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BcTtynneHue
O KHUTE U A3bIKE C++

3ameuatresbhas uies! UTo 5k oHa MHe ca-
MOMY B TOJIOBY He TIPUIILIA?

us x/¢p «HMponus cyovou,
unu C nezkum napom»

BuumanWio uuTaresns mpenjaraeTcsi KHUTA O SI3bIKe TPOTPAMMUPOBAHUS
C++. [Tocobue st TeX, KTO He 3HAKOM (HJIH MAJIO 3HAKOM) ¢ si3bikoM C++
1 X04eT OBICTPO HAYYUTHCS HA HEM ITPOTPAMMEIPOBATD.

CoOOCTBE@HHO O KHUre

V3manue cOCTOUT U3 TEMATUYECKU MOAOOPAHHBIX MTPUMEPOB ¥ 3ajad, KO-
TOPbIE TIEPEKPBIBAIOT BCE€ OCHOBHBIE pa3/ieJibl 1 BOIIPOCHI, Ba’KHbIE C TOUKU
3peHus U3y4IeHus OCHOB s3bika C++. 3/mech X0UeTcs OTMETUTH /IBa BaKHBIX
06CTOSATEIbCTBRA.

Bo-11epBbIX, OIBIT MOKa3bIBaeT, YTo Hanbosee YCIENHO MaTepuas ycBau-
BAETCsl, €CIN OH WILTIOCTPUPYETCsT puMepaMu. Bosiee TOTO, MHOTA OY€Hb
CJIOKHO OOBSICHUTD OTPE/IeJIeHHYI0 KOHIIENIIAIO UK TTOXO0/I, €CIU OHU He
MOKPEIIEHBI TIPAKTUYECKUM MaTepraioM. B aToM cMbIciie JIst KHUTH BbI-
OGpaH ONTUMANBHBIN CIIOCOO MpeICcTaBIeH s MHMDOPMATIH.

Bo-BTOpBIX, TIpemoaraeTcst, 9To mpu paboTe ¢ MATEPUATOM KHHUTH YHTa-
TeJb MPOSIBUT HEKOTOPYIO HACTOWYUBOCTH M TOTOBHOCTH K yTIyOJI€HHOMY
AHAJIN3Y TPOTPAMMHBIX KO0B. C APYTOil CTOPOHBI, aBTOP MPUJIOKUI MaK-
CYMAJIbHBIE YCHUJIUST JIJIS TOTO, YTOOBI C/IE/IaTh COAEPKUMOE KHUTH ITPOCTBIM
1 HArJISAHBIM JIasKe JJ151 HeIIOIrOTOBJIEHHOIO YUTaTe 4.

[TocenHsist riaBa B OTPEEJIEHHOM CMbIc/ie ocoOeHHast. B Hell coOpaHbI He-
KOTOpBbIe MaTeMaTU4YeCKUe 33/]a4ll BBIYUCIUTEIbHOTO XapakTepa. OHM opu-
EHTUPOBAHBI Ha OOJIBIIYI0 CAMOCTOSATENLHOCTD YNTATESI B IJIaHE aHAJIN3a
MIPOTPAMMHBIX KOZIOB (TI0 CPABHEHUIO C TPUMEPAMU U3 JAPYTHUX IJIaB KHUTH ).
JlanHas ryaBa BKJIIOUYEHA B KHUTY, TIOCKOJIbKY ITPe/ICTABJIEHHbIE B Hell 3a/1a4n
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Bctynnenne

paccMaTpuBaIOTCA B paMKaX YHUBEPCUTETCKOTO JIEKIIMOHHOTO Kypca 110 BbI-
YUCJIUTEJIbHOU MaTEMATHUKE.

II]IH JIYUHIETO 3aKPEIJIEHWA MaTe€pHraJjla B KOHIIE IIEPBBLIX YETBIPEX I'VIaB IPU-
BOAUTCA CIIMCOK 3a/lad [Jid CaMOCTOATEJIbHOI'O penieHursd. Onn KOHIIEIITY -
aJbHO GJIU3KA K TeM 3aZla4aM U I[IpUMepaM, 4TO pacCMaTPUBAJIMCh B OCHOB-
HOI 4YacTu COOTBeTCTByIOH.IefI TJIaBbI. HE‘KOTOpre 3a/la4yn O4YeHb ITPOCTHI,
HO BCTPEYAIOTCA MW TaKue, [Jid pemeHnuA KOTOPbIX H€O6XOI[I/IMO IIPOABUTDH
CMEKaJIKY. Tak:xe crout OTMETUTD, UTO [AJIA 4aCTH 3a/4a4, IIpeAjiaracMbIX 111
CaMOCTOATEJIbHOI'O pellleHusd, B KHUT'E (O6bI‘-IHO B CJIeAyIOIIUX IJlaBaX ITOCJIE
TOI>JI, rae nmpeajaaraeTca 33.]13.‘{8.) IIPpUBOJATCA PEHICHM . BOSMO)KHO, KOHTEKCT
3a/la4u IIpU penieHnn HEMHOI'O U3MEHAETCA, HO Y3HATb 3HAKOMbBIE «HOTbI»
BCe K€ MOJKHO. CI[eJIaHO 9TO CITENNAJbHO, ITOCKOJIbKY, KaK ITOKAa3bIBA€T OIIbIT,
PENIUTb OAHY U TY K€ 3a/la4y pasHbIMU METOJaMUn ObIBAaeT HAMHOI'O I10JI€3-
Hee, 4EM ITPOCTO peniaTb pa3Hbie 3a/avu.

B 1iroii u mecToii riaBax, rie 06Cy KAt TCst IPUHIUIB O0BEKTHO-OPUEHTH-
POBAHHOIO IIPOrPAaMMUPOBAHMS, CIIUCOK 3a/1a4 711 CAMOCTOSITEIbHOTO pelle-
HUSI TAKXKe eCTb, HO OH HaMHOTO cKpoMHee. IIpe/iaraemble TaM 3a/1a4 HOCSIT
«IBPHUCTHYECKUIT» XapakTep u chOpMyJIUPOBAHbI B 001eM Bujie. ITO Hame-
peHHas [MO3UIKS, IIOCKOJIBKY B IAHHOM CJIy4ae BaKEH KOHTEKCT IIOCTAaHOBKU
3amaun. /[pyruMu cioBaMH, 4acTbIO 337141, KOTOPYIO MIPEJICTOUT PEelTuTh YH-
TaTeJIIO, SIBJISIETCS, B TOM UHUCJIE, U €€ OKOHYATEeIbHAST (DOPMYJIMPOBKA.

B rmaBax ¢ maTOl MO0 BOCHMYIO BBIIETSAIOTCS HEKOTOPBIE <«H/IE0JIOTHYCCKUEs
HaITpaBJIeHUS HA TOT CIydaii, eCIM YuTaTesb PEITUT CAMOCTOSITEThHO U3y4aTh
COOTBETCTBYIOIINE aCMEKTHI MPOTPAMMUPOBAHNS (PEKOMEHAITNY IS CaMO-
CTOSITENNbHOI PaboThl). 3a/lauul Ui CAMOCTOSITEJIBHOTO PEIIEHNUST B CEbMOI
1 BOCBMOH IJIaBaX He IpeJaraloTcsl, IMOCKOJIbKY MaTepuaj TaM CJIOKHBIN
11 HEKOTOPbIE TeMbI IIPe/ICTAaBJICHbI CKOPee B PesKMMe 03HAKOMJICHHU .

Hakoneri, B mocJie/iHeil riaBe, T/ie pacCMaTPUBAIOTCS MaTeMaTHYeCKHe BbI-
YUCJUTEIbHBIE 33/1a4i, HET HU 3aJlaHUM JIJII CaMOCTOSITEJIbHOTO PelieHus,
HU PEKOMEH AT /11 cCaMOCTOATENbHOI paboThl. I[IpudnHa B TOM, 4TO IJia-
Ba OCHOBATEJIbHO OPUEHTHUPOBAHA HA CAMOCTOATEbHOE U3yUeHUe HETPUBU-
AJIbHOTO MaTepuaJia, II03TOMY MEPErpysKaTh ee HexKeIaTesbHO.

A3bIk nporpammupoBaHua C++

C++ — omun u3 Hanboiee MOMYJISPHBIX SI3BIKOB MporpaMmmupoBanust. He-
BO3MOJKHO MTPEICTaBUTD cebe TTpodheccnoHaIbHOTO TPOTPAMMUCTA, KOTOPBII
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O kHure n a3blke C++

He 3HaJ ObI ero. B aTom cmbiciie BbIOOD sizbika C++ 117151 M3ydeHUst TIPEICTaB-
JIgeTCA BeCbMa YAAuHBIM.

[TOMUMO HEMOCPEACTBEHHON MPAKTUYECKON TOJIb3bl OT YMEHHsI COCTABJIATh
IIPOrPaMMBbI HA HTOM SI3BIKE, €CTh €llle U HeMaJIOBAKHbBINA METOI0JOTHYECKHU
acriexT. CBsI3aH OH ¢ UCKIIIOYUTENLHON rubKocTbio u 6oratctBom C++. Tlo-
cJie €eT0 M3y4YeHUs HAMHOTO Jierde «Opath Ha BOOPYKEHUE» MPOYNe SI3BIKK
nporpammupoBanust. Ho kak 0b1 Tam Hit 66110, C++ Ha ceroaust BocTpe6o-
BaH, U B GJIvKaiiiiee BpeMst 9TO BPSI/L JIU H3MEHUTCSI.

Cpepa pa3paboTku

Her Hemocrarka B mporpaMMHOM obecriedeHuu jijisi paGoThl ¢ Mporpam-
mubIME Kozlamu Ha C++. Ha manHbiii MOMEHT CyNIECTBYET MHOTO Kade-
CTBEHHBIX CPECTB Pa3pabOTKN — KaK KOMMEPUYECKUX, TaK W OECILIATHBIX.
OO6bIYHO UCTIOJIB3YIOT Cpedvl Paspadomkil, B COCTAaB KOTOPHIX BXOJAUT PelaK-
TOP KOJIOB, OTJIQMYUK, OOBIYHO KOMITUJISITOP W PSIL IPYTHX BCIIOMOTATE b=
HBIX yTUIUT. YuTartesnb, 6e3ycJ0BHO, BOJIEH BHIOPATh Ty Cpey pa3paboTKH,
KoTOpasi eMy HanboJsiee cumnaTudna. PaccMarpuBaeMble B OCHOBHOH vac-
TH KHUTU KOJIbl YHUBEPCAJIbHBI U HE NPHUBSI3aHbI K KaKON-TO KOHKPETHOM
cpene. Bmecte ¢ TeM BakHO OTMETHTDH, YTO TECTHPOBAJIMCH MPOTPAMMbI
B Visual Studio Express 2013. JKeatotie MoryT 3arpy3uth (6ecriaTHo, HO
¢ perucrpanueil) JanHyio cpeay paspaboTku ¢ caiita komnanuu Microsoft.

06 aBTOpE

ABrop kHuru — Bacuwrvee Anexcei Huxonaesuu, 1oxTOp (HHU3NKO-
MaTeMaTHUYeCKUX HayK, podeccop Kadeapol TeopeTndeckoii hpusnku pusu-
yeckoro ¢akysibreta KreBcKoro HalMoHaJbHOTO YHUBEPCUTETA HMeHn Ta-
paca IlleBuenko. ABTOpP KHUT 110 TPOrPAMMUPOBAHUIO U MATEMATHUECKOMY
mozespoBanuio. Chepa HayYHBIX MHTEPECOB: (GU3UKa JKUAKOCTEN, Guodu-
31Ka, CHHEPreTHKa, MaTeMaTUYECKIE METO/Ibl B 9KOHOMHUKE, MOZEJINPOBAHIE
COIIMaJbHO-TIOJIMTUYECKUX ITPOIECCOB, MaTEMAaTUY€CKasA JIMHIBUCTUKA.

O6paTHas cBa3b

Brl MoskeTe BbIcKa3aTh CBOM 3aMeYaHUS U TIPpEeJIOKEHNA 110 ITOBOAY KHUTH
TI0 2JIEKTPOHHON TIouTe alex@vasilev.kiev.ua.




Bctynnenne

daiinbl oNg ckauymBaHus

Jlomio/THUTEIbHBIE MaTepUaIbl MOKHO CKadaTh 1o azpecy https://eksmo.ru/
C++_codes.zip

BnaropapHocTun

ABTOp BbIpaKa€T MCKPEHHIOIO MMPU3HATEJIbHOCTb CBOUM YUTATEJIAAM 3a MH-
TepeC K KHUTaM. [Tonumanue TOTO, YTO KHUTH BOCTpe6OBaHbI quTaTe/IsAMu,
ABJIAECTCA HAWJIYUYITUM CTUMYJIOM [IJIAA UX HallTUCaHU .



MlMaea 1
MPOCTLIE NMPOIrPAMMBI

Codwuctuka, nactop, copucrural

u3 xk/¢p «Cemnadyamo MeHOBEHUTL 6eCHbL>

B aroii riaBe paccMaTpuBaroTcsi Hanbosiee MpoCThie TporpamMMbl. Kpome
[IPOYETO, MBI Y3HAEM:

® Kak opraHm3oBaHa mporpamMma B C++;
® KaK OCYIIECTBJIAETCs BBOJ U BbIBOJ JaHHBIX Y€Pe3 KOHCOJIbHOE OKHO
®  Kak OOBSBISIOTCS TTEPEMEHHDIE;

®  KaK BBIMIOJHSIOTCS TPOCThIe apudMeTUuIecKue onepalny,

HY U KOe-4To ellle.

NMepBas nporpamma

Jastee paccmatpuBaeTcst HeOGOJIbINast IPOrpaMMa, KOTOpast 0TOOpaKaeT mpH-
BETCTBUE B KOHCOIBHOM OKHe. COOTBETCTBYIOMNI TPOTPAMMHBIN KOJ| TIPH-
BeJieH B uctuHre 1.1.

Jinctunr 1.1. NepBas nporpamma

#include <iostream>

#include <cstdlib>

using namespace std;

int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// OrobpaxeHue COOBMEHNS B KOHCOJM:
cout<<"llporpammmpyem Ha C++!"<<endl;
// 3amepxka KOHCOJBHOTO OKHa:
system("pause>nul");

return 0;
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[Ipu BbITTOTHEHUY TTPOTPAMMBI [TOJTyYaeM TaKOi Pe3yJIbTar:

Pe3ynbTaT BbiNOJIHEHUS NPOrpamMmmbl (M3 nuctudra 1.1)

[lporpammypyeM Ha C++!
CooTBeTcTByOIIIee COOOIIEHUE TIOSIBJSIETCS] B KOHCOJIBHOM OKHE.

PaccmoTrpum n mpoananusupyeMm mporpaMMHubIii Kof. [Ipexae Bcero, BbI-
JleJTUM OCHOBHBIE OJIOKU B Tiporpamme. DakTHUECKU OH TaM OJFH: 3TO TEJIO
2nasnoll pynxyuu porpaMmmbl. OHA HA3bIBaeTCS main () U OMHCAHA B COOT-
BETCTBUU C TAKUM IHa0JIOHOM:

int main () {
// Kom TnaBHOV GYyHKLMM NPOTPAMMEL

}

Cob6cTBEHHO Tesio (PYHKIUU BBIAEISETCS ¢ MOMOIIBIO TTaphl (PUTYPHBIX CKO-
GOK: OTKpbIBatoIeil { u 3akpbiBaolieil }. To, 4TO MKy 9TUMU CKOOKAMK —
ko byHKIUK nain (). KaroueBoe ¢i0BO int B omucanun (pyHKIINN O3HAUAET,
41O (DYHKIIMST BO3BPAIIAET PE3YJIbTAT, M Pe3yJabraT (PYHKIUU SIBJISIETCS 1ie-
JIBIM UHCJIOM.

Bemmonaenue mporpammbl B C++ — 3TO BBITIOJIHEHNE TJIAaBHON (DYHKIINMHU
main (). ITpote roBOpst, YTOOBI TIOHSTH, KAKHE KOMAH/Ibl BBITTOJHSAIOTCS TTPH
BBITIOJIHEHUU [TPOTPAMMBI, CJIefyeT 00paTUThCs K (DyHKIMK main (). B man-
HOM CJIy4ae B Tesie (DYHKITUU HECKOJIbKO (TOUHee, CeMb) CTPOUYEK KO, TIPU-
YeM TPU U3 HUX — KOMMEHMAPUU.

KomMmeHTapun HaumMHAIOTCS € JIBOMHOIN KOCOI YepThl W MPU KOMIIUJISIINN
[porpaMMbl UITHOpUpYyIoTcst. HaznaueHre KoMMeHTapusi — 00bSICHUTD TOMY,
KTO aHAJIM3UPYyeT MPOrPAMMHBIN KOJ, HA3HAYEHWE TeX WJIU WHBIX KOMAaH]I.
KomMmeHTapuu npeiHasHadeHbl st 4eI0BeKa, a He Ui KoMiborepa. Heo6-
XOJIMMOCTH B MCITOJIb30BAHNN KOMMEHTApPHUEB B TIPOrPAMMHOM KOjie HET, HO
UX HAJIMYUe 3HAYUTEHHO 06JIerdaeT 3a1a4qy mporpaMMICTa.

@ TEOPUYA

B C++ ncnonb3ytoTcst 0AHOCTPOYHbIE M MHOFOCTPOYHbIE KOMMEHTapUN.
OOHOCTPOYHBI KOMMEHTAPUIM HA4YMHAETCS C OBOMHOM KOCOW YepThl //.
Bce, 4To HaxoguTcs cnpaBa — KOMMeHTapuii. OQHOCTPOYHbIA KOMMEH-
Tapui pasmMeLlaeTcs B 0OHOW CTPOKe.

MHOrocTpo4YHble KOMMEHTapPUK, Kak HECNOXHO A0rafatbCs, COCTOAT U3
Heckonbkux CTpok. Hayano BbioensieTtcsa KomOuHauueli CUMBOJIOB /*,
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MpocTble nporpammel

a KoHeu, — */. Bce, 4To HaxoaMTCa Mexay MHCTPYKUMAMW /* 1 */ aBnseT-
Cs KOMMEHTaAPUEM.

/IBe KoMaHIBI B Teste PYyHKIUM main () MMEIOT TEXHIYECKU, «BCTIOMOTaTeTh-
HBIIT» XapakTep. VIX Hammdie B IPOrpaMMHOM KOJI€ CBSI3aHO € 0COOEHHOCTSI-
MU (DYHKIIMOHUPOBaHKSI KOHCOJIBHOTO OKHA 1 HEOOXOANMOCTbBIO OTOOPasKaTh
B HEM KUPWJIMYEeCKUi TeKcT. Peub 0 KoMaHmax system("chep 1251>nul")
u system("pause>nul"). IlepBas mepeBOAUT KOHCOJIb B PEXUM HCIIOTbH30-
BaHUsA KoaupoBku Windows-1251, a Bropas Hy:KHa IJIsI TOTO, YTOOBI II0-
cJie BBITIOJIHEHUS TIPOTrpaMMbl KOHCOJIbHOE OKHO He 3aKPbIBAJIOCh CPasy,
a 3a/IepKUBAJIOCh HA KpaHe JI0 HaxkaTud IoJib3oBaresieM kKiaauniu Enter
(UM KaKOM-TO IPYTOiN).

NOOPOBHOCTMHU

Mpu pabote c onepaunoHHol cuctemoir Windows n BBOAE/BbIBOAE
vHdopMaLmn Yyepes KOHCOJSIbHOE OKHO MOoJib30BaTesflb, CKOpee BCEero,
CTONKHETCH ¢ AByMs npobnemamu. MNepBasi BO3HMKAET Npu oTobpaxe-
HUWN KUPWUJIJINYECKOTO TEKCTA B KOHCOJIbHOM OKHE.

dyHOameHTanbHas CNOXHOCTb CBsfi3aHa C TeM, Y4TO pedakTop KOAOB,
B KOTOPOM HabupaeTcs Ko, NporpaMmbl, UMeeT KOAUPOBKY, OT/IMYHYIO
OT KOANPOBKN KOHCONBLHOIO KOHA. M03TOMY KMPUANNYECKUIA TEKCT, Ha-
OpaHHbI B pegakTope Koaos, 0yaeT HopMabHO BbIMMSOeTb B OKHe pe-
[akTopa KOOOB, HO COBEPLUEHHO HEMPUINYHO MPU OTOOPaXeHun ero
B KOHCONW. Ta xe npobnema ¢ BBOOOM TEKCTA: €CNN B KOHCON BBOOUT-
CSl KMUPUANIMYECKUIA TEKCT, TO MPOrpamMmoi oH ByaeT cumTaH kak Habop
CTPaHHbIX CMMBOJIOB.

Mpo6nemMy MOXHO peLunTb, YCTAHOBMB B OKHE KOHCOJM TaKylo Xe KOAM-
POBKY, Kak B OKHe pegakTtopa kogoB. Caenatb 9T0 MOXHO BPYYHYIO Un
HENOCPEACTBEHHO YEPE3 NPOrpaMMHbIN koA. [nsa 9Toro B Havane npo-
rpaMMHOro Koga nomMeLlaeTca komaHga system("chcp 1251>nul").

Ewie ogHa npobnema cBa3aHa ¢ TeM, YTO NOcsie 3aBePLLUEHNS BbINOHE-
HUS NPOrpaMmMbl KOHCOIbHOE OKHO, Kya OCYLLECTBASIETCS BbIBOL, aBTO-
MaTmyecku 3akpbiBaeTcsl. [poncxoamT Bce 04eHb BbICTPO — HACTOJNbKO,
4YTO NOJSIL30BATESb HE YCNEBAET 3aMEeTUThb, Kakas MHpopmMaLms BbIBOAN-
Nlacb B KOHCOJIbHOE OKHO MNP BbIMNOJIHEHUW NPOrpaMmbl. YTo6bl KOHCOSb
He 3akpblBanachb Mo 3aBepLUEHMN BbINOSIHEHWS NPOrpaMmmebl, [O6aBnseM
B MPOrpaMMHbI KO, KOMaHAy system ("pause>nul").

Komangbl system("chcp 1251>nul") M system("pause>nul") NpeacTaBnsioT
co60W1 BbI30B PYHKUMU system (). YTOObI PyHKUMSA system () Oblna 4OCTYIM-
Ha, NOAKIII0YaEM 3arosioBOK <cstdlib>.

AprymMeHTOM QYHKUMM system() nepenaeTcs TeKCToBas CTpoka, CO-
nepxatas KomaHay, Kotopast AoJfiXHa OblTb BbINOAHEHA B KOHCOSMW.
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B 4aCTHOCTU, KOMaHAa pause AJ19 KOHCOJZIM O3Ha4YaeT 3a4eP>XKY KOHCOJ1b-
HOro OKHa, a komaHga chcp 1251 Mcnonb3dyeTca onda NnpUMeHeHuUs cooT-
BETCTBYIOLLEN KOAMPOBKU. B nmpuHUVne, B NporpamMmMHOM KOAE MOXHO
MCMOoNb30BaTb KOMaHAbl system("chcp 1251") U system("pause"), oaQHa-
KO B 3TOM CJly4ae B KOHCOJIbHOE OKHO BbIBOASATCS COOOLIEHNSI COOTBET-
CTBEHHO 00 yCTaHOBKE KOAMPOBKKU N O HeO6XO,£I,I/1MOCTl/I Ha>KaTb KHOMKY
[N151 3aKPbITUS KOHCOJIbHOIO KOHA. YToObl 3TOro He OblNo, UCMOJIb3yeEM
MHCTPYKUMIO nul. OHa yKkasblBaeTCS YEPEe3 CMMBOJI > NOCSIe COOCTBEHHO
KOMaHbl, KOTOPY HEOOXOANMO BbIMONHUTbL B KOHCOJN.

[Mosxkamy#i, camas BaskHast KOMaH/a B Tesie (OYHKIIMHU main () — aTo cout<<"
Iporpammypyem Ha C++!"<<endl. FMIMeHHO OHa pelaeT OCHOBHYIO 3ajlauy
10 0TOOPaAKEHUIO COOOIIEHNsT B KOHCOJbHOM OKHE, Pajii 4ero, COOCTBEHHO,
u cosznaBanach mporpamma. OCHOBY KOMAaH[IBI COCTABJISIET ONEpamop 6bi-
soda <<. OnepaTopoM BBIBOJIA JIaHHbIE, YKa3aHHBIE CIIPaBa, OTOOPAKAIOTCS
B YCTPOICTBE, CCBIIKA HA KOTOPOE YKa3aHa cjeBa oT oneparopa. Hampuwmep,
KOMaH/1a cout<<"lporpaMmmpyemM Ha C++!" 03HAUYAET, YTO HEOOXOIUMO TEKCT
"Mlporpamvmpyem Ha C++!" BBIBECTH B YCTPOUCTBO, «CIIPSITAaHHOE» 32 UIEHTH-
ukaTopom cout.

[To ymosryanuio uaeHTH(GUKATOP cout O3HAYaeT KOHCOJb (cout ot console
output). TeKkcT, KaKk HECJIOKHO JI0TAJaThCs, 3aKII0UaeTCsl B IBOMHbIE KaBbIY-
ku. OmepaTopoB BEIBO/IA B OJTHON KOMaH/IE PA3peIIaeTcsl UCIOIb30BaTh He-
ckoabko. MHerpykuus endl (ot end of line) wcnonbayercs ais nepeBoja
Kypcopa B HOBYIO CTPOKY B OKHe BBIBoa (KoHcon). [loaTomy Best komanaa
cout<<"llporpammupyeMm Ha C++!"<<endl o3HaAYaET CaexyIOIIEE: B KOHCOJIbHOE
OKHO HeOOXOMMO BBIBECTU TEKCT "llporpamvmpyeM Ha C++!", IIOCJIE Yero Bbl-
TTOJIHSIETCS TIEPEX0/T K HOBOU CTPOKE.

(i) HA 3AMETKY

B npuHuMne, HeT kparHehn HeobXOAMMOCTU B MCMOJIb30BAHUU WH-
CTPyKUMM endl AN9 nepexofa K HOBOW CTpoke. BmecTto komaHapl
cout<<"Iporpammupyem Ha C++!"<<endl BMOJIHE crogmnack Obl M KOMaHAa
cout<<"IlporpammupyeMm Ha C++!".

[Tocnennsa B Tese pyHKINM main () KoMaHJa return 0 O3HAYaeT 3aBeplie-
HUE BBITTOJIHEHNS (PYHKIIMU ¥ BO3BPAIlEHUE Pe3yJIbTaToM (DYHKIUN 3HAYE-
Hist 0. 3Havenue 0 [aeT 3HATD OMEPAIIMOHHON cucTeMe, 4To paboTa (hyHKIIH
3aBepIINIACh B HOPMAJIBHOM pesknme, 6e3 omubku. [locoeaneil koMaHIoi
B QyHKIMY main () OOBIYHO SIBJISIETCST KOMaH/a return 0.
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@ HA 3AMETKY

Takxe Xxo4eTcs OTMEeTUTb, 4TO KoMaHAdbl B C++ 3akaH4MBalOTCA TOUYKOW
C 3anaTomn.

Mbi pazo6Gpaiu KoJi TIaBHOM (hYHKITUH, HO €CTh ellle HeCKOJIbKO WHCTPYKITHiT
B caMOM HauaJjie TTPOTPaMMBbl, 10 Hadyasia OMMUCAHNS TJIAaBHON (DYHKITAML.

WMuctpykuuu #include <iostream> M #include <cstdlib> mpeacTaBisIOT
c0o00ii IMPEKTUBDI MTPEMPOIIECCOPA U UCTIONB3YIOTCS /ISl BKIIOYEHUS B TIPO-
TPaMMHBIH KOJT 3aT0JIOBOYHBIX (haiiIoB, KOTOPBIE cofiep:KaT BaXKHyT0 HHMOP-
Maruio, HeOOXOAUMYIO JIJIsT BBIIOJTHEHUS TPOTPAMMBI.

DaxTuyecku, peub uaer 06 NCIoIb30BaHUU Ga30BbIX CTAHAAPTHBIX OUGJIHO-
TeK, HeOOXOAMMBIX JIJIS1 BBIITOJIHEH S TIPOTPaMMbI (<iostream> COOTBETCTBY-
eT CTaHJapTHOI OubJKMOTeKe BBOJA/BBIBOMA, a <cstdlib> cOOTBETCTBYeET
CTaHapTHOU 0011elt GubIHOTEKE).

4 NMOAPOBHOCTHU

CraHpgapTHas 6mubnmoTeka BBOAA/BbIBOAA COAEPXUT onpeneneHne Ta-
KX NOEHTUOUKATOPOB, Kak cout (KOHCOMbHOE YCTPOWCTBO) U cin (kna-
BMaTypa — ycTporcTeo BBoga). CtaHgapTHaa obwas 6mbnnorteka co-
0epXuT onpeaeneHne, KpoMme npoyero, GyHKUMmM system().

WMHeTpyKIus using namespace std mpejcrasisieT coO0i KOMaHY JJIsL MC-
MOJTh30BAHUS CTAHJAPTHOTO NPOCMPAHCMBA UMEH Std.

@ TEOPUYA

MpocTpaHCTBO UMEH — 3TO Hekoe abCTPakTHOE XpaHWUULLE, NO3BO-
naoLlee n3deratb KOHGANKTA UMeH. [pn cocTaBNeHUU NPOrpaMMHOro
KoAa Ham HeobXoaAMMO yKasaTb, Kakoe MMEHHO MPOCTPaHCTBO UMeEH Oy-
[eT NCNoJib30BaHO /19 «<XpPaHeHWs» Ha3BaHWI co3aaBaeMbIX B Mporpam-
Me yTunut. Mbl 6yaem 1CrnoJsib3oBaTh CTaHOAPTHOE MPOCTPaHCTBO UMEH,
KOTOpOe Ha3biBaeTcs std.

CoOCTBEHHO Ha 3TOM MbI 3aKaHYMBAEM aHAJIU3 TIPOrPAMMHOTO Koja. B 3a-
BepllieHre TpUMepa OTMETUM, UYTO MPU HANMMCAHUU MPOTPAMM MBI B JaJib-
HeWIIIeM TIAHKPYEM HCIT0JIb30BaTh CJIeLYONINi mabIoHHbIi Ko (6e3 yuera
KOMMEHTapHeB):
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#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
system("chcp 1251>nul");
// Kom ryaBHOM GyHKLMM
system("pause>nul");
return 0;
}
Ecuu ke ynraTesib penut mpodsieMy ¢ KOAUPOBKO# U 3a/1€PsKKOIT KOHCOJIb-
HOT'O OKHa CI10cO060M, OTJIMYHBIM OT [IPEICTABJECHHOIO BbIIIIE, TO IAGJIOHHbII
KO/I ellle Mpolie
#include <iostream>
using namespace std;
int main() {
// Kom TyaBHOM (GyHKLMM
return 0;
}
Temeps mepexoanM K PaCCMOTPEHUIO CIEAYIONIEro TpuMepa. B HeM MbI TT0-

3HAKOMUMCSI C onepamopom 66oda (y3HaeM, KaK BBOAMUTCS WH(MOPMAIUs
C KJIABUATYPbI) U NepeMeHHbIMU.

3HaKOMCTBO C NepeMeHHbIMU

[lasee Mbl pacCMOTPUM 3a/iauy O IIepeBOJie PACCTOSIHUSI, YKa3aHHOTO B MU-
JISIX, B 3HaueHMe, yKasaHHoe B KuyioMerpax. [Ipu ee pemenyy Ham npeicTout
BBOJIUTD JIaHHBIE C KJIABUATYPBI U TTepefiaBaTh UX B IPOTPAMMY JIJIST BBITION-
HEHUsT HeOOXOUMBIX BHIYHCITIEHH.

() HA 3AMETKY

BputaHckasa ctatyTHas Mung — mepa JnHbl, paBHasa 1609344 munnn-
MeTpam mnm 1,609344 kmnnometpa. HToObl NepeBecTn 3Ha4YeHue, yka-
3aHHOE B MUJISIX, B KUJIOMETPbI, AOCTATOYHO YMHOXWUTb 3HAYEHME B MU-
nax Ha 1,609344 .
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HporpaMMa AOCTATOYHO ITPOCTasA: CHadaJia BbIBOAWUTCA 3alIpOC Ha BBO/I I1OJIb-
30BaTesIeM PAaCCTOAHUA B MUJIAX, ITIOCJI€ YETO BBEAEHHOE 3HAaYE€HE CUYUTbIBA-
€TCs, BBITTOJIHATIOTCA HeO6XOZ[I/IMbIe BbIUMCJIEHUA, a PE3YJIbTaT BBIYHCIEHIH
OTO6pa>Ka€TC$I B KOHCOJIbHOM OKHE.

B rporiecce BBIYUCJIEHUIT HAM HOHaZIO6I/ITC$I KyZa-TO 3aIlTUCbIBaTh BBO/INMOE
ITI0/1b30BaTeEJIEM 3HAaUE€HUE, PaBHO KaK 1 Pe3yJbTaTbl BBIYUCIEHU. IIJIH 9TOTrO
B IIpOTrpaMMe UCHOJIb3YIOTCA NEPEMEHHBLE.

=

TEOPUYA

MepemMeHHas — MMeHOBaHHasi 06nacTb NamsaATU, B KOTOPYIO MOXHO
3anucaTtb 3Ha4YEeHME 1 U3 KOTOPOM MOXHO MpoYMTaTh 3HadyeHne. B C++
nepemMeHHble nepen WCNonb30BaHMEM 00baBnsAOTCA. [nsa Kaxaon
NEPEMEHHON YKa3blBAETCHA TUM 3HAYEHUS, KOTOPOE MOXET XPaHUTbCS
B NepeMeHHON. Tnun nepeMeHHOon onpeaensieTcs 4epesa K4yeBoe Cro-
BO — maeHTudunkaTop tmna. Hambonee aktyanbHble 6a30Bble TUMbI: int
(uenble yncna), double (AeNCTBUTENbHbBIE YMCNA), char (CMMBOSbI)

B nporpamme nepemeHHas 06bsBNsieTcs B I060M MecTe (HO [0 NepBOro
ee ncnonb3oBaHus). O6aacTb AOCTYNHOCTU NEPEMEHHON OnpeaensieTcs
6710KOM, B KOTOPOM OHa 06bsiBNeHa. bnok, B CBO o4epeapb, OrpaHnynBa-
eTcs napont durypHbix ckobok. Ecnv nepemeHHas o6bsiBNeHa B rnaBHOMN
GYHKUMM NpOorpaMmbl, OHa JOCTYMNHa B II0O0OM MeCTe rmaBHON QYHKUMN.
[MoMUMO NepemMeHHbIX, HEPEAKO UCMOMb3ylTCa KOHCTaHTbl. OT nepe-
MEHHbIX OHV OT/INYAIOTCA TEM, YTO 3HAYEHNE KOHCTAHTbl USBMEHUTb HEJb-
35. KOHCTaHTbl ONUCBLIBAIOTCH TaK Xe, KAk MEPEMEHHbIE, HO C MAEHTUDU-
KaTOpPOM const.

Tenepp paccMOTpUM TIPOTPAMMHBIN KOJI, TTPE/ICTaBIEHHBIN B iucTuHTe 1.2.

Jincturr 1.2. NepeBopn MUsb B KUIOMETPbI

#include <iostream>

#include <cstdlib>

using namespace std;

int main() {

// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");

// KoHCTaHTa OmpelnejseT, CKOJIbKO B OIHOM
// MMIIe KWIIOMETPOB:

const double kmInMile=1.609344;
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// TlepeMeHHHE IJig 3amUCH PACCTOSHUA
// B MMIAX U KUJIOMETPAX:
double distMile,distKm;

// 3ampoc Ha BBOI PacCTOSHUA B MMJISX:

cout<<"VkaxuTe paccCTOsHMEe B MUIAX: ";

// CumMTHBaHME 3HAYEHMS IJIS PACCTOSHUS B MUJIAX:
cin>>distMile;

// BbuUyCIEHVE PACCTOSHUS B KMJIOMETPAX :
distKm=distMile*kmInMile;

// OrobpaxeHne pPe3ysbTaTa BHUMCIIEHNN :
cout<<"PaccrogHre (B kM): "<<distKm<<endl;

// 3amepxka KOHCOJLHOTO OKHa:
system("pause>nul");

return 0;

B Tene rnaBHOll (dYHKUIMM TIporpaMMbl WHCTPyKIMeH const — double
kmInMile=1.609344 0OBIBISETCS KOHCTAHTA JEHCTBUTEIBHOTO YHUCJIOBOTO
tuma. Koncranra HazpiBaeTcst kmInMile v ee 3HaUeHue paBHO 1. 609344 (KuJIo-
MeTpPOB B 0/1HOI MuJie). Tak:ke B iporpammMe 0ObsIBIISIIOTCS [IBE TIEPEMEHHbIE
distMile u distKm, 06e Tuma double. B mepemennyio distMile 3amuchiBaercst
3HaYeHUE /I PACCTOAHUA B MUJIAX, KOTOPOE I10JIb30BaTe/b BBOJAUT C KJla-
BuaTypsl. [IponcxoanT 310 Tak: cHavasa KOMaHAON cout<<"Vkaxure pac-
CToAHME B MWIAX: " B KOHCOJU OTOOPasKAETCS COOOIIEHUE C IIPEAI0KECHM-
€M BBECTH YMCJIOBOE 3HAUEHHE. 3aTeM IM0Ib30BaTeNb ¢ KJIAaBUATYPbI BBOJIUT
3HaveHue U HaskumaeT kiaasuiry <Enter>. Takas curyaiust 06pabaTbiBaeTCst
KOMaH/10#1 cin>>distMile, OCHOBY KOTOPOIl COCTABIISIET ONEPAMop 8600a >>.
WNnentudukarop cin (abb6peBuartypa ot console input) 0603HaYaeT yCTPOIi-
CTBO BBOjIa (TI0 YMOJTYAHUIO Pedb UeT 0 KiaaBuarype). CrpaBa OT omepaTopa
BBIBOJIa YKA3BIBAETCS TIepeMeHHas (B JaHHOM ciydae distMile), B KOTOPYIO
3alUCbIBACTCA 3HAYeHe, BBOAUMOE I10JIb30BATEJIEM.

(G) HA BAMETKY

[Mockonbky nepemeHHas distMile 06bsBNIEHA C TUMOM double, TO BBE-
OEeHHOoe noJib3oBaTteneM 3Ha4yeHne aBToMaTn4eckn NpuBOOUTCA K TUMY
double.
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Komanmoit distKkm=distMile*kmInMile BBIYMCISETCS PACCTOSTHIE B KUJTOME-
Tpax (paccTostHuEe B MIJIAX distMile yMHOKaeTcs Ha KOHCTAHTY kmInMile,
OTIPEIETISIONIYIO KOTMIECTBO KUJIOMETPOB B OJTHOM MILTTE).

@ TEOPUSA

34€eCb Mbl CTankMBaeMcs C OnepaTopoM yMHOXeHus *. Opyrue apnd-
MeTMYeCcKne ornepaTopbl: Orneparop C/IOXEHUdA +, onepaTop Bbl4UTAHUA
-, oneparop geneHus /. Onepartop geneHus B C++ cneunduyecknii:
ecnun oba onepaHaa LeNoYnCNeHHbIe, TO AefIeHNe BbINOJHAETCS HALEeno
(uenouvicneHHoe pgeneHue). Hanpumep, pesynstaToM BbipaxeHus 9/4
SIBNSIeTCH 3HaYeHue 2. YTobbl AeneHne BbiNoHANOCh HA MHOXECTBE Aei-
CTBUTEJIbHbBIX YMCEN, Nepen COOTBETCTBYIOLLEN KOMaHOO0M yKa3blBaeTCH
WMHCTPYKUMS (double) (KMtO4EBOE CNIOBO double B KPYMbIX CKOOKax). Ha-
NpPUMEP, Pe3y/bTaToM BbIpaXeHns (double) 9/4 ABNAETCA 3HAYEHUE 2.25.
[MpuceamBaHme BbINOMHAETCS C MOMOLLBIO onepartopa =. 3Ha4yeHune, yka-
3aHHOe crnpasa OT ornepaTopa npuceavBaHus, 3anMcbiBaeTcs B nepe-
MEHHYI0, YKa3aHHYIO C/ieBa OT oneparopa npvcBanBaHus.

Pesynbrar Beruncaennii 3anmceiBaeTcs B mepeMenHyio distKm. [locme atoro
KoMamga cout<<"Paccrosnne (B xM): "<<distKm<<endl oToOpaaer BHIYLC-
JIEHHOe 3HaueHUe B KOHCOJbHOM OKHe. Pe3ysbraT BbIITOJTHEHUS TTPOTPaMMBbI
MOKeT OBbITh TaKUM (GKUPHBIM TIPU(TOM BBIEJIEHO 3HAYEHKE, BBOIMMOE
II0JIb30BATEJIEM ):

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmmbl (M3 nuctudra 1.2)
Ykaxure paccrToghHme B Munigx: 3.5

Paccrogure (B xM): 5.6327

Brrmme mbr OTIeprupoOBaJIi HEIEJTbIMU ([[efICTBI/ITeJIbeIMI/I) YUCJIOBbBIMU 3HaA-
yeHuaMU. Takoit moaxoa MaTeMaTniecKu KOPPEKTEH, HO € TIPUKJIATHON TOU-
KM 3PEHMsI He OYeHb YI0OEeH, TIOCKOJIbKY B PEaTbHOCTH ISl ONIPEAETICHUS
PACCTOSTHUIT CITOJIB3YIOTCS Pa3HOMACIITaOHbIE METPHUYECKIE eNHUIIBL. 10-
JTOOHYIO CUTYaIINIO PACCMOTPHM JIaJiee.

@ HA 3AMETKY

MoacHumM, 4TO nmeeTca B Buay. CkaxeM, B NpeabiayLlemM npuMepe Mol
npv TECTUPOBAHMM MPOrPaMMbl BBOAWUIIM 3HAYEHME 3.5 AJ1 PACCTOAHUSA
B Munax. Ecnm aTo xe paccTosiHve Bbipa3uTb B MUASX 1 pyTax, To byaer
3 MmN n 2640 ¢yTOoB (B OQHOM Mune PoBHO 5280 ¢dyToB). To Xe paccTos-
HWe B KWNOMETPax COCTaBASET BEIMYNHY 5. 6327, UK, YTO TO XXe caMoe,
5 KWJIOMETPOB U 632 MeTpa (ecnm oT6pocuTb 70 CAHTUMETPOB).

19



Maea 1

Paccmorpum nipuMep, aHaJIOTMYHBIN TPEICTABJACHHOMY BbIIIe, HO HECKOJIBKO
BU/IOU3MEHNM ODIIYT0 TIOCTAHOBKY 33j1aun. B yacTHOCTH, paccTosiHme Oyer
YKa3bIBaThCS B MUJIAX U (PyTax, a IEPECUYNTHIBATLCS — B KUJIOMETPBI I MET-
po1. COOTBETCTBYIONUI TIPOTPAMMHBIN KO/ TIPEICTaBIeH B iuctrnre 1.3.

Jluctunr 1.3. NepeBoa Munb n PpyToB B KWIIOMETPbI U METPbI

#include <iostream>

#include <cstdlib>

using namespace std;

int main () {

// VI3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");

// KommuecTBO OYTOB B MuJe:
const int ftInMile=5280;

// KOJIMuecTBO KUJIOMETPOB B MMUJIE:

const double kmInMile=1.609344;

// [lesIouUnCIIeHHEE IIEepeMeHHBIe IJId 3alMCU KOJIN4eCTBa

// Muib, OyTOB, KMIJIOMETPOB U METPOB:

int dMile, dFt, dKm, dM;

// BBOO paccTodgHMd B MMJISX M QyTax:
cout<<"PaccroaHye B Muidax ¥ QyTax."<<endl;
cout<<"Mmmm: ";
cin>>dMile;
cout<<"oyTe: ";

cin>>dFt;

// PaccrosHue B MUJIAX:

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

double distKm=distMile*kmInMile;

// TOJBKO KUIJIOMETPHL:

dKm= (int)distKm;

// MeTps:

dM=(int) ( (distKm-dKm)*1000);
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// OToCpaxeHue pe3ybTaTa BHUMCIIEHUN :
cout<<"PaccrosHue B KuUJIOMETPax ¥ MeTpax.'"<<endl;
cout<<"Kmyomerpr: "<<dKm<<endl;

cout<<"Merpr: "<<dM<<endl;

// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

[Ipoanammsupyem nporpammy. B mannom carydae onpesesnsieTcs mes109nciaeH-
Hasd KoHcTtaHTa ftInMile co 3HayeHuveM 5280, ONPEAESAIONUM KOJINYECTBO
(yroB B Mmuite. [leiicTBUTeIbHASA YMCI0BasA KOHCTaHTa kmInMile co 3HaYeHU-
eM 1.609344, onpeiesioniuM KOJNIeCTBO KUJIOMEeTPoB B MuJie. [lenounciien-
Hble nepemennble dMile, dFt, dKm 1 dM UCIIOJIB3YIOTCSA HAMU 1A CYUTBIBAHUA
KOJIMYECTBA MUJTh, (DYTOB U 3aMMCH BHIYUCIEHHBIX 3HAYEHUH /171 KOJTMYECTBA
KIJIOMEeTPOB U MeTpoB. CUNTBHIBaHNE MUJIb U (DYTOB BBITIOJIHIETCS C TIOMO-
HIbIO0 KOMaH/[ cin>>dMile u cin>>dFt cooTBeTCTBEHHO. /lasiee B IPOrpaMMHOM
KOZ€ C ITIOMOIIbIO KoManabl double distMile=dMile+ (double)dFt/ftInMile
BBIYUCTSETCS PACCTOSIHYAE B MUJISIX (MMEETCSI B BUY PACCTOSHUE, BHIPAYKEH-
HOE TOJIBKO B MUJISIX, ¥ TOITOMY TaKO€ 3HaYeHUe B OOIIEM CJIydae siBJISIETCS
NEeHCTBUTEIbHBIM UcyIoM ). [laHHAsg KOMaH/Ia ToKa3aTeibHa BO MHOTHX OTHO-
neHusix. Bo-1epBbIxX, OHA He TOJIBKO BbIYUCISIET 3HAUeHHE, HO OJJHOBPEMEHHO
1 00BSABJISIET TIEPEMEHHYIO, B KOTOPYIO 3HaYeHNe 3armnchiBaeTcst. bosee KOH-
KpeTHO, 00bsB/IsETCS TlepeMentas distMile Tuma double W el mprcBanBa-
eTcd 3HaueHue BbIpakeHud dMile+ (double)dFt/ftInMile. /[anHoe BbhIpaske-
HI€ MPEICTaBIISIET COO0I CyMMY 3HAYEHUST TepeMeHHOIT dMile 1 BBIPAKEHUST
(double)dFt/ftInMile, KOTOpOE, B CBOIO OYEPE/b, SBJILAETCA YACTHBIM OT Jie-
JIeHUs 3HAYeHUs MepeMeHHoU dFt Ha 3HaueHue mepeMeHHON ftInMile. Ilo-
CKOJIbKY 00€ TiepeMeHHbIE TeJIOUNCIEHHBIE, a JIeJIeHNe HYKHO BBITIOJTHSTD Ha
MHOJKECTBE JIEHICTBUTEIBHBIX YHCEN (TO €CTh OOBIYHOE JIeJIeHNE, He TIeJI0UNC-
JIEHHOE ), TO TIEPE] BBIPAKEHNEM YKA3bIBAETCS MHCTPYKINS (double).

() HA 3AMETKY

OTHoOLLEHMe 3HaYeHWI NepeMeHHbIX dFt 1 ftInMile NpeacTasnaeT coboi
4yacTb MUK, KOTOPAs B UCXOAHOM MNPeACcTaB/IeHnM BbipaxeHa B (yTax.

PaccrosHue BKusoMeTpax BbIUUCIISIETCS KOMaHo double distKm=distMile*
kmInMile. 3/1eCh MBI CTAJTKUBAEMCS C TaKOU Ke CUTyallMei, KaKk W BBIIIe
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nepeMeHHast distKm OOBSIBIISIETCSI, U eil cpa3dy NPUCBANBAETCsI 3HAYEHUE,
[IpyyeM 3HaueHMe BhIYUCseTcs: (KaK IIPOU3BeCHUE PACCTOSIHUS B MUJISX
distMile Ha KOJMYECTBO KMJIOMETPOB B OJTHON MuUJe kmInMile).

@ HA 3AMETKY

CuTyaums, korga 3Ha4yeHne nepeMeHHOM NpucBanBaeTcs Npu ee 06bSIB-
JIEHUM 1 MPUCBaVBAEMOE 3HAYEHNE ONpPeaensieTcs BblpaXXeHNeM, Hasbl-
BaeTCH AUHAMUYECKOW MHULManm3auuen nepemMeHHOM.

B nepemennyio distKm 3ammcaHo paccTOsSHNME B KUJIOMETPax. JTO JeHCTBU-
TesbHOE uncso. HaMm HeoOX0AMMO M3BJIeYb M3 HETO IEJNYI0 YacTh (KUIoMe-
TPBI) 1 APOOHYIO YACTh, KOTOPast, YMHOKeHHast Ha 1000 (B OZIHOM KUJIOMETPe
1000 MeTpOB), 1aeT 3HAUYEHUE JJIT KOJTUIECTBA METPOB.

Yr00bl BBIIEIUTH M3 3HAYEHIS IePEeMEHHOI distKm [[eJIyI0 4acTh, HCIIOJIb3Y-
eM KoMaHTy dKm= (int) distKm. B Heil mciosb30BaHo SIBHOE TPUBEIEHTE THUTIA:
3a cyeT MHCTPYKIMU (int) BBIIONHAETCA IIpuUBejeHue double-zHayeHUsd
MepeMeHHOoi distkm K [eJOYMCAECHHOMY 3HAYEHHIO MyTeM OTOPachiBaHUS
apobHoii yactu. IIpole ToBOps, 3HaYEHUEM BbIpasKeHHUs (int)distKm BO3-
BpalllaeTcs 1ieJiast 4acTh 3HAYCHUS IepeMeHHOH distKm, IpU 3TOM 3HAYeHUe
caMoii riepeMeHHO distKm He MeHseTCs.

[lepemennoii dM mpucBamBaeTcs 3HaYeHWEM BbIpakeHMWe (int) ((distKm-
dKm) *1000). OHO BBIYMCJSETCS TaK: Pa3HOCTb 3HAYEHUH TePEeMEHHBIX
distKm-dKm maeT pe3yJsibTaToM APOOHYIO YacTh HepeMeHHO# distKm. ITosry-
YeHHOe 3HaUYeHre yMHOKaeTcs Ha 1000, U Y BBIYUCIEHHOTO pe3yJibraTta OT-
GpacbiBaeTcst ApoOHAd YacTh (3a cYeT MHCTPYKIUMU (int)).

[TonyueHnHble B pe3ysibraTe BBIYUCIEHUN 3HAUEHUS I IIEPEMEHHBIX dKm
u dM oToOpaskaloTCs B KOHCOJBHOM OKHE KOMAaHAAMHU cout<<"KuioMeTps:
"<<dKm<<endl M cout<<"Merpm: "<<dM<<endl. Huke mokazaHo, KaKk MOKET
BBITJISAZIETh PE3YJIBTAT BBITTOTHEHNS MTPOTPAMMBI ((KUPHBIM TIPU(GTOM BbIZIE-
JIeHbI 3HaYeHN s, KOTOPhIE€ BBOAUT MOJIb30BATEh ):

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmmbl (M3 nuctudra 1.3)
PaccrodHye B MUIAx ¥ QyTax.

Mumm: 3

dyTH: 2640

PaccrosHyue B KMJIOMETpax ¥ MeTpax.
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KunomeTpr: 5

MeTper: 632

PaccmorpenHbie pUMepsl IAI0T HEKOTOPOE MPEJICTABIEHNE O TOM, KaK HC-
TTOTB3YIOTCS TIepeMenHble. /lasee MbI TO3HAKOMUMCST C DYHKUUSIMU.
3HaAKOMCTBO C PYyHKUNAMMU

Terepb MBI pACCMOTPYM TY K€ 33/1a4y O BEIYUCTIEHUN PACCTOSTHUST B KUJIOMET-
pax 1o 3HAYEHWIO, YKa3aHHOMY B MUJISIX, HO Ha 9TOT pa3 NpuOErHeM K IOMO-
1 QyHKITUI

@ TEOPUSA

DYHKUUA — MMEHOBAHHbIN 610K NPOrPaMMHOro Koaa, KOTOPbI MOXHO
BbI3BaTb N0 MMeHW. [pu onncaHnm GyHKUMK yKadbiBAETCH ee NpoToTUN
(Tvn pesynbTaTa, Ha3BaHME N CNUCOK aPryMEHTOB) U, B GUTYPHbIX CKOO-
Kax, Teno GyHKUMKM (MporpamMmHbIi KOA, KOTOPbLIV BbINOMAHAETCS NPW Bbl-
30B€e PyHKLUNN).

HoBblil criocob pelieHust yxke 3HAKOMOI HaM 3a/adul TIPECTABIeH B TIPO-
rpaMMHOM KoJie B uctunre 1.4.

Jluctunr 1.4. Ucnonb3oBaHue PpyHKUNA
#include <iostream>
#include <cstdlib>
using namespace std;
// OyHKUMS IS CUMTHBAHMS PACCTOSHUA B MUJIIX:
double getDistMile() {
// TlepeMeHHad IJIS 3alMCK Pe3yJbTaTa GyHKUUM:
double dist;
// 3ampoc Ha BBOI PACCTOSHUA B MUJIAX:
cout<<"VkaxmuTe paccTogHye B Muuax: ";
// CumuTHIBAHME 3HAUEHMSA IJIS PACCTOSHUA B MUJIAX:
cin>>dist;
// PesynbTar QYHKUMUK:

return dist;

23



Maea 1

}
// OyHKUMSA LS NepeBoda MWJIEN B KUJIOMETPH:
double getDistKm(double dist) {
// B OOHOM MWJIe KMJIOMETPOB:
double kmInMile=1.609344;
// PesynbTaT QyHKUUM:
return dist*kmInMile;
}
int main () {
// VI3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlepeMeHHas IS 3aNUCK PACCTOSHUSA B MUJIAX:
double distMile=getDistMile();
// BHIIOJHEHVE BHUMCIIEHUN :
cout<<"Paccrosuue (B xM): "<<getDistKm(distMile)<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

}

PesyibraT BBITOJHEHUST TIPOTPAMMBbI MOKET ObITh TaKUM (GKUPHBIM HIpH -
TOM BBIJIEJIEH BBOJI TTOJIb30BATEIS ):

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmmbl (M3 nuctudra 1.4)

YkaxuTe paccrosuue B Munax: 3.5

PaccrosHme (B kM): 5.6327

DakTuyecku, ¢ TOYKM 3PEHUs] KOHEYHOTO Pe3yJibTaTa MporpaMma BbIIOJI-
HSET Te JKe OTepaIii, YTO U B OJHOM U3 MPEABIAYIINX ITPUMEPOB (CM. JIN-
ctudr 1.2). BmecTe ¢ TeM B TaHHOM cJiydae KO IPUHIUITNAIbHO uHo. [Ipo-
AHAJIUBUPYEM €TO.

B mporpamme kpome TiaBHOUW (DYHKIIUU main(), OMUCHIBAETCS ellle ABE
(byHKuMH:(byHKuMH getDistMile (), mnpeaHasHaYeHHAad [JIs CYUTBHIBAHUA
C KJIABUATYPBI 3HAUEHUS JIJISI PACCTOSTHUST MUJISIX, U (DYHKIUA getDistKm(),
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npeHasHaYeHHast UIs TipeoOpa3oBaHust MIJIb B KuoMeTpbl. OObsBIICHIE
yaKIIHT getDistMile () HAYMHAETCS C KJIIOUEBOTO cJIoBa double: (YHKITH
BO3BpaIaeT Pe3yabTaT, U 9TO 3HaueHue tuta double. [Tocae mmenn pyHkIIm
KPyTJIble CKOOKH TyCThle — apryMeHToB y (dbyHKIuu HeT. B Tene GyHKimm
KoMaHzol double dist oOBABISAETCHA JOKAIbHAL (/:[OCTyHHa TOJIBKO B TeJjie
(byHKIIMU) TIepeMeHHas, 3HaU€HUE KOTOPOUM CUYUTBIBAETCS C KJIABUATYDPBHI
(komanza cin>>dist). ITocse aToro 3HaueHue rnepeMeHHOl dist Bo3Bpala-
eTcs pe3yJbraToM MYHKITNY (KoMaH/ia return dist).

@ TEOPUSA

HanomMHum, 4to 06NnacTb AOCTYMHOCTU MEPEMEHHOW OrpaHnyYMBaeTCcs
O6510KOM, B KOTOPOM OHa 00bsBNeHa. llepemMeHHble, 0ObSBEHHbIE B TENE
GYHKUMW, HAa3bIBAOTCS NOKabHBIMW 1 AOCTYMHbI TOSILKO B TeN1e MYHKLMN.
MecTo B naMsaTu Nog, NOKasibHbIE NEPEMEHHbIE BbIOENAETCS NP BbI3OBE
GYHKUMN, a NO 3aBEPLLUEHUN BbINOAHEHUS DYHKUUK NIOKaNbHblE nepe-
MeHHbIe yaanaTcsa n3 namatu. JlokanbHas nepemeHHas, Takum obpa-
30M, CYLLLECTBYET, TOJIbKO NOKa BbINOMHAETCS OYHKLUUS.

Cnepnyet pasnuyatb onncaHme GyHKUMN 1 ee BbI30B. OnucaHmne yHk-
LMN HE MOApa3yMeBAET BhINMOIHEHME kKoaa dyHKkumn. Kog dyHKummn Bbl-
MOJIHAETCS NMPW BbI3OBE DYHKLMN.

MHCTPYKUMS return NPMBOOUT K 3ABEPLUEHUIO BbIMOJHEHUS DYHKLNN.
Ecnu nocne MHCTPYKUWM return yKa3aHO 3Ha4YeHMe, TO OHO BO3BpaLLaeT-
CS1 pe3ynsTaToM GyHKLUMK.

Oyukius getDistKm () TpexHasHavyeHa /sl TepeBojia MUJIb B KHJIOMETPBI:
y Hee oauH apryMmeHT (o6o3HayeH Kak dist) Tuma double, a pe3yJbTaToM
(ynxmusa BosBpammaeT Takke 3HaueHue Tuma double. Pesymbrar dyHK-
1MW BO3BpaliaeTcss KOMaHAOW return dist*kmInMile. DTO Tpou3BeeHUE
apryMeHTa dist u mepeMeHHON kmInMile (3HaueHMe IeePMEHHOU PaBHO
1.609344).

@ TEOPUSA

AprymMeHTbl GYHKLMN «MMEIOT CUIY» NOKanbHOW nepemMeHHor. Obbasne-
HME aprymeHTa npu onmcaHnm GyHKUMM pacnpoCTPaHSETCs TObKO Ha
TENOo OYHKUNN.

B riiaBHOM hyHKITMN TPOrpaMMBbl KOMaHIOH double distMile=getDistMile ()
00baBIsIeTCS epeMeHHas distMile U 3HAYEHMEM STON IIepeMeHHOI IIpUCBa-
nBaeTcs pe3yabTaT GyHKIuN getDistMile (). Boi3oB dyHKIMM getDistMile ()
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IPUBOIUT K OTOOPAsKEHUIO 3aIPOCca B KOHCOJBHOM OKHE ¥ 3aKaHYMBAeT-
CS CUYNTBIBAHMEM 3HAYCHUS C KJIABUATYPBI (M BO3BpaTa 3TOTO 3HAYCHUS
(ynxmmeit). 3ammcanHoe B mepeMeHHYIO distMile 3HAYeHWE TeperaeTcs
apryMeHTOM TpH BBI30Be (YHKIMHU getDistKm() (MMeeTcda B BUIY KOMaH-
na cout<<"PaccrosHme (B kM): "<<getDistKm(distMile)<<endl). B utore
MOJTy4aeM B KOHCOJIBHOM OKHe COOOIIeHne, cofiepKaiiiee 3HaYeH e st pac-
CTOSIHUS B KMJIOMETPAx.

3HaAaKOMCTBO C ONnepaTopoMm uukKna

B CJAEAYIOHIEM ITPUMEPE BBIYUCIIAETCA CyMMa KBA/I[pATOB HATYPAJIbHBIX YN CEJL.

@ HA 3AMETKY

Peuyb ngert o BbIHMCNEHUN CYMMBbI 12+22+3%+ .+ n2, roe BepxHss
rpaHvua cyMmbl n 3agaHa. B nporpamme Takass cymma BblYMCNSAET-
Ccs HanpsiMyto, HenocpeacTBeHHbIM CyMMUpoBaHMeM. [ns npoBep-
KN KOPPEKTHOCTWU pe3ynbTaTa MOXHO BOCMONIb30BaTbCA HOPMYNOn
12+2°+3%+ ... +n*=(n(n+1)(2n + 1))/6.

[l mpoBeleHNsT BBIYUCJICHUI UCIIOJIb3yeTcsl olepaTop 1ukIa while. [Ipu-
Mep IpejicTaBieH B iuctuure 1.5.

Jinctunr 1.5. BeluncneHme cyMmmbl KBaapaToB HaTypasibHbIX Yucen
#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
// VI3MeHeHMEe KOIVPOBKM KOHCOJM:
system("chcp 1251>nul");
// BepxHAS TpPaHuULa CyMMBl, 3HAUEHME CYMMEH U
// vHOEeKCHas mepeMeHHad:
int n=10,s=0, k=1;
// OnepaTop UMKJA M9 BHUMCIIEHUS CYMMH:
while (k<=n) {

// IDoBaBieHne HOBOTO CJATAEMOTO K CYMME:
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s=stk*k;
// YBemuuenue (Ha 1) 3HAUEHMSI MHOEKCHOV [TEPEMEHHON:
k++;

}

// OrobpaxeHne pPe3ysbTaTa BHUMCIIEHUN

cout<<"Cymma xBagpaToB OT 1 mo "<<n<<": "<<s<<endl;

// 3amepxka KOHCOJBLHOTO OKHa:

system("pause>nul");

return 0;

Hwuxe IIpUBE/IEH PE3yJibTaT BbIIIOJIHEHUA ITPOTPAMMBI:

Pe3ynbTaT BbINOMIHEHUS NPOrpamMmbl (M3 nucTuHra 1.5)

CymMa xBagparToB oT 1 mo 10: 385

B nporpamme komanoit int n=10,s=0, k=1 06 BABIAIOTCA TPU LIEJIOYNCTIEH-
Hble IepeMeHHblIe, IPUYeM UM cpa3dy lpucBanBaeTcs 3HaueHue. [lepemennas
nOHpeﬂeHHeTBerHKHOFpaHHHyJUHICyMMbL]BHepeMeHHyK)S6yﬂeT3aHH-
CBIBATBHCSA CYMMa KBaJpaTOB HATypPaIbHBIX YHUCEJI, a IIepeMeHHasd k ITOHA1L0-
OUTCS B OIIepaToOpe IUKJA sl «3arnOaHus MajblieB» — IOACYeTa KOJue-
CTBa CJIaracMbIX, J0OABJICHHBIX B cymmy (TiepeMeHHYIO k 6yﬂ€M,Ha3HBaTb
WH/IEKCHOU TTlepeMeHHOH ). Bce 0CHOBHBIE BBIUMCIIEHUS BBITTOJIHSIOTCS B OTIe-
parope UK, ONUCcaHNue KOTOPOr0 HAYMHAETCI C KJIIYEBOTO CJIoBa while.
B kpyrabix CcKOOKax TI0cje KJI04eBOoTro cJoBa while YKa3aHO yCJaoBUeE k<=n,
O3HavaloIIee, YTO OIepaTop [UKJIA BBIIIOJIHAETC 0 TEX II0P, IIOKA 3HAYEHUE
TTepeMeHHON k He TIPeBBINAET 3HAUEHNe TTePeEMEHHON n. 3a KayKIbIN TTKJI
BHHOﬂHﬂeTCﬂﬂBeKOMBHﬂbEKOMHHHaS=S+k*kﬂ06aBHﬂ€FK3HaHeHHH)Hepe-
MEHHOU s KBajJ[paT TeKYyIero 3HaUeHNsI TIepeMeHHON K, TTocjie 4ero KOMaH/1a
k++ yBeJIMYMBaeT 3HaUeHUe ITlepeMeHHON k Ha efquHuily. Bee aTo npoposmka-
eTcs JI0 TeX Iop, [I0Ka 3HaueHKe epeMeHHOI k He cTaHeT GOoJIbliie 3HaYeHUs
repeMeHHO n.

@ TEOPUA

B BbipaxeHun k<=n NCNOJIb30BAH ONnepaTop CPaBHEHUS <= (MEHbLLE Nn
paBHO), a pPe3dysibTaTOM BblpaXeHUs ABNSETCH 3HA4YEeHME NOrM4ecKoro
TMna. Y 10rm4yeckoro Turna BCEro ABa 3Ha4yeHus: true (UCTUHA) N false
(noxmb).
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OnepaTop uurkna while BbINOJHAETCS A0 TEX MOP, NOoKa BbIpaXeHune, yka-
3aHHOE B KPYrIbIX CKOOKax nocne KYeBOro CioBa while, MMEET 3HaYe-
Hue true. YCNOBME NPOBEPSETCH KXk pa3 nepen HavyasioM BbINOJHe-
HWSi KOMaHZ, B Tefle oneparopa Lmkna.

YHapHbIi onepaTop MHKPEeMEHTa ++ NO3BOJISIET YBENIMYUTL HA €AMHULY
3HayeHue cBoero onepartopa. KomaHaa Bnaa k++ 9KBMBaNEHTHA KOMaH-
ne k=k+1.

YHapHbIil onepaTop AeKpeMeHTa -- YMeHbLUaeT Ha eauHULY 3HaYeHne
cBoero ornepaHga. Komanaa k-- akBMBasieHTHA KOMaHae k=k-1.

Komanzmoit cout<<"Cymma xBampaTok oT 1 mo "<<n<<": "<<s<<endl pe3yJib-
TaT BHIYUCJIEHUN 0TOOpasKaeTcs B KOHCOJIbHOM OKHE. 3€Ch Mbl HCIIOJIb3yeM
3HaueHue MepeMeHHON n JIJId BePXHEH TPaHUIlbl CYMMbI M BBIYMCJIEHHOE 3Ha-
YEeHUE s /11 3HAYEHU CYMMBI KBaJ[pAaTOB HATYPaJIbHbBIX YMCEIL.

Hecxoubko BUIOU3MEHEHHAA BEPCUA PACCMOTPEHHOI'O BbIIIE€ ITPOI'PAMMHO-
I'o KO/la MpeACTaBJIEHA B JINCTUHTE 1.6.

Jiucturr 1.6. AnbTepHaTUBHbI CNOC00 BbIYNCIIEHUS CYMMbI KBaApaToOB
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// VI3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// BepxHAg TpPaHUIA CyMMBl ¥ 3HAUEHUE CYMMEHL:
int n,s=0;
// BBOI 3HAueHMd IJIS BEPXHEM TPAHULE PAOa:
cout<<"BepxHfa TpaHuua CyMMme: ";
cin>>n;
// OneparTop UMKJAa M9 BHUMCIIEHUS CYMMH:
while (n) {
// IlloGaBieHne HOBOTO CJIATAEMOTO K CYyMME:
s+=n*n;
// YueHbmenue (Ha 1) 3HAUEHMS [EPEMEHHON:

n--;
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// OroCpaxeHue pe3ybTaTa BHUMCIIEHUN :
cout<<"Cymma kBagpaTob: "<<s<<endl;
// 3amepxka KOHCOJBHOTO OKHA:
system("pause>nul");

return 0;

B nannoM ciydae HecKOJIbKO U3MeHeHU. Bo-1iepBhIX, MBI BOCIIOTb30BAIChH
TEM, UTO B KaYeCTBe JIOTUYECKUX 3HAUECHUI Pa3pelIaeTcsl YKa3blBaTh YU CJIO-
BbI€: OTJTUIHOE OT HYJIS YNCJIO MHTEPIIPETUPYETCST KaK 3HaYeHne true, a HY-
JIEBOE UYHMCJIOBOE 3HAUeHWe WHTEPIPETUPYeTCsS KaK false. ITO MTO3BOJIIO
HaM 060iiTHCh 6e3 MHIEKCHON epeMeHHON k. Bo-BTOPBIX, Mbl BOCIIO/Ib30Ba-
JINCH COKpAIIeHHOH (hopMOil oTiepaTopa MprUCBanBaHUS.

@ TEOPUYA

B C++ cyuwiecTByiOT cokpalwieHHble ¢popMbl onepaTtopa npuceauBa-
HuA. Hanpumep, BMECTO KOMaHApl BMAA x=x+y MOXHO MCMOJIb30BaTb
KOMaHAy x+=y. ITO Xe 3amMevyaHne OTHOCUTCSA M K MPOoYMM apudmMeTmnye-
CKMM ornepartopam: BMEeCTO KOMaHAbl x=x-y OOMYCTUMO MNCMNOJIb30BaATb
KOMaHay x-=y, BMECTO KOMaHAbl x=x*y MCMNOJb3YIOT KOMaHAy x*=y, N TakK
nanee.

3HaueHue IepeMeHHON n, OTIpeIesISTonlell BEpXHIOK TPAHUILY CyMMBI, TETIEPh
CUMTBHIBAETCS C KJIABUATYPBI. JTa JKe TlepeMeHHast yKa3aHa yCJIOBUEM B OTIe-
paTope 1ukJa while. OmepaTop IUKJIA BBITTOJIHIETCS, TIOKA 3HAYEHWE TIepe-
MEHHO n OTJIMYHO OT HyJid. B Tese omepaTopa nukia mocjie0BaTeIbHO BbI-
TTOJTHATOTCS KOMAH/IBI s+=n*n 1 n--. [lepBoil 13 HUX K TEKyIIeMy 3HAYCHHTO
HepeMeHHOl s TPUOABIAETCS KBAAPAT TEKYIIEro 3HAYEHMs TEPEMEHHON n,
TocJIe 9eTO KOMAHIO! n-- 3HaUYeHNe TePEeMEHHOM n yMEeHbIITaeTcs Ha eITUHU-
1y. Bech mpoiiecc mpomomkaeTcs 0 TeX Top, ToKa 3HaAYeHNe TIepeMEeHHON n
He CTaHeT PaBHBIM HYJIIO.

() HA 3BAMETKY

Takum obpasowm, B nporpamme BblYMCIAETCSA cymma
n® + (n - 1)2 + ..+ 2%+ 12, KOTOpasi, O4EBMOHO, COBNAaAaeT C CyMMOWM
12+2%+ ... +n°.
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Hwuske nokasaHo, Kak MOKET BBITVISIIETD PE3YJIBTaT BBIIOTHEHNS IIPOTPaMMbl
(>xupHBIM TPUGTOM BBIJZICTIEH BBOJL TIOJ30BATEIA):

Pe3ynbTaTt BbiNOJIHEHUS NpOorpamMmmbl (M3 nuctuHra 1.6)

BepxHas rpaHuua cymme: 10

CyMMa kBagpaToB: 385

¥ paccMOTpEeHHOTO ITPOrPaMMHOTO KOJIa €CTh OJINH HeOOJIBIION HEJJOCTATOK:
€CJIY TI0JIb30BaTe b BBE/IET OTPUIIATEIbHOE 3HaUEHUE JIJISI IEPEMEHHOM n, T10-
Jy4YuM OECKOHEUHDBIN UK, IIOCKOJIbKY IIPU YMEHbIIIEHUN OTPpUIlATEIbHOTO

3Ha4Y€HUA HYJIEM OHO HE CTAHET. B CJIeAyIoIIeEM ITpUMEPE MbI <<38.6JIOKI/Ipy€‘M>>
MaHHYIO HEIPUATHOCTD.

3HaAaKOMCTBO C YCJIOBHbIM OMnepaTopom
B HOBOIT Bepcuu mpeabIayIieil mporpaMMbl 100aBJIeHa TPOBEPKaA 3HAUEHISI

MepeMEHHOM n MocJie TOTo, KaK OHO CUYMTAHO C KJaaBuatypsl. /s aToro mc-
M0JIb30BAH YCA08HbLIL Onepamop if

@ TEOPUA

YcnoBHbIA onepaTtop ONuCbIBaeTCHA Tak: Mocse KYeBOro crnosa if
B KPYMbIX CKOOKax yka3biBaeTcs ycnosue. [lanee cnegyet 6710k KOMaHA,
B PUrypHbIX CKOBKaX, KOTOPbLIE BbIMNOJIHAIOTCS MPU UICTUHHOCTU YCITOBUS.
Ecnn ycnosue noxHo, BbINOAHAETCHA 610K KOMaHA, B GUrYPHbIX CKOBKax
nocJse KJIK0HEeBOro C/oBa else.

PaccmoTpum niporpaMMHBIT KO TTpuMepa B ucTuHTe 1.7.

Jluctunr 1.7. NpoBepka KOPPEKTHOCTU BBEAEHHOI0 3Ha4YeHUs
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");

// BepxHasd TpaHMla CyMMH ¥ 3HAUYEHME CYMMHL:
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int n, s=0;
// BBOI 3HAUeHMS IJIS BEPXHENM TPaHULEl PANA:
cout<<"BepxHA4 TpaHMUa CyMMel: ";
cin>>n;
// ECaV BBEIEHO MOJIOKUTENIBHOS UMUCIO:
if (n>0) {
// OnepaTop UMKJA M9 BHUMCIIEHUS CYMMHI:
while (n) {
// IoBaBlieHMe HOBOTO CJIATAEMOTO K CyMMe:
s+=n*n;
// YMeHblIeHUe 3HAYEeHUS MePEeMEeHHON:
n--=y
}
// OrobpaxeHne pe3yibTaTa BHUMCIIEHUN :
cout<<"Cymma xBagpaTob: "<<s<<endl;
}
// Ecav BBEIEHO OTPUMLATENbHOE UMCIIO WJIM HOJb :
elsef
cout<<"YkaszaHO HeKOppeKTHOe 3HaueHye'"<<endl;
}
// 3amepxka KOHCOJIbBHOTO OKHA:
system("pause>nul");

return 0;

B ycnoBHOM otiepaTope mipoBepsieTcst ycjioBue n>0, U €CJi OHO UCTUHHO, BbI-
MOJIHsIETCsT GJIOK KOMaH[, KOTOPBIMU BBIYUCJISIETCSI CYMMa KBaJPaTOB HATY-
pabHBIX unces. Ecau xe ycioBue n>0 JIOKHO, TO BBITIOJHSIOTCS KOMAH/IbI
B else-0J0Ke. B 1aHHOM cirydae TaM BCETO OJIHA KOMaH/[a cout<<"VkaszaHo He-
KOpPeKTHoe 3HaueHue"<<endl, KOTOPOI B KOHCOJbHOE OKHO BBIBOJUTCS CO-
oTBeTcTBYyIoIIee coobienne. Hike moKasaHo, Kak MOXKET BBITJISIIETh pe-
3yJIBTAT BBITIOJTHEHNS TPOTPAMMBI, €CJIN TIOJIH30BATEb BBOAUT KOPPEKTHOE
3HAUYEHNE 71 BePXHEH IPAaHUIBI CYMMBI ((KUPHBIM IPUGTOM BBIZICTIEH BBOT
TTOJTb30BATES):
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Pe3ynbTaT BbINONIHEHUSA NPpOrpamMmmbl (M3 nuctudra 1.7)

BepxHasa rpaHmua cymvmer: 10

CymMmma

kBagpaTos: 385

Ecnu nmonp3oBaTeneMm BBOAUTCS HEKOPPEKTHOE 3HAUEHUE, PE3YIbTAT MOKET
OBITh CIIeAYONUM (GKUPHBIM MIPUGTOM BBIIEJIEHO BEJIEHHOE TT0JIb30BaTEIEM
3HaYeHUe):

Pe3ynbTaT BbiNOJIHEHUS NPOrpamMmmbl (M3 nuctudra 1.7)

BepxHAg TpaHuua CyMMe: =5

YKa3aHO HEKOPPEKTHOE 3HaueHMe

Eme onna mosie3Had KOHCTPYKIMSA, ¢ KOTOPOW 4YacTO MPUXOJAUTCSI UMETh
neno — maccusvl. Cleayonuil MpuMep AaeT HEKOTOpoe Ipe/cTaBIeHHe

0 TOM,

KaK MaCCHUBbI UCITOJIb3YIOTCA B IPOTPAMMHbBIX KO/[aX.

3HaKoMCTBO C MaccuBamMmm

MaccuB (0HOMEpPHBIIT) TIpeIcTaBIsieT coOO0i HAOOP BJIEMEHTOB, OO BEINHEH-

HbIX B

OJtHY OOIILYI0 «KOHCTPYKIINI0». KasK/Iblii a1eMEHT MaccuBa, 110 CyTH, sIB-

JISIeTCsl OT/eIbHON nepeMeHHON. Ho 10CTyIl K TaKUM [TepeMEeHHBIM [T0JTy4aioT
Yyepe3 M4 MaccrBa. [lockobKy B MaccuBe 37IeMEHTOB MHOTO, TO /171 OTHO3HAY-
HOH MIeHTH(DUKAIIMN DIeMEHTa B MACCUBE YKA3bIBACTCS UHOEKC dleMeHmA.

S

TEOPU4A

MaccuB o06bsBNSeTCS [ocTaTtodyHO npocto. CHavana ykasbiBaeTcs
MAEHTUPUKATOP TUMA, K KOTOPOMY OTHOCSITCS 9JIEMEHTLI MaccuBa (Bce
3NeMEeHTbl MaccuBa AOSKHblI ObITb OOHOrO TvMna). 3aTem yka3blBaeT-
CSl MMSl MacCuBa 1 B KBaZpaTHbIX CKOOKkax — pasmMep Maccusa (Konu-
4eCTBO 3JIEMEHTOB B Maccuie). MNpu obpalleHnmn K aneMeHTy Maccusa
YKa3blBAETCH MMS MAaCCUBa U B KBaAPaTHbIX CKOOKAxX MHAEKC SIEMEHTA.
NHpekcaums aneMeHTOB HAYMHAETCS C HYNs, MO3TOMY NepPBbIA 3NeMEHT
MaccmBa UMEET MHAEKC 0, a MHOEKC NOCNEeAHEero aieMeHTa MaccumBea Ha
eQVHULY MeHbLLe pa3Mepa MaccuBa. Pasmep mMaccuBa 3a4aeTcst KOH-
CTaHTOW (3TO HE MOXeT ObITb 0ObIYHAsA NEPEMEHHAS).

PaCCMOTpI/IM IIpUMEP, B KOTOPOM CO3Aa€TCA YHCJIOBOU MacCCuBs, KOTOprfI 3a-
HOJIHAETCA OMHOMUATbHBIMA KOC—)(b(i)I/IL[I/IeHTaMI/I.
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HA SAMETKY

Mo onpepeneHnio GUHOMMUANBHBIE KO3IPDULMNEHTLI BBIYUCISIOTCA Kak
Cf = n!/(k'(n - k)!), rae ncnonb3oBaHo 0603HaYeHne onsa gakropua-
nauicnam!=1-2-8...-m (NnpondBeneHne HaTypasnbHbIX YACEN OT

1 0o m). HecnoxHo 3ametutb, 4to CX= C’ * aTtakke C’=1, C,

n

n

PEHTHBIM CoOoTHOLeHeM C "' = CX- (n - k)/(k + 1).

OG6paTrMcst K TIPOrpaMMHOMY KO, TPEACTaBIeHHOMY B JicTutre 1.7.

Jlnctunr 1.8. BUHOMUManbHbie KO3PPULUEHTDI
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// KOHCTaHTa IJig ONpelesieHus pas3Mepa MacCuBa:
const int n=10;
// Co3maHue LEJOUMCIIEHHOTO MaCCUBaA:
int bnm[n+1];
// VHOeKCcHas mepeMeHHad:
int k=0;
// TIepBHIT 3JIEMEHT MACCUBA:
bnm[0]=1;
// OrobpaxeHne MepBOTO BJIEMEHTA MACCHBA:
cout<<bnm[0];
// Oneparop UMKJA IJsS 3alOJIHEHMS MaCCUBA:
while (k<n) {
// 3HaueHue sjeMEHTa MACCHUBa:
bnm[k+1]=bnm[k]* (n-k)/ (k+1);
// OroCpaxeHne 3HaUEHMS BJEMEHTa MAaCCHBa:

cout<<" "<<bnm[k+1];

3 1’
C?=(n(n-1))/2 v Tak ganee. Mbl B IporpaMme BOCMO/b3yeMCs PEKYP-
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// VI3MeHeHMe 3HAUEHVS MHIEKCHOM [EePEeMEHHON:
k++;
}
cout<<endl;
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

B Ppe3yJibTaTe BbIIIOJITHEHUA IIPOIPAMMBI ITIOJIYYA€EM CJICAYIOIIEE:

Pes3ynbrat BbiNosIHEHMS NporpamMmmbl (M3 nucTuHra 1.8)

1 10 45 120 210 252 210 120 45 10 1

[Ipoananusupyem nporpammubiii kog. CHavyama KoMaHao# const int n=10
OODBSIBIISIETCST TI€JIOUNCIEHHAs KOHCTaHTa n cO 3HadeHreM 10. 3aTeM cO3-
JlaeTCsl MacCUB bnm, /711 4Yero MCIoJb30BaHa KoMaHzAa int bnm[n+1l]. Ilpu
CO3/JaHUN MacCUBA II0J{ HErO BBIIEJAETCS MECTO B IIaMATH, HO 3HAYEHUA-
MM 3JIEMEHTBl MaccuBa He 3aloJiHAITcA. Pa3mMep cO3/1aHHOrO0 MaccuBa Ha
equHuIly OOJIbllle 3HAYEHUSI KOHCTAHTBI N, MMOITOMY HHJEKCHI 9JIEMEHTOB
MaccuBa HaXOIATCS B UAMa30He 3HAYEHUH OT 0 10 n BKIIOUUTETbHO. st
nepebopa 3JIEMEHTOB MacCHBa B OIlepaTope IUKJIa 00bSIBIISETCS 1EJT0YNC-
JIeHHasl MHJIEKCHAs TepeMeHHasl k ¢ HavyaJabHbIM 3HaueHueM 0. Takke Ko-
MaHI0# bnm[0]=1 SBHBIM 06pa30M MPUCBAUBAETCS 3HAYECHNE [IEPBOMY dJIe-
MeHTy MaccuBa. OHO cpasy oroOpaskaercsi B KOHCOJbHOM OKHe (KOMaHja
cout<<bnm[0]). /l7g 3amoTHEHNS TPOYNX JIEMEHTOB MaCCHBA 3aITyCKAETCs
oneparop 1nukia while. [IpoBepsieMbIM ycjioBUEM 4BJsIETCA k<n, MO3TOMY,
C y4eTOM KOMaH/bI k++ B Teje olleparopa LKA, IepeMeHHasa k IIOCIen0-
BaTeJIbHO Mpoberaer 3HaYeHust OT 0 /10 n-1 BKJIYUTENbHO. 3HAUEHME OUe-
PEHOTO JIeMeHTa BBIYUCISIETCS KOMaH0i bnm [k+1]=bnm[k]* (n-k) / (k+1).
3HaueHre HOBOTO BBIYMCJIEHHOTO TaKMM 00pa3oM ajieMeHTa OTOOpaskaer-
cd KOMAaHION cout<<" "<<bnm[k+1] B KOHCOJbHOM OKHe.ThKHN106paBOM,
6uHOMHUATbHBIE KO2(hMUITMEHTH (3HAUYEHUS 9IeMEHTOB MacCHBa bnm) 0TO-
OpaskaroTcs B OHOI CTPOKE, U B KAYECTBE PA3ICTUTENST MEKIY DIeMEHTaMM
HCTIOJIB3YETCsT TIPOOET.
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3apaum aJis CaMOCTOSATESIbHOro peweHusd

1.

10.

11.

Harmummre mporpaMMy, KOTOPOH TIPU BBITIOJHEHUH B KOHCOJIBHOE OKHO
BBIBOZISATCS HaTypasblble yncia ot 1 1o 10.

Harmummire mporpaMmy, KOTOPOH OTOOPsKAIOTCS MSAITH TIEPBBIX HEYETHBIX
YyuceJl.

Harmummure iporpamMMy 7ist OTOOPasKeHUsT B KOHCOJIM YHCEN, KOTOPBIE
TIPY JIeJIEHNN Ha 4 B OCTaTKe AI0T 3 (TaKue YnCya OTMCHIBAIOTCS (hOpMy-
Joit 4k + 3, riae uncio k npunanmaer sHavernus 0, 1, 2 u rak ganee). Mox-
HO BOCITOJIb30BaThCS TEM, UTO OCTATOK OT IIeJIOYNCIEHHOTO IeJIeHIs BbI-
qUCJIsieTcst oriepaTopoM $. KosmuecTBO urces1 BBOAUTCS TI0JIb30BaTeIEM
C KJIABUATYPBI.

Hanummure nporpammy /Uit 0ToOpaskeHust B KoHcon uncest GuboHayym
(nepBblie Ba Ynciia B nocjiegoarenbHocT @ubGoHauYYM paBHbI €AMHUIIE,
a KaK7o0e CJeyloliee paBHAETCS CyMMe BYX Mpeaplaynux). Komnde-
CTBO BBIBOJMMBIX YHCEJ BBOAUTCS C KJIABUATYPHIL.

Hanummure nporpamMmy [ist otobpaskerust (6e3 mpeaBapuTebHON 3ari-
CH B MacCHB) OMHOMHUAIBHBIX KOa(DHHUIIHEHTOB an (mapamerp £ = 0, 1,
2, ..., n). [lapameTp n 1yg HIXKHETO WHAEKCA KOIGMPUIIMEHTOB BBOIUTCS
¢ kyIaBUaTypsl. lIpesrycMoTpeTs poBepKy BBENEHHOTO MOJIb30BATEIEM
3HAUYEHUS] HA KOPPEKTHOCTb.

Hanumute mporpamMMy 1171 iepeBojia KHJIOMETPOB B MIJIU.

Hanwumure nporpamMmy I IlepeBojia PaCCTOAHNSA, YKA3aHHOTO B KUJIO-
MeTpPax 1 MeTpax, B MUJIU 1 (PYyTHI.

Hanmmmre nporpamMmy /1711 iepeBo/ia PACCTOSTHUS, YKa3aHHOTO CANCEHAX
(1 caxenn paBugercs 2,16 meTpa), B METPHI.

Hamnummre nporpaMmy /7151 epeBojia PACCTOSIHUSI, YKa3aHHOTO B CasKe-
Hax n apmunax (1 caxenn paBHseTcs 2,16 meTpa, a 3 apmHa paBHBI
1 caxxenm), B MeTpnI 1 cantuMeTpsl (B 1 meTpe 100 cantumeTpos).

Hamwmmre mporpammy ¢ hyHKITHEH /171 TIepeBo/ia CKOPOCTH, YKa3aHHOM
B KM/4 («KHJIOMETPBI B 4ac») B M/C («METPBI B CEKYHIY» ). Y4eCTb, YTO
B 1 xusmomerpe — 1000 meTpoB, B 1 munyte — 60 cexynn, B 1 gace —
60 MUHYT.

Hamwmmre mporpammy ¢ hyHKITNEH 171 TIepeBo/ia CKOPOCTH, YKa3aHHOH
B M/C («METPBI B CEKYH/IY» ), B KM/4 («KMJIOMETPHI B 4ac» ).
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12. Hanmmure mporpamMmy ¢ OyHKITHEH /IS BBIYICIEHNS CyMMBI HATyPajib-
HBIX YU CEJL.

13. Hanumure nporpamMmy ¢ hyHKIIHEN /11 BBIYICIEHNS CyMMBI HEUETHBIX
HaTypPaJbHBIX YHCET.

14. Hanumure mporpaMmy, B KOTOPOI CO3/IaeTCS MAacCUB U 3aIIOJTHSETCS
YETHBIMU HATYPATbHBIMU YNCTIAMH.

15. Hanmmure IIporpamMmy, B KOTOpOﬁ CO3/1a€TCA MaCCHB U 3allOJTHAETCA HE-
YETHBIMU HATYPa/JIbHbBIMHA YU CJIaMU.

16. Hanumure mnporpaMmy, B KOTOPOIl CO3/Ia€TCS MAaCCUB U 3aIIOJIHSIETCS
2 02 2
KBajlpaTaM¥ HATypPaJbHbIX unces (3Hauenus 17, 27, 3° u tak gasnee).

17. Hanmumute mporpamMmy, B KOTOPOW CO3JIa€TCSI MACCUB U 3aIIOJIHSIETCS
o 0 1 2 03
cTeleHsIMU IBOMKY (3HaueHnus 2, 2, 2°, 2° u Tak gajee).

18. Hammumure mporpamMmy, B KOTOPOI CO3JaeTCsI MAacCUB, KOTOPBIN 3a-
noJasiercst yncaamu Mubonavun (mepBbie [Ba YKMCIa PaBHBI €IMHUILE,
a KaxJioe caemyroliee paBHO CyMME JIBYX TPEIBIAYIITNX ).

19. Hammumute mporpaMmy, B KOTOPOI co3/aeTcst MacCuB. MaccuB 3armosHs-
€TCsT TaK: 9JIEMEHTBI C YeTHBIMKM WH/IEKCAMU 3HAUEHUEM TIOJYyYalOT WH-
JIEKC, @ DJIEMEHTBI C HEYETHBIMU MH/IEKCAMU 3HAYEHWEM TI0Jy4YaloT KBa-
ipat uHaeKca. JIpyruMu cIoBaMi, MaccuB sarotusiercst uncaamu: 0, 17,
2,3° 4,5% 6,7 utak nanee.

20. Hanmummmie mporpamMmy, B KOTOPOIi co3jlaeTcst MaccuB. MaccuB 3amoJiHs -
€TCs 03JIEMEHTHO: IT0JIb30BATEJIb JIJIS KaXK/I0T0 3JIeMEHTA BBOAUT 3HauUe-
HUe ¢ KJIaBUaTypbl (OPTaHM30BaTh BBOJ 3HAUEHU /IJIT 9JIEMEHTOB Mac-

CWBa C TIPUBJIEYEHNIEM OTIEPATOPA TIUKJIA).



Maea 2
YNPABIYAIOLLWME UHCTPYKLUUUN

Hy 3auem takue ciaoxxnoctu?!

us K/ <llpuxmovenus lleproxa Xormca
u doxmopa Bamconas

B sroii rimaBe paccmaTpuBaloTCsl IPUMEPHI, B KOTOPBIX KJI0YeBOE MeCTO 3a-
HUMAIOT YIIPABJISIIOIINE WHCTPYKIIMU: OTIEPATOPBI IIHKJIA, OMlepaTtop BhIOOpa
1 YCJIOBHBIN oriepaTop. B mpeabiayieil riraBe Mbl TO3HAKOMUJINCE C OTlepa-
TOPOM IMKJa while. /lajee, B 4aCTHOCTH, MBI ITIO3HAKOMUMCSI:

® (oreparopom 1ukia for;
® C OIepaTopoM IUKIA do-while;
®  PacCMOTPHUM OCOGEHHOCTH YCJIOBHOIO olieparopa if;

®  PacCMOTPKM OIepaTop BbIOOpa switch,

a Takyke PacIIupUM MO3HAHUS B 00JIaCTH HEKOTOPBIX JAPYTUX TPOTPAMMHBIX
KOHCTPYKIUI, OIIEPAaTOPOB U [IPUEMOB IIPOrPAMMHUPOBAHUSL.

OnepaTtop umkna for
B npenpinyieii riaBe Mbl pacCMaTpPUBAJIN ITPUMeP, B KOTOPOM BBIYUCJIATIACH
CyMMa KBaJpaTOB HAaTypaJIbHbIX YHCEJL. Tam MBI HCIIOJIB30BAINA oreparop

1ukia while. Teriepb penmM aHAJOTMYHYIO 33/1a4y, HO C MCIOJb30BaHUEM
oriepaTopa Iukia for.

@ TEOPUSA

Onepatop umkna for onucbIBaeTCcs Mo crenyloulemy wabfoHy: nocne
K/IOYEBOrO CnoBa for B KPYrbIX CKOOKax ykasblBaeTcsa Tpu 6a0ka UH-
CTPYKUMIA (610K pas3nensiioTca TOUKOW ¢ 3anaToit). B dpurypHbix ckob-
Kax pa3meLlalnTcsl KoMaHabl (Teno onepaTtopa LuvKaa), BbIMOAHIEMbIE
B pamMkKax oneparopa umkna.

Onepatop umkna for BbIMOSHAETCHA MO CAEOYIOLLEN CXEME!
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® VHCTPYKUMN B NEepBOM Ol0Ke BbIMOJSIHAETCS OAMH pa3 B Havane Bbl-
MOJIHEHUS UUKNa;

* MpoBepsieTcs YCIoBUe BO BTOPOM OJ1I0Ke MHCTPYKLUMIA — A51s Npoaon-
XEHNS NPOoLLEecca OHO AO/MKHO OblTb UCTUHHBIM;

® BbLINOJIHAOTCA KOMaHOb! B TENle onepaTopa umkna (KomaHapl B duryp-
HbIX CKOOKax);

® BbIMOJIHAIOTCA KOMaHAbl B TPETbEM OOKE UHCTPYKLINIA;

* poBepsAeTCs YCNoBME BO BTOPOM BJI0KE MHCTPYKLMIA, U €CNK OHO UC-
TUHHO — BbINONHAOTCA KOMaHObl BTENE onepatopaLuukna, ntak ganee

® eC/u yCcnoBre BO BTOPOM BJ10Ke NIOXHO, BbIMOSIHEHME onepaTopa LinK-
Jla 3aBepLuaeTcs.

PaccmoTpum riporpaMMHBIiT Koz B iuctuHre 2.1,

JiucTuir 2.1. BbluncneHve cymmbl KBaApaToB C MOMOLLbIO onepaTtopa uukna for
#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlepeMmeHHas Ui Ba0NCU BEPXHEN TPAHULE CyMMbI,
// mepeMeHHad IJIA BalUCY 3HAUEHUA CYMMHE M VHIEKCHAA
// mnepeMeHHas IJIS ONepaTopa LMKIIA:
int n,s=0,k;
cout<<"BpeIuTe BEpXHOK I'PaHULy IJg CyMMel: ";
// CumuTbIBAHME BEpXHEV TPAHULE IS CYMMHL:
cin>>n;
// OnepaTop UMKJA OJiS BHUMCJIEHMS CYMME KBAIpPAaTOB UMCENT:
for (k=1;k<=n;k++) {
// TpubaBjieHue K CyMMe OUEpPEeIHOTO CJIaraeMoTo:
st=k*k;
}
// OrobpaxeHne pe3yiibTaTa BHUMUCIICHUIN :
cout<<"Cymma kBagpaTor umces OoT 1 mo "<<n<<": "<<s<<endl;

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

return 0;

Hwuxe ipejictaBsieH BO3MOXKHBIN PE3YJIbTAT BHITOJHEHUS TPOTPAMMBbI (3KUP-
HBIM TMIPU(TOM BBIJIEJIEHO BBEIEHHOE T10JIb30BaTe/IeEM 3HAUYEHNE):

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nucTudra 2.1)
BBemuTe BEpXHOO TpaHully myis cyMmMer: 10

CymMa kBazpaToB umcen oT 1 mo 10: 385

B mporpamme 0OBSIBIISIETCST TPU ETOYNCIEHHbBIE TIEPEMEHHBIE: B TIEPEMEH-
HYIO n Oy/IeT 3aMUChIBATHCS 3HAUEHUE [IJIsI BEPXHEH IPAHUIIBI CYMMBI, TTepe-
MEHHAS s C HAaYa/IbHbIM HYJIEBbIM 3HAYCHHMEM HY’KHA /IS 3AlIUCU 3HAUCHUS
CYMMBbI KBa/IpaTOB HaTYPaJIbHbIX YKCEJI, 2 UHAECKCHAs llepeMeHHast k UCII0JIb-
3yercs B olleparope Huka for JUid nojacueTa KOJNYecTBa CJlaraéMblX, IPU-
GaBJIsIEMBIX K CyMMe.

[Toce cunThIBaHMS 3HAYEHUS JJIS TIEPEMEHHON n 3aryCKaeTcst orepaTrop
mukia for. [lepBoiit 610K B KPYIJIBIX CKOOKAX TOCJE KIHOYEBOTO CI0Ba for
COCTOUT M3 OJIHOM KOMaHJIbl k=1, KOTOPast BBITIOJHSETCST OJIMH Pa3 B Hayaje
BBITIOJTHEH VST OTlepaTopa IMKIia. [locse pucBanBaHust MEPEMEHHOM k e/i-
HUYHOTO 3HAYEHUsI, TIPOBEPSIETCST yCIOBUe k<=n. Ecim ycjaoBUe HUCTUHHO,
TO BBITIOJIHACTCS KOMaHIa s+=k*k B TeJie omepaTopa IHKJIa, TOC/IEe YeTo BbI-
TTOJTHSIETCS KOMaH/ia k++ 1 CHOBa TIPpoBepsieTcst yesoBue k<=n. Ecaun ycioBue
OCTAETCA UCTUHHBIM, BBITTOJTHAIOTCA KOMAH/IbI s+=k*k 1 k++, TOCJIe 4eTO CHOBa
IPOBEPSIETCST YCIIOBHE k<=n, 1 TaK gasee. IIpoiiecc mpogorKaeTcst 10 TexX mop,
MOKa MPH TIPOBEPKE BhIPasKeHUsT k<=n He Oy/IeT MOJIyYyeHOo 3HaYeHne false.

[Tocne 3aBepieHMsI BRITOTHEHNS OTIepaTOpa ITUKJIA B TEPEMEHHYIO S 3aTTHca-
Ha CyMMa KBaJ[paTOB HATYPaJbHBIX Urices OT 1 10 n. Pe3yabrar BerauciaeHuit
oTobOpaskaeTcss KOMaHZ0M cout<<"CymMmmMa KBampaTos gmces oT 1 go "<<n<<":
"<<s<<endl.

CTouT 3aMeTUTh, YTO TTPOTPAMMHBIHN KO/ «OTJIABIMBAET» CUTYAIIUIO, KOTIA
TTOJIb30BaTENh BBOAUT HEKOPPEKTHOE (OTpUIIATEIbHOE) 3HAYEHNUE JJISI TIepe-
MEHHOI n. B TakoM ciydae /1711 CyMMBbI BBIYUCJISIETCS HyJIeBOe 3HAaUeHHe:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (U3 nucTuHra 2.1)
BBeIuTe BEPXHOW TPAHUIY IJIS CYyMMH: =5

CymMa KBazpaToB umcen oT 1 mo -5: 0
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[IprurHa B TOM, 4TO IIPU OTPULIATEIHHOM 3HAUCHUM [IEPEMEHHO n IIPU 11ep-
BOH TPOBEPKeE yCJA0BUA k<=n, KOTOpas MMeeT MECTO CPa3y TOCJe BBITIOTHE-
HUST KOMaH/IbI k=1 B TIepBOM GJIOKE HHCTPYKIIUH, YCJIOBHE OKa3bhIBAETCS JIOK-
HBIM U BBITIOTHEHHE OTlepaTtopa IUKJa Ha 9TOM 3aBepimaetcs. [IporpamMmmoit
oTobpaskaeTcst 3HaueHKe TIEPEMEHHON s, KOTOPOE B TAKOM CJIydae PaBHO Ha-
YaJbHOMY HYJIEBOMY 3HAUEHUIO TAHHON TTepeMeHHOM.

Byioku uHCTPYKIMIA B oriepatope MHUKIa for MOTYT OBITh MyCTHIMU WJIN Ha-
MPOTHUB, COMEPKATH MO HECKOJIBKO KoMaH. Eciiu GJI0K HHCTPYKIUN comep-
JKUT HECKOJIBKO KOMaH/I, OHU PA3/IeIAI0TC 3asAThiMU. Kak mpruMepbl pa3HbIX
BApUAHTOB CUHTAKCHCA JAHHOTO OllepaTopa PAaCCMOTPUM BCe TOT Ke IIPUMep
O BBIUMCJIEHUU CYMMBbI KBaJIPaTOB HATYPAJIbHBIX YHMCEJI, HO TOJBKO KasKbIN
pas orepaTop 1uKJa for OyIeT UCIOMB30BATHCS TO-0COOOMY.

B smcrunre 2.2 mpejcraBieHa BepcHs IIPOrPaMMBbL, B KOTOPOI GJI0KM MH-
CTPYKIIMH B OTIepaTope IUKJa for colepsKaT HECKOJIbKO KOMaH/ (J1J1s1 yMEeHb-
meHnst 00beMa KoJla Bce KOMMEHTAPHUH Y/IaJIeHbI )

JluctuHr 2.2. Bnokm MHCTPYKUUiA B onepaTtope uukna for copepxar
HECKOJIbKO KOMaHp,

#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
system("chcp 1251>nul");
int n, s, k;
cout<<"BreIuTe BEPXHOK TPAHMLY OJS CyMME: ";
cin>>n;
for (k=1,s=0;k<=n;s+=k*k, k++);
cout<<"Cymma xBagpaToB umces OoT 1 mo "<<n<<": "<<s<<endl;
system("pause>nul");

return 0;

B nanmnoMm ciyuyae mpucBawBaHue HYJIEBOTO HAYAJIbHOTO 3HAUEHUs Tiepe-
MEHHOH s BBIHECEHO B TIEPBBII OJIOK MHCTPYKIINI ortepatopa for, a KOMaH/1a
s+=k*k Telepb HaAXOAUTCS B TPETheM OJIOKe WHCTPYKIUH (1epei KOMaHIoi
k++). Testo oneparopa IUKIa, TAKUM 06Pa30OM, OKa3aJ0Ch IIyCTHIM (TaM Te-
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1epb HET KOMaH/T ), TOATOMY MbI (PUTYPHBIE CKOOKU HE UCIIOJIB3YEM, & TPOCTO
TTOCTABUJIH TTOCJIe for-MHCTPYKITNN TOYKY C 3aMATOMH.

B HexoTopoM cwmbIciie TPOTUBOIONOKHAS CUTYaIUsl TIPE/ICTaBIeHa B JIU-
crunre 2.3 — TaM MEPBbIil U TPeTHil 6JI0KK oTlepaTopa IUKJIa for MyCThIE.

JIuctuHr 2.3. MNMepBblii U TPeTUit 6J10KM MHCTPYKLMIA B ONepaTope LuuKna
for nyctbie

#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
system("chcp 1251>nul");
int n,s=0,k=1;
cout<<"BpeInTe BEPXHOK I'PaHMULy I CyMMel: ";
cin>>n;
for(;k<=n;){
st=k*k;
kt++;
}
cout<<"Cymma kBagpaTor umces oT 1 mo "<<n<<": "<<s<<endl;
system("pause>nul");

return 0;

}

[IpucBanBanme HAYAIbHBIX 3HAYEHUI TEPEMEHHBIM k U s BBITIOTHSAETCS TIPU
uX 00bSIBJIEHUH, IOATOMY TI€PBBII GJIOK MHCTPYKIIUI B OTIEpAaTOpE IUKJIA for
HyCTOﬁJI<OMaHﬂbIS+=k*kLIk++]ﬂﬂHeceHbIB'HHH)OHepaTOpaJIHKHa,HOSTO-
MY ITyCTOW ¥ TPETUi OJIOK MHCTPYKIIUI B OIlepaTtope IUKJIa for.

Haxkomerr, 10CTaTOYHO 9K30THYECKAST CUTYAITHST TIPOUJITIOCTPUPOBAHA B JIH-
crutre 2.4. Tam Bce Tpu 6J10Ka MHCTPYKIUI (BKJIFOYast BTOPOH OJIOK € yCJI0-
BUEM, PETYJIMPYOIIUM BBIIIOJHEHUE OTIepaTOpa IUKJA) yCThIE.

JIuctuhr 2.4. Bce 6510kM MHCTPYKUMiA B onepaTope uukna for nycrble
#include <iostream>

#include <cstdlib>
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using namespace std;
int main () {
system("chcp 1251>nul");
int n,s=0,k=1;
cout<<"BreIuTe BEpPXHOK TPAHMLYy HJS CyMME: ";
cin>>n;
for(;;){
s+=k*k;
kt++;
if (k>n) {

break;

}

cout<<"Cymma kBagpaTor umces oT 1 mo "<<n<<": "<<s<<endl;
system("pause>nul");
return 0;

}

[Tycroii BTopoii 6J10K B oriepaTope 1UK/Ia for 9KBUBAJIEHTEH YCIOBHIO true,
03TOMY (hOPMAJIBHO TIOJTyYaeTcsi 6ECKOHEUHbII K. UTOOBI BBINTH U3 Ta-
KOro GECKOHEYHOTO IIMKJIA, B TEJIO ollepaTopa Mukaa for 106aBJIeH yCI0B-
HbII omiepaTop if. B ycioBHOM omepatope mpoBepseTcs: yeaoBue k>n. Ecin
OHO UCTUHHO, TO BBITTOJIHSIETCS BCETO O/[HA KOMaH/a break, KOTOPOI 3aBep-
IIaeTCs BBITIOJHEHUE OTIepaTopa IUKJIA.

Y NOAPOBHOCTM

34ecb ncnonb3oBaHa ynpoLleHHas dopma yCrnoBHOMO oneparopa, KOoTo-
pasi He COOEePXMUT else-BETKU. YC/IOBHbIA OMepaTop B Takoh «0bfervyeH-
HOW» BEPCUM BbIMOJIHAETCS Tak: MPOBEPSAETCS YC0BUE NOCIE KIIIOYEBOIO
CnoBa if, N eCNY OHO UCTUHHO, BbIMOJTHAOTCS KOMaHAbl B GUIypHbIX CKOO-
Kax rnocne if-nHctpykuumn. Ecnn ycnoBue nNoXHO, TO HAYEro HE MPOMCXO-
OWT 1 ynpasneHne nepenaeTcs kKoMaHae nocsie ycioBHOrro oneparopa.
Y10 KacaeTtcs MHCTPYKUUM break, TO 9TO CTaHZapTHas KOMaHAa Aang
BbIXO4a M3 ONepaTopoB Luka (Takux Kak while, do-while u for), a Tak-
e onepaTopa Bblibopa switch. ECTb elle ogHa nonesHas MHCTPYKUMS
continue, KOTOpasa NO3BOJISIET JOCPOYHO 3aBEPLUNTDL HE BECh OMNepaTop
LLMKNA, a TOJIbKO TEKYLLLYIO ero ntepauuio (TEKYLLMIA LK)
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OnepaTtop umkna do-while

[Tomumo omneparopoB 1ukia while u for, B C++ ectb orepatop 1ukia do-

while.

=

TEOPUSA

OnuncaHve oneparopa umkia do-while HAQYMHAETCS C KJIIOYEBOrO CrOBA
do, Nocne KOTOporo B GpurypHeix ckobkax (Teno oneparopa uuvknia) yka-
3bIBAIOTCH KOMaHAbl, BbINMOJIHAEMbIE B KOHTEKCTE oneparopa umkna. Mlo-
cne 6noka n3 pUrypHbeix CKOOOK crnenyeT MHCTPYKUMS while, @ nocne Hee,
B KPYMbIX CKOOKax, ykadblBaeTcs ycnosme. OnepaTop UMKia BbINOJHAET-
Csl [O Tex nop, Noka UCTUHHO AaHHoe ycnoBme. OHO NpoBEPSAETCS Kax-
[Obll pa3 Mo 3aBepLLEHNM BbINOJIHEHMS KOMAHA, B TEJIE onepaTopa umkna.
Onepatop umkna do-while MPUHUMMMANBHO OTAMYAETCHA OT Oneparo-
pa umkna while TeM, 4TO B onepaTope do-while CHa4yana BbINOJHAIOTCS
KOMaHbl, a 3aTeM MPOBEPSETCSH YCNOBUE, B TO BPEMS Kak B orneparo-
pe while CHayana NpPOBEPSIETCH YCNOBME, & NOC/E 3TOro BbIMNOHAIOTCS
KoMaHAabl. Taknum 0b6pa3om, KoMaHabl B Tene oneparopa uukna do-while
BbINOJIHAIOTCS, MO MEHbLUEN Mepe, OANH pas.

[Ipumep ucnosb3oBaHUs oreparopa 1ukiaa do-while npuBe/ieH B JUCTUH-
re 2.5. B mpezcTaBientoit mporpaMMe BBIYNCISIETCS 3HAYEHNE 9KCTTOHEHTD
IS 33TAaHHOTO apryMeHTa. Pe3ysibTaT mpoBepsIeTcs ¢ TOMOIIBIO BCTPOEHHOMN
MaTeMaTu4ecKoil PyHKITNHU exp (), IpeHa3HAUeHHOU JJIs1 9TUX JKe 1eJIe.

®

HA BSAMETKY

[nsa BblYMCNEHUS 3HAYEHUS SKCMOHEHTbI OT apryMeHTa X MOXeT uC-
noNnb3oBaThCs psag exp(x) = 3 (X/k!) = 1 + x + (x¥/21) + (x*/3!) + ...
+ (xk/k!) + .... Ha npaKTMkEé, NMOCKOJIbKY BbIYMCINTL GECKoHeY-
Hyl0 CymMy npo6aeMaTnyHoO, BbIMUCASETCH OrpaHuMyeHHass cymma
exp(x) ~ ;O(M/k!) =1+ x+ (x/2!) + (x*/3!) + ... + (X"/n!). Takum 06-
pa3oM, BbIYUCIEHNE 3HAYEHUS IKCMTOHEHTbI CBOAUTCS K BbIYUCIIEHMIO
COOTBETCTBYIOLLEN CyMMbI. HeM B0NblLe KONMYECTBO CllaraemMbliX, TEM
TOYHee BblYMCNAETCS 3HaYEeHNE ANA 3KCMOHEHTHI. .
Bbluncnaemyo cymmy yoobHO NpeacTaBuTb B BUAE eXpP(X) =~ 2. qk, roe
00603Ha4yeHo q, = X/k!. Takum 06pa3oM, UMeeT MeCTO COOTkH:SUJeHme
Qi1 = g" - (x/(k + 1)). JaHHbIM COOTHOLLEHNEM BOCTO/b3YEeMCSl B MPO-
rpaMmme npu BbIYUCIEHNN CYMMbI 7151 SKCMOHEHTHI.

Paccmotpum nipesictaBieHHBIN HUZKE TPOTPAMMHBIN KO/I.
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JluctuHr 2.5. Onepartop uukna do-while

#include <iostream>
#include <cstdlib>

#include <cmath>

using namespace std;

int main() {

// VI3MeHeHMe KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// VIHOEeKC MNOCNefHero CJaraeMor0o B CyMMe:
int n=100;
// APTYMEHT IJjid SKCIOHEHTH:
double x=1;
// TepeMeHHasa IJI4 3alUCU 3HAUEHMUA CYMMH, [IepPeMeHHAad
// nng sanucy 3HaueHMS NTODABKM U MHIEKCHAS [MepeMeHHAad:
double s=0,9=1,%k=0;
// OnepaTop UMKJA OIS BEUMCIIEHUS CYMME:
do{
// TpuGaBieHne K CyMme IOOABKM:
s+=q;
// HoBOe 3HAUEHME MHIEKCHON [IePEeMEHHOM:
k++;
// HoBoe 3HaueHue na NOGABKMU:
qg*=x/k;
}while (k<=n);
// OroGpaxeHne pe3ybTaTa BHUMCIIEHNN:
cout<<"BruucneHHoe 3HaueHue: "<<s<<endl;
// VIcmonb30BaHME BCTPOESHHOV GYHKUMM OJIS BHUMCIIEHUA
// BHAueHMS SKCIOHEHTH:
cout<<"KoHTponbHoe 3HaueHue: "<<exp (x)<<endl;
// 3amepxka KOHCOJLHOTO OKHa:
system("pause>nul");

return 0;
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B nporpamme oGbsBIIsIETCS TI€JIOYNCICHHAsE TIEPEMEHHAs n, 3HAUYeHUe KO-
TOPOH OIpeessieT MHAEKC MOCTETHETO CIAaTaeMoro B cyMMe (M Ha eHUILY
MeHbIIle KOTMIECTBA CJIaTaeMbIX B CyMMe). B feiicTBUTeIbHYIO TTepeEMEeHHYIO
X 3aIMCBIBAETCS 3HAYeHMe apryMeHTa 9KCIIOHEHTHI. Take B MporpaMme
OOBSIBIISIIOTCS TIEPEMEHHBIE § ¢ HYJIEBBIM HaYaJIbHbIM 3HaU€HeM (3HaueHUe
CYMMBI), g C €IMHUYHBIM HaYaJbHbIM 3HaUeHNEM (3HaYeHue T00aBKH K CyM-
Me) U UHJIeKCHAsI IlepeMeHHas k ¢ HyJIeBBIM HAUaJIbHbIM 3HAUEHUEM.

