanu3aumn macca'MyClass ans Tvna
string 3TOT CaMblil TUN string paKTUHECKU HE UCNONBL3YeTCA.

B raaBHOM (yHKIMH POrpaMMBbl Ha OCHOBe 0000IEHHOTO Kaacca MyClass
CO3/1aeTCs1 HECKOJIBKO 06bekToB. OCcO60ro BHUMAHUS CTOAT OGBEKTHI, KOTO-
pBle CO3JAI0TCA ¢ HAEHTU(DUKATOPaMM THIIOB char* M string ais 06o6meH-
HBIX [IAPAMETPOB. '

ApPryMeHTOM KOHCTPYKTOPY B 060MX CIy4asix mepejaercs OAWH H TOT Xe
TEKCT, HO Pe3yJIbTaT NoJIyJaeM pasHBIi, IIOCKOJIbKY B ORHOM ciy4ae (¢op-
MAJIbHBIH THI char*) HCIIONBL3yeTCst «obmmasi» Bepcus Kiacca MyClass, a BO
BTOpoM — (THMI String) MCHOMB3yeTCS siBHASA CrequdUKALMst JAHHOTO
KJIACCA.

(G HA 3AMETKY

Koraa ncnonb3ayetca naeHTMdUKaTop TMna char*, TO B KOHCTRPYKTOpE
NOMIO value B KAYECTBE 3HA4SHUA NPUCBaANBAETCs aapec TOro TeKCToso-
ro nUTepana, KOTOPLI NepeaaH apryMeHTOM KOHCTPYKTOpy. Ecnum nepe-
AATbh apryMeHToMm KOHCTPYKTOPY WMS CMMBONLHOTO Maccwea, B none
value 3anviwieTcsa aapec 3Toro Maccuea. Ecnm cozparbs HECKONLEKO 06b-
€KTOB Ha OCHOBE K/iacca MyClass C MAGHTUPUKATOPOM TUNA char* K KaxX-
AblA pa3 nepepasaTb apryMeHTOM KOHCTPYKTOPY OAMH U TOT Xe CUM-
BONbHLI MaccuB (ero ums), TO NONSA value BCEX CO3AAHHLIX OOBLEKTOB
GyAyT CChiNaTLbCA Ha OAWUH U TOT XEe MacCus,
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3HauyeHnus napamMeTpoB NO YMONYAHMIO

IIpu onucanuu 0600IEHHOTO KIacca /i AapaMeTPOB THIIA MOXHO 3a/aTh
3HaueHHs 10 YMOJIYAHHUIO. 3HAUeHHs 1I0 YMOAYAHHIO /s 00OOLIEHHBIX Nia-
PaMEeTPOB YKa3bIBaIOTCS Yepe3 3HAK PAaBEHCTBA [OC/ie HA3BaHUA napame'rpa
¥ IIPEACTABJIIIOT CO00i HAEHTH(DHKATODHI THUIIOB.

B nmcrurre 7.8 no 3TOMY ITOBOAY MPEACTABJIEHA IIPOrPaMMa.

JincTuir 7.8. 3vaueHme napaMeTpos 1o YMOMYaHUIO
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// OBOOWEHHHIt KJIACC:
template<class A=int,class B=char> class MyClass{
public: '
// Tons:
A first;
B second;
// KoHcTpykTop:
MyClass (A £,B s){
first=f;
second=s;
R
// Meton mna orobpaxeHus 3HAUEHWA [OJIEN:
void show () {
cout<<"3Hauenua "<<first<<" u "<<second<<endl;"

| H
// Tnaprag QyHKUMA OPOTPAMMH:
int main() {
// V3MeHeHMEe KOIOMPOBKM KOHCOJ
system("chcp 1251>nul");
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// Coznanue OGBEKTOB:
MyClass<double, int> objA{(3.5,100);
MyClass<string> objB("rexct", 'A');
MyClass<> objC (200, 'B');

// BH3OB MeToHa:

objA.show();

objB.show (};

objC.show () ; ,

// 3amepxxa KOHCOJIBHODO OKHa:
system("pause>nul");

return. 0;

}

Hixe npezicTanBjieH pe3yIbTaT BBHITOJHEHUS IPOTPaMMBbI:

Pesynurar BoinonHeHma nporpammbl (U3 nucTusra 7.8)
3unavenus 3.5 u 100
3HayeHus TexKCT U A

3nauenusa 200 u B

B ocHOBHOM KO YHTaTeNO AOJKeH OBITH MOHATEH, OOpaTHM BHHUMaHHe
JHOIb HAa IPHHUMIIHAIbHBIE U HOBbIE MOMeHTH. B nepByio ouepeis oHN
KacalOTCs ONMCaHHA MabIOHHOro Kiacca MyClass: B YIJIOBHX CKOGKax
focJie Ha3BaHMi 0006IIEHHBIX TAPaMETPOB YKa3aHbl 3HAYEHHS 1o yMoOJI-
4aHUIO. B yacTHOCTH HHCTPYKI(UA <class A=int,class B=char> 03Hayaer,
4TO eCJIM NPH CO3JaHHU 06BEKTa Ha OCHOBE 0GOBIIEHHOTO Kjacca ABHO
HEe yKa3aTh MAEHTH(UKATOPHl THIOB /I 000OOIIEHHKIX IIAPaMeTPOB, TO
IS IepBOro mapamertpa GyzeT HCIOMb30BaH uaeHTH(UKATOD int, a [is
BTOpOTo napameTpa 6yaer ucrnoas3oBaH uaeHTH(dHKaTOp char. [naBHas
byHKIMA IPOrpaMMBbl COZEPKUT NPUMEPH CO34aHHA OOBEKTOB Ha OCHO-
Be o6ob6mentoro kiaacca. Tak, koManaa MyClass<double, int> objA(3.5,
100) coszaer 06BEKT ¢ SBHBIM YKa3aHMEM MCIOIb3yeMBIX ureHTNdHU-
KaTOpOB 1 06o6ueHHbIXx mapameTpoB (double M int). B xomamzme
MyClass<string> objB("rekct",'A') SBHO yKa3aH TOJbLKO OAMH HAEHTHU-
¢buxarop THNA string, MO3TOMY AJis1 Broporo 0606I{eHHOro mapamerpa
OyzmeT MCHIOIb30BAHO 3HAYEHHE IO YMOIYaHUIo char. Hakonel, B KOMaH-
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Zie MyClass<> objC(200,'B') gBHO He yKa3aH HH OZUH HAeHTH(PHUKATOD,
MO3TOMY AJisi 0OOOIEHHBEIX TUIIOB UCMO/b3YIOTCSA 3HAYEHUs MO YMOJI4a-
"0 (int u char).

(G HA 3AMETKY

Aaxe ecnn npaeHTUKaTOPH! TUNOB B KOMaHAE CO3AaHUA 06bLEKTa SBHO
HE YKa3biBaloTCA, YroBbie cko6ku (NycThie) Bce paBHO NPUCYTCTBYIOT.

HacnepnoBaxue 0600LieHHbLIX KJ1ACCOB

B cienyromeM npuMepe NOKa3aHO, KaK HA OCHOBE OQHOTO OGOOIIEHHOro
KJacca IyTeM HacJiefloBaHUA MOXHO CO3/iaTh APYroi o606meHnHsil Kiacc.
PaccMoTpuM nporpaMMHBII KOZ B JIMCTHHTE 7.9,

Juctunr 7.9. Hacneposanme o6o6ureHnoro knacca
#include <iostream>

#include <cstdlib>

#include <string>

using namespace std;

// TlepBrt Ga30BEM OGOGMEHHHN KJACC:

template<class A> class Alpha{

public:

// Tone:

A alpha;

// KoHCTpykTOp:

Alpha (A a){
alpha=a;

}

// Meron:

void show() {
cout<<"Mosne alpha: "<<alpha<<endl;

}i

// BTopoit Ga30BHIl OGOGWMEHHHN KNacc:
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template<class B> class Bravo{

public:

}:
//

// Tone:
B bravo;
// KoHCTpyKTOp:
Bravo (B b) {
bravo=b;
}
// Meronm:
void show () {
cout<<"Mone bravo: "<<bravo<<endl;

TIpOM3BOMHEIT OBOOMEHHEI KMace:

template<class A,class B,class C> class Charlie: public
Alpha<A>,public Bravo<B>{

public:

}:

// Tone:

C charlie;

// Koucrpyxrop

Charlie(A a,B b,C c):Alpha<A>(a),Bravo<B>(b) {
charlie=c;

}

// TlepeonpeneneHue MerTonda:

void show () {
// BH30OB BEpCMM METONA M3 IEpBOTO Ga30BOTO KNACCA:
Alpha<A>::show();
/! Bﬁsoa MeTofa M3 BTOpPOrO Ga30BOrO KHacca:
Bravo<B>::show();
cout<<"llone charlie: "<<charlie<<endl;
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// TnaBHas QyHKuUMS TNporpamMa:

int main() {
// Vi3MeHeHMe KOOMPOBKM KOHCOIM:
system("chcp 1251>nul”);
// CosmaHue OOBEKTOB:
Charlie<string,char,int> objA("rexct",'a’,100);
Charlie<int,double,char> objB(200,5.5,'B');
// BusOB MeTona M3 OOBEKTOB:
objA.show();
objB.show{();
// 3amepxxa KOHCOJLHOI'O OKHA:
system("pause>nul");
return 0;

}

Pe3y.TIbTaT BBINOJIHEHUSA NIPOrPAMMBI HIPEACTABJIEH HHAXKE:

PeaynsTaT BLINOAHEHUNA NPOrpamMMbt (w3 nucrnrra 7.9)
Mone alpha: rexcr

llone bravo: A

Monme charlie: 100

None alpha: 200

llone bravo: 5.5

Mone charlie: B

IIporpaMma AOCTaTOYHO MpocTasi. B Hell onucHBaeTcst ABa OAHOTHITHBIX
0600meHHBIX KIacca Alpha ¥ Bravo, a 3aTeM Ha OCHOBE 3THX KJIAacCOB ITyTeM
HACJIe/l0BaHNs cosziaeTcst 0606 menHsii kaace Charlie, Boobme, cxema Hace-
NOBaHHUs 0606IEHHBIX KJIACCOB HATIOMUHAET HACEA0BaHHE OORIYHBIX KJIac-
cos. ITonpapKy HYXHO J€JIaTh TOJILKO Ha TO, 4TO B CJIy4ae ¢ 0606meHHRMHA
KJIACCaMH BaXKHO He TOJIbKO Ha3BaHHe KJIacca, HO ¥ 00001IeHHbIie IapaMeTPH,
KOTOpBIe HCTIOMb3yIoTcA. CKaXkeM, B OTMCaHMH Kacca Charlie nmocsie xmoge-
BOTO CJIOBa template yKa3aHO BHpaXeHHe <class A,class B,class C>, 03Ha-
yajomee, YTO B Kjaacce Charlie HCIOMB3yeTcst TpH 0600IMEHHBIX TapaMeTpa
(4, B u C). [lanee B onmHCcaHHWH KAaK HacJjeAyeMble YKa3aHBI KJaaccH Alpha<a>
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" Bravo<B>. 3mech MBI He OrpaHM4YHBAEMCA TOJBKO Ha3BaHMAMH 6a30BHIX
KJIACCOB, HO €1ll¢ ¥ YKa3blBacM, KAaKHE 0606HICHHI>I€ apaMeTpsl CJeayer uc-

TN MLANDATL

(3 HA 3AMETKY

Bce aTo 03HavaerT, 4To xoraa cos3paercs o6bLexT knacca Charlie v 3apa-
Hbi 3Ha4eHus ans 0606LeHHbIX NapamMeTpoB, TO NepBLlil napaMeTp ne-
penaerca B 0606LEHHLIA Knacc Alpha, @ BTOPOIA napameTp nepeaaeTca
B 0606LUEHHBI KNacc Bravo.

KoncTpykTop Kimacca Charlie omucan ¢ Tpems aprymeHTamu. Ilepsbrit
nepefaeTcss apryMEHTOM IIpM BBI30Beé KOHCTPYKTOpa 06a30BOro Kijacca
Alpha<A>, a BTOPOIii apryMeHT nepeaaeTcsi KOHCTPYKTOpYy 6a30BOro kjacca
Bravo<B>, 3aech (MMeIOTCS B BUAY HHCTPYKIMM Alpha<A> u Bravo<B>) MHI
SIBHO MOJYEPKHBAeM, KaKie 3HAYEHUs i 0000IEHHBIX TapaMeTpOB He-
00X0IMMO HCIIO/IE30BaTh, KOT/]a BEI3BIBAETCA KOHCTPYKTOP 6a30BOro Kjac-
ca. AHaJIOTHYHAsI CUTyallisi HMeeT MECTO IIPH IlepeonpesieJieHHH B IPOU3-
BOZHOM KJacce Charlie Metoga show (). B Tese aToro Meroza KoMaHAoM
Alpha<A>::show() BBI3bIBA€TCSI BEPCUS METOZA K3 MEPBOTO Ha30BOTO KJIac-
ca, a BepCUsl METO/Ia M3 BTOPOro 6a3soBOTo KJIacca BhI3bIBAETCA KOMaHAOMH
Bravo<B>::show (). ' -

B rnaBHO# (yHKIMU mporpaMMbl MOKA3aHO KaK Ha OCHOBE 0006LIEHHOTO
NPOU3BOIHOrO KJjacca Charlie co3aloTcst OOBEKTHL.

B paccMoTpeHHOM mpHMepe Ha OCHOBE ABYX OGOOUIEHHBIX KJIACCOB CO3Aa-
BaJICs TIPOM3BOAHBINA 0600Mmen bl Kiacc. MOXHO NOCTYNUTb M HECKOJILKO
HHaue: B3Th 0606meH b 6a30Bbiil KIaCC M HA €r0 OCHOBE HAaCJIeJOBaHHEM
co31aTh 06bryHbIi knace (win kaaccsl). IIporpamMMa, B KoTopoit peanusyer-
€51 JaHHLI OAXOH, IpeJicTaBjieHa B uctudre 7.10.

Jiuctunr 7.10. Coaparmne o6uiuHOro xnacca Ha octose o606 ennoro
#include <iostream>

#include <cstdlib>

using namespace std;

// BasoBuit oBoCueHHH Kkmacc:

template<class X> class BaseClass{

private:
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// 3akpHTOe mone:
X value;
public:
// KoHcTpykTOp:
BaseClass (X val){
set (val);
}
// MeTon nnA NpMUCBaMBaHUA 3HAYEHUA MNOJD:
void set (X val){
value=val;
}
// MeTon mns NOJNyYeHus 3HAYEHMUA NONf:
X get () {

return value;

b
// TlepBEDt NPOM3BOIHEIL KNACC: ,
class Alpha: public BaseClass<int>{
public:
// KoHCTpyKTOp:
Alpha () :BaseClass<int>(0) {}
}i
// BTOpOi NMpPOM3BOIHEI KJACC:;
class Bravo: public BaseClass<char>{
public:
- // KoHCTpykTOp:
Bravo(char s):BaseClass<char>(s){}
}i
// TnaBHasa QYHKUMA HPOTDAMMH:
int main() {
// W3MeHeHMe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul®);
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// OGBeKT nepsBoro NPOM3BOAHOI'O KJACCA:
Alpha objA;
// BunojyHeHue onepauMii ¢ OOLEKTOM:
cout<<"0O6nexr objA: "<<objA.get()<<endl;
objA.set (100);
cout<<"O6rexkT objA: "<<objA.get()<<endl;
// OGBeKT BTOPOTO NPOM3BOOHOTO Kjacca:
Bravo objB('A');
// BunonHeHue onepaumit ¢ OOBLEKTOM:
cout<<"06bekr objB: "<<objB.get()<<endl;
objB.set('B'};
cout<<"06wexT objB: "<<objB.get()<<endl;
// 3amepska KOHCONBLHOT'O OKHa:
system("pause>nul");
return 0;

}

Kak BHrISAUT pe3ybTAT BHIIOJHEHUS POIPaMMBL, TOKA3aHO HMXKE:

Po3ynsTar SuifONHOHNS NPOrpammel (U3 nucTunra 7.10)
06wexr objA: 0

0GwvexT objA: 100

O6bexr objB: A

O6vexT objB: B

B nporpaMme omnuceiBaeTcs 06001meHHbIH Kiacc ¢ Ha3BaHueM BaseClass.
Jnsa knacca obbsBieH oauH 0600meHHEH TapaMeTp, 0603HaYeHHBIH Kak X.
B caMoM kJ1acce OMMCaHO 3aKpHITOE I0J€ value OTHOCAMEECH K 0600meH-
HoMy THiy X. OTKpHTHH MeToj set () NpegHasHayeH /I NMPHCBaMBaHMS
3HaYeHHUs NOJIO value, 2 OTKPHITHIH MeToZ get () pe3yJILTaTOM BO3BpallaeT
3HaveHHe JaHHOTO MoJiA. TakKe B KJIacce OMMCaH KOHCTPYKTOP C OAHUM ap-
TyMeHTOM. JHaueHHe, nepeJaHHoe apryMeHTOM KOHCTPYKTOPY, Yepe3 BhI30B
MeTOZAa set () IPUCBAUBAETCA MO0 value.

Ha ocHoBe Kiacca BaseClass Hac/ieZIOBAaHMEM CO3AAIOTCS KjaaccH Alpha
H Bravo. IIpu cospanum Kiaacca Alpha B 6a3opnili 0GobmeHHBIN KiIacc
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BaseClass B KayecTBe 3HaueHHs1 0000IIEHHOrO TapaMeTpa nepeaaercs int.
IIpu co3nanum knacca Bravo Kyace BaseClass HCIOMB3YETCS C TapaMeTpoOM
char. B kmaccax Alpha ¥ Bravo ONMHCaHbl KOHCTPYKTOpHI. Qs kyacca Alpha
BHIOJIHEHUE KOHCTPYKTOPa CBOAUTCA K BHI3OBY KOHCTPYKTOpa Knmacca
BaseClass<int> ¢ HyJieBbIM aprymeHTOM. IIpu BhInoHeHNMM KOHCTPYKTOpa
KJacca Bravo BBI3HIBAeTCS KOHCTPYKTOP KJjacca BaseClass<char> C OZHHM
CHMBOJIBHBIM ApPTYMEHTOM. '

B ¢ynxiumu main() moxa3aHo, KaK CO3NAIOTCS M MCHOJb3YIOTCS 06BeKTHI
KJaccoB Alpha u Bravo.

LienoyucneHHsle 0606LiIeHHbIe NapameTpbi

Tapamerpsl B 060011[eHHOM KJIacce CIIy’kaT 0003HaueHUeM i uAeHTHDU-
KatopoB THma. Ho ecThb B 3TOM NpaBuJie HCKIIIOYEHHE — B 0600MIEHHOM Kac-
ce MOTYT TaKXe WCIOJb30BaThCS IIEJIOYUCIIEHHBIE MapameTpbl. OnuCHBa-
I0TCS1 TAKME NapaMeTphl I0A00HO CTAHAAPTHHM OGOOIIEHHBIM TApAMETPaM
H UTPAIOT POJib, OAOOHYI0 apryMeHTy, KOTOphik nepeaaercs B xiacc. Kak
NMpUMeEP TaKO# CHTYaIl[MM PacCMOTPHM Iporpammy B juctunre 7.11. B neit
onucan 0606meHHbIH K1ace Polynom, IpeJHasHAYEHHBIH 1JI peaH3aUUU
MOJMHOMOB ¥ BBHIIOJHEHHsI HEKOTOPHIX 6a30BBIX omepanuii, TAKKUX, HATIPH-
Mep, KaK YMHOXK€EHHe IOJIMHOMOB, CJIOKEHWE M BBHIYMTAHUE ITOJHHOMOB,
a TaKxe BHYHMCJ/IEHNE MPOU3BOXHOM ISl TTOIMHOMA.

B NOAPOBHOCTHM

Ana NoHUMaHUA APUHUMNOB OPraHU3auMn NPOrpaMMbl MMEET CMbICH
HaNOMHUTbL OCOGEHHOCTU TaKMX MaTteMaTuyeckux obLekTos, Kak Nonu-
HOMBI. o
MonuHOMOM CTeneHn N HasbiBaeTchR (YHKUMOHANbHAA 3aBUCUMOCTL
Bnaa P,(x) =a, + ax + 8y + ... + a,X". TToNMHOM KaK YHKUMS 0AHO3HAY-
HO onpeaensercs Habopom ko3 PULNEHTOB a,, 2,,... , a,. Konn4yecTso
K03 PUUMEHTOB NOAMHOMA HAa eauHULy Gonblue CTeneHn NOnUHOMA.
Y1o661 y3HATH 3HAYEHUE NONNHOMA B TOMKE X, CNEeAYeT BLIMUCIINTL CyMMY
a,tax+ ay)+..+ax. :
MpouasogHas P,’'(x) ann nonuHoMa P,(x) aBnseTcs NONMHOMOM CTeneHn
n - 1 nonpeaenseTc Buipaxemem P,'(x) =a, + 2a,x+3ax’ + ... +na X',
Ecnm noAMHOM yMHOXAETCSl HA HEKOTOPOoe YUCAO K, TO B pe3ynsrare no-
AyyaeM TaKke nonuHoM. Mo cpasHEHUIO C UCXOAHBLIM (YMHOXAEeMbIM)
NONMHOMOM, KO3DOUUMEHTH NOAUHOME-PE3YNETATE YMHOXAIOTCA HA
COOTBETCTBYIOWE YUCNO: kP, (x) = kayx + kax + kazx2 +...+kax.
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Mpy BLMMCHEHUN CyMMbI U PasHOCTV NOAMHOMOB CKNaabiBaIOTCA (Bbi-
YUTAIOTCK) 3HaA4YeHUA KO3IPOULUMEHTOB MOAMHOMOB, COOTBETCTBYIO-
Wive 0AMHAKOBLIM MHAEKCAM (OAMHAKOBbLIM flOKa3aTensM creneHn ap-
rymeHTa x).

OcHoBY nporpaMMBI COCTaBJIsieT 06061eH b kaace Polynom. B HeM B Ka-
yecTBe 0GOOMIEHHOTO MapaMerpa BHICTYHAeT CTENE€Hb IIOJIMHOMA, PeaH-
3yeMoro uepe3 o0bekT Kiacca. B kiacce ectb oObruHBIE H 0606MHMIEHHBIE
anepaTopHbie MeTOAN. Takxe B mporpamme onucansl 0606meHHbie onepa-
TopHble yukimu. Teneps paccCMOTPHUM Ipe/CTABIEHHbIH Aajlee IPOrpaM-
MHEIH KOZ;

Nucturr 7.11. OGo6wexnbiii Knace Ang peanusauun NONMHOMOR
#include <iostream>
#include <cstdlib>
using namespace std;
// 0BoOmeHHH KIacC WA peanu3alyy TONMHOMOB:
template<int power> class Polynom{
private:
// 3axkpuToe noje — MaccuB C KosdduuMeHTaMH.
// Pa3sMep MacCMBa Ha eOVHMUY OONblieé CTENEeHM MOJMHOMA:
double a[power+l];
public:
// KoncTpykrop 6e3 apryMeHTOB:
Polynom () { ’
// BanonHeHue MacCUBa HYIAMM
for (int k=0; k<=power; k++) {
 alk]=0;

}
// KOHCTDYKTOp C apTyMEHTOM — MMEHEM YMCJIOBOPO MACCHBA:
Polynom(double* nums) { -
// KonupoBaHMe SNEMEHTOB U3 ORHOTQ MaCCMBa B IpYyTOit:
for(int k=0;k<=power;k++) {
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alk]=nums[k];

}

// Merox mna orobpaxeHusa 3Ha4YESHMIA
// 3neMeHTOB noNA — MAaccuBa:
void getAll () {

cout<k"| ";

for(int k=0;k<=power;k++) {

cout<<alk]<k" | ";
}
cout<<endl;

}

// OnepaTOpHEI! MeTON MO3BOJAET BH3BAaTh OOBEKT.
// Pe3synbTaTOM BO3Bpalae€TCA 3HAUEHKE [IOJIMHOMA:
double operator () {double x){
double s=0,g=1;
for(int k=0;k<=power;k++) {
st=alkl*q;

return s;

}

// OnepaTOpHHt METOR M MHIOEKCUPOBAHMA OOBEKTOB:
double &operator{] (int k) {

return afk];
}

// QBoOmeHHEI ONepaTOPHHY METOX INs BHUYMCIIEHMS

// npousBemeHMs NONMHOMOB:

template<int n> Polynom<power+n> operator*{Polynom<n> pol){
// JloxanbHent 0OBEKT OOOGmEHHOI'O KJIACCa:
Polynom<power+n> tmp;

// Buumucnenue KO3QOUUMEHTOB nung
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}
/1
//

// nomuMHOMA-pesynbTaTAa:
for (int i=0;i<=power;i++) {
for(int j=0;j<=n;j++){
tmp{it+jl+=a[i]l*pol[]i];

1
/{ PesynepraT MeTOma:

return tmp;

OBobmeHHEN ONEepPaTOPHEM METOH MJIA BEMMCIIEHUS

CYMME TTOJIMHOMOB:

template<int n> Polynom<{n>power?n:power)>
operator+ (Polynom<n> pol} {

i

int i;

// JoxaneHelt 06BEKT OBGOBWEHHOTO Kjacca:

Polynom< (n>power?n:power)> tmp;

// BudmcneHue Ko3QOUUMEHTOB mNA

// nonmHoma-pesynbTara:

for (i=0; i<=power;i++) {
tmp[il+=a[il;

}

for (i=0;i<=n;i++) {
tmp[i]+=pol[i];

}

// PesynpraT Merona:

return tmp;

// 06obmeHHasi onepaTopHas QYHKUMA A BHUUCTEHMA

// pesynbTara yMHOKEHMA HONMHOMA Ha YUCIO:

template<int power> Polynom<power> operator* (Polynom<power>
pol,double r) { ‘
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// JlokanbHent 0OBEKT OOOOWEHHOI'O Kiacca:
Polynom<power> tmp;
// Buumcnenue K030PUUMEHTOB IJiA MONMHOMAa-pesysbTarTa:
for(int k=0;k<=power;k++) {
tmp[k]=pol [k]*r;
}
// PesynbTaT QYyHKUMM:
return tmp;
}
// O6oGmeHHas onepaTOpHas QYHKUMSA HNIA BEUMCIICHMA
// pesynbTaTa YMHOXEHMH UMCJAa Ha MOJMHOM:

template<int power> Polynom<power> operator* (double
r, Polynom<power> pol) {

// TlonuHOM YMHOXAeTCs Ha YMCHO:

return pol*r;
}
// OGoBumeHHas onepaTopHad GYHKUMA OJA BHUMCIIEHUS
// pasHOCTM IOBYX NOJIMHOMOB :

template<int m,int n> Polynom<(m>n?m:n)> operator-(Polynom<m>
%, Polynom<n> y) {

// K nepBoMy NONMHOMY NpUOABJIAETCA BTOPO, YMHOREHHHI
// Ha uncmo -1:
return x+(-1)*y;

}

// 0Bo6meHHas QYHKLMA NS BHYMCJIEHMUA

// TpOM3BOIHO! OT MONMHOMA:

template<int power> Polynom<power-1> Diff (Polynom<power> pol) {
// JlokanbHuit 0OBEKT OBGOOMEHHOT'O KJjacca:
Polynom<power-1> tmp;
// BuumcneHue K030OMUMEHTOB ONA AOJNMHOMA-Pe3yJbTaTa:
for (int k=0;k<=power-1;k++) {

tmp [k] =pol [k+1]* (k+1);
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}
// PesynbTaT QYHKLyM:
return -tmp;

}

// TnaBHas QyHKUMA TPOTPAaMME:

int main() {
// Vi3MeHeHMe KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
// MaccuBH C kx030duIMEHTaMM:
double A[]={1,2,-1,1};
double B[]={-1,3,0,2,-1,1};
// ApPryMeHT ONA MOJMHOMOB:
double x=2;
// TlepBHI TONMHOM:
Polynom<3> P(A);
cout<<"MommHoM P:\t";
// KoadduumeHTH NepBOTO MOJMHOMA:
P.getAll();
cout<<"3HaueHue P("<<x<K") = ";
// 3HaueHye NEPBOI'O MOJMHOMA B TOYKE:
cout<<P(x)<<endl;
cout<<"MosmHom P':\t";
// KosQduuMeHTH ans NPOM3BONHOM OT MNOJMHOMA :
Diff(P).getAll();
cout<<"3naueHue P' ("<K<x«") = ";
// BHaueHue NPOU3IBOINHOM B TOYKE:
cout<<Diff (P) (x)<<endl;
// BTOpO¥# nOMMHOM:
Polynom<5> Q{(B);
cout<<"MosmuoM Q:\t";
// KoadduumeHTH BTOPOTO IONMHOMA :
Q.getAll();
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cout<<"3HaueHue Q("<K<x<K") =";

// 3HaueHue BTOPOTO MOJMHOMA B TOUKE:
cout<<Q(x)<<endl;

cout<<"NoymHoM P*Q:\t";

// KosbduumeHTH LA NPOM3BENEHUS MOJIMHOMOB :
(P*Q) .getAll();

cout<<"3Hauenme (P*Q) ("<<x<<") =";

// 3HaueHue TNPOM3BENEHUS MOJMHOMOB B TOUKe:
cout<<(P*Q) (x)<<endl;

cout<<"HosymuoM P+Q:\t";

// KosdduuMeHTH N8 CYMMH MNOJIMHOMOB:
(P+Q) .getAll();

cout<<"3Hauenue (P+Q) ("<<x<<") = ";

// 3HaueHMe CyMMH TIONMHOMOB B TOUKE:
cout<< (P+Q) {x)<<endl;

cout<<"lomuoM Q-P:\t";

// KoapduumeHTH IS Pa3HOCTH MOJMHOMOB:
(Q-P) .getAll();

cout<<"3Buauenue (Q-P) ("<<x<kk") = ";

// BHayeHue PAa3HOCTM NOJMHOMOB B TOUKe:
cout<<(Q-P) {x)<<endl;

// 3amepxxa KOHCOJEHOTO OKHa:
system("pause>nul");

return 0;

B pesaynsrare BHITIOHEHHA IPOrPaMMBI TOJyYaeM CAeAYIOLIee:

Pe3ynstar shinonHeHua nporpammet (M3 nuctunra 7.11)
Moymuom P: 11241 -111]

3nauenue P(2) = 9

NosmHoM P': 21 -21]3]|
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3HaueHne P'(2) = 10

NTosmHOM Q: -1 131012 -11]1]

3uHauenue Q(2) ‘

HonutoM P*Q: | -1 11171 -216]-3{5]=-21]1]
3unauenme (P*Q) (2) = 333

Mommom P+Q: | 0 | 5| -1 ]3| -1]1 |

3naueHne (P+Q) (2) = 46

NommHoM Q-P: =2 1111411 -11]1]

3HaueHue (Q-P) (2)

B o6o6menHoM Kiacce Polynom yepe3 power 0GO3HAYeH IfeIOYHCIEHHBIN
napaMetp. /laHHEIA mapaMeTp, KAK OTMEYANIOCH BHILIE, IPH CO3AaHHH O0B-
€KTa OlIpe/essieT CTENEHb MOJMHOMA, KOTOPbI OTOXAECTBIAETCS C 00bek-
ToM Kkiiacca. Konuectso koadduiueHToB B moMHoMe Toraa paBHO power+1.
s 3anoMuHaHus K03(PUIMEHTOB TIOJIMHOMA B KJacce Polynom 06bsaBs-
€TCsl 3aKPhITOe YMCJIOBOE IOJIE a, SIBJIAIOIIEECS MACCHBOM pasMepa power+l.
HMHnexchl 31eMEHTOB MacCHBa a, TAKUM 00pa3oM, H3MEHSIOTCA B IpeAeiax
OT 0 X0 power BKJIIOYHTEIBHO.

