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OJ abiope

Credan P. JIsBuc (Stephen R. Davis) — aBTop MHOXeCTBa KHUT, BKJIIOYasl Takue OecTcen-
sepol, Kak C++ oaa “wadnuxos ", More C++ for Dummies n Windows 95 Programmingfor Dum-
mies. CredaH paboraer B koMmmaHuu Valtech, cnernuanusupyloieiicsi B 001acTu 0oO0ydyeHUst
nHdopmatuke ([amiac, Texac).

Buazogapnochiu

S cuuraro cTpaHHBIM TO, YTO Ha OOJIOXKKE JIIOOON KHWUTU, OCOOCHHO TaKoOil, KaK 9Ta, Ha-
MUCAaHO TOJBKO OJHO WMs. B NeiCTBUTENbHOCTM CBOM Tpyl B CO3daHUE KHUTU ...045
“yatinux o " BKIANbIBaCT TPOMaJHOE yucio momeid. JIns Havama s xoTen Obl MoGIaromnapuTth
cBoero mmaBHoro pemakropa Mospu Kopuoep (Mary Corder) um arenra Kiogmerr Myp
(Claudette Moore), HampaBIsIBIINX MeHS IMpu (QOPMUPOBAHMM MaTepuaia 3Toil KHUTH. Bo
BpeMsl pabOThI HajJl KHUTOW SI 3HAUUTEJBbHO TMOBBICUJI CBOI YPOBEHb KaK PElaKTOp U KOPPEK-
TOp, U B 3TOM MHE MOMOIJIM PeJaKTopbl nepBoro u Broporo uzgaHuii Celo3eH [TuHk (Susan
Pink) u tperbero mzmanuss Keqmnu FOunr (Kelly Ewing) u Kommun Bunname (Colleen Wil-
liams). Kpowme Toro, s1 6marogapeH texHuuyeckuMm pemakropam I'pery I'anmiun (Greg Guntle),
lapper IIu3 (Garrett Pease) u Ixedpdy Bankcrony (Jeff Bankston) (mepBoe, Bropoe
U TPeTbe M3JaHUSI COOTBETCTBEHHO) 0€3 MX y4yacTusl 3Ta KHMTa Oblla Obl HaMHOTO XYXe€.
M ecin Obl He MOMOIIb KOOpAMHATOpa IepBOro M BToporo usgaHuii Cbhro3aHHbl Tomac
(Suzanne Thomas), 3Ta KHUTa BooOIIe He Obula Obl HareyataHa. OmHAKO, HECMOTpPS HM Ha
4TO, Ha OOJIOXKKE IMPEACTABIEHO TOJIBKO OJHO MMSI, a 3HAaYMUT, OTBETCTBEHHOCTb 3a BCE HE-
TOYHOCTH B TEKCTE JOJDKEH HECTH MMEHHO ero obianatesb.

Xouy Takke moOJarogapuTh CBOKO XeHy JlxkeHHu u cbiHa KuHcu 3a ux TeprneHue
U TIPEAaHHOCTb.

WM HakoHell, HOBOCTU O TOCJEIHMX COOBITMSIX U3 MHUpPA XUBOTHBIX B MoeM jgome. s
TeX, KTO HE YWTaJl HU OAHON M3 MOMX KHWTI, OOBSCHSI0, YTO Takas CBOJKA BCTpPEYaeTcs
B HUX DPETYJISIPHO.

Mou nBe cobaku, Ckyrep u Tpyau, 4yBCTBYIOT ceOsi HOpMaJibHO, XOTs1 Tpyau moutu oc-
nen. Hamwm nBa Kponuka, buBac u barxen, oTnpaBuwinch Ha OGOJBIIYIO 3€JIEHYI0 HEOECHYIO
JIyKaiiKy Toc/ie MOUTHU TMOJMYTOPATETHEro MpoXUBaHUsSI Ha ra30He Mepea HalluM AOMOM. Mbl
3aBeM ABYX Kolek, boba m Mapiu, korma rucanach Kuura More C++ for Dummies, Mapnu
yMepia OT Kolllaubeii Jielikemuu, a bob nmpomomkaer XuTh U pamoBaTh Hac.

Ecnu BBl xO0TWTE MOOOLIATHCS CO MHOW IO MOBOMY MporpammupoBaHusi Ha C++, momy-
cJIeTnbIX co0aK WM OpomsiuMX KPOJIWMKOB, MUIIUTE MHE Mo anapecy: srdavis@ACM.org.



BeeneHue

OJ snzoi KHuze

Jlo6po moxanoBarh B YeTsepToe usganue kuurn C++ das "wainuxos ". B Heit BbI Haiine-
Te BCIO HeoOXxomumyio st u3ydeHusi C++ uHdopMalunio, ONMUCAaHHYIO JHOCTYITHBIM SI3bIKOM
Y HE OTATOIIEHHYIO M3JIUIIHUMU MOAPOOHOCTIMU.

O uem smia KHUCa

Kuura. koTopast y Bac B pykaX, — 3TO BBeJIeHUE B sI3bIK IporpaMmmupoBaHust C++.

OHa HauMHaeTCcsl C a30B: OT 4YMUTaTelsl He TpeOyeTcss KakKuxX-1ubo 3HaHUI B 00JacTu
MporpaMMUpOBaHusI (M B 3TOM OCHOBHOE OTJIMYME OT MpEIbIAYIIero W3JaHMsI, KOTOpOe
Ipeanoaraetr 3HaHue s13pika C).

B ornuume or ApyrMx KHUT 1O TporpamMmupoBaHuio Ha C++, B 3TOll KHUTE BOIPOC
"MmoyeMy"” cuuTaeTCs He MeHee BaXXHbIM, yeM Bompoc "kKak". W moromy mepea M3jI0XKeHUEM
KOHKPETHBIX 0coOeHHOCTel s3bika C++ s crapajicsi OObSICHUTh MWTATE 110, KAK OHU ACMCT-
BYIOT B IieJioM. Bemb Kaxmasi CTpYKTypHash OCOOEHHOCTb SI3blKa — 3TO OTACIBHBIA INTPUX
€IUHON KapTUHBI.

Ecim BBl He MOHMMAaeTe, 3a4eM HyXKHbI T€ WIM WHbIe OCOOEHHOCTH sI3bIKa, IMOCTapalTech Mo-
HATb, KaK OHM pabotaioT. [IpounTtaB KHHIY, Bbl cMoxkeTe Hamucath Ha C++ Bpa3yMUTENIbHYIO
TporpamMMy ¥, 4TO He MEHee BakKHO, OyneTe MOHMUMaTh, MOYeMy M Kak OHa paboTaer.

Dra KHUTa He o00y4aeT mnporpammupoBaHuio mist Windows. HayuuTecsi aToMy MOXHO
B 1Ba oTana. CHauyajna HeoOxogumo ycBouTh C++, a 3areM mpuoOpectu kHury Windows 95
Programming for Dummies.

P od -
E&Hu? maKoe c+ +

C++ mpexncraBisieT coboii 0ObEKTHO-OPUEHTUPOBAHHBIM HU3KOYPOBHEBBIN SI3BIK IpOrpam-
MUpPOBaHMsI, OTBevarommii ctaHmaptaM ANSI m  MexXmyHaponHoil opraHu3allii CTaHIapTOB
(International Standards Organization — [SO). O6sexmnas opuenmuposanHocms C++ 0O3Hadaer,
YTO OH TIOMICPXKMBACT CTWIb TMPOrPaMMMPOBAHUS, VYITPOINAOIIMIA KOIMPOBAHWE KpPyITHOMAc-
IITaOHBIX TMPOrpaMM U OOECTIEUMBAIOIIMII MX PaCIIUPSIeMOCTb. DBymydn HU3KOYpOBHEBBIM SI3bI-
kKoM, C++ MoXeT reHepupoBaTh BecbMa 3(h(HEKTUBHBIE BLICOKOCKOPOCTHBIE TporpaMMbl. Cep-

tudukamusa ANSI u ISO obecrieunna nepeHocumocTb C++: HalMcaHHBIE Ha HEM IPOrPaMMBI
COBMECTMMBI C OOJIBIIIMHCTBOM COBPEMEHHBIX cpcil MPOrPaMMUPOBaHUSI.

VYxe B caMOM Ha3BaHUU CONEPKUTCS HaMeK Ha To, yto C++ sBisercs cieayrolluuM Mo-
KOJIEHWeM si3blka mporpaMMmupoBaHus C — pesynbraToM H00aBfieHMSI HOBBIX BEsSIHUI akKa-
JEeMUYECKON KOMITbIOTEpHOI MBICIU K cTapomy moopomy C. Ha C++ MoxXHO genarh Bce TO
xe, uto 1 Ha C, u Jaxe TakuMm xe obpaszoMm. Ho aro Heuto Gosbiiee, yem mnpocto C, Haps-
>KEHHBbII B HOBble onexnbl. JlonongHurtenbHble Bo3MoxHocTM C++ BecbMa 3HAUUTEbHbI
U TPeOYIOT HE TOJbKO HEKOTOPHIX Pa3MBIILIEHUNA, TI0O M TPUBBIYKYU, OJHAKO DE3yJbTaT TOTO
3aCITY>KUBaeT.

Hns onbiTHoro mporpammucta Ha C sa3blk C++ MOXeT ToKas3aTbCcsl OXHOBPEMEHHO
Y 3axBaThIBAlOIIMM W paccTpauBaoliuM. [lpencraBbre cebe HeMlla, YUTAIOLIETO MO-JATCKU.
OT10 oueHb moxoxue cutryauuu. [Iporpammuct, ucnoibsyoimuii C, CMOXeT MOHSTb CMBICI
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nporpaMmM Ha C++, HO M3-3a 3HAYUTEIBHBIX OTIIMYMIA MEXIY SI3bIKAMU €ro TPAKTOBKA HE
Bcerma OyleT aaeKBaTHOM. DTa KHura nomoxker Bam Iepeiith or C Kk C++ HacTOJIbKO Msr-
KO, HACKOJIbKO 3TO BO3MOXHO. OpHakKo HamoMHUM, 4ro g uurareiaeii C++ das
“ygiirukxoe " onbIT IporpamMMmupoBanus Ha C BoBce He 00sA3aTesIeH.

C02/laW€HLlﬂ, UCno.1bsyemsle € KHuee

OmnucbiBacMble COOOILLIEHUST WK Jitobasi Apyras MH(popmMauusi, orodOpaxkaemMasi Ha 3KpaHe,
OyIeT BbI IJISIIETh TaK:

Hi mom!

ITporpaMMHBIi Kom OyAeT MpeacTaBlieH TaKUM Xe 00pa3oM:

// TIporpaMMma
void me inf{)

Ecnu BB perinte HaGupaTh NMPOrpaMMy BPYYHYIO, CJIEIUTE 3a TEM, YTOObI €¢ TEKCT IMOJ-
HOCTbIO COOTBETCTBOBAJl HalleyaTaHHOMY B KHUTIE, 32 MCKJIIOUEHUEM KOJMYecTBa IMpoOesIoB,
KOTOPOE MOXET OBbITh MPOU3BOJILHBIM.

Bcsiueckrie KOMIBIOTEpHBIE COOOLICHHS, TaKue KaK KOMaHAbl M MMeHa (DYHKILUI, OyayT
BbIIJIsiIETh BOT Tak. [locne uMmeH (yHKUMI Bcerma ClemyloT OTKpPbIBAaMOIIAash W 3aKpbl-
Batolasi ckooku, Hanmpumep myFavorite Function () .

WMHorna it BBIMTOTHEHUSI HEKOTOPBIX NEHCTBUII B KHUTE PEKOMEHIYETCS] MCIOJIb30BaTh
crieliMajibHble KOMaH/bl KJaBUaTypbl. Hampumep, Korga B TEKCTE COACPXKUTCS WHCTPYKIIUS:
Haxatb <Ctrl+C>, BaM cnenmyer, ynepxxuBasi Haxkaroi kinauiny <Ctrl>, HaxaTh KJIaBMILY
<C>. BBomutb 3HaK "TLIOC" TIPU 3TOM HE HYXXHO.

Bpewmst ot BpemeHu OymyT MCIOJIb30BAaThCS KOMaHAbl MeHIO, Hanpumep File=Open.

B ar1o0i1 cTpoke miust oTKpeiTvsi MeHIO File M BbIOOpa HY>KHOI KOMaHIbI M3 HETO Ipemia-
raeTcsl UCIOJIb30BaTh KJIABUATYPY WJIM MBIIIIb.

Yo wonHo He wuniand

C++ sBaseTCSl CAUMIIKOM GONBIIMM KYyCKOM, YTOOBI MPOTJIOTUTH €ro cpa3y. Bbl cTONK-
HETeCh U C JIETKUMU, U C JOCTATOYHO CJIIOXHBIMU MOMeHTamu. UToObl ybepeub Bac OT Iie-
peHachlllleHUsT UHbOopMalueid, He akTyalbHOW JUIsi BaC B TEKYLIMl MOMEHT, HEKOTOpbIC
TeXHUYECKHE TOAPOOHOCTU OyayT OTMEYEHBI CIelMallbHBIMM MUKTOrpaMMaMu (CM. pas-
nen "Mcmosib30BaHHBIE B 9TOIl KHUTEC MUKTOTPaMMBI'").

Hekoropble cBemeHus oOIIEro xapakrepa OyayT ITOMEIIATbCS B BbIOEJICHHBIX Bpe3Kax.
IMouyBcTBOBaB, 4T0 MH(pOPMALMS BOCIPUHMMAETCS C TPYIAOM, CMEJIO TPOMYyCKAWTe 3TOT
pasmesl BO BpeMsl TIEPBOTO YTeHUsST (HO IMOMHHUTE, YTO IO BO3MOXKHOCTH €ro HYXHO OyaeT
MPOYUTATh, MOCKOJIbKY B KOHEUHOM CuUeTe He3HaHUE KaKMX-TO MOMEHTOB HEM30EXHO cKa-
JKETCSl Ha BalllUX MporpamMmax).

Henenvienpegnosomenns

Yr1o6bl OCBOUTH Marepuanl KHUru C++ Odag “waiinukoé”, COBEPLIEHHO HE 00s3aTeIbLHO
MMETh KaKOW-TO OITBIT B MpOrpaMMUpoBaHuK. KOHEYHO, ecii OH eCTh, 3TO TOJBKO ILTIOC,
HO €ro OTCYTCTBHE HE HOJIKHO BaC TPEBOXUTb.
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B mpenpinymieM M3maHWM 3TOM KHUTHM TIPEATIONArajoch, YTO BBl yXKe HEMHOTO 3HAKOMBI
¢ s3eikoM C. Upes Obuta B ToM, uro m3ydamomuii C++ momkeH ObT OCHOBBIBATBCS Ha YXKe
nMeronmxcs 3HaHusIx A3bika C. OmHaKo TaKoW METOMOJIOTMYECKUI TTOIXOM OKa3ajcs OII-
6ouynbiM. [lpexne Bcero, MHorne MpWHIUIBI C++ B KOpHE OTIMYAIOTCS OT OCHOBOITOJIA-
raformx nmpuHOUIoB C, HECMOTps Ha OOMaHUYMBYIO CXOXeCTb WX CHHTakcuca. K Tomy ke
cpemn m3ydaomux C++ OOJBIIMHCTBO COCTABISAIOT BCe-TaKM He TporpaMMucTtel Ha C,
a HOBUYKHU B ITPOTpaMMUPOBAHMH.

YerBeproe uznanue C++ das "waiinukos "HaYMHAETCS C OCHOBHBIX MOHSATHIA, UCTIONB3yeMbIX
B MPOTrpaMMUPOBaHUU. 3aTeM KHMIA BEIET YuTaTessl OT MPOrpaMM U3 MPOCThIX CUHTAKCUYECKUX
KOHCTPYKIIMI 70 KOHLEMUNNA O00beKTHO-OpUEHTUPOBAHHOTO TporpaMMupoBaHusi. Yuraresio,
OCWJIMBIIIEMY €€ BCIO, HE COCTaBUT OOJIBIIOTO TPpyla B HYXXHBIH MOMEHT MPOMU3BECTU BIIEUaT/ICc-
HME Ha JIpy3edl Win OJIeCHYTh CBOEi OCBENOMJICHHOCTBIO HA BEYEPUHKAX.

Kax opzanusobana smaknuza

Kaxnass HoBast CTpYKTypHash BO3MOXHOCTb SI3bIKa OyIeT oxapakTepu3oBaHa CJeoylo-
MM 00pa3oMm:

£ ¥ 4rO mpexcTaBseT COOOI ITa BO3MOXHOCTB;
{¥ 3aueM OHa BKJIIOYEHA B A3bIK;

| v kak oHa paGoraer.

S

Paznenbl KHUTM 11eApo cHaOXeHbl HeOOJbIIUMU (parMeHTaMM MPOrpaMMHOTrO KOJa.
Kaxnpiii ¥3 HUX WUIIOCTPUPYET MpelcTaBIeHHble OCOOEHHOCTU WJIM OCHOBHBbIE MOMEHTHI
HEKOTOPBIX MOMX pa3paboToK. OTu hparMeHTBI He BCerma 3aKOHYEHbl U B OCHOBHOM He
MPENCTaBASIOT CO00M HUYETO CYIIeCTBEHHOTO.

Ilpumeuanue. HeobxommMocTh coOmonath (opMaT KHUTM TpeboBajia IMepeHoca OYeHb
JUIMHHBIX CTPOK Koma. B KOHIIE TaKuX CTPOK IOSIBJIIETCS CTpesika, KOTopash HallOMWHAaeT
0 TOM, YTO CIIeAyeT TMPOAOJIKATh BBOM, HE TOPOTSICh HAXXMMaTh KiaBuiny <Enter>. S odeHb
CTapajicsl CBECTH 3TU JJWHHBIC CTPOKU KOIa K MUHUMYMY.

BB KoHue xamgok wachu. ..

B nomonHeHue B KoHIEe uyacteil 2, 3 W 4 TPUBOISTCS TEKCThl CEPUU MPOrpaMm
BUDGET. D11 nporpaMMbl JOCTaTOYHO OOBEMHbBI, YTOOBI MO3BOJUThH BaM IMOJYYUTh KaKoe-
TO TIpECTaBJIEeHNWE O peasibHBIX MPOrpaMMax.

K ToMy Xe oueHb BakHO MOHUMATh, KaK pa3Hble CTPYKTypHble €IWHUILBI s3bika C++
COCYIIECTBYIOT B TOTOBOIi MporpamMme. [TosToMy, XOTs 3a00T Yy MeHSI M TaK ObUIO MpeaocTa-
TOYHO, S 3aHsJICsl pa3paboTKoil mpuMepoB oOyyarommx nporpamMM. HaBepHoe, oT HemocTat-
Ka (aHTa3uu MHe MPUIILIOCH TOTPATUTh MHOTO BPEMEHU Ha MPUIYMbIBAHUE MPOTPAMMHBIX
CIOKETOB. XOTEJIOCh Obl, YTOOBI MPEACTABIEHHbIE B HUX OCOOEHHOCTH SI3bIKa OBLIM OYEBM/I-
Hbl YUTATEIO.

B KoHIle KOHIIOB B KauyecTBe IIpMMepa OBbIJIO pEIIeHO WCIOJNb30BaTh IPOTPAMMY
BUDGET. Ona poxmaercst Kak IIpocTasi, IIPOLEAYPHO OpHEHTHpOBaHHas Iporpamma. Ilo-
CTETICHHO obpacTasl CTPYKTYPHBIMM OCOOCHHOCTSIMHM, OTIMCAHHBIMU B KaXXIOW HOBOH YacTH,
K KoHuy kuuru nporpamma BUDGET mnpencraner mepen BaMu BO Bceil Kpace CBOETO O0b-
€KTHO-OPUEHTUPOBAHHOTO COMepKUMOTO. BO3MOXHO, paboTa ¢ 3TOi MpPOrpaMMOI TTOKa-
JKETCs BaM CTpaIlTHOM TpaToii BpeMeHU. Ecim 3To Tak, BbI MOXeTe IPOITyCTUTH TepBHIC Ba-
pUAHTHI TIPOTPaMMBI (XOTSI, TI0O MHEHUIO HAIlleTo pedakTopa, 3aMbICeT JTOBOJIBHO YIaYHBII).
Tem He MeHee s Hameroch, 4To, pa3obpaB mporpammy BUDGET, BH mocTurHeTre TaiiHy
COTJTacOBaHHOM paboTHl BO3MOXHOCTe C++.
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Yacws /. Tlepboesnanomcnibo ¢ C+ +

OTa yacTh SBJISIETCS OTIPAaBHON TOYKOM Halero myrtemectsust B Mup C++. Bbl HauHeTe
€ro C HeJIETKOTO MCIIBITAHUSI — HaIllMCaHUs CBOEW MEepPBON KOMIIBIOTEPHOM MpOrpaMMbl. 3a-
TEM TICPEi12Te K U3YYEHUIO CUHTAKCHUCa SI3bIKa.

Yacims 2.Ckanobuucs  npothausuchiass

B 3T0if yacT HOBONPUOOPCTEHHBIE 3HAHUS OCHOBHBIX KoMaHn C++ IMOMOJHSATCS CIO-
COOHOCTBIO OOBEIUHATL (hparMeHThI MPOrPaMMHOTO KOla B MOIYJIM W TTOBTOPHO HCITOJIB30-
BaTh MX B IpOTrpaMMax.

3nech Takke IIpeAcTaBieHa BHYIAIOIIasi Haubojiee OJaroroBeliHbIN CTpax Tema: yKas3aTelu B
C++. Ecimu BaM 3TO HU O YeM He TOBOPUT, HE BOJHYHTECh — CKOPO BbI 000 BCEM y3HaeTe.

Yacws 3. " Kuaccunecroe
npozhausnpobarue

B 3Toit yacT meno 3amyThIBacTCsl BCe OOMbIe M GOJIbINE: HAaYMHAETCS OOCYXIeHHe 00b-
€KTHO-OPUEHTUPOBAHHOTO  TporpaMMmupoBaHus. [lo  mpaBme  TOBOps,  OGBEKTHO-
OPHMEHTUPOBAHHBIN TOAXOA K MOCTPOCHUIO MPOrpaMM M eCTh IJlaBHas MPUYMHA BO3HUKHO-
BEHMS] W aKTHBHOro wucnonb3oBanusi C++. Benp oTKazaBHIMCh OT  OOGBEKTHO-
OPHMEHTHPOBAHHBIX 0cobeHHOCTel C++, MBI MPOCTO BO3BPATUMCS K €r0 MpPeAIleCTBEHHU-
Ky — sI3bIKy TporpammupoBaHusi C. B aToMm pasnene oOCyXmaroTcsl Takue TOHSTHS, Kak
KJIACChI, KOHCTPYKTOPBI, NECTPYKTOPbI, U TIPOYME HEe MeHee CTpallHble TepMUHBI. He BoI-
HyWTech, €CJIM TIOKa YTO BBl HE COBCEM TMOHMMAeETe, O YeM WUJIET pedb.

Yacms Y. Haciegobanue

Bo3MOXHOCTL  HaciemoBaHMS — 3TO KakK pa3 TO DJIABHOE CBOWCTBO  OOBEKTHO-
OPMEHTHPOBAHHOTO TPOTPaAMMHUPOBAHUS, KOTOPOEe OOECHeYMIO €My M3BECTHOCTb M PACIpOCTpa-
HeHHOCTh. OOCYXIeHHEe 3TOM OIHOM M3 Hambojiee BaKHBIX KOHIICTILIMIA, TMOHMMaHWE KOTOPOIi
CIY>KHT KITFOYOM K 3(hdHEeKTUBHOMY MporpaMMupoBaHnio Ha C++, U SIBIISIETCS] TEMOM YeTBepTOi
qacti. Terepb MOpOTM Ha3al HET: 3aKOHYMB OCBOCHME 3TOTO MaTepuajia, Bbl CMOXeTe Ha3BaTh
ce0sT HACTOSIIIIMM OOBbEeKTHO-OPMEHTUPOBAHHBIM TTIPOGhaMMUCTOM.

Yacwio 5 Tloaesnste ocodennochin '

K MoMmeHTy 3HaKOMCTBa C 3TOil 4acTblO BbI YK€ OyleTe 3HaTh Bce HeoOxomumoe s dddex-
TUBHOTO TIporpamMmupoBaHusi Ha C++. 37ech Xe 3aTparuBaloTCsl HEKOTOPBIE OCTaBIIMECsS] I0-
MOJTHUTETIbHbIE BOMPOCHl. EciM BBl UyBCTBYeTe, UTO TOJIOBAa BCE €llle KPYXUTCS OT W30bITKa
C TPYIOM BOCIIpMHUMAaeMoli MHGbOpMAaIIMK, MOXeTe MoKa YAepKaThCsl OT YTEHUsT STOM YacTH.

Yaciwo 6 .Bewurorennasqecamna

Pa3Be kHura mist "JalHUKOB" MOXKET CUMTAThCsA 3aKOHYEHHOU OGe3 TaKoil IMOJIe3HOI Ha-
MyTCTBYIONIel JacTu? B ee eIMHCTBEHHON IJIaBe BBl Y3HaeTe HAWIyYIlMEe CITIOCOOBI M30eXaTh
OIIMOOK B TIpOrpaMMax.
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UCNOAb30BAHHDBIE €30t KHUZE
hukmozhausbst

TexHuveckue MOAPOOHOCTU, KOTOPbIE MOXHO IPOIYCTUTh TPU TEPBOM UTe—
HHH.

CoBeTbl, KOTOpbIE TTIOMOTYT COXPAaHUTh MHOTO BPEMEHM U yCUJIUH.

“oll.ﬂ".l'

3aroMHUTE — 3TO BaXKHO.

Toxe BaxxHOe HallOMMHaHHUE. DTO YKa3aHUE€ O TOM, YTO 34ECHh JICTKO HOITYCTUTH
OOHY U3 TPYAHOHAXOIHMbIX omMOOK M JaXe He J0ramaThCsl O HEM.

Uio gassme

OOy4MTBhCS A3BIKY MPOTPAaMMUPOBAHMS -— 3amavya OTHIOOb He TpuUBHasibHas. S mormbiTa-
I0Ch CZIeNaTh 3TO HACTOJbKO MSITKO, HAaCKOJbKO BO3MOXHO, HO Bbl JOJDKHBI OyleTe MOgHa-
TYKUTBCSI M1 OCBOUTH HEKOTODBIE 3JIEMEHTHI CEPhe3HOTO MporpaMMuUpoBaHus. Tak 4yto pas3o-
MHUTE TMajblbl, MPUTOTOBbTE IS KHUXXKW TOYETHOE MECTO DPSIOM C KIABUATYpoOd U —
npucTynum!

18 BeBenenue
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HanucaHue Bawen nepson nporpaMmbl

B sioi  wabe. ..

v INocruras konuenuuu C++
Yto Takoe mporpamma

Kax muimyT mporpamMmbl
Co3paHue MEpBO MPOTrpaMMBbl
BeinosiHeHME TpOrpaMMbl
Pazbop mporpamm
BhluniciieHre BhIpaXKeHUI
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TAK, Mbl Ha ctapre. HUKOro BOKpYr HET — TOJIbKO BbI, I U KHMra. CocperoToub-
TeCh U IOCTApATECh OBIANETh HEKOTOPHIMU (DYHIAMEHTATbHBIMUA MOHSTUSIMH.

KoMmpioTep — 3TO MOpa3uTeIbHO ObICTpasi, HO HEBEPOSTHO miymas MaiurHa. OH MOXeT
BBIIIOJIHUTEL TO M TOJILKO TO, YTO MPUKAXEIIb (MpuueM ¢ yMOM!), — HM OOJblle, HA MEHBIIIE.

K HaireMmy r1y0OKOMY COXKaJIEHMIO, KOMIIBIOTEp HE ITOHMMAeT MPHUBBIYHOTO YEIOBEKY
a3bIKa — HM aHIJIMHACKOIOo, HM PYCCKOro, HU KaKOro-jubo Apyroro. 3Haw, Bbl XOTUTE BO3-
pasuTh. "S BHIEN KOMIIBIOTEPHI, ITOHMMAIOIIME aHTIMICKUI". B IeiCTBUTENIBHOCTH SI3BIK
MMOHMMaJIa BBIMOJHIEMasl KOMIIBIOTEPOM CIIELMaJIbHO pa3paboTaHHass mporpamma. (D10
00BsICHEHHE He COBCeM KOppekTHO. Ho, ¢ Jpyroii CTOpOHBI, €C/iM S 3aXOuy paccKas3aTh CBO-
€My MaJIeHbKOMY ChIHY YTO-TO CJMIIKOM [JIsi HETO CJIOXHOE, TO ITOCTApaloCh OOBSICHUTH 3TO
JMOCTYITHBIMM [IJISI HETO CJIOBaMU U TTOHSITUSIMU. )

KoMrboTepsl MOHMMAIOT SI3bIK, KOTOPBIA HA3bIBAIOT MAIIMHHBIM WIA S3BIKOM IIPO-
rpaMMmupoBaHus. YeaoBeKy KpailHe CIIOXHO pa3roBapuBaTh MAallIMHHBIM SI3bIKOM. IlosTomy
B KauecTBe ITOCPEIHMKA MEXIy KOMIIBIOTEPAMHM U JIIOABMU PELIMIM HCIIONb30BaTh TaKUeE
SI3BIKM 6bICOK020 YposHu, Kak C++. OHu GoJjice MM MEHEe MOHSTHBI JIOASIM M KOHBEPTUDPY-
JOTCSI B MAIIMHHBIA S3bIK, BOCIPUHUMAEMBI KOMIIBLIOTEPAMMU.

Jlocwuzas konuenyuuC++

B Hauale ceMMOECSATHIX KOHCOPLMYM OYEeHb YMHBIX JIIOAEH pa3pabaTbiBaJl KOMIIBIOTEP-
Hytlo cucteMy Multix. Ee mnpenHasHauyeHuMeM OBLIO oOecledeHHe HEIOPOTroro BCEOOIIEro
IOCTyIa K rpadM4ecKuM, TEKCTOBBIM M APYrUM (aiijlaM, K DJIEKTPOHHOM IMOYTE, DPOTUKE
(ytamHO, 3TO g yXe mepebopinn). KoHedHo, 3To ObUla COBEPIICHHO TIIyIas Uaes, W B IEJIOM
MPOEKT IPOBAJIMJICS.

HeGonpiras rpymmma wHxcHepoB, paboTaonmx B abopaTopusx bemna, pemmia mCIoib-
30BaTh dparMeHTEl Multix B HeOOJbILIONW OIEepallMOHHONW CUCTeME, KOTOPYH OKPECTUIU
Unix (Un-ix, Mult-ix — coBoM, Bce MOHSTHO?).

DTU WHXEHephl He MMEIU OJHOI OOJIbIION MOIIHOM MAIIWHBI, a JUIIb HECKOJIbKO
MaJIOMOIIIHBIX MAIlMH pa3HbIX mpou3BoauTeaeil. [locKoabpKy Bce OHM OBUIM pa3HBIE,
KaXOylo IIporpaMMy TpebOoBajioch IlepepabaTbiBaTh IIOA KaXAylo MamuHy. YToOb
n3bexaTb ITUX My4YeHU#, ObUI pa3paboTaH HEOONbIION, HO MOIIHBIM SI3BIK, KOTOPBIA
HazBayu C.
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A3k C oKazayics AEMCTBUTEIHLHO MOIIHBIM M O4YeHb CKOPO 3aBOEBaJl TMepeloBble MO3M-
LIMA CpeaAu CPEICTB pa3pabOTKU MporpamMMHoOro obecneyeHusi. OOHAKO CO BpeMEHEM
B MIPOTrpaMMUPOBAHUM TIOSIBWJIMCh HOBBIE TEXHOJIOTMU (HAMpUMeEp, JOCTOMHOE CamMoro
OOJIBILIOTO0 BHUMAaHUSI OOBEKTHO-OPUEHTUPOBAHHOE IPOrpaMMUpPOBAHUE), KOTOpbIE TMOCTe-
neHHo BbITecHsUM s13bIK C. He xemast ocraThcsi 3a G0OpTOM, MHXEHEPHOE COOOILECTBO YCO-
BepuieHCTBOBaJIO C, JOMOJHUB €r0 HOBBIMU BO3MOXHOCTSIMM UM TOJYYUB B pe3yjbTaTe HO-
BBII SI3BIK IporpaMMmupoBanHust — C++.

Azpik C++ BkIIIOYAET:

CJIOBapb MOHATHBIX Uil JIIOAEH KOMaHHA, KOTOpble KOHBEPTUPYIOTCSI B Ma-
IIWHHBIA S3BIK;

CTPYKTYpY s3blKa (WIM JpaMmamuxy), KOTopasi TO3BOJSIET TMOJIb30BaTESIM
COCTaBJISITb M3 KOMaH[ paboTalolye MporpaMMabl.

Hpumeuaﬁue. CJ'[OBapb MN3BECTEH TaKXE€ KaK CEMaHTHKa, a rpaMmMaTukKa — KaK CHUH-
TaKCUC sd3bIKa.

Uio manoe npozhauna

IMporpamma — 3TO TeKCTOBBIN (aiin, comepX aluii TMOCJIeI0BaTeIbHOCTh KOMaH/, CBSI-
3aHHBIX MEXAy co0oi Mo 3akoHaM TpamMaTtuku C++. DToT (aill Ha3bIBAIOT MCXOMHBIM
TEKCTOM (BO3MOXHO, TOTOMY, YTO OH SIBJISIETCS HAyaJloM BceX Hammx crpamanuit). Mcxon-
Hblii aiin B C++ umeer pacmmpenue . CPP, Tak ke kak daiinbl Microsoft Word okaHum-
BalOTCSl Ha . DOC wiM KoMmaHaHble daitnel MS DOS umelor okoHuanue .BAT. PaciimpeHue
.CPP BCEro JIMIIb COMJAlllEHWEe, HO B MUpE TEPCOHAIbHBIX KOMITbIOTEPOB OHO, IO CYTH,
CTaJI0 3aKOHOM.

3amaya MporpaMMUPOBAaHUSI — 3TO HAIMCAHWE TaKOil MOC/IEI0BATEIbHOCTH KOMaHI, TMOCTe
NpeoOpa3oBaHusl KOTOPOH B MAIIMHHBINA SI3bIK MOXHO TMOMYYUTh MPOrpaMMy, BbITIOJTHSIIOIIYIO
Hamy kenaHusl. Takue MallMHHO-UCTIOMHUMBIE TIPOTPaMMbl MMEIOT pacliupeHue . EXEIL.
INpouecc npespanieHus nporpammbl C++ B UCMIOJTHUMYIO Ha3bIBAETCS KOMITWIISILIUEIH.

IToka Bce BBIIVISIIUT JOCTATOYHO JIETKO, HE TaK mm? Ho 3To JIuIlh [BETOYKM. HpOZ[OJ'[}KI/IM...

Kak nuwyic nposhauns:

[ HamycaHUs TPOTpaMMBl BaM HYKHBI JIBe BEIIW; PEIAaKTOp IUISI CO3MaHMUSI MCXOIHOTO
.CPP-dhaiina U mporpamma, KoTopasi TNpeoOpa3yeT WUCXOJHBbI TEKCT B MOHSITHBIA MalllHe
KoI .EXE-thalina, BBINOJHSIONIETO Ballli KOMaHIbI. MHCTpYMEHT, OCYIIECTBIISIIONIMIA TaKoe
npeBpalleHue, Ha3bIBAETCSI KOMIUISTOPOM.

CoBpeMeHHBIE MHCTPYMEHTBI pa3pabOTKM MpPOrpaMM OOBIYHO COBMEIIAIOT B ceOe M KOM-
mwisiTop U penaktop. [locne BBoma TekcTa MporpaMmbl IJIs CO3AaHUST BBIMTOJHUMOrO daitna
HYXHO TOJIbKO IIIEJIKHYTh Ha KHOTIKE.

OpgHa w3 momnyasgpHeilnux cpen paspadbotku — Visual C++ ¢dupmbel Microsoft. B Heit
MOXHO CKOMIMJIHMPOBAaTh M BHIIIOJHUTH BCE IPOTPaMMBI, MPEICTaBICHHBIC B 3TON KHUTE;
OIHAaKO He BCE M3 Bac SIBJSIOTCS BJaAefbllaMU 3TOTO TMPOTPAMMHOrO MPOAYKTa WM3-3a €ro
TIIOBOJIBHO BBICOKOI CTOMMOCTH IaXe y YJIMYHBIX TOPTOBIEB (KCTaTW, MHOTHE B 3TO He IIO-
BEpsIT, HO JaJieKo He Bce MporpaMMucThl paboTtaroT B Windows — ecTb W Apyrue ornepaiu-
OHHBIe cucTeMbl). K cdYacTblo, CyIIECTBYIOT M OOIIEIOCTYITHBIE Cpembl pa3pabOTKH IIpo-
rpamMm C++, Haubosee momysspHasi u3 Koropeix GNU C++.

Kak npasuno, no, 600bwe eoeopsi, amo evinoaHsemcs He eceeda. — Ilpum. pen.
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Bce ¢cBOGOIHO pacpoCcTpaHsIIOIIKECST IpOrpaMMbl MOXHO HaiiTh B Internet. HexoTtopble u3
3TUX TMPOrpaMM He COBCeM OeCILIaTHbl — IS MX IOJIyYeHUs Bbl BCE-TAKU OOJDKHBI Oymere
BHECTU HeOOJIbLIyI0 cyMMy. 3a ucnoyib3oBaHrue GNU C++ Bbl He HOKHBI HUYETO IIaTUTh.

GNU xapakrepusyercss myrounsiM ompeneneHueM "GNU — ato He Unix"
(GNU is Not Unix). Dra mryrka Bo3BpaillaeT Hac K paHHeMy rnepuoay C++, ko-
IIa TMpU3HaBalIach TOJBKO 3Ta ornepauuoHHas cucrema. Ha camom gene GNU
MpeACTaBIsIET CO0OI CEepUi0 MHCTPYMEHTOB, pa3pabOTaHHBIX MPEICTABUTEIISIMU
®onpa cBoboaHoro mporpammHoro obecrieueHust (Free Software Foundation).

GNU C++ BoBce He IO HE3IOPOBOTO BOOOPAXKEHMSI TPYINbI pa3pabOTYMKOB, a MOJ-
HOGYHKIIMOHAabHAsI cpena Uid pa3padboTku mporpamm Ha C++. Ona momaepxkuBaeT Bce
CTPYKTYpHBbIe 0CcOOeHHOCTH si3bika C++ M MOXeT 00ecneuyuTh BBIMOJHEHUE JHObIX Tpo”
IpaMM U3 3TOil KHUTH (M U30 Beex Apyrux KHur mo C++)%.

AL GNU C++ He siBisieTcs MakeToM pa3paGoTKu mporpamm wist Windows. Ecim

sl pasragal BalllM TaiiHbIe XeJaHWs, TO Y Bac HET IPYroro BBIXOAA, KpoMe Kak
MPUOOPECT KOMMepuecKuii maker Hanmonobue Visual C++.

Hanee mpeanosaraercsi, YTo YMTaTeb MOCETHI y3el MO ampecy www.deloreon.com (WK
JII00OI Opyroit U3 COTeH y3/10B, Ha KOTOpbIx MOxHO Haiith GNU C++), 3arpy3uwa mnochiea-
Hiowo Bepcuio GNU C++ 1 MHCTa/JUIMPOBal €€ Ha CBOEM KOMIIbIOTEpE, CleAys MPUBEACHHBIM
B 3arpy>k€CHHOM IT1aK€TC MHCTPYKLMAM. HOCJ’[C 3TOro COBMECTHbBIMU YCUIINAMU 6y£leT HamnmucaHa
Hallla TiepBasi IIporpamma. 3ajada, KOTOpYIO HYXKHO peajn30BaTh, — IIpeoOpa3oBaHUEe BBEICH-
HOI ITIOJIb30BaTesieM TeMrepaTyphl 1o Llenbcuio B Temmepatypy o MapeHreiTy.

Cozldanuenepbou npozhasuist

Ceityac Bbl MPUCTYIUTE K CO3JaHUIO CBOeil mepBoii mporpammMbl Ha C++. [lns 3Toro mo-
TpeOyeTcsl BBECTU MpPOrpaMMHbIit kon B (aiin CONVERT . CPP, a moToM cCKOMOUIUPOBAThH €r0
B BBITIOJTHUMYIO MPOTpaMmy.

BesepeHune kopa

IMpn cozpanum nro6oii nmporpamMmbl Ha C++ MeEpBbIM IATOM CTAHOBUTCSI BBEIACHUE KO-
MaH $3bIKa C TTOMOIIbI0 TekcToBoro peaaktopa. Cepauem mnakera GNU C++ gsusercs
yrwmra rhide. OHa TIpeAcCTaBIsIeT COOOM PLAAKTOP, KOTOPHIM CBSI3BIBACT Pa3IMYHBIE BO3-
MoxHocti GNU C++ B enuHblil MHTErpupOBaHHBIN makeT. B aToit miaBe rhide Oymer uc-
TMOJIB30BaThCs ISl co3naHusl daiina Convert.cpp.

1. Otkpoiite okHo MS DOS aBoifHBIM 1eMYKOM Ha nuktorpamme MS DOS
B MeHto Windows yck=>lporpammbi.

GNU C++ gBasieTcd yTUIUTOM, paboTalollieil U3 KOMaHIHOM CTPOKU. 3aIyc-
kath rhide BBl Bcerma Oymere w3 cucremHoro mpuriameHus MS DOS.

2. Cozpaiite katajgor C:\CPF For Dummies\Chap0l (mogpasymeBaeTcsl, 4YTO
pabouum auckom siBisiercst C).

Bbl MoxeTe MCIOB30BaTh JII0OOOE YrogHOE Aylle WMMsI Karajora, HO HaMHOTO Jierye Ma-
HUITyIMpOBaTh UMeHaMM KaTtajioroB MS DOS, xortoprle He comepxkaT mpob6esoB. Eme myd-

2 .
Toxcaavii, smo cauwkom cmenoe ymeaepicoenue, ecau peus udem o KHUee ¢ NpUMeHeHUeM
nocaednux cmanoapmoes C++ , Ho 015 nodaeasirouie2o O0AbUUHCIMEA KHUZ OQHHOE YMBEPICOeHUE
eepro. — Ilpum. pen.
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1lIe MCMOJIb30BaTh MMEHAa KaTaJoroB M3 BOCBMM WJIM MEHEe CUMBOJIOB — TOTIa C HUMU ra-
PaHTUPOBAHHO MOXHO OymeT paborarh B JitoOO# cpene.

Haxonsice B xaranore ChapOl, 3amyctute rhide u3 npurmamenus MS DOS.

Coszmaitte myctoit aiin, BeiOpaB myHKT New B MeHio File. Otkpoercst mycroe OKHO,
B KOTOPOM HEOOXOIWMO BBECTH TEKCT IMPOTPaMMBI (MpUYEeM OH JOJKEH TOYHO COOTBETCTBO-
BaTh KHWKHOMY OPUTWHAIY).

AL,
Pt [TycTh KOJTMYECTBO OTCTYNIOB M TIPOOETIOB Bac HE BOJIHYeT: He TaK BaXHO,

CKOJIBKO TPOOEIOB BBl MOCTABWIM Mepel HaYyaJlOM CTPOKM WM MEXIY COCeIHUMU
cnmoBamu. OmHako C++ BecbMa UyBCTBUTENIEH K APYTrOMY: HAIO CJIEAUTH, YTOOBI
sce KOMAaHIbI HaOMpanuch B HUKHEM pervcTpel.

I/IHTep(benc rhid e

OtoT MHTEpdeiic cymeCTBeHHo OTIMYaeTCs OT unrepgeiica Windows-nporpamm. IIpo- .
rpammbl Windows "pa3pHCOBBIBAIOT" BBIBOAMMYIO Ha 3KpaH I/IHCbOpMaLII/IIO U 3TO IpU-
JIaeT UM OoJjiee M3BICKAHHBIN BUI. . .
A BoT mHTep(eiic rthide — TekcToBBIil. OH I/IC]'[O)II)3YCT CHUMBOJIBI U3 apceHaljla mepco-
HaJILHOTO KOMIIbIOTepa, TakK 4To oOnuk rhide He Tak ussimieH. WMHtepdeiic rhide He
TO/IepkMBaeT M3MEHEHNE pa3MepoB OKHA, OHO cTaHmapTHOro pasmepa (80x25 cumBo-
: oB). Ho Bce xe rhide mommepxuBaeT MHOroe M3 TOrO, K Y€MY Bbl NMPUBLIKJIM: BbIIa-
: IAIOLe  MEHIO, MHOXECTBEHHBIE OKHA, HWHTEPPENC ¢ MCIOJIL30BAHUEM MBIIIN,
"ropsiuvie” KJIaBUIIIM. ' '

: JInst ©osee OMBITHBIX M3 Bac JOCTaTOYHO HAaIlOMHUTh, yTo rhide "oueHb MOXOX Ha MH-" |
Tepdeiic Habopa MHCTPYMEHTAIBHBIX CPEICTB HBIHE yco_nmero" Borland.

I

// TporpamMma Ojis npeobpa3oBaHMs

// TpanycoB lejkcua B IpalyCh PapeureiTa:

// Fahrenheit = NCelsius * (212 - 32)/100 + 32

//

#include <stdio.h>

finclude <iostream.h>

int main{int nNumbercfArgs, char* pszArgs[])

{
// BBemuTe TeMIepaTypy B Ipalycax llenscus
int nNCelsius;
cout << "BemuTe TeMmrepaTrypy nc lenbcuo: ";
cin >> nNCelsius;

// IJsi IpUBEeneHHOV (OopMy s NpeofpazCBaHuA
/ / BHYMCIIUM TTpe0obpa 3y oMU MHOKUTEITH

int nNFactor;

nNFactor = 212 - 32;

// WMCHONB3YEM BBYMCIIEHHBI MHOXUTEIDL OIS
// mpeobpaszoBaHUs IpadycoB LenLCHa B
// Tpanyce ®apeHTelTa

int nFahrenheit;
nFahrenheit = nNFactor * nNCelsius/100 + 32;

)
B C++ omnuroos ne sanpewjaemces ucnoav3oeanue cUMe0106 6 6ePXHEM pecucmpe — npo-
CcMmo A3blK YYBCTBUTEJIEH K PETUCTPY, a 3mo 3Hayum, ymo int main u Int Main, nanpumep,
03Hauarom cogepuleHHo pazmule sewyu. — I1pum. pen.
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// BBHBOI pP&3YILETATCE
cout << "Temnepartypa 11o dapeHreury: ";
cout << nFahrenheit; :

return 0;

ITocne BBoma 3TOoro Koja BhiOepuTe Save As B MeHIo File u coxpaHute aitn mom mme-
HeM Conversion.cpp.

XOTS 3TO BaM MOXET MOKa3aThCsI U HE OYEeHb BIEYATIISIONIAM, HO TOJBKO YTO BBl CO3[a-
JIM Bauly IepByto nporpamMmy Ha C++!

Co3paHue BbinonHumoro ¢aina

[Tocne coxpaHeHUsT Ha AMCKEe MCXOOHOTo daiiyla Conversicn.cpp caMoOe BPEeMsl CreHe-
pYpPOBaTh BBIMOJHUMBIA MAaLIMHHBINA KOI.

[nsa atoro HyXHO BbIOpaTh TMyHKT Make meno Compile wim mpocTo HaXaTh KIIABUIILY
<F9>. Unrepdeiic rhide OTKpoeT B HIWKHEW YaCTW DKpaHa elle OJHO HeOOJbIIoe OKHO,
oTpaxarolliee X0l Ipolecca KoMmnuiasuuu. Eciu Bce B mopsiike, nocjie cooOleHusl Creat—
ing Conversion.exe Bu YBUJAUTE CJIOBAa no Errors.

S OU.II/I6KVI MHCTannﬂu,mm'GNU C++ . :
!B r[pouecce WHCTAUISILIMM MOTYT BO3HUKHYTb JOBOJBHO pacrpocTpaHeHHbIe OLIMOKH, KOTO-
pbIe MCIOPTST BAlllM BHIIAIOLIVMECS TOCTVKEHUS B TIPOTpaMMHpOBaHML. J[Be Hambomee pac- :
MIPOCTPaHEHHBIE OLIMOKM MOXKHO TMarHOCTUPOBATh, MBITAsICh CKOMITUJIMPOBATh IIPOrPaMMy.
Coo6uienne Bad - command or file name o3Hawaer, yro MS DOS He MoOXeT HailTH :
gec.exe, T.e. KOMIUISITOP GNU C++. IIpu4MHOI 3TOr0 MOXET OBITh HENpaBWIbHAS
VHCTAJUISILMS TIPOJYKTA WJIM HEKOPPEKTHOE 3aJaHue MyTH c:\djgpp\bin k katasory,
rne Haxomutes gec.exe. Ilombitaiitecs pewHctammmposath GNU C++ wu [pOBEpBTE, -
OPHCYTCTBYET U B (aiie autoexec.bat ctpoka SET PATH=C: \d] gpp\bin;%PATHS..
[Mepesarpysute KOMIIBIOTED.
CoobieHne gcc.exe: Conversion' cpp:  No- . such" file or directory '
{ENOENT) O3HAuaeT, YTO gcc HE MOHUMAET UCTIONb3yEeMbIX JUTMHHBIX UMEH daitnoB (4TO
. xapaktepHo maiasa MS DOS). Bry np06neMy MOXHO PELIUTD, :.IOAPENAKTUPOBAB (Daiin
c:\djgpp\digpp. €NV U NPUCBOMB B HEM CBOMCTBY LFN sHaveHue Y. - ;
W eme ogHo npenynpexaeHue: GNU C++ He moHUMaeT uMeH (aiiyios, KOTOpBIE conepar
; Hpo6enH B 3TOM Cllydae He MOMOXET. laxe (I)na>K0K paspemaromlm JUIMHHBIC MMEHA. ;

Kormna komnuastop GNU C++ crankuBaercs B MporpaMme C KakKou-JIM00 HEKOPPEKT-
HOCTBIO, OH TeHepHpyeT coodiieHrne o6 omnoke. OMMOKM B MPOrpaMMHOM KOJIIE SIBJISIIOTCS
TaKUM K€ paclpOCTpaHEHHBIM SIBJIEHMEM, KakK cHer Ha Auisicke. Bbl 00s13aTesIbHO CTOJIKHE-
TeCh C MHOTOUYMCJICHHBIMU TIPEIYIPEKICHUSIMIA U COOOIICHUSIMU 00 OIMOKaX, BO3MOXHO,
Jaxe TMpU paboTe ¢ MPOCTEHbKOU mporpammoil Conversion.cpp. YToObl MPOAEMOHCTPU-
poBaTh IIPOLIECC MCIIPABIEHUS OIIMOOK, M3MeHUM B CcTpoke 13 cin>>nCelsius; Ha
cin>>>nCelsius;.

DTO HapylIeHUEe KaXeTCsI COBCEM HEBMHHBIM — W BBI, M S BCKOpe ObI 0 HeM 3a0bn. Ho
Npu KOMIUJSLMU rhide reHepupyeT Cleaylolue COOOIIEHUS:

Compiling: Conversion.cpp

In function 'int main(int, char **)'
Conversion.cpp(l3) Error: parse error before '>?
There were scme errors
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TakuM MHOTOCIOBHBIM oOpa3oM KoMmImuisiTop coobmaer, yto GNU C++ He MoxeTr mo-
HSTh 3HaUEHUs 3armucu “>>>" u3 13- cTpOKU MpOrpaMMabl.

TepMuH parse 0603Ha4YaeT, YTO OLIMOKA ObLla HaligeHa MpU MPOBEJEHMH CUHTAKCHYe-—
ckoro aHanuza KoMaHg C++.

Otpenaktupyiite daiin, ynamus nuinHui 3Hak ">". Tenepb, HaxaB <F9>, Bbl Gnaroro-
JIYYHO CO3IAIUTE BBIMOJIHUMYIO MpOrpaMMy Conversion.exe.

Mouemy C++ Tak Tpe603aTeneH

Kax Bunum, C++ cMor omnpeneianTb, 4TO Mbl UCTIOPTUIIM B MpeabiayliemM npumepe. On-
Hako ecau GNU C++ Hamren OH.[I/I6Ky, TO TIOYEeMy XK€ OH caM He PeIIMT 3Ty IIpodie-
MY—WU JIeJIO ¢ KOHLIOM?

e OTBET JOCTaTOYHO MpocT. XoTrd B gaHHoM ciaydae GNU C++ cyuraer, yTo MBI BCETO :

i JIMIIb JOMYCTHJIM OTEYATKy NP BBOZE CUMBOJIOB “>>", MONHOCTBIO MONOXUTHCS Ha €r0

{ MHTYMLMIO HeNb3d. Beab MpaBMILHOIM KOMAHAON B JE/CTBUTENLHOCTU MOXKET OKAa3aThCs
COBEPIIIEHHO JApyrasi, He UMelollasi HUKAKOTO OTHOIIEHUST K olnbouyHoi komaHne. Ecinu
. Obl KOMIWJISITOP UCMPABISI OLIMOKHU TaK, KaK CUUTAET HY>XXHBIM, TO GNU C++ ckpbiBan
. Obl OT Pa3pabOTYMKOB MHOTHE PeajbHble MPOOIEMbI.

, Tpebyercsi MHOrO yCuauii MU BpeMEHM, YTOObI HAWTU CKPBHITYIO B TpPOrpamMMme OIIUOKY.

- HamHoro nydilie mMo3BOJIMTh HAWUTKU 3Ty OLIMOKY KOMMWJISATOPY. MBI TpaTuM Haille apa-
roLeHHOE BpeMsl, co3faBasl oliMOKku. Ho 3aueM Xxe pacxomoBaTh €ro ellie M Ha UX MOMUCK,
eciu GNU C++ MoXeT MX BbUIOBUTb, HE TpaTsl Hallero BpeMeHu. Kakum, Kak Bbl Jy-
Maere, Oyzer Moii BeiGop?..

Betnoanenwnpozpasus

[Mpuino BpemMsi MCHBITAHUSI BAllEr0 HOBOTO TBOpPeHUs. JIjisi BBITIOJTHEHUS MPOTPaMMBbI
HyHoO 3anyctuth paitn CONVERT.EXE U obecneunts ero BXomHbIMU JaHHBIMU. [lomyueH-
HBII pe3yJbTaT MOXHO MCIIOJb30BaTh JJIsS aHaIu3a.

Yto6n! 3amycTuTh mporpammy u3 cpenbl GNU C++, HyxkHO BeIOpaTh IIyHKT Run m3 me-
Hi0 Run wm Haxath <Ctrl+F9>.

Ipu 3TOM OTKpoOeTCs OKHO, B KOTOPOM BaM TpeasioxarT BBecTHM Temreparypy mno Llenb-
cuto. JInsi MpoBepKM TPaBUIBLHOCTM BHECUTE KaKylO-TO 3apaHee W3BECTHYIO TeMIIepaTypy,
Hanpumep 100°. Ilocne Haxarmst knaBuimmm <Enter> mporpamMMa Bo3BpalllaeT SKBHUBAJICHT-
Hylo Temriepatypy no @apenreiity, T.e. 212°. OgHako, Tak Kak rhide 3akpblBaeT OKHO cpa-
3y € MO 3aBeplIEHWU MpPOrpaMMbl, YBUAETb pe3yJabTaT Bbl He cMmoxete; rhide oTkpwiBaeT
NpeaynpeaAuTeIbHOE OKHO C COOOLIEHHWEM, YTO MporpaMma 3aBepllieHa C HYJEBbIM KOIOM
omnbku. HecMmoTps Ha ycTpamaroiiee BbIpakeHHEe "KOJI OIMMOKM", HOJb KaK pa3 o003Hada-
€T OTCYTCTBME OIIMOOK B TMpPOILIECCe BHIMOJTHEHUS MPOTPAMMBI.

YToObl YBMIETh PE3yJIbTaT BBHIITOJIHEHUs MPOrpaMMbI, MIeJKHUTe Ha MyHkTe User Screen
MeHo Windows win Haxmute <Alt+3>. DTo OKHO OTOOpaxKaeT Ipelblayllee OKHO ceaHca
MS DOS. B HeM MOXHO YBMICTh IOCIAEHHUE 25 CTPOK BBHIIIOJHEHMS IIPOTPaMMbI, B TOM
quclie BBIYMCICHHOE 3HauYeHUe Temreparypbl 1o dapeHreiTy.

Tozapasnsto! Ucnonb3yss GNU C++, Bbl TOJIBKO YTO BBEIU, CKOMIUIMPOBAIU U 3amyc-
TWIA CBOIO TEPBYIO MPOTPaMMYy.

GNU - ato He Windows

3ametbre, yto makeT GNU C++ He npeanaszHauen il pa3paboTku mporpamm Windows.
Hamucare Windows-nipmoxxenne ¢ momompio GNU C++ TeopeTuyeckun MOXHO, HO 0e3 uc-
MOJIb30BaHMSI BHELIHUX OMOIMOTEK, Kak B Visual C++, caenarbh 3T0 BecbMa HEMPOCTO.
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Windows-niporpaMmMbl UMEIOT SIPKO BBIPaXKEHHbIN BU3YaJIbHO-OPUEHTUPOBAHHBI OKOHHBIM
uHTepdeiic. A Convension.exe sgBisgercs 32-OGUTOBOI TPOrpaMMONi, KOTOPAsi BBITIOJTHSIETCS
B cpene Windows, Ho Windows-TiporpaMMoii B HAcTOSIIIIEM CMBIC/IE €€ He Ha30Bellb.

Ecnu Bbl He 3HaeTe. yem 32-OMTOBas MporpaMMma oOTiavyaercsl OoT 16-GHToBLIX, HE BOJ-
HyiiTtecb 00 aToMm. Kak yxke oTMeyanoch, 3Ta KHUTa HE O HAIlMCAaHWM TIPOTPaMM JJist
Windows. MHTtepdeiic mporpamMm, paspadbotaHHbix HaMu B cpene GNU C++, npencrapisier
co0oif Habop KOMaHIHBIX CTPOK B okHe MS DOS.

Hauunatomum Windows-niporpaMMucTaM oropuaThCcsl HE CJeOyeT: Ballle BpeMsl He Tpo-
manet 3psa. Msyuenue C++ coBepllieHHO HEOOXOAMMO KaK IpeaBapUTeIbHOE YCJIOBUE IS
HamcaHusgs Windows-Tiporpamm.

Movows B GNU C++

GNU C++ obGecrieuyuBaeT pa3pabOTYMKOB CHCTEMON IMOMOIIM Yepe3 IMOJb30BaTeIbCKUI
nHTepdeiic rhide. PasmectuTe cBOil Kypcop Ha KOHCTPYKLIMH, CMBICT KOTOPOW HeEsICEH,
u Haxmute <F1>. Packpoercsi oKHO ¢ MMelolIeics 1o 3ToMy Bompocy mHbopmaimeit. s
OTOOpakeHUsT TEeMAaTHYECKOTO CITMCKA MOMOIIM HYXHO BBIOpaTh Help=Index.

)
R CnpaBounHasi uHgopmanusi, npenocrapisieMas GNU C++, He Tak HcuyepIibI-

Balollla, KaK CIpaBKa HEKOTOPBIX APYIMX MHCTPYMEHTAIBHBIX CPEACTB (HampuMep,
Microsoft Visual C++). Eciu pazmecTuth Kypcop Ha cioBe “int” M Haxarb <F!>,
MOSIBUTCS OKHO, OIMCBIBAIOIIEe PEIaKTOp, — HO Belb 3TO HE COBCEM TO, YTO MBI
uckamu. Buumanue GNU C++ B OCHOBHOM COCPEIOTOYEHO Ha OMOIMOTeKe (hyHK-
WA ¥ OMIMAX KOMIMWIAIMU. K cyacThlo, TOcie TOro Kak BBl OBJAmeeTe SI3bIKOM
C++, nomout GNU C++ okaxercsds JOCTaTOYHO AJIs1 pa3paboTKy OOJbLUIMHCTBA
MPUIOXECHUH.

Pasdop npozpans

XoTs pa3bop MporpaMMbl, HAITMCAHHOW JPYrMM, — BeIllb He camas BIleyaTisdiollas, HO Ha
9Tamne Ballero CTAaHOBJIEHHWS KakK TMPOTrpaMMUCTa 3aHMMAThCsl 3TUM OYeHb Jaxe Mojie3Ho. Pac-
CMOTpPHUM Jiajiee TPOrpaMMy Conversion.Cpp M HaWIeM 2JIEMEHTBI, OOIIUe UIST BCEX MPOrPaMM.

Onpengnenie CTpyKTypb! nporpamm C+

Kaxmas mporpamma, HammuMcaHHasl C MCIIOJb30BaHMEM MaTepuaja 3TOM KHUIHM, B CBOEH

OCHOBe OylIeT MMeTb OOHY U Ty Xe 0a30BYylO0 CXeMmy:
//OTO koMMeHTapWu, KOTOpPbIe KOMIIBIOTEp HWTHOPUPYET
#include <stdio.h>
finclude<iostream.h>
int main(int nNumberofArgs, char®* pzargs[ |)
{

//...30€Cb 3alMCBIBAETCS KOO IIPOTpPaMMHBEI...

return 0;

Eciu He BHMKaTh B JCTaJIM, TO BBIIIOJHCHHUE IIPpOrpaMMbl HAaYMHACTCA C Koza, KOTOpblfI
IIOMCIUICH MECXKIOY OTKprBaIOHIGfI n 3aKpI>IBaIOHI€I‘/JI CKOOKaMM.

Acnonb3oBaHve B UCXOAHOM KOZe KOMMEHTapPneEB

HerpyanHo 3aMeTUTh, YTO TEpPBBIE HECKOJBKO CTPOK Conversion.cCpp SIBISIOTCS OObIY-
HbeIM TekcToM. 3HauuT, uau GNU C++ okazayncg Gosiee MOHSTIUBBIM, YeM s €ro MpeacTa-
BWI, WIM — YTO BEPOSITHEE BCEro0 — OTOT KOJA IMpeaHa3HavyaeTcs Ui 4YeJOBeYeCKUX IJIas.
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OdopmieHHbIE TaKUM 00pa3oM CTPOKM Ha3bIBAIOT KOMMEHTapusiMu. Yaiie Bcero B KOM-
MEHTapHsIX MPOrpaMMUCT OOBSCHSIET KOHKPETHBbIE AEHCTBMSI, KOTOpble OH coOupaercs pea-
JIU30BaTh B cienyoileM dparmMeHTe koga. KoMmuisiTop KOMMEHTapuu UTHOPUPYET.

KommenTapuu B C++ HayumHAIOTCSA C ABOMHON KOCOU 4yepThl (//) M 3aKaHUMBAIOTCS Tie-
pPEXOIOM Ha HOBYIO CTPOKY. B WX TekcTe MOXHO MCIOJIb30BaTh JIOObIE CUMBOJIBI. [[nuHa
KOMMEHTapUeB He OorpaHMyYeHa, HO, TaK KakK KeJaTeJbHO, YTOObl OHM He IIPEBOCXOIWIIU
pa3MepoB 3KpaHa, OOBIYHO IPHIACPKUBAIOTCA HOPMbI He Oosee 80 CUMBOJIOB.

Bo BpeMeHa meyaTHBIX MAIIMHOK II€PeBON KapeTKu O3HauyaJl Hadyajo HoBoil cTpoku. Ho
BBOJ C KJIaBUaTypbl — 3TO He TeyaTaHWe Ha MalluHKe. B 3TOM ciyyae HOBasi CTpoKa SIBJISI-
eTcsl CUMBOJIOM, KOTOPBIM 3aBeplliaeT TeKYIIyI0 KOMaHIHYIO CTPOKY.

Homyctuma u npyrasg dopma KOMMEHTapueB, MPU KOTOPOMl UTHOPUpYETCs Bce, 4To /*
3aKJIlovyaeTcs B Takhe CKOOKM = /; ofHako 3Ta ¢opmMa kKoMMmeHTapueB B C++ moutu He
UCIIOJIb3YETCH.

[TpucyTcTBHE B IporpaMmax WMTHOPMPYEMBIX KOMITbIoTepoM komaHa C++ (mim 1oboro
JIPYTOTo si3bIKa IMPOrpaMMMPOBAHUSI) MOXKET IMOKayaThCsl CTpaHHBIM. OmHAKO BCE KOMIIbIO-
TEpHBIEe S3BIKM TMpEIIaraloT Te WM MHble crocoObl odopmieHus: kommeHTapueB. OObsicHe-
HUS TIPOTPAaMMMCTA PAcCKpbIBAIOT XOI €ro MbICIAE TMpu HamuMcaHWW IPOrpaMMHOIO KOja.
Benp 3aMbIcibl TporpaMMuUcCTa MOTYT OBITh COBCEM HEOUEBMIHBIMU [UIS JIIO/ICH, KOTOpbIE 3a-
XOTSIT BOCIIOJB30BaThCsSl MpoOTrpaMMoi Wid ee MoauduipoBath. Jla U caM aBTOp IporpaM-
MbI, B3IJISIHYB Ha Hee 4yepe3 Mecsill, He BCEerja CMOXET BCIIOMHUTH €€ CYTb.

Mcnonb3oBaHne MHCTPYKUMIA B MpOrpaMmmMax

Bce nporpammbl C++ B cBoeli OCHOBE MMEIOT TO, UTO HAa3bIBAIOT MHCTPYKLMSAMU. B aTom
pasjesie pacCMOTPUM TaKWe U3 HUX, KOTOpbIe COCTAaBJISIOT OCTOB Iporpammbl Convert.

MHcTpyKIMg — 3TO KOMaHJa, KOTOPYIO MOHMMaeT KOMMWISTOp. Bce MHCTpYKIIMM, Kpo-
Me KOMMEHTapHueB, OKaHUYMBAIOTCS TOYKOM C 3amsToil (11 KOMMEHTapueB Ha TO €CTh CBOU
MPUYMHBI, HO BCE X€ MHOIAA 3TO HEYMOOHO, MHE KaXeTcCs, YTO BO M30eXaHUe IyTaHUIIbI
rmocjie KOMMEHTapueB TOUKY C 3aIlsiTON CJIeIOBAIIO Obl CTaBUTh TOXE).

Ilpu 3armycke mporpaMMbl IEpBOM BBIMOJHSAETCS MHCTPYKIIUS, HAXOMSIIAsICsS TOCNIEe OTKpbI-
Batolleil uUrypHoOil CKOOKM, a 3aTeM IMOOYEPEHO BBITIONHSIIOTCS U BCE OCTATbHbIE MHCTPYKIIUU.

IIpocMoTpeB MporpaMMy, MOXKHO YBUIIETb, YTO IMPOOEJbl, CUMBOJIbI TaOY/ISILIMM W HOBOM
CTPOKM TIOSIBJISIIOTCSI Ha TMPOTSIKeHUU Bceil mporpammbl. [lepexon Ha HOBYIO CTPOKY OCyIle-
CTBJISIETCS TIPAKTMUYECKU TOC/Ie KaXAOM WMHCTPpYKLMU. Bce 3TM CUMBOJIBI Ha3bIBAIOT Heneva-
maemsiMy, TaK Kak Ha DKpaHe MOHUTOpA WX YBUIETh HEJb3s.

[ I TIOBBIIIEHUST yIOOOYUTAEMOCTH JOIMYyCKaeTcss Mo0aBJIeHHEe CHMBOJIOB

npoGena B JIlOOOM MecTe IporpaMMbl (HO He BHYTPH CJIOB!).

HrHopupyst npornycku, si3bik C++ yuuTbiBaeT peructp. Harnpumep. nepemenHbie full-
speed u FullSpeed, C €ro TOYKU 3peHUs, HE MMEIOT MeXIy cOOOi HUYEero oOIIero.

00bsaBNEeHUs

Crtpoka int nNCelsius; gBISeTCd MHCTPYKUMEH oO0bsABIeHUSI. Obpi6ieHUe— DTO UH-
CTPYKIIWsI, KOTOpasl ONpenenseT mepeMeHHylo. [lepeMeHHass — 3TO KOHTeiHep, B KOTOPOM
XpaHATCS 3HAYEHMS HEKOTOporo tuma. IlepeMeHHasi MOXET COAepXKaThb YMCIIOBbIC WIM CUM-
BOJIbHBIC 3HAYCHUS.

TepmuH "mepeMeHHast" ObUI 3aMMCTBOBAaH M3 ajreOpbl, ¢ OH SIBJISETCS CTEPEOTUITHBIM
IUTST CTICAYIOIIMX BBIpasKeHUI:

x = 10
Y =3*x
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Bo BTOpOM BbIpaXkeHMM y — MHOXECTBO, KoTopoe 3amaercsl opmyioii 2*x, Ho 4ro Takoe
x? TlepeMeHHass X UTpaeT pojib KOHTeiHepa Ui XpaHeHUs KaKuX-TO 3HavyeHWi. B Haiem
cimydae 3HaueHUeM X sipisieTcss 10, HO ¢ TakMM Xe YCIeXOM MOXHO OTNpENeiIuTh 3HaYeHUe X
paBHbiM 20, 30 unm -1. Bropas cdopmysia mMeeT CMBICI TPU JIIOOOM YKMCIIOBOM 3HAYEHUM X.

B anredbpe MoxxHO HaudaTh paboTy ¢ BeIpaxeHuil tuma X = 10. IIporpammupys na C++,
MEepeMEHHYI0 X TaKXXe HeoOXOJUMO OMNpeesUTh Tepell ee MCIOJb30BaHUEM.

B C++ mepemeHHas uMeeT TMun U uMs. [lepemeHHasi, onpeseneHHas B cTpoke 11, Ha-
3piBaeTcss nNCelsius. CorimacHo OOBSIBAEHMIO OHa lieJouuciieHHas (MomoOHble Ha3BaHUS
TUIIOB, HaBEpHOE, MMEIOT LIEJbI0 Pa3BUTh Y MPOTPAMMUCTOB aCCOLIMATUBHOE MBIIIJICHUE —
TUIT int NpeJcTaBAsaeT coOOl COKpallleHHOe integer).

Hna C++ uma mepeMeHHOIl He uMeeT HMKaKoro crienuduyeckoro 3HayeHusi. Mms
JOJKHO HauMHaThcad ¢ OyKB aHMIWiickoro amdasuta A-z wiu a-z'. OcTanbHBIE CHMBOJIBI
MoryT ObITh OykBamMM, Hudpamu ot 0 mo 9 wim nmomuepkuBatoleit yeptoir (). MmeHa me-
PEMEHHBIX MOTYT OBITh HACTOJBKO JJIMHHBIMU, HACKOJIbKO 3TO BaM YIOOHO.

ot CyllecTByeT HerjlacHasi JOTOBOPEHHOCTb O TOM, YTO MMeEHa TepeMEHHBIX
JIOJDKHBI HAYMHATHCS €O CTPOYHOM OykBbl. Kaxkmoe CIIOBO BHYTpM MMEHH Tie-
PEMEHHOM MUIIETCS C MPOMUCHON OYKBBI, HaMpUMep myVariable.

CrapaiiTech faBaTb NMEPEMEHHBIM KOPOTKHME, HO HarjisiaHble uMmeHa. M30e-
raifTe Takux MMEH, KakK X, MOTOMY YTO OHM HE HeCYT HUKakoro cmbicia. [lpu-
MEPOM  JOCTAaTOYHO HAIJISIAHOTO WMEHM IEPEMEHHOM  MOXET  CIIyXWTb
lengthOfLineSegment.

FEHepMPOBaHMe BbiBOAA

CTpoKM, HauyWHaWIIWecs ¢ cout W cin, Ha3bIBAIOT MHCTPYKLMSAMU BBOAA-BBIBOAA, WU
cokpaiieHHo I/O (input/output) (Kak U Bce MHXEHEPHI, NPOIPAMMHUCTEI JIIOOSAT COKpalleHUs
U abOpeBUATYPHI).

[MepBast unctpykuusi 1/O BoBogut pasy “ Bsedume memnepamypy no Ileascuro” B cout
(mpousHocures Kak "cu-ayr"). B C++ cout — 3TO MM$SI CTaHAAPTHOTO YCTPOICTBA BHIBOJA.
B HaireMm ciyJyae TaKMM YCTPOMCTBOM SIBJISIETCSI MOHUTOD.

B crenyromeit cTpoke BCe MPOUCXOAUT C TOYHOCTHIO M0 HaobopoT. Co CTaHAapTHOTO
YCTPOWCTBA BBOZA MBI TMOJydaeM 3HAUYeHHe W CcOXpaHseM ero B lenoii mepemeHHoir nNCel-
sius. CraHmapTHEIM YCTpoiicTBoM BBoja misg C++ B maHHOM ciydae CIy:KUT KJIaBHaTypa.
DTOT Tpollecc SABISIETCS aHAIOrOM YIOMHWHAeMOW BhbIlIe anreOpandeckoi dopmyibl x — 10
B C++. Ilpodamma Gyner cuurath 3HaueHueM nNCelsius Jitoboe 1ienoe Yncio, BBEIEHHOE
MOJTb30BaTEIeM.

gvluucaeHue Bethaxweriie

IMoutn Bce mMpodaMMBbl BBHITIONHSIOT BBIYMCIEHMS] TOTO WM WHoro Buaa. B C++ Bwipa-
JKEHMEM Ha3bIBaeTCs MHCTPYKIIMSI, KOTOpasi BBHITIOJNHSET KaKue-Tu0o BbIUMCIeHUs. MHBIMU
CJIOBaMH, BBIpaXXeHHMe — 3TO MHCTPYKILMs, KOTopas uMeeT 3HaueHue. KoMmaHma, reHepu-
pyiolasi 3TO 3HaueHUe, Ha3bIBAETCSl OMEPATOPOM.

Hanpumep, B mporpamMe Conversion MOXHO Ha3BaTh "BBIYMCIISIIONIMM BBIpaKEHUEM"
COBOKYITHOCTh CTPOK C OOBSIBJICHMEM TMEPEeMEHHON nNFactor W ONpeie/ieHUeM ee 3HaYeHUs

4 Boobuwe 2060psi, ums modcem makdice HAYUHAMBCA C CUMBOAA NOOHEPKUBAHUSL, XOMS HA
npakmuke 3mo Ucnoab3yemcs 00804bHo pedko. — I1puM. per.
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KaK pe3y/bTaTa BBIYMCJICHUM. DTa KOMaHIa BBIUMCISIET pasHuily Mexmy 212 u 32. B manHom
TIpYMepe OIepaTopoM SIBJIIeTCST 3HaK "MUHyc" ('“~™), a BbIpaXeHUeM — “21:-32".

CoxpaHeHne PE3YNbTaTOB BblPaXEHNA

Pa3roBopHBIA SI3BIK MOXET OBITH JaJIeKO HE OJHO3HAYHBIM. SIpKUiI TOMY IIpMMEp — CIIO-
BO pasHblil. OHO MOXET YIOTpeOIsAThCS B 3HAUEHUU "OJMHAKOBBIN" (HAlpuMep, pagHvle cu-
Abl), & MOXET IPUMEHSIThCS B MaTeMaTHKE ISl IIOCTPOEHHUsSI BBIPAXEHUI THUIIA "y paBeH yT-

poeHHOMY *.

Yto0Obl M30eXaTh ABYCMBICIEHHOCTH, MporpaMmucTbl Ha C-++ Ha3bIBalOT 3HaK “=" one-
pamopom npuceoenus. OriepaTop TPUCBOCHUSI COXPAHSIET Pe3yJbTaT BbIPpAXEHUs, HaXOJs-
LIerocsl crpasa oT “=", B IepeMEHHOM, 3aluCcaHHO} cieBa. [IporpaMMMCTBI TOBOPAT, 4YTO

“riepeMeHHo nNFactor MPUCBOEHO 3HavyeHue 212-32".

O630p nporpammbl Convert npoaomkaeTcs. ..

Btopoe BbIpaxkeHWe, MPEACTABIEHHOE B Conversion.Cpp, HECKOIBKO CIOXHEE MEPBO-
ro. B HeM uCHOJB3yIOTCS BCEM M3BECTHbIE MaTeMaTUYECKHME CUMBOJIBL: ““** JUISI YMHOXe-
Hug, “/” g geneHus, '+ IS ClIoXeHUs. B 3ToM cilyyae, OOHAKO, BBIYMCIIEHUS BBIIIOJ-
HSIIOTCSI HE MPOCTO C KOHCTAaHTaMU, a C MepeMeHHBIMU.

3nauenue nepeMeHHoil nNFactor (kcratu, yXe BBIYMCIEHHOE) YMHOXAeTCsl Ha 3Haue-
HME TMepeMeHHOIl nNCelsius (KoTopoe ObUIO BBEIEHO C KJaBUATypbl). Pesynbrar meiautcs
Ha 100 u kK Hemy npubaBnsieTcst 32. Pe3yabTaT BCero BbIPaX€HUSI TPUBOIUTCS K LIEIOMY TH-
My Y MPUCBaAMBAETCH MEPEMEHHON nFahrenheit.

MMocnaenHue KOMaHIBI BBIBOIAT CTPOKY "Temnepamypa no Papenzeiimy™™ u oTobpaxaior
3HAYCHUE MEPEMEHHON nFahrenheit.

30 Yactb I. lNepBoe 3HakomcTBO ¢ CtH



[1esa?2

MpeMyapocT 00bABNEHUS NepeMeHHbIX

Baowmon ziafe...

¥ OObsBIEHUE TIEPEMEHHBIX

v OObBsIBIEHWE Pa3HBIX TUIIOB TMEePEeMEHHBIX
v OObBSIBJICHUST TUTIOB TIEPEMEHHbBIX

¥ BblpaxeHus cMeIIaHHOTO THUIIa

¥ 1HUM U3 ocHOBHbIX B C++ daBisiercss moHsiTue nepemenHoi. IlepeMeHHYI0 MOXHO
MpPeACTaBUTh, KaK HEOOJBIIYI0 IIKATYJIKY, B KOTOPOWM XpaHATCS Belld IS dajdbHEi-
1IIET0 MHOTOKPATHOTO MCMHOJb30BaHUA. [loHsSITHE TepeMeHHOM 3aMMCTBOBAaHO M3 MaTeMaTu-
k. MHCTpyKIMs BUma
X =1

coxpaHsieT 3HaueHrue 1 B mepeMeHHol x. [locie Takoro mpucBOeHUs] MaTeMaTUKU MOTYT WC-
TOJIb30BaTh NIEPEMEHHYIO X BMECTO KOHCTaHTHI 1, MOKa He U3MEHST 3HaYeHUe X Ha JpPYroe.

B C++ mnepeMeHHbIe UCMONB3YIOTCS TakuM Xe oOpa3zoM. [locie mpucBoeHust X = 1;
W 10 CJEAYIOLIEro M3MEHEHUS COAEPXKMMOro IepeMeHHasi X CTaHOBUTCSI 0003HaueHueM
yucna 1 B mporpamme. [lpu 3TOM roBopsiT, 4TO 3HAYEHUE X €CTh 3.

K coxanenuto, B C++ BO3HM C TIepeMEHHBIMU HECKOJIbKO OOJIbllie, YeM B MareMaTuke. OTa
1aBa Kak pa3 U MOBECTBYET O 3a00TaxX, CBS3aHHBIX C MCIIOJIIb30BAaHUEM MepeMeHHbIX B C++.

Odsabuenne nepesennsx

Bce uucna, ¢ xoropeimu paboraer C++, XpaHsATcsd B HEOOMbIIMX "Japiiax”, KOTOphIe Ha-
3bIBAIOTCS TIEpEeMEHHBIMU. B MaremaTWke ¢ TiepeMEeHHBIMU OOpAIAIOTCs JOCTATOYHO CBO-
6omHo. Jlomyckarorcst (popMyIMPOBKM Haromooue

|(x+2) =y/2

[ x +4=v

VBepeH, BaM He HYXXHO OOBSICHSITb, YTO TaKOW CIIOCOO 3aJaHusl MEPEeMEHHBIX AeCTBU-
TeJbHO onHo3HaveH. K coxanenuto, C++ He Tak cooOpas3uTesneH (Kak s yXe YIMOMUWHal,

KOMITBIOTEPHI HY MPOCTO OYEHb TJIYIIbI!).
Ipexnae yem uCHoNb30BaTh B MPOrpaMMe HOBYIO MEPEMEHHYIO, Bbl JOJIKHBI €€ OObSIBUTH:

SJHEATH 2y v

int x;
x = 10;
int vy;
y = 5;

Takum o0pa3oMm, MbI OOBSIBWIM TMEPEMEHHbIE X, Y W OMNpPEAEJUIU, YTO OHU MOIYT CO-
epXaTh 3HAYeHUs] TUMa int (TUMBI MEPEeMEHHBIX OOCYXNAIOTCS B CJEMYIOlIeM pasjelie).
OOBSIBISATL NEPEMEHHbIE MOXHO B JIIOOOM YIOOHOM JJisl BaC MeCTe€ MpPOrpamMMbl, HO 00s13a-
TEJIbHO Mepe] UX UCMOJIb30BAHUEM.
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Obos6nenuchasrstk munol hnepesernstx

Bbl, BeposiTHO, mymaere, 4To MepeMeHHasi B MaTeMaTUKe — 3TO COBEPIIEHHO amopdHoOe
XpaHWJMILe g Joboi uMHbopMmaumu, KoTopas B30OpeaeT B TosioBy. Beab B mpuHIUIE
MOXHO CBOOOIZHO HamucaTh CJCOyIOIIee:

x = 1;

x=2.3

x = "DrOo - mnpenjoxeHue."
x = Texac

Ho C++ He Hactronbko rmOkuii s3bIK. (C mpyroii ctopoHbl, C++ OYeHb JEIrKO MOXET
CIPaBUTBCS C COBEPLIEHHO HEMOCWIbHBIMU [JIs1 Hac 3amadyamMu. Hampumep, eMy Huuero le
CTOUT CJIOXXHUTh MWJUIMOH YHMCEJ BCEro 3a ONHY cekyHmy'.) B C++ mepeMeHHBIE MOTYT Xpa_
HUTH 3HAYEHWUSI TOJIBKO ofgHOro tuma. [lpuynHOil Tomy siBisieTcsl OoJibllIasi pa3HULA B pas-
Mepax maMsiTh, HEOOXOMUMOW MJisi XpaHeHWs 3HAuyeHUiIl MepeMeHHBIX pa3HbIx TUroB. Ecmu
HEKOTOpBIE JaHHBIE MPOrpaMMBbl MOIYT COCTOSITb BCETO M3 OZHOIO YHWCJAa, TO JOBOJBHO Yac-
TO pa3zpaboTYMKaM MPUXOIUTCS MAHUITYJIUPOBATH LEIbIMU TMPEITOXKEHUSIMU.

J1o6aBio, YTO OCOOEHHOCTHM WCIIOJIb30BaHUS TEPEMEHHBIX DPa3HBIX THUIIOB DPa3JIMYHBI.
IToka BBl BCTpeYanancCh TOJBKO C MEPEMEHHBIMU THUIIA ir.t:
int x;

x = 1;

B C++ Tun int ompenensieT MHOXECTBO LeAbIX unced. HamomHIO, 4TO 11eJbIM Ha3bIBa-
€TCsl YMCJIO, HE MMelollee NPOOHOI YacTH.

Llenble yMcna WMCMOMB3YIOT IJISI CaMbIX Pa3HbIX BUIOB BBIYMCIECHUU. [leTadbHO 3TOMY
ydaT B MJIAAIIEN IIKOJe, MPUOIU3UTENIbHO OO IIECTOr0 Kjiacca, W JUIIb MOTOM HauyWHAeTCs
nyraHuna ¢ apo6samu’. Ta xe TeHmeHUMs XapakTepHa u it C++, B KotopoMm Gonee 90%
BCceX TMEPEeMEHHBIX UMEIOT TUM int’.

K coxanenuto, HOrna MCMONIb30BaHUE B MpOTrpaMMax MEPEeMEHHBIX TUIA ir.t TMPUBO-
IAT K OWIMOOYHBIM pe3yiapTaTaM. Korma B mepBoi IMaBe Bbl paboTaiyd C MPOTPaMMOIN,
npeoOpasyolleid TeMmneparypy, CyllecTBoBaJia (IyCTb HESBHO) IIpobyieMa: mporpaMmma
Morjla paboTaTh TOJBKO C LIEJbIMU 3HAYEHUSIMU TemIiepaTypbl. OTMedy, 4TO B 3TOW KOH-
KPETHOU MporpaMMe HCIIOJIb30BaHUE WCKITIOUUTETbHO LENbIX 4YUCET BpSI JU TPUBENET
K OTPULATENbHBIM NOCIEACTBUSM. HO TIpM NpoBEOEHUM CEPBE3HBIX METEOPOJOTUYECKUX
HUCCJIeIOBAaHUM yceuyeHue OpOOHOW YacTh TeMIlepaTypHbIX 3HAYE€HUIN MOXET IIOCTaBUTH
MOJ BOMPOC MCTUHHOCTB MOJYYEHHBIX pe3yiabraroB. [IpocTeiimimM mpuMepoM MOXET Ciy-
XKUTh OMpenesieHre 3HAYEHUI TeMrepaTypbl Jjisi KHUTH pekopnoB ['mHHeca. B atom ciy-
yae TpeOyeTcsl BICOKAsi TOYHOCTh BBIYMCIECHUN, HO M3-3a OTOpachIBaHUSI IPOOHBIX YacTei
JNOCTUYb €€ HEBO3MOXHO.

OrpaHuyeHnsi, Hanaraemble Ha uenble uicna BC++

HenouucnenHeie nepemMeHHble B C++ mnpencrasisiorcess turnoMm int. Ha mepemeH-
HbI€ 3TOrO TUIIA HAKJIAABIBAIOTCS TE X€ OrpaHUYEHMs, YTO U Ha WX SKBUBAJIEHTHI B Ma-
TeMaTHuKe.

k)
3amemum, umo ckaadbieaem HUCAa He A3bIK, d KOMAbIOmep — A3blK MOAbKO nepedaem emy
3adanue. — Ilpum. pen.

6
Aemop umeem 6 6udy aMEPUKAHCKYIO WKONY; BNPOUEM, COBPEMEHHble MEeHOeHYUU 8 Omeye-
cMmeeHHoll wKoae npumepHo me xce. — [1puM. pel.

Dma eeauvuna onamo-maKu CyuieCmeeHHo 3a8UcUm om muna pa3pabamsléaemoii npo-
epammbl. — Ilpum. pen.
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OkpyrneHue Ao LesnbiX 3Ha4eHuin

PaccMoTpuM mpoGiieMy Bhi4HCICHHS CpPeIHEro TpexX 4ucesl. BBemeM TpW IeJTOYMCICH-
Hble NepenmeHHbie — nValuel, nValuzeZ, nValue3. CpeaHee 3HayeHWE BBIYMCISIETCS IO

dopmyie
{nValuelt+ nvalue2 (¢ nValueld) / 3

[TockomnbKy Bce Tpu 3HAUEHUS SIBJSIIOTCS LIEBIMM, MX CyMa Toxe Oyner ueibiM yucioM. Ha-
npumep, cymma wucen I, 2 m 2 pasHa 5. Ho ecim 5 momenuts Ha 3, momyanm 14, mim 1,666....

B ormmuue ot moneii (oGmamaroimx pasyMoM), KOMITBIOTEPhI (KOTOPHIM OH CBOMCTBEHEH HAJIeKO
HEe BCeraa) MpPUBOAAT TOMYYEHHBIN pe3yJabTaT K LEIOMY 3HAueHWIO, TPOCTO OTOpachiBas €ro
IpoOHYI0 yacTh. IIpu 3toM 1,666 yTpatut CBOil "IbSIBOJILCKUIA" OCTATOK U MpeBpaTuTcs B 1.

JIie MHOTUX TIPUJIOKEHUI ycedyeHWe APOOHOM YacTW 4YKcia He TPEICTaBiIsgeT OOIbIION
npoGsieMbl. 3ayacTyl0 OHO MOXET ObITh JaXe IOJEe3HBbIM (pa3yMeeTcsi, CKazaHHOE He Kaca-
eTcs MaTeMaTUYeCKMX WM 3KOHOMUYECKMX IMporpaMM). OJHAKO TaKoe OKPYIJIEHUE IETbIX
MOXET BechbMa MaryoOHO cKaszaThCsl Ha paboTe Opyrux ImporpamMm. PaccMoTpum cremymoliyio,
SKBUBAJICHTHYIO TPUBEICHHON BBIIE (HOPMYIIY:

nvaluel/> + nValue2/3 + nValue3/3

Iloncrapnsis B Hee Te e 3HaueHus 1, 2 u 2, B pe3yiaprate noiaydum 0. DTo CIyduIoch
MOTOMY, YTO KaXJIOe cllaraeMoe 0Ka3ajoCh YMCIOM, MeHbIMM 1. KoMIbloTep OKpYrIWI HX
no 0, a cymMmMa Tpex Hynei, Kak u3zBecTHo, paBHa (. Tak yTo Takoro MpuUBEAEHUS K LieHO-
YUCJIEHHBIM 3HAYeHUSAM, BooOile TOBOPs, HYKHO M30erarhb.

OrpaHnyeHns amanasoHa

Bropoit mpoGieMoii TiepeMeHHOW THMa int SIBAsSETCS OTpaHWYCHHBIN OUana3oH BO3-
MOXHBIX €¢ 3HaueHU. MaKcUMaJlbHbIM 3HaYeHUeM OOBIYHOM IIeJOYMCIIEHHOM TepeMeHHOM
apysieTca ynuciao 2 147 483 647, muHumanbHeiM — -2 147 483 648, T.e. 0oOLIMiII AUATIa30H —
0KoJI0 4 MApH yncen’.

PeLueHne npobnembl yceueHus ApoOHOM YacTu

PaccMoTpeHHBIE OCOOEHHOCTM TIEpPEMEHHBIX THUMa int AeraloT HEBO3MOXHBIM HMX HMC-
M0JIb30BaHME B HEKOTOpHIX IpuioxeHusix. Ho, x cuacteio, C++ ymeer pabotath U C mecs-
TUYHBIMU YHCTaMU, KOTOPBIE MOTYT MMETh HEHYJIEBYIO APOOHYIO 4YacTh (MaTeMaTMKW Ha3bl-
BAaIOT UX deicmeumensioirmu  yucramu). Vcnonb3yst 1eiiCTBUTENbHbIE YUCIa, MOXHO M30eXaTh
OOJBIIMHCTBA TEPEYMCICHHBIX TMPOOJeM. 3aMeTbTe, YTO JACCSITUYHBIE YMCIIa MOTYT HMMETh
HEeHYJIEBYyI0O MpOOHYI0 4acTb, a MOIYT M HE HMEThb, OCTaBasChb neicTtBuTenbHbiMU. B C++
yucyio 1.0 gBasieTcss TAKUM Xe NeHCTBUTEIbHBIM YUCIOM, KakK M 1.5. DKBUBaJEHTHBIM WM
LIETIBIM YUCIIOM SIBJISIETCST TTPOCTO 1.

B C++ peiicTBuTenbHBIE YMCIa OMpeneeHbl KaK Yucia C IJIaBalolleil TOYKO, Wi IMpo-
cto flecat. Mcronb3ysi BblpakeHUEe "C TJIaBarolleil TOUKO", MMET B BHIY. UYTO JECSTUY-
HYIO 3arsTyi0 (WIM MCHOJb3YyeMyl0 BMECTO Hee B MpOorpaMMax TOYKY) B JECSATUUYHBIX YUCIaX
MOXHO TIepeMellaTh BIepe] M Has3aJ HAcTOJIbKO, HACKOJIbKO 3TOTO TPeOYIOT BBIUMCIICHUS.
JeiicTBUTEIbHBIE TIEPEMEHHbIE OOBSIBISIOTCS TaK X€, KaK W MEepeMEeHHble TUMA int:

float fValue;

¥ Boobue 2060ps1, 0uanason npedcmasumbix MUNOM int 3HAYEHUL Onpedenssemcs MHOJMCeCm -
80M hakmopos — 6 nepayio ouepeds KOMRUAAMOPOM, HA 8bl00P MuUna int KOMopo2o oKa3ovléa-
em 02pOMHOe 8AUAHUE MUN KOMNbIOMePd, HOIMOMY CHUMAMb ONpedeleHHbIM Pa3 U Hascez0d,
umo duanason 3uauenuii int npocmupaemcs om -2 do +2-1, nenvzs. — Ipum. pen.
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HaumHas ¢ 3TOif CTPOKHM, BO BCEll OCTAJIbHOI YacTW IpOrpaMMBbl IepeMeHHas fValue
MOXeT NMPUHUMATh 3HAYeHUs TUIa ficat. TUI yXe OOBSIBICHHOU IEepeMEHHON W3MEHUTh
Henb3s: fValue sBseTcs NEMCTBUTEIBLHONM MepeMEHHOI M OCTaHETCs €10 IO KOHIA IIpo-
rpaMMbl. PaccMoTpuM, Kak pelraeTcsl IMpHUCYIIasl IeJOYMCIEHHBIM ITepeMEeHHBIM IIpobiema
OoTOpachIBaHUS APOOHON 4YacTh. [IJIsT 3TOro B OOBSBIEHUM BCE IEpEMEHHEBIE OIpeIeanM Kak
nmeiictButenbHble (TMn float):

1/3 + 2/3 + 2/3

DTO 3KBUBAJIEHTHO BBIPpAXXKCHUIO

0.333... + 0.666... + 0.666...,

KOTOpOEe paBHO
1.666...

OrpaHunyeHus, Hanaraembleé Ha YAcna C NNaBaloLLEe TOYKOW

XoTd 4ucha C IUlaBalolleil TOYKOW MOTYT PEIIUTb MHOTHE BBIYMCIUTENbHbIE MPOOIEMBI,
Ha WX WCIOJb30BAaHME TOXE CYIIECTBYIOT orpaHuyeHus. [IpoGnemMbl OTYaCTM MPOTUBOIO-
JIOXHBI TeM, KOTOpbI€ XapaKTepHBI [JIS1 LIEJOYMCIEHHBIX MepeMeHHbIX. JlelicTBUTeNbHbIE Tie-
pEMEHHBbIE HE MOTYT MCIIOJIb30BaThCS ISl TIEpEYUCIEeHUs], ¢ HUMU CJIOXHee paboTaTh KOM-
MBIOTEPY, U OHU TOXE CTPaAaloT OT OIIMOOK OKPYIJIEHUS! (XOTS HaAaMHOTO MEHbIlE, YeM TIie-
peMeHHbIe TUIa int).

MepeuucnexHuve

Hcnonb3oBaTh NepeMeHHbIe C TUTaBAIONIe TOYKOM VTSI TIPOCTOTO TIEPEYMCIIEHMST Helb3sl.
C++ He yMeeT ompenensiTh, Kakoe LIEJOYUCIEHHOEe 3HaueHue MOoApa3yMeBaeTcsl Mmoj NeicT-
BUTEJTbHBIM YHCAOM.

Hanpumep, scHo, yro 1.0 ectb 1. Ho yro takoe 0.9 mnm 1i.:1? Cnemyer 1M uX pac-
cmarpuBaTh Kak 1? Tak yro C++ wuzberaer MHorumx mpo0GieMm, TpeOysl MCIIOIb30BaTh IIpU
TepEeYUCIEHUN TOJIBKO LieJIble 3HAYEHMUSI.

CKopoOCTb BblHUCNIEHUN

HcTopudecku CIIOXWUIOCH TaK, YTO IIPOLIECCOP KOMIIbIOTEpA BBHIMOJHSIET OMEpaluu C Lie-
JIBIMA YWCJIAMHA TOpa3mo OBICTpee, 4eM C AeMcTBUTEAbHBIMHU. g cimoxenuwst 1000 1rembIx
Yyuces MPOLECCOPY MOXKET MOTPeOOBaThCSI CTOJNBKO XK€ BPEMEHM, CKOJIbKO MJisl BBHIMOJHEHUS
ToJIbKO 200 BBIYMCIEHUI C TJIaBaIOLIEdl TOYKOIA.

OnHako C yBeJWYEHUEM IPOM3BOAUTEIIBHOCTH MMKPOIPOLIECCOPOB IMpobIeMa CKOPOCTH
BBIYMCIIEHU CTAaHOBUTCS BCe MeHee BaxXHOW. BOJBIIMHCTBO COBpPEeMEHHBIX MPOIECCOPOB
colepKar CreluaIbHble BbIYUCIUTEIbHBIE CXEMBI, KOTOPbIC MO3BOJISIIOT BBIYMCISATH BhIpa-
KEeHUS ¢ IIJIaBaolleil TOUKOM ITOYTH TaK Ke OBICTPO, KaK M IeJOYKUCIEHHBIE BBIpAXKEHMSI.

MoTeps TO4HOCTU

JeiicTBUTEIbHEIE TIEpEMEHHBIE HE MOIYT PEIIUTh BCeX BBIYMCIUTEIBHBIX IIPOOIEM.
OOGBIYHO MX TOYHOCTb OTpaHMYEHA MPUOJU3UTEIBHO ILIECThIO pPa3psiAaMu, HO €CTh M pPaCIIu-
pEeHHBI BapMaHTe THIIA IS JEeMCTBUTEBHBIX YKMCENI, KOTOPHI MOXET COAepXaTh MOCie Ae-
CSATUYHOM TOYKU 10 15 3HAUMMBIX Pa3psiioB.

Yr1o6bl MOHSATH 3Ty TpoOjeMy, mpeactaBuM 1/3 B Bume OECKOHEUHOU MOCeaoBaTeIbHO-
ctm 0.333.... OmHako MaTeMaTW4YecKoe ITOHSTHE Ileprofa B IIPOrpaMMUPOBAHMHM HE HMeEET
CMBICJIA, TaK KaK TOYHOCTb KOMITBIOTEPHBIX BBIYMCIIEHWI OTpaHMYeHa W TIe-TO Hallla JIpoOb
JIOJDKHA 000pBaThCcs (YTO 3aBUCUT OT MCIIOJAB30BAHHOTO IJIS XpaHEHUs 4YKcIa TUMA Iepe-
MeHHOIM). [TosTomy, ycpenHuB uucia 1, 2, 2, MBI ITOJIydUM He TOYHOE, a IPUOIU3UTEIHLHOE
3HayeHue 1.666667.
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B HekOoTOphIX ciy4asix OIMMOKU OKPYTJIEHHMST MOXeT uchpamiaste cam C++; Hampumep,
BBIBOIs WHpOpMaunuio Ha 3KpaH, BMecto uuciaa 0.999999 C++ BwigacTt moiab30BaTeNio
3HaueHue 1.

OrpaHM4yeHHOCTb Amana3oHa

Tun ganHbIX £loat Takke OrpaHMUYEH. XOTS NMAMa30H Yucesl C TJlaBalolleil TOUYKOi Ha-
MHOTO OOIIMpHEee Auarna3oHa IEeJOYMCICHHBIX TepeMeHHBIX. MaKCUMalbHBIM 3HaueHHeM
TUNA int SBISETCS YUCIO 4YyTh Oombllle 2 MpA. MakcMMaibHOE 3HAYeHME IepeMeHHOMN
THNA £1oa7 NpubnusnTenasHo pasHo 0" T.e. 1 ¢ 38 nyaamu?d.

114 [MpencraBnsisi mepeMeHHbIE ¢ TUIaBalolleil Toukoil B craHmaptHoM Buae, C++
YUUTBIBAET TIOCJE NECATUYHOW TOYKM TOJBKO TMepBble I1IecTh pa3psinoB. Oc-
TaJbHBbIE DPA3PsiIbl CTAHOBSITCSI KEPTBAMU OIIMOOYHBIX OKpymieHuit. [lostomy
IEeUCTBUTEIbHAS TepeMeHHass MoxeT xpaHuTh 3HadeHwe 123 000 000 Ge3 mote-
pPU TOYHOCTH W3-3a OKPYIJIEHUsI, B TO BpeMsl Kak 3HaueHue 123 456 789 mpube-
JIET K OLIMOKe OKPYTJIEHUS.

Odssbuenus munol nepeuenrotx

Bur YK€ 3HACTC, 4TO BCC IICPEMEHHLIC B IPpOrpaMMeE I0JIXKHbI OBITb OOBSIBJIEHBI U YTO UM
IOJKeH ObITh Ha3zHayeH Tuil. B Tabg. 2.1 npeacTaBJICH CIIMCOK HEKOTOPBIX CTaHAAPTHBLIX
TUITIOB MEPEMECHHBIX A3bIKa C++c YKazaHUEM HX JOCTOMHCTB M HEOOCTATKOB.

Tabamya 2.1. [MepemerHbie C++

MEPEMEHHAA MPUMEP XAPAKTEPUCTUKA

int 1 MpOoCThIE NONOXATESNLHBIE UM OTPULIATESLHBIE YMCHA, UCTIONL3YEeMbIe
L5 epedrcieHys

float 1.0F [LeicTuTenbHble Yicna

double 1.0 PacLuvpenHas Bepcus £ 1 ca tmMernonb3ayeT 6osbLUe NamsITy, LoMyCKaeT

paboTy ¢ 6oMLLLIMM Anana3oHOM 1 obecrne4mnBaeT 6osee BbICOKYHO TOY-
HOCTb BbIMVC/IEHNI

char c CUMBOSBHBI TUM; 3HAYEHEM NEPEMEHHBIX MOXET ObITb CMMBON anda-
BUTa, Wbpa, 3HAK MPEnMHaHMs Win 3HaK apupMETUHECKON onepaumm.
He rogutcs pna apudmeTmieckmx onepaumn

string "this 1is & Crpoka CUMBONOB, COCTABNSIOLLAS MPEMIOKEHNE
string"
long 10L MoTeHUManbHO  paclumpeHHas Bepcua Tuna int. B GNU C++

1 Microsoft Visual C++ pasHuubl Mexay Tunamm long uin t Het

Chenyommii oneparop o0bsiBiIsieT mnepemennble 1Variable tuma long m dVariable
THna doub le U MPUCBAMBAET MM HAYAJIbHbIE 3HAYEHUSI:
//obraprenne TIEPEMEHHON M YCTaHOBKa €€ pasHoi 1

long 1Variable;
IVariable = 1

8
Cnedyem omdasamb cebe omuem, umo 3mo He o3Hauaem, 6yomo mun float moycem
npedcmasume 1P pasHbIX 3HaueHuil; 6CHOMHUME, YMO 2060PUAOCH HECKOABKO GbIULE O KOAUYE-
cmee paspaoos 6 uucaax smoeo muna. — IlpuM. per.
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//00BsIBIeHUe TiepeMeHHoil Tura double W ee WMHUIIMATIU3ALIAS
double dVariable;
dVariable = 1.0;

Q28T OOBSIBUTh 1 UHULTUATU3MPOBATh TIEPEMEHHYIO MOXHO OHUM OTIePaTOPOM:
int nVariable = 1; //OOBSBIICHHE [lepeMeHHCH U €€ WHMIIAIA3aLMsI

EnvHCcTBEHHOE TMPEUMMYIIECTBO MHULIMAIM3ALUUA TEPEMEHHON B OOBSIBIEHUM — YMEHb-
LIEHWE pa3MepoB TEKCTOB mporpaMMm. Ho gaxe M 3TO BeChbMa BaXXHOE JOCTUKEHMUE.

ITepeMeHHas Tima char MOXeT colepKaTh eIMHCTBEHHbBI CUMBOJI, B TO BpPeMsI KaK CTPOKO-
Basl IlepeMeHHAast — CTPOKY CUMBOJIOB. [103TOMY @ MOXKHO MHTEPIIPETUPOBAThL U KaK CHUMBOI a,
M KaK CTPOKY, COIEPXKaIlyl0 TOJIEKO OYKBY ¢ (B HEMCTBUTEIIBHOCTH String He SIBISCTCS TUTIOM
TepeMEeHHOI, HO B OOJIBIIIMHCTBE CIIy4acB €ro MOXXHO paccMaTpvBaTh MMEHHO Tak). B miase 9,
"Bropoe 3HAKOMCTBO C yKasaTelissMHU", Bbl HailleTe JAETAIbHOE OMKMCAHKME 3TOrO TUIA JaHHBIX.

i)
gl CUMBOJI @ U CTPOKA @ — 3TO JaJIeKO HE OJHO U TO Xe. Ec/M Bbl 3aXOTUTE IIPUCBOMTD

CUMBOJIBHOM TIEpeMEHHON CTPOKOBOE 3HavyeHue (WM HaoOGOpOT), BBl HE CMOXETe
3TOTO CliefiaTh ke B TOM CJIydae, KOLIa CTPOKa CONEPXKUT €IUHCTBEHHBIM CHMMBOII.

Tvnbl KOHCTAHT

KoHcTaHTOI Ha3bIBalOT MPOU3BOJIbHYIO MOCTOSIHHYIO BelMuyuHy (Hampumep, 1, 0.5 win
‘c’). TlomoGHO TepeMeHHBIM, KOHCTAHTHI MMEIOT CBOW THUI. B BbIpaXeHWM M = 1; KOH-
cranta 1 mmeer Tun int. Ytobsl nmpuBectTu 1 K TUmy long, Hy>XXHO HamucaTth n = 1L;. Jlug
JIYYILIEr0 TTOHUMAaHUSI MOXHO TPOBECTH CIIEAYIOLIYI0 aHAJOTHIO: eclu Tox | MOoHMMaTh Mo-
€3/IKy Ha TPY30BMKE, TO 1L MOXHO WHTEPIIPETUPOBAaTh KakK IyTEUIECTBUE Ha JIMMY3uWHe. Mx
MapIIpyThl MOTYT OBbITh COBEPIIEHHO OJWHAKOBBIMM, HO COIJIACUTECh, YTO ITYTEIIECTBOBATH
BTOPBIM CIIOCOOOM Topas3io yaoOHee.

KoHcranTy 1 MOXHO TakXe TpUBECTH K neilictBurenbHomy uuciay 1.0. OmHako 3ame-
TUM, YTO TIO YMOJYAaHUIO TUIIOM NEWCTBUTENbHOW KOHCTaHTHI siBisiercss double. Tloatomy
1.0 oyner unciom tuna double, a He float.

CneuyasnbHble CUMMBONbI

Jns paboTel ¢ JIOOBIMU TEYaTaeMbIMU CUMBOJIAMM MOXHO WCIMOJIb30BaTh MEPEMEHHBIE
tuna char wmm string. Ho 3HayeHUsIMU nepeMeHHBIX, UCTONb3yeMbIX B KauecTBE CUM-
BOJIBHBIX KOHCTAHT, MOTYT ObITh M HerieyaTtaeMble CUMBOJIBI. B TabGi. 2.2 mpuBeneHO oruca-
HHUE HEKOTOPBIX BaXXKHBIX HEIeyaTaeMbIX CHMBOJIOB.

TabnuuyaZ2.2. CneynasibHble CUMBOJIbI

CUMBOJTBHBIE KOHCTAHTHI OBOBHAYEHVE JEACTBIAV
\n Hoeast cTpoka

At Tabynsums

\0 Hynesoit cumBon

\\ OGpaTHas kocas YepTa

C CUMBOJIOM HOBOI CTPOKM BbI Y€ BCTpedaJnuch paHbiie. OH IO3BOJISIET pPa3neuTh
CTPOKY B JIIOOOM MecTe Ha IBe yacTh. Hampumep, cTpoka

"DT0 mepBasg cTpoxa\n3To BTOpas cTpoka”

IIPU BBIBOJEC Ha SKpaH 6yz[eT BBIITIAACTD TaK:
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5TO IepBas CTpPOKa
OTO BTOR&aA CTPOKA

IMo aHamoruv cuMBOJ TaOyiasauy \t MepeMelaeT BbIBOAMMYIO WHQMOpMALMIO K Clie-
Ayolled To3uiuu Tadyasiuu. B 3aBUCHMMOCTM OT THMMa KOMITBIOTEpPA, Ha KOTOPOM BbI 3a-
MYCTHTE MIporpaMmy, 3Ta TO3ULIUSI MOXKET M3MeHsSTbes. CumBon “obpatHas Kocas uyepra’
UCTIONB3YeTCs JUIsi 0003HAUCHUsI CIelIMaIbHbIX CUMBOJIOB, TTO3TOMY, UTOOBI BBIBECTM €ro Ha
3KpaH HCO6XOZLI/IMO 3anucaTh LI,Ba CUMBOJIA: \\

Konnnann Me>K,£|,y C++un l/IMeHaMVI CbaVIJ'IOB MS DOS

B MS DOS nns1 pasneneHus MeH (hbaityioB B yKa3aHUSIX MYTU HMCITOJIB3YETCSI CUMBOJI 06—
patHOll Kocoii 4epThl. Tak, root\folderA\file npeacraBisieT coOOW TyTh K aidny
: fileB manke folderA, KOTOpas ABJISETCS IMOAKATAJIOTOM KaTajora root. :
. K coxanenuio, GyHKUMOHAILHOE MpeIHa3HauYeHue oOpaTHoi Kocoii yeptel B MS DOS
u C++ He cosnagaer. O6parHag Kocas yepra B C++ ucnosb3yercd a1 o003HaueHMs -
YIPABJISIIOIIMX CUMBOJIOB, a4 €€ CaMy MOXHO BBIBECTM C momouibio cumbonos \\. IMo- |
: sromy 1nytb MS DOS root\folderA\file mnpencrasisercs B C++ CcTpoKoil :
'root\\folderA\\flle ' ' i

Bbyza.mﬂ CMECUIAHH020 Hhha

C++ Mo3BosisieT UCMOIb30BaTh B OMTHOM BBIPAKEHUM TepeMeHHbIe pa3HbIX TUIOB. Ha-
MpyUMep, TTO3BOJICHO CKIIAMbIBaTh IIeJible M NEHMCTBUTEIbHBIC MepeMeHHble. B criemyromem
BbIpakeHUM nepeMeHHas nValue sIBisieTcsl 1eI0i:

//B CJEOyIOIIEM BBIPAKEHUHN IIepen BBIMOJTHEHUEM OIlepalluu CIOXKESHUS
// 3Hadenue nValuel nmpeobGpasyercsas K tumy double

int nValuel = 1;

double fValue = nValuel + 1.0;

BoipaxkeHre, B KOTOPOM [IBa OTepaH/a OTHOCSTCS K pa3HbIM TUIIAM, Ha3bIBaeTCsI
8vlpajiceHuem cmeuwannHo2o muna. TUn reHepupyeMoro B pe3yJibTaTe 3HaueHUs OyaeT co-
OTBETCTBOBAaTh OoJiee MOIIHOMY THUITy ofiepaHaa. B Haiiem ciydyae riepei HauyajaoM Bbl-
yucauTeapHoro tpouecca nValuel xonBeprupyercs B Tun double. Ilo TomMy ke
MPUHLIMITY BbIpaKEHUE OIHOTO TUIA MOXET OBbITh MPUCBOEHO TEPEMEHHON IPYroro TH-
mna, HarpuMmep:

//B CIenyrolIeM 3aJlaHUuM 1ieJjiasi 4acThb
// fVariable coxpansierca B nVariable

float fVariable = 1.0;
int nVar Lable;
nvariab.s = fVariable;
WIAG!

Eciu mepeMeHHasl B JIEBOM CTOPOHE paBEeHCTBA OTHOCHUTCSI K THUITYy MEHee MOIII-
HOMy, 4eM TiepeMeHHasl CclipaBa, TO MPU TaKOM IPUCBOSHUU MOXHO TOTEPSTH
TOYHOCTh WJIM IWAIa30H 3Ha4YeHW# (HampuMep, eclii 3HauyeHHUe IepeMeHHOMN
fVariable TipeBbIllIaeT auama3oH AOMYCTUMBIX 3HAYEHUW  ITepeMEHHOM

nVariable).

CornaLueva Nno MMeHOBaHUIO

Bbl MOIIM 3aMETUTD, YTO MMST KAXKION IEPEMEHHOM HAYMHAETCS C OIPENEJEHHOTO CMMBO-
; Jla, KOTODbIi, KaK MOXET ITOKa3aThbCsl, COBCEM HU K 4YeMy (3TW CIieLMalbHbIe CHMBOJIBI
: mpuBeneHb! B Tabmuie Huke). C IMOMOIIBIO COMIALICHUIA 10 UCTIOIb30BaHMIO 3TUX CUMBO-
: JIOB MOXXHO MTHOBEHHO pacro3HaTh, 4To dvVariable — 310 mepemeHHas Tura double.

Fnaea 2. MpemyapocTy 06bsB/IEHNS NepPeMeHHbIX 37



OTU CUMBOJIBI TIOMOTAIOT MPOTPAMMUCTY PACIO3HABATh TUIIBI MEPEMEHHBIX, HE 00pallasch
K UX OOBSBICHUAM B IPYTOM MecTe MporpaMMbl. Tak, HETPYAHO ONpPENENUTb, YTO B TIpel-
; CTAaBJEHHOM HKXE ~BBIDAXEHWM OCYLIECTBIAETCA MPUCBOEHME CMEIIAHHOTO THIIA -}
: (nepemeHHas TuNa long MpucBanBaeTCs LEJIOYUCIEHHON MEPEMEHHON): . %

- nvariable = lVariable; . '
» Jlng C++ Mcnoib30BaHUE 3TUX CHELUATbHBIX CUMBOJIOB HE MMeeT HUKAKOro 3HAUYeHUS.
¢ Ilpwm xemaHuu uisi 0003HAUYCHUS TIEPEMEHHOM TUTIA int BB MOXETe WCIOJb30BATh JIIO- :

Oyto apyrylo Oyksy. Ho wucnonbiopanue “repBOOYKBEHHOIO” cOINalleHHs YIpOIIAeT
© MOHMMaHWe, W MHOTHE - MPOTPAMMUCTBI TIOCTOSIHHO HCIIOJIb3YIOT TMOZOOHBIE CXEMbI |
i B cBoOeil pabore. .- : -' - : - ;

Cumeon “Tvn

n int

1 " long

. f ’ " float

a double

c , character -
sz string .

[Ipeo6pa3oBaHue TUMa OOJbIIErO pa3Mepa B MEHbIUUI HAa3bIBACTCSI HOHUNICAHOUUM
npusedenuem (demotion), a obGpaTHOoe NpeoOpa30BaHUEC — HOBbLUAIUWUM NpPUBEOCHUEM
(promotion).

<oREL Hcnonb3oBanue B C++ BblpaxkeHMI CMEIIAHHOIO TUIIA — HIesl JaJeKO He ca-
Masi OJecTsiias; ux Jydyine uzderatb, He mo3possisi C++ nmenath npeodbpaszoBa-
HMS 3a Bac.
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v

Wcnons3oBaHue orepaTopoB IPUCBOCHUS

77

& & cpeMeHHBIE TIpUAYMaHbl MaTeMaTUKaMU HE TOJIBKO JIJISI TOTO, YTOObI OBLIO YTO OIM-

& CpBaThb M B YeM COXPAHATh Kakve-To 3HadyeHWsI. Ham mepeMeHHBIMU MOXHO BBI-
TIOJIHSATh CaMble pa3Hble NEWCTBMS: CKJIAmbIBaTh, IMEPEeMHOXAaTh, BBUMTATh U T.J1. CHmcok
BO3MOXHBIX OITepaIldii JOCTaTOYHO OOIIMPEH.

OTH OCHOBHBIE MaTeMaTW4YeCKHe OIepalliy WCIONb3YIOTCS U B mporpamMmax C++. Bemp
MPUIOXeHUsT 0e3 BBIYMCIUTEILHBIX BO3MOXHOCTEM ceOsl COBEpPIIeHHO He OIpaBIbIBAIOT.
Komy HyXHa cTpaxoBasi TIporpaMma, KOTopas HE MOXKET IOICUWTATh JaXke CyMMBI B3HOCOB?

Onepauun C++ BHellIHe WACHTUYHBI OOBIKHOBEHHBIM apu(MEeTHMYECKUM OIlepallysiM,
BBITIOJTHSIEMBIM Ha KJIOYKe OyMarw; pa3Be YTo IpUMEHsIeMble B BBIYMCIECHUSX ITepeMEHHBIS
Tepen MCITOIb30BaHUEM HYXKHO OOBSIBIISITD:

int varl:
int var2 = 1;
varl = 2 * var2;

B stom npumepe oObsiBIeHbI IBe INepeMeHHble, varl u var2. IlepeMeHHOIl var2 mpucBoe-
HO HayaJbHOE 3HAa4YeHMe 1, varl onpenesieHa Kak pe3ysibTaT YIBOSHUs MEepeMeHHOM var?.
B sToi1 TI1aBe BBHI HaiimeTe ONMMcaHWe BCETO MHOXECTBA MaTeMaTuieckux omeparopoB C++.

Dunapnas apugpuerniura

BuHapHBIMU Ha3bBIBAIOTCSI OMEPATOPbI, KOTOPbIE MMEIOT Ba apryMeHTa. B BbIpakeHUsIX
tima varl op var2 omepatop op O6uHapHBI. CaMBIMM pacIpoCTpaHEHHBIMM OWHAPHBIMU
orepaTtopaMu SIBJISIIOTCSI MPOCTble MaTeMaTUYeCKHe OIMepaluy, U3ydaemble elle 3a IIKOJb-

HBIMUA TIapTaMu. buHapHBIe omnepaumu, KoTopble moaaepxuBaer C++, TIpuBEACHHI B
Ta6a. 3.1.

Tabnuyal.1. MatemaTtnyeckneonepaunnBrnopsaKkenpuopureTa

MPVIOPUTET ~ OFEPATOP 3HAYEHVE

1 + (yuapnuﬁ) PearnbHO HM4Yero He U3MeHsIeT

1 - (yHapHbii) Bo3BpalLiaeT NPOTVBOMONOXHOE MO 3HAKY, PABHOE MO MO0 3HAYEHNE
2 ++ (YHapHbIi) Onepatop MHKPEMEHTA, YBENMYMBAET 3HAYEHVIe apryMeHTa Ha 1

2 — (yHapHbI) Onepatop AeKpeMeHTa, YMEHBLLAET 3HaueH e aprymeHTa Ha 1
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OkoHYaHneTabn.3.1

MPYOPUTET ~ OTNEPATOP 3HAYEHVE

3 * (BMHapHbI) YMHOXeHWe

3 / (6vHapHbIiA) [Jenenve

3 % (61HapHbIN) Ocrtatok (neneHve rno Moayso)

4 +(BUHaPHbIIA) CrnoxeHvie

4 - (BMHapHBLIi) BbmTaHMe

5 =F= %= 4= -= Onepatopbl NPUCBOEHMIA
(cneunanbHbie)

Kak BUINTE, OII€CPATOPbl YMHOXKXCHUWA, NCJICHUA, OCICHUA 11O MOAYJIIO, CJIIOXKCHUA U BbI-
YUTAHUST UMEIOT BUJ OOBIYHBIX MaTeMaTUYECKUX oncpaunﬁ. ﬂ,a OHU " pa60Ta10T TaK XK€,
KakK COOTBETCTBYIOLIUE UM apI/ICbMCTI/I‘IGCKI/Ie orepaunuun:

float var = 133 / 12;

3HaueHWe OOJIBIIMHCTBA ONEPATOPOB BaM XOPOIIO M3BECTHO eIll¢ M3 HadyaJlbHOM IIKOJIHI,
KpPOME pa3Be 4TO OIlepalliy IeJICHHSI IO MOMIYJIIO.

[To cBoeli cyTw 3TOT olepatop O3HAYaeT MOJydeHWe OcTaTKa OT nejeHusi. Hampuwmep,
4 BxomuT B 15 Tpu pasa, M OCTAaTOK MpU 3TOM cocTaBisieT 3. Boipaxkasich TepMmuHamMu C++,
15, menenHoe mo Momyso 4, paBHO 3.

)

int var = 15 % 4; //IepeMeHHON var IpUCBauMBaeTCs 3HadYeHre 3

HpOFpaMMI/ICTH BCE€raa IIbITalOTCA YAUBUTb HENMPOrpaMMuUCTOB, a IIOTOMY B C++ nene-
HUE TI0 MOOYJIIO OIIPCACTACTCA TaK:

IntValue ¢ IntDivisor

SKBUBAJICHTHO
IntValue - (IntValue / IntDivisor)* IntDivisor
Bor npumep:
15 % 4 paBHO 15 - (15/4) * 4
15 - 3*4
15 - 12
3
ATALY

JI1st meiCTBUTEIBHBIX IMMEPEMEHHBIX OIEPATOp IEJCHMS IO MOAYJIIO He Oompele-
JIEH, TIOCKOJbKY OH IIeJIMKOM OCHOBAaH Ha WCIIOJb30BAHUM OKPYTJICHUS
(oxpyrieHusT paccMaTpuBalIvCh B miaBe 2, "IIlpeMynpocTu OOBSIBICHUS Iepe-
MEHHBIX").

Anauus Gopanennii

CaMBIM pacIpOCTpaHEHHBIM BUIOM HMHCTpyKIuii B C++ sBJseTCs BbIpakeHue. Bowipa-
acenuem B C++ HaspIBaIOT JIOOYIO TIOCIENOBATEILHOCTh OIEPAaTOPOB (IJTMHOW HE MeEHbIIe
OIHOT0), KOTOpas BO3BpalllaeT 3HauYeHHe. Bce BbIpakeHUs] TUMMM3UPOBAaHBI. TUM BbIpaKeHUS
omnpeessieTcsl TUIIOM BO3BpalllaeMoro 3HaueHus. Hampumep, 3HaueHue BbipakeHust 1 + 2
paBHsIeTCS 3, ClIenOBaTeIbHO, 3TO 1IEJIOYMCIIEHHOE BhIpakeHHe (TyT HYXXKHO BCIOMHHUTH, YTO
KOHCTaHThl 0e3 IPOOGHOI 4YacTH OMNpeessiioTCs Kak uMerolue Tum int). CuHTakcudeckast
KOHCTPYKIIYsI, BKJIIOYAIOIasi MaTeMaTUYeCKU omepaTop, SIBJIeTCSI BhIpaXKEHMEM, TaK KakK
B pe3yJIbTaTre BBITIOJTHEHUS JTIO0O Oomepalny TOy9aeTcss YUCIo.
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BoipaxxeHusi ObIBAIOT KaK CJIOXHBIMM, TaK U KpaiiHe MpocThiMU. HeoObluHOI 0cOOEeHHO-
ctbio C++ gBisieTcsl TO, YTO OH MOHMMAET TMOJ BbIpaXXeHUEM JII000I 3aKOHUYEHHBIN ornepa-
Top. [103TOMY KOPPEKTHBIM OINEPATOPOM SIBJISIETCSI, HaTpuMep, 1;.

OH TOoXe mMpeAcCTaBIseT COOOl BhIpak€HWE, IMOTOMY YTO ero 3HayeHue 1, a Tum int.
B omneparope
z =X *y + w;

MOXHO BBIIEJUTh MSATh BbIPAXKECHUIA:
X * y —+ w
y

< X ®
*

HeoObrunbiii acriekt C++ cOCTOMT B TOM, YTO BhIpaxke€HHUE CaMO I10 cebe SIBIISIETCSl 3aBep-
IEHHON WHCTPYKIIMEH, T.e. YIIOMSHYTOe BhIpaXKeHUe 1; — 3aBeplieHHas WHCTpyKims C++.

Onpegesenue nopagra onepauui

Bce omepatopnl BBINOJHSIOT omnpeaeneHHble GyHKIMU. YTOOBl YCTaHOBUTH MOPSIOK BbI-
MMOJTHEHMST PA3IUYHBIX OMEPAaTOPOB, UM Ha3HAYEeHBI MPUOPUTETHI. PaccMOTpUM BbIpakeHUE

int var =2 %3 + 1,

Ecnu croxxeHre BBIMTOJIHUTH Tiepel YMHOXEHWEM, TO 3HaYeHWeM BBIpakeHUs Oymer
2*4 = 8. Eciu crnepBa BHIIIOJIHUTh YMHOXEHHUE, TO MOJYyIMM 3HadyeHue 6 + 1 = 7.

[IpuopuTeThl Omepaiuii ONpenesaioT MOPSIOK BBITIOJHEHUST BhlYMclIeHuid. M3 Tabm. 3.1
BUIHO, YTO MPUOPHUTET OTIepallM¥ YMHOXEHMS BBIIIE, YeM CIOXEHUs, T.e. PEe3ylbTaT BCE Ke
paBeH 7 {TIpUOPUTETHI MCIIONB3YIOTCS U B apudmeTrke, u C++ cienmyeT UMEHHO MM).

A YTO TIPOMCXOAMT, KOTJa B OJHOM BBIPaXKEHUM MCIIONb3yeTCsl JBa OrepaTtopa C OIuHa-
KOBBIM TIPUOPUTETOM?

int var =8 / 4 / 2;

Kak B aTOM citydae ciieayeT MOCTYIUTb: CHayaia 8 rmomeauth Ha 2 wind 2 Ha 4? Eciu B omHoM
BBIPAXXEHUM MPUCYTCTBYIOT ONepalliy C ONMHAKOBBIMU MPUOPUTETAMU, OHU BBITOJHSIOTCS CJieBa
HampaBo (To Xe TpaBWIO MpUMEHsIeTcsl U B apudMeTuke). [loaToMy B mpenbiayleM MpuMmepe
criepBa aeauM 8 Ha 4, Tmojydas 2, a 3aTeM JeJIMM ero Ha 2, mojiydvast oTBeT — 1.

B BoIpaxkeHuun

x / 100 + 32

x nenutcs Ha 100 u x pesynbrary mo6asisiercss 32. Ho 4ro, ecau mporpaMMUCTy HYXKHO IO-
nenuTh X Ha cymmy 100 m 32? B Takowm ciyyae eMy NpUIAETCS MCIIOJb30BaTh CKOOKM:

X / (100 + 32)

IIpu BBIYMCIICHUN TAaKOTO BBIpAXKEHWS X OymeT AeIuThcs Ha 132.
3aMeTM, YTO HavyajbHOE BBIPAXKCHUE

x / 100 + 32
UICHTUYHO CJIEMYIOIIEMY:
(x / 100) + 32

[louemy oat10 neiictButTenbHO Tak? I[loromy uto C++ cHauyana BBHINIOJHSIET OIEepalUuy
C BBICIIUM TIPUOPUTETOM. A TIPUOPUTET OMNepalvii YMHOXEHUSI U JeJeHMs BbIllle, YeM CJIO-
XKeHUsT U BblunMTaHusA. [1o9TOMy CKOOKM, YKa3bIBalOIIMEe HA BBICOKWI MPUOPUTET JaHHOM
omnepalnu, MOXHO OMYCTHUTb.

Ha ocHoBe cKa3aHHOTO MOXHO c/eJaTh BBIBOI: B CJydae HEOOXOMMMOCTU TPUOPUTET
orieparopa MOXHO MOBBICUTb, MCIOJIb3Ys CKOOKH.
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Beinosnenueynapuox onchanuli

C apudMeTndeCKMMM OWHAPHBIMU OIEpaTOpaMM BBl HEOJHOKPATHO BCTpEYaIMCh C ca-
Moro nepBoro kjiacca. O cyllecTBOBAHMU € YHApHBIX Orepaluii Bbl MOIIM U HE TOA03pe-
BaTh, XOTS HaBepHSIKa OOHY M3 HUX WMCIOJb30BaJM TOBOJHHO YacTO (MMes JEJO C OTpHlia-
TeJIbHbIMU YHMCJIaMU).

YHapHbIMU Ha3bIBAIOTCS T€ OMNEpaToOpbl, KOTOPble MMEIOT TOJbKO OAWH apryMeHT, Ha-
npuMmep ~d.

YHapHbIMU MaTeMaTUYEeCKUMM OllepaTopaMu SIBAsSOTCS +, -, ++ u --. PaccMorpum He-
KOTOpBbIE U3 HUX:
int varl = 10;
int var2 = -varl;

31ech B MOCJAEIHEM BbIPaKEHWM MCIIOJIb3yeTCsl YHAPHBIA omeparop -

OnepaTtop "MUHYC" M3MEHSIET 3HAK CBOETO aprymMeHTa (B TpuMmepe 3To varl) Ha TpoTu-
BOMOJIOXHBIA. [loJOXMTENbHBIE YMCIA CTAHOBSITCS OTPULIATEILHBIMU M Haobopor. Ormnepa-
Top "Turoc" 3HaKa apryMeHTa He M3MEHSIET U (paKTUUEeCKU BOOOIIE HM Ha YTO HE BIIMSET.

Orneparopsl ++ M —~-~ Bbl MOXeTe YBUIETh BriepBble. OHU YyBETUUYMBAIOT WM YMEHbIIAIOT
Ha | 3HaYeHMWe apryMeHTa W TO3TOMY Ha3bIBAIOTCS OMepaTopaMyd MHKPEMEHTa M ITEeKpPEeMEH-
Ta (OT aHII. increment (yBeqU4uBaTb) U decrement (yMeHblIaTh). — [llpum. nepes.). K neiict-
BUTEJIbHBIM TIEPEMEHHBIM WX TMPUMEHEHUEe HeAOmycTUMO. Ilocie BBIMOJHEHUS MPUBEACH-
HOro HUXe ¢dparMeHTa 3HaYeHUe MepeMeHHoU Oyraer paBHo 1.

int var = 10; // VHUIIMaNM3alus [IepeMeHHOM
vart+; // Ee yBeJWUeH¥e; 3HaYeHMe IIepEeMEHHON paBHO 1l

Orneparopbl MHKpPEMEHTa M JIEKPEeMEeHTa MOTYT HaxXOIUThCs JIMOO Tiepen apryMeHTOM
(pedukcHast popma), 1mbO mocie Hero (moctdukcHast ¢dopma). B 3aBucuMocTt OT crioco-
6a 3amucu, BHITIOJTHEHUE OIEepaTopoB MHKPEMEHTa U JAeKPEMEHTa MMeeT CBOM OCOOEHHOCTH.
PaccMoTpuM omnepatop MHKpeMeHTa (IMPUHLMITBI paboThl Ooreparopa AeKpeMeHTa Te Xe).

[MpenmonoxuM, 4YTO TIepeMeHHass m uMeeT 3HadeHue 5. O0a crmocoba NpUMEHEHUS
K I orepatopa MHKpeMmeHTa (++m u m++) npuBeayT K pesyibrary 6. PasHuiia Mexmy HUMU
COCTOMT B TOM, YTO 3HAYEHHE I B BbIPaXKEHUU ++I1 paBHO O, B TO BpeMsl KaK B BbIpaKCHUU
¢ noctukcHOi (OpMOI 3amrMcy OHO PaBHO 5. DTO MOXHO MPOWUJUIIOCTPUPOBATH CJIEMYIO-
LIUM TIPUMEPOM:

//ODOBABIISIEM TPU lIeJbe IIepeMeHHbe
int nl, n2, o3;

nl = 5;

n2 = ++nl; //obe mepemenHse - nl u 12 - HojdydaoT 3HadeHue O
nl = 5;

3 = nl++; // nl npuHmMaeT 3HadYeHMEe &£, a I3 - 5

JpyriMu clIOBaMU, IEPEMEHHON TI.2 MpHUCBAaMBaeTCs YXKe yBEIUYEHHOE MPe(OUKCHBIM
OIepaTopoM MHKpPEMEHTa 3HadyeHue nl, Torga Kak MepeMeHHOM ni3 Iepefaercsl ellle He yBe-
JINYEHHOE TMOCT(MOUKCHBIM OMepaTOpoM 3HaueHue nl.

Uenoussobanueonepamopol npucboerus

Oneparopbl MPUCBOEHUS SIBISIIOTCSI OMHAPHBIMU, WU3MEHSIOIIUMU 3HAYEHUSI CBOMX Jie-
BbIX apryMeHTOB. OOBIKHOBEHHBIII OIepaTop MPUCBOCHUS ‘=" aBCOJNIOTHO HEOOXOAWM BO
BCEX SI3bIKaxX MPOTrpaMMUPOBAHUs. OTOT OMEpaTop COXPaHSIET 3HAaYe€HWEe MPaBOro apryMeHTa
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B jeBoM. OIHAKO IIPMYyIbl aBTOPOB fA3bIKA MPUBEIM K TOABIEHWIO M IPYIMX ONEpaTOpOB
MIPUCBOEHUS. '
Cosparenn C++ 3aMeTUIM, YTO NPUCBOEHUE YACTO MMEET BUL

variable = variable # constant

3mech £ TpencTaBiseT co0OM KakKoi-TO OMHApHBIN orepaTop. CiemoBaTebHO, YTOOBI
YBEJIMYUTh LIETYI0 MTEPEMEHHYI0 Ha JBa, MMPOrPaMMMCT MOXET HaIMCaTh:

nVariable = nVariable + 2;

M3 aT10ii 3ammcu ciaeayer, 4To K 3HAYeHMIO mepeMeHHOM nVariable moOamisieTcst nBOIi-
Ka W pe3yJbTaT CHOBa coxpaHsiercs B nVariable.

15438 Hcronb3oBaHKe B JIEBOM M MpaBOW YacTH BBIpAXXEHWS OTHOM M TOM Xe Tepe-
MEHHOI BeCbMa paclpOCTPaHEHHOE SIBICHUE B IIPOTPAMMUPOBAHUMN.

IMocko/ibKy OHA M Ta Xe TMepeMeHHasi HAaXOMUTCS MO o0e CTOPOHBI 3HAKA PABEHCTBA,
OBUIO PEIIeHO MPOCTO NOOABUTH OMEpPaTop, MCIONb3yeMblil MPY BBIYUCICHUM, K 3HAKY MPH-
CBOEHMS. B Takmx crenmm(puUecKHx oIeparopax IPUCBOEHMSI AOIYCKAETCS HCIOIb30BaHME
BCeX OMHApPHBIX OomepatopoB. [103TOMy yKa3aHHOE BBIIIE BBIPAXXCHHE MOXHO COKDPATHUTh IO

nVariable += 2;

CMBICIT 3TOi1 3alUCH TaKoB: "3HaueHHUeE HepeMeHHOI/I nVarlable yBeJau4yeHo Ha 2".

ﬂoqemy TaK BaXeH oneparop l/IHerMeHTa

'Pa3pa60Tq1/IKI/1 C++ 3aMeTWJIM, YTO MPOrPaMMUCTBI MPUOABIAIOT 1 yalle, yeM J'IIO6YIO .
IpYTyio KOHCTaHTy. YYWTELIBasg 3TO, B A3bIK ObLIa z[o6aBneHa COOTBETCTBYIOIIAsK KOHCT—_ :
PYKLIMSL. -
Kpome TOro, GOJNBLIMHCTBO IPOLECCOPOB CHOCOOHDI BBITOMHSATD KOMaHI[bI I/IHerMeHTa :
. ObicTpee, YeM KOMaHIBI CJIOXEHHS. YUUTBIBAs MOIIHOCTH MUKPOIIPOLIECCOPOB, KOTOpBIE !
{ .MCTIONb30BAMCh BO Bpems cosfganus C++, noL[o61-Ioe HOBOBBeﬂeHI/Ie 6I>IJIO ZleI/ICTBI/I—
"TEJIbHO BAXHBIM.

f3:1.124 MonuduimpoBaHHbBIE OMEPATOPHl MPUCBOEHMST MCIOJIB3YIOTCS HE TaK 4acTo,
KaK OObIYHbIE, HO KaK MPaBWJIO MOBBILIAIOT yI000UYMTAEMOCTb MPOTPaMM.
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[ema 4

BbinonHeHne noruyeckux onepauumn

B omow ziabe. ..

v 3ayeM HyXHbI JIOTUUECKHUE OMepaTopbl

v~ Mcnonab3oBaHue MPOCTHIX JIOTMYECKUX ONEPaTopoB
¥" bBunapnbie uucina B C++

v BpinojiHEHWEe OUTOBBIX JIOTUYECKUX OIepaluit

143’M60nee pacnopocTpaHeHHolt CUHTaAKCUYeCKOM KoHcTpykumeir C++ sgBisercss BbIpa-
& @& xcHue. BOJNBIIMHCTBO UCTOJIBb3YEMBIX BBIPAXEHWI COAEPKUT apHmeTHHECKHE ore-
paropbl ciioxeHusl (+), BblUMTaHuA (-) U yMHOXeHMS {*). B maHHOI riaBc ommcaHBI Bce
3TU TUIIBI BBIPAXXEHWA.

CylllecTByeT 1eNblii KjacCc TaK Ha3bIBAEMBIX .102uveckux omeparopoB. B ominume ot
apudMeTUecKrx, 3TOT TUI OMEPaTOpOB MHOTMMM HE BOCIIPUHUMAETCSI KakK OMepaTophbl.

Henpagna, uto moau He CTAIKUBAIOTCS C JIOTMYECKUMMU OTlepaTopamMu. 3HaueHUs orepa-
TopoB U 1 NI oHU BBIYUCISIOT MOCTOSIHHO. Sl He Oymy ecTh OBCsIHKU 0e3 monoka M ca-
xapa. W 3akaxy cebe pom WMJIM mornannckuii Bucku. Kak BumuTe, JIOMM OYeHb YacTO HC-
MOJIB3YIOT JIOTMYECKUE OIMEepaTopbl, HE OCO3HABasl ITOTO.

Jlormueckue omepaTopbl ObiBaioT AByx TumoB. Omepatopsl M1 m WJIWM Ha3bBaoTcs IIpo-
CTBIMU JIOTMUECKMMM oreparopamu. OnepaTopbl BTOPOro THIMa, WIA OWTOBbIE OIEpaToOphI,
YHUKaQJIbHBI, TaK KaK HWCIOJB3YIOTCS TOJBKO B MPOTPaMMHUPOBAHUM. DTOT TUIl OMNEpPaTOPOB
MO3BOJIsIET paboTaTh C JIOOBIM OUTOM B MAIIMHHOM TMPEACTaBACHUU YUCIA.

3auem rYHcHbt 102UUECKUC OREpaHOfibt

VY Bac MOXeT BO3HUMKHYTh Bompoc: "Eciu 10 ceromHsiiHero AHsS MEHSI COBEPIIEHHO He
BOJIHOBAIM JIOTMUYECKHME OMepaTophl, MOYeMy 3TO JOJKHO CIydnThes Temepb?'. Jla moToMy,
YTO TPOrpaMMbl JOJDKHBI "yMeTh" TpPUHMMAaTh pelieHusi. [IporpaMMbl, HamuCaHHbIC e
MPUHSATUSL PEUIEHUI, MO CIOXHOCTU TONOOHBI MPUBENEHHON B TEPBOW IJaBe (BCIIOMHMUTE,
YTO BCE BBHITIOJIHSIEMbIE €10 NEUCTBUSI COBEPIIEHHO Oe3anbTepHaTUBHLI). [ mpuHsaTUs pe-
LIEHWI B MPOTrpaMMax MPOCTO HEOOXOAMMO HCIOIb30BaTh JIOTUUECKHE OMepaTophl.

UCNO/1b308AHUC RPOCHbLY

N02UUeCKUXOnepamopol

IIporpammbl Ha C++ OOMKHBI 00/JagaTh CIIOCOOHOCTBIO MPUHUMATL pelieHusa. Ilpo-
rpamma Convert He BBITTOJHSJIA HUYETO, KPOME IIPOCTOTO IIpeoOpa3oBaHUs 3HAYCHUIT TeM-
nepaTypbl, U He NMPUHUMAaJIa HUKAKUX PElleHUN, OCHOBAHHBIX Ha BXOIHBIX 3HaueHUsX. s
MPUHSATHUS TaKUX pellieHui B mporpammax C++ HUCIONB3YIOT JIOTUYECKUE OIepaTOpPHI.

IIpocThie OoTMYecKMe omepaTopsbl HMpuBenaeHb B Tadi. 4.1. OHM MOryr Bo3BpalllaTh JBa
3HaueHus: true (uctuHa) u false (JI0Xb).
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Tabsmyad. 1. MpocTeieoneparopbin3noBceaHEeBHOWIIOrNKN

OrNEPATOP 3HAYEHME

== PaBeHCTBO; CTWMHHO, KOrAa 3Ha4eHVe NIEBOro apryMeHTa CoBrnaaaeT co 3Ha4eHeM Npasoro

I= HepaBeHCTBO; NPOTVBOMONIOXHO PABEHCTBY

>, < Bonblue, MeHbLLE; MCTUHHO, KOTa 3HAYEeHMe JIEBOrO BbIPaKeHVst GOsbLLe (KU MeHblLue) 3Ha-
YEHVsi NPaBoOro

>= <= Bonblie MK paBHO, MEHbLLUE WM PaBHO; UCTUHHO, €CNM UCTMHOM SIBNSIETCA > WM ==
(COOTBETCTBEHHO < WM ==}

& & W; UICTMHHO, eCnn apryMeHTbl 1 CneBa 1 Crpasa SBASIOTCH UCTUHOM

11 WJIW; NCTUHHO, ecnn nnn NeBbIA, WM NPaBbI APryMEHT SIBASIOTCS UCTUHOM

! HE; NCTWMHHO, ecnn ero apryMeHT NpPUYHUMAET JIOKHOE 3HaYeHne

[lepBbie 1IecTh omepaTopoB Tabj. 4.1 sBsIIOTCS omnepaTtopaMu cpaBHeHus. Oreparop pa-
BEHCTBA MUCIIOJNb3yeTCsl IS MPOBEPKM paBeHCTBA JABYX 3HaueHuil. Hampumep, cremyiolee
BHIpakeHUE MCTUHHO, €CITM 3HaYeHWeM T siBiisieTcss (, M JIOXHO BO BCEX OPYIMX CIIyYasx:

i o

IR He mepemyTaiiTe omepaTop paBeHCTBA == C ONEPAaTOPOM IIPUCBOCHUS =. Dra
oImMOKa OYCHb pacIpoOCTpaHeHa, K ToMy Xe KoMmuisTop C++, BooOIme ToBops,
HE CUMTAaeT ee OIIMOKOIi, 4TO AesaeT €€ BABOWHE OMacHOI!

n = 0; // IlporpaMMmuct xoTejn HamucaTsk, 4To n == O

IlIupoko pacnpocTpaHeHbl B MOBCEIHEBHOM XHU3HM omneparopsl "Oosbiie” (>) u “MeHbLIe”
(<). IIpuBemeM mpumep JIOTMYECKOTO BBIPAXKEHMSI, BO3BpAILAIOIIEro 3HAYeHue true.

int n1 = 1;
int n2 = 2;
nl < n2

Orneparopbl "OoJiblie” U "MeHbIlIe" BHEIIHE OYeHb IOXOXM, W TO3TOMY HX JIETKO Tepe-
myTaTh. YTOOBI 3TOrO HE CIYyYMJIOCh, TIOMHMTE, YTO OIEpaTOp-CTpesiodka NMPUHUMAET 3Hade-
HMe true B TOM cilyyae, KOIJa M3 IByX CPaBHMBAEMbIX 3HAUEHMII OH YKa3blBaeT Ha MEHbIIIEE.

C moMmoIbio orepaTopoB > M < MOXHO HaWTU ciydau, Korga nl OoJjiblle WJIM MEHBIIe
M2, OJHAKO MpPU ITOM HUTHOPUPYETCSI BO3MOXHOCTb PaBEHCTBA MX 3HaueHUit. OmnepaTopbl
"Oosplie WM paBHO" (>=), "MEHbIIE WIK PaBHO" (<=), B OTIMYME OT TOJBKO YTO PACCMOT-
PEHHBIX, YYUTHIBAIOT U 3TY BO3MOXKHOCTb.