[l BpIMUCTIEHNS CyMMBI UCIIOJIB3YETCS onepatop Iukaa do-while. B Tese
orepaTopa IMKJIa KOMaHIO0# s+=q K CyMMe ITprOaBIIsieTCst 3HaueHue 100aBKu
g. 3aTeM KOMaHION k++ Ha €AMHUILY YBEJIMUNBAETCS 3HAUYEHUE WHIEKCHON
IepeMEeHHO, 1ocJie YeTro ¢ TTOMOIIbIO KOMaH/Ibl g*=%/k BBIUMCJIIETCS 3HAUE-
Hue 100aBKU s ciepyionieil urepaiun. OnepaTop UK/ BHIIOJHSIETCS,
MOKa UCTUHHO ycsioBue k<=n. [To 3aBepriieHnu BLITIOJTHEHUS OllepaTopa IUK-
Jla KoMaH/1a cout<<"BrumciieHHoe 3HaueHme: "<<s<<endl 0T06pa>1<aeT BBIUNC-
JICHHOE B IIpOrpaMMe 3Ha4YeHue /I 9KCIIOHEHTDI, a JIJId [IPOBEPKU KOMaH/1a
cout<<"KouTposibHOe 3HaueHue: "<<exp (x)<<endl OTo6pa>KaeT 3HaYEeHUeE 1J1
9KCIIOHEHTDI, BRIYMCJIECHHOE C IIOMOIILIO q)yHKuI/H/I exp ().

(i) HA 3BAMETKY

[ns ncnonb3oBaHnsa GyHKUMM exp () A06GaBASEM B MPOrpamMmMy MHCTPYK-
umio #include <cmath>, MO3BOMSIOLLYIO NOOKIIOUYNTL OBMBNNOTEKY MaTe-
MaTUYECKNX PYHKLNIA.

PeBy]H)TaT BBIITOJIHEHUA TIPOTPaMMbI TaKOM:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMMbl (U3 NIMCTUHTA 2.5)
BhuMCJIeHHOe 3HaueHue: 2.71828

KonTponbHOe 3HaueHye: 2.71828

BI/IZ[I/IM, 410 002 3HAYEHU (baKTI/I‘{eCKI/I COBIIAAa0T, YTO CBUIAETEJIbCTBYET
(0] HpHEMJIeMOﬁ TOYHOCTH BBIUYUCJIEHHU.

OnepaTtop BbiOOpa switch

PaccmotpumM cremytomyio mpocTyio 3a7ady: MOJTh30BATENb BBOAUT UYUCJIO
B JMamia3oHe 3HauYeHWH OT 1 70 3 BKJIOYNUTENIHHO, a ITPOTPAMMOI BBIBOIHT-
cs HazBaHuUe 9Toro uncaa ("omuu", "mea" wim "rpu"). [Ipu Hanucanum mpo-
IPaMMHOTO KOJ[a BOCIIOJIb3YEMCST OIIepaTopoM BbIOOpa switch.
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=

TEOPUSA

Onepatop BbIOGOpa switch NO3BONSET NPOBEPSTbL 3HAYEHNE HEKOTOPOrO
BblpaXKeHWsl, U B 3aBMCMMOCTM OT MOJSIYYEHHOrO pe3ysibTata BbINOJIHATb
pasHble 6510k1 KoMaHA. B HEKOTOPOM CMbICne onepaTop Bbibopa Hamno-
MWHaEeT YC/OBHbI onepaTop, HO B AaHHOM Ciydae anbTepHaTuB 60Jib-
we, 4em aBe. YTo kacaeTcs 3Ha4YEHNS NPOBEPSEMOIO BblpaXeHMst, TO 3TO
MOXeT ObITb MO0 YNCIOBOE, MO0 CUMBOJIBHOE (TUM char) BblpaXXeHne
OnuceiBaeTcs onepatop Bbibopa cnenyowmm obpasom. Nocne knio4eBo-
ro cfioBa switch B KPYrbiX CKOOKax yka3blBaeTCs BblpaXeHWe, 3Ha4YeHNe
KOTOpOro npoeepsieTcs. [lanee B Tesne onepatopa (B GUrypHbix ckobkax)
cnenyoT case-6/10kU. B kKaxaom case-6n1oke ykazaHO KOHTPOJSIbHOE 3Ha-
YyeHne O CpaBHEHUS HA NPeAMET COBMaAEHUs CO 3HAYEHNEM MpPOBe-
pPAEMOro BblpaXxeHusl, a Takke KOMaHpbl, KOTOpble c/ieayeT BbINOJHUTb
B C/ly4ae, ecnm coBnageHne numeet mMecTto. Kaxabili case-610K 0ObIHHO
3aKaH4MBaeTCsa MHCTPYKLUMEN break. MNocnegHnm B onepatope Bbibopa
MOXeT OblTb default-6/10K, KOMaHAbl KOTOPOrO BbIMOSHSAOTCS B Clyyae,
€CNN HX B OJHOM U3 case-6S10KOB He OblN0 COBNAAeHUs KOHTPOJIbHOIO
3HaYeHMS 1 3HAYEHUS BblPaXKEeHUS.

PacemoTrpum mporpammustii kof B inctunre 2.6. IIpencraBiennas Tam mpo-
TrpaMMa OpPTaHMU30BaHa IO CJEAYIONIeMY TPUHITNIIY:

e 3amyckaercs omepaTop IHUKJA, B TeJe KOTOPOTO BBIBOAUTCS 3aIIpPOC Ha
BBOJ urca (B IUama3one 3Ha4eHuii ot 1 710 3).

e BBgenennoe mosb3oBaTeNIeM 3HAUEHUE CUYUTHIBAETCS U IIPOBEPSETCS
B oIiepatope BbIOOpa switch.

e B 3aBUCHUMOCTH OT BBEAECHHOTO 3HAYCHMNA B KOHCOJIBHOM OKHE 0T06pa>1<a—
€TCA COO6H.I€HI/IC C Ha3BaHMEM BBE/ICHHOTO YHMCJIa.

Ternepb 06paTMCS K IPOrPAMMHOMY KOJLY:

JIucTnHr 2.6. S3HaKOMCTBO C onepaTopom BbiGopa switch

#include <iostream>

#include <cstdlib>

using

namespace std;

int main () {

//

3MeHeHre KOIVPOBKM KOHCOJIN:

system("chcp 1251>nul");

//

[lesounCIIEHHEE TIEPEMEHHEIE :
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}

int num, k;
// BHIIOJHAETCH ONEpPaTop LMUKJIA:
for (k=1;k<=5;k++) {
cout<<"¥kaxure umcyo or 1 mo 3: ";
// CumThBaHME 3HAUYEHMS [EPEMEHHON:
cin>>num;
// BHIOJHSETCS onepaTop BHOOPA:
switch (num) {
case 1:
cout<<"3to emmHuna'"<<endl;
break;
case 2:
cout<<"3ro nmBomka'"<<endl;
break;
case 3:
cout<<"3ro Tporka"<<endl;
break;
default:

cout<<"d He 3Halb Takoro umciaa'"<<endl;

}

// 3amepxka KOHCOJLHOTO OKHa:
system("pause>nul");

return 0;

PesyJibrat BbIOJHEHVSI TPOTPAMMBI MOKET OBITh TAKUM, KaK OKA3aHO HIKE
(>KUpHBIM TPU(TOM BBIZICTEHBI BBOJUMBIE TIOJb30BATEICM 3HAUYCHNUSA):

Pes3ynbraT BbiNOJIHEHUS NPOrpamMmbl (U3 NUCTUHra 2.6)

Yxaxure umcio or 1 mo 3: 2

3TO OBOMKA

YxaxuTe umcyo or 1 mo 3: -2

S He 3Haw TakoTo uucia
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Yxaxure umcyio or 1 mo 3: 1
570 enyHMLA
Yxaxure umcno or 1 mo 3: 3
3To Tporka
Yxaxure umcyio or 1 mo 3: 5

S He 3Haw TakoT'o uucia

Uro kacaeTcsl HEIOCPEACTBEHHO MTPOTPAMMHOTO KOJIa, TO B TeJie omepaTopa
IUKJIA (BBITOJIHSAETCS] POBHO IISATH IIUKJIOB) KOMAHIOM cout<<"Ykaxure umc-
70 or 1 mo 3: " BBIBOAUTCS COOOINEHIE C TPEITOKEHINEM BBECTU YHCJIO.
[Tonb3oBaTesb €ro BBOAUT, U YUCJIO 3AMIUCHIBAECTCS B IEPEMEHHYIO num, 4TO
mocTuraercst barogaps Komarnze cin>>num. [Tocsie aToro 3amyckaeTcs omepa-
Top BbiOOpa. IIpoBepsieMbIM BhIpakeHneM yKasaHa liepeMeHHast num. B Tpex
case-06JI0KaxX yKazaHbl COOTBETCTBEHHO 3HaueHus 1, 2 u 3. Eciiu sHauenue 1e-
PEMEHHOI num paBHO 1, BBITIOJTHSIETCS KOMaH/1a cout<<"31o emuunua"<<endl.
Ecnu 3HaueHue mepeMeHHOM num paBHO 2, BBINOJHSAETCS KOMaH/A
cout<<"3dro gBoika"<<endl, a ecJu 3HaUEHHWE TIEPEMEHHOU num PaBHO 3, TO
BBITIOJIHSIETCST KOMaH/Ia cout<<"3ro mpoiika"<<endl. Kaxmplii case-6J0K 3a-
KaHYMBAETCSd MHCTPYKITUEH break.

@ HA 3AMETKY

OnepaTtop BbIOOpA BLINOHAETCS Tak: NocnefoBaTelbHO NpocMaTpmBa-
IOTCS KOHTPOJIbHbIE 3HAYeHUs1 B case-BJi0Kax OO MEpBOro coBnaaeHus.
Ecnn coBnapgeHne HangeHo, TO Ha4YMHAKT BbINOSIHATLCA KOMaHAbl Mo-
Cne COOTBETCTBYIOLLEN case-UHCTPYKUMM. KOMaHAbl BbIMOMHATCA 00
KOHLLA Tena oneparopa Bbibopa, uian rnoka He BCTPETUTCH UHCTPYKLUS
break. Tak 4TO €C/M HaM HYXHO, 4YTOObI BbIMOJIHANINCL KOMaHAbl TOJIbKO
B OJHOM case-06110Ke, TO AaHHbINM case-0/10K OOJIKEH 3aBepLuaTbCs break-
VIHCTPYKUMEN.

B default-6/i0Ke BBITOJIHAETCS KOMaHAA cout<<"s$ He 3Haw TaKOTO
gycna"<<endl. JlaHHBII GJIOK «BCTYIIAET B UTPY», TOJBKO €CJIN IIPU IIPOBEPKE
KOHTPOJIbHBIX 3HAUEHMIT B case-0JI0Ka COBITaZieHUI He ObLIO.

Eme oHa HeOOIbIas UILTIOCTPAIUSA K UCIIOJb30BAHUIO OllepaTopa Bhibopa
switch mpeacrabiena B suctuire 2.7. B HEKOTOPOM CMbIC/Ie paccMaTpHBa-
eMblil 371eCh IPUMEpP MOXOK Ha TIPEABIAYIINIA, HO B HEM €CTh U HEKOTOPbIE
ocobeHHOCTH. B yacTHOCTH, B TIPOrpaMMe TeHepUPYIOTCs CIydailHble YHCIa,
a orepaTop BeIOOPA COAEPIKUT ITyCThIe case-OJOKH.
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TEOPUSA

[nsa reHeprpoBaHus CnyyarHbIX YACEN UCMONb3YeTCs PYHKUMS rand (),
KOTOpas AOCTyMNHa NOC/e NOAK/IOYEHNS 3arofioBka <cstdlib>. Pe3ynb-
TatoM GYHKUMN rand () BO3BpALLAETCS LIEeNIoe, paBHOMEPHO pacnpene-
JIEHHOE HEeOTPMLATENbHOE Cy4aiHOe YMCNOo OT 0 O HEKOTOPOI BEPXHEN
rpaHunubl (koTopas 4oCTaTOYHO BosbLUas).

Ecnm Ham HyXHO NOAy4YnTb CAy4arHOE 4YMCAO B Auana3oHe 3HAYeHui
OT a 40 b, TO MOXHO BOCMOJIb30BAaTLCS BblPaXEHNEM a+rand () % (b-a+l).
B 9TOM BbIpaXeHun MCMNob30BaH ONepaTop % BblYMCAEHUS ocTaTka OT
LLENIOYNCNIEHHOIO AeNeHns.

Ecnu rand() — HekoTOpoOe cny4amHOe 4YMUCNo, TO pe3ynbTaT Bblpaxe-
HUS rand() % (b-a+l) — OCTaTOK OT AEJNIeHUS Ha YUCINO b-a+l, N 9TO 4YmC-
N0 B gnanasoHe oT 0 Ao b-a. CnegoBaTenbHO, pPe3ybTaTtoOM BbipaXeHUs
atrand ()% (b-a+l) SABASIETCHA YNCNO (CNyyYanHOe) B Anana3oHe 3Ha4eHUNn
OT a 10 b, 4YTO 1 TPeboBaNOChb NONYYNUT.

Mpn reHepupoBaHnK chyyvarHbIX (HA caMOM Aefie NceBaoCy4anmHbIX)
yucen HeobxoaMMo HadasbHOe «paboyee» YNCNOBOE 3HAYeHue, YTOObI
3anycTuTb Becb npouecc. Npoueaypa Ha3biBAETCH MHULMANU3aumen
reHepartopa cny4aiHbix Yucen. [1ns BbIMNOJHEHUS MHULMANM3aUUN
MNCNonb3yeTcs PYHKLMS srand () , APrYMEHTOM KOTOPOW NnepenaeTcs Ync-
JNIOBOE 3HAaYeHMe.

KoHKpeTHOe 4YncnoBoe 3HayeHne, NepenaHHoe apryMeHToM yHKUMN,
0co060i Harpy3kn He HeceT. BaxHO TO, 4TO NMpuM OOHOM M TOM Xe apry-
MeHTE PYHKUMM srand () NOSYYAEM OOHY M Ty XK€ MOocnenoBaTelbHOCTb
(nceBpo)cnyvYamHbIX YMcen.

WNpes, peanmusoBanHas B IIporpaMMe, O4eHb IPOCTA. BblnosHseTcs He-
CKOJIBKO HuTepanuii (IIMKJI0B), M 3a KaXKIyI0 UTEPAIUio TeHEepUpyeTcs
cJy9aiiHOE YMCJIO B IMANa30He BO3MOKHBIX 3HAUYEHWH OT 2 10 8 BKIIOUH-
TEJIBHO.

B 3aBMCHMOCTH OT IIOJIy9€HHOTO 3HAUEHUS, YEPE3 ONepaTop BeIOopa switch,
oToOpaskaeTcs OTpeeIeHHOE COOOIIEHE:

LIS 9ucest 2, 4 ¥ 8 9T0 cooObIIeHne co 3HaYeHneM drcia 1 ¢hpasoii o ToM,
YTO YMCJIO SABJISIETCS CTEIIEHBIO [BONKY;

JUISE 9HCeJT 3 U 6 MOSIBJISIETCS] COOOIIEHIEe CO 3HaYeHueM Yncia 1 (hpasoit
0 TOM, 4TO YKCJIO JIeJIUTCS Ha TPH;

JJI yuces 5 u 7 COO6HI€HI/I€‘ COAEPKUT 3HAYEHNE YKMCJ/la U TEKCTOBOE €ro
Ha3BaHHE.

PaccmoTpum mipe/icTaBIeHHBIN HUKE TPOTPAMMHBIHN KOJT:

49



asa 2

JluctuHr 2.7. Ucnonb3oBaHue onepartopa switch
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// Vi3MeHeHUEe KOIMPOBKYM KOHCOJM:
system("chcp 1251>nul");
// llenounciienHas NepeMeHHaq:
int num;
// VHMLMaIM3auMs TeHepaTopa CIy4alHBX UMCEN:
srand(2);
// OmepaTop LMKIA:
for (int k=1;k<=10;k++) {
// Cryd4alHoe umciyio oT 2 1o 8:
num=2+rand()%7;
// Oneparop BHOOpA:
switch (num) {
case 3:
case 6:
cout<<num<<": umcio memmurcs Ha Tpu'"<<endl;
break;
case 2:
case 4:
case 8:
cout<<num<<": creneus nBomkm"<<endl;
break;
case b:
cout<<num<<": narepxa"<<endl;
break;
case 7:

cout<<num<<": cemepxa"<<endl;
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}

// 3amepxka KOHCOJBLHOTO OKHA:
system("pause>nul");
return 0;

}

PesyJibrar BHIMOJHEHMS TPOrPAMMbI MOKET OBITH TaKUM (C MOMPaBKON Ha
TO, YTO MCTIOJIB3YETCS TEHEPATOP CIAYIANHBIX YACE )

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 NUCTUHra 2.7)
5: narepxa
7: ceMepka

CTeneHb OBOVKM

UyCJIO LOEeJUTCH Ha Tpu

CTEeNeHb IBOMKU

8:

3:

2:

3: UKCJIO IENUTCHS Ha TPU
4: creneHbp OBOVKMU

8: cTeneHb OBOVKMU

4: creneHbp OBOVIKMU

6:

UJMCJIO LEeJIMTCA Ha Tpu

B mporpamme xomaumo#t srand(2) WHUITMAIU3UPYETCS TeHEPaToOp CJaydaii-
HBIX YHCes U 00bSBISETCS TeJTOUNCIeHHast epeMenHast num. JlaHHO mepe-
MEHHOU B TeJsie oTepaTopa IMUKJIa KOMaHI0W num=2+rand () 7 IpUCcBauBaeTCs
cayJaliHOe 3HaYeHUe B UAMa30He 3HAYEHUN OT 2 10 8 BKIOUUTETHHO.

@ HA 3AMETKY

Pe3ynbraT BbipaxeHus rand () 7 npeacTaBnseT cobor 0cTaTok OT aene-
HWS CAy4ariHOro 4YMCaa Ha YMCNo 7, TO eCTb 9TO YMCNO B Anana3oHe oOT 0
0o 6. Ecnv npnbaButb K HEMY 2, TO MOAYYMM HMCIIO B Ananas3oHe 3Have-
HWUI OT 2 00 8.

Takke obpaTuTe BHMMaHME, YTO MHOEKCHAs NepeMeHHas k 06bsABNSeTCH
HEenocpeacTBEHHO B for-orneparope B NepBOM O/10Ke MHCTPYKLUMA. Tak
MOXHO fenaTb, HO cnenyeT MOMHUTb, YTO OObsBAIEHHAsA B for-onepaTope
nepemMeHHas A0CTyMnHa TONbKO B 3TOM OnepaTope.

Jlasiee B omepatope switch «mmepebupaiTcsi> HeKOTopbie BapraHnThl. Crieru-
(buka omeparopa BpIOOpa CBsI3aHa ¢ HAJIMYKMEM ITYCTHIX case-OJI0KOB: MOCe
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OIHOM case-MHCTPYKIMHU cpa3y uzer apyrad. O6mmit adderT Takoii: amsa
BCeX COOTBeTCTByIOH_H/IX KOHTPOJH)HI)IX 3HaquI/H>,I BDbITIOJIHAETCA OAUH N TOT
sKe OJIOK KOMaH/L.

@ HA 3AMETKY

B nocnegHem case-6/10Ke MHCTPYKLMSA break HE UCMONb3YETCSH, MOCKOJIbKY
B HEei HeT He0OXOAMMOCTU: 3TO NOCSeAHWI 610K, U NOCTE ero BbINosHe-
HUS apyrue 610K BbINONHATLCS He ByayT (MOCKOJIbKY UX MOMPOCTY HET).

Bno)eHHble yCNOBHbIE OnepaTopbl

YcsioBHBIE OIlepaTOPBl Mbl YK€ HE Pa3 MCIOJIb30BaIN. 3/1eCh PACCMOTPHUM
CUTYaIINIo, KOT/Ia B TeJIe YCIOBHOTO OTIepaTopa NCHOJIb3YeTCS IPYTON YCIOB-
HBII omeparop. Kak MLTIOCTPAIUIo peasn3yeM TPOTPAMMHBIN KO/ OJTHOTO
13 TPEJBIAYINX TPUMEPOB (CM. JTUCTHHT 2.6), HO €CJIU TaM MCTIOJIb30BAJICS
orepatop BeI60Opa switch, TO 371eCh BOCIIOJIB3YEMCsT YCIOBHBIMIE OIIEpaToOpa-
mu. [Tporpamma rnpesictaBiena B iucTunre 2.8.

JinctuHr 2.8. BnoxeHHble YCJ/IOBHbIE ONnepaTopbl
#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
// VI3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// lenounciieHHEe MepeMeHHER §
int num, k;
// BHIOJHAETCS ONEpPaTop LMUKIA:
for (k=1;k<=5;k++) {
cout<<"¥kaxure uycyo or 1 mo 3: ";
// CumuTHIBAHME BHAUEHUS MEPEMEHHON:
cin>>num;
// BHemHWy yCJOBHHN omepaTop (1-7 ypoBeHb) :
if (num==1) {

cout<<"dro emuumua"<<endl;
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}

// Bnox else BHemHero
// ycnosHoro omeparopa (l-3f ypOBEHB) :
elsef
// BHYTpEHHWI YCJOBHHI ONEPaTop (2-1 YPOBEHB) :
1f (num==2) {
cout<<"3ro nmomka'"<<endl;
}
// BioOk else BHYTPEHHEI'O OrepaTopa (2-1 ypOBEHB) :
elsef
// BHYTPEHHUI yCIJIOBHEIL OmepaTop (3-1 YpOBEHB) :
if (num==3) {
cout<<"3ro Tpomka"<<endl;
}
// Biok else BHYTPEHHETO YCJIOBHOTO
// omepatopa (3-% ypoBHED) :
elsef

cout<<"d He 3Haw Takoro umcia'"<<endl;

}

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

}

Hwuxe mipezicraBiien pe3yJibTaT BBITOJHEHUS TPOTPAMMBI (CKMPHBIM HIpUd-
TOM BbIJIeJIEHbI 3HAYEHVIST, BBE/IEHHBIE TI0JIb30BaTETIEM ):

Pe3ynbTaT BbINOJIHEHUS NPOrpamMMbl (U3 NUCTUHTa 2.8)
Yraxure umcio or 1 mo 3: 2
9T0 IBOMKA

Yxaxute umcyo or 1 mo 3: =2
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A He 3HaKW TAKOIT'O uucClla

Yxaxure umcyo or 1 mo 3: 1

9T0 enMHMLA

Yxaxure umcyo or 1 mo 3: 3

3ro Tpo¥ka

Yraxmure umcyo or 1 mo 3: 5

S He 3HaAW TAKOI'O uucia

DakTuyecKn pe3yJibTaT TaKOH Ke, Kak ¥ B IPUMeEPE, B KOTOPOM HCITOJIb-
3oBasics ormeparop switch (cm. juctuaT 2.6). 37M€Ch MBI OPTaHW30BATU
MIPOBEPKY 3HAYEHUS TTePEMEHHON num Yepe3 BJIOKEHHbIE YCIOBHbIE OTlepa-

TOPBL.

S

TEOPUSA

OnepaTtop paBeHCTBA == ABMSETCH, HApPaBHE CO 3HAKOMbIM HaM ornepa-
TOPOM <= (MEHbLLE U1 PABHO), OOHNM 13 ONepaTopoB cpaBHeHus1. Kpo-
Me 3TMX OrNepaTopoB, NOJIE3HLIMU MOTYT ObITb ONepaTopbl < (MeHbLUe), >
(6onbLue), >= (6onblue NIn paBHO) U | = (He paBHO).

BnioXeHHble onepaTopbl LUKNa

Paccmorpum nnpumep, B KOTOPOM BBIIIOJIHSIETCSI COPTUPOBKA YUCJIOBOIO Mac-
cuBa. IlocTanoBKa 3a1auu TaKOBa: UMEETCSI MACCUB, 3aI10THEHHbIN YUCTIAMU.
HeobxomumMo pacmoyiokuTh ux (IIOMEHSTh MECTAMU 3HAYEHUST DJIEMEHTOB

MaccuBa) B MOPSIIKEe BO3PACTAHNS 3HAUCHUI.

NnOOPOBHOCTMHU

[na copTMPOBKM 3N1€MEHTOB MaccmBa UCMOMb3yeM MeTOop, Ny3bipbKa.
CyTtb ero B cnenyowem. NocnenoBarensHO NepednpaloTcsa aNeMEHTbI
MaccuBa 1 CPaBHMBAIOTCA 3HAYEHUS ABYX COCEAHUX 3NEeMeHTOB. Ecnn
3Ha4YeHMe anemeHTa cnesBa OosiblUe 3HAYeHWst 3NeMeHTa chnpasa, To
Takne a1eMeHTbl «<0OMEHNBAIOTCS» 3Ha4YeHUs M. B pesynbtate ofHOro
«ApOX0o4a» No MaccuBy camoe OO0MbLLIOE 3HAYeHME OKaXeTCs B NpaBow
KpanHen no3vuumn (CTaHeT 3HaYeHMeM rnocnegHero anemMexTa). locne
ewie ogHoro nepebopa 3nemMeHTOB Maccuea y NpeanocnegHero ane-
MeHTa 6yaeT BTopoe Mo BennynHe 3HadyeHune, 1 Tak aanee. Takum obpa-
30M, 3a 04VH Nepebop 3N1EMEHTOB MacC1Ba OAVH S/IEMEHT OKa3bIBaAETCA
C «MpaBUJIbHbIM» 3HA4YEeHNEM.
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[IporpaMMHBIIT KO, B KOTOPOM CO3/1a€TCSI 1IEJIOYNCICHHBII MAaCCUB, 3a110J1-
HSIETCSl CTyYallHBIMM YHCJIAMH a 3aT€M COPTUPYETCS Memooom Ny3vipovKa,
TIpe/icTaBjIeH B TUCTHHTE 2.9.

Jinctunr 2.9. CopTupoBka maccuBa
#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
// Vi3ameHeHME KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Pasmep Maccuea:
const int n=10;
// VEMuManmMs3auyus TeHepaTopa CIYUYAMHBIX UMCEeJ:
srand(2);
// Cosmauue maccuBsa:
int nums[n];
// llenounciieHHHe MepeMeHHHE §
int 1,7,k,s;
cout<<"MaccuB mo copTupoBku:\n| ";
// BamoJjHEeHMe MacCUBA CJIyYalVHBMM UMCJIaMM:
for (k=0; k<n; k++) {
nums [k]=rand () %10;
cout<<nums[k]<<" | ";
}
cout<<"\nMaccuB nocjye copTupoBkm:\n| ";
// COpTMpOBKA MacCHBa:
for(i=1;i<=n-1;i++){
// TlepeBop BJeMEeHTOB MacCHUBa:
for (3=0;j<n-1; J++) {
// "OBMeH" 3HaUEHMAMM:
if (nums[j]>nums [j+1]) {

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

nums [j]=s;

}
// OTobpaxeHne OTCOPTUPOBAHHOTO MaCCUBA:
for (k=0; k<n; k++) {
cout<<nums[k]<<" | ";
}
cout<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");
return 0;

}

PesyJibraT BbINOJHEHUST TIPOTPAMMBbI MOKET ObITh TAKUM:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMMbl (U3 NUCTUHTa 2.9)
MaccuB 0O COPTUPOBKIN:

I'S1T6 1815141010156
MaccuB nocye COPTUPOBKMU:

[0 101214151551 6]6]8]

B nporpaMmMHOM Kojie OOBSBISIETCS 1EJ0YCIeHHas KOHCTaHTa n, Onpejie-
Jgiontas pasmep MaccuBa. CaMm MaccuB co3maeTcs KOMAHZOW int nums[n].
3aloJIHeHre MacCUBa BBITIOJIHSAETCS ¢ TIOMOIIBIO oTiepaTopa IUKJIA, B KOTO-
POoM mepebUpaioTes 9/1eMEeHThL. 3SHAYeHUs 9IeMEHTaM MacCUBa B TeJIe olepa-
Topa 1uKJa (pu onpeeIeHHOM 3HaYeHUW UHAEKCHOU TepeMeHHoM k) 1pu-
CBaMBAIOTCSI KOMaHJ0U nums [k]=rand () %10 (mojiydaeTcs caydaitHoe YMcJio
B uamna3oHe 3HaueHuH oT 0 10 9). OHOBPeMEHHO ¢ TpUCBaBaHUEM 3HaUe-
HUI 9JIeMeHTaM MacCHBa BBIOJHIETCS 0TOOpasKeHe 3HaYeH il 5IeMEHTOB

B KOHCOJIbHOM OKHE.

@ HA 3AMETKY

Pazpenutenem npu 0T06pa>|<eH|/|v| 3JIEMEHTOB MacCuBa CNy>XWUT BepTU-
KanbHas YyepTa. B HeKoTopbIX OTOﬁpa)KaeMle B KOHCOJIM TEKCTOBbLIX 3Ha4e-
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HUAX B MPOrpamMMe 1CMoJib30BaHa MHCTPYKLMA \n, KOTOPasa ABISETCH KO-
MaH01 Nepexoa K HOBOW CTPOKe Npu 0TOOPaKEHWN COOTBETCTBYIOLLENO
TekcTa. MHCTpyKumMs \n BKIIlOYaEeTCS HEMOCPEACTBEHHO B TEKCT, a pa3pblB
CTPOKM BbIMNOJHAETCA B TOM MECTE, e HaxoAUTCS AaHHas MHCTPYKLUMS.
O6paTtnTe BHMMaHME, YTO OJisi MacCuBa, COCTOSILLErO U3 n 3JIEMEHTOB,
rnepemMeHHas k, onpegensaowas MHAeKC anemeHTa, npoberaeT 3Ha4eHUs
B AManasoHe OT 0 10 n-1 BKJIOUYNUTENBHO.

[Tocste 3amOTHEHIST MACCHBa U OTOOPasKEHUsI B KOHCOJIM 3HAYEHUIT €ro aJ1e-
MEHTOB, HAUMHAETCSI COPTUPOBKA MaccuBa. [l COpTUPOBKU UCTIOJIB3YIOTCS
BJIOSKEHHDBIE OTIePATOPBI IIMKJIA for. BHENTHUM ortepaTopoM IuKIIa (¢ MHIEKC-
HOM TIepEMEHHO 1) OTCUUTHIBAIOTCS TIOJTHbIE TIePeOOPbI 3JIEMEHTOB MACCHBA.
Opun Takoil epe6Gop B 001IeM ciIydae 0O3HAYaeT pasMellleHre B «ITPaBUJIb-
HO» TO3UIIUH OTHOTO 3HAYEHNUS.

@ HA 3AMETKY

Ecnn MaccuB COCTOUT U3 N 9NIEMEHTOB, TO AJ19 COPTUPOBKM BCEro mMac-
cuBa HeobxoaMMO nocrieaoBaTesibHO BbINOMAHUTL N — 1 NONHLIM Nepebop
anemeHToB. OAMH MOMHbIV Nepebop 3N1eMeHTOB NMPUBOAMUT K onpeaene-
HUIO «MPaBUJIbHOIrO» MecTa A1 OQHOro 3HavyeHus. Ho neno B Tom, 4TO
Korga Ha BTOPOW MO3MLMKN OKa3blBAETCH «MpPaBUIbHOE» 3HA4YeHue, Ha
nepBo No3nLMN aBTOMaTMYECKM OKa3blBAETCS CaMOe MaJieHbKOoe 3Ha-
yeHue. [Mo3TOMYy KOSIMHECTBO MOJIHbIX NepebopoB Ha eauHULLY MeHbLLE
KONM4YecTBa 351IeMEHTOB B MaccuBe.

Kpome Toro, cnenyeT y4ecTb, H4TO Mpu NoJSIHOM nepebope 3/1EMEHTOB
HEeT CMbIC/ia MPOCMaTpMBaTh T€ 3HAYEHUs, KOTOPbIE YXXe HaXoaATCcsa Ha
«NPaBUNbHOM» NO3MLUMK. [TO3TOMY NPU KaXKA0M HOBOM NOMIHOM nepebo-
pe npocMaTpmBaeTCcs Ha OOMNH 3NIEMEHT MEHbLLIE.

BuyTpennuii omneparop IukiIa (¢ WHIAEKCHOW TepeMeHHON ) mepebupaer
aJIEeMEHTBI MaccuBa. BepxHsis rpanutia A7 Auana3oHa U3MeHeHUH nHIeKca
J 3aBUCUT OT 3HAUEHUST MH/IEKCA 1 BHENITHETO MACCUBA. 3/1eCh YUTEH TOT (haKT,
4TO HET CMbICJIA TIepedUpaTh YKe OTCOPTUPOBAHHBIE 3HAUEHMSI.

B Ttesne BHyTpeHHero orepaTopa IHWKJIA C TOMOIIBIO YCJIOBHOTO OIepa-
TOPA CPaBHUBAIOTCSI 3HAYEHU JBYX COCEIHUX 3JeMeHTOB (ycJoBuUe
nums [j]>nums [j+1]), U ecau 3HAUYEHUE 2JeMEHTa cJeBa 00JIbIIIe 3HAYCHUS
aJIEMEHTa CIIpaBa, TO JIeMEHTh 0OMEHUBAIOTCS 3HAYCHUSIMU.

[To 3aBepiieHUN COPTUPOBKYM MACCUBA C MOMOIIBIO €Ille OJHOTO OTepaTopa
IIMKJIa 3HAUYEHMsI DJIEMEHTOB YKe OTCOPTUPOBAHHOTO MacCHBa OTOOPaKAIOT-
CsI B KOHCOJIbHOM OKHE.
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LUukn no konnekumm

B paccmoTpeHHBIX paHee NpUMepax, KOT/la Mbl UMEJIN JIeJI0 C MACCUBAMU,
obpaliieHne K 3JIeMeHTaM MacCHBa BBITIOJHSITIOCH YePe3 SIBHOE yKa3aHWe MH-
nekca sanemenTa. CyIecTByeT U HHOI criocod repebopa 31eMEHTOB MacCHBa,
B PaMKaX KOTOPOTO JIOCTYIT OCYTIECTBJISIETCST HETIOCPEJICTBEHHO K 2JIEMEHTY
MaccuBa. PeanuayeTtcst Takoil o/IX0/1 ¢ TIOMOIIIBIO CTTeNUATbHON BEPCUH OTIe-
paropa nuka for. CoOOTBETCTBYIOINLY10 (hOPMY BBITIOJHEHUST IIUKJIOB 00BIYHO
Ha3bIBAIOT YUKLOM 1O KOLLEKUUU.

[IMKJI 110 KOJJIEKI[UH peau3yercs uepes for-ornepaTop, KOTOPbIH ompeiesi-
€TCs B CIIeYIonTeM Buie ((KUPHBIM MPUMTOM BbIIeJIEHbI KITIOUeBBIE dJIeEMEH-
THI 1abJI0HA):

for (Tun &nepemenHas: maccus) {
// Teno omeparTopa LMKIa

}

[Tocie KIIOYEBOTO €JI0Ba for B KPYIJIBIX CKOOKAX YKa3bIBAETCs TUM DJIeMEHTa
MacCuBa W Ha3BAHWE NepeMEeHHol, KOTOPast OTOKIECTBIISIET OO0 aJieMeHT
MmaccuBa. [lepex nMeneM mepeMeHHON 0OBIYHO CTABUTCS MHCTPYKITHS &. [10-
CJle UMEHU [epeMeHHO) Yepe3 /IBOeTOYMe yKa3bhlBAeTCS Ha3BaHUE MacCuBa,
AJIEMEHTBI KOTOPOro nepebupaiorcst. KoMaH/Ibl, BBIMOJHSIEMbIE 32 KasK bl
IIUKJI, YKa3bIBAIOTCS B (GUTYPHBIX CKOOKaX (TeJIo oTepaTtopa IUKJIa).

OmepaTop m1WKJa BBITIOTHSAETCS TaK: epeMeHHad, yKa3aHHasd B for-
WHCTPYKIUH, TOCJIEI0BATETHHO CChITAETCS Ha 2JIEMEHTHI Maccusa. Jlud kax-
JIOTO TaKOTO 3HAYEHUS BBITIOJHSIOTCS KOMaH/Ibl B TeJjie IUKJIA, TOCJe Yero
cChLIKa repebpachiBaeTCst Ha IPYTOi 2JIEMEHT MacCHBa.

@ TEOPUSA

WHCTPYKUMS & HY>XKHa Onsa Toro, 4TOObI nepemMeHHasd, ykasaHHada B for-
MHCTPYKUMN, HEe MPOCTO NpuHMMana 3Ha4eHuns 3JIeMEeHTOB MaCCHuBa,
a Oblna cCbIKOWM Ha anemMeHT Maccuma. Cebiika — 3TO kak Obl asnb-
TepHaTMBHOE Ha3BaHMe OJid 3JieMeHTa MacCcuBa, Noa3ToOMy 4Yepeld Takylo
CCblJIKY MOXHO He TOJIbKO NMpo4ynTaTb 3Ha4eHMe anemMeHTa MmaccumBa, HO
N NPUCBOUTb eMy 3Ha4YeHne.

IIaJIee pacCMaTpuBa€eTCA MPUMEP, B KOTOPOM CO34a€TCA YHCJIOBOU MacCCuB,
n C IIOMOIIbIO ITMKJIA ITO0 KOJIJIEKIINM 3TOT MACCUB 3aITOJIHAECTCA CJIy‘IafIHI)I-
MM 4YMCJIaMU, a SHAYECHUA 9JIEMEHTOB BbIBO/JATCA B KOHCOJIbHOE OKHO. Taxxe
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¢ IIOMOIIBIO IIUKJIA 110 KOJUIEKIIUU BBIIIOJHAETCS MOJICYET KOJIUYECTBA dJIe-
MEHTOB B MaccuBe. PaccMOTpUM IIPOrpaMMHbIN KOJI, TPE/ICTABJIECHHbBIH B JIH-
crumnre 2.10.

Jinctunr 2.10. Uukn no konnekuum
#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VEnMuyanmMs3auyus TeHepaTopa CIIYyUYalHEIX UMCeJl:
srand(2);
// Co3maHue Maccupa:
int nums[12];
cout<<"MaccuB CcaydayHbx umces:\n";
// 1IMKJ 1O KOJUIEKLUM:

for(int &x: nums) {

x=rand()%10; // Cayuamsroe umcyo or 0 mo 9
cout<<x<<" "; // OroBGpaxeHre 3HAUEHMA 3JIEMEHTA
}
cout<<endl;

// TlepeMeHHad IJIS 3alMUCKU Pa3Mepa MACCUBA:
int length=0;
// UMK [0 KOJUIEKLMN:
for (int &x: nums) {

length++t;
}
cout<<"Pazmep MaccuBa: "<<length<<endl;
cout<<"IlpoBepka COOEPXUMOTO Maccupa:\n";
// OBHUHHI OIepaTop LMKIA:
for (int k=0;k<length;k++) {

cout<<nums [k]<<" ";
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cout<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

Pesysbrar BbIOJIHEHNS IPOrPAMMBI (C YYETOM TOTO, YTO MCIIOJIb3YeTCs Te-
HEepaTop CAYIARHBIX YICET) MOKET OBITh TAKIM:

Pe3ynbTaT BbINOJMIHEHUS NPOrpamMmmel (M3 nucTuHra 2.10)
MaccCuB CITyUamHEIX UYMUCEJ:

568540015679

Pasmep Maccua: 12

[[poBepKa COAEPXMMOI'O MaCCUBA:

568540015679

B nporpamMmMHOM KOZIe KOMAHON int nums[12] cO3MAeTCs YMCIOBOU MACCHUB.
3aroHeHre MacCUBa BBITIOIHSIETCS B OIlepaTope IINKJIA, KOTOPBIH orrcaH for-
MHCTPYKIMEN BuIa for (int &x: nums). OHa 03HAYaET, 4TO TIEPEOOP BHIMOJIHSI-
eTcst 0 MacCHBY nums, a Yepes x 0003HaYeHa CChIIKA Ha 3JIEMEHT JIaHHOTO Mac-
cuBa. B ¢purypHbix ckobKkax ykazaHa KoMaHza x=rand () 310 (3J1eMEHTY MaccuBa
TIpUICBanBaeTCs CAyJIaliHOE YUCIIO B AMANa30He BO3MOKHBIX 3HAUECHUH OT 0 /10
9) 1 KOMaH/a cout<<x<<" ", KOTOPOIl 0TOOPaKAETCS 3HAYCHUE ATEMEHTA.

EHIG OJIMH TPUMEDP UCIIOJIb30OBaHUWA ITUKJIA 110 KOJUIEKIIUHN CBA3aH C BbIYHCJIE-
HUEM pasMepa MacCuBa.

@ TEOPUSA

Pasmep maccmBa B C++ 06bIYHO 3aMMCbIBAETCS B OTAE/bHYIO MEPEMEH-
HYIO (KOHCTaHTY). MaccuB 04HO3HAYHO naeHTUdULMpyeTCa AByMS napa-
MEeTpamMm: TOYKOM BXOAA (a4peCOM HAYalbHOrO 9/1IEMEHTA) 1 Pa3MEpPOM
MaccuBa. B obuiem cnyyae onpenenntb pasMep MaccuBa no OfHOMY
TOJIbKO €ro "nMeHu I'Ip06ﬂeMaTI/I'-IHO.

B mporpamMMHOM Kojie OOBSIBIISIETCS TI€JIOYNCIIEHHAsI TepeMeHHast length
C HAYaJbHBIM HYJIEBBIM 3HAUeHNEM. 3aTeM 3aITyCKAeTCs UK MO KOJJIEKITUH
U B TeJie JIAaHHOTO OllepaTopa BBITIOJIHSIETCS] KoMaH/Ia length++. Takum o6pa-
30M, IIpU TIOJIYYEHUU CCBIJIKM Ha KaXKblil U3 3JIeMEeHTOB MacCHBa nums 3Ha-
yeHue rnepeMeHHol length yBesmuuBaeTcd Ha equnully. [locse 3aBepiienus
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orieparopa nu1KJia 3Ha4eHne HepeMeHHOI;,I length PaBHO KOJIMYECTBY 9JIEMEH-
TOB B MaCCHUBE nums.

Z[JIH IIPOBEPKU COAECPIKNMOE MACCHBa nums BbIBOAUTCA B KOHCOJIbHOE OKHO
C ITOMOIIIbIO 0OBIYHOTO for-onepaTopa, B KOTOPOM AOCTYII K 3JIEMEHTaM OCYy-
IIIECTBJIAETCA YePE3 NHIAEKC.

feHepupoBaHue U nepexBaT UCKJTIOYEHUN

B C++ ectb MexaHu3M 06pabOTKU UCKIouumenviovix cumyayuii (ommbok),
KOTOPBIH, TOMAMO CBOETO HETTOCPEACTBEHHOTO Ha3HAYEHNS, MOKET MCTIOTh-
30BaThCA 71T OPTaHM3aIMy B TPOTPAMMe TOYEK BeTBJIeHU:. B TakoM ciydae
UCTIONb3yeTCs Mpolleypa HaMEePeHHOTO TeHEePUPOBAHUS UCKIIOYNUTETbHON
CUTYaIUU.

@ TEOPUSHA

Mpn 06paboTke UCKITIOYUTENbHBLIX CUTYaLMIA KOA, KOTOPbIA MOXET Bbl-
3BaTb OLLNOKY, NOMELLAETCS B try-6/10K: Takom 610K MOMeYaeTcs Kio4ve-
BbIM CNIOBOM try U 3akiodaeTcs B GUrypHbole ckobku. Mocne try-6noka
cnenyeTt OOViH UM HECKOJbKO catch-6/10K0B. Kaxapli catch-6/10K Npea-
Ha3HayeH a1 06paboTKM OWNBKM OnpeaesieHHoro Tuna. Ecnuv npu BbI-
NMoSIHEHMM KoAa B try-O/10Ke BO3HMKIA OWnbKa, TO BbIMNOJIHEHNE 3TOrO
6510Kka NpekpallaeTcs, a ynpasneHue nepegaeTcs catch-6510Ky, npeaHa-
3Ha4YeHHOMY A1 06paboTKM OLLNOKN COOTBETCTBYIOLLEro TUna.

[ns NCKyCCTBEHHOIro reHepMpoBaHnNS OLLMOKN UCTMOSb3YIOT UHCTPYKLNIO
throw, MOCNE KOTOPOW yKa3biBaeTCst 0ObEKT, NepeMeEHHas UIn 3HaYeHne,
KOTOpPbIE UrpatoT posib 06bEeKTa OLLINOKM 1 NepenatoTcs B catch-6/10K Npu
ee obpaboTke.

Ecom B iporpamme ucrosib3yercss 00paboTka UCKIIOUNTEIbHBIX CUTYaIlHiA,
TO COOTBETCTBYIOIIUI (hparMeHT MPOrPAMMHOTO KOJIa ¢ OHUM OJIOKOM J1JIst
nepexBaTa OIMOOK MOKET BBITJISAETh Tak (AKUPHBIM HIPH(PTOM BBIIECICHBI
KJTI0UeBBIe (DParMeHThI KOJIA ):

try{

// Kom, KOTOpENI MOXET BEI3BATHL OWMOKY
}
catch(run ommbxy oBwexT ommOxm) {

// Kom, BuIONHAEMBN! Py 0OpabGoTKe OmMOKM
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Ecomm nipu BeimosiHeHUN Koja B OJI0Ke try OMUOO0K He OBLIO, TO TPOrpaMM-
HBII KOz B catch-6s10Ke (Mau GJI0KaX — eC/IM UX HECKOJIbKO) UTHOPUPYET-
ca. Ecim B try-06j10Ke BO3HMKJIA OMMOKA, TO HAYMHAET BBHIMTOJHSATHCS KO
B catch-6Jsi0ke. Bee 3T0 10BOJIBHO CHIIBHO HATIOMIHAET TTO/XO/I, PeaU30BaH-
HBII B YCJIOBHOM OIIEpaToOpe, 4eM, COOCTBEHHO, MOKHO BOCITOJIb30BATHCS.

Paccmorpum iporpammy B smcetunre 2.11. Tam, ¢ TOMOIIBIO MEXaHU3MA UC-
KYCCTBEHHOTO TeHEPUPOBAHIS HCKIIOUUTENHLHOM CUTYAIUH € TIOCTEAYIOTIei
ee 00pabOTKOIA, pelaercs 3ajladya O MOUCKE KOPHSI JIMHEHHOTO yPaBHEHMSI
Buza Ax = B (OTHOCUTENIBHO TIEPEMEHHOM X).

() HA 3AMETKY

XoTa popmanbHO ypaBHeEHNE Ax = B 04eHb NPOCTOE, TYT BO3MOXHbI HE-
KoTopble cneynduryeckme cutyaumm. Bo-nepsbix, ecnu A = 0, To pewie-
HMe ypaBHeHus naetca dopmynoin x = B/A. Ecnn xe A = 0, u npn 3TOM
B =0, TO pelleHnin y ypaBHeHus HeT. W, HakoHew, ecnn A = 0 u ogHoBpe-
MeHHO B =0, To peLLeHMeM ypaBHeHUs siBNsieTcs tlo6oe 4mcho.

B mporpamme st oncka pertienust ypaBHeHust Ax = B ¢ KJlaBUaTypbl BBO-
JATCS 3HAYECHMS 115 TapaMeTpoB A u B ypasHenus. B 3aBucumoctu ot ¢io-
H{I/IBIHGf/iCH CI/ITyaHI/H/I BBIUNUCJIAECTCA peH_[eHI/Ie ypaBHEHHG NJIN BBIBOJIUTCA
COO0IIEHNE O TOM, YTO PEHIEHUEM MOKET ObITh JII0O0€ YUCIIO WU YTO Pelle-
HUI HET.

() HA 3BAMETKY

IMOHATHO, 4TO aHaNM3 BO3MOXHbIX CUTYaLUM Nerko OpraHn3oBaThb C Mo-
MOLLIbIO BJTOXKEHHbIX YCJIOBHbLIX OMepaTopoB. Mbi Mcnosib3yeM B HEeKOTO-
POM CMbIC/Ee afibTePHATUBHbLIA NMOAX0A, KOTOPbIN, OAHO3HA4YHO, HE ca-
MbIl ONTUMAabHbBIN C TOYKM 3PEHUS OpraHmM3aumy NporpaMMHOro Koaa,
HO rnokasartesibHbl B MsiaHe NCNOJIb30BaHUA MexaHn3ma O6pa6OTKVI nc-
KJTIOYUTENBbHbBIX CUTYauMi O OpraHu3aumy TOYEK BETBIEHUS.

VHTepecyomuii Hac IPOrPaMMHBIN KO BBITJISIIAT CJIEAYIONM 0OPa3oM:

Jlucturr 2.11. leHepupoBaHue U NnepexBaT UCKJTIOYEHUN
#include <iostream>

#include <cstdlib>

using namespace std;

int main() {
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// Vi3ameHeHMe KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
cout<<"Pemenne ypaBHeHus Ax = B\n";
// TlapaMeTpH ypaBHEHWA:
double A,B;
// CumuTBIBAHME 3HAUEHMN IJIg MapPaMETPOB YPABHEHUA:
cout<<"a = ";
cin>>A;
cout<<"B = ";
cin>>B;
// KouTposnmpyeMet GJIOK KOHa:
tryf{

if (Al=0){

// TeHepupOBaHME UCKIINYEHNI:
throw A;
}
if (B!=0) {
// TeHepVpOBaHME MUCKITOUEHUS :
throw "Pemenuy HeT";

}

cout<<"Pemenre — moboe umcio"<<endl;
}
// 0BpaboTKa UMCIIOBOT'O MUCKJIOUEHUS :
catch (double e) {

cout<<"Pemenne ypaBHeHus: "<<B/e<<endl;
}
// 06paboTKa TEKCTOBOTO MCKIIOYEHIA :
catch(char* e){

cout<<e<<endl;
}
// 3amepxka KOHCOJBLHOTO OKHa:
system("pause>nul");

return 0;
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B 3aBucmMocTH OT BBOAMMBIX 3HAYEHWH, PE3yJIBTATHI BBIMTOJHEHUS TPO-
TPaMMBbI KaueCTBEHHO Pa3andnbl. Hike moka3ano, Kak BRITJISAAUT Pe3yasTaT
BBITIOJTHEHUS TIPOTPAMMBI, €CJIN I TTapamMeTpa A BBOIUTCS HEHYJIeBOe 3Ha-
JeHue:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nuctudra 2.11)
Pemenne ypaBHeHud AX = B

A=2

B =10

Pewenne ypaBHeHMA: 5

Ecun 3nauenue aiis napamerpa A HyJieBoe, a IIpY 9TOM [apaMeTp B HeHyJie-
BOW, PE3YJIBTAT MOKET OBITh CJIETYIONTIM:

Pea3ynbTaT BbINOJIHEHUS NPOrpaMmMbl (U3 NMCTUHra 2.11)
Pemenne ypaBHeHud AX = B

A=0

B=13

PemeHuyt HET

Ecnu snauenus JUIA 0bonx IapaMeTpoOB HYJIEBbIE, PE3YJIBTAT TaKOM:

Pe3ynbTaT BbiNOJIHEHUS NpOorpamMmbl (U3 nuctuHra 2.11)
Pemenne ypaBHeHua Ax = B

A=0

B=20

Pemenye — m000e uUMUCIO

[Ipoananuaupyem TPOTPaAMMHBIN KOJI, BBITIOJHEHUE KOTOPOTO TIPUBOJUT
K TAKMM pe3yJIbTaTaM.

B nporpamMme mocsie cYuUThIBAHUST 3HAUCHUN MTePEMEHHBIX A U B, HAUMHAET
BBITIOJIHSITHCSI try-OJIOK.

B atom 6J10Ke B yCJIOBHOM OIiepatope MpoBepsieTcst yeaoBue Al=0, u ecJau
OHO UCTUHHO, KOMAH/IO# throw A reHepupyeTcs UCKII0UeHHE,

3HaueHue nepeMeHHol A repeaercs B catch-0JI0K, peHa3HAYEHHbIN /TSt
o6paboTku omubKu (006CyIKAAETCST Tasiee).
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@ HA 3AMETKY

[eHepupoBaHMe UCKIDYEeHUS 03HaYaeT npekpalleHme BbiMOIHEHUS KO-
MaHp, B try-0s0Ke.

Ecuu omu6ka ve Gbiia creHepupoBata (4To, 04€BUIHO, IPOUCXOANT TIPU HY -
JIEBOM 3HAUEHUM TIePeMEHHON A), B UTPY BCTYIAET CJEAYIONINI YCIOBHBIN
oI1epaTop, B KOTOPOM IIpoBepsieTcs yeaoBue B!=0. Ecan ycjaoBue UCTUHHO,
KOMAH/IOH throw "Pemenwit HeT" TeHEPUPYETCS OMMUOKA C TEKCTOBBIM JIHTE-
paJioM, KOTOPbI mpefaercst B catch-6J10k st o6paboTku omubku. Ho ecim
1 9Ta o1ubOKa He reHepupyeTcs, TO BBIIOJIHIETCI KOMaH/1a cout<<"PemeHne —
nw6oe uucno"<<endl. [ToCKOIbKY reHepupOBaHUe BTOPOI OMIMOKH BOSMOKHO,
TOJIBKO €CJIN HEe CreHePUPOBaIach IepBas, TO OTCYTCTBUE CrEHEPUPOBAHHBIX
oImMOOK O3HAYaET, 4TO 00€ TIepeMeHHbIe A U B MMEIOT HyJIeBble 3HAYEHMS.
[pyrumu cioBaMu, KoMaH/a cout<<"Pemenne — ymoboe uncio"<<endl BBITIOJ-
HSIETCS1, TOJBKO €CJIH JIJIsT TEPEMEHHBIX A U B ¢ KJIABUATYPbl OB BBEICHBI
HyJIeBbl€ 3HAYEHUSI.

[Tocue try-6J10Ka onucanbl 1Ba catch-610Ka. B kaskmoM catch-6J10Ke B Kpy-
IJIBIX CKOOKAX YKa3bIBAETC:

® TUIl 3HAYEHUsl, KOTOPBIA Iepepaercss B catch-0JI0K st 06pabOTKH
ONIMOKY;

e obozHaueHue JIJIs MEPEMEHHOIl, B KOTOPYIO 3aluchiBaeTcst (MM Yepes
KOTOPYIO Tlepe/iaeTcst) 3HaueHue, nepeyiaHioe B Ko 00pabOTKU IpH re-
HEPUPOBAHUU OIITHOKH.

[Ipu reHepupoBaHum OMUOKK B try-6JI0Ke A7 ee 06pabOTKU MCIOIb3YETC s
TOJIBKO OJIMH U3 JIBYX catch-0JI0KOB. Pelenne o ToM, Kakoil IMEHHO, — MTPH-
HUMaEeTCsl Ha OCHOBE THIIA 3HAYEHUSI, KOTOPOE TiepeaaeTcst Aast 06pabOTKH:
THII [TEePeIaBAEMOT0 3HAYCHUST CPABHUBAETCS C TUIIOM, YKa3aHHbBIM B catch-
6s0ke. Buok wcrosb3yercst st 00pabOTKU OMMOKM, €CJIU THIIbI 3HAade-
HUil (TepeanHoro st 06pabOTKU M YKa3aHHOTO B catch-0JI0Ke) coBIaaa-
1oT. B manHoM ciydae ecthb catch-6JI0K 1719 O6pa60TKI/I double-3HauyeHu,
U catch-6J10K 111 06pabOTKU TEKCTOBOTO 3HaueHust (TUII char*).

A4 NMOAPOBHOCTH

Mo ymonuyanuio Tekct B C++ peanmsyeTca B BUAE CMMBOJSIbBHOIO Maccu-
Ba — TO €CTb MacCuBa, COCTOSALEro U3 CMMBONOB. CUMBOSIbHBIA TUM —
970 TUN char. CUMBONBHbLIN (MU HE TOJIBKO) MAaCcCUB nepeaaeTcs B GyHKUMU
W, B HaCTHOCTW, B catch-BN0K Yepes ykasaTtesib Ha CBOV NEPBbLIV IEMEHT.

65




asa 2

Ykazatenb — 970 NepemMeHHasi, 3Ha4eHneM KOTOPOK ABNSETCH anpec
Opyron nepemMeHHon. NoatomMy mMaccuB GakTUMH4ecku nepesaeTcsa 4e-
pes3 agpec CBOEro NepBoOro dfieMeHTa (KOTOPbIA SABASIETCS 3HAYEHVEM
TMNa char). YT06bl NOKa3aTk, YTO B catch-6a0K NepenaeTcs anpec char-
3/1eMEHTa, a He CaM char-3JIEMEHT, B ONMCaHUK catch-610ka B nAeHTUPU-
KaTope TMMna Ucnonb3yeTCs 3BE3404Ka *, @ BCA MUHCTPYKLUMS, UAEHTUOULN -
pyloLLas TUn NnepeaaHHoro B catch-6/10K 3Ha4eHWUS], BbIMSANT Kak char*,

B catch-60Kke 17151 06paboTKK OMNOKY ¢ epepadeil double-3HaueHuUs mepe-
XBaThIBaETCsI MepBast onbKa (KOTOpasi FeHepUpyeTcst KOMaHaoM throw A).
B arom 6J0Ke 101 e mojipasyMeBaeTcst TepelaHHoe B OJIOK 3HAYEeHHe — TO
ecTh 3HaueHue nepeMerHoii A. [T0aToMy TIpU BBIYKCIEHUN 3HAYEHKS BbIpa-
JKEHVsI B/e Ha CAMOM JIeJi€ BBIYUCIISIETCsT 3HAYeHIE BHIPAsKEHNUST B/A.

B catch-6m0oke 17151 06pabOTKN MCKJIIOUEHMS ¢ Tepefavyeil char*-3HaueHns
nepexBaTbiBaeTCs BTOpasi omirbKa (creHeprpoBaHHas KOMaHION throw
"Pemeruit ner"). B aTOM OJIOKE 3HAUEHMEM MEPEMEHHON e SBJSETCS TEKCT
"Pemenurt Her" (HA CAMOM Jlejie 3HAUEHUEM e SIBJISIeTCS yKa3aTedb Ha JINTe-
paj "Pewennit Her", HO B JAHHOM KOHKPETHOM CJIy4ae 3TO He CTOJIb Ba)KHO).
[TosTomMy TpU BBITOTHEHUM KOMAHIbI cout<<e<<endl B KOHCOJbHOM OKHE
0TOOpasKAETCsT IMEHHO YKa3aHHBII TEKCT.

UHCcTpyKUuna 6e3ycnoBHOro nepexoaa
Kak HeGoJIbIIYI0 MILIIOCTPAIIo CKOpee K THOKOCTH si3bika C++, ueM K Tpak-
TUYECKOW CTOPOHE IMPOrPAaMMUPOBAHUS, PACCMOTPUM IIPUMEDP, B KOTOPOM 3a-

7la4a O BBIYMCICHIN CYMMBI KBa/IpaTOB HATYPAJIBHBIX YHCET PEIIAETCs C 110-
MOIIBIO UHCMPYKUUU O3y Cl06H020 nepexoda goto.

@ TEOPU4A

UHCTpYKLMS goto NO3BONSET NepefasaTh ynpasieHne B onpeaeneHHoe
MECTO NpPOrpaMMHoOro koga. MecTto B NnporpaMMHOM KOAE NMOMeYaeTcs
METKOMN’, 1 3Ta MeTKa yKa3blBAETCS MOCE NHCTPYKLNU goto.

MeTtka — 00blYHbIi naeHTUdUKaTOp (Ha3eaHue BblIOMpPaeTcs NPOou3-
BOJIbHO C YYETOM HaN4Ms 3ape3epPBUPOBAHHbIX KIOYEBBIX CN0B), NOCe
KOTOPOro CTaBUTCS ABOETO4ME.

Mcnonb3oBaHWe MHCTPYKLMN goto B MPOrPaMMHOM KOAE MHOMMMW Mpo-
rpaMMuUcTaMmn CYNTAETCS HeLLeNecoobpasHbIM.

PaccMmoTpumM mporpaMMHBIH KOJI, TIPEAICTABIEHHbIH B ucTHHTE 2.12.
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JNucTtunr 2.12. UHcTpyKums 6e3ycnoBHOro nepexoaa

#include <iostream>
#include <cstdlib>

using namespace std;

int main() {

}

Huske nipencraBiieH pe3yJibTaT BbITOJTHEHUS IPOIPAMMBI:

// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// UeJouNCIIeHHEE ePEMEHHEE §
int n=10,s=0,k=1;
start: // Merka
s+=k*k;
if (k<n) {
k++;
// Tlepexonm K MeCTy, OBO3HAUEHHOMY METKON:
goto start;
}
// OrobpaxeHue pe3ysibTaTa BEUMCIIEHUN
cout<<"Cymma kBazpaToB umces OT 1 mo "<<n<<":
// 3BamepxXka KOHCOJbHOTO OKHa:
system("pause>nul");

return 0;

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 IMCTUHra 2.12)

CymMa xBampaToB umcen oT 1 mo 10: 385

"<<s<<endl;

B nporpamme oObsiBJIeHBI IIepeMEHHbIE n cO 3HaYeHneM 10 (BepXHsist TpaHu-
11a CyMMBI), s O 3Ha4deHueM 0 (TTepeMeHHas JJI 3aIUCH CYMMBI KBa/IpaTOB
qucen), k co 3HaUeHneM 1 (aHAIOT UHIEKCHOU TTePEeMEHHOT ).

ITepex komanmoit s+=k*k ykasaHa MeTKa start. IIpu nepBom BBIIIOJHEHUU
KOMaHJIBI s+=k*k Hajm4re MeTKM HUKaK He cKasbiBaeTcs. [locie BuimomHe-
HIS KOMaH/IBI B YCJIOBHOM oTlepaTope IIpoBepsieTcs ycaoBue k<n. Ecau ycio-
BUE UCTUHHO, KOMAaHJION k++ 3HAUeHUE TMepeMeHHON k yBeJIMYMBAETCS Ha
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€/IMHUILY, a BCJI€/ICTBME BBIIIOJIHEHUS NHCTPYKIUU goto start ynpasieHue
IIepexXoUT K KOMaH e, TOMeYeHHOM METKOM start — TO €CTb CHOBA BBITIOJIHS-
eTcsl KoMaH/a s+=k*k, II0CJIe Yero BBIIIOJIHAETCS YCJIOBHBII OIlepaTop, U Tak
nastee. Ecou npu mpoBepke ycs10BHs k<n B yCJIOBHOM OIl€PATOPE OHO OKaxKeT-
Cs1 JIOXKHBIM, TO MHCTPYKIIMS goto start He BBIIIOJHSAETCH, a BbIIIOIHIETCS

KoMmaH/1a cout<<"CyMmmMa kBazpaToB umcesd oT 1 mo "<<n<<": "<<s<<endl mo-
cJIe YCJIOBHOIO oIlepaTopa.

3apauv Ans CaMoCTOSTEJNIbHOIO peLlueHus

1.

2.

10.

11.

12.

Hanwuimmre nporpamMmy Jjisi BBIYUCJIEHUS CYyMMBbl HEYETHBIX HATypaJib-
HBIX YKCEJI C UCII0JIb30BaHHUEM oniepatopa for.

Hanumnre mporpaMMy /11 BBIYUCIEHUST CYMMBI YETHBIX HATYPAJIbHBIX
YHCeJI C UCII0JIb30BaHUEM ollepaTtopa do-while.

Hanwuinnre Takyro mporpaMMy: I0Jb30BaTeIEM € KJIaBUATYPbl BBOAUTCS
IEJI0€ YHCJI0, 8 TPOTPAMMOiT OTOOPAKAIOTCS BCE YMCJIa, Ha KOTOPbIE [aH-
HOE YUCJIO AeJIUTC Oe3 ocTaTKa.

Hanummwre IIporpaMMy /IJidd BBIYUCJIEHU S HanuOOJIBIIErO 0611161"0 JleJInTE-
JIA ABYX YU CEJI.

HaHI/IH_H/ITe HporpaMMy JJIA BbIYUCJIEHUA 3HAYCHUA HaTypaJIBHOI‘O Jiora-
pudma In(1 +x) »x — (&7/2) + (£*/3) — (x"/4) + .. + (- 1) '*")/n.
HaHI/IHH/ITe HporpaMMy HJIA BbIYUMCJICHUA 3HAYCHUA CI/IHyCa
sin(x) #x — (x°/31) + (2°/51) — (&7 /7)) + . + (= D)X /(2n + D).
Hanumure nmporpamMmmy A BbIYUCJICHUA 3HaUYCHUA KOCHHYCa
cos(x) = 1 — (&°/21) + (&' /41) — (2°/6]) + ... + ((— 1)"x™") /((2n))).
Hamumnre mporpaMMmy [I7isi BBIYMCJCHUST 3HAYEHUs TUepOOmIe-
ckoro cunyca sh(x) = (exp(x) — exp(— x))/2 ~x + (/31 + (2°/5!) +
@ /T + o+ (@n+ D).

Hanummure mporpaMMy [I7isi BBIYUCJICHUST 3HAYEHUS] TUIIEPOOTIMIECKO-
ro kocunyca ch(x) = (exp(x) + exp(— x))/2 = 1 + (x2/2!) + (x'/4l) +
@ /61) + ... + &7 /((2n))).

HaHI/H_HI/ITe HporpaMMy [JIsA - BbIYMCJIEHUA 3HAYEHUA  BbIPpaKE€HUA
(exp(x) — 1)/x =1+ (x/2) + (&*/3) + (&’ /4) + .+ 4" /((n + 1))).
Hanumute mporpamMmy 1715 pelieHust ypaBHeHUS Buma Ax = B, ncnosib-
3y BJIOJKEHHbBIE YCJIOBHbBIE OIIEPATOPDI.

Hanwmmure nporpammy it peliieHus: ypaBHenust Buja Ax = B Ha MHO-
JKeCTBe IIeJIBIX YHCeNT: TTapaMeTpbl A u B aBASIOTCSA TeTBIMU YNUCJIAMMI,
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13.

14.

15.

16.

17.

18.

19.

20.

U pelieHue X TakKe [0JKHO ObITh 1ETbIM YUCJIOM (MHAYE [MoJIaraeM, 4To
peIeHnit HeT).

Hamwmmre mporpammy /i1 HaxXoskJeHUSA (B TpeziesiaX TepBOH COTHN)

TaKUX IEJIOYNCIEHHDBIX MTapaMeTPOB @, b U ¢, YTO BBITIOJIHSIETCS] PaBeH-
2 2 2 2 2 2

ctBO @ + b” = ¢ (mampumep, 3° + 4~ = 57). Jl/1s1 BEIYUCIEHUS KBAIpaT-

HOTO KOPHSI MOXKET MCIT0JIb30BaThCs (PyHKIM sqrt () (ocTymnHa moce

TTOJKIIOYEHNS 3aT0JIOBKA <cmath>).

Hanwuiure mnporpamMmy it pelieHus KBaJpaTHOrO ypaBHEHUS BHIA
2
Ax” + Bx + C = 0 (IpeaJIo;KUTh pasHble METO/IBI PEIIEHUST 3a/1a4H ).

Hamwmure nporpammy ¢ hyHKITHEH, KOTOPast /711 CBOETO 1€JI0UHCJIEH-
HOTO apryMeHTa BO3BPAIAET Pe3yJIbTaTOM CyMMY JlefTuTeselt (CyMMa 9i-
ceJi, Ha KOTOPbIe YUCJI0-apTyMEHT JIETUTCs Oe3 0CTaTKa).

Hanwuimure nporpamMmmy (C UCIIOJIb30BAaHUEM OllepaTopa switch), B KOTO-
poii [I7Ts1 BBEJIEHHOTO ToJib3oBaTesieM yncia (B auanazone ot 1 go 10)
IPOBEPSIETCST, ABJISIETCsT i OHO wrcjoM Dubonayun (oaHO U3 uncen 1,
2,3, 5 u 8). [Ipemoxure asbrepHaTUBHBIE CTOCOOBI OPraHU3aIUH TIPO-
rPAMMHOTO KOJIA.

Hanwuimmure nporpaMmmy, B KOTOPOU CO3/1a€TCs U 3aMIOTHSETCS CIAyIaiiHbI-
MU YHCJIaMH MAcCHB. 3aTeM MaCCUB COPTHPYETCS B TOPSIKe YObIBAHIS
3HAYEHUIT 9JIEMEHTOB.

Hanuimmute mporpammy, B KOTOPOI CO3/IaeTCs YUCI0BOI MaccuB. Maccus
3aIOJTHSIETCST CIyYaliHbIMU yrcami. HeoOX0MnMo U3MEHUTD TIOPSIIIOK
BJIEMEHTOB B MaccuBe (4TOOBI MOCTIEAHNIN 9JIEMEHT CTal TIEPBBIM, TIPE/I-
TTOCJIETHUI — BTOPBIM, 1 TaK Jlajee).

Hamnmurmmre mporpamMmy, B KOTOPOI CO3/Ia€TCST YMCJIOBOI MAacCUB U 3aTT0JT-
HSIETCSI CJIyYaHBIMU II€JIBIMU YUCJTAMU., JJIEMEHTBI MACCUBA JOJIKHBI
OBITH YIOPSAZOYEHBI CIEAYIONNM 00pa3oM: CHavYasIa CJIEAYIOT B MOPSIKE
BO3pacTaHusI HedeTHbIe 3HaUeHUs, a 3aTeM B TOPSIZIKE BO3PACTAHUSI CJie-
IYIOT YeTHbIe 3HaueHns. Hampumep, ecin cHavaia B MacCuBe OBIIH 3JIe-
MEHTBI CO 3HaUeHusIMU 7, 2, 5, 1, 8, 4, To mocJie yrnopsi/ioueHust TOJKHBI
MOJTYYUTH TTOCTAE0BaTeTbHOCTD 1, 5,7, 2, 4, 8.

Harmummre mporpaMmy, B KOTOPOH CO3/[aeTCsT YMCTOBON MACCHB ¥ 3ATI0JI-
HSIETCST CYYAHHBIMU TIEJBIMU YUCTaMU. DJIEMEHTBI MACCUBA JIOJIKHBI
OBITH YIOPSAZOUEHBI CICAYIONNM 00pa3oM: CHaYasIa CJIEAYIOT B MOPSIKE
yObIBaHVsI YE€THbIE 3HAUEHNsI, @ 3aTEM B TIOPsI/IKE BO3PACTAHUS CJIELYIOT
HeveTHBIe 3HaueHns. Hampumep, eciu cHavaa B MacCHBe OBIITH 9JIeMEH-
TBI CO 3HaYeHusIMU 7, 2, 5, 1, 8, 4, TO mocJie ynopsiioueHust 10JKHBI 10-
JIYUUTD TIOCIeI0BaTENbHOCTD 8, 4, 2, 1, 5, 7.
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YKA3ATEJIN, MACCUBbI U CCbIJIKAN

— ITOT THIl IPOTUBEH MHE TaK JKe, Kak
u tebe.
— Hy, xoHeuHo, 51 cam cebe IPOTUBEH.
u3 x/p «Uponus cyovoo,
wnu C nezxum napoms

B aT0ii T1aBe paccMaTpUBaOTCA TPUMEPHI U 33/1aUH, CBSI3aHHBIE B OCHOBHOM
C UCIIOJIb30BAHUEM YKasameel 1 MacCUBOB. Mbl, KpOMe 11POYETo, y3HAEM:

® KaK CO3/1al0TC U I'/Ie UCIIOJIb3YIOTCA YKa3aTe/Iu;
® YTO CBA3bIBACT MAaCCUBBI U yKa3aTeJIu,
® YeM CCuliKa OTINYACTCA OT YKa3aTeJId,

®  KaKOBbI OCOOCHHOCTH CUMBOJIBHBIX MACCUBOB U KaK C UX IIOMOIIIbIO pea-
JIN3YETCA TEKCT;,

® KaK JUHaAMHYECKU BBIJICIACTCA IMaMATD IO/ IIEPEMEHHDIC 1 MACCUBDI;

®  KaK CO3/IaeTCs JIBYMEPHBII MAaCCUB,

a TaksKe TIO3HAKOMUMCST ¥ HEKOTOPBIME APYTHUMU 0COOEHHOCTSIMU peajin3a-
IINH yKasaTeJel, CChIITOK 1 MaccuBOB B C++.

3HaKOMCTBO C yKa3aTtensamm

Yxasamenv» — niepeMenHast, 3SHa4€HUEM KOTOPOW SIBJISIETCS a/[Pec APYTOii 1e-
pementoii. Ecin oObranas mepeMenHast mo3BoJisieT MOJMYYUTh A0CTYI K 00-
JIaCTU TIaMATHU 110 UMEHUN HepeMeHHOﬁ, TO YKa3aTe€Jib ITO3BOJIAET IOJYIUTDH
JIOCTYII K 00JIaCTH AMSITH TI0 ajipecy. ITH JBa criocoba oOpaiieHust K OHOM
U TOi ke 06JACTH HaMsATH MOTYT KOMOMHUPOBATHCS M HMCIIOJb30BATHCS
OZIHOBpPEeMEHHO. B paccMaTpuBaeMoM Jajiee IpUMepe CO3MAI0TCS BE Iepe-
MEHHbIE, HO JOCTYII K HUM /IJId [IpUCBanBaHUA 3HAYEHUN BBIOJHAETCS C 110
MOIIBIO yKa3aTeJeii.
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@ TEOPUSA

YkazsaTtenb 00bSBNSETCS Tak: 3a[aeTCs TUM 3HAYEHUs!, HA KOTOPOEe OH
MOXEeT yKasblBaTb, a Nocne naeHtndrkaTopa tmna pasmeLLaeTcs 38es-
nouka *. [lanee TpaAnLMOHHO CNenyeT uMs ykasaTens

YT10o6bl NONYYNTb aapec nepeMeHHon (00bl4HON, He yka3aTens), nepen
VIMEHEM MepeMEHHON pasMeLLatoT &. YToObl NONYy4MTb 3HAYEHWE nepe-
MEHHOW, aapec KOTOPOW 3anncaH B ykasaTtesne, nepes MMeHeM ykasaTe-
NS CTaBAT *.

B smictunre 3.1 npencrasiien HeGOJBINION TPOTPAMMHBIIT KOJI, B KOTOPOM HC-
MOJIb3YIOTCS yKa3aTe Iu.

Jinctunr 3.1. 3HaKOMCTBO € yka3aTensamm
#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
// Vi3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// CvMBONbHAS NEepeMeHHas:
char symb;
// leJjounclieHHas MepeMeHHAad:
int num;
// YxasaTesib Ha CUMBOJILHOE 3HAUEHUE:
char* p;
// YxazaTenb Ha LEJOUMCIIEHHOE 3HAUEHUE:
int* g;
// 3BHaueHMe ykasaTesd p — aIpec MEePEeMeHHOM sSymb:
p=&symb;
// 3BHaueHue ykasarTess J — ampeC [IEPEMEHHOM num:
g=&num;
// 3BHaueHue nepemeHHOV Symb NpPUCBaMBaETCH
// uepes ykazaTenb Ha Hee:

*pzlAl;
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// 3HaueHMe MEPEMEHHOV NUM M[PUCBAMBAETCH
// uepes ykaszaTesib Ha Hee:

*q=100;

// TlpoBepseTcd 3HAUEHME MEPEMEHHOM Symb:
cout<<"symb = "<<symb<<endl;

// TlpoBepsgeTcs 3HaueHME [EPEMEHHOM num:
cout<<"num = "<<num<<endl;

// 3amepxka KOHCOJBHOTO OKHa:
system("pause>nul");

return 0;

Huxe npuBezieH pe3yJ ibTaT BHITOJTHEHUS IPOTPAMMBI:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmmbl (M3 nuctudra 3.1)
symb = A
num = 100

Komanmamu char symb ¥ int num B IporpaMme COOTBETCTBEHHO O0BSIBIISAIOT-
CsI CUMBOJTbHAST TIEpeMeHHast symb (3HaYeHneM MOKET ObITh CUMBOJ — OJIH-
HOYHBIN CUMBOJI 3aKJ/I04aeTcsl B OJMHAPHblEe KAaBbIUKM) U LEI0UUCICHHAs
repemMeHHas num.

VkaszaTesib p Ha CUMBOJIbHOE 3HaueHue OObSIBIASETCS KOMaHIOI char* p.
VkaszaTesib p, TAKUM 00Pa3oM, MOKET COJIEPKATh 3HAYCHUEM aJIpec TIePeMeH-
HOH TWma char. 3HAUYEHNE YKa3aTeI0 p MPUCBAUBACTCS KOMAHI0U p=&symb,
TaK UTO B Pe3yJibTaTe 3HAUEHUEM YKA3ATEJIs p SIBJISIETCS aJIPec IepeMEHHOI
symb. AHAJIOTUYHO OOCTOST JieJia ¢ yKasaTeJeM g Ha 1eJI0YMCIAeHHOe 3Haue-
Hue. YKazaTeb 00bSIB/ISETCS KOMAHAOM int* g, a 3HAYEHME YKA3aTeJII0 IPH-
CcBaMBaeTCs KOMaHIOHM g=&num, B Pe3yJbTaTe Yero 3HAUEHWEM yKa3aTess g
SIBJISIETCS aZipec TIepeMeHHOM num.

@ HA 3AMETKY

3HayeHus ykazaTensm p U g NpUcBamBaloTCsl 40 TOro, kak NepemMeHHbIM
symb 1 num ObIIN NPUCBOEHbI 3Ha4YeHMs. MpolLle roBops, YToObl ykasaTte-
N0 MPUCBOUTbL 3HAYEHMEM afpec NEPEMEHHOWN, AAHHOW NEPEMEHHOMN
CcoBCeEM Heobsi3aTenbHO npucBavBaTb 3HavyeHus. JocTaTovyHO, YTOObI
rnepemMeHHas cylLlecTsoBana (To ecTb Obina 06bsaBneHa). NMpuyrHa B TOM,
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4TO yKasaTtesilo HeobxoAMM TOJIbKO afipec NepeMeHHOM, KOTOPbIA y Hee
NoOSIBASIETCS MPU OObSABNEHUM.

Ecnu 3HauyeHnem ykasaTtens SsBnseTcs afpec HEKOTOPOoI obnactu namsi-
T1, To ByaemM roBopuTb, YTO yKasaTeslb CCblIaeTCs Ha 3Ty 06nacTb, Uan
4TO OH YCT@HOBJIEH Ha 3Ty 061aCThb.

3HaueHUs TIepeMEeHHBIM symb U num IIPUCBAMBAIOTCS Yepe3 yKasaTeau. 3Ha-
YyeHue TiepeMeHHO symb MPUCBAaNBaeTCsl KOMaH0# *p="A". 3HaueHle TIepe-
MEHHOH num IpucBanBaeTcs KOMaHA0i *g=100. Mbl yusu, 4TO /1 JOCTyla
K 06JIaCTH TIaMSATH, Ha KOTOPYIO YCTAHOBJIEH yKa3aTe/lb, Ilepejl UMeHeM yKa-
3aTesid cJellyeT MOCTaBUTh 3Be3/0uKky *. Ilocsie npucBanBanusg 3HavYeHUN
IIePEMEHHBIM symb 1 num MbI IIPOBEPsIEM 3HAYEHUA IIEPEMEHHBIX KOMaH/aMu
cout<<"symb = "<<symb<<endl u cout<<"num = "<<num<<endl, copepKaliuMu
SIBHOE OOpallleHre K IIePeMEHHBIM symb U num.

MaccusBbl n ykazatenum

Cremytonmuii mpuMep WJLTIOCTPUPYET CBSA3b MEXKIY MacCHMBaMU M yKa3are-
JISIMTL.

@ TEOPUSA

ECTb HECKONBKO BaXHbIX GAKTOB MO NOBOAY MACCUBOB (Mbl Noka 00CYX-
Jaem ofHOMEpHble cTaTu4eckne MaccuBbl) 1 ykasaTenen. Bkpartue BoT
OHU:

e [lpy 06BSABNEHNN MACCUBA MECTO MO €ro 3NeMEHTbI B NaMSATU Bbl-
LenseTcs Tak, YTO 3/1IeMeHTbl PACMOIOXeHbl OOVH 33 OPYrUM.

e /msa maccuBa 9BNSIeTCS yKka3aTeneM Ha ero NepBbli 91IEMEHT.

e K ykasaTensm MOXHO NpnbaBnsTb U OTHMMATb OT HUX Lesble Yynucna.
Pesynstatom fIBASIETCH yKkasaTesb, CMELLEHHbIN OT TEeKYLLEero ykasa-
TeJiIa Ha COOTBETCTBYIOLLLEE KOJIMYECTBO AYE€eK namAaTu (B Hanpasne-
HUW YBENVNYEHNS UV YMEHbBLLEHWS aapeca).

e PasHuuen OByx ykasatenen (0gHOro tmna) gBNsieTCcs Lenoe 4mcno,
onpenensiowee KoOAM4eCTBO NO3NLMIA (S4eeK) Mexay syenkammn na-
MSITW, Ha KOTOPbIE CChINAlTCs ykasaTenu.

® YkasaTenu MOXHO MHOEKCUPOBaTb (MHAEKC yKa3blBAETCH B KBagpaT-
HblIX CKOBOKax mocne MmeHwW ykasaTenss n GopmMasbHO MOXeT ObiTb
oTpuLaTeNbHbIM). 3HaYeHNEe MHOEKCUPOBAHHOrO ykasatens — 3To
3HayeHue B s4elike, KoTopas OTCTOUT OT AAaHHOr 0 yKka3aTens Ha KOau-
4eCTBO NO3MUUIA, onpenenseMoe MHOEeKCoM.

Pe3tomMe focTaToyHo NpocToe: obpalleHne K 3IEMEHTY MaccuBa npea-

CTaBnseT COOO0N onepaumio MHAEKCMPOBAHNS yKasaTens.
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B nucrunre 3.2 IpeAcCTaBJieHa IporpaMmMa, B KOTOpOﬁ CO31a€TCA CUMBOJIb-
HBIM MaCCUB U 3al0JHSIETCS 3HAUeHUSIMU. HpI/I 9TOM B 3HAUNTEJTLHOI CTelle-
HU UCIIOJIb3YIOTCA YKa3aTe .

Jinctuur 3.2. MaccuBbl 1 ykasatenu

#include <iostream>

#include <cstdlib>

using namespace std;

int main () {

// Vi3ameHeHMe KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Pasmep Maccuea:
const int size=12;
// VHIOeKCHAs MepeMeHHAd:
int k;
// Cosmanue CUMBOJBLHOTO MACCHBA:
char symbs[size];
// YxazaTemu Ha CUMBOJIbHEE 3HAUEHUS:
char* p;
char* q;
// YkaszaTenb Ha NEPBHI 3JIEMEHT MACCUBA:
p=symbs;
// 3HaueHue MEpPBOTO BJEMEeHTa MAaCCHBa:
p[0]="A";
// YxasaTens Ha MOCJEIHUM SJEMEHT MacCUBA:
g=&symbs [size-1];
// KOnMuecTBO MOBULIMI MEXIY MNEPBEM
// ¥ moCnemHWM 3JIEMEHTaMyi MacCUBA:
cout<<"Mexmy MHepBEM ¥ MOCTenHMM 3jieMeHTamu "<<g-p<<" mosuumir\n";
// 3BamnojHEeHMEe MacCUBa ZHAUYEHVIAMM:
while (p!=q) {

// YxasaTesjb Ha CJenyoWyiA 3JIEMEHT:

ptt;
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// BbUMCIIEHVE 3HAUYEHMS DJIEMEHTa MacCCUBa:
*p=p[-1]+1;
}
cout<<"3dmemenTH Maccupa\n| ";
// OrobpaxeHne CONEPXKMMOTO MACCHBA :
for (k=0;k<size; k++){
cout<<symbs [k]<<" | ";
}
cout<<"\ndmemenTr B obpaTHOoM mopamke\n| ";
// OrobpaxeHne COTEPKUMOTO MACCUBA B OGPATHOM IMOPSIKE:
for (k=0;k<size; k++){

cout<<gl-kJ<<" | ";

}

cout<<endl;

// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

}

PeSyJIbTaT BBITIOJIHEHMA ITPOTPAaMMBDbI ITPpEACTAaBJICH HUKE!

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (U3 NUCTUHIra 3.2)

Mexny MEepBHM ¥ MOCHeIHUM 3JieMeHTamy 11 mosumuuin

SJIEMEHTH MacCyBa

Al BICIDIE[IFIGIHIIIJIKILI

OJeMeHTH B OOpaTHOM MOPAOKE
[LIK[JII|H|JGIFIE[IDIJICI|BIJAI

B mnporpamme oObsBISETCS IEJIOYMCIEHHAs KOHCTaHTa size, ompese-
Jigtolas pasMep CUMBOJIBHOTO MacCUBa, KOTOPBIM cO3/aeTcsi KOMaH/Iou
char symbs[size]. Takske B iporpamMmMe 0ObSIBJSIOTCS Ba CAMBOJIbHBIX YKa-
3aTensd p U g (KOMaHAbl char* p W char* q). YKazaTesio p 3HAaUeHUE TPU-

CBaMBAaETCS KOMAHION p=symbs. [IoCKOJBKY MM MaccuBa SIBISIETCS CCHLI-
KOI Ha TIEPBBIN 9JIEMEHT MAaCCHBa, TO ITOCJIE BBITIOJTHEHUS JJAaHHON KOMaH/Ibl
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yKaszaTesJb p CChIJIAETCS HA TIEPBBIN 2JleMEHT MaccwBa symbs. Komanmoii
p[0]="A' mIEpBOMY 2JIEMEHTY MacCHUBa symbs IIpUCBanBaeTCd 3HaYeHue 'A'.
Tak mpoucxo/uT B CUJY TIpaBUJia MHJAEKCUPOBAHUA yKazaTesuei: p[0] mpe-
craBjisieT co60ii 3HaueHue 00JIacT MaMsITH, KOTOPast OTCTOUT Ha 0 TO3UITNI
OT JYeiku, Ha KOTOPYIO CChLIIAeTCs yKasarTesib p. [lockoIbKy Ha MOMEHT BBI-
TOJTHEHU MIPOrpaMMBbl yKa3aTeJb p COACPKUAT 3HAYCHUEM aapec IEPBOTO
2JIEMEHTA MAacCUBa, TO UMEHHO 5TOT 3JIEMEHT I10JIydaeT 3HaueHue 'A’.

3HaueHMe yKasaTesio g MpUcBanmBaeTcss KOMaHA0H g=&symbs [size-1]. Ilo-
CKOJIbKY symbs[size-1] eCTh HU UTO WHOE, KaK TOCTETHUN 3JIEMEHT Mac-
cuBa symbs, TO &symbs[size-1] — aJapec HOCJEIHETO 3JIEMEHTA MacCUBa.
TakuM 06pa3oM, 3HAYEHUEM YKasaTessl g SIBJSETCS afpec IMOCJEIHEro
ajieMeHTa MaccuBa. Eciu BBIUMCIUTH Pa3HOCTb yKasaTeJseil g-p, TO pe-
3yJbTATOM TOJIYUYUM KOJUYECTBO IMO3UIMI MEXAY MOCIEHUM U IePBbIM
aJleMeHTaMu MaccuBa. /laHHoe 3HaUeHue Ha eIMHUILY MEeHbIIe JJINHBI Mac-
cuBa (M B IAHHOM KOHKPETHOM CJIy4ae PaBHO 11 MTOCKOJIbKY B MaccuBe 12
3JIEMEHTOB).

[l 3an0/IHeHNST MacCUBa 3HAUEHUSIMU 311y CKAeTCs OTIepaTop IuKJja while.
B oniepatope nposepsieTcst ycioBue p! =g, KOTOpoe COCTOUT B TOM, UTO 3Ha-
YyeHus ykasaTeseil p 1 g pasjnyHbl. B Tese onepatopa HUKJIa KOMaHI0N p++
oTiepaIisi MHKpPeMeHTa ITpUMeHseTcS K yKa3aTesio p. /lanHasg koMaHaa ak-
BUBaJIeHTHA KoMaH/ie p=p+1. [IprbaBiieHne K yKa3aTeio eIMHUTIBI TA€T B Pe-
3yJIBTaTe yKa3aTe b, KOTOPBIH YCTAHOBJIEH Ha COCETHION dueiiky. [lockomb-
Ky B MacCUBe 3JIeMEeHTBI B TIaMSATH PACIOJIOKEHBI TOAPS ONUH 32 IPYTUM,
TO TOCJIE BBITTOJHEHUST KOMAH/IbI p++ yKasaTesb p OYIeT CChLIAThCS Ha CJie-
NYIOIIUI 3JIeMeHT B MaccuBe. KoMaHIol *p=p [-1]+1 BbIUUCISAETCS 3HAYCHHE
3JIeMeHTa MaccuBa. B sieBoil yacTu KOMaH/bl CTOUT BBIPASKEHUE *p, SIBJISIIO-
nieecst 3JIeMeHTOM MacCuBa, Ha KOTOPBIH yCcTaHOBJIEH YKa3aTelsb p. Beipaske-
HUe p[-1]+1 B MPaBOil 9aCTH COAEPKUT WHCTPYKIIHIO p[-1]. ITO 3HAUEHUE
3JIeMEeHTa, KOTOPBI HAXOAUTCS Ha OMHY TO3UINIO Ha3a/ (B HAIPaBIEHUN
YMEHBIIEHUS a/ipeca) 0 OTHOIIEHUIO K 3JIEMEHTY, Ha KOTOPBIA YCTAaHOBJIEH
yKkasaresib p. [Iporre ToBops, i onpenesieHNs 3HAYEHNUS 9JIeMeHTa, Ha KO-
TOPBIil yCTAHOBJIEH yKa3aTe b p, 0epeTcst 3HAUEHUE MPEIbILYIIETr0 dJIeMEeHTa
U K HeMy TIpUOABJISIETCS €IMHUTIA.

@ HA 3AMETKY

Cnepnyet 3aMeTUTb, YTO 3HAYEHUSIMU SJIEMEHTOB MaccuBa symbs SBJS-
loTCs cMmBObl. Onepauus NnpubaBneHns K CMMBOY Yncna obpabatbl-
BaeTcsa Tak. bepeTtcsa koa cumBosa B KOAOBOM Tabnuvue 1 K Hemy npu-
6aBnsieTcsa 4ymcno. Ecnm peaynstat HEOH6XOANMO MHTEPNPETMPOBATL Kak
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CUMBOJ1, TO NOJSIlYYEHHOE YMC/IOBOE 3HAYeHWe CTaHOBUTCS KOAOM B KO-
[oBOM Tabnuue, N0 KOTOPOMY 1 BO3BpaLlaeTcs cumBos. B ntore npu-
6aBneHve eanHULbl K CAMBOJY JaeT pe3ynsTaTtoM clieayiowmii CUMBON
B KOJ0BOW TabnuLe (ecnu peyb MaeT o Oykeax, TO Noslydaem CrenyioLLyio
OykBY B andasute).

Takxe CTOUT HANOMHUTb, YTO MHCTPYKLMS \n ABASIETCA KOMaHOOW nepe-
X0[a K HOBOW CTPOKE Npu oToBpaxkeHnn TekcTa.

Taxkum O6p3.30M, Ka)KI[bIﬁ Ppa3 1Ipu BBIIIOJTHEHUNW OJHOTO IUKJIA YKa3aTeJIb p
CMEMNIA€TCA BIIpaBO Ha O/IHY IO3UIUIO, N I9TO 6y11€T IIpoAO0JIZKATbCA /10 TEX
I10p, IMOKa YKa3aTeJsib p HEe CTAaHET paBHbBIM yKa3aTeJIl0o g Ha TOCIeTHUI 3JTe-
MEHT MacCCHBa.

JL71st oTOGpasKeHs COMEPKIMOro MaccuBa (TI0CJIe ero 3aT0THEHS ) HCITOJTb-
3yeM OOBIYHBII LUKJI, B KOTOPOM OOpallleHre K 9JIeMeHTaM MacCHBa BBIIIOJI-
HsETCS TTOCPENCTBOM WHIeKca. Elle B oMHOM omepaTope IMUKJIA 3HAUYEHUT
9JIEMEHTOB MACCUBA OTOOPAKAIOTCS B 0OPATHOM IIOPSAKE: ¢ KOHIA MACCHU-
Ba B Hauyas10. B 9TOM omeparope LMK/Ia MHAEKCHAS IEPEMEHHas k mpoberaer
3HaYeHus OT 0 10 size-1, a oOpalleHre K 91eMEHTaM MAaCCHBA BHIIIOJIHICTCS
B Bujie q[-k]. HarmromHuM, 4TO g — yKasaresab Ha MMOCJIEIHUN 3JIEMEHT Mac-
cuBa, a Toraa q[-k] mpeacrasiser coboil 3HAUEHKE dJIeMEHTa MACCHUBa, KO-
TOPBIN CTOUT Ha k TIO3UIIMH BJIEBO OT MOCJENIHETO deMeHTa. B pesysbrare
oJry4aeM 1epebop 2JIeMeHTOB MacchBa B 00PaTHOM TIOPSIIKE.

3HaAKOMCTBO CO CCbhlJIKamMu

JList WuLTroCTpaI 0COOEHHOCTEN UCIIOIb30BAHKSI CCbLIOK PACCMOTPUM CO-
BCeM HeDOJIbIIO IPUMED, IIPeACTaBJeHHbIN B JucTUHre 3.3,

Jinctunr 3.3. 3HaKOMCTBO CO CCbIJIKAMM
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// UejouMClieHHAs MepPeMeHHAd:

int num;
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// CcrHiKa Ha NEepeMeHHyo:

int &ref=num;

// TlpCBauBaHMe 3HAUEHUS IEPEMEHHO:

num=100;

// TlpoBepka 3HAUEHMSA [EPEMEHHOM U CCHJIKA:

cout<<"num = "<<num<<endl;

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

// TpucCBauBaHMe 3HAUEHUS CCHUIKE:

ref=200;

// TlpoBepka 3HAUEHMSA [EPEMEHHOM U CCHIIKA:

cout<<"num = "<<num<<endl;

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

// 3amepxka KOHCOJIbHOTO OKHa:

system("pause>nul");

return 0;
}
B mporpamme 0ObsIBIISIETCS 11EIOUMC/IEHHAST TIEPEMEHHAs num, a TaKxKe ellle
OJIHa TIepeMeHHas1, KoTopasi HasbiBaercst ref. OObsiBJIeHNE U WHUIIHATIA3A-

1S 9TOI IepeMeHHOl (KoMaHAa int &ref=num) UMeeT HEKOTOPbIE OCOGEH-
HOCTH. A UMeHHO:

® 1pu 0OBSIBJIICHUN TIEPEMEHHOI ref Mepes] UMeHeM MepeMeHHON yKa3aH
aMIIepCcaH/ &;

L4 HepeMeHHOﬁ ref IIPUCBAaNBAETCA B Ka4eCTBE 3HAYECHUA TIepEMEHHAA numn,
[IprYeM CaMoii IepeMeHHO num 3HaYeHue elle He IIPUCBOEHO

I[Be IepeyncCaeHHbIE 0COGEHHOCTH XapaKTEPHDbI JIA 0ODBABICHUA CCOUIKIL.

@ TEOPMUYA

Ccbinka npeacTtaBnseT cobo NepeMeHHylo, KoTopas ccblnaeTcs (no-
3BOJIAET NOJYYUTb AOCTYM) Ha Ty Xe 0061acTb NaMATH, YTO U HEKOTopas
apyras nepemeHHasa. C HEKOTOPbLIM YNPOLLEHNEM CCbIIKY MOXHO CYU-
TaTb CUHOHMMOM ONPEeAENIEHHON NePEMEHHOM

[eno B TOM, 4TO Npu 06BABAEHNN OOLIYHOM NEPEMEHHON AN15 HEe B na-
MSATU BblAeNseTcsa MecTo. [1pn CO3aaHnm CCbIIKM NaMsATb MO, CCbIIKY HE
BblAENSETCS, a Mcnosb3yeTcs 06aacTb NaMaTu, BblAENEHHAA NOA4 APY-
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rylo nepemMeHHyio. B pesynstate nonyyaem nBe nepeMeHHble, KOTOpble
MMEIT JOCTYN K OJHON 1 TOW e 06nacTn namaTu.

MepemeHHasn, ob6nacTb NaMaTU KOTOPOM MCNOMb3YETCHA CCbIIKONW, Npu-
CBaMBaeTCH Ccbinke npu 00bsiBneHuun. lepen MMeHeM CCbUKu npu
00BABNEHMM NCMONBL3YETCS CMMBON &. CCblfIka CO34aeTCs AN OQHON ne-
pPEMEHHON 1 HEe MOXET ObITb «MepebpoLLeHa» Ha APYry0 NEPEMEHHYIO.

B nporpamMme BBITIOJHAIOTCS TaKue OINEpanvi ¢ IePeEMEHHOM num M CChLI-
KOIl ref:

® JIpriCBanMBacTCA 3HAa4YCHUE HepeMeHOfI num, IOcCJi€ 4€ro 1nMpoBEPAIOTCA 3HA-
YEeHUA HepeMeHHOﬁ num M CCBLIIKU ref;

® [IpPUCBAWBAETCS 3HAYEHME CChLJIKE ref M CHOBA MPOBEPSIIOTCS 3HAUYEHUS
1epeMeHHO num 1 CChLIKY ref.

Pesynbrat BBITTOTHEHUS TIPOTPAMMBI CJIEYTOTIIHI:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nucTudra 3.3)

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

Bunum, uyto mameHeHre mepeMeHHON num MPUBOAUT K M3MEHEHUIO 3Have-
HUS CCBUIKU ref, a MI3MeHeHNe 3HAUEHNU CChLTKU ref MPUBOAUT K M3MeEHe-
HUIO 3HAUEHUS ITepEMEHHOT num. DTO BIIOJIHE JJIOTUYHO, €CJIU BCIIOMHHUTD, YTO
U [IepeMeHHas num, U CChLIKA ref UMEIOT JeJI0 ¢ OAHON U TOil JKe 006J1aCThIO
ITaMSTH.

AvnHaMunyeckoe BblaesieHue namsaTm

MaCCI/IBI)I, KOTOpPbIE MbI pacCMaTpuBaJn /10 3TOTIO, OB CIaAmMuMecKumu —
TMaMATH IMOJIT HUX BbI/I€JIAIaCh B IPOIECCE KOMIMJIAIIUN ITPOTPaAMMBbI. Cyme—
CTBYIOT Junamuueckue MaCCHUBbI, IIaMATDb IO KOTOPbIE€ BBIJICJIAECTCA B IIPO-
I[eCCe BbIIIOJITHEHMA IIPOIrPAMMBDBI.

@ TEOPUSHA

AnHamuyeckoe BblaeneHue NamMsaTu BbINOJIHAETCS C MOMOLLbIO ore-
patopa new. [locne onepaTopa new ykasblBaeTcs UaeHTudbukaTop Tuna,
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onpenensiowmnin, ansa xpaHeHus NnepeMeHHol Kakoro TMna BblaenseTcs
namatb. Ecnv namaTtb BblAensieTcs He Mo OTAENbHYIO MEPEMEHHYIO,
a noj, mMaccumB, TO Nnocne naeHTudmkaTopa TrMna B KBagapaTHbIX CKOBKax
yKa3blBaeTCH pasMep ANHAMNYECKOro MaccuBea.

Pe3ynbtaTtoM MHCTPYKUMN MO BbIOENEHUIO ANHAMMUYECKOM NaMsaTn BO3-
BpaLLaeTcs ykasaTesb Ha BblAENIEHHYI0 00/1acTb NaMATU (4151 OTAENIbHOW
NnepPeMeHHON) nnun ykasaTesnb Ha NepBbIri A1EMEHT MaccmBa (ecnu cos-
JaeTcs Maccus).

Mocne Toro, kak B AMHaAMUYECKN BblOENIEHHOM NaMAT HEOBXOANMOCTb
oTnana, ee ocBOOOXAA0T C MOMOLLLIO onepaTtopa delete. [locne onepa-
Topa delete pa3dmellaeTcs ykazaTesb Ha 0CBOBOXaAaemyo obnacTb na-
MATU. ECcnn ypanaeTcs guHamMmn4ecknii Maccume, TO MEXAY OnepaTopom
delete M yka3aTesleM Ha NEPBbI NIEMEHT yAAISEMOro Maccmea pasme-
LatloTCs NyCTble KBaapaTHble CKOOKN [].

B nucrtunre 3.4 mpencraBiena mporpamMma, B KOTOPOU CO3IaeTCs AUHAMUYE-
CKUU MacCCUB, 3allOJTHAECTCA 3HAYECHUAMU, ITOCJI€ YETO MACCUB Y1AJIAECTCA.

JincTtunr 3.4. luHaMuU4yecKuii Maccuse

#include <iostream>

#include <cstdlib>

using

namespace std;

int main () {

//

3meHeHne KOIVPOBKNM KOHCOJIN:

system("chcp 1251>nul");

/]

Ykaszarejb Ha LeJjioe UUCIo:

int* size;

/]

IyHaMMUeCKOe BBIEJIEHVE NaMATU [OL IIEPEMEHHYI0:

size=new 1int;

cout<<"BremuTe pa3mMep Maccupa: ";

// CumTHBaHME 3HAYEHMS C KIIABUATYPH:
cin>>*size;
// YxaszaTenb Ha CUMBOJILHOE 3HAUeHMEe:

char* symbs;

//

CoznaHye CUMBOJILHOT'O MaCCHBA:

symbs=new char|[*size];

//

3anoJjiHeHye MacCuBa:
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for (int k=0;k<*size;k++){
symbs[k]="a'+k;
cout<<symbs [k]<<" ";

}

// Ymamenue Maccupa:

delete [] symbs;

// YmaneHue MNepeMEHHON:

delete size;

cout<<"\nMaccuB u mepemeHHas ymajeHs\n";

// 3amepxka KOHCOJIbHOTO OKHa:

system("pause>nul");

return 0;

Bo3MoskHBII pe3yabTaT BBITTOJHEHUS TPOTPAMMBI ITPEJICTaBIeH HUKe (SKUp-
HBIM TIPU(TOM BBIJIEJIEHO 3HAY€HNEe, KOTOPOE BBOJIUT TI0JIb30BATEND ):

Pe3ynbTaT BbINOJMIHEHUS NPOrpaMmbl (U3 NUCTUHra 3.4)
BeemuTe pa3Mep Maccupa: 12
abcdefghijkl

MaccuB u IepeMeHHad yOaJIEeHBL

B mporpamme cosmaeTcs nBa ykazaTesid: yKazaTeb size Ha MEJIOYNCTICHHOE
3HaUEHUE U yKa3aresjb symbs HA CUMBOJIbHOE 3HAUEeHMe. SHAYeHHe yKa3aTe-
JIO size MPUCBAUBAETCS KOMAH/ION size=new int. B pe3yJbraTe BBIMOJIHEHUS
NAHHOW KOMAaH/IbI B MAMSATH TUHAMIYECKHU BBIJIEISIETCS MECTO TIOT T[eJI0UHC-
JIEHHYIO TIEPEMEHHYIO, @ ajipec BBIICJICHHON 00JIACTH MAMSTH 3aITUChIBACTCS
3HAYEHNEM B yKa3aTeJb size. 371eCh CEAYeET elle pa3 MoqIepKHyTh, UTO size
npescTaBisieT coboi ykaszatenb. [locie AMHAMUYECKOTO BBIICTCHUST TTaMsi-
TH ATOT yKa3aresb mosyvaer 3Hadenne. Ho obmacTb mamsitu, Ha KOTOPYIO OH
CCBLIAETCs1, 3HAUEHUE He MoJiydaeT. B nmporpamme OHO CUUTBIBAETCS C KJIaBUa-
TYPBI, JJIs1 9eTO UCIMOJIb3yeTcs KoMaHaa cin>>*size. [lockomnbKy cuntanHOe
3HAYEHUE 3AaHOCUTCS He B yKa3aTesib size, a B 00JIaCTh TAMSTH, Ha KOTOPYO OH
CCBIJIAETCS, TO CIIPaBa OT OIlepaTopa BBOJIA >> UCIIOJIb3yeM BhIpAKEHHE *size.

JumHamMuyeckuii CUMBOJIBHBIII MacCUB CO3JIaeTCs KOMAaHJOH symbs=new
char[*size]. B KBaﬂpaTHbD(CKO6KaX YKa3aHO BbIpaskeHHe *size, KOTOpoe
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OTIPe/IeNISIET pa3MeP MAacCUBA U SBJISIETCS CYUTAHHBIM C KJIAaBUATYPhI 3HAYe-
HUEM JIMHAMUYECKU CO3/IaHHON ITepeMEeHHOM.

@ HA 3AMETKY

Mbl Ha3blBaeM AMHAMNYECKW CO30aHHOW NepeMeHHOon 06/1acTb NaMaTu,
BblOENIEHHYIO B AMHAMWYECKOM pexume. ITO HE COBCEM KOPPEKTHbINM
TEPMUH, HO OH JOCTAaTO4YHO YAOOHbLIN, NO3TOMY Mbl €ro 6yaemM NUCnosb-
30BaTthb.

Takxe AOCTOMHO BHUMaHUS cnepyouiee ob6CTOATENbCTBO: €CNv Mpwu
CO3[aHnKM cTaTUYeckoro MaccrBa pasMep MaccuBa JOMKEH 3a4aBaTbCA
KOHCTaHTOM, TO NpY CO34aHNN AMHAMNYECKOro Maccmnea pasmep MOXET
OblTb 33aH NOCPEACTBOM MepPEeMeHHON (He 06a3aTenbHO AnHaMu4e-
CKOW).

B pesysibraTe BbINIOJTHEHUST KOMaH/bl symbs=new char[*size] cosjaercs
MacCHUB pa3Mepa *size, a ajpec 3TOro MaccuBa (apec ero MepBOTO dJIeMEH-
Ta) 3aMMCHIBAETCS B yKa3aTesb symbs. B ctatnyeckom maccuBe NMs MacCuBa
ABJISIETCS yKa3aTeJeM Ha IIePBBIH aieMeHT MaccuBa. B janHoMm caryyae njen-
TH@UKATOP symbs TaKkKe ABJAETCS yKa3aTeJeM Ha IIepBbIil aJleMeHT MacCHBa.
IToaToMy MBI BIIOJTHE MOKEM OTOKJECTBIIATD symbs ¢ UMEHEM JMHAMUYeCKO-
ro MaccuBa. Mbl 9T0, COOCTBEHHO, U JieJlaeM, KOT/Ia € TIOMOIIBIO OIlepaTopa
IIMKJTa 3ATT0JIHSIEM MACCUB 3HAYEHUSIMU U 0TOOpakaeM 3HAYEHUsT DJIEMEHTOB
MaccuBa B KOHCOJIBHOM OKHe. 3HaueHWe 3JIeMEHTY MacCUBa MTPUCBANBAETCS
KOMaHIo symbs [k]="a'+k. B mpaBo# wacTu BeIpaskenne 'a'+k BEIYNCIAETCSA
Tak: K KOAy CUMBOJIA 'a' MpHOABJISIeTCs] 3HAYEHWE k M MOJTydeHHOE YUCIIO0
CITYKUT KOJIOM, IO KOTOPOMY OTIPE/IesIAeTCs] CUMBOJI, ABJISIONINICS Pe3yJib-
TaTOM BbIpaKeHUs. B uTore Mmaccus symbs 3a11oioHsgeTcs 1M0cse/10BaTeIbHO-
cThiO OYKB, HAUMHAsI C 'a'.

[nga ynaneHus IUHAMUYECKOTO MaccuBa symbs WCIOJb3yeTcs KOMaH-
na delete [] symbs, a TUHAMHUUYeCKas NepeMeHHAs yalaseTcs KOMaHION
delete size.

@ HA 3AMETKY

MNepemeHHble-yka3aTenn size N symbs ABASIOTCA CTATUHECKUMU N HUKY-
ba He ypansiortca. Mo yoaneHnem maccmea symbs nogpasymeBaeTcs
yoaneHue Toro MmaccmBa, Ha KOTOpPbIM CCbllaeTca ykadaTtesib symbs. [1po
yaaneHune ,EI,I/IHaMI/I‘-IeCKOI7I nepemeHHon Mbl FOBOPUM B TOM CMbICJie, 4TO
ocBoboxaaeTcs 06nacTb NamMsaTh, Ha KOTOPYIO CChUIAETCs ykasaTesb
slze.
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Oco06eHHOCTU CMMBOJIbHbIX MACCUBOB

MaccuBbl, COCTOSIINE U3 CUMBOJIOB (CUMBOJIbHbIE MACCUBBI ) UMEIOT HEKOTO-
pble 0COOEHHOCTH, CBSI3aHHBIE C TEM, YTO CUMBOJIbHBIN MacCCHB — OCHOBHOM
crocob peaim3aly TEKCTOBBIX 3HaueHu . O6 9TOM CJIeYIONMil TpuMep.

=

TEOPUA

MaBHass 0CoBGEHHOCTb CUMBOJIBHOIO MaccuBa, coaepXalllero TeKCT —
9TO TO, 4YTO pasmMep Maccuea B 06LLEM Clly4ae He COBMAAAET C pasme-
pPOM TEeKCTa, KOTOPbIN B HEro 3anMchiBaeTcs (MaccuB A0SKeH OblTb O0-
CTaTO4YHO 60MbLUON, YTOOLI OH MOT COAEPXaTb TEKCT PasHoM AnuvHbl). Kak
VHOVKATOP 3aBEPLUEHUS TEKCTA B CUMBOJIbHOM MacCCUBE UCMNOJb3YIOT
HYNb-CMMBOA \(0, Yy KOTOPOro HyNeBOW KOA.

Onepatop BbiBOAA <<, EC/IM CpaBa OT HEro ykazaHo MMS CUMBOJIbHOIO
MacCuBa, BbIMOJIHAET BbIBOA, BCEX 3/IEMEHTOB CMMBOJIBHOIO MacCuBa,
BMJ1I0Tb A0 HY/Nb-CMMBONA.

B nuctunre 3.5 npencraBieHa mporpaMma, B KOTOPOU BBITIOJHSAIOTCS OTIpe-
NleJIeHHble MAaHUITYJISAIIUA ¢ TEKCTOBBIMU 3HadeHuaMu. OCHOBHOM A7 pea-
JIU3AIUY TEKCTA CIY;KUT CUMBOJBHBIN MaCCHB.

=

TEOPUYA

B C++ cywecTByeT gBa cnocoba peannsauuu TekcTa: B BUAe CUMBOJIb-
HOro MaccuBa 1 Yepes 00bekT kJlacca string. OgHako 6a30BbIM ABNSET-
csi cnocob peanvsauunm TekcTa NoCPeacTBOM CMMBOJIBHOIO MaccrBa —
BO BCAKOM CJly4ae, TEKCTOBbIE NUTepasibl PpeannsyloTcs UMEHHO Tak.