B xmacce omucaHo 1Ba KOHCTpyKTOpa. KOHCTpYKTOp 6€3 apryMeHTOB Bce
3JIEMEHTH MacCHBA 3all0JIHsIeT HyJsiMH. EcTh enle oqHa BepcHs KOHCTPYK-
TOpa, M03BOJIAIONIAA TIepe/iaBaTh apryMEHTOM MMsI MaccuBa ¢ Koadduimen-
TaMH TOIMHOMA. B TakoM ciryyae 3HaYeHHA 3eMEHTOB M3 MacCHBa, Iepe-
AaHHOTO aPTYMEHTOM KOHCTPYKTOPY, KOIUPYIOTCA B MaccHuB a. [IoHATHO, 410
pa3Mephl 060UX MaCCHBOB OJ/DKHBI COBLIAATH.

B nensax yxo6cTBa U HAIJIZIHOCTH B KJIacce OIMCaH MeTof getAll (), Koro-
PbIM B KOHCOJIBHOM OKHE 0TOOpaXKaloTcsl 3Ha4eHUs1 KO3 UILHEHTOB IOJIH-
HOMa.

Yrtobsl 06bEKT Kaacca Polynom MOXHO OBLIO BRI3bIBaTh KakK (GYHKIHUIO, ONHK-
CHIBaeTCsl ONEPAaTOPHHIA MeToa operator() (). B Tere meroaa ¢ moMompbio
OIIepaTopa LMKJIA BHYMCIAETCS CYMMa, JAoNasi 3HAYeHHe IS [MOJIMHOMA
B TOYKe, OTIpe/ie/IsIeMOif apTYMEHTOM OIIepPaTOPHOrO METO/A.

OnepaTopHbIit MeToA operator[] () MO3BOJsIET MHAEKCHPOBATE 0OBEKTH
Kjaacca Polynom. ApTyMEHTOM MeETOAY NepefaeTcs UeJOYHCIEHHBIH WH-
JeKc, a pe3yJIbTaTOM METOJ BO3BPAIaeT CChUIKY (MHCTPYKIUHMSA & B OIH-
CaHMH METOJa) Ha JJIEMEHT B MAcCHBE a C HHIEKCOM, ONpeaeseMbIM
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apryMeHTOM onepaTopHoro Merozxa. Ha atoM mpoctoit koa, B 06meM-To,
3aKaHYMUBAETCSI.

JIJis1 BRIYKMCIEHHs! IPOM3BEICHHS MIOJIMHOMOB onucaH 0606meHHsli onepa-
TOpHBIN MeTOZ operator* (). ApryMeHT MeToZia 0603HaYeH Kak pol ¥ OH OIH-
CaH ¢ THIIOM Polynom<n> — TO €CTb ABJAAETCA 0OBEKTOM 0BOBIIEHHOTO KIacca.
Yepes n 34ech 0003HAYEH LEIOYNCIIEHHBII apaMeTp 0600IEHHOTO METO/A.
THn pe3yJiTaT METOAA ONpeeiAeTcs naeHTH(HKATOPOM Polynom<power+n>,
TO eCTb TOXe 00BeKT 0GOOIEHHOro Kiaacca. BeipakeHue power+n B yIJIO-
BHIX CKOOKax PaBHO CyMMe MOKa3aTeJieit cTeneHel nepeMHOXKaeMbIX MOJTH-
HOMOB.

(G HA 3AMETKY

B onepaTopHOM MeTOAe apryMeHT mMetopa moxmemme'réii' ¢o BTO-
PuiM onepaHaoM. TiepsbiM ONepaHacM BLICTYNAET OGHEKT, U3 KOTOPOro
BLI3LIBAETCH MeTofl. OBLEeKTy, U3 KOTOPOro BHI3LIBAGTCA METOA, COOT-
BETCTBYET MOAMHOM CTENEeHU power. CTENEHL BTOPOro NOAMHOMA pasHa
n. M03TOMY CTeneHb NONMHOMA, PABHOTO NPOU3BEACHNIO MONMHOMOB CO
cTeneHamMum power ¥“n, pasHa power+n

B Tesie MeToa KOMaHAOM Polynom<power+n> tmp CO3MAETCSE IOKANBHKIN 00b-
eKT tmp 06061eHHOTO Knacca. OH GyAeT BO3BPAIMaThCS PE3yJIBTATOM METOZA.
Buauaze Bce koadduiments o6bexta tmp HysneBre (61aronaps KOHCTpYK-
TOpy KJacca 6e3 aprymenToB). MIx HyxHO BhraucIuTh. [LIs1 3TOrO 3amycka-
IOTCSL BJIOXKEHHBIE OIEPAaTOPHl HMKJIA, B KOTOPOM HMHAEKCHEIE IIepeMEHHbIe
i ¥ j npoberaoT 3HaYeHHe MHAEKCOB K03(hDUIIMEHTOB B nepeMHoxathlx
obbexrax (mosnHoMax). IIpu puKCHPOBaHHKIX HHAEKCAX i U j BHIIOJAHAETCH
KOoMaHAA tmp[i+j}+=a[i] *pol[j]. 3aech, MBI, BO-NIEPBHX, BOCNOIL30BAIHCH
BO3MOXHOCTHIO MHAEKCHPOBAaTh 00BEKT pol (OTKPOBEHHO rOBOPsI, APYTOTO
cnocoba noJIy4HTh AOCTYII K 3aKPHITOMY MacCHBY HaHHOTO OOBEKTa NPOCTO
HeT). Bo-BTOPHIX, IPAHSAIM BO BHUMAHME, YTO DU NEPEMHOXKEHUH CJlarae-
MBIX CO CTeNleHsIMH apryMeHTa i H j ToJIyuaeTcs cJ1araeMoe ¢ aprymem'ou
B CTENIEHH i+].

B NOAPOBHOCTH

Cnep.yeT y4ecTb, 4To ecam P,(x) = IZbaX nQ,(x)= Z b,:( T0 P(x)Q,(x) = ;0

oa,b,:( !, Taxum o6pazom, B nonuuome-pesyanaTe K03 OUUMEHT NpK
cnaraemom ¢ x* paBeH CyMMe BCeX BO3MOXHbBIX NPOV3BEeASHWiA BUAA ap,
ANA KOTOPbIX i + j= K.
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Hocne 3aBepiieHHs BRIYNCIIEHNH OOBEKT tmp BO3BpAMIAETCS peaynb'raTOM
MeToza.

TloxoxuM o6pasoM onmchiBaeTcss 0600IIEHHBI ONEPaTOPHBI METOA AJIs
BBIYHCJIEHHS CyMMBI IIOJINHOMOB. THII pe3y/ibTaTa Onpe/iesieH BHpPakKeHUEM
Polynom< (n>power?n;power) >. .

Yepes n 0603HaYeH LETOYHCICHHREH napamerp o6o6mennoro Merona. Pe-
3yJISTATOM BBIPaXKEHHSI N>pOwWer ?n:power Boanpamaercﬂ Gosbiiee U3 3Have-
HMii 1apaMeTpOB n H power.

B nomPOBHOCTH

TepHapHbLIM ONEPaTOPOM ?: NPOBEPAETCH YCNOBUE, YKA3AHHOE MepPBbiM
onepaHaoM (ONs BblpaxeHWua n>power?n:power 3TO YCMOBME n>power).
Ecnun ycnosue uCTUHHO, BO3BPALLIAGTCS 3HAYEHNE NOCe BONPOCUTENb-
HOro 3Haka (3HaveHue n). Ecnm ycnosme NOXHO, TO BO3BPALLIAETCA 3Ha-
YEHUE NOCNe ABOETOUMN (3HAYEHUe power),
Pe3ynsTaToM CyMMb ABYX NOAIMHOMOB SBNRETCA HOJ'MHOM CTeneHu CyM-
MUPYEMbIX NOIMHOMOB B OGLLEM Cnyuae pasHuie. Ecnu y oaHoro ua Hux
creneHb 6onblue, TO TaKas Xe CTeneHb SyaeT 1 y NonMHoMa-pesynstaTa.
MoaTomy B onepaTropHoOM MeToae HeoBXoAUMO ONPeaennTb, Y Kakoro U3
CYMMUDYEMbIX NONMHOMOB CTeneHsb 6onbiue. MoaToMy ¥ CpaBHUBAIOTCR
3HAYEHNA NAPAMETPOB power M n. BONbLWEE U3 HUX ONpeaenseT cTeneHs
NOAMHOMA-PE3YNbLTATA.

B Tene MeToza IOKAIBHBIA OOBEKT C Hy/IeBBIMH KOS(pHHMEHTAMHU CO3/1aETCS
KOMaH/I0if Polynom< (n>power?n:power)> tmp. K HyJieBhiM 3Ha4eHHSAM KO-
duuenToB 06BEKTa tnp HEOOXOAMMO IOCEAOBATEIBHO A06aBHTEL SHAYCHUS
COOTBETCTBYIOIMX K03(dHUIMEHTOB M3 06beKTa pol (apryMeHT MeToAa)
M MaccHBa a. I/t 3Toro nocsieAoBaTeIbHO 3aIyCKAETCH ABa OIepaTopa LIMKJIA.
B utore ¢3anonHeHnnbiii» 0GBEKT tnp BO3BPAMIAETCS PE3YIBTATOM METOA.

KpoMe xiacca Polynom, B IpOrpaMMe ONMCAaHO HECKOJBKO OGOBGIIEHHBIX
dbynkumii. Tak, obobwenHas onepatopHas GyHKIMA operator* () AJs Bbi-
YUCJIEHUS Pe3YJIFTaTa YMHOXEHMS TIOJIMHOMA HAa YHCJIO PE3yJbTaToM BO3-
Bpamaer o6bexT Kknacca Polynom<power> (4epes power 0603Haqen mapaMerp
0606menHOl QyHKUMH).

AprymenToB y onepartoproit ¢yHkiuu aBa. Ilepaiii aprymenr pol sipiser-
cst 00beKTOM KJIacca Polynom<power>. BTopoii aprymMeHT r ABJSIeTCS YHCIOM
THIa double. B Tene QyHKIun KoMaHIoi Polynom<power> tmp cOBZAETCA
JOKAJIbHEINA 06BEKT, ¥ C IIOMOILIBIO OIIEPATOpPa IMKJIa KaxaoMy KoaghdHiu-
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eHT (1ipu GUKCHPOBAHHOM MHAEKCE k) MPHCBAaMBAETCs 3HAYEHME KOMaHIOM
tmp (k]=pol[k]*r (mpousseneHune Ko3pPUIMEHTa HCXOAHOTO NOJIHHOMA Ha
4HCH0). 3aTeM 00beKT tmp Bo3Bpaimaercs peayastaToM yHnkiuu. Crexyer
OTMETHTH, 4TO AanHas (YHKUMA 06paGaThiBaeT CHTYalHIo, Kxorza 06'be1c'r
(moIMHOM ) YMHOXKAETCs Ha YUCJIO.

YT106E MOXHO GBLIO YMHOXKATD YHCJIO Ha 06BEKT, HEOGXOLMMO OIHCATD eIfe
OZHY Bepcuio onepatopHoil pynknuu. Takast GpyHkuusa onucana. Ot mepsoit
BEPCHUH OHa OT/IMYAETCS ITOPSAKOM CJIENOBAHNS apryMEHTOB (CHaYala yKa-
32H YHCJIOBOM apryMEHT r, 4 3aTeM O6BEKT pol).

Uro6bi He Ay6TMPOBATD IIPOrPAMMHBIIA KOJI B TeJIe (DyHKIIHH, MbI IPHOET/IH K [0~
MOIIY MHCTPYKILIMU return pol*r. ITpoie rosops, s BBIYMCICHHS pesyJbrara
byHKImy, 06pabaThiBAIONIEH OMIEPALIMIO YMHOMKEHHA YHCTIA HA OOBEKT, MBI Bbi-
3biBaeM (PYHKIMIO, 06pabaTHIBAIONIYIO YMHONKEHHE O0BEKTa Ha YHCIIO,

K noxoxeit XuTpocTi MbI IpHOET/IH IpH OMHCaHUK 06OBIEHHOH OREpaTOpP-
Ho¥ yHKUMHE operator- (), KOTOPOM BBIMUCIAETCS paanocrb ABYX OOBEKTOB
(11ONTHHOMOB).

B noAPOBHOCTM

Mbl UCXOOMM K3 TOTO, YTO BLIYATAHWUE U3 NOAWHOMA Q,,,(X) nonavHoma

P.(x) aKBMBANEHTHO npuﬁasnenmo K NnonuHoOMy O n(X) nonnHoma P,(x),
YMHOXEHHOrO Ha — 1. [IpyruMu CNOBamMm, Mbi BOCHOHbSOBanVICb TOXAOE-
CTBOM Q,,(X) = P,(X) = Qy(X) + (= 1)P,(x).

Y ¢yHxnuu ABa HENOYHCIEHHBX 0600MEHHBIX MapaMerpa m U n (crerne-
HH BHYHTAeMBIX TIOJMHOMOB). Pe3y sTaToM BO3BpamaeTcs 06BEKT K1acca
Polynom< (m>n2m:n) > (CTeneHb 'no'.vmnoma—peayms'rara onpenensercs 60b-
IIMM ¥3 ABYX 3HAYEHH TAPAMETPOB I U n). Aprymemm d)ymcupm XH y AB-
ASIOTCA 06beKTaMK COOTBETCTBEHHO KJIACCOB Polynom<m>  Polynom<n>. Pe-
3ysbratoM (DYHKIMH BO3BpAIAETCA 3HAYEHHE BRIPAXKEHHSA x+(-1)*y. OHO
HMeeT CMBICJI, IOCKOJIbKY ONpe/ie/ieHbl ONepaliiil YMHOXEHHs 00beKTOB Ha
YHCJIO U CI0KEHHS 00BEKTOB.

O6o6mennass (yHkuusi Diff() ¢ 0OOOMIEHHBIM IEIOYMCJIEHHBIM Iapa-
MeTpoM power (cTenedb AM(GhEPeHIMPYEMOrO TIOIMHOMA) AJist BHYHCAE
HUS TIPOM3BOZIHOM OT NOJIMHOMA Pe3yJ/IBTATOM BO3BpAIIAET OOBEKT KIIacca
Polynom<power-1> (CTeneHb MOAKWHOMA-IIPOM3BOHON Ha eMHUILY MeHbIIE
crenenn 1ud@depeHIpPyeMOro NOJHHOMA). ApryMeHT GyHKIuH pol (anud-
depenuupyeMsiil MOIMHOM) ABASETCA OOBEKTOM Kiacca Polynom<power>.
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B Tene GyHKIHM CO3/1a€TCA JIOKANbHBIA 00BEKT tmp KJ1acca Polynom<power-1>,
M B OllepaTope LMKJIA 3aNI0HAIOTCSA 3HAYeHHUS KO3 GHUIIHMEHTOB /I JAHHOTO
ob6bekta. O6BEKT tmp BO3BPAIIAETCS PE3YILTATOM QYHKIMH.

B riaBHo# GyHKIMH TIPOrpaMMbl OOBABIIAIOTCSA ¥ MHHIMATA3UPYIOTCS Ba
YHMCJIOBBIX MaCCHBa A M B, Ha OCHOBE KOTOPHIX KOMaHIaMK Polynom<3> P (A)
H Polynom<5> Q(B) CO3AaI0TCA O6BEKTH, OTOXKAECTBISAEMBIE C IIOTHHOMAMH.
Jasee ¢ 00BbEKTAMH BHIIOTHSAIOTCA HEKOTOPHIE ONIEPAliH, TAKHE KaK BEIYHC-
JieHHE TIPOU3BOHOM, YMHOKEHHE, CIIOKEHHE ¥ BRIYUTAHHUE,

G HA 3AMETKY

MHCTpYKUMS \t SBNSIOTCA CUMBONIOM Tabynaumn.

/Kenamomme MOTyT CaMOCTOATENBHO noynpa.mnmbca B IIpOBEpKE pe3yJibTa-
TOB 3THX BBIYMCJICHHH.

(G HA 3AMETKY

B paccMOTpeHHOM npumepe 00beKTbl ANs NONMHOMOB CO3AAIOTCA Ha
ocHoBe 0606tLeHHOro knacca. OaHaKko kaxapii pa3 0bo6LIeHHOMY KNnac-
Cy NepenaeTcs LenoYMcneHHbii napameTp. dopmantHo 06beKTbl, CO3-
AAaHHbIE Ha2 OCHOBE OAHOI0 N TOro Xe 0606ULeHHOrO KNaceca, HO C pasHbl~
MU 3HAYEHWUSIMM LIEAOYNCNEHHOMO NapameTpa, UMeIoT pasHble TUMbl. 310
HaknafbiBaeT onpeaeneHHbLIe orpaHnieHus. Hanpumep, npu seiunucne-
HWMMY NPOVI3BEAEHUS, CYMMBI, PA3HOCTH NOSIMHOMOB WU NPOU3BOAHON OT
NONMHOMA XapaKTepUCTUKU Knacca (MMeeTcsl B BUAQY 3HAYEHUE YUCNO-
BOrO napamMeTpa) BuMUCISHOTCH aBTOMaTU4YECKU. BCe 3TO BLINOAHAGTCS
B OnepaTtopHbix MeTogax uam GyHkumax. Ho 4tobul NPUCBONTL peaynb-
Tar BbI30BA Takoi PYHKUMN UNKU MeToaa OOLEKTHON NepeMeHHOl, 3Ta
ob6bekTHan nepeMeHHan AosxHa ObiTk NpensapuTensHo obbaBneHa Ha
0CHOBE 0606LLEHHOIO KITAcCa G TAKUM X€ LIENIOYUCIEHHBIM NapaMeTpoM,
KaKk ana o6vekTa — peaynsrara GyHKUMKM unn metoaa. [loatomy, Hanpu-
Mep, Mbl NMONb30BAMCb KOMaHAAMU (P*Q) .getAll(), (P+Q).getAll(),
(Q-P) .getAll (), (P*Q) (x), (P+Q) (x) wnm {Q-P) (x), a HE 3aNUCLIBANU pe-
3ynbTart npouseeaeHns o61LEeKTOB B OTAENbLHYIO NEPEMEHHYIO.

PexoMeHpauum ansi CamoCcTosTeNbHo#i paboTsi

e [loayMmaiite, KakHe YHMBEPCAJIbHBIE AJITOPUTMBI MOTYT GBITH peamu3o-
BaHBI C IOMOIIbIO 06001enHbIX QyHKIMA? [IpesnoKuTe IporpaMMHbIE
KOZBI TAKUX (DYHKIIUIA.
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060o6LieHHbIe GYHKUMN U KNacCh

¢ [lonsrraiitech Co31aTh 060OIEHHBIH KOHTEHHEPHBINH KJAcC, MpexHa-
3HAYEHHBIH JUIsl «XpaHEeHHs1> ynopfmoqelmoro CIIMCKA JIEMEHTOB, B KO-
TOPBIiA, KPOMe TPOYEro, MOXKHO 6bL10 GH yxe ‘fiokne co3annst 06bexTa
ROOABIATH JIEMEHTH U YAAIATH dJ€MEHTHL. JIpyruMu cioBaMu, mpen-
JIaraeTcsl CO3AaTh aHAJIOT MaCCHBA, B KOTOPHIi MOXKHO K00ABJISATh HOBBIE
3JIeMEHTHI (M3MEHs TEM CaMBIM Pa3Mep «MacCHBa») U YAAIATh JIEMEH-
THI U3 «<MaCCHBa».

e TIlonsiTaiiTech Co3MaTh 060OIEHHDIN KIace, IpefHa3HaYeHHbIH /TS CO3-
AaHUs <Uenoyku» oObeKTOB MM <«OmHapHOro AepeBa». Takoil Kiacc
ROJIKEH COAEPHKATh NoJte (WIH 110/15), IBJIAIONIEeCs yKa3aTeaeM Ha 00b-
€KT TOro e 0000IIeHHOr0 KJIacca.
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PA3HbIE 3AIANU

Ouenb ybenutennHo. Ml mozymaem,
K KOMY 5TO IPHMEHHTb.

u3 k/¢h «31wona»

B aroif rnaBe paccmarpuBaloTCS pasnuyHble 3ajayi. B 4YacTHOCTH, MBI
y3HaeM:

®  YTO TaKoe CTPYKTYPHI H KaK OHH HCIOJb3YIOTCS;
®  KaK B IpOrpaMMe PeayM3yIoTCss KOMILIEKCHbIE YHCIa;

® xakue 06001eHHbIe KOHTEHHEPHRIE KJIACCHI MOTYT HCHOJIB30BAThCS IS
CO3/IaHHA MACCHBOB, MHOXECTB H aCCOLUATHBHLIX KOHTe{HEPOB;

®  KaK BRINOJHAETCSA 06paboTKa HCKIIIOUMTEIbHBIX CUTYAIMA;
® YyTO TaKOE€ MHOTONIOTOYHOE IIPOrPAMMHPOBaHHE,

HY K €le KOe-YTo.

3HAaKOMCTBO CO CTPYKTYypamMu

B npencranneﬂnoﬁ AaJjiee NporpaMMe 3ajlavda O BbIYHCJICHUH HUTOTOBO# CyM-
MBI JE€NIO3UTA PEHIAETCA C HCIIONb30BaAHUEM CMPYKmyp.

& TEOPHUA

Crpyxrypa npenctaBnsier coboit Habop nepemeHHuiX (pa3Horo Tuna
B o6Liem cnydyae), o6veanHeHHbIX 06wmm Ha3BaHuem. OnucaHue CTpyk-
TYpbl HAYUHAETCA C KNOYEBOro CNOBa struct, NOC/NE KOTOPOro ykauiBa-
eTCA Ha3BaHWe CTPYKTYPbl, 1 B GUrypHbIX cKOBkax — TUnbl U HA3BAHUA
nepemMeHHbX, KOTOpbie BXOART B CYPYKTYPY (nocne purypHuix cxobok
CTaBUTCS TOMKA C 3annTol). Mepementbie, BXxoasiwimne B CTPYKTYPY, Gy-
AEM Ha3biBaTh NONAMU CTPYKTYPIL.




Pa3Hbie 3ana4un

B HeKoTOpPOM CMbICTe CTPYKTYPa HaNnOMUHAET KNacc, HO TONLKO 6e3 me-
Topos. CTpykTypa, noao6HO knaccy, onpepenser cBoeobpasHbiit Tun
AAHHbLIX. AHaNOrom 06LEKTa Knacca BuiCTyNaeT 3K3eMnnap CTPYKTYPbI.
[ns cospaHun ak3emMnanpa CTPYKTYpbl O0LABASIETCS NepeMeHHas, Tu-
fIOM KOTOPO# YKa3biBaeTCA MMA CTPYKTYPb. ECn HeobxoanMMo vHuumna-
NU3UPOBATb IKIEMNNIAP CTPYKTYPLI, TO COOTBETCTBYIOWEN NepeMeHHON
B kKOMaHAae 06bABNEHUSA 3K3eMNNAPa CTPYKTYPb NPUCBAUBAETCA CNINCOK
CO 3Ha4YeHUAMK Nonei.

O6palueHre K NonamM aK3emnnapa CTPYKTYpPLl BbiNOAHAETCR B «TOYEY-
HOW» HOTaLMK: NOCNE UMEHWN IK3EeMNNAPa CTPYKTYPb Yepe3 TOYKY yKa-
3biIBAETCA HA3BaHUE MNONA.

PaccMoTpuM nmporpaMMHBIHN KOJI, IpeCTaBI€HHbIH B JUCTHHTE 8.1.

JlucTunr 8.1. 3HAKOMCTBO CO CTPYKTYPaMKn
#include <iostream>
#include <cstdlib>
%include <string>
using namespace std;
// OnmucaHue CTPYKTypH:
struct MyMoney/{
// Tons CTPYKTYpH:
string name;
double money;
double rate;
int time;
}i
// GyHKUMA I8 BEMMCIEHMS (HAa OCHOBE 3K3eMIUIApa
// CTPYKTYpH) MTOT'OBOM CYMMH:
double getMoney (MyMoney str) {
double s=str.money;
for (int k=1;k<=str.time;k++){
s*=(l+str.rate/100);
}

return s;
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}

// ®yHruMa nns oToGpakenus MOMHOM MHbOpMalMM

// ana sk3eMmiaApa CTPYKTYpPH:

void show (MyMoney str){

}

cout<<"Mus Bryagumka: "<<str.name<<endl;
cout<<"HauanbHaa cymma: "<<str.money<<endl;
cout<<"llpoueHTHas craBka: "<<str.rate<<endl;
cout<<"Bpewms (JyeT): "<<str.time<<endl;

cout<<"Mrorosaa cymma: "<<getMoney(str)<<endl;

// TnaBHas QYHKLMA OPOTDAMMH:

int main() {

}

// Vi3MeHeHMe KOIMPOBKM KOHCOJNM:
system("chcp 1251>nul");

// Tepsesi 3x3eunnap'cwpyKTypu:

MyMoney cat={"Kor MaTpockuu",1000,8,5};
// BTOpOit 3K3eMINIAP CTPYKTYPH:

MyMoney dog={"Nec Mapux",1200,7,4};

// OroGpaxerue mHbOpMALMM:

show(cat);

show (dog) ;

// 3amepkka KOHCONBHOT'O OKHa:

system("pause>nul");

return-0;

Huxe MNpEACTABJIEH PE3YJIETAT BHIIIOJTHCHHUSA ITPOTrPaMMBbl:

Pe3ynsTar BLINOAHEHUR Nporpammbl (M3 nuctuira 8.1)

MMa Brilagumka: Kor MaTpockuH

HauaneHas cymma: 1000

NlpoueHTHas crapka: 8

BpeMs (meT): 5
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Wroropaa cymma: 1469.33
Vms Brnamumka: lec llapux
HavaneHas cymma: 1200
[lpoueHTHas craBka: 7
Bpemsa (ner): -
Wrorosas cymma: 1572.96

B nporpamMe ormMchIBaeTCs CTPYKTYpa ¢ HASBAaHHEM MyMoney Y crpyxTypnt
HECKOJBKO 1osed: . :

® 10J1e name THNA string (1A UCIOIB3OBAHKA JAHHOTO KJIaCCa NOAKJII0Ya-
€TCA 3aT0JIOBOK <string>) — ApeiHa3HAYeRO /IS 3ANMCH MMEHM BKJIA/-
YMKa;

® 110/ money M rate THma double — NpeAHASHAYEHBI COOTBETCTBEHHO IS
3alHCH Ha4YaJIbHOH CyMMBI BKJIA/Ia ¥ TOAOBO# MPOIIEHTHOM CTaBKH;

® HEJOYMCJIEHHOE HOoJe time — NPeAHa3HAY€EHO JIJIS 3aIlUCH BPEMEHH pa3-
MelleHIA BKIa/Ja (B roJax).

B nporpaMme /7151 BRIYMCJIEHHS 110 3HAYEHHUSIM TOJIeli 9K3eMIUISIpa CTPYK-
TypsI MyMoney onucaHa GyHkums getMoney (). ApryMeHTOM QyHKIMH Hepe-
IaeTcs 3K3eMILISP CTPYKTYPHI MyMoney (0603HaueH Kak str). Pesysisratom
¢$yHknusa Bo3BpallaeT 3HauYeHHe THNA double (MTOroBas CyMMma IO J€TO-

3UTY).

B Tene ¢yHxkuuu o0bsBIAETCS JOKaNbHAas NMEpeMEHHas S C HaYaJbHBIM
3HaYeHUeM str.money (3HayeHHe NOJA money 9K3eMILiApa str). Jamee 3a-
IyCKaeTcsl onepaTop Iukiaa. KolnyecTBo HMKJIOB ONpenesieTcss 3HaYeHu-
€M MOoJA time 3K3eMILIAPA str. 3a KaXKAbIi IHKJ BBIIOJHAETCA KOMaH/a
s*=(l+str.rate/100), KOTOpOH TeKyllee 3HAYEHHE ITEPEMEHHOH s YMHOXa-
eTcd Ha BEeJWYMHY (l+str.rate/100). Ilo 3aBepuieHMH omepaTopa HHMKJIA
3HaYEHHE TIEPEMEHHOH s BO3BPAIAETCS Pe3yAbTaTOM (DYHKIIHH.

N NOAPOBHOCTH

HanoMHuM, 410 ecnu HavyabHas CyMMa paBHa m, roaoBas NPOUeHTHas
cTaska paBsHa r, a BKNaj pasMelaeTcs Ha BpeMs t, To UTOroeas cymma
no AenoavTy Buiuncnsercs no popmyne m(1 + (r/100))".