Tak e HIMPOKO MCIOJb3yloTcss u onepatopsl && (M) u || {(UIH). D omepartopst
OOBIYHO COYETAIOTCS C APYTMMU JIOTMUECKUMU OIepaTopaMu:

// UCTUHHO, ecinu I2 Oonbiie nl M MeHbine n3
(nl <nzise (M2 < n3);

B xauecTtBe pemapku: orneparop "00JbllIe WM PaBHO" MOXHO OMNpPEACIUTh KaKlO
nl <= n2 skBuBaieHTHO (nl < n2}i | (nl == n2)

Jlornyeckune onepaunn n 0EeNCTBUTESIbHbIE nepemMeHHbIe

[lepemeHHbIe C TMIaBalolledl TOYKOM, Kak yxe OTMEYaloch, HE MOIYT MCIOJIb30BaThCs
U1 TiepeuncieHnsi. Bbl MoxeTe ckasaTh: IepBBIA, BTOPOM, TPETUM, YETBEPTBHIA U T.I., TaK

io B xauecmee ewe 0OHOU pemapku: onepamopvi cpasHenus 6000ue O0OCMAMOYHO 63AUMO3A-
mensiemol. Tax, nanpumep, (a==b)} skeusarenmuo (! (a>b) &&! (a<b)).— Ilpum. pen.
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KaK COOTHOIIeHUsT Mexnmy 1, 2, 3 abCOMIOTHO TOYHO U3BeCTHbl. HO HET HMKaKOro cMaicia
roBoputh 0 HoMepe 4.535887 B mocienoBaTeIbHOCTU (TaKoi CIIOCOO HyMepallud BO3MOXKEH
JIMIIb KaK 0003HAYEHME YEro-TO MEXIy YETBEPTHIM U MSATHIM, HO He NeMCTBUTEIBLHOTO 3HA~
YeHUs] HOMEPA, TaK KaK B JIOOOM CKOJIb YTOIHO MaJOM OTpe3Ke ux HecqeTHoe!! MHOXECTBO).

Tun floet, npencrasistomuii B C++ neiicTBUTENbHBIE YWCa, HE SIBISIETCS] TEepevuc-
qumbLM. Kpome Toro, B omimuue OT HeHCTBHTENbHLIX UMCes, 4Yucia ¢ IUIaBamolIeil TOYKON
UMEIOT OTpaHWYEHHOE KOJIMYECTBO pPa3psiioB, MO3TOMY IPU MCIMOJIb30BAHUM OMEPaTOpPOB
CpaBHEHUS C YMCJaMU C IlaBalolleil TOYKOW HeoOXOAMMO cOOJI0JaTh OCTOPOXHOCTh. Pac-
CMOTPUM CJIEAYIOIIMI MpUMED:

Hee £z 805

— (f2 * 3 07 ’// PaBHE JIM 5TM 3HAYEHUS?

CpaBHUBas HadajJbHOE M TOJydeHHOE 3HAYCHWsI, MBI He 00s3aTeJIbHO ITOIyYUM paBeH-
cTBO. [leiicTBUTEIbHBIE TIEepEeMEHHBIe, C KOTOPBIMU pabOTaeT KOMIBIOTEP, HE MOIYT COAEp-
KaTb OECKOHEYHOTO 4YMCia 3HAYMMBIX pa3psaoB. [lostomMy £2 paBHSIeTCSI, Hampumep,
3.3333, a He 3%. B ommumMe OT MaTeMaTHKM, B KOMIIBIOTEpPE YUCIO TPOEK IOCHIE TOUKH
orpaHudeHo. YMHoXuB 3.3333 Ha 3, Bbl, BeposiTHO, mnoiayuute He 10.0, a 9.9999. Takoit
MaJICHBKOM pa3HMIIell MOXeT MpeHeOpedh YejloBeK, HO He KOMITbIoTep. DTa MalllhHa TOHM-
MaeT ToJl PaBEHCTBOM MCKITIOYMTENIbHO TOUHOE PaBEeHCTBO 3HAYCHMUIA.

B coBpeMeHHBIX mpolieccopax BBIMOJHEHUE TaKMX BBIYMCICHUI OYEHb YCIOXHEHO.
IMpouieccop MoOXeT Aaxke YCTpaHUTh OLIMOKY OKPYIJICHUS], HO TOYHO OIpeNeIuTh, KOrma
MMEHHO MpPOLIECCOPY B3AyMaeTcsl 3TO caenaTh, s13bIKk C++ He CIoCcCOOeH.

[TpoGeMbl MOTYT MOSIBUTHCS M TPU COBEPILIEHHO MPOCTHIX BHIYUCICHUSIX, HalIpUMeD:

float £1 = 10.0;
ficat £2 = 120 % 11;
f1 == £2; //VMCTUHHO 7 DTO BHpPaxeHue?

Teopetnuecku fl1 u 2 momkHBI OBITH paBHBI (00 omepalyu AEJCHUS MO MOMYIIO MOXHO
npoyntath B miaBe 3, "BbINojfHeHHWEe MaTeMaTU4YecKUX orepanuii). OimmbKka OKpyIJIeHUs
BO3HUKHYTh Bpofie Obl He nokHa. OJHAKO M B 3TOM HeJb3s1 ObITh YBEPEHHBIM: BaM Belb He-
M3BECTHO, KaK MMEHHO TPEACTABIISIIOTCS YMC/IA C TUIABAIOIIEH TOUKOW BHYTPU KOMITHIOTEDA.

[To3BosIbTE MOPEKOMEHAOBATh Oosiee Ge30MmacHOe CpaBHEHME:

float fl = 10.0;
float 2 = fl / 3;
float f3 = f2 * 3.0;

(fl - f3) < 0.0001 SS (f3 - fl) < 0C.000%;

Ono UCTMHHO B TOM cnyyae, ecnu pasHuua mexmy f1 u f2 MeHblIe KaKOro-tTo Majoro
3HaueHMs (B HameM ciaydae — 0.0001); mpu 3TOM HEOOJIbIIIME IMOTPELIHOCTU BBIYMCICHUN
Ha MPaBWIbHOCTh CPABHEHMSI HE TMOBIUSIIOT.

CokpalleHHble BblyncneHns B C++

PaccMoTpum criemyronryto KOHCTPYKIIUIO:
ycmoeuel &§& ycmnoeue?Z

Ecnu ycnoBuel 0XHO, TO pe3yabTaT He OylaeT UCTUHHBIM, HE3aBUCUMO OT UCTUHHO-
CTH BBIpaXkeHUsT yciaoBue2. B cxeme

ycnoBuel || ycnoBue?2

B Cllydya€ MCTMHHOCTU BbIpaXeHUsl yCnoeuel HEBaXHO, Kakoe 3HAaYeHUEe MPUHUMAET YCJIO-
BHUe2, — pe3yJbTaT OymaeT UCTUHHBIM.

Ii N .
bonee moeo, 6 dannom cayuae s3mo He Kpacueoe cA060, a CMpPOSULl MAMEMAMUUECKULE
mepmun. — Ilpum. pen.
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Ins skoHomuu BpemMeHu C+-+ BBIUMCISET MEPBBIM yCAOBHE]., U B Cydae, €CJId OHO
JIOXKHO (Uit omeparopa &&) WIM UCTMHHO (Wi onepatopa I |), BeIpaxeHHWe ycnomnue? HE
BBIYMCIISICTCS M HE aHAJIM3UPYETCs.

Turnbl NOrNMYECKnX nepemMeHHbIX

TTockoNbKY > SBJSIETCSI OIIEPATOPOM, TO cpaBHeHMe a > 10 mpeacraBisieT coOOi BhIpa-
KeHue. OUYEeBUAHO, UTO PE3YJILTATOM TAKOTO BHIPAXKEHUSI MOXET ObITh WM true (MCTHHA),
wm false (J10Xb).

Bb1 yxe Morimu 3aMeTuTh, YTO cpear oOcyxmaembix B TimaBe 2, "[lpemympocTu oObsIBIIE-
HUSI TIEPEMEHHBIX', TUIIOB IEPEMEHHBIX He ObUIO Jlormueckmx (Oy/aeBbIx) TMIIOB. bojee To-
ro, H1 B OINHOM W3 cymecTBylommx TtuioB C++ Her 3HaueHmit true wmnu false. Torma
K KaKOMy THUITy OTHECTH BbIpaxkeHue a > 10?

B C++ mns xpaHeHUs JIOTMUECKUX 3HAUYEeHUM ucronb3yercs tun int. [Ipu atom 0 o6o-
3HavaeTr false, a ;moboe Apyroe OTIMYHOE OT Hy/ISI 3HaUYeHUE SIBJsIeTCs] UCTHMHOU (true). Bbl-
paxeHwus Tuna a > 10 Moryr mpuauMars 3HadeHus 0 (false) wim, Hampumep, 1 (true).

X . . . o
S Microsoft Visual Basic mist mHTepripetanmm 3HadeHuii false m true Takke wuc-

MOJIb3YyeT LeJble 4YKCiia, HO B HEM OIEepaTopbl CPaBHEHUS BO3BPAILAOT WU
0 (false), wm -1 (true).

B noBoM cranmapte ANSI C++ g paGoThl ¢ OyJIeBBIMU TTEPEMEHHBIMU OIIpENeieH TUIT
bocl, UMeoIMii 3HadYeHUs true u false.

‘buiugpume yucha C+ +

HCDGMCHHBIC XpaHATCAd B KOMIIBIOTEPE B BUAC TaK HA3bIBACMbIX NTBOWYHBIX, WU 6I/IHap—
HBbIX, YMUCECJ, T.C. NPEACTABJICHbI B BUIC I10CJICAOBATCIbHOCTU 6I/ITOB, KaXIbli U3 KOTOPbIX
MOXET coacpxXKaTb ABa 3HAYCHUA: 0 wm 1. CKOpCC BCEro, BaM HC IPUIACTCA OICPHUPOBATH
C yucjiaMd Ha OUTOBOM YPOBHE, XOTA CYLIECTBYIOT CUTyalluud, Koraa 000iTUCH 0O€3 3TOro
Henb3s. C—+ cHaOXeH HECKOJIbKUMM OoreparopaMu IJisd MMOIOOHBIX IIEJIEH.

Bpsin 11 BamM mpumeTcss yacto paboTath ¢ MEPEMEHHBIMM Ha OUTOBOM YpPOBHE,
[O3TOMY OCTAJIbHYIO YaCTh IJIABBLI CIEAYeT PacCMaTpPUBaTh KaK TEXHUYECKOE OT-
CTYIUIEHHME OT OCHOBHOI'O MTOBECTBOBAaHMUSI.

Tak Ha3bIBaeMble OUTOBBIE JIOTMYECKHUE OIEPATOPhI pabOTAIOT C apryMeHTaMM Ha OUTO-
BOM ypoBHe. It Toro 4toObl MOHSATh MPUHLIMIIBI MX PaOOThI, AaBaiiTe PacCMOTPMM, Kak
KOMIIBIOTEP XPAHUT IEPEMEHHbIE.

LecatnyHasa cuctema cyncneHuns -

Yucna, KOTOPBIMU MbI Yallle BCErO MOJb3yeMCs, HA3bIBAIOTCS JecAmuUdHbIMUY, WU JUCIa-
MU 1o ocHoBaHuio 10. B ocHoBHOM mporpammuctel Ha C++ ToXe MCIONb3YIOT JeCITUYHbIE
nepeMeHHble. Hanpumep, Mbl TOBOPUM, YTO 3HAYEHUE MEPEMEHHON var paBHO 123.

Yucao 123 MOXHO IMpeacTaBUTh B Buae 1*100+2*10+3*1. [Ipu 3TOM Kaxkmoe M3 YHCENl
100, 10, 1 aBusgerca crenennio 10.

123 =1 * 100 + 2 * 10 + 3 * 1,

YTO KBUBAJIEHTHO CIIEMYIOLIEMY:
123 =1 * 108 + 2 * 10"+ 3 * 10°

HOMHI/ITC, 4YTO JI000E YUCIO B HyJ'ICBOfI CTCIICHU paBHACTCA 1.

naBa 4. BbirnosiHeHue J10rm4eckmx ornepaumnmi 47



,D,pyrl/le CNCTEMBI CHNUCNEHNA

Hcnonp3oBanue uncia 10 B KauecTBe OCHOBAHUSI Hallleil CUCTEMBI CUMCICHUST OOBSICHS -
eTrcsl, TI0 Bcell BEpPOSITHOCTH, TEM, YTO M3APEBJIE I IOICYETOB YEJIOBEK MCITOIb30Bal Iajlb-
LBl PyK. YUYUTBIBasi OCOOEHHOCTU Halleil (hU3noJ0ruu, YIoOHO! albTepHATUBHOUW CHUCTEMOM
CUMCJIEHUS] MOXHO ObUTO Obl BBIOpAaTh ARafitaTepHuHylo!? {T.¢. ¢ ocHoBaHueM 20).

Eciu Ob1 Halla BBHIYMCIMTENBHASI CUCTeMa ObLla 3aMMCTBOBaHA y co0aK, TO oHa ObI OblLIa
BOCBMEPHUYHOI (elie omuH "paspsin”, HaXONSIIWKCS Ha 3aaHell 4acTM KakIOOW Jiambl, HE
YUUTBIBAETCST). DTa CUCTEMa CUMCJIeHUs paboTaja Obl HC MEHEee XOpOIIIO:

123 =1 * 8 + 7 * &' + 3 * 8% = 173,

Hunmekcsl 10 m 8 ykaspBaoOT cucTeMy cuMciieHus: 10 — mecaTmyHas. 8 — BOChMepHY-
Has. OCHOBAaHUEM CHUCTEMBI CUMCIIEHUS] MOXET OBITh JII0OOE TOJOXKUTENbHOE YHCIIO.

JlBOMyHaa cuctema cymMcCieHns

Y KOMIIBIOTEPOB, BUAMMO, MajIblieB MTOMEHbIIEe (MOXeT ObITh, ITO3TOMY OHHM TaKue Hema-
sekue?). OHM TIPEANOYMTAIOT TOJTh30BaThCS ABOMYHOM cHucTeMoil cuuciaeHus. Ywuciao 123
TIEPEBOIUTCS] B TBOUYHYIO CHCTEMY TaKUM 00pa3oM:

123-¢ = 0*128 + 1*64 + 1*32 + 1*16 = 1-8 + 0*4 + 1*2 + 1*1 = 01111011:

CylliecTByeT corjanieHue, KOTOpoe TJIACUT, YTO B 3alMCH JBOMYHBIX YKMCET MCIOJIb3YIOT-
ca 4, 8, 16 wm 32 (v T.4.) OIBOMYHBIX LKU(p, Aake ecau crapiuve Uudpbl — Hyaud. BHyr-
peHHee TMpeACTaB/ieHre YKcia B KOMITBIOTEPE CTPOUTCSI UMEHHO TaKUM 00pa3oM.

IMoHsiTHe pa3psiza MPUMEHSIETCSl K YMCliaM, KPaTHBIM JIeCsITU, TBOMYHBIN Xe pa3psii Ha-
3pIBaeTcsi OuToM. BocemMb OWUTOB COCTaBISAIOT OaliT, a CJIOBO TMpPEACTaBIISIETCS WIM OBYMS,
WM YeTHIPbMsI OaliTaMu.

[TockosbKy OCHOBa ABOMYHON CUCTEMbl CUMCJIEHUS OYEHb Maja, [Jisl MpelCTaBIeHUs Yu-
cesl HeOOXOAMMO HKCMOJIb30BaTh CIMIIKOM OOJiblIoe KoJMuYecTBO OMTOB. LI MpencTaBieHuUs
TaKMX OOBIYHBIX uwncels, kak 123,, HeymoOHO MCIONb30BaTh BhIpakeHus Buma 01111011,
[TosTomMy mporpaMMUCTBI MPEANIOYUTAIOT MPENCTABISATh YMcCia OJOKaAMU U3 YETbIpEX OUTOB.

C NoMOIIIbI0 OTHOTO YEThIPEXOMTOBOTO OJIOKA MOXHO MPEeACTaBUTH Jitoboe uucio ot 0 mo
15, u Takas cWcTeMa CUMCICHUS HasbIBaeTCs IIeCTHAALIATepUYHON (hexadecintal), T.e. cuc-
TeMO# 1o ocHoBaHUIO 16. YacTo ymoTpeGsIioT ee coKpallleHHOe Ha3BaHUE Aex.

B mectHagnaTepuyHoil cucreMe o6Go3HayeHus: uudp or 0 mo 9 ocraroTcs TeMM ke,
a yucia or 10 mo 15 mpencTaBiSTIOTCS ¢ TTOMOIIBIO IEPBBIX IIeCTH OYKB ajdaBuUTa: A BMECTO
10, B BMecTO 11 u T. 1. CnenosaTensHo, 123, — 3T0 7B,.

123 =7 * 16" + Bl(m.e. 11)* 16" = 1Bi¢

IToCKOJIBKY TIPOrpaMMUCTHI IIPEAIIOYMTAIOT IPEACTABIAThL YKMciIa ¢ momoliubio 4, 8, 16
win 32 6UTOB, IIeCTHAAIIATEpUYHBIC YKCIIa COCTOSAT COOTBETCTBEHHO 13 1, 2, 4 wim 8 1rect-
HaILATEpUUYHBIX Pa3psaoB (Haxke eciy Beaylue paspsiabl paBHBI 0).

B 3akimouyeHue 3amedy, 4TO, TaK KaK TepPMUHAJ HE MOIIEPKMBAaeT HUXKHUN MHACKC, 3a-
MUCHIBATh IECTHAILATEPUYHbIE CHUMBOJBI B BUAE 7B:: HeymoOHo. Jlake B TOM TEKCTOBOM
penakTope, KOTODBIN S MCIOJb3YI0 ceiiyac, TOBOJbHO HEYITOOHO BCSIKHI pa3 MEHSITh e M-
MBI IIPU(TOB JUISI BBOIA BCEro IBYX CUMBOJIOB. [103TOMY IMpOrpaMMHUCTBI TIOTOBOPUJIMCH Ha-
YUHATh IIeCTHaILIaTepuuHbie 4nucia ¢ 0x (3To cTpaHHOe 00603HaYeHUEe ObUIO MPHIYMaHO
elle BO BpeMs pa3paboTku ssbika C). Takum obOpasom, 7B;s paBuo 0x7B. Cuenys sToMy
comanieHuio, 0x7% paBHo 123, torma kak 0x123 paBHo 291.

K 1rectHammaTepuyHBIM YMCIaM MOXKHO MPUMEHSITh BCe Te K€ MaTeMaTWYecKHe orepa-
TOpPBI, YTO M K JOeCATMYHBIM. Ham TpymHO BBITIOJHUTH B yMe yMHOXeHUe umcen Cxc*CxE
MOTOMY, 4TO TabJWIla YMHOXEHUSI, KOTOPYIO Mbl YYWJIM B IIKOJIE, IPUMEHUMA TOJBKO K Ie-
CATUYHOM CHUCTEME CUMCIICHMUSI.

12 N o
Ymo u 6bL10 clenano 'y HeKomopuvixX Hapoodoe, Hanpumep y maiisa uau yyxyes. — [IpuMm. pen.
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BbipaxeHus C pUMCKUMU Y1UCIamMm
HMHTepecHO, YTO HEKOTOPBIE CUCTEMBI UYHWCENl 3HAUYUTENBHO MPEMSATCTBOBAIU Pa3BUTHUIO
MateMaTuku, K TakuMm OTHOCHUTCS U TaK Ha3biBaeMasl puMcCKasl cucrema.
CnoXuTh 1BA pUMCKHX YMC/IAa HEe OYeHb CIOXKHO:
XIX + XXVI = XXV
[MocmenoBaTeTbHOCTh BBITTIOJTHEHMS CIIOXKEHUST TaKOBa:
a) T¥+VI: 1T mocae V "yHuutoxaer' I mepen X, 1moaToMmy B pesyibrare Ioiyyaem XV,
0) X+X¥=¥X¥, ecin 10OABUTH eIle ONWH X, MOIyunM xxxx, mwm XL
~ CoxHOCTb BBIYNTAHMS PUMCKMX YMCE] MPUOIU3UTENBHO Takas ke. OIHAaKo, uTOOBI
 YMHOXWTb JIBA PUMCKMX YUCIIa, TpeOyeTcsT MUTIOM OakajaBpa MaTeMaTWKH (Y Bac BOJIO-
., CBI CTaHYT IBIOOM OT TIpaBMJIa, KOTOpPOE OOBSICHSET, KaK JA00aBUTh K X pa3psi cIipaBa
© Tak, 4ToObl X*IV paBHsoch XL). A yX O [IeJeHUM PUMCKHMX YUCET MOXHO MUCATh Le-
JIbIe TOKTOPCKUE AUCCEPTAIUH. .. §

Boinoanenue dumobetx  n10euveckux

onehauus
Bce yucna C++ MOryT OBITH OpeacTaBjCHbl B IBOUMYHOM BUIEC, T.€. C MCIIOJb30BaAHUEM

tonbko 0 m I B 3amucu ymcna. B Tabm. 4.2 ykazaHbl omnepaiiiu, KOTOpble pabOTaIOT ¢ JKC-
JJaMU TTOOMTOBO; OTCIONAa M IPOMCXOIUT Ha3BaHUE TepMHUHA "OUTOBBIC OIeparuu’.

Ta6nnuad. 2. butossieonepauum

OrEPATOP DYHKUNA

- Kaxapbiii 61T MEHSIET CBOE 3HaueHMe Ha npoTusononoxHoe: 0 samensietcs 1, 1 —Hynem
& ButoBoe WN: noodepenHo BLINOMHSET onepaumio M ¢ napamm GUTOB SIEBOrO M NPABOro aprymMeHTa
| ButoBoe WA

~

Butosoe mckniovatoee WA

C moMOIIIbI0 OMTOBBIX OIEpaIii MOXHO COXPaHSTh OOJBIIOE KOJWYECTBO MHGMOpPMa-
UMM B MaJeHbKOM YyYacTKe MaMSITH. B Mupe cyliecTByeT MHOXECTBO Belleil, KOTOpbIE
MMEIOT TOJBKO IBa COCTOSHUS (WJIM, MakKCHUMyM, 4eThipe). BBl mim XeHaThl (3aMyXeMm),
Wi HeT (XOTS MokeTe OBITh B pa3Bole WJIM ellle He XEHaThl). Bbl wim MyXduWHa, WU
XeHINWHa (o KpaliHeil Mepe, TaK cKa3aHO B MOWX BOIUTENbCKUX IMpaBax). B C++ kaxk-
IIyI0 TaKylo XapaKTepHUCTHUKY Bbl MOXETe COXpPaHWUTh B OOHOM Oute. TakuM obpa3om, IIO-
CKOJIbKY JUTSI XpaHEeHUs I1IeJIOT0 4Yucia BbiaesseTcss 4 OaiiTa, B TUI int MOXHO yIaKoBaTh
3HaYeHUS 32 pa3HBIX CBOMCTB.

Kpome Toro, 6uToBbIe onepaluy BHITIOJHSIOTCS KpaiiHe ObICTpo. XpaHeHue 32 xapakTe-
PUCTUK B OJHOM THUIIE HE MPUBOAUT HU K KAKUM JOTIOJHUTENbHBIM 3aTpaTaMm.

ButoBbIE Onepauun ¢ 0aHUM BUTOM

Butosbie omepatopsl &, | U ~ BBITIONHSIOT JJOTHYECKHE OTEPALMN Hal OTAEILHBIMU OU-
tamu uncia. Ecmm pacemarpuBarh 0 Kak false m 1 kak true (Tak IIPMHATO, XOTS MOXKHO
BBECTU U JIpyrue 00O3Ha4YeHUs ), TO AJIsl oreparopa ~ CIpaBeIMBO Cleaylollee:

~1(true) paBHO 0(false)
~0 (true) paBHo 1 (false)
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OmnepaTtop & onpenessieTcst Tak:

l(true) & 1 (true) paBHO 1l (true)
1 (true) & 0 (false) pasuo O{false)
0(false) 5 0 (false) paBuo O{false)
0 (false) & 1 (true) paBuo Ci{false}

st omeparopa |

1(true) | 1 (true) paBHO 1(true)
1 (true) { 0 (false) pasHO l{true}
0 (false) | O (false) pasHo U(false)
0 (false) ! 1 (true) paBHo 1 {true)

JIis TocJIemHEro JIOrMYECcKOro orepaTopa, HasbiBaeMoro "uckmodaromum miu” (XOR),
MPSIMO# aHAJIOr B TMOBCEIHEBHON XW3HM HaiiTh TpyaHee. OH Bo3BpalllaeT 3HayeHUE true,
€ClIM UCTUHHBIM SIBJISIETCSI KaKoi-To omuH (HO He o0a!) u3 ero aprymeHToB. Tabiuia uc-
TUHHOCTHU 3TOTO OIlepaTopa IpeacTaBicHa HKe (Tadn. 4.3).

Tabnnua4.3. TabavyancTmHHocTUoneparopa

A 1 o
1 13 1
(o] 1 o

Tenepb, 3Hasi, KaKk pabOTAlOT 3TU OIEPATOPbl C OTAEAbHBIMU OUTaAMU, PACCMOTPHUM MX
MMPUMEHEHNE K IBOMYHBIM YUCIIAM.

JICIIONB30BaHMe OUTOBHX ONEPATOPOB

BuTOBBIE OMEPaTOPBl BBHIMTOIHSIOTCS TOLOOHO JIOOBIM APYTUM apu(PMETUYECKUM OIepa-
TOpaM. CaMbIM JIETKUM oJI1 TIOHUMaHUA ABJISICTCA OIIEpaTrop ~. BrinmosHuts ornepauuio
~ HaJd 4YUCJIOM O3HA4vacT BLIIIOJHUTH €€ Had Ka>XKIbIM OUTOM YucCIIa.
~0110: (0x6)

1002z (Cx9)

Takum obpa3om nosiydaeM, uyro ~0x6 paBHO 0x9.
B cienyroieM mpumepe IpoAeMOHCTPUPOBAHO BBIMOJHEHHUE OIEpaTopa &:

0110,
&

OOHTr
0010,

Broruucnsiem, HauuHast co crapiuux outoB: 0 & 0 paBHo 0. B ciaemyromem oute 1 & 0
paBHoO 0. B tpetbem Oute 1 & 1 maer 1, a B mociaenHem oute 0 & 1 maert 0.
Te e BBIYMCIEHUSI MOTYT OBITh BBIITOJIHEHBI B IIECTHAALIATEPUYHON cucTeMe. [Jist 3Toro

HY>XHO TpeoOpa3oBaTh YMCIa B JBOMYHOE MPEACTaBICHUE, BBITIOJIHUTH OMEpaluio U Mpeod-
pa3zoBaTh pe3yJibTaT 0OpAaTHO.

0x06 0110,
& &

0x03 0011,
0x02 0010,

PacniicaB ynciia TakuMm o6pa3oM, MbI moayduian, 9to Ox6 & 0x3 paBHo 0x2.

(ITortpoGyiite moacumrarh 3HayeHue BbipaxkeHust 0x6 | 0x3. Eciau BaM 31O ymacresi, BbI
IOYyBCTByeTe ce0si Ha ceabMoM HebOe. MHaye ouyrurech Ha MEPBOM M3 CEMU CTYIIEHEK
B IIPEUCITOAHIO. Y MEHS Ha 3TO YIIUIO YyTh MEHbIIIE BOCBMU MHUHYT.)
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MNpocTon npumep

Cnenymoolasi porpaMMa WUTIOCTPUpPYET paboTy IMOOGUTOBBIX OIeparopoB. B Hedl WHU-
LIMUPYIOTCSl BE IIEPEMEHHBIE, K KOTOPHIM IPHUMEHSIOTCS omepauuu &, |, ~. Pesymbrarsl
BBIYMCIIEHUI BBIBOISTCS Ha 3KpaH.

// BitTest — WHUIIMUPYIOTCSI ABE TIEPEMEHHBbIC U
// BBIBOIOATCA PE3YJIETATE BbIITOJIHEHUS
// orepaTopoB ~, &, | mu *

#include <stdio.n>
#include <igstream.h>

int main{int nArg, char* pszArgs(])

{
// ycTaHOBKa BbIBOJA B UWESCTHAILATEDWUHOM BUIC
cout.setf({iocs: thex, i1los::thex};
// VMHUIIMaIU3alus OBYX apTyMeHTOB
int nArgl = 0x1234;
int nArg2 = 0Ox00ff;

// BBIIIOJTHEHME JIOTUYECKUX OIlepallnit

// CHadaja IpMMeHsieM yHapHH ornepaTop NOT

cout << "Argl Ox" << nArgl << 's\n"s
cout << "Arg2 0x" << nArg2 << ''\n";
cout << "~nargl = 0x" << ~ndrgl << "\n";
cout € "~nArg2 = 0x" << ~nArgZ <« "\n";

i

// Temnepb - OMHapPHHE OIIepPaTOPH
cout << "nArgl & nArg2 = Ox"
<< (nArgl s nArg2)
<< "\n";
cout « "nArgl | nArg2 = 0Ox"
« (nArgl | nArg2)
<< "An";
cout << "nArgl “~ nArgZ = Ox"
<< (nArgl "~ nArgz)
<< n- L

reti'nC);

[lepBast MHCTPYKLIMSI Hallleii IporpaMMbl (Ta, KOTOpas ClIeAyeT 3a KJIIOYEBHIM CJIOBOM
main) — zout.setf(ios: :hex) ; — MeHSET UCMOJb3yeMblil MO YMOJIYAHUIO ACCATUYHBIA
¢dopMaT BbIBOIA Ha IIECTHAALIATEPUYHBIN (TIOBEphTE MHE, 3TO CpaboTaer).

B ocranbHOM mporpamma oueBugHa. I[IpucBouB 3HaueHUs1 apryMeHTaM nArgl, nArg2,
OHA BBIBOOUT BCE BAapMAHTHI IMOOUTOBBIX BBIYMCICHUI HAN STUMU IIEPEMEHHBIMH.

PesynbraT BBIMOJHEHMSI TIPOrpaMMBblI OyIET BBHIISIIETh CIACOYIOIIMM O0pa3oM:

Brgl = 0x1234
Arg2 = OxIT

~nArgl = OUxffffedch
~nArg2 =  OxfirfoOO

nArgl S nArg2 = 0x34
nArgl | nArg2 = OxI2ff
nArgl ~ nArg2 = 0xl2cb

K HeCTHaAIaTCpUYHbIM YMCJIaM BCETAa MNPUITUMCBIBACTCA HpC(I)I/IKC Ox.
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3auemM npuaymaHbl 3TU Fynble onepaTopbl

[IpenHasHaueHue OONBLIMHCTBA OIEPATOPOB OYEBUAHO. B HEOOXOAMMOCTHM OIEepaTopoB
- WM + CcOMHeBaThCsl He TpuxomuTcs. He HyXHO pacckasbiBaTh, IJISI YEr0 MCMOJIb3YeTCs
onepatep | | Ho W1 HaYyMHAIOMIMX TPOrPAMMKCTOB MOXET OBITh JAJE€KO HE OYEBMIHO, 3a-
YeM MCIOJIb30BaTh OMTOBBIE OTMEPATOPHI.

Ornepatop & yacTo MCIOJB3yeTCsl NIl MackupoBaHus MHdopmauuu. Hanmpumep, npen-
MOJIOXUM, YTO HaM HYXHO BBIACIUTh IMOCIACIHMII 3HAUMMBIA IIeCTHAILIATEPUYHBINA pa3psi
M3 YEThIPEXPa3psiTHOTO YUCa:

0x1234 0001 0010 OOH 0100
& &

OxOOOF 0000 0000 0000 1111
0x0004 0000 0000 0000 0100

C noMolIbl0 3TOro oreparopa MOXHO TakXke BBbIAEISITh W YCTaHABIMBAaTh 3HAYEHUS OT-
NEeJIbHBIX OWTOB.

IIpencraBbre cebe, YyTO B HAMMCAaHHOW BaMM 0a3e JAHHBIX U COXpPaHEHUsI HEKOTOPOit
uH@OpPMAIIMA O JTUYHOCTU HCIIONB3YeTCs] €AMHCTBeHHbIN OWUT. [lepBblii 3HAUMMBINH OUT pa-
BeH 1. ecu 3To ocoba MyXCKOTo IoJjia, BTOPOi OUT paBeH 1, €cliu 3TO MPOrpaMMUCT, Tpe-
TW paBeH | B ciiyyae BHEIIHEW TMPUBIEKATEIbHOCTH, a YETBEPTHI — €CJIM YeJIOBEK MMEET
cobaky. BarmisgHute Ha Tabn. 4.4.

Tabnuuya4.4.3HayeHNnao6umTOoB

Bur 3HAYEHUE
0 1 — MyXumHa

1 1 — nporpammmuct

2 1 — npuenekaTensHold
3 1 — Bnagenel cobaku

He ocobGo mpuBiekareabHbI, MMEIOIINAN CO0aKy MpPOrpaMMMCT MYXCKOTO poma Oymer
3aKOAMpPOBaH 4MciIoM 1101.. EciM Bbl XOTUTEe MPOCMOTPETh BCE 3alMCU B ITOMCKAX XOPO-
IIEHBKOU JIeBYIIKM 0e3 co0aku, IpuyeM HeBaXXHO, pa3dumpaercs iau oHa B C++, Hamo mc-
MOJIb30BaTh CJeAyollee CpaBHeHUE (YMCIa TpUBENEHBl B ABOMYHOM 3amucu!):

({databaseValue & 1011) == 0010
~ - He MyX4dMHa
“ - IIpuUBJIeKaTeJIbHa
"~ - be3 cobaxkmu
A AN~ BAQKHO
* - He yVHTepecyeT

B stom ciydae yucno 1011 sBisteTcss Mackoif, IOTOMY YTO OHO MAacCKHPYeT, UCKITIoYast
W3 PacCMOTPEHUSI, OMTHI C He MHTEPECYIOIIMMU BaC XapaKTePUCTUKAMHM.
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[resa5

Onepatopsb! ynpaBneHus nporpaMmon

BB oros  ziabe. ..

v V:ipagnedue X0IOM MpPOTPaMMBl C MOMOIIbI KOMaH[ BETBJICHUS
¥ BulMonHeHWe MUKIOB

¥ B.10XeHHBIE KOMaHIBl YIpaBlIeHHUS

v WHcTpykuus BeI6Opa

[ pPOCTHIe MPOTPaMMKU, KOTOpbIE TOSBISUIMCH B MEPBBIX YEThIpEX TAaBax, obpada-
THIBAJIM (PUKCUPOBAHHOE KOJMYECTBO BBOIOB M BBIBOIOB PE3YJIbTATOB BHIUYMCIIEC-
HUI, oc.Je 4ero 3aBepliajiyd padoTy. DTU INPUIOXKEHHUS ObLIM JIMIIEHBI KaKoro Obl TO
HU OBIJIO KOHTPOJS Ham paboToi IMpOrpaMMbl, B YaCTHOCTM HE BBITIOJTHSIIM HUKAKHX
npoBepok Ho KoMmbloTepHbIe MpPOrpaMMbl MOTYT MPUHUMATh pellleHusl. BcrmomHure:
KOTZa TOJIb30BaTe/Ib HaKMMaeT KJIaBMIIU, KOMITbIOTED pearMpyeT Ha 3TO BBHITTOJTHEHUEM
COOTBETCTBYIOIIMX KOMAaH]I.

Hanpumep, ecnmu monb3oBatenb HaxuMaeT <Ctrl+C>, KOMIbIOTep KOMUPYET COAep-
KMMOeE BblIeJIeHHOro 0ysioka B Oydep obMeHa. Eciau mosjb3oBatesb IMepeMeliaeT MbIIIb,
Ha 3KpaHe IBUTAeTCs ee Kypcop. DTOT CIUCOK MOXKHO MPOIOJIKaTh A0 OECKOHEYHOCTH.
IIporpaMmbl ke, KOTOpble He MPUHUMAIOT HUKAKWX DPEIIeHUi, HEeU30eXHO CKYYHbI
U OJHOOOpa3HBbI.

KomaHnpl, ynpapisiionige XoioM TporpaMMEBl, YKa3blBalOT Ha TO, Kakue AEMCTBUSI OHa
JIOJDKHA BBITIOJIHUTHh B 3aBUCHMOCTHM OT pe3yJibTaTa BBIYMCIIEHHMS KaKOTO-JIMOO JIOTMYECKOTO
BbIpaXeHMsI (0 KOTOpBIX 1iUla peub B Iiase 4, "BeimonHeHue jgormvyeckux onepanuii’). Cy-
IIeCTBYeT TPU THUIA YIPABISIOIINX WHCTPYKIMI: ONepaTopbl BETBICHUS (WM YCIOBHOTO
rnepexona), LMKIa U BbIOOpa.

Inpabuenue xogou npotpasiust
C NOMOWbIO Kosarg bermbienus

[Tpoue Bcero ympapisiTb XOAOM MPOrpaMMbl ¢ TMOMOLIbI0O MHCTPYKIMU BETBIEHHUS, KOTOpas
MO3BOJISIET TIpOTpaMMe, B 3aBUCMMOCTU OT pe3yJbTaTa JIOTUUECKOTO BbIpaXEHUS, PeulnuTb, MO
KaKoOMY i JIByX BO3MOXHBIX MyTei BBIMOJHEHUS WHCTPYKIWiA CleayeT IBUTaThCs Halblile.

B C+- omepaTop yclioBHOro mepexojia peanu3yeTcs ¢ MOMOIIbI0 MHCTPYKIUU 1f:
ifim > n;

1

//l-9 rccnencearTensHOCT: ONEPATOPOB
//VHCTPYKILIMU, KOTOPbIE IOKHBI ObITh BBITIOJTHEHBI;
//ecnu 11 GONbIIE IT

}
clse
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//2-1 nocielOBATENBEHOCTE ONEPaTOPOR
//VHCTPYKIINN, KOTOPBIE HYXKHO BEIICJHUTE
//B TIDOTUBHOM ciy4ae

}

Ipexxme Bcero BBIYUCISAETCS JIOTUYECKOE BhIpaxkeHue m > 1. Eciu ero 3HaueHue —
true, MporpaMMa BBIMOJHSIET TMEPBYIO IOCAEA0BATEIbHOCTh orepaTopoB. Eciau Xxe BbI-
paxeHUe JIOXHO, yIOpaBleHUE Iepemaercs BTOpPOM mociegoBarenbHOCTH. Orepartop
else He oGsa3areneH: ecau oH onyueH, C++ CYMTAeT, YTO OH CYIIECTBYET, HO SIBJISET-
Csl IIyCTBIM.

A AC) o .
2 Ecnu B Tekymieli BeTBU omepaTopa if uMeeTcsl TOAbKO OJHA WHCTPYKIIUS,

CKOOKM MCII0JIb30BaTh HeoOs3aTeabHO. OIHAKO OYEeHb JIETKO clejaTh OIIKMO-
Ky, KOTOpyio 6e3 CKOOOK, OIpcAeNsIHIMX CTPYKTypy OMNEepaTOpoB, KOMITWJIS-
Top C++ 0OHapyXuTh He cMoxkeT. IloaToMy HamMHOro 6e3olacHee BKJIIOYATh
CKOOKM Bcerma. Ecim npysbst OyoyT yroBapuBaThb Bac HE MCHOJb30BaTh CKOO-
K1, He mojjaaBaiTecsh!

Paboty ormeparopa ifMOXHO pacCMOTPETh Ha CIIEAYIOIIEM IMpUMepe:

// BranchDemo — BBeOguTe IOBa 4WKCNa. ECIM IIePBHIM
// apTyMeHT OONblle, BHIIOJTHSIEM OIIePaTOPH IIePBON
// BeTBU, eCIM MeHblle — BTOPOM

#include <stdio.h>
#inciude <iostream.h>

int main{int argc, char* pszArgsl[])
(
// BBOIOUM IIEPBHM apPTyYMEHT. . .
int argil;
cout << "BBemmTe argl: ";
cin  >> argl;

// ...BTOpPOM

int arg2;

cout << "BBemmre argl: ";
cin  >> arg?Z;

// Tellepb pemaeM, YTO IeJaTh:
if {aral > arg2)
{

cout << "aprymeHt 1 Oonbme, 4YeM apryMeHT Z\n";

}

else

{

cout << " apryMeHT I He HoJrle, YeM apTyMeHT 2\I";

return 0;

[MporpamMma CUYMTBIBAaET JBa IIEJbIX YKMCJIA, BBOAMMBIX C KJIaBUATypbl, U CPaBHUBAacT WX.
Ecmu Beipaxenue “argl Gospie argl” MCTMHHO, TO BBIMOJHSAETCS WHCTPYKIHUS cout «
"apryMeHT 1 Oosblle, YeM apryMeHT 2:\n";. EcimM Xe HeT, TO ylpaBlieHUE TEepeXOIUT
K TIOC/IeIOBaTeIbHOCTH  OIEpaTopoB, COOTBETCTBYIOIIEH yciaoBuio else: cout <<
"apryMeHT 1 He Gonbwme, 4YeM apryMeHT 2\r.";.
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Beonoarenne yuriof

OnepaTop mnepexona MO3BOJISIET YNPABISATh PabOTOM MPOrpamMMbl, KOrna CYHIECTBYIOT
abTEpPHATUBHBIE MYTU €€ BBIMOJHEHUSI. DTO YCOBEPIIEHCTBOBAHMWE SI3bIKA XOTSI M BEChMa
3HAUUTEJIBHOE, HO BCE XK€ HE JOCTAaTOYHOE IJIsi HAaNWCaHWsSl TMOJHO(PYHKLIMOHATBHBIX
MPOrpaMM.

PaccmoTpum mipoGiiemy OOHOBIIEHMS 3KpaHa Kommblorepa. [lpu mepepucoBBIBAHUU
CONEPKUMOTO TUIIMYHOTO OUCIUIEST KOMMBIOTEPY HEOOXOOMMO BBIBOAWTH HA 3KPaH ThI-
caun mnukceneir. Ecnam mporpamMma He yMmeeT MOBTOPHO BBIMIOJHATH OAWH U TOT Xe
¢dparMeHT Kona, Bbl OyaeTe BBIHYXKIEHBI THICSYM pa3 3alUChIBATH OMHO W TO Xe MHOXe-
CTBO MHCTPYKIUMH.

[ns peumieHust 3Toil MpobaeMbl HEOOXOAMM CMOCOO, KOTOPBI MO3BOJIMT MHOTOKPAaTHO
BBIMOJIHATh ONHU U T€ K€ MNOCJIEAOBATEIbHOCTA MHCTPYKIMii. Omneparopsl LUKIa Mperoc-
TaBJISIIOT BO3MOXKHOCTh PELIUTh 3Ty 3aaady.

Livknwhile

CaMmblii MpPOCTOM LIMKJ MOXHO OpraHuM30BaTh C MOMOIIbIO orneparopa while. OH BbITIs-
AT TaKUM 0Opa3oM:

while (yciacsBue)

{

//DTOT y OI BHNONHASTCHA NOBTOPHO,
//TIOKa y GIOBm& OCTAETCS MCTHHHO

)

CHaya1a TpoBepsieTcsl yCJoBUe. YCIIOBUEM MOIYT OBITh BbIpakeHHMs Buma var > 10,
varl == var2 wi moOble apyrue. Eciau ycioBUE WCTUHHO, BBIMOJHSIIOTCSI WHCTPYKLIMA
B ckoOKax. Jloiinst mo 3akpblBalollleli CKOOKM, KOMITHMJIATOP mepenaeT yIpaBjieHWE B Hayalo
LUKJIa, U BCE IOBTOpSIETCSI BHOBb. TakuM 00pa3oMm, cmbici orneparopa while B ToM, 4TO
MPOrpaMMHBIN KOI B CKOOKaxX ITOBTOPHO BBHIITOJIHSCTCS OO TeX ITOp, IMOKa He HapyIIMTCS YC-
JIoBHE (3TOT IpOLeCC HAIOMUHAET MHE YTPEHHHE MPOTYJIKM C cO0aKOil BOKPYT IoMa, IoKa
OHa HE... Hy a ITOTOM MBI BO3BpalacMcs).

Ecnu ycnoBue cHavaia ObUIO CNPABCAIMBO, TOTIA YTO MOXKET 3aCTaBUTh €ro CTaTh JIOXK-
HeIM? PaccMOTpuUM cienyommii mpuMep IporpaMMbl:

// WhileDemo — BBeAUTE CYETYMK LUKIIA.

// Tlporpamma BBIBOOUT KOJHNYECTBO BBIMTOJIHEHHBIX
// 1umkiaoB while

#include <stdio.h>

# include: < lostream. h>

int main(int arg, char* pszArgs[])
{
// BBOJ cUeTYMKa LMKIa
int loopCount;
cout << "Bsemute loopCount: ";
cin >> loopCount;

// Teriepb B IIUKJE ELBOOMM 3HAYSHUST
while (loopCount > 0)
{
loopCount = loopCount — 1;
cout << "OcTajloCh BHIIOJIHUTH "
<< loopCount << " umkmgosin";
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'
return 0O;

[MIporpamma WhileDemo ToMyYaeT OT MOJb30BaTeNsl 3HaYeHWE CUYETYMKA IIMKJIa, KO-
Topoe coxpaHsercsa B IepeMeHHoil loopCount. 3areM mporpaMma BBITIOJHSET ITAKIT
while. CuHavanma mpoBepsieTcsl 3HadeHue mnepeMeHHol loopCount. Ecim oHo Gombire
HyJsI, TIporpaMMa BXOIMT B TeJO IUKJA (TeJIOM IMKJIAa Ha3bIBaeTCs KOO MEXIy CKOoOKa-
M), Toe loopCount yMeHbIIaeTcs Ha 1, W pe3yabTaT BBIBOOUTCS Ha B3KpaH. 3aTeM
ImporpaMMa BO3BpalllaeTcsl K Hayvajqy IUKJIa W IIpoBepsieT, ocTajach W IepeMeHHas
loopCount IOJOXHUTEIHLHOM.

Huxe mnpencraBiaeHbl pe3yibTaThbl BBIMMOJHEHUSI MPOrpaMMbl, BBIBEIEHHBIE Ha B3KpaH.
HetpynHo noramatbcsi, YTO BBEIEHHBIA MHOIO CUETYMK IMKJIa paBeH 5. Ilporpamma msTh
pa3 BBINMOJHWIA LUK, KaXIbIi pa3 BbIBOAS pe3y/bTaT Ha SKpaH:

OCTanoch BHIIOIHUTL 4 ILIMKJIOB
OCTanocCh BHIIOIHUTE 3 LIMKJIOB
OCTanocCh BHIIOIHUTEL 2 IIUKIIOB
OcTanoCh BHIIOJIHUTEL 1 LIMKIIOB
OcTanochk BHMIOIMHUTE (0 ILIMKIIOB

Ecnu monb3oBarenb BBelET OTpUIlATENbHOE 3HAYE€HME JJIs CYETYMKA LMKIA, YCIOBHE
OKaXKeTcsl JIOKHBIM W TeJO IMKJa He OymeT BBIMOJHEHO HU pady. Eciaum monb3oBaTesnb
BBEIET OYEHb OONbIIOE 4YKMCIO, HA BLINOJHEHUE TMPOrPAMMbIT YHIET OYEHb MHOTO
BpPEMEHH.

Pexe ucnonb3yercs apyrasi Bepcusi UMKJa while. u3BecTHas kKak do. . .while. OHa
paboTaeT aHAJOTMYHO, HO YCJIOBUE 3aBEpIIEHUS MPOBepsieTCs] B KOHIE, IOCJE BBITION-
HEHHUSs Tesla LIMKIIA.

do
{
//Teno nmuKia
} while (ycnoBue);

[ToCKONBKY YCIIOBUE IPOBEPSICTCS TOJNBKO B KOHIIE, TeJO oreparopa do. . .while BbI-
MOJIHSIETCS BCELAA XOTsI Obl OJMH pas.

TAL) .
AL VYcnoBue 3aBepllieHUsT LIMKJIAa MpoOBepsieTCsl TOJALKO B Hadaje oreparopa while

WIM B KOHIIe oreparopa do. . .while. /laxke ecid B KakKOi-TO MOMEHT OHO Ie-
pecTaHeT ObIThb CIpaBeMJIUBBIM, IMPOrpaMma MPOAOKUT BBIMOJHEHUE WMKIA JI0
ClleyIolel TPOBEPKU YCIIOBHUSL.

Mcnonb3oBaHWe onepaTopoB MHKPEMEHTA U AEKpeEMEHTA

OdYeHb YacTo IJIg KaKoTro-JMOO ToAcYeTa B IUKIAX MNPOTPAMMUCTBI MCIIOJb3YIOT
omnepaTopel MHKpEMeHTa WIM JeKpeMeHTa. 3aMeTWM, 4YTO B cleAyllleM @parMeHTe
nporpamMMmbl WhileDemo ais1 yMeHbIIeHMSI 3HAYeHUSI cUYeTYMKa HCIOJb3YIOTCS omepa-
TOPBI TIPUCBOCHUS U BBIUMTAHUS:

// B LWKIJE BbI3OJIMM 3HAYEHUS
while (loeopCount > 0)
{
loopCount = loopCount — 1;
cout « "OcTamoch BHITIOJHUTH
<< loopCount << " umrmoein";

"

}
Hcnonw3ys onepatop JeKpeMeHTa, 3TOT LIMKJI MOXHO 3amucarb 0ojiee KOMITaKTHO:
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// B 1IUKJIE BBHIBOIUM 3HAYEHNS
while (loopCount > 0)
{
loopCount--;
cout << "OCTasoChk BHIIOJHUTH "
« loopCount << " mmkiaoB\II";
}

CMBICJT 3TOro BapyMaHTa IMKJIa MOJHOCTBIO COBITAZAeT CO CMBICJIOM OpHMIMHana. EmmHcT-
BCHHas pa3HUIIA — B CIIOCOOE 3aIlvCH.

IMockonbKy omepaTrop AeKpeMeHTa OIHOBPEMEHHO YMEHBIIaeT apryMeHT M BO3BpalllaeT
€ro 3HauycHHE, OH MOXKET BKIIOYAThbCs B ycjaoBHMe IUKiIa while. B wactHocTH, momyctmma
cJemylolas Bepcus IMKIIa:

// B 1HUKJIE BBIBOOUM 3HaYEHMUS
while (loopCount-- > 0)
(
cout << "Ocrajoch BHIIIOJHUTL
<< loopCount << " mukimoB\m";
}

XoTUTe — BepbTe, XOTUTE — HET, HO OOJBIIMHCTBO MporpamMmmucTtoB Ha C++ wuc-
MOJIB3YIOT UMEHHO 3TOT BapMaHT 3amucH. M He MOTOMY, YTO MM HPaBUTCS OBITH OCTPO-
YMHBIMU; XOTs modyeMy Obl u HeT? Mcmojib3oBaHME B JIOTMYECKUX CPAaBHEHUSX OIIEPATO-
pOB MHKpEMEHTa M JIEeKpeMeHTa JejJaeT IPOrpaMMHBINA KOI JIETKO YHUTaeMBIM M 0oJiee
KOMITaKTHBIM. W Bpsim AM BbI, MCXOOS W3 CBOEro OMNBITA, CMOXETE IMPEMIOXUTH JOCTOM-
HYIO aJIbTepHaTHUBY.

(ol U B Bopaxenuu loopCount--, u B --loopCount 3HaueHue loopCount

YMEHBIIACTCA; OAJHAKO II€PBOC BO3BpallacT 3HAYCHUEC nepeMeHHOMN loopCount
nepea €ro yMEHbIUEeHUEM Ha ], a BTOpOE€ — IIOCJIC.

CKOJIBKO pa3 OyIeT BBIITOJHATHCS TEKPEMEHTUPOBAHHBINA BapUaHT WhileDemo, eciu
MoJIb30BaTe b BBemeT umucio 1? Ecim ucnonb3oBaTh Npe@UKCHBIM BapuaHT, TO 3Haye-
Hue --loopCount paBHo 0 M Tel0 LUKJIAa HUKOTIA HE BBHIMOJHUTCA. B mocTduKcHOM
BapuaHte loopCount-- Bo3BpaTUT | M IporpamMma IMepeaacT yrpaBieHHWEe B Hadallo
LIUKJIA.

Y Bac MOXET CIIOXUTHCS OINMOOYHOE MHEHHE, YTO IIpOrpamMma, B KOTOPOU MCIOJIb-
3YIOTCS OIepaToOphbl JE€KPEMEHTa, BBIMOJNHSIETCS OBICTPEE, TaK KaK CONEPXWUT MEHbIIe
MHCTpYKU KA. OQHAKO 3TO HE COBCEM TaK. BpeMst BHIMMOJHEHUS IIPOrPaMMBI HE 3aBUCUT
OT TOTO, KaKylo M3 IpeACTABJIEHHBIX BBIIIE OIMEpalMil JeKPeMeHTa Bbl MCIOJIb3yeTe, TaK
KaK COBPEMEHHBIE OITUMU3UPYIOUINE KOMIIMISATOPHI HMCIIOAB3YIOT MUHHMMAaJbHO HEOO0-
XOIMMOE KOJMYECTBO MHCTPYKIUI MAIIMHHOIO $3bIKa, HE3aBUCHUMO OT HUCIOIb3YEMBbIX
IUIST TeKpeMeHTa OIepaTopoB.

[pyroii pa3sHOBUIHOCTHIO LIMKIOB siBNsieTcss ki for. Ero wacto mpeamouurtaror Gosee
npocroMy 1mkiy while. Lukn for umeer ciemyrommii BuUmI:
for (MHMUMAIM3AUMA; YCIOBMEe; yBeJMUeHMe)
i
//... Teno uLMKIa

BoimosiHeHUE 1LMKIIa for HaumHaeTcsT C UHULMaau3auuu. B Helh OoOBIYHO HaXOAMTCS
oreparop IpuCBOCHMUA, I/ICHOJ’[I)BYCMI)Iﬁ JJId yCTaHOBKM HA4aJIbHOTO 3HAYE€HUA IICPEMCECH-
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HOI 1MKIa. YCI0BUE MHULMAIM3ALMKU BBITIOJHSAETCS TOJBKO OAMH pa3, MpPU IEPBOM BXO-
ne B uuka for.

3areM mnposepsieTcst ycioBue. Ilomo6Ho 1mkiy while, mukn for BBIMOMHSIETCS OO TeX
Mop, TOKa YCJIOBUE HE CTAaHET JIOXKHBIM.

Ilocne TOoro Kaxk BBIITOJTHUTCS KO Tejla LIMKJIA, YIPaBICHHE TIOJIYYUT CICOYIOLIMI I1apa-
Metp nmkia for (yBenudeHue) M 3HAYCHME CUETYMKA M3MEHUTCS. 3aTeM OIISITh OymeT BbI-
IMOJIHEHA TIpOBEpKa YCJIOBUS, W ITIpOLIeCC MOBTOPUTCS. B 3TOM mapameTpe OOBIYHO 3amuChI-
BalOT MHKPEMEHTHOE WM JEKPEMEHTHOE BbIPAXKEHME, KOTOPOE OIpenessieT XapakTep H3Me-
HEHUS TNEPEMEHHOW UMKJIA Ha KAXIOW UTEpalid, HO B IPUHLUIEC OTrPaHUYCHUU Ha
KUCITOJIb3YyEMbIE 3[IeCh OMepaTopbl HET.

Hukn for MOXHO 3aMEHHMTh SKBHUBAJICHTHBIM eMy LIMKJIOM while:

VHUIMANMIAUMA
while (ycioBue)

{

// ... Teyo LuKiIa
}

YBeJINn4YeHne ;

Bce Tpu mapamerpa mukia for sBisSOTCA HeoOs3aTenbHBIMH. C++ WUTHOPUPYET OTCYT-
CTBUE€ YaCTU WHUIMAIU3ALUU WM YBeJUYeHUS [IUMKIA, a eclu omylieHo ycinoBue, C++ Oy-
JeT BBIMOJHATh UMK for BeyHO (WIM mMoOKa KakKou-nmubo Apyroil omeparop He Mepenact
yIOpaBjieHre 3a Mpeaesbl LUKIA).

Hdns naydmrero moHuMaHus umkia for paccmorpum npumep. [lpuBemeHHass Huke
nporpamMma ForDemo BeimosHsier To Xe, uro u whileDemo, Ho BMmecTto while mcmonb3y-
et UMK for.

// ForDemo. BBOOWMTCSA CYETUYUK UMKIIE.

// Ha OKPaH BBBOIUTCHA KOJIMYECTBO BHIIOJIHEHHBIX
// 1tmrnoB for

#include <stdic.h>

#include <iostream.n>

int main{int arg, char* pszArgs[])
{

// BBOO CcUYeTdYMKa ILIMKJIIa

int lcopCount;

cout « "BBemmre loopCount: ™ ;
cin >> loopCount;

// paboTaeM, IIOKa HE HAPYMUTCS YCJIOBUE

for (int 1 = loopCount; i > 0; i--}
{
cout << "OCTajoCh BHIIOJHUTE " << i-1 << " nuxnosi\n";
}
return 0;

IMporpamma ForDemo BbITIONHSIET Te e ACHCTBUS, YTO U paHee pacCMOTpeHHas While-
Demo. OnHako BMecTo M3MeHeHUs nepeMeHHoi loopCount B 3TOM BapuaHTE MPOrpaMMbl
BBE/IEHA CIeliMasibHasl MepeMeHHasl LMKJIa.

BhinosiHeHUEe 1MKIIA HAYMHAETCSl C OOBSIBJICHUSI 3TOM MEPEMEHHOM i M MHUIMATU3aluu
ee 3HaueHueM ITepeMeHHOll loopCount. 3areM mpoBepsieTcsl, SIBJSIETCS U TepeMeHHas i
noyioxxuTenbHoi. Ecim ma, To mporpamMma BBIBOOUT YMEHBIIEHHOE Ha 1 3HauyeHWE i U BO3-
BpalllaeTcsl K Havyajay LMKJIa.
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Hukn forrtakxke ynobeH M TOrma, KOorma 3HadyeHUeE ITePEeMEHHO# IMKJIAa HeoOXOIMMO
yBeIUYMBaTh, a HE YMEHbIIaTh. ODTO OCYIIECTBISICTCS HEOONBIIUM M3MEHEHUEM
nukna for.

// ForDerwo. BBOAMTCA CYETYMK LUKIIA.

//Ha 5KpaH BBIBOOUTCS KOJMYECTBO BBIMOJIHEHHBIX
// umknos for

#include <stdioc.h>

#include <icstream.h>

int mair:int arg, char* pszArgs|])
{
// BBOI CYeT4YMKa LIMKJIa
int loopCount;
cout << "BBemmrTe loopCount: ";
cin » loopCount;

// BBHUYMCIIsSIEM, TIOKAa HE HAPYMUTCsS YCIIOBUE
for (int i = 1; i <= loopCount; i++]

cout << '"Mbr 3aBepuimin " << i « " pukia\n";

}
return 0O;

AL}
2 CorjacHO TIOCTeIHEMY CTaHAApTy si3blKa MHIEKCHas MepeMeHHasi, OObSIBICH-

Has B YaCTM MHMUIIMAJM3allMM IUKJIa for, U3BECTHA TOJBKO B IIpeaeax 3TOTo
mukia. IIporpammuctel Ha C++ B 9TOM Cilydae TOBOPST, YTO OO0JIACTh BUIM-
MOCTH TIepeMeHHO# orpaHumdeHa umkiaoM for. Hampumep, B HMHCTPYKLIUU
return pacCMOTPEHHOTrO BbIllIE TpUMepa, T.e. 3a TpeaesiaMy IUKJIa, Tepe-
MEHHasl i HEIOCTYITHAa M He MOXET MCHOJb30BaThcsd. OXHAKO 3TOr0 HOBEM-
LIEr0o IpaBUJia MPUAEPXKUBAIOTCS JAJIEKO HE BCE KOMITMJISITOPBI, U BaM HYXKHO
MIPOTECTUPOBATh CBOl KOMIIUJISITOP, YTOOBI y3HaTh, KaK OH JIEHCTBYEeT B 3TOM
ciyJae.

Bul MoxeTe 3amaTh BOTIpOC: eciv LMKI for skBuUBajieHTeH Ikiny while, 3adem 3a6m-
Bath cebe uM TosoBy? LMK for HAMHOTO Jierde sl TOHUMAaHUSI, TTIOCKOJIbKY TJIaBHBIE Jac-
™ moboro mukia for (MHUIUaANIM3aANus, yCJIOBUE, YBEIWYEeHWE) MMEIOT (PUKCUpPOBaAaHHOE
MECTOTIOJIOKEHNE M COOTBETCTBYIOT CTaHIApTHOMY (hopmaTy 3armucu.

U30eraiiTe 0€CKOHEYHbIX LIUKIOB

beckoneunbim Ha3bBIBAIOT TaKOW IIWKJ, KOTOPBIA BBITTONHIETCS BEYHO. DBeCKOHEeUHBIH
LIMKJT CO37aeTCsl KaKIblii pa3, KOTIa Hejlb3sl HapYIIUTh YCIOBHE BBITTOJTHEHUS LIMKJIA, OOBIY-
HO BCJIEACTBUE KaKOW-TO OIIMOKHK B KOIE.
PaccMoTpuM criemyolnylo pa3HOBUIHOCTh PACCMOTPEHHOTO paHee LMKJIa:
while (loopCount > 0)
f
cout << "Ocramochy BeIMOTHUTE" <<loopCount << " muxmos\m"

[TporpaMMuCT 3a0bUT YMEHBIIUTh TiepeMeHHyIo loopCount, Kak 3TO Jelaloch B paHee
pPacCMOTPEHHBIX LIMKIaX. B pe3ynbTate MOJNydeH CUYETYMK IMKJA, 3HaYeHUE KOTOPOro HU-
Korja He usMeHsiercs. [Ipu 3TOM yclioBUe BBITIOJIHEHUST LIMKJIa OyaeT Jubo Bceraa MCTUHHO,
6O Bcerma JIOKHO. BhIMONMHeHWE TaKOW MpPOrpaMMbl HUKOTIA He 3aKOHYMTCS €CTeCTBEH-
HBIM TyTeM, T.€., KaK FOBOPST, MporpaMMa 3alMKJInBaeTcs.
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Ho... Huuro He BewHo mon JlyHoit! B koHeyHOM cuere MpaBUTETHCTBO CMEHUTCSI, KOM-
npoTep HonoMmaercs, Microsoft o6aHkporuTcs... Mnum UMK mpepBeTcsl, U BaM He O “cM Oy-
i1eT TPEBOKUTHCS.

CymectByeT ropa3mo Oosbliie CIOCOOOB CO3MaHUS OECKOHEYHBIX ITMKIJIOB, 4YeM ToKasa-
HO 3[eChb; HO OOBIYHO OHM CJIMIIKOM CJOXHBI A TOTC. YTOObl MPUBOAWTbL WX B TaKoOi
TMPOCTON KHUXKE.

CneuvanbHble onepaTopbl LIMKIOB

B C++ ompeneneHbl B¢ crieUalbHBIC YIPABISIOIINE MTPOrpaMMoOii KoMaHObl — break
U continue. MOXET CIy4UTbCS, UTO YCIOBHE pabOThl ILIMKJIAa HApYIIMTCS HE B Hayaje Wid
B KOHIIE, a Tme-TO TocepeauHe IMKiaa. PaccMoTpuMm mporpamMmy, KOTOpas CyMMHUpPYET BBe-
JIeHHbIe TI0oJIb30BaTesieM 3HauyeHus. LMk mnpepbiBaeTcsl, KOraa I0Jb30BaTe/lb BBOAUT OTPU-
LHaTeJbHOE YHCI0.

IIpoGneMa B TOM, 4YTO IIporpaMMa He CMOXKET BBIWTM M3 LIMKJA, T0Ka ITOJb30BaTe/b He
BBeIET YMCJIO, HO JOJDKHA CAENaTh 3TO TMeped TeM, Kak 3HaueHMe OyneT m00aBJIeHO K CyMMe.

B Takmx ciydasix MCHOJIB3YIOT ompeneiaeHHyio B C++ komaHay break. OHa Hemen-
JIeHHO TiepenaeT YIpaBjleHHe B KOHell TeKyuiero unukiaa. Ilocne wuHcTpykuuu break
nporpaMma OyIeT BBITTOJHATh MHCTPYKIMIO, CIEAYIONIYIO Cpa3y Xe IOocJie 3aKphIBalo-
el CKOOKM LMKIIA.

Cxematndecku pabOTy KOMaHABI break MOXHO TPOWJUTIOCTPUPOBATH TaK:
while (vconormue)
{

if (xakoe-TO mpyroe yCIJIoBUE)
{

break; //BHXOD M3 LUKIIA

3 //xolga IporpamMMma BCTpeTuT break,
//yTIpaBieHue GynerT rIepenaHo 2TOM CTPoKe
Boopyxach HOBoOM koMaHmoi break, s peaymsoBan B mporpamMe BreaklDamo peleHue
IIPO6GJIEMEl NIOCTIENOBATENBHOI'O HAKOIUIEHUSI CYMMBl WMCENI.

// BreakDemc — ZIRPOOUM MHOKSCTBEO UMCII.

// CyMMMUpyeM BT 4ucia,

// TI0Ka NonbL3oEaTalls He BBeIeT
// oTpHUIlaTEIBHOE YUCIIO

$include <stdio.h>
$#irnciude <icstream.h>

int main{irnt arg, char* pszargs[])
{
// BBeIMTE CYeTYUK LIMKIIa
int accumulator = (;
cout << "DTa nporpaMMa cyMMupyeT 4ducia, "
<< "BBeIDEHHHE NoJeIGBaTeneM\n';
CoOUT << "BHIOJHeHMEe LuKiIa "
<< "3akatdupae-Ccd rociae "
<< "BBEIEHMS OTPHMLATEIEHCTO ducnain'';

// ©GeCKOHEeYHH IIMKJI
for(;:)
{
// BBOI cClenyomero 4Yucia
int value = 0;
cout << "BBemuTe crienyoimee 4ucio: ";
cin  >> value;
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// eCciu OHO OTpPpHUIlaTEeIbLHO. . .
if (value < 0)

{
// +..7T0Dhga ERXOOUM u3 LuKiIa
break;

// ...unHade pobaBiisgeM 4YMCIJIO K obumen cymMme
accumulator = accumulator + value;

// TIOCJe BHXOIa M3 LIMKJa
// BHIBOIMM pe3yJbTaT CYMMUPOBAHNS
cout << "\mObmasi cyMMa paBHa "

« accumulator

< "\n!l',

return 0;

IMocne oGbsicHEHUS MPaBWJI TIOJB30BATENIO (YTO HY>KHO BBECTH, YTOOBI BBIATU M3 LIMKIIA,
M 4TO JAeJIaeT 3Ta MporpaMma) yrpapjiIeHUe TOJydaeT HeuTO MOJOO0HOEe OECKOHEUHOMY LIUKIY
for. CHauaja Ha ®KpaH BBIBOAMTCS 3aIlpOC Ha BBEIACHHWE UKCIIa C KIaBuaTyphl. [IpoBepuThb
€ro Ha COOTBETCTBME KPUTEPUIO BBIXONA U3 LIMKJIA MOXHO TOJIBKO IOC/IE TOTO, KaK OHO CUM-
TaHO mporpaMMoii. Eciu BBeleHHOE YMCIIO OTPULIATENbHO, YIpaBJIeHUE MEPEXOAUT K orepa-
Topy break m mporpamMmma BbIXOOWT M3 LMKJIA. EcaM Xe 4MCI0 OKa3bIBAeTCs MOJIOXKUTEIb-
HbIM, MporpaMMa TpPOIyCKaeT KOMaHAy break M K HaKOIUIEHHOW cymMMe NOOGAaBJIsSIET HOBOE
3HaueHue. [locie BbIxoAa W3 LMKJIA MPOTrpaMMa BBIBOAWUT 3HAUY€HWE OOIICH CyMMbl Bcex
BBEICHHBIX YMCE M 3aBepllaeT pabory.

ol ITpu mOBTOPSIOIIEMCS BBIMIOJHEHUM OTEpalldii Hall MepeMEHHOM B LIUKJIE IPO-
caequTe, YTOObl MHULMAIU3ALUS IIEPEMEHHOM OCYLIECTBISIACH €IIe OO0 BXOIa
B LMKJI. B HalieMm ciydaec mporpamMma OOHY/IMIa IMEepeMeHHyl accumulator
repen BXOAOM B LIMKJI, B KOTOPOM K HEil 1OOaB/ISIOTCS HOBBIE YMCIIA.

Heckonbko peke mcrnonab3yeTcss KomaHga continue. CTOJKHYBIIMCH C HEM, mporpamMmma
HEMEIJIEHHO BO3BpallaeTcsl K Havyaly OMKiIa. OcTajipHble MHCTPYKLUMU LMKJIA WUTHOPUPYIOT-
cs. B cnenylomiem (parmeHTe mporpamMMmbl OTPUIIATEIbHBIC YUCIA, KOTOPbIE MOXET BBECTH
MOJIb30BaTe/ b, UTHOPUPYIOTCS:

while (1)

i
//BBC 3HAYEHNST
cout << "BBemuTe 3HadeHwue";
can » 1inputVal;

//eciu 9MuCIio OTpHUllaTelbHOoe

if (inputval < 0)

{
//BHBOIOUM COOOmeHre o6 ommbre
cout « "He pgoryckaeTcss BBOI "

« "oTpullaTeNnbHBEX uYucen\imn";
//BO3BpaMaeMcs K Hadaly LUKIIa
continue;

}

//BBeLOeHO ImpmeMiieMoe 3Ha4YeHMe
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BrooicennviekomanOviynpabaenus

Bo3BpatuMmcs K TpoGiieMe NepepucOBLIBAHUS 9KpaHa MOHHWTOpa. KoHedHo, HeKoTopble
TUIIBI CTPYKTYp LMKJIOB MOXHO WCIIOJNb30BaTh ISl TMPOPUCOBKU KaXIOTO TMUKCENs] JTUHUU
creBa HampaBo (WM Ul €BpeeB M apaboB CKaHMPOBaHME 3KpaHa OCYLIECTBIISIETCS CIpaBa
HaneBo?). Ho Kkak peanuzoBaTh NOBTOpsIOIIEeCs TMEepPepUCOBbIBAHNWE KaXIO CKaHUPYyeMO
JUHUKM cBepxy BHM3? (ISl aBCTpaJMIiCKMX SKpaHOB, HaBepHoe, CHM3Yy BBepx’') Jlng storo
HYXHO BKJIIOUUTh LMKJ, CKAaHUPYIOIUMU THUKCENU CcJieBa HampaBo, BHYTPb LMKJIA, CKaHU-
pyIOIleTO JIMHUU CBEpPXy BHM3.

B ciydae ecnu koMaHABI OZHOTO IIMKJIA HAXOMSATCS BHYTPU APYTOro, LIMKJI Ha3bIBAIOT
6n10xcenHbiM. B KadecTBe mpuMepa Bbl MoxeTe MoauduiiMpoBaTh Iporpammy BreakDemo
B MporpaMMmy, KOTOpasi HakariMBaeT CyMMY YMCeN JII000ro KOJUYeCTBa IMOCJeNIOBaTeIbHO-
creii. B sT0il mporpamme, Ha3BaHHOU NestedDemo, BO BHYTpeHHEM LIMKJIE CYMMUPYIOTCS
yycia, BBEAEHHbIE C KJIaBUATyphbl, TOKa IMOJb30BaTellb HE BBENET OTpULIATeIbHOE 3HAUYEHUE.
BHemHMit IMKI CyMMUpYeT TIIOJy9eHHBIe CYMMBI 3HAaueHUH IOCIeIOoBaTeIbHOCTe J0 Tex
Mop, MoKa HAKOIUIEHHasl CyMMa MpPUMET OTJIMYHOE OT HYJsl 3HaueHUe.

// NestedDemc — BBOOWUTCS NoCHelOBaTeNbHOCTE YKCE.
// Yucrna CyMMUDPYOTCS, IIOKa [ICIL303aTellb
// He BBeIeT OoTpxlaTenbHoe UYMCIo,

// DTOT Ipollecc OymeT NOBTORATLCH,

// rIoka obmasi cyMMa He cTaHeT paBHoul 0.

#include <stdio.h>
$include <iostream.h>

int main(ir.t arg, char* pszArgsl[])
{

cout << "3Ta nporpammda cymMupyetr "
<< "IIOCJIemoBATEeNbHOCTM dYMucel.\I BBoOm Kaxgonm "
<< "mnoonemgoBaTENsHCCTH 3aBepmaeTcs "
<< "BBOIOM OTPMUHLE&TE&NIBHODC 4YMcia \II"
<< "YTob6Bl 3aBEepIMTHL BBOJI IIOCIemoBaTesibHOCTelm, "
<< "HYKHO BBECTK\NIBa OTPUIATENBLHEX uYyMcia nonpanin”™;
// BHEmHUM LIMKJI paboTaeT C IIOCIedOBaTEeILHOCTSIMM YMuCell
int accumulator;
do
{
// HadYMHaAEeM BBOI OYEpPEemHOM IIOCIeNOBaTeIbHOCTMY YUCell
accumulator = 0O;
cout << "\nBeeluTe odYepemHYD NOCIeOOBATENLHOCTE\R";

// GecROHeWHEH IIMKII
for(;:)
{
// BBemeHMe odYepemHOTO Yucia
int value = 0;
cout << "BBemuTe ouepernHoe Yuciao: "
cin >> value;

// ecnum OHO OTpullaTeJIbHOe. . .
if (value < 0}
{
// ... BHXOOVM M3 IIMKJIA
break;
}

// ...uHade pobaBigeM 4MCIIO K
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// obmen cyMme
accumulator = accumulator + value;

}

// BBIBOI pe3yibTaTa BEYUCIIEHW. . .
cout « "\nObmass cymma paBHa "
<< accumulator
<< "\n";

I/ ...ecIM HaKOIIJIEHHas obmasi cyMMa 4uUcCell
// ToCIemoBaTeNIbHOCTU He paBHa HYJIO,

// HaduHaeM paboTaThb CO Cclenyoien

// TIoCenoBaTenlbHOCTHID

} while (accumulator !'= 0) ;
cout << "IllporpamMa =asBeplieHa’\n'';
return 0;

Unempyruus Betdopa

[MocnenHsass ympapisiomass WHCTPYKUMUS 3(EOEKTUBHA, €CJIA CYIIECTBYET HEOOXOIMMOCTH
BbIOOpa TPUM OTrPaHUYEHHOM KOJMYECTBE BO3MOXHBLIX BapuaHTOB. OHa ITOXOXa Ha YCIOX-
HEHHYI0 MHCTPYKIUIO if, KOTOopas BMeCTO TPOBEPKM OTHOTO YCJIOBUS aHAJU3UPYET MHOXKE-
CTBO Pa3HbIX BO3MOXHOCTE:

switch (eupaxenne)
{
case cl:

//TIepexonuM cioma, eCiy BepaxeHue == <1
break;
case Cc2:

//TnepexonnM cina, €ClI BhIpakeHue == c2
break;

default;
//ecnv HM OHHO YCJOBUE HE BBITIOJTHEHO,
// TmepexoauM crona

3HayeHUeM BBIpAXEHUsI MOJIKHO ObITh Liejoe uuciao {int, long uau char); cl, ¢2, c3
JIOJDKHBI  ObITh KOHCTaHTamMu. MHCTpykuusi switch BBINMOJHSIETCS CIEAYIOIIMM 0Opa3oM:
CHayvajla BBIYMCIISIETCS 3HAYeHWE BBIPaXKEHUS, a 3aTeM OHO CPaBHUBACTCS C KOHCTAaHTAMH,
yKa3aHHBIMM TIOCJIe CIy»kKeGHOro cjoBa case. EciM KOHCTaHTa COOTBETCTBYET 3HAYEHUIO
BBIPAXEHUS, TO TIporpaMma ITiepemaeT yIpaBjeHWe 3TOoil BeTBU. Ecim HM omwH BapuaHT He
MOAXOAUT, BbIMOJHsIETCS ycioBue default.

PaccmoTpuM mist mpuMepa CIIeayomunii parMeHT IpOrpaMMBL;

cout << "Bpemure 1, 2 wm 3:";
cin >> choice;

switch (choice)
{
case 1:
//obpabotka ciuydas 1"
break;
case 2:
//obpabotka ciydas "2"
break;

FnaBa 5. Oneparopsl ynpassieHns NporpaMmmoi 63



case 3:
//' obpabortka ciy4dast "3"
break;

dgefault:

cout << "Bbl BBean He 1, He 2 u He 3\m"

Enie pa3 HalmlOMHIO, YTO MHCTPYKIMST SWitch 3KBUBaJleHTHA YCAOKHCHHOH MHCTPYKUIUU

if (¢ BIOXEeHHBIMM 1f-WHCTPYKLUMSMH); ONHAKO, €CJIM paccMmaTpuBaeTcsl Oojiee IBYX-TPex
cllyyaeB, CTPyKTypa switch okasbIBaeTcsl HarsiHcc.

(QBET [ns BbIXOZA W3 - MHCTPYKIWU switcri HEOOXOOMMO WCIIONb30BaTh KOMaHIbI
break, vHaue yrpapieHue OyIeT MEepexXOOUTh OT OTHOIO Ciiydas K CJEOYyIOLIEeMY.
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['maBa 6

Co3paHue YHKUMIA

B oo wabe. ..

¥ HanucaHue u ucronb3oBaHue GYyHKIUN
[TonpoOHBIN aHanmU3 GYHKIWA
Ileperpyska ¢yHKIIMIA

OrnpeneneHre NpOTOTUIIOB DYHKIINI

N NS

XpaHeHI/Ie NEPEMCHHBIX B IMaMATU

,3 YeHb YacTO TMPU HAMCAHWM TIPOrpaMM BO3HUKAET HEOOXOTMMOCTh Pas3leuTh OOJb-
MporpaMMy Ha MeEHBIIIME YacTH, OTJaXWBaThb KOTOpble HamHOTro Jjerde. IIpo-
rpaMMBbI M3 TIPSABIIYIIMX IJ1aB CIMIIKOM MaJbl, YTOOB MOXHO OBUIO MO-HACTOSIIEMY Olle-
HWTb TOJIb3Y Takoro pasaeieHus. Ho peanbHble TporpaMmbl M3 OOJBIIMX MPOEKTOB COCTOSIT
M3 ThICSY (M Jaxe MWITMOHOB!) cTpok. [ToaTomy OoJbIIMe TPOTrpaMMbI TIPOCTO HEBO3MOXK-
HO HamucaTh, He pa30uBasi UX Ha OTIENbHbIC MOIYJIH.
C++ mosBoJisgeT pa3faeauTb Ko MporpaMM Ha 4acT, Ha3biBaeMble GyHKUusMU. Camu
(byHKIIMM MOTYT OBITH 3alKMCaHbl M OTJIAXEHBI OTIAEIBHO OT OCTAJILHOTO KO/a MPOTrpaMMBl.

Iy

11y Xopomasg GYHKIIHUS MOXET OBITh OIKMCaHa OJHUM IIPEIIOXKEHUEM C MUHH-
MaJIbHBIM KOJIM4ecTBOM cjioB "m" m "uam". Hampumep, GyHKIUSI sumSe-
quence {}) CYMMHUpPYET TOCJIEIOBAaTEbHOCTb LIEJOYUCIEHHBIX 3HAYEeHWI, BBe-
JNEHHBIX TI0JIb30BaTeeM. DTO OIpelesieHre BecbMa KOMIAKTHO U JIETKO BOC-

IIPUHUMACTCA.

Bo3MmoxkHOCTh pa3buBaTh TPOrpaMMy Ha 4YacTH C TOCJEAYIONIe OTIanKol Kaxkmon
(GYHKIIMM B OTACABHOCTU CYILECTBEHHO CHMXXAET CJIOXHOCTb CO3MaHUS OOJIBIIMX MPOTpaMM.
DTOT NOOXOoM SIBJIIETCS, IO CYTH, MPOCTeMIneil (popMoii MHKAMNCYIIIUN (CMOTPUTE IiaBy 12,
“3HAKOMCTEO C 00bEKTHO-OPUEHTUPOBAHHBIM TTPOTPaMMUpPOBaHUEM", T BOMPOCHI MHKATI-
CYJISIIUY pacCMaTpUBAIOTCS TOAPOOHEe.)

Hanucanue u ucnoavsoeanue Gynxyuil

DyHKIMKM JIydille BCErO0 M3ydyaThb Ha MpuMepax. DTa 4yacThb HAYMHAETCS C IPOTrpaMMbl
FunctionDame, KOTOpas MOKAa3bIBAeT, KaK YIPOCTUTh PACCMOTPEHHYIO B IVIaBe 5 Iporpam-
My NestDeno, OMNpEACIUB IOMOJTHUTEIbHYIO (yHKLMIO. Ha npumepe mporpaMmbl Func-
tionDemo S IIOCTapaloCh OOBSICHUTL, KaK OIpeNesiaTh M HUCIIONb30BaTh (MYHKIMU. IDTa
porpaMma OyeT CIy>KUTh OOpasLioM ISl UX JalbHEMIIEro U3ydeHus.

NestDeno CONEPXWT ABa LIMKJIA. Bo BHYTpeHHEM IIMKIIE CYyMMUPYETCs ITOCJIeHOBaTe]Ib-
HOCTh BBEIEHHBIX ITOJIb30BaTesleM 4mcesid. OH BKITIOYEH BO BHEIIHUI LIMKJ, KOTOPBIA ITOBTO-
psIeT mpoliecc, MOKa IMOJIb30BaTelb He M3bIBUT KEIaHUSI €ro MpeKpaTuTh. PasmeneHue 3THX
JBYX IIMKJIOB JIeJIaeT MporpaMmy OoJjiee HATJISIIHOM.

B mporpamme FunctionDemo IMOKa3aHO, KaK YIPOCTUTH MporpamMmy NestDemo ¢ MHO-
MOIIbIO co3maHus GyHKuMM sumSequence {] .
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COBEF

CornacHo cuHTakcucy C++ chnpaBa OoT UMEHM (PYHKIIUU AOJKHBI MPUCYTCTBO-
BaTh JBE KPYIJIbIe CKOOKMU. B HMX 0OBIYHO yKa3bIBAIOTCS TMMapamMeTphbl (yHKIIWIA.

// FunctlonbDemo — ODeMOHCTpalUs MIOoNbL30BRAHWA

//
//
//

¢yERLMY, BHYTPEeHHMN LIUKII
TpOoTpPaMMe OQOPMITIEH Kak
oraensrad QYHKIMUS

#include <stdio.h>
#include <iostream.h>

// sumSequence — CyYMMUPYeET IIOCJI€OIOBATEIBLHOCTE
// YyCcesql, BBENEHHHX C XhnasWdTypRH, II0Ka

// NONE30BATENE He EBReleT OTPUUATEJEHOE

// YMCHic. Bo3BpamaeT CyMMy BBENEHHHX YMCest

int sumSequence (vold)

{

// OEeCKOHEYHEHIT IIUKII
int accumulator = 0;

for

{

(i)

// BBOI clenyoWerc 4ducia
int value = 0;
cout << "BBemure crienyoliee 4dMCIIC: H

cin

>> value;

// ecmu OHO OoTpullaTelbHOe. ..

if
{

//

(value < )

// ...TODI& BHXOIVM U3 IIMKJIa
break;

. . MHade mobaBiisieM 4YuCIIo K

// TiepeMeHHON accumulator
accumulator = accumulator + value;

// BO3BpamaeM 3HaYEHVE CYMME
return accumulator;

int main{int arg, char* pszRrgs{})

£

cout

<<
<<
<<
<<
<<

"OTa mnporpamMMma CyMMMPYeT MNocJeloBaTe;lbHooTH \Nn"
"ypcen. Kaxmasl MoCHefoBaATEeNEHOCTE AN
"3aKaH4YMBaETCSa OTPULIATEIBHBEM YMCJIOM. \I1"

"BBOI cepuit 3aBepmaeTcs zpogoM \II"

"OBYX OTpUIIATENIBbHBX YMCell TOompsim \I";

// CyMMUpyeM TIOCJIeNOBaTelbHOCTU YMCell. . .
int accummlatedValue;

do
i

// cyMMmMpyeM NOCHelloEaTtejs-HOCTH 4Yucer,
// BBeOEeHHHBX C KJaBUaTyDH
cout << "\nBeenguTe CIIenynIyn NoOCIeLCRATEelEHOCTE \N";
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accumulatedvValue = sumdeguence (};

// BHBOI ObOmMElN CyMMB Ha SKpPaH
cout << "\nObmas cyMmMa paBHa "
<< accumnlatedValue

«  "\n";
// ...mokKa BO3BpallaeMas cymMma He paBHa [
} while (accumulatedValue != 0);

cout << "[Iporpamma 3aBepuieHa\m";
return 0;

Bbi3zoB dyHKUMM sumSequence ()

I'maBHasg 4YacTh IIpOorpaMMbl CKOHIIEHTPMpPOBaHa B (UIYPHBIX CKOOKAaX, CIIEAYIOLINX
nocjiae ooObsiBieHUs (GyHKUMM main(). Dra 4yacThb Koda OYE€Hb HAIOMUHAET MPOrpaMMy
NestDemc.

Pasznmuune cocrouT B TOM, YTO BHYTPM (GYHKIUM main(> COHEPXUTCS BbIpaxkeHME
accumulatedValue = sumSequence (). B mpaBoit yactu SIOIO BbIpaxkeHUsI BBI3BIBACTCS
byHKUUS sumSequence (). BosBpaiiaeMoe  dyHKUMEH 3HAYeHHWE  coXpaHsieTcs
B mepeMeHHON accumulatedValue, a 3arem BuIBomWTCcS Ha 3KpaH. [71aBHas mporpamma
BBIIOJIHSIET LIMKJI JO TeX IIop, IOoKa 3HauyeHWe CyMMbI, BO3BpalllaeéMOil BHYTpEHHeEN
dbynkuumeit, ocraercst otmuHbiM oT (0. HyneBoe 3HaueHUe TOBOPUT O TOM, UTO IMOJb30BaTe/b
3aKOHYMJI BBIYMCIIEHE CYMM ITOCJICIOBaTEIbHOCTEIA.

Brei3Bath (DyHKIIMIO — 3TO 3HAYUT HavyaThb BBIMOJHEHUE KOAA, KOTOPBIA COHEPXUTCS
B Hewi. [locie 3aBepllieHUsI 3TOro IMpollecca MporpaMMa TepenacT yrpaBieHue UHCTPYKIIVU,
CJIeyIOIIeil HEITOCPEACTBEHHO 3a BBI30BOM (DYHKIIMU.

OnpepneneHuve pyHkuumn sumSequence ()

OnpeneneHue 3Toi (YHKIIMM HayMHAETCs € WMHCTpyKuMu int sumSequence (void).
3aKk04YeHHbI B (pUTypHble CKOOKM OJIOK Koda HasdblBaeTcsl meaom @ynkyuu. Kak BUIMTE,
Teso ¢pyHKuuMM sumSequence () UASHTUYHO BHYTPEHHEMY LIMKIY MporpamMmmbl NestDemo.

PabGota nporpaMmbl OCYILIECTBISIETCSl CACAYIOIIMM 00pa3oM: (YHKIMSI main BbITOIHSIET
LIMKJI, BHYTPU KOTOporo (TaM, rae B mporpamme NestDemo Haxomwiicsi BHyTPeHHUI IIAKII) MPO-
HUCXOMUT BbI3oB (yHKIMKM sumSequence (). OHa BbIUMCISET CyMMY, a pe3y/ibTaT BO3BpalllaeT
B (OYHKIIMIO main IIporpaMMbl, TOCJIe Yero MpOaoDKaeTCs BHITOJIHEHNE BHEITHETO ITUKJIA.

Tlogpodhwmié ananus pyHKyuil

DyHKUIUK SIBISIOTCS TIEPBOOCHOBOM TporpaMm C++. [loaToMy KaxXAblii ITpOTrpaMMMCT
JIOJDKEH OTYET/IMBO MOHMMATh BCEe HIOAHCHI UX ONpeaeseHUs, HallMCaHusl U OTJIaJKU.
DyHKIMENW Ha3bIBAIOT JIOTHYECKA 000COOJCHHBIN 0jl0K koma C++, uMeoIIMii cie-
NYIOLIUI BUA:
<oun Bo3EpammaeMoro 3HaueHUS> name {<aprymeHTH QYHKIIHWIO)
{

return<erpaxetne;

Apeymenmamu @yHKyuu HaA3BIBAIOTCS 3HAYEHWSI, KOTOPhIE MOXHO TiepefaTh €if TIpW BBI30-
Be. B eozepawaemom 3mauenuu ykasbIBaeTCs pe3ysbTaT, KOTOPBI (bYHKIMS BO3BpaIlaeT II0
OKOHYaHUM paboTel. Hampumep, B BbI30Be (DYHKIMM BO3BeIeHMsI B KBaapar square (10)
10 aBasieTCs apryMeHTOM, a Bo3BpalllaeMoe 3HauyeHue paBHo 100.
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W aprymeHThl, ¥ BO3BpallaeMoe 3HaueHue (PYyHKUMU HeoOsi3aresibHbl. Eciu 4To-TO OTCYT-
CTBYET, BMECTO HEr0 WCIIOJb3yeTCs KIoueBoe CloBO void. 3HayuT, ecim BMECTO CIMCKa ap-
TYMEHTOB MCIOJb3yeTcsl void, TO mpu BbI30Be (DYHKIUS HE IOJydaeT HUKAKUX apryMEHTOB
(xak m B paccMoTpeHHOo# mporpamme FunctionDemo). Ecim ke Bo3Bpamiaemblii TMI (hyHK-
MM — void, To BeI3bIBaIOLIAs MPOrpaMMa He TOIy4aeT OT (PYHKIUMKU HUKAKOTO 3HAYEHMSI.

B nporpamme FunctionDemo ucnons3yercs dbyHKiMsg ¢ uMmeHeM sumSequence (), Ko-
TOpasi He MMEEeT apryMEeHTOB M BO3BpalllaeT 3HAYeHWE 1EJOYMCICHHOTO THUIIA.

¢08E2 Tun aprymeHTOB (QYHKIIMKM TO yMOJdYyaHWio — void, To3ToMy (yHKIIUIO
int fn(void) MoXHO 3amucaTh Kak int fn().

Hcrnonb3oBaHne (YHKIIMK TIO3BOJISIET paboTaTh C KaXAOW M3 ABYX YacTeil IMporpaMMbl
FunctionDemo B otnenbHocTu. [1pu Hanucanuum ¢yHkuuu sumSequence () S KOHIEHTPH-
pyl0 BHUMaHWE Ha BBIYMCIEHUU CyMMbI YMCEN M HE Aymal 00 OCTaJbHOM KOJI€, BBI3BIBAIO-
eM 3Ty (pyHKUHUIO.

I[lpn Hanucanum ¢GyHkuum main () 9 pabotaio ¢ Bo3BpallaeMon (yHKIuen
sumSequence () — CyMMO#l MocCaenoBaTeIbHOCTH (Ha 3TOM YypOBHE abCTpakluu S 3Halo
TOJIBKO, YTO BBITIOJHSIET (PYHKIMS, a HE KaK UMEHHO OHa 3TO JeJaeT).

MpocTtbie pyHKUMN

®ynkuua sumSequence () Bo3BpailaeT 1eyoe 3HaueHHe. MYHKIIMM MOTYT BO3BpalllaTh
3HaYeHue J00ro craHmapTHoro Ttuma, Hampumep double wim char (TUMBI TMEepeMEHHBIX
paccMaTpuBaloTcsl B miaBe 5, "OmnepaTopbl ynpaBleHUs IporpaMMoit”).

Ecmu dyHKIIMS HMYero He BO3BpalllacT, TO BO3BpalllaeMblii THUIT TToMedaeTcs Kak void.

(OBEL DyHKIMKM pa3TAYaloTCsl MO TUITY BO3BpAalllaeMOro 3HayeHMs. Tak, uyesouucnen-
HoUl @iyHKLuel Ha3bIBAaIOT Ty, KOTOpas BO3BpalllaeT liejioe 3HaueHue. DYHKLNS,
KOTOpasi HUYero He BO3BpalllaeT, M3BECTHA KakK Vvoid-gynkyus. Jlanee npuBeneH
npuMep (QYHKLUU, BBIMOJHSAIONICH HEKOTOphIE NEMCTBUS, HO HE BO3Bpalllaio-
1Ie HUKAKUX 3HAYEHUM.

void echoSquare (>
{
cout << "BBemuTe 3HadeHue:";
cin >> value;
cout << "\n'"«value*value « "\n";
return;

CHayayia ympapJieHHe TepeaeTcsT epBoii MHCTPYKIMU TTOCIe OTKPHIBAIOMIEH CKOOKHM, 3aTeM
MOOYEPEIHO BBITIOIHSIOTCS BCe KOMAaH/IBI 0 MHCTPYKLMH return (KoTopas B JaHHOM ClIydae He
TpeOyeT aprymMeHTa). DTa MHCTPYKIUS TiepeaaeT yIpapieHe BbI3bIBAOIICH (DYHKIIUN.

5.1 HMucrpykuus return B void-pyHKIUAX ABaseTcss HeoOs3arenbHoi. Ecmu oHa
OTCYTCTBYET, TO BBITIOJIHEHUE (PYHKIIMM TIpeKpallaeTcs Npu AOCTUXEHUU 3a-
KpbIBalolieil (PUrypHoit cKoOKH.

QYHKUUM ¢ aprymeHTamy

DYHKIHK Ge3 apryMeHTOB MCIIOIb3YIOTCS PEOKO, TaK KaK CBA3b ¢ TaKUMU (DYHKLIUSIMU
OTHOCTOPOHHSISI, T.€. OCYILECTBJSIETCSI TOJBKO TOCPEACTBOM BO3BpAlllaeMbIX 3HAYEHUIA. Ap-
TYMEHTbI (PYHKIIMI TO3BOJISIIOT YCTAHOBUTH NBYCTOPOHHIOIO CBSI3b — 4Yepe3 TepenaBacMbie
nmapaMeTpel M BO3BpalllaeMble 3HA4YEHUS.
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DYHKUUW C OOHMM apryMEHTOM

Apeymenmamu @yHKyuu HaA3BIBAIOT 3HAYEHUS, KOTOpHIE TepenarTcs (QyHKIHUU BO BpeMs
BbI30Ba. B cienylomem npumepe ompeaensieTcss U Ucmonab3dyeTcss GyHKUUSA sguare {>, KOTo-
pasi Bo3BpalllaeT KBaapaT MepelaHHOTO B KauyecTBe apTymMeHTa 4yucia tuma double

// SquarebDemo — OEMOHCTPUPYET MCIICTbLECBAHUE
// ®yHeum, oOpabaTbiBalolleil apTryMeHTHI

#include stdio.h>
#include <tiostream.h>

// square — BO3BpamaeT KBampaT apryMeHTa
// doubleVar — BBemeHHOe 3HaYeHUE
// returns — kBampaT doubleVar
double scguare{decupble doubleVvar)
{

return doublevVar * doubleVar;

i

// sumSequence — cyMMyMpyeT NOCI&A0BATENEHOCTE

// 4Yucer, 3BEeIeHHHX C KJIaBMATYPH 3 BO3BEIEeHHHX B
// KBampaT, IIOKa NCAL30BATEeNE He BBeleT
//oTpullaTenbHOe YMCIIO.

// BozBpamaeT CyMMy KBalpaTOB BBEINEHHBX 4YMCel

int sumSequence (void)
{
// 6eIKOHeYHHH LIMKII
int ascumulator= 0;
for (; ;)
{
// BBemeHue cCienyomero d4mcia
dauble dvalue = 0;
cout << "BBemure clrenyoimee Hucno: ";
cin >> dValue;

// ecrnu OHO oTpullaTesIbHOEe. . .

if (dvalue < 0)
(

// . . .TO BBIXOOVM M3 LIMKJIA
break;
}
// ...uHa4Ye BHYUCIISIEM KBampaT YuUcCia
int value = {int}square (dValue);

// Tenepb nobasisieM KBampaT K
// accumulator
accumulator= accurmulator + value;

// BO3BpamaeM HaKOIIJIEHHOe YMCJIO
return accumulator;

}

int main (int arg, char* pszArgsi])

{
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cout « "DOTa mporpaMMa  cyMmHpyeTin”
<< "MHOXECTBEHHHE cepuym uMcesn. L\n"
<< "BBemeHMe KaxIOol NoCHAsIcBEaTelbHooTHAn"
<< "BakKaH4YMBaeTCs BBeneHuem\11"
<< "OTPpULIATEBHOTO Yuedaa. \n'"
« "Cepur noclenosaTelbHOTTeEX =BONgTCAA\R'
<< "@mo Tex II0p, IIoKa H# HC‘I‘pE‘.TF['T‘CF.\n"
<< "IOBa OTPUIATENIBLHEX HMcliain';

// TlpomonxaeM CyMMUPOBATE dYuUcCia. . .
int accumulatedvVaiue;

do
{
// CyMMUPYeM IIOCIIenOBaTeIbHOCTE YMCer,
// BBEIEHHHX C KJIaBUATYPH
cout << "\mBBemuTe CIIenybIyl IIOCIeOOBATEILHOCTE Y " ;
accumulatedvalue = sumSeguence();
// Telrepb BHBOOWM DReavILTAT CYMMMPOBAHNS
cout << "\nOfmasa cymMMa paBHa "
<< accumulatedvValue
« "\m";
// ...[I0OKa BO3BpamaeMasi cyMMa He paBHa O
} while (accumulatedvalue !=0) ;
cout << "IlporpamMMa 3asmepumeHai\n™;
return 0;

Ilo cytu, mepea BaMM Bce Ta XXe IporpamMma FunctionDemo, HO TENEpb OHA CYMMMpPYET
KBaIpaTbl BBEIEHHbIX uyuceld. B (yHKIMM square() wurpaollee posb IapameTpa YHUCIO
BO3BOAMUTCA B KBampar. [lpoBcneHsl He3HauyuTeNbHbIE M3MEHEHUS W B (YHKUMHU
sumSequence (): ecliM paHbIle MBI CYMMUPOBAJIM BBEICHHBIC YMCIIA, TO TEIEpPh CYMMHPYEM
3HayeHUs, Bo3BpallaeMble (pyHKuuel square ().

DYHKLUMM CO MHOMMMM apryMeHTamm

MYHKUMH MOTYT UMETh HE OAWH apryMeHT. B 3TOM cilyyae apryMeHThl pas3ieisioTcs 3a-
nateiMu. Hampumep, criemyioiasi GyHKLUMS BO3BpalllaeT IIPOM3BENEHUE OBYX apryMEHTOB:

int product{int argl, int arg2)

{
}

return argl*arg?l;

I'Ipeo6pasoBaH|/|e TUMNOB
B nporpaMMe COIEPXKUTCA OTEPATOP, C KOTOPBIM Bl paHbIIE HE BCTPEYAIUCE:
accumulator = accumulator + (int)dvalue;
IIpedpukc (int) mepen dValue o3HayaeT, 4TO MPOTrPaMMMUCT TIepel BBIITOJHEHUEM CyM-
MUpOBaHUs MpeobpasyeT nepeMeHHyro dValue u3 ee Tekyllero Tvumna (B TaHHOM cllyyae
double) B int. Takas ¢dopMa 3amucu MO3BOJSIET MPEOOPA30BLIBATH 3HAYEHUSI OIHOIO
TUIA K APyroMmy.
C++ nonyckaer npeoGpa3oBaHWe JIOObIX YMCIOBBIX BEJIMYMH B YKMCIOBBIE BEIMYMHBI
npyroro tura. Kommnunsitop C++ Bcerma BBITIOJNHSIET NMPUBEACHNWE TUIIOB M 0e3 Balllero
BMeEIIaTEIbCTBA, HO B TaKOM Cjydae JJis MPOBEPKM MPaBUJIBHOCTU TPUBEAECHUS OH IOJ-
i XEH BbIIaBaTh 00 B3TOM COOTBETCTByMWOIlee IpemynpexneHue. [loaromy Bo m3bexaHuUe
© OLIMOOK PEKOMEHIYETCS MCIOJIb30BaTh SIBHOE MPeoOpa3oBaHUe TUIIOB.

e e
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DyHk1Ms main ()

CryxebHoe CJIOBO main () B Halllell CTAaHNAPTHOW MporpaMMe O3HavdaeT He YTO WHOe, KakK
dbyHKIMIO (BOIMOXHO, C HEOOBIMHBIMU [UTSI BaC apryMEHTaMH M He TPeOYIOIIyI0 IIPOTOTHUIIA).

[Mpn xomnumguum TporpamMMbl C++ m06GaBIIeT HEKOTOPBIN CTAaHIAPTHBIA MPOTPaMM-
HbI{ KOM, BBIMOJHSIEMBIN 10 TOI0, KaK HAUMHAET BBIMOJHIATHCS DYHKIIMS main (). DToT Kox
HacTpaWBaeT IMPOTPaMMHYIO Cpely, B KOTOpPOU BBITIOJNHSIETCS Ballla MporpamMma, Harpumep
OTKpBIBAaeT MOTOKM BBOIA M BBIBOIA IO YMOJYAHMUIO.

[Tocne HacTpoiiku cpembl BBIMOJHEHMS STOT KO BBI3BIBAET (DYHKLMIO main (), M JIUIIb
TOrma IMPOMCXOIWT REIMONHEHME oOllepaTopoB nporpammbl. [lpu 3aBeplieHUMM IporpamMma Bbl-
xomuT M3 (GYHKIMU main (), TMOCNe Yero BTopas JacTb ctaHmapTHoro koma C++ ocBoOoXmaeT
3aHSIThIE MPOTrPaMMOM CHCTEMHbIE PeCypchl M IepeaaeT YIIpaBJIeHHe OIepallMOHHOI CHUCTEMe.

Jleherpysna pynniuii

C++ mno3sBosiseT MporpaMMUCTaM Ha3bIBaTh HECKOJIbKO pPa3HbBIX (YHKIMU OTHUM U TeM
Xe MMeHeM OTa BO3MOXHOCTH HasbiBaeTcs mepedyskoii dyHkumii (function overloading).

Boo0Giiie roBopsi, ABe (YHKLIMU B OZHOM IporpaMMe HE MOIYT MMeTh OJAMHAKOBBIX MMEH,
TaKk Kak KoMmmmmisitop C++ mpocTo He CMOXET MX pasIudUTh.

OmHakKo UCITONIb3yeMOe KOMITWISITOPOM BHYTpeHHee HUMs (QYHKINUM BKIIOYAET YHUCIO
W TUIBI apTyMEeHTOB (HO HE BO3BpallacMoe 3HAa4YeHHUE), M ITI03TOMY Ciemymolme (GYyHKINU
SIBJITIOTCST pa3HBIMMU:

void someFunction (void)

{

1

void someFunction(int n)

(

// ... BHOOIHeHNe HEKOTOPON OYHKIIUU

// ... BBIIOJIHEHME IPyToi QyHKLIMM
}
void someFunction{double d)
i
// ... BHIIOJIHEHME eie OIOHOM OYHKIIUU
}
vold someFuncticn{int nl, 1int nZ2}
{
// ... BHIIOJIHEHVE ele OOHOM QYHKITUM,
// OTIIUYHOM &7 IPEeOboyIX

Komnunsarop C++ 3nHaer, yto dyHkiuuu someFunction (void) , someFunction(int),
someFunct ion (double), someFunction{int, int) He OAWMHAKOBBL. B MHpe KOMIBIO-
TEpOB BCTpEUYaeTCsl JOBOJBHO MHOIO TaKMX Belleil, I KOTOPhIX MOXHO HaMTW aHaJIOrMu
B peaslbHOM Mupe¢. CyIIecTBYIOT OHU W JUTS TIeperpy3Ku QYHKITAH.

Bbl 3Haere, 4TO THUN apryMeHTa Vvoid yKasbiBaTb He o00s3arenbHOo. Hamnpumep,
SumFunction{void) M SumFunction() BBI3BIBAIOT OOHY U Ty Xe (QyHKIUIO. PaKTUYECKU
GYyHKIMS MOXET MMETh COKpallleHHOe Ha3BaHue, B HaleM ciaydae someFunction (), Tak
Xe KaK M MeHsI, MOXHO Ha3biBaTh mpocto Credanom. Ecim 661 CredaHoB Gosblile HUTIE
He ObLIO, MEHS Bcerna MOIJIM Obl HasbIBaThb TOJBKO MO MMeHU. Ho B meiCTBUTEIbHOCTH HAc
MoOOJIbIlIe, U €CU KOMY-TO MOCYACTIMBUTCS TIONACTh B OOIIECTBO HECKOJbKMX CTedaHOB,
TO K HUM MOpUAETCS oOpallarhcs Mo UMEHU U haMUIuU (KCTaTH, HAllOMHIO, YTO MEHS 30BYT
Credan [IpBuc). [lomb3ysichk MOJHBIM MMEHEM, HUKTO He ommbercs, naxe ecmm CredaHoB
Oyner HeckoJyibKo. IloaToMy, moka mojHble MMeHa (yHKIUNA B MpodaMMe YHUKaIbHBI,
KOHMIMKTH MEXIy HUMU HEBO3MOXHBI.
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Takue anamoruu MEXNY KOMIIBIOTEPHBIM M pPE€aIbHbIM MHUPOM HE NOJKHBI BaC YAUBJIATD,
TaK KakK KOMHB}OTCDHBIﬁ MHUP CO34aH JIIOJAbMU.
TunuuHoe IPUIIOKEHNE MOXKET BLIIIAACTL CICAYIOIIUM 06p330MZ

int intVariablel, intVariableZ;
double doubleVariable;

//OYHKIIMM pa3IUYanTCsa N0 TUTTY TTepellaBaeMBX apTyMeHTOB

someFunction(}; //BEBOB someFunction (void)
scmeFuncticon {intVariablel); //BBH3OB scomeFunction{int)
scomeFunction {doubleVariabkle); //Buz3or scmeFunction(double)

someFunction{intvariablel, intVariablel);

//BEH30OB somefunction{inkt, int)

// C KOHCTaHTaMM QyHKLUM paboTalnT aHaJIOTUIHO

someFunction(l}; // BEHI3OB someFunction(int)
someFunction{l1.0); // BH3OB scmeFunction {double}
someFunctioni(l,2) ; // BHIBOB someFunction(int, int)

B kaxnoM ciaydae TUMbBI apryMEHTOB COOTBETCTBYIOT TEM, KOTOpbIE 3HAyaTcsl B TOJHOM
VMEHU KaXIoil (YHKIINU.

TACY

LTS

Tun Bo3BpalllaeMoOro 3Ha4yeHHUsI B TMOJHOE MMSI (DYHKLMU (Ha3blBaEMOE TaKXKe
ee curHarypoii) He Bxoaut. Cieaymoluue jaBe (GYHKUUU MMEOT OAMHAKO-
Bble MMeHa (CUTHATypbl) M II03TOMY HE MOTYT MCIOJb30BaThCsl B OIHOMN
nporpamme:

int someFunction{intn) ;

/ /TIOJTHEIM MMEeHEeM DTOM GyHKiUMM SBJIISeTCsa someFunction(int)

double someFunction({intn); //mMMeeT TO ke IIOJHOE MM

Criefiyolluii KO BIIOJHE AOTYCTHUM:

int someFunction (intn) ;
double d = scmeFunction (10} , e
/ /TipeobpazyeM TUTT TIOIY YeHHOTO 3HaYeHUSs

B sToM dparmeHTe Bo3BpaliaeMmble (GYHKIHWEH 3HAYEHUS TUMA int TIpeobOpasyloTcs
B double. Ho cinenyiomuii Koa HEKOPPEKTEH:

int scmeFunction{intn) ;

double someFunction{int n) ;

double d = semeFunction(1Q);

//B »ToM ciydae Mbl IIpeobpa’yeM THUII IIOJIYyYeHHOTO

/ /1IeTOYMUCIIeHHOTO 3HAYEeHNsI MM UCIIONL 3yEeM BTOPYI0 OYHKITUO?

B stom cinyyae C++ He moiiMeT, Kakoe 3HauyeHMe OH JOJDKEH MCIIOJb30BaTh — BO3Bpa-
maemoe double-bYHKUHER 1M ee LEeJI0YMCACHHBIM BapUaHTOM.

Onpeg 420, {
CACHUE MpOmOHunol gyt

Kak yxe orMewanoch, J000it (parMeHT Koma IPOTPAMMUCT MOXET O(GOPMHUTH Kak
(byHKIIMIO, TIPUCBOUB €il TOJHOE UMsI, TAKUM OOpa3oM OOBSBISS ee s JalbHEeWIlero muc-
MOJIb30BaHUSI.

®yukuunm sumSequence () u square O, ¢ KOTOPbIMU Bbl BCTPEUaIuCh B 3TOIl TJaBe,
ObLIU OTpe/ieSieHbl 10 TOTO, KaK BbI3bIBAIMCh. HO 3TO He 03HauyaeT, YTO HYXHO Bceraa mpu-
NEPXKUBATLCSI UMEHHO Takoro nopsinka. MyHKIMS MOXeT ObITh ornpeneieHa B JIO0ON yacTu
Momyns (MOLyJIb — 3TO Apyroe Ha3zBaHMe ucxomHoro ¢aitma C++).
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OnHako JOMKeH MCMOIb30BAThCSl KaKOW-TO MeXaHWU3M, YBEOOMJISIIOUIMN (DYHKIHMIO
main () o ¢GYyHKUMAX, KOTOPbIE MOTYT BBI3bIBATbCS €l0. PaccMoTpum cienyromuii Kon:
int maini{int argc, char* pArgs[]}
{
someFunc (1, 2) ;

}
int someFunci{double argl, int arg2)

{

// ... BHIIOIHEHMe KAKMX-TO [IeUCTBUN

IIpn BbBoBe GyHKUMKM someFunc () BHYTpM main () TOJIHOE e¢ MMS HEM3BECTHO.
MoxHO IpeAnosoXuTh, 4T0 MMeHeM (YHKUuU sBasgercsa someFunc (int, int) u Bo3-
BpalaeMoe €10 3HaueHue umeeT TUN void. OmHaKo, KaKk BUIUTE, 3TO BOBCE HE Tak.

CornaceH, kKomnuisitop C++ Mor Obl ObITh HE TaKUM JICHUBBIM M TPOCMOTPETHb BECh
MOMYJIb UISl OTpeneieHus] CUTHATYphl (GyHKIIMKU. Ho OH aToro He chenaer, U ¢ 3TUM MPHUXO"
autcs cuntatbea’. TakoB MUp: TIOGUIIb KATAThCS — JIIOOM U CAHOUKHM BO3UTb.

[looToMy HamM HyxXHO IpouH(pOpMHMpoBaTh main() o0 IOJHOM MMEHHU BbI3bIBAEMOI
B Heil pyHKIMU 00 oOpaieHus: K Heil. [IJIsh 3TOro MCIMoIb3yIT MPOTOTUITBI (DYHKITUMA.

[MporoTumn GyHKIIMU CONEPXKUT ee TMOJHOe MMS C YKazaHWEM TUIla BO3BpallaeMOro 3Ha-
yeHusi. Mconb3oBaHre MPOTOTUIIOB PACCMOTPUM Ha CJEAYIOIIeM MpUMepe:
int scmerfunc {double, int);
int main{int argc, char* pargsl[])

socmeFunc{l, 2):
int someFunc (double argl, int arg?2}

// .. .BHOGIHENME KAKNX-TO IEeNCTBUNA

Hcnonb30BaHHBINA MPOTOTUN OOBSCHSIET MUpPY (IO KpaiiHelr Mepe TOW ero 4yacTu, KOTO-
pas ciemyeT Tocjie 3TOro OObSIBICHMS), YTO TOJHBIM MMeHeM (GyHKIuUM someFunc () sBis-
eTcsa someTunc (double, int). Temepb nmpu ee BbI30BE B main () KOMIIUJSITOP MONMET,
yro 1 HyXHO mpeobpas3oBaTh K Ty double. Kpome Toro, ¢yHkius main () ocBemromiieHa,
4yTO someFinc () BO3BpallaeT LeJoe 3HaYEHUE.

[ Bri3oB (yHkuMM, Bo3Bpallamonieil 3HauYeHUeE, SBseTCS BbipaxeHueM. Creno-

BaTeJbHO, ¢ HUM MOXHO paboTaTh TakK e, KaK U C JIIOObIM IpYyruM 3HAaYeHUeM
9TOTO X€ TUMA.

Npanenne nepenennstk 6 nausni

B mamsaTH mepeMeHHBIE XpaHSTCS B TpeX pa3HbIX MecTaX. [lepeMeHHBbIe, OObsSBICHHBIC
BHYTpY (bYHKIIMM, Ha3bIBalOTCs JOKAJIbHBIMU. B cienmyiomiem mpumepe mepeMeHHast local-
Variable sBnsieTcs JIOKaJIbHOM IO OTHOLIEHUIO K GyHKUMHU fn {):
int globalVariable;

void fn{:
{

i3
boaee moeo, kak evl y3naeme nosguce, meaa QYHKUuU 6 OGHHOM MOOYAe MOJCem U He
oxkaszamecs, — [lpum. pen.
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int localVariable;
static int staticVariable;

Ho BezoBa fn () mepemeHHoit localVariable He cymectByer. Ilocie okoH4yaHus
paboThl (YHKILIMU OHA OCTaBJsIET 3TOT OPEHHBI MUP U €€ CONEepPXKMMOe HaBcerga TepsieT-
ca. JlobaBiio, 4TO MOCTYIM K Hell MMeeT TOJBbKO (PYHKIUS £1i}}), OCTaJbHBIC MCIIOJb30BaTh
€e He MOTYT.

A BOT mepeMeHHas glcbalVariable CYyIIECTBYET Ha TPOTSDKEHUM pabOThl BCEl TPoO-
rpaMMbl U B JIIOOOI MOMEHT JOCTYIHA BCeM (hVHKITHSM.

Craruueckasi riepeMeHHasi staticVariable sBasiercs 4emM-TO CpelHUM MEXIy JIOKaslb-
HOW UM T100anbHON MepeMeHHbIMU. OHa co3maeTrcsl, Korma mporpamma IpU BbITOTHEHUU
JOCTUTAET ONMMCAHUS TIepeMeHHOM (rpybo TOBOpPSI, KOTAAa MPOUCXOAMT TIEPBBIN BBI3OB (PVHK-
uumn). K tomy xe staticVariable moctynHa Toibko u3 ¢byHkuuu fn(). Ho, B ominuue
ot localVariable, mepemeHHass staticVariable mnpomomkaer cyiiecTBoBaTb M TIOCTE
OKOHYaHUs paboThl GyHKuMU. Ecomm B dyHkumm fn() NepeMeHHONl staticVariable
TIPYICBAMBAETCS KaKOe-TO 3HAYCHUE, TO OHO COXPAHUTCS IO CIIEMYIONIero Bhi3oBa fn ().
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Dem '/

XpaHeHue IIOCTIEOBATENbHOCTEN
B MaCClBax

B osion wafbe. ..

v TlpeumyliecTBa MacCHUBOB

v Paborta ¢ MmaccuBamu

¥ Hc.10ab30BatlHe CUMBOJbHBIX MacCHBOB

¥" YrnpaBieHHe CTPOKAMHU

v YcTpaHeHMe ycTapeBIMX QYHKIMI BHIBOIA

Y 4

ACCHBOM HAa3bIBAeTCS IIOCJIEMOBATEBHOCTh TIEPEMEHHBIX OJHOTO THUIA, WC~
MOJIb3YIoIasl OMHO WMS; IUIS CChUIKM Ha KOHKPETHOEe 3HaueHWe B Hel wuc-
MOJIb3yeTcsl WHAEKC. MaccuBbl yIOOHBI IS XpaHEHUsST OTPOMHOTO KOJUYeCcTBa B3aMMO-
CBsI3aHHBIX 3HaueHui. Hampumep, rosiki, 3a0UThie KaXIbIM UTPOKOM (yTOOJIBHON KO-
MaHIIbl, €CTECTBEHHO COXpaHAITh UMEHHO B MaccuBax. B C++ nmomyckawTcsd U MHOTO-
MepHble MaccuBbl. Hampumep, MacCuUBBI C KOJMYECTBOM TOJIOB MOXHO COXPaHUTh
B MacCcHBe MecCSIleB — 3TO MO3BOJUT paboTaTh ¢ KOJMYECTBOM TOJIOB, 3a0UTHIX KaXKIbIM
UTPOKOM B OIpEJeIeHHOM MecsIe.
W3 2710l TMaBbl BHI y3HaeTe, KaK WHUILIMAIU3UPOBATh U UCITOIB30BaTh MACCUBBI HE TOJIb-
KO ISl paboThl, HO W Ul pa3BiieuyeHUsl. A ellle s paccKaxy o0 OYeHb MOJIE3HOM BUJIIE Mac-
CHUBOB — CTpOKax, KoTopble B C++ SBISIOTCS MacCUBOM 3HavyeHWI Tuma char.

Tlhenny. a maccugos

PaccmoTtpuM creayroinyto npo6iemMy. BaMm HykHa mporpaMma, KOTOpasi CMOXET CUMThI-
BaTh MOCJIEIOBAaTEILHOCTD YMcesl, BBEACHHBIX C KJIaBUATYphl. bylneM HCMob30BaTh yxke Mpu-
BBIYHOE TIPaBUJIO, COIJIACHO KOTOPOMY BBOI YWCEJI 3aBEPIIACTCA TOCJE TIEPBOrO OTpUIIA-
TeJbHOro 3HaueHus. [lporpamMMa oauH pa3 CYMTHIBAET YMClIa U TOJBKO IIOCE TOro, Kak BCe
4YKclia TMPOYUTaHbl, OTOOpaXkaeT MX Ha CTaHIApPTHOM YCTPOMCTBE BBLIBOAA.

MoOXHO MOMNBITaThCS XPaHUTh YMCJIAa B HE3AaBUCUMBIX TE€PEMEHHbBIX, HAIIPUMED:
cin >> valuel;
if (vaiuel >= O)

{
cin >> valueZ:
if .7aluel >= Q)
{

OnHAaKo HETPYAHO 3aMETUTb, YTO 3TOT TOAXOH MO3BOJUT YNPABAATH MOCHEAO0BATEIbHO-
CTbIO, KOTOpas OymeT COCTOATH BCEro JHWIIb M3 HECKONbKMX YHMCEN, a KpOMe TOTO, Takas 3a-
MUCh BHITJISAAMT TOBOJBHO YPOMTMBO. B HameMm ciyyae HyXHa Takasd CTPYKTypa HaHHBIX, KO-
Topas, Kak M JNiobasg mepeMeHHas, MMEET CBOe MM, HO MOXET COAepXaTh OONbIIe OAHOM
nepeMeHHOW. a9 3TOro Kak pa3 ¥ MCMOJb3YIOTCS MAacCHBHI.
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C mOMOIIBI0 MAacCMBOB MOXHO JIETKO PEIIUTH Tpo0ieMy pabOThl ¢ TMOAOOHBIMU ITOCIIE-
JoBaTeJIbHOCTIMU. B mpuBeneHHoOM Janee dparMeHTe oObsBAseTcsS MaccuB valueArray,
B KOTOPOM MOXHO XpaHUTb A0 128 1ienbIx 3HaueHMiA. 3aTeM OH 3aIlOJIHSIETCS YMCIaMH, BBE-
JIIEHHBIMU C KJIaBUATYPHI.

int value;

// ObBsBIIEHNME MacCKuBa, CIOCODHOTO COmepXaThb
// mo 128 umcern Tura int
int walueRArray[l12871;

/ /ompenenenre MHOeKCa, MCNONbB3YyeMOTs IS
//OoCTyTla K DJIeMeHTaM MacCuBa; ero 3HadeHue
//He OOJIXHO IpeBHmaTb 128
for (int 1 = 0; 1 < 128; i++)
{
cin >> value;
//BHEHIXOOUM 13 LIVKJA, €CIU NONE3CEATENbL
//BBOIOIUT OTPMLATEIEHOE YWCIIO
if (value < 0) break;
valueArray[i] = value;

Bo BTOpoli cTpoke koma (6e3 ydera KOMMeHTapueB) oObsIBIIeH MaccuB valueArray. Ilep-
BBIM B OOBSBJICHUU YKa3bIBACTCSI THUIT DJIEMECHTOB MaccuBa (B HallleM CjIydae 3TO int), 3a HUM
clenyeT MMSI MaccuBa, TIOCJAEAHUM DJIEMEHTOM SIBJISIIOTCS OTKpbIBAlOlllasi M 3aKpblBarolast
KBaJpaTHBIE CKOOKM, B KOTOPBIX 3aIlMCHIBAETCSI MAaKCHMMAaJbHOE YWCJIO 3JIEMECHTOB MAacCHBa.
B Hamem cinydyae maccuB valueArray MoxeT comepxath A0 128 11eJJOYMCIEHHBIX 3HAYEHU.

KOMITBIOTEp CUMTBHIBACT UMCJIO C KJIaBMATyphl M COXpAHSIET €ro B CJCAYIOIIEM 3JIEMEHTE
maccuBa valueArray. JlocTyn K ajJeMeHTaM MaccuBa OOecCIeuMBaeTCsl C MOMOIIbI0 MMEHU
MaccuBa U WHAEKCA, YKa3aHHOTO B KBaJpaTHBIX cKoOKax. [lepBoe 1ieoe maccuBa 0003HaYa-
ercda Kak valueArray[0], Bropoe — Kak valueArray [1] U T.4

3anuch valueArray [i] TpeacTaBisieT coboit i-il ameMeHT mMaccuBa. MIHIeKCHasl mepeMeH-
Hasl i JODKHA OBITh TEpEYMCIMMONM, T.e. €¢ TUIIOM MOXeT ObIThb char, int wm long. Ecmm
valueArray sBjsIETCS MaCCUBOM LIEJIbIX YMCEJI, TO 3JMEMEHT valueArray [i} UMeeT TUM int.

Padoma c maccusamu

B MNpeaCTaBJIEHHON HUXE MporpaMmme OCYHIECTBJIACTCA BBOA ITOCJIEAOBATCIBHOCTU HLEJIbIX
qucesa (I[O IEPBOTO OTPULIATCIIBHOTO ‘II/ICHa), 3aTEM 3Ta IOCJACAOBATCIIbBHOCTL U CyMMa €€
3JICMEHTOB BBIBOJATCA Ha 3KpaH.

// ArrayDemo — meMOHCTPUPYeT UCIIONb30BaHue
// Maccueor. CUMTHBAaAET NCOCISOOBATENLHOCTD
// LIenexX 4duce’sl M oTobpaxkaeT UMX II0 ITOPSAOKY
#include <stdlioc.h>

#include <iostream.h>

// OOBABIIEHUS IIPOTOTUIIOB OYHKIIMN
int sumArray (int integerArrav[), int sizeOfloatArray):;
void displavArraylint integerhrrayli, int sizeCfloatArray):

int main(int nArg, char* pszArgs|[]}
{

// OImMCBBaeM CUEeTUMK ILIUKJIa
int nAccumulator = 0;
cout << "Dra mporpaMMa CyMMMpyeT 4ducia, "
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BBEeOEHHHE Noib3cBaTenem\n®;
cout << "luKI IIpepsBaeTcs, kKorma'"
" noNb2oBaTels BBOOUT"
" oTpullaTeNbHOe YmMcio\Il";
// COXpaHseM 4MCJla B MacCHuBe
int inputvalues{iZ8];
int rumberOfvalues = 0:
for {; numberOfvValues < 128; numberCfValues++)
{
// BBOI O4YepenHOTO dYMucCia
int integerValue;
cout << "BBemuTe cClenyoilee 4YHCIo: ";
cin  >> integerValue;

// ecmm OHO oTpMIATeNBHOe. . .
if {integervalue < 0)
{

// ...ToDIa BRIXOONM M3 LIMKJIA

break;
// .../Hade coxpaHseM 4YUCJIO B MacCHUBe
inputValues [numberOfvValues] = integerValue;

)

// Tenepb BHBOOVMM 3HAYEHUS U UX CYMMY
displayArray(inputValues, numberOfVvalues) ;
cout << "CyMMa BBeNEeHHHX 4YMcCell paBHa "
<< sumArray{inputValues, numberOfValues)
«  "\m";
return 0;

}

// displayArray — oTobpaxaeT DJIEMEHTH MaCCUBa
// integerArray mmHon sizeOfloatArray
void disnlayArray(int integerArrayl], int sizeOfArray)
{
cout << "B mMaccuBe XpaHATCA"
<< " crnenmywomye 3HaYeHUs: \II";
for (int i = 0; 1 < sizeOfArray; i++)
{
cout .width(3);
cout « 1 « ": " « integerArrayl{i}] << "\n";
}

cout << "\n";

// sumArray — BO3BpamaeT CyMMy DJIEMEHTOB
// 1IeJIOYMCJIEHHOTO MacCcCuBa
int sumArray (int integerarray(]l, int sizeOfArray)
{

int accumulator = 0;

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

{

accumulator += integerArraylil:

}

return accumulator;
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[IporpaMma ErrayDems HAaYMHAETCS C OODBSIBIECHUS IPOTOTUIIOB (YHKUMU sumArray ()
u displayArray (), KoTopble NOHamoOATCS HaMm mo3Xe. [J1aBHas 4yacTb MpPOrpaMMbl CO-
JEPXUT JTOBOJIBHO CKYYHBIM LMK BBOAAa 3HaueHMil. Ha 3TOT pa3 BBOOMMBIE 3HAYEHUS CO-
XpaHsIOTCSL B MaccuBe inputvalues.

BBon ocymiectBisiercss B 1nukie for. BBemeHHoe 3HaueHMe cHayajla COXpaHsSIETCS B JIO-
KaJIbHOW TepeMeHHON integerValue. EciM OHO oOKa3bIiBaeTCcs OTpUUATENbHBIM, OMEpaTop
break mpepbiBaeT BbIMoJHeHUe 1uKiaIa. Eciu ke Her, 3HaueHue integerValue komupyer-
cs B MacCHUB.

LlenouncneHHass mnepeMeHHass number(FfValues MCMHONbB3YETCSl B KayecTBe WHIEKCA
MaccuBa. OHa MHMIIMAIM3MpPOBaHA HyJleM ellle A0 Havaina uukiaa for. Ilpm kaxmoit wmrepa-
MM WHOEKC yBEJIWYMBaeTcs. B ycloBuM BbINMOJHEHUs LMKIAa for ocCylecTBIsSeTCST KOH-
TPOJIb 3a T€M, YTOOBI KOJMYECTBO BBENECHHBIX 4Kcel He mpeBbimano 128, T.e. pasmepa Mmac-
cuBa (rmocie BBemeHMsT 128 yucen mporpaMma repeXoauT K BBIBOLY 3JIEMEHTOB MaccuMBa Ha
9KpaH HE3aBUCUMO OT TOTO, BBEJN MOJb30BaTe/b OTPULIATEILHOE YUCIO WU HET).

RIAL! B oObsBreHun MaccuBa inputvalues ObUIO yKa3aHO, YTO €ro MaKCHMaJIbHast

miHa paBHa 128. Tlpm 3anmucu GONBLIETO YMCIA JAaHHBIX, 4YeM OIpeAecHO
B OOBSIBJICHWH, Ballla TIporpaMMa MOXeT paboTaTh HETpPaBWJIBHO U JIaXe aBapUilHO
3aBepiiath padoty. IloaToMmy JIydilie 3acTpaXxoBaTbCsl M OCTaBUTH OOJbIIE MecTa IS
XpaHeHUsT MaHHbIX. HeBaxkHO, HACKOJIBKO BEJIMK MAacCHUB; BCEraa HyXXHO CJICOUTh 3a
TeM, YTOOBI OTEpallid ¢ MAacCMBOM He TMPUBOIAMIM K BBIXOMY 3a €ro Ipeaebl.

DyHKIMA main 3aKaHYMBAeTCsS BHIBOIOM Ha 3KpaH CONEPKMMOTO MacChBa M CYMMBI €rO
sneMeHToB. DyHkuug displayArray () comepXuT OOBIYHBIN LMK for, KOTOPBIA MCIIOJb-
3yeTcsl AJIsl TIPOXOXJAEHUS To MaccuBy. Kaxnplii odepeqHON 3JeMEHT MaccuBa A00aBJsieTCs
K mepeMeHHoii accumulator. IlepemaBaemblii pyHkuuu mapameTp sizeOfArray Bkioya-
€T KOJIMYECTBO 3HAYEHUIi, COAEepXKalIUXCsl B MACCUBE.

HanowmHtio eme pa3, yro uHaekc maccuBa B C++ orcuuthiBaetcs ot 0, a He or 1. Kpome
TOro, o0OpaTuTe BHHMMAaHME, 4YTO LMK for mpepbiBaeTcss B TOT MOMEHT, KOrma 3HauyeHME
i craHoButcs paBHbIM SizeOfArray. Bbel ke He xoTute n00aBisSTh Bce 128 3aeMEHTOB
MaccuBa integerArray Kk accumulator? Hu omumH s1eMeHT MaccuBa, WHIAEKC KOTOPOTO
Oojbille WM paBeH uuciy sizeOfArray, yuuThIBaThcs He OyaeT.

MHnumanmsaums maccuea

JlokanbHasl IepeMeHHasl HeXM3HEeCIoCcoOHa 10 TeX IIOp, MOoKa el He IMPUCBOST 3Haye-
Hue. JIpyruMu cioBaMU, TIOKa BBl B HEll YTO-TO HE COXpaHUTE, OHa OyIeT comepKaTh Mycop.
JlokajbHOE ONMUCaHME MAacCHBa IPOMCXOMUT TaK Xe: IOKa KaXIOMYy 3JIEMEHTY He IPUCBOST
KakWe-Tuoo 3HAYeHWs, B sdeiikax MaccuBa OymeT comepxaThcsi Mycop. JIoKaibHyIO Tiepe-
MEHHYIO CleyeT MHUIIMAIU3UPOBATh MPU e¢¢ OOBSIBICHUU, W €llle B OONBIIEH CTENCHH 3TO
CTIIpaBeUTMBO TSI MaccuBOB. CIMITKOM VX JIETKO HATKHYTECS Ha HEpPabOTOCTIOCOOHYIO
SYCHKY B HEMHMIIMAIU3MPOBAHHOM MAacCUBE.

K cyacTbro, MaccuB MOXKET OBITh MHULIMAM3UPOBAH cpa3y BO BpeMsl OOBSIBJIEHUS, HAIIPUMeED:

float floatArray[5] = {0.0, 1.0, 2.0, 3.0, 4.0};
B oastom ¢parmente aaemeHty floatArray [0] nmpucBauBaeTcsa  3HaueHume 0,
floatArray [1] — 1, floatArray/2] — 2 u TJ.

Pasmep MaccuBa MOXET OINpPENEISThCS M KOJMMYECTBOM MHMIIMATM3UPYIOIIMX KOHCTAHT.
Hanpumep, mepedncivB B CKOOKaX 3HAYeHUsS WHUIAATU3aTOPOB, MOXHO OTpaHUYUTh pa3-
mep MaccuBa floatArray marblo simeMeHTamu. C++ yMmeeT OYeHb XOpPOLIO CYMTaTh (IO
KpaifHeil Mepe, ero MOXHO CITOKOWHO WCITONIb30BaTh I 3Toro). Tak, ciemyioimee oObsIBIe-
HHME MACHTUYHO IMPEACTaBJICHHOMY BHIIIIE:

float floatArray[] = {0.C, 1.0, 2.C, 3.0, 4.0};

80 Yacre Il. CtaHOBUMCS nporpaMmmmcTamm



BbIxof, 3a rpaHmubl MaccmBa

MaTteMaTUK1 MepecYUThIBAIOT COAEPXKMMOE MAacCHBOB, HauuHasl C 3jJeMeHTa Homep 1.
IlepBBIM 35I€MEHTOM MaTeMaTH4ecKoro maccumBa X sBisiercs Xx(1). Bo MHorumx s3bikax
MPOrpaMMMPOBaHUsI TakXKe HAuMHAIOT IMepeyuciaeHue sjaeMeHToB MaccuBa ¢ 1. Ho B C++
MaccuBbl MHIeKcupyloTcss HaunHas ¢ 0! IlepBbiit anemMeHT MaccuBa C++ 06o3HavaeTcsl Kak
valueArvray[0). IlepBblii uHaekc maccuBa C++ Hy/eBOii; MO3TOMY MOCIAEIHUM DJIEMEH-
ToM [28-31eMEHTHOrO LEJTOYMCIEHHOTO MaccuBa SIBIIIeTCSl integerArray[127], a He in-
tegerArray [128].

K coxanenuto, B C++ He mpoBepsieTcsl BbIXOA MHAEKCA 3a IMpeaebl MaccuBa. DTOT SI3bIK
OymeT pam IpemoCTaBUTh BaM JOCTYII K 3JeMeHTy integerhArray[200]. bomee toro, C++
MO3BOJIUT BaM OOpaTUThCS Aaxe K integerArray[-15].

IIpuBenem Takyio aHajoruio. JJIMHY Tpacchl MOXKHO M3MEpSTh PaBHBIMU ITPOMEXYTKAMMU
MEXIy MHOTOYMCICHHBIMUA IIPUIOPOXHBIMU cToj0aMu. HazoBeM uxX emumHMIIaMU HM3MeEpe-
HUS JJIMHBI gopord. YToObl mormacTb K MOEMYy AOMY, HYXXHO CBEPHYTb C IJIaBHOM Tpacchbl
¥ TI0 IIPSIMOM exaTh 10 KOHIIa JOPOTH, IUIMHA KOTOPOM paBHA TOYHO AeBATU cronbaM. Ecmm
HauMHaTb OTCUET C IOCJEIHEro TejerpadHoro crojda Ha Tpacce, Torga CToJ0 y MOEro gjomMa
oymer nmeTh 10-ii HOMep.

OrcuyuThiBasi CTOJIOBI Ha Tpacce, MOXKHO ITOJIYYWUTh AOCTYI K JII000I ITO3UIMKM Ha JOpPOTe.
Ecan oTMepsiTh paccTOsIHME OT TpacChl J0 TPACChl, TO MOJYYUM, YTO OHO PaBHO HYJIIO CTOJI-
6oB. Crenyoleil TMCKPETHOM TOYKOM OTCUeTa SIBJISICTCS MEPBBIA CTOJIO M T.O., TIOKA BBl HE
nobeperech 10 MOEro oMa, KOTOPbIA HaXOAUTCS Ha PacCTOSIHUU JAEBSITU CTOJIOOB.

KoneyHo, BeI MoxeTe oTMepuTh pacctosiHue B 20 cromboB or Tpacchl. Ho moporm Tam
yke He OymeT (IIOMHUTE, OHa KOHYaeTcss y moero nomMa?). TpyaHO TOYHO cKa3aTb, YTO BBHI
CcMOXeTe TaM HaiiTi. BBl MoxeTe oKa3aThCsl Ha CIIEAyIOLIel Tpacce, Iae-HUOydb B ITOJIe WIIA
Jaxe B 4bel-TO crajbHe (BOT OymeT Beceso!). YramaTh, Kyda B 3TOM cjydyae Ionaicllb, 10-
BOJIBHO TPYIHO, HO XpaHUTh TaM HYTO-TQ elle pucKoBaHHee. OCTaBUTh Belllb B IIOJIE — 3TO
OIHO, HO 3a0poCuTh €€ B KOMHATy MOEro cocela — COBCEM Jpyroe (s-To 3Hal 3TO HaBep-
HSIKA, TaK KaK KaXIblii pa3, KOrda Ira3eThl MCYe3aloT M3 MOETO IOYTOBOTO SIINKAa, OHU OKa-
3bIBAIOTCSl B TOCTMHOII MOEro cocena).

To xe mpoucxomutT u B IporpaMmmupoBaHuu. IleiTasgce mpountath 20-i1 2JIEMEHT
(array (#G1) 10-aaeMeHTHOrO MaccuBa, Bbl TOJyYUTE TO WM APYroe cCiayvyailHoOe 4uCIIo
(a BOBMOXHO, IIporpaMMa IIpOCTO aBapMiAHO 3aBepIIUT paboTy). A 3amuchiBas
B arrayi20] Kakoe-TO 3HauyeHHUE, Bbl IOJy4yWTe HEIMpeackasyemblii pesynbraT. Ckopee
BCEr0, HUYEro B HEro He 3aIlMIIEeTCs, HO BO3MOXHBI M IPYrue CTpaHHBIC PeaKIMU BIUIOTh
0 Kpaxa MporpaMMbli.

WIAC

Camoii pacnpocTpaHEeHHON OIIMOKOM SIBISIETCS HENMpaBUJIbHOE oOpallieHue K I0-
cjIemHeMy O2JIeMEHTy IIo ampecy integerArray 1128]. XoTd 3T0 Bcero JIuIb
CJeNylolrii 3a KOHLIOM MaccuBa 2JIEMEHT, 3aluChbiBaThb WM CUUTHIBATh €ro He
MeHee OIacHO, YeM JII000i1 Ipyroii HeKOPPEeKTHOM aapec.

Ucnonb3oBaTth M MacCuUBbI

Pazymeercst, nporpamMmma ZrrayDemo AEJaeT TO XK€ caMoO€, YTO U HE OCHOBaHHbIE Ha
MaccuBax MporpaMMbl, KOTOpble paccMaTpuBaiuch paHbiie. [IpaBma, B 3TOil BepcuM He-
CKOJIbKO M3MEHEH BBOJ MHOXECTBa 4MCeJ, HO Bbl Bpsj Ju Oynere MOTPSICEHBLI 3TOM OCO-
OEHHOCTBIO.

M Bce xe B BO3MOXHOCTM TOBTOPHOTO OTOOpaK€HMSI BBEAEHHBIX 3HAYEHMIH KpPOETCs
3HAYUTEJIbHOE MPEMMYIIECTBO MCHOJIb30BaHUSI MacCMBOB. MacCuBbI MO3BOJISIIOT MPOrpamMMe
MHOTOKpaTHO oOpabateiBaTh cepuu uuces. [aBHas mporpamma Obula CIOCcOOHa TiepeaaThb
MacCUB BXOIHbIX 3HaueHUil GyHkiuu displayArray () mis oroOpaxeHMsl, a 3aTeM B Su-
mArray .) I8 CYMMUPOBaHUA.
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Onpep.enel-me n ncnonb3osaHne MaccmMeoB

MaccuBbl TIpeaCTaBIsIOT CO0ON BechbMa YNOOHYIO CTPYKTYpY JISI XpaHEHUS IOC/IenoBa-
TEJLHOCTU Yucel. B HEKOTOPBIX MPWIOXEHUSIX MPUXOAUTCS paboTaTh C TMOCIEAOBATEIbHO-
CTBIO TIOCTenoBaTeslbHOCTeN. KilaccmyeckuM TpuMepoM TakKoil MaTpUYHOM KoHMUTypalmu
SBJIsSIETCSl KpyIlHoopMaTHasl Tabiulia, pacilaHUpPOBaHHas IO oOpaslly IaxMaTHON JOCKU
(KaKIbpIii ee 2JIEMEHT MUMEeT IBe KOOPAWHATEI — X U ).

B C++ maTpulibl ONpeneasiioTcs CIeIyOIUM 00pa3oM:

int intMatrix[10)(5]);

Dra MaTpulla MoxeT MMeTh 10 2JeMEHTOB B OJZHOM HU3MEPEHUU M 5 B APYromM, 4TO
B cymMmMe cocTaBiusger S50 osmemeHTOB. Jpyrumum cioBamu, intMatrix gBaserca  10-
3JIEMEHTHBIM MacCUBOM, KaXIblii 3Je€MEHT KOTOPOro — MaccuB U3 5 3jneMeHToB. Jlerko
IOoTamaTbcsl, YTO ONWH YroJ MaTpuIilbl oOo3HavaeTcs intMatrix[0] [0], Torma kKak BTO-
poil — intMatrix[39][14].

WHpekchl intMatrix MoXHO paccMaTpuBaTh B JitoO0OM ymoOHoM mopsake. [lo kakoit
OCU OTJIOXUTh AJuHY 10 — pemaiiTe camu, Ucxoasd M3 ymoOcTBa MpelacTaBiaeHus. MaTpuiy
MOXHO MHUIIMAIU3MPOBATh TaK Xe, KaK ¥ MacCHUB:

int intMatrix[2)[3] = ({I, 2, 3), (4, 35, 0}};

3nech (aKTUYECKW BBIIOJIHIETCS MHULIMAIM3ALUS [OBYX TPEXDJIEMEHTHBIX MAaCCUBOB:
intMatrix [0] —- 3Hayenusamu I, 2 u 3, a intMatrix [1] — 4, 5 1 6 COOTBETCTBEHHO.

Ucnounzobarue cumeonvhbvixsaccubol

DJeMeHTBl MaccuBa MOTYT OBIThH 00oro thira. B C++ BO3MOXHBI MacCUBBI JIIOOBIX UH-
cioBbix TunoB — float, double, long, omHaKo CHMMBOJbHBIE MAacCUBBI HMEIOT 0OC0O00E
3HaYCHUE.

CioBa pasroBOPHOI pedr MOTYT OBITh WHTEPIIPETUPOBAHBI KaK MAacCHUBBI CHMBOJIOB.
MaccuB CUMBOJIOB, COAEpKAIIMii MOe MMSI, TAKOB:

char sMyNarae[] = {'8', "', "¢, B b "o, 'n'};
Moe Mg MOXHO OTO6pa3V[TB C ITOMOIIbBIO cneay}omeﬁ HEeOOJBIIION IIpOTpaMMBI.

// CharDisplay — BHBOOWT Ha DKpaH MaCCUB
// CUMBOJIOB B OKHe MS DOS

#include <stdio.h>

#include <iostream.h>

// OBBSIBIIEHMS IIDOTOTUIIOB
void displayCharArray{char stringArravy[],
int sizeOflecatArray):;

int maini{int nArg, char* pszArgslji)
{
char charMy®Ramel] = {'S', 't', ‘e', 'p', *h', &', 'n'};
displayCharArray (charMyName, 7) ;
cout << "\n";
return 0O;

H

//displayCharArray — oTobpaxaeT MacCUB CUMBOJIOB,
// [0 OOHOMY IIPUM KaxXOOM MUTepalumu
void displayCharArray(char stringArrayl],

int sizeOflcatArray)
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for! int i= 0; i<sizeCfloatArray; i+t+)

{
}

cout << stringArray(i]:

B mporpamMme 00bsiBIIeH (PUKCUPOBAHHBI MacCUB CUMBOJIOB, COJAEpXKAllUi, KakK BbI
MOIJIM 3aMETUTh, MOe MMs (KakKoe eIle MOXET ObITh Jydlle?). DTOT MacCHUB IepeaaeTcs
B (pyHKLUIO displayCharArray () BMeECTe c ero JUTAHOM. Ddynknus
displayCharArray () ugeHtuyHa ¢yHkouu displayArray () M3 HaIlero mpeablayIIero
MpyUMepa, HO B 3TOM BapuaHTE BMECTO LLEJbEX YKCET €10 BBIBOMSTCSI CUMBOJIbI.