PaccmoTpum nipezicTaBieHHBIN HUKE IPOTPAMMHBIN KOJT:

JNucTtunr 3.5. 0c06eHHOCTU CUMBOJIbHbIX MAaCCUBOB

#include <iostream>

#include <cstdlib>

using namespace std;

int main () {

// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");

// CUMBOJIBHBI MACCUB:
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char str[100]="Mlporpammupyem Ha C++";
// OrobpaxeHne CONEPXMMOTO CUMBOJILHOTO MACCHMBA :
cout<<str<<endl;
// TIOBNIEMEHTHOE OTOBpPaXeHUe COMEPXVUMOTO
// CVMBOJILHOTO MAaCCMBa:
for (int k=0;str[k];k++){

cout<<str[k]<<" ";
}
cout<<endl;
// OrobpaxeHne CONEPXMMOTO HAUMHAA
// C omnpeneneHHOV MO3ULUM:
for (char* p=str;*p;p++) {

cout<<p<<endl;
}
// VI3MeHeHMEe CUMBOJIA B MACCUBE:
str[13]="\0";
// OrobpaxeHne CONEPXMMOTO MACCHBA :
cout<<str<<endl;
// OroCpaxeHue, HauuHAsg C yKA3aHHOV MOBULIUM:
cout<<str+l4<<endl;
// Orobpaxenue TeKCTa, K KOTOPOMY NPUOABJISETCH UMCIIO:
cout<<"Paz nea Tpu'"+4<<endl;
// YkasaTesb Ha CUMBOJIbHOE 3HAUEHUE:
const char* g="Paz nBa Tpu"+8;
// 3BHaueHMe CUMBOJIA, HA KOTOPHI CCHUIAETCH yKA3aTelb:
cout<<q[0]<<endl;
// OrobpaxeHue 3HAUEHMS YKA3ATENd:
cout<<g<<endl;
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;
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PeSy.TIbTaT BBITIOJIHEHUW A ITPOTPaMMbI TaKoM:

Pe3ynbTaT BbiNOJIHEHUS NPOrpamMmbl (U3 nMcTuHra 3.5)
[lporpammupyem Ha CH+t
IporpaMMupyem Ha C++
[lporpammupyem Ha C++t
porpammupyeMm Ha Ct++
orpamvypyem Ha Ct+
rpamMmmpyeMm Ha C++
pammmpyeMm Ha Ct+
ammmpyeMm Ha C++
MMypyeM Ha Ct+
mypyem Ha CtH+t
mpyeMm Ha C++
pyem Ha CtH+
yeMm Ha C++
em Ha C+t
M Ha C+t
Ha C++
Ha C++
a C++
C++
Ct++
++
+
[Ilporpammmpyem
Ha C++
IBa TpU
T
TPU
O6cy M 0cHOBHBIE 1 HanboJiee HTepecHble hparMeHTsI TporpaMmsl. MTax,
KOMaHO# char str[100]="lporpaMmmmupyem Ha C++" CO3/A€TCSI CUMBOJIBHBII
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MacCHB str U B 3TOT MACCUB aBTOMATHYECKH 3aIKChIBACTCS (TTOCUMBOJIBHO)
TeKcT "liporpamvmpyem Ha C++". HemocpemacTBeHHO MaccuB cOCTOUT 13 100
971eMeHTOB. TeKCT, KOTOPBIN 3aIMCBIBACTCS B MACCUB, OUYEBUIIHO, COAEPIKUT
HAMHOTO MeHbIe GyKB. [109TOMY 4acTh 37IEMEHTOB MAaCCHBA OCTAIOTCS He-
UCIIO/Ib30BaHHBIMU. UTOOBI TIpr 06pabOTKE CUMBOJBHOTO MacChBa ObLIO
HOHATHO, I/Ie 3aKAaHYMBAECTCS TEKCT M HAYMHAIOTCS «HEHCIIOIb3yeMble» dJIe-
MEHTBI, B MACCHB aBTOMATUYECKU 00ABISETCS HYIb-CUMBOJ '\0'.

@ HA 3AMETKY

TekcT cocTonT U3 20 CMMBOOB. lMpK UX 3anUcn B MacCuB str NepBble
20 3NeMeHTOB MaccuBa OyayT 3arofiIHeHbl CUMBONIAMK U3 TEKCTA, a 21-i
3J/IEMEHT MaccuBa aBTOMATUYECKM MOJIyYaeT 3HA4YEHUEM HYJIb-CUMBOJ
"\0'.

Kak oTMe4anocb paHee, npu peanm3aumn TEKCTa 4Yepe3 CUMBOJIbHbLIN
MacCuB pasMep MaccuBa M pasmMep TekcTa otanydaioTcd. [Ans BbluMC-
NIeHUs OJIMHbI TEKCTA, 3anuCaHHOro B MacCuB, UCMOb3YIOT DYHKUMIO
strlen(). ApryMeHToM GYHKUMM nepenaeTcd MM CUMBOJSIBHOIO Mac-
CunBa C TEKCTOM, a pe3ynbLTaToM BO3BpaLLaeTCsd KOJIMYECTBO CMMBOJIOB
B TEKCTe, 3an1McaHHOM B MacCUB.

Jlist oToOpaskeHusl TEKCTa U3 MacChBa str B KOHCOJBHOM OKHE WCIIOJIb3Y-
eM KoMaHJy cout<<str<<endl. DopmMasbHO B JJAHHOM CJIy4ae orobpaKaer-
cs 3HaueHue ykasaresisd (IIOCKOJIBKY MMS MacCHUBa SIBJSETCS yKasaTeseM
Ha TIepBbIil aJleMeHT MaccuBa). Ecim ObI peub 11a, HapuMep, 0 YUCI0BOM
MaccuBe, TO ObLI Obl 0TOOpaKeH YMCIO0BOI KOJ afpeca, SIBJASIONIErocs 3Ha-
yeHUeM ykazartesisd. Ho cuMBoJibHbIEe MacCuBDBI (a €CJiv TOUHEe, TO yKa3aTeu
Ha CMMBOJIbHBIE 3HaUYeHKs ) 00pabaThiBAIOTCST 0COOBIM 06GPA3OM: IIPH TIOIIBIT-
Ke BBIBECTU B KOHCOJBHOE OKHO C TIOMOIIBIO OTlepaTopa BBIBOJA 3HAUEHUST
yKasaTeJisl Ha CUMBOJI Ha CaMOM JieJie OTOOpaskaeTcsl CUMBOJI U3 sTYEHKY, Ha
KOTOPYIO YCTAHOBJIEH YKa3aTesb, a TaK:Ke CUMBOJIBI U3 CIAEAYIONINX SUeeK.
[Tporece mMpoaOJIKAETCST 10 TeX 0P, MOKa B OYEPeHON stueiike He Oyier
[POYKMTaH HYJIb-CUMBOJI. VITOT Takoii: 4TOOBI 0TOOPA3UTD COMEPKUMOE CUM-
BOJIBHOTO MacCHUBa B KOHCOJIH, CJIEJIyeT cIIpaBa OT ollepaTopa BbIBOJA yKa-
3aTh UMSI MacCHBa.

BMmecre ¢ TeM HMKTO HaMm He 3ampemiaer oOpabaTbiBaTh U 0TOOPaXKaTh CO-
AEPKUMOE CUMBOJIBHOTO MaccKBa 1moajieMeHTHO. CUTYaIUIO UILTIOCTPUPYET
oreparop IMKJIa, B KOTOPOM TEKCT M3 MAcCHBa str 0TOOpaskaeTcst CUMBOJI
3a CHMBOJIOM, TTPU 3TOM TIOCJIE KasKI0T0 CUMBOJIA I00aBJISIETCST CUMBOJI TTO/I-
YepPKUBAHUSL.
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A4 NMOAPOBHOCTH

YcnoBsmem B onepaTope umkiia ykas3aHo BblpaXeHue str(k], apngiouieecs
CMMBOJIOM, 3anMcaHHbIM B MaCCUB str Mo, MHOEKCOM k. 30eCb Mbl BOC-
MOSIb30BA/INCb TEM, YTO OT/IMYHbIE OT HYNSA YMCOBbLIE 3HAYEHUS UHTEP-
NPeTUPYIOTCH Kak 3Ha4YeHne true, a HyIEBOE 3HAYEHNe MHTEePNpeTupyeT-
cs Kak false. Ecnu peyb ngeT o cUMMBOSe, TO YMCIOBOE 3HaYeHne — 310
Ko cuMBOna. EQMHCTBEHHbIN CUMBOJ, KOTOPbLIA UMEET HYNEeBOW KOO, —
3TO HyJb-CUMBOJI. [10O3TOMY €Cnn BbIpaXXeHWe BUAA str (k] yka3aHo ycno-
BWEM, TO TaKOE YCJ/IOBME 3KBUBAJIEHTHO false, TONbKO €CNU str[k] ABNA-
€TCA HY/Ib-CMMBOJIOM, N 3KBUBAJIEHTHO true BO BCEX MPOYMX CydasX.

JIOTIOJIHUTEIbHBII [TPUMED «HECTaHAAPTHOIO» OTOOPasKEHUs TEKCTa MPH-
BOJUTCS ellle B OJHOM ollepaTope IuK/Ia. B atom for-omeparope B epBoM
6JIOKe MHCTPYKIMI 0ObsIBJIEH yKazaTesb p Ha CUMBOJIBHOE 3HaYeHue, Ha-
YaJIbHBIM 3HAYEHMEM KOTOPOM IIPUCBAMBAETCSI UMsI MACCUBA ST — TO €CTh
B HavaJie BBIIIOJTHEHMSI OTlepaTopa yKasaTelb p COAEPHKUT aPec ePBOTo dJie-
MEHTa B MaccuBe str. 3a KaxKAbIN ITUKJ 3HAaUCHNE YKa3aTessl p KOMaHI0H p++
YBEJIMYMBAECTCS TaKUM 00Pa3oM, UTO JAHHBIN yKasaTesb IepedpachiBaeTcst
Ha CJAeAyIONHii (3a TEKyIIUM) dJIeMeHT MaccuBa. [[poBepsieMbIM yCI0BHe
B ollepaTope IMKJIA SABJASETCS BbIPasKeHne *p. ITO CUMBOJI, aJipec KOTOPOro
3alicaH B yKasarTeJie p. 3HaueHUe YCIOBUe CTAaHOBUTCS PaBHBIM false, ecin
yKasaTesb COAEP/KUT ajApec dJIeMEeHTa MacChBa C HYyJb-CHMBOJIOM. B Tese
oreparopa IUKJIA BBIIOIHAETCS KoManga cout<<p<<endl. Ob6pabarbiBaercs
OHa TaK: 0TOOPAKAIOTCS BCE CUMBOJIBI B TEKCTE, HAYMHASI C TOTO MECTa, Ky/1a
YKa3bIBAET p, U 10 KOHIIA TEKCTOBOTO 3HaueHus. [[0CKOJIbKY yKas3aTeJb p 110-
CTEIIEHHO TIePeMENIaeTCsl OT Havajla TEKCTa B ero KOHEIl, TO KajKIoe HOBOE
cooblieHne B KOHCOJIbHOM OKHe OyeT Kopode IPeblAyIIero Ha OAHy Ha-
YanbHy10 6YKBY.

Curemytoniasi 4acTb 9KCIEPUMEHTA C TEKCTOBBIM MACCUBOM St COCTOUT B TOM,
4TO KOMaHION str[13]='\0"' BMecCTO Hp06eJ1a B TEKCT BCTaBJISIETCSI HYJIb-
cuMBOJI. Eciin Tenepb BOCIIOIb30BaThCsI KOMaH/IO0# cout<<str<<endl, To Oy-
JeT 0TOOpasKaThCsl TEKCT JI0 TIEPBOT0 HYJb-CUMBOJIA. Ternepb 9T0 ajieMeHT
¢ uujekcom 13. Ecsi Mbl BOCITOJIb3yeMCs KOMaH/IOM cout<<str+14<<endl, TO
B pesyJisrare GyeT 0ToOpakaThCsl TEKCT, HAaUMHAs ¢ CHMBOJIA C MHIEKCOM 14
(uHAEKCAITNS 2JIEMEHTOB B CUMBOJBHOM MACCUBE, KaK 1 B MTPOYNX MACCUBAX,
HayMHaeTcs ¢ HyJIs).

Hecxosbko ciepyiomux KOMaHA WJTIOCTPUPYIOT CHENMGMUKY Peayn3arimi
TEKCTOBBIX JINTEPAJIOB.
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@ TEOPUSA

TekcToBbIE NMUTEPanbl B NAMATV PEann3yloTCH B BUAE CUMBOJIbHbIX MaC-
cuoB. Cam nutepan Ha caMoM gefe nepefaeTcs B BblpaxeHus n obpa-
OaTbIBAETCH YePE3 HESIBHBINM yKa3aTesb Ha CBOM NEPBbIA CUMBOII.

B pesyJibrate BbIMOTHEHMSI KOMAH/IbI cout<<"Pa3z nsa Tpu"+4<<endl otoGpa-
JKAeTCd TEKCT "Pa3 mBa Tpu" HauMHAA C CUMBOJIA C UHIEKCOM 4. HpI/I‘{I/IHa
B TOM, UTO TEKCTOBBIH JIUTepas "Pa3 nBa Tpu" B OTIEPAINU CJIOKEHUS C YKC-
JoM 06pabaTbiBaeTCsl Kak yKasaresib Ha TepBBbI cuMBOJ B Tekcre. IToce
npubaBJIeHNsT K yKa3aTesro Yucyia 4 moJydaeM yKasaTelb, CMENEHHBIN 110
OTHOIIEHUIO K IIEPBOMY CUMBOJIY Ha 4 TIO3UITNUH.

[Toxoxag cuTyarmmss wMeeT MeCTO IPHU BBITOJTHEHUU KOMAHABI const
char* g="Pas mBa tpu"+8. B pe3ysbraTe ee BHIOTHEHUS yKa3aTeab g COEp-
JKUAT a/Ipec CUMBOJIA C UHJIEKCOM 8 B TeKCTe "Pas3 nBa Tpu".

() HA 3AMETKY

Ykasatenb, KOTOpbI BO3BpALLAETCS OJ1 TEKCTOBOro nutepana, siBns-
€TCH KOHCTaHTOM (4TO BMOJIHE NIOMMYHO). ECnv Mbl AaHHbIA yKasaTtesnb
npuceanBaemM 3Ha4YeHNeM NepeMeHHo (ykasaTeno), TO AaHHbIN ykasa-
TenNb [OMKEH OblTb 0OBABNEH KaK KOHCTAHTa, UK, B MPOTUBHOM Clyvae,
nepep, BblpaXXeHnem B NpaBOn YaCTU CTaBUTCA MHCTPYKUMS (char*) Ans
BbIMOJIHEHNS ABHOIO NPUBEAEHNSA TUMNA.

[Ipn BBITIOTHEHNMM KOMaHABI cout<<q[0]<<endl OTO6pa>KaeTCH CHUMBO.I,
ajipec KOTOPOTO 3aITUCaH B yKa3zareJie g. A eCJIM BOCIOJIb30BAThCsI KOMaH/I0M
cout<<g<<endl, To GyJeT 0TOOpPaKEH TEKCT OT TEKYIIEr0 CUMBOJIA 10 KOHIA
CTPOKHU.

AByMepHble MacCUBbI

B aBymepHOM MaccuBe OCTYT K 3JIEMEHTY BBITIOJHSETCS € TIOMOIIBIO ABYX
nHEeKCcoB. B muctuaTe 3.6 TpecTaBieHa IporpaMma, B KOTOPOH Co3/1aeTcs
JIBYMEPHBIM MacCHB. MaccuB 3amoyiHsAeTCs CaydailHbiMu cuMBoaaMu (OyK-
BaMM) ¥ €TO COJIEP;KUMOE BBIBOIUTCS B KOHCOJIBHOE OKHO.

@ TEOPUYA

Mpwn co3paHnun ABYMEPHOro MaccumBa yKa3blBaeTCcd TN ero aJieMeHTOB,
Ha3BaHWEe MaccumBa 1 pasMep No KaxzaomMy 13 MHAEKCOB. [na kaxaoro
MHAOEKCa NCMONb3YIKOTCA OTAE/IbHbIe KBadpaTHbIe CcKoOKN.
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JBYyMepHbIi MaccuB ya00HO NPeacTaBnsTh B BUAE TabnnLbl U MaTpuLLbl.
Paamep no nepBomy MHAEKCY ONpPeLenseT KONMYeCTBO CTPOK B MaTpuLe
a pasmep No BTOPOMY MHAEKCY ONpeaensieT KOMYecTBO CTONOL0B
O6paLleHne K aneMeHTy ABYMEPHOro MacCuBa BbINOJIHAETCS yka3aHUem
MMEHN MaccuBa 1 napbl MHAEKCOB. MHaekcauus (Mo Kaxaomy U3 AByX
WHAEKCOB) HAYMHAETCS C HyNS.

Paccmotpum mipesicTaBieHHBIN HIKE TTIPOTPAMMHBIN KOJT:

JIuctuHr 3.6. [IByMepHbIiAi Maccue U3 criy4aiiHbix OyKB
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VEMuManMs3auus TeHepaTopa CIYUYAMHBIX YMCEeJ:
srand(2);
// KomnuecTBO "CTONOUOB" B Maccupe:
const int width=9;
// KommuecTBO "CTpOK" B Maccupe:
const int height=5;
// CosmaHye OBYMEPHOT'O MacCCMBa:
char Lts[height] [width];
// 3amnojHeHMe IBYMEPHOTO MACCUBA:
for(int 1=0;i<height;i++) {
for (int j=0;j<width;j++) {
// CnyualHasg OyksBa or 'A' mo 'Z':
Lts[i] [j]="A"+rand () %25;
// OrobpaxeHne 3HAUEHMI BJIEMEHTA MACCHUBA :
cout<<Lts[i][j]<<" ";
}
// Tlepexom K HOBOM CTPOKE:

cout<<endl;
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}
// 3amepxka KOHCOJILHOTO OKHa:
system("pause>nul");

return 0;

PesynsraT BbITOTHEHMS TPOTPaMMBI (€ TTOTIPABKOIT HA NCTIOTH30BaHNE TeHe-
paTtopa CIyJallHbIX YHUCET) MOKET OBITH CJACAYIOINM:

Pe3ynbTaTt BbINOJIHEHUS NPOrpamMmbl (U3 nucTuHra 3.6)
UQXUJAPGEF
QHOCGDENR
ILOKRRUPM
YLMXUCOYN
XMOVYBEMY

Y10 Kacaercss HEIOCPEACTBEHHO IIPOrPAMMHOIO KOJA, TO TaM OObSIBJISIOTCS
JIBE 11€JIOYMCIeHHbIe KOHCTAHThI width 1 height, KOTOpBIE ONIpEENdIOT pa3-
MeprMHCCHBa.CaNIMaCCMB(IBﬂaeMiKOMaHHOﬁ char Lts[height] [width].
Jlna samoyrTHeHUsT MacCuBa U BBIBOJIa 3HAUEHUI €ro 3JIEMEHTOB B KOHCOJIb
HCIIOJIB3YIOTCSL BJIOJKEHHBIE OmepaTopbl Iukaa. VHaekcHas mepeMeHHast
1 BO BHEIIHEM OIlepaTope IUKJa Hepe6MpaeT CTPOKHM MacCuBa, a UHIEKC-
Had IepeMeHHasd j BO BHyTPEHHEM oliepaTope HHKHB/Hepe6HpaeTCTOH6HBI
MaccuBa. SHAUYEHUS dJIeMEHTAaM MacCHUBa TTPUCBAUBAIOTC KOMAHIOM Lts [1]
[j}:'A'+rand()%25.3HaquyK33neMB}n11MQCCHBa110ﬂyqaeTCH1]pn6aBneHM-
€M K KOy CUMBOJIa 'A' TIeJIOTO CJIYYaifHOTO YMcIa B IUala30He 3HAYCHUN OT
0 1o 24, ¥ 110 TIOJIy4EHHOMY TaKUM obpasom KOJly BOCCTAHABJIMBAETCS CUM-
Bos. OTO6pakaeTcs 3HaueHKe dJIeMEHTa ABYMEPHOIO MacchBa KOMAaHIOI
cout<<Lts[i][j]<<" ™. PazmenuresieM MeXy CUMBOJIAMU B OJHOU CTPO-
Ke gBJIdeTcd Hpo6eﬂ.110cne &MﬁﬂHHeHHHiOTO6paH“HHUICTpOKMﬁKOMaHHOﬁ
cout<<endl BBITIOJHAETCS TIEPEXO]] K HOBOW CTPOKE.

B kauecrtBe elie 0I[HOI>1 WJTIOCTPpAllU PACCMOTPUM 3a/la4y O BbIYMCJIEHUUN
IIpOM3BE/IEHUA /IBYX KBaJAPaTHbIX MaTpPHUIL.

NOAPOBHOCTH

KBagpaTHo Ha3blBaeTCAa MaTpuLa, y KOTOPOW KOIMYEeCTBO CTPOK cOoBMa-
[aeT C KOSIMYEeCTBOM CTONOLOB.

90



YkasaTenm, MaCCuBbI U CChIIKN

Ecnm matpuua A cocTouTt 13 3N1eMEHTOB &;, a Matpuua B coctomT u3s
BNEeMEHTOB b (MHaeKchl /,j = 1,2,...,n), TO anemMeHTbl ¢; MaTpuubl C = AB,
paBHgﬁnpomsseueHmmlwanw4AL4B,onpeuenﬂmTCHCOOTHomeHmeM
cvzzg;1q%bM.L4meHHo 3Ty GOPMYNy Mbl UCMOML3YEM A5 BblHNCIEHUNS
3HAYEHUIN 3/IEMEHTOB MaTPULLbI-NMPOU3BELAEHNS.

B nmuctunre 3.7 mpencTtaBieHa MpoOrpaMMa, B KOTOPOH OMPEAEISIIOTCS ABE
KBaJIpaTHbIe MATPUIIbI, ¥ BBIYUCJSETCS UX MpousBejpenue. Vcxomubie mMa-
TPUIIBI I MATPUIA-PEIYJIBTAT OTOOPAKAIOTCS B KOHCOJIBHOM OKHE.

®

HA SAMETKY

B nporpamme gns BelBoAa MHGOpPMaLLMmM B KOHCOJIbHOE OKHO BMECTO Orle-
paTtopa BblBOAA UCMOb3yeTCst PYHKUMS print £ (). s 9TOro Mbl NOAKIO-
yaem B MporpamMme 3arofioBoK <cstdio>. HanpoTuB, NOCKOMbKY onepaTop
BbIBOZA HE NCMOMNb3YETCH, 3ar0/I0BOK <iostream> MOXHO He MoAK/oYaTh.
DyYHKUMSA printf() yaobHa Tem, 4TO MO3BONSIET BbINOJHATL dopMaTu-
POBaHHbI BbIBOA, B KOHCO/IbHOE OKHO. 3Ta 0COOEHHOCTb DYHKLMN HaM
NPUroAMTCS NPU 0TOBPaXEHNM COAEPXMMOro ABYMEPHbLIX MaCcCHBOB.

PacemoTpum mpesicTaBiIeHHBIN HUKE TPOTPAMMHBIHN KOJT:

Jinctunr 3.7. NMpousBengeHue maTpuy,
#include <cstdlib>
#include <cstdio>

using namespace std;

// TnobanbHad KOHCTAHTA:

const int n=3;

// OyHkuma nis OTO6pa)KeHI/IFI BJIEMEHTOBR IBYMEPHOI'O MaCCHUBA:

void show (int M[n] [n]) {

for(int 1i=0;i<n;i++){

for (int J3=0;j<n;j++) {
// OrobpaxeHye BJIEMEHTA MACCHBA:
printf ("$4d",M[1][3]);

}

// Tlepexon K HOBOM CTPOKE:

printf ("\n");
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}
// TnaBHas OQYHKUMA TPOTPAMME:
int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// OGBABNEHME ¥ VHULMANMBALUMS IBYMEPHOTO MACCHMBA :
int A[n][n]={{1,-2,1},1{2,0,-1},{2,3,-1}};
printf ("MaTpuua A:\n");
// Orobpaxenye COIEPXMUMOTO MACCUBA:
show (2) ;
// OGBaBIEHME ¥ VHULMANMBALMS IBYMEPHOTO MACCHMBA:
int B[n][n]={{2,1,-1},{1,3,1},{-2,1,4}};
printf ("MaTpuua B:\n");
// OrobpaxeHne COIEPXMMOTO MACCHBA :
show (B) ;
// OBbaBNEHVE HBYMEPHOTO MAaCCUBA:
int C[n][n];
// BHUMCIIEHVE [POM3BENEHNS MAaTPUL:
for(int i=0;i<n;i++){
for (int j=0;73<n;j++) {
C[1][3]=0; // HavanpbHOe 3HaueHMe 3JIEMEHTa
for (int k=0;k<n;k++) {
Cli][J1+=A[1] [k]*B[k][3];

}

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

// OrobpaxeHne CONEPXMMOTO MACCHMBA :
show (C) ;

// 3amepxka KOHCOJIbHOT'O OKHa:
system("pause>nul");

return 0;
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Hwuxe IpeacTaBJ/IeH PE3YJIbTAT BBITIOJTHEHUA IIPOTrPAMMBI:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMMbl (U3 nMCTUHra 3.7)

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

JlaHHbBIN TPOTPAMMHBII KOJI IMeeT HEKOTOpbie ocobeHHoCcTH. BKpaTite onn
CBOJATCS K CJIEAYIONIEMY.

e B Iporpamme 00bABIIAETCS TI00aTbHAL IIejIo4ncjeHHadaA KOHCTaHTa n,
OIIpeaesIArIada padMeP ABYMEPHDbIX MaCCUBOB.

o Jlna 0T06pa>1<eH1/1;1 COZIEPKUMOTO IBYMEPHBIX MAaCCUBOB (Uepe3 KOTOPhie
peanusyoTcs MaTPHIIBI ) OITKCAHA (byHKuHﬂ show ().

e st BBIBOZIA COOOTIEHNIT B KOHCOIBHOE OKHO HMCIONB3YETCsT (DYHKITHST
printf () (4, COOTBETCTBEHHO, HE UCIIOJb3YETCS OTIePAaTOP BHIBOA).

[esourcieHHast KOHCTaHTa n OOBSIBJISIETCSI CAMBbIM OOBIYHBIM 0OPa3oM, HO
BOT MHCTPYKIUS ¢ OObSIBICHIEM KOHCTAHTHI HAXOAUTCS HE B TeJie TIIaBHON
(YHKIMK [TPOTPAMMBbI, @ B CaMOii HayaJbHOW YacTh KO/, 10 OObsBICHMS
byHKIMiT show () U ByHKIMKU main (). DTO HEOOXOIUMO, TIOCKOJIBKY U B (hYHK-
MU show (), U B (byHKuHI/I main () UCIOJIB3YETCA KOHCTAHTA n.

@ TEOPUA

O6nacTb 4OCTYNHOCTU NepeMeHHbIX (M KOHCTaHT) orpaHnyYnBaeTcs 6J10-
KOM, B KOTOPOM OHW 0ObABNEHbI. ECNN 06bABUTL KOHCTAHTY n B QYHKLN
main (), TO AOCTyMHa oHa OyOeT TONbKO B GYHKLUMKN main ().
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Dyukimsa show () mpeaHasHavyeHa AJaS OTOOPaKEHUST COAEPKUMOTO IBY-
MepHoro maccmBa. OHa He BO3BpaIaeT Pe3YJbTaT, MO3TOMY UAEHTU(U-
KaTopoM pesyJibrata (GyHKIIUU yKa3aHO KJI04YeBoe CJ0BO void. DyHKIUs
OTIMCaHAa ¢ OTHUM apTyYMEHTOM, KOTOPBIN 3a/laH MHCTPYKITMEN int M[n] [n],
TToZIpa3yMeBalolie, 9To peub UAeT O ABYMEPHOM IIEJTOYNCIEHHOM MaCCUBE.
B tesne ¢dyHKIIMU 3amycKaTCa BJIOKEHHbBIE OlepaTophl Iukiaa. Bo BHel-
HeM olleparope LUKJIa WHAEKCHas IepeMeHHas i mepebupaer CTPOKU Mac-
CHUBa, a UHJEKCHad IlepeMeHHasd j BO BHYTPEHHEM ollepaTope UK mepe-
6upaeT cTOJOIBI MaccuBa. Bo BHYTpeHHEM ollepaTope IHKJIa KOMaHIOi
printf ("%4d",M[1][j]) OTO6pa>KaeTCH 3HAUEHUE dJIeMeHTa ¢ UHJEeKCaMU
i u j nBymMepHoro maccuBa M. [Tocse 3aBeprieHusi BHyTPEHHETO OollepaTopa
LUKJIA /IS IIEPEX0/a K HOBOI CTPOKE IIPU OTOOPAKEHNUN 3JIEMEHTOB BBIIIOJI-
HseTcsa KoMaHzAa printf ("\n").

NOOPOBHOCTMHU

C nomoLbto PYHKUMW printf () BbINOAHAETCSA GOPMaTUPOBAHHbIN BbIBOA,
B KOHCOJIbHOE OKHO. Ecnn aprymeHToM dyHKUMM nepeaatb TEKCTOBOE
3HayYeHue, TO 4aHHOEe TEKCTOBOE 3HaveHne OyaeT 0TOOpaxeHo B KOHCO-
nn. Npumep Takom cuTyaumm gaet KoMaHaa printf ("\n"), KOTOPOW «ne-
yaTtaeTca» UHCTPYKUUS nepexoaa K HOBOM CTPOKe \n — rnpoLle roBops,
BbIMOJIHAETCH Nnepexon K HOBOW CTpoke. HO 3TO YaCTHbIM ciyy4an cuty-
auum, Korga B KOHCONM oTobpaxaeTcs TekcT. Mprmepbl BbiI3oBa GYHK-
UMK printf () C OO4HUM TEKCTOBbIM apryMEHTOM BCTPeYanTca B QyHKUMN
main () (Hanpumep, koMaHga printf ("Marpuua A:\n")).

Ecnun peyb noet 06 otobpaxeHnn, HaNPUMeEP, YUCOBOIro 3HAYEHUs!, TO
3TO YMCNOBOE 3HAYEHUE MepenaeTcsa BTOPbIM apryMeHTOM (YHKLUUMK
printf (). NepBbiM aprymMmeHTOM (yHKLMM B TaKOM Cliy4ae nepepaercs
crneuyyanbHas TEKCTOBasi CTpoka, koTopasi, pakTU4Yecku, ornpenenser
dopmat oTobpaxkeHnsa AaHHbIX. [TprYMepPOoM Takor CUTYaLMN CAYXUT KO-
MaHpa printf ("%4d",M[1i][j]). 3Aecb oTOOpaxaemMoe YNCIOBOE 3HAYe-
HMe M[i] []j] nepenaHo BTOPbIM apryMeHToM OYHKUUK printf (). NepBbiM
aprymeHTom GyHKLUMN NepeaaeTcs TEKCTOBAas CTpoka popmMaTMpOoBaHMA
"$4d". B aTOM CTpOKE CUMBOJ d 03HAYAET, HTO OTOBPaXaeTCcs LLenoe Ymc-
no, a undpa 4 onpenensieTr KoaM4eCcTBO NO3nLUUii, KOTOPbIE BbIAENAOTCS
nnsa otobpaxeHus yncna (aaxe ecnm Yncno CoOCTOUT U3 OAHOWN LMdPHbI,
nojA, Hero BbIAENSETCSH YETbIPE NO3nNLMN).

B rnaBHOIT pyHKITMN IpOrpaMMbl KOMaHAaMu int A[n] [n]={{1,-2,1},{2,0,
-1},{2,3,-1}} mint B[n][n]={{2,1,-1},(1,3,1},{-2,1,4}} oObaBaatoTCA
U MHUTTHATU3UPYIOTCS /IBa [IeJI0OUNCIEHHBIX IBYMEPHBIX MaccuBa A 1 B. 3Ha-
YeHUs, IIPUCBABaeMble dJIeMEHTaM MAaCCUBA, YKa3bIBAIOTCS, YE€pe3 olepa-
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TOp IIpUCBauBaHus, B (bHryprIX CKOOKax. Jost OTO6pa>KeHI/IH COZIEPKUMOTI0O
MaCCHUBOB UCIIOJIb30BaHbI KOMaH/Ibl show (A) 1 show (B) COOTBETCTBEHHO.

JIByMepHBII MaccuB C TOJBKO 0OBABIAETCS (He MHUIUATU3UPYETCS), IS
Jero 3azeficTBoBaHa KoMmaHzaa int Cln][n]. 3amoyHgeTcd JaHHBII MacCUB
3HAYEHUSAMU B IIPollecce BbIYUCIeHU MpousBeieHrs MaTpuil. /[ aToro 3a-
IyCKAIOTCSl BJIOKEHHBIE OllepaTophl 1MKJIa. Bo BHelNIHeM oriepaTope UK
WHIEKCHAS TIepeMeHHasI 1 OTpeesisieT TIePBBI NHEKC BIUUCIIEMOTO JIe-
MeHTa. Bo BHyTpeHHEM ollepaTope IUKJIa NHAEKCHAS TTepeMeHHas j orpejie-
JigeT BTOPOM MHIEKC BBIUUCISIeMOTO MaccuBa. 1Ipu pukcupoBaHHBIX 3HA-
YEeHUAX UHJIEKCOB 1 1 j BBIYMCJIEHUS BBIIOJHAIOTCA CJIEAYIOMNM obpaszom.
Cnauajia KoMaH0i C[1] [§]=0 BBIYUCJIEMOMY dJIEMEHTY MacCHBa IIPUCBAN-
BaeTcs HyJeBoe 3HaueHue. [Tocse aToro 3ammyckaercst onepaTop IuKJa ¢ H-
JIEKCHON TepeMeHHOM k, 1 /1719 KaKJ0To ee 3HaYeHUs U3 JuarasoHa ot 0 710
n-1 koMaHAou C[1] [§]+=A[1] [k]*B[k] []] K TeKylleMy 3HAUEHUIO dJIeMEHTA
Clil (3] HpI/I6aBJI$I€TCH npousBenenue A[1] [k]*B[k] [7]. Tem cambim peasn-
3yetcs hopMyia AT BBIYUCTIEHUS 3JIEMEHTOB MaTPUITBI-TIPOU3BEIEHNA.

[Tocne 3aBepiiennsT BBIYUCTEHUT KOMaH0M show (C) comep;KUMOe TByMep-
HOTO MaccuBa C BBIBOAUTCS B KOHCOJIBHOE OKHO.

MaccuBbl ykazaTtenen

DJieMeHTaMI MAacCHBa, KPOMeE TIPOYEro, MOTYT ObITh yKazaresiu. [pyrumu
CJIOBaMHM, HUKTO He 3allpeliaeT HaM CO03/laTh MacCUB U3 yKasaTeseill. bosee
KOHKDETHO, IIPeICTaBUM, YTO CO3/1a€TCsI MACCUB U3 yKa3aTeseil Ha Ieo4nc-
JIEHHbIE 3HAYEHM:I. DJIEMEHTDI TAKOT'O MAaCCUBA SIBJISIOTCS yKasaTeasaMu. Vims
JAHHOT'O MacCHUBa ABJIAETCA yKa3ameiem Ha YKasameb Ha 11eJ10e YUCJIO.

@ TEOPUYA

YT100blI 0OBLSABUT yKa3aTeslb Ha ykasdaTeslb, B KOMaHOe 00bsBNEeHUs UC-
Nonb3ylOT ABe 3Be3A04KM **. Hanpumep, NHCTPYKUUS int** p 0ObaABNSAET
ykasaTtesb p, 3Ha4eHNEM KOTOPOro MOXeT ObiTb aApec NepeMeHHOMN, KO-
Topas cama siBNsieTcs ykasaTenem Ha Lefio4ymMcrieHHoe 3HadYeHue.

Jlasee mocTynaeM cjaeayionumM oOpa3oM: CO3/[aeM IMHAMUYECKIE YNCIOBbIE
MaCCHBBI 1 aj/ipeca 9TUX MaCCHUBOB (I/IX TIEpPBbIX SJIeMeHTOB) IIpUCBanBaeM
3HAUEHUAMU dJIeMeHTaM MaccuBa ykasareseit. [lomygaeTcs cneruduyeckast
KOHCTPYKI[MA, KOTOPAasd 110 BCEM BHEITHUM IIPU3HAKAM HAIIOMUWHAET ABYMEDP-
HBIH MACCUB, TOJILKO B TAKOM MACCHBE B PA3HBIX CTPOKAX MOKET CO/IEPKATHCS
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pasHoe KOJNYECTBO 3jeMeHTOB. O3HAUEHHBII TTO/IX0/] NILTIOCTPUPYET MPO-
rpaMMa, TIpe/ICTaBIeHHAs B INCTUHTE 3.8.

Jinctunr 3.8. Maccus uncnoBbix yka3atenem
#include <iostream>
#include <cstdlib>
using namespace std;
int main () {
// VI3MeHeHMEe KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// VEMuManM3auus TeHepaTopa CIYUYAMHBIX UMCEeJ:
srand(2);
// VIHIEKCHHE MepPEeMeHHEE ;
int 1,73,
// PasMmep MaccmBa ykaszaTejien:
const int size=5;
// MaccuB CO 3HAUEHMAMM, ONPEIEIANMUMYA Pa3MEPH
// UMCIIOBHX MaCCUBOB:
const int cols[size]={3,7,6,4,2};
// IVHaMMUeCKMI MacCCUB yKaszaTeJel:
int** nums=new int*[size];
// Co3maHue IMHAMMUECKMK UMCJIOBEIX MAaCCMBOB
// v 3amnojHeHMe UK SHAUSHUAMIA:
for (1=0; i<size;i++) {
// IviHAMVYeCKMII YMCIIOBOM MAaCCUB:
nums [1]=new int[cols[i]];
cout<"| ";
// 3anojHeHMe UMCIOBOTO MaCCUBa:
for (j=0;j<cols[i];j++) {
// Cnyuansoe umciyo or 0 mo 9:
nums[i] [j]=rand() %10;
// OrobpaxeHne 3HAUEHMS BJIEMEHTa MACCHBA:

cout<<nums [1][J]<<" | ";
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cout<<endl;

}
// YIoajeHue UMCJIOBHIX IMHAMUUYECKMX MAaCCUBOB:
for (1=0; i<size; 1++) {
// VoaneHue OMHAMMUECKOTO UMCJIOBOI'O MAaCCMBA:
delete [] nums[i];
}
// VianeHue IMHAMMUECKOT'O MacCCUBa yKa3aTeJseln:
delete [] nums;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

B mporpamme, Kpome 1mpouero, cosjiaeTcs 1eJIourcIeHHas KOHCTaHTa size,
KOTOpasd oIllpe/essgeT MaccuB ykaszaTesell. MaccuB cosfaeM KOMaHOU
int** nums=new int*[size].3ITO AMHAMNYECKNUI MacCUB. THII €ro 3JIeMEHTOB
OTIpeZIeNsIeTCS MHCTPYKIMEH int* B MPaBOM YacTH BRIpAKEHUS. 3BE3I0UKA *
HOCHeintﬂHKprKHHHCBHHeﬂﬂﬂﬁTByeTOTOM5qTOpequﬂerO6yKa$H€ﬂﬂX
Ha 1espie yncia. [loguepkaeM, 4To yKasaTean Ha IeJIble YUCaa — 3JIeMeHThI
co3maHHOro MaccuBa. MIMsi MaccuBa sBJigeTCsl yKa3aTesleM Ha MePBBIN aJie-
MEHT, KOTOPBII B JAaHHOM CJIy4yae caM sIBJsieTcs ykazateseM. [loatomy nms
MaccHUBa nums SBJISIETCS yKa3aTesieM Ha yKasaTeJib Ha 1iejioe uncio. [loatomy
HepeMeHHaHnums06BHBHeHa(:HﬂeHTHQHHQHOpONITHHaint*#

NMOAPOBHOCTMU

B MHCTpYKUMM 0ObSBNEHUNS yKa3aTens 3Be3[04ka * Ha caMoM gese oT-
HOCUTCS K OOBLABNSEMON MEPEMEHHON, a He K naeHTudukaTtopy Tmna
Hanpumep, MHCTPYKUMEN int* x,y OObABASETCS yka3aTesb x Ha Leno-
YMCNEHHOE 3Ha4YeHne 1 0bbl4HadA (He ykasaTesb) LenoYmMCieHHas nepe-
MeHHas y. bonee Toro, BMECTO OOBbSBNEHUS int* x,y 4acTO UCMOJIb3YIOT
00bsIBNEHME int *x,y. 30eCb peyb MAeT 00 OOHOM 1 TOW XXEe MHCTPYKLUUN,
HO 3anMcaHHOW HEeMHOro no-pas3HoMy. BTopoi cnocob noavyepkuBaer,
4YTO 3BE3404Ka * «OENCTBYET» TOJIbKO HA OAHY MepemeHHyto. loaTomy
nonaratb, YTO int* gBASETCH MOEHTUPUKATOPOM OJ1S TUNa OAHHbIX HE
COBCEM KOpPPEKTHO. BmecTe ¢ Tem, eCcnn MHCTPYKUUM BUAA int* muam
int** paccmaTpuBaTb Kak MAEHTUOUKATOPLI TUNa, TO BO MHOMMX Cy4asx
3T0 CNOCOBCTBYET JyHLIEMY MOHMMAHMIO MPUHLMMOB OpraHn3auum npo-
rpaMmMHOro Koga
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Emie B nmporpamme koMaHgoWl const int cols[size]={3,7,6,4,2} 00b-
SIBJISIETCS U WHUNWATU3UPYETCSI KOHCTAHTHBI (MACCHUB C 3JIeMEHTaMMU-
KOHCTAaHTaMU) MacCHUB cols. IJJeMEHThI JAaHHOTO MAacCHUBa OIPEIeNIioT
pasMep AMHAMUYECKUX YUCJIOBBIX MACCHUBOB, KOTOPBIE CO3AAIOTCS Aajee
B ITpOTpaMMe ¥ yKa3aTeau Ha KOTOPbIe 3aMTUCHIBAIOTCS B MACCHUB NUMS.

s co3manns ITMHAMIYECKNX YMCJIOBBIX MAaCCUBOB M 3aIIOJTHEHMS MX 3Ha-
YeHUAMU 3alyCKAETCA OIlepaTop IUKJA, B KOTOPOM HHJEKCHad 1 mepe-
MeHHas npoberaer 3Hadenus ot 0 10 size-1. B rese omepatopa mukiaa Ko-
MaHIoi nums[i]=new int[cols[i]] co3gaeTcda AUHAMUYECKUHN YUCIIOBON
MaccuB. Pa3zmep MaccuBa ompesiesisieTcst 3JIeMeHTOM cols[1] MaccuBa cols.
YKkazaresib Ha MacCUB TIPUCBAUBAETCS 3HAYEHUEM 3JIEMEHTY nums [1] Maccu-
Ba ykazateJsieii. [Tocie Toro, Kak YncJI0BONM JUHAMUYECKUI MAacCUB CO3/1aH,
OH 3aM0JHAETCS CHAyYalHbIMU YUCJIAMU, a 3HAYEHUST €ro 3JIEMEHTOB BBIBO-
JATCA B KOHCOJIbHOE OKHO. PeannsyeTrcs Bce nepeyncjeHHoe MoCPe/iICTBOM
oleparopa LUKJIA, B KOTOPOM MHJEKCHAad IIepeMeHHasd j II0CJIe0BaTeJIbHO
TIPUHUMAET 3HAUEHUS B Muana3zoHe ot 0 70 cols[i]-1. 3HaUYeHNe 9TeMeHTY
MpUcBanBaeTcsT KOMaH0M nums [i][j]=rand() %10, a 0T06pa>1<aeTC91 3Haue-
HHe 9JIeMeHTa B KOHCOJIM KOMaHIOM cout<<nums[1] [J]<<" | ".

NMOAPOBHOCTMU

MaccuB nums siBNsieTcs 0AHOMEpPHbIM MaccMBOM. MHCTpyKUMS nums [1i]
[AeT 3Ha4YeHne 3NemMeHTa MaccmBa C MHOEKCOM i. Ho Takon anemeHT
ABNAETCH ykasaTenem, Npu4eM yka3aTesieM Ha HavyasbHbI 9NEMEHT AN-
HaMKN4YeCcKOro 4YMcnoBOro maccmea. Ykasarenum, Kak Mbl MOMHUM, MOX-
HO MHAEeKcupoBaTb. Mo3TOMY nums [i] [§] NpeacTaBnseT cobon anemMeHT
C MHOEKCOM j B MACCUBE, HA KOTOPbIN yKa3blBaeT 3IEMEHT nums [1]. Apy-
rMMU CII0BaMm, Mbl OPraHM30Bany 0AHOMEPHbLIE MAaCCKBbI TakK, YTO CO3-
[aeTcs NosHas Un3ng AByMepHOro MaccuBa.

ITocye Toro, Kak AUHAMUYECKIE MACCUBBI CO3aHbl U 3aMOJHEHBI, TOTPeO-
HOCTBh B HUX OTTAJaeT, U OHW yAaIAoTcd u3 maMmatu. CHavaia yaaasioTcs
YUCJIOBBIE MACCUBBI, /IJISI Y€TO 3aITyCKAETCS OMepaTop UK U B TeJe KA
KOMaH/IOl delete [] nums([i] yAausgeTcs KaXKIbIM N3 YUCIOBBIX TUHAMUIE-
ckux MaccuBoB. [locie aToro KOMaHOM delete [] nums yAausgeTCs AMHAMU-
YeCKUH MacCUB yKa3aTeei.

C mompaBkoiil Ha TO, YTO B ITPOTPAMMe MCTIOJIB3YETCS TeHEePaTOp CAyJalHbIX
yuceJt (ITI03TOMY KOHKPETHBIE YHNCJIOBbIE 3HAUYEHN TTPH 3aIlyCKe MTPOrPaMMBI
Ha Pa3HbIX KOMITBIOTEPAX MOTYT OTJIMYATHC ), PE3YIBTAT BBIIOJHEHUS ITPO-
IPaMMBbI BBITJISIIAT CJIEAYIONIAM 00Pa3oM:
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Pe3ynbTat BbiNOSIHEHUS NpOrpamMmmsbl (U3 nucTuHra 3.8)

'S 161 8]

[ 514101011151 6]
71912161319/
31718111

1915

Paree mbI YiKe nuMesin /iejio ¢ AIByMEpHbIM CUMBOJIbHBIM MaCCUBOM (CM. JIn-
cTuHT 3.6). O1HAKO TaM BCS «CUMBOJIBHOCTB» MACCHBA CBOJIUJIACH K TOMY, YTO
3JIEMEHTBI MacCUBa ABJSJINCh CUMBOJIaMu. Maccus co3aBaJICA 1 o6pa6aTb1-
BaJICA IMO3JIEMEHTHO, 1 B 3TOM CMbICJIE€ OH MaJIO OT/JINYA€TCA OT IBYMEPHBIX
MAacCHBOB TIPOYMX THUIIOB. BMecTe ¢ TeM CHMMBOJIbHBIE MAacCUBBI (M 3TO MbI
Toske 3Haem) B C++ Haxomarcest Ha ocoboMm cuery. Hekotopbie ocobeHHOCTH
CUMBOJIBHOTO JIBYMEPHOI'O MaCCHBa IIPOUJITIOCTPUPOBAHbI B IPOTPaMMHOM
kojte B sctunre 3.9. Eciin 6bITh G0JTee TOYHBIM, TO TaM CO3/IAETCST OTHOMED-
HBII MaCCHB U3 yKasaTeJsell Ha yKa3aTeJn Ha CHMBOJIbHbIE 3HaueHIs1. CuTya-
1A HEMHOTI'O ITOXO0Ka Ha TY, YTO OIIMCbIBa/JIaCh B IIPEABIAYIIIEM IIPUMEDPE.

Wrak, paccMOTPUM IIpeJCTaBJCHHbBIN HUKE ITPOIPAMMHbII KO

JInctuur 3.9. MaccnB cMMBOJIbHBIX yKa3aTenen
#include <iostream>
#include <cstdlib>
using namespace std;
int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// MaccuB CUMBOJILHHKX yKaszaTesein:
char* str([3]={{"xpacuum"}, {"xentemt"}, {"3enenum"}};
// OrobpaxeHne CTPOK:
for (int 1i=0;1<3;1i+4){
cout<<str[i]<<endl;
}
// OGpalmeHne K 3JIEMEHTAM MAaCCUBa:
cout<<str[0][3]<<str[l][1l]<<str[0][1];
cout<<str[2][5]<<str[1l][5]<<endl;

99



masa 3

// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

PesyasraT BoIOSIHEHUS TPOTPAMMBI CIIETyTOTITHT:

Pe3ynbTaT BbiNOJIHEHUS NPOrpamMmbl (M3 nucTuHra 3.9)
KPaCHBIM

KEJITHIA

3eJIeHBIN

CepE

MaccuB cUMBOJIbHBIX yKasarejel co3jiaercss KOMaHjiou char* str[3]=
{{"xkpacuem"}, {"xenTemt" }, {"3enensn"} }. GDOpMaﬂbHO JaHHAad KOMaHIa
O3HAYAET, YTO CO3[IA€TCS MACCUB M3 TPEX 3JTEMEHTOB, KOKIbII M3 KOTOPBIX
SIBJISIETCS yKa3aTeseM Ha 3HaUeHue Tuma char. B mpaBoil yacTu BhIpasKeHU
YKa3aH CIIMCOK 3HAUeHU I, KOTOPBIMU UMHUITUATUSUPYIOTCS 9JIeMEHThl MACCH-
Ba str. TekcToBbIe JinTEPAb "kpacHet", "xentent" U "3eeHent" aBTOMaTHye-
CKU 3alIMCHIBAIOTCSI B MACCUBBI M TP 06pabOTKe 9TUX JIMTEPAJIOB BO3Bpalia-
I0TCS yKa3aTeJu Ha COOTBETCTBYIOIIME MAaCCUBBI. B pe3yJsibraTe 3HaUueHUAMU
JJIeMeHTaM MacCUBa str IIPUCBAUBAIOTCA aJipeca IEPBBIX 9JIEMEHTOB MacCH-
BOB, B KOTOPBIE ObLJIN 3aMMCaHbl TEKCTOBbIE JinTepasbl. [ToaToMy, Hanpumep,
IIPU BBIITOJHEHUM KOMaH/Ibl BUJa cout<<str[i]<<endl B omeparope IMKJa
pedb UgeT O BbIBOJE B KOHCOJIb CUMBOJIBHOIO yKa3arTelid, U B pe3yJibrare
0TOOpasKAEeTCs1 COOTBETCTBYIOIINN TEKCTOBBIN JiTepasl. B TO ke BpeMst Mbl
MOKEM 00paIaThCst K 3JIeMEHTaM MacCHBa str Tak, Kak ecJau Obl 9TO ObLI
AByMepHbIii MaccuBa. Hanpumep, str[0][3] mpencrasiser coboil GYKBY
C MHJIEKCOM 3 B JIuTepaie ¢ uHaekcoM 0 (deTBepras OyKBa B [IEPBOM JINTepa-
Je — OykBa 'c'),a str[1][1] — Bropas GykBa BO BTOpoM Jiurepajie (OyKBa
'e'), u Tak ganee. [Ipuntiun 3gech mpoctoit. MHCTpyKINS str 1] mpeacTas-
JisieT coOOH yKasareb Ha CUMBOJIbHOE 3HAYEHME, 2 HA CAMOM JIeJie YKa3aTelb
Ha TIePBBIN 3JIEMEHT CUMBOJIBHOTO MaccuBa. Toraa MHCTPYKIMS str(i] []]
siBJisteTcst OYKBOW ¢ MHAEKCOM j B MAacCHUBe, aJipec KOTOPOro (ero mepBoro
3JIEMEHTA) CO/IEPIKUTCS B 3JIEMEHTE C MHJIEKCOM 1 MaccuBa str.

() HA 3AMETKY

Ecnn mbl nonbiTaemMcst NPUCBOUTb HOBOE 3HAYEHUE BIEMEHTY str(i] [j]
(ckaxkeM, 0ob6aBUM B MPOrpamMMHbIA Kog KoMaHay srt[0][3]='z"), no-
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Jly4MM OoLIMOKY BPEMEHW BbINOSIHEHMWS, MOCKOJIbKY 3[€Cb MMEET MEecTOo
MonbITKA N3MEHNTb 3HAYEHNE TEKCTOBOIO NnTEpana, KOTopbIn ABNSETCA
KOHCTaHTOW.

3apaum aJis CaMOCTOSTESIbHOIro peLueHus

1.

Hanummure mporpaMMy, B KOTOPOU CO37[aeTCsT iBA YKCJIOBBIX MAaCCUBA
OJIMHAKOBOTO pasMepa. HeoOX0anMO BBIUUCINUT CYMMY MOMAPHBIX TTPO-
U3BEJIEHUIT 9JIEMEHTOB 9TUX MaccuBOB. Tak, ecim yepes a, u b, 0b603Ha-
4UTh 9JIeMeHThl MaccuBoB (nHeke 0 < k < 7), To HeOOXOAUMO BBIYNC-
JINTh CYMMY ni: 0akbk.

Hanmwmmre mporpamMmmy, B KOTOPOH CO3/1a€TCsl YMCJI0BOM MAaCCUB U JIJIS
ATOrO MACCUBA BBIYUCJISIETCS] CyMMa KBAJIPATOB JIEMEHTOB MaCcCUBA.

Hamwmure mporpammy, B KOTOpOIl C€O37aeTcs ABYMEPHBIH YHUCTO-
BOH MacCWB U JIJIS 9TOTO MAacCHBA BBIYUCISAETCS CyMMa KBAJPAaTOB €ro
3JIEMEHTOB.

Hanuimute mporpammy, B KOTOPOH cO37aeTcst KBaipaTHAs MaTpuiia (pea-
JIU3YeTCsl Yepes IByMEePHBIN MaccuB). MaTpuily HeoOX0ANMO 3a10JHUTD
YHUCTIOBBIMU 3HAYEHUSIMU (CTIOCO0 3all0THEHUST BBIOPATh CAMOCTOSITEb-
HO), 2 3aT€M BBITTOJTHUTH MPAHCNOHUPOBAHUE MATPUTIBI: MATPUIIA CHUMMeE-
TPUYHO «OTPAKAETCS» OTHOCUTETBHO IJTABHON TUAarOHANN, B Pe3yIbTaTe

Yero sJIEeMEHT MaTpUIlbl aij CTaHOBUTCA 9JIEMECHTOM aﬁ, n HaO60pOT.

Hanwuimmute mporpammy, B KOTOPOH co3aeTcst KBafipaTHas MaTpuiia (pea-
JIU3yeTcs uyepe3 IByMepHbIN MaccuB). MaTpuIia 3aoIHseTCs CIyYalHbI-
MU YHCJIAMU, TTOCJIE€ YETO BBITIOJTHSETCS «TIOBOPOT TI0 YACOBOIA CTPEJIKES !
MEePBBIN CTOAGEI] CTAHOBUTCS MEPBOM CTPOKOIA, BTOPOiT cTOIOEI cTaHo-
BUTCS BTOPOU CTPOKOM, U Tak jaee.

Hanurmute mporpamMmy, B KOTOPOH /711 ABYMEPHOU KBaPATHON YUCJIO-
BOII MaTPUI[Bl BBIYKMCJSETCS Cled — CyMMa JMarOHaJbHbBIX 9JIEMEHTOB
MaTpPHIIbL.

Hanummre nporpamMmy, B KOTOPO# /11 O/THOMEPHOTO YHCJIOBOTO MACCH-
Ba BBIYHCIISIETCST HAUOOJIBIHIA (HAUMEHBIIHIA) 9JIEMEHT U MO3UIIUS, Ha
KOTOPOH 2/IeMEHT HAaXO[UTCSI B MacCUBe.

Hanummre mporpaMmy, B KOTOPOM cO3aeTcsd OAHOMEPHBIN YUCJIOBON
Mmaccus. [locsie 3anmosinenns 3HaueHNIMU (HaIpUMep, CJIyYaliHBIMU YHC-
JIaMH ) MacCUBa B HEM HY;KHO BBITTOJTHUTD ITUKIUIECKYIO TTEPECTAHOBKY
371eMeHTOB. KomuecTBO MO3UITUT A MIUKIIMYECKOH MepecTaHOBKY BBO-
JIUTCS TIOJIB30BATEJIEM C KJIaBUATYPBHI.
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9.

10.

11

12.

13.

14.

15.

16.

17.

Hanummre mporpaMmmy, B KOTOPOU CO3/Ia€TCsT U 3aOJHSIETCS HATYPAJIb-
HBbIMU 4YUCJIaMU ,Z[ByMeprIﬁ MacCUB. 3alloJIHeHe HAYMHAETCS C JIEBOTO
BEPXHET0 JJIeMEHTa CJIeBa HAIIPABO, CBEPXY BHU3 (TO €CTh 3ATOIHSIETCS
CHavaJia repBasi CTPOKa, 3aTeM BTOPast, U Tak Jajee).

Harnummre mporpaMmy, B KOTOPOU CO3/IA€TCST U 3aMOJTHSIETCS HATYPAJIb-
HBbIMU YU CJIaMU HBYMeprIﬁ MacCUB. 3alloJiHeHe HAYNHAETCS C JIEBOTO
BEPXHETO dJIeMEHTA CBepXy BHU3, CJIeBa HATPABO (TO €CTh 3ATOJTHSIETCS
CHavaJIa IepBbIi cTOJIOE, 3aTeM BTOPO U TaK Jajee).

Hammmure mporpammy, B KOTOpO# co3flaeTcsd KBajpaTHAs MaTpHIIA.
JjieMeHTaM Ha 06erX JUaroHaJIsIX MPUCBAUBAIOTCS eMHUYHbIE 3HAYe-
HU, BCE OCTATbHBIE 9JIEMEHTHI HyIEBBIE.

Harmnummre mporpaMmy Jiisi BBIYUCJIEHUST TPOU3BENIEHNS] TPSIMOYTOJTb-
HBIX MaTpuIl (KOJIMYECTBO CTPOK M CTOJIOIOB B MATPHUIAX PA3IUIHOE).
[Tepemuoxatorcst matpuiel A (pazmepamu m Ha n) u B (pa3mepamu 7
Ha [). Pesynsratom siBisiercss marpuia C (pasmepamu m Ha [). PaGouast
hopmy.1a /14 BbIUKMCIEHNS 3HaYeHii MaTpullbl C UMeeT BUJL C; = ki: 1a,.kb,q.,
rnel <i<mul<j<l[

Hanummure mporpamMmy, B KOTOPOH CO3/Ia€TCsSI CUMBOJIBHBINT MACCHUB JIJIST
3aIMCH TeKCTa. B MaccUB 3aIMCBIBAETCS TEKCT, TIOCIIEe Yero HeOOXOLMMO
M3MEHUTH TOPSAO0K CIeTOBAHNSI CUMBOJIOB B TEKCTE HA MPOTUBOIOJIOXK-
HBIN: TTOCJETHUN CUMBOJI CTAHOBUTCS TIEPBBIM, TIPEIMOCTETHUI CTMBOJ
CTAHOBUTCS BTOPBIM | TaK Jajiee.

Hanummure mporpamMMmy, B KOTOPOW CO3[aeTCs ABYMEPHBINA YHCIOBOM
MacCHUB U 3aMOJHIETCS CAyJalHbIMU uucaaMu. [l Kaxmol cTpokm
(wm cTosbI@a) AByMEPHOTO MacCUBa OIPEAETISIeTCss HanbOMbIINI (Ui
HANMEHBIINH ) 9JIEeMEHT, 1 U3 TaKUX 3JIEMEHTOB CO37IAeTCSI OTHOMEPHBIH
YHUCJIOBOU MaCCHUB.

Hanmmmre nporpaMMy, B KOTOPOIH CO3/a€TCsl CUMBOJIBHbBII MACCUB J1JIst
sammcy texcra. [logcunraTs 17151 3aIIMCaHHOTO B MACCUBE TEKCTA KOJIMYE-
CTBO CJIOB U JUTMHY Kaskaoro cjiosa. CiioBaMu cuuTath HaOOP CUMBOJIOB
MEsKLy TIpoOeiaMu.

Hammmmte mporpaMmy, B KOTOPOI CO3/IaeTcsT AMHAMUIeCKUiT MaccuB. Pas-
Mep MacCHBa — CIAYJaitHOe YUCO0 (TO eCTh TEHEPUPYETCS CIAYIaiTHOE YHCIO,
KOTOpOE OTPEIEIIeT pa3Mep MacCuBa). 3aOJIHUTh MACCUB «CUMMETPIY-
HBIMW» 3HAYEHISIMU: TIEPBBIN U TOCJIETHUN 2JIeMEHT TIOIyJatoT 3HaueHme 1,
BTOPOII U TIPEITIOCTEHIH 3/IEMEHT TTOTy4aloT 3HaYeHue 2, U TaK Jajee.

Hanumure nporpaMMy, B KOTOPOH €03/1aeTCsl TPU OJJHOMEPHBIX YUCJIO-
BBIX MacCHUBa OAUHAKOBOrO pa3Mmepa. llepBble Ba MaccuBa 3allOJIHAIOT-

102



YkasaTenm, MaCCuBbI U CChIIKN

18.

19.

20.

sl CIy4aillHBIMM YucyaMu. TpeTnii MaccuB 3aIlOJIHSIETCs TaK: CPaBHUBA-
IOTCS JIEMEHTBI C TAKUMMU K€ WHIEKCAMHU B MTEPBOM M BTOPOM MacCHBE
U B TPETHIT MACCHB HA TAKYIO JKe TO3HIINIO 3aMICHIBAETCST GobImee (Un
MeHBIIIee) N3 CPABHUBAEMBIX 3HAUCHUIA.

Hamnummre nporpamMmy, B KOTOPO# CO371a€TCs ABA AINHAMUYECKUX MAaCCH-
Ba (pa3noi AsnnHb). MaccuBbI 3aMOTHATOTCS CIyYaliHBIMU YUCIaMU. 3a-
TeM CO3/[aeTCsl TPeTUH JUHAMUYECKUI MacCHB, U €r0 pa3Mep PaBeH CyM-
Me Pa3MepOoB MEPBBIX [BYX MAaCCHBOB. TpeTHil MacCHB 3aN0JHAETCS TaK:
CHaYaJla B HETO 3alMCHIBAIOTCS 3HAYEHUS 2JIeMEHTOB TIepPBOTO MacCHUBa,
a 3aTeM 3HaueHUd 2JIeMeHTOB BTOPOTO MacCHUBa.

Hamwmire mporpamMmy, B KOTOPOH co3/1aeTcsl IBa TMHAMUYECKUX Mac-
CHBa O/IMHAKOBOTO pazMepa. MaccuBbI 3aNIOJHAIOTCS CIyIalHBIMA YHC-
JIaMHU. 3aTeM CO3/laeTcd TPeTHi TWHAMWYEeCKUII MacCUB, U €r0 pa3Mep
B /IBa pasa O0JIblIle pazMepa KaskJ0To 13 EePBBIX IBYX MacCHBOB. TpeTuii
MaCCUB 3aT0JIHSETCS T00YePEIHON 3aIMCHI0 9JIEMEHTOB U3 TIEPBBIX /IBYX
MacCUBOB: CHaYaJIa 3alMChIBAETCS 3HAUYECHUE HIEMEHTA TIEPBOTO MACCHUBA,
3aTeM 3HAUEHNeE 3JIeMeHTa BTOPOTO MacCHBa, 3aTeM CHOBA ITEPBOTO U CHO-
Ba BTOPOTO, U TaK Jlajee.

Hanuimure mporpamMMmy, B KOTOPOW CO3[aeTcsl ABYMEPHbBIN YMCJIOBOU
MaccuB. MaccuB 3arnoJiHsieTcst ciaydailHbiMu yrcsiamu. Ha ero ocuoBe
€O3/1aeTCA HOBBIII MAaCCUB, KOTOPBIH MMOTyYaeTCs «BbUEPKUBAHWEM»> W3
CTaporo OJHOW CTPOKU M OAHOTO cTOJIOIa. HoMepa «BbIYepKHUBaeMbIX»
cTOJIOIA U CTPOKU OTPEIESIOTCS BBOJOM C KJIABUATYPbI UJINA C TIOMO-
IIBIO TEHEPATOPA CITYIAHHBIX YHCEJT.



Mmaea 4
PYHKLUUU

— Hy, BoT y Bac, Ha 3eMJe, Kak BBI OTIpe-
JiesisieTe, KTO Tepe]l KeM CKOJIBKO JIOJIKEeH
TIPUCECTH?

— Hy, a0 Ha rias...

us x/¢ «Kun-/[3a-/[3a»

JTa TJaBa TMOCBANIEHA B OCHOBHOM ¢yHKInaM. Hexkotopsie moctatouno
TTPOCTBIE TIPUMEPHI NCITOIB30BaHUS (DYHKIINH HaM y’Ke BCTPedaIuch paxee.
37ech JKe MBI ITocTapaeMcsl ToKa3aTh BCIO MOIIb M KPAacoTy MPUMeHeHNs
(ynruuit B mporpamMmMHbIX Kofax. [IpeameroM Haiero pacCMOTPeHHS CTa-
HYT CJIeJIyOIIe BOITPOCKHI U TEMBI:

® meperpyska (GyHKITUIH;

® MeXaHU3MBbI Tepejladl ApryMeHTOB (hYHKITUSIM;

® 3HAUEHUS apTyMEHTOB (QYHKIIUW IT0 YMOTIAHWIO;
®  1CIOJIb30BAHKE PEKYPCU;

® [epefava apryMeHTOM (DYHKIIMHM yKa3aTeJel, MacCUBOB U TEKCTOBBIX
3HAYEHU,

® BO3BpalllcHUE Pe3yJIbTaTOM (I)yHKHI/II/I YKa3aTtesida 1 CCbIJIKH;

® JICIIOJIb30BAaHUE yKazaTeseil Ha (QyHKIH,

1 HEKOTOPbIE IPYTUE aCIIEKTbI, CBA3aHHbIE C (bYHKLII/IHMI/I.

OObaBneHne n onucaHue GyHKLUU

OueHb MPOCTON TPUMEP UCTIOJIb30BaAHUS (DYHKITUHN MIPEACTaBICH B JIUCTUH-
re 4.1. Tam onucanpl MareMatuueckue MYHKIIUY /17 BBIUUCIEHUST CUHYCA
" Kocunyca. B mporpamme nanHbie yHKIIMKM UCTIOJIb3YIOTCS JIJIST BBIYUCTIE-
HUs 3HAYEHUH MTPU 32IaHHOM apTyMeHTe, a aHaJJOTHYHbIe BCTPOeHHbIe (DYHK-
W BBI3BIBAIOTCS JIJIST TPOBEPKU PE3YJIbTaTa BHIYMCTIEHUT.
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B NMOAPOBHOCTMH

Ansa BblMMCNEHUST CMHYCA M KOCUHYCa (NpW 3a4aHHOM 3HayeHun apry-
MEHTA X) HaMW UCMONb3YIOTCH Creayowme NpUbAMXKEHHbIE BbIPaXEHUS:
n

cos(x) = 1= (X/21) + (x'/41) = (xC/B1) + ..+ (= 1)X)/((2mH) = (= 1)

k_ 2k

x7)/

((2k)")) nnga KOCuHyca 1 sin(x) ~ x — (x3/3!) + (x5/5!) - (x7/7!) o+ (1)
XThH@n+ DY) =X (- 1 NY/((2k + 1)) ans cuHyca. Yem GonbLue

k=0

3Ha4veHne BGDXHGVI rpaHnubl CyMMbI N, TEM BbllLe TOYHOCTb BbIYVICIIEHVIA.

PaCCMOTpI/IM HpelICTaBJIeHHbel HHWKE HpOFpaMMHbeI KO/

Jlnctunr 4.1. BbluncneHme cUHyca n KOCUHyca
#include <iostream>
#include <cstdlib>
#include <cmath>
using namespace std;
// OBbaBNeHME OYHKLMI:
double myCos (double); // BuumcieHue KOCHMHYyCa
double mySin (double); // BuumcieHue CuHyCa
void show(double); // BcroMoraresnbHad QOyHKLMA
// TnaBHag (QYHKUMA MPOTPAMMEL:
int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// KoHCTaHTa myig 3HaueHud umcia "mu":
const double pi=3.141592;
// BHUMCIIEHVE CMHYCA ¥ KOCMHYCa [PU Pa3HEX
// 3HAUEHMAX apTyMeHTa:
show (pi/6);
show (pi/4);
show (pi/3);
show (pi/2) ;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;
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// Omvcanue OYHKLUMM IJIS BHUMCJIEHVS KOCMHYCA:
double myCos (double x) {
// BepxHasd TpaHMLa CyMMH:
int n=100;
// TlepeMeHHbe M9 3aIMCU 3HAUEHMS CYMMH
// u DoBaBKM K CyMMe:
double s=0,q9=1;
// BEHUMCIICHME CYMMH:
for(int k=0;k<=n; k++) {
st+=q; // JobaBka K Cymme
// IobBaBka g CJIENYOWLEM UTEPaLn:
qg¥=(-1) *x*x/ (2*k+1) / (2*k+2) ;
}
// PesynbTaT QyHKUMM:
return s;
}
// Omucanue QyHKLMM IJIS BHUMCJIEHUS CUHYCA:
double mySin (double x) {
// BepxHAd TPAHALAE CYMMH:
int n=100;
// TlepeMeHHbE MJI9 3aNMCY 3HAUEHMSI CYMME
// n mobaBKM K CyMMe:
double s=0,g=x;
// BHUMCIIEHME CYMMH:
for(int k=0; k<=n; k++) {
st+=q; // IobaBka K CyMmme
// IDlobaBka Oja cClemyomer UTepauun:
g*=(-1)*x*x/ (2*k+2) / (2*k+3) ;
}
// PesymbTar QYHKUUM:

return s;
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// Onmcanme BCIOMOTATEJIbHOW OYyHKLVN:
void show (double x) {
cout<<"3HaueHye apryMmeHra: "<<x<<endl;
// BHUMCIIEHME KOCHHYCa:
cout<<"Kocmuyc: "<<myCos (x)<<" vs. "<<cos (x)<<endl;
// BHUMCIIEHME CUHYCa:
cout<<"Cuuyc: "<<mySin (x)<<" vs. "<<sin(x)<<endl;
// IOTNONHUTEIbHEN OTCTYII:
cout<<endl;
}

Pesynbrat BeITTOTHEHUS TIPOTPAMMBI TAKOI:

Pe3ynbTaT BbINOMIHEHUS NPOrpaMmbl (M3 nMcTuUHra 4.1)
BunaueHye apryMeHTa: 0.523599

Kocuuyc: 0.866025 vs. 0.866025

Cuuyc: 0.5 vs. 0.5

BHaueHre aprymeHTa: 0.785398
Kocunyc: 0.707107 vs. 0.707107
Cunyc: 0.707107 vs. 0.707107

Bnauenne aprymeHTta: 1.0472
Kocuuyc: 0.5 vs. 0.5
Cunyc: 0.866025 vs. 0.866025

3HaueHre aprymeHTa: 1.5708
Kocunyc: 3.26795e-007 vs. 3.26795e-007

Cunyc: 1 vs. 1

B nporpamme onucbiBaloTcs GyHKINU myCos () 711 BLIYUCICHUS KOCHHY-
ca,mysin()ﬂﬂﬂJmaqncneHMﬁtCMHycaLIBCHOMoraTeﬂbHaH(byHKHMﬁishow(L
[Ipuuem GyHKIMKU cHaYaga OOBSIBIISIIOTCS, a HEIIOCPEACTBEHHO OTMCAHUE
(byHKIMi BBITTOTHAETCS TIOCIIE OTTMCAHNS TAABHON PYHKIINN main ().
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A4 NMOAPOBHOCTH

Mpu 06BbABNEHMM DYHKUMKN YKA3bIBAETCS €€ NPOTOTUMN: NAEHTUDUKATOP
TMna peaysbrarta, HassaHue GYHKUUM U CMNCOK apryMeHTOB, NpuyeM Ha-
3BaHNSA apryMeHTOB MOXHO He yKa3blBaTb — TO/IbKO UX TUM.

DyHkums ponxkHa 6blTb 06bSIBNIEHA 40 TOro, Kak OHa BrepBble Bbl3biBa-
eTcs.

ODymukims myCos () pe3yJIbTaTOM BO3BpAIlaeT 3HaueHue Thia double U y Hee
onuH apryMenT (0603HaYeH Kak x), ToKe Thia double. JIOKaibHas MeI04nC-
JIeHHas repeMeHHast n 0ObsABIeHHAsA U MHUIIMAIU3UPOBaHHAs CO 3HAYeHUEM
100 B Teste GYHKITNHU, OTIPEIENIeT BEPXHIO TPAHUILY CYMMBI, BO3BpaIIaeMOi
pesyabraToM (pyaKIIHu. Etle 1Be mepeMennbie THMa double TpeaHA3HAYEHBI
NI 3aTIACU 3HAYEHUS CyMMBbI (TlepeMeHHas s ¢ Ha4aJbHBIM 3HaUeHueM 0)
U CJIaraeMoro, KOTOpoe Ha Kak/0i nrepanuu gobasisiercss K cymme (Tmepe-
MEHHasl g ¢ HauaJbHBIM 3HaueHueM 1). Bprumcisiercd cymMMa ¢ MOMOIIBIO
orepaTopa IMKJIa, B KOTOPOM HH/IEKCHAs TlepeMeHHast k mpoberaeT 3HaueHue
oT 0 JI0 n BKJIIOUUTEJIbHO, U 32 KaXKblil IIUKJI BBIIOJTHSIOTCSI KOMAaH/bl s+=q
(lIO6aBJIeHI/Ie HOBOTO CJTATA€MOTO K CYMMe) U g*=(-1) *x*x/ (2¥k+1) / (2*k+2)
(BbIUKCIEHNE J0OABKY [T caepyioneit ureparn). [To 3aBepiieHnn Bbrdvic-
JIeHU 3HAUeHNe TIePeEMEHHON s BO3BPAIaeTCs Pe3yabTaToM (QyHKITUN.

@ HA 3AMETKY

ﬂ,ﬂﬂ KOCMHYCa BblHMCNIAETCA CyMMa 1- )(2/2') + (x /4') (x6/6') +

1% /((2n)!) kZ:qu, roe yepes g, = ((— 1)%°)/( 0603Haqua no-
6aBKa K CyMMe (4na utepauum I/IH,EI,eKCOM k). Ecnu qk+1 — pobaska Ha cne-
OyloLen ntepaummn, To Nerko 3aMeTuTb, YTO g, /g, = ((— 14)/((2k + 1)
(2k + 2)). BbiBOA, Takoi: 4TOObI NOAY4NTb A0OABKY ONS CReayolwen nte-
pauumn, Tekyulee 3HadyeHve A00aBkW cnenyeT YMHOXWUTb Ha BENNYUHY
(= 1X°)/((2k + 1)(2k + 2)). Takoii noaxop, peanmsoBaH B PYHKUMN myCos () .
ﬂ,J'IFl CHHYCA BbIMMCTIAETCA CyMMa X — (/30 + (/5 — (X7 + ...+

N /((2n+ 1)) = Z ,d A€ 0603HaqeHo G, = ((- 195N /((2k + 1)).
OTHOLueHmeqM/qk ((- 1 x2)/ 2k +2)(2k + 3)). NMoaTomy Npu BbIMUCIEHUN
CcuHyca (DyHKUMS mySin () ) paccymTbiBas 4oOaBKy Ans CneaytoLLen ntepa-
LMK, 3HAYEHMe TekyLLie 1o6aBKkM yMHOXaeM Ha ((— 1)x°)/((2k + 2)(2k + 3)).

DyHKIM 7151 BBIYUCIEHUSI CHHYCamySin () OlMcaHa aHAJIOTMYHO K (DYHKITIH
JIJIs1 BBIYMCJIEHHST KOCHHYCa myCos (), pa3Be 4TO ¢ TIOIPaBKON Ha N3MEHEHHOE
Havya/JbHOE 3HaYeHue st JoOaBku (1lepeMeHHas q) U crnocod ee 06paboTKI
(xomaHma g*=(-1) *x*x/ (2*k+2) / (2¥k+3) B TeJie omlepaTopa IIUKJIA).
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OyHKIMA show () He BO3BpAlaeT Pe3yJbTaT, 03TOMY HACHTH(DHUKATOPOM
THUIIA pe3yJ/ibTaTa ISl Hee YKa3aHo KJodeBoe cJ10BO void. Y (yHKIUU ecTb
apryMmenT Tuma double, 0603HAYEHHBIN KaK x. ITO 3HAYECHIE UCTIOIB3YETCST
IIpY BbIYUCJICHUU CUHYCAa 1 KOCUHYCa.

@yuknueil show () oToOpaskaeTcst 3HaUYEHUE apryMeHTa, JJIsT KOTOPOTO BbI-
YUCJSIOTCS CUHYC U KOCWHYC, 3HAUeHNe CHHYCA U KOCUHYCA, BEIYUCTEHHbIE
€ TIOMOMTBIO (DYHKITUH mySin () u myCos (), a TaKsKe JJIsT CPAaBHEHUS MTPUBO-
ISITCST 3HAYEHUS 71 CUHYCA M KOCUHYCA, BBIUNCTIEHHBIE C TTOMOIIBIO BCTPO-
eHHBbIX PYHKINI sin () 1 cos ().

() HA 3AMETKY

[na ncrnosib3oBaHnsa BCTPOEHHbLIX MYHKUMIA sin() U cos () B Mporpamme
NoJK/OHYaETCH 3arofoBOK <cmath>.

Kox riaBHOI (DyHKIMH IIPOrpaMMBbl JOCTATOYHO IPOCTON. B Tese (yHK-
UK main () OIpeessieTcs AeiCTBUTEIbHAS YMCIOBast KOHCTAHTa pi CO 3HaA-
yeHreM s yncaa © ~ 3,141592, a 3arem 1myrtem Bbi3oBa (GyHKIIMU show ()
BBIYUCJIAIOTCS CHHYC W KOCUHYC /I 3HAUeHWH aprymMeHToB 71/6, n/4, n/3
u t/2. Kak BumuMm, coBmajieHne co 3Ha4eHUSIMU, BEIYMCTIEHHBIMU C TTOMOTITBIO
BCTPOEHHBIX (DYHKITHIL, H0JIee YeM prueMIeMoe.

Meperpy3ka @yHKUUN
Pemnm NporpaMMHBIMU METOAaMU 3a/la4y O BbIYUCJIEHUUN HpI/I6I)IJII/I, noJiy-
JyaeMou BKJIQ/[HUKOM 6aHKa. BXOZ[HLIMI/I ImapaMeTpaMu 3aa4m ABJIAIOTCA:

®  UICXO/HAS JICHEKHAS CyMMa, KOTOPYIO BKJIQJIUYNK pa3MeliaeT B GaHKe Ha
JEIMMO3UTHOM CUETY;

® T10/0Bas NPOIEHTHAs CTAaBKa, 110 KOTOPOH HA4MCJAeTCs JI0XO0J Ha BJIO-
JKEHHYIO CYMMY;

® KOJIMYECTBO JIET, HA KOTOPbIE PAa3MEIAETC AEIIO3NUT,

® KOJINYECTBO TEPUOOB B TOMY, KO/ BBITIOJHSIETCS HAuMCJIEHHE TIPO-
IIEHTOB.

A4 NMOAPOBHOCTH

Ecnvn Ha genosuTt BHOCUTCSA cymMMa m, U Ha BKNa, HAYNCNSETCS I MPOLEH-
TOB rofoBbIX, TO Yepe3 rof, puHanbHas cymma (4oxon) 0yoeT cocTaBnsATb
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BenuumHy m(1 + (r/100)). Ecnn peyb naoeT 0 HECKONbKMX rogax, u 3a
KaxXabl rof, erCcTByeT CTaBka HavyMC/IEHMs NMPOLEHTA r, TO Yepesa y NeT
WMTOroBas AEeHeXHas CyMMa Ha [0eno3uTte OyaeT COCTaBNsATb BEMYUHY
m(1+ (r/100)).

Bbiwe nogpadymeBanoch, 4TO NMPOLEHTLI HAYUCASIOTCS pas B roA. B pe-
anbHOCTM MOXET MCMOMIb30BATLCA CXeMa, NPU KOTOPOWM NPOLEHTHI Ha-
YNCNFAIOTCA HECKONbKO pas B rof,. Hanpumep, ecnv npoueHTbl Hauncns-
I0TCS N pa3 B rof, 4epes paBHble MPOMEXYTKN BDEMEHU, TO HA OOVH Takomn
VMHTepBan BPEMEHN NPUXOOUTCS CTaBka NpoLeHTa r/n, rae Yyepes r 060-
3HayeHa rogoBas NpoLeHTHasa ctaBka. Mpu aToM 3a y net 6yaeT ny Ha-
YNCNEHNI CO CTABKOW NpoLeHTa r/n. B pesynsrate ons utToroBor CyMmel
Bknaga umeem m(1 + (r/(100 - n)))" .

Mpb1 XOTUM TIpeyCMOTPETH B IIPOTPaMMe CJIeIyIoIIe BO3MOKHOCTH:

® CCJIM IIPU BBIYMCJICHUH /10XO0/Ja YKa3bIBA€TCA TOJIbKO HadaJ/IbHasd CyMMa
" NPOIEHTHAaA CTaBKa, TO aBTOMATUY€CKU CUUTAETCA, YTO AECIO3UT pa3-
MEMIA€TCA Ha OIUH I'OJ U IIPOLEHTbI HAYNCJIAIOTCA TOKE OJMH pa3 B IT'O;

® ¢CJIM IIPU BBIYMCJIICHUHM J10XO/a YKa3bIBAcTCAd HadaJsbHasd CyMMa, IIPO-
HEHTHasA CTaBKa W KOJUYECTBO JIET, TO IO YMOJIYaHUIO ITOJIaraem, 4TO
ITPOIEHTDI HAYUCJIAIOTCA pa3 B T'O/l;

® TaKXe MOYKHO IIPU BBIYMCJIEHUN 10X0/a YKa3aTb HAaYaJbHYIO CYMMY, I'O-
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BYIO IIPOLEHTHYIO CTaBKY, KOJMYECTBO JIET U KOJUYECTBO IEPHNOIA0B

Ha4dMCJIEHWA ITPOIEHTOB.

IIJIH BCEX TEPEUYUCTEHHBIX CJIYYa€B MbI OIIUIIEM OTAEJIbHYIO (l)yHKHI/IIO, BbI-

YHCJIA

IOIIY1O UTOTOBYIO CYMMY, IPUYEM BOCIIO/Ib3YEMCA TAKUM MEXAHU3MOM,

KaK nepezpysxka QyHKyuil.

S

TEOPU4A

Meperpy3ka pyHKUn COCTOUT B TOM, 4TO B NPOrpamMMe Co30aeTCs He-
CKOJIbKO (PYHKLMIM C 0OMHAKOBbIMU Ha3BaHUSIMU. Takne GyHKLNN OOIKHbI
OT/IMYATLCA NPOTOTUMOM (TUN pe3ynbTaTta, Ha3dBaHMe QYHKUMN, KONnye-
CTBO W TUM aprymMeHTOB) Tak, 4TOObI NPu BbI30BE MYHKLINK MOXHO ObIN10
OJHO3HAaYHO ONpeaennTb, O KakO UMEHHO BEPCUM OYHKUMN NOET PeYb.
O dYyHKUMAX C 0AMHAKOBbLIM Ha3BaHWEM OObIYHO FOBOPSAT Kak O Pa3HbIX
BEepPCUAX OOHON DYHKLMN.

IIporpaMMHBIil KOJI C peuleHUMeM JaHHOW 3ajiaud IpejcTaBjieH B JIUC-

THUHTE

4.2.
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Jluctuhr 4.2. Neperpyska pyHKunn

#include <iostream>

#include <cstdlib>

using namespace std;

// OYHKUMA C IByMS apTyMeHTaMm:

double getMoney (double m,double 1) {
return m* (1+r/100);

}

// OYHKUMSA C TPeMs apIyMEeHTaMu:

double getMoney (double m,double r,int y) {
double s=m;
for (int k=1;k<=y;k++) {

s*=(14r/100);

}
return s;

}

// OYHKUMSA C UETHPHMS apTyMEHTaMM:

double getMoney (double m,double r,int y,int n){
return getMoney (m,r/n,y*n);

}

// TnaBHas OYHKUMA TPOTPAMMH:

int main () {
// Vi3ameHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// HavanbHad cyMMa BKJIaza:
double money=1000;
// TpOLEeHTHAas CTAaBKa:
double rate=5;
cout<<"HauanbHasa cymma: "<<money<<endl;
cout<<"T'omomad cTaBka: "<<rate<<"%\n";
// BHUMCIIEHVE HOXOHA 3a PasHHe NPOMEXYTKM BPEMEHU:

cout<<"Briyiaml Ha ommH ron: "<<getMoney (money,rate)<<endl;
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cout<<"Briyiam Ha 7 neT: "<<getMoney (money,rate,7)<<endl;

cout<<"Bkjyam Ha 7 jer\n(#aumcienus 3 pasa B rom): ";

cout<<getMoney (money, rate, 7, 3) <<endl;
// 3amepxka KOHCOJIbHOT'O OKHa:
system("pause>nul");

return 0;

Huxe IpeacTaBJ/IeH PE3YJIbTAT BBITIOJTHEHUA ITPOTPAMMBI:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMMbl (U3 IMCTUHTA 4.2)
HauanbHasg cymma: 1000

Tomoras craBKa: 5%

Bryanm Ha ozmmd roxm: 1050

Bryanm Ha 7 jer: 1407.1

Bxyan Ha 7 JeT

(Haumcrnenus 3 pasa B rom): 1414.98

[Tpoanasmsupyem porpaMMHbIil Koj. Hac B ocHOBHOM Oy/1eT MHTEpEcoBaTh
onucanuie GyHKIUK getMoney (). B mporpaMme omnrcanbl Tpu Bepcuu JaHHON
byHKIIMN, KOTOPBIE OTANYAIOTCS JIUITH KOJTUIECTBOM apPIyMEHTOB, KOTOPbIE
nepenaroTcs GyHKIUA. PaccMOTPpUM KaK/IbIi 13 HUX B OT/I€JTbHOCTH.

Haub6osiee mpoctoii kox y (yHKIMU getMoney () € ABYMsI apryMeHTaM.
B atom cayuae double-apryMeHT m OTIpeieiieT HAuYaJbHYI0 CYMMY BKJIAJIA,
a elne oYU double-apryMeHT r JIaeT 3HaYeHHe TO0BOI IIPOIIEHTHOI CTaBKU.
PesynbraTtoM dyHKIIMM BO3BpallaeTcs 3HAaUeHHe BbIpakeHus m* (1+r/100)
B TIOJTHOM COOTBETCTBUM C (POPMYJIOHN A/ BBIYUCJIEHUS UTOTOBOM CYMMBI
JULSL TOJJMYHOTO JICIIO3UTa.

B Bepcuu dyHKIMM € TpEMs apTyMeHTaMU TIepPBhIE IBa apTYMEHTA m 1 r UMe-
10T TaKoe ke Ha3HadeHue, Kak 1 B TIPE/BIAYIIEM CcIydae, a TPETUH 1eJI0Imc-
JIEHHBIH aPTYMEHT y OTIIPeJIesIsIeT KOJNYEeCTBO JIeT, Ha KOTOPbIe Pa3MeIaeTcs
nero3uT. Pe3yabraT B Tesie GyHKIINN BBIUYMCISAETCS € TTOMOIIBIO OMepaTopa
nukia. JIokagpHasg mepeMeHHas s ¢ HAuaJbHBIM 3HaUeHueM m (TIepBbIii ap-
ryMeHT (bYHKIINN ), KOTOpasd BO3BPAIllaeTCs Pe3yabraToM (MYHKIINH, 32 KasK-
IIBIIA IIUKJT YMHOKA€TCST HA MHOXKUTETh (1+r/100), U TaKUX IIMKJIOB POBHO
y. B pe3yabrate mosrydaeM 3HaueHue, COOTBETCTBYIOIIEe (hOpMyJie BbIUMCIe-
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HUSI NTOTOBOM CYMMBI ICIIO3UTA, Pa3MEIIEHHOTO Ha HECKOJIBKO JieT (C OHO-
KPaTHBIM HAYMCJIEHUEM TIPOTICHTOB B KOHIIE TO/IA).

B Bepcun dyHKIMM getMoney () ¢ YeTHIPbMSI apryMeHTaMM TTOCJeIHUN Tie-
JIOUMCJIEHHBIA apTyMEHT n OIpe/iesiseT KOJUYECTBO MTePUOIOB B TOMY JJIs
HaYNCJIEeHUs TPOIEHTOB. Pe3ympraToM (yHKITMN BO3BpallaeTcs 3HadeHUe
BBIpakeHUe getMoney (m, r/n, y*n). 31ech MbI (DaKTHUUECKHU B Tejie PyHKITUN
C YEeTBIPbMS apTYMEHTaMW BBI3BIBAEM BEPCUIO ITOU Ke caMOil (PyHKITHUU
C TpeMs apryMeHTaMM.

(G) HA 3AMETKY

Janee Mmbl 6yaem paccmatpueaTth Tako MexaHU3M, kak pekypcusd. [pu
pekypcum B Tene GyHKUMN BbI3bIBAETCSA 3Ta Xe camasa GyHKuma. 34€eCh,
B A@HHOM NnpuMepe, 0 PEKYPCUU Peydb He MAET, NOCKOJIbKY B OOHOM Bep-
cum GYHKUMK BbI3biBaeTCs Apyrasi Bepcus GyHKUMm. TEXHNYECKU 3TO BCe
paBHO, Kak ecnv 6bl B 0AHOM PYHKLMW Bbl3biBasiaCb COBEPLLUEHHO apyras
byHKums. TIpOCTO B JAHHOM Criydae y Takmx pasdHbiX MO CyTu PyHKUUN
OAMHAKOBbIE Ha3BaHUSA.

Y10 KacaeTcs BblpaxeHust getMoney (m, r/n,y*n), KOTOPOE BO3BPALLAET-
Cca pesynsratoM Ang OYHKUMKW getMoney () C YETbIPbMSA aprymeHTamu,
TO 34EeCb Mbl BOCMO/b30Ba/IMCh TEM 04EBUOHBIM 0OCTOATENLCTBOM, 4TO
MUTOroBasi Cymma no Aeno3nTy Ha y NIET C Ha4yanbHOWM CyMMOW BKnaga m
noA, r NPOLLEHTOB roA0BbIX C N-KPATHbIM HAYMCNEHVEM MPOLEHTOB PaB-
Ha WTOroBOW CyMME BKNada C Ha4asbHOW CYMMOW m, pa3MeLleHHOMN
noA, CTaBKy NPOUEHTa r/n Ha ny NeT ¢ OAHOKPAaTHbLIM Ha4YnceHnem npo-
LLEHTOB.

B ruiaBHO# (byHKIIMM POrpaMMBbI TIPEICTABJIEHBI TIPUMEPHI BbI30BA (DYHK-
UK getMoney () € pa3HBIM KOJIMYECTBOM apryMeHTOB. Kaxzaplii pas, Korya
BBI3bIBaETCS (DYHKIIMS, IMEIOIast HECKOJIbKO BEPCUT, pelieHne o 33/1eHCTBO-
BaHUU TOW WJIM WHON BepcUU (DYHKIIUH MPUHUMAETCSI HAa OCHOBE KOMAHJIBI
BBI30BA: B OCHOBHOM TIO KOJIMYECTBY W THUIY apTYMEHTOB, a TaKXe MO THUILY
pesyasTraTa.

3HayeHus dApPrymMmeHToB no ymoJji4yaHuio

PaccMOTpeHHYIO BBIIIE 3a/1a4y MOKHO OBLJIO PEIIUTH ¥ HECKOJBKO MHAYeE.
B uvacTHOCTH, B TAHHOM KOHKPETHOM CJIy4ae BMECTO Meperpy3ku OyHKITHI
MBI BITOJTHE MOTJI OTPAHUYUTHCS CO3/JaHNEM BCETO OHON (PYHKITNHU, HO C ap-
TYMEHTaMH, UMETOTITUMU 3HAUEHUSL 10 YMOIUAHUIO.
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@ TEOPUSA

Mpw onucaHnm GyHKUMM N5t HEKOTOPbIX UM BCEX €€ aPFYMEHTOB MOXHO
yKasaTb 3Ha4eHUs No ymon4yaHuto. [laHHble 3Ha4eHns NCMNOoNb3YIoTCH,
€CNu Npu BbI30BE PYHKLMM COOTBETCTBYIOLLMI apPryMEHT He yka3aH. Ap-
FYMEHTbl, UMEIoLME 3HAYEHMS MO YMOJYAHUIO, ONUCHIBAIOTCH B CMMCKE
aprymMeHToB QyHKUMN NocCnegHUMN. 3Ha4YeHME NO YMOMYaHWIO s ap-
rymMeHTa ykasbiBaeTcsa B NpoToTmne GyHKUUN NOCNe MMEHN apryMeHTa
Yyepes 3HaK paBeHCTBa.

B nucrtunre 4.3 mpencraBieHa mporpaMMa, B KOTOPOH pelraeTcs: MoCTaB-
JIEHHAsI paHee 33/[a4a, HO TOJIbKO TelePh Mbl CO3/1a€M BCETrO O/IHY (DyHKIIUIO
getMoney (), a /IBa ee MOCJEAHNX apTyMEHTAa UMEIOT 3HAYEHHUE 110 yMOJI4a-
HUIO.

JInctuHr 4.3. 3Ha4eHUs apryMmeHTOB Mo YMOJI4aHUIO
#include <iostream>
#include <cstdlib>
using namespace std;
// OyHKUMA C apTyMeHTaMmy, MMEOWLUMA
// 3HadeHMS [0 YMOJIYAHUD:
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*=(1+q/100);
}
return s;
}
// TnaBHag QYHKUMA TPOTPAMMH:
int main () {
// Vi3meHeHMe KOOMPOBKY KOHCOJM:
system("chcp 1251>nul");
// HavanbHad cyMMa BKJIaza:

double money=1000;
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// TpolileHTHAd CTaBKa:

double rate=5;

cout<<"HauanbHasa cymma: "<<money<<endl;

cout<<"TomoBas craBka: "<<rate<<"%\n";

// BHUMCIIEHME IOXOIa 3a PasHHE MNPOMEXYTKM BPEMEHM:
cout<<"Bxyam Ha ommH Tom: "<<getMoney (money,rate)<<endl;
cout<<"Bryanm Ha 7 neT: "<<getMoney(money,rate,7)<<endl;
cout<<"Bkyanm Ha 7 jeT\n (Hauwcienus 3 pasza B rom): ";
cout<<getMoney (money, rate, 7, 3) <<endl;

// 3amepxka KOHCOJIbHOTO OKHa:

system("pause>nul");

return 0;

}

PeSy]II)TaT BBITIOJIHEHWA TIPOTpaMMbI TaKoi /K€, KaK M B IpeAbIAYIIEM
CJiy4dae:

Pea3ynbTaT BbINOJMIHEHUS NPOrpaMmbl (U3 NUCTUHra 4.3)
HauanbHasg cymma: 1000

Tomoeas craBKa: 5%

Bryanm Ha ommd roxm: 1050

Bryanm Ha 7 jer: 1407.1

Bxyan Ha 7 JeT

(Haumcrnenus 3 pasa B rom): 1414.98

Korna dynkmms getMoney () BBI3BIBAETCS C TpeMsl apTyMEHTaMH, 3TO BCe
PaBHO, KaK ecJii Obl YeTBEPTHIN ee apryMeHT OblLJI paBeH eAnHuIle (3HaUeHe
110 yMosT4aHuio). Eciu hyHKINSA BbI3bIBAETCS TOJBKO C IByMS apryMeHTaMH,
TO TPETUI U YETBEPTHIi ee apryMeHThl aBTOMAaTHUECKU CUUTAIOTCS eIMHIY-
HBbIMU (3HAYeHUS [0 YMOJIYAHUIO JIJIs1 JAaHHBIX apryMeHToB). UTo kacaercs
KO/1a, olpezessonero GyHKIUIO, TO JIOKAIbHAsI IIepeMEHHAsl s ¢ Hauajlb-
HBIM 3HAUYEHUEM m OTIPEIesiIeT CTapTOBBIHM BKJAJ, TeEpEeMEeHHAas z CO 3Have-
HUEM n*y oIpeesisieT oiee KoJaMIecTBO ePUoI0B HAUMCIEHHS TPOTIEHTa
TlepeMeHHad g Co 3HaYeHNeM r/n OTpeiesigeT IPOIEeHTHYIO CTaBKY ITPOTIeHTa
TS KayK/I0TO TIEPHO/I, 32 KOTOPBIM HAYMCJIAIOTCS TIPOIeHTHI. Pe3ynsTar Bbl-
YHCJISIETCS ¢ TIOMOIIIBIO OTIepaToOpa IUKJIA, B KOTOPOM z ITUKJIOB U 32 KaK/IbIi
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IUKJI TlepeMeHHas s yMHOXKaeTcd Ha (1+q/100). [1o 3aBepriieHun BuIUucIe-
HUI 3HAUEHUE TIEPEMEHHOM s BO3BpAIaeTcs pe3yasTaToM (hyHKITNH. 3/eCh,
110 GOJIBIIOMY CYETY, MbI TOBTOPHUJIN aJITOPUTM BBIYUCIEHUIN, UCIIOIb30BaH-
HBII B TIPEIBIAYIIEM TIpUMepe 7 caydas GyHKITUN ¢ TPeMs apTyMeHTaM.
EnnucTBeHHOE, MBI Cclesann «MOMPaBKy» HAa 3(DGHEKTUBHYIO MPOIEHTHYIO
CTaBKY ¥ KOJUYECTBO [T€PUO/IOB HAYKMCJIEHUS TPOIIEHTHOTO JI0XO0/1a.

() HA 3AMETKY

Ha nepBbIli B3rNa4 MOXET MnokasatbCsl, HTO MexXaHU3M onpeneneHus
3HAYeHMIN apryMeHTOB MO yMOJ4aHuo 6oJsiee NpocT B UCMNOJIb30BaHMN,
yem neperpyska yHkumin. B npuHumne, ato Tak. OgHako cnegyeTt NoHU-
MaTb, 4TO neperpya3ka GyHKUUA — TEXHOOMNSA UCKIOYNTENBHO rMbkas
1 apdekTnBHasA, N HE MOXeT ObITb 3aMeHeHa onpeaesieHMeM 3HaYeHUM
apPryMeHTOB MO YMOJIHaHUIO.

Takxe BaXXHO MMETb B BUAY, YTO U neperpyska GyHKUNNA, 1 onpeaene-
HME 3HAYEHUN N0 YMOSHYaHMIO SIS apryMEHTOB MOTMyT UCMOJIb30BaTbCs
OOHOBPEMEHHO. B Takom cnyyae pyHKUMM JOMKHBLI NEPErpyXaTbCs Tak,
4TOObI MO KOHTEKCTY Bbl30Ba GYHKLMN BCErAa MOXHO Obl1I0 OAHO3HAYHO
onpenennTb BapUaHT GYHKUMN U TO, KaKUE apryMeHTbl MepenaHbl, a ka-
Kne — Her.

Pekypcusa

Ecnun B omucannm ¢byHKIIMU BBI3BIBaeTCS aTa camad (GyHKIug (HO, Kak
TIPaBUJIO, C JAPYTUM apryMEHTOM WJIA apTyMEHTaMMt), TO TaKas CUTYyalusd
Has3biBaeTcst pexypcuetl. llpuMep MCHOJNb30BaHUS PEKYPCUU IPEICTaBJIEH
B iuctuHTe 4.4. Peub UeT Bce 0 TOM Ke 3ajiaue MPO BhIUUCIEHUE UTOTOBOM
CYMMBI JICTIO3UTA, HO TOJIBKO TETePb JIJIT MTPOCTOTHI MbI PACCMaTPUBAEM He
TPH, @ OIUH CIIOCOO HAYKMCIEHUST IPOIIEHTOB: IETO3UT Pa3MEIAETCsT Ha yKa-
3aHHOE KOJUYECTBO JIeT MO/l (PUKCUPOBAHHYIO TOOBYIO CTaBKY IPOIIEHTA,
a HaYMCJIEHUS JI0XOa TI0 MPOIIEHTaM MTPOU3BOATCS pa3 B rof. B mporpam-
Me omucaHa QyHKINS getMoney () ¢ TpeMs apTyMeHTaMU, U TIPU OTMMCAHUN
(bynxmum ncrnospzoBaHa pekypcusd. PaccMOTpuM Tpe/ncTaBIeHHBIN HILKE
TIPOTPAMMHBIN KOJT:

Jinctunr 4.4. Pekypcus
#include <iostream>
#include <cstdlib>

using namespace std;

116



dyHKUMN

// B GyHKUMM MCIOJb3YETCHS PEKYyPCMBHEHII BE3OB:

double getMoney(double m,double r,int y){

return m;
}
elsef

return (1+r/100) *getMoney (m, r,y-1);

}
// TnaBHas GYHKUMS OPOTPAMMEL:
int main() {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// HauajnbHasg cyMMa BKJaza:
double money=1000;
// TpolieHTHAas CTaBKa:
double rate=5;
cout<<"HauanbHasa cymma: "<<money<<endl;
cout<<"TomoBas craBka: "<<rate<<"%\n";
// BHUMCIIEHME IOXOIa 3a pasHHE MNPOMEXYTKM BPEMEHM:
cout<<"Bryanm Ha 1 rom: "<<getMoney(money,rate,1l)<<endl;
cout<<"Bruyanm Ha 7 netT: "<<getMoney (money,rate,7)<<endl;
cout<<"Bxmazm #a 10 ser: "<<getMoney (money, rate,10)<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");
return 0;

}

Pe3ysibrat BBITOTHEHUST TIPOTPAMMBL OYIET CJIETYIOIHM:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nUcTUHra 4.4)
HauanpHasg cymMa: 1000

TomoBas cTaBka: 5%
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Bxyag Ha 1 rom: 1050
Bxyag Ha 7 smetr: 1407.1
Bxian Ha 10 mer: 1628.89

B nporpamme onrchiBaeTcs yHKIMS getMoney () € TpeMs apryMeHTaMHU, T10-
CJIe 4ero B TJIABHOH (DYHKITUN ITPOrpaMMbl DYHKITUS getMoney () BbI3BIBAETCS
C Pa3HBIMU 3HAYEHUSIMU TPETHETO APTYMEHTA.

Wntepec mpescrasisier crocod onucanusi GyHkimu getMoney (). OcHoBY
KO/la (DyHKIIMM COCTaBJISIET YCJIOBHBIHM OIEpaTop, B KOTOPOM ITPOBEPSIETCS
ycioBue y==0 (4epe3 y 0003HAYEH TPETHIl apryMeHT QyHKIUK getMoney ()).
Ecim ycsoBue nctunno, pesyasraToM (yHKIIUHA BO3BpaNIaeTcs 3HaYEHUE m
(TiepBbIit aprymMeHT (yHKINH getMoney () ). 3/eCh MBI HCXOAUM 13 00CTOSI-
TEJBCTBA, YTO HA BKJIAJ, Pa3MEIIeHHBIN B OaHKe Ha 0 JIeT, MPOIEHTHI He Ha-
yucssaioTes. IloaTtoMy nTOroBag cymMmma B Takoii CUTYalluy paBHSAETCA Ha4alh-
HOIl cymMe BkJasia. Ecan ske yesioBue y==0 JI03KHO, TO Pe3yJIbTaToM (QyHKIIUN
BO3BpalllaeTcd 3HaueHue BbIpakeHust (1+r/100)*getMoney (m,r,y-1). IT10
U €CTh PEKYPCHUBHBIHN BBI30B (QYHKITHH getMoney ().

Y NOAPOBHOCTM

Mpu onpepeneHnn GyHKLUUN Mbl UICXOOUN U3 CIEAYIOLLMX CoOobpaxe-
HUI. JonycTtum, 4TO getMoney(m,r,y) OaeT 3HAYEHME UTOrOBOW CyM-
Mbl MO AENno3uTy Yyepesd y feT. Kak MOXHO noay4mntb 3Ty cymmy? O4yeHb
MPOCTO: HAYNCNUTb FOA0BbIE MPOLEHTbl HA UTOFOBYIO CyMMY BKjlaaa 3a
nepuog B y-1 net. Itoroeass cymma Bknaga 3a y-1 NeT gaeTcs Bblpaxe-
HMEeM getMoney (m, r,y-1). HayMcneHne rogoBbIX NPOLEHTOB O3HA4aeT
YMHOXEHME Ha BeNuYuHy (1+r/100). B ntore nonyyaem, 4to 3Ha4e€HUS
getMoney (m, r,y) U (1+r/100) *getMoney (m, r, y-1) LOJDKHbI COBNanatb.

3Hauenue QyHKINN getMoney () € 3a/laHHBIMU apryMeHTaMu m, r ¥ y (3Ha-
yeHHe BbIpaKeHUsI getMoney (m, r,y)) BBIUUCISETCS CJAELYIOIIUM 0OPa3oM.
[IpoBepsieTcs 3HayeHye apryMeHTa y, U €CJIu OHO OTJIMUHO OT HYJIs, BBIUNC-
JisieTcs 3HaYeHue BhIpaskeHus (1+r/100) *getMoney (m, r, y-1). IIpu Berunce-
HUU 3HAUYEHUS BBIPA’KEHUS] CHOBA BBI3bIBaeTcs (PYHKIUS getMoney (), HO Ha
3TOT pa3 TPETUI apPTYMEHT Ha eJIMHUILY MEHbIIIE, U TaK Jlajiee, ToKa He Oyer
BbI3BaHa (DYHKITUS getMoney () ¢ HyJIEBBIM TPETHUM apryMeHTOM. Toraa mpu
BBI30BE (DYHKITUH BO3BpAIaeTCs 3HaUeHue m (TIEPBBIN apTyMeHT (hyHKITUN ).
ITO TTO3BOJIIET BEIYUCIUTH 3HAYEHUE TIPEIBIAYIIETO BRIPAKEHU ST, 3aTEM TOTO,
4TO OBLIO TEPel HUM, ¥ TaK Jajiee, BIJIOTh [0 CAMOTO TIEPBOTO BbIPAsKEHMS,
€ KOTOPOTO BCE HAYMHAJIOCH.
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MexaHu3mbl nepeaaym aprymeHToB QyHKLUUSAM

Yro0bl MOHSATH PUPOLY TPOOJIEMBI, KOTOPast OyaeT 00CYKAAThCS, PACCMO-
TPUM HEOOJIBIION TPUMEp, IIPeCTaBAeHHBIN B iucTuHre 4.5. CyTh IIpOrpam-
MBI OY€Hb TIPOCTa:

® onucoeiBaeTcs GyHKINA swap () € IByMsI CHMBOJIBHBIMHU (THII char) apry-
MEHTaMU;

® IIpW BBI3OBE (l)yHKLII/II/I 3Ha4Y€eHUsA IMEpEeAaHHbIX apPIyYMEHTOB BbIBO/JATCA
B KOHCOJIbHOE€ OKHO,

® ApPTyYMEHTHI 0OMEHUBAIOTCS 3HaUYCHUAMU, 1 UX HOBbIC 3HAYCHHNA TaKiKe
OTO6pa>K3.IOTCH B KOHCOJIbHOM OKHE.

B nporpamme oObsIBIIsIeTCS iBE MTepeMEHHbIE, OHU TIePeIaloTCs apryMeHTa-
MU (DYHKIIUU swap () TIPU ee BBI3OBE, a 3aTeM IPOBEPSIIOTCS 3HAYEHUS Tiepe-
MEHHBIX.

WNuTepecytomuii Hac TPOrpaMMHBINA KO TAKOIL:

Jinctunr 4.5. NMepepaya apryMmeHTOB MO 3HAYEHUIO
#include <iostream>
#include <cstdlib>
using namespace std;
// Tlepemauya apryMeHTOB [0 3HAUEHMUO:
void swap (char a,char b) {
cout<<"BmzeBaercsa OGyHxuusa swap () "<<endl;
// TpoBEpANTCS 3HAUEHMS APTYMEHTOB QYHKIWM:
cout<<"llepBem aprymeHT: "<<a<<endl;
cout<<"Bropoi apryMmeHT: "<<b<<endl;
// Vi3MeHeHME 3HAUEHWII APTYMEHTOB QYHKINM:
char t=b;
b=a;
a=t;
for(int 1=1;1<=20;1++){

cout<<ll_ll;
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}

cout<<endl;

// TlpoBepsnTCS 3HAUEHUS ApPIYMEHTOB OYHKLIMN:
cout<<"llepBem aprymeHT: "<<a<<endl;
cout<<"Bropoi aprymeHT: "<<b<<endl;

cout<<"BrmosyHenne ¢yHkumMy swap () 3asepmeHno"<<endl;

// TnaBHas QYHKUMS TPOTPAMME:

int main () {

}

// VI3MeHeHMe KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");

// TlepeMeHHHE IJIS Tepelauy apryMeHTaMy GyHKLUM:
char x="'A',y="'B';

// TIpOBEpPANTCS 3HAUEHNS [EPEMEHHBIX :
cout<<"[lepsas nepemeHHasa: "<<x<<endl;
cout<<"Bropas nepeMmenHas: "<<y<<endl;
// BH30B OyHKLMM:

Swap (X/ Y) ’

// TpOBEpANTCS 3HAUEHUS [EPEMEHHBIX :
cout<<"[lepBas nepemeHHasd: "<<x<<endl;
cout<<"Bropas nepemenHas: "<<y<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

Hamm ojkumatnust OT pesyJibTraToB BBIIOJTHEHHUS TIPOrPAMMBbl MOTJIH ObI OBITH
CJIeIYIONUMU: TTOCJIe BbI30BAa PYHKIIUU swap () TIepeMeHHbIe, KOTOPbIE Iepe-
JAlOTCsI €if apryMeHTaMu, 0OMEHSIIOTCST 3HaYeHUsIMI. B peasibHOCTH pe3yJib-
TaT BBITIOJIHEHUS TTPOTPAMMbI TaKOM, KaK MIPe/ICTaBJEHO HUKE:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nucTuHra 4.5)

[lepBas nepeMmeHHas: A

BTopad mnepeMeHHad: B

BeiseiBaeTCa OyHKUMA swap ()
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[lepBET apTyMeHT: A
Bropon aprymeHT: B

[lepBEt apTyMeHT: B

Bropor apryMeHT: A

BemmosnHeHyre QyHKUMM swap () 3aBepleHO
[lepBas nepemeHHas: A

Bropas nepemeHHas: B

Kak Buzum, 11pu 1npoBepke 3Ha4YeHU apryMeHTOB B Tesie QYHKIMHI BCe UeT
110 TUIAHY: apryMeHThl 0OMeHsINCh 3HaueHnsiMu. Ho BOT Korja Mbl 11poBe-
psieM 3HAYEHUsI IIePEeMEHHDIX [10CJIe BbI30Ba (DYHKIIMM swap () OKa3bIBaeTcs,
9TO WX 3HAYEHUS] He M3MeHMINCh. [[pudina KpoeTcs B criocobe mepeadn ap-
ryMeHTOB (yHKINH. [lo yMOT9annio ncmorbp3yeTcs peskuM neperadn apry-
MEHTOB 10 3HA4eHU0: 1IePelaloTcs He caMy llepeMeHHble, a UX Koluu (1ocJie
3aBepHI€HHW s BbIIIOJTHEHUA (byHKHI/II/I KOIIMUN apTyYMEHTOB yAaJIAI0TCA U3 1la-
MﬂTM)QHOSTOMqunleBOBe(byHKuHMswap()BceonepaunﬂlnﬂHOHHHKWCﬂ
He ¢ IIePeMEHHBIMU X U Y, KOTOPbIE TIepe/laBalich apryMeHTaMu (yHKIINH,
a ¢ X KonusiMu. VIMEHHO KOITiI OOMEHNBAIOTCS CBOMMU 3HAYEHUSIMIL. 3Ha-
YEHUA TEPEMEHHDBIX X U Y OCTAIOTCA HEU3MEHHDBIMU.

[Momumo nepejaun apryMeHToB M0 3HAYEHUIO, APTYMEHTBI MEPEAI0TCs elle
U 10 ccolike. B aToM cirydae B QyHKITUIO ITePEIaloTCs He KOTTUY TIePEMEHHBIX,
a camu nepemerubie. UTOObBI MepeiaBaTh apryMeHThI 10 CChIIKe, B ONMUCA-
oM QYHKIUN TTepel]l Ha3BaHUSIMU apTyMeHTOB YKa3bIBA€TCSI MHCTPYKITUS &.
B muctunre 4.6 dbyHKIMS swap () ommcaHa Tak, 9TO apTyMeHTHI elf mepesa-
10TCST TTO cehinke. 1o cpaBHEHUIO ¢ TPOTPAMMOIT M3 TUCTUHTA 4.5 M3MEHEH NS
MUHMMAaJbHbIE (IS y100CTBA B IPECTABICHHOM Jlajiee KOJe yIaleHbl 0Y-
TU BCE KOMMEHTAPWH, & UHCTPYKIIUU & B ONUCAHUU (DYHKIIUU swap () BblJe-
JIEHBI JKUPHBIM MIPUGTOM):

Jluctunr 4.6. NMepepaya aprymeHTOB NO CCbJIKe
#include <iostream>

#include <cstdlib>

using namespace std;

// Tlepenmaya apTyMEHTOB IO CCHUIKE:

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

cout<<"BmzrBaeTca byHxuusg swap () "<<endl;
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cout<<"IlepBHM apTyMEHT:

cout<<"BTopoy apryMeHT:

char t=b;

b=a;

a=t;

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

}

cout<<endl;

cout<<"IlepBEN apIyMeHT:

cout<<"BTopoy apIryMeHT:

"<<a<<kendl;

"<<b<<endl;

"<<a<<endl;
"<<p<<endl;

cout<<"BrmosiHeHue OGyHkuyu swap () 3aBepmeno"<<endl;

}

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

cout<<"[leppasd MnepeMeHHas:

cout<<"Bropas nepeMeHHad:

swap (x,y) 7

cout<<"[leppad mnepeMeHHas:

cout<<"Bropas nepeMeHHad:

system("pause>nul");
return 0;

}

"<<x<<endl;

"<<y<<endl;

"<<x<<endl;

"<<y<<endl;

PeSy]II)TaT BBITIOJIHEHHWA ITPOTPAMMBbI ITPEICTABJIEH HUKE!