Qynxuus show() He BO3BpAaIaeT pe3ysasrar. ApryMeHTOM (YHKIHH mepe-
RaeTcs IK3eMILIAP CTPYKTYPH MyMoney (0603HaueH Kak str). Ilpu BEI3OBe
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(YHKIMH B KOHCOJILHOM OKHE OTOOPaXXalOTCs 3HAYeHMs 1oJiei name, money,
rate M time 3K3eMILIApA str. /{71 BRIYMCIEHNA UTOTOBOH CYyMMBI 110 /11031 -
Ty BhI3bIBaeTcs (PYHKIMA getMoney (), a apryMeHTOM eif nepefaercs 3K3eM-
ILIAp str.

B rnaBHoit GyHKIMHE IporpaMMbl KOMaHAaMK MyMoney cat={"Kor MaTpockux",
1000,8,5} u MyMoney dog={"llec Wapux",1200,7,4} co3pa0TCA ¥ HHUIINAIH-
3upyloTcs (TIOSAM IIPUCBAUBAIOTCS 3HAYEHUS) ABa K3eMIULsIpa (cat u dog)
CTPYKTYphbI MyMoney. KoManzamMu show (cat) ¥ show (dog) B KOHCOJIbHOE OKHO
BBIBOAMTCA KHQOPMALHA 110 KaXKAOMY U3 3K3eMILIAPOB.

0O60611eHHbIe CTPYKTYPbI

B cTpyKTypy paspelnaercs mepeaasatbh 0600LIEHHbBIE [TapaMeTPhl TaK, KaK
3TO /leN1aeTcs B 0GOGIIEHHEIX Kaaccax. B mcrunre 8.2 mpeacTasieHa npo-
rpaMMa, B KOTOpOH co3zaercs o6oOmeHHas CTPYKTypa ¢ ABYMsI IOJSIMA.
Tunsl noneii onpenensorcs obobmeHHsMH nMapaMerpamMu. Kpome cTpyk-
TypB1, B IPOTpaMMe OMKCaHa 0606IeHHast (GYHKIMS, MpeHASHAYESHHAS 111
pabOoTBhI ¢ 3K3eMIUITpaMy 06001IEHHOM CTPYKTYPHL.

JincTunr 8.2. 06o6uieHHbIe CTPYKTYPDI

#include <iostream>

#include <cstdlib>

#include <string>

using namespace std;

// OBoBmeHHas CTPYXTypa:

template<class A,class B> struct MyStruct{
A first;
B second;

}i

// OBobuenHas OyHKUMA INA PabOTH C 3K3EMINIpaMu

// 06OBmEeHHON CTPYKTYPH: ‘

template<class A,class B> void show (MyStruct<A,B> str){
cout<<"lleppoe nojie: "<<str.first<<endl; )
cout<<"Bropoe mnome: "<<str.second<<endl;

}
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// TnaBHas QYHKUMA NPOTPAMME:

int main(}{
// Vi3MeHeHne KONMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Coszmanve 3K3eMNNSAPOB OBOOCHEHHOW CTPYKTYPH:
MyStruct<int,char> strA={100,'A'};
MyStruct<double, string> strB={2.5,"rexkcr"};
// BuBoB 0BOBmEHHOM GyHKIMM:
show (strA);
show (strB);
// 3apepxxa KOHCONBHOTO OKHa:
system("pause>nul");
return 0;

}

Pe3ysbraT BRINOIHEHHS IPOrPaMMBI TIPECTABJIEH HIDKE!

Pe3aynsTaT BuiNNONIHEHNA NPOrpamMmmsl (M3 1MCTuHra 8.2)
llepBoe none: 100

Bropoe nomne: A

llepBoe none: 2.5

Bropoe none: TexcT

Onucanue 0GOOUIEHHON CTPYKTYpH HAYMHAETCSI ¢ KJIIOYEBOTO CJIOBA
template. MHCTPyKIUsA <class A, class B> ompeaensieT 0600nieHHbIe na-
paMeTphI A ¥ B. B Teste cTpyKTyphl noss first v second ONMCAHBI C HAEH-
TH(UKATOpaM# THNA A M B cooTBeTCTBeHHO. B ryaBHO#M dyHKkiuu npo-
TPaMMbl 3K3eMIUISpPHl strA M strB 060OLIEHHOM CTPYKTYpH MyStruct
COo34aTca KoMaHaaMu MyStruct<int, char> strA={100,'A'} mu MyStruct<
double,string> strB={2.5,"rekcr"}. 3aech npocnexcnaaé*rcx sABHas
aHANOrHs C KIaccaMu U o6bekTamu. [Ijist oToOpaskeHMs: 3HAYeHHH 1orei
9K3eMILIAPOB 0GO0OIIEHHOH CTPYKTYpH ucnonbsyeM dbynknuio show(),
apryMeHTOM KOTOpOM Iepeaaercs 3K3eMnJmp CTPYKTYpH (KOMaHIBI
show (strA) u show (strB}).

Oyuxums show () onucaHa Kak 06o0ueHHas. Y Hee B ONHCAHHMHM /iBa Tapa-
MeTpa Tuna (A 4 B) M OHa He BO3BpAlllaeT pe3yJIsTaT. APryMeHTOM (pyHKIMHU
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nepesaeTcs 3K3eMIUISIP str CTPYKTYPHI MyStruct<a, B>. Unenrnduxaums tu-
OB (3HAYEHMsI TapPaMeTPOB A U B) NPH Bbi30Be (PYHKIMU show () BHIIOJIHAET-
Cs1 HA OCHOBAaHUH TUIIA apTyMEHTa, epeJaHHOro QyHKLMH.

PaboTa c KOMN/IeKCHbIMK YUCNaMm

B 6ub1M0TeKe CTaHAAPTHHIX KJIACCOB €CTh KJIACC complex, IpeAHa3sHAYECHHBIA
1151 paBGOTHI ¢ KOMIUIEKCHBIMH YHC/IAMH.

@ TEOPUSA

Onsa uncnons3osaHmMa Knacca complex B NPOrpaMmMe NOAKMOMAETCH 3a-
ronoBoK <complex>. MOCKONLKY KNACC complex SBNARETCA OOOGIEHHLIM,
TO B YroBbiX CKOOGKax ykasbiaeTcs 6a30Bbii TN (OOLIMHO double) Aans
DEeACTBUTENbHON U MHUMOM 4acTeid KOMIMIEKCHOIO 4Yucha. 3HauyeHuA
DEACTBUTENBbHOW U MHUMOI HaCTeid KOMNAEKCHOrO Yicna nepenainTcs
apryMeHTamMmn KOHCTPYKTOPY.

B npencrapneHHOH Janlee NMpOTrpaMMe CO3ZIAIOTCS KOMILTEKCHBIE YHCJIA
M C HUMH BBITIOJIHAIOTCA 6a30Bble BRIYUCIHTEIbHBIE ONIEPALIHH.

7 NOAPOEHOCTHM

JIo60e KOMNNEKCHOEe YNCNO Z MOXeT GbiTb NPeACTaBNeHO B BUAE Z =X + iy
(anrebpauvueckas ¢Gopma NpPeacTaBNeHrUs KOMNNEKCHOro uucna), rae
DEeACTBUTENbHBIC YACNA X U Y ABNKIOTCA COOTBETCTBEHHO NAeWCTBUTENL-
HOW ¥ MHUMOIA YaCTSMU KOMIIEKCHOMO YMCNA, 2 MHUMARA eauHULA i Ta-
Kasi, 4o £ = -1, :

Onepaumu CROXeHWR, BbiYMTaHUR, YMHOXEHUS W AENEeHUS BLINOAHS-
10TCA, KaK M C OObIYHBIMY YUCNAMU, HO C NONPABKOW Ha TO, YTO £=-1.
Hanpumep, ecnn z, =x, + iy, Nz, =X, +iy,, T0 2, + 2, = (X, + X;) + iy, * ¥,),
2,-2,= (X, = X) + (Y, ~ ¥2), 2, - Z,= (%, + iyy) - 06 +iYp) = (XX, - yiY,) +
iy + Xa¥,), @ 2,/2, = (X + iy,)/ (%, + iyy) = (%, + iy,)(x; = iy))/ (X + iY,)
0= i) = (X0 + Yiyo) + iy, — X ) (G +y3).
KOMMNeKCHO-CAPSiXEHHBIM K 4UCNY Z = X + [y Ha3biBAeTCS YUCNo Z* =x — iy
(nony4aeTcs U3 UCXOAHOTO 3aMeHON i Ha — ). :
Mofy/ib KOMNNEKCHOTO YUCNA 2 = X + fy BLIMWCNIAGTCA Kak |Z| = @ + 2.
MoMumo anrebpanueckoit GopMbl RPEACTABNSHUA KOMNNEGKCHOFO YMC-
na z = x + jy, CywecTByeT TPUroHoMeTpr4eckas Gopma NpeacTaBneHus
uucha B Buae z = | z| exp(ie), rae Yepes ¢ 0603Ha4EH apryMeHT KOMIUIeKC-
HOro Yncna Takow, 4To cos(p) = x/(\Nx2 + y?) usin(p) = y/(‘lx2 +y?) (3apech
HYXHO YMECTb, NTO 10 onpeaeneHwo exp(ip) = cos(o) + i - sin(g)).
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PaccMOTpuM nporpaMMHBIi KOJ, IPeJCTABIEHHbII B iMcTHHTe 8.3

Jincrunr 8.3. Pa6oTa C KOMNNEXCHLIMYK YUCIaMMK
#include <iostream>
#include <cstdlib>
#include <complex>
using namespace std;
int main() {
// Vi3MeHeHue KOIOMPOBKM KOHCOJMM:
system("chcp 1251>nul");
// LeACTBUTENbHHE YKUCHA:
double x=2,y=3;
// Komnnexchse uncia:
complex<double> A(3,4),B(2,-1);
// CyMMa KOMIUIEKCHHX 4YMCen:
cout<<"Cymma: ";
Cout<<A<<" + "<<KB<K" = "<<A+B<<endl;
// Pa3sHOCTb KOMIJIEKCHHX YMCEJ:
cout<<"PazHoCTb: ";
COUL<<KALK" — "<<B<K" = "<<A-B<<endl;
// TpousBeneHue KOMIUIEKCHHX YMCEN:
cout<<"llpouseenenue: “;
COULK<KALLK" * "<<B<K" = "<<A*B<<endl;
// YacTHOe KOMMNJIEKCHEIX UUCEN:
cout<<"dacthoe: ";
COUt<<AKK™ / "<<B<K" = "<<A/B<<endl;
// Cymma KOMINIEKCHOTO M NEMCTBUTENIBHOT'O UUCEN:
cout<<"Cymma: "; | “
COUt<<ALL" + "<<x<<M = "<<A+x<<endl;
// Pazuoémb KOMILUJIEKCHOT'O M HEeMCTBUTENLHOTO UMCEN:
cout<<"PaszHocTb: ";

COUL<KALKT — "<<x<<" = "<<A-x<<endl;
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// Tlpou3BeneHMne KOMIVIEKCHOTO ¥ HEMCTBUTENLHOTO UMCEN:
cout<<"[lpousBenexHue: “;

COULKKAKK" * "<x<<" = "<<A*x<<endl;

// YacTHOe KOMNIEKCHOI'O M HEHCTBUTEJLHOTO YUCeN:
-cout<<"dacrHoe: ";

COULKKAKK™ / "<<x<<" =."<<A/x<<endl;

// CyMMa HEeiCTBUTENBHOTO M KOMINEKCHOTO YMCen:
cout<<"Cymma: ";

cout<<y<<"™ + "<<B<L" = "<<y+B<<endl;

// Pa3sHOCTL HNEHCTBUTENBLHOTO M KOMIJIEKCHOT'O YMCEN:
cout<<"PaszHocTh: ";

cout<<y<<" — "<<B<<" = "<<y-B<<endl;

// TlpousseneHne OENUCTBUTEILHOTO M KOMILIEKCHOTO UMCEN:
cout<<"[lpoussenenne: ";

cout<<y<<" * "<<B<K" = "<<y*B<<endl;

// YacTHOoe HeACTBUTENbHOT'O ¥ KOMIJIEKCHOTO uMCesn:
cout<<"YacrHoe: ";

cout<<y<<" / "<<B<<" = "<<y/B<<endl;

// IDleitcTBUTeNEHAA YACTh KOMMJIEKCHOTO YMCHa:
cout<<"[leicTBUTENBHAA YACTh: ";

COUL<<"Re"<<AKK" = "<<A.real ()<<endl;

// MHimMas yacTe KOMONEKCHOTO uMCHA:

cout<<"MHmMaa uyacrte: ";

cout<<"Im"<<A<<" = "<<A,imag()<<endl;

// Momymb KOMIIEKCHOT'O YMCJA:

cout<<"Mogmynb: ";

cout<<"abs"<<A<<" = "<<abs(A)<<endl;

// ApTYMEHT KXOMILIEKCHOTO 4MCHa:

cout<<"Apry™meHnT: ";

cout<<"arg"<<A<<" = "<<arg{A)<<endl;
// KOMONeKCHO-COIPAXEHHOE YUCHO:

cout<<"KOoMIIeKCHO-CONpAXeHHoe: “;
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COUt<<KALKL"* = "<<conj(A)<<endl;

// OnpepeneHue uMcia Ha OCHOBE MOAYJA M apTyMEHTa:
cout<<"Ompepnenexnue umucna: ";
cout<<polar (abs (A}, arg(A))<<endl;

// 3agmepxka KOHCONBHOT'O OKHa:

system("pause>nul");

return 0;

}

Hwxe npusesen npuMep BHIIOTHEHUS IIPOTPaMMBIL:

PeaynsTar BuNOAHeHNA NporpaMmel (U3 nucTuHra 8.3)
Cymma: (3,4) + (2,-1) = (5,3)

Pasnocre: (3,4) — (2,-1) = (1,5)
Npoussenmenme: (3,4) * (2,-1) = (10,5)
Yacrroe: (3,4) / (2,-1) = (0.4,2.2)
CymmMa: (3,4) + 2 = (5,4)

Pasnocre: (3,4) — 2 = (1,4)
NpouzBeneuue: (3,4) * 2 = (6,8)
Yacraoe: (3,4) / 2 = (1.5,2)

Cyda: 3+ (2,-1) = (5,-1)

PasHocTs: 3 — (2,-1) = (1,1)
Mpoussemenne: 3 * (2,-1) = (6,-3)
Yacrroe: 3 / (2,-1) = (1.2,0.6)
JeicTBuTENbHAS YacTh: Re(3,4) = 3
Mummas uyacre: Im(3,4) = 4

Momyne: abs(3,4) =5

Apryment: arg(3,4) = 0.927295
KounnexcHo-conpsixerHoe: (3,4)* = (3,-4)

Onpenenenne umcna: (3,4)

Kparko pe3ioMupys, OTMETHM, YTO OOBEKT Kj1acca complex OTOXKAECTBIAETCS
C KOMIUIEKCHBIM YHCIOM. C 060beKTaMi MOXKHO BBIIIOJIHATD Te JKe Ofepaln,
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9TO C OGBIYHBIMHM YHCJIAMH: CKJIQJBIBATh, BRIYUTATh, YMHOXATb U JAEJIHTH.
TIpnyem oxHUM K3 ONEPAaHAOB MOXeT ObITH ynco. [Ipu oToGpakeHnn, o6b-
€KTa KJIacca complex B KOHCOJIBHOM OKHE C IOMOLIBIO OIIEpaTopa BhIBOJA 110~
SBJSIIOTCS KPYTJIbie CKOOKH C NIapOi YHCIOBBIX 3HAYCHUH B HAX — JeHCTBH-
Te/IbHast H MHMMast YaCTH KOMILIEKCHOTO YHCJIa. -

Hexoropnie onepaiiui BHIIOJIHSIOTCS C TOMOUIBIO CHEIMATIBHBIX QYHKIIHIL:
MO/YJIb YHCJIa MOXXHO BBIYMCIUTH PYHKUMEH abs (), apTyMEHT YMC/a BbI-
yycasiercs QyHKIHeH arg () , KOMIUIEKCHO-CONMPSYKEHHOE YHMCJIO BRIYUCIISIEM
dbynkuueit conj ().

MOynxmus polar () MO3BOJISET CO3AATH KOMIUIEKCHOE YHC/IO Ha OCHOBE 3Ha-
YeHMii ero MOAyJs M apryMenta. IloaTomy, Hanpumep, ecin A — 06beKT
COOTBETCTBYIOIMA KOMILIEKCHOMY YHCIY, TO Pe3yJbTaTOM BHIPaKEHMs
polar (abs(A),arg(A)) Gyzmer Takoe ke 4MC0 (MPOIIE TOBOPS, €CAM MBI pa-
Hee CO3JaJIi 00BEKT A IS KOMILIEKCHOTO YHCJIa, TO TMPH BHIIOJHEHHH KO-
MaH/bI polar (abs (A) ,arg (A) ) MOJY4HUM TaKOe Xe YHCII0, HO peaIn30BaHHOE
4epe3 Apyroii 06BEKT).

Meroas! real () u imag () (BHI3BIBAIOTCSA M3 00BEKTa KOMILIEKCHOTO YHMCJIA)
BO3BPAIIAIOT PE3YJIBTATOM COOTBETCTBEHHO AEHCTBUTEILHYIO 1 MHMMYIO Ya-
CTH KOMILTEKCHOTO YHCJIa.

Knacc ans peanusaauumm YmcnoBbiX MacCMBOB

O606meHHbIi KIace valarray 6M6IMOTEKH CTAHAAPTHBIX KJIACCOB IpeAHa-
3HauYeH JJIS peaji3aliiyl YMCJIOBBIX MaccuBoB. IIpu pabore ¢ ki1accom moa-
KJIIOYaeTCs 3ar0JIOBOK <valarray>. [lajiee npeacTaBjieHa nporpaMma, B KOTO-
Po¥ KJacc valarray MCHOJIB3YeTCs [JIs1 CO3AAHUA U 3aMIOJTHEHHS YMCIOBOTO
maccuBa yucramu QOubonayun. CrienndHka 3a1a4u B TOM, YTO pa3Mep Mac-
CHBa ONPeeAeTCS B IPOLieCCe BHINOMHEHUS IPOrPaMMBI.

(G HA 3AMETKY

3pech v ganee mMbl rOBOPUM O Maccuse, XOTA Ha CaMOM fiefnie UMeeM
aeno ¢ o6LeKToOM Knacca valarray, KOTOPbIA MO CBOMCTBaM NOXOX Ha
mMaccus. Acnonb3oBaHue TepMnHa «<MacCuB» ABNAETCA yJJ,OﬁHbIM N UH-
TYUTUBHO NOHATHbLIM, HO BCe Xe cneagyeT NoOHNMaTh, 4TO Ha CaMOM aene
peyb upet 06 obbekTe.

PaccmoTpuM IporpaMMHBIi KOA, IpeCTaBJeHHbI B iucTuHre 8.4,
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JincTunr 8.4. Pasmep Maccusa ONPeaSNEeTCN B NPOLIECCE RMNONHOHNS
nporpamMmmbl )

#include <iostream>

$include <cstdlib>

#include <valarray>

using namespace std;

int main(){
// ¥3MeHeHMe KOIUPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlepeMeHHas ANA 3amucy pasMepa MaccuBaj
int n;
cout<<"BBeaure pasmep MacCMBa:
// CuuTnBaHue pasMepa MacCMBa:
cin>>n;
// CosmaHue uMCIIOBOrO MacCuBa:
valarray<int> fibs(n);
// 3HaueHus NEPBHX IOBYX SJIEMEHTOB:
fibs[0]=1;
fibs[1]=1;
cout<<fibs{0]<<" "<<fibs(l];
// 3anonHenue MaccuBa M OTOOpaXeHME 3HAUEHMUI 3JIEMEHTOB:
lor (int k=2;k<n;k++) {

fibs[k]=fibs[k-1]+fibs[k-2];
cout<<" "<«fibs[k];

}
cout<<endl;
// 3amepxka KOHCOJBLHOI'O OKHa:
system("pause>nul”); .

return 0;

Bo3MOXHEII pe3y/IbTaT BHINOJIHEHHMS IPOrPAMMBI IIPEACTaBJIEH Hike (KHp-
HbIM PH(TOM BHIE/IEHO BBOAUMOE [I0JIb30BaTe/ieM 3HaUeHHe):
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Peaynsrar BuiNoNnHeHKA NporpaMmMs (W3 nucrusra 8.4)
BBemure paszMep MaccuBa: 15
112 3 58 13 21 34 55 89 144 233 377 610

B nporpamMe 06BsBsSI€TCS HEAOYMCIIEHHASE IEPEMEHHAS N, 3HAYEHHE KOTO-
POii I0JIb30BaTe/IeM BBOAUTCS C KJIaBUATypHl. [lepeMeHHast onpenensier Ko-
JIMYECTBO 3/IEMEHTOB B MaccuBe. MaccUB peasu3yercs dyepe3 00beKT 0606-
IEHHOTO Kjacca valarray. O6beKT, OTOXAECTBISEMEI HAMH C MACCHBOM,
CO3JaeTCsl KOMaHAOH valarray<int> fibs(n). VHCTpPYKIMS <int> 03HayaeT,
4TO 3JIEMEHThI MaccuBa fibs (GyAeM I IPOCTOTHI HA3BIBATh AAHHEIA 00b-
€KT MacCHBOM) OTHOCSATCSI K THITy int. APIryMeHT, YKa3aHHBEIA B KPYIJIbIX
ck06Kax, OIpeAessieT KOJMIECTBO JIEMEHTOB B MACCHBE.

Xota fibs sBasieTcsa 06beKTOM, 6a30Bble ONEPALMHM C HUM BBITIOJHSIOTCS
TaK, Kak ec1u 651 9T0 Ob1/1 00bIYHMIM MaccuB. B yacTHOCTH AaHHOE 3aMeda-
HHe KacaeTcsl o6paieHus K areMeHTaM MaccuBa. CKaxeM, TEpBLIM ABYM
3JIEMEHTaM eIHHUYHbIEC 3HaYEHHA NPUCBaUBaAIOTCA KOMaHAaMu fibs[0]=1
n fibs[1]=1 — TO ecTb TaK, KaK ecJii Obl MBI UMEJIH JeJIO C HACTOSIIAM
MaccusoM. [locsie mpucBamBaHus 3HaueHMIl d€eMeHTaM OHHM OTOOpaXka-
I0TCA B KOHCOMIM (KOMaHZAa cout<<fibs[0]<<" "<<fibs[1]). 3aTeMm 3amy-
CKaeTCsi ONepaTop LMK/, B KOTODOM HMHJAEKCHas mepeMeHHas k mpobe-
raeT 3Ha4eHus oT 2 A0 n-1 BKJIOYUTENbHO. 3a KaKABIH LMK/ KOMAaHIOM
fibs[k]=fibs[k-1]+fibs[k-2] BHYMCISAETCA 3HaYeHHE IS TEKYILEro
3JIEMEHTa, a KOMaHAOM cout<<" "<<fibs[k] 3TO 3HAYEHHE OTOOpaXKaeTCS
B KOHCOJIbHOM OKHe.

(G HA 3AMETKY

HanomHum, yto ynucna GuboHauum nony4aloTcs Tak: rnepssule ABa YMC-
na paBHbl 0UHULE, A KaXA0e CReayioulee paBHo CymMme ABYX npefbl-
AYLMX.

Bhbine Mbi MCTIOJTB30BaIIH OOBEKT Kiacca valarray paKTHYeCKH Kak OGbIYHbII
MaccuB. OTHaKO HCTIOBb30BaHNE OObEKTA, [0 CPABHEHMIO C MACCHBOM, HMEET
HEOCIIOPUMBIE NPeUMYLIecTBa. [{OCTATOYHO OTMETHTD, YTO Pa3Mep MacCHBa,
«CIIPATaHHOTO» B 06bEKTE KJIacca valarray, MOKHO He TOJIBKO y3HATh C 1O~
MOIIBIO METO/IA size (), HO M U3MEHHUTBD € IIOMOMIBIO MeToza resize (). Takux
BO3MOJXHOCTe#H 1pu paboTe ¢ OOBIYHBIMM MACCBAMH HET.

Eme oaus He601b11108 IPHIMED HCIIOIB30BaHUs 0606MEHHOTO CTAKAAPTHOTO
Kjacca valarray npeacTasied B tucTunre 8.5. Tam npencrasiiena nporpam-
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Ma, B KOTODOJi penIaeTca yKe 3HaKoMasl HaM 3371a4a O NPEeACTaBJIEHHH MO0-
JMHOMa B BIJie 00 beKTa HEKOTOPOTo KIacca (Takast 3ajiadya PaCCMaTPUBAIACh
B IIpeAbLAyINeli I/IaBe — TaM MCIIOJIb30BATHCH 0000IEHHbIE KJIACCHI C NEpe-
Aadeii [IeJIOYNCAEHHOTO 3HAYeHUsT B KayecTBe napamMerpa). Mzes u arropurm
peayM30BaHbl IPaKTHYECKH Te XKe, YTO U B IporpamMme B suctuHre 7.11. On-
HaKO 3a CYeT HCIIOJIb30BAHUS KJacca valarray KO BO MHOTMX MOMEHTax
YHPOCTHJICS.

(G HA BAMETKY

Hanomuum, 4TO peys naeT 0 Knacce Ans peanuaaumm nonmHoma. Mo-
nnHoMuansHan GyHKUMA OQHO3HAYHO onpenenseTca Habopom koag-
$ruUMeHTOB, KOTOpbiE 3aNUCLIBAIOTCA B MAacCus, ABNAIOWKIACA nonem
xnacca. [ina NONMHOMOB NPEAYyCMAaTPUBAIOTCS Takue onepauun, Kak
Bbi4UCNEHNE NPON3BOAHON, YMHOXEHME NOSIMHOMOB, CYMMA U Pa3HOCTL
NONAUHOMOB, a TaKxe paa apyrux. Bo Bcex nepevncineHHbix cnyyasx pe-
3ynLTaTOM ABAKETCA NONMHOM. Bonee noapobHO onepauun ¢ NOAMHO-
MaMu ONUCaHbl B NOACHEHUK]X K NPUMEPY U3 nucTuxra 7.11 8 npepbiay-
wiei rnase.