IMporpamma paboTaeT JOBOJIBHO XOPOIIO; HO OJHO HEYIOOCTBO BCE-TAKU €CTh: BCAKMit
pa3 BMecCTe C caMMM MacCUBOM HEOOXOAMMO TMepenaBaTh ero miuHy. OgHako MOXHO TIpH-
IyMaTh TPaBUJIO, KOTOPOE IMMOMOXET PEelIuTh Hally mpo6sieMmy. Eciu Gbl MbI 3Hanu, 4TO
B KOHLIE MaccuBa HaXOJAUTCS CIEeLMAabHbI KOMOBBIA CHMBOJI, TO HEe MOTPeOOBaNIOCh OBl Tie-
penaBaTh pa3Mepbl MacCHBa.

Bynem ucrnosib3oBath sl yKa3aHUs KOHIIA MacCHBa HYJIEBOW CUMBOJIL.

HyneBoit cuMBO 1 OObIuHBIN (0, BBOAMMBIN C KJIaBUATypbl, — pa3Hble noHATHs. Komom
o0bIKHOBeHHOTO cuMBoia 0 gBisiercst 0x30. Hynb-cMMBOMI — 3TO CMMBOJI, KaXIblii OUT KO-
Toporo paBeH 0 (t.e. 0x00). JIis1 TOro 4roObl 3TOT CMMBOJ ObLIO Jierdye OTIMYUTH OT 0, ero
4yacTo 3amuchiBaloT Kak \0.

H,
gt CumBoin \y SIBJISIETCS CMMBOJIOM, YMCIIOBOE€ 3HAYEHME KOTOPOro paBHo y. M3-

MEHUM TMPENbIIYIIyI0 MPOrpaMmy, UCIONb3ysl 9TO MPaBUIo:

// DisplayString — BEBOOUT Ha DKPaAH MacCCUB
// CuUMBOJIOB B OKHe MS DOS

#include <stdic.h>

#include <iostream.h>

// ofba3IeHKA IPOTOTUIIOB
void displilayString(char stringhrrav([]):;

int maia{(int nArg, char* pszArgsi]
{
char charMyName[] =
{rsr’ ltll relr o', 'h', te', 'n', O};
disolayString {(charMyName] ;
colt << "\n";
return 0;
}

// displayString — IOCHMMBOJIBHO BHBOOMT Ha DKpaH CTPOKY
void displayStringt{char stringArrayl[])
{

for (int i = 0; stringArray [1] != 0; i++)

{

cout << stringArray[i];

MaccuB charMyName 0OBSIBISIETCSI KaK MAacCUB CHUMBOJIOB C JIOMIOJIHUTEJIbHBIM HYJIEBBIM
cumBosioM (\0) B koHue. Ilporpamma displayString uTepaTUBHO IIPOXOIWUT IO CHUMBOJIb-
HOMY MacCUBY, MOKa HE BCTPETUT HYJIb-CHMBOJL.

IMockonbky B dyHkuM displayString () Oosbllle HET HEOOXOOMMOCTH IiepeaaBaTh Ky-
1a-11M00 IUIMHY CHMBOJIBHOTO MacCuBa, MCIOJIb30BaTh e¢ Tpoie, yeM displayCharArray ().
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K toMy xe displayString() paboraer gaxke Torma, Korma pa3Mep CTPOKM CHUMBOJIOB
BO BpeMsl KOMIUJISIIMM HEU3BECTEH. A 3TO CIIy4aeTcsl HAMHOIO 4YaillE, YeM Bbl IymaeTe
(cmotpute miaBy 6, "CosmaHue byHKIUR").

Bxiroyath HyJeBO CMMBOJ B CUMBOJIbHBIE MacCHBBI OYeHb yIOOHO, U B s3bike C++ OH
HCTIOBb3YeTCs MOBCeMeCTHO. JJIsT TaKuX MacCUBOB Jaxe MPUAyMad CelUaTbHOE HMS.

M, o
oaaid Cmpoka — 3TO CUMBOJIbHBIN MacCUB C 3aBEPIIAIONIMM HYJIEBBIM CHUMBOJIOM.

MuunumanusupoBaTh cTpoKy B C++ MOXHO C MCIIOJIB30BaHUEM IBOMHBIX KaBbIYEK. DTOT
cnoco6 O6osiee ynoOeH, YeM TOT, B KOTOPOM MCHOJb3YIOTCSI OJMHAPHbIE KaBBIYKW IS KaXKIIOTO
cumBojia. Ctpoku 8 U 9 U3 mpeaplayliero npuMepa MoXXHO 3arucarh 0ojiee KOMMAKTHO:

char szMylWame{] = "3tephen";

CornaireHre 00 UCIOJIb30BAaHUM MMEH UT 0003HAYeHUsI CTPOK C 3aBepIIAIOIINM HYJIeM
ucronb3yet npedukce sz. Takas 3amuch sIBIsIeTCs coryallieHneM M He GoJee.

<omiey Crpoka "Stephen" comepXuT BoceMb, a HE CeMb CMMBOJIOB — HE 3a0BIBaliTe

O HYJICBOM cuMBoJIe!

Ynpalbucnue chhoxais

[IporpammucTaM 9acto mpuxomutcst pabortaTh co crpokamu. B C++ mist 3TOrO0 MOXHO
KCIIOJIb30BaTh CTaHAAPTHbIE OUOIMOTEYHbIe (DYHKIIUUM OOPabOTKU CTPOK, UYTO CYILECTBCHHO
obJreryaet kn3Hb. YTOOBI TTOHSITH, KaK OHU PabOTAIOT, TMOMBITAEMCSI CAMOCTOSITEJTbHO HaITv-
caTh YTO-TO MOJOOHOE.

Hanncanne dyHKUMM, COEAMHSIOWEN ABE CTPOKM

Bbl MoxeTe HamucaTb COOCTBEHHBIN BapuaHT oOpabaThiBarolIeil CTpoKM (yHKUUM. st
3TOTO0 HYXKHO MCITOJIb30BaTh CEMAHTMKY MacCHUBa U J00ABUTH IPOBEPKY HaJIWUMS B KOHIIE
MaccHMBa HYJIEBOTO CUMBOJa. PaccMoTpuM crieayloliuii mpuMep:

// Concatenate — obbemMHeHME OBYX CTPOK, KOTOPEE
// pasnensioTcs CUMBOJIOM " — "

#include <stdio.h>

#include <iostream.h>

// BkiwodaeMm danii, HeOOXONOMMBI VIS WCHONL20BaKMa
// dyHKIIMI paboTH CO CTPOKaMU
#inciude <string.h>

// OOBEBICHMA IIPOTOTUIIOB
void concatStringichar szTarget[], char szScurcel]);

int rnain(int nArg, char* pszArgs|[])
i
// CYMUTBEIBAEM IIEPBYI0 CTPOKY . . .
char szStringl(256]:
cout << "BBemuTe CTPOKY #1: ";
cin.getline(szStringl, 128) ;

// ...Teneps BTOPYD. ..
char szString2[128];
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cout << "BBemuTe CTpOKy #Z2: ";
cin.getline{sz3tring2, 128);

// «..O0pucoedunHMMm " — " K IIEPBOM CTPOKE. . .
concatString{s=zStringl, " — ");

// strcat{szStrinagl, " - ") ;

// ...Tenepk 1obGaBMM BTOPYKL CTPOKY...
concatString({szStringl, szString2) ;
// strcat(szStringl, szString2);

// ...u BEIBEIEM pe3yibTaT Ha DKpaH
cout << "\n" << szStringl << "\n";

return 0;

1

// concet3tring ~ OpUCOenMHSIeT CTPOKY SzSource
// K KOHLly CTporm szTarget
volid concatString(char szTarget[], char szSourcell]

(

// HaxoOuM KOHEell TIepBOM CTPOKU
int targetlndex = 0;
whije {szTarget [targetIndex])

(
t

targetIndex++;

// TIpUCOemMHsieM BTOPYI CTPOKY K KOHIy IIepBOM
int. scurcelndex = 0 ;
whi e (szSource [sourcelndex] )
{
szTarget [targetIndex] =
szSource[sourcelndex];
targetIndex++;
sourcelndex++;

}

// BIOMCBIBaéM B KOHELl HOXb=—CHUMBOJ
szTarget [targetIndex] = '\0';

@OyHKIMA main CYMTHIBAET JBe CTPOKM, ucnoib3ys (pynkumo getline{). (IIpu wuc-
NMOJb30BAHMM BAPUAHTA cin >> szString MH(OPMALMS CYMTBIBAETCS 0 NEPBOro npoode-
Jia, B HaIIEM JKe CJIydyae CTPOKA CUMTHIBAETCA J0 CHMBOJIA HAYAIA HOBOW CTPOKM.)

@Dynkima main () o0beIUHSIET JBEe CTPOKH, HCHOJbL3yaA concatString {) mepem BbIBO-
aoM pesyabtaroB. PDyHKimMa concatString () mnpucoeauHseT BTOPOii AapryMeHT
(szSource) K KoHLy nepporo (szTarget). Dra 3amaya pemiaercsi B HECKOJIbKO 3TANOB.

B mepBoM mMKjIe NPOBOAMTCS MOMCK KOHHA CTpoku szTarget. Dynkuus concat-
String; wrepaTuBHO MpoxomuT Mo crpoke szTarget, moka 3Hadenne targetlndex He
CTAHeT PaBHbIM MHIEKCY HYJIEBOTO0 CHMBOJIA B KOHIIE CTPOKM. B 3TOT MOMEHT mepemeHHasi
targetIndex YKasbiBaeT HA MOCJIEIHUI CUMBOJI B CTpOKe szTarget.

CRET Iukn while {value!=0) MOKHO 3amucaThb Kopode: while (value), Tak Kak
paccMaTpuBaeMoe yCJioBHe nmpuHMMaeT 3Hadenme false, ecom value pasno 0,
U true B MpoYMXx CJIydasix.
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Bo BTOpoM LIMKJIE Mbl UTEPATMBHO IMPOXOAUM IO CTPOKE SzSource, KOMMPYS KaskIblid
ee BJIEMEHT, HauyuHasl ¢ MepBOro cMMBoOJa, B szTarget. MK 3aKaHYMBAETCs, KOIma SOUr -
ceTIndex YKasblBaeT Ha HYJIEBOM CHUMBOJ CTpoku szSource. DyHkuus concatstring ()
MPUCOEAUHSET 3aBepIUAOIINl HYJIEBO CHUMBOJ K PE3yJIbTUPYIOLIE CTPOKE, M OHA BBIBO-
JIUTCS Ha DKpaH.

el He 3aGwbiBaiiTe 106GaBIATH 3aBepIIAIONIN HYJIEBOW CHUMBOJ K CTPOKE, KOTOPYIO

Bbl cozmaeTe mporpaMmHo. Ecim mpu oToOpakeHWM CTPOKM Ha 3KpaHe B ee
KOHIIC MOSIBUJINCH HEMOHSTHBIC "KPaKo3sa0phl" WIM €CIM IIpOorpaMma IoYeMy-
TO 3aBUCJIA, MPOBEPhTE, HE 3a0bLIM JIM BbI 100ABUTh B CTPOKY 3TOT BOJIILICOHBIN
HYJIEBOM CHMBOIJI.

[o3zaGoTeTECH O TOM, YTOOBI B MEPBOM CUMBOJIBHOM MAacCUBE XBAaTWJIO MECTa ISl pas-
MEILCHUS Pe3yIbTUpPYIONIell 00beAMHEHHOU cTpoku. Cremytomme MHCTpYKIUM C++ BBITJIS-
AT BECbMa 3aMaH4MBO:
char dash[] = - "-
concatString (dash, szMyName) ;

OnHaKoO KOPPEKTHO 3TOT Ko padoTaTh He OylIeT, MOoToMy 4To B MaccuBe dash MoOXHO
COXpPaHMTh BCETrO YeThipe cMMBOJIA. [1oatoMy dyHKIUS concatString(> HECOMHEHHO ITe-
peiiner rpaHunbl MaccuBa dash.

PyHKuKu C+H- oy padoTbl CO CTPOKaVM
Jnst pabotel co crpokaMu B C++ MOXHO WCITOJIb30BaTh CTaHAAPTHBIE OMOJIMOTEUYHBIC
dbyuximu. Hekotopble U3 HUX HAMHOTO CJIOXHEE, YeM MOXKET IMOKa3aThCsl C TEPBOTO B3IISIIA.
Bbl MoxeTe HamucaTh COOCTBEHHBIE BepCUM 3TUX (PYHKUUIH — HaIpumep, B oOpas3o-
BaTeJIbHBIX LIEJISIX, KaK 3TO0 ObUIO B ciiydae ¢ dyHKUMeil odbenuHeHus cTpoK. OnHako,
UCTIONB3ysd GyHKUMK U3 Tabu. 7.1, Bbl orpamure ceOGsi OT MHOTHUX HENPUSTHOCTEH U TO-
JIOBHOU Oosm.

Ta6imyaZ. 1. PyHkuynm, 06pabaTtsiBaoLNe CTPOKN

HA3BAHWE [OENCTBUE

int strlen{string) Bo3sBpalliaeT KonM4ecTBO CMMBOJIOB B CTpoke (6e3 ydeta
HYJIEBOrO CYMBOJ1A)

char*" strcat (target, source) lMpricoeamHseT CTPOKY SOUrce K KOHLy CTpoku target

char* strecpy{target, source) Konupyet ctpoky source B target

char* strstr{sourcel, Haxoot  nepBoe  BXOXOEHWE  CTPOKM source?

source?l) B sourcel

int strcmp({sourcel, sourcel) CpaBHVBaET [Be CTPOKM

int stricmp(scurcel, source2) CpaBHvBaeT ABe CTpoky 6e3 yy4eTa perncrpa CYMBOSIOB

Yr1o6bl MCMONB30BaTh (PYHKIIUU pabOTHI CO CTPOKAMM, HYXXKHO JOOABUTh B Hayaje IIpoO-
rpaMMmbl IUpeKTUBY #include<string.h>.

B nporpammMe Concatenate BbI3oB ¢yHKLUUMM concatString () MoxXHO ObLIO OBI 3a-
MEHUTh BBI30BOM cTaHAapTHO# yHKuuu C++ strcat (). Dro M36aBUIO ObI OT HEOOXOIU-
MOCTU HaITMCaHUSI COOCTBEHHOTO KO[a.

WH
oty JnsHekoTopsix 3TH (PYHKIMUM MOIYT TOKa3aTbCsSl HEMHTEPECHBIMU U IPOCTHI-

mu. Ilomymaemp, crpoka mobGaBisieTcsi K KoHIy napyroi! CoOcTBeHHYIO (YHK-
Mo concatString() Mbl Hamucaiau Ul TOTO, YTOObI Ha ee MpuMepe MoKa-
3aTh, KaK paboOTalOT CO CTpOKaMM CTaHmapTHbIe ¢pyHKuun C++.
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OGpabotka c1mBONOB TUNa wechar t

B C+-- Ha kaxaylo mepeMeHHYIO CTaHOAPTHOro Tuma char BeimessieTcss 8-OMTOBOE MOJIE,
B KOTOPOM MOXKHO MpEACTaBUThH 256 3HadeHuii (ot 0 mo 255). Dro 10 uudp, 26 CTpOUHBIX
u 26 mpomnucHbIX OykB. Ilpu 3TOM ocraercs Oojiee YeM AOCTATOYHO MECTa IS BKJIIOYEHUS
CHMBOJIOB KUPUJUTULIBI.

IMpoGaemMbl ¢ 3TUM TUIIOM BO3HHUKAIOT, KOIAa HEOOXOIVMMO BKIIIOUMTH B TEKCT BOCTOUHbBIE
andaBUTBl, OCOOCHHO KUTAWCKWE U SITIOHCKHUE Meporudbl. A B HUX CUMBOJIOB, 0e3 MpeyBe-
JIUYEHUSI, ThICSYU, T.e. HAMHOTO OOJIbIEe, YeM MOXHO MPEICTaBUTh B OOBIYHOM 8-OMTOBOM
MHOKECTBE CUMBOJIOB.

B C++ BrioyeHa mnoazepxka HOBEHIIEro CMMBOJBHOrO TuUma wchar_t, wim paciuu-
peHHoro char. XOoTsg OH He HACTOJIbLKO BCTPOCH B SI3bIK, KaK TUI char, MHorue (GyHKLUUU
C++ nosBosisitoT pabotarh ¢ HUM. Hampumep, wstrstr() ymeeT CpaBHUTb JBa CHMMBOJIb-
HbIX MHOXecTBa Tuna wchar_t. Eciu Bbl Oynere pa3pabaThiBaTh MHTEPHALIMOHATIbHBIC TPU-
JIOXEHUS M 3aXOTUTE MCIOJIb30BaTh BOCTOUHbBIC SI3BIKM, BaM MOHAmo0sTCs (DYHKIIMU, KOTO-
pbie paboTalOT ¢ 3TUM PACIIMPEHHBIM CUMBOJIBHBIM THUMOM. HoO, Tak Kak 3TOT BOIpOC Ha-
MHOTO CJIOXXHEE, ero MoApoOHOe O0CYXIeHUE BBIXOAMT 32 PAMKU JAHHOW KHUWTH.

Yermpanenue ycrmapebuux
pyriuus Gotboga

C++ mpenocrapisieT HAOOp HM3KOYPOBHEBBIX (DYHKIIMIA BBoJa W BbIBoga. HaumbGosee vac-
TO ucnoib3dyercsd GyHKUUS printf, KOTopas OCYIIECTBISET BbIBOJ (opMaTHpOBAHHOM
CTPOKM Ha YCTPOMCTBO CTAaHAAPTHOTO BbIBOAA. B mpocreiillieM BapuaHTe (yHKIMU Tiepena-
€Tcsl €AMHCTBEHHBIN apryMeHT — BbIBOIMMAs CTPOKa:

printf ("Crpoka MU BbIBOAA Ha AMCIUIER");

MDyHKIMA printf MOXeT OCYIIECTBISATH YIPABISEMBIA BBIBOA C TTOMOIIBIO BHEAPSIEMBIX
B CTPOKY KOMaHI yIrpaBjieHusi (popMaroM, HauMHAIOIIMXCS cO 3Haka %. Hampumep, cnemyto-
I (pparMEeHT BBIBOAMT CTPOKY CO 3HAYCHUSMM 110 M IEMCTBUTEIBHON MEPEeMEHHBIX:
int nInt = 1;
double doublevar = 3.5;
printf ("llence 3Havenue pasBHO Hi; "
"ODepcTeUTelEHOS 3HAYEHVe paBHO %E",
nInt, doubleVar);

Llenoe 3HayeHue OyneT BCTaBJIEHO Ha MecTe %1, a JEHCTBUTENIbHOE — Ha MecTe %f,
U BBIBOIMMAsI CTPOKa OyeT BBINISIACTb CJACIYIOUIMM 00pa3oM:
Llenoe 3HaueHWe paBHO 1; neficreEMTensHOe 3HaAYeHUE paBHO 3.5

Tem He MeHee B KHUTE HCITOJIB3YETCs Oojiee TPOCTOM M MEHee IMOABEPXKEHHBIN OIIMOKaM
CO CTOPOHBI MPOTPAMMUCTA CITOCOO BHIBOIA C MOMOIIBIO TTOTOKOB.
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77

& Fo cpaBHenuo ¢ apyrumu s3bikamu C++ [I0CTATOYHO KOHCEPBAaTMBEH, OH 00JamaeT
&/ & COGCTBEHHBIM YHUKATBHBIM CHHTAKCHCOM, ONAroiapsi KOTOPOMY MPOTPaMMBI, pabo-
Talolue ¢ OONBIIUM KOJUYECTBOM IEPEMEHHBIX, MOXHO PEaM30BaTh ropa3no KOMITaKTHEe
C MOMOUIBIO yKa3zaTesleil. YKa3zarenb — 3TO NMEpPEMEHHas, KOTopasli COAEPXMWT aapec Ipyroi
MepeMEHHOM (T.e. €e pacroJ0oXEeHUE B MaMSITH).

B or1oit rnmaBe mpeacraBieHbl OCHOBBI paboThI ¢ ykaszarensiMu. CHavajla paccMaTpuBalOT-
Csl KOHILICTIIIMM, C KOTOPBIMM HEOOXOAMMO 00s13aTeIbHO O3HAKOMUTBLCS ISl paboThl ¢ yKasza-
TEJISIMM, 3aT€M TOSICHSIETCS CUHTAaKCHC yKaszaTelell M HEKOTOpble NMPUYMHBI UX BBICOKOW IO-
nynsipHocTd B C++.

Uro waroe agpec

OueBuaHO, YTO Kaxnas rnepemeHHass C++ pacriojioXeHa IIe-TO B IAMSITM KOMIIbIOTEpA.
ITamsaTh pazdbuta Ha OalThI, KaXIblii U3 KOTOPBLIX MMeeT cBoi aapec — 0, 1, 2 u T.I.

Ilepemennas intRandy moxer Haxomutbcss 1O ampecy 0x100, a floatReader — mo
aapecy 0x180 (ampeca B mamsITM MPUHSATO 3alMChIBATh B LIECTHAALIATEPHYHOM BUIE).

INomoGHO mromsiM, BesiKasl TIEpeMEHHAs 3aHMMAaeT HEKOTOpOoe MECTO, 0ojiee TOro IO CpaB-
HEHUIO C IOPYroil MEpeMEHHOM eil MOXeT ITOHAmOOUThLCSI OOJIBIIE WIJIM MEHbIe Mecta (He Oy-
JIEM BIABATHCS B MOAPOOHOCTU O TOM, KTO M CKOJIbKO MecTa 3aHuMMaeT). KojandyectBo mamstw,
BBIIEJISIEMOE JUISI TIEPEMEHHBIX pPa3HBIX TUIIOB, TIpHUBeneHO B Tabm. 8.1 (pa3Mmep IepeMeHHBIX
npuBeneH ms npoueccopa Pentium n komnunsstopoB GNU C++ u Visual C++).

Tabauua 8.1. Hazeanua munos u ux pazmepsl ¢ namamu

Tvin MEPEVIEHHON PA3MEP B MAVETT (B BATAX)

int 4
long 4
float 4
double 8

B coorBercTBUM ¢ 3TOi TabiIMLIEl HamuMcaHa TecToBasi MpPOrpaMMa, HAIVISIIHO IEMOHCTPM-
pylollasi pacriojiokeHre IepeMEeHHbIX B TMamsTh (He oOpalaiite BHUMaHMS Ha HEW3BECTHBIM
oneparop & — OyneM MOKa MPOCTO CYMTAaTh, YTO OH BO3BpAILIACT aapec MEPEeMEHHOM B MaMSITH).

// Layout — »Ta oporpaMMa IIpr3BaHa OAaTb
// qyyTaTenn IpencTaBlieHue o
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// PACIIOJIOKEeHUM [I€PEMEHHBX B IIaMsITH
finc_ude <stdic.h>
#include <lostream.h>

int main{int intArgc, char* pszArgsl[])

{

int ml;
int n;
long 1;
float f£;
doukle d;
Sint me;

// EBHBO]l B WeCTHaIUATEPUUHOM BUIE
cout.setf (ios: thex);

// BHBOIUTEL ampeca IIepeMeHHBX
// no odepernu, dYTODOH ITOKazaThb pa3Mep
// Kaxmow repeMeHHOM

cout << © = Ox" << (long)éaml << < "\n";
cout << M"an = Ox" << [(long)an <l "\n";
cout << Y&l = Ox" << (long}&l <<% "\n"7¢
cout << "&f = Ox" << (long) &f << "\n";
cout << "&d = Ox" << {(long)&d <e< "\n"i
cout << B— = Ox" << {long)a&m2 <<c "\n";
return 0;

1

PTAE

He Bonnyiitech, ecau mporpamma OyldeT BO3BpallaTh pa3Hble 3HAYEHUS MPU KaxkK-
goM 3amycke. IIpocTo Kaxkmplii pa3 IporpamMma XpaHUT II€PEMEHHBIC IO pPa3HbIM
aapecaM. BakHa TONBKO CBSI3b MEXIY aapecaMy IepPeMEHHBIX.

CpaBHI/IB pacroJIOXKEHUEC TICPEMEHHBIX, MOXHO 3aKJIIO4YUTb, YTO II 3aHUMAET YCTLIPEC

Gaiita, 1 Takxke 3aHMMaeT 4yeThlpe BaiTa U T.0. (B COOTBETCTBMU C MPUBEICHHOI TabIULIEN).
TAL)
2 M GNU C++, u Visual C++ BbIIEISIOT OIMHAKOBOE KOJIUYECTBO MAMSITH IO

MepeMeHHbIE OIHOTO THIIA.

UCNOAb3068AHUCYKASAHIeACU

[lepemennas-ykazamens CONEPXUT aapec, OOBIYHO BTO ampec JAPYroil MepeMeHHOIA.
B Tabn. 8.2 mpuBeaeHBI OCHOBHBIC OIEPATOPHI ST pabOThI C yKa3aTeIsIMU.

Tabnnya8.2. OneparopbiaisspaborTbicyka3aTensmm

OMEPATOP HA3HAYEHVE
& {yHapHbH) Mony4nTb aapec NepeMeHHo
* (YHapHbIi) Onepauys pasbiMEHOBAHNSI — BO3BPALLAET MEPEMEHHYIO, Ha KOTOPYIO YKasbl-

BAET ykasaTesb (B BbIpaXEHWN).

YKazareJlb Ha JAHHBIH TUIT (B OOBSIBICHNM)

IMpumep paboThl ¢ omepaTopaMy MPUBEIEH B CIEAYIOLIEM JUCTUHTE:

Inaea 8. lNepBoe 3HakOMCTBO C yka3aressmu B C++ 89



void {ni)

i}

in' intVar;
ini* pintVar;

pintvar = &intVar; // Termepb plntVar ykasnBaeT Ha intvar
*pintVar = 20; // coxpadger 10 B mepemMeHOM Txnoa int
} // TIO ampecy, HaxoIsmemycs B pintVar

Dynkius fn () HaumHaeTcsT ¢ OOBSIBIIEHUS TIEpeMeHHON intVar; B ciemayiomeil cTpoke
o0BsBIsIeTCA pir.tVar — ykasarejab Ha NMEPEMEHHYIO Tuna int.

VKazareNn OOBIBISIOTCS KaK OOBIYHBIE TIEPEMEHHbIE, HO B OOBSBIECHHE H00aBISIETCS
YHapHBbI orepatop *, KOTOPbIA MOXET ObITb MCIIOJb30BaH COBMECTHO C MMEHEM JIF0OOro
Tuna. B maHHOI CTpoKe 3TOT CMMBOJI MCHOJIb3YyeTCSl BMecTe ¢ MMeHeM (byHIaMEHTaJIbHOrO
Tima int. ODHAKO 3TOT OIlepaTop MOXKET MCHOJB30BaThCs I HO0ABICHUs K JIIOOOMY MMe-
HU MepeMeHHON Tuma.

I[lpy HamucaHuUM MOporpamMM ejaTejbHO MNPUIAEPXKUBATHCS COIJIAllleHW 00 MMeHax,
B COOTBETCTBMU C KOTOPbIMM MEPBBIM CHMMBOJ B Ha3BaHUM NEPEMEHHON YyKa3bIBaeT Ha ee
tun. Hampumep, MoXHO ucnosab3oBath = s int, d misg double u T.0. C yyeroM 3TOro
CorjlallleHUs] MMeHa yKaszaTeseil najiee B KHUre OydyT HauuMHaTbCs C OYKBBI D.

YHapHbIil onepaTop & B BBIpaXXeHHMU O3HayaeT "B3sATh ampec mepeMeHHo#". Takum 06-
pPasoM, B IEpBOM CTpOKe MPMBEAECHHOIO KOJAa HAxOAWTCS KOMaHIa COXpaHEeHWs aapeca Me-
peMeHHOM intVar B IepeMeHHO# pintVar.

IMpencraBum cebde, uro ¢byHkuusa fn <} HaumHaeTcs c anpeca 0x100, mepeMeHHas
intVar pacnojioxeHa mo ampecy 0x102, a ykaszatenp pintVar — 0x106 (Takoe pacrioioxe-
HU€ HaMHOIO TIpOllle Pe3yJIbTaToB paboThl MporpamMmbl lLayout; Ha caMoMm neie Bpsid JIU
MepeMeHHbIe OyayT XpaHUTHCS B MaMATU MMEHHO B TaKOM MOPSIKE).

IMepBass KoMmaHAa MpOrpaMMBbI COXpaHsieT 3HadyeHue sintVar (0x102) B ykazatene
pintVar. Bropast ctpoka orBeuaeT 3a NpucBoeHue 3HadyeHus 10 repeMeHHO, XpaHsieics
HO azpecy, KOTOpPBIIi cOmepxXMUTCS B ykazatese pintVar (B HeM HaxomutTcs yucio 0x102,
T.e. aJpec MepeMeHHoil intVar).

CpaBHeHVe yka3aTenei 1 noyToBbIX apecoB

VYkazaTenu TMOXOXW Ha ampeca TOMOB. Bain qoM mMeeT YHUKaJIbHBIM ampec, W KaxkKIbIid
0aliT B MaMsSITM KOMIIbIOTEpa TOXE MMeeT YHUKaIbHbIN aapec. ITouyToBbIN agpec COAECPXUT
Habop uudp u Oyks. Hampumep, oH MoXeT BBRINISACTh Tak: 123 Main Street (KOHEUHO Xe,
9TO He Moil aapec! S He J0OII0 HAlIEeCTBUI TTOKJIOHHUKOB, €C/Y TOJbKO OHU HE KEHCKOTro
mojia). Anpec IepeMEeHHON B MaMSTU COOEPXKUT TOJBKO Hudpel (Harmpumep, 123456).

MoxHO XpaHUTb OIMBaH B AoMe Io aapecy 123 Main Street, ¥ TOYHO TaK Xe MOXHO
XpaHUThb YMCJIO B MaMsTH 1o ampecy 0x123456. MoXHO B3sITh JIMCT OymMard M HamucaTh Ha
HeM anpec — 123 Main Street. Terepb IUMBaH XpaHUTCSI B JIOM€, KOTOPbI HaXOAUTCS ITIO
ajpecy, HalMCaHHOMY Ha Jjuctke Oymaru. Tak paboTarOT COTPYOIHUKM CIIy>KObl HOCTaBKU:
OHM JOCTaBJSIOT AMBAHBI IO aapecy, KOTOPbI yKa3aH B OJaHKe 3akKa3a, HE3aBUCHUMO OT
TOro, Kakoii MMEHHO ajpec 3arucaH B OJaHKe (I HU B KOEM Cllydae He CMeloCh Haj paboT-
HUKaMM CIIy>KObl TOCTaBKM — MPOCTO 3TO CaMblil yIOOHBIN CMOCOO OOBSICHUTH YKa3aTesn).

Hcnonb3oBaB cuHTakcuc C+-+, 3T0O MOXHO 3amucaTh Tak:

House myEouse;

House" houselddress;
houseAddress = &myHouse;
*househddress = couch;

OTa 3anuch obOO3HayaeT cienywllee: myHouse sBiasgercss aoMoMm, a houseAddress —
anpecoMm noma. Hamo 3ammcars aapec noma myHouse B ykazatenb houseAddress u mocra-
BUTb AMBAH IO aapecy, KOTOpbI HaxoauTcs B yKasareiae houseAddress.
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Teneps ucroab3yeM BMECTO JOMa TMEPEMEHHYIO THUMA int:
int myInt;
int* intAddress;
intAddress = &myint;
*intaddrzss = 10;

AHaJIOTUYHO TIPEAbIAYLIEH 3alKUCcH, 3TO MOSICHIETCS TaK: my Int — IEPEMEHHasl TUIa
int. Crnemyer coxpaHuTh aapec raylnt B ykasatene intAddress um 3amucath 10 B mepe-
MEHHYIO, KOTOpasi HaxOAWTCS II0 aapecy, yKazaHHOMY B intAddress.

cnonb3oBaHue pasHbiX TUMOB ykasaTtenel

Kaxnoe BbIpaxeHue, Kak U MepeMeHHasl, UMEeeT CBOW TUM W 3HaueHue. TUIl BbIpaKEHUS
sintVar — ykazate/lb Ha MEpPeMEHHYIO TUIIA int, T.e. 3TO BhIpaXeHWe MMeeT TMN int*. ITpu
CPaBHEHMHU €ro ¢ OOBSIBICHUEM yKazaTesisl pintVar CTaHOBUTCSI OUEBUAHO, YTO OHU ONMHAKOBBI:
int* pintVar = SintVar; // 00e 4YacTh 5TOTO NPUCBOEHUS

// umeror Tanm *int

AHATIOIMYHO pintVar mveerT T int*, a *pintVar — T int:

*pintVar =10 // obe dYacTu BTOTO IIPUCBOSHMST
// vMeoT Tum int
Tun nmepeMeHHOI, Ha KOTOpYIO yKasbiBaeT pintVar, — int. DTO 3KBUBAJEHTHO TOMY,

YyTO €C/IM houselddress FBISETCA agpecoOM I0MA, TO, KaK HU CTPAHHO, houseAddress
YKa3bIBAET JOM.

Ykazarenn Ha TepeMeHHBIE IPYTUX TUTIOB OOBSIBISIOTCSI TOUHO TaK Ke:
double dsubleVar

double* odoubleVar = &doubleVar
*pdoubleVar =10.0

B xommnrbloTepe kiacca Pentium pasmep ykaszaTesisl paBeH 4eThblpeM OaiiTaM, He3aBHCUMO
OT TOTO, Ha MEPEMEHHYIO KaKOro TUIIA OH yKa3bIBaeT .

O4yeHb BaXXHO CJIEAUTh 32 COOTBETCTBMEM THUIIOB ykKazareneil. [lpemctaBbTe, 4TO MOXET
MMPON30MTH, €CIM KOMITMISTOP B TOYHOCTH BBITTOJTHUT TAKON HAaOOp KOMaHII:
int nl;
int* pintVar;
pintvar = &nl;

*pintVar = 100.0;

IMocnenHsas cTpoka TpebyeT, 4yTOObI MO aapecy, BBIIEICHHOMY IOI MEPEeMEHHYIO pa3me-
poM B ueThipe OaiiTa, ObUIO 3allMcaHO 3HauyeHME, UMelollee pa3Mep BoceMb OaiiToB. Ha ca-
MOM JieJie HUYETo CTPAIHOTO HE MPOM30MIET, TTOCKOJIbKY B 3TOM Cllyyae KOMITWISITOP MpU-
Bemer 100.0 x Tumy int mepea TeM, KaK BBIIOJHUTH IIPUCBOCHMUE.

[MpuBecTn MepeMeHHYI0 OJHOTO THIA K APYTOMY SIBHBIM 00pa3oM MOXKHO TakK:

int iVar;
double dvar = 10.0;
iVar = (int)dvar;

Tax ke MOXHO MpPUBECTU U yKaszaTelb OJHOIO TUIA K IPYroMy:
int* piVar;
double dvar = 10.0;
double* pdVar;
pivar = (int*)pdvVar;

14
Boobuwe eosops, pazmep ykazamens 3agucum He moabKo Om Muna npoueccopa, Ho u om
ONEePAUUOHHOU CUCeMbl, UCHOAb3YEMO20 KOMNUAIMOPA U MAK HA3bl8AeMOU Modeau namsamu
cozdasaemoli npoepammul. — I1pUM. pen.
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TpynHo mpenckaszaTb, YTO MOXKET CIYYMThCSI, €CJIM COXPAaHUTb MEPEMEHHbIE OJHOIO TUIIa
Mo aagpecaMm, BbIOEJICHHBIM II0d IlepeMeHHble apyroro tuma. CoxpaHeHUE IIepeMEeHHBIX,
MMEIOIIUX OOJIBIIYIO IJIMHY, BEPOSTHO, MPUBEACT K YHUUYTOXEHMIO INEPEMEHHBLIX, PACIIOJoO-
XEHHBIX psaoM. Takass cUTyalus HarjssmHO IPOAEMOHCTPUPOBAaHA C TTOMOILIBIO MPOTrpaMMBbI
LayoutError.

// LayoutError — OeMOHCTPUPYEeT pe3yibTaT

// HeakKypaTHOTO obpameHus C yKazaTesaMu
#include <stdio.h>

$include <iostream.h>

int maintint intadrge, char* pszArgsl([])
{
mt upper
mt n
int lower

OO

// BHIBOIOVM 3HAYEHUS OOBSBIJIEHHBIX ITE€PEMEHHEBIX

cout << "upper = " << upper << "\n";
cout << "n "« n < "\n";
cout << "lowar = " << lower << "\n";

// coxpansieM 3HadYeHue Ttura double
// B IIaMsITM, BHIOEJIEeHHOMW IOJIs int
cout << "“\nCoxpaHeHume double B int\n";

double* pD = (double*) &n;
*pD = 13.0;

TIOKa3HBaEM Pe3yJIbLTATH
/1
cout << "upper = " <dupper << '"\n";
cout << "n = " «<''n << "\n";
cout << "lower = " << lower « "\n";

return O;

B mepBbIX Tpex CTpokax (PYHKIMM mMain () MPOMCXONUT OOBSIBIECHHE TPEX IMEPEMEHHBIX
TiMa int. JlomycTuM, 4To B MaMSATU 3TH MEepEeMEHHBbIE HAXOMSITCS IPYT 3a JAPYTrOM.

Crenywouiye TpU CTPOKM BBIBOAST 3HAUEHMSI 3TUX MEpPEMEHHbIX Ha 3KpaH. He yauBu-
TEJIbHO, YTO BCE TPY OKa3bIBAIOTCA pPaBHbIMU HydI0. Ilocie 3TOro mpoMcxoauT MpHUCBOECHUE
*pwD = 13.0;, B pe3yjabTraTe KOTOPOro 4ucio, umeroniee v double, 3amuchiBaeTcs B Iie-
PEMEHHYIO I., MMEIOLIYIO TUM int. 3aTeM BCe TPU INEPEMEHHbIE CHOBA BBIBOASTCS Ha IKpaH.

Ilocne 3anucu AEHCTBUTENBLHOIO YHMCJa B LIEJOUYMCICHHYIO MEPEMEHHYIO I NepeMeHHas
upper oxkasajach "3a0MTON" KaKHM-TO MYCOPOM.

Ha s3bike 1oMOB 1 aapeCcoB 3Ta IIporpamMmma 6yZ[CT BBIITIAACTb TaK:

house* houseAddress = &"123 Main Street";
hotel * hotelRAddress;
hotelAddress = (hotel*)houselddress;

*hotelhddress = TheRitz;

Vkazatenp houseAddress MHMIIMANM3UPOBAH Kak yKaszaTelab Ha Mol nmoMm. IlepeMmeHHas
hotelAddress comepxut aapec otensi. Ilocie 3Toro BMeCTo aapeca MOEro goMa 3arnuchiBa-
ercs aapec oreis. 3areM orenb PHTN” ycraHaBiauBaercs mo aapecy moero moma. OgHako,
MockoJibky "PuT" Kyma OoJjibliie MOEro noma, He YAMBUTENbHO, YTO OH YHUUYTOXUT HE
TOJIBKO MOI JOM, HO M JOMa MOMX COCeleil (XOTb YTO-TO MPUSATHOE B pPe3yJibTaTe OIIUOKM!).

Tunuzanus ykazareyieil NpeAoXpaHsieT MPOrpaMMUCTAa OT HEMPUSITHOCTEH, CBSI3aHHBIX
C COXpaHEHMEM JaHHbIX OOJIbILIEr0 pa3Mepa B MeHblleM oObeme mamsaTu. [IpucBoeHue
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*pintvar = 100.C He BbI3bIBACT HUKAKHUX MpobieM, mockoiabky C++ U3BECTHO, YTO
pintVar yKasbiBaeT Ha LEJOYMCIEHHYI0 MepeMeHHY0 u npuBoaut 100.0 mepen mpucsoe-
HHUEM K TOMY Xe THIIY.

Jlepegana yxasamensen yniuuai
OmHMM U3 ITyTeil MCIOJIb30BaHUS yKasaTeseil SABJsIeTCs Iepedadya apTyMEHTOB (DYHKIIUU.

751 TOro 4ToOBl MOHSTH BCIO BaXXHOCTh 3TOr0 METola, HEOOXOAMMO pa3o0paThbCsi, Kak IMpo-
WCXOAUT Tepeiaya apryMeHTOB (DYyHKIIUSIM.

lMepenaya aprymMeHTOB MO 3HAYEHUIO

Bbl McrM 3aMETUTB, YTO OOBIYHO HEJbB3s1 U3MEHUTh 3HAaYEHUE TEPEMEHHOM, KoTopas
nepenaBajach (YHKLIMM KakK apryMeHT. PaccMmorpum ciiemyromuvii ¢pparMeHT Koja:
void fa(inthArg)
{
int intArg = 10;
//30eck 3HadeHme intArg pasuo 10

)

void parent (vcid}
{
int nl1 = O;
fn(nl);
// 3meckh nl pasHOo 0

®dyukums parent () MHULMATA3UPYET IepeMeHHy0 nl Hyiaem. Ilocie 3Toro 3HayeHHe
ni Iepemaercsa B KadectBe aprymeHTta ¢yHkiuu fn (). B fn () mepemeHHOll intArg mpu-
cBauBaercs 3HadeHue 10. TemM cambiM B fn() oOCyIIeCTBISIETCS IIONBITKA W3MEHUTH apry-
MeHT ¢yHKIuUU. IloCKONBKY B KadyecTBe apryMeHTa BBICTyHaeT IMepeMeHHas nl, MOXHO
OXUIaTh, YTO ITOCJIe Bo3Bpata B parent () 3Ta mepeMeHHas HOJDKHA MMeTh 3HadeHue 10.
Tem He McHee nl ocraercs paBHoit 0.

Heno » toM, uro C++ mnepenaer ¢yHKIIMM HE TNEPEMEHHYIO, a 3HaYeHUE, KOTopoe
B MOMEHT BbI30Ba (hyHKIIMM HaXOAUTCS B IepeMeHHOM. Ilpu BbI3oBe DYHKIIMM HpOUC-
XOOUT BBIYMCJIEHHWE 3HAYCHUS IiepedaBaeMoro (GyHKIMU BBIPpaXEHUS, HOaxXe €CIM 3TO

IIPOCTO NMEPEMECHHAa.

L
pIALL OGBbIYHO, 3KOHOMS CJIOBa, MHOTME TOBOPSAT YTO-TO Bpome "TepeaacM MepeMeH-

HyIo x hvHKUMH £n{)'* HacaMmoMm mene 3T0 03HayaeT, 4To QYHKLUMU IEepeaacTCs
3HAYCHUE BBIPAXEHUS X.

Mepenoaya 3HaYeHMIn ykasaTenen

Vxaszatenb, Kak u J100ast qpyrasi iepeMeHHasi, MOXeT ObITh rnepeiaH (YHKIIMU B KauyecT-
B€ aprymecHra.
void fn{int* pintArg}
{

}

*pintErg = 10;

void parert (veid)
{

int . = 0;
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falan); //Tax IepelaeTcs aIlpec II
// Temnepb I paBHO 10

B stoM ciyyae BMecto 3HadyeHus 1 pyHkuMu fn () mepemaercs aapec 3TOWM INMEpPeMEHHOI.
Yem ommuaercsl mepeiavya 3HAUCHUST TIEPEeMEHHON OT Tiepeqadu 3HAYeHMsT yKasaTelns Ha Nepe-
MEHHYIO, CTaHeT ITOHSTHO, €CJIM PacCCMOTPETh MPHUCBOSHME, BHIMOJHSIIONIEeCs B (pyHKIMMU f1i().

[MpenmonoxumM, uro 1m Haxomutcd 1o aapecy 0xi02. B sroMm ciydae ¢pyHKIum () TIe-
penaetcs apryMeHT, paBHbiii 0x102. BHytpu fn () npucBoeHue *pinthrg = 10 BBIIOJHS-
eT 3amuch Leaoro 3HadeHus |0 B mepeMeHHy0 Thma int, KOTOpasi HAXOOUTCS IO ampecy
0x102. TakuM o0Opa3oM, HOJb B MepeMeHHOI J 3ameHsieTcsd Ha 10, IMOCKOJbKY B JaHHOM
cinydae 0x102 u ectb agpec fiepeMEHHOM .

lMepenaya aprymMeHTOB MO CCbIIKE

B C++ Bo3MOXHa coKpallleHHasl 3aluch MPUBEIECHHOTO BbIllle (parMeHTa, KOTopasi He
TpeOHYeT OT TIpOrpaMMUCTa HEMOCPENCTBEHHOW paboThl C ykazaTelasiMu. B mpuBegeHHOM
HUXE TpUMepe TepeMeHHasl I Tiepeiaercs no ccvlike. Ilpu Tepenaye 1Mo CChIJIKE BMECTO
3HAUYECHUST TIepeMEeHHON (YyHKIIMKM TiepedaeTcss CChUIKA Ha TIePEMEHHYIO ((CbLikd, TIO CYyTH,
SIBJISIETCSI CHHOHUMOM CJIoBa adpec).

void fnilinté& intArg)

{
intArg = 10;

void marent [void)
i
int a1 = 0;
fnin)
// Tenephb 3HadeHMVe II paBHO 10

B atom mipumepe dynkius frs () momydaer He 3HaYeHUE TIEPEMEHHOM 11, a CCBUIKY Ha Hee U,
B CBOIO oyepellb, 3amuchiBaeT 10 B rMepeMeHHYI0 TUIIa int, Ha KOTOPYIO cCchlIaeTcs intArg.

Uenonssobanue rywu

Kyna (heap) — 5T0 OJI0K MaMsITU M3MEHSIEMOIO padMepa, KOTOPBI IMpU HEOOXOAUMOCTHU
MOXXET MCIOJIb30BaThCsI MporpaMMoii. Jlajgee B 3TOM pasaene TOSICHSETCs, 3aueM HyKHa Ky-
Ya U Kak €0 MOJIb30BaThCs.

OyeBUIHO, YTO €CIIM MOXHO IlepenaTh (YHKIMU yKa3aTellb, TO MOXHO WM BEPHYTh €ro
Kak pe3yjabTaT paboThl GyHKInM. POYHKIUS, KOTOpas NOKHA BEpHYTh HEKOTOPBIN ampec,
OOBSBISIETCS CIEAYIOIIMM 00pa3oM:

double* fn{void);

HDI/I pa60Te C BO3Bpallla€MbIMU YyKaszaTCJIAMU CICOAYET ObITh OYEHb OCTOPO2KHBIM. YT1o06b1
IIOHUMAaThb, YEM YpPE€BATO HECAKKYPATHOC HCIIOJb30BaHUEC yKaSaTCJ'[efI, CJCayeT IMMO3HaAaKOMMUTh-
cd ¢ KOHLenlueid ob6jJacTd BUIMMOCTHU TNICPEMEHHBIX (T.e. C TEM, Il UMECHHO OT NECPEMEH-
HbIX OCTAacTCA TOJIbKO BI/II[I/IMOCTI)...).

ObnacTtb BUOMMOCTU

Kpome 3naueHust u tuma, nepemeHHole B C++ UMEIOT ellle OMHO CBOMCTBO — 0OJIacTh
BUIMMOCTH, T.€. 9aCTh MMPOTPaMMbI, B KOTOPO# 3Ta TepeMeHHasl OIpeeseHa.
Paccmotpum cnemyroruii hparMeHT Kofa:
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// 2Ta nepeMeHHasl OOCTYIIHAa I BCcex GYyHKIMNA
// M CcymecTByeT Ha IIPOTAXEeHUM BCeTO

// BpeMeHU paboTH IIPOTPaMME

// f{(rncbanbHasa objacThb BUOMMOCTH)

int intG.obal;

// mepeMenHas intChild mocTymnHa TONBKO B OyHKIIMM child()
// ¥ CcymecTBYeT TOJbKO BO BPEMSsI BHIIOJIHEHNS
// oyurumu child() uiu BH3LBaeMOM e
// (obmacThs BUOMMOCTU OYHKITNN)
void child({void)
{
int intChild;

// TepeMeHHass intParent MMeeT OO0JACTh BUWIMMOCTH (DyHKIIAN
void parent (void)
{

int intParent = 0;
child() ;

int intLater = 0;
intFarent = intLater;

int main{int nArgs, char* paArgs([])
{
parert {};

[IporpamMma HauWHaeT BBITTOJNHATH (yHKIIUIO main (). B mepBoii ke cTtpoke main () BbI-
3piBaeT GyHKIMIo parent (). B aTolt DyHKUMU BBHITIONTHSIETCS OOBSIBIEHUE TePEeMEHHOMN
intParent, xotopass mMmeeT 00JIacTb BUIMMOCTH, OTpaHMYeHHYIO (dyHKIuel. Takas mepe-
MEHHasi Ha3bIBaeTCs IOKATLHOM M JOCTYITHA TOJTHKO B 9TOW (DYHKIIMU.

Bo Bropoii crpoke parent O BbI3bIBaeTCs (MYHKUMS child(). Dra QyHKUMS Takxke
OOBSIBIISIET JIOKAJIbHYIO MepeMeHHYIo — intChild, obnacTbio BUAMMOCTU KOTOPOW SIBJISIIOT-
csa GyHkuug child(). [Ipu stom intParent ¢byHkuuu child() HemocTynHa (M 00JacThb
BuaMMocTu intParent He pacnpoctpaHsiercss Ha ¢yHKuuoo child O), Ho cama mepeMeH-
Hasl MPOJOJIKAET CYIIECTBOBATh.

ITocne okoHyaHus paboThl GyHKIMU child() mepeMeHHass intChild Beixomut U3 00-
JIaCTU BUIMMOCTU W YHUYTOXAETCS, T.6. OHA HE TOJBbKO HENOCTYIMHAa, HO W HE CYILIECTBYET
(maMsiTh, KOTOPYIO 3aHMMajla 3Ta MepeMeHHasi, BO3BpalleHa B Iyl CBOOOTHON MaMsTHU s
JNATbHEUILIEero UCIOIb30BaAHMS).

ITocme Bo3Bpata u3 ¢GyHKUUKM child() IIpomoKaeTcs BBIIMOJHEHUE ITOAIPOrpaMMBbl
parent (), U B CIEAyIOLEH CTpOKe OObBSBIsIETCS TepeMeHHas intlLater, Koropasg umeeT
00J1acTh BUIVMMOCTH, OrpaHWYeHHylo (GyHKuMeil parent (). B MoMeHT Bo3Bpata B (yHK-
umio main () mepemeHHble intLater m intParent BbxomaT u3 o00JacTM BUAWMOCTU
U YHUUTOXAIOTCS.

Kpome OKambHBIX TIEpEMEHHBIX, IIPOTPAMMUCT MOXET OOBSBISITH TIEpeMEHHBIC BHE
Bcex ¢yHKuMii. Takue mepeMeHHBbIe HA3bIBAIOTCS TIOO0AIBHBIMU W TOCTYITHBI U3 JIIOOOTO
MecTa MporpaMMBbl (MX 00JIaCTh BUAMMOCTA — BCSI TIpOTpaMma).

[Tockomeky intGlobal B mpuBeneHHOM Kone OOBsIBieHA TIOOAJIBHO, OHA OCTYITHA Ha
TMPOTSIKEHUN pabOTHI BCEUl MPOrpaMMBbl M BHYTPU JIIOOOU M3 Tpex DYHKIIHA.
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MpoGnembl 06nacT BMAMMOCTU

IIpuBeneHHbINE HUXKe (parMeHT MpOrpaMMbl OydeT CKOMIIMJIMPOBAaH, HO He Oyaer Kop-
PEKTHO paboTaTh.
double’ child{void)
{
double dLocalVariable;
return fidLocalVariable;

)

void parent (void)

1
double* pdLoccal;
pdLocal = child () ;

*pdiocal = 1.0;

[Ipobniema B TOM, 4YTO TepeMeHHas] dlLoca!Variable oObsBIeHAa BHYTpU (YHKIIUU
child(). CnenmoBatenbHOo, B MOMeHT Bo3Bpara ampeca dlLocalVariable u3 child() ca-
MOIi TIepEMEHHON YXXe He CYyIIECTBYeT M aIpec CChLIaeTcsl Ha MaMsiTh, KOTOpas BITOJIHE MO-
*eT OBITh 3aHsTa UIST KaKUX-TO OPYIUX IIeJICH.

BIAC OmubKM Takoro TUMa BCTpeYaloTcsl JOBOJBHO 4YacTo, a CMOCOObl MX MOsiBJe-
HUS BecbMa pa3HooOpa3Hbl. K coxaneHWIo, TaKOW THUIT OMIMOKM TPOIyCKaeT-
Ccd KOMMUJSITOPOM W 3ayacTyl0 He BbI3bIBae€T aBapUHHON OCTAaHOBKM IIPO-
rpamMbl. [IporpaMma MOXeT OTJIMYHO paboTaTh OOJBIIYI0 4YacTh BpPEMEHW,
IoKa NaMmsiTh, KOTOpas B IpollioM Bbigenssiack noa dLocalVariable, He
Oyner BblAeeHa ApPYroi nepeMeHHoi. TpynHee Bcero HalTM OMIMOKU, TMPOSIB-
JISTIoIIMecs] CIIOHTaHHO.

Ucnonb3oBaHue Onoka namsitu

OmubKu 06JaCTU BUIMMOCTM BO3HUKAIOT TMOTOMY, 4To C++ 0CcBOOOXIAeT BbIAEIEHHYIO
JUTS JTOKAJTbHBIX TIEPEMEHHBIX MaMsITh aBTOMaTW4YeckKu. JIJIsl peleHnsl 3Toi MpobaeMbl HE0O0-
XOIMM OJIOK MaMsITU, KOHTPOJIUPYEMBI HEMOCPENCTBEHHO MpPOrpaMMUCTOM. B 3ToM Os0Ke
MOXHO BBIIEISTH MaMSTh IO TTIEPeMEeHHBbIE U YIAlsTh UX HE3aBUCHMO OT TOTO, YTO IO 3TO-
My noBoay "mymaer” C++. Takoii 610K mamMsITU Has3biBaeTcsl kyuen (heap).

[TaMsaTh B Kyde MOXHO BBIIEINTh, UCIIONB3YS OMEpaTop New; OH IHILIETCS BMeECTe C TH-
MOM 00BbeKTa, MOJA KOTOPbI HYXHO BbIIEIUTH MaMsTh. [IpUBEeNeHHbIN HUXe MpUMEp BblIe-
JISIET U3 Ky4d TMaMsTh Ui TiepeMeHHoi tumna double.
double* cnild{void)

1
double* pdLocalVariable = new dcuble;
return pdLocalVariable;

Tenepb, HecMOTpsg Ha To uyTo mepemeHHasi pdLocalVariable mMeer obGiaacTb BUAMMO-
ctu B mipenenax GyHkuuu child(), mamsTh, Ha KOTOPYIO YKa3bIBaeT 3Ta TMepeMeHHas, He
OyzmeT ocBOOOXAeHA TMocie BbIMOJHEeHUs1 (YHKIMU. BblaenreHue M ocBOOOXIEHWE MaMSITH
B Kyde OCYIIECTBJISIETCSI TOJbKO sIBHO. OCBOOOXIEHHWE MaMATU B Kyde BBITIOJHSIETCS C TI0-
MOIlIbI0 KoMaHabl delete.

void yparent {void)

{
// oyHKIMS child () Bo3BpamaeT
// agpec IIepeMeHHOM B Kyde
double* pdMyDouble = chiid();
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LD‘ET

// CcoxXpaHeHMe 3HadYeHUsI B CO3IOAaHHOM IIepEeMeHHON
*pdMyDoukle = 1.1;

£ o,

// BCaBpaT [IaMsaTH Kyde
delete pdMyDouble;
pdMy£ouble = 0;

i

B sro0ii mporpamme ykazaTesib, BO3BpallleHHbIM (yHKIMel child(}, Ucroab3yeTcs LIS

3anucu 3HadyeHus Turna double B maMsTh, BbleJeHHYIO B Kyde. Ilocie Toro Kak (pyHKuus
BBITIOJIHMJIA BCe HEOOXOMMMBIC NEMCTBMSI C 3TOM IMaMsThlO, OHA OCBOOOXIAETCsI, a yKa3aTellb
pdMyDouble ycraHaBiuBaeTcsi paBHbIM Hymo. OOHyJIeHUE yKazaTesdss He 00si3aTebHO, HO
KpaifHe XeJlaTeJlbHO. B 3TOM ciydae, eclii HMpOrpaMMMCT OIIMOETCS M IIOIBITAeTCs OISITh
3anuMcaTh 4TO-JM0O0 MO ajapecy, Ha KOTOpbIi ykasbiBaeT pdMyDouble, mpowu3soiineT aBapuii-
HBIII OCTAaHOB MPOTPaMMHBI.

OmubKy, B pe3yibTaTe KOTOPOH IPOMCXOIUT aBapUITHBIM OCTAHOB IPOTPAMMBbI,
HaWTW ropasio Mpoule, YeM IPOSBISIONIYIOCS CIIOHTaHHO.

Mnasa 8. lNMepBoe 3HakOoMCTBO ¢ yka3atensamu B C++
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[eea 9

BTopoe 3HaKOMCTBO C yKa3aTensmu

B oomord abe. ..

v Onepauuu ¢ ykazaTeJasiMu
v OObBsIBICHVE M UCITOJIb30BaHUE MACCUBOB yKa3aTee

3k C++ mo3BosisieT paboTaTh C ykaszaTeJsIMU Tak, Kak ecilii Obl OHU ObLIU Tepe-

MeHHBIMU npocThix TuoB. (KoHuemnius ykazareneil uzioxeHa B riaBe 8, "TlepBoe
3HAKOMCTBO ¢ ykazarejasiMu B C++".) OmgHako orepalvy Haj yKa3aTeJasiIMU TPeOYrOT 3HAHUSI
HEKOTOPbIX TOHKOCTEI; MMEHHO OHU U PACCMATPUBAIOTCH B ITOM IJIaBe.

Onepanun C ykasamessis

HekoToprle U3 omnepaiuii, OMMCaHHLIX B DIaBe 3, "BblMojHeHMe MaTeMaTU4YeCKUX OIle-
pauuii", MOryT ObITh MMPUMEHEHBI K YyKa3aresiM. B aToM paszaene paccMaTpuBaeTcsl pUuMe-
HeHKe apu(dMETUYECKUX OMepaliii py paboTe ¢ yKasaTeJssMU M MaccuBaMH (C MacCUBaMU
BBl MIO3HAKOMMJIMCH B IIaBe 7, "XpaHeHUe IOoceaoBaTeIbHOCTelr B MaccuBax'). B Ta6i. 9.1

NPpUBECIACHDbI 0a30BbIC orcpanumn Haja ykKkasaTeasiMu.

Ta6nuua 8. 1. Tpy onepaunn Hag yKkasaTensmm

OMNEPALNSA PE3Y/IbTAT LENCTBUE

pointer+offset Ykazarenb Bbuucnser  agpec anemeHTta,  PacCnoNOXEHHOrO  4epes

of fset anemeHtoB nocne pointer

pointer-offset Ykazaresb Onepauysi, NPOTUBOMONOXHAA CNOXEHUIO
pointer2-pointerl CwmeLLeHvne Bblmcisier  KOAMHECTBO  3nieMeHTOB  Mexay pointerl
HMpointer2

B a10it Tabnuue of fset uMeeT TUM int (30ech He TIPUBENEHBI orepauru, OJIM3KUe K CIIo-
>KEHUIO Y BBIYUTAHUIO, TaKME KaK ++ U +=, KOTOpbIE TAKXE MOTYT IPUMEHSTHCS K YKA3aTeIIsIM).

Mogenbs naMsiTU, TMOCTPOEHHAs] Ha TpuMepe JOMOB (TaK 3(DdOEKTUBHO UCIOIb30BaHHAS
B TpeNblayllieil IJlaBe), MOMOXET MOHSITh, KaK paboTaloT MpUBEASHHbIE B TaOJUIE OMNepaluu
¢ ykazarenssmu. [lpencraBbTe cebe KBapTaji, B KOTOPOM BCE IOMa MPOHYMEPOBaHBLI MO IMO-
psnky. Howm, crnenyrwomuii 3a qomoM 123 Main Street, Oyner umeth aapec 124 Main Street
(unu 122 Main Street, eci Bbl UAETe B MPOTUBOIIOJOXHYIO CTOPOHY, TOCKOJIbKY BBI JIEBIIA
WU XUBETE B AHIJIUU).

OueBUAHO, YTO B TaKOM ClIyyae 4yepe3 4YeThbipe oMa OT MOEro OyleT HaXOAUThCS IO0M
¢ aapecom 127 Main Street. Aopec 3Toro goMa MOXHO 3aIlucaTh Kak

123 Main Street + 4 = 127 Main Street

M HaobopoT, eciaum MOMHTEepPecOoBaThbCsS, CKOJBKO JIOMOB HAXODUTCS MeXmy momMoM 123
u 127, otBeToM OyAeT yeThIpe:

127 Main Street - 123 Main Street = 4

I[ToHsTHO, YTO JIOOOI JOM OTCTOMT CaM OT ce0s Ha pacCTOSIHUE HOJIb JOMOB:

123 Main Street - 123 Main Street = O
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MoBTOpPHOE 3HAKOMCTBO C MacCUBaMu B CBETE yKa3aTtesen

OOpaTuMcs K CTpPaHHOMY U MUCTHYECKOMY Mupy MaccuBoB. Eme pa3 Bocmonb3yeM-
csl B KauyecTBe MpUMepa IOMaMU MOMX coceneil. MaccuB TOXe OYeHb IMOXO0X Ha TOpoj-
ckoii kBapras. Kaxmplii sieMeHT MaccuBa BBICTYNMAeT B KadyeCTBE JOoMa B ITOM KBapra-
ne. Jloma — 3jeMEHTbl MacCMBa — OTCUMUTHIBAIOTCS MO TMOPSAKY OT Hayajla KBapTaia.
Hom Ha yrmy orctouT Ha 0 MOMOB OT yIiia, CIEIyIOIIWI TOM OTCTOUT Ha 1 g0M OT yr-
Ja v T.A4.

Tenepnr mpencraBumM cedbe MaccuB M3 32-X ONHOOAMTOBBIX 3HAYEHWUM, MMEIOLIWI WUMs
charArray. Ecim mepBwlii 27meMeHT MmaccuBa Haxomutces 1o aapecy 0x110, Torma maccuB
Oy#eT TIpOAOJIKAThCSl BILIOTH O anmpeca Ox12f. Takum oOpa3om, 3jeMeHT MmaccuBa cha-
rArray(0 Haxomutca mo ampecy 0x110, charArray[l] — mo ampecy Ox111, charAr-
ray[2] — nmo aapecy 0x112 u T.1.

MoxxHo CO3aaTb YyKa3aTcJib ptr Ha Hy]'[eBOVI ayieMeHT MaccuBa. [locie BbITTONTHE-
HUSA CTPOKHN
ptr = é&charArray(0];

yKazaTeab ptr Oymer coaepxatbh ampec 0x110. MoxHO npubGaBUTH K 3TOMY ajpecy lI¢io-
YUCJICHHOE CMEIIeHWe U TEepPeUTH K HEoOXOOMMOMY »BJIEMEHTY MaccuBa. OmepallMid Ha
MacCUBaMM C MCHOJb30BaHMEM YyKaszaTeseil MpuBeneHbl B Ta0a. 9.2. OTa Tabauua AeMOHCT-
pupyeT, KakuM oOpa3oM J00aBJIeHWE CMEIIEHMs I BBI3BIBACT IepeXoid K CIICAYIOLIEMY dJic-
MeHTy MaccuBa charArray.

Ta6snua9.2.JobasneHnecmelleHns

CMELLIEEHMNE PE3YJIbTAT COOTBETCTBYET

+o 0x110 charBArray[0]
+1 0x111 charArray([l]
+2 0x112 charArray([2]
4 0x110+m charArray([n]

Kak Bumute, moGaBjieHMe CMEIICHMSI K yKa3aTelllo Ha MAacCUB pPaBHO3HAYHO IIEPEXOIy
K COOTBETCTBYIOIIEMY 3HAUCHMIO.

Takum obGpazoMm, eciu char* ptr = scharArray[Q];,To * (ptr + M) COOTBETCTBY-
eT sneMeHTy charArray [n] .

AL o .
A [Tockonbky * wuMeeT 0OoJiee BBICOKUW MPUOPUTET, UM CJIOXEHUe, oIliepalus

“ptr + m mpuBenra Obl K CIOXEHWIO T CO 3HaYeHueM, Ha KOTOPOE yKa3bIBaeT
ptr. YroGbl BBIITOJHUTH CHayaja CJIOXEHWE U JIMINL 3aTeEM IIEPEXON K IIepe-
MEHHOW TI0 yKasaTejlo, CleAyeT MCIOJb30BaTh CKOOKHW.  BbipaxkeHue
* (ptr + n) BO3BpalllaeT 3JIEMEHT, KOTOPBI HAXOMUTCS IO aiapecy ptr TUTIOC
n 2JIEMEHTOB.

B neiicTBUTENbHOCTU COOTBETCTBME MEXAy IBYMS (opMaMu BbIpaXXEHUIH HACTOJbKO
ctporo, yro C++ paccMaTpuBaeT 3JIeMEHT MaccuBa array(n) Kak * (ptr + n), rme ptr
yKa3blBaeT Ha TMepBblii 2jJeMeHT array. C++ wuHTepnpeTupyeT array [m] Kak
* (garray|0] +m). Takum obpaszom, eciau maHo char charArray [20], To charArray on-
penensercs Kak &charArray[0].

WUmsa maccuBa, 3anMcaHHoe 0e3 HMHIAEKCa dBJIEMEHTa, MHTePIpeTUpyeTcs KakK aapec
HYJIeBOrO 3JIeMEHTa MaccuBa (MM NPOCTO aapec Maccupa). Takum oOpaszoM, MOXHO
YIIPOCTUThL TIPUBEIECHHYIO BBbIIIE 3alUCh, MOCKOJbKY array[n] C++ uHTepnperupyert
Kak *(array + n).
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WUcnonb3oBanne onepau,m7| Haj yKa3atensamu gna aapecauun BHYTPU MacCuBa

KoHItenysi COOTBETCTBMSI MEXIy WHIeKcallmeid MaccuBa M apubMETHKON yKazaTeleid
BechbMa IoJie3Ha (ecau Obl 3TO OBbLIO HE TaK, 3AeCh Obl He ObLIO JAHHOTO MOApa3iecia).

Hanpumep, dyHkumsi displayArray(), KoTopas BbIBOOUT CONEPXHUMOE LIEJOYUCIIEH-
HOTO MacCuBa, MOXET OBITh peajr30BaHa CIEHyIOIIMM 00pa3oM:

// displayArray — oTobpaxaeT BJIEeMEeHTH MaccHuBa,
// uMepnmero OIMHY nSize

void displayArray{int intArray[], int nSize)

{

cout << "3HavyeHMus BIJIIEMEeHTOB MacCCUBa paBHB: \II";

for (int n = 0; n < nSize; n++)
{

"o, n

cout « n << << intArray[n] <« "\n";

}

cout << "\n";

Dra BepcHst (GYHKIIMUA WCIIONB3YeT OlepallMiyd Haa MacCHUBaMM, KOTOpPble 3HAKOMBI HaMm
Mo TpeabIIyluM TIaBaM. Eciy Bocmosib30oBaThes Il HANMCaHUS 3ToMl DYHKUMU ykKaszaTe-
JISIMY, TIpOorpaMMa IpUOOpeTeT TaKol B

// displayArray — oTobpaxaeT BJIeMeHTH MacCuBa,
// uMenmero OIVHY nsSize

void displayArray(int intArray[], int nSize)

{

cout << "3HadeHMus DJIEMEeHTOB MacCuBa paBHH: \N";

int* pArray = intArray;
fori{int n = 0; n < nSize; n++, pArray++)
{

cout << n « ": " << *pArray « "\n";

}

cout << "\n";

Otor BapuaHT (yHKIMM displayArray HaumHaeTcs C CO3MAaHUS yKasaTesid Ha IIepBBII

9JIEMEHT MaccuBa intArray.

yH o "
i BykBa p B Havaje MMeHU MEepeMEHHOU O3HayaeT, 4YTO 3Ta MepeMeHHas SIBJISIET

co yKasaTeemls.

ITocne sToro (yHKUMS CUMTHIBAET BCE€ 2JIEMEHTHl MaccuBa Io0 Mopsnky. Ilpu kaxkmom
BBINIOJTHEHWM ofmepaTopa for TIPOMCXOONWT BBIBOA TEKyIIeTo 3JeMeHTa W3 MaccuBa
intArray. OTOT »JIeMEHT HaXOOMTCS II0 ajapecy pArray, KOTOPbIA YBeJIMYMBAETCSI Ha
SIVHUITY TIPY KaXJIOM BBITIOJITHEHUW ITUKIIA.

MoXHO cKazaTh, 4TO (DYHKIMSI TOYTM HE W3MEHWJIACh W BBIMOJHSIET TaKUe Xe orepa-
LMW, KaK W TIpenplayllas Bepcusi, OIHAKO MCITOJIb30BaHME ykKasaTtelielh — 0Oosiee pacrpo-
CTpaHeHHasl MpaKTUKa, yeM pabota ¢ maccuBamu. [lo psimy TPUYMH TMPOTrpaMMMCTHI U30e-
raloT paboraTb C MacCHUBaMU.

Yarmie Bcero ykasaTelqu HCTIOJB3YIOTCS IJIs1 PabOThI ¢ CUMBOJBHBIMM MacCHUBaMU.

i5
Odnarxo smo ne bonee uem coenauteHue, U 6bl He 0053aHbl HAYUHAMb UMEHA ecex ykasa-

meaneii ¢ 6ykev p. — IlpuM. pen.

100 Yactb . CraHoBumcs nporpammucTamm



WUcnonb3oBaHue ykasatenei gna paboTbl CO CTPOKaMM

CTpoKy MOXHO Ha3BaTh MAaCCHUBOM CHMBOJIOB, B KOTOPOM IIOCJIEIHUI CUMBOJI paBeH
Hymo (sa3biIk C++ wucmonab3yeT HOJAb KaK CUMBOJ KOHLA CcTpoku). Takue HyJb-
3aBEPUIEHHBIE MACCUMBBI MOXHO pacCMaTpUBaThb KaK OTAEJbHBIA TUII (TOYHEE, KBa3u-
TUIT), O KOTOPOM IIa peyb B IaBe 7, ‘‘XpaHeHHE MoclieqoBaTeIbHOCTEH B MaccuBax'.
B C++ nng paboTel cO CTpOKaMM WCIIOJB3YIOTCS yKaszaTeau. B TIpuBeneHHBIX HUXe
npruMepax MOoKa3aHO, KaKOBbl OTJIMYUSI B paboTe CO CTpOKaAaMM B Cilyyae NMPUMEHEHUSs
MacCUBOB M YyKa3aTeJew.

OTnnunsa B paboTte Co CTpOKamMun C UCMOJIb30BaHNEM
ykasartenem n MmaccuBOB

C moMmoInplo yKaszaTeleid MOXHO paboTaTh C CUMBOJIBHBIMM MacCMBaMU TaK Xe, Kak
W C MaccuMBaMU JIO0O0ro Apyroro tumna. To, 4To B KOHIIE JIIOOOM CTPOKM HAaxXOAUTCSI CUMBOJ
KOHIIA CTPOKM, JAeJIaeT X OCOOEHHO YTOOHBIMU TSI pabOTHI C TTIOMOIIBIO yKa3aTeleid.

B tnaBe 7, "XpaHeHue TMOCIEeNOBaTEILHOCTE B MacCWBax', paccMarpuBaiach (YHKITUS
concatString{), Koropast oObeaMHsIIA IBA CUMBOJBHBIX MaccuBa. [Iporortun atoii ¢yHK-
MU ObUT OOBSIBJIEH TaK:
void concatString{char szTarget[], char szSource(]l}:

MM o
i [IpoToTun omnuchiBaeT, Kakue apryMeHTbl MPUHUMAET (DYHKUUS M KaKOl TUIT
WMeeT BO3BpallaeMbiii (yHKIMEUH pesyiabTaT. [IpoToTUIT MMeeT TaKoil ke BHI,
KakK 1 oObsiBJIeHUE (PYHKIIMU, OJHAKO B HEM OTCYTCTBYET TeJlOo (DYHKIIUU.

Jst oOHapyXXeHusl HyJisd B KOHLIE MaccuBa szTarget ¢pyHKUUSI concatString () mpo-
CMaTpuBaeT COAEPKMMOE BCETO MaccuBa C MOMOILbI0 1uMkiaa while:

void concatString(char szTarget]], char szSourcel])
{

// HaUTHU KOHEILl TepBOM CTPOKHU

int intTargetIndex = O;

while (szTarget[intTargetIndex])

{

}
i

YToOBI MCTIONB30BaTh IJIS PEIleHUs] ITOM 3amaud yKas3aTeNlu, CJenyeT OOBSIBUTH IPOTO-
TUI PYHKIUU TaK:

intTargetIndext+;

void concatString{char* pszTarget, char* pszSource);

A camy (YHKIIMIO HEOOXOIMMO Mepenucarh CAeAyIOIINMM 00pa3oM:
void concatString(char* pszTarget, char* pszScurce)

{

// HaWTU KOHEel] IIePBOM CTPOKU
while (*pszTarget)
{

pszTarget++;

I

B npenpinyiieit Bepcuu pyHkunu concatString LMK while mosTopsinca O Tex mop,
noka aneMeHT szTarget[intTargetindex] He okaspiBaica paBHbiM (. B BapuaHTe
C yKazaTeJIsIMU CYMTBhIBAaHME M CpaBHEHUE C HyJIeM 3JIEMEHTOB MAacCHBa IIPOMCXOOUT C I10-
Molllblo ykazaTessi pszTarget.
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qoHH BeipaxeHue ptr++ mnpencraBisieT coboil COKpalleHHylo ¢GopMy 3amucu ptr =

ﬂ ptr—+ 1.

ITocne Bbixoma u3 uuWkiaa while ykazatenb pszTarget ykasbiBaeT Ha KOHEUYHBIN BJie-
MEHT MaccuBa, coiepxXauuid Hojb. Ternepb ckaszaTh, uto pszTarget ykasblBaeT Ha MAacCUB,
HeJIb3s, TOCKOJIBKY OH OOJIbIIle HE yKa3blBaecT Ha HavajJo MacCHBa.

3aBepuweHne dyHkummconcatstring()

B stom InpuMEPE MpUBECACHa IroToBasd IporpamMma ajisd 00beIMHEHUS JBYX CTPOK B OIHY:

// ConcatenatePtr — coemuHsieT OBE CTPOKM U HOObLaBIsSET

// MexXOoy HuMm " - ", MCOOJE3ys I 3TOTO
// OEeCTBUS C yKazaTelsMy BMeCTO

// UHIEKCOB MacCCuBa

#include <stdio.h>
#include <iostream.h>

void ¢oncatString{char* pszTarget, char* pszSource) ;

int main(int nArg, char* pszArgs[])
{
// CUYUTaATh IIEPBYID CTPOKY. ..
char szStringl [256];
cout « "BBemuTe CTPOKy #1: ";
cin.getline (szStringl, 128);

// ...Teneps BTOPYD. ..

char szString2 [128];

cout << "BBemmTe CTPOKY #2: ";
cin.getline(szString2, 128) ;

// ...MpUCOemVMHUTH " — " K KOHIY IIepPBO. . .
concatString{szStringl, "—" ) ;

// ...TrTenepbk HOOABUTH BTOPYI CTPOKY...
concatString({szStringl, sz3tring2);

// ... IIOKa3aTh PEe3yJIbLTAT
cout << "\m" « szStringl « "\m";

return 0;

}

// concatS8tring — mpucoemuHseT *pszSource K OKOHYAHUIO
// cTpoku *pszTarget
void concatString(char* pszTarget, char* pszSource)
{
// HalTuU KOHEl] IIePBOM CTPOKU
while (*pszTarget)
{

pszTarget++;

}

// TIpucoemMHsIeT BTOPYH CTPOKY K KOHIy IIepBOU
// (¥ KOmmMpyeT HOJBL U3 BTOPOM CTPOKM B KOHEeI]
// CO3OaHHOM CTPOKM, dYTOOH OHJIO M3BECTHO, IIOe
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// 3BakaHYMBaeTCsd IOJIydeHHasI CTPOKa)
while (*pszTarget++ = *pszSourcett)
{

}

Ddyukuus main () HOBOM MPOrpaMMbl HUYEM HE OTIMYAETCS OT CBOEH MpeAllleCTBEHHU-
LIbI, OJHAKO concatstring () CymeCTBEHHO OTIMYAETCs OT BapHMaHTa C MCIIOJIb30BaHUEM
MacCCHBOB.

Kak MOXHO 3aMeTHTh, Telepb OOBSIBIICHUE MPOTOTUINA (QYHKIIMKM concatstring B Hadaie
MPOrpaMMbl COIEPXKMUT apryMeHThl Thma char*. Kpome Toro, mepBblii 1vkia while B ¢yHK-
MM concatstring {) MILET CUMBOJ KOHIIAa CTPOKM C MOMOIIbI0 ykazaress pszTarget.

HckimounTebHO KOMITAKTHBIA IIMKJI B KOHIIE ITOAINpPOrpaMMbl concatstring () BbI-
MOJIHSET MPUCOEAMHEHNE CHMMBOJIBLHOIO MaccuBa pszSource K KOHIy MaccuBa pszTarget.
B sTOoM BbIpaxeHMM Bcsg paboTa II0 COSAMHEHMIO OCYIIECTBISIETCSI CAMUM OIEPaTOPOM
while (), KOTOpHIi BBITTOJTHSIET PSiA ONEpaIUid.

1. CuuThIBaeT CUMBOJI, Ha KOTOPBIi YKa3bIBaeT pszSource.
2. VBenuuuBaeT 3HaueHUE yKazaredas pszSource st pabOThl CO  CIEAYIOIIMM

CHMMBOJIOM.

3. 3anuchiBaeT CYMTAHHBI CHMBOJ B TIO3ULMIO, Ha KOTOPYIO YKa3bIBaeT
pszTarget.

4. VYBenuuuBaeT 3HadyeHME YyKazaTeds pszTarget misg paOOThl CO CIEAYIOIIAM
CHUMBOJIOM.

5. BBITIOJNHSET TEI0 LUKJIA, €CJIU CYUTAHHBIA CUMBOJI HE HOJIb.

IMocne BBIMOMHEHUS TYCTOTO Tejla MPOTrPaMMbl YIIPABJICHUE OMSTh TMEPeaaeTcsl OrnepaTo-
py while (). DToT LUK OymeT BBHIMOJHSATHCS, IMOKAa CKONMMPOBaHHBINA B pszTarget cuMBoI
HE OKaXeTCs CAMBOJIOM KOHIIa CTPOKH.

Moyemy Npu paboTe Co CTPOKaMM MOJb3YITCA yKasaTensaMm

HMHorna HekoTopasi 3aMyTaHHOCTb PAOOTHI C yKa3aTeJdsIMU BBI3BIBAET y YWUTATENSI BITOJHE
PE30HHBIN BOTIPOC: MOYEMY CTOMT TOJIb30BaThCsl yKazatenasmu? WHBIMM cioBamu, 4TO Aena-
€T MCIoJIb30BaHMe yka3zaTenss char® mpeamouyTuTenbHee 0ojiee MPOCTOTO AJISI YTEHUsI Bapu-
aHTa c MaccuBaMU U MHIEKcamu?

) o
3ag] Bapuant ¢yHKuuu concatenate () ¢ UCIOJIb30BaHUEM yKaszaTejeil Tropasao

pacripoctpaHeHHee B C++, yeM BapMaHT C MacCMBaMu.

OTBeT cieayeT McKaTh OTYACTU B UEJIOBEUYECKOM IIPUPOAE, OTYACTU B MCTOPUM Pa3BUTHUS
C++. Komnunsarop sa3bika C, npapoautens C++, B Te BpeMeHa, Kormaa S3blK MOSIBUJICS Ha
CBET, ObUI JOBOJBbHO MHPUMMTHUBEH. Torma KOMMWJISITOPbI HE OBLIM CTOJNb CJIOXHBIMM, Kak
ceituac, u He MOIJIU Tak XOPOIILIO ONTUMU3UPOBATH KOJI. Kon
while (*pszTarget++ = *pszSource++) {} MOXeT II0Ka3aTbCS YUTATEIIO CJIOXHBIM,
OJTHAKO MOCJie KOMITWJISILIMK C TTIOMOIIBIO Iake CaMOro IPEeBHEro KOMMIWJISITOpa OH OyIeT co-
CTOSITb OYKBAJILHO M3 HECKOJIBKMX MAIIMHHBIX MHCTPYKIIMIA.

Crapble KOMIIbIOTEPHI ObLIM HE OYEHb OBICTPHIMU MO COBPEMEHHBIM MepKaM. Bo Bpeme-
Ha C 3KOHOMUSI HECKOJIbKMX MaIlMHHBIX MHCTPYKLIMK 3HA4MJIa OYeHb MHOTO, UTO U MpUBE-
J0 K npeBocxoactBy C Han ApyrMMM si3blKamMu Toro BpemeHu, TakuMu kKak FORTRAN, ko-
TOPBII HE TIOMEPKUBA paboTy C yKa3aTelIsIMU.

WMeHHO Torma W 3apojauiiach Tpaaulivs MUcaTh KOMITaKTHble U 3(hdEeKTUBHbIE, MpaBaa,
rnoayac HECKOJIBKO 3araJiouyHble Ha BuI IporpaMmbl Ha C++, U ¢ TexX MOp HUKTO HE XOUYeT
BO3BpAlAaThCsl K UHAEKCAM.
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cgaEr He naneiitech, 4To, HamMcaB CIOXHOE U 3allyTaHHOE BbIpaxkeHue Ha C++, Bbl

COKOHOMMTE HECKOJIbKO MallMHHBIX KoMaHa. B C++ Her NpsIMOM CBSI3U MEXIY
KOJIMYECTBOM KOMaHI B HMCXOOAHOM MW KOHCYHOM KOIE. CpaBHI/ITC JBa Ha60pa
KOMaH B MPUBECACHHOM HWXKE Q)paFMCHTC.

// BEHIpaxeHme
*pszhrray++ = 'A\0';

/ /1 BHpaxeHUne
*pszhArray? = '\0';
pszArrayZ = pszArray2 + 1;

// TIOCJle KOMIIMJIAIIUMM MOTYT HaBaTb
// OOVMHaAKOBOE KONIMYeCTBO MaNMHHBX MHCTPY KLV

Bo BpeMeHa MPUMUTHBHBIX KOMITMJISSTOPOB, KOTOpblE HE ONTUMU3UPOBAIN KO, TEPBBIi
BapuUaHT BbI3BaJ Obl MCIIOJb30BAHME MEHBIIETO KOJMYECTBA MAIIMHHBIX KOMaHa. OmHaKo
COBPEMEHHBIM ONTUMM3MPYIOLIUM KOMITMJISTOPOM B O0OMX Cjydasix OyIeT CreHepupoBaH
MIOCHTUYHBIA KOJI.

Onepauuu ¢ ykasatensamu Apyrux TMnoB

HetpynHo coob6pasuth, yto szTarget + n ykasbiBaeT Ha 3Je€MEHT szTarget [n], eciu
szTarget sBAsIETCI MacCUBOM OOHOOAMTOBBIX 3HaueHuWil. Ecim szTarget HaumHaeTcs 1o
agpecy 0x100, To 1IecToil 3J€MEHT MaccuBa OyIeT HaXOOUThCS MO aapecy 0x105.

OmHaKo TOJIOXKEHHUE 3JIEMEHTa B MacCUMBE CTAHOBUTCS HE CTOJb OYEBHMAHBIM, €CJIM Mac-
CHB COCTOMT M3 DJIEMEHTOB THUIIA int, KOTOPbIe 3aHMMAIOT IO 4YeThipe OaiiTa Kaxnablii. Eciam
MEePBBIil 3JIEMEHT TaKOr0 MacCMBa HaXOMMTCS MO ampecy Ox100, TO INeCTOM OymeT Haxo-
auThes mo agpecy 0x114 {0x100 + (5*4) = 0x114).

Ho, x cuacTthio It Hac, BeIpaXKeHHME Buaa array + n OymeT Bcerga yKasbIBaTh Ha 3JIe-
MEHT array[n], HE3aBUCMMO OT pa3Mepa 3JIeMEHTa, ITOCKOJBKY B TaKOM BbIpaxkeHuu C++
CaMOCTOSITEJIbHO YUUTBHIBAET MJUHY DJIEMEHTA.

M BHOBBL 0oOpaTMMcs 3a aHajioruei K mMoeMy aomy. Tpetuii oM ot 123 Main Street Oymer
UMeTh ampec 126 Main Street, He3aBUCHMO OT pa3MepoB cTosiux Ha Main Streel 1OMOB.

OT1nnumns MeXxay yka3artesiaMmm n maccmnBamm

EcTb 1 HeCcKOJIbKO OTIMYMIA B MCIIOJb30BaHMM MacCcUBa M ykaszartelsis. Bo-mepBbix, 00b-
SIBJIECHME MacCUBa BBbI3bIBACT BBIJCJIEHUE MaMSTH ISl BCETO MAacCHBa, TOTIA KakK OObSIBICHUE
yKazarteyisi He BbI3bIBAET BbIIECICHUSI MaMSITU JJISI MAacCUBa.

void arrayPointex ()

{
// BHIOEJIeHUEe IMaMATK ojiss 128 CUMBOJIOB
char char&rray[128];:

// BBIEJIEHVE TIaMsATH OJIsI ¥Kas3aTens, HO
// He niys obbeKTa, Ha KOTOPHM OH yKa3HEBaeT
char* pArray;

B stom npumepe mist charArray Boigensiercs 128 Gaiit, a ans pArray — YeETbIpe, POB-
HO CTOJIBKO, CKOJIbKO HEOOXOIMMO IUIST XpaHEeHUS yKa3aTeJls.
IIpuBeneHHasi HUXe (PYHKLUS padoOTaTh HE OyrerT.

void arrayVsPointer(}

{
// 2TOoT ¢parmeHT OynmeT paboTaTh HOPMAJIBLHO
char charArray{128}];
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chararray[10] = '0';
* (charArray + 10) = 'O';

// >TOT dparMeHT He ObymeT paboTaThkb Tak, KakK HaIo
char* pArray;

pArray[10] = '0';

* {pArray + 10} = 'O°';

BoipaxkeHusi charArray([10) u *(charArray + lO) ¢ mo3uuum KoMmOujasTopa 3KBU-
BaJICHTHBI M BITOJIHE 3aKOHHBI. Te Xe BBIPaXKEHUs C HCIOJb30BaHWEM pPATrray SBISIIOTCS
oeccMmbIcieHHbIMU. HecMmoTpst Ha To uto misg C++ OHU SIBJSIIOTCS 3aKOHHBIMM, pArray He
WHUIIMAIM3UPOBAaH KaK yKa3aTelb Ha MAacCUB, a 3HAYUT, MaMsATh ObUIa BbIIETIeHA TOJIBKO IS
yKazaresst. Takum obpazoMm, pArray[10] u * (pArray + 10) yka3bIBalOT Ha HEU3BECTHbLIE
W HeTpencKasyeMble 3HaYCHMUSI.

rO8Er HenpaBuabHO WHUIIMAIM3UPOBAHHBIE yKa3aTeln OOBIYHO BBI3BIBAIOT OIIMMOKY

HapyuieHust ceemenma (Segment violation). DTy omMOKY BBl MHOTIA BCTpedaeTe
B MOBCEAHEBHON pPabOTE CO CBOMMM JIIOOMMBIMU MPUIOXKEHUSIMU B CBOEU JII0O-
OMMOIT (a MOXET, U HEe OYEHB) OIePallMOHHOI CHUCTEME.

BToppiM oTiiMuMeM Mexay ykasaTeasMU W MHIEKCaMM MaccuBa SBIsIeTCS TO, 4To cha-
rArray — KOHCTaHTa, Torga Kak pArray — HeT. [IpuBeneHHBIN HMXe LIUMKA for, KOTOpHIi
IOJKEH MHUIMAIM3UPOBATh 3HAYEHUS 3JIEMEHTOB MacCUBa, TOXE He OyldeT padoTaTh.
void arrayVsPointer ()

{
char charArray(10] ;
for ;int i = 0; 1 < 10; i++)
i
"charArray = '\0"'; //>Ta CTpoKa MMeeT CMBICIH. . .
1 charArray++; // ... a @Tra HeT

Beipaxenne charArray++ mmeeT He Oomblne cMbicia, dem 10++. TlpaBuiibHO cieayer

Hamnucarhb TakK:
void arrayVsPointer ()
{

char charArray{10]:

char* pArray = charArray;

for (Int 1 =0; 1 < 10; i++)

{
*pArray= '\0"'; // B2TOT BapuaHT OynmeT
phArrayt+; // paboTraTk Tak Kak HaIo

Odssbuenue u ucnosssobarue
wmaccubol yrasameren

Ecmu ectp ykazaTenu Ha MacCUBBI, MOXHO TPEAMNOJIOXUTh, YTO CYILECTBYIOT U MAaCCUBBI
yKazareieit. UMeHHO uX MBI cefiyac U pacCMOTPUM.

[TockonbKy MaccuMB MOXET colepXkaThb JaHHbIE JIIOOOrO TUIIA, OH MOXET COCTOSITb U W3
yKaszaTesneil. MaccuB ykasaTeneil OOBSIBIISIETCS TaK:

int* pInts{i0];
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Takum ob6pazoM, sneMeHT pInts[0] sBiagercs ykazaTejaeM Ha IMEpPEeMEHHYIO TUIa int.
CrenoBaTeibHO, TIPUBEACHHBIN HIDKE KOI KOPPEKTCH:

void fn(

i
int nl;
int* pints [3];
pInts[0] = &nl;
*pInts{0] = 1;

Kak u aToT:

void fn()
{

int nl,n2,n3;
int* pInts{3] {snl, &nZ, &n3,};
for (int i = 0;i < 3; 1i++]

{
H

*pInts|i]

]
(=)

N naxe 3TOT:

void fnf{)
{

int nl,n2,n3;

int* pInts[3] = {(new int),
(newint),
(new int)},
for (int i = 0;1 < 3; i+4%)
*pInts[i] = O;

B nocnennem BapuaHTe MaMsITh MOJ MEPEMEHHbIE BBINEISETCSI U3 TaK HA3bIBAEMOM Ky4H,
T.e. IOCTYITHOW MpOorpamMMe MaMsATH KOMIIbIOTepa.

MaccuBbl yKazatesnaeil yalle BCEro MCITOIb3YIOTCS AIsl paboThl ¢ MaccuBaMu cTpok. [lpu-
BEIEHHbIE ajiee MPUMEPHI MOKAa3bIBAIOT, MOYEMY 3TO YIOOHO.

Ucnonb3oBaHne MacCcUBOB CTPOK

IMockomeky C++ momaepkKrMBaeT MacCHMBBI yKazareseil, 3Ha4YWT, OH JOJDKEH TOAICpXXUBaTh
M MaccuBbl ykazaTtenieil Ha maccuBbl. C++ NEeHCTBUTENBPHO MONAEPXMBAET TAKUE KOHCTPYKLIWH,
TP 3TOM KOJIMYECTBO MOBTOPEHUII B TIPUHIIUIIE He O(haHMUEeHO (MOXHO CO3[aTh MAacCUB yKa3a-
TeJIelf Ha MacCcUB yKa3aTeJleil Ha MaccHB yKasatesield...). OTOebHBI MHTEPEC MPEACTaBIISIOT Mac-
CMBHI yKazareseit Ha cTpoku. (He 3a0bIBaiiTe, 9TO CTpOKa SIBJISIETCSI MACCMBOM CHUMBOJIOB.)

JonyctnM, MHe TOHanoownachk GYHKUMSI, BO3Bpallamnias Ha3BaHUE Mecsilia Mo €ro Ho-
mepy. Hampumep, ecnu sToii pyHKUMU miepeaaTb YMCJIO 1, OHa BepHET Ha3BaHME IIEPBOTO
Mecsina — "SHBapp”. Homep Mecsua Oymer cuMTaTbcsl HEMPABWIbHBIM, €CIM OH OKaXXeTCs
MeHbile 1 vwin 6onbire 12.

D1y GYHKIMIO MOXHO HAaIMcaTh CICIYIOIIMM 00pa3oM:
// int2month (] — Bo3BpamaeT Ha3BaHME MecHIla
char* intZmonth{int nMonth}
{

char* pszReturnValue;

switch (nMenth)
{
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case 1: pszReturnValue = "duBapn";

break;
case 2: pszReturnValue = "deppans";
break;
case 3: pszReturnValue = "Mapt";
break;
// W Tak nanee...
cdefault: pszReturnValue = "HeBepHHN HOMep Mecsia"

t
return pszReturnValue;

}

MHH, . o .
ot Ornepatop switch {> neiicTByeT Tak e, KakK COBOKYITHOCTb OIepaTopos if.

BTy 3amayy MOXHO pelIuTh 0ojiee 3JIEraHTHO, MCIIOJIb30BaB HOMEpP Mecslia KaK MHAEKC
B MAacCHUBE yKaszarejiel, MpeaCcTaBIsIOIINX Ha3BaHUsS MecsleB. Torma rmporpaMma Ipuoope-
TET TaKOW BWI:

// intZmonth () — Bo3BpalmaeT Has3BaHUE Mecsa
char* intZ2month {int nMonth}

{

// TpoBepKa IpaBUJIBHOCTU HOMEpa Mecsa
if (rMonth < 1 | 1 nMonth > 12)
{

return "invalid";

}

// r.Month mMeeT KOpPpPEKTHOE 3Ha4yeHHeE

// BEPHEM UMM Mecsila

char* pszMonths|[] = ("Owmmoka",
"HAusape ",
"deBpaap”,
"Mapt",
"Arpeiab”,
"Mait",
"UroHn",
"Uronn",
"ABrycTt",
"CeHTabps",
"Oxrabpe",
"Hoatps",
"lekabpb"};

return pszMonths[nMonth];

CHavana B 3TO MporpaMMme IpOBEpsIeTCSI KOPPEKTHOCTh aprymMeHTa nMonth, T.e. 4TO €ro
3HAUYECHME JIEKNUT B AUana3zoHe Mexmy 1 v 12 BKIIOYWTEBHO (B MpeablAylleii mporpaMme Ipo-
BepKa MPOU3BOAMIIACH, MO CyTd, onepaTtopoM default). Ecm sHauenne nMonth mpaBuiibHOE,
OHO MCHOJIb3YeTCsl KaK CMEIIeHUEe BHYTPY MacCHUBa, COAEPXKAIIEro Ha3BaHMSI MECSIICB.

Joctyn K aprymeHTam main ()

Bropoit aprymeHT ¢pyHKIMM main () — MaccHUB yKazaTeleil Ha CTPOKU. DTU CTPOKU CO-
JiepkaT apryMeHThI, MepelaBaeMble MporpaMme Npu Bbi3oBe. JlomycTuM, s BBeN Cleayollee
B KOMaHOHOI ctpoke MS DOS:

MyProgram file.txt /w
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MS DOS zanyctuT mporpamMmy, KoTtopash HaxoauTcs B (aitnie MyProgram.exe, u mepe-
macT el Kak aprymMeHThl file.txt M /w. ApryMeHTbI, HauyMHAaIOIIHMECsI C KOCOi 4epThl (/)
w aeduca (-), odpabaTbIBalOTCA OIEPALIMOHHOM CUCTEMOM, KaK U JIIOOble Npyrue: OHU
rnepenarTcsl MporpaMMme, 4ToObl Ta pa3doupaiach ¢ HUMM caMa. APryMEHTbI, KOTOpble Hauu-
Hatotest ¢ <, >, >> wm | ! (a MHOIA ¥ HEKOTOPbIE IPYrue), MPEICTABISIOT 0COOBIA MHTEPEC
IUTSl OTepallMOHHBIX CUCTEM M IMporpaMme He IepenaroTcs.

ApPryMeHTHI TIpOTpPaMMBbI SIBJISTFOTCSI OMHOBPEMEHHO aprymMmeHTamMu GyHKIuu main (). Ile-
pemeHHas pszArgs, mepenaBaemas main O, COHEpXWUT MAacCUB yKasaTejieid Ha apryMEHTHI
porpaMMBbI, a NArgs — WX KOJIMYECTBO.

Huxe npuBeneH nmpuMep CUMThIBAHUSI apryMEHTOB M3 KOMaHIHON CTPOKHU.

// PrintArgs — BHBOAUT apITyMeHTHl IPOTPaMME

// B CTAHOAPTHHY BHBOI OIIEPAIIMOHHOM CUCTEME .
#include <stdio.h>

#include <iostream.h>

int main{int nArg, char* pszArgs(})
{

// TiedaTaeT HadaJlbHYl CTPOKY
cout << "ApryMeHTaMu NporpaMMme " << pszArgs [01 « " asnswrcsi\n™

// BHIBOOMT apTyMEHTEH IIPOTPAMME
for (int i = 1; 1 < nArg; 1i++)
{
cout << 1 << ": " « pszArgs{i} « "\n";

}

// BOT u BCe
cout << "BoT m Bce \1I";
return 0;

Kak Bcerma, ¢byHkuus main () moaydaer nBa aprymeHTa. IlepBblii — mepemMeHHasi Tuma
int, KoTopylo s Has3Bad nArgs. DTa IepeMeHHasl COAEPXKUT KOJMYECTBO IepeaaBacMbIX
nporpaMMme aprymeHToB. Bropas mepemMeHHasl comepXWMT MacCUMB ykKasarejleil Tura char*;
ee g HazBaa pszArgs. Kaxnaplii U3 3TUX yKasaresieil ccbUIaeTCsl Ha OAMH W3 apryMEHTOB
MpOrpaMMBbl.

Ecmu 3amyctuth miporpammy PrintArgs ¢ aprymeHTamu
PrintArgs argi arg2 arg3 /w
u3 komaHaHoi crpoku MS DOS, nArgs Oyner paBHSTbCS 5 (10 KOJIMYECTBY ApTVMEHTOB).
IlepBbIit aprymMmeHT — uMs caMoil mporpammbl. TakuM obpasom, pszArgs [0] Oymer ykasbl-
BaTh Ha MM 3amyckaeMmoro ¢aiijia, a ocTajJbHbIe YeThIpe yKasaTelsi — Ha OCTaBIIuecs dYe-

TBIpe apryMeHTa (B JaHHOM ciy4ae 3To “argl”, “arg2”, ...). [lockombky MS DOS Hukak He
BBIIEJISIET CUMBOJI /, TIOCJIEAHUIN apryMeHT OyleT TpPencTaBIsITh coOOi CTpOKy "/w'".
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Mpoune ¢yHKUMOHANbHbIE 0COOEHHOCTM

BB onion wabe. ..

v" 3aueM pa30buBaTh MPOrpamMMy Ha MOIYJIU
v TlpuMep GOJBIIONI MPOrpaMMbI

v PasgeneHue mporpaMMbl FuncticnDemo
¥ Hcnonb30BaHME TUPEKTHUBHI #include

¥ Hcnosb3oBaHue CTaHOapTHBIX 6ubimmorek C++

#¥" 'eKOTOPbIC MPOrPaMMBI J10CTATOYHO Masbl, 4yTOOBl 0e3 MpobJeM pa3MellaTbCsl B OfI-
& & HOM UCXOIHOM . cpp-(aiine. 1151 GONBIIMHCTBA XKe MPOMBILIJIEHHBIX TPOTPaMM 3TO
orpaHMueHue ObLIO Obl CIMIIKOM CTpOTMM. B 3Toii mIaBe moka3aHO, KakK pa3OUTh Iporpam-
MYy Ha HECKOJbKO MCXOOHBLIX (DailjioB, KaXAblii M3 KOTOPHIX MOXHO OTIEIbHO TECTUPOBATH
U KOMITMJIMPOBATb.

3auem pasdubants nporaiiy
HA MOGYils

ITporpaMMucT MOXeT pa3OUTh MPOrpaMMy Ha HECKOJbKO HCXOAHBIX (halijioB, KOTOpPbIE
OOBIYHO HAa3bIBAIOT MOAYIsMU. Kaxnmplii m3 3THX Momyneli MOXHO KOMITUJIMPOBATh OTIENb-
HO, a 3aTeM OOBEAVHUTH UX BCE B MPOILECCE MOCTPOCHUSI KOHEYHOW MPOrpaMMbl.

IMpouiecc oObenMHEHUST OTACABHO CKOMITUJIMPOBAHHBIX MOMIYJIC HAa3bIBACTCS C8A3bl6AHU-
em U KkomnoHnoekol (linking).

Pasnenenue mnporpaMm Ha HECKOJIbKO HEOONbIINX, YIOOHBIX [UISI PeNaKTUPOBAHUS
Y YIpaBJeHUs 4YacTeil MMeeT OMpeie/ieHHble TMpeuMyllecTBa. Bo-TiepBbIX, 3TO YMEHbIIAET
BpeMmss kommwisimuu. GNU C++ wm Visual C++ "mpornoTsar” IpuBeAeHHBIE B 3TOK
KHUTE TMPOTPaMMbl M BbITAAyT BHIMIOJIHUMBIE (hailibl 3a HECKOJIbKO CeKyHI. boJbline mpo-
rpaMMbl TpeOYIOT Oojiblile BpeMEHM Ha KOMIIOHOBKY. Bail mokopHbIi ciiyra paboTan Han
MPOEKTaMU, MOJHAsI KOMITWISILIMSI KOTOPBIX 3aHMMaJja LeJyl0 HOYb.

IlepecoObupaTh mnporpaMmy LEJIMKOM KaxAblii pa3, Korga Oblla M3MEHEHa OJHa
dbyHkuusi, oyeHb HeynooHo. HamHOTO mpole OTKOMNUJIMPOBAaTh OOHY (DYyHKIIMIO, opra-
HU30BaHHYI0O B BUIE OTIAEIBHOTO MOIYJIs (MOXHO COCTAaBUTb MOAYJb U M3 HECKOJbKMX
byHKIIMIT).

Bo-BTOpbIX, ropa3mo mpolle MOHWMAaTh, MKUCATh U OTJIAXWBATh MPOTPAMMY, COCTOSIIIYIO
U3 HECKOJIbKMX XOPOILO TPOAYMAaHHBIX MOMYJIEH, KaXAbIi M3 KOTOPBIX JIOTMUECKU OOBeau-
HSIET HECKOJIbKO CBSI3aHHBIX MexXay coboil dyHkuuii. KpaiiHe TpyaHO pa3oOpaThCs B CO-
JNEPXUMOM OJHOTO OOBEMMCTOTO MOIYJIS, OXBATHIBAIOIIETO BCE OTHOCSIIMECS K TporpaMme
dyukuuu. Kpome Toro, mo mMepe pa3pacTaHUsi MOMLYJIb CTAHOBMTCSI Bce OoJsiee 3amyTaHHBIM
U B pe3y/bTarte ero MPUXOAUTCS HEOTHOKPATHO TEPEeTuChIBaTh.

IMocnenuuit (M, HaBepHOE, caMblil TJIaBHBIN) apryMeHT 3aKJIl04aeTcs B TOM, YTO He-
0OJIbIIIME MOMYIM MOXKHO WCIIOJIb30BaTh U MPU HAMMCAHWUM JPYTUX MPOrpaMM.
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ffuuiefi dossumon npozhasist

YTOoOBl TTPOMEMOHCTPHUPOBATH OOJIBIIYIO MPOTPaMMYy, MOXKHO HMCIIOJIb30BaTh, HAIIPUMED...
HEeT, 3Ty HeJb3sl, MOCKOJIbKY TOrJa B KHUTE HEe XBATUT MecTa JJIsi MOero omMopa (XOTs, MO-
JKeT OBITh, CTOMJIO BCTaBUTh B KHUTY OIHY OOJBIIYIO MporpaMMy W OOJbIlle HUYETOo He IH-
carp?). Iloxanyii, FunctionDemo u3 maBbl 6, "CozgaHue (GYHKIMI", BIOJHE MOAOKIET Ha
poJib OOJIBILIOK TMPOTPAMMBI.

Bbi, BeposTHO, momMHuTe, uyTo FunctionDemo. cpp comepXuT cieaylolmuii Kou:

// FunctionDemo — HOEMOHCTPUPYET MUCIIONb30BaHMe OOYHKIIMI
// IIyTeM BEIEJIEHNUS BHYTPEHHEeTO

// LMKIa nporpamMmel NestedDemo

// B OTHSNBHYE OYHKIIMIO

#include <stdio.h>
#include <iostream.h>

// sumSeguence — CyYMMUDYET MIOCHEINOBATENRHOCTE BBEIEHHBIX

// C KJaBMaTypH 4YMCeJ, IIOoKa
// He OyIeT EBeneHC oTpullaTelIbHOe YMCIIO.
// Bo3BpamaeT CyMMy BBEIEHHEX YMCeJl

int sumSequence (void)
{
// BeYHH LMK
int nAccumulator = 0 ;
for (i)
{
// OxmmaHue cCJienyomero dYucia
int nvalue = 0;
cout << "BBemurTe crenyoimee uuciao: ";
cin » nValue;

// EcCnm 4YmMcio oTpullaTesibHoe. ..
if (nvalue < 0)
{

// ...TOTHa& BHIIOJIHUTE BHXOI M3 IIMKJA
break;

// ...B IPOTUBHOM Cilydae »Oob6aBUTHL YUCIIO
// K arKKyMyJISTOPY

nAccumulator = nAccumulator + nValue;

}

// BEpHYTH CyMMy
return nAccumulator;

b

int main{int nArg, char* pszArgsl(])
{
cout << "DTa HOporpaMMa CYMMUPYeT NOCHeRZOBATeNbHOCTHM \II"
<< "upces. BBOI IIOCIEemOBaATEJIBHOCTU MOXKHO IIPEeKpaTUTh, \II"
<< "BBeOs OTPHUATENLHOE YUCHO.\n"
<< "OCTaHOBUTEL IIpOTrpPaMMy MOXHO, \11"
<< "BBeOsd IOBa OTPUIIATENBHBX dYMCIa negpanin”;
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// HaKOIIJIeHMeEe ITOCJIeNOoBaTeIbHOCTHY YMCel. . .
int naccumulatedvalue;

do

{

// CIOXUTL 4YMCJia, BBEeOEeHHBE

// C KjaBUaTypPH

cout << "\nBpeIMTe CIeOynIyn NOCASNOBATENEHOCTE A",
nAccumulatedvValue = sumSequence():;

// BHBECTU IIOJIyYEeHHH pe3yaeTaT
cout << "\mnCyMmma paBHa "
<<nAccumulatedValue
<  "\n";

// ...moka cymma He paBHa O

} while (nAccumulatedValue != 0);
cout << "[lporpamma 3aBepimeHa\m";
return 0;

Kak ¥ BO MHOIMX Opyrumx IiporpamMmmax 3toii kHuru, B FunctionDemo cymmupyercs mo-
CJIEAOBATEIBHOCTD BBEIEHHBIX C KJIaBUATypbl umcesl. OOHAKO, B OTIMYME OT OCTAJIBHBIX IIPO-
rpaMM, JIJIs CJIOKEHUS BBEIEHHBIX yrcesl main () BbI3bIBacT PyHKIUIO sumSequence ().

FPasqesenue npozpaiiust
FunctionDemo

Monyme FunctionDemo. cpp MOXHO JTIOTMYECKW pa3feNnTh Ha aBe (QDyHKIIMU, KOTOpPHIE
BBIMOJHAIOT pasHble meiicTBust. Ceituac pyHkums main O mpuIjallaeT IOJb30BATENs BBE-
CTH YMCJIa W BBITIOJHSET IIMKJI, B KOTOPOM HAaKarUIMBAIOTCSI U BBIBOASITCS CYMMBI TOC/IEIOBA-
TenbHOCTel umcen. Pynkumsa sumSequence () CcyMMHUpyeT MOCHAEIOBATEILHOCTE YHCEN
W BO3BpAILlaeT TMOJYYEHHBIN pe3y/IbTar.

Takum 006pa3oM, MpPOrpaMMy MOXHO pa3le/UTh Ha MOMY/JIM, OAWMH M3 KOTOPBIX OyIeT CO-
JepXath (YHKIMIO, BBITIOJHSIONIYIO CJIOXEHUEe, a BTOPOW — MCIOJb30BaTh 3Ty (BYHKIIUIO
IUIST CJIIOKEHUSI MOCIIeI0BAaTSIbHOCTU YKCE UM BHIBOJA CYMMEL.

Jlst iIeMOHCTpalMy 3TOro MeTona HoBas Bepcusl mporpamMmbl FunctionDemo pasbuta Ha
JIBa MOIYJIS: TIEPBBINA comepXUT (PyHKIMIO sumSequence (), a Bropoii — yHKumio main ().

KoneuHo, mpuBeaecHHas nmporpamma odeHb mMajia. M xorst sumSequence () MOXHO pas-
IeJIUTh ellle Ha HEeCKOJbKO Momyieil, pa3ouBaTh FunctionDemo He mMeeT cMbICiIa HM UL
YOpPOIIEeHUsT paboThl, HU JUISI YCKOPEHUSI KOMITMJISILIMKA. DTOT MpUMeEpP AEMOHCTPUPYET Mexa-
HU3M pa30HMeHMs IIporpaMMbl Ha HECKOJIBKO YacTell M He Goliee TOro.

Otpenedne MOIMH sumSequence ()

Oynkuuio sumSequence O JIeTKO OTAETUTh OT OCTAIbHOW TporpamMMmbl. [IpuBeaeHHBIM
HIXe JUCTUHT SeparateMcdule.cpp COIEPKUT €IUHCTBEHHYIO GyHKLIUIO
sumSequence ()

// SeparateModule — meMOHCTPUPYET, KakK MOXHO pa3buTb

// IporpaMMy Ha HECKOJIBKO MOIYJIei,
// YIIPOCTUB HarucaHue ¥ IIPOBEPKY ;
// 5TOT MOLYJb COOEpXuT OGyHKIMO,
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// BHIBHIBAEMY0 M3 Mainf()

$¥include <stdio.h>
#include <iostream.h>

// sumSeguence - CyMMMpyeT IIOCJIeNOBaTEeILHOCTE BBEIEHHEIX

/f C KJIaBMaTypH 4YUCEeJI, IIOKa
// He OymeT BBEOEHO OTpHUIlaTesIbHOEe HWUCIIO.
// BozBpamaeTr cyMMy BBEeOEHHBIX YMCEJI

int sumSeguence (cstream& out, i1streamé& in)
£

// BEeYHBI ILIUKIJI

int nAccumulator = 0;

for(;;)

i

// OXMImaHue Clienyomero Juciia

int nvalue = 0;

out << "BBemuTe clienywoilee 4YMCcno: ";
in >> nValue;

// ECu 4mMCJio oTpuilaTelbHOoe. . .
if (nvalue < 0)

{

// ...TOTIa BHIIOIHUTE BHXOI M3 LUKNA
break:

}

// ...BTIPOTMBHOM CJlydae mOoOaBUTH YMCIIO

// K akKKyMyJISTOpY
nAccumulator = nAccumulator + nValue;

// BEpPHYTH CyMMy
returnnAccumulator;

CrpykTypa Moayssi SeparateModule.cpp NOYTU Takas Xe, KaK W JIPYIMX MHpOTrpamM,
OHAKO 3Ta TIpoTrpaMMa OTJIWYAETCS OT OCTAIBHBIX OTCYyTCTBUEeM GyHKNUU main(). IToT
MOIy/ib OyAeT CKOMIWJIMPOBAH, HO Ha mocjeaHeM 3Ttarne (KOMITIOHOBKH) TMOSIBUTCS COOGIIE-
Hue o0 omuodke.

[Mocmequuit 3Tam cOOPKU MPOTrpaMMbl HA3bIBAETCSI CBS3BIBAHMEM, TOCKOJBKY B 3TOT MO-
MEHT pa3Hble MOIYJM CBSI3bIBAIOTCS B €AMHYIO KOHEUHYIO BBIMOJHIEMYIO MPOTPaMMYy.

O@Oyukuusg sumSequence () BBIISIAMT TIOYTA TaK ke, Kak ©W B TIporpamMMme
FunctionDemo u3 miaBbl 6, "CosmaHue ¢GyHKUME”, ¢ OIHMM HEOOJBIIMM OTIUYHEM.
B mpenwinymieit Bepcuu BBOI OCYIIECTBIISIICS C TIOMOIIBIO TTOTOKAa BBOJA Cin, a BBIBOI —
Cc moMmollblo notoka cout. Jua TpugaHus OGoJblIed  YHUBEPCATbHOCTH  (DYHKLMU
TepeaaloTcsl UMeHa TTOTOKOB BBOJA W BBIBOAA.

OOBEKT Ccin MMeeT TUIT istream, OQHAKO TOT X€ TUII MOIYT UMETh U (hailjibl, OTIIMYHEIE
OT CTaHAapTHOro BBOAA. ITOCKOIBKY (DYHKLIMM MOXHO Iepeaarh 00O MOTOK BBOAA W BbI-
Boma, sumSequence () MOXeT OBITH WCIIOJBb30BaHA IS pabOTHI C JIIOOBIM TUIIOM IIOTOKA,
HanmpuMep ¢ BHeIIHMMU (daiinamu. B rmase 26, "Mcrmonb3oBaHMe MOTOKOB BBOAa-BhIBOAA",
3TOT BOMPOC paccMaTpUBaeTCsl MoIpoOHee.

MoxXeT mokKasaThCsl, YTO Iepenadya OOBEKTOB BBOAA-BBIBOAA TOJBKO BHOCHT HEHYXHYIO
IyTaHUIy B IIPOrpaMMy, a IIyTaHHUIIbI cieayeT u3berarb. Ho B maHHOM ciiydae HeOOJbIIAs
MyTaHWlla — ILleHa TUOKOCTU IPOrpamMMbl, OOECIIeYMBaOIIas BO3MOXHOCThH IajbHEMIIEro
WCITOJIb30BAHUS OTHUX OOBEKTOB B APYIrMX MPOrpaMmax.
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Coznanue Moayns MainModule. cpp

TMIOCKOITBKY sumSequence () Teneph HaxXOIMTCsT B OTOEIBEHOM Momy e, B MainMod-
ule . Cpp oCTaEeTCs TONMBKO QyHKIMSIma in () :

// MainModule- meMoOHCTPMPYET, KakK MOXHO pazbuTb

// IporpaMMy Ha HEeCKONBXKO MOMmyJien,
// YIIPOCTUB HAIMMCaHue ¥ IIPOBEPKY ;
// STOT MOOYJL COHEPERUT GYHKLIMO maini)

#include <stdio.h>
$include <iostream.h>

int sum3aquence (ostream& out, istream& in);

int maintint nArg, char* pszArgsl(])

{
cout << "DTa mporpamMMa CyMMMpPYeT IochenoBarTellLHoCTH \II"
<< "umcen. BBOI IIOCJIEOOBATEIBHOCTM MOXHO NPEKPATHTH, \Il
<< "BBeOs OTpMLaTeNLHOS YKcao.\n"
<< "OCTaHOBUTE IPOTpPaMMy MOXHO, \1I"
<< "BBeOs OBa OTPMUATENLHEX 4YMcia nolpaiin':

// HaKOIUIeHMe II0CJIelOBaTENbHOCTNM YMUCEe. . .
int naccumulatedvValue;
do
{
// CIIOXUTEH 4YMCia, BBEeIeHHHE
// C KIaBUaTYPH
cout << "\mBBemuTe CIENyNIYID NOCA&IOBATEIBEHOCTH\N™;
nAccurmulatredvValue = sumSequence (cout, cin} ;

// BEBeCTH IIOJIyYEeHHHM Re3YNLTaT
cout << "\nCymma paBHa "

<< nAccuniilatedvValue

<< "An";

// ...00Ka cyMmMa He paBHa O

} while (nAccumulatedValue != 0Q);
couT << "llporpaMMa 3aBepmeHal\n";
return O;

B sToM BapmaHTe mporpaMmbl OTCYTCTBYeT (yHKIMsI sumSequence (), HO moOaBieHa
CTpOKa OOBSBICHUS TPOTOTUIIA:
int sumSeguence{cstreams out, istreams in);

Hcnonb3oBaHue NpoTOTUNOB (DYHKILMI MOsICHsUIoch B miaBe 6, "CoszmaHue QyHKUMit".

ITockonbKy Tesa yHKIMM B JTaHHOM MOJyJie ITporpaMMbl HET, HEOOXOIMMO 100aBUTh €€
MPOTOTUI JUISI TOTO, 4YTOObI MOXHO OBLIO BOCIOJIB30BaThCS NAaHHOW (DYHKIMEl, HecMOTps
Ha TO YTO camMa OHa pacriojlaraeTcsl B IPYITOM MecTe.

CoszpaHue darina npoekTta

Tenepp MoxeTe OTKPBITh MCXOAHBIE (hailibl SeparateModule.cpp u MainModule. cpp
B pemakrope rhide. ITocime storo BeIOEpUTE KOMaHmy MeHio Compile=>Make wm HaxmuTe
<F9>. Penaktop rhide ckommnuiupyer oba ¢aitia 1 OOBEAMHUT UX B MPOTpaMMy C HMEHEM
acut . exe (K C4aCThIO, €€ BCerma MOXHO MeperMEHOBATD).
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CosopHre dana npoexta B GNU C++

B03MOXHOCTh CKOMMMWJIMPOBATh BCE OTHOCSIIMECS K OTHOW TMporpaMMe MOMIYJIM, OTKPBI-
Basl UX, UMEET OJUH BaXXHBIW IUTIOC: 3TO O4YeHb MpocTo. OQHAKO, €ciu B MPOrpaMMme MHOTO
MomyJieil, HeOOXOIMMOCTh OTKPBIBATh KaXIBI M3 HUX B OTHCIBHOCTA CTAaHOBUTCS IIpoOie-
moit. UToObl M30exkaTh 3TOM PabOThl, MOXHO CO31aTh (pail, B KOTOPOM OyIyT COAep>KaTbCs
WMeHa BceX MOMyNell, KOTOpble HY>KHO CKOMITMUIMPOBAaTh M CKOMITOHOBATb.

711 5TOTO BBHITIOJTHUTE DS ACHCTBUIA.

1.
2.

6.

3akpoiiTe Bce OTKphIThIe Ghaiiibl U BeiOepuTe Project=0Open Project.

BBemmnre mMs1 mpoekTa, HampuMmep Separate (3To MM He MMeeT 0CcoOOro 3Ha-
YeHUs — WCIOJb3yiTe J000e MOHpaBUBIIEECsS BaM CIOBO). B HIDKHel dacth
9KpaHa TOSIBUTCS OKHO ITPOEKTa C OMHUM 3JEMEHTOM <empty:>.

Buibepute Project=Add Item. TTosgBUTCSI OKHO, IOKAa3bIBAIOIIEE COMEPKUMOE
TEKyILIEro KaTajora.

BuiGepure aiin MainModule. cpp.

LUenkHuTe Ha kHomke Cancel, 4TOOBI 3aKpHITh TeKyilee OoKHO. IIpoekTt Sepa-
rate CO3IaH.

s koMnuiasiiuu BeiGepute u3 MeHio Compile=sMake.

Eme omHO HOCTOMHCTBO (paiiyia MpoeKTa B TOM, YTO OH IO3BOJISIET rhide COXPaHSTh
B HEM OOITOJHUTEJIBbHYI0 WHGOpPMAIUI0 O IIporpaMMe, XOTS M He TakKylo Ooraryioo, Kak
B ClIydae ucroyb3oBaHus Visual C++.

CognaHve darma npoexta B Visual C++

Ecmmu mipu paGote ¢ aToif KHUTOI BBl McIoib3yeTe Visual C++, BBINOJIHUTE Cleaylolllee.

BriGepute File=>Close Workspace, 4TOObI 3aKpbiTh BCE OTKPBITBIC (Dailyibl
MPOEKTOB.

Otkpoiite ucxomHblii ¢aiim MainModule.cpp u 1menkaure Ha kHomke Com-
pile (3ameTbTe — He Ha KHomke Make).

Ecau BBl 1IeKHeTe Ha KHoIKe Make, HMYero CTpallHOro He IPOU3OMIET,
MPOCTO Ha 3Talle CBSI3BIBAHWST BO3HUKHET OIIMOKA.

Visual C++ 3ampocuT NOATBEpAUTH co3naHue aitta mpoekTa. I[loaTBepxkne-
HUE HeoOXomuMo, TOckKoabKy Visual C++ He MoxeT paboTaTh C OTHEIbHBIM
. cpp~(ailIoM, KOTOPBI He BXOIWT HU B ONWH TPOEKT.

Temepb y Hac ecTh POEKT, comepxXammuii onuH daitmn — MainModule.cpp.

Ecau paGouee mpocTpaHCTBO ITOKa HE OTKPBHITO, OTKPOMTE €ro, BbIOpaB U3 Me-
HIO View="Workspace.

[Mpr 3TOM OOJDKHO TIOSBUTBCS OKHO, COmEpKalllee JBEe BKIAIKW: OKHO ITPO-
cmotpa kiaccoB (Class View) u okHo mnpocmotpa daitna (File View). DT okHa
MPEeICTABISIOT IBa TYyTH MPOCMOTpPa TMpoekTa. B okHe mpocMoTpa daiina moka-
3aHO comepXUMoe . cpp-drina,

[MepelinuTe B OKHO IMpOCMOTpa ¢haiijla B OKHC IPOEKTa, BOCITOJIb30BaBIINCH
COOTBETCTBYIOIIIEN BKJIAIKOM.

[IlenkHUTe TIpaBOii KHOMKOW MBI Ha ¢daimax Mainmodule, mpu
5TOM TIOSIBUTCSI BBIMAJAIONIMIA CIHUCOK (hailJIOB, COCTABJISIIOIINX TPOEKT
MainModule. Ceiiuac B MPOEKT BXOOWT TOJBKO OAWMH  daitm —
MainModule. cpp.
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7. Boioepute nmyHKT MeHIo Add Files, mocie yero mosiBUTCSI OKHO OTKPBITUS (paii-
JIOB, KOTOpPOE MMeEET TaKoil ke BMI, Kak, Hampumep, B Microsoft Word.

8. Bruibepure ¢aitn SeparateModule.cpp Mg nodaBieHUs €ero B IMpoekT. Te-
nepb B cnucke (ailjioB mpoekTa AOJXKHBI HaXOAUThCsl aABa aiiyia — MainMcd-
ule.cpp U SeparateModule. cpp.

9. Illenknure Ha kHomKe Build mist cOopku BeIMOTHUMOTO (haiiaa MpoeKTa.

UCNOAb308AHUeGufreKHnbbt
#include

g TOIO uro6el B dyHkumMy main() MOXKHO OBUIO MCHOJIb30BaTh (YHKIMIO sumSe-
quence (}. HEOOXOAMMO BKJIIOUMTH €€ IIPOTOTUII B Hadyaje mporpamMmbl. K coxaneHuro, mpu
BBOJC MMEHM IIPOTOTMIIA BO3MOXHA OreyaTka WM Kakas-Ju0o apyras ommbka. A eciad 3Ta
.(YHKLIUS UCTIOJB3YETCS] B HECKOJBKUX MOIYJSX, MPOTPAMMMCT JOJKEH OOBSIBUTH MPOTOTUIT
B KaXIOM M3 HUX, MO3TOMY BEPOSITHOCTb OMEYaTKU BO3pacTaer.

C++ npenocraBisieT MEXaHU3M, KOTOPbI MOMOraeT CIPaBUTbCS € MpobjeMoil oObsB-
JIeHUs1 TpoToTUrioB. [IporpaMMHUCT MOXET CO30aTh OTAEAbHBIN (haiiJl, KOTOPBIA BKJIIOYACT-
cd B IporpamMMmy Ha aTarne Komnuiasuuu. IloakimtodaeMbie (aiiibl paboTaloT ClAEAyIOLIUM
obpazoM.

1. Cogzpaitte ¢daiin ¢ uMeHeM SeparateModule.h, comepXalluili OObBSIBICHUE
nporotuna sumSequence {). PacumpeHue .h o06o3Hayaer, 4ro 3TOT (aitn
MOAKIIOYAEMBbIH:

// SeparateMocdule.h — BrIoO4YaeT OOBSBIEHVE HPOTOTUIIA QYHKIINN
// i n3 Momynda SeparatelModule.cpp
int sumSequence (ostream&out, istream& ir) ;

2. Ortpenaktupyiite ¢aitn MainModule.cpp, BCTaBUB IUPEKTUBY BKIIOUYEHUS
daiina SeparateModule . h BMecTo 0OBSIBIEHUSI TPOTOTHIIA.

// MaintModule—- memMoHCTpUpyeT, KaK MOXHO pa3OuTh

// TmporpaMmMy Ha HECKOIBKO MOMYJIei,
// YIIPOCTUB HaIlMCaHUE U IIPOBEPKY;
// 3TOT MOOYJIb CONEPXKUT (yHKIMO main {)

#include <stdio.h>
#include <jostream.h>

/ / OOBIBJIIEHUE TIOOKITIOYCHMVAAI BHCUOIHMX TIPOTOTUIIOB
#include "SeparateModule.h"

int main{int nArg, char* pszArgs(])
{

JupektuBa ttinclude maeT MOHATH KOMITWJISITOPY, YTO BMECTO HeEE 31eCh ClIeAyeT pas3-
MeCTUTh comepxumoe (daitna SeparateModule.h. Takum obpazoM, TOciie TOMKITIOUEHUS
aTOTO (paiiyia TIporpaMma IpUOOPETEeT TaKOM K€ BUI, KaK U paHbIIeE.

AL .
A HupektuBa # include moKHA HAYMHATHCS C MEPBOrO CMMBOJIA CTPOKH.
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BxiioueHre ogHOTO M TOTO ke (haiijla B OOWH MOMIY/Jb BCTPEYAeTCsl ropasdo darie, 9eM
BbI Tipearnojaraete. beiBaer, yto B (haiin BKIIOUaeTcs: apyroil daiiji, B KOTOPbI BKIHOYAETCS
TPETUIA, a B HETO YCTBEPTLIN, B KOTOPBIN BKITIOYAETCS MCPBLIA.

DTO He MpeAcTaBisieT NpoOJjieMbl, ecid B .h-(aiin BXOISIT TOJBKO MPOTOTUIHLI (hYHKLIMUMA
u orpeneneHus 4#cefine. CunMraeTcss Npli3HAKOM OYPHOTO TOHA (M 4acTO TMPUBOIMUT K CEpPb-
€3HbIM OILIMOKaM) OOBSBISITH B MOAKIIOUAaeMbIX (haitiax IiiodaibHble TEepPeMEHHbIE WU CO3-
IaBaTh B HUX (PYHKIIUU.

[TOBTOpHBIX OOBSIBICHUII MOXHO U30€XaTh, BOCIOJIb30BaBIIMCh IUpeKTHBON #ifdef.
OHa TpebOyeT BKJIIOYEHHUS BCEX KOMAaHI BIUIOTh OO #endif, €CaM apryMeHT AUPEKTHBBI
$ifder ObT ompenesieH paHee (#1ifndef meilcTByeT HAO0OpPOT— €CJIM apryMeHT He ObLT
OMnpe/esieH).

//MyInclude.h

//llpoBepsieM, Gl a M MCOoIb30B4a1a mroexrynpa #define MyModui e h
//ro srore. EchamM HeT, 3HAYMT, 3IT0T IoLKIDEaeMst dayl BO BpeMs
/ /KOMIIXJISATINY BBEI3EIBAETCS BIIEPBHE

#ifndef MyModule b

//Onpenenum MyModule h ¢ TeM, 4YTOOH MpKM ClenyomeMm
//nonxoo ¥7 2TOTOo damna M3 TOM ®e IPOTPAaMME

// pEeanhHoOro RRNOUeHMS davla He OBUIO

fdefine MyModule h

//C®ia MOKHO BCTaRNIATE BCe, YTO BH MOTXTE PA3MECTUTDH
/ /B0 BKIYaeMoMm odainne

//zaakputie ¥ifndef B koHile dania
fiendgif
L
IR D1a mpoBepKa OyaeT IMPOBOAUTHCA BO BpeMsS KOMITWJISLIMM, HO HE BO BpeMsl BHI-

IIOJIHEHUA IIPOrpaMMBI.

Ucnoussobanne
ciiangapminetx dudinorser C++

Terepr BaM HOJKHO OBITH TOHSTHO, TOYEMY BO BCCX TIpUMeEpax, IPUBEACHHBIX B 3TOM
KHUTE, MCHOJBb3YIOTCS OUPEKTUBBI # include <stdio.h» M #include <iostream.h>.
DT ToAKiIIoYaeMble (Paiiibl comep:kaT OOBSIBICHMS BCEX MCIOJNB3YeMbIX B IIPOTrpaMMax
CTaHIAPTHBIX (YHKIIUIA.

OOparuTe BHMMaHME, YTO MMEHa CTaHAApTHBIX . h-(daiijoB 3akiaoUyeHbl B YIJIOBbIE
CKOOKM, TOTHa KaK MpHU OOBSIBJICHUU JIOKAJBbHBIX .h-(aiiIoB UCITONb3YIOTCS OOBIYHBIC Ka-
BBIUKM. EIWHCTBEHHOE OTIMYME MEXIy 3TUMHU TUIIAMHU OOBSBICHUM COCTOUT B TOM, 4YTO
C++ HaumHaeT McKaTh (Gailjibl, 3aKJIIOYEHHBbIE B OOBIYHBIE KABBIYKM, B TEKYIIEM KaTajore
(kaTajiore IpoeKTa), a IOMCK (aiijioB, 3aKIIOYEHHBIX B YIJIOBbIE CKOOKM, ITPOMCXOIMUT
B TIpeAOTIpeNe/IeHHBIX KarajoraxX, cofepXalux Toakiodaembie daitrel. C moMoipio Ha-
CTPOEK TPOEKTa IPOrPaMMMUCT MOXKET OINpPCISNnTh, TIE WMEHHO JOJDKEH IPOBOIMTBCS
MOMCK BKJIIOYAeMBIX (haiiyioB.
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[eea 11

Omnaoxa mporpavav Ha G+

B smoic wmabe. ..

v OrnpeneneHne TUIA OIINOKN

+ Wcrnonb30BaHWE OTIAHOYHOM TeyaTu
¥ Vcnonb3oBaHue OTVIagunKa

v Tlepsasg nporpamma BUDGET

f |
A'li_le yacto chyqactcsl (0COOEHHO ¢ "yaiiHMKaMu"), 4TO MporpaMma HaeajbHO paboTaet
& & C nepBoro paza. KpaitHe penko ymaeTcsl HanucaThb HETPUMBUAIBHYIO MPOTPAMMy M HeE
TOITyCTUTh HY OTHOM OIIMOKHU.

YT1oObI M30aBUTHCS OT OIIMOOK, MOXHO IOWTH ABYMSI NyTsMu. IlepBblii — cTUpaHUe
MporpaMMbl U HaIlMCaHWE ee 3aHOBO, a BTOPOW — IIOMCK W McHpaBieHue omuoku. OcBoe-
HME TEepBOTO MYTU S OCTABJSIIO YMTATENO, a B 3TOM IJIaBe paccKaxy O TOM, KakK BBICIEIUTH
1 UCHPaBUTH OLIMOKY B MpOTpaMMe.

Onpegesenue tfautaomudiu

MOXHO BBLIETUTH ABA TUIA OLIMOOK: T€, KOTOPble KOMIWIATOP MOXET HailTh, U Te, KO-
TOpble He MOXeT, [lepBblii TUI HA3BIBAIOT owubkamu kKomnusayuu (compile-time error). Mx
JIOBOJIbHO JIETKO HAMTH, MOCKOJbKY KOMIIWJISATOD CaM YKa3blBa€T MECTO B Mporpamme, IIe
BCTpeTuiachk omubka. [lpaBma, wHOrma omucaHWe OIIMOKM ObIBaeT HE COBCEM TOYHBIM
(KOMIIBIOTEP TaK JIETKO COMTh C TOJKY!), OJHAKO, 3Hasi Kampu3bl CBOETO KOMIWJISTOpa, He-
TPYAHO pa3o0paThCs B €ro kajobax.

OmubKM, KOTOpble KOMITWISITOP HE MOXET HalTH, MPOSIBISIOTCS TPU 3arycKe Mporpam-
Mbl W Ha3blBAIOTCSl owiubKamu epemeHu ucnoanwenus (run-time error). KMx HaliTU HamMHOTO
Tpy/IHee, MOCKOJIbKY, KpOMe COOOIeHMSI 00 OIMOKe, HET M HaMeKa Ha TO, Kakas MMEHHO
olmKbKka BO3HMKIIA U r1e (COOOILEHMsI, KOTOPblE T€HEPUPYIOTCSl MPU BO3ZHUKHOBEHUU OLIU-
OOK BBITIOJTHEHUSI, BIIOJHE JOCTOMHBI “3BAHUA~ OLIUOOYHBIX).

1151 BBISIBIEHUST "XYYKOB" B MpOrpaMMe OOBIYHO MCIIOJIb3yeTcsl ABa metoaa. IlepBblit —
N00aBUTH OTJIJAOYHbIE KOMaHIbl, BBIBOMSIIME KITIOUEBble 3HAUYEHUSI B KIIOUEBBIX TOUKAaX
MporpaMMbl. YBUIEB 3HAUEHUSI NIEPEMEHHBIX B MECT€ BOBHUKHOBEHUSI OLIMOKU, MOXHO 0~
HSITh, YTO UMEHHO HEMpaBWIbHO B JAHHOI Mporpamme. Bropoii Meton 3akiioyaercss B UC-
MOJIb30BAHUU CHELMAJbHON MpOrpaMMbl —~ omianguuvka. OTIaguuK TMO3BOJISIET OTCIIEXUBATh
MIPOLIECC BBIMOJTHEHUS IPOTPAMMBI.

UCNONb308AHUE o;iaaqamé' newamu

JloGaByieHre KOMaH/ BbIBOJA B KIIIOUYEBBIX TOYKAX IMOMOTAeT IMOHAThb, YTO TMPOUCXOIUT
B IIporpaMMe, M Ha3bIBaeTCsl METOAOM OTIaaouyHoil medatu (mHorma mMmeHyemMbiM WRITE).
Meron WRITE mnosiBiiicss Bo BpeMeHa, Korga mporpaMMbl Imcainch Ha s3bike FORTRAN,
B KOTOPOM BBIBOJ, OCYILIECTBIIsgeTCsI ¢ TToMoIbio KomaHasl WRITE.
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[MpuBeneHHass HuWXe "medekTHas" MporpaMMa HamISIAHO AEMOHCTPUPYET IPUMEHEHHE
OTJIAIOYHBIX KOMaHA. 3OTa mporpamMma JAOJDKHA CUMTHIBATh IOCJIEI0BATEIbHOCTh YHUCEN
C KJIaBUATypbl M BBIBOOWUTH UX CpenHee apudmeTndeckoe 3HadeHWe. OmHAKO OHA He IeaeT
3TOTO. MOCKOJIbKY COHEPXMWT ABE OIIMOKMU, ONHA U3 KOTOPHIX BHI3BIBAET aBapUUHBIN OcCTa-
HOB, a BTOpasl MPUBOAMUT K HENPaBUILHOMY Pe3yJIbTaTy.

// ErrorProgram — BTa IporpaMMa yCpenHsijia OH

// PAn 4YMcerl, ecnM OB He comepxala
// OIOHY HEBHIIOJIHMMYI OMMOKY
#include <stdio.h>

$#include <iostream.h>

int main{int argc, char* pszArgs([])
{

cout << "DTa mporpaMMa COLEepXKUT owubrM!\n";

// ARKYyMYIVpyeT Pl 4Muceil, IIoKa
// fOML3ICEATENE He BBeIeT OTpHuIlaTelbHOE YMUCIIO,
// TIOCJIe 4ero BHBOOUT CpEeAHee
int nsum;
for (int nNums = 0; ;)
i
// ¥XOeT BBOIa CJIenybmero 4ucia
int nValue;
cout << "\nBeenure cremyolee YMcTo:';
cin >> nValue;

// ecnu BBEINEeHHOEe YMCJIO MeHbIe HyJId. . .
if {nvalue < 0)
(

// ...TOQ BEHIBECTU CpelHee
cout << "\nCpenHee paBHG: "
<< nSum/nNums
<< "\1";
break;

// ecnu 4ucio Ganswe Hy IS,
// CIIORUTEB €T0 C aKKyMyJISITOPOM
nSum += nValue;

}

return 0;

[Tocne BBoma aTOi MporpaMMbl co3falite BRIMOIHUMBIN dalin (kiaBuiia <F9>).

3arrycTure 3Ty MporpamMmy 1 BBeauTe umciia 1, 2 m 3, a 3atem -1. BblI oXumaere yBUAETb,
YTO UX cpeiHee paBHO AByM? BMecTO 3TOro odeBHMOHOIrO pe3yibTraTa OymeT BbIIAHO ITOBOJIb-
HO HempuBJIeKaTeJIbHOE COOOIeHre 00 OIMOKe, MoKazaHHoe Ha puc. 11.1.

BoiseneHve "xy4dka” N2 1

CoobiieHue o6 ommubke, mpuBeaeHHOe Ha puc. 1.1, BBIMSAOUT BechbMa BHYIIUTEIBHO.
Ha camoM nene Gombiast 9acth MHGOpPMAIIUM B 3TOM COOOIIEHWN Oecroie3Ha 1T Hac (Kak
U JUISS MHOTUX JApyrux). Ho Bo BTOpoli CTpoKe ecTh HaMeK Ha MCTOYHUK OIIUOKU:
Division by zero at ... (Oenesme Ha HOJAb B . . .). Kak MOXHO MOHSTH, BO BpeMs
BBIMTOJTHEHUSI TIpOrpaMMbl MPOU30IIJTIA TOMbITKA AEJeHUsS KaKOW-TO MNepeMeHHON Ha
HOJb (KpaitHe nH(popMaTUBHO, He mpaBna Jin?). OTpenesnuTh UCTOYHUK OIMMOKU HE TaK yX
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liBreante cnepyowee “uwcno:l
j}%[ose,u,me crefylolee yucro 12
ﬁBBenHTe cnemylowiee Huerno: J

BBeAMTe cnegyrmee qMcno;-1
Exiting due to signal SIGFPE
sD1u1°1on bv Zero at eip=Q0@El6la, x87 status~0008
gonx -AAAa81ba ebx~00B001cS ccx=08DaBlha cdx=ANACYROE esi-BOGORISL odi-D
iebp+009a51a8 esp=860a8lic program=H:\GCCA\ITINIRROR . LKL
;cgj sel-Ulal  base-01c500608 limit-Q8BLEFTT
ids: sel=0laf base=01c50D0D limit=DORLITET
ies: sei~0lat base=01chH0BY limit{=080bifff
ifs: sel=017f base~00006420 !init=00DGFEff
igs: sel=01bf base=08000D00 linit=0019fftf
lss: sel=8laf base=01cH5B063 1imit=046bffff
ifipn stack: {980aBlcc. . A06B281lec] Excepin stack: (98028120, 00826101

9009010614
080010746

;Cdll frame iracehack EIPs:
1
4

Puc. 11.1. Boimoanenue nepeonauansuoii eepcuu npospammvi npepvieaemcs & pe-
3yabmame  OWUOKU

u npocro. Hampumep, mpoueccop Mor "HmOTepsATh" BHIIOJHSEMbI KO W MPOJOKUTH BbI-
MOJIHEHE MAIIMHHBIX WMHCTPYKLMI, HEe OTHOCAILNMUXCS K MporpaMme (Takoe TOXe WHOrma
ciydaetcs). [Iporeccop MOr MCIOJNB30BaTh MHCTPYKLMIO NEJeHUs Kak IMOBOM Ui TeHepa-
MM coolieHusT 00 olnbKe, CKPbIB TAKUM 00pPa3oM HACTOSIIMI €e MCTOYHUK (ITPOrpaMMbl
¢ OIMOKaMU TOXOXHM Ha TI0e3]l, KOTOPBIN COIIEN C PeabCOB: IMpOrpaMma He OCTaHOBUTCH,
[TOKa He TPOM30MIET YTO~TO JAEHCTBUTENILHO BaXKHOE).

O Takux nporpamMmax MHOTJA TOBOPST, YTO OHM “cTaproBaiu B KocMmoc". Hy, a mo-
CKOJIbKY K HMM TPUKPENUIU OTHENbHBI SIPJABIK, 3HAYUT, OHU BCTPEYAIOTCS AOBOJIb-
HO YacTo.

CrneaylouM 1iaroM OyneT 3amyckK MporpaMMbl M3 Cpelbl pa3padoTyrKa, TMOCKOJbKY
WHOTIa cpelabl pa3padorurka, Hampumep Visual C++ wim GNU C++, moryr momMoys B IO-
HCKE OUIMOKMU.

Hanee npuBeneH npumep ¢ ucnojb3doBanueM GNU C++ (pabora B Visual C++ oueHb
MOX0Xa Ha OMMCAHHYI0 HUXE).

O1KpoiiTe mporpaMmy B peaaktope rhide, cobepuTe M 3alyCTUTE €€, HaXaB KJIABUILN
<Ctrl+F9>. Beemgure 1, 2 u 3, a 3areM -1, 1 nporpaMmma CHOBa aBapuiitHO 3aBEPILMUTCS.

+OBET Ay Hnga ycTpaHeHMs OIIMOKM CHayaja HeoOXOOWMO HaiTh, KaKoW WHMEHHO
(parMeHT Koja ee BbI3bIBaeT. 3Hasi paclosoXeHWe OIIUOKU, Bbl CMOXETE
BOCIIPOM3BECTH €€ BO BpeMs OTJaiKu, a Takke Oymere 3HATh, KOrma OIIMOKa
yXe uCIpaBjeHa.

Ilocne 3amycka mporpaMMbl 1 BO3HMKHOBeHMSI olIMOKY rhide BbImaeT oKHO, comepxa-
mee coobuieHue "Program exiting code 255(0xfN” ("[Iporpamma 3aBepiuuniach ¢ KOIOM BbI-
xoma 255(0xff}”), kKak mokasaHo Ha puc. 11.2. {I MHOroro He 3Hail, HO MHE TOYHO M3BECTHO,
YTO KOJ HOPMaJbHOTO 3aBeplleHus] Hauieil nporpammbl — 0. HeBoopyXeHHBIM TIJ1a30M
BUIHO, YTO 3TOT KOJ 3aBepIEHMUsS] HE PaBeH HYMIO, a 3HAYMT, YTO-TO TIOLLIO HE TakK. XOTs
s ¥ He 3Halo, YTO MUMEHHO o3HauaeT Ko Beixoma 0xiY.

