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O6BbEKTHO-OpUEHTUPOBaAHHOE NporpammupoBaHme (OOIT)

OOBEeKTHO-OPUEHTHPOBAHHAS TEXHOJIOTHS (MapaaurmMa) MporpaMMUPOBAHUS
HamboJiee pacmpocTpaHeHa W BOCTpeOOBaHA B HacTosmiee Bpems. [Ipu 0OBEKT-
HO-OPUEHTUPOBAHHOM MOJX0JIE K IPOrPaMMHUPOBAHUIO MPOrpamMma MpeICTaBIsIeT
c0o00¥ COBOKYITHOCTh B3aMMOJICUCTBYIOIIMX MEXKIY COO0O0Ml TaHHBIX — OOBEKTOB.
OYHKIIMOHAIBHYIO BO3MOXHOCTh U CTPYKTYPY OOBEKTOB 3a/1al0T KJIACCHI — THUIIBI
JaHHBIX, OTIPCACIICHHBIC MMOJIb30BATCIICM.

Nzyuenne OOIl memecooOpa3HO HadaThb Ha TNpUMEpPEe  OOBEKT-
HO-OPUEHTUPOBAHHOTO s13bIKa TiporpammupoBanus C++ ([9], [14]), kak Haubonee
TEOPETUYECKH BBLICPKAHHOTO B 3TON yacTH. J[pyrue si3pIKH, MOJIEPKUBAIOLINE
unen OOII, takue, kak Object Pascal [4], Java [7], pa3pabaTbiBadnch B IEPBYIO
ouepelb C y4eToM YI00CTBa MPOTPAMMHPOBAHUS 3a7ad B COOTBETCTBYIOIIUX
MPEeIMETHBIX 00IaCTAX.

Szpik C++, yracienoas si3bik C (ctangapt C90 — cwm. [1]), 6611 pazpabotan
ero aBropoM b. Crpayctpynom [12] ¢ Haubosiee BO3MOKHOW peannzanueil Teo-
pernaecknx koHrenmuii OOIL. A3k C++ BoOpai B ce0sh HE TOJIBKO HEKOTOPHIS
KoHIenuu si3pika C, a Takke U HEKOTOPBIX APYTUX s3bIKOB. Hampumep, KoH-
HEeNIus KJIaccoB B3siTa aBTopoM C++ u3 si3pika Simula [10], a koHIenus Hacie-
noBaHusa — u3 s3bika Smalltalk.

Crnemyer OTMETHTD, UTO pa3BUTHE si3bIka C++, a TaKKe CONPSHKEHHOE C HUM
pa3BUTHE TEXHOJOTHH MPOrPaMMHPOBaHUs, B yacTHOCTH, pa3zButre COM (Com-
ponent Object Model) TexHonoruu [5] npuBOAUT K HEKOTOPOMY OTCTYIUIEHHIO OT
crporoii Teopun OOII. Tak, B8 COM-TexHomoruu Tpedyercs: Hanu4dne 0a30BOTO
HaJKJIacca, 4To oTcyTeTByeT B Teopun OOIL

HekoTopsie OTCTYTUICHUS TAK)KEe UMEIOTCS B BU3yaJIbHBIX peanu3arusax C++:
Visual C++ [6] B pamkax nmakera Microsoft Visual Studio, C++ Builder [3] ¢pupmbr
Borland.

B nannom ydeObHOM mocobum C++ paccMaTpuBaeTcs B CTPOrO TEOpeTHYE-
CKOM acIIeKTe.



O6BbEKTHO-OPUEHTMPOBAHHOE NporpammmpoBaHme (O0IT)

1.1. KpaTkmn 0630p OCHOBHbIX
napaaurm nporpamMMmMpoBaHUs

B cootBercTBUUM c KOHUeEMNUeH ¢ou-Helimana — OCHOBaTeNs TEOPETHUECKOM
KOHIICTIIINA KOMITBIOTEPHON TEXHUKH, IMPOIECCOp 0OpadaThiBaeT TaHHBIC, BbI-
MOJTHSIST MHCTPYKIMU (KOMaH[IbI), KOTOPBIE HAXOASATCS B TOH e ONEPaTHUBHOU
MMaMsATH, 9YTO U JaHHLIC.

TakuM 006pa3oM, MOXKHO BBIIEIUTH JBE OCHOBHBIE CYIIHOCTH Ipoliecca 00-
paboTku WHGOPMANUU: KOJA, KaK COBOKYMHOCTh WHCTPYKIHWH, U JaHHBIe. Bce
IpPOrpaMMbl B COOTBETCTBUM C BHIOpAaHHOW TEXHOJOTHEH MpOrpaMMHUpPOBAHUS
KOHIIENTYaIbHO OPTaHU30BAHBI BOKPYT CBOET0O KO/a WM BOKPYT CBOMX JaHHBIX.

PaccMoTpuM OCHOBHBIE Ha CETOTHAIIHUN JE€Hb MapagurMbl IPOTPaMMUPO-
BAHUA:

1. IIpoueccHO-OpHMEHTHPOBAHHAA MAPAAMIMA, IIPXU KOTOPOH IIporpamma
IpeJCcTaBisieT co0OH PsJl MOCIEeA0BATENBHO BEINOIHAEMBIX ONepanui —
mozenb ¢pon-Heiimana. [Ipu 3TOM KoJ BO3eiicTBYeT Ha IaHHbIE.
S3pIKH, peanu3yolue 3Ty napagurMy, Ha3pIBalOTCS MPOLe1YPHBIMH
WIM MMIIEPAaTHBHBIMH. TakuMU sI3pIKaMU SIBIISIFOTCSL, Hanipumep, C,
Pascal u 1p.

2. O0BbEeKTHO-OpPMEHTHPOBAHHAS MapaAurMa, Ipu KOTOpoi mporpamMma
paccMaTpUBaeTCs Kak COBOKYITHOCTh (pparMeHTOB Koja, 00padaTsi-
BAIOIIMX OT/IEIbHbIE COBOKYIMHOCTH JaHHBIX — 00beKTbI. DT OOBEKTHI
B3aUMO/JICUCTBYIOT IPYT C IPYTOM MOCPEACTBOM TaK Ha3bIBAEMbIX UH-
TepdeiicoB. [Ipy 3TOM AaHHBIE YIIPABIAIOT JOCTYIIOM K KOJY.

[Ipy MOBBILIEHUU CIIO)KHOCTH aJITOPUTMA IPOLIECCHO-OPUEHTUPOBAaHHAS
napagurmMa CTajJKHMBaeTCsl C CYIIECTBEHHbIMU Mpobiemamu. [lepexon k oObeKT-
HBIM MPUHIHUIIAM TPOrPAMMHUPOBAHMS MTO3BOJISIET 3HAYUTEIBHO YIYUIIUTh BHYT-
PEHHIOI0 OPraHM3alUI0 IIPOrpaMMBbl, B PE3yJbTATE YErO IOBBIIIAETCS IMPOU3BO-
JUTEIBHOCTD MPU Pa3pabOTKe MPOrpaMMHBIX KOMIUIEKCOB.

Hapsmy C ABYM: BBIIICU3JIOKCHHBIMH OCHOBHBIMH B HACTOAIICC BpEMA I1a-
paaurMamMu nporpaMmMupOBaHusd UCIIOJIB3YIOTCA €€ ABC ITapaUuTrMbl:

1. AnmimkaTuBHAs Wi pyHKIHOHAJBHAsA napagurma. OcHoBHas uies
JTAHHOTO MO/IX0/1a 3aKJItoYaeTcs B (OpMaTU30BaHHOM ONpeAEICHUN
(GYHKIMH, KOTOPYIO BBINOJHSIET porpaMma. Takum oOpa3om, BMECTO
OIpPEEIICHUS TIOCIIEN0BATENBHOCTH COCTOSIHUN, Yepe3 KOTOPBIE JOJKECH
IPOMTH KOMIIBIOTEP, YTOOBI MOJIyUYUTh TPeOyeMbIii pe3yIbTat, He00Xo0-
MO OIPEENINTh (PYHKIUIO, IPH MIPUMEHEHUH KOTOPOH K UCXOJHBIM
JTAHHBIM T0JTyJaeTcs TpedyeMoe pelieHue:

y=fx)
Pa3paboTka mporpaMMbl TP 3TOM MOAXO0/I€ CBOJIUTCS K KOHCTPYUPOBAHHUIO
CIIOKHOU (DYHKIIUU U3 UMEIOIINXCS CTAHIaPTHBIX MPOCTHIX (QYHKIUI:

v =LA file)n)

HSBIKaMI/I, HOI[,Z[ep)I(I/IBaIOIJ_II/IMI/I TaKyIO napazlnr My, SABJIAKOTCA, Haan/IMep,
sa3biki LISP u ML. [lanHble mpy TakoM MOAXOJIE, TaK K€, KaK W KOJI, MPEICTaB-
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JSIFOTCS CIIMCKAMU OJAMHAKOBOW CTPYKTYpBI, 3HAUUT, MpPOrpaMma, pabdoras Mo
yIIpaBJICHUEM HHTEPIIPETATOPa, MOKET 00pabaThIBaTh CBOM COOCTBEHHBIN KOJI, KaK
JTaHHBIC. B 3TOM CJIy4yae CTHpAEeTCs TpaHb MEXIy KOAOM U JAaHHbIMH. [loaTOoMy
0I[HOfI W3 BAXXHBIX 00JIacTer IIPUMCHCHUA I[aHHOﬁ mapaaurMal ABJISAIOTCA CUCTCMbI
HCKYCCTBeHHOro nunresuiekra (MN).

O6pabatbiBaTb KOAbl, Kak 06pabaThiBalOT AaHHbIE, MOMHO M MPU MCMOJIb30BAHMM
NpOLECCHO-OPMEHTUPOBAHHOMO MOAX0AA, OAHAKO, MPW 3TOM MPOrpamMMMUpOBaHME
AOJIXHO MPOM3BOAMTBLCA B CPEAE HM3KOMO YPOBHA — Ha A3blKe accembepa.

2. Ilapagurma, ocHOBaHHasl Ha MCIIOJIb30BAHUU CHCTEMbI MPABUJI (Tapa-
AUrMa JOrH4ecKoro nporpamvuposanus). [Ipu sTom noaxonae one-
paTopsl IPOrpaMMBbI BBIIIOJIHAIOTCS HE B TOM IIOCIIEA0BATENBHOCTH,

B KOTOPOil OHM HalMCaHbl, @ HA OCHOBE aHAJIN3a Pa3pelIalouIuX ycI0-

Buii (PY).
[Iporpamma npu Takoil mapagurMe COCTOMT M3 CIIMCKa nap:
PY, = D,
PY, -D,
PY, —> D,

3necs D,,D,,...,D, — AeNUCTBUs, BBINOIHAEMBIE B ClIy4yae UCTUHHOCTH CO-
OTBETCTBYIOINUX paspemaromux ycuosun Py, PY,,...,PY, .
BrinosiHeHNE mporpaMMbl 3aKJIFOYAETCA B LIUKIAYECKON MPOBEPKE paspe-

HIaroIInux YCJIOBI/Iﬁ W BBIIIOJIHCHUA HCﬁCTBHﬁ, COOTBCTCTBYIOIINX PA3PCIIar0IINM
YCJI0BUAM, B ClIydya€ UCTUHHOCTH MMOCJICAHUX.

HpI/IMepOM sA3bIKa JIOTUYCCKOI'0 MPOTrpaMMHUPOBAHUA  SABJISICTCA  SA3BIK
PROLOG.

CrpykTypa mporpaMmsel IpU JIOTUYECKOM MPOTPaMMHUPOBAHUU KOHLENTY-
aJIbHO CBSI3aHA C TEOPETUYECKON KOHLENIHUEH HOPMAJIBHBIX aJropurmos Map-
KOBA, IPEJCTABIAIONIEH aNropuT™M IpeoOpa3oBaHusl MH(GOpPMALMK B BUJE COBO-
KYITHOCTH II0JICTAHOBOK:

I > 1,
I =T,
TNl _)TNZ

OrnepaTopbl € pa3pemaliMi YCIOBHSIMHU | MOJCTAHOBKH MPOCMaTpHUBa-
IOTCSl IUKIIMYECKH IO OOHAPY>KEHUS 3aBEPIIAIOIIETO yCIOBUSI.

B nannoM kypce paccmarpuBaercs napaaurma OOIL.
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1.2. OcHoBHble npuHumnbl OOTT

HentpanbHoii uneeit OOIT siBnsieTcs peanu3anus NOHATHS «a0cTpakuus». CMbICT
abCTpakIMU 3aKII0YaeTcs B TOM, YTO CYWHOCMb TIPOU3BOJIBHOW CIIOKHOCTH
MO’KHO paccMaTpHBaTh, a TAKXKe MPOU3BOAUTDH OIpe/IeTICHHbIE NEHCTBUS HaJa Hell,
KaK HaJ eIMHBbIM WeJbIM, HE BJIaBasCh B JACTAJIM BHYTPEHHErO IMOCTPOCHUS
U QYHKIIMOHHUPOBAHUS.

[Ipu co3maHuy MPOrpaMMHOTO KOMILIEKCa HEOOX0AUMO pa3paboTaTh ormpe-
JIeJIEHHbIE a0CTPaKIINH.

Mpumep:
3agada COCTABIICHHS PACIIUCAHUS 3aHATHI.
HeoOxonumble abCTpaKUMM: CTYIEHT, Kypc JIEKIMH, MpenojaBareib, ay-
JUTOPUSL.
Onepanuu:
OnpenenuTts CTyJEHTa B TPYIILY
Ha3nauuTh ayAUTOPHIO U1l TPYIIIIBI

O,HHI/IM U3 OCHOBHBIX CHOC06OB CO31aHuA aGCTpaKL[I/II/I ABJISACTCSA UCIIOJIB30-
BaHUE KOHIIENIMA HMepapxuuyecko kiaaccupukanmu. Ee cyTh 3akimroyaercs
B TOM, 4TO CIIO’)KHBIE CHCTEMBI pa30uBaloTcs Ha Oosiee MpocThie (PparMeHThI.

IIpakTHuecKku Bce CIOKHBIE CUCTEMBI UEPAPXUYHBI, U YPOBHU UX HUEPAPXUU
OTPaXKAIOT pa3M4yHble YPOBHH aOcTpakimu. J[isi Kaxmaoil KOHKpPETHOW 3ajadu
paccMaTpuBaeTCs COOTBETCTBYIOIIWN YpPOBEHb. BBIOOp HH3IIET0 ypOBHS aOCT-
paKkIMKM JOCTaTOYHO TMPOW3BOJICH. BhIOpaHHBII ypOBEHb B OJHOM Ciydae
B KaYECTBE HU3IIETO YPOBHS MOXET OKAa3aThCs YPOBHEM JIOCTATOYHO BBICOKOM
a0CTpaKIKU B IPYTOM TIPOCKTE.

Pa3nmuyaroT THMOBYIO UEPAPXHIO U CTPYKTYPHYIO UEPAPXHIO, KOTOPHIC Ja-
Jee MbI OyJieM Ha3bIBaTh COOTBETCTBEHHO CTPYKTYPO# KJIACCOB U CTPYKTYPOI
00BHEKTOB.

Bo Bcex 00BbEKTHO-OPHUEHTHUPOBAHHBIX SI3BIKAX MPOTPAMMHUPOBAHUS peaju-
30BaHbl CIAEAYIONINE OCHOBHbIE MeXaHU3MbI (moctyaaTsl) QOIL:
HHKATNCYJISA M,
HacJieJJ0BaHue,
MOJIUMOP pu3M.

Bce 3T MexaHU3Mbl BasKHBI JU1s1 pa3pab0TKU U MCTIONIb30BaHMsI aOCTPaKIMMA.

1) Unkancyasinusi — MEXaHU3M, CBS3BIBAIOIIMI BMECTE KOJ U JaHHBIE,
KOTOPBIMH OH MaHUIYJIUPYET, W OAHOBPEMEHHO 3alUIIAIOMIUNA HUX OT IPOU3-
BOJIBHOT'O JIOCTyIla CO CTOPOHBI APYroro KoJa, BHEIIHEro MO OTHOLIEHHIO K pac-
cMmarpuBaeMoMy. JocTyn K KOy W JaHHBIM JKECTKO KOHTPOJHpYeTcss MHTepdei-
COM.

OcnoBotii unkancyauuu npu OOII sBisercs kiaace.


mikhail
Карандаш

mikhail
Карандаш


O6BbEKTHO-OpUEHTUPOBaAHHOE NporpammupoBaHme (OOIT)

MexaHn3Ma WHKANCYJSIIMK TO3BOJISIET OCTABIIATh CKPBITHIMH OT OJH30Ba-
TeJI1 HEKOTOpble JETall pealn3alui Kiacca (TO €CTh MHKAaICYJIUpOBaTh HX
B KJ1acce), 4TO ynpoIaer padboTy ¢ 00beKTaMu 3TOT0 KJiacca.

2) Hacneoosanue — MexaHu3M, C IIOMOIIBIO KOTOPOTO OJUH OOBEKT (TIpo-
M3BOJHOTO KJlacca) MPUOOpeTaeT CBOMCTBA APYyroro oObeKTa (POAUTEIHCKOTO,
6azoBoro kiacca). [Ipu ucnosnb3oBaHUM HACIEAOBAHHUS HOBBIM OOBEKT HE 00s13a-
TEIbHO OMUCHIBATh, HAUWHAS C HYJISI, YTO CYIIECTBEHHO YTMpoIaeT paboTy mpo-
rpammucra. HaciemoBanue mo3BONISET KaKOMY-TMOO OOBEKTY HACIENOBaTh OT
CBOET0 POJUTENSI 00IMe aTpuOyThHI, a I ce0sl ONMPEAeATh TOIBKO T€ XapaKTe-
PHUCTUKH, KOTOPBIE AEIAIOT €r0 YHUKAIBHBEIM BHYTPH Kilacca.

HacnenoBanue ecth 04€Hb BaXKHOE TIOHSITHE, TTOJICPKUBAIOIIEE KOHIICTIIIHIO
UepapXuuecKoil Kmaccudukarmm.

3) MoaumopdusM — MexXaHU3M, MO3BOJISIONINI UCIIOIB30BATh OJWH U TOT
e uHTepdeic s olIIero kiacca AeCTBUMA.

Mpumep:

NmeroTcs 3 Tuma creka a1 XpaHeHUs
HEIBIX YHCE,
quced ¢ IIaBarolleil TOUKou,

CHMBOJIOB.

BMecTo Tpex moamporpaMm yrpaBieHUs B 00bEKTHO-OPUEHTHPOBAHHON
nporpamme TpeOyeTcst BCero ojiHa noanporpamma (0MH UHTepdeic)

OO0mras koHIEenUs noauMopdu3Ma: 0AuH HHTepdeiic — MHOT0 MeTO10B.

Br16op KOHKpeTHOTO neicTBUS (METOAa) MPUMEHUTEIHLHO K KOHKPETHOM
CUTyalluu BO3JIaraercs Ha KOMOWIITOpP. IIporpaMMuUCTy ke AOCTaTOYHO 3aroM-
HUTH W IPUMEHUTH OJWH WHTEPJEiic, BMECTO HECKOJIBKUX, YTO TAKXKE YIIPOIIACT
paborty.

Paznuuarorcss  craTHueckMii  (peanm3yeTcss Ha dTane  KOMITHJISIHA
C TIOMOIBIO TIEperpy3Ku (PyHKIUI U oniepaIuii), IMHAMHYeCKHii (peaan3yercs BO
BpEMs BHITIOJIHEHHSI POrPAaMMBI C TOMOIIBI0 MEXaHU3Ma BUPTYaIbHBIX (DYHKIINN)
U mapaMeTpUYecKHil (peann3yercss Ha JTarne KOMIWISAIHMUA C UCTIOJIb30BaAHUEM
MEeXaHH3Ma Ia0JIOHOB) MOIUMOPhU3M.

PaccMoTpeHHble MOHATMA abCTpaKUMM, MHKANCYNAUuM, HacaefoBaHWA, NOJIMMOP-
du3ma npucywm He ToabKo napagurme OOI. TaK, BbiNnoJHEHME apUPMETUYECKUX
onepauui Hag LeNbIMU YMCTIAMMU U YMCIAMU C MJIABAIOLLEN TOYKOM OCYLLECTBASIOTCA
B npoueccope no pasHbiM anropMtmam. OZHAKO B AaHHOM Cjyyae noaMMophum3am
NposBAAETCA HEABHO.

1.3. AGCTpaKTHbI€ TUMNbl AAHHbIX

Tunbsl AgaHHBIX, cO3/laBaeMble I0JIb30BaTENEM (IPOrPAMMUCTOM), HA3bIBAIOTCS
N0JIb30BATEJbCKMMHM THIAMHM JaHHBIX. [lonp30oBaTenbecKkMii THUI  JaHHBIX
C TIOJTHOCTBIO CKPBITON (MHKAICYJIMPOBAHHON) BHYTPEHHEH CTPYKTYypOil Ha3blBa-
ercsi a0CTPaAKTHBIM THIIOM JaHHBbIX (AT/).


mikhail
Подсветить

mikhail
Печатная машинка
 


O6BbEKTHO-OpMEHTUPOBaHHOE NporpammupoBaHue (OO0IT)

B C++ AT/l peanusyercsi ¢ HIOMOIIBIO KIACCOB, B KOTOPBIX HET OTKPBITHIX
YJICHOB-JAHHBIX, TO €CTh BCSl CTPYKTYpa J3THUX KJIACCOB CKPBITA OT BHEIIHETO
HIOJTb30BaTEJISL.
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OOBEeKTHO-OPUEHTHPOBAHHBIN SI3BIK MTporpaMMupoBanus C++ yHacneaoBal THUIIBI
JaHHBIX, OIEpalMy | yIPaBJAIOIMINEe KOHCTPYKIHUHA IPOLEAYPHOIO  s3BIKa
¢ (cragmapt C90).

Kpome peanuzanuu NpUHIMIOB OOBEKTHO-OPUEHTHPOBAHHOTO MPOTpaM-
MupoBaHus B s3bIKk C++ 1o cpaBHeHHIO ¢ C BHECEHBI U HEKOTOPBIE APYTUe U3Me-
HEHMS, KOTOpBIE CeNalu ero Jyyie u yaooHee, uem C. PaccMOTpUM OCHOBHBIE X
HUX.

2.1. PaboTa c AMHaMMYECKOM
NamATbIO

B s3eike C++ mist paboThl ¢ AMHAMUYECKOW MAaMATHIO BBEJCHBI ONEPALUUA Hew
u delete, KOTOpPBIMH MOXHO TIOJB30BAaThCS HapsAAy C QPyHKIMEH CTaHIApPTHOU
oubmuorexu ¢ malloc.

Orneparust new HUCIOJIB3YyeTCS KakK ISl BBIJACJICHHS TaMATH JJIsi OJHOTO
o0OBekTa (IpU ATOM BO3MOXKHA HMHUIIMATH3AIUS BBIICICHHONW MaMSITH Tepesa-
BAa€MbIM 3HAYCHHUEM ), TaK U JIJIsI MACCUBA OJTHOPOJHBIX 00BEKTOB. Omepainus new
BO3BpalllaeT aJpec Hayana BbIACICHHOW AMHAMHYECKON MaMATH COOTBETCTBYIO-
IIETO THIIA.

Ee cunTakcuc:

new Tun;
new Tun (BbIpaxeHWe-uHULMANU3aTop) ;
new Tun [BbipaxeHMe_pa3MepHOCTb_MaccuBal;

Mpumep:

int * p;

int * q;

p = new int(5); // BbldeneHue namaTu M UHULMANIU3ALMA
// 3HauyeHuem 5

g = new int[10]; // BbiaeneHne namaTu ana maccusa u3 10

// 3N1eMeHTOB

n
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Onepanus delete ocBOOOXKIAET pacrpeeNIieHHYIO Olepalfeil new maMsrh.
Ee cunTakcuc:

delete ykasaTenb_Ha_obbekT;
delete [ ] yka3aTenb_Ha_MacCUB_0DOBLEKTOB;

[TepBas hopMa HCIONIB3YETCS, €CIIA ONEpallei new pa3Memaics ¢IUuHNY-
HBIN (CKaJIApHBIN) 00beKT. BekTopHas hopma ncnomnbsiyercs, eciu onepareit new
CO31aH MacCHUB OOBEKTOB, TPU yAAJCHUH KOTOPOTO IS KKIOTO U3 OOBEKTOB
HEOOXOJUM BBI3OB JECTPYKTOpa (IECTPYKTOpPHI OMHCHIBAIOTCA nanee). Takumu
00BEKTAMU IBIISIIOTCS OOBEKTHI IOJIb30BATEILCKOTO THIIA.

2.2. OnncaHua, 3Ha4YeHus
napaMeTpoB MO YMOJIYAHMIO

B ¢ysnkumsax, HanucaHHbIX Ha sA3bike C++, B oTiumune oT GyHkuii Ha C, onucanus
JIOKaJbHBIX OOBEKTOB M ONEPATOPHI PACIIONIATAIOTCS B MPOM3BOJIBLHOM, YI0OHOM
JUIs IporpaMMucTa nopsiike. OcraeTcs IUIIb AMHCTBEHHOE OTpaHUYeHUE: JII000e
BBOJINMOE TIPOTPAMMHUCTOM HUMSI JTOJDKHO OBITH OTHCAHO JI0 €r0 IMEPBOr0 HCIIOJb-
30BaHMSL.

B wactHocTH, B C++ MOXHO omHcarh IEPEMEHHYI0, HCIOJIb3yEeMYIO
B [IEPBOM BBIPAKEHUU 3ar0J0BKA IIUKJIA for HEOCPEACTBEHHO B 3TOM BBIPAKEHUH:

for Cint i =0, i <10, ++i ) {.}

B C++ paszpemieHo 3a1aBath anpuOpHbIC 3HAUCHHS (POpMaIbHBIX HapaMeT-
poB ¢yakumu. g sToro nocne onucanus (GOpMaIbHOTO IMapaMeTpa B 3ar0J0BKE
q)yHKI_II/II/I CTaBUTCA 3HAK = W COOTBCTCTBYIOLICC 3HAYCHUC ITapaMCTpa IO YMOJI-
YaHUIO.

Ecnu B 3aronoBke (yHKIMH €CTh MapaMeTpbl C alpUOPHBIMU 3HAYCHHUSIMU
u 0€3 HuX, TO BCE NapaMeTphl, 3HAUEHUsI KOTOPBIX HEOOXO0IMMO 3a/1aBaTh SIBHO IIPU
oOpamieHnn K (YHKLHH, pacrojararoTcs B Hayajle cIucKa (OpMallbHBIX MHapa-
METPOB, a 3aTEM OIHUCHIBAIOTCS (hOpMaJbHBIE MapaMeTphbl C alpUOPHBIMU 3Haye-
HUSIMU.

Mpumep:
void f ( int a, int b, int c =1, intd =2, int e =3 ) {.}

[Tpu 3TOM 00paTUTHCA K PYHKUIMHU f MOXKHO KaK K (YHKIIMHU C ABYMS, TPEMS,
YETHIPbMS WITH IIATHIO ITapaMETPaMu:

(5, 5; // a=5 b=5 c=1,d=2,e=3
f(la 2! 3); //a=1,b=2,C=3,d=2,e=3
f(ly 1) 11 1)! //a=1, b=1, C=1,d=l,e=3
f(7,7,7,7,7; [/ a=7,b=7,c=7,d=7,¢e=7
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B C++ orMeHeHbI IpaBuiIa ONpeesIeHNs TUIIOB 110 yMosyaHuto. Hanpumep,
TUI BO3BpallaeMoro GyHKIuUeH main pe3yiabTaTa HaJl0 YKa3bIBaTh ABHO: int main

O{...}.

2.3. Tun «bool»

B C++ BBeneH nmoruueckuii THN JTaHHBIX bool v BBEEHBI B yNOTPEOJICHHUE JIOTH-
YecKHe KOHCTAHTHI frue U false.

2.4. CcCblNnkum

B C++ BBeneH CChUTOYHBIN THIT NaHHBIX. OMMCaHUE CCHUIKM BBOJUT HUICHTU(DH-
KaTop, KOTOPbIH Oyaer ncesdonumom (alias) mist 00beKTa, yKazaHHOTO TIPU UHU-
uam3ann. CchUIKa ¢ TOYKH 3PEHUS PeaTu3allid SBISETCS aIpecoM OOBEKTa.
OTnuuue CChUIOYHOTO THIA OT THUIA «yKa3aTellb» 3aKI0YaeTcsl BO MHOYKECTBE
orepanyii, MPUMEHUMBIX JUTsl 3TOro Thma. CChUTKE COMOCTABISICTCS HEKOTOPBIM
aZipec €IMHCTBEHHBIN pa3 MpH ee HMHULUAIH3anuu. [IpomHHIManTu3upoBaHHAS
CChUIKAa B JAJBHEWUIIEM HE MOXET ObITh M3MeHeHa. Tak e Kak W yKa3arelnb,
CCBIIKA SIBJISICTCS TUMTM3UPOBAHHONW. CHHTAKCUC OTIPEICTICHUS CCHUIKH:

T™MN& WAGHTMONKATOP = MHMLMANM3ATOP;
int a;
int & b = a;

Nunnuanusanus CCBIJIKHM, KaK OOBIYHO, 3alHCHIBACTCS C MOMOIILIO 3HAKa
omepanuu npucBauBanud. [locie MHULIMATH3AIMKN HACHTU(UKATOP CCHUIKH HC-
MOJIB3YETCs TaK ke, KaK M MepEeMEeHHAsI—MHUIINAIN3ATOP CChUIKU. TakuM oOpaszom,
JanbHEeee NpUCBauBaHUE 3HAYCHUI MEPEMEHHOW-CChUIKE MTPUBEAET K U3MEHE-
HUI0O HE €€ 3HAYCHHS, a 3HAUCHUs TepeMeHHON-uHuImanu3aropa. Ccbuika, 1o
CyTH, SIBJISIETCS CHHOHUMOM MMEHU MEPEMEHHON-UHULIMAIN3ATOPA.