PaccMmoTpuM npescTaBieHHYIO HIKE IIPOrPaMMy

Jivcrunr 8.5. Knacc ans peanusauun nonuHoma
$include <iostream>
#include <cstdlib>
#include <valarray>
using namespace std;
// Knacc mna peanmsaumyu NOJMHOMOB:
class Polynom{
private:
// 3aKpHTOe NONE — MACCMB, DeaNM30BAHHHI uepes
// obbexr knacca valarray:
valarray<double> a;
public:
// KOHCTPYKTOp C LENOYMCJICHHHM apI'yMeHTOM:
Polynom(int n=0) {
// Onpepeneunue pasMepa MacCUBa
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// W 3anonHeHue HymAMM:
a.resize(n+1,0);
)
// Koncrpyxrop ¢ ApPTYMEHTOM — WMEHeM YMCJIOBOTO MacCuBa
// ¥ cTeneHen NOMMHOMA:
Polynom(double* nums,int n){
// Co3smanue HOBOIO OOBEKTa WIS MAacCCHMBA:
valarray<double> b(nums,n+l);
// TipuceauBaHMe NOJD HOBONO 3HAYEHMA:
a=b;
}
// PesynbraToM MeTONA BO3SBPAMAETCHA CTENEHb MONMHOMA:
int power () {
return a.size()-1;
}
// Meron mns oToOpaxeHMs 3IHAYEHUMA
[/ xo30dMuUMeHTOB MOMMHOMA:
void getAll(){
cout«"| ";
for (int k=0;k<=power () ; k++) {
cout<<afkj<<" | ";
}
cout<<endl;
}
// OnepaTopHHIf METOH NO3BONAET BH3BaTh OOBLEKT.
// PesynbraToM BO3BpAmaeTCAs 3HAYEHWE MOJMHOMA:
double operator() (double x){
// Konus Maccupa C kO3(pPMUMEHTaMM MONMHOMA:
valarray<double> b(a);
double g=1; | ,
// Buuucneuue 3NIEMEHTOB MACCHBa:
for (int k=0;k<b.size();k++){
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// PesynbTar MeTOIa — CyMMa 3JIEMEHTOB MacCuBa:
return b.sum();
}
// OnepaTopH:ni MeTon Ana MHIEKCHMPOBAHMA OOBEKTOB:
double &operator{] (int k){ '
return alk];
}
// OnepaTOpHH) METOR IJIA BHYMCJIEHMH
// npousBeneHMs NOIMHOMOB:
Polynom operator* (Polynom pol) {
// lloxanbHuit 0GBEKT:
Polynom tmp(pol.power ()+power());
// BuumMcneHue xo30duuMEHTOB mnA
// nonunoMa-pesynbrara:
for(int i=0;i<=power();i++){
for (int j=0;j<=pol.power();j++){
tmp[i+j]+=a{i]*pol[]j];

}
// Pesynbrar MeTOna:
return tmp;
}
// OnepaTOpHHM METOR LNA BHYMCIEHUS
// cyMMu MNONMHOMOB:
Polynom operator+(Polynom pol) {
int i;
int length=pol.power () >power () ?pol.power () :power();
// llokanbHHt® OBBEKT:
Polynom tmp(length);
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// BuuucneHue KO3Q¢UUMEHTOB ANd

// nonMHoMa-pesyaLTaTa:

fbr(i=0;i<=power():i++){
tmplil+=alil:

}

for(i=0;i<=pol.power () ;it++){
tmp[i]+=pol{i];

}

// PesynepTaT MeTOna:

return tmp;

Vi
// OneparopHas QYHKUMA [ONS BEUKUCIIEHUA
// pesynbTara yMHOXEHMA NOJIMHOMA HA YHCIO:
Polynom operator* (Polynom pol,double r){
// JokanbHelt OGBLEKT:
Polynom tmp{pol.power());
// Beraucrenue k03QOMUMEHTOB A MONMHOMA-pesynbrata:
for (int k=0;k<=pol.power () ;k++) {
tmp (k]=pol[k]*r;
}
// Pesynbrar byHKLMA:
return tmp;
}
// OnepaTopHas QYHKUMSA A BHYMCIISHUA
// pesynbTaT YyMHOXSHMA UMCNA Ha NONMHOM:
Polynom operator* (double r,Polynom pol) {
// TONMHOM YMHOXaeTCH Ha YUCIIO:
return pol*r;
}
// OmepaTopHas OyHKUMA OJiS BEUMCIIEHMS Pa3HOCTHM

// IOBYX MOIMHOMOB:
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Polynom operator-(Polynom x,Polynom y) {
// K nepBOMYy NOJNMHOMY NpUGABNSAETCS BTOPOH#, YMHOXEHHHN
// Ha umcmo -1:
return x+(-1)*y;
}
/] OBobmerHas QyHKUMA LJA BEMUCIEHMUA
// NPOMBBOLHOM OT MOJMHOMA:
Polynom Diff (Polynom pol) {
// JoxanbHuit 0GLEKT:
Polynom tmp{pol.power()-1);
// Buumucnesue KooOOMUMEHTOB IANA MOJMHOMAa-pe3ynbTaTa:
for{int k=0;k<=tmp.power () ;k++) {
tmp [k]=pol[k+1]* (k+1);
}
// PesynbTaT QYHKUMM:
return tmp;
}
// TnaBHas QYHKUMA NPOTPAMME:
int main{) {
// Vi3MeHeHMe KOMMPOBKYM KOHCOJM:
system("chcp 1251>nul");
// MaccuBu ¢ KoadduuMeHTaMU:
double A[]={1,2,-1,1};
double B[])={-1,3,0,2,-1,1};
// ApPTYMEHT AN ICJIMHOMOB:
double x=2;
// OBBeKT Ons 3anucu pesyAbTAaTOBR BHYMCIIEHMIA:
Polynom res;
// TlepBHI MONMHOM:
Polynom P(A,3);
cout<<"MommHom P:\t";

// KoadpdmumeHTH NepBOTO NOJMHOMA:
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P.getAll();

cout<<"3HaueHnme P ("<<x<K") =";

// 3HaueHwue NEPBOI'O [ONMHOMA B TOYKE:
cout<<P(x)<<endl;

// Tponssopuas:

res=Diff (P);

cout<<"MomHoM P':\t";

// KosbduumeHTH nma npdmsaonuoﬁ OT NOJIMHOMA:
res.getAll();

cout<<"3HaueHne P'{"<<x<K") = ";

// 3HaueHMe NPOM3BOLHOM B TOUKE:
cout<<res (x)<<endl;

// BTopoit nomuHoM:

Polynom Q(B,5);

cout<<"MomHoM Q:\t";

// KoabduumeHTH BTOPOTO IONMHOMA:
Q.getAll();

cout<<"3naueHme Q("<<x<«<") =";

// 3BHaueHue BTOPOI'C NMOJMHOMA B TOYKE:
cout<<Q(x)<<endl;

// TlpousBeneHne NONMMHOMOB:

res=p*Q;

cout<<"MomuHoM P*Q:\t";

// KosbduumeHTH IJ1s MPOM3BENEHMUA MOJIMHOMOE:
res.getAll();

cout<<"3Hauenue (P*Q) ("<<x<k") =";
// BHaueHMe nNpou3BenEHUA NONUHOMOB B TOUKE:
cout<<res (x)<<endl; |

// CyMMa NONMHOMOB:

res=P+Q;

cout<<"Nommuom P+Q:\t";

// Ko3dOUUMEHTH INA CYyMME NOJIMHOMOB :
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res.getAll();

cout<<"3HaueHme (P+Q) ("<<Kx<K") = ";

// BHauenye CyMMH MONMHOMOB B TOYKE:
cout<<res (x)<<endl;

// PasHOCTbL MOJMHOMOB:

res=Q-p;

cout<<"MomHom Q-P:\t";

// KO30duUMEHTH [NS Pa3HOCTHM MOJNMHOMOB:
res.getAll();

cout<<"3HaueHye (Q-P) ("<<x«k") = ";

// 3Hauenue pasHOCTM NOJMHOMOB B TOUKe:
cout<<res (x)<<endl;

// Banepxka KOHCOJIEHOT'O OKHa:
system("pause>nul");

return 0;

}

PeaysibraT BhINOIHEHHS IPOTPAMMBI TAKOH:

Peaynurar BbiNOnHeHU nporpaMMbl (U3 nuctusra 8.5)

MomuHomM P: 1 12]-11}1]

3Hauenmne P(2) = 9

Momsuom P': | 2 | -2 | 3 |

3nauenre P'(2) = 10

MosmHOM Q: -1 13101 21{-11]1]/|

3uauenne Q(2) = 37

Mommsom P*Q: | =1 | 1 | 71 -2 161 -3151-211|
3nauenue {(P*Q)(2) = 333

TMonuHoM P+Q: 10 1S5S -1 )31 -11+11

BHauenue (P+Q) (2) 46
HonuHoM Q-P: [ -2 11111} -111]
3”auenue (Q-P) (2) = 28
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Bo MHOTHX MeCTax KO/ JOI)KeH ObITh 3HAKOM U [IOHSITEH YyuTareao. Ml Bbl-
AEJIMM JIMIIb TO HOBOE, YTO HOSBUJIOCH B IIPOrpamme (1o CpaBHEHHIO C MTPO-
rpamMMoii U3 smcrunra 7.11).

Wrak, ucnonb3oBanue obbexTa Kiacca valarray B KauecTBe KOHTeiHepa
AJISt MAacCHBa TIO3BOJISIET OTKA3aThCS! OT OITMCAHHMSA KJacca Polynom Kak 0606-
menHoro. Temeps 3T0 OOKYHBIA KJIacc. 3aKphITOE MOJE a, Yepe3 KOTOPOe
peausyercst MacCHB ¢ Ko3(ppuimeHTaMu [TOJIMHOMA, B Kj1acce O0bsSIBAsIETCS
HHCTpYKUMel valarray<double> a. B mannoM ciydae o6baBasieTcst mycToii
00beKT (He COmEpKHUT MacCUBa) KJacca valarray<double>. [TapameTpst 06b-
€KTa M3MEHSIIOTCA MPH BBI30Be KOHCTPYKTOpa (HAaIIOMHHM, YTO pa3Mep co-
Aepxanierocs B o0bexTe Kaacca valarray MacCHBa MOXKHO H3MEHSITh). IIpen-
YCMOTPEHHI B BEPCHH KOHCTPYKTOPA: C OAHHM apryMeHTOM (CO 3HaYEHHEM
aprymMeHTa 1o YMOJIYaHHIO) ¥ € ABYMS apryMeHTaMH. Ecav KOHCTpykTOp
BBI3HIBAETCS C OHMM apTyMEHTOM, TO apTyMeHT ONpe/eNseT pa3Mep Mac-
CHBA, 2 CaM MAaCCHB 3aIl0/IHAETCS HyJIAMH. B 4aCTHOCTH, 3TH [iBE ONEPaLiHHy
BHIIOJHAIOTCS OHOM KOMaH/IOM a.resize (n+1,0) (d4epes n ob603HAYEH LENO-
YUCTEHHBIH apryMeHT KOHCTPYKTOpa). IlepBriif apryMeHT MeToAa resize ()
omnpeenseT pa3Mep MacCcHBa, 2 BTOPOi apryMeHT MEeTOAa onpeesisieT 3Have-
HH€E, KOTOPOe IIPHCBAUBAETCS 3JIEMEHTAM MacCHBa.

(G) HA 3AMETKY

Konu4ectso aneMeHTOB B MacCuee Ha eauHULY 6onblie 3HaYeHUR ap-
rymeHTa, nepefaHHoro KOHCTPYKTOPY. APryMEHT KOHCTPYKTOpa uHTep-
NpPeTupyeTcs kak cTeneHb NOANHOMA, KOTOPbI peanuayerca Yepes 06b-
€KT Knacca Polynom.

Ec/ aprymMeHTOB y KOHCTPYKTOpA JBa, TO NepBhil (0603HauYeH Kak nums)
SIBISIETCSI MMEHEM YHCJIOBOTO MACCHBA, a BTOpPOH (0003Ha4YeH Kak n)
onpeZieisieT CTeNeHb IMOJWHOMA, PeayiM3yeMOr0 depe3 HaHHbBIA MacCuB
(Ha egMHHIY MeHbIIe pa3Mepa MaccuBa). B Teje Takoro KOHCTPYKTO-
pa KoMaHJ0# valarray<double> b(nums,n+l) co3zaercss 0GBEKT b Kkiacca
valarray<double>, B KOTOPOM COJEPKUTCS MAaCCHB C TAKMMH JK€ dJIEMEHTa-
MH, KaK ¥ MaccuB nums. KoMaH0it a=b 06beKT b IpHCBanBaeTCA 3SHAYEHHEM
00BEKTY a.

B wracce Polynom omucaH MeTOA power (), KOTOPHIM B KadecTBE 3HAYEHUsI
BO3BPAIllaeTCs CTEIEHb MOJMHOMA, peajusyeMoro uepe3 obbekt. JlaHHOE
3Ha4YeHUEe Ha eMHULY MEHbIe KOJMYeCTBa 3JIEMEHTOB B MAaCCHBE a M BbI-
YUCJISIETCA C ITOMOIIBIO BEIpaXeHHA a.size () -1.
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(G HA BAMETKY

DyHkuUmMA power {) UCNONL3YETCA B NpOrpaMMe Tam, rae B npuMmepe U3
nuctudra 7.11 ucnonb3osancs napameTp power.

B omeparopHoM Metozme operator() () mpeTepries U3MEHEHHUs AJATOPHTM
BBIYMC/IEHUS] 3HAYeHHs] HOJUHOMA B Touke. B Tesme MeTtoma xomauzio#
valarray<double> b{a) cosmaercs xomnusi (06BeKT b) obbekra a. 3aTem
B TeJjie ONepaTopa IMKJIA, B KOTOPOM NEPeOUpPAIOTCS IEMEHTH B MacCHBE
b, KOMaHAO# b{k] *=q OYepeXHOH 3JIEMEHT YMHOXAETCsI Ha 3HaAYeHHE Mepe-
MEHHOH g, a 3aTeM KOMaHAOH q*=x IlepeMeHHas q YMHOXaeTcs Ha 3HaYeHue
aprymeHTa Meto/a x. [lockoisibky Haya/ibHOe 3HaYeHHe IePeMEeHHOM q paBHO
€IMHHIIE, TO B UTOTE IIOJYy4aeTCA, YTO B MaccuBe 06bEKTa b 3HAYEHHUS 3J1e-
MEHTOB COBIIAJIAlOT CO C/IATaeMBIMU B BRIpaXKeHHH J/1S1 oJimHoMa (ko3ddu-
IIUEHT, YMHOXKeHHBIH Ha apTYMEHT X B COOTBETCTBYIoLIeH crenenn). [Toaro-
MY BCE, YTO OCTAETCsl — BBIYUCIHUTH CYMMY 3JIEMEHTOB B MacCHBE OOBeKTa
b. CnesiaTh 3TO MOXHO G ITOMOLIBIO METO/IA sum (), KOTOPHINA BBI3BIBAETCS U3
obbekTa b (koMaHAa b.sum()). '

Bo BceM ocTaibHOM KOJ AOJKEH ObITh IOHATEH 4yMTaTeno. EquHCcTBEH-
HOe, Ha YTO ele XO4ercsa oOpaTHTh BHUMaHue — 0ObsBIeHUE 0OBEKTa
res Kjacca Polynom. 3HaueHHeM [IEPEMEHHOM res NOCJEN0BATENbHO MPH-
CBaMBAETCsl PE3YJIbTAT TAKUX BHIPAKEHUH, KaK IIPOM3BeieHHE IOJHHOMOB
(o6bexToB Kjacca Polynom), MX CyMMa, PasHOCTb M pe3yJbTaT BhI30Ba
Gyukuuu Diff (). Orobpaxenue k03¢ PUIUEHTOB U BHIYICIEHNE 3HaYe-
HMS TOJHUHOMOB B TOYKE BBINIOJIHSETCS 4epe3 obpamieHne ¥ 0ObeKTHOM
MepeMeHHoOM res.

KoHTenHep ans AMHaMMu4yeckoro Maccmsea
B crasgapTHOit 6ubANOTEKE eCTh KJIace vector, N0 CBOMCTBAM HATIOMMHAIO-

MU AMHAMUYECKUN MAaCCUB, HO IO CPaBHEHHMIO C MAaCCHBOM (YHKIMOHAIb-
HBIe BOSMOXCHOCTH KJIACCA HAMHOTO HIHDe.

(G HA BAMETKY

Ans ncnonb3os8aHMA Knacca vector NOAKNIOHAIOT 3aronoBOK <vector>.

B mictuure 8.6 npesaraeTcs nporpamMma, B KOTOPOH CO3/1aeTCsl MaCCHB U 3a-
TIOJIHAETCH Cy4aHbIMM CHMBOJIaMH. MacCHB peayusyercsi yepe3 0ObeKT
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Kiacca vector (CHTyalus I10X0Xa Ha Ciay4dai, KorJa MacCUB PeaTM30BaJICs
yepes 00BEKT Kiacca valarray). Pasmep MaccHBa onpesiesisieTcsl B pouecce
BBITIOJTHEHHS ITPOTPAMMBL. :

PaccmoTpuM npeAcTaBieHHBIH fanee IPOrPaMMHBIH KOJ:

JlucTunr 8.6. Cnyuaiinbie cCuMBOsLI U KRAce vector
#include <iostream>
#include <cstdlib>
#include <vector>
using namespace std;
int main(){
// V3MeHeHME KOIMPOBKM KOHCOJIM:
gystem("chcp 1251>nul");
// VuuumanMsauMsa reHeparopa CHyYaiHHX 4MCEN:
srand(2);
// KomuyecTBO CMMBOJIOB:
int n;
cout<<"KonuuecTBO CUMBONOB: ";
// CuuTHBaHME 3HAUEHUA NEPEMEHHON:
cin>>n;
// OBBEXT C CHMMBOJILHEM MAaCCUBOM:
vector<char> symbs(n);
cout<«"|";
// BHYMCNICHME 3HAYEHMIA SJIEMEHTOB n ux
// orobpaxeHue B KOHCOJNBHOM OKHe:
for{int k=0;k<symbs.size() ;k++){
// TeHepupoBaHMe CIy4alHOTO CMMBOJA:
symbs[k}='A'+rand () % (n+5);
// OroBpaxeHue 3HAUEHUA BJIEMEHTA:
cout<<" "<<symbs[k]<<" |";
}
cout<<endl;
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// 3amepXKa KOHCOJBHOTO OKHa:
system("pause>nul");
return 0;

}

Bo3MmoxHbII pe3ysTaT (BO3MOXHBIH — NOTOMY YTO MCHIOJb3YETCA reHepa-
TOP CJIy4aifHBIX YHCEJ ) BHITIOIHEHUSI IPOTPAMMBI TPe/ICTaB/IeH HiKe (OKUp-
HBIM IIpHQTOM BHI/IE/IEHO BBeAEHHOE NI0JIb30BaTe/IeM 3HaYeHUE):

Pe3ynuTar BuiNONMHEeHNUN NPOrpaMmbl (U3 nucTusra 8.6)
KonuuecTso cuMBONOB: 12
LI K| HB|N|JG|PJ]E|N|M{]{H|P]| D]

XoTs1 KO TIPOCTOM, IPOAHATN3UPYEM €r0. A KIMEHHO, CTOMT 0OpaTHTh BHHMA-
HHe, 4TO 0OBEKT C MACCUBOM CO3JAeTCsl KOMaH0M vector<char> symbs(n).
3xech peub HeT 06 06BeKTe symbs, KOTOPLIH CO3Ja€TCS Ha OCHOBE 0600IeH-
HOT'O KJIaCCa vector ¥ COIEPIKUT MACCHUB U3 n 3JIEMEHTOB THNA char.

O6pamatbcs ¢ 00beKTOM symbs MOXHO KaK € OOBIYHBIM MaccHUBOM. B yacT-
HOCTH, 00BEKT HHAEKCHPYETCS.

MerTog size (), BoI3bIBaeMblii M3 OOBEKTa, MIO3BOJISIET OIPENENHTh pa3Mep
Maccusa. [I03ToOMy B oneparope IIMK/Ia 3Ha4eHKe 3TIEMEHTaM MacCUBa B 00b-
exTe symbs IpPUCBaWBaeTCss KOMaHAOH symbs[k]='A'trand()$%(n+5), npu
3TOM HHJIEKCHAs epeMeHHast k mpoberaer 3Ha4eHus oT § 40 symbs.size() -1
BK/IIOYUTENBHO. OToOpaXkaeTca 37€eMEHT B KOHCOJBHOM OKHE KOMaHIOH
cout<<" "<<symbs[k]<<" [".

OTa Xke 3aaya, HO peaIu30BaHHasH C TIOMONIBIO UMEPamopoe, NpeAcTaBaeHa
B IIPOTPaMMHOM KOZe B JIMCTHHTEe 8.7.

@ TEOPUR

Urepatop — 06beKT, UMEIOLLMIA CBOMCTBA yKa3aTens. [lpyrumm cnoea-
MW, UTepatop nNpeacrasnseT co6oit 06beKT, C KOTOPLIM MOXHO BLINOA-
HATbL Onepauum Tak, kak ecnu 6ol 06bEKT Gbin ykaszatenem. UtepaTops
€03A210TCA 1,15 pabOThi C KOHTEHEPHLIMW KNIACCaMM — TaKUuMY, Hanpm-
Mep, KaK 060611EHHIA KNACC vector.

[IpuHIMNb UCIIOJIb30BAHUA HTEPATOPOB OOCYAMM Ha NMpHMepe, IIPEACTaB-
JIEHHOM HIKE: ‘
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Jinctunr 8.7. Ucnonb3osaHue UTEpPaTopos
#include <iostream>
#include <cstdlib>
#include <vector>
using namespace std;
int main () {
// V3MeHeHMe KOIMPOBKM KOHCONM;:
system("chcp 1251>nul");
// Vumuvanusauus TeHepaTopa CIydYalHHX dMCen:
srand(2);
// KonuuecTBO CMMBOJOB:
int n;
cout<<"KommuecTso CHMMBOJNOB: ";
/] CunTeBamMe 3HaUEHMA:
cin>>n;
// OBBEKT C CHMMBOJILHHM MaCCMBOM
vector<char> symbs(n,'A");
// Ureparop:
vector<char>::iterator p;
cout<<"|";
// BHYMCIIEHVE 3HAUEHUM DJIEMEHTOB MacCHUBA
// u oToOpakeHMe STUX SHAUCHMIT B KOHCOMM:
for (p=symbs.begin() ;p!=symbs.end () ;p++) {
// BeuMCIEHMEe 3HAUEHUS 3JIEMEHTa
// (mocTyn uepes urepaTop)
*pt=rand() % (n+5);
// OrofpaxeHue BHAUEHMSH DJIEMEHTA:
cout<<" "<<Fpk" ",
}
cout<<endl;

// 3amepxka KOHCONBHOTO OKHa:

310



PaaHsle 3anauv

system("pause>nul");
return 0;

}

Pe3yibTaT BHINOIHEHMS! IIPOTPAMMBI TAKOH e, KaK M B IPeBbIAYINEM ClIydae
(xupHBbIit mIpUPT — TO, YTO BBOAUT NOJIB30OBATENb):

Peaynerar BLINOTHEHUS NPOrPaMMBbI (n3 nucTuura 8.7)
KonmmnyecTBo cuMBonos: 12
fL|IK|H|N|G|P|E|N|IM|HIPI|D

KouteitHepHblil 00beKT Ui peaju3alid MacCHBa CO3JaeTcsi KOMaHAO
vector<char> symbs(n,'A'). Bropoii aprymeHT 'A', KOTOpBIi Nepenaercs
KOHCTPYKTOPY, CJIy’KMT 3HaYeHHEM JUIs1 a/ieMeHTOB Maccusa. [Ipomre rosops,
B CO3/laHHOM MAacCCHBe Y BCeX 3JieMEHTOB 3HaueHue Oyzaer 'A’. [Lns paboTnt
C IaHHBIM KOHTeHHEPHBIM 06DbEKTOM cosfaercs ureparop p. O6bsBIseTCS
HTEpaTOp KOMaHOH vector<char>::iterator p. B coorBeTcTBHU C Hell UTe-
paTop p ABJsETCA 0OBEKTOM KJIacca iterator, KOTOPHIH SIBJIAETCS BHYTPEH-
HMM KJ1acCOM KJjiacca vector<char>.

(G HA 3AMETKY

BHYTPEHHWUIA KNAacc — Kacc, ONUCaHHbIA 8 APYroM {BHELLWHEM) knacce.

Merton begin () o6bexTa symbs pe3y/ibTaTOM BO3BpAlllae€T UTEPATOP, YKA3BI-
BAIONIMI HA HadaJdbHBIH 3J€MEHT B MaccuBe 00beKTa symbs. B omeparope
HMKJIa B epBoM 6J10Ke KOMaHAOM p=symbs.begin() mepeMeHHOi p 3Haue-
HKeM NPHCBANBAETCHA 0OBEKT-UTEPATOP, YKA3hIBAIOUIHI HAa HAYaIbHBIIH 371e-
MeHT MaccuBa. B TperbeM 6JI0Ke pa3MellieHa KOMaHAa p++, KOTOPOH 3Have-
HHE UTEPATOPA «YBETUUYMBAETCS HA eIMHUILY»: B Pe3yJIbTaTe HOBOE 3Ha4YEHHE
TIepeMeHHO# p GyJeT HTepaTopoM, YKa3HIBAIOIIHM Ha CIEAYIOMHUIA BIeMEHT
-MaccHBa. '

(@ HA BAMETKY

Boobtie, 4T06bl NOHATE NPUHLKWN PaboThi C UTEPATOPOM, Pa3yMHO UH-
TepnpeTupoBaTh UTepaTop Kak ykasaTeib. -

IlpoBepsiemMsIM ycjioBHEM B OHEpaTope LMKJIA YKa3aHO BhIpakeHue
p!=symbs.end(). B HeM HCHONB30BaH pe3yJbTaT BBI30Ba MeroAa end()
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u3 obbekTa symbs. PesyabraTom Metoq end () BO3BpalaeT UTEPaTop, yKasbi-
BAIOUIHMit HA 00JIACTD MTAMSTH, PACTIOJIOXKEHHYIO Cpa3y 3a MOCJIEAHNM 3JIEMEH-
TOM. YcoBHe p!=symbs.end () HCTUHHO, TOKA UTEPATOP p YKA3LIBAET Ha JJje-
MEHT MaCCHBa, ¥ CTAHOBUTCA JIOKHBIM, KOTAA HTEPaTOP «BBIHET» 3a Ipe/ieJibl
MaccyuBa. B TakoM ciryyae BHITOJHEHHE OMEepaTopa IMKJIA 3aBepiiaeTcs.

ITo anasornm ¢ ykasareseM, YTOOBI MOJYYHTH AOCTYII K JIEMEHTY, Ha KOTO-
PHIii YKa3biBaeT UTEPATOP, Hpel] HTEPATOPOM CJEAYET IIOCTABUTD 3BE3I0UKY
*, IlosaToMy B pesyJibTaTe BBINIOJTHEHHS KOMaHIBI *p+=rand ()% (n+5) k Ha-
YaJIbHOMY 3HAYEHHIO 3jIeMeHTa (a 3TO 3HayeHHe 'A'), Ha KOTOPHIH YKa3hi-
BaeT UTEPATOP p, IPHOaBIsieTCs 3HaYeHKe rand () % (n+5) (M Yepe3 MEXaHHU3M
aBTOMATHYECKOTO IPUBEIEHHS TUIIOB [TOJIyYEHHbIH B UTOTE KO peobpasy-
ercs B cuMBon). KoMaHao! cout<<™ "<<*p<<" |" 3HaueHHE 3JIeMEHTa, Ha
KOTODBIi YKa3KIBaeT HTEPATOP p, 0TO6PAXKAETCS B KOHCOJIBHOM OKHe.

B paccMOTpeHHbIX IpHMepax KOHTeHHEPHbIH OOBEKT HYXKHOTO pa3mMepa co3-
masaics cpasy. [loaxox MoxeT GHITh MHBIM, KOTZIa PasMep MacCHBA, «CIps-
TaHHOTO» B KOHTEHHEPHOM O0bEKTe, YBEJIMINBAETCS O Mepe J00aBJIeH s
3/leMeHTOB B MaccuB. 10106HHI CIOCO6 Opranu3aIiy KoJa NPOMLTIOCTDH-
POBaH B AporpaMMe U3 JUCTHHTA 8.8.

JiucTunr 8.8. NameneHue pasmepos KOHTellHepHoro o6vexra
$include <iostream>
$include <cstdlib>
#include <vector>
using namespace std;
int main(){
// V3MeHeHMe KOIMPOBKM KOHCOMM:
system("chcp 1251>nul");
// VHMumanusauus IeHepaTopa CIy4ayHHX YMCeN:
srand(2);
// KonuuecTBO SJIEMEHTOB:
int n;
cout<<"KoymueCTBO CHMMBOJIOB: ";
// CuMTHBaHMe 3HAUEHUA IJIA NEepPEeMEHHOM:
cin>>n;

// Co3paHMe MyCTOTO KOHTEHHEepHOTO OGBEeKTa:
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vector<char> symbs;
cout<«k"|";
// ToBaBneHMEe SJIEMEHTOB B KOHTEMHEpHHM OGLEKT:
while (symbs.size()<n) {
// B koHell MaccyBa ROOABNSETCHA HOBHIA 3JIEMEHT:
symbs.push back('A'+rand() % (nt+5));
// OrobpaxeHMe BHAUCHUA
// mocnenHero sjeMeHTa B MaccuBe:
cout<<" "<<symbs[symbs.size(}-1]<<" |";
}
cout<<endl;
// 3amepxxa KOHCOJILHOT'O OKHA:
system("pause>nul");
return 0;

}

Huke IpeACTaBlieH Pe3yJIbTaT BBIIOIHEHHS IPOTPaMMbI (JKMpHHM mpud-
TOM BhIJIe/IEHO BBOXMMOE T0JIb30BaTe IeM 3HaYeHue): '

Pe3aynsrar BhinONHeHus NPorpaMMbl (s nucTunra 8.8)
KomueCcTBO CHMMBONOB: 12
|[LIK|IHIN|G|PIE|N|M|H|P]|D]|

BuauM, 4TO pe3yJsbTaT TaKoi Xe, KaK B IPeJBIAYIIHX Caydasx. Teneps no-
CTapaeMcs MOHATD, I0YeMy BCe IIPOUCXOAUT HMEHHO TaK, a He HHave.

Komanpoii vector<char> symbs B mporpamMme cosaaercs mycroit (6e3 maccu-
Ba WK C MACCHBOM HYJIEBOH J/IMHBI) KOHTEHEPHBIH 00beKT symbs (pazmMep
BHYTPEHHEr0 MacCHBa B 3TOM 00BEKTe H3MEHSETCS B IPOLIECCEe BBIMIOJIHEHUS
nporpammal). Jlnst o6aB/ieHHsT 3IEMEHTOB B KOHTEHHEPHbIH 06BEKT 3arry-
CKaeTcA oneparop IiukJa while. YcaoBue B oneparope nuiuia symbs . size () <n
COCTOHUT B TOM, YTO pasMep MacCHBa B 0ObEKTe symbs MEHbIIIE 3HAYEHUSE N,
KOTOpOE I0JIb30BaTe/b BBEJ C KJIaBHATYPHI.

B oneparope uMksia koMaHZ0# symbs.push back('A'+rand()%(n+5)) B KO-
Hell MacCHBa B oObeKTe symbs J0OaBJAETCS HOBBIM 3JIEMEHT, a 3HaYCHHE
3TOTO 3JIEMEHTA ONpeAesiIeTCA apryMEHTOM MeToAa push_back (). Hanee, mo-
CKOJIbKY METOZXOM Size () BO3BPAIAeTCs KOJHMYECTBO 3JIEMEHTOB B MAaCCHBE
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00beKTa, U3 KOTOPOTO BBI3BIBAETCS METOM, TO MHAEKC MOCHETHETO ITEMEHTA
Ha eMHUILY MeHblile pe3yJIbTaTa MeToAa size (). Takum obpasoM, koManaoH
cout<<" "<<symbs[symbs.size()-1]<<" |" oToGpaXKaeTcs 3HaAUEHHE HOCIE/-
Hero (Ha JaHHBI MOMEHT) 3JIeMeHTa B MaccuBe. Hecsl0JKHO orafgarscs, YTo
peyb HAET O TOM 3JIEMEHTe, KOTOPhIil 66T 106aBIeH B MacCHB TpebITyIeit
KOMaH/IOH.

KoHTelHepHbIi Knacc ans peanm3aumm
MHOXeCTBa

Monudunmpyem pacCMOTPEHHYIO Bhillle 3aa4y O 3aIll0JITHEHHH MaCCHBA CIIy-
YaifHBIMM CHMBOJIAMH, HAJIOKUM JOMOJIHUTEIbHOE OTPaHUYEHHE: CHMBOJIBI
IOJDKHBI GBITH pa3HbiMy. Takoke Hac OyAeT HHTEPeCOBATh TOJIBKO HAGOP CHUM-
BOJIOB, 6E30THOCHTEJIBHO K MIOPSAKY, B KOTOPOM OHH GBUIH CTEHEPUPOBAHbL.

s peuieHunA 3az1a4 BOCNIOJIb3YyEMCH KOHTeﬁHeprIM KJIaccoM set, IMO3BO-
JIAIEUM peain30BaTh MHOM¥cecmea. '

"B NOAPOBHOCTHM

MHOXeCTBO (C MaTeMaTUYECKON TOYKW 3PEHUs) npencTaBnaeT cobok
HeYNOPRAOHEHHbLI HABOP pa3HbiX 3neMeHTOB. TakuM 00pa3oM, y MHO-
XEeCTBa HE MOXET ObiTb ABYX MAEHTUYHbLIX 3NEeMEHTOB, a NOPRAOK Che-
DOBaHMA 3N1EMEHTOB B MHOXECTBE He (PUKCUPOBAH — UMEET 3HaYeHue
NVWb BXOAUT 3NEMEHT B MHOXECTBO wnn HeT. Jlo6aBneHne B MHOXe-
CTBO 3fIEMEHTAa, KOTOPbLI TaM yXe eCTb, Ha CaMOM Jefe He NPUBOANT
K NOABNEHMIO B MHOXECTBE HOBOIrO 3neMeHTa. MpoLie rosops, aneMeHT
nobaBnaeTcs B MHOXECTBO, €C/IU TaM TaKoro 3N1eMEHTA eUle HeT.