Pesynbrat BbiNOJIHEHMS NPOrpamMmbl (U3 NUCTUHra 4.6)

[lepBas nepeMeHHas: A
BTopad mnepeMeHHad: B
BeiseiBaeTca OyHKUMA swap ()
[lepBET apTyMeHT: A

Bropor apryMeHT: B
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[lepBEL apTyMeHT: B

Bropor apryMeHT: A

BemosnHeHre QyHKUMM swap () 3aBepmeHO
[lepBad mnepeMeHHada: B

Bropas nepemeHHas: A

Kax Bummm, mepeMeHHbIe HA CAMOM Jiejie UI3MEHUJIN CBOU 3HAYEHUS MOCJIe
repefaun apryMeHTaMU B (DYHKIINIO swap () .

Mepepaua ykasarens apryMmeHToM PyHKLUU

Emte oxmH crioco6 orvcanust GyHKIUHU swap (), HO Ha 3TOT pa3 apryMeHTaMu
bynxun nepenaiorcs ykazareau. PaccMOoTpuM mporpaMmy, TIpeCcTaBIeH-
HYIO B JIUCTUHTE 4.7.

Jluctunr 4.7. Nepepaya aprymeHToM pyHKLUM yKa3aTens
#include <iostream>
#include <cstdlib>
using namespace std;
// ApryMeHTamy OYHKUMM [epelanTCs yKa3aTelu:
void swap (char* a,char* Db){
cout<<"BrezeBaercsa OyHkuusa swap () "<<endl;
// TpoBEpANTCA 3HAUEHMS APTYMEHTOB QYHKLMM:
cout<<"[lepBas nepemeHHad: "<<*a<<endl;
cout<<"Bropas nepemeHHad: "<<*b<<endl;
// VI3MeHeHMEe 3HAUEHMI NEePEeMEHHHX :
char t=*b;
*b=*a;
*a=t;
for(int 1i=1;1i<=20;1i++){
cout<<"-";
}
cout<<endl;
// TpoBepsAnTCS 3HAUEHUS [NEPEMEHHEX :

cout<<"llepBas nepemeHHas: "<<*a<<endl;
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cout<<"Bropas nepemenHas: "<<*b<<endl;
cout<<"BemosiHeHre OQyHkUum swap () 3aBepueno"<<endl;
}
// TnaBHas QYHKUMA TPOTPAMMH:
int main() {
// VI3MeHeHMEe KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// TlepeMeHHHEe M9 Tepelaur apTyMeHTamy QYHKINM:
char x='A',y="'B';
// TIpOBEpANTCS 3HAUEHUS [EPEMEHHBIX :
cout<<"[lepBas nepemeHHasd: "<<x<<endl;
cout<<"Bropag nepemenHasa: "<<y<<endl;
// BH30B QYHKLMA:
swap (&%, &y) ;
// TlpoBepsAnTCS 3HAUEHUS [IEPEMEHHEX :
cout<<"lleppasa nepeMeHHasa: "<<x<<endl;
cout<<"Bropas nepemenHas: "<<y<<endl;
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

Pe3yJIbTaT BBIITOJIHEHUA ITPOTPaMMbI ITIPUBEAECH HUKE!

Pe3ynbTaT BbiNOJSIHEHUS NPOrpaMmmbl (U3 IMCTUHra 4.7)
[lepBas nepemeHHasA: A

Bropas nepemeHHas: B

BrispiBaeTcs QyHKUMS swap ()

[lepBas nepeMmeHHas: A

Bropas nepemeHHas: B

[lepBas nepeMmeHHas: B

Bropasd mnepeMeHHasa: A

BrnosiHeHre QyHkUMM Swap () 3aBeplueHo

124



dyHKUMN

[leppasa mnepeMeHHada: B

Bropas nepeMmeHHas: A

B niporpamme B onrcanuu (hyHKINMN swap () THIT 00eMX apryMeHTOB yKa3aH
Kak char*. 9TO 03HAYAET, YTO apTyMeHTaMU (DYHKITNH TIepelaloTcs yKa3aTe-
JIV Ha CUMBOJIbHBIE 3HaYeHust. [loaTomy kora dyHKINA swap () BBI3BIBAETCS
B IVIAaBHOH (DYHKIIMH TPOTPAMMBI, KOMaH/IbI BBI30BA UMEET BU/ swWap (&X, &Y) .
[TocKOIbKY TIepeMeHHbIe x U y 00BSABIEHBI KaK OTHOCSIINECST K THITY char,
TO &x M &y (a7peca mepeMeHHbIX) — 3TO yKa3aTesJu Ha 3HA4eHNs TUMa char.
[ pyrumu cioBamMu, eCM B TPEABIIYIINX puMepax B (yHKIUIO Tiepe/iaBa-
JIUCh TIepeMeHHble (MU UX KOIWH ), TO Ha 3TOT pa3 apryMeHTaMu (PyHKITUU
nepeatoTcs yKa3aTeau Ha IIepEMEeHHBbIE.

Wraxk, aprymentamu byHKIUN swap () TepeaaioTcs ykazatean. Ho mposeps-
I0TCsI 3HAYEHNUs, KOTOPBIE 3allKCaHBI 110 COOTBETCTBYIONUM aapecam. M 06-
MEH 3HAY€HUAMU IIPOUCXOJUT HE [JIA yKaSaTeJIeIL/,I, a 11 3H3.‘~IeHI/II71, KOTOpbIE
3aIMCcaHbl 110 a/pecam, SIBJISIONUMCS 3HAUeHUsIMU yKazaresei. Tak, KomaH-
J10ii char t=*b 0OBSBISIETCS JIOKAJIbHAS TEPEMEHHAsI t U €l IPUCBanBAETCS
3HauEeHNe, 3alIMCAHHOE 110 aJ[pecy U3 yKasaTessi b (BTOpoil apryMeHT (DyHK-
nun). Jlarmee koMauI0M *b=*a MO afipecy W3 yKasaTeJss b 3aMUChIBAeTCs 3HA-
YyeHue, pa3MelleHHoe 110 aJpecy u3 yKaszaresist a (11e€pBblii apryMeHT (hyHK-
nun). [Tocse aToro KomMaHzON *a=t 1O agpecy, cojepsKalmeMycs B yKasareJie
d, 3allMCbIBACTCA 3HAYECHUEC HepeMeHHOfI t (I/IMGHHO 9TO 3HA4YE€HUE B CaMOM
Havasie ObLIO 3AIMCAHO 110 aIPECy U3 YKa3aTess b).

Baxxuo mormMaTh, 4TO, KOTZA MBI TIepe/iaeM apryMeHTaMu (DYHKITIN yKa3aTe-
JI, OHU TIePefatoTcs 1o 3uauenuto. To ecTb HA CaMOM JIesie CO3[IAeTCs KOTIHS
apryMenTa, KoTopbiii epenaercs dbyukimuu. Ho creruduka cutyamm B ToM,
YTO KOIUS yKa3aTeJist COAEPKUT TO JKe 3HAYCHIE, YTO U UCXO/IHBIH yKa3aTelb,
aTI09TOMY KOS YKA3aTeJIs yCTAaHOBJIeHA Ha TY Ke STYeHKY TTaMSTH, YTO U OPH-
TUHATBHBIN yKa3aTesb. B Tese pyHKIMH, B CBOIO o4Yepe/ib, orepanuu (110 13-
MEHEHUIO 3HAYE€HN ) BBITTOJHATOTCS HE C YKa3aTeJIMH, a ¢ ST9efikaMu, ajipeca
KOTOPBIX 3alMCaHbl B YKa3aTeIIX. Tak YTO MEXaHW3M TIepeladil apTyMEeHTOB
IO YMOJTIAHWIO B TAHHOM TIPUMePe TTPUHIINTTNATBHON PO HE UTPAET.

Nepepaya maccuBa aprymeHTomM pyHKLUUN
Hepenko npuxonurcs nepeaBaTh apryMmeHToM GyHKIUKM MaccuB. Kak aTo

JIeJIaeTcsl B cjlydae OJHOMEPHOIO MacCHBa, WTIOCTPUPYET IPOTpaMMa u3
JmmcrtuHra 4.8.
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@ TEOPUA

OnHOMEpHBIM MaccuB NepefaeTcs B GYHKLUMIO C MOMOLLBIO ABYX napa-
METPOB: yKadaTesis Ha NePBbIi 9N1IEMEHT MaccuBea (MMs MaccuBa) u Le-
JIOro y1cna, onNpPeaensioLLEero KONMYeCcTBO 3IEMEHTOB B MaCcCUBeE.

B npencrasienHO# HIKe TTPOrpaMMe ONUChIBaeTCs (PYHKITUS mean (), apry-
MEHTOM KOTOPO¥ TIepejiaeTcst YUCIOBON MACCHB, 2 PE3YJIBTATOM BO3BPAIIlaeT-
sl cpe/lHee 3HaYEHUE 2JIEMEHTOB 3TOTO MaccuBa. B riiaBHO PyHKIUN 1TPO-
rpaMMbI (DYHKITHS mean () BBI3BIBAETCS /IJII BBIYUCJIECHUS CPEHETO 3HAYEHUS
3JIEMEHTOB JIJISI JIBYX MACCUBOB.

Jlucturr 4.8. nepepaya aprymeHToM pyHKLMM OAHOMEPHOro MaccuBa
#include <iostream>
#include <cstdlib>
using namespace std;
// Tepenaua GyHKLUMM apTyMEHTOM MAaCCMBA :
double mean (double* m,int n) {
// JlokanbHas MEepeMeHHAd IJIA BaluCyU CyMMbI
// 3HAUEHU) SIEMEHTOB MAaCCHBA:
double s=0;
// BuuUMCIIeHME CYMMH 3HAUCHUM SJIEMEHTOB MaCCHUBa:
for (int k=0;k<n;k++) {
st=m[k];
}
// Pesynbrar OyHKUMM — CpelHee 3HAUEHUE:
return s/n;
}
// TnaBHas GYHKUMS OPOTPAMMEL:
int main () {
// Vi3MeHeHMe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlepBHIT MacCus:
double A[]={1,3,8,-2,4};

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

// BH30B OyHKUMM C [epenauell apTyMeHTOM MacCUBA:
cout<<"CpenHee no maccuBy A: "<<mean (A, 5)<<endl;
cout<<"CpenHee no maccuBy B: "<<mean (B, 3)<<endl;
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

PeSy]II)TaT BbITIOJIHEHHW A ITPOTPaMMbI TaKoi:

Pe3ynbrat BbiNOJIHEHUS NPOrpamMmbl (U3 NUCTUHra 4.8)
Cpennee no Maccupy A: 2.8

CpenmHee mno maccuBy B: 4

Dyukius mean () onucaHa ¢ JAByMsi aprymentamu. llepBbiii aprymMeHT m
¢ upeHTudUKaTOpoM THMa double* (opMaNbHO ABJIETCS yKazaTejleM Ha
3HadyeHue TUla double, HO YYUTHIBASL, YTO UMSI MAaCCUBA SABJIAETCS yKas3aTe-
JieM Ha TIePBbIN 2JIEMEHT MacCUBa, MbI BIIOJIHE MOYKEM OTOXK/IECTBJISATH ap-
T'YMEHT m ¢ UMeHeM MaccuBa. VIMeHHO Tak mepeMeHHast m o6pabaThiBaeTcs
B TeJie GyHKIUU. BTOPOT 11eI09ncIeHHbIN apTyMeHT n QYHKITUU OTIPees-
€T pa3Mep MaccuBa.

B Tese pyHKIIMM BBIUNCIISIETCS CyMMa 3HAYEHUI 9JIEMEHTOB MAacCHBa, U 110-
JIydeHHOe 3HadeHUe 3allMChIBACTCs B JIOKAJIbHYIO IlepeMeHHYI0 s. Pesysibra-
TOM (DyHKIIMM BO3BpallaeTcs 3HaueHue s/n (CyMMma 3HaUeHWH 2JIeMEHTOB,
JleJIeHHAas1 Ha KOJIMUECTBO 3JIEMEHTOB — TO €CTb Cpe/iHee 3HaueHue).

B rnaBHoit GyHKIIMM mporpaMMbl KoMaHaaMu double A[]={1,3,8,-2,4}
ndouble B[]={4,6,2} co3paioTcsa 1 THUIIUAJIU3UPYIOTCA JBA YUCIOBBIX Mac-
CUBAa.

@ HA 3AMETKY

Mpn 06bABNEHMN MAaCCMBOB pa3Mep He ykaabiBaeTcs. OH onpeaenseTcs
aBTOMATMYECKM MO KOJSIMYECTBY 3NIEMEHTOB, YKAa3aHHbIX B CANCKE WUHU-
umanusaumm MaccmBea.

[Ipu BBI3OBe (GyHKIWM mean() apryMeHTaMU IepefaioTCsl UM MacCHUBa
U pasMep MaccuBa: Hallpumep, mean (A, 5) niau mean (B, 3).
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Ananornuubiv 06pa3oM B (hyHKIIMIO HepesaeTcs IByMepHbIil MaccuB. B -
cTuHTe 4.9 mpencTaBieH MPOrpaMMHBIH KO, B KOTOPOM OTIHACHIBaeTCs (hyHK-
1ns show (). AprymMerToM (DYHKIIMH TTepeiaeTcsl IBYMEPHBINT MacCHB, 3HaYe-
HIST 9IEMEHTOB KOTOPOTO OTOOPAKAIOTCS B KOHCOJBHOM OKHE.

=

TEOPU4A

Ecnu pedb ngeT o ctaTuieckomM AByMepHOM MaccuBe, TO OH o6pabaTbl-
BaeTCH Kak OOHOMEPHbLIN MacCUB (HA30BEM €ro BHELLHVMM MacCUBOM),
3NeMeHTaMm KOTOPOro SABJISIOTCA OAHOMEPHbIE MacCKBbl (Ha30BEM UX
BHYTPEHHMMM MaccumBamn). 30eCb €CTb OAVH MPUHUUMUASBbHBIA MO-
MEHT: KaXbll TAKOW BHYTPEHHNIM MaCCUB-3N1EMEHT MMEET pasmep, KO-
TOPbLI ABNSETCS HEOTLEMJIEMOW XapakTEPUCTUKON TUNa ANs 3NIEMEHTa
BHeLLUHero maccuea. lNMpowe roBopsi, Mano ykasatb, YTO BHELUHWIA Mac-
CUB COCTOUT U3 BHYTPEHHMX MAcCUBOB. HEOOXOAMMO KOHKPETU3MPO-
BaTb pa3mep 3TUX BHYTPEHHMX MacCuBOB. [pu nepepaye ABYMEPHOro
mMaccuBsa B GYHKLMIO peanibHO aprymMeHTaMmn nepeparoTt ABe XapakTepu-
CTUKN: Ha3BaHWe ABYMEPHOIrO MacCmBa C IBHbIM YKa3aHneM pasmepa no
BTOPOMY MHAOEKCY, a TakXe LeNo4ynC/ieHHOe 3Ha4YeHne, onpeaensioLiee
pasmep ABYMEPHOrO MaccrBa no NepBoOMy MHOEKCY (pa3Mep BHELLHENO
MaccuBa).

PaccmoTpum nporpaMMHBII KO

J1V|

cTuHr 4.9. Nepepaya AByMepPHOro maccmea B GyHKLUIO

#include <iostream>

#include <cstdlib>

using

namespace std;

// Pasmep MacCuBa 110 BTOPOMY MHIEKCY:

const

int n=3;

// Oyurumsa mis o6paboTKM IBYMEPHOTO

// CTaTMYeCKOTO MacCCMBa:

void show(int M[][n],int p){

for(int 1=0;1i<p;i++) {

for (int 3=0;73<n; j+4+) {
cout<<M[i] [FI<<™ ";
}

cout<<endl;
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}

// TnaBHas OYHKUMA MTPOTPAMME:

int main() {

}

// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");

// TlepBHT MacCus:

int A[2] [n]={{1,2,3},{4,5,6}};
// BTODOI MacCus:

int B[][n]={{11,12,13},{14,15,16},{17,18,19},{20,21,22}};
cout<<"MepBewt mMaccus:\n";
show (A, 2);

cout<<"Bropor maccus:\n";
show (B, 4) ;

// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

Huxe Ipe/CTaBJIEH PE3YJIbTAT BBINIOJIHEHWA ITPOTPaAMMBbIL

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (U3 nUCTUHra 4.9)

[lepBET MaCCUB:
123
456

BTopol MacCus:
11 12 13
14 15 16
17 18 19
20 21 22

B nporpamme 17151 onpeniesieHus paaMepa IBYMEPHOTO MacCUBa 10 BTOPOMY
UHIEKCY 00BABIIACTCA 1IEJIOUUCICHHAsA KOHCTaHTa n. I[Ipu aTom, XoTs naH-
Hasi KOHCTaHTa JIOCTYITHA B (DYHKIIUK show (), ee TepBbIif apTyMeHT BCe PaBHO
OIMCaH BbIpakeHMeM int M[][n] ¢ ABHBIM YKa3aHHEM pasMepa MaccuBa
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10 BTOpoMmy uHzekcy. Takum o6pasom, GyHKIUSA show () TpUMeEHUMA [Tt
O0TOOPAKEHNST COMEPKITMOTO MAaCCHBOB, pa3Mep KOTOPBIX 10 BTOPOMY HWH-
Iekcy paBeH n. Btopoil aprymeHT (yHKIIUM show () OTOKAECTBISIET pas-
Mep IBYMEPHOTO MacCHBa MO MepBOMY MHeKCY. B rimaBHol DyHKIIMM mMpo-
TpaMMBbl (I)yHKHI/IH show () HUCHIOJIb3YETCs IS OTO6pa>KeHI/IH COZEPKIMOTO
MaCCHUBOB A U B, CO3/JaHHBIX U MHUIINAIN3UPOBAHHBIX KOMaHAaMu int A[2]
[n1={{1,2,3},{4,5,6}} m int B[][n]={{11,12,13},{14,15,16},{17,18,
19},{20,21,22}}. ¥ 3TUX MacCUBOB pa3Mep 10 BTOPOMY MH/IEKCY paBeH n,
a pasMepsl 110 IIePBOMY MH/IeKCY pa3ianuHbl. [Ipuyem niig maccusa A pasmep
110 IIEPBOMY MHJEKCY YKa3aH ABHO, a pa3Mep I10 IIePBOMY UHIEKCY JIJId Mac-
cuBa B (IMIOCKOJIbKY TIPU €ro ONMUCAHWMU MepBas KBaJApaTHast CKOOKa mycTasi)
OIIPEIeJIACTCA aBTOMATUYECKU B COOTBETCTBUU C COAEPKUMBIM CIIUCKA UHU-
WaJI3aIuy JIJIsT TaHHOTO MaccuBa. [Ipu BeI3oBe beHKHI/II/I show () TIEPBBIM
aApryMEHTOM IepelaeTCs UMSI MacCUBa, a BTOPOH apryMeHT — pa3Mep MacCu-
Ba 110 IEPBOMY MH/IEKCY.

Heckobko nHaye Bce MPOMCXOAUT, KOT/a B (DYHKIIUIO HEOOXOANMO TIepe-
JIaTh IBYMEPHBIN TMHAMUYIECKUI MAacCUB.

@ TEOPUSHA

ByMepHbIN AMHaAMUYecKUn MaccuB no dakTy npencrasnseTr coboi
OJHOMEPHbIN MaCCUB 13 yKasaTtenen Ha ykasatenu. Kaxapii anemMeHT-
ykazaTeslb Takoro Maccumea COAEPXUT afpec NepBOro ajemMeHTa gpy-
roro OAHOMEPHOro maccuea. Takum obpal3om, nepenada ABYMEPHOro
OMHaMMYeCKOro Mmaccumea B GyHKLMIO CBOAMTCS K nepepadye ogHoOMep-
HOro MaccuBa (gBa napameTpa: ykasartesb Ha NepBbli 31IEMEHT Maccu-
Ba 1 pasMep Maccuea), NIC eLLe OANH apryMeHT, KOTOPbIA Onpeaens-
€T pasmepbl BHYTPEHHMX MacCMBOB. B ntore o6bI4HO OrpaHMynBalOTCS
nepegayer Tpex apryMeHTOB: OAMH SIBASETCS yka3aTeieM Ha ykasaTeb,
1 OBa LLeSIOYNCTIEHHbBIX apryMeHTa.

B nuctunre 4.10 mpecTaBiena mporpaMmMa, B KOTOPOIA, Kak U B TTPEIbITYTIEM
cilydae, onucbiBaercst (pyHKIus show (), HO Ha 9TOT pa3 OHA IIpeHa3HadeHa
JUUIST OTOOPAsKEHST COEPKUMOTO ABYMEPHOTO IMHAMIYECKOTO MACCHBA.

(G) HA BAMETKY

[ns BbiNnonHeHNs ¢GpopMaTUPOBaHHOIO BbiBOAA Npu paboTe C YACOBbI-
MW 3HAYEHUAMWN Mbl UCNONb3YEM GYHKUMIO printf (). COOTBETCTBEHHO,
B nporpamMme nogknat4yaeTcd 3arosloBOK <cstdio> M HEe nogkKnai4vaeTcd
3aroJI0OBOK <iostream>.
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ITo cpaBHEHUIO € IPEABLLYIUM IIPUMEPOM (CM. TUCTUHT 4.9), 3/1eCh U3MEHeH
c1ocob omrcanust apryMeHToB (YHKIMU show (), Hy 1 cIokHee (110 cpaBHe-
HUIO CO CTaTUYEeCKUM MAaCCHBOM) BBIIJIIIUT IIPOLieypa CO3/laHusl JAByMep-
HOTO AMHAMIYECKOTO MAaCCUBA B TTABHOW (DYHKITUHU TIPOTPAMMBI:

Jlucturr 4.10. Nepepaya AByMEPHOro AMHAMMNYECKOIro MaccmBea B GyHKLUIO
#include <cstdio>
#include <cstdlib>
using namespace std;
// OYHKUMM apTyMEHTOM MepenaeTcsd IBYMEpHHA
// IOVHaAMMUECKMI MACCUB:
void show(int** M,int p,int n){
for(int 1=0;1i<p;i++) {
for (int j=0;73<n;j++) {
printf ("%4d",M[1][]]);
}
printf ("\n");

}
// TrnaBHag GYHKUMS OPOTPAMMEL:
int main () {
// Vi3ameHeHMe KOOMPOBKY KOHCOJM:
system("chcp 1251>nul");
// PasMeprl OVMHAMAYECKOTO MACCUBA
// ¥ MHIEKCHHE MePEeMeHHEE :
int a=3,b=5,1,73;
// CoszaHMe Maccupa ykaszaTeJsen:
int** A=new int*[a];
// Cospanue u 3aroJiHEHME BHYTPEHHMX MACCUBOB:
for (i=0;i<a;i++) {
A[i]=new int[b];
for (3=0;3<b; J++) {

// 3HaueHMe 3JIEMEHTa MaCCMUBa:
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A[1][]]=1*bt+]+1;

}
printf ("Comepxumoe Maccuea:\n");
// OrobpaxeHne CONEPXMMOTO MACCHBA :
show (A, a,b);
// YmaneHnue BHYTPEHHMX MACCUBOB:
for (1=0; i<a;i++) {

delete [] A[i];
}
// YmaneHue MacCuBa yKasaTeJen:
delete [] A;
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

[Ipu BBITIOTHEHN Y TTPOTPAMMBI TTOJIYYaeM CJAEAYIONINN Pe3yJIbTar:

Pe3ynbTaT BbINOMIHEHUS NPOrpamMmmel (M3 nuctuHra 4.10)
Conepxumoe MaCCHUBa:

12 3 4 5

6 7 8 9 10

11 12 13 14 15

Ecnu cpaBuuBath paBHHquISCHOCO6aX nepeadn B PyHKIIUIO ABYMEPHOTO
CTaTUYECKOI'O U IMHAMNYECKOIr'O MaCCBOB, TO C AUHAMUYCCKNM MaCCHBOM HET
JKeCTKOU MPUBI3KU K pa3Mepy MacCcuBa TI0 BTOPOMY UHIeKCY. B paccmaTpuBa-

eMoM TIprMepe (PYHKIHSE show () TIPUMEHIMA [t 0TOOPasKEHUST COIEPIKUMOTO
JII0OBIX (B CMBICJIE JIFOOBIX Pa3MEPOB) IBYMEPHBIX TMHAMUYIECKIX MACCHBOB.

NMepepaya TekcTa B pyHKUUIO

CUMBOJIBHBITT OJTHOMEPHBINT MAacCUB C TEKCTOM B TIPUHIIUIIE I€PeaeTCs
aprymMeHToM (YHKIMK TaK ke, Kak U JIroOOH APyroii 0AHOMEPHBIN MacCuB,
C TIONPAaBKOH Ha TO, YTO pPa3Mep MAacCUBa SIBHO YKa3blBaTb HE HYKHO — OH
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OIIPENEJIAETCA aBTOMATUYECKHU 110 PACITIONIOKEHNTIO HYJ/JIb-CUMBOJIA B MaCCHUBE
(Tquee, ABTOMATHUYECKU OIIPE/IeIAETCA pa3MepP TEKCTa B MaCCI/IBe).

@ TEOPUYA

[Mpu nepenaye CMMBONBHOINO MaccmBa C TEKCTOM B QYHKLVIO apryMeH-
TOM YHKUMM JOCTATOYHO NepefaTtb ykasaTeSlb Ha MEPBbI 3IEMEHT
MaccuBa (MMsa MaccuBa).

[Ipumeps! onmcanusa GYHKIINH, B KOTOPbIE TIEPEIalOTCSI CUMBOJIbHBIE OJTHO-
MepHbIe MaCCUBBI, IPUBE/IEHBI B TIPOTPpaMMe B JicThHTE 4.11.

Jiucturr 4.11. Nepepaya B GyHKLNIO CUMBOJIBHOIO MaccuBea
#include <iostream>
#include <cstdlib>
using namespace std;
// OyHKUMS IJIg ONMpenejieH)s IJIUHE CTPOKM:
int getLength(char* str) {
int s=0;
for(int 1=0;str[i];i++){
s++;
}
return s;
}
// OyHKUMSA IS ONpelejieH)s KOJUYECTBA MPOOEJIOB B CTPOKE:
int getSpace(char* str) {
int s=0;
for(int i=0;str[i];i++){
if (str[i]==" "){

St++t;

}

return s;

}

// OyHKUMA ONS OTOOPaxXeHMs CTPOKM ¥ HEKOTOPHX
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// DOOMOJHUTENBHEX XapaKTePUCTUK :
void show (char* str){
cout<<"odpaza: "<<str<<endl;
cout<<"CumBomor: "<<getLength (str)<<endl;
cout<<"llpobemnor: "<<getSpace (str)<<endl;
for (int k=1;k<=35;k++){
cout<<"-";
}
cout<<endl;
}
// TnaBHas OQYHKUMA TPOTPAMMH:
int main () {
// VI3MeHeHMEe KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// CVMBOJIbHBII MaCCUB:
char txt[100]="V3yuaeMm f3bK HOpoTpaMmmpoBanus Ct+";
// Tepenaua apryMeHTOM QYHKUMUM CUMBOJBHOTO MACCHMBA:
show (txt) ;
// Tepenmaya apTyMeHTOM QYHKLMUM TEKCTOBOTO JMTEpasa:
show ("B C++ ecTb XjacChH U 00BEKTH");
// 3Bamepxka KOHCOJBHOTO OKHa:
system("pause>nul");
return 0;

}

Huxe npencraBsiieH pe3yabTaT BBITIOJHEHUS JAaHHOM TPOTPAMMBI;

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmmbl (M3 nuctudra 4.11)
dpaza: l3yuaeMm gA3BK OporpaMMypoBanus C++
Cumponos: 33

[lpoBenoB: 3

dpaza: B C++ eCTb KJIACCH M OOBEKTH
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CumBoJioB: 27

[lpobenios: 5

B mporpamme ormcano HeCKOJIbKO (GYHKIIN, MpeHa3HaueHHbIX JJIsT 00pa-
60TKM TeKCTOB (MepelaHHbIX B (DYHKIMIO YePe3 CUMBOJILHBIN MacCUB MU
TEKCTOBBIN JinTepas). B gacTHOCTH, MBI ommcann QYHKIWIO getLength(),
BO3BPAINAIOIIYI0 PE3YJIBTATOM KOJUYECTBO CUMBOJIOB B Tekcre. DyHKIUS
getSpace () BO3BpAIIaeT PE3YIBTaTOM KOJHMUYECTBO TPoOeoB B TekcTe. DyHK-
IUs1 show () OIMCaHa Tak, YTO TPU BBI30BE O0TOOPAKAaeT TEKCT, MepeIaHHbIi
ell apryMeHTOM, a TaKKe 4epe3 BbI30B (DYHKIUI getLength () U getSpace (
orobpaskaeT WH(MOPMAIMIO O [JINHE TEKCTOBOI CTPOKKM U KOJMUYECTBE MPO-
6esioB B Heil. Bcem TpeM (DyHKITUSIM apryMeHTOM IEPEIaeTcsl yKa3aTesb Ha
cuMBoJIbHOe 3HavyeHue. [Tox sTuM ykasareseM uMmeeTcs B BUAY MMSI CUM-
BOJIBHOTO MaccuBa. Takyke (DYHKIUSM apryMEHTOM MOJKET ObITh IepeiaH
HEMOCPE/ICTBEHHO TEKCTOBBIN JTepaT (MOCKONBKY TEKCTOBBIN JIATEpAT
obpabaTbiBaeTCs yepes yKasaTeb Ha TIepBbI CUMBOJI B TeKcTe). B riaBHOI
(byHKIIMU TpOrpaMMBbI €CTh KOMAH/IBI C BBI30BOM (DYHKIIUM showi ().

YkasaTtesb Kak pe3ynbraTt GQyHKLUU

OyHKIMSA Pe3yJIbTaToOM MOXKET BO3BpalllaTh MPAKTUYECKH BCE, U4TO YTOJI-
HO — 3a MCKJIIOYEHHUEM CTaTHMYecKOro MaccuBa. B yacTHOCTH, pe3yssraToM
(byHKIMI MOsKeT OBITh yKazaresib. B jctutre 4.12 npeacraBieHa mporpam-
Ma, B KOTOpO# omuckiBaeTcd MYHKINA getMax (). B dyHKIIIo mepemaercs
YUCIOBOHM OHOMEPHBIN MACCUB, a PE3yAbTaTOM (DYHKITHS BO3BpAIaeT yKa-
3aTesib HA 9JIEMEHT C CAaMBIM OOJIBIINM 3HAYEHHEM B MaccuBe. PaccMoTpiM
TIpeICTaBJIECHHBIN HUKE TPOTPAMMHBIN KOJI:

Jiuctur 4.12. PyHkunsa Bo3BpaLLaeT pe3ysibTaToOM yKkasaTesb
#include <iostream>

#include <cstdlib>

using namespace std;

// OYHKUMA pPes3yJbTATOM BO3BpAllaeT

// ykxasaTejb Ha BJIeMEHT MacCCHUBA:

int* getMax (int* nums,int n) {

int 1=0,k;
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// Onpenesnenue uHIEKCA HauGOJBUETO 3JIEMEHTA:
for (k=0; k<n; k++) {
1f (nums[k]>nums[1]) {

i=k;

1
// PesynbrarT OyHKUMM — yKasaTeNb Ha SJIEMEHT:
return nums+i;
}
// OyHKUMSA 09 OTOOPaxeHus COLEPXMMOTO MaCCHBA:
void show(int* nums,int n){
for(int i=0;i<n;i++){
cout<<nums[i]<<" ";
}
cout<<endl;
1
// TnaBHas GYHKUMS OPOTPAMMEL:
int main () {
// Vi3MeHeHMe KOOMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// Pasmep MaccuBa:
const int size=10;
// CosmaHue Maccupa:
int numbers[size]={1,5,8,2,4,9,11,9,12,3};
// OrobpaxeHne CONEPXMMOTO MACCKBA :
show (numbers, size);
// 3amuch pesynbTaT OYHKUMM B yKA3aTelb:
int* maxPnt=getMax (numbers, size);
// OrobpaxeHue MaKCUMAJbHOTO 3HAUEHUS :
cout<<"MakcmMmanbHOe 3HaueHue: "<<*maxPnt<<endl;
// TlpCBauBaHue BHAUECHUS BJIEMEHTY :

*maxPnt=-100;
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}

// OrobpaxeHyue COIEPXUMOTO MACCUBA:

show (numbers, size) ;

// 3BHaueHMe NPUCBAMBAETCH MEPEMEHHON:

int maxNum=*getMax (numbers,size);

// TlpoBepka MaKCUMAJbHOTO 3HAUEHUS :
cout<<"MakcumManpHOe 3HaueHyme: "<<maxNum<<endl;
// TpucBauBaHMe 3HAUEHUS [NEPEMEHHON:
maxNum=-200;

// TpoBepKa CONEPXMMOTO MACCUBA:

show (numbers, size) ;
cout<<"MakcumaJbHOEe 3HaueHue: ";

// BuuUMCIIeHME HOBOT'O HauOOJBNETO 3HAUECHUS:
cout<<*getMax (numbers, size)<<endl;

cout<<"MHmexc sjementa: ";

// BHUMCIIEHME MHIEKCa 3JIEMEHTa C HauOOJbIMM 3HAUCHMEM:
cout<<getMax (numbers, size)-numbers<<endl;

// 3amepxka KOHCOJBLHOTO OKHa:

system("pause>nul");

return 0;

B Ppe3yJibTaTe BhIITOJTHEHWA IIPOTPAMMBDBI ITOJIy4YaeM CJIEAYIOIIee:

Pe3ynbTaT BbINOJIHEHMS NPOrpamMmbl (M3 nUcTuHra 4.12)
158249119123

MakcumManbHOe 3HaueHue: 12
158249119 -100 3

MakcumManbHOe 3HaueHue: 11

158249119 -100 3

MaxkcyMaabHOe 3HaueHue: 11

JlHIexC 3JieMeHTa: 6

Nnentudukatopom Tuma peayJsasrata Aasd (QYyHKIIUU getMax () yKazaHa
WHCTPYKINA int*, O3HAYaloIasi, YTO Pe3yJabTaToM (YHKINHU SBISETCS
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yKasaTreJib Ha IIeJIOUNCIeHHoe 3Hauenne. B Tesle GyHKIIUM 11e/I0UMCIeHHAs
repeMeHHas 1 MHUIHMAIU3UPOBaHa ¢ HaYaJIbHBIM HYJIEBBIM 3HaYeHueM. /la-
Jiee 3aIryCKaeTcs omepaTop Iuk/iIa (MHAEKCHas epeMeHHast k mpoberaer Bee
BO3MOJKHBIE 3HAUEHNS [IJII MHAEKCOB MacCUBA), B KOTOPOM TIOCIEI0BATETb-
HO CPaBHUBAIOTCA 3HAYCHUSA 3JICMEHTOB MACCUBa CO 3HAYCHUEM IJICMCHTA,
umMmerotieM uHaekce 1. Ecau BeimomHeHo yeaoBue nums [k]>nuns [1], To 3HAUe-
HIe WHIeKca k TIPUCBanBaeTCs mepeMeHHol i. B pesysbrare mocse epebopa
BCEX 9JIEMEHTOB MacCHBa B IIepeMeHHYI0 i Oy/eT 3amucal HHIEKC JIeMeHTa
¢ HanOOJIBITNM 3HaYeHNEeM (TN UHAEKC IEPBOTO BCTPETUBIIETOCS DJIeMEHTa
¢ HanOOJIBIIMM 3HAYEHUEM, €CJIM TaKMX 3JIEMEHTOB HECKOJIbKO). Pesyibra-
TOM (DYHKITUM BO3BpaIiaeTcs 3HaYeHMe nums+1i. 371eCh MBI BOCTIOJIb30BANCH
TIpaBUJIaMU afipecHO apuMeTUKA U TeM, 9TO UM MAacCUBa SBJIIETCS yKa-
3aTeJieM Ha ero TEePBBIM 2JIEMEHT.

B ¢dyurmum main() cosmaeTcs menoduncieHHas KOHCTAHTa size, ompene-
JIAI0IAs pa3Mep MacChBa, a caM MACCUB CO3/IaeTcsl KOMaHJ0M int numbers
[size]={1,5,8,2,4,9,11,9,12,3}. OtobpaskeHue COAEPKUMOrO MacCHBa
BBITIOJTHAETCS C TTOMOIIBIO CIEIUATbHO OMUCAHHON IS TaKOU Ten (hyHK-
1mu show ().

[Ipu BbINOJHEHUM KOMaH/bI int* maxPnt=getMax (numbers,size) B yKa3sa-
TeJIb maxPnt 3aMMMCHIBAETCS aJIpec TOTO dJIEMEHTa B MaccuBe number, KOTOPHIT
uMeeT HanboJIbllee 3HAYeHNe, Y3HATH JAHHOE 3HAYEHUE MOKEM Yepe3 Bbl-
paxkeHue *maxPnt. IIpu aToM maxPnt sBJsieTcs agpecoM (HO He UHAEKCOM!)
JaHHOTO 3JieMeHTa. UTOOBI y3HATH MH/EKC JIeMEHTa, HeOOXOUMO BBIYECTD
13 yKa3aTeJisd Ha 3TOT 2JIeMEeHT yKa3aTeJsb Ha epBbIi 2J1eMeHT MaccrBa (MM
MacCuBa).

ITocsie BeITOTHEHNST KOMAH/IBI *maxPnt=-100 ajleMeHT MacCUBa, UMEBIIN 10
3TOTO HanboJIbIllee 3HAYEHUE, TOJYIUT HOBOE 3HaueHwe -100.

Ecau nac unTepecyeT 3HaYeHUE 3JIeMEHTa, & He €ro a/pec, TO MOKHO ITPU Bbl-
30Be (PyHKINHU getMax () yKa3aThb Mepej ee UMEeHeM 3Be3/I0UKy * (4TO O3Ha-
JaeT MoJydeHre 3HAUYEeHU 110 afipecy ), Kak /ieJlaeTcsd B UHCTPYKITUU int m
axNum=*getMax (numbers, size). B pesynsrare B nepeMeHHYIO0 maxNum 3aIli-
ChIBaeTCs 3HAUEHKe HarOOJIBIIIETO JIeMEHTa, HO TIPU 9TOM HH(bopMaiust 00
ajipece ajieMeHTa He 3aroMuHaercs. [10sToMy eciu Mbl BIIOCJIEAICTBUU TIPU-
CBOUM IlepeMeHHON maxNum HOBOe 3HaYeHUe, Ha UCXO/[HOM MAacCCHUBE 3TO HU-
Kak He ckakeTcd. HakoHell, i BBIUMCIEHUS 3HAUEHU UHEKCA 3JIeMEeHTa
¢ HanbOOJIBIIUM 3HAYEHUEM BbIYUCIIeM BbIpaykeHue getMax (numbers, size) -
numbers (pa3HUIlA yKasaTesel JaeT Ieoe YNC0, OMpeiedioniee Koamde-
CTBO SI9€EK MEK/Y COOTBETCTBYIONMMK 00JIACTSIMU TTAMSITH — JIJIsI 9JIEMEH-
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TOB MacCHBa TOJy4eHHOE TaKMM 00Pa3oM 3HaUY€HHe COBIA/IAET C MHIEKCOM
2JIEMEHTA).

Ccbinika Kak pe3ynbtaT QYHKUUN

DyHKIMS pe3yIbTaTOM MOKET BO3BPAIATDh CCHIIKY. Eciu ¢hyHKIMs Bo3Bpa-

HIa€T CCbUIRY, TO €€ PE3YJIbTATOM ABJIAETCA HE IIPOCTO 3HAYEHUE HEKOTOPOI'O
BbIpa’K€HWA NI HepeMeHHOfI, a (baKTI/I'{eCKI/I CaMa IiepeMeHHasd.

@ HA 3AMETKY

MOHATHO, YTO B TaKUX Cy4asx pedb HE MOXET UATU O JIOKaNIbHOM nepe-
MEHHOI — HEeT CMbICNa AasaTth A0CTYM K NepeMeHHOM, KoTopas CyLle-
CTBYET, TOJIbKO MOKa BbIMNONHAETCA PYHKLUMS.

HeGousbinas Bapuanmss Ha TeMy TPeIbIAYIIEro IIpUMepa, HO Ha HTOT pas
¢ Bo3BpallenreM (GyHKIIMENH CChLJIKU BMECTO YKasaTeJssl, IIPUBe/leHa B JIn-
crunre 4.13.

Jincturr 4.13. DyHKUMa BO3BpaLLaeT pe3ynbTaToOM CCbIIKY
#include <iostream>
#include <cstdlib>
using namespace std;
// OYyHKUMSA PEe3yJbTATOM BO3BPANMAET
// CCHUIKY Ha B3JIEMEHT MAaCCHBa:
int &getMax (int* nums,int n) {
int i=0, k;
// Ompenejenvie MHIEKCA HauGOJNBMETO B3JIEMEHTA:
for (k=0; k<n; k++) {
if (nums[k]>nums[1]) {

i=k;

}
// PesymbTaT QYyHKUMM — CCHUIKA HAa BJIEMEHT:

return nums[i];
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// ®yHkuMa 019 oToOpaxeHMs CONEPXMMOTO MaCCMBA:
void show(int* nums,int n){
for(int i=0;i<n;i++){
cout<<nums[i]<<" ";
}
cout<<endl;
}
// TnaBHasg GYHKUMS [POTPAMMEL:
int main () {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Pasmep Maccupa:
const int size=10;
// Co3maHue MaccuBa:
int numbers(sizel={1,5,8,2,4,9,11,9,12,3};
// Orobpaxenyue COIEPXUMOTO MACCUBA:
show (numbers, size) ;
// 3amuch pesynbTaT GOYHKUMM B IIEPEMEHHY:
int maxNum=getMax (numbers,size);
// OrobpaxeHre MAKCUMAJILHOTO 3HAUEHUA:
cout<<"MakcumanbHOe 3HaueHue: "<<maxNum<<endl;
// TpucBauBaHMe BHAUEHUSA MEPEMEHHON:
maxNum=-100;
// OrobpaxeHyue CONEPXUMOTO MACCUBA:
show (numbers, size) ;
// PesynbTaT OYHKUMM BANUCHBAETCH B CCHIIKY :
int &maxRef=getMax (numbers, size);
// TlpoBEepKa MAaKCUMAJbHOTO 3HAUEHUS :
cout<<"MakcumasbHOe 3HaueHye: "<<maxRef<<endl;
// TprcBauBaHMe 3HAUEHUS CCHUIKE:
maxRef=-200;

// TlpoBepKa COLEpPXMMOTO MaCCHBa:

140



dyHKUMN

show (numbers, size);

cout<<"MakcmMmanbHOE 3RHaueHue: ";

// BEHUMCIIEHME HOBOT'O HauOOJBIEDO 3HAYEHMA:
cout<<getMax (numbers, size)<<endl;

// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

PeSy]II)TaT BbITIOJIHEHHW A ITPOTPaMMbI TaKOi:

Pe3ynbTaT BbINOMIHEHUS NPOrpamMmbl (M3 nucTuHra 4.13)
158249119123

MaxcumanbHOe 3HaueHme: 12

158249119123

MaxcumasbHOe 3HaueHue: 12

158249119 -200 3

MakcuMalibHOe 3HaueHme: 11

[TocmoTpuM, 9YTO TPUHIUNINATHFHO U3MEHUJIOCh B TIPOTPAMMHOM Kojie (110
CpPaBHEHUIO ¢ IUCTUHTOM 4.12.). B mepByto ouepesib, KOHEUHO, 9TO PE3yIbTAT
byukiun getMax (): Tenepb GyHKIUS BO3BPAIlAeT HEe YKA3aTelb, & CCBLIKY,
0 YeM CBU/IETEJIbCTBYET UHCTPYKIUS & Mepe]l MeHeM (DYHKITUU B ee OIrca-
Hun. [lockosbky (pyHKITMS onrcaHa ¢ UAeHTUMUKATOPOM int, TO peub UjeT
O CCBIJIKE Ha TIeJIOUNCIIeHHOe 3HaYeHue. B Tese hyHKINH, I 9UCI0BOTO
MaccuBa nums, IepeanHoro B (hyHKIINIO, BO3BPATIAETCS CCBIITKA HA 2JIEMEHT
¢ HanbospiM 3HadenneM. MopmMabHO KOMaH/a BO3BpalieHus (hyHKIIel
pe3yJbTaTa BRITJSINAT KaK return nums [1], 9TO B TPUHITUATIE O3HAYAET BO3BPA-
IeHne pe3yIbTaTOM 3HAUeHUS 3JIeMeHTa C UHeKCOM 1 n3 MaccuBa nums. Ho
ITOCKOJIBKY B JIAHHOM CJIy4ae B OIIMCAHUM (PYHKIIUU TIEPE]] €€ UMEHEM CTOUT
WHCTPYKITUS &, TO BO3BPAIIAETCS HE TPOCTO 3HAUEHUE 2JIEMEHTA, A CCHLIKA HA
aTot aseMeHT. C TPUKJIAJHON TOUKH 3PEHNS JJAHHOE YTBEPK/eHEe 03HAYAET,
YTO Yepe3 pe3ysbTaT (YHKIIUU getMax () MBI MOKEM HE TOJBKO MPOYUTATH
3HavYeHre HanbOJIbIIEro dJIeMEHTa, HO U IPUCBOUTH €My HOBOE 3HaYeHHe.

B ¢dyukimm main() cosmaercs IeJJOYMCIEHHBIM MAaCCHUB number pa3Me-
pa size, ¥ UMEHHO C 3TUM MACCUBOM BBITOJHSAIOTCA OIepaluu ¢ IMpu-
BleueHreM GYHKIIUM getMax (). Tak, Tpu BHIOTHEHUNW KOMAHIIHI
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int maxNum=getMax (numbers,size) B IEPEMEHHYIO maxNum 3allCHIBAETCSA
3HaYeHue HauboJIbIIero sjaeMenTa MaccuBa. JlasibHeilllee n3MeHeHne 3Ha-
JeHUsd TepeMeHHOW maxNum (Kak, HapuMmep, TIPU BBIMTOTHEHUN KOMAaHJIBI
maxNum=-100) Ha MaccuBe numbers He CKa3bIBAIOTCA — 3HAYEHUS €TO dJIeMEeH-
TOB OCTalOTCAd Hen3MeHHbIMU. Ho ecsii MBI pe3yabrat HyHKIIUN 3aTTUIIEM He
B o6bquy10 TepeMeHHYI0, a B CCBIIKY (IIPUMEpPOM MOKeT CIY>KUTh KOMaH/a
int &maxRef=getMax (numbers, size)), TO aTa CCbLIKA CTAaHET AJBTEPHATUB-
HBIM Ha3BaHUEM JIJIS1 COOTBETCTBYIOIIETO 2JIeMeHTa MacCHBa (TOTO 3JIEMEHTa,
Ha KOTOPBIN (PYHKITUS BO3BpaIaeT CChLIKY). [loaToMy, cKkaskeM, BBITIOJHE-
HUe KOMaH/ibl maxRef=-200 03HAYaeT, YTO COOTBETCTBYIOIINI 3JIeMEHT Mac-
CHUBa [I0JIy4aeT HOBOE 3HAYEHUE.

AuHaMuyeckum Maccus Kak pe3ysibtaTt GyHKUUN

TeopeTnyeckn MOKHO ONHUCATh (DYHKINIO, KOTOPas Ppe3yJabTaTOM BO3-
BpalaeT AWHAMUYecKWi MaccuB. TouHee, OHa BO3BpallaeT yKasaTenab Ha
TIePBBIH 97IEMEHT MAacCUBa, a CAM MAaCCHUB CO3/IaeTCs MPU BHI30BE (DYHKITU.
[TpaB/a, 9TO 1OCTATOYHO ONMACHBIN CI10COO MPOrpaMMUPOBaHust (ToUYemMy —
oObsicHsieTcst asiee). Bmecre ¢ TeM HeKOTOpBIE crielupuyeckie MOMEHTHI
00111eT0 XapakTepa OH TT03BOJISIET MPOJAEMOHCTPUPOBATD, TOITOMY PACCMO-
TPUM €ro.

B muctunre 4.14 npencraBieHa TporpaMMa, B KOTOPOU OMUCAHBI iBe (hyHK-
[I1H, KaK1ash 13 KOTOPBIX BO3BPAIAET Pe3yIbTaTOM IUHAMUYECKUI MACCUB:
B CJIy4ae (byHKuI/H/I fibs () aTO Maccus, 3anoaHeHublil yncaamu @ubonauymy,
a ¢GyHKIMel myrand () BO3BpaIlaeTcs IeJJOYNCIeHHBII MacCUB, 3aII0JTHEH-
HBIU CJy4allHBIMM YK CJIAMU B JiMara3oHe 3HadyeHuu ot 0 710 9.

@ HA 3AMETKY

B nocneposatensHocTn yncen AGrboHayym nepsbie ABa YMCna PaBHbI
eaVHVLE, a Kaxaoe CNeayoLlee YACN0 paBHAETCS CyMMe ABYX Npeabl-
oywux. B ntore nonyyaem: 1,1, 2, 3,5, 8, 13, 21, 34, 55 v Tak panee.

Kazknoii u3 aTux byHKIMI TPU BbI30BE aPTYMEHTOM TePeIaeTcs 1eJI0e Ync-
JI0, ompejeisiioniee pasmep MaccuBa. [Ipyr ot apyra dyHKIIUU TPUHITAIIN-
AJIbHO OTJIMYAIOTCS TOJBKO CIIOCOOOM 3aMOJHEHVS DIEMEHTOB, a B OCTAJIb-
HOM OHU MTPaKTUIECKU UAECHTUIHBL.

Paccmotpum caenyroniuii mporpaMMHbBIN KOJT:
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JIuctuHr 4.14. PyHkunsa Bo3BpallaeT pe3ysbTaToM AUHAMUYECKUii MaccuB
#include <iostream>
#include <cstdlib>
using namespace std;
// PesymbTaT GYyHKUMM — OVHAMUUECKMII MACCHUB
// ¢ umcnamy ®uGOHaUUM:
int* fibs(int n) {
int* nums=new int[n];
for(int i=0;i<n;i++){
1f(i==0]1i==1){
nums [1]=1;
}
elsef

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

}
return nums;
}
// PesynbTaT OYHKUMM — IVHAMUYECKMI MacCCUB
// cO CIydalHEMM YMUCIIAMA:
int* myrand(int m) {
int* nums=new int[m];
for(int 1i=0;i<m;i++) {
nums [1]=rand () %10;
}
return nums;
}
// TnaBHas OYHKUMS MTPOTPAMME:
int main() {
// Vi3MeHeHMEe KOIMPOBKM KOHCOJN:
system("chcp 1251>nul");
// VHuumannsaumsg TeHepaTopa CIIyUYayiHBX UMCesl:

srand(2);
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// TlepemeHHHE :
int n=10,m=15,1;
// YKaszaTenb Ha LEJIOUMCIIEHHOE 3HAUYEHUE:
int* f;
// Co3maercs OMHAMUUECKUNA MAaCCUB:
f=fibs(n);
// OToGpaxeHye 3HAUEHUN SJIEMEHTOB
// IVHAMMYECKOTO MAaCCHBa:
for (i=0;i<n;i++) {

cout<<f[i]g<" ";
1
cout<<endl;
// YmaneHnme IMHAMMUECKOTO MACCUBA:
delete [] £f;
// HOBHM IOVHAMMYECKUI MACCUB:
f=myrand(m) ;
// OrobpaxeHyue COIEPXUMOTO MACCUBA:
for (i=0;i<m; i++) {

cout<<f[i]g<" ";
1
cout<<endl;
// YmaneHnue IMHAMMUECKOTO MACCUBA:
delete [] £f;
// 3amepxXka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

Pesynbrat BeITIOJSTHEHNS TIPOTPAMMBI, C TIOTTPABKOI HA TO, YTO BTOPOI MAcCUB
3aMOJHSETCS CAYIAHHBIMU YUCIAMU, MOKET BBITJIAIETh TaK:

Pe3ynbTaT BbINOMIHEHUS NPOrpamMmmsl (M3 nucTuHra 4.14)
1123581321 3455
5685400156792¢63
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[Ipoanaymusupyem Haubosiee WHTEpecHble Mecta Tporpammbl. CKaxkeM,
¢bynxmusa fibs() ¢opmMarbHO BO3BpalIaeT ykasaTesdb Ha Iesoe 9ucyio (ee
UACHTU(hUKATOP THUTIA OTIpesiesieH Kak int*). B Teme dyHKIIMM KOMaHI0M
int* nums=new int[n] cosmaercsl AMHAMUYECKUI MaccuB (4epe3 n 0603Ha-
YeH I1eJIOUNCIeHHbI apryMeHT GyHKIMN). Maccus 3amnosHsercs ¢ IoMo-
IIbIO OllepaTopa KA. B HeMm, B CBOIO ouepeib, €CTh YCJIOBHBIN OTIepaTop,
B KOTOPOM ITPOBePsieTCs 3HAYeHNe NH/IEKCa dJleMeHTa (B yCJI0BUHM 1==0| | i==
WCIIOJIb30BAH ONEPATOP | | JL102uueck0zo Ui, KOTOPBIM BO3BPAIIaeTCs 3HAUEe-
HI€e true, eCJIM XOTsI ObI OJIMH U3 €r0 OTePaH/I0B paBeH true). /{Jist HyI€BOrO
1 eIMTHUYHOTO MH/IEKCA COOTBETCTBYIONIEMY 2JIEMEHTY TIPUCBANBACTCS €11 -
HUYHOEe 3HadyeHue. /[y a7eMeHTOB ¢ TMPOYNMM WHICKCAMHU 3HAYEHWE BbI-
YHUCIAETCS KaK CyMMa 3HAUYEHN IBYX MPE/bIIYINNX 2JIeMEHTOB B MacCHBe
(xomanzaa nums [1]=nums [1-1]+nums [i-2]). [loce 3amoTHEHNS MaccuBa 3Ha-
YeHue TepeMeHHON-yKasaTed nums (CChLIKA Ha MEePBBIN 97eMeHT TUHAMU-
YeCKOTO MacCUBa) BO3BPAIIAETCS PE3YJIBTATOM (PYHKITUU.

AHasoTnYHO opranu3oBaHa hyHKIN myrand (), TOJTBKO Y Hee 3HAUEHUE 3J1e-
MEHTaM JMHAMUYeCKOTO MAaCcCHUBA MPUCBAUBAETCS C UCTIOJIb30BaHUEeM (DyHK-
11 TEHEPUPOBAHNUSI cnyqaf/’leIX quceJa rand ().

B dyHKkmu main () oObsiBiIsIeTCs yKazaTesb f Ha [eJ0YMCIeHHOE 3HaYeHHE.
3atem KoMmaHAOU f=fibs(n) B yKasaTeyb f 3aUCBIBAETCS azpec MePBOTO
9JIEMEHTA MaCCUBa, CO3/1aBa€MOr'o IIPU BbI30BE (byHKHI/H/I fibs (). Ilocue ato-
ro £ MOKHO PacCMaTpUBaTh KaK MaCcCHUB, 3ar10IHeHHbIN ynciaamMu Dubonay-
yu. [lepemenHoli-yka3zaTeso £ MOKHO IIPUCBOUTD U JIpPyroe 3HauyeHue — Ha-
npumep, KoMaHoi f=myrand (m) B f 3anIMCBhIBAETCS aipec IePBOTO dJIeMeHTa
3aII0JIHEHHOTO CJIYYaHBIMU YKMCJAMU MacCUBa, KOTOPBIM co3jiaeTcsi npu
BBI30Be (yHKIMU myrand (). Ho mepex mpucBamBanmeM HOBOTO 3HAYEHMU
yKaszaTesio f HeoOX0ANMO BBIIOJTHUTH KOMaH/y delete [] f, KOTOpOIl yaa-
nstercss mMaccus ¢ unciaamu Dubonagun. Ecam aToro He cpenarb, TO aapec
MaccuBa «IorepsieTcsi» (OH He Oy/IeT 3aical HU B OJIMH YKa3aTeJib), U B pe-
3yJIbTaTe MaMsATh OCTaHeTCs HeocBoOo K AeHHOI. COOCTBEHHO, 3/I6Ch KPOETCS
BRJKHBIM apryMeHT IIPOTUB MCITOJIb30BAHUS TOAXO0/A, IPU KOTOPOM (DYHK-
el Bo3BpalaeTcs AnHaMuieckuil MmaccuB. Takoil MaccuB co3zaercs npu
BbI30Be (DYHKIIHH, HO 10 3aBEPLIEHUN ee PadOThl He yAAJISeTCs U3 MaMsATH.
Curyarys upeBaTa TeM, 4YTO MacCUB He Oy/IeT CBOEBPEMEHHO yaJIeH U3 T1a-
MATH.

OmmcaHmyIo BBITIIE IPOIeAYPY (¢ BO3BpaIleHNueM Pe3yasTaToM (PyHKITNH TH-
HAaMHUUYECKOI0 MAaCCUBA), CO CTATUUYECKUM MACCHUBOM IIPOJIeJIaTh He IIOJIy4nT-
cs. leso B ToM, 9TO BCe CTaTHYECKHe TIepeMeHHbIe (B TOM YHCJIe M MACCHUBBI),

145



asa 4

KOTOPBIE CO3/IAI0TCS TIPY BBI30BE (DYHKITUH, TIOCJIE 3aBEPIICHIS €€ BBITTOTHE-
HUS aBTOMAaTHYeCKN yAansgioTcess. OiHaKO MOSKHO TPUMEHUTH NHYTO TAKTUKY,
1 BMECTO TOTO, 4TOOBI ITBITAThCST OMUCHIBATH (DYHKIIHIO, BO3BPAIIAIONIYIO MaC-
CUB, TIepelaTh B (PYHKITUIO MACCUB Yepe3 apTyMEHTBI, a 3aTeM BHECTH B 9TOT
MacCHB HYKHBbIE U3MeHeHUs. B juctunre 4.15 mpeacraBiieHa pOrpamMma,
KoTopast (opMaTbHO HAlOMUHAET Npeabiayiryio (u3 juctunra 4.14). Ho
TOJIBKO TeTlePb MAaCCUBBI, C KOTOPBIMY BBITIOJHSIOTCS MAHUITYJISIIAN, TIepe-
JatoTcs B COOTBETCTBYIOINIYIO (PYHKIIUIO Yepe3 apryMeHThl. PaccMoTpum
MIPe/ICTaBICHHBIN HUKE TPOTPAMMHBIH KOJT:

Jincturr 4.15. 3anonHeHne cTaTU4ECKOro Mmaccmea
#include <iostream>
#include <cstdlib>
using namespace std;
// B OyHKUMD [epemaeTcd MacCUB IJIS 3alOJHEHUA
// uvcnamy OUOOHAYUM:
void fibs(int* nums,int n){
for (int 1=0;1i<n;1i++){
if(i==0]]1i==1) {
nums [1]=1;
}
elsef

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

}
// B OyHKUMO MepemnaeTca MacCuB IJIS 3alOJHEHUA
// ChyvyavHEMY UMCIIAMA :
void myrand(int* nums,int m) {
for(int i=0;i<m;i++){

nums [1]=rand () %10;

}

// TnaBHasg QYHKUMS MTPOTPAMME:
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int main() {

}

// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VHUUMaIM3auMg TeHepaTopa CJyYalHBIX UUCEN:
srand(2);
// PasMep MaccuBa:
const int n=15;
// Maccus:
int f[n];
// 3amojHeHue MaccuBa umciamy CubGoHauum:
fibs(f,n);
// OrobpaxeHye 3HAUEHUN SJIEMEHTOB MACCUBA:
for(int i=0;i<n;i++){

cout<<fli]" ";
}
cout<<endl;
// 3BamojHeHMe MacCUBa CJIyYalMHBMM UMCJIaMM:
myrand (f,n);
// OrobpaxeHne COIEPXMMOTO MACCHUBA :
for(int i=0;i<n;i++){

cout<<fli]<<" ";
}
cout<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

PesyuibraT BbIMOJHEHUST (DYHKITMU MOKET OBITh CIIELYIOIINM:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nMcTUHra 4.15)
1123581321 345589 144 233 377 610
5685400156792¢63

147



asa 4

Tenepn cbyHKLU/H/I fibs () u myrand() He BO3BpalllalOT PE3YJIbTAT, & MaCCUB,
KOTOPBIiA CJIelyeT 3al0JHUTh COOTBETCTBEHHO yncaaMu DuboHauyu u ciy-
JaWHBIMU YNCIaMHU, TIepeaeTcs B PYHKITHIO (C TTOMOIIBIO BYX apTyMEHTOB:
VMEeHU MacCUBa U €TO Pa3Mepa).

B Tene dyHKIMU co3MaeTCS CTATHUECKUI TI€JI0YNCTEHHBIN MaccuB f Tpe-
TOTIPEJIENIEHHOTO pa3Mepa. 3aTeM, /10 TIPUCBAUBAHUS 3HAUEHUN dJIeMeHTaM
MaccuBa UM MaccUBa IMepelaeTcs apryMeHToM B (GyHKIHUIO fibs(). ITO
KOPPEKTHAsT KOMaH/Ia, IOCKOJIBKY £ MPeACTaBIsieT co00il yKa3aTeb Ha Tep-
BBII 2JIEMEHT MaCCHBa, W MOCJE CO3/IaHUsI MACCHUBA, JIAJKe €CJU OH ellle He
3arioJTHeH, y yKazatesis f yske ecTh 3HaueHue. Bo BceM 0CTaTbHOM KOMaH/IbI
IIPOrPAMMBI JIOJKHBI OBITH MTOHSTHBI YUTATEITIO.

Yka3aTesib Ha PYHKUMIO

Vmst hyHKIME SBJIsieTcsl yKazarejieM Ha (DYyHKIMIO. DTO MpocToe 06CTos -
TeJIBCTBO MOKHO MCIIOJTB30BATH MPU PENIEHNN 3HAYUTEIbHOTO KJacca Tpu-
KJIa[HbIX 3aj1a4. /lajsiee paccMaTpuBaiOTCsl HEKOTOPbIE IPUMEPDI UCIIOJIH30-
BaHU4 yKasareJell Ha (DYHKITUN.

@ TEOPUSHA

MNepemMeHHas1, sBsOWascs yka3atenemM Ha GYHKUMUIO, ON1CbIBAeTCs

cnepyowmm o6pasom:

® yKasblBaeTCs KJIDUEBOE CNOBO, ONpeaensioLLee T1M pesynsrara, KoTo-
pbii BO3BpaLlaeT GYHKLUMS, Ha KOTOPYIO MOXET CCbINaTbCsl yKa3aTeslb;

® yKa3blBaeTCA HasBaHWe 419 NepeMeHHOoN-ykasaTens;

* nepen MMeHeM NepemMeHHOn-yKasaTens CTaBUTCA 3Be3fo4ka *, a BCs
KOHCTPYKUMSA U3 3BE3004KN U UMEHW yKasaTens 3ak/ioyaeTcs B Kpy-
rNibleé CKOOKW;

® focne MMeHU ykasaTens B KPYriblX CKOOKax nepeyvymcnanTcs naeH-
TUdUKaTOPbl TUMOB apPryMEHTOB, KOTOPbIE NepenatnTcs GYHKUMM, Ha
KOTOPYIO MOXET CCbINTaTbCA yKasaTesb.

B muctunre 4.16 npesicTaBien o4eHb MPOCTOM MPUMEP UCIIOJIB30BAHUS YKa-
3aTesieit Ha (DYHKITUIO.

JIncturr 4.16. Ykasartenb Ha GyHKLUMIO
#include <iostream>

#include <cstdlib>
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#include <cmath>
using namespace std;
// ®yHxuMu Cc OByMms apryMmenTamu (Tum double u int),
// BO3Bpamanmue pesynsTar Tuma double:
double f(double x,int n){
double s=1;
for(int k=1;k<=n;k++) {
s*=(14x);
}
return s;
}
double g(double x,int n){
double s=1;
for(int k=1;k<=n;k++) {
s*=x/k;
}
return s;
}
// OyHKUMM C ONHMM apTyMeHToM (Tmm int),
// BO3Bpamamume pesysbTaT Tuna char:
char h(int n){
return 'A'+n;
}
char u(int n){
return 'Z2'-n;
}
// TnaBHasg GYHKUMS OPOTPAMMEL:
int main () {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlepeMeHHHE OJig Nepefauu apryMEeHTaMi:
double x=2;

int n=3;
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// Ykasarenn Ha OyHKLMK:
double (*p) (double,int);
char (*q) (int);
double (*r) (double);
// VIcmonb30BaHME yKaszaTenel Ha QYHKLUM:
p=t;
cout<<"| "<<p(x,n)<<" | ";
p=g;
cout<<p (x,n)<<" | ";
a=h;
cout<kg(n)<<" | ";
q=u;
cout<Lg(n)<" | ";
r=exp;
cout<<r (x/2)<<" | ";
r=log;
cout<<r (x)<<" |\n";
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

Hwuxe mokazan PE3YJIbTAT BBITIOJTHEHUA ITPOTr'PAMMBbI:

Pe3ynbTaT BbINOJMIHEHUS NPOrpamMmmel (M3 nUcTUHra 4.16)

| 27 | 1.33333 | D | W | 2.71828 | 0.693147 |

B mporpamme onmcanbl YeThIpe BCIIOMOTaTeTbHbIE (DYHKITIH:

e (yHKImen f () A1 apryMEHTOB x U n BodBpainaercs snadenue (1 + x)”;
e (yHkumeil g () A19 apryMEHTOB X M n BO3BpallaeTcs 3Hauenue x' /n!;

® (yaKmmeit h() AT apryMeHTa n BO3BPAIlaeTCsd CHUMBOJ, CMEIICHHBIN
B KOZOBOI TabJIUIe CUMBOJIOB OT CUMBOJIA 'A' Ha n O3UIUI BIIEPE];

° (byHKuHeﬁ:u() JUI apryMeHTa n BO3BpalllaeTcsi CUMBOJI, CMENICHHbIN
B KOJIOBO TabJIMIle CUMBOJIOB OT CUMBOJIA 'Z' Ha n MO3UIIAHI Ha3a/l.
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B riiaBHO# (hyHKIMU TIPOrPaMMbl OGBSIBIISICTCS] TPU YKa3aTe st Ha (hyHKITUI:

VYkasaTesnnb p 00baBIeH KoMaHnol double (*p) (double, int). 3HaueHneM
ATOMY YKa3aTeJI0 MOXKET MPUCBAUBATHCS UMsI QYHKIIUU, Y KOTOPOIl /1Ba
apryMenTa (mepBbliii TuIa double U BTOPOH TUIIA int) 1 KOTOpas pe3yJib-
TAaTOM BO3BpallaeT 3HaueHue Tuia double. Hanpumep, mocie BbIIOJIHE-
HUST KOMaH/Ibl p=f yKasaTeJib p SIBJISETCS aJbTePHATUBHBIM CIIOCOGOM
obpaienus K ¢pyHkuuu £ (). [TosToMy KoMaH/Ia p (x,n) O3HAYaeT BHI3OB
dyukmuu f () ¢ aprymerTamu x u n. [locsie BeITTOTHEHNS KOMaHIBI p=0,
BBIPaKEHUE p (X, n) O3HAYAET BBI3OB (DYHKIIUM g () ¢ apTyMEeHTaMU x 1 n.

Ykaszaresnp g 00BABIEH KOMAaHOW char (*q) (int). 3HaueHHEM ITOMY
yKa3aTeJio MOKeT MPUCBauBaThCcsa UM (DYHKIIUH, Y KOTOPOM OAWH ap-
TYMEHT THUIIA int W KOTOpas pe3yJIbraroM BO3BpalllaeT 3HAUEHUE TUIIA
char. Hammpumep, mocJie BbITIOJTHEHUSI KOMaH/Ibl g=h yKa3aTeJib g SBJs-
eTcst aJIbTePHATUBHBIM cIIocoboM obpamienust K pyrkiuu h (). Komanza
g (n) o3Ha4aeT BbI3OB (byHKuI/H/I h() capryMeHTOM n. ITocste BoImostHEeHIS
KOMaH/IbI g=u, BbIpasKeHUE g (n) O3HAYAET BHIZOB (byHKLU/H/I u() ¢ apry-
MEHTOM n.

Vkazaresb r 00bABIEH KOMaHA0H double (*r) (double). 3HaueHmeM 3TO-
MY yKa3aTeJro MOKET MTPUCBANBATHCS UM (DYHKITUH, y KOTOPOI OUH ap-
TyMeHT Tuiia double ¥ KOTOpast pe3yJAbTaTOM BO3BpalllaeT 3HaY€HUE TUIIA
double. [Tocsie BeimoTHEHNS KOMAHBI r=exp ((YHKITUS A1 BBIYUCIECHUS
HKCIIOHEHTDI) YKa3aTelIb T SBJSETCS albTePHATHBHBIM CIIOCOOOM 06pa-
IIEHNS K BCTPOEHHOU MaTeMaTu4ecKon (byHKuI/H/I exp (). Komanna r (x/2)
O3HaYaeT BBI30B (DYHKIIUM exp () ¢ apryMeHTOM x/2. [locse BeIoHeHNs
KOMaH/IbI r=10g ((YHKIIUS 715 BRIYUCTIEHUS HATYPAThHOTO Joraprdma)
BBIpa)KEHNE 1 (x) O3HAYAET BBI30B (DYHKITUM 10g () C apTYMEHTOM X.

HA BAMETKY

Ona ncnonb3oBaHMSA BCTPOEHHbLIX MaTtemMaTtudeckmx OyHKUUA B MNpO-
rpamMmme Mbl NOAK/IIOHAEM 3arosIoBOK <cmath>.

Y70 KacaeTcs BbIMMCASIEMbIX 3HAYEHWN, TO UMEET CMbICN 06PaTUTL BHU-
MaHue Ha To, Y4TO Npu X = 2 U N = 3 UMEOT MECTO Takme COOTHOLLEHUS:
(1 + x" =8 =27, X/nt = 2%31 = 8/6 = 4/3 1,33333,
exp(x/2) =exp(1) ~ 2,71828 n In(x) =In(2) ~ 0,693147. TpeTbs 6ykBa NO-
cne GykBbl 'A' —OykBa 'D', aTpeTbs OykBa nepen 6ykBon 'z — BykBa 'iW'.

Q

Eme ogun mpuMep ncmomp3oBanud ykazaTesneil Ha (GyHKIIMW TTPEICTaBICH
B uctunre 4.17. Tam MbI UMeeM Z1€J10 ¢ TPOTPaAMMOT, B KOTOPOH B UMCIOBOM
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BUJIE BBIUMCJISIETCS OTMPEeeHHbIH nuTerpa. /lis Bbrancienns naTerpaia
co3zaetcs crienuaabHas GyHKIN, apryMeHTaMy KOTOPOI TPU BBI30BE Tiepe-
7aeTcd yKasaTesb Ha TMOABIHTETPATbHYIO (GYHKIIUIO U YNCIOBBIC 3HAYCHMUS,
OTPEIEJISAIONIIE TPAHUIIBI 00IACTH HHTETPUPOBAHUSL.

~y MNMOAPOBHOCTM

YT106bI HE YCNOXHATL Ce0e XN3Hb, ByaeM NCXoanTb U3 TOro, YTO onpe-
LeNeHHbIM NHTEerpasom Lbf(x)dx OT noAbIHTErpanbHoOM GyHKuMn f(x) Ha
MHTEpBane 3Ha4YeHn oT a oo b asngeTcsa nnowanb nog KpUBom, onpe-
noensiemMon 3aBncmMMocCTblO f(x). Ho Ha camom gene ¢opmanbHO onpe-
JeneHve nHTerpana B A4aHHOM CJly4ae He OYeHb BaXHO. BaxHo To, 4TO
Mbl ByAEeM BbIYNCNATbL MHTErpan (B NpubanMXKXeHHOM YNCIIOBOM BMAE) MO
cne,u.ylonuzl.gﬁ dopmyne (bopmyna Tpaneuui): Iabf(x)dx ~ ((ffa) + f(b))/2)
Ax + Ax k;(f(a + kAx), roe BBegeHo ob603HavyeHue Ax = (b — a)/n, a ye-
pe3 n 0603Ha4YeHO HEKOTOPOE LIENIOE YMCO (4eM OHO BOJIbLLE, TEM BbILLE
TOYHOCTb BblyncneHuin). IMeHHo npuBeneHHas Boile dopmyna (npuv 3a-
AaHHor pyHKUMU f(x) v rpaHuLax a v b) nCnonb3yeTcs B NporpamMme ansi
BbIYVCNIEHNS HTErpana.

PaccmoTpum mipezicTaBieHHYIO HIDKE TPOTPaAMMY:
Jinctunr 4.17. NMepepaya ykasatens Ha GyHKLUIO apryMmeHTOM PYHKLUN NpU
BblYUCJIEHUU UHTerpana
#include <iostream>
#include <cstdlib>
using namespace std;
// OyHKUMS IJIS BEUMCIIEHUS MHTETpPAaja. [IepBHM apTyMEHTOM
// mepemaeTcda ykasaTelb Ha QYHKLMO:
double integrate(double (*F) (double),double a,double b) {
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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// TomHHTeTrpalbHEe OYHKINA:
double f (double x) {
return x*(1-x);
}
double g(double x) {
return 1/x;
}
// TnaBHasg GYHKUMS [POTPAMMEL:
int main() {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlepBHit MHTeTpal:
cout<<integrate (f,0,1)<<endl;
// BTOpoO¥ MHTETpar:
cout<<integrate(g,1,2)<<endl;
// 3amepxka KOHCOJIbBHOTO OKHA:
system("pause>nul");
return 0;

}

B pesynbraTte BbITIOJIHEHWS TPOTPAMMBI TTOTYYAEM CJIeIyTOTIee:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmsl (M3 nucTuHra 4.17)
0.166667
0.693147

OyHKIMA /IJIST BBIYUCTeHU MHTerpajia Ha3bIBaeTcs integrate (). OHa omnm-
caHa Tak, YTO Pe3yJIBTAaTOM BO3BpalllaeT 3HaueHWe Tuma double (3HaYeHUE
unTerpana). Ee mepBeIii apryMeHT ommcad kak double (*F) (double). /lan-
HBII apryMeHT — yKasaTeJb Ha (DYHKIINIO, Y KOTOPO# 0/inH double-apryMeHT
U KOTOPas BO3Bpaliaer 3Hauenue tuma double. [Toatomy B Tese hynkium ap-
ryMeHT F o6pabarbiBaeTcst Kak uMst (hyHKIH. /[Ba ipyrux double-aprymeHra
a U b OIPeIesISTIOT TPAHUIIBI 00IACTH HHTETPUPOBAHMSL.

JlokanpbHas II€peMEHHasd n OIIpeAesA€eT KOJINMYECTBO MHTEPBAJIOB, Ha KOTO-
pblie p8.36I/IB3.eTC§I 00JacTh WHTETrpUpOBaHusd, a IIEPEMEHHAA dx cO 3HaUYEeHUEM
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(b-a) /n ompenpessieT IJUHY KakJOTO TaKoro uHTepBajia. MHTerpajbHas
CyMMa 3alliChbIBaeTCd B MEPEMEHHYIO S, HayaJbHOE 3HaUYeHUEe KOTOPOH 3a-
JlaHO BbIpaskeHueM (F (a) +F (b)) *dx/2. [lasee 3armyckaercs onepaTop IUKJIa,
B KOTOPOM 32 KUKIYIO OYePeHYI0 UTEPAINIO K 3HAYEHUTO TIePEMEHHOM S /10-
OasJisieTcs ciaraeMoe F (a+dx*k) *dx. [lociie 3aBepIleHns oneparopa IUKJIa
3HAUYCHNE IePEMEHHON S BO3BPAIAeTCs Pe3yabTaToM (DYHKITUN.

Takxe onucanbl /iBe nojpiHTerpaibibie Gyukiuu. Dyukius () onpeje-
JsieT 3aBucUMOcTb Buma f(x) = x(1 — x), a byHKIMS g () onpemessier 3a-
BUCUMOCTD Buzia g(x) = 1/x. B rmaBHOI GyHKIIMN TTPOrpaMMBbl KOMaHIaMU
integrate(f,0,1) nintegrate(g,1,2) COOTBETCTBEHHO BLIYUCIAIOTCA UHTE-
rpaist jx(1 — x)dx = 1/6 ~ 0,166667 u [ (dx/x) = In(2) ~ 0,693147.

3apaum aJis CaMOCTOSATESIbHOro peweHusd

1. Hamumumre nmporpamMmy ¢ dbyHKITHEN 715 BeIYucaeHns hakTopuaia quc-
na (baxropuan yucnan! =1-2-3 - ... - n — IpousBeieHNe HATYPATbHbIX
gucen ot 1 10 atoro unca). IIpeayioxkuTe pasHbie criocoObl OpraHmsa-
UK Kojia (HaIpUMep, ¢ peKypcueil u 6e3 peKypcun ).

2. HamummTe mporpamMmy ¢ byHKIIMEH A1 BBIYUCTIEHNS IBOWHOTO (hakTo-
puasa ynciaa (aBoviHoi (aktopuan uncaan!!l=n-(n—-2)-(n—4) - ... —
MIPOU3BEJIEHIEe HATYPAIbHBIX YHUCEJ «UePe3 OJIHO YMCJI0» — TIOCTeHUI
MHOKHUTEJIb 2 /I YeTHBIX unces v 1 7151 HedeTHbIx unced). [peposxkure
pasHble CIIOcOOb OpraHu3aInu Koja (Halpumep, ¢ pekypceueit u 6e3 pe-
KypCcum).

3. Hanwmmre nporpamMmy (GyHKIMeR st BbraucaeHust yncen Oubonau-
yu. ApryMeHTOM (DYHKITUU MIEPeIAeTCsl HOMep YHUCJa B MOCJIe0BATE -
HOCTH, a Pe3yJITaTOM BO3BPAIlaeTcst caMo 4ncyio. PaceMoTpers c1mocod
onucanust GyHKIMU € UCTIOJIb30BAaHUEM PEKYPCHH 1 €3 NCTIOTIb30BAHMS
PEKyPCHUN.

4. Hanwmmre nporpamMmy ¢ (GYHKIMEN /11 BBIYUCIEHUsST OMHOMUATbHBIX
koaduimentos Ck = nl /(kl(n — k)!). Tlapametpst k u n nepexatores ap-
ryMeHTaMu (DyHKIIAH.

5. Hamwummire mporpammy ¢ (GyHKIHEH JJisT BHIYNCTEHUST CYMMbBI HaTy-
parbHBIX uyncen. B ¢ynknum ncrnonb3oBath pexypenio. [leperpysntnb
hyHKIMIO TaK, YTOOBI BTOPOil apryMeHT OIPe/IeIsil CTeNeHb, B KOTOPYIO
BO3BOJISTCS cIaraeMble Ipu cyMMupoBanuu. Harpumep, eciiu aprymeH-
tTamu (PYHKIIMU TTePeaHbl 3HAYEHUsI 71 1 R, TO Pe3YJIKTaTOM BO3Bpaliaer-
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10.

B ook, ok k
cacymma 1°+2°+ 3"+ . +n (mpu k = 1 mosyuaeTcs cymMma HaTypasib-
HBIX YUCET).

Hamumwure mporpamMy ¢ (YHKIIMEN /I BLIYUCTEHUST 9KCTIOHEHTDI
exp(x) ~ 1 +x + (£°/21) + ..(&"/n!). Y dyHKIMM 10IKHO ObITH 1BA ap-
rymMenTa (TTapamMeTphbl X U #), a TIPU ee ONUCAHUU UCIIOJIb30BATh PEKYP-
cuio. Bocronb3oBateed Tem, uto ecan S, (x) =1 +x + (2°/21) + ..(x" /n)),
TO MMeeT MeCTO PeKyppeHTHOe cooTHomenue S, (x) =S, (x) + (&' /n!)
1 Kpome Toro Sy(x) = 1.

Hamwmure nporpamMmy ¢ meperpyskenHoit dynkiueil. Eciu dyHkimm
nepesiaeTcs OJIH YNCJIOBON apTYMEHT, TO OHA BO3BPAIAET PE3yJIbTaTOM
3HaueHue aToro aprymenTa. Ecam gyHKIMy niepesaercs aBa YMCIOBBIX
apryMeHTa, TO OHAa BO3BPAIaeT Pe3yJIbTaTOM CYMMY KBa/[paTOB MX 3Ha-
veHnit. Ecim GpyHKIMM mepemaeTcs TpU YWCIOBBIX apTyMeHTa, TO OHA
BO3BPAIIAET PE3YIBTATOM CYyMMY KyOOB UX 3HAYEHHIA.

Hamwmure mporpammy ¢ yHKIIMEl, apryMeHTaMu KOTOPOIA TiepeialoT-
cs: yKasaTesh Ha (OYHKITUIO U MACCUB YMCJIOBBIX 3HaueHnii. [1pu BpI3oBe
(pyHKIMN K KakIOMY M3 3JI€MEHTOB MaccuBa MpUMeHseTcs (yHKIN,
nepelaHHas TIEePBBIM apryMeHToM (4Yepe3 ykazaTenb). [Ipemycmorperns
neperpysky (yHKIUU TakuM 00OpasoM, YTOObI MEPBBIM apryMEHTOM
(BMecTo yKasaTesist Ha (YHKIIUIO) MOKHO OBLIO IlepeaBaTh Yrcyio (B Ta-
KOM CJIy4yae BCe 3JIEeMEHThI MAaCCUBA-aPTyMEHTA YMHOKAIOTCS Ha JJAHHOE
YHUCJIO).

Hammre mporpammy ¢ yHKIMEH, MpeqHa3HaYeHHON 7T BBIYHCIe-
HUS TPOU3BOMHON OT HeKOTOpoil hyHKInu. [lepBhIM aprymeHTOM TIepe-
nmaeTcs ykazaTedb Ha auddeperiupyemyoo OYHKIIUO, a BTOPOH apry-
MEHT — TOYKa, B KOTOPOIi BBIUYMCJISIETCS TPOU3BO/HASL. [[J1s1 BBIYMCTIEHUS
IIPOU3BOHOI OT HEKOTOPOH (hyHKIMK f(X) UCIIOIB30BATh MPUOJIMIKEH-
uyio hopmyay f'(x) = (f(x + h) — f(x))/h, rie yepes h 0603HaueHO MaJIOE
npupaiieHne mo apryMenTy (BoiOupaercss mpousBoJibHO). IIpemycmo-
TPETh Meperpysky (GyHKIMU TaKyio, YTOObI BMECTO BTOPOTO YHCIIOBOTO
apryMeHTa MOKHO OBLITO TIepe/laBaTh MacCUB 3HaYeHMil. B Takom cirydae
apryMeHTOM (DyHKIINW TTepelaeTcs elre O/INH J0TOJHNTETbHBI MaCCHB,
B KOTOPBI 3aITMCHIBAIOTCS 3HAYEHWS ITPOU3BOIHON B KaK/IOW U3 TOYEK,
OTIPEIe/IIEMbBIX DJIEMEHTAaMU TIePBOTO MACCUBA.

Hammmre mporpamMmy ¢ QyHKIWeH 7158 BBIYMCJIEHUS 3HAYEHUS TI0-
JUHOMA B TOUKe. AprymeHTaMu (bYHKIIUW TIEPeaioTCsT MAacCUB C YHC-
JIOBBIMU 3HAYEHUSIMU W TOYKA, B KOTOPOU BBIUUCISETCS 3HAYEHUE TI0-
aunoMma. Ecan uepes aq, 0603Ha‘~II/ITb 9JIEMEHTDbI MaCCHBa, IIepeaaHHOIro
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11.

12.

13.

14.

15.

16.

17.

18.

aprymentoM dyukiun (uugexc k=0, 1, 2, ..., n), a uepes x 0003HAYNTH
TOYKY, B KOTOPOW BBIUUCJISIETCS] 3HAYEHVE MTOJUHOMA, TO PE3YJIBTATOM
(pyHKIIMM M0IKHA BO3BpAIIaThCd CyMMa a, + a,X + a2x2 + ..t ax" Ile-
perpysuTh (HYHKIUIO Tak, YTOObI IPU OTCYTCTBUU apryMeHTa, OIpejie-
JISTIOTIETO TOYKY /IS BBIYMCJIEHUST 3HAYEHUS MOJTMHOMA, (DYHKIMEH
B KOHCOJIBHOE OKHO BBIBOIUINCH KOIGDMUITHEHTHI TOJUHOMA (3HAYEHUST
9JIEMEHTOB MaCcCHBa).

Hamwmnre mporpaMmy ¢ dyHKIIME!H, apTyMEHTOM KOTOPOH TepeaeTcs
qucsoBoit MaccuB. [Ipu BbI3oBe (YyHKIIMU 37IeMEHTBI MacCHBa COPTHU-
PYIOTCSI B TIOPSI/IKE BO3PACTAHUSI, & PE3yJIbTaToM (DYHKITUSI BO3BpaIaer
yKa3zaTeJib Ha MOCJIEHII 2JIEMEHT MacCHUBa.

Hamwmmre mporpamMmy ¢ dyHKIIMEl, apTyMEHTOM KOTOPOH TepeaeTcs
4ucI0BOH MaccuB. IIpu BbI30Be (HYHKITNN 3I€MEHTBI MacCUBa COPTUPY-
I0TCSI B TIOPsIIKe YOBIBAHISI, & PE3Y/IBTATOM (DYHKITHSI BO3BPAIIAET CChLI-
Ka Ha TOCJIeTHNI 9IeMEHT MacCUBa.

Hanummure nporpamMmy ¢ ¢yHKIHEH, apTYMEHTOM KOTOPOH TTepe/iaeT-
Cd CUMBOJIbHBIN MaccuB ¢ TeKcToM. Pe3dysibraToM (hyHKITNY BO3Bpalia-
eTcd JJTMHA caMOTO JJTMHHOTO CJI0BAa B TEKCTE, COZEPKAIIEMCs B Mac-
cuBe.

Hanummre nporpamMmy ¢ GyHKIMER, apryMeHTOM KOTOPOH IepeaeTcs
CHMBOJIBHBIN MaccuB ¢ TeKeToM. [Ipu Bbi30Be (DYHKIIMM TEKCT, 3aliCaH-
HBII B MaccuB, oToGpaskaercs B oOpaTHOM nopsiake. [Tornpobyiite peann-
30BaTh TAKYIO (DYHKIIMIO YePeE3 PEKYPCHIO.

Hamwmure nmporpammy ¢ yHKIIMEl, apryMeHTaMu KOTOPOIi TiepeialoT-
Csl CHMBOJIbHBINT MAaCCUB U OT/IeJIbHBIN cCUMBOJI. PesyibraTtoM pyHKIIMER
BO3BPAIIAETCsT KOJUYECTBO OYKB, OTPEIEISIEMbIX CUMBOJIBHBIM apryMeH-
TOM, B TEKCTE, COIePKAIIEMCS B CHMBOJBHOM MacCHUBE.

Hanwiure nporpamMmy ¢ dyHKIIMEl, apTyMEHTOM KOTOPOU IepeaeTcs
IBYMEPHBII YMCJI0BON MaccuB. PedysbratoMm (yHKIMEl Bo3BpalaeTcs
CCBIJIKA Ha 3JIEMEHT MacCuBa ¢ HAUOOJIBITUM 3HAYEHHEM.

Hanummure mporpamMmmy ¢ hyHKIIHEH, apryMeHTOM KOTOPOH TepeaeTcs
JIBYMEPHBIN 4nCI0BON MaccuB. Pe3ynbsraToM (hyHKITMEN BO3BPAIIAeTCs
yKa3zaTeJib Ha 3JIEeMEHT MacCUBa C HAUMEHbBIITUM 3HAYEHUEM.

Hammmre mporpamMmy ¢ dyHKIIMEl, apTyMEHTOM KOTOPOH TepeaeTcs
IIBYMEPHBIN YMCIOBON MaccuB. Pe3ymsraToM (hyHKITMEN BO3BPAIIaeTCs
cpenHee apudMeTHYecKoe /I 3JeMEeHTOB MaccuBa (CymMMa Bcex ajie-
MEHTOB, JIeJIeHHAs Ha UX KOJIMYECTBO).
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19. Hanumure mporpammy ¢ (pyHKITHEH, aprTyMEHTOM KOTOPOI TiepeiaeTcs
CUMBOJI W JIBYMEPHBIN CHMBOJIBHBIA MaccuB (TIPEABAPUTEIBHO 3aTT0J-
HEHHBIN CyJYallHBIMUA CUMBOJIaMM ). Pe3ysraToM (hyHKITHEN BO3Bpalia-
€TCs KOJTMYECTBO BXOXKICHUH CUMBOJIA B IBYMEPHBIN MACCHB.

20. Hanmmwute mporpamMmy ¢ (QyHKIHEH, apryMeHTOM KOTOPOH mepeja-
€TCsd CUMBOJI U JIBYMEPHBIII CHMBOJIbHBINT MacCHUB, B KaXAYIO CTPOKY
KOTOPOTO 3amucaH TeKCT. Pe3ynbsraToM (GyHKIMEH BO3BpaIiaeTcs Ko-
JIMIECTBO BXOXKIEHWH CUMBOJIA B IBYMEPHBIA MaccuB (B OTANYUE OT
TIpebIIYIeH 3a7ja4y, B TAaHHOM CJiydae MMPOBepPATh HYKHO He BCe aJe-
MEHTBI JIBYMEPHOI'O CUMBOJIbHOT'O MAaCCUBA, & TOJIBKO T€, UTO CO/IePIKAT
TEKCT).
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Maesa 5
KJIACCbl U OBBEKTDbI

Y3HaTh B HOXKE KapeTHYI0 peccopy. Kakoe
riyboKoe MPOHUKHOBEHUE B CYTh Belleli!
Brpouewm, IIpuHIr Becersia TOHKO aHAIN3NU-
POBaJI caMyIo CJIOXKHYIO CUTYaIUIO.

us k/¢p «Kny6 camoyouiiy,
wnu Ipurniouenus mumynosannoil 0coovL»

TON TJIaBe MbI TIO3HAKOMUMCS C a3aMi OOBEKTHO-OPHEHTHUPOBAHHOTO
rpammupoBanus (cokpaitenno OOII), B yacTHOCTH:

HAYYMMCST OTTUCHIBATH KJIACCHI M CO3/IaBATH OO HEKTHI,
PacCMOTPHUM PEKUMBI IOCTYIA K HOJISIM 1 METO/IaM KJIacca;
HAyYNMCH UCIIOIB30BaTh KOHCTPYKTOPBI U JIECTPYKTOPHI;
y3HaeM, 4TO TaKoe IIeperpysKa MeTo/0B;

IIO3HAKOMUMCS C HacJlel0BaHueM;

Y3Ha€eM, KaK BbITIOJIHAETCA IEPETPY3Ka OIIEPATOPOB,

a TaKKe€ OCTaHOBUMCA Ha HEKOTOPbLIX CMEKHBIX BOIIPOCaX, CBA3aHHbIX C MC-

110J1

b30BaHMEM KJIaCCOB 1 OOBEKTOB.

3HaAKOMCTBO C KJlacCaMM 1 00ObeKTamMmum

Pac

CMOTpPUM YK€ 3HAKOMYIO HaM 3a/lavyy O padMeEIleHrnN Ha AEII03UTe OIIpe-

JIEJICHHON IEHEKHOI CYMMBI, Ha KOTOPYIO HAUHMCJISIOTCST TIPOIEHTBI, HO Ha
3TOT pa3 MPUOETHEM K TTOMOIIH KAACCO8 U 006eKMO8.

NOOPOBHOCTMHU

HanoMHuM, 4TO ecnu Ha oeno3nTe pa3MeLLaeTcs cymMMa m Ha Bpems
(B ropax) t noa, r NPOLLEHTOB rOA0BLIX, TO UTOFOBasi CyMMa no Takomy
BkNagy BbluMcaseTcs no popmyne m(1 + (r/100))".
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Knaccbl 1 06beKThbI

PaccmoTpumM IporpaMMHBII KOJI, TIPE/ICTABIEHHBIN B IUCTUHTE 5.1.

JlucTtunr 5.1. Onucanue knacca n cosgaHne o6bekTa
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Ommucanue xjacca:
class MyMoney{
public:
// Tonsa:
string name;
double money;
double rate;
int time;
// MeTome:
double getMoney () {
double s=money;
for (int k=1;k<=time;k++) {
s*=(l+rate/100);
}
return s;
}
void showAll () {
cout<<"Mmg: "<<name<<endl;
cout<<"Brmazm: "<<money<<endl;
cout<<"CraBka (%): "<<rate<<endl;
cout<<"Mepmom (yeT): "<<time<<endl;

cout<<"JMrororaa cymMa: "<<getMoney ()<<endl;

b

// TnaBHas OYHKUMS TPOTPAMME:
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int main() {

// VI3MeHeHME KOIMPOBKM KOHCOJM:

system("chcp 1251>nul");

// CosgaHue oOBEKTA:

MyMoney obj;

// TpucBauBaHMe 3HAUEHUN MOJISAM:

obj.name="VBaHoB JBan MBaHoBuu";

obj.money=1000;

obj.rate=8;

obj.time=5;

// BH30B MeTOZA:

obj.showAll();

// 3amepxka KOHCOJIbHOTO OKHa:

system("pause>nul");

return 0;

}

HauGosiee BaskHast 4acTh MPOrpaMMbl CBsi3aHa ¢ ONMUCAHUEM KJacca, KOTO-
PbIii Ha3bIBaeTCst MyMoney.

S

TEOPUSHA

Knacc npencraBnseT coboi obuyto cxemy mnu wabnoH, Ha OCHOBe
KOTOPOro 3aTeM co3aatoTcs 00bekTbl. Knacc coaepXxuT onmcaHne no-
nein n MeToaoB, KOTOPbIE HA3bIBADTCA YNeHamum knacca. lNone knacca
aHaNorM4yHO NePEMEHHON, a MeTod — aHanor dyHkumn. MNpn cospaHnm
Ha OCHOBe knlacca 06bekTOB, NOCAeAHNE NOSyHaloT NePCOHasbHbI Ha-
60p nonen n MeToA0B — CTPOr0 B COOTBETCTBUK C ONMCAHNEM Klacca.
Monsa 06bLEeKTOB MMEIOT 3HAYEHUS, @ METOAbl BbIMONHAIOT HEKOTOPLIE
0ENCTBMSA 1 MOTYyT BO3BpawaTb pesynbraT. dakTnyecku, nons u MeTto-
bl — 3TO COOTBETCTBEHHO NepeMeHHble U GYHKLMN, HO TOSTIbKO CTPOro
«MPUKPENJIEHHbIE» K ONpeaeneHHOMY 00bekTy. PasHble 00bekTbl, CO3-
NaHHble Ha OCHOBE OJHOro Kjflacca, MMelT oanHakoBble Habopbl Mo-
e 1 MeTonoB, NMPU 3TOM 3HAYEHUS MOJSIEN Y Kaxaoro o6bekTa CBOU,
a MeToAbl UMEIT aBTOMaTUYECKUIA A0CTYN K 00bekTaM, U3 KOTOPbIX
BbI3bIBAIOTCSA. HET CMbICNa FOBOPUTL O 3HAYEHUM NONSA UK pe3ynbTaTe
Bbl30Ba METO4a, ecin He naeHTUOMUMPOBaAH 0ObEKT, K KOTOPOMY OHU
npuHagnexar.
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Omnncanne k1acca HAUMHAETCS C KJIOUEBOTO CJI0Ba class, 0CJIe Yero YKas3bl-
BAETCsT UM KJTacca, a 3aTeM B (OUTYPHBIX CKOOKAX OTUCHIBAETCSI TEJIO KJIacca
(B KOHITE ONTMCAHUS CTONUT TOYKA C 3aTIATON ).

B rese kitacca onmchBalOTCs noas u memoovt kiacca. Ho nepes navanom
OIMCaHMS CJle/lyeT KIIueBoe cJI0BO public (110cje KOTOPOro CTOUT /IBOETO-
une). JlaHHoe KJIIOYEBOE CJIOBO MAEHTHMUIPYET OJOK OTKPBITHIX YIE€HOB
KJlacca — TaKUX, JOCTYII K KOTOPBIM €CTb HE TOJIbKO B IIpejiesiaX KJlacca, HO
1 U3 BHELIHEro KoJa.

[Tosteit y kmacca MyMoney yeTbipe:

® [0oJie name THUIA string (TEKCTOBOE 3HAYEHUE) TIPeJHA3HAUYECHO IS 3a-
MTUCU UMEHU BKJIAUNKA;

® 10s1e money TUIA double IIpeHA3HAYEHO IS 3AlIMCH HAYQJIBHOW CYMMBbI
BKJIA/1Q;

® jqioJie rate Tuiia double Ipe/lHa3Ha4Y€HO [JId 3allCU ITOKa3aTeIA I‘OlIOBOﬁ
HpOHeHTHOﬁ CTaBKH;

® [esouncJeHHOe (TUT int) MoJe time MpeIHA3HAYEHO IS 3aUCH KOJTH-
yecTBa JieT, Ha KOTOpbIe Pa3MellaeTcs JAeMo3uT.

() HA 3AMETKY

TekcToBOE MOJie name B JAHHOM chy4yae peann3yeTtcd B Buge obbekTa
BCTPOEHHOro KNlacca string, NpeaHasHa4YeHHOro aas paboTbl C TEKCTOM.
ﬂ,ﬂﬂ MCNOJIb30BAaHUA Klacca string B NporpamMmMe nogkioyaeTcsa 3aro-
JNIOBOK <string>.

[Tomumo ToJIE, Y Kylacca MyMoney elie ecTh Ba MeTojia. MeTo getMoney ()
TpeHa3HaveH 711 BBIYNCIEHUS UTOTOBON CYMMBI 1O BKJAay. MeToa BO3-
BpalaeT 3HaveHne Tutma double (UTOTOBAs CyMMa TIO BKJIAJY ), M Y HETO HET
apryMEeHTOB.

NOAPOBHOCTH

[ns Bbl4NCNEHNS NTOrOBOW CyMMbl MO BKIaAy HEOOXOOAUMO 3HATb TpU
napameTpa: HadanbHyld CyMMY BKNaja, FOAOBYIHO CTaBKy MpOLeHTa
M KOJIN4HECTBO JIET, HA KOTOPbIE pa3MeLlaeTcqa Oeno3nT. 3HayeHnsa aTux
napameTpoB MeTo[, getMoney () NOJSy4aeT Yepes3 nojsd money, rate N time
06'beKTa, N3 KOTOPOro BbI3blBAETCA. I'I03Tomy HeT HeO6XOJJ,VIMOCTVI ne-
penaBaTb METOAY getMoney () apPryMeHThl.
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B rene meroma getMoney() 0ObBSBISETCS JOKaJbHAs II€PeMeHHas s CO
3HaUYeHWeM money (TO €CTh IPU BBI30OBE METO/A JIOKAJIBHOU TIepeMEHHOM s
MPUCBAMBAECTCS 3HAYCHIE TIOJIST money TOTO 0OBEKTa, M3 KOTOPOTO BHI3HIBA-
etcsa meton). [lasmee 3amyckaeTcs omepaTtop IIUKJIA, B KOTOPOM WHAEKCHAS
nepeMeHHasl npoOeraer 3HaYeHWS B AMAIIa30HE OT 1 [0 3HAYEHMS IIOJIS
time (OISATH XKe, 3/IECh UMEETCS B BUAY TOJIe 0OBEKTA, U3 KOTOPOTO BbI3bI-
BaeTcsl MeTO/). 3a KasKAbIN ITUKJI BBITIOJTHSIETCS KOMaHIa s*=(1+rate/100),
KOTOPOU TeKylllee 3HaYeHUe MepeMeHHOW S YMHOKAeTCsd Ha MHOXKUTEJb
(1+4rate/100) (31[ec1> rate — 1moJie O6’beKTa). [Tocsie 3aBepiiieHNS BBITOJIHE-
HU4 ollepaTopa IUKJIa 3HaUYeHue TIepeMEeHHON s BO3BpaIlaeTCs Pe3yJibTaToM
MeToj1a getMoney ().

@ HA 3AMETKY

Takum 06pa3om, korga MeTof getMoney () Bbl3blBAETCS M3 0O6bEKTA, TO OH
obpallaeTcs K NofsM AaHHOro o6bekTa Ans Mojlyd4eHUs TeX 3HAYEHWU,
KOTOpble HEOOXOOVIMbI MPU BbINOJSIHEHUM pacyeToB. [o3ToMy ecnn Me-
TOQO, getMoney () Bbl3blIBAETCH M3 pasdHbiX OOBLEKTOB, TO B 0OLLEM Cllydae
nosiyd4aem 1 pasHble pe3dynbraThbl.

Merton showAll () He Bo3BpalIaeT pe3yJabTaT (UAeHTU(PUKATOP TUTA void
B HauaJjie OMUCAHNS METO/Ia), M Yy HeTo HeT apryMeHToB. [Ipu BeI3oBe MeToa
B KOHCOJIBHOM OKHE 0TOOPaKatoTCst 3HaUeHMsI BCEX YeThIpeXx MoJieil 00beKTa,
13 KOTOPOT'O BBI3BIBAETCA METO/I.

Co6cTBEHHO, Ha 9TOM OIHMCaHue Kjaacca MyMoney 3akamumsaerca. [lanee
pPaccMOTPUM KOMAHIBI B TJIABHOUN (PyHKIIUY MPOTPAMMBL. TaM, BO-TIEPBHIX,
coszpaercst 00beKT obj Kaacca MyMoney. Jles1aeTcst 9T0 O4€Hb IIPOCTO — C I10-
MOIIIbI0 KOMaHAbI MyMoney obj. DakTudeckn 0OBEKT CO3MAETCA TaK Ke,
KaK 0OBSIBIISIOTCS OOBIYHBIE [I€PEMEHHbIE, TOJbKO IIPU CO3JaHUU 0ObEKTa
B KauyecTBe UeHTU(UKaTOpa TUIIA yKa3biBaeTcs MMs Kyaacca. Ho cozmanme
o6beKTa ellle He 03HAYaeT, YTO ero MOJs noJyyusiu 3Hadenud. Ilox Hux
TOJIBKO BBIJIEJIEHO MECTO, & 3HAYEHUI [IPUXOAUTCS IIPUCBaNBaTh BPYYHYIO.
O6pameHI/Ie K TTOJIIM OOBEKTa BBITIOTHAETCA TAK: YKa3bIBAETCS UM 06BbeK-
Ta, U 4Yepe3 TOUKY II0CJIe UMEHU obbeKTa yKa3bIBaeTCsd Ha3BaHMe Mo, Bo
BCEM OCTaJIbHOM IIOJISIMHU MOKHO MaHUILYJINPOBATh TaK Ke, KaK 1 OOBIIHBI-
MU TlepeMeHHBbIMU. B 4acTHOCTH, KOMaH/1aMU obj.name="lBaHoB VBaH MBa-
HOBKY", obj .money=1000, obj.rate=8 1 obj.time=5 moisaM 06bEKTa obj HPH-
CBaMBAIOTCI 3HAUeHMWs. 3aTeM KOMaHJOM obj.showAll () u3 00BeKTa obj
BbI3bIBaeTCs MeTo/ showAll (). Pe3ysbTaT BBITIOJHEHUS TTPOTPAMMbI 6yz[eT
TaKUM:
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Pe3ynbTaT BbINONIHEHUS NPOrpamMmmbl (M3 nucTuHra 5.1)

Muvs: VBaHOB VBaH lVBaHOBUU

Bryazm: 1000

CraBka (%): 8

llepuon (yeT): 5

MToroBas cymMa: 1469.33

Kak BuanMm, ncnosb3oBanue Kaacca u 00bEKTa BO MHOIOM OKa3a/l0Ch y]106—
Hbmd——NKDKCT6bHB,ﬂHHHbSaIHHQHOquHeM]IpOHeﬂyprHpHCBaHBaHHH3Ha-

yeHuil 1osistM 06bekTa. Ho, Kak Mbl yBUINM Jlajiee, y JAaHHOM POGJIeMbl €CTh
penienue (M 1aske HECKOJIBKO).

OTKpbITbIE N 3aKPbITbie YJ1eHbl KJ1acca

BueceM HekoTOpble M3MEHEHMSI B IIPOIPAMMHBIA KO/, PacCMOTPEHHBII
B IIPEABLAYIIEM IIPUMEDPE.

B YaCTHOCTH, AJIA IIpUCBaNBaHUA 3HAYEHU TTOJISIM co3gainm CHeLIHaJIbeIﬁ
METO/, a CaMU ITIOJIA 1 METO/, 1JIAA BbIYMCJIEHUA UTOTOBOH CYMMOBI 110 ZE€TIO3UTY
caeJiaeM 3aKpulnmoviMU.

@ TEOPUS4A

K 3akpbITbiM NONSAM M MeToAaMu MOXHO obpalwiatbCs TOJIbKO B MPO-
rpaMMHOM Kofie B Tesie kiiacca. 3akpbiTble Mo U MeToAbl ONUCHIBAIOT-
cs B 6110Ke, NOMEYEHHOM KJ1I04YEBbIM C/IOBOM private (Unm BooOLe 6e3
KJH0YEBOIO C/I0BA: MO YMONYAHUIO, ECIIM YJIEHBI KJlacca IBHO HE UOEHTUN-
dULUMPOBaHbI KJTOYEBBLIM CNTIOBOM public KakK OTKPbITbIE, OHW CHMTAOTCSA
3aKpbITbIMK).

B npenpinyiiem npumMepe Mbl MOTJIU B TJIaBHO (DYyHKITUY B IBHOM BH/IE ITPU-
CBaMBaTh 3HAYEHUSI MOJISIM 00BEKTA MMEHHO TIOTOMY, YTO MOJIsT OBLIN OIH-
caHbl KaK OTKpPBITEHIE. B ciemylonieM nmpumepe, Kak y’ke 0OTMEYasloCch, MbI BCe
MOJISE C/IeJIaeM 3aKPBITHIMU, TIO3TOMY ITPUCBOMTH UM 3HAUEHUST SIBHBIM 00pa-
30M TIOCJIE TOTO, KaK CO3/aH OOBEKT, y/Ke He MOTyduTcs. {1 aTol e Mbl
oInuchiBaeM MeToJl setAll () ¢ 4eThIPbMS apryMeHTaMH, OIIPeAesIsIIONNMUI
3HAYEHUST, KOTOPBIE CJIEYET IPUCBOUTH MOJISIM 00beKTa. [ToHsATHO, 4TO cam
MeToJ setAll () oKeH ObITh OTKPBITBIM. PaccMOTPUM TTPOTPaMMHBIN KO/,
IIPE/ICTABJICHHBIN B JIMCTUHTE 5.2.
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JIuctuHr 5.2. 3akpbiTbie U OTKPbITbIE YiEHbl KJlacca
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Ommcauue xmacca:
class MyMoney{
private: // 3BakpHTHe uJieHH Kjlacca
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 ujeHH Kjacca
void showAll () {
cout<<"Mmg: "<<name<<endl;
cout<<"Bruyazm: "<<money<<endl;
cout<<"CraBxa (%): "<<rate<<endl;
cout<<"Mepmon (yer): "<<time<<endl;
cout<<"JMrororaa cymMma: "<<getMoney ()<<endl;
}
void setAll(string n,double m,double r,int t)({
name=n;
money=m;
rate=r;

time=t;
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b
// TnaBHasg GYHKUMS OPOTPAMMEL:
int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Cospanue 0OBEKTOB:
MyMoney objA, objB;

// TpuCBauBaHMe 3HAYEHUN MOJIAM:

objA.setAll ("VBauor lBa# Meanoruu",1000,8,5);
objB.setAll ("llerpor Ilerp Ierporuu",1200,7,4);

// OrobpaxeHye 3HAUEHUI TOJIEN:
objA.showAll();

cout<<endl;

objB.showAll();

// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

}

Huxe IpuBE/ICH PE3yJibTaT BbIITIOJIHEHUA ITPOTPAMMBI:

Pe3ynbraT BbiNOJIHEHUS NPOrpamMmbl (U3 NUCTUHra 5.2)
Vma: VBauor VBaH JBaHOBMY

Bruyan: 1000

CraBka (%): 8

llepuon (yeT): 5

MToroBas cymMa: 1469.33

Uma: Tlerpos lleTp lleTpoBuu
Bxmanm: 1200

CraBka (%): 7

llepuon (mer): 4

JtoroBas cymma: 1572.96
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B Tene metosa setAll () 3HAYEHUS apTyMEHTOB IIPUCBAUBAIOTCS 3HAUCHU -
MU TTOJIIM 00bEKTa, U3 KOTOPOTO METOJI BhI3biBaeTcs. [ToaToMy st 3amout-
HeHUd 10JIel 3HaYeHUSAMU U3 COOTBETCTBYIOINIETO oOBbeKTa CJIEIyeT BbI3BATh
MeTox setAll () W mepemaTh eMy apTyMeHTaMU 3HAUEeHUs [IJid TI0JIel name,
money, rate u time.

B rmaBHO# ¢yHKIMM Tenepb cospaercs aBa oObekta (objA ¥ obiB), s
YeT0 UCIOJIb30BaHA KOMaHa MyMoney objA, objB. /I mpucBanmBanus 3Ha-
4eHUil 1oJsiM 00beKTa objA WMCIOJIb3yeM KOMaHiy objA.setAll ("VeaHoB
BaH MBanoemu",1000,8,5). Komanma objB.setAll ("lerpos lleTp
lletposuu",1200,7,4) saﬂeﬁCTByeTCH JUIS TIpUCBavBaHUs 3HAYEHUH TTOJISIM
ob6bekTa objB. IIpoBepuTh 3HAYEHME MTOJIEN KasKIOT0 U3 00HEKTOB IIOMOTAIOT
KOMaH/IbI objA.showAll () M objB.showAll ().

@ HA 3AMETKY

B meToae selAll () MepPBbIA apPryMeHT ONMcaH Kak Takow, YTO OTHOCUTCS
K TUNy string (Ha caMoM Jefie aTo 06bekT knacca string). TeKCTOBbIN
nmTepan peanm3yeTca NoCpPencTBOM CMMBOJIBHOMO Maccuma. To eCcTb
B MPUHLMNE TUNbl pasHble. Ho 3a cyeT aBTOMaTN4eCKOro npeobpas3oBa-
HUS TUNOB Mbl MOXEM NepenaBaTb TEKCTOBbIE NNTEPASbl aPrYMEHTOM,
KOTOPbI HA CaMOM Aefe AOMKEH OTHOCUTLCH K TUMY string.

Meperpy3ka meTtonos

AHanmu3upyst MPeAbIAYIIYIO0 IPOrPaMMY, JIETKO 3aMETHUTh, YTO CIIOCO0 MpH-
CBaWBaHUS 3HAYEHUN TOJSIM C TIOMONIBIO CIEIUAJBHOTO METO/Ma XOTS
U YIPOIIAeT MPOIECC UCIONb30BaHNsT 0OBEKTOB, HO HEKOTOPbIE «TOHKHE»
MecTa B HeM Bce paBHO ocTatoTcst. CKakeM, BIIOJHE MOKET MOHAI0OUTHCS
M3MEHUTH 3HAYEHUE He BCEX TOJIeH, a TOIBKO HEKOTOPBIX. B aTOM ciryuae mo-
JIE3HOI MOKET OBITH nepezpysKa memooos.

@ TEOPUSA

Mpv neperpy3ke MeToA0B, Kak 1 Npu neperpyske GyHKLNA, onncbisa-
€TCH HECKOJIbKO BEPCUIA METOAA C OOHUM U TEM Xe Ha3BaHueM. Takue
«BEepCUN» OOJKHbI YEM-TO OT/INYATLCA: KOJIMYECTBOM apPryMEeHTOB, WX
TMnamm, TUNOM BO3BPAaLLAEMOro peaynbsraTa.

B smucrunre 5.3 mpeacraBieHa BepCus IPOrPaMMbl, TIPeIHAZHAYEHHON 11T
BBIYUCJIEHUS UTOTOBOM CYMMBI TIO IETIO3UTaM, B KOTOPOH, KaK U paHee, OIN-
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chIBaeTcsl Kjacc MyMoney, HO Telepb B 9TOM KJjacce IMeperpyskaeTcs MeTojl
setAll (), Giarogapst uemy Py U3MEHEeHUH 3HaYeHNH 1oJieil 00beKTa Kaacca
MyMoney HET HEOOXOAMMOCTH YKa3bIBaTh 3HAYEHUS BCEX apI'yMEHTOB — MOJK-
HO OTPAHUYUTHCS TOJBKO HEKOTOPBIMU U3 HUX.