Mpumep:

int a = 5;

int & aa = a; // ccbinka obsizaHa MMeTb HauvalbHoe
// 3HavyeHwue!
// a M aa CCbNawTCa Ha OAHO U TO Xe
// uenoe 4ucno

a=aa+ 1;

cout << a << aa; // byneT BbiBeAeHO “6 6”7, NMOCKONbKY
// a u aa — ofHa U Ta Xe CYWHOCTb

if (&aa==&a) {. . .1}; // agpec CCbIKM paBeH ajapecy

// camoro obbekTa!
// MOXHO WHMLMUPOBATbL CCbIIKY
// KOHCTaHTHbIM 3HAaYeHUEeM, ec/u
// cama CCbIKa TOXe KOHCTaHTHasd:
const int & aal = 1; // ccbinka Ha KOHCTaAHTy 1
double b[10];
double & bb = b[9]; // nceBgouum ana b[9] - nocnegHero
// 3nemeHTa MaccuBa b

Ccbuika MOXKET OBITh ONpeiesieHa U ISl AMHAMUYECKOTO 00BbEKTa:

13
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int & X = * new 1int;

B sToMm citydae, HeCMOTps Ha TO, YTO, KaK OBUIO OTMEYEHO BHIIIE, CCHUIKA
C TOYKH 3pEHUS Pean3allny SIBIISIETCS aapecoM 00bekTa, popmat oneparyu delete
OyIleT CIeyIOIINA:

delete & x;

[Ipu omucanum ¢opmanbHOro mnapamerpa (QyHKIMM C HCIIOJIb30BaHUEM
CCBUIKH 3TOT MapaMeTp NepeaacTcs no ceblIKe.

ITpu mepenade mapaMerpa Mo ccblIKe B (YHKIMIO TEperaeTcs ero ajupec,
U BCE WM3MEHEHHUA, MPOHUCXOoAsdlue ¢ (OpMaIbHbIM HapaMeTpoM, MPOUCXOIAT U
C COOTBETCTBYIOUIMM (PaKTHYECKUM IapaMETPOM.

[Tpu nepenave mapamerpa Mo 3HAYEHHUIO CO3ACTCS JIOKAbHAsE KOMHS 00b-
eKTa-apaMeTpa, KOTOpas HHULUAIN3UPYETCSl 3HAYEHHUEM COOTBETCTBYIOILEIO
(pakTHUECKOrO TTapameTpa, Ipu 3TOM COOTBETCTBYIOIIUH (haKTHUECKUI IapameTp
HE MOXKET U3MEHUTh CBOETO 3HAUEHUs B Tesle (YHKIUU.

Ccplika MHULMANIU3UPYETCS NpU Nepejade napaMeTpoB B QYHKLHUIO U IPU
nepeaade BO3BPALIAEMOT0 3HAYEHUS B BUJE IICEBIOHMMA OOBEKTa, KOTOPBIH
IPOJIOJDKAET CYIIECTBOBAThH MOCJIE BBIXOAA U3 (PYHKLUMHU (Hampumep, CChUIKa Ha
TEKYIIMH 0OBEKT IPU BBIXOJE U3 METOAA).

TeKyLmiM 06bEKT MOXKET 6biTb BO3BPALLEH MPU BbIXOAE M3 METO/A HE TOJIbKO B BUAE
CCbIJIKM Ha TEKYLIMM 06BEKT, HO U B BUIe 06beKTa. OfHaKo, 3To MeHee 3ddek-
TUBHO, TaK KaK B 3TOM C/ly4ae CO3ZaeTcs Konma TeKyLero o6beKTa.

Mpumep:

int & imax ( int * m )
int 1i;

return m [i];

int main O
int A[10];
?max(A) = 0;
}

B nanHoM npumepe B pesynbraTe BbI3oBa (pyHKIMH imax() Oyner Bo3Bpa-
IICHO 3HAYEHHE CCHUIKM Ha MakKCHUMAaJILHBIA 3yeMeHT MaccuBa A. Ilo nmanHou
CCBIJIKE ATOMY 3JIEMEHTY BEKTOpa MOKET ObITh MPHUCBOCHO HOBOE 3HAYCHHE.

14



OT1/mumsa C 1 C++

2.5. CraHpapTHaa 6monmoteka C++,
CTaHAApPTHbIM BBO/-BbIBO/

s si3pika C++ co3gaHa cBOsI CTaHAapTHas OMOIMOTEKa, KOTOpast OTIIMYAeTCs OT
crangaptHoi Oubmmorekn C. VI3MeHeHus 3aTpoHyJH, HanpuMmep, QYyHKIMHA BBO-
Ja-BbIBO/A, BBEIEH pasles, NocBsmieHHBIM 1madmonam (STL — cranmaptHas
OMOJIMOTEKA MA0JIOHOB, ONMCAaHHAS HUXKE).

Tem He wMeHee, cTaHmapTHas OMOJMOTEKAa C IETUKOM  BKIIIOYCHA
B CTaHIapTHYIO 6ubnmoreky C++.

B C++ BBeieH HOBBIH (hopMaT 3a/1aHUsI 3aT0JI0BOYHBIX (DAMIIOB CTaHIapTHOM
Ooubnmorexku: 0e3 «./», MPH 3TOM BCE UCIONIb3yeMble B OMOIMOTEKE MMEHa IO-
Ipy’KE€HbI B CTAHJAPTHOE MPOCTPAHCTBO UMEH Std (cM. paszzen 2.6).

Hanpumep, B C++ (aiin 3aroJoBKoB BBOJA-BbIBO/Ia Ha3bIBACTCS iostream,
U JUTSI €70 TIOAKITIOYEHHS HE0OXO0UMO UCTIOIh30BATh IUPEKTHBY:

#include <iostream>

YroObl MOJAKIIOUNTE K MporpaMme Ha C++ 3arojoBouHbIN (ailn cTrangapT-
HOW OMOJIMOTEKH C B HOBOM (hopmaTe, Hajo 100aBUTHh B HaYall0 HAa3BaHMS COOT-
BeTCTBYIOMIETO haiina OykBy c. Hampumep,

#include <cstdio>

B ¢aiine crannaptHoit 6ubanotexku C++ (iostream) BBEIEHBI KJIACCHI, CO-
OTBETCTBYIOIIIME CTaHAAPTHHIM (KOHCOJBHBIM) TOTOKAaM BBoJa (KJacc istream)
U BBIBOJIA (KJIacC ostream), a Takke 0OBEKTHI ATUX KJIACCOB: cin — OOBEKT Ki1acca
istream, cout, cerr — OOBEKTHI KJ1acca ostream.UYepe3 3TH 0OBEKTHI 711 0A30BBIX
TUTOB JIaHHBIX JOCTYMHBI OMEpaIy BBOJA >> M3 CTAaHIAPTHOTO MOTOKa BBO/A,
HaIpuMmep,

cin >> x;

M BBIBOJIA << B CTAaHJAPTHBIN MIOTOK BBIBOAA (COout) I CTAaHIAPTHBINA (aiiil ommooK
(cerr), Haripumep,

cout << "String" << S << endl;

[Ipm 3ToM SBHO HE yKa3bIBAIOTCS HUKaKHe (HOPMATHPYIOIINE SIIEMEHTHI:
endl — xoHCTaHTa, O0O3HayaroIas KOHEI[ CTPOKM, OHA TaK K€ OIpeleseHa
B (baitne (iostream).

Cranpapthas 6ubnuorexa C++:

1) obecnieunBaeT MOANCPKKY CBOMCTB SI3bIKa, HATIPUMED, YIIPABICHHE T1a-
MSATBIO ((DYHKIMH, OCHOBaHHBIC Ha UCIIOJIh30BAHUU OTIEpaIlUil new
u delete);

2) mpenocTaBiseT HHPOPMALUIO O THUIAX BO BPeMs BBIIIOJIHEHHS ITPO-
rpammsbl (RTTI);
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3) obecmeunBaeT NOJACPKKY 00paOOTKH UCKIIOUEHUH (CTaHAapTHBIC UC-
KIJTFOUCHHS ),

4) mpenocTasisieT HHYOPMALIUIO O 3aBHUCSIIUX OT peali3alny acleKTax
A3bIKa (HampuMep, MakcuMalibHoe 3HaueHue float),

5) mpemocTaBisSeT MPOrPaMMHUCTY OOIIEYOTPEOUTEIFHBIE MaTEeMaTHYE-
CKHE M HEKOTOpHIE Apyrue pyHKIuN (Hanpumep, sqrt(), TeHepaTop Ciry-
YaliHBIX YHCEI U T. 11.);

6) mpenocTaBiIsAEeT NIPOrPaMMUCTY HEKOTOPBIE HETPUBUAJIBHBIE U Ma-
[IMHHO-3aBUCHUMBIC CPEJICTBA, YTO IMO3BOJISET MUCATh IEPEHOCUMBIC
porpaMMsbl (Hampumep, CIIUCKU, PYHKIIUN COPTUPOBKH, TIOTOKU BBO-
J1a/BBIBOIA).

C noapoOHBIM OnMCcaHueM cTaHnapTHOW Oubmuorexkn C++ MOXKHO MO3HA-
koMuthbes B [12], wacts I «CranpapTHas 6ubmuoTexay.

2.6. [lpocTpaHCcTBa MMEH,
NPOCTPAHCTBO UMEH «Std>.
Onepaumsa «::»

B C++ Tak ke, kKak U B si3bIKe nporpammupoBanuss C, UCTIONB3YeTCS OOBIYHBIN

MCXaHHU3M Pa3pCIICHUA BUANMOCTHU UMCH 110 IIPUHIOUITY JIOKaJIN3alluu.

Kpowme toro, B C++ BBeZieHO NOHATHE MPOCTPaHcTBA MMeH. [IpocTpancTBO
UMEH SIBJIETCS 00J1aCTHI0 BHAMMOCTH U TO3BOJISET JIOKAIU30BaTh UMEHA, OIHU-
CAaHHBIC BHYTPHU 3TOr'0 MPOCTPAHCTBA, YTO OBIBaeT MMOJIC3HO, HalIpuUMEp, I yCT-
paHEeHUsl KOJUIM3UH MMEH, KOTOpbIe MOTYT BO3HHKHYTh IPH HAlMCAaHUM OJIHOTO
IPOTrPaMMHOTO MPOAYKTA pa3HBIMU MPOTrPAMMUCTAMHU.

ITpocTpaHcTBa UMEH 3aJat0TCA CIEAYIOMIMM 00pa3oM:

namespace WMA_NpoCTPaHCTBA_WMeH

onncaHuna

Mpumep:

namespace A

int x;
void f O;

B C++ Taxxe BBe/ieHa onepaiusi pa3penieHusi 00,1acTH BUAUMOCTH UMeH
«:1», KOTOpasi pacuIupsieT uMs, OMpeeNsisi U3 Kakoro MpPOCTPaHCTBA UMEH (WIIH
00J1aCTH BUIMMOCTH ) TAaHHOE UMS BBIOMpaeTCs.

Ecnmu ucnonep3yercs uMsl W3 TEKylled 00JacTd BUAMMOCTH WM UMS U3
o0BeMITIONIEN 001aCTH BUAUMOCTH, HE COBIIAAAIOIIEE HA C OJHUM UMEHEM U3 Te-
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KyIlei 06JacTu , OHO 3aIHMChIBACTCS OOBIYHBIM 00Pa30M, €CJIU K€ HY>KHO COBIIA-
Jaroree uMs U3 00beMITIONIeH 00JIaCTH WIH UMS U3 IPYToi 00JIaCTH BUIUMOCTH,
ATO UMsI MOXKHO 3aIMCaTh CIICIYIOIUM 00pa3oM:

VIMﬂ_O6}'IaCTVI_BVID,VIMOCTVI .. mAa

Nnentuduxatop obnactu BUIUMOCTU CJI€Ba OT ONEpALMM «::» Ha3bIBAETCS
KBAJIH(PUKATOPOM.

C++ ynHacnenoBan OT si3bIka mporpammupoBanusi C eanHOe TI00anbHOE
NPOCTPAHCTBO UMEH. Ecii HE00X0IMMO KCIIOJIb30BaTh TII00AIEHYO IEPEMEHHYIO,
Haxoodmyrcsa BHC IMPOCTPAHCTB HMCH, TO IJId YCTpPaHCHHA HCOJHO3HAYHOCTU
HCITOJIB3YETCS OTepanus «::» 0e3 Kkpamdukraropa.

Mpumep:
char c;

namespace X

char c;
¥oid f(char e)

[TpocTpaHcTBa UMEH MOTYT OBITH BIOKEHHBIMH.
Mpumep:

namespace nsl
int n;
namespace ns2
int sqQ)
{
return n*n;

void print_ns();

\éoid ns2::print_ns()

cout << "namespace ns2" << endl;

ITpu obpameHnn K 00bEKTY, HAXOAALIEMYCS BO BIOXKEHHOM IPOCTPAHCTBE
UMEH, HallpuMep, U3 rI00aIbHOT0 MPOCTPAHCTBA UMEH UCIIONB3YIOTCS HECKOIBKO
KBaJM(PHUKATOPOB:

nsl::ns2::print_ns(Q);

Jlnst cokpalleHus 3anucu UMEH UCIOJIb3yeTcsl 00bsBICHHE UMEHHU U3 MPO-
CTpaHCTBa UMEH (using-o0bsBIICHNUE), HATIPUMED:
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Otmnuma C m C++

using namespace nsl;

B aTOoM cnydae maeHTH(PHUKATOPHI U3 YKa3aHHOW O0JIACTH MOXHO HCIIOJb-
30BaTh 0€3 KBAIM(UKATOPOB BIUIOTH 10 HOBOTO OOBSBICHUS MPOCTPAHCTBA UMEH
(using). ITogpoOHO 00 UCTIONIB30BAHUY USING-00BSIBICHHS CM. B [12, cTp. 211-216,
924-926].

BBeneHue NoHATHS NPOCTPAHCTBA UMEH SIBIISIETCS OJHUM W3 BHUJIOB CTATH-
YecKOro moJsMMop¢u3mMa: 0lMHAKOBBIM UACHTU(PHUKATOPAM NPUAAETCS Pa3HbI
CMBICJI.

Nmena crangaptHoi 6nbaunotexkn C++ HaXOAATCS B IPOCTPAHCTBE UMEH Std.
[MockonbKy (yHKIMH, TUIBI M KOHCTAHTBl CTAaHAAPTHON OMOIMOTEKH HCHOJIb3Y-
IOTCSl TIPAaKTUYECKH B KOKAOH HporpamMMe, PeKOMEHIyeTcs Ui yAoOcTBa WC-
NOJIb30BAHUS UMEH CTaHIApTHOW OMOJIMOTEKH B HA4ajlo MPOrpaMMbl BCTABISATH
using-o0bsBIICHUE:

using namespace std;
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LenTpaneueiM nonstuem OOII aBisercs kaace. Kiace ncnone3yercs i onu-
CaHMs TUIIA, HA OCHOBE KOTOPOTO CO3/1al0TCsl 00beKThI (IEPEMEHHBIE TUIIA KJIace).

Kiace, xak u m11000# THIT JaHHBIX, XapaKTEPU3yeTCs MHOKECTBOM 3HAUCHUH,
KOTOpBbIE MOTYT NPUHUMATh OOBEKTHI Kjacca, ¥ MHOXKeCTBOM (yHKumii, 3a-
JAIOUINX OTepanuy HaJl 00BbEKTaMU.

Mpumep:

Nmeetcst MHOXKeECTBO Tap uucen (a, b).

Ecnu nis 1aHHOTO MHOXKECTBA OIPENCNIUTh apu(pMETHUUYECKHE OIeparuu
CJICIYIOIHUM 00pa3oM:

(a, b) + (c, d)=(ad + bc, bd)
(a, b) — (¢, d) = (ad — bc, bd)
(a, b) x (¢, d) = (ac, bd)
(a, b) + (¢, d) = (ad, bc)
TO 3TO MHOXXECTBO MOXXHO PAacCMAaTPHBAaTh KaK MHOXECTBO PAIllMOHAIBHBIX JPO-

Geit: (a,b) > %

Ecnu sxe apudmeTnyeckue onepamuu onpeaesinTh Mo-Ipyromy:
(a,b)t(c,d)=(a+c, b+d)

(a,b) = (c,d)=(a—c,b—d)

(a, b) x (¢, d)= (ac — bd, ad + bc)

ac+bd bc—ad

c+d* P +d?

9TO K€ MHOXXECTBO Map YHCEI MOXHO pPacCMaTpUBaTh KaK MHOXECTBO KOM-
IUICKCHBIX uncen: (a, b) — a + bi.

(a,b)+(6‘>d)=[

Knacc IIOJIHOLICHHO onpenenﬂeT THUII JAHHBIX KaK COBOKyHHOCTB MHO>KCECTBaA
3HAYCHUI U HaOopa omeparyii Ha/l STUMHU 3HAYCHUSIMHU.

3.1. CUMHTAKCMC onMncaHMAa Knacca

CHUHTaKCHUC OMMCAHUA KiIacca:
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class Wma_knacca { onpeapeneHne_uyneHoB_knacca };

Unensl Kjlacca MOXKHO pa3leNuTh Ha HMH(GOPMALMOHHBIE  YJICHBI
U QyHKUMU-wIeHbl (MeTonbl) Kinacca. MHpopMalMOHHbIE YIIEHBI OIMUCHIBAIOT
BHYTPEHHIOIO CTPYKTYPY MH(pOpMAINK, XpaHseics B 00beKTe, KOTOPBIA co3/1a-
€TCsl Ha OCHOBE KJlacca. MeTO/bl KJlacca ONUCHIBAIOT aITOPUTMBI 00pabOTKH ITOMH
UHPOpPMALIIH.

JlaHHbIC, XpaHSIIHecs B UHPOPMALIMOHHBIX YICHAX, ONMCHIBAIOT COCTOSTHHE
00BEKTa, CO3aHHOro Ha ocHOBe KJiacca. CocTossHUEe 00BEKTA U3MEHSIETCS Ha OC-
HOBE M3MCHECHHMSI XPAHSIINXCS JAHHBIX C IIOMOIIBI0 METOJIOB Kjlacca. AJTOPUTMBI,
3aJI0’KEHHBIC B peai3alliid METO/I0B KJIacca, ONPEeIIIOT MoBeleHne 00bEKTa, TO
€CTh pearupoBaHUEC OOBECKTA HA ITOCTYIAIONIMEC BHEIIHWE BO3JCHCTBHUS B BUJC
BXOOHBIX JAHHBIX.

3.2. YnpaB/sieHue AOCTYrNOM K
Yy/IeHaM Kiacca

[TpuHIMT MHKANCYASIMUA 00eCTIeYBaEcTCs BBOJIOM B Kilacc 00JiacTei qocTyna:

private — 3aKPBITBINA, TOCTYITHBIN TOJBLKO COOCTBEHHBIM METOJ1aM;
public — OTKPBITBIH, TOCTYITHBIN JTFOOBIM (DYHKITUSIM;
protected — 3aNIUIICHHBINA, JOCTYITHBIN TOJBKO COOCTBEHHBIM METO-

JaM 1 METOJJaM ITPOU3BOAHLIX KJIACCOB.

UsteHsl Ki1acca, HaXOIAIIMECS B 3aKPBITON oOnactu (private), HEOCTYITHbI
JUTSL UCTIOJIB30BAHUS CO CTOPOHBI BHEIIHETO Kojaa. HampoTuB, uieHsl kiacca, Ha-
XOJsIIMECs] B OTKPbITONW cexkuuu (public), nocTynHbl A1 UCOIB30BAHUS CO CTO-
pOHBI BHelTHero koja. [Ipu onucanuu Kiacca Kaxabli 4WieH Kiacca MOMEeNIaeTcs
B OJIHY W3 MEPEUYUCIICHHBIX BBIIIEC 00JIACTEH TOCTYMA CIEAYIOIIMM 00pa3oM:

class UmA_knacca

private:
onpeneneHne_3aKpbITbiX_Y4/1€HOB_Kacca

public:
onpeAesieHne_oTKPbITbIX_YJIEHOB_Kacca

protected:
onpejeneHye_3alMiieHHbIX_41eHOB_Knacca

b

HOpHI[OK CJIICOOBaAHUA obnacrei A0CTyIlla W UX KOJIMYECTBO B KJIACCEC —
ITPOU3BOJIbHBI.

Cny>xeOHOE CIIOBO, OIpEACIISIoNee MepBy0 00JIaCTh JOCTYIa, MOXKET OT-
cyrcTBoBath. Ilo yMoruanuio 3ta o01acTh CUUTACTCS private.

B 3akpeityto (private) obiacte OOBIYHO TOMEIIAIOTCS MH(POPMAIIMOHHBIE
4JICHBI, a B OTKPBITYIO (public) obnacTb — MeETOAbI Kilacca, peaju3yIolue HH-
Tepdeiic 00ObeKTOB Kilacca ¢ BHEIIHEH cpenoi. Ecnmu kakoi-IImbo MeTos uMmeeT
BCIIOMOTATENIbHOE 3HAYCHUE JUISl IPYTUX METOJIOB KJlacca, SIBJISSACH MOIIPOrpaM-
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MO AJII HUX, TO €ro TaKKe CIEAYeT MOMECTHTh B 3aKPBITYIO0 001acTh. DTO 0Oec-
MICYMBACT JIOTHUYECKYIO IIEJIOCTHOCTh HH(POPMAIHH.

ITocie omucanus Kiacca €ro MM MOYKHO HCIIONB30BATh I OIMUCAHUS
00BEKTOB 3TOTO THIIA.

Joctyn k MH(GOpPMALMOHHBIM WIEHaM W METOJaM OOBEKTa , ONMCAHHBIM
B OTKpPBITOM CEKIUH, OCYLIECTBIIIETCS uYepe3 OOBEKT WIM CCBhUIKY Ha OOBEKT
C MOMOUIbIO ONEPAIH BIOOPA YiIeHa KJIacca «.).

Ecnu paboTta ¢ 00beKTOM BBIMIOJIHAETCS C TOMOILBIO YKa3aTells Ha 00BEKT, TO
JIOCTYH K COOTBETCTBYIOLIMM 4WIEHAM KJIacca OCYIIECTBIISCTCS Ha OCHOBE yKa3a-
TeJIsl HA YWieH KJacca «—>»:

class X

i
pubTic:
char c;

int fO {.}

int main

OOBEKTHI KJ1acca MOKHO OnpeaciisiTb COBMCCTHO € OIIMCAHHUEM KJlacCa:

class v {.} yl1, y2;

3.3. Knaccbl 1 cTpykTypbl C++

Cunrakcuc kiacca B C++ cOBMasaeT ¢ CHHTaKCUCOM CTPYKTYpbl C++:

struct UMA_cTpykTypsl { onpeaeneHue_uneHOB_CTPYKTYphl };

Knacc C++ ornmuaercss ot cTpykrypsl C++ TOJMBKO ONpEAEIEHUEM IIO
YMOJYAHHIO MTEPBOM 00JIACTH JOCTYTIA B MX ONMUCAHMU (@ TaKXKe ONpeAeTICHHEM 110
YMOIYaHUIO crioco0a HacneaoBaHus, cM. pasaen 10.3):

IUISL CTPYKTYP YMOJYaHHUEM SIBIIIETCSL OTKPBITHIN gocTyn (public)

JUISI KJIACCOB YMOJTYAHUEM SIBIISIETCS 3aKPBITHIN AOCTYM (private).
Pasnuuusi B yMOJYaHUSIX CBS3aHBI C Pa3UYMSIMH LEJeH CO3JaHUS TaKUX
KOHCTPYKUUH. CTPYyKTypbl CO3[aBalIUCh ISl OObEIUHEHHS] U COBMECTHOIO HC-

NOJIb30BAHUSL PA3HOPOJHBIX THUIIOB JIaHHBIX, Hampumep 3anuceit Qainos. Kiacc
IIPEeIHA3HAYEH [ ONPENEICHMS IIOJTHOLEHHOTO TUIIA IaHHBIX.
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B C++ o00BexkTl MOXKHO CO3/1aBaTh TaKXe Ha OCHOBE CTPYKTYp
u oObenuHeHul (union).

CTpyKTypy MOXKHO paccMaTpuBaTh Kak IpooOpa3 MoHsTus kJacc. M3Ha-
YaJIbHO KOHULENIMS CTPYKTypbl (Hampumep, B Cu) cCily)Kuja HCKIIOYUTEIBHO
00BEIMHEHNIO PA3HOPOJHBIX JIAHHBIX B €JMHON KOHCTPYKLMH IS COBMECTHOM
00paboTKH, TO €CTh B OHATHH CTPYKTYPBHI MPUCYTCTBOBAJIA HCKIIIOYUTEIHHO HH-
¢opmannonHas coctaBisitouias. B C++  Bpemst B CTPYKType MOTYT ObITb
U QYHKUMHU-WICHBl, B TOM YHUCIIE U CIIEUUAIbHBIE YIEHBl — KOHCTPYKTOPBI
U JeCTPYKTOPBI, O KOTOPBIX OyAET paccka3aHo B cieayroummx pasgenax. Crpyk-
Typbl HapaBHE C KJIACCAMU MOYXHO HMCIIOJIb30BaTh JJISl IOJHOLIEHHOTO OIMCAaHMS
TUIOB JIaHHBIX, BKJIIOYAIOLIETO OINMUCAHUS OIEpalUil, IPUMEHIEMBIX K OIUCHI-
BAaEMOMY THUITY JaHHbIX. OHAKO HAJIM4YKME UH(OPMAIIMOHHBIX YWIEHOB B OTKPHITON
CEKLIMU HapyllaeT OJUH U3 OCHOBHBIX MPUHIMNOB OOIl — npuHIMI MHKAMCY-
JISIIMH.

3.4. MaHunynAauum C COCToAHMEM
OObeKTa

Jnist noctymna K BHYTPEHHUM HH()OPMAIMOHHBIM WieHaM 00bEKTa, CO3IaHHOTO Ha
OCHOBE Kjlacca (YTCHHE/3alKCh), HEOOXOIUMO HCIIOIb30BaTh CICIHAIBHBIC ME-
TOABI KJlacca, Ha3zbiBaeMble Moaudukaropamu (setters) u cenekropamu (getters).
OHU OCYILIECTBISIIOT MOJKOHTPOJIBHOE CUWUTHIBAHME W M3MEHEHHE BHYTPEHHUX
WH(POPMAITMOHHBIX WICHOB. Tak, ecliu U3MEHSETCSl BHyTpEHHEe HHPOPMAIIHOHHOE
noJie size 00bEKTA KJlacca stack, ONMMCHIBAIONIECEe MAKCUMAIILHBIA pa3Mep CTeKa, TO
HE00XO0IMMO OCYIIECTBUTH Psifl ACHCTBHIA TIO COTJIACOBAHHOMY M3MEHEHUIO JIPYTUX
UH(POPMALMOHHBIX YICHOB (BBIICICHUE JOTIOTHUTEIILHOW MAMSITH U T. J1.):

class stack
int* cl;
int top, size;
pubTic:

int putnewsize ( int ns )

if ( top > ns ) return 1;

int* ncl = new int[ns];
if (top > 0
for (int i = 0; 1 < top; ++I )
ncl[i] = cl[i];
delete c1;
cl = ncl;
size = ns;
return 0;

b

Takum o0Opa3oM, M3MeHEHHE WH(POPMALMOHHBIX MOJEH O0BEKTa JOJIKHO
OCYUIECTBIIATHCS CHELMAIBHBIMU METOJIaMH, MPOU3BOASIIMMU H3MEHEHHE Tpe-
OyeMoro HH(POPMALMOHHOTO IOJISl COITIACOBAHHO C OJJHOBPEMEHHBIM U3MEHEHUEM
Ipyrux UHPOpPMALUMOHHBIX moiyiell. Takue MeToabl 00ecreuyuBarOT COTrIaCOBaH-
HOCTbh BHYTPEHHHX JaHHBIX OOBEKTa.
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3.5. Knacc KaK 06s1acTb BUAMMOCTU

Knacc saBisgercs 001acTbrO BUJHUMOCTH OITMCAaHHBIX B HEM YJICHOB KJIacca. I/II[GH-
TI/I(i)I/IKaTOp YWICHA KJIacCa JIOKAJICH MO OTHOUICHUIO K HJAaHHOMY KIJIaCCy. Knaccor
MOT'yT OBITH BJIO)KEHHBIMH, O,I[HOI/IMCHHBIG I/II[CHTI/I(bI/IKaTOpI)I YJICHOB KJlaCcCa 3a-
KPBIBaAIOT BUAMMOCTDb COOTBETCTBYIOIINX BHCIITHUX I/Il[eHTI/I(I)I/IKaTOpOB.