B muctunre 8.9 npencrapieHa mporpaMMa, B KOTOPOii Ha OCHOBe KJIacca set
CO3/{a€TCsl ¥ 3AIOJIHAETCS MHOXKECTBO, COCTOAIIEE U3 CTyYAHHBIX CHMBOJIOB.

JiucTunr 8.9. Peannaaumn MHOXECTBA Ha OCHOB® KNacca map
tinclude <iostream>

tinclude <cstdlib>

#include <set>

using namespace std;

int main() {

/] ViameHeHMe KOIMPOBKM KOHCOMM:

314



PazHbie 3anaum

system{"chcp 1251>nul");
// VMHMUManM3auMA TeHepaTopa CHYYayHHX uucen:
srand(2);
// KomuecTBO pasHHX CUMMEOJIOB:
int n;
cout<<"KonmmuecTBO Pa3HHX CUMBOJOB: ";
// CuwTHBaHME BHAYEHMA:
cin>>n;
// CospaHme nycTOr0 KOHTEMHEPHOIO OOLEKTa:
set<char> symbs;
// CuMBONbHAS NepeMeHHas:
char s;
// CueTuMK CUMBOJNOB:
int counter=0;
// 3anonHeHye MHOXECTBA:
while (symbs.size()<n){"
// Cry4aitHEl CHMMBOM:
s='A'+rand() % (n+5);
-/ V3MeHeHMe 3HAUEeHMA CYETUMKA CMMBOJIOB:
counter++;
// OrobpaxeHue Cr'eHEPUPOBAHHOTO CHMMBOJA:
cout<<s<<™ ";
// DoGaBneHue 3JeMEHTa B MHOXECTBO:
symbs.insert(s);
}
cout<<"\nBcero cresepmpoBaHo "<<counter<<" cumposnor\n";
cout<<"Pa3HHe CUMBOJH:\n";
// VrepaTop nnd paGOTH C 3JIEMEHTaM¥ MHOXECTBA:
set<char>::iterator p;
// VirepaTop yCTaHOBJIEH Ha HayalibHHIA

// 3NeMeHT MHOXeCTBa:
p=symbs.begin(});
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coutk<" | "*;
// OTOBpaxaeTcsi CONEPRMMOE MHOXECTBA:
while(p!=symbs.end{)) {
// Texyumit snemeHT:
cout<<™ "<<Hpct [
// Vreparop Ha CleIypUpii 3JIEMEHT:
D+t
}
cout<<endl;
// 3amepxka KOHCOJNBLHOTO OKHA:
system("pause>nul");
return 0;

}

Huxe noka3aHo, kak MOXeT BBITJISZIETh Pe3YJIBTaT BHITOJIHEHHS IPOTPaMMEL
(xupHBIM PHGTOM BbIZIEJIEHO BBOAMMOE I10JIb30BaTeieM 3HAYeHHE):

Peaynbrar BhinONHEHUS NpOrpaMmsl (U3 nMcTuHra 8.9)

KomuyeCcTBO pasHHX CMMBOJIOB: 12
LKHNGPENMHPDELGNMFLKGMNEKDOMEKMPYQ
Bcero creHepupoBaHo 31 CMMBOJIOB

Pa3sHue CUMMBOJH:
I'DIEIF|IGIHIK|ILIMINJOIP]|Q]

Paccmotpum Gosee retanbHO nporpammusiii Kozt KoMmanmoi set<char> symbs
CO371aeTCsl KOHTeHHEPHBIN 00BEKT AJI peaii3allid MHOXKECTBA, B KOTOPOM
Ha MOMEHT CO3/1aHHs HeT 3jeMeHTOB. CHMBOJIbHASI IEpEMEHHAs s MpeaHa-
3HAY€Ha JIs1 3aIIOMMHAHUSA CTeHEPUPOBAHHBIX CHMBOJIOB, & B LI€JIOYHCJIECH-
HYIO IIePeMeHHyI0 counter (C HyJI€BHIM HAYaJbHBIM 3HaY€HHEM) 3aIHChi-
BaeTCs KOJHWYECTBO 6CEX CreHEPHPOBAHHEIX CHMBOJIOB. [Ipu 5TOM 3HayeHue
MepeMeHHOM n, KOTOpPOoe CYUTHIBAETCS C KJIaBHATYPHI, ONpeAessieT Kouaude-
CTBO pPa3nbix CUMBOJIOB. 3allOTHEHHE MHOMKECTBA BHIIIOJIHSIETCS B OIIEPaTOpe
IIMKJIa while, B KOTOPOM IIPOBEPSIETCA YCIOBHE symbs.size () <n (Koﬁnqecmo
3JIEMEHTOB B MHOXECTBE MEHbIIIE 3HAYEHMS IIepeMeHHOiH n).

B Tene oneparopa muxIa KOMaHZo# s='A"'+rand () % (n+5) reHEPUPYETCS CIIy-
YalHBI# CUMBOJI H 3aNMCBHIBaeTcsi B epeMeHHYIo s. Ilociie aToro 3sHaueHue
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NepeMeHHOM counter YBeJIMYMBAETCS Ha €JUHHUILY, 3 CTeHEPHPOBAHHBIN CHM-

BOJI 0TOOpaXaeTcs B KOHCONBbHOM OKHe. /lasee koMaHao# symbs.insert (s)

a/IeMeHT nobasJisieTcsi B MHOXKecTBO. Ho B oT/1iume OT ciry4yast C MacCHBOM,

TIpH 106aB/IEHUY 37IEMEHTa B MHOXECTBO 3JIEMEHT Ha CaMoM fejie 106aBs-

€TCsl, TOIbKO eCJIM B MHOXECTBE TaKoro ajieMeHTa HeT. Oneparop nukia 3a-

BepUIAeTCs, KO Pa3Mep MHOXKECTBA CTAHET PaBHBIM N -— MPHYEM IIO OIIpe-
Ie/IeHHIO BCE 3IEMEHTH B MHOXECTBE HMEIOT Pa3Hbie SHAYECHHSI.

Jnst OTOOpaXeHHsI 3JIEMEHTOB MHOXKECTBA B IPOrpaMMe KOMaHOH
set<char>::iterator p OOBABJAETCS MTepPaTop AJjisi PaGOTH C 3JIeMeHTa-
MM MHOXKecTBa. MTepaTop ycTaHOBJIEH Ha HauyaJIbHBIH 31IEMEHT MHOXKECTBA
¢ MOMOIIBI0 KOMAHAMI p=symbs.begin(). B oneparope mukia while koMaH-
ZOM cout<<" "<<*p<<* |" oro6pakaercs 3HaYeHHe TeKymero (Ha KOTOphIH
YKa3HBAET UTEPATOP p) 3JIeMeHTa MHOXECTBA, MOCJe Yero KOMaHJoH p++
HrepaTop nepebpacsiBaeTcs Ha ciegyionmii anement. Ilponecc npogomxa-
€TCsl, [10Ka BHINOJIHSAETCS YCIOBHE p!=symbs.end () — TO €CTb ITOKa UTEPAaTOP
He CTaHeT yKa3hiBaTh Ha 00J1aCTh MAaMSTH 32 NOCAEJHAM 3/IEMEHTOB B MHO-
KecTBe.

(3 HA BAMETKY

MOCKONLKY 3NeMEHTH B MHOXECTBE HEe YNopaaoUveHbl, TO CKa3aTb OQHO-
3Ha4YHO, KAKOW 3NEeMEHT NepBbiiA, a KaKoit nocnegHwit Becoma npobne-
MaTU4HO. BaXHO TO, YTO KAKOW-TO N3 HUX NEPBbii, a KaKOW-TO nocnean-
Hui. EChv noCMOTpeTh Ha PeaynLTar BbiNOHEHUA NPOrPpaMMbl, TO NIErKo
3aMEeTUTb, YTO ANEeMEHTLI MHOXeCTBa OTobGpaxaloTcs B andasuTHOM o-
psafKe a He B TOM, KaK oHu 06aBnannce B MHOXECTBO.

AccoumnaTunBHbI KOHTEHHEP

KoHTeiiHepHbIi KJ1aCC map MMO3BOJISIET CO3/IaBATh ACCOYUAMUBHI)E KOHMEUHE-
pbi — AHAIOT MacCHBa, B KOTOPOM POJIb MHAEKCOB MOTYT UTPaTh 3HAYEHHUs
HEYHCJIOBLIX TUIIOB. AHAJIOT HH/IEKCA HA3BIBAETCS KAI0UOM dleMeHTa. TakuM
o6pa3oM, y KaXJOro 3JIeMEHTa B aCCOIMAaTHBHOM MacCHBE €CTh 3HaueHHe
H eCTh KJIIOY.

@ TEOPUA

[na ncnonb3oBaHKA KOHTEIMHEPHOro Knacca map B NPOrpaMMe noaknio-
4aeTCA 3aronoBOK <map>. Y 0606WEHHOrO Knacca map Asa 0606LWeHHbIX
flapaMeTpa: TAN KMo4a U TUN 3Ha4YeHus (YKa3biBalOTCSH B YINOBbLIX CKOG-
Kax nocne UMeHu Knacca).
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AoCTyn K aneMeHTy KOHTeAHepa OCYLLEeCTBAAETCA, KpoMe Npovero, ve-
pes3 KIoH: KI0Y YKa3bIBAETCS (KaK MHAEKC) B KBaAPATHBLIX CKOOKax nocne
uMeHn o6bekTa W NepepaeTcs apryMeHTOM MeToay at (), KOTOpbiid
Bbi3biBAETCA U3 06bekTa KOHTelHepa.

. BcraBka anemeHTa B KOHTEAHEPHbLI 06beKkT MOXeT BLINOMHATLCA C MOo-
MOLLBIO MeToAA insert {) . ADFyMEHTOM MeToAy nepegaeTca o6LexT Tuna
pair (HasBaHue 0B606LWIEHHON CTPYKTYPLI, AN UCNONB3OBAHUA KOTOPOW
NOAKNIOYAETCA 3aroNoBOK <utility>). Y 3Kk3emnnsapa CTPYKTypbl pair
UMEIOTCA ABa NONA: None first COOTBETCTBYET KAIOYY SNEMEHTA, a none
second COOTBETCTBYET 3HAYEHUIO 3NEeMEeHTa.

[IpnMep HCHOTB30BaHMS aCCOLMATHBHOTO MAacCHBA, CO3AaHHOIO Ha OCHOBE
KOHTEHHEPHOTO KJlacca map, mpeJCcTaBaeH B aucTuhre 8.10.

Jincrunr 8.10. AccoumarusHbiit koHuTeiinep

tinclude <iostream>

#include <cstdlib>

$include <string>

#include <map>

tinclude <utility>

using namespace std;

int main() {
// Vi3uMeHeHMe KOOMPOBKM KOHCOJM:
system{"chcp 1251>nul");
// OBBeKT Onsg acCOLUMATMBHOTO KOHTEMHepa:
map<string,int> numbers;
// Pa3mep maccuBa:
const int n=5;
// TeKCTOBHEI! MAacCMB C KJIOUaMM:
string names[n]={"omuu","nBa", "Tpu", "uerHpe", "narTe"};
/] UMCTIOBOM MBCCUB CO SHAUCHMAMM STEMEHTOB:
int nms([nl={1,2,3,4,5};
// HoBaBjieHMe 3MEMEHTOB B KOHTeNHep:
for(int k=0;k<n;kt++){

numbers.insert (pair<string, int>{names{k],nms[k]});
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}

}
// DofaBnsercs emle OOMH BJIEMEHT: ~
numbers.insert(péir<string,int>("meCTb",6));
// YoaneHue sieMeHTa M3 MAcCBa:
numbers.erase("Tpu");
// Vreparop Ons paBoTH C acCoLMaTMBHEM
// KOHTEMHEPHHM OBBEKTOM:
map<string,int>::iterator p;
// WrepaTop YCTAaHOBJEH Ha HAYaJIbHEIL BJIEMEHT:
p=numbers.begin () ;
// OrobpaxeHye CONEPAMMOTO KOHTENHHEDA:
while (p!=numbers.end() ) {
cout<<{*p).first<<"\t~- "<<(*p).second<<endl;
ptt;
}
// SBHOe ofpameHMe K BJEMEHTaM 10 KJIOYY:
cout<<"Emmuuua\t — 310 "<<numbers{"ommu"]<<endl;
cout<<"lisoitka\t — 370 "<<numbers.at ("mBa")<<endl;
// 3Bazepxka KOHCONBHOT'O OKHa:
system("pause>nul");

return 0;

PeByﬂbTarBHBOHHEHHﬂIqXHpaMNﬁJHpeﬂCTaBHeH}HDKE

Pe3ynsraT BoINONHEeHUs Nporpammnl (13 nmcruxra 8.10)

IBa -2
OnMH -1
NATh -5
yeTHpe -~ 4
mecte — 6

EnvHnua — 370 1

IBokika — 3T0 2

PaaHbie 3agauv
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IlpoxomMenTHpyeM 1porpamMHblil - kox. B mporpamme komanaoi
map<string,int> numbers co3maeTcsi 0OBEKT numbers, KOTOPbIH SBJASETCS
accoMaTHBHBIM KOHTeliHepoM (10Ka uTo Ge3 anementoB). Kioyamu sie-
MEHTOB B KOHTeliHepe MOTYT ObITh 3HAYEHHS THIA string, a 3HaUYeHUS 3JIe-
MEHTOB OTHOCSITCS K THITy int.

Jlnist aBTOMaTHYECKOTO 3aN0JIHEHUS KOHTelHepa 0ObABIISAETCS ABa MAaCCHBA:
TEKCTOBBIH names ¢ TEKCTOBBIMH Ha3BaHUsIMHU 1MGD (3HaAYEHUA Ui KIOYeH
3JIEMEHTOB KOHTei{Hepa) ¥ YHCIOBOH MacCHUB NMs C YHCAOBBIMH 3HAYEHUSIMH
(3HaueHMs IS DJIEMEHTOB KOHTelHepa). 3anoHAeTcsl KOHTelHep numbers
€ MOMOINBIO OTIepaTopa IUKJIA, B KOTOPOM HMHAEKCHAasA repeMeHHas k mepe-
GupaeT MH/AEKCHI B MACCHBAX names M nms (MACCHBbI OMHAKOBOTO pa3Mepa).
HobaBnieHue 371€eMEHTOB B KOHTEHHED BBHITIQJIHSAETCS C MOMOIIBI0 KOMAH/IbI
numbers.insert (pair<string, int>(names[k],nms[k])). Zlist BcTaBKH 3Ji€-
MeHTa B KOHTeliHep MCHOJB30BAH METOX insert(), aprTyMEHTOM KOTOPOMY
nepenaercst A0OABAAEMEI 3/IeMEHT. JJIEMEHT B JAHHOM CJIydae — 3TO [Ba
mapaMerpa (K04 3/1eMEHTA ¥ 3HAYeHUe 3/leMeHTa). DieMeHT hopMHUpyeTcs
MHCTpyKIHeH pair<string, int>(names k], nms[k]). 3mecs peyp uieT O CO3-
[aHUKM AaHOHUMHOTO 9K3eMIUISAPa CTPYKTYPhl 0006IEHHOTO THIIA pair (C HC-
MOJIb30BAHUEM TUIIOB string ¥ int). /[Ba 3Hayenust (names [k} 1 nms [k]), yka-
3aHHBIE B KPYTJIbIX CKOGKaX — COOTBETCTBEHHO KJIOY M 3HAYeHHe 31EMEHTA.

KomaHzma numbers.insert(pair<string,int>("mecrs",6)) mocie omepa-
TOpa IMKJIa JaeT elle OAXH NpUMep BCTaBKH 3JleMeHTa B KOHTeliHep, HO
Tenephb K04 U 3HaYeHUe 37IeMEHTa YKa3aHbl B BUJE AUTEPAOB (TEKCTO-
Boro M HenouucaeHsoro). Ilocae nobapseHust 3eMEHTOB B KOHTEHHEp,
OJHH M3 HHX yAaAseTCs U3 KOHTeliHepa — HCIIOJIb3YyeM s 3TOr0 KO-
MaHZly numbers.erase ("Tpu"), B KOTOPOit U3 00beKTa KOHTEAHEPA BHI3bI-
BAETCsE METOJ erase (), a apTYMEHTOM €My NepefaeTcs KoY yAAIIEMOro
3JIeMEeHTa.

OrobpaxeHne conepXUMOro KoHTeliHepa peanu3yeM yepe3 ureparop. Mre-
paTop Ay paboTH C ACCOMATUBHAIM KOHTEHHEPHBIM 00BEKTOM O0BABISET-
Cs KOMaHAOM map<string, int>::iterator p. KoMaHznoii p=numbers.begin()
HTEPATOp YCTAaHABJIMBAETCS HA HAYAIbHbINA SJIEMEHT KOHTEHHEDA.

(G HA BAMETKY

Mockonbky B KOHTEAHEPHOM 00GbLEKTEe 3NEeMEHTbl He YynopaaoveHbl, To
NOHATUE «MNEepPBbif» U «MOCNEAHNIA» B OTHOLLEHUK 3IEMEHTOB A0CTATOY-
HO YCNoBHOeE. MOHATHO, YTO KaK-TO 3/IEMEHTbI B NaMATH pacnpeaeneHst,
u npn nepebope Kakoi-To U3 HUX NPOCMAaTPUBAETCH NEPBbiM, & KakKoii-
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T0 nocnepgHuM. HO BCe paBHO Kak TakOBOro nopsiika cneposaHus ane-
MEHTOB B KOHTeAHepe HeT.

Orobpaxaercsi CONEp)KUMOE KOHTEHHEPHOTO OOBEKTa C IOMOLIBIO OIle-
paropa uukna while. Ilukyi BHINONHsIeTCS, NOKa MCTUHHO YCJIOBHE
p!=numbers.end() (TO eCTh MOKA HTEPATOP YCTAHOBJIEH HA dJIEMEHT KOHTElHe-
pa). B Teste oneparopa umKk/Ia 0ToOpaXkaroTCs 3HadeHus (*p) . first A Kimo-
ya 3jJieMeHTa U (*p) .second IS 3HAYEHUS 3JEMEHTA, Ha KOTOPHIA YCTAHOB-
Jsied utepatop p. [Tocsie 3TOro KOMaH0# p++ UTEPATOP «IlepeOpacKIBaeTCsA» Ha
crexytomnuit anemeHt. JIpyroit npuMep obpailieHHa K 37IeMEeHTaM KOHTejiHe-
pa o K4y AaeTcA nﬂcfpylcuman numbers ["omr"] M numbers.at ("gsa").

O6paboTka oumnboxk

PaHee MbI yKe BCTPEYAIUCHh C 00PaGOTKOH UCKIIIOYEHHH — IpaBAa, Ml MX
reHepHpOBAJIY BPYYHYIO U1 CO3JaHUsI TOUEK BeTBJIeHUs B mporpamme. Te-
Teph PaCCMOTPUM TIPHMED, B KOTOPOM MeXaHH3M 06paGOTKH MCKIIIOYeHwUit
KCHOJIb3YeTCs, TAK CKa3aTh, <110 IIPSIMOMY Ha3HAYeHHIO».

B 3anaue o coananuu MaccuBa ¢ yncaaMu Oubonayum (U3 auctunra 8.4) pas-
Mep MacCHBa BBOAUTCA € KJIAaBHATYPBIL. TeOpeTHYeCKH BO3MOXKHA CUTyallus,
KOI'/Zia II0JIb30BaTe b BBOAUT HEKOPPEKTHOE 3HaYEeHHe IS pa3Mepa MacCHBa
(HanmpuMep, OTpHIATEIbHOE YiCII0). B TakoM ciiyyae pH NOIIBITKE CO3AATh
MacCHB BO3HMKHET ommbka. Utobn 06pabotats monobHyo omubKy, mo-
[OJIHKM NPOTrpaMMHBIH Ko 6/10KOM try-catch, Garogaps yeMy npu BBOAE
OTPHIATEJbHOTO 3HAYEHH [JIS pa3Mepa MacCHBa aBapHHHOTO 3aBepHIEHUA
nporpamMmei He OyzeT. PaccMoTpuM nporpaMMHBIii Koa B ucTHHrEe 8.11.

Nuctuur 8.11. dﬁpaﬁom oumbox

#include <iostream>

#include <cstdlib>

#include <vector>

using namespace std;

int main(){
// ViaMeHeHMe KOOMPOBKM KOHCOJIMA:
system("chcp 1251>nul");
// TlepemenHas OnA 3anMCH pa3sMepa MacCuBa:

int n;
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cout<<"Uucna dubonauum\n";
cout<<"BBemure pa3Mep MaccHBa: ";
// CumTHBaHMe pasMepa MacCCMBa:
cin>>n;
// KoHTpomupyemell KOR:
try{
// Co3manue UMUCTIOBOTO MAaCCHMBa:
vector<int> fibs(n,1};
// OroGpaxenue 3HAUeHNI NEepPBHX HBYX SJIEMEHTOB:
cout<<fibs[0]<<" "<<fibs[1};
// 3BanonHeHue MaccuBa M oTOOpaxeHue
// 3HayeHWN >IEMEHTOB MAaCCHUBA:
for(int k=2;k<n;k++) {
fibs[k]=fibs[k-~1]+fibs{k-2];
cout<<" "<«<fibs{k};

}
// Bnok nepexBara OWMOKH:
catch(...){
cout<<"Mponzomna oumbra!";
}
cout<<"\nllporpamma 3aBepuMia BHIOJHEHME...\n";
// Bamepxxa KOHCOJNBHOT'O OKHA:
system("pause>nul”);
return 0;

}

Pesy/sTaT BBITOJTHEHHS IPOrPaMMBL MOXKET OBITH TakuM (EeC/IH [0Ib30BaTe
JieM BBeJIEHO KOPPEKTHOe 3HaueHHe /I pa3Mepa MacCHBa):

Pe3ynuraT suinonHeHus nporpamme (M3 nucrTuxra 8.11)
Uncna OubBoHauum

BBenMie pasmep MaccuBa: 10

1123581321 3455

lporpaMMa 3aBepumiia BHIOJHEHHME. . .
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Wnu takuM (ecsu BBeZIeHO HEKOPPEKTHOE 3HAUEHHE ):

Pe3ynuraT BLINOAHEHWs nporpamMmmbl (M3 nucTuxra8.11)
Uncna duboHayuu

BBemMTe pasMep Maccupa: -3

lpomzomna ommbxa !

lporpaMMa 3aBEepUMa BHIIOJHEHHE. . .

B ganHO# mporpamMme MeI Uis CO3[aHus MaccuBa ¢ yuciaamu Oubonavam
HCIIOJIb3yeM KOHTeUHepHBIN Kiacc vector. IIporpaMMHbiil Koi ¢ KoMaHZOH
vector<int> fibs(n,1) AJist co3BaHNA 061;e1<’ra fibs ¢ BHyTpeHHHM Maccu-
BOM pa3MelleH B try-6ioke. :

(G) HA BAMETKY

Maccus COCTOUT U3 n ANEMEHTOB C eANHNYHBIMI 3HAYEHUSAMI, NOITOMY
oTnapaeTt Heob6XxoAMMOCTL B SBHOM BUAE NPUCBaNBaTh eAUHUYHLIE 3Ha-
YeHus NepBbIM ABYM 3N1EeMEeHTaM. '

Ecnu mpu BBINOTHEHHH KOMAH/BI II0 CO3[AHMIO MAaCCHBA U MOCJELYIONINX
KOMaH/, olub0K He BO3HMKAET, TO catch-6s10k urHopupyercs. Ecim xe Bo3-
HHKaeT onmOKa, TO KoJ B try-6J10Ke peKpallaeT BHIIOJHATLCS, U OyAeT Bbi-
MOJIHEH KO/ B catch-6ioke.

@ HA 3AMETKY

TpoeToune B Kpymibix CkOOKax nocne MHCTPYKLUMKU catch O3HA4YaeT, 4To
OaHHbIN 6NoK nepexsaTtbiBaeT ownbkn BCEX TUNOB, KOTOPLIE MOFYT 803~
HUKHYTb B try-6a0ke.

3HaKOMCTBO C MHOFONOTOYHbIM
nporpaMmmMmupoBaHUEM

B caexyiomeM npuMepe B IpOrpaMMe BHIIOTHSIETCS HECKOJIBKO 10MOK06.

& TEOPMUA

NoToku — pa3Hbie 4acTn NPOrPaMMbl, KOTOPHIE BHINOHAIOTCA OAHOBpEe-
MeHHO. ObLas cxema Takan: B MasHOM NOTOKe, KOTOPLIN OTOXAECTBAS-
€TCH C BbiNOAHEHEM (PYHKLIMK main (), MOMyT 32MyCcKaThCA AOYOPHHE
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noroku. Koa, KOTOPLIM BLINOJIHAGTCS B PaMKax. AOYEPHUX MOTOKOB,
06bi4HO oopmMnseTca B Buae GyHKuMK nnv GyHKUKEA, KOTOPLIE Bbi3biBa-
I0TCA B FNIABHOM MNOTOKE B peXUME NapannesibHoro sbiNoAHeHns Koaa.
s peanvusaumn B NPOrpaMme MHOroNOTOYHORO NOAXOAA NOAKAIONaET-
CHl 3aronoBoK <thread>. [ins 3anycka govepHero rnotoka B rmaBHOM No-
Toke co3naeTca 00bexT knacca thread, a apryMEHTOM KOHCTPYKTOPY NPy
co3naHun obnvexTa nepepaeTcs UMt GYHKUMKW, KOTOPAS BbiNOMHAETCA
8 pamMkax Ao4YepHero noToka.

B aucrunre 8.12 BHUMaHUIO YHTATENS NIPEAAATa€TCA JOCTATOYHO ITPOCTOM
npuUMep POrpaMMBI, B KOTOPOil TOMMMO IJIAaBHOTO NMOTOKA BEITIOJIHAETCS
elwe U /[Ba I0YEPHHUX TTOTOKA. B rIaBHOM MOTOKE H IBYX JOYEPHHX NTOTOKAX
B KOHCOJIbHOE OKHO BBIBOAATCS coobmennst. Crermduxa CHMTyallMH B TOM,
4TO BBIBOJ] COOOIIEHHH BBIIIOIHSIETCS] OAHOBPEMEHHO BCEMH NIOTOKaMH. J{Jist
HayajJa MMeeT CMBICHK B3T/IAHYTb Ha NPEACTABJCHHBIN Aajiee NpOrpaMM-
HEIN KOZ; :

JNincrunr 8.12. MHOronoTo4YHOE NPorpaMMuposanmne

#include <iostream>

#include <cstdlib>

#include <string>

#include <thread>

#include <chrono>

#include <mutex>

using namespace std;

mutex m;

// OyHKUMA ANA CO3IAHMA TOTOKOB:

void mythread(string name,int time,int steps){

for(int k=1;k<=steps;k++){

// BpeMeHHas 3amepXka B BHIOJHEHMYM KOMAaHZ:
this thread::sleep for(chrono::seconds(time));
// BROKMpOBKA HOCTYyNa K pecypcy (KoHcoym) :
m.lock();
/] OToGpaxeHue cooOmeHMs B KOHCOJA:

cout<<"lorok "<<name<<":\tcoobmeunue "<<k<<endl;
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}

// Pa3bnokupoBKa pecypca (KOHCOMM) :

m.unlock();

// TnaBuas QYHKUMA NPOTPAMME:

int main() {

}

// ViaMeHeHMe KOOMPOBKM KCHCOJM:
system("chcp 1251>nul");

// KomMuecTBO UMKJIOB B NOTOKAaX:
int n=5;

cout<<"3anyckapTca MOTOKK...\n";
// TlepBEIA LNOYEpHMIt NMOTOK:

thread A(mythread,"Alpha",4,n);

// BTOpON NOYEPHMI MOTOK:

thread B(mythread, "Bravo",3,n);

// Bu30B QYyHKLMM B TJIABHOM [OTOKE:

mythread ("Main",2,n);

// OxupaHMe 3aBepiieHus MEPBOTO ITOUEPHETO MOTOKa:

if(A.joinable()) {
A.join{);
}

// OxumaHue 3aBepmEHMs BTOPOTO HNOHYEPHET'O MOTOKA:

if(B.joinable()) {
B.join{();
}

cout<<"BHMNOJHEHME NPOTPaMMH 3aBEPWEHO...\n";

// 3Banmepxxa KOHCOJNBHOTO OKHa:
system("pause>nul");

return 0;

PasHuie 3aaa4m

Bo3MOXHBIi pe3yJIbTaT BhINOJHEHHS IPOrPaMMBI IPEACTABIEH HUXe:
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Pe3ynuTaTt BLHINOAHEHUNA NPOrpaMmel (M3 nucTrira 8.12)

3anyckapnTcsa MNOTOKHM...

Norox Main: cooBbuweHne 1
llorok Bravo: coofmexnue 1
Iorox Alpha: coobmenue 1
Morox Main: coobuenue 2
MoTox Bravo: coobuenne 2
llorox Main: coobmenne 3
Norox Alpha: coobueHue 2
Morox Main: coobmerne 4
Norox Bravo: coobmerne 3
llorok Main: coobmenne 5
Mlorox Alpha: coofmenue 3
llorox Bravo: coobmenue 4
[lorox Bravo: coobmerue 5
Norok Alpha:  cooCmenue 4
Norok Alpha: coobuenue 5

BHNONHEHWe NPOTpaMyMel 3aBEPUEHO. ..

He mumuuMm OyzeT npoaHalMsUpOBaTh W IOSICHHTH KIIIOYEBBIE JJIEMEH-
Thl IporpaMMbL. B mepByIo o4yepezb ciieyer oXxapaKkTepH3oBaTh ee ObIyIo
CTPYKTYDY.

B mporpamme kpome ¢yHKIuHU main() omMcaHa elte U IIONb30BATEIBCKAsA
dysxums mythread() ¢ Tpemsi aprymeHTaMu. B riaBHON ynximy main ()
(dynxums mythread () HCHOAB3yeTCs TPUKABL (DYHKLNS BHI3BIBAETCS B ABYX
JOYEPHMX MMOTOKAX, 2 TAKXKeE eCTh KOMaH/[a BRI30Ba (PYHKLMU HEITOCPEACTBEH-
HO B yHKIME main ().