Illenkuure Ha kHomke OK, u rhide KpoMe OKHa peJaKTUPOBAHUS IPOrpaMMbl OTKPOET
elle [Ba OKHa.
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174 Errnrl’rngr-am - 3Ta npornamn ycpeaHana G

psn uucen. er.nd Obl He coAepkana
. . OOHY HERNNOAHMMUK BHMEKY
#ittincluifc <stdio.h> .
Nincfud: sir

L} int main{int argc,

cout « "3ra mp Program exit. code: - 255 .{E}_ni_leF:

/

// TIOCIEe 4Yero B
int nSum;
1:1

F3 Open F5 ZOOM F6 Next ;i F10 Menu A1t<K Quit

Puc- 11.2. Kod evbixoda Oxffosnauaem, umo npoepamma 3asepuiunace d8UpULNH

S Bbl MoXeTe He BUAETb BCCX TPEX OKOH OJHOBPEMEHHO, MOCKOJIbKY OMHO M3 HUX
MOXET OBITb CKPBHITO APYTUMHU. YTOOBI NEPEKIIOUUTHCS B HYXKHOE OKHO, MC-
MoNib3yiTe KiaaBury <F6>.

B TpetheM OKHe HaxomuTcsl CooOleHHe 00 OIIMOKe, KOTOpoe ObUIO CO3JaHO BO BpeMs
3armycka MporpaMMbl, HO Mbl 0OpaTMMCSl KO BTOPOMY OKHY, IOKa3aHHOMY Ha puc. 11.3.

— ~ he /gcrh: 1/h‘ror cpp
!:rrurf’rogram - Zra Hporpalvma CperHsUIa OBl
ST UACETI, €
OIHY HEBBIIONHVMYTO
#include <stdio h> : =
Hﬂ:tludp {iostream.h?

int mainlint ar c, chars pszﬂrgal]!

Cout « "Jra rporpaMmMa comepxuT ouubku!\nT

// @KKYMEMpYET DS YMcest, ToKa

// TIONB30BATENB HE BBENET OTPMIIATENHHOS 9MCTIO,
/¢ nocne Hero :
int nSum;

frter JUMP fo source b5 Zgow F& Next irit:. - 12 F18 Ména . BL=H Quit

Puc. 11.3. Pegaktop rihid€noCoOeH BblYNCNTb, B KAKOV H4aCTu rporpaMmsl
BO3HUKNIaoLWmnoKa

Coobmenue “Call frame traceback™ ("OTcaexxuBaHue KaapoB BHI30BOB") 3BYYMT Tak Ke,
KaK cooOIlleHWe O IIMMOHCKOM paauonepexBare. CHcTeMa BBIMIOJHSET MPOCMOTP aapecoB
Bcex (yHKIMIA, BbI3BAHHBIX MPOrpaMMOl, HauyuMHasg C camoii mepBoil. B naHHOM ciydae
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ommbKa HaxoguTcsd B main {}, KoTopas ObUIa BbI3BaHAa (QYHKLHWEH C Ha3zBaHHEM
__crtl_startup (kpaifHe comepxareabHO, He TipaBma Jju?). Mrtak, ommbOKa BO3HUKIA
B CTpoKe 28 ucxomHoro (aiina ErrorProgram. cpp. OTO YXe Teree...

OOpaTuMcst K cTpoke 28 ucxoaHoro aiina:

cout << "\nAverage is: " // cTpoka 26
<< nSum/nNums // cTpoka 27
<< "\m"; // cTpoka 28

Hymaro, HUKTO M3 4ymuTaTesieil He BUOUT B CTpOKe 28 omepaunu aejieHus. SI Toxke He BIIKY.
Jeno B ToM, uto npu KoMruiasuuu C—++ cobupasT Bce BbIpaKeHUST 0 TOUKU C 3aIsiTOi B Of-
Hy CTPOKY, T.e. CTpoKu 26, 27 u 28 SIBISIIOTCSI 4acTIMH OTHOM CTpoKu. Takum oOpa3oM, Bce
KOMaHBI B CTpoKax 26—28 OymyT paccMaTpuBaThCSI KOMITWISTOPOM KaK OmHa 28-s1 CTpOKa.

Tenepsr Bbl 3HaeTe, 4TO OlIMOKAa BO3HUMKJA B pe3ysibTaTe AejeHus B cTpoke 27. Takum
0o0pa3oM, MOXHO 3aKJIIOUMTh, YTO B MOMEHT AcJeHUS mepeMeHHas nNums ObUla paBHa Hy-
0. DTta nepeMeHHas OOJDKHA COIepKaTh KOJMYECTBO BBEIEHHBLIX 4YHcen. IlpocMoTpes
porpaMMy, MOXHO YBHMIETh, 4TO rilums OblJlJa MHULMAJIU3WpPOBAaHA HYJIEM, HO TIOC/IE 3TOTO
ee 3HaueHue He yBeJUuMBaJoch. IlepeMeHHas nNums HOJDKHA OblUla YBEJMYMBATHCS BO Bpe-
MSI BBITIOJTHEHMSI orleparopa for, Tak 4To IS TpaBMJIBHOM pabOThI MpOrpaMMbl HYXKHO W3-
MEHMTb CTPOKY, COIepXalllylo omepaTop for, ciemyloimmMm oGpa3oM:

for (int nNums = (; ;nNums+-)

Busmnerme xydka” N2 2

Temepsr, Korma HalimeHa M WcIpabBieHa ommoOka Ne I, MOXHO 3aIyCTHTh IIpOrpamMMmy,
BBEIST YMCJIa, 3aCTaBUBIIME €€ B MPOIUIBIN pa3 aBapuifHO 3aBepiinThbesd. Ha 3ToT pa3 coobh-
meHne o6 omMbOKe He TMOSBUTCA W IIporpaMMa BEpHET HYJIEBOM KOJI BBIXOAa, HO OymeT pa-
0oTaTh HE TaK, KaK OXMIAJIOCh. BMeCTO Tak ropsyo OXHOAeMOIl IBOWKU OydeT BBIBEACHO
KaKoe-TO HeJIeTIOe YHCIIO.

Orta npoosamMa CONEPXKUT omMOKM !

BBenure cnenyoumee uncno: 1
BBeauTte :cnemyomee YUMCHOc: 2
BBenuTte criemytoiee 4uciao: 3
BBeaurte cnepyeiues umcno: -1
CpenHee paBHO: 229523

Kak C++ HaxoauT omnbKy B MCXOOHOM Koae

CooblieHre 06 OolIMOKe, MOJy4eHHOe BO BpeMsl 3allycka rmporpamMMbl u3 MS DOS
Windows, ObUIO He O4eHb MH(MOPMATUBHBIM (OCOOEHHO IO cpaBHeHMIO ¢ Visual C++
Wi rhide, KOTOpble CMOIJIM yKa3aTh, IJe MMEHHO BO3HWKIIA ommbOka). Kak ke cpembl
pa3pabOTKM HAXOASIT UICTOUHUK OLIMOKU?

Kommunarop C++ mommepxkuBaeTr aBa pexxuma TocTpoeHus: mporpamm. [lo ymomyaHuio
C++ cTpouT mporpaMmy B TaK Ha3blBa€MOM OTJIAAMOYHOM pexume. [Ipu 3ToM Komiums-
TOp 100aBsAeT B MAIUMHHBINA KOI MHGOPMALMIO O TOM, K KaKOi CTPOKE MCXOAHOro Koja
OTHOCHUTCSI Ta WIM HWHas MallMHHAs WHCTPYKIMSI, W TOrda TP 3aIlyCKe MIpOrpamMMbl
MOHO y3HaTh, YTO, Hanpumep, crpoka 200 MaIIMHHOTO KOda OTBeYaeT CTpoke 16 wuc-
XOIHOW MPOTrPaMMBIL.

[Ipy BO3HMKHOBEHUM OIIMOKU nejieHnsT Ha Hoiab C++ 1m0 HOMepy CTpOKM MAITWHHOTO
KOIIa OTCJIEXKMBAeT, B KAKOM MeCTe MCXOIHOW ITPOrpaMMBbl HAaXOAWIACh OIIMOKA.

Takas ommagouHast mHpopMausa 3aHUMaeT TOBOJIHLHO MHOTO MecTta. [lostoMy mipu mom-
TOTOBKE OKOHYATEJIBbHON BEpPCHUM IPOrPaMMBI CJIemyeT yKa3aTh KOMITWIISITOPY, YTO TeHe-
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O4eBUOHO, KaKasi-TO M3 TEepeMEeHHbIX — nNums wid nSum (a BO3MOXHO, U 00e) comep-
KUT HEBEpHOe 3HauyeHue. [l Toro 4tobbl MCHpaBUTh OUIMOKY, HEOOXONMMO Y3HATh, Kakas
MMEHHO M3 3TUX TEPEMEHHBIX COMNCPXUT HeBepHylo vHdbopManuio, He momemano Obl Tak-
Xe 3HaTh, YTO CONEPXUTCS B NEpeMEHHONW nValue, MOCKOMbKY OHA WCIONb3YeTCs ISl TON-
cyeTa CyMMbl B nSum.

[nst 3TOro BOCMONB3yeMCSl METONOM OTIadO4YHOW meyaTu. YToObl y3HaThb 3HAUYECHUS
nValue. nSum W n¥Nums, NEpPEeNUIIMTEe TeJO LMKIAa for Tak, KakK IOKa3aHO B CIEAYIOLIEM
JINCTUHTE:

for (int nNums = 0; ;nNums++)
{
// ®OeT BBOIA CJlenyllero 4Ymcia
int nvValue;
cout << "\nBeemwTe cremyomee umucnoe:";
cin >> nValue;

// ecnu BBEIEHHOE YMCIIO MeHblle HyJId. . .
if (nvalue < 0)
{
// ... TOTOa BHBECTU CpenHee
cout << "\nCpenHee paphHo: "
«  nSum/nNums
< "\n":
break;

b

// BHBECTU OTJIaOO4YHYI MHOOPMAIINIO
cout << "nSura = " << nSum << "\n";
cout « "nNums= " << nNums << "\n";
cout << "nValue= "<< nValue << "\n";
cout << "\n";

// ecmm umciio Gonbme HyJIs,
// CIJOXKUTB €ero C aKKyMyJISITOPOM
nSum += nValue;

OOpatute BHMMaHWE Ha TO, 4YTO WH@OpPMAIMS O COCTOSIHUM OTCJIEXHUBAEMBIX MEPEMEH-
Hbix nValue, nSum ¥ nNums BBIBOAMTCS B KaXIOM ILIMKJIE.

OtBeT nporpaMMbl Ha BBOA YK€ NMpUBBIYHBIX 1, 2, 3 u -1 mpuBeaeH Huxe. [Ipu nepsom
Xe mpoxoie nSum NPUHMMAET KaKoe-TO Hecypa3Hoe 3HayeHUe, XOTS OHO JOJKHO pPaBHSThb-
¢ Hymo (ITOCKOJBbKY K 3TOM IepeMEHHOM IOKa YTO HUYEro He IMpUOaBIISLIOCH).

Ora mnporpaMma COIEpPXUT omHeKK !

BBemmTe crenywomee uUMcno:l
nSum = -858993460

nNums= 0

nValue= 1

BBemuTe cremyolee yucno:
nSum = -858993459

nNums= 1

nValue= 2

BBemuTe cremyomee UMCIO:3
nSum = -858993457

nNums= 2

nvalue= 3
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BBemuTe clenyolee uMciao:

BHuMaTeIpHO TPHUCMOTPEBINNMCH K ITPOrpaMMe, MOXKHO 3aMETHUTh, YTO nSura ObUIa O0O0B-
sIBJIeHa, HO He MPOHHHUMATHU3MPOoBaHa. {1 TOTo 4YTOObI MCIIPaBUTh 3TY OILIMOKY, OOBsIBIIE-
HUE TEePEeMEHHON HEOOXOIMMO M3MEHUTH CJIEMYIOIIUM 00pa3oMm:

int nsum = 0;

Ilpumeuanue. Tloka nepeMeHHasi He MPOMHULMATM3UPOBAaHA, €€ 3HAUEHUE HEIpeacKa-
3yeMo.

Teneppb, korma Bbl HAllUTM BCE OLUMOKU, MEPEeNUIIUTE IPOrpaMMmy Tak, Kak IOKa3aHO
B CJIEAYIOLIEM JIMUCTUHTIE:

// ErrorProgram — 3Ta IporpaMma yCpeaHseT
// pAL 4YMCEN U HE COLEPXKUT
// OmMG0K

#include <stdioc.h>
#include <iostream.h>

int main(int argc, char* pszArgsl[])
{

cout << "Dra mporpamma patoraeT!in™;

// eRKYyMyIMpyeT psn 4uces, IIoKa

// TIONB30BaTENb HEe BBEOeT OTpHUIlaTeIbHOE YUCIIO,
// TocIe 4Yero BHBOOUT CpenHee

int nSum = 0;

for (int nNums = 0; ;nNums++)
{
// XEIOeT BBOIA Clemyonlero 4ucia
int nValue;
cout << "\nBeemure clemyolee umcno:;
cin >> nValue;

// ecny BBEeIEeHHOe 4YMCJIO MeHblle HYJIS. ..
if (nvalue < 0)
{
// +..TODIA& BHBECTU CpernHee
cout << "\nCpernHee papBHO:"
<< nSum/nNums
<< "\1m1";
break:

// ecnu 4umcio 6onble HyJs,
// CIOXUTB ero C akKKyMyJISITOPOM
nSum += nValue;

return O;

Tenepp BbIBOA MporpamMMbl OyJIET TTPaBUIbHBIM.
Dra mporpamMa paforaeT!

BBemuTe crnenyomee YWMCHO: 1
BBemuTe crenyolee uYWUCIo: 2
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BeemuTe clenyoiee uxcg:3
BeemuTe cienybmee 4ucao: -1

CpenHee paBHO: 2

[IpotecTupoBaB 3Ty mporpamMmy ApYyrMMM Habopamu 4yucesl, s yoemnwics, 4yTo oHa pabo-
TaeT 6e3 oMnbOK.

Ucenoussobanue omraquura

B HeOonblIMX IporpaMMax MeETOJ OTJIaJOYHON IleyaTd paboTaeT JOBOJBLHO HEIUIOXO.
Jo6aByieHrEe OTJIAMOYHBIX KOMaHI — JOCTATOYHO IMPOCTON M He BAHALLMA Ha BpeMs KOM-
NUWISILIAM CIIOCOO HaXOXIEHUSI OIIMOOK, € MOMOLULIO KOTOPOTO MOXHO OBICTPO OTHICKATh
OIMOKY, eClId IporpaMMa HeBeJInKa.

B meiicTBUTENbHO OONBIIMX MPOTPaMMax 3a4acTylo IPOrPaMMUCT OaXe He 3HaeT, Kyoa
HYXXHO T00aBJISITh OTJIaJOUYHble KOMaHAbl. PaboTa 1o mo0aBiieHUIO OTJIAJAOYHBIX KOMaHI, Te-
pe3arycKy MmporpaMMbl, TTOBTOPHOMY TOOaBJIEHUIO OTJIAIOYHBIX KOMaHI M TaK Jajee CTaHO-
BUTCSI yTOMUTENIbHOM. KpoMe Toro, mocjie Kaxaoro rnepernuchbiBaHUs MpOrpaMMy HYXHO CO-
Oupath 3aHOBO. He 3a0biBaliTe, yTO B OOJBIION TMpOrpaMMe OAWH TOJIBKO IMpollecc COOpKU
MOXET 3aHSITh HEMaJI0 BPEMEHMU.

B KOHIIe KOHIIOB, C TIOMOIIBIO 3TOr0 METoda ITOYTH HEBO3MOXHO HAWTW OIIMOKY, CBSI-
3aHHYI0 C yKazaTeJsIMU. YKazaresib, BBIBEICHHBI Ha 3KpaH B LIeCTHaALATEPIYHOM BUIE,
MajJio O YeM CKaXeT BaM, W, MoKa IPOTPaMMUCT MONMET, YTO HYKHO CIenaTh I HUCIIpaB-
JICHWST OIIMOKM, Mporpamma ycreer MOPajbHO YCTapeTh.

Bropoii, Gonec W3ClIpeHHLI METOA — MWCIOJNb30BAaHUE OTAEJIBHOI YTUIIUTBI, KOTOpas
HasbIBaeTcsl omIaauukoM. C TMOMOIIBIO OTJIAAYMKa MOXHO u30eXaTh TPYJHOCTEW, BO3HU-
KaoIuX MPU WCTIOJIb30BaHMU METOIWKM OTJAZOYHOU IeyaTyd (OJHAKO, €CIU Bbl XOTHUTE WC-
MOJIb30BaTh OTJIaAUMK, BaM TPUIETCS HAYYUTHCS C HUM paboTaTh).

Y10 TAakoe oTnagumk

OTTagunK — 3TO YTWINTA, BCTPOCHHAasI, Hampumep, B rhide wm Microsoft Visual C++
(B 9TUX MPUJIOXKEHUSIX pa3Hble MPOTpaMMbl OTIAIYMKOB, OIHAKO pabOTalOT OHU IO OTHOMY
MPUHLMITY).

[TporpaMMuCT yrpaBisieT OTJIagUMKOM C TIOMOILbI0 KOMaHZ TaK Xe, Kak, Halpumep,
MpA peJaKTUPOBAHUM WIM KOMITWJISLIMU TIporpaMMbl. KomaHABI OTJIamunKa MOXHO BBITION-
HSITh C TIOMOIIbIO KOHTEKCTHBIX MEHIO WJIM TOPSUYMX KJIABUIIL.

OTnaguuK MO3BOJISIET MPOTPAMMUCTY KOHTPOJIUPOBATh PabOTy MpPOrpaMMbl MO XOOy €€
BHITTOJIHEHNSI. C TTOMOIIBIO OTJIamdrMKa MOXKHO BBITIOJNHSITH MPOTPaMMYy B ITOIIIAaTOBOM PEXXH-
M€, OCTaHaBJIMBATh €€ B JIIOOOU TodKe U MPOCMATPUBATH COAEPXKUMOE JII0OOI MepeMeHHOM.

YToOBI OLIEHUTH YOIOOCTBO OTJamuMKa, €ro HYyXXHO YBUAETb B JIelcTBUU. B 3TOM paznene
NperuMyllecTBa OTJIaMuMKa IOKa3aHbl IpU paboTe ¢ HEOOJBIION MPOTrpaMMoil (S HUCIIOJIb30-
Ban ommaguuk rhide, Ho ommamuuk B Visual C++ paboraeT o4eHb ITOXOXKE).

BbiGop oTnagumka

B ortnuune oT craHmapTu3upoBaHHOTO s13bika C++, Habop KOMaHI, IOIIePXKUBAeMBbINA
OTJIaIUMKOM, BapbUpyeTCsl OT IMPOM3BOAUTENS K mpousBoauTedto. K cyacTbio, OOJIBIIMH-
CTBO OTJIAMYMKOB IIOJICPXKWBAIOT HEKOTOPHIN 0a30BbIii Habop komaHa. HeobxomuMmere
HaM KOMaHJIIbl €CTb B 00erxX cpelax pa3paboTyMKa, ONMMCAaHHBIX B 3Toii KHure. B GNU
C++ u Visual C++ cymecTByeT BO3MOXHOCTHh BBI30Ba 3THX KOMAaHJ C IOMOIIBIO MEHIO
1 GYHKIMOHAJIbHBIX KiaaBmiu. B Tabn. 11.1 mpuBeaeH CIMCOK OCHOBHBIX KOMaHI U Kia-
BUIII WX BBI30BA.
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Ta6nuya 11. 1. KomangbsioTnagymnkosMicrosoftVisual C++unGNUrhide

KOMAHJA VISUAL C++ GNU C++
(RHIDE:)
Cobpars (Build) <Shift+F8> <Fo>
LLar ¢ Bxanom B dyHKLpO (Step in) <Fi1 > <F7>
LLlar 6e3 exona B dyHkumo (Step Over) <F10> <F8>
MpocvoTp nepemerHon (View Variable) Toneko B MeHo LCirl-F4>
YcTaHoBKa ToHKM ocTaHoBa (Set Breakpoint) <F9> <Ctrl=F8>
HabnioneHve; 3a nepementHoln (Add watch) Tonbeko B MEHIO <CtrHF7>
BoinonHere (Go) <F5> <Ctrl+F8>
Mpocvorp  okpaHa nons3oBarena  (View  User  Lemok B okHe mporpaMmbl <AI+F5>
Screen)
Mepesarpyaka nporpamMMbl (Program Reset) <Shift+F5> <Ctr+F2>

3anyck TECTOBOW NporpamMmel

JIyummii cmoco0 uMcHpaBHTh OMIMOKM B JIpOrpaMMe — MpoiTH ee momaroBo. IlpuBeneH-
Hasl HUJKE MPOrpaMMa COJEPIKHUT HEeCKOJbKO CIIHOOK. KOTOpble HAJ0 HAWTH W MCHPABHUTH.

// Conicatenace — COEOMHSIET I=¢ CTPOKU U JI00aBIIsIeT
// t- O MEELIY HIMN L
// (B >TOM sCpCMM COOEepXKaTCsl OuMbOKM)

#inciude <stdio.h>
#include <iostream. h>

void concatStringichar szTarget[), char szSource[]};

int main int nArg, char* pszArgs|[])

{
cout << "DTa mporpaMMa COoenMHsSeT IBe CTPOKM\II" ;
cout << "(3Ta NpolpamMMa comepxuT OuMOKM.)AnAn";:

// cuuTaTh O2LBYE CTPOKY. . .
char szStrir.gl {256]);

cout << " BBemuTe CTPOKY #1:";
cin.qgetline(szStringi, 128):
// ...Teneps BTOPYD. ..

char szStringd [128];

cout << " BBemuTe CTPOKY #2:";
cin.getline(szString2, 128; ;

// ...0pUCOenZ#HKTE " — " K KOHIy IIePBOM. ..
concatString (sz8tringl, "—") ;

// ...Tenepb »0ob6aBUTH BTOPYH CTPOKY. . .
concatString{szStringl, szString2);

// ...V IIOKazaTb pe3yJbTaT
cout << "\n" << szStringl << "A\n";

} return 9;

// _concatString - mpycoemyHaAeT* pszSource K OKQHYAHMIO

aea 11. Otnaaka nporpamm Ha C++
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// CTpoRU* pszTarget

void ceoncatString (char szTarget[], char szSourcef])
{

int nTarget Index;

int nSourcelndex;

// HalTU KOHEIl IIEPBOM CTPOKU
while (szTarget[++nTargetIndex])
{

}

// TIPUCOEOMHSIET BPORYE CTPOKY K KOHILY IIepBOM
while{(szScurce[nScurcelndex])
f
szTarget [nTargetiIndex] =
szScource{nSourcelndex];
nTargetIindex++;

nSourcelndex++;

CobGepute u 3amyctute mnporpammy. Korma oHa 3ampOCHUT TEPBYIO CTPOKY, BBEIUTE YTO-
HUOymb Haromobwe "3To cTpoka”, a Ha 3ampoc BTopoil ctpoku BBemute "OTO CTPOKA"
(BIIpoYeM, MOXHO THCATh BCE, YTO YTOIHO).

BMmecTo 00beAMHEHUsI IBYX CTPOK Iporpamma 3aBepiuuTcst ¢ kogoMm Bbixoma Oxff. Ilenk-
Hute Ha OK (OpyrMx BapMaHTOB y Bac BCe paBHO HeT). YTOObI yTEIIMTh Bac, OTIaguUK OT-
KpOET OKHO, cojepalliee CIAeAYIOIIy0 MHGOOPMAIIUIO:

Call frame traceback
Ceoncatenate.cpp(49) in function concatString  FPcTO

Concatenate.cpp(28) in function main
in function crtl startup+l74

M3 aToro BUAHO, YTO OIIMOKA BO3HUKIIA B CTpoke 49 Momynst Concatenate.cpp, KOTO-
past Haxonutcsl B GYHKIMU concatString(), BeI3BaHHOW B cTpoke 28 dyHKumMM main ().
Ctpoka 49 umeeT BUL

while(szTarget{++nTargetindex])

A cTpoka 28 comaepXuT BbI30B (DYHKIIUU
concat3tring{szStringl, "—" ) ;

BueiiHe Bpone Obl Bce B MOpsiAKE U C KOMaHIOW B cTpoke 49, U ¢ BBI3OBOM (PyHKLUU
B cTpoke 28. UToObl HalTU OIIMOKY, MOHAZOOUTCS OTIaduUK.

Ilpumeuanue. XOTs Bbl YK€ BCTpEUYAIUCh C IMOXOXEH OLIMOKOM, s BCE paBHO HACTOSITEJNb-
HO COBETYIO JIETAIbHO Pa30o0paTh 3TOT MPUMED.

MoLwaroBoe BbINONHEHWE NPOrpamMMbl

[TepBoe, YTO CTOWT CHIENaTh TPH TTOMCKE ONTMOKM C TIOMOIIBIO OTIaaurKa, — 3TO BHITTOJIHUTH
MporpaMMy B TiomiaroBoM pexxume. B cpene rhide Beimonnute kKomanny Run='Prograr Reset.

Ilpumeuanue. V3 1abnm. 11.1 BumHO, yto B rhide sTa KoMaHOa BBHITTOJHSETCS C ITOMOIIBIO
xmaui <Ctrl+F2> {wm xnasum <Shift+F5> B Visual C++). Bonblne g He Oyny maBaTh IOI-
CKa30K, TOCKOJIbKY BCe HEOOXOOMMBbIE KOMaHIbl comepxkarcst B Ta0i. 11.1. Kpome Toro, Bce Ko-
MaHIbI, UCTIONB3YeMble B 3TOM IJIaBe, MOCTYITHBI M3 BBITANAIONINX MEHIO Cpellbl pa3paboTyrka.

Komanna Program Reset 3acTaBisieT oTJIamuuMK 3aHOBO HayaTh pabOTy ¢ MHporpamMmoii {a
He C TOro MecTa, IJe Bbl HaxomuTech). HuUKoOrma He BpeAHO IMepe3arpy3uTh OTIAAYUK Tepes
HayajoM pabOThI.

Boinmonnute komaHay Step Over (moiaroBoe BhINTOJHEeHUE 0e3 Bxoda B (yHKiuu). Cpe-
na rhide otkpoer okHo MS DOS, kak U B HOpPMaJIbLHOM pe€XMME, OJHAKO cpa3y Mocie
3TOTO TIEPEKITIOYUTCS B OKHO PENaKTUPOBAHUSI TMPOTPAMMbl, BBIACIWB TMEPBYIO MCIIOJHSIE-
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myto komaHny. (McrmonHseMmoli Ha3biBaeTCs Jio0asi KOMaHAa, KOTopasl He SBISIETCS OObsIB-
JICHHUEeM WIM KOMMeHTapueM. VIMeHHO MCIIOJIHsieMasi KOMaH/Ia BBI3bIBa€T CO3MaHMEe MaIllMH-
HOTO KO/a BO BpeMsI KOMITVUISIIIAM. )

[Tocne 3arrycka OTJIAMYMK BBITIOJTHSIET BCE KOMAH/BI BIUIOTH IO TIEPBO# CTPOKU (DYHKIIMH
main (), a 3aTeM TIepexBaTbIBaeT ympapjicHUEe. Temnepb OTIaTUMK OXWAAET NEHCTBUI CO CTO-
POHBI TPOTPAMMMCTA.

Ewe pa3 Bemmonnure komaHmy Step Over — rhide BHOBb Ha CeKyHAy MEPENIET B OKHO
MOJTb30BATE/IsI U 3aTeM BEPHETCA B OKHO PeJaKTUPOBAHUS IporpaMMbl. Terepb OyaeT BbIAe-
JieHa cienyromas crpoka. Lllenkaure Mbimbio Ha okHe ToJb3oBaTenst (User Screen), u BBI
YBUIWTE BHIBEACHHYIO BO BpeMs BBITTOJIHEHMS TIPEIBIAYIIEH KOMaHIbI CTPOKY

Ota ImporpamMmma CO€OAMHACT ABE CTPOKMH.

BrinmosHeHne mporpaMMbl B TAKOM peXMMeE HasbIBaeTcs nowazoevim. Heobxommmo mpo-
JIOJKaTh BBIITOJTHEHWE MPOrpaMMbl B ITOLIATOBOM PEXMME O TeX MOp, ITOKAa OHa HE BBIIACT
cooOlIeHre 00 omKnbKe. 3HAaHWE KOMaHJIbl, KOTOpasl BbI3Bajla OLUMOKY, OYeHb IOMOXET IpU
ee KUCIpaBJIEHUH.

Korma BbI mombITacTech BBIMOMHUTH KoMaHOy Step Over B CTpOKe C BBI30BOM (QDYHKIMU
cin.getl:ine(), OWAAUMK HEe BEpPHET yIpaBJIIeHWE cpene pa3paboTynKa, KakK OOBITHO.
MokeT moKa3aTbCsI, YTO MporpaMma 3aBUC/Ia, HO MPUYMHA B APYTOM: OTIAAUYMK HE TepexBa-
TBIBACT yIpaBJICHUS, TIOKa HE 3aBepIIMTCI KoMaHma, a GyHKOus getline () He MOXeT 3a-
BEPIIMTHCS, TIOKA MOJIb30BATE/Ib HE BBEIECT CTPOKY C KJIaBUATYPHI.

BBemute miepByto cTpoky M Haxkmute <Enter>. Temepb OTIaguMK MEpPEXBaTUT YIIpaBJie-

HUeE u OCTaHOBUT BBITTOJIHEHUE MPOrpaMMbI rnocie KOMAaH/IbI
cout << "BBeaure cTpoKy #2 :". BeIMoaHuTe elle oAMH 1LIar ¥ BBEIUTE BTOPYIO CTPOKY.
cgBEr Ecny oTagurMK OCTAHOBWJICS M HE BO3BpAlaeTCsl B CPedy IIPOrpaMMUCTa IIpU

IIomIaroBOM BBITIOJIHEHWM, 3TO O3HA4YACT, 4YTO IIporpamMma OXunaacT KaKoro-To
COOBITHS. CKopee BCErO, IIporpamMMa OXUAAa€T BBOIJA C KJIaBUATypbl WJIM C OPYy-
TOro BHECIIHETO ychOﬁCTBa.

I[Ipy monmbITKEe BBIMOIHUTH GYHKLUIO concatstring{) B TIOLIarOBOM pexXume
Step Over mporpaMma CHOBa BBIIIOJIHAT aBapUIHBIA OCTAHOB, Kak 1 paHee (puc. 11.4).

_TeneprAoBARUTH ATGPYR CTH
concatString(szStringl, ';7Str1n_|2)

// ... N0KA3aTE pesynuTar
cout << "\n" << szStringl
returm =

Puc. 114 Owubka 6 ¢pynkyuu concatstring () 3acmaensem npospammy asa-
PUliHO3a8epuambCs
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BreIBeleHHOE COOOLIEHNE HE MOMOXET BAM B ITOMCKE OLIMOKU — H€O6X0,[[I/IMO IIOILIATOBO
BXOIOUTh B (DYHKIIMU U BBITIONHATE MX.

MoLwaroBbIN PEXMUM C BXOLOM B PYHKLK

OTIamuuK MO3BOJISIET MPOrPAMMUCTY BXOAUTh B (DYHKIIMM M BBHIIIOJHSTh MX B ITOIIAro-
BOM pexuMme. DTa BO3MOXHOCTH ITOHANOOWTCSI HaM TP TIOMCKE TIEPBOU OIMMOKUA B ITOU
IporpamMmMme.

CHauana cjenyeT BBITIOJHUTH COpOC TporpamMMbl. JJIsi 3TOTO Tiepe3arpy3uTe OTIaaqInK
c nmomolblo KoMaHabl Program Reset.

3areM BBIMIOJIHSAWTE MporpaMMmy B TomaroBoM pexwume Step Over, moka He AOWeTe IO
byHKUMK concatString(). Ilocie atoro Bocnoib3yiiTech koMaHmoil Step In (moriaroBblit
pexXuM C 3axomoM B (PYHKUMM), U yKasaTeJlb Iepeiiier Ha Havyano (GyHKIUHA
concatString (>, Kak mokasaHo Ha puc. 11.5.

h:/sss.cpp -

/ CTOOKM"  pszlarge
void concatStrmg!char szTarget[] char szSourcell}

int nTargetIndex;
int nSourcelndex;

// NPACOCANHACT B1ODLHS CTDOKX K KOHYY neppnou
?hlle(béSource[nSourceIndexl

Puc. 11.5. Komanoa Step In 3acmaeasiem omaaduuk nepeiinmu Ha NEepeyio Gbino-
HAeMYI0 CmMPOKY 8bi3bisaemoli QyHKyuU

esl Mexny komaHgamu Step In u Step Over HeT HUMKaAKOW pPa3HUILIBI, €CJIU TOJIBKO
B MpOILECCe MPOXOa HE BBIMOIHSIETCS BbI30B (DYHKIIMU.

(7224 Ecmm HeHaMepeHHO BBITIOJHUTH KOMaHAy Step In, oTjamuyMK MOXKET 3aIllpOCHUTh
uMs (daiia ¢ UCXOOHBIM KOAOM (YHKIIMM, O KOTOPOl Bbl HMKOIJA HE CJbIIIA-
Ju. BO3MOXHO, 3TOT WMCXONHBIA KON HAXOOWUTCSI B KaKO-TO M3 OMOJIMOTEK.
B satoM ciyyae menkHuTe Ha KHomke Cancel M mnompoOyiite pasoOpaTbes
B HaO0Ope MAIIMHHBIX WHCTPYKUMI (KOTOpbIe BPSI JIM MHOTO CKaXyT Iaxe
OIIBITHBIM MporpaMmuctam). UToOGbl BepHYTh ceOe ITOC/Ie 3TOro IyIIeBHOE paB-
HOBeCHe, OTKPOUTE OKHO PEIaKTUPOBAHUS IPOTPaMMbl, YCTAHOBUTE TOUYKY OC-
TaHOBa TakK, KaK OMMCAHO B CIIEAYIOIIEM pa3eie, U BBIIIOJIHUTE KOMaHIy (Go.

A moka Bocriob3yiiTech KomaHnoir Step Over, 9TOObI BBITIOJHUTH TEPBYIO WCIIOJHSIEMYIO
ctpoky (yHkmuu. Cpady mociie 3Toro rihide BBIBEIET TaKOe Xe cooOlleHue o0 OmmoKe,
KaK M paHbile,
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Tenepb 1OCTOBEPHO M3BECTHO, YTO OIIMOKA HaXoouTCs B onepatope while u 4yTo MMeH-
HO OHa BbI3bIBAET aBapuifHOe 3aBepllieHre MporpaMMbl. YUToObI y3HATh, YTO UMEHHO MPOUC-
XOIUT, CJieAyeT OCTAaHOBUThH MPOTPaMMy HEMOCPEICTBEHHO TMepe] BBIMOJHEHHEM oOIllepaTopa
while u pa3zoOpatbcsi B Heil Gosiee AeTabHO.

Mcnonb3oBaHme ToYeK OCTaHOBA

[TomaroBeIii peXXxrM XOpOII TOJBKO Ha 3Tarle MpeaBapUTeIbHOTO Toucka ommbku. Ilo-
cjle TOrO KaK CTajlo M3BECTHO, B KaKOM MecTe IporpaMMbl BO3HMKJIA OIIMOKa, ymoOHee
BCETO BOCIIOJIb30BaThCsl BO3MOKHOCTBIO OTJIAMUMKa, HAa3bIBACMOMN mo4Kol’ 0CmaHosd.

Yto6Bl yBUIETh, KaK pabOTaeT TOYKa OCTAaHOBAa, BHOBb COPOCHTE OTIAMYMK C TTOMOIIBIO
koMaHIBI Program Reset. Mbl Morm OB cHOBa HoOpaThes o omeparopa while B mommarosom
peXuMe, KakK 3TO ObUIO CHEaHO paHee, OMHAKO MOCTOSTHHO BBHITIONHATH OOJBIINE ITPOrpaMMBbI
B TIOIIAaTOBOM DPEXHMME OBUTO OBbI CIIMIIKOM YTOMUTENbHO. BMecCTO 3TOro MOXHO YCTaHOBWTH
TOUKy octaHoBa. [lomecTuTe Kypcop Ha orepatope Wwhile ¥ BBIIOJTHUTE KOMaHIY
Set breakpoint. PemakTop BBIIENUT 3Ty CTPOKY KpaCHBIM IIBETOM, Kak TOKa3aHO Ha puc. 11.6.

h:/sss.cpp —
irt nlargetlndex;
int nSourcelndex;

// HaliTn KoHel fiepeoi CTROKN
while{szTarget{++nTargetIndex])

// MPHCOBMHART BTOPYI0 CTPOKY K KOHIY {H¢pRou
while{szSourcelnSourcelndex})

szlarget[nlargetlndex] =
Sourcelndex};

Puc. 11.6. Cmpoka c moukoil o0cmanoea evl0eneHa KpacHbIM U8emom

Touxa ocmanosa 3acTaBIIeT TPOrpaMMy paboTaTh B HOPMaJIbHOM pPeXHME IO TOYKH,
B KOTOpOM HYXXHO OCTaHOBMTH TporpamMmy. Ilociie 3TOro OTJIamuuK TepexBaThIBaeT YIpaB-
JIeHWe W OCTaHaBJIMBaeT MporpaMMmy. TOYKM OCTaHOBa OYEHb YIOOHBI, €CIIM BBl YKe 3HaeTe,
IJie ICKaTh OIMMOKY, WM €CJIM MPOCTO BO3HUKJIA HEOOXOMMMOCTD BBITIOJTHUTD MPOTPaMMy IO
onpeAeICHHOTO MecTa.

ITocne ycTaHOBKM TOYKM OCTaHOBa BhIMOJHMTE KoMaHmy Go. [Iporpamma OymeT BBITION-
HATBCA HOPMAaJIbHO JI0 TeX Iop, ToKa He goiineT mo omepatopa while. Tlocie storo ona
TepeacT yrpaBieHHe OTIaTInKYy.

OcTanoch TOJbKO y3HaTh, YTO K€ BbI3bIBAET OIIMOKY.

MpocMOoTp 1 penakTUpoBaHUE NepemMeHHbIX

Her cwmbicia BHOBBL BBINOJHSTH omnepatop while, MOCKOJbBKY TOYHO WM3BECTHO, YTO
nmporpaMMa OyleT IpepBaHa B pe3yjbTaTe OIIMOKU. UTOOBI IOHATH, IMOYEMY BO3HUKAET
omubka, HEOOXOIMMO IOJYYUTh JOMOJHUTENbHYI0 MHDopManuo. Hanpumep, He moMera-
JIo OBl y3HaTbh, YTO HAXOOUTCSI B MepeMeHHOM nTargetIndex HemocpeACTBEHHO IIepem BBI-
MoJIHEHMeM IMKiaa while.
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Int rfargetIndex;

int nSourceIndex;

Puc. 11.7. Omaaduuk noseoasem npoepammucmy npocmampueams U U3MeHsImo
codepcumoenepemMeHHbIX

CHavaia OBaXnbl IIEJKHUTE MBIIIBI0O Ha MMEHH mepeMeHHOW nTargetIndex, a mocie
3TOTO BBI3OBUTE KOMaHAy OTIaguvKa View Variable. Ilpu 3TOM IOSIBUTCS OKHO C HMMEHEM
3TOIl TmepeMeHHO#l B mepBoii cTpoke. IllenkHute Ha KHomke Eval, 4ToGbI y3HATh Tekyllee
3HaYeHME NepeMeHHOM. Pe3ynbrar 3TMX meiicTBUil moka3aH Ha puc. 11.7.

Ecmu eie pa3 BHMMAaTeJIbHO MPOCMOTPETh MCXOMHYIO MPOrpaMMy, CTaHOBUTCSI MOHSTHO,
YTO B MPOIIECCE €€ BBIIIOJIHEHMSI He ObLIM MHUIMAIM3UpOBaHBI mepeMeHHbIe nTargetln-
dex M nSourceindex. YToObl yOEAUTHCS B 3TOM, BBEOUTE B CTPOKE BBOAA HOBOIO 3HAye-
Hust (New Value) 3HaueHne 0 u mienkHuTe Ha KHomke OK (To Xe caMoe HYXHO CHenaTh
M UIsI IepeMeHHON nScurcelndex). [locae 3Toro MoXHO 3aKphITh OKHO IPOCMOTpa Iepe-
MEHHBIX M BBIIIOJHUTH KoMaHmy Step Over.

Temepb, TocHe WHULMATW3ALMM 3TUX TIEPEMEHHBIX, MporpaMMa yXe He BBITaCT CO00-
meHust 06 omubke. Kaxnoe cienyrolee BbimoaHeHUe KoMaHa Step Over uinu Step In BbI3o-
BeT ToBTop IMkia while. TTocKoibKy Telno IMKIAa He COAEPKUT HUKAKUX KOMaHJ, Kypcop
CcHoBa BepHeTcsl Ha omepaTop while. Ilpu 3ToM B Xome Kaxzaoro BbimonHeHuss nTargetln-
dex OymeT yBenmuuuBaThcsd Ha 1.

YT0o0bI HE OTKpBIBATH OKHO TMPOCMOTpa TEepeMeHHON nTargstIndex BO BpeMsl KaXIOTO
BBIMOJIHEHUSI 1MKJa, OBAXIbl IIEJKHUTe Ha nTargetIndex U BbI30BUTE KOMaHIy
Add Watch. TlosBuTcs OKHO ¢ MMEHEM 3TOil IIEpeMEHHON U ¢¢ 3HaUYeHHWEM B IIpaBOM YACTH.
ITocne atoro BbimosHUTE KoMmaHmy Step In emie HeckoibKo pa3. Ilpu KaxaoMm MOBTOpeHUU
nTargetlndex Oymer yBenmnmumBaThcsa Ha 1, a MOCe HECKOJIBKUX ITMKJIOB IIPOM3OMIET Iepe-
XOII Ha CJIEAYIOLIYIO 3a LMKJIOM CTPOKY.

YcraHOBHUTE TOYKY OCTaHOBA Ha CTPOKY, COAEPIXKAIIYIO 3aKpHIBAIOINYI0 (DUTYPHYIO CKOOKY
byHKIIMU concatString, W BeiMonHUTe KoMaHay Go. IIporpaMMa ocTaHOBUTCSI HEMOCpead-
CTBEHHO Tiepell BBIXOAOM W3 (YHKIIUH.

YToObI MPOBEPUTH COAEPKUMOE CO3MAHHON 3TOM (DYHKIMEH CTPOKU, TBAXIbI INEITKHUTE Ha
repeMeHHoOil szTarget u BbIMoaHUTE KoMaHay View Variable. Pesynbrar mpuseaeH Ha puc. 11.8.

<OBEL Yucno 0x68298 siBnsieTcsl ampecoM CTPOKM B MaMSTU. JTa MHGOOPMALUS MOXKET

NIPpUTroanUTHCA IPU OTCICKMBAaHUU yKasaTeneﬁ. AHpCC& MOI'YT OYC€Hb IIPUTOAUTbH-
Cqa 1Ipu pa60Te CO CBsI3aHHBIMU CITMCKaMH.
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Prolecilintong

555.C09H _—

Puc. 118 Jlaxce nocae unuyuaruzayuu nepemeHHuIX pe3yibmam coeouHeHusl
CMPOK0KA3bl8ACMCHEBEPHBIM

(5124 I[OHI/ICI)IBaHI/Ie CHUMBOJIOB IIOCJIE CHMMBOJIAa OKOHYAaHHA CTPOKMH (HyJ'[eBOFO CUM-

BOJIa) WM OTCYTCTBHE CUMBOJa OKOHYAHUS CTPOKM — JIBE CaMBIX pacIpocTpa-
HEHHBIX OIMMOKKW TpU paboTe CO CTPOKAMM.

Temnepb, Korja M3BECTHO, TIe HAXOmATCS 06 OMMOKM, ObUTO ObI HETJIOXO MCIIPABUTh MX B HC-
XOIHOM TIporpamMMme (TTOKa MbI He 3a0bUTH, Tje OHW Haxomdarcs). Bbi3oBuTe KoMaHmy Pro-
gram Reset 1 mcrnpaBbTe QYHKLMIO concatString Tak, KakK MOKA3aHO B CICAYIOIIEM JTHCTHHTE:

void ceoncatString(char szTarget([], char szSourcel(])
{

int nTargetindex = 0;

int nScurcelndex = O0;

// baillemM KOHELl INEepBOM CTPOKH
while (szTarget [++nTargetlIrdex])
{

]

// TIPUCOCOUHSIEM BTOPYIO CTPOKY K KOHILy IIepBOMN
while (szSource[nScurcelIndex])
{
szTarget!nTargetIindex =
szSourcensSourcelIndex];
nTargetIndex++;
rSourceinde® + ;

// 3aBepllaeM KOHEYHYIO CTPOKY
szZarget (nTargetindex] = '\C';

To, 4ro ObUIO HaWIEHO HECKOJbKO OIIMOOK, €lle He 3HAYWUT, YTO B TporpaMme HeT
opyrux "xydkoB". HeoOXxommMo moOBecTH IIPOIECC OTJIAIKM OO KOHIA. YCTAaHOBUTE IIPO-
CMOTp MepeMEHHBX nTargetindex M nSourcelndex U CaMOCTOSATECIbHO IIPOBEPHLTE UX
CONEPKMMOE BO BpPEMSI BBITIOJHEHUS CIIEAYIOLIETO IIMKJIA.
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3134 BaM [eiCTBUTENIBHO HEOOXOOMMO CIeaTb 3TO CaMOCTOATENbHO. TOJIbKO TOrIa Bbl
MOIMETE, KAKOE ICTETUUECKOE YIOBOJILCTBAE MOXKHO IONYYUTh, IVIAAA HA TO, KaK OT
LMKJIA K UMKJIy OJHA CTPOKA PacTeT, a Apyras OJHOBPEMEHHO YMEHBILAETCS.

YTtoObl yOEeauThCSI, YTO BCEe paboTaeT MpaBWIbHO, YIAIUTE BCE TOYKM OCTaHOBA U 3aIlyc-
TUTE TMporpamMmy ¢ mMoMoinbilo koMaHnbl Go. [lpuBeneHHBII HUXE BBIBOJ NMPOrPAMMBI BbI-
JISIIUT TIPaBUJIBHO.

DTa ImporpaMMa COeOVHSIeT OBE CTPOKM
(OTa mporpamMMa He COOEePXKUT OMMUOOK. )

BBenuTe cTpoky #1:3Ta cTpoka
BBemure CTpoOKy #2:3TA CTPOKA

oTa cTpoka - DOTA CTPOKA

Mowu mno3apaBiieHrs] HOBOUCIIEYEHHBIM 3KCTIEPTaM MO OTJIaaKe mporpamm!

Jlepbas nposhasua BUDGET

I'maBbl, cocTaBisIONIME TEPBbIC JBE YAaCTW KHUTH, TO3BOJISIIOT BaM MUCATh COOCTBEHHBIC
(yxe HeTpuBMaJbHbIE) TporpamMMmbl. MIMEHHO TakoBa TNpPUBEACHHAs HUXE Iporpamma
BUDGET.

OTta mporpamMma Oyner MpeAcTaBlieHa B KHUre emie He pa3. M B kaxmoi Bepcuu OymyT MC-
MOJIb30BaHbI HOBbIE BO3MOXHOCTU, M3YYCHHBIC B MPEObUIYIIMX IIaBaX. Takum oOpa3oM, Bbl YBU-
JIUTE, KaK MPUMEHUTh BO3MOXHOCTH $I3bIKa, OMMCAaHHbIE paHee. TeKylluid BapUaHT MPOrpaMMbl
HCTIONB3YeT "(PYHKIMOHATBbHBIE" BO3MOXKHOCTH (T.€. BO3MOXHOCTU (PyHKLMI) sA3bika C++.

[Mporpamma BUDGET monenupyer mnpocteiiiinii 6aHKOBCKHUI c4eT (B OUeHb YIIPOLUEeH-~
HOM BH[E). DTa mporpamma OyleT BBIMOJHSTH TaKue AeCTBUS:

| v/ CcO3/aBaTh OAVH WU HECKOJIbKO OAHKOBCKMX CUETOB;

f. ¥ MPUCBaMBaTh YHUKATbHBIM HOMEP KaXKIOMY CUETY;
- v paboTaTb CO CYETOM — CO3JAaHUE JEINO3UTa U CHSITHUE NICHET;

v BBIBOIMTb OKOHUATEJIbHBIM OanaHC Bcex CUYCTOB, IIOCJIIC TOIO KakK ITI0JIb30Ba-
TEJIb PECIIUT BBIATU U3 IIporpaMMmal.

B e 1 5 0

Ota BepcHsl TpOrpaMMbl OyleT CIEAUTb 3a TeM, 4YTOObI OajaHC He ObLT MEHBIIEe HYyJIS
(6aHK MOXeET OBITb APYXKECTBEHHBIM IO OTHOIICHHWIO K BaM, HO HE IO TaKOW e CTEeIeHH!).
Ha6op mpaBun Oymer pa3pacTtaThcsl ¢ pa3BUTHEM IIPOrpaMMbl B CJICOYIOIIMX YACTSIX KHUTH.

IMporpamma BUDGET npuBeneHa HUXKe.

// BUDGET1.CPP — "OyHKIIMOHAJIbBHAA" IIporpaMMa bnmxeTa
finclude <iostream.h>
#include <stdio.h>

// MAKCHMaNbHOE KOJIMYeCTBO CYeTOB
const 1int maxAccounts = 10;

// madOopMaIMs O cueTe
unsigned accountNumber [maxAccounts);
double balance [maxAccounts];

// TIpoTOoTUIE Oy HKIINMA
void process {(unsigneds accountNurnber,
doubles balance) ;
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void init {unsigned& accountNumber,
doubles balance) ;

// main — cobupaeT HadaJbHLHE BXONHHE [TaHHHE
/ /7 BHBCIOWT KOHEYHBE CYyMME
int maintint nArg, char* pszArgs([])
{
// oXrraem BBOI
int ncAcceounts = 0; // KONYUeCTBA CO3IaBaeMBX CYETOB

// He co3maeM CcyYeTOB 00Jblle MakCUMalbHOTO KOJIMYeCTBa
while {ncAccounts < maxAccounts)
{
char transactionType;
CoOur << "Haxmure C Oid OPOOONIXEeHUSA, X IOJIsa BexoXa:™;
cin  >> transactionType;

BEIITY, €CHIM MNONBZS0BATEIs BBel X
(transactionType == 'x' | |
transactionType == 'X’)

;o
£
DT

break;

ecnu monb3oBaTens BBen C...

~Z (transactionType == '¢' ||
transactionType == ‘C'}

1
// +..HadaTk co3maHume HOBOTI'O CcdYeTa...

init {accountNumber [nohkccounts],
balancelneAccounts]);

// «..H BBeCTM mMHOOpPMALIMIO O IIPOBOOKE
process (accountiumber [nohAccounts],
balance [noRczounts]);

// TIOOCYUTATE KOJIMUECTBED CYETOB
noAccounts++;

// ToKazaTb CyMMy
// IO7iss Kaxnooro cyeTa B OTHEJBHOCTH
double total = 0;
cout << "VEdopMalms O cueTax:\n";
for (int i = 0; 1 < noAccounts; 1++)
i

ccut << "BanaHc cuera "

<< accountNumber[i]

e m o= w
<< balance[i]
<< "\I’l",‘

// TOomCYMTAThL CyMMy II© EceM cdYyeTaMm
total += balanceii];

// BBIBECTUM CyMMy I10 BCeM cCcYeTaM
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cout << "BajlaHC n¢ BCceM cderaMm = "
<< total
<< "\n“;

return 0;

// init — uHMIIManMM3upyeT CcYeT, CYuTasB

// ero HoOMep K OOHyIMB OGaanHc

vold init{unsigned& accountNumber,
doubles balance)

ccut << "BBemuTe HoMep cueTa:”
cin  >> accountNumber;
balance = 0.0;

// process — u3MeHseT OajlaHCc cueTa
// B COOTBETCTBUM C TpaH3akKIUel NOJbL30BaTeld
void process {(unsignedé& accountNumbker,

doubles balance)

cout << "BeemmTe IOJOXUTEILHYED CyMMy EBxJaba\n
<< "W OTPULIATENBHYI CYMMY IJISI CHATUS CO quTa\T

dcubkle transaction:
do
(
cout << ":";
cin >> transaction;

// >TO BKanm?

if (transaction > 0)
{

t

balance += transaction;

// wim CcHATue?
if (transaction < 0)

// cusTue

transaction = -transaction;

if (balance < transaction)

{

cout << "HemoCcTaTO4YHO IeHer Ha cueTe: Oajlanc "
<< balance

<< ", cyMMma TpaH3arkimm "
<< transaction
<< "\n";

}

else

{

balance -= transaction;
}
b
} while (transaction != 0) ;
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Yto0bl MPOAEMOHCTPUPOBATH 3Ty MpOrpamMmy B ACHCTBUM, SI BBEJ CIlEAylOlIME YuCIa
(BBIBOA TIpOrpaMMbl 0003HAUYEH HOPMAaJIbHBIM IIPUMTOM, MO BBON — KMPHBIM):

Haxmure C g OPOOOJNIKEHUSA MM X I oTMexEu: C
BBemuTe HoMen cusTa: 1234

BBeouTe TONIXHTEIbHVI CYMMY BKIAMA

WM OTpMUATENRHYK CyMMYy OJIS CHATKS CO cYeTa
;200

:-100

:-200

HepmocTaTo4yHO meHer Ha cyeTe: Oananc 100, cyMmMma TpaHzakumm 200
:0

Haxvmre C Od [IPOOOJIXKEHUS MM X VIS OTMeH:s: C
BBenuTe HOMep cyeTa:2345

BBenuTe MOIOXWMTENIEHYY CYMMYy 3xilana

UM OTRHALATENsHYY CyMMY IJIsT CHATHMS CO CUeTa
:200

:-50

:-50

: =50

:0

Haxvure C OJ1d ODPOOOJIKEHMSA UMOM X OIS OTMEeHE: X
Bananc cuyera 1234 = 100

Banaunc cuetra 2345 = 50

Bamanc ro Bcem cyetam = 150

; ' CTl/IJ'Ib nporpamMMmmpoBaHns
¢ Bbl, HaBepHOe, 3aMETWJIM, YTO S TBHITAICS OBITh TMOCIENOBATEIIBHBIM B OTCTyrIaX
U B UMEHOBaHHUU MEPEMEHHBIX. :
Hama romoBa uMeeT OTrpaHWYEHHYIO "MPOU3BOAUTENBbHOCTHL'. W 3Ty mpomsBomuTelsb-,
HOCTb CJIeflyeT HAIpaBJsITh HA CO3AaHUe pabOTAIOIIUX MPOTPaMM, a He Ha paciindpoBKY -
YK€ HalmMCaHHBIX, KOTOPble HEBO3MOXHO MPOYUTATh U3-3a IJI0XOro oopMIIeHUS.
BaxHO, 4TOOBI BBl HAY4YWJINCh MPaBUJIBHO WMEHOBaTh CBOW IMEPEMEHHBIC, KOPPEKTHO
pacriosiaraTb CKOOKM UM BBITIOJHSTh MHOTOE JIPYroe, 4YTO COCTaBJISIET CTUJIb MPOTPaAMMMU-
poBaHus. Pa3pabortaB CTWIb MPOrpaMMUPOBAHUS, MPUIEPXKUBANUTECh €ro, U OH BOMAET
B MPUBbIUKY. OJHaXIbl Bbl 3aMETUTE, YTO MUIIETE MPOrpaMMbl ObICTpee, ‘a UX YTeHUE He
BBI3BIBAET 3aTPYIHEHUIA.
BDTO 0COOEHHO BaXXKHO, KOIJA Hal IPOEKTOM PaboTalOT HECKOJILKO IPOTrPaMMUCTOB, TO- '
CKOJIbKY TPaBWIBHBIA CTWJIb MOMOraeT u30eXarb MpoOJieM, BO3HUKIIUX y CTPOUTENCH
BaBunoHckoii 6amHu. Kpome Toro, s1 ObI HACTOSITEJIbHO COBETOBAJ TIIATEJIbHO pa30Ou-
paTbcs B KaXIOM COOOILIEHUM 00 OIIMOKE WM TpenynpexneHUuu KoMmmuisitopa. daxe
€CJI CYMTaTh, UTO MPEAYMNPEXKIECHUE — 3TO ellle He OlIMOKa, TO 3a4eM JOXKUAAThCS, TO0-
Ka OHO TipeBpaTtuTcsl B onbOKy? Tem Gosiee, 4yTO, €CIM OHO TaKOE MPOCTOE, KAaKUM Ka-
JKETCsI, pa300paThbcs B HEM W YCTPAHUTh €r0 HE COCTaBUT Tpyda. B OOJBIIMHCTBE CilydacB
MPEenyNpexXIeHUsT BbI3BIBAIOTCS OLIMOOYHBIM CTWJIEM IPOrPaMMUPOBAHUS, KOTOPBIN :
. JIydlle MCIIPABUTb. '
- OIHM TOBOPAT, YTO HEAOCMOTPBHI — 3TO MX JMYHOE NeNI0, APYTHe Xe CUUTAIOT, 4TO 3TO
- JIUIIHSAS TpaTta BpemeHu. Ecim BbI Tak mymaeTre, TO TIPOCTO TMpENCTaBbTe cebe, KaK OOMIHO
: 6yz[eT O6Hapy>KI/ITI> 01.111/16Ky, 0 KOTOpOU KOMHHHHTOD npenynpeman BAC JaBHbIM-JABHO.

Paz6epemcst B Tom, kak paboraer BUDGET. B 310i1 mporpamme OBLIO CO30aHO 1Ba
MaccuBa, ONUH ¥3 KOTOPBIX CONEPKMT HOMEpa CYETOB, a BTOPOMl — OanaHChl. DTU MacCUBbI
CUHXPOHU3UPOBAHBI TaKMM O0pa3oM, 4YTO 2JIEMEHT balance [n] comepxuT GamaHC cyeTa
C HOMEpPOM M3 zccountNumker [n], ME3ABUCHMO OT 3HaUeHU M. B CBsI3W C orpaHWYeHUEM
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JUIMHBl MaccuBa KOJMYECTBO CUYETOB, COAEPXKALIMXCSI B MIPOrpamMMe, HE MOXET MpPeBbILIATbH
MAXACCOUNTS.

I'maBHas mporpamma pasnefieHa Ha JBe YacTW: TiepBasi OTBeYaeT 3a cOOp WHGpOpMAInW;
B HEil MPOMCXOOUT CUUTBHIBAHUE Pa3MEPOB BKJIANOB, CHSTHE JAEHEr W 3allkChb pe3yjbTaTa,
a BTOpast — 3a BbIBoA mHMopmaruu. dparMeHT, oTBevaolnii 3a c60p MHGOPMALIMKU, Opra-
HU30BaH B BUIE LIMKJA, B KOTOPOM cueTa oO0padaThiBalOTCS KaXIblii B OTHeJbHOCTU. B Ha-
Yajie IMKIA TOB30BATEII0 TIPEUIaraeTCsl BBECTH C TSI TIPOMOJIKEHMs] paboThl M X -- ISt
3aBepiueHus. Eciu Obul BBeeH CMMBOJ X, TIPOMCXOIUT BBIXOM M3 LIMKJIA M TEePexXol BO BTO-
pyto yactb main ().

[IporpaMMa BBIXOAWT W3 1WKJIA, €CAM KOJMYECTBO CO3MAHHBIX CUYCTOB JIOCTHIJIO
MAXACCOUNTS, HE3aBUCUMO OT TOTro, ObUT MM HET BBEIEH X.

OOpatuTe BHUMaHHWE, YTO TPOMCXOAMUT IPOBEPKAa BBEIECHHOTO CHUMBOJIA Ha PaBEHCTBO
kak ‘X', Tak U 'X' — Belb B OTJIMYME OT KOMIIbIOTEPA YEJIOBEK MOXET He oOpaTUTh BHUMa-
HUST HA PETUCTP BBOAMMBIX CUMBOJIOB.

Ecnu monb3oBarenb BBeA ‘C’, TO yhOpaBieHWe Mepenaertcss PyHKUMU init (), KOTOpas
co3maeT cyeT M 3amojiHsSIeT ero Heobxomumoii uHbopmanueil. Ilocne 3Toro byHKuUMs
process (> mobasisieT B c4eT MHGOPMAIIUIO O TPaH3aKIIUH.

AprymeHTamMu QYHKIMKA init() 1 process {) SABISIOTCA yKa3zaTeau, TaK 4TO 3TU (DYHK-
MM MOTYT W3MEHSTh 3HAUEHWSI CBOMX apryMeHTOB. B TIpOoTMBHOM ciydae OOHOBJIEHHast
nHdopManus o cyete ObUIa Obl YTpaueHa MO OKOHYAHUU paboThl GYHKIUIA.

ITocne 3aBepleHUs] CO3MAHUSI CUETOB YIpaBlieHUE MEPEXOAUT OJOKY, OTBEYAIOLIEMY 3a
BBIBOIl MTOTOBBIX pE3y/lIbTaToB. B 3TOM 06JI0Ke TPOMCXOOUT CUWUTHIBAHWE KaXXIOTO cueTa
U BbIBOJ OajlaHCca KaxJIoro M3 HUX. B KOHIe BBIBOOUTCS OOIIasi cyMMa.

®Oyakumsa init () co3maeT HOBBIN CYET MOCHE TPUTIAIIeHUsT BBECTH €r0 HOMEep U OOHY-
JISIeT co3/laBaeMblii cYerT.

OueHb BaxkHO He 3a0bITh MPOMHMIIMATU3UPOBATh HOBBIM aeMeHT. HyseBoit 6anaHc cue-
Ta JIydIlle HeTpecKa3yeMoro 3HaueHus (HalpuMep, OTPUIIATEIbHOTO).

@OyHKIMS process!) MCMONAb3yeT UMK ISl BBOAA Kaxkmoi HOBO# TpaHzakuuu. I[lojo-
KUTETbHBIE 3HAYCHMST CUMTAIOTCA BKJIAIOM, a OTPULIATENIbHBIE — CHATHEM co cueta. JIis
3aBepIleHUsT pabOThl CO CYETOM JOCTATOYHO BBECTH HOJb.

3nauenune ( WCIOMbB3yeTCs MPOrpaMMoil B KadecTBe (hirara. DTO XOTS M JOBOJBHO pac-
MPOCTPAHEHHbI, HO HE caMblil XOpoliMil MeTon. S MCHojab30BajJ €ro B 3TOW Mporpamme
TOJIBKO TIOTOMY, YTO OH ITOMOTAeT COXPAaHUTH JOBOJIBHO MHOTO MecTa.

CyllecTByeT MHOXECTBO CIoco0oB yiaydiiuTh nporpammy BUDGET. MUX TIOUCK craHer
OCHOBOI ISl Toceaytoiero udydeHus sizpika C++. B KoHIle KHUTM BBl YBUIUTE, KaK 3Ta
MporpaMMa TIpPeBpaTUTCS B TOJHO(MYHKIIMOHAIbHYIO OOBbEKTHO-OPUEHTUPOBAHHYIO TIPO-
rpammy C++.
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"Knaccuyeckoe”
nporpaMmMmupoBaHue

(angu, MOOLMOPOKHEL—IMOM WAPEHD HEGEAD MECTUPOBAA
WPOLPAMMY ¢ RAPIMUBOT GOKYMEHMAKUEH, WMAK HMO MEREpY
OH BAK U XOUEWM HA KOM - MO OmMBILpAMDLAL



OCHOGHbLM. OmAuHUeM C+ +om Opy2ux A3bIK0GAGATEICA
'803MOHCHOCHEOOBEIMHO~ OpueHmupOBaHHOZOHpOZdeMUpOBanﬂz
T epmun 00BEKTHO-OPUECHTUPQRAHHEL —.Q0UH U3 cambix NORYAAPHIX
6.COBDEeMEHHOM KOMNbIOMEPHOMMUDE. .
Hsbmu npOCPAMMUPOBAHUSL, PEOAKMOPbL U 0A3bl: OGHHBIX
OYK6aNbHO 6Ce npemeHOYIom Ha 36aHue. 065eKmHO= opueHmupoeaHHbzx
Hnoeda mak oHo u-ecmo, HO acmo, :
" makoe onpeae/zeﬂue 0aenicsn HCKANHUTREADH: 6 DEKAAMHBLX; ueﬂﬂx i
aK umo dsce maxoe 005€KMHO=0pPUECHMUPOSARHOE npozpammuposanye 2
Hp(mumaume omy-uacme Knueu.




[eea 12

3HaKOMCTBO C 00beKTHO-
OPUEHTMPOBAHHLIM MPOrpPaMMUPOBAHMEM

B omoi iabe. ..

¥" MUKpPOBOJIHOBbIE TeYM U YPOBHU aOCTPaKIINU
v KnaccuguimpoBaHue MUKPOBOJIHOBBIX ITeYei
¥ 3a4yeM HyXHa KJ1accupuKkauus

TO Takoe OOBEKTHO-OPUEHTUPOBAHHOE IIporpamMmupoBaHue BooOIe? OObEKTHO-

opueHTUpOBaHHOe mporpammupoBaHue, win OOII, GazupyeTrcs Ha IBYX MPUHLMIIAX,
KOTOpblE HaM M3BECTHBI €llleé C MJIAJeHYECKOro Bo3pacra: abcTpakuusi M Kiaccudukaius.
YT10OBI MOSICHUTD, YTO UMEETCS B BUIY, S PACCKaXy BaM OAHY UCTOPHIO.

Muwhoboinobee neuu
U ypobru  adurparuin

Korma MbI ¢ CBIHOM CMOTpUM (yTOON, $I MOAYac WCIMBITHIBAIO HEMPEOJAOTUMYIO TSTY
K BPEIHBIM IS 3M0POBbsSI, HO TaKUM BKYCHBIM MEKCHMKaHCKUM Omomam. I Gpocaio Ha Tapeiky
YUTICBI, OOOBI, ChIP, MPUIPABBI U TSATh MUHYT 3aKapyBalo 3Ty Maccy B MUKPOBOJHOBOW TeYH.

Jlst Toro 4toGhl BOCIIOJIB30BATLCSI TI€YBI0, $I OTKPHIBAIO €€ [BEpLly, 3a0pachbiBal0 BHYTPb I1O-
JyabprKaT U HakKMMalo HEeCKOJIbKO KHOMOK Ha repeaHed maHeauw. Yepe3 mapy MHHYT OIIOIO
TOTOBO (5T CTAPAIOCh HE CTOSITh Mepe MeUbio, YTOObI MOM I71a3a He HAYald CBETUTHCS B TEMHOTE).

OO6patuTe BHUMaHKWE Ha TO, YETrO sl He 0e10M, WCIIONb3ysl CBOIO MUKPOBOJTHOBYIO MeEYb.

;¥ He mepexmodan ¥ He M3MEHSJI HUYEro BHYTPM Inedd. YTOOLI YCTAHOBUTH
IS Hee pabouuii pexXuM, CyLIeCTBYeT WHTepdeiic — JulieBas MaHeIb
C KHONKAMM U HEOOJbIION MHIMKATOP BPEMEHM; 3TO BCE, UYTO MHE HYKHO.

v He nmepenporpaMMupoBai IPOLIECCOP BHYTPM II€YM, JaXe €CJIU IPOLLIbIA

pa3 TOTOBWJIOCh a0COJIIOTHO ApYroe OJIojI0.
v He cMoTpen BHYTph ITeum.

v" He 3amgyMmbIBajicst Obl Haj €€ BHYTPEHHUM YCTPOMCTBOM BO BpeMsi MPUTOTOB-
JieHWs1 OJiof Jaxe B TOM cCliydae, €clii Obl ObLT I[JIaBHBIM MHXKEHEPOM IO
MPOM3BOACTBY TeYeil M 3Hal O HUX Bce, BKIIIOYAs KaXAylo Mporpammy.

g

MH o
el DTO He MPOCTpaHHbIE pacCyxXIeHUs. B MOBceaHEBHOM XW3HU HAC TMOCTOSTHHO

MpecienyloT cTpecchl. UToObl YMEHBIIMTb MX YKCJIO, MBI HauMHaeM oOpallaTh
BHUMaHUE TOJBKO Ha COOBITUS OIlpele/ieHHOro Maciitaba. B o0bekTHO-
OpPHUEHTUPOBAHHOM HPOrPaMMMPOBAHUM YPOBEHb IeTaIM3allii, Ha KOTOPOM BBI
pabotaere, Ha3bIBaeTCSl ypoeHem abcmpakyuu. Harmpumep, 4TOObI OOBSICHUTH
9TOT TEPMUH, S abcmpaeupyiocb OT IOAPOOHOCTEd BHYTPEHHEIO YCTpOIICTBa
MUKPOBOJIHOBOI MeYN.
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Bo Bpems mpuUTOTOBICHUS OMoma s CMOTpell Ha MUKPOBOJHOBYIO Tedb MPOCTO KaK Ha
JKEJNIE3HBI SINIUK. M ToKa s yrpaBiisiio Teublo ¢ MMOMOIIbI0 MHTepdelica, s He MOTy ee CJIo-
Math, "TIONBECUTH" WM, UTO ellle XyXe, IPeBpPaTUTh CBOEC OJIONO B YIJIM.

MpurotoBnexnmne 6niog ¢ NOMOLLbLIO GYHKLMIA

IpencraBbTe cebGe, 4TO S MOMPOCUI ObI CBOEro ChiHA HAIKMCaTh AJTOPUTM IPUTOTOBJIC-
HUSI MHOIO 3aKycoK. [ToHSB HakoHell, Yyero s1 OT Hero 100MBalOCh, OH Obl, HaBEpHOE, HAMU-
cajl 4To-TO Bpoje "OTKPHITh 0aHKY 6000B, HaTepeThb Chipa, MOCHINATh IepieM” u T.1. Korma
JIeJIO TONUIO Obl HEMOCPEACTBEHHO 10 MPMIOTOBJEHMSI B IMEYU, OH B JIy4IlleM Ciydyae HarlM-
cajl Obl HEYTO MOA0OHOE: "TOTOBUTh B MMKPOBOJIHOBOI Me4Yu MATh MUHYT".

DTOT penent IpocT 1 BepeH. Ho ¢ momomipio Takoro anropurMma "(QYHKIIMOHAJIBHBIN" MIpO-
TPAMMUCT HE CMOXET HaIvcaTh IpOrpamMMy IPUTOTOBIEHUSI 3aKycoK. [IporpamMmucTei, pabo-
TawlMe ¢ (PyHKIUSIMU, XUBYT B MUPE, JIMIIEHHOM TaKUX OOBEKTOB, KAK MUKDPOBOJIHOBAs T1e€Yb
1 nipoumne ynooctBa. OHU 3a00TATCS O TMOCIEAOBATEIBHOCTU orepaiivii B GyHkuusax. B "dyHk-
LIMOHAJIbHOM" pellleHWr TMpoOJIeMbl 3aKyCOK VIpaBieHWe OylIer TepeJaHo OT MOMX TableB
KHOTIKaM TIepelHel MaHeau, a 3aTeM BHYTpb reuu. [locie 3Toro mporpamMme MpUIETCsl pellaTh,
Ha KakKoe BpeMsl BKJIIOUaTh Mevyb M KOTrJa CliefyeT BKIIOUMTb 3BYKOBOW CHUTHAJT TOTOBHOCTH.

IIpu TakoM moaxoje OYEeHb TPYIHO OTBJEULCS OT CJIOXHOCTEH BHYTPEHHErO YCTpOMCTBa
neurn. B 3ToM Mupe HeT OOBEKTOB, 3a KOTOPBIE MOXKHO CIIPSTaTh BCIO MPUCYIIYI0O MHUKPO-
BOJIHOBOM II€YU CJIOXXHOCTb.

MpuroToBneHme "00bEKTHO-OPMEHTUPOBAHHBIX" Ontog

IIpumeHsIsT 00BEKTHO-OPUEHTUPOBAHHBIM MOAXON K IPUTOTOBJIEHUIO OMION, sI TEPBBIM
JIEJIOM OTpeAeI0 OOBEKThI, MCIOJb3yeMble B 3ajaye: Chip, 600bI, YHUIICHl U MUKPOBOJHOBAS
nevyb. [locne aToro s HaumHalO MOAEIMPOBATH 3TU OOBEKTHI B MpOrpamMme, He 3aIyMbIBasICh
Hag AeTaisiIMMU UX UCIIOJIb30OBaHUSI.

Ilpu stoM s pabGotaio (M aymMaro) Ha ypoBHe 0a30BBIX OOBEKTOB. Sl HODKEH Iymathb
O TOM, KaK NPUTOTOBUTH 6)’[}0[[0, HE BOJIHYsACb O OCTAJISAX paGOTbl MVIKpOBOJ’[HOBOﬁ neyu —
Hajl 3TUM YXe IMOAyMalld ee co3laTei (KOTOPHIM HET Jiejia 10 MOUX JIOOMMBIX OJIIon).

IMocne co3maHusl W TPOBEPKHM BCEX HEOOXOMMMBIX OOBEKTOB MOXHO TEPEKITIOUUTHCS Ha
CIIeMyIoIMi ypoBeHb abcTpakiuu. Temepb 1 HAYMHAKO JAymMaTh Ha YPOBHE Ipoliecca TPUTO-
TOBJIEHUsI 3aKyCKW, He OTBJIEKasCh Ha OTHEJbHBIE KyCKU ChIpa WM O6aHKu 6oGoB. Ilpu Ta-
KOM TTOIXOMe s JIETKO TiepeBey PelenT MOero chiHa Ha sI3bik C++.

Kauaccugpuuupobanue
Mhescprobosnobetx nevell

B koHuenuuu ypOBHefI a6CTpaKL[I/II/I OYEHb BaXXHOM YACTbIO SIBJISIETCS KJ'[aCCI/I(l)I/IKaHI/IH.

Ecmm 6w1 s1 cripocun Moero cbiHa: "UTO Takoe MUKpPOBOJIHOBas Ie4b?” — OH OBl HaBepHSKa
orBeTWI: "OTO meub, Koropad...”. Ecam Obl 3ateM s crpocui: "A 4YTO Takoe Ieub?" — OH
Ob1 oTBeTWJI 4TO-TO Bpoxe: "Hy, 3T0 KyxoHHBII mpubop, Koropslii...". (Eciau OB S MOIBI-

TaJICS BBISICHUTh, YTO TaKOe KYXOHHBI MpPUOOp, OH HaBepHsSKa OBl CIIPOCUJI, TIOYeMy ST 3a-
JIa10 TaK MHOTO JypallKUX BOIPOCOB.)

M3 OTBETOB MOEro ChIHA CTAHOBUTCS SICHO, YTO OH BWAWT Hally IeYb KaK OOWUH W3 3K-
3eMIUTAPOB Belllell, KOTOpble Ha3bIBAIOTCS MUKPOBOJHOBBIMM Iedamu. Kpome Toro, medp
SIBJISIETCST TTOIPA3/ICIOM JYXOBOK, a MYXOBKM OTHOCSITCSI K TUITY KYXOHHBIX TTPHOOPOB.

WLH
o B OOII Moss MUKpOBOJIHOBas TMedb SIBISIETCSI 9K3eMHUAAPOM Kacca MUKPOBOJI-

HOBBIX Tleyeil. Kilacc MUKpPOBONHOBBIX Medel SBJsIeTCSl MOAKJIACCOM Ieveid, KO-
TOPBIA, B CBOIO OYepeldb, SIBISETCS MOAKIACCOM KYyXOHHBIX IPUOOPOB.
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Jliomy CKIIOHHBI 3aHMMATbCs KilaccubuKamnueid. Bce BOKpyr yBemiaHo sIpibIKaMu. MBI
JelaeM Bce, Ui TOTO YTOObI YMEHBIIUTH KOJWYECTBO Bellled, KOTOpble HAl0 3alOMHUTD.
BcnmomuuTe, Hampumep, Koraa Bl IepBblii pa3 yBupenn "Ilexo" wm "Peno". Bo3aMoxHO,
B peKjiaMé M TOBOPUJIOCH, YTO 3TO CYIEepPaBTOMOOWIb, HO MBI-TO C BaMM 3HAaeM, 4TO 3TO He
Tak. DTO Bedb MpocTo MamuHa. OHa MMeeT BCe CBOMCTBA, KOTOPBIMHU 00JIaZaeT aBTOMOOWIIb.
Y Hee ecTb pyJib, KoJieca, CUIEHbSI, MOTOP, TOPMO3a U T.A. Mory MOCIOPUTb, YTO I CMOTI ObI
Jaxe BOIUTH TaKylo IITYKY 6e3 WHCTPYKIIUU.

4 He Oymy TpaTUThb MECTO B KHUI€ Ha OINMCAHME TOro, YeM 3TOT aBTOMOOWJIb IMOXOX Ha
npyrue. MHe HyXHO 3HaTh JIMIIb TO, YTO 3TO "MalllMHa, KOTopad...”, W TO, YeM OHa OTJIH-
yaeTcsl OT APYTMX MallMH (Hampumep, leHoli). Termepb MOXHO IBUIaThbcs Aaiibiie. Jlerko-
Bble MaIllMHBI SIBJISIIOTCS] TAKUM K€ TTOJIKIACCOM KOJIECHBIX TPaHCIOPTHBIX CPEICTB, KaK Ipy-
30BMKM U TUKambl. [Ipy 3TOM KoJIeCHBIE TPAHCIIOPTHBIE CPEACTBA BXOMAT B COCTaB TpaHC-
MTOPTHBIX CPEICTB HapaBHE ¢ KOPaOJsSIMU M CaMOJIETaMM.

3a1eM HYHCHA KARCCUPUKAKUA

3ayem BooOIIe kiaccuduiumponBath? Benb 3To BiedeT 3a coboif Maccy TpyaHocTeil. Tem
Oosiee, YTO y Hac yXe €CTb TOTOBbII MeXaHM3M (GYHKIHUi. 3aueM Xe 4YTO-TO MEHSATH?

WHorpa moxer moka3aTbcsi, YTO Jerye pa3paboTaTb M CO3AaTh MUKPOBOJHOBYIO Teyb
CMelMaibHO JUIS HEKOTOpOro 0JioJa M He CTPOUTh YHUBEpCAJbHBIM MpubOp Ha BCe ciyvyau
ku3Hu. Torma Ha JAMUEBYIO NaHedb He Haxo OyAeT MoMellaTh HUKAKUX KHOMOK, Kpome
kHonku CTAPT. Bniomo Bcerma roToBmiIoch ObI OIMHAKOBOE BpeMs, U MOXHO OBLIO OB U3-
0aBUTbCS OT BCeX 3TUX Oecmosie3Hbix KHomok Tuma PA3IMOFPO3KA win TEMITEPATYPA
[MPUTOTOBJIIEHUS. Bce, uro TpeboBanzoch OBl OT TaKoil IeuyM, — 3TO YTOOBI B Hee IOMe-
majnach ofHa Tapeiaka ¢ moiaydpadpukarom. [la, Ho uTOo Xe Torma moiayuutcs? Bexb mpu sTom
OJMH KyOMYecKUil MeTp MPOCTPAHCTBA MCIOJb30BaICS Obl AJI MPUTOTOBIEHUS BCEro OMHOM
Tapeiku 3aKycku!

YToOBI CIKOHOMHUTH MECTO, MOXHO OCBOOOAMTBHCS OT OTOW TJAYMOW KOHIEMIUU —
"MMKpPOBOJHOBAs meub". JIJs MPUTOTOBIEHUS] 3aKyCKM XBAaTUT M BHYTPEHHOCTed meuu. To-
Ia B MHCTPYKLUMU TOCTATOYHO HamucaTh MpuMepHo cieayiomiee: "[lomecture monydabpu-
kar B suwuk. CoelMHUTE KpacHbIl WM YEpHBIA MPOBOA. YCTaHOBUTE Ha Tpybe u3ayyartens
HanpsikeHue B 3000 BonbT. [lomkeH mosBUTbeS HerpoMkuii ryn. IlocrapaiiTech He cTOSITh
0JM3KO K YCTAaHOBKE, €CIM Bbl XOTUTEe MMeTh AeTeil”. [IpocTasg M MOHATHAS MHCTPYKIIUS!

Ho takoit GbyHKUMOHANBHBINA MOAXOA CO3Aa€T HEKOTOPbIe MPOOJIEMBI.

BYI0O TMeyYb Ha MeYb ApPYroro tuma. Sl cMory ato chenath 6e3 mpobieM, eciu
uHTepdelic meyn MOXHO OyldeT OCTaBUTh CTapbiM. be3 4eTKO o4YepueHHBIX
obnacTeil meficTBUS, a Takxe 0e3 paslelNeHUs HHTepdelica ¥ BHYTPEHHETro
CONIEPXUMOTO CTAHOBUTCSA KpaiiHe TpyAHO yOpaTh cTapblii 00BEKT M MoOCTa-
BUTh Ha €0 MECTO HOBBIMA.

E\/ Cvmkom cioxHo. I He Xouy, 4TOObI (hparMeHThl MUKPOBOJHOBOU Meyu Me-
% peMelIMBaluCh ¢ (GparMeHTaAaMU 3aKycKW MpH pa3paboTke mporpamMmbl. Ho
E MOCKOJIbKY MPU MaHHOM TOAXOME HeNb3sl CO31aBaThb OOBEKTHI M YHPOIIATh
)| HamucaHue, paboTas ¢ KaXAbIM M3 HHUX B OTAEIbHOCTHM, MPUXOAMTCS Odep-
§ KaTb B TOJIOBE BCE HIOAHCHI KaXI0ro 00beKTa 0OJHOBPEMEHHO.

t+ He mbko. Korna-uubyip MHe norpebyeTcd IOMEHATb CBOIO MMKPOBOJIHO-
|

|

v HeB03MOKHO MCHOJB30BATh MOBTOPHO. [leuu genatoTcst MWIsi MPUTOTOBIEHUS
pasHbIX Omion. MHe, HampuMep, He XOYeTCsl CO3/1aBaTh HOBYIO Ie4Yb BCSKUI
pa3, Korga TpeOyeTcs MPUroTOBUTh HOBoe Oomo. Eciu 3amava yxke peleHa,
HETJIOXO MCIIOJb30BaTh ¢ pPellleHue W B JAPYTUX MpOTrpaMMax.
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meea 13

KnaccbiBCH+H+

B 5o raale. ..

v" BBeaeHue B K1acChl

f

r } YeHb YacTO MPOrpaMMbl UMEIOT €0 C COBOKYITHOCTSIMM NaHHBIX: MM, TOJKHOCTb,

TabeIbHBII HOMep W T.A. Kaxkmas oTmeilbHass COCTaB/SAOINAsl He OTHCHLIBACT YeoBe-
Ka, CMBIC]I MMEET TOJIbKO BCs BMecTe B3sTas MH@opMauusa. [Ipocras cTpyKTypa, Takash Kak
MacCUB, IPEKPaCHO MOIXOMMT IJIsSI XpaHEHHUsI OTHEJIbHBIX 3HAYeHWM, OMHAKO COBEPIICHHO
HEIPUroIHAa JJIs XpaHEHUsI COBOKYITHOCTU JAaHHBIX pa3HbIX THITOB. TakuM o0pa3oM, MacCHB
HeIOCTaTOUYEeH IS XpaHEeHUSI KOMNAeKCHOU WHMOpMaIuu.

ITo mpuunHaM, KOTOpBIE BCKOpPE CTaHYT IMOHSITHBIMU, s1 Oyly Ha3blBaTh TaKue COBOKYII-
HOCTM WHMpopMauuu obdsexmamu. MUKPOBOJHOBas Iedyb — OOBEKT. Bbl TakKe OOBEKT
(M1 s TOXe, XOTs yXKe M He TaK yBepeH B 3ToMm). Baille MMs, JOJDKHOCTb 1 HOMEp KPEIUTHOM
KapThl, colepxKalecs: B 0a3e JaHHBIX, TOXE SIBIISTIOTCS OOBEKTOM.

LBbegenue € kaaccol

11 XpaHEHUsI Pa3HOTUITHON MHMOpMaLnu 0 GU3NIECKOM OOBEKTE HYXHA CIeLHalbHAsT
CTpyKTypa. B HaleM mpocreifllieM IMpUMepe 3Ta CTPYKTypa HOJDKHA COOEPXKaTh TOJST MMe-
HHU, paMWIMK ¥ HOMepa KPEIUTHOM KapThl.

B C++ crpykTypa, KOTOpash MOXET OObEIMHUTh HECKOJIBKO Pa3HOTUIIHBIX MEPEMEHHBIX
B ONHOM OOBEKTE, HA3BIBAETCSI KAACCOM.

dopmar knacca

Krnacc, onnchiBalowmMih o0ObeKT, KOTOPBIM MOXKCT comepXXaTb MUMsS U HOMEP KpPEIUTHOI
KapThl, MOXET OBbITh CO3/IaH TakK;
// Krnacc dataset
class MNameDatadetr

{
public:

char firstName([128];
char lastName [128];
int creditCard;

T

// DK3eMIUIap Kiacca dataset

NameDataSet nds;

OObsBIIeHME KJlacca HaYMHAaeTCs ¢ KJIIOYeBOro cjoBa class, mocjie KOTOpOro WAET UMS
Kjacca M Tapa (pUrypHBIX CKOOOK, OTKPBIBAIOIIMX W 3aKPBIBAIOIINX TEJIO Kiacca.

MoOXHO WCITOTB30BaTh AJTbTEPHATUBHOE KITIOYEBOE CJIOBO Struct, KOTOpPOE IOJHOCTHIO
WAEHTUYHO class, ¢ mpeamnojaraeMbiM KCIIOJb30BaHUEM OOBSIBACHUMN public.

[Tociie OTKpBIBAIOIIEl CKOOKM HAXOAMTCS KiIodeBoe ciaoBo pubilic. {He crpamuBaiite
MEHSI ceilyac, YTO OHO 3HAYUT, — 51 OOBSICHIO €ro 3HaueHHWe HEMHOro mosxe. B ciemyronimx
TJIaBax TOSICHSTIOTCSI pa3Hble KITIOYEeBBIE CJIOBa, Takre Kak public wimm private. A mo Tex mop
MoKa 51 He caejialo private MmyoJUYHbIM, 3HaYeHUE pubiic ocTaHeTcs MPUBATHBIM :-).)
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IMTocne xmoueBoro cioBa public uaer omumcaHue mojiei kiacca. Kak BUOHO U3 JIMC-
TuHra, Kiacc NaneDaraSet cogepXuT 1ojisi UMeHU, daMUIMM U HOMEpa KPEeAUTHOU Kap-
Tol. [lepBble OBa TOJISI SIBJISIIOTCS CHMBOJIBHBIMM MacCMBaMHU, a TpeTbe HMeeT TUM int
(OyaeM cyuTaTh, YTO 3TO U €CTh HOMEP KPEAUTHOM KapThl).

COMHR
OO0ObsIBIIEHUE KJlacca COOCPKUT II0JIA OdaHHBbIX, HeO6XOI[V[M])I€ JJIs1 OIMMCaHUusA

eIMHOIO OObEKTA.

B mocnienHeil crpoke 3Toro ¢parMeHTa OOBSBISIETCS TepeMeHHas nds, KoTopas uMeeT
main NameDataSet. TakuMm ob6pazoMm, nds TpeacTaBisgeT cOO0OM 3amKch, OMUCHLIBAIOIIYIO OT-
NEeTBHOTO YeJIoBeKa.

[oBopsiT, 9yTO nds SIBIsSIETCST 9K3emnaapom Kinacca NameDataSet M 9TO MBI CO3MATU 3TOT
9K3eMIUISIp, peaausosas kimacc NameDataSet. Mur roBopum, uyto mosist firstName m oc-
TaJbHBIC SIBISTIOTCST 4Y4eHamu, WA ceolicmeamu Kiacca. DTU TIyMble CJoBa OYIyT MCITOJIb30-
BaThCsl U B MaJIbHEUINIEM B PAacCyXXICHUSIX O Kilaccax.

ObpameHue K 4leHaM Knacca

OOpaTUThCs K WieHaM KJlacca MOXHO TaK:
NameDataSet nds;
nds.creditCard = 1C;
cin >> nds.firstName;
cin >> nds.lastName;

3nech nds — sk3eMmIuIsAp kKiacca NameDataSet (wiu oTnesbHBINM 00beKT TUHa NameDa-
taSet); uemoumciieHHass mepeMeHHas nds.creditCard— cBoiicTBO oObekTa nds; WieH
nds.crecitCard wuMmeer Tunm int, Torma Kak Jpyroil WieH BTOro OOBEKTa,
nds . firstName, mMeeT TUNO char [7.

Ecm He Mmoib30BaThCSI KOMITBIOTEPHBIM CJIEHTOM, TPUBEICHHBIN IMMPUMEp MOXHO OOBsC-
HUTHb TaK: B 3TOM (parMeHTe MporpaMMbl MPOMCXOIUT OOBsBIEHHE O00bekTa nds, KOTOPBIM
3aTeM Oymer MCITOJIb30BaH IUIsSI ONMCcaHUS ToKymareisa. [lo KaKmM-TO cooOpakeHUsM TIpO-
rpaMMa IIpMCBaMBaeT 3TOMY YeJIOBEKY KpeAuTHbii Homep 10 (MOHSITHO, 4TO HOMep (UK-
TUBHBIN — 1 Belb He COOMPAlOCh pacIpoOCTPaHITh HOMEPAa CBOMX KPEIUTHBIX KapT!).

3aTeM TporpaMMa CYMTHIBaeT MMsI U (DaMWIUIO M3 CTaHJApTHOIO BBOJA.

Tenepp nmporpamMmma MoOXeT paboTaTb ¢ OOBEKTOM nds Kak C €IMHBIM IIeJbIM, HE O0Opa-
AsCh K €ro OTHAEJIbHBIM YacTsIM, TTOKa B 3TOM He BO3HUKAET HEOOXOIMMOCTb.

int gethata{NameDataSets nds)

{
cout << "\nBrepureums: " ;
cin  >> nds, firsthame;

if (stricmp(nds.firsthame, "exit") == 0)

{

return 0;

cout << "BBemure daMuamo:";
cin >> nds . lastName;

cout << "BBemuTe HOMEP KPEeOMTHOM KapTh:";
cir >> nds.creditCard;

return 1;
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// displayData — BHBOIUT COHEPXUMOE MHOXECTBAa IaHHHX
void displayData (NameDataSet& nds)

{ cout <<
<<
<<
<«
<<
<«

}

nds. firstName

nds. lastName

1t “]!l
nds.creditCard
"\n!l ;

int main{int nArg, char* pszArgs(])

{

const int MAX = 25;
// co3maTb 25 00BLEeKTOB Tuila NamebataSet
NameDataSet nds[MAX];

// CcYMTHBaeT ¥VMeHa, O¢aMyiIMy U HOMepa
// KPEeOUTHHX KapT

coat <<
<<
<«

"CUMTHBaET MMA/HOMep KapTh: \II"
"BBemuTe B IIOJIe MMeHM '"exit's\n”
"I BHIXOZA W3 DROIpaMMerin™;

int index — 0;
while (getData(nds[index]) && index < MAX)
{ .
i ndex++;
}
cout « "\nlmementu:\n";
for (int 1 = 0; 1 < index; 1++)
{
displayData(nds[i]);
return 0;
}
MNprmep nporpammb
I[IpuBeneHHbBIN HUXE TPUMEDP IEMOHCTPUPYET MCMoab3oBaHUe Kiaacca NameDataSet,
// DataSet — zanmuceHBaeT COOTRETCTBRYRMY MHOOPMALMIO
// B MaccuBe OOBLEKTOB

#include <stdio.h>
#include <icstream.h>
#include <string.h>

// HNameDataSet — comepXUT MMS KIVEHTa
/ /¥ HOMEpD KPeIMTHOM KapTH
class NameDataSet

{
public:

char firstName([128] ;
char lastName [128];

int
b

creditCard;

int getData (NameDataSeté nds)

{

cout <<

"\nBeeouTe MMa: ";
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cin >> nds.firstName;

if (stricmpi{nds.firstName, "exit") == 0)

{
]

return 0;

cout << "BBemguTe dbamunuo: ";
cin >> nds.lastName;

cout << "BBemuTe HOMED KPEeOMTHOM KapTh: "7
cin » nds.creditCard;

return 1;

}

// disp_ayData — BHBOOUT COIEPXUMOE
// omHoro miueMeHTa NameDataSet
void displayData (NameDataSets nds)
{
cout << nds.firstlame
<< "o
<< nds.lastName
REEVA
« nds.creditCard
<< "\n";

}

int main{int nArg, char* pszArgs|[])

{
const int MAX = 25;
// cozpmaTk 25 obwbekToB Tuna NameDataSet
NameDataSet nds[MAX];

// CYuUTHBaEeT MMeHa, OQaMMIMu ¥ HOMepa
// KPEeOUTHHX KapT
cout << "CumMTHBaeT ¥Ms/HOMEp KapTH\II"
<< "BBemuTe ‘exit' B mose mMeHM s BHXOBANN™;

int index = 0;
while ({getData(nds({indexl) && index < MAX)
{
i ndex++;
}
cout << "\n3nemeHT:\n";
for (int 1 = 0; 1 < index; 1i++)

1
displaybata(nds[i]};
)

return 0;

B ¢yHkuuu main () coszmaercs MaccuB U3 25 00beKTOB Kiacca NameDataSet, mocne
Yero mporpaMma INpUIJIAllIaeT IT0Jb30BaTe/Isl BBECTHM HeoOXomuMyro MHdopmamuio. 3aTeMm
B Tene uukia while nmpoucxonut BbizoB GyHKuUMU getData O, koTopasi oxXxuaaeT BBoAa
C KJIaBMATyphl CONEPKMMOTO 3JIeMEeHTOB MaccuBa. LMk mpepbiBaercs, ecim getData ()
Bo3Bpamraer 0 WJIM €ClIM KOJUYECTBO 3alOJTHEHHBIX OOBEKTOB TOCTUIVIO MaKCUMAaJIbHOTO
3HaueHUs (B AaHHOM ciydae — 25). Ilocie sToro cosmaHHble OOBEKTHI MepeaaroTcs (GyHK-
uuu displayData, koTopas BBIBOIUT MX Ha 3KpaH.
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Dyukuns getData () IpUHMMAeT apryMeHT Tuila NameDataSet, KOTOPOMY BHYTpU
byHKIMKM TpucBamBaeTcs MMM nds. [loka 4To He oOpaliaiite BHUMaHUS Ha CUMBONI “&”
0 HeM peub mnoitaeT B TiaBe 15, "Co3zmaHue ykazaTesieil Ha OOBEKTHI".

Buyrpu ¢ynkumm getDataO TIpoUCXOOWT CUYUTBIBAHWE CTPOKM M3 YCTPOMCTBA CTaH-
JIApTHOTO BBOJA C TMOCJEOYIOIIEH ero 3amuchio B WwieH firstName. Ecim stricmp () Haxo-
IIUT, YTO BBeIECHHAas CTpoka— "exit", ¢yHKUuUS getDlata () Bo3Bpamaer C B (QyHKLUIO
main (), CUTHaIM3UPYsl, YTO MOpPa BBIXOOUTH M3 LMKIAa BBoma uHMopMauuu. (DyHKLMS
stricmpQO cpaBHUBaeT CTPOKM, He oOpaimias BHUMaHMsS Ha peructp. Crtpokm "EXIT",
"exit" W Opyrue cCuMTaloTcs MAEHTUYHBIMU.) Ecimu BBegeHa He cTpoka “exit”, dyHKuums
CUMTHIBAET M3 CTAHAAPTHOTO BBoAAa (haMUIUIO U HOMEP KPEAWTHOU KapThl U 3aIlMCHIBAET MX
B 00BeKT nds.

®ynkums displayData () BBIBOOIMT Ha OUCIUIEH Bce WICHBI 00beKTa nds.

Pesynbrar paboThl 3TOI MporpamMMmbl OyAeT BBINISIIETh TaK:

[

CYnTHEIBAET MMsi/HOMED KapPTH

BeemuTe 'exit' B moJjie MMeHM OJIS BHXOIA
BeenuTe imMs: Stephen

Brenure damMmimio: Davis

BBenuTe HOMEpP KPeOuTHOM KapTh: 123456
BBemuTe mMa; Marshall

BeenuTe damMmimo: Smith

BBenuTe HOMEpP KPemuTHOM KapTh: 567890
BBemuTe MMA: exit

OJIEMEeHTH

StephenDavis/123456

Marshall Smith/567890

BbiBon mporpaMmbl HauyMHaeTcsl ¢ TOSICHEHWS, Kak ¢ Heil paborarb. B mepBoii cTpoke
s BBEJI CBOe UM (BUOUTE, KakKoil s cKpomHbIi!). [ToCKOJNBKY MEHSI He 30BYT eXit, Ipo-
rpaMMa MpooJikaeT BbIMojiHeHue. Jlanee s BBesl CBOIO (DaMWIMI0O U HOMEP KPEAUTHON Kap-
Tel. CllegylommM 3JeMEHTOM MaccuBa s BBesl uMsi Marshall Smith u Homep ero Kpeaur-
HOI KapThl. 3areM s BBEJ CTPOKY €Xit U TaKuM o0Opa3oM IpepBal LMK 3aMOJHEHUs 00b-
ektoB. Kak BuauTe, 5Ta MporpaMMa He [elaeT HUYero, KpoMe BbIBOJA TOJIBKO 4YTO
BBEIEHHOI UH(OpMaIIUU.

146 Yactslll. "Knaccmyeckoe "nporpaMmmMmupoBaHvue



[eea 14

PaboTa ¢ knaccamm

Bomoi raabe. ..

v" AKTMBM3aLMs 0OBEKTOB

v JloOaBneHue pyHKINHM-YIeHA

v" BBI30B (DYHKIIUI-YIEHOB

v JlocTyn K wieHaMm U3 GyHKUIMU-YIeHa

v PaspenieHue 001acTM BUIMMOCTU

¥ OnpeneneHue (PyHKIMU-YIeHA

¥ OmnpeneneHue (yHKINE-4IEHOB BHE Kiacca
v Tleperpy3ka yHKUIUI-YICHOB

77

# ¥ POTPAaMMUCTHI WCIIOJB3YIOT KJIacChl IJI OOBEAMHEHUS B3aMMOCBSI3aHHBIX JAHHBIX
&~ B 0lMH O00BEKT. [IpuBemeHHBIt HUXE Kiacc Savings oObeAMHSIET B cebe OaiaHC
W YHUKAJIbHBI HOMEp cueTa.
class Savings
{
public:
unsicned accountNumber;
float balance;
}i
Kaxkabii sk3eMIuisip Kiacca Savings COIEpXXUT OAMHAKOBBIC 3JEMEHTHI:
void fnivoid)
(
Savings a;
Savings b;
a.accountNumber
b.accountNumber

1; // »TOoT cYeT He TOT Xe, YTO M...
2; // ...32T0T

[MepeMeHHas a.accountNumber OTIMYAETCS OT MepeMeHHoM b. accountNumber. Dtn
MepeMEeHHBIE Pa3IMYaroTCs MEXKIY cOOO Tak Ke, Kak OalaHC MOoero GaHKOBCKOTO CYeTa OT-
JIMYAeTCs OT Balllero (XOTSI OHU 00a Ha3bIBAIOTCS OaaHCaMu).

Arrnbuzauus odsexinol

Knaccbl ucnonp3yrorcss IS MOAEJIMPOBAHUS pPEAJTbHO CYIIECTBYIOUIMX OOBEKTOB.
Yem Ommxe o0bekThl C++ K peajbHOMY MHUpPY, TeM IIpolle ¢ HMMM paboTaThb B IpPO-
rpammax. Ha crnoBax 3TO 3BYYMT OOBOJBHO MPOCTO, OJHAKO CYUIECTBYIOIIWI ceivac
KJIacC Savings HE MNPEANPUHMMAET HUYETO, 4YTOOBl XOTb B YE€M-TO IOXOOUTb Ha Ha-
CTOSIIUIA OAHKOBCKMUIA CYET.
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MopoenupoBaHme peasibHbIX 0ObEKTOB

PeanbHble 00BEKTH MMEIOT CBOMCTBa-JaHHBIE, HAaIlpUMep HOMepa CYeTOB U OajaH-
cbl. Ho xpome 3TOro, peajibHble 0OBEKTbI MOTYT BBITIOJHSITH NE€UCTBUSI: MUKPOBOJHOBBIE
MeYu TOTOBST, cOeperateybHbIii CUET HAUMCASIET MPOUEHTHhl, MOJUUEHUCKUN BBINIACHIBAET
mTpad u T.O.

DYHKIIMOHAIBHO OPUEHTHPOBAHHBIE MPOTrPaMMbI BBHIMIOJIHSIIOT BCe HEOOXOMMMBIE NEHCT-
BUs ¢ moMmolibio GyHKiuiA. [lporpamma Ha C++ MoxeT BbI3BaTh GYyHKUMUIO stremp () Wi
CPARHCHMST IBYX CTPOK Wi (GYHKLIMIO getLine() Ui BBoma CTpOKM. B rmiase 26,
"Mcnonb3oBaHKWe MOTOKOB BBONA-BbIBOAA", OyIeT MOKa3aHO, YTO Jaxe Ooreparopbl paboThI
C TIOTOKaMM BBOJA-BbIBOAA {cin >> U cout <<) SBISIOTCS HE YeM MHBIM, KaK OCOObIM BU-
JIOM BbI30Ba (DYHKIIUM.

JIns BBIOJIHEHMS AEMCTBMII Kiaccy Savings HEOOXOOMMBI COOCTBEHHbIC AKTHBHBIC
CBOMCTBa:

class Savings

{
oublic:
unsigned accountNumber;
floatr balance;
unsigned deposit (unsigned amount)
{
balance += amcunt;
return balance;

+i:

B npuseneHHOM IpuMepe MOMUMO HOMepa M OajaHca cuera B Kiacc Savings no0aBie-
Ha ¢yHkuust deposit (). Temepp kimacc Savings MOXET CaMOCTOSITEIbLHO YIIPABISAThb CBO-
UM cocTosgHMeM. Tak Xe, Kak Kilacc MicrowaveCver (MHKpPOBOJNHOBAS IIeUb) CONEPXKUT
dyHkumio cook () (roroBuTh), Kiacc Savings comepxkuT pyHkuuio deposit ().
DyHKIMU, onpee/ieHHbIe B KJIacce, Ha3bIBAIOTCS (BYHICUUAMU -HACHAMU.

3ayeM HyXHbl QYHKUMM-YIEHDI

IToueMy MbI OOJKHBI BO3UThCA € (GyHKUUsIMU-wieHamMu? YTo MaoXoro B TakoM
¢parmeHTe:

class Savings

{
pubzic:
unsigned accountNumber;
float balance;
Y i
unsigned deposit({Savingsé& s, unsigned amount)

s.balance += amount;
return s.palance;

L

Eme pa3 HamoMHIO: TOKa 4TO He oOpallaiiTe BHUMaHWsI Ha CHMBOJN *““&
CTaHeT MOHSTEH IO3XKe.

B srom ¢parmente deposit() sBasiercst pyHkKuMeid "BKiama Ha cueT'. Drta GyHKUUS
MMOIAEPXKN peaJru30BaHa B BHUIAC BHEINHEH (GYHKIMM, KOTOpas BHIMTOJHSIET HEOOXOIM-
Mble ICHCTBUSI C 3K3eMIUISIpOM Kiacca Savings. KoHeuHO, Takoil MOAXOO MMEET IIPaBO
Ha CyIIeCTBOBaHME, HO OH HapyllaeT HallM TpaBuja OO0BbEKTHO-OPMEHTHUPOBAHHOIO
MPOTPaMMHUPOBAHMSI.

— €Iro CMBICJI
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MuKpoBOTHOBasI TIeYb WMEET CBOM BHYTPEHHWE KOMITOHEHTHI, KOTOphIe "3HAMOT", KakK
pPa3sMOpPO3UTh U IIPUTOTOBUTH IPOAYKTHI WM CAeaTh KapTOLIKY XpycTsiieil. JlaHHble-4IeHb
KJ1acca CXOXH C dJIEeMEHTaMU MUKPOBOJIHOBOW Teun, a QYHKIIMHU-UYJIEHB — C TporpaMMaMu
MIPUTOTOBJICHUS.

Korma s1 menaio 3akycKy, s He OOJDKEH HAYMHATh MPUTOTOBJICHHE C MOIKIIOYCHMSI BHYT-
PEHHMX 2JIEMEHTOB MUKPOBOJHOBOU meun. M s xody, 4ToOBI MOM KJIacChl paboTaiv Tak XKe,
T.e. YTOOBI OHM 0e3 BCSIKOTO BHEIIHEro BMeIIaTeIbCTBA 3HAJM, KaK YIIPaBIsTh CBOUMU
"BHyTpeHHUMU opraHamu". KoHeuHo, Takme yHKIMU-WIeHB Kiacca Savings, kKak de-
posit (), MOTYT GBITh peaan30BaHbl U B BHUAE BHEIIHMX (DYHKIIMH., MOXHO Jaxe pacroiio-
XKUTh Bce (DYHKIIUUM, HEOOXOMWMBIE IUIS pabOThI CO cueTaMH, B OXHOM Mecte daiima. Muk-
POBOJIHOBYIO TIeYb MOKHO 3aCTaBUThb pabOTaTh, COCOWHUB HEOOXOMMMBIE IIPOBOIA BHYTPU
Hee, HO s He XO4y, YTOObI MOW KJIACChl (MJIM MOSI MMUKPOBOJIHOBAasl Te4Yb) pabOTa TaKUM
obpazom. f xouy MMeTh Kiacc Savings, KOTOpbIii Oyldy MCIOJIb30BaThb B CBOeli 0aHKOBCKOI
MporpaMMe, He 3amyMbIBasCh Haa TeM, KaKoBa ero pabodas "KyxHs'.

Dodabuenue pyninus-wiena

Dra mpoleaypa BKIIOYAeT IBa acleKkTa: co3maHhe (PYHKIMU-YJieHa U ee HMMEHOBaHue
(3By4MT IOBOJILHO TJIYIIO, HE TIpaBaa Ju?).

Co3zpaHne dyHKUMKM-4NeHa
YT1oOBl TMPOAEMOHCTPUPOBATh paboTy ¢ GyHKUMUSIMU-YIEHAMU, HAYHEM C OIpeneseHUs
Kiacca Student cienyrolmm o0pa3oM:

class Student
{

public:
int semesterHours;
float gpa;

// mobaBUTL MNPOMIOEHHBM KYPC K 3alllCK
float addCourse(int hours, float grade)
{
// BBUMCIISIEM CPEOHOK OIIEHKY C YJeTOM
// BPEMEeHV Pa3IUYHHX KYyPCOB
float weightedGPA;
weightedGPA = semesterBours * gpa;

// DocBaBuTe HOBHI KypC
semesterHours += hours;
weightedGPA += grade * hours;
gpa = weightedGPA / semesterHours;

// BEPHYTBH HOBYK OLIEHKY
return gpa;

j

Qyukous addCourse (int, float) saasiercs dyHkumei-uwieHoM kimacca Student. [lo
CYTH, 3TO TaKoOe e CBOMCTBO kiacca Student, kak u cBoiictBa semesterHours u gpa.

Jnist GyHKIUIA WM TIEpeMEeHHBIX B MPOrpaMMe, KOTOpbie He SIBISIOTCS YJIEHOM KaKOoTo-
JMbO Kjlacca, HET CIelMalbHOTO Ha3BaHWsS, OAHAKO B 3TOM KHUTe s Oyly Ha3bIBaTh Iepe-
MeHHble uau GYHKIUU He #aeHaMu KJacca, ecliM OHU He ObUIM SIBHO OINMMCAHbI B COCTaBe
Kakoro-nubo kiacca.
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I[To ucTopuyeckuM MpuYMHAM (QYHKLUMKU-UYJIEHBI HAa3bIBAIOT TaKXe Memooa-
mu. Takoe Ha3zBaHME MMEET CMBICA B JIPYTUX OOBEKTHO-OPUEHTHMPOBAHHBIX
S3bIKaxX MporpaMMUpOBaHuUs, HO GeccMbicieHHo B C++. HecMmorps Ha 31O,
TEePMUH TIPUOOPET HEKOTOPYIO MOMYJSIPHOCTh M CpeAu IPOrpaMMMCTOB Ha
C++, HaBepHOe, IIOCKOJbKY €ro IMpOILe BHIFOBOPUTb, YEM BbIpaXXeHUE
"GyHKuusg-4ieH" (TO, YTO 3TO 3BYYUT TOpa3do BHYIIUTEIbHEE, HUKOTO He
BoJiHyeT). Tak uTO ecliMi BO BpeMsl BEYEPUHKHU BalllM APY3bsl HAYHYT CHINATh
clloBe4yKaMu Bpoae 'MeToAbl KJjacca"', TIPOCTO MBICJIEHHO 3aMEHUTE
"MeTONBl" BBIpaXeHUEM “(hYHKUIHMU-YTIeHBI”, M BCe BCTAaHET Ha CBOM MeECTa.
IMockonbky TepMuH "MeTon" cmbicia B C++ He umeeT, s He Oydy MCIIOJb-
30BaTh €ro B 3TOW KHMHTE.

WmeHoBaHWe 4YneHoB Knacca

DyHKIUSI-WIEH BO MHOTOM IIOXOXa Ha 4YieHa ceMbd. [lojHoe MM Hamedl (GyHKIUM
addCcurse (int, float) nwuiiercss kak Student::addCourse(int, float), Tak xe
kKak Moe mnonHoe umsi — Credan [dasuc. Kparkoe wumsa 35Toii  QYHKUMU —
addCourse (int, float), a moe kpatkoe umsa —- Credan. MmMs Kinacca B Havajie MOJHOIO
MMEHM O3HAyYaeT, 4To 3Ta QYHKIUS SIBISIETCS WICHOM Kiacca Student (i : MeXIy MMeHa-
MU (YHKLMU U KJacca SIBJIsIeTCsl MPOCTO CUMMBOJIOM-pasaenutenem). @amunus daBuc mocie
MOETr0 MMEHHM O3Ha4aeT, 4TO S SIBJISIIOCH WIEHOM ceMbU JIIBUCOB. '

CyllecTByeT U Apyroe Ha3BaHWE TOJHOTO MMEHM — PACUIMPEHHOE WMS.

Mbl moxem omnpenenutb (yHkumio addCourse (int, float), kortopas He Oyuer
MMEeThb HUYero obuiero ¢ kimaccom Student; TOYHO TaK Xe, KaK MOTYT CYILECTBOBaThb JIIOIU
¢ umeHeMm CredaH, KOTOpble HE MMEIOT HUYEro OOILEro ¢ Moell ceMbeil (3TO MOXHO IOHM-
MaTh 1 IOCJIOBHO: S 3Hat0 Heckoyibko CredaHOB, KOTOpbie HE XOTIT UMETh HUYEro OOLIero
C Moeil cembeit).

Bbl Moxere co3nath (GyHKLUMIO ¢ ToaHbIM MMeHeM Teacher: : addCourse (int, float)
i gaxe ¢ umeHeM Golf: : addCourse (inz, float). Mms addCourse (int, float) 06e3
MMEHM KJlacca O3HauyaeT, YTo 3TO OOblYHasi YHKILIMS, KOTOpas He SIBJISETCS WICHOM KaKOro-
mmbo Kiacca.

LBot308 gpyrniipsi-waenol

IIpexne yem BbI3bIBaTH (DYHKLUMU-WIEHBl Kjacca, BCIIOMHUTE, KaK Mbl 0Opallaivch
K JaHHBIM-WIEHaM KJIACCOB:

class Student

{

public:
int semesterHours;
float gpa;

};

Student s;

void fn{void)

{
//obpamenne K ODaHHBM-4JIeHaM OO0BeKTa S
s . seinesterHours = 10;
s.gpa = 3.0;

OOparure BHUMaHME, YTO Hapsily C MMEHEM IepeMEeHHON HeOoOXOmNMMO yKa3aTb WMS
o0bekTa. JpyrumMu cioBaMu, NMPUBEAECHHBIM HIDKe (PparMeHT MporpaMMbl HE MMEET CMBbIC/A.
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Student s;
void fn{void;

{
//2TOT mpuMep ommbodyeH
semesterHours = 10;
/ / Y9JIeH KarKoTO OOBbeKTa ¥ KaKOoTO Kjlacca?
Student::semesterHours = 10;
// Temepkp SICHO, KakoTIO Kjacca,
// OmHako OO CHUX IIOp He SICHO,
// KaroTo obberkTa

O6patieHre K GyHKUMSM-4eHam

DdopMabHO MeEXIy TaHHBIMU-WICHAMU W (YHKUUSIMU-YJIeHAMU HET HMKAKOTO pa3iiv-

4Yysi, YTO BUJHO M3 MPUBEIECHHOTO HUXE (pparMeHTa.
Student =;
void fn(void)
{

//BCe TIpMBEeOeHHBE KOMaHIIH obpamailnTcs K OOBeKTy S

s.semesterHours = 10}

s.gpa = 3.0;

s.acdCourse(3, 4.0}; // Bb30B (QYHKIMHU-YJICHA

Kak BuanTe, CMHTAKCUC BBI30Ba (PYHKIIMM-YJI€HA TAKOM Xe, KaK M CUHTAKCUC oOpalle-
HUS K IIepeMeHHOM-WIeHy Kiacca. YacTh BhIpaXkeHMsI, KOTOpash HaXOAUTCS CIIpaBa OT TOY-
KU1, HEe OTJIMYACTCA OT BbI30BAa OOBIYHON (pyHKUMHM. EaWHCTBEeHHOE OT/IMUME — ITPUCYTCTBHE
cjieBa OT TOYKM MMEHU OOBEeKTa, KOTOPOMY MPUHAIICKUT DYHKIINS.

®daxT BBI30Ba 3TOM (PYHKLMHU MOXKHO O3BYUUTH TakK: "s SBJISIETCS OOBEKTOM, Ha KOTOPBIit
neiicteyer addCourse () ”; Wiu, APYyTMMU CJIOBaMM, OOBEKT S TPEICTaBJISIET COOOM CTymeH-
Ta, K 3alMiCU KOTOPOTO MOOAaBISETCS HOBBIM Kypc. BbI He MoXeTe IMOIYyYMTH MH(MOPMAIIUAIO
O CTyIeHTe WU U3MEHUTh €€, He yKa3aB, 0 KAKOM KOHKPETHO CTyICHTE UIET pedb.

BoizoB dyHKUMM-4yieHa 0e3 yKaszaHUsI UMEHU OObeKTa MMeeT He OOJibllle CMBICIA, 4YeM
oOpalleHre K JaHHBIM-4JieHaM 0e3 yKa3aHUsI OOBEeKTa.

Docriyn k1NCHAM U3 yHkUli-1iera

A Taxk w cniplily, KaK BB TIOBTOpsieTe TIpo cebsi: "Henb3st obpatuThes K QyHKIMU-WICHY
0e3 ykazaHUsl UMeHU oObekTa! Hesb3ss oOpaTuThbesl K (yHKIUU-YIeHY 0e3 yKaszaHusl UMEHU
oobekta! Henb3s..." 3anmoMHUB 23TO, BB CMOTpUTE Ha Telo (QyHKIMU-WieHa Stu-
dent: :addCourse () u... yto 310? Bemp addCourse () oOpamiaercs K 4jieHaM Kiacca. He
YTOUHSISI UMeHU 00BeKTa!

BosHukaeT Bonmpoc: Bce-TaKM MOXHO WJIM HeJb3sl 00paTuUThCsl K WieHy Kilacca, He yKasbl-
Basi ero obbekTa? YK MoBepbTe MHE, 4TO Henab3s. [IpocTo, Korga Bbl oOpalaeTech K WieHY
kimacca Student u3 addCourse (), IO YMOJNYaHUIO UCIIOJNB3YETCS TOT 3K3EMIUISP Kiacca, U3
kotoporo Bb3BaHa GyHKIMS addCourse (). Ber Huuero He nonsun? BepHeMcst K TipuMepy:

finclude "student.h"

float stident: :addCourse (int hours, float grade)
{

float weightedGPA;

welghtedGPA = semesterHours * gpa;

// mobaBUM HOBBIT KYPC
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semesterHours t= hours;

welghtedGPA += hours * grade;
gpa = weightedGPA / semestertours;
retum goa;

i
int main(int arges, char* pArgs (1)

Student s;

Student t;

s .addCourse {3, 4.0); // llocTraBuM eMy 4 Oanna
t.addCourse (3, 2.5); /'/ a aToMy OamuM 2 C IDIOCOM. ..
return 0;

Korma addCourse () BbI3BIBacTCS IS OOBbEKTa S, BCE COKpAllleHHbIE MMEHa B TeJie 3TOM
(GYHKILIMUA CUMUTAIOTCSI YJeHaMM OObeKTa s. TakuM oOpa3om, oOpallleHue K IepeMEeHHON se-
mesterHours BHyrpu ¢yHkuum s . addCourse () B IE€MCTBUTEBHOCTU SBJISIETCS OOpallleHM-
eM K TlepeMeHHOH s. semesterHours, a obpaiieHue Kk gpa — oOpaiieHueM K s.gpa. B cre-
nyromieit ctpoke ¢pyHkuM main (), korma addCourse () BbI3BIBacTCS IJIsl OObEKTa t TOTO XKe
Kiacca Student, npoucxonm o6pameHMe K WwieHaM Kiacca t t.semesterHours u t. gpa

MmeHoBaHWe TekyLero oobekTa
Kak dyHknums-dieH onpenensieT, Kakoil 0OObeKT SBJSIETCS TEKyIIMM? DTO HE Marus U He
1IAMAaHCTBO — TIPOCTO ajipec 3TOTO 00beKTa 6ceeda mepenaercss (GyHKUUM-YJIEHY Kak . :
CKpbimblil IEPBBIN apryMeHT. JlpyrumMu cioBamMu, MpU BHI30BE (byHKuI/m -4JieHa MPOUCXO- |
. IUT TIpeoOpa3oBaHUe TaKOro BUAA:
s.addCourse (3, 2.5} paBHOCWIbHO Student::addCourse{&s, 3, 2.5)
(komMaHa, MpUBEAEHHAs B MpPaBO YacTU BBIPAXEHUSI, CUHTAKCUYECKM HEBEPHA; 3TO |,
TPOCTO M300pakeHUe TOro, KaK KOMITUJISITOP BUIUT Bblpa)KCHI/IC B JIEBOI 4YacCTU BO BHYT-
pEHHEM TPEeACTaBJICHUMN). :
COOTBETCTBEHHO BHYTPM (PyHKL MM, KOTAA HYXHO Y3HaTh, KaKOii MMEHHO OBBEKT SIBIS-
€TCsl TeKYIIMM, UCIIOIb3yeTCsl 3TOT yKa3aTedb. UM TeKyilero o0beKTa — yKa3areiab Ha
O00BEKT COOTBETCTBYIOLIETO Kiacca.
Beakuil pas, xorna GyHKUMS-wWIeH o0paliaeTcs K ApYroMmy:djieHy macca HEe HasbIBas
VIMEHH ero O0BbeKTa SIBHO, KOMITMJISTOP CYMTAET, YTO JAHHBIA WIEH SIBISIETCS YICHOM :
© amoeo (this) oobekTa. [pW XKeraHUKM BBl MOXETe SIBHO 0OpaIlIaThCsl K WICHAM /020 00b- i
€KTa, MCIoJb3yd Kmodyesoe cyoBo this. Tak yto ¢yHkumoo Studént: :addCoursa()
MOXHO TepernucaTh CIeIyIoIuM 00pa3oM:

float Student::addCourse{int hours, float grade) -
; i

float weightedGPA;

weightedGPA = this->semesterHours * thls >gpa;

// mobaBuM HOBEII KypC

this->semesterHours += hours;

weightedGPA += hours * grade; .
this->gpa = weightedGPA / this->semesterHours;’
returnthis->gpa;

}

. HezaBucumo ot Toro, no6asute au Bbl omnepatop this-> B Teno (byHKuI/m SIBHO WIN
. HET, pe3ym>TaT 6YHCT OI[I/IHaKOB R ;
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O0OBeKT , 1JI1 KOTOPOI'O BBI3BIBACTCSA (I)yHKlII/lﬂ-‘-IJ'[CH, Ha3bIBaCTCsd TCKYIIUM , U BCC

VMEHa WIEHOB, 3allMCaHHbIE B COKPAILEHHOM BUIE BHYTPU (DYHKIIMM-4Y;1EHA, CUU-
TAIOTCSl WIEHAMU TEKyIIero oobekTa. pyruMu CnoBaMH. COKpatleHHOC oOpallieHue
K WIEHaM KJlacca MHTEPIPETUPYETCST KaK OOpallleHVe K WIEHaM TEKYILLEro oObeKTa.

Paspemenue oduachiu Guquuocrin

CuMBOI : : MeXIy MMEHEeM Kjlacca U MMEHEM €ro WieHa Ha3blBaIOT 0nepamopom paspeuie-
Hus obaacmu eudumocmu, TIOCKOJIBKY OH yKa3bIBaeT, KaKoil 00JacTi BUIUMOCTH TPUHAJIEKUT
yireH kimacca. Mms kimacca mepen ABOETOUMSIMM TIOXOXKE Ha (haMmivio, Torma Kak Ha3BaHME
GYHKIIUM TOCTIe IBOETOUMST CXOXKE C MMEHEM — TaKOW MOPSIIOK 3alMCH MPUHSIT Ha BOCTOKE.

Omeparop : : MOXHO WCIOJIb30BaTh U IS ONMUCAHUSI QYHKUIMU — HE WieHa, MCMOMb30-
BaB JUISI 3TOro ITycToe MMsI Kiacca. B arom ciaydae pyHKuMs addCourse () IOKHA OBITh
omnurcaHa Kak : :addCourse (int, float).

OOBIYHO OTIepaTop : : He 00s3aTejIeH, OJHAKO B HEKOTOPBIX CUTYyalMsX 3TO He Tak. Pac-
CMOTpUM CJenyloluii pparMeHT Koza:

// addCourse — mepeMHOXaeT KOJMWYECTBO 4YaCOB U OLIEHKY
float adcCourse (in hours, float grade)
{
return hours*grade;
)

class Student

{

public:
int semesterHours;
float gpa;

// OcBaBUTL TIPOMIEHHHY KypC K 3alllCu
float addCourse{int hours, float grade)
<
// BH3BATH BHEIIHIOKL QY HKIINIO
weightedGPA = addCourse (semesterHours, gpa) ;
// BH3BaTb Ty %Xe QYHKIMIO IS IIomcydeTa
// OLIeHKM C y4eTOM HOBOTO Kypca
welghtedGPA += addCourse (hours, grade) ;
gpa = weightedGPA / semesterHours;

// BEPHYTH HOBYIO OLICHKY
return gpa;

B stoM (dparmenTe s1 xoTen, yToObl GpyHKIMA-uIeH Student: : addCourse () BbI3bBaja
¢yHkuuio — He wieH : :addCourse (). be3 onepartopa : : Bb3oB pyHkuuu addCourse O
BHyTpU Kjacca Student Ilpusener K Breizoy pyHkuum Student: : addCourse () .

Vel
» DyHKIUSI-YWIEH MOXET MCIOJb30BaTh IJIsI 00pallleHUsT K IPyroMy WieHy Kiacca

COKpalICHHOC HMMs, INOAPa3yMEBAIOLICC HMCIIOJb30BAHUEC MMCHU TCKYLICIO BOK-
3CMILIApa Kiacca.

B nanHOM ciydyae BbI30B (DyHKIMU 0e3 yKa3aHUsT UMEHU Kjacca MPUBOIUT K TOMY, YTO
OHa BbI3bIBaeT caMy cebs. JJobGaBieHue oreparopa : : B Hayajle MMEHU 3aCTaBJISIET OCYILECT-
BUTb BBI30OB IJIO0AIBHOM BEpPCUM 3TOM (PYHKIUM (YTO HAM M HYKHO):
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// addCourse — nepeMHOXE28T KOJMEECTS0 YacCOB U OLIEHKY
float addCourse(in hours, float grade)
{
return hours*grade;
}
class Student
[

public:
int semesterHours;
float gpa;

// mobaBUTH MPOUIEHHBEM KYPC K 3alucu
float addCcurse{int hours, flcat grade)
{
// BBH3BaATbh BHEIHIL QYHKIIMIO
welghtedGPA = ::addCourse{semesterHours, gpa)
// BH3BaATh Ty Xe OYHKIIMO I MIOo[ACYeTa
// OILIeHKM C y4YeTOM HOBOTO Kypca
welightedGPA += ::addCourse{hours, grade);
gpa = welghtedGPA / semes:ierHcurs;

// BEpPHYTHL HOBYI CLIEHKY
return gpa;

DTO TOXOXe Ha To, Kak ecid Obl s 3Ban CredpaHa B cOOCTBEHHOM jaoMe. Bee pemwau
OBI, YTO ST 30By CaMoOro ceOs: Beob B MOEM JIOME, E€CTeCTBEHHO, IolpasymeBaercss (hamMumust
Hasnc. Ecim xe s uMero B BuOy Kakoro-to apyroro Credana, To mommkeH ckaszath "CredanH
Cnynenmaiik” unu "Credpan Mak-CywHu" aubG0 WMCMOIB30BaTh KaKyl-HHOyIDb Apyryilo ¢a-
muinoo. Tak Xe HOeiCTBYeT M omepaTop paspelleHUs o0JacTh BUIMMOCTH.

H
oY Pacmmpennoe nMms1 (QyHKIIMM BKITIOYaeT B ce0s €€ apryMeHTBI. lerepb K€ MBI
nobaBiisieM K TOJHOMY MMEHHU ellle M WMMS Kjacca, K KOTOPOMY MPUHAIJIEXKUT
byHxmMA.

Onpegesenue pynxuyuu-uiena

DyHKIMg-4JIeH MOXET ObITh OIpeleseHa KaK BHYTPM Kiacca, TaK M OTAEJIbHO OT HETO.
Korna ¢yHKIIMS onpenensieTcsl BHYTpM Kijacca, 3TO BBINISIAWMT TakK ke, Kak WM B ¢aiie stu-
dent . h:
class Student

(

public:
int semesterHours ;
float gpa;

// mobaBiisieM MIPOMOEHHH KypC K 3alucu
float addCourse{int hours, float grade)
{
// TIOOCYUTHBAEM CyMMapHOe BpeMsi KypCOB
// C y4deToM cpenHero 6Oanina
float weightedGPA;
weightedGPA = semesterHours * gpa;
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// mobaBiisieM HOBHIM KypC
semesterHours += hours;
welghtedGPA += grade * hours;

cpa = weightedGPA / semesterHours;

// BEPHYTH HOBYI OLICHKY
return gpa;

Bc-rpaMBaeMble bYHKLUMN-YIEHDI

: (I)yHKLm;I -4JIeH, ONpENeNeHHAsi HeMOCPEACTBEHHO BHYTPH KJACCA, O YMOMYAHMIO CUM-
TaeTcsl BCTpauMBaeMoil (moacTaBisieMoid, inline) ¢pyHKuMeil (eclu TOJBKO HE OrOBOPEHO
oOpaTHoe, HarpuMep C MOMOIIBIO OMIIMI KOMaHIHOM CTPOKK KoMImwisitopa). DyHKIUK-
{ 4JeHbl MO YMOJIYAHUIO CYMTAlOTCH inline-QyHKLUSAMY, TOTOMY YTO GOJNBLIIMHCTBO (DYHK- -
. LMii-4IeHOB, OMpENENEHHbIX BHYTPU KJIAacca, MOBOJBHO Maibl, a TAKHE MAaJeHbKHE
» (YHKLUU SIBJISIIOTCS TIaBHBIMU KaHIMIATaMU Ha MOJICTaHOBKY. _
~Teno inline-byHKIMH TOACTABISIETCSI KOMITUISITOPOM HEMOCPEACTBEHHO BMECTO onepa—
i Topa ee Bbi3oBa. Iloacrapisemas QYHKUUSI BBINONHSAETCS OBICTPEE, MOCKOJILKY OT MpO-
! 1leccopa He TpeOyeTcsi OCYIIECTBIATH Tepexoa K Teiay (dyHkiuu. OmHaKo TMpU 3TOM
. MPOrpaMMbl, MCIOJIb3YIOLIMEe BCTPOEHHbIE (YHKIMM, 3aHUMAIOT -0OOJbllIe MecTa, -MOo-
CKOJIbKY Komuu Takux inline-hyHKIWH OHpG,Z[GJIHIOTCH OJMH-€IMHCTBEHHBII pa3, a nom-
- CTABJISIIOTCS. BMECTO KaXXIIOTO BHI30OBA. 5
Ectb elle ogHa TexHUYecKas MPUYMHA, MO KOTOPOW (byHKLu/H/I -WIeHHI KJIacca JydIie z[e—
. JaTh inline-pyHkuusmu. Kak Bbl mOMHUTE, BCe CTPYKTYpHI s13biKa C OOBIYHO OIpenesist
. I0TCSI B COCTaBEe BKJIIOYAEMBIX (DAIJIOB C TIOCIENYIOIIMM MCIIOIb30BAHUEM B MCXOMIHBIX
. c-¢aiinax npu HeobxomuMmocTh. Takue BKIO4YaeMble (Gaiiibl HE JOJKHBI COACPXKAaTh
JTAaHHBIX WK Tell GYHKIWMA, TTOCKOIBbKY MOTYT OBITh CKOMITMJIMPOBAHBI HECKOJBKO DPas.
{ Mcronb30BaHUE Xe IMOACTABISIEMbIX (QYHKIMIA BO BKIIOYAEMbIX (aiijiaX BIIOJIHE IOIYC-
THMO, TTOCKOJIBKY MX TeJla, KaK M MaKpOCHI, MOICTaBJISAIOTCS BMECTO BbI30Ba B MCXOIHOM |
. Gaitte. To xe otHocutcs u K kiaccam C++. IMonarast d)yHKum«I YNeHEl, ompene/icHHbIE |
{ .B OMMCaHWM KJIAccoB, inline-pyHKLUAMM, MBI I/I36CI‘aCM OTNMCaHHOM Hp06I[eM])I MHOTO-
KpaTHOW KOMMUJISILIVH. ) e

S e e eennets e e 2 s

Onpegertenne yHKyuii-unenoe
bre Kaacca

[nst Gonpimx (yHKIMIT BcTpanBaHUe Telna (DYHKIIMM HETMOCPENCTBEHHO B OIpeneeHUe
KJIacca MOXET MPUBECTH K CO3JaHUIO OYEHb OONBIINX W HEyI0OOYMTAEMBIX OIpEneeHUN
kinaccoB. YUtoObl m3bexath atoro, C++ mpemocTaBisieT BO3MOXHOCTb OMpPENessiTh Tea
¢GyHKUMII-4IEeHOB BHE KJjacca.

PeanuzoBats Teno dbyHKIMM BHe Kiacca Student MOXHO, HAIpUMep, TaK:

class Student

{

public:
int semesterHours;
float; gpa;
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// OmOGaBUTEH IIPOUIEHHBEN KypC K 3alllCK
float addCourse (int hours, float grade)

bi

// IDobaBnuseT MHOOPMALIMIO O IPOMIOEHHOM KypCe K
// TIomsM Kilacca Student
flecat Student::addCourse(int hours, float grade)

{
float weightedGPA;

welghtedGPA = semesterHours * gpa;

// mobaBUTBHL HOBHNM KypC
semesterHours += hours;
weightedGPA += grade * hours;

gpa = welghtedGPA / semesterHours;
return gpa;

Teneps 00BsIBIEHNE Kitacca comepkuT Toibko mpototun ¢yHkmun addCourse (). [lpm
3TOM caMo Teslo (PYHKIIMU HAXONUTCS B JAPYTOM MecTe.

O6ObsiBieHre TpoToTUNA (GYHKIMU-YICHA MO CTPYKTYpe HE OTIUYaeTcsi OT OObsiBIIe-
HUS TPOTOTHUIA 060N Apyroi GYHKIMHU, U, TMOZOOHO BCEM OOBABICHUSAM IMPOTOTUIIOB,
00s3aTeNnbHO.

B stom mpumepe xmacc Student m dbyHKuus Student::addCourse () OIpeneIeHb
B onHOM daiinie. Tak MOXHO [e/laTh, HO TaKOE€ PACIOJIOKEHUE He OUYeHb PaclpOCTPaHEHO.
O6piyHO KiMace Student ompenmensieTcss BO BKIOYaeMoM aiiie, HampuMmep Student.h,
a TeJo (YHKUMM MOXET HaxOOUThc B OTIACIBHOM HCXOOHOM (paiine, Hampumep
Student.cpp.

S, ®@aiin Student.cpp MOKeH OBITh BKIIOYEH B COCTaB BaIllero ITPOEKTa BMeECTe
c gpyrumu aitnamu. Student.cpp OyIeT CKOMNUIMPOBAH B OTAENbHBIN
.obj-daity, KoTopbelii 3aTeM OyIeT CKOMIIOHOBaH C JAPYruMM ¢aillaMu B Balry
nporpaMmy Ha 3Tane cOopku. boree nerasbHOe oOmucaHUE 3TOroO Mpolecca

MOXHO Haitu B miase 6, "Co3manue ¢pyHKIui".

Tlepezpysna gpyniuuti-vienol

DOyHKIUU-YIEHBI MOTIYT MEPErpyKaThCsl TaK XKe, KaK U OObluHbIE (YHKLMHU (0OpPaTUTECH
K miaBe 6, "Co3maHue (GpyHKUUMI", ecan 3a0bLIM, 4TO 3TO 3HA4YMT). Kak BbI IMOMHHTE, UMS
KJlacca SIBJISIETCSI YacCThlO ITOJIHOTO MMEHM, W BCE IPUBENCHHBIE HIXE (DYHKLUUM BIIOJIHE
KOPPEKTHBI.

WD

class Student
{
public:
//grade — BO3BpallaeT TEKyIyID CPEIHI OIIeHKY
float grade():
//grade — ycTaHaBIuBaeT HOBOE 3HAYEHUE
//OLIeHKU U BO3BpAallaeT MIpensmylee
float grade (flcat newGPA) ;
//... IIpodye urieHH-IaHHLHe
i
class Slope
{
public:
//grade — BO3BpamaeT CHUKEHUE OIIeHKN
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float grade () ;
// .. .npoure YUIeHLI-OaHHLS. . .

}i

//grade — BO3BpamaeT CHUMEOJLHLII DKBUBAJIEHT OLIEHKM
char grades{flcat value);

int main{int argcs, char* pArgsl[])

{
Student s;
s.grade (3.5}, //8tudent::grade{float}
float v = s.grade (};//Student::grade ()

char ¢ = grade(v); //::qrade (float)

Slope o;
floatm = o.grade();//3lope::grade/)
return 0;

[MonHble UMeHa BBI3BIBaEMBbIX M3 main () GYHKIIUI yKa3aHbl B KOMMEHTApPUSIX.

Korga mnpoucXomuT BBI3OB TMEPErPYKEHHON (YHKIMU, COCTABJISIONIMMU €€ IIOJHOIO
MMEHHU CYMTAIOTCS HE TOJbKO apryMEHThI (DYHKIIMM, HO U TUII OOBEKTA, KOTOPHIA BHI3BIBAET
GYHKLMIO (€C/M OHa BbI3bIBaeTCs 00bEeKTOM). Takoil Moaxom IMO3BOJISIET YCTPAHUTh HEOIHO-
3HAYHOCTD IIPU BBI30BE (DYHKIIMU.

B mnpuBegeHHOM IIpuMepe IIepBble [Ba BbI30Ba OOpamalTcss K GYHKIMAM-UleHaM
Student: :grade (float) W Student: :grade () coOTBEeTCTBEHHO. JOTU QYHKIUU
OTJIMYAIOTCSl  CIIMCKaMM  aprymMmeHToB.  Bbi3oB  dyHkuum s.grade () obparaercst
K Student::grade () , TTOCKOJBKY TUIT 0ObekTa S — Student.

Tpetbst BBI3BIBacMasi (yHKLMSI B JaHHOM IpuMepe— ¢yHKuug ::grade (float), He
MMeEIoIasl BBI3bIBAIOIIEIO 00bekTa. IlociegHuii BBI3OB OCYIIECTBIISIETCS OOBEKTOM THIIA
Slope, ¥ COOTBETCTBEHHO BBHI3bIBacTCS (ByHKUMsA-4IeH Slope : :grade (float).
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[maea 15

Co3paHue ykasateneil Ha 00bEKTbI

B ot suabe. ..

v OrnpenesieHre MacCUBOB yKasaTesen
¥v" OOBABIIEHUE MAacCUBOB OOLCKTOB
OObsIBJIEHUE yKa3aTejieil Ha OOBbEKTHI
Ilepenaya 00BEKTOB (DYHKIIUSIM
Bo3sBpar k kyde

Hcroib30BaHKE CBSI3aHHBIX CITUCKOB
IMporpamma Linked List Data

Lo NN N

77

7 F POorpaMMHUCTLi Ha C++ Bce BPCMS CO3MAlOT MAacCUBBI 4ero-jin6o. PopMHMPYIOTCST Maccu-
-’ BBI 1IEJIOYMCIICHHBIX 3HAYCHUWI, MacCUBBI JIEHCTBUTEIBHBIX 3HAYCHUWI; TaK TOYeMy OBl
He cosaaTh MaccuB crymaeHToB? CTyoeHTBI BCE BpEMsI HAXOMOSTCS B CIIMCKax (IpAYeM TIopasno
gaiie, 94eM UM XoTeJioch Obl). KoHuenius oobekToB Student, CTpOMHBIMU psiIaMU OXKUIAFOIIINX
CBOEI ouepean, CIMIIKOM MpUBJIEKaTeIbHA, YTOObI MOXHO ObUIO MPOWTH MUMO HeEe.

Onpregesenne maccueos yxasasmeies

MaccuB siBasieTCsS MOCJIEA0BATEeIbHOCTBIO HJIEHTUYHBIX OOBEKTOB U OYEHb IIOXOX Ha
yiuny ¢ OAMHaAKOBbBIMU JOMaMM. Kaxnprii a1eMeHT MaccuBa HMMeEeT HNHIOCKC, KOTOprfI COOT-
BETCTBYET IOPAIKOBOMY HOMEPY 2JIEMECHTA OT Haydala MacCuBa. l_lpI/I 3TOM TIEPBBIA 3JIEMEHT
HMMEECT HYJICBOC CMCIICHUE OT Hayajla MacCuMBa, a 3HAYUT, UMECT MHIACKC 0.

MaccuBbel B C++ OOBSBISIOTCS C MTOMOIIBIO KBaJIpaTHBIX CKOOOK, B KOTOPBIX COOCPXKUT-
CA KOJIMUYECTBO 2JICMECHTOB B MaCCHUBE.

int array[10]1; //00BsiBIeHUe MaccuBa u3 10 2JIEeMEHTOB

K otamenpHOMYy 35€eMEHTYy MacCuBa MOXKHO OOpaTUTHCS, TOACUYMTAB KOJIUYECTBO JOMOB OT
Havaja yJauibl 10 HEOOXOOAMMOIro AOoMa:
array[0] = 10¢ //npucEO®TE 10 NepBOMY 3JIEMEHTY
array[91 = 20; //npucBouts 20 TOCIEeIHEMY BJIEMEHTY

B atom ¢dparmMeHTEe mepBOMYy 3JIE€MEHTY MaccuBa (3JeMeHTy mom HoMmepoMm () mpucBauBa-
eTcs 3HaueHue 10, a mociaemHemy — 2 0.

MHy, o
o2 ! He 3a6bIBaI/ITe, yro B C++ MaccuB HaYMHAETCs C 2JIeMeHTa ¢ nHiaekcom O 1 3aKkaH-

YMnBacCTCA JIEMCHTOM, MMCIOIIIMM MHICKC, paBHbIﬁ JJIMHE MaCcCBa MMUHYC 1.

Ecnmu IIPOAOJIKUTL aHAJIOTMIO C JoOMaMU, TIOJYYUTCH, YTO MMA MaCCMBaA — 3TO Ha3BaHUEC
yjiauiibl, a HOMEp AO0Ma paBHO3HA4Y€H HOMEpPY OJOJIEMEHTA B MaCCHBE. Takum xe 06pa30M
MOXXHO OTOXAOECCTBUTH IMEPEMEHHBIC C UX aApeCOM B IIaMATHU KOMIIbIOTEpaA. IChy78 agpeca Mo-
ryT OBITH onpeacJI€Hbl 1 COXpPaHCHbI OJIA IMOCIICAYIOLIETO MCITOJIb30BaHUA.
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int

/ / OOBsIBIIEHNE II€JIOYMCIICHHO [IepeMeHHOM
int* pVariabkle = gvariable;

//COXpaHuUThL ee agpec B pVariable
*pVariable = 10; // npucBouThk 10 ILIE€JIOYMUCIIEHHON IIepPEeMeHHON,

// Ea KOTOpyb ykazmpaeT pVariable

Vkazatenp pVariable Obul OOBSIBIEH IJISI TOTO, YTOOBI XpaHWUTh B HEM aapec NepeMeH-
Hoii variable. Ilocne 3Toro uenOYMCIEHHOW MNEPEMEHHON, HaxXomsUIEelcsl MO anpecy

pVariable, npucsauBaercst 3HaueHue 1C.
Hcnonk30BaB aHaJIOrMIO ¢ JOMaMU B IIOCIIEAHUIA pa3 (4eCTHOE CJIOBO, B IIOCIEIHUIA!),

MBI ITOJTyYUM:
v variable — 3T0 jgoM;
¥" pVariable — 3T0 JUCTOK C ampecoM AoMma;

© ¥ B IOCIHEAHEN CTPOKE IMpuUMepa MPOMCXOAUT OTIPAaBKa COOOLIEHUS, COAEp-
xkamero 10, mo aapecy, KOTOpbI HaxoAuTcsl Ha JIMCTKe Oymaru. Bce moutu
TaK Xe, KaK Ha 1ouTe (€AMHCTBEHHOE OTIMYME COCTOMT B TOM, YTO KOMIIbIO-
Tep HE OLIMOAeTCs aipecoM).

B rnaBe 7, "XpaHeHMe ITOCIEOOBATEIbBHOCTE B MacCHBax', OMHUCAHBI OCHOBBI PaOOTHI
C MaccuUBaMM TIPOCTHIX (BCTPOEHHBIX) TUIIOB, a B ImaBax 8, "[lepBoe 3HAKOMCTBO C yKazaTe-
aasmMu B C++7, u 9, "Bropoe 3HAaKOMCTBO C yKazaTeJsiMU', MOIPOOHO paccMaTpUBaIOTCS
yKazarteJsu.