Jlnctunr 5.3. NMeperpyska meTonoB
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Ommcanue kyacca:
class MyMoney{
private: // 3akpuTee YieHH 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 UJieHH KJlacca
void showAll () {
cout<<"Mmg: "<<name<<endl;

cout<<"Bruyazm: "<<money<<endl;

cout<<"Crarka (%): "<<rate<<endl;
cout<<"Mlepmox (ynetT): "<<time<<endl;

cout<<"JMroromaa cymma: "<<getMoney ()<<endl;
}

// Bepcus C YeTHpbMS apTyMeHTaMM:
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void setAll(string n,double m,double r,int t)({
name=n;
money=nm;
rate=r;
time=t;
}
// Bepcuga C TpeMd apryMeHTaMu:
void setAll (double m,double r,int t){
money=nm;
rate=r;
time=t;
}
// Bepcusa C TEKCTOBHM ApPTyMEHTOM:
void setAll (string n) {
name=n;
}
// Bepcua C LeJOUUCIIEHHEM apIyMeHTOM:
void setAll (int t){
time=t;
}
// Bepcua ¢ meyMa aprymeHnTamy tuna double:
void setAll (double m,double r){
money=nm;
rate=r;
}
// Bepcua ¢ mByMa aprymeHramy (tmna double m mmma bool) :

void setAll (double x,bool s=true) {

if(s){
money=x;

}

elsef
rate=x;
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b

// TnaBHas OYHKUMS TPOTPAMME:

int main () {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Cospanme o0beKTa:
MyMoney obj;
// TpuCBauBaHMe 3HAYEHUN MOJIAM:
obj.setAll ("BaroB }BaH MBanosuu",1000,8,5);
obj.showAll();
cout<<endl;
// VI3MeHeHVE VMEHM:
obj.setAll ("lleTpor IleTp IMerpoBuu");
obj.showAll();
cout<<endl;
// VI3MeHeHMe BPEeMEHM BKJIALA:
obj.setAll (10);
obj.showAll();
cout<<endl;
// Vi3aMeHeHMEe HAYaJibHOM CYMMH:
obj.setAll (1200.0);
obj.showAll();
cout<<endl;
// VB3MeHeHMe HadajibHOM CyMMH:
obj.setAll (1500, true);
obj.showAll();
cout<<endl;
// Vi3MeHeHMe MPOLEHTHOM CTABKM:
obj.setAll (6,false);
obj.showAll();
cout<<endl;

// VI3MeHeHVEe HAYaJbHOM CYMMb, MPOLEHTHOM CTaBKU U
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// BpeMeHU pasMeleHVs IeNO3UTa:
obj.setAl1(1000,8,5);
obj.showAll();

// 3amepxka KOHCOJIbHOT'O OKHa:
system("pause>nul");

return 0;

}

PeByJIbTaT BBIITOJIHEHUA IIPOTPaMMbI TaKOM:

Pesynbrat BbiNOJIHEHUS NPOrpamMmbl (M3 nUCTUHra 5.3)
mga: VBanor VBaH JBaHOBMY

Bxnan: 1000

CraBka (%): 8

llepuon (jer): 5

JUroroBas cymma: 1469.33

Nmg: IlleTpor IlleTp IleTpoBuy
Bryam: 1000

CraBka (%): 8

[lepuon (jer): 5

UroroBasg cymma: 1469.33

Uma: Tlerpos lleTp lleTpoBuu
Bryan: 1000

CraBka (%): 8

llepuon (jer): 10

JMroroBas cymma: 2158.92

Mmvga: Illetpor lleTp [leTpoBymu
Bryan: 1200
CraBxa (%): 8

llepuon (jer): 10

170



Knaccbl 1 06beKThbI

UroroBasg cymma: 2590.71

Uma: llerpos lleTp lleTpoBuu
Bruyan: 1500

CraBka (%): 8

llepuon (jet): 10

UroroBas cymma: 3238.39

mg: IlleTpor IlleTp [leTpoBuY
Bxmazm: 1500

CraBka (%): 6

llepron (ynet): 10

UroroBasg cyMmMma: 2686.27

Umsa: llerpos lleTp lleTpoBuu
Bryan: 1000

CraBka (%): 8

llepuon (;eT): 5

MroroBas cymma: 1469.33

ITo cpaBHEHUIO C TIPEABILYIIUM TPUMEPOM (CM. JIUCTUHT 5.2), MbI 100aBHIN
HECKOJIBKO JIOTTOJTHUTETBHBIX BEPCUil MeTo/la setAll (), U UBMEHWJIN B CBSI3U
C 9TUM KOJ[ TJIABHOHN (DYHKIMH TIPOrPaAMMbl — TaKUM 06Pa3oM, YTO TaM Te-
CTUPYIOTCS pasjIMyHble CIIOCOOBI BbI30Ba MeToza getAll (). Bosee koHkper-
HO, IIOMUMO Bepcuu MeTozla setAll () ¢ YeTbIpbMs apTyYMEHTaMHU, eCTh ellle
U CJIeyIONIIe CIIOCOObI Tiepeayrt apryMeHTOB METOLY:

e Ecmm METO/l BbI3bIBAETCA C TPEMA YNCJIOBBIMU apPTYMEHTaMU, TO 3T ap-
TYMEHTDI OIIPE/IEIAI0T 3HAYEHNE moJieit money, rate u time.

° HPI/I nepeaadye METOAY apryMeHTOM TEKCTOBOTO 3HAYE€HUA OHO ITPpUCBan-
BAeTCs 3HAUEHUEM TIOJIO name OOBEKTA. 3[eCh HEJUITHUM OyIeT 3ame-
TUTDb, YTO Ha CaMOM /[ieJie TEKCTOBBIN JINTEPAJI PEaIn3yEeTCA B BUJIE CUM-
BOJILHOTO MaccuBa. OHAKO TyTeM aBTOMATHYECKOTO TPeoOpasoBaHuUsT
TUIIA TEKCTOBbII JIUTEPAJ «[IPUBOAUTC» K TEKCTOBOMY THITY string.

° HpI/I BbI3OBC METO/la C OAHUM IICJIOYNCTICHHBIM apI‘yMeHTOM OH 3a/lacT
HOBOE 3HA4YE€HUE JIJI II0JIA time.
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L4 HpI/I BbI3OBE€ METO/la C ABYMS YN CJIOBbIMU apryMmeHTaMu, OHN OIIpE/EJId-
IOT 3HAUYEHUS TTOJIeN money 1 rate COOTBETCTBEHHO.

e Hakogell B kjacce MyMoney olrcaHa Bepcus MeTojia getAll () ¢ JIByMsl

ap

ryMeHTaMM: 1epBbIi ThIa double W BTOPOU THUIA bool (JIOTHYECKUI

tui). [IpyueM BTOPOI apryMeHT UMeeT 3HaueHHe 110 YMOJYAHUIO true.
Ecnu 3nauenne BTOpOro aprymMeHTa paBHO true, TO TOTAA ITEPBBIN YHC-
JIOBOM apryMeHT CJIYKUT 3HAUE€HWEeM 711 1Tt money. Ecam BTOpoit ap-

ry

MEHT paBeH false, TO EPBbIN YUCJIOBOU apTyMEHT CIYKUT 3HAUEHUEM

I 1101 rate.

3Ha

HA BAMETKY

Taknm 06pa3om, ecnn MeToq, setall () BbI3bIBAETCH C OOHUM LIENOYUC-
JIEHHbIM aprymMeHToOM, TO B TaKOM Cily4ae 3HayeHue npucBamBaeTCs
nonto time. Ecnn metopn setAll() BbI3bIBAETCHA C OOHUM apryMeHTOM
Tmna double, TO 3HA4YEHME NPMCBAMBAETCS MO0 money. [109TOMY, HaNpu-
Mep, B KOMaHAe obj.setAll (1200.0) YMCNOBOM aprymMmeHT 1200.0 ykasaH
C LECATMYHOW TOYKON, TaK Kak B MPOTUBHOM CJly4ae OH 6bl Obi1 Lenoyunc-
JIEHHBbIM, N 3Ha4YeHne Obl NPUCBaAMBAIOCh MO0 time. MOCKONLKY apry-
MEHT Yy MeToAa OTHOCUTCS K TUny double, TO Bbl3blBAETCSH BEPCUA MeToAa
C ABYMS apryMeHTamu, nepsbii N3 KOTOPbLIX TUMa double, a 419 BTOPOro
JIOrMYECKOro aprymMeHTa UCroJsib3yeTcs 3Ha4yeHne no yMONMHaHUIO true.
A BOT B MHCTPYKLMN obj.setAll (1500, true) 3Ha4YeHMe BTOPOro siornye-
CKOro aprymMeHTa ykasaHo SIBHO (XOTb OHO W COBMagaeT Co 3Ha4yeHnem
MO YMOJIHaHUIO), @ NEPBbIA apryMeHT ABAFETCS LesbiM Yyncnom. B Ta-
KOW CUTyaunn NepBbIA LLeNOYNCNEHHBIA apryMeHT aBTOMaTn4yecku npu-
BOAMTCS K Tuny double. [of, 3TO e npasBuno nognagaeTt koMaHaa obj.
setAll (6, false). OgHAKO MOCKOJIbKY B HEM 3HAYeHMe BTOPOro Jlormye-
CKOro aprymeHTa paBHO false, TO YMC/IOBOE 3HA4YeHWe nprvcBanBaeTcd
NOJItO rate.

KOMCTBO C KOHCTPYKTOpamMm

M AecTpyKTopamm

B paccmarpuBaemoM jasiee IporpaMMHOM KOjie Kiacc MyMoney TIOTIOTHSIET
CBOI «apceHas» 3a CUET KOHCMPYKMopa i 0ecmpykmopa.

=

TEOPUSA

KoHCTpYKTOP — MeTo/1, KOTOPbI aBTOMATUYECKM BbI3bIBAETCH NPU CO3-
LaHum obbekTa. HazeaHmne KOHCTPYKTOpa COBMaAaeT C Ha3BaHWeM Kac-
ca, KOHCTPYKTOP He BO3BpAaLLAET pe3dy/braT U onuckiBaeTcs 6e3 naeH-
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TudumkaTopa Tuna pesynsrata. Y KOHCTPYKTOpPa MOryT BbiTb apryMeHTHl,
M KOHCTPYKTOP MOXHO neperpyxarb (B kjlacce JOMyCTUMO OMNuchiBaTb
HECKOJ/IbKO BEPCUI KOHCTPYKTOPA).

JAecTpyKTop — METO, KOTOPbI aBTOMAaTUMYEeCKW BbI3bIBAETCH MNpw
yoaneHum obbekTa n3 namatu. JecTpykTop He BO3BpaLLaeT pesysbTar,
onuceiBaeTcs 6e3 ykasaHus naeHTndbukaTopa Tuna pesynsrarta, y Hero
HEeT apryMeHTOB, 1 OH HE neperpyxaeTcs (B Kacce MOXET ObiTb TObKO
OOVH JecTpykTop). MiMa pectpyktopa dopmupyeTcs 06beguHEHNEM ~
M Ha3BaHWA Knacca.

WaTepecytonuii Hac MPOrpaMMHBII KO IIPeJACTaBJIeH B juctunre 5.4. Jlis
YMEHBIIEeHUsT 06beMa Kojia Mbl B KJacce MyMoney ONMUCHIBAEM TOJBKO OHY
Bepcuio MeTosa setAll () (Bepcus C YeTHIPbMS apTyMEHTaMM ).

Jinctunr 5.4. KOHCTPYKTOPbI U AEeCTPYKTOPbI
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Ommcanme kjacca:
class MyMoney{
private: // 3akpHTHE UJIEHH KJIACCA

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: // OTKpHITHE UJIeHH Kjlacca

// KoHcTpykTop ©e3 apI'yMeHTOB:
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MyMoney () {
name="Kor Marpockuu";
money=100;
rate=5;
time=1;
cout<<"CosmaH HOBHM OOBexT:\n";
showAll () ;
}
// KOHCTPYKTOp C YETHPbMS apTyMEeHTaMM:
MyMoney (string n,double m,double r,int t){
setAll (n,m, r,t);
cout<<"CoszmaH HOBENI OOBEKT:\n";
showAll ();
}
// JecTpykTop:
~MyMoney () {
cout<<"06mwekr mua \""<<name<<"\" ymanen\n";
for(int k=1;k<=35;k++){
cout<<"*";
}
cout<<endl;
}
// MeTome xjacca:
void showAll () {
cout<<"Mmg: "<<name<<endl;
cout<<"Bruyazm: "<<money<<endl;
cout<<"Crarka (%): "<<rate<<endl;
cout<<"Mepmom (metr): "<<time<<endl;
cout<<"JMroromasa 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
// OyHKUMA:
void postman () {
// CospaHue JIOKaJBHOTO OOBEKTA:
MyMoney objD("louranson MMeuxuu",200,3,2);
}
// TnaBHasg GYHKUMS OPOTPAMMEL:
int main() {
// Vi3aMeHeHVEe KOIMPOBKYM KOHCOJM:
system("chcp 1251>nul");
// Cospanyue OOBEKTOB:
MyMoney objA;
MyMoney objB("Ians demop",1500,8,7);
// BH30B GyHKLMM:
postman () ;
// Co3manue IUHAMUUECKOTO OOBEKTA:
MyMoney* objC=new MyMoney ("llec llapux",1200,6,9);
cout<<"Bce 0BbeKkTH co3masHe\n";
// YmaneHnue IMHAMMUECKOTO OOBEKTA:
delete 0bjC;
cout<<"BHIOJHEHVE MPOTPaMMel 3aBepmeHo\n";
cout<<endl;
// 3amepxka KOHCOJIbHOT'O OKHA:
system("pause>nul");

return 0;
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PeSy.TIbTaT BBITIOJIHEHUWA ITPOTPaAMMBbI TaKo:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nUcTUHra 5.4)
CosmaH HOBEM OOBEKT:
Umsa: KoT MaTpoCkuH
Bkyjazm: 100

CraBka (%): 5

llepuon (met): 1
Uroromasg cymma: 105
Co3maH HOBBII OOBEKT:
Mvga: Iana demop

Bxman: 1500

CraBka (%): 8

llepuon (met): 7
JroroBas cymma: 2570.74
Co3maH HOBHY OOBEKT:
Vma: TouTanboH [leuxyH
Bxnan: 200

CraBka (%): 3

llepuon (yet) : 2
MToroBas cymMa: 212.18

06bekT mns "llouTanboH [leukuH" ynaneH
dhhkhkhkhkkhkhkhhhkhkhhhhhkhkhhhkhkrrrkhkhhhkhxxx
Co31aH HOBHM OOBEKT:

Mmga: Ilec llapuk

Bxyagm: 1200

CraBka (%): 6

llepron (met): 9

UroroBasg cymma: 2027.37
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Bce OOBEKTH CO3IaHH

Obbextr nna "llec llapuk" ypanen

KKK KKAKX KK KAX AR KA X AR K AX AR KA XA R KA X h kK

BEINOJIHEHVE TPOTPAMME 3aBEPIIEHO

ObwvexT mna "Iams demop" yIaneH

KAk kkkkkhkhkkhkxhkhhhkxhkhhhkxkhkkhkxkhkkkxxkx%k

ObpexT nna "Kor MarpockuH" ynasneH

R RS R S RS S S I I I I

Hac B mporpaMmmHOM KO/ie MHTEPECYIOT B MIEPBYIO OYEPeNb IB€ BEPCUN KOH-
CTPYKTOPA U JIECTPYKTOP, ONMCAHHbIE B KJjacce MyMoney. B kiacce onucano
JIBE BEPCUU KOHCTPYKTOpa: G€3 apryMeHTOB M C YeThIPbMsI apryMeHTaMHu.
B Bepcum koHcTpykropa 6e3 apryMeHTOB KOMaHIaMu name="Kor MaTpo-
cxya", money=100, rate=5 1 time=1 moyaM 0ObEKTA [IpUCBaNBaIOTCA 3HaAYe-
HUsL. 3aTeM KOMAH0M cout<<"Co3maH HOBEI 06BekT:\n" B KOHCOJbHOE OKHO
BBIBOAUTCS COOTBETCTBYIOIEE COOOIIEH e 1, HAKOHEIl, KOMaHA0i showAll ()
U3 Cco3/1aBaeMOro 00beKTa BBI3BIBAETCS METOJ, OJiarojapsi 4eMy CBeIEeHUs
0 3HAYEHMAX IIOJIEH 00BEKTA ITOSABJISIOTCS B KOHCOJILHOM OKHe. Ente pas mog-
YEePKHEM, YTO BCE HTH ACHACTBUS BBIIOIHSIIOTCS IIPU CO3AAHNN OOBEKTA, €CIIH
JUIST €70 CO3/IaHUsI UCTIOJIb3YETCSI KOHCTPYKTOP O€3 apryMeHTOB.

@ HA 3AMETKY

Mbl HECKOJIbKO YCOBEPLUEHCTBOBAaNM MeToA, showAll (), TaK 4TO Tenepb
npun ero BbI30Be, NMOCJe TOro, kak oTobpaxeHa nHdpopmaumsa 06 06b-
ekTe, nosiBnsieTcs chopmmupoBaHHas n3 gedrcos MMMNPOBU3NPOBaAHHAS
ropusoHTanbHasg yepTa. lMpeanonaraeTcs, YTO 3TO NO3BOMANT Ny4Lle BU-
3yannanpoBaTh Pe3ysibTaT BbiNOMHEHN NPOrpaMmmbl.

Takske B Kylacce MyMoney OIMCaH KOHCTPYKTOP C YETBIPbMS apryMeHTaMHU.
B Takom ciiyyae BbI3biBaeTcd MeTOJ| setAll () U eMy lepe/laloTcs Te JKe ap-
I'YMEHTBI, 4TO OBbLIU HepeJaHbl KOHCTPYKTOPY. Takum o6pazoM, apryMeHTbI
KOHCTPYKTOpPA B JJAHHOM CJIy4ae OIPeesA0T 3HaYeHsd, KOTOpbIe IIPUCBan-
BAIOTCS IIOJISIM CO3/AaBAEMOr0 OObEKTA.

Jlayee, mocJie 3aIT0JTHEHU ITOJIEM, KOMaHIOM cout<<"Co3maH HOBEI 0OBEKT: \n"
oToOpaskaeTcst CooOIIeH e O CO3MaHNN 00bEKTa, TOCJIE Yero BhI3bIBAETCS Me-
TOJ showAll ().
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B nectpykrope kKoMaH/0U cout<<"06vexT mma \""<<name<<"\" ynamex\n"
B KOHCOJIb BEIBOJUTCS COOOIEHNE 00 ynaieHnn 00bekTa (B COOOIEHIH yKa-
3bIBAETCS, B IBOMHBIX KaBbIUKAX, 3HAUCHUE TTOJIST name yIaJIIeMOTO OOBEKTa).
[Tocse atoro «momgBOANTCSA YepTay M3 CUMBOJIOB * (FJIST Y€TO MCIIOTH30BaH
OTIEPATOP IIUKJIA).

A
L1

NOOPOBHOCTMHU

YT100bI 0TOOPA3NTL OBOMHbLIE KaBbl4KW B TEKCTE, Nepen HUMKN CTaBUTCS
kocas yepTa. [Mpole roBops, ecnm B TEKCT HEOOXO0AMMO BCTaBUTb OBOWN-
Hble KaBbl4YKW, TO UCMONb3YETCS MHCTPYKLUMS \". Micnonb3oBaHme B Takomn
CUTyaunmn ogHUX NULLb KaBblyek (6e3 KOCOoW YepThl) NPMBEOET K OLUNOKe,
NMOCKOJIbKY OBOWMHbIE KaBbIYKN MCMOBb3YIOTCA AN naeHTUdmKaumm Tek-
CTOBbIX INTEPANOB.

Kpome kimacca MyMoney B mporpamme omnucana GyHkiust postman (). DyHk-
IS He BO3BPAINAET Pe3yJIbTart, ! y Hee HeT apryMeHToB. Ko pyHKInM oueHb
TTPOCTO#: B Tesie (byHKIIMM KOMaH/[0# MyMoney objD("louransoH [euxun",
200, 3,2) cosmaerca 0OBeKT Kyacca MyMoney.

B dyHkIMr main () cosgaercss HECKOJIbKO 00BEKTOB KJiacca MyMoney U BbI3bl-
Baercst GyHKIM postman (). IIpaBaa, 06 beKThI cO31at0TCS TT0-pazHoMy. OnuH
13 0OBEKTOB CO3aeTCs KOMAHA0M MyMoney objA. 31eCh pedb UAET O CTaTU-
4eCKOM 00BEKTE 0bjA, MPU CO3MAHUN KOTOPOTO BBI3HIBAETCS KOHCTPYKTOP
6e3 apryMeHTOB. A BOT IIpH CO3/[aHnN 0OBEKTa objB MCIOJIb30BaHA KOMaH/1a
MyMoney obijB("Iana demop",1500,8,7), B KOTOPOH 1OCJIe UMEHU CO3/laBae-
MOro 00beKTa B KPYIJIbIX CKOOKAX yKas3aHbl 3HAUEHMs, epeaBaeMble KOH-
crpykropy. Kak HecoKHO goragarhesi, 00beKT objB co31aercst ¢ BbI30BOM
KOHCTPYKTOpPA C YETHIPbMS apTyMeHTaMU.

Y NOAPOBHOCTH

PelwieHne 0 TOM, Kakylo UMEHHO BEPCUIO KOHCTPYKTOPA CNeAyeT Bbi3bl-
BaThb Npu CO3AaHNM 06BbEKTA, MPUHUMAETCS UCXOOS U3 CNUCKA apryMeH-
TOB, KOTOPbIE NEPenalTCss KOHCTPYKTOPY (2pryMeHThl, yKa3aHHbIE MO-
cne nMeHn ob6bekTa B KOMaHae, KOTOPOM 0ObEKT CO30aeTCs).

Taioke HYXXHO MMETb B BUAY, YTO MOKa B KJlaCCe He OnMcaH HU OOUH KOH-
CTPYKTOpP, TO MPWY CO3O0aHMN NCMOJIb3YETCS Tak Ha3blIBAEMbII KOHCTPYK-
TOP MO YMOJIH4AHMIO, Y KOTOPOro HET apryMEHTOB 1 KOTOPbI HUKAKMNX
LOMOJNIHUTENbHbLIX OEWCTBUIA C OObEKTOM He BbINONHAET. Kak TOSbKOo
B kjlacce onuncaH XoTs Obl OANH KOHCTPYKTOP, KOHCTPYKTOP MO yMon4a-
HUIO BOJbLLIE HE AOCTYMEH.
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CrouT 3aMETUTDh, YTO KaK MPH CO3[aHiK 00bEKTa objA, TaK ¥ IIPU CO3MaHUM
00beKTa 0bj B BCIIEICTBUE BBI30BA KOHCTPYKTOPA (Pa3HOTO /ISt Pa3HBIX 0GHEK-
TOB) B CaMOM KOHCTPYKTOpe BBI3bIBaeTcs MeTon showAll (). Kak crencrsue
caMo TOJIBKO CO3/IaHIe 0OBEKTA IPUBOIUT K TOSIBJIEHUIO B KOHCOTbHOM OKHE
COOOIIEHMSI COOTBETCTBYIOIIETO COJACP/KAHMsI ¢ MH(MOPMAIIMEH O 3HAYCHHSIX
oJIel CO3IaHHOTO 0OBEKTa. DTO JKe 3aMeYaHe OTHOCUTCS K 00BEKTY, KOTO-
PBIii co3jiaeTcst Mpu BbI3oBe yHKIUK postman (). OHAKO Terepb pedb UeT
0 JIOKaJIbHOM 00beKTe. JIOKaIbHBII 0OBEKT, KaK 1 JIOKaIbHAs TIepeMeHHasl, Cy-
MIECTBYET, TI0Ka BRITIOTHsAeTCs dyHKInA. [loaToMy Korzia Bei3biBaeTcst hyHK-
I¥st postman () ¥ HAYMHAET BBITIOJIHATHCS €€ KOJI, CO3/1aeTCst 00BEKT obiD, Ha
YEM BDLIIIOJTHECHUIC (l)yHKLII/II/I 3aBepIIaeTCA. Ho IIp1 3aBEepUICHNN BbITIOTHEHUA
(YHKIIMHY U3 TTaMSATH YA€ TCst IOKaIbHbIN 00beKT obiD. Kak ciiencTsue, Bbi-
30B (byHKuI/H/I postman () IPUBOAUT K BbI30OBY KOHCTPYKTOpaA KJjacca MyMoney
(c 4eTBIpbMS apryMEHTaMU) U MPAKTUYECKU Cpa3y K BBI30OBY JECTPYKTOPA.
[Tpu BbI30BE AECTPYKTOPA MOSIBJISIETCS COOOIIEHIE 00 yaageHnn 00beKTa.

Takke B IIporpaMMme CO34aeTCsl JUHAMUYIECKUI OOBEKT, JJIs1 Y€r0 MbI UCIIOJb-
3yeM KOMaHIy MyMoney* objC=new MyMoney ("llec Waprx",1200,6,9). 31ech
MHCTPYKIMER MyMoney* objC 0ObsIBIIsIETCST yKa3aTe b objC Ha OOBEKT KJiacca
MyMoney. VIHCTpyKIHel new MyMoney ("Tlec Illapnx",1200,6,9) co3maercs quHa-
MIYeCKHi 00beKT (co31aeTcst 00bEKT Iy TeM AUMHAMUYECKOTO BbIIEIEHMS TTaMsl-
TH 1O Hero). Azipec 0ObeKTa 3alichiBaeTcst B yKasareab obiC. [Tpu cosmanmn
JIMHAMITYECKOTO OOBEKTa BBI3bIBAETCSI KOHCTPYKTOP € YEThIPbMSI apTyMEHTAMIL.

[Tocsie co3panust TMHAMUYECKOTO 00bEKTAa KOMAHION cout<<"Bce OBBEKTH
cosmane\n" oTOOpaskaeTcst COOOIIEHHE O 3aBePIIEHUH IMpolecca Co3/a-
HUst 06BEKTOB U KOMaHI0W delete objC AMHAMUYECKII OOBEKT yaaaser-
ca. IIpu ymanenun oObeKTa BBI3BIBACTCS AECTPYKTOP. 3aTeM KOMaHIOMN
Cout<<"BHIOJHEHMEe NpOTPaMME 3aBepmeHo\n" OTOOPaKAETCS COOOLICHME
0 3aBePIIEHUN BBITTOTHEHNS TPOTPAMMBI (1 BBITIOJIHSIETCS AOTTOTHUTETbHBIN
MIPOTIYCK CTPOKH C TTIOMOIIIBIO KOMaH/IbI cout<<endl).

OmHako Ha caMOM JieJie Ha 9TOM BBITTOTHEHHE TPOTPAMMBI He 3aKaHIMBAETCS.
[Tocne Toro, kak moab30BaTeNb HAKMET KIaBulry <Enter> (uim IpyTyio KJa-
BUIITY), B KOHCOJIBHOM OKHE MOSIBATCSI COOOIIEeH s 00 yaaJeHnn 00bEeKTOB CO
3HAYEHUSAMM "Jlans demop" M "Kor Marpockuu" moJs name. [TpaBa, mpousoii-
JIET HTO OYEHDb OBICTPO U KOHCOJBHOE OKHO CPasy TOCJIe ITOTO 3aKPOETCsI.

@ HA 3AMETKY

Y106bl YBMAOETL pe3ysnbTaT BbINOSHEHMS MPOrpamMMbl «BO BCEW Kpace»
MOXHO MOPEeKOMeHAoBaTb (Npu paboTe C OnepaumoHHON CUCTEMON
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Windows) Bocnonb3oBaTbCAd KOMaHAON BbIMOAHUTBL B MMaBHOM MEHIO
M 3anycTuTb 4Yepe3d 9Ty YTUWIUTY OTKOMMWMPOBAHHBIA exe-dann
npoekTa.

[Ipuuuna B TOM, YTO NPU 3aBEPIIEHUM BBLIIOJHEHUs MPOrpaMMbl (TO €CTh
IPY 3aBEPIIEHNU BBHINOJIHEHUS (DYHKIMU main ()) M3 HaMATH YIAIAI0TCA
0OBEKTBI, KOTOPbIE OBLIN cO3AaHbl B GyHKIMU main (). OObEKTH yIaIg0TCa
B TIOPSIZIKe, 0OPaTHOM K TOMY, KaK OHU CO3/IaBajnuch. I10aToMy cHavama yjaa-
JsieTcst 0ObeKT obiB, a Mocje ATOro yaajsercss oobekT objA. [ToHsaTHO, 4TO
KasK/Iblil Pa3 BBI3bIBAETCS AECTPYKTOP.

MpuHUMUNbI Neperpy3ku onepaTtopos

[IpuBenennsIit fanee MpuMep SBJISETCS OUEPeIHON Bapualreil Ha (hrmHaHCo-
BYIO TeMY, ZIOTIOJTHEHHYIO Ha Celi Pa3 nepezpy3koli onepamopos.

@ TEOPUA

[nsa nonb3oBaTeNbCKUX KNAacCOB MOXHO NEpeonpeaenartb (unm, To4Hee,
3a0aBaTb) Npaswuia BbIHUCIEHUS BbIPAXEHUI C OCHOBHbIMW ONeparto-
pamun. OTO Ha3blBAaEeTCS Neperpy3koi onepartopoB. 5 neperpysku
onpeneneHHoro oneparopa onMcbiBaeTcs cneumanbHas onepaTtopHas
$yHKUMa 1 onepaTtopHbii meTog,. OnepatopHas GyHKUMS U Me-
TO[, ONUCLIBAOTCS, KakK 1 0Obl4Has GYHKLMS MM METOL, HO C HEKOTOPbI-
MK ocobeHHOCTAMU. Tak, Ha3BaHWe onepaTopHON MYHKUUK UIN METO-
ha nonyyaetcs o6beguHEHNEM KITIOYEBOrO CNOBa operator U CMMBONA
onepartopa. Tun pesynbrarta onepaTtopHon GyHKUUM nnm MeToga — Tvn
3HaYeHus, KOTopPoe Bo3BpaLlaeTCcs npu NpUMeHeHun onepaTtopa Kk 06b-
eKTy knacca. ApryMeHTbl onepaTtopHoOn yHKLUMK OnpeaensaTcsa one-
paHoaMu BbIpaXeHUs, s KOTOPOro 3a4aeTcs AENCTBME ornepartopa.
Ecnun peyb nget 06 onepatopHoOM MeToAe, TO 0ObLEeKT BblI30Ba MeToAa
OTOXOECTBASETCH C NEPBbLIM ONEPAHAOM BbIPAXEHUS.

B nucrtutre 5.5 npejicTaBieHa mporpaMmMa, OCHOBY KOTOPOH COCTABJISIET KJIACC
MyMoney, /I KOTOPOTO OIPE/IEJIEHO HECKOJIBKO OTIePATOPHBIX METOJIOB U He-
CKOJIBKO OTMEPAaTOPHBIX (MYHKIMH. B yacTHOCTH, ¢ TTOMOIIBIO OTIEPaTOPHBIX
(bYHKITHIT OTIPEAEISIOTCS TaKKe JAeiCTBISE ¢ 0ObeKTaMK Kiracca MyMoney:

e  Boiunranue 00bEKTOB: €C/IU U3 OJHOr0 00beKTa Kaacca MyMoney BbIUECTD
APYroit 00bEKT Kiiacca MyMoney, B pe3yJibraTe MOJYYUM PasHUILY UTOTO-
BBIX CYMM 110 COOTBETCTBYIOIIUM BKJIA[aM.
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e IIpeduxcuHas dopma oneparopa JeKpeMeHTa: IPU IPUMEHEHUN ollepa-
TOpa IEKpEMenTa K 00BEKTY 3HaUeHNeE TI0JIsT money 00bEKTa YMEHbBIITAET-
¢ Ha Bemmuuny 1000 (HO ocTaeTcs co 3HaYeHNEeM He MEHBITE HyJIA).

¢ JlocrdurcHag dhopma orepatopa IeKpeMeHTa: ITPU TPUMEHEHUN orepa-
TOpa JIeKpeMeHTa K 00beKTY 3HaYeHUe MOJIs time 00bheKTa yMEHBITAeTCsI
Ha 1 (HO He MOKET OBITH MEHbIIIE HYJIST).

C moMOIIIBIO OMEPATOPHBIX METO/IOB 33/IAI0TCS CIEAYIONTNE NEeHCTBUS C 00b-
eKTaMH KJjacca MyMoney:

e [Ipu cioxeHnn ABYX 0OBEKTOB Kjlacca MyMoney MOJTy4aeM HOBbI 00bEKT
3TOTO K€ KJIacca, Y KOTOPOro 3HaUeHUs 110JIel BBIYUCISIIOTCSI HA OCHOBE
3HAYEHWIT TIOJIeH UCXOAHBIX (CYMMUPYEMBIX ) 0ObEKTOB.

e JIpedburcuHas dopma omeparopa UHKpEMEHTA: IIPU MMPUMEHEeHUHU orepa-
TOpa UHKPEMeHTA K 0OBEKTY 3HAYEHE T10JisI money 00bEKTa YBeJTNINBa-
erca Ha Besyuny 1000.

e JlocrdurcHag ¢popma onepaTopa MHKPeMeHTa: TIPY TPUMeHeHNH oTlepa-
TOopa UHKPEMeHTa K O6L€KTy 3HaUYeHUe oIS time 0ObeKTa yBeJIMYNBaeT-
caHal.

N NOAPOBHOCTM

Y onepatopoB WHKPEMEHTa ++ W OEKPEMEHTa -- eCTb npedurkcHas
1 noctdukcHaa dopmbl. B npedurkcHon popme onepaTop ykasbiBaeT-
csa nepepn onepaHaom. B noctdukcHom dopme onepatop ykasbiBaeTca
nocne onepanga. MNMpedukcHyo 1 NOCTPUKCHYIO HOPMbI ONEPaTOPOB
VHKPEMEHTa U AeKPEMEHTA MOXHO Neperpyxartb No-pasHomy. [lelictey-
€T Takoe NpaBuo: Npu Neperpyske NnocTtuKcHom dopmbl onepaTopa
B OMepaTtopHOM METoAe MM GYHKUMN 0ObsaBASEeTCH GOpMasbHbIA He
MCNOb3YEMbI AOMOMHUTENBHbIN LENTOYNCNEHHbIN QPryMEHT.

Jlist yrporeHusi CUTyaluu ¥ COKpalienusi o0beMa MPOrpaMMHOTO KOJa
B IIPOTPAMMHBIN KOJ[ Kjacca MyMoney BHECEHBI HEKOTOpPble M3MEHEHUs.
B wactHocTu, Bee 1015t 1 METOJIbI B KJ1acce 00bsiBJIeHbI OTKPbIThIMI. He ic-
II0JIb3YETCSI IECTPYKTOP. YIIPOIleH KO/l KOHCTPYKTOPOB (Teneps IIpu co3/ia-
HIM 0OBEKTOB COODIIEH S He 0TOOpaskaioTcst). B urore mosydmics cienyio-
Ui TPOrpaMMHBII KO

Jlucturr 5.5. OnepaTopHbie MeToAbl U GYHKLUMU
#include <iostream>

#include <cstdlib>
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#include <string>
using namespace std;
// Ommcanue kyacca:
class MyMoney{
public:
string name;
double money;
double rate;
int time;
// KoucTpykTop 0e3 apIyMEeHTOB:
MyMoney () {
name="";
money=0;
rate=0;
time=0;
}
// KOHCTPYKTOp C UETHPbMS apTyMEHTAMM:
MyMoney (string n,double m,double r,int
setAll (n,m,xr,t);
}
// MeTome kjacca:
double getMoney () {
double s=money;
for (int k=1;k<=time;k++) {
s*=(l+rate/100);
}
return s;
}
void showAll () {
cout<<"Mmg: "<<name<<endl;
cout<<"Bryagm: "<<money<<endl;

cout<<"Crarka (%): "<<rate<<endl;
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cout<<"Mlepuon (jer): "<<time<<endl;
cout<<"JMroromasa 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;
}
// TpetukcHas dopMa OrnepaTopa MHKPEMEHTA:
MyMoney operator++ () {
money=money+1000;
return *this;
}
// ToctdukcHas bopma omepaTopa MHKPEMEHTA:
MyMoney operator++ (int) {
time++;
return *this;
}
// OmepaTopHElM METON IJig CJIOXKEHUS IBYX OOCBEKTORB:
MyMoney operator+ (MyMoney ob7j) {
MyMoney tmp;
tmp.name="IlouraneoH [leukun";
tmp.money=money+obj.money;
tmp.rate=(rate>obj.rate) ?rate:obj.rate;
tmp.time=(timet+obj.time)/2;

return tmp;
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b
// OneparopHas OyHKUMS IJIS BEHUMTAHKS OGBEKTOB:
double operator- (MyMoney objX,MyMoney objY) {
return objX.getMoney()-objY.getMoney();
}
// TpebuxcHas bopMa omepaTopa HEeKpeMeHTa:
MyMoney operator-- (MyMoney &obj) {
if (obj.money>1000) {
obj.money-=1000;
}
elsef
ob7j.money=0;
}
return obj;
}
// ToctdukcHas dopma omepaTopa ITEKPEMEHTA:
MyMoney operator-- (MyMoney &ob7j,int) {
if (obj.time>0) {
obj.time--;
}
elsef
obj.time=0;
}
return obj;
}
// TnaBHag GYyHKUMS [POTPAMMEL:
int main() {
// VI3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Cospanue obBexTa:
MyMoney objA ("Kor Matpocku#",1200,7,1);
objA.showAll();
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// YueHbleHMe 3HaueHus mnojg time:
objA--;

objA.showAll ();

// YMeHblleHVEe 3HaueHus nojs time:
objA--;

objA.showAll ();

// YBenuueHue 3HaueHus mnojg time:
ObjA++;

objA.showAll();

// YMeHblleHVE 3HAUeHMd IOJII money:
--0bjA;

objA.showAll();

// YMeHblleHVE 3HAYEHMd IIOJI MOney:
--0objA;

objA.showAll();

// YBemuueHue 3HAYEHMS [OJS MONEY:
++objA;

objA.showAll();

// Cosmanue oOBEKTA:

MyMoney obijB("Ilec llapux",1100,8,5);
objB.showAll ();

// Cosmauue obbekTa:

MyMoney objC;

// BHUMCIIEHME CYMME OOBEKTOB:
objC=0bjA+obiB;

objC.showAll ();

// BHUMCIIEHVE DPABHOCTY OOBEKTOB:
cout<<"Paszumua B pmoxomax: "<<objC-objB<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;
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PeSy.TIbTaT BBIITOJIHEHWA IIPOTPaMMBbI ITPEACTABJIEH HUKE!

Pe3ynbTaT BbINOMIHEHUS NPOrpaMmbl (M3 NUCTUHra 5.5)
Umsa: KoT MaTpoCkuH
Bryan: 1200

CraBka (%): 7

llepuon (met): 1
MToroBas cymma: 1284
Mmga: Kor MaTpockuH
Bxnan: 1200

CraBka (%): 7

llepuon (yer): 0
MToroBas cymma: 1200
Uma: KoT MaTpoCkuH
Braianm: 1200

CraBka (%): 7

Mlepron (jet): 0
UroroBag cymma: 1200
Umsa: KoT MaTpoCkuH
Bryan: 1200

CraBka (%): 7

llepuon (met): 1
UToroBas cymma: 1284
Mmvga: Kor MaTpoCkuH
Bruyam: 200

CraBka (%): 7

llepnon (mer): 1

ToroBas cymMa: 214
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Ums: KoT MaTpoCkuH
Bxyazn: 0

CraBka (%): 7
llepuon (met): 1

UroroBag cymma: 0

msa: KoT MaTpOoCKuH
Bruyan: 1000

CraBka (%): 7
llepuon (met): 1

UroroBas cymma: 1070

Nvg: Tec lMapuk
Bryram: 1100
CraBka (%): 8
[lepuon (;et): 5

JiTroroBas cymma: 1616.26

ma: ITouranbOH IleukyuH
Bryan: 2100

CraBka (%): 8

llepmon (jet): 3

JToroBas cymma: 2645.4

Pasumua B poxomax: 1029.13

[Ipoanamuaupyem Ty 4YacTb IIPOTPAMMbI, KOTOpasi CBS3aHA C OMUCAHUEM
U UCTI0JIb30BAHMEM OTIEPATOPHBIX METOIOB U OTIepaTOPHBIX (hyHKIH. Hau-

HEM C aHaJIN3a OMUCAHUS OTIEPATOPHBIX (PYHKITHIA.

OnepartopHast hyHKITHSI /IJisI BBIYUTAHMSI 00BEKTOB Ha3bIBAETCS operator- (),
BO3BPpAIllaeT pe3yJibrar Tria double, Uy Hee 00bSIBIIEHO [IBA apryMeHTa objX
1 objY — 06a 06beKTH Kiacca MyMoney. /lanHOe 0ObsSIBIIEHNE O3HAYAET, YTO
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€CJI MbI OT OZIHOTO 0OBEKTa Kjlacca MyMoney OTHUMEM JPYToii 00beKT Kiacca
MyMoney, TO pe3yJabraToM Oyjer uncso Turna double. ITepBbiii aprymeHT objX
COOTBETCTBYET MepBOMY orepaay (00bEKT, 3 KOTOPOTO BHIYNTAETCS 3HAYE-
HUE), a BTOPOH apryMeHT objY COOTBETCTBYET BTOPOMY orepaHiy (00beKT,
KOTOPBIH BeruuTaercs). B Tene pyHKIIMU Beero oHa KOMaHa return objX.
getMoney () -objY.getMoney (), KOTOPOU Pe3yaIbTaTOM (byHKHI/H/I BO3Bpalllaer-
cd Pa3HOCTh 3HAUEHW, BO3BPAIlaeMbIX METOJIOM getMoney () IS KasKIA0TO
13 00beKkTOB. OUEBUAHO, YTO 3/1€Ch UET PEUb O BBIYMCICHUN PAa3HOCTHU 3Ha-
YEHUH UTOTOBBIX CYMM 10 JICTIO3UTAM.

OmnepartopHast pyHkums s npedrukcHoil HOPMBI oniepaTopa JeKpeMeHTa
Ha3bIBaeTCst operator-- (). Y dyHKIMK o1H apryMenT (0003HaYeH Kak ob7)
Thna MyMoney, IpU4eM 3TOT apryMeHT IlepefaeTcs IO ccblike. Pesyibra-
TOM (DYHKIIMsT BO3BpAIIAET TakKe 0OBEKT Kiracca MyMoney. B tesre yHKImm
B YCJIOBHOM OllepaTope IIpoBepsieTcs yCJ0BHe obj.money>1000. YcaoBue co-
CTOUT B TOM, UTO 3HAYEHIE MOJISI money TOT0 0OBEKTA, K KOTOPOMY ITPUMEHSI-
eTcsl orepals WHKpeMeHTa, MpeBbIniaeT 3Haderne 1000. Ecau aTo Tak, To
KOMaH/IOH obj.money-=1000 3HAYeHNE JAHHOTO MTOJISI yMEHbBIIAeTCs Ha BeJIN-
yuHy 1000. B mpoTuBHOM ciiy4yae KOMaHI0H obj.money=0 10JI1O pUCcBanBa-
eTcst HyJieBoe 3Hauenue. PesysbraToM GyHKIMN BO3BPAIaeTcst 00BEKT obj.

@ HA 3AMETKY

B onepatopHoOn GyHKUUN operator--() MBMEHSETCA apryMeHT yHKUNU
(0OBEKT obj). IMEHHO NO3TOMY apryMeHT B MyHKUMIO NepepaeTcs no
CCbIJIKE, @ HE MO 3HAYEHNIO.

ODyuknus aJ1st TocThUKCHOM HOPMBI OTIEPATOPa AEKPEMEHTA, TTO CPABHEHUIO
¢ npepuKCcHO (HOpMOI, 00bsIBIEHA C OMOJHUTETBHBIM 1[EJ0YHCIEHHBIM
aprymenToM. [IpruemM TOCKOJIBKY pPOJb apTyMeHTa 4icTo (hopMasibHAs, TO
UM apryMeHTa MOXKHO He YKa3bIBaTh, a TOJIBKO €ro THUIL. B Tesne dynkiun
3allyCKaeTcs yCJIOBHBIN OIlepaTop C YCJIOBUEM ob7j.time>0. Ecau 1emounc-
JIEHHOE TI0JIe time HEeOTPUIATEIbHO, TO KOMaH/IOM obj.time-- ero 3HayeHue
yMeHbIaeTcs Ha eAMHUILY. Ecim ycaoBue obj . time>0 He BBITTOIHEHO, TO KO-
MaH[IOH obj . time=0 MOJO TPUCBAUBAECTCS HyJIeBOE 3HAUECHUE.

Kak ormeuasioch paree, Ipu meperpyske orepatopoB 0ObIYHO €CTh ajlbrep-
HAaTWBA: OMUCHIBATH OMEpaTOpHble (DYHKIUW WU OTePaTOPHBIE METOJHI.
B namnoM mpuMepe yacThb orepanuii peaqusyercs dyepes ormepaTopHbie Me-
ToAbL. Tak, onepaTopHbIii METO/ operator++ () s onepaTopa MHKpEeMeHTa
omnrcaH 6e3 apryMeHTOB M KaK TaKOH, 4TO BO3BpAlllaeT 3HAYeHHEM O0ObEKT

188



Knaccbl 1 06beKThbI

KJacca MyMoney. OTCyTCTBIE apryMEHTOB Y OTIEPATOPHOTO METO/Ia OObSICHSI-
eTCs TIPOCTO: EIMHCTBEHHBINA OTIEPaH/] B IAHHOM CJIy4ae OTOKICCTBISETCS
¢ 06BEKTOM, U3 KOTOPOTO BBI3BIBAETCSI MeTO. MOKHO cKa3aTh U HHave: 00b-
eKT, K KOTOPOMY TIPUMEHSIETCSI OTIEPAH/I, SIBJISIETCST TeM 0OBEKTOM, U3 KOTO-
POTO BBI3BIBAETCST ONMEPATOPHBINA METOJ JJIsi 0OPabOTKU COOTBETCTBYIOIEH
KOMaH/IbL.

B Tene meroma xomanmoil money=money+1000 M3MeHsIeTCSI 3HAYEHHUE I10JIS
money, TIOCJIE Y€TO KOMAHJION return *this 0OBEKT, U3 KOTOPOT'O BbI3bIBAET-
CsI METO/I, BO3BPAIIAETCSI PE3YABTATOM BBIPAKEHUS. 3/1eCh MBI BOCIIOJIb30Ba-
JIUCh CTAHJAPTHBIM KJIIOUEBBIM CJIOBOM this, KOTOpOE SIBJISIETCS yKasaTeaeM
Ha 0OBEKT, 13 KOTOPOro Bbi3BaH MeToA. COOTBETCTBEHHO, *this 0603HAYAET
caM OOBEKT.

NOOPOBHOCTMHU

HenuwHmnm 6yaoeTt yTo4HUTb Croco6, KOTopbiM PYHKLMK U MeToabl (one-
paTopHbIE N HE TOSIbKO) BO3BpaLLatoT pedynbtaT. MTtak, BkpaTue cutyaums
cnepyowasa. Ecnu meton nnu GyHKUMA BO3BpaLLaeT pesynbrar, TO Mog,
BO3BpaLLaeMOe 3HAYEHVE BblaeNseTcs obnactb namsatu. B a1y obnactb
namMmsaTy 3anucbiBAaeTCHA KOMUA TOro 3Ha4eHus, KOTopoe BO3BpPaLLaeTcH
pesynsratom metoaa nnn dyHkumun. NMoatomy ecnu metog, nnn GyHKLUNS
BO3BpaLLaeT pe3ynbTaTtOM HEKOTOPBIN OOBbEKT, TO HA CaMOM Aene BO3-
BpallaeTcs Konus 3Toro oobekTa.

AnasoruuubiM 00pa3oM OIMUCHIBAETCS OTIEPATOPHbIIT METOJT IS TOCT(HUKC-
HOH (hopMBI OTepatopa WHKpeMeHTa. ToIbKO Temepb y MeToja ecTh (op-
MaJIbHBIH 1IeJI0YNCTICHABIN apTyMeHT (TouHee, yKa3aH TOJbKO UAeHTH(uKa-
TOP THTIA APTyMEHTa) — MPU3HAK TOTO, 9YTO Peyb UeT o nocTdukcHoii hopme
omeparopa. B Tese omepaTtopa KOMaHAON time++ HA eAMHUITY YBEIUINBAET-
cs 3HAUYEHUE T10JIS time, TTOCJIE Yero KOMaH/IoN return *this Bo3BpaliaeTcs
00BEKT, U3 KOTOPOTO BBI3BIBAETCS OMEPATOPHBIN MeTO/ (0OBEKT, K KOTOPOMY
IPUMeHseTCs oNlepalus UHKpeMeHTa).

OmnepaTopHbINT MeTO operator+ () AJI CI0KEHUS ABYX 00BEKTOB OINUCAH
C apryMEHTOM obj — 0OBEKTOM KJacca MyMoney, U Pe3yJIBTaTOM METO/[ BO3-
BpaiaeT 00BEKT TOTO ke Kjacca. TakuM oO6pasoM, TepBbIil olepaHy B CO-
OTBETCTBYIOIIEM BBIPAKEHUN OTOKAECTBISETCA ¢ 0OBEKTOM, 3 KOTOPOTO
BBI3BIBAETCSI METO, a BTOPOIl OTepaH/ B BBIPAKEHWU OTOKIECTBIISIETCS
¢ 0ObEKTOM ob7j, TlepeJaHHbIM apryMEHTOM OIlepaTOPHOMY MeTo/y. B Tese
MeToza KOMaHZoM MyMoney tmp CO3MaeTCs JOKAJIbHBI OOBEKT tmp Kiacca
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MyMoney. ITocsie co3manust 0ObeKTa €ro moJisiM TPUCBANBAIOTCS 3HAUYCHMSL.
Tak, xomanom tmp.name="Ilouranson I[leukun" IIPUCBANMBAETCSI 3HAUYECHUE
moJo name (OYEBUIHO, 3HAYEHUE HE 3aBUCUT OT 3HAYEHUN TOJIEH 0OBEK-
TOB, 33/IEICTBOBAHHBIX B OMEPAIINH CJIOKEeHNA ). 3JHAUEHUE TOJId money JJIs
00beKTa tmp BBHIYMCJSETCS KOMAHIOM tmp.money=money+obj.money. Takum
06pasom, Tosie money 00beKTa tmp TPeCTaBisieT OO0 CyMMy 3HAYEHUI
10JIell money CyMMHUPYEMbIX 0OBEKTOB. 3HaueHue 1M0JisT rate 0ObeKTa tmp
BBIUMCJISIETCS KOMAHIOM tmp.rate=(rate>obj.rate) ?rate:obj.rate. 31aech
MBI BOCIIOJIb30BAJIMCh TEPHAPHBIM OllepaTopoM ?:. Pe3ysbraT BbIpakKeHUs
(rate>obj.rate) ?rate:obj.rate BBIYUCIAETCA TaK: IIPOBEPSIETCS YCJIOBUE
rate>obj.rate M eciau OHO UCTUHHO, TO PE3yJIBTaTOM BO3BpalllaeTcs 3Haye-
Hue rate (moJie oObeKTa IS TIepBoro onepanaa). Eciu ycinosue rate>oby.
rate JIOKHO, Pe3yJBTATOM BO3BpallaeTcsi obj.rate (mosie 0ObEKTa 0bj
JUIst BTOporo onepan/a). Takum o6pa3oM, 3HaYeHUEM IOJII0 rate 0ObEKTa
tmp HpUCBauBaeTcsl HauOOJIbIllee U3 3HAYEHUIT 1T0JIeil rate CyMMUPYEMbIX
00BEKTOB.

Haxomnelr, komanzoi tmp. time= (time+obj.time) /2 3HaUeHUE OIS time BbI-
YUCJISIETCST KaK cpefiHeapudMeTrueckoe /i 3HaUeHUH 1MoJieil time cymMmu-
pyeMbix 00beKTOB. Clie/lyeT yuecTh, YTO MOCKOJIBKY TOJIe time MeT0uncaeH-
HOe, TO OTepaIus JeJeHusT B MPUBEIEHHON BbIIIIe KOMAaH/Ie BBITOTHSIETCS
Ha MHOKECTBE IeJIbIX dnces (JesieHne HalleJo — ApoOHas 4yacTh 0TOpachl-
BaeTcs).

ITocne IIpucCBanBaHUA 3HAYEHU MTOIAM 00beKTa tmp ILaHHbeI 00BEKT BO3-
Bpallla€TCA pE3yJIbTaTOM OIIEPATOPHOTO METOIA.

B dysKmum main() mpoBepsieTcsi BOSMOXKHOCTU OMUCAHHBIX B IPOTPaM-
Me orepaTopHbIX (GyHKIUN U MeTomoB. [lisg Havana KOMaHAON MyMoney
objA ("KoT Marpockmn",1200,7,1) cosmaercs oObEKT objA Kiacca MyMoney.
Ha 510M 00beKTe TECTUPYETCA BHIIOJHEHNE YHAPHBIX OIIEPATOPOB MHKPE-
MeHTa ++ U JekpeMeHTa --. Kakaplii pa3 mocjie u3MeHeHUsT TTapaMeTpPOB
00BEeKTa KOMaH/ION objA.showAll () BBINOJIHSAETCS MIPOBEPKA 3HAYEHUN €ro
TOJIE.

Jlns TecTupoBaHKs GUHAPHBIX omepalyii (CJ0KeHe U BhIYUTaHue 0ObeK-
TOB) KOMaH/ION MyMoney obJB ("lec Mapux",1100,8,5) co3maeTcs elile OJUH
00beKT (BTOPOIi OTIepaH; ), a LISk 3aIMCH Pe3YJIbTaT BEIYUCIECHUST CYMMBbI CO3-
naeM 00beKT KOMaH/0ii MyMoney objC. IToc/ie 5TOro BhIMOJHSAETCS KOMaH/Ia
objC=objA+0biB, a 3HAYEHUS TT0JIEH OObEKTA-PE3yJIBTaTa IPOBEPSIIOTCS C MO~
MOIIBIO MHCTPYKIWHU 0bjC.showAll (). Takike B mporpaMMe BBIYUCISIETCS
pasHOCTh 00BEKTOB 0bjC-0biB (pe3yJbraT — Yyncio Tumna double).
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3HaAKOMCTBO C HacneaoBaHUeM

B caeytormem npumMepe Ha OCHOBE KJracca MyMoney ITyTeM HACIe008aHUS CO3-
JlaeTcd KJjacce BigMoney

=

TEOPUSA

HacnepoBaHne — mexaHn3Mm, NO3BONSAOLLMIA CO3AaBaTb HOBbIE KJ1acChbl
Ha OCHOBE y>e cyLuecTBytowmx. Knacc, cnyxatumnii OCHOBHOM s co3na-
HWS OPYroro knacca, HasbiBaeTcs 6a3oBbIM. Knacc, KoTopblii co3gaeT-
Cs1 Ha OCHOBEe 6a30BOr0 KJlacca, Ha3bIBAETCH MPOU3BOAHbIM KJ1aCCOM.

YT106bI CO30aTb MNPOM3BOAHbIN KNlAaCC HA OCHOBE 6a30BOro Kjlacca B onu-
caHMn NPOM3BOOHOMO KJlacca nocsie ero MMeHn ykasbiBaeTcs 6a30Bbli
knacc. Mexay nMeHeM NpouM3BOAHOrO M 6a30BOro kjacca CTaBUTCSA
LBOeTo4YMe N ngeHTudukaTop, onpesensowmni xapakrep (Tmn) Hacne-
nosaHus. B kayecTtBe nocnegHeEro Moryt MCNosib30BaThbCs KKOYEBbLIE
cnoBa public (OTKPbITOE HacnegoBaHUE), private (3aKpblTOe Hacneno-
BaHWeE) N protected (3aMLLEHHOE HacnenoBaHne). Hesasmucmmo ot Tuna
HacnenoBaHusl, B NPOM3BOAHOM KflacCe 3aKpbiTble 4iieHbl 6a30BOro
Kfiacca He HacnenyTcs.

[naBHoe oTamume Kyacca BigMoney oT KJacca MyMoney COCTOUT B TOM, YTO
B KJlacce BigMoney MOABJAETCA I€JIOUUCIIEHHOE T10JIe periods, ONpeLesaio-
Iee KOJIMYeCTBO IO0BBIX HAYMCJIECHHIA TIPOIEHTOB 10 Aeno3uty. CooTBeT-
CTBEHHO, KOPPEKTUBBI BHOCSITCSI B CIIOCOO BHIYMCJIEHISI UTOTOBOM CyMMBI Ha
Zero3uTe u crocod orobpaskerus nHbopManu 06 00beKTe.

Jlamee mpeqicTaBIeHa MPOTPaMMa, B KOTOPOH MCIIOTH30BAHO HACTEIOBAHUE
KJIACCOB:

Jiuctunr 5.6. HacneposaHune knaccos

#include <iostream>

#include <cstdlib>

#include <string>

using namespace std;

// OmucaHue 6a30BOT0 KJIACCa:

class MyMoney{

public:

// Tona 6a30BOT0 KJacca:
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string name;
double money;
double rate;
int time;
// MeToms ©a30BOTO Kjlacca:
double getMoney () {
double s=money;
for (int k=1;k<=time;k++) {
s*=(l+rate/100);
}
return s;
}
void showAll () {
cout<<"JMms: "<<name<<endl;
cout<<"Bruyagm: "<<money<<endl;
cout<<"CraBka (%): "<<rate<<endl;
cout<<"Mlepmox (yetr): "<<time<<endl;
cout<<"Jroromasa cymma: "<<getMoney ()<<endl;
}
void setAll (string n,double m,double r,int t){
name=n;
money=nm;
rate=r;
time=t;
}
// KoHcTpykrTop 0a30BOTO KjlacCa (YeThpe apryMeHTa) :
MyMoney (string n,double m,double r,int t){
setAll (n,m,r,t);
}
// KoHcTpykTop 6a30BOTO kjacca (0e3 apryMeHTOB) :
MyMoney () {
setAll ("",0,0,0);
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b
// TIpOW3BOMHEN KJACC:
class BigMoney: public MyMoney{
public:
// Tong mpOM3BOOHOTO KJACCa:
int periods;
// TepeomnpeneseHne METOIOB :
double getMoney () {
double s=money;
for(int k=1;k<=time*periods;k++) {
s*=(l+rate/100/periods);
}
return s;
}
void showAll () {
cout<<"JMmMsa: "<<name<<endl;
cout<<"Bxuyazn: "<<money<<endl;
cout<<"CraBxa (%): "<<rate<<endl;
cout<<"Mepmox (metT): "<<time<<endl;
cout<<"Haumcyienmt B rom: "<<periods<<endl;
cout<<"JMroromasa cymma: "<<getMoney ()<<endl;
}
void setAll (string n,double m,double r,int t,int p) {
MyMoney: :setAll (n,m,r,t);
periods=p;
}
// KOHCTPYKTOp MPOM3BOMHOTO KjiaCCa (MATb apTyMEHTOB) :
BigMoney (string n,double m,double r,int t,int p=1):
MyMoney (n,m, r, t) {
periods=p;
}
// KOHCTPYKTOp MPOM3BONHOTO Kjacca (6e3 apryMEeHTOB) :

BigMoney () : MyMoney () {
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periods=1;

}i

// TnaBHag QYHKUMA TPOTPAMMH:

int main () {
// Vi3ameHeHMe KOOMPOBKY KOHCOJM:
system("chcp 1251>nul");
// Cosmanme o0bekTa kjacca MyMoney:
MyMoney objA ("Kor Marpockmu",1200,8,5);
// Cosmanme OOBEKTOB Kjacca BigMoney:
BigMoney objB("Isms demop",1000,7,6,2);
BigMoney objC ("llec lMlapux",1500,6,8);
BigMoney obijD;
objD.setAll ("MlouranvoH IMeuxkud",800,10,3,4);
// TlpoBEpKa XaPaKTEPUCTUK OOBLEKTOB:
objA.showAll ();
cout<<endl;
objB.showAll();
cout<<endl;
objC.showAll();
cout<<endl;
objD.showAll();
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

Pe?:y.TII)TaT BbITIOJIHEHUWA ITPOTPaMMbI 6y,71€T TaKNM:

Pe3ynbTaTt BbINOJIHEHUS NPOrpamMmbl (U3 nMcTUHra 5.6)
Umsa: KoT MaTpoCkuH
Bxyam: 1200

CraBka (%): 8
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llepuon (yeT): 5

MToroBas cymMa: 1763.19

Nuvsa: Iang demop
Bryam: 1000

CraBka (%): 7
llepron (meT): 6
Haumcnenwit B Tom: 2

MToroBas cymma: 1511.07

Mvga: Tlec lMapuk
Bxnan: 1500

CraBka (%): 6
llepuon (yet) : 8
Haumcnenyyt B rom: 1

UroroBasg cymma: 2390.77

Mma: TouransoH IleuykyuH
Bruyan: 800

CraBka (%): 10

llepuon (met): 3
Haumcnenunt B rom: 4

MToroBas cymma: 1075.91

baszoBbiii ki1ace MyMoney OMucaH I0CTaTOYHO IPOCTO: Y HETO €CTh YeThIPe IMOJIs
(name, money, rate u time), Tpu MeToma (getMoney (), setAll () u showAll()),
a Tak)Ke JIBe BEPCUU KOHCTPYKTOpa — 0e3 apryMeHTOB ¥ C YeThIPhbMsI apry-
Mmentamu. Hac oH mHTepecyer He cam 110 cebe, a KaK OCHOBA JIJIsI CO3aHMs,
yTeM HacleI0BaHud, kKiaacca BigMoney. B onmcanum kiacca BigMoney mocJie
UMeHH KJacca (Jepes3 ABOETOUNe) yKa3aHO KJ0YeBOe CJOBO public U UM
KJacca MyMoney. JTO 0O3HAYAET, YTO KJIacc BigMoney CO3/aeTCs IMyTeM OTKPBI-
TOr'O HacJIeI0OBaHUs Ha OCHOBE KJacca MyMoney 1 II09TOMY BCE OTKPbITHIE YJie-
HBI KJacca MyMoney aBTOMaTH4YeCKH CTAaHOBSATCS 4JeHaMH KJiacca BigMoney.
CrenoBaTtesbHO, HEMOCPEACTBEHHO B Kiacce BigMoney MMeEET CMBICT OITH-
ChIBATh TOJIBKO T€ YJIeHbI, KOTOPbIE «I00aBISIOTCS» K YHACAEJOBAHHBIM 13
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6azoBoro kjacca. ITo yacTu 1mosiel B Kiiacce BigMoney J00aBISIETCS TOJIBKO
IIeJIOUNCIIEHHOE TI0JIe periods. Takske MBI UCTIOIb3yeM nepeonpedeietue me-
mo00e, yHacJIeJOBAaHHbIX 13 KJacca MyMoney.

@ TEOPUSA

Mpwn HacnepoBaHMKM B MPOM3BOAHOM KJ1aCCE MOXHO U3MEHUTb, WX ne-
peonpepenuTb, KO4 METOAA, KOTOPbLIN HacnenyeTcs 3 6a3oBOro knac-
ca. [lna aToro B NpoM3BOAHOM Kjlacce MeToh (HECMOTPSA Ha TO, YTO OH
HacnenyeTcs), ONUCbIBAETCS 3aHOBO C HY>XHbIM KOAO0M.

He cnepyet nytate neperpysKy 1 nepeonpegeneHme metoza. pu
neperpyske CO34aeTCs AONOSHUTENbHASA BEPCUS METoAda C TakuM Xe
Ha3BaHWEM, HO U3MEHEHHbIM NPOTOTUNOM. NMepeonpeaeneHne metona
MOXET MMETb MECTO TOJIbKO NPU HACNenoBaHUM U COCTOUT B TOM, YTO
CO3JaeTcs HoBasi BEPCUA MeTo[a BMECTO TOM, YTO HacneayeTcs.

Hecmorpst Ha TO, 4TO B KJacce BigMoney HacJeAylOTCS MeTONbI getMoney (),
showAll () 1 setAll(), HaC OHM He OYEHb YCTPAUBAIOT, IIOCKOJIbKY Yy Kjacca
Tereph eCTh AOTOJTHUTENBHOE TOJIE, 4TO, KPOME TIPOYEro, BjedeT 3a coboil n3-
MeHeHHe CcITocoba BEIUUCJICHNSI UTOTOBOI CYMMBI 110 JIENO3UTY. JIpyrumu cjio-
BaMU, HyKHO 4TOOBI TAKHE METO/IBI y KJlacca BigMoney OBIIIN, HO HEOOXOINMO
BHECTH M3MEHEHWS B UX MMPOTPAMMHBIN Ko/. MBI TOCTyTIaeM mMpocTo U He3a-
TEIJIMBO — B TeJle KJjlacca BigMoney OIKMCHIBaeM JaHHbIe METO/Ibl 3aHOBO.

[TporpaMMHBIA KOl MeTOa getMoney () U3MEHSETCS Tak, YTOObI B yUeT Mpu-
HUMAaJIOCh HAJIMYNe HECKOJBKUX BHITIIAT B Toxy. OCHOBHBIX N3MeHeHU (110
CPaBHEHUIO C KOJIOM MeTola M3 KJacca MyMoney) JiBa: KOJIMYECTBO MEPUOIOB
HAYMCJIEHUS ITPOIIEHTOB YMHOKAETCS Ha 3HaYeHUe 110J1s periods, a MPOLEHT-
Has CTaBKa JIeJIUTCS Ha 3HAUeHUe 110151 periods.

(G) HA 3AMETKY

dakTnyeckn, ecnn paHblle BbIHMCIIEHUS MPOU3BOOUINCE B COOTBET-
cTBUM ¢ dopmynon m(1 + (r/100))t, TO Tenepb paboyas popmyna nveet
Bua m(1 + r/(100p))”, roe napameTpbl m, r, t © p 0603HA4AIOT COOTBET-
CTBEHHO Ha4yasibHyl0 CyMMY BKNaaa, rogoByO NMPOLEHTHYIO CTaBKy, Bpe-
M$, Ha KOTOPOE pasMeLLLAeTCs BKNA4, U KOMYECTBO NEPUOLOB B roay
07151 HAYNCTIEHVS NPOLEHTOB.

[IporpamMmubIii Ko MeTona showAll() B IMPOM3BOJHOM KJjacce OTJIWYa-
eTca OT KOJia aHAIOTMYHOIO METOZa B 0a30BOM KJacce TOJIBKO KOMAHION
cout<<"Haumcyennit B Tom: "<<periods<<endl, KOTOPOW B KOHCOJbHOE OKHO
BBIBOJUTCSI 3HAUEHME 11015 periods.
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A4 NMOAPOBHOCTH

B Tene metona showAll () B npon3BOAHOM Knlacce eCTb KOMaHaa Bbl30-
Ba MeToga getMoney (). [MOoCKONbKY MeTOn, getMoney () nepeonpeneneH
B NMPOM3BOAHOM knacce, To OyaeT Bbi3blBaTbCS MMEHHO 3Ta nepeonpe-
AeneHHaa Bepcuda Metoaa.

Mertogn setAll () ommcan B TPOM3BOHOM KJIAacCe C MATHIO, & HE C YETHIPbMS
aprymMeHTaMu, Kak Obl10 B 6a30BOM KJacce. J[omosHUTE IbHbII MSATBIN apry-
MEHT HYKeH JUJI Ilepejiayi 3HaYeH s 10110 periods. B teste metoma setall ()
Bcero aBe KoMaH/bl. Komanzoit MyMoney: : setAll (n,m, r, t) BbI3bIBAETCS CTa-
pas1, yHacjae/0BaHHas 13 6a30BOTO KJacca MyMoney Bepcus MetoJia setAll ()
C YeThIPbMS apryMeHTaMu. B pe3yJsibrare MmoJydaroT 3HAYEeHUS TOJIS name,
money, rate u time. A 3HaUEHME TIOJIIO periods IPUCBAUBAETCS B TBHOM BUJIE
KOMaH/I01 periods=p.

7 NOAPOBHOCTH

[Mpwn nepeonpepeneHnn MeTon0B B NPOM3BOAHOM KJlacce «CTapble» Bep-
cuu, KOTOpbIE HacneayTCcs N3 6a30BOro knacca, Ha caMoM Aefe HUKyaa
He AeBaloTCH. TeXHMYeCcKn OHU CyLLLEeCTBYIOT. [1pOCTO «nepekpbiBaloTCH»
HOBbIMW BEPCUSAMU METOA0B. NpU HEOOXOAMMOCTUN 3TU «CNPATAHHbIE»
BEPCUM MEeTOA0B 13 6A30BbIX KNACCOB MOXHO «U3BMEYb» U MCMNONb30-
BaTb MO Ha3HayYeHuto. O4HaKo 419 9TOro HEOBX0ANMMO SIBHO yKa3aTb, HTO
nogpasymeBaeTcs Ta Bepcust METOAA, KOTopasa HacneayeTcsa u3 6aso-
BOro knacca. [lns aToro nepen MMeHeM MeToa yka3biBaeTcs umMs 6a3o-
BOroO KJjlacca, U3 KOTOpPOoro Metof, Hacneayetcs. Mexay nMeHem knacca
M MMEHEM MEeTOAa CTaBUTCH OnepaTop pacLUMpeHns KOHTEKCTa :: (OBa
OBOEeTo4uns).

LJoCTOMHO BHUMaHMA 1 TO 0BCTOATENLCTBO, YTO B KJlacce BigMoney Me-
TO4 setAll () onMCbIBAeTCs C NATbIO apryMeHTamu, a B Kiacce MylMoney
y MeTofa setAll () 4eTbipe aprymeHTa. MoxeT cnoxmtbecs BnedatnieHme,
4YTO B MPOM3BOAHOM KJ1aCCe BbINONHAETCS neperpyska metoaa setall (),
HO 3TO He Tak. B npon3BogHOM Kflacce Bepcua MeToaa setill () C NATHIO
aprymMeHTamu «nepekpbiBaeT» Hacneayemyio n3 6a3oBoro knacca Bep-
CUI0 MeTofa setAll() C YeTbipbMS aprymeHTamu. Tak 4To npsimon (6e3
ykasaHus 6a30BOro kyiacca) 4OCTyn B MPON3BOAHOM KJ1aCCe eCTb TONbKO
K TOW BEPCUM MeTOoAa, 4TO OrnMcaHa B NpoM3BOAHOM KJlacce.

B npousBoHOM KJjlacce ONUCaHbI JIBE BEPCHU KOHCTPYKTOpa: Ge3 aprymMeH-
TOB M C TIATBIO apryMeHTamMu (OAMH W3 apTyMEHTOB MMeeT 3HadyeHue 10
ymomuanuio). Crienmduka ommcaHusa KOHCTPYKTOPA B MPOU3BOIHOM KJacce

197




maea 5

TaKOBa, 4YTO HEOOXOANMO SABHO YKa3bIBaTb BBI3OB KOHCTPYKTOPa 6a30BOrO
kJsacca. Hanpumep, 1npu onmvcannu KOHCTPYKTOPa Kjaacca BigMoney ¢ MATHIO
apryMeHTaMU IOcCJIe Ha3BaHUS KOHCTPYKTOpa M CIUCKA apTYMEHTOB 4Yepe3
[BOETOYME YKa3aHa MHCTPYKLUA MyMoney (n,m, r, t), KOTOpast 0O3HA4YaeT BbI-
30B KOHCTPYKTOpa 0a30BOro KJjacca ¢ COOTBETCTBYIOIIMMH apryMeHTaMMH.
[Tocne Toro, kak BBITIOJIHEHWE KOHCTPYKTOPA 0a30BOro Kjacca 3aBeplaeT-
cs, KOMaH/Iol periods=p MpuUcBaMBaeTcsl 3HaAUeHUeE ToJIf0 periods. IIpoe
TOBOPSI, B TeJle KOHCTPYKTOPA IIPOMU3BOJAHOTO KJIacca IPOrpaMMUPYIOTCS Te
JIOTIOJTHUTEJIbHBIE JIEUCTBUS, KOTOPbIE CJEAYyeT BBITIOJHUTH IOCJ€e BbI30BA
KOHCTPYKTOpa 6a30BOTO KJ1acca.

@ HA 3AMETKY

B Tene koHcTpykTOpa 6a30BOro knacca MyMoney BbI3bIBAETCS METOQ,
setAll() C YeTblpbMsA aprymeHTamu. [1oCKOJSIbKy BbI30OB MPOUCXOOUT
B KOHCTpPYKTOpE MMEHHO 6a30B0Oro Kflacca, TO N BbI3bIBAETCA Bepcua
mMeToaa u3 6a30BOro knacca.

AHasormuHBIM 00PA30M OIKMCHIBAETCST BEPCHST KOHCTPYKTOPA IIPOU3BOIHOTO
KJacca 6e3 aprymeHToB. ToJbKO Terepb KOHCTPYKTOP 6a30BOr0 KJacca Tak-
JKe BbI3bIBaeTCs1 Ge3 apryMEHTOB, a MOJIT0 periods MPUCBANBACTCS eAMHUYHOE
3HaYCHNE.

B ¢yHKImu main() co3aaioTcs HECKOJIbKO OOBEKTOB, M 3aTEM IIPOBEPSIOT-
cd UX XapaKTepucTuku. Tak, KomMaH/0i MyMoney objA("Kor MaTpockmu",
1200, 8,5) cozmaercs 06beKT 6a30BOTO KJacca MyMoney. Komanmamu BigMoney
obiB ("Isms demop",1000,7,6,2), BigMoney objC("lec Mapux",1500,6,8)
1 BigMoney objD co3maiorcs 0ObEKThI IIPOM3BOLHOIO Kaacca BigMoney. Ilo-
CKOJIBKY B TPOM3BOIAHOM KJIACCE ONMUCAH KOHCTPYKTOP Ge3 aprymMeHTOB
U C IATHIO apryMeHTaMu (IIpU TOM, YTO OJIUH U3 apIyMEHTOB UMeeT 3Haue-
HUE 110 YMOJYaHUIO ), TO IIPU CO3AaHUU 00bEKTA B KOHCTPYKTOP MOJKHO IIepe-
JlaBaTh YeThIpe WU TATh apTyMEHTOB, WK He TiepefaBaTh uX coBceM. Ko-
MaHIo1 objD.setAll ("Mouranson Meuxnu", 800,10, 3,4) 3a1a10TCSI 3HAYEHUS
oJieit 00beKTa MPOU3BOAHOTO Kaacca. [IpoBepka sHaueHUil 110JIell 00bEeKTOB
BBITIOJIHAETCA C TIOMOIIBIO MeTo/1a showAll ().

3apaum it CaMOCTOSTESIbHOIro peLueHus

1. Hamummurte mporpaMmy, B KOTOPOH CO3/IA€TCS KIACC I/ OMUCAHUS TaKO-
ro (pus3nyeckoro oObeKTa, Kak «Iapajieaenumneny. Y Kiacca TPH MOJIsL:
IMUpUHA, TIyOWHA U BBICOTA, @ TaKKe METOJI /sl BhIYUCJIeHUsT 0ObeMa

198



Knaccbl 1 06beKThbI

(mpousBesenre 3HaueHU moseir oObekTa). IlpemycMoTpers Haanuune
KOHCTPYKTOPa M MeToja JJIsi OTOOpPaKeHHsl XapaKTePUCTHK OObeKTa.
Paccmotpute Mexanmam HacseZIoBaHN, CO3/1aB Ha OCHOBE KJacca Mpo-
U3BOIHBIN C JOTIOJHUTENBHBIM TTOJIEM, OTIPEIETSIONINM MaCCy «Tapaji-
genenneas. /[o6aBUTh B IPOU3BOAHOM KJIACCE METOJL [IJIst BBIYUCIICHUS
IUIOTHOCTU MaTepuasa, U3 KOTOPOTO CleJiaH «Iapajiesenurneny (Maccy
HYJKHO MOIeTUTh Ha 00beM). [TogymaiiTe Hajl TeM, Kak 100aBUTD B KJIacC
oTIepaTOpPHBbIE METO/IbI MJIU OMTUCATD OTIepaTOPHbIe (DYHKITUY JIJIS1 BBITIOJ-
HEHUsI HEKOTOPBIX IIPOCTHIX Orepariuii ¢ oobektamu. Harpumep, nesienve
00beKTa Ha YUCJI0 MOKET IIPUBOANUTH K TOMY, YTO Macca «IapaJijie/ierni-
mmeflay YMEHBITAeTCs B ONpeieleHHOe KOMn4decTBO pas. Vmn: B pesymbra-
TE CJIOKEHUST IBYX 0OBEKTOB MOJIy4aeM HOBBIH 00beKT. Ero o6beM paBeH
cymMmMe 00bhEMOB UCXOHBIX 0OBEKTOB, €0 Macca paBHa CyMMeE Macce ¥c-
XOJIHBIX OOBEKTOB, & BCE TPU JIMHEHHBIX PasMepa OJ[MHAKOBBIE.

Harmnummre mporpaMmy ¢ KJIacCOM JIJIsT peayin3aiini KOMILITEKCHBIX YHCeJI.
VY knacca nBa mons (JleCTBUTETbHAS W MHUMAasi 9aCTH KOMILJIEKCHOTO
yrcsa). Ommcars 1715 Kjacca oneparopHblie YHKIMU U METOIBI, TO3BO-
JISTIOTIIE BBITIOJIHATH Oa30Bble MaTeMATHIECKIEe OIePAIUi ¢ 0O beKTaMU
kiacca. CoszaTh Ha OCHOBE HA30BOTO KJIacca MPOU3BOAHBII KJIACC, B KO-
TOPOM peasin30BaTh IIPEICTaBICHNE KOMIIEKCHOTO YNCJIa B TPUTOHOME-
Tpudeckoii hopme. HamoMHIM, 4TO KOMIIJIEKCHOE YHUCHIO Z = X + iy Me-
€T JeWCTBUTENbHYIO X U MHUMYIO I YaCTH, & MHUMAsT e[MHUIIA | TaKasd,
at0 i© = —1. OCHOBHBIE MATEMATHUCCKUE OTEPAIMH ¢ KOMILICKCHBIMI
YHCIAME BBITIOTHSTIOTCST TAK K€, KaK U ¢ OOBIYHBIMU YHCIAMHE, C YIETOM
JIUIT TOTO, 4T i = —1. B TpHroHOMeTpIdecKoii (hopMe KOMILIEKCHOE
4HCJI0 HPEACTAaBUMO B BUJIE Z = |zlexp (i), Tae MoyJ/ib uncaa jz| = Na? + 1,
a apryMeHT ¢ Takoii, 4to sin(@) = y/(Nx? + y?) u cos(@) = x/(Vx? + y?).

YuecTb, UTO UMeET MeCTO TOX1eCTBO exp(ip) = cos(@) + i - sin(@).

Hamnumure nporpaMmmy ¢ KJ1accoM JIjisi peajim3aiui BEKTOPOB B IByMep-
HOMIIPOCTPAHCTBE. Y KJaccaBanoJist (koopanHatel Bekropa). [Ipemrycmo-
TPETh BBITIOJHEHKE Ga30BbIX Olepalii ¢ BeKTopaMu (TaKKX, HallpruMep,
KaK CJIOJKeHUEe M BBIYUTAHME BEKTOPOB, YMHOKEHIE U JleJIeHIIe BEKTOPOB
HA YHCJIO, BBIYMCJIEHUE CKAJSIPHOTO TPOU3BeNeHrs BeKTOpoB). [lyrem
HACJIeI0BAHNS CO3/IaTh KJIACC IS peain3aIiiil BEKTOPOB B TPEXMEPHOM
mpocTpaHcTBe (Y TAaKOTO BEKTOPA TPpU KoOpAuHATH ). HamoMHaMM, 94TO BeK-
TOP B TPEXMEPHOM ITPOCTPAHCTBE OTHO3HAYHO OITUCHIBAETCS TPEMSI KOOP-
muHaramit. OIepariin ¢ BEKTOPAMI BBIIIOJIHSIIOTCS TAK: €CIIIL d = (aa.a;)
b = (b,,b,,b,) BekTOpBI, a A 11 & — unca, T0 Aa + b = (Aa, + b ha, + Eb,,
\a, + Eb,), a ckasipHoe npousBesieHuea - b = a,b, + ab, + asb.,.
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4.

Hamnummure mporpaMmy ¢ KJIacCOM /ISl OIIMCAHUSI «JIETKOBOIO aBTOMO-
O6usist». Yepes 10JIst Kacca pean3yioTesl TaKhe XapaKTePUCTUKHU, Kak
Mapka, IBeT, 00bEeM TOIIMBHOTO Oaka (B JIUTPax), HOpMa MOTPEOTICHIIST
6ensuna (stpos Ha 100 kuomeTpos). IpemycMoTpeTh, KpoMe TIPOYero,
HaJIMYue MeTO/1a, TIO3BOJISIONIEr0 BBIUNCIUTD PACCTOSTHIE, KOTOPOE TIPO-
efeT aBTOMOOWIIb, U3PACXOL0BAB MOJIHBI Oak GeHsuHa (BBHIYUCIACTCS
Kak ymHokenHoe Ha 100 oTHomenne oGbeMa TOIIMBHOTO Haka K HOpMe
notpebiienus Gensuna). Ha ocHoBe kiacca mmyTeM Hac/IeI0BaHusI CO3/[aTh
MPOU3BO/IHBIIN KJTACC IJIS OTIMCAHMST «TPY30BOT0 aBTOMOOUIIst». [lo6aBuThH
0JIe, OMUCHIBAIOIIEE TPY30MOIBEMHOCTh aBTOMOOHIISE (MaKCUMabHAst
Macca Tpy3a B TOHHAX, KOTOPYIO MOKET TIePEBO3UTH aBTOMOOWIID) 1 Me-
TOJI, TIO3BOJISIIOIIU T BEIYUCTUTH CeHECTOMMOCTD TPAHCTTIOPTUPOBKH OTHOM
TOHHBII TPy3a HA OJIMH KUJIOMETP. Pe3ysbraT MeToia paccunuThIBAETCS
Tak: HopMma norpedseHust GensnHa genntest Ha 100, yMHOKaeTCst Ha eHy
auTpa GeH3MHA U JIEJIUTCS Ha TPY30110ibeMHOCTh. Llena nTpa Gensnma
nepesiaeTcst apryMeHToM MeTofy. PaccMoTpeTh BO3MOXKHOCTD OlIpe/iesie-
HUSI JUISI KJIacca OIePaTOPHBIX METO/I0B U OIIEPATOPHBIX (DYHKIIMIA.

Harmuimmre mporpamMmy ¢ KJ1accoM JIJist ONIUCAHUST CUTYAIUH, KOT/Ia IEHeK-
HBII BKJIa/l, pa3MelaeMblil Ha IeTI03UTe, COCTOUT U3 IBYX vacTeil. Bpems
pasMelleHns JeII03UTa OHO U TO JKe I 06erx JyacTell BKJIaja, a Ipo-
LIEHTHasI CTaBKa JJIst KayKIOM YacTy BKJIaga cBost. DakTUYeCKH pedb Uer
0 pPacIIMPeHHOM BapuaHTe 3a/Ia4¥, PACCMOTPEHHOI BBITIIE B JAHHON TJIaBe.
[Ipearaercst peain3oBaTh Te JKe Olepaliii, YTO ONUCHIBAIKCH It 00b-
eKTOB KJ1acca MyMoney, HO TOJIbKO C Y4€TOM HOBOH ITOCTAHOBKY 3a/1aUM.

PekomeHpauum gnga caMmoCTOATE NIbHOM paboThl

[TpemoxuTe 0OBEKTHI ¥ SIBJICHUS U3 PEATbHON JKU3HU, KOTOPBIE MOKHO
6bL10 OBI ONMUCATh HA TIPOrPAMMHOM YPOBHE B paMKax KOHIIEIIIIUN KJIac-
coB 1 06beKTOB. CocTaBbTe COOTBETCTBYIOIINE TPOTPAMMBI.

Kakue maremarnyeckue 0ObEKTHI U OTEPAIMU MOTYT OBITH 3alIPOTPaM-
MHUPOBaHbl C MPUMEHEHHEM OOBEKTHO-OPUEHTHPOBAHHOTO TOAXO0/1a?
[IpeanoxuTe cBOM MPOTPAMMBL.

IIpenyosxure BapraHThI pellleHus TexX 3a/1a4, KOTOPble pacCMaTPUBaINCh
B TIPEABIAYIINX TyIaBaxX (MW TPEAIaraluch TaM I CAaMOCTOSITETbHOTO
PETIIeH ST ), C MCIOIB30BAHNEM KITACCOB U OOBEKTOB.



MrmaBsa 6

NCIMNOJIb3SOBAHUE KJIACCOB
N OBbEKTOB

— A mouemy OH pPoeT Ha jopore?
— Jla moToMy, 9TO B JPYTUX MECTaxX BCE
YIKe MIEPEPBITO U TIePecesiHO.

uz k/p «31 urons»

B aT0i1 rmaBe MBI paccMOTPUM P crelIn(UIeCKUX BOITPOCOB, CBI3aAHHBIX
C UCTIOJIb30BAHKMEM KJIACCOB U 0OBEKTOB. KpoMe mpovero, Mbl OCTAHOBUMCSI
Ha TaKUX TeMaX Kak:

co3/laHne MaccuBa 0ObEKTOB;

cosanue 0ObeKTa C MOJIEM-MaCCUBOM;

pabora ¢ yKazaTeJsiMu Ha 00beKT;

cosnanue (GYHKTOPOB;

UHJIEKCUPOBaHKEe 00bEKTOB;

peasiMsanust KOHCTPYKTOPa CO3/aHust KOTIMK 0OBEKTa;
WCIIOJIb30BaHNE BUPTYaTbHBIX METOIOB;

IIpUMEHEHEe MHOKECTBEHHOTO HACJI€/I0BAHMUS;

0cobeHHOCTH paboThI ¢ 3aKPBITBIMU YJieHaMK 6GAa30BOT0O Kjacca MpH Ha-
CJIeJJ0BaHNY;

JOCTYTI K 00beKTaM MPOU3BOIHOTO KJacca Yyepe3 0ObeKTHbIE TIepeMeH-
Hble 6a30BOTO KJIacca.

PaccmarpuBaembie fmaee puMepbl W 33/1a4¥ TPU3BAHBI TIPOUJIITIOCTPHPO-
BaTh Hanbosee Bakibie Mexanuambl OOTI, peamnsyembie B C++.

Yka3aTtesib Ha 00beKT

Jlinst o6bekTa, Kak v JJist 3HaueHus: Ipoctoro (6a3oBOro TUIA) MOKHO CO3-
JlaTh yKasaTellb. YKa3aTeslb Ha 00bEeKT — IepeMeHHasi, 3HaueHUeM KOTOPOii
ABJIsIETCS aipec 00bhEKTA.
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@ TEOPUSA

Monyyntb agpec o6bEKTa MOXHO C MOMOLLbIO UHCTPYKUMK &. Ecnun ne-
pen ykasaTenem nocTaBuThb *, MOJIy4MM 3HAYEeHMEe — TO eCTb CaM 0OBbEKT.
Ecnun meeTcs ykasaTtesb Ha 00bEeKT, TO 415 MOSy4eHMs A0CTyna K NMosisim
1 MeTogam o6bekTa Yepesa ykasaTelb UCNOoMb3YIoT onepaTop ->.

HeGoub1moii ipumep MCHob30BaHUs yKasaTesell Ha 0ObeKThI PeACTaBIeH
B smmctunre 6.1.

Jiucturr 6.1. floctyn K 06bekTam Yepes ykasaTtesb
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Omucanme xjacca:
class MyClass{
public:
// TekcToBOE MOJE:
string name;
// UejouncrneHHoe mnoje:
int number;
// Meton mng OTOGpaxeHMs 3HAUEHUS [OJIEN:
void show () {
cout<<"lloje name: "<<name<<endl;

cout<<"loyse number: "<<number<<endl;

bi
// TnaBHas QYHKUMA TPOTPAMMH:
int main () {
// VI3MeHeHME KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// Cospmanue OOBEKTOB:
MyClass objA,objB;

// OObLaBIeHME yKas3aTesd Ha OOBEeKT:
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}

MyClass* p;

// Ampec o0BbeKTa 3alMCHIBAETCS B YKA3aTEJb:
p=&0bjA;

// TlpucBauBaHye 3HAUEHUI MOJAM OOBEKTA
// udepes ykasaress:

p->name="006bekT 0bJjA";

p->number=111;

// BHI30B MeTOIa uepes3 yKazaTeslb:
p->show () ;

// HoBoe 3HaueHMe ykKasaTesd:

p=&0bjB;

// TpucBauBaHue 3HAYEHWUM MOJIM OOBEKTa
// uepes ykaszaTesb:

p->name="06nekT 0bJjB";

p->number=222;

// BHI30OB MeTOIa uepes3 yKazaTesb:
p->show () ;

cout<<"llpoBepsem o6bekTH\N";

// TpoBepka 3HaYeHMI MOJel OCBEKTOB:
objA.show();

objB.show () ;

// 3amepxka KOHCOJBHOTO OKHa:
system("pause>nul");

return 0;

PCBYJIBTaT BBIITOJIHEHUA IIPOTPaMMbI TaKOM:

Pe3ynbTaTt BbiNOJIHEHUS NPOrpamMmbl (U3 nucTuHra 6.1)

llone name: O6®exT ObLJA

[losie number: 111

llone name: OGBekT 0bJB

[lose number: 222

[lpoBepsaeM OOBLEKTEH
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llone name: 00bexT ObJA
[lone number: 111
llome name: O6wexT 0b7JB

[losie number: 222

B mporpamme omnmcerBaetcs kiacce MyClass, B KOTOPOM €CTh TEKCTOBOE (THUT
string) mose name 1 nesouncaeHHoe (TUI int) mose number. Takske B Kyacce
omrcaH MeToJl show (), MpeIHA3HAYEHHDBIN IS 0T06paﬁKeHHHﬁ3HaquHH‘HO-
Jieit 00beKTa, U3 KOTOPOT'O BbI3bIBAETCS METOI.

B dyHkImu main () komanmoii MyClass objA,objB co3maiorcst [Ba 0ObeKTa
Ksacca MyClass. 3aTeM KOMaH/IOW MyClass* p OOBSIBJISIETCS] yKa3aTesb Ha
00beKT KIacca MyClass. KomaH/01i p=&objA 3HaUEHIEM YKa3aTeJrto pUcBan-
BaeTcs azpec obbekTa objA. IToaToMy KoMaHZAMH p->name="06bexT ObIA"
" p->number=111 IIpUCBanBaIOTCA 3HAUYECHUA OJIIM 00BbEeKTa objA, a KOMaH-
JI01 p->show () U3 0ObeKTa 0bjA BBI3BIBAETCA METO/ show () .

[Tocne npucBanBaHUs HOBOTO 3HAUEHUS YKA3aTeJIo p ¢ TOMOIIbIO KOMaH/IbI
p=&0bJB, MHCTPYKIUU p->name="00®vekT 0bjB", p->number=222 u p->show ()
HopasyMeBaoT obpaleHne K oM U MeTony obbekta objB. IIpoBepky
3HaYeHUil 1oJiell 0ObEKTOB 0bjA 1 objB BBIIOJIHSAEM, BbI3BAB U3 HTHX 00b-
€KTOB MeTO/ show ().

Elite ouH mpuMep MCIOJIb30BaHUsI YKa3areiell Ha 00bEKT MpeCcTaBieH
B caemyioniem npumepe. Tam cosnaercs yenouxa obvexmos. Bee 06beKThI
AMHAMUYECKUE — TO €CTh TMaMSITh MO/l HUX BBIIEISETCS B IUHAMUYECKOM
pesxxnme. Y KakI0ro 00beKTa eCTh MoJie-yKa3aTeb, CoIepKaliee aapec
cienyioniero o0beKTa B Ienoyke. TakuM o6pa3om, uMest JOCTYIl K Hep-
BOMY OOBEKTY B IETIOUKe, MOKEM TOJIYIUTDh JOCTYI K JIOOOMY 00BEKTY.
[Iporpamma, B KOTOPOIi peasin30BaHa Ta ujiesl, IPECTABIEHA B JIUCTHH-
re 6.2.

JucTtunr 6.2. Ucnonb3oBaHue yka3aTesneil Ha 06bEKT
#include <iostream>

#include <cstdlib>

using namespace std;

// Omucanue xjacca:

class MyClass{

public:
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// CuMBOJIbHOE IOoJIe:
char code;
// Tone — ykasaTeab Ha OOBEKT:
MyClass* next;
// DlecTpykTop:
~MyClass () {

cout<<"06nekr c nojem "<<code<<" ymanen\n";
}
// Meron mns oToCpaxeHus 3HAUEHMS CUMMBOJIBHOTO IOJIA:
void show () {

// OroGpaxeHne 3HAUEHMS IOJIA:

cout<<code<<" ";

if (next) {

// BH30B MeToma IJd CJIenyoumero OoO0BeKTa:

next->show () ;

}i
// OyHKUMSA IS yOaJeHUS LENOUKY OOBEKTOB:
void deleteAll (MyClass* q) {
// TpoBepka ampeca B mojie next:
if (g->next) {
// BH30B OYHKLUMM IJIS CJIEOYHLET0 OOLEeKTa:
deleteAll (g->next);
}
// Ynanenue TeKkymero OOBEKTa:
delete g;
}
// TnaBHas OYHKUMA TPOTPAMMH:
int main () {
// VI3MeHeHME KOIVPOBKM KOHCOJM:

system("chcp 1251>nul");
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// llenounciieHHas NepeMeHHaq:
int n=10;
// IvHaMMueckoe cO3aHMue OODBEeKTa:
MyClass* pnt=new MyClass;
// JocTymn x mosio 06BEKTa Yepe3 yKasaTesb Ha Hero:
pnt->code='A";
// Ykasarenbr Ha OOLEKT:
MyClass *p;
// HauajbHOE 3HAUEHME yKa3aTejd:
p=pnt;
// Co3maHue LENMOUKY OOBEKTOB:
for (int k=1;k<=n;k++){
// CosmaHue O4YepemHOTO OBBEKTa:
p->next=new MyClass;
// 3BHauenme mosig code Mg HOBOTO OOGBEKTA:
p->next->code=p->codetl;
// HOBOEe 3HAueHMe yKazaTejd — alpec
// BHOBb CO3IAHHOTO OOBEKTA:
p=p->next;
}
// HymneBas CChIKa B Iojie next g NOCJeNHEero
// ofmekTa B lENouKe:
p->next=0;
// BH30B MeTOZa IJA NEPBOTO OOBEKTAa B LENOUKE:
pnt->show () ;
cout<<endl;
// YmaneHue LENOUKM OOBEKTOR:
deleteAll (pnt);
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;
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Hwuxe IpeacTaBJ/IeH PE3YJIbTAT BBITIOJTHEHUA IIPOTrPAMMBI:

Pes3ynbrat BbiNOJIHEHMS NPOrpamMmmbl (U3 nUCTUHra 6.2)

ABCDEFGHTIUJK

06BEeKT nojem K ymaneH

ObbekT c nojem J ymajieH

06wexT c mosiem I ymajed

06wexT c mosiem H ymasnes

OBBeKT nojieM G ynajeH

OBOBeKT noyneM E ynaneH

OBOBeKT noneM D ynaneH

06BEeKT nojem C ymaneH

00BeKT oJIeM

c K
c J
¢ I
¢ H
¢ G
0b6vekT C nojeMm F ymaneH
c E
o D
c C
C B ynaneH
¢ A

06wekT C mosiem A ymajeH

[Ipoananmusupyem mporpaMMHBIH KO/ prMepa. B kiacce MyClass ommcano
JIBa TOJISI: CUMBOJIBHOE TI0JIe code U T0JIe next, KOTOPOE SIBJISIETCS] yKa3aTe-
JieM Ha 00beKT KJacca MyClass (1moJie 0OBSIBJIECHO C TIOMOIIBI0 MHCTPYKIIUH
MyClass* next). Takke B Kyiacce ommcan JecTpyKTop. B Tese mectpykropa
KOMAaH/IOM cout<<"06rekT ¢ mosmeM "<<code<<" ymameH\n" 0T06pa>KaeTc;1 co-
obuienune 06 ynaneHun oObeKTa U YKa3blBaeTCsl, KaKOe 3HaueHue T0JIs code
yHanseMoro o6bekTa. JJecTpyKTop HaM HysKeH UCKJIIOYUTENbHO JJIS TOTO
4yTOOBI ClleJIaTh HAIJISIAHBIM Ipollecce yaaneHus obbekTa. IIpore rosops,
Korza OyeT yAaIsIThCst TOT WM MHOM OOBEKT, Mbl 9TO YBUAMM (TIpaKTIye-
CKH B OYKBAJILHOM CMBICJIE).

Eme B kyacce MyClass onucal MeTO/ show (), KOJIL KOTOPOTO JIOCTOUH OT/IEJb-
HOTO BHUMaHUA. MeTosm He BO3BpalllaeT Pe3yabTaT, U y Hero HeT apryMeH-
ToB. I[Ipu BbI30BE METOA CHAYAIA KOMAH/IOM cout<<code<<" " 0TOOpasKaeTCs
3Ha4YeHHe MoJst code 0OBEKTA, U3 KOTOPOTO BhI3bIBaeTcs MeToh. Ho aTo emie
He Bce. [Tocse oToOpakeHnst 3HAYEHUS TIOJIsI code B YCIOBHOM OIEpaToOpe
MpOBepsEeTCs 3HaUeHue 1MoJid next. Eciu 3HaUeHUe 1M0JIs OTJIMYHO OT HYJId,
TO KOMaHZIOW next->show () MeTOJl show() BbBI3bIBAETCS JJISI CJEAYIONIETO
00BbeKTa B IIEMTOUKE.

# NOAPOBHOCTM

B none next o6bekTa 3anucaH agpec crenyloulero anemeHTa. ns no-
cnegHero obbekTta B LENnoYke crenylolero obbekta HeT, No3ToMy
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nocnegHuin 06bLEKT He cCcblnaeTcs Ha apyroi o6bekT. MNpeanonaraeTtcs,
YTO Mone next NOCNeOHero B Leno4yke oobekTa COAEpPXUT HyneBoe 3Ha-
yeHue. Takum 06pa3om, PABEHCTBO HYJIO NMOASA next MHTEPNPETUPYETCSH
Kak Npu3HaK NocnegHero o6bekTa B LIEMOYKe.

34eCb Takke YMECTHO HAaNOMHUTb, YTO OT/IMYHBIE OT HYNS 3HAYEHUS UH-
TEPNPETUPYIOTCH Kak JIOTM4EeCKoe 3HaYeHMe true, a HyJIeBOe 3HaYeHne
VHTEPNPETUPYETCS Kak JIormyeckoe 3HadyeHune false. [l03TOMy OTANYHBIN
OT HyNSA agpec B rnose next (NepefaHHblil YCOBMEM B YCIIOBHBIN ornepa-
TOP) NHTEPMNPETUPYETCHA KaK NOrM4yeckoe 3HayeHue true, a nose next
C HYNEeBbIM 3HAYEHMEM B MOCSIEAHEM OObEKTE MHTEPNPETUPYEeTCs Kak
3Ha4veHue false.

CJieoBaTeIbHO, IPU BBI30BE METO/IA show () U3 00beKTa 0TOGpakaeTcs 3Ha-
ueHre code 0OBEKTA, TOCJIE YeTO ABTOMATHYECKU BBI3BIBAETCST METO show ()
JUIS CTIeAyIoniero oObeKTa, U Tak aanee. B pesyisrate mpu BHI30BE METO/IA
show () MOCJIEZ0BATENbHO OTOOPAKAIOTCS 3HAYECHUST TIOJIEH code BCeX 0OBEK-
TOB B I[EMTOYKE, HAYMHASI C TOTO, C KOTOPOTO BBI3BIBAETCST METOJI.

[TockobKy 0OBEKTHI B TIPOrPaMMe CO3A0TCS JUHAMUYECKHIE, TO UX CJIE/Y-
er yaasisaTh. [IpobieMa cBsizaHa ¢ TeM, 4TO Pedub HAET O IeNoYKe 0OBEKTOB
U IIPSIMOIA IOCTYII UIMEETCST TOJIBKO K HepBoMy 00bekTy. [ToaTomy tipu yia-
JIEHUU OOBEKTOB HYKHO <IIPOUTH» TIO TIEMOYKE U YIIUTh KasK/Ablii 00BEKT.
i perieHns 3a/1aul ONKUCHIBAETCS q)yHKuMH deleteAll (). qDyHKuI/IH He
BO3BpAIllAeT Pe3yJIbTaT, U y Hee OJ1H apryMeHT (0003HaYeH KakK q), KOTOPBII
ABJIsIeTCS yKaszareseM Ha 00beKT Kiacca MyClass. Koj tesia hyHKIMm Haum-
HaeTcs ¢ YCJIOBHOTO orepatopa (B yIpoIleHHOH (opMe), B KOTOPOM TIPOBe-
pseTcs yeaoBue g->next. YCI0BUE g->next COCTOUT B TOM, UTO a/ipec B TIOJIe
next 00BEKTa, MEPEJAHHOTO Yepe3 yKasaTeb g apryMeHTOM (DYHKIIMU, He
paBeH Hyuito. [Tpoiie roBopsi, JaHHOE YCJIOBKME UCTUHHO, eCJii 00bEKT, apec
KOTOPOTO 3alliCaH B yKa3aTesb g, He SIBJISIETCS MTOCTIEAHUM 00BEKTOM B Iie-
nouyke. Ecii tak, To KoMaHoil deleteAll (q->next) (byHKuHH deleteAll ()
BBI3BIBAETCS JIJIs CJIELYIOIIEro oObeKTa B 1enodke. Iloce ycaoBHOro onepa-
TOpa KOMaHAoi delete q ymaisiercss OOBEKT, ajipec KOTOPOTO COAEPKUTCS
B yKasareJie q.

@ HA 3AMETKY

To ecTb oOLWasa cxema Takas: GyHKUUSA deleteAll () BbI3bIBAETCH C yKa-
3aHMEeM agpeca HeKoTOporo oO0bekTa, KOTOpblA O0MKeH ObiTb yaa-
neH. Ho nepepn ero yoaneHMeM aBTOMaTUYeCKM Bbl3biBAETCS GYHKLUUSA
deleteAll () Ong ynaneHus cneaywouero obwekra. MNepen yoaneHnem
crnepnytoLllero o6bekTa onsATh Bbl3blBaeTCA PyHKUMS deleteAll () Ans yaa-
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NeHVs eLle OAHOro 0ObEKTA B LIEMOYKE, U Tak Janee — rnoka oyepep He
noonaet oo nocnenHero oobekTa. OH yaanseTcs, Nocne 4Yero yaansiercs
npeabIayLwmin 00bEKT, 3aTeM 0ObEKT Nepen, HUM, 1 Tak aanee. Takum 00-
pa3oMm, 06bekTbl ByayT yaansaTbCsa C KOHUA LIEMOYKM B ee Havasno. Mpwn
BbI30BEe PYHKLUMN deleterll () apryMEHTOM el NepefaeTcs nepBblii 00b-
€KT B Liernoyke.

B riaBHON (yHKINK TPOTpaMMbl OOBSABISETCS [EI0YNCICHHAS TIepeMeH-
Has n. KojmuectBo 0ObEKTOB B II€MOYKE Ha eAWHUILY OOJIbllle 3HAYEeHUS
aTolt mepeMenHoi. Komanmoit MyClass* pnt=new MyClass co3maeTcs IUHA-
MUYECKUI 00BEKT ¥ €ro ajipec 3alichiBaeTcsl B yKasaTeb pnt. Komaupoi
pnt->code="A" MmoJ0 code 3TOTO O0OBEKTA TPUCBAMBAETCS 3HaueHHe 'A'.
Komanoit MyClass *p cosmaercsi ykazaTesb p Ha 00beKT KJacca MyClass
U 3HAUYEHWE yKa3aTesio NpHcBanBaeTcs KoMaHjoil p=pnt. [loatomy B Ha-
YaIbHbBII MOMEHT YKa3aTeJIh p COAEPKUT aJPec TOro ke 0O0beKTa, 4To U yKa-
3aTesb pnt. Jlasee 3amyckaeTcst omepaTop IIMKJA, B KOTOPOM WHAEKCHas
rmepeMeHHas k TPUHUMAET 3HAUeHU OT 1 70 n BKIIOUUTEIBHO. 32 KasKIbIH
IIUKJI TTOCTIeI0BATETHHO BBITIONHAIOTCS TpU KoMaHapl. CHavama KOMaHI0n
p->next=new MyClass CO3Za€TCS OYEPEAHON AMHAMMYECKUN OOBEKT U €ro
aJipec 3alliChIBAETCST B 10JIE next OOBEKTA, OMPEAEISIEMOTO yKa3aTeJeM p
(crepyrommit 06bekT B 1enouke). KomaHmoit p->next->code=p->code+l
HOJTI0 code BHOBbH CO3/IaHHOTO OOBEKTa MPUCBAUBAETCSI YBEJUYEHHOE Ha
eJIMHUILY 3HAUYEHHE TI0JIs code TeKyIIero (aapec KOTOPOro 3ammical B yKa3a-
Tesie p) 0ObeKTa.

A4 NMOAPOBHOCTMH

O6palleHre K nonto code 06bekTa, agpec KOTOPOro 3anvcaH B nosne
next (a none next, B CBOK 04Yepeab, OTHOCUTCS K 0O6beKTY, onpeaense-
MOMY yKa3aTefleM p), BbIMGOUT KaK p->next->code. Takas MHCTPYKLNS
HaxXoAUTCS B JIEBOW YaCTW KOMaHAbl MPUCBaVBaHNS 3HAYEHUS p->next->
code=p->code+l. C Opyro CTOPOHbI, Y 0O0beKkTa, onpeaensiemMoro yka-
3aTenem p, NOMUMO MOJS next UMEETCS eLle 1 none code. ObpalLeHne
K 9TOMY MOJIKO BbINOJIHAETCH C MOMOLUBIO MHCTPYKUUK p->code. lNone
CUMBOJIbHOE, MO3TOMY €C/iM K HEMY NPubaBuUTb eauHULY (BbipaxeHue
p->code+1), NONy4MM crenyoulyto 6ykBy No OTHOLUEHWUIO K TOW, 4TO 3a-
nucaHa B nose code 06bekTa, onpenensiemMoro ykasarenem p. MIMeHHo
Takoe 3Ha4YeHue (MMeeTCs B BUAY BblpaXXeHUE p->code+1) NpYCBanBaeT-
C4A MOJI0 p->next->code.

Haxkownertr, komaumoit p=p->next B yKa3aTesb p 3alUCHIBACTCS 3HAYCHUE TTOJIST
next 00BEKTA, aZpec KOTOPOTO JI0 ITOTO OBLI 3alliCaH B JaHHOM yKasaTele.
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TakuM 006pasoM, ykaszaresb <mepedpachbiBaeTCs» Ha CIEAYIONHA 0OBEKT
B IIETTOYKE.

[Tocsie BHIMOJHEHM OIlepaTopa IMKJa LEelnoYka o0beKToB costana. Ocra-
JIOCh TOJIBKO KOMaH/I0l p->next=0 MPUCBOUTD HYJIEBOE 3HAUYEHUE OO nNext
ocJieHero oObeKTa B IielouKe. 371eCh Mbl BOCIIOJIb30BaIICh TE€M, YTO 110 3a-
BEpIIEHNH OlepaTopa UKJIA yKa3aTe b p OyAET CoAepKaTh afpec IOCIeIHE-
ro 0OBbeKTa B I[EMIOYKe 0OBEKTOB.

Komamnoii pnt->show () U3 mepBOro o6bEKTa B IEIIOYKE BbI3HIBAETCS Me-
TO/ show (). Bilarogapst aBToMaTU4eCKOMY BBI30BY 9TOTO METO/IA JIJIsI BCEX
POYMX 0OBEKTOB, B KOHCOJBHOM OKHE B CTPOYKY depes mpobes oToopa-
SKAIOTCS 3HAYEHUSI CUMBOJILHBIX II0JI€H 0OBEKTOB /15 Beell menouku. 11o-
cjie 3TOro KoMaHaoll deleteAll (pnt) ILieloYka 00BEKTOB yAajasieTcs U3
IMaMATH.

Co3pnaHue MmaccuBa OOBbEKTOB
HepezIKo HpI/IXOZII/ITCH CTaJIKUBaAaTbCda C CHTyaHHeﬁ, Korza Hy)KHO CO3/1aThb

MAaCCHB, JIEMEHTaMU KOTOPOTO SIBJSAIOTCS 00beKThI. VIMEHHO TaKoil ipuMep
paccMOTpHM fiasiee. B HEKOTOPOM CMBIC/Ie OH HATTOMUHAET TTPeIbI Ty TINT.

@ TEOPU4YA

MaccuB 06bEKTOB CO30aEeTCH TOYHO TaK Xe, Kak M MacCcuB 3N1IEMEHTOB
Opyrux TUMNoB, C TOW NULLIb pas3HULIEl, YTO B Ka4yecTBe Tuna anemMeHTa
yKa3blBaeTCs Ha3BaHWe Kracca.

BakHOe ycnoBue CoOCTOUT B TOM, 4TO KJ1aCC, Ha OCHOBE KOTOPOro co3aa-
I0TCH 9NIEMEHThbI MacCuBa, JO/MKEH UMETb KOHCTPYKTOP 6e3 aprymMeHTOB,
NMOCKOJIbKY MMEHHO TaKOi KOHCTPYKTOP BbI3bIBAETCH NPY CO3OaHUN dre-
MEHTOB MaccuBa.

OcHoBy TpeACTaBIEHHOTO B iUCTHHTE 6.3 TPOTPAMMHOTO KO/Ia COCTABJISIET
oTcanue kiaacca MyWords. Y Kiacca ecTb TEKCTOBOe (THTI string) rmose word,
Jorndeckoe (T bool) moJe state, OMUCaH KOHCTPYKTOP Oe3 apryMeHTOB
n MeToj read (). B KOHCTPYKTOpE KoMaHgaMu word="" u state=true HOJIAM
npucBauBaloTcs 3Hadenus. Metoj read () (MeTO/I He BO3BpalllaeT Pe3yJibTar,
U y Hero HeT apryMeHTOB) COCTOUT U3 KOMaH/IbI cout<<word<<" " (KoMaHJ0OI
oTobpaskaercst 3Hadenue 1moJisi word 0ObeKTa, 13 KOTOPOTO BBI3BIBAETCS Me-
TOJ) M YCJIOBHOTO OIlepaTopa B yrpolieHHoit ¢hopme. B ycroBHom omepaTtope
[IPOBEPSIEMBIM YCJIOBHUEM BBICTYIIAET 3HAaYeHUe 1101 state. Ecan 3Hauenue
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I0JId PaBHO true, TO KOMaH/IOU (this+1)->read () BbI3bIBaeTCSA METOJ read ()
aﬂﬂCﬂeayKnuen)o6beKTaBmuumHBe.BHeCBhﬂﬂBOCHOﬂLSOBaHHCBHByMHo6—
CTOATEJIbLCTBAMMU:

® 3JIEMCEHTBI MaCcCHBa B IaMATH PACIIOJIOKEHBI ITOAP;

® 1Ipu HpI/I6aBJIE‘HI/II/I K YKazaTeJsIio IeJjioro 4mcJja MmoaydaeM yKa3aTelb Ha
061aCTh nmaMATHu, OTCTOANLYIO OT KCXO/{HOU Ha KOJIMYECTBO A4YECK, OIIpe-
JiejrsaemMoe HpI/I6aBJI§IeMbIM YHCJIOM.

KiroueBoe ¢ioBo this B Tejie MeToza SBJISIETCST yKasarejieM Ha OObeKT, 13
KOTOPOTO BBI3BIBAETCS METO/I. SHAUEHMEM BBIpAKEHNUA this+1 ABIsSETCS yKa-
3aTeJsIb Ha OOBEKT, HaXOMAIIMICA B TIAMATH 32 JaHHBIM 00beKToM. I1ocKomb-
Ky 3/1eChb pedb uiaeT 006 00beKTax, KOTOPbIE SIBJSIIOTCS SJIEMEHTAaMU MaCcCH-
Ba, TO 3HAUEHUE BbIPakeHUs this+l — yKazaTesb Ha CJAEAYIOIIUI 3JIeMeHT
(oH xe o6bekT) MaccuBa. Iloaromy komamzga (this+l)->read() osHauaer
BBI30B MeTozia read () A cJaeayionero (1o CpaBHEHUIO ¢ TEKYIMM) 00b-
€KTa B MaCCHBE.