O6wumii anroput™ BbinojHeHus GYHKUMHM mythread() cnemyromuit. Ilpu
BBI30Be (PYHKLMH 3aMyCKaeTCs ONepaTop LMKJIA, B KOTOPOM OIPeReIeHHOe
KOJIMYECTBO pa3 B KOHCOJIBHOE OKHO BBIBOAMTCS coobuienne. B coobmenmn
(ana upeHTHPUKAMK TTOTOKA) COAEPKUTCS 3HAYEHHE NIEPBOTO TEKCTOBOTO
apryMeHTa QyHKIMH mythread () 1 HoMep coobuenus. KoaudecTBo BoiBOAH-
MBIX COOOIIEHH OnpenenseTcs TpeTbM apryMeHToM QYHKIMK mythread ().
Mexay BrIBoAOM coolmeruit fesiaeTcs maysa. JinTeqsHOCTS naysH (B ce-
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KYHZ{aX) onpeAessieTesi BTOPHIM apryMeHToM QyHKumH mythread (). Kak aro
BCE OPTaHU30BAHO B TeJle PYHKI[MH MBI PACCMOTPHM JaJlee, a ceifyac mpoaHa-
Ju3upyeM KoA QYHKUMHM main (). '

WUrak, B Tene riaaBHOI QYHKUMH OODBSBIAETCS MEPEMEHHAA N CO 3HAYCHHU-
eM 5. JlaHHOe 3HauyeHue onpenensieT KOJNIeCTBO COOOUEHHH, KOTOPOe BHI-
BOAUTCS B KOHCOJIb KaXKABIM M3 MoTOKOB. Ilepen 3amyckoM mouyepHux mo-
TOKOB KOMaHAOH cout<<"3amnyckapnTcs MHOTOKM...\n" B KOHCOJb BBIBOAHUTCS
coobmieHue, CIyXKanee HHANKATOPOM TOTO, YTO HAYHHAETCA 3aMyCK KO4Yep-
HHX TOTOKOB. IlepBhIil JOYepHHIl OTOK 3amycKaeTcs 61arosaps KOMaHIE
thread A (mythread, "Alpha", 4,n). B pesysbrare BBHINOJHEHHS KOMAaHIBI
cosaaercs o0beKT A Kjacca thread (aJs MCHONB30BaHMS Kjacca thread
NOAKJIIOYAETCS 3ar0JOBOK <thread>). OOBEKT A OTOXKIECTBISIETCS C Hep-
BHM JI0YEPHUM IOTOKOM. [[oCcTyll K 3TOMy HOTOKY OCYHIECTBJIAETCA Yepe3
00beKT A, APryMeHTHI, epeflaHHble KOHCTPYKTOPY npﬁ CO31aHHHU 00BbeEKTa
A, 03HAYAIOT, YTO B paMKaX JAHHOTO MOTOKA Oy/ieT BHINOTHATHCSA KOA YHK-
UM mythread() ¢ aprymeHTamu "Alpha", 4 u n (Bcero O6yzer n coolieHui
C TEKCTOM "Alpha" U MHTEPBAJIOM MEXAY COOOIeHusMH B 4 cekyHabt). Kax
TOJIBKO IIOTOK CO3/1aH, He AOXKMAASACH €T0 3aBEPUICHYS M ITAPALIENEHO C HUM,
BHITIIOJIHAETCA KOMaHaa thread B{mythread, "Bravo", 3,n), 03HAYAIoMAst CO3-
JlaHWe BTOPOTO AOYePHero noToka. JlocTyn K IIOTOKY OCyIIeCTBIISIeTCH Yepe3
00BEKT B, a B paMKax IIOTOKA BHIIOIHAETCSA PyHKIHsI mythread () ¢ aprymeH-
TaMH "Bravo", 3 M n (Bcero 6yaeT n COOOIEHHH ¢ TEKCTOM "Bravo" U MHTEpBa-
JIOM MeXy COOOIIEHUsIMY B 3 ceKyH/ibl). B pesysbrare, HapaBHe C IIaBHbIM
HOTOKOM (Ko (PYHKUUH main()) OyZeT BBHIMOJHATHCS YXe ABa AOYEPHHUX
noroka. Jlanee, koMaHZ0# mythread("Main",2,n) ¢yHKuus mythread() sa-
HyCKaeTCs U B IJIABHOM NOTOKe (TIOSIBUTCS n coo6meHuii ¢ TekcToM "Main”
¥ HHTEPBAJIOM MEXy COOOIEHUSAMHM B 2 CEKYHJIBI).

Ionyyaem Tpu mapaurenpHBIX Impouecca (TaBHBIA H ABa AOYEPHHUX IIO-
TOKA), ¥ y HUX pa3Hoe BpeMs BhinoaxHeHus. Ham HeoGxoauMo obecriednts
CHTYauHIo, KOrAa A0 3aBepLIeHHs IVIaBHOTO IIOTOKA 3aKOHYATCS BCe AoYep-
HHe MOTOKH. J{7151 3TOro HCrosb3yoTes KOMaHAB BuZia A, join () mB.join{).
KomaH/ibi 03HA4alIOT, YTO Ilepe/l BBINOJIHEHUEM CJIEAYIOWEH MHCTPYKLHMH
HYXHO JOXAAThCS 3aBEPUIEHUsI COOTBETCTBEHHO 11€PBOIO TOTOKA U BTOPO-
ro notoka. OHAKO Tepe/] TEM KaK BHI3BIBATH METOZ join () U3 0OBEKTA CO-
OTBETCTBYIOIIErO MMOTOKA, HEOOXOAUMO TIPOBEPHTD, YTO MOTOK €Ile BBIITOJ-
HSETCSL. IIpoBepuTh AaHHOE OOCTOSITENBCTBO MOXHO C MOMOINbIO METOAA
joinable (), KOTOPHIi BHI3BIBAETCH M3 OOBEKTA MOTOKA, 4 CAMa HHCTPYKHHS
nepeziaeTcs B Ka4ecTBe YCJOBHA B yCJI0BHbIN oneparop. Ilocre 3asepmie-
HUA JBYX AOYEPHHUX IOTOKOB KOMAHZOH COUt<<"BHIONHEHME NPOTPaMMH

327



Masa 8

3aBepleHo. .. \n" B [JIABHOM IIOTOKE BEIBOAMTCS COOOIIEHHE O 3aBEPUIEHUH
IPOrpaMMbl.

Teneps pasGepeMcsi ¢ mporpaMMHBIM KoAOM (GyHKIMH mythread(). Koz
(dyHKUHMH NpocToii M He6ObINOI, HO COAEPXKHT HECKOIBKO HOBBIX AJIA HAC
KOMaHJI ¥ He3HAKOMBIX (TIOKa ellle) CHHTaKCHYECKHUX KOHCTPYKIMH. B yacr-
HOCTH, KOMaHHOH this_thread::sleep for(chrono::seconds(time)) BH-
TOJHsAeTCSt GIOKMPOBKA BHINONTHEHUsI KOMaH/ Ha BpeMsi (B CEKyH/aX ), onpe-
AessieMoe apryMeHToM time ¢ynkuuu. Mcnonb3oBanue faHHOH KOMaHAB
BO3MOXHO OJ1arofapsi MOAKJIIO4YEHHIO 3ar0JI0BKa <chrono> B niporpamme. Ko-
MaH/ia O3HAYaeT cieayionee:

¢ BeiseiBaeTca QyHKIMA sleep for(), OMHCaHHAs B NPOCTPAHCTBE MMeH
this_thread (JaHHOe NMPOCTPAHCTBO UMEH JOCTYIIHO IIOCJIE MOAKIIOYe-
HHS 3arojIoBKa <thread>). IIpocTpaHcTBO MMeH, B KOTOPOM oIpenesieHa
(yHKuMA, yKa3bIBaeTCA ABHO nepel uMeHeM (DYHKITHHN B OTAENAETCA OT
HMeHH QYHKIMY OIIepaTOPOM PacIMPeHHsI KOHTEKCTA : :.

e AprymentoM ¢yHKkuuMu sleep for() mnepemaeTcss pe3yJabTaT BhI30BA
byHKuuu seconds () (pe3yAbTaToM (QYHKIIMM SBJISETCS OOBEKT, OIpe-
AeJISIOINMX XapaKTepHCTUKH MHTEPBAIA AMA 3aA€PXKKH B BHIIOJHEHHH
KOZ2) U3 MPOCTpaHCTBa uMeH chrono. [IpocTpaHcTBO MMeH chrono jo-
CTYITHO NOCJIe TIOAKIIIOYEHHA 3ar0JI0BKA <Chrono>.

Ilepen xoMaHAO# cout<<"lloTok "<<name<<":\tcoobmenue "<<k<<endl, KO-
TOpOH B KOHCOJIbHOM OKHE OTOOPaXKaeTcsi COOOLIEHHE, BBIMOJIHAETCS KO-
MaHza m. lock (), a mocse otobpaxkeHHs: COOOIIEHHS BBIOIHIAETCS KOMaHA
m.unlock(). Ecim kpatko, TO BBIIOJTHEHME KOMaHABI m.lock () TIPUBOAMT
K 6JI0KMPOBKE KOHCOJIBHOTO OKHA, a BHIIOJHEHHE KOMAH/BL m.unlock() Ta-
KyI10 O10KUpOBKY cHuMaeT. Eciiu Gostee AeTalbHO, TO CATYaIMs CJAEAYIast:
IOCKOJIBKY HECKOJIBKO IOTOKOB BRITIOJIHSIOTCS OMHOBPEMEHHO U BCE OHH 00-
PaIalOTCs K KOHCOJIBHOMY OKHY, TO TEOPETHYECKH BO3MOXKHO, 4YTO B IIPOHECC
BRIBO/IA COOGIIEHHS OIHMM ITOTOKOM MOJKET «BKJIHMHHUTBCSA» APYrod MOTOK,
TaK YTO BHYTPH OZHOTO COOOIIEHUs MOABJIAETCS Apyroe. ME XOTUM Iiepe-
CTPaXOBaThCsi M JOOUTHCS TOTO, YTO BHIBOJ COOOIIEHUS. B KOHCOMb OXHHM
TIOTOKOM IPUBOAUT K aBTOMATHYECKON OJIOKMPOBKE KOHCOJNH AJs APYIHX
noTokoB. Kax TosbK0 coobieHue BbIBENEHO, KOHCOJIb Pa3biIoKUpyeTCs A1s
HCIIO/IB30BAHUS APYTHMH TOTOKaMH. BiokynpoBka u pa36bioKupoBKa pecyp-
COB (CMHXPOHM3AlHA IOTOKOB) BHIMOJHAETCA HOCPEACTBOM MBIOTEKCHOTO
o6bexta. MbioTeKCTHBIN 00BEKT — 00BeKT Kiaacca mutex. Kiacc gocrynen
TI0C/ie TIOXKJTIOYEHHs 3aT0JI0BKa . <nutex>. OOBEKT HOMKeH OHITH JOCTYIEH
BO BCeX IOTOKAX, O3TOMY CO3/A€Tcs KaK r7I00aIbHbIH KOMAaHIOM nutex m.
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Koraa KakaM-To M3 IIOTOKOB KOMaHZOM m.lock () U3 MBIOTEKCHOIO OOBEK-
Ta m BbI3BIBAETCSA METOJX 6JIOKPIpOBKH lock(), To 3TO ABNSAETCS HHAUKATOPOM
JUIS1 IIPOYMX TIOTOKOB 0 GIOKHpOBKe pecypca. Pecype cHOBa TOCTyIEH moce
TOTO, KaK B 3a6I0KMPOBaBILEM PECYPC MTOTOKE M3 MBIOTEKCHOTO 0OBEKTA BbI-
3piBaeTcs MeTof unlock().

PexomeHnpgauum ons CaMoOCTOSTENbHOM paboTbl

¢ B 3ajavax U3 npeabAyHIMX IJ1aB, B KOTOPBIX UCHOJIb30BAMUCH KJIACCHI
(Brmioyast 0600mEeHHbIE) U OOBEKTH, PACCMOTPETh BO3MOKHOCTH HC-
HOJIb30BaHHsI CTPYKTYP M BHEIIHHX (DyHKIMIL.

¢ B sazayax u3 npepiiylMX [/aB, B KOTOPhIX HCIOJIb30BAIMCh CTaTHYE-
CKHe B JAMHAMHYECKHe MaCCHBEHI, PacCMOTPETb BO3MOXKHOCTh HCIIOJb-
30BaHUS KOHTeHHEpHBIX K1accoB (TakWX, KaK vector, valarray, set
U map).

e Jlns pacCMOTPEHHBIX paHee 3a7ad MPEMJIOKUTh MEXaHW3M IlepexBaTa
1 06pabOTKH BO3MOXHKIX OUIHOOK.



frMaesa 9 |
MATEMATUHMECKMUE 3A0A4YU

— Kakas raxocts.
— 3TO0 He rafocTb. ITO NOCHAECAHUE TOCTH>
KEeHUS COBPEMEHHOH HayKi1.

us /¢ «31 utoH>

B 3Toif I/1aBe MBI PACCMOTPMM HEKOTODbIE MATeMATHYECKHE 33/jaYH, KOTOPHIe
TPAMIMOHHO BXO/ISIT B YHUBEPCUTETCKHI KyPC 110 BHIYHC/IHTEbHBIM METO-
JaM ¥ TIOZpa3syMeBaloT HANWCAHHE CIIeIHAIbHBIX MporpaMM. B yacTHocTH,
MBI COCPEZIOTOYHM BHIMAHHME HA:

® pellieHWH anreOpaudecKuX ypaBHeHUil;
® [IOCTPOEHWH UHTEPHOJISINOHHBIX IOJIUMHOMOB;
®  BbIYMCIIEHUHU HHTETPAJIOB;

¢ pemeHuu AuddepeHIHaTbHBIX YPAaBHEHUH,

IIpYYeM IPAKTHYECKH IJIs1 BCeX U3 MEePEeYNCIeHHBIX THIIOB 3a/]ay TpejJiara-
eTCs HECKOJIBKO CTI0COoO0B pelieHus. JTa rasa — ocobasi.

(G HA BAMETKY

Bo-nepB.bix, 3aeCh PACCMaTPUBAIOTCS UCKMIOYUTENBHO MaTeMaTUYeckne
3apaqu. A BO-BTOPbIX, pa3bop nporpaMMHbIX KOAOB TpebyeT oT yutaTte-
11 HEKOTOPO CaMOCTOATENBHOCTK, NOCKONLKY KOMMEHTapun B KHUre
KacaloTCH B NepayIo O4epeb MaTeMaTUHECKOH CTOPOHLI BONPOCa U 06-
Lero anroputma-pelueHvs 3agaqn. OTHOCUTENLHO NPOrPaMMHbBIX KOQOB
nNpUBOASTCA NULLbL NOACHeHUs obwero xapaktepa. Takoi noaxon aon-
XeH cnocoBCTBOBaThL NylleMy 3aKpenfieHUIo PacCMOTPEHHOro paHee
marepuana v NO3BOAUT NPOBEPUTL NONYYEHHbLIE 3HAHUA U HABLIKU.

MeTopn nocnenoBarenbHbiX NPUOGAVXeHnk

IIpu pemienun ypaBHeHHs BUAA X = G(X) IPH HEKOTOPBIX JOMOJIHHUTEABHBIX
YCAOBHUSAX MOXKET HCIOJIB30BAaTbCA METOJ MOCIEJOBATEIbHBIX MPHOJIKe-
uuit. CyTb €ro CBOAMTCS K TOMY, YTO 33/1a€TCs1 HAYAIbHOE MPUOJIMIKEHHE X,
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I KODHS YPaBHEHHS, [IOCJIe Yero, UCIOb3ysi HTEPAllMOHHYIO IPOLENYPY,
KaXJ0€e CIeAyloiee TPHOIKeHNe BHIYUC/IIETCS HA OCHOBE IIpeJbILyILero
B COOTBETCTBUH C ¢GopMyoii %, , , = ¢(x,). B mmcrunre 9.1 npeacrasiieHa
IPOrpaMMma, ¢ TIOMOIIBI0 KOTOPO# ONMMCAHHBIM CHOCOGOM peLIAIoTCs ajire-
6panueckue ypapHenus x = 0,5 - cos(x), x = exp(— x) n x = (* + 6) /5.

Jinctuir 9.1. MeTtoa nocnenosaTenbHuiX NpubnnxeHuit
#include <iostream>
#include <cstdlib>
#include <cmath>
#include <string>
using namespace std;
// OyHKLUMA ONA pelleHMs YPaBHEHMS METONOM
// mnocnenoBaTeNbHHX OPUOIMKEHWUN :
double findRoot (double (*f) (double),double x0,int n){
// HavanbHoe mpuGIMKEHME IJIE KOPHS YpPaBHEHMA:
double x=x0;
// TlocmenoBaTeNbHHE UTEpauUMu:
for(int k=1;k<=n;k++){
x=f(x);
}
// PesyabraT QyHKUMM:
return x;
}
// OyHKUMM OnA ONpegnelieHMs NpaBow
// 4YacTy pemaeMHx ypaBHEHM:
double f(double x){
return 0.5*cos (x)
}
double g(double x){
return exp(-x);
1
double h(double x) {
return (x*x+6)/5;
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'}
// BcnomoraTenbHasd QyHKUMA ONA PENEHMUA YPABHEHMR
!/ n TECTHPOBAHNA HAMNEHHHX PemeHuit:
void test (double (*f) (double),double x0,string eq) {
// Konmn4ecTBO wTepalumii:
int n=100;
// TlepeMeHHAs ONA 3aMMCM 3HAUEHUA KOPHA YPaBHEHMA:
double z;
cout<<"Pemenne ypabHeHMA "<<eg<<":\t";
// Pemenue ypaBHEHuS:
z=findRoot (£, x0,n) ;
// OrobpaxeHue pesyibTara:
cout<<z<<endl;
cout<<"llpoBepka HaiZeHHOTO pemeHud:\t";

// TipoBepka pelieHus:

cout<<z<<" = "<<f(z)<<endl;

for(int k=1;k<=50;k++) {
cout<<"-";

}

cout<<endl;

}
// TnaBHas DyHKUMS NPOTPaAMMH:
int main () {
// Vi3MeHeHue KOAMPOBKM KOHCOJM:
system("chcp 1251>nul");
// TipuMepH pemeHus ypaBHEHWMI:
test (£,0,"x=0.5cos(x)");
test(g,0, "x=exp{-x)");
test(h,l,"x=(x*x+6) /5");
// BamepxXka KOHCOJLHOTO OKHA:
system("pause>nul");

return 0;



MaremaTtuyeckue 3anavn

Pe3ysbraT BHINOJHEHHS] IPOrPaAMMBI NIPEJICTABIEH HHKE:

Pesynsrar BuinosiHeHus nporpammbl (U3 nuctnnra 9.1)

Pemenue ypaBHenms x=0.5cos(x): 0.450184

[l[poBepka HalIEHHOIO PEEeHNs : 0.450184 = 0.450184
Pemenue ypaBHeHMA x=exp(-X): 0.567143
[lpoBepka HAMAEHHOT'O peleBus: 0.567143 = 0.567143

PemeHve ypaBHeHMA X=(x*x+6)/5: 2

[lpoBepka HaMOEHHODO PpeEleHUs: 2 =2

B nporpamme it penienust ypasHenuii onucana ¢pyukmmsa findRoot (). Ee
IEpPBBHIMl apryMeHT — YyKa3aTellb Ha (DyHKIHIO, OHpee/sIoOniyio IPaBy0
YacTh PeIiaeMOro ypaBHeHHst. ITO JOKHA OBITH PYHKIMS ¢ oMM double-
apryMeHTOM, Bo3Bpamaiomas double-pe3yasraT. Bropoit aprymenT QyHK-
muH findRoot () ompeaesnsieT HAYAIbHOE NPHOIMIKEHHE Il KODHS ypaBHe-
Hus. TpeTnii eJIOYNCTIeHHbIH apIyMEHT 33/]aeT KOHYEeCTBO BBITOIHSIEMBIX
HPH TIOUCKE KOPHSA MTEpaInii.

B nporpamme pemalotcst Tpu ypaBHenusi. FIx mipaBbie 4acTH ONpeAensiioTCs
¢ noMompio ¢yrKnmit £ (), g() uh().

HasBanmst atux (yHKIMil nepefaioTcsi NEPBHIM apryMEHTOM IIPH BHI30-
Be pyHkuuM findRoot (). Ilocnennss B cBOIO ouepenn BHI3BIBAETCS B Tese
byHKIUY test ().

Iocse BoIYMC/IEHMST KOPHST YpaBHEHUS BHIOJIHSAETCS TpoBepKa. [{ist atoro
B KOHCOJIbHOE OKHO BBIBOIUTCS BBHIYMCJIEHHOE 3HaYeHWE IS KOPHS ypaB-
HeHus (3HaYeHHe X) U 3HAYCHHE B COOTBETCTBYIOLIEH TOUKe d)ymcuml IS
IIpaBoii 4acTH ypaBHeHHA (3HaueHHe Q(x)). B uneane, ecnu Hapmeno TOYHOE
pemeHue, 06a 3Ha4eHHsT JO/DKHBI COBIAAATh.

(G HA BAMETKY

Metop, nocneposaTentHLIX UTepaLmMii NO3BOASIET HalTK pelueHne pa-
NEKO He ANA KAXOO0r0o YPaBHEHWA. 3AECh BaXHO BCE: U Kakas dyHKUMA
8 NPaBOi YaCTU YPaBHEHUS, U Kakoe HauyanbHoe NpuGnnxeHue BLIGpaHo
ANS NOUCKa KOPHS.
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MeToa NONOBUHHOIO AEeNeHUs

Meroz no10BUHHOTO AeJIEHH I IOUCKA pellleH st AreOpandecKkoro ypas-
Henus BuAA f(x) = 0 noapasymeBaeT, 9TO MCKOMBIA KOpeHb JIOKATU30BaH
B HHTepBase a < x < b, IpryeM Ha FPaHMIIAX MHTEPBAJIa IOMCKA KOPHA PYHK-
1HA f(x) NO/KHA TIPUHMMATH 3HAYEHHsI PA3HBIX 3HAKOB (YTO (POPMAIBHO
MoxxeT GBITH 3ancaHo B Buzie ycaosus f(a)f (b) < 0).

CyTb MeTOZAA COCTOMT B TaKuX AeHcTBUsIX. Boruucisercs: 3HaueHune PyHk-
umK f(*) B HEHTPaJIbHOM TOYKE MHTEPBAJIA TIOUCKA PellieHHs1, KOTopas Ofnpe-
mensercs Kak X = (a + b)/2. utepec npeacrasaser 3HaK GYHKIUHA B 3TOM
TOYKE: B HEE CABHIraeTCs OHa U3 IPAHMI] MHTePBaJia NONCKA KOPHA. A MMEH-
HO: €CJIH B IEHTPAJIbHOMH TOYKe NHTEPBaIa 3HaUYeHNe (DYHKIIMHU MTOJ0KHTE I
HO, TO B LIEHTP CMeLIaeTcd Ta rPaHuia, rae GyHKIMS HoN0KuTeIbHaA, Ecam
B LIEHTPaJIbHOM TOUKe (PYHKIIMS OTPHIIATENbHA, TO CABUTAETCS Ta IPAaHMILA,
rae pyHKIMA OTpUIIaTesIbHA.

B peayabrare mocsie Kaxxaoi Takoii onepaiMy HHTEPBAJ IOUCKa KOPHSI ypaB-
HEHMsI yMEHBIAETCsE POBHO B [IBa pa3a, H 11pu 3ToM GyHKIus f(x) Ha rpann-
[}ax HOBOTO HHTePBaJia TOMCKAa KOPHS IPHHUMAaeT 3HAYE€HUS PasHBIX 3HAKOB,
3anaya, TakuM 00pa3oM, CBOAMTCS K TIPEIbILYIIEH.

ITpumep nporpaMMel, B KOTOPOi MOMCK KOPHS YPaBHEHUS BBIIOIHAETCA Me-
TOJOM IFOJIOBHHHOTO J€JIEHHS], IPEICTABEH B JUCTUHTE 9.2,

JiucTunr 9.2. Pewwenue ypasHEeHNA METOAO0M MNONIOBUHHOIO AeNeHNnst
#include <iostream>

#include <cstdlib>

#include <cmath>

#include <string>

using namespace std;

// OyHKUMA ONA PEHIEHMS YPaBHEHUA METOLOM

// TONOBMHHOTO HeNEHMs:

double findRoot (double (*f) (double)},double a,double b,double dx)
{

// TlepeMeHHas ONA 3aMMCH BHAYCHUA KODHA:
double x=(atb)/2;

// BHuMCTEHME KODHA:
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while ((b-a) /2>dx) {

}

// Ecny xopeHb MOMNaj Ha JIEBYD I'DaHMuy:
if (f(a)==0) {

return a;
}
// Ecav kOpeHb Momaj Ha NpaByD TPAHMLY:
1f (£(b)==0){

return b;
}
// EciM KOpeHb MOCpemMHEe MHTEepBaNa:
if(£(x)==0){

return x;
}
// CmelmeHue T'paHMUH B LEHTP MHTEpBana:
if (f(a)*£f(x)>0) {

a=x;
}
else{

b=x;
}
// HoBoe 3HaueHue 0N LUEHTPAJILHOA TOUKM MHTEPBANa:
x=(atb)/2;

// Pesynbrar dyHxumm:

return Xx;

}

// OyHKUMM ONA onpeleNieHUs pellaeMHX YPaBHEeHM:
double f(double x){

return 0.5*cos(x)-x;

}

double g(double x){

return exp(-x)-x;

335



Thasa 9

}
double h(double x){
return x*x-5*x+6;
}
// BcnoMoraTenbHas QyHKUMA LJA pENeHUS ypaBHEeHUM
// n recTupoBaHMa HatTeHHEX pelneHmit:
void test (double (*f) (double),double a,double b,string eq){
// KoHTpomMpyeMelt KOZ:
try{
// Ecnu Ha rpaHMuax ‘uHTEpBana QyHKUMA YypaBHEHMS
// TpuHMMaeT 3HAYEHMA ONMHAKOBHX 3HAKOB:
if (f(a)*£(b)>0){
// TenepupoBaHMe OWMOKM C TEKCTOBHM OBBEKTOM:
throw "YxaszaH HeBepHHII Auanaszou!";
}
// TOYHOCTbH BHYMCIIEHMS KOPHA:
double dx=0.001;
// TlepemeHHas ONMA BanMCH 3HAYEHMS KOPHS YPAaBHEHMSA:
double z;
cout<<"Pemenne ypaBHeumsa "<<eg<<":\t";
// Pemenye ypaBHEHMSH:
z=findRoot (£, a,b,dx);
// Orobpaxenue pesynbwama:
cout<<z<<endl;
cout<<"[lpoBepka HaUJEHHOTO pemeHua:\t";'
// TlpoBepka pemeHus :
cout<<f (z)<<" = 0"<<endl;
}
// OBpaboTka ommbKu:
catch(char* e){
// CoofmeHie O HEKOPPEKTHOM WHTepBane

// LOnA NOUCKAa KOPHS YPABHEHMA:
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cout<<e<<endl;
}
for(int k=1;k<=50;k++){
cout<<"-";
}
cout<<endl;
}
// TnaBHas QyHKUMS NPOTPaMME:
int main(){
// V3aMeHeHWe KOOMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// TIpUMEpH pemeHMs ypaBHEHwik:
test(£,0,1,"0.5cos (x) -x=0") ;
test(qg,0,2,"exp(-x)-x");
test(h,0,5,"x*x-5*x+6=0") ;
test (h,0,2,"x*x-5*x+6=0"} ;
test(h,1,3,"x*x-5*x+6=0");
test(h,2.5,4.5,"x*x-5*x+6=0"};
test(h,2.5,10, "x*x-5*x+6=0") ;
// Bamepxka KOHCONBLHOT'O OKHa:
system("pause>nul");
return 0;

}

Huxe HNpeACTaB/ICH PE3YNbTAT BHINNO/THEHNA IPOrpaMMBbI:

Pe3ynsraT BhinonHeHus nporpaMmbl (M3 nucTunra 9.2)

Pemenue ypaBHeHua 0.5cos (x)-x=0: 0.450195
[lpoBepra HAWOEHHOTO PEmeHUs: -1.4247e-005 = 0
PemeHue ypaBHeHMA €Xp (-X)-X: 0.567383

[lpoBepxa HAMOEHHOTO pemeHM : -0.000375349 = 0

T i o o e s et e o o R i o e " s T — " S+~ —— " - - ——
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YKasaH HEBEpHHN IMana3oH!

PelleHye ypaBHEHMA X*x-5*x+6=0: 2
[lpoBepKka HalZeHHOTO DEmeHMs: 0=20
PeueHue ypaBHeHus x*x-5*x+6=0: 3

llpoBepka HaAGHHOTO pemeHMs: 0=20

PemeHye ypaBHeHMA Xx*x-5*x+6=0: 3

lipoBEepKA HAMIOSHHOTO PEleHUS: 0=20

PemeHnye ypaBHenus x*x-5*x+6=0: 3.00079

[IpoBepKa HaMIOEHHOTO peleHKA: 0.000794087 = 0

Meroz NOJIOBMHHOTO A€NEHHS PeajM30BaH B IIpOrpaMme qepes dbyHKmMIO
findRoot (). Y Hee Takue apryMeHThL:

® ykasaresib Ha (QYHKIMIO, ONpPeAeAIOMYI0 penlaeMoe ypaBHeHUe (A1
ypaBHeHus Buzia f(x) = 0 umeercs B Buny bynkums f(x));

® JieBas M MpaBasi TPaHHIIBI MHTEPBAIA, HA KOTOPOM BBHIITOJHAETCS IMOUCK
KOPHSI ypaBHEHUS;

® [apaMeTp, ONPEAEJISIOIUI TOYHOCTD, C KOTOPOi BRIYHCJISETCS KODEHb.