Odsabuenune maccusosodsersniol

MaccuBbl 00BEKTOB pabOTAIOT TaK XK€, KaK M MACCHBBLI IPOCTBIX IEPEeMEHHBIX. B KayecT-
Be IpUMMepa MOXHO HCIIOJb30BaTh CICAYIOIIMA (PparMeHT:
class Student
{

public:
int semesterHours;
float gpa;

float addCourse (int hours, float grade);
}i
vold someFn()

{

//obbsiBnsgeM Mmaccus n3 10 CTyHeHTOB
Students{10};

//IATBIE CTYHEHT moiydaeT 5.0 (noeezno!)
S{4l.gpa= 5.0;

//no%aBuM €IIE OOUH KypC MATOMY CTYIEHTY,
//KOTOpHIi Ha 3TOT pa3 MNpOoBaJuUICA...
s[4].addCourse (3, 0.0) ;

B manHoM ¢parMeHTe S SABISETCS MacCHMBOM O0O0BEKTOB THMa Student. 3amuch s[4]
O3HayaeT MITHIA 3JEMEHT MaccuBa, a 3HauuT, s[4] -gpa sBisgeTCs yCpeIHEHHOH OLEHKOU
MITOTO CTyAeHTa. B cienyromieit ctpoke ¢ moMolnbio pyHKkuuu s [4] . addCourse () maromy
CTYIEHTY f00aBisieTcs elle OAMH MpPOCHyIIaHHbIl U HecAAaHHBIH Kypc.
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Odssbuenue yraszanmesei Ha odsexsot

VYkazartenmn Ha 0OBEKTBHI PabOTAIOT TaK XK€, KaK M yKa3aTeJd Ha IPOCThbIC TUIIbI.
class Student

{

public:
int semesterHours;
float gpa;

float addCourse (int hours, float grade) {return 0.0;;
i
int main{int argc, char* pArgs[]}
{

//co3maeM obwekT Tura Student
Student s;

//co3pmaeM ykazaTellb Ha obbekT Tura Student
Student* pS;

//3acrTaBisgeM pPS yYKazeBaTh Ha Hall OOBEKT S
pS = &5;
return 0;

IMepemeHHass pS sBasieTcsl "ykasaTesieM Ha OOBEKT THMAa Student’; IPYTUMU CIOBAMH,
ykKasarejgeM Student*.

Pa3biMeHOBaHMe yKa3aTeneil Ha 00bEKTbI

ITo aHajoruu c ykasareassMM Ha IPOCTble MEPEMEHHbIE MOXHO PELIWTb, YTO B MpPUBE-
NIEHHOM HMXe INpUMepe IMPOUCXOAUT OOpallleHue K YCPEeAHEHHON OILIEHKE CTYIEHTa S.
int main{int argc, char* pArgs[})
{

//2TOT IIPUMED HEKOPPEKTEH
Student s;

Student* pS= &3; //co3maeM ykKazaTeslb Ha ODOBEKT S

//obpamaeMcsi K 4iIeHy gpa obbekTa, Ha KOTOPHIM
//yKazpBaeT pS (2TOoT ¢parMeHT HeBEepeH)
*pS.gpa = 3.5;

return 0O;

}

Kak BepHO cKa3zaHO B KOMMEHTAapHM, 3TOT Koj padoraTh He OymeT. [IpobGiema B TOM, 4TO
omnepatop ". " OymeT BBIMOJIHEH paHBIIE olleparopa “**".
J1si u3MeHeHus MopsiiKa BBIMNOJHEHUST onepatopoB B C++ ucnonb3yloT ckooku. Tak, B

MPUBEIEHHOM HIXE MPUMEPE KOMITMISATOP CHaYajla BBIIOJHUT CIIOXEHME, a 3aTeM YMHOXEHMUE.
int i = 2% (1+3); //cnoxeHxe BBIIOJHICTCS OO0 YMHOXCHMS

B npuMeHeHNN K yKazaTelisiM CKOOKM BBIMOJHSIOT T€ XK€ (DYHKIIUU.
int main(int argc, char* pArgs(})
{
Student  s;

Student* pS= &s; //co3maeM ykazaTeslb Ha OOBEKT S

//obpamaeMcsi K 4JIeHy Jgpa TOIr'C OobbekTa, Ha KOTOPHIM
//yKasuBaeT pS (Ternepb BCce paboTaeT IIpaBUIIBHO)
(*pS).gpa = 3.5;
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return O;

Tenepb ~pS BBIMUCISET OOBEKT, Ha KOTOPBI yKasblBaeT pS, a clel0oBaTelbHO, .gpa 00-
palaeTcsl K 4ieHy 3TOro oObeKTa.

Mcnonb3oBaHue CTpPenok

Wcnonb3oBaHue 11 pa3bIMEHOBAaHMSI yKasaTesell Ha OOBbeKThl orepaTopa * co cKoOKa-
mu Gvier mpexpacHo pa6orath. OIHAKO HaXe caMble TBEPIOIOObIE MPOrPAMMUCTBI CKAXYT
BaM, YTO TaKOW CUHTAKCUC Pa3bIMEHOBAHUSI OUEHb HEydOOEH.

Hns goctymna K dieHam oObekta C++ mpenocrtapisieT 6osee ymnoOHBI orepaTop ->, IO-
3BOJISIIOIIMI 1M30eKaTh HEYKITIOXKE KOHCTPYKILIMM CO CKOOKaMM M OomepaTopoM *; TakuM 00-
pa3oMm, pS->gpa skBUBaIeHTHO (*pS) .gpa.

OTOT omeparop MOJb3YeTCs Topas3no OOJbIIe TMOMYISPHOCTHIO, TOCKOJbKY €ro Jerde
quTaTh (XOTs 00e (DOPMBI 3aITMCH SKBUBAJICHTHHI).

Tlepegana odsexniol gpyninuai

[Tepenaua ykazareneit ¢GyHKUMSM — OIWH M3 CIIOCOOOB BBIPA3UTh cebs B objacTu
yKazaTeyeiu.

Bbi30B QyHKUMK C Nnepepayeit 00beKTa N0 3HAYEHUIO

Kak BblI 3Haere, mo ymonuanuio C++ mnepenaeT YyHKIMM TOJbKO 3HAYECHUSI apTyMeH-
ToB. (OGpaturech K miaBe 6, "Co3gaHue GYHKLUUIA", ecayd Bbl 3TOro He 3Hamu.) To ke
KacaeTcss U COCTaBHBIX, ONpENeJICHHBIX IMOJb30BaTelieM OOBEKTOB: OHU TakXke MNepenarTcs
10 3HAYEHHUIO.

#include "Student.h”

//TiepenaeM obwekT Turia Student no 3HAYEHUO
void sormeFn {Student vals)
{

cout << "GPA = " « valS.GPA « "\n";
}

int main{int argc, char* pArgsl[})
i

Student s;

5.semesterHours = 10;

5.9pa = 3.0;

//B cnernyomell CTpoKe Cco3maeTCs KOIKMs obbekTa S
somefn{sj);
return 0;

B stom nmpumepe dpyHkiusa main () coszmaeT oObEKT S, a 3aTeM MepeaaeT ero B (pyHKIIUIO
some Fn ().

H
ooy OcylecTBisieTcs mnepenaya o 3Ha4eHUI0 HE CaMOro O0ObeKTa, a €ro KOIUMU.
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OObekT valS HauMHAET CBOE CYIIECTBOBAHME BHYTPU (QYHKLMM someFn{) u sBIseTcs
TOUHOM Komueil oobekTa s 13 main (). I[Ipu 3TOM MOOBIE U3MEHEHUS COAEPXKUMOTO OOBEK-
Ta valS$ HUKAK HE OTPaXKaloTcsl Ha oO0beKTe S M3 (PpyHKUMM main {).

Bbi3oB PpyHKUMM C nepepayen ykasatens
Bwmecto Toro 4toObl TiepenaBaTh OOBEKT MO 3HAYCHUIO, MOXHO ITiepenaBaTh B (PYHKIIMIO
yKaszaTejib Ha OOBEKT.

#incliude <stdioc.h>
#include <iostream.h>

class Student

(

public:
int semesterHours;
float gpa;

float addCourse {int hours, float grade){return 0.0};
IH
void somefn {Student* pS)
f

pS—->semesterHours = 10;

pS5->gpa = 3.0;

pS->addCourse (3, 4.0) ; //BH3BHBaeM OyHKIIMIO-YJIEH
}
int main(int argc, char* pArgs[]}
{

Student s;

//TiepenaeM ampec obbekTa S OYHKIMM scmefn{)
someFn {&s};

//TiepenaeM 3HaYeHMe yKazaTeld pS
Student* pS;

pS = Ss;

someln (pS)

return 0;

B stoMm npumepe aprymeHT, nepenaBaemblii B someFn (), uMeer Tun ykasatesisi Ha 00b-
eKT Student. Tenepb BMecTo 3HaueHUs o0beKkTa s B GyHKIMIO someFn () mepenaercs yka-
3aTellb Ha 00BbeKT S. IIpy 3TOM COOTBETCTBEHHO M3MEHSIETCS M CHOCOO OOpallleHMsT K apry-
MeHTaM (BYHKIIMM BHYTPM €€ Tella: Tereph IJIs pa3bIMCHOBAHUS yKa3aTeslsl PS HMCIOJIb3YIOT-
Csl OTMEPATOPLI-CTPEJKH.

Takoii MeTon mepemnayu apryMeHTOB CXOX C 3alMChiO ajpeca AoMa s Ha JIMCTKe Oymaru
M TIOCJIeMyoNIeii Tepenadyeid KoMy 3Toro aapeca B someFn ().

3auyem nepepaeaTh ykasaTesb

Bo3MoXHOCTh MepeaaBaTh yKa3aTeib Ha OOBbEKT — 3TO XOPOIIO, HO BO3HUKAET BOIPOC:
3a4yeM 3TO HYXHO? OKa3bIBaeTCsl, CYIIECTBYET MHOXECTBO CUTyallUil, B KOTOPBIX MpPEAINov-
TUTEJIbHEE TepeiaBaTh yKazaTelb Ha OObEKT BMECTO CaMOro OOBEKTa, U HEKOTOPbIC M3 HUX
OyayT onucaHbl MPsIMO ceitvac.

Bo-miepBBIX, mepenaBasi yKazaTeab Ha OOBEKT, (PYHKIIMS TOIY4aeT BO3MOXXHOCTH HEIIO-
CPEICTBEHHO MEHSITh COAEPKMMOE apryMeHTa. B MpOTMBHOM cilydyae MOXET BO3HUKHYTb CH-
Tyauusi, MOX0Xasi Ha MPUBEICHHYIO B 3TOM MpUMeEpe:
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#include <stdic.h>
#include <iostream.h>»

class Student

{

public:
int semesterHours;
float gpa;

float addCcourse{int hours, float grade) {return 0.0;};
}i

void someFn{Student copyS)
{
copys.semesterHours = 10
copvs.gpa =3
copyS.addCourse (3, 4.0); //BuH3HBaeM QYHKIMO-YJIEH
}
int main{int argc, char* phArgs([])
{
Student s;
s.gpe = 0.0;

//oTobpaxaeM 3HaUYeHMe S$.gpa IIepen BB30OBOM someFn
cout « "3HaueHVe s.gpa = " « s.,gpa << "\n";

//TIepenaeM 3HaAYEeHMEe Hamero obberTa
cout << "Br3bpBaeM OyHKIMD somefn (Student)\n";
somefFn(s);

//3HadyeHue 5.gpa IIOCJIe BH30Ba someFn ocraercs paBHeM 0
cout << "3BHayeHMEe S5.gGpPE = " << S5.9gpa << "\n";
return 0;

B srtom mpumepe ¢dyHkuuu someFn () BMecTo ampeca cCylllecTBYIOIIEIO OObeKTa Iepena-
eTcsi Komust oObekTa s. DyHkuus somekn () HM3MeHseT 3HauyeHHe OOBEKTa, IIepeAaHHOIO
eii. OmHaKO, MOCKOJBKY JIOKAJIbHBIA OOBEKT COpPYS SIBISIETCS BCEro JIMIINL KOIWEW MCXOmd-
HOTO 00BeKTa S, JI0Oble M3MEHEHUs] ITOro 00beKTa BHYTPU someFr {} HUKAK HE TMOBIUSIOT
Ha S, a 3HA4YUT, He OymyT oTpaxeHbl B (GyHKUMU main O .

Pesynbrathl paGoThl 3TOM MporpaMMbl MPUBENEHBI HUXE.

3Hadvenne s.gpa = 0
BuznBaeM o¢yHKIMO somekn (Student)
3HauveHue s.gpa = 0

[lepenucap ¢yHkuuo someFn () Tak, 4ToObI ee apryMeHTOM SIBJISLICS yKaszaTelb Ha 00b-
€KT, Mbl pelliaeM 3Ty TpobiieMy:

#include <stdio.h>
#include <iostream.h>

class Student

{

public:
int semesterHours;
float gpa;

float addCourse{int hours, float grade) {return 0.0;};
Yi
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void someFn (Student * PS)

{

pS->semesterHours = 10;
pS—>gpPa = 3.0;
pé->addCourse (3, 4.0); //Be3HBaeM QyHKIMIO-IJIEH

b

int main(int argc, char* phArgsl[])
{

Student s;

s.gpa = 0.0;

//oTobpaxaeM 3HaYeHMVEe 5S.Qpa Iepen BH30BOM SOmMern
cout << "BHayeHMe sS.gpa = " << s5.gpa << "\n";

//TiepenaeM ampec Hamero oOBeKTa
cout << "BusbBaeM oOyHKIMD someln (Student)in";
someFn (&s)

//Temnepb 3HaAYEeHMEe S.Jgpa IIocjie BH3OBa someFn pasHO 3.0
cout << "3HaueHMe s.gpa = " << 3.gPa << "\n";
return 0;

Termeppb BMECTO CO3MaHUSI €LIE OAHON Komuu (GYHKUMM scmeFn () IepemaeTcs ampec
CYILIECTBYIOILIETO O0OBeKTa S (MOXHO CKa3aThb, YTO BMECTO KONUU OObEeKTa (DYHKLUMHU Iepeaa-
eTCSl KOIUs ampeca OObEKTa).

Pesynabrar pa®oThl 3TOM (DYHKLUMM OyIeT CISAYIOLIUM:

3HayeHne 3S.gpa = 0
BrizpiBaeM dyHkiImo somefn(Student)
3Hadvenue s.gpa =3.0

Tlepefada 06BeKTa IO CCHIKE

Ormnepatop cchUIKM omucad B miaBe 9, "Bropoe 3HAKOMCTBO ¢ ykazaTensiMu", U MOXET
MPUMEHSTBCS IJIsSI TIOJIb30BaTENbCKMX OOBEKTOB TaK Xe, KaK W Ui BCEX OCTalbHbIX.
#include "Student.h

//Bce TO Xe camoe, HO OCYIeCTBIdeM Ilepenady II0 CCHIJIKE
void someFn(Studenté& refS)
{
ref3.semesterHours = 10;
refS.gpa = 3.0;
refs.addCourse (3, 4.0); //BE3HBaeM QyHKIMO-4JIEH
}
Student s;
int main{int argc, char* phrgs(])
{
scmefn{s);
return 0;
}
B sT0ii mporpamme B dyHKIMIO someFn () mnepemaeTcss He Komus OO0beKTa, a CChbUIKa Ha
Hero. M3MeHeHusi, BHeceHHBbIe (GyHKLMeNH some Fn () B s, coxpaHAOTCS BHYTpHU ma in ().
[lepemaua oObeKkTa MO CChUIKE (aKTUUYECKU TepenaeT B (YHKILMIO aapec o0beKTa S; MpU
atoM C++ caMOCTOSTEIbHO Pa3bIMEHOBBIBACT MEpPEOAaHHBINA yKa3aTelb.
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LBoséham kkyue

[Mpo6ieMbl, BO3HUKAIOLIME MPU pabOTe C yKazaTeJlssMU Ha IMPOCTbIE MEepeMEeHHBIe, pac-
TMIPOCTPAHSIOTCS M Ha yKaszaTellM Ha OoObeKThl. B YacTHOCTHM, HEoOXOOWMO TrapaHTUPOBATh,
YTO yKa3aTedb CChUIAETCSI Ha CYIIECTBYIOIINN KOPPEKTHBIN 00BeKT. Tak, Helb3s BO3BpallaTh
yKasaresb Ha JIOKaJbHO OIpeNe/IeHHbIN 00BeKT, KaK 3TO CHeJIaHO B TaHHOM NpPUMEpE:

MyClass* myFunc{}
{

//2Ta OyHKIUS He OyneT paboTaThb IIPaBUIBHO
MyClass me;

MyClass* pMC = &mc;

return pMC;

Ilocne Bo3Bpara M3 myFunc {j 0OBEKT mc BBIXOAUT M3 O0JACTM BUAMMOCTHU, a 3HAUWT,
YKa3aTeslb, KOTOPHIM BO3BpaIIaeT myFunc (), yKa3plBaeT Ha HECYIIECTBYIOIIUI OOBEKT.
HMcnonp3oBaHue Kyyu IO3BOJISIET PELIMTH 3Ty MPOOJIeMy:
MyClass* myFune (]
{
MyClzss* pMC = new MyClass;
return pMC;
}

P24 C moMomiplo Kydr MOXHO BBIIENISTH MaMSTh T OOBEKTOB B CaMbBIX pa3HO00-
pa3HbIX CUTyalUsIX.

UCNO/1b306AHUECBA3AHHbBIXCNUCKOB

CBsI3aHHBII CITMCOK SIBJISIETCSI BTOPOM IO paclpOCTPaHEHHOCTH CTPYKTYPOIl IOCJIE Mac-
cuBa. OCHOBHBIM IIPEMMYILECTBOM CBSI3aHHOTO CITMCKA CIIYKUAT OTCYTCTBHE HEOOXOTMMOCTH
3amaBaTh (DUKCMPOBAHHBLIA pa3Mep Ha JTalle KOMIWISLAM: CBSI3aHHBIA CIIMCOK MOXET
YMEHBIIATHECI W YBEJIMYMBATHCI B 3aBUCHMMOCTH OT ITOTpeOHOCTEl mporpamMMsbl. LleHa Ttakoit
IMOKOCTH — CJIOXHOCTb OOpallleHUsI, TOCKOJIbKY MCIIOJIb30BaTh 3JIEMEHTHI CBSI3AHHOTO CITH-
CKa Topaso CJIOXHee, YeM 3JIEMEHThl MacCHUBa.

MaccuB

MaccuB oyeHb ymoOeH IS XpaHEHUsI Habopa OOBEKTOB, TaK KaK IIO3BOJISIET IPOCTO
¥ OBICTPO OOPATUTHCS K OTHCIBHBIM €ro dJIeMeHTaM:

MyClass :c[100]; //BbLaensieMm mecTto moa 100 3J1eMeHTOB
mc [ //oBparuTkca K (N+1) -My D2JIeMEHTY crucka

OnHako y MacCUBOB €CTb MHOTO BECOMBIX HEIOCTATKOB.

OCHOBHBIM HENOCTaTKOM MACCHUBOB SIBJIsIETCS (PUKCUPOBAHHOCTh WX IJIUHBL. MOXHO
CIIPOTHO3MPOBATh KOJIMYECTBO DJIEMEHTOB B MaccHBe, HEOOXOomMMoe s pabOThl MpOrpam-
MbI, OTHAKO, OyIy4d OJHAXKAbI OMPENETIEHHBIM, 3TO KOJUYECTBO HE MOXET ObITh U3MEHEHO.

vold fn{int nSize}

(
//co3nmaeM MacCuB U3 IT OOBEKTOB
//MyClass
MyClass* pMC = new MyClass[n];:
//Teneps OIMHaA MacCuUBa HEe MOXeT
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//BHTBb M3MeHeHa

Kpome Toro, Bce a5ieMeHThI MaccuBa JOJKHBI ObITh OMHOTO TUIa. HeBO3MOXHO XpaHUTh
00BEKTHl TUIMA MyClass M YourClass B OTHOM MacCHUBe.

W HakoHell, KpaiiHe TpyOHO BCTaBUTb OOBEKT B cepeluHy MaccuBa. [Jisg moOaBieHUs WA
ynaneHuss o0beKTa IMporpamma JO/DKHA TEPEeHECTH COCeMIHME JJIEMEHTH BIlepel WIM Hazal,
YyTOOBI CO3[aTh WIM YHUYTOXUTH IycToe MecTo B cepenrHe MaccuBa. (IlpemcraBbre cebe Ipo-
1IeCC BCTaBKM JIOMa BHYTPb 3aCTPOSHHOrO KBapTaja, W Bbl MOIMeTE, O YeM s TOBODIO.)

OnHako CylIecTBYeT M aJbTepHaTMBHAsI CTPYKTypa HaHHBIX, JIUIIEHHAs YKa3aHHBIX HemoC-
TaTKoB. KOHCTPYKIINSI, KOTOpasi MOXET 3aMEHUTb MaCCUB, Ha3bIBAeTCs CBSI3AHHBIM CITUCKOM.

CBsi3aHHbIN CMUCOK

Hetu, nepxaiuve OpYyr Apyra 3a pyKA WM TEpPeXoAsliue AOpOry, MCIOJb3YIOT TOT Xe
MPUWHILIUI, YTO U CBSI3aHHBINA CIUMCOK. B CBSI3aHHOM CIMCKe KaXIblii 00BEKT CBSA3aH CO Cle-
IYIOIIMM OOBEKTOM B IlIENOYKE. YUWUTeIb B 3TOM Cllydae IpeacTaBisieT co00il ToJOBHOM
3JIEMEHT, YKa3bIBAIOLIUKM HA IMEPBBIA 3JIEMEHT CIIMCKA.

He Bcskuit Kimacc MOXeT ObITh MCIOJIb30BaH I CO3MaHUS CBS3aHHOTO CUCKa. CBA3BI-
BaeMblii K1acc 0OBSABISETCS TaK, KaK MOKa3aHO B MPUBEACHHOM HUXe (parMeHTe.

class LinkableClass
{
public:
LinkableClass* pNext;
//TIpoYdre 4YJIeHs KJlacca
b

KiroueBbIM B 3TOM KJlacce SIBJIIeTCSl yKasaTelb Ha oObeKT kimacca LinkableClass. Ha
TEPBBIA B3MJISAI HECKOJIBKO HEOOBIYHO BBITVISIIUT TO, YTO KJIAcC COAEPKUT yKaszaTellb caM Ha
cebss. B meCTBUTENHHOCTH B 3TOM OOBSBICHUW TOAPAa3yMeBAETCsI, UYTO KaXIbIii OOBEKT
KJlacca COAEPXKUT yKazaTesb Ha Jpyroll oOBEeKT 3TOro Xe Kiacca.

VYkazarenab pNext U ecTb TOT 2JIEMEHT, C IOMOILbIO KOTOPOTO IeTU OOBbEAUHSIIOTCS B lie-
noukn. DurypanbHO BhIpaxasch, MOXHO CKa3aTh, YTO CITMCOK JETell COCTOMT M3 HEKOTO-
pOro KOJIMYECTBA OOBEKTOB, KaXKIblil M3 KOTOPBIX MMeeT Tl "pebeHoK". Kaxaplii pebeHOK
YKa3bIBaeT Ha CJEMyIolero pedeHKa.

lonoBHOIT ykazareib sBisieTcst ykaszareiaem tumna LinkableClass*, u eciu mpomooKaTth
AHAJIOTHIO C 1IETIOYKOI JeTel, TO MOXHO CKa3aThb, YTO YUUTEb yKa3blBaeT Ha OOBEKT Kiacca
"pebeHoK" (JIIOOONBITHO OTMETHUTh, YTO CaM Y4YUTEIb HE SIBISETCS PEOCHKOM — TOJIOBHOM
yKazaTesib He 00s3aTesibHO Mo/ikeH uMmeTbh Tul LinkableClass).

EIAC He 3abbiBaiiTe MHUIIMAJIM3UPOBATh yKazateau 3HaueHueMm (. Ykazarenb, coO-
nepXaliuii HOJb, HasbiBaeTcs "MycThiM". OOBIYHO TIOMBITKA OOpallleHUs I10
anpecy (0 BBI3BIBAET aBapUIHYIO OCTAHOBKY MPOTPAMMBI.

on'ﬂi]‘ H 6 . . 6 _

peobpa3oBaHue 1IeJOYMCIEHHOTO HYlS B TUI LinkableClass* He o0s3a

tenbHo. C++ BocmpuHuMaeT 0 Kak 3HaYeHHE JI000ro Thma (B YaCTHOCTH, KakK
"yHUBEpCAIbHBIN YyKa3aTelb'").

IIpuBeneHHast HUXe TMpocTast GyHKIUS, T0OaBISIONIAs MepeaaHHbIi el apryMeHT B Ha-
yaJio CIIMCKa, MOMOXET BaM pa300paThesl CO CBSI3aHHBIMU CIIHMCKAMMU.
void addHead (LinkableClass* pLC)
{
pLC->pNext = pHead
pHead = pLC;
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,El,pyrl/le onepaunn Hag CBA3aHHbIM CMTMCKOM

HO6HBHCHI/IC o0beKTa B Hayalo CIUCKa SIBJISETCS CaMou MPOCTON oOlepauuenn co CBI3aH-

HbBIM crniickoM. [opasmo ciioxHee H00aBUTh 2JE€MEHT B KOHEI[ CIMCKa:
void addTall (LinkableClass* pLC)

//yre=aTent Ha HadaJo CIMCKa

LinkekleClass* pCurxent = pHead;

//BymeM IIpoCMaTpMBATE CIMCOK, IIOKa He HalmeM
//nconenunit SIeMeHT CIMCKa — OH HOJIKeH CONepXaThb
//0 B ykazaTene pNext

while (pCurrent->pNext !|= fLinkableClass*) 0]

{

}
//Tenepb 3acTaBUM 3TOT OOBEKT yKa3blBaTh Ha LC

pCurrent->pNext = pLC;

//npucBouM (0 ykasaTeaio Ha CAeOyOIIUA O0BEKT
//B HOBOM KOHEYHOM 3jleMeHTe, I[IOMETUB €ro
//KaK TOCIeIHUIl B CIUCKE

pLC-rpNext = (LinkableClass&*}0;

pCurrent = pCurrent->pNext;

Teno ¢dyukuuu addTail () HauMHaeTcs ¢ MPOCMOTpPa BCETO CMMCKAa C CaMOro Hayaia 10
9JIeMeHTa, 3HauyeHWe IOl pNext KOTOPOTOo paBHO HyMO. DTOT 3JIeMEHT W SIBISIETCS TOCIeN-
HuUM B crmcke. [locie storo ¢pynkimsg addTail () mobasisieT oobekT pLC* K KOHILy CITMCKA.

(B peiicTBUTENPHOCTH MpUBeACHHAs (PYHKUMSI COOEPKUT OmHy oIMoOKy. Kpome mpoBep-
KU SJEMEHTOB CIMCKAa Ha PaBeHCTBO HYJIO, HEOOXOAMMO TMPOBEPSITh W TOJOBHOU 3JIEMEHT

cinucka — pHead. Honp B pHead o3HauyaeT, 4To CIMCOK ITYCT.)

®dynknus remove () cxoxa ¢ mpenpiayineii. OHa yoaisieT yKa3aHHBIM OOBEeKT M3 CIIKMCKa

U BO3BpallaeT 1, eciu ynajaeHue mpouuio 6e3 omuobok, u 0 B MPOTUBHOM cllydae.

void remove (Linkablellass* pLC)
{
LinkableClass* pCurrent = pHead;
//ecnu CIMCOK IIyCT, Mb He HakmgeM B HeM *pPLC
if {2Current == (LinkableClass*) 0)
{
return 0;
}
//OpoCcMOTEMM BECh CIMCOK IO KOHIA B IIOMCKAax
//yKasanHoro sieMeHTa
while (pCurrent->pNext);
{

//ecnu cruenywommnii OOBeKT SBJISIeTCS MCKOMBM OOBLEeKTOM

if (pLC==pCurrent->pNexL)

//...TO 3acTaBMM TeKyIMii OOBEKT yKa3hHBaTh
//Ha CcIenyomui 3a HUM
pCurrent->pNext = pLC->pNext;

//2TO0 He obsizaTenbHO, HO JIydlle yIaluTh yKazaTelb

//Ha cienyommuii OObeKT B YIOaJIsieMOM 3JIeMeHTe
pLC->pNext = (LinkableClass&*)0;
return 1;
}
}

return O;
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CHauana GyHKUMS remcve () TPOBEpseT, He TMyCT Ju cnucokK. Eciaum cmucok Tmycr,
dyHkuus po3ppauiacT 0 (MIOCKOJIBKY B 3TOM ciiydae o0bekTta *pLC TOYHO HET B CITHMCKE).
Ecnu cniucok He myct, remove O TIpocMaTpuBaeT BCe 2JIEMEHTHI CMUCKA, MOKAa HE HaWAeT
HUCKOMBIIA 00beKT. Ecnn dyHKUMSI HaxomWT OOBEKT, OHAa MPUCBAUBAET TEKYIIEMY YKa3aTeslro
pNext 3HadyeHue ykazaTeass pNext U3 HaliIeHHOTO 00beKTa. BbIIo Ob HErIoXo, eciu Obl,
BHMMATEJIbHO PACCMOTPEB MPUBEAEHHBIN (pparMeHT, Bbl MOIJIA CKa3aTh, B KAKOM CIIyyae OH
Oyner paboraTb HeTpaBUJIbHO.

CBOilCTBa CBSI3aHHbIX CMUCKOB

CBsi3aHHBIC CITMCKU MMEIOT BCe Te MPEMMYIIECTBa, KOTOPBIX HET y MaccuBOB. CBsI3aH-
HBIE CIUCKM MOTYT YIJIMHSITBCS M YKOPAYMBaThCs IO Mepe NOOABICHUs WU yOaJleHUs dJie-
MeHTOB. JloGaBlieHUe O0BEKTa B CEPENMHY CIMCKA BBITONHSIETCS JIETKO U OBICTPO — TPU STOM
HET HEOOXOMUMOCTH TiepeMellaTh CYIIECTBYIOIIMe 3JeMeHThl. KpoMe TOoro, copTMpoBKa 3jie-
MEHTOB B CBSI3aHHOM CITMCKE MPOBOIUTCST TOPA3I0 ObICTpee, YeM B MAcCHBE DJIEMEHTOB.

HemocraTtok paGoThl CO CBSA3aHHBIMU CITMCKAMM COCTOMT B TOM, YTO ITOMCK OITpeIeieH-
HOTO 3JIEMEHTa 3aTPyJHEH IO CPaBHEHUIO C aHAJIOTMYHOW omepanueii B mMaccuBax. K aje-
MEHTaM MacCHBa JIETKO OOpPaTMTHCS TIOCPEACTBOM HMHIEKCA, TOTNA KaK B CBS3AHHOM CITUCKE
9TO chejaTh HEBO3MOXHO. MHorma mporpamma JOJDKHA MPOYMTATh BECh CITMCOK IUIST TTOMCKA
OIHOTO 3JIEMEHTA.

Tlhoshauna LinkedListData

IMporpamMa LinkedlistData MCHOJB3YEeT CBS3aHHBIA CIIMCOK [IJISI XpaHEHUS CIIMCKA
OOBEKTOB, CONEPXKALIMX MMEHA CTYIECHTOB U MX HOMEDA COLMAIbLHOIO CTPAXOBAHMSI.

// LinkedListData — xpaHuUT MMeHa CTYIeHTOB

// B CBsI3aHHOM CIIMICKE OOBLEKTOB
#include <stdio.h>

#include <icstream.h>

#include <string.h>

// NameDataSet — COmepXUT MMEHa M HOMepa COLMaJIbLHOTO
// CTpaxoBaHUS
class NameDataSet
{
public:
char szFirstName[l28];
char szLastName [128];
int nSocialSecurity;:

// CBS3Bb CO CIeOybnlUM BJIEMEHTOM CIIMCKa
NameDataSet* pNext;

// yKazaTenb Ha IIePBHI 2JIeMeHT CINCKa
NameDataSet* pHead = 0;

// addTail — mobaBisieT HOBHM 2JIEMEHT B CBSI3AHHBIM CIIMCOK

void addTail {NameDataSet* pNDS)

{
// cpazy ke OOHYJIUM VKazaTesb Ha CIeOymuni DJIeMeHT,
// TIOCKOJBKY DTOT DJIEeMEeHT OyIeT IIOCJIeOHVM B CINMCKE
PNDS->pNext = 0;

// eCcny CIMCOK IIyCT,
// TO TOJIOBHOM yKaszaTellb LOOJIKeH OymeT
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// YyKas3pBaTb Ha BCTABJISEMEBI DSJIEMEHT
if {pHead == 0)
{

pHead = pNDS;

return;

}

// ecnu CIMCOK He IIyCT, HaloeM IIOCJIeOHWI BJIeMeHT CIIUMCKa

NameDataSet* pCurrent = pHead;
while (pCurrent->pNext]

{
pCurrent = pCurrent->phNext;
}
// mobaBuMM TeKymulM SJIeMeHT K KOHIy CIIMCKAa

pCurrent->pNext = pNDS;
}

// getData — cuMTHBaeT MM ¥ HOMED COLMalIbHOTO
// CTpaxoBaHMs; BO3BpamaeT HOIEb,
// ecnu Oosnble Hedyero CYMTHBATH

NameDataSet* getDatal()
{

// Cco3IaeM HOBHM OOBEKT I 3alloJIHeHNS
NameDataSet* pNDS = new NameDataSet;

// cuyuTaeMm uMs
cout << "\nBeegutre uma: ";
cin >> pNb3->szFirstName;

// ecrnu B IIOJIe UMeHM BBemeHo 'exit'...

if ((stricmp(pNDS-»szFirstName, "exit") == 0))
{
// ...YHUYTORWTE eme IIyCTOM OOBLexT. ..
delete pNDS;
// ...W BEPHYTH HOJL, 4YTODOH [IpepBaTh LMKJI BBOIA
return 0;

}

// CcYuTaeM OCTaBIIMECSI YJIEHH
n

cout << "BBemuTe obaMmiIuio: ;
cin >> pNDS-»szlastName;

cout <« "BBemuTe HOMED COLIMAJIBHOT'O CTPaxXOBAHUMA:
cin >> pND3->nSccialSecurity:

// OOHYyNIMM yKazaTelb Ha CJIeOylmui 2JIEMeHT
pNDE->pNext = 0

/] repHeM ampec co3maHHOTO Ob6BEKTA
return pNDS;
}

// displayData -~ BHBOIOMM OIVH DBK3eMIUISp Kjacca NameDataSet

void displayData{NameDataSet* pNDS)
{
cout; « pNDS-»szFirstName
<< " "
« pRDS->szlastName

" .
i
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< ll'/u
<< pNDS->rnSoclalSecurity
« "\H",‘

}

int main(int argc, char* pArgs[])

{

cout << "CuUmMTBHBAaEM MMA/HOMEP COLMAJIBHOTO CTpaxoBaHwms \i1"
« "BpemuTe 'exit' B mojsie MMeHM IS BRIXomai\n";

// cozpanuM obbekT Kijlacca NameDataSet
NameDataSet* pNDS;
while (pNDS = getDataO)
f
// moBbaBMM ero B KOHEIl CIIMCKa OOBEeKTOB
// NameDataSet
addTall [pNDS);
t

// TI0OYepemHO BHBEIEeM BCe BJIEMEHTH CIIMCKa
// (BHIIOJTHEHME MIPEKPATUTCSI, KOoTrla yKazaTelb
// Ha cremyomui JeMeHT OymeT paBeH HyJI)
cout « "DyemeHTH: \II";
pNDS = pHead;
while (pNDS)
{
// oTobpasuM TEeKyIUl SJIEMEeHT
displayData (pNDS) ;

// TIONYyYuUM ampec CIHelyrWelo 3JIeMeHTa
PNDS = pNDS->pNext ;
)

return 0;

HecmoTpst Ha BHYIIMTETBHYIO UIMHY, TIporpamMma LinkedListData OTHOCHUTENBHO TIPO-
cra. ®yHkuust main () HauMHaercsl ¢ Bbi3oBa (pyHkuum getData (), KOTOpasi CYUTHIBAET 3Jie-
meHT NameDataSet ¢ kmaBuatypel. Ecim mmonb3oBaTeb BBOAMT CTPOKY "eXxit" B Tone mme-
Hu, getData () BosBpamaer Hoib. @yHkuMsA main (} Bb3biBaeT GyHkuuo addTail (), uTo-
OBl TO0OABUTH DJIEMEHT, KOTOPBI BepHy/Ia getData (), B KOHeIl CBSI3aHHOTO CITHCKA.

Ecmu ot mosnb3oBatenst Gonbile He mocTtymaeT sneMeHToB NameDataSet, dyHkums
main () BBIBOAMT Ha DKpaH BCe BJEMEHThI CIMCKa, MCIoJb3ys ¢yHKuMoo displayData ().

®Oynkuusg getbData () BbIOSISeT U3 Kydd ITycToii o0beKT Kiacca NameDataSet. Ilocie
aroro getData () oxumaer BBOma MMEHM IS 3alIMCH €r0 B COOTBETCTBYIOIEE IT0Jie HOBOTO
o0bekTa. Eciau mosb3oBarenb BBOOUT B IMOJIE UMEHU CTPOKY "eXxit", dyHKLUS YHUUTOXAeT
TOCTIENHUN CO3MaHHBI 00BeKT W Bo3Bpammaer 0. B mpoTuBHOM ciydae getData(} CUMTHI-
BaeT GaMWINI0O U HOMEp COLIMAJIBbHOTO CTPAaXOBaHWUs, TMOCIe 4ero oOHyJseT yKa3aTeab pNext
U TIepefaeT yrpaBJjeHWe BhI3BIBAIONIEH (DYyHKIIUU.

PLHis, o
2 4 HI/IKOI‘I[a HE OCTaBJIAUTE CBA3bIBAIOIIMEC YyKasaTCe/iM HE IPOMHUIIHMATIU3WPOBAH-

N HeiMu! Crapast TOroBopka mporpaMMucToB rnacut: "He yBepeH — oGHynu".

®Oyukuusg addTail () W3 TpuBeIeHHOTO IIpMMepa CXOXa ¢ Tpeabloylleil Bepcuei
addTail O, ogHako B omIMYMe OT Hee OHa IPOBEPSIET, HE SIBISETCS U MaHHBIA CIHCOK
nycteiM. Eciu ykaszarens pHead HyneBoil, To addTail O 3anuchiBaeT B HEro ykasarejb Ha
TEeKYIIWI 3JIEMEHT U TPeKpallaeT BHITIOJTHEHUE.

®yuknus displayData () HeomHOKpaTHO BCTpevallach HaM paHee.

170 Yacrs lll. "Knaccunyeckoe  nporpammupoBaHue



[1e8a 16

3alluLleHHbIe YneHbl Knacca:
He 0ecnokouTb!

B omon abe. ..

¥ 3aluineHHbIe YIeHbI
¥ YeM XOpOILHN 3alIUIIEHHbIE YWICHBI
¥ OOpalleHre K 3allMINEHHBIM YJIeHaM

maBe 13, "Knaccer B C++", paccMaTpuBaiach KOHIENIUs KiaccoB. KimroueBoe ci0BO
public ObLIO OnMKMCaHO KaK 4YacTb OOBSBICHMS Kjacca, T.e. IMPOCTO KakK TO, YTO CJEdy-
eT Jeiatb. B 3Toii IaBe BbI y3HaeTe, YTO KIIOYEBOMY CJIOBY public ecTh aJlbTepHATHBBI.

SaujueHHbleY1eHbl

UneHbl Kjlacca MOIYT OBITh IOMEYEHBI KaK 3allMIIeHHbIe, 4YTO AeJlaeT MX HEeIOCTYII-
HBIMM M3BHE Kjacca. B oTiaumuue OT 3alIuIIeHHBIX, OTKpHIThIe (public) wieHb Kiacca
JOCTYIHBI IJIS1 BCEX.

3auem HY>KHbI 3alLLLIEHHbIE YJ1E€HbI

,HHH TOTO YTOOBI TOHSTH CMBICH 3alllUThl WICHOB Kjacca, HYXHO BCIIOMHUTb, KaKOBbI
ean O6’bCKTHO—OpI/ICHTI/IpOBaHHOFO IIporpaMMMpOBaHUA.

¥v" 3ammMra BHYTPEHHHUX 3JIEMEHTOB Kjacca OT BHeIIHUX (GyHKuuii. Beap korma
BBl IIPOCKTHPYETE MHUKPOBOJHOBYIO Meub (WIM YTO-HUOYIb OPYyroe), TO OC-
HAILla€Te €€ IO BO3MOXKHOCTU IIPOCTHIM HMHTEpdEicOM C BHEIIHUM MHPOM
U TIpSYeTe COACPXKMMOE B METaUIMUECKM suiuMK. Tak genaercs Uil TOTrO,
4yTOOBI APYrMe HE MOIJIM I10JIOMAaTh MUKPOBOJHOBYIO I€4b. 3allUTa 4WIEHOB
KJIacca BBITMOJHSIET POJIb XKEJIE3HOro SIIMKA.

"+ CosmaHue Kiacca, CIMOCOOHOTO TIOJHOLIEHHO YIPaBJSITh CBOMMHU BHYTPEH-
: HUMU WieHaMu. HeckoibKo HerocienoBaTebHO TpeboBaTh OT Kilacca IoJi-
HOLIEHHOM paboThl M OTBETCTBEHHOCTH 3a €€ pe3y/IbTaTbl MU OTHOBPEMEHHO
MO3BOJISITh BHEUTHUM (YHKIMSIM MaHUITYJIMPOBaTh €ro BHYTPEHHUMH 4Jjie-
HaMmu (3TO TO Xe€ caMoe, YTO UM TpeOOoBaTh OT CO3[aTelisi MUKPOBOJTHOBOM Te-
YU HECTH OTBETCTBEHHOCTh 3a MOM HeNpo(eCCUOHAIbHbIE MaHUITYJISIINT
C DJIeMEHTaMU ee BHYTPEHHEro yCTpOiiCcTBa).

CokpallleHre 10 MUHMMyMa BHellIHero mHTepdeiica kiacca. I'opa3no mpoiie
M3yJaTh U KCIIOJb30BaTh KJIACC, KOTOPBIM MMEET OTpaHMYCHHBIN MHTepdeiic
(a mHTepdeiicoM Kiacca SBISIOTCS €r0 OTKPBITBIE YJIEHBI). 3allWIeHHBIS
YIEHBI CKPBITHI OT IIOJIb30BaTeNsl, M MX HE Hago IOMHUTH (B IIPOTUBHOM
ciydae MHTepdelicoM CTaHOBMTCSI BeCh Kiacc). Takoil momxon Ha3bIBaeTCs
aficmpakuueli, Koropas omnucaHa B riase 8, "IlepBoe 3HAaKOMCTBO C yKasarte-
namMu B C++",

RCH T
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£+ YMeHbIIIEHUE YPOBHSI B3aMMOCBSI3M MEXIY KJIACCOM M BHEIIHEW Iipalpam-
Moii. OrpaHMuYMB B3aMMOCBSI3b KjlacCca C BHEIIHUM KOAOM, IIPH HEOOXOIH-
MOCTHU TOpa3[Io MPOIe 3aMEHUTh KJIacC KaKUM-JTUOO0 JIPYTHM.

LR FA M e TR

4 Tak m ciplly, KaK MOKJIOHHWKN (PyHKIIMOHATBHOTO Toaxona roBopst: "He HyxHO ne-
JIaTb HUYEro NpoTuBOecTecTBeHHOro! JlocTaTOYHO MOTpedboBaThb OT MPOrpaMMMCTA, YTOOBI
OH TIOTIPOCTY HE TpOoTrajl HEKOTOpPBIE YJIeHbI Kiacca'.

Bce aT0 BepHO B TeOopuM, ONHAKO HE OINpaBAbIBaeTCs Ha mpakTuke. [IporpamMmuctsl Ha-
YUHAIOT THUCATh MPOTPAaMMBI, OyIydu TePEeTNOTHEHHBIMU Oarnx HaMepeHW, OMHAKO Tpu-
ONMXKEeHWe CPOKOB CIauyu MporpaMMbl 3acTaBiIsSIEeT MX Bce OOJblIE pa30yapoBBIBATBCS B OT-
CYTCTBMY BO3MOKHOCTH TIPSIMOTO JOCTYyIIa K 3aIMIIEHHBIM YieHaM Kjacca.

Kak yCTpOEHbI 3aLLMLLEHHBIE YNIEHbI

JlobGaBieHue B Kjacc KJIIOYEBOro cjoBa public genaer Bce HaxomsIUECs 3a HUM YJIEHbBI
KJlacca OTKPBITBIMU, a 3HAYUT, TOCTYITHBIMU i (GYHKLUN — He YJIeHOB Kiacca. McIoib-
30BaB KJIIOUEBOE CJIOBO protected, BBl HenaeTe BCe ITOCCOYIOIIME YIEHBI KJacca 3alllM-
LIEHHBIMHU, T.€. HEAOCTYITHBIMU 1T QYHKIIMIA, KOTOPbIE He SIBJISIOTCS YjleHaMu Kiacca. [lepe-
KJIFOUAThCSI MEXKIy 3alllMIIEHHBIMM M OTKPBITBIMM WIEHAMH KJlacca MOXHO CKOJIBKO YTOIHO.

HomyctuM, y Hac ecTh Kiacc student. B mpuBemeHHOM HIDKe MpUMeEpe MpPeACTaBICHBI
BCe HEOOXOMMMBIE BO3MOXHOCTU, KOTOpBbIE HYKHBI KJIAcCy, OIMCBIBAIOIIEMY CTydeHTa (3a
HUCKIIIOYEHUEM pa3Be 4To (yHKIMK spendMoney (TpaTUTh IeHbIM) U drinkBeer (IUTh IH-
BO), KOTOpBIC TOXE SIBJISTIOTCSI CBOMCTBAMM CTYICHTA):

addCourse (int hours, float grade) — HoBaBHTR MPOMIAECHHBIA KypC;
grade () — BepHYTb TEKYIIYIO CPEIHIOI OLICHKY;
hours () — BepHYTH KOJIMYECTBO IPOMIEHHBIX YacOB.

OcrTaBivecst WieHbl Kiacca Student MOXHO OOBSIBUTH KaK 3alllMIICHHBIE, YTOOBI ApY-
rvue GyHKLIMW He MOITM "Je3Th" BO BHYTPEHHME liefla Kilacca Student.

class Student
{
public:

// grade — BO3BpamaeT TEKyIylD CPEeIHI OIIeHKY

float grade()

{

return gpa;

}

// hours — BO3BpamaeT KOJIMYECTBO IIPOCIIYIMIaHHEX YacOB

int hours {}

{

return semesterHours;

}

// addCourse — mobamiseT K 3almMcu CTyIeHTa

// IPOCIIYMaHHHN KYyPC

float addCourse({int hours, float grade)

/ /TIPpVBEOEeHHBEEe HUXE YJIeHB HeIOCTYIIHH IJIS BHENHMX QYyHKIIVM
protected:

int semesterHours; //KOAMYECTEO NPOCIYIAHHEX 4YacoOB

float gpa; //CcpenHsisi OLIeHKa
}; _

Tenepp uneHnl semesterHours M gpa AOCTYMHBI TOJBKO M3 JIPYIMX YJEHOB Kijacca

Student, M TIPUBEIEHHBIN HUXE NMpuUMep paboTaTh He OyIeT.

Student s;
int main{int argc, char* pArgs[])

{
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/ /TIOBHICUM CBOV PEeMTUHT (HO He CJIMIIKOM CUIIBHO,
//UHade HUKTO He IIOBepUT)
S.gpa 3.5; //BH3OBET OWMOKY IIPU KOMIIUIISIINN
float gpa = s.grade(); //>Ta OoTKpHTas OYHKIINMS
// CcuUumMTHBaeT 3HadeHMe [IepeMeHHO, HO BH He MOoXeTe
// HEIoCpeICTBEHHO M3MEHUTHL €€ 3HadYeHNVe U3IBHEe
return 0;

[Tpy MOMNBITKE 3TOM MPOrpaMMbl M3MEHUTh 3HAUEHHUE gpa Ha 3Tare KOMITWISLUU Oymer
BBIJAHO COOOIIEHHEe 00 OILIMOKe.

514 CuuraeTcsl MPU3HAKOM XOPOILET0 TOHA HE TMojaraTbcsl Ha 3HAYCHUE 3allUThl
10 YyMOJTYAHUIO, a ONpPENEIUTh B CAMOM Hadvajle OOBABIEHMA Kiacca KIII0YeBOE
cioBo public wim private. OObIYHO KJIacC HAYMHAIOT OIMCHIBATH C OTKPHI-
TBIX 4JIeHOB, ¢dopMmupys uHTepdelic kiacca. OnucaHue 3alIUIIEHHBIX YIEHOB
KJ1acca BBITIOJHSIETCS TTO3XKeE.

YneHBl Kilacca MOTYT OBITh 3alIMIIEHBI U3BHE M C TIOMOIIBIO €Ille OTHOTO KITIO-
yeBoro cjioBa — private. Kcratu, mo yMoJldaHWIO TPU ONMMCAHUM KJlacca ero
YJIeHbl CUMTAIOTCS ONMMCAHHBIMM MMEHHO Kak private. PasHuma mexmy pro-
tected W private craHeT SCHOU TIpU M3YyYeHWM HaCJIeqOBaHMS B TiaBe 21,
"HacnmemoBaHue KiaccosB'.

You Xopowun 30UlULLEHHbIE H1CHb]

Tenepb, Korma Bbl HEMHOTO MO3HAKOMUJIWCH C 3alllMIIEHHBIMU YJ€HAMU, SI TIPUBELY
apryMeHTBhI, 0OOCHOBBIBAIOIIIE WX MCIIOJIb30BaHME.

3awmTa BHyTPEHHEro ycTpoiicTea Knacca

KiroueBoe cioBo protected mo3BosisieT MCKIIOUYUTh BO3MOXKHOCTb YCTAHOBKU gpa paB-
HBIM He JOIMYCTUMOMY [UI 5TOI BEJIWUYMHBI 3HAYEHUIO. BHeEIIHee NMPUIOXEHUE CMOXKET I10-
0aBUTh KypC, HO HE CMOXET M3MEHMUTb 3HAaue€HME CpelHero 0amia HerocpelacTBeHHo. Eciau
UMeeTCs HeoOXOAMMOCTh HEeMOCPEeICTBEHHOTO M3MEHEeHMUSI 3HauyeHusl gpa, KJIacC MOXET
MPeIOCTaBUTh OTKPBITYIO (PYHKLMIO, TpeIHA3HAUYCHHYIO IJis 3TOM LieJu, HalpuMep:
class Student
{
public:

// grade — meynaeT TO Xe, YTO M paHbIe
float grade()
{
return gpa;
}
//oaeM BO3MOXHOCTEL M3MEeHEeHWUSsI CpelHel OlLIeHKU
float grade(float newGPA)
: float oldGPA = gpa;
/ /IlpoBepsieM OOy CTUMOCTE 3HaAYEHUS
if (newGPA > 0 && newGPA <= 5.0)
{
gpa = newGPA;
}
¢ return oldGPA;
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// .. BCe ocTalbHOe oCcTaeTcs 6e3 umaMeHeHUN
protected:
int semesterHours; //KOIUYECTBO IIPOCIIyIIaHHHX YacCOB
float gpa;
}i
Jo6asneHue HoBoil (yHkuuu grade (float) Tmo3BossIeT BHEIIHUM MPUIOXEHUSIM H3-
MEHSITh COAEPXUMOE gpa. 3aMeTbTe, YTO KJlacC BCE PAaBHO HE MO3BOJISIET BHEIIHUM (DyHK-
LIUSIM TOJIHOCTBIO KOHTPOJUPOBATh COAEPXKMMOE CBOMX 3alllMIIEHHBIX 4WIEHOB. BHellHee
TMPUJIOXKEHUE HE MOXET MPUCBOUTH gpa Jiioboe 3HayeHWe, a TOJbKO TO, KOTOPOE JIEXUT
B nuanaszoHe mexmay 0 u 5.0.
Teneps kacc Student obecrieyMBaeT BHELIHUN NOCTYN K CBOMM BHYTPEHHUM 4YJI€HaM,
OIHOBPEMEHHO He MO3BOJISISI IPUCBOUTH UM HEJIOMYCTUMOE 3HAUEHUE.

Knaccbl ¢ orpaHnyeHHbIM MHTEPdENCOM

Tenepp Hall Kiacc MNPENOCTaBIsICT oOepaHutenHvili WHTepdeiic. YToObl MCMOJB30BaTh
KJIacC, JOCTATOYHO 3HaTh, KAKOBBI €r0 OTKPBLITbIE WICHBLI, YTO OHU JEJIalOT U KakKue apry-
MEHTBI IMPUHUMAIOT. DTO 3HAYUTEJIbHO YMEHBIIAaeT KOJMYSCTBO MHMOPMallnK, KOTOPYIO He-
00XOIMMO TTOMHUTH IS paOOTHI C KJIACCOM.

Kpome TOrO, MHOTIA M3MEHSIOTCS YCJIOBUS PaOOThI MPOrpaMMbI JIMOO BBISIBIASIOTCS HO-
Bble OIIMOKM, M MPOTPaMMUCT JODKEH HM3MEHUTH CONEpPXMMOE YJICHOB Kiacca (ecid He
JIOTUKY ero pa®oTel). B 3TOM ciyyae M3MeHEHWE TOJIBKO 3alllMIIEHHBIX YJEHOB KJjacca He
BBI3bIBaeT U3MEHEHUI B KOJE BHEIITHETO MPUJIOXKEHUS.

Odhamenue k3aUUUECHHBIM YACHAM

MoXeT CIIyduThCsl TaK, YTO TOTPEOYETCS MPEeNOCTaBUTh HEKOTOPHIM BHEITHUM (BYyHKIIH -
sIM BO3MOXKHOCTb OOpallleHUsl K 3allMIIeHHbIM YJleHaM Kiacca. [[JIs Takoro A0CTyrna MOXHO
BOCTIOJTb30BAThCSI KIIIOUEBBIM CIIOBOM friend (Ipyr).

"[lpyr BCerga ycTynutb rotoB MeCTO B LLUTIONKE U Kpyr.,."

WMHorna BHeITHUM (YHKUMSIM TpeOyeTcst MPpsMOil JOCTYN K JaHHbIM-4wieHaM. be3 Heko-
TOPOrO MeXaHM3Ma "MPYXKECTBEHHOCTU" MPOTPaMMUCT ObUT Obl BBIHYXIEH OOBSBISATH TaKUE
YJIeHbl OTKPBITBIMM [JII BCEX, a 3HAYUT, OOpaliatbcsl K 3TUM YJieHaM Momia Obl Jobast
BHEIIHAST QYHKIIUS.

DTO MoxoXe Ha TO, KaK Bbl MOPOii ocTaBisieTe cocelsiM KITIOY OT CBOETO JIoMa Ha BpeMst
OTIyCKa, YTOOBl OHM WHOTIA MpOBepsiiu ero. JlaBaTh KJIIOYM HE WieHaM CeMbU HE COBCEM
XOpOIIIO, OJHAKO 3TO KyAa Jydyllle, YeM OCTaBJISTh JIOM OTKPBITHIM.

OOBbsIBIICHUE Npy3eil MOJDKHO HAaXOOUThCS B KJIACCE, KOTOPBIA COMEPXUT 3alllMIICHHBIC
yaeHbl. Takoe OObSIBIEHUE BBITMOJHSIETCS MOYTU TaK Xe, KaK U OObSIBJIEHUE OOBIYHBIX MPO-
TOTUIIOB, M JOJIKHO COMIEPXaTh PACIIMPEHHOE WMSs Apyra, BKJIIOYAIOIee THUIIbI apryMEHTOB
U BO3BpalllaeMOro 3HaueHusl. B mnpuBeneHHOM HuXe TNpuMepe (GYHKUMS initializef)
TOJTyJaeT TOCTYIT KO BCeM WieHaMm Kiacca Student.

class Student;

{

friend void initialize{Student*};

public:
//Te Xe OTKPHTHE 4YJIeHB, 4YTO UM paHbIe

protected:
int semesterHours; //KOIMYECTBO YaCOB B CeMecTpe
float gpa:
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//>Ta OYHKIIMSI — OpyTr Kijacca Student
//U uMeeT OOCTYII K eTr0 3allUIeHHBM YIeHaM
void initialize (Student *pS)
f
pS-rcpa = 0; //Tenepb 2TU CTPOKM 3aKOHHE

pS-rsemesterdours = 0;

OgHa U Ta Xe (QYHKIMS MOXET OJHOBPEMEHHO OBITh OOBSIBICHA IPYIOM HECKOJbKHUX
KJ1accoB. DTO MOXeET OBbITh yIOOHO, Harpumep, Ui CBSI3U ABYX KiaccoB. [IpaBma, Takoro
poza CBsI3b HE OYEHb IMPUBETCTBYETCSI, MOCKOJIBKY JieflaeT oba Kjacca 3aBUCUMBIMM JIPYr OT
npyra. OgHako, eciM JBa Kjacca B3aMMOCBSI3aHBI 10 CBOEH MpUpone, UX oO0beNMHEHHE MO-
JKET 0Ka3aThCsl HE CTOJIb TUIOXMM pellleHUEM.

class Student;
class Teacher
i

friend void registratiocn();
protected:

int oStudents;

Student *pList{i00C];
public:

void assignGrades():
bi
class Stuadent
{ .

friend void remis~. ot
public:

//Te Xe OTKPEBITBEIE YJIEHBl, YTO M paHblle
protected:

Teacher *pT;

int semesterHours; //KoOIMYECTBO YAaCOB B CeMeCTpe

float gpa;
s

B nmanHoM mnpumepe ¢yHKuMs registration O Moxer obpaliarbcsd K 0O0OMM KJjac-
caMm — u student u Teacher, cBsI3bIBast X Ha 3Talle PEerMCTpallMM, HO MPU 3TOM HE BXOMAS
B COCTaB ATUX KJIACCOB.
OGOparnTe BHUMaHHWE, YTO B IIEPBOM CTPOKe MpuMepa oOBSIBIsIETCA Kilacc Student, HO

He OOBSBISIOTCS €ro WieHbl. 3allOMHUTE. TaKoe OIMCaHUe Kiacca Ha3blBaeTCsl MpeaBapu-
TEeJIbHBIM W B HEM OITMCBIBAETCS TOJILKO MMs Kiacca. [IpeaBapuTesbHOE ONMMUCaHUE HYXHO
VIS TOro. 4YTOOBI Apyrve KJlacchl, Takue, Hampumep, Kak Teacher, moriu obpaimatbes
K Knmaccy Student, [lpenBapuTesnbHble ONMMCAHUS MCIOJB3YIOTCS TOTAa, KOTJa JBa Kjacca
IIOJDKHBI Oo0OpallaTbess oAuH K aApyroMy. MyHKIMsS-4IeH OTHOTO KJacca MOXET ObITh OObSB-
JIEeHa KakK Jpyr HEKOTOPOIO JAPYroro Kjacca CJIEAyILUM 00pa3oMm:

class Teacher

{
//Te Xe 4YJIeHB, YTO U PaHble
public:
void assignGrades():
b

class Student
{
friend void Teacher::assignGrades();
public:
//Te ®Xe OTKPHTHE YJIeHH, YTO U pPaHble
protected:
int semesterHours; //KOIMYECTBO YaCOB B CeMecTpe
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float gpa;
}i
void Teacher::assignGrades (};
{
//>Ta QyHKUMS MMeeT OOCTYII K
//3amumeHHbBM YJIeHaM Kjlacca Student
}

B ommune or mpumepa ¢ QYHKUMSIMU — He WieHaMu, GYHKIUA-4IeH Kilacca JOJDKHA
ObITh OOBSIBJICHA Tepeld TeM, KakK KJace Student OOBSIBUT €€ APYroM.

CyllecTBYIOIIMIA KJIACC MOXKET OBITh OOBSBIEH KaK APYr HEKOTOPOTrO APYroro Kjacca Ie-
JIMKOM. BDTO O3HayaeT, 4ro Bce (YHKUMU-YJIECHbI Kjacca CTAaHOBSATCS APY3bsIMU JIPYroro
KJj1acca, HaIllpumep:
class Student;
class Teacher

{

protected:
int noStudents;
Student *pList[100];

public:
void assignGrades();

}i

class Student

{

friend class Teacher;

public: e - — .
//Te ¥e OTKPHTHE YJIeHH, YTO U paHble
protected:

Teacher *pT;
int semésterHcours; //KOIM4YecTBO 4aCOB B CeMecTpe

float gpa;
)i
Tenepp n06as byHKuUuMsSI-wieH Kiacca Teacher umMeeT JOCTYnm KO BCEM 3alllMIIEHHBIM
yjaeHaM Kiacca Student. OObSIBICHME OTHOTO Kjlacca IPYyroM APYroro Hepa3pbIBHO CBSI3bI-
BaeT JBa KJjacca.
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e 17/

CozpaHue 1 ynanexue 06sexToB:
KOHCTPYKTOD U ECTPYKTOD

BB armiod wafe. ..

¥ CosnaHue 00bEKTOB
¥ Mcnone3oBaHHe KOHCTPYKTOPOB
¥ UYrto Takoe AeCcTpyKTOp

H OBEKThl B TMPOrpaMMe CO3MAIOTCS U YHUUTOXAIOTCS TaK e, KaK U OObeKThl PealbHOTO
(-lﬂmpa. Eciu xnacc caMm OTBe4aeT 3a CBOE CYLLECTBOBAaHME, OH JOJDKEH o0ianarb BO3MOX-
HOCTBIO ¥MNpaRcHMS MPOLIECCOM YHUUTOXEHUST U co3naHusi oobekToB. [Iporpammucram Ha C++
MoBe3JI0, Mockoibky C++ mnpenocTapisieT HeOOXOAMMBIM sl 3TOr0 MEXaHW3M (XOTsl, cKopee
BCEro, 9TO HE yaaya, a pe3y/ibTaT pa3yMHOro IJIaHUpOBaHUs si3bika). [Ipexne yeM HauyuMHaTh CO3-
JaBaTh U YHUUTOXATh OOBEKTHI B MpOrpaMMe, OOCYIMM, YTO 3HAUUT "co3laBaTb OOBEKTHI' .

Cozoanue odsex#ol

Hexkoropble momgyac TepsioTcsl B TEpMUHAX kadacc U o0sekm. B uem pasHUIAa MEXIy 3TH-
MU TepMuHaMu? Kak oHU CBS3aHBI?

A Mory cosmarh Knacc Do, KOTOPBI OyIeT ONMUMCHIBATH COOTBETCTBYIOIIME CBONCTBA
Jyyuiero apyra yenoBeka. K mpumepy, y MeHs ecTb ABe coOaku. DTO 3HAYUT, YTO MOii Kiacc
Dog conepxut nBa sk3emruisipa — Tpynu u Ckyrep (Hadetocs, yro nea: Ckyrepa s He BUAen
YK€ HECKOJIbKO JHEH...).

i Knacc onuchiBaeT TUN TpenMeTa, a ob6sekm SIBISETCSl 3K3EMIUISIPOM  Kiiacca.
Dog sBnsercs ximaccom, a Tpymm m Ckyrep — oObektamm. Kaxmass cobaka
MPEACTABISIET COOON OTHOENbHBINM OOBEKT, HO CYILIECTBYET TOJIBKO OIWH KJacc

Dog, IIPU 3TOM HE MMECT 3HAYCHUA, CKOJIbKO Y MCHA cobax.

OOBEKThl MOTYT CO3[AaBAThCSI M YHUUTOXKATHCSI, a KJIAcChl TMOIPOCTY CYIIECTBYIOT. Mou coba-
k1 Tpym u CkyTep NMpUXOAST U yXOmsT, a kiacc Dog (ocTaBUM 3BOJIOLINIO B CTOPOHE) BEUEH.

PaznuuHble TUIIBI OOBEKTOB CO3JAlOTCsl B pa3Hoe Bpems. Korma mporpamMmMa HauyMHaeT
BBITTOJIHATBCSI, CO3JAIOTCI I100ajbHble 00beKThl. JIOoKajabHble OOBEKThI CO3[AIOTCSI, KOrma
MporpaMMa CTJIKUBAETCsS C UX OObSIBICHUEM.

el I'moGanbHbIE  OOBEKT SIBJASIETCS OOBEKTOM, OOBSBICHHBIM BHE KaKUX-JIMOO
byHkuuit. JIoKabHBIA OOBEKT OOBSBISIETCS BHYTPU (QYHKIUU, a CAeAOBATE b~
HO, SIBJISIETCSI JIOKQJIbHBIM [UISl (pyHKIMU. B mpuBeneHHOM HUXe MpuMepe Ie-

peMeHHasl me SIBJISIETCSl MIOOAJBbHOI, a INepeMeHHas noMe — JIOKAJIbHOW IO
OTHOUIEHUIO K pickOnre ().

int me;
void pickOne {}
<

int noMe;

}
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CornacHo mpaBwiaM C T1006aibHBIE OOBEKTHl 0 YMOJTYaHWIO WHUIIMATU3NPY-
JOTCSl HYJIEBBIMU 3HaueHUsIMU- JIOKaJIbHbIE OOBEKTHI, T.€. OOBEKTHI, OOBABMEH-
Hble BHYTpM (QYHKIIMN, He WMEIOT WHUIHMAIU3UPYIOMNX 3HadeHuil. Takoit
MO/IXO/I, BOOOIIE TOBOPS, ISl KJIACCOB HEMPUEMIIEM.

C++ Mo3BOJISIET OIpENeTUTh BHYTPU KJlacca CHelNabHYI0 (DYHKIIMIO-YJIeH, KOTopas aB-
TOMAaTUYECKU BBI3BIBAECTCSI MPU CO3AAHUM OOBEKTa 3TOTrO Kiacca. DTa (PyHKUUS-YJIeH Has3bl-
BaeTCs KOHCTPYKTOPOM U WMHUIIMAIU3UPYET OOBEKT, MPUBOAS €ro B HEKOTOPOe HEOoOXOoau-
Moe HauajibHOe cocTossHue. Kpome KOHCTpyKTOopa, B Kjacce MOXHO OIPEeNeuTb AECTPYK-
TOp, KOTOPBI OydeT BHI3BIBATHCS TIIPU YHUUYTOXEHUM OO0BeKTa. OTH nBe GYyHKIMUU
U SIBIISIIOTCS TIPEIMETOM OOCYXKIEeHUsI JAHHOU TIJIaBbl.

Uenoussobanue konchipyisniopol

KoHctpykTop — 3TO hyHKUMSI-UJIeH, KOTOpasl BbI3bIBAETCS aBTOMATUYECKU BO BpPEMs CO3-
JaHUs 00BbEKTa COOTBETCTBYIOILETro kKiacca. OCHOBHOW 3amayeil KOHCTPYKTOpa SIBJISIETCS WUHU-
uanu3anusi oobekTa, MPUBOLSILASI €T0 B HEKOTOPOE KOPPEKTHOE HAaYaJIbHOE COCTOSTHUE.

3a4emM Hy>KHbl KOHCTPYKTOPbI

OOBEKT MOXHO MPOMHUIIMAIU3UPOBATh HA dTare ero oO0bsABICHUS, KaK caeaal Obl Mpo-
rpammuct Ha C:
struct Student
{

int semesterHours;

float gpa;
};
void fn{}
{
Student s = {0,01};
// .. .0Oponomkedne QYHKIINMA. . .

OTOT (pparMeHT Kojga He OyaeT paboTaTh IJis HacTosiero kjgacca C-++, IOCKOJBKY
BHEIIIHEE MPUJIOXEHUE HE MMEeT MOCTyIa K 3allMIIeHHBbIM wieHaM Kiacca. [IpuBeneHHbI
HIKe (hparMeHT HEKOPPEKTEH.

class Student

{

public:
// «..CTKPBEITHE YICHH. . .
protected:
int semesterHours;
float gpa;
}i
void fn{)
{
Student s = {0,Q}; // HempaBUIIBHO, TaK Kak
// HDAHHEHE-uYreHs HeNOCTYIIHH
// ...0poOoTEeHMe QYHKIUN. . .

B manHom ciayyae ¢pyHkumust — He wieH £ m () He MMeeT MpaBa oOpallaTbCsl K 4jieHaM
semesterHours U gpa, MOCKOJbKY OHM SIBJISIIOTCS 3alllUMIIEHHBIMU (a PyHKLUSI He OObSIB-
JIeHa B KayecTBe Jpyra Kjacca).
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OgHako, KaK yXe€ OTMEYaioCh, BBl MOXETe OOECIIEYUTh KIIACC WHULIMAIU3UPYIOLIEH
(dbyHkuMeit, kKoropast OyaeT BBI3BIBATBCS B IpollecCe CO3maHUs oO0bekTa. ITOCKOJbKY 3Ta
GYHKIMS SIBISIETCS WIEHOM Kjlacca, OHAa MMEET OOCTYI K 3allUdIIeHHBIM wwieHaM. Takoit

CI0CO0 MHULIMAaIU3alMU MPOAEMOHCTPUPOBAH B MPUBEACHHOM HUXE IMpUMeEpe.
class Student
{
public:
void init{)
{

semesteridours = 0;

goa = 0.0;
}
// ...cCTalJbHEE OTKPHTHE YJIeHH . . .
protected:
int semesterHours;
float gpa;
3
void fn ()
{
Student s; // cozmaeM OOBLEKT ...
s.init{); // ... ¥V VMHALIUAJIU3UPYEM eTo
// . ..0ponoIKeHMe OYHKIUNM. . .

OnHako IMpU TaKOM IIOAXOAE OTBETCTBEHHOCTh 3a MHULMAJIM3ALMIO OOBEKTAa CHUMAETCS
¢ kiacca. JIpyrumu ciaoBamu, Kjlacc IOJDKEH ToJjiaraTbCsl Ha TO, YTO BHELIHEE NPWJIOXEHUe
BBI30BET (PyHKUMIO-WIeH init (). B mMpoTMBHOM ciydyae OOBEKT OCTaHETCSI HE NMPOMHMLILMA-
JIM3UPOBAaHHBIM U OyIeT comepkaTh HeTpencKazyeMble 3HAYCHUS.

[ng Toro yroObl M30eXaTh 3TOW HENMPUSITHOCTU, OTBETCTBEHHOCTb 32 BBI30B MHUIIUAIIM-
3upyloleil 00beKT (YHKIIMY HEOOXOAMMO TIePeIOXUTh C TIPWIOXKEHWS Ha KOMITWISITOP.
Beskuit pa3 npu co3naHuM O0bEeKTa KOMIUJISITOP MOXET BCTaBJISITh B KOJ CIELMATbHYIO
WHUTTAATN3NPYIONTYI0 (PYHKIINI0O — a 3TO M €CTh KOHCTPYKTOP!

Pabota C KOHCTPYKTOpamMu

KoHcTpykTOop ~ 3TO cmeuuanbHast (PyHKUUSI-YJIEH, KOTOpas aBTOMATUYECKU BBI3HI-
BaeTcsl BO BpeMs co3gaHusl o0bekTa. KOHCTpYyKTOp OOJLKEH HMeTbh TO e UM, 4TO
n kinacc. (Takum o0pa3zoM KOMIMJISITOP CMOXET OMNpENcINTh, YTO MMEHHO 3Ta (YHK-
LUSI-YJIeH sBJsieTCsl KOHCTpykTopoM. KoHeuHo, cozgatenu C++ Momiu chOpMyJIUpo-
BaThb 3TO MpPaBMJIO KaK YrogHo, Hampumep, Tak: "KOHCTpyKTOpoM SBIsieTCS (QYHKIIUS
¢ UMeHeM init {)”. Kak MMeHHO oIlpelejeHO MpaBUJO, HE HMEeT 3HAa4YeHUS; IJaB-
HO€ — YTOOBI KOHCTPYKTOP MOT OBITh paclo3HaH KOMIMJISATOpPOM.) Eile ogHUM cBOMCT-
BOM KOHCTPYKTOpa SIBJISIETCSI TO, YTO OH HE BO3BpalllaeT HUKAKOI0 3HAYEHUS, MOCKOJb-
KY BBI3BIBACTCS aBTOMATHUYECKHU (eclim Obl KOHCTPYKTOP M BO3Bpallaj 3HaducHHWE, €ro BCe
paBHO HeKyda ObLIO Obl 3armucarhb).

Kinacc ¢ ucrnosib30BaHMEM KOHCTPYKTOpa MPOJEMOHCTPUPOBAH B CJEAYIOLIEM MpUMEpE:
#include <iostream.h>
class S—udent
|
public:

Student ()

{
cout << "KoHCTpyupyeMm obbekT Student\n";
semesterHours = 0;
gpa = 0.0;
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// ...QCTaNeHEES OTXPEHTEE YJIEHH. . .

protected:
int semesterHours;
float gpa;
Ti
veid £nd)
!
Student s; // cozmaeM UM MHUIMAIMU3UPpYyeM ODBEeKT
// ...O0podogxelre QYHKIIWA. . .

B sTOM mnpumepe KOMMUJISTOP CaM BbI3bIBAET KOHCTPYKTOp Student::Student (]
B TOM MecTe, e OObsSIBIsEeTCS OOBEKT S.

BOTOT MPOCTO KOHCTPYKTOP peajn30BaH B BMIE BCTpoeHHOit (inline) ¢pynkuuu. KoHcr-
DYKTOP MOKHO CO3/1aTh M KakK OOBIYHYIO (DYHKIIMIO C TEJIOM, BBIHECEHHBIM U3 OObBSIBJICHUS
KJiacca:

#include <iostream.h>
class Student
{
public:
Student ()
// ...0CTanbHEE OTKPBETHEE YJIEHH. . .
protected:
int semesterHours;
float gpa;
is
Student: : StudentO
(
cout << "KoucTpyupyem Studentin”:
semesterHours = 0;

gpa = 0.0;

)

veidfn (]

{
Student s; // coz3maeM M MHULMAJIN3UPYyeM OOBLEeKT
// ...0ponoskeHue QYHKIIMM. . .

13
i

int main{int argcs, char* pArgs[])
{
fn();

return 0;

B manHoM mnpumepe moGaBieHa HeOoJsbllass (QYHKOUS main (), 4YTOOBI 3Ty TECTOBYIO
MporpaMMy MOXHO OBUIO 3amycTuTb. HacTosITeIbHO PEKOMEHIYI0 MPOMTH 3Ty IpOrpaMmmy
B IIOILIATOBOM pEXMME OTIAAYMKa Iepel TeM, KaK JABUTaThCs daJiblile.

Unctpykuun mno padore ¢ ommagunkom GNU C++ npusenensr B miase 29, “HecsThb
croco0oB 130exXarh OImMboK".

BhIMOIHSIST 3TOT IpUMEP B IIOIIATOBOM pEXMME, AOMINTE A0 CTPOKUA C OObSBIECHUEM
o0beKkTa s. BeimonmHuTe koMaHay ominamyuka Illar ¢ 3axonom B ¢dyHkumuu (Step into), U ympas-
JIeHWe KakK TI0 BOJIIEOCTBY TepeimeT K (VHKIMM Student::Student() (ecnmm y Bac
inline-Bepcusi KOHCTPYKTOpa, YOSAWUTECh, UTO TIpU KOMMOMJISLUU BKIodyeHa onuust Outline
inline functions, ¢ TOMOIIbIO KOTOPOIl TeJO (DYHKILMM BBIHOCUTCS M3 OOBSIBICHHUS Kjlacca; B
MPOTUBHOM CJIydae KOI KOHCTPYKTOpa OymeT MOICTaBJIEH B TEJIO IIPOrpaMMbI U BbI HE CMO-
KEeTe MOIAcTh B KOHCTPYKTOp). IlpomosokaiiTe BBIIIOJHEHHE KOHCTPYKTOpa B IIOILIATOBOM
pexkume. Korma ¢yHKIIMS 3aKOHYMTCSI, YIIpaBICHUE TMEpeyaeT K CIeAyIoeil 3a OObsSIBICHU-
eM 00beKTa Kjacca CTpPOKe.
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B omHOi1 CTPOKE MOXET ObIThb OOBSIBJIEHO HECKOIbLKO OOBEKTOB. BbIMomHUTE, HampuMep,
O TIOIIAarOBOM pPEXHMMeE Cleayrolee:

woid fin
{

Stuasnt s [5]; //co3maeM MacCcuB OOBEKTOB

/4. Opononxernue GyHELWK, . .
}

Bbl yBuUaMTEe MSTh BBI3OBOB KOHCTPYKTOpa — IO OJHOMY JISI KaXkJAOro 3JeMeHTa
Maccusa.
il B npuBeneHHoil najiee IporpamMMe MCIIOJb3YIOTCSI KOMaHAbl BhIBOAA COOOIIIE-

HHH, mHGOpMUpPYIOIIUE O BBI30BE KOHCTPYKTOpa, Ha ClIydyaid, €CIi BbI HE MO-
KeTe (WJIM HE XOTUTE) 3allyCTUTh OTIamuuK. DbdheKT OyneT XOTsd U He CTONdb
BITCUATJIAIONIMM, HO OT 3TOTO HEe McHee yOeoUTETbHBIM.

KoHCTpyKTOp MOXET OBITh 3alyllIeH TOJBKO aBToMaTuuyecku! Henb3s BBI3BIBAaTH KOHCT-
DPYKTOp KakK OObIYHYIO (DYHKIIMIO-YJIEH, a 3HAaYUT, U MOBTOPHO MHUIIMATU3UPOBATH OOBEKT
Kinacca Staacent:

void fni)
Stucent s; /I co3maeM U WHULHAIU3UPYEM OBBEKT
// - ..uponorxerie QYHKIUH...
s. Student () ; // nuraemca peMHMUMATMIUPOBATE €TO0,

// HO KOMIOWIATOP COOOIIUT 00 omubxe

OOBsBICHNE KOHCTPYKTOpa HE MOJKHO coAepXXaTb THMIT BO3BpAIlacéMOTO 3HAUYCHUS —
Y JaXe TUIl void.

Ecnmu ximacc umeeT nmaHiHbIe-4leHbl. KOTOpbIE SIBJSIOTCS OOBEKTAMM JIpYroro Kiacca,
KOHCTPYKTOPBI IS 3TUX OOBEKTOB TakKe OydyT BbI3BaHBI aBTOMaTW4yecKW. OOpaTuTe BHU-
MaHMe Ha CJICAYIOLIMIA MpUMEp, B KOTOPbIM J100aBjieHbl KOMaHIbl BbIBOAA COOOIIEHUI, MO-
3BOJISIIONIME YBUIETh, B KAKOM TTOPSIAKE CO3Ial0TCSI OOBEKTHI:

$induce <icstream.h>
class Student

public:
Student()

cout << "KoHcTpyupyeM Studentin™;
semesterHours = 0;
gpa = 0.0;
)
// ...0CTANbHBe OTKPHTHE YJIeHH. . .
protected:
int semesterHours;
float gpa;
¥
class Tsacher
{
public:
Teacher )

cout << "KoHcTpyupyem Teacher\n";

|
class T itorPair
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i
public:
TuteorPair ()
{
cout << "KoHcTpyupyeMm TutorPair\n";
noMeetings = UO;
)
protected:
Student student;
Teacher teacher;
int noMeetings;
bi
int main({int argc, char* paxgs[])
{
TutorPair tp;
cout << "BozBpamaemcs: B main ()i\n";
return 0;

B pesynbraTe paboThl 3TOI IporpamMMbl Ha 3KpaH OymyT BBIBEAEHBI CJEAYyIOIIUE CO-

OOIIIEeHUSI:

KoucTpyupyeM Student
KouncTpyupyeMmTeacher
KoucTpympyemTutorPair
BozBpamaeMcst B main{}

CoszngaHue obObekTa tp B main;) BbI3bIBaeT KOHCTpykTop TutorPair aBTOMaTHyecKu.
Ilepen TeM Kak ympaBiieHMe OyneT mepedaHo Tely KoHCTpyKropa TutorPair, BbI3bIBaloTCS
KOHCTPYKTOPHI IS 0OBEKTOB-4l1eHOB student u teacher.

KoncTpykTop student BBI3bIBaeTCS IEPBBIM, MOCKOJBKY OOBEKT 3TOTO Kiacca OOBSIBIIEH
MepBbIM. 3aTeM BBI3bIBaeTCs KOHCTPYKTOp Teacher. UM-Toiapko mocie co3maHUsl 3TUX OO0b-
€KTOB yIpaBJieHUEe TIepeXOauT K KOHCTPYKTopy Kiacca TutorPair, KoTophlii Temeph MOXET
KOHCTPYMPOBATh OCTAaBIIIYIOCS YacTh OOBEKTa.

By D10 He o3HauaeT, uyTo TutorPair oTBeuaer 3a WHWIIMANM3ALNIO OOBEKTOB
student u teacher. Kaxnplii Kjiacc oTBeyaeT 3a WHULMAIU3AlLMIO CBOETO
00BbeKTa, Ire OBl TOT HE CO3ABaJICS.

Yo riakce gechizpynrop

OOBeKkThl KJjlacca YHUUTOXAIOTCS TaK e, KakK W cosnaiorcsa. Ecnum kimacc MoxeTt
WMEeTh KOHCTPYKTOP IJIST BBITTOJTHEHUWS HadYaJbHBIX YCTAHOBOK, TO OH MOXET COIepXaTh
U cHeuuaJbHyl0 (YHKIUIO JJIs YHUUTOXEHMUS oO0bekTa. Takasd (pYyHKIMsI-4YJIEeH Ha3biBa-
eTCsl JeCTPYKTOPOM.

3a4eM HyXeH OECTPYKTOP

Krnacc Moxet 3aTpeboBaTh JJIsI CBOETO OOBEKTa HEKOTOPBIE PECYPCHl C MOMOIIbI KOHCT-
PYKTOpa; 3TU pecypchbl IOJDKHBI OBITh OCBOOOXIEHBI IMPU YHUUTOXEHUM oObekTa. Harpu-
Mep, €CJd KOHCTPYKTOP OTKpbIBaeT (haiij, Imepen OKOHYaHMEM paboThl ¢ OOBEKTOM Kijacca
WIA TIpOTpaMMBI 3TOT (aiiil clemyeT 3aKpbITb. BO3MOXEH M Apyroil BapuaHT: €CJIM KOHCT-
PYKTOp OepeT MaMsTh M3 Kydd, TO OHa JOJKHA OBbITh OCBOOOXIEHA Iepel TeM, KaK OOBbEeKT
TepecTaHeT CYIIeCTBOBaTh. [leCTPyKTOp IMO3BOJIAET AelaTh 3TO aBTOMAaTWUYEeCKW, He ITojara-
sICh Ha BBI30B HEOOXONUMBIX (DYHKIIMII-UJIEHOB B IMPOTrpaMMe.
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Pabota ¢ oectpykropamm

JleCTpyKTOp MMEET TO e MMsl, YTO U KJIaCC, HO TOJBbKO C TMPEALIECTBYIOIIMM €My CUM-
BosioM Twibabl (-) (C++ mociemoBaTesieH W 3[eCh: Bellb CUMBOJ THJIbIbI HE YTO MHOE, KakK
CUMBOJI omieparopa "HeT", T.e. JECTPYKTOp — 3TO OTpUIlaHWEe KOHCTpyKTopa). Kak m KoHcT-
DPYKTOp, JECTPYKTOp HE MMEET TUIa Bo3BpaliaeMoro 3HadeHusi. C y4yeToM CKa3aHHOTO OecT-
pykTop Kimacca Student OymeT BBIDISIIETh Tak:

class Student

{
public:
Stucent ()
{
semesterHours = 0;
gpa = 0.0;
}
~Student ()
{

//TobEe UCHONLE3YEeMEe PeCcypCH OCBODOXIANTCS 3IeCh

}

// ...ocTanbHeie OTKPBITHIE YJICHHBI...
protected:

int semesterHours;

flcet gpa;
I

JlecTpyKTOp BBI3BIBAE€TCS ABTOMATHMYECKU, KOTIA OOBEKT YHUUTOXAETCS WU, €CJIA TOBO-
putb s3bikoM C++, mpoucxomut ero gecTpykuus. YToObl u30exXaTb TaBTOJIOTUU
("mecTpyKTOp BBI3BIBAETCA IUIST NECTPYKIIMM OOBeKTa"), s MO BO3MOXHOCTH CTapajics He
MPUMEHATh 3TOT TepMMH. MOXHO TakKe CKa3aTh "KOorja OOBEKT BBIXOOUT M3 O0JacTH BU-
nmuMocTu'". JIOKambHBIN OOBEKT BBIXOMUT M3 O0JIACTU BUIUMOCTH, KOTma (YHKIIWSI, CO3aB-
11asi ero, MOXOAWT A0 KOMaHAbl return. [JToOGaNbHBIA WM CTaTUYECKMI OOBEKT BBIXOAWUT U3
0o0JlacT! BUIMMOCTH, KOTIA MpeKpairaercss paboTra mpoTrpaMMBI.

Ecnu yHuuTOXaeTcs Oojiee OJHOro o0beKTa, AECTPYKTOPHI BBI3BIBAIOTCS B MOpPsIKE, 00-
paTHOM BBI30BY KOHCTPYKTOpPOB. To ke KacaeTcss W Ciydasl, KOTIa YHUYTOXAaeMBbId OOBEKT
COIEPXKUT 0OBeKTbI-WieHbl. [laee mpuBeaeHa mporpamma TutorPair, ucrosnb3ymoouias ne-
CTPYKTODHI.

#include <stdio.h>
#include <iost ream.h>
class Student

{

public:
Stuclent ()
{
cout << "KomcTpympyeMm Studentin”;
semesterHours = 0;
gpa=0.0;
}
~Student ()
{
cout << "VHmuToxaeMm Student\n";
}
// ...0CTanbHEE2 OTKPEITHE YJIEHH. . .
protected:

int: semesterHours ;
}; float gpa;
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class Teacher
|

public:

fTeacher 0

f cout « "KoHcTpympyeM Teacher\n";
~Tea%her()

b cout << "Vamuyroxkaem Teacher\n";

class TutorPair

i

public:
TutorPair ()
{

cout << "KouHcTpyupyem Tutor?air\n";
1 noleesings = 0;
~TutorFair (}
} cout << "VamuroxaeM TutorPairW;

protected:
Student s;
Teacher t;
int noMeetings ;
}i
int main(int arges, char* pArgs|[])
! TutorPair tp;
cout << "BozBpamaeMcs B main()\n";
return 0;

Ecau BBI 3ammycTuTe 3Ty nMpodaMMy, Ha 3KpaH Oyayr BbIBEIeHBI CIIEAYIOIINEe COOOIIEHNS:

Kopcrpyupyed Student
KoucTpyupyeMm Teacher
KoucTpyupyem TutorPai r
BozBpamaeMcss B main ()
VanuToxaeM TutorPailr
VauyToxaem Teacher
VanuToxaeM Student

Kak Buaute, KoHCTpyKTOp Kiacca TutorPair Bei3biBaeTcsi mpu OObsIBIEHUM tp, a JeCT-
PYKTOp — TIeped 3aBepllamoleil CKoOKoil ¢GyHKIMM main {} . IlopsSmok BbI30Ba IECTPYKTO-
poB ©0OpaTeH MOPSIKY BbI30BA KOHCTPYKTOPOB.
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Dem 18
ApryMeHTaImma KOHCTPYMPOBAHMUA

B amos  raabe. ..

v Kak CHa0IuTh KOHCTPYKTOP apryMeHTaMu

¥ Tleperpy3ka KOHCTPYKTOpa

v OmpeneneHre KOHCTPYKTOPOB 10 YMOJTYAHUIO

¥ KoHCTpyMpoOBaHUE WICHOB Kiacca

¥ VipaBjieHUe IOC/IEI0BATEIbHOCTBIO KOHCTPYMPOBAHMS

)y
JIacC TMpeiCcTaBiseT TUMN OObeKTa B peajbHOM Mupe. Hampumep, Mbl HCIOJNB30BAIU
& Srgace Student st MpPEACTaBICHUSI CTyACHTA U €ro CBOMCTB.

To4HO TaK e, KaK M CTYOCHTBI, KJIACChl CUMTAIOT cebsi aGCOIOTHO CaMOCTOSITEIbHBIMMU.
OnHako, B OTIMYME OT CTYICHTOB, KJIacC NEMCTBUTEJIBHO caM "yxaXXuBaeT' 3a co00Oii — OH
JO/DKEH BCe BpeMsl MOMIepXKUBaTh cebs B MPUEMIIEMOM COCTOSsHMU. Hanpumep, oTpuua-
TeJbHBIM WACHTUGMUKALIMOHHBIN HOMEp CTYICHTAa He MpuemMyieM Ui oObeKTa Kiacca stu-
dent. UM TONBKO caM KJlacC OTBEYaeT 3a TO, YTO Ha 3Tamne Co3daHusl OO0BbeKTa HOMEp WHU-
LIMAJIM3UPOBAH TOIXOISIIUM 3HAUCHUEM.

C++ mo3BojisgeT podaMMUCTy OINPEIeIUTh CIICLUANBbHYIO (DYHKIIUIO-YIeH, KOTopaslh Ha3bl-
BaeTCsl KOHCTPYKTOPOM M BBI3BbIBACTCSI aBTOMATMUECKM Ha 3Tare co3fdaHusi oObekta. MMmeHHO
KOHCTPYKTOP TO3BOJISIET KJIacCy NMPAaBUIbHO MHULIMATM3UPOBATh OOBEKT BO BPEMsl €ro CO3IaHMSI.

KoHctpykTopsl, npuBeaeHHbie B IaBe 17, "Co3maHue M ymajeHne OOBEKTOB: KOHCTPYKTOD
U JIECTPYKTOP", HE MMEIOT apryMEHTOB, T.€. HE YMEIOT HMYEro, KpoMe WHMIMAIN3ALMU OObeKTa
OTHUM U TEM XK€ COCTOsIHMEM. B JaHHOI WIaBe pacCMOTPEHbI KOHCTPYKTOPHI C apryMeHTaMMu.

faucchadguirs KorCHfyKHOf
Qfr2YMeH AN

C++ mos3BosisieT MPOrpaMMUCTY OMPENEIMTh KOHCTPYKTOP ¢ apTyMEHTaMM, Hampumep:
#include <iostream.h>
#include <string.h>
class Student
{
public:
Student {char *pName)
{
cout << " KoHCTpyuMpyeM CcTyneHTa " << pName << "\n";
strncpy (name, plame, sizeof{name));
name [sizeof (name} — 1] = '\0';
}
// ...QCTanbHEEe OTKPHTHE YJIEHH. . .
protected:
char name{40];
int semesterHours;
float gpa;
)
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3a4yeM KOHCTPYKTOPaM Hy>Hbl apryMeHTbI

Bo3amoxxHOCTh m00aBIeHMSI apryMEHTOB K KOHCTPYKTOpPY He TpeOyeT oco0oii, IpocTuTe 3a
KanamOyp, apryMeHTalluM, HO sI BCE XK€ TPHMBEIY HECKOJIbKO apryMEHTOB B IOJIb3Yy NMpPUMEHe-
HUSI apryMeHTOB. Bo-mepBbIX, WX MCIOJb30BAHUE B KOHCTPYKTOPE MOCTATOYHO YHoOHO. bbuio
Obl HECKOJIbKO HEMOCJIeOBAaTeIbHO TPeOOBaTh OT MPOrpaMMUCTa CHAaYana KOHCTPYMPOBAThb
O0OBEKT, a 3aTeM BBI3bIBAaTh WHUIMAIU3UPYIOLIYI0 (QYHKIMIO C TEM, YTOOBI OHA ITPOBOIMJIA
WHULAIU3alAI0, creuuduuHyo sl JaHHoro oObekTa. KoHCTpykTop, mMomnep:KuBaromvii
apryMeHTbI, TIOXOX Ha Mara3uH Mpu aBTO3arpaBKe: OH TMPEIOCTABJISIET MOJIHBIN CEpBUC.

Hpyrasi, Gonee BaxkHasi MPUYMHA WUCIIOJIb30BaHUSI apryMEHTOB B KOHCTPYKTOPE COCTOUT
B TOM, YTO WMHOTJA 3TO €AWMHCTBEHHBIH CIOCO0 co3daTh OOBEKT C HEOOXOAMMBIMU Havallb-
HBIMU 3HAYEHUSIMU. BCMOMHHTC, 4TO paboTa KOHCTPYKTOpa 3aKJII04YaeTcsl B CO3JaHUU KOp-
pexTHOro (B CMBbICie TpeOOBaHUI TAaHHOTO Kilacca) oObeKkTa. Eciu Kakoii-To CO3maHHBIN MO
YMOJIYaHUIO OOBEKT HE OTBeYaeT TPeOOBAHMSIM IMPOrpaMMbl, 3HAYUT, KOHCTPYKTOP HE BbI-
MOJIHSIET CBOIO paboTy.

Hampumep, 6aHKOBCKMII cueT 6e3 HoMepa He siBisieTcst mpuemiieMbiM (C++ Bce paBHO,
KakoB HOMEpP CYeTa, HO 3TO MOYEMY-TO BOJHYET OaHK). MOXHO co3maTb OOBEKT BankAc-
count 6e3 HOMepa, a 3aTeM IOTpedOBaTh OT IMPUJIOXKEHUS BBI3BAaTh HEKOTOPYIO (BYHKIIUIO-
YieH Uil MHULMAIU3aluyd HOMepa cyera repen ucrojb3oBaHueM. OmHAKO 3TO Hapyliaer
Hallli TIpaBuJjia, MOCKOJIbKY TMPU TaKOM TOJXOMAE KJIACC BBIHYXIECH IOJiaraTbCcsi Ha TO, 4YTO
9TU ACeHCTBUS OyIyT BBIMOJHEHBl BHEIIHUM TMPUIOXKEHUEM.

Kak ncnonb3oBaTb KOHCTPYKTOP C aprymMeHTamm

Wnes wcnonp3oBaHUsI apryMeHTOB mpocTa. Kak m3BecTHO, (DYHKIIMU-WIEHBI MOIYT UMETh
apryMeHTBI, ITO3TOMY KOHCTPYKTOp, Oyaydur (HYHKLIUEH-WIEHOM, TOXE MOXET UMETh apIyMEHThI.

IIpu sTOM Henb3s 3a0bIBaTh, YTO BHI BBI3bIBAETE KOHCTPYKTOP HE KaK HOPMAJbHYIO
GYHKIMIO W TepenaTbh eMy Apr¥YMEHT MOXHO TOJIBKO B MOMEHT CO3MaHusl oObekTa. Tak,
MpUBEIeHHAsT HUXKE IIporpaMMa Co3maeT OObeKT s Kiacca student, BbI3BIBasE KOHCTPYKTOP
Student (char*). OObEKT S YHUUTOXAETCSI B MOMEHT Bo3Bpara M3 (YHKILMM main ().

#inclucde <iostream.h>
#include <string.h>
class Student
{
public:
Student (char *pName)
{
cout << "KoHCTpyupyeM CcTymeHTa " << pName << "\n";
strncpy(name, pNamle, sizeof(name) ) ;
name[sizeof (name) — 1] = "\NQ';
semesterHours = 0;
gpa =0.0;

}
~Student ()
{
cout << "JIMKBUIMPYEM " << name << "\n";

// Heroxo O CTepeThb VMs YHUYITOKAEMOTO CTYIeHTa,
name[0] = '\0"';

}

// ...0CTanbHELEe OTKPHTHE 4YJIEHH. . .
protected:

char name(40};

int semesterHours;

float gpa;
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b

int main(int argcs, char* pargs[])
{
Student s("Danny"}; // Cosmaem [IdKHUM
return 0;
) //a Temepb H30aBUMCS OT HETOC

B sTOM mpuMepe KOHCTPYKTOP BBINVISSAMT ITOYTH TaK Xe, KaK WM KOHCTPYKTOp M3 IJia-
Bol 17, "Co3maHue M ymajieHHMe OOBEKTOB. KOHCTPYKTOP M JIECTPYKTOp", C TeM JIMIIb OTIM-
YyHeM, 4YTO OH MNPWHUMAaeT apryMeHT pName, HMMeEOIIMA THUI char®*. DTOT KOHCTPYKTOp
WHULIMAJTU3UPYET BCe HAHHBIC-UYJICHBI HYJICBBIMM 3HAYCHUSIMU, 3a MCKIIOUCHUEM YJicHa
name, KOTOPbIH MHULMAIU3UPYETCS CTPOKOM phame.

OOBeKT S co3maeTcsd B (pyHKIUM main (). ApryMeHT, TepelaBacMBIii KOHCTPYKTOPY, Ha-
XOJIUTCSI B CTPOKE OOBSBICHMS S Cpa3y ke 3a MMeHeM oObeKkTa. biaromapss TakoMy OOBSIB-
JICHUIO CTYICHT S Toayunn uMs Danny. 3akpbiBalomiast ¢purypHast cKooka yHKOIUM main()
BBI3BIBAET TPOM UM MOJIHMIO JIECTPYKTOpa Ha rojiopy HecuacTtHoro Danny.

3amycK 3TOM IMpOrpaMMBl BBIBEIET Ha 3KpaH Cieaylolee:

KouncrpyupyeMm cryneHTa Danny
JInkBuovpyeM Danny

LSt MHorue KOHCTPYKTOPHI B 3TOM IJIaBe HapylIaloT MpaBuio "QYHKIIUU pa3MepoM
OoJiee Tpex CTPOK HE MOLKHBI ObITh inline-¢pyHKuusmu". 1 mpocto pemuia o6-
JIETYUTH BaM 4YTeHHUe (a Tereph — BalllM aIllJIOAUCMEHTHI!).

KoHcTpykTOphl M ECTpyKTOpPhI MOIYT OBITh PeaM30BaHbl TakXkKe CIEAYIOIIMM O00pa3oM:

#include <icstream.h>
#include <string.h>
class Student
{
public:
Student (char *plame)
~Student ()
//...oCcTaneHele OTKPHTHE YJIeHH. . .
protected:
char namel[d40];
int semesterHours ;
floa= gpa;r
}i

// ompenenvM QYHKIIMM (OOpaTHTe BHMMAaHME Ha
// OTCYTCTBME THIIA BO3BpANAeMOTO 3HAYEHUS)
Student: : Student (char *pName)
{
cout << "KoHCTpyupyeMm cTyrmeHTa " « pName << "\n";
strncpy(name, pName, sizeof (name));
name [sizeof (name} — 1] = "\O';
semesterHours = 0;
gpa =0.0;
}

//obpaTuTe BHMMaHME, KakK BHIJISONT OEeCTPYKTOP
Student: :~Student ()

"

cout << "JIMKBUOUDYEM << name << "\n";

Korma Bel momHakomnute moboibiie omnbiTa B C++, To OymeTe JIerKo IMepeBOAUTb (PyHK-
LIMU U3 OMHOU (DOPMBI 3alMCU B JAPYIYIO.
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Jlehespyska konchpuynnioha

HOCKOHBKY B 9TOH IJIaBe IIPOBOOATCA ITapaJluICIn MCXAY KOHCTPYKTOPOM U OOBIYHBIMU
Cl)yHKLll/lﬂMl/I—‘iJleHaM]/l, s MO3BOJIIO cebe elle OIHY ITapaJuiejib: KOHCTPYKTOPBI MOZKHO JTE€-

perpykarb.

WH, .
sority CnoBocouetaHue "meperpyxkeHHass (pyvHKiIMa™ oO3HAyaeT, 4YTO OINpeIeeHO He-

i CKOJMbKO (YHKIMI C OJWHAKOBBIM MMEHEM, HO Da3HbIMU TUIIAMU apryMEHTOB.
Ecmi BBl HEMHOTO TOM3a0BUTM 3TOT TEPMUH, OCBEXWTE RaMATL. 0OpPaTHBIINCH

o

K maBe 6, “Cosznanne QyHKIUA".

C++ BbIOMpaeT BbI3bIBAEMbII KOHCTPYKTOP, MCXOISI U3 apTyMEHTOB, TepeJaBacMbIX TMPU
0o0bsIBIEHMM 00bekTa. Hampumep, kimacc Student MoXeT OIHOBPEMEHHO HUMEThb TPU KOH-
CTPYKTOpA, 4YTO MPOIEMOHCTPUPOBAHO B CJIEAYIOIIEM TTpUMeEpe:

#include <jiostream.h>
#include <string.h>
class Student
{
pueblic:
Student ()
i
cout << "CozmaeM cTymeHTa 06e3 wuMeHM\n";
semesterHours = 0 ;
gpa = C.0O;
name[0] = '\O';
}
Student (char *pMName)
{

cout << "CozpmaeM cTymeHTa " << plarme << "\n";
strncpy (err.e, pName, sizeocf(namel) ;

name [ sizeof (name) — 1% = '"\0"';

semesterHours = 0 ;

gpa = 0;

}
Student (char *pName, int xfrEours, *loat xfrGPA)

{

cout << "CozmaeM cTymeHTa " << piName << "\n";
strncpy (name, pName, sizeaof (name) ) ;
name [ sizeof (name) — 2 = '"\Q"';

semesterkours = xfridaurs;
gpa = xfrGPA;
}
~Student ()
I
cout << "JIMKBUOMPYEM ¢oyaedHTan";
I
// ...0CTalltHbl@ OTKPHTHE YJIEHH. . .
protected:
char name[40];
int semesterHours;
float gpa;
}i

// TIpUBEOEeHHH) HUXe OOparMeHT Lo odepenu
// BBEIBEIBAET KaXIB M3 KOHCTRYHTORIE

. . . 7

int main (int argcs, char* pargs(])

{

Student nclame;
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Student freshMan("Smell E. Fish");
Student xfer ("Upp R. Classman", 80, 2.5};
return 0;

ITockonbKy 00bekT noName peann3oBaH 0e3 apryMEHTOB, OH KOHCTPYUPYETCSI C HCIIOJIb-
30BaHMeM Student::Student O, KOTOPbI Ha3bIBA€TCS KOHCTPYKTOPOM IO YMOJTYAHUIO
WIM TMyCThIM KOHCTpYKTOpOM. (S mpeamouuTaro rocjieaHee Ha3BaHUE, HO, MOCKOJBKY Mep-
Boe 0osiee pacrpoCTpaHEHHOE, B 3TOM KHUTIEe OyIeT MCIOJIb30BaThCS UMEHHO OHO.) OObeKT
freshMan co3maeTcs ¢ MCHOJIB30BAHMEM KOHCTPYKTOpa, KOTOPOMY HYXEH TOJIbKO OIWH
aprymeHT tumna char*; oowvekty xfer TpeGyercss KOHCTPYKTOP C TpeMsi apryMeHTaMM.

3aMeThTe, YTO BCEe TPU KOHCTPYKTOpa (M OCOOEHHO [Ba MOCACIHMX) OYEeHb MOXOXU. Jlo-
0aBMB 3HAYEHUSI 110 YMOJYAHMIO B IOCIEOHUI KOHCTPYKTOP, BCE TPU MOXHO OOBEIMHUTH
B OIMH, YTO U CICJIIAaHO B NMPUBEICHHOM HITKE KOJeE.

#include <icstream.h>
#include <string.h>
class Student

{

public:
Student {char *pName ="no name",
int xfrdours = 0,
float xfr GPA = 0.0)
{
cout << "Cosmaem crtyaeHTta " << pName << "\n";
strncpy(name, pName, sizeocf (name));
name [sizecf (name) — 1) = '\0';
semesterHours = xfrHours;
agpra = XxfrGPA;
}
~Student ()
{
cout << "JIMKBUOUPYEM CTymeHTa\ll";
}
// ...0CTaNbHEE OTKPETHE YJIEHH. . .
protected:

char name[40Q0];
int semesterHours ;
float gpa;

int main(int argcs, char* pArgs([])

f
Student noName;
Student freshMan{("Smell E. Fish");
Student xfer {("Upp R. Ciassman®, 80, 2.5);
return 0;

}

Tenepn Bce Tpu OOBEKTA CTPOSTCS C MOMOIIBIO OTHOIO M TOrO X€ KOHCTPYKTOpa, a 3Ha-
YEeHUs MO0 YMOJYAHUIO HUCIIOJIB3YIOTCS [UIsl apryMEHTOB, OTCYTCTBYIOIIMX B OObeKTax fresh-
Man n noName.

i B pannux Bepcusix C++ Bbl He CMOIIM ObI CO3[aTh KOHCTPYKTOpP MO yMOJI4a-

HUIO, MPEeIyCMOTPEeB 3HAUYEHUS IO YMOJYAHMUIO I BceX aprymeHToB. KoHcCT-
PYKTOp IO YMOJIYAHUIO OOJDKEH ObUI OBITh OIpelesieH sBHO. Tak 4uro OyabTce
TOTOBbI K TOMY, YTO HEKOTOpbIE CTapbleé BEpPCUU KOMITWISITOPOB MOIYT MOTPC-
0oBaTh SIBHOTO OIIpele/IeHUsI KOHCTPYKTOpa IO YMOJYaHUIO.
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Onpregescnuexorcipysropol
HO YlOARaHIIO

Crout oTMeTUTh, uTo B C++ Kaxmplii Kiacc MOJDKeH MMeTh CBOM KOHCTpyKTop. Kasamoch
6on1, C++ momkeH reHeprpoBaTh cooOIIeHNe 00 ommMbOKe B Cilydyae, Korjga Kiiacc He OCHaIlleH
KOHCTPYKTOPOM, OJHAKO 3TOr0 He MPOMCXOMUT. JleJlo B TOM, 4TO IUIsI 0OecCHedYeHUs] COBMECTH-
MOCTH C CylIecTByIOIIMM KomoM C, KOTOpBIII HMYEro He 3HaeT 0 KOHCTpyKropax, C++ aBro-
MaTUYECKM CO3IaeT KOHCTPYKTOpP IT0 YMOJYaHHUIO (TaK CcKa3aTh, YMadUMBaeMbIii KOHCTPYKTOD
M0 YMOJIYAHUIO), KOTOPBI MHULIMAIU3UPYET BCE MaHHBIC-UJICHBI OOBbEKTa HYJISIMM.

Ecmu Bam kitacc mMmeeT KOHCTpyKTop, C++ He OymeT aBTOMAaTMYEeCKM €ro co3laBaTh (Kak
TonbKo C++ ybexmaeTrcsa B TOM, 4TO 3TO He mporpamma Ha C, OH CHHMMaeT ¢ ce0s BCIO OT-
BETCTBEHHOCTH TT0 OOECIIEYeHUI0 COBMECTUMOCTH).

AL
pIEEL BeiBom: ecnu BBI OIMpenenii KOHCTPYKTOP IS Balllero Kjlacca W TMPU 3TOM XO-

TUTE, YTOOBI KJacc uUMen KOHCTPYKTOP IO YMOJIYaHUIO, TO OJOJIKHBI ABHO OIIPEAC-
JINTh TAKOW KOHCTPYKTOpP CaMM.

[MTpuBcoeHHBIM HUXXe GparMeHT NEMOHCTPUPYET CKa3aHHOEe. ODTOT TMpPUMEp BIIOTHE
KOPPEKTEH.

class Student
{
f/...TO Ke, UTO M paHblle, TOJIBKO 63 KOHCTPYKTOPOB
}i
int main{int argcs, char* pArgs|[])
1
Student noName;

return 0;

[Tockoinbky nolame OOBSIBICH 03 apryMeHTOB, IJIsSI CO3MaHUsT 3TOro oobekra C++ BBI3BI-
BaeT KOHCTPYKTOpP MO yMoiyaHuio. OQHaKo B 3TOM MpUMepe MPOrpaMMUCT HE OINpeneavyl HU-
KaKnX KOHCTPYKTOpOB /it Kimacca student m C++ caM co3maeT KOHCTPYKTOP TI0 YMOJTYaHUIO,
KOTOPBI MTPOCTO MHULUATU3UPYET BCE JaHHBIE-WIEHbI OOBbEKTAa HYJIEBBIMU 3HAYEHUSIMU.

[MpuBeneHHbIN najgee MpUMep KOMITUJISATOP C HETOMOBAHWEM OTBEpPTHET.
class Student

{
public:
Student {char *pName);

}.; £l
int main(int arges, char* pargs

Student ncName;
}  retumO;

Te, uro 3mech mobGaBneH KOHCTpyKTOp student (char*), BRIIAAUT G€300MIHO, HO TIPH
aToM 3actaBisier C++ 0oTKa3arhcsl OT aBTOMATUYECKOU TeHepaluu KOHCTPYKTOpa IO yMOJ-
yaHuto. [Tosatomy komnuisiums ganHoro koga B GNU C++ BbI3oBeT cooOliieHre 00 Oluo-
ke (OHO MOXeT OBITh Pa3TMYHBIM Yy Pa3HBIX KOMITWJISITOPOB, HO CMBICII €0 OJWH: y KJacca
HE OIpenesieH KOHCTPYKTOpP MO YMOJYaHUIO):

Error: no matching function for call Student::Student()

(OumGxa: He HameHa OQYHKINMS, COOTBETCTByLIAs
BRI3OBY Student::Student()
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Kommnunarop coo0llaer, yTo OH He MOXET HalWTH KOHCTpykTop student: : Student ().
J06aBUB KOHCTPYKTOP IO YMOJTYAHUIO, MOXHO PEIIUTh 3Ty IPoOIeMy:
class Student
{
public:

Student (char *pName) ;
Student () ;
b
int main(int argcs, char* pargs[]}
{
Student noName;
return O;
}

DTO mpuMep HEJIOTUYHOCTH, ITOSICHSIONIMI, 3a 4To mIporpamMmmcTamM Ha C++ ruiarsar
0O0JIblINE NEeHBIU.

Koncmpyupobanue  unrenosrracca

B mpenmbimymmx mpuMepax HCIIOJb30BAIMCh JAaHHBIC-YJEHBI IIPOCTHIX THUIIOB, TaKue,
kak float wim int. HepeMeHHbIe TaKMX IIPOCTBIX THUIIOB JIEI'KO MHHUIMAJIHU3HUPOBATH, IIC-
penaB HCO6X0)II/IM06 3HAYCHUE KOHCTPYKTOpPY. Ho 4TO, €CJIM KiaacCcC COACPXUT NaHHLIC-
YJIeHbl, KOTOpBIE SIBJSIOTCS OOBbEKTaMU Ipyrux KiaccoB? PaccMOTpuM MpUBENEHHBIA HU-
Xe TIpumep.

#inciude <iostream.h>
#include <string.h>

int next&tudentId = J;
class StudentlId

(
public:

StucentIdt)
{
value = ++nextStudentId;

coat << "IlpucBauBaeM CTYHOEeHTY UIeHTUduxaTop "
<< value << "\n";

}
protected:
int value;

Yi
class Student

public:
Student (char *pName = "no name")
{
cout << "Cozpmaem cTymeHTa " << pName << "\n i
:;trncpy (name, pName, sizeof (name) ) ;
name [sizeof (name) - 1] = '\0'";

}
protected:
char name [40] ;
Studentld id;
i

int main !int argcs, char* pArgs[])
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Student s ("Randy"):;
return 9;

B MoMeHT co3maHMsI 00beKTy THUMA Student HPUCBAMBAETCSI COOCTBEHHBIA HACHTU(MM-
Karop. B maHHoM npumMepe maeHTUMUKATOphl "pa3fgarorcs’ NOCACAORATEALHO. C ITOMOIIBIO
r00aJIbHOM TepeMeHHON nextStudent I,

Hamr ximacc Student comepxut wieH id. KOTOPBIN SIBISETCS DK3EMIUIIpPOM Kiacca Stu-
dent TD. KoHctpykTop Kimacca Student He MOXeT MTPUCBOWTL 3HAUYEHWE UWIEHY -, II0-
ckoybky Student He MMeeT HOCTyINa K 3alllWMIIeHHBIM WieHaMm kiacca St.uder.tlD. MoxHo
ob10 OBI croeiarth student ApyroM kimacca Stugdent: 1D, HO TaKOUW ITOAXOH HApYIIMI OBI ITO-
JIOXXeHNE OOBEKTHO-OPUEHTUPOBAHHOTO ITPOTPAMMUPOBAHUS, YTBEPAKAAIOUICE, UYTO KaKIBINA
KJ1acC MOJDKEH 3aHWMAThCSI CBOMM neiloM. Ham HykHa BO3MOXHOCTH BBHI3BIBATH KOHCTPYK-
TOp Kiacca StudentID B MpoLECcCe CO3MaHUA Kilacca Student.

C++ memaer 3T0 aBTOMATUYECKU, WHUIIMATM3UPYS WieH id ¢ TTOMOIIbI0 KOHCTPYKTOpa IO
ymomyanuio StudentID:: StudentiD (). OTo mpomcxomutT TIOCHE BBI30BA KOHCTPYKTOpa
Kimacca Student, HO IO TOTO, KaK yIpaBJIeHUE TePeNnaeTcsl TePBOi CTPOKE STOTO KOHCTPYKTO-
pa. (BeImoiHUTE B TIONMIATOBOM pEXVME TPUBEIESHHYIO BBIIIE TPOrpaMMy, W BBI TIOMeETe,
0 4eM s ToBopio. TONBKO He 3a0ymbTe Mpy KOMMWISIIMA BKTIOUNTH omuio Outline inline func-
tions.) BrITToTHEeHMe MpUBENEHHON BBIIE MPOrPaMMBbI BBIBEIET HAa dKPaH CJIEMYIONINE CTPOKU:
[IpycBamMBaeM CTYLOEHTY “AeHTHikxarop 1
Cornaem CTynoeHTa Randy

OOpaTuTe BHUMaHMeE: COOOIIEHHE OT KOHCTpykTopa StudentiD mosiBuioch paHblie,
4yeM COOOIeHne OT KOHCTpyKTopa Student.

(ITockoJIbKYy Yy Hac BCe KOHCTPYKTOPHI BBITIOJHSIOT BBIBOA Ha 3KpaH, BBl MOXETEe pe-
LIUTh, YTO OHM BCETAa OOJKHBI IMOCTYNarb MOAOOHBIM oOpa3om. Ha camom nene mnonas-
JisTIolee OOJIBIIMHCTBO KOHCTPYKTOPOB paboTaoT "Moirda'.)

Ecmu mporpaMMHCT He 00eCHeYuT CBOM KJIAcC KOHCTPYKTOPOM, TO KOHCTPYKTOD IIO
yMoigaHuio, co3naHHbiii C++, BBI30BET KOHCTPYKTOPHI BCeX NAHHBIX-WICHOB IUISI UX WHU-
nuanu3anuu. To e KacaeTcss M YHUUTOXEHMSI 00beKTa. JIeCTpyKTOp Kiacca aBTOMaTHYEeCKU
BBI3BIBACT JECTPYKTOPHI BCEX NAHHBIX-WIEHOB (KOTOpBIE, CaMO COOOI, €ro MMeIoT).

Tenepb MBI 3HaeM, 4TO OyIeT ¢ KOHCTPYKTOPOM IO ymoidaHuio. Ho 4ro, ecimm Mbl 3axo-
TUM BBI3BaTh Npyroit KoHCTpykTop? Kyma B 3TOM cilydae HYXHO IOMECTUTh 00BekT? Bor
YTO 1 UMEIO B BUIY: MpeacTaBbTe CeHE. YTo BMECTO aBTOMATUYECKOW reHepaluyd HAeHTUdU-
KaTopa CTylIeHTa, HeoOXOAMMO TmepeldaTh €ro KOHCTPYKTopy student ¢ Tem, 4YToOBI OH,
B CBOIO ouepelb, Mepeaag ero KOHCTPYKTOpY &+udentID.

Jlns Havyana s MoKaxy BaM CITOCOO, KOTOpblii paboTaTh He Oyner.

#include <iostream.h>
#include <string.h>

class Student Id
{
public:
Studencld{int id = 0)
{
value = 1id;
cout << "llpucBauBaeM crynedTy i1d, paBHBIM
<< value << "\n";

}
~8ctudenitId(}
{

} cout << "VmanseMm cTymeHTa " << value << "\n";
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protected:
p. int value

class Student

{

public:
Student (char *pName = "no name", int ssId = 0)
f
cout « "Cozmaem cTymeHTa " << pName << "An";
sTrncpy (name, pName, sizeof (name)):;
name [sizeof {(name} - 1] = *\O';
/! BoT 3TO MOXHO M HE MHTATBLCS OejaTbhb
/ / - TONKy He bymeT
S-udentId id(ssId);
}
protected:

char name{40} ;
StudentId id;
}i

int main(int argcs, char* pArgs|[]}
(
Student s("Randy"™, 1234);
cout « "CoobmeHme m3 main\n";
retura 0;

KoHcTpykTop Kiacca StudentID ObUl MepenucaH TakK, YTOObl OH MOT MNPUHUMATh
BHEIIIHEEe 3HauYeHMEe (3HauyeHUEe MO YMOJYAHUIO HEOOXOAMMO IS TOro, 4YTOObI IPHUBENEH-
HBI (parMeHT OTKOMITUJIUPOBAJICSI 0e3 OIMMOOK, KOTOphble B IPOTUBHOM ClIydae IOSIBST-
csl; TI0YeMy — CTaHeT IOHSITHO 4YyTh MO3Xe). BHyTpM KOHCTpyKTopa Student mporpam-
MHUCT (T.e. sI) TIOIBITAJICSI HEBUIAHHBIM JOCeJe CITOCOOOM CKOHCTPYMpOBaTh OOBEKT id
Ki1acca StudentiD.

Ecnu Bbl BHMMATEJIBHO MOCMOTPUTE Ha COOOIIEHMSI, KOTOPbIE BBIIAIOTCS B pe3yJibTaTe
paboThl 3TOM MpOrpaMMbl, TO MOKMeTe, B 4YeM Mmpodiema,

IlpucBamrBaeM CTyneuTy id, paBHbi 0
CozpmaeM cTyneHTa Randy

IpucBamBaeM CTyneHTy id, paBHwbill 1234
VoansgeMm cTtyneHTa 1234

Coobmenne U3 main

Voansem ctynesaTa 0

[MepBast mpoGiiemMa 3aKiIiovYaeTcsl B TOM, YTO KOHCTPYKTOpP Kiacca StudentID BBI3BIBACT-
csl ABaXIbl: B TEPBbI pa3 ¢ HyJeM M TOJBKO 3aTeM C oxumgaeMbIM ducioM 1234. Kpome
TOro, OOBEKT ¢ HMAeHTH(UKaTopoM 1234 nMKBUIMpYeTCS Mepel BHIBOIOM COOOIIEHUS OT
main{). OueBuUOHO, O0O0BEKT Kjacca studentlD nUKBUIMpPYETCS BHYTPU KOHCTPYKTOpa
kinacca Student.

OOBSICHUTL TaKO€ CTpaHHOE MOBEIEHME IIPOTrpaMMbl JOBOJBbHO IpocTo. YieH id yxe
CYIIIECTByeT K MOMEHTY Ilepexoma YIIpaBJIeHMsI K Tely KOHCTpykTopa Student. I[loatomy
BMECTO WMHHUIIMAIMU3ALMU YyXe CYIIEeCTBYIOIIero wieHa id oObsIBIeHHME B IMOCIEIHENM CTPOKe
KOHCTPYKTOpa Student BBI3bIBACT CO3[aHUE JIOKATBHOTO OOBEKTA C TaKUM K€ HMEHEM.
DTOT JIOKAJIbHBIN OOBEKT U YHUUTOXKAETCS MPU BBIXOJE U3 KOHCTPYKTOPA.

OueBHUIHO, HyXeH HEKMI MeXaHW3M KOHCTPYMPOBaHUsS He HOBOTO OOBEKTa, a yXe Cy-
LLIECTBYIOIIET0. DTOT MEXaHU3M JOJDKeH paboTaTh Iepel OTKPhITMEM (UTYPHOMl CKOOKU
KoHcTpykTOopa. [dns storo B C++ ompenesieHa cienyionias KOHCTPYKIIUS:
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Student {char *pName = "no name", int ssId = 0):id{ssld)

{

cout « "CozsmaeM cTyneHTa " << pName <« "\n";
strncpy {name, piame, sizeof (name));
name [sizeof (name} -~ 1] = '\0';
}
protected:

char name[40);
StudentId id;
)

O6patrte ocoboe BHMMaHME Ha TIEPBYIO CTPOKY KOHCTPYKTOpa. B 3Toli cTpoke ecTh Koe-
YTO, C Ye€M BBl JI0 3TOr0 He BeTpevanuch. Clemyrolnas 3a IBOCTOYMEM KOMAaHA BBI3BIBACT
KOHCTPYKTOPHI 4JIeHOB AaHHOro Kiacca. Kommmaarop C++ mpoureT 3Ty CTPOKY Tak:
"BrI3BaTh KOHCTPYKTOp IJIs1 wieHa id ¢ aprymeHTOM ssId. Bce ocranbHBIE maHHBIC-YJICHHI,
He BBI3BaHHBIC SIBHO, CTPOUTH C MCITOJIb30BAaHMEM KOHCTPYKTOpa IO YMOJYaHUIO".

PesynbTaT pabGoThl 3TOl MporpaMMbl CBUIETEIbCTBYET, UYTO BCE MOJYYMJIOCHh TaK, KakK
MBI U XOTEJIN.

IIpucBamBaeM CcTymeHTy id, paBHbM 1234
Cozmaem cTynmeHTa Randy

CoobmeHne m3 main

VoansieMm cTyneHTa 1234

CumBon ":" MOXHO WCTIONB30BaTh W IUISI MPUCBOCHUS 3HAYEHWIN KOHCTAHTAM WM YJIEHaM
CCBUIOYHOTIO TUMA. DTO MOXHO CJiejlaTh TaK, KakK ITOKa3aHO B IIPUBEACHHOM HIMKE ITPUMEPE.

class SillyClass

{
public:
2illyClass{inté 1) : ten(10), refI (i}

{

prote}cted:
const int ten;
inté& refl;
}i
int main{int argcs, char* pArgs|{])
{ . .
int 1;
SillyClass sc (1) ;
return 0;

B MomeHT Bxoma B Tenmo koHcTpykropa SillyClass nmaHHble-ujieHbl ten W refl yxe
co3JaHbl. DTO aHAJOTMYHO OOBSIBIEHUI0 KOHCTAHTBI W CCHUIOYHON TEpEeMEHHOU B Tese
dyHkuuu. TakuM nepeMeHHBIM 3HAUYEHUE TOJKHO OBbITh IPUCBOCHO B MOMEHT OObSIBJICHUS,
U IPYTMM CIIOCOOOM MX MHUIMAIM3AIMM B KJIacCe BaM JTOOUTHbCS HE YIAcTCs.

P - h He I'IOI'Ia,EI,I/ITer BJ'IOByLIJKy _

i Ewe pas B3[JISIHUTE Ha 00BABIICHNE OOBEKTOB Kjlacca Student u3 npp_l_ja_,eneHHoro BBILIE
anMepa:” . I B R o
Student noName;

; . Student freshMan("Smell E. Fish"); -
'Student xfer("UppR Classman" 80, 2. 5)'

Bce: 06LeKTLI TUTA Student 3a MCKJTIOUeHHEM noName O6T>$IBJ'[CHBI co CK06KaMI/I B KO-
TOPBIX HAXOIATCA TepefaBaeMble KJIACCy apryMEHTHL. - l'[oquy Ke OBBEKT noName 00b-
" sIBJIeH 0e3 cCKOOOK? L :

[ - e i e e e i L e [P
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C TOYKM 3peHUST MPUBEPKEHIIEB TOCIENOBATENLHOCTH U aKKypaTHOCTH, nquue ObLIO OBL
OOBIBISITh 3TOT OOBEKT TaK:

Student noName{):

KoHEYHO, MOXHO CHeaTh M TaK, HO 3TO HE MPUBEAET K OXMIAEMOMY pe3yibrary. Bme-
CTO OOBABIEHUS OOBEKTA noName, CO3IABAEMOrO C IOMOLIBIO - KOHCTPYKTOPA IO YMOJ-
. yaHuIo sl Kiacca Student, OynmeT oObsiBIeHA (I)YHKLII/ISI BO3Bpallailas Mo 3HaYeHUIO
: 00beKT Kimacca student. MucTukal!
" TlpuBeleHHBIE HIDKE 1Ba OOBSBICHUS ACMOHCTPUPYIOT, KaK TOXOXH OGbSBIEHHUS 061>éK%'
Ta u pynkuuu B opmare C++. (f-To cumralo, 4TO 3TO MOXHO OBLIO CHENAThb U MO-
JIpYroMy, HO KTO OyleT co MHOi cuMTaTbcs?..) EAMHCTBEHHOE OTIMYME 3aKITIOYAETCs -
. B TOM, YTO TIpU OOBSABIEHUU (PYHKLIUU B CKOOKAX CTOSIT Ha3BaHUS TUTIOB, & NIpU 061)9113-
~ JIEHUM OOBEKTa B CKOOKaX COHEPXKATCsA OOBEKTHI.

Student thisIsAFunc (int);
Student thisIsAnCbhbiject (10);

Ecnu ckxoOku mycThl, HEBO3MOXHO OJHO3HAYHO CKa3aTh, YTO 061:9[BJ1516TCH — GyHK-
s Wi o6nekT. Jns obecriedennss copmectumoct ¢ C B C++. cyntaercs, uto 065~
4BJIEHUE C MYCTHIMU CKOOKaMM SBiseTcd 0ObaBIeHUEM (GYHKUMUM (0ojee HANEXHOMU -
albTEpHATUBOI ObLIO Obl TpeOOBaHMWE HAJIWUMSI KIOYEBOro cioBa void mpu oObsiBie-

HHM (PYHKUMU, HO TOrIa Hapylaaoch Obl YCJIOBUE COBMECTUMOCTH C CyLLlCCTBy}OLLlI/IMI/I .
HpOFpaMMaMI/I Ha C...). :

.%z/taﬁteﬂue nocaeqobamedsHocHibm
KOHCHYhobaris

[Ipyn HanMuuu HEeCKOJbKHUX OOBEKTOB, B KOTOPBIX OINpelnejeHbl KOHCTPYKTODbI, MPO-
rpPaMMUCT OOBIYHO HE 3a00TUTCSI O TOM, B KaKOM TOpSAKE OyIyT KOHCTPYMpPOBATbCSl 3TU
00beKkThl. ONHAaKO, €clIM OAMH WM HECKOJbKO KOHCTPYKTOPOB HMMEIOT MOOOYHOE AeicT-
BME, pa3lMyHas IOCIeI0BATEIbHOCTh KOHCTPYMPOBAHUS MOXET TMPUBECTH K pa3HBIM pe-
3yJibTaTaM.

ITopsinok co3naHust 0ObEKTOB MOAYMHSIETCS MEPEYMCIEHHBIM HMXE MpaBUIaM.

{ v JloKaJbHble W CTaTUYECKUE OOBEKTHI CO3MAIOTCS B TOM TIOPSAKE, B KOTOPOM
; OHU OOBSIBJIEHBI B MpPOTrpaMMe.

v" Cratuyeckue OOBEKThbI CO3MAIOTCS TOJBKO OOUH pa3s.

: ¥ Bee mioGanbHbe 0OGBEKTHI CO31AIOTCS 10 BBI30BA GYHKLMM main().

’ v Her kakoro-i1m0o ompeneseHHOro IOpsSAKa CO3IaHMS ITI00aJIbHBIX OOBEKTOB.

" UjeHBl CO3NAIOTCS B TOM MOpsiiKE, B KOTOPOM OHU OOBSBICHBI BHYTPH
KJacca.

i JlecTpyKTOpBI BBI3BIBAIOTCS B TIOPSIAKE, OOpAaTHOM TMOPSIIKY BBI30BA KOHCT-
"~ DYKTOpOB.

gty Cratnyeckasl TiepeMeHHasi — 3TO TepeMeHHasl, KOoTopasl SIBJISIeTCS JIOKaJIbHOM
M0 OTHOLIEHUI0 K (YHKUMUM, HO MPU ITOM COXPaHSIET CBOE 3HAYCHUE MEXIY
BbhI3oBaMU (pyHKIMK. [100anbHas mepeMeHHasi — 3TO MepeMeHHas, OObSIBICH-
Hasl BHe KaKoi-11u00 GyHKIIWU.

PaCCMOTpI/IM KaXX10€ M3 MPUBCACHHBIX BBILIC ITpaBUJI.
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JlokanbHble 00bEKTbI CO34A0TCA NOCNEA0BATENbHO

JlokanbHbIe OOBEKTHI CO3MAIOTCSI B TOM TOpsiAKe, b KOTOpoM B MporpaMme BCTPEUYarOTCs
uX 00bsBIeHUsI- OOBIYHO 3TO MOPSIAOK MOSIBJIEHUSI Koda oObsBiaeHU B ¢yHKuuu. (Ecmu,
KOHEYHO, B (DYHKLUU HET Oe3YCIOBHBIX IEPEXOfO0B, 'TepelphIrMBaloIInX 4Yepe3 ofnisie-
Hus. Kcrati roBopsi, 6e3yciOBHBIC MEpPeXOAbl MEXIy OObSIBICHUSMU JIydllle HE HMCITOIb30-
BaTh — 3TO 3aTPYOHSIET YTEHUE U KOMIUJISILIUIO TIPOTPAMMBI. )

CraTtnyeckue 06beKTbl CO34aI0TCA OUH pa3

Cratuyeckue mepeMeHHbIe MOJOOHBI OOBIYHBIM JIOKAJbHBIM MEPEMEHHBIM C TeM OT-
JIMYUEM, YTO OHM CO3JAlOTCS TOJbKO OJUH pa3. DTO OYEBUIHO, MOCKOJBbKY CTaTUYEeCKUE
MepeMeHHbIe COXPaHSIIOT CBOe 3HAauyeHUE OT BbI30Ba K BbI3oBY GyHKIMU. B oTiumume ot
C, KOTOpBIif MOXET MHULMAIU3UPOBATh CTAaTUUYECKYIO NMEPEMEHHYI0 B Hauajle Mporpam-
Mbl, C+- moxpaercsi, Koraa yrpaBlieHUE TepeiieT CTPOKe C OOBSBICHUEM CTaTUYECKOM
MEepeMeHHON, U TOJbKO TOrJa HAuyHET ee co3gaHue. PazbepeMcsi B MPUBEAEHHOW HUXeE
NpOCTOM IMporpaMMme.

#include <iostream.h>
#include <string.h>
class DoNothing
{
public:
DoNcthing (int initial)
{
cout << "llepemenHas DoNothing cozmana co 3HayeHuem "
<< initial
<< "\n";
}
i:
volid fn{int 1)
{
static DoNothing dn (i) ;
cout << "Mel - B dyHRIMM fn c 1 = " << i1 << "\n";

}

int main(int argcs, char* pargs(])

{
fn(10) ;
fnf(20} ;
return O;

[Tocne 3arycka 3TOW MporpaMMbl Ha 3KpaHE TMOSBUTCS CJEIyollee:

IlepemMenHasi DoNothing cozmana co 3HadeHmeM 10
Mol - B ¢oyHRIUM fn c i = 10
Mel - B oyurumu fnc 1 = 20
OOpatuTe BHUMaHHE, YTO cooOlIeHue oT ¢yHKUUU fn (} MOSBUIOCH ABaXKIbI, a COO0-
meHue oT KoHcTpykropa DoNothing — Toiabko mpu mepBoM BbI3oBe fn ().

Bece rnoGasnbHbie 00bEKTLI CO30A0TCA A0 Bbi30Bamain ()

Bce rioGanbHBIE OOBEKTHI BXOASAT B OOJIACTh BUAMMOCTH TNporpaMMbl. Takum obGpa-
30M, BCE OHH KOHCTPYMPYIOTCS JO TOro, KaK yIIpaBleHHEe Tmepenaercss (QyHK-
uuu main{) .
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3 o
A an OoTJIaaAKE TaKOU IIOPAJOK MOXKET IIPUBECTU K HEIIPUATHOCTAM. HCKOTOpBIC

OTJIAMUMKU TMBITAIOTCS BBIMOJHUTh BECh KO, KOTOPBIM Haxogutcs A0 main O,
U TOJILKO TIOTOM TIepeNaTh yIpaBieHUe TMOJb30BaTeNlfo. DTO MPEKPACHO TOAXOMUT
st C, MOCKOJIBKY 0 Bxofda B (hyHKLMIO main() TaM He MOXeT ObITb HUKAKOIo
KO/Ia, HalmMcaHHOTOo Tojab3oBaresieM. OgHako B C++ 3TO MOXeT cTaThb MPUYNHON
OOJIBIIOI TOJIOBHOU OOJM, MOCKOJBKY Tejla KOHCTPYKTOPOB IJIsI BCEX MIOOABHBIX
O0BEKTOB K MOMEHTy Tiepefadyu yrpasieHuss main() yxe BBITIOJHEHBI. Ecimum
XOTb OJWUH W3 3THUX KOHCTPYKTOPOB COAEPXUT CEepbe3HbI ">Xydok", mporpamma
MMOTUOHET IO TOTO, KaK HAYHET BBITIOTHSTHCS!

CylllecTByeT HECKOJIbKO TOAXOMOB K pelIeHUI0 3Toil mpobsieMbl. [lepBblii 3akiovaercst
B TOM, 4YTOOBI IPOBEPSTh KAaXIbIii KOHCTPYKTOP Ha JIOKAJIBHBIX OOBEKTAX IMepel TeM, Kak
KCIIOJIb30BaTh €ro ISl IIO0adbHbIX. ECIM 3TO HE MOMOXKET PELIUThH IIPOOJEMYy, MOXHO IT0-
MBITAThCS JO0ABUTH KOMAHIbI BBIBOAA COOOIIEHMI B HAYalIO BCEX KOHCTPYKTOPOB, KOTOPHIE,
Mo BallleMy MPEATNOJOXEHUI0, MOTYT UMeTh olnMOKku. [locneaHee cooOlleHUE, KOTOPOE BbI
YBUIUTE, BEPOSITHO, OYIET COOOIIEHMEM KOHCTPYKTOpPA C OIIMOKOIA.

Mopsagok co3paHus rno6anbHbiX 00LEKTOB He onpepeneH

JlokanbHBIE OOBEKTHI CO3MAIOTCS B TOPSIAKE BBIMOTHEHUS TIporpamMMbl. s T00aabHBIX
Ke OOBEKTOB MOPSAOK CO3AaHMsI He ompeaeneH. Kak Bbl MOMHUTE, INIOOATIbHbBIE OOBEKThI BXO-
ST B 00JIaCTh BUAMMOCTHM TIPOTpaMMbl OJHOBpeMeHHO. Bo3HMKaeTr Bompoc: rmodyemy OBl TOrma
KOMMUWJISITOPY HE HayaTh ¢ Havada ¢aiiga ¢ MCXOAHOW IpOrpaMMOi M He co3laBaTh I[NIOOaIb-
HbIe OOBEKTHI B MOpsiIKe NX 00bsIBIeHU? (YecTHO ToBOpPSI, S TTOAO3pEBalo0, YTO Ha CaMOM Jiejie
OOJILIIMHCTBO KOMITWJISITOPOB TaK M TMOCTYIAIOT.) YBbI, TaKOil IMOAXON OTJAUYHO padoTan Obl,
HO TOJIEKO B TOM CJIy4ae, eci ObI TIporpaMMa BCETa COCTOsUIa M3 OmHOTO (haiina.

OnHako OOJBIIMHCTBO IPOrpaMM B pealbHOM MUPE COCTOSAT M3 HECKOJIbKUX (DaiiyioB,
KOTOpble KOMIWJIMPYIOTCS KaXXOblii B OTOEIBHOCTH, a YK€ 3aTeM CBSI3BIBAIOTCSI B €AUHOE IIe-
Joe. TTocKoJIbKY KOMIWISITOP HE YINpaBJseT MOPSAKOM CBSI3bIBaHMSI, OH HE MOXET BJIUSITb
Ha TIOPSIIOK BBI30Ba KOHCTPYKTOPOB TJI00AIBHBEIX OOBEKTOB B pa3HbBIX (haiiiax. _

B npuHimMIie B OOJBIIMHCTBE CAydaeB IMOPSIAOK CO3AaHUS IJIOOATbHBIX OOBEKTOB HE TaK YK
1 BaXeH. TeM He MeHee MHOTIA 3TO MOXET MIPUBECTH K OIIMOKAM, KOTOPHIC TTOTOM OYEHbBb CJIOXK-
HO OTCJIEAUTD (TaKoe CaydaeTcsl JOBOJIbHO YacTO, YTOObI OOpaTUTh Ha 3TO BHUMAaHWE B KHUIE).

Pa3bepeM nMpuUBENEHHBI HUXE MPUMED.

//B damne Student.H:
class Student
{
public:
?tudent (unsigned id) : studentIdi{id)
}
const unsigned Studentld;
b
class Tutor
{
public:
Tutor (Students s)
{
tutoredId = s.studentId;
i
protected:
unsigned tutoredld;
}i
//B dalne FILELl.CPP
//Cosnaew. cTynedTa
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Student randy (1234);

//B damne FILE2.CPP
//Ha3zHadyaeM CTYOEeHTY YUYUTEeIs
Tutor Henny (randy);

B sTOM mpuMepe KOHCTpyKTop student mpucBauBaeT CTyAEHTY UASHTU(PUKATOpP, a KOH-
cTpyKTop Kiacca Tutor 3amuchiBaeT 3TOT UAEHTUGMUKATOP CTYAEHTa, KOTOPOMY HYXEH Yuu-
Teab. Ilporpamma oObsIBiIsIeT cTydeHTa randy, a 3aTeM Ha3HayaeT eMy YYUTENIs jenny.

I[Ipu sTtoMm moapasymeBaercs, uro randy co3maeTcsl paHblle, YeM jenny; B 3TOM-TO
u coctouT mnpoobnema. IIpenctaBpTe cebe, 4YTO MOPSOOK CO3AaHUS BTUX OOBEKTOB OymeT
npyruM. Torma oObeKT jenny OymeT IMOCTPOEH ¢ MCIOJb30BaHMEM OJIoKa MaMsSTH, KOTOPBIA
IOKa 4YTO He SIBJISIETCS OOBEKTOM THIIA Student, a 3HAYUT, BMECTO MICHTUMUKATOpa CTy-
neHTa B randy OymeT HaxOOUThCs HeMpeackazyeMoe 3HaueHMUe.

et [IpuBeaeHHDBIN BhIIIE MMPUMEP HECIOXEH UM HECKOJIbKO HamymaH. OmHaKo Ipo-
OJieMbl, co3MaBaeMble TJI00ATbHBIMU OOBEKTaMU, MOTYT OKa3aThCsl TOpasmo Ko-
BapHee. Bo m3bexaHue 3TOro He AOIycKaiiTe, YTOOBI KOHCTPYKTOp IJI00AsIb-
HOTro 00beKTa oOpalaics K APYroMy IJ00aJTbHOMY OOBEKTY.

YneHbl co3patoTcs B nopsake nx 00bABNEHNS

UneHsl Kjacca CO3MAIOTCSI B COOTBETCTBUU C TOPSIIKOM, B KOTOPOM OHM OOBSIBIECHBI
BHYTpU KJjlacca. DTO He TaK MPOCTO U OUYEBUIHO, KaK MOXET MOKa3aThCs Ha TEPBBIN B3IV,
Paccmotpum npumep.

class Student
{
public:

Student (unsigned id, unsigned age) : sAge(age), sId(id)

{

}

const unsigned sId;

const unsigned sAge;
}i

B stoM mnpumepe sId cosmaercss m0 sAge, HECMOTps Ha TO YTO OH CTOMT BTOPBIM

B MHULUAIM3UPYIOIIEM CIIMCKEe KOHCTpyKTopa. Brpoyem, egMHCTBEHHBIM Ciydaid, Korma
MOXHO 3aMETHUTh KaKyl0-TO pa3sHMILy B MOPSAKE KOHCTPYMPOBAHUSI, — 3TO Korma oba 4jeHa
KJIacca MMEIOT KOHCTPYKTOPBI, KOTOPBIM MPUCYIIE KaKoe-I1ubo obIlee MoOoyHoe AeiiCTBUE.

IleCTPYKTODH YHANANT O6BEKTH B IOPAAKE, 06PaTHOM IOPANKY X CO3MAHNMA

B kaxom Obl MOpsiiKE HE BBI3BIBAJIUCH KOHCTPYKTOPBI OOBEKTOB, Bbl MOXETE OBITh yBe-
PEHBI, YTO UX JECTPYKTOPHI OymyT BhI3BaHBI B 00paTHOM mopsake. (IIpusaTHo co3HaBaThb, 4TO
XOTb OfIHO mpaBwio B C++ He umeeT HUKaKux "uau", "u" mubo "Ho".
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[esa 19

Konupylowmun KOHCTpYKTOp

B omioii wabe. ..

v" KonupoBaHue o0ObeKTa
¥" ABTOMAaTMYeCKHII KOHCTPYKTOpP KOMUPOBAaHUS
¥ "Menkue" u "ry6okue” KOmUu

v BpeMeHHBbIe OOBEKTHI

Yy

‘_l OHCTPYKTOP — 3TO CIlellMajbHasi (YHKIMSI, KOTOpas aBTOMATUYECKU BBI3bIBACTCS
& & C++ npu co3naHuM oObEKTa € TeM, YTOObl MPEIOCTABUTb €MY BO3MOXHOCTb IpPO-
WHHUIIMAIN3UpOBaTh caMoro cebs. B mmase 17, "CosmaHue W ynaleHHue OOBEKTOB: KOHCTPYK-
TOp M AECTPYKTOpP", OMUCAHBI OCHOBHBIC KOHIENINU TPUMEHEHUs] KOHCTPYKTOPOB, B TJa-
Be 18, "AprymMeHTanus KOHCTPpyUpOBaHUs", Bbl IMIO3HAKOMWINCH C Pa3HBIMM TUIIAMH KOHCT-
PYKTOPOB. A B HacTOSIIEH TJlaBe pacCMaTpUBAETCS YACTHBIM CiIydail, M3BECTHBIM MOI Ha3Ba-
HHEM KOMUPYIOIIET0 KOHCTPYKTOpa (MM KOHCTPYKTOpPa KOITMPOBAHUS).

Konupobanue odsexrnia

KoHcTpykTop, KoTophiii ucnoib3yercs C++ mist co3maHusl KOMUA OOBbEKTa, HA3bIBACTCS
KOMUPYIOIIUM KOHCTPYKTOpoM. OH uMeeT BuA X::X (X&) (mma x::X(const ¥&)), rae
X — wmMms kiacca. Jla, 370 He oIIMOKa — 3TO ASHMCTBUTEIBHO KOHCTPYKTOP Kjacca X, KOTO-
phIii TpeOyeT B KayecTBe apryMeHTa CChUIKY Ha OOBEKT Kiacca X. S MoHMMalo, 4To 3TO 3BY-
YUT HECKOJIbKO OECCMBICIEHHO, HO HE TOPOIMTECh C BBIBOJAMU U TO3BOJIbTE OOBSICHUTD,
3aueM Takoe ‘“‘uyno” B C++.

3auyeM 3T0 HyXHO

[Togymatite o ToM, 4TO OyIeT MPOMCXOAWUTH B TIPOrpaMMe, €CJIM Bbl BBI30BETE CIEAYIO-

1y GYHKIUIO:
void fn(Student fs)
{

//TOT Xe CLeHapull C OPpyTUMMU apTyMeHTaMM
}
int main({int argcs, char* pargs(])
{

Student ms;

fn (ms};

return 0;

IIpu BbI3OBe omucaHHOU (dyHKuMU fn () eil OymseT mepegaH B KayecTBe aprymMeHTa He
caM OOBEKT, a ero KOomwusl.