Onepanust «::» MO3BOJISICT MOJYYHTh AOCTYN K OJHOMMEHHBIM OOBEKTaM,
BHEIIIHUM TI0 OTHOILIEHHWIO K TEKYIIeH 00JAaCTH BUIMMOCTH, B YaCTHOCTH, K TJIO-
0anbHBIM (QYHKLIHUSM U IEPEMEHHBIM, CIETYIOIIM 00pa3oM:

MMA_KNnacca ::. UMA_YNeHa_Knacca

WIN 7151 UMEH T100abHbIX QYHKIHMHA U IepEeMEHHBIX:

.. mA

Mpumep:
int ial;
goid f1 ( int bl )
ial = ial + bl;
class x
int ial;
public:
x() { ial = 0; }
void f1 ( int bl )

::f1(b1l); // BbI30B rnobanbHOW (GyHKLMK

b7

int main()
X az;
a2.f1(2);
return 0;

3.6. O6bAaBneHue n onpeaeneHme
METO/I0B KJ1acca.
Cneundukartop «inline»

Kaxaplii MeTo[ Kjacca, JOIDKEH ObITh OmpexeeH B mporpamme. ONpeneinTh

METOZ KJIacca MOYHO JIMGO HEMOCPEACTBEHHO B Kiacce (ECIM TeIO METOja He

CJIIMIIKOM CJIOKHO H FpOMOBI[KO), 1100 BBIHECTH OmnpecACIICHUC BHC KJacca,
a B KJIacCe TOJIbKO 00bABUTH COOTBGTCTB}’IOH_II/Iﬁ MCTOH, YKa3aB €TI0 ITPOTOTHII.
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[Tpu ompeneneHuu MeTona Kiacca BHE Kiacca JUIsl yKazaHUs O0JIacTH BU-
JUMOCTH COOTBETCTBYIOIIETO UMEHU METO/1a UCTIONB3YETCS OTICPALTHH «: 1)

Mpumep:

class x

int ial;

pubTic:
x(O) { ial =0; }
int funclQ);

int x::funcl() { .. return ial; }

DTO0 MO3BOJISIET TOBBICUTH HATJISTHOCTh TEKCTA, OCOOCHHO, B CIIy4ae 3HAYH-
TEILHOTO OOBeMa Koja B MeTonax. l[lpu ompeneneHnn MeToAa BHE Kiacca
C HCTOJB30BAaHUEM OIEpaIH  «::» MPOTOTUIIEI OOBSIBICHHUS U ONMpPEICICHUS
(GyHKIMH TOJDKHBI COBIIAAATh.

Mertoa kiacca u mo0yi0 (yHKIUIO, HE CBA3aHHYIO HU C KAKUM KJIaCCOM,
MO>KHO OIIPENICINTh O crienudurkaropoM inline:

inline int funcl(Q);

Taxue QyHKIMM HA3BIBAIOTCS 8CMPOECHHBIMU.

Cnemmdukarop inline yxa3zpiBaeT KOMIHISATOPY, YTO HEOOXOIMMO TIO BO3-
MOKHOCTH T€HEpUPOBaTh B TOUKE BbI30BA KOJA (PYHKLHMH, a HE KOMaH/bl BbI30Ba
(GyHKIMM, HAXOIAUICWCS B OTIEIBHOM MeECTe KOAa MOZAYJs. OTO IO3BOJISET
YMEHBUINTb BPEMsI BBIIOJIHEHHS IIPOrPAMMBI 32 CYET OTCYTCTBHUS KOMaHJ BbI30Ba
¢yHKUMU ¥ BO3BpaTa U3 (YHKIMH, KOTOpbIE KPOME Mepeladyd yNpaBJICHUS BbI-
HOJHSIOT JEUCTBUS COOTBETCTBEHHO IO COXPAHEHHUIO WU BOCCTAHOBIEHHIO KOH-
mekcma (COAEPKUMOI0 OCHOBHBIX PETUCTPOB mpoueccopa). IIpu stom pasmep
MOJyJIsl OKa3bIBAa€TCsl YBEIMUYEHHBIM 110 CPABHEHUIO C IporpaMMol 0e3 creuu-
¢duxatopoB inline. Cneyer OTMETUTb, UTO crieuupuKaTop inline siBIsETCS pPeKo-
MeHIaIe KoMmuwisTopy. Jlannelii cnenndukaTop HEMPUMEHUM Uit GYHKIUN CO
CJIO’KHOM JIOTUKOM. B CiTy4ae HEBO3MOXKHOCTH MCII0JIb30BaHMsI crieln(puKaTopa s
KOHKPETHOH (YHKIIMM KOMIIWISATOP BBIIACT Mpenynpexaaronee coolIeHne
u o0pabaTpiBaeT (PYHKIUU CTAHIAPTHBIM CIIOCOOOM.

Ilo ompenenenuio MeTONbI Kiacca, ONpPEAENEHHbIE HEMOCPEACTBEHHO
B KJ1acce, ABJISIOTCS inline-gynxyusm

3.7. YKazatenb «this»

B knaccax C++ HesiBHO BBeAEH CHELUalbHBIM yKa3arenb this — ykKa3aTellb Ha
Tekymuid 00bekT. Kaxkaplii Meron kimacca mpu OOpalieHuu K HEMy MOJIydaeT
JIAHHBIN yKa3aTelb B KaUeCTBE HESIBHOT0 mapameTtpa. Uepe3 HEero MeTo/ bl Kitacca
MOTYT MOJIYYUTh JOCTYT K IPYTUM 4YJIeHaM KJjacca.

VYkazatens this MOXHO pacCMaTpUBaTh KaK JOKAJIbHYI0 KOHCTAHTY, HMEIO-
nryto tan X*, ecnm X — wmMsl onmuchIBaeMoro kimacca. Her HeoOXoaumocTu ucC-
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M0JIb30BaTh €ro siBHO. OH UCIHOJIB3YeTCsl SIBHO, HAIPUMEP, B TOM Cllydae, KOorjaa
BBIXOJTHBIM 3HAYEHUEM JUIsI METO/Ia SIBJICTCS TEKYIIUNA OOBEKT.

I[aHHBIﬁ YKa3aTeiib, Kak U APpYTrUue yKa3aTeyii, MOXKCT OBITh Pa3bIMCHOBAH.

HpI/I nepeaaduc BO3BpaliacMoOro 3Ha4CHUA METOJa KilacCa B BUJIC CCBHIJIKK Ha
TCKYH_II/Iﬁ 00BEKT HCIIOJIB3YCTCA pa3BIMeHOBaHHBII71 YKa3aTeib this , TaK KaK CCblJIKA,
KaK yiKe€ OBLIO YKa3aHO, THUIHUAJIU3UPYETCA HCTOCPCACTBCHHBIM 3HAUCHUCM.

Mpumep:
class x
{
bu51%c:
x& (. . .)
{
Fe%u;n *this;

}

3.8. YKa3saTtesib Ha 4YJiIeH KJlacca

Kpome anpecanuu obnacteil mamsaTH, coaepxamux HHPOPMALMOHHbIE 0OBEKTHI,
yKa3aTend MOTYT COJep)KaTh ajapeca WICHOB Kiacca. TeXHOJOrHMIO CO3/1aHHS
U UCIIOJBb30BaHUA TaKUX yKa3aTeneI71 JICTYC OIMUCATh C UCIIOJIb30BAHUEM KOHKPCT-
HOTO IPUMEPA, ONEPATOPBI KOTOPOTO MOJAPOOHO MPOKOMMEHTHPOBAHBI:

class X

{ . .
int 1;
public:
X0 {i = 1;}
int f1(int j)
{

cout << "print i" << i << "\n";

return j;
}
int f2(¢int j)
{
cout << "reset i \n"; i = 1;
return j;
} .
int f3(int j)
{
cout << "set i \n"; i = J;
return j;
}
3
typedef int (X::* pf)(int); // cm. KommeHTapuin 1)
int main()
{

int k, sw, par;
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X b;
pf ff; // CM. KOMMeHTapui 2)

switch (sw){
case 1: ff=&x::f1; // CM. KOMMeHTapuin 3)

break;
case 2: ff=&x::f2;
break;
case 3: ff=&x::f3;
g
k = (b.*ff) (par); // CM. KOMMeHTapun 4)
Fe%u%n 0;
}
Kommenrtapuu:
1) xirodeBoe CoBO fypedef BBOOUT HOBOE UMS ISl TUTIA!

typedefint (X::* pf)(int);
rze pf — THII yKa3zaTels Ha MeTOJ Kiacca X ¢ OTHMM BXOJHBIM Iapa-
METPOM THIIA int ¥ THIIOM BO3BPAIAEMOT0 3HAYCHUS — int.

2) pfff: — co3nanue obbekTa ff, uMeroero BBeACHHbBIN THII pf.

3) ff= &X::fi; — ykazaTemo ff mpucBauBaeTCs aJipec OAHOTO U3 METOJIOB

4)

Kinacca. JlocTym K 3TOMy METO/y 110 JaHHOMY yKa3aTelro 4epe3 Ka-
KOI-1100 00BEKT HeBO3MOXKeEH (oneparop ff = &b.f1; — HeBepen). leno
B TOM, 4YTO yKa3aTeJb Ha WICH Kilacca NPeJICTaBISeTCs ISl HecTaTuye-
CKHUX YJICHOB HEC a6COHIOTHLIM, a OTHOCUTCIILHBIM aJIp€COM, TO €CTh
CMEIIICHHEM OTHOCHUTEIBHO 0a30BOT0 ajapeca Kiacca (yKazaTeib Ha cTa-
THYECKHUI WICH KJlacca MPEeICTABIISIeT COO0M HCTHHHBIH apec).

k= (b.* ff)(par); — pa3pIMEHOBaHUE yKa3aTels Ha HECTATHUSCKUN METO]T
KJjlacca JaeT IOCTYI K KOAY TI0 OTHOCUTEIILHOMY aJpecy, KOTOPBIH MpH-
MeHsieTcsl K 6a30BOMY aJipecy KOHKPETHOTO 00BbEKTa (B JaHHOM CIIy-

yae — oObeKTa b).

B cnyyae 06bsABAEHNA METOA0B CTaTUYECKMMM YNeHaMu (CM. pasgen «CTtaTndeckme
YJieHbl Knacca») uaeHTMduKaTop pf He06X0ANMMO 06BABUTL 0ObIYHBIM YKa3aTesiem
Ha PYHKUMIO:

typedef int (* pf)(int);

Pa3biMeHOBaHME 06bEKTAa TAKOro TMMa NpeACTaBAfAETCA O06blYHbIM pa3bIMEHOBa-
HMEM YKasaTens Ha yHKUMIO:

k = (*ff)(par);

[IpumMeHeHne TEXHUKHM pa3bIMEHOBAHMS yKa3aTels Ha METOJ Kilacca SIBIIs-
€TCs MPOSIBJICHUEM JHHAMUYECKOro MmoJauMopgu3mMa, Korja HCIOTHIEMBIH KO
JUIsL OJTHOTO U TOTO ke omeparopa (k = (b. *ff)(par)) onpenensieTcss Ha dTamne uc-
NOJTHEHHUS, @ HE KOMIMJISAIHMH. B OOJbIICH Mepe NUHAMUYECKUN MOIUMOPHU3M
peanusyercsi BUPTYaJbHbIMU (PYHKIMSIMH, OITMCHIBAEMBIMHU B CICAYIOIIUX pa3-

neiax.
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KoHCTPYKTOpPBI U 1eCTPYKTOPBI SBIAIOTCSA CHELMAIbHBIMU METO/JaMHU Kilacca.
KoHceTpyKTOpPBI BBI3BIBAIOTCA NPU CO3AaHUU OOBEKTOB KJlacca M OTBEJIEHUM Ia-
MATH 1OA HUX. JleCTPYKTOPBI BbBI3BIBAIOTCA IPU YHUYTOXKEHHUM OOBEKTOB
Y OCBOOOXAEHUN OTBEIECHHOM JIIsl HUX TaMSITH.

B OosiblMHCTBE Cily4aeB KOHCTPYKTOPBI M JIECTPYKTOPHI BBI3BIBAIOTCS aB-
TOMATHYECKU (HESBHO) COOTBETCTBEHHO IMPH OMHCAHUU OOBEKTa (B MOMEHT OT-
BEJICHUS TIaMATH TIOJ HEro) W IpH yHUYTOXEHWU oOBbekTa. KoHcTpykTop (Kak
I/IIleCprKTOp) MOZKCT BBI3BIBATHCA U SIBHO, HAIPpUMCP, MPU CO3JaHUU O6’beKTa
B JIMHAMHUYECKOW 00JIaCTH MAMSTH C TTIOMOIIBIO OTIEPALIUU Hew.

Tak Kak KOHCTPYKTOPBHI U JIECTPYKTOPHI HESIBHO BXOZSAT B HHTEep(eic 00b-
€KTa, UX CJIeyeT pacnojaraTb B OTKpbITOM 001acTH Kiacca.

KOHCTpYKTOpPbI M AECTPYKTOPbI MOTYT pacrnosiaraTtbCsi M B 3aKpbITOM 06/1aCcTH ANA
6710KMPOBaHMA BO3MOXKXHOCTM HESIBHOTO Co3AaHMa o6bekTa. Ho B 3ToM ciiyyae siB-
Hoe co3gaHue 06BbEKTA BO3MOXHO TOJIbKO MPU MCMO/Ib30BAHMM CTaTUYECKUX Me-
TOAOB, ABJIAIOWMXCA YaCTbl0 KJlacCca, a He KOHKPETHOro o6beKTa. CraTtuyeckue
METO/ibl ONUChIBaOTCA Aafee.

OTan4nst 1 0COOCHHOCTH OMMCAHUS KOHCTPYKTOPA OT OOBIYHON (hYHKIIMH:
1) uMs KOHCTPYKTOpA COBIAJAET C UMEHEM KJIacca;

2) mpu ONMHMCAaHUU KOHCTPYKTOpA HE YKa3bIBAETCS TUI BO3BPAILIAEMOTO
3HAYCHHUS.

Crnenyer OTMETHTh, YTO U OOBIYHAS MPOIEAYpa MOKET HE BO3BpallaTh 3Ha-
YEeHHs, & TOJIBKO MepepadbaThiBaTh UMEIOIIMECS IaHHBIE. B 3TOM Cllydae MpH OIu-
CaHUM COOTBETCTBYIOMIEH (DYHKIIUH YKA3bIBACTCS CIICIIUAIBHBIN THIT BO3BpaIac-
MOTO 3HaueHU void.

B omucannu KOHCTPYKTOpAa THII BO3BpAIIACMOI'0 3HAYCHUS HC YKa3bIBACTCA
HE MOTOMY, YTO BO3BpalllaeMoro 3HaueHus HeT. OHO Kak pa3 ecTb. Benap pesyinb-
TaTOM paboOTBl KOHCTPYKTOpPAa B COOTBETCTBUHM C €r0 HA3BaHUEM SIBISICTCSA CO3-
JaHHbIA 00BEKT TOr0 TUIA, KOTOPBIA OMUCHIBAETCA JaHHBbIM KiaccoM. Ctpayct-
pyIl OTMeual, YTO KOHCTPYKTOpP — 3TO TO, YTO OOJIACTh MaMSATH MpeBpallaeT
B O0OBEKT.

KoHCTpyKTOpBEI MOKHO KiIacCU(DUIUPOBATh Pa3HBIMU CIIOCOOAMMU:

1) mo HaMMYUIO MapaMeTpoB:
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0e3 mapameTpoB,

C MmapaMeTpamu;

2) 1O KOJMYECTBY U TUILYy IapaMETPOB:
KOHCTPYKTOP YMOJIYAHUS,
KOHCTPYKTOp IpeoOpa3oBaHus,
KOHCTPYKTOpP KONMPOBAHMS,
KOHCTPYKTOp C JIByMsl U OoJiee TapaMeTpaMH.

HaGop © TUIBI mapaMeTpoB 3aBHCAT OT TOrO, Ha OCHOBE KaKHMX JaHHBIX
co31aeTcst 0OBEKT.

B kmacce Moxer OBITb HECKOJIBKO KOHCTPYKTOPOB. B COOTBETCTBHUHU
c mpaBunamu s3bika C++ BcE OHM MMEIOT OJHO MM, COBIAJAIOLIEE C UMEHEM
KJIacca, YTO SIBISICTCS OJHUM W3 NPOSBICHUM CTaTUYECKOrO MOJUMOpdusma.
Komnunstop BeIOMpaeT TOT KOHCTPYKTOP, KOTOPBIH B 3aBUCUMOCTH OT CUTYallUH,
B KOTOPOIl IPOMCXOJUT CO3JlaHHE OOBEKTAa, YAOBJIETBOPSAET €i 10 KOJIMYECTBY
Y TUIIAM [1apaMeTpoB. ECTeCTBEHHBIM OrpaHUYEHUEM SABIIETCS TO, YTO B KIIACCE HE
MOYKET OBITh IByX KOHCTPYKTOPOB C OJIMHAKOBBIM HA0OPOM ITapamMeTpOB.

JleCTPYKTOpPBI NPUMEHSIOTCS Ui KOPPEKTHOI'O YHUUYTOXEHUS OOBEKTOB.
Yacro mpouecc YHHUTOKEHHS 0OBEKTOB BKIIIOUACT B ce€0s IEHCTBHS 110 OCBOOO-
MKJICHUIO BBIJIEJICHHOH JUIsl HUX IO ONE€palysiM new MaMsATH.

WM nectpykropa: ~uma_knacca

VY IecTpyKTOpOB HET MapaMETPOB U BO3BPALLIAEMOr0 3HAYCHUS.

B orianuue OT KOHCTPYKTOPOB JAECTPYKTOP B KJIACCE MOXKET OBITh TOJIBKO
OJIUH.

Mpumep:

Omnucanue Kiacca.

class box
int len, wid, hei;
public:
box ( int 1, int w, int h )
len = T; wid = w; hei = h;
?ox(int s)
len

}
box()
{

Il
=
.
o

Il
>
)
=

]
0

) lJen = 2; wid = hei = 1;
int volume()

return len * wid * hei;
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4.1. KOHCTPYKTOp yMOJ14aHUA

KoncTpykTop 06e3 mapaMeTpoB Ha3bIBaeTCS KOHCTPYKTOPOM yMmosa4yanusi. Eciu
JUTSL CO3MIaHMs 00BbEKTa He TpeOyeTcs KaKuX-Tub0 mapaMeTpoB, TO UCHIOIB3YETCS
KOHCTPYKTOp ymomdanus. [Ipu ommcanum Takux oOBEKTOB MOCJIEC MMEHH Kiiacca
YKa3bIBAETCS TOJIBKO UICHTU(HUKATOP IEPEMEHHOI:

class X { .. };
X x1;

Po/b KOHCTPYKTOPA YMOMAHWMSA MOXKET MrpaTb KOHCTPYKTOP, Y KOTOPOro Bce na-
paMeTpbl MMEIOT anpHOPHbIE 3HAYEHUA, HaNpUMep:

box (int 1T = 24, int w = 12, int h = 6);

4.2. KoHCTpyKTOp Npeobpa3oBaHMs
M KOHCTPYKTOPbI C ABYMS
1M 6o1ee napaMmeTpamu

Ecmn st co3nanust oObekra HEOOXOIMMBI MapaMeTpbl, TO OHU YKa3bIBAIOTCS
B KPYIJIBIX CKOOKAX I10ciie HIeHTU(UKATOpa ITIEPEeMEHHOM:

box b2(1,2,3);
box b3(5);

Yka3biBaeMble MapaMeTphl SBISIIOTCA NapamMeTpaMHu KOHCTPYKTOpa Kiiacca.
Ecnu y KOHCTpyKTOpa MMEETCS POBHO OJMH BXOJHOHN MapameTp, KOTOPHIM He
MpEJICTaBIsIeT COOO0M CCHUIKY Ha CBOM COOCTBEHHBIH KJIacC, TO COOTBETCTBYIOIIHIA
KOHCTPYKTOP HA3bIBACTCSI KOHCTPYKTOPOM INpeodpa3oBaHusl. DTOT KOHCTPYKTOP
HA3bIBACTCS TaK B CBS3H C TEM, UTO B pe3yJIbTaTe ero paboThl HA OCHOBE OOBEKTa
OJTHOTO THIIAa CO3/1aeTCs OOBEKT IPYTroro TUMa (TUIA OMMCHIBAEMOTO KJIacca).

Ecnm yxe onucan knacc 7' ¥ ONUCBHIBAETCS HOBBIM Kilacc X, TO €ro KOHCT-
PYKTOPBI TTpeoOpa30BaHusi MOTYT UMETh JIFOOOH U3 CIEAYIONINX MPOTOTUIIOB:

X(T);
X(T&);
X(const T&);

ITocnequuii MPOTOTUN CITY>KUT AJIs 3aLLUTBl OT U3MEHEHMSI I1EPEAABAEMOI0
(hakTHUECKOro MapaMmerpa B TeJle KOHCTPYKTOPA, TaK KaK MPH MOJTYYEHUU CChUIKH
Ha (aKTHYECKUI MapaMeTp HUCHOJb3yeTCss COOCTBEHHO INepe/laBaeMblii 0OBEKT, a
HE €ro JIOKaJbHas KOIUS.
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BbizeneHue B oTAe/IbHYO Fpynny KOHCTPYKTOPOB C ABYMA M 60n1ee napaMeTpamu,
He3aBMCMMO OT MX TUMA, ABNSETCA B HEKOTOPOM CMbICNEe, YC/IOBHbIM. TaK, Ha-
npuvmep, ecan ecTb ABa Knacca: Vector u Matrix, To Ana co3gaHusA COOTBETCT-
BYIOLLMX OOBEKTOB:

Vector v1(10);
Matrix m1(10,15);

MCMo/b3yeTCA B NMEPBOM C/lyyae OAvH MapaMeTp, a BO BTOPOM C/lyyae — ABa na-
pameTpa. TakuMM 06pasom, B NEPBOM CJly4yae OGBEKT CO3AAETCA C MOMOLLbIO KOH-
CTpYKTOpa Npeo6pa3oBaHMs, a BO BTOPOM CJ/lyyae, C hopMasibHOM TOUKM 3peHus, C
MOMOLLIbIO KOHCTPYKTOPA C IByMs MapaMeTpamM, XOTA B 060MX C/ydasnx hakTUHeCKu
BbIMNOJIHAETCA OAHA M Ta e npoueaypa: co3fjaHue 06bEKTa Ha OCHOBE 3afaHHbIX
UMCNIOBbIX NMapameTpoB.

Kak y»e Obu10 0TMEUEHO, eClTi y TapamMeTpa KOHCTPYKTOpa Ipeodpa3zoBaHus
UMeeTCsl allpMOPHOE 3HAYEeHUE, U IPU ONMCAaHUM OOBEKTa SIBHO HE 3ajaercs (akx-
TUYECKHUI MapaMeTp, ITOT KOHCTPYKTOP UTPAET Pojb KOHCTPYKTOpA YMOJIYAHUS.

Mpumep:

class X
int x1;

public:
X(int px1 = 0}

Jlist Takoro kiacca OyayT BEpHBI CIEAYIONUE OOBSIBICHUS 00BEKTOB:

int main()

X x1, x2(1);

4.3. KOHCTPYKTOp KONMMpoBaHUA

[Ipu co3zganum o0beKTa ero MH(GOPMAILMOHHbBIE YJIEHBI MOTYT ObITh MPOUHHUIIMA-
JM3UPOBAHBI 3HAYCHUSMH TIOJIEH Pyroro 0ObEKTa 3TOTO KE TUIIA, TO €CTh OOBEKT
CO3/1aeTCsl KaK KOIUS JIPyroro o0bekra.

Jist Takoro cozmanus 00BEKTa UCTIONB3YETCSI KOHCTPYKTOP KONMUPOBAHMSA.

Muunuanuszanus MOKET ObITh BBINIOJHEHA AHAJOTMYHO WHHULMAJIA3ALAU
HepeMeHHI)IX BCTpOGHHLIX THUIIOB C HUCIIOJIBb30BaHUECM OHepaHI/II/I HpI/ICBaI/IBaHI/Ifl
COBMECTHO C OOBSIBIEHHEM O0BEKTA:

box b5(2,4,6); // co3paHue obbekTa TUna box c
/ WCMOSIb30BaHWEM YUCOBbIX AaHHbIX
box b6 = b5; // co3paHne obbekTa b6 — konuum obbekTa b5
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Ecnu uauuanu3anus IMPOU3BOAUTCA 00BEKTOM TaKOI'O K€ THIIa, TO 005b-
CKT-MHUIHUAIN3aTOP TAKIKE MOXET OBITh YKa3aH B KPYTJIBIX CKOOKax rmocie HUIACH-
TI/I(I)I/IKaTopa co3agaBacMoro 00BeKTa:

box b7(b5);

CBox cuTyauui, B KOTOPBIX MCIIOJIB3YETCS KOHCTPYKTOP KOIMPOBaHUSA,
OIIMCaHbl HUXKE.

Ecin kjacc He mnpenycMaTpuBaeT CO3J4aHHUS BHYTPEHHUX JHMHAMHUYECKHX
CTPYKTYp, HallpuMep, MaCCUBOB, CO37aBAEMbIX C UCIIOJIb30BAHNUEM OIIEpalU nHew,
TO B KOHCTPYKTOpPE KOIIMPOBAHHUS JIOCTATOYHO IPEAYCMOTPETH NMOBEPXHOCTHOE
KONMPOBAaHMe, TO €CTh MOWICHHOE KOMHpPOBaHHE HMH(DPOPMALMOHHBIX YJIEHOB
KJacca.

KoHCcTpyKkTOp KONMpPOBaHMS, OCYLIECTBISIONINN ITOBEPXHOCTHOE KOIMPO-
BaHHE, MOXKHO SIBHO HE OIUCHIBATh, OH CTEHEPUPYETCI ABTOMATHYECKH.

Ecnu xe B Kkiacce MperyCMOTPEHO CO3/1aHHWE BHYTPEHHUX JUHAMHYECKHX
CTPYKTYp, HCIOJb30BAHHE TOJBKO MOBEPXHOCTHOTO KOMHPOBAHUS OyAET OIIH-
OO0YHBIM, TaK Kak MH(OPMAIIMOHHBIC WICHBI-YKa3aTeIH, HaXOISAIIUECS B Pa3HBIX
o0BbeKkTax, OyayT UMETh OJUHAKOBBIE 3HAUEHHUS U yKa3blBaTh HA OJHY M Ty K€
Pa3MELIEHHYI0 B JUHAMMUYECKON IMaMATH CTPYKTYpY. ABTOMATUYECKU CTE€HEPHU-
POBaHHBIN KOHCTPYKTOpA KOIIMPOBAHUS B JAHHOM KJIACCE HE MO3BOJIMT KOPPEKTHO
CO03/1aBaTh OOBEKTHI TAKOTO THIIA HA OCHOBE JIPYTHX 00BEKTOB 3TOTO XKe TUIa

B momo0HBIX ciyyasx HE0OXOIUMO IJIy00Koe KONMMPOBAaHUE, OCYIIECTB-
JSTFOIIee HE TOJIBKO KONMPOBaHNE WHPOPMAIIMOHHBIX YWICHOB 00BEKTa, HO M CAMHX
JUHAMUYECKUX CTpyKTyp. [lpm 3TOM, ecTecTBeHHO, HH(OPMAIMOHHBIE UYJIe-
HBI-yKa3aTeIH B CO3JaBa€MOM OOBEKTE JOJKHBI HE MEXaHHYECKH KOIHUPOBATHCS
us3 O6”I)GKTa-I/IHI/IIII/IaJH/I3aTOpa, a YKa3blBaTb Ha BHOBb CO3JIaHHBIC JHUHAMUYCCKHC
CTPYKTYPBI HOBOTO OOBEKTA.

Mpumep:

Jns knacca stack KOHCTPYKTOP KOMUPOBAHUS MOXKET OBITh OTpEJIeNicH Clie-
TyIOIuM 00pa3om:

class stack

char* cl;
int top, size;
public:
?tack ( int n = 10 )
size = n;
top = 0;
cl = new char[size];

}
stack(stack & sl);

i

stack::stack ( stack & sl )
size = sl.size;
top = sl.top;
cl = new char[size];
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for ( int i = 0; i < size; ++I )
cl[i] = sl.cl[i];

3ameuaHus o0 paboTe KOHCTPYKTOPA KOITMPOBAHUSA:

1. BxonHoli mapameTp sIBJISIETCSI BHEIITHUM OOBEKTOM 110 OTHOLICHHUIO K
co3gaBaeMoMy 00bekTy. Tem He MeHee, UMeeTCsl BO3MOKHOCTD IIPSIMOTO
oOpaleHus K 3aKpbIThIM WICHAM 3TOr'0 BHEIIHET0 00BbeKTa. ITO BO3-
MO>KHO TOJIBKO ITOTOMY, YTO BXOJIHOM IMapamMeTp UMEET THUII, COBIIA-
JAIONINI ¢ TUTIOM CO3[aBa€MOT0 B Pe3yJIbTaTe pabOThl KOHCTPYKTOPA
KonupoBaHus 00bekTa. Eciiu ObI Ha BXOJT KOHCTPYKTOPa MOCTy Al Obl
00BEKT APYToro THma (Hampumep, B KOHCTPYKTOPE MPeoOpa3oBaHUs
KJ1acca vector BXOAHBIM IMapaMeTpoM ObLT Obl OOBEKT, CO3/IaHHBIN Ha
OCHOBE KJ1acca matrix), TO AJi JOCTYTa K 3aKPBITHIM YI€HaM 00BEK-
Ta-TapaMeTpa HeoOX0IMMO ObUTO ObI TPUMEHSTH CHEIHAIBHBIE CPEJICT-
Ba. DTO CBA3aHO C TEM, UTO eIMHHUIIEH 3aIUTHI SIBJISETCS He 00bEKT, a
THUII, TO €CTb METOAbI O6’beKTa MOTYT O6paH_IaTLCH K 3aKpbIThIM HJICHAM
HE TOJIBKO JTAaHHOTO 00BEKTa, HO U K 3aKPBITHIM WIEHaM JII000T0 00BbeKTa
JAHHOI'O THIIA.

2. B MOMEHT onMcaHus KOHCTPYKTOpa KOIIMPOBAHUS KIIACC, KaK THII JaH-
HBIX, €Ille He OMMCaH /10 KOoHIa. TeM He MeHee, UISHTU(UKATOp Kilacca
YK€ HUCIT0JIb3YETCSl B KaYECTBE MOJIHOLEHHOIO TUIIA IaHHBIX IIPU OMH-
CaHUM BXOJHOIO IIapaMeTpa KOHCTPYKTOpa KonuposaHus. Takas Tex-
HOJIOTHSI CX0a C ONMMCAHWEM PEeKypCUBHON (PYHKIINH, KOT 1A TEJIO
ONHUCHIBAEMON (DYHKIIMM COACPHKHUT BbI30B ITOH k€ (QYHKLIUU.