G) HA BAMETKY

Ecnu kopeHb ypaBHEeHUs NOKaNnn30BaH B MHTepBane ot a Ao b, TO OH OT-
CTOUT (OTAINHAETCR) OT LEHTPANbHOA TOUKM UHTEPBaNa Ha BEANUNHY, He
6onbLyio YeM NONOBUHA BAVHBI UHTEPBana. JlaHHLIA KpUTEepHit MCNonb-
30BaH B yHKUMM findRoot () NPU BLIMUCAEHUN KOPHA ypaBHEHUS. Bhbi-
YUCNEHVA NPOACDKAIOTCA A0 TeX NOP, NOKa NONOBIHA ANNHLI UHTEPBaRA
NoKanu3auui KOpPHA He CTaHeT MeHblle napaMeTpa, KOTOopbLI nepeaa-
eTCca nocneaHuM apryMmeHtToM ¢yHkumMu findRoot () U onpeaenser Tou-
HOCTb BbIYUCNEHWIA.

AnroputM BbIroHeHUs GyHKIMY findRoot () ClIemyIOmmii,

e [locnemoBare ibHO IPOBEPSIETCS HA IPeIMET PABEHCTBA HYJIIO 3HaYeHUE
dyHkuuy, neperaHHoil mepBHIM apryMeHToM (GbyHKIMS ypaBHeHus)
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Ha rpaHMlax HHTepBaJa TOUCKA PellieHusi U ero B eHTpe. Ect KopeHb
ypaBHEHHS MONaAaeT B OJHY M3 YKazsaHHBIX TOYEK, COOTBETCTBYIOLlee
3HaYeHue BO3BpalIaercs pe3yasraroM pyHkiuu findRoot (). Takast npo-
BEPKA BBINOJIHSETCS VISt TOTO, YTOOBI M30eXKaTh HEHYKHOM MTEpaIiMOH-
HOIi IIpoIleAy B B CIy4ae, eC/IU OUepeHasi IPoOHas TOYKA AJIs PEICHUS
YPaBHEHMsI CIyYalHO ITONA/Ia B TOYHOE 3HAUEHUe U KOPHAL.

¢ Ecau 3HaveHUs PyHKIMM ypaBHEHUSA Ha IDAHUIAX MHTEPBAJIA U B €T0
LeHTpe OTIUYHbI OT HYJI, TO O/IHA U3 TPAHMI] CMEIIAETCS B IIEHTP, H IPO-
HECC TIOBTOPSAETCHL.

OyHxuus 17151 pelieHus1 ypaBHeHuit findRoot () BBI3BIBAETCA B (QYHKIMH
test (). B nocseqHeii mepesn HavasioM Impoliecca BRIMUCIEHUH NMPOBEPSETCS,
KOPPEKTHO JIM yKa3aH UHTEPBAJI JUId ToucKa KopHs. Ecyiu okaspiBaercs, 4To
(ynknus ypaBHeHHS Ha 'PaHUIIAX HHTEPBAJIa MMEEeT 3HAYEHHST OAMHAKOBBIX
3HAKOB, TO reHepupyercs omubKa (06bEKTOM OMIUOKH CIIYKHUT TEKCTOBBIL
sutepai). [Ipu nepexsare omu6KH BRIBOAUTCSA COOOIIEHHE, YTO yKa3aH He-
KOPPEKTHBIH HHTepPBAJL. '

() HA 3AMETKY

®yHkumK £ (), g() nh() B NpeasbiayeM npuMepe (MMcTUHr 9,1) onpepe-
NANu ripasbié YacTu ANs ypaBHEHUA BUAA X = ¢(Xx). 30echb Xe pewaeTcst
ypasHeHue suaa f{x) = 0. HeCnoXHO NOHNATL, 4TO €CNN ypaBHEHUE X = ¢(X)
3anucatb B Buae ¢(x) — x =0, To umeemM geno ¢ pyHkumeir f{x) = p(x) - x.
Npouwe rosops, Tenepb GyHKUMN OIA Tex Xe pellaeMbix YpaBHEeHWI
onpeaeneHsl No-ApPYyromy.

B rsiasHo# pyHKIMYM mporpaMmsl GyHKIMSA test () BHI3BIBAETCA C Pa3HBIMHU
apryMeHTaMH. B yacTHOCTH, TaM peayM3yIOTCA CUTYaIMH, KOTJa HHTEPBAJI
yKa3aH HeKOPPEKTHO, KOT/Ia KOPEeHb TIONAJAET B OAHY M3 IPAHHUHBIX TOYEK
HHTepBaJIa WM KOI7Za Yepe3 HEeCKOJIBKO MTepalyii HeHTpaJbHasd TOYKa H-
TepBaJla IONAaJiaeT B TOYHOE pelieHue /ISl yDaBHEHHSI.

MeToa KacaTenbHbIX
Eme of1H UTEPalMOHHBIH METO/I PEIlIEHUs YPaBHEHHMs1, KOTOPbII Ha3bIBaeT-
Cs1 METOZIOM KacaTeJIbHbIX, nonpasymeBaeT cnez(ylomee.

¢ [ins nowcka KOpHsi ypaBHeHu: f(x) = 0 3ajjaeTcst HauaIbHOE IpUbIHXKe-
HUE X,
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¢ B TouKe x, CTpOMTCA KacaTeJbHasi K KPHBOIA, onpesiesisseMoif 3aBUCHMO-

cThi0 f(%).

¢ Touka nmepeceyeHusi KacaTeIbHOMH C KOOpI[PIHaTHOPI oceio abcnuce ciy-
KHT HOBBIM IIPUG/IMKEHVIEM JISt KODHSI YPABHEHHS X,.

¢ B Touke x, CTPOMTCS KacaTeJIbHast, U ee niepecedyeHyie C TOPH3OHTAIBHOM
KOODAMHATHOH OCHIO ONPENEJISIET HOBOE NPHOIMKEHHE AJI KOPHS X,
H TaK Jajee.

OnucanHasi CXeMa CBOJUTCA K MTEPalIHOHHO#M dopMmynex, ., =x,— f(x,)/f (x,)
ISl BRIYMCJIEHHS HOBOTO NPHOIMKEHUSA Ui KOPHS yPaBHEHHS X, , | IO H3-
BECTHOMY IpeabiayieMy npubmnKkeHuio x,. 3aech yepes f'(x) obo3HadeHa
Npou3BoAHas OT ¢pyHKUUHN ypaBHeHus f(x). B muctunre 9.3 BHUMaHmMIO YM-
TaTens NpeATaraeTcsi MPOrpaMMa, B KOTOPOI PeaM30BaH NPOLecC MOMCKa
KOpHSI YPaBHEHH METOZOM KacaTelbHbIX.

EHJhununrQ&LIWeTqAxacaTenbuux
#include <iostream>‘
#include <cstdlib>
tinclude <cmath>
using namespace std;
// ®yHrums, onpenehanmaﬂ pellaeMoe ypaBHEHME:
double £ (double x) {
return 2*exp(-x)-1;
}
// TnaBHas QyHKUMA NpOrpaMME :
int main() {
/! V3MeHeHME KOIMPOBKM KOHCOMM
system("chcp 1251>nul");
// KomuecTso wTepaumit:
int n=10;
// TipMpameHue apryMeHTa LNA BEMMCIIEHMA NPOUSBOTHOM:
double dx=0.00001; |
// HauajibHOe npubnukeHMe IJIA KOPHSA ypPaBHEHMS:
double x=0;

// BeuUMCNIeHMe KOpHA ypaBHEHMS:
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for (int k=1;k<=n;k++) {

x=x~f (X} / { (£ (x+dx) -£ (X)) /dx);
}
// OroBpaxeHue pesynbTaTa:
cout<<"HaiimeHo Takoe pemeHme:\t"<<x<<endl;
.cout<<"KoHTponbHoe 3Hauenme:\t"<<log(2)<<endl;
// 3Bamepxka KOHCOJNbHOT'O OKHA:
system("pause>nul");
return 0;

}

Huxe mokasaH pe3yJIsTaT BHYHCIEHHST IPOTPAMMBI:

Pe3ynsTat sminonHeHns nporpa'uuu (w3 nucTnnra 9.3)
Haitmeno Takoe pemenme: 0.693147

KonrponeHoe 3Hauenue:  0.693147

ITporpamMa coBceM MasieHbKAst ¥ pOCTasi. B Heil pellaeTcst ypaBHEHUE, pe-
ImeHneM KOTOPOTO Ha CaMOM JieJie sBJisAeTcs 3Hauenue x = In(2) » 0,693147.
YpaBHenwue 3anaeTcs Yepes GpyHKIuIo f (). MTepauuoHHsIii Ipouecc pean-
3yeTcst HETIOCPEACTBEHHO B IVIaBHOH (pyHKumH nporpaMmel. TaMm 3arryckaer-
Cs OTIepaTop HMKJIA, B KOTOPOM BHINOJIHAETCS Beero 10 uTepanuii (3HaYeHue
nepemenHO# n). IIpousBoxnast, 3HaueHNe KOTOPOH HY)KHO MCIOJIb3OBATH
B peKyppeHTHO! (opMysre [jIsi BEIMHMC/IEHHSI KOPHSI YPABHEHHUS, PACCYMUTHI-
Baercs B npubsmxkenHom suze f'(x) = (f(x + dx) — f(x))/dx kak orHome-
HHe Tpupamenns GYHKIMM K NPUpALIeHHIO aprymMenTa, [Ipapamenne as
apryMeHTa B IIporpamMme 3ajiaeTcsi nepeMeHHOi dx. B xavecTBe HayaibHO-
ro npuGIMXKEeHNs JUIst KOPHSI YDaBHEHHUS HCIIO/IB30BaHO HyJIEBOE 3HAUCHHE.
B nporpamMme moMHMO BBIYHMCJIEHHOTO KODHS JUISI CPAaBHEHHSI IPHBOAUTCSA
U «TOYHOE» 3HaYEeHHe JUIsI pellleHHsT ypaBHEeHHSI.

(G HA 3AMETKY

Kak v 8 criyyae ¢ MeTOAOM MNOocneaosartenbHuiX urepauuii, cxoam-
MOCTb METOAa KacaTenbHbiX TpeGyeT OTAeNbHOro MCCAeROBAHUS.
LpyruMu cnoBaMun, MeTO/, KacaTesibHbIX NPUMEHMM AANEeKO He KaX-
AOMY ypaBHEHMUIO. Yutatenu, uitepecyiowmuecs BONpocCoOM NPUMEHN-
MOCTH 3TOTO U APYruX METOAOB, MOTYT OBpPaTUTLCA K CheuuanbHOR
nuteparype. '
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WHTEepnoNaLMOHHbBIA NONMHOM JlarpaHXxa

3ajaya MO IOCTPOEHHIO HHTEPIOJALMOHHOTO MOJIMHOMA BKpaTile MOXeT
6nITh chopMy/IMpOBaHa cleAyomuM obpasoM. Meercst HaGOp y3/I0BRIX TO-
Y€K Xy, Xy, Xy, -y X, (BCETO 72 + 1 TOUKA) ¥ B 3TUX TOUKAX 3aJaHBI SHAYEHHS Y,
Yy Yo - Y, HeKOTOPO# pyHKIMH. Heo6X0AMMO IOCTPONTD IIOJMHOM CTENEHH
n (CTeneHb NOJMHOMA Ha €JMHHITY MEHbIIE KOJIMYECTBA TOYEK ), TAKOM, YTOOHI
B Y3JI0BBIX TOYKaX {X,} OH IpUHMMAN 3HadeHus {y,} (uuaexc k=0, 1,2, ..., n).

Pemath 3aaqy MOXHO Da3HBIMM crocob6amu. 3mech MBI PacCMOTPHM
MeTo[ NOCTPOEHHS HWHTEPHOJALMOHHOIO MOJWHOMa no cxeme Jla-
rpamxa. B TakoM ciy4yae MCKOMBIN NOJIHHOM NDPEACTaBJAETCA B BHJE
L (%) = y0o(%) + ,0,(X) + ¥,0,(x) + ... + ¥,0,(x). MBI BBes1n 0603HaUEHME
s byHKIuii

(=) (X—%1). (XX J(X 2 y) (X —2,)
(X —x) (=2, ) (X=X J( X~ K1) (= ,)
(unnexc k = 0, 1, 2, ..., n). Jlerko nIpoBepuTh, 4TO Q,(x,) = 0 ecru k = m
u @i(x,) = 1, noaromy ycaosus L, (x,) = y,, HaKJIagpiBaeMble HA HHTEPNOJIA-
I[MOHHBIH TOJTHHOM, YIOBJETBOPSIOTCS aBTOMAaTHYECKH.

o(x) =

B mporpaMMe u3 NECTHHTa 9.4 pealn3oBaH OMUCAHHBIA BhIIE CIIOCOO IMO-
CTPOEHHUS HHTEPIIOJISIIUOHHOTO MOJIMHOMA Ha OCHOBE MacCHBa CO 3HAYEHMS-
MM y3JIOBBIX TOYEK M MACCHBA CO 3HAYEHUSIMH (D)YHKIIMH B Y3JIOBBIX TOYKAX.

Jincrunr 9.4. UnTepnc
#include <iostream>
#include <cstdlib>
using namespace std;
// BcroomorarenbHas QYHKUMA:
double phi(int k,double z,double* x,int n){
// ViHOeKCHas nepeMeHHas:
int i;
// TlepeMeHHas ONf 3alMCU PEe3yNbTaTa:
double res=1;
// BruuCneHMe NPOWM3BENEHMUA:
for (i=0;i<k;i++){
res*=(z-x[11)/ (x[k)~x[i]);
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for (i=k+1;i<n;i++){
res*=(z-x[1])/(x[k]-x[1]);

}

// Pe3synbTaT QyHKLIAM:

return res;

// TonmuoM Jlarpasxa:
double L(double z,double* x,double* y,int n){

}

// TlepeMeHHasa 0N 3aNMCU PE3yNbTATA:
double s=0;
// BHUMCIIEHME NOJMHOMMATNLHON CYMMEI:
for(int k=0;k<n;k++) {

s+=y[k]*phi (k,z,x,n);
}
// Pesynbrar QyHKUMMU:

return s;

// Oyukuus nna orobpaxeHus "“nmHum" :

void line(int m){

}

for (int k=1;k<=m;k++) {
coutgk"-";

}
cout<<endl;

// TnaBHas GYHKUMS HPOTDaMMH:

int main () {

// VaMeHEeHMe KOOMPOBKM KOHCONM:
system("chcp 1251>nul");

// ViHIeKCHas nepeMeHHAd M mmHa "JMHMK":
int k,m=20;

// Pa3sMep MacCMUBOB:

const int n=5;

// V3JIOBHE TOUKM:
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double x[n]={1,3,5,7,9};
// BHaueHva QYHKUMM B Y3JIOBHX TOYKAX:
double y[n]l={0,2,-1,1,3};
line(m);
cout<<"x\t| L(x)\n";
line(m);
// OToBpaxeHue y3JIOBHX TOYEK M 3HAYEHMH
// VHTEPNONALUMOHHOTO MOJMHOMA B 3TUX TOYKAX:
for (k=0; k<n; k++) {
cout<<x{k]<<"\t] "<<L{x[k],x,y,n)<<endl;
}
// CmBur INa apryMeHTa
double dx=1;
line (m);
cout<<"x\t| L(x)\n";
line(m);
// BHaueHus apTyMEHTAa M 3HAYCHMA MOMMHOMA:
for(k=0;k<n;k++){’
cout<<x[k]+dx<<"\t| "<<L(x[k]+dx,x,y,n)<<endl;
}
// 3amepxka KOHCOJBHOT'O OKHA:
system("pause>nul");
return 0;

}

Hixe 0Ka3aHO, KAK BHITJIAAMT PE3YJIBTAT BHIIOIHEHHS IPOrPAMMEL

PO3yNuTaT BLINONHEHUs NPOrpaMmbl (s nucTunra 9.4)

X I L(x)
1 | O
3 | 2
5 | -1
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7 |1

9 | 3

X | L(x)

2 | 2.83594
4 | 0.148438
6 | -0.664063
8 | 2.89844
10 | -1.66406

- Jlna peaymzanuu QYHKUHH @,(x) B mporpaMMe omucaHa ¢pyHKuMs phi ().
IlepBeiit apryMeHT pyHKIIMH COOTBETCTBYET MHAeKCYy k. Bropoii apryment
GyHKUMH phi () COOTBETCTBYET TOUKE X, B KOTOPOIl BHIUUC/ISAETCA 3HAUCHHE
¢,(x). Tperbum aprymenToM ¢pyHKMH phi () mepenaeTcss KM MacCHBa, B KO-
TOPBIH 3aNMCcaHbl 3HAYEHU Y3/I0BBIX ToueK. HakoHew, nocieAHuii apryMeHT
¢dbyHKuuu phi () onpenensier paaMep MacCHUBa Y3JIOBbIX TOYEK.

Peaynsratom ¢yHKIHEM BO3BpalaeTcs MPOM3BEJACHHE MHOXHTEAECH BHAA
(x - x)/(x, — x;), CpeIN KOTOPBIX OTCYTCTBYET MHOXHTEJb C HHAEKCOM i = k.

(® HA 3BAMETKY

KoHcTaHTa n B NporpaMMe, onpeaensiowas pasmMep MacCcueoB C yano-
BbIMW TOYKAMW Y 3HAYEHWUAIMYU DYHKLMW B Y3NOBLIX TOUKAX, HA EANMHILLY
MeHbLLIe napameTpa N, KOTOPLIN MCNONL30BANCA B GOPMYynax, NPUBso-
OVBLLMXCA ANt MHTEPNOASILMOKHOMO NOAUHOMA.

JHayeHHe MHTEPIOMOHHOIO TOJMHOMA BHYHC/seTcad PyHKumen L().
AprymenTaMu GyHKIMH TiepeJaloTC:

® TOYKa, B KOTOpOﬁ CeAyeT BhIMHUCIUTD 3HAYCHHUE IIOJIMHOMa,
¢ MAaCCHB C Y3JIOBBIMH TOYKaMH,
¢ MacCCHB CO 3HaYCHHAMM Q)YHIC].IHPI B Y3JIOBBIX TOYKAX,

®  I[eJIOYUCJIEHHBII apryMeHT, ONpeesIOnHii pa3Mep MacCHBOB.

B tene dynxuuu L() npu BHIYHC/IEHHH TTIOJIMHOMUANIBHOM CyMMBI BBI3bIBA-
ercs dyHKIuA phi ().
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B rnaBHo# QyHKIME nporpaMMbl Kak WLTIOCTPAI[Hs BEIYUCISIOTCS 3HAYe-
H¥S1 MHTEPIIOJISIIMOHHOTO IIOJITHOMA B Y3JIOBRIX TOYKaX M B TOYKAX, CABUHY-
TBHIX Ha €IMHUYHOE PACCTOSIHKE 110 OTHOWEHHIO K Y3JI0BBIM TOYKAM.

MHTepnonsunoHHbii NONMHOM HblOTOHA

IIpu co3zaHuY MHTEPNOIALMOHHOTO MoJMHOMa MerogoM Helorona g mo-
JMHOMa MCHOJIb3yeTcs Takoe Bupaxenue: P (x) = a, + a,(x — x,) + a(x — x,)
(x —x)) +as(x — x)(x —x)(x —x,) + ... + g, (x — x,)(x — x,)..(x — x,_,). 3anaqa
(dakTUYeCKH CBOAUTCS K BHIMUCIEHUIO K03dduuueHToB a, (Magekc k=0, 1, 2,
-y ). KoapduimenT onpenensiorcst UCX0s1 U3 HaKJIaAbIBAEMBIX Ha IIOJIHHOM
ycaosuii P(x,) = y,. B yactHOCTH, M3 cooTHOmeHus P,(x,) = y, caenyer, 4ro
ay = y,- U3 ycnosusi P,(x,) = y, nony4aeM a, = (y, — ao)/(x; — x,). Ycnosue
P(x,) = y, maet a, = (y, — a, — a,(x; — %))/ ((x; — %)(x, — x,)) ¥ TaK janee.
PexyppeHTHOE COOTHOMIEHME /11 BHIYMCIeHNUS K03(hUILIMEHTOB HMEET BUA

- Yi—Gy—a(X—20) — A (X— X (X=X )~ =1 (X~ 2). (X=X _5)

a,
@2 (%) (—2_1)

IIporpamma, B KOTOpOH Ha OCHOBE MAacCHBOB C Y3JIOBHIMH TOYKAaMH M 3Ha-
yeHUssMU (PYHKIMH B Y3JIOBBIX TOYKAX BHIYUCJISAETCS WHTEPIIOJISIVIOHHBIH
nosuHoM HeloToHa, nipesictaB/iieHa B TucTuHre 9.5.

Jinctunr 9.5. UHTepnonsunonHbiii noaniom HelotoHa
finclude <iostream>
finclude <cstdlib>
using namespace std;
// OyHKUMA BHUMCIIEHMA KO3DOMUMEHTOB INA NOJMHOMA:
void findA(double* a,double* x,double* y,int n){
// TlepeMeHHas LJA 3aMMCH NMpPOM3BENEHUA
//" pasHOCTeit y3IOBHX TOYEK:
double g;
// 3HaueHMe nepBOTO KOZOPMUMEHTA ONA MONMHOMA:
a[0]=y[0]:
// BuuMcnenue npoumx Ko3QOMUMEHTOB ONIA MOJMHOMA:
for(int k=1;k<n;k++){
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// HauanbHOe 3HaueHue IJA KO3QOMLUMEHTa:
alkl=ylk];
// HauanbHOe 3HAYEHME OIS NPOU3BENEHUS
// pasHOCTEN SHAYEHMI y3JIOBHX TOUEK:
q=1;
// YrouHeHme 3HAuUeHMA KOSDOMLUMEHTA M BEUMCIICHME
// npou3sBeIeHMA Pa3HOCTEM 3HAYEHWH Y3JOBHX TOYEK:
for(int m=0;m<k;m++) {

alk]-=a[m]*q;

q*=(x[k]-x[m]);
}
// OKoHuaTenbHOE 3HaueHMe Ko3dduUMeHTa:
alk]/=q;

}
// ®yHKUMA 1N BHYMCNIEHMA BHAUEHMS NONMHOMAa HeoTOHa:
double P(double* a,double z,double* x,int n){
// TlepeMeHHas HJis 3aNMCH pe3ynbTaTa QyHKLMM:
double s=0;
// JlokanbHasd NepeMeHHas INS 3aMUCU NMPOUBBENCHUA
// pasHOCTelt 3HAUEHM) ApTyMEHTa M Y3JIOBHX TOYEK:
double q;
// BrrumclieHye NOMMHOMMATIEHOM CVMMH ®
for (int k=0;k<n;k++) {
// HavanbHOe 3HaueHMe IJiA NPOM3BENEHMA:
a=1;
// BruucneHue NpOM3BENSHUA:
for (int m=0;m<k;m++) {
q*=(z-x[m]);
}
st=ak]*q;
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}
// PesympTar QyHKUMM:
return s;
}
// OyHkuma mns orobpaxenma “ymHym":
void line(int m){
for (int k=1;k<=m;k++) {
cout<"-";
}
cout<<endl;
}
// TnaBHas QYHKUMS NPOTPAMMH:
int main(){
// V3MeHeHMe KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VHOexkcHas nepeMeHHas ¥ HnMHA "NMHMM":
int k,m=20;
// PasMep MacCHBOB:
const int n=5;
// YanoBue ToukM:
double x[n}={1,3,5,7,9};
// 3HaueHMa QYHKUMM B Y3JIOBHX TOYKAX:
double y[n]={0,2,-1,1,3};
//- KoapduumenTn una nomuHoMa HeoTOHA:
double a[n];
// BuuyucneHue 3HAYEHMH I8 KO3OQULIMEHTOB:
findA{(a,x,y,n);
line(m);
cout<<"x\t| P(x)\n";
line(m);

// OrobpaxeHue Y3JIOBHX TOUEK M 3HAUEHMM

348



}

MaremaTnyeckue 3apasu

// VMHTEpHNONAUMOHHOTO MOJIMHOMA B 3TMX TOUKAX:
for (k=0; k<n; k++) {

cout<<x[k]<<"\t| "<<P(a,x[k],x,n}<<endl;
}
// COBur mna apryMeHTa:
double dx=1;
line(m);
cout<<"x\t| P(x)\n";
line(mf;
// 3HaueHus apryMeHTa M 3HA4YeHUs NOJMHOMA:
for (k=0; k<n; k++) {

cout<<x[k]+dx<<"\t| "<<P{a,x[k]+dx,x,n)<<endl;
}
// 3amepxxa KOHCOJILHOT'O OKHa:
system("pause>nul"); |

return 0;

Pesyarrar BRINOIHEHHUS IPOrPaMMBbi TAaKOH:

PesynsTaT BuINOAHeHNA NPOrpamMmmst (M3 nucTudra 9.5)

| 2.83594

349



Mmaea 9

4 | 0.148438
6 | -0.664063
8 | 2.89844

10 | -1.66406

HecnoxHo 3aMeTHTD, 4TO IIPH BHINOJIHEHUH AAHHOM IIPOTPaMMEI TIOTyYaeM
TaKOM ke pe3yJbTaT (TaKHe JKe 3HAYeHUs TOJIMHOMA), KaK ¥ B NpeAbIAyIIeM
npuMepe. Huuero yaAuBUTENILHOTO B 3TOM HET, TaK KaK Ha caMOM JeJie B 060-
HX CIy4YasX CO3JaeTcsl OMUH U TOT e MOJHHOM, IIPOCTO MBI HCIOIb30BAIH
Pa3Hbl€e AJITOPUTMbI €r0 BEIMUCTECHHS.

Yro KacaeTcsl HETIOCPEACTBEHHO IIPOrPaMMEL, TO MbI HCITO/Ib30BaIH OOLIHit
TIOAXO0[l, KOTOPBIH COCTOMT B TOM, YTO HA OCHOBE 3HAYEHWI Y3JIOBBIX TOYEK
¥ 3HavYeHWH MHTEpHoAupyeMoil (GYHKIHMH B 3THX Y3TOBBIX TOYKAX BBHIUKC-
JSI0TCST K03 DUIUEHTH! /ISl HHTEPNOJAALMOHHOrO noaunoMa. Koagduu-
€HTBI 3alIUCBIBAIOTCS B MACCHB, M 3aT€M OH UCIOJb3YeTCsI IPU BRIYUCTIEHUH
3HAYeHUs UHTEPNOISIMOHHOIO ITIOJTHHOMA.

Koaddunuent 115 noarHoMa BHIYHCSIIOTCS IIPH BhI30Be GYHKIUHU £indA ().
@OyHKIus He BO3BpANlaeT Pe3yJIbTaT, a apTyMEeHTaMH eif epenaoTcs:

® 1M MACCHBa, B KOTOPBII 3aNMCHIBAIOTCA 3HaYeHNA KO3 DUIIHEHTOB HH-
TEPIOJISAIIMOHHOTO MOJIMHOMA;

®  MaCCHB CO 3HAYEHHUSIMH Y3JIOBHIX TOYEK;
® MacCHB CO 3HAYEHHUAMH HHTEPIIOJIMPYeMoil PYHKIMH B y3/I0BbIX TOYKAX;

® 11eJIOYHMCJIEHHOE 3HaYeHHUE, ONIpeAe/Isdonlee pa3Mep MaCCUBOB.

B Tene ¢ynkuuu findA() ¢ MCIONB3OBaHMEM HTEPALIMOHHOM IIPOLIEAYPHI
BBIYUCJISIIOTCS 3HAYeHUSA KO3(PDHUIMEHTOB IJIs1 HOJIMHOMA, H 3TH BHYMUC/IEH-
Hble 3HAYeHHs! 3aMUCHIBAIOTCS B MACCUB, NTepPelaHHbIi IIEPBBIM apTyMEHTOM
yHKIMH.

ODyHK1Ms P () IpegHa3sHAYeHa 1151 BHIYUCICHUS 3HAYEHNST HHTEPIIOJIALMOH-
HOTO IOJTHHOMA B TOYKe. Touka (apryMeHT HOJIMHOMA), B KOTOPO# BBIYUCIA-
€TCs 3HaYeHHe, NlepeAaeTcsl BTOPHIM apryMeHToM (yHKuu P (). IlepBriii ee
apryMeHT — MaccHB ¢ ko3ddunmentamu. TpeTuii — MacCHB cO 3HAYEHHSIMU
V3JIOBBIX TOYEK, & YEeTBEPTHIA aprymeHT QyHKUUM P () 3amaeT pa3Meps uc-
nosn3yeMspix MaccHBOB,. IlepenaBath B PYHKIIHIO P () MAaCCHB CO 3HAYEHHAMH
HHTepHoJIUpyeMoi (PYHKIUMH B Y3JI0BBIX TOYKAX B JAHHOM CJIydyae He HYXKHO,
IIOCKOJIbKY COOTBETCTBYIOLIUIT MaccUB yxke OB «yYTE€H» IIPH BHIMHUC/ICHUH
K03 (UIIHEHTOB AJIs HHTEPIIOJIIMOHHOIO TOJIMHOMA.
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BuiuucneHue unrerpana meronom Cumncoxa

Janee paccMOTPHM 3aadyy O BHIYMCJIEHHMH ONpPeeJTeHHOTO MHTErpaia BUA
[ f(x)dx. CymectByioT passsie crioco6si ee pemmenusi (B 4MCI0BOM Buze). Me-
To71 CHMIICOHA — OZIMH U3 HauboJIee IPOCTHIX METOAOB BIYKCJIEHUS] MHTErpa-
na. KpaTko ero cyTb COCTOMT B TOM, YTO HHTEPBAJI, HA KOTOPOM BBIMMCIISETCS
HHTerpaJl, pasbusaercs Ha GOJIbIIOE H, YTO BAXKHO, YETHOE, KOJMYECTBO HH-
TepBAIOB PaBHOM AMHUHbL. OOO3HAYMM KOJMYECTBO MHTEPBAIOB, HA KOTOPbIE
pa3buBaeTcst MHTEPBaJ HHTETPUPOBAHW, Kak 2m (TOTAa /IMHA OXHOTO MHTEP-
Baa pasHa i = (b — a)/2m). Y350Bsie TOYKH ONPENENSIOTCS KaK X, = a + kh,
rae unzaexc k=0, 1, 2, ..., 2m. llonsiTHo, 4TO X, = @ U X,,, = b 10 ONpeeNTEHNUIO.
O6o3Ha4ynM TaKxKe Kak f, = f(x,) 3HaueHns MOABIHTErpaIbHOM QyHKIMH f(X)
B y3JI0BbIX TOUKaX. /lajiee Ha KaX/IbIX ABYX CMEXHBIX HHTEPBaJIaxX (TO eCTh 10
TPEM COCEIHMM Y3JIOBBIM TOYKAM) CTPOSITCS MHTEPIIOJISIIHOHHBIE MOJHHO-
MbI (BTOpOIA cTenenn ). [IpeuMyIiecTBO MOAX0/a B TOM, YTO BMECTO (PYHKIIMH
f(x) non HHTErpasoM OKa3bIBAIOTCS OTHOCHUTEIBHO TIPOCThie MOJMHOMHAIb-
Hbl€ BHIPAXKEHHS, KOTOPIE MOKHO TIPOMHTETPHPOBATDh B SIBHOM BHAe. B uto-
Te IS MHTETpaja MOJYYaeM TaKoe npub/nkenHoe Brpaxenue: [ f(x)dx ~

h/3(fy + fom + 4; rf% +2" P2 rf%) AanHyio Gopmyry, 3AKCAHHYIO B BU/E
L1 = h/3(fo + fon* Ao )+ (W/3)" E,(Bf -1+ 2fos), bt 1 mCTOMSSYM

B IIpOrpamMMe U3 JIuCTHHTa 9.6 U151 Bbmncnennﬂ oIpesie/IeHHBIX HHTETrPAJIOB.