Tenepr monpoOyeM IMOHSTH, YTO XK€ 3HAYUT — CO3[aTh KOIMUIO 00beKTa. st 3TOro Tpe-
OyeTcsi KOHCTPYKTOpP, KOTOPBIN OyHeT co3maBaTh OOBEKT (aXe €CIM KOIMHMPYeTCs YKe CyIle-
CcTByIOLIMI 00beKT). C++ Mor Obl MOOANTOBO CKOMMPOBATh CYILIECTBYIOLIMI OOBEKT B HO-
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BbIii, HO Kak ObIThb, €CJIM TMOOANTOBas KOMUS HE COBCEM TO, YTO HaM HyxXHO? YTo. eciau Mbl
xotuM Heuto uHoe? (He cmpammBaiiTe y MeHsI mOKa, YTO TakKoe 3TO "WHOe" U 3a4eM OHO
HyxkHO. HeMmHoro TeprneHust!) ¥ Hac no/DkKHa OBITb BO3MOXKHOCTb CaMUM OIIPEAC/IsITh, KakK
OyzneT co3naBaTbCsl KOIUSI OObeKTa.

el B C++ aprymeHTbl (pyHKLMU TIepenaroTcsl 1Mo 3HAYCHUIO.

TakuM 00Opa3oM, B MPUBEACHHOM BbIIIE MPUMEpPE HEOOXOMUM KOIMUPYIOUIUA KOHCTPYK-
TOp, KOTOpPBIA OyOeT BBIMOJHSTH KOIMMPOBaHME OOBEKTa ms IpPU BbI3oBe (GyHKUuM fn ().
DTOT 4YacTHBIM KOMUPYIOMMK KOHCTPYKTOp U ecTh Student:: Student: (Studenté)
(monpobyiiTe~-Ka IPOU3HECTH 3Ty CKOPOTOBOPKY...).

WUcnonb3oBaHne KOHCTPYKTOpa KOMMPOBaHMS

Jlyynimii myTh MOHSTH, KaK paboTaecT KOHCTPYKTOP KOIMPOBAHWSI, — 3TO YBHICTh €0
B OeiictBuM. PaccMOTpuM NpUBEeIEeHHBIN HUKe MpuUMep ¢ KiaccoMm Student.

#include <iostream.h>

#include <string.h>

class Student

{

public:
/ / OBBIYHEI KOHCTPYKTOD
Student (char *pName = "no name", int ssId = 0)
{

cout << "CozmaeM HOBOT'O CcTyneHTa "

<< pName

< ||\n|l;
strncpy (name, pName, sizeof (name) ) ;
name [sizeof (name) — 1] = '\C';

id = ssig;

}

/ /Kommmpyommui KOHCTPYKTOPD
Student (Students s)
{

cout « "KoHCTpYyMpPYEM KOIINIO
« S . name

<< " \1’1 n ;
strcpy (name, "Komust ") ;
strcat {name, s.name);
id = s.1d;
}
;Student()
cout << "JImkBUOMpyeM: " << name << "\n";
}
protected:
Charqame[40];
int id;

i

// fn mprmHMMaeT aprTyMeHT no 3HaYeHUD
void fn{Student s)
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cout << "Coobmenue m3 dyHKmyM fn{)i\n";

}

int mair ‘'int argcs, char* pArgs [ ] )

{
Student randy("Randy", 1234);
cout << "BwsbiBaem ¢dyHkmmio fri()in';
fn {(randy) ;
cout << "Bepuyimuchkb m3 fn()\n";
return 0;

[Tocne 3amycka 3TOM MporpaMMbl Ha 3KpaH OyIyT BbIBEACHBI CIIEAYIOLINE CTPOKMU:

Cos3maemM HoBoro crtyaeHTta Randy
BbizbiBaeM dyHKIMoo fn{)
KoHncTtpyupyem konuio Randy
Coo011ieHre mn3 QyHKUUU fnl)
JIukBunupyem: Komnusi Randy
Bepuynuchb. u3 frif{}
JIukBuaupyem: Randy

JaBaiiTe BHMMATEJbHO PAacCMOTPUM, KaK e paboraeT 3Ta mporpamMma. OOBIYHBIA KOH-
CTPYKTOP BBIBOOUT IIEPBYIO CTPOKY; 3aTeéM main () BBIBOOUT CTpoKy "Bei3eiBacMm. . .". Ilo-
ciie atoro C++ BbI3bIBaeT KOMUPYIOIIUI KOHCTPYKTOP /11 CO3MaHUS KOMUM oO0bekTa randy
(koTopasg u mepenaercd GpyHKUMM fn () B KayecTBe apryMeHTa). DTa KOMUS OyaeT TUKBUIAV-
poBaHa Mpu Bo3BpaTe M3 (GyHKUMU fn (); UCXOAHBIN Xe 00beKT randy JUKBUIAUPYETCS TIPU
BbIxome M3 main () .

Konupyronuii KOHCTPYKTOP BBITJISIIUT KaK OOBIYHBINA, HO 00JamaeT OCOOEHHOCTHIO TT0-
JlyJaTh B Ka4yecTBE apryMeHTa CCBUIKY Ha IPYrod oObeKT Toro ke Kiacca. (OOparute BHU-
MaHUWe, YTO WCIIOJIb30BAHHBIN B TIPUMeEpe KOMUPYIOIIU KOHCTPYKTOpP, TMTOMUMO TIPOCTOTO
KOMUPOBaHUS 00BEKTA, NENaeT KOe-YTo ellle, Hampumep BbIBOIUT cTpoky "KoHcTpyupyem
KOMHIO. . .~ . DTy BO3MOXHOCTbH BBITIOJTHSITH KpOMe COOCTBEHHO KOTIMPOBAHUS U JPYTHE MEii-
CTBUSI MOXHO OyleT ¢ YCIeXOoM NMPUMEHUTH IJIsI pellieHUs] pa3HbIX 3anady. KoHeyHo, KOomwu-
PYIOLLME KOHCTPYKTOPHI OOBIYHO OrPaHMYMBAIOTCH CO3JAHMEM KOIUN YXE CYILECTBYIOIINX
O00BEKTOB, HO Ha CaMOM Jiejie OHU MOTYT JeflaTh BCE, YTO YIOMHO MPOTPaMMHUCTY.)

Abrmomarnuseckust KOHCHYKIROp
konupobarus

Komupytommit KOHCTPYKTOp BakeH HUYYTh HE MeHee KOHCTPYKTOpa IO YMOJYaHUIO.
Baxen HacToibKo, 4yTo C++ cuMTaeT HEBO3MOXHBLIM CYIIECTBOBaHME Kiacca 06e3 KOIU-
pyIoIIero KOHCTpyKTOopa. Ecim BB He co3maauTe CBOIO BEPCHUIO TaKOTO KOHCTpykTopa, C++
cosnacT ee 3a Bac. (DTO HECKOJIBKO OTIMYAETCS OT KOHCTPYKTOpa MO YMOJYaHUIO, KOTOPHIA
CO3MaeTCcsT TOJIBKO B TOM Cllydae, €CJIM B BallleM KJlacCe He OIpenesieHO BOOOIe HUKaKUX
KOHCTPYKTOPOB. )

Konmpytommit KoHCTPYKTOp, co3naBaeMbiii C++, BBITIONHSET MO3JIEMEHTHOE KOTMPOBA-
HUE BCEX YJIEHOB-AaHHbIX. PaHee KOMUPYIOIINI KOHCTPYKTOpP, co3maBaeMblii C++, BBIITOI-
HST obuTtoBoe KommpoBaHue. OTanyre MeXmy TUMHM METONaMH 3aKTio4aeTcsl B TOM, UTO
MPU TIOJIEMEHTHOM KOIMPOBAaHUM JUIST KaXKIOrO WieHa KJIacca BBI3BIBAIOTCS COOTBETCTBYIO-
mye KOMMPYIONINe KOHCTPYKTOPHI (€CI OHU CYIIECTBYIOT), TOTJAa KaK MpPU MMOOUTOBOM KO-
MUPOBAHUM KOHCTPYKTOPHI HE BBI3BIBAIIMCH. Pa3HUIly B pe3yjbTaTaX MOXHO YBHUICThb, BbI-
MOJIHUB IIPUBEIECHHBIA TIPUMED.
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#include <iostream.h>
#include <string.h>

class Student

{
public:
{Student {char *pName = "no name")

cout << "CozmaeM HOBOI'O CTyIoeHTa "
« pName <« "\n";

strncpy(name, pNarne, sizecf(name)) ;

name [sizeof (name) — 1] = "\0';

b

Student {Students& s)

{
cout << "CozpmaeM KOIMI OT " << S.name <<
strecpy (name, "Kormms ") ;
strcat{name, s.name);

}

~-Student ()
{
cout << "JmkBUIMPYeM " << name << "\n%

t

protected:
char name (401 ;

b

class Tutor
{
public:
Tutor {Student& s) : student(s)
// BBH3BBaeM KOIUPYWOINVA KOHCTPYKTOD
// nons 4neHa s tudent

(
cout << "CozpmaeM yumTens\m";
)
protected:
Student student;

}i

void fn(Tutor tutor)
(

cout << "BTO coobmenHme usz yHRIMM fr()\n";
}

int main{int argcs, char* pArgsfl])

{
Student randy ("Randy"™) ;
Tutor tutoer (randy);
cout << "BrzpBaeM oyHKRIMoO fn{}i\n";
fnn{tutor);
cout << "BepHymCh 3 oyHKIWMM fni) \n";
return 0;

" \ni';

3amyck 5Toit mporpamMMbl MPUBEAET K BBIBOIY TaKUX COOOIIEHUI:
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Co3maeM HOBOTO CTyneHTa Randy
Cozmaem kommmio OT Randy
Co3pmaeM yumnTes

BrizeiBaeM byHrImMo In{)

Cospmaem kormo OT Kommsa Randy
D910 coobmenme m3 dyHKIMM fn()
Jimk Bunupyem Korms Kommst Randy
Bepaymmchk n3 oyHKIIMM fn{)

JImk BUOvpy eM Kormss Randy

JImk BUOMpy eM Randy

KoHncTtpyupoBanue obbekTa randy MPUBOAUT K BBI3OBY KOHCTPYKTOpa Student, KOTO-
phlii BBIBOIMT IIEPBOE COOOIIICHUE.

OOBEKT tutor co3maeTcsl C MCHOJb30BaHMEM KOHCTpyKTopa Tutor (Students). 3Brtor
KOHCTPYKTOp MHULManIu3upyer wieH Tutor: : student, BbI3bIBas KOIMUPYIOIIMIA KOHCTPYK-
Top Wit Student. OH U BBIBOIUT BTOPYIO CTPOKY C COOOIIECHHUEM.

BreizoB dyHkmum fn() TpebyeT co3maHus Komuu tutor. ITOCKOJBKY s He oOecredu
Tutor KONMMWpPYWOIIMM KOHCTPYKTOPOM, KaXIblii WieH OO0beKTa tutor KOMUpYeTCs Io-
CPEICTBOM KOHCTpYyKTOpa, co3daaHHoro C++ mo ymonuaHuwoo. [Ipu 3ToM, Kak oTMe4anaoch
paHee, IJis KOMMPOBaHMS 4WieHa tutor.student BbI3bIBA€TCS KOHCTPYKTOP KOMUPOBa-
HUA Kiacca Student.

“Meuxue” u “zuydoxue” xonuu

BhInosTHeHWE MO3JIEMEHTHOTO KOTMPOBAaHMS — €CTECTBEHHasl 3ajada KOHCTPYKTOpa
KomupoBaHUs. Ho 4To ellle MOXHO caenaTb ¢ MOMOIIbI TaKoro KoHCTpyktopa? Korma
HAKOHEI[ MOXHO IIOMBITaThCSl CAENaThb UYTO-TO TOUMHTEPECHee, 4YeM MpOorpaMMHpOBaHUE
MO3JIEMEHTHOTO KOTIMPOBAaHUS UM OOBEAMHEHUS KaKUX-TO CTPOK C MMEHEM HeCyIlecT-
BYIOILIETO cTyaeHTa?

IpeacraBuM cuTyalrio, Koraa KOHCTPYKTOP pacrpernesisieT 00beKTy HEKOTOPbIe CUCTEM-
HbIE pECypChl, HalpuMep MaMsTh U3 Kyud. Eciu KOMUpyoIIuii KOHCTPYKTOP OydeT BBHIMOJ-
HSTh MPOCTOE KOMUPOBaHWE Oe3 BBbIAEICHUS MaMSITH M3 Kydd U1l KOMMPYeMOro oObeKTa,
MOXET BO3HUKHYTb CUTYallusl, KOTJAa IBa OObEKTa OYyIyT CUUTATh, YTO UMEHHO OHU SIBJISIIOT-
cs BilaneNbllaMu OfHOro Gyoka mamsaTtu. Curtyanus eie Gosee ycyryourtcsl mMpu BbI3OBE Je-
CTPYKTOPOB 00OMX OOBEKTOB, KOTOPBIC TMOMbBITAIOTCS OCBOOOMUTH ONHY U Ty XK€ TMaMSTh.
B3missHuTEe Ha MPUBENEHHBINA HUXE MPUMED.

#include <iostream.h>
#include <string.h>

class Person
{
public:
Perscn{char *pN)
{
cout << "CozmaeM " << PN << "\n";
pName = new char(strlen{pN} + 11;
if (pName != 0)
{
strecpy lpName, pN) ;

)
~Person()
{
cout << "JlmkBuOmpyem " << pName << "\n";
// B KadecTBe OEeNCTBUSA OeCTPYyKTopa COTPEM MMs
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pName[0] = '\O';
delete pName;
1
protected:

char *pName;
b

int main(int argcs, char* pargsi))
{
Personpl ("Randy™");

Person p2 = pi; // BHB30OB KOIMPYOIETO KOHCTPYKTOPa
return 0;

B stom mpumepe koHCTpykTOop miss Person BbImeIUT maMsiTh W3 Kydd [JI XpaHEHUS
B HEf UMEHU MPOU3BOJBHON MJIMHBI, YTO HEBO3MOXHO IMPU HCITOJIb30BAHWM MaccHUBOB. [le-
CTPYKTOP BO3BpalllaeT 3Ty MaMmsaTh B Kydy. OCHOBHas TMporpaMma cosfaer oObeKT pi, omu-
CBIBAIOLIMI YeJI0BEKa, MOCJe YEero CO3[AeTCs KOMUSI 3TOro o0bekTa — p2.

INocne 3amycka 3TOil MpOrpamMMbl BBl TOJNyYUTE COOOIIEHUE TOJBKO OT ONHOTO KOHCT-
pyKTOpa. DTO HEYAWBUTENIBHO, MOCKOJBKY KOMUS P2 CO3MAETCS C MOMOLIBIO MPEIOCTaBIIsIe-
Moro C++ KOHCTpPYKTOpa KOMUPOBAHUS MO YMOJTYAHUIO, 2 OH HE BBIBOAUT HUKAKUX COO0-
mweHni. OnHako, Mocie TOro Kak pl M p2 BBIXOISIT U3 O0JACTU BUIAMMOCTH, BBl HE TOJYy4YH-
Te IBYX COOOIIEHUI O TMKBUAALNU OOBEKTOB, KaK MOXHO OBLIO OXUAATh.

bonee Toro, ecnu Bbl BBIOJHUTE 3Ty MPOTpaMMy B MOIIArOBOM DEXMME B KaKOM-JHUOO
OTJIaAUMKe, TO TOJYYUTe COOOIIeHNe 00 ommrobke. YTo Xe mpoucxomuT?

KoHCTpyKTOp BBI3BIBAE€TCSI OAMH pa3 U BBIAEIAET OJOK MaMITU U3 Ky4d JJISI XpaHEHUS
B HEM MMEHHU 4esioBeKa. Konupyommii KOHCTpyKTop, co3aaBaeMblii C++, IIPOCTO KOMUPYeET
3TOT aapec B HOBBIA OOBEKT, O3 BBIIEJIECHUSI HOBOro OJ0Ka MaMSITH.

Korma o0ObekThl JTUKBUAMPYIOTCS, AECTPYKTOP [UIST p2 TEPBBIM TMOJTYy4YaeT JOCTYNl K ITOMY
OJIOKY MaMsITU. DTOT ASCTPYKTOP CTUpPAET UMsI U OCBOOOXHaeT OyioK mamsitu. K Tomy BpemMeHU
KaK JEeCTPYKTOp pl TONydaeT AOCTYN K 3TOMYy OJIOKY, MaMsATh YK€ OYMUIIEeHA, a WUMs CTepTO.
Ternepb MOHSATHO, OTKYAA B3sUIOCH cCOOOIIeHUEe 00 omnbdke. CyTh IpoOJIEMbl TTPOULTIOCTPUPO-
BaHa Ha puc. 19.1. OObeKT pl KOMUpPYyeTcsi B HOBBIML OOBEKT P2, HO HE KOMUPYIOTCS UCTIONb-
3yeMble UM pecypchbl. Takum oOpa3oM, pl M p2 yKasblBalOT Ha OOWH M TOT Xe pecypc (B JaH-
HOM clly4yae 3TO OJIOK nmamsaTu). Takoe siBjieHHe HasbiBaeTcsl "MeJKuM' (shallow) KomupoBaHU-
€M, MOCKOJIbKY MPU 3TOM KOIMMPYIOTCS TOJIBKO WIEHBI KJlacca KaK TaKOBBIE.

p1 pl

J1o KonupoBsaHus [Mocne konmposaHus

Puc. 19.1. Meakoe konuposanue obsexmaplep?2
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s pemieHUs] yKa3aHHOM MNpoOOJEMbl HYXEH TaKOW KOMUPYIOIIMNA KOHCTPYKTOpP, KOTO-
phiii OyZmeT BBIIEIATh PECypChl I HOBOro o0ObeKTa. JlaBaiiTe moOGaBUM TaKOl KOHCTPYKTOD
K KJIacCy W MOCMOTPUM, KaK OH paboTaeT.

class Person
(
public:
/ /KOTIMPYIUY KOHCTPYKTOP BHOENSET HOBHI
//BICK TIaMATY U3 Ky4dlu
Perscn {Pergon& p)
{
cout << "KommpyeM " <<p.pName
<< " B OTHEeNBHBN SHICKA\N";
rName = new char[strlen(p.pName) + 1];
if {pName != 0)
i
strepy{pName, p.pName};

1
//...BceocTallbHOE OCTaBjisieM 0e3 wuaMeHeuurH. ..
3mech KOMUPYIOIIMA KOHCTPYKTOP BBIJCISIET HOBBIA OJIOK MaMsATH JJIsSi UMEHU, a 3aTeM
KOMUPYeT ComepXuMoe OJloKa TMaMsITU MCXOAHOTO OOBbEeKTa B 3TOT HOBBIM 0ok (puc. 19,2).
Takoe KOMMpOBaHWE HasbiBaeTcsl "TyGokuM” (deep), MOCKOJIBKY KOMMPYET HE TOJIBKO 3JIe-
MEHTBI, HO M 3aHSIThle MMU peCypchl (KOHEUHO, aHaJOorus, Kak TOBOPUTCS, TPUTSHYTa 3a
VI, HO HUYETO He MOofeacillb — He s MPUAyMal 3TU TEPMUHBI).

—
pl P1

I pName pName

1o KonvpoBaHuis Iocre KormMpPoBaHKs

Puc. 19.2. Inybokoe konuposanueple p2

3amyck MporpamMmbl C HOBBIM KOIMPYIOIIMM KOHCTPYKTOPOM IPMBEIET K BbIBOLY Ha 3K-
paH CJEnyIoLIUX CTPOK:
CozpmaeMm Randy
KommmpyeM Randy B OTHeNnbHHN OJIOK
JInk Buoupy em Randy
JInr BUImMpy eM Randy
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<OBEr Pecypcom, TpeOyromuM LITyOOKOro KOMMPOBAHWSI, SIBJSIETCSI HE TOJBKO MaMSITh
B Kyde, HO W OTKpBITbIe (haliibl, TIOPTHI, BBINEJICHHBIE arllapaTHBIE CPEICTBa
(HammpuMep, TIpUHTEpbI) U T.N. Kpome TOro, Bce 3TU TUIBI PECYPCOB JOJIKHBI
0CBOOOXAATbCA AECTPYKTOpoM. TakuM o0Opa3oM, MOXHO BBIBECTU TMPABWUJIO:
yboKOoe KOTMMpOBaHME HEOOXOMMMO BCEraa, Koraa IEeCTPYyKTOp Kiacca OCBO-
060XIaeT pecypcehl.

LBhreuwennsie odsextis

Komuu co3maiorcs He TOJIbKO TOra, KOrma OOBEKTHI MEePEeNaloTcss B (PYHKIIMM II0 3Hade-
Huo. Konuu o6beKTOB MOTYT CO3IaBaThC U IO IPYTUM MPUYMHAM, HAIpUMEDP MPU BO3Bpa-
Te 00BbEeKTa MO 3HaueHuI0. PaccMoTpuM mpumep.

Student fni(}; //BO3BpamaeT OOBLEKT II0 3HaYeHMIO
int main (int argcs, char* pArgsl[])
{

Student s;

s = fn{); //B pesynbTaTe BH3OBa fn() Oymer
// Cco3maH BPEeMEeHHHI OOLeKT

return 0;

DOynHkuusa £r () Bo3BpamaeT oOBEKT 0 3HAaYeHWI0. B KOHeYHOM cyere 3TOT OOBEKT Oy-
JET CKOIMMPOBAH B S, HO TJ€ OH HAaXOIUTCS JO 3TOro?

Jnsa xpaHeHust Takux oobekToB C++ co3gaeT BpeMeHHbIe OOBeKThl (Takuhe OOBbEKThl CO3-
JAIOTCS U B HEKOTOPBIX JPYIMX ciydasx). “‘Xopoluo, — ckaxere Bbl, — C++ cosmaer Bpe-
MeHHBIE OOBEKTHI, HO OTKyIa OH 3HaeT, Korga ux Hamo yHum4yToxaTh?" (Cmacubo 3a Xopo-
mmit Bompoc!) B HameMm mpumepe 3TO HEe MMeEeT 0COO0TO 3HAYEeHUs, TTOCKOJbKY BPEMEHHBIM
OOBEKT BBIMAET U3 00JIACTH BUIMMOCTU, KaK TOJIHKO KOMUPYIOLIUI KOHCTPYKTOP CKOMHUPYET
ero B s. Ho 4uro, ecu s Gyner orpenesieHO Kak cChuTKa?

int main (int argcs, char* pargs(])
(

Students refsS = fn();

//.. . .dTOTENnepb?. . .

return J;

Tenep]) nepnuoa >KM3HU BPEMCHHOIO o0beKTa HUMEEeT OOJbIIoe 3HAYEHUE. ITOCKOJIbKY
ccbuika refs Ipoao/KaeT CBOC CYHIECTBOBAHME HE3aBUCUMO OT CYyHICCTBOBaHUA oObekTal
B IIPUBCACHHOM HMXKE IIPUMEPE A4 OTMETUT MECTO, HaYMHasd C KOTOPOTro BpeMeHHbII‘/JI 00BEKT
CTaHOBUTCA HCIOOCTYIICH.

Student fnl{}:
int fn2 (Studenté);
int main (int argcs, char* pargs(])
{
int x;
// CosmaemM obwekT Student, Bw3weBas fnl({},
// a 3BaTeM mepenaeM B>TOT O0OBerRT OoyHKIMM £n2 ().
// £nZ () BO3BpamaeT LEJIOYNCIIEHHOE 3HA4YeHUE,
// KOTOpOEe UCICAL3YeTCH OIS BHIIOJTHEeHMUS
// HEKOTOPHX BHUMCIICHMI.
// Bechb 2TOT TIepuol BPEMEHHHN OOBEeKT, BO3BPANEHHBIM
// dyukumen fnl (), mocTyreH
x = 3*fn2 (fnl () ) + 0;
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// BpeMEHHBII OOBEKT, KOTOpBIi BepHyla GYHKIMS fnl (),
// ©TaHOBHMTCA HEIOCTYIECH

/7. .. .ocTaneHol KOJI...

return 0;

TakuM 06pa3oM, IpuMep C MCIIOJb30BAHUEM CCBIJIKM HEBEPEH, MOCKOJIbKY OOBEKT BBIN-
IIleT U3 obyiacTh BUAMMOCTH, a refS Oymer mpomooKaTh CyIIeCTBOBAaTh M CChLIKa OymeT yKa-
3bIBaTh Ha HECYIICCTBYIOIINI OOBEKT.

Bel Moxere momymaTbh, UTO M3y4ye€HUE BCErO 3TOT0 KOIMMPOBAHMS OOBEKTOB Tyla U 00-
paTHO — TIIycTas TpaTa BpeMeHM. UTo, ecii Bbl HE XOTUTE AejaTh Bce 3TU konuu? Camoe
MIPOCTOE pEIIeHUE 3aKJIoUaeTcsl B repenade U IpueMe OOBEKTOB (PYHKIMU MO CCHIIKE. DTO
MCKJII0YaeT BCE OMUCAaHHbIE HEMPUSTHOCTHU.

Ho kak y6emutbcsi, yto C++ He co3maeT BpeMEHHBIX OOBEKTOB He3aMeTHO 1Jisi Bac?
JlommycTuM, Balll KJIACC HCIIOJNB3YET PEeCypChl, KOTOPhIC Bbl HE XOTHUTE KOMMUPOBaTh. UTO ke
BaM Iesath’

MoOXHO MPOCTO MCIIOJB30BaTh BBIBOA COOOIIEHUSI B KOMUPYIOIIEM KOHCTPYKTOpPE, KOTO-
poe mpeaynpeauT Bac 0 TOM, YTO Oblla ciaejgaHa KOMmusi. A MOXHO OOBSIBUTb KOIMUPYIOLIWIA
KOHCTPYKTOP 3alllUINeHHONW (PYHKIIMEH, KaK ITOoKa3aHO B TPUBEICHHOM HILKE TPHMEPE.
class Student
{
protected:

Student {Students& s) {}
public:
//...BCe ocTanbHOE Kak OOBYHO. . .

Takoli momxon MCKIIOUYUT MCMOJIb30BaHME KOIMPYIOLIEr0 KOHCTPYKTOpa JIOObIMU BHEII-
HUMU QyHKIUsAMU, BKIovast cam C++, a 3HAYuT, 3aMPEeTUT CO3MaHNe KO BalIuX 0ObeK-
ToB student (IO3BoOJISISI TIPY 3TOM CO3/[aBaTh KOMUU (DYHKLMSIM-YJICHAM).

Wcrionb3oBaHWe KOMUPYIOLIETO KOHCTPYKTOpa UISI CO3IaHUSI BPEMEHHBIX OOBEKTOB
U KOIMI OOBEKTOB BbI3bIBAECT OUH MHTEPECHBIN Bompoc. PaccMoTpum ouepeaHoil mpumep.
class Student
{
public:

student {}

{

J/...BCE, YTO YyTONHO...

§

Student (Student s)

{

} f/. ..BCE&, 4TO YI'OOHO. .
ii
void fn(3tudent fs)

{
}

int main (int argcs, char* paArgsl(])
{

Student ms;

fn{msz};

return 0;

W B camoM gene, 1modeMy Obl He OOBSIBUTh KOMUPYIOIINIT KOHCTPYKTOP Kilacca Student
Kak Student::Student(Student)}? OnHakKo Takoe OOBSIRICHME IOIPOCTY HEBO3MOXHO!
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IIpy MombITKE CKOMIMJIMPOBATH MPOTPaMMYy C TaKUM OOBSIBICHHEM BbI TMOJYYUTE COOOIIIE-
HUe 00 ommnodKe.

JlaBaiiTe TmomyMaeM, TIOYeMy AapryMeHT KOHCTPYKTOpa o00s3aTeJbHO IOJKeH OBbITh
ccbutkoit? TlpeacTaBuM, 4TO OUpaHM4eHWH Ha THI apryMeHTa KOMHUPYIOIIETO KOHCTPYK-
Topa HeT. B 3TOM ciywae, korma main ()} Bb3oBeT dyHkumio fn {), xommuasgrtop C++
WUCTIONBb3YeT KOMUPYIOIIMI KOHCTPYKTOD JUJISI CO3JaHUsI KOMUM O0beKTa Kiacca Student.
Ipyu 3TOM KOMWPYMOINWI KOHCTPYKTOD, IMOJy4ass OOBEKT IO 3HAYEHMIO, TpeOyeT BHI3OBa
KOTMPYIOIEro KOHCTPYKTOpa IJIsi CO3[AaHUsl KOMUM O00beKTa Kiacca Student. [Ipu 3Tom
KOTMPYIOIIMM  KOHCTPYKTOP, TOJNy4ass OOBeKT IO 3HaueHWlo, TpebyeT BbI30Ba
KOTUPYIOIEro KOHCTPYKTOpa ISl CO3MaHMsl Komuu obbekTa kiacca student. [lpu 3Tom
KOTIMPYIOIIMIT ~ KOHCTPYKTOp, TMoOjdy4ass OOBEKT IO 3Ha4YeHWIo, TpeOyeT BbI30Ba
KOTUPYIOILET0 KOHCTPYKTOpA AJIsl CO3AaHMsl Konmuu oObekra kiacca student... M Taxk no
MOJIHOTO MCYEPIaHMus MaMsATH U aBapMHHOTO OCTaHOBA.
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CtaTnyeckue YneHsl

B anoii  wabe. ..

v OmpenelleHde CTaTUIECKHMX WICHOB
¥ OObsIBIIEHUE CTATUYECKUX (PYHKIUI-YIEHOB
v Bromxer ¢ ki1accamu — BUEBGET2 . CPP

77

& o 0 yMOMJaHMIO MaHHBIe-WIEHBI CO3MAIOTCS OTOENBHO I KaXmaoro oobekta. Harpu-
Mep, KaXIblid CTYIEHT MMEET CBO€ COOCTBEHHOE MMS.

OnHako, KpoMe TOTrO, Bbl MOXETe CO3IaBaTh JaHHbIC-YWICHBI, UCTOMb3yeMble BCEMU OOBEKTa-
MU KJlacca COBMECTHO, OOBSIBUB UX CTATUYECKMMU. HecMoTps Ha TO 4TO TepMUH cmamu4eckuil
MPUMEHNM KaK K JTaHHBIM-WieHaM, TakK U K (YHKIIMIM-WIeHAM, JUTS TaHHBIX W IS (DYHKIIMN
€ro 3Ha4eHMe HECKOJIBKO pa3inyHo. B 3Toii miaBe paccMaTpuBaroTcsl 06a TUIIA U UX OTJIMYUSL.

Onpegesenue  Gindnuneckusriienos

JlaHHbIe-4JIeHbl MOXHO cJefiaTb OOIIMMMU I BceX OOBEKTOB Kilacca, OObSIBUB UX Cma-
muueckumu (static). Takue 4ieHbl Ha3bIBAIOTCS cmamu4eckumu OaHHbIMU-yaeHamu (s Obl yau-
BWJICS, €CIM ObI OHM Ha3BIBAJIKCH IIO-IPYTOMY...).

3auem HY>XHbI CTaTn4eckmne gaHHble

BoJIbIIMHCTBO CBOMCTB Kilacca SIBIISIIOTCS. CBOMCTBAMU OTAENBHBIX 00beKTOB. ECiu Mcrosnb3o-
BaThb M30MTHIN (TOYHEE, OYeHb M3OMTHINM) IMPUMEP CO CTYIEHTaMM, MOXHO CKa3aTb, YTO TaKue
CBOIACTBA, KaK UMSl, UICHTU(UKALMOHHBII HOMEDP U MPOIIEHHbIE KYPCHI, SIBISIOTCS CIIeludu-
YECKUMMU JIJISI KAXKIIOTO OTIEIBHOrO cTyaeHTa. OIHAKO eCTb CBOMCTBA, KOTOPBIE PACIIPOCTPAHSIIOT-
Cs Ha BCEX CTYIEHTOB, HAIpMMEpP KOJMYECTBO 3aYMCIICHHBIX CTYIEHTOB, CAMBIii BBICOKMII Oall
cpeir BceX CTYJICHTOB WM yKa3aTeslb Ha MEPBOrO CTYICHTA B CBSI3AHHOM CITUCKE.

Takyio vHGOPMAIUIO MOXHO XPaHUTh B 00IIeil (M CTaBlIedl MPUBLIYHON) NIOOATBHOM
nepeMeHHoi. Hampumep, MOXHO HCHOJB30BaTh IMPOCTYIO LIEJOYMCICHHYIO TEPEeMEHHYIO
IUISL OTCIIEXKMBAaHUSI KOJIM4ecTBa 00beKTOB student. OQHAKO MPU TaKOM IIOAXOAE BO3HUKAET
npo0JieMa, CBSI3aHHAsl C TEM, YTO OTU IIepeMeHHBbIe HaxomsaTCs "CHapyxXu" Kjiacca. DTO IT0-
MOO0HO, HANpUMEpP, YCTAHOBKE PETYJSATOpA HAIMPSKEHUS MOEl MUKPOBOJHOBOM IEYM Iie-
HUOyIb B criajibHe. KoHeuHO, Tak MOXHO cIejiaTh, M Ie4b, BEPOSTHO, JaxXe OydeT HOp-
MajibHO paboTaTh, HO MOS cO0aKa BO BpeMsl O4YepeIHOI MPOOEXKU MO KBApTHUPE MOXET Ha-
CTYIIUTBh Ha IPpoOBOJAa U €€ IPUICTCA COCKpC6aTb C IIOTOJIKA, YTO Bpsn JIX JOCTAaBUT MHE YI0-
BoJIbCTBUE (cOOake, s1 AyMalo, 3TO TOXE He OYEHb-TO IMOHPABUTCS).

Ecmu yxx cosmaBath Kiiacc, MOJHOCTBIO OTBEUAIOLIMIA 3a CBOE COCTOSIHME, TO TaKUE I100ab-
HbIE TIEPEMEHHBIE, KaK PEryJsIiTOp HAIpsKEHUS, HY>KHO XpaHUTh BHYTPM KJlacca, MOJAJIbIIE OT
HEaKKYypaTHBIX CO0AUbUX JIAll. DTO U OOBSICHSIET HEOOXOAUMOCTh CTATUYECKHX YJICHOB.

Bbl MOmIM CIbIIIATh, YTO CTAaTUYECKME WICHBI TAaKXKe HA3bIBAIOT uieHamu Kaaccd, TIOo-
CKOJIbKY OHU JOCTYITHBI IJIsI BCeX 00BEKTOB Kjacca. YToObI MOAYEPKHYTh OTJIMYME OT CTATHU-
YEeCKMX WICHOB, OOBIUHBIC WICHBI HA3BIBAIOT KOMHOHEHMAMU SK3eMAAAPA WIA 4aeHaMu 006-
exkma, TIOCKOJIbKY KaXIblii OOBEKT UMEET COOCTBEHHBI HA0OpP TaKUX WICHOB.
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icnonb3oBaHWe CTaTUY4ECKMX YNEHOB

CraTnyecKue OaHHBIC-UYICHBI OOBSIBISIOTCS B Kiacce C IIOMOIIbIO KIIOYEBOIO CJIOBa
static, Kak Ioka3aHO B IPHMBEICHHOM HIXE TpHMeEpe.

class Student
{
public:
Student fchar *pName = "no name")
{
strepy (name, pName);
} neQfStudents++;

~Student ()
{
noQfStudents--;
|
int number (}
{

}
protected:
static int noOfStudents;

char name[40];

return neOfStudents;

bi
Student si;
Student s2;

UYnen noOfStudents BxoguT B cocTaB Kjiacca student, HO He BXOAUT B COCTaB OOBEK-
ToB 51 U s2. Takum oOpasoMm, ajs JloOoro obbekra kjiacca Student. CyHIECTBYIOT OTAEb-
HbIe WIEHbI name M TOJbKO OOUMH noOfStudents, KOTOPBIM JOCTYIEH IS BCeX OOBEKTOB
Kjacca Student.

"Xopoio, — copocure Bbl, — eciu Mecto nog noOfStudents He BbIIEICHO HU B Ka-
KOM 00bekTe Kilacca Student, TO Iie Xe oH HaxoauTcsa?" OTBET MPOCT: 3TO MECTO HE Bhi-
nensiercsi. Bbl JOMKHBI caMu BBIAGIUTD AJISI HETO MECTO TaK, Kak MOKa3aHO HUXe.
int Student::no0fStudents = O;

OTOT CBOEOOPa3HbI CUHTAKCUC BBILESET MECTO JIJIsl CTATUYECKOTrO YieHa Kjlacca U MHULIMA-
Jm3upyer ero HyneM. Crarmyeckue HaHHBIS-WIEHBI JOJDKHEI OBITh IIOOATbHBIMM (KaK CTaThde-
CKMeE MEePEMEHHBIE HE MOTYT BBITh JIOKATbHBIMU 10 OTHOIIEHUIO K HEKOTOPO (YyHKIIUM).

MH;
Qe s moboro wieHa, MM KOTOPOTO BCTpedaeTcsl BHE Kiiacca, TpeOyeTcs yKasa-
ﬂ HME KJlacca, K KOTOpOMY OH TTPUHAIJIEKUT.

O6pauleHne K CTaTMYeckMM OaHHbIM-4YIeHaM

[IpaBuna obpallieHusT K CTaTUYECKUM JaHHBIM-YJeHAM Te X€, YTO M K OOBbIYHBIM uJie-
HaMm. M3 Kkiacca K CTaTMYeCKMM WieHaM oOpallaloTcs TaK Xe, KaK W K APYTMM 4iIeHaM
kiacca. K OTKpBITBIM CTaTUYECKMM YjeHaM MOXHO oOpalllaThCsl M3BHE Kjacca, a K 3alllu-
IIEHHBIM — HEJIb3sl, KaK U K OOBIYHBIM 3aIlMIIEHHBIM YICHaM.

class Student

{

public:
Student ()
{
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noQfstudents++; //obpameHne m3 Kjiacca
/'/. . .ocCTanLHaaIporpamMMa. . .

static int noOfStudents;
//...TC Ke, YTO M paHbIe...
bi
void fn{Student& sl, Student s2)
(
//o0pallieHre K OTKPBITOMY CTAaTHYECKOMY 4YICHY
cout <« "KoaudecrBOo CTyaAeHTOB -
<< sl.no0QfStudents //O0painieHue M3BHE
<< "\m"; //Kiaacca

B dyukuuum fn () mpoucxomuT obpaleHue K noOfStudents ¢ UCIOIB30BaHUEM OOBEK-
Ta sl. OmHaKo, MOCKOJBKY S1 M S2 MMEIOT ONMHAKOBBIM moctyn K wieHy noOfStudents,
BO3HMKAET BOIMPOC: MoYyeMy s BbiOpan mMeHHO s1? ITouyeMy s He ucrnonb3oBan s2? Ha ca-
MOM JieJile 3TO He MMeeT 3HadyeHus. Bbl MoxkeTe oOpalllaTbCsl K CTATUYECKUM YJIeHAM, MC-
TIOJTB3YST JII00OI OOBEKT Kilacca, HallpuMep, Tak:

// ... xKnecc onpenensieTcs Tak Xe, KakK U paHbIe. ..
void fn:!Studenté s1, Student s2)
1

//TpencTaBileHHEe KOMaHIH IIPUBENyT K UOSeHTUYHOMY pPe3yIbTaTy
cout << "KommyecTBO CTYyLOEHTOB - "
<< sl.neOfStudents <<"\n";
cout << "KonmmuecTBO CTYIOEHTOB -
<< s2.no0fStudents << "\n";

n

Ha camoM gmenme Ham BooOmie He HyXeH 0O0BeKT! MOXHO WMCIOMb30BaTh MPOCTO WMS
KJ1acca, KaK MOoKa3aHO B CJIEAYIOIIEM MpUMepe:

// ... KI&aCcC onpenessiercsi Tak >Ke&, KaK W PaHBme. . .
void fn;student& g1, Student s2Z)
{
// Ppe3yabTarT OCTaeTCs HEU3MEHHbIM
cout << "KOoMMUeCTBGC CTYAEHTOB -
<< Student: :noffsStudents
<< "\n";

"

HeszaBucumo ot Toro, Oymere Jim BBl MCHOJIB30BaTh UMST o0beKkTa uiau HeT, C++ Bce paB-
HO OyleT MCMoNb30BaTh UMs KJjlacca.

OOBEKT, UCTIOB3YEeMBIil I 0OpallleH!s] K CTaTUIeCKOMY WIeHY, HUKaK He 00-
pabatbIBaeTCs, Aae eCIM 3TO oOpallleHHue SIBHBIM 00pa3oM yKa3aHO B BbIpaxe-
HUM. 715 TOoro 4To0Bl TOHSATH, YTO SI UMEIO B BUAY, PACCMOTPUM TMPUBEICHHBIN
HIDKE TIpUMeEp.

class Student

{
static int noOfStudents;

Studenté& nextStudent () ;
/f...T0 XKe, UTO M paHBLE. ..
bi
void fzm{Students s)
{

cout « s.nextStudent ().ncOfStudents << "\n";

}
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DyHkuusg-uwieH nextStudent(> B 3TOM NpuUMepe He BbI3bIBaeTcsl. Bce, 4TO HYyXHO
3HaTh C++ g oOpallleHUs! K noOfStudents, — 3TO TUIT BO3BPAlllaeMOTO 3HAYCHMS, a OH
MOXET 3TO BBISICHUTb U HE BBIMOJHSS 3Ty (PYHKLIMIO. XOTSI 3TOT MPUMEp U MajoBpa3yMuTe"
JIEH, HO TaK OHO U BYmeT!6.

I'IpmmeHeHme CTaTn4eCKmMxX OaHHbIX-41EHOB

CylecTByeT OeCUMCIeHHOE MHOXECTBO o00JlacTeli NMpUMEHEHMs] CTaTUYeCKUX HdaH-
HBIX-UJIEHOB, HO 3[€Chb Mbl OCTAaHOBUMCS JIMIIb Ha HECKOJbKUX M3 HUX. Bo-TepBbIX,
MOXHO HCTIOJIb30BaTh CTATUYECKME WICHBI JUISI XpaHeHUs KOJWYecTBa OOBEKTOB, 3aieii-
CTBOBaHHBLIX B mMporpamme. Hampumep, B Kiacce Student TakKol CYETYMK MOXHO Mpo-
MHHLMAIH3MPOBATL HYJIEM, a 3aTeM YBEJWYMBAThb €r0 Ha €IMHUIY BHYTPU KOHCTPYKTO-
pa M yMeHbIIaThb BHYTPM AecTpykTopa. Toraa B 00O MOMEHT 3TOT CTATUYECKUU YJIeH
OyoeT colaepXaTb KOJMYECTBO CYILIECTBYIOIIMX B JaHHbIi MOMEHT OOBEKTOB Kilacca
Student. OgHako cieayeT NMOMHHUTbH, YTO OTOT CUETYMK OyIeT coaepxXaTb KOJIUYECTBO
00BEKTOB, CYIIECTBYIOLIMX BIAHHBEIL MOMEHT (BKJIIOYas BpeMEHHLIE OOBEKTH), a He
KOJIMYECTBO CTYICHTOB'.

Eie onuH croco6 MCroab30BaHMS CTATUUECKUX UJIEHOB 3aKJTI0YaeTCsl B MHAWLIMPOBAHUU
BBITIOJIHEHUSI OTpenesieHHoro neiictBus. Hampumep, kinaccy Radio MoxeT moHamoOWUThCsS
WHULMATU3UPOBaTh HEKUE ammapaTHble CPeICTBA TMPU TEPBOM BBIMOTHEHUM KOMAaHIIbI
tune, HO He Tiepel TMOCIEAYIOMIMMKM Bbi3oBaMU. C TTOMOIIBIO CTAaTMYECKOTO 4WieHa MOXHO
yKa3aTh, UTO TIEPBbIi BBHI3OB tune yxe BBHIMOJHMI MHUIManu3aiuio. Kpome Bcero mpodero,
CTaTUYECKUI WIEH MOXET CIyXWTh yKa3zaTeleM O0e30IMMO00YHOCTH WHUIMAIU3aluy  armra-
paTHBIX CPEJCTB.

W HakoHell, B CTaTUYECKUX WICHAX MOXHO XPaHWTh yKa3aTeslb Ha TEPBBIN JJIEMEHT CBSI-
3aHHOrO crucka. TakuM oOpa3oM, CTaTUYECKUE WIEHbI MOTYT COIEpXKaTh JIOOyr MH(opMa-
ouio "o0Iero Mcmoib30BaHUS", KOTOpas OymeT OOCTYITHA IJISI BCeX OOBEKTOB M BO BCeX
byHKIMAX (HE CTOWT 3a0bIBaTh, OAHAKO, YTO YPE3MEPHOE HCIOJb30BAHUE CTATMYECKUX Tie-
PEMEHHBIX YCIOXHSET MOUCK OMMOOK B TIpOrpamMmme).

Odsabuenne chansecki
PYyrnciiiest -4aenol

DyHKIMK-YIeHbI TaKXKEe MOIYT ObITh OOBSBICHBI CTaTUUECKUMU. [10JOOHO CTaTUYECKUM
JMAHHBIM-YJIeHaM, OHM CBSI3aHBI C KJIACCOM, a He ¢ KaKMM-JIMOO OTHEeIbHIM OOBEKTOM KJac-
ca. OTO O3HayaeT, 4To oOpallleHHe K CTaTUYeCKUM (hyHKUMSM-4YREHAM, KaK M K cTaThie-
CKMM JTaHHBIM-4YJIeHaM, He TpeOyeT Haauuus oObekTa. Ecim O0OBEeKT U MPHUCYTCTBYET, TO MC-
MOJIb3YETCST TOJBKO €ro TUII.

Takum o6pa3oM, oba BBI30Ba CTATMYECKON (yHKIMU-YwieHa number O B NMpUBeIcHHOM
HUXe TIpUMepe JieTaabHBI.

#include <lostream.h>
#include <string.h>

1 Boobuwe co6ops1, smo 3aeucum om ucnoawvzyemoeo komnuaamopa. Tax, GNU C++ ne 6y-
dem evizbieams GyHkuyuro, 6 mo eépems kak Borland C++ uau Watcom C++ cdeaaem smo. —
[Ipum. pen.

17

Ewe oono zameuanue: 6 amom cayuae vl 00ANCHBI NO3AOOMUMBCA O MOM, 4MOObL
CHEMUUK YBEAUMUBANCA 80 GCeX KOHCMPYKMOPAX, GKAIOYAS KOHCMPYKMOD KONUPOBAHUS. —
Ipum__pen
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class Student

{

public:
static int number{)
f
\ return noOfStudents;
//. ..BCE® QCTaIBECE TO Xe, dYTO M paHee...

protectad:
static int noCfsStudents;
char name[40];
i
int Student::noQfsStudents = 0;
int main{int argcs, char* pArgs{])
{
Student s;
cou~ << s.number{} << "\n";
cous << Student::number!() << "\n";
return 0;

06paTI/IT€ BHMMaHME Ha TO, KaK CTaTU4eCcKad (I)yHKHI/IH—‘{J'ICH 06an.[aCTCH K cTatuye-
CKMM JaHHbBIM-YJICHAM. HOCKOIII)KY craTuycckad @yHKHHﬂ—‘UIeH HEe CBSI3aHa C KaKUM-JIM0O
O6’I)€KTOM, OHa HE€ MOXET HECJIBHO 06paman:c;1 K HECTAaTUYCCKOMY UYJICHY. Taxkum 06pa30M,
MPUBEOCHHBIN HWXE TPUMEP HETPABUJICH.

class Student

{ i

publaic:
/ /TIPpUBENEHHE HUXE KOJI HEeBEePeH
static char *sName/(]

{
}

return name; //Kakoe ¥VMEeHHO WMsI?

//...BCE& ocTalbHOE TO Xe, 4YTO U paHee...
protected:

char name[40];

static int noOfStudents;

}i
DTO HE O3Ha4yacT, 4YTO CTAaTUYCCKUEC CI)YHKLII/II/I-‘UICHBI HE MMCIOT OO0CTyIla K HECTaTude-
CKMM JaHHbIM-uyjieHaM. PaccMoTpuMm cieayloumii rnpumep:

#include <iostream.h>
#include <string.h>
class Student

(

public:
//7e XKe KOHCTPYKTOP M IOeCTPYKTOp, dYTO U paHee,
//cnHaxo KOHCTPYKTOp obecriedmBaeT BCTABKYy OOBLeKTa
//F CBsS3aHHHI CIOMCOK (Kak 3TO [OejaeTcsi, cendac
/ /0 Hac HeBaxHO. ..
Student (char *pName);
~Student () ;
//{indName — BO3BpamaeT CTYOEeHTa C YKa3aHHHM VMEeHEeM
static Student* findName (char *pName) ;

protected:
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static Student *pFirst;
Student *pNext;
char name[d40];

i

Student* Student::pFirst = 0;

//findName — BoO3BpamaeT CTyIeHTa

// C YVKa3aHHHM MMEHEeM

// IMbo HOJNL, €CHIV TaKon

// cTymeHT He ObUl Hadjgeh.
Student* Student::findName (char *pName)
f

//TIPOCMOTPHUM CBSI3AHHBI CIIMCOK. . .
for (Student *pS = pFirst; pS; pPS = pS->pNext)
{

//ecnn yKazaHHOEe UMSA HalOeHOo. . .

if {strcmp(pS->name, pName) == 0)

{

//...T0 BO3BpamaeM ampec >TOrO ObbeKkTa
return pS;

}
//B TIPOTMBHOM CJIydae BO3BpallaeM HGIL {COLeKT He HalmeH)
return {8tudent*)0;
}
int main(int argcs, char* pArgs([])
{
Student sl {("Randy"):
Student sZ{"Jenny"};
Student s3("Kinsey");
Student *pS = Student::findName ("Jenny");
return 0;

@DOyukuusa findName () uMeeT gocTyrl K p First, ImOCKoJbKY 3TOT yKa3aTesb HOCTYIIEH st
Bcex o0bekTOoB. Tak kak findName sBisieTcsa 4ieHOM Kiacca student, OH HMMeeT IOCTYII
K 4YJeHaM name OOBEKTOB, OIHAKO TNPU BbI30BE HEOOXOAVWMO YTOYHHUTb, YIEH KaKOro MMEHHO
obbekTa Tpedyercs. Cratmueckass (yHKIMS He CBSI3aHa C KaKWM-JIMOO OTpeneIeHHBIM OOBEeK-
TOM, U JIeJly HE TIOMOXKET Aa’ke MCIOJIb30BaHUE O0BEKTa MPU BBI30BE CTATUYECKOTO YIeHaA.
int main(int argcs, char* pArgs([])

{
Student sl {"Randy"}:
Student s2 ("Jenny");
Student s3 ("Kinsey");
Student *pS = sgl.findName {"Jenny™):

return 0O;

O0bexT sl He mnepenaercs ¢pyHkuum findName O; KOMMOUISATOP MCMONB3YeT TOJbKO
KJIacC 3TOTO 00BEKTa, IJISTI TOro 4ToOnl 3HaTh, ¢pyHKIHUIO findName () KakKoro MMeHHO KJjac-
ca clieyeT BbI3BaTh.

Cratuueckue (YHKIMU-YJIEHBbl YIOOHBI, KOrjJa BaM HaIO CBs3aThb HEKOE JeicTBUE
C KJlacCOM, He CBs3blBasi €ro ¢ OTAeJbHBIM 00beKTOM. Hampumep, GYHKUUSI-YIEH
Duck:: £ly() (¥yrxa::moxer ()) acCOUMUPYETCS C ONpeaesIeHHON YTKOM, Torma Kak 6ojee
"TparudHasg" ¢GyHKuusA Duck: :goExtinct(> (Y1ka {):: BeimupaHue ()) cBsI3aHa CO BCEM
YTUHBIM TUJIEMeHeM (YuTail: Kiaccom).
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_ : Yrto Takoe this _ R o
5 yxe YIOMHMHAI HECKOJIBKO pa3 O TOM, YTO Takoe this, TeM He MeHee mapaiite *

. eule pa3 pasdbepeMcs B 3ToM Bompoce. this — 3TO. yKa3atesb ‘Ha TeKYLUi OOBEKT z
BHYTpU (pyHKIIMM-wieHa. OH HCITOIB3yeTcs, KOrua He YKa3aHO Ipyroe MMsI OOBEeKTa.
B oGbraHoit dyHKUMU-wieHe this — CKPBITBI MEPBBIA apryMeHr, nepez[aBaeMHH ;
class SC . o - o

! public:

void nFn{int a);
//T0 ke, uro u SC:nFn(SC *thls, int a).
static void gFn{int a); '
//To xe, uro u SC::sFn(int a)
}i

" void £n(sCcs& S) . - S
s.nFn(10); //Mpeodpasyercs B SC::nFn(ss, 10); . R :
s.sFn(10); // Tlpeo6pasyetrcs B SC::sFn(10); '
} .
! TakuM o6paszoM, ¢hyHKUMA nFn () UHTepIpeTUpyeTcd Tak Xe, KaK ecld Obl Mbl OODBIBU- -
J‘II/I ee void SC::nFn(SC *this, int a). Ilpm BEI3OBe nFn() HESIBHBIM TI€PBBIM
" apryMeHTOM eil mepemaercs aipec S (BbI He MOXETE 3aIllucaTrh BbIBOB TaKUM 06pa30M
. TakK Kak IepeqaJa aapeca o0beKTa — JeJ0 KOMITUISATOpa). -
OO6panieHust K APyruM, HE CTaTUYECKUM UJIeHaM M3 (I)YHKL[I/II/I SC: :sFn aBromatiecku
UCIIOJIE3YIOT apryMeHT this Kak ykasaTenb Ha TeKyluii oOheKT. OIHAaKo NpH BBI3OBE
. cratuueckoit pynkuum SC: : sFn () ampec oObekTa eif He mepemaercs M ykazatens this,
i KOTODBIA MOXHO MCIIOJIb30BaTh MU OOpallleHMM K HECTATUYECKMM 4YJIEHAM, HE CyLIECT-
_ Byer. [loaToMy MBI ¥ TOBOpHMM, 4TO cTaTWYecKas (PYHKLMs-WICH He.CBA3aHA C KaKUM-
6o TeKyLuHM OOBEKTOM.

Eloqcmi ¢ kaaccamu - BUDGET2 . CPP

B stoM pasmene obcyxmaercsi HoBasi Bepcusi mporpammbl BUDGET, c¢ koTopoit Bl yxke
BCTPEUQTUCh  BO Bropoit 4vactu kKHuru. OpHako, B OTIMYME OT TIpeAbLAyIIEH
"(byHKIMOHAIBHOU" Bepcuu, STa Mporpamma OyaeT 00beKTHO-OPUEHTUPOBAHHBIM PEIleHU-
€M, OCHOBaHHBIM Ha KJaccax.

B nporpamme Oymer pemiaThCsl 3amadya 1O TMPEACTABICHUIO CYETOB B TOM BUIE, KaKOM
OHU UMEIT B OaHke. DrTa mpocTas MporpaMma OyneT MOAIepXKUBaTh BO3MOXHOCTU BKJIana
(3TO XOpOIIO) M CHATHS IeHer co cueTa (310 emre Jyyumre). (ITepBoHadanbHass Bepcusl Orom-
KeTa, TIpUBEJEHHAsh B KOHIIE TpeAbIayleil yacTu, paboTajia TOJIbKO C OJIHWUM TUIIOM OaH-
KOBCKOTO cueTa.) Drta BepcHsl TONAEPXKMWBAET JBa TUMA CYETOB, KAXKABIA W3 KOTOPBIX Oymer
MMeTh COOCTBEHHBIE, HECKOJIbKO OTJIMYHBIE OT IPYrOro cyera mpaBuia.

YeKoBbIii CYET:

% v ynepxuBaTh 20 UEHTOB 3a KaXIblii 0OpabOTaHHBIN YeK, €cv OajaHC Tanaet
2 Hmxke 500 moymapos;
v He ynepxuBaTh 20 1IeHTOB, eciau OanaHc Oombine 500 moutapos.
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Coeperare/bHBINA CYET:
¥ He yIepXXWBaTh JA€HET TIPY TEPBOM CHSITUU CO CYETa 32 MECSIII;
- v ynepxuBath 5.00 fo1apa 3a Kakoe TMOCIENylollee CHATHE.

PaccmarpuBasi o1y 3amauy, MOXHO Cpa3y OTMETUTb, YTO IJIaBHBIMM KaHIuJaTaMu Ha
poab kimaccoB sBastiorcss Checking m Savings. TlocKonbKy maHHBIE-YICHBI JyYIlle CHEIaTh
3alIMIIEHHBIMU, HaM IMOHAZOOUTCS HECKOJbKO (YyHKUMI, OOecreuynBalolIuX AOCTYNl K HO-
Mepy U OajlaHCy cyYeTa.

Kak u moboit kmacc, Checking M Savings HyXHOalTcd B KOHCTPYKTOPE, 4TOOBI MPO-
WHULIMAIU3UPOBATh OOBEKTHl TMPABWIbHBIMM 3HAaYEHUSMU (KaK MUHUMYM, OOHYJUTH Oa-
manc). Kpome Toro, mnoHamoOsitcs eme naBe ¢yHKumu — deposit ()  (Bkiam)
u withdrawal () (cHsaTue).

W HakoHel, B 3TOil mporpamMMme sl 100aBWJI ellle ONHY (PyHKUMIO-YJIeH, KOTOpas Ha3bIBa-
ercs display (); oHa 3aHMMaeTcsl OTOOpak€HUMEM TeKyllero obbekTa. DTO Heobs3aTebHOe
TpeGoBaHUE, OJHAKO OOBIYHO TaK W TIOCTYMAIOT, TO3BOJISIS OOBEKTY CaMOMY 3aHMMAaThbCS
CBOMM OTOOpaXkeHUWEM, HE ToJiarasicb Ha BHEUIHIOI (YHKUMIO (KOTOPOii ISl MPaBUJIBHOTO
OTOOpaXkeHUsT MOXET ITOHaJAoOMThcsl MHGpOpMaAIMsS O BHYTPEHHEM YCTPOMCTBE Kiacca WIM
npyrast uHGOpMalrs, KOTOPYIO Bbl, BO3MOXHO, HE 3aXOTUTE OTKDPbIBATH).

Bot TekcT 3TOit mporpaMMBl.

// BUDGET2 .CPP — mporpamMMa OomoxeTa, OCHOBAaHHAs Ha KJlaccax.

#include <iostream.hn>
#include <stdio.h>

/ /MAaKCHUMATIEHOE KONMMYeCTBO CYETOB
const int maxAccounts = 10;
// Checking — 3mech ommcaH YEeKOBHIN CcYeT
class Checking
{
public:

Checking{int initializeAN = 0)

( i

accountNumber = initializeAN;

) balance = 0.0;

// OYHKIIMY ObpameHus
int accountNo ()
{
return accountNumber;
}
double acntBalance ()
{
return balance;
)
//OYHKIIUMM TpaH3aKIIUNI
void deposit {double amount)
{
balance += amount;

)

void withdrawal (double amount) ;

// OYHKIIMSI BHIBOOA OOBEKTa B COut
void display ()
{

cout << "Cyer " << accountNumber
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<< " =" << balance
1

protected:
unsigned accountNumber;
double Dbalance;
}i
// withdrawal — »Ta ¢VHKUMA-UJIEH CIMIKOM BEeJIUKa
// miss inline-dyBrRUMM
void Checking::withdrawal (double amount)
{
if (balance < amount)

{

cout << "HemocTaToOYyHO IeHeTl: 0OajlaHC paBeH
<< balance

<< r CyMMa dYekKa pabBHa " << amount
<< "\1m";
}
else
{
balance -= amount;

// ecnm 6GanaHC mamaeT CJIMIMKOM HU3KO. ..
if (balance < 500.00)

{
// ...yIOepxaTb OEeHBLIUM 3a ObOCIIyXUBaHUE
balance -= 0.20;
1
1
b
// Savings — BE U CcaMM MOXeTe HalMCaTb DTOT KJacc

class Savings
{
public:
Savings({int initialAN = 0)
{
accountNumber = initialAN;
balance = 0.0;
noWithdrawals = 0;

I

}

// byHKIMM ObpameHms
int accountho ()
{
return accountNumber;
}
double acntBalance ()

{
}

return balance;

// ¢yHKUMUM TpaH3aKIu
yoid deposit(double amount}
} balance += amount;

void withdrawal {double amount) ;
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// odyuruma display — orobpaxaer obwekT Ha 'cout'
void display {}
{

cout << "Cuer " << accountNumber

<< " = " << balance
<< " (HOMep CcHATHUS = "
« mnoWithdrawals
<< "}\l’)";

}

protected:

unsigned accountNumber;

double balance;

int noWithdrawals;

i
void Savings::withdrawal (double amount)
{
if (balance < amount}
{
cout << "HemocTaTodyHO IeHeI Ha cdere: "
<< "banmaHC paBeH " << balance
<< ", cHuMaeTcsa " << amount
<< n\nu’.
t
else
{
// Tocie IIepBOTO B MECslle CHATUS OeHeT. ..
if (++noWithdrawals > 1)
{
// ...yIepxuBaTe S5
balance -= 5.00;
b

// CHSATHL HOEeHBEIM
balance -= amount;

1

// ObObsIBIIEHME TIPOTOTUIIOB
void process (Checking* pChecking) ;
void process(Savings* pSavings) ;

// OOBEKTH YEeKOBEIX M cHeperaTef:HHX CYeTOB
Checking* chkAcnts [maxAccounts];
Savings* svgAcnts [maxAccounts];

// main — cobupaeT U BHBOOUT OaHHBE
int main({int argcs, chaxr* pArgs{])
{

// TIOBTOPSATHL LIMKJI OO BBOoma 'X' mwmm 'X'

int noChkAccounts = 0; // COOEPpXUT KOIMUECTBO CYETOB
int noSvgAccounts = 0;

char accountType; // Tun cyuera — 'S' oy 'C!

while (1)

{

"

cout << "BBemuTe S misa cbeperaTesbHHEX CYEeTOB,
<< "C mig 4ekoBBX, "
<< "X mns oeexoma: "

cin >> accountType;

// BEMTHM U3 LMKJa, eCiIy NOJMb3CBATEeRL B3emeT X
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if (accountType == 'x' || accountType == 'X')
1
break; ;

}

// E HOPOTMBHOM CJlydae obpabaTeBaTh COOTBETCTBYLIUM CYeT
switch (accountType)
{
// HYeKOBBE cdeTa
case 'c¢':
case 'C':
if {noChkAccounts < maxAccounts)
{
int acnt;
cout << "BBemuTe HOMEp cdeTa:";
cin >> acnt;

chklents [noChkAccounts] = new Checking(acnt);
process {chkAents [noChkAccounts) )
noChkAccounts++;

}

else

{

cout << "IIJIST YEeKOBHX CYEeTOB 0OOJblle HeT mecra\n';

}

break;

// cbeperarenbHBE CYeTa

case ‘'s':

case 'S8":

if (noSvgAccounts < maxAccounts)

{
int acnt;
cout << "BBemuTe HOMEp cueTa:'’;
cin >> acnt;

svghcntsnoSvghAccounts] = new Savings(acnt);
process (svghcnts [noSvgAccounts ) ;
noSvgAccounts++;

}

else

{

(LI
cout << "I cbeperaTenbHHX CYeTOB OOJblle HeT MecTal\n *

}

break;

default:
cout << "HemoHSTHHI CUMBOJI...\II";

}

/ /A Ternepb IOKazaThb oOOmIyln CyMMy
double chkTotal = 0;
cout << "Yerkomee cdeTa:\n";
for (int 1 = 0; 1 < noChkAccounts; 1i++)
{
chkicents[i]->display():
chkTotal += chkAcnts[i]—>acntBalance()F

double svgTotal = 0;
cout << "CBeperarTenkHhe cdeTa:\n";
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for (int j=0; J < noSvgAccounts; j++)
i
svghcnts[j]—>display()j
svgTotal += svoAents |5 ) -racntBalance {) ;
3
double total = chkTotal + svgTotal;
cout << "CyMma ¢ YeKOBHM CcYeTaM =
« chkTotal
<< n\nu;

cout << "CyMma 1o cbeperaTesibHEIM CYeTaM =
<< svgTotal
<< "\n":

cout << "Obmas cymMa =
<< total
<< |l\n|l;

return 0;

1

// eBpatorka (Checking) — BBOO OAaHHHX 10 YEKOBHEM CYeTaM
void process (Checking* pCheckir.qg)
{
cout << "BBemuTe IQMOXMTENLHCe YMCIC IS BKJIama, \1I"
<< "oTpuuaTenbHoe s CHATusS, 0 mis 3aBepmeHus\11";
double transaction;
do
{
cout << " :";
¢cin >> transaction;

// BKIan
if (transaction > 0}
{

, pChecking->deposit(transaction);

// cHaTue

if {transaction < 0)

{

. pChecking-»withdrawal {(-transaction);
) while {transacticn J= 0);

}

// obpaborka (Savings) — BBOO DaHHHX s cbeperaTesbHEX CYeTOB
void precess(Savings* pSavings)
{

cout << "BBeouTe NONOUEMTEILHOES YMCIIO IJIS Bkaoala, "

<< "orpMuaTelbnoo SNH chHaTuA, 0 myis 3aEepumeHmai\n’;

double transaction;

do

{

cout << H
cin >> transacticn;

// BKIam
if (transaction > 0}

{
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nSavings->deposit (transaction);

[/ cnamue
if (transaction < 0)

pSavings->withdrawal (-transaction);

} wHile (transaction != 0) ;

S zamycTwn oty mporpamMmy ¢ NPHBENCHHLIMH HIDKEe NaHHBIMU [UISI TOTO, YTOOBI TIpOje-
MOHCTPUPOBaTh, KaK OHA pabOTaeT (XOTS MOYeMy-TO Yalle MOW IpOrpaMMBblI He paboTaioT).
Kupabm 1IprdTOM BBIIEIEH TT0JIb30BATEIBCKUI BBOI, @ OOBIYHBIM TIPEACTABIEHBI COOOIIe-
HUST TIPOTPAMMBEI.

BBeaute 8 ns1 cBGeperarejibHbIX CYETOB,
C mist 4eKOBbIX, X [JIs1 BHXOOZ2: 8
BBeautre HOMep cuera:l123
BBCLLVIT@ IMMOJIOKMUTEJIBHOE uucsno OJid EBRIIAIZ .
oTpuLlaTeabHOE ajist cHsiTusi, 0 aJ1s1 3aBepIlICHUS
:200
:-20
:0
BBeaure 3 misi cOeperaTesbHEX CUYeTOB,
C mist 94eKOBbIX, X [IJIs1 BHXOLOA: S
BBeaure HoOMep cueTa:234
BBGLI.I/ITG IIOJIOKMTECJIBbHOEC 4YHMCJIO JIdd BKJaaa,
oTpMLIATCJIBbHOC IJidd CHATUA, 0 OJ1s1 3aBCpLICHU A
:200
1 =10
=10
:0
BBemuTe 3 mus cbeperaTenbHEX CYeTOB,
C Oy YeKOBHX, X s Bhxona:C
BBemmTe HOMep cueTa:345
BBemuTe IOJNOXKMUTENbHOEe 4YMCJIO JIF BKJana,
oTpullaTenbHOe st CHATHUsi, 0 IJIs 3aBepleHus
1200
=20
:0
Beenure 3 mnga cOeperaTelbHEX CUETOB,
C mnsa 49exKoBHX, X IJis BHXoZa:C
BenuTe HOMep cueTa:456
BBemuTe OJOXMUTENbHOEe 4YMCJIO IJIF BKJana,
oTpullaTenbHoe st CcHATusi, 0 IJIsT 3aBepleHus
:600
;=20
:0
Beemure S mis cOeperareflbHHX CYETOB,
C misi 4eKOBHIX, X IJist BHXoOA X
YekoBBE CUeTa:
CyeT 345 = 179.8
Cuer 456 = 580
CbeperatTenbHEHE cCcyeTa:

Cyer 123 = 180 (HoMep cHaATuA = 1)
Cyer 234 = 175 (HOMED CHATUSA = 2)
CyMMa IO 4YeKOBHM cyeTaMm = 7 59.8
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CyMMa 110 cbeperaTenbHbEM cdeTaMm = 355
Obmast cyMmMa = 1114.8

PaccMoTpuM Kaxayro n3 QYHKIMI-YJIEHOB, HauMHas ¢ Kiacca Checking. KoHcTpykTop
MpUCBaMBaeT CYETy €ro Homep. 3HaueHWe Mo yMojyaHuio "= 0" I03BOJISIET IporpamMme
co3/1aBaTh OOBEKT C HOMEPOM CueTa IO YMOJIYaHWIO0, PaBHBIM HYJIIO.

Checking ¢l = new Checking(124};
Checking c2 = new Checking!):

B naHHOM ciydyae oOBEKT cl Kjacca Checking co3maeTcs ¢ HOMEPOM cyeTa, paBHbIM 123,
TOorga Kak OOBEKT C2 CO3MaeTcsl ¢ HOMEPOM cyeTa I0 YMOJYaHMIO, KOTOPBI paBeH HYIIO.

@Oy accountiNo () m acntBalance () mpemocTaBisSIiOT BHEITHEMY MUPY TOCTYIT
K 3alIMIIEHHBIM WieHaM accountNumber W balance. 3amadeit 3TMX (QYHKIIUN SBIISIETCS
TpeaocTaBIeHNe BHEITHUM (YHKIIMSIM — He WieHaM 3HauyeHWH, M3MEHUTb KOTOpble HEBO3-
MoxxHO. Kpome Toro, st ¢yHKIIUM, oOecHeYrBalOIne JOCTYN K WieHaM, IPeIoXpaHsIOT
BHeITHWE (YHKIIMM OT HEOOXOMMMOCTH BHECEHUWs W3MEHEHWU IpU TepeMeHax B MeTome
XpaHeHUs] HoMepa cueTa Win OajlaHca.

®dynkuun deposit() u withdrawal () OTBeYalOT 3a BJIOXKEHME WM CHSTHE IOCHET CO
cueta. Ilockonabky GyHKUMS deposit() MOBOJBHO IIPOCTa, OHA ObUIa OIpeaeieHa Kak
inline-pynkuusa. ®Oyukuusa withdrawal (), Oyoydn HECKOJBKO CJIOXHee, OObsBIeHA
B KJIacce, HO OIMpeNessieTcsl Mo3XKe.

®dynkuusa display (} BbIBOOIUT BaXKHbIe HaHHBbIE Ha YCTPOMCTBO CTAHIAPTHOIO BBIBOJA.

Kiacc Savings, B cymHoCTH, MIEHTHMYeH Kiaccy checking, 3a MCKIIOYEHHEM TOIION-
HUTEJIBHOTO WieHa noWithdrawals, KOTOPBIM WCIIOIB3YEeTCS IUIST OTCICXKUBAHUS KOJTMIECT-
Ba TIPOBEICHHBIX CHITHUM.

Mecto 104 OOBEKTHI COeperaTeJbHOrO0 M YEKOBOIO CyYeTa BBIIEASIETCS B MaccHUBax
svgAcnts W chkAcnts COOTBETCTBEHHO. MaKcHMalbHOE KOJWYECTBO CUETOB OIIpEAesIeHO
BEJIMYMHON maxAccounts.

DyHkUsa main () HECKOJIBKO CIOXHEE CBOEH CecTpbl M3 mporpaMMul Budgetl, Mo-
CKOJIbKY OHa WMEET IIeJI0 C ABYMsI pa3HBIMU TUITaMU cueToB. [lociie mpoBepKwW BBoAa Ha pa-
BEHCTBO “X” (dyHKIUS main () MCHOIb3YyeT KOHCTPYKLMIO Switch, 4YToGBI BHIOpaTh THIT
cyera: Cc IS YeKoBoro M S i cOeperatenpHoro. KoHcTpykius switch mcrioas3oBaHa
B OTOH IIporpamMMe II0 IByM IPUYMHAM: BO-TIEPBBIX, €€ IPOIlle PacIIMpUTh, J00aBISASI K Heit
IOTIOJTHUTENIbHBIE BapWaHTBI; BO-BTOPBIX, OHa IpemocTaBisieT BapuaHT default (BapuaHT
M0 YMOJIYaHUIO) i1 00pabOTKM HEBEPHOrO BBOJA.

Kak u panee, BTOpass yacTh (pyHKIMM main O obecrneyrBaeT oToOpaxkeHUe MH@OpMa-
LIMM O cYeTe, COOpaHHOI B IMEepPBO YacTU 3TOM (DYHKIIUU.

OO0OpartuTre BHMMaHWEe Ha TO, KakK comepxkumoe KimaccoB Checking m Savings CKpBITO OT
main (). Tak, HanmpuMep, main () TPOCUT OOBEKT MMOKA3aTh CBOE COMEPXKUMOE, OJHAKO MPHU
9TOM He MMeeT HMKAKOTro TPEICTaBJIeHUsI O TOM, KaK KJlacC BBIOMpaeT, YTO MMEHHO U KakK
3TO TTOKAa3aTh.

®yukuus process (), Koropasi 00pabaTblBaeT TEKYIIME BJIOXEHUS W CHATHUSI, TojlaraeTcs Ha
dyakimu-wieHsl deposit () u withdrawal (), KoTopble BBITOJHSIOT 3a Hee BCIO YepHYIO pa-
60Ty. XOTS BBl M 3HaeTe, KaKk MMEHHO BBITTOTHSIIOTCS OTH NEWCTBUS, TTOMHHTE, YTO process ()
00 3TOM He MMeeT HMKAaKoro MoHsATHs. Pabora cuera KacaeTcsl TOJIBKO caMOTO Kilacca cyeTa.

CoBeTyio TIPOMTH 3Ty TporpaMMmy B IIOIIAaroBoM pexume. Hwuto mHOe He mact Oosee
TIOJTHOTO TIPEACTAaBJICHUS O MpoTrpaMMe, YeM €€ PacCMOTpPeHHE B JICHCTBUU.

Xotute — BepbTe, XOTUTE — HET, HO C MO3UIMM MporpaMMmupoBaHusi Budget2 paspabaTbiBa-
ercs Jierye, yeM Budgetl. Korma g mmcan kimacc Savings, s He JODKEH ObLT BOJIHOBATHCS
0 TOM, Kak OH OyJIeT WMCHOJb30BaThCsl IJIaBHOUM TMporpaMmoii (TO e OTHOCUTCS M K Kiaccy
Checking). Korma xe s1 pabotayn Han ¢pyHKLMeH main (), TO He AyMal O COOEP>KUMOM Kilacca.

OgHako B 3TOM mporpaMMe €cTb OIMH HEOOJBIIONM HEeIOCTaTOK: Kiacchl Savings
u Checking MMeOT 0OYeHb MHOTO OOIIETro, M XOTeJOCh Obl HATH BO3MOXHOCTh YMEHBIIIUTh KO-
JINYECTBO MOBTOPEHUI KoJa. OTa BO3MOXHOCTb U SIBJIsIeTCsl TeMoil yactu 4, ‘“‘Hacnenoparne”,
B KOHIIE KOTOPOI BBl HaliieTe OuepeaHylo BepcuIo Hallleli mporpaMmbl — Budget3.
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HacnepoBsaHue Knaccos

B oo wabe. ..

¥ 3aueM HYXHO HacJielIoBaHUE
v Kak HacnemyeTcsl Kjacc

¥ KoHcTpyrpoBaHMe MOaKIacca
v OtHomenue COOEPXUT

p

F*< o10ii mIaBe oOcyxmaercss Hacaedoéanue (inheritance), T.e. CITOCOOHOCTH OTHOTO
KJlacca HacjieoBaThb BOZMOXHOCTH WJIM CBOIMCTBa JpYyroro Kiacca.

HacnenoBanue — 3T0 obuienpuHsitasg kKoHuenuusi. S — 4yegoBeK (3a UCKIIOUYEHHEM
paHHero ytpa...). W s Haciemylo HekoTopble cBoOiicTBa kiacca YesoBek, Hampumep BO3-
MOXHOCTb TOBOPUTb (B OOJIbllIE WIM MEHbIIEH CTereHu), MHTENIEKT (HaaelCh, 4YTO
B OoJblIell CTeneHu), HeoOXOOMMOCTh B BO3IyXe, Boje, MUIIE M BCAKUX BUTAMMHAX. DTU
CBOICTBa He SIBJISIIOTCSI YHUKAJIbHBIMU JUISI KaXIOTO OTAEIbHOro yesnoBeka. OueBHAHO, YTO
kinacc YesoBeK HacieayeT 3aBUCMMOCTb OT BOJbI, BO3MyXa WM MUIIM Y Kiacca Miekonuraro-
11e, KOTOPbIA, B CBOIO OuYepenb, HaclenyeT 3TM CBOMCTBA y Kiacca 2KMBOTHBIE.

Konueniius, B oCHOBe KOTOPOI JIEXUT CMOCOOHOCTDb MepeaaBaTh CBONCTBA MO HACEACT-
BY, OYeHb MollHasi. biarogapsi eif MOXHO 3HAUMTEJIbHO CIKOHOMMTbH MECTO NMpPU OMUCAHUU
peaypHOro o6bekTa. Hampmmep, eci Moii ChIH cripocuT: “Urto Takoe yTKa?", s CMOTy CKa-
3aTh. "OTO MNTULA, KoTopas kpskaer”. HecMOTpsi Ha KpaTKOCTb, 3TOT OTBET HeceT B cebe
BCIO HEOOXOAMMYIO JUIsSl OMMCaHUsI YTKU (MO KpaifHed Mepe, UIsl MOEro chiHa) HHbOpMa-
uuio. Moii CbIH 3HAaeT, YTO Takoe NMTULA, U MOXET IMOHATb, YTO YTKE MPUCYILM BCE CBOMCTBA
NTULIBI TUTIOC CBOMCTBO "KpsiKaHbe'.

B 00beKTHO-OPUMEHTUPOBAHHBIX SI3bIKaX Takasi HaCJENCTBEHHAsl CBSI3b BbIpaxaeTcs
B BO3MOXHOCTM OHOTO KJjacca HacienoBaTb nOpyroil. Takmm obpa3om, OOBEKTHO-
OPMEHTUPOBAHHbIE SI3bIKM TO3BOJISIIOT CO3[IaBaTh MOENU, Oojiee OIU3KME K PEeabHOMY MU-
py (a MIMEHHO Ul 3TOr0 OHU W CO3/1aHbl), YeM MOJEIM, MOCTPOEHHBIE C MOMOIILBIO SI3bIKOB,
He MOAAEPKMBAIOILMX HacjeJ0BaHUE.

B C++ oauH kiacc MoXeT HacliefoBaTh APYIroil ClIEAyIOIIUM 00pa3oM:
c{jlass Student

} J-
¢lass GraduateStudent : public Student
{
1

B srom mpumepe GraduateStudent HacimemyeT Bce wieHbl Kiacca Student. Takum
oopazoM, GraduateStudent SABJIAETCS crynmentom. Koneuno, npu stom GraduateStu-
dent MoXeT Takke comepKaThb YHUKaJbHbIE, MPUCYIINEe UMEHHO €My WICHBI.

Sauneu nyncrno nacredosanue

Hacnenopanue 6wuto BKIodeHo B C++ 1Mo HeckobkuM mpudyrHaMm. KOHEYHO, OCHOBHOI
M3 HHUX ObUIa HEOOXOMMMOCTh BHIpaXaThb CBS3M MEXIY KJlacCaMW C TTOMOIIBIO HACleNOBaHUS
(kK oTOMy s eme BepHychb). MeHee BaXHOHM IIEJIbIO OBUIO YMEHBIIIEHWE pa3Mepa HCXOIHOTO
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koma. [lpencraBeTe ceGe, 4TO Y Bac ecTh Kiacc Student W Bac MOMPOCWIM AOOABUTH HOBBIN
kmacc mox HasBanumeM GraduateStudent. B »sTtoM ciyyae HaciaemoBaHMe 3HAYUTEIBHO
YMEHBIIUT KOJIMYECTBO YJIEHOB, KOTOpbIE BaM TMpUIETCs N00aBiATh B Kiacc. Bce, uto Bam
IEeHCTBUTENIPHO HyxXHO B Kimacce GraduateStudent, — 3TO WiIeHBI, KOTOpbIE OymyT OIMMCHI-
BaThb OTJIMYMSI MEXIY CTYICHTAaMM M aclpaHTaMMu.

C oTuM cBsIi3aHa U Oojiee BaxkHasl TpobieMa — HEOOXOOUMOCTh MEXaHHW3Ma IOBTOPHOTO
WUCTIOJIb30BaHUs. Pa3paGoTyMKu MporpaMMHOro obGecrneyeHus] Ha KaKOM-TO 3Tare TMOHSUIH,
YTO TJIYNMO HAYMHATh KaXIBIH HOBBI TMPOEKT C HYJsA, 3aHOBO CO3[aBas OOHU W Te XXe TpO-
rpaMMHBIE KOMITOHEHTBHI.

CpaBHUTE CUTyallMI0 B O0JaCTW CO3[aHMSI MPOTPAMMHBIX TPOAYKTOB C JAPYTUMU chepamu
MPOM3BOACTBA. MHOTO U BbI 3HaeTe aBTOMOOWJIECTPOUTENICH, KOTOpble HAYMHAIOT KOHCTPYH-
pOBaTh HOBBIII aBTOMOOWJIb C CO3JaHUSI HOBBIX raekK W BMHTOB? Jlaxe eciu OTmeslbHbIe KOMIa-
HUM TaK W JENAIOT, BpsiO JM OymeT JIeTKO OThICKaTh Cpemyd HUX TaKue, KOTOpble HAaYMHAIOT
C pa3paboOTKU OTBEPTOK M TacYHBIX KiItovel. Pa3paGoTuymku U3 Apyrux obyiacTeil AaBHO 3HAIOT,
410 TOopasmo 3hdeKTUBHEe CO3MaBaTh HOBYIO MAllMHY M3 YXe CYIIECTBYIOIIMX TackK, BHUHTOB,
KperuieH!i 1 faxe 6ojiee CJIOXHBIX arperaroB — KOMIIPECCOPOB U JIBUTATEIIEH.

K coxaneHuto, Takas rmpocrtasi (uiaocodusi CIUIIKOM MaJlo TMPaKTUKYeTcs B 00JacTu
MPOTrPaMMHOTO obecriedeHrs. 3a MCKIIoYeHUEM psifa MeldKUX (GYHKIWMN, BXOOIIIMX B CO-
CTaB cTaHIapTHBIX OMOAMOTeK C, PEeaKo BCTPETHUIL MOBTOPHOE MCITONb30BaHKME MpPOrpaMM-
HBIX KOMITOHEHTOB. OmHOW M3 MpoO6JieM, CBA3aHHBIX C IMTOBTOPHLIM WCITOJIb30BAaHUEM, SIBJISI-
eTcsl TIOYTH TOJIHAs HEBO3MOXHOCTH OTBHICKATh B TOTOBOM TMpOrpaMMe KOMITOHEHT, KOTODBIi
Obl OTBeYaT BceM BallMM TpeOoBaHUSAM. OOBIYHO BCE YXKe CYIIECTBYIOIIME KOMITOHEHTHI
TIPUXOAMUTCS JOTIMCHIBATh M TIEPENUCHIBATh Mepe] MPUMEHEHWEeM B JaHHOM TNPWJIOXEHUU
(kak ecnu Obl paboTa MO CO3JAHUIO CaMOJIeTa COCTOsIa B TOM, YTOOBI yOpaTb C TTOMOILBIO
HanWJbHUKA BCE JIMIIHEE y MapoBo3a...).

B mporpamMmMupoBaHuM ecTh TpaBwio: "EcCIM THI YTO-TO OTKpBUI, 3HAYUT, Tl 3TO yXKe
cioman". JIpyruMu CJIOBaMH, €CIM BaM TPUILJIOCH MepenucaTh GYHKIUIO WKW KIacc, YTOObI
TIPUCITOCOOUTHL €¢ K HOBOMY IPWJIOXEHUIO, TO BaM TPUAETCS 3aHOBO TPOTECTHPOBATH BCIO
(byHKIIMIO, a He TOJBKO T€ 4YacTW, KOTOpble Bbl M3MEHWIU. MI3MEHEHWsT MOTyT BHECTH
OIIMOKYU B JIIOOOE MECTO CYIIEeCTBYIOIIETO KOma.

HacnenoBanue mo3BoJIsIeT MPUCIIOCAOIMBATD CYIIECTBYIOIIME KJIacChl K HOBBIM TPHUJIO-
JKeHUSIM, He BHOCSI M3MEHEHUiIl B MX BHYTpeHHee ycTpoicTBo. CyllecTBYWOIMIA Kiacc Ha-
cJlemyeTcsl HOBBIM TIOIKIIacCOM, KOTOPBI M OyAeT comepXkaTh Bce HEOOXOMUMBIE TOOABICHUS
U UBMEHEHUSI.

DTO TPUBOAMT HAaCc K TPETheMy MPEMMYIIeCTBY HaciemoBaHus. [IpencraBbTe cebe, 4TO
BBl HacjienyeTe HEKWI CYyLIECTBYIOUIMNA KJacc. 3aTeM BbI HaxomuTe, 4YTo 0a30BBIM Kiacc
CONEPKUT OINMOKY, KOTOPYIO HYXXHO WMCIpaBUTb. Eciu Obl BBl TepemenblBaIM KJIAcC I
€ro MOBTOPHOTO MCIIOJb30BaHUS, BaM Obl MPHUIILIOCH BPYYHYIO TMPOBEPUTH HOBBIN KIjacc,
OTBICKMBAsl ONIMOKY B KaXIOM OTHEJBbHO B3ATOM TMpWiIoXeHWU. OmHAKO eclu BBl Hacle-
JIOBaJIM Kjlacc 0e3 U3MeHEeHUI, TO MoXeTe 0e3 O0COOBIX XJIOMOT 3aMEHUTh CTapyl0 BEpPCUIO
KJ1acca HOBOM.

3T0 noTpsacaioLLe

- JItomy cocTaBNSIOT OOIIMPHBIE CUCTEMbI, YTOOBI OBLJIO MpOIIEe Pa3dUpaThcsl B TOM, UYTO WX

: okpyxaeT. Ty3uK SIBJISICTCSI YaCTHBIM CJIydaeM COOaku, KOTOpasi SIBJISICTCSI YaCTHBIM CJIy-
yaeM c00akooOpa3HbIX, KOTOpble BXOASAT B COCTAB MJIEKOMMTAOUIMX, M T.J. Tak Jjerde
MO3HaBaTh MUP. '
Ecau ucnons3oBaTh apyroil mpuMep, MOXHO CKa3aTh, UTO CTYAEHT SIBJIIETCS UEJIOBEKOM
(TouHee, ero 4acTHBIM ciaydaem). Kak TOJbKO 3TO cKa3aHo, S yXe 3Hai0.IOBOJBbHO MHOTO
0 cTyaeHTax (00 aMepUKaHCKMX CTYAEHTAX, €CTECTBEHHO). S 3HAI0, YTO OHU UMEIOT HO-
Mepa COIMAIbHOTO CTPAaXxOBaHWs, YTO OHM CJIMIIKOM MHOTO CMOTDSIT TEJeBU30p W TO-
CTOSTHHO MeYTaloT O ceKkce. Sl 3Haio Bce 3TO IOTOMY, YTO 3TO CBOMCTBA BCEX JIOLEH.
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: B C++ wmbI roBOpUM, 9TO Kiiacc Student Haciemyer kimacc Person. Kpome Toro, Msr

_ ToBOpuM, 4TO Person sBnsierca 6asosbim kaaccom mius xinacca student. Hakonew, MBI |

" rosopuM, uro student ABJIAETCS Person (Mcmonb3oBaHWe MPOMUCHBIX OYKB — 06-
MIETTPUHSITHIA METOA OTpaXeHMsSl YHWKAJbHOTO THUIA CBSA3W; He S 3TO Ipuayman). DTta

. TepMMHOJIOTMS ucnojib3yercd B C++ U ApYrUX OOBEKTHO-OPUEHTUPOBAHHBIX SI3bIKAX

" MpOorpaMMMPOBaHUS

© 3amersre, uyro x0T Student m ABJIAETCA Person, oOparHoe He BepHO. Person He

" ABIMETCH Student (Takoe BBIPaXEHHE CIEAyeT TPAKTOBATh B OOILIEM CMBICTE, TIOCKOJIBKY

. KOHKPETHBIIl Ye/IOBEK, KOHEYHO XK€, MOXET oKa3aTbcsl CTyneHToM). CylIecTBYeT MHOIO JIO-
Jieli, KOTOpbIe SIBISTIOTCS WieHaMHU Kiacca Person M He SBISTIOTCST WieHaMM Kiacca Student.

~ Kpowme Toro, knacc student umeer cpennuii 6awi, a Person ero He umeer. i

. CBOMCTBO HaClleQOBaHUsI TPAH3UTHMBHO. Hampumep, ecnu s ONpeneT0o HOBBIA KJIacc

. GraduateStudent kak momkiacc Kimacca Student, TO OH ToxXe OydeT HAaCIeIHUKOM .

 Person. Dro 3HAUMT, 4TO OyHET BBITONHATHCS ciemyiomee: eciu GraduateStudent

- SIBJIAETCS Student um Student SBJIAETCA Person, 1o GraduateStudent

: SIBJIAETCA Person. : i

Kax nacieqyerica knacc

3mech TpuBeneH TpuMep Yxe paccMmorpeHHoro kimacca GraduateStudent, KoTopblid
JIOTIOJTHEH HECKOJbKMMM YJIEHAMU.
$include <string.h>

class Acvisor
{
i
class Student
{
public:
Student {char *pName = "MO name")

{

; strnepy (name, pName, sizecof (name));
» gverage = 0.0;
€addCourse (int™ hours, float grade)

average = (semes leshlag average *_grade};
semesterHours += Yy

} average —-Ei£32§§3 semesterHours;

int hours( }%%&EgﬁsemesterHours;}

float gpaf average; j

' name (40171 ;

). j e%i2§%§§?§rs;

Inhasa 21. Hacredosanue kaaccos 227



{
public:
int gqualifier{ > { return gualifierGrade;};

protected:
Advisor advisor;
int gualifierGrade;
te

int main{ )

{
Student 1llu{"Lo Lee Undergrad");
GraduateStudent gs;
1lu.addCourse (3, 2.5);
gs.addCourse (3, 3.0) ;
return 0;

B stoM mpumepe kinacc Student comepXuT TC XK€ WIEeHBbI, YyTo U paHee. OOBEKT 1iu —
npocto oauH U3 oobekToB Student. Kiacc GraduateStudent HECKOJNBKO OTIMYAETCS IO
CTPYKType OT Kiacca Student; nBoetouue u ciedywooliee 3a HUM public 3tudent oOBsB-
qsiet kiace GraduateStudent HacleAHHKOM Student.

KitoueBoe cioBo public HAaBOAUT HAa MBICIAbL O TOM, YTO MOXKET CYILIECTBOBaTb U 3auju-
WeHHoe HacleOBaHUE, OJHAKO €ro oOCyXIeHWEe BBIXOMUT 3a paMKM Hallleil KHUTU (BbI €lile
He 3a0bUIM 3TOT TEPMUH?).

OOBEKT gs Kak 4YieH Moakjiacca Studernt MOXET AelaTh TO ke, 4yTo U 00bekT 11lu. OH
CONEepXUT NaHHBIe-WIeHBl name, semesterHours, average U yHKUMIO-UIEH
addCourse (). Kpome Toro, GraduateStuder.t comepXWT Takke 4IeHbl qualifiex(),
advisor u qualifierGrade- Takum o6pa3oMm, gs B MNOpPSIMOM CMBbICJE 3TOrO CJIOBa
ABJIFAETCA knaccom Student rmumioc Koe-4yTo ellle.

Pazbepem mpHBeAeHHBIA HIUXE CLIeHApUIA.

void fn(Students s)
{

// ...BCe, 4YTO YyTOHOHO...
)
int medn( )
CGradesSadat gs:
fnigs) ;
raoamo;

O6patuTe BHUMaHMWe, 4TO (YHKIUS fr ()} MPUHUMAaeT B KauyeCTBE apryMeHTa CCHUIKY
Ha 00BeKT Kkiacca student. OpHako B main () MBI TlepemacM el 0OOBCKT Kiacca
GraduateStudent. PYHKIUA CIIOKOWHO MPUHUMAET 3TOT apryMeHT MMEHHO ITOTOMY, UTO
(a Hy-Ka eme pa3, Bce BMecre!) “GraduateStudent ABIISETCS Student”.

OT0 Xe yCIIOBHME IIO03BOJISIET BBI3bIBATh (DYHKIIMIO-UIeH Kiacca Student U3 oObeKTa
kinacca GraduateStudent, Kak 3To AejlaeTcs B IIPMBEICHHOM HIDKE IIpPUMeEDE.
int main{ )

[
GraduateStudent gs;
//BH3EBaeM ¢oyHKIMO Student::addCourse ()
gs.addCourse (3, 2.5) ;

} return 9;
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Koucmpyupobanue nogrracca

XoTsl ToAaKJIacC M MMeEeT JOCTYN K 3alllMIIeHHbIM 4YwieHaM 0a30BOro kijacca, a 3Ha4urT,
MOXET MHULMAJIU3UPOBATh UX, ObLIO ObI XOpOIIIO, €ciau Obl 0a30BBbIM KjiaacC BCE e KOHCT-
pyupoBas caMm ce0si. B meiicTBUTEIbHOCTU TaK U MPOMCXOIUT.

[Tepen TeM Kak ympaBJeHHe TMOJIydaeT KOJ, CTOSIIMI 3a OTKpBIBaIOIIel (UTYPHOU CKOO-
koit kmacca GraduateStudent, oHO TepenaeTcs KOHCTPYKTOPY IO YMOJYaHHUIO KJlacca
Student (ITOCKOJBKY JPYroil KOHCTPYKTOP He ObIT ykazaH). Ecim OvI Kiacc student ObLT
HAacJIeIHUKOM JIpYTOro kjacca, HanpuMmep Person, To KOHCTPYKTOp 3TOTO KJjacca BbI3bIBaJI-
cs OBl mepen Tepenadeil yrpaplieHUsI KOHCTpykTopy student. ITomo6Ho Hebockpedy, 00b-
eKT CTPOMTCSI, HauMHas ¢ "(GyHIaMEHTATILHOTO" YPOBHS B COOTBETCTBUM CO CTPYKTYpOi Ha-
CIIeIOBaHMST KJIACCOB M BBI3BIBAsST KOHCTPYKTOPHI BCEX KJIACCOB, COCTABJISTIOIIUX TaHHBIMA.

Kak u B ciydae ¢ oObeKTaMHU-WIEeHaMU, BaM MOXET IOHATOOMThCS TiepenaBaTh apryMEHTHI
KOHCTPYKTOpY 0a30BOro Kjiacca. DTo JesnaeTcs MOoYTH TaK Xe, KaK M U3ydeHHas paHee Tepena-
Ya apryMeHTOB KOHCTPYKTOpPY OOBbeKTa-wieHa (CMOTpUTE TPUBENEHHBIN HIDKE MPUMED).

class GraduateStudent : public Student

{
public:
GraduateStudent (char *plame,
Advisors adv) : Student (pName),
zdvisor {adv)

gualifierGrade = 0;
}

//BCeé OC IrafeHOE& Takoe Xe, KakK UM paHble

Y

void fn{Advisors advisor)
{
GraduateStudent gs('"Yen Kay Doodle”, advisor);
// ...BC® OCTaJIbHOE, 4YTO JIOJDKHA HelaTk 3Ta (OYHKLIIUS...

BOTOMnpumepe koHcTpyKTOp Kiacca GraduateStudent BbI3bIBa€T KOHCTPYKTOp Stu-
dent, mepenaBast eMy apryMeHT pName. Ba30oBBII Kilacc KOHCTPYMPYETCS MO JIIOOBIX 00BeK-
TOB-YIEHOB, a 3HAYUT, KOHCTPYKTOp Kiacca Student BbI3bIBaeTCsl Mepel KOHCTPYKTOPOM
Advisor. U Tonpko mocyie KOHCTpyKTopa Advisor (KOTOpbI BbI3bIBaeTCS I WieHa ad-
visor) HauumHaeT paboTy KoHcTpyKTop GraduateStudent.

Cremyss TipaBUJTly O TOM, 4YTO HECTPYKTOPBI BBI3BIBAIOTCSI B TMOPSIAKE, OOPATHOM BBI3OBY
KOHCTPYKTOPOB, TIepBBIM BBI3bIBacTCS AccTpykKTop GraduateStudent. ITocie Toro xkak oH
BLI[IOJIHUT CBOIO paboTy, ympaBJieHWe Iepeaaercsl AecTpykTopy kiacca Advisor, a 3areMm
nectpyktopy Student. Ecim 661 student ObT HaclemHMKOM Kiacca Person, ero mectpyk-
TOp MOJY4WJ1 OBl yIpaBlieHWE MOcJe AeCTpyKTopa Student.

W 310 normuyHo. brok mamstu cHavana mpeoOpasyetrcsl B 00beKT student, a yxe 3areM
koHcTpykTop st GraduateStudent mpeBpamiaer 3Toro CTyldeHTa B acnupaHTa. JlecTpyk-
TOP XK€ TMPOCTO BBIMNOJHSET 3TOT Ipoliecc B 00paTHOM HalpaBJeHUHU.

Oninomenue CODEPIHUTL

O6parute BHMMaHMe, uyTo Kiacc GraduateStudent BkiIro4yaeT B ceOs1 YJIEHBI KJIAaCCOB
Student m Advisor, omHaKO OH BKJIIOYaeT WX Mo-pasHomy. Ompenensiss TaHHBIS-WICHBI
kinacca Advisor, Bl 3haeTe, 4yTo kiacc Student comepXUT BHYTPU Bce NaHHbIE-YIEHbI
Ki1acca Advisor, HO Bel He MoxeTe ckasaTh, 4yTo GraduateStudent SBJIAETCS Advi-
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sor. OgHaKo BBl MOXeTe cKa3aTh, YT0 Graduateitudent COHEPXMT Advisor. Kakas
pa3HULAa MEXIy 3TUM OTHOIIEHWEM M HacjieaoBaHUeM?

Hcnonb3yeM B KauecTBe Mpumepa aBTOMOOWIb. Bbl MoXeTe JIOrMYeCKM OMNpeaeuTh aB-
TOMOOWJIb, KaK MOIKJIACC TPAHCIOPTHBIX CPEACTB, a 3HAUYMT, OH OyIeT HacjleaoBaTh CBOMCT-
Ba OCTAJIbHBIX TPAHCMOPTHBIX cpeAcTB. C Npyroil CTOPOHbI, aBTOMOOWJb COAEPKUT MOTOP.
Ecnu BB mOKymaeTe aBTOMOOWIb, TO MOKYMaeTe U MOTOp (€ciii, KOHEYHO, Bbl He TOKYyIaeTe
OBIBIIYIO B YMOTPEOJIEHUU MAIMHY TaM 3Ke, The s KYMWI CBOIO Kydy METaJLIojoMa).

Ecnu apy3bst mpuriacsT Bac NMpuexaTh Ha BOCKPECHBI MUKHUK Ha HOBOW MalllMHE W BbI
npueneTe Ha Heil, HUKTO He OymeT yauBjeH (Jaxe ecly Bbl SIBUTECh Ha MOTOLIMKIIE), IIO-
ckoibky aBToMoOwib ABJIAETCSA TpaHcnopTHeIM cpeacTBoM. Ho eciu Bbl MOSBUTECH Ha
CBOUX JIBOMX, HeCs B pyKax MOTOp, APY3bsl pelllaT, YTO Bbl TMOMPOCTY M3leBaeTeCh Ham HU-
MM, TOCKOJIbKY MOTOpP HE SIBJISIETCSl TPAHCIOPTHBIM CPEICTBOM, TaK KaK HE MMeEET HEKOTO-
PBIX BaXXHBIX CBOMCTB, MPUCYLIMX TPAHCIIOPTHBIM CPENCTBaM.

B acnekre nmporpammupoBanus cBs3b Tuna COJEPXKUT gocratouHo oueBuaHa. PasGe-
peM CIeNyIoInid IIpUMeED:
class Vehicle
i
I
class Motor
f
}i
class Car : public Vehicle

{
public:

Motor motor;
}i

void VehicleFn (Vehicle& v) ;
void raotorFn (Motors m);

intmain(}

|
Car c;
Vehiclern{c); //TaK MOXHO BH3BaThb
motoxFn(c) //a TakK — HeJIb3s
motorFn (¢.motor) ; //HY®HO BOT Tak
return 0;

BoizoB VehicleFn (c) nomyctum, mnockonbky ¢ ABJIAETCA Vehicle. Bbizos
motorFn (c) HemomycTuM, MOCKOJbKY ¢ — He Motor, XoTs oH U coaepxut Motor. Ecau
BO3HMKAeT HEOOXOIMMOCTh TIepenaTh (YHKITMU TOJNBKO Ty YacThb C, KOTOpas SBISETCS MOTO-
pOM, 3TO CJIeAyeT BBIPA3UTh SIBHO: motorFn (¢ .motor).
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3HAaKOMCTBO C BUPTYasIbHbIMU
GYHKLMAMU-YNeHaMU:
HacCTOSAILLME NN OHU

BB oo 1aabe. ..

v 3ayeM HYXeH MOIUMOpP(U3IM

¥ Kak pabortaeT monuMophusm

v TlontuMop(hHOE MPUTOTOBICHNE 3aKYCKH

v Korma ¢byHKIMS He SBISIETCS BUPTYaTbHOM
¥ BuptyajnbHble 0COOEHHOCTHU

&»
b/OﬂJHECTBO M TUIl apryMEHTOB (DYHKIUM BKJIIOUEHBI B €€ MOJHOE WU, IPYTMMHU CJIO-
’ dMH, PACIIUPEHHOC HM. DTO I03BOJISIET CO31aBaTh B OHHOﬁ porpamMmme (I)YHKL[I/II/I
C ONHUM U TeM Xe MMeHeM (€CIM pa3IMyaloTcsl MX MOJIHbIE MMEHA):
void someFn{int)
vaid soriFn (char®)
void som:=2Fn (char*, double)

Bo Bcex Tpex ciayyasix yHKIMHA HWMEIOT OJWHAKOBOE KOPOTKOe MM someFn (). IlonHbie
MMeHa Bcex Tpex (GYHKIMI pasnuyaloTcs: someFn(int) OTIMYaeTcss OT someFn (char®)
u 1.0 C++ pemiaer, Kakylo MMEHHO (YHKIMIO HYXXHO BbI3BaTb, paccMaTpuBas ITOJHbIE
MMEHa cJieBa Halpaso.

AL Tur Bo3BpalllaeMoro 3HaYeHUsT He SIBJISIETCS] YacTblo TOJTHOTO MMeHU (YHKIIUH,

MO3TOMY BbI HE€ MOXKETC HMCTb OBC q)yHKLll/lI/I C OJMHAKOBBIM paCIIUMPCHHBIM
HMECHEM, OTIMYAIOIIMECS TOJIBKO THUIIOM BO3BpalacMoro o0BeKTa.

Nrtak, ¢byHKUUU-YWIeHBI MOIYT ObITb IleperpykeHnl. Ilpy 5ToM MNOMHMMO KOJMYECTBa
Y TUTIOB apTyMEHTOB pacluHpcHHOE UM MYHKUIMM-YIeHA CONEPXKUT ellle M UMs Kiacca.

C 1mosiBJleHMEM HacjIelOBaHUS BO3HUKAeT HeOoJblias HeyBsiska. Uto, ecau dyHKums-
yjieH 0a30BOro Kjlacca MMeeT TO Xe MMs, 4To M (pyHKuus-wieH noakinacca? [lonmpobyem pa-
300paTbcsl ¢ MPOCTHIM (DparMeHTOM Koja:

class Student

public:
// .. .TC XKe, 4YTO U pPaHslie. . .
float calcTuition(}:

I

class GraduatesStudent : public Student
{ ]
public:
float calcTuition () ;
}i
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int main (int argcs, char* paArgs(])
{

Student s;

GraduateStudent gs;

s.calcTuition(}; //BH3BEBaeT Student::calcTuition()
gs.calcTuition (); //BLadeaeT. .

//GraduateStudent::calcTuition ()
return 0;

Kak m B moboif curyauum ¢ Meperpy3koil, Korga MporpaMMUCT — oOpaliiaeTcs
Kk calcTuition (), C++ nomkeH pemmuTh, Kakasg HUMEHHO GYyHKIUSA calcTuition ()
BbI3bIBaeTCsA. Eciau nBe (yHKIMM OTIMYAIOTCS TUMAMHU apryMEHTOB, TO HET HMKAKUX Mpo0JeM.
Jlaxke ecnv apryMeHTbl ONMHAKOBBI, Pa3IMUMii B MMEHaxX Kiacca JOCTATOYHO, YTOObI PEILUTh,
KaKoil IMEHHO BbI30B HY>KHO OCYILIECTBUTb, a 3HAYUT, B 3TOM MpUMepe HET HUYEro HeOOBIYHOTO.
BbzoB  s.calcTuition(} obpamraercss K Student::calcTuition{), IOCKOJbKY
S JoKaJlbHO o0ObsIBJeHa Kak Student, Torma kak gs.calcTuition () oOpamaercs
K GraduateStudent::calcTuition{)

Ho 4ro, ecnm kiacc oObeKTa He MOXET OBITh TOYHO OIpelesieH Ha dTale KOMIWJISIIUN?
YToObl MPOAEMOHCTPUPOBATH MMOJOOHYIO CHUTYalldlO, HYXHO IIPOCTO HEMHOTO H3MEHMTH
MPUBEACHHYIO BBIIIE MPOTPaMMY:
class Student
|
public:

//TO ¥Xe, 4YTO UM paHble
float calcTuition()

{

return 0;

1:

class GradeteSooat : pdolic Sodat
L
pubilic:

AL caleTuition ()

(

Vi ' renmo;

void fn{Studenté& x)
{

®x.calcTuitien();: //K Kakomy u3 calcTuition ()
//OTHOCUTCSI @Ta CTpoKa?
}
int main{int argcs, char* paArgs(]!
{
Student s;
GraduateStudentgs;
fni{s);
fnigs);
return 0;

Ha »toT pas BMecTo mpsimoro BbizoBa calcTuition () ocylecTBisieTcsl BbI3OB 4Yepe3
npoMexyrounyto ¢yHkimio fm (). Termepp Bce 3aBUCHT OT TOro, KaKOW apryMeHT
nepemaercsa fni() , MOCKOILKY % MOXeT OBITh Kak Student, tak m Graduate-Student. Benp
GraduateSudent ABJISIETCA Student!
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MHH
ooand Ecrmm BBI 3TOrO He 3HAMM, 3TO BOoBCce HE ToBopUT o ToM, uto Bhl ABJIAETECDH

YafHUKOM. DTO 3HA4YUT, YTO BEI He yuTaau miaBy 21, "HaciegoBaHue KiraccoB'.

ApryMeHT X, IlepemaBaeMbIii £7i(). IS DKOHOMUM MecTa M BpPeMEHU OOBSBIEH Kak
ccblika Ha 00BeXT kiacca Student. Ecam Gbl 3TOT apryMeHT IepemaBalics 110 3HAYEHUIO,
C++ mpunuiock OBl IpU KaXmoM BbI3oBe £ni() KOHCTPYMpOBaTh HOBBIM 00BeKT Student.
B zaBucumocTn ot Buma kimacca Studer.t M KommdyecTBa BBI30BOB fn () B HUTOTE 3TO MOXKET
3aHITh MHOTO BpeMEHM, Torma Kak mpu Bbei3oBe fn(Students) wim fn(student®) mepe-
Jaercss Tonbko agpec. Ecnmm Bbl He TMOHSUIM, O 4YeM S TOBOPIO, TMepeuMTaite miaBy 15,
"Co3maHue ykasaresieil Ha OOBEKTHI".

brito Ol HemioXxo, ecim Obl cTtpoka  x.calcTuition {> BBI3BIBaJIa
Student:: calcTuition (), Korma X sBisieTcsl OO0bEKTOM  KJacca  Student,
n GraduateSudent::celcTuition{}, Korma X  4gBIdeTCA 00BEKTOM Kjacca
GraduateStudent. Ecim 661 C++ ObBUI HAcTOJNbKO 'cooOpasuTesieH", 3TO ObLIO OBI
neiictBuTeIbHO 3mopoBo! [louemy? OO6 3TOM BBHI y3HaeTe najee B IJiaBe.

OOGBIYHO KOMMUJISITOP Y€ Ha 3Tare KOMMOWJISIMKM pellaeT, K Kakoil MMEHHO (YHKIIUU
obOpamtaercst BbI3oB. [locie Toro kak Bbl IlEJKaeTe Ha KHOTMKE, KOTOpas HaeT yKazaHue
kommtsitopy C++ (mpuuem HeBaxkHo — GNU C++ wnu, Hanpumep, Visual C++) mepe-
cobpaTh Tporpammy, KOMIIWJISTOP NOJKEH MPOCMOTPETh €€ M Ha OCHOBE HCIOIb3YEMBbIX
apryMeHTOB BbIOpaTh, KaKyl0 MMEHHO TeperpyxaemMyro (GyHKIMIO Bbl UMEIU B BUIY.

B nanHOM citydae OoOBSIBIIEHHBIN THIT aprymMeHTa (GyHKIuM fin() He MOTHOCTBIO OIMMCHIBAET
TpeboBaHUs K GYHKIMK. XOTI apryMeHT 1 o0bsIBlIeH KakK Student, OH MOXET OKa3aThCSl TaKXKe
n GraduateStudent. OkoHYaTeTbHOE pElIEHUME MOXHO TPUHATH, TOJBKO KOTJIa IporpamMmMa
BBINOJIHSIETCS (3TO Ha3bIBaeTCs "Ha 3Tamne BblMonHeHHA™). M Tombko korma ¢yHkuusa fn() yxe
BbI3BaHa, C++ MOXET MOCMOTPETh Ha TUI apryMeHTa M PeIlnTbh, Kakas MMEHHO (YyHKIMS-
YJieH JTOJKHA BbI3bIBaThesl: M3 kiacca Student unm u3 GraduateStudent.

<2BLT Tunbl apryMeHTOB, C KOTOPbIMM Bbl CTAJKUMBAINCH A0 3TOTO BPEMEHH,
Ha3bIBAIOTCS OBBABACHHBIMH WIM TUMAMU 3Tana KOMOUIALUU. OObABICHHBIM
TUTIOM apryMeHTa X B J00oM ciy4ae sBisiercs Student, TOCKOJNBKY TakK
HammucaHo B oObsBiaeHMM GyHKuuu fiu (). Jdpyroil, TeKyliuii, TUII Ha3bIBaeTCs
THIIOM 3JTala BBEITIOJHEeHWs. B ciaygae ¢ mpumepom dyHkiuu fn () Tamom
9Tamna BBIMOJHEHUSI apryMeHTa X siBiisgercsd Student, ecnu £n() BbI3bIBaETCS
¢ s, u GraduateStudent, xorma fn () BbI3bIBacTCSa ¢ gs. Bee moHsATHO?

CrnocoOHOCTh pelllaTh Ha 3Tare BBIMOJHEHUSI, KaKyl0o MMEHHO U3 HECKOJbKMX Ieperpy-
KaeMbIX (YHKIUIA B 3aBUCHUMOCTM OT TEKYILEro THUIA CJenyeT BbI3bIBaTh, HAa3bIBACTCS
ROAUMOP(IUIMOM WM TIO3IHUM CBSI3bIBaHUEM. TepMMH noAumMopghusm BOCXOIMT K JBYM TIpeue-
CKUM KOPHSIM — noau (T.. MHOrooGpasue) u mopg {(bopma), TOMOJIHEHHBIM IIMPOKO M3BECT-
HBIM TPEeKO-JIAaTMHCKMM cypdukcoMm iuau. C++ mommepxkuBaeT moaumopdusm. (Yto n He you-
BUTENbHO. Tpatuil ObI S CTONBKO BpeMEHM Ha OOCyxXaeHue monuMopdusmMa, eciv Obl OH He
nonaepxuBaiicss C++!) UToObl MOMYEpKHYTh MPOTHMBOIIOJIOXHOCTH ITIO3MHEMY CBSI3BIBAHUIO,
BBIOOD TMeperpyxaemMoil (byHKIIMM Ha 3Tare KOMIWISLMKM HA3bIBAlOT PAHHUM CBSI3bIBAHMEM.

[Momumopdu3M U IO30HEE CBSI3BIBAaHME — HE COBCEM SKBUBAJICHTHBIE TEPMMU-
Hbl. [TonruMopdusmM o3HaYaeT CIOCOOHOCTH BBHIOOpA M3 BO3MOXHBIX BapHaHTOB
Ha 3Talle BBIMTOJIHEHMS, TOrJa KaK IMO3IHee CBA3bIBAaHME — 3TO BCETO JIMIIb Me-
XaHM3M, KOTODbLI MCITONb3yeTcs sI3bIkoM C++ I OCyIIEeCTBICHUs MOJMMOP-
¢uszma. PazHuua 31ech JOBOJbHO TOHKAS.

Ileperpy3ka ¢yHKuMM 0a30BOro Kjacca HasblBaeTcsl IiepeomnpeneieHueM (overriding).
Takoe HOBOe Ha3BaHWE MCIOJIB3YETCS, YTOOBl OTJIMYATh 3TOT OOJee CIOXHBIA Ciy4yaid OT
HOPMaJIbHOM Teperpy3Ku.
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Saues Hywen notuiuopgusm

Ionumopdusm sBAsIeTCS KIOYOM (OOHUM U3 CBI3KM), KOTOPBI CIOCOOEH OTKPBHITH BCIO
MOIIIb OOBEKTHO-OPUEHTUPOBAHHOTO IporpaMMupoBaHus. OH HACTOJIBKO BaXXeH, YTO SI3bI-
KA, He TIOmAepXUBalOIIe MOJIMMOpGU3M, HE UMEIOT IIpaBa Ha3bIBaTbCSI OOBEKTHO-
OpPUEHTUPOBAHHBIMU.

S3BIKM, KOTOpBIE IOAMEPXKMBAIOT KJIACCHI, HO He IOMICPXUBAIOT TOMHUMOpP-
¢Gu3M, Ha3bIBAIOTCS OOBEKTHO-OCHOBAaHHBIMU. K TakmM fA3bIKaM OTHOCHUTCS,
Harnpumep, Ada.

be3 monmuMopdusMa oT HacjaeaoBaHMsI ObLIO Obl Mayio ToJKy. Ilo3BosibTe MpPUBECTH ellle
OIWH TIpUMEp, YTOObI Bbl TMOHSJIM, ModyeMy 3To Tak. [lpencrtaBum cebe, 4To sI Hamucan Jeii-
CTBUTEJLHO CJIOXHYIO IPOrpamMMy, KCIOJb3YIOLIYI0 HEKMiA Kjacc, KOTOpbIM Ha3bIBaeTCsl —
He OymeM Jajeko XOAuTh 3a mpuMmepoM — student. Ilociie HECKOJNBKUX MecslieB pa3pador-
KM, KOIMPOBAHUS M TECTUPOBAHMS sl BBICTABJISIO 3Ty MporpaMMmy Ha BceoOlee 0003peHMue,
YTOOBI YCHBIIIATh BOCTOPKEHHBIE OT3BIBEI M KPUTHUKY OT cBux Kojer. (IIporpamma Ha-
CTOJIBKO "KpyTa“, 4YTO yXKe 3aXOmUT pedb O Ilepeiadye MHE KOHTPOJBHOIO IakeTa akLiMii
Microsoft... HO He Oygem orepexaTb COOBITHUS.)

ITpoxomutr Bpems, U Moii 0OCC MPOCUT NOOABUTh B IIpOrpaMMy BO3MOXHOCTb paOOThI
C acmMpaHTaMM, KOTOPBIE XOTS U OYEHBb TOXOXH, HO BCE-TaKM HE HIACHTUYHBI OOBIYHBIM
CcTyldeHTaM (mpaBaa, aclMpaHThl AyMalOT, YTO OHU COBCEM HE TMOXOXM Ha CTyaeHToB!). Moit
0occ He 3HaeT MW HE HHTEpecyeTcsl TeM, 4YTO TAe-TO TJIy0OKO B mporpamMme (QyHKIMS
someFunction () BbI3bIBaeT GyHKuMIO-udeH calcTuition () (Takas yx pabora y 6occa —
HU O YeM He IymMaTb M He BOJIHOBATHCA...).
void someFunction(Students s)

1

/.. 1o, 4TO BTa OYHKILMUS OOMKHA OelaTh. ..
s.calcTuition();
/.. QYHREUMA IPOOOJIKAETCH . . —

Eciu 661 C++ He mommepXuBasl ITO3QHEE CBSI3bIBAHUE, MHE ObI IIPUIIJIOCH OTPEIAKTHUPO-
BaTh QYHKIMIO someFunction{) NpUOIM3UTEILHO TaK, KaK IPUBEICHO HHKE, WM T00aBUTH
ee B kimacc GradusteStudent.

#define STUDENT 1
#define GRADUATESTUDENT 2
void someFunction{Students s)
i
//...T0, 4YTO »Ta (YHKLMS IOOJNKHA IJ&JATh, - .
//nobaBuM TUII 4YJjieHa, KOTOPHI OyIeT
//MHIMUMDOBATL TEKYIMI TUIl OBTLeKTE
switch (s.type)}
{
case STUDENT :
g.8tudent: tcalcTuitiont) ;
break;
case GRADUATESTUDENT :
s.CGraduatesStudent: :calcTuitiocn{};
break;
}
// ... .OVHKHHAIPOLOIKAETCS . . .

.
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Msue Obl IpUILIOCH H00AaBUTH B Kiacc IepeMeHHylo type. Ilocie sToro s 6bL1 OBI
BbIHYXXIEH J00aBuUTh TipucBoeHuss type = STUDENT wu type = GRADUATESTUDENT
K KOHCTpyKTOpy GraduateStudent. 3HaueHMEe TEPEMEHHON type oTpaxano Obl TeKy-
nMii TUI oO6bekTa Ss. 3aTeM MHe Obl MPUIIIOCh JO00ABUTh MPOBEPSIIOLIME KOMaHIbl, MOKa-
3aHHbIE B NMPUBEIEHHOM BbIllIe (hparMeHTe MPOTPaMMbl, BE3l€, IJ€ BbI3bIBAIOTCS IMEpPEoT-
penensieMble QYHKIIMU.

DTO He TaK YX M TpyIOHO, €CIM He o0OpallaTb BHMUMaHWS Ha TpU BellW. Bo-TepBhIX,
B IaHHOM TIpMMepe oOmnucaHa TojJbko onHa ¢yHkuus. [lpeacraBere cebe, 4TO
calcTuition () BbI3bIBaETCA U3 HECKOJbKUX MECT WM UYTO ITOM (PYHKUMU TPUIAETCS BbIOW-
paTh HE MEXIy ABYMS, a MEXIy MSTbIO WJIU ECAThlO KilaccamMu. ManoBeposiTHO, 4TO S Hall-
Iy BCe MecTa B IIporpamMMe, KOTOpbi€ Halo OTpedaKTUpPOBaTh.

Bo-BTOpBIX, 51 1OKEH M3MEHUTDH (YMTail — CIOMaTh) KOA, KOTOPbIA ObLT OTJaXEH U pa-
0oTtaj, a MectTaMu ObUT JOBOJBHO 3amyTaH. PemakThpoBaHME MOXET 3aHSITb MHOTO BPEMEHMU
U CTaTh JOBOJBHO CKYYHOI TMpOLENypoOil, YTO OOBIYHO ociabisieT Moe BHUMaHue. JloGoe
M3MEHEHNE MOXET OKa3aThCsl OLIMOOYHBIM U KOH(IMKTOBATb C CYIIECTBYIOIIMM KOIOM.
Kro 3Haer?..

M HakoHew, mocjie TOro Kak s 3aBepuly pelakTHUpOBaHWE, OTIANKy U TeCTMPOBaHUE
MpOrpaMMBbl, $1 MOJDKEH Oyly MoiaepXXuBaTh JIBE €€ Bepcuu (eciv, KOHEYHO, He IepecTaHy
MOANEPKMBATh UCXOAHYIO). DTO O3HAYaeT HaJIMYME ABYX MOTEHIMATbHBIX UCTOYHUKOB TPO-
OseM B Ciyyae BBISIBJIEHUSI OIIMOOK M HEOOXOAUMOCTb OTIEIbHOM CUCTEMBbI CHCTeMaTu3a-
uuu (Kak BaM Takas TaBTOJIOTHSI?), YTOObI colepkaTh BCE 3TO B MOPSIIKE.

A Teriepb IpeAcCTaBbTe cebe, YTO CIY4YMTCS, Korma Mol 00cc 3axoyeT J0O0aBUTh £lle OAWH
Kimacc (bocc — OH TaKOM: Ha BCE CIIOCOOEH...). MHe mpumercss He TOJIbKO ITOBTOPUTH BECh
MpoLIeCcC CHavasa, a MOAAEPXUBaTh TP BEPCUU IMPOrpaMmbl!

Ipu Hanmuuuu nonuMmopdusMa Bce, YTO MOTpedyeTcs chenarb, — 3TO N100ABUTb HOBBIM
MOJKJIACC M TEPeKOMIMIMPOBATh MporpaMMy. B mpuHIMIEe MHE MOXET MOHamOOUThCS W3-
MEHUTh caM 0a30Bblii KJIacC, HO TOJbKO €ro M TOJIbKO B OJHOM MecTe. M3aMeHeHMs1 B Koje
MPUJIOXEHUST OYIYyT CBOAUTHCS K MUHUMYMY.

Ha nexoropom ¢unocodpckom ypoBHe ecTh eiie 0Ooyiee BaKHble MPUYWHBI IJISI TOJU-
Moppusma. [loMHUTE, KaK s TOTOBWJI 3aKyCKM B MUKPOBOJHOBOI meuu? MOoOXHO cKa3athb,
YTO 51 NEWCTBOBAJ MO MPUHIIMITY MO3AHEro CBsI3bIBaHUs. Pelient Obl1 TaKuM: pa3orpeiite 3a-
KYCKy B Teuu. B HeM He ObUIO CKa3aHO: eciu Ieyb MUKPOBOJIHOBAs, clenail Tak, a eciu
KOHBEKLIMOHHAasA — 3AaK. B peuenre (uvraii — Kofe) Mpearosiarajioch, 4ro s (YMtaii — TOT,
KTO OCYILECTBJISIET MMO3IHEE CBSA3bIBAHME) CaM pelly, KaKoil MMEHHO pa3orpeB ((pyHKIIUIO-
YyjieH) BbIOpaTh, B 3aBUCMMOCTM OT THUIIA WCIIOJb3yeMOH meuu (OTHENbHOTO BSK3eMILIsSIpa
kiacca Oven) Wiav ee Bapualvii (MMOAKIACCOB), HalpUMeEpP TaKWX, KaK MUKPOBOJHOBas Medb
{(Microvawe), Tak AyMaloT JIIOAU, U TaK X€ CO3[AIOTCS SI3bIKM MPOTrPaMMUPOBAHUSI: YTOOBI
JaTh JIIOASIM BO3MOXHOCTb, HE M3MEHssI 00pas3a MbIC]eil, co3gaBaTh 0ojiee TOUHBbIE MOAEIU
peasibHOTO MUpa.

Kax padormaesd; hosuunopgpusi

C++ monmepxxuBaeT U paHHee M IO3IHEE CBS3bIBAHUE, OJHAKO Bbl, HABEPHOE, YAUBU-
Tech, y3HaB, yTo B C++ Mo yMOMYaHUIO UCIIONb3yeTCsl paHHee CBsA3biBaHMEe. Eciau HeMHOro
MoAyMaTh, IpUYMHA CTAaHOBUTCS MOHATHON. [Toaumopdusm TpedyeT HECKOIBKO OOJbIIE pe-
CypCOB (BpeMEHM M TMaMsITH) IJIsT KaXIoro BbI3oBa ¢yHKUMU. Otubl-ocHoBateau C++ Oec-
MOKOWIKWCh O TOM, YTO JiloO0e M3MEHEeHUe, KOTopoe oHM mpeacraBar B C++ Kak ycoBep-
IIEHCTBOBAHUE ero TmpeamiecTBeHHUKa C, MOXeT CTaTh ITOBOAOM JJIsi HEMPUATUS 3TOTO
sI3bIKa B KAuecTBe CHCTEMHOTO si3blka IporpammupoBaHusi. [loatomy oHU caenanu Gosee
3¢ deKkTUBHOE paHHee CBS3bIBAHUE MCIOIb3YEMbIM IO YMOJTYAHUIO.

Yto0bl caenaTh GYHKUMIO-YWieH MojauMopdHoii, mporpammuct Ha C++ fgo/keH moMe-
TUTH €€ KJIIOUEBBIM CJIOBOM Vvirtual Tak, Kak 3TO 1MoKa3aHO HUXeE.
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#include <iostream.h>
class Base
{
puklic:
virtual void fn{)
f
cout << "Mel B Kjlacce Base\n";

Y

class Subclass : public Base
i
public:

virtual void fn{}

{

cout << "Mel B kylacce SubClassin™;

void test (Base& D)
{

b.fn () ; / /Micrionb3yeTCR IO30HEee CBA3BBAHUE

)

int main{int argcs, char* pargsil)
{
Base be;
Subclass sc;
cout << "Bu3bBaeM oyHKIMO test (bc)in”;
test (bg);
cout << "Bu3mBaeM QyHKIMO testisc)in”;
test (sc);
return 0;

KimoueBoe cioBo virtual coobmaer C++ o Ttom, yto fn () sgBIsIeTCS MOJIUMOPGHOM
dyHKIMEe-wieHOM. DTO TaK Ha3blBaeMOe BUPTyaibHOEe 00BsiBieHMe f n (} o3HaAYaeT, 4yTo ee
BBI3OBBI OYyIyT CBSI3aHBI ITO3Xe, €CJIM €CTh XOTh KaKHWe-TO COMHEHMS IO TOBOMY TUIIA apry-
MEHTa, ¢ KOTOPHIM OyneT BBI3bIBaThcs (yHKIMS fn () Ha 3Tare BBITOJHEHUS.

B mnpusenenHoMm dparmenTe £ () BBI3BIBAETCS Yepe3 TMPOMEXYTOUHYIO (DYyHKIIUIO
test (). Korma ¢byHkuuu test () mnepemaercs OObEKT 0a30BOro kijacca, . fn (] BbI3bIBaeT
¢yHKLIMIO Base::fn (). Ho korma ¢yHkuum test () mepemaeTcss OOBEKT Kiacca
Subclass, 3TOT ke BbI30B oOpamaercss K GpyHKuun Subclass: :fn () .

3amnyck MporpaMmbl MPUBEIET K BbIBOMY Ha 3KpaH TaKUX CTPOK:

BelzbpiBaeM QYHKIMO test (bc)
Mel B KJjlacce Base

BoizeiBaeM QyHKIMD test (sc)
Mer B kjtacce SubCiass

Ecnu BB yXXe OCBOMJIMCH C OTJIaguuKoM Baleil cpenbl C++, HACTOSTEIbHO pe-
KOMEHAYIO BBINIOJHUTbL 3TOT MPUMED B TOLIATOBOM PEXUME.

¢QBET JlocTaTouHO OOBSIBUTH (PYHKIIMIO BUPTYaJbHOM TOJBLKO B 0a30BOM Kjacce. Bup-
TyaJIbHOCTb HacJleyeTcs MomakjiaccaMu aBToMaThdeckW. OmHAKoO B 3TOl KHUIE
s CIIeMyl0 CTaHAApTy KOOMPOBAaHUs, B COOTBETCTBMM C KOTOPBHIM (DYHKIIMU O0B-
SIBJISIIOTCSI BUPTYaJIbHBIMM Be3Iie.
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Tlosnsopgproe npuzoiobuenne 3arycr

IMockosbKy BBI YK€ MTO3HAKOMUJIUCH C KO€-KaKUMU NETATSIMU OOBSIBICHUST BUPTYTbHBIX
GVHKLUHI, BEepHEMCS K TMPUMEPY C 3aKVCKAMW U TMOCMOTPUM, KaK OHM BBIJISIISIT B TPO-
rpamme. PaccMoTpuM TipuBeneHHBIN HUXe (parMeHT KOJa.

#include <aos.h> //HyXHO A HCION:20BaHRME dyHknuu sleep{}
class Stuffl) {};
class Nachos : public Stuff {}: //370 u ecTh Hame 6I0OO

// ObnuYHas TIedYb

class Oven

{

public:
virtual void cook {Nachos& nachos) ;
/ /HEeObXOOMMEE HaM GYHKIKA TIONIEDKKU

void turnOn (;; //BKJIOYUTE IIe4Yb

void turnOff(); //BHKIIOYNTEL II€Yb

void insert [Stuff& s) ; //moMecTuTs OJOOO BHYTPDL

void remove (Stuffs& s); //BRHYTH OI0OOO
protected:

float temp;

i

void Cwven::cook (Nachos& nachos)

{
//pa 30rpeTs IeYb (BKIOYUTE M XIOATh C NCMCIBK LMKIIA)
//noxa 6IoOo pazorpeseTcs 1o TeMrepaTyps 3 50°)
turnln{;;
while (temp<350) {}
//moMecTUTs 6J0O0 BHYTPhL Ha 15 MuoyT
ingert{nachos);
gleep (15+60);

//BbIHyTb I BHKJIOYVTH II€e4Yb
remcve (nachos) ;
turrOff () ;
}
class Microwave : public Oven
-gublic:
virtual void cock{Nachos& nachos) ;
void rotateStuff(Stuffs =);
b
void Microwave::cook (Nachos& nachos)
{
//HIIKAKOTO p&30TpeRa — TeMIepaTypa He HyXHa
//CcHa4dasa IIOMEeCTUTH OJIoo0 BHYTPL, 3aTeM BKIIOYUTH
insert{nachos);
turndn i ;

//Tm DTOBMTL TORLXO MUHYTY
// ( {epes3 HOJIMMHYTH IIO3epHYyTH OII0I0)

sle2p (30); //mopmoxmaTtk 30 CceryHI
rotatestuff {nachos);
sleep(30); //nomoxnark 30 ceryHn
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//CHadajyla BHKJIOYUTH 0&UL, 3aTEeM BHHYTH OJI0I0
turnoff () ;
remove (nachoes) ;

Nachos makeNachos (Qven& oven)
f
//CMemaTs MHIPEeOVeHTH
Nachos n;

//Tenepb MNPUTOTOBUTH OO0
//B moboi Tedym, KOTOpas y BacC eCTb
oven.cookin);

//ChecTs pes3ybTaT. . .
return n;

3mech Bbl BUIMTE Kiacc Wachos, KoTopblii 00bsBiIeH Kak mnoakiaacc stuff (bmomo).
Knacc Oven ykomiiekToBaH oBlMMH yHKUMAMU — turnOn (), turnoff (), insert () u
remove () (C TOMOIIbIO TOCIEIHUX OBYX OJIOA0 MOMeEIIaeTcsl B Teuyb M BbIHUMAaeTCsd U3
Hee). Kpome Toro, kimacc Oven comepXuT (pyHKIMIO-4ieH cook (Nachoss ), KoTopass o0b-
SIBJICHA BUPTYaJIbHOI.

OyHKUMA cook {Nachoss) ObUla OOBsIBJIEHA BUPTYalbHOM, MOCKOJBKY B IOAKJIACCE
Microwave, KoTopblii HaciemyeTcss oT kiacca Oven, oHa paboraer mo-mpyromy. DyHK-
musgs Oven: : cook (Nachess) pa3orpeBaeT Iedb /10 Temieparypsl 330°, momemnaer 3aKyc-
KM BHYTPb M TOTOBUT MX 15 MHMHYT. 3aTeM OCTaBIIMECS OT OMioAa YrojdbKU M3BJIEKAIOTCS
u3 1eun. B orimuwme ot mpencraBieHUs kinacca Oven O MPUTOTOBJIEHUM 3aKYCOK, (PyHK-
must Microwave: : cook (Nachosé&) momemniaeT OMI0M0 BHYTPb, BKJToyaeT meub Ha 30 ce-
KyHI, TToBOpadyuBaeT Oromo M kaeT emne 30 CeKyHO, MpeXIe YeM BBIKIIIOYUTH MeYb M BbI-
HYTb ORICIO.

Bce 2TO XOTS M MIPeBOCXOMHO, HO BCETO JIMIIL TIpUCKa3Ka, cka3ka — Brepenn. OyHKIMN
makeNachos () nepenaetcst o0bekT Oven HeKoToporo tuma. IlomydwB Takyio oven (medb),
OHa coOMpaeT Bce WHTPEIUEHTHl B OOBEKT IT U TOTOBUT €ro, BBI3BIBas cver ., cook (). Kakas
MUMEHHO (DYHKIIMS HCIOJb3yeTcs misd 3toro — Oven : : cook () mmm Microwave : : cook () ,
3aBHUCHUT OT TeKylero tTuna meun. MyHkuus makeNachos (} He mmeer 06 3TOM IIpeaCTaB-
JIEHWsI, Ja ee 3TO U He WHTepecyerT.

Taxk uyem ke Tak xopoll noaumopdusm? Bo-mepBblx, OH BoszjnaraeT 3a00Ty O MOIPOOHO-
CTsIX pabOoTHI MEeYM Ha ee M3TOTOBMTILIIN, a HE HAa TOro, KTO B Hell roroBur. Takoe pasmese-
HUE Tpyna TO3BOJISIET TEPEIOXKUTh AeTaay paboThl MeYyrM Ha TUIeYM IIPOTpaMMMUCTa, CIielra-
JIN3UPYIOIIETOCS IO TIeYaM.

Bo-BTOpBIX, TTOMUMOPGU3M MOXET 3HAYMTEIbHO ympocTuTh Kom. [locMoTtpute Ha TO,
Kak TpocTo, 0e3 MCIOb30BaHUs KAKHX-THOO TTOAPOOHOCTEH pabOThl MUKPOBOJTHOBOU TeUN
peanmu3oBaHa ¢yHkiust makeNachos!) (s moHWMam, 4TO B JaHHOM cCiiydae 5Ta (YHKIUS
He OblTa OBl HAMHOTO CJIOXKHEe C AeTaIsIMU, HO Bedb MOJIMMOpPGU3M paboTaeT He TOJBKO
c nmeyamu!). M HakoHell, KOTrga MOSIBUTCS HOBBIN TOAKIACC TeUeil ConvectionGven €O
cBoeli (yHKIMeH-4leHOM ConvectionOven:: cook (Nachos&), He HYXHO OyoeT HHUYETO
MeHATh B makeNachos {), 4ToObl BOCTIONB30BaThCsI HOBOM meubto. [lommMopdusm aBTOMa-
TUYECKU BBI30BET HOBYIO (DYHKIIMIO TIPU HEOOXOIMMOCTH.

Yto U roBopuTh, MOAMMOP(DU3M, PACKPBIBAIOIIUI Iepel HaMU BCIO MOIb HacjeaoBa-
HUS, — OTJMYHAS Bellb!
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Kowge gyniuus ne Hbaserics

tfufu‘i’? i/aAbHOI

Z[ax(e €CJIM BbI CYMTACTEC, YTO KaxKamasd (I)yHKLll/IH BbI3BIBACTCA C HCIIOJb30BAHUEM I103/-
HETO CBA3bIBAHUA, 3TO OTHIOAb HE O3HA4YACT, YTO TaK MU €CTb Ha CaMOM JCJIC.

aiACH C ++
Ha 3Tan¢ KOMIIMJIMPOBaAHUA HUKAK HE€ YKa3bIBA€T, KaKO€ CBA3bBIBAHUC OBLITO

UCITIOJIb30BAHO — PAHEC WJIM ITO3OHEC.

s ocyIiecTBIIEHUsI BBI30Ba C ITO3MHUM CBSI3bIBAHUEM HYXHO CJIEOWUTH 3a TEM, 4TO-
Obl Bce HeoOXomuMble (DYHKUMU-YICHBI ObLIM OOBSIBICHBI HMACHTUYHO, BKJIIOYash BO3-
BpamaeMblii Tun. Ecoum ¢yHkuua-yneH oObSIBIeHa B IMOIKJAcCe C OPYTUMU apryMeHTa-
MU, OHa He OyIeT IepeolpeaesieHa KaK MmojuMopdHasi, He3aBUCUMO OT TOTo, OObsBIIE-
Ha OHa BUPTyaJbHOW Wi HeT. Hampumep, M3MeHUTe NPUBENCHHYIO BBHIIIE (DYyHKIIMIO
TaK, 4YTOOBI €€ apryMEeHThl HE COBIaJaid ¢ apryMeHTamMu (YHKUIUM 0a30BOTO KJjacca,
W BHOBB BBITIOJTHUTE IIPOTPaMMYy.

#include <iostream.h>
class Base

{
public:
virtual void fnlint x)

{
!

cout << "Mel B KJjlacce Base, Int x = " << x << "wn";
¥

cusclass o public IOER
publice I i] j E Zﬂ }{)

cout « "Mel B kiylacce float x = " « x « "\n";
i:

void test (Bases D)
(

int 1 = 1

L.fn (i) //30eck He MCNoNb3YyeTCH IO3OHEE CBA3LHBAHUES
float £ = 2.0F;

b.frn{f); //Vl 3O0ech ToXe He MCIIONIb3YyeTCs

int main{int argcs, char* pargsil])
{
Ease bc;
Subclass sc;
cout << "BeizmBaeM oyHrumo test (bc)in”
test; (bc};
cout << "Bu3bBBaeM QyHKIMIO test{sc)in”
test (sc);
return 0;
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EnuHcTBEHHOE OTIMYME .MEXIy STOW M TpeAblayllieil MporpaMMoii B TOM, 4TO (DYyHKIIUS
fn () B ki1acce Base o0ObsiBiIeHa Kak fn(int), Torma kak B BepcuM Kiacca Subclass oHa
o0psBeHa kak fn(float). Hwukakoifi ommOKM 3TO HE BBI3OBET, ITOCKOJBKY IIporpaMMa
MOJTHOCThIO KOppekTHa. OmHaKo pe3ylbTaTbl HE IMOKA3bIBAIOT HUKAKUX TMPU3HAKOB IOJU-
MopduszMa:

BuizeiBaeM OyHKIMD test (bc)
Mo B kiacce Base, int x = 2

M B KJjacce Base, Int x = 2
BrizpiBaeM OyHKIMO test (sc)
Mel B Kjlacce Base, 1int x = 1

Mo B kjacce 3ase, int x = 2

[TocKoabKy TepBBIlf BBI30OB IlepenaeT 3HaUYeHWE TUIA int, He yOWBUTEIHHO, YTO KOMITH-
JIITOP BBI3BIBaeT friint) Kak ¢ b, Tak U ¢ sc. Heckoabko HEOXMIaHHO TO, YTO BO BTO-
poM BBI3OoBe float KoHBepTHpyeTca B int M IIpU BTOpPOM oOpalleHuu K GyHKumu test (}
BBI3bIBaeTCs Ta Xe GyHKIMsa Base: : fn(). DTO MpOUCXOTUT ITOTOMY, YTO OOBEKT b, KOTO-
puIii mepemaetcst GyHKIUM test (), sBIIeTcsT 00beKTOM Kiacca Base. be3 mommmopdusma
BBI30B L. fn{) Btest{) obpamaercs kK Base: : fn (int).

JALH
2 Ecnu ApryMm€cHTbl H€ IIOJHOCTBLIO COBIIAAarT, ITIO3OIHEEC CBA3bBIBAHUEC HE UC-

ITOJIb3YCTCA.

B nmpaBusie 00 MAEHTUYHOCTU OOBSIBJIIEHUSI €CTh TOJIbLKO OAHO MCKJIOUYEHHUE, KOTOPOe CO-
CTOUT B TOM, YTO eciau (YyHKILUS-YJIEeH 0a30BOro Kjacca BO3BpalllaeT yKa3aTellb WJIM CChUIKY
Ha 00BbeKT 0a30BOTO Kjacca, To IiepeonpeaelsieMass QyHKUUSI-YIeH MOXET BO3BpalllaTh yKa-
3aTejlb WIM CChUIKY Ha OOBEKT Mojkiacca. HdpyrumMu cioBaMu, NpUBEACHHAs HUXE IIpo-
rpamMma JOIyCTHMa.

class Base

{
public:
//BO3BpamaeM KON TeKYIero obbekTa
Base* makeACopy ()
{

$

//...denaeT Bce, 4YTO HyXHO IOJIA CO3IOaHMUS KOIUM
bi

¢lass Subclass : public Base

1

public:
//BO3BpamaeM KOIUKn TeKymero obbekTa
subClass* makeACopy{)

{

//...OoenaerT BCce, YTO HYXKHO IJIS CO3OAHUA KOIIMU

i
void fn (BaseClass& bc)

{
BaseClass* pCopy = bc.makeACopy(}:

//OYHKIIUSA ITPOOOJIKaeTCS. . .

C TIpakTUYECKOUM TOYKU 3PEHUST BCE €CTECTBEHHO: (yHKIUS KonupoBaHUs raakeCopyO
IIOJDKHA BO3BpalllaTh yKas3aTeldb Ha OOBEKT THIa Subclass, maxke ecii oHa IepeolpeaesseT
Base:imakeCopy ).
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Bupsiyasonse ocodennocsin

IIpy vcnonb30BaHUU BUPTYATbHBIX (DYHKIWI CJIeAyeT He 3a0bIBaTb O HEKOTOPHIX Belllax.

Bo-nepBbix, cratndeckue (PYyHKUIMU-WIEHBI HE MOIYT OBITh OOBSBIECHBI BUPTYyaJIbHBIMU.
[Tockonbky cTatuyeckue (QYHKUIHUM-UIEHBl HE BbI3bIBAIOTCS C OOBEKTOM, HUKAKOTO OOBEKTa
9Tana BBIITOJHEHUST HE MOXET ObITh, a 3HAYMUT, HET W €ro THIIA.

Bo-BTOpBIX, MpY yKazaHWM MMEHM Kjlacca B BbI30Be (YHKIMSI OyIeT KOMIWJIMPOBATHCS
C WCITOJIb30BAHUEM DPaHHEro CBSI3bIBAaHUS HE3aBUCHMO OT TOTO, OObsIBIIEHA OHA BUPTyallb-
HOM WM HET.

Hanpumep, mnpuBeneHHBI HMUXE BBI30B oOpamiaercs K Base::fn(], mockonbky Tak
yKaszajq MporpaMMUCT, HE3aBUCHUMO OT TOro, oObsiBieHa fn () BUPTYaJIbHOW WM HET.

void test (Bases b)
{
b.base::fn{};
//OTOT BBI30OB HE iicnose3yeT noszHero CBA3bIBAHUS

Kpome Toro, BupryanbHasi (yHKUMS HE MOXET OBITh BCTPO€HHOI. UTOOBI ITOACTaBUTH
(yHKIIMIO Ha MeCTO ee BbI30Ba, KOMITUJISITODP JOJKEH 3HATh €e Ha 3Tane KoMnuisuuu. Ta-
KM 00pa3oM, He3aBHCHMO OT CIIOCO0a ONMMCAaHUS BUPTyadbHbIe (DYHKIMU-WIEHBI paccMaT-
PUBAIOTCSl KaK HE BCTPOEHHbIE.

W HakoHell, KOHCTPYKTOPBbI HE MOTYT OBITh BUPTYaTbHBIMM, MOCKOJBKY BO BpeMsl pabo-
Thl KOHCTPYKTOpA HE CYIIECTBYET 3aBEPILIEHHOTO 00bEKTa KaKOro-aubo OnpeneseHHOro TU-
rna. B MOMeHT BbI30Ba KOHCTPYKTOpa MaMsITh, BbIACJICHHAs ISl OOBEKTa, SIBISIETCS MPOCTO
aMopdHoii Maccoit. M ToibKo mocie OKOHYaHMSI paboThl KOHCTPYKTOpPA OOBEKT CTAHOBUTCS
9K3eMIUISIPOM KJlacca B TIOJTHOM CMBICJIE 3TOTO CJIOBa.