@ HA 3AMETKY

Mony4aeTca Tak, 4TO Npu BbI30BE METoaa read () U3 0ObekTa B MaccuBe
OaHHbI METOA, HAYHET BbI3blBATLCA U3 KAXA0ro CleayoLLero afnemMeHTa
B MaccuBe. Tak BydeTt npogosixaTbca A0 Tex rnop, rnoka B MacCuBe He
BCTPETUTCA 0OBEKT CO 3HAYEHMEM MoJiA state paBHbIM false. Kak Mbl
yBUOUM fanee, nosie ¢ Takum 3HadeHnem Oynet y nocnegHero oobekra
B MaccuBe.

Becw mporpamMMuBIil KoJ1 TpUMepa TpeICTaBIeH HUXKe:

Jincturr 6.3. MaccuB 06beKTOB
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Omucanue xjacca:
class MyWords{
public:
// TexcToBoe moye:

string word;
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// Tone JOTMYECKOTO TUIA:
bool state;
// KoucTpykTop ©e3 apr'yMEeHTOB:
MyWords () {
word="";
State=true;
}
// MerTonm Ons CUMTHBaHMSA 3HAYEHMS TEKCTOBOTO I[OJIS:
void read() {
// OrobpaxeHue 3HaUEHUS [OJIA OOLEKTA:
cout<<word<<" ";
// TpoBepka 3HaueHus monsd state:
if (state) {
// BEHI3OB MeTOIa IJIS COCEIHETO OOBEeKTa:

(this+1l)->read();

}i
// TnaBHag OQYHKUMA TPOTPAMMH:
int main () {
// VI3MeHeHMEe KOIVPOBKM KOHCOJM:
system("chcp 1251>nul");
// Pasmep Maccuea:
const int n=5;
// TeKCTOBHIL MAaCCUB:

string numbers[n]={"omu", "nBa",

tpu", "uerrpe", "nare"};
// MaccuB 0GBEKTOB:

MyWords words[n];

// 3Hauenue nug mong state mocnemHero

// oBLekTa B MaccCuee:

words[n-1].state=false;

// TpucBauBaHue 3HauYeHUd MO0 word Iuid
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// OOBEKTOB B MaCCuUBE:
for(int k=0;k<n; k++) {
words [k] .word=numbers[k];

}

// BH30B MeTOma:
words[0].read();

cout<<endl;

words[2].read();

cout<<endl;

// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

}

B rmaBHOH (yHKIUMU HPOTrpaMMbl OObSABISETCS LEJIOYUCAEHHAsS KOH-
CTaHTa n co 3HayeHWeM 5 (pa3mep MaccuBa). BcmomoratenbHblii Mac-
CHUB C TEKCTOBBIMU 3HAUEHUSAMM CO3/l1aeM U WHUIUATU3UPYEM KOMaHIOU
string numbers[n]={"omuu","oBa", "rpu", "uettpe", "nars"}.

JlaHHBI MacCUB COAEP/KUT 3HAaYeHHUs, KOTOpPble OYAyT NPUCBAMBATHCS
TEKCTOBBIM TI0JIIM OOBEKTOB M3 MacCuBa, OObSBISEMOr0 WHCTPYKIMEN
Myliords words[n]. KoHcTpykTOp G€3 apryMeHTOB, KOTOPbIii aBTOMAaTHUECKH
BBI3BIBAETCST ISl CO3JAHUsT KaxK/[0r0 U3 OOBEKTOB B MaCCHUBE, PUCBANBAET
TTOJTIO state KaXKAOTO M3 0OBEKTOB 3Hadenue true. Komanmoi words [n-1].
state=false mocienHeMy OOBEKTY B MAcCHBe words /LISl TIOJIsT state 3aja-
eTcst 3HayeHue false. Ilocse aToro 3amyckaercs: onepaTrop IUKJIA, B KOTO-
POM I1epedUpaloTCs 3JeMEHThI MACCUBA words M 3a KasK/bIH MK/ KOMAHIO
words[k}.word=numbers[k}HOHH)wordoqepeﬂHon306LeKTalsMaCCHBewords
[IpUCBaNBaETCA 3HaYCHUE COOTBETCTBYIOIIErO dJIeMeHTa U3 TEKCTOBOIO Mac-
CUBa numbers.

ITocye Toro, Kak moJyist 06BEKTOB B MacCUBe words 3aIllOJHEHbI, U3 TIEPBOTO
00BEKTa B MaCCHUBE BBI3BIBACTCS MeTOJ read () (xomanma words [0] .read () ).
B pesyubraTe i/1st Kask10ro U3 00beKTOB B MACCUBE words 0TOOpasKaeTcs 3Ha-
yeHue noJist word. Ecii ke Boc1iostb30BaThesT KoMaH1ol words [2] .read (), TO
3HaveHue 1oJist word OyeT 0ToOpaKkaThes 1Jist BceX 00bEKTOB B MAaCCUBE, Ha-
YUHAs ¢ TPeThero (MHAEKC 2) U 10 KOHIIa MaccuBa. Pe3ybraT BBITIOTHEHUST
MIPOTPAMMBbI TAKO:
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Pe3ynbTat BbiNOJIHEHMS NPpOrpamMmmbl (M3 nucTuHra 6.3)

OIMH IBa TPM YeTHpe I4Tb

TP UETHpEe MNATH

[IepBasi cTpoka B KOHCOJIbBHOM OKHE TIOSIBJISIETCSI BCJIE/ICTBHE BBITIOJTHEHUS

KoMaH/bl words [0] . read (), BTOpas — IPU BBIITOJHEHUN KOMaH/Ibl words [2] .
read().

MaccuB Kak none knacca

B HEKOTOPBIX CITydasix UMeeT CMBICJT UJTH TTPOCTO HEOOXOAMMO, YTOOBI B KJIac-
ce roJieM ObLI MaccuB. PaceMoTpuM Takoii ciryvail. B ipeacraBiernom najee
TIpuMepe ONMChIBaeTcsd Kiacc Taylor, IpeHA3HAYEHHBIN IS peaTn3ainn
psana Tetimopa A1 pa3auIHbIX QYHKITAH.

4 NMOAPOBHOCTHU

Ana oyHkumn f(x) pagom Tennopa B OKPECTHOCTU TOHKM X, Ha3blBaeTCs
npencrtaeneHne GyHKuum B Buae fix) = f_ Ci(x —xo)k, roe KoadeULUNEHThI
¢, = (f(x,))/k!. Psip, Telinopa MoxHO MCHONbL30BATL AIS annpoKcUMMUpo-
BaHUs GyHKUMIA. B 3TOM cnyyae psg 06pbiBaeTcs, M MMEET MECTO OLleHKa
f(x) = an:O(ck(x - xo)k). Ecnn peyb noet o pasnoxeHun B OKPECTHOCTU HYNA
(To ecTb Npun Xy = 0), To ona pyHKuumM f(x) nony4aem ouEHKY B BUOE MNO-
nmHoma f(x) ~ kZ:O(ckxk), KoTopasi AaeT NPUOINXKEHHOE 3Ha4YeHne PYHKLMKN
B To4ke x. B Takom cnyyae npencrasneHve pyHkumu f(x) B Buge psna
CBOAMTCSA K onpeneneHunto kKoadobuumeHTos ¢, (nHgexkc k=0, 1, ..., n).

B paccmartpuBaemon ganee nporpaMMe ONvCbIBAETCH Knacc C nonem-
MacCWBOM, N B 3TOT MaCCUB 3aHOCATCSH KOIDODULMEHTBI, ONpeaensio-
wme psag (orpaHuyeHHbIn) Tennopa ons HEKOTOPOM GYHKUMKN. Kaxabln
00OBLEeKT TaKoro kiacca COOTBETCTBYET OonpeneneHHoN GyHKLUMOHAIbHOM
3aBUICMMOCTHU.

B nuctunre 6.4 npezicraBieHa TporpaMMa, B KOTOPOW OTMCBIBAETCS KJIACC
Taylor. Y Kjacca ecThb noJjie-mMaccuB. MaccuB TipeiHa3HAYEH JJIsSI 3a1I0OMU-
HaHUS KO3(hPUIIMEHTOB, KOTOPbIE MbI OTOXK/ECTBIISIEM € KoadduimenTaMmu
pasyioxkenus yHKIUK B psia Tefisopa (B OKPeCTHOCTH HYJIS ).

Y kJacca ectb JiBe BEPCUU KOHCTPYKTOPA M METO/I, TIO3BOJISIONINI BbIYUC-
JIITh 3HaUYeHue psga Teilnopa B ykazaHHON Touke. PaccMoTpuM Koj mpo-
TPaMMBbI:
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Jluctunr 6.4. Pap Teiinopa pna pyHkunmu
#include <iostream>
#include <cstdlib>
#include <cmath>
using namespace std;
// Pasmep MaccuBa:
const int n=10;
// Knacc mns peanuzauvy pspa Tensopa:
class Taylor{
public:

// Tome — Maccus:

double a[n];

// KOHCTPYKTOP C OIHVM UYMCJIOBHIM ApTyMEHTOM:

Taylor (double p=0) {

for(int k=0;k<n; k++) {
alkl=p;

}
// KOHCTPYKTOp C apTyMEeHTOM — yKa3aTejeM:
Taylor (double* Db) {
for (int k=0;k<n;k++) {
alkl=b[k];

}

// Meron myis BHUMCIIEHUS SHAUEHMA DPANA:
double value (double x) {
double s=0,q9=1;
for (int k=0;k<n; k++) {
st=a[k]*q;
qr=x;
}

return s;
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bi

// TnaBHasg GYHKUMS [POTPAMMEL:

int main () {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// UMCIoBOV MacCCUB:
double b[n]={0,1,0,1./3,0,2./15,0,17./315,0,62./2835};
// Co3panme OOBEKTOB:
Taylor myexp,f(1l),mytan (b);
// OCpameHue K 3JIEMEHTY MacCUBAa — I[OJg OOBEKTa:
myexp.a[0]=1;
// 3BamnosHeHywe MaccuBa — NOJIA OOBEKTA:
for (int k=1;k<n;k++){

myexp.a[k]=myexp.al[k-1]/k;

}
// ApTYMEHT [Jig BHUMCJIEHUS 3HaueHMd GyHKUMM U pAma:
double x=1.0;
// BHUMCIIEHME BHAYEHWM IJg pAma ¥ QyHKUMK:
cout<<myexp.value (x)<<" vs. "<<exp (x)<<endl;
cout<<mytan.value (x)<<" vs. "<<tan(x)<<endl;
cout<<f.value (x/2)<<" vs. "<<1/(1-x/2)<<endl;
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

Pasmep maccuBa a (KOTOpBIN onucaH Kak IoJie B Kiacce Taylor) ompese-
JIsieTcst TI0GATBHON TeJTOYNCIenHoi KoHcTanToi n. Komerpykrop kimacca
Taylor ommcaH ¢ OZHUM double-apTyMEeHTOM, KOTOPBIN MMeeT 3Ha4eHue 10
yMOJIYaHUI0. APryMeHT KOHCTPYKTOpa ollpejeisseT 3HaueHUus 3JIeMEeHTOB
MaccuBa a, KOTOPbIE MM IPUCBAUBAIOTCS ITPU co3iannu 0O0bekTa. Eciu mpu
BBI30B€ KOHCTPYKTOpa apryMeHT He yKa3aH, TO Y BCEX 9JIEMEHTOB MacCHuBa
OyayT HyJieBble 3HaueHust. Takske ecTb BEPCHUsI KOHCTPYKTOPA, apryMEHTOM
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KOTOPOI1 TiepesiaeTcs MacCuB ¢ KoahuineHTaMu, KOTOPbIe TIPUCBAMBAIOTCS
3HAYEHNSIMU 2JIeMEHTaM MacCHBa a.

@ HA 3AMETKY

B obuiem cnydyae maccuB B GYHKUMIO MM METO, NepefaeTcs ¢ NoMo-
b0 ABYX MApaMeTPOB: yka3aTeNsl Ha NepBbli 31IEMEHT MaccuBa 1 Ko-
inyecTBa 3/1eEMEHTOB B Maccmee. B gaHHOM xe cnyyae pasmepbl BCex
MacCK1BOB, C KOTOPbIMY HAM NPEACTOUT UMETb AEN0, UMEIOT OANHAKO-
Bblli pa3mep, KOTOPbI onpeaensaeTcs rnobanbHOM KOHCTaAHTOM n. [03To-
My HET HeOOXOOMMOCTU NepeaaBaTb B KOHCTPYKTOP BTOPOI NapamMeTp,
onpegensiiowni pasmep maccusa. B pesynbrate y KOHCTpyKTOpa Knac-
ca Taylor OAMH @pPryMeHT, KOTOPbIN SBASETCS yka3aTenem Ha 3Ha4YeHne
Tnna double (yka3aTesb Ha NePBbIN 3IEMEHT MacCcuBa).

B xmacce Taylor omucan MeTon value (), TpeTHa3HAYEHHBIN 1T BBIYUCIIE-
HU 3HAaYeHud psafa Tetisopa B Touke (71 yKazaHHOTO apryMmenTa). MeTton
BO3BpalllaeT 3HaueHue Tuia double ¥ y HETO OAUH apryMeHT (0003HAUEH KaK
x) Tuna double. B Tese MeToma JIOKATBHON TIEPEMEHHON s MPUCBAUBAETCS
HavaJibHOe 3HaueHue 0, a JIOKAJbHAsl TIepeMEHHAsl g MOJIyJyaeT HavajlbHOe
3HaueHue 1.

[lamee 3amyckaercs omepaTop IUKJIA, B KOTOPOM C TIOMOIIBIO0 UHAEKCHON
MepeMEHHOIT k 11epeObupatoTCst SJIEMEHThl MaCCUBa a. 3a KasKIblH MK KO-
MaHZOU s+=a[k]*q 3HAYEeHUE TIEPEMEHHON S YBEJIMYUBAETCS Ha O4YepeHoe
cjlaraeMoe, a KOMaH/IoM gq*=x BBIYUCJISETCS 3HaYEHUE /IJIsT TIePEMEHHON g Ha
caenytonieit urepaiuu. [lo 3aBepiieHnn BbIYUCICHUN 3HAYEHUE TI€PEMEH-
HOW s BO3BpalllaeTcsl Pe3yJibTaTOM METO/IA.

A4 NMOAPOBHOCTH

Ham akTuyecky HeOBXOAVMO BLIMUCIINTE CYMMY @, +a,X +axX +... +a, |
X'~ rneuepesay, a,, ..., a,_, 0603HaYEHbI ANEMEHTLI MACCUBA a, @ Yepe3
x 0603Ha4YeH apryMmeHT MeToaa value () . CyMMy MOXHO 3anvcatb B BUae
ayGo+a,g,+ ... +a,_q,_,. 30eCb Mbl 0603Ha4YMM g, = X" (aHanor nokasnb-
HOW NepeMeHHOoM g B Tesie MeToda value () ). HavanbHoe 3HaveHne g, = 1,
a ons NpoYMX UTEPALMIA HECTIOXHO 3aMETUTb, YTO G, . ; = G,X. IMeHHO
3TVM COOTHOLUEHMEM Mbl BOCMOJIb30BASIMCh, KOIAA BbIYUCHSIM 3HAYeE-
HVE NepeMeHHON g ONA CriefyloLen nTtepaumu.

B rnaBuo#l dbyHKIUM porpaMMbl KOMaH0# double b[n]={0,1,0,1./3,0,
2./15,0,17./315,0,62./2835} co3maeTcsd U MHUIUAIUIUPYETCS YUCIOBOU
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MacCCHUB, KOTOPbIII Mbl UCIIOJIb3YeM JIJIs1 Ilepelauyld apryMEeHTOM KOHCTPYKTO-
py Kiaacca Taylor.

A4 NMOAPOBHOCTH

Psap, Telinopa ons TaHreHca umeet Bug, tg(x) ~ x + (1/3)x° + (2/15)x° +
(17/315)x" + (62/2835)x°. OTCyTCTBME CnaraeMblx C YETHLIMU MoKa3a-
TEeNsMM CTEMNEHU aprymMeHTa O3HAuYaeT, YTO YMUCIIOBble KO3DDULMNEHTDI
0151 Taknx cnaraemMblix paBHbl Hyto. Mpu onpeaeneHnm koaddULMEHTOB
MaccuBa b YMcna B YACIUTENE ykasaHbl C AeCATUYHO TOUKOM, YTOObI 13-
6exatb Le/IO4YMNCIIEHHOMO AeNeHus.

Takxe B nporpamMmMe MCroJib30BaHbl CrieayoLlme npubnuxeHHble npea-
cTaBneHua ang eyHkumm: 1/(1-x) = 1 XXX XX X+
(OLleHKa cnpaBeasnBa Tonbko npu |x| < 1) nexp(x) = 1 + x + (X°/2!) +
(x°/31) + (x*/41) + (xX°/51) + (x°/8!) + (X' /7)) + (x°/8!) + (x°/9).

Komanmoit Taylor myexp,f(1),mytan(b) co3maioTcs Tpu o0BbeKTa KJacca
Taylor. Ilpu cosganum o6bekTa myexp () BBI3bIBAETCS KOHCTPYKTOP C HyJIe-
BbIM (3HAUEHUE 110 YMOJTYAHUIO ) UMCJIOBBIM apTyMeHTOM. B pe3ysbraTe BCe
AJIEMEHTHI MacCHBa a B 00BEKTE myexp TMOJIyYaT HyJIeBble 3HadeHWA. [Ipu
cosaHii 00beKTa f BBI3BIBAETCS KOHCTPYKTOP C YUCTOBBIM apTyMEHTOM,
3HaYeHKe KOTOPOro paBHo 1. Takoe 3HayeHMe OYAET y BCEX 9IEMEHTOB Mac-
cuBa a B 00bekTe f (rmoaygyaem psi st byukimu f(x) = 1/(1 — x)). Hako-
Hell, TIPU CO3/IaHuK 0ObEKTa mytan apryMeHTOM KOHCTPYKTOPY MepeaaeTcst
MMSsI MacCHBa b, B pe3yJibTaTe 4ero y 3JIeMeHTOB MacCHBa a B 00beKTe mytan
OYyAyT Takue jKe 3HaYeHUsI, KaK U y 9JIEMEHTOB B MaccuBe b (psij A TaH-
remca).

Jliist 06 bekTa myexp 3HaYEHUsT KOA(hMUINEHTOB MaCCUBa BEIYUCIISTIOTCS C 110-
MOIIbIO oriepaTopa IukJa. [lepesn BbI30BOM orepatopa IHWKJA KOMaHION
myexp.a[0]=1 IepBOMY 3JIeMEHTY TIPUCBANBAETCS e[MHNYHOE 3HAYEHIE, T10-
CJIe 4eTo 3aITyCKaeTCs OMepaTop IMIKJIa, B KOTOPOM WHIEKCHAS TTepeMeHHas k
nepebupaet 37eMeHTbl (MHIEKChI 3JIEMEHTOB ), HAUMHAST CO BTOPOTO.

3a KasK/[bIil [IUKJI BHIIOJIHSIETCSI KOMaHIa myexp.a[k]=myexp.a[k-1]/k, KOTO-
poli 3HaUeHNE 37IeMEeHTa MAaCCUBA BBIYUCIISIETCS HA OCHOBE 3HAUEHUS MTPEe/IbI-
ZYIEro 2JIEMEHTA B TOM JK€ MaCCHUBE.

A4 NMOAPOBHOCTH

Ecnn yepes a, 0603HaYNTb 9N1IEMEHTLI MacCcuBa a, To Torga a, = 1/k!. Jler-
KO 3aMeTuTb, 4to a,/a,_, = 1/k, nnna, =a,_,/k.
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Komanmoit double x=1.0 oObgBIsETCS nepemMeHHas x, UCIOJIb3yeMas JJIst
rnepejlayd apryMeHTOM IIpYM BBIYUCJICHUM 3HaueHud psna. Jlenaercd aTo
C TIOMOIITBI0 WHCTPYKITUH myexp.value (x) (9KCIIOHEHTA B TOYKE X ), mytan.
value (x) (TaHTeHC B TOuKe x) U £.value (x/2) (3HAUeHUE PAAA 179 QYHKITUN

f(x) =1/(1 — x) B TOUKE X/2).

[l cpaBHEHUS IPUBOJATCS TOUHbIE 3HAYEHUSI, BBIYMCJIEHHBIE C TOMOIBIO
BCTPOEHHBIX MaTeMaTH4eCKNX (GyHKINNA exp () (9KCHoHeHTa), tan() (TaH-
TeHC) U HeTIOCPEeICTBEHHO BRIYUCSETCS 3HAUeHNEe BhIpasKeHus 1/ (1-x/2).

@ HA 3AMETKY

Ana ncnonb3doBaHMsa MateMaTM4eCKMX GYHKLUWIA B NpOorpamMmMe rnoako-
YaeTCs 3arosioBOK <cmath>.

Pe3YJIbTaT BBIITOJIHEHUA IIPOTPaMMbI TaKOM:

Pe3ynbTaT BbiNOJIHEHUS NPOrpamMmbl (U3 NMCTUHra 6.4)
2.71828 vs. 2.71828

1.5425 vs. 1.55741

1.99805 vs. 2

Bunuwm, uto coBmazenme 1ocTaToqHO Hertoxoe. /1 yBeanaeHns TOUHOCTH
HEOOXOMMO B3SITh GOJIBIIE CIaTAEMBIX B PSJIE.

MDYHKTOpPbI N MHAEKCALNA OOBbEKTOB

PaCCMOTPE‘HHyIO BbIIIE 3aa4y MOKHO Peajin30BaTb B BH/I€ IPOTPaMMHOTO
koza 6ousee achdextHo. [IJ1s1 aTOTO Ciremyer B Kaacce Taylor OmucaTh ABa ore-
PaTOPHBIX METO/IA:

® MeTOJZ IJIsI ollepaTopa <«KBaJpaTHbIE CKOOKU» (meton operator[]()),
MO3BOJISTIONIIH MHAEKCUPOBATh OODBEKTHI (o6pamaTbc51 K 3JieMeHTaM
MacCHUBa a B 00BeKTe YKa3bIBasl MHAEKC HEIIOCPEACTBEHHO II0CJIE NMEHU
00beKTa);

® METO/ /IJIs1 oliepaTopa «KpyrJble CKOOKU» (meTop operator () () ), TO3BO-
JISIOIIMI <BbI3bIBATh» OOBEKT KaK dynKIIIIO.

Hosast Bepcust mporpaMMBbI TIpeicTaBIeHa B TUCTUHTE 6.5,
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Jluctunr 6.5. NMone-maccue n neperpyska onepaTtopos
#include <iostream>

#include <cstdlib>

#include <cmath>

using namespace std;

// Pasmep Maccuea:
const int n=10;
// Knacc mns peanvzauvy pspa Tenopa:
class Taylor{
private:
// Tone — Maccus:
double a[n];
public:
// OmnepaTopHHl METOX MJIS MHIEKCUPOBaHUS OOBEKTA:
double &operator[] (int k) {
return alk];
}
// KOHCTPYKTOp C ONHMM UMCJIOBEHM APTYMEHTOM:
Taylor (double p=0) {
for(int k=0;k<n;k++) {

(*this) [k]=p; // WumekcupoBaume o00BEKTA

}
// KOHCTPYKTOp C apryMEHTOM — yKa3aTejem:
Taylor (double* D) {

for (int k=0;k<n; k++) {

(*this) [k]=b[k]; // VHIekcupoBaHMe OOLEKTa

}
// OmepaTopHElM METON IJiS BHUMCIIEHUS 3HAUYEHUS PAIA:

double operator () (double x){
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double s=0,q9=1;

for (int k=0;k<n;k++) {
s+=(*this) [k]*q; // VHpmexcupoBaHue oOGLEKTa
qr=x;

}

return s;

bi
// TnaBHag OYHKUMS TPOTPAMMH:
int main () {
// Vi3ameHeHMe KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
// UMCIIOBOM MacCuB:
double b([n]={0,1,0,1./3,0,2./15,0,17./315,0,62./2835};
// Cospanue 0OBEKTOB:
Taylor myexp, f(1),mytan (b);
// VHOexkcupoBaHue OBBEKTA:
myexp[0]=1;
// 3amojHeHMe MacCuBa — MoJg OOBeKTa:
for(int k=1;k<n;k++) {
myexp [k]=myexp[k-1]/k; // VHOoexcupoBaHue oOBEKTa
}
// ApTYMEHT [Jid BHIUMCJICHMS 3HaueHMd GYyHKUMM ¥ pAma:
double x=1.0;
// BHUMCIIEHME BHAUEHMI IS PAna ¥ QyHKUMM:
cout<<myexp (x)<<" vs. "<<exp (x)<<endl;
cout<<mytan (x)<<" vs. "<<tan(x)<<endl;
cout<<f (x/2)<<" vs. "<<1/(1-x/2)<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;
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Koz moxosk Ha paccMOTPEHHBIN paHee, HO €CTh HEKOTOPbIe 0COOEHHOCTH.
B mnepByio oudepenp 9TO KacaeTcsi ONMepaTOpPHOrO MeTOfa [IJisi KBaJPATHBIX
ck060K. MeTojt onmcan 04eHb PoCTo:

double &operator[] (int k) {
return alk];

}

PesysraTom MeTo/1a BO3BpAIIAETCS CChLIKA HA DIIEMEHT MacCHBa a C MHJIEK-
COM, KOTOPBII OTIPEIesIeTCs apTyMEeHTOM MeToia. Pe3ysibraTtom Bo3Bparia-
eTCcsl UMEHHO CCBhIJIKA Ha 37eMeHT (O YeM CBU/IETENbCTBYET WHCTPYKIIUS &
B MIPOTOTUTIE METO/IA), TOCKOJIbKY MbI XOTHM He TPOCTO CUUTHIBATH 3HAUE-
HIe 9JIEeMEeHTAa MAacCHUBa, HO M UMeTh BO3MOKHOCTh TPUCBANBATh 3HAYEHUE
2JIEMEHTY.

(i) HA 3AMETKY

MaccuB a B knacce Taylor Tenepb OObSBAEH Kak 3akpbITblid. [o3aTOMy
BHE Tesna kjiacca npsiMoe obpalleHme K MacCuUBY a HEBO3MOXHO.

OnepaToprH‘/’I METO/I JIJISI BBIYUCIEeHUS 3HAYEHU pPsijia operator () () onucad
MPaKTUYECKU TaK Ke, Kak MeToJl value () B MPebIAYIeM IIpuMepe (CM. Jin-
ctunr 6.4).

EnvHcTBEHHOE NMPUHIIMTIMAIBHOE OTJNYHME COCTOUT B TOM, YTO BMECTO WH-
CTPpYKIMU alk] i o6pameHH§{ K 2JIEMEHTY MacCHBa MCIOJIb30BaHa WH-
CTPYKIUA (*this) [k], B KOTOPOI NMPUHSATA BO BHUMaHUE BO3MOXKHOCTH WH-
JIEKCUPOBATh 00beKTh Knacca Taylor. IlonoOHas «3aMeHa» BBINOJIHEHA HE
TOJIBKO B METO/I€, HO I B KOHCTPYKTOPE KJIacca.

Y|
HN

Y NOAPOBHOCTH

HeobxoammocTn 0TKasblBaTbCs OT MHCTPYKUMIA BMAA a[k] He Oblno —
MO>HO ObIf10, KaK 1 paHbLLIe, UCMOJIb30BaTh AAHHYIO MHCTPYKLMIO.

BbipaxeHue (*this) [k] npencTaBnseT cobow NpruMeHeHne onepaTopHo-
ro meTtoaa operator[] () K 0OBbEKTY, U3 KOTOPOro BbI3bIBAETCH ONepaTop-
HbIli MeTof operator () (). [IOCKONbKY this — 3TO yKasaTeslb Ha 0ObEeKT, TO
*this — cam 006bekT. Ecnu gonucatb kBagpaTHble CKOOKN C MHOEKCOM,
nosy4yaemM MHOEKCUPOBaHHLIM 00bekT. OOpaboTka Takoro BblIPaXeHUs
BbINOJTHAETCS C MOMOLLbIO ONEePaTopHOro Metoaa operator[] (). Kpyrnbie
CKOOKWN NCNONb3YIOTCS C Y4eTOM NpUopmuTeTa ONEPaTopoB * 1 [] (4TOBLI
CHavyana «npuMeHsifiacb» 3Be3a04Kka *, a 3aTeM kBaapaTHble CKOOKN []).
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B rmaBmoit yHKIIUM TpOrpaMMbl U3MEHUJINCH KOMAHAbI, KOTOPBIMU BbI-
HOJIHEeTCs: OOpallieHue K 9JieMeHTaM MacCHBa B 00bEKTe U CII0CO0 BbIYKC/Ie-
HUA 3HAUYEeHUd psAaa. Tak, MHCTPYKIUSA myexp [k] 9KBUBaJECHTHA o6pa1ueHI/Ho
K 9JIEMEHTY ¢ MHIEKCOM k MaccuBa a B 00beKTe myexp. /IJist BBIYKCIEHUST 3HA-
YeHUN PAIOB UCTIOMB3YIOTCS BRIPAKEHUS myexp (x), mytan (x) u f (x/2). 3mech
0OBEKTHI BBI3BIBAIOTCS KaK (DYHKIMM, U Bee GJarojiapsi TOMy, 4TO B Kjacce
Taylor OlMcaH ONepaTOPHbIN MeTOJI operator () ().

@ HA 3AMETKY

O6beKTbI, KOTOPbIE MOXHO BbI3bIBaTb HAMNoA06me GyHKUMM, Ha3bIBAIOTCS
dpyHKTOpaMm.

PeSy.TIbTaT BBITIOJIHEHHWA ITPOTPAMMOBbI ITPE/ICTABJIEH HUXKE!

Pe3ynbTaTt BbiNOJIHEHUS NPOrpamMmbl (U3 nMcTUHra 6.5)
2.71828 vs. 2.71828

1.5425 vs. 1.55741

1.99805 vs. 2

Buaum, 4TO pesysbrar BBIIOJHEHMS [IPOrPaMMbl TOYHO TaKON »Ke, Kak
U B IIPE/IBIIYIEM CJIydae.

KoHCTpyKTOp cO3aaHns KOonuun

OOBIYHO TIPH OTKMCAHUU KJACCa CPEAN €ro KOHCTPYKTOPOB ONMUCBIBAIOT,
KaK MUHIMYM, KOHCTPYKTOp 6€3 apryMeHTOB U KOHCTPYKTOP CO3/IaHUST KO-
nuu. B mociennem ciaydae pedb He 00s13aTeIbHO UET O CO3/aHUU KOMTUU
00BeKTa, a CKopee O MpoIlefype Co3Manust 0ObeKTa Ha OCHOBE yiKe Cylile-
CTBYIOIIIETO.

@ TEOPUYA

Mpn cospaHnm o6bekTa Ha OCHOBE YXe CYLLIECTBYIOLLLEr0 06bekTa (TOro
Xe knacca), apryMmeHTOM COOTBETCTBYIOLLLEMY KOHCTPYKTOPY nepeaa-
€TCS UCXOAHbIN 00BbEKT. BaxkHOe NpaBuio COCTOUT B TOM, HTO apryMeHT
KOHCTPYKTOPY CO3[aHusA KOMuM nepeaaeTcs no ccbinke. 1o 3HaYeHunio
aprymMeHT nepepgasaTtb Henb3d. [pu nonbiTke nepenatb aprymMeHT rno
3Ha4YeHno an1a obbekTa-aprymeHTa cosgaetcs konus. Mpu cospaHum
KOMUN Bbl3blIBa€TCA KOHCTPYKTOP CO34aHUA KOMUW. Emy nepepaeTcd
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Konus ans konunm obbekTa-aprymeHTta. MNo3ToMy CHOBa Bbi3blBAETCS
KOHCTPYKTOP CO34aHus KOMnuu, U Tak Ao 6eckoHevHocTU. Monydaercsa
Takow cBoeobpa3sHblii peKYPCUBHbIM BbI30B KOHCTPYKTOPA CO34aHUs KO-
nrun, 4TO HEMPUEMIIEMO.

Kak nsmoctpaiuio paccMOTPUM 3a/1auy, KOTOpast peliajach B JIUCTUHTE 6.2,
HO TeTepb MAEO0JOTMYECKU MOAX0 OyaeT 6asupoBaThCst Ha NCIIOJIb30BaAHUN
KOHCTPYKTOpPA CO3/1aHusi Kouu. PaccMOTPUM TPOrPaMMHbII KO/, TIPE/ICTaB-
JIGHHBIN B uctuHre 6.6.

JInctuhr 6.6. KOHCTPYKTOpP CO3AaHMea KOnNuu
#include <iostream>
#include <cstdlib>
using namespace std;
// Ommucanue kjacca:
class MyClass{
public:
// CumBOmbHOE mOJIE:
char code;
// Tlome — ykasaTejb Ha OOBEKT:
MyClass* next;
// KOHCTPYKTOp CO3HAHMUS KOIVMA:
MyClass (MyClass &ob7j) {
// 3BHauenue mnojs next MCXOOHOTO OOBEKTA:
obj.next=this;
// 3Hauenue nosis code co3maBaeMoOTo OOBEKTA:
code=obj.code+l;
}
// KOHCTPYKTOpP C CMMBOJIbHEIM apTyMEHTOM:
MyClass (char s) {
code=s;
}
// IecTpykTop:
~MyClass () {
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if (next){ // Ecau He NOCHEOHUM OODBEKT
// Yoameuue cremyomero o0neKTa:
delete next;
}
cout<<"06nekT c nojeMm "<<code<<" ymanen\n";
}
// MeTon mnsg oTOGpaxeHUs 3HAUEHMS CUMBOJIBHOTO MOJIS:
void show () {
// OroOpaxeHye 3HAUEHUS TIOJIS:
cout<<code<<" ";
1f (next) {
// BbI3OB MeToma MJIS CJEOyOLero OOBEKTa:

next->show () ;

b
// TnaBHas GYHKUMS OPOTPAMMEL:
int main () {
// Vi3MeHeHMe KOOMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// llenouncreHHas NepeMeHHad:
int n=10;
// IIMHaMyueckoe cO3IaHyue OOBEKTA:
MyClass* pnt=new MyClass('A');
// Yxaszarenb Ha OOBEKT:
MyClass *p;
// HauanbHOe 3HauUeHME yKa3aTesd:
p=pnt;
// Co3maHue LENOUKM OOBEKTOB:
for(int k=1;k<=n;k++) {
// CosmaHue oyepemHOTO OBBEKTa:

p=new MyClass (*p);
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}

// HyneBas CCHJIKA B IOJie nNext IJig MOCJIENHEIO
// obmeKTa B LENOYKE:

p->next=0;

// BHI30OB MeToma HOJiS MEPBOTO OOBEKTA B LEMNOYKE:
pnt->show () ;

cout<<endl;

// YmaneHnue mepBOTO OOBEKTAa (C aBTOMATUYECKMM
// ynameHueMm BcCel 1LENOYKM OOBLEKTOB) :

delete pnt;

// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

}

Huxe npenctaBiieH pe3yabTaT BBITIOJHEHNS TTPOTPAMMBIL

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nUcTuHra 6.6)
ABCDEFGHTIUJK

06vekT C noseMm K ymarneH

06BexT ¢ noneMm J ynajeH
06vexT c nojeM I ynanex
06vekT C noseMm H ymaneH
0bwexT c nojyeM G yIaJjieH

06vekT C nojeMm F ymaneH

O6wexT C mosiem D ymajes

06vekT c noseMm C ymamneH

00BeKT C IoJieM

J
I
H
G
F
06BexT ¢ noneMm E ynmaneH
D
C
B ynaneH
A

ObOBekT C nojeM A ymajneH

Bunum, uyTo pe3yabraT BBITIOJHEHUS ITPOTrpaMMbl (110 CPaBHEHUIO C TIPUMe-
pom u3 aucTtuHra 6.2) He maMenusics. [IporpaMMHbIil KOJI, TEM He MeHee, Tpe-
TepIies 3HaYuTeIbHble u3MeHeHus1. [[poananusupyem ux.
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B krmacce MyClass Terepb eCTh KOHCTPYKTOP C CUMBOJIBHBIM apTryMEHTOM,
OIPEIETISIONIMM 3HAUEHME TI0JIsI code co3laBaeMoro obbekTa. Eie B kiacce
MyClass OIMCAaH KOHCTPYKTOP CO3/JaHUs KOIUU. Y 3TOU BEPCUU KOHCTPYK-
TOpa OfH aprymenT (0603Ha4YeH Kak obj), M 9TO 0OBEKT Kiracca MyClass.
ApPTyMeHT TiepefiaeTcs MO CChLIKe (MHCTPYKIMS & B OMUCAHUU apryMEHTa
KOHCTPYKTOpa). B Tejie KOHCTPYKTOpa KOMaHIOM obj.next=this 3HaYEHUIO
0JIs1 next 00bEKTa, TIePeIaHHOTO KOHCTPYKTOPY, IIPUCBANBAETCST a/[PEC CO3-
naBaeMoro 00beKTa. Mbl UCXOMM U3 TOTO, YTO B IETI0YKe 0OHEKTOB HOBBI
00BEKT CO3/IaeTCsl HA OCHOBE TIPEAbIAYIIEro. VIMEHHO «ITpeAbIayIuii» 00b-
eKT MePeIaeTcsi apryMEeHTOM KOHCTPYKTOPY MPH CO3[[AHUN HOBOTO 00bEKTA.
[ToaToMy JIOTHYHO, €CJIU B TI0JIe next 00BEKTa, Ha OCHOBE KOTOPOTO CO3/IaeT-
Cs1 HOBBIH, 3aITUCHIBAETCS a[PeC BHOBD CO3/IAHHOTO OOBEKTA.

Jluist moJist code cosgaBaeMoro o0ObeKTa 3HaYeHne MPUCBauBaeTCsl KOMaH0M
code=obj.code+1. Takum 06pa3oM, B HOBOM 00beKTe 3HaYE€HHeE TI0JIsI code Ha
eIMHUILY «OO0JIbIIIe» 3HAYEHUS TI0JIst code B 00BEKTE, IePeJaHHOM KOHCTPYK-
Topy. IlockombKy peub umeT 0 CUMBOJIBHBIX MOJISIX, TO HA CAMOM JIeJie TTOJy-
qaeM CJIeLY 0NN CUMBOJI B KOZOBOH Ta0JIHIle CUMBOJIOB.

B nipeapiayiieii Bepcuu mporpaMMbl IS yAAJTEHUST IIEMOYKH 00hEKTOB OIH-
ChIBaJIach crennarbHasg GyHKIWA. B ganHOM ciaydae aHanmornyHasd 3amada
perraeTcst ¢ MOMOIIBIO ecTpyKTopa. ies cocTouT B TOM, UTO TIPH yAae-
HUU 00bEKTa YAAJSIETCST ¥ BCSI 1leMo4YKa 00bEKTOB, C HUM CBsi3aHHast. Pea-
JIU3YETCS BCE B IECTPYKTOPE € MOMOIIBIO YCJIOBHOTO OIlEpaTopa, yCIOBUEM
B KOTOPOM IIPOBePsieTCs 3HAueHWe BBIPAKeHHsS next. 3HAUeHHe NAHHOTO
BBIPAKEHUST PABHO HYJIO M MHTEPIPETUPYeETCs Kak false, €cJiM 10JIe next
TeKyIero ooObekTa paBHO HYJIIO, U, 3HAUNUT, OOBEKT TOCTEIHUI B 11€Mou-
Ke. B aTOM ciiydyae KOMaH/la B YCJIOBHOM OllepaTope UTHOPUPYETCS U TIPO-
CTO BBIBOJUTCS COOOILIEHNE KOMAHMOM cout<<"06wrexT ¢ mojeM "<<code<<
"yrnanen\n". Takum o6pa30M, €CJIU IECTPYKTOP BBI3bIBAETCS JJIS ITOCJIETHE-
ro 00beKTa B IIETI0YKe, TO MOSIBJISIETCsT COO0IIEHNE, 1 00BEKT OyAeT yaaieH
(TIOCKOJIBKY JIJISI HETO BBI3BAH JECTPYKTOP, KOTODPBIM BBIXOAUT Ha CIEHY
npu yaanenun obbekra). Ecim jke sHaYeHMe T0JIS next OTJIMYHO OT HYJIS,
TO B YCJIOBHOM OTlepaTope KOMaH/0i delete next BBIMOJHSETCS MOIMBITKA
yIQIUTh OOBEKT, aJipec KOTOPOTo 3anucaH B moJe next. s aToro oobexTa
BBI3bIBAETCS JIECTPYKTOP, M €CJIM OOBEKT B HEMOYKe He MOCEIHUIA, TO BbI-
3BaHHBIIT IECTPYKTOP BBI3OBET ACCTPYKTOP JJIsI CIEAYIONIEro 0ObeKTa, U TaK
BILIOTH JI0 TIOCJIeHEr0 00beKTa B 1ernouke. Korma ynansiercst mociaeanuii
00beKT, OyIeT yaaseH MpearocaeHuil 0ObEKT, 3aTeM OOBEKT MEPel HUM,
U Tak J0 CaMOro IIepBOT0 0ObEKTa, sl KOTOPOTO BBI3bIBAJICS CaMbIl Iep-
BBIH J1ECTPYKTOP.
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B dyHkImy main () mepBblii AMHAMUYECKUN OOBEKT CO3MAETCS KOMAaHION
MyClass* pnt=new MyClass('A'). HayasbHoe 3HaYeHUe yKa3aTeJis p COBIIA-
JlaeT co 3HaYeHUEM yKa3zateJid pnt. /lasiee B orepartope 1UKJIA IPU CO3/1aHUN
IIEMTOYKH OOBEKTOB BBITIOJIHAECTCS OIHA M Ta JKe KOMaHAa p=new MyClass (*p),
KOTOPOI Ha OCHOBE TEKyIero oObekTa (JI0CTYI K HEMY MOJIy4aeM ¢ ITOMO-
IIbI0 UHCTPYKIIUU *p) CO3/Ia€TCsI HOBBI OOBEKT B IIEMOYKE, U YKA3aTeJIb p
«repebpachiBaeTCsS» Ha 9TOT HOBBIN 00beKT. Ilosio next mocienHero o0b-
eKTa B IIelT0YKe KOMaHI0N p->next=0 ImpucBanBaeM HyJeBoe 3HaueHne. Ko-
MaH0i pnt->show () OT06pa>KaIOTC$I 3HaYeHUd 1oJiell code BceX 0OBEKTOB
B I[ETIOUKe, a yaJeHne IepBoro 00beKTa ¢ MOMOIIbI0 KOMaH/Abl delete pnt
[IPUBOIUT K aBTOMATHYECKOMY YAQJEHUIO BCeX 0OBEKTOB B I[ETTOYKE.

HacnepoBaHue n 3aKkpbiTbie NONSA
6a3oBoro knacca
Cueyronuii HeOGOIBIION TPUMEP WITIOCTPUPYET CUTYAIHIO, KOrIa B 6a30-

BOM KRJIACC€ €CTb 3aKPbITbIE YJI€HBI, KOTOPbIE HE HACJIEJYIOTCA B IIPOMU3BO/IHOM
KJIacCe, HO ITpU 3TOM UCIIOJIb3YIOTCA B HACJTEAYEMBIX OTKPBITBIX METO/IaX.

@ TEOPUA

YTBEpPXOaeTCs, YTO 3aKpbIThblie YneHbl 6a30BOro Kiacca B NpoOn3BogHOM
Knacce He HacnenylTcs. 3TO Tak: B NPON3BOAHOM KilacCe HEBO3MOXHO
HanpsMyio (TO ecTb IBHO) 0O6paTUTLCS K YileHaM kacca, KoTopble B 6a-
30BOM KJjlacce sBASOTCS 3aKpPbITbiMU. [1py 3TOM «TEXHUYECKU» OaHHbIE
YJIeHbl Knacca CyLeCTBYIOT U B NMPOU3BOAHOM knacce. [1oaTomy, Hanpu-
Mep, eCnu NPOU3BOAHbLIN KNAacc Hacneoyet MeTod 13 6a3oBoro knacca,
a aTOT MeToA B 6A30BOM knacce, B CBOK o4epenb, obpallaeTtcs K 3a-
KPbITbIM YlEHaM, TO CUTyauusi OCTAHETCS KOPPEKTHOM U B MPON3BOAHOM
Kracce.

PaccmoTpum riporpaMMHBIHT KOJI, TIPE/ICTAaBJIEHHBIN B TUCTUHTE 6.7.

JIncTuHr 6.7. 3akpbiThie 4neHbl 6a30BOro KNacca v HaciefoBaHue
#include <iostream>

#include <cstdlib>

using namespace std;

// BasoBENI KJacc:

class Alphaf{
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private:

// 3akpeToe moJe:

char symb;

public:

b

// KoHcTpyxTop kjacca:
Alpha (char s) {
symb=s;
}
// Meronm misg OTOOpaXeHMS 3HAUEHUS IIOJIS:
void show () {
cout<<"Kymacc Alpha: "<<symb<<endl;
}
// MeTon Ing NPMCBAMBAHMA 3HAUEHUS MOJIO:
void set(char s){

symb=s;

// TpOW3BOMHEIA KJIACC:

class Bravo: public Alphaf{

public:

// OTkpHTOE mONE:
int num;
// KoHCTpykTOp Kjacca:
Bravo (char s,int n):Alpha(s) {
num=n;
}
// B MeTOIe BH3HBAETCH yHACJIEIOBAHHEI METOX:
void showAll () {
show () ;

cout<<"Kmacc Bravo: "<<num<<endl;
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// TnaBHas OQYHKUMA TPOTPAMMH:

int main () {
// VI3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Cosmanue OOBEKTA MPOMBBOIHOTO KIJIACCA:
Bravo obj('A',100);
// OrobpaxeHre MapaMeTpPoB OOBLEKTA:
obj.showAll();
// BHIB0OB yHACJIEHOBAHHOTO METOIA:
obj.set ('Z2");
// OToCpaxeHue MapaMeTpPOB OOBEKTA:
obj.showAll();
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

PGSYJII)TS.T BBITIOJIHEHHWA ITPOTPAaMMBDbI ITPECTABJIEH HUKE!

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nucTuHra 6.7)
Knacc Alpha: A

Knacc Bravo: 100

Knacc Alpha: Z

Knacc Bravo: 100

[Iporpamma 10cTaTOYHO TIPOCTAst, HO HEKOTOPbIE MOMEHTBI BCE K€ TTPOKOM-
MEHTHUpOBaTh cTOUT. Tak, B Kjacce Alpha ONKMCAHO 3aKPHITOE CUMBOJIBHOE
nosie symb. B Kj1acce ecTb KOHCTPYKTOP C OTHUM apryMeHTOM (3HauYeHUe J1JIs1
0JIST) U Ba OTKPBITBIX MeToga. MeTogoM show () oToOpaskaercss 3HaYeHUe
I10JI1 symb, a METO/ set () IpeaHasHauyeH /11 [IPUCBAaNBAHNA 3HAYEHUA [10JIIO.
Knacc Bravo cosmaeTcs myTteM HacjiefloBaHus Kyacca Alpha. B kmacce Bravo
HacJeyloTcst MeTo/Ibl set () 1 show (), HO He HacJeayeTcs noJje symb. Takke
B KJIacce Bravo OMMCAHO OTKPBITOE IIEJIOUNCIEHHOE ToJie num. Y KOHCTPYK-
TOpa KJacca Bravo /IBa apTyMeHTa: BTOPOIl apTyMEHT OTIpe/iesisieT 3HaYeHue
TIOJIST num, a MePBBIi CUMBOJIBHBIN apTYMEHT TIePeIaeTCs KOHCprKTOpy’6a-
30BOr0 KJlacca. 3/1eCh HYXKHO YY€CTb, YTO XOTs 110Jie symb B TIPOU3BOIHOM
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KJIacce Bravo He HACJIeAYeTCs, MaMATh MO/l T0JIe BBIAENSETCS U Te METO/bI
(B TOM umcyie U KOHCTPYKTOP) U3 6a30BOro Kjacca, KOTOpble 0OpaliaioTest
K JIAHHOMY TIOJIIO ¥ HACJIE/LYIOTCSI B TPOU3BOIHOM KJIACCE, MOTYT OOPAIaThCst
K COOTBETCTBYIOIIEH 061aCTH aMsITH.

(G) HA 3AMETKY

[Mpouwe roesops, «HeHacneoyemMocCTb» Nong (A MetToaa) 03Ha4YaeT, YTo
B NPOM3BOAHOM KJlacce K HEMY Heflb3si 06paTUTLCS MO UMEHN, HO MOXHO
0bpaTnTbLCS HE HaNPSIMYIO.

B kmacce Bravo onucan Metos showAll (), B KOTOPOM, KPOMeE IIPOYEro, Bbl-
3bIBAETCS YHACJIE/I0BAHHBIN U3 Kyacca Alpha MeTo/| show (), a OH, B CBOIO O4e-
peiib, obparaercst K moJo symb (KOTOpoe He HACJIeLyercs).

B ¢dynkmum main() xKoManmoir Bravo obj('A',100) co3maeTcs 00BEKT
KJj1acca Bravo. XOTs 1MoJist symb y 00bEKTa HET, IIPU BBIMTOJHEHUN KOMaH/[bI
obj.showAll () Mg 9TOTO MOJSA 0T06pa>KaeTcs1 3nauenue 'A'. Bojee Toro,
mocJie TPUCBAaUBaHUA 3HAYEHUS KOMAH/OM obj.set ('Z') «HeCyIIecTBYIO-
meMy» TMOJI0 MpoBepKa (¢ MOMOMIBI0 KOMaHAB! obj.showAll ()) MOKa3bI-
BaeT, 4YTO 3HAUEHUE <«HECYLIeCTBYIONIEro» mojs udMenunaocs. Ho Huvero
YAUBUTEIBHOTO 3/IeCh Ha caMOM jiesie HeT. Kak oTMedasioch BbIlle, MECTO
B MMaMATHU TIOJ ToJie symb MPU CO3JaHUKM 0ObeKTa MPOU3BOMAHOIO Kjacca
BBIEJISIETCS, TIPOCTO MBI K 9TOI 00J1aCTH MaMSATH He MMeeM MPSAMOTO J[0-
cTyIIa.

BI/IpTya.ﬂbele MeToAabl U HacJjfiegoeaHme

[Ipes/ie yeM IPUCTYIIUTD K OOCYKIEHUIO CYyTH CJIeAyIolIeil IpobaeMbl, pac-
CMOTPUM HCKJIOYUTENbHO TIPOCTON IPOrPAMMHbBIN KO/, MPeNCTaBIEHHBIN
B smctunre 6.8.

Jinctunr 6.8. HeBupTyanbHbiii MeToq,
#include <iostream>

#include <cstdlib>

using namespace std;

// BasOBEII Kjlacc:

class Alphaf{
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public:
// OGHIUHEI (HEBMPTYAJbHHIL) METOIN:
void show () {
cout<<"Kmacc Alpha"<<endl;
}
// B MeTOome BH3HBAETCS METOI:
void showAll () {

show () ;

bi
// TIpOM3BOMHENI KJIACC:
class Bravo: public Alphaf{
public:
// Tlepeomnpenesienne MeTOmOa:
void show () {

cout<<"Kmacc Bravo"<<endl;

}i
// TnaBHag OQYHKUMA TPOTPAMMH:
int main () {
// VI3MeHeHMEe KOIVPOBKM KOHCOJM:
system("chcp 1251>nul");
// OBBEKT MPOMBBOIHOTO KIJIACCA:
Bravo obj;
// BEI3OB METOIOB:
obj.show();
obj.showAll();
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

Huxe IIpeEACTaBJIEH PE3YJIbTAT BbIIIOJHEHUWA IIPOTPAMMBbI:
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Pe3ynbTat BbiNOSIHEHUS NPpOrpamMmmsbl (M3 nucTuHra 6.8)
Knacc Bravo

Knacc Alpha

CuTtyarus UCKIIOUNTENbHO MPOCTast: B Kjaacce Alpha omucaH MeToz show (),
KOTOPBIM BbIBOJUTCH coobleHre B KOHCOJBbHOE OKHO. B aTOM ke KJacce
onucad MetoJ showAll (), B Tejie KOTOPOTO BBI3bIBAETCI METO/L show ().

Ha ocnoBe kmacca Alpha myTeM HacJeqOBaHUS CO37aeTcs Kaacce Bravo. [lo-
HATHO, 4TO B KJIacce Bravo HACJIeAYIOTC METObI show () 1 showAll (). Tem ne
MeHee MeTOo/[ show () B KJIacce Bravo IEPEONpeIeAeTCSa — MEHIETCS COEP-
sKaHUe COOOIIeHNs, 0TO6PAKAEMOTO B KOHCOJbHOM OKHE.

B rumaBHON (GyHKIMU MPOrpaMMbl co3MaeTcsi 0OBEKT obj MPOU3BOIAHOTO
KJjacca Bravo, U U3 Hero I0cCJje0oBaTe/IbHO BBI3BIBAIOTCS METO/bl show ()
n showAll(). PesyﬂbTaT BBITIOJIHEHUA KOMaH/bl obj.show () oOXumaeM —
B KOHCOJIb BBIBOJUTCS cOO0OLIeHe Knacc Bravo, B COOTBETCTBUU € TEM, KaK
nepeornpejiesied MeTo show () B Kjacce Bravo. Ho BOT 1pu BbITIOJHEHUN
KOMaHabl obj.showAll () mogBgeTcd coobienne Knacc Alpha. [Ipuunna
oueBH/IHA: METOX showAll () BBI3BIBAET Ty BEPCHUIO METOJA show (), YTO OIIU-
caHa B 6a30BOM KJlacce, a He TIepeorpeieJIeHHYI0 BEPCHIO U3 TIPOU3BOIHOTO
kacca. YToObl MBMEHUTD CUTYAITIIO, METOJT show () B 6a30BOM KJacce HyKHO
clles1aTh GUPMYAIbHBIM.

Omnucanye BUPTYaJIbHOTO METO/IA HAYMHAETCS C KIIOYEBOTO CJIOBa virtual.
Hanpumep, uto6sr onucarb B 6a30BOM KJiacce Alpha MeTos show () Kak BUP-
TyaJIbHBIN, UCIIOJIb3YeM TaKOH KOJI:

virtual void show () {
cout<<"Kmacc Alpha"<<endl;
}
C ydyeToM u3MeHeHUN, mporpaMma OyaeT BBIIJIAAETh Tak (IpaKThye-

CKU BCE€ KOMMEHTAapUH y/aJeHbl, a Ba)KHbIE MeCTa BBIJEJEHbl KUPHBIM
mpudTOM):

JlucTturr 6.9. BupTyanbHbii MmeToA,
#include <iostream>
#include <cstdlib>

using namespace std;
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class Alphaf{
public:
// BUpPTyanbHHI METOX:
virtual void show () {
cout<<"Kmacc Alpha"<<endl;
}
void showAll () {

show () ;

b
class Bravo: public Alpha({
public:

void show () {

cout<<"Knacc Bravo"<<endl;

}i

int main () {
system("chcp 1251>nul");
Bravo obj;
ob7j.show();
obj.showAll();
system("pause>nul");
return 0;

}

Pesynbrat BBITOTHEHNS TIPOTPAMMBI TETIEPh CACAYIONTII:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nMcTUHra 6.9)
Knacc Bravo

Kmacc Bravo

ThKHN106pa30M,6ﬂar0ﬂapﬂ:T0My,qTo MeTo[Z show () Temepb BHpTyaﬂbeﬁi
IIpU BbI30Be MeTo1a showAll () n3 o0ObeKTa TIIPOM3BO/IHOTO KJIaCCa BbI3bIBAET-
cs IepeolipeziesieHHas B Kjacce Bravo Bepcust MeToza show () .
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@ HA 3AMETKY

MepeonpenensemMbie METOAbl 0ObIMHO OOBABNAIOTCA BUPTYabHbIMMU.

MHoXecTBeHHOe HacnenoBaHue

B C++ npousBosiHbIil Kj1acc MOXKET CO3/IaBaThCs Ha OCHOBE CPa3y HECKOJIb-
Kknx 6aszoBbIX KiaccoB. OO 9TOM CJEAYIONIHIT TIPUMEp, MPEACTaBICHHBIN

B siuctunre 6.10.

Jinctunr 6.10. MHOXecTBEeHHOe HacneaoBaHue

#include <iostream>
#include <cstdlib>
using namespace std;
// TlepBrit Oa30BHI Kjacc:
class Alphaf{
public:

// Tone:

int alpha;

// KOHCTPYKTOD:
Alpha (int a) {
alpha=a;

}
// Merom:

void show () {

cout<<"Kmacc Alpha:

b
// Bropoit Ga30BHI Kjacc:
class Bravo{
public:
// Toxe:
int bravo;

// KoHcTpyKTOp:

"<<alpha<<endl;
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Bravo (int Db) {
bravo=b;

}

// Meron:

void show () {

cout<<"Kmacc Bravo: "<<bravo<<endl;

}i
// TIpOM3BOMHLII KJIACC:
class Charlie:public Alpha,public Bravo{
public:
// Tone:
int charlie;
// KOHCTpyKTOp:
Charlie(int a,int b,int c):Alpha(a),Bravo(b) {
charlie=c;
}
// TlepeomnpeneneHne METONA:
void show () {
// BeI30B Bepcmm MeToma M3 kjacca Alpha:
Alpha: :show();
// BHI30B BepcuMy MeTOIAa M3 kjacca Bravo:
Bravo: :show();
// OrobpaxeHue 3HaUEHUS NOJIA:

cout<<"Kmacc Charlie: "<<charlie<<endl;

bi

// TnaBHas OYHKUMA TPOTPAMME:

int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");

// Cosmanue 0OBEKTa MPOUBBOITHOTO KJIACCA:
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Charlie obj(10,20,30);

// BH30B MeTOma:

obj.show();

// 3amepxka KOHCOJIbHOT'O OKHa:
system("pause>nul");

return 0;

}

Hwuxe IpeacTaBJ/IeH PE3YJbTAT BBIIIOJTHEHUA ITPOTrPAMMBI:

Pe3ynbTaT BbINOIHEHUS NPOrpamMmmsl (M3 nuctuHra 6.10)
Knacc Alpha: 10
Knacc Bravo: 20

Knmacc Charlie: 30

Terepsb mpoaHaJIN3UPyeM MPOTPAMMHBIN KOJ. B mporpamme OnuchiBaioT-
cd KnaCCBIAlphaLIBravo.Chﬂ{CTaHOBHTCH'6330BHmH1nﬂH KJjacca Charlie
KOTOPBIN CO3/IaeTCd HAa UX OCHOBe. B yacTHoCTH, B KJlacce Alpha ecTb 11eJ10-
YHCJEHHOE 110JIe alpha, KOHCTPYKTOP C OJHUM apryMEHTOM U MeTOJ show (),
KOTOPBIM ITPU BBI30BE OTOOpakaeTcst 3HaYeHNe MoJist alpha 00BEKTa, U3 KO-
TOPOTO BBI3BIBAETCS METO. AHAJIOTUYHAS CTPYKTypa U y Kjacca Bravo, ¢ TIo-
MPaBKOM Ha TO, YTO €ro IeJIOYMCIEHHOE TI0JIe Ha3bIBaeTcs bravo. Y Kiacca
Bravo TakKe MMeeTCsI MeTOJL show (), BBIITOJTHSIONNNI AHAJIOTUYHYI0 MUCCHIO
(xak u MeToj show () B KJjacce Alpha).

Knace Charlie co3maercs myTeM OTKPBITOTO HACAEAOBAHUSA HA OCHOBE KJIAC-
coB Alpha u Bravo. [Toatomy B onmcannu kjacca Charlie mocsje MMeHU KJac-
caqepesaBoeTqueyKa3MBaKnCH}HBBaHHH6asoBHXIQHKmOBLITHnlﬁwﬂe—
noBaHud (KJI04eBoe cJI0BO public) A8 Kaxk0ro Kiacca. HermocpeacTBeHHO
B KJjlacce Charlie OonmMcaHo IeJIOUMCJIEHHOE 110J1e charlie M eCTECTBEHHO, Ha-
CJIEYIOTC IT0JI alpha 1 bravo.

¥ xoHCTpyKTOpA KJjacca Charlie TPH 11€JIOUNCIEHHBIX aPTYMEHTA: /IBa Mepe-
JIAI0TCST B KOHCTPYKTOPBI OA30BBIX KJIACCOB, a €Ille OJIMH apryMeHT 3a/laeT
3HaueHne 1oJig charlie. B ommcanny Mpom3BOAHOTO KJacca 1MOCIe UMEHN
KOHCTPYKTOpa 4Yepe3 JBOETOUME YKa3bIBAIOTCS WHCTPYKIINK BBI30BA KOH-
CTPYKTOPOB 0a30BbIX KJIACCOB (C Mepeaadeil iM apryMeHTOB).

Meton show() B kiyacce Charlie mepeonpezensieTcs. B Tesne MeTojna
show() B Kjacce Charlie womangamu Alpha::show() # Bravo::show (
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IIOCJIeZI0BATEIbHO BBI3BIBAIOTCS BEPCUM MeTOJa M3 KJjacca Alpha M KJjacca
Bravo. B manHoM ciay4ae A7 nAeHTH(WKAITIN BEPCUHT METO/IAa UCTIOJIb3yeTCs
Ha3BaHME KJIACCa, B KOTOPOM OIlpejiesieHa COOTBETCTBYIONAs BEPCUS METO/IA.
Mexay nMeHeM KJacca U UMEHEM METO/Ia PA3MEIAeTCsT OTIePaTop PaCIITi-
peHusd KOHTeKcTa :: (ABoitHOe mBoeToune). [loce BrI3oBa Bepcuii MeTona
show () M3 KJIacCOB Alpha M Bravo (B pe3yJibraTe 4ero B KOHCOJIU OTOOpaska-
I0TCSl 3HaUYEeHUd ToJield alpha U bravo) KOMaHION cout<<"Kmacc Charlie:
"<<charlie<<endl orobpazaercst 3HaueHuUe MoJist charlie. B rmasHoi GhyHK-
M TIPOTPAMMBI CO3/[aeTCst OOBEKT MTPOM3BOIHOTO KJlacca U [Jisk TPOBEPKU
3HAQUEHU ero I10JIel BhI3bIBAETCS MeTO/L show ().

OocTyn K o0beKkTam Yepes nepeMeHHYIo
0a30BoOro knacca

EcTbh BaskHOE CBOICTBO, KOTOPOE «CBSI3bIBAET> OOBEKTHI OA30BbIX KJIACCOB
1 00BEKTHI IIPOU3BOAHBIX KJIACCOB: IIEPEMEHHOI 17151 00beKTa 6a30BOr0 Kjac-
ca 3HAYEHUEM MOKHO IIPUCBOUTD OOBEKT IPOU3BOAHOIO KJIACCA.

ITa BaXHAA 1 PyHIaMEHTATbHASI BO3MOKHOCTH IIPOUJTIOCTPUPOBAHA B TIPO-
TPaMMHOM KO/Ie, TIpe/icTaBIeHHOM B Jauctunre 6.11.

JNncTtunr 6.11. O6beKTbl 6a30BbIX U NPON3BOAHbBIX KNTAaCCOB
#include <iostream>
#include <cstdlib>
using namespace std;
// TlepBrit Ga30BHI Kjacc:
class Alphaf{
public:

// Tomne:

char codeA;

// KOHCTPYKTOD:

Alpha(char a){

codeA=a;
}
// BUPTYasbHBII METOM:

virtual void show () {
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cout<<"Meron u3 xmacca Alpha: "<<codeA<<endl;

b
// BTOpOV Ga30BHIL KJIACC:
class Bravo{
public:
// Tone:
char codeB;
// KOHCTpYyKTOp:
Bravo (char b) {
codeB=b;
}
// BUPTYasbHB METOM:
virtual void show () {

cout<<"MeTonm u3 kjlacca Bravo: "<<codeB<<endl;

b
// TpOW3BOMHEIA KJIACC:
class Charlie:public Alpha,public Bravo({
public:
// KOHCTPYKTOp C MyCTHM TEJIOM:
Charlie(char a,char b):Alpha(a),Bravo(b){}
// TlepeomnpenesieHne MeTOIa :
void show () {

cout<<"Meronm m3 kjacca Charlie: ";

cout<<codeA<<codeB<<endl;

b
// TnaBHas OYHKUMA TPOTPAMMH:
int main () {
// VI3MeHeHME KOIVPOBKM KOHCOJM:

system("chcp 1251>nul");
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cout<<"Mcnonb3yem nepemenHeie\n";

// Cospanue OOBEKTOB:

Alpha objA('A'");

objA. show();

Bravo objB('B');

objB. show();

Charlie objC('C','D");

objC. show();

// TpucBauBaHue OOBLEKTHHIM [EPEMEHHEM OA30BHX KJIACCOB
// 3HaueHueM 0OGBEKTa MPOU3BOMHOTO KJIACCA:
objA=0bjC;

objB=0bjC;

objA.show();

objB.show () ;

cout<<"Jcnome3yeM ykasarem\n";

// O6maBIEHME yKa3aTeJen:

Alpha* pntA=&0bijC;

Bravo* pntB=&objC;

Charlie* pntC=6&0bjC;

// MeTon BH3HBAETCH Uepes yKa3aTelu:
pntA->show () ;

pntB->show () ;

pntC->show () ;

// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

}

B pesysibrarte BbIIOIHEHUS IPOrPAMMBI II0JIydaeM cileyloliee:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmMbl (U3 NMCTUHra 6.11)
Jlcriosib3yeM MepeMeHHHe

Meron u3 kjacca Alpha: A
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Meron mu3 kjacca Bravo: B
Meron u3 kjiacca Charlie: CD
Meton u3 xmacca Alpha: C
Meron m3 kJjacca Bravo: D
Jlcrnonb3yeM ykaszaTenu

Meron u3 kjacca Charlie: CD
Meron u3 kjiacca Charlie: CD

Meron m3 kjacca Charlie: CD

[IporpamMMubIil KO 3acay’KMBaeT HEKOTOPBIX mosicheHnil. Kmaccer Alpha
U Bravo aBJgioTcs 6a30BLIMU /IS KJacca Charlie. B kiacce Alpha eCTb CUM-
BOJIBHOE II0JI€ codeA, KOHCTPYKTOP C OAHUM apryMEHTOM M METOX show
KOTOPBIH OTIMCAaH KaK BUPTYATbHBIN (C KIIOUEBBIM CJI0BOM virtual). Anaso-
TUYHBIN METOJT eCTh B Kjacce Bravo. Eimie Tam ecTh cuMBOJIbHOE TT0JTE codeB
1 KOHCTPYKTOP € OfHUM apryMeHToM. Kiacc Charlie HacjeqyeT KJacChl
Alpha u Bravo. Y KOHCTPYKTOpa Kj1acca Charlie Ba apryMeHTa, KOTOPbIE T1e-
pealTCst KOHCTPYKTOpaM 0a30BbIX KaaccoB. [IOCKOJIBKY ApyTHE IeiiCTBUS
B KOHCTPYKTOPE He BBITIOIHSATIOTCS, TO TE€JI0 KOHCTPYKTOPa TycToe (B huryp-
HbD(CKo6KaXIﬂn‘K0MaHn).hdeTqashow()szﬂacceCharlie IepeoIpereas-
eTCs1 TakK, YTO TOC/Ie[0BAaTEIbHO 0TOOPAKAIOTCS 3HAYEHUS ABYX M0JIei: codeA
u codeB.

Bce camoe nnTepecroe mpoucxoauT B yHKIMM main (). Tam cHavgama cosfa-
ercst Tpu 0ObekTa objA, objB ¥ objC COOTBETCTBEHHO KJIacCcOB Alpha, Bravo
7 Charlie. J[J1g KasKIOTO M3 STUX 0OBEKTOB BHI3bIBaeTCA MeTon show (). Ha
JTAHHOM 3Talle BCe TMPOUCXOIUT «IITATHO". 3aTEM BBITIOJIHSIIOTCS KOMaH/IbI
0bjA=0biC U objB=0bjC, KOTOPHIMU OOBEKTHHIM IIEPEMEHHBIM 0bjA M objB
6a30BbIX KJIaccoB Alpha M Bravo 3HAYeHMEM IIPUCBaMBaeTcss 0OBEKT objC
MIPOM3BOJIHOTO KJacca Charlie. ITockosbKy Kaacc Charlie SABISETCS TTPOU3-
BOJHBIM OT KJIacCOB Alpha U Bravo, Takue IpucBanBaHus 3aKOHHBI. OHAKO
eCTh BayKHOE OrpaHuYeHre: Yyepes MepeMeHHyI0 6a30BOro Kjaacca MOKHO 10-
JIYYUTH JOCTYII K TOJIBKO TEM MOJISIM M METO/IAM, KOTOPbIe 00bsIBJIEHBI B [aH-
HOM 6a3oBoM KJracce. I10aToMy ITpH BBI30BE Yepes MepeMeHHY0 o0bjA 1moJry-
yaeM JIOCTYII TOJBKO K TOJII0 codeA M BEPCUU MeTojia show (), 0ObsABIECHHON
B kJacce Alpha. Uepe3 nepemeHHyio objB mosy4yaeM JOCTYII K MOJIO codeB
U Bepcuu MeTo/ia show () M3 KJjacca Bravo.

Unaue 110 06CTONT, €CJIM MBI HICIIOJIB3YeM YKazatesn. B mporpamme 00bsiB-
JIEHBI TPH yKa3aTeJist: yKa3aresib pntA Ha 0OBEKT Kiacca Alpha, yKasaTesb
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pntB Ha OOBEKT Kjacca Bravo M yKasaresb pntC Ha 0OBEKT Kiaacca Charlie.
Kaxaomy 13 ykasareseil 3HadeHHEM IMPHCBAaUBAETCs ajpec 0ObeKTa objC

po

M3BOIHOTO KJacca Charlie (MHCTPYKIUA &objC). Takag omepanms Toxe

3aKOHHasl, U Bce OJarofapsi TOMY, 4TO KJacchl Alpha U Bravo SIBJSIOTCS 6a3o-
BBIMHU 17151 Kacca Charlie. [IMKAHTHOCTD CUTYaITUU B TOM, YTO €CJIA MBI BBI-

3bIB

aeM MeToz show () 4epe3 yKaszaTeyu pntA U pntB, TO BbI3bIBACTCSI BEPCUS

MEeTO/1a, OIIMCaHHas B Kjlacce Charlie.

m|
AN
L]

NMOAPOBHOCTMU

Kak n B cniy4ae ¢ 06beKkTHbIMUN NepemMeHHbIMK, Yepes ykasaTesim Ha 00b-
eKkTbl 6a30BOro kfacca ecTb AO0CTYMN TOJIbKO K TeM MOAaM 1 MeTodam
06beKTa NPOM3BOAHOMO Kacca, KOTOPble OnucaHbl B 6a3oBOM KJlacce.
Mpolie roBops, Yepes ykasaTesib pntA nosyd4aemM A0CTyN TOSbKO K Moo
codel, a Yyepes ykasaTesb pntB €CTb A0CTYM TOMBLKO K MOS0 codeB. Ho ecnn
yepes Takol ykasaTeslb Bbl3blIBAETCA NepeonpeaesieHHblii MeTod, a uc-
XO[Hasa Bepcus MeToda ornvcaHa Kak BuMpTyasibHad, To OyOeT Bbi3BaHa
MMEHHO nepeonpeneneHHas Bepcus MeToaa.

3agaum s CaMOCTOATESIbHOro peweHusd

1.

Hamnummure nporpamMmy, B KOTOPO# CO3/IaeTCst MACCHB 0OBEKTOB. Y KasK-
710r0 00BEKTA €CTh 3aKPHITOE YHUCIOBOE MOJIE U METOJI, BO3BPAIIAIOIINI
3HaveHue AanHoro mosst. [Ipu co3manmnu 00beKTa MO0 TPUCBANBAETCS
CITydaifHOe TeI0e YUCIIO.

Harmummire mporpaMmy ¢ KJIaccoM, y KOTOPOTO €CTh TI0JI€e, TPeCTaBIIs-
fotiiee co60i yrcI0Boit MaccuB. [IpeycMoTpeTh pasHble CIoCOObI CO3-
naHust 0OBEKTOB Kjracca (B TOM YHCJie Ha OCHOBE YK€ CYIIECTBYIOIIETO
o6bekTa). OnrcaTh onepaTopHbie MYHKIME U METO/BI JJIsl BHITTOJTHEHUST
Pa3JIMYHbIX OTeparuii ¢ 00beKTaMu (HaPUMeD, CI0KeHHe 0OBEKTOB, HH-
JeKcupoBaHue 00bEKTOB, yMHOKEHUE 1 JlesieHre Ha yncsio). Hampuwmep,
[IPU CJIOKEHNH 0OBEKTOB PE3YJIBTATOM MOKET ObIT 0OBEKT C MACCHBOM,
BJIEMEHTBI KOTOPOTO OIPEIESIOTCS Kak cpeiHee apudMeTHIeCKoe Co-
OTBETCTBYIOIINX 3JIEMEHTOB B MaCCUBaX CKJIa/bIBAEMbIX 00beKTOB. [Tpn
BBI30BE 00bEKTA PE3YJIBTATOM MOKET BO3BPAIIATHCS CpeiHee aprupMeT-
YecKoe 3HaYeHHe 3JIEMEHTOB MacCHBa U3 JAHHOTO 00bEKTa, U TaK Jlajiee.

Hanummire mporpaMmmy, B KOTOPO#l CO3/1a€TCsT «KOJIBII0> U3 0OBEKTOB:
«I1eroYKa» 00BEKTOB, B KOTOPOI OJMH OOBEKT CCHIIAETCSI Ha JPYTOH,
a caMblii mocsIe NI 0OBEKT cebliaeTcs Ha epBbiil. Kaxapiil 00beKT nme-
€T, KpOMeE TIPOUYETO0, 3aKPhITOE YUCJIOBOE MTOJIE CO CYUANHBIM 3HAYEHIEM,
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1 3aKPBITOE CUMBOJIBHOE TI0JIE TOXKE CO CyYailHbIM 3HaueHueM. [Ipezio-
KUTDb (l)yHKLII/H/I 1 METO/bI 1JIA pa6OTBI C TaKUM <«KOJIbIIOM». HalIpUMeD,
METOJ JIIsT OTOOPaKEHUsT 3HAYEHUIT MOJIell 00BEKTOB, KOTOPbHIE BXOISAT
B <KOJIBIO», WK (QYHKIHIO TSI YAQJIeHIsT OOBbEKTOB B «KOJIbIle». Peko-
MCHAYETCA PEHIUTDb 3a/la4y Pa3sHbIMU CHOCO6aMI/I.

4. Hamumumre nmporpammy, B KOTOPO# co3aercst «<OMHapHOe J1epeBo» 00b-
eKTOB: KasK/Iblii 0OBEKT CChIJIaeTCs Ha 1Ba APyrux oobekra. [IpeanoxRuTh
AJITOPUTM CO3ZIAaHMSI TAKOTO <«JAePeBa», METOIABI AN UAEHTU(DUKAIINN
00BEKTOB B HEM ¥ CIIOCOOBI YIATECHUS </IEPEBas.

5. Hamnuimre nporpaMMy ¢ KJIACCOM, Y KOTOPOTO MOJIEM SIBJISIETCSI MACCUB
yKasareJieil Ha 00BEKTBI TOTO ke Kaacca. [IpemoknTe MeToabl 1 (HyHK-
1 71t PaGOTHI ¢ TAKMMHU 0OBEKTaMH.

PekomeHgauum anga caMmoCTOATE NIbHOM paboThl

e [lomnpoGyiite permuTh 3aa4u, PACCMOTPEHHbBIE B TJIABE, UCIIOJIb3YST BMe-
CTO CTAaTUYECKUX MACCUBOB JIMHAMUYECKNE MACCUBBLI M TUHAMUYECKUN
c110co0 BbI/IEJIEHNUST TAMSITU (Pa3yMeeTCst, TaM, TJIe 9TO YMECTHO).

e [lomnpoGyiite penmTh 3a7a4d, PACCMOTPEHHBIE B MPEABIAYIINX TJIaBax
(v peTaraBIIMecs TaM [Tl CaMOCTOSATEIBHOTO PEIIEHUS ), NCITOIb3Y s
BMECTO MaCCUBOB MHIEKCHPYEMbIe OOHEKTHI.

e B npumepax ¢ ucnonab3oBanueM (OYHKINH, KOTOPbIE PACCMAaTPUBAINCH
B TIPE/IBIAYIIIX [JIaBaX, Monpolyiite 3aMeHUTh (HYHKIUHT HA (DYHKTOPBI.

e I3BecTHO, 4TO (DYHKITUI HE MOKET Pe3yJbTaTOM BO3BpaIlaTh CTaTUde-
cKuil MaccuB. BmecTte ¢ Tem pesysbraToM (hyHKIIMHU MOKET ObITh OOBEKT,
JOTTYCKAIOIINI MHIeKCUpoBanue. B TakoM ciiydae cosfaeTcst W31,
4To (DYHKIUS BO3BpallaeT MaccuB. TakiKe WMHAEKCUPYEMBIH OOBEKT
MOKeT ObITh Pe3yJbTaToM, Bo3BpaiiaeMbiM (GyHKTOpoM. Ilomymaiite
U TIPEJIJIOKUTE CIIOCOOBI PENIeHnsT HEKOTOPBIX U3 PACCMOTPEHHBIX paHee
3a/1a9 C WCTIOTh30BAHUEM JJTAHHOW TEXHOJIOTHN.



MlMaBsa7

OBOBLWWEHHbIE dPYHKLUUNU
N KJIACCbl

— Ckaxnre, moktop Batcon, Ber monnma-
eTe BCIO BA)KHOCTb MOETO OTKPbBITHS ?

— Jla, KaK 9KCITEPUMEHT ITO WHTEPECHO.
Ho kaxoe npaktuieckoe mpuMeHeHue?

— Tocmonn, nmenno nmpakTuyeckoe!

u3 K/ «llpuxmovenus lleproxa Xoimca
u dokmopa Bamcona»

Crucok tem, 06CysKIaeMbIX B 9TOII TJ1aBe, JOCTaTOYHO KpaToK. OHAKO caMu
1o cebe TeMbl OYeHb OOBEMHbBIE U WHTepecHble. VTak, jaiee Mbl 0OCYANM
U PACCMOTPUM:

e 06o6meHHbIe HYHKINN;

e 0000IIEeHHbIE KJIACCHI,

HY U €11l€ HEKOTOPbIE COIIYTCTBYIOUIME MOAXO/Abl I MEXaHN3MbI.

0600w EeHHbIe PYHKUUN

Unest o606wenivix pynkiyuii COCTOUT B TOM, YTO B HUX THIT JaHHBIX BBICTY-
MaeT MapaMeTPOM.

@ TEOPUSA

OnucaHve 06GOOLLEHHON (YHKUMU HAYMHAETCS C KIIIOYEeBOro CroBa
template, MOCNE KOTOPOro B YrMOBbIX CKOOKAax ykasblBaeTCs Kjto4eBoe
CNoBO class 1 dopmasibHoe 0603HaYeHVe s TUMNa AaHHbIX (NapamMeTp
TMna nnn obo0LLIEHHbI napameTp). Bo BceM octanbHOM 0600L1eHHas
dYHKUMS onmncbiBaeTCs Kak 00blvHas (He 00006LLEeHHas), C NONpPaBKoW Ha
TO, YTO B ONUCaHUM PYHKLIMN B KQYECTBE NAeHTUdUKATopa TUna MoxHO
NCNoNb30BaTh NapameTp.
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B smcrunre 7.1 npejcrabiena nporpamMma, cojiepskaiias 06001meHHy o (hyHK-
10 show (). ITOI (yHKIMEH B KOHCOJIBHOM OKHE 0TOOpasKaeTcsl 3HaueHe
apryMeHTa, KOTOPBIH mepeaaeTcs (hyHKITUN TTPU BBI30BE.

Jiucturr 7.1. O6006weHHaa ¢yHKUUSA C O4HMM NapamMeTpoM Tuna
#include <iostream>
#include <cstdlib>
using namespace std;
// 0BobumeHHad OyHKLMA:
template<class X> void show (X arg) {
cout<<arg<<endl;
}
// TnaBHas OQYHKUMS TPOTPAMME:
int main () {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// BE30B 060CmEHHOV (QYHKLUMM C CUMBOJIbHEM APTYMEHTOM:
show ('A'");
// BH30B 060CmEHHOV (QYHKLUMM C UMCIIOBEM ApTyMEHTOM:
show (123) ;
// Bei30B 0600MEHHOV GYHKLMM C TEKCTOBHM apTyMEHTOM:
show ("Texct") ;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");
return 0;

}

PesyasraT Beimosnenus (pyHKINN TaKOH:

Pe3ynbTaT BbiNOJSIHEHUS NPOrpaMmmbl (U3 IMCTUHra 7.1)
A
123

TekcT
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Camoe MHTEpEeCHOE 3/1eCh, He3YCJIOBHO — 9TO ONUcaHue 0600IIEeHHOI (hYyHK-
nn. BOT Tak BRITJISANT WHTEPECYIOMINI HAC KO

template<class X> void show (X arg) {
cout<<arg<<endl;
}

Omnucanue 06061eHHO (QYHKIINN HAYMHAETCST C KITI0YEBOTO CJIOBa template.
WNuctpykius <class X>, ciemyronias jajiee, 03HaYaeT, YTO UAeHTH(HUKATOD
X B oncannu (HyHKIMK 0003HAYAET HEKOTOPDI THIT AaHHBIX. Kakoil nMeH-
HO — CTAHOBUTCSI sICHO TIpU Bbi3oBe yHKInKU. DyHKIINS, KaK BUIUM, HE BO3-
BparaeT pe3yasTaT (KIo4eBoe CI0BO void mepes mMeHeM hyHKIIAN ), U Y Hee
oIvH aprymeHT (0603HaYeH Kak arg). THIT apryMeHTa OnpeaessieTcst uaeHTH-
(puxaTopom X. B Tese pyHKITNU BCcero oJfHa KOMaH/a cout<<arg<<endl, B CO-
OTBETCTBUH C KOTOPOil 3HaYeHHe apryMeHTa OTOOPasKaeTcsi B KOHCOJbHOM
okHe (1 BBITIOJIHSIETCS TIEPEX0]] K HOBOU CTPOKE).

B rnaBrOU dhyHKINET mporpaMMbl (DYHKITHS show () BBI3BIBAETCS TPUKIBL:
peyb 0 Komanaax show ('A'), show (123) 1 show ("Texct").

Kaxxnprit pa3 mpu BbI30Be (DYHKIIUU TIO TUTY TIEPEJAHHOTO €lf apTyMeHTa
OIlpezessieTCs 3HaYeHue JJIs1 0600IIEHHOTO mapamMeTpa X 1 KoJl (PyHKITUHU BbI-
TTOJTHAETCST TIPU COOTBETCTBYIOIIEM 3HAUEHWH JaHHOTO TapameTpa. Hampu-
Mep, B KoMmanze show ('A') (byHKLU/Iﬂ show () IoJIy4aeT apryMeHTOM 3HadYeHue
tuna char. [loatomy Ko/ (pyHKITUN BBITTOTHSIETCS TaK, KAK €CIIH ObI TTapaMeTp
X OBLT HﬂeHTI/ICbMKaTOpOM char. ITpu BeITIOSTHEHUM KOMaH/IbI show (123) mapa-
METP X «CTAHOBUTCS» UAEHTU(MUKATOPOM int, a MPU BBHITOJTHEHUT KOMAH/IBI
show ("TexcT") ImapaMeTp X MHTEPIIPETUPYETCA KaK yKas3aTeslb Ha CUMBOJIb-
Hoe 3HadeHune (YCIOBHO TOBOPS, TUTI char*).

B cienyiomieii mporpaMme MCHosib3oBanue 0000EHHBIX DYHKIMHA HOCUT
6oJtee yTOHYEHHBIN XapakTep. B wacTHoCTH, B HEll OmchBAIOTCS /1Be 0606-
menuble GbyHKmu: GyHKIms show () TpeAHasHAYeHa ST OTOOPAKEHNUST CO-
IEepP:KUMOI0 MaccuBa, a (DyHKLMs sort () HCIOJIb3yeTcsl AJisi COPTUPOBKU
MaccuBa METOJIOM ITy3bIpbKa. [Ipruem B Teste pyHKImm sort () BBI3BIBAETCA
bynxmmsa show ().

() HA 3AMETKY

[Mpu copTMpoBKe MaccrBa (B Nopsake BO3pacTaHUA 3HAYEHNM 3/1IEMEH-
TOB) METOA0OM My3blpbka CPABHMBAKTCA NOCNEeA0BATENIbHO 3HAYEHUS CO-
CefHNX 9/IEMEHTOB MacCuBa, W ECNIN 3HAYEHVE 3NeMeHTa cieBa b0sbLue
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3HaYeHNs 3/1IeMeHTa cripasa, TO OHY 0OMeHMBalTCa 3HavyeHuamn. Ko-
JINYECTBO MOJIHbIX «MPOXOA0B» MaccuBa C «nepedopomM» 3NIEMEHTOB Ha
eVHNLY MEHbLLE KONMYEeCTBa 3/IEMEHTOB B MaccuBe. 3a Kaxablii cie-
OYIOLLMI MPOX0o4, KOSIMYECTBO MPOBEPSAEMbIX 3/IEMEHTOB YMEHbLLIAeTCs
Ha eauHULLY.

PaccmoTpum mmporpaMMHBIT KO, TIPE/ICTaBIEHHBIN B TUCTUHTE 7.2,

JIuctuHr 7.2. 0606LeHHas YHKUMS A1 COPTUPOBKU MacCcUBa
#include <iostream>
#include <cstdlib>
using namespace std;
// 0GoCmernHas GyHKUMA I8 OTODPaXEHUS MACCUBA:
template<class T> void show(T* m,int n) {
for(int i=0;i<n;i++){
cout<<mpi]g" ";
}
cout<<endl;
}
// 0BoOmeHHad OQYHKLUMA IJIS COPTMPOBKM MACCUBA:
template<class X> void sort (X* m,int n){
// OToCpaxeHre HECOPTUPOBAHHOTO MaCCUBA:
show (m,n);
// JlokanbHas mepeMeHHad OOOOMEHHOTO THMIa:
X s;
// BIIOXEHHEE ONEpPaTOPH LMKIIA:
for(int i=1;1i<=n-1;1i++){
for(int j=0;j<n-1;j++){
if(m{31>m[3+1]) {
// OCMeH 3HaUEHMAMM COCEIHUX SJIEMEHTOB:
s=m[j+1];
m[j+1]=m[]];

m[j]=s;
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}

// OroGpaxeHne OTCOPTUPOBAHHOTO MACCUBA:
show (m,n) ;
}
// TnaBHag GYHKUMS [POTPAMMEL:
int main () {
// VI3MeHeHMEe KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// UMCIoBOV MacCUB:
int A[5]={3,2,8,1,0};
// CUMBOJIbHEIE MaCCUB:
char B[7]={'Z','B','Y','A",'D','C','X"};
// CopTMpOBKa MacCCHBOB:
sort (A, 5);
sort (B, 7);
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

PGSYJIbTaT BBIITOJIHEHUA IIPOTPaMMBbI IIPEACTABJIEH HUKE!

Pe3ynbTaT BbINOJIHEHUS NPOrpamMMbl (U3 INCTUHrA 7.2)
32810

01238

ZBYADCX

ABCDXYZ

B omucannu 060061eHHO# GyHKIME show () mapameTp Tuia 0O03HAYEH
Kak T. ApryMeHTOB y (DYHKIIUU [Ba: TIEPBBIIl apTYMEHT M OMUCAH C UAEHTU-
ukaropom Tuma T*. ITO O3HAYAET, YTO APTYMEHT I SIBJISAETCS yKa3aTeJleM Ha
3HaYeHNe TOTO TUTIA, KOTOPBIN «CKPbIBaeTcsI» 3a umeHtuduraropom T. He-
CJIOKHO IOTJIAThCS, YTO TIOJ M TIOJ[Pa3yMeBaeTCs UM MacCHBa, 3JI€MEHTHI
KOTOPOTO OTHOCATCS K TUMy T. Bropoii aprymMeHT n dbyHKIUM show () 11eJ10-
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urcaeHubiii. OH onpesiesisieT pa3Mep mMaccuBa, 0OpadaTbiBaeMoOro (hyHKIH-
efi. B tene dynkimym 3amyckaercs omepaTop MK, B KOTOPOM apTyMEHT
06pabaThIBAETCST KAK MACCHB: B KOHCOJIbHOE OKHO BBIBOJISITCST 3HAUCHUST €TO
3JIEMEHTOB.

O6061eHHas PYHKIMSA sort () 1t COPTUPOBKK MacCHBa OIMCaHa ¢ lapame-
TPOM THTIA X, OHA He BO3BPaIlaeT Pe3yJIbTat, 1 y Hee, Kak U Y GyHKITUU show (),
nBa aprymenta. [lepsbiit (0603HaueH Kak m) (hOPMATBHO SIBIISIETCS yKa3arTe-
JieM Ha 3HaueHue TUTIa X, HO MBI TIpeIoaraeM Ha caMOM JieJie, YTO 3TO UMS
MacCUBa, 3JIeMEeHTHI KOTOPOTO OTHOCATCA K TUILy X. BTopoii resnouncieHHbIN
apryMeHT n SIBJISIETCS] Pa3MEPOM MaccuBa. B Tesie pyHKIIUM cCHAYa/Ia KOMaH-
0 show (m,n) BbI3bIBaeTCda 0000NIEHHAS cbyHKuHH show (), B pe3yJibTare
Yero B KOHCOJIbHOM OKHE 0TOOpaskaeTcs COAeP;KUMOe HEOTCOPTUPOBAHHOTO
ele MaccuBa. 3areM OObSBJISAETCS JIOKAJIbHAS TIepeMeHHast s, KoTopasi OT-
HoOCUTCs K 06001eHHoMy Triy X. IlepeMenHast HaM MOHAA00MTCST, KOT/IA Mbl
BO BJIOKEHHBIX OTI€pPaTOpax IMKJA TP mepedbope 1 cCpaBHEHUU HJIEMEHTOB
OyJIeM MPOU3BOIUTH «0OMeH» 3HaueHUsAMU. Iloce Toro, Kak MacCUB OTCO-
PTUPOBaH, KOMAHAON show (m,n) oToOpakaeM HOBBIHA IOPSLOK JEMEHTOB
B MaccuBe (TouHee, HOBBII TTOPSI/IOK 3HAYEHUH 97IEMEHTOB B MaCCHUBE).

B dysximm main () xomanmamu int A[5]={3,2,8,1,0} u char B[7]={'Z",
'B','Y','A",'D','C", 'X"} coO3maOTCI IIEJOYHUCJEHHBII U CHUMBOJIBHBII
MaccuBbl. /711 MX COPTUPOBKU HUCIHOJB3YIOTCSI COOTBETCTBEHHO KOMAHJIBI
sort (A,5) msort (B, 7).

@ HA 3AMETKY

[Mpu cpaBHEHNN 3HAYEHUIN 3NIEMEHTOB CMMBOJIbHLIX MAaCCMBOB CPaBHU-
BalOTCA KOAbl COOTBETCTBYIOLNX CMMBOJIOB.

060060LweHHaa PYHKUNSA C HECKOJIbBKUMMU
napameTpamMmm

Y 0600611eHHON (DYHKIIMKU MOKET ObITh HECKOJIBKO MapaMeTpoB Tuia. Kax
WJLTIOCTPAIUIO PACCMOTPHUM ITPOTPAMMY, TIPEICTABJIEHHYTO B JJUCTUHTE 7.3.

JIuctnHr 7.3. 0606LeHHas GYHKUMS C HECKOJIbKUMM NapaMmeTpamm
#include <iostream>
#include <cstdlib>

using namespace std;

249



masa 7

// O0BolmeHHas QYHKLUML C OBYMS [NapaMeTpaMmin:
template<class X,class R> R apply(R (*fun) (X),X arg) {
return fun(arqg);
}
// Obeunas dyHkuma (aprymenT Tuna double
// u pesynbrar Tuna double):
double f (double x) {
return x*(1-x);
}
// OBruHag QyHKUMA (apTyMeHT Turna int
// w pesynbTarT Tuna int):
int factorial (int n){
if (n==0) {
return 1;
}
elsef

return n*factorial (n-1);

}

// OCbunasg byHKUMS (AapTyMeHT Tuma int

// w pesynbTar TMma char):

char symb(int n) {
return 'A'+n;

}

// TnaBHas QYHKUMS TPOTPAMME:

int main () {
// Vi3ameHeHMe KOOMPOBKY KOHCOJM:
system("chcp 1251>nul");
// BE30B 00OOGLEHHOM (QYHKLMN:
cout<<apply (£,0.5)<<endl;
cout<<apply(factorial,5)<<endl;

cout<<apply (symb, 3) <<endl;
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// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

}

B nporpamme onmcana obo6ieHHas GhyHKius apply (), TpeaHasHaYeHHAs
JUIST TIPUMEHEHMsT HeKOTOPO (0ObIYHOI) (DYHKIINH, TIePEeAaHHON MePBbIM
apryMeHToM (GbyHKINU apply (), K apTYMEHTY, KOTOPBIN Tiepe/laH BTOPBIM ap-
rymMeHTOM (GyHKINHU apply (). Onucanne 06061eHHON (HYHKIIMK BBITJISIAAT
TaK:

template<class ¥X,class R> R apply(R (*fun) (X),X arqg) {
return fun(arqg);

}

OyukIws 00bsIBIEHA € ABYMS [TapaMeTpaMu Trma X u R. Peayisrarom hyHK-
1IN BO3BpallaeTcsl 3HaUueHne Tuia R. ApryMeHTOB y Hee JBa: BTOPOU apry-
MEHT arg OTHOCUTCS K TUITY X, a IEPBBII apryMeHT PyHKIIUU apply () SBJIS-
eTcsT yKazarejieM Ha (yHKITUIO, Y KOTOPOI OMH apryMeHT THUTIa X U KOTopas
BO3BpalllaeT pe3yJbraToM 3HaueHue Tura R. VHCTpyKIUs, onuchiBaioias
MepBBIN aPTYMEHT, BBITJISAUT Kak R (*fun) (X).

@ HA 3AMETKY

HanomHum, 4TO ykazatesnb Ha GYHKLUMIO ONMUChIBAETCS Cleayowmm 00-

pasom:

® yKasblBaeTCA naeHTUGUKaATOP TMNa pedynsrata GyHKUNK;

® B KPyMbIX CKOOKax yka3blBaeTCsl Ha3BaHVe NepemMeHHOol-ykasaTens,
nepepn HassaHneM — 3Be€3404Ka *;

® B KPYMbIX CKOOKax 4epes 3ansTyio NepeyncnsaioTcs MAeHTUOMKaATOPSbI
TMNa aJis apryMmeHToB OYHKUNN.

Pesyzbratr 0600menHol  (GyHKIMKU apply() BO3Bpamiaercs KOMaHION
return fun(arg). MakTUyecKu, 31€Ch Pe3yabTaATOM 0000IIEHHOM (DYHKIUN
BO3BpaIaeTcsl 3HaUeHNe, BBIUUCAIeMOe TPU TpUMeHeHnn (DYHKITUU, UM
KOTOPOIi TIepefiaHo MePBbIM apryMeHTOM 00001eHHON (DyHKIMI apply (),
K 3HAY€HUIO, IepelaHHOMY BTOPBIM apTyMEHTOM (byHKuI/H/I apply ().

Jlist mpoBepku paboThl hyHKIMN apply () B IporpaMmme 0O bBIEHO HECKOJTb-
KO OOBIYHBIX (DYHKIMH (IJIaBHOE YCJI0BHE — YTOObI OHU BO3BPAIIAJIH PE3YJIh-
Tat u 9T00bI Y HUX OBLI OJMH aprymenT). B gactnocTu:
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® vy QyHKIUY £ () apTyMeHT Tuta double W pe3yJbTaT TUTA double;

° (byHKuI/IH JUISI BBIYMCTIeHUsT (pakToprasa dyncsia factorial () Bo3Bpalaer
3HAUYeHHNe TUTA int ¥ apryMeHT BYHKIIUY TaKyKe OTHOCUTCS K TUITY int;

®  (yHKIUSA symb () BO3BpaIIaeT pe3yabTaTOM CUMBOJI (TUI char), a apry-
MEeHT (DYHKIIHT WMeeT TUT int.

B rinaBHOW (yHKIMM mporpaMMbl  MHCTPYKIUAMU  apply (f,0.5),
apply(factorial,5) u apply(symb,3) BbI3bIBaeTcst 0000IIeHHAS (DYHKIHS
apply (), apryMeHTOM KOTOPOIl TiepeiaeTcst uMsi 00bIUHO# (HE0OOOIEeHHOM
(bynxmum) u 3HAUEHNE, NCTIOJIB3YEMOe TTPH ee BbI30Be. Pe3ysbraT BeITIOTHE-
HUA [IPOrPaMMBbL IIPE/CTaBJIeH HUKE:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 NMCTUHra 7.3)
0.25

120

D

Takum o6pa3oM, pe3yabraTroM (GYHKIUsS apply () BO3BpaIlaeT TO 3HAYEHUE,
KOTOPOE SIBJISIETCST PE3YJIbTaTOM TePe/JaHHOi apTYMEHTOM (DYHKITUH.

Meperpyska 0000LwWeHHOW PYHKUNN

WcTrHa mpocta — MOKHO CO3/IaTh HECKOJIBKO BepCcHil 00001eHHON (hyHK-
nun. [Ipumep Takoii cuTyaruu mpeacTaBjieH B auctunre 7.4. Tam omucano
JIB€ Bepcuu 060011eHHOM (I)yHKIlI/II/I show () : ¢ OMIHUM apPIyMEHTOM U C IBYMsI
aprymenTamu. Cama (yHKIINST O4eHb IIPOCTast: TIPH €€ BHI30BE 0TOOPAsKAIOTCS
3HAYEHUs apTyMeHTOB. Barogapst ToMy, 4TO THUIIBI apTYMEHTOB HIeHTU (-
UPYIOTCs Yepe3 06001eHHble TapaMeTPbl, B IporpaMme (GyHKIUIO show ()
MOKHO BBI3BIBATH C OJHUM WJIN ABYMS apTyMeHTaMU ITPOU3BOJIHHOTO THIIA.
Opnnako Tmpu 3TOM MOKHA WMETh CMBIC KOMaH/a BBIBEIEHUS 3HAYEHUS
apryMeHTa B KOHCOJIbHOE OKHO. PaccMOTpUM TIpe/icTaBIeHHBIN HUZKE TPO-
TPaMMHBIN KOJI:

JiucTturr 7.4. Neperpys3ka 0600LeHHON PYyHKLUMU
#include <iostream>
#include <cstdlib>

using namespace std;
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// Bepcus 000OmeHHOM GYyHKUMM C OOHUM apTyMEHTOM:
template<class X> void show (X x) {
cout<<"dyukumg c omuum aprymeHTomM\n";
cout<<"3HaueHye aprymeHTa: "<<x<<endl;
}
// Bepcus 000OmeHHOM GYyHKUUM C OBYMS apTyMEeHTaMi:
template<class X,class Y> void show(X x,Y y) {
cout<<"dyHKuMg C OByMd aprymeHTamm\n";
cout<<"MlepmBeut apryMeHT: "<<x<<endl;
cout<<"Bropon aprymeHT: "<<y<<endl;
}
// TnaBHas OQYHKUMS TPOTPAMME:
int main () {
// Vi3MeHeHUEe KOIMPOBKYM KOHCOJM:
system("chcp 1251>nul");
// Bbi30B 00600MEHHOV OYHKLMM C OLHUM APTYMEHTOM:
show ('A');
show (123) ;
show ("Texct") ;
// BH30B 0600meHHOV (GYHKUMM C IBYMS apTyMEHTAMM:
show (321, "Texct") ;
show ('B',456);
show ('C','D");
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");
return 0;

}

[Ipu BoITTOTHEHUM TTPOTPAMMBI ITOJTyYaeM TaKOW Pe3yJIbTar:

Pe3ynbTaT BbiNOJSIHEHUS NPOrpaMmmbl (U3 IMCTUHra 7.4)
OyHKUMA C OOHMM apI'yMEHTOM

3HaueHNVe apryMeHTa: A
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OYHKLUMA C OOHMM apTyMEHTOM
3HaueHye aprymeHra: 123
OYHKLUVSA C OIOHMM apTyMEHTOM
SHaueHVe apryMeHTa: TekcT
OYHKLMSA C IBYyMS apTyMeHTaMyu
llepBemt apryMeHT: 321

Bropoit apryMeHT: TeKCT
OyHKLMSA C IBYyMS apTyMeHTaMy
llepBET apryMeHT: B

Bropon aprymeHT: 456
OYHKLUMSA C IOBYMS apTyMEeHTaMmum
llepBemt aprymeHT: C

Bropon aprymeHT: D

dBHag cneunannsaumua o0600LwweHHon GYHKLUUN

[Tpu pabote ¢ 0606IIeHHBIMU (DYHKITUAMEI MOKHO CO3/[aBATD CIIEI[HATbHBIE
Bepcuu (DYHKIUU IS ONPEIeJeHHbIX 3HAYeHUil 0OOOIIEHHBIX HapaMe-
TPOB.

B nono6moM cirydae ToBOPST 0 #6HOU cneyuaiudayuu 0600tmeHnon Gynk-
1un. [Ipumep Takoit cuTyanuu npeacTaBieH B IUCTUHTE 7.3.

Jinctunr 7.5. iBHasa cneumnanuaauus 06006LeHHON PYHKLUN
#include <iostream>
#include <cstdlib>
using namespace std;
// Ommcauue xmacca:
class MyClass{
public:
int number;

MyClass (int n) {
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number=n;
}
void show () {

cout<<"0ObmekT kjacca MyClass: "<<number<<endl;

}i
// 06GoBmeHHas OYHKUMA:
template<class X> void show (X arg) {
cout<<"3nauenye apryMmeHrta QyHkumm: "<<arg<<endl;
}
// ABHag chneumammsauusa 0OCOOMEHHON GYyHKLMM:
template<> void show<int>(int arg) {
cout<<"[lenounucnenuut aprymedT: "<<arg<<endl;
}
template<> void show<MyClass> (MyClass obj) {
obj.show();
}
// TnaBHas OYHKUMS TPOTPAMME:
int main () {
// ViameHeHMe KOOMPOBKY KOHCOJM:
system("chcp 1251>nul");
MyClass obj(300);
// BH30B 0OBOBWEHHON OYHKLN:
show ("A'");
show (100.0) ;
show (200) ;
show (0b7j) ;
// 3amepxka KOHCOJIBHOTO OKHa:
system("pause>nul");

return 0;
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PeSy.TIbTaT BBITIOJIHEHUWA ITPOTPaAMMBbI TaKoM:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 NUCTUHra 7.5)
3HaueHVe apryMeHTa QyHKUMM: A

BHauenye aprymedHTta Oyuxumm: 100

lenouncnenunt aprymedT: 200

ObbexT kjacca MyClass: 300

B nporpamme onrcana o6001eHHast GyHKIMsE show () ¢ OHUM apryMeHTOM,
THII KOTOPOTO 3a/iaH yepe3 06001eHHbIi napamerp. OyHKIneld 11pyu BbI30Be
0TOOpaskaeTcs 3Ha4eHKe apryMeHTa.

BwMmecte ¢ TeM B mporpaMMe Takske B STBHOM BHIE OTIMCAHBI IBE CITEITNATU3AITIHI
(byHKIIMU 1714 caydast, KOTa apryMeHT IBJSeTCS eIbIM YUCIoM (3HaUeHue
THIIA int) ¥ KOT/Ia apryMeHT sIBJISIeTCsT 00BEKTOM Kitacca MyClass. [Tocoeamii
OIMCaH B IIPOrpaMMe TaKuM 00pasoM, 4To y 00BEKTOB Kjacca MyClass ecTh
11oJie numper 1 MeTo/ show (), IIpXA BbI30BE KOTOPOT'O 0T06pa>KaeTc51 3HauYeHUA
1oJis1 number. YIBHAA clielaaIns3aliis q)yHKL[I/H/I show () A7 apryMeHTa, SIBJISI-
1o1erocst 06bEKTOM KJacca MyClass, IIpeLyCMaTpUBAET, YTO U3 00BeKTa, mepe-
JAHHOTO apryMeHTOM (bYHKITNH show () BBI3BIBAETCST OJHOUMEHHBIN METO/I.

Yro KacaeTcst TEXHUYECKOTO BONPOCA IO SIBHOM crielnainsaiyu 0000IeH-
HOW (QPYHKIINW, TO HAYMHAETCS OMMCAHNE SBHOW CHEIUATN3AINN € KJI0Ye-
BOTO CJIOBa template, MOCJE KOTOPOTO CJEMYIOT MYCThIE YTIOBbIE CKOOKHU <>.
Jasee uzpetr 0O6braHOE OMMcanne (HYHKIINH, 32 TEM HCKIIOYEHIEM, YTO TIOCTIe
uMeHr (DYHKIIMU B YTJIOBBIX CKOOKAX YKA3bIBAETCS MIEHTH(DUKATOP THIIA,
JI7IS1 KOTOPOTO BBITIOJIHSIETCS SIBHAS CIeIuaan3anus GyHKIIUN.

O000OLWEeHHbIe K/1acChbl

AHaJIOrTIHO O606IH€HHI)IM (IJYHK]_[I/IHM MOJKHO CO3/IaBaTb KJIaCCbl, B KOTO-
PbIX I/IZIGHTI/I(bI/IKaTOpI)I TUITIOB JaHHBIX BBICTYIIAIOT ITapaME€TPaMU.

@ TEOPUA

OnucaHre 06006LLLEHHOro Klacca HauyMHaEeTCs Tak Xe, Kak U onnucaHme
006006LEeHHON DYHKUNMK: C KIOYEBOrO COBA template, MOCNAE KOTOPOro
B YINI0BbIX CKODKax NepeyncnsiioTcs napameTpbl 4151 0000LLEHHbIX TUMOB
(kaxapli mapamMeTp ykasblBaeTCsl C KOYEBLIM C/IOBOM class). 3aTem
MOEeT onucaHue Kiacca, B KOTOPOM MOXHO UCMNOb30BaTb napamMmeTpbl
0000LLEHHbIX TUMOB.
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Mpwn cospaHnm ob6bekTa Ha OCHOBE 0OOOLLIEHHOMO K/lacca Noc/ie MMEHN
kJlacca B YrnoBblx CKOOKax ykasbiBalOTCA AEHTMPMKATOPBI TUMA, KOTO-
pble CneayeT UCMOob30BaTb BMECTO 0606LLEHHBLIX MApPaMETPOB.

B nucrunre 7.6 IIpUBEACH IIPUMED OIIMCaHUA U UCITOJIb3OBAHMA 0606IHGHHO-
'O KJj1acca.

JIncTuHr 7.6. O606LLEeHHbIN Knacc
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// OGOOCmeHHET KJacc:
template<class A,class B> class MyClass{
public:
// Tomsa xnacca:
A first;
B second;
// KOHCTPYKTOp Kiacca:
MyClass (A £,B s){
first=£f;
second=s;
}
// MeTon mna oTOOpaxeHUs 3HAUEHUS [OJIEN:
void show () {
cout<<"Mepoe mnoge: "<<first<<endl;

cout<<"Bropoe nose: "<<second<<endl;

bi
// TnaBHas OYHKUMS MTPOTPAMME:
int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:

system("chcp 1251>nul");
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// Cosmanue OOBLEKTOB Ha OCHOBE OCOCHEHHOTO KJIAacCa:
MyClass<int,char> objA(100,'A");
MyClass<string,double> objB("rexcr",10.5);
MyClass<char*, string> objC ("nepsum", "BTOPONK") ;
MyClass<int,int> objD(1,2);

// TpoBepka 3HaYeHMM MOJel OCBEKTOB:
objA.show () ;

objB.show () ;

objC.show () ;

objD.show () ;

// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

}

Pesynbrat BBITOTHEHNS TIPOTPAMMBI TAKOI:

Pe3ynbTaT BbINOJSIHEHUS NPOrpaMmMbl (U3 NINCTUHra 7.6)
llepsoe mose: 100

Bropoe mome: A

[lepBoOe mojie: TEKCT

Bropoe mose: 10.5

[lepBOe MOJe: MEPBHM

Bropoe mojie: BTOPOM

[leproe moje: 1

Bropoe moje: 2

Onucanue 0600IIEHHOrO KJIACCA, KAK U CJAEAOBANIO OKUAATH, HAYMHAETCS
C KJIIOUeBOTO cJoBa template. MHcTpyknms <class A,class B> 03HAuaerT,
4TO B KJIACCE UCTIOJB3YIOTCS [IBa 0O0OIIEHHDBIX TapaMeTpa A U B JIJIst UIEHTH-
ukaruu TUIIOB.

[lanee mper HemocpeACTBEHHO OINMcaHWe Kjacca MyClass. B wacTHOCTH,
B KJ1acce 0OBSIBJIEHO 1T0Jie first Tumia A, u moJie second Tuia B. YTo cKpbiBa-
eTcs 3a HapaMeTpaMH A 1 B, CTaHET IIOHSATHO [TOCJIE CO3aHus 00beKTa Kiacca
MyClass.
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B k7nacce ommcan KOHCTPYKTOp € ABYMS apryMeHTaMu (TUIA A TIEPBbII
1 TUTA B BTOPOIT), KOTOPBIE ONPEEIAIOT 3HAUeHNs ToJeil first m second.
Takske B KJacce ecTb MeTOZ show (), MpeAHA3HAYEHHBIN /1T 0OTOOPasKEHMSI
3HAYEHNI TIOJIEH.

B raBHOIT GyHKIMU TporpaMMbl cosgaercs psiii 00beKkToB. B yactHoCTH,
JUISL 9TOTO HCIOJIb3YIOTCSI KOMaHAbl MyClass<int,char> objA(100,'A'),
MyClass<string,double> objB ("Texcr",10.5), MyClass<char*,string>
objC ("mepsrm", "BTOpON") M MyClass<int,int> objD(1,2).

B xasxmoit KomMame Tocje UMeHn Kiacca MyClass B YIJIOBBIX CKOOKaxX yKa-
3aHBI UAEHTU(MOUKATOPHI TUIIOB, KOTOPBIE CJEIyeT MCIOJIb30BATh BMECTO
0000IEHHBIX ITAPAMETPOB IPU co3gaHun oObekTa Kiaacca. Craxem, WH-
CTPYKIUA <int,char> B KOMaH/le CO3JaHUA 00beKTa objA O3Ha4daeT, 4To
B KadyecTBe IapaMeTpa A HY>KHO UCITOJIb30BaTh int, a B KauecTBe apaMeTpa
B — char.

B xomanze MyClass<string,double> objB("rexcr",10.5) AJS TIEPBOTO TIa-
paMeTpa yKa3aHo 3HadeHue string U, COOTBETCTBEHHO, [IEPBLIM apTyMEHTOM
KOHCTPYKTOPY IepeiaeTcst TEKCTOBbIH JuTepal "rexcr". Kak HEOZHOKPATHO
0TMEYaJI0Ch, TEKCTOBbIE JIMTEPAJIbl PEANIU3YIOTCS B BUJE CUMBOJIBHBIX Mac-
CHBOB, [103TOMY Ha CaMOM /Jiesie peub ueT o ¢hopMalIbHOM Tuile char*. Ho
31IeCh IMEET MECTO aBTOMaTHYeCKOoe TPUBEIEHIE THITOB U JiuTepa 6e3 Ha-
[Iero y4acTHsl IIPUBOUTCS K TUIY string. BMecTe ¢ Tem HapaBHe ¢ TUIIOM
string JOMYCTUMO MCHOIB30BaTh U (hOPMATBHBII THIT char* /7ist 0003HaYe-
HHA «TEKCTOBOrO» TUIIA.

[Ipumepom cay:kuUT KOMaHaa MyClass<char*,string>  objC("nepsrut",
"BTOpOon").

HaxoHnerr, 06a 06001eHHBIX TTapaMeTpa MOTYT IIPHHUMATH OJIMHAKOBBIE 3Ha-
YeHUsl — Kak, HallpuMep, MMeeT MeCTO MPH CO3JaHuKu 00bheKTa KOMaHI0M
MyClass<int,int> objD(1,2). 3mech oba mapamerpa A U B IPUHUMAIOT 3Ha-
yeHue int.

@ HA 3AMETKY

[nsa ncnonb3oBaHUs B NporpamMme kiacca string NOAKIOHYAETCS 3aro-
JNIOBOK <string>.

[luist mpoBepKM 3HAYEHUS TIOJIEN CO3aHHbBIX 00BEKTOB U3 KaKI0ro 00beKTa
BBI3bIBACTCI METO/I show ().
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fiBHaq cneunannsauusa o000LEeHHOro Kjacca

Kak u B ciydae ¢ 06001ueHHBIMU (DYHKITUSAMHU, IPU ONMKUCAHUU 0600IIEH-
HOTO KJIACCa MOKHO 3aJaBaTh €ro S6HYI0 CReUUAIU3AUUIO [IJIST HEKOTOPBIX
YACTHBIX CJIy4aeB. PaccMOTpUM TIpuMep, TIPEACTaBICHHBIA B JUCTUH-
re 7.7.