Juctunr 9.6. Boruncnenune unrerpanos meropom Cumncona
#include <iostream> .

#include <cstdlib>

#include <cmath>

using namespace std;

// ®yHKUMA ONA BHYKMCIEHUS MHTETPAJIOB METOAOM CHMIICOHA:

double integrate(doubl‘e (*f) (double),double a,double b,int
m=1000) {

// InuHa BHYTpPEHHETO MHTepBaya:

double h=(b-a)/2/m;

// llepeMeHHas IJia BalUCU MHTETPANILHOM CYMMH:
double s=0;

// BHUMCIIGHME MHTETPANBbHOM CYMMEL:

for (int k=1;k<=m-1;k++) {
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st+=4*f (a+(2*k-1) *h) +2*f (a+2*k*h) ;
}
s+=f (a) +f (b) +4*f (a+ (2*m~1) *h) ;
s*=h/3;
// PesynbTaT QYHKLMM:
return s;
}
// TomuHTerpansHHe QyHKUMMA:
double F1(double x){
return x*(1-x):
}
double F2(double x) {
double pi=3.141592;
return pi/2*tan(pi*x/4);
}
double F3(double x){
return exp(-x)*cos(x);
}
// TnaBHas dyHKuMA npoTpaMM:
int main()(
// V3MeHeHVe KOOMPOBKM K
system("chcp 1251>nul");
cout<<"Buuucnenue uuTerpanos\n";
cout<<integrate(Fl,0,1)<<" vs. "<<(double)1l/6<<endl;
cout<<integrate(F2,0,1)<<" vs. "<<log(2)<<endl;
cout<<integrate(F3,0,100,1e5)<<" vs. "<<0.5<<endl;
// 3amepxka KOHCOJNBHOI'O OKHa:
system("pause>nul");
return 0;

}

Pe3ysbraT BHIIOJIHEHHS! IPOrPaMMBI TaKO:



MaremaTuyeckue 3anaum

Pe3ynsTat BhNOAHEHNS Nporpammbt (13 nucTuera 9.1)
BHUMCNIEHME MHTEIpajioB '

0.166667 vs. 0.166667

0.693147 vs. 0.693147

0.5 vs. 0.5

B mporpaMMe /Uit BRIMECJIEHUST HHTETPAJIOB onucana GpyHKIns integrate ().
IlepBrIM apryMeHTOM eii IlepenaeTcst ykasaTesib Ha (PYHKIHIO, OIIPEREJIAIO-
II(y0 HOABIHTErPAIbHOE BRIPAXKeHHe. J[Ba CJIe[yIoIIX ApTyMEHTa OTIPEAEISTIOT
rpaHuibl 06sacTH MHTErpUpoBanusi. YersepToiil HeoOs3aTeIbHBIM aPTYMEHT
(y Hero ecTh 3HaYEHUE ITO YMOJIYAHUIO) OTIpe/iesifeT KOMNUECTBO MHTEPBAJIOB,
Ha KoTOphIe pa3buBaeTcs 06J1aCTh HHTErPUPOBAHUS (KOJIMIECTBO TAKUX HH-
TEPBAJIOB B B2 Pa3a GOJIbIlE 3HAYEHHS YETBEPTOIO apTYMEHTa).

B riasHoit ¢yHKIUM TPOrpaMMBbl BBIYKMCJSAETCS TPH MHTErpajia: MHTErpasl
[r(1 - x)dx = 1/6, marerpan (n/2)[tg(nx/4)dx = In(2), a Taxxe Hue-
rpai J:exp(— x)cos(x)dx = 1/2. B nocneaseM ciaydae HMeeM AeI0 ¢ HECo6-
CTBEHHBIM uHTerpa.ﬁOM. Ha npakTike MBI BEPXHIOIO OECKOHEYHYIO IPaHH-
1y 3amMeHAeM Ha 60/IbIOe, HO KOHEeuHOe 3Hayenne 100 (1pu aToM GyHKIHM
integrate() B ABHOM BHIE NiepeJaeTcA 3HaA4YCHUE 10° 1 mocieHero apry-
MeHTa). [ToabiHTerpasibHbie QYHKIMH, OT KOTOPHIX BEIYUC/ISAIOTCS MHTErpa-
JIBL, 33JJAI0TCA C IOMOIIBIO TPOrpaMMHEIX GyHKIWi F1 (), F2() 1 F3(). Jana
CpaBHEHMSI B IPOrPaMMe HapsAAy C BEIYUCIEHHBIM 3HaYeHUeM JUIA MHTerpaia
0TOOpaXkaeTcs M KOHTPOAbHOE 3HaveHHe. Hecsi0kHO 3aMETHTB, YTO Pe3yJib-
TaTHl BHIYHC/IEHHIT 6otee 1eM pUeMJIeMEie TakKe A7 HeCOGCTBEHHOTO HHTe-
rpaia (XOTs B 00mIeM CiIydae AJ1si BHIYMC/IEHUSI HeCOOCTBEHHBIX MHTETPATIOB
HCTIOJIB3YIOTCA CIIENHUANIBHO Pa3paboTaHHble A1 3TOFO METO/RI).

Bbluucnenme uHTerpanos MeToA0OM
MonTte-Kapno

Cpa3sy ciieayer OTMETHTD, YTO BBIYMCJIEHHE WHTErpaloB MeTosoM Momnre-
Kapiio He OTHOCHTCSI HH K TOYHBIM, HH K OBICTDEBIM, XOTSI AITOPUTM HE OYEeHb
cnoxubiit. O6sr4HO K MeToxy MonTe-Kapio npuberaiotr, koraa apyrue me-
TOZbl HEIPUMEHNMBI. :

CyTb MeTOAa TOSICHAM Ha NpHMeEpe BbIYUC/IEHHs MHTerpana [ f(x)dx ot
dyHkimy f(x), KoTOpasi Ha MHTEpPBaJle MHTErPUPOBAHMS HEOTPHIATEIbHA
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1 OTpaHMYeHa, TaK YTO MMeeT MecTo cooTHomtenue 0 < f(x) < f,.., Tiie yepe3
[ ax 0003HAUEHA HEKOTOpask OLEHKA A/Is1 3HAYeHUs1 PYHKUUM Ha HHTEepBaje
uHTerpupoBanuda. Ecim paccMOTpeTh B KOOPAMHATHOM MJIOCKOCTH KBaJpaT
a<x<bul<y<f,,, TO IIOMALL TAKOrO KBAApaTa PABHA, OYEBH/HO, Be-
auuuHe (b — a)f,,,. lanee BeiGupaeM ciydaifHEIM 06pa3oM TOYKY BHYTPH
OAHHOTO KBazparta. Teopusi BEpOATHOCTel YTBeP)KAAeT, YTO BEpOSTHOCTh P
AJIS coy4aiiHO BHIOPAHHOM TOYKM OKas3aTbCH MOA KPWUBOM, ompeaenseMoit
¢GyHKuMeRr f(x), paBHA OTHOWICHHIO TUIOMAAHM S 00JIaCTH, OrpaHUYEHHON
AaHHOM KPHMBOH, ¥ IUIOIAK NPSIMOYTOJbHHKA, TO €cTb P = S/[(b - a)f,..}-
Torma S = (b — a)f ... P C Apyroit CropoHs!, IIOWEAAL 00AACTH MO KPUBOK
H ecTb uHTerpai. I103ToMy I BRIYHCIEHNA MHTETPajia AOCTATOYHO BRIYMC-
JIMTH BePOSITHOCTH P COOBITHSI, COCTOSIIIETO B TOM, YTO CJTy4aifHO BEIOpaHHas
B NPAMOYTOJIbHUKE TOUKA OKaXeTCa moj Kpusol f(x). Ecin yMHOXUTD Ta-
KYy10 BEPOSITHOCTD Ha ILTOINab KBaJpaTa, HOJMYyYHM UCKOMBIH MHTErpalL

[l BBIMUCTIEHUS BEPOATHOCTH P MOXHO 1OC/IeZI0BaTeIbHO TEHEPHPOBATh
clyyaHbIe TOYKH U IIPOBEPSITH, IONAJAIOT JIM OHH 10 KpHBY10. OTHONEHHE
YHCJIA «BHYTPEHHUX» (IIONABIIMX 0] KPUBYIO) TOUEK K OOLIEMY YHCIY TO-
yex JaeT OLeHKY /1A BepoatHocTH P. IIpu atoM BaskHo, YTOGK TOYEK OBLIO
MHOTO, a pacnpeje/sUIACh OHU 10 06JIaCTH KBaJpaTa PaBHOMEPHO. 37€Ch
MHOTO€ 3aBHCHT OT TeHepaTopa CAy4yaiHBIX YHCeJl.

Ha npakrike BMECTO réeHEpHPOBAHHMS CAYYaHHBIX TOYEK MOKHO BOCIOJb-
30BaThCst CETKOM M3 PaBHOMEPHO pacrpeiesieHHEX ToyeK. B ocTanbHoM an-
TOPMTM OCTAeTCs] HEM3MEHHBIM: TIOACYMTHIBAIOTCS TOYKYU I10J KPUBOM, BHI-
YHCJISIETCS] OTHOLIEHHE UX KOJIMIECTBA K 00u1eMy KOJTHIECTBY TOYEK B CETKE,
pe3yJIETaT YMHOMXKAETCS Ha TJIOHIa b MPSIMOYTOJIbHHKA — TaK II0JIyYaeM 3Ha-
yeHue uHTErpasia. [lporpamma ¢ peasisanmeit Takoro mMoAxXoAa MpeACTaBie-
.Ha B ctuHre 9.7,

Jluctunr 9.7. Boivncnenue unrerpanos meronom Moure-Kapno

$include <iostream>

$include <cstdlib>

tinclude <cmath>

using namespace std;

// QyHKUMA IJI BEUMCNEHUS MHTETrpalioB MeTonoM MonTe-Kapno:

double integrate (double (*f) (double),doublea, doubleb, double Fmax) {

// TlepeMeHHHe IJA 3amMCH KOOPAMHAT TOYKM: '

double x,y;
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MaTtemMaTtuyeckve 3agauu

// KomMuecTBO MHTEPBANOB NO KaxIoi #3 OCeH:
int m=10000;
// lipupameHue MO NEPBOA KOOPIMHATE:
double dx=(b-a)/m;
// TpupaweHue No BTOPOY KOOPIMHATE:
double dy=Fmax/m;
// TlepeMeHHas Id noicdYeTa BHYTPEHHMX TOUeK
int count=0;
// Tlepebop TOYEK Ha INOCKOCTH:
for(int i=0;i<=m;i++){
for(int j=0;j<=m; j++) {

// TlepBas KOOpIMHATA TOYKM:

x=at+i*dx;

// Bropas xOoOpOMHaTa TOUKM:

y=j*dy;

// TlpoBepka TOYKM:

if (y<=£ (x)){

// Ecsu Touka non rpatmkoM QyHKLyM:

count++;

}

// Nona BHYTPEHHUX TOUEK:

double z=(double)count/{m+1)/ (m+1);
// Pesymbrar QyHKUMMA:

return Fmax*(b-a)*z;

// Tomerrrerpanshue QyHKUMN:
double F1(double x){

}

return x*(1-x);

double F2(double x) {
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double pi=3.141592;
return pi/2*tan(pi*x/4);
}
// TnaBHas QYHKUMA NPOTPAMMEL:
int main(){
// V3MeHeHMe KOIMPOBKU KOHCOJM:
system("chcp 1251>nul");
cout<<"Buumucnenue uHTerpajoe\n";
cout<<integrate(F1,0,1,0.25)<<" vs. "<<(double)l/6<<endl;
cout<<integrate{¥2,0,1,1.6)<<" vs. "<<log(2)<<endl;
// 3azmepxka KOHCONBHOT'O OKHA:
system("pause>nul"};
return 0;

}

Y dynxnuu integrate () YeThpe apryMeHTa: yKa3aTesb Ha MOABIHTErPasb-
Hy10 QYHKIHMIO, HHJKHSS M BEPXHSA IPAHUILBI A1 HHTEpPBaja MHTErPHPO-
BaHHs, 2 TAKXe YUCJIOBAs] OLIEHKA I MAKCHMAIBHOTO 3HaY€HH S ITObIHTE-
rpajibHON QPyHKIMK HAa HHTEPBAJIE MHTETPHPOBaHMsA. Pe3ybrar BHIOHEHHA
MPOTPaMMbl IPEACTABIEH HHXE:

Pe3ynuTaT BbinOAHEeHNS NPOrpamMmmt (M3 nucrunra 9.7)
Buunucnetne MHTErpasos
0.166646 vs. 0.166667
0.683167 vs. 0.693147

XoTs pe3ysbTaT BHYHCIEHH HEILIOX, HO Ha ero MoJydeH’e YXOAHUT Bee XKe
3HauMTeNbHOE BpeMsl. Tak yTo naHHbBIH MeTo JTy4iie npubepednb A1 0CoObIX
CJIy4aes.

Pewenne andodepeHunanbHOro ypaBHeHus
MeToAOM Jhunepa

Peuum audrbepennnaibHoe ypaBHeHHe BHAA ¥'(x) = f(x,y(x)) ¢ HayaIb-
HBIM YCJIOBHEM Y(X,) = Y, (B TaKoii MOCTaHOBKe peuyb HAET O 3a/a4e Komwm).
3neck GpyHKIHA ABYX apryMeHTOB f(x,y) 3aaaHa, yepe3 X 0003Ha4YeH He3aBH-
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CHMBIii apTYMeHT, y(X) SIBJISIeTCS ICKOMO# Heu3BecTHOH yHKImel, a yepes
y'(x) obo3HayeHa mpousBosHasi oT GyHKIMU y(X). 3afaua COCTOUT B TOM,
yT06BI HAWTH TaKyl0 BYHKIHIO ¥(X), KoTOpas 6Bl YAOBJIETBOPSIA Ha4ajlb-
HOMY YCJIOBHIO H, OyAy4s mojcTaBjieHa B ypasHenue y '(x) = f(x,y(x)), npe-
Bpaiiajia Obl ero B TOXXKAECTBO. '

HaubGonee npoctoii (HO He caMblii HAafEeXHbIH B IIaHE TOYHOCTH) METOX
YHCJIOBOTO peliieHusi AU PepeHIHATHHOTO YPABHEHUA COCTOUT B TOM, YTO
3Havenue yHKIMH ¥(X) BHIYHCSIETCS B Y3J0BHIX TOUKAX X, = X, + kh, T1e
unzexc k = 0,1,2,..., lar NpupalieHns 0o apryMeHTy A 10 BO3MOXKHOCTH [0~
*eH ObITh MUHMMAJIBHEIM, a Yepe3 X, 0003HaYeHa TOYKa, B KOTOPOil 3aaHo
Ha4YaJIbHOE yCJIOBHE.

Pemenne 3azayn 6a3upyercss Ha TOM, YTO JUIsl TIDOM3BOAHOH OT (yHK-
MM y(X) B y3JOBOH TOYKE X, UCIOJIb3yeTCs NPUOIIDKEHHOE BBIpaXKeHHe
y'(x) = Y(x,..) — y(*))/h. B pamMkax Takoro moaxoaa JIieTKO HOJydyaeM
PEKYPPEHTHOE COOTHOIWEHHE Y(%, - ) = y(x,) + hf (Y,y (X)), NO3BOISIONIEE
MOJYYHTh 3HaYeHHe GYHKIUHA y(X) B TOUKE X, ., €CJIH M3BECTHO 3HAYEHHE
¢yHxumu B y3;10B0# TOUKe X;,. OTHPaBHOM SIBJISIETCA TOYKA X,, B KOTOPOH 3a-
AaHO 3HaYeHue PYHKIUH Y.

B smuctunre 9.8 mpencraBiieHa NporpaMma, B KOTODOi Me’roL[OM ditnepa
pemaercs auddepeHUIHAILHOE ypaBHEHUE ¥ (X) = Pexp(- x) — y(x) ¢ Ha-
yanpHBIM ycaosueM y(0) = 1. Y aToit 3agaum ectb TOuHOe (aHAIUTHIECKOE)
pemenue y(x) = (*/3 + 1)exp(- x). B nmporpamMe 4ncioBoe pellieHue cpas-
HUBAETCS C AHAIMTHIECKHUM PellIeHHEM.
Jiuctunr 9.8. Pewenune audpdpepeHumansHoOro ypasHesus metonom diinepa
#include <iostream>
#include <cstdlib>
$include <cmath>
using namespace std;
// ®yHkuMsa, ompemenswmas InddepeHUMANbHOE ypaBHEHME:
double f(double x,double y){

return x*x*exp(-x)-y;
}
// dyHkums nna pemesnus muddepeHUMANILHOTO
// ypaBHeHus MeTOIOM Jiinepa:
double dsolve (double (*f) (double,double),double x0,double y0, double x) {

357



fnasa 9

}

// KommMuecTBO MHTEpBAJIOB:
int n=1000;
// Tpupamerue MO apryMeHTy:
double h=(x-x0)/n;
// HayanbHOE 3HAYEHME MCKOMOM QYHKLMN:
double y=y0;
// BHuUMCleHME 3HAYEHMA DYHKUMM B TOUKE:
for(int k=0;k<n;k++){
y=y+h*f (x0+k*h, y) ;
}
// 3HaueHue MCKOMOM QYHKLUMM B TOYKE:

return y;

// QyHxkuma, onpepensomas TOUHOE pEUICHME

// muddepeHUMANBHOTO ypaBHEHMA:
double Y(double x){

}

return (x*x*x/3+1)*exp (-x);

// TnaBHas QyHKUMA MpPOTpaMME:

int main(){

// Vi3MeHeHWMe KOIMPOBKU KOHCOJIM:

system("chcp 1251>nul");

// MaccuB sHaueHM)I apTyMeHTa, AN KOTOPHX

// BEuMcnAeTcA pemeHve IupdEPEHUMANBHOTO yPaBHEHMSA:

double x[]={0,0.5,1,3,10};

cout<<"Pemenve mddepeHUUANLHOTO YpaBHeHMs:\n";

for (int k=0;k<5;k++){ |
cout<<dsolve(f,0,1,x[k])<<" vs. "<<Y(x[k])<<endl;

}

// 3apepxka KOHCONBLHOTO OKHa:

system("pause>nul");

return 0;
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Pe3yIbTaT BHINOIHEHNS IPOrpaMMBbl OyIeT TaKUM:

PesynuraT BoiNnONHEeHUs NporpaMMbl (U3 nucTunra 9.8)
Pemerne mbpdepeHUMaAN-HOTO ypaBHEHUA:

1lvs. 1

0.631701 vs. 0.631803

0.490245 vs. 0.490506

0.497815 vs. 0.497871

0.015116 vs. 0.0151787

IMouck pemenns audpepeHIHATBHOIO YPAaBHEHUST BBITIOIHSAETCSI C TIOMO-
mbio QYHKITUY dsolve (). AprymeHToM (QYHKHHH NlepefaeTcs yKa3aTesb Ha
dynxuuio, onpenensounyo aupdepeHuuanbHOe ypaBHEHHE, HadajbHYIO
TOYKY 110 apTYMEHTY W 3HaueHwe UCKOMOH (PyHKUUU B HayalbHOH TOYKE,
a Tax)Ke 3HaYeHHe apryMeHTa, TSI KOTOPOro BEIYHC/ISIETCSI 3HaYeHue HCKOo-
Moii pyHKIHN.

(G HA BAMETKY

B Tene pyHKUUM dsolve () AMANA30H OT HAYaNbLHOM TOYKM x0 A0 TOYKU x
pa3busaeTcsi Ha n UHTEPBanoB. MNo03ITOMY PacCTOAHUE MexXAay COCeaHMN-
MW Y3N0BbLIMU TOYKAMWU U3MEHSIETCA C M3MEeHEeHUEeM apryMeHTa x. Hem
6onbile paccToaHUe MEeXDy Y3/08bIMW TOYKAMMK, TEM HWXKE TOYHOCTb
BbIHUCNEHNIA.

Pewenune pudodepeHumnanbHOro ypaBHeHus
meToaoM PyHre — KyTTbl

Ilo cpaBHeHuio ¢ MeTogoM Jiinepa, Metol PyHre — KyTTh ass peile-
HusA auddepeHHaIbHBIX YPABHEHHN uMeeT OOJBIIYI0 HalekKHOCTh. Tak,
B paMkax Metoabl Pynre — KyTThl 4eTBepTOro nopsiika 3HadeHHe HCKO-
Moit pyHKIMH ¥(X,, ) B Y3JIOBOIl TOUKE X, , , BRIYUcsercs no dopmye
Y1) = y(x) + (h/6)(p,(h) + 2p,(h) + 2py(h) + py(h)), TAe BBeneHSI
Takue obosauennst: p,(h) = f(x,y(x)), (k) = fla, + (h/2)y(x) + (h/2)
pi(h)) , ps(h) = f(a, + (h/2),y(x) + (h/2)py(h)) n py(h) = f(x + hy(x,) +
hp,(h)). Peanusauus faHHOH cXeMbl NIpe/iCTaB/ieHa B IPOTPaMMHOM KoJie
B auctutre 9.9. Koz BrepXaH B IyXe NpeAbIAyIIero NpuMepa, HO TOJBKO
IIpY BHIYMCIIEHUY PEIIeHHs HCTI0Nb30BaH (oJiee «M30IPEeHHBIN» 0a30BbIi
AJITOPUTM.
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NucTunr 9.9. Pewenne anddepeHunansHoro ypasBHeHNa MEeTOAOM
Pyrre — Kyttui

#include <iostream>
#include <cstdlib>
#include <cmath>
using -namespace std;
// ®ynkums, onpegmenswomas muddepeHUMATEHOE YpaBHEHME:
double f(double x,double y) {
return x*x*exp(-x)-y:
b
// byuxumsa nna pemesus nubdepeHUMANBEHOTO
// ypaBHenus MeTomoM PyHre — KyTTu:

double dsolve (double (*f) (double,double),double x0,double
y0,double x){

// KonmnuecTBO MHTEpPBAJIOB:
int n=1000;
// TlepemeHHEHE INA BalMCU NPOMEXYTOYHHX
// BHaueHMI! NpKU BHYUCIIEHUSAX:
“double pl,p2,p3,p4:
// TpupameHue N0 apryMeHTy:
double h=(x-x0)/n;
// HauanbHOe 3HayeHMe MCKOMOM QyHKUMM:
double y=y0;
// BuuycnieHue 3HaueHyA QYHKLMM B TOUKe:
for(int k=0;k<n;k++) {
pl=f (x0+k*h,y);
p2=f (x0+k*h+h/2, y+h*p1/2);
p3=f (x0+k*h+h/2, y+h*p2/2) ;
pd=f (x0+k*h+h, y+h*p3) ;
y=y+(h/6) * (pl+2*p2+2*p3+pd);
}

// BHaueHMe MCKOMOM QYHKLMM B TOUKe:
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return y;

}

// ®yHkumus, onpemendnmas TOYHOE pelleHMe

/] mnddepeHUManLHOTO yPABHEHUA:

double Y(double x) {
return (x*x*x/3+1) *exp (-x);

}

// TnaBHas Qyuxumq NpOTpaMMi:

int main{(){
// VisMeHeHMe KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
// MaccuB 3HayeHMii apTyMeHTa, OIS ¥
// BHuucnaeTcs peweHue mubdepeHumas
double x[]}={0,0.5,1,3,10};
cout<<"PemeHue nm@@epénumanbﬂoro Vi
for (int k=0;k<5;k++) {

cout<<dsolve(f,0,1,x[k})<<" vs.

}
// 3amepxka KOHCONBHOTO OKHa:
system("pause>nul");
return 0;

}

Huxxe MOXHO BUAETD P€3YJIbTaT BHIIIOIHEHHUS [IPOrpaMMBblL:

Pe3yneTar BoinosIHeHUR nporpaMmbl (M3 nuctuxra 9.1)
PemeHue mbpdpepeHUMANEHOTO YPaBHEHMS!:

lws. 1

0.631803 vs. 0.631803

0.490506 vs. 0.490506

0.497871 vs. 0.497871

0.0151787 vs. 0.0151787

BuauM, YTO TOYHOCTD BEIYMCIEHHH 60Jiee 4eM IPHEMIIEMASL.
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3aKkniounTenbHbIie 3aMeYaHus

Jlnst nasHOM T1aBbl 3aa4M JJIsI CAMOCTOSTE/IHOTO PEIleHs He Mpejiara-
I0TCS B CWJIy ABYX NPUYMH. Bo-miepBbiX, BeChb MaTepual B Heil paccumTan
Ha 3HAYMTEJbHBIH 00BEM CaMOCTOATENbHOH paboThl. Bo-BTOpPHIX, 3azaun
cneidryecKue U s HaMMCaHUst COOGCTBEHHOTO MPOTPAMMHOTO KOZIA MO~
pasyMeBaioT HAJIMYHe HEKOTOPOro Garaxka MaTeMaTHYeCKHMX 3HaHu#. OxHO
Je7I0 — AHAJM3UPOBATh YK€ TOTOBbIA NMPOrPaMMHBIM KOZ, M COBEPLIEHHO
APYroe — cO34aBaTh NPOTPaMMY JUIsl PELIEHHS MaTeMaTHYECKOM 3a/IauH «C
HyJ1si». C Ipyro#i CTOPOHBI, Te YNTATENH, KOMY TIONOOHbIE 3a1a4H HHTEPECHBI,
BHE BCSIKOTO COMHEHHS], JIETKO HalyT NOX0KHE /sl CAMOCTOSITENIHOTO pe-
mweHust. EquHCTBeHHOE, YTO XOUETCS IIOCOBETOBATH B 3aBEpPIUEHHUE TJIABBI —
HOAyMaTh HaJ TEM, KAKUMM MHBIMH CIIOCO6aM# MOXHO OBLIO Peau3oBaTh
HpOrpaMMsl, IIPEACTaBIeHHbIE 31ech. VI yx coBceM GbLI0 ObI XOPOLIO TakHe
HPOrpaMMbl CO3/IaTh ¥ JIOBECTH JI0 «pabodero» COCTOSHUSL.



3axnioveHue
NMONE3HLIE COBETHI

HMocnywait! 51 tebs nomobun — s tebst
Hayyy...
u3 X/ «Kun-/[3a-/3a»

Kuura 3akonuyeHa, IpuMepsl M 3aa4yu pasobpaHsl. Bmecte ¢ TeM mist
GOJIBIINHCTBA YMTATE/IEH BCe ATO — TOJBKO Hauajo G6osbumoro (M, Xouer-
Csl BEDUTD, CYACTJIHBOTO) NMYyTH B u3ydenuu a3sika C++. IloatoMy pasym-
HO [aTb HECKOJBKO COBETOB, KOTOpDble, BO3MOXHO, MIOMOTYT H30eXaTh
omu60K ¥ COXPAHUTH XeJaHHE ABUTaThCS AaJbllie B OCBOEHMH TIPUHIH-
nmoB C++.

Her yHuBepcasbHBIX KHMI, HET YHUBEPCAJIbHBIX CIIDPABOYHUKOB, HET
HCYepNLIBAIOMMKX PecypcoB. Beerna octaeTcst mycTh caMast MajleHbKas,
HO <He3aKphITas» TeMa. B 3ToMm HeT Huyero mioxoro. [axe HaoGo-
POT: HaJIMyHe BOIPOCOB U COMHEHUN — XODOIUHH CTUMYJ ZIS CaMo-
pa3BHUTHS. ‘

[Ipu usyueHnn NpOrpaMMHPOBAHUA BTOPOCTENIEHHBIX BOTIPOCOB He Obi-
BaeT. AHAJIU3 «MeJIKUX»>, Ha NePBHIii B3I/ He3HAYHUTEJbHBIX, 3¢ deKTOB
NOpoii JaeT /s MOHUMaHus o0mell KOHIENMH HaMHOTO (oJiblile, YeM
IIPOYTEHHE CAMOTO OGBEMHOIO CIIPABOYHHKA.

Her ynuBepcanbHbIX c1ioco60B peanusaiuu nporpamMmbl. OQHy U Ty XKe
3a/ja4y MOXHO, KaK IIPaBUJIO, PeIllaTh Pa3HbIMU criocobamu. [[Jist BeiGopa
Han6oJ1ee MPHEMJIEMOTO MOAX0A BaXKHO NOHUMATH KTO, KOTAA U Kak Oy-
€T MCIOJIB30BATh IPOTPAMMY.

TIporpaMMHEIe TEXHOJIOTHH Pa3BUBAIOTCA GYPHO, a MPEATIOYTEHHS KO-
HEYHBIX MOJIb30BaTeNeil MPOrPaMMHEIX MPOAYKTOB MEHSIOTCS OBICTPO.
Hy>Ho nbiTaThcs MpeAyragbBaTh TEHAEHIMH. Be3 aToro cioxHo yaep-
KaThCS HA PhIHKE MPOTPAMMHBIX YCJIYT.

SI3pik mporpammupoBatust C++ Mommbid, rubkumit, addexruBHBIA
Ho 3To He efuHCTBEHHBI XOPOIIHN SI3bIK TPOTPAMMHUPOBAHMUS.

Wrtak, ynauu! Hy u, koneuno, 6osbiioe ciacu6o 3a BHuManue K kHure ©
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