B otnnume OT KOHCTPYKTOpa, OECTPYKTOP MOXKET OBITh OOBSIBICH BUPTYaJdbHBIM. bonee
TOTO, €CJIM OH He OObSIBJIEH BUPTYaJIbHbIM, Bbl PUCKYETE CTOJKHYTbCS C HEMpPaBUJIbHON JU-
KBUOAIMel 00beKTa, KaK, HallpuMep, B CIEAYIOIIel CUTyalluu:

class Base
f
public:
-Base () ;
)i
class Subclass : public Base
{
public:
1+  ~SubClass(}:

void finishwWithObject (Base* pHeapObject)
{
delete pHeapObject; //3mech BHBHBaeTCs ~Base()
//HE3aBUCUMO OT TUIa
//ykazarens pHeapObject

Ecnmu ykasatenn, nepenaBaeMbliii ¢pyHkuuu finishWithObject (), Ha camoM gdene yka-
3bIBa€T Ha O0BEKT SubClass, gecTpykTop Subclass Bce paBHO BbI3BaH He Oyner: Mo-
CKOJIbKY OH He ObL1 OOBSIBJIEH BUPTYaJIbHBIM, MCIOJb3YETCsS paHHee CBs3biBaHMe. OmHAaKo,
eclii OOBSIBUTH ACCTPYKTOP BUPTYyaIbHBIM, IpoOjeMa OyIeT pellieHa.

A eciu Bbl He XOTUTE OOBSBISTH AECTPYKTOP BUPTYyaibHbIM? TOMY MOXET ObITb TOJBKO
OHA TPUYMHA: BUPTyaJbHble (DYHKIHMM HECKOJIbKO YBEJIMYMBAIOT pa3dmep oObekra. Korma
MPOrpaMMUCT OIpeNesieT TepBYI0 BUPTyalbHYl0 (GyHKuUIO B Kiacce, C++ mnpubasiser
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K Kj1accy JOTOJIHUTEIbHBIN CKPBITHIM yKa3aTenlb — WMMEHHO OIMH YKasaTelb Ha Kiacc!
Kiacc, KOTOpBIii He COOEPKUT BUPTYATbHBIX (DYHKIUI U He HaclenyeT HUKaKUX BUPTyallb-
HBIX (GYHKIMKA OT 0a30BBIX KJIAccoOB, He OymeT comepxkarb 3TOro ykasarens. OmHakKo OmvH
yKaszatesb He Takas yxX Oojibllas 1ieHa 0e30macHoil paboThl MPOrpamMMbl.

BIAEL Jlyymie Bcerma OOBSBIAATH JACCTPYKTOPBl BUPTYaJbHBIMU, MOaXe €COW  Ball

KJacc He Haclemyercsl (IoKa He HacjeayeTcs!): Beob HUKOTAA HE WM3BECTHO,
B KakKoil MOMEHT TOSIBUTCS HEKTO (MOXET, 3TO Oymere Bbl caMMU), XeJalolIui
BOCIIOJIb30BAaThCsl BalllUM KJIACCOM KakK 0a30BBIM I CBOEro COOCTBEHHOTO
knacca. Ecium Bel He OOBSBUIM AECTPYKTOP BHUPTYaJdbHBIM, 00513aTEIbHO I0-
KYMEHTUpYHTE 3TO!
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[meea 23

Pa3noxeHue knaccos

B owion  ewabe. ..

v' PasznoxeHue
v Peanuzaius abCcTpakTHBIX KJIacCOB
¥ Paumonanusauus owomkera: BUDGET3.CPP

OHIIENUKS HacJeJOBaHUs TO3BOJISIET KJIACCy HAaC/enoBaTh CBOMCTBAa 0a30BOro Kiacca.

HacnenoBaHue mnomoraer B JOCTMKEHUM MHOTMX LieJieil; Harpumep, Ojaromapsi emy
s TUtayy 3t oOydeHMe Moero cbiHa. OHO rMomoraeT M30eXaTh MOBTOPEHUs KOIa U COKPATUTh
BpeMsi, 3aTpauyMBacMoe Ha HalucaHue mporpamm. biaromapsi HacienoBaHWIO MOXHO MOBTOPHO
KCITIOJIb30BaTh YK€ CYLUIECTBYIOLUME KO B HOBBIX MpOrpaMmax, repeornpenessiss GyHKIUU.

I'maBHOE mNpeuMylIecTBO HacjaemoBaHUSI — BO3MOXHOCTb YKa3blBaTh TUI B3aUMOCBS3U
MeXOy KiaccaMM. DTO TaK HasbiBaemasi B3amMocBs3b Tuma ABJIFAETCA: mukpoBoiHOBast
neus ABAAETCSH neusto u 1. 1.

PasznoxeHne — 3T0 mpekpacHbIil crnoco® co3naHusl MpaBWIbHBIX cBsizeil. K mpumepy,
CBSI3b MMKPOBOJIHOBOM TeYM C KOHBEKIIMOHHOMN TMEYbD KaXeTCs €CTECTBEHHOW. YTBepxKie-
HME Xe O TOM, YTO MUKPOBOJIHOBAas Te4Yb SIBJISIETCSI OCOOBIM TUIIOM TOCTEpa, CKOpee BCero,
BaC HECKOJbKO HacTopoxut. KoHeuHo, oba 3TM mnpubopa HarpeBaloT, 00a UCIOJb3YIOT
3JICKTPUYECTBO M 00a HAXOMSTCS Ha KyXHE, HO Ha 3TOM CXOJICTBO 3aKaHYMBAETCSI — MUKPO-
BOJIHOBasi TeYb HE TOTOBUT TOCTHI.

IMporienypa omnpeneneHusi KIaccoB, CBOMCTBEHHBIX NaHHOW TMpobsiieMe, W 3alaHUsl KOp-
DPEKTHBIX CBSI3eil MeXIy STUMHM KJlaccaMM W3BECTHA IO, Ha3BaHUEM pasztodceHue (factoring)
(3TO CJIOBO OTHOCUTCSI K apu(MeTuKe, ¢ KOTOPOW Bbl MyYWJIUCh B CpPedHEN LIKOJie; TOMHU-
T€, KaK Bbl 3aHUMAJIMCh PA3JIOKEHUWEM 4YKCIa Ha TMPOCTbie MHOXUTENW: 12 paBHO 2, YMHO-
XKeHHoe Ha 2 1 Ha 3...).

Paszaomenue

Yt0o0bI YyBUAETH, Kak paboTaeT pas3iokeHWe, BEpHEMCS Ha3al M MOCMOTPUM Ha KJacchl
Checking u Savings, ucnonb3oBaHHble B mporpamme BUDGET, kortopass mpuogutcs
B KOHIIE KaXa0h 4actu. Sl Mor Obl 0 NMOCMHEHUS paccKa3blBaTb 00 3THX KjaccaX, OIHaKo,
K CYacThio, OOBEKTHO-OPMEHTUPOBAHHBIE MPOTPAMMUCTBI MPUAYMATA TOBOJHHO HATJISTHBIN
¥ KpaTKuii myTh onmcaHus kiaccoB. Kimaccer Checking m Savings moka3zaHbl Ha puc. 23.1.

11t TOro 4TOOBI MPaBUJILHO IMOHSITh 3TOT PUCYHOK, HEOOXOAMMO 3HATh HECKOJIbKO TPABUIIL.

% v BoJbIIOil TPSIMOYrOJbHUK — 3TO Kiacc. MMsi Kiacca HamMcaHO CBEpXY.
| v MMeHa B MEHBLIMX IPSIMOYIOJbHUKAX — 3T0 (PyHKUMH-YIIEHBI.
%+ VIMeHa He B MPSMOYTOJbHUKAX — 3TO NAHHBIE-HIEHbI.

- v MMeHa, KOTOpbIe BBICTYIAIOT 3a MPEIe/ibl MPSIMOYTOJIbHMKA, OrPaHUYMBAIOIIETO
KJIacC, SIBJISIIOTCS OTKPBITBIMU; K 3TUM 4JIeHaM MOTYT oOpallathcst (YHKIIMM, HE
SIBIISIIOLIMECS] YIEHAMU KJacca WIM €ro HacleJHUKOB. YJIeHbI, KOTOpbIE HAaXO-

1

}  nsrres MOMHOCTBIO BHYTPU NPSMOYTOJIBHMKA, HEJOCTYIHBI CHAapyXM Kilacca.
" v Toncras crpenka ob6o3Havaer cBsi3b Thma SABJISETCAH.

% v Tonkasg crpenka obo3Hauaet cBs13b TMITa COAEPKHT.
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Puc. 23.1. Hezasucumote knaccor Checking u Savings

oottty AsromMoOuns  SABJIAETCS  TpaHCHIOPTHBIM ~ CpPEOCTBOM W IIPM 9TOM
COIEPXHWT motop.

Ha puc. 23.1 BBl MoOXeTe YBHIETb, UTO Kjacchl Checking u Savings KMMEOT MHOTO
obmero. Hampumep, o06a Kigacca  BKIIOYAlOT  (QYHKOUM-YJIEeHBI withdrawal (}
u deposit (). ITockoabKy 3TH KjiacChl HE WAEHTUYHbI, OHM, KOHEYHO K€, MOJKHbI OCTa-
BaTbCsI pa3nesIbHBIMKU (B pealbHOM OaHKOBCKOM IIPWJIOKEHWM O3TH [IBAa KJlacca OTIWYAIMCh
ObI ropasno cyiiecTBeHHee). OmHaKO Mbl JOJDKHBI HAalTH COCO0 u30exaTh MyOJIMpOBaHUS.

MoxHo cmenatb Tak, 4TOObl OOWH M3 3TUX KjaccoB HaciemoBan apyroi. Kimacc Savings
uMeeT OoJbllie YJIeHOB, YyeM Checking, Tak 4TO Mbl MOIJM Obl yHaciemoBaTb Savings or
Checking. Takoif myTh peanu3anvy 3THX KiaccoB TpuBemeH Ha puc. 23.2. Kmacc Savings
HacjeayeT Bce wieHbl kiacca Checking. KpOMe TOro, B Kjiacce A00aBjieH WwieH roWlthdrawal
W miepeornpenesieHa PyHKIUS withdrawal (). Dra QYyHKUMS mepeonpencicHa, ITOCKOJIBKY
MpaBWiia CHATUS JEHET CO cOeperaTteIbHOro cueTa OTJIMYAIOTCS OT MPaBUJI CHSTUSI C YEKOBOTO

cuera (XOTS MeEHS BTH MpaBMja BOOOIIE
He KacaloTCs, IOCKOJBKY Y MEHSI HeT le-
HEr, KOTOpbleé MOXHO OBLIO OBl CHSITH CO
cueTa).

Xotst HacjeaoBaHue Savings oT
Checking u cbeperaeT Haill Tpyd, Hac OHO
He OYeHb VIOBJIETBOPSIET. I'maBHas
mpo6eMa COCTOUT B TOM, YTO OHO MCKaXKkaeT
WCTUHHOE TIoNoXeHue Bemeir. [lpm Takom
WCIIOJIb30BaHMY HACJIeIOBaHUs IIOApa3yMe-
BaeTcs, 4YTO CYeT Savings SBISETCH
cHelMalbHBIM CIIydaeM cdeTa Checking.

"Hy u 4t0? — cKaxere Bbl. — Takoe Ha-
cilefoBaHWe PabOTaeT M COXpaHseT HaM CH-
Jbl U BpeMs”. DTO, KOHEYHO, TakK, HO MOM
MPEeAyNpekAeHUs] — 3TO HE IPOCTO COTPsI-
caHMe Bosmyxa. Takue WCKaXXeHUs 3aImyThi-
BalOT MPOTPAaMMUCTA YK€ U ceifyac, HO ellie
Goublie Oymyr MellaTh B Aafbieiiinem. Og-
HaXIbl MTPOrPaMMUCT, HE 3HAKOMBIN C Ha-
Puc. 23.2. Knacc Savings pearuzoean UMM "mprueMyrKaMu”, OyIeT 4MTaTh Hallry

xax nodkaacc Checking

nporpaMmy, InbITasdCb IOHATH, YTO K€ OHa
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nenaeT. Bopmsiue B 3a0iykaeHue TpEACTABICHUSI OYeHb TPYIOHBI I/ TIOHMMAaHUSI U Belie-
HUS TIPOTPAMMBI.

Kpome Toro, takme mckKaxkKeHWsT MOIYT IIPUBECTU K IpobjeMaMm B OymymieM. Hampumep,
npencraBbTe cebe, YyTo OaHK M3MEHUT CBOIO IOJUTHUKY OTHOCHUTEIBHO 4YEKOBBIX CUETOB.
CxaxeM, OH pelIuT B3MMaTh TOHOpap 3a OOCIYXXMBAHME YEKOBBIX CYETOB TOJBKO B TOM CITy-
yae, ec/ii MUHUMAJIbHBIM OaJlaHC yrajeT HUXe HEKOTOPOro 3HauYeHUsl B TEYEHHME Mecslia.

Takoe M3MeHeHME ITOJIUTHKU OaHKa MOXKHO JIETKO OTpa3uTh B Kiacce checking. Bce,
YTO HYXXHO cHeJlaTh, — 3TO J00aBUTh HOBBI ujeH B kiacc checking, 4roObl ciaenuTh 3a
MUHUMAaJIbHEIM OajaHCcOM B TeueHue Mecsma. HazoBeM ero minimumBalance.

OpHako Ternepb Bo3HMKaeT IpoGinema. Eciu Savings Hacnemyer Checking, 3Hauwr,
Savings Toxe moiydaeT 3TOT wieH. [Ipy 3ToM OH He MCIOIb3yeTcsl, MOCKOJbKY B cOepera-
TEJIBHBIX CYeTaX MUHUMAJIbHbIM OajlaHC He HyXeH. Tak 4To JOIMOJHMTEIbHBI WIEH IPOCTO
MPUCYTCTBYeT B Kiacce. MTak, KaXmblii OOBEKT YEKOBOTO cYeTa MMEET JOTOJTHUTEIbHBIN
yleH minimumBalance. OOUH AOMOJHUTEIbHBIM WIEH — 3TO HE TaK YX MU MHOIO, HO OH
BHOCUT CBOIO JIETITY B OOIIYI0 Hepaz0epuxy.

Takue M3MEHEHHSI UMEIOT CBOMCTBO HakaruimBaTbcsl. CeromHsi 3TO OIWH YJIeH, a 3aB-
Tpa — H3MeHeHHas QyHKuMsa-dieH. B pesyiabrare o0BeKTHl Kiacca Savings Oymyr comep-
KaTh MHOXECTBO JOMOJHUTEIbHBIX JaHHBIX, KOTOpbIE HYXHBI HCKJIIOYUTEIBHO B Kiacce
Checking. Ecim Bbl Oymere HeBHMMATeNIbHBI, M3MeHeHHUsI B kimacce Checking Moryr me-
peiTu K Kiaccy Savings M MPUBECTU K €ro HEKOPPEKTHOM pabore.

Kaxk xe storo uzbexars? Eciu momensite Mectamu Checking U Savings, mpobieMa He
ucyesHeT. HyxeH Hekuii TpeTwii Kjacc (Ha3oBeM ero Account), KOTOpBIil OyaeT BOILIOLIATH
B cebe Bce To obmee, uro ecth y Checking u Savings. Takas cBs3b npuBeneHa Ha puc. 23.3.

Aocount

[withdrawalf)_)

|
— First
accountNo{) gNlext

oot

accountNumber

Puc. 23.3. Knaccor Checking u Savings, b6a3zupyroujuecs Ha Kaacce Account

Kakum o0pa3om coszmaHume HOBOro Kiacca Account pemmT Hamm Iipodiemsi? Bo-
MEepBbIX, TAKOH KJacc cieaeT Oojiee aKKypaTHBIM OIMCaHME peajbHOro mupa (4eM Obl OH
HU ABJsUics). B Hamreit KoHuenuuy mupa (o KpaliHel Mepe, B Moeil) IefiCTBUTEIbHO eCThb
YTO-TO, MOTyllee Ha3BaThCsl cueToM. COeperaTe/ibHbIe U YEKOBBIC cyeTa SIBJISIIOTCS YaCTHBIM
ciydaeM 3Toi Gosee (pyHIaMEHTaIbHOM KOHIEITIINM.

Kpome Toro, ximacc Savings oTmexeBbIBaeTcs OT M3MeHeHMU B kiacce Checking
(1 Hao6opoTt). Ecim GaHk pemut mpoBecTu QGyHIaMEHTaJbHble W3MEHEHMSI BO BCeX
cyeTax, MOXHO MPOCTO M3MEHUTh Kiacc Account, M BCe IOAKIACCH aBTOMaTUYECKHU
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YHacCJCaAyroT 3TN M3MCHCHMU. HO ecau GaHK U3MCHUT IOJUTUKY TOJBKO I YECKOBBIX
CUETOB, MOXHO mpocTto MommduuupoBaTh Kimacc Checking, He M3MeHsAsS NOpU 3TOM
Kiaacc Savings.

Takast mporienypa oT6opa OOIIMX CBOMCTB IOXOXUX KJIAaCCOB M HAa3BIBACTCS Pa310XCeHU-
em. DTOT TpoleCC OYEeHb BaXkeH B OBLEKTHO-OpPUEHTUPOBAHHBIX sI3bIKaX MO MPUYMHAM, KO-
TOpbIe OBLIM IIPMBEICHBI BHIIIE, a TAKXKe IOTOMY, YTO pa3JIoKeHUE MOMOraeT M30aBUThCS OT
n30bITOUHOCTU. [103BOJIBTE MHE TOBTOPUTHCS: M3OBITOUHOCTh — 3TO HE IPOCTO IIOXO, 3TO
0YCHb IIO0XO...

e Pasnoxenne 6yILCT 00OCHOBAaHHBIM TOJBKO B TOM cliyya€, Korga B3aMMOCBA3b,

npelcTapisieMasl HaclieAOBaHUEM, COOTBETCTBYET peajibHOCTH. BblneneHue oOuimx
CBOMCTB Kilacca Mouse u Joystick m pasnoxeHue X Ha "MHOXUTEIU BIIOJHE
JIOMycTUMO. UM MBIIIb U IKOMCTUK SIBJISIIOTCS anmapaTHBIMU YCTPOMCTBAMM TMO3U-
nuoHupoBaHua. Ho BeimeneHme oOmmx cBOicTB KinaccoB Mouse u Display Hu-
4yeM He 000CHOBaHO.

PasnoxeHune MoxeT maBaTh (M OOBIYHO JaeT) pe3yibTaT Ha HECKOJBKUX YPOBHSX a0CT-
pakuuu. Hampumep, mporpamMma, HamucaHHas uist Oosiee "TIPOABUMHYTOro" OaHKa, MOXKET
UMETh CTPYKTYPY KJIacCOB, MOKa3aHHYIO Ha puc. 23.4.

M3 atoro pucyHka BuUAHO, 4To Mexny kiaccamu Checking u Savings u Gosiee oOIUM
KJ1laccoM Account BCTaBJIeH ellle oguH Kiacc. OH HasbiBaeTcsa Conventional u oO6benvHs-
€T B cebe OCOOEHHOCTH OOBIUHBIX CYETOB. JIpyrue TUITHI CYETOB, HANPUMED CYETA LEHHBIX
OyMar u OMpKeBBIE CUeTa, TAKXKe OOBSIBISIOTCS KaK OTACIbHBIE KIIACCHI.

Takass MHOTOCJIOIHAsI CTPYKTypa KJIacCOB BecbMa paclpoCTpaHeHa W Jaxke >XeJlaTelbHa
(moka OTHONIEHUSI, KOTOpPbie OHA TPEACTABISIET, OTpaxaloT peajbHOCTh. OmHAKO He 3a0bI-
BaiiTe, YTO IS JIIOOOTO 3adaHHOTO Habopa KJIAaccoB HeE CYIIECTBYeT ONHOM EeIMHCTBEHHO
MPaBUJIbHON MepapXuu KJIacCoB).

IMpencraBuM, 4To GaHK TO3BOJIAET AepXKaTesIM CUYETOB YOAJIEHHO OOpamiaThcsl K 4eKO-
BbIM CcueTaM M cyeTaM LIeHHbIX Oymar. CHMMAaTh Xe JeHbIM C APYTMX TUIOB CYETOB MOXHO
TOJMBKO B 0GaHKe. XOTsA CTPYKTypa KJIACCOB, NpHWBeACHHas Ha puc. 23.4, BHINISIAUT €CTECT-
BEHHOIi, B JaHHBIX YCJIOBUsIX Oosiee mpuemsieMa apyras crpyktypa (puc. 23.5). Tlporpam-
MUCT OJDKeH pPellnuTh, KakKas CTPYKTypa KJIAcCOB JIYYIle BCErO MOIXOAMT K AaHHBIM YCIIO-
BMSIM, M CTPEMUTLCSI K Haubosiee SICHOMY M €CTECTBEHHOMY TPEICTaBICHUIO.

Peanuszayusademparmnstx  Knaccoe

Takoe WHTe/UIEKTyaJlbHOE YIpaKHEHMWE, KaK pasfoXeHue, TMOAHUMAET elle ONHYy IMpo-
onemy. BepHemcs K kiaccamM 0aHKOBCKUX CYETOB €llle pa3, a UMEHHO K o0uieMy 0a30BOMY
kinaccy Account. Ha MuHyTy 3amymMmaiitech Haj TeM, Kak Bbl OyneTe OMNpenessiTb pa3iudyHble
dyHKIIMU Kacca Account.

BonbimHCTBO (hyHKLMIT-4IeHOB Kjacca Account He COCTaBsAT MPoOJeM, MOCKOJbKY 00a
TUMA cYeTa peayiu3yloT WX oauHakoBO. OmHako (GyHKuMS Account .withdrawal() omiu-
yaeTcss B 3aBUCMMOCTM OT Tuma cyera. I[IpaBuyia CHSTUs CO cOeperaTeJbHOrO M UYEKOBOTO
CUYCTOB pas3IMYHBL. MBI BBIHYXKIECHBI peaJim30BbIBaTh Savings : :withdrawal () He Tak, Kak
Checking: :withdrawal (). Ho kak peanuzoBath GyHKuMIO Account: :withdrawal () ?

IMonpocuM GaHKOBCKOIO CJyXalllero moMoyb HaM. f Tak M mpeacTaBisiio cebe 3Ty
Oeceny:

"KakoBbl MpaBujia CHATHUS J€HET co cyeta?”’ — CIpOCUTE BbI C HAICKIOM.

"Kakoro mMeHHO cyera, cOeperareJIbHOro Wil 4eKOBOro?" — OTBETMT OH BOIIPOCOM Ha
BOIIPOC.

"Co cyera, — CKaxeTe BbI, — IIPOCTO co cuera!”

ITycToiil B3MISIA B OTBET...
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Puc. 23.5. AnbmepuamueHnas uepapxus Kaaccoe

I[IpoGiema B TOM, YTO Takoil BOIPOC He HMeeT cMmbicia. Her Takoif Beliu, Kak
"npocto c¢uetr”. Bce cuera (B JaHHOM IpuUMepe) OOJKHBI ObITh UEeKOBBIMU WU chOepera-
TeabHbIMU. KoHIlenmuus cyera — 3TO aOCTpakiiMs, C IMOMOIIbIO KOTOPOX MBI OObEeIUHSI -
€M o0IlIue CBOMCTBA A1 KOHKPETHBIX CYETOB. DTO He3aBepllieHHas KOHIIEMIMs, IOo-
CKOJIbKY B HEH OTCYTCTBYeT TaKOe€ BaXXHO€ CBOMCTBO, KaK (YHKIUU withdrawal ()
(ecnmu BBl yrayouTech B JAeTalud, TO HaiimeTe W Apyrue CBOMCTBA, KOTOPBIX HE XBaTaeT
"mpocto cuety").

AOCTpakTHBIN KJIaCC — 3TO TOT KJIACC, KOTOPBIN peayiM3yeTcsl TOJbKO B rnojakiacce. KoH-
KPETHBbII — TOT, KOTOPBIA HE SBJsIeTCS aOCTPAKTHBIM.

YT00BI OOBSICHUTH, UTO SI UMEIO B BUIY, TO3BOJIbTE MMO3aMMCTBOBATh MPUMEp U3 MUpa
*1BoOTHBIX. Habmomast pasHble 0cOOM TEIJIOKPOBHBIX M XXUBOPOISIINX, Bbl MOXETE 3aKIJIH0-
YUTb, YTO OHU BCE YKJIAJbIBAIOTCS B KOHIIETLIUIO TOA Ha3BaHUEM "MJiekonuTtaiomue”. Bbl
MOXETe BBIIEIUTh TaKUE KJIACChl MJIEKOMUTAIOLINX, KaK co0aubd, KOIIAYbW W TYMaHOWIIBI.
OpHako HEBO3MOXHO HaiTU Tae-JM00 Ha 3emiie TPOCTO MJleKomnuTatolee. Jpyrumu cioBa-
MM, MJIEKOMUTAIOLIMEe HE MOTYT coiepXaTb OcoOb TOJ Ha3BaHMEM 'MJIeKOTUTalolee".
Minekomnuraiiiee — 3TO KOHILIEMIMS BbICOKOTO YPOBHSI, KOTOPYIO CO3lajl 4YeJIOBeK, U K-
3EMILISIPCB-MIIEKOTTUTAIOLIMX HE CYILIECTBYET.

O6patuTe BHUMaHWE, YTO YTBEPXKIATh 3TO C YBEPEHHOCTHIO S MOTY TOJIbKO MO MCTEe-
YEeHUU HEKOTOPOrOo BpPEMEHM. YUeHble MOCTOSHHO OTKPBIBAIOT HOBBIC BMIbI XMBOTHBIX.
I[IpoGemMa B TOM, YTO KaxXJoe CYIIECTBO OOJlagaeT CBOCTBaAMHM, KOTOPBIX HE WMEIOT
JIpyrue; OAHAKO BIIOJHE BEPOSITHO, 4TO B OyaylleM KTO-TO HalIeT Takoe CBOHCTBO
y JIPYTHX CYIIECTB.

Orpaxast oty curyamuioo, C++ mpemocTaBisieT BO3MOXHOCTb OCTaBJISTh aOCTpaKTHbBIC
KJIacChl He3aBepPIIEHHBIMU.
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KoHuenuus abeTpakTHbIX KNaccoB

AbcmpakmHublii Kaacc— 3TO KIACC ¢ OTHOM WM DONEC YMCTO BUPTYAIbHOUN (yHKUMEN.
IMpekpacHo, 3TO BCE pa3bsICHSIET. ..

Hy xopouio, uucmo eupmyanvuas ¢ynkuyus — 3T0 (DYHKIUSA-4YJIEeH 0e3 Tena GyHKUUU
(KOTOpOro HeT. HampuMep, MOTOMY, YTO HUKTO HE 3HAeT, KaK peaju30BaTh 3TO CaMOe TeJO).

BeccMmbicIeHHO cropaliuMBaTh O TOM, KakKWM OOJDKHO OBITh TeJlOo (yHKHIMU With-
drawal () B kmacce Account. XoTsI, KOHEUHO, caMa KOHIEIIUs CHSTHUS JCHET CO cue-
Ta uMmeetr cMmbicia. [Iporpammuct Ha C++ Moxer HamucaTh ¢pyHKuuio withdrawal (),
KOoTOpasi OymeT OTpaXaTh KOHIIEMIIMIO CHSTUS JEHEer co cyeTa, HO NpU ITOM JaHHasl
dbyHk1Ms He OyaeT MMeThb Teja, MOCKOJbKY MBI HE 3HaeM, KakK ee peaqu3oBaTh. Takas
(YyHKLMSA Ha3bIBAETCS YUCTO BUPTyasibHOH'® (He crpaliuBaiiTe MeHs, OTKyda B3sJ10Ch
9TO Ha3BaHMUE).

CUHTaKCUC OOBSIBJICHUS] YMCTO BUPTYaJIbHOM (DyHKLMU TOKa3aH B MPUBEACHHOM HUXE
Kkinacce Account.
//Account — 9TO afcTpakTHHI Klace

class Account
{
protected:
Account (Accounté c) ;
public:
Account {unsigned accNo, float initialBalance = C.C0E);

unsigned int accountNo({);
float acntBalance(};
static Account *first(};
Account *next():

static int noAccounts();

/ / OYHKIIUM TPaH3aKLINIA
void deposit();

//TipUBeneHHass Huxe QYHKIINMS SABJIIETCS 9MCTO BUPTYAILHOR
virtual void withdrawal (flcat amount) = 0;

protected:
//ecnu XpaHWUTb CYeTa B CBsI3AaHHOM CIMCKE, He
//ByneT OTpaHMYeHUsI Ha UX KOJIMYEeCTBO
astatic Account *pFirst;
Account *pNext;
static int count; //KOJIMYECTBO CUETOB
unsigned accountNumber:
float balance;

Hanumuue mocne oObsiBiIeHUsT QYHKIMU withdrawal (} cuMmBosoB = ( ITOKa3bIBaeT, 4To
MPOrpaMMUCT He HaMepeBaeTCs B MaHHBIH MOMEHT ONpEnessiTh 3Ty QyHKIMI0. Takoe o0b-
SBJICHUE TPOCTO 3aHMMAaeT MECTO i Teda (PYHKILMM, KOTOpOe IOo3XKe OymeT peaiu30BaHO
B moakiaccax. OT MoakiaccoB Kiacca Account OXMIAETCs, YTO OHU TEPEONpPeneiisaT 3Ty
GyHKILMIO 00JIee KOHKPETHO.

' Boobuwe 2060ps, uuUCmo eupmyanvHas QYHKUUL MONCEM UMemb meao, HO 00cyucoeHue
3M0O20 8ONPOCA BbIXO0UM 3a pamKku 0anHol KHueu. — IlpuM. pen.

248 Yacte V. HacneposaHune



& 4 cuutairo 3TO OOBSICHEHME TJIyNbiIM, U MHE OHO HpPABUTCI He Oosiee yem

5}' ? E BaM, TaK YTO MPOCTO BBIYYUTE U XKUBUTE C HUM. [T 3TOro OOBSICHEHUS

eCTb TIpUYMHA, ecau He omnpaBgaHue. Kaxmas BupryadbHas QYHKIUS

JNOJIKHA WMETh CBOIO sSIYE€MKYy B CHelraJbHOM Tabjulle, B KOTOPOUl coaep-

KUTCS aapec ¢pyHKOMU. Tak BOT: siueiika IJIsI YMCTO BUPTYyaJbHOU (PYHKUIUU
COJIEPXUT HOJIb.

AOCTpaKTHBIN KJIacC HE MOXET OBITh peajin30BaH; APYTUMH CJIOBAMH, BBl HE MOXeETe
co3naTh 00BEKT abCTpakTHOro kjacca. Hampumep, nmpuBeneHHOe HUXe OObsSIBIEHUE He-
KOPPEKTHO.

void fn()

f
Account acnt (1234,100.00); //>TO HEKOPPEKTHO
acnt.withdrawal (50); //Xyna, TIO-BameMy, IOJIXeH

//oBpamaTecAa 3TOT BH3OB?

Ecnu Obl Takoe OOBSBIEHME OBLIO pa3pelleHO, KOHEYHBIM OO0BeKT oKazajcs Obl
He3aBepIIeHHBIM, TOCKOJIbKY OBLT OBl JIUIIEH HEKOTOPBIX BO3MOXHOCTel. Hampumep, uto
Obl BBITIONHSIT TIPUBENEHHBIE B 2TOM Xe OOBsiBJieHWu BBI30B? [lomHuUTEe, GQyHKINNT
Account: :withdrawal() He CylIeCTBYyeT.

AOCTpakTHBIE KJIACCHI CIIy>KaT 0a30i [JId IPYrux KiaaccoB. Account COAEpXKUT YHU-
BepcaJibHbIe CBOWCTBa IS BCeX OAHKOBCKMX CUETOB. BBl MoXeTe co3maTh Opyrve THITHI
0aHKOBCKMX CUETOB, Haciienys kiacc Account, HO caM 3TOT KjacC HE MOXeT OBITh
peanu3oBaH.

CosnaHre NOHOLLEHHOrO knacca 13 aGCTpaKTHOFO

IMonkiiacc aGCcTpakTHOrO Kijlacca OcTaeTcsl aOCTpakKTHBIM, MOKa B HEM He Mepeornpeaese-
Hbl BCE€ YMCTO BUpTyajibHble (yHKuuM. Kiacc Savings He sBiasieTcsi aOCTPakKTHBIM, MO~
CKOJIbKY MepeornpenesieT YMCTO BUPTyalbHYl0 (yHkiuio withdrawal () coBepllieHHO pe-
anpHOil. OOBEKT Kiacca Savings OTIMYHO 3HaeT, KaK peaju3oBaTh (PYHKIMIO
withdrawal () W Kyma oOpalatbcsl MpU ee BbI3oBe. 10 Xe KacaeTcsl M Kiacca Checking:
OH He€ BUPTYaJbHbI, TOCKOJbKY withdrawal () TepeomnpeaesseT YKWCTO BUPTYaJbHYIO
¢byHKLMIO, ONpene/leHHYI0 paHee B 6a30BOM KJacce.

[Tonknacc aGCTpaKTHOFO KjlacCa, KOHCYHO, MOXET OCTaBaTbCA aGCTpaKTHbIM. Pa36epeM—
C4d C IPUBCACHHBIMU HMXKE KjlaCCaMU.

class Display
{

public:
virtual void initialize () = 0;
virtual void write(char *pString) = 0;

class SAA : pdolic Display
{ n

//caz2naem obe QyHKIMM-YIIeHA "pPealbHBMI
virtual voidinitialize!);
}? virtual void write(char *pString):

class HWJVGA : public Display
{
//neseonpenenmm TOIBKO ONHY OYHKIMDO
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Ny virtel void write(dsr *pstring) :

class ThreedVA : pdblic WA
' virtal woid initialized;
b
void £n ()
{ Mmc ;
VAVGa;

//BCce oCTanbHOEe

Kimacc Display, ommchiBamonuii IUCIUIEN TEPCOHATBHOTO KOMITHIOTEPA, CONEPKUT IBE
YUCTO BUpPTyaJbHble GyHKLUUU: initialize () m writef]. Bbl He MoxeTe BBeCTU 3THU
dyHkuu B obOmeM Bume. Pa3Hble TUITBI BHUIEOANanTepOB WHUIIMATU3UPYIOTCS W OCYIIECTB-
JISIIOT BbIBOJ, TTO-Pa3HOMY.

OmuH n3 nonkiaccoB — SMGA — He aOCTpakTHBINM. DTO OTAETbHBIN TUIT BUIEOAmaITepa,
U MPOTPaMMUCT TOYHO 3HAeT, KaK ero peaju3oBaTh. Takum oOpa3om, kiacc SMGA rmepeori-
penensier obe ¢pyHKIMM— initialized M write() — HMMEHHO TaK, KaK HEOOXOIMMO
IJI1 JaHHOTO ajamnTepa.

Eme onuu mogkimacc — HWVGA . [lporpamMmucty M3BeCTHO, KaK IPOrpaMMHUPOBATh YCKO-
peHHbllt VGA-anantep. [loatomy mexmy obmmMm kiaaccoM Display u ero yacTHbIM cCiyda-
eMm, ThreedVGA, KoTopbelii mpencTaBisieT cCoOOOM cIieuMajbHBIi TWUI KapT 3-D, HaxomuTcs
elle OAMH YpOBEHb aOCTpaKILIMU.

B HameM oGcyXaeHuW MpearosoXuM, 4TO 3aIllMCh BO BCE amapaTHO YCKOPEHHbIE Kap-
Tbl VGA MpPOUCXOAWT OJMHAKOBO (3TO HE COOTBETCTBYET MCTHMHE, HO MpeAcTaBuUM cebe, 4To
9T0 Tak). YTOoObl MpaBUJILHO BbIpa3uTh OOIllEe CBOMCTBO 3alMCHU, BBOAMUTCS Kilacc HWMGA
peamm3yomnii pyHKuuo write() (u gpyrue oomme mis HWVGA csoiictBa). [Ipu sToMm
¢byHkuusa initialize () He mnepeompenensieTcsl, MNOCKOJbKY JUISI pa3HbIX TUIIOB KapT
HWVGA oHa peanmu3yeTcsl ITO-pa3HOMY.

[TosToMy, HecMOTps Ha To uTo PyHKUMS Write () mepeonpeaeneHa B kiacce HWVGA, OH
BCE pPaBHO OCTaeTCs abCTpaKTHBIM, MOCKOJbKY (YHKIUS initialize () Bce eme He Tepe-
omnpejesieHa.

[Mockonbky ThreedVGA HacnmeayeTcs OT HWVGA, OH JOJKEH IIEPEOIpPEIe/INTh TOIBKO
onHy ¢yHKIMIO, initialize {), mag Toro 4yToObl OKOHYATEJbLHO OIPENEIUTh afanTep AMC-
iest. Takum obpaszom, dyHKmsa fn () MOXeT cBOOOTHO peayiM30BaTh M MCIIOIH30BaTh 00b-
ekt knacca ThreedVGA.

WLH, o o o o
il 3ametnieHue HOpMaIbHOW (DYyHKIIMEN TMOocHeaHel YMCTO BUPTYaTbHOU (YHKINU
JleflaeT KjacCc 3aBepLIEHHBIM (T.e. HeaOCTpakTHBIM). Tojbko HeaOCTpaKTHbIE
KJIACChl MOTYT OBITh Pealn30BaHbl B BUIE OOBEKTOB.

PRty M3HavanbHO TpeOOBaIOCh, YTOOBI KaXmas YWUCTO BUPTyalbHass (QYHKIUS ObLia
TepeonpeeeHa B KaXIOM MOJKIJIacce APYroi, XOTs Obl M CHOBAa YMCTO BUPTY-
ampHOU (pyHKUMei. B KOHEYHOM cueTe JIOOU PEUIMINA, YTO 3TO TJIyIoe Tpebo-
BaHME, W UCKIIOUYMIN ero. OIHAKO cTapble KOMITUJISATOPEI MOTYT TpeOOBAaTh BBI-
TMOJTHEHUS 3TOTO YCIOBUSI.
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Nepepaya abCTPaKTHLIX KNACCOB

[TockosbKy Bbl HE MOXETe peajiu30BaTh aOCTPaKTHBINM KJlIacC, YIOMMHAHUE O BO3MOXHO-
CTU CO3[aBaTh yKaszaTeJd Ha aOCTpaKTHbIE KJIAcChl 3BYyYUT HECKOJIbKO cTpaHHO. OmgHako ec-
JI1 BCIIOMHUTH O MOIUMOpP(PU3MeE, TO CTAaHET SICHO, YTO 3TO HE TaK yX YO, KaK KaxKeTcs
noHavany. PaccMoTpuMm crienyonuii pparMeHT Kojaa:
void fn{Account *pAccount); //3>TO OOILy CTUMO
void otherFn ()

{
Savings s;
Checking c;

//Savings ABJISETCS Account
fnlas) ;

//Checking — Toxe

fn(sc);

B stoM npumepe pRccount oObsIBEH KaK yKasaTelb Ha Account. Pasymeercs, mnpu
BbI3oBe (DYHKILIMU el OymeT mepenaBaThCsl alpec KaKoro-to oObheKTa HeabCTPaKTHOTO Kilacca,
HanpuMmep Checking unu Savings.

Bce 00bekThI, monaydyeHHble ¢yHKuuei fn (), Oymyr oobekTamu aubo kiacca Checking,
aubo Savings (WaM Opyroro HeaOCTpaKTHOro Tmnojakiacca Account). MoXHO ¢ yBepeHHO-
CTbIO 3asiBUTh, UTO Bbl HUKOIJA He TiepeaaauTe 3Toi (YHKUMM OOBbEeKT kiacca Account,
MOCKOJIBKY HUKOT/Ia HE CMOXeTe COo3lIaTh OOBEKT 3TOro Kiacca.

Hy>XHb!l I YNCTO BUPTYaSIbHbIE QYHKLMN

Ecmn Henb3s onpenemuts ¢yHkumio withdrawal;), moyemy Gbl MpPOCTO HE OMYCTUTH
ee? Ilouemy ObI He OOBSIBUTH ee B Kiaccax Savings m Checking, rme oHa MOXeT OBITH OTI-
peneneHa, OCTaBMB B Iokoe kiacc Account? Bo MHOrmx oOBEKTHO-OPMEHTHUPOBAHHBIX
sI3bIKax BBl MOTJIM OBl UMEHHO TakK W chenatb. Ho C++ mpenrmoyntaer UMeTh BO3MOXHOCTh
yOenuThCsl B BallleM MOHWMAaHWU TOTO, YTO BHI JieJIaeTe.

gttty He 3a0biBaiiTe, 4ro 00BsBIeHUE QYHKLUUMU — 3TO yKa3aHUE MOJHOTO MUMEHU
dbyHKIIMU, BKIIOUAlONeTo ee apryMeHThl. OTipeneneHre Xe QYyHKIIMU BKITIO-
yaeT B ce0s U KOJ, KOTOPbI OyHdeT BHIMOJHSTHCS B pe3yjbTaTe BbI30Ba 3TOM
byHKUINH.

YroObl MPOAEMOHCTPUPOBATh CYTh CKa3aHHOIO, MOXHO BHECTH CJICOyIoIue He3HaYu-
TeJIbHBIe M3MeHeHusT B xiacc Account:

class Account

{
//TO ®e, YTO U paHblle, HO
//HeT dyHrLIMM withdrawal ()

}:

class Savings : public Account
{
public:
Vi virtual void withdrawal (float amnt);

void fn (Account *paAcc)

{

//CcHAITE HEKOTOPYID CYyMMYy
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pacc~>withdrawal (100.00f});
//>TOT BHBOB HEIOITYyCTUM,
/ /TocKoONBKY withdrawal {)
//He ABIsSeTCs 4JIeHOM Kjlacca Account

int main ()

|
Savings s; //OTKPHTL CYeT
fn(&s);
/ /TIPOMOIIKEHME ITPO T'PAMMEL

IIpencraBbTe cebGe, 4YTO BBl OTKpbIBaeTe cOeperaTebHbIM CYeT S. 3aTeM BbI IleperacTe
aagpec atoro cyerta (GyHkuuu fn (}, KoTopass MbITaeTCsl  BBIMNOJHUTH  (QYHKIIMIO
withdrawal (). OnHako, MocKoJbKy (PyHKUMS withdrawal () He wieH Kiacca Account,
KOMIWJISITOP CT€HEPUPYET COOOIleHHuEe 00 OLIMOKe.

Hexoropbie $I36IKM BBITIOTHSIIOT TaKyld IIPOBEPKYy, Korma (GYHKIMS yXe BBbI3BaHA, BO
BpeMsl BBHITIOJIHEHUSI MporpaMMbl. B TakoM cilydae NpuUBeAeHHBIN BbIlle ()parMeHT Koma Oy-
mer pabotath. raain() Oymer BwI3bIBaTh fn () W TepemaBaTh eii o0bekT S. Korma £n (),
B CBOIO ouepenb, BbizoBeT ¢GyHkuuo withdrawal (), mnporpamMmma YBMIMT, YTO
withdrawal!) nelicTBuTenbHO ompeneiieHa B TiepedaHHOM eit oObekTe. lLleHa Takoit ru6-
KOCTH — CHMXXEHHUE CKOPOCTU BBIITOJHEHUS MPOrpaMMBbI, MOCKOJBbKY SI3bIK TOJDKEH ITPOBO-
IATHh MHOXECTBO TPOBEPOK BO BpeMsI €€ BBITIOJHEHUSI. DTO Takke 4peBaTO HEKOTOPBIMU
ommbkamu. Hampumep, eciii KTO-TO IepedacT OOBbeKT, KOTOPBIA SIBIIIETCS CYETOM, HO He
colepXuT ompeneseHHoir B HeM dyHkuun withdrawal O, To mporpamma aBapuitHO Tipe-
KpaTuT paboTy, TaK KaK He CMOXET OIIpeAe/IUTh, YTO nIejaTh ¢ 3TUM BbI3oBOM. f mymaro,
TI0JTB30BATEIN OyIyT HE OYEHb PAJbl TOMY.

B3mistHUTe, Kak YMCTO BUPTyaibHas (PYHKIIUST TTOMOTaeT PeluTh 3Ty mpobiemy. Bor Ta
XKe CUTyallMs ¢ abCTpaKTHBIM KjaccoM Account:

class Account

{
//TIOYTU TO Xe, 4YTO M B IPEenbOylel IporpaMMme,
//onHako dyHkIusa withdrawal () ompenernena
virtual void withdrawal {float amnt} = 0;

}:

class Savings : public Account
{
public:
virtual void withdrawal (float amnt) ;
X

void fn{aAccount *pAcc)

i
//CHSITB HEKOTOPYI CYyMMY
//Teneps TOT KOonO bymeT paboTaThb
pAcc—>withdrawal (100.00£} ;

int main ()

{
Savings s; //OTKPHTEL CYeT
fn{&s):;
/ /IPOOOIIKeHME ITIPO T PAaMMEL
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Cutyanus Ta Xe, HO Telepb Kjiaacc Account comepxuT yHkumio-wieH withdrawal {).
[ToaToMy, Koraa KOMMUJIATOP MPOBEPSIET, onpeieieHa Iu GyHKIUs pAcc->withdrawal (),
OH BMIMT OXHIAeMOe OIlpelesieHue Account: :withdrawal (). KOMIUISTOp CYacTIMB.
Bbl cyacTIMBEI. A 3HAa4WUT, U s Toxe cuyacTiauB. (YecTHO ToBops, IUISI TOrO YTOOBLI CHENIATh
MEHSI CUACTJIMBBIM, JTOCTaTOYHO (PpyTOOMA M XOJOAHOTO MKBA.)

Yucto BuUpTyanbHas (YHKIMS 3aHMMaeT MeCTO B 0a30BOM Kjacce I (PyHKIUU
C TeM, YTOOBI T03Xe OBITh MepeollpeaeIeHHOM B IMOIKJIAcCe, KOTOpBI OydeT 3HATh, Kak
ee peanmm3oBaTh. Ecim MecTo He OymeT 3aHSATO B 0a30BOM Kjacce, He OymeT W Iepeor-
peneaeHus.

Pavuonanuzayus diogmernma.
BUDGETS .CPP

B aroit yacTM mpomoiKaeTcsl TpeBpallleHue UCKIIOYNTENbHO (GYHKIIMOHATBbHOM Bep-
cun mporpammbl Budgetl, mpuBeneHHOI B KOHIIE 4acTH 2, KOTOpas 3aTeM IMpoliuia ye-
pe3 O0O0BEeKTHO-OCHOBAHHBIM 3Tam CcBoedl 3Bomouuu — Budget2, mpeacTaBieHHYIO
B KoHIle 4acTu 3. Temepb OHa HAKOHEI[ TMPEBPATUTCS B OOBEKTHO-OPMEHTUPOBAHHYIO
nmporpammy Budget3.

[MTporpamma Budget ocyiiecTBisieT BIOXEHME JeHET Ha CYET U CHITHE CO cueTa
B BooOpaxaemMoM OaHke. [lonb3oBaTenb MOOYEpPEeaHO BBOAMT HOMepa OAHKOBCKHUX cCue-
TOB M CYMMBbI BKJIAJOB Ha 3TOT CYeT M CHATUI ¢ Hero. [locie TOoro kak IoJib30BaTeslb
BBITIOJTHUJI BCE TpaH3aKILMM, TpOrpaMMa IMOKa3biBaeT OajlaHC KaXJIOTro cueTta U OOIIWii
6amaHc. Ob6e mporpamMmbl — Budget2 u Budget3 — smynupyior Checking (uekoBblit)
u Savings (cOeperatenbHbiii) cueta. YeKoBble cueTa B3MMAIOT HEOOJBIIOW TOHOpap 3a
o0Cy>XMuBaHWE TIPU KaXIOM CHATHUU, eciu OanmaHc yman Huke 500 mostapoB, Torma Kak
cbeperaTteJbHbIN CYET B3UMAaET OOJBIIONW TOHOpap 3a OOCIy>XUBaHWE TPU MEPBOM CHSI-
TUUW, HE3aBUCUMO OT OayiaHca.

IIporpamma Budget2 mpeBocxomutr 3udgetl TOJBKO B OOMHOM: OHAa M30JUPYET OCOOCH-
HOCTM KJIaCCOB, OIMCHIBAIOIIMX CYET, OT BHEIIHMX (YHKIIUNA, KOTOpble MaHUITYJTMPOBAIA
cuetamu. K coxaneHuio, Budget2 comepxkana 6oJbllioe KOJIMYECTBO AYOJUPOBAHHOTO KOMa
B kiaccax Savings m Checking, ¥ UMEHHO OT HErO0 MBI U XOTUM M30aBUTHCS, UCIIOJIbB3YS
TIPUHIIUATIBI HACIEIOBAHUS.

IIporpamma Budget3 oGnamaeT cleaylommMy IIPEeUMYIIeCTBaAMU:

v UCITIOJIB3YET HaCJI€OJOBaHUC, YTOOBI BBIAEIUTH OOIIME IS YEKOBBIX U c6epe—
E raT€JIbHbIX CYCTOB CBOﬁCTBa, n3oeras I/136]>ITO‘{HOCTI/I;

: ¥ WCIIONB3YeT BUPTyalbHblE (DYHKUMU-YIEHLI JUIS YIy4LIEHUS YUTAEMOCTU
: U TUOKOCTU TIPOTPaMMBbI;

. ¥ CO3[aeT YUCTO BUPTYaAJbHBIC KJIACChI AJIs BBIICJICHUA 00LIMX 4yepT, INpUCY-
X YEKOBbIM U CGCPCFHTCﬂbeIM cycTam,

¥ BMECTO MaccuBba HCIIOJIB3YET CBSI3AHHBIN CIHUCOK BO M30exXaHUe OrpaHH4c-
HUs Ha KOJIMYECTBO CUYETOB, KOTOPBLIC MOXET IMOAACPKHUBATDH OaHK.

C momo1pio Takoro "cymepreposi” 00beKTHO-OPUEHTUPOBAHHOTO MPOrpaMMHUPOBAHUS,
KaK HacliemoBaHWE, M €ro BepHOTO OOKOBOTO yhapa — MOJUMOpdu3Ma MbI CMOTJIM ONITUMHU-
3UpoOBaTh [[Ba Kjlacca CYeTOB, OOBENMHUB B OOWH Kiacc Account Bce TO oOlee, YTo TpU-
Cyllle 3TUM IBYM KiaccaMm. B pesymbrate mosyumiach ropasno 0ojiee KOpOTKash M TpocCTast
rporpamma.
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// BUDGET3.CPP — IlporpaMMa 0OaHKOBCKOTO OHIXeTa

// C HacJeooBaHMEM U MIoIuMOpdu3MoM. ObpaTure

// BHMMaHME Ha TO, HACKONBKG MEHbUIE CTajla 2Ta

// IporpaMMa II0 cpaBHeHuio c BudgetZ,

// TI0CJIe TOTO Kak U3 Hee OvUl yInajieH

// OyOIVMpPOBaAHHEN KOm. Ternepb omHa OyHKIWMS

// MCEKeT oOpabaTHBRaTk U dYEeKOBHe I cOeperaTelbHEER
// cueTa (a Takxke JobOHE OpyTMre, KOTOPHE BH MOXKETe
// opuaoyMaTk B OyOoymem) .

//

// KpoMe TOro, BMECTO MacCuUBa, KOTOPHM MOXET MMEThb
// TOJIBKO OIpPEeNeseHHyn IMHY, 2Ta BEepPCUS XPaHUT
// cueTa B CBSI3AHHOM CHUCKE.

#include <iostream.h>
#include <stdlib.h>
#include <ctype.h>
#include <string.h>

class LinkedListObject
{
public:
LinkedListCbject ()
{
// mobaBuUM TEKymuil OOBEKT K
// CBSI3AaHHOMY CIIUCKY
addToEnd () ;
t

// yUpaBJieHVe CBSI3aHHBM CIUCKOM
static LinkedListObject* first()
{
return pFirst;
}
LinkedListObject* next ()
{
return pNext;
i
void addToEnd({) ;
protected:
// 6ymeM comepxaTb CcdYeTa B CBS3aHHOM CIIMCKE,
// Tak 4YTO Telnepb He ByneT OTrpaHnYeHMs Ha
// KOIMM4IeCTBO OOBLEKTOB
static LinkedListObject* pFirst;
LinkedListCbject* pNext;
}i

// MHULIMaANMU3UPYyEeM yKazaTelb Ha LepsHll
// OBBEKT B CBSI3aHHOM CIIUCKE
LinkedListObject* LinkedListObject::pFirst = 0;

// nmobaBuMM TeKymuil OOBEeKT K CBS3aHHOMY CIIVICKY OOBEKTOB
void LinkedListObject::addToEnd()
{

// mobasum obwerkT this x koHuy crmcka
// W y4dTeM ero B cuHeT4yukKe count
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if (pFirst == 0)

{
// CIMCOK IIyCT; CIejlaeM STOT OOBEKT IIePBBEM
pFirst = this;

}

else

{

// maimeM moclemHWi SJIEMEeHT CIIMCKa
L.inkedListObject* pA;
for (pA = pFirst; pA->pNext; pA = pA->pNext) {}
,' / CBsIXeM TeKyuui OOBEeKT C KOHIIOM CIIMCKa
pA->pNext = this;

)

) pNext = 0; // DTOT OOBEeKT — IIOCJeIHUN

// Account — »TOoT abCcTpakTHBEM KjlacC obObenuHsieT B cebe

// cbipfe CcBOMCTBa ODOOMX TUIIOB CuY&TOB: KakK YEeKOBHX,

// Tak ¥ cOeéeperaTellbHEX. 3necs OTCYTCTBYyeT peanms3alusd
// withdrawal (} - OVHKUMM CHATHS, KOoTopas pas3iIndHa

// IJI9 pPas3HBIX TUIIOB CYETOB

class Account : public LinkedListObject
{
public:
Account: :Account {unsigned accNo,
double initialBalance = 0.0)

// VIHULIMaNM3UPpYeM OaHHHe-dIeHkl o0bekTa
cecountNumber = acclNo;
bal ance = initial Bal ance;

/|l ydrem »TOT OBOBEKT
count++;

)

// QYHKIUM HOOCTyIla
int accountNo{)
{
return accountNumber;
}
doukle acntBalance ()
{
return balance;
}
static int nolAccounts()

{

return count;

// OYHKLIMM CBSA3aHHOTO CIMUCKa, obecriedmBaomyme

// nconepxxy paboTH C HMM. OHU

// TioMOoTyT cbepedb MHOTO BpEeMeHUu B OyoymeM
static Account* first ()

{

, return {Account*}LinkedListObject::firsti}’
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Account* next ()
{

return (Account*)LinkedListObject::next{};
}

// OVHKIIMM TpaH3aKLIWA

yoid deposit{double amount)

} balance += amount;

virtual void withdrawal (double amount) = 0;
// OYHKIUS BHBOIA OOBLEKTa

yoid display!()
cout << type()

<< " cyeT HOMep " << accountNumber
<< " =" << balance
« |l\nll;
!
virtual char* type() = 0;
protected:
static int count; // KOINYEeCTBO CYETOB

unsigned accountNumber;
double balance;

T

// BHIOEIUM MECTO II0I CTAaTHUYIEeCKMUN YJIeH

int Acceount::count = 0;

// Checking — »TOT KjacC COOEPXRUT YHUKAJBHBE [IJIsT OAaHHOTO
// Kjlacca ¢BOHCTEA. MHOTO M OT HEro OCTalloCh?

class Checking : pubklic Account

{

public:

Checking: :Checking (unsigned sccNo,
double initialBalance = 0.0)

Lecount {accNo, initialBalance)
{

}

// neperpy3MM YMCTO BUPTYAaNbHBE QYyHKIIUM
virtual void withdrawal (double amount) ;
char* type()

£
return "YekKoOBHM";

}
1
// withdrawal — meperpys3muM OYHKIMO-YJIEH
// Loecount:i:withdrawal () Tak, 4YToOH OKa
// B3vMaa 20 IIeHTOB 3a KaxIoe CHATHre
// c 4yeka C 6HanaHcoMm MeHbme $500

void Checking::withdrawal (double amocunt)
{
if (balance < amount )
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cout << "HemocTaToO4yHO IHOeHeTl Ha cdere:

"6ajaHCc paBeH " << balance
<< ", I@IOIBTKa CHATB " << amount
<< "\m";

}
else
{
balance -= amount;

.'/ ecnm OayaHC yraj CJIMIKOM HU3KO,
.'/ B3MmMaTek TOHOpaAp 3a obCiIyxXuBaHue
.1 (balance< 500.00)

balance -= 0.20;

}

// Savings — To ®e camoe, dUTOo M Checking, 3a
// WUCKIIOYEeHVEM ele ONHOTO YHMKAJbHOI'C YJeHa
class Savings : public Account

{
public:

Savings::5avings {unsigned accNo,
double initialBalance = 0.0)
Rccount (accNo, 1nitialBalance}
{
noWithdrawalis = 0;
i

// OVHKIIMM TpaH3aKLMA

virtual void withdrawal (double amount) ;
char' typel()

{

}

return "“C@eperarTelkHsl";

protected:
int ncWithdrawals;

}:

// withdrawal - mneperpy3uM OYyHKIMO-IIEH
// Ac:-count::withdrawal () wmak, d4YTObOH OHa
// B3yMMajla I'OHOpap 3a OOCiyxuBaHme B
// pa-3Mepe $5 IIpM IEPBOM CHATUM 3a MeCsil
vold Savings : :withdrawal (doubleamount)
{

if {>alance < amount)

{

;out << "HemocTaTO4yHO OeHer Ha cuUeTer
"bajlaHC paBeH " << balance
<< ", IOIBETKa CHATHL " << amount
<< "\1";

else
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if {++noWithdrawals > 1)
{

balance -= 5.00;
}

balance -= amount;

)

// ObOBbsIBIIeHVE IPOTOTUIIOB
unsigned getAccntNo(};

void process (Account* pAccount) ;
void getAccounts () ;
void displayResults (};

// Ma&ln — cobupaeT BXOOHEE AaHHEE U BEBOIOUT OOIME CyMME
int main(int argcs, char* pArgs{])
{

// TpoYMTaTh CcYeTa, BBEIeHHHE [NORALI3IDBATENSM

getAccounts () ;
// TIOKa3aTh CBSI3AHHHN CIIMCOK CYeTOB
displayResults();
return O0;
}
// getAccounts — 3arpy3uTb YKa3aHHBM MaCCUB CYETOB

void getAccounts()

{
Account* pA;

// TIOBTOPSATH LIMKJI, IIOKa He OymeT BBemeHo "x" wmm "X"
char accountType; // S umm C

while (1)

{

cout « "HaxMuTe S mia cbeperaTenbHHEX CcYeToB, \11"
<< "C mOyisa 4eKOBBIX, X Ojd BeXoza: ";
cin >> accountType;
switch (accountType)
{
case 'c¢':
case 'C':
pA = new Checking{getAccntNol());
break;
case 's':
case 'S':
PA = new Savings (getAccntNo()) ;
break;
case 'x':
case 'X':
return;
default:
cout << "HeBepHHN BBOM.\II";

}

// Temnepb o0bpaboTaeM TCILKEC YTO CO3MaHHBM OOBEKT
process (ph);
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}

// displayResults — oTobpas3uThb BCe cCcYeTa, KOTODHE
!/ eCTh B CBS3aHHOM CIMCKE CYEeTOB
void displayResults{)
{

// 10KazaTe CyMMYy

double total =0.0;

cout << "CyMMEl IO BCeM cdeTaM: \II";

for (Account* pA = Account::first({};

phA: pA = pA->nexXt())

pA->display(});
total += pA->acntBalance();
}
couT << "Bcero = " << total << "A\n";

1

// gethAccntNo — BO3BpamaeT BBeNEeHHHM HOMEpD cyeTa
unsigned getAccntNo()

{
uns igned accntho;
CcouT << "BBemuTe HOMep cueTa: ";
cin >> accntNo;
return accntNo;
}
// procass(Account}) — BBOI IOaHHHX IJIs CcYeTa

void process (Account* pAccount)
{
COoUT << "BBemmuTe MNoJIOKMTEeNbHY CyMMy IOJiss BKJama, \m"
<< "OTpULATEJBHYK IJI9 CHATHA, "
"0 mis mpekpamenust patorein";
double transaction:
do {
cout << ":";
cin >> transaction;

// BKIaL

if (transaction > Q)

{
pAccount->deposit {transaction);

}

// cHsaTue

if (transaction< 0) {
pAccount->withdrawal {-transaction);

}

} while (transaction != 0) ;

S szamyctun 9Ty mporpaMMmy C IPUBEIEHHBIMM HIDKE AaHHBIMM, YTOOBI ITPOJEMOHCTPH-
poBaTh, KaK OHa paboOTaeT {WIM, KaK 3TO Yallle CIIy4aeTcsi ¢ MOMMM IIporpaMMaMu, He pabo-

TaeT). KUpHBIM IIPUEMTOM BBIICICH TIOJB30BATCIBCKAIT BBOH, a OOBIYHBIM IIPEACTABICHBI
COOOIIEHUST TPOrpaMMBbI.

HaxMuTe S nis cbeperaTenbHHX CYETOB,
C mis 9ekKOBBIX, X IJIS BEXOHOA: S
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BeeouTe HOMep cdeTa: 123

BRemuTe NOIOEMTEILHYK CYMMYy OJIs BKJana,
CTRPMLUATENEHYR IS CHATHS, 0 OjIsa OpekpameHus paboTh
:200

: =20

:0

HaxMure S Oind cGeperaTtellkHHX CYeTOB,

C miss 4eKOBBX, X @OJIsd BHXCIa: S

BBenmuTe HOMEep cueTa; 234

BBemuTe NONCKMTENLHYK CyMMy IJIsI BKJana,
oTpUlaATENbHYD s CHATusS, 0 oI IIperpameHus pabdoTh
;200

=10

;=190

:0

HaxMuTe S ninsa cOeperaTellbHblx CYEeTOB,

C g 4eKOBBIX, X OJid BRIXOHa: C

BBenure HOMep cueTa: 345

BBenmuTe MNOJOKMTENBEEYKD CyMMy IJIsS BKJana,
oTpUIaATENbHYD s CHATHUs, 0 ojIsd IIperpameHyus: paboTh
:200

:-20

:0

HaxMuTe S Onsa cOeperaTellbHuX CYeTOB,

C mna 49ekKOBEX, X misa Buhxoga: C

BBenmuTe HOMep cuera: 456

BBenuTe MOJNOXKUTEJIBHYID CYyMMY IOJisI BKJazna,
oTpUIlATENIbHYD IJis CHSATUs, 0 IS TIpekKpameHrs paboTh
:600

:-20

:0

HaxMuTe S nOisgs cbeperaTenbHHX CYeTOB,

C e 4eKOBHX, X OJS BHEXOOA: X

CyMMEI TIO BCeM CcYeTaM:

CbeperaTenbHbl cyeT HOMep 123 = 180
CbeperarTenbHElM cYyeT HOMep 234 = 175
YekoBHM cuyeT HOoMep 345 = 179.8
YekoBHM cuyeT Homep 456 = 580

Bcero = 1114.8

OOBbEKTHO-OpUEHTUpPOBaHHAasl mporpamMma Budget3 HaumHaeTcs ¢ 06a3oBoro Kjiacca
LinkedListObject. DTOT Kjlacc COACPXKUT YJICHBI, HEOOXOOWMBIC IJISI CO3MaHUS CBS3aH-
HOTo CHImcKa. 31ech €CTh yKa3zaTeJdu Ha IepBblii M CIEAYIONIMii OOBeKThI B CBS3aHHOM CITH-
CKe, a TaKKe OTKPBIThie PyHKIUU-4IeHbl first() m next (). JIto6oil Kiacc, MoydeHHBIN
n3 LinkedListObject, MOXeT ObITh MCITONB30BaH JJIS CO3MaHUS CBS3aHHOTO CIIMCKA, MO~
CKOJIbKY OH HacJlelyeT Bce HeoOXommMble YHKIIUU-UWICHBI.

Crenyromuit Kiacc, comepxamuiics B nporpamMme Budget3, — aTo ximacc Account. OH
006001aeT B cebe Bce, YTO MOXKHO CKa3aTh O cYyeTax, a UMEHHO:

v OHM DPAacCIO3HAIOTCS TI0 HOMEpaM;

£ v KaXIpIA CYeT MMeET OaslaHC;

v IMOJIB30BaTEC/Ib MOXKET BKJIaAbIBaTb WJIM CHUMATDL ICHbBI'M CO CUECTA.

HamM w3BecTHO, KaK BHINIONHATH BJIOXCHWE JEHET Ha Cc4YeT, T03TOMY (YHKIIUS
deposit{) omnpemeneHa mnpsMo B Kiacce Account. OgHako Mbl He 3HaeM, KakK B OOIIeM

260 JacTp IV. HacrnegoBaHue



BUIE BBINIOJIHUTHL CHATHE HEHEr, IOCKOJBKY Ul pa3HbIX TUIIOB CYETOB 3Ta Olepalus pas-
auyHa. [losromy dyHkuus Account::withdrawal() oOBSIBIEHa YKUCTO BUPTyaJbHOM
(c moMoubID “= 0" B KOHIIE OOBSIBICHUS).

KoncTtpykTop Kiacca Account HauMHaeTcsl ¢ aBTOMaTMYECKOTO BbI30Ba KOHCTPYKTOpPa
LinkedL:istObject, KOTOPbI A00aBJISET TEKYIIMI CYET K KOHILY CBSI3AHHOTO CMUCKA 00b-
eKTOB Aczount. 3areM KOHCTPYKTOp Account co3[aeT YHUKaJIbHYIO MJISI KaXJIOro cuera
nHbOopMalMIo, 3aMUChiBasi HOMEP CUeTa M HavyaJlbHbI OajlaHC (KOTOPBI MpUpPaBHUBAETCS
HYJIIO, €C/TM TIPY CO3[aHWU cueTa He ObUl 3alaH ApYroil GanaHc). 3aTeM yBeJIMYMBAETCS Ha
€IVHNIly 3HAYEHHE CTAaTUYECKOTO WieHa count, ¢ IMOMOIILI0 KOTOPOIO OTCIIEXMBAETCH KO-
JINYECTBO CYIIECTBYIOIIUX B JAHHBIE MOMEHT OOBEKTOB Account.

oottty ﬂ,]’[ﬂ OOHOTO KJjacca CYHIECTBYET TOJIBKO OJHa KOIMIUA KaXJaoro CTaTUu4€CKOro

obbekTa. K Heil mMeloT JocTyn Bce OOBEKTHI Kjlacca.

DyHkMKM zccountNo{) U accountBalance (} CIyXaT IS TOro, 4YTOObI IpEIOCTaB-
JIATh BO3MOXHOCTbh CUMTBHIBAHUSI HOMepa cueTa M MHbopMalnuu o OajaHce W3 BHEIIHETO
MHpa, HO He MOMYCKaTh HEMOCPEACTBEHHOTO U3MEHEHUS ITUX 3HAYECHUIA.

DyHKkIMU-ueHbl Account: : first(; u next () TmepeompencisiloT CBoU Ooiee
paHHME BepcuM U3 Kiacca LinkedListObject. Be3 3TUX Ha mepBblil B3IJIsIA OeCCMBIC-
JIEHHBIX (YHKIIMKA T0Jb30BaTedb JOJDKEH ObUl Obl caM IIPUMBOAUTL TUIl OOBEKTOB
LinkedListObject, koTopble BoO3BpamialoT ¢GyHKLUUU first() U next (), K TUIy
Account.

Gyukitun display () u type() nOpumalOT BCeM cuyeTaM OIMHAKOBBIM ¢opMmaT OTOO-
pPaxXeHMs.

IMonknacc checking xmacca Account nmocrarouyHo mpocT. KoHcTpykTop Kiacca
Checking He AemaeT HUYEro, KpoMe mepegadyd apryMeHTOB KOHCTPYKTOpY Kiacca Account.
EnuHcTBeHHas Hactosiuias (pyHKUMsI-4ieH B 3TOM kiacce — 3To withdrawal O , xoropas
peanusyeT mpaBuia paboOThl ¢ YEKOBBIMU CUETAMU.

Knacc Savings mmeHTHYeH B 3TOM Kjaccy Checking: Bce, YTO OH JelaeT, — 3TO pea-
nu3yer Meton withdrawal ().

qomHly Jroboit moakiacc kiacca Account, KOTOPBIi He Imepeorpenenser (PYHKIIUIO

withdrawal (), Oyaer BUPTyaJIbHbIM, M BBl HE CMOXETe CO3daThb OOBEKT 3TOr0
KJTacca.

DYHKIKMH, COCTABISIONIME TJIABHYIO MpOorpamMMmy, Telepb YIpOLIeHbl a0 mpeaena. PyHK-
must get Account () co3maeT cueT Kiacca Checking mimm Savings (B 3aBUCHUMOCTH OT
CHMBOJIa, BBEIEHHOTO I0Jb30BaTeeM). DTO €AMHCTBEHHOE MECTO B MpOrpaMmme, Iie Mpouc-
XOIIUT HETMOCPEeNCTBEHHOE oOpallleHre K IojakiaccaMm kKiacca Account.

®ynknus displayResult () mpocmaTpuBaeT CBSI3aHHBIM CIIUCOK, TpeOys OT Kax-
oro o0beKkTa OTOOPa3UTh CBOE CONEPXKUMOE, HE WHTEPECysCh MpU 3TOM JAETalsIMU TO-
ro, Kak MMeHHO cOeperatejbHble WM YEKOBbIe cyeTa (MM Ji00ble Apyrue) OydayT 3TO
BBLITIOJHATE.

PyukuMg process!) uMmeer ewe Oosnee Brevarasoluii Bua. OHa BBIMOJHSET BIIOXE-
HUs (KoTopble obpabaThiBaeT PyHKUMS Account: :deposit()) u cHATHUA (KOTOpbIe OOpa-
OaTpIBalOT (YHKIUM Savings::withdrawal () m Checking::withdrawal (}, B 3aBUCH-
MOCTH OT TUIa 00bEKTa, Ha KOTOPBI yKasbIBaeT pAccount).

OOpaTuTe BHMMaHUE Ha TO, KaKOW TIpMBJIEKATEJbHOW Ternepb craja GYHKIUS
process (). Bo-mepBbIX, TMOJHOCTBHIO HcYe3a M3O0BITOUHOCTh, KOTOpasl TMOSIBJsIACH
Oiaromapsi CyllleCTBOBAHUIO pas3HBIX Bepcuil 3Toil ¢yHKIMU. bojiee BaXHO TO, YTO JIO-
ruka (pyHKUMU process!) 3HAUUTENbHO yHpocTwiaach. Ternepb MPOrpaMMUCT MOXET
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CKOHLIEHTPUPOBAThCSl Ha paboTe 5TOM (DYHKUMM, HE BOJHYSICh O BHYTPEHHUX OCOOCH-
HOCTSIX Pa3HBIX TUIIOB CUETOB.

3amaua, KoTopylo peiaetr Budget3, moBonbHO mpocta. Ho cpaBHeHMe pa3HBIX Bep-
CUIl TIPOTpaMMBI Budget IO3BOJMUT MOHSTh OTIMYUSI MEXIY YUCTO (hYyHKIMOHATBHOR
nporpaMMoil (Budget1) U ee pa3BUTHEM — uepe3 OObEKTHO-OCHOBAHHYIO MpOTrpaMmy
0e3 HacnmegopalH. (Budget2) B MOTHOCTBIO OOBEKTHO-OPMEHTHPOBAHHYIO IIPOrPaMMYy
{Budget3).
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Meperpyska onepatopos

Bowiou” wake. ..

-,

Ileperpy3ka onepaTopoB: HaBaiiTe XUTh B TApMOHUHU

¥ OmneparopHas QYHKIIUSI

" A mompobnee?

¥ Oneparopbl Kak GyHKIIAU-YJIEHbI

¥ Eme omHa meperpyska

v Tl:perpyska oneparopoB ¢ MOMOILBIO HESBHOIO Ipeo6pa3oBaHus TUIIOB

neiuajbHble KOPOTKHUE CHMBOJIBI, KOTOpbIe Bbl Mcronb3yere B C++ (+, -, & u T.11.)

Ha3bIBAIOTCS IPOCTBIMM OIEepaTopaMu. DTH OIepaTopbl (BepHee, UX ACHMCTBUS) YyXkKe
OIpeNe/ICHBl I TaKMX BCTPOCHHBIX TUIIOB, Kak int, double m char (i1 HEKOTOPHIX TH-
0B OT/EJIbHbIE OINEPaTOphbl HE OMpEeIeHbI). DTU OIepaTopbl, KOHEYHO Xe, HEe OMNpeac/IeHbI
JUISL KJIACCOB, KOTOPBIE CO3JAIM Bbl CAMM (3TH KJIACChl HA3BIBAIOTCS TOJIb30BATEIbCKUMM).

BepositHo, Ham mnoBe3no: C++ TMO3BOJIIET OMNpeAesisiTh, YTO MMEHHO OyIyT O3HauyaTb
orepaTophl, €ClM UX MPUMEHUTHh K IOJIb30BaTeIbCKUM KjlaccaM. Dta 0COOGEHHOCTh, Ha3bl-
BaeMasl Meperpy3Koi onepaTtopoB, U SIBJSIETCS TEMOUW JaHHOW IJ1aBbl.

S He 3psa ckazan "BeposATHO". OOBIYHO Meperpy3Ka OIepaTopoB He obs3aTeabHa U, 00-
Jiee TOro, MPOTUBOIOKAa3aHa HOBMYKAaM B MporpammupoBanuu Ha C+-+. CrenyeT Takxke OT-
METUTh, UTO MHOTHE OIBITHbIE MpOrpaMMUCTbl Ha C++ CUMTaIOT TMEeperpy3Ky OIepaTopoB
He TaKoW yX xopoiueii uaeeir. Tak 4To, eciv BBl He 4YyBCTBYeTe ceOsl B CMJIAX OCBOUTBH 3Ty
TeMy, MOXeTe IMPOMYCTUTh JAHHYIO IJIaBy MU BEPHYThCS K HEil IM0O3Xe, KOrma BaM CTaHEeT MH-
TEPECHO U BbI MTOYYBCTBYeTe Ce0sl TOTOBLIM IOHSThH €e.

WTrak, 51 Bac mpemyrnpenui; TeM HEe MeHee Bbl BCe-TaKM XOTUTE 3HaTh, KaK Meperpyxarb
orepaTrop MPUCBOEHUSI, a TakKe oreparopbl “<<”u “>>... K cyacTbio, CylIeCTBYIOT 11a0-
JIOHBI, KOTOPBIM MOXHO CJIeIOBaTh JUIs TepeorpeaesieH!sl 3TUX TPeX OIepaTopoB (UYTO 3Ha-
YUTEJIbHO oOJieryaer aejio). ITocKoJbKy s He XO4y, UTOOBbI Bbl 3alyTajuCh B 3TUX TpeX OIle-
paTopax, S He TOXaaea IS KakI0ro M3 HUX OTAEIbHOM TJIaBhl.

'“c’f IMo3BonbTe MOBTOPUTHCST (MHE HE HPAaBUTCS MOJydaTbh THEBHbIE MUCHhMa C YIIOMUHA-

~ HUEM BCE MOEW pOJOCIOBHOIM M3-3a TOTO, YTO KTO-TO IEpEerpy3us Kakou-To orepa-

‘ TOp U Terepb He 3HaeT, KaK ¢MY 3aCTaBUThb MPOrpaMMy CHOBAa padOTaTh): nepeepy3ka

onepamopa moxcem npugecmu K MUHOKAM, Komopbie ouenb mpyoHo eviseums. Eiie pas
TIPOBECPHTEC, 3HACTEC JIX Bbl, YTO ACJIACTEC, MPEXKAEC YEM UYTO-TO ICPCONPCACIATD.

][e/zqfu/am onepamopol;
L]
qgabasme wunib 6rapiorun
Azpik C++ np-7noaaract, 4To MOJb30BaTEIbCKME TUITBI MMEIOT TaKue K€ IpaBa, Kak

M BCTpOCHHBIe, HanpuMep int wim char. Koib ckopo omepaTopsl ornpeneneHbl AT BCTPOCH-
HBIX TUIIOB, MOYeMy Obl HE MO3BOJINTh OMPEACNATh UX JUISI MOJTb30BAaTEIbCKUX TUTOB?
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51 oco3Halo, YTO 3TO CJHa0BIi apryMeHT, TeM He MeHee Ieperpy3ka OIepaTOpOB MOXKET
ObITh MOJNe3HOM. JlomycTMM, y HAc ecTb Kiacc USDollar, KOTOPBIM IPENCTaBIsIeT
BEYHO3eNICHbIe aMEpUKaHCKWe mojulapbl. HekoTopble oIepaTophl He WMEIOT HUKAKOTO
CMBbIC/Ia B TIPUMEHEHUM K gojulapaM. Hampumep, Kakylo CMBICIOBYIO Harpysky OyIeT HecTH
uHBepcusl (orepatop ~) B NpuUMeHeHuu K nojuiapaM? [lepeBepHyThb OyMaxKky Ha Opyryro
ctopony? OOMeHsiTb Ha rpuBHy? C [Apyroii CTOPOHBI, HEKOTOpHIC OIEpaTOpPhbl SIBHO
MPUMEHUMBI K 3TOMY Kiaccy. HampuMmep, wWMeeT CMBICT CKJIAnblBaTh WM BbIMUTATh
00bekThl kKiacca USDollar — pesyabratom Oymer Tor Xe USDollar. Kpome Toro, mmeer
cMbicn yMHoxaTh win aeautb USDollar Ha aBa. WMmu tpu. Ho oueHp TpymaHo cebe
npenctaButh yMHoXeHue USDollar na USDollar...

Ileperpy3ska mpocThIX apudMeTHUeCKMX omepaTtopoB mias kimacca USDollar Moxer
3HAYUTEJbHO YJIYYIIUTh YUTAEMOCTb TIiporpaMmbl. CpaBHUTE ABa TIPUBEIEHHBIX HIXE
¢parmMeHTa Koma:

//expense — ITOoCYHUTAaTh KOJIMYECTBO YIUIAYCHHbIX JcHEr

// (yuyuTbhIBasi TIPOLICHTBI U TPEOyEeMYyIO CyMMY)
USDollar expense{USDollar principle, double rate)

{
/ /TIOOCYUTAEM NpOLeEH Th
USDollar interest = principle.interest{rate);

//DobaBuM TO K TpebyeMoy CyMMe
//M BEPHEM pPe3yJIbTaT
returnprinciple. add (interest],-

ECIu IEperpys3UTE OIIEPATOPRH , 5Ta ke QYHKIINA IPpMUMET TaKOi BIAL :
//expense — TIOCUMTaTh KOJIMYECTBO YIUIQYEHHBIX OEHeT
// (yumMTBEBasT IIPOIIEHTH M TPebyeMyl CyMMY )
USDollar expense (USDcllar principle, double rate)
{
USDollar interest = principle*rate;
return principle + interest;
Hy kak, xpacuso?
OpHako, TIpexae YeM Bbl HAYYMTECh IIeperpyXarb OIEpaTopbl, BBl JOJKHBI TIOHSTH
B3aMMOCBS3b MEXIY OIepaTopoM M (PyHKLIMEit.

Onepanmiopnas gpynrius

Ha cekynny 3amymaiiTech Ham Tem, uTo Takoe orepatop? Beap 3To He Ooiee yeM BCTpO-
eHHast PyHKUHUS co cBOoeoOpa3HbIM cHHTakcucoM. Hampumep, kakas pasHuua Mmexny a+b
U +{a,b)? Wnu, Hanpumep, add (a,b}? Hukakoit. Mexay mpouynM, B HEKOTOPBIX S3bIKAX
CJIOXEHUEe MMEHHO TaK W MPOUCXOIUT.

C++ nmaer kaxmoMmy ornepaTopy creluajbHoe (YHKIIMOHAJIbHOE WM, KOTOPOE COCTOUT
M3 KIIOYEBOTO CjIoBa operator, CIEnyIollero 3a HMUM CHUMBOJIa OrepaTopa U pPacIooXeH-
HBIX TOCJIE HETr0 COOTBETCTBYIOLIMX TUMOB aprymeHtoB. Hampumep, omeparop +, KOTOpbId
BBITIOJIHSIET CJIOKEHUE JABYX MEPEeMEeHHBIX TMMA int M JaeT Ha BbIXOAE int, MO CYTH, BBI3bI-
BaeTcsl Kak yHKIuMs: int operator+(int, int).

OrnepaTop, CKJIAAbIBAIOIINI 1IeTOYMCIEHHbIE 3HaUEHUsI, OTJIMYAeTCs OT orepaTopa, CKJa-
IpiBapoliero 3HayeHuss Tuma double (oH Oymer BoIIsIOeTh Kak double opera-
tor+(double, double)). DTo He Tak TPyOHO MOHSITh, €CAM BCIIOMHUTh, YTO BHYTPEHHMUIA
dopMar nepeMeHHOI TUMa int omIMuyaeTcs OT opMmara nepeMeHHoi Tuma double.

Bbl He mMoxeTe M300peTaTh HOBBIE OIlepPaTOPhl JIUOO M3MEHSTh IMPUOPUTET WIH (Pop-
MaT CYILECTBYIOIIUX omepaTopoB. Kpome TOro, Hesb3si MepeonpenessiTb Onepatopbl st
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BCTPOEHHBIX TUMOB. Bbl Takke BpsiA JIM CMOXETe BHSTHO OOBSCHUTH, UYTO TaKOE CIIOXe-
HUEC OBYX HCIOYMCICHHBIX 3HAYEHUN (eCHI/I, KOHC€YHO, HE€ HMECTC COOTBCTCTBYIOH.[CI‘/JI
YYEHOU CTEeNeHH).

IMpuBeneHHbBIE HUXE MPUMEPHI IEMOHCTPUPYIOT, KaK MOTYT ObITh OMpeeeHbl OrepaTo-
pel cioxeHWs1 W wWHKpemeHTa mis kimacca USDollar (1 Mor Obl peanm3oBaTh Takue XKe
byHKIMK W 1S KaHAACKMX AOJJIapOB, HO TOrma MHEe Obl NOHAmoOWJICS KaHajael Ui Npuaa-
HUgd KOMMCHTaApuUaM KaHaACKOTO aKL[eHTa).

// USDollir — oBBEeKT, KOTOPHI COLNEPKUT IeJI0e YUCIIO LOJIJIapoB
// TIJI0C IIeJyioe 4mucio LesTor, CTO ILIeHTOB pPaBHE
// OIHOMY [LOJIIIapy
class UZpollar
{
friend USDollar operator+ (USDollars, UsSDollars) ;
friend USDcllaré operator++(USDollarég);

public:
USDpllar(unsigned int d, unsigned int c) ;

protected:
unsigned int dollars;
unsigned int cents;

b

// KOHCTPYKTOD
USDollar::USDellar(unsigned int d, unsigned int c)
{

dollars = dj

cents = c;

?hile (cents >= 100)

dollars++;
cents -= 100;

}

// operator+ — ckianwBaeT sl c sZ ¥ BO3BpamaerT
// pe3ynbTaT B BUIE HOBOTO OOBeKTa
USDollar operator+(USDollar& sl, USDollarS s2)

{

unsicned int cents = sl.cents + s2.cents;
unsic¢ned int deollars = sl.dollars + s2.dollarss
USDcJlar d(dollars, cents);

return d;

}

// operator++ — yBenuuuMBaeT YKa3aHHBM apTyMeHT,
// M3MEeHsIsT 3HadYeHre obbekTa
USDollarS gperator++ (USDollars s)

{

s.cents++;

if {s.cents >= 100)
|
s.cents -= 100;
s.dollars++;
Il
return s;

}
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{j_nt main (int argcs, char* pargs(J}

eBoHEE Q%{l &)
USDollar 43¢ 0);:
A3 =d +-d2,
++d3;
return 0;

Knacc USDollar onpenejieH Kak KJacc, COAEpXalllMii 1IeJloe YHUCIO O0JJapoB U 1ie-
Jjoe yuciao 1eHToB. KosnuecTBO 1EeHTOB He AOXHO mnpesbimaTh 100. KoHcTpykTop
BBOJUT €Ille¢ OAHO IMPAaBUJIO, B COOTBETCTBUM C KOTOPBHIM KOJMYECTBO IIEHTOB YMEHbIla-
€TCSl Ha CTO, €CJIM OHO OOoJjblle 3TON HUMPHI, a KOJIMYECTBO TOJJIAPOB COOTBETCTBEHHO
yBEJIMYUBAETCS.

B nmaHHOM mnpumepe operator+ M operator++ ObUIM peajnd30BaHbl KaK OOBIYHBIC
BHEIIIHUE Q)yHKuMM KOTOpble SIBJISIIOTCS ;pr3b;1My1 KJacca USDollar

C|<a>|<V| MHe, KTO TBOW npyr

Bui yKe BCTpC‘-IaJ‘[I/ICI) co cinoBoMm ‘friend B miase 16, "3am1/11ueHHbIe YICHBI Kjacca: He :
OecrokouTs!”. Ckaxy O HEM HECKOJBKO CJIOB, ‘yTOOBI BaM He NPUILJIOCH JUINHMIA pa3 .:

. JIMCTaTh KHUTY. BHYTpM KJlacca Bbl MOXeTe€ OOLABUTHL BHEIIHIOW (DYHKLUIO KaK Apyra
knacca. [IpyxecTBeHHast GYHKIMS MMEET BCe MpaBa U MPUBUJIETUM, KOTOPbIe MPUCYIIUM
yiaeHaM kiacca. O0baBss GyHkuuo operator+ () Apyrom, s npeL[OCTaBJI;no eit nocryr[
K 3alluIileHHbIM wieHaM kiacca USDollar.

CpaBHeHHUe Kjlacca C CeMbeil MMeeT TOT K€ CMBICI, YTO M B Hamlei nmcxyccm/l 06 :
VIIpaBJIEHUU - TOCTYIIOM K Kiaccy. Hampumep, Bce 4ieHbI CEMbM WMMEIOT TOCTYI K a-
MWIBHOMY cepeOpy (KpoMme cymaculellueil TeTylIK1, OIHako He OyneM o0 3Tom). boib-
IIWHCTBY JIIOJEi, 32 UCKITIOUEHHEM TeX, KOTO CeMbsl BhIOpasia CBOMMU IPY3bsIMU, HE IMO-
3BOJIEHO IpMKacaTbcsl K-(haMUIBHOMY cepebpy. B 3ToM cilyyae Apyr ceMbd MMEET 10C-
Ty K (pamMusibHOMY cepebpy. U mepBoe, B ueM ceMbsl TOBEpsIET APYTY, — 3TO B TOM, 4TO
OH He OyIeT 370YyIOoTPeOsITh JOBEPUEM.
3aMeTbTe, YTO YEJIOBEK HE MOXET OObSIBUTH ceOsl IPYroM CEMbU; TOJIBKO CEMbsI MOXET :
! pemnTh, APYr OH MM HeT. To Xe MPUMEHUMO M K KiaccaM: (DYHKLMS He MOXET obbia-
BUTb ceOd ApyroM Kiacca. Takum o0pa3oM, KIIOYEBOE CJIOBO frlend UMEET CMBbICHT |
TOJIBKO BHYTPH OOBSBIEHUS KJlacca.
: OmHa ceMbs MO}KCT MPEIUTOXKUTD IPYrOil CeMbe OBbITh MX z[pysb;IMM 9To 3HAYUT, 4TO Ka-
{ KIBIA WIeH BTOPOWl CeMbH MMeET HOCTYI K CeMeHHOMY cepeOpy TIepBOii. ToyHO TaK Xe
{ OlUH KJIACC MOXET OOBSIBUTH JIPYyroil KJIacc APYroM, M 3TO OylAeT O3HadaTh, YTO Kaxkmast
* (YHKLMsI-WJIEH BTOPOro Kjacca siajisieTcst APYroM IJIsi epBoro. DTo He 3HAYMUT, YTO BbI-
HOJIHSIETCST 00paTHOe: OObSIBICHHME Klacca B KaK Apyra Kiacca A IpeioCTaBisieT B H0C-
Ty K 3alMIIEHHBIM 4JeHaM Kjacca A, OIHAKO HE MpPEeNOCTaBiseT AoCTyna (GpyHKIUSIM-
i wieHaM Kjacca A K 3alllMIIEHHBIM WieHaM KJlacca B.

IMockonbky operator+() OwHapHBIN (T.e. TpeOyeT JABa aprymMeHTa), Bbl BUAUTE B
0o0bsABIeHUU ABa aprymMeHTa misa GyHkuuu {s1 u s2). Oynkuus operator+() Oeper
sl W ckianpiBaeT ero ¢ s2. PesynbraT 3TOro neificTBUsS BO3BpalllaeTCs KaK OOBEKT
U Dollar.

YHapHBIM OonepaTopoM, TaKMM kKak operator++ (), TpeOyeTrcst onuH apryMmeHT. B naH-
HOM cCllyyae operator++ () YBEJIMYUBAET MOJie, B KOTOPOM COINEPXUTCS CyMMa B IIEHTax.
Ecniu ata cymma mpespimaer 100, mofie, comepxaliee cymMMy B Jojjiapax, YBeJIMYMBAeTCs Ha
1, a mone, comepxaiiee IEHTHI, OOHYISETCS,
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niAc!

Her npaBuna, 3actaBisitoniero QyHKUMO eperator+(USDollars, USDellars)
OCYILECTBJISITh HMEHHO cllokeHue. Bbl Moxere 3acTaBUTh (DyHKIIMIO operator+()
BBITIOJTHSATD JIIOObIE NEWCTBUSI; ONHAKO BBHIMIOJHEHWE STHM OMEPaTopoM Yero-iuobo,
KpOMe CJIOXEHMSI, OUYeHb-O4YeHb Tutoxas uzaes. JIIoAu MNpUBBIKIM K TOMY, YTO WX
OMepaTopbl BBHITIOJHSIOT ONpeneaeHHbIe OeiCTBUsA. Bpsm M MM TMOHpaBUTCS, €CIU
TPUBBIYHbBIE OMEpPaTOpbl HAYHYT BHITIOJHITL HEMPUBBIUHbBIE ACCTBUS.

Orneparop += He MMeeT NMOHATHS, KaK HYXXHO CKOMOMHUpOBATh oreparopsl + u =. Ta-
KUM 00pa3oM, KaXJblii orepaTop IOJKeH ObIThb TMeperpykeH OTAEIbHO.

(pEET

(DBET

Ecnmu BBl ompeneiawiu TOJAbKO OAMH omepaTop— operator++() mwim opera-—
tor—--(), OH OyaeT MCIMOJb30BaH Kak Al MpedUKCHOM, TaK U sl MOocTdukKc-
Hoii ¢opmbl. IlpaBna, ctanmapt C++ He TpeOyeT OT KOMIIMJISITOpa TaKoi C000-
DPa3UTENILHOCTH, OMHAKO OOJIBIIMHCTBO KOMMWIATOpOB C++ yMeoT 3TO aenarhb.

WznavanbHo B C++ He ObUIO BO3MOXHOCTU I€peOIpenesaTh MNpeUKCHBII
oneparop ++x OTAEIbHO OT ero MocTGUKCHON Bepcun x++. OmHAKO MHOTMM
MPOrpaMMUCTaM 3TO He HPaBWJIOCH, MO3ITOMY MPaBUIO M3MEHWIM. B cooTBer-
ctBuu C BIVM rnipaBunomM operator++ (ClassName) OIHOOAICI K npedukcHo-
My omepaTopy, a operator++ (ClassName, int) — K moctdukcHomy. B ka-
YecTBE BTOPOTO aprymMeHTa mnpu 3ToM Bcerma mnepenaetcsas 0. To ke mpaBuio
pacmpocTpaHsIeTCs] U Ha omneparop JeKpeMeHTa --.

B pabore Takue omeparopbl OKasbIBAIOTCS JOBOJIbHO YIOOHBIMU. YTO MOXET ObITh MpO-
me, 9eM crpoka d3 = d1 + d2 wm ++d3?

A nogpoduee?

[MoueMy operator+() BO3BpallaeT cyMMy IO 3HaYeHUI0, a operator++ () Bo3Bpalaer
YBEJIMUYEHHBIII Ha e€AWHUIY O0BEKT MO CChUIKEe? DTO HE CIy4ailHOCTbh, 3leCh KPOETCsS OYeHb
0OJIbIIIOe OTJIMYME MEXITY STUMU OIepaTopaMu!

$2E  Mbl HauMHAaeM oCBamMBaTh BECbMa CJIOXHYIO MUISi MOHMMAHUS 4acTh IePerpy3Ku
OTIepaToOpoB, B KOTOPOIA JIETKO 3aIyTaThCs M KOTOPYIO TPYAHO OTIAXMBATD.
operator+()

CrnoxeHue IByX OOBEKTOB He MPMBOAMT K M3MEHEHUIO HU OIHOIO0 M3 3THX OOBEKTOB.
Takum obpazom, a + b He uaMmeHsieTr HU a, HU b, a 3HauuT, operator+ () He HOMKEH CO-
XpaHSTh Pe3yJIbTaT CJIOXEHUSI B KAKOM-TO U3 3TUX MEPEMEHHBbIX.

// OdeHb HeydadHasi MBICJIb BBITIOJHSTL CJIOKEHUE TaK, KaK 3TO
// choenaHO B MOaHHOW TMporpaMme, TOCKOJIbKY OydeT H3MEeHSIThCS
// 3HaAYeHue OOHOTO W3 apryMEHTOB

USDollar& operator+ (USDollar& sl, USDollaré& s2)

{

sl.cents += s2 .cents;
{sl.cents »>=100)

sl.cents -= 100;
sl.dollars++;

}
gl.dollars += sZ.dollars;
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return sl;

[IpobiemMa B TOM, UTO B pe3yjbTaTe TaKOro MPOCTOrO MPUCBOEHUs, Kak ul = u2 -
u3;, Oymyr u3MeHeHbI 3HaueHus u ul u u2.

Ytobbl M30eXaTh 3TOro, operator+() mOKEH co3daBaThb BPEMEHHBIM OOBEKT, B KOTO-
poM U OymeT coxpaHeH pesyabTaT cioxeHus. [loatomy operator+ () KOHCTpyHpyeT cOOCT-
BEHHBIII 00BEKT, KOTOPHI BO3BpAIAETCSI 3TOM (DYHKIIUEH.

OnHako Mpu 3TOM HeJb3sl 3a0biBaTh M eltle Koe-uTo! Hampumep, mpuBeneHHbIA HMXe
¢parmeHT paboTtaTh He OymeT.

USDollar& operator+{UShollar& sl, USDollaré s2)

{
unsigned int cents =~ sl.cents + s2,cents;
unsigned int dollars = sl.dellars 4+ s2.dollars;
UsDollar result(dollars, cents);
return result

&) -
L Pacnpoctpanensas ommoka Ne 1. XoTsl 3TOT hparMeHT OTKOMINUAMpyeTcH bes co-

o01IeHUI 00 olIMOKe, Pe3ynLTaT BHIMOJTHEHUS 3TOM (PYyHKUMU OyneT BecbMa Iifa-
yeBHBIM. [IpoGiieMa B TOM, YTO BO3BpAIACTCSI CCbliKa HAa OOBEKT result, KOTo-
DBIA SBISIETCS A0KAAbHbIM UTSI JTaHHOM (GYHKIMH. TakuM oOpa3oM, K TOMYy Bpe-
MEHM, KaK Bbi3bBAIOIIAass (QYHKIUS CMOXET MCIIOJIb30BaTh BO3BpAIlaeMBbIid
pe3yiIbpTaT, 00BeKT result yxe BBIMIET U3 00JACTH BUIAMMOCTH.

Torma moyemMy Obl HAM HE BBIIEJIUTH OJIOK IaMSITU M3 Ky4dHn TakK, KakK 3TO CACJIaHO B IIpHU-
BCACHHOM HMXKE an/IMepe?

UShollars operator+(UsSDellars sl, USDollarS s2)

f
unsigned int cents = sl.cents + s2.cents;
unsigned int dollars = sl.dollars + s2.dollars;
return *new USDollar{dollars, cents);

=
piadd PacnpocrpanenHast ommbka No 2, Bbl, KOHEUHO, MOXETe BEPHYThb CChUIKY Ha 00b-

€KT, TIaMSThb IO KOTOPBI ObUIAa BBIAENIEHA U3 Ky4d, OJHAKO BO3HHUKHET HOBas
npobsema: Mpy 3TOM He MpeaycMaTpUBaeTCsl MEXaHU3M BO3BpaTa MaMsTH B Kydy.
Orta omMbKa HA3bIBACTCSI yrieukoil Hamsmi, U €€ 0YEHb CJIOXHO OTBICKATh. XOTS
Takoil omepatop M Oyaer paboTaTb, OH OyldeT MOTUXOHBKY "HCTOILAThL' MaMSTh
B Kyde MPY KaxXJIOM BBITIOJHEHUM CIOXEHMSI.

BosBpar 1Mo 3HaueHMIO 3aCTaBISET KOMIIMISTOP CO3laBaThb BPEMEHHBbIM OOBEKT B CTEKE
BBI3bIBaOIICH (YHKIMU. 3aTeM CO3IaHHbIM (PYHKIMEH OOBEKT KOMUPYETCS B 3TOT BPeMEH-
HBIII OOBEKT.

BosHukaeT Bompoc: Kak JOJro CyIIECTBYET BPEMEHHBIN O0OBEKT, KOTOPbIA BO3-
BpamiaeT operator+ () ? M3HayaapHO 3TO HE OBLIO OIpenesieHO, OJHAKO 3aTeM
cosjatesid CTaHIApPTOB COOPAIUCh BMECTE W PEIIWIM, YTO TakKoi BpeMEHHbIH
OOBEKT OCTAaeTCsl HEOOXONMMBIM N0 3aBEepUISHUS] Pa3BEPHYTOTO BBIPAKEHMUSI.
Pa3BepHyTOE BbIpaxkeHHME — 3TO BCE, YTO HAXOAMTCS Iepel TOUYKOUM ¢ 3amsToi.
PaccmoTpuM, Hampumep, Takoil pparMeHT:

SomeClass f1();
LotsClass goO ;
fn()..
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int i _
i=fl)y + (2-20);

BpemeHHBIIt 00BbeKT, BO3BpallleHHBIH (GyHKuueir f (), cyllecTByeT, MoKa BBHIMOJHSIETCS
dyHk1Ma a() M TOKa BHINOJHSIETCA YMHOXeHHe. Tam, Iile CTOMT TOYka ¢ 3amlsaToif, 3TOT
00BEKT YK€ HEeTOCTYIEH.

operator++()

B otnuuue ot operator+t (), GyHKUMSI operaton++ (} MOIM@UIIUPYET CBOM apryMeHT.
A 3HaYUT, BaM He HYXHO CO3[aBaTh BPEMEHHBI OOBEKT WJIM BO3BpAIIATh Pe3vAbTaT II0
3HAYEHUIO. BbIYUCIsSIeMBblil pe3yabTaT MOXHO XpPaHUTh MPSIMO B S. Bhi3biBawolieid GyHKIMU
MOXeT OBITh BO3BpallleH ITPeIOCTaBJICHHBIN OIlepaTopy apTyMeHT.

//>T0o bymeT OTIMYHO paboTaThb
USDollaré operator++{(USDollars s)
{

s.cents++;

if (g.cents >= 100)

{
.cents -=100;
.dollars++;

morn

}

return s;

PacemoTpHTe npuBeNeHHBI HUKEe NpUMeEpP, KOTOPBIA CONEPXKWUT OTHY OYEHb XUTPYIO
OIIMOKY.
//2TO He O4YeHb HalexHaa BepCcus
USDollar aperator++ (UsSDollaré s)
{
s.cents**;
if {(s.cents >= 100)
{
s, cents-=100;
s.dallars++;
}

return s;

A ACH
Pacnpocrpanennas oumoOka Ne 3. Bosppainast s No 3HadyeHUIO, (QYHKLMS 3aCTaB-

JISIeT KOMIWJISITOP TeHEpUPOBaTh KOIMIO O0OBEKTa. DTO OTIMYHO CpabOTaeT B BhI-
paXeHMUsIX THMa a = ++b, HO 4TO OyOeT C BBIpAXEHUSIMU TUMA ++ (++a}? MbI
oXumaeM, yto a Oymer yBeaudyeHo Ha 2. OmHAKO IpU MPUBENEHHOM BbIIIE Tepe-
OIpejeieHUM 3TOro oreparopa, oOBbeKT a OyneT yBeaudeH Ha 1, a 3areM Ha 1 Oy-
JIeT yBeJIMYeHa ero KOIMusi, a He caM OOBEeKT a.

KoHcTpykumg Buma +* (*+a) He odeHb pacIpocTpaHeHa, HO Bce Xe JOITycTMMa. B Jmo-
OOM cllydae MMeEEeTCsI ellleé MHOXECTBO IPHMEPOB, B KOTOPBIX TaKOil oIlepaTop He OydeT pa-
00TaTh MPaBUJIBHO.

#hH
s MoxHO chOpMYIUpPOBATh CIEAYIOIee MPaBUIO: €CJM OIepaTop U3MEHsIeT 3Haue-

HHME CBOETO apryMeHTa, BO3BpalllaiiTe apryMeHT o ccbuike. Ecnmm omepaTtop He
M3MEHSIET 3HAUYEHMST CBOUX apT'yMEHTOB, CO3JaBaliTeé HOBBIM OOBEKT M BO3Bpalllaii-
T€ €ro Mo 3HayeHuo. BxomHble apryMeHTHI Jiydllle BCeraa IepenaBaTh IO CChLIKE.
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Onepasopsr Kax yHKyUU-uNEHDL

Bmecro peanuszanuu orepatopa Kak BHelUIHeidl yHKIIMKM ero MOXHO caenaTh HecTaThie-
cKoil ¢yHkuueii-uneHoM. B atom cinyvyae kiacc USDol 1ar OyneT BBIIISIAETD TaK:

classUSDollar

{

public:
USDollar (unsigned int d, unsigned inc. c} ;
USDolilaré operater+t () ;
USDollar operator+{Usihcllars s);

protected:
unsigned int dollars;
unsigned int cents;
1t

'JShollar: : USDel lar {unsigned int d, unsigned int c)
{

dollars = d;

cents = <;

while (cents >= 100;

(

dorlars++r

cents -= 100G;
!
// operator+ - cxraadsieaeT this u $2 u Bo3sspaimasT
// pesynbpTaT D EGEoM ofrekTe

USDollar USDecllar::operatcrt (UShollars s2)
{
// "this->" Heobs3aTeNbHO
ursigned int ¢ = this-»cents + 57 7
unsigned int d = thi s-»doel . ars + s2 . do
USDollar t (d, c) ;
return T;

1

// operator++ — ypenMuMeacT apryMeHT,

// M3MEHsIsT 3HadYeHue IepenaHHoOTo obbekTa
Usbellars USDollar::cperatcr++()

{

this-»cents++;

if (this-»cents >= 100)
{

This->cents -= 100;
this->Gollars++;

1

return *this;

int maintint argecs, char* phrosl(])
{

USDollar 4l¢l, 60);

USDoliar d2t2, 50);
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UsDollar d3 (0, 0) »
d3 =di + d2;
++d3;

return 0;

A cneunanbHO BKIIOUMA “this->* B MPUBEAECHHBIM HUXE MPUMEpP, YTOOBI MOTYEPKHYTH
CXOXECTh MEXIY peaJM3alUusIMA 3TOr0 orepaTopa Kak (YHKUMH-WIEHAa MW KaK BHEIIHEH
¢yHkunu. Pasymeercs, 3TO He 00sA3aTeNbHO, TOCKOJBKY this Bce paBHO OymeT IMOICTaB-
JIIThCST TI0 YMOTYAHUIO.

CpaBHure 00BSIBICHIE USDollar: : operator+(USDellars) C . :.ocperator+

(USDellars, USDollars). Ha mepBblii B3IISiA BapMaHT 4YjeHa Kjacca UMEET Ha OOWH apry-
MEHT MEHBbIIIEe, YeM MIo0abHbIA. [IprBeneHHBIN HIDKE IPUMEp CPaBHUBAET 3TH JIBE BEPCUM.

//operator+ — BapuMaHT ¢ (YHKLIME — HE YJICHOM
USDollar sperator+ fUSDollars s1, USbollar& s2)
{
unsigned int ¢ = sl.cents + s2.cents;
unsigned int d = gl.dollars + s2.dollars;
USDollar d(dellars, cents);
return d; '

}
//operator+ — BapuaHT C QYyHKIMEN-4JIeHOM

USDoIlar cperator+ (USDollars si, USDcllarsg s2)
{
unsigned int ¢ = this->cents + s2.cents;
unsigned int d = this->dollars + sZ.dollars;
USDoIlar t{dellars, cents);
return t;

Kak Bummte, 3TM yHKIIMY TIOYTH UIEHTUIHBL. TaMm, Trne (GyHKIMsS — HewIeH CKIIambIBaeT &1
¢ s2, yHKUMSI-WIeH CKIaabIBaeT "TeKylInii 0ObeKT" (TOT, Ha KOTOpHIi yKasbiBaeT this) c s2.

H .
gt OHepaTop, KOTOPbIM ABJACTCA YJICHOM Kiacca, BCEraa UMCET Ha OJAWH apryMEHT

MeHbIle, YeM He 4YJieH KJacca; MPU 3TOM IIOApA3yMeBAETCs, 4TO JIEBBIA apry-
MEHT OIleparopa — TEKYIIHUIA OOBEKT.

FEuie ogra nepezhysia

To, uTo BBI Meperpy3vjiu OOUH BapUaHT OMepaTopa, He 3HAYUT, YTO Bbl TIEPErpy3uIv BCe
oneparopel C++ mpekpacHO oTiamuaer omeparop operator® (double, USDecllars) or
onepaTtopa cperator* [USDellaré, double).

w125 PacnpoctpaHennas ommoka Ne 4. Kaxnas Bepcusi oreparopa NOJDKHA ObITh Iie-

perpyxkeHa OTIENbHO.

DTO He HACTOJBKO CYIIECTBEHHO CBS3bIBaeT Hac, KaK MOIJIO OBl I10Ka3aThCs
C TIepBOTO B3TJsAma. Bo-TiepBBIX, HUYTO HE MeIIaeT OJHOMY OIlepaTopy oOpamaTbes
K IpyroMy omnepatopy. B ciydyae ¢ dyHkuumeir operator® () Bbl MOXeTe claenaTh,
HalpHMep. TakK:
USDollar operator * (double f, USDollars s)
{
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/.. meno OYHKIIUM 3OECE. . .

}
inline U8Dellar operator* (USDollar& s, double f)

{
//UcrioneBEyeM IIpenuaylee ORCeIelleHne
return f£rs;

Bropasi Bepcusi BBI3BIBAE€T MEPBYIO, IMPOCTO TMOCTaBUB apTyMEHTbl B OOpPaTHOM IIO-
psake.
i Mamunubiit Kop inline-cyHKIIMM BCTaBISIETCSI MPSIMO B MECTO BbI30Ba 3TOM
dyHKUIMU.

_ KOF,EI,a CTOUT Aenatb oneparop.bl l-IJ'IeHaMl/I Knacca
BO3HMKaeT BOIIPOC: KOIIA- UMEET CMBIC] PEeaTU30BLIBATL ONEPATOP KakK (DYHKLMUIO-YWIEH,
a Korma — Kak BHellHWo ¢yHKuuoo? I[lpuBeneHHble Huke OMepaTophl OKHEI OBITh
peann3oBaHbl KaK (YHKINN-YJIECHBI.
. = IlpucBOEHUE
(} BeI3OB OYHKLIMM
[ ] uoexkc
-> YjeHCTBO B Kjlacce
JI7151 OCTaIbHBIX OIEPaTOPOB MECTO MX peaau3alldd oco6oil poau He UrpaeT — B (PYHK-
LMM-YJIEHE WIM BO BHEUIHEN (DYHKUMMU, 3a HEOOJBIUMM WCKIIOUEHUEM. Haan/IMep,
TMPUBENEHHBI HUXE OINEepaTop HE CTOUT peau30BbIBaTh KaK QYHKUIUIO-YJIEH.
_ USDollar operator* (double factor, USDollarS s) ;
. void fn(USDollar& pr1nc1ple)
i
9§Dollar 1nterestExpense = lnterest*prlncz.ple, T

e

YTto6bl OLITh (DyHKIMEH-wIeHOM, operator® {) momxeH OBITR WwieHOM Kiacca double. -
: OOHaKo MpOCTbleé CMEPTHBIE HE MOIYT JOOABJISTH OINEpPaTOpbl BO BCTPOEHHBIE KJIACCHI.

A 3HAYUT, TAKUE ONEPATOPHL JOJLKHBI ObITh BHELIHUMU (PYHKIUSMH. :
. Ecmu BBl MMeeTe mocTynm K "BHYTPEHHOCTSIM" Kilacca, clelaiite meperpyxaeMblil ornepa- |
{*TOp WIEHOM KJIacca. DTO OIpaBAbIBAETCA, €CIIU onepaTop, HarnpuMep, U3MeHseT 061>e1<T

c KOTOpBIM OCYU.ICCTBJ‘[HCTCH onepaum{ o :

Tlehezshysna onehamopol c nosouio
resbuozo npeodhasobanus  Hiunob

Ectp enle oguH, NpUHIUNUATIBHO WHON CHOCOO OIpelesieHusl ONepaTopoB sl MOJb30—
BaTebCKMX KJIACCOB. 3amyMmaiTech Hall TIPUBEACHHBIM HUXXE TIPUMEPOM.

int i = 1;
double d = 1.0;

// BeEIpaxenue N1
d=1 + d;
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// BopaxeHue N2
i=4~ Cc;

[TepBoe BbIpakeHMe cKiambiBaeT int ¢ double. B C++ He ompeneneHa ¢GyHKIUS Op-
erator+ (int, double), HO ompeneneHa ¢yHKIUSI cperator+ (double, double). Ilpu
orcyrctBumn (pyHkuum (int, double) C++ xouBepTtupyer int i B double (rosopsit, 4TO
"i mpuBeneHo K double"), yTOoOBI Mcmoab30BaTh Bepcuio (double, double). Hng oboumx
BBIPAXKEHUI BBIMOJIHIETCS OOMH M TOT K€ IIPOLIECC, OMHAKO CO BTOPBIM BEHIPAXKEHUEM CH-
TyalMsi elle XyXe, TMOCKOJbKY pesyibrar Thna double mAo/KeH OBITh ypes3aH 10 THUMa Tepe-
MEHHOMH i, T.e. int.

anIBen,eHMe 00bEKTOB NONb30BaTeNIbCKUX TUMOB

Eciu mporpamMmucT omnpeneiseT METOA MPUBEAEHMUS U3 BCTPOCHHOIO TUIAa K IOJIb-
30BaTebckKoMy Kiaccy, C++ MmoTmbITaeTCss MCITOIb30BaTh €ro Ui TOTO, YTOOBI BBIpaxke-
HUe TpUoGpeno cMbica. JonycTHM, Bbl CO3JaIM KOHCTPYKTODP Ui KOHBEPTHPOBAHUS
double B JSDollar.

class USDollar
{

friend USDollar operator+ (USDollars sl, USDollars s2);
public:

USho_lar{int 4, int ¢} ;

USho_ lar (double value)

{

dellars = {(int)value;

cents = (int) ((value - dollars)*100 + 0.5)
}
//. . .TOXe, 4TO paHbIE ...

C noMo1ibio 3TOoro parMeHTa Koma Bbl IpenoctaBuiad C++ myTe npuBeaeHusi double
B USDollar. (Temepp, xorma C++ TO4yBCTBYeT ceOsl CTECHEHHBIM B HAJIMYHBIX CPENCTBAaX,
OH CMOXeT "3alloXuTh” HeMHoro double.)

31"y 0COOEHHOCTh HpeOGpaSOBaHI/IH MOXHO IIEPEHECTU B HalllW OII€pallvM:

void fn ("JSDollars S)
{
// BCe NpUBEIEHHEE BHPAKCHNS MCIONE3YOT
// operator+ (USDeollars, USDollars)
s = USdollax(1.5) + s; // ssBHOe npeopa3oBaHKe. ..

s = 1.5 + s5; // ...HessHOES IIpeobpazoBaHUe. .,
s = s + 1.5; // ...B ObpaTHOM ICPAOKE. . .
s =s+ i // nmaxe 3Oechb UCIOJIb3yeTCsi IpeobpaszoBaHue

// int B double, a zaTem BCce umeT
// TIO cTapoMy ClIeHapuio

Tenepb Bam He HyXHO ompenensitb HU operator+ (double, USDollars), Hu opera-
tor+{USbollars, double). C++ mnpeobpasyer double B USDollar u ucnonssyer yxe
onpeneseHHyo ¢GyHkumio operater+ (USDollars, USDollars).

D10 TIpeoOpa3oBaHME MOXET OBITh YKa3aHO B SIBHOM BHIE, KaK 3TO CAEIAaHO B TIEPBOM
cnoxeHnu. OmHAKO 3TO Xe TMpeobpa3zoBaHUe OyaeT BBITIOJTHEHO aBTOMAaTWYECKH, €CITU JTaxe
He OBLJIO yKa3aHO SIBHO.

Peanmu3zarusi Takoro mpeobpa3oBaHUsSI TTOMOTaeT cOepedb MHOTO YCWIMH 3a CUeT yMeHb-
IIEHUS KOJIMYECTBA pPa3HBIX OIEpPaTOpOB, KOTOPbIE B IIPOTMBHOM cJiydae IOJIKEH OIpeae-
JINTh TTPOTPAMMMCT.
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BIALE Pacnpocrpanennas oumoka Ne 5. JloBosibHO omacHo mosepsath C++ aBromarnye-

CKOE IIpOBEleHUE TaKuX IpeoOpa3zoBaHuii. EciM KOMOUIATOP HE CMOXET OIpe-
JIEeIUTh, KaKOil TUI IMpeoOpa3oBaHUs HYXHO HCIIOJb30BaTh, OH IPOCTO BBIIACT
coo01IeHNe 00 OIINOKE.

Onepatop siBHOro npeo6pa3oBaHus

Oneparop mpeoOpa3oBaHMsI TaKxKe MOXET ObITh IeperpykeH. Ha mpakTuke 3TO BBITJISI-
JIUT TakK:

class Usbellar
{
public:
USDollar{double value = 0.0);
operator doukle ()
{
return dollars + cents/100.0;
}
protected:
unsigned int dollars;
unsigned int cents;
bi
Usbellar: :USDollar {double value)
{
dollars = (int)value
cents = (int) ((value - dollars) * 100 + 0.5);

OrnepaTtop mpeoOpa3oBaHusi operator double () mpencraBiser coboii MeTon mpeodpa-
3oBanus u3 USDollar B double, B pesyiabrate KOTOpPOro OymeT CO3MaHO AEHCTBUTEILHOE
3HaYeHHe, PaBHOE KOJIMYECTBY IOJIIAPOB TUTIOC KOJIUYECTBO LIEHTOB, AejeHHoe Ha 100.

Ha mpakTuke omneparopsl TaKOTro poja MCIOIb3YIOTCS CIEAYIOIMM 00pa3oMm:
int main{int argcs, char* pargs{]}

{
USDollar 41{2.0), d2(1.5), d3;

// SIBHO MCIGARBYEM OIIepaTop IIpeobpa3oBaHUsS
d3 = USbellar((double)dl + (double)d2);

// WU HEesIBHO
d3 =dl + d2;
return 0;

Omneparop Mpeobpa3oBaHUsI COCTOMT M3 CJIOBa operator W CIeAyloniero 3a HUM Ha3Ba-
HUSI THIA, B KOTOPBIH HEOOXOOMMO Ipeobpa3oBaTh 00bekT. DyHKius-uwieH USDol-
lar::operator double () oOecneumBaer MexaHu3Mm IipeoOpasoBanHusl kiaacca USDollar
B double. Ilo mpuuMHaM, KOTOpble OT MEHsI HE 3aBUCSIT, OIEpaTOpbl MpeodOpa3oBaHusl He
MMeIOT Thna Bo3Bpaiaemoro 3HayeHus. (Cospatenu C++ aprymMeHTHMpoBaiM 3TO Tak: "Bam
He HYXEH TUI BO3BPAILlaeMOro 3HAYEHMSsI, TOCKOJIbKY €ro MOXHO y3HaTh U3 uMeHu". K co-
XKaneHuto, co3nareau C++ He 04eHb IMOCICA0BATEIbHEL. )

B nepBoMm BblpaxeHuu Mbl npeobpaszyem aBe nepemeHHble USDollar B double,
HUCIIOJb3yeM TSI CJIOXEHMs  CyllecTBylolnylo @GyHKUuI0 operator+ (double,
double), a 3arem mpeobpasyem pesyabraT obopatHo B USDollar ¢ moMolbplo KOHCT-
pyKTOpA.
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Bropoe BeIpaxkeHne mpuBOIUT K TOMY ke 3(dekTy, HO Oonee xurpbiM myteM. C++ mbI-
TaeTcsl pa3obpaTbesl ¢ BhipaxkeHueMm d3 = dl + d2, cHayana KoHBepTupys d1u d2 B dou-
ble, a 3arem koHBepTHpys cymMmy obpatHo B USDollar. Jlormka storo mporecca Takas-3e,
KaK U B NEPBOM BBIPAXEHUM, ONHAKO B JaHHOM ClIydae paboTy, IJe 3TO TOJLKO BO3MOXHO,
oepet Ha cebsa C++.

ODTOT npuMep NEeMOHCTPUPYET KakK MpeuMYyIlecTBa, TaK W HEJOCTAaTKW oOreparopa
npeobpazoBanusa. ObecneunBas C++ ¢dyHkuumeir npeobpaszoBanusgs u3 USDollar B
double, mporpaMMucCT OCBOOOXIAaeTCS OT HEOOXOOAMMOCTM CO3JaBaTh MOJIHBIA HaOOp
omepatopoB. Kitacc USDollar MoXeT ImpoCTO BOCHOJIB30BAThCS OIEepaTOpaMu, OIpene-
nenHsiMu I double.

C npyroii CTOpOHBI, MpeaocTaBjeHUE MeToaa IpeoOpa3oBaHMs JUIIAET MPOTpaMMU-
CTa BO3MOXHOCTM KOHTPOJMPOBaTh, KaKKMe U3 OIepaTopoB ompenelieHbl. Eciu ompene-
JeHa ¢yHkuusa mnpeodpasoBaHusi B double, masgs USDollar OyayT ucroab30BaThcsl Ome-
patopsl double He3aBUCUMO OT TOTO, MMeEET JIM 3TO cMbIici. Kpome TOro, BBHINIOJHEHUE
0OJIBIIOr0 KOJMYECTBA MpeoOpa30oBaHUM TMpUBEAET K 3HAUYUTEIbHOMY YMEHbIIEHUIO
3 deKTUBHOCTU IporpaMMbl. Hampumep, npuBeseHHOE TOJBKO UYTO IIPOCTOE CIIOXEHUE
TpeOyeT BBINOJHEHUS TpeX GYHKUMI MpeoOdpa3oBaHUSA M BCeX COIYTCTBYIOIIMX WM
(GYyHKLMA YMHOXEHUS, OeJeHUs U T.1I.

MpaBuna pns HesiBHbLIX NpeoGpa3oBaHuii

Pa3bupasicb co BcemMu 3TUMM INpeoOpa3oBaHUSMU, s TaK U He oObsicHWI, kak C++ mo-
cryrmut co ciaoxeHueM USDollar dl m double d2. IlpaBwia misg Takux olepaiuii JocTa-
TOYHO MPOCTHI.

1 Cnavana C++ umer ¢pynkuuio operator+ (USDollar, double).

2. Ecmu ona He HaiimeHa, C++ umieT pyHKUIMIO, KOTOpass MOXKET OBITh MCIIOJIb-
30BaHa I npeobpaszoBanuss USDollar B double.

3. WM Hakoneu, C++ umer ¢pyHKUIUIO, KOTOpas Ipeodpa3yeT XOTh YTO-TO U3 3TUX
JIBYX TIEPEMEHHBIX B HEUTO WHOE.

ITepBblii MyHKT SICEH, IMOCKOJIbKY COOTBETCTBYMOIIAs (DYHKIWS yHUKaJdbHa; OTHAKO IBA
MOCJEIHUX MYHKTa HECKOJIbKO TYMaHHBI.

WL
2 Pacnpoctpanennas ommoka Ne 6. Ecmu Bo3MoXeH GoJsiee 4yeM OIWH CITOCOO BBI-

IIOJJHEHUA OoIl€paliuyi, Ha 9Tall¢ KOMIIWIALIMUN 6Y,E[CT CréHepupoBaHa omIoKa.

Ecmu cymiectByeT aBa BO3MOXHBIX ITpeoOpa3oBaHUsS OOBEKTa, KOMITMJISITOP TakXkKe BbI-
JIACT OIINMOKY.

BIAY Pacnpoctpanennas oumoka Ne 7. Bbl He MoXeTe MpenoCTaBUTh JBa CIoco0a Bbl-

MOJTHEHHUsI TpeoOpa3oBaHus Il OMHOTO TWIa. Hampumep, NMpUBEICHHBIN HIKe
KOJ BbI3OBET COOOIlleHUe 00 OIIMOKeE.

class A

{

public:

AB& b ;

1

class B

{

public:

operator A{);
}
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Ecnmu moTpebyeTcss BHINIOJHUTH TMpeoOpa3oBaHUe 0ObEKTa Kiacca B B OOBEKT Kiacca
A, KOMIIMJSITOp He Oymer 3HaTh, MCIIOJb30BaTh JU €My oOIlepaTop IIpeoOpa3oBaHUs
B: :operator A() s B uiaM KOHCTPYKTOP A: :A(B&} s A, MOCKOJbKY 00a OHM IO-
JIy4aloT B KauyecTBe apryMeHTa 00BeKT Kiacca B u co3maloT M3 Hero o0BbEeKT Kjacca A.

Bo3MmoxkHO, pe3yabTaT mpeobpa3oBaHUs B O0OMX CIydasx OydeT OJMHAKOB, HO KOMITHJISI-
TOpy 3T0 He M3BecTHO. OH JO/KEH TOYHO 3HATh, KaKOW M3 CIOCO0OB IpeoOpa3oBaHUs BbI
nMeeTe B Buay. Ecim 3TO He BBISICHSETCST OMHO3HAYHO, KOMITUJISITOP YMBIBaeT CBOU 3JIEK-

TPOHHBIE PYKM M BbITAeT COOOIIeHME 00 OIIMOKe, MpeaocTaBisis pa3doupaThcsi B IpodieMe
MPOTPAMMMCTY.
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[eBa 25

Meperpy3ka onepaTtopa NPUCBOEHMUS

B anton  rafe. ..

¥" OrmacHaa paboTa, KoBapHas pabora, KomMmapHas pabora...
¥ 3HAKOMCTBO C MEPErpy3KOil oreparopa MpPUCBOEHUS
¥ 3ammra 4JIeHOB

rmase 24, “{leperpy3ka omeparopoB”, B OOHIMX YepTax pacCMaTpPUBAIOTCH BOIPOCHI
Meperpy3kKyd OmnepaTopoB i OIpeAe/IeHHBIX BaMM KiaccoB. HeszaBucuMo OT ToOroO,
OyzmeTe JIM BBI TIeperpyXaTh BCe OIEpaTOpbl WM HET, ¢ TIePEerpy3Koil oreparopa IMPUCBOCHUS
CTOUT ITO3HAKOMHUTBCSI KaK MOXHO paHbIIIe.
Boobmie roBopsi, meperpy3ka oreparopoB B C++ moBosbHO omacHoe 3aHsTue. OmHaKo,
ecIM Bbl OyneTe ClIefoBaTh MPUBEISHHOMY B 3TOI INIaBe IIabJOHY, TO C Ieperpy3Koil omepa-
TOpa MPUCBOCHUS cperator= () HUKAKUX MpoOjeM He BO3HHUKAET.

Onachnas padoma, rkobapras hadoma,
KOWMA/2HO5 padoma . . .

B sa3pike C ormpelesieH TOJIbKO OAWH OIEepaTop, KOTOPBIA MOXET OBbITh MPMMEHEH K CTPYK-
TYpPUPOBAaHHBEIM TUTIAM: OIlepaTop MpucBocHUs. [IpuBeneHHBIN HIDKe MpUMep ObLT ObI KOPPEK-
TeH B C, 1 ero pe3yjabraToM Oblia Obl TOOMTOBAsl KOMUS CTPYKTYphl source B destination:

void fny(}

{
struct mistrust source, destination;

destination = source;

Hnsa obecrieuenusi copmectumoctn ¢ C a3uik C++ ompenensieT oreparop MPUCBOSHUS
operator={) Mo YMOJYaHUIO IJis BCEX ITOJb30BATEJbCKHUX KJIACCOB. DTOT omepaTrop Mo
YMOJTYAHUIO BBITIOJHSET TIOWIEHHOE KOMMUPOBAaHUE MU KaXIOTo WwieHa kiacca. M, KoHedYHO
K€, 3TOT OIepaTop MOXET ObITh MEPErpy>keH C MOMOIIbI QYHKIUU operator=() B JIOOOM
TTOJTb30BaTEILCKOM KJIACCe.

Omnepatop MPUCBOEHUST OYEHb IMOXOX HAa KOHCTPYKTOP KOITMPOBAHUSI, C KOTOPBIM BHI
BcTpeuanuch B miaBe 19, "Konupyromuii KoHCTpyKTIop”. TIpyM KMCHONB30BaHUU OIEPaTOp
IPUCBOCHUST M KOHCTPYKTOP KOTTMPOBAHUS BBITJISIAST TTOYTH WIACHTUYHO:

void fn{MyClasss mc)
{

MyClass newMC = m¢; // KOHCTPYKTOP KOIMPOBAHMUS
newMC = mc; // OmnepaTop NpHMCI0eHUA

Paznmuuue 3akiiodaeTcs B TOM, YTO, KOT/A BBI3BIBACTCS KOTUPYIOUIWN KOHCTPYKTOD JUISI
newMC, camoro oO0nekta newMC elie He CyIIecTBYeT. A KOrga BBI3BIBAETCSI OIEepaTop Mpu-
cBoeHus. newMC yxe SIBJISIeTCST TIOJTHOIIEHHBIM 00bekToM kitacca MyClass.
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Konupyomuit KOHCTPYKTOp HWCIIONBb3yeTcsl TPU co3danuu OOBeKTa, KOTOPBIA HTOJDKeH
OBITH KOTMel mpyroro oobekra. OrepaTop MPUCBOSHUST MCITOIB3YETCSI, KOrma OOBEeKT, CTOSI-
Ui cripaBa OT OIEparopa, KOMUPYETCS B Cyujecmeyroujuii OObEKT, KOTOPBIA HAaXOOWTCS CJIe-
Ba OT oIleparopa MPUCBOeHUs. [10MOOGHO KOHCTPYKTOPY KOITMPOBAHMUS, OIMEPATOp TPUCBOE-
HUS HYXXeH, KOTJa ITOBEepXHOCTHOTO KOMMPOBAHUS HEJOCTATOYHO.

SnaxoucHbo nehezpysnoi
onepamopa npucboenus

Dra mpolieaypa aHaJOIrMIHa Ieperpys3Ke JIIo0oro apyroro omeparopa. Hampumep, B mpu-
BEIEHHOW HMXe MporpamMMe orepaTop MPUCBOEHUST pealu30BaH KaK BCTpOeHHass MGYHKIIUSI-
yjaeH kiacca Name (He 3a0bIBaiiTe, 4TO OIEpaTop IMPUCBOCHUS NOKEH OBbITh QyHKIUEH-
YJIEHOM KJlacca).

#include <stdlib.h>
#include <string.h>
#include <ctype.h>

class Name
{
public:
Name ()
{
pName = ({(char¥*)0;
)
Wame (char *pN)
{
copyName (pN) ;
}
Name (Nameé& s)
{

copyName (5. pName) ;
}
~Name ()
K
deleteName () ;
// orImepaTop IPUCBOEHUS
Name& operator=(Name& s)
{
// CriepBa YHUYTOXUM CYIEeCTBYOINI OOBEKT. . .
deleteName () ;

//...nepeg TeM, Kak 3aMEHUTEL €I'0 HOBHEM
copyName (s .pName} ;

// BepHeM CCEUIKY Ha CYNeCTBYOIUM OOBEeKT
return *this;

I

protected:
// copyName — KOIMpPpYyeT MUCXOIOHYI0 CTPOKY PN B JIOKAJIBLHO
// BLIOEJICHHB OJIOK IIaMsITU

void copyName (char *pN)
{
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int length = strlen(pN) + 1;
pName = new charilengthl];
strncpy {pName, pN, length);

// deleteName — ocBobOXmeHMe MaMsiTM no ampecy pName
void deleteName ()

(

// ecnm ecTb 2TOT OJIOK HAMATH., .

if (pName)
1
// ...BePHYTL ero Kyde...
delete pName;
// ... OTMETUTHL, YTO DTOT yKazaTelb
// 6ornee HemOCTYIIeH
pName = 0;

// pName yka3bBaeT Ka OJIOK IIaMsaTH, COLepXallui
// ¥Ms B BuOme CTPOKM B dopmaTe ASCIIZ
char *pName;

}i

int main{int argcs, char* plArgs[])

Name s {"Claudette") ;

Name t ("temporary") ;

t = s; // 3Oechb BBI3BBaAETCS OIepaTop IPUCBOEHUS
return @;

Kiacc Name XpaHUT MMs 4eJloBeKa B ITaMSITH, KOTOpasl BbIIEJIeHA U3 Ky9d KOHCTPYKTO-
poM. KoHctpykTop u mectpykrop Name TUIMYHBI OJIs Kjiacca, COASPXKAIIEero JMHAMUYECKUA
MAacCUB ITaMsTH.

Oneparop NPUCBOEHUs MMeEET BUI operator=(}. 3aMeTbTe, YTO OMEPATOP IPUCBOEHUS
KaKk Obl COCTOMT M3 OECTPYKTOpa CO CJEAYIOIIMM 3a HUM KOIUPYIOIIUM KOHCTPYKTOPOM.
310 ToOXe TUMUYHO. Pa3zbepeM omnepaluio NMPUCBOEHUsI B MpUBeAeHHOM mpumepe. OO0bekT t
COIEPXKUT CBSI3aHHOE ¢ HUM UMs (temporary). BuInojnHsas mpucBoeHue t = s, BBl CHavaja
IOJLKHBI BbI3BaTh (yHKIMIO deleteName (), yToObl OCBOOOAUTH MaMsITh, KOTOPYIO 3aHUMa-
JIO IpeAbIayllee UMsI, U TOJBKO IIOCJE DTOrO [Ijisl BBIACJIEHUSI HOBOM MaMSITH, B KOTOPYIO Oy-
NIET 3alIMCaHO HOBOE MMSI, BBl MOXeTe BbI3BaTh (YHKIIUIO copyName ().

B komnmpyolieM KOHCTpYKTOpe He HyxXeH BbI3oB deleteName (), IMOCKOJBKY B MOMEHT
BBI30Ba KOHCTPYKTOpa OOBEKTa ellle He CYIIECTBYeT, a 3HA4YuT, MaMsThb IJIST pa3MeIlleHMUS
MMEHHU ellle He BhbIAeJIeHa.

valmq o
OObIYHO oneparop NINpUCBOCHHUA COCTOUT U3 ABYX YAaCTCH. HepBaSI CXoXxa C ae-

CTPYKTOPOM B IUIaHE OCBOOOXKIEHMSI PECypCOB, KOTOPHIMHU BJafeeT AaHHBIA
00beKT. BTOpast 4acTh CXOXa ¢ KOHCTPYKTOPOM KOIMMPOBAHUSI BO3MOXKHOCTBIO
BBIIEJIEHUSI HOBBIX PECYPCOB JJIsSI KOMMMPOBAHUS MCXOAHOTO OOBEKTa B LIEIEBOIA.

FnyGokas npobnema co3paHns MeNKuX KOmui

IMonpoOyeM pa3obpaThbesi, YeM XXe HaM He Yroaujio OObIYHOE IMOYJIeHHOE KOoNupoBaHUe?
U B camoMm nejie, MOBEPXHOCTHOIO KOIMMPOBAHMS 3a4acTyiO ObIBAET BIIOJHE OOCTATOYHO, HO,
HalpuMep, B crydae ¢ Name 3To He Tak.
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Krnacc Name COICPXKUT PECYPChI, CO3AaHHBLIC CIICHUAJIBbHO IJIA MCIIOJb30BaAHMUA B 3TOM
O6’beKTe, a UMEHHO OJIOK nmaMAaTu, Ha KOTOprﬁ YKas3bIBaeT piame. DTO JerKo YBUIOCTH, ITO-

CMOTpEB KON KOHCTPYKTOPOB Kiacca. Kaxaplii M3 HHMX (KpoMme KOHCTpYKTOpa IO yMoiJa-
HUIO) BBI3BIBAeT QYHKIINIO copyName ().

// copyName — KOMHUpYET MCXOAHYIO CTPOKY PN B JOKaJIbHO
// BBINECJIEHHBIN OJIOK MaMsITU
voici copyName (char *pN)
{
int length = strlen(pN) + 1;
pName = new char(lengthi;
strncpy (pName, pN, length);
}

O0Opatute BHUMaHWE Ha TO, KaK (DYHKIIMS BBIIEASICT MECTO B TaMSATH TOA CTPOKY,
PaBHYIO [UIMHE UCXOMHOI, a 3aTeM KOIMUPYET coiepxumoe pN B CO3MAHHYIO cTPOKY!Y.

[Ipy MowieHHOM KOMWPOBAaHUM TMOJy4yaeTcsl ABa O0ObekTa Kiacca Name, yKa3blBalOUIUX
Ha OAMH W TOT Xe (parMeHT B TMaMATH, a TOTOMY HMCITOJb30BaHUE 3TOTO METOHA MOXET
JIETKO TMPMBECTU K OOJBIIMM TipoGiieMaMm (HampuMep, 4YTO TIPOU30HAET MpU yAaJeHUU Ofl-
HOTO U3 00BEKTOB?).

OriepaTop NMPUCBOEHUS Kilacca Name BO M30eXaHWE YTEUKU MaMSITH CHayajla JOJDKEH OC-
BOOOMUTL OJIOK, HA KOTOPHIM YKa3blBaeT phiame (C TOMOIIBIO BbI30BAa (DYHKIMU de-
leteName {)), @ 3aTeM 3alpOCUTb HOBBIA (pParMeHT C MOMOIIbIO (YHKUIMU copyName ().
Takoif MeTom M Ha3bIBAETCS TTyOOKMM KOTIMPOBAHUEM.

MoynenHbI noaxon KC

3aMeTbTe, YTO I OBUI OYEeHb TOYEH M BCErga TOBOPWJI "TOWIeHHOe KomupoBaHue". A u3-
Geraja ympoIIeHHOrO0 U HeOMpeleIcHHOro TepMUHA "KOMMpoBaHue", MOCKOJIbKY OH O3Haua-
eT MPUMUTHBHOE ITOOMTOBOE KOMTUPOBAHUE.

CMBICTT TOWIEHHOTO KOIMPOBAaHMSI HE OYEBUICH, MOKa BBl He OOpaTUTeCh K KJlaccam,
KOTOpBIE COAEpXKaT B KAYeCTBE UJICHOB OOBEKTHI IPYroro Kiacca.
class MyClass

{
public:

Name name,;
int age;
MyClass (char* pName, int newlge) : name {pName )
(
age = newAge;

}e

void fn ()

{
MyClass a ("Kinsey'", 16);
MyClass b({"Christa", 1);
a = b;

(Ecmm BBI MO cHMX TOp HE3HAKOMBI C CMHTAKCHCOM MHHUIIMAIM3ALIMK : name (pName), ca-
MoOe BpeMsl BEpHYThCS K TiaBe 18, "ApryMeHTalusl KOHCTPYUPOBAHMUS .}

19
B npunyune 6 cayuae, koeda Hogoe ums He OnUHHee cmapo2o, Mbl MO2AU Obl 000UMUCH 0e3
0C600021CO0eHUs NAMAMU U 8blOeAeHUsl HOE(HE, NPOCMO Nepe3anucag H08oe UMs Ha Mecmo cma-

p0o2o (yenoll 5mo2o ynpouleHust 6bia0 Obl HECKOAbKO HEIKOHOMHOE UCNOAb308AHUE NAMAMU NPO~-
epammoii). — Tlpum. pen.
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Onepatop MPUCBOEHUSI IO YMOJYAHUIO B JAaHHOM Clydae OTJIMYHO pabortaer. [leno
B TOM, YTO JUIsl KOTIMPOBAHUS WIEHA name HMCIIOJIb3YyeTcsl omneparop Name: : operator={).

OTcrofa MpaBUJjIO: XOPOLIETO IMBA... BUHOBAT!.. eclM Kjacc caM Io cebe He pacrpeielis-
€T pecypchl (HE3aBUCHMMO OT TOTO, JEJAlOT JIM 3TO €ro WIEHBI), TO HET W HEOOXONMMOCTH
B FIEPEFPYIKE oleparopa MPUCBOCHUS.

Bo3spat pesynbtata NpUMCBOEHMS

OOpatutre BHUMaHUE: BO3BpallaeMoe 3HaueHUe GYHKIUMU operator=() UMeEeT TUII
Names. I mor 06l caenath 3ToT TUN void — C++ He Bo3paxkan OBl TPOTUB ITOTO, HO TOTIa
He paboTtan Obl MPUBEIEHHBIA HUXE KOI.
void othexr¥Fn{Names);
void fn({Xame& ocldN)

{
Name newN;

//VEb:, DB3TOT KOI me paboTaeT.
octherfn(newN = oldN);

//... Tak ¥Xe, KakK U BTOT...
Name newerN;
newerN = newN = oldNj;

Pesynbrar nmpucBoeHns newN = oldN mmen 661 B 3TOM ciiydae TAN void, a 3HAYUT, HU-
KaK He MOT Obl HMCITOJIb30BaThCS.

oA,
qonty nOMHI/ITe, YTO pPE3YJIbTaT BBLINMMOJIHCHMUA OII€paTopa IPUCBOCHUA — 3TO 3HAYC-

HUE MPaBOTO apryMeHTa C TUIIOM JeBoro. TakuM oOpa3oM, 3HaUEHUE BbIpaxKe-
HUs {i = 1)} paBHo |. VMmeHHO Omaromapss 3TOMY BBIPOXECHHS THITA
i = j = 1; monnsl cMmeicia B C++. [lepemeHHOI i mpucBauBaeTcsl pe3yabTaT
MpUCBOEHUS j = 1, KOTOpHBIA paBeH 1.

OObsiBIeHHUe (PYyHKIIMU operator=() KaK BO3Bpalllalolleli CChUIKY Ha TEKYILIUN OOBEKT
*t£his OCTaBJIIeT HEM3MEHHOU 3T0 ceMaHTUYeckoe npasuio C++.

Bropast meranb, Ha KOTOpPYIO CTOWT OOpaTWTh BHUMaHUe: operator=() IOKEH OBITH
00bsIBIeH Kak (yHKuusI-wieH. OmepaTop NMPUCBOCHMS, B OTIIMYME OT OPYTUX OIEpaTOpPOB,
HE MOXET OBITh TIeperpykeH ¢ MOMOIIIbI0 (PYHKIIMM — HEe WieHa Kiacca.

QOpi Orneparop MPUCBOSHUS AOKEH OBITh HECTATMIECKON (yHKIIMEe-uIeHOM KJlac-

ca. MHTEepecHO, YTO TIpM 3TOM HET HMKAKWX OTpaHUYCHMI Ha CIelMajbHbIe
orepaTopbl THIIa += WIM *=; 3TW OINepaTopbl MOIYT OBITh (YHKIUSIMU — HE
YJIeHaAMU.

Saupria uiernos

Hanucars omepaTop NMpUCBOEHUsI HE OYEHb TPYIHO, TeM HEe MeHee WHOTIAa BO3MOXKHBI
CUTyallUY, KOTJa MO TeM WIM UHBIM COOOpaXXeHUSIM OH He HyxXeH. Eciu Bbl IeiicTBUTENBHO
XOTHTE 3TOTO, MOXETe CleiaTh BBHITTOJIHEHWE TIPUCBOEHUsSI HEBO3MOXHBIM, ITeperpy3uB OIle-
patop Mo yMOJYaHUIO 3al[UIIEHHBIM ONEPaTOpOM MPUCBOEHUSI, HAlIpUMeEp, TakK:

class Name

{
//.. .70 Xe, UTO U paHbwe. ..
protected:
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/ /oTiepaTop IIPUCBOSHUS
Names operator= {(Name& s)

{

return * this;
b :
vi

Tenepsb npuBeaeHHbIE HUXE OMNepaliiu TMPUCBOEHUS OKa3bIBAIOTCS 3allpellleHHbIMU.
void fn (Name& n)

{
Name newhl;
newN = n;
// Ommbra: 2Ta PYyHKIUS He MMeeT OocTyIla K operator=()!

Tenepyr dyukuums fn () He WMeeT mOCTyna K 3allUAIIEHHOMY OIIEpaTOpy TPUCBOCHUSI.
Taxkoii mpuem MoXeT ybepeub Bac OT IMpoOJeM, CBI3aHHBIX C TMEPErpy3koii oreparopa Mpu-
CBOEHMSI U €T0 MCIOJIb30BAHUEM I10 YMOIYAHHUIO.
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[1eBa 26

Wcnonb3oBaHue MOTOKOB BBOAA-BbiBOAA

B amon wabe...

¥v" HbipHeM B MOTOK...

3HaKOMCTBO C mojkiaccaMu fstream
[Moxxmacchl strstream

MaHunynupoBaHue MaHUMYISITOPaAMHU
Hanucanme coOCTBEHHBIX OTMEPaToOpOB BCTABKU

AN N

Cosnanne "yMHBIX" OTEpaTopoB

rnase 11, "Ortnagka mporpamMm Ha C++", ObJIM TMOBEPXHOCTHO 3aTPOHYTH BO-

MPOCHI, CBSI3aHHBIE C ITOTOKAMM BBOIA-BbIBOJA. EC/IM BBl CONOCTaBUTE IIpUBE-
JNEeHHYI0 B 3TOM TIaBe MHGOpMalWio ¢ Marepuanamu TiaBel 24, "lleperpy3ka omeparo-
poB", TO MO¥MMeETEe, YTO MOTOKM BBOJA-BBIBOJA OCHOBAHLI HE Ha KaKOM-TO HOBOM CIIE-
LM(PUIECKOM MHOXECTBE CUMBOJIOB << M >>, a Ha OlepaTopax CIBUTa BJIEBO U BIIPaBO,
MeperpyXeHHbIX TaK, YTOObl OHU BBIMOJHSIN COOTBETCTBEHHO BbIBOA M BBOA. (Ecam Bbl
He 3HaKOMBI C Ieperpy3Koil OlepaTopoB, CHayaja mpouuTaiite miaBy 24, "Ileperpyska
orepaTtopoB”.)