B oTnmune oT KOHCTpYKTOpa mpeoOpazoBaHMs, BXOJHON MapaMeTp KOHCT-

PYKTOpa KOIMMPOBAaHUS MMEET THII, ONUChIBAEMbIH JaHHBIM KiaccoM. Takum 00-
pa3oM, €ciii ONMCHIBAETCS Kiacc X, TO €ro KOHCTPYKTOP KOIMPOBAHHUS MOKET
UMETh OJIUH U3 CIEAYIOIUX MPOTOTHUIIOB:

X(X&);
X(const X&) ;

OO0beKT, co37aBaeMblii C UCIIOJIB30BAHUEM KOHCTPYKTOpA KOIHUPOBAHMS,

MOKET HWHHUIHAIU3UPOBATECA HE TOJIBKO HWMCHOBAHHBIMH O6’L€KTaMI/I, HO
U BPpCMCHHO CO3JaHHbIMU 00BEKTAMH.
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Mpumep:

/% SBHbIM 3aMyCK KOHCTPYKTOpa C Tpemsa napameTpamu. Aapec
AVHAMUYECKN CcOo3AaHHOro obbekTa Tuna box npuceavBaeTcs
nepemeHHon b4. */

box* b4 = new box(2,3,5);

/* Pa3bIMeHOBaHWe yKa3aTenda Ha 0b6bekT, T.e. nosyyvyeHue
JOCTyna K MHhOopMaLUWN, XpaHALWIENCA B HEM, U UCMNOJib30BaHUe ee
ON9 VHUUManu3auuu co3jaBaemMoro obmekTa. */

box b5 = * b4;

// Co3jaHne BPemMeHHOro obbekTa U WHUUMANM3auus
MMEHOBAHHOIrO obbekTa.
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box b6 = box(4,7,1);

4.4. Cneundukatop «explicit»

Eciin mHANMaNM3ams co3aaBacMoro 00beKTa IPOU3BOAUTCS OOBEKTOM JIPYTOro
TUIA, TO aBTOMATUYCCKH MPOU3BOIMTCS BBI30B COOTBETCTBYIOUICTO KOHCTPYK-
Topa mpeodpa3oBaHus I MpeoOpa3oBaHus MHUIHAIU3UPYIOMIETO 3HAYCHUS K
TUIY OOBABIEHHOTO OOBEKTA.

Hanpumep, s NpUBEJEHHOrO BBIIE Kiacca sfack omnucaHue oOBEKTa
KJjlacca ¢ MHULMAIU3aleld MOXeT ObITh TaKUM:

stack stl = 15

OHO 3KBUBAJICHTHO CJICAYIOMICMY !

stack stl = stack(1l5)

TakuM 00pa3oM, eciu MOJIb30BaTeIbh Kilacca Stack mpearmonaran co3iarh
00BEKT s¢; TUNA Stack ¢ MaKCUMaIIbHOM TITyOUHOI, 3aaBaeMoii o ymondanuto (10
3JIEMEHTOB), ¥ TIOMECTUTH B €0 BEPIIMHY 3HAa4eHUE 15, TO OH o1mmnbes, TOCKOIbKY
peaTbHBIM PE3YJIbTATOM CACIAHHOTO OOBSBIICHHS OyJeT CO3JaHUE IMyCTOTO CTeKa
C MaKCUMAJIbHOM IITyOuHOMU B 15 311€MeHTOB.

Jyis mojaBiieHUs] HESIBHOTO BBI30Ba KOHCTPYKTOpa IpeoOpa3oBaHUs, €CIn
Takoe JCHCTBHE MOXET MPUBECTU K OLIMOKE, KOHCTPYKTOP MpeoOpa3oBaHusl He-
00X0IMMO OOBSIBIIATH C UCIIOJIb30BAaHUEM KITFOUEBOTO ClIOBa explicit (SIBHBIN):

explicit stack ( int n =10 ) {. . .}
B sToM ciyuae npu 0OBSIBICHUN TIEPEMEHHOM:

stack stl = 15

Oyzer BblaHa OUIMOKAa KOMIMJISIMHM: HEBO3MOXKHO MPeoOpa3oBaTh LEIOUYHUCICH-
HOE 3Ha4YCHHUE B THII Ki1acca stack.

4.5. KOHCTPYKTOp KONMpoBaHUA
1 onepauma npmceamBaHmMA

Ecnu 00BeKT yke co3maH, TO omepalvs MPUCBAUBAHUS «=» OCYIIECTBISET HE
WHUIIAATU3AIMIO CO3aBaeMOro 00beKTa, a KOMMPOBAHUE JAHHBIX, TO €CTh IEpe-
Ja4y JaHHBIX MEXKIY CYIICCTBYIOIUMU O0OBEKTaMHU.
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Mpumep:

box b3(4,1,1); // co3aaHue obbekTa b3

box b2; // co3paHue obbekTa b2

b2 = b3; // onepaums npucBaumBaHWUA: KOMMpoBaHWe obbekTa

// b3 B cywecTBywwmMn 0b6bekT b2.

B onepanun npucBanBaHus, Tak ke, Kak 1 B KOHCTPYKTOpE KOIMUPOBAHUS, TIO
YMOJIYaHHUIO OCYILIECTBISIETCS MOBEPXHOCTHOE KomupoBaHue. Eciu TpeOyercs
ri1y0oKkoe KONMMpPOBaHHE, TO HEOOXOIUMO Meperpy3uTh (OnucaTh HYXHbIM ai-
TOpUTM) ollepaluio npucBauBaHus. lleperpyska omepamuii paccMaTpuBaeTCs
B CJICAYIOLIMX pa3fesnax.

4.6. ABTOMaTM4yeCKas reHepaums
KOHCTPYKTOPOB U AeCTPYKTOPOB

ABTOMaTHYECKH MOTYT T€HEPUPOBATHCS TOJBKO KOHCTPYKTOPBI YMOIYaHUS, KOH-
CTPYKTOPbI KOIIUPOBAHUSI U JECTPYKTOPHI.

Ecnu B kiacce BHO He ONMCAHO HM OJHOr0 KOHCTPYKTOpPa, TO aBTOMa-
TUYECKU T€HEPUPYETCsI KOHCTPYKTOP YMOJYAHHUS C IIyCTHIM TEJIOM.

Ecnu B kimacce sIBHO omumcaH XOTs Obl OJJUH KOHCTPYKTOp, HApUMEp, KOH-
CTPYKTOpP KOIMPOBaHUS, TO KOHCTPYKTOP YMOJIYaHUS He OyaeT aBTOMaTHYECKH
TE€HEpUPOBATHCSA, JAXe, €CIM OH HEOOXOAUM B COOTBETCTBHM C IIOCTAHOBKOW 3a-
JIauH.

B ciayuae oTCyTCTBHS B KJIACCE€ SIBHO ONMCAHHOIO KOHCTPYKTOpa KOIMPO-
BaHUs OH BCerJga reHepupyeTcs aBTOMaTUUYECKH U 00eCIIeYMBacT MOBEPXHOCTHOE
KONHUPOBAaHMeE.

Ecin B k1acce He ONMMCaH JeCTPYKTOP, TO BCerAa aBTOMAaTUYECKU I'€He-
pHpYyeTcsl 1eCTPYKTOP, KOTOPBIN HE IIPOU3BOAUT HUKAKUX JECHCTBUM.

Takum oOpa3om, pgaxe eciaM BKJIacce HE ONUCAHBI KOHCTPYKTOPBI
U JIECTPYKTOP, OHU BCE PABHO HESBHO MPHUCYTCTBYIOT B HEM.

4.7. CNUCOK MHMLUMANMN3ALNU

[Tpu naNMIManu3anuyu WHPOPMALMOHHBIX YJICHOB KJlacca, SBISIONUXCS 00BEKTa-
MU, CO3[1aBa€MbIMHU HA OCHOBE JAPYIMX KJIACCOB, BBI3BIBAIOTCS UX KOHCTPYKTOPBI
yMmomuanus. Ecnmu  BHyTpeHHHE  OOBEKTBHI  JOIDKHBI ~ OBITH  CO3JIaHBI
C MCIIO0JIb30BaHUEM IApaMEeTPOB (TO €CTh JOJDKHBI OBITh HMCHOJIb30BAHbI KOHCT-
pyKTOp TpeoOpa3oBaHusl, KONMPOBAHUS MM KOHCTPYKTOP C AByMS W Ooiee ma-
pameTpaMHu), TO AJIsl 3TOTO MOXKET ObITh UCIOJIb30BAH CHUCOK MHUIMAIM3ALUH.
B CMIMCKE MHUIMAIM3AIMU TaKKe MOTYT OBbITh MHUIUMATU3UPOBAHBI BHYTPEHHUE
00BEKTHI BCTPOESHHBIX TUIIOB.

Cnucok HWHULNUAJIN3alliuil YKa3bIBACTCSA B OIMMCAHUHU KOHCTPYKTOpPAa OCHOB-
HOTI'O KJ1acca.
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KOHCTpYKTOpbI M A€CTPYKTOPb

IIpoToTHIl KOHCTPYKTOpPA CO CIIMCKOM MHUIMAIN3ALUU:

Umsa_knacca ( nmapameTpbl ) : CNUCOK_WMHULMANN3ALUK
{ Teno_knacca }

Crucok HWHUIIUAJIU3allul — MOCJICAO0BATCIBHOCTEL Pa3aACIICHHBIX 3amaTon
MHHUIAATA3HPYEMBIX TIEPEMEHHBIX BCTPOCHHBIX THUIIOB M KOHCTPYKTOPOB LIS Tie-
PEMCHHBIX, NPCACTABIIAIOIINX O6BCKTBI THUIIOB OIIMCAHHBIX KJIaCCOB (HOHB3OBa-
TEJLCKUX TUIIOB JaHHBIX), a TAKKe HEOOXOJMMBIX KOHCTPYKTOPOB MpeoOpa3oBa-
HUSI UM KOHCTPYKTOPOB C ABYMS U OoJiee mapameTpaMu Aiisi 0a30BBIX KJIACCOB, OT
KOTOPBIX YHACJICIOBAH OIMCHIBACMBIN KJIacc.

B kayecTBe HMHHMLIMAIW3ATOPOB IEPEMEHHBIX BCTPOEHHBIX  THIIOB
U TTapaMeTpoOB KOHCTPYKTOPOB MOTYT BBICTYNAaTh (hOpMaibHbIE TapamMeTpbl KOH-
CTPYKTOpa ONMCHIBAEMOT'0 KJacca. B CIy4ae HCIOJb30BAaHUS CIHUCKA WHUIUAJIH-
3allMM TEJO0 KOHCTPYKTOpa MOXKET OKas3aThbCsl ImycTbiM. Ho M B 3TOM BHzE OHO
0053aTeNIbHO TOJIKHO MPUCYTCTBOBATb.

Mpumep:

class z0

int z01;
public:
z00)

z01 = 0;
%O ( int pz0 )
¢ z01 = pzO0;
};

class Point

int x, y;
public:
Point(): x(0), y(0){}
Point ( int x1, const int yl ): x(x1), y(yl) {}
Point ( const point& pl ): x(pl.x), y(pl.y)
class z1
Point p, p2, p3;
int z;
public:
z1(int z2, int x2, int y2, int pz0l):

s p2(x2,y2), p(pz01,0), p3(p2), z(z2){}

int main(Q

z1* z3 = new z1(1,2,3,4);
return 0;

HepomycTrMo Mcnonb30BaHWE KOHCTPYKTOPOB € MapaMeTpamu (Jlaxe KOH-
CTAaHTaMH) TIPU OMMCAHUH TOJI0OBEKTOB KJIACCOB (WICHOB-IAHHBIX, SBIISIOIIMXCS
oOBekTaMu JIpyrux kiaccoB). Ecnu momoObekT kinacca HEOOXOAMMO HHHIIMAIIH-
3UPOBATh C MUCMOJIB30BAHMEM KOHCTAHT, TO 3TO MOXHO CJEJIaTh TOJIBKO B CTPOKE
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KOHCTPYKTOpbI 1 A€CTPYKTOPbI

WHUIIUAJIN3allun. TaK, KJj1aCC z; U3 HpI/IBCHGHHOFO TOJBKO 4YTO HpHMepa HEC MOXCT
OBITH OITMCAH CJICAYIOINUM 00pa3oM:

%1ass z1
point p; f)
point p2(2,3); // OUWUBKA!
point p3;
int z;

public:

z1(int z2): p3(p2),z(z2){}(p2){}

IIpaBunpHOE onMcaHue Kiacca:

class z1

point p, p2, p3;
int z;
public:
z1(int z2): p2(2,3),p3(p2),z(z2){}

Eciu Ol B Ki1acce z; ObUIA ONTUCAHBI HECKOJIBKO KOHCTPYKTOPOB, TO B CTPOKY
WHUALUAJIN3ALNA KAKIOr0 U3 HUX HEOOXOIUMO ObLIO Obl IIOMECTUTH BBI3OB KOH-
CTPYKTOpa C IByMs U OoJiee rapaMmeTpamu JijIs OIS py.

4.8. [lopAaaoK Bbi30Ba
KOHCTPYKTOPOB U A€CTPYKTOPOB

WTak, KOHCTPYKTOPBI MOXHO KJIacCH(UIIMPOBATH MO HAOOPY BXOAHBIX MapameT-
POB ClIeyIOUIMM 00pa3oM:

1) x( — KOHCTPYKTOP YMOJTYaHMUS,
2) x (x&), x (const x&) — KOHCTPYKTOP KOIHPOBAHHSI,
3) x(?), x (t&), x (const t&) — KOHCTPYKTOP MpeoOpa3oBaHus,

4) KOHCTPYKTOp C AByMsi U GoJiee apamMeTpaM.

B knacce MoxeT ObITh OITMCAHO HECKOJIBKO KOHCTPYKTOPOB ITPe0Opa3oBaHus
U KOHCTPYKTOPOB C IBYMs M Oojiee mapamerpamu. EnuHCTBEHHOE TpeOoBaHME K
HUM: HE MOXET OBITh JIByX KOHCTPYKTOPOB C OJIMHAKOBBIM (II0 THUIIaM) HaOOpOM
apaMeTPOB, B YACTHOCTH, HE MOXKET OBITh JABYX KOHCTPYKTOPOB YMOJYaHHUS.

IIpn co3naHuuM 00beKTa KOHCTPYKTOPHI BbI3BIBAIOTCS B CJeAyHOLIeM
nopsiAke:

1. KoHCTpyKTOpBI 6a30BBIX KJIACCOB, €CIIHM KJIACC IS CO3/1aBa€MOT0 00b-
eKTa SIBIISICTCS HACIICAHUKOM JIPYTHX KJIACCOB B TIOPS/IKE WX MOSIBIICHUS
B OIMCaHMU KJacca. Eciu B ciMcke MHUIMAIM3ALKMN OMTMCHIBAEMOTO
KJlacca MPUCYTCTBYET BBI30B KOHCTPYKTOpA Mpeodpa3oBaHus (MIIK KOH-
CTPYKTOpa ¢ AByMs U OoJsiee mapamerpamu) 0a30BOTO Kiacca, TO BBI3bI-
BaeTCsi KOHCTPYKTOP MpeoOpa3oBaHust (MM KOHCTPYKTOP C IBYMSI
u OoJiee mapaMeTpaMu), MHAYEe BbI3BIBACTCS KOHCTPYKTOP YMOJTYaHUS
0a30BOro KJjacca.
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KOHCTPYKTOpbI M A€CTPYKTOPbI

KoHCcTpyKTOpPBI yMOJYAHHS BCEX BIOXKEHHBIX HH(POPMALIMOHHBIX
YJICHOB, KOTOPBIC HE IIEPEUNCIICHBI B CIIMCKE MHULIMATIN3a11H,

U KOHCTPYKTOPBI peoOpa30BaHusl, KONMPOBAHUS U KOHCTPYKTOPbI

C IByMs M OoJiee TapaMeTpaMH BCeX BIIOKEHHBIX MH(POPMAITMOHHBIX
YJIEHOB, KOTOPBIE NIEPEUYHCIIEHB] B CIUCKE MHULMAIN3auuu. Bee nepe-
YUCJIEHHBIE B JAHHOM IIYHKTE KOHCTPYKTOPBI (YMOJIYaHUsl, TpeoOpas3o-
BaHUs, KONMPOBAHUS, C IBYMs U OoJiee mapaMeTpaMu) BbI3bIBAIOTCS

B TIOPSIJIKE ONMUCAHUSI COOTBETCTBYIOMINUX UH(OPMAIIMOHHBIX YWJICHOB

B KJIacce.

CoOCTBEHHBII KOHCTPYKTOP.

Takas IMOCJICA0OBATCIIBHOCTh BbI30BA KOHCTPYKTOPOB JIOTMYCCKU 00OCHOBEI-
BacTCia TCM, YTO B MOMCHT BBIIIOJTHCHUSA COOCTBEHHOT'O KOHCTPYKTOpa BCC HH-
@OpMaHHOHHLIe T10JIA AOJI?KHBI OBITh YKC NPOUHUTHAIIU3UPOBAHBI.

JlecTpyKTOpBI BBI3BIBAIOTCS B 0OPATHOM MOPSIIKE:

1.

3.

CoOCTBEHHBIH IECTPYKTOP. B MOMEHT Havajla €ro pa0doThI IOJIS KJlacca
eIl HE OYUINEHBI, M UX 3HAYCHUS MOTYT OBITh UCIIOJIH30BAHBI B TEIIC

JIECTPYKTOpA.

JlecTpyKTOpHBI BIO’KEHHBIX OOBEKTOB B MOPSIAKE, 0OpPaTHOM MOPSJIKY MX
ONHUCaHUSI.

JecTpyKkTophl 6a30BBIX KJIACCOB B 00pAaTHOM MOPSJIKE UX 3a/1aHUsl.

CBop cutyanuii, Ipy KOTOPBIX BBI3bIBAIOTCS KOHCTPYKTOPBI U AECTPYKTOPBI

OObIYHBIN KOHCTPYKTOP (HEe KONMMPOBAHUSA) BbI3bIBAECTCS:

1)
2)

3)
4)

npu co3aHuu 00bekTa ( mpu 00pabOTKe ONMUcCaHusi 00BEKTA);

U CO3JaHUM 00BEKTA B JUHAMHUYECKON MaMsTH (C UCIIOJIb30BaHUEM
onepauuu new). Ilpu 3ToM B TMHaAMUYECKOI MaMATH MpeIBAPUTEIBHO
OTBOJUTCS] HEOOXOUMBIH 10 00beMy (hparMeHT NaMsITH;

IIpU KOMITIO3ULUU O6’L€KTOB;

Ipu CO3aaHNNn 00BeKTa IMPOU3BOAHOTO KJIacca.

Ecav B nporpamme Co3faetcA He eAMHMYHbIM (CKanApHbIM) 06bEKT, a MaccuB
06BEKTOB, TO B COOTBETCTBYIOLLEM Kacce (CTPYKTYpe) AO/IKEH ObiTb KOHCTPYKTOP
YMOJIYaHMA (IBHO M/IM HEABHO CreHEpMpPOBaHHbIN). JEeNCTBUTENbHO, NpU 06bAB-
JIEHMU MaccMBa O6BLEKTOB MJ/IM CO3AaHMM MacCMBa B AMHAMMYECKOM NamATU yKa-
3bIBaeTCA pa3sMepPHOCTb MaccMBa, YTO HECOBMECTMMO C 3aZaHMeM NapaMeTpoB A
KOHCTpYKTOpa Npeobpa3oBaHUsA UM KOHCTPYKTOpa C ABYMA M 60/iee napaMeTpamm:

class X{

X *

A -
x1 = new X[10];

Kak y>xe Ob110 yKa3aHo, €CJIM B KJIacCe€ SIBHO OMHUCAH XOTSI Obl OJJUH KOHCT-
PYKTOp, TO KOHCTPYKTOpP yMOJYaHHUs HE T'C€HEpUPYETCS CUCTEeMOW HesBHO. Jlis
yAQJICHHUs] TAKOTO0 MAacCUBa JIOJDKHA NMPUMEHSTHCS BeKTOPHAasi (popma oneparuu
delete, ipy UCTIONIB30BAHUN KOTOPOM JECTPYKTOP BBI3BIBACTCS JJISL KAXIOTO dIie-
MEHTa MacCHBa:

delete[] x1

37



KOHCTPYKTOpbI 1 A€CTPYKTOPbI

KoHcTpykTOp KONMpPOBaHUS BbI3bIBAETCH:

1) mnpu MHUIHATK3AIUH CO3/1aBAEMOT0 OOBEKTA:

box a(l1,2,3); // Bbi30B KOHCTPYKTOpa C Tpemsa napameTpamu
box b = a; // VHUUManu3auusa

2) [OpU UHUNUATH3AINE BPEMEHHBIM O0BEKTOM:

box c = box(3,4,5)

3) 1npwu nepemave napaMeTpoB-00HEKTOB B (DYHKIIUIO 110 3HAYEHHIO:

int f(box b)

4) npwu BO3BpaIlEHUHU Pe3yibTaTa paObOThl PYHKIIUH B BHIC OOBEKTA.

box f O

Ec/M mcnonb3yetca onTMMM3MPYIOWMIM KOMMMAATOP, TO Mpu 06paboTKe MHULMA-
13aumm Buaa:

box ¢ = box(3,4,5)

BPEMEHHbIM 06BHEKT HE CO3JAETCHA, M BMECTO KOHCTPYKTOPA KOMMPOBAaHWUA MCMOJIb-
3yeTCs KOHCTPYKTOP C TPems NapameTpamu:

(box c(3,4,5))

Ecsv npu Bo3BpalweHMn pesysibTata paboTbl QyHKUMM B BMAE OObEKTa TWM BO3-
BpalLaemMoro 3HayeHusa He COBMajaeT C TUMOM pe3yJibTata paboTbl yHKUMM, TO
BbI3bIBa€TCA HE KOHCTPYKTOP KOMWPOBaHWA, a KOHCTPYKTOP Npeobpa3oBaHMA MU
dyHKUMA npeobpasoBaHMA ( onucbiBaeTca Huxe). JaHHoe npeobpasoBaHMe
Bbl-MOJIHAETCA, €C/IM OHO OAHO3HA4YHO. MHaye puKcupyeTca ownobKa.

Mpumep:

class Y;
class X

pub]ic;
X ( const Y& yl );
s ..

class Y
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KOHCTPYKTOpbI M A€CTPYKTOPbI

public:
x fO
{
Feiu%n *this;
3
i

X::X(const Y& yl)

JlecTpyKTOp BBI3BIBACTCH:

1) mpu cBepTke cTeKa — TNpPH BBIXOJE W3 OJIOKA OIMKCAaHHMSA OOBEKTa,
B YaCTHOCTH, IpU 00pabOTKe UCKIIOUEHUH (TIpU BBIXOAE U3 fry-0J10Ka 10
oriepaTopy throw, try-0J10KH ONKCHIBAIOTCS Jajiee), 3aBEPIICHUN PaOOTHI
byHKIUi;

2) mNpH YHHYTOKECHUHM BPEMEHHBIX OOBEKTOB — Cpa3y, KaK TOJBKO 3aBep-
LIUTCSI KOHCTPYKIMS, B KOTOPOM OHHU MCIIOJIb30BAJIUCH;

3) mnpu BemonHeHun onepanun delete nisi ykasaTesis, MOJYYHUBIIETO 3Ha-
YeHHe B pe3yJIbTaTe BBINOJHEHUs omnepauuu new. [locne BbIOTHEHUS
JECTPYKTOpa OCBOOOXKIAETCS BBIICICHHBIN JUIsI 00bEKTa Y4acTOK Ia-
MSATH;

4) npwu 3aBepuicHUH pabOTHI MPOTPaMMBbI IIPH YHUUTOXKEHUH TIT0OATBHBIX
Y CTaTUYECKUX OOBEKTOB.

Bce npaBuna onmcaHWs M MCMO/b30BaHUA KOHCTPYKTOPOB M AECTPYKTOPOB Npw-
MEHMMbI U ANA CTPYKTYP.
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CTaTnyecKue YneHbl Knacca

NudopMalimoHHble 4IEHBI KJacca, KOTOpble MOTYT OBITh TPEACTABICHBI
B €IMHCTBEHHOM JK3EMIUISIPE JIs BCEX OOBEKTOB JaHHOTO THUIIA, B CIy4ae TaKOTrO
IIPE/ICTABJICHNS HA3bIBAIOTCS CTATUYECKUMU 4jieHaMU. OHU HE SIBISIOTCS YacCThIO
00BEKTOB ATOTO KJIACCA U PA3MENIAIOTCS B CTATHUECKON maMsTu. J{js ux onucanus
HCITOJIB3YETCS CITY)KEOHOE CIIOBO Static.

Jlist Bcex 0OBEKTOB, CO3JAHHBIX HAa OCHOBE KJIacca, COAEPKAIIEro cTaTuye-
CKUH YJIeH, CYLIECTBYET TOJIbKO OJIHA KOIHWs 3TOoro wieHa. [Ipumepom Takoro
CTaTHMYECKOTO 4YJIeHA SIBIISIETCS CUETYHK YKCIA CO3JaHHBIX OOBEKTOB JaHHOTO
Kkyacca. Takol CUeTYMK MOXET CYIECTBOBATH TOJILKO B OTPBIBE OT BCEX IK3EMII-
JSIpOB OOBEKTOB JIAaHHOTO KJlacca, B TO e BpeMsi paboTaTh ¢ HUM OOBIYHO MpH-
XOJUTCSl OJJTHOBPEMEHHO C BBI30BOM OOBIYHBIX METOOB, HAIPUMEpP, KOHCTPYKTO-
pOB OOBEKTOB, MOITOMY OINMUCHIBATH CYETUUK yIOOHEE HMEHHO KakK JJIEMEHT
KJ1acca.

CraTHyecKMMH MOTYT OBITh HE TOJBKO MH()OPMAIIMOHHBIE YWIEHBI Klacca, HO
u ero MeTopl. CTaTMUECKUH METOJ HE MOJKET HCII0JIb30BAaTh HUKAKUE HECTaTH-
YecKHe YWICHBI KJacca, TaK Kak, sIBJISAACH YacThIO KJlacca, a He 00bEKTa, OH HE UMEET
HESIBHOTO Mapametpa this. I10CKobKy cTaTHYECKH METOJ HE HCHOJB3YEeT Cie-
U(PHYECKOTO COJIEPKUMOT0 KOHKPETHOTO 00BEKTa, TO OOpaIIeHne K HEMy MOXKET
OCYILECTBIIATHCS. HE TOJBKO C UCIOJIb30BaHUEM HJIEHTH(]UKAaTOpa 00BEKTa, HO U
C MCIIOJIb30BaHUEM HICHTH(HKATOpa Kiacca:

uMa_knacca :: uMma_tbyHkumn (pakTuyeckue_napameTpsl)

OI[HO N3 O4YCBUAHBIX HpI/IMeHeHI/Iﬁ CTaATUYCCKUX MCTOJA0OB — MAHUITYJISIIUA
I7100aJbHBIMUA 00BEKTAMHM M CTATHYECKHUMH IOJISIMHU JaHHBIX COOTBETCTBYIOLICTO
KJacca.

CraTMyeckne MeToAbl Knacca He MOryT Bbi3blBaTb HeCTaTMYECKMe, Tak KaK Mo-
cnefHWe UMET AOCTYN K JaHHbIM KOHKPETHbIX 06beKToB. O6paTHOE A0MYyCTMMO:
HecTaTMYeCKMe METOZbl MOTYT Bbi3biBaTb CTaTUHECKME METOAbI.
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CTaTnyecKue YneHbl Knacca

CTaTMYeCcKUi METO/l K/lacCa MOXKET CO3JaBaTbh 0OBEKTI JAHHOI0 M I060ro Apyroro
K/lacca. 3TO MOYKHO MCMOJ/Ib30BaTb, B YaCTHOCTU, €C/IM HEOBXOAMMO B NMporpamme
3anpeTuTb CO3JaHME OGDBLEKTOB MPOCTbIM OOBSABAEHMEM MM C WMCMO/b30BaHUMEM
onepaumm New. B 3TOM C/Iy4ae KOHCTPYKTOP M AECTPYKTOP NMOMELLATCA B 3aKpbl-
Tyl0 0611aCcTb K/Jacca, a AN CO3JaHUS M YHUUTOXKEHUS 0ObEKTA MCMOJb3yTCa
cneumanbHble CTaTUYECKME METO/Abl, KOTOPble MOXHO Bbl3blBaTb, HE UMeSA HU 04-
HOro 0O6bEKTA.

CraTnyeckne MeTofpl KjlacCa He MOryT ObiTb BMPTYaslbHbIMM M KOHCTAHTHbIMM
(inline-dyHKUMAMM ObITb MOTYT).