Jiuctunr 7.7. siBHas cneumnanu3auus o6006LeHHOro Knacca
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// OGOOCmeHHENT KJIaccC:
template<class T> class MyClass{
private:
// 3akpHTOE mOJIe:
T value;
public:
// KOHCTPYKTOD:
MyClass (T v) {
value=v;
}
// Meron mns oToGpaxeHMs 3HAUEHMS IOJIA:
void show () {

cout<<"3Hauenme nojyg: "<<value<<endl;

b
// flBHag creuMamM3aumg Kjacca:
template<> class MyClass<string>{
private:
// 3akpeTOe MoJiIe — MAaCCUB:
char value[100];

public:
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// KOHCTPYKTOD:
MyClass (char* str) {
int k;
// TIlepBHIT CUMBOJ B MOJI€ — MACCUBE:
value[0]="]";
// 3amonHeHMe MO — MAaCCUBA:
for (k=0;str[k];k++){
value[2*k+1]=str[k];
value [2*k+2]="|";
}
// JobBaBleHMe HyJIb-CUMBOJIa B KOHEl, MaCCHBa:
value[2*k+1]="\0";
}
void show () {

cout<<value<<endl;

b

// TnaBHasg GYHKUMS OPOTPAMMEL:

int main(){
// VI3MeHeHME KOIMPOBKM KOHCOJIN:
system("chcp 1251>nul");
MyClass<int> objA(100);
// Cospanue 0OGBEKTOB Ha OCHOBE OBOBWEHHOTO KJIACCaA:
MyClass<char> objB('A');
MyClass<char*> objC("rexcr");
MyClass<string> objD("rexcr");
// BrI3OB MerToma #3 OOBEKTa, CO3NAHHOTO HA
// ocHOBe 0BGOCWEHHOTO KJAacca:
objA.show () ;
objB.show () ;
objC.show();
objD.show () ;
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// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");
return 0;

}

PesyJibrar BBIOTHEHHSI TIPOTPAMMBbI Oy/IeT TAKUM, KaK MTOKA3aHO HIKE:

Pe3ynbTaT BbINOMIHEHUS NPOrpaMmbl (U3 NNCTUHra 7.7)

Buauenye nomng: 100

SHaueHye nonusa: A

SHaueHyVe MOJA: TEKCT

ITlelxlc|T]

B nporpamme omnmncbiBaetcst 00061eHHbIN Kiacce MyClass, B KOTOPOM depe3 T

0603HaueH 0O0OIIEHHbII THIL Y KJIacca eCTh 3aKPbITOE T0Jie value, OTHOCS-
1eecst K 06001eHHOMY THTTY T.

KonctpykTop kmacca mosyaaet ofuH apryMeHT, KOTOPHI 1 3a/1aeT 3HAUeHIEe
mons value. [lyg momydenns nadopMaun 0 3HAUEHUN TOJII value peHa-
3Ha4yeH MeTo/I show ().

sIBHas crenmanusanus kiacca MyClass onucaHa Jjist cJydasi, KOrja B Kaue-
cTBe 0600IIEHHOTO TTapaMeTpa UCTIOIb3YeTCsl TUII string.

@ HA 3AMETKY

[MockonbKky B nporpaMmme MCnofib3yeTcs KAacc string, NOAKAOHAEM 3a-
roJIoBOK <string>. YTO KacaeTcs S9BHOW cneumanmsauum ans o606LeH-
HOro Kfiacca, TO MoCe KNIOYEBOro C/OBA template yKa3blBAOTCS NYyCThIE
YrI0BbIE CKOOKM <>, @ MOCNEe MMEHWN Kflacca B Yr10BbIX CKOOKaxX ykasbl-
BaeTcsa naeHtTudmnkaTop tmna (B 4aHHOM ciyyae string), 4158 KOTOPOro
BbINOJSIHAETCS crneumannaaums knacca.

Crermanbptasi Bepcusi Kjaacca MyClass COMEPIKUT, Kak U «00Iasi> Bepcust
KJIacca, 3aKpbITOe 10Jie ¢ Ha3BaHUEM value, KOTOPOE Teleph SIBJISAETCS CUM-
BOJIbHBIM MaccuBoM (13 100 aseMeHTOB). OH 3a110JIHSAETCS B KOHCTPYKTOPE.
AprymeHTOM KOHCTPYKTOPY (0603HaUeH Kak str) (opMasbHO MepenaeTcst
yKasaTeJIb Ha 3HaYeHUe TUIIA char, YTO MO3BOJISAET IEpeiaTh apryMeHTOM
KOHCTPYKTOPY TeKCTOBBII jinTepas. [Ipuniun 3anonnenus maccusa value
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TaKOM: B HETO KOMHMPYIOTCS CHMBOJIBI I3 TEKCTOBOTO JINTEPaAJIa, IePelaHHOTO
APTYMEHTOM KOHCTPYKTOPY, HO MEKY CHMBOJIAMH 100OABIISIETCS] BEPTUKAIb-
Hast yepra. Takas e yepra 1006aBIsIeTCs B HAYaI0 MaccuBa value. [Tockosb-
Ky BEPTHKaJIbHAS YepTa — 3TO OT/EJbHBIN CUMBOJI, TO 3aII0THEHUE MacCHBa
value BBITJIAIUT HETPpUBUAJbHO.

B camom Hauasie komanoii value [0]="|"' 1IepBbIM CUMBOJIOM B MacCHUB value
3aMMCHIBAETCS BePTUKAIbHASI YepTa. 3aTeM 3aIlyCcKaeTcs OmepaTtop IUKJIA,
B KOTOPOM MHJIEKCHAs IepeMeHHas k mpoberaer 3HadeHus oT 0 U 40 KOHIA
TEKCTOBOTO JINTEpaJa.

NMOAPOBHOCTMU

YcnoBue B YyCNIOBHOM onepartope BbIrnaauT Kak str(k]. OHo O6yaeT VH-
TepnpeTnpoBaTbCH Kak false, TONIbKO €CJI 91EMEHT C MHOEKCOM k ABNA-
€TCH HY/Ib-CMMBOJIOM OKOHYaHWA CTPOKU.

MHpekcHas nepemMeHHas k 06bsiBfieHa 4o 3anycka oneparopa uuvkna, rno-
CKOJIbKY 3Ha4eHune, KoTopoe OHa 6WJ,€T MMeTb MO 3aBepLueHnn onepa-
TOpa uukna, HaMmm MCNoNb3yeTca Npu 3anncun Hylb-CMMBOJ1Ia B MacCuB
value.

[Ipn ¢dukcupoBaHHOM 3HAYEHUUW WHAEKCHOM TepeMeHHOW KOMaHI0i
value[2*k+1]=str[k] B MaccuB value 3alMCHIBAECTCS OUYEPEIHAA 6yKBa u3 ap-
r'yMeHTa str KOHCTPYKTOpa, a Iocje Hee J00aBIseTcs BepTUKaIbHAsA YepTa
(komanza value [2%k+2]="]").

A4 NMOAPOBHOCTMH

MHpekc k onpenenseT 6ykBy B TEKCTOBOM NMTepasie str (KOTOpbIl Ha ca-
MOM Aene ABAseTCs CUMBOJIbHbIM MacCMBOM). MaccuB value 3an0OnHS-
eTCcH No Aga anemMeHTta. Ha no3mumnsax ¢ 4eTHbIMU MHAEKCaMU B MacCuBe
value pa3MeLLaInTCa CUMBOMbI BEPTUKASIBHOM YepThbl. Ha HeYeTHbIX M03u-
LMSIX B MaccuBe value HaxogsaTcs OykBbl M3 Maccuea str. @opmyna ons
HEYeTHbIX MHOEKCOB B MACCUBE value JAETCH BbIPXKEHNEM 2*k+1, @ 3HA-
4YeHUa OS5 YeTHbIX MHOEKCOB BbIHUCASIOTCA KaK 2*k+2. 34eCb Mbl y4nu,
YTO MPUW HYNEBOM 3HAYEHUM MHAEKCA k (NnepBas BykBa B MacCUBeE str)
B Maccuse value cnefyeT 3arnosiHATb 3JIEMEHT C UHAEKCOM 1, a CUMBON
BEPTUKANBHOWN YePTbl MPUCBAMBAETCHA ANEMEHTY C MHAEKCOM 2 B MaCCU-
Be value.

ITocne 3aBEpIICHUA OIllepaTOpa IUKJa MAaCCUB value 3aroJiHeH 6yKBaMI/I
1 BEPTUKAJIbHBIMH YE€PTOYKaMM, HO HYKHO e€Ille lIO6aBI/ITb HYJIb-CUMBOJIL.
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[Tockompky B omepaTope NWKJIa TepeMeHHAs k ysKe TOJyYHUya odepen-
HOe 3HauyeHue, TO [M0OABJIECHWE HYJIb-CHMBOJIA BBIOJHIEM KOMAaHIOM
value[2*k+1]="\0".

NOOPOBHOCTMHU

Mocrne 3aBepLUeHns onepaTopa UMkia MHOEeKCHas nepemMeHHas k nony-
yaeT 3Ha4YeHNe 3/IeMEeHTa B MACCUBE str, KOTOPbIi COOTBETCTBYET HyJlb-
cvmMBoOJy. B MaccuBe value 3TOW NO3ULMM COOTBETCTBYET 3/IEMEHT C UH-
DEKCOM 2%k+1.

Mertog show () B JaHHOI Bepcuu Kjaacca MyClass olpezeieH Tak, 4To 0Tobpa-
JKaeTcst cofiepKuMoe MaccuBa value (6e3 JOMOJHUTENLHOTO MOSCHAIOIIETO
TEKCTA.

@ HA 3AMETKY

Taknm obpa3oM, B SIBHOM creumann3aumm knacca MyClass gns tvna
string 9TOT CaMbIli TUN string PaKTUYECKU HE NCTOSIb3YETCS.

B riiaBHOI (hyHKIIME TIPOrpaMMbl Ha OCHOBE 0000IIIEHHOTO KJacca MyClass
CO3/AeTCsT HECKOJIBKO 00beKTOB. OCcOO0r0 BHUMAHMSI CTOSIT OOBEKTHI, KOTO-
pble CO3/IAI0TCSI ¢ UAEHTU(DUKATOPAMU THITOB char* U string st 06001eH-
HBIX [TAPAMETPOB.

ApPryMeHTOM KOHCTPYKTOPY B 0OOOMX CJIydasix MepejaeTcsl OAWH U TOT JKe
TEKCT, HO Pe3yJIbTaT TOJydaeM Pas3Hbli, TTOCKOJBKY B ofHOM ciydae (dbop-
MaJIBHBIN THUII char*) MCHOIb3yeTCst «00Iast» Bepcus kiacca MyClass, a BO
BTOpoM — (THI string) HUCHOIB3yeTCS SBHAs crelnuduKanus JaHHOTO
KJ1acca.

() HA 3AMETKY

Korga ncnonedyetcs naeHTndukatop tuna char*, TO B KOHCTPYKTOpE
MOS0 value B KAYECTBE 3HAYEHUS MPUCBanBaeTCs aapec TOro TeKCTOBO-
ro nuTepana, KoTopbI NepeaaH apryMeHTOM KOHCTPYKTOpy. Ecnv nepe-
[aTb aprymMeHTOM KOHCTPYKTOPY MMSI CMMBOJIBHOFO MaccuBa, B none
value 3anuLieTcs agpec aToro maccmea. Ecnm cospatb HECKObKO 06b-
€KTOB Ha OCHOBE Knacca MyClass C UAEHTUPUKATOPOM TUMA char* N Kax-
Oblli pa3 nepegaBaTb apryMeHTOM KOHCTPYKTOPY OAMH U TOT Xe& CUM-
BOJIbHbIA MaccuB (ero nms), To NMoss value BCEX CO3AAHHbIX 0ObEKTOB
OynyT ccbiNaTbCs HA OAMH U TOT XKe MacCuB.
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3HauyeHuqa napamMeTpPoB N0 YMOJIYaHUIO

[Tpu onucarun 0OOOIIEHHOTO KJIacca JJist TTapaMeTPOB THUITA MOKHO 3a/1aTh
3HAYEHUS 110 YMOJYaHU0. 3HAYEHUs TI0 YMOJTYAHUIO JIJIsT 000OIIEHHBIX TTa-
pPaMeTpoB yKa3bIBAIOTCS Yepe3 3HaK PaBEHCTBA I10CJe Ha3BaHU:A IlapaMeTpa
U [IPEICTABIISIOT OO0 NAeHTU(HUKATOPBI TUIIOB.

B nuctunre 7.8 o 9TOMY IIOBOAY IPE/ICTAaBJIEHA IIPOTrPaMMa.

JlucTurr 7.8. 3HayeHne napamMeTpoB Mo YMON4aHUIo
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// OBOOWeHHEN Kiacc:
template<class A=int,class B=char> class MyClass{
public:
// Tonsa:
A first;
B second;
// KoucTpykTOp:
MyClass (A f£,B s){
first=£f;
second=s;
}
// Meron mns oToGpaxeH)s 3HAUEHUA IOJIEN:
void show () {

cout<<"3nauenma "<<first<<" um "<<second<<endl;

bi
// TnaBHas OYHKUMS MPOTPAMME:
int main() {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:

system("chcp 1251>nul");
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// Coszmanme 0OBLEKTOB:
MyClass<double,int> objA(3.5,100);
MyClass<string> objB("rexctr",'A');
MyClass<> objC(200,'B");

// BE30B MeTOmIa:

objA.show () ;

objB.show () ;

objC.show();

// 3amepxka KOHCOJIbHOT'O OKHa:
system("pause>nul");

return 0;

}

Huske nipesicraBiieH pe3yJibTaT BbITOJTHEHUS IPOIPAMMBI:

Pe3ynbTaT BbINOJMIHEHUS NPOrpaMmMbl (U3 NINCTUHra 7.8)
3Hauenrs 3.5 u 100
SHaueHusa TEeKCT U A

BHauenma 200 m B

B ocHOBHOM KO/ YMTATENO A0JKEH ObITh MOHATEH, 00paTUM BHUMaHUE
JIMIIb Ha TPUHIMIIMAAbHbIE U HOBbIE MOMEHTHI. B 1epByio odepeab oHu
KacaloTCsl OMucaHus MabJIOHHOTO Kiacca MyClass: B YIJIOBBIX CKOOKax
rocJie Ha3BaHWi 00OOIEHHBIX TTApAMETPOB YKa3aHbl 3HAYEHUST 110 YMOJI-
yaHuio. B yacTHOCTH MHCTPYKIUA <class A=int,class B=char> O3HAYaeT,
YTO €CJIU P CO3JaHUU 00bEKTa Ha OCHOBE 0OOOIEHHOTO KJIacca SBHO
He yKasaTh uAeHTH(hUKATOPDI TUIIOB s 0000IEHHBIX IIapaMeTPOB, TO
LI TIepBOTO mapameTpa OyaeT UCIOoAb30BaH UAeHTU(UKATOD int, a A
BTOPOTO NapaMerpa OyJAeT MCIoJIb30BaH uaeHTUdUKAaTOp char. [aBHas
(YHKIIMSA TPOrPaMMBbl COAEPKUT IIPUMEPBI CO3aHusT 0ObEKTOB Ha OCHO-
Be 00001eHHoTo Kaacca. Tak, KoManga MyClass<double, int> objA (3.5,
100) cosmaeT OOBEKT C SIBHBIM yKasaHUEM WCIIOJIb3YEeMbIX HACHTUDU-
KaTopoB st 0000meHHbIX TapaMeTpoB (double m int). B komaHme
MyClass<string> objB("rekcT",'A') ABHO yKa3aH TOJIbKO OJAUH UJEHTU-
dbukarop THna string, HOATOMY /il BTOPOro 00OOIIEHHOTO MapaMeTpa
OyzleT UCIOJb30BAHO 3HAYEHe 110 YMOJIUaHuIio char. HakoHel, B KoMaH-
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ne MyClass<> objC(200,'B') SBHO He yKa3aH HU OAWH UAeHTUPUKATOP,
HOSTOMy’HHHﬁO606HHﬂ{HHX TUIIOB UCIIOJb3YIOTCA 3HAYCHUA 110 yMOJI4a-
Huio (int u char).

@ HA 3AMETKY

Jaxe ecnu naeHTMdMKaTOPbI TUMOB B KOMaHAE CO34aHNs 006bekTa iBHO
He yKasblBaloTCS, Yr10Bble CKOOKM (MyCThle) BCe PaBHO NPUCYTCTBYIOT.

HacnepoBaHue 0000LLEHHbIX KJ1TaCCOB

B crenyioniem mpumepe TOKa3aHo, Kak Ha OCHOBE OTHOTO OOOOIIEHHOTO
KJlacca 1yTeM HacJIe[OBaHUST MOKHO CO3/aTh APYTroil 0O0OIEHHBINH KIace
PaccmoTpum riporpaMMHBIiT KO B JINCTUHTE 7.9.

JNucTtunr 7.9. HacnepoBaHue 0606L1eHHOro Knacca
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Tepsrit 6a30BH OBOCWEHHENT KJACC:
template<class A> class Alpha{
public:

// Tone:

A alpha;

// KOHCTPYKTOD:

Alpha (A a){

alpha=a;

}

// Merom:

void show () {

cout<<"llose alpha: "<<alpha<<endl;

b

// Bropoit 6a30BHI OBOBMEHHEI KJIACC:
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template<class B> class Bravo{
public:

// Tone:

B bravo;

// KoucTpykTOp:

Bravo (B b) {
bravo=b;

}

// Meton:

void show () {

cout<<"Mlosme bravo: "<<bravo<<endl;

}i
// Tpou3BOmHEN 0COCHEHHENT KJIacC:

template<class A,class B,class C> class Charlie: public
Alpha<A>,public Bravo<B>{

public:

// Tomne:

C charlie;

// KoucTpyKTOp:

Charlie(A a&,B b,C c):Alpha<A>(a),Bravo<B>(b) {
charlie=c;

}

// TlepeomnpeneneHnue MeTOna:

void show () {
// BHI30B BepcuM MeToma 3 MepBOoTo 6a30BOTO KJacca:
Alpha<A>::show () ;
// BH30B MeTOIAa M3 BTOPOTO Oa30BOTO KJIACCA:
Bravo<B>::show();

cout<<"Ilosle charlie: "<<charlie<<endl;
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// TnaBHas OyHKUMA OpOTpPaMMa :

int main () {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Cospanue 0OBEKTOB:
Charlie<string,char, int> objA("rexcr",'A',100);
Charlie<int,double,char> objB(200,5.5,'B");
// BH30B MeTOma M3 OBGBEKTOB:
objA.show () ;
objB.show () ;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");
return 0;

}

PeSyJIbTaT BBIIIOJIHEHMA ITPOTPAaMMDbI ITPpEACTAaBJICH HUKE!

Pe3ynbTaT BbINOJIHEHUS NPOrpamMMbl (M3 NIMCTUHra 7.9)
llone alpha: TexcT

[lone bravo: A

llome charlie: 100

llone alpha: 200

llone bravo: 5.5

llome charlie: B

[Iporpamma zocTaToYHO TIpocTas. B Hell onuchiBaeTcs ABa OAHOTUITHBIX
0600IEeHHbIX KJlacca Alpha 1 Bravo, a 3aTeM Ha OCHOBE 9TUX KJIACCOB IIyTeM
HacJae0BaHNA CO3aeTCs 0000meHHbIN Kaace Charlie. Boobmie, cxema HacJe-
J0BaHUS 00OOIICHHBIX KJIACCOB HAITOMUHAET HACIeL0BaHNe OOBIYHBIX KJIac-
coB. [TompaBKy HYKHO [IeJIaTh TOJBKO Ha TO, YTO B Ciiydae ¢ 0600MEHHBIMU
KJIaCCAMM BaKHO He TOJIbKO Ha3BaHUe KJIacca, HO 1 06001IeHHbIe TAPAMETPbI,
KOTOpbI€ McobaytoTest. CKakeM, B OIMCaHNUU Kjacca Charlie mocie Kiode-
BOTO CJIOBa template yKasaHo BbIpaskenue <class A,class B,class C>, o3Ha-
yalollee, 4YTo B Kjaacce Charlie MCHOJIb3YyeTCs TP 0OGOOIIEHHBIX TapaMeTpa
(A, B u C). /lasee B onucaHum Kak HacjeayeMble YKaszaHbl KJIacchl Alpha<A>
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n Bravo<B>. 3[[60]3 MbI HE OrpaHMYNBAEMCA TOJIBKO Ha3BaHUAMU 6a30BBIX
KJIaCCOB, HO €1I1€ N YKa3blBa€M, KaKNeE 0606]_[[6HHBI€‘ IapaMeTpbl CJIeAYyET UC-
IIOJIb30BAaThb.

@ HA 3AMETKY

Bce 310 03HavaeT, 4To Korga co3aaeTcsl 0ObEKT kacca Charlie 1 3aga-
Hbl 3Ha4YeHUs ans 0600LLEHHbIX NapamMeTPOoB, TO NepPBbI NapamMeTp ne-
penaeTcsa B 0600LEHHbI Knacc Alpha, a BTOPOW NapaMeTp nepeaaercs
B 0000LLEHHbI KNace Bravo.

Konctpykrop kmacca Charlie ommcan ¢ TpeMs apryMeHTamu. [lepBbiii
mepelaeTcst apryMeHTOM IPU BBI30BE KOHCTPyKTOpa 0a30BOTO KJacca
Alpha<A>, a BTOpOIl apryMeHT IepefaeTcs KOHCTPYKTopy 6a30BOro Kiacca
Bravo<B>. 3/1ech (MMeIOTCST B BUIY WHCTPYKITUU Alpha<A> U Bravo<B>) MBI
ABHO TIOAYepPKUBaeM, KaKe 3HaYeHUs /st 0O0OIEeHHbIX ITapaMeTpPoB He-
00XO0IMMO UCIIOJB30BaTh, KOT/IAa BHI3BIBAETCSI KOHCTPYKTOP Ga30BOTO KJIac-
ca. AHAZTOTUYHAS CUTYyaIlusl MMEET MeCTO TIPU TepeoTpeieIeHuN B IPOU3-
BOJHOM KJiacce Charlie metoza show (). B Teyie aTOr0o MeToma KOMaHIOI
Alpha<A>::show () BBI3BIBAETCs BEPCUI MeTOﬂaLﬁiHepBOI()6a30BOFO KJlac-
ca, a Bepcusl METO/a U3 BTOPOT0 Ga30BOr0O KJACCA BHI3HIBAETCSA KOMAHO
Bravo<B>::show ().

B riaBHO# (yHKIMK IPOrpaMMbl TTOKa3aHO KaK Ha OCHOBE 0OOOIIEHHOTO
npOHSBOA}unx)KﬂaccaCharliecosﬂaKnx»[06LeKTbL

B paccMoTpeHHOM TIprMepe Ha OCHOBE ABYX 0OO0OIIEHHBIX KJIACCOB CO371a-
BaJICsI TIPOU3BOIHBIN 0000IIEHHbII KIacc. MOKHO MTOCTYITUTh M HECKOJIBKO
WHaye: B34Th 0000IeHHbINM 6A30BbIN KJIACC U HA €0 OCHOBE HACJIe[0BAaHUEM
co3/1aTh OOBIYHBII K1ace (Mim Kiaaccsl). IIporpamMma, B KOTOPOil peansyer-
CsI IAaHHBIN TTO/IXO/I, TIPeficTaByeHa B iuctunre 7.10.

JNncTtuur 7.10. CospaHune 06bIYHOro Kilacca Ha OCHOBe 0606LLLEHHOro
#include <iostream>

#include <cstdlib>

using namespace std;

// BazoBEN 0COCHEHHEN KJAcC:

template<class X> class BaseClass{

private:

270



0606LLeHHbIE DYHKLMN 1 KNACChI

// 3akpHTOE mOJe:
X value;
public:
// KoHCTpPYyKTOP:
BaseClass (X val) {
set(val);
}
// MeTon mng NPMCBAMBAHMA 3HAUEHUS MOJO:
void set (X val) {
value=val;
}
// MeTon Ing MOJyYeHMS 3HAUEHUS [OJIA:
X get(){

return value;

b
// TlepBHIl MPOM3BOIHENA KJIACC:
class Alpha: public BaseClass<int>{
public:
// KouctpykTOp:
Alpha () :BaseClass<int>(0) {}
bi
// BTOpOI MPOM3BOIHENL KIJIACC:
class Bravo: public BaseClass<char>{
public:
// KoHcTpykTOp:
Bravo (char s):BaseClass<char>(s){}
b
// TnaBHas GYHKUMA NPOTPAMMEL:
int main () {
// VI3MeHeHME KOIVPOBKM KOHCOJM:

system("chcp 1251>nul");
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// OOGBEKT MepBOTO MPOMBBOITHOTO KJIACCA:
Alpha objA;

// BuIIOJiHEHVE oOmnepaumii ¢ OBBEKTOM:
cout<<"06BexT 0bjA: "<<objA.get ()<<endl;
objA.set (100);

cout<<"06bekxT ObjA: "<<objA.get ()<<endl;
// OBGBEKT BTOPOTO MPOMBBOITHOTO KJIACCA:
Bravo objB('A'");

// BHIOJHEHUE omepauuit ¢ 0GBEKTOM:
cout<<"Ob6wexT objB: "<<objB.get ()<<endl;
objB.set ('B');

cout<<"06mwekT 0bjB: "<<objB.get ()<<endl;
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

}

Kaxk BBITJIAIUT PE3YJIbTAT BbIIIOJTHEHN A ITPOTPAMMDbI, ITIOKa3aHO HUKE:

Pe3ynbTaT BbINOMIHEHUS NPOrpamMmmsl (M3 nuctuHra 7.10)
O6bexT objA: 0

06vexT objA: 100

06vexT ObjB: A

ObbexT 0bjB: B

B nporpamme ornmchiBaeTcst 0000IIEHHbBII KJace ¢ Ha3BaHueM BaseClass.
s knacca 06bsaBIeH OAUH 00001EHHbII apaMeTp, 0003HAYEHHbII KakK X.
B camoMm KJacce onmcaHo 3aKpbiToe T10Jie value oTHOCsMIeecss K 00001eH-
HOMY TuIy X. OTKPBITBI MeTOJ set () TpeAHa3HAYeH It TPUCBAMBAHW
3HAUYEHUSI MOJII0 value, a OTKPBITBIA METOJ get () Pe3yJbraToM BO3BpallaeT
3HaYeHue JAHHOTO 110Jist. Takke B KJacce ONUcaH KOHCTPYKTOP C OJAHUM ap-
IyMEHTOM. 3HaYeHue, nepejaHHoe apryMeHTOM KOHCTPYKTOPY, Yepe3 BbI30B
MeTo/a set () IIPUCBAMBAETCS IIOJIIO value

Ha ocHoBe kjacca BaseClass HacJelOBaHMEM CO3JIAIOTCSI KJacchl Alpha
u Bravo. Ilpu cosmanum kjiacca Alpha B 6a30oBBbI 0OOOIIEHHBINH Kiace
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BaseClass B KauecTBe 3HaYeHUs1 0OOOIIEHHOTO TTapaMeTpa Mepeiaercs int.
IIpu coznanuu kiaacca Bravo KJacc BaseClass MCIOJIB3YETCS C IIapaMeTpoM
char. B kmaccax Alpha 1 Bravo onmcanbl KOHCTPYKTOpPSI. [l kiacca Alpha
BBLIIIOJIHEHUE KOHCTPYKTOPa CBOAUTCA K BbI30BY KOHCTPYKTOpa KJacca
BaseClass<int> ¢ HyJeBbIM apryMeHTOM. [Ipu BBITOTHEHUN KOHCTPYKTOPA
KJacca Bravo BbI3bIBACTCSI KOHCTPYKTOpP KJjlacca BaseClass<char> ¢ ogHUM
CAMBOJIbHBIM apIyMEHTOM.

B dyHKImu main() 1mOKasaHO, KaK CO3MAIOTCS W UCIOJIB3YIOTCS OOBEKTHI
KJaccoB Alpha u Bravo.

LlenouncneHHble 0600LEeHHbIe NapaMeTpbl

[TapameTpbl B 06006IIIEHHOM KJIacce CIysKat 0003HAYEeHUEM [IJist UAeHTUhU-
KaTopoB Tuia. Ho ecTb B 9TOM TIpaBuJie HCKI0YeHNE — B 000OIEHHOM KJTac-
ce MOTYT TaK’Ke MCIIOJTb30BAThCS IeI0UNCAeHHbIe TTapaMeTphl. OmmchIBa-
I0TCS TAKKE IapaMeTpPbl HOZ00HO CTaHAAPTHBIM 000OIIEHHBIM IapaMeTpaM
U UTPAOT POJib, TOJ00HYIO0 apryMeHTy, KOTOPbIil 1epepaercst B Kiace. Kax
MPUMeEpP TaKOH CUTYyallMu PAacCMOTPUM Tporpammy B Juctunre 7.11. B neit
onvican 0000IIEHHBIN Kaace Polynom, MpeJHa3HAYEHHBIN /IS Peaju3aiun
TIOJTMHOMOB U BBITIOJTHEHNST HEKOTOPBIX OA30BBIX OMepaliii, TakuX, HaIpH-
Mep, KaK YMHOKeHWe TMOJUHOMOB, CJIOXKEHWe W BBIUUTAHHUE IMTOJTUHOMOB,
a TaKKe BBIYMCJIEHNE TIPOU3BOHON JIJI TOJTMHOMA.

~ MNMOAPOBHOCTM

[Ans noHMMaHua NPUHUMNOB OpraHn3aumn nporpaMmmMbl UMeeT CMbICH
HaNOMHUTb OCOBEHHOCTUN TakUX MaTeEMATUYECKNX OOBEKTOB, Kak MoJv-
HOMBI.

MonnHoMOM cTeneHn n HasbiBaeTCs GYHKUMOHANbHAA 3aBUCUMOCTb
Bunpa P (x)=a,+ax+ a2x2 + ...+ a,x". oNMHOM Kak dbyHKUMA OAHO3HAY-
HO onpegenseTca HabopoM KO3PPULIMEHTOB a,, a,... , a,. Konnyectso
K09 PUUMEHTOB NOANHOMA Ha eauHULY 60sblle CTENEHW MOAMHOMA.
Y106bI y3HATb 3HAYEHME NOJIMHOMA B TOYKE X, CNIEAYET BbIYMCINTL CYMMY
agtax+ ax +..+ax.

MpowussogHaga P, (x) onsa nonnHoma P,(x) SBNAEeTCs MOIMHOMOM CTeneHu
n—1 v onpegenseTca BolpaxeHnem P,'(x) =a, + 2a,x + 3a3x2 +...+ na,XH.
Ecnu nonMHOM yMHOXa€eTCcs Ha HEKOTOPOE YMCIO K, TO B pe3ysnbTaTe no-
JlydaeM TaKxe NosiMHOM. 10 CpaBHEHMIO C UCXOAHLIM (YMHOXaeMbIM)
NOJIMHOMOM, KO3Gb®dUUNEHTbI NMOJIMHOMa-pesyfibTata YMHOXAaKTCA Ha
COOTBETCTBYIOLWE 4MCNO: KP,(Xx) = kayx + kax + kazgx2 +...+kax'.
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Mpu BbIYMCNEHMN CYMMbI U PA3HOCTU MOJIMHOMOB CKnadblBalOTCs (Bbl-
YNTAIOTCH) 3HAYeHUA KOIPODUUMEHTOB MOJMHOMOB, COOTBETCTBYIO-
Me OANHAKOBbIM MHAEKCaM (OOMHAKOBbLIM MOKa3aTesnsiM CTEMEHU ap-
rymMeHTa x).

OcCHOBY TIPOrpaMMBbI COCTaBJIsIET 000OIEHHbIN Kaace Polynom. B Hem B Ka-
yecTBe OOOOIIEHHOTO TapamMeTpa BBICTYIIAET CTENeHb MOJNHOMA, Peaiu-
3yeMoro 4depe3 00beKT Kiacca. B Kiacce ecThb 0ObIYHbIE U 0600IIEHHbIE
ornepaTopHbie MeTOAbL Takse B IporpamMMe OIucaHbl 0O0OIEHHbIE OIIepa-
TopHble GyHKIMKU. Terepb pacCMOTPUM IIPEACTABIEHHbII Jajiee IPorpam-

MHBIN

KOJL:

Jinctunr 7.11. O6006LLeHHbI KNacc ANng peanu3awuvu noJIMHOMOB

#include <iostream>

#include <cstdlib>

using

namespace std;

// OGOGmEHHBI KJIACC Mg PeajM3auyy MOJIMHOMOB :

template<int power> class Polynom{

private:

/!
//

3aKpHTOE MNOoJie — MaCCUB C KO3(QOMUMEHTaMu.

Pasmep MaccuBa Ha e€OVHMLY foJiblle CTENeHM MOJIMHOMA :

double alpower+l];

public:

//

KoHCTpyXTOp 0e3 apryMeHTOB:

Polynom () {

}
/]

// BanoJiHEeHue MacCyBa HyJAMM:
for (int k=0; k<=power; k++) {
alk]=0;

KOHCTPYKTOP C apI'yMEHTOM — MMEHEM UMCJIOBOT'O MaCCHBa:

Polynom (double* nums) {

// KomMpoBaHME B3JIEMEHTOB Y3 OTHOTO MAaCCHBA B IPYTOW:

for (int k=0; k<=power;k++) {
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alk]=nums[k];

}

// Meronm myisg OTOOpAXeHMS 3HAUECHUMN
// BIEMEHTOB MOJA — MACCHBa:
void getAll () {
cout<<"| ";
for (int k=0;k<=power; k++) {
cout<<aflk]<<" | ";
}

cout<<endl;

}

// OnepaTopHElM METOI MO3BOJISET BH3BATH OOGBEKT.
// PesynbTaToM BO3BpallaeTCHd 3HAUEHME [OJIMHOMA:
double operator () (double x){
double s=0,g=1;
for (int k=0;k<=power;k++) {
st=alk]*q;
qr=x;
}

return s;

}

// OnepaTopHElM METOI IJIS MHIEKCUMPOBAHMSA OODBEKTOB:
double &operator[] (int k) {
return alk];

}

// OGOCHEHHEN! ONEPATOPHHI METOM HJiS BHUMCIIEHUA

// TpoW3BEmEeHMS MOJIHOMOB :

template<int n> Polynom<power+n> operator* (Polynom<n> pol) {
// JlokamnbHel 06BeKT 0GOOWEHHOTO KJlaccCa:
Polynom<power+n> tmp;

// BrHuUmMcleHre KO3QOULUMEHTOB 4
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// monvHOMa-pesysbTaTa:
for(int 1=0;i<=power;i++) {
for (int j=0;7j<=n;j++) {
tmp[i+j]+=ali]*pol[]];

}

// PesymbTaT MeToma:

return tmp;
}
// OGOGHmEHHb! ONEPATOPHHII METOM MAJIS BHUMCIIEHS
// CyMMB IOJIMHOMOB:

template<int n> Polynom< (n>power?n:power)>
operatort (Polynom<n> pol) {

int 1i;

// JlokasnbHel 06BeKT 0GOOWEHHOTO KJIacCa:

Polynom< (n>power?n:power) > tmp;

// BHuUMCIeHME KO3QOULUMEHTOB 4

// moNmMHOMa-pesyJbTaTa:

for (i=0; i<=power; i++) {
tmp[i]+=ali];

}

for (1=0;i<=n;i++) {
tmp[i]+=pol[i];

}

// Pe3ymbTaT MeToma:

return tmp;

i
// OBobumeHHad onepaTopHas (QYHKUMA [JIS BEUMCIICHMA
// pesynbTara yMHOXEHMA IMOJIMHOMA HA UMUCIO:

template<int power> Polynom<power> operator* (Polynom<power>
pol,double r){
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// JlokamnbHEM 00BEKT OBOBMEHHOTO Kjlacca:
Polynom<power> tmp;
// BeuMcnenue KooOOMUMEHTOB M4 MOJNMHOMA-PE3YJIbTAaTa :
for (int k=0; k<=power; k++) {
tmp[k]=pol[k]*r;
}
// PesynbTar QYHKUMUK:
return tmp;
}
// 0GoGmeHHas omepaTopHasd GYHKUMS [OJI9 BHUMCIIEHUA
// pesynbrarTa YMHOXEHMA UMCJIa Ha IOJIVMHOM:

template<int power> Polynom<power> operator* (double
r, Polynom<power> pol) {

// TIONYHOM YMHOXA€TCH Ha UMUCIIO:

return pol*r;
}
// 0GoCmeHHasa omepaTopHasd GYHKUMS OIS BHUMCIIEHUA
// PasHOCTM IBYX MOJVHOMOB :

template<int m,int n> Polynom<(m>n?m:n)> operator-(Polynom<m>
x, Polynom<n> y) {

// K mepBOMy NOJMHOMYy NPUOABISETCS BTOPOM, yMHOXEHHEH]
// Ha umcno -1:
return x+(-1)*y;

}

// OBoOmeHHad OQYHKLUMA IJIS BHUUCICHUA

// TPOW3BOIHOM OT MOJMHOMA :

template<int power> Polynom<power-1> Diff (Polynom<power> pol) {
// JlokanbHEM 00BEKT OOOBMEHHOTO Kjlacca:
Polynom<power-1> tmp;
// BeuMcrenue KooOOMUMEHTOB IJI4 MOJIMHOMA-PE3yJIbTaTa :
for (int k=0; k<=power-1;k++) {

tmp [k]=pol [k+1]* (k+1);

277



masa 7

}
// PesynbTar QYHKUMUK:
return tmp;
}
// TnaBHas GYHKUMS OPOTPAMMEL:
int main() {
// VI3MeHeHMEe KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");
// Maccusb C KO3(QOULMEHTAMI:
double A[]={1,2,-1,1};
double B[]={-1,3,0,2,-1,1};
// APTYMEHT IJid [OJIMHOMOB:
double x=2;
// TIepBHIT MONUHOM:
Polynom<3> P(A);
cout<<"MommHom P:\t";
// KosbduumeHTH MEepBOTO MOJNMHOMA :
P.getAll ();
cout<<"3HaueHme P ("<<x<") =";
// 3BHaueHue MEpPBOTO IMOJMHOMA B TOUKE:
cout<<P (x)<<endl;
cout<<"Mosymuom P':\t";
// KosbbuuMeHTH 119 MPOMBBOIHOM OT MOJIMHOMA :
Diff(P).getAll();
cout<<"3Hauenme P' ("<Lx<KL") =";
// 3BHaueHue MPOMBBOIHON B TOUKE:
cout<<Diff (P) (x)<<endl;
// BTOPOV MOJMHOM:
Polynom<5> Q(B);
cout<<"Moymuom Q:\t";
// KosbdUUMEHTEH BTOPOTO MOJNMHOMA :

Q.getAll();
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cout<<"3HaueHme Q("<<x<L") =";

// 3BHaueHue BTOPOTO IMOJMHOMA B TOUKE:
cout<<Q (x)<<endl;

cout<<"MommuoM P*Q:\t";

// KoobduuMeHTH 19 NMPOMBBEIEHNS MOJIMHOMOB :
(P*Q) .getAll();

cout<<"3HaueHme (P*Q) ("<<x") =",

// 3BHaueHue MPOMBBEIEHMS MOJIMHOMOB B TOUKE:
cout<< (P*Q) (x)<<endl;

cout<<"MommuoM P+Q:\t";

// KosdduiyeHTH 0719 CyMME [IOJIMHOMOB :
(P+Q) .getAll();

cout<<"3HaueHme (P+Q) ("<<x<") =",

// 3HaueHue CYMME MOJIMHOMOB B TOUKE:
cout<< (P+Q) (x)<<endl;

cout<<"MogmHoM Q-P:\t";

// KosbduuMeHTH a9 PasHOCTM MOJIMHOMOB :
(Q-P) .getAll();

cout<<"3HaueHue (Q-P) ("<<x<") =",

// 3BHaueHMe pPasHOCTM MOJIMHOMOB B TOUKE:
cout<< (Q-P) (x)<<endl;

// 3amepxka KOHCOJLHOTO OKHa:
system("pause>nul");

return 0;

B PeE3YJIbTaTe BbIIOJTHEHUA ITPOTPAMMBDbI ITIOJIy4Ya€M CJEYIOIIEE:

Pe3ynbTaT BbiNOJSIHEHUS NpOorpaMmmbl (M3 niuctuHra7.11)

TommuoM P: [ 12 -111]
Snauenyme P(2) = 9
TomuoM P': | 21 -2 1 3|
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Suauenye P'(2) = 10

MomuoM Q: | -1 13101 2]-11]1

Snauenye Q(2) = 37

[TomuuoM P*Q: [ -1 11171 -216]-3151]=211]
SuaueHre (P*Q) (2)
[lommuoM P+Q: 0] 5] -1 13 -11]1
SuaueHre (P+Q) (2)
llonmuoM Q-P: [ =2 | 1|11 1]-111]
Buauenre (Q-P) (2) = 28

Il
w
w
w

]
i
o

B 006061eHHOM Kiacce Polynom 4epes power 0003HAYEH IEJOYNCICHHBII
napamerp. JlaHHBIN mapaMerp, Kak OTMEeYasoch BbIIE, IPU CO3AAHUN 00b-
€KTa OIPE/IEISIET CTENeHb MOJMHOMA, KOTOPbI OTOKIECTBISETCS ¢ 0ObEK-
ToM Kiacca. KosmaecTBo K0ahpuiieHToB B TOJTMHOME TOT/Ia PABHO power+1.
Jlnist 3amoMuHaHsT K02(hMUIMEHTOB TIOJIMHOMA B KJ1acce Polynom 0OBSIBIISI-
€TCsl 3aKPBITOE YNCJIOBOE TOJIE &, SIBJISIONIEECs MACCUBOM pa3Mepa power+1.
VHieKChl 2JIEMEHTOB MacCHBa a, TAKUM 00pPa3oM, M3MEHSIIOTCS B Mpejiesiax
oT 0 JI0 power BKJIIOUUTEJNbHO.

B kusacce ommcaHo aBa KOHCTpyKTOpa. KoHCTpyKTOp G€3 apryMeHTOB Bce
3JIEMEHTBI MAaCcCUBA 3aI0JTHSET HyJassMHU. ECTh ele ofHa Bepcusi KOHCTPYK-
TOPA, MO3BOJISAIONIAs TIepe/laBaTh APTYMEHTOM UM MaccuBa ¢ Koaduimen-
TaMU TIOJMHOMA. B Takom ciryyae 3HaUYeHUs 2JIeMEHTOB M3 MacCHBa, Tepe-
TMAHHOTO apPTYMEHTOM KOHCTPYKTOPY, KOMUPYIOTCS B MaccuB a. [lonaTHo, 4To
pa3Mepsl 000X MACCUBOB JIOJIKHBI COBIIA/IATD.

B nenax yZIO6CTBa 1 HAIJIA/THOCTHU B KJlacce olucaH MeToJ getAll (), KOTO-
PBIM B KOHCOJIbHOM OKHE 0T06pa>1<a10Tc51 3HaYeHNs Koa(PPUIIMEeHTOB TOJIN-
HOMA.

Y1066l 06BEKT KJ1acca Polynom MOKHO OBIJIO BBI3BIBATH Kak (DYHKIIHIO, OTIH-
CBIBAETCS OMEPATOPHBIi MeTO/ operator () (). B Teme MeToma ¢ mOMOIIbBIO
orepaTopa IMKJIA BBIYUCIISIETCS] CYyMMa, [Tafolasi 3HaYeHue IS MOJTNHOMA
B TOUKe, OIPE/IENISIEMOIT apI'yMEHTOM OIIEPATOPHOTO METOJIA.

OmnepatopHblii MeTOJI operator[] () MO3BOJSET UHAEKCUPOBATH 00HEKTHI
KkJjacca Polynom. APryMEHTOM METOAY TiepefiacTcs IeJOYUCIECHHBINA WH-
JIeKC, a pe3yJabTaTOM METOJl BO3BPAIla€T CCBIIKY (I/IHCprKHI/IH & B OIIU-
canuun MeTOILa) Ha 9JIEMEHT B MaCCHBE€ a C HMHIAEKCOM, OIIpeacjideMbIM
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apryMeHTOM omepaTopHoro Metozna. Ha aTom mpocrtoii Ko, B 001eM-To,
3aKaHYMBAETCS.

JlJ1s1 BBIYMCIIEHNS TPOM3BEIeHNs IOJUHOMOB OIicaH 0O00IIeHHbIH omepa-
TOPHBIN METOJT operator* (). ApryMeHT MeTo/1a 0003HAaYeH KaK pol 1 OH o1~
CaH € TUIIOM Polynom<n> — TO €CTh ABJIAETCA 0OBEKTOM 0000IIEHHOTO KJIacca.
Yepes n 31ech 0603HAYEH T1€JIOUNCTEHHBII TapaMeTp 0600IIEeHHOTO METO/A.
Tun pe3yabrat MeToa OTPeesaeTCa UAeHTU(UKATOPOM Polynom<power+n>,
TO €CcTh TOXe 00BheKT 0000IIEHHOr0 KJacca. BeipaskeHne power+n B yIiio-
BBIX CKOOKAaX PaBHO CyMMe TIOKasaTeJieil cTereHeil mepeMHOKaeMbIX TOJIH-
HOMOB.

C) HA 3AMETKY

B onepaTopHOM MeToAe aprymMeHT MeToAa OTOXOECTBNSETCS CO BTO-
pbiM onepaHaoM. MNepBbiM onepaHaoM BbICTyNaeT 0ObeKT, U3 KOTOPOro
Bbi3biBaeTca MeTod. OObEKTY, U3 KOTOPOro BbI3biIBAETCA METO[, COOT-
BETCTBYET MOJSIMHOM CTeneHn power. CTeNeHb BTOPOro NnojinHoMa paBHa
n. NMoaTomMy cTeneHb NoJIMHOMa, PaBHOIO NPON3BEAEHNIO MOIMHOMOB CO
CTEeNeHsIMU power M n, PaBHA power+n.

B Tesie MeToa KOMaH10#i Polynom<power+n> tmp CO3/aeTCs JOKAIbHBIN 00b-
eKT tmp 060061eHHOTo Kaacca. OH OyIeT BO3BpalaThCs Pe3yIbraTOM METO/IA.
Buauasne Bce kKoaduimeHTs 00beKTa tmp HyseBbie (Onarogapsi KOHCTPYK-
TOpY Kjacca 6e3 aprymenToB). VIX HysKHO BeIAuCaUTD. [lJist 3TOTO 3amycka-
I0TCS BJIOXKEHHBIE OTIepaTOPhl IIUKJA, B KOTOPOM UHIEKCHBIE TIepeMeHHbIe
i 1 j mpoberalT 3HaueHKe WHIEKCOB KOI(M(MUIMEHTOB B MEPEMHOKAEMbIX
obbexTax (rmosmaoMax). Ipu huKcHpoOBaHHBIX MH/IEKCAX i U § BBHITIOJTHSIETCS
KoMaH/ia tmp[i+]]+=a[i]*pol[j]. 31eCh, MbI, BO- IIE€PBBIX, BOCIIOJIb30BAJIUCh
BO3MOKHOCTBIO UHAEKCHPOBaTh 00BEKT pol (OTKPOBEHHO TOBOPS, APYrOTO
criocoba Mmogy4YrTh AOCTYI K 3aKPBITOMY MacCUBY JIaHHOTO 0OBhEKTa TIPOCTO
HeT). Bo-BTOPHIX, MpUHAIN BO BHUMaHUE, 9YTO TIPU MEPEMHOKEHNN cJlarae-
MBIX CO CTETEHAMU apTyMEHTa 1 U j TOJy4aeTcs cjaraeMoe ¢ apryMeHTOM
B CTEIICHU 1+7.

Z NMOAPOBHOCTHU

Cnep.yeT Y4€CTb, 4TO ecnun P (x) = Zap( nQ.( Z bX TO0 P, (x)Q,,(x) = ZO
Z abjx . Taknm 06pas3om, B NOJIMHOME- pesyanaTe KO3 OUUMEHT Npun
cnaraeMOM ¢ X paBeH cymMe BCex BO3MOXHbIX MPOV3BEAEHUI BUaA ab;,
OIS KOTOPbIX i +j = K.
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[Tocsie 3aBepiieHust BHIYUCIEHUIT OOBEKT tmp BO3BPAIAETCS Pe3YJIbTaTOM
MeTo/1a.

[ToxoxuM 00pasoM OIKMCHIBAETCS 0OOOUIEHHBII OIIePATOPHBIIL METOH IS
BBIYKCJIEHUST CYMMBbI TIOJIMHOMOB. THIT pe3yJibrata ofpe/iesieH BbIpaskeHrneM
Polynom< (n>power?n:power) >.

Yepes n 0603HAYEH LEJIOYNCICHHBIA mapaMeTp 0000mennoro meroga. Pe-
3YJIBTaTOM BBIPAKEHUST n>power?n:power BO3BPAIIAETCsl OOJIbIee U3 3HAUYE-
HUI TapaMeTpPOB N U POWer.

NOOPOBHOCTMHU

TepHapHbIM ONeEpaTopoM ?: NPOBEPSAETCH YCI0BUE, YKa3aHHOE NEePBbIM
onepaHaoM (Ons BbIpaXeHUs n>power?n:power 9TO YC/IOBME n>power).
Ecnn ycnoBme NCTMHHO, BO3BPALLLAETCHA 3HAYEHME NOCE BONPOCUTENb-
HOro 3Haka (3Ha4eHue n). Ecnu ycnosume n0XHO, TO BO3BPALLAETCHA 3HA-
YeHue nocne ABOETOoHUS (3HaYEHMeE power).

PGSyJ'IbTaTOM CYMMbI BYX MOJIMHOMOB ABNAETCA MOJINHOM. Crenenn CyM-
MUpyembiX NOJIMHOMOB B O6LLI,€M cny4dae pa3Hblie. Ecnn Y OOHOro U3 HMNX
cTeneHb 60JbLUE, TO Takas Xe CTeneHb OyaeT 1y NoAMHOMa-peaynbTaTa.
MoaTomy B onepatopHOM MeToae Heo6xo0aMMO ONpeaenunTb, y Kakoro u3
CyMMUMpPyembIX MOJINHOMOB CTeNneHb Gonblue. I'IosTomy M CpaBHUBAIOTCHA
3HaYeHns NapamMeTpoB power U n. Bonbllee N3 HUX onpenensieT CTeneHb
nonMHoOMa-peaysibtata.

B Tesie MeTo/1a JIOKaIbHBINA 0OBEKT € HYJIEBBIMU KOI(D(DUIIMEHTAME CO3/IAETCST
KOMaH/I0# Polynom< (n>power?n:power)> tmp. K Hy/IeBbIM 3HAUEHUSIM KO-
duimenToB 0O6bekTa tmp HEOOXOANMO MOCIEA0BATENBHO H00aBUTh 3HAYEHM
COOTBETCTBYIONINX KO(DMUIIMEHTOB 13 00BbeKTa pol (apryMeHT MeToza)
U MaccuBa a. /17151 3TOTOo Moce10BaTeTbHO 3aITyCKAETCS /IBA OTIEPAaTOPa IMKJIA.
B urore «3anosiHeHHbIIT» 0OBEKT tmp BO3BPAIAETCS PE3YIBTaTOM METO/IA.

Kpome kiacca Polynom, B IporpaMMe OIIMCAHO HECKOJIBKO 0600 HHBIX
(I)yHKuHI‘?I. Tak, 06061IeHHAs onepaTopHasa q)yHKuI/IH operator* () JJd BbI-
YUCJEHUS pe3yJbraTa YMHOMKEHU ITOJINHOMA Ha YKUCJIO PE3YJIbTaTOM BO3-
Bpalaer 00BEKT KJaacca Polynom<power> (uepes power 0603Ha4YeH mapameTrp
06001EeHHOIT (DYHKITMN).

AprymMeHTOB y oltepaTopHOil (yHKIUK /Ba. [IepBbIil apryMeHT pol sABJISET-
cs1 06bEeKTOM KJ1acca Polynom<power>. BTopoii apryMeHT r SBJISIETCS YUCIOM
tuma double. B Tese pyHKIUM KOMaHAON Polynom<power> tmp CO3JaeTcs
JIOKaJIbHBII OOBEKT, M ¢ MOMOIIIBIO OllepaTopa UK KakaoMy Koaduim-
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eHT (Tpu HUKCHPOBAHHOM MHEKCE k) MPUCBANBAETCS 3HAUEHNE KOMAaHION
tmp [k]=pol [k] *r (TpousBemeHune KOahhUIMEHTa NCXOAHOTO MTOJNHOMA Ha
yrc0). 3ateM 00beKT tmp Bo3Bpalaercs pesysbratoM dyrkiwm. Ciaexyer
OTMETUTH, YTO HaHHast (HYHKIUS 0OpabaThbiBaeT CUTYAIUio, KOTa OOBEKT
(TTOIMHOM ) YMHOKAETCs Ha YNCJIO.

Y106bI MOKHO GBIJIO YMHOKATD YHCIIO Ha 00BEKT, HEOOXOMMO OTIHCATH €I1e
OZIHY BepcHio onepaTopHoit hyukimun. Takas dyakims omrcana. OT mepBoit
BEPCHM OHA OTJIMYAETCS TTOPSIAKOM CIeIOBAaHUS apryMEHTOB (CHAavYaia yKa-
3aH YNCJIOBOI apTYMEHT r, a 3aTeM 0OBEKT pol).

Y1005l He yOIMPOBATH IPOTPAMMHBIN KOJT B TeJTe (DYHKITUI, MbI TPHOETIIH K T10-
MOIIU MHCTPYKIMH return pol*r. [Tpoiie roBOpsi, 71st BBIYMCIIEHISI PE3YIIbTaTa
byHKIN, 06pabaThIBAIOIIEH ONIEPAINI0 YMHOKEHUST YMCIa Ha OOBEKT, MbI BbI-
3bIBaeM (DYHKIHIO, 06pabaThIBAOILYI0 YMHOKEHHE 0ObEKTa Ha YUCIIO.

K moxoskeit XUTpOCTH MbI IPUOETIIN TTPU OTUCAHUH 0600IIEHHOIT OTIepaTop-
HOW (yHKIIH operator- (), KOTOPOH BBIYMCIISETCS PASHOCTH IBYX 00EKTOB
(TMIOJTUHOMOB).

A
L1

NOOPOBHOCTMHU

Mbl ©cxoouM M3 TOro, YTO BblYMTaAHME M3 NofiMHoMa Q,,(x) NonnMHoma
P,(X) 9KBMBaNEHTHO NpUBaBIEeHUIO K NoanHOMY @, (x) nonmHoma P, (x),
YMHOX€EHHOro Ha — 1. lpyruMm cfioBamMu, Mbl BOCMOJ1b30BaINCh TOXAE-
ctBOM Q,,(X) — P,(x) = Q,,(x) + (= 1)P,(x).

Y dyHKIMKM ABa HEJIOYUCAEHHBIX 0000IIEHHbIX HapamMeTpa m U n (cremne-
HU BBIYMTAEMbIX ITOJMHOMOB). PesysibratoM BosBpalaercss 0ObeKT Kiacca
Polynom< (m>n?m:n)> (cTemneHb MOJMHOMA-Pe3yJibraTa OlpeeaseTcss 6oJb-
M U3 IBYX 3HaYEHUI TapaMeTpoB m 1 n). ApryMeHTs! (DYHKIUHN X U y SB-
JIIOTCS 00BEKTAMU COOTBETCTBEHHO KJIACCOB Polynom<m> u Polynom<n>. Pe-
3yJIbTaTOM (byHKLU/H/I BO3BpallaeTcss 3HaYeHWe BbIpaskeHus x+(-1)*y. OHO
MMEET CMBICJI, TOCKOJIbKY OIPE/IeIEHbI Olepaiui YMHOKeHUsT 00bEKTOB Ha
YKCJIO U CIIOKEHUS 00BEKTOB.

O6o0mennast GyHKiuss Diff () ¢ 0OOOIIEHHBIM IIEJOYNCIECHHBIM Tapa-
MeTpoM power (cTemeHb AUMGdEpeHIINPYeMOTO TTOJUHOMA) /IJIs BBIYHUCTE-
HUST TIPOU3BOAHON OT MOJIMHOMA PE3yJbTaTOM BO3BpalaeT 0OBEeKT Kiacca
Polynom<power-1> (CTeleHb MOJUHOMA-TIPOU3BOIHON HA €UHUILY MeHbIIe
crenienu qudepeHIupyeMoro mojannomMa). ApryMenT Gyakuu pol (mud-
(dbepeHIpyemblil TIOTUHOM) SIBJISIETCST 00BbEKTOM KJiacca Polynom<power>.
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B resie hyHKIMY CO3aeTCs JIOKATIBHBIN 00beKT tmp KiTacca Polynom<power-1>,
U B OIIEPATOPE [UKJIA 3ATIOJIHSIOTCS 3HAYCHUS KOI(DOUIIUEHTOB [JIs1 IAHHOTO
o6bekta. OObEKT tmp BO3BPAIIAETCS PE3YJIBTaTOM (DYHKITHHL.

B riaBHOM QYHKIME TIPOrpaMMBbl 00BSABISIOTCS U MHAIUATM3UPYIOTCS 1B
YHCJOBBIX MAacCHBa A U B, Ha OCHOBE KOTOPBIX KOMaHIaMU Polynom<3> P (A)
1 Polynom<5> Q(B) cO34aI0TCS OOBEKTHI, OTOKAECTBIIAEMBIE C TIOJTMHOMAM.
Jlasee ¢ 00beKTaMK BBIIOJTHSIIOTCS HEKOTOPBIE OTePaIlii, TAKie KaK BhIUNC-
JieHUe TIPOU3BOIHON, YMHOKEHIE, CI0KEHNEe 1 BBIYUTAHME.

®

HA BAMETKY

MHCTpYKUMS \t ABNSETCA CMMBONOM Tabynaumn.

>K€JIaIOH_H/Ie MOTYT CaMOCTOATEJIbHO IMOYIPAXKHATHCA B IIPOBEPKE pe3yJbTa-
TOB 3TUX BBIUMCJIECHUM.

®

HA BAMETKY

B paccMoTpeHHOM npumepe 00beKTbl 419 MOSMHOMOB CO34alTCsa Ha
ocHoBe 0606LLeHHOoro knacca. OgHako kaxaplii pa3 06006LLEeHHOMY Knac-
Cy nepepaeTcs LeNoYmcnieHHbln napameTp. PopmanbHO 06beKTbl, CO3-
NaHHble HA OCHOBE OZIHOIO 1 TOr 0 XXe 06006LLIEHHOMO Kacca, HO C pa3Hbl-
MW 3HAYEHNSIMUW LLENIOYNCIIEHHOMO NapameTpa, MMEIOT Pa3Hble TUMbl. ITO
HaknaablBaeT onpeaenieHHble orpaHndyeHns. Hanpumep, npu Bbluucne-
HUM NPOM3BELEHMNS, CYMMBbI, PA3HOCTW NMOJIMHOMOB UM MPON3BOAHON OT
NnosiMHOMa XapakTepuUCTUKN Knacca (MMeeTcs B BUOy 3HAaYEHUe YMCo-
BOro napamMeTpa) BblMUCNSIOTCA aBTOMaTu4eckn. Bece aT1o BbiNoHSAETCS
B OMepaTopHbIXx MeTogax nam GyHkumsx. Ho 4Tobbl NpUCBOUTL pesysib-
TaT Bbl30Ba TakoM PYHKUMU UM MeToaa 0O6bekTHOM NnepeMeHHoM, aTa
oObekTHasa nNepemMeHHas omkHa ObiTb NpeaBapuUTesbHO 00bsBIEHA Ha
OCHOBE 0000LLIEHHOrO K/lacca C TakMM Xe LIeSI0YNCTIEHHBIM MapaMeTpoM,
Kak onsa o6bekTa — pesynbrata GyHKUMM nam metogaa. lNoatomy, Hanpu-
Mep, Mbl MOJIb30BaNMCb KOMaHAAMW (P*Q).getAll (), (P+Q).getAll(),
(Q-P) .getAll (), (P*Q) (x), (P+Q) (x) mnn (Q-P) (x), a HEe 3anucbiBann pe-
3ynbTaT NPon3BeaeHNss 0OBbEKTOB B OTAENbHYIO NEPEMEHHYIO.

PekomeHgauum gnga caMmoCTOATEe IbHOM paboThl

e Tloxymaiite, Kakie yHUBEPCAJIbHBIE AJTOPUTMbI MOTYT OBITH peajii3o-
BaHbBI C OMOIIBIO 06001IeHHBIX (hyHKIMIT? TIpemokuTe mporpaMMHbie

KOJIbI TAKUX (DYHKITUT.
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[TonbiTaiitech co3gath 0OOOIIEHHBI KOHTEIHEPHBI KJjacc, MpeiHa-
3HAYEHHDBIH JIJIST «XPaHEHUs» YIIOPSIIOYEHHOTO CITHCKA 3JIEMEHTOB, B KO-
TOPBIN, KPOME MTPOYEro, MOKHO OBLIO OBI yiKe TOocae CO3MaHusa 00beKTa
MOGABJISATH 9JIEMEHTBI U YAAJIATH 9JIEMEHTBL. JIpyrumMu cioBaMu, mpej-
JIATAeTCsl CO3ATh AHAJIOI MACCUBA, B KOTOPBII MOKHO 100aBJISATh HOBbIE
aJIeMeHTbI (M3MEHSISI TEM CaMbIM Pa3Mep «MacCHBay ) U YIAJSATh 2JIeMEH-
TBI U3 «MaCCHUBa».

[TonbITaiitech co3naTh 000OIIEHHbII Kace, IpeIHa3HAYEHHbIN JJIS CO3-
JAHUS <LEHNOYKU» OOBEKTOB MM <«OMHApHOro gepesa». Takol kiacc
JOJIKEH cofiepsKath 1moJie (MJIN TI0JIsT ), SABJISTIOIeecs: yKasareieM Ha 00b-
eKT TOTOo ke 0000OIIeHHOTro KJacca.



laBsa 8
PA3HbLIE SAAA4YU

Ouenp ybenurenbHO. MBI TTOZyMaeM,
K KOMY 9TO IPUMEHUTb.

us K/ <31 urons»

B aT0i1 rmaBe paccmaTpuBaloTCs pasJinuHbIe 33/add. B dyacTHOCTH, MBI
y3HaeM:

® YTO TaKO€ CTPYKTYPhI U KaK OHU UCIIOJIb3YIOTCA,
® KaK B IIpOTpaMMe peaJInu3yrTcd KOMILJICKCHbIC YN CIIa;

® kakue 0600IIEeHHbIe KOHTEITHEPHbIE KJIACCHI MOTYT MCIIOJB30BAThCS TSI
CO3/ITaHNs MAaCCUBOB, MHOKECTB M aCCOITMaTUBHBIX KOHTEMHEPOB;

®  Kak BBINOJHSAETCSt 0O0pabOTKA UCKIFOYNTEIbHBIX CUTYAITUI;
® YTO TaKO€ MHOTOIIOTOYHOE HpOFpaMMHpOBaHI/Ie,

HY 1 €llle KOe-4To.

3HaKOMCTBO CO CTPYKTypamMu

B npencrasiennoii fasee nporpamme 3ajiadya O BbIYUCJIEHUNA UTOTOBON CyM-
MBI JICIIO3UTA PEIIACTCS C UCIIOIb30BAHUEM CIPYKMYP.

@ TEOPMUYA

CTpykTypa npencraBnsieT cobori Habop NMepPeMeHHbIX (pasHoro Tmna
B 06L1EeM clydae), 06beAMHEHHbIX 0OLLIYM Ha3BaHeM. OnmcaHme CTpyk-
TYpbl HAYMHAETCS C KNIOYEBOr0 C/I0Ba struct, NOC/E KOTOPOro yka3blBa-
€TCsl Ha3BaHWe CTPYKTYPbI, U B PUIYPHbIX CKOOKaX — TUMbl U Ha3BaHUS
NepPEeMEHHbIX, KOTOpblE BXOAAT B CTPYKTYPY (Mocne GurypHbix CKOBOK
CTaBUTCS TOYKa C 3anaToin). [lepemMeHHble, BXOAsLme B CTPYKTYpPyY, Oy-
[eM HasblBaTb NONSIMUN CTPYKTYPbI.

286



PasHble 3apaun

B HEKOTOPOM CMbIC/IE CTPYKTYpPaA HANOMWHAET KN1acc, HO TONbKO 6e3 Me-
TonoB. CTpykTypa, nogobHO Knaccy, onpenensieT cBoeobpasHbIi Tmn
OaHHbIX. AHaNIoroMm o6bEKTa Knacca BbICTynaeT 9K3eMMsp CTPYKTYPbI.
[na cospaHua ak3emnnsipa CTPYKTypbl 0ObABNSETCA NepeMeHHas, T1-
NMOM KOTOPOW yka3blBaeTCs UMS CTPYKTYpbl. ECnn HeobxoamMmo nHmupa-
NN3NPOBaTb 9K3EMIMJISAP CTPYKTYPbl, TO COOTBETCTBYIOLLEN NEPEMEHHOMN
B KOMaHAe 0ObsBNEHNS 9K3eMMNISPa CTPYKTYPbl NPUCBAMBAETCS CNCOK
CO 3HAYEHUAMM NONEN

Ob6palleHne K NonsM ak3eMmnisipa CTPYKTYPbl BbIMNONHAETCH B «TO4YeY-
HOI» HOTAUMW: NMOCNEe UMEHWN 3K3eMrisipa CTPYKTYPbl Hepes3 TOUKY yka-
3bIBAETCHA HAa3BaHWe Nossi.

PaccmoTpumM mporpaMMHBIH KOJT, TIpe/ICTaBJAeHHBIH B TucTHHTE 8.1.

JiucTuHr 8.1. 3HaKOMCTBO CO CTPYKTYypamMu
#include <iostream>
#include <cstdlib>
#include <string>
using namespace std;
// Omucauue CTPYKTYpH :
struct MyMoney{
// Tlona CTPYKTYpH:
string name;
double money;
double rate;
int time;
}i
// OyHKUMSA IJig BHUMCIIEHUS (Ha OCHOBE 3K3eMIIgpa
// CTPYKTYPH) MUTOTOBOM CYMMHI:
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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}

// OyHxuMsg myg oTobpaxeHMs MOJHOV MHOOpMAlMM

// OisS 3K3eMIUigpa CTPYKTYPH:

void show (MyMoney str) {

}

cout<<"¥ma Bryanmumka: "<<str.name<<endl;
cout<<"HauanbHasd cymma: "<<str.money<<endl;
cout<<"llpoueHTHasa cTapka: "<<str.rate<<endl;
cout<<"Bpemsa (mer): "<<str.time<<endl;

cout<<"Mroromasa cymma: "<<getMoney (str)<<endl;

// TnaBHas OQYHKUMA TPOTPAMMH:

int main () {

}

// VI3MeHeHMEe KOIMPOBKM KOHCOJIM:
system("chcp 1251>nul");

// TlepBhHi SK3EMIUISP CTPYKTYPH:
MyMoney cat={"Kor Marpockmus",1000,8,5};
// BTOpOV SK3EMIUISP CTPYKTYPH:
MyMoney dog={"llec Wapux",1200,7,4};
// Orobpaxenne uHOOPMALNM:

show (cat) ;

show (dog) ;

// 3amepxka KOHCOJIBHOTO OKHa:
system("pause>nul");

return 0;

Huxe IpeacTaB/IeH PE3YJIbTAT BBITIOJTHEHUA ITPOTrPAMMBbI:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nucTuHra 8.1)

Vma Bxyanumka: KoT MaTpOCKuH

HauanbHasg cymma: 1000

[IpolleHTHasd CTaBka: 8

Bpema (mer): 5
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UroroBasg cyMmma: 1469.33
ma Bxyapumka: llec llapuk
HauanpHasg cyMmMa: 1200
llpouenTHasg craska: 7/
Bpema (mer): 4

UroroBasg cymma: 1572.96

B nporpamme onuckiBaeTca CTPyKTypa ¢ HagBaHueM MyMoney. Y CTPYKTYpbI
HECKOJIBKO TTOJIelt:

® [0JIe name TUMA string (719 UCITOTB30BAHUA JAHHOTO KJIacca MOAKII0Ya-
€TCs 3aTOJIOBOK <string>) — MpeaHa3HAUYEHO JAJII 3aITMCH UMEHU BKJIA-
YHUKa;

® JIOJISI money M rate THUIIA double — npeHasHa4Y€Hbl COOTBETCTBEHHO /1JIA
3aICcy HavyaIbHOMI CYMMbI BRJIa/la 1 I‘OZIOBOﬁ HpOI_[eHTHOfI CTaBKMH;

® [[eJIOYMCIEHHOE TI0JIe time — TpeHa3HAYeHO /IJIs 3allCU BPEeMEHU pa3-
MellleHus BKJIajia (B rojiax).

B nporpamMme 1 BBIMMCIEHUS 110 3HAYEHUSAM TTOJIeH 9K3eMILIIpa CTPYK-
TypbI MyMoney onncana ¢pyHKIU getMoney (). AprymeHTOM (DYHKIINH TIepe-
JTaeTCsl 9K3EMILISIP CTPYKTYPbI MyMoney (0003HaueH Kak str). Pesysbsratom
dbyukius Bo3BpaiaeT 3HaueHne tuma double (MTOrOBast Cymma IO JIETIO-
3UTY).

B Tene dyHkumuu oObSIBISIETCS JIOKQJbHAsI TIEPEMEHHAsI s € HadyaJlbHBIM
3HaueHMeM str.money (3HaueHMeE TOJIA money dK3eMILIsipa str). /lasnee 3a-
MyCKaeTcsl orepaTop IuKJa. KoIrmuecTBO MUKJIOB ONpeNessieTcss 3HAaYeH!-
eM TIoJId time dK3eMIISApa str. 3a KaK/BIA ITUKJ BBITTOJTHSIETCS KOMaH/IA
s*=(l+str.rate/100), KOTOPO TeKylllee 3HAUCHUE TTIEPEMEHHON s YMHOKA-
eTcd Ha BeJquyuHy (l+str.rate/100). Ilo 3aBeprieHuu ormepaTopa IUKJIA
3HaueHNe MePEeMEeHHON s BO3BPAIaeTCs pe3yasTaToM (hyHKITIH.

~ MNMOAPOBHOCTM

HanomHuM, 4TO ecnn HavanbHas cymma pasHa m, rogoBasi MPoUeHTHas
CTaBka paBHa r, a BKiaj pasMeLLLaeTcs Ha Bpems t, TO UTOrosasi cymma
no AenoauTy Bbluncnsietcs no popmyne m(1 + (r/100))".

DyHuKIMs show () He BO3BpalllaeT pe3yJbrar. AprymeHToM (DyHKIUHU Tepe-
JIaeTCst HK3EMILISIP CTPYKTYPBI MyMoney (obo3HaveH Kak str). Ilpu BbI3oBe
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(bYHKIIUHE B KOHCOJIBHOM OKHE OTOOPAKAIOTCS 3HAUYEHMS M0JIel name, money,
rate U time ak3emiuigpa str. /[ BoIYUCICHUS UTOTOBOM CYMMBI T10 JIETTO31-
Ty BbI3bIBaeTCs PyHKINS getMoney (), a apTYMEHTOM €H TiepefiaeTcs 9K3eM-
TLIAp str.

B rnaBHOI hyHKITIT MpoTpaMMBbl KOMaHAaMu MyMoney cat={"Kor MaTpockun",
1000,8,5} m MyMoney dog={"Ilec llapux",1200,7,4} co3Mat0TCA 1 MHUIAAJIV-
3UpyIoTCs (TOJAM TIPUCBANBAIOTCSA 3HAYEHMS ) B K3eMIapa (cat u dog)
CTPYKTYPBI MyMoney. Komangamu show (cat) u show (dog) B KOHCOJIBHOE OKHO
BBIBOZUTCS MHGPOPMAIINS TT0 KAXKIOMY U3 9K3EMILISIPOB.

O06O00OLLEeHHbIe CTPYKTYPbI

B crpykrypy paspermaercst nepeaaBaTh 0000IIEHHBIE MTapaMeTPbl TaK, Kak
aTO JesaeTcst B 0600IeHHbIX KIaccax. B jucrunre 8.2 mpeacrasiena 1mpo-
rpaMma, B KOTOPOIl co3zmaercst 0000IeHHast CTPYKTYpa € JABYMsI TIOJISIMHU.
Tunsl moJieii onpeensiorest 0600IeHHBIMI TapaMeTpaMu. Kpome cTpyk-
TYPBI, B IIpOrpamMmMe onucata o6o0menHas GyHKIUs, IpeJHasHayeHHas 115
paboThI ¢ FK3EMILISIpaMK 0O00IIEHHOI CTPYKTYPBI.

JIuctuHr 8.2. 0606 EHHbIE CTPYKTYPbI

#include <iostream>

#include <cstdlib>

#include <string>

using namespace std;

// 0GoCmeHHAS CTPYKTYpa:

template<class A,class B> struct MyStruct({
A first;
B second;

}i

// 0BobumeHnHas byHKUMS 1y pabOTH C SK3EMILIIpaMn

// 0BOBOWEHHO! CTPYKTYPH:

template<class A,class B> void show (MyStruct<a,B> str) {
cout<<"Mleproe moye: "<<str.first<<endl;
cout<<"Bropoe mone: "<<str.second<<endl;

}
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// TnaBHas OYHKUMA TPOTPAMMH:

int main () {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// Cospanue 3K3eMIIIPOB OOOBLEHHOM CTPYKTYPH:
MyStruct<int,char> strA={100,'A'};
MyStruct<double,string> strB={2.5,"Texct"};
// BH30B 0OBOOWEHHON OYHKLMN:
show (strA);
show (strB) ;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");
return 0;

}

PeSyJIbTaT BBIIIOJIHEHMA ITPOTPAaMMDbI ITPpEACTAaBJICH HUKE!

Pe3ynbTaT BbINOJIHEHUS NPOrpamMMbl (U3 NUCTUHTa 8.2)
llepBoe moje: 100

Bropoe mome: A

llepBoe moje: 2.5

BTopoe moJie: TEKCT

Omnucanue 0000IIEHHONH CTPYKTYPbl HAUMHAETCS € KJIIOYEBOTO CJIOBa
template. MHCTPYKIMs <class A,class B> ompesensieT 0600IIeHHbIE Ma-
paMmeTpsI A 1 B. B Tese cTpyKTypHI 1oJis first  second OMUCAHBI C UEH-
TuduKaTopaMu TUMA A U B COOTBETCTBEHHO. B riaBHOU DyHKIIMU 1TPO-
rpaMMbl 9K3eMILISIPbI strA U strB 060OIIEHHON CTPYKTYpbhl MyStruct
co3/aloTcd KoMmanaaMu MyStruct<int,char> strA={100, 'A'} u MyStruct<
double,string> strB={2.5,"rexkcr"}. 37€Ch TPOCIEKUBAETCI sSBHas
aHAJIOrMs ¢ KiaccaMu U oObekTamu. [ oToOpaskeHus: 3HaYeHUI moJIeit
9K3eMILISAPOB 000OIEHHONW CTPYKTYPbI MCIIOJIb3yeM (MYHKIUIO show (),
apryMeHTOM KOTOpOHW TepenaeTcsd 39K3eMIISIP CTPYKTYPhl (KOMaHIIBI
show (strA) u show (strB)).

@OyuKIwst show () onucaHa Kak obobIeHHas. Y Hee B ONMICAHUN [[BA Tapa-
MeTpa Tuma (A 1 B) 1 OHA He BO3BpalaeT pe3yasraT. ApTyMeHTOM (QyHKIINH
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HepeiaeTcs 9K3eMILISIP str CTPYKTYPBI MyStruct<ad, B>. Mpentudukanus tu-
0B (3HAYEHM TApaMeTPOB A U B) TIPH BBI30BE (DYHKITMH show () BBITTOTHSET-
CsI Ha OCHOBAHWM TUTIA APTYMEHTA, TTepelaHHOTO (DYHKITUH.

PaboTa ¢ KOMMNJIEKCHBIMM YNCNamMu

B 6ubmoTeke cTaHAaPTHBIX KJIACCOB €CTh KJIACC complex, IpeJHa3HAYeHHbIIA
1711 pabOThI ¢ KOMILIEKCHBIMU YMCIAMU.

@ TEOPUA

[na ncnonb3oBaHMsA Knacca complex B MporpaMme Noaks4vyaeTca 3a-
ronoBOK <complex>. MNOCKONbKY KNacc complex SAABASAETCA 000OLLEHHbIM,
TO B YrNoOBbIX CKOOKax yka3blBaeTcsi 6a30Bbli TUMN (06bIYHO double) AN
O0EeNCTBUTENIbHON M MHMMOW 4YacTel KOMIMIEeKCHOro 4ucna. 3HadeHust
OENCTBUTENTBHON N MHUMOW YaCTEN KOMIMJIEKCHOIrO YyMcna nepenatTcs
aprymeHTamMm KOHCTPYKTOPY.

B HpeIICTaBJIeHHOfI najee IIporpaMMe CO3Jal0TCA KOMILJIEKCHbIE YHCJIa
7 C HUMH BBITIOJHAIOTCA Oa30BbIe BLIUNCINTEIBHBIE oreparuu.

A
1]

NOOPOBHOCTMHU

J1io60€e KOMMNIEKCHOE YNCNO0 Z MOXET OblTb NPEACTaBNEHO B BUAE Z= X + iy
(anrebpanyeckan ¢opma npeacTaBieHNs KOMMAEKCHOro yucna), roe
LEeNCTBUTENbHbIE YNCTA X U Y ABJIAIOTCA COOTBETCTBEHHO AENCTBUTESb-
HOM N MHMMOW YacTAMM KOMIMJIEKCHOroO Yncna, a MHMMas egunHuua i Ta-
Kasi, 4To P=-1.

Onepaunmn CNOXeHus, BblYUTAHUSA, YMHOXEHUS U OENEHUST BbIMNOJIHS-
I0TCS, KAk U C 0BbIYHBIMU YMCAAMM, HO C MOMPABKOM Ha TO, YTO /- = —1.
Hanpumep, ecnn z, =x;, +iy,nz,=x, +iy,, 102, + 2, = (X, + X,) + i(y, + ¥»),
2y =2, = (X = Xp) Yy = Vo), Zy - Z, = (Xy +yy) - (X +HYp) = (XX = ViYa) +
iXYs + Xo¥1), @ 24/2, = (X, + iy /(X + iyp) = (X + iyy) 06 = iyo))/((X; + i)
(X = 1¥5)) = (XX + Y1¥5) + iy, = X,,)/(X + ¥3).
KomMnnekcHO-cnpsi>keHHbIM K YUCAY Z = X + iy Ha3bIBaeTCHA YNCI0 Z* = X — iy
(nmonyyaeTca n3 MICXoQHOro 3aMeHom i Ha — i).

Mozy/ib KOMMAIEKCHOMO YMCNA Z = X + jy BbIMMCAETCA Kak |z| = Vx2 + y2,
MNomMnmo anrebpanyeckont GopmMbl NPeacTaBNeHNS KOMMIIEKCHOIO YnC-
na z = x + Iy, CylecTBYyeT TPUroHoMmeTpuyeckas popma npeacrasieHns
uncnasBuae z = | z|exp(ip), rae yepes ¢ 0603HaYEH apryMeHT KOMMIeKC-
HOTrO YMCna TakoMm, 4To cos(e) = x/(Nx2 + ¥2) n sin(¢) = y/(Nx? + y?) (3pecb
HY>KHO Y4Y€eCTb, YTO NOo onpeaeneHuto exp(ie) = cos(e) + i sin(e)).
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PaccmoTpumM mporpaMMHBIH KOJT, TIPEICTaBJIEHHBIH B TUCTHHTE 8.3.

Jinctunr 8.3. Pa6oTa ¢ KOMMNEKCHbIMU YUCTIaMK
#include <iostream>
#include <cstdlib>
#include <complex>
using namespace std;
int main() {
// Vi3aMeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// DIenCTBUTEJNIbHEE YKCIa:
double x=2,y=3;
// KOMIJIEKCHEE UMUCIIA:
complex<double> A(3,4),B(2,-1);
// CyMMa KOMIUIEKCHHX UMCEeJ:
cout<<"Cymma: ";
COULKKAK" 4+ "<<B<K" = "<<A+B<<endl;
// Pas’HOCThH KOMIJIEKCHHX UMCEJI:
cout<<"PazHocTb: ";
COULKKALK" — "<<B<K" = "<<A-B<<endl;
// TlpoM3BemeHMe KOMILJIEKCHBIX UMCENT:
cout<<"llpomzeenenne: ";
COULKKAKKL" * "<<B<" = "<<A*B<<endl;
// UacTHOE KOMIIIEKCHBIX UMCEeI:
cout<<"YacrHoe: ";
COULK<KALKL" / "<<B<L" = "<<A/B<<endl;
// CyMMa KOMIIJIEKCHOTO ¥ IOEMCTBUTEJLHOTO UMCEN:
cout<<"Cymma: ";
COULKKALK" + "<<x<" = "<<A+x<<endl;
// Pas’HOCTb KOMIUIEKCHOTO ¥ HOEMCTBUTEJILHOTO UMCEJ:
cout<<"PazHocTb: ";

COULKKAKK" — "<« = "<<A-x<<endl;
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// TlpoMs3BemeHMe KOMIJIEKCHOTO ¥ OEMCTBUTEJILHOTO UMCEJ:
cout<<"llponzeenenue: ";

COULKKAKK" * "<ix<«" = "<<A*x<<endl;

// UacTHOE KOMIUIEKCHOTO U OEeMCTBUTEJILHOTO UMCEJ:
cout<<"UacrHoe: ";

COULKLKALKL" /[ "<x<<" = "<<A/x<<endl;

// CyMMa [elCTBUTEILHOTO ¥ KOMIUJIEKCHOTO UMCEJ:
cout<<"Cymma: ";

cout<<y<<" + "<<B<L" = "<<y+B<<endl;

// PasHOCTbL IEMCTBUTENBLHOTO ¥ KOMILUIEKCHOTO UMCEJI:
cout<<"PaszHocTb: ";

cout<<y<<" — "<<B<L" = "<<y-B<<endl;

// Tlpow3BeneHye OEVCTBUTEIBHOTO ¥ KOMIUIEKCHOTO UMCE:
cout<<"llponseenenue: ";

cout<<y<<" * "<<B<L" = "<<y*B<<endl;

// UYacTHOE HOEelCTBUTEILHOTO M KOMIIJIEKCHOT'O UMCEJ:
cout<<"UacrHoe: ";

cout<<y<<" / "<<B<L" = "<<y/B<<endl;

// llelicTBMTEJIbHAS YACTb KOMILJIEKCHOTO UMCIIA:
cout<<"JleMcTBUTENbHAA YaCTb: ";
COUt<<"Re"<<KA<KK" = "<<A.real ()<<endl;

// MHMMaZg 4YacThb KOMILUIEKCHOTO UMCJIa:
cout<<"Mummasg yacTb: ";
cout<<"Im"<<A<K" = "<<A.imag()<<endl;
// Momynb KOMIJIEKCHOT'O UMCJIA:
cout<<"Momymnb: ";

cout<<"abs"<<A<KL" = "<<abs (A)<<endl;
// ApTyMEHT KOMILUIEKCHOTO UMCJIa:
cout<<"Apryment: ";
cout<<"arg"<<A<KL" = "<<arg(A)<<endl;
// KOMIIJIEKCHO-COTPAXEHHOE UMUCIIO:

cout<<"KommnjekcHo-conpsaxeHHoe: ";
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COUL<KALL"* = "<<conj (A)<<endl;

// OmnpemnejeHue uucia Ha OCHOBE MOLYJS M apT'yMEeHTa:
cout<<"Onpenenenue umciua: ";
cout<<polar (abs(A),arg(A))<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

}

Hwuxe IIpUBEEH ITPUMEDP BLITIOJIHEHWA ITPOTPaMMBbI:

PeaynbraT BbINOJIHEHUS NPOrpamMmmbl (U3 AUCTUHra 8.3)

Cymma: (3,4) + (2,-1) = (5,3)
PasHocTh: (3,4) — (2,-1) = (1,5)
llpoussenenne: (3,4) * (2,-1) = (10,5)
YactHoe: (3,4) / (2,-1) = (0.4,2.2)

Cymma: (3,4) + 2 = (5,4)
Pasuocth: (3,4) — 2 = (1,4)

llpom3senmenne: (3,4) * 2 = (6,8)
YacrHoe: (3,4) / 2 = (1.5,2)
Cymma: 3 + (2,-1) = (5,-1)
Pasuocte: 3 — (2,-1) = (1,1)
Mpomssenenne: 3 * (2,-1) = (6,-3)
YacTHoe: 3 / (2,-1) = (1.2,0.6)
IlenicTBUTENbHAS YacTb: Re(3,4) = 3
MumMas dvacTb: Im(3,4) = 4

Momynb: abs(3,4) = 5
AprymenT: arg(3,4) = 0.927295
KommnexcHo-conpsaxenHoe: (3,4)* = (3,-4)

Onpenenenue umcia: (3,4)

Kpartko pestoMupyst, OTMETHM, 4TO 0OBEKT KJacca complex OTOKIAECTBISIETCS
¢ KOMILIEKCHBIM 4rcioM. C 00beKTaM1 MOKHO BBITIOJIHSATD T€ JKe OTlepallnu,
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4TO ¢ OOBIYHBIMU YHMCJIAMU: CKJIAJIbIBATh, BBIYUTATH, YMHOKATDH M JIEJUTh.
[IpuyeM ofHUM U3 OMIEPaHI0B MOKET ObITh YKo, IIpu orobpaskeHun 00b-
eKTa KJacca complex B KOHCOJIBHOM OKHE C TIOMOIIBIO OTIEPATOPa BBIBOA TI0-
SBJISIFOTCSI KPYTJIble CKOOKY € Mapoii YNCIOBBIX 3HAYCHUI B HUX — JHEHCTBY-
TeJIbHad 1 MHUMas 4aCTU KOMIIJICKCHOTO YUCJIa.

Hexkotopbie orepaiiuu BbITOJHSIOTCS ¢ TOMOIIBIO CIIENUATbHBIX (QYHKITHN:
MOJLyJib YKCJIa MOKHO BBIYUCJAUTH (DYHKIIMEN abs (), apryMeHT YUCJIa BbI-
yucJsieTcs: GyHKIMel arg (), KOMIUIEKCHO-COTIPSIKEHHOE YNCJI0 BBIYUCIISIEM
bynkiueit conj ().

ODyHkims polar () TO3BOJSET CO3/IATh KOMIIJIEKCHOE YMCJIO HA OCHOBE 3HA-
YeHWI ero MOMyJist U aprymenta. [loatomy, Hampumep, eciu A — 0OBEKT
COOTBETCTBYIOIIUN KOMILIEKCHOMY YHCJY, TO PE3yJbTaTOM BBIPAKEHUS
polar (abs(A),arg(A)) Oyzer Takoe ke 4nucyo (TPOIie TOBOPsI, €I MBI pa-
Hee co3/ajii OOBEKT A JIUIS KOMIUIEKCHOTO YHCJIa, TO MPU BBITIOJTHEHHH KO-
MaHbl polar (abs (A) ,arg (A)) DOJYYUM TaKOe JKe YHCJIO, HO pealn30BaHHOE
yepes IPyroit 00beKT).

Mertonpl real () u imag() (BBI3BIBAIOTCS U3 00BbeKTa KOMILTIEKCHOTO qucia)
BO3BPAIAIOT Pe3yJIbTaTOM COOTBETCTBEHHO JIEMCTBUTEIbHYIO U MHUMYIO Ya-
CTU KOMILJIEKCHOT'O YHCJa.

Knacc pna peannsauvm 4ncnoBbiXx MacCCUBOB

O6o06mieHHbIi Kace valarray GUOGIMOTEKN CTAHIAPTHBIX KJIACCOB MPeIHa-
3HAYEH JJIS peaJu3aliy YUCI0BbIX MaccuBoB. IIpu pabore ¢ Kaaccom mog-
KJIIOYAeTCst 3ar0JI0BOK <valarray>. Jlasee nmpecTaBieHa nporpaMma, B KOTo-
poii Kyace valarray UCIOJIB3YETCS Uik CO3/IAHMsSI U 3aII0JHEHHUS YUCTOBOTO
maccuBa yucnamu Oubonavun. Crenuduka 3a1a4u B TOM, 4TO pasMep Mac-
CUBA OIIPE/IEISAETCS B TIPOIECCE BBITOJHEHUS! TIPOTPAMMBbL.

@ HA 3AMETKY

30ecb 1 ganee Mbl FOBOPMM O MacCuBE, XOTS HA CaMOM Aefne MEEM
[eno ¢ o6bekToM Knacca valarray, KOTOPbIA MO CBOMNCTBaM MOXOX Ha
maccuB. Micnonb3oBaHne TepMUHA «MacCuB» IBNSETCS YOO0OHbIM U UH-
TYUTUBHO MOHSATHBIM, HO BCE X€ CNeayeT NoHMMaTb, YTO HA CaMOM aene
peyb naet 06 obbekTe.

PaccMoTpum mporpaMMHBIT KOJI, TIPe/ICTaBIEeHHbIN B TUCTUHTE 8.4.
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Jinctunr 8.4. Pasmep maccuBa onpeaenseTcs B NPoL,Eecce BbINOJIHEHUS
nporpaMmmbil

#include <iostream>
#include <cstdlib>
#include <valarray>
using namespace std;
int main() {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlepemeHHas IJIS 3alMUCKU Pa3Mepa MACCUBA:
int n;
cout<<"BremuTe pas3Mep Maccuea: ";
// CuuTbiBaHME pasMepa MacCHBa:
cin>>n;
// Co3maHyue uMCJIOBOTO MACCUBA:
valarray<int> fibs(n);
// 3HaueHMdT MEpPBHX IOBYX SJIEMEHTOB:
fibs[0]=1;
fibs[1]=1;
cout<<fibs[0]<<" "<<fibs[1l];
// 3BamnojHeHMe MacCUBA ¥ OTOOpPaXeHME BHAUEHUN 3JIEMEHTOB:
for (int k=2;k<n;k++) {
fibs[k]=fibs[k-1]+fibs[k-2];
cout<<" "<<fibs[k];
}
cout<<endl;
// 3Bamepxka KOHCOJbHOTO OKHa:
system("pause>nul");

return 0;

BosMoskHBII pe3ybTaT BBITTOJHEHUS TPOTPAMMBI ITPe/ICTaBIeH HUKe (3KUp-
HBIM TIPUQPTOM BBIJIEJIEHO BBOIUMOE TI0Jb30BATENIEM 3HAUEHHE ):
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Pe3ynbTaT BbINOJIHEHMS NPOrpamMmbl (U3 NUCTUHra 8.4)
BeemmTe pa3Mep MaccuBa: 15
1123581321 345589 144 233 377 610

B mporpaMme 00bsBISETCS LEIOUYNUCIEHHAs IEPEMEHHAs N, 3HAYE€HIE KOTO-
poii moJib30BaTesIeM BBOIUTCA ¢ KaaBuatypsl. [lepemennas onpenensier Ko-
JIMYECTBO DJIEMEHTOB B MaccuBe. MaccuB peayqusyercst yepes 00beKT 00006-
IIEHHOTO KJacca valarray. OOBEKT, OTOXKIECTBASIEMBI HAMU C MAaCCUBOM,
co3/aeTcst KOMaH/I0l valarray<int> fibs (n). MHCTpPYyKIUS <int> 03HauaerT,
4TO BJIEMEHTHI MaccuBa fibs (OyaeM st IIPOCTOTHI Ha3bIBATh JAAHHbII 00b-
€KT MacCHUBOM) OTHOCSATCS K TUITy int. APTyMeHT, YKa3aHHBIN B KPYTJIBIX
CKOOKaX, OTpe/IesisieT KOJIUIEeCTBO DJIEMEHTOB B MaCCHUBE.

XoTa fibs aBagercsa o6beKTOM, 6a30BbIe olepanuy ¢ HUM BBIIIOJHAIOTCA
TaK, KaK ecJIM OBl 9TO OBLT 0OBIYHBIN MaccuB. B yacTHOCTH mamHoe 3aMeda-
HUEe KacaeTcsa 06paHleHI/IH K asieMeHTaM MaccuBa. CkakeM, TEPBBIM IBYM
3JIEMEHTaM eIMHUYHbIe 3HAYeHUA IPUCBAUBAIOTCA KOMaHaamu £ibs[0]=1
u fibs[1]=1 — TO eCcTb TaK, KaK ecJau Obl Mbl UMEJH AEJI0 C HACTOAIIUM
MaccuBoM. ITocie mprcBauBaHKMA 3HAYEHUN DJIeMEHTaM OHU oToOpaxa-
I0TCS B KOHCOJIM (KOMaHa cout<<fibs[0]<<" "<<fibs[1]). 3arem 3alry-
CKaeTcs ollepaTop IMKJA, B KOTOPOM HHJIEKCHAdA IlepeMeHHad k Hpo6e-
raeT 3Ha4eHUsI OT 2 10 n-1 BKJIOYMUTEJbHO. 3a KaKIbli IIMKJ KOMaH[0M1
fibs[k]=fibs[k-1]+fibs[k-2] BBIUMCIAETCSA 3HAYEHUE [ TEKYIIETO
3JIeMeHTa, a KOMaHIOM cout<<" "<<fibs[k] aTO 3HaUYeHHE 0T06pa>KaeTC5{
B KOHCOJILHOM OKHE.

(G) HA 3AMETKY

HanomMHuMm, 410 Yyncna @mnboHayym nonyyaloTcs Tak: nepBble ABa YMC-
Nla paBHbl eAvHuLEe, a Kaxaoe cneaylollee paBHO CyMMe ABYX Npenbl-
AYLLVIX.

Bbil1ie MbI HCIIO/Ib30BaIN OOBEKT KJIacca valarray GakTHIeCKH KaK 0ObIUHBII
MaccuB. OHaKO UCTIOIB30BaHNEe 00HEKTa, TI0 CPABHEHUIO C MACCHBOM, IMEET
HEOCIIOpUMbIE ITpeuMyIecTBa. /[ocTaTOuUHO OTMETUTD, UTO Pa3Mep MacCUBa,
«CIIPATAHHOTO» B 0OBEKTE KJacca valarray, MOKHO He TOJBKO Y3HATh C IO-
MOIIIBIO METOA size (), HO U U3MEHUTD C IIOMOIIBIO MeTo/a resize (). Takux
BO3MOKHOCTEH IIpu paboTe ¢ 0OBIYHBIMY MACCUBAMU HET.

Emte oius HeGOJIBINON IPUMEP MCIIOIB30BaHUsT 0000IMIEHHOTO CTAHAAPTHOTO
Kjracca valarray mpejicTaByieH B inctuare 8.5. TaM mpejicTaBiena mporpam-
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Ma, B KOTOPOH pelnaeTcst y:ke 3HaKoMas HaM 33j[auya O TPECTaBICHUN T10-
JIMHOMA B BUjie 00BEKTa HEKOTOPOTO KJTacca (Takast 3a/[a4a pacCMaTpuBaiach
B TIPE/IBIAYINEH TJIaBe — TaM UCMOJIb30BAINCH 0000TIEHHbBIE KJIACCHI C TTepe-
Tadelt 1eJ0YnCcJIeHHOTO 3HAYeHNS B KadecTBe mapamerpa). Maea n anroputm
peaTnu30BaHbl MPAKTUIECKU Te JKe, UTO U B Iporpamme B uctunre 7.11. Ox-
HAKO 3a cYeT MCIIOJb30BaHUS Kjacca valarray KO BO MHOTMX MOMEHTax
YIIPOCTHJICS.

@ HA 3AMETKY

HanomHum, 4TO peyb MAeT o knacce anga peanmaauum nonmHoma. Mo-
NMHOMManbHaa QYHKLUMA OAHO3HAYHO ornpeaenseTcss Habopom KO-
GULMEHTOB, KOTOPbLIE 3aMnMMCbIBAOTCA B MAacCuB, ABNAIOLWMIACS NOJIEM
knacca. [lng noAMHOMOB NpeaycMaTpuBalOTCs Takme onepaumm, Kak
BblYMCJIEHME NPOU3BOAHON, YMHOXEHME MNOIMHOMOB, CyMMa 1 Pa3HOCTb
MOSIMHOMOB, a TaKXe pag apyrux. Bo Bcex nepeyncneHHbix ciydyasax pe-
3ynbLTaToOM ABNseTcs noanHom. bonee nogpobHO onepaunn ¢ NOINHO-
MaMM ONMCaHbl B NOSICHEHUAX K NIpUMepy U3 anctuHra 7.11 B npeablaoy-
Len rnase.

PaccmoTpum mipe/icTaBIeHHYIO HIZKE TIPOTPAMMY:

Jinctunr 8.5. Knacc gna peanusauum nosMmHomMma

#include <iostream>

#include <cstdlib>

#include <valarray>

using namespace std;

// Knacc mig peanms3aluy IMOJIMHOMOB :

class Polynom{

private:
// 3BakpeTOe MOoJie — MACCUB, PEalM30BaHHEN UYepes
// obmekT kxjacca valarray:
valarray<double> a;

public:
// KOHCTPYKTOpP C LEJOUMCIIEHHEM apTyMEHTOM:
Polynom(int n=0) {

// OmpenesneHne pasmepa MacCuBa
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// ¥ 3amoJHEHVe HYJAMM:
a.resize(n+1,0);
}
// KOHCTPYKTOp C apryMEHTOM — MMEHEM UMCJIOBOTO MaCCuBa
// ¥ CTeneHbn MNOJIMHOMA :
Polynom(double* nums,int n) {
// Cosmanue HOBOTO OOBEKTa IUIS MACCKMBA:
valarray<double> b (nums,n+l);
// TlpucBauBaHye I[OJID HOBOT'O 3HAUEHUA:
a=b;
1
// Pe3yibTaTOM METOIAa BO3BPAMAETCS CTENEeHb MOJMHOMA :
int power () {
return a.size()-1;
}
// Merom mns oToGpaxeHMs 3HaUEHMI
// k030OMUMEHTOB MOJIMHOMA :
void getAll () {
cout<k"| ";
for (int k=0; k<=power () ; k++) {
cout<<alk]<<" | ";
}
cout<<endl;
1
// OnepaTopHEll METOI MO3BOJISET BH3BATH OGBEKT.
// Pes3ynbTaTOM BO3BPANAETCHA SHAUECHME MOJMHOMA :
double operator () (double x){
// Kommsa MaccuBa C KO3QOMUMEHTaMM [OJMHOMA :
valarray<double> b (a);
double g=1;
// BHUMCIIEHME DJIEMEHTOB MACCUBA:

for (int k=0;k<b.size();k++){
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b[k]*=q;
qr=x;
}
// PesynbTaT MeTOIa — CyMMa 3JIEMEHTOB MAaCCHUBA:
return b.sum();
}
// OnepaTopHEN METOI IJIS MHIEKCUMPOBAHMS OOBEKTOR:
double &operator[] (int k) {
return alk];
}
// OmepaTopHBNI METON IJiS BEUMCIIEHUS
// TpOV3BENEHUS MOJIMHOMOB :
Polynom operator* (Polynom pol) {
// JlokabHEN OCBEKT :
Polynom tmp (pol.power ()+power());
// Brumcrenne kosOOMUMEHTOB mJid
// TomMHOMa-pes3ysbTaTa:
for (int 1=0; i<=power();i++) {
for(int j=0;j<=pol.power();j++) {
tmp[i+j]+=a[i]*pol[j];

}
// PesymbTaT MeToma:
return tmp;
}
// OnepaTopHElM METOH IJig BEUMCIIEHUA
// CyMMB IOJIMHOMOB:
Polynom operator+(Polynom pol) {
int i;
int length=pol.power () >power () ?pol.power () :power();
// JOKaJbHEN OGBEKT:

Polynom tmp (length);
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// Brumcienne kosOOMUMEHTOB HJId

// TmonMHOMAa-pesysbTara:

for (1=0; i<=power () ; i++) {
tmp[i]+=alil;

}

for (i=0; i<=pol.power ();i++) {
tmp[i]+=pol[i];

}

// PesymbTaT MeToma:

return tmp;

bi
// OnepaTopHas OYHKUMSA IJIS BEUMCIIEHUA
// pesynbraTa YMHOXEHMA [OJIMHOMA Ha YMUCJIO:
Polynom operator* (Polynom pol,double r){
// JloxanbHel OODBEKT:
Polynom tmp (pol.power());
// Beumcrenue KosOOMUMEHTOB N4 MOJNMHOMA-PE3YJIbTaTa
for (int k=0;k<=pol.power () ;k+t) {
tmp[k]=pol[k]*r;
}
// PesynbTaT QyHKLMM:
return tmp;
}
// OneparopHas OYyHKUMS IJIS BEUMCIIEHUA
// pesynbTaT yMHOXEHMA UMCIa Ha IIOJMHOM:
Polynom operator* (double r,Polynom pol) {
// TIONMHOM YMHOXA€TCHA Ha UMUCIHO:
return pol*r;
}
// OneparTopHas OYyHKUMA IJIS BHUMCIIEHUS PasHOCTH

// IBYX IHOJIMHOMOB:
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Polynom operator-(Polynom x,Polynom y) {

}

// K mepBOMy MOJMHOMY MNPUOABIISETCS BTOPOM, YMHOXEHHbIA
// Ha umcyo -1:

return x+(-1)*y;

// OGoBumeHHas OYHKLMA IJIS BHUMCIICHUS

// TPOW3BOOHOV OT MOJMHOMA :

Polynom Diff (Polynom pol) {

}

// JlokanbHe OODBEKT :
Polynom tmp(pol.power()-1);
// Bruycrenve KO3OOMUMEHTOB IS OJMHOMA-PEe3yJbTara:
for (int k=0;k<=tmp.power () ;k++) {
tmp [k]=pol [k+1]* (k+1);
}
// PesymnbTar QYHKUMUK:

return tmp;

// TnaBHas OYHKUMA MTPOTPAMME:

int main() {

// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");

// Maccush ¢ KO3(QOMLUMEHTaMA:
double A[]={1,2,-1,1};

double B[]={-1,3,0,2,-1,1};

// BPTYMEHT IJif [OJIMHOMOB:
double x=2;

// OGBeKT mjg 3amucyu Pe3yJbTaTOB BHUMCIIEHUN :
Polynom res;

// TIepBHIT MONUHOM:

Polynom P(A,3);

cout<<"MommHoMm P:\t";

// KosbdulumeHTH MEepBOTO MOJNMHOMA :
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P.getAll();

cout<<"3BHauenme P ("<<x<L") =";

// 3BHaueHue MEpPBOTO IMOJMHOMA B TOUKE:
cout<<P (x)<<endl;

// Tpou3BOmHAA:

res=Diff (P);

cout<<"Mosmuom P':\t";

// KosbbOUUMEHTH N4 MPOMBBOIHOM OT MOJMHOMA :
res.getAll();

cout<<"3Hauenme P' ("<Lx<K") =";

// 3HaueHMe MPOU3BOIOHOM B TOUKE:
cout<<res (x)<<endl;

// BTOPOV MOJMHOM:

Polynom Q(B,5);

cout<<"MommuoMm Q:\t";

// KosdduimeHTH BTOPOTO MOJMHOMA :
Q.getAll();

cout<<"3HaueHme Q("<<x<") =";

// 3HaueHue BTOPOTO MOJMHOMA B TOUKE:
cout<<Q (x)<<endl;

// Tlpoms3BemeHMe MOJMHOMOB :

res=bP*Q;

cout<<"MojmHoM P*Q:\t";

// KosbduumeHTH a9 MPOM3BENEHUS MOJIMHOMOB :
res.getAll();

cout<<"3HaueHme (P*Q) ("<<x<") =",
// 3HaueHue MNPOMBBENEHUS MOJIMHOMOB B TOUKE:
cout<<res (x)<<endl;

// CyMMa MOJIMHOMOB:

res=P+Q;

cout<<"MommuoMm P+Q:\t";

// KosdduumeHTH 019 CyMME [IOJIMHOMOB :
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res.getAll();

cout<<"3Hauenue

(P+Q) ("<<x<<™M)

—n,
r

// BHauveHMe CyMMH [OJMHOMOB B TOUKE:

cout<<res (x)<<endl;

// PasHOCTb [OJMHOMOB:

res=Q-P;

cout<<"MommuoMm Q-P:\t";

// KosbbduUMEHTH 719 PasHOCTM MOJIMHOMOB :

res.getAll();

cout<<"3uauenme

// 3HaueHue pPasHOCTM MOJMUHOMOB B TOUYKE:

(Q-P) ("<<x<<M)

cout<<res (x)<<endl;

// 3amepxka KOHCOJbHOTO OKHA:

system("pause>nul");

return 0;

}

—n,
r

Pesynbrat BBITTOTHEHUS TIPOTPAMMBI TAKOIL:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nucTuHra 8.5)

| 2

[TonuHoM P: |

SHaueHye P(2) = 9

[TosmmuoM P': |

1

2

Snauenye P'(2) = 10

[TonmHOM Q:

[TonmHOM P*Q:

SHaueHue

(P*Q) (2)

[TosmuoM P+Q: |

3HaueHye

(P+Q) (2)

[TonuHOM Q-P: |

3HaueHne

(0-P) (2)

0

| -1
SHaueHye Q(2) = 37
| -1

2

| -2

|
33

|
46

|
28

| -1
| 3
310
117
3
51 -1
111

1

2

-2

3

1

[ -1 11
6 [ -3

[ -1 11

[ -1 11

5| -2

1
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Bo MHOTHX MecTax Ko/l I0JKeH OBbITh 3HAKOM U MOHSATEH YuTaTesio. Mbl Bbl-
JIeJIUM JIAIITh TO HOBOE, UTO MOSBUJIOCH B TIporpamMmme (110 CPaBHEHUIO C MTPO-
rpaMMoi n3 simctunra 7.11).

Wrak, ucrnonb3oBanue oObeKTa Kiaacca valarray B KauyecTBe KOHTeHHepa
JUIST MACCUBA TTO3BOJISICT OTKA3aThCs OT OIMCAHUs Kacca Polynom Kak 0600-
mennoro. Terepb 910 OOBIUHBIN KTacc. 3aKPBITOE TOJE a, Yepe3 KOTOpoe
peann3yeTcst MacCUB ¢ K0 HHInenTaMu moJInHOMa, B KJacce 00bsIBIISETCS
UHCTPYKIUeit valarray<double> a. B mamnom ciydae 0ObsIBISIETCS MYCTOM
00beKT (HE COMEPIKUT MacCHBa) Kacca valarray<double>. ITapameTpsl 00b-
€KTa U3MEHSIOTCS] TIPY BBI30BE KOHCTPYKTOPa (HATIOMHUM, YTO Pa3Mep CO-
JiepIKaIerocs B 00beKTe Kacca valarray MacCuBa MOKHO U3MEHSTD). ITpes-
YCMOTPEHBI JIBE BEPCUU KOHCTPYKTOPA: C OAHIM apTYMEHTOM (€O 3HaYCHUEM
apryMeHnTa 10 YMOJYaHWIO) W C JABYMsI apryMeHTamMu. Ecam KOHCTpyKTOp
BBI3BIBACTCSA C OJIHUM apryMEHTOM, TO apTYMEHT OTIpefiesiIeT pa3Mep Mac-
CUBA, a CaM MACCHB 3aIOJIHAETCS HYJIAMU. B yacTHOCTH, 9TH /[BE OTepanun
BBITOJIHSTIOTCST OZIHOM KOMAH/IOM a. resize (n+1,0) (4epe3 n 0603HAYEH 11€710-
YUCJIEHHBIN apryMeHT KOHCTPYKTopa). [lepBbIii aprymMeHT MeToa resize ()
oTIpejiesiieT pa3Mep MacCuBa, a BTOPOI apTyMEHT MeTO/Ia OTIPejiesisieT 3Have-
HUE, KOTOPOE TIPUCBANBAETCS 3JIEMEHTaM MacCHBa.

@ HA 3AMETKY

KonnyecTtBo 3neMeHToB B MaccuBe Ha eauHuLy 6onblue 3Ha4YeHUs ap-
rymMeHTa, NnepefaHHoOro KOHCTPYKTOPY. APryMEHT KOHCTPYKTOpa NHTEP-
npeTnpyeTcs Kak cTeNeHb NoJIMHOMA, KOTOPbI peanndyeTcs Yyepes 00b-
€eKT Knacca Polynom.

Eciin aprymMeHToB y KOHCTPYKTOpa /iBa, TO MepBbiii (0603HAYEH KaK nums)
SABJISIETCSI MMEHEM YHCJIOBOTO MaccuBa, a BTOpoil (00603HAYeH Kak n)
oTpenesigeT CTeleHb IMOJTMHOMA, Peajn3yeMoTo uepe3 MaHHBI MacCHUB
(Ha eamHUIly MeHbIlle pa3Mepa MaccuBa). B Tese Takoro KOHCTPYKTO-
pa KoMaHol valarray<double> b (nums,n+1) cosmaeTcs 00BEKT b KJacca
valarray<double>, B KOTOPOM COJEPIKUTCS MACCUB C TAKMMHU YK€ dJIeMEHTa-
MU, Kak 1 MaccuB nums. KoMaH10it a=b 00beKT b MprcBanBaeTCs 3HaUCHUEM
00BEKTY a.

B xuacce Polynom ommcaH MeTOH power (), KOTOPBIM B KauecTBe 3HAYEHUsI
BO3BpAIAETCs CTEIEeHb MOJMHOMA, peajr3yeMoro depes obbekt. [lannoe
3HaYeHne Ha eIUHUILy MeHbIle KOJMUECTBA 3JIEMEHTOB B MACCUBE a W BBI-
YUCJISIETCS C TTOMOTIBIO BRIPAKEHNS a.size () -1.
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@ HA 3AMETKY

DyYHKUMSA power () NCNONL3YETCH B NMporpamMmMe Tam, rae B npumMmepe 13
nmcTtuHra 7.11 ncnonb3oBancs napameTp pover.

B omneparopHoMm Mmetone operator() () mperepriesl U3MEHEHUS AJTOPUTM
BBIUMCJICHUST 3HAYEHUS IOJUHOMA B TOuYKe. B Teje MeTosa KOMaHIOU
valarray<double> b(a) cosmaercss xomusi (06BEKT b) oObekTa a. 3aTeM
B TeJie OTepaTopa UK/, B KOTOPOM MepeOUpaloTCst SJIEMEHTBI B MacCHBe
b, KOMaHION b [k] *=g oyepenHOIl 2/IeMeHT YMHOKaeTCsl Ha 3HaYeHue Tepe-
MEHHOI g, a 3aTeM KOMaH/I0N q*=x TlepeMeHHast q YMHOXKAEeTCs Ha 3HAYEHUEe
aprymenTa Metojia x. [lockobky HavasrbHOE 3HaUEHNE TIEPEMEHHON g PaBHO
eIMHNIE, TO B UTOTE TOJYYAETCS, YTO B MacCHBe OOBEKTA b 3HAYEHUST dJie-
MEHTOB COBMA/IAIOT CO CJIAaTaeMbIMH B BBIPAKEHNN /171 ToTmHOMA (K02 du-
IINEeHT, YMHOKEHHBIN Ha apTYMEHT X B COOTBETCTBYIONIeH ctemenn). [loato-
MY BC€, YTO OCTAETCS — BBIYUCIUTH CYMMY 9JIEMEHTOB B MacCHBe OOBEKTa
b. CresaTh 9TO MOYKHO C TIOMOITBIO METO/IA sum (), KOTOPBIA BBI3BIBAETCS U3
obbekTa b (KoMaHma b. sum() ).

Bo BceM ocTasbHOM KOJ| JOJIZKEH OBbITh MOHATEH yuTareaio. ExuHcTBeH-
HOe, Ha YTO ellle XO4eTcsi 00paTuTh BHUMaHUWE — O0bsiBIeHnEe 00bEKTa
res Kjacca Polynom. 3HaUeHUEM MePEMEHHON res MOCAeI0BATEIbHO TIPU-
CBAMBAETCS PE3YIBTAT TAKUX BBIPAKEHUH, KaK MPOU3BeIeHNE TIOJNHOMOB
(00BeKTOB KJacca Polynom), UX CyMMa, PasHOCTb W Pe3YJbTAaT BbI30Ba
dyuriuu Diff (). Orobpaxkenne K09hPUIMEHTOB W BBIUKCIECHIE 3HAYE-
HUS [TOJMHOMOB B TOYKE BBIMOJHSETCS Yepe3 obpaiieHne K 0ObeKTHON
[epeMeHHO res.