B oToif rmaBe MOTOKM BBOJA-BbIBOJA ONMCHIBAIOTCSA Oosee aeTasbHO. Ho moskeH
MpeaynpeanuTh Bac: 3TO CAUIIKOM OOJibllas TeMa, 4TOOBl BCECTOPOHHE OCBETUThL €€
B OJHOM TIJiaBe; el MOCBSIIEHBI OTAeAbHbIe KHUTU. K cuacThio O BCcex HAac, Hamuca-
HUE TMOIABILIONIEr0 OOJBIIMHCTBA IPOrpaMM He TpeOyeT IIyOOKMX 3HAHWiI B 00JacTH
IMOTOKOB BBOJa-BhIBOJA.

Hstpnen € nomok . ..

Omneparopsl, COCTaBJISIONIME MOTOKM BBOJA-BbIBOJAA, OMPEAETICHBI B 3ar0JIOBOYHOM (haii-
Jle iostream.h, KOTOPbI BKJIIOYAaeT B ceOsl MPOTOTUMBI psiga GyHKUM operator>>()
n operator<< (). Kompl 3TuX (yHKIIMI HAXOMSTCS B CTAHIAPTHON OMOIMOTEKE, C KOTOPOW
KOMIIOHYIOTCS BalllM MPOTPaMMBbl.

// omepaTops I BBOIA:

istreams operator>> (istreams source, char* pDest) :
igtreama operator>> (istreami& source, inté& dest)
istream: operator>> {istream& source, chars dest)
//. . .M Tak manee...

I

7

// orepaTopsl IJIsI BBIBOMA :

istream& operator<<{ostream& dest, char* pSource);
igstreams operator«(ostreams dest, ints source);
igtream& operator«(ostreams dest, chars source);
//.. . ¥ Tar mallee. ..
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BpeMsi BBOAMTH HOBBIE TEPMHMHBI: B NMPUMEHEHMU K TOTOKAaM BBOJA-BbIBOIA
operator>> {) Ha3bIBACTCS  ONepPaAmopoM  U36Ae4eHUss U3  NOMOKda,
aoperator<<(} — onepamopom ecmasxku ¢ NOMOK.

PaccMoTpuM, 4TO CIydMTCsl, €CIM HaMMcaTh CIEaylolIee:
#include <iostream.h>

void fmn{}

{
cout << "Mens zoByT Credasin”

Cnavana C++ oIpenenur, YTO JIEBBIM apryMeHT MMeeT THMIT ostream, a TpaBbIid -—
tunm  char*. BoopyXeHHBII OSTUMM 3HAHWAMHU, OH HaWOeT TPOTOTUN QYHKIIUU
operator<< {pstreams&, char*) B 3arosoBouyHoM daiine iostream.h. 3arem C++
BBI30BEeT (DYHKIIMIO BCTaBKM B IIOTOK 1jisd char*, mepemaBast eit CTpoky "MeHST 3¢ByT
Credbani\n” W OOBEKT coUt B KayecTBe apryMeHTOB. [pyrMMM cJIOBaMU, OH BBI3OBET
dyukumio operator<<(cout, "Mens 3oByT Credan\n"). DyHKIMA 19 BCTaBKA
char' B TMOTOK, KoTopasi SBJISIeTCSl 4YacTblo cTaHmapTHo Oubimoreku C++, BBIITOTHUT
HEOOXOMUMBIN BBIBOJI.

Ho orkyma KOMOWJISITOPY M3BECTHO, YTO cout sBiIsieTcsl oObEeKTOM Kiacca ostream?
OTOT U ellle HECKOJbKO IIIOOAbHBIX 00BEKTOB OOBSIBIECHBI B dailie iostream.h (UX cnu-
COK mpuBeleH B Tabia. 26.1). DT 0OBEKTHI aBTOMATUYECKH KOHCTPYUPYIOTCSI IPM 3aIlyCKe
MporpaMMbl, 10 TOro Kak main () MoJIydacT yIpaBjeHUE.

Tabanua2b.1. CtaHnapTHIENOTOKMBBO4a-BbIBOAA

OBbEKT KnACC HASHAYEHUE

cm - istream CTaHpapTHbIf BBOA,

cout ostream CraHoapTHbIN 8b1B0OA

cerr Ostream CraHzapTHbIN HeBypepr30BaHHbI BbIBOA, COOOLLIEHWI 06 oLmbKax
cleg ostream CraHOapTHbIN Gypepr30BaHHbIN BbIBOA, COOOLLIEHNI 06 OLIMOKax

. Ky,u,a Oenncb onepartopbl coBura

¢ Bpl Moru Gbl cnpocth: "A TouyeMy MMeHHO omnepatopbl casura? Iloyemy Obl He wHc-
© TI0NTh30BaTh JPYToi onepaTopV M BooOOWIE, 3a4eM MCIIOIb30BaTh MMEHHO neperpy3l<y
~ omepatopoB?”. A 3a4eM BHI 3aJae€Te TaK MHOTIO BONPOCOB?

HayHeMm c Toro, 4ro s He NMpPUHUMAaJ B 3TOM BBIOOpe HHMKakoro ydactus. Cosmarenu
C++ Momin Obl'OCTAaHOBUTHLCS Ha KaKOM-TO CTaHIAPTHOM UMEHU (PYHKIIMU, HAIIpU-
Mep output (), W TPOCTO TEpPerpy3uTh 3Ty GYHKIIUIO IJIs BBIIOJHEHHS BBIBOIA
BCEX BCTPOEHHBIX THUITOB. TakKoil cOCTaBHOII BBIBOI MOT OBI BBITJISAETh NMPUOIU3U-
TEJbHO TaK:

i void displayName{char* pName, int age)
“ .
output {cout, "Uma ");
cutput (cout, pName};
output {(cout, "; Bozpact ") ;
. cutput (cout, age) ;
o output (cout, "\n");
P} R
BmecTo 3TOoro 6nu1 BeIOpaH omeparop cABUra BieBO. Bo-TiepBbIX, 3TO OMHapHBIN oIlepa-
TOp, T.e. BBl MOXeTe TOCTASBUTE OOLEKT THUIIA Ostream cjeBa OT HEro, a BLIBOIUMBINA
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; 00BeKT — crpaBa. Bo-BTOpBIX, omepaTop ciBuTa BJIEBO MMEET OYEHb HU3KUIl IMPHOPH-
' Ter. biarogaps 5TOMy BBIpaXEHMs C HUM pa60Ta10T TaK, KaK O}KI/II[aeTCSvI.

- #include <iostream.h>
- void fnfint a, int b)
: { . . . Y
~ cout « "a + b" «a + b « "\n '
// cperator+ mmeeT 6o0OJIee BBICOKVIA HpMOpMTeT
// 4dem operator<<
// CremoBaTenbHO, HOaHHOE BHPAXESHUE
// VHTEPNPEeTVPYEeTCS Kak :
//cout « "a + b" « (a + b) << "\n";
; . //a He Kak '
P //cout « (a + b" « a) + (b « "\n");
. B-TpeTbUX, OIepaTop CIBUTA BJIEBO BBIUMCISETCS CJIE€BA HAIPABO, YTO IO3BOJISIET 3allv- |
! cbIBaTh AJIMHHBIE BBIpaXKeHUs BbIBoga. Tax, HpI/IBC,E[CHHOG BbILLIE BbIPAKEHUE UHTEpPIIPEe- .
¢ THpyeTcA CIIeAYIOMIIM 00pa3zom:

{ #include <iostream.h>
i void fni{int a, int b) £ P
((cout « "a + b"} « a + b) « "\n";"

)

i* Ho, Ha MoJi B3I/IsiI, HACTOSIIIASI IIPHYKMHA KPOETCSI B TOM, YTO ONEPATOp CABUIA 3IOPOBO :
cMotpuTcst. CUMBOJIBI “<<™ BBIISIAST TaK, KaK OYITO YTO-TO BBIBOOUTCS U3 IIPOrPAMMBbI,

" "

. a"»" — Kak Oyaro 4To-TO BHOCHTCS B Hee. M HakoHell, “mypkya Obl 1 He.ma"?..

A 4t0 Xe Takoe ostream? OOBEKT Kiacca ostream COAEPXKWUT WICHBI, HEOOXOMU-
MbI€ ISl yIpaBJIeHUSI MOTOKOM BBOJA-BbIBOJA. A istream COOTBETCTBEHHO OMUCHIBAET
MOTOK BBOJA.

B C sroMy osksuBaineHTHa crtpyktypa FILE, ompenmeneHHas B stdic.h. @OYHKIUSA
fopen () OTKpbIBaeT pail 111 BBOAA M BBIBOJA M BO3BpalllaeT yKa3aTellb Ha OOBEKT TUIIA
FILE, B xotopoM xpaHWUTCSI MH(pOpMALUs, HEOOXOomumasi i OCYIIEeCTBICHUS OIepaluii
BBOJA-BbIBOJA. DTOT OOBLEKT WCHOJL3yeTCs IpyM Bbi3oBe GyHKuMiA f.{), Takux Kak
fprintf ", fscanf{) U fgets().

B cocraBe 6MOIMOTEKM MOTOKOB BBOJA-BbIBOJA OIPENEICHO €llle HECKOJIbKO IMOAKIIAC-
COB ostream U istream, KOTOpbI€ UCIOJIB3YIOTCS ISl BBOJA M BbIBOAA B haiiibl U BHYT-
peHHue Oydephl.

Snakomucibo c nogriaccauu [Stream

IMonknaccel ofstream, ifstream u fstream oOBsSIBACHBI B 3arojOBOYHOM (aiiie
fstream.a M obECreyuBaloT MOTOKM BBOJA-BbIBOIA B IMCKOBbIE (aiiibl. DT Tpu Kiacca
MPEeIOCTaBIISIOT MHOXECTBO (hYHKIIMU ISl YIIpaBJeHUs BBOIOM U BbIBOIOM, MHOTUME U3 KO-
TOPBIX HaCIEAyIOTCSl OT ostream M istream. IlojHbBII CrMCOK 3TUX (PYHKIUII BBl MOXKETE
HalTW B JOKYMEHTALlMM K KOMITWJISITOPY, a 3MeCh $1 MPUBEAY TOJBLKO HECKOJbKO W3 HMX,
YTOOBI BbI MOIJIV C YeTG-TO HAYaTh.

Knacc ofstream, koTopblii ucnosnb3yercs Aisi ¢aiaoBOro BbIBOAA, MMEET HECKOJbKO
KOHCTPYKTOPOB; HanboJjiee 4acTo NMPUMEHSIETCS CIIEMYIOLIIA:

ofstream: :ofstream({char* pFileName,
int mode = ios::out,
int prot = filebuff::openprot);
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IMepBbIii apryMeHT STOro KOHCTPYKTOpa — yKasaTellb Ha HMs OTKpbIBaemoro dariina.
Btopoit u TpeTuili apryMeHTbl OMNpPENessioT, KaK MMEHHO JIOJLKeH ObITb OTKPHIT (aita. Kop-
PEKTHBIE 3HAYEHUST apryMeHTta mode mpuBeneHbI B Tadim. 26.2, a prot — B Tadm. 26.3. D1
3HAYEHUS SIBJISIOTCS OMTOBBIMM IIOJISIMU, K KOTOPbIM IpuMeHsieTcs: omepatop OR (kmacchl
ios u filebuff— pOOUTENBCKUE IO OTHOUICHUIO K ostream).

Tabnnya26.2. 3Ha'-leHmraprymeHramodeBKOHéTp yKTOpeknaccaoistream

SNAT HA3HAYEHUE

lostiate [JonuceiBatk B koHew, ¢aiina, eCiv OH CyLLECTBYeT

ios::iin OTKpbITh daiin 475 BROAA (roapas3ymeBaeTcs o 1stream)

ios::out OtkpbiTe daiin ans BbiIBOAA (NoapasymMeBaeTcs 4ns ostream)

ios::trunc O6pe3atb Gaiin A0 HyNeBol A/IMHbI, €CAM OH CYLLECTBYET (UCMOSb3YyeTCs
MO YMOSTHaHMIO)

ios:inocreate Ecnmn daitna He cyLlecTByeT, BepHyTb COOBLLIEHNE 00 OLIMbKe

iosiinoreplace Ecnm daiin cylectsyeT, BepHyTb coobLLeHre 06 oLumbke

ios:: binéry OTKpbITb daiin B GBUHAPHOM PEXMME (abTepHaTMBa TEKCTOBOMY PEXUMY)

Tabnunya 26.3. 3Ha4eHns aprymeHTa proB KOHCTPYKTOpe Kacca ofstream

OnAr HASHAYEHWE

filebuf: :openprot Pex/m COBMECTHOMO YTEHVSt U 3arvcn
filebuf::sh_none McknosmrenbHeii peximv 6e3 COBMECTHOMO A0CTyra
filebuf:: sh_read PexvM COBMECTHOIO YTeHys

filebuf: :sh_write Pexmv coBmecTHO 3anmcn

IIpuBeneHHas HUKe MporpaMMa OTKphIBaeT ¢aiiyi MYNAME, a 3aTeM 3aliCchiBacT B HEro
HEKOTOPYIO BaXHYIO WHGOpPMAIIUIO.
#include <fstream.h>

void fn()

{
// OTKpOeM TeKCTOBBII darul MYNAME IJIsI 3armicu,
// YHUYTOXUB VMEBIIEECsI B HEM COIEPK/MOE
cfstream myn ("MYNAME"] ;

//Tereps 3armmeM B Qail
TYII << "V 1mora 6eula cobaxal\i";

KoncTpyktop ofstream;: ofstream (char*} mnosydyaeT TOJIbKO MMSI, a MOTOMY MC-
MOJIb3YET AJIsl peXXruMa OTKPBITUS (haitaa 3HaueHUs1 o ymoayaHuwo. Ecou daiin MYNAME yxke
CYIIIECTBYET, OH ype3aeTcsl; B NMPOTUBHOM cilyyae co3naeTcs HoBbi ¢aitm MYNAME Kpome
TOTO, (haiiJl OTKPHIBACTCS B PEXMME COBMECTHOTO UTCHUSI U 3aIlMCH.

Bropoii koHcTpykTOp, ofstream: :ofstream{char*, int), MO3BOJSIET MPOrPaMMU-
CTy yKa3blBaTb JPYTME DPEXUMBI BBOAA-BbIBoAa. Hampumep, ecnm Obl S 3aXOTEN OTKPBITH
¢aitn B OMHApHOM pexXMMe W MPOM3BECTU 3alUCh B KOHeEll 3Toro (aiiyia (ecim OH yXe Cy-
LIECTBYeT), s MoOr Obl co3daTh OOBEKT Kiacca ofstream Tak, Kak TIPUBEICHO HUXeE
(HarmoMH, 4YTO B OMHApPHOM pPEXHME IMPU BBIBOJAE HE BBIMOJHSIETCS MPeoOpa3soBaHUE CUM-
BOJIa HOBO# CTpPOKM \II B Mapy CUMBOJIOB NEpeBO/ia KAPEeTKM M HOBOM CTPOKHU “\xr\r, TaK Xe
Kak TMpU BBOAE HE MPOMCXOAUT OOpPaTHOrO MpeoOpaszoBaHUs).
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#include <fs£ream.h>
void fn{}

//O0TKpoeM OuHapHblil (aitn BINFILE 1Jsl 3allUCHU; €CIM OH
//cyliecTByeT, JomucbiBaeM WHopManuio B KoHel aiina
ofstream bfile ("BINFILE", lios::binarylios::ate);

/ /.. TUpONONIXKEHUE  NPOTDAMMEL. . .

Oyukuusi-wied bad () BosBpamaer 1, eciu mnpu pabore ¢ GailIoBBIM OOGBEKTOM BO3HUK-
Jii onMOKU. B mpuBeaeHHOM BbIllIe TpPUMEPE U MPOBEPKM TOTO, YTO haili OTKPHIT IIpa-
BWJIBbHO, Hal0 ObLJIO HamucaTh Clienyolliee:

#include <fstream.h>

void fn?)
ofstream myn ("MYNAME") ;
ifimyn.bad()) //ECIM OTKPHTL OGana He yZalock.. .
{
cerr << "Ommbxra mpyu OTKPHTUM danina MYNAMEAR®™;
return;
}
//Teneps TNpoOU3BeNeM 3amuch B dailn
tyn << "V moma ObUtla coGaka\m";
) .

A Bce mnombiTku 00paTuThCSI K 00BEKTY Kiacca ofstream, KOTOpBI COOEPKUT

olIMOKY, HE BBI30BYT HMKAKOTO ACKMCTBUS, TOKa ¢Jar omuOKA He Oymer cOpo-
1eH ¢ nmoMoibio GyHKIMU clear ().

HectpykTop knmacca ofstream aBTOMAaTUYeCKW 3akpbiBaeT (aiin. B mpensimymem mpu-
Mepe pajin GbLT 3aKPBIT MPU BBIXOAE M3 (DYHKIIUU.

Knacc ifstream paboraeT mjisg BBoJa MOYTHM TaK Xe, KaK ofstream Ui BHIBOIA, UYTO
W JEMOHCTPUPYET MPUBEACHHBIN HUXE IIpUMeEp.
#include <fstream.h>

void fr. ()
(
// OTKpoeM damy OJjisi 4TeHusl; He CcOo3maBaTb
// dann, ecnu OH OTCYTCTBYEeT
ifstream bankStatement {"STATEMNT", 16s::nocreate};
if bankStatement.bad())
{
cerr « "He mory HavTu dain STATEMNTAn";
return;

)

// 1MWK CYMTHBAHMA U3 hanila, [IOKa

// He OyneT INOCTUTHYT ero KoHell (eof)

while (!bankStatement.eof(})

{
bankStatement >» accountNumber >> amount;
/7. .. obpaboTaeM MOy YeHHY0 3aMHCh. . .
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DYHKIUS OTKpbIBaeT daitn STATEMNT, KOHCTPYUPYsl OOBbEKT bankStatement. Ecim ta-
Koro ¢aiijia He CYILIECTBYET, STOT OOBEKT HE co3maeTcsl (Belb €CIM Bbl OXUIAETE TIOJy4YUTh
Kakylo-To0 MHMOpMaIUIo U3 3Toro ¢aiina, 6eCCMBICIEHHO cO3[aBaTb HOBBIN ITycTOi daii).
Ecin o0bexT HenpaBuiieH (HarpuMmep, daitl He cyliecTBOBal), (PyHKIIMST BBIBOOUT COOOILIE-
HUe 00 olmOKe U 3aBepluaeTcsi. B mpoTuBHOM ciydae (yHKLMSI BBIIOJHSIET CUMTHIBAHUE
map TepeMeHHbIXx accountNumber um withdrawal, moka ¢aitmr He 3aKOHYUTCA
(bankstatement .ecf{} == true).

@O“H"f s
ITomnbiTKa IIpo4YyuTaThb I/IH(I)OpMa]_[I/HO C TIOMOIIbI0 OObeKTa Kilacca ifstream

C YCTAHOBJIECHHBIM (pjlaroM OIIMOKM TIpUBENET K HEMEIEHHOMY BO3Bpary 0e3
CUYMTBHIBaHUS 4Yero-amo6o. s copoca ¢ara OMIMOKM WCIONB3YHATe (QYHKIIUIO
clear ().

Krnacc fstream moxox Ha KOMOMHALIUMIO KjiaccoB ifstream m ofstrzam (KCTaTH, OH
M HacJielyeTcsl OT 000OMX 3THUX KilaccoB). OOBEeKT Kiacca fstream MoKeT ObITh cO3laH Kak
JUTSI BBOMA, TaK M ISl BbIBOJA.

Tlograaces: strstream

Kiacchl istrstream, ostrstreamu strstream omnpelnesieHbl B 3arojlOBOYHOM ¢aiiie
C MMeHEM strstrea.h wm strstream. h.

TAL} .
b2 OnepanunonHast cucreMma MS DOS orpannuusaiia nmeHa ¢aiijioB BOCbMbBIO CHM-

BOJIJAaMU C TPexOyKBEHHBIM paCLUMPEHUEM; APYIMMM CJIOBaMH, WCIIOJb30Bajla
umeHa B popmare 8.3 DOS. D10 orpaHnyeHue yluio B UICTOPUIO, OJHAKO MHOIME
KOMIUIATOPBI, BkItoyas Visual C++, npuIepXuBarOTCs COBMECTUMOCTH C MMe-
HamMu Tuna 8.3 u ucnosb3yloT ums strstrea.h. Kommnunsgarop GNU C++ wuc-
MOJIB3YeT TOJIHOE UMS strstream.h.

Kiaccel M3 strstream.h MO3BOJMSIIOT WCIIONB30BaTh OIEpalliU, OIPENeICHHbIC LIS
daiinoB B kiaccax fstream, Ui CTPpOK B MaMsITU. DTO OYEeHB ITOXOXKEe Ha (GQYHKINUN
sprintf{) U sscanf ()} B C.

IMpuBeneHHBIN HIDKE DparMeHT Koaa MCITOJb3yeT MOTOK BBOMA UIsI pa3bopa IepeaaBac-
MoW (pyHKIIUU CTPOKH.

//Eciu >TO KoOMIMIATOp Visual C++ wmiaM TomoOHBINA
#ifdef _WIN3Z2

// .. .“ChnOne=30BaThE MMA THIa 8.3...

#include <strstrea.h>

{/...8 IPOTUBHOM cCiydae. ..

felse

//MCOCAb20BATE TIOJHOE WMST

#include <strstream.h>

#endif

//parseString — meMOHCTpUPYET KJACCH CTPOYHBX I[IOTOKOB,
// CUNTHBAS TIepenaHHut bybep, Kak ecnm Ov
// 2TO ORI MIPOCTOM odain

char* parseString{char* pString)
!
istrstream inp (pString, 0) ;

int accountNumber;

float balance;

inp >> accountNumber >> balance;
char* pBuffer = new char[12B];
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cstrstream out (pBuffer, 128);

out << "Homep cdera = " << accountNumber
< ", baymaHc = $" << balance;
return pRuffer:

Ilycth nast onpeneeHHOCTH pstring ykKasblBaeT Ha CTpoky “i234 100. 0".

OOBEKT inp CBSI3BIBACTCS CO CTPOKOM C MOMOIIBIO KOHCTPYKTOpa istratream. Bropoit
apryMeHT KOHCTPYKTOpa — JUIMHA CTPOKMW. B HaleM mpummepe 3TOT apryMeHT paBeH 0, 4TO
O3HayaeT "JMTaTh, MOKa HE OymeT JOCTUTHYT KOHEIl CTPOKH .

OOBeKT out miIsl BbIBOAA CBsi3aH ¢ OydepoM, Ha KOTOpbIii yKasbiBaeT pEuffer. Bropoit
apryMeHT KOHCTPYKTOpa B 3TOM cliyyae TakKe ITpelcTaBifcT coboii pasMep Oydepa. Tpetuit
apryMeHT OTHOCUTCS K PeXUMY paboThl ITOTOKA, KOTOPBIA IO YMOJYAHUIO paBeH ics:: out.
KoHeyHO e, BBl MOXeTe YCTAaHOBUTH 3TOT apI'yMEHT PaBHBIM i0S: :ate, €CIM XOTHTE H0-
nuceiBaTh MHGoOpMaluio B Oydep, BMeCTo TOro 4yToObl Mepernucarb ero.

MDparMeHT Koja, OTBEYalOLIMii 3a BBOJI, 3alMChIBAET 3HadYeHHe 1234 B mepeMeHHYIO ac-
countNumper u 3HadyeHne 100 B mepeMeHHylo balance. ®parMeHT, OTBEYAIOIIWi 3a BBI-
BOI, JomnuchiBaeT ctpoky "Homep cueta =" B Oydep BbiBoga *pBuffer,3a KOTOPBIM CIIEIy-
et yncio 1234 u3 mepeMeHHOR accountNumber, U T.A.

B pesyibrare BBIIOJIHEHMs 3TOrO KOma I TaHHOTO BBoma Oydep BbIBoma OydeT comep-
XKAaTb CTPOKY

"Homep cuera = 1234, OGamaHc = $100.00"

HupektuBa #ifdef B Havaime mnpenbiyliero ¢parMeHTa KoJa HYyXHa JISI TOTO, YTOOBI
NONKJIIOYUTh TIPAaBUIbHBII 3aroloBouHbIl (ailn. WIN3Z Bcerma ompeiejeHa, Koraa Ipo-
rpamma komnunupyetcst Visual C++, U He ompeneneHa, €Ciaud MporpaMMa KOMITWJIMPYETCS
GNU C++. Takum obOpa3zoMm, Korga IporpaMmMa KOMITUJIUPYETCs ¢ momolblo Visual C++,
BKJIIoyaeTcsl dhain strstrea.h; B IPOTUBHOM Cllyyae MCITONb3yeTcs ¢ailn strstream.h.

Ewme pa3 paccmorpute 3T10T hparmMeHT Koma. Ecim Obl moTpeboBanioch, YTOObl inp U out
HUCTONIb30BaIn (daiiibl, B MporpaMMe CJIeJ0BaJIO Obl U3MEHUTH TOJBKO KOHCTPYKTOPHL. B oc-
TaJIbHOM TIporpaMma Obula Obl HeM3MeHHOU. PaGora ¢ OydepoM mamsaTH, IO CYTH, HUYEM
HE OTJIMYAETCsl OT padoOThl C BHEIIHUM (daillioM.

Manunysupobanue manunyisamohais

OOBIMHO TIOTOKY BBOIA-BBIBOAA TSI BBIBEIECHMS YHMCE M CHMBOJIOB MCHOJNB3YIOT (hopMaT 110
YMOJITYAHUIO, KOTOPBII OKA3bIBAETCS BITOJIHE ITOAXOMSIIMM IS PEeLIeHMsT GOJBLIMHCTBA 3a1ad.

OmHako MHE CTpalllHO He ITOHPaBWIOCh, KOIAa OO0Ias cymMMa B MOEH JIIOOMMOI IIpo-
rpaMMme FUDGET Oblia BeiBedcHa Kak 249.600006 BMmecTo oxumaemoro 249.6 (a ewne Jyd-
me — 249.60). HeoOxoauMMoO KakKMM-TO 0O0pa3soM yKaszaTh MporpaMme KOJUYECTBO BbIBOIM-
MBIX LIUPp mocie aecaTUYHoM Touyku. WM Takoii cmoco6 ecth; Oonee Toro, B C++ OH He
€IUHCTBEHHBIN.

YA B 3aBuCMMOCTH OT YCTAaHOBOK IO YMOJIYAaHUIO BallleTO KOMIMWJISTOPA, BbI MOXKETE

yBUACTh Ha 3KpaHe 249.6. OmHaKO XOTEJIOCh ObI TOOUTHCS TOrO, YTOOBI BBIBOIV-
J10ch UMeHHO 249.60.

Bo-nepsbix, dopMaTroM MOXHO YNpPaBisSTh C MOMOLIbBIO cepuM DYHKLMI-UJIEHOB 00beKTa
notoka. Hampumep, Koan4yecTBO pa3psiioB Il OTOOPaKE€HUSI MOXHO YCTAaHOBUTb, MCIOJIb-
3yst QYHKIUIO precision():

#include <iostream.h>
void fn(flcat interest, float dollarAmount)
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cout << "CyMmMa B poijiapax = ";
cout.precision{Z);
cout << dollarAmount;
cout.precision(4);
cout << interest

<< "\n";

B 3TOoM mpumepe ¢ momoiiplo GyHKIMU precision (> BeiBoI 3HayeHUs dollarAmount
YCTaHABJIMBAETCSI ¢ TOYHOCTBIO NIBYX 3HAKOB ITOCie 3amsAToil. biaromapss aToMy BB MoOXeTe
YEMACTE Ha 3KpaHe 4uciio 249.60 — MMEHHO TO, YTO Bbl XOTEIU. 3aTeM YyCTaHABJIMBAETCS
BBIBOII TIPOIIEHTOB C TOYHOCTBIO YETHIPEX 3HAKOB TOCJIE 3aIlsSITOM.

Bropoit myTb CBfI3aH C MCIIOJb30BAaHMEM TaK Ha3bIBAEMBIX MaHUMIYJIATOPOB. (3BYy4UT
CTpaIIHOBATO, He TaK JM?) MaHUMYISITOPB — 3TO OOBEKTHI, OMNpeneieHHBIE B 3aroJIOBOY-
HOM (paitie iomanip.h, KoTopble MPUBOAAT K TOMY Xe 3((deKTy, UTo U ONMCaHHbIE BBIIIE
byHKIM-WIeHB! (YTOOBI MMETh BO3MOXKHOCTH TOJIB30BAaThCS MAHMITYJIITOPAMH, BBI JOJIKHBI
He 3a0bITh BKJIIOYUTh iomanip.h B mporpamMmy). EAMHCTBEHHOE MPEUMYIIIECTBO MaHUITYJISA-
TOPOB B TOM, YTO TIpOrpamMMma MOXeT BKJII0YaTh MX IIPSIMO B TOTOK, He Ipuberas K BBI3OBY
OTAEJIbHOU (DYHKIIMU.

Ecnu BBl mepenuuieTe Mpenblayliuii IpuUMep Tak, YTOObl B HEM HCIOJIb30BATUCH MaHU-
IyJISTOPHI, TIporpaMMa OyIeT MMEThb CIIeOYIOINi BUII:

#include <iostream.h>

#include <iomanip.h>

void fn{flcat interest, flcat dellarAmount)

{

cout << "Cymma B pmoiulapax - ";

<< setprecision(?) << dollarAmount
<< setprecision{4) <« interest
<< L] \n n ;

HauGosee pacrpocTpaHeHHbIe MAaHUITYJISITOPBI M MX Ha3HAaYeHUE MPUBENCHBI B Ta0I. 26.4.

Tabnunua26.4. OCHOBHbIE MAHNMYNSATOPbINPYHKLUNNYNPABIEeHUAPOPMATOMNOTOKA

MAHUNYTITOP DYHKLMS-HIIEH OMWCAHVE

Gec flags (10) [NepeiiTn B AECATUYHYIO CUCTEMY CHMCTEHNS

hax flags(le) MepeiTvt B LUECTHAALATEPMYHYIO CUCTEMY CHUCTIEHNS

oct flags (8) [Nepeliti B BOCBMEPUHHYIO CUCTEMY CHMCTIEHNS

setfill(c) fill{c) YCTaHOBUTbL CMMBON 3aMOHEHNS C

zetprecision{c) precision{c) YCTaHOBUTb KOMMYECTBO OTOOPXAaEMbIX 3HAKOB MOCHE
3ansToi B C

SQTwWin) width{n) YCTaHOBWTb LUMPUWHY MOMS PABHOW N CUMBON0B"

“ 310 3HaueHve BO3,D,€I7ICTByeT Ha BbIBOJ, OAHOr0 NONdA 1 BO3BPALLAETCA K 3HAYEHUIO MO YMON4aHWIO.

AL .
HIAEL BHMMaTENbHO CIEAUTE 3a MapaMeTpoM INMPUHBI o (byHkuug width (n) nu6o

MaHUNyJaITop setw(c)). DBoJbIIMHCTBO IapaMeTpPOB COXPAHSIIOT CBOE 3HAaYeHUE
0 TeX TOop, IToOKa OHO He OymeT M3MEHEHO HOBBIM BBI30BOM, ONHAKO IS Tapa-
MeTpa IIMPUHBI TIOJISI 3TO He TaK. DTOT MapaMeTp BO3BpAlllaeTcs K 3HAYEHUIO 10
YMOJTYaHMIO, KaK TOJNLKO OYNET BBINONHEH CIEAYIOIMIA BEIBOA B MoTOK. Hampu-
Mep, He HajeiTech, YTO TPUBEIECHHBIH HUXe (PparMeHT KoJda BBIBEIET JIBa 1IEJ0-
YUCJIEHHBIX 3HAYeHUS IJIUHOW B 8§ CHMBOJIOB.
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#include <iostream.h>
#include <iomanip.h>
void fn{}
{
cout. << setw(8) //mmpuHa ToJsd paBHaA § ...

<< 10 //...nna 10, Ho
<< 20 // ong 20 paBHA 3HAYECHWUIO TI0 YMOJYaHUIO
« "\ﬂ";

B pesynbTaTe BBITIOJIHEHMS S3TOrO KOJIa CHayajga OyldeT BBIBEAEHO BOCHBMHCHMBOJIBHOE
LIeJIoe YUCJIO, a 3a HUM — JBYXCHUMBOJLHOE. s BBIBOAA ABYX BOCBMMCHMBOJIBHBIX 3Haude-
HUUW HYXHO CHENaTh TaK:

#include <iostream.h>
#include <iomanip.h>
void fn.}

1

cout; << setw(8) //yCTaHOBUTL MMPUHY .

« 10

« setw(8)

<< 20 //. .. 0DHOBUTE ee
< "\n";

Takum obpa3om, eciv BaM HYXHO BBIBECTM HECKOJIBKO 3HAUEHWI, HO BaCc HE yCTpauBaeT
JUIMHA TOJISI 10 YMOJYAHWIO, JUIST KaXIOro 3HAYE€HWsSI HEOOXOAMMO BKJIIOYaThb B BBIBOI Ma-
HUIIYJISITOP setw(].

Kakoit xe w™erom Jydlle — C WCIOJAb30BAHUEM MAaHUIYIATOPOB WIM (DYHK-
unit? PyHKUMH-4YIEHbl IPENOCTABISIOT OOJIbLIE KOHTPOJIS Hal CBOMCTBAMU IIOTOKA —
X0Ts1 ObI MOTOMY, 4TO MX Oonbiie. Kpome Toro, ¢pyHKIUM-4IeHBl 00513aTEIbHO BO3Bpa-
AT TpeApiayllee 3HaueHUe WM3MEHSEeMOro IMapaMeTpa, TaK 4YTO BBl BCerma HnMeeTe
BO3MOXHOCTh BOCCTAHOBUTH TIpeXHee 3HaueHue Tmapamerpa. KM HakoHen, cymiect-
BYIOT BepcuM OTUX (QYHKUUI, MO3BOJSIONIME Yy3HATh TEKyllee 3HauYeHUe IapaMeTpa,
He u3MeHss ero. Mcmonb3oBaHWE 3TOW BO3MOXHOCTM TOKa3aHO B MPUBEAEHHOM HU-
Xe TpuMepe.

#include <lostream.h>
void fn{flcat value)

int previousPrecision;
// BH MO¥XeTe Y3HaTh TEeKYIylh TOYHOCTE TakK:
previousPrecision = ¢out.precision(];

// MOXHO TakXe COXpPaHUTHL CcTapoe 3HadYeHue,
// OODHOBPEMEHHO M3MEeHss erO Ha HOBOE
previousPrecision = cout.precision(Z};
cout << value;

// BOCCTaHOBUM IIpeneayliee 3HaYeHNe
cout.precision{previocusPrecision);

Hecmorpss Ha Bce mnpeumymiectBa "GYHKIMOHAJIbHOTO" TIOAXOJA, MaHUITYJISITOPBI
6oJice pacpOCTpPaHEeHbI; BO3MOXHO, MPOCTO IOTOMY, YTO OHM "Kpyde" BBHIVISAOAT. Mc-
MOJIB3YITEe TO, YTO BaM OOJIbIlIe HPAaBUTCSI, HO B YYyXKOM KoOIe OyabTe TIOTOBBI YBHUICTh
oba BapuaHTA.
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Hanucanuecodcrwbernetx

onepamopol Bemabiu

C++ obnamaeT morpsicamolleii CIOCOOHOCTBIO IeperpyxkaTh OIEpaTop CABUra ISl BbI-
[TOJIHEHUSI BHIBOAA. DTO 3HAYMT, YTO Bbl TOXE MOXETE IIEPETPY3UTh 3TOT OIEPATOpP, UYTOOBI
OCYLIECTBUTh BBIBOA COOCTBEHHBIX KJIACCOB.

OT10 Haubosiee BaxKHasi OCOOCHHOCTb IIOTOKOB BBOAA-BbIBOJA, K OIMCAHUIO KOTOPOM
s 1IeJl Ha TPOTSDKEHUM BCEM 3TOM IFABBI, HO IO HACTOSIILIETO MOMEHTA CTapaTeIbHO M30eras
yrioMmuHaHust o Heit. WMrak, npeacraBbte cebe, uyro kimacc USDollar u3 rmiaBel 24,
"[leperpy3ka omepaTopoB”, momonHeH QyHkuueir display!).
#ifdef WIN32
$include <strstrea.h>
#else
#include <strstream.h>
fenaif

#include <iomanip.h>
class Usbollar
1
public:
Usbheollar (double v = 0.0)
{
// VoanuM OpobHYD 4YacTb
dollars = (int)v;

// IpeobpasyeM IOpOoOHYWD YacTb B LIE€HTH,

//mobaBuB 0.5 Ons OKpPYTJIEHMUS

cents = int {({v - dollars) * 100.0 + 0.5} ;
}

operator double()
{
}

return dollars + cents / 100.0;

void display(ostream& out)
{

out << '$' << dollars « '.!

// yCTaHOBMM 3allOJIHEeHVe HYyJIeM MJisI IIeHTOB
<< setflll{'0U") << setw(2)}) « cents

// BEepHEeM HACTPOWKY BSaloiHeHMd IpobejiaMu
<<setfill (' ') ;

¥

protected:
unsigned int dollars;
unsigned int cents;

b2

// operator« — orepaTop BCTaBKM B IIOTOK HAmeTro Kiacca
ostreamé& operator << {ostream& o, USDollars d)
{

d.display (o) ;

return o;

294 JacTh V. IIojme3HEIe OCO6eHHOCTHU



int main{int argcs, char* pArgs(])

{
USDollar wusd(i.Z0);
cout << "HauganesHas cymma = " << usd « "\n";
usd = 2.0 * usd;
cout << "Temmepb CyMKa paBHa " << usd << "\n" ;
return G;

Dyakums display() HauMHAETCS ¢ BBIBOJA CHMBOJIA $, TOC/E YEro BBIBOAUTCS CyMMa
¢ 00sI3aTeTbHOM AeCATUIHON TOoukou. OOpatnTe BHUMAaHME, YTO BBIBOI BHIMIONHAETCH B JIIO-
001 TOTOKOBBIA OOBEKT Ostream, a HE TOJBKO B cout. DTO TO3BOJSET HCIOJH30BATh
dyHkmMio display(} U I OOBEKTOB fstream WM strstream, KOTOPBIE SIBISTIOTCS TIOM-
KJlaccaMM Kiacca ostream.

Korma mpuxomur BpeMmst OTOOpaKkaTh KOJIMYECTBO HeHTOB, (pyHkuumst display () ycra-
HaBIWBAaeT IIMPWHY IO B [BAa CHMMBOJia W 3amoiHeHuwe cumBosioM (0. Braromapss atomy
MOXHO OBITh YBEPEHHBIM, UTO uyucia MeHbIe 10 OymyT oToOpaxkeHbl mpaBwibHO. O6paTuTe
BHUMAaHME, YTO BMECTO MpPsIMOTO obparieHus K GyHKumu display{} wrmacc USDollar om-
penmensier nperator<< (ostreamé&, USDollars). Temepb NMpPOrpaMMUCT MOXKET BBIBOIUTH
00bekThl Kiacca uSDollar ¢ Takoil ke HEMPUHYXIEHHOCTHIO W U3SIIIECTBOM, KaK U 00beK-
TBHI BCTPOEHHBIX TUIIOB, YTO U AeMOHCTpUpyeT (GpyHKIMs main ().

B pesynbTale BBITIOJHEHUS 3TOW MPOTpaMMBI OyIyT BBIBEACHBI CIEMYIOIINE COOOIIECHUS:

HavanpHass cymma = $1.50
Terepb cyMMa paBHa S3.00

Bbl MoxeTe mouHTepecoBaThbcsl, 3adyeM GyHKLUSA cperator<<() Bo3BpallacT OOBEKT
Kjlacca ostream, mepedaBaeMBblii €ii B KayecTBe apryMeHTa. [leJlo B TOM, YTO 3TO ITO3BOJISIET
CBSI3bIBATh OJMH OIEpaTop C APYTMMU OrepaTopaMd B OJHOM U TOM Xe BblpaxkeHuu. [lo-
cKobKy operator<< () oGpabaTbhIBaeTcsl cjieBa HampaBo, BbIpaxkeHUE

void fniUSDollars usd, float i)
{
cout << "Cymma " << usd << ", npouHeHTH = " << 1i;
}
UHTEPIIPETUPYETCI KaK
void fn:USDollars usd, float i)
{

(((cout << "Cymma ") << usd) << ", IOPOLIEHTH = ") << 1;

IlepBBlii omepaTop BCTaBKM B MOTOK BBIBOOWUT cTpokKy "Cymma" B cout. PesymbraToMm
9TOr0 BbIpaXeHUs SBJISETCS OOBEKT couUt, KOTOpbIM 3areM mnepenaeTcss (YyHKUUU
operator<< (ostreamé&, UsDollars&). ITocKOJbKY 3TOT orepaTop BO3BpalllaeT CBOW OO0b-
eKT KaK CChUIKY Ha ostream, JaHHbIA OOBEKT MOXET ObITh MepelaH CleAylolleMy B ouyepe-
I OIepaTopy BCTaBKU B MOTOK.

Eciu 6B TMIIOM BO3BpalllaeéMOro 3HA4YeHUsl OIepaTropa BCTABKM B IOTOK Bbl OOBSBUIU
void, omeparop Obl ocTaBajicsi pabOTOCIOCOOHBIM, HO B MPUBEACHHOM MpHUMEPE BbI3bIBAI
Obl OIIMOKY KOMITMIJISILIMM, TIOCKOJIBKY BCTaBUTh CTPOKY B void Henbsst. TlpuBemeHHas ke
B ClieAylolleM MpUMepe OlIMOKa ellle OrnacHee, MOCKOJbKY €€ TPYIHO OOHapyXKWTb.
ostreamae operator<<(ostreams os, USDollars usd)

{
usd.display{os);
return cout;
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3ameThTe, YTO 3Ta (DYHKLMS BO3BpaIlaeT He OOBEKT THUIA ostream, KOTOPHIA OHA
MOJTyYiy1a, a OOBEKT cout, KOTOPHIi HMMeeT TOT Xe TUI ostream. Tyr odeHb JIETKO
OIMMOUTHCSI, TTOCKOJNBKY COUt sBlisicTcsl HanboJiee YacTO MCITOJNIb3YEeMBIM OOBEKTOM THIIA
ostream. OTa OIMMMOKA He MPOSBUTCH, MOKa He OyIeT MCIIONb30BaHA INPUBEICHHAS HITKE
KOHCTPYKIIVS.

voild storeAccount{int account,
USDollar balance,
char* pName)

ofstream cutFile("ACCOUNTS", ics::ate):
ourFile << account << balance << pName;

llenouncnenHas mepemMeHHass account BeBomurcsd B outFile ¢ moMomipio ¢GyHKUWT
operator<< (ostreams, int&), Kotopas BosBpamaeT outFile. 3atem B outFile ¢ mo-
MolIbl0 (QYHKUMU cperator<<(ostreams, USDollarS) BbIBYIAICI USDollar. BOra
(yHKMsa Bo3BpalllaeT HeNmpaBWIbHbIA 00beKT — cout BMecto outFile. B pesynbrare
FName BBIBOAMTCS B cOut BMECTO BbIBojAa B dafi, kak TpeOyercs.

Co3zoanue “yunstx - onehaniopol

HaBepHska BaMm 3axodeTcsi, YTOOBI OIEPaTOPhl BCTABKM B IOTOK OBLIM HACTOJBKO YMHEI,
YTO BBl MOIJIM Obl CKazaTh UM: cout << baseClassObject,a yx 3areM C++ cam Obl BbI-
Oupan ormepaTop BCTaBKM B IIOTOK HEOOXOAMMOIO IIOAKJIAcca, TaK € KaK OH BLIOMpaeT He-
00XOIMMYIO BUPTYaJIbHYI0 (DYHKLIMIO. YBBI, IOCKOJIBKY OIEpaTOp BCTABKU B MOTOK HE SIBJISI-
ercsl (hyHKIMEe-4JIeHOM, Bbl HE MOXeTe OOBSBUTH €ro BUPTyaJbHBIM. OOHAKO IS YMHOTO
MporpaMMMCTa 3TO He MpobjeMa, YTO U AEMOHCTPUPYET MPUBEACHHBIN HIUKE MpPUMEp.
#include <iostream.h>
#inciude <iomanip.h>
class Currency
i
public:

Currency(double v = 0.0)
{

// BrigenseM eyl 9acTb

unit = {int}wv;

// OKpyTysgeM OpObHYH 4acThb

cents = int((v = unit)* 100.0 + 0.5);
}

virtuai void displayicstream& ocut) = 07

protected:
unsigned int unit;
unsigned int cents;

}i

class USDollar : public Currency
{
public:
USDollar{doukle v = 0.0) : Currency(v)

1
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// dopmar oTobpaxeHus: 8$123.45
virtual void display({ostreams out)

{

v

cut << '$' « unit <<
<< setfill('0') << setw(2) << cents
<< setfill(r');

l:

class UAH : public Currency
(
public:
?AH(couble v = 0.0) : Currency(v)

}

// dopmMaT orTobpaxenmusi: 123.00 TpH.
virtual void display{ocstreamé out)

{
out. << unit << " .
// VcranoBuM 3zanonHenHue 0 [IiIsT KOMeek
<< setfill('0') << setw(2) << cents
// BepHeM 3arojHeHMue Ipobenammu
<< setfill(" ")
« " rpH.";
1
i
ostream& operator<< (ostream& o, Currencyé& c)
{
c.displayi(o};
return o;
}
void fn {Currencyé& c)
{
// HenonesyeMedi HUKE BHBOI NOIWMOpdeH, NOCKOILKY
// operator (ostream&, Currencys&) paboraeT C
// BUPTYaJbHOM OQYHKIMEN-4IeHOM
cout << "CyMMa paBHa " << C
< "\11";

}

Int main int argcs, char* pargs(i)
{
//co3mark USDollar u BHBECTM €Tr0, MUCIOJIb3Ys

//COOTBeTCTBYLIUI »Oounapy éopMarT
vaDoidary usd(1.50);

//Temniepb co3maTh TPUBHY W BBIBECTH €€
UAH «d(3.00);

fn(d ;

return 0y

Kimacc Currency umeer nsa noakiacca — USDollar u UAH. B kmacce Curronos:
dyukusa display (> obpapaeHa 9ucTto BUPTyaibHOW. B 0bomx momkiaccax o1a QyHKIMS
Tieperpyxaercsl ¢ TeM, YTOObI BHIBOIWTH OOBEKT B KOppeKTHOM Bume. Bri3oB display () u3
byHKUMU operator<< () SABISETCS BUPTYaJNbHBIM, M, Korga (DyHKUMM cperator<<() me-
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pemaercst 00beKT USDollar, 9Ta MYHKIMS BBIBOMUT OOBEKT Kak mojiap. Ecmm ke ObUT me-
pemaH 00BeKT Kiacca UAH, cperator<< () BBIBOOWUT €r0 Kak TPUBHY.

Hrak, xots pynkums operator<<() W He BUPTyaJbHa, TO, YTO OHA BBLI3LIBAET BUPTY-
aJibHY10 (DYHKIIMIO, MPUBOIUT K KOPPEKTHBIM DPe3yJbTaTaM:
CyMma pazHa $1.5C
Cyhva paBHaA 3.00 rpH.

Dro enie ogHAa W3 MPUYMH, MO KOTOPOW $I MPENNoYMTal0 TepekianbiBaTh paboTy, CBSI-
3aHHYIO C BBIBOIOM Ha (YyHKIIMIO-YJIEH, 3aCTaBJisis orepartop (KOTOPBIM He sBisieTcs PyHK-
nuei-yaeHoM) obpamarbea K display ().
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[meea 27

O6paboTka OWMOOK N MCKNIOYEHUS

B smoi onaee...

v 3ayeM HyXeH HOBBII MeXaHH3M OOpabOTKU OIIMOOK
¥ MexaHu3M WUCKITIOUMTEbHBIX CUTYaIlMiA
¥ Tax 4ro Xe MBI OymeM Gpocarh?

3HAl0, KaK TPYAHO C 3TUM CMUPUTHCH, HO (akT ocraeTcst dakToM: MHOraa (GyHK-

muu paboraioT HempaBwibHO. WM He Toabko Mou. TpaguiMOHHO BHI3BIBAIOIIEH
rnporpamMMe cooOliaeTcsi 00 oumMnbdKe IMOCPEACTBOM BO3BpallaeMOro (yHKIIMed 3HauyeHWUs.
Omnako s36ik C++ TIpemocTaBisieT HOBBIN, YIYYIIEHHBIN MEXaHWU3M BBISIBJICHUSI U 00Opa-
0OTKM OIIMOOK C TTOMOLUBIO UCKAIOYUMEAbHbIX CUMYaiiil, W uckarouenuli (exceptions). Mc-
KJTIOYeHWe — 3TO OTCTYIUIEHWE OT OOIero mpaBujia, T.e. Cydail, KOorga TO WM WHOe Tpa-
BUJIO JIMOO TPUHLIMIT HEMPUMEHUMbI. MOXHO AaTh U TakKoe OrpelneieHue: UCKIIOUEHUEe —
9TO HEOXUAaHHOe (WM, HAIO T0JlaraTh, HEXeJaTeJIbHOE) COCTOSTHUE, KOTOpOe BO3HMKAET BO
BpeMSI BBITIOJIHEHUSI TTPOTPaMMBI.

MexaHU3M UCKITIOUMTENBHBIX CHUTyalluii 0a3upyeTcsl Ha KIIIOYEBBIX CJIoBaX try
(mombITaThest), throw (bpocuts) U catch (moiimaTe). B oOwmux 4yeprax 3TOT MeXaHU3M pa-
OortaeT Tak: (YHKIIUSI nbimaemcs BBITIOJIHUTH (dparMeHT koma. Ecimu B Kome comepxkurtcst
olubKka, oHa 6Opocaem (reHepupyeT) coollleHrue o0 OIIMOKe, KOTopoe HOJKHA Hoimams
(TrlepexBaTUTh) BBI3BIBAIOIIAS (DYHKITHS.

DTO MPOAEMOHCTPUPOBAHO B TIPUBEIEHHOM HITKE (hparMeHTe.

$include <iostream.h>

//factorial — BHuYMCISET dakTOPMAI
int factarial(int n)
{

// Tkackonbky OYHKIIMS He MOXeT paboTaTh C
// oTpuUATeNEHEMM I, MBl CPa3y IIPOBepseM
// OOIyCTUMOCTBL IIepelaHHOTO apTryMeHTa
if (< 0)
(

chrow "OTpuilaTenbHBEN aphyMeHT";

}

// Terepk BHYUCIVM daKTopuall
int accum = 1;
whilz(n > 0]
{
sccum Y= II;
A==y
}

return accumn;

1

int main({int argcs, char* pArgs[]}

{
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// DTa CTpoKa TeHepurpyeT MCKIInYeHNre
cout << "Factorial of -1 is "
<< factorial(-1) « endl;

// VIpaBJileHre HMKOTOa He NOWOeT OO DTOM CTPOKU
cout << "Factorial of 10 is "
<< factorial{l0} << endl;

// VYmupaBieHue OyneT IepemaHo coia
catch (char* pError) ({

cout << "BozHukia owmbka: " << pErrcr << endl;
)

return 0;

DyHKUKA main () HauuMHaeTcsl ¢ OJOKa, BBIICIEHHOIO KIIIOYEBBIM CIIOBOM try. B aToM
6JIOKe BBIMOJTHEHHWE Kola HUYeM He OTIMYAeTCs OT BBHINIOJHEHUs BHe Oyioka. B maHHOM ciy-
yae main () MObITa€TCs BBIYMCIUTH (haKTOpUaJl OTpMLATeJbHOTro yucia. OmHako ¢yHKLUIO
factorial (} He Tak Jerko omypauyuTb, MOCKOJbKY OHa JOCTAaTOYHO YMHO HamucaHa U 00-
Hapy>XMBaeT, 4YTO 3aIlpoC HeKoppekTeH. IIpy 3TOM OHa reHepupyeT CooOIIeHHe 00 OIIMOKe
C TIOMOIIBIO KIIIOYEBOro cioBa throw. YmpabieHue Iepemaercs (pparMeHTy, HaxOmSIIEMYCs
cpa3y 3a 3aKpbIBaolleil (hUTypHOI CKOOKOII 0J0Ka try M OTBedalollleMy 3a IepexBaT COo00-
1IeHus o0 olnoKe.

3avemrymer HOBbIUMEXAHUSM

odhadosmku ouudok

Yro mioxoro B MeTole Bo3BpaTa OmMOKM, TomooHoMm mpuMmeHsiemomy B FORTRAN?
®daxropranm He MOXeT OBITb OTPMIIATEBHBIM, MO3TOMY SI MOT OBI CKa3aTh 4YTO-TO BpOIE:
"Ecu ¢yukmust factorial () oOHapyxkuBaeT OIIMOKY, OHa BO3BpaIllaeT OTPUIIATEIIHHOE
4yuclio. 3HaueHWEe OTPUIATEILHOrO 4Mcia OymeT yKasblBaTh Ha MCTOYHUK mpobiaeMbl”’. Yem
Xe TutoxX Takou meron? Bemb Tak ObLTIO Beerma.

K coxaneHuIo, 31ech BO3HMKAET HECKOJIBKO MpobieM. Bo-TiepBrix, XoTs pesynbrar ¢ak-
Toprajia He MOXET OBITh OTPUIIATENbHBIM, NPYIMM (YHKIIMSIM TOBE3JI0 TOpa3l0 MEHBIIIE.
Hanpumep, BBl He MoOXeTe B3STb Joraprd™M OT OTPHUIATEIBHOTO 4YKciIa, HO caM Jiorapudm
MOXeT OBbITh KaK OTPUIIATEIbHBIM, TaK W TIOJIOXUTEbHBIM, a TIO3TOMY BO3BpAaT OTPUIIATEIb-
HOro yMcia He 00s3aTebHO OyneT O3HayaTb OLIMOKY.

Bo-BTOpBIX, B IIETOYMCIIEHHON TMEepeMeHHOUW He Tiepenalrb MHOTo WHbopManmu. Mox-
HO, KOHEYHO, OOO3HAYUThb CHUTyallMi0 "apryMeHT OTpUIATEeJbHBIA" Kak -1, cHUTyaluio
“apryMeHT cimikoM Ooubinoil” kKak -2 u 1.4, Ho ecim aprymeHT CIMIIKOM OOJBIION, S XO-
Teq OBl 3HATh, KAKOW MMEHHO, ITOCKOJIBKY 3TO IOMOXET MHE HallTU MCTOYHUK IPOOJIEMBI.
OnHaKo B IEJTOYNCIEHHOW TTepeMEeHHON TaKylo MHGMOPMAIIMI0 HE COXPAHUIII.

B-TpeThux, IMpoBepKa BO3BpalllaeéMOro 3HAYeHUsS BOBce He oOs3aTeiabHa. YTOOBI I1O-
HATh, YTO S WMeEI0 B BUAY, TIpeACTaBbTe cebe, 4YTO KTO-TO Hamucal QYHKIIUIO
factorial(), KoTopas IIOCIYIIHO IpOBepsieT, HaXOMAUTCS JU €€ apryMeHT B JOIYCTUMBIX
rpanuniiax. OmHAKO, eclii KO, BBI3BaBIINYN 3Ty (PyHKIIMIO, He OymeT MpoBepsTh BO3Bpa-
laeMoe 3HadyeHue, 3TO He MpPUBEIeT HU K 4eMy xopoleMy. KoHe4HO, s MoOr Obl BBECTHU
B (DyHKIIMIO BCSIKME CTpAIlllHbIe yrpo3bl Haromooue "Bul 00s13aTelbHO MTOKHBI TTPOBEPUTH
cooOmeHuss 06 omumbKax, mHadve...", HO, AyMar, He CTOUT OOBSICHSITH, UTO SI3bIK HE MO-
XEeT HUKOTO HU K 4YeMy TIPUHYIWUTH.
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Haxe ecnm Most yHKIIMS TTpoBepsieT Hanuuue ommbku B factorial () wm moGoit mpy-
roii (yHKILMM, YTO OHa MOXET ¢ Hei caenath? [loxkamyit, TOJBKO BBIBECTH COOOIIEHUE 00
omubke {KOTOPOE g caM Hamucaa) M BEpHYTh APYroe 3HaueHUE, YKasbIBalolllee Ha HaJIdue
OLIMOKM, BbI3bIBAIOLICH (PYHKIMH, KOTOpas, CKOpee BCEro, MOBTOPUT BECh 3TOT IIPOLIECC.
B pesynbraTe mporpamMma OyneT meperoHeHa KOIOoM, MOMOOHBIM IPUBEICHHOMY HIDKE.

errRtn = someFunci{);
if (errRtn)

{

errorfut {"Oumntxa mpu BH30Be someFn()"};
return MY ERROR_1

}

errRtn = someOtherFunc () ;

if (errRtn)

{

errorout ("Ommbra mpu BH30Be scmeltherFn()");
return MY_ERROR_1

Takoit MeXaHM3M MMEET Pl HEIOCTATKOB.
{v" H306MyeT MOBTOPEHUSIMU.

E
7 v 3acraBisieT NMporpaMMKCTa OTCJIEXKUBATb MHOXECTBO Pa3HBIX OLIUOOK WM -
| caTh Ko sl 00pabOTKMA BCEX BO3MOXKHBIX BapUaHTOB.

k5

Syt

5§ ¥" CMeIMBaeT KO, OTBEYAOIIWiA 3a 00paboTKy OLUMGOK. ¢ OOBIYHBIM KOIOM,
) 4TO HE J0GABJISET SICHOCTU IIPOrPaMMe. ..

DTU HEIOCTAaTKU BBHINISIAAT HE OYEHb CTPAITHO B MPOCTOM IIpUMEpPe, HO MOTYT IpeBpa-
TUTBCS B OOJIBIIKE IIPOOJIEMBbI, KOIa MporpamMma CTaHeT Oojiee CIoXHOH. B pesynbrate Ta-
KOI TTOIXoHd MPHMBOAMUT K TOMY, YTO 00paboTKoOl ommboK 3aHumaetcs 90% koma.

MexaHU3M MCKIIIOUMTENIBHBIX CUTYalldii ITO3BOJISIET OOOMTU 3TH TIPOOJEeMBbI, OTACISIS KOI
00paboTKM OMMOOK OT OOBIYHOrO Koma. Kpome Toro, Haauume HCKIIOYEHUM Aemaer obpa-
00TKy omubok obsi3aTenbHON. Ecau Baiia ¢GyHKIUS He 00pabaThlBaeT CrEHCPUPOBAHHOE
WCKIIIOUEHHUE, YIIpaBIeHUE IepeNacTcs aajee II0 LEMOYKE BbI3bIBAIOIMX (DWHKLMl., ITOKa
C++ He HaligeT (pyHKIMIO, KOTOpasi oOpaboTaeT BO3HUKINYIO IPOOJIeMy. DTO TakXkKe JacT
BO3MOXHOCTb UTHOPUPOBATh OLIMOKM, KOTOPHIE Bbl HE B COCTOSIHUKM OOpabOTaTh.

Mexarusm uckiionumerbrstx cuimyanun

I[TosHakoMMMCsI TOOMIKE C TeM, KakK IporpaMma o0pabaThiBaeT MCKIIOUUTEIBHYIO CH-
Tyauuo. Ilpy BO3HUKHOBEHMM HCKIoueHusi (throw) C++ mepBbIM [eJ0M KOIMUPYET cre-
HEpUPOBAHHLI OOBEKT B HEKOTOpOoe HehiTpalbHoe Mecto. [locne aTtoro mpocMarpuBaeTcs
KOHEII TeKyIIIero Oyioka try.

Ecim 650k try B maHHO# (yHKIIMM HE HaMIeH, yIpaBJIeHUE IIepenacTcsl BbI3bIBAIOIIEi
GYHKIUU, TIe M OCYILIECTBISIETCS MOUCK obpabdorunka. Ecim m 3mech He HalimeH OJIOK try,
MpoIeCC ITOBTOPSICTCS Odajiee, BBEpX IO CTEKY BBI3BIBAIOIIMX (DYHKIIMI. DTOT IpollecC Ha3bl-
BACTCsI pa36opavleaHueM cmexd.

BaxHolii 0COGEHHOCTBIO pa3BOpauyMBaHUS CTeKa SIBJISIETCS TO, YTO Ha KaXIOM CTo 3Talre
Bce OOBEKTBI, KOTOPbIE BBIXOOAT M3 O0JACTH BUAMMOCTH, YHMUYTOXAIOTCS TaK Xe. KaK eCiu
OBl (byHKIIMSI BBHIITOJIHIJIA KOMaHIy return. OTo obeperaeT MporpaMMmy OT IOTEpU PECypCcoB
M Tpa3aHO IIATAIOIINXCS HEYHUUTOXKEHHLEX 00BEKTOB.

Korma HeoOxomumblii OJIOK try HaiiieH, nporpamMma HMILeT TmepBblii 00Kk catch
(KOTOPBIM MOKEH HAXOOWUThCS Cpa3y 3a 3aKpbIBawlleil cKoOKoit Omoka try). Ecom tum
CTeHEPUPOBAHHOTO OOBEKTa COBIIAacT C TUIIOM apryMeHTa, yKa3aHHBIM B OJloke catch,
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yIpaBjieHUe Iepenaercsd 3ToMy OJIOKY; €ClM Xe HeT, IpoBepseTcs cieayroluii 0Jok catch.
Ecmu B pesynbrate momxomsuiuii OJOK He HaNMIeH, IporpaMma IPOAO/KaeT TOMCK YPOBHEM
BbIllIe, TIOKa He OyaeT oOHapyXeH HeoOxomumbiii Onok catch. Ecmu uckombiit 670K Tak
U HE HaWleH, MporpaMMa aBapUMHO 3aBEpIIACTCH.

PaccMoTpuM nNpuBEIEHHBIM HUXE MpUMED.

#include <iostream.h>
#include <stdic.h>

class Cbj
{
oublic:
Cbj (char c}
label = c¢;
cout << "KoHCcTpyupyeM obbekT " << label << endl;

}
~0k3 O
{

cout << "JImrBuUIMpyeM oOBerT " << label << endl;
t

protected:

L char label;

void £1 () ;
void f£Z(});
int main{int, char*[})

'
L

Obi a('a");
try
{
Chi b('b") ;
£10;

}
catch{flecat f)
{

cout << "Mcrimpwuenue float" << endl;
}
catch{int 1)
{

cout << "MckiaodyeHre int" << endl;
}
catch (...)
{

cout << "MckiodeHue..." << endl;

)
return 0;

)

vold £1 ()
{
try

{
Obj c('c');
£20) ;

}

catch (char* pMsg)
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{
I

t
void £2 ()
{

cout << " MckiaodeHme char*" << endl;

Oy di'd'):
throw 10;

B pesynbrate paGoThl 3TOil MpOrpaMMbl Ha 3KpaH OyIeT BBIBEJEH CIIEAYIOLINIA TEKCT:

KoHcTpyupyeM o0BbEKT a
KoHctpynpyem o6bekT b
KoHcTpyupyeM o0OBEKT ¢
KoHctpynpyem o0bekT d
JluxkBuaupyeM o0bekT d
JIukBuaupyeM OOBEKT C
JIukBuaupyeM oOBEKT b
Hckmouenne int

JIukBuaupyeM oOOBEKT a

Kak Bumure, mipexxne yeM B GyHKIuM f2 () TIPOUCXOOUT UCKIIOYEHUE int, KOHCTpyH-
pyloTcst 4eTelpe o0bekTa — a, b, ¢ U d. Ilockombky B f2 () 6yiok try He ompenmesieH, C++
pa3BoOpavYMBacT CTEK BBIZOBOB (DYHKIIMII, YTO TPUBOAUT K JIMKBUIALIMM OObekTa d mpu pas-
BopaunBanuu creka f2 (). B dynkumum fl() ompenmenen 670k try, HO ero Omok catch
BOCIIPUHHUMAET TOJBKO char*, 4ro He coBmamaeT ¢ OpOIIeHHBIM O00BeKTOM int. I[losTomy
C++ mpomoirKaeT TIpOoCMOTpP, YTO MPUBOIUT K Pa3BOpadyMBaHUIO cTeka pyHKumMU £1() (mpu
9TOM JINKBUAVPYETCS OOBEKT C).

B ¢yukumum main{) C++ HaxomuT eme onuH 0ok try. Beixom m3 3TOrO 06J10Ka TIPUBO-
IAT K BBIXOAY M3 O0JACTH BUAMMOCTH OObekTa b. [lepsblit 3a Gmokom try Gmok catch
npuHuMaer float, 4To BHOBb HE COBMAAaeT ¢ HAIIMM int, MO3TOMY MPOITYCKAeTCI M 3TOT
omok. OmHako ciemyronuii 610k catch HakoHeI-TO BOCTpMHWMAET int, W yIpaBlieHue
nepexonuT K Hemy. Ilocmennuit 610K catch, KOTOpBIii BOCIPUHUMAET JII000i OOBEKT, MPO-
MyCKaeTcsl, TIOCKOJIbKY HEOOXOMMMBI OJIOK catch yxke HaiiieH M MCKIIOYeHUEe 00paboTaHo.

Kax amo nce mvi ygeu dpocars?

3a KJIIOYEeBBIM CJIOBOM throw ciemyeT BhIpakeHHE, KOTOpOE CO3daeT OOBEKT HEKOTOPOIO
THna. B TipuBeneHHBIX 37€Ch MPUMEpax MBI Te€HEpUPOBaIU ITepeMEHHBIe THMa int, HO Ha
caMoM Jiejie KJIlouyeBoe coBO throw paboTaeT C JI0ObIM TUIIOM OOBEKTa. DTO 3HAYUT, YTO
Bbl MOXeTe "OpocaTh” J1000e KOJIMYeCTBO MH@opManuu. PaccMOTpUM NpUBEOEHHOE HIKE
omnpenesieHue Kiacca.

#include <jiostream.h>
#include <string.h>

//Exception — yHMBepCaIbHBI Kiiacc
//0BpaboTKM MCKAKWUMTENEHEIY CUTYALIUNA
class Exception
{
public:
Exception (char* pMsg, char* pFile, int nLine)
{
strncpy (msg, pMsg, sizeof msg);
meg{sizeof msg— 1] = '\0 "' ;
strncpy (file, pFile, sizeof file);
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file[sizeof file — 1] = '\0O';
lineNum = nLine;

}

virtual void display(ostreams out)

{

out << "Ommbra < " << msg << ">\n";
out << "obuHapyxeHa B CTpoke #" << lineNum
<< ", damma" << file << endl;
}
protected:

//coobmenre o6 oummbKre
char msgl{80];

//vmMsa datia M CTpoKa, B KOTOPOM BO3HUWKIIA OMMUOKA
char file[80];
int lineNum;

FeHCpaHI/IH HUCKIIOYEHUA IIPU 3TOM 6y,£[€T BBITJIAACTD CICAYIOLIUM 06pa30M:

throw Exception (“OTpunaTene el apTyMeHT dakTopuana',
_ LINE_ ,_  FILE_) :

cobel ABAASACH BCTPOCHHBIMU MaKpOOMNpPEACIEHUSIMU, FILE_ u LINE__ mpen-
CTaBJISTIOT CODOI MMST MCXOMHOTO (hailyla M TEeKYIIYI0 CTPOKY B HEM.

comd Knacc ostream, ucnonb3oBaHHbIN B (yHKumnu display (), gBasercss 6a30BbIM
IS TIOTOKOB BbIBoma (cM. miaBy 26, "HMcmonb3oBaHMEe TIOTOKOB BBOjA-
BhIBOIA").

CooTBeTCTBYOIIMI GJIOK catch BHIMJISAUT MOBOJIBHO MPOCTO:

Yoid myFunc ()

IS
/ /.. roBolt BHBORB

1

//3axBaT obbekTa ExXception

catch (Exception& x)

{
/ /VCIIONB3yEeM BCTPOEHHY QY HKIIMIO-YJIeH
x.display(cerr) ;

Brok catch mepexsaThiBaeT McKIoueHMe Exception, a 3aTeM UCIOIb3yeT BCTPOSCHHYIO
dyHkuuto-wieH display O misg oro6paxkeHusi cooOleHus 00 olruoKe.

MH o o
Sl OOBEKT cerr TPEACTaBISICT CO0Ol TOTOK BBHIBOIA UISI COOOIIEHWA 00 OImmo6-

Kax, T.e. MOYTU TO XKe, 4To U cout. PasHuUIA MeXay cout M Cerr CyliecTBeH-
Ha TOJIBKO IS ITPO(ECCUOHAIBHBIX ITPOTPAMMUCTOB.

Kimacc Exception siBisieTcsl YHUBEPCAJIbHBIM IJI COOOIIEHUI 00 ommbkax. DTOT Kjacc,
KOHEYHO, MOXET OBbIThb paclllMpeH ApPYruMu Mojakiaaccamu. Harpumep, s Mory orpeneauTb
ki1acc InvalidArgumentException IS XpaHeHMs 3HAUYeHHUsS HEKOPPEKTHOTO apryMeHTa
B JOTIOJIHEHUE K COOOIIEHUI0 00 OlIMbOKe.
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class InvalidArgumentException : public Exception
{
puklic:
InvalidArgqumentException({ ir.t arg, char* pFile,
int nLine)
:Exception ("Hepepeslt aprymenr", pFile, nLine)
{

invArg = arg;

virtual void display{ostreams out)
{
Exception::display{out);
cut << "ApryMeHT paBeH " << 1invArg << endl;
}
protected:
int invArg;
J;
Hecmotpst Ha 1O uto B OJloke catch ykaszaH kmacc Exception, uckmioueHue Invali-
dArgumentException Oymer ycnemrHo o6paboraHo, MockojbKy InvalidArgumentEx-
ception ABJIAETCA Exception, a dyHkuusa-uieH display!) moaumopdHa.
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[eea 28

MHOXeCTBEeHHOe HacnepgoBaHue

Bomion wabe. ..

v" MexaHU3M MHOXECTBEHHOTO HacJIeJOBaHMS

YcTpaHeHue HeOMHO3HAYHOCTe MHOXKECTBEHHOTO HacjelOBaHUs
BupryanbHoe HacienoBaHMe

KoHcTpyupoBanue o0bEeKTOB

OTtpuuaTesbHble CTOPOHBI MHOXKECTBEHHOTO HacjelOBaHUs

RN

MepapXysIX KIACCOB, KOTOPHIE PACCMATPUBANICH B ITOH KHUTE, KaKIBI KIace Ha-

CJIEMOBAJICA OT OMHOTO TpapomuTess. Takoe OAMHOYHOE HAceJOBaHME ITOIXOIMT st
omnucaHus OOJBIIMHCTBA OOBEKTOB pealbHOro Mupa. OmHAKO HEKOTOpHIe KJIacChl TMPeAcTaB-
JISTIOT co00il coueTaHWe HECKOJNBKUX KIJIACCOB B OIHOM.

[MpumepoMm Takoro Kiacca MOXET CIYXKWTh NTWBaH-KpoBaTh. Kak BHIHO W3 Ha3BaHUS,
9TO W AWMBaH M KpoBaTh (IIpaBma, KpoBaTh He O4YeHb ymoOHas). Takmm o0pa3oM, 3TOT mpemd-
MeT MHTepbepa HaclIelyeT CBOMCTBA KaK AWBaHa, Tak U KpoBaTh. B Tepmuuax C++ a1y cu-
Tyalio MOXHO OINHUCaTh CICAYIONIMM 00pa3oM: KJIacC MOXKET OBbITh HACIETHWKOM 0ojiee yeM
omHoro 6a3oBoro kiacca. Takoe HaclemoBaHWE HA3BIBACTCST MHOMCECHBEHHBIM.

Mexanusmurnonecriberrozo
Haclegobarus

Yto6Bl YyBUIETh MHOXECTBEHHOE HacjledOBaHWE B NEHCTBUU, S TIPOIOJIKY TPUMEpP C IH-
BaHOM-KpoBathio. Ha puc. 28.1 mpuBemeHa cxema HacjeIOBaHMS OUBaHAa-KpoBaTU (Kjacc
SleeperSofa). OOpatuTe BHMMaHUE, YTO 3TOT KJIAcC HAC/eAyeT CBOMCTBa M OT Kiacca Bed
(KpoBatp), n ot kimacca Sofa (JuBaH), T.e. HacieoyeT CBOIICTBA 0OOMX KJIACCOB.

Bed .- 5:: Sola

[_Efchwu weght

p
SleeperSofa

Lf—mcliomuj

Puc. 28.1. Hepapxus kaaccoe dusana-kposamu
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IporpaMMHas pearm3alisd Kacca SleeperSofa BEIIIEAIMT CrIemyonmymM o0pa3oM:
class Bed

gublic:
Bed () }
void sleep() [}
int weight;
)
class Sofe
{
pubiic:
Scfa () (}
voild watchTV () {}
v, 1int weight;

// SleeperScfa — »TO OONHOBPEMEHHO M KPOBATb U OMBAH
class SleeperSefa : public Bed, public Sofa

{
public:
SleeperSofa () {
)

}
void foldout{){}

}:

int main(int argcs, char* paArgs(])
1
SleeperSofa SS;

// BBI MOXeTe CMOTpeTh TeJeBU30p, CHUIS Ha MHWBaHE...
ss.watchTv() ; // Sofa: :watchTv ()

//...c TIOTOM MOXETe pPa3lIoXUThb €ro. . .
ss.foldout() ; // SieeperSofa: : foldOut ()

//. .. cmaTh Ha HeM KaK Ha KpoBaTu
ss.sleep(); // Bed::sleep!)
return 0;

B stom mpumepe kiacc SieeperSofa Hacrmemyer oba kinacca — Bed u Sofa. BT10 BUAHO
U3 WX HaIndus B oOBABICHMM Kiacca SieeperSofa, KOTOpBI HacledyeT BCEe UICHBI OT
00oux 6a30BbIX KiaccoB. Takum oOpa3oM, JOMyCTMMBI 00a BbI30Ba — Kak ss . sleep (), Tak
" ss.watchTV (). Bel moxere mcnonn3oBath SieeperSofa m xkak Bed, m xak Sofa. Kpo-
Me Toro, kinacc SieeperSofa mmeer cobcTBeHHBIE WwieHbl, Hanpumep foldOut ().

Yerpanenue neoguosnaunochien
MHoOWeCHBernow nacieqobanus

Bymyar BecbMa MOITHON BO3MOXHOCTBIO $I3bIKAa, MHOXECTBEHHOE HacJIeJOBaHUE MOXKET
CTaTh B TO Xe BpeMs M MCTOYHMKOM MpobieM. OmHy M3 HUX MOXKHO YBUAETb YK€ B TPEIbI-
mymeMm mpumepe. OOpaTuTe BHMMaHmME, 4To oba kKimacca — Bed m Socfa — comepxar wieH
weight (Bec). DT0 JOTMUYHO, TIOTOMY YTO OHM 00a MMEIOT HEKOTOPBIM BIOJHE U3MEPUMBIH
Bec. Bompoc: xakoit umeHHO wieH weight HaciaemyeTr kimacc SieeperSofa?
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Oteer mpocT: ob6a. Kmacc sleeperSofa HacmemyeT OTHeNbHBI WieH Zed::welight
U oTAebHBIN uieH Sofa: :weight. [TockosbKy OHU 00a MMEIOT OAHO M TO X& MMs. obOpa-
LEHUS K weighit Terepb SBASIOTCS IBY3HAUHBIMU, €CJIM TOJBKO HE yKa3biBaTh SIBHO, K Ka-
KOMY UMEHHO weight MBI HamMepeHBl OOpaTUTHCS. DTO NEMOHCTPUPYET C.IedyiolUH dpar-
MEHT KoJa:

#include <iostream.h>
void fn{}
{
SleeperSofa ss;
cout « "3ec = "
<< ss.weight //HeapaBMILHO — KAKOM MMEHHO BecC?
<< "\1I";
Tenepp B mporpamMme HYXXHO SIBHO YyKa3blBaTh, KakKasl MMEHHO IlepeMeHHass weight
HyXXHa, MCMOJIb3ysl Uil 9TOro uMs 6a3zoBoro kjacca. I[IpuBeneHHbINd HUXKE IMPUMEP BIIOJHE
KOPPEKTEH.

$include <iostream.h>
void fn ()
{
SleeperSofass;
cout << "Bec pmumBaHa F
<< s8.8ofa::weight //yKaxeMm, KaKol MMEHHO BeC

<< ll\nn;

XoTs Takoe pelleHWe W YCTpaHseT OIIMOKY, yKazaHWe WMeHU 0a30BOro Kiacca BO
BHEIIIHEM TIPWIOXKEHUM HEXeJlaTeJIbHO: Bedb MPU 3TOM HMHMOPMALMS O BHYTPEHHEM YCT-
poiicTBe Kilacca MOJDKHA MPUCYTCTBOBaTh 3a €l0 MpenenaMu. B Hamiem mpumepe GyHKIUs
fn () momkHA 00JamaTh CBEIEHUSIMU O TOM, YTO KJacc Sleepear Scfa HACHEMyeTCsT OT Kilac-
ca Sofa. Takue KOH(IMKTBI UMEH HEBO3MOXHBI MPU OAMHOYHOM HACJIEAOBAHUM, HO Cly-~
XaT TOCTOSTHHBIM MCTOYHWKOM HETNPUSTHOCTE!M MPU HACJeIOBAHUY MHOXKECTBEHHOM.

Bupuiyansnoe naciegobanne

B cimyuyae knacca SleeperSofa kKoHbAuUKT uMeH weight sBisgeTcs, Mo cyTu, HeOOJb-
MM HemopasdyMeHUeM. Bemb Ha caMoM fejle TMBaH-KPOBaTh HE MMEET OTIACIBLHOTO Beca Kak
KpoBaTh, M OTHEIBHOIO Beca Kak auBaH. KOHMIMKT BO3HMK IMOTOMY, YTO TaKas Hepapxus
KJIaCCOB HE BITOJIHE aleKBAaTHO OITMCHIBACT peajibHBIM MMp. [lej10 B TOM, 4TO pasjioXeHHe Ha
KJIaCChl 0KAa3aJ0Ch HEITOJHBIM.

Ecnm HeMHOro momymaTh Hajl 3TOUM TPOOJIEMOI, CTAHOBUTCS SICHO, UTO M KPOBaThb U OAU-
BaH SIBJISIIOTCS YaCTHBIMM CIIy9as M HEKOTOpOii Ooliee (pyHIaMeHTaJIbHOW KOHILICIIIIUU Me-
Oenu (Iymaro, MOXHO OBIJIO MPEmIOXUTh HEUTO ellle Oojiee (PyHIaMEHTaJbHOE, HO IS Hac
JIOCTaTOYHO OrpaHUUYMTbCS Mebesblo). Bec siBasieTcss cBOWCTBOM 11000 MeOeau, 4To IoKa-
3aHO Ha puc. 28.2.

OtneneHue kiacca Furniture (Mebesb) DOMKHO YCTpaHUThb KOHGMIMKT uMmeH. MTak,
C YYBCTBOM TIJTyOOKOTO YIOBJIETBOPEHUSI M OOJCTYeHMsI, B TPEIBKYLICHUM ycriexa s peair-
3yI0 HOBYIO MEpapXuio KJIacCOB:

#include <iostream.h>

//Furniture — 6oyee ¢yHIaMeHTalsHaA KOHIISINMSI; DTOT KJIACC
YMeeT CBOMCTBO "weight" — "Bec"

class Furniture

{
public:
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Furniture() {}
int weight;
class Bd : public Fumiture

{ .
public:

Bed() {1}
vold sleep {) {1}

IE

class Sofa : public Fumiture
{
public:
sofa()f}
voldwatchTv (1 {)
b

class SlesperSofa : public Bed, public Sofa

{
public:
SlesperSofa() {}
void foldouti{) {}
ri

void fn ()
{
SleeperSofa ss;
cout << "Bec = "
<< ss.weight
« lI\nll;

[steep) |

T her T T.mget Lhiememmer

A ¥

FPue. 28.2. Boidenenue o0ujux c80LCMa Kpoeamu u oueana

Maea28. MHOXecTBeHHOeHacnegoBaHue 309



M-pa... “He rosopu "rom", moka He nepeexas YOI — HoBasi uepapxusi KJIacCOB CO-
BEpIIIECHHO HAc He CIAcaeT. weight ocraercst HeoaHO3HAYHBIM. [lonmpoOyeM MHpUBECTH SS
K kiaccy Furniture?

#include <iostream.h>

void fn{)
{
SleeperSofa ss;
Furniture* pF;
pF = (Furniture*}s&ss;
cout « "Bec = "
<< pF -> weight
<<"\n";
};

IMpuBeneHue ss kK Kiaccy Furniture Toxxe Hu4ero He naer. bosiee Toro, s1 moiyymi Ka-
KOe-TO TIOMO3pUTEIbHOE COOOIIIeHrWe O TOM, 4TO mnpuBeaeHue SleeperSofa* K kimaccy
Furniture* HeomHo3HauHo. /la 9yTO, B KOHIIE KOHIIOB, TBOPUTCS?

Ha camom nene Bce moBoabHO mpocto. Kimacc SleeperSofa He HaciemyeTcsi HarpsiMyro
oT ki1acca Furniture. Caavana Furniture HacnenyroT kiacchl Bed m Sofa, a yxx morom
SleeperSofa Hacnemyercsi or oTux KiaccoB. Kiacc SleeperSofa BbIUISIAUT B MaMSITH
TaK, Kak IMokKka3zaHo Ha puc. 28.3.

Furniture
YacTb, HacnenoeaHHas
YreHbl Bed or knaoca Bed
(6€e3 wneHoB Furniture)
MonHbIN
Furniture -06becT
__4acTs, HacnemosaHHas SleeperSofa

Ynenbl Sofa ot Kkacca Sofa

(6e3 uneHoB Fumniture)

YHUKasbHbIE WieHb!
Kracca SleeperSofa

Puc. 28.3. Pacnoaoxcernue kaacca SleeperSofa ¢ namsmu

Kak Buaomte, SleeperSofa cocrour m3 kiacca Bed, 3a KOTOpPBIM B IIOJJHOM COCTaBe
cienyeT kiacc Sofa, a mociie Hero — yHHUKaJbHBbIe WiIeHbl Kiacca SleeperSofa. Kaxkmprit
13 rogoObeKTOB Kiacca SleeperSofa mmeer cBo COOCTBeHHYIO 4YacTh Furniture, mo-
CKOJIbKYy OHU 00a HacJIeoylOTCsl OT 9TOro Kiiacca. B pesymbrare oOBeKThI Kilacca Sleeper-
Sofa comepxkaTt nBa o6bekTa Kiiacca Furniture.

Takum o6pa3oM, CTAHOBUTCS SICHO, UTO s HE CyMeJl co3daTh MEPapXHIO, TOKAa3aHHYIO Ha
puc. 28.2. HMepapxusi HacjeaoBaHUsI, KoOTopasi ObLUla co3laHa B pe3yjbTaTe BbIITOJHEHUS
MpenbIIyIeii ITporpaMMbl, IToka3aHa Ha puc. 28.4.

SleeperSofa comepxur nBa o0beKTa Kiaacca Furniture, 4YTo SBJSIETCS SIBHOM
6eccmpicaulieit! S xouy, uYTtoOBI SleeperSofa HaciemoBal TOJBKO OIHY KOIIHUIO
Furniture u 4ro6bt Bed m Sofa mmenmu k Heir moctynn. B C++ 3T0 mocturaercst
BUPMYANbHBIM HACA€008aHUEeM, TIOCKOJIBKY B 3TOM CJIyda€ WCIIOJB3YETCsI KITIOUEBOE CJIOBO
virtual.
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Fumi

MTOMU

Puc. 28.4. Pezyrvmam nonvimiu coO30aHUs uepapxuu KAaccos

1Exy,

/= GyHKUUAMHA!

&_({(‘ Yﬁ BCAb BUPTYAJIbHOC HACJICAOBAHUC HC UMECT HUYCTO o0111ero ¢ BUPTYaJIbHBIMU

ﬁ% Sl HeHaBWXKY Ieperpy3Ky TEpMUHOB (YTO ITPOU3OIIUIO B JaHHOM Cllydac) —

Boopy:xeHHbIil HOBEIMU 3HAHUSIMU, SI BO3Bpallaloch K Kiaccy SleeperSofa u peanu-

3y10 €ro TakK, KakK IOKa3aHO HMXKE.

#include <iostream.h>

class Furr.iture

f

public:
Furmmiture () {}
int weight;

1i

class Bed : virtual public Furniture
{
public:
Bed () {}
void sleep(){}
b:

class Sofa : virtual public Furniture
{
public:

Sof a()

voi d watchTv () { \

1

class SeeperSofa : public Bed, public Sofa
{

public:

SleeperScfa () : Sofal), Bed{} (}
void foldout(){}
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void fn(}
{

SleeperSofa ss;

cout « "Bec = "
<< ss.welght
< "\n";

OO6patuTe BHMMaHHWEe Ha KJII0YeBOe CJIOBO virtual, Wcmob3yoleecss TIpU HacenoBa-
Hum kmaccoB Bed m Sofa or kmacca Furniture. OHO o3HayaeT MPUMEPHO C.IEAYIOLIEC:
"JlaiiTe-ka MHe Komuio Furniture, HO ec/ii OHa yXe CYIIECTBYET, TO S MCIOJBb3YI0 MMEH-
Ho ee". B mrore xmacc SleeperSofa Oymer BBIISIAETh, KaK ITOKAa3aHHO Ha puc. 28.5.

Furniture

YrieHbl Bed
(6€e3 uneHos Furniture) 1. [MonHbIn
" obbext

YneHb! Sofa ’ SleeperSofa
(6e3 uneHos Furniture)

YHVKaNbHbIE YWiEHbI
knacca SleeperSofa

Puc. 28.5. Pacnoaoxcernue xaacca SleeperSofa 6 namsmu npu
UCNONBb30BAHUUBUPMYANBHOCOHACAE008AHUS

W3 sT1oro pucynka BumHo, 4ro Kimacc SleeperSofa comepxur Furniture, a Taxcke
yact KiaccoB Bed m Sofa, He comepxamme Furniture. [lazee HaxomsTcsl YHUKaJIbHBIE
st kimacca SleeperSofa wieHbl (2JIeMEHTHI B IaMSITH He 00s13aTeIbHO OymyT pacIioiaraThb-
Cs1 UMEHHO B TaKOM TOpPSIAKE, HO B TAHHOM OOCYXIEHUM 3TO HECYIECTBEHHO).

Tenepp obOpamenne K wieHy weight B ¢yHkumu fn (} He MHOro3Ha4HO, MOCKOJBKY
SleeperSofa comepxut Tosbko omHy konuio Furniture. Hacnemys atoT Kkiacc BUpTy-
aJIbHO, MBI TIOJIYYMIIM XKeJIaeMyI0 CTPYKTYypy HacjiemoBaHMsS (cM. puc. 28.2).

Ecmu BupTyanbHOE HaciemoBaHUE TaK XOPOIIIO pellaeT MpoGiieMy HEOTHO3HAYHOCTH, TIOUeMy
OHO He SIBJISIETCSI HOpMO? Bo-TiepBbIX, MOTOMY, YTO BUPTYyaJbHO HaC/IeoyeMblil Kiacc oOpaba-
ThIBAETCS MHA4Ye, YeM OOBIUHBINM HacJemyeMblil 6a30BBbI KJIacc, YTO, B YaCTHOCTH, BBIPAKAETCS
B TIOBBIIIIEHHBIX HAKIaAHBIX pacxonaX. Bo-BTOpBIX, Y BAC MOXET IMOSIBUThCS KeJaHUE MMETh JIBE
KO 6a30BOrO Kilacca (XOTs 3TO CydaeTcsl BeCbMa pelko). BCIOMHUM Halll cTapble YIpax-
HEHMSI CO CTyIEHTaMU M TperojaBaTe/iiMU M JIOIYCTUM, YTO TeacherAssistant (MOMOUIHUK
npenonasarelisi) sBIsieTcsl OmHoBpeMeHHO U Teacher (mperomaBateiem) u  Student
(cTymeHTOM), KOTOpbIE, B CBOIO Ouepelb, ABNAIOTCS mnoakiaccamu Academician. Ecnu yHuBep-
CUTET JacT MOMOIIHUKY TpernoaaBaTesis aBa uIeHTUdUKaTopa — W CTyIeHTa W TperoaaBaTes,
To Kinaccy TeacherAssistant moHanoOsiTcst ABe konuu kiacca Academician.

Konempyupolanue odseninol

Ilpu KOHCTPYMPOBAaHUU OOBEKTOB C HCMOJb30BAaHWEM MHOXECTBEHHOTO HACJeJI0BaHUs
JOJDKEH BBITIOJTHSITHCSI P/l MIPABUIIL.
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1. CHauajia BBI3BIBAIOTCS KOHCTPYKTOPbI JIsd KaXJI0ro BUPTYaJIbHOI'O 06azoBOro
Kiacca B IOpsAAKEe HaCJICAOBaHUA.

2. 3areM BBI3BIBAIOTCS KOHCTPYKTOPHI KaXIIOTO HEBUPTYaJIbHOTO 0a30BOTO Kilacca
B NMOPSIAKC HACJCIOBAHUS.

3. Tlocne 3TOro BBI3BIBAIOTCS KOHCTPYKTOPBI BCEX 00BEKTOB-YWIEHOB KJjlacca B TOM
IIopAaaKe, B KOTOPOM 3THU OOBEKTBHI-WIEHbI OOBSIBJIEHBI B KJIacce.

4. W HakoHell, BBI3BIBAETCS KOHCTPYKTOP CaMOro Kjacca.

O6paTI/ITe BHUMAHUE, 4YTO 0a30BbIE KJIACChI KOHCTPYUDPYIOTCA B MOPAAKE HACJICOOBaHUA,
a HE B IIOPAAKE PaCIIOJOXKEHHA B CTPOKE KOHCTPYKTOpPA.

Onmpusamiesonse  chopots
MHONMECHBernozo Hacieqobanus

JToJKeH TPU3HATBCSI, YTO HE BCe, KTO paboTaeT ¢ OObEKTHO-OPUEHTHUPOBAHHBIM IIPO-
TPaMMUPOBAHHUCM, CUUTAIOT MEXaHMW3M MHOXECTBEHHOTOo HacienoBaHUsS yaadyHbiM. Kpome
TOr®, MHOTME OOBEKTHO-OPMEHTUPOBAHHBIE SI3BIKM BOOOIIE HE IMOAIEPKUBAIOT MHOXKECT-
BEHHOI'O HacJIe[IOBaHUsI, peaju3alus KOTOPOTo, KCTaTH, HAJeKO He caMasl mpocTasl Belllb.
KoHeyHO, MHOXECTBEHHOE HAac/eoBaHME — 3TO MpobieMa KOMIIWIATOpa (BepHee, TOro,
KTO THULIET KOMIUIATOp). OQHAKO OHO TpeOyeT OOJBIIMX HAKJIAJAHBIX PACXOIOB MO CpaBHE-
HUIO C IPOTPAMMOIl C OOBIYHBIM HACJEIOBAHMEM, a 3TU HAKJIAIHBIE PACXOAbl CTAHOBITCS
ye TMpo6IeMoii TTporpaMMucCTa.

He MeHee BaXHO M TO, YTO MHOXECTBEHHOE HACJIEIOBAHUE OTKPBIBAET IMyTh K JOIMOJHU-
TeJbHBIM OIlIMOKaM. Bo-mepBbiX, HEOMHO3HAYHOCTb, MOMOOHAS OMUCAHHOW B TMPEIbIAYILEM
pasenie, MOXET IMPEBPATUTHCS B OOJBIIYIO MPoGieMy. BO-BTOPBIX, MPU HATUYMU MHOXKECT-
BEHHOTO HacJieIOBaHUs Tpeo0pa3oBaHMs yKasaTelsisi Ha MOIKJIACC B yKaszaTelb Ha 0a30BbIii
KJIaCC MHOTJA MPUBOAAT K 3allyTaHHBIM M HEMOHSITHBIM M3MEHEHUSIM 3TOro ykasaress. Bce
5T TOHKOCTU $I OCTaBJISII0O Ha COBECTM Pa3pabOTUYMKOB SI3bIKA U KOMITUJISITOpA, HO XOuy

MPOAEMOHCTPUPOBATh MPOTrpaMMy, KOTOpasi U3-3a 3TOTO MOXET MPUBECTH K HeEMpencKasye-
MBIM pe3yJIbTaTaM:

#include <icstream.h>

class Bas=21 {int mem;};
class Bas=22 (int mem;) ;
class Subclass : public Basel, public Base2 {};

void frn(SibClags* pSC)
{

Basel* pRBRl = {(Basel*)psC;
Base2 * pB2 = {Basel~)pSC;
1f({vo1id*)pBl == (void*)pB2)

{

cout <<' "Vxasareld YuCIIeHHO pasHE\N" ;
]

int main(int args, char* pArgs(l}
{

Subclass sc;

fni&sz);

return 0;
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Vkazarenu pBl u pB2 He paBHBI, HECMOTpS Ha TO YTO OHU YKA3BIBAIOT, TO CYTHM, Ha
OIMH OOBEKT *psc.

Jlymato, BaM CTOMT M30eraTh MHOXECTBEHHOTO HacjelOBaHMS, TOKa Bbl B TOJHOW Mepe
He ocBoute C++. OOBIYHOE HAC/IEMOBAHWE TOXE JOCTATOYHO MOIIHBIM MexaHu3M. Kckio-
YyeHHeM MOXeT craTh OubamoTreka Microsoft Foundation Classes (MFC), B KoTopoil MHOxe-
CTBEHHOE HacJieOBaHWE HWCIONb3YeTCsl CIUIONIb W psimoM. OgHAKO 3TH KJIacChl TIIATETbHO
BbIBEpPEHBI TTPOGECCUOHANBHBIMU BBICOKOKBAIM(UIIMPOBAHHBIMU TTPOTPAMMUCTAMU.

Tonbko He TOWMUTE MeHsT HelpaBWwiIbHO! Sl HEe TPOTUB MHOXECTBEHHOTO HAcCJieIOBaHUSI.
To, uro Microsoft u apyrue koMmaHuu 3(GEKTUBHO MCIOIb3YIOT MHOXECTBEHHOE Hacje-
JIOBaHWE B CBOMX KJaccax, JOKa3bIBaeT, YTO TaK MOXHO Jenarh. Eciau Obl 3TOT MeXaHU3M He
CTOWJI TOTO, OHU OBl €ro He MCTOb30Baau. OmIHAKO 3TO OTHIOAb HE 3HAYUT, YTO MHOXKECT-
BEHHOE HacjeqoBaHUE MMEET CMBICT MPUMEHSTh, €Ba MO3HAKOMUBIIKUCH C HUM.
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LNlecatb cnoco0oB u3bexarb OWUOOK

B osion wuabe. ..

<

BrinzodyeHue Beex MpeaynpexaeHuil U coobliieHuid 00 ommokax
HobGeiiTech YMCTOM KOMITUAJISIIUN

Hc1onp3yiiTe mocaenoBaTe/IbHbI CTUIIb TTPOrPaMMUPOBAaHUS
OrpaHnuuBaiiTe BUAMMOCTh

KommeHTHpy#iTE CBOIO MpOTrpaMmy

XoTs Obl OMH pa3 BBIMOJHUTE MPOrpaMMy MOIIATOBO

W3beraiiTe meperpy3kKH olepaTopoB

Pabora ¢ kyueit

Hcnonb3yiiTe MCKIIOUNTENbHBIE CUTYallMU Ui 00paboTKM OIMOOK
M36eraiite MHOXECTBEHHOTO HaCIeI0BaHUSI

T N U U U Y

GKAIOUEHUE BCEX npeq ynpemgernii
U coodmernnit od omudrax

Cunrtakcuc C++ mo3BosisieT poBepsiTh Bce U Besl. Koraa KoMNuIsSTop BCTpeyaeTcsi ¢ KOH-
CTpYyKILIMEeW, KOTOPYIO OH HE MOXET MOHSTh, Y HETO He OCTAaeTCsl HUKAKOro BbhIOOpa, KpoMme re-
Hepauuu cooOleHuss 06 ommoke. M x0T KOMINUISATOP YECTHO MBITAETCS MEPEUTH K CIEAYIO-
1LIE CTPOKEe MpPOTrpaMMBbl, OH JIaXke HE COYTET HyXXKHBIM CO3MIaTh BBHITIOJHSIEMYIO TIPOTpaMMy.

BrixmoyeHue cooOlleHuii 00 ommbKax W MpeaynpexXaeHUu MogoOHO OTKJIIOYEHUIO Kpac-
HbIX Ta0apuTHBIX OTHEW Ha Balllell MallvHe, MOTOMY YTO OHUW Bac paiapaxaioT. MrHopuposa-
HUe MpoOieMbl HE 3aCTaBUT €€ MCYe3HYThb. EcCiv Ball KOMIWJIATOP UMEET PEXUM aOCONMIOTHON
MpoBepKu Kopaa, Bkmouute ero. M Microsoft u Borland npenocrasisiior pexum "BkiiounThb
Bce coobmeHust” (Enable All Messages), KOTOPBIi A0JKEH MOCTOSSHHO HaXOMUTHCSl B paboueM
COCTOSIHMU. B KOHIIe KOHIIOB 3Ta MHOTOCJIOBHOCTE COEPEXET Ballle BPEMSI.

PaccMarpHBast Balll UCXOOHBIA Koi, yMHBI KoMnuiasitop C++ moMuMO OIIMOOK MILIET
BCSIKH€ TIOI03PUTEIbHbIE KOHCTPYKIIMU. BoT mpumep:

#include "student.h™
#include “class.h"
Student* addNewStudent (Class class, char *pName,

SSNumber ss)
T
Student pS;
if (pllame != 0)
{ .
pS = new Student (pName, ss) ;

wlass. addsStudent {(pS) ;
b

retum pPS;
I
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YMHbIl KomnunsTop (tumna Visual C++) noHumaer, yto ecnu pName paBHo 0, To mepe-
MEHHasi pS HUKOrAa He OyneT HPOWMHHIMANHM3UPOBAHA, U BBIBOAUT COOOLIEHHE 00 3TOM
M obpalliaeT Ballle BHUMaHWe, YTO ObIIO ObI HEIJIOXO B3IJISTHYTh Ha 3Ty MpoOJeMy ele pas.

Dodesimecs wucHolKoOMNUNAYUY

He HaymHaiiTe oTMamKy Koma, MoKa He M306aBUTECh OT BCEX MPEMyNpeXIeHUN (Mau XOTs
Obl He IoliMeTe MX NpUYMHY). BbIKIIOUeHUEe pexXuma BbIBOAa BCeX COOOIIeHMI 00 oIuo-
Kax, YyToObl OHU HE HaJgoedand, He TPUBEAET HM K YeMy Xopoiuemy. Eciu Bbl He TMOHSIIU
CcoO00IIIeHre cpa3y, MOoCUIUTe U pa3depurech ¢ HUM. IIpoOGjaeMbl MOSBISIOTCS MMEHHO TaM,
Iie BbI Y€ro-To He TTOHUMaeTe.

Uenoussyiike nocaeqobaresbrbi chindts
npozhasanpobarns

IIporpaMmmMupoBaHue ¢ WCIOJb30BAHMEM YKMCTOTO TOCIEIOBATEILHOTO CTHJSI HE TOJBKO
YIY4IIaeT YUTAeMOCTh MPOTPaMMBbI, HO W YMEHbBIIIAeT KOJUYECTBO OIIMOOK MPOTPaMMMPO-
BaHus. [ToMHUTE, YTO, YeM MEHbIIE CHJ OyIeT YXOmUTb Ha paciiMbpoBKYy Kola, TeM 0O0Jb-
e MX OCTAHETCS Ha OOAyMbIBAaHME JIOTMKHM CO3JaBaeMoOi MporpaMMbl. XOpOIIWN CTUIb
MPOTPaMMUPOBAHUS TTO3BOJISET JIETKO CIPABISITCS ¢ TAKUMU 3aladyaMu:

| ¥ pasmuuarh MMeHa KJAacCOB, MMeHA OOBEKTOB M MMeHa (DYHKIIUIA;
I ¥ monyyarb onpeneneHHy WH@oOpMaio 06 00bEKTE MO €r0 UMEHH;
tv ommmars KOMaHIbI Tpernpoliieccopa ot KoMann C++;

¥ pasznuuath 0J0KM mporpamMmbl C++ IO YpOBHIO OTCTYIIOB.

KpomMe Toro, Bbl MOJKHBI TPUYYUTHCSl CO30aBaTh CTAaHAAPTHBINA 3aroJOBOK MOJYJIEH.
B Takmx 3aroyioBKax ciemyeT MPUBOAWTH WHOOpMaIMi0 0 QYHKIMSIX MIU Kiaccax, comep-
Kalluxcsl B JaHHOM Mofysie, o0 MMEHM aBTopa (MMeeTcs B BUIY Ballle MMS), O JaTe CO3-
JNaHUS YU BEPCUU HCIOJBb3YeMOro KOMITWIISITOpA, a Takxke 00 MCTOPUU WCIpPaBIEHUN U MO-
IuduKanuii.

O4yeHb - BaXXHO, YTOOBI MPOTPAMMUCTHI, pabGoTalolmMe Haa OJHUM IPOEKTOM, HMMEIH
OJMHAKOBBIM CTWJIb TporpaMMmupoBaHusi. IlombiTkKa pa3o6paThcsi B MpoOrpamme, Co-
cTosIIe M3 (pparMeHTOB C Pa3HBIMU CTHJISIMH MPOrPaMMHPOBAaHUS, JTOBOJBHO TOCKIIH-
BOE 3aHSITHE.

Ozhanuwubaiiie Guquiocie

OrpaHuyeHUe BUIMMOCTU BHYTPEHHETO COIAEPXKMMOIO Kiacca IJisl BHEIIHEro Mupa —
OIMH M3 KPaeyroJibHbIX KaMHell 0O0BbeKTHO-OPHEHTHPOBAHHOTO MporpamMmupoBaHus. Kiacc
caM OTBEYaeT 3a CBOE COAEPXKMMOE, a MPWIOXKEHHE OTBevaeT JIMIIb 32 MCIOJIb30BaHUE Kiac-
ca JUTSl pellleHUsT TTOCTaBJICHHBIX 3a1ay.

B wacTHOCTH, OorpaHWYeHHAsT BUAMMOCTh O3HAUYaeT, YTO JaHHbIE-UJIEHbl HE MOJIKHBI ObITh
JNOCTYITHBI M3BHE Kjlacca, T.e. OHU JOJDKHBI OBITh 3allMINEHHBIMU WIM 3aKpbITBIMU. Kpome
TOTO, JOJIKHBI OBITh 3allMIIEHBbl (QYHKIMU-UYIEHBI, O KOTOPHIX BHEIIHUE MPUJIOXKEHUS
He IOJDKHBI 3HaTh.

OTKpBITbIE (YHKIMU-YICHBI TOKHBI KaK MOXHO MEHbIIE JOBEpSTh BHEIIHEMY KOmy —
o001 apryMeHT, TepelaHHbI OTKPHITON (hYHKIIMHU-WieHY, TOJDKEH PacCMaTpUBATLCS KaK IMO-
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TEHUMARBHBIA UCTOYHUK OLIMOKM, MOKa He OyIeT JOCTOBEPHO M0Ka3aHO obpatHoe. DyHKIus,
MpUBEIECHHAS HIXKE, MPEICTABISIET COO0M MMHY, KOTOpasi TOJIBKO M XIET CBOEro Jaca.

class Array

{
public:
Array{int s)
{
size=0;
pData = new int[s];
if (pData)

gize = s;

}
~Array{)
{
delete pData;
size = 0;
phata = 0;
}
//BEepHyTh MM YCTAHOBUTEL NAHHHE B MacCHUBE
int data fint index)

{

return pbhatalindex];
int data (int index, int newValue)

-nt oldvalue = phata{index];
phatalindex] = newValue;
return oldvalue;
}
protected:
int size;
int ~pbhata;
b
dynkumsg data (int) T03BOJIAET BHEIIHEMY NPUJIOXKEHWIO 4YWTaTh JaHHBIE M3 Array.
OTa QyHKIMS CAUIIKOM TOBEpUYMBA: OHA HE MPOBEPSIET, HAXOAMTCS U MepeMeHHas index
B OOIyCTUMOM JMaIa3oHe. A 4YTO, €CIM OHa BBIMIACT 3a TMPEAYCMOTPEHHBIC TpPaHUIILI?
®Oyukius data (int, int) ¢ 3TOM TOYKM 3peHMS £LIE XyxKe, ITOCKOJbKY MPOM3BOIWT 3a-
MUCh B HEM3BECTHOE MECTO B TaMSITH.
B crenyroliem mpumepe IMokasaHO, KakK OCYIIECTBUTb Takylo MHpoBepKy. JlIsi KpaTKOCTH
TpUBENIeH TOJIBKO TipuMmep byHKumu data (int).

int data(unsigned int index)
{

if {index >= size)

{

rout << "l[HOeKC MaccuBa BHe
" IOy CTMMOTO IOuaria3oHa ("
« index « "}\n";
return 0;

}

return pbhatal[index];

Tenepn, ecnmu mepeMeHHas index OymeT BBIXOOWTH 3a IIPEIENIbl OOIMYCTHMOTrO IHMAIla3o-
Ha, 3TO OyJeT BbISIBJIEHO Ha 3Tare INMpoBepKU (0e33HaKOBOCTb MepeMeHHOoM index u3baBisi-
€T OT HeOOXOAMMOCTH MPOBEPKU Ha OTPHMIATEILHOCTb 3HAYCHUS HMHAEKCA).
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Kowunenmupyiiie ceoio nposhauiy

4 cunTalo, 4To MOXHO M30eXaThb M3MUIIHUX OIIMOOK, €CM KOMMEHTUPOBATh IMPOrpam-
My B TIpollecce ee HamucaHWs, BMECTO TOTO YTOOBI XJaTh, KOTIa IMporpaMMa 3apaboTaer,
Y TOJBbKO MOTOM BO3BpallaThCs U A00aBISTh KOMMEHTAPUM K TEKCTY.

[TOHATHO, YTO HUKOMY HE XOYeTCsl TPaTUTh BpeMsl Ha HamucaHhe OOBEMHUCTBIX 3arojioB-
KOB M MOSICHEHMI K (DyHKLUSIM, HO 51 Tymalo, Bbl BCErla HaineTe mapy MUHYT, 4TOOBI 100a-
BUTb KpaTKWii KOMMeHTapuii K porpamme. Korma Bl BepHeTech K KOy, HallMCaHHOMY He-
JIenu JBe Haszal, KOPOTKME U colepKaTelbHble KOMMEHTAapuW 3HAYMTEeNbHO oO0Jieryar
"BxXXUBaHUE" B IIpOTrpaMMy.

KpoMe ToOro, mociieaoBaTeJbHO MCHOJb3yeMble OTCTYIBI M COIVIALIEHMSI 06 MMEHax cie-
JIAIOT KOJ ropas3fao JAOCTYIHee U YTeHUs W NMoHMMaHus. KoHeyHo, oueHb MPHMATHO, KOrma
KOII JIETKO YUTaTh MO 3aBepILIEHUN HAMMCAHUS MPOTPAMMBbI, HO TTPOCTO HEOOXOAUMO, UYTOOBI
KOJI XOPOIIIO BOCIIPMHUMAJICSA W TIPM HAaNlMCaHUM — MMEHHO TOTHa, KOTJa BaM IEHCTBUTEIb-
HO HyXHa MOMOIIIb.

Koria d oqun pas Bunosnuske
nhozhasisy nouacoeo

BaM, kak mporpaMMUCTy, OYeHb BaXXHO MOHMMAaTh, KaK paboTaeT Baila mporpamMva. Hu-
YTO HE MOXET IaTh OOJIETYUTh MOHWMaHWe, YeM TIOLIaroBOe BBIMIOJHEHUE MPOrpaMMbl
C TOMOIIIBIO XOPOIIETO OTMamYMKa (OOBIMHO U 3TOTO BIIOJHE IOIXOMAT OTJIATYUKH, BKITIO-
YeHHBIE B Cpelbl pa3pabOTKU KOMITUJISITOPOB).

Korma HekoTopast (yHKILIMSI TOTOBa U MOXET OBITh HOOaBlieHa K TMporpaMMe, €e CieayeT
THIATEIbHO MPOBEPUTH XOTSI Obl OIWH pa3, MPOXOAS BCE BO3MOXHbBIE BapUAHTHI BETBIECHUS
MOTOKA ympaBieHust. [opasmo Jierye OTIaBAMBATh OINMOKM B OTHEIbHOW (YHKIIUM, YeM
B KOMILIEKCE C APYTUMU (DYHKIIUSIMU MPOTPAMMBI.

Usderasmenepethysiu onehasopol

HacrositenbHO coBeTyl0 M30eratb Meperpy3Ku OIEepaTOpoB, 3a MCKIIOUYEHUEM OIlepaTro-
poOB  BBOHa-BbiBOZa operator«() u operator>> ()M omepaTopa MPUCBOEHUS
operator={(), IIOKa BBl KakK clemayeT He ocBouTech B C++. XoTg xopomuii Habop Iiepe-
TPY>KEHHBIX ONEPATOPOB M MOXET 3HAYMTEJIBHO MOBBICUTH IOJIE3HOCTh KJIACCA U YUTAEMOCTD
KO/a, Meperpy3ka MOYTM HUKOTIAAa He OBbIBAaET KpaliHe HEOOXOAUMOUN W MOXKET 3HAUUTEIBHO
YCJIOXHUTD XKU3Hb HAYMHAIOLIETO ITPOrpaMMUCTA.

IMocne Toro kak Bl MHTEHCUBHO ropabotaete ¢ C++ 1o MeHbllIeil Mepe HECKOJIbKO Me-
CS1IEB, MOXETe HauYMHaTh MeperpyxaTb OlepaTopbl Kak BaM 3a0JlaropaccyauTCs.

Padora c Kyueil

OCHOBHOE MpPaBUJIO, Kacallleecsl Kydu, 3aKIIoYaeTcsi B TOM, UYTO BBbIIEJIEHUE U OCBO-
OoXIeHWe TaMsATH W3 Ky4d IOJDKHO TPOMCXOAUTh Ha omHOM ypoBHe. Ecimu dyHKIus-
yieH MyClass::create () BblaeasieT OJOK MaMSITM M BO3BpalllaeT €ro BhI3bIBABIIEMY KO-
Iy, TO AojkHa cyuiectBoBath U ¢yHKuuss MyClass : :release (), koTopas ocBOOOXIaeT
0JIOK maMsITU, BO3Bpalllas ero B Kyuy. MyClass::create(O He H0JKHa TpeGOBaTh OT
BBI3bIBalOIIEell (DYHKIMM CaMOCTOSITEJIbHOTO OCBOOOXIEHUSI MaMsITU. DTO, KOHEYHO, He
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rmoMoraeT u3bexaTh Bcex MpobieM (Hampumep, BbI3bIBalONas (GYHKIHUS MOXET IPOCTO
"3a0bITh" BBI3BaTh MyClass::release ()), OOHAKO BCe Xe CHUXAET BEPOATHOCTb MX
BO3HUKHOBEHMUSI.

Ucnosssyinie yeyuonunieavnse
cutyanin gasodhadoninu ouudoK

Mexanusm uckimodeHuir BeeneH B C++ creuuanbHO i yaooctBa U 3G (HEeKTUBHOCTH
00paboTku omubok. Temepb, KOrma 3Ta BO3MOXHOCTb CTaHAAPTU30BaHA, Bbl MOXETE CITO-
KOIHO MCTOJIb30BaTh €e.

Usdezadime smnomecibernozo
Hacsegobarus

MHOXeCTBEeHHOEe HacjefoBaHWe, KaK W TIieperpy3ka omnepaTopoB, Ha TMOPSIOK YCITOXHS -
0T TIporpamMMy, YTO COBCEM He HYXHO HayuHamlleMy nporpammucty. K cyacteio, 00ib-
ITMHCTBO OTHOIIEHWN pPEallbHOTO MHMpa MOTYT OBITh BBIPAXEHBI C TIOMOIIBIO ONMHOYHOTO
HacjenoBaHUS (HEKOTOpbIe YTBEPXKIAIOT, YTO MHOXECTBEHHOE HacjeJoBaHUE BOOOIIE He
HYXXHO, HO 51 HE M3 TaKuX).

B n06oM ciydae Bl MOXETe CIIOKOWHO MCIOJIb30BaTh KJIAcChl ¢ MHOXECTBEHHBIM Ha-
cJemoBaHMEM M3 KOMMEpPUYECKUX OmOnmoTek, Hampumep kinacchl Microsoft MFC.

JIvip yoeauBIIMCh B TOM, YTO BbI TBepAO NMoHMMaeTe KoHuenuuu C++, MOXHO Hayu-
HaTh 3KCTIEPMMEHTHPOBATh C MHOXECTBEHHBIM HaclienmoBaHueM. Bbl Oymere yxke mTOCTaTOYHO
TMOATOTOBJIEHBI K HEOXUIAHHBIM CUTYallUsIM, KOTOpPbIE MOTYT BO3HUKHYTb MPU MCITOJIb30Ba-
HHUM 3TOTO MeXaHW3Ma.
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£nis

v_table

AGCTpaKTHbIIA
Knacc

AbCTpakumns

Ba3zoBblin knacc

BuptyansHas
bYHKUMS-4neH

BHeLuHss
yHKLUMA

(outline)

Bcrpavisaemasn
(inline) dyHkums

BbipaxeHve

[nobanbHaa nepe-
MeHHast

this

Abstract class

Abstraction

Base class

Virtual
function

member

Outline function

Inline function

Expression

Global variable

Ykazarenb Ha Tekylmin 00bekT. this — 810 CKpbIThI NEpPBbIN
apryMeHT BCex Hectatudeckux @yHkumiA-uneHoB, Bcerpa wumeer
TMN "yKa3aTenb Ha TeKyLLUMA Knacc”.

Tabnuua, KOTOpasi COOEPXWT aapeca BUPTYaslbHbIX — YHKUMIA
Knacca, Kaxabln knacc, KOTopblii UMEET ofHy 1nv GonbLue BUPTY-
abHbIX GYHKLMIA, 006S3aTENbHO COAEPXUT Takyto Tabnuuly.

KRace. KoTopbIi COAEPXUT OfHY WM HECKOSbKO YMCTO BUPTYaSb-
HbX yHKUMA, Co3paHne obObekTa Takoro Kinacca HEBO3MOXHO.

KoHuenuus ynpoLueHnst peasibHOro Mvpa, KOTOpbi pasbuBaetcs
Ha OCHOBHble 3nieMeHTbl. ADGCTpakLMsl MO3BOJIIET KiAcCam OTO-
OpaxaTb peasnbHblni MUp. Bes abcTpakummn Knacchbl NpeacTaBnsm
Obl peanbHOCTb a ee Be3HaAEeXHO 3aryTaHHOM BUAE.

Knacc, 13 KoToporo rnopoxaatoTcst Apyre Kiacchl.

DyHKUMA-uNeH, KoTopas Bbi3biBAETCA MNonMmopdHo. CMm. nosm-
MOppU3M.

O6blyHas GYHKUMS, TeNo KOTOPOM HaxoOuTCs, Kak Mpasuio,
B MecTe ee obbsiBneHus. Bce mocneayiouwie obpaileHms K gyHK-
UMM NMPYIBOLAT K €€ BbI30BY 13 OQHOMO MecTa B namsti. CM. Takke
BCTpavBaemasi pyHKLUMS.

({YHKUMS, noAcTaBNsieMas B TOYKE BbLI30BA; OH4EHb MOXOXa Ha
MakpoornpeaesneHue.

MocnenosaTenbHOCTbL MOABLIPAKEHWUIA 1 onepaTtopoB. B s3bikax C
n Gt BolpaxeHue BCEraa MMEET TUM 1 3HaYeHme.

[TepeMerHasn, obbsBNeHHan BHe Kakux-mbo ¢yHKUMI 1 Gnaropa-
psi 3TOMY JOCTYyrNHas ans BCex GyHKUMINA.

nybokoe konvpo-  Deep copy KornpoBaHue 06beKTa, COCTOSLLEE B PEMINLMPOBAHNN COOEPXKUN-

BaHve MOro oObekTa U PecypcoB, KOTOPbIMM BraaeeT OObekT, BKIOHas
00bEKTHI, Ha KOTOpblE YKa3bIBAOT [AHHbLIE-YIEHBI KOMMPYEMOro
obbekTa.

,H,pyr Friend (DyHKU.MH WM KNacC, KOTOpblE HEe SBMASIOTCA WIEHOM [OAHHOro
Knacca, ogHako UMEKT JOCTYN K 3alMLLEHHBIM YieHaM Knacca.

3akpbIThiii Private YneH knacca, AOCTYMHbIA TOMbKO AN OPYrX YIEHOB TOrO Xe
Knacca.

3almILLEeHHbIN Protected YrneH knacca, OOCTYMHbINA TOMLKO A8 YIEHOB 3TOro Knacca v ero
NnoaKIaccoB. 3allMLLEHHbIE WieHbl Kiacca He sIBRsioTCs o0LLe1oc-
TYMHbIMW.

Knaccudumkaums Classification O6beanHeHe MOXoXux 0ObekToB. Hanpumep, TEnIoKPOBHbIE,
XMBOPOAOSLLNE, BCKOPMJIEHHBIE MOJIOKOM MaTepu CyllecTsa, 00b-
€OVHSIIOTCS B OAWH KJTAaCC — MJIEKONUTAaIoLME.

KoHcTpykTOp Constructor CneuvanbHast yHKUMS-4IeH, KoTopasi aBTOMATUYECKUN Bbi3blBaET-
Csl B MOMEHT CO31aHnsl 0ObekTa.
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KoHcTpyktOop NG
YMOTHaHMIO

KoHTtponsHoe none

KonwvpytoLmia - KoH-
CTPYKTOP
(koHCTpYKTOP
NMPOBaHNS)

KO-

Kysa

Mertop,
HacneposaHve

OTKPbITHINA

OBLeKTHO-
OpPUEeHTMpoBaHHOE
nporpam-
M1poBaHne

O6bsiBneHre  npo-
TotMna GyHKLMN

O6bsiBneHre
DyHKUMM

DyHKuMs oBpaTHO-
ro Bbi30Ba

Mapagurva

Meperpyska

Meperpyska one-
paTtopos

[lepeonpenenenye

[NoBepxHOCTHOE
KOMMpOBaHme

Mopknacc

MosaHee cBsisbiBa-
Hu1e

Default constructor

Signature field

Copy constructor

Heap
Method
Inheritance
Public

Object-oriented
programming

Function prototype
declaration

Function
declaration

Callback function

Paradigm

Overloading

Operator
overloading

Overriding

Shallow copy

Subclass

Late binding

KOHCTPYKTOP, KOTOPBIA COOEPXMT NYCTOM CMNCOK aPTYMEHTOB,

HecTtatuyecknin uneH, KOTOpOMY MPUCBaMBAETCS OMpenenieHHoe
3Ha4YeHve. JTO 3HayeHVe MOXET OblTb 3aTeM MPOBEPEHO (YHK-
LMSIMU-4TIEHAMN 011 KOHTPOMS KOPPEKTHOCTW ykasaTtenst Ha obb-
eKT. 9TO 04eHb APPEKTVBHLIA OTNAAOYHbIN NPUEM.

KOHCTPYKTOP, apryMeHTOM KOTOPOrO SIBMFIETCA CCbUTKA HA OBBLEKT
TOro xe knacca. Hanpumep, KOnvpyioLLwmin KOHCTPYKTOP A/ Knac-
ca z obbsIBNseTCs Kak 2: 1z (z4&).

Mamsatb, BbigensemMas s NPOrpaMMbl € MOMOLUBIO  yHKLMM
malloc(). Ora naMsaTb AOMKHA ObiTb OCBOOOXAEHA MOCPeacT-
BoM ¢yHkumm free ().

CM. pyHKUMSI-4/1EH.

CnocobHocTb kraccoB C++ nepeHMMaTb CBOMCTBA YXE CyLLECT-
BYIOLLIIX KJTACCOB.

YneH knacca, AOCTYMHbINA K3BHE 3TOr0 Kiacca.

MporpaMMIpoBaHIe, KOTopoe Ga3npyeTcs Ha MPMHLMNAX COKPbI-
THS [iaHHbIX, aGCTPaKUMM 1 nonmopduamMe.

O6bsBneHvie  GyHKLMK,
byHKLMN).

Onucanve GyHKUMKW, COCTOSILLEE B YKa3aHWM MMEHW yHKLMK,
MMEHM KJ1acca, C KOTOPbIM CBsi3aHa 3Ta GyHKUMS (eCnn CBs3aHa),
KONMYECTBA U TWMA BCEX apryMEHTOB, a Talkke Tuna BO3Bpallae-
MOro QyHKLMEN 3HAYEHVS,

KOTOPOEe He COmEePXWUT Koaa (Tena

@YHKUWR, BbI3bIBAEMAs OMEPALMOHHON CUCTEMOIA B OTBET Ha On-
peneneHHoe cobbiTue.

B obnactu nporpamMMmnpoBaHvs — crnocob MblluneHust. Micnonb3ay-
€TCsl B KOHTEKCTE, Hanpymep: 0BbEeKTHO-OPUEHTUPOBaHHaA napa-
avrMa v GyHKUVOHabHas napagvrma.

MpenocTaeneHve [BYM pPasHbiM GYHKUMSM OAMHAKOBOTO WMEHW.
Takne OYHKUM  Pa3nnyatoTcsl  KOMMWIATOPOM MO KOMHECTBY
W TVNam VX apryMeHTOB.

OnpeaeneHne bYHKUMOHANIBHOCT BCTPOEHHbLIX OMepaTopoB Mpu
UCMOML30BaHUN C MOJL30BATESNBCKMMM TUMaMM.

CoznaHve B nopgknacce GyHKUMM C TEM XE UMEHEM U apryMeHTa-
MW, 4TO 1 B 6a30BOM knnacce. CM. mosmmopgu3am v BUpTyasibHas
QYHKLNSI-4IIEH.

Mo6GuUTOBOE KOMMPOBaHME.

Knacc, Hacnepylowmin OTKpbITble CBOMCTBA APYroro knacca. Ecim
Undergraduate — nogkiacc knacca Student, 3Hauw,
Undergraduate ABNAETCA Student.

lMpouecc, KoTopbIvi ucnonb3yetca B C++ Ons OCYLLECTBEHWS MO-
nmopduama.
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MNonumopdram
MopoXxaeHHbIN
Knacc

MoTok BBOOA-
BbIBOOA

PaHHee  cBf3bIBa-
HVie
Paclumpsemoctb

CerMeHT JaHHbIX

CermeHT koga

CermeHT cTeka

CuvrHatypa
ym

DyHK-

CokpalleHHoe Bbl-
ymcneHve

CcbuioyHast
MEHHas!

nepe-
Cratnyeckast

byHKUMS-UneH

Cratnyeckmin uneH

Tvin nepemeHHon

Ykazarenb
YcTpaHeHe Heoa-
HO3HAYHOCTY

®daza aHanmza

dasa koampoBaHus

da3za paspaboTku

Polymorphism

Derived class

Stream i/o

Early binding

Extensibility

Data segment

Code segment

Stack segment

Function signature

Short-circuit
evaluation

Reference variable

Static member

function

Static data member

Variable type

Pointer variable

Disambiguation

Analysis phase

Coding phase

Design phase

CnocoGHOCTb peLlatb, Kakas U3 neperpykeHHbIX hyHKUMIA-41eHOB
[OmKHA ObiTb Bbi3BaHa B 3aBMCMMOCTM OT TEKYLLEro Tvna Bpeme-
HN VCMOJNHEHNSI OObEKTA.

Knacc, koTopbIi HacneayeT Apyron Kiacc.

Beop-BbiBoA, B C++, OCHOBaHHBIA HA MEPErpYXEHHbIX OrepaTopax
operator << u operator >>. MpotoTnnbl 3TMX YHKLNIA
HaxogsTcs BO BKoYaeMoM danne lo st ream. h.

HopmanbHbili (He nonmmopdHbIi) MeTop, Bbidosa. Bce Bbi3osbl B C
OCYLLECTBASIOTCS C UCMOMNL30BAHVEM PAHHErO CBA3bLIBAHWS.

CnocobHOCTb [06aBNEHNST HOBbIX BO3MOXHOCTEN B Kiacc 6e3 Wase-
HEHWS CYLLIECTBYIOLLIErO KOAA, KOTOPbIN MCMOSL3YETCA 3TUM KIaCCOM,

Briok namsat, B kotopom C n C++ xpaHaT rnobasibHbie ¥ ctatu-
yeckme rnepemMeHHble, CM. Takke cerMeHTKoAancerMeHTcreka.

YacTb nporpammbl, KOTOpasi COAEPXMT UCTIONHAEMbIE MHCTPYKLMN.

YacTb nmporpamMmbl B NamsT, KOTOpasi COAEPXKUT HecTaTndeckue
JIOKaJ1bHblE MEepeMEHHbIE.

To xe camoe, 4TO U MonHoe VMS YHKUMK (BKIKOHatoLlee Tunbl
aprymMeHTOoB).

MeTop, npu KOTOPOM MnpaBasi YacTb MOABLIPKEHVSI HE BbIMUCHS-
eTca B TOM C/lydae, ec/iv 9TO He U3MEHUT Pe3ysbTaT BblPaKEHMS.
Takas cuTyaunsi MOXET BO3HUKHYTb C AByMs onepatopamu: | ! un
&s, Hanpumep, ecnu B BbIpaQXEHUM a & &b NEBbIA apryMeHT
paBeH o (false), TO HET HeOBXOOAMMOCTW BbIMUCISITL MPaBbLIA
apryMeHT, MOCKOJbKy peaynbTaT Bce paBHO OyaeT paBeH O.

[NepemeHHasi, KoTopasi BbICTyNaeT B Ka4eCTBE MCEBOOHMMA OpPYron
nepeMeHHoN.

DyHKUMsA-YneH, He umetowas ykasartens t.his.

YneH, KOTOpbIA HE CBSA3AH C OTAENbHLIMM 3K3EMIMISPaMM KJacca,
[na kaxaoro knacca CyLLEeCTBYET TOMBbKO OAMH SK3EMIMIAP KaXao-
ro CTaTWU4YeCKOro 4ieHa, He3aBUCMMO OT TOrO, CKOJSIbKO OOBLEKTOB
3TOro knacca 6bU10 Co3aaHo.

OnpenensieTr pasMep W BHYTPEHHIOIO CTPYKTYPY MNEPEMEHHOM.
Mprmepamm BCTPOEHHbIX TMMOB ABNftoTcA int. char, double
M float.

[MNepemeHHas, KoTopas COAEPXUT aapec.

Mpouecc BblIBopa TOro, K Kakon 13 neperpykaembix GyHKLMIA OT-
HOCUTCSl BbI30B @ 3aBMCMMOCTU OT MPOTOTUMOB MeperpyXeHHbIX
DYHKUWNIA.

OpHa 13 a3 co3paHns NMpPUIoXeHusl, B0 BpemMsi KOTOPOWN aHanm-
31PyeTCA MOCTaBNeHHas 3afa4a U ee OCHOBHbIE 3JIEMEHTI.

daza, BO Bpemsi KOTOPOM peaynbTarbl ¢asbl pas3paboTky BOMIO-
LLIAKOTCA B KOAE.

Pasa cosgaHns NPUOXeHNs, BO BPeMs KOTOPOi (opMynvpyeTcs
pelueHvie NpobsemMbl. BxogHbIMU JaHHLIMW [J1 HEe SIBNSIETC pe-
3ynbTat ¢asbl aHanmaa.
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DyHKUMS-4NEH Member function @yHKLLA, ONpedeneHHas Kak YacTb Kiacca; OObSBMSETCS TakK Xe,
KaK 1 OaHHbIE-Y/IEHbI.

Yucto  eupTyare-  Pure virtual function  BupTyanbHas dyHKUMS, KOTOpPas He UMEET tend.
Han PyHKUWA

YneH knacca Class member CMm. cTatndeckuii 4ieH.
Ynex aksemnngpa  Instance member Eille 0AMH CUHOHWMM 0BBIYHOMO (He CTaTUYECKOr0) YeHa.

Ok3emnnap knacca  Instance of a class ~ OGbexT 0GBABNEHHOrO TMMA. Hampumep, i ABnAeTcs aK3emnis-
poM Kknacca int B obbsiBneHMM int .

ABNAETCA 1SA Tvn B3aMMOCBA3M MexOy MOAKIaccoM M Knaccom. Hampumep,
Mallard 9BNAETCA Duck; 310 03Ha4aeT, 4yto 0ObeKT Knacca
Mallard senserca Take obbektom knacca Duck.
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Tlhequenmnoic yrasasies

--, 36; 42
1,45
1=,45

%, 40
%=,40

&, 49; 88; Rg
&&. 45
*.40; 89
*=_40

/, 40

~, 49

[,49

1|, 49

~, 49

+, 39

++, 39; 42

class, 142 1

D
delete, 96

F

Free Software Foundation, 23
friend, 174; 268

G
GNU, 23

N
new, 96

0

operator, 266

P
private, 173
protected, 172

)
struct, 142; 1

T
this. 132; 322

vV
virtual, 235

w
wchar_t. 87

A

AbBcTpakTHRIf Kimace, 322
Aobctpakumst, 139; 171; 322
Anpec, 88

b

basosBbIii Kinace. 227

B

BuptyanbHas ¢yHkuus, 236; 240
YUCTO BUpPTyasibHas pyHKLMsI, 248
BuptyansHoe HacienoBaHue, 310
BpemenHble 00bekThI, 206
Boipaxenue, 29; 40, 322
cMelIaHHoro Tvmna, 37

r

I'nmybokoe xkomupoBanue. 205
I'pammaTuka, 22

Hannoe-wicH, 149
JIBonyHasa cucreMa cuuciieHus, 48

MpeameTHblii yka3atenb
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Hexpement, 42
Hectpykrop, 182; 192
BUPTYaJIbHBIM, 241
HupexTusa
#define, 116
#ifdef, 116
#include, 115
Hpyr knacca, 268

3

3amunieHHbIe YaeHsl, 171

n

HNukpement, 42; 43
Muctpykuuu BeTBieHus, 53
Wucrpykuus, 28

BbIOOpa, 63
Hckmovenne, 299; 1
UckmountensHas cutyauus, 299

K

Knacc, 142; 177
abcTpakTHbIA, 247; 248
6a3oBbIil, 227; 322
npy3bsi, 174
3alMIIEeHHbIe YJieHbl, 171
KOHKpPETHBbI, 247
cratndyeckue uieHsl, 209

Knaccudukanust, 140

Kommenrtapuu, 28

Komnunsarop, 22

Kommnonoska, 109

Koncranra, 36

Koncrpykrop, 178; 183; 322
aprymMeHThl, 185
KomupoBaHus, 199
KOMMpOBaHUS TO0 yMojdaHuio, 201
Konupylomui, 199
neperpy3ka, 188
o ymon4anuto, 109; 192
MopsITOK BbI3OBa, 195
YjieHOB Kjacca, 191

KoHctpykTop konupoBaHus, 279

Kyua, 94

M

Maccus, 77; 99; 158; 165
nHaekc, 78; 80; 158

nHUIManmm3anus, 80
00beKTOB, 159
oObsiBNEeHUE, 78
CUMBOJIBLHBINA, 82
MeJkoe KonupoBaHue, 204
Merton, 150
MHoxecTBeHHOe HacienoBanue, 306—14
KOHCTpYHMpOBaHUE O0BEKTOB, 312
Monyns, 109

H

Hacnenosanue, 225-30; 323
HesgsHoe npeo6pasobanue tunos, 274

o)

O6nactb BUOMMOCTH, 94

paspeieHue, 153
O6bekT, 142; 177

akTuBu3auus, 147

BpeMeHHBIH, 206

robanabHbIi, 177

JIOKanbHbIN, 177

TeKymmii, 153
OOBEKTHO-OPUEHTHPOBAHHOE

nporpamMmmupoBanue, 139; 234
O0bsiBIeHUE, 28
Omnepatop, 30; 265

1.45

'=,45

%, 40

%=, 40

&,49

&&, 45

*.40

/,40

~, 49

i, 49

I, 45

~, 49

+, 39

++,39

+=,40

>=, 45
neperpyska, 265
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Oneparop mnpucBoeHus, 279
OneparopHas GyHKUMS, 266
OrnepaTopsl ITOTOKOB, 285
Omnepauust, 39

outoBast, 39

Jjornyeckas, 44

Han ykazareasimu, 98

MOPSIIOK BBIMOJHEHMS, 41

yHapHast 42
Ornepanus yclIOBHOTO Iiepexoma, 53
Ommanka, 117-36
Omnaguuk, 124—32
Ornomenne COAEPXMUT, 229
Otnomrenne ABJIAETCA, 227; 243
OOk BpeMeHU ucronHeHus, 117
Omnbky koMnusauuu, 117

II

Ileperpyska, 323
Ieperpyska omepatopa, 265
[leperpy3ka dyHkmmii, 73
[epenaya apryMeHTOB IO 3Ha4YeHUIO, 93
[Tepenauya aprymeHTOB Mo cchbiike, 94
Ilepemennas, 28; 31
rio0aabHast, 76
MHULMAIM3aus, 36
JIoOKaJibHas, 75
cratuueckast, 76; 195
Ilepeonpenenenue dyHkuuia, 233
IlosnHee cBa3biBaHue, 233
IMonumopdusm, 233; 324
Ilotoku REoAa-BREIROAA, 285-98
MaHUMYJASTOPBI, 292
reperpyka omneparopos, 294
cTaHaapTHbIe, 286
IIpeobpazoBaHue TUMOB, 72
IIpuBenenue
noBbIIaoIIee, 38
noHuxatouiee, 38
Ipuopurer, 41; 99
IIpucBoenue, 30; 42
[Iporpamma, 22

P

PazBopaumBanme creka, 301
Paznoxenue, 243; 246
PasbiMeHoBanue, 160
Pannee cBaspiBanue, 233; 235
Peanmuzanuga, 143

C

CBolicTBO KJacca, 143
CBsI3aHHBII CITUCOK, 166
CssasbiBanue, 109

CemanTtuka, 22

CuHTakcuc, 22

CwmeieHue, 98

CornamreHust Mo MMeHOBaHMIo, 37
Ccpuika, 94

Cratuueckue uiaeHsl, 209
Crpoka, 84; 86; 101

T

Tun
char, 35; 87
double, 35;
float, 35
int, 35
long, 35
string, 35
Touka ocraHoBa, 129

y

VYkazarenn, 88; 89; 159; 324
YpoBeHb adbcTpakiu, 139
VYreuka mamsatu, 270

()

®oHI CBOGOIHOTO MPOTPAMMHOTO
obecrieuyeHus, 23

®yrrumn, 67; 161
aprymeHTsl, 69; 71
BO3BpalaeMoe 3HaueHue, 69
neperpyska, 73
repegaya apryMeHTOB MO 3HaYeHuto, 93
nepenavya apryMEeHTOB IO CChbUIKe, 94
npototun, 75
Teno, 69

MOyhkums-wieH, 148
BCTpauBaemasi, 155

1}
Hukn, 55
do..while, 56
for, 57
while, 55
OECKOHEYHBI, 59
BJIOXKEHHBIN, 62
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omneparop continue, 61 Ynen oonekra, 209
q 9
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OCHOBbI
NPOrPAMMWPOBAHUS
ON9 "YAUHWUKOB",
2-E U3 AHUE

Yonnec BoHr

www.dialektika.com

B Npoaxe

Ilepen BaMu ogHa M3 CaMbIX
MPOCTBIX KHUT, TOCBSIIIEHHBIX
MPOrpaMMUPOBAHMUIO.
HanucaHHasi U3BECTHBIM aBTOPOM
Yonnecom BoHrom, oHa mo3BoJUT
BaM cJieJlaTh MepBble LIaru

B OCBOCHUM TNPEMYAPOCTEN
HaMMUCaHMS KOMITBIOTE PHEIX
nporpaMM. Bbl y3HaeTe, 4yTo Takoe
SI3bIK TPOTPAaMMUPOBAHMSI, U KaKue
SI3bIKM TTPOTPAMMUPOBAaHUS
HauOoJiee MOIYJISIPHBLI Ha
CETONHSIIHUMN E€HbB.

OTebHbIE YAaCTU KHUTU
MOCBSLIEHbI MCMOJb30BAHUIO SI3bIKA
nporpammupoBaHus BASIC,
HUCTIOJIb30BAHUIO Pa3IUYHBIX
CTPYKTYp JaHHbIX, a TaKXe
nporpaMMupoBaHuio 1js Internet.
Knura paccunrtana mna
MoJb30BaTeseil ¢ HayalbHbIM
YPOBHEM MOAroToBKU. Jlerkuit

U NOCTYIHBII CTUIb U3JI0XEHUS
TIOMOXET HOBUYKAM KaK MOXHO
ObIcTpee MPUCTYNMUTh K CO3IaHUIO
COOCTBEHHBIX IPOrPaMM.



VISUAL C++.NET

L
"YANHUKOB"

Mavikn XanmeH,
Bo6 ApHCOH

Wtax, BBl pelIIM CEPhE3HO B3ATh-
cg 3a Visual C++ NET. Do xopo-
1ias uaest, Bedb BBl B I€HCTBUTEIb-
HOCTU YOMBaeTe cpasy Tpex 3aiflieB:
. NET B BaIlIMX PyKax OKAa3bIBAETCS MOII-
Visual C++ - HBIi1, ITOJIE3HBII U LIIUPOKO PACIIPO-
CTPaHEHHBIA UHCTPYMEHT.
A - C a3pikoM C++ MOXHO cIeaTh
mHMKOB ouyeHb MHOTOe. C €ro IOMOIIbIO CO-
"% 3JaHBl TaKUe MPOAYKTHI, Kak Excel
u Access. DTOT SI3bIK TaKXKe IpUMe-
HsleTCsI TIpY pa3paboTKe yIpaBIeH-
YeCKMX MH(MOPMAIMOHHBIX CUCTEM
U CHCTEM IIEJIEBOT0 Ha3HAYEHMS,
MCITOJIb3YEMBIX JJIs aHalu3a aesi-
TEJIbHOCTU TPEANPUSTUNA ¥ TIPUHSI-
TUSI pellleHMi B cepe yIpaBIeHHs
ousHecoM. M, KoHe4yHO ke, 1LebIe
apMMK XaKepPOB M HE TOJBKO XaKe-
poB ucnoib3yor C++ mjs co3na-
HUSI MHCTPYMEHTOB, YTUJIUT, UIP
M IIeIEeBPOB MYJIbTUMEINA.
3HaHUsI, KOTOPBIC BbI MOJIYIUTE,
n3yuuB s136lK C++ NET, mo3Bonsar
C031aBaTh He MPOCTO MPWIOXKEHUSI,
a MPWIOXEHMs, paboTaloll1e B pa3-
HBIX OIEPALIMOHHBIX CHUCTEMaX.
B03MOXHOCTH 3TOTrO SI3bIKa IpaK-
TUYECKH HEe OrpaHUYEHBI, M BBI Ca-
MU B 9TOM yO€IMTEeCh, IPUYNUTAB
3Ty KHWIY.

www.dialektika.com

Kuwura IIpeaHasHauyCHa IJis1 Ha4YnHa-
B npoaaxe IOIIUX MMpOrpaMMHCTOB.
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OBMHKM MBAATEanKOWPVHRbi ,E,VQAHEKTVIKA/ BMJ‘EbﬂMC

OcCHOBBI TPOrpaMMUPOBaHMS HA C+ +.
Cepus C++ In-Depth,T. |

Cmauou b. Tunnman
DTa KHHUTa TOMOXET BaM GbICTPO OCBOUTH sI3bIK C++. OGLIMPHBIE U CIOXHbBIE
TEMBI UCYECPIIBIBAIOIIEC NMPEACTABJICHBI B Hel Ha YPOBHE OCHOBHBIX KOHHCHHMﬁ,
: KOTOPBIC HCOGXOHV[MO 3HaTh KaXXJIOMYy IIPpOrpaMMUCTY IJisI HalTMCAaHUA
" peaJbHBIX ITporpamMM Ha sa3bike C++. [IpuBeeHHbIE TPUMEPBI 1
TpeaaraeMble ynpaxHeHus secbMa Qe K THBH ° .., vﬁﬁ&m BEl  T<Kpo
OCBOMTD M3Jl1araeMbli1 Martepual. OcHOBHOE B}mm &‘ . B
acreKkTaM IMporpaMMUpOBaHKs Ha si3bike C++,
WHTEPEC IJId KaXXI10Tro MporpaMMucTa-IpakTuka,
M METOJABI MO3BOJISIT HAUTU pemieHue s NpakTHu qe
B34TOi U3 peanbHoro Mupa. Knura GyneT HHTEpt,,, H&

ddpexTHBHOC IPOrPAMMMPOB;
(ﬁpI/IH C++ In I?epth T.2

- HAYYUTh MPOrPaMMUPOBAHUIO
4 g IBIKA, [103TOMY OHa I0JIe3Ha He

ICH0 €0 Mollb. B KHUTE U3/10XKEHBI CTOCOOBI peanu3alunmn
HOHOB npoekTupoBaHus. PaspaboTaHHBIE KOMIIOHEHTEI
oubnnoreke Loki, koTopyio MoxHO 3arpysuts ¢ Web-cTpaHuIbl

§ i

Pemenue ciioxHbix 3aga4 Ha C++.
Cepusa C++ In-Depth, 1. 4
lep6 Cammep

BJ}OHL{OM M3IaHUM OO0BEIMHEHBI JBE IHUPOKO U3BECTHBIE MpodeccroHaIaM

B . _mactu nporpammupoBaHus Ha C++ kuuru ['ep6a CaTtrepa

L.ic eptional C++ u More Exceptional C++ | Bxoasimue B Cepuio KHUT

2+ + In-Depth, penaktopoM KoTopoii apiserca boepn CTpaycTpyn, co3aaTelb
A% :xa C++. Marepuan 3TOif KHUTH COCTABISIIOT NepepaboTaHHbIe 3a1auu
CEDHM Guru ofthe Week, paccuuTaHHbIC HA YUTATENSI C JOCTATOYHO TIYOOKHM
~3i WHEM C++, ogHako KHuUTa OyneT Mojie3dHa KaxaoMy, KTO XO4eT YIIyOuTb
Gha y 3HAHMS B 9TOI 00acTH.

www.willlamspublishing. com




Camoyumntens Ne1

epus
KOMMIOTEPHBIX KHMF

CroMOILbLIOITOIO
JPYXeckoro pykoBOACTBa
Bbl 3@ HECKOJIbKO AHEN

- Y3HaeTte, kak N3 MHOXecTBa
npeasoxeHnii BbIopaTh TO,
4YTO HYXHO MMEHHO Bam

+ Hayuntecb a¢ppekTBHO AOYH
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npogeccnoHanos
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