Mpumep:

#include <iostream>
using namespace std;

class X
xQ {3
~X0O {}
public:

static X& createx()

X* x1 = new X;
cout << "X created" << endl;
return *x1;

static void destroyX ( X& x1 )

delete &x1;
cout << "X destroyed" << endl;

}s
int main()
X& xx1 = X::createx();

k:;déstroyx(xxl);
return 0;

Cratuueckre HH(OpPMAlIMOHHBIE WIEHBl Kiacca, AaXe HaxXoAsIuecs
B 3aKpBITON 00yacTy (a 3TO XapakTepHO A HHPOPMAIMOHHBIX YICHOB Kiacca
B COOTBETCTBUM C IMPUHIUIIOM HHKAICYJSALUN), HEOOXOIUMO OOBSIBUTH JOMOJ-
HUTEJILHO BHE KJ1acca (C BO3MOXXHOW WHUITUATA3AIHCH):

TUN_NEepeMeHHOW WUMA_KNiacca :: uiaeHTupukaTop =
MHMLMANU3aTop;

3TO CBsI3aHO C TEM, UTO IaMATh 1A CTaTHYCCKOI'O O6’beKTa JOJI’KHa 6BITL
BBIJICJICHA JI0 Havasia pabOThl IPOTPAMMBIL. B TO K€ BpeMs IIpH 00paboTKe omwmca-
HUA KJIacCa N0 CO3JaHUs KOHKPCTHBIX O6’beKTOB HHUKAKHEC O6J13_CTI/I IIaMATH HE
OTBOJIATCS. B AaJIbHEHUIIIEM IPSIMOE OOpalIeHNe K CTATHIECKUM HH()OPMAIIHOHHBIM
YJIeHaM, HaXO/ISIIMMCS B 3aKPBITOM CEKIIMU, HeomycTUMO. Eciin nHUIManu3anus
HE HY’KHa, TO BCE paBHO HEOOXOIMMO JIOTIOTHUTEIIEHOE OOBSBICHHE CTATUIECKOTO
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CraTmMyeckume 4neHbl Knacca

YjJeHa BHE KJjacca s PpEe3epBUPOBAaHUS NAMATH JUIsl CTaTUYECKOIO 4JICHA.
B IPOTUBHOM CJIy4yae Ha 3Tane COOPKM HCIOIHIEMOro MOy OyIeT BblAaHa
omMOKa 0 Hepa3pelIeHHOW BHEITHEH CChIIIKE.

Mpumep:

class B
static int i; // cTaTuyeckum MHOOPMALIMOHHBIA YneH
// Kknacca

public:

// CTaTU4eCcKun MeToA
static void f ( int j )

int B::I = 10; // DONOJIHUTENIbHOe BHellHee onpejeneHue
// CTaTMYeCKOW nepemMeHHoOn C
// VHUUManu3auuenm CcTaTU4YecKoro
// WHbOpMALMOHHOIrO Y/ieHa kKnacca b.
int mainQ)
B a;
B::T(1); // BbI30B CTaTUYECKOM (PYHKUMUM-YNeHa Knacca.

return 0;
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KoHCTaHTHbIE Y/ieHbl Kacca. MoamduKaTop «const»

Bce undpopmannonHble wieHbl Kiacca, He SBISIONIMECS CTaTUYECKUMHU HHQOp-
MaIMOHHBIMH YJIEHAMH, MOXHO IPEACTaBIATh, KaK JJaHHBIE, JOCTYIHbIE METOY
KJlacca yepe3 ykasatelb this (B cilyyae HEOOXOIMMOCTH 3TOT yKa3aTeidb MOXKHO
yHOTPeOIATH SIBHO).

Ecimu HeoOX0uMO 3arpeTuTh METOLy M3MEHSATh MH(POPMAIMOHHBIC YJICHBI
O6’bCKTOB KJ1acCa, TO IpU €ro OIHUCaHuUu HUCIOJIb3YCTCA ,Z[OHOJIHPITGHLHBIP'I MOoau-
dbukatop const:

T
un Hma @ Dopmansvisie o e Teno _»@
6038paaAEM020 P
dyuryuu napamempoi dyHryuu

SHAYCeHUA

OmnrcaHHbBIC TAKUM O6p330M METOJBI KJIaCCa HAa3bIBAIOTCSA KOHCTAHTHBIMMU.

TeM He MeHee, CTAaTUYECKHME YJIEHBI Kjacca MOTYT H3MEHSTbCS TaKoM
byHKIMEH, TaKk KaKk OHU SIBJISIFOTCS] YacThlO Kilacca, HO He oObekTa. Eciu ke cra-
TUYeCKHue MH(OPMAIMOHHBIE WICHBI Kjacca UMEIOT JOMOJIHUTENbHBIN Moaudu-
KaTop const, TO OHU HE MOTYT U3MEHSTHCSI HUKAKUMHU METOJaMu Kjiacca.

B HeKOTOpbIX U3aaHMAX (CM., Hanpumep, [9] cTp. 144, n.5.8. OYHKUUM-UYNEHbI TUNA
static v const) faHHble, fOCTYMNHble Yepe3 yKa3aTesib this, paccmaTpmBaloTCa Kak
HesBHble apryMeHTbl MeToAa Knacca. KoHeyHo, MOXKHO paccMaTpuBaTh r106asbHble
NMepeMeHHble TaKKe B KayecTBe HesBHbIX MapaMeTpoB A4S BCeX (PYHKUMM, a He
TO/IbKO METOZOB Kaacca. TeM He MeHee, eCaun AaTb onpeaesieH1e HeABHbIX apry-
MEHTOB MeToJa KJlacca KaKk JaHHbIX, AOCTYMHbIX Yyepes yKasatesb this, To Bbiwe-
OMMCAHHOE MOXHO CHOPMYMPOBaTh C/EAYIOWMM 06Pa30M: KOHCTAHTHbIE METOZbl
He MOTYT U3MEHATb CBOW HEABHbIE apryMEHTbI.

Takum 00Opa3oM, eciy OOBEKT THIA OMMCAHHOTO Kjlacca SBISCTCS KOH-
CTAHTHBIM 00BEKTOM, TO €CTh OH OOBSBJICH C MOAU(PHUKATOPOM COnSst, 3TO O3Ha-
YaeT, YTO MU3MEHEHHE €ro COCTOSHUS HEIOIyCTUMO. B TAKOM CIIydae BCE MpHMe-
HSEMbIE K 3ITOMY OOBEKTy MeTOJbl (KpOME KOHCTPYKTOPOB M JECTPYKTOPA)
JOJIKHBI UMeTh MoauduKarop const. JlanHoe TpeOoBaHUE SBIISCTCS 005S3aTEIb-
HbIM HE3aBHCHMO OT HAJIWYMS WU OTCYTCTBHS WH(OPMAIMOHHBIX YJICHOB
B KJ1acce.

JUis 3a1U Tl OT U3MEHEHUs Ilepe/iaBaeMbIX (PaKTUUECKUX [TapaMeTPOB B TeJle
(GYHKIUM COOTBETCTBYIOIIME (HOpPMAIBHBIC IapaMeTpbl TaKKe OOBABISIOTCS
¢ Moau(UKaTOpOM const:
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KoHcTaHTHble YfieHbl Knacca. Moamdukatop «const»

T
un > Hoenmugpuxamop
napamempa

OObsiBICeHHE METOAOB Kiacca U (GOpMalbHBIX IapaMeTpPoOB C MOIM-

(buKaTopoM const Ha3bIBAETCS KOHTPOJIEM MOCTOSTHCTBA.

Ecnu Heo6xoauMo 3anpeTuTh U3MEHEHHnEe 00beKTa B Mpeeax ero ooaacTu

BU/IMMOCTH, TO NPH OOBSBICHUN OOBEKTA UCIIONIB3YETCs KIIFOUYEBOE CIIOBO COMSY,
HarpuMmep:

const X x2 = x1;

Mpn 06BbABNEHMM 06BEKTA C MOAUDUKATOPOM CoNst 06BEKT AO0KEH ObiTb 06A3a-
Te/IbHO MHWUMaM3MpoBaH. OGBHEKT M0/Ib30BaTE/IbCKOrO TMMA MOXKET OblTb MHM-
LUMasM3nMpoBaH HEABHO (HanpuMmep, C MOMOLLbI0 KOHCTPYKTOpa Knacca), ec/iu

BN

MCaHMKM TUMa 06bEKTA YKa3aHbl NapaMeTpbl, MPUHUMAEMbIE MO YMOYAHUIO Mpu

OTCYTCTBUM B 06bABNIEHMM 06 BEKTA ABHbIX napamMeTpoB.
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Mpumep:

#include <iostream>
using namespace std;
class A
{ .
static int 1i;
void f() const // moaudukaTop const, 3anpewawwmmn

// W3MEHSITb HesiBHble apryMeHTbl,

// Heobxoamm B CBA3UM C TeM, 4YTO

// viMeeTcAa 0b6beKT [AaHHOro kKjsacca C
// onucaTtenem const

if (1 <0) g ();

cout << "fO" << endl;

}
public: )
void g(const int & n) const

// moaudukaTop const ansd

// napameTpa-—CCbUIKM Heobxoaum B

// CBfA3UM C UCNOJIb30BaHUEM

// UYNCNOBOM KOHCTAHTbl 2 MpPU BbI3OBE

// LaHHOro MeTtoja Asa ob6be8
// a.g(2)
i = n;
fO;
) cout << "gO" << endl;
%
int A::1 =1; // VHUUManu3auus CTaTUYeCKON NepeMeHHOoMU

int mainQ

const A a;
a.g(2);
return 0O;



Apy3bAa Knaccos

Nmeercs psan cutyanuii, Korja 00beKTy OJJHOTO Kjacca HeoOX0IUMO UMETh Mpsi-
MOW JOCTYN K 3aKpBITBIM 4YJICHaM OOBEKTa JIPYroro kjiacca 0e3 HCIIOJIb30BAHUS
METOJIOB-CEJIEKTOpOB. [ 3TOoro B sizpike C++ BBeIEHA KOHUEHLHMS Jpy3eil
U CIIeLUaJIbHOE KIIIOYEBOE CIIOBO friend

Hpyr knacca — 370 PpyHKLIMSA, HE SBISIONIASCS YWIEHOM KJlacca, HO MMEIOIIast
JIOCTYTI K €r0 3aKpPbIThIM U 3aIIUIICHHBIM YJICHaM.

Jpy3ps kiacca OOBSIBISIOTCS B CAMOM KJIACCE C MOMOIIBIO CITy>KeOHOTO
cioBa friend. B mo06oii ob6macTu 1octyna.

Jpyrom kiacca MOXeT ObITh 00bIdHas (PYHKIUS, METO IPYTOTo Kilacca Win
JpyToi Kiace (IpU 3TOM KaX/Iblii €ro METO/1 CTAHOBUTCS JAPYTroOM Kilacca).

Mpumep:

class B; // npeaBapuTenbHoe obbsBNeHME uaeHTUDUMKaTopa
/ b Kak maeHTuUdMkaTopa TUNA AAHHbLIX
class X

int ial;
public:
X0
i
ijal = 0;

}
int funcl ( b& bb );

class B
int bl;
public:
friend int X::funcl ( B & bb );
BO
{
bl = 1;
}
3
}nt X::funcl ( B & bb )

ial = ial + bb.bl;
return ial;

int mainQ)
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Apy3bs KnaccoB

int il;

B b2;

X a2;

il = a2.funcl (b2);
return 0;

HecMoTps Ha npeaBapuTesibHoe 06bsBNEHME MAaeHTMdUKaTopa B, ero MoxHo mc-
noJib30BaTb B OMMCaHMM Ksacca X, HaxoAdlemca nepej onucaHMem Knacca B,
TOJIbKO B ONMcaHnM opManbHOro napameTpa B npotoTune dyHKumu (funcy). Camy
dyHKuMIo func1 HEO6X0AMMO ONUCbIBaTb BHE Kaacca X Moc/sie onucaHus Knaccos B
u X, UCNoJsib3ya onepaumio paspeLleHma 061acTu BUAUMOCTH «::» C KBaJIM(UKaTo-
pom X. HenpaBuabHbIM OYyAET cnegytollee onucaHue dyHKUMK funcy:

class B; // npeaBapuTenbHoe 0b6bABNEHME UAeHTUhMKaTopa
// b Kak uaeHTupmMkaTopa TN AAHHBIX
class X

int ial;
public:
X0
ial = 0;

}
int funcl ( b& bb );

class B
int bl;
public:
friend int X::funcl ( B & bb );
BO
{
bl = 1;
3
18
}nt X::funcl ( B & bb )
ial = ial + bb.bl;
return ial;
}
}nt main()
int il;
B b2;
X az2;
il = a2.funcl (b2);
) return 0;

Jpyrom MoxHO OOBSIBUTH U BeCh Kitacc: firiend class X;

Jlpyrom kiacca MOXeT OBITh HE TOJBKO METOJ Jpyroro Kiacca, HO
U BHemHss (yHKIma. Kpome Toro, Bo3MokHa ApYy>KECTBEHHOCTh cpa3y AJsl He-
CKOJIBKHMX KJIACCOB. DTO HEOOXOJMMO, HAalpHMeEp, B CIydae OpraHM3allH B3au-
MOJICHCTBUSI HECKOJIIBKMX OOBEKTOB PAa3HBIX KJIACCOB, KOoraa (yHKIHMA, obecredu-
BAIOIAsl B3aMMOJCHCTBHE, IOJDKHA HMMETh JIOCTYN K 3aKPBITBIM KOMIIOHEHTaM
OJTHOBPEMEHHO HECKOJBKUX 00bEKTOB. OOBABUTH (DYHKIHIO METOAOM OJHOBpE-
MEHHO HECKOJIBKMX KJIacCOB HEBO3MOXHO, MOITOMY B CTaHAapTe si3bika C++
IpeyCMOTPEHA BO3MOKHOCTH OOBSIBIISITH BHEIIHIOK 110 OTHOIIEHHIO K Kiaccy
(GYHKIUIO APYKECTBEHHOW JaHHOMY Kiaccy. st 3Toro HEoOXoIuMoO B Teje
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Apy3bAa Knaccos

KJlacca OOBSIBUTh HEKOTOPYIO BHEIIHIOIO MO OTHOLICHWIO K Kiaccy (yHKIHIO
C MCIIOJIb30BaHUEM KIIFOUEBOTO CIIOBA friend:

friend uma_dyHkumn ( cnMcok_(opManbHbIX_NapaMeTpoB ) ;

Mpumep:

class B;
class X
int ial;
public:
X0
i
! ial = 0;
}nt funcl ( B & bb)

ial = ial + bb.bl; // OWMBKA!
return ial;

};
class B
int bl;
public:
friend int X::funcl ( B & bb );
BO
{
bl = 1;
}
}s
}nt main()
int il;
B b2;
X az2;
il = a2.funcl (b2);
; return 0;
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CTaTMyYeCKMi NoMMOpdU3M

Cratudeckuil monuMopdusM peans3yercsi € MOMOIIbI0 Meperpy3ku (QyHKIIHiA
u onepanuii. [log meperpyskoit ¢pynkuuii B C++ MOHUMAETCsl ONMCAHKUE B OHOI
00J1aCTH BUAHUMOCTH HECKOJIBKUX (DYHKITHI ¢ OHUM U TeM ke umeHeM. O mnepe-
rpy3ke omepanuii B C++ TOBOPAT B TOM ClIy4ae, €l B HEKOTOPOW 00JacTH BU-
JTUMOCTH TIOSIBJISIETCS oncaHue (yHKIIMKA C UMEHEMoperator 0bo3HAYe-
Hue_onepayuu_C-++>, 3aat011ee e1lle OJIHY UHTEPIPETALMIO 3aJaHHON OTIEPALIUH.

8.1. [lleperpy3ka 6MHapHbIX
onepauum

Jlnis meperpysku ornepanuil UCIOoJIb3yeTcsl KII0YEBOE CIIOBO operator. IIporoTun
NEPErpyKEHHOMN Olepaluu:

T
u Cumeon Teno
6036paACMO20 operator onepamopa Onepanoul pa—

SHAYECHUA

[Teperpy>xaTh onepanyyu MOXHO € TIOMOIIBIO:
byHKIUU-4JIeHAa;
byHKIUU-1IpyTa;
rio6ansHOM PyHKIMHU (Kak MpaBmiio, MeHee 3 (HEKTUBHO).
MoxHO neperpyxarb J1to0ble onepanuu sizpika C++, KpoMe ClIeayOHX:
orepanus BbIOOpa wieHa Kiiacca
orepanus paspemeHus: 06JacTu BUAMMOCTH

?:  ycnoBHas onepauus (Hanpumep, j =1 > 07?1 :0;)

¥ omeparus pa3pIMEHOBAHHS yKa3aTels Ha YWICH Kiacca
# JTMPEKTUBA Mperpoiieccopa

sizeof

typeid

[Tpu meperpy3ke omnepanyu ¢ IMOMOIIBI0 METOJa YUCII0 (POPMAIIBHBIX Mapa-
METPOB OKa3bIBAETCS HAa €IMHHUILY MEHbIIE Yucia (PaKTHUECKUX OMEpaH/IoOB OIle-
panuu. B 3TOM CiIy4ae TEepBBIA ONEpaH]| ONEepalii COOTBETCTBYET OOBEKTY THIIA
KJlacca, B KOTOPOM IE€perpyskaercsi ornepanus. B ciayyae OWHApHON olepaiuu
BXOJIHOH ITapaMeTp COOTBETCTBYET BTOPOMY OIEpaH/1y MEPErpykacMoii Oneparuu.
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CTaTMyYeCKMi NoMMOPdU3M

[Tpu meperpyske onepaunuu ¢ HOMOIIBIO (PYHKLIMHU-IPyra 4ucio (popmanib-
HBIX IIapaMETPOB COBIIAJACT C YUCIOM OIEpaHJOB OMNEpalHd, TaK KaK B 3TOM
cllyyae OIEpaH/bl OIepalyy, MpPEACTaBICHHbIE (OPMAaTbHBIMU IapaMeTpaMH,
SIBIISTIOTCSI BHEITHUMU OOBEKTaMU JUTSl TAKOW (DYHKITHH.

Tum BBIXOIHOTO MapamMeTpa sBJISIETCSl BCTPOSHHBIM THUIIOM WJIM THIIOM, OTI-
peAeNeHHBIM I10JIb30BaTEIEM (TO €CTh KJIaccoM).

Ecnu npu neperpyske oneparuu METOI0OM KJlacca pe3yJIbTaTOM IPUMEHEHUs
ONepalMy SBJISIETCS U3MEHEHHE MEePBOro (WM €IUHCTBEHHOI0) OMepaH/ia, TO pe-
KOMEH/TyeTCsl OOBSIBIISATH BBIXOIHOM MapaMeTp B BUE CCHUIKU Ha TEKYIIHH OOBEKT.
OT0 HEOOXOAMMO Ui ONTHUMH3AIMU WCIOJIB30BAaHUS pPe3yJibTaTa OIepaliu
B IPYTUX OIEpaIUsix, COBMEIICHHBIX B OJTHOM OTIEpaTOpe, HAMPUMED: Z = X +=);

Ecnu npu neperpyske onepanuu (yHKIHUEH-YIEHOM pPE3yJIbTaTOM MpUME-
HEHUs IEPETPy’KAEMOr0 ONEPALMM SBJISIETCSI BBIYMCICHUE 3HAYECHMS, HE U3Me-
HSIOIIETO TEpBBIA OIEpaHia, a TakXke MpU Ieperpyske omnepauuu (QyHKIHU-
ei-IpyroM, BBIXOJAHON IapaMeTp HE MOXKET OBbITh CChUIKOM (€ciii BBIXOJHOH ma-
pametp Tpedyercs). ITO CBA3aHO C TEM, YTO BBIYMCIISIEMOE 3HAUE€HUE ITOMELaeTCs
BO BPEMEHHBIM 00BEKT, KOTOPBIM YHUUTOKAETCS IPU 3aBEpUIEHUH PabOThl ajiro-
pUTMa MEperpy>KeHHON OIepaly M BbIXOJE U3 00JIACTH BUAMMOCTH ITOrO Bpe-
MEHHOTO 00BEKTa.

Mpumep:

[Teperpyska oneparum «+» METoJ0M Kiacca:

class complex

double re, im;

public:
complex ( double r=0, double i=0 ): re(r),im(i) {}
complex operator + ( const complex& y );

complex complex::operator + ( const complex & y )

complex t ( re + y.re, im + y.im );
return t;

Mpumep:

[Teperpyska oneparuu «+» QyHKIHEH-APYroM:

class complex

double re, im;
public:
complex ( double r = 0, double i =0 ): re(r),im(i) {}
friend complex operator +(const complex & Xx,
const complex & y);

Jf 3
%omp1ex operator + ( const complex& x, const complex& b )

complex t ( x.re + b.re, x.im + b.im );
return t;
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CTaTMyYeCKMi NoMMOpdU3M

[Teperpy3ka omepanuu NPUCBAMBAHUS MOXXET OBITh MPOU3BEJCHA TOJIBKO
METOJIOM KJIacca U HE MOXKET ObITh IeperpykeHa QyHKUnuen-1pyrom.

B oriunume ot onepauuu npucBauBaHuUs ornepauus «+=» (U Ipyrue nogoo-
HBIE OTEPAIK) MOXET OBITh MEperpy’keHa Kak METOJIOM Kjlacca, Tak U (yHKIIHU-
el-ApyroM.

[TpoToTuit eperpy3Ku oreparyy MPUCBauBaAHUS:
X & operator = (const X &);
WIn X & operator = (X&);

Mpumep:

class vector

int* p;
int size;
public:

vector& operator= ( const vector& vl );
friend vector & operator+= ( vector & vl, const vector
& v2 );

vector& vector::operator = ( const vector& vl )
if ( size != vl.size )

delete p;
size = vl.size;
p = new int[size];

for (int i =0; i < size; ++i )
pli] = vl.p[il]; 3
return *this; // BO3BpaljaeTCs CCblIKa Ha TeKYWWUN
! // 0bbekT.

vector & operator+= ( vector & vl, const vector& v2 )

int j;

j = vl.size;

if (J > v2.size)
j = v2.size;

int 1;
for (i=0; i < j; ++I )
vl.p[i] = v1l.p[i] + v2.p[i];
return vl; // BO3BpallaeTca 3HayeHuMe NnepBoro

// napameTpa.

Omneparuio cieayer neperpyxarb (pyHKIUeH WieHOM TOro Kiacca, KOTOPBIN
SBJISIETCS. TUIIOM MEPBOTO onepanaa. Eciau mepBwiil onepaH] UMEET BCTPOCHHBIN
Wi OUOTMOTEUHBIN TUII, B ONIMCAHUE KOTOPOTO HEBO3MOXKHO BCTABUThH OIMCAHUE
Py KECTBEHHON (YHKIMHM, TO TaKyIO0 ONEpalUIi0 MOXKHO IEperpykaTh TOJIbKO
dyHKUMER-Ipyrom Kiiacca, K KOTOpPOMY OTHOCHUTCSI BTOPOi omnepaHI.

Mpumep:
Ileperpy3ka onepauuu BbIBOJA.

B ¢aiine BHemHel ctaHmapTHON OMOIMOTEKH iostream CTaHIAPTHAs OIe-
pauus si3plKa <, OCYLIECTBJISIOINAs MOOMTHBIA CIBUI, MEperpykeHa B Kjacce
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CTaTMyYeCKMi NoMMOPdU3M

ostream ¥ak onepanus BeiBoga. Omeparus « meperpykeHa Juis BbIBOAa 00bEKTOB
CTaHJAPTHBIX THUTIOB: int, char, double, char* w npyrux BCTPOCHHBIX THIIOB
dopmaT UCTIONb30BAHMSI TAHHOM ONepaluu:

cout << nepemeHHada_CTaHAapTHOro_Tuna;

Taxum 00pa3oM, IEpBBIN ONEpPaH] ONEPAINH << TOJDKEH UMETh THII OStream.
Ecnu HeoO0xoauMo mneperpy3uth JaHHYIO ONEpalUio Uil CTPYKTYpUPOBAaHHOIO
BBIBOZIa 0OBEKTA TOJIH30BATEIBCKOTO THIIA, TO, KaK OBUIO TOSCHEHO, 3TO MOXKHO
caenatb TOJbKO (yHKIMEH-IpyroM paspaboTtaHHoro kiacca. Hampuwmep, ans
KJIacca KOMILJICKCHBIX YHCEN ONepalys <<« MOKET OBbITh MeperpykeHa Tak:

class complex

double re,im;
public:
complex(doubTle re2, double im2):re(re2),im(im2){}
friend ostream& operator<<(ostream & out,
const complex par);

1

ostream& operator<<(ostream& out, const complex par)

out << par.re << "+" << par.im << "i";
return out;

3nmech omepanus << MOJydaeT B KaueCTBE MEPBOrO MapamMeTpa CCHUIKY Ha
CYHIECTBYIOIIMK OOBEKT THNA ostream. J|aHHBIA OOBEKT IOMOJHAETCS HE0O0XO-
JMMO¥ JIJ1s1 BBIBOJIA MH(OPMAIIUEH U CChUIKA Ha HETO BO3BPAILACTCS BO BHEITHIOK
cpeny. brmaronapst 5ToMy MOXHO B OJJHOM OIE€paTope MporpaMMbl OCYIIECTBUTH
BBIBOJI Psi/ia 3HAYCHUI:

cout << cl << << C2;
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CTaTMyYeCKMi NoMMOpdU3M

Onepaumio BbiIBOAA MOXKHO NEperpyatb M METOA0M COOTBETCTBYIOLLEro Kiacca. Ho
3To 6yaeT BbIrNAAEeTb HE COBCEM €CTeCTBEHHO. JeMCTBMTENIbHO, B 3TOM CJlyyae
nepBbii onepaHg 6yAeT TUM TeKyllero Kaacca. MosToMy, Hanpumep, AJA Kaacca
KOMIM/IEKCHBIX YMCEN Neperpyska onepauum BbiBOJa METOAOM Kjacca 6yaeT Bbl-
rnageTb Cneayowmm 0opasom:

?stream& operator<< ( ostream& out )

out << re << "+" << im << "i'"y
return out;

a BbI30B onepauMn BbiIBO4a 6yaeT BbIrnAAE€Tb TaK:

cl << cout;

6o TakK:
cl.operator << (cout);

KoHe4yHO, U B TOM, U B APYyromM cjsiyyae onepauma BbiBOAA BbIr/IAAUT HE COBCEM
npuBbIYHO. [1A TOro, Y4To6bl BUA onepaumu BbiBoJa NPU Neperpyske METOLOM OC-
TaJICA NPMBLIYHBIM, AAHHYH OMepaumio Heo6XoAMMO Meperpysmtb HenocpeacT-
BEHHO B Knacce ostream (ecnu, 310 LeNecoobpasHO U BO3MOXHO, NMOCKOJIbKY 3TOT
TMN onpefesieH B 6UMOIMOTEKE, NPOM3BOJIbHO MEHATb KOTOPYK OObIYHO HE peKo-
MeHayeTca).

8.2. leperpyska yHapHbIX onepauum

Ecnu nns yHapHO# omepanuu MMeeTcsl TOJIbKO OfHa ¢opMma, TO ee Heperpyska
peanu3yercs Mo OOLIMM ONKCAHHBIM BbIle npaBmwiaM. [Ipu 3Tom, Kak yxe ObLIo
OINKCAaHO, JUIsl ONTUMHU3ALMKM HCIOJIb30BAHUS pe3ysbTaTa ONEpalMy B APYIHX
olrepanusix, COBMELIEHHBIX B OJIHOM OIIEpaTOpe C JaHHOW Onepalnuel, peKOMeH-
JyeTcsi OOBSABIIATH BBIXOHOW IapaMeTp B BUJIE CCBUIKM Ha TEKYIIUH OOBEKT.

Cnenuduka neperpy3ku omepanuii MHKpeMeHTAa W JIeKpeMeHTa, oOlle-
panuu MHAEKCAIUN

ITpu meperpy3ke yHapHOH onepalud B TOM Cllydae, €ciu JJs Hee B s3bIKe
orpeniesieHsl B¢ (opMbl — NMpeUKCHAS 1 NOCTPUKCHANA, UMEIOTCS 0COOECHHO-
CTH.

s Toro, 4ToOBI OTIIMYATH MOCTHUKCHYIO (HOpMy OT NMpePHUKCHOM, TpH Tie-
perpyske ornepanuu B MOCTHUKCHONU (opme B ciucke (HOPMaIbHBIX MMapaMeTpOB
YKa3bIBAETCS JIOTOJHUTENIbHBIA, HEUCIONb3YEMBId B aJITOPUTME OMNEpaIiy, Ma-
pameTp (TouHee, THI mapaMeTpa).

KOoMNMAATOp KOPPEKTHO 06pabaTbiBaET MEpErpy:KeHHyl onepaumio M B Caydae
ABHOMO YKa3aHWA JOMOJIHUTE/IbHOr0, HEMUCMOoJ/ib3yeMOro B aJirOpuMTME Onepaumu,
napameTpa.
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CTaTMyecKkuit NoIMMoOpdU3M

Mpumep:

Jns  kmacca complex meperpy3uMm omepamnuio  «++» B IpePUKCHOM
1 TOCTPUKCHON (popMax co CieayIomed CeMaHTUKOM:

complex cl, c2;

cl .++c2; // c2
cl c2++; // cl

c2 +1; cl = c2;
c2; c2 =c2 + 1;

/ MNpedukcHasa dopma
complex & operator++()
{ ++re;

return *this;

// NocTdukcHaa dopma
complex operator++ (int)

BO BpeMeHHOM obbekTe
3anoMMHaeTCss COCTOsIHUe
Tekylero obbekTa.
M3MeHAeTCS TeKyWUAn ob6bEeKT.
BO BHEUHW Cpely BblaaeTcs

complex tmp(*this); //
//
//
//
//
;; 3arnoMHEeHHOe COCTOfHue B
//
//
//
//

re++;
return tmp;

BuAe obbekTa, a He ccChUiKa.
BO BHEUHW Cpeay He MOXeT
6bITb BblAaHa CCbIKA Ha
TeKyuun obbekT, T.K. OH
M3MEeHU CBOEe COCTOSiHMe.
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CTaTMyYeCKMi NoMMOpdU3M

MpuBeaeHHas ¢opMa neperpysku npedMKCHOM Onepaumm «++» MO3BOAET Kop-
PEKTHO BbINOJIHATL C/IeAYHOLLYI0 Onepaumio:

cl = ++ ++c2;
C CeMaHTMKOM:
c2 =c2 + 2; cl = c2;

OaHako, npvBeaeHHaa (opma neperpysku NoCThMKCHOM onepauum «++» He Mo-
3B0O/ISIE€T KOPPEKTHO BbINOJIHUTL ONEepaLmio:

cl = C2++ ++;
C CEMaHTUKOM:
cl =c2; c2 =c2 + 2;

Jeno B TOM, 4TO NEPBOE MCMOJIHEHUE OMNepaLMM «++» NepesaeT BO BHELLHIOW cpeay
HeM3MEHEHHbIM OGBEKT C;, @ BTOPOE MCMOJIHEHUE OMepauuu «++», NMPUHMMAsA Ha
BXOJ€E HEM3MEHEHHOE 3HAYeHWE 06bEKTA, NepesaeT ero 06beKTY €y, Napa/esibHO
M3MeHSAA ero Ha 1, a He Ha 2.