KoHTenHep ana aMuHaMu4yeckoro maccumea
B crangapraoil 6ubaMOTEKe eCTh KIace vector, II0 CBOMCTBAM HAIIOMUHAIO-

HII/Iﬁ I[I/IHaMI/I‘IeCKI/IfI MacCCUB, HO II0 CpaBHEHUIO C MAaCCHUBOM (I)YHK]_[I/IOHB.JII)-
HbI€ BOSMOJKHOCTH KjlaCCa HaMHOTI'O ITHPE.

@ HA 3AMETKY

[na ncnonb3oBaHUS knacca vector NOAKOYAKOT 3ar0IOBOK <vector>.

B micrunre 8.6 npepsaraeTcs nporpaMmma, B KOTOPOH CO3/1a€TCsl MacCUB U 3a-
MOJTHSIETCST CTyYallHBIMK CHMBOJTaMu. MaccuB peanmsyeTcs: depe3 00beKT
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KJ1acca vector (CHMTyarms TOX0XkKa Ha CJydyal, KOTJla MAacCUB Pean30BasICs
uepe3 00bEKT Kiracca valarray). Pasmep MaccuBa ompeesisieTcs: B mpoiecce
BBITIOJTHEHUS TTPOTPAMMBI.

PaccmoTpum mipeicTaBIeHHBIN /1ajiee TPOrPAMMHBIH KOJT

JInctuhr 8.6. CnyyaiiHbie CMMBOJIbI M Knacc vector
#include <iostream>
#include <cstdlib>
#include <vector>
using namespace std;
int main () {
// VI3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VHMUManM3auus TeHepaTopa CIYUYAVHBIX YKMCEeJ:
srand(2);
// KOnMuecTBO CUMBOJIOB:
int n;
cout<<"KommuecTBO CMMBOJOB: ";
// CumMTHBaHME 3HAYEHMS NEPEMEHHON:
cin>>n;
// OBBEKT C CUMBOJIbHHIM MACCHUBOM:
vector<char> symbs (n);
cout<<"|";
// BHUMCIIEHME BHAUEHMI BJIEMEHTOB U UX
// oToCpaxeHne B KOHCOJBLHOM OKHE:
for (int k=0;k<symbs.size();k++) {
// TeHepupOBaHME CIYUYAMHOTO CUMBOJIA:
symbs [k]="A"+rand() % (nt+d);
// OrobpaxeHne 3HAUEHMI BJIEMEHTA:
cout<<" "<<symbs[k]<<" |";
}

cout<<endl;
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// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");
return 0;

}

Boawmozknblii pe3yasTaT (BO3MOYKHBIN — TOTOMY YTO UCIIOTb3YyeTCs TeHepa-
TOP CIIyYalHBIX YMCEJT) BBITTOTHEHUS ITPOTPAMMBI IIPE/ICTABIEeH HIKe (CKUP-
HBIM HIPU(TOM BbIJIEJIEHO BBEIEHHOE T10JIb30BaTEJIEM 3HAUYEHUE):

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (M3 nucTuHra 8.6)
KommuecTBO CuMBOJIOB: 12

|LIKIHIN[G[P[E[N[IM|H|P]|D,|

XOTs1 KOJI TPOCTOIA, TPOaHATIM3UPYEM ero. A IMEHHO, CTOUT 0GPaTUTh BHUMA-
HHe€, 4TO 0OBEKT C MACCUBOM CO3JAeTCA KOMAHAON vector<char> symbs (n).
31echb peub uzer 00 00beKTe symbs, KOTOPBII CO34aeTCsI Ha OCHOBE 00001IeH-
HOTO KJlacca vector U COAEP:KUT MACCUB M3 n 2JIEMEHTOB THUIIA char.

O6pamarbest ¢ 06BEKTOM symbs MOKHO KaK ¢ 0OBIYHBIM MacCUBOM. B ywact-
HOCTH, 00bEKT UHAEKCUPYETCS.

Meron size (), BbI3bIBaeMbIii U3 OOBEKTA, TIO3BOJSIET ONPENETUTh pa3Mep
MmaccuBa. [ToaTomy B oreparope IukJia 3HaueHKe sJIeMeHTaM MacCHuBa B 00b-
eKTe symbs TPUCBAWBAETCS KOMAaHAOW symbs[k]='A'+rand()$%(n+5), mpu
9TOM MHAECKCHAA ITepeMeHHasa k Hpo6eraeT 3nayeHusa ot 0 10 symbs.size () -1
BKJIIOYNTEAbHO. OTOOpasKaeTcs 9JIeMEHT B KOHCOJbHOM OKHE KOMAHAOI
cout<<" "<<symbs[k]<<" |".

ITa XKe 3a/1a4a, HO PeayTn30BaHHAs C TIOMOTIBIO UMepPamopos, pejicTaBieHa
B IIPOTPAMMHOM KOjie B TUCTUHTE 8.7.

@ TEOPUSHA

UTepaTop — 00bEKT, MMetoLuiA CBOMCTBA yka3aTend. Jpyrumm cnoea-
MW, UTepaTop NPeACTaBNSEeT CoOO60M 0OBLEKT, C KOTOPbIM MOXHO BbIMNOJI-
HATb onepaumm Tak, kak ecnu 6bl 00bEKT ObiN ykasatenem. Mitepatopsbl
co3patoTcs Ans paboThbl C KOHTENHEPHbLIMU KnaccaMu — TakuMU, Hanpu-
Mep, kak 06006LLEHHbIM KNace vector.

[TpUHIKMITBI KCIIOJB30BAHUST UTEPATOPOB OOCYANUM Ha MPUMEpPE, TIPEICTaB-
JIEHHOM HUKE:
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Jluctunr 8.7. Ucnonb3oBaHue nTepaTtopos
#include <iostream>
#include <cstdlib>
#include <vector>
using namespace std;
int main () {
// VI3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VEMumanmMsauus TeHepaTopa CIYUYAVHBIX YMCEeJ:
srand(2);
// KomuuecTBO CUMBOJIOB:
int n;
cout<<"KommuecTrO CMMBOJIOB: ";
// CunTeiBaHve 3HAUYEHMS:
cin>>n;
// OBBEKT C CUMBOJBHEIM MaCCHBOM:
vector<char> symbs(n,'A');
// Vrepatop:
vector<char>::iterator p;
cout<<"|";
// BHUMCIIEHME BHAYEHUN 3JIEMEHTOB MACCHBa
// v oTobpaxeHMe 3TMX 3HAYEHUI B KOHCOJIA:
for (p=symbs.begin();p!=symbs.end () ;p++) {
// BHUMCIIEHME BHAUEHMS BJIEMEHTA
// (mocTyn uepes uTepartop) :
*pt+=rand () % (n+5);
// OrobpaxeHne 3HAUEHMI BJIEMEHTA:
cout<<" "<<Hp<< |
}
cout<<endl;

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

}

PesysisraT BBITIOSTHEHUS TIPOTPAMMBI TAKOH K€, KaK U B TIPEBIIYIIIEM CJIydae
(’KUpHBII TIPUEPT — TO, YTO BBOAUT ITOJTH30BATED ):

Pe3ynbTaT BbiNOJIHEHMS NPOrpamMmbl (U3 NUCTUHra 8.7)
KonmnuecTBO CMMBOJIOB: 12

|LIK|IHIN[G[P[E[N[M|H]|P]|D,|

KoHnTeitHepHbIii 0OBEKT sl peau3alliid MacCuBa CO3[AAeTCsl KOMaHION
vector<char> symbs(n,'A'). Bropoii aprymeHnT 'A', KOTOPBII MepeaaeTcs
KOHCTPYKTODY, CIY>KUT 3HAUEHUEM 17151 97IeMeHTOB MaccuBa. [Ipoiie roBops,
B CO3/[AHHOM MaCCHBE Yy BCEX 5JIEMEHTOB 3HaueHue Oyzer 'A'. [l paboThi
C JIAaHHBIM KOHTEITHEPHBIM 00BEKTOM cosiaercst ureparop p. OObsaBIsIeTCs
UTEepaTop KOMaH/I0M vector<char>::iterator p. B cooTBeTCTBUM C HEl HUTe-
partop p siBJIsieTCsl 0OBEKTOM KJlacca iterator, KOTOPBIiL SIBJISIETCS] BHYTPEH-
HIIM KJIACCOM KJjracca vector<char>.

@ HA 3AMETKY

BHYTpEHHMIN Knacc — Knacc, ONMcaHHbIN B APYroM (BHELLHEM) Knacce.

Mertox begin () obbekTa symbs pe3yabraToM BO3BpaIllaeT UTEPaTop, YKasbl-
BaIONMil Ha HayaJbHBIN DJIeMEHT B MaccuBe oObekTa symbs. B omeparope
IIUKJIa B 1epBOM OJIOKEe KOMaH/0# p=symbs.begin () ImepeMeHHON p 3Haye-
HUEM TPUCBAMBAETCsI 00BEKT-UTEPATOP, YKA3hIBAOIINN Ha HAYaIbHBIN 2J1e-
MeHT MaccuBa. B TpeTbeM GJI0Ke pasMelieHa KOMaH/Ia p++, KOTOPOil 3Hade-
HUE UTepaTopa «yBeJINYNBAECTCA HA €AUHUILY»: B pe3yJbraTe HOBOE 3HaYeHne
HIepeMEHHOIT p OYIeT UTEPATOPOM, YKA3bIBAIONIMM Ha CJIEAYIONINN STI€MEHT
MacCuBa.

@ HA 3AMETKY

Boobue, 4Tob6bl MOHATL NPUHLMN PabOTbl C UTEPATOPOM, PA3YMHO UH-
TEpPnpeTMpoBaTh UTEPATOP Kak ykasaTesb.

[IpoBepsieMbIM ycjiOBUEM B ollepaTope IMKJIa YyKa3aHO BbIpakeHUe
p!=symbs.end(). B HeM wucnosb3oBaH pe3yJbraT BbI30Ba MeToza end ()
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u3 o0bekTa symbs. PesysbraroMm MeToj end () BO3BpalllaeT UTEPATOP, YKa3bi-
BAIOIIUIT Ha 00JIACTH TTAMSTH, PACTIOTIOKEHHYIO CPasy 3a MOCAEAHIM 2JIEMEH-
TOM. YcsioBue p!=symbs.end () UCTUHHO, IOKA UTEPATOP P YKa3bIBaeT Ha 3Jie-
MEHT MaCCUBa, 1 CTAHOBUTCS JIOJKHBIM, KOT/IA UTEPATOP «BBIMIETY 32 TIPEIEITHI
MaccuBa. B TakoMm cydae BBRITTOTHEHHE OTIEpaTOpa IIMKIA 3aBEPIIACTCS.

[To anasoruu ¢ ykazaresem, 9T0ObI MOJYYUTh JOCTYI K 3JIEMEHTY, Ha KOTO-
PbII yKasbIBaET UTEPATOP, IIPEJl UTEPATOPOM CJIEyeT OCTABUTH 3BE3/I0YKY
*. IloaToMy B pe3ysibrare BBITIOJHEHWS KOMaHIbI *p+=rand ()% (n+5) K Ha-
JaJTbHOMY 3HAUEHUIO 3eMeHTa (a 3TO 3HaueHue 'A'), Ha KOTOPBIN yKa3bl-
BaeT UTepaTop p, npubasiisieTcsi 3HaueHue rand () % (n+5) (M Yepe3 MexaHU3M
ABTOMATUYECKOTO TIPUBEIEHMSI THIIOB TIOJYYE€HHbIN B HTOTE KO/ IPeobpasy-
eTcsT B cuMBOJT). KOMaHIOM cout<<™ "<<*p<<" |" 3HaYeHUe dJTeMeHTa, Ha
KOTOPBIiT YKa3bIBAET UTEPATOP p, OTOOPAKAETCS B KOHCOJLHOM OKHE

B paccMoTpenbIx mpuMepax KOHTelHePHbIIT 00BEKT HyKHOTO pa3Mepa CO3-
naBasicst cpaay. [loaxom MoskeT ObITh MHBIM, KOT/Ia Pa3Mep MacCHBa, «CIIPsi-
TaHHOTO» B KOHTEWHEPHOM OOBEKTE, YBEIMIMBAETCS TI0 Mepe 100aBIeHNUSsT
9JIeMeHTOB B MaccuB. [1000HBIN CITOCO6 OpTaHu3aIiini Kojia TPOMJLITIOCTPH-
poBaH B Iporpamme n3 gnctunra 8.8.

Jincturr 8.8. UameHeHne pa3amMepoB KOHTEMHEPHOro oobLeKTa
#include <iostream>
#include <cstdlib>
#include <vector>
using namespace std;
int main() {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VHMUManmM3aumg TeHepaTopa CIIYyYaiHHX UuCesl:
srand(2);
// KomuuecTBO 3JIEMEHTOB:
int n;
cout<<"KommuecTrBO CMMBOJIOB: ";
// CunTeiBaHmMe 3HAUEHUS OJIS MEPEMEHHON:
cin>>n;

// Cospmanue MyCTOTO KOHTEMHEPHOTO OOBEKTa:
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vector<char> symbs;
cout<<"|";
// IoGaBleHye B3JIEMEHTOB B KOHTEMHEPHEN OOBEKT:
while (symbs.size()<n) {
// B KOHel MaccuBa INOOABJISAETCS HOBHM 3JIEMEHT:
symbs.push back('A'+rand ()% (n+5));
// OrobpaxeHue 3HAUEHUA
// TOCNEemHero sJeMeHTa B MACCUBE:
cout<<" "<<symbs[symbs.size()-1]<<" |";
}
cout<<endl;
// 3amepxka KOHCOJBLHOTO OKHa:
system("pause>nul");

return 0;

Hwxe mipesictaBien pe3ysibTaT BBITTOJHEHUS MTPOTPAMMBI (CKUPHBIM HIpUd-
TOM BBI/IeJICHO BBOIUMOE TTOJIH30BaTE/IeM 3HAUEHNUE)

Pe3ynbrat BbiNOJIHEHUS NPOrpamMmmbl (U3 NUCTUHra 8.8)
KommuecTBO CuMBOJIOB: 12

|LIKIHIN[G[P[E[N[IM]H|P|D,|

Bunum, uyto pesyasraT Takoii jke, Kak B IPEIBIAYIINX CIydasx. Temeps mo-
cTapaeMcs IOHATD, TTOYeMy Bce ITPOMCXOIUT MMEHHO Tak, a He MHayve.

Komamoii vector<char> symbs B IIporpamMMe co3/1aeTcs mycroii (6e3 Mmaccu-
Ba WJIM C MAaCCUBOM HYJIEBOII JIJIMHBI) KOHTEHHEPHBIN 00BEKT symbs (pasMep
BHYTPEHHErO MacCHBa B 9TOM 0OBEKTE UBMEHSIETCST B TIPOIECCE BHITOJTHEHUS
porpammai). JlJist 106aBJIeHNsT 9IEMEHTOB B KOHTEIHEPHBIIT 0OBEKT 3aIy-
CKaeTcs oTiepaTop IMuKJa while. YeaoBue B oriepaTope MUKJa symbs. size () <n
COCTOWT B TOM, Y4TO pa3Mep MacChBa B 00beKTe symbs MEHbIIE 3HAUYEHUSI n,
KOTOPOE T10JIb30BaTE/Ib BBEJI C KJIaBUATYPBI.

B oneparope nukiaa komannoil symbs.push back ('A'+rand()%(nt+5)) B KO-
Hel[ MaccuBa B 00BEKTe symbs 100aBJsSeTCs HOBBIM 2JE€MEHT, a 3HadeHue
STOFOSHeMeHTaOHpeHeHHeTCHaprMeHTONIMeTOAapUSh_back()”Haﬂee,HO-
CKOJIBKY METO/IOM size () BO3BpallaeTCs KOJUYECTBO DJIEMEHTOB B MacCUBE
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00beKTa, 13 KOTOPOTO BBI3BIBAETCSI METOJI, TO WHJIEKC TTOCTIEHErO DJIEMEHTa
Ha eJIMHUILY MEHbIIe pe3yJibraTa MeTo/a size (). TakuM 06pa3oM, KOMaHIOM
cout<<" "<<symbs[symbs.size()-1]<<" |" 0T06pa>1<aeTcsl 3HaYeHUe mMocae/-
Hero (Ha JJAaHHBI MOMEHT) 2JieMeHTa B MaccuBe. HecmoxHo foragarses, 4To
peyb UJIET O TOM 3JIEMEHTE, KOTOPbIN ObLT 100aBJIEH B MaCCUB TpeABIAyIen
KOMAaH/IOH.

KoHTelHepHbIN Klacc ana peannsauum
MHOXeCTBa

Momuduimpyem paccMOTPEHHYIO BbIIIE 33/1a4y O 3alI0JHEHUH MacCuBa CJIy-
YaHBIMA CUMBOJIAMH, HAJIOKUM JIOTTOJTHATEIbHOE OTPaHUYeHHe: CUMBOJIBI
JIOJIKHBI OBITH pasHbiMu. Takske Hac Gy/IeT MHTEPECOBATh TOJILKO HAGOP CHUM-
BOJIOB, 0€30THOCUTENHLHO K TIOPSIZIKY, B KOTOPOM OHU OBLIN CTeHEPUPOBAHBL.

II]IH pemeHnA 3a/ia4 BOCIIOJIb3YEMCA KOHTefIHepHLIM KJIacCOM set, IT03BO-
JIAIOIIUM peain30BaThb MHOIMCECTBA.

A4 NMOAPOBHOCTH

MHOXecTBO (C MaTeMaTU4Yeckoln TOYKK 3peHunst) npeacrtaesnset cobomn
Heynopsa04YeHHbIN HAbop pasHbIX 3IEMEHTOB. Takum 06pasoMm, Y MHO-
>XXECTBA HE MOXET ObITb ABYX MOEHTUYHbIX 3/IEMEHTOB, a NOPSA0K cle-
[OBaHNA 3/IEMEHTOB B MHOXECTBE HE PUKCUPOBAH — MMEET 3Ha4YeHne
NNLWb BXOOUT 31IEMEHT B MHOXECTBO MUK HeT. [lobaBneHne B MHOXe-
CTBO 3/IEMEHTA, KOTOPbIV TaM yXe eCTb, Ha CaMOM Aefie He NPUBOAUT
K NOSABNEHUIO B MHOXECTBE HOBOro anemMeHTa. lNpoule roBops, anemMeHT
nobaBnseTcs B MHOXECTBO, €C/IM TaM TakKoro 3/IEMEHTA eLle HeT.

B nuctunre 8.9 npezpcraBiena mporpaMMa, B KOTOPOI Ha OCHOBe Kjacca set
CO3/1a€TCS M 3aTI0JTHAETCSI MHOXKECTBO, COCTOAIIEE U3 CIYYAHBIX CMBOJIOB.

Jinctuhr 8.9. Peannsaumsa MHOXeCcTBa Ha OCHOBe Kjlacca map
#include <iostream>

#include <cstdlib>

#include <set>

using namespace std;

int main() {

// Vi3MeHeHME KOIMPOBKM KOHCOJM:
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system("chcp 1251>nul");
// VEnMumanMsauyus TeHepaTopa CIIYyUYaMHBIX UKCEeJ:
srand(2);
// KonmuecTBO PA3HEX CUMBOJIOB:
int n;
cout<<"KonmueCTBO pa3HHX CUMBOJIOB: ";
// CuMTLIBaHME 3HAUEHUA:
cin>>n;
// Co3maHme MyCTOTO KOHTEMHEPHOTO OOBEKTA:
set<char> symbs;
// CuMmBONbHad MepeMeHHad:
char s;
// CueTuMk CUMBOJIOB:
int counter=0;
// 3amnojHeHre MHOXECTBA:
while (symbs.size ()<n) {
// CrnydalHEDI CUMBOJI:
s='A'+rand ()% (nt5);
// V3MeHeHyMe 3HAueHMs CUeTuMKa CUMBOJIOB:
counter++;
// OTobpaxeHne CTEHEPUPOBAHHOTO CUMBOJA:
cout<<s<<" ";
// DobBaBneHue 3JEMEHTa B MHOXECTBO:
symbs.insert (s);
}
cout<<"\nBcero crexepupoBano "<<counter<<" cmmposioB\n";
cout<<"PasHHe CUMBOJH: \n";
// Vreparop myig paGOoTH C 3JIEMEHTaMy MHOXECTBA:
set<char>::iterator p;
// VTepaTop yCTaHOBJIEH HAa HAavaJlbHEHIA
// BJeMeHT MHOXeCTBa:

p=symbs.begin();
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cout<<"|";
// OrobpaxaeTcsa CONEPXUMOE MHOXECTBA :
while (p!=symbs.end()) {
// Texymmm 3JEMEHT:
cout<<" "<HpKt |y
// VirepaTop Ha CIEnyomyii SJIEMEHT:
pt+;
}
cout<<endl;
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

Hwuxe ITOKa3aHO, KaK MOJKET BbITVIALETD PE3YJIbTAT BbIITOJITHEHUA ITPOTrPaMMbl
()KI/IPHLIM H_IpI/I(i)TOM BbI/ICJIEHO BBOJIMMOE I10JIb30BaTEJ/IEM 3Ha‘{eHI/Ie)I

Pe3ynbTaTt BbiNOJIHEHUS NPOrpamMmbl (U3 nMCTUHra 8.9)

KonmMuecTBO pa3HHK CUMBOJIOB: 12
LKHNGPENMHPDELGNMFLEKGMNKDOMEKMPQ
Bcero crenepupoBaHo 31 CUMBOJIOB

PasHue CHMBOJIHL:

IDIEITFIGIHIK[ILIMINJTOIP]|Q]

Paccmorpum 6osiee geTanbHo IporpaMMubLi koa. Komamngoii set<char> symbs
CO3/1aeTCsl KOHTEHHEPHBIA 00BEKT [IJIsl Pean3allii MHOKECTBA, B KOTOPOM
Ha MOMEHT CO3/IaHUs HeT ajieMeHTOB. CUMBOJIbHAS TIePEMEHHAs S MPeJIHA-
3Hau€eHa JIJIsT 3aTOMUHAHUS CTeHEPUPOBAHHBIX CUMBOJIOB, & B 11€JI0UNCIICH-
HYyI0 TIepeMeHHYI0 counter (C HYJEeBBIM HAYaJTbHBIM 3HAYEHWEM) 3AITHCHI-
BaeTCs KOJIMYECTBO 6CeX CTeEHEPUPOBAHHBIX CIMBOJIOB. [Ipu aTOM 3HaueHmEe
TTepeMeHHON n, KOTOPOe CUMTHIBAETCS C KIaBUATYPHI, OMpeieadeT KOaude-
CTBO PA3HbIX CUMBOJIOB. 3aTIOJTHEHTE MHOKECTBA BBITIOJHSIETCS B OITepaTope
UKJA while, BKOTOPOM MPOBEPSIETCS YCIOBHE symbs . size () <n (KOIMIECTBO
2JIEMEHTOB B MHOKE€CTBE MEHbIIIe 3HAYCHUS ITepEMEHHOI n).

B Tene omepartopa mukia koMmaHAol s="'A"+rand () % (n+5) TeHEPUPYETC CIy-
JaWHBIN CUMBOJI U 3aITUCBIBAETCS B TepeMeHHYTo s. [locse aToro 3nauenue
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MepeMeHHO counter YBeJTMYMBAETCS HA €/IMHUILY, & CTeHEPUPOBAHHBIN CM-
BOJI OTOOpakaeTcst B KOHCOIbHOM OKHe. /lasiee KoMaH/I0#1 symbs. insert (s)
ayIeMeHT 100aBJIsieTcs1 B MHOXKeCTBO. Ho B oT/imune OT cirydast ¢ MacCuBOM,
pu 106ABIEHUN 9JIEMEHTA B MHOKECTBO 3JIEMEHT Ha CaMOM JieJie J0OaBIIsI-
eTcs, TOJBKO €CJIi B MHOXKECTBE TAKOTO ajieMeHTa HeT. Oneparop IrKJ/Ia 3a-
BepIaeTcs, Korja pagMep MHOXKECTBA CTaHeT PABHBIM n — IIPUYEM 10 OTIpe-
JIeJIEHIIO BCE 3JIEMEHTBI B MHOKECTBE UMEIOT Pa3Hble 3HAUCHUSI.

Jlnst  oTOGpasKeHUsT 2JIEMEHTOB MHOKECTBA B IpOrpaMMe KOMaH/OH
set<char>::iterator p OOBSIBJISIETCS UTEPATOP /st PabGOTHI ¢ dJIEMEHTA-
MU MHOKecTBa. VITepaTop ycTaHOBJIEH HA HAUaJIbHBIN 3JIeMEHT MHOXKECTBA
C TIOMOIIIBIO KOMaH/Ibl p=symbs.begin (). B onepatope nukia while KomMaH-
JIO#A cout<<" "<<*p<<" | " oroOpakaeTcst 3HaUEHUE TeKyIero (Ha KOTOPbIi
yYKa3bIBaeT UTEPATOP p) dJeMeHTa MHOKECTBA, TOCJe YeTo KOMAaHIO0H p++
uTEpaTop mepedpachiBacTCS Ha CJAECAYIONUN smeMenT. [Iporece mpopossKa-
€Tcsl, II0Ka BBIIIOJIHAETCS yCIoBUe pl=symbs.end () — TO €CTb II0Ka UTEPATOP
HE CTaHeT yKa3bIBaTh Ha 0OJACTH TAMSITH 32 MOCJIEJIHUM 2JIEMEHTOB B MHO-
JKECTBE.

() HA 3AMETKY

[MockoNbKy 3/IEMEHTbI B MHOXECTBE He ynopsaoYeHbl, TO cka3aTb OHO-
3HAYHO, KaKOoW 3/IEMEHT NepBbIi, a Kakon nocneaHuin Becbma npobne-
MaTU4YHO. BaXHO TO, 4YTO KaKOWM-TO M3 HMX NepBbIA, a KAKOW-TO nocnea-
HU. ECnyv noCMOTpETh Ha pe3ybTaT BbINOSIHEHWUS MPOrpPaMMBbl, TO IErKO
3aMeTUTb, YTO ANIeMEHTbl MHOXeCTBa 0ToOpaxatoTcs B andaBUTHOM Mo-
psioke a He B TOM, Kak OHM A00aBNSNMCb B MHOXECTBO.

AccoumnaTnBHbIN KOHTENHEP

KOHTeﬁHeprIfI KJIaCC map IO3BOJIAET CO34aBaTb accouuadmueHolLe Koumeune-
pbl — aHaJIOI' MaCCHBa, B KOTOPOM POJIb MHAEKCOB MOTYT UI'DATb 3HAY€HUA
HEYMCJIOBBLIX TUIIOB. AHAJIOT MHAEKCa Ha3bIBA€TCA KAOYOM dJIEMEHTA. Takum
06pa30M, Y KaKZA0ro ajeMeHTa B aCCOONUATUBHOM MACCHUBE €CTb 3HA4Y€HUEC
1 eCTb KJIIOY.

@ TEOPUYA

[na ncnonb3oBaHus KOHTEMHEPHOTO Klacca map B NporpaMmMe noaksto-
yaeTcs 3arofIoBoK <map>. Y 00600LLEHHOro knacca map ABa 0006LEHHbIX
napameTpa: TN KJto4a 1 TUMN 3Ha4YeHNs (yKas3blBAOTCS B YINOBbIX CKOO-
Kax rnocJsie MMeHu knacca).

317



maea 8

JloCcTyn K 3NeMEHTY KOHTEHepa OCYLLECTBISIETCS, KPOME NPOYero, ye-
pes3 KJtoY: KoY yKa3blBaeTCs (Kak MHOEKC) B KBagpaTHbIX CKOOKax nocne
MMeHU obObekTa MM nepenaeTcs apryMeHToM MeToay at (), KOTOpbIn
BbI3blBAETCA N3 00BbEKTA KOHTENHEPA.

BcTaBka anemeHTa B KOHTEMHEpPHbI 0ObEKT MOXET BbIMOJIHATLCS C NO-
MOLLIbIO MeTOAA insert (). ADryMeHTOM MeToay nepenaeTcs 00bekT Tmna
pair (Ha3BaHMe 0O6OBOLLEHHOW CTPYKTYPbI, A1 NCMOIb30BAHMUA KOTOPOW
NMOAKIOYaeTCa 3aronoBoK <utility>). Y ak3eMnnsapa CTPYKTYpbl pair
VMEIOTCH ABa Nons: nosne first COOTBETCTBYET KJOYY 3IEMEHTA, a none
second COOTBETCTBYET 3HAYEHUIO SNEMEHTA.

[Ipumep ucnosb3oBaHMs: ACCOIUATUBHOTO MAacCUBA, CO3/JAHHOIO HA OCHOBE
KOHTEHEePHOro KJacca map, pefictaBieH B suctunre 8.10

Jinctunr 8.10. AccoumaTuBHbI KOHTENHEp
#include <iostream>
#include <cstdlib>
#include <string>
#include <map>
#include <utility>
using namespace std;
int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// OBGBeKT mag acCOLUMATHMBHOTO KOHTEMHEPA:
map<string,int> numbers;
// Pasmep Maccupa:
const int n=5;
// TeKCTOBEIL MAaCCUB C KJIOYaMM:
string names[n]={"omua","oBa", "Tpu", "ueTrpe", "naTe"};
// UMCIIOBOV MAcCCUB CO BHAUYEHUAMM BJIEMEHTOB:
int nms([n]={1,2,3,4,5};
// IoGaBneHue 3JIEMEHTOB B KOHTENHEp:
for (int k=0;k<n; k++) {

numbers.insert (pair<string, int>(names[k],nms[k]));
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}

}
// IloBaBngeTcd elle ONUH BJIEMEHT:
numbers.insert (pair<string,int> ("mects",6));
// Vioanenue sSJeMEHTa M3 MAaCCUBA:
numbers.erase ("Tpu") ;
// Vreparop mid paGoTH C acCOLMAaTUBHEM
// KOHTEeVHEepHHM OOBLEKTOM:
map<string,int>::iterator p;
// UTepaTop YCTAHOBJIEH HA HAUYAJILHHI DJIEMEHT:
p=numbers.begin();
// OroOpaxeHne COTEPXMMOTO KOHTEMHEpa:
while (p!=numbers.end()) {
cout<< (*p).first<<"\t- "<<(*p).second<<endl;
ptt;
}
// ABHOe ofpaleHre k SJEMEHTaM [0 KJIUy:
cout<<"Emmuuua\t — 370 "<<numbers["ommu"]<<endl;
cout<<"JIsomka\t — 3T0 "<<numbers.at ("mBa")<<endl;
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

Pesyubrar BeIITOSTHEHNS IPOrPAMMBI IIPE/ICTaBJICH HUKE:

Pe3ynbTaT BbINONMIHEHUS NPOrpamMmbl (U3 nucTuHra 8.10)

IBa -2

OIVH -
naThb -
JeTHpe —

meCThb -

oY B 01

Eoyanna  — sTo 1

IIBovika  — 3TO 2
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[IpokomMeHTHUpYyeM TIpOTpaMMHBIN  KojA. B mporpamme  KomaH0i
map<string,int> numbers cosmaercss 0OBEKT numbers, KOTOPbI ABJISETCS
accolMaTUBHBIM KOHTeitHepoM (moka 4uto 6e3 sieMenToB). Kirouamu aje-
MEHTOB B KOHTEHHepe MOTYT ObITh 3HAUEHUsI THUIIA String, a 3HAUYEHUS dJIe-
MEHTOB OTHOCSATCS K TUTTY int.

JlJist aBTOMATHYeCKOrO 3aroJHeHUsT KOHTeiiHepa 00bsIBJISIETCS [Ba MAaCCHUBA:
TEKCTOBBIN names ¢ TEKCTOBBIMU Ha3BaHUAMU NP (3HAYECHUS AT KITIOUei
2JIEMEHTOB KOHTEHepa) 1 YNCIOBOU MACCUB Nms € YNCJIOBBIMU 3HAYEHUSIMU
(3HAUEHUS 7151 2JIEMEHTOB KOHTelHepa). 3aromaHseTcss KOHTelHep numbers
C TIOMOIIbIO OllepaTopa IMKJA, B KOTOPOM WHJIEKCHAs TlepeMeHHas k riepe-
OGupaeT MHIEKCHl B MACCUBAX names W nms (MacCHUBBI OJIMHAKOBOTO Pa3Mepa).
JlobGaBJjieHyEe 9JIEMEHTOB B KOHTEWHEP BBINOJHSIETCSI € TIOMOIIBI0 KOMaH/IbI
numbers.insert (pair<string, int>(names[k],nms[k])). s BcTaBku aie-
MEHTa B KOHTEWHep MCIOJIb30BaH METO] insert (), apryMeHTOM KOTOPOMY
nepeaaeTcst A00aBIsieMbIil 9JIeMEHT. JJIEMEHT B JJAHHOM CJIydae — 3TO JIBa
mapameTpa (K04 9IeMeHTa U 3HaUueHUe 3JIeMeHTa). JJaeMeHT hOpMUPYeTCs
WHCTPYKIIMEH pair<string, int>(names[k],nms[k]). 31ech pedb UAET O CO3-
JIaHUM aHOHMMHOTO 9K3eMILIsipa CTPYKTYPbl 00001IIeHHOTO THTIA pair (¢ uc-
MIOJIb30BAHUEM THUIIOB string u int). /[Ba 3Hauenust (names [k] u nms [k]), yKa-
3aHHbBIE B KPYTJIBIX CKOOKAX — COOTBETCTBEHHO KJIIOY 1 3HAYEHHUE DJIEMEHTA.

Komanga numbers.insert (pair<string,int>("wects",6)) IOCJE olepa-
TOpa IUKJA aeT ellle OJAUH IPUMep BCTAaBKU 3JeMEHTa B KOHTEWHep, HO
Telepb KJIOY U 3HAUEHUE 3JIeMeHTa YKa3aHbl B BUJE JIUTEPaIoB (TEKCTO-
BOTO ¥ Ilesiouncaennoro). [locie mobaBieHust 21eMEHTOB B KOHTeHED,
OJIMH U3 HUX yJaJidercd W3 KOHTelHepa — MCIOJb3yeM JJsS 3TOro KO-
MaHy numbers.erase ("Tpu"), B KOTOPOW 13 00beKTa KOHTEHHEPA BbI3bI-
BaeTCsd METO/J erase (), a apryYMEHTOM €My IIepelaeTCs KoY yAaJIsIeMOro
9JIEMEHTa.

OrobpaskeHne coAepKUMOro KOHTeHepa peaiuayem yepes urepartop. re-
parop st paboThl ¢ ACCOIMATUBHBIM KOHTEITHEPHBIM 00BEKTOM OOBABIISET-
Csl KOMaH/ION map<string, int>::iterator p. Komanmoii p=numbers.begin ()
UTEPATOP YCTAHABJIMBAETCS HA HAYAJbHbBIN JIEMEHT KOHTEHepa.

() HA 3AMETKY

[Mockonbky B KOHTEMHEPHOM OOBLEKTE 3/IEMEHTbI HE YNOPSAOYEHbI, TO
MOHATUNE «MEPBbLIN» N «MOCNEAHNN» B OTHOLLEHWM 3IEMEHTOB A0CTATOY-
HO ycnoBHOeE. NOHATHO, YTO Kak-TO 3/1IEMEHTbI B NaMsTX pacnpeaeneHsl,
1 npu nepebope Kakon-To N3 HUX MPOCMaTPMBAETCS NepBbIM, a KaKOn-
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TO nocnegHnM. Ho Bce paBHO Kak TakoBOro nopsigka cnenoBaHus ane-
MEHTOB B KOHTEMHEPE HET.

Otobpaxaercst COAEPKUMOE KOHTEHHEPHOTO 00BbeKTa € IMOMOIIBIO Olle-
patopa 1mkiaa while. IIMKJ BBIIOJHSIETCS, IIOKA MCTUHHO YCJIOBUE
p!=numbers.end () (TO €CTh ITOKA UTEPATOP YCTAHOBJIEH HA 2JIEMEHT KOHTEITHE-
pa). B Tese onepatopa nuka 0To6paKarOTCs 3HAYCHUS (*p) . first IS KO-
Ya aJeMeHTa M (*p) .second /I 3HAYEHNS dJIEMEHTa, Ha KOTOPBIN yCTaHOB-
JieH urepaTop p. Ilocse aToro KoMaH o0l p++ ureparop «mepedpachiBaeTCst» Ha
CJIeYIONMi a1eMeHT. J[pyToil mpumep oOpalieHust K aJieMeHTaM KOHTeliHe-
pa 110 K04y JaeTcsd UHCTPYKUUAMU numbers ["omue"] U numbers.at ("oBa").

OO6paboTka owmnoboK

Panee Mbl yke BCTpedyaanch ¢ 06pabOTKOM MCKIIOYEHUH — TIPaB/ia, Mbl MX
TeHEePUPOBAJIN BPYYHYIO /IJId CO3/IaHUS TOYEK BETBJIEHUS B Iporpamme. Te-
epb pacCMOTPUM IIPUMEDP, B KOTOPOM MeXaHU3M 0O0pabOTKH MCKIIOUEHUI
HCTIOTB3YeTCH, TAK CKA3aTh, <I10 TIPIMOMY Ha3HAUYECHUIO».

B 3amaue o cospanun Mmaccusa ¢ yncaamu Oubonauyn (13 auctunra 8.4) pas-
Mep MacCHBa BBOJIUTCS C KJIaBUATYPhL. TeopeTruyecKkr BO3MOKHA CUTYaIIHs,
KOT/Ia TI0JIb30BaTe/Ib BBOAUT HEKOPPEKTHOE 3HAYEHNUE JIJISI Pa3Mepa MacCuBa
(Harpumep, OTpUIATENbHOE YUCT0). B TakoM cirydae 1Ipu TOIBITKE CO3/[aTh
MacCuB BO3HHMKHeET omubOka. YroObl 06paboTath MOAO00HYIO ONIMOKY, 10-
MOJTHUM TIPOTPAMMHBINA KO/l GJIOKOM try-catch, Giarogapsi 4yemy Ipu BBOJIE
OTPUIATETHHOTO 3HAYEHUS JIJIs Pa3Mepa MACCUBA aBAPUIHOTO 3aBEPIIEHNUsT
nporpamMmbl He 6yaer. PaccMoTpuM mporpaMMHbIid Koa B inctunre 8.11.

JlucTtunr 8.11. O6paboTka oLumMb0K

#include <iostream>

#include <cstdlib>

#include <vector>

using namespace std;

int main() {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlepeMeHHad mjd 3amuCU pas3Mepa MaCcCuBa:

int n;
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cout<<"Uncmna OouboHauvum\n";
cout<<"BremuTe pa3mMep Maccupa: ";
// CumTbiBaHME pasMepa MacCUBa:
cin>>n;
// KOHTPOIMPYEMBI KOI:
try{
// Co3maHue YMCIIOBOTO MaCCUBaA:
vector<int> fibs(n,1);
// OrobpaxeHue 3HAUEHWN [EPBHX [IBYX BSJEMEHTOB:
cout<<fibs[0]<<" "<<fibs[1l];
// 3amonHeHye MaccuBa U OTOBpaxeHyue
// 3HaUEHUN SJIEMEHTOB MAaCCUBaA:
for(int k=2;k<n;k++) {
fibs[k]=fibs[k-1]+fibs[k-2];
cout<<" "<<fibs[k];

}
// Bnox mepexBara OWUOKN:
catch(...){

cout<<"Mpomszomna ommbxa!'!";

}

cout<<"\nllporpaMma 3aBepimjia BHIOJHEHKE. ..\n";
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

}

PeSy]IbTaT BBITIOJIHEHHWA ITPOTPaAMMbI MOJKET OBITH TAKUM (eCJII/I I1O0JIb30BaTe-
JIEM BB€/IEHO KOPPEKTHOE 3HaUYeHNE [JIA pasMepa MaCCI/IBa)Z

Pe3ynbTaT BbiNOJIHEHUS NPOrpamMmbl (U3 nucTuHra 8.11)
Uncina duboHauum

Beemure pasmep maccmBa: 10

1123581321 3455

[l[porpaMMa 3aBepuyla BHIIOJHEHNE. . .
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WNnm taknm (ecsiu BBeZIeHO HEKOPPEKTHOE 3HAUEHNE):

Pe3ynbTaTt BbiNOJIHEHUS NPpOrpamMmbl (U3 nucTudra 8.11)

Uycna OnboHauum

Beemure pasMmep MaccuBa: -3

[lpomzoma omnbKa !

[lpoTpaMMa 3aBepuyia BHIIOJIHEHUE. . .

B mannoii mporpamMMe MbI [IJIsI cOo3/laHusi MaccuBa ¢ ynciaamu DOuboHavun
HCII0JIb3yeM KOHTeHHepHbIN Kiacc vector. [IporpaMMHBIN KO/l ¢ KOMaH/IOM

vector<int> fibs(n,1) mag co3manug oObekTa fibs ¢ BHYTPEHHUM MacCCH-
BOM pa3MeliieH B try-0J0Ke.

@ HA 3AMETKY

MaccumB COCTOUT U3 n 3/IEMEHTOB C €ANHUYHBIMY 3HAYEHNSMUA, noaTomy
oTnagaeT HeobXoAMMOCTb B IBHOM BUAE npmnceamBaTb eaNHNYHbIE 3HA-
4YeHud nepBbiM IBYM 3JIEMEHTaM.

Ecam 1py BBIIOJTHEHMN KOMAH/IBI 110 CO3[IaHUI0 MACCUBA U MOCJIELYIONTHIX
KOMaH/I OIIMOOK He BOBHUKAET, TO catch-6J10K urHopupyercs. Ecim ke Bo3-
HUKAeT OInOKa, TO KO/ B try-0JI0Ke IPeKpalaeT BhIIOTHATHCS, U OYAET BbI-
ITOJTHEH KOZL B catch-6JoKe.

@ HA 3AMETKY

TpoeToune B KpyMbiX CKOOKax NOCne MHCTPYKUMW catch O3HAYaeT, Y4To
NaHHbIN 610K NepexBaTbiBaeT OLWNOKM BCEX TUMOB, KOTOPbIE MOryT BO3-
HUKHYTb B try-06/10Ke.

3HaAKOMCTBO C MHOIronoTO4YHbIM
nporpaMmmMupoBaHueM

B CJIEAYIOIIEM ITPUMEPE B ITPOIrpaMMeE BbITIOJIHAETCA HECKOJIBKO 7170MMOKO06.

@ TEOPUSA

MoTokun — pasHble YacTV NPOrPaMMbl, KOTOPbIE BbIMOHAIOTCS OAHOBPE-
MeHHo. O6LLas cxema Takas: B rfiaBHOM NoTOKe, KOTOPbIA OTOXAECTBNS-
eTCs C BbINONHEHMEM bYHKLMM main (), MOFYT 3anyckaTbCsl AOo4YepHue
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noToku. Ko, KOTOPbI BbIMOSIHAETCA B paMKax [O04YepHMX MOTOKOB,
06bI4HO opopMnAeTcs B BUAE GYHKUMM UK PYHKUWIA, KOTOPbIE Bbi3biBa-
I0TCH B [JTABHOM MOTOKE B PEX1ME napassienbHOro BobINosHeHns Koaa.
Ons peannsaumn B nporpamMmMe MHOMONMOTOYHOr0 NoaxoAa noaksioyaeT-
CS 3arofIoBOK <thread>. [lNa 3anycka AOYEpPHEro NoToka B [MaBHOM MO-
Toke co3faeTcs 0O6beKT kjlacca thread, @ apryMeHTOM KOHCTPYKTOPRY Mpu
co3gaHum obbekTa nepenaeTca MMsa GyHKLMK, KOTOpas BbIMNOJIHAETCA
B pamMKax [04epHero notoka

B nuctunre 8.12 BHUMaHUIO YUTATENS TIPEJIaraeTcst JOCTaTOUHO TTPOCTOM
MpuMep TPOTPaMMBbl, B KOTOPOH TTOMUMO TJIAaBHOTO ITOTOKA BBITTOJIHSIETCS
elle 1 /IBa JOYePHUX MOTOKA. B TJIaBHOM TIOTOKE U IBYX I0YEPHUX IMOTOKAX
B KOHCOJIbHOE OKHO BBIBOAATCS coobuienus. Crenuduka CUTyalu B TOM,
4TO BBIBOJ| COOOIIEHNI BBITIOIHSETCS OJHOBPEMEHHO BCeMu moTtokaMu. Jljis
Havajla MMEET CMBIC B3TJITHYTh Ha TIPENCTAaBIEHHBIN ajiee MPOTPaMM-
HBIU KO

Jinctunr 8.12. MHOronoTo4YHoe nNporpaMmmMmpoBaHue

#include <iostream>

#include <cstdlib>

#include <string>

#include <thread>

#include <chrono>

#include <mutex>

using namespace std;

mutex m;

// ®yHKUMA OJIS CO3HAHMA MOTOKOB:

void mythread(string name,int time,int steps) {

for (int k=1;k<=steps;k++) {

// BpeMmeHHas 3amepXKa B BHITOJHEHUM KOMAHI:
this thread::sleep for(chrono::seconds(time));
// BIIOKMPOBKA IOCTYIa K Pecypcy (KOHCONM) :
m.lock();
// OrobpaxeHne COOBMEHNUS B KOHCOJM:

cout<<"Morox "<<name<<":\tcoobmenme "<<k<<endl;
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}

// Pas30ioKMpOoBKa pecypca (KOoHCOM) :

m.unlock();

// TnaBHas OYHKUMS TPOTPAMME:

int main() {

}

// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// KOnVuecTBO LMKJIOB B MOTOKAX:
int n=5;
cout<<"3anyckanrcd MNOTOKA...\n";
// TlepBHl OOYEPHUIA [OTOK:
thread A(mythread,"Alpha",4,n);
// BTOpOV OOYEPHMI MOTOK:
thread B(mythread, "Bravo",3,n);
// BHB0OB OYHKLUMM B IJIABHOM IOTOKE:
mythread("Main",2,n);
// OxvOaHue 3aBeplieHMs NEPBOTO NOUEPHETO MOTOKA:
if (A.joinable()) {
A.join();
}
// OxumaHue 3aBeplieH)s BTOPOTO IOUYEPHETO MOTOKA:
if (B.joinable()) {
B.join();
}
COUt<<"BHIIOJHEHME NPOTPAMME 3aBEpUeHo. .. \n";
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;

Bo3moskHbII pe3ysIbTaT BbITIOJHEHUS TPOTPAMMBI ITPEICTABIICH HITKE:
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Pe3ynbTaT BbINOJIHEHMS NPOrpamMmbl (M3 nMcTuHra 8.12)

3anyckanTcad NOTOKHU. ..

lloTox Main: coobumenye 1
[Torox Bravo: coobmeHrne 1
[lorox Alpha: coobueHnne 1
lloTox Main: coobumenne 2
lloTox Bravo: coobumeHre 2
llorox Main: coobumenre 3
[lorox Alpha: coobueHue 2
llorox Main: coobuweHne 4
llorox Bravo: coobuerre 3
lloTox Main: coobmeHre 5
llorox Alpha: coobumeHue 3
[lorox Bravo: coobueHrne 4
[loTox Bravo: coobmeHre 5
[lorox Alpha: coobueHnue 4
[lorox Alpha: coobmeHre 5

BEIIOJIHEHME NPOTPaMME 3aBEPLIEHO. . .

He smmauM Oyer MpoaHaJM3MpOBATh M MOSICHUTH KIIOYEBBIE IJIEMEH-
THI IPOTPAMMBbL. B 11€pBYI0 0Yepesib cireyeT 0XapakTepusoBarh ee 00IIyio

CTPYKTYDPY.

B mporpamme kpome (yHKIMM main() onucaHa elie W TOJb30BaTEIbCKAS
byukmmsa mythread() ¢ Tpemst aprymenTtamu. B rmaBmoit pyHKIUM main ()
byHKImIa mythread () UCTIOMB3yeTCS TPILKABL: (DYHKITUS BBI3BIBAETCS B IBYX
JIOYEPHUX TIOTOKAX, a TAKKE eCTh KOMaHa BbI30Ba (DYHKITNU HETTOCPEICTBEH-
HO B QYHKITNN main ().

OO6uuit anropuT™ BBITOMHEHUS (QYHKINKA mythread() caemyioutuii. Ilpn
BBI30BE (DYHKITUU 3aITYCKAETCS OTIEPATOP IIUKJIA, B KOTOPOM OTIpeieIeHHOe
KOJIMYECTBO Pa3 B KOHCOJIbHOE OKHO BBIBOAUTCS coobIieHue. B coobiennn
(nna uneaTUUKAIINYT TTOTOKA) COAEPKUTCS 3HAUEHUE TIEPBOTO TEKCTOBOTO
apryMeHTa (byHKuI/H/I mythread () u HOMED coobienus. KoanuecTBo BbIBOIM-
mﬁﬂxcoo6uknﬂﬁionpeﬂeﬂHeTcaneTbMAlapryMeHTOM(byHKuMHnwthread(L
Mesky BBIBOZOM COOOMIEHUI fesaercs naysa. JauTenbHoCTh naysbl (B ce-
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KYH/IaX ) OTIpeJIesIsIeTCsl BTOPBIM apTyMeHToM (QyHKITNU mythread (). Kak aTo
BCe OPTaHM30BaHO B Tesie (GYHKITNNA MBI PACCMOTPUM JIaJiee, a ceifyac ImpoaHa-
JU3NPYEM Kol PYHKIINA main ().

Wrak, B Tese TyIaBHOM (DYHKIIUN 0b6bABIsACTCS repeMeHHasd n CO 3HaYE€HU-
eM 5. /lanHoe 3HaYeHUEe ONpeiessieT KOJTUYeCTBO co00IIeHnH, KOTOPOE BBbI-
BOJIUTCSI B KOHCOJIb Ka)K/IbIM U3 MOTOKOB. [lepe/ 3amyckom JJouepHUX I110-
TOKOB KOMaH/IOM cout<<"3amyckanTcd IOTOKA...\N" B KOHCOJb BBIBOJUTCS
coobmienne, CJysKallee MHANKATOPOM TOIO, YTO HAaUYMHAETCs 3aIlyCK J04ep-
HUX TOTOKOB. IlepBbIil 0YepHIii TOTOK 3arryckaeTcsi OJarogapst KOMaH/e
thread A(mythread,"Alpha",4,n). B pe3yJbraTte BbIIIOJIHEHUS KOMaH/IbI
co3maeTcss 0o0beKT A kjacca thread (st ucroJib30BaHMs KJjacca thread
MOJIKJIIOUAETCS 3aroJIOBOK <thread>). OG6BeKT A OTOXKIECTBISACTCS C 1ep-
BBIM JIOYEPHUM TIOTOKOM. J[OCTYIl K 3TOMY MOTOKY OCYIIECTBJISIETCS Yepe3
O0OBEKT A. ApPTyMeHTBI, TIepeJlaHHble KOHCTPYKTOPY TIPU CO3aHUHN obbeKTa
A, 03HAQYAIOT, YTO B paMKaxX JaHHOI'O IIOTOKa 6y/:[eT BBITTOTTHATHCS KOM PyHK-
nuu mythread() ¢ aprymenramu "Alpha", 4 1 n (Bcero 6y/:[eT n cooOIIeHu
¢ TeKCTOM "Alpha" M MHTEPBAJIOM MEKY COOOIIEHUsIMU B 4 ceKyH/Ibl). Kak
TOJIBKO IIOTOK CO3/IaH, He JJOKU/1asCh €r0 3aBEPIIEHNA U [IapaJIIeJIbHO C HUM,
BBITIOJIHAETCA KOMaH/a thread B (mythread, "Bravo", 3,n), 03Ha4aromasa co3-
JlaHre BTOPOTO JIoUepHero 1moToka. /[ocTy K OTOKY OCYIIECTBJISAETCS Yepes
00BEKT B, a B paMKax [OTOKA BBITIOJIHsETCS (DYHKIMs mythread () ¢ aprymeH-
TaMu "Bravo", 3 1 n (Bcero Gy/IeT n COOOIIEHUT ¢ TEKCTOM "Bravo" U MHTEpPBa-
JIOM MEXIY COOOIIEHNAMH B 3 CeKyH/IbI). B pe3ysibTaTe, HapaBHE C TTaBHBIM
MoTOKOM (KO (DYHKIMK main ()) OyAeT BBINOJHATHCS YiKe JBa JOYEPHUX
notoka. [lanee, komaumoi mythread ("Main",2,n) dbyHKIUg nythread() 3a-
IIyCKAETCs U B IVIABHOM TIOTOKE (MOSIBUTCSI n COOOIEHUI ¢ TEKCTOM "Main"
U MHTEPBAJIOM MEKY COOOIIEHUSIMU B 2 CEKYH/IbI).

[Tomygyaem Tpu mapayienbHBIX Tpollecca (TJIABHBIM W Ba IOYEPHUX IIO-
TOKA), U y HUX Pa3Hoe BpeMsi BbimosiHeHus. Ham HeoOX0MMO 06ecieqrTh
CUTYaIMIo, KOT/a /10 3aBEPIICHNA TJIAaBHOTO IIOTOKA 3aKOHYATCA BCE 10YEP-
HUE MOTOKU. [[J151 5TOTO MCITOBb3YI0TCS KOMaH/Ibl BUia A.join () U B.join().
Komanapl 03HayaioT, 4TO TEpes BBITTIOJHEHUEM CJeAYIONell WHCTPYKIIUH
HYKHO JOKJIAThCA 3aBEPIICHUSA COOTBETCTBEHHO IIEPBOTO IIOTOKA U BTOPO-
ro nmoroka. OQHaKO Tepe]] TeM KaK BbI3bIBaTh METOJ join () M3 0ObeKTa CO-
OTBETCTBYIOIIETrO TIOTOKA, HEOOXOAMMO TIPOBEPHUTD, YTO MOTOK €Ille BHITIOJ-
nsercs. 1Iposepurh gaHHoe 0OCTOSATENIBCTBO MOKHO € IIOMOINBIO METOAA
joinable (), KOTOPBIH BBI3BIBAETCS U3 00BbeKTa MOTOKA, a caMa UHCTPYKIUA
nepeziaeTcsl B KauecTBe YCJIOBUS B YCJIOBHBIN orepatop. Ilocie 3aBepiie-
HUS JIBYX JIOYEPHUX IMOTOKOB KOMAHNIOW COUt<<"BHIIOJHEHME MPOTPAMMEL
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3aBepueHo. . . \n" B TJIABHOM IIOTOKE BBIBOIUTCS COOOIIEHIE O 3aBEPIIEHU
[IPOIPAMMBL.

Tenepp pasbepeMcst ¢ NMPOrpaMMHBIM KozoMm (yHKuuu mythread(). Kogx
(YHKIMK TIPOCTO# ¥ HEOOJBINOI, HO COAEPIKUT HECKOJIBKO HOBBIX JIJIsI HAC
KOMaH]l 1 He3HAKOMBIX (TIOKa ellle) CHHTAKCUIECKNX KOHCTPYKIHH. B gacT-
HOCTH, KOMaHIOH this thread::sleep for(chrono::seconds(time)) BBI-
MoJIHsIeTCsT OJIOKUPOBKA BBITTOJHEHUST KOMaH/[ Ha BpeMsl (B CEKYH/Iax ), OTpe-
JiessieMoe apryMeHTOM time ¢yHKIuU. Vcnomp3oBanue AaHHON KOMaHIBI
BO3MOKHO OJ1arojiapst OAKJIIOUEHNIO 3ar0JI0BKa <chrono> B mporpamme. Ko-
MaH/ia O3HavyaeT CJenyolee:

® DBunsbiBaercs GyHkuus sleep for (), olMcaHHasl B IIPOCTPAHCTBE UMEH
this thread (maHHOe IIPOCTPAHCTBO UMEH JOCTYIIHO II0CJIE IIOJKJIOYe-
HUS 3ar0JI0BKa <thread>). [IpocTparcTBO MMEH, B KOTOPOM OTIpeesieHa
(yHxImg, yKa3piBaeTcs SBHO Tepesi UMeHeM (DYHKITUU U OT/eJIeTcs OT
MMeHH (DYHKIIUK OIIePaTOPOM PACITUPEHUS KOHTEKCTA : :.

e AprymentoM ¢yHKuu sleep for() mnepemaercss pesyJbraT BbI30Ba
dbynknun seconds () (pe3ysabraTroM (DYHKIUU SBISIETCS OOBEKT, OIpe-
JIEJTAIONINX XapaKTePUCTUKA WHTEPBAJa /I 3a/IePKKN B BBITTOJTHEHNUN
KOJla) M3 MPOCTpaHCTBA uMeH chrono. IIpocTpancTBO MMeH chrono m0-
CTYITHO TIOCJI€ TIO/IKJIIOYEHNUSI 3aroJIoBKa <chrono>.

[Tepen xomanmoit cout<<"MoTox "<<name<<":\tcoobmenue "<<k<<endl, KO-
TOPOIl B KOHCOJIBHOM OKHE OTOOPasKaeTcs COOOIIEHUE, BBIIOIHIETCS KO-
MaHza m. lock (), a mocje 0oToOpaskeHus COOOIIEHNUS BBIIOIHIETCS KOMAaHIa
m.unlock(). Ecam KpaTko, TO BBIOJHEHNWE KOMaH/bI m.lock() MPUBOAUT
K 6JIOKI/IpOBKe KOHCOJIBHOI'O OKHA, a BBIIIOJTHEHHE KOMaH/bl m.unlock () Ta-
Ky10 OJIOKUPOBKY cHuMaert. Eciim 6oJiee geTanbHo, TO CUTYaIUs CIIeAyIONIast:
[IOCKOJIbKY HECKOJIBKO TIOTOKOB BBITIOJIHSIOTCA OJHOBPEMEHHO U BCE OHU 00-
pamamTca K KOHCOJIbHOMY OKHY, TO TECOPETUYECKU BO3MOYKHO, YTO B IIPOLIECC
BbIBO/Ia COOOIIEHUST OJJHUM MMOTOKOM MOJKET «BKJIMHHUTBCS» APYTOM MOTOK,
TaK YTO BHYTPU OJHOTO COOOIIEHUS TOSIBJISIETCST ApyTroe. Mbl XOTUM Tiepe-
CTPaxoBaThCs U JOOUTHCS TOTO, YTO BBIBOZ COOOIIEHUS B KOHCOJb OJHUM
MOTOKOM MPUBOAUT K aBTOMATUYECKOW OJIOKMPOBKE KOHCOJIW JIJIsT IPYTUX
moTokoB. Kak To/bKo coobIerye BhBeeHO, KOHCOb Pa3sOIOKUPYETCs s
HCIIOJIh30BAHKS IPYTUMHU TOTOKAaMU. BIIOKHPOBKA 1 Pa3bIOKMPOBKa Pecyp-
cOB (CMHXPOHU3AINNS TIOTOKOB) BBITIOJNHIETCS MOCPENCTBOM MBIOTEKCHOTO
oObekTa. MpIOTEKCTHBII 00beKT — 00BEeKT Kiacca mutex. Kimace mocrymen
MocJie MOAKIIOUEHUsT 3ar00BKa <mutex>. OOBEKT MO/IKeH ObITh TOCTYIIEH
BO BCEX MMOTOKAX, MOATOMY CO3/IaeTCsI KaK rJI00aJbHBII KOMaHION mutex m.
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Korma kakuM-To M3 MOTOKOB KOMaHAOM m.lock () M3 MBIOTEKCHOTO 0OBEK-
Ta m BBI3BIBAETCS METO OJIOKIUPOBKU Lock (), TO 9TO ABISIETCS HHANKATOPOM
JUIS IIPOYUX IIOTOKOB O 6JIOKI/IpOBKe pecypca. Pecypc cHoBa fioctytiet mnocie
TOTO, KaK B 3a6HOKI/IpOBaBH_I€M pecypc IIOTOKE U3 MBIOTEKCHOT'O 00BeKTa BBI-
3bIBaeTCA METOJL unlock ().

PekomeHpauum ang caMmoCcTOSTesNIbHOW paboThbl

e B 3azavax u3 mpembAyNIMX IJ1aB, B KOTOPbIX MCIOJb30BAINCH KJIACCHI
(BKJOUast 0000IIEHHBIE) U OOBEKTHI, PACCMOTPETh BO3MOKHOCTH HC-
TTOJTb30BAHUSA CTPYKTYP U BHEITHUX (DYHKITHIA.

® B 3azavax m3 IpeabIAyIIUX TJIaB, B KOTOPBIX UCIIOJIb30BATUCH CTaTUYe-
CKHe U JUHAMUYECKHE MACCUBBI, PACCMOTPETh BO3MOKHOCTH HCIIOJIh-
30BaHMSI KOHTEHHEPHBIX KJaccoB (TaKuX, Kak vector, valarray, set
1 map).

e Jlis pacCMOTPEHHBIX paHee 3aay MPeJIOKUTh MEXaHU3M IepexBara
1 06pabOTKY BO3MOKHBIX OLIIOOK.



Maea9
MATEMATUYECKUME SAQAYUN

— Kaxkag razoctb.
— ITO He rafiocTh. JTO MOCIEHIE JOCTH-
JKEHMST COBPEMEHHOMN HAY K.

uz k/¢ <31 urons»

B sToii ritaBe Mbr PaCCMOTPUM HEKOTOPbIE MaTEMATUYECKUE 3a/la4, KOTOPbIC
TPAaAUIIMOHHO BXO/JAT B yHI/IBepCI/ITeTCKI/Iﬁ KYPC I10 BbIYUCIUTEJIbHBIM METO-
OaM 1 TI0/IPAa3yMeBalOT HallUCaHUE CHEIUAJIbHBIX ITPOTPaAMM. B YaCTHOCTH,
MbI COCPEIOTOYMM BHUMAaHUE Ha:

® pellleHUN anrebpandecKnux ypaBHEHUI;
® [TOCTPOEHUU WHTEPIOIANNOHHBIX TOJTNHOMOB;
®  BHIUNCJICHUU WHTETPAJIOB;

e pemennn quddepeHnaTbHbIX YpaBHEHNT,

IMPpUYEM TTPAKTUYECKU [JI BCEX U3 IMMEPECUNCJIEHHDBIX TUIIOB 3a/a4 IIpeJjiara-
€TCS HECKOJIBKO CII0CO00B penrenums. dra rmaBa — ocobast.

@ HA 3AMETKY

BO-ﬂepBbIX, 30eCb paccMaTpmnBaldTCA NCKNIOYNTENTbHO MaTeMaTn4eckme
3agayn. A BO-BTOPbIX, pa3bop NporpamMMHbIX KOOOB TpebyeT oT untaTe-
n4a HeKOTODOVI CaMOCTOATEJSIbHOCTU, MOCKOJIbKY KOMMEHTapuun B KHUre
KacaloTcs B MePBYI0 o4epenb MaTeMaTUYeCckol CTOPOHLI Bonpoca 1 06-
Lero aJiropntMa pewieHna 3agayn. OTHOCUTENBHO nporpamMMHbIX KOooB
NPMBOAOSATCSA NULLIb NOSICHEHUS 0b6LLEero xapakrepa. Takon noaxon, non-
XEH CnoCcOoBCTBOBATh flydLIEMY 3aKPEMIEeHNI0O PACCMOTPEHHOIO paHee
MaTtepuasia 1 no3BOJINT NPOBEPUTL NOJTy4YEHHbIE 3HAHUA N HABbIKWU.

MeTtop nocnepoBaTesibHbIX NPUOANXKEHNA

[Ipu permennu ypaBHeHUs BUa X = @(X) IPU HEKOTOPBIX TOTIOJHUTETHHBIX
YCJIOBHUSIX MOJKET HCIIOJIb30BATHCS METOJ[ MMOCJIEe0BATEbHBIX TTPHOJIIIKE-
Huit. CyTb €ro CBOJMTCSI K TOMY, 4TO 33/[a€TCsl HaYaJIbHOe MPUOJIMIKEHNE X,
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JUISL KOPHS YPaBHEHUS, TIOCJIE YeT0, UCHOIb3YsI UTEPAIMOHHYIO TIPOIEYPY,;
Kak/I0€e cJeyroliee PUOINKEHNEe BEIYUCISIETCST Ha OCHOBE MPE/IBIAYIIETO
B COOTBETCTBUU € HOpMyJIon x, ., = ¢(x,). B mucturare 9.1 mpencrasiena
MPOrpaMMa, ¢ TIOMOIIBIO KOTOPOH OMMCAHHBIM CIOCOOOM PEIIAIOTCS aJire-
Opandecke ypasrers x = 0,5 - cos(x), x = exp(— x) mx = (& + 6)/5.

Jincturr 9.1. MeTop nocnepoBaTeNbHbIX NPUGMKEHWIA
#include <iostream>
#include <cstdlib>
#include <cmath>
#include <string>
using namespace std;
// OyHKUMSA I PelleH)s ypaBHEHMS MEeTOIOM
// ToCnenoBaTeNIbHEX NPUOIIKEHN ;
double findRoot (double (*f) (double),double x0,int n) {
// HauanbHOe OpUOIMXEHWE IS KOPHA ypPaBHEHUA:
double x=x0;
// TocnenoBaTeNbHHEe UTEPALNN:
for(int k=1;k<=n;k++) {
x=f(x);
}
// PesymbTar GOyHKUMM:
return x;
}
// OYHKUMM [JI9 ONpemesieHMs IPaBOMN
// YacTu pemaeMHx ypaBHEHMI:
double f (double x){
return 0.5*cos(x);
}
double g(double x) {
return exp(-x);
}
double h(double x){

return (x*x+6)/5;
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}

// BcrmoMorareibHas OYHKUMA IJIS PElNleHVs ypaBHEHUN

// ¥ TECTUPOBAHMS HAMAEHHHX PEUeHMI:

void test (double (*f) (double),double x0,string eq) {

}

// KonmuecTBO MTEpaLui:

int n=100;

// TlepeMeHHas INS 3aNUCK 3HAUEHMSA KOPHS YPABHEHUS:
double z;

cout<<"PemeHnye ypaBHeHus "<<eq<<":\t";

// PelieHne ypaBHEHUA:

z=findRoot (f,x0,n);

// OroBpaxeHue pe3ynbTaTa:

cout<<z<<endl;

cout<<"IlpoBepka HaMIEeHHOTO pemenus:\t";

// TlpoBepKa peleHus :

cout<<z<<" = "<<f(z)<<endl;

for(int k=1;k<=50;k++){
cout<<"-";

}

cout<<endl;

// TnaBHag (QYHKUMA MPOTPAMMEL:

int main() {

// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");

// TpUMepH pemeHus ypaBHEHUN
test (£,0,"x=0.5cos(x)");
test(qg,0,"x=exp(-x)");

test (h,1,"x=(x*x+6)/5");

// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");

return 0;
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PeSy.TIbTaT BBIITOJIHEHUA ITPOTPaMMbI IIPEACTABJIEH HUKE!

Pe3ynbTaTt BbiNOJIHEHUS NPOrpamMmbl (U3 nMcTuHra 9.1)

Pemenne ypaBueHus x=0.5cos(x): 0.450184
[[poBepKa HaMIEHHOTO peleHud : 0.450184 = 0.450184
PelleHre ypaBHEeHMS X=exp (-X): 0.567143
[lpoBepKa HAMIEHHOT'O DeleHUs: 0.567143 = 0.567143

Pemenne ypaBHeHMA X=(x*x+6)/5: 2

[lpoBepKa HAMIEHHOT'O DeleHUs : 2 =2

B nporpamme a5 pemenust ypaBHeHUIT onucana GyHKIus findRoot (). Ee
MEPBBIN apryMeHT — yKas3aTesb Ha (PYHKIIUIO, OMPEESAIONIYI0 TPaBYIo
YaCTh PEIIAEMOro ypaBHeHUs. DTO A0JKHA ObITh (QYHKIUS ¢ OXHUM double-
apryMeHTOM, Bo3Bparmamomas double-pe3ysabTaT. BTopoit aprymenT QyHK-
1uu findRoot () ompeaensieT HadaiabHOe TPUOIMKEHIE st KOPHST ypaBHE-
Hus. TpeTuii MeI09nCcIeHHBIN apTyMEHT 33/1aeT KOJTUYEeCTBO BBITIOJIHIEMbIX
TIpU TTOUCKe KOPHS UTePaInil.

B mporpamme permratotcst Tpu ypaBHeHUs. VX TTpaBble YacTH OMpeAesIioTCs
¢ ToMOTIbI0 PyHKIHH £ (), g() mhi().

HaszBanusg atux QyHKIWI TepefaioTcss MEPBBIM apTyMEHTOM IIPU BBI3O-
Be ¢ynakmum findRoot (). [locaenusas B cBoio odepemb BBI3LIBACTCS B Tese
byarIIM; test ().

[Tocsie BeryMCIEHNsT KOPHSA ypaBHEHUS BBITIOJHAETCS 1poBepka. [l aToro
B KOHCOJbHOE OKHO BBIBOJMTCS BBIYMCJEHHOE 3HAUYEHWE /I KOPHS ypaB-
HeHU: (3HAYEHUE X) U 3HAUYEHUEe B COOTBETCTBYIONIEH TOUKe (hYHKITUU T
MpaBoli 4acTu ypaBHeHU (3Hauenne ¢(x)). B nneasne, ecm HaiiieHO TOUHOE
pmHeHHB,0633HHH6HHHﬂOHHﬁHﬂCOBH&ﬂaTh

() HA 3BAMETKY

MeTon nocnegoBaTtesibHbIX UTEpaLMi NO3BOMSIET HAWTU pelleHne ga-
JIEKO HEe ANS KaXAO0ro ypaBHeHud. 30eCb BXHO BCE: M Kakas PyHKUUS
B MPaBOIi 4YaCTW YPaBHEHUS, N KakOe HavanbHoe NpubnuxeHne BblIOpaHo
0719 NOMCKa KOPHA.
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MeToa NONOBUHHOIO AeJsieHUs

MeTo/1 T0I0BUHHOTO JIeJIeHNsT IJIsT TOUCKA PEIIeH s aIreOPandecKoro ypas-
Henust Buaa f(x) = 0 1moapasymMeBaet, 4TO MCKOMBIH KOPEHb JIOKATN30BAH
B UHTepBaJie a < x < b, IpryeM Ha rpaHuilaX MHTEPBAJIA IIOMCKA KOPHS (hyHK-
st f(x) M0/KHA IPUHUMATH 3HAYEHMs PA3HBIX 3HAKOB (YTO (hOPMaIbHO
MozKeT ObITh 3amcano B Bue yciaosus f(a)f(b) < 0).

CyTbh METO/Ia COCTOUT B TAaKUX JIeiicTBUsX. Boruncisiercs 3nauenve QyHk-
e f(X) B IIEHTPAIbHON TOYKE WHTEPBAJIA TOUCKA PENIeHNsT, KOTOpast OTIpe-
nensercs kak X = (a + b)/2. Vlnrepec mpefcTaBisgeT 3HaK GYHKIINKA B 9TOM
TOYKE: B Hee C/IBUTAETCS O/IHA U3 IPAHUI] MHTePBaIa TIONCKA KOPHS. A MMeH-
HO: €CJIU B IIEHTPAJbHON TOYKEe WHTepBaIa 3HaueHue (hyHKITUU TOJ0KUTEIb-
HO, TO B IIEHTP CMEIIAeTCsl Ta TPaHuIa, rjie GyHKIUs mo0KuTeabHa. Ecim
B TIEHTPAJIBHON TOUKe (DYHKITUS OTPUTIATENbHA, TO C/IBUTAETCS Ta TPAHUIIA,
rie (hyHKIUST OTPUIIaTeThHA

B pesysbraTe mocse ka0 TAKOH OTepariiiii UHTEPBAJI TIOUCKA KOPHS yPaB-
HEHUsI YMEHbIIAeTCst POBHO B [[Ba Pasa, U IPU 9TOM DYHKIHS [(X) Ha rpaHu-
11aX HOBOT'O MHTePBaJIa MOUCKA KOPHsI IPUHUMAET 3HAUEHHST PA3HBIX 3HAKOB.
3ajava, TakiM 00Pa3oOM, CBOAUTCS K IIPEAbIAYIIEH.

[Ipumep mporpaMmsl, B KOTOPOI TIONCK KOPHS YPaBHEHUS BBITIOJIHSIETCS Me-
TOZIOM TIOJIOBUHHOTO JIeJIEHUSI, TIPEICTaBJIeH B JIUCTUHTE 9.2.

Jiuctuhr 9.2. PewueHme ypaBHEeHUS METOA,0M MOJIOBUHHOIO AeNIEHUs
#include <iostream>

#include <cstdlib>

#include <cmath>

#include <string>

using namespace std;

// OYHKUMA [OJI9 PElleHUS YpPaBHEHMS METOIOM

// TOJIOBMHHOTO IEJIEHWA :

double findRoot (double (*f) (double),double a,double b,double dx)
{

// TlepeMeHHAs 19 3aMACK 3HAUEHUS KOPHS:
double x=(atb)/2;

// BHUMCIIEHME KOPHA:
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while ((b-a)/2>dx) {
// ECav KOpeHb MOMajl Ha JIeBYD TPAHMULY:
1f(f(a)==0){
return a;
}
// ECnV KOpeHb MOmajl Ha MPaByl TPaHMIY :
if(£(b)==0){
return b;
}
// Ecmy KOopeHb MOCpelyHe MHTepBaja:
1f(£(x)==0) {
return x;
}
// Cwmemenue TpaHWIE B LEHTP MHTEpPBAJa:
if (f(a)*f(x)>0){
a=x;
}
elsef
b=x;
}
// HoBOe 3HaueHye O LEHTPaJbHOM TOUKM MHTEpBAJA:
x=(a+b)/2;
}
// PesymbTar byHKUMM:
return x;
}
// OYyHKUMM IS ONpelejieH)s PellaeMblXx YPABHEHUI:
double f (double x) {
return 0.5*cos (x)-x;
}
double g(double x) {

return exp(-x)-%;
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}
double h(double x) {
return x*x-5*x+6;
}
// BcroMmorarenbHas GyHKUMS IS peleHns ypaBHEHMI
// v TECTUPOBAHMS HAMIEHHHX PEUICHMI:
void test (double (*f) (double),double a,double b,string eq) {
// KOHTPOJMpPYeMHl KOm:
try{
// Ecny Ha TpaHMlax MHTepBaja QYyHKLUMUS ypaBHEHUS
// TpUHUMAET 3HAUEHUS OIMHAKOBHX 3HAKOB:
if(f(a)*f(b)>0){
// TeHepupoBauyue OWMOKM C TEKCTOBHM OGBEKTOM:
throw "VkazaHn HeBepHEW OmanaszoH!";
}
// TOYHOCTH BHUMCIIEHUS KOPHA:
double dx=0.001;
// TlepeMeHHad IJIA BalUCU 3HAUEHUA KOPHA YPABHEHUA:
double z;
cout<<"Pemenne ypaBHeHmsa "<<eqg<<":\t";
// Pelienvie ypaBHEHUA:
z=findRoot (f, a, b, dx) ;
// OroGpaxeHue pe3ybTaTa:
cout<<z<<endl;
cout<<"IlpoBepka HaMIEHHOTO pemenus:\t";
// TpoBepKa pemeHns :
cout<<f (z)<<" = (0"<<endl;
}
// 06paboTka OWOKM:
catch(char* e){
// CooCmeHre 0 HEKOPPEKTHOM MHTEpBAJe

// m7s mOMCKa KOPHS ypaBHEHUS:
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cout<<e<<endl;
}
for (int k=1;k<=50;k++){
cout<<"-";
}
cout<<endl;
}
// TnaBHag GYHKUMS [POTPAMMEL:
int main() {
// Vi3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// TlpyMept pelmeHys YpaBHEHUI:
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") ;
// 3amepxka KOHCOJIbHOTO OKHa:
system("pause>nul");
return 0;

}

Hwuxe IIpe/ACTaBJIEH PE3YJIbTAT BBIIIOJIHEHWA ITPOTPaAMMBbIL

Pe3ynbTaTt BbiNOJIHEHUS NPOrpamMMbl (U3 IMCTUHTA 9.2)

Pemenne yparHenusd 0.5cos (x)-x=0: 0.450195
[[poBepKa HaMIEHHOTO peleHud: -1.4247e-005 = 0
PelleHre ypaBHeHUS exp (-X)-x: 0.567383

[lpoBepKa HAMIEHHOT'O DeleHUs: -0.000375349 = 0
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YKa3aH HEBEpHHEN IMalas3oH!

Pemenne ypaBHeHMS x*¥x-5*x+6=0: 2
[T[poBepKa HAUIEHHOTO peleHusd : 0=20
Pemenne ypaBHeHMS x*x-5*x+6=0: 3
[lpoBepKa HaMIEHHOTO pelleHys: 0=20
Pemenne ypaBHeHMS x*x-5%x+6=0: 3
[lpoBepKa HaMIEHHOTO peleHys: 0=20
PemeHyue ypaBHeHMs x*x-5*x+6=0: 3.00079

[l[poBepKa HAMIEHHOTO PEleHNA: 0.000794087 = 0

MeTon TOIOBUHHOTO [IeJIEHUS PEaTu30BaH B IMporpamMme depe3d (PyHKIIUIO
findRoot (). ¥ Hee Takue apryMeHTHI:

e ykazarejb Ha (DYHKIIUIO, ONPEeSIONIYIo pellaeMoe ypaBHenue (Jyst
ypaBhenus suzaa f(x) = 0 umeercst B BULY GyHKIWS f(x));

® JleBasd W MpaBas TPAHUIIBI MHTEPBAJa, HA KOTOPOM BBITIOTHSIETCS TTONCK
KOPHS YPaBHEHUT;

® JIapaMeTp, Ol'[peILe]IE[IOU_[I/If/Jl TOYHOCTD, C KOTOpOfI BbIYUCJIAETCA KOPEHD.

@ HA 3AMETKY

Ecnn kopeHb ypaBHEHNSA N0KanM30BaH B MHTepBase oT a A0 b, TO OH OT-
CTOUT (OTIMHaeTCs) OT LLEHTPaIbHOM TOYKM MHTEPBAA Ha BENNYUNHY, HE
O0nbLUYI0 YeM NOJSIOBMHA OJINHBLI MHTEpBana. JaHHbll KpUTepuii MCnosb-
30BaH B OYHKUMKM findRoot () NPU BbIMUCNEHUWN KOPHSA YpaBHEHUS. Bbl-
YNCNEHNSA NPOAOIIKAIOTCS A0 TEX NOP, NOKA MNOIOBMHA OJINHbI HTEpBana
JloKanmMaaumm KOPHA He CTaHeT MeHbLUe rnapameTpa, KOTopbli nepeaa-
€TCH NOCNEeAHUM aprymMmeHToM yHKuumM findRoot () M ONpeaensieT Tou-
HOCTb BbI4YNCIIEHUIA.

AnropuTwm BeITTOTHEHNI DYHKITUN findRoot () CIAeAYIONTHI.

e [locienoBarenbHo MpoBepsieTcs Ha TPEMET PABEHCTBA HYJIIO 3HAUEHUE
(yHKIMU, TepeflaHHON TepBbIM apryMeHToOM ((GyHKIHUS ypaBHEHUS )
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Ha rpaHuIax MHTepBaJja OMCKa pelleHus 1 ero B lieHTpe. Eciu KopeHb
YPaBHEHUS TIOMAAeT B OMHY M3 YKAa3aHHBIX TOYEK, COOTBETCTBYIOIICE
3HaueHNe Bo3BpamaeTcs peayabraToM ¢dyHKnmnn findRoot (). Takas mpo-
BePKa BBITIOJIHSAETCS IJIST TOTO, YTOOBI N30€KaTh HEHYKHOM UTEPAIHOH-
HOWU TTPOIIEYPhI B CJIydae, eciii ouepeHas IpoOHast TOUKa [l PEIIeHsI
YPaBHEHUS CIYYalHO MOMajga B TOYHOE 3HAUECHUE 7151 KOPHSI.

e Ecym 3HaUeHUS (l)yHKLII/II/I YpaBHEHUA Ha T'paHUIlaX MHTEPBaJa U B €ro
IEHTPE OTJINYHBI OT HYJIA, TO OJHA U3 TPAHUI] CMEIIA€TCA B IIEHTP, U IIPO-
II€CC IOBTOPAETCA.

Oyukius st perieHus: ypaBHeHuid findRoot () BbI3bIBAETCS B (DYHKIIUU
test (). B mocrenneil nepex HauasoM IIpoliecca BBIMUCIEHUI ITPOBEPSIETCH,
KOPPEKTHO JIM yKa3aH UHTePBaJL /IS II0MCcKa KOpHs. Eciiu okasbiBaeTcs, 4To
(ynxmsa ypaBHeHns Ha TPaHUIIAX NHTEPBAJIa NMeeT 3HAUYeHUS OJJMHAKOBBIX
3HAKOB, TO reHepupyeTcst omrOKa (0OBEKTOM OMIMOKU CIIYKHUT TEKCTOBBIN
qatepaut). IIpu nepexsate ommOKY BHIBOIUTCS COOOIIEHNE, YTO YKA3AH He-
KOPPEKTHBII HHTEPBaJI.

@ HA 3AMETKY

DyHkUMK £ (), g () Mh() B NpeablioyemM npumepe (nuctuHr 9.1) onpene-
A Npaeble YacTy AN ypaBHEHMA BUAA X = @(X). 34eCb Xe pellaeTcs
ypasHeHue Buaa f(x) = 0. HeCnoXHO NOHATb, YTO €CNN YPaBHEHME X = @(X)
3anucatb B Buae ¢(x) — x =0, To umeem geno ¢ pyHkumen fix) = o(x) — x.
Mpowie roeops, Tenepb QYHKUMM O TEX XE PELUaEeMbIX YPaBHEHUN
onpeneneHbl No-gpyromy.

B rmaBHolt pyHKIIMN TporpaMMbl (DYHKITUS test () BBI3BIBAETCS ¢ PAa3HBIMU
aprymMeHTaMu. B 4yacTHOCTH, TaM Peasu3yIoTcsl CUTYallUuu, KOT/[a WHTEPBAJ
yKa3aH HEKOPPEKTHO, KOT/Ia KOPEHD TIOMA/IaeT B OJIHY M3 TPAHNYHBIX TOUEK
WHTEpBaJa WU KOT/Ia Yepe3 HeCKOJIbKO UTEpAINil IeHTpaIbHas TOUKA UH-
TepBaja MoMa/iaeT B TOYHOE pelleHne /711 ypaBHEeHN .

MeTop KacaTenbHbIX
Ente onua uTepaniioHHbIN METO/I PellleHUs1 ypaBHEHU S, KOTOPBIN Ha3bIBaET-
CsI METOJIOM KacaTeJIbHbIX, I0JPa3yMeBaeT CJeyIolIee.

e Jlus moricka KopHs ypaBHenust f(x) = 0 3ajaercst HayajbHOE IPUOINIKE-
HUE X,
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® B Touke X, CTPOUTCS KacaTeJIbHas K KPUBOIA, OMPEAEIEMOil 3aBUCHMO-
cThio f(X).

e Touka rnepecedyeHusa KacaTeJIbHOI C KOOpILHHaTHOﬁ OCbIO 8.6CHI/ICC CJIy-
JKHUT HOBbIM HpI/I6JII/I>KeHI/I€M I KOPpHS YPaBHEHUA Xy

e B Touke x, cTpouTcst KacaresbHasi, U ee TiepecederHue ¢ TOPU30HTAIbHON
KOOPJMHATHON OCBIO OMpeJesisieT HOBOE TPUOJIKEHE ST KOPHS X,
1 TaK JaJjiee.

OmnrcanHasi cxeMa CBOAUTCS K UT€PAIMOHHON (hopmyex, ., =x,— f(x,) /[ (x,)
JUIST BBIYUCJIEHUST HOBOTO MPUOJIVIKEHUST 11T KOPHSI YPABHEHUSI X, , | TI0 U3-
BECTHOMY TIPEIbIAYIEMY TIPHOIMKEHUIO X,. 3/1ech yepes ['(x) obo3Hauena
pou3BOHAs OT (hyHKIMK ypaBHeHust f(x). B mictunre 9.3 BHUMaHUIO Y1-
TaTeJss MpeJJlaraeTcsl IIPorpaMMa, B KOTOPOil Peasin30BaH MPOIECce TOMCKa
KOPHS$1 YPaBHEHUSI METOJIOM KacaTeIbHBIX.

Jinctunr 9.3. MeTopa kacaTesibHbIX
#include <iostream>
#include <cstdlib>
#include <cmath>
using namespace std;
// OyHKUMS, ONpEeNeNdolas PelaeMoe yPaBHEHUE :
double f (double x) {
return 2*exp (-x)-1;
}
// TnaBHas OQYHKUMA TPOTPAMMH:
int main () {
// VI3MeHeHMEe KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// KOJIM4ecTBO MTEpaLui:
int n=10;
// TpupameHnue apryMeHTa [Jid BHUMCIIEHUS MPOU3BOMHON:
double dx=0.00001;
// HauanbHOe OpUOIMXEHWE IS KOPHA ypPaBHEHUA:
double x=0;

// BHUMCIIEHME KOPHS YyPAaBHEHUS:
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for (int k=1;k<=n;k++){

x=x-f () / ((f (x+dx)-f (x))/dx);
}
// OroBpaxeHue pes3ysibTaTa:
cout<<"Hampmeno Takoe pemenue: \t"<<x<<endl;
cout<<"KourposbHoe sHaueHme:\t"<<log(2)<<endl;
// 3amepxka KOHCOJBLHOTO OKHa:
system("pause>nul");
return 0;

}

Hwuxe mokaszan PpE3YyJIbTAT BbIYUCJIEHUA ITPOTPAMMbI:

Pe3ynbTaTt BbiNOJIHEHUS NPOrpamMmbl (U3 nMcTUHra 9.3)
Hanmeno raxoe pemenme: (.693147

KOHTpONbHOE 3HaUEHUE: 0.693147

[IporpamMma coBceM MasieHbKas u npocTasi. B Hell periaercs ypaBHeHue, pe-
IIeHHEM KOTOPOIo Ha caMOM JeJie sIBJsdercs 3Hadenne x = In(2) =~ 0,693147
Ypasuenue 3agaercs yepe3 yHkIuio f (). MtepannonHsiii mporecc peain-
3yeTcsl HEMOCPEICTBEHHO B TJIaBHOM (PYHKITNY MPOrpaMMBL. Tam 3amyckaet-
Cs1 oTIepaTop IUKJIA, B KOTOPOM BBITIOTHSAETCS BCero 10 uTepainii (3Hauenue
nepeMenHo# n). [IpowsBoanas, sHayenne KOTOPOH HYKHO HCIOJb30BATh
B PeKyppeHTHON (opMyJIe /I BBIYUCACHUS KOPHS YpaBHEHUS, PACCUNTHI-
Baercst B ipubamskerrom suze f'(x) = (f(x + dx) — f(x))/dx kak oTHOIIE-
Hue npupanienus GYHKIIMU K TpUpalnienuio aprymenta. [Ipupaienue mis
apryMeHTa B IPOTPaMMe 3a/IaeTcsl epeMeHHol dx. B kadecTBe HavasibHO-
r0 MpUOIMIKEHNUST [I7IsT KOPHsI YPaBHEHMsI UCIIOJb30BAHO HYJIEBOE 3HAYEHNE.
B mporpamMmmMe oMUMO BBIUMCIICHHOTO KOPHS JIJIs1 CPaBHEHUS MPUBOANTCS
U «TOYHOE» 3HAUEHWeE JIJIST PEIEeHUsT YPaBHEHUS.

@ HA 3AMETKY

Kak n B crniydae ¢ MeTOAOM MOC/efoBaTesbHbIX UTepaumnin, CXoam-
MOCTb MeTofda KacaTesbHblx TpebyeT OTAefbHOro uccnegoBaHus.
Opyrumu cnoBamu, MeTo, KacaTeslbHbIX NPUMEHUM Oa5ek0 He Kax-
OOMY ypaBHeEHUI0. YuTaTenu, MHTepecyloLWmMecs BONPOCOM NPUMEHN-
MOCTM 3TOr0 U APYrMxX METO[40B, MOryT 06paTUTLCA K CrneumanbHOm
nuteparype.
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NHTepnonsaumoHHbIN NONHOM JlarpaHxa

3ajjaua 10 IMTOCTPOEHUIO0 MHTEPIOJSIIMOHHOIO MOJMHOMA BKPATIIE MOKET
6bITh chopMmyTpOBaHa cieayonum oopasoM. Mimeercss HAOOP y3I0BBIX TO-
YeK X, Xy, Xy, ..., X, (Bcero © + 1 TOUKA) U B 9TUX TOUKAX 33J[aHBI 3HAYEHUS ¥/,
Yis Yoy - Y, HEKOTOPOH (pyHKIIHI. HEOOXOANMO TIOCTPOUTD MOJIMHOM CTEHEHH
n (cTerneHb MOJMHOMA Ha eINHIILY MEHbIIIe KOJUYECTBA TOYEK ), TAKOIL, YUTOObI
B Y3JIOBBIX TOUYKAX {X,} OH mpuHUMaJI 3Hauerus {y,} (ungexc k=0, 1,2, .., n).

Pemarh 3azauy MOXKHO pasHbIMU criocobamu. 3[ech Mbl PACCMOTPUM
METOJI [OCTPOEHUSI HWHTEPIOJSIMOHHOIO MoJuHOMa 1o cxeme Jla-
rpanxka. B Takom ciyuyae MCKOMBIN IOJUHOM IIPEJICTABJSIETCS B BUJIE
L(%) =y,0,(x) + y,0,(x) + y,0,(x) *+ ... + y,0,(x). MbI BBesint 0603HaYeHUE
1t QYHKIIUH
(r=xp) (=) (¥ =2, (X —2y)... (X —2,)
(2, =26) (0= ) (X, =20, ) (A —201) . (2, —X,)
(unmexc k = 0, 1, 2, ..., n). Jlerko mpoBepuThb, 4T0 @, (x,) = 0 ecau k # m

u ¢,(x,) = 1, moatomy ycnosus L, (x,) = y,, HaKJIaAbIBA€MbIe HA WHTEPIIOS-
IIMOHHBIN TTOJTITHOM, YIOBJIETBOPSIOTCS aBTOMATIYECKH.

Px) =

B mporpamme us sctuHra 9.4 peasn3oBaH ONMUCAHHBIN BBIIIE CIIOCOO TO-
CTPOEHUS MHTEPITOIAIMOHHOTO ITOJTITHOMA Ha OCHOBE MacCHBa CO 3HAYEHUS-
MW y3JIOBBIX TOUEK W MACCUBA CO 3HAYEHUIMU (DYHKIINH B Y3JTOBBIX TOUKAX

Jinctunr 9.4. NHTEepnonsunoHHbIA NoainHom JlarpaHxa
#include <iostream>
#include <cstdlib>
using namespace std;
// BcmoMoTaTesnbHas QYHKINA:
double phi(int k,double z,double* x,int n){
// VIHIEeKCHas MepeMeHHAad:
int 1i;
// TlepeMeHHAas IJig 3aMUCK PE3YJBTATA:
double res=1;
// BuuMclieHne NpOM3BEIeHNS :
for (i=0;i<k;1++) {

res*=(z-x[1i])/ (x[k]-x[1]);
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for (i=k+1;i<n;i++) {
res*=(z-x[1])/(x[k]-x[1]);
}
// PesynbTar QYHKUMUK:
return res;
}
// TonvHoM JlarpaHxa:
double L(double z,double* x,double* y,int n) {
// TlepeMeHHAs NJIS 3aMUCU Pe3yJIbTaTa:
double s=0;
// BHUMCIICHME MOJMHOMUAJILHON CYMMH
for (int k=0;k<n; k++) {
s+=y[k]*phi(k,z,x,n);
}
// PesynbTaT QyHKUMM:
return s;
}
// Oyukumsa mnsa orobpaxenus "myHym":
void line(int m) {
for (int k=1;k<=m;k++) {
cout<<"-";
}
cout<<endl;
}
// TnaBHas GYHKUMS OPOTPAMMEL:
int main () {
// VI3MeHeHME KOIMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VHOexcHas nepeMeHHad ¥ mimHa "amHum":
int k,m=20;
// PasMep MaCCUBOB:
const int n=5;

// YBJIOBEE TOUKN:
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double x[n]={1,3,5,7,9};
// 3BHaueHus OYHKUMM B y3JIOBHX TOUKAX:
double y[n]={0,2,-1,1,3};
line (m);
cout<<"x\t| L(x)\n";
line (m);
// OroBpaxenue y3JIOBHX TOUEK ¥ 3HAUESHUN
// VHTEPNONSUMOHHOTO MOJMHOMA B STUX TOUKAX:
for (k=0; k<n; k++) {
cout<<x[k]<<"\t| "<<L(x[k],x,y,n)<<endl;
}
// CHBUT IJis apryMeHTa:
double dx=1;
line(m);
cout<<"x\t| L(x)\n";
line(m);
// 3BHaueHMS apTyMEHTA ¥ BHAUEHMS MMOJMHOMA :
for (k=0; k<n; k++) {
cout<<x [k]+dx<<"\t| "<<L(x[k]+dx,x,y,n)<<endl;
}
// 3amepxka KOHCOJbHOTO OKHa:
system("pause>nul");
return 0;

}

Huxe TIOKAa3aHO, KaK BbITJIAAUT PE3yJibTaT BbIIIOJTHEHUA ITPOTr'PaAMMBbI:

Pe3ynbTaT BbINOJIHEHUS NPOrpamMmbl (U3 NMCTUHTra 9.4)

X | L(x)
1 | 0

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

Jns peanuzanyu pyukimu @ (x) B nporpamme omnucana QyHKIUs phi ().
[TepBbiii aprymeHT (DYHKIIMKA COOTBETCTBYET MHIEKCY k. BTOpoil aprymeHT
ynkmm phi () COOTBETCTBYET TOYKE X, B KOTOPOI BBIYUCIISETCS 3HAUEHUE
¢,(x). TpeTbum aprymenToM OyHKITNY phi () TIepeaeTcss MM MacCHBa, B KO-
TOPBII 3aMcalHbl 3HAYEHUS Y3I0BBIX TOUeK. Hakomer, mocaeqnuii apryMenT
(ynxmmm phi () ompezesngeT pa3Mep MacCHBa Y3JIOBBIX TOUEK.

Pesyabsrarom (yHKIMM BO3BpAIaeTcsl TPOU3BE/EHe MHOKHUTENed BUA
(x — x;)/(x, — x;), et KOTOPBIX OTCYTCTBYET MHOKUTEJb C MHIEKCOM i = R.

(G) HA BAMETKY

KoHcTaHTa n B nporpamMme, onpeaensiollas pasamep MacCuBOB C Y3J10-
BbIMUW TOYKAMU U 3HAYEHUAMU DYHKLMN B Y3JI0BbIX TOYKAX, HA €OUHNLLY
MeHblle napameTpa n, KOTOopbIi UCMNOJb30Baica B hopmynax, NpuBo-
OMBLUNXCS A1 UHTEPMNOJIALUMOHHOIO NOJIMHOMA.

3HauyeHNe MHTEePIHOJISIIIMOHHOTO IOJMHOMA Bbluucjsercs (GyHKIued L().
AprymenTtamu QyHKIINN TIEPEIATOTCS:

® TOYKa, B KOTOpOIL/'I CJIeyE€T BbIYUCJIUTb 3HAYE€HUE TTOJIMHOMA;
® MacCCHUB C y3JIOBbIMU TOUYKAMU,
® MAaCCHUB CO 3HAYEHUAMU (i)yHKHI/II/I B Y3JIOBBIX TOUYKaX;

L4 HeJIO‘{I/ICJIeHHbe/,I APTYMEHT, OHpeZIeJIHIOH_[I/Iﬁ pa3Mep MaCCHUBOB.

B tente dpyuxmuy L() Tpu BRIYUCAEHUN TTOJTMHOMUAILHOW CYMMBI BbI3bIBA-
eTcst PyHKIHS phi ().
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B rnaBHoit (l)yHKL[I/II/I IIporpaMMbl KaK WJLIIOCTPalA BbIYUCJ/IAIOTCA 3Ha4Y€-
HUA UHTEPITOJTATMOHHOTO IMTOJIMHOMA B Y3JIOBbIX TOYKAX U B TOYKaX, CABUHY -
ThIX Ha €IMHNYHOE PAaCCTOSHUE 110 OTHOIIEHWIO K Y3JIOBBIM TOYKAM.

UHTepnonsaunoHHbIN NOZIMHOM HblOTOHA

[Ipu cozpanuu MHTEPIIOSIIMOHHOTO TTOJIMHOMA MeToloM HbioToHa /1st 110-
JINHOMA UCTIOJIb3yeTCs Takoe BbIpaxkeHue: P (x) = a, + a,(x — x,) + a,(x — x,)
(x —x) +ay(x —x)(x —x))(x —x,) ... Fa,(x —x)(x —x))...(x —x,_,). 3amaya
(baKkTHUYECKN CBOAUTCS K BBIYMCIEHNIO KoaddureHTos a, (nuaekc k=0, 1, 2,
...y ). KoahpuiineHT onpenensdioTcss HCXo/sI M3 HAKJIaAbIBAeMbIX Ha TIOJTUHOM
yeqosuit P,(x,) = y,. B gactHOCTH, 13 cooTHOmEHUA P (%)) = Y, CJIemyeT, 9To
a, = Y, I3 ycnosusa P,(x,) = y, nony4daeMm a, = (y, — a,)/(x, — x,). YcaoBue
P(x,) = y, maer a, = (y, — ay — a;(x, — %,))/((%, — x,)(x, — X)) ¥ TaK jganee.
PexyppenTHOe cooTHOIIIEHNE /17151 BEIYUCIEHNS KO3 hUIIMEHTOB UMeeT BUL

_ Yi—ay—a,(X,—2)) —a(20,—2%0) (=X, — .=y (X,—2))... (X=X, )

(6 —200)(X=2)) - (=25

a,

ITporpamma, B KOTOPO# Ha OCHOBE MAaCCHBOB C Y3JIOBBIMH TOYKaMU M 3Ha-
yeHUsIMH (YHKIUU B y3JIOBBIX TOYKAX BBIUMCIISIETCS] MHTEPIIOJISAINOHHDIH
nosmHoMm Helotona, npesicraBiena B iuctuure 9.5.

Jincturr 9.5. MHTEepnonsiLMoHHbIN NonmHom HeloToHa
#include <iostream>
#include <cstdlib>
using namespace std;
// OYHKUMA BHUMCIIEHMA KOSDOMUMEHTOB HJIA MOJIMHOMA :
void findA (double* a,double* x,double* y,int n){
// TlepeMeHHad IJIS 3alNUCKU [POU3BEIEHMI
// PA3HOCTEN Y3JIOBHX TOYEK:
double q;

// 3HaueHue MepBOTO KO3GOMLUMEHTA IJIA MOJIMHOMA :

// BHUMCIIEHME MPOUMK KOSOOMUMEHTOB IJIS MOJMHOMA :

for (int k=1;k<n;k++){
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// HauanbHOe 3HaueHme mig KosQduimeHTa:

// HauajbHOE 3HAUEHME [Jid NPOMBBEIEHMUA

// pasHOCTE) 3HAUEHW y3JIOBEIX TOUEK:

a=1;

// YrouHeHue 3HaueHMd KOSDOMUMEHTA M BHUMCIICHUE
// TpOW3BENEHMSI PasHOCTEN BHAUYEHUM Y3JIOBHX TOUEK:
for (int m=0;m<k;m++) {

alk]-=a[m]*q;

// OxoOHUYaTesJbHOEe 3HaueHye KOo3DdMUMEeHTa:

alkl/=q;

}

// OyHKUMSA IJIS BEUMCIIEHUS BHAUEHMSA MOJMHOMA HBOTOHA:
double P(double* a,double z,double* x,int n){
// TlepeMeHHAs NJIS 3aMUCK Pe3yjbTarTa QyHKUWM:
double s=0;
// JloxanbHas MepeMeHHad [Jig 3alUCKU MPOM3BENeHMUA
// pa3HOCTE} 3HAUEHU) AaPTYMEHTA ¥ Y3JIOBHIX TOUEK:
double qg;
// BHUMCIICHME MOJIMHOMUAJILHON CYMMH :
for (int k=0;k<n;k++) {
// HauajbHOE 3HAUEHME MJid NPOMBBEIEHUA :
a=1;
// BuuMclieHne MpOM3BEIeHNS :
for (int m=0;m<k;m++) {
q*=(z-x[m]);
}
st=al[k]*q;
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}
// PesynbTaT QyHKUMM:
return s;
}
// Oyuxumsg mis orobpaxexus "mmHun":
void line(int m) {
for (int k=1;k<=m;k++) {
cout<<"-";
}
cout<<endl;
}
// TnaBHas QYHKUMS TPOTPAMME:
int main () {
// Vi3ameHeHMe KOOMPOBKM KOHCOJM:
system("chcp 1251>nul");
// VHmekcHas nepeMeHHas ¥ mivHa "syHuM":
int k,m=20;
// PasMep MaCCHUBOB:
const int n=5;
// Y3mnoBHE TOUKM:
double x[n]={1,3,5,7,9};
// 3BHaueHus OYHKUMM B y3JIOBHX TOUKAX:
double y[n]={0,2,-1,1,3};
// KosbduumeHTH mO79 MosiMHOMa HbIOTOHA :
double a[n];
// BuumcieHue 3HAUYEHMN IJIE KOSOOMLMEHTOB:
findA(a,x,y,n);
line (m);
cout<<"x\t| P(x)\n";
line (m);

// OrobpaxeHue y3JOBHX TOYEK ¥ 3HAUEHUI

348



MaTtemartunyeckue 3agaym

}

// VHTEpHIONAUMOHHOTO MOJMHOMA B 3TUX TOUKAX:

for (k=0; k<n; k++) {
cout<<x[k]<<"\t| "<<P(a,x[k],x,n)<<endl;
}
// COoBuD Oyid apryMeHTa:
double dx=1;
line (m);
cout<<"x\t| P(x)\n";
line (m);
// 3BHaUeHUS apryMeHTa ¥ SHAYEHMS IOJIMHOMA :

for (k=0; k<n; k++) {

cout<<x[k]+dx<<"\t| "<<P(a,x[k]+dx,x,n)<<endl;

}
// 3amepxka KOHCOJIbHOTO OKHA:
system("pause>nul");

return 0;

Pesynbrat BbITTOTHEHUS TIPOTPAMMBI TAKOI:

Pe3ynbTaTt BbINOJIHEHUS NPOrpamMmMbl (U3 NMCTUHra 9.5)

| 2.83594
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4 | 0.148438
6 | -0.664063
8 | 2.89844
10 | -1.66406

Hecso:xHo 3aMeTHTD, YTO MTPU BBITIOJHEHNUN JJAHHOW ITPOTPAMMBI TIOJTy4aeM
TaKoU Ke pe3ysbratr (Takue Ke 3HAUYeHUs TOJIMHOMA ), KaK U B IIPEABIYIIEM
npumMepe. Hudero yimBUTEILHOTO B 9TOM HET, TAK KaK Ha CAMOM JieJie B 060-
UX CJIy4asiX CO3/Ia€TCsl OJMH U TOT K€ IIOJIMHOM, IIPOCTO Mbl HCIIOJIb30BAIH
pasHble AJITOPUTMBI €I0 BBIUUCIICHHUS.

Yro KacaeTcst HEMOCPEACTBEHHO MTPOTPAMMBI, TO MbI UCIIOJIb30BAIN OOIINI
MOJIXO/T, KOTOPBI COCTOUT B TOM, UTO HAa OCHOBE 3HAYEHU Y3JOBBIX TOUEK
U 3HAYEHUN WHTEPIOIUPYEeMOil (DYHKIIMKM B 3THX Y3JOBBIX TOYKAX BHIUUC-
JIII0TCS KO DUIIMEHTHI 71T NHTEPIOIAIMONHOTO mojannoMa. Koaddurim-
€HTBI 3aIMCHIBAIOTCSI B MACCUB, U 3aT€M OH MCIOJIb3YETCs IIPU BBIYUCJIEHUN
3HAYEHUS] UHTEPIOJISIITUOHHOTO MOJUHOMA.

Koadduiment miist nosimHOMa BEIYUCSIOTCS TTPY BbI30Be (YHKITNN findA ().
DyHKIMs He BO3BpAIlaeT Pe3yJIbTaT, a apryMeHTaMU el TlepeialoTCsI:

®  pMs MacCHBa, B KOTOPBIN 3aITMCHIBAIOTCS 3HaUeHUs KOI(DDUITMEHTOB UH-
TEPIOJSIIMOHHOTO TTOJIMHOMA;

® MacCCHUB CO 3HAYCHUAMU Y3JIOBBIX TOYCK;
® MAaCCUB CO 3HAYEHUIAMU HHTepHOﬂpreMOﬁ (byHKHI/II/I B Y3JIOBbIX TOUKaX;

® IICJIOYMCJCHHOE 3HAa4YCHUE, OIIPEAC/IAIONICe pasMep MaCCHUBOB.

B Tene (byHKuHI/I findA () ¢ WCHIOJb30BAaHUEM HUTEPAITMOHHOU TPOIIEAYPbI
BBIYUCIISIOTCS 3HAUEHUST KOG PUITMEHTOB /1T TIOJTUHOMA, ¥ 9TH BBIUNCJIEH-
Hble 3HAaUYEHUA 3AIIMCHIBAIOTCS B MACCUB, MIePeJaHHbIA TIEPBBIM apTyMEHTOM

bynxmmm.

ODyukius P () nperHa3HAvYeHa /s BBIUNCTEHUsT 3HAYeHUsT HHTEPIOJISIIIUOH-
HOTO MOJNHOMA B TOUKe. Touka (apTyMeHT IMOJNHOMA ), B KOTOPOH BBIYUCIIS-
eTCs 3HaUeHNUe, TIePeIaeTCsI BTOPBIM apryMeHToM GyHKINH P (). [lepBoiii ee
apryMeHT — MaccuB ¢ Koaddurnentamu. TpeTuit — MacCuB cO 3HAYEHUIMU
V3JIOBBIX TOUEK, & YeTBEPTHIN apryMeHT (hYHKIIUU P () 3a/aeT pa3Mephl MC-
MOJIb3yeMbIX MaccuBOB. [lepenaBath B GyHKITUIO P () MACCUB CO 3HAYCHUAMU
WHTEPIIOIUPYEMOii (DYHKIIMY B Y3JIOBBIX TOYKAX B JAHHOM CJIydae He HYKHO,
MIOCKOJIBKY COOTBETCTBYIOIINN MACCUB YiKe ObLT «y4TeH» TPU BBIYMCIEHUN
K09 UIMEHTOB 711 UHTEPIIOIATTMOHHOTO TIOJTMHOMA.
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BbluucneHue nHrerpana meronom CMMncoHa

Jlasiee paccMOTpPUM 33j1a4y O BBIYMCJIEHUU ONPEIEIEHHOTO WHTErpaia Bu/Ia
ﬁ’ f(x)dx. Cy1iecTByioT pasHbie CIIoco6bI ee pernens (B 4rcI0BoM Bue). Me-
toa CuMITCOHa — OJIMH U3 HanhoJIee MPOCTHIX METOIOB BBIYUCIIEHIST MHTETPa-
Ja. KpaTko ero cyTb COCTOUT B TOM, YTO MHTEPBAJ, HA KOTOPOM BBIYHUCIISIETCS
HHTErpaJl, pasduBaeTcsi Ha GOJIBIIOE U, YTO BasKHO, YETHOE, KOJMUYECTBO MH-
TepBaAJIOB paBHOI HBI. OO03HAYMM KOJMYECTBO HHTEPBAJIOB, HA KOTOPbIE
pasbuBaeTcss MHTEPBaAJ MHTErPUPOBAHUST, Kak 2m (TOTr/Ia JVIMHA OJJHOTO HHTEP-
Bajsia paBta i = (b — a)/2m). Y310Bble TOYKH ONPEAETSIOTCS KaK X, = a + kh,
rie unzgekc k=0, 1, 2, ..., 2m. IToHATHO, 4TO X, = @ U X,,, = b 110 OTIPEIETIEHHIO.
O603HauNM TaKsKe Kak f, = f(,) 3HaUeHUsT TIOIbIHTErPaIbHO hyHKINHU f(X)
B Y3JIOBBIX TOUKax. /lajiee HA KAJKIBIX JABYX CMEKHBIX MHTEPBAJIAX (TO €CTh 110
TPEM COCETHUM Y3JIOBBIM TOYKAM) CTPOSITCS WHTEPIIOJISIIMOHHbIE TTOJUHO-
MBI (BTOpPOIi cTrernienn). [IpenmytiiecTBO mogxoma B TOM, YTO BMECTO (DYyHKITNH
J(x) 1o MHTETPAIOM OKa3bIBAIOTCSI OTHOCUTEJIBHO MPOCThIE TIOJUHOMHUAIb-
HbIe BBIPAXKEHNUsT, KOTOPbIE MOKHO MTPOMHTETPUPOBATD B SIBHOM BH/E. B uTO-
re JUiA MHTErpasia moJyyaeM Takoe npubKerHoe Bhipakenue: | f(x)dx ~

h/3(fy + fon 4; erk +2" Z f2k) [[aHHyIO bopMmyy, 3amHCaHHYIO B BUIE
Ef(x)dx h/3(fo + fon 4f2m— 1) + (h/?’) Z (4 y— 1+ 2/,), MBI 1 HCTIONIb3YEM

B IIpOrpaMMe 13 JIMCTUHTa 9.6 JJIA BI)I‘-II/ICJIGHI/IH oIpeJe/JIeHHbIX MHTETrPaJioB.

Jiuctunr 9.6. BeluncneHne nHrerpanos metronom CumncoHa
#include <iostream>

#include <cstdlib>

#include <cmath>

using namespace std;

// OYHKUMSA OJIS BEUMCIIEHMS MHTETPAJIOB METOmOM CMMIICOHA:

double integrate(double (*f) (double),double a,double b, int
m=1000) {

// InyHa BHYTpEHHEIO MHTEpBaja:

double h=(b-a)/2/m;

// TlepeMeHHAs IJ9 3aANUCH MHTETPAIBbHON CYMMHL:
double s=0;

// BHUMCIIEHME MHTETPAJIbHOM CYMMHI:

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 (at(2*m-1) *h);
s*=h/3;
// PesynbTaT QYHKLMM:
return s;
}
// TomHHTerpanbHEE GYHKLMUM:
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);
}
// TnaBHasg GYHKUMS OPOTPAMMEL:
int main() {
// VI3MeHeHMe KOIOUPOBKM KOHCOJIA:
system("chcp 1251>nul");
cout<<"Breunucnenre uHTerpanos\n";
cout<<integrate (F1,0,1)<<" 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 KOHCOJIbHOTO OKHA:
system("pause>nul");
return 0;

}

Pesynbrat BBITTOTHEHUS TIPOTPAMMBI TAKOI:
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MaTtematunyeckue 3agayn

Pe3ynbTaT BbiNOSIHEHMS NPOrpamMmmbl (M3 nucTuHra 9.1)
BrlunciieHre MHTETPasoB

0.166667 vs. 0.166667

0.693147 vs. 0.693147

0.5 vs. 0.5

B niporpamme /17151 BBIUMCIEHUST MHTETPAJIOB OTicana (hyHKIMS integrate ().
[IepBpiM aprymenTOM eif mepesaeTcs ykasaTesab Ha (QYHKITUIO, OTIPeNessio-
TITYI0 TOJIBIHTET PATbHOE BBIpakeHue. /[ Ba cieiyomumx apryMeHTa O peesigioT
IpaHuIlbl 00JIacTH MHTErPUPOBaHus. YeTBepThIil He0OsA3aTEIbHbII apryMeHT
(y HEro ecTh 3HAUEHUE TI0 YMOJYAHUIO) OIIPEIEISIeT KOJNIECTBO MHTEPBAJIOB,
Ha KOTOpbIe pa3buBaeTcst 06J1acTh MHTErPUPOBaHUs (KOJMYECTBO TAaKUX WH-
TEpPBAJIOB B JiBa pasa GoJIbIIle 3HAYCHSI YeTBEPTOTO apryMEHTa).

B riaBHOI (GyHKIIMM IPOTPaMMbl BBIUKUCJISETCS TPU MHTErpaja; MHTErpaj
1Ex(i — x)dx = 1/6, unrerpan (n/2)£tg(nx/4)dx = In(2), a Takxe umHTE-
rpas Jf:exp(— x)cos(x)dx = 1/2. B nocsesnem ciaydyae uMeeM JIesio ¢ Hecob-
CTBEHHBIM MHTerpajoMm. Ha mpakTuke Mbl BEPXHIOI GECKOHEYHYIO MPaHM-
Iy 3aMeHsieM Ha 00JIbIIoe, HO KoHeuH