Omneparnyst UHIEKCUPOBAHUS SBJISIETCS OMHAPHOM: ee omepaH/bl — OOBEKT
C HYMEPOBAaHHBIMH 3JIEMEHTaMU (MAaccUB, BEKTOP U T. JI.) U IIeJIoe YHCIO0 — HH-
JIEKC DJIEMEHTA.

B HEKOTOpPbIX nocoobumsx onepauna MHAEKCUPOBaHUA OLUMBOYHO paccMaTpmnBaeTCAa
KaK YHapHaA, X0TA ABHO MMETCA ABa BbllleyKa3aHHbIX onepaHia.

[Tpu meperpy3ke omnepanuy HMHIESKCUPOBaHHUS OOBSBIEHUE B KAYECTBE BBI-
XOZJHOTO IapaMeTpa CChIJIKU Ha JIEMEHT 00bEKTa M03BOJIAET IIPUCBAUBATh €€ pe-
3yJIbTaTy HOBBIC 3HAUYCHMUS.

Mpumep:

class vector

int* p;
int size;
public:

int & operator[] ( int i ) { return p[i]; }

int mainQ

vector v1(10);
vl[1l] = 5;

3nech omnepaTop return BO3BpAIlAeT 3HAUYEHUE BHIOPAHHOIO AJIEMEHTA BEK-
TOpa, KOTOPbI MHULIHUATU3UPYET BHIXOAHOM 00BEKT, KaKk ObUIO OMUCAHO, 10 pea-
JIU3ALMH AIPECOM 3TOTO 3JIEMEHTA.
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Meperpyska onepaumit (Kak GMHapHbIX, TaK M YHApHbIX) MO3BO/IAET HE TOJIbKO
onucbiBaTb ANA CTaHAAPTHLIX OnepauMi HeO6XOAMMYI CEMaHTMKY, HO M GJIOKM-
poBaTb WCMOJIHEHME HeXeNaTesbHbIX onepaumit Haj 06beKTamM OMUCbIBAEMOro
T™Mna. [ns 3Toro Heo6XoAUMO MEPETPY3KYy Onepaumu OnMcbiBaTb B OTKPLITOM 06-
nactu. EctectBeHHO, YTO TaKaa neperpyska OnMcbiBaeTCA METOJOM Kjacca, a He

byHKUMEN-APYTrOM.

8.3. lMeperpyska dyHKLUM

NMeercss BOBMOXKHOCTb ONMCHIBATh PA3HBIE AJITOPUTMBI JJI OJHOTO M TOTO XKeE
ueHTHPHUKATOpa PYHKIIUHM TPU Pa3HBIX KOJMUYECTBAX W HA0OpaX THUIOB BXOJIHBIX
napaMeTpoB. Takoe ONUCaHUE pa3HBIX aJTOPUTMOB B OJHOM 30HE OIMCAHMS
(kJ1acc, MPOCTPAHCTBO MMEH) Ha3bIBaeTCs Meperpy3koii ¢pyHKuumii (ecnu onuca-
HUE Pa3HBIX AJITOPUTMOB JIJIsl OJJHOTO U TOTO )K€ HMEHHU OCYILECTBISIETCS B PAa3HBIX
30HaX, TO TOBOPAT O MEePEKPHITHH).

[Tpu BBI3OBE (DYHKIMH JUIs1 BBIOOpA MOIXOAIICH Meperpy eHHON QyHKIIN
BBITOJIHSACTCSI CIICIYFOIUI aJrOpUTM:

AJITOPUTM MOMCKA ONITHMAJIBHO O0TOKAECTBIAsIeMO QyHKIMT

1. OtOuparoTcs GyHKIHH ¢ HEOOXOIUMBIM KOJTHYECTBOM (POpMAITbHBIX
apaMeTpOB.
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Bo3morkHO onucaHue YHKUMM C MEPEMEHHbIM YMCIOM MapameTpoB. A 3Toro
MCMO/b3YIOTCA CMMBOJIbI <«...» B KOHLE CrMcKa (hOpMasibHbIX NMapameTpoB, 0603Ha-
YaKLLUX MPOU3BOJIbHOE KOJIMYECTBO AOMOJHUTE/bHBIX HEMMEHOBAHHbIX MapaMeT-
pOB, THMbl KOTOPbIX 6YAYT ONpeAensATbCA HEMOCPEACTBEHHO NPU Bbi30BE YHKLMM.
Mpumep NpoToTMna hYHKLUMM C NEPEMEHHDBIM YMC/IOM NapaMeTpPOB:

void f1 (int i1, . . .);

B 3TOM cnyyae BHYTpU (DYHKLMM HEOGXOAMMO MMETH CreLMabHble cpeacTBa Mo-
JlyYeHMA 3HAYEHMM TaKMX JAOMOJIHUTEJIbHBIX MAPAMETPOB, HE MMERLMX Cco6CT-
BEHHbIX MMeH. lpn 06paboTKe cnmncka opMasibHbIX NapaMeTPOB KOMMUAATOP He
UMeeT WHGOpPMaLMM, HEOOXOAUMOM [ANS BbINOJHEHUS CTAaHZAPTHOM MPOBEPKM
M Npeobpa3oBaHUA TMMNOB HEMMEHOBAHHbIX MapameTpoB. o3aTomy cpeacTBa no-
JlyYEHUA TaKMX MapameTpoB MOryT MCMOJIb30BaTb TOJIbKO MHOpMaLMio, Hexoc-
TYMHYI0 KOMNuAsTopy. Ans o6seryeHms paboTbl C STUMM MapameTpamu B daine
stdarg.h cTtaHAapTHOM 6MG/IMOTEKM MMEIOTCA OMMCAHUA CTPYKTypbl  va_list
U dyHKuMM:  va_start(), va_arg(), va_end(). OnucaHuda, coaepKalimecs
B 6161MOTEYHOM charine <cstdargs, CTaHOBATCA AOCTYMHbIMM MOC/IE €ro MOAK/I0-
yeHua AMpeKTMBOM npenpoueccopa #include <cstdarg-.

OYHKUMM  C NEPEMEHHBIM YMC/IOM MapaMeTPoB PEKOMEHAYETCA WMCMoJ/b30BaTb
B MCKJIOYMTEbHBIX C/IyYasX, KOrga TuMbl NMapameTpoB AENCTBUTE/IbHO HEM3BECT-
Hbl. B 60/IbLUMHCTBE C/Iy4aEeB MOXHO MCMO/Ib30BaTb (DYHKLUMM C apryMeHTaMu Mo
YMOMIYaHMIO MAM (DYHKUMEN C ABYMA NapaMeTpaMu CleAylollero BuAa: nepsbii
napameTp — LeJIoe YMC/I0, PaBHOE KOJIMYECTBY COAEp:KaTe/ibHbIX MapameTpos,
BTOPOM apryMeHT — yKasaTe/lb Ha MacCMB yKasaTesleM Ha hakTMYecKune napamert-
pbl. TakoM METOA MCMONb3YETCA NpU Nnepeade CrmMcka CTPOKOBbIX MapameTpoB M3
KOMaHZHOM CTPOKM Bbi30Ba MPOrpamMbl Ha UCMOJIHEHUE:

int main ( int argc, char* argv[] )
3,£l,er args — KOJIN4eCTBO CTPOKOBbLIX MapaMeTpoB B KOMaH,D,HOI:i CTPOKEe BbiI30OBa

NMpOrpamMMbl Ha MCMOJIHEHME, BKJIlOYasA MAEHTMMOUKATOP NPOrPaMMbl.

2. Jlng kaxzaoro (pakTU4ecKoro napamerpa BbI30Ba (QyHKIIMH CTPOUTCS
MHO>KECTBO (PYHKIMH, ONTUMAJIBHO OTOXKIECCTBIIIEMBIX 110 3TOMY Iapa-
meTpy (best matching).

3. Haxoautcs nepeceyeHre 3TUX MHOKECTB.

4. Ecnu noixy4eHHOE MHOXECTBO COCTOMT M3 OJHOW (DYHKIHH, TO BBI30B
paspemuM. Eciam MHOXXECTBO ITyCTO WIIM COEPXKUT Oosiee 01HOM (PyHK-
[[UU, TO TEHEPUPYyETCs COO0IIeHrEe 00 OIMOKeE.

Mpumep:
class x
buB]%c:
x (int i1 ) {. . . }
b ..
class y {. . .};

void f ( x x1, int il ) {. . .
void f ( x x1, double d1 ) {. . .
void f ( y yl, double d1 ) {. .

[SSSTENSTINS
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void gO {. . . f (1, 1) . . .} // Bbi30B nepeoun peanvsauuu
f(x, 1nt)

Mpumep:
class x
bu51%c:
x(int iD{. . .}
e ..
void f (x x int i1 ) {. . .}
void f E;nt 11 x x1 ) {. }
g

void {. .. fQa, O .....} // oumnbka: nepecevyeHue
// MHOXeCTB — MNycCTO.

8.4. ANropmMTt™M noMckKka onTMmasibHO
OTOXECTBNSIEMOMN PYHKLMM
A1 04HOro napameTpa

Ecnu QyHkuus uMeeT oauH mapaMeTp, TO BBIMOIHICTCS CIIEAYIONIas MOCIe0Ba-
TEJIBHOCTB I11aroB JJIS IOMCKA ONTUMAIbHO OTOXAECTBIAEMON (DyHKIMH.

Takast e IOCJIeI0BaTEeIbHOCTh IAroB BBIIOJHAETCS Ul KaKIOTO Iapa-
MeTpa (YHKIMU C HECKOJIBKUMM MapaMeTpaMy Ha BTOPOM 3Tale paHee ONMHMCAH-
HOTO  ajropuT™Ma  TOWCKAa  ONTUMAIBHO  OTOXACCTBIAEMOW  (YHKIUHU
C HECKOJIbKMMH ITapaMeTpaMHu.

To4Hoe OTOXKIECTBIICHHUE.
OTOX1€CTBIIEHUE C TIOMOIIBIO PACIIHPEHU M.
OTOECTBIIEHNE C IOMOILBIO CTAHAAPTHBIX NPeodpa3oBaHuUIil.

OTOXIECTBJICHHE C TIOMOIIIIO MPeodpa3oBaHNii MOJIb30BATEIS.

nokh b=

OTO)K,Z[CCTBHGHI/IG IO «...».

I[aHHI)IG marv ornpeacjiadroT MPUOPUTET MECTOAA OTOKACCTBIICHUS ITapaMeTpa.
B paMKax KaXJ0ro miara pasHbIC BHJbI Hp606p330BaHHﬁ SBJISIFOTCA paBHO IIpH-
OPUTCTHBIMHU.

8.4.1 To4Hoe oToXaecTBAEHME

Paznnyaror cienyromue Buabl TOUHOTO OTOXAECTBIEHUS:
— TouyHoe coBnajeHNE
— CoBnajeHue ¢ TOYHOCTBIO 110 typedef

— TpuBunanbHble npeoOpa3oBaHus:
= e T*
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T o T&
= T —constT

Mpumep:

float);

void (
Edoub1e),
(

.F
void f

f (int)

gO{. .. f@a.om; ... f(x.0); . . . fD;}

void
void

8.4.2 OToxXaecTtBneHUe C NOMOLLbIO
pacLUMpEHUM

8.4.2.1. UenouncneHHble paclumpeHumsa
Pazmuuaror CJICAYIOIMEC BUAbI HEJIOUYUCICHHOTI'O paClIMPCHUA:

char

unsigned short

signed short > int
bool

enum

MpumeyvaHue

Ecnm dpakTUYecKMi napameTp HEBO3MOXKHO Npeobpa3oBath K TUMy signed int 6e3
notepu mMHdOpMaLmm, TO OCYyLLECTBAAETCA ero npeobpa3oBaHue K Tuny unsigned
int. leno B TOM, YTO Ha TPM OCHOBHbIX Lie/IoUYUCNEHHbIX TMNa — short, int 1 long, B
CaMblX pacrnpoCcTpaHeHHbIX KOMNUAATOpaX OTBOAMTCA ABa OCHOBHbIX pa3mepa — 2 1
4 6amTa. Mpn 3TOM, B pasHbIX KOMMNMIATOPaX OAMHAKOBbIM pasMeEP MMEIOT pasHble
LenoYncaeHHble Tvnbl. Tak, B Komnuaatope Borland C++ 3.1 Ttunbl short v int
UMeloT pasmep 2 6aiTa, a long — 4 6aMTa. B Komnuastopax Borland C++ 5.02 n
Microsoft Visual C++ 6.0 Tun short umeet pasmep 2 6anta, a Tunsl int n long —
4 6aiTa. MNoatomy, ecnv Tunbl short n int MeIOT oanHaKoBbIN pasmep, To Npeobp
asoBaHue unsigned short — signed int — HEBO3MOXHO.

8.4.2.2. PacwmpeHua c naaBaloLLen TOYKOM

Pacmmpenue ¢ miaBaromieid TOYKOM JTOMyCKaeT cieayromiee mpeoOpa3oBaHue:
float — double

8.4.3 OToXaecTtBneHue C NOMOLLbIO
CTAHJAPTHbIX Npeobpa3oBaHUM

8.4.3.1. OcTa/sibHble CTaHAAPTHbIE LEN0YUCIEHHbIE
1 BeLWeCTBEHHbIe Npeobpa3oBaHUA

Mpumep:

#include <iostream>
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using namespace std;
void f ( char c )
{
int 1i;
union U
char cl1;
unsigned b:8;
U’ul;
ul.cl = c;
cout << ul.b << "\n';
i=c;
cout << i << '"\n';

}

int main(Q)

f (-1);
return 0;

Mpu 3TOoM TN char — LenoYMcaAeHHoe 3HaYeHue pasmMepom B 1 GanT.

B BeIXOAHOI MOTOK OY/IET BBIAAHO:

255 // 8-6buTHOe npeacTaBseHne yucna -1,
// npeobpa3oBaHHoe B be33HakoBoe Lesoe

-1 // pacuuvpeHHbin A0 UEeNoro AONOJIHUTENbHbIA KOJ,
// npeacTasnswowmn -1

8.4.3.2. [lpeob6bpa3oBaHMe yKasaTenen

KoncranTa 0 npu npeobpa3zoBaHuu MapaMeTpoB pacCMaTPUBACTCA HE TOJIBKO Kak
YHUCJI0, HO U KaK HYJIeBOM yKaszaTenb. HyneBoil ykazaTenb MOXKET ObITh Ipeolpa-
30BaH B M000i ykaszarenb. JIt0060# ykazaTenb MOKET ObITh IpeoOpa3oBaH B Tak
Ha3bIBaCMbIli 00001IeHHBbII (CBOOOAHBIN) YKa3aTeb void*. [Ipu sTom oOpaTHOE
npeoOpa3oBaHue TOHKHO BBIIOJIHITHCS SBHO.

Mpumep:

int mainQ

int 1i;

void* p; // ObObIEeHHbIN yKa3aTenb

int *ip = &i; // YkazaTenb Ha int,
// VHAUMaNU3npyembii aapecom
// UeNoYnCneHHOW nepeMeHHOom

int* ip2; // YKa3aTesnb Ha 1int

*ip = 15; // Pa3biMEHOBaHME yKa3aTens Ha
// int

p = ip; // DonycTumoe HesiBHOe npeobpa3oBaHue
// ykasaTens

ip2 = (int*)p; // 9BHO 3asaHHoe npeobpa3oBaHue
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// ykasaTens

return O;

B cBs3u ¢ Tem, uto tin char®, UCTIOIB3yeMBbIH 711 pabOThl C TMHAMHYECKH
paSMGH_[aeMBIMI/I CTpOI(aMI/I, ABIIACTCA yKa3aTeneM, TO HpI/I HaJIM4Yn Heper py-
KEHHBIX (PYHKIUH C MTPOTOTUITAMHU:

int £ ( char* cl );
int £ ( double dl1 );

Bb30B i =f(0); Oymer HEONHO3HAYHBIM, TaK KaKk TMPH OTOXKICCTBICHUH
C TIOMOIIBIO CTaHAAPTHBIX MPeoOpa3oBaHMK CICAYIONINE MPEOOpa3OBaHUS PaB-
HOTIPABHBI:

0 -> double (int -> double)
0 -> char* (nycTon ykasaTenb -> ykasaTenb Ha char)

VYkazarenar Ha OOBEKT MPOU3BOJHOIO KJlacca MOXKET OBITh MmpeoOpa3oBaH
B yKa3arenb Ha 00beKT 0azoBoro kiacca. O HacienoBaHWM KJIaccoB OyAeT moj-
pOOHO pacckazaHo jaiee.

Mpumep:

class X
int x1;
public:
©X0:x10) {3
%1ass Y: public X
int yl;
public:
YyO: y1(0) {}

void f(X * x2) {}
int mainQ

Y * y2;

f(y2); // dakTuyeckuin napameTp — yKasaTeslb HA 0ObEKT
// NPOM3BOAHOIrO Khacca, a (GopMasibHbii mapameTp
// yKasaTenb Ha obbekT 6a30BOro kjacca

return 0O;

Yepes yKasaTe/lb Ha O6bEKT 6a30BOr0 Kjlacca [OCTYMHbI TOJILKO Y/I€HbI MPOM3-
BOAHOrO Kjacca, yHac/eAoBaHHble 0T 6a30BOro K/iacca. JTO CBA3AHO C TEM, YTO,
KaK 6bl/10 OTMEYEHO, YKa3aTe M ABNAIOTCA TUMUM3UPOBAHHBIMU, TO €CTb, B yKasaTese
XPaHMTCA He TO/IbKO afipec 06beKTa, HO M MHBOPMALIMA O CTPYKTYpe 06beKTa.
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Kak 6yzeT onucaHo Janee, HesBHOe Npeo6pa3oBaHME YyKasaTesiel BO3MOXKHO
TONbKO NpU OTKpbITOM (public) — HacnegoBaHUU.

8.4.4 [lpeobpa3oBaHKA MNosib3oBaTeNA

8.4.4.1. KOHCTpyKTOp Npeobpa3oBaHMA

Konctpykrop mpeoOpa3oBaHusi MOXKET OBITh MCIOJIB30BaH B KAUECTBE HESIBHOTO
npeoOpa3oBaHus IMOJIb30BATElNsl TOJIBKO B TOM Cllydae, €ClId OH OOBsBICH 0Oe3
KJIFOUEBOTO clioBa explicit.

8.4.4.2. ®yHKUMA Nnpeobpa3oBaHMA (onepaums npe-
06pa30BaHMA)

@yHKIUS TpeoOdpazoBaHMs — ATO METOJI KiIacca C MPOTOTUIIOM:

operator Tun();

3n1ech mun — TUM BO3BPAIAEMOT0 3HAYCHHS (BCTPOSHHOTO HMJIM IOJB30Ba-
TEJBCKOTO).

Teno nanHO# (pyHKIMH ompesesseT Bo3BpamaeMoe 3HaueHne. Teno QpyHk-
IIUU JTIOJKHO COJIEPKaTh ONepaTop return, BO3Bpallaroliee 1anHoe 3nayenue. [Ipu
3TOM BO3BpalllaéMO€ 3HauyeHHE IpeoOpaszyeTcsl K ykKazaHHOMY Tumy. Ecinu Tun
ABJISIETCS. TOJIb30BATEIbCKUM, TO CO3/1a€TCs BPEMEHHBIH OOBEKT JAHHOTO THUIIA.
[Ipu >TOM BBI3BIBACTCA KOHCTPYKTOpP MNpeoOpa3oBaHus, ONpPEICICHHBI B 3TOM
kiacce. Bo3Bpamaemoe (yHkuuel 3HadeHue OyleT BXOIHBIM MapaMeTpoM JUIs
3TOr0 KOHCTPYKTOpA.

OyHKIMA 1peoOpa3oBaHus BBIMONHSAET JEHCTBHUE, OOpaTHOE JICHCTBHUIO
KOHCTPYKTOpa MpeoOpazoBaHMs: €CIM KOHCTPYKTOp NpeoOpa3oBaHMs CO3AAET
O00BEKT THIIa OMMCHIBAEMOT0 KJIacca Ha OCHOBE O0BEKTa JIPyroro Tuma, To QpyHK-
st peoOpa3oBaHUsl BO3BpaLaeT OOBEKT APYroro THUIA Ha OCHOBE OOBEKTa
(BHyTpeHHeW HHPOPMALINH, XPAHSIICHCS B 00bEKTE) OMMCHIBAEMOTO KJIacca.

CxoncTtBoM (QyHKUMH NpeoOpa3oBaHMsl U KOHCTPYKTOpa IpeoOpa3oBaHUs
SABIISICTCS TO, YTO y (PyHKIMH NpeoOpa3oBaHMs TaK ke, KaK Uy KOHCTPYKTOpPa
npeoOpa3oBaHus HET TUIA BO3BPAIAEMOIo 3HaueHus. Tui BO3BpaIlaeMoro 3Ha-
4yeHus1 y (QYHKUUU TpeoOpa3oBaHUs OINpeNeNseTcss THIOM, YKa3aHHBIM IOCIE
KJIFOUYEBOT'O CIIOBA operator.

Kpome dyHkImm npeobpazoBaHus KIIOUEBOE CIIOBO operator UCTONb3yeTcs
TaKOKe TPH Meperpy3Ke onepanuii, 0 4eM yxe ObUIO paccKa3aHo.

[Ipu ucnonb30BaHUM MPEOOpPa30BaHUs TOJIH30BATENS CTPOSITCS BCE BO3-
MOJKHBIE LIENOYKH IIPe0Opa30BaHUi MapaMeTpa, KOTOPbIE MTO3BOJISIIOT IPUMEHUTD
OJIHy U3 pealu3anuii neperpykeHHoit ¢pynknuu. [Ipu sTom BeIOUpaercs Ta pea-
aM3amMs, JUIS KOTOPOHM B LIEMIOYKE MpeoOpa3oBaHMK mIar mpeodpa3oBaHus
C MUHUMAaJIbHBIM IPUOPUTETOM UMEET MAaKCUMaJIbHBIA MPUOPUTET MO CPABHEHHUIO
C IpyrMMHU Lernovykamu. Tak, €ciau B OJHOM Liernouyke MmpeoOpa3oBaHUil Iarom
C MUHUMAJILHBIM MPUOPHUTETOM OyneT mar 4 (mpeoOpa3oBaHHME IOJIB30BATEINS),
a B IPYroii nenouke — miar 3 (cTaHgapTHBIC Tpeodpa3oBanus), To OyaeT BeIOpaHa
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peanmuzanysi GYyHKIUHU, UIE KOTOPOW IETOYKa MpeoO0pa3oBaHUN MapamMeTpa Co-
JIEPAKUT 1ar 3.

Mpumep:
#include <iostream>
using namespace std;
class S
Tong ssl;
public:
S ():ss1(0){}
? ( Tong p ): ssl1 (p)
cout << "constructor S -> ";
?perator intQ)

cout << "S.operator int() -> ";
return ssl;

5
¥oid f ( Tong p )

cout << "f(long)" << '\n';

¥oid f ( char* p )

cout << "f(char*)" << '\n';

¥oid g(sp)

cout << ng(s)u << |\nl;

¥oid g ( char* p )

cout << "g(char*)" << '\n';

¥oid ex ( S& a )

f(a);
g(l);
g(0);

3

}nt main(Q)
S sl;
ex(sl);

; return O;

[TocnenoBarenbHOCTH IPeoOpa30BaHuil MapaMeTpoB MPH BHIZ0BE PyHKLUI [
u g B QyHKuuu ex():
1. f(a):
s.operator int() — mar 4. [IpeoOpa3zoBaHue Moiab30BaTeNs
int —> long — war 3. Ctannaptaoe npeobdpazosanue f (long)
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2. g(1):
int —> long — mar 2. Pacimmpenue (11e7109MCICHHOE)
s.constructor (long): mar 4 — [IpeoOpa3oBaHue monb3oBaTens g(s)

3. g(0): 0 = char* — mar 3. CtanmgapTHbie IpeoOpazoBanus (ipeodpa-
30BaHMs yKazaTelieii — KoHcTaHTa () mpeoOpasyercs B yKa3atelb)
g(char*®)

MNonb3oBaTesibCKUe HDGO6PBBOBaHMﬂ NPpUMEHMMbl HEABHO TOJIbKO B TOM CJlydae,
€CJI1 OHMN OAHO3HA4HbI.

class B

int il;

public: )
B (int p): il (p) {}
operator int() { return il; }
B operator+ ( const B & pb )

B tmp(0);
tmp.il = il + pb.il;
return tmp;

BE;
int mainQ)
B x (0);
X =X + 1; // HEOAHO3HAYHOCTb: BO3MOXHO
// x.operator int() + 1 nubo
// x.operator+ ( B(1) )
return 0;
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JlonycTMmo He 60/1ee OZHOMO MOJIb30BaTE/IbCKOrO Npeo6pa3oBaHUA ANA OLHOMO
napameTpa.

class X
int x1;
public:
?perator intQ)
return x1;

}
X(int px) :x1(px){}
class Y
int yl;
pubTic:
?perator X0

X tmp (y1l);
return tmp;

}
YO : yl (00 {}

int mainQ)
{

; // oumbka: TpebyeTtcs
// a.operator X().operator int ()
return 0;

8.4.5 OToXaecTBNE€HUE MO «...»

Hcnonp3oBaHne CHMBOJIOB «...» B KOHIIE CHOHUCKa (hOpManbHBIX [apamMeTpoB
B ONMMCAaHUU (QYHKIUHU C IEPEMEHHBIM YHCIIOM IapaMeTpoB AJig 0003HAYEHUS OC-
TaBIIUXCS HESIBHBIX MapaMeTPOB ObLIO OMHMCAHO paHee.

Mpumep:
#include <iostream>
using namespace std;
class X

double x1;

public:

X ( double px ): x1 (px) {}

¥oid f(int il, X x2)

cout << "f(int, X)" << '\n';

¥oid fGint i1, ...)

cout << "f(int, ...)" << "\n';
int main(Q

f(1,1);
f(1,"Test");
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CTaTmMyeckuit nomMmopdusm

return 0;

Hcnonb3oBaHWEe CUMBOJIOB «...» MOXET NPHUBECTH K HEOJHO3HAYHOCTH.
Hanpuwmep:

void f ( int il );
void £ ( int i1, . . . );
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Accouuanus npeacTaBIIseT CMBICIOBYIO CBSI3b MEXK/Y CYHIHOCTSIMU (00BbEKTaMu),
CO3/1aBacéMbIMU Ha OCHOBE KJIacCOB. Accoyuayus (association) onpenensiercs: He-
KOTOPOi CBSI3bI0 Mexay Kiaccamu. Korma B cucteme co3arorcs MpeicTaBUTENN
aCCOITMMPOBAHHBIX KJIACCOB, OHU CBSI3BIBAIOTCS TaK, KaK OMpENEseT JaHHas ac-
colLManus.

Accommanuu Mexay Kiaccamu pa3pabaThIBarOTCs B MPOIECCEe TaK Ha3bl-
BAEMOT0 CEMAHTUYECKOr0 MOJEeJTUPOBAHMS: MOJICIMPOBAHUS CTPYKTYphI JaH-
HBIX MCXOJs M3 MX cMbIcia. i aToro nosiesHo ucnoias3oBaTth ER-guarpamMmmel
(Entity — Relationship: Cymuocts — CBs3b).

ER-aMarpaMmbl  MCMOJIb3YIOTCA B PasHbIX acMeKTax MNPOEKTUPOBAHUA CJIOXKHbIX
MPOrPaMMHbIX KOMMJIEKCOB, MPUYEM, HE TOJIbKO KOMIMJIEKCOB, pa3pabaTbiBaeMblX
C UCMOJIb30BaHNEM 06 BLEKTHO-OPUEHTMPOBAHHOM Mapaurmbl, HO U Npu pa3paboTKe
6a3 JaHHbIX M BO MHOMMX APYrMX NMPUIOMKEHMSAX.

OCHOBHBIMU MOHATUSIMH, UCIIOJIB3YEMBIMU IIpU nocTpoeHuu ER-auarpamm,
ABJISFOTCS:

1. CyumHocTh — KJIacC OJHOTHUITHBIX 00BEKTOB, HH(YOPMAIHS O KOTOPBIX
JIoJDKHA OBITh yuTeHa B Mojenu. CymrHocTh B pamkax OOIT mpencras-
JISICTCS KJIACCOM.

2. DK3eMILISIP CYUIHOCTH — OOBEKT, CO3/1aBacMbIii HA OCHOBE KJacca.

ATpHOYT CyIIHOCTH — UMEHOBaHHasA xapakrepuctuka. B OOIl — un-
(dhopMaIMoHHBIN WICH Ki1acca

4. K04 cyliHOCTH — COBOKYITHOCTh aTpHOyTOB, OJIHO3HAYHO OTpe/ie-
JIAFOIIUX OOBEKT.

5. CB#3bp — accolManys MeXay CyIIHOCTSMH.
Tuns! cBs3ei:

OJIUH K OJTHOMY,

OJIMH KO MHOTHM,

MHOI'€ KO MHOT'HUM.

[Ipumep cBsizu: rpynmna — cTyaeHThl. CBs3b MOXKET MMETh OAHY W3 JIBYX
MOJAJIbHOCTEN:

MOXET (MOXET OBITh, @ MOJKET U HE OBITH),
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JOJDKEH.

[Tpu pazpabotke ER-monenu onpenensiercs cnemyromas nHpopManus:
CIIMCOK CYIIHOCTEH,
CIHCOK aTprOyTOB,

OITMCaHUE CBA3EU.

CBs13u MCKAY CYHIHOCTAMH PCAIN3YIOTCA C MOMOIIBKO MCXAHU3MOB HACJIC-
A0BaHUs, arpCrupoBaHrd, UCIIOJIb30BaHUA.

9.1. HacnepoBaHue

HacsienoBanue — OTHOILICHHE MEXIy KJIacCaMH, IPU KOTOPOM OJMH KJacc To-
BTOPSIET CTPYKTYPY U MOBEJEHHUE IPYroro kiacca (00uHouHoe Haciedosanue) nin
IPYTHX (MHOJCECmMBeHHOe Hacle008aHUe) KIacCOoB.

Knace, moBenenue u cTpykTypa KOTOPOTO Hacleayercs, Ha3blBaeTcsi 6a3o-
BbIM (POJUTENBCKUM) KJIACCOM, a KJIAacC, KOTOPBIA HacienyeT — MPOU3BOIHBIM
KJIACCOM.

B npousBogHOM Kilacce CTpyKTypa M moBeaeHue 0a30Boro kiacca (MHGpOp-
MalluOHHBIC YIJICHBI u MGTOI[I)I), JOIIOJIHAKOTCA U NIEpCOINpPCaACIAIOTCA.
B IIPOM3BOJHOM KJIACCE YKA3bIBAIOTCS TOJBKO JIOTIOJTHHUTEIBHBIC U MEPEoT-
penenseMbie WieHbl Kinacca. [I[pon3BoIHBIN Ki1ace SBISETCS YTOYHEHHUEM 0a30BOTO
KJacca:

class z: publicy {. . . };

9.2. Arperaumua

Arperamusi — 3TO OTHOLICHHE MEXIY KJIACCaMH THUINA IeN0e/4acTb. Arperu-
PYEMBIii KJ1acc B TOW MM MHOU (popme sBisieTcst 4acThio arperara. OOBEKT Kiac-
ca-arperatra MOXKET XpaHUTh OOBEKT arperupyeMoro Kiacca, Wi XpaHUTh CCBUIKY
(yka3zaTelp) Ha HETO.

Mpumep:

class node { . . .};// arperupyembin Kiacc, OMNUCHIBAKLWNIA
// BepumMHy JaepeBa

class tree

// Knacc-arperart, OMNUCbIBAaWWWIA AEPEBO.
node* root; // €ANHCTBEHHbIM WUH(POPMALMOHHBIM YJSTIEHOM
// ABNAeTCA yKa3aTeNlb Ha BblAEJIEHHYH
// BeplMHY — KOpeHb AepeBa
public:
tree O { root = 0; }

1

Komno3unmsa sBisiercss crielManbHbIM BHJOM arperupoBaHus (Tak Ha3bl-
BaeMO€ CWIbHOE arperupoBanue). Kommosunuss OOBEKTOB 3aKIHO4aeTCs
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B HCIIOJIb30BaHUHM OOBEKTOB THUIIOB Pa3pabOOTaHHBIX KJIACCOB B KauecTBE MH(Op-
MAaIMOHHBIX YWICHOB ITPH OMUCAHUH APYTHX KIIACCOB.

Mpumep:

class point

int x,y;
public:
point O { . . .}
point ( int x1, int yl1 ) { . . .}
};. . .
class z1
point p;
int z;
public:
z1 (int z2 ) { . . .}
};. . .
z1* z3 = new z1(1);

Hcnoab3oBaHue — OTHOLICHHE MEXIY KiaccaMH, IPU KOTOPOM OAMH
KJacc B CBOGH peaju3allMd HCIOJb3yeT B TOM WM HHOM (opMme pean3anuio
00BEKTOB IPYroro Kiacca.

Hcnonp30BaHue OJHUM KJIACCOM OOBEKTOB JPYTOTO KJIacca MOMKET MPOSIB-
JSATHCA OAHUM U3 CIEAYIOMMX 00pa3oB:
Wmst ogHOTO KIiTacca HCTob3yeTcs: B Mpoduiie MeToaa Ipyroro Kiacca

B tene merona ogHOrO Kiacca co3aaéTcst TOKAIbHBIN O0OBEKT IPYToro
KJlacca

Mertox otHOTO Kilacca oOpalaercsi K MeToly Jpyroro kiacca (He COBceM
YaCTHBIN CITy4ail mpenbIayero crnocoda UCIoiIb30BaHusl, TaK Kak Ipu
BBI30BE CTATUYECKHUX WICHOB KJIACCOB JIOKAJIBHBIN OOBEKT HE CO3/TaETCH).
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['naBa 10.
OamMHoO4YHOE Hac/iegoBaHME

10.1.lpaBuna HacneagoBaHUA

HacnenoBanue sBisieTcsi OIHUM M3 TpeX OCHOBHbIX MexaHu3sMoB OOSIII. B pe-
3yJbTaTe WCIIONB30BAHMS MEXaHW3Ma HACIEAOBAHUS OCYIIECTBISICTCS (OPMHUPO-
BAaHHME MEPApPXUUYECKHUX CBA3EH MEXy ONUCHIBAEMbIMU TUNAMU. THUN-HACIETHUK
yTO4HSET 0A30BBIN THII.

HpOTOTI/IH 00BABICHUS THITIa-HACJICJHHKA:

Hwusa Hus 6azosozo @ Onucanue _»@_)@
muna muna YICHO8 KAAcCd
struct
() G
Mpumep:
struct A
int x,y;

struct B: A

ool
=

OO0bekT Tuma B HacleayeT CBOMCTBA O0BEKTa THITA A.

Takum 00pa3oM, OOBEKT THMA-HACIIETHUKA COACPKUT BHYTPHU CeOs WICHBI
0a30BOro THUIA!
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[Tpu Haciae0BaHUU HACIEAYIOTCS HE TOJIBKO MH()OPMAIIMOHHBIC YJIECHBI, HO
Y METOJIBI.

He nacnenyrorcs:
KOHCTPYKTOPBI,
JIECTPYKTOP,
oreparus NprucBauBaHuUs.
Kak yxe ObUIO omHcaHO, €IUHCTBEHHBIH CIIOCOO HMCIOJIB30BAaHUSI KOHCT-

pykTopa 0a30BOro kjacca — CHUCOK MHHUIMaau3auuu. OH 3amMchIBaeTCs MpU
ONMCAaHNUU KOHCTPYKTOpa IPOU3BOAHOIO KJlacca:

HUma Hwms 6azoeo020
DopmanvbHble
NPOU3BOOHO2O Kuacca ¢
napamempui
Kuacca napamempamu

napamempui -

[Tpu co3gannu 0ObEKTa MPOU3BOIHOIO TUMA B cHayana OyJeT BbI3BaH KOH-
cTpykrop 6azoBoro tuma A. [Ipu 3ToM ecii KOHCTPYKTOpY 0a30BOTO THITA HYKHBI
napamMeTphl, TO ero He00X0AMMO BbI3bIBATH SIBHO B CIIMCKe MHULMAJH3ALMH.
3arem OyneT BbI3BaH KOHCTPYKTOP MPOU3BOAHOTO THIIA B.

JlectpykTopsl BbI3bIBalOTCS B oOpaTHOM nopsake. Ilpu paspymenun o0b-
€KTa [IPOM3BOJHOrO THUIIAa CHavajia OyJeT BbI3BaH JAECTPYKTOP 3TOTO THUIIA, a 3aTEM
JIeCTPYKTOp 6a30BOro TUIIA.

Jomyctumo npucBoeHHe 00BEKTY 0a30BOr0 TUIA O0BEKTa IMPOU3BOIHOTO
tuna. [Ipu 3TomM 00bekTy 6a30BOro Tuma OyJeT NMpUCBOEHA Ta 4acTb OOBEKTa
IPOM3BOJIHOTO THIIA, KOTOPAsi CTPYKTYPHO COBIAAET ¢ 6a30BBIM THIIOM.

10.2.peobpa3oBaHMs yKa3aTenen

be3onacHbIM MNPUBCACHUCM SABJISICTCA IIPUBCACHUC YKA3aTCIISI HaA 00BEKT TH-
Ma-HacCJICJHUKA K YKA3aTCIIIO Ha 00BeKT 0a30BOI0O THIIA.

[Tycts A m B — Tumsl U3 npeapiayiero npumepa. Toraa

A al;
A% pa;
B bl;
B?’»‘ pb;
pb = &bl;
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& al;
(B*)pa; //

pa
pb

// pb > z; //
//
//

OanHo4YHOe HacnegoBaHMe

yKa3saTeno pa npuceamBaeTcs aapec obbekTa

b. T.K. yka3saTesb pa OnNMCcaH Kak ykasaTesb
Ha 06bEKT Tuma A, TO C ero MNoMollbl BUAHA
TONbKO Ta 4YacTb obbekTa b, koTopas
CTPYKTYPHO COOTBETCTBYeT Tuny A.

JlonycTtumoe, Ho HebesonacHoe sBHOe
npeobpasoBaHne yka3aTens Ha 0b6beKT
6a30BOro TuMna K yKasaTesiw Ha obbekT
NPOU3BOAHOrO Tuna. Yepe3 ykasaTeNb Ha
06beKT Tuna B MOXHO obpauwaTbcsa K
UHpopmMaLumM, KoTopas MPUCYTCTBYET B
Tune B. OJHAKO, B CTPYKType obbekTa al
6a3oBoro TMNa A OTCYTCTBYWT
JOMONHUTENbHbIE Y/leHbl NMPOU3BOAHOIO
Tuna.

ounboyHoe obpalleHne K TaKWMM 4JieHaMm nocse
yKa3aHHoOro npeobpa3sosaHua (owmnbka BO
BPpeMA WCMNOJSIHEHMA MPOrpPaMMbl) .

10.3.TpaBnna BUAMMOCTU MpH
Hac/sie40BaHUM

HacienoBanue cBOWUCTB

" NOBCACHUA MOI'YyT KOHTPOJIUPOBATHCA C IIOMOIIBIO

KBAJIN(PUKATOPOB A0CTYNA, 33JlaBaeMbIX NIPH HacienoBanuu: public, protected,
private. Ha3zBanusi kBanuuKaTopoB JOCTYNa COBMANAIOT C Ha3BaHUSMHU DPaHEe
OIMCaHHBIX 00JIaCTe! TOCTYTIA B KJIACCaX U CTPYKTypax. KBammdukaTops! qoctymna
OrpaHU4YMBarOT BUAUMOCTDb MMOJIHOCTBIO WJIM YaCTUYHO IJId IOJHOCTBIO HJIM 4Yac-
TUYHO OTKPBITHIX WICHOB. 3aKPHITHIC YICHBI BCETIAa OCTAIOTCS 3aKpBITHIMU. [Ipn
HACJICJIOBAHUHA MOXXHO YMEHBIIUTh BUIUMOCTh YWICHOB, HO HE PACIIUPUTh UX BU-

JIUMOCTb.

KpaTKO BUJ N0CTyIla B TUIIC-HACJICAHUKE [UIS YJICHOB 0a30BOro TUIIA MOYKHO

IPEJICTaBUTh TAOIHULICH:

Obnacre KBaiundpukarop nocryna
AoCTyNA . .
6230BOI0 THIIA public protected private
public public protected private
protected protected protected private
private private private private

JlaHHasa Tab/mua noKasblBaeT BUA AOCTYNa A YJEHOB B TUME HacieAHuKe ANS
TUNa HaCNeHMKa CeAYIOLLEro YPOBHSA. 3aKpbiTbiM BUJ JOCTYMNA B TUMNE-HAaCAe AHMKE
[N 3aKPbITbIX Y/1IEHOB 6a30BOrO TMMNa MMEET 0COBbIM CTATYC, OMMChIBAEMbIN Aanee.

Ecnu He YKa3aH TUIl HACJICAOBAHUSA, TO TUII HACJICIOBAHUS 110 YMOJIYAHHUIO
OmnpeaAcIsICTCA OMMMCAHUCM THUIIAa HACJIICIHUKA. Ecmu THUIT-HACJICIHHUK OITMCHIBACTCA

7



OanHo4YHOe HacnegoBaHMe

KJIACCOM, TO TUII HACJIEIOBAHUSI — 3aKPBITHIN (private), eCiiv e 3TO CTPYKTypa, TO
HaCJIeI0BaHKE 10 YMOJIYaHUIO OyAeT OTKPHITHIM (public).

Mpumep:

struct A
int x;
3
class c: A {};

int mainQ

C c;

// c.x = 1; // ownbka: B knacce C MU3-3a 3aKpbLITOro no
// YMONYaHW HaclenoBaHWA none X
// CTAHOBUTCSH 3aKpPbITbIM.

return 0O;

Ecnu Tun-HaciaenHUWK OMMCHIBAETCS CTPYKTYpPOW, TO HacjeAOBaHHUE IIO
YMOIYaHUIO CTAHOBUTCS OTKPBITHIM.

Mpumep:

class A
public:
int x;
private:
int y;

’
struct C: A {};

int main(Q)

C c;
c.x=1; // OWMBKU HeT, T.K. Hac/ieJoBaHNe — OTKpbITOE.
return O;

ITpu HEOOXOAMMOCTH OTKPBITOIO HAclEJ0BaHMs 4IEHOB 0a30BOI0 THIIA,
€ClIM THUI-HACJIEIHUK ONHMCHIBACTCA C UCHOJIb30BAHMEM KJlacca, CIEAYeT SBHO
yKa3bIBaTh kBanudukarop public:

class C: public A

int z;

B Apyrmx cuctemax nporpaMmMmMpoBaHus, CBA3aHHbIX, HaNpUMEp, C A3bIKOM Java, He
npeAycMOTPeH KBanuduKaTop A0CTyNa Npy Hacael0BaHMM, TaK KaK B fA3blKe Java
npeAyCMOTPEH TOJIbKO OTKPbITbIM CMoco6 Hac/1e0BaHMS.

3amuiieHHbIi B AocTyna (protected) o3Havaet, 4To YieHbI 0a30BOTO THUIIA
B TUIIE-HACJICIHUKE JTOCTYITHBI TOJBKO JJIsi METOJOB cBoero (0a3oBoro) turma, a
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TAKXKC 11 METOOB IIPOU3BOJHOI'O THUIIA. Bo Bcex ocTanbHBIX ClIydasaX OHU BEAYT
ce0s1 Tak e, KaK YJeHBI C 3aKPBITHIM BHJIOM J0CTyTIa (private).

Mpumep:

struct A

int x,y;

class B: protected A
int z;

pubTic:
¥oid putx (int ap)

X = ap;
};
int mainQ

B bl;
bl.putx(1l);

return O;

OrpanuueHue BUIMMOCTH IIPU HACJIEIOBAHUN OTPAaHUYMBAET MAHUILYJISLIUU
¢ wieHaMH 0a30BOr0 THIA TOJIBKO B 00BEKTAaX TUIMA-HACIEJAHUKA U €r0 MOTOMKAX.
ITooTomy mnpu mpeoOpa3oBaHMM yKa3aTellsd THUIIA-HACJIEJAHUKAa K yKa3aTeNl0 Ha
00BEKThI 0a30BOro THMa paboTa ¢ OOBEKTOM OCYIIECTBISAETCS B COOTBETCTBUU
C NpaBUJIaMH BUIMMOCTH Ul 6230BOT0 Kiacca.

[TycTh ykazaTenlb Ha OOBEKT THUIA-HACIICTHUKA TIPU 3aIIUIIICHHOM HACJe0-
BaHUM NpeoOpa3oBaH K yKaszaTedaro Ha oObekThl 06a3zoBoro Ttuma. Torma pabora
C OOBEKTOM THUIIA-HACIIEHUKA C MCIOJIb30BAaHUEM YKa3aTesls Ha OOBEeKThl 0a30-
BOTO THUIIA MPOUCXOIUT B COOTBETCTBUM C IPaBaMH JOCTyMa Jijisi 6a30BOro THUIMA
(kak yxe OBLJIO yKa3aHO, yepe3 TaKoW yKas3aTelb BUICH HE BECh OOBEKT TH-
na-HaclieJHUKA, a TOJBKO €Tr0 YacTh, COOTBETCTBYIOIIAs 0a30BOMY THUITY ):

struct A
int x; int y;
struct B: A
int z;
;
class C: protected A
{
int z;
)
int main(Q
a;
pa;
)

c;
pc = &C;

NOw>r
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97;C=—i’z; // owmnbka: AOCTYNn K 3aKpbiTOMy MOS0
?)gc=—£’x; // owmbka: AOCTYN K 3aKpbiTOMY MOJI0
Béz==(A;)pc; // CM. npumeyaHue pasnee.
ga=—2;x=4; // NpaBWIbHO: Mnojie A::X - OTKpbITOE
return 0;

TaK Kak B JaHHOM MpUMepe Hac/ieJoBaHWe — 3allMLieHHOoe, TO NPWY NPUCBOEHUM
yKasaTens NpoM3BOAHOIO TUMA yKasaTeslo 6a30BOro Tuna TpedyeTcA ABHOE npe-
obpazoBaHue (pa=(A*)pc;). MNpu OTKPbITOM HacNeAO0BaHWM BO3MOMKHO MpPOCTOE
NpUCBOEHMe yKasaTenen (pa=pc). ITo CBA3aHO C TEM, YTO YKasaTeslb Kpome agpeca
COAEPHKMT MHPOpMaLMio 06 06beKTe. lNpn 3alMLLeHHOM Hac/le0BaHMM M3MEHSA-
€TCA He TOJIbKO COCTaB YJIEHOB KJacca, HO M npaBsa 4ocTyna.

Jlanee Bompockl HacieqoBaHUS OyIyT PacCMOTPEHbI Ha OCHOBE KJIACCOB.
[Tpy HEOOXOIMMOCTH JaHHbIE CBEACHUS MOTYT OBbITh IIepepabOTaHbl sl CTPYKTYP
Cc yueroM oOJIaCTH JOCTyna U KBalu(puKaTtopa AOCTyNa MNpPU HACIECIOBAHUU
B CTPYKTYypax 110 YMOJIYaHHUIO.

10.4.3aKpbiTOE (private)
HacsieoBaHMe

3aI(pBITI)I€ YJICHBI 6a30130r O KJjiaccCa HC,Z[OCTyHHLI HaHp)IMYIO C UCIIOJIBb30BaAHUCM
JIOTIOJTHUTEIBLHBIX METOOB Kjlacca-HacjieIHUKa (Mpu J000M croco0e Haciemo-
BaHI/IH). Pa60Ta BHYTpI/I Kii1acCa-HacCJICAHUKAa C TAKUMHU HOJIy‘-IaeMBIMI/I SaKpBITbIMI/I
YIeHaMHd 0a30BOT0 Kjacca BO3MOXKHA TOJIBKO C HCITOJIb30BAHHEM OTKPBITBHIX
Y 3aIHIIEHHBIX METOLOB 0a30BOro Kiacca.

3aKpbIThIE U 3ALIUIICHHBIE NOJyYaeMble METOJbl HEJOCTYIHBI JUIsl MaHH-
IYJUPOBAaHUS C 00OBEKTOM BHE Kilacca. OHM MOTYT MCHOJIb30BaThCs Kak MOAIPO-
rpamMMBbl IPYTUMHA METOJaMU KJlacca.

[Tpu 3aKkpbpITOM HACIICIOBAHUKM OTKPHITHIC M 3alUIICHHBIC YICHBI 0a30BOTO
Kyacca (JiroObIe) TOCTYMHBI TOJIBKO BHYTPH MPOU3BOJHOTO KJIAcCa M HEJAOCTYITHBI
n3BHE (Yepe3 00BEeKTH MPOU3BOIHOTO KiIacca), Kak M er0 COOCTBEHHBIC 3aKPBITHIC
YJICHBI.

Takum 00pa3om, puBeeHHAs TA0JIUIIA TTOKA3bIBACT BHUJI AOCTYIA JJIs 4Jie-
HOB B TUII€ HACJIEHUKE JUIsl TUIIA HAcJeIHUKA cleaytouiero yposus. Ho, ans Te-
KYIIETro THITa-HACIeHUKA JOCTYITHOCTh 3aBUCUT OT BHJIa IOCTyTa B 0230BOM THIIE.

Mpumep:
class X1

int ix1;
pubTic:
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int f10 { . . .}
’ ..
%1ass Y1l: protected X1
b
%1ass Z1l: public Y1

b
class X2
protected:
int ix2;
public:
int f2 O { . . .1}
o .
class Y2: x2 {. . .};
class z2: public v2 {. . .};

B knacce Y, nepemeHHast ix; HEIOCTyNHAa HEMOCPEACTBEHHO, TaK Kak OHa
B 0a30BOM KJ1acce X| HaXOIUTCS B 3aKphITON ob6nactu. OgHAKO OHA MOYKET OBITh
UCIIOJIb30BaHa B (YHKIMH fi(). B TO e BpeMs QYHKIHUSA f1() HE MOXKET UCIOJIb30-
BaThCsl B KAUECTBE BHEIIHETO METO/IA MO0 OTHOIIECHUIO K OOBEKTY, CO3IaHHOMY Ha
OCHOBE KJ1acca Y/, Tak Kak OHa HaXOQUTCS B 3alllMILEHHON 00acTH Ki1acea Y. 91o
’)K€ OCTaeTcsi CIpaBeIJIMBBIM W JJIsI Kjacca Zj. B Kacce Y, MEepeMeHHas ixy,
B OTVIMUKE OT IEPEMEHHOM iX| B Kiacce V>, JOCTyIHa HEMOCPEACTBEHHO. B kitacce
Z, IepeMeHHast ix; CTAaHOBUTCS HEAOCTYITHOM JIJIsl HETIOCPEACTBEHHOTO MCTIOIB30-
BaHMsI, TaK K€, KaK W IIEepEMEHHas ix; B Kiacce Z;. Jpyrue otauuus KiaccoB Z)
U Z>: B oTiuue ot GpyHKImH f1() B kiacce Z;, GyHKIHA f>() B Kilacce Z; TOCTYIHA
B KJlacce Z, KauecTBE BHYTPEHHEH MOJMPOrpaMMBbI, TOJNbKO ISl (GYHKIIMH, yHAC-
JIeIOBAaHHBIX M3 Kjacca Y,, Tak Kak B KJlacce Y, OHa HAXOAWTCS B 3aKPBITON 00-
JIACTH.

3aKkpeITOC HACJEIOBAHHE IeJIecoo0pa3HO B TOM cllydae, KOTJa MEHSETCs
CYIIHOCTh HOBOTO OOBEKTA.

Mpumep:

ba3oBelii Kjlacc OnuUCHIBaeT (Uryphbl Ha IJIOCKOCTH U UMEET METOABI BbI-
YUCJICHUs TUIOIAan (Guryp, a Kiacc-HacjaeIHUK OMUCHIBAET OObEMHbIC Tela, Ha-
pyUMep, TPU3MBI C OCHOBAaHHEM — TUTIOCKOH (UTypO, OMHUCHIBAEMOW 0a30BBIM
KJIACCOM. B 3TOM cllyyae OOBEM Tela, ONMCHIBAEMOIO KJIAcCOM-HACJIEIHUKOM,
BBIUMCIISIETCS] YMHOKEHHUEM IUIOIA N OCHOBAaHUS Ha BbICOTY. IIpu 3TOM HEe umeer
3Ha4YeHHUs1, KaKuM 00pa3oM IoJIyueHa IUIoIab ocHOBaHUA. Kpome Toro, MeTo/ s
paboTel ¢ 00ObEMHBIMM OOBEKTAMHM OTJIMYHBI OT METOJIOB PAa0OTHI C MJIOCKUMU
o0bekTaMu. [1o3TOMy B JTaHHOM Cilyyae HEe UIMEET CMbICIIa HAacJIeJOBAHUE METOJI0B
6a3oBoro kjacca Juis  paboThl ¢ OOBEKTaMH, OMNMCHIBAEMBIMHU  KJac-
COM-HACJIETHUKOM:

#include <iostream>
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using namespace std;
class twom
double x,y;
pubTic:
twom ( double x1=1, double yl=1 ): x(x1), y(yl) {3}
?oub]e sq(O

return x*y;

};
class thm: private twom
double z;
public:

thm ( double x1 = 1, double y1 =1
double z1 = 1): twom(x1l,yl), z
doubTle vol(Q{return sq(O*z;}

(z1) {3
int mainQ)

thm t1 ( 1, 2, 3 );

double di1;

dl = tl1l.volQ);

cout << "vol=
return 0;

<< dl << "\n';

TakuMm 00pa3oMm, 3aKpbITOE HACJIEJOBAHHE HECKOJIBKO HAIOMHHAET KOMIIO-
3UOMI0 O0BEKTOB, KOTJIA MOJOOBEKT HAXOIUTCS B 3aKpbITOM oOnactu. Bce xe
HEOOXOJMMO MOMHHTD, YTO HACTIEJIOBAHUE — 3TO COBCEM JIpyrasi KOHIICTIIHS ac-
COIII/II/IpOBaHI/Iﬂ KJIacCoOB, 110 MHOTMM CBOHUM CBOﬁCTBaM OTJINYHasA OT arperaum/l,
JIaXKe B €€ CTPOrOM BapHUaHTe (KOMITO3HIIHH ).

10.5.MepeKpbiTHE MMeEH

B npou3BogHOM KiTacce MOTYT HMCIIONIb30BAThCs MMEHA WICHOB Kilacca, MepeKphI-
BaOIIME BUAMMOCTh TaKUX K€ MMEH B 0a30BoM kiacce (overriding). [Ipu nepe-
KPBITUM UMEH NPHU paboTe ¢ 00BEKTOM uepe3 yKaszaresb OyJeT MCHOIHATHCS TOT
METO/l, KOTOPBIN COIEPIKUTCA B Kilacce, UCIOIb3YyeMOM B OOBSBICHUH yKa3aTells,
HE3aBUCHMO OT TUIA 00BEKTa, Ha KOTOPBIH yKa3bIBAET yKa3aTeb.

Mpumep:

#include <iostream>
using namespace std;

class A

pubTic:
¥oid f ( int x )

cout << "A::f" << '"\n';
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};
class C: public A

public:
zoid f ( int x )

cout << "C::f" << "\n';

int main()

A al;
A* pa;
C cl
pc;
pc = &cl;
pc -> f(l) // C::f
pa =
pa -> f(l) // A::f — HecMOTpsA Ha TO, YTO pa yKasbiBaeT
Ha obbekT cl Tuna knacc C.
pc = (C*)& al; // Hebe3zonacHoe npeobpa3oBaHue
yKa3saTtens
// Ha 0bbeKT 6a30BOro Kjacca K ykasaTesw
// Ha 0b6BbEKT MpPou3BOAHOro Knacca (AaHHoe
// npeobpa3oBaHne AONXHO 0OBLABNATbLCS
/ ABHO, MHaye — owwnbka).
pc -> f(1); // C::f — HecmMOTpA Ha TO, UYTO pa yKa3biBaeT
// Ha obbekT al Tuna knacc A,
// B 0bllemM cryyae TaKoW BbI30B HEKOPPEKTEH .
return O;

Unensl 6a30BOro Kiacca ¢ MMEHAaMH, COBIIAJAONMMHM C HMEHAMHU YJICHOB
MIPOM3BOTHOTO KJIAcCa, JIOCTYIHBI B MPOW3BOMHOM Kiacce. JlJis AoCTyma K HHM
HEOO0XO0IMMO YKa3bIBaTh KBanuukaTop (MMs 0230BOTO KJlacca) C UCIOIb30BAHUEM
OTIepaIiy «::», TaK KakK JIaHHBIC YICHBI HAXOJATCS B JOCTYITHOW OOJIACTH BUIH-
MOCTH, KOTOpas HE COBIMAJAeT C TEKyIIeH 00JacThi0 BHIMMOCTH. Takke METO.
0a30BOro Kiacca JIOCTYIEH 4epe3 yKaszaTellb Kilacca-HacleAHHKA IMPH YCIOBHH
UCIIOJIb30BaHUs KBATU(UKATOPA.

Mpumep:

#1nc1ude <iostream>
using namespace std;
class A {

public:
void f ( int x ) { cout<<"A::f"<<'\n'; }

class C: public A

public:
zoid f ( int x )

cout << "C::f" << "\n';

}

void g(){
(1),
(D

}
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int mainQ)

C cl;
C* pc;
pc=&cl;

pc->A::f (1); // Bb30B MeTOoda 6a30BOro knacca c
// wvcnonb30BaHMEM yKa3aTens
// Knacca-Hac/egHuKa.

pc->f (1);

pc->g Q;

return O;

Takum 00pa3oM, MpH MEPEKPHITUN METOJBI 0a30BOr0 Kiacca He «3aTHpa-
I0TCSD» B Kitacce-Hacieqauke. OHU JOCTYITHBI Yepe3 KBIU(UKaTop.

10.6.HacnegoBaHme 1 NOBTOPHOE
MCNOJIb30BaHUE KOAa

[ToBTOpPHOE KCIIOJIB30BaHKE KOJa MPEIoaraeT BblAeJIEHUE HEKOero ¢pparmMeHTa
KOZa B MPOLENypPY, KOTOpask MOKET BbI3bIBAaTbCSI M3 Pa3jIMYHBIX MOAYJEH Mpo-
rPaMMBI.

HacnenoBanue — Hanbosee ynoOHBIH MeXaHU3M JUISl TIOBTOPHOTO MCIOJb-
30BaHusA Kona. CyTb HacleOBaHMs COCTOUT B TOM, YTO B UEPAPXUHU KJIACCOB BbI-
nensiercst 6a30BbI KJIACC, pean3yoUi (PyHKIMOHAIBHOCTh, OOIIYIO Ul BCEX
KJIACCOB-HACIIETHUKOB. Kilacchl-HACIeTHUKH HACIEIYIOT 3Ty (PyHKIIMOHAIEHOCTB,
a TaKKe MpU HEOOXOIUMOCTH peau3yoT HEKOTOPbIE JIOTIOJIHUTENbHbIE (PYHKIINY,
cnenuuIecKkue sl 3TUX KIIACCOB-HACIIETHUKOB.

B cnyuae otkpsiToro (public) HacnenoBaHusi OTKpBITbIE METObI 0a30BOTr0O
KJ1acCa, OCTarOTCA OTKPBITBIMU MCTOJaMU KJIaCCOB-HACJICIHUKOB, TAKUM 06pa30M,
uHTepdeiic 0a30BOro Kiacca paclIMpseTcsl B Kilacce-HacleJHHUKE. B Cllydae 3a-
KPBITOTO (private) Hacieq0BaHUS METO/bI 0Aa30BOI0 KJlacca HE MOTYT HCIIOJIb30-
BaThCsl B KJIaCCE-HACJIEJHUKE B Ka4eCTBE METOAOB HMHTepdeiica, HO MOTyT HC-
IMMOJIB30BATHCA KaK NOANPOIrpaMMBbl IJI BBITIOJIHCHUA HCKOTOPLIX 0a30BBIX ,Z[GI>'ICT-
BUH (MX MOXHO BBI3BIBATh U3 IPYTUX JOCTYIHBIX METOJIOB IPOU3BOIHOTO KJ1acca).

[ToaToMy 3aKkpbITOE HACJIEeOBAaHHE HAa3bIBACTCS HACIIEIOBAHUEM pealln3aluu
B IIPOTHUBOTIOJIOKHOCTD HACJIeIOBAaHHIO HHTep(delica (OTKPBITOE HACIIETOBAHHE).

HacnenoBanue peanu3anuu MOXHO 3((GEKTHBHO HMPHUMEHSTH [IPU MOCTPOE-
HUU CXEM OTHOIIECHUH B CIOXKHBIX cucTeMax. Hanpumep, COBOKyITHOCTh 0a30BbIX
KJIAaCCOB MOXKET OIUCHIBATh OOOOLICHHOE IBOMYHOE OTCOPTHPOBAHHOE IEPEBO
¢ 0000IIEHHBIMH BEPILIMHAMH:

class bnode

// Knacc, onuchiBawwui 0606LEHHYI BeplnHY

friend class gen_tree;

friend void out (bnode* n);// dyHKuUMA-apyr Ana BbiBOAA
// DaHHbIX, XPaHAWUXCSA B
// BepluMHe
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bnode* left;

bnode* right;

void* data; // 0b00blleHHbIN yKa3aTeslb Ha MHhopmauumio
// B BeplnHe

int count; // CYeTUYMK MOBTOPEHUN 3HAYEHUS BO

// BXOAHOM MOTOKe
bnode (void* d, bnode* 1, bnode* r):
! data(d), Teft(1), right(r), count(l){}

class gen_tree

// Knacc, onuchiBawumini obobileHHoe aepeBo
protected:

bnode* root; // CCbinKa Ha KOpeHb

void* find(bnode* r, void* d) const;

void print(bnode* r) const;
public:

gen_tree (O { root=0; }

void insert ( void* d ); // BBOA AaHHbIX B BepLMHbI
Jepesa.
OT peanu3auuu 3TON (GYHKLUK
3aBUCUT YNOPAAOYEHHOCTb JaHHbIX
B JepeBe.
3Ta (GyHKUMS B CBoen paboTe
ncnonb3lyet dyHkuuwo find ans
nouckKa JAaHHbIX B JepeBe
void* find ( void* d ) const

NN
NN

return ( find ( root, d ) );

void print () const {print ( root );}
// BbIBOJA, AaHHbIX .
// OT peanu3aumm 3Tou GYHKUMU
// 3aBUCUT BbIBOJA, AaHHbIX,
// XpaHaumxcs B Aepese.

}s
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Bo3morkHasa peanmsauma METOA0B OMMCAHHbIX K1AaCCOB:

int comp ( void* a, void* b );

// obbaABNeHUe GYHKUUM ANA CpPaBHEHUS [AAHHbIX,

// XpaHAaWMxXcs B BepwMHax. KOHKpeTHas peanusauus

// GYHKUMM 3aBUCUT OT TUna AaHHbLIX, XPaAHAWMUXCSH

// B KOHKpPETHOM JAepeBe, KjacC AN KOTOPOro siBNseTcCs
// HacnegHUKoM Knacca obobueHHoro paepesa.

void gen_tree::insert ( void * d )

}

bnode* temp = root;
bnode* old;
}f ( root == 0 )

root = new bnode (d, 0, 0);
return;

Iy 2
?hi1e ( temp !'=0 )

old = temp;
}f ( comp ( temp -> data, d ) == 0 )

( temp -> count )++;
return;

iy

if ( comp (temp -> data, d ) > 0)
temp = temp -> Tleft;

else
temp = temp -> right;

I
if (comp ( old -> data, d ) > 0)
old -> left new bnode ( d, 0, 0 );

else
old -> right = new bnode ( d, 0, 0 );

void* gen_tree::find (bnode * r, void* d) const

}

if (r == 0)
return O;
else if (comp ( r -> data, d) == 0)
return r -> data;
else if (comp (r -> data, d) > 0)
return find (r -> left, d);
else
return find (r -> right, d);

void gen_tree::print (bnode * r) const
if (r 1= 0) {
print (r -> left);
out (r);

Ha ocHoBe 06a3oBoro kiacca OOOOIIEHHOTO JepeBa MOXKHO CO3/aTh
KJIaCC-HACJICAHUK ISl XpaHEHUs JaHHBIX KOHKPETHOTO Tuma. [Ipu 3ToM oCHOBHBIE
aNropuTMbl OyayT peaan3oBaHbl B 0a30BOM KJjacce. B Kilacce-HacleAHHUKE ATH
AJITOPUTMbI UCIIOJIB3YIOTCA IyTEM BbI30BAa COOTBETCTBYIOIIMX METO/OB, PEAIU30-
BaHHBIX B 0a30BOM KJjacce, C repenayeil UM HEOOXOIUMBIX MapamMeTpoB, COOT-

print (r -> right);

BCTCTBYIOIIUX JaHHBIM KOHKPCTHOI'O BUA.
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HpI/IBeIleM MMPEACTABJIICHUC KJIACCa IJId XPaHCHUSA JAHHBIX TUIIda CUMBOJIBHBIX
CTPOK, a TaKxe peanuzanuio GyHKUUd comp() I CpaBHEHHUS TaKWUX JTaHHBIX
1 out() IUTsl BBIBOJA TAHHBIX KOHKPETHOT'O THIIA, XPAHSIIUXCS B BEPIIUHE JIepPeBa:

class s_tree: private gen_tree

public:
s_tree O {}
void insert (char * d) {gen_tree::insert (d);}
char * find (char * d) const

return (static_cast<char *>(
gen_tree::find (d)));

h
void print() const {gen_tree::print (;}

int comp (void * i, void * j)

return (strcmp (static_cast<char*> (i),
static_cast<char*> (j)));
h

void out (bnode * r)

cout << static_cast<char*> (r -> data) << " : ";

cout << r -> count << "

strcmp() — cTaHAapTHasA npouejypa CpPaBHEHMA CMMBOJIBHBIX JaHHbIX, COAEpKa-
wasnca B 6ubamnoteyHoM damne <string.h-.

[Ipu Tak omMcaHHOM peanu3alM METOAOB insert() W print() B 6a30BOM
KJlacce aHHbIE M3 JiepeBa BHIBOJATCS B OTCOPTUPOBAHHOM BHje. Tak, mpu ciie-
JyIolLeM Habope onepanuii BBoJa B I€PEBO:

s_tree sl;
sl.insert
sl.insert
sl.insert

¢
(!
('
sl.1nsertE
('
('
);

4')
l2 l)
llll)
l3ll)
sl.insert("6");
sl.insert("5");
sl.insert("7");
sl.print();

B BBIX0HOM TTOTOK OY/IET BbIIaHA CIICAYIOIIAs CTPOKa:

1:1 2 11 3:1 4 : 1 5:1 6 :1 7
1

Ecnu peanuzanus metonoB print() OyAeT Clenyrome:

int Tev;

zoid gen_tree::print0 () const
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lev = 0;
print0 (root);

void gen_tree::print (bnode* r) const

int pp;
}f (r '=0)

out (r);

Tev++;

print0 (r -> right);

cout << '\n';

for (pp = 0; pp < lev; ++pp)
cout << " -

print0 (r -> left);

lev--;

}s

To nepeBo OyneT BHIBEJICHO B BUJIE HEPAPXUUECKON CTPYKTYPBI, TOBEPHYTOM
Ha 90°:

N

=
RwouiN
R
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B C++ BBeneHO NOHATHE BHPTYAJIbHBIX (PYHKIHUH (MeTOAOB). MexaHu3M BUp-
TyaJbHBIX METOJIOB 3aKJIIOYAETCS B TOM, YTO, PE3yJIbTaT BbI30BAa BUPTYAIbHOI'O
METO/a C UCIOJIb30BaHUEM yKa3aTellsl WM CCbUIKM 3aBUCUT HE OT TOTO, HA OCHOBE
KaKoro THIMa CO3aH yKasareib, a OT THUIIA 00bEKTa, HA KOTOPbII yKa3bIBa€T 3TOT
yKa3aTellb.

Tun gaHHBIX (KJ1acc), COAEpKAIIUN XOTs Obl OJJHY BUPTYJIbHYIO (DYHKIIHIO,
HA3bIBACTCS MOJUMOP(HBIM THIOM (KJIAacCOM), a OOBEKT 3TOTO THUIA — IOJIH-
MOP(HBIM 00bEKTOM.

Takum 00paszom, mpH BBI30BE BUPTYaAJTbHOH (YHKIMM 4Yepe3 yKas3aTenb Ha
NOJIMMOP(HBIA 00BEKT OCYIIECTBISETCS AWHAMHUYECKUI BBIOOp Tena (QyHKUUU
B 3aBHCUMOCTH OT TEKYILEro Teja o0beKTa, a He OT THIIA yKa3arens. Temo QpyHK-
IIUH B TAKOM CJIy4ae BBIOMpAETCs Ha 3Tarle BBIMOJIHEHHS, @ HE KOMITWISILIMU. B 3TOM
Y TIPOSIBIISICTCS JMHAMUYECKUAN TTOTMMOP(HU3M.

B s3bike C++ BUpTYyasibHble METOAbI KIAacCOB CYLIECTBYIOT Hapsay C HEBUPTyasb-
HbIMM METOJlaMM. B HEKOTOPbIX OGbEKTHO-OPMEHTUPOBAHHBIX fA3blKaxX MPOrpaMMu-
poOBaHMA, Harpumep, B A3blke Java, BCe METObl B MEPApXMSAX KNAacCOB ABAANOTCSA
BMPTYaJIbHbIMMU.

BupryaneHas ¢yHKuus oObsBiseTcs omucarenem virtual. Bo Bcex kiac-
cax-HaclleIHUKaxX HaclieyeMasi BUpTyajbHasi (DyHKIHS OCTaeTcs TaKOBOH (BHp-
TyanbHOH). Takum 00pa3zom, BCe THIbI-HACIECIHUKH MNOIMMOP(HOro THUMA SBIIS-
I0TCS HOJTMMOP(HBIMH THITAMH.

Mpumep:
#include <iostream>
using namespace std;

class A

public:
virtual void f (int x)

cout << "A::f" << "\n';
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i
class C: public A

pubTic:
¥oid f (int x)

cout << "C::f" << '"\n';
b
int main(Q)

A al;

A* pa;

C cl;

C* pc;

pc = & cl;

pc -> f (1); // C::f
pa = pcC;

pa -> f (1); // C::f
pc = (C*) & al;

pc -> f (1); 7/ Agefr

11.1.BupTyanbHble A4eCTPYKTOPbI

BupryanpHblii 1eCTpyKTOp — BakHas 4acTh amnmapara JMHAMUYECKOTO MOJIH-
Mopdusma. Jleno B TOM, YTO, €CIIM yKa3aTelb TUIla 0a30BOro Kjacca yKa3blBaeT Ha
OOBEKT IMPOU3BOJHOIO Kjacca, TO MpPU yAAJECHUH OOBEKTa C MCIOJIb30BAaHHEM
JAHHOTO yKasaTelsd B Cllydae HEBHPTYaJbHOCTU JAECTPYKTOPOB CpabOTaeT JAecT-
PYKTOp TOTO THUIA, KOTOPBIHA OBLI MCHOIB30BaH NMPHU 00BsABICHUN yka3aTens. [Ipu
ONHCaHUH KOHCTPYKTOPOB U JIECTPYKTOPOB yKe ObLIO yKa3aHO, YTO MPH yAaJIeHUU
00BEKTa BO BTOPYIO Odepe/lb CpabaThIBaeT AECTPYKTOpP 0a30BOr0O THIIA, YAAmss
MH(QOPMALMOHHBIE WIEHbl 0a30BOTr0 THIA, YHACIEJOBAHHbIC B THIIE-HACIEIHUKE,
a cHayajia cpa0aThIBaeT IECTPYKTOP TEKYLIEro 0ObeKTa, yAasss JOMOIHUTEIbHbIE
YIEHbl TUNIa-HaclaeAHuKa. Takum o0pa3oM, necTpykTop 0a30BOro THIa MPUMEHS-
eTcs K 00bekTaM Mpou3BoaHoro tTuna. Ho npu ero nokajabHOM cpabaThIBaHUM HE
OyIyT y/ajeHbl JONOJHUTENbHbIE YIEHbI TUIIa-HACIEIHUKA.

Takum 006pazom, NpHU CO3IaHUM U yIAIEHUU O0BEKTOB MMPOU3BOIHBIX THUIIOB
C MCIIOJIb30BaHUEM YKa3aTesneld HeoOXOJMMO ONHMCHIBATh JAECTPYKTOPBI Kak BHp-
TyaJIbHbIC, €CJIM THUIIBI-HACJICIHUKA B CBOEM COCTaBE€ HMEIOT IWHAMUYECKUE
cTpykrypsl. [Ipu sTom:

1. BupryanbHbIl JECTPYKTOP HEOOXOAUM H Il 0OBeKTa 0€3 TUHAMHYe-
CKHUX CTPYKTYD B ClIy4ae HAIMYKS JUHAMUYECKUX CTPYKTYp y TH-
na-HaclieJHUKA, TaK KaK JECTPYKTOP, ABTOMATHYCCKH TCHEPUPYEMBIi
CUCTEMOI 10 YMOJYaHHIO, SIBIISICTCS HEBUPTYAIbHBIM.

2. HecmoTps Ha TO, 9YTO UM IECTPYKTOPA MPOU3BOIHOTO Kjlacca OTiInuva-
eTCsl OT IMEHH JeCTpyKTopa 6a30BOro Kiacca, JOCTaATOUHO OObSIBICHUS
JIECTPYKTOpa BUPTYaJIbHBIM TOJIBKO B 0a30BOM KJj1acce.
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3. KoHcTpyKTOp, B OTJIMYHME OT NECTPYKTOPA, HEJIB3S1 ONUCHIBATH KaK BUP-
TyaJIbHBIM, TaKk KaK BCerja cpadaTbiBaeT KOHCTPYKTOP UMEHHO TOTO TH-
1a, KOTOPBII HCIONb3yeTCs MPHU CO3JaHUN 00BEKTa, U TOJIBKO MOCe
Co3aHMsI 00BEKTA €ro aJpec NepeaaeTcs Uisl IPUCBOCHMSI YKa3aTellto.

Mpumep:

#include <iostream>
using namespace std;

class A
int* pa;
int ia;
public:
?(1nt parl = 10)
ia = parl;
pa = new int [parl];

) cout << "AQO ";
virtual ~A O

delete [] pa;
cout << "~AQ ;

virtual int sa ()
return ia;
};
class C: public A
double* pc;
int ic;
public:
% (int par2 = 10, int parl = 10): A (parl)
ic par2;

pc = new double [par2];
cout << "cO) "

~C O {
delete [] pc;
cout << "~CQO ;

virtual int sc O

return ic;
};
}nt main()
A* ppl = new C(C 5);
// . . . _ _
cout << '\n' << "size int = " << ppl -> sa );
cout << " size double = ";
cout << ((C*) ppl) -> sc O << '"\n';
delete ppl;
! return O;
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KomMeHTapuit no pa6oTe Nporpammsl.

1) B Havase paboTbl co3aaeTca O6bEKT TMNa Knacca C (mpu 3TOM 4vepe3 06bsB-
JIEHHbIM YKa3aTesib 6yAyT AOCTYMHbI TOJIbKO YJIeHbl, YHAC/1eJoBaHHble OT 6a30BOro
Knacca A). lMpu co3gaHmMM o6beKTa CHavasia cpabaTtbiBaeT KOHCTPYKTOp 6a30BOro
KNlacca, co3jaBas LEesIoYMC/IEHHbIM MaccuB. TaK KaK A/ 3TOro MaccuBa hakTu-
YeCcKoro napameTpa HeT, TO B KayeCTBe pa3mepa MaccuMBa bGepeTcs 3HauyeHue no
YMONIYaHMIO, 3aZlaHHOe B KOHCTPYKTOpe 6a30BOro Ksjacca. 3aTeM cpabatbiBaeTt
KOHCTPYKTOp Knacca C, co3gaBas A0MNOJIHUTE/IbHbIM BeLeCTBEHHbIM MAacCUB.

2) B KOHUe paboTbl yAanseTcs Co3haHHbIM 06bEKT. TaK KaK AeCTpyKTop 6a30BOro
Knacca o6bABNEH BUPTYasibHbIM, TO CHayasa cpabaTbiBaeT AECTPYKTOP TEKYLLEro
06beKTa, yAanAa BelleCTBEeHHbIM MaccMB, a 3aTem — JeCTPYKTop 6a30B0Oro Kiacca,
yAanas UenounCcNeHHbIM MaccuB. B pesynbTate paboThl 4aHHOM Nporpammbl 6yaeT
BblaHa cieayolas uHdopmMaumsa:

AQ €O .
size int = 10 size double = 5
~cO ~AQ

3) Ecam 6bl aecTpyKTop 6a30BOro Kjiacca He 6bla1 06bsABAEH BUPTYabHbIM, TO MpU
yAaNleHNM 06bEKTA B COOTBETCTBUM C TUIMOM YKasaTena pp; ANA 06beKTa 6bln 6bl
BbI3BaH TOJIbKO AECTPYKTOP 6a30BOro Kjacca. B pe3y/ibTaTe BeleCTBEHHbIM MacCMB
ocTasca 6bl HeyJaNeHHbIM, M 6bl1a 6bl BbldaHa MHMOpMaLmS:

AQ O .
size int = 10 size double = 5
~AQ)

4) HecmoTpsa Ha To, YTO MeToj sc() B Knacce C ABnAeTCA BUPTYa/ibHbIM, OH He-
AOCTYNeH HanNpsAMYIo Yepes yKasaTeslb ppq, Tak Kak 3TOro METoAa HeT B CTPYKType
Knacca A. lMo3ToMy ANA Bbi30Ba 3TOr0 METOAa AN CO3/1aHHOrO O6beKTa 4epes
yKasaTeslb pp; TpebyeTca npeobpa3oBaHue:

((c®)ppl)

C Apyro# cTopoHbl, ec/in 6bl B Knacce ¢ 6bla1 ONMcaH METO/ C MPOTOTUNOM: int sa(),
TO OH 6bl1 6bl BUPTyasIbHbIM M MO Onepaumm pp—>sa() cpaboTasn 6bl €ro airopuTMm,
a He aNropmMTm MeTtoaa sa(), 06bABIEHHOrO B 6a30BOM Kaacce.

11.2.Peannsauma BupTyasibHbIX
DYHKLUMM

Jlis peanu3anuy MeXaHHU3Ma BUPTYAIbHBIX (YHKIMH UCTIOIB3YETCS CIEIHAIb-
HBIM, CBSA3aHHBIN C MOJIMMOP(HBIM THIIOM, MAaCCHUB yKa3aTeliel Ha BUPTyabHBIC
Meroabl kinacca. Takoilt MaccuB Ha3biBaeTca Tabauneid Bupryaasabix Meronos
(TBM). B xaxapiii nmonuMop(HbIA 00BEKT KOMITHJIATOP HESBHO MOMEMIAET yKa-
3aTenb, YCIOBHO 0003HAUaEMBIi Kak

vtb1* pvtbl;

Ha coOTBeTCTBYIOIYIO TBM, XpaHsiyo agpeca BUPTyaJbHbIX METOJOB.
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Jlis yka3zaHHOTO BBIIIE MIPUMEPA C BUPTYATbHBIMH (QYHKUIUSAMH OyIyT CO3-
JIaHBbI CIIETYIOIINE CTPYKTYPBI:

Knacc A TBM ans knacca A O0bekT TMNa knacc A

vthl*  pvthl A & ~A() vthl*  pvtbl

int* pa A &sal) | | ...

int ia

A()

Knace C TBM ana knacca C Ob6vekT TuUNa knacc C
vtbl* pvtbl A & ~A() .
e oa A & sa() vtbl*  pvtbl
int ia C:: &~C( | | T
A() C:: & sc()
double* pc
int ic
Co

B TBM Ttumna-HacnenHuka MMEKOLIMECS aapeca OJAMHAKOBBIX METOJNOB 3a-
MEIIAIOTCA, a HOBBIE — IOIMCHIBAIOTCS B KOHell. Tak, eciu Obl B kiacce C ObLI
OTKCaH METOJ| ¢ mpoToTunoM int sa(), To TBM ans knacca C umena Ob1 BUA:

A | & ~A()
C: | &sa()
C: | &~C()
C:: | &sc()

Tak xak ykazarenp Ha TBM HaxomuTcst B caMoM Hadane OOBEKTa, TO OH
JOCTYTIEH BCeria, KakuM Obl HM ObLT THIT YKa3aTelns Ha 00beKT. KoHeuHo, mpu 3ToM
u3 TBM MOryT OBITH BEIOpAHBI TOJIBKO T€ METO/IbI, KOTOPBIE HMEIOTCS B CTPYKTYPE
yKkazaTens (BXOIAT B TakK Ha3biBaeMblii uHTepdeiic), To ecTb, Kak MOKa3aHO
B IIpUMeEpe, €Clii 00BEKT MPOU3BOIHOrO THUIa 0OpaldaThIBacTCs Yepe3 yka3aTelb
6azoBoro tuma, To 13 TBM nmanHOro 00BEKTa MOKHO BBI3BIBATh TOJIBKO BHPTY-
aJIbHBIE METO/IbI, IIEpeUnciieHHbIe B 6a30BoM Tune. EcTecTBeHHO, pu 3TOM OyaeT
BBITMOJIHATHCS aJITOPUTM, ONPEICIECHHBIN ISl TaHHOTO OOBEKTa B COOTBETCTBHUHM
C €ro TUIIOM.

W3nepxkamMu MpU UCIIOJIB30BAHUM BUPTYaJIbHBIX (DYHKLUMH SIBISETCS J0-
HOJIHUTENIbHASL TaMsITh JUIS HESIBHOTO XpaHeHHs ykaszateds Ha TBM B kaxkaom
nOJIMMOP(PHOM 0OBEKTE.
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11.3. AGCTpaKTHbIE KNacchl.
YncTole BUpTYyasibHble PYHKLUUM

Yucras BupTyanbHas GyHKUUS — (QyHKIUSA BUJA:

Tun

. Hma DopmanbHble
virtual 6036pawaemozo P
dyuxyuu napamempul

SHAYECHUs

Takast popma 3anucu GyHKIIMK O3HAYACT, YTO JaHHAsT (QYHKIUSA (TOUHEE —
METOJ KJIacca) He UMEET Tella, ONHMCHIBAIOIIETO €€ aITOPUTM.

AOCTPaKTHBIN KJIACC — ITO KJIACC, COACPIKAIMUH XOTS ObI OHY YHCTYIO
BHPTYAJIbHYI0 (PyHKIHIO.

Henp3s CO31aBaThb O0OBEKTHI Ha OCHOBE a6CTpaKTHI)IX KJI1aCCOB, TaK KakK IIO-
CJICAHUC, UMECsI B CBOEM COCTABC YHCTBHIC BUPTYaAJIbHBLIC q)YHKI_[I/II/I, HEC ABIAIOTCA
INOJITHOLICHHBIMH THIIAMH JTaHHBIX. OZ[HaKO YKa3aTein Ha a6CTpaKTHI>IC KJIaCChI
CO3aaBaTbh MOKHO.

Hecmotpst Ha TO, 4TO aOCTPaKTHBIN KIIACC HE SBISETCS MOJHOLICHHBIM TH-
noM, TBM nmna Hero co3naercs. Ilpu stom B TBM nepeuuncnaiorcs Bce BUPTY-
aJbHbIe (DYHKIIMU, B TOM YHUCIIE M YHCThIE BUPTyaJlbHbIC (DYHKLINH.

B knacce-HacneqHuke yuctas BUPTyanbHas (QyHKIUS MOKET OBITh MEPEOI-
peneneHa oObIYHOW BHPTYalIbHOM (YHKIHEH C COOTBETCTBYIOIIEH 3aMEHOM ITyc-
TOTO 3HAYCHUS Ha ajipec nanHoi pynkuuu B TBM kiacca-HacieIHUKA.

Knacc-nacnenHuk abcTpakTHOTO Kiacca MOXKET TakKe ObITh abCTpakTHBIM
KJIACCOM, €CITM B HEM ocTajach (WM ObLUIa JIONOJHUTEIIEHO BBEICHA) XOTS OBl OJHA
YHUCTasi BUPTyalbHask QyHKITHSL.
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AmnmapaT 00paboTKu omMOOK MO3BOJISIET CO3/1aBaTh HAJIEKHO paboTaromue mpo-
rpaMMBbI, KOTOpBIC HE 3aBEPLIAIOTCS aBapUHHO B CIy4ae BOSHUKHOBEHHS HEOXKH-
JAHHBIX ABapUIHBIX CUTyalMid. TakuMHM aBapHUiHBIMU CUTYaIMsSIMH SBISIOTCS,
HarpumMep, OTCYTCTBHE HeoOxoaumoro (aiina, 6IOKHpPOBKa 3amucy UHPOPMALIHU-
OHHOM 0a3bl U T. 1.

Jnss 00pabOTKH HMCKIIOUUTENBHBIX CHTYalluid HCIIOJB3YIOTCS KITIOUEBBIC
cioBa try, catch v throw.

YacTe mporpamMmbl, IpU BBITIOJHEHUH KOTOPOH HEOOXOAMMO OOECIEeYHTH
00pabOTKy MCKIIFOUMTENbHBIX CUTYyaIlui, MOMeIaeTcs B try-010k. B mporpamme
MOYET OBITh NMPOU3BOJILHOE KOJIMYECTBO MPOU3BOJILHO BIOXKEHHBIX JIPYT B JpyTra
try-0J10KOB.

Ecnu ommbka BO3HHMKIIA BHYTPU HEKOTOPOTO BHYTPEHHETO #ry-0ioKka (1160
B BBI3BAHHOM M3 HETO (DYHKIINN), TO C TIOMOUIBIO HHCTPYKIUU throw BO30YyKIaeTcs
UCKIIIoYNTeNnbHast cutyanusi. CurHan o TakoMm Bo30ykIeHuH OyaeT mepexBadyeH
1 00paboTaH B Tene (QyHKIUU-00pabOTUMKA, PACTIONOKEHHOM TIOCTIE KITFOYCBOTO
cnoBa catch. O6paboOTYNKU MOMENIAIOTCS cpa3y mocie fry-6moka. [Ipu BO3HHUK-
HOBEHUHU HCKIIIOYUTEIBHON CHTyallud YTpaBJICHUE TEPEeNacTcs B IMOAXOISIINI
00paboTuuK U B #ry-0J10K HE BO3BpamaeTcs (IeHCTBUTEIBHO, PU BO3SHUKHOBEHUH
NoJO00HON OMIMOKM MPONOJKEHHE HMCIIONHEHHS YacTH alroOpuUTMa, cojleprKarieit
JAaHHYI0 OMIMOKY, HelleJaecoo0pa3Ho, a 4aCcTo, U MPOCTO OECCMBICIICHHO).

OcHoBHBIE (hOPMBI UCTIONB30BAHUS try, catch, throw:

try {

throw NCKNKY_CUTyauuna,;

}

catch(type) {/% .. . throw . . . */}
catch(type arg) { /* . . . throw . . . */}
catch(. . .) {/* . . . throw . . . */}

[TapameTpoM UHCTPYKUUU throw SBISETCS MCKJIIOYHUTEIbHAA CUTYalUsl —
00BEKT HEKOTOPOTO THUIIA, B YACTHOCTH, BCTPOEHHOr0. Tak, B KadyecTBe UCKIIOYH-

89



CpefcTtBa 06paboTKM OLIMBOK, MCKIYEHMA M 06paboTKa UCKII0YEHUIA

TETHHON CUTYAIlUU MOXET OBITh JMArHOCTUYECKOE COOOIIEeHHE (TO €CTh, CTPOKA)
WY YUCIIO.

Ecnu 06paboTunk HE MOXKET 10 KOHIIAa 00padoTaTh MCKIIOUUTENbHYIO CH-
Tyaluio, TO UHCTPYKIUS throw 6€3 mapamMeTpoB nepeaaetT o0padoTKy 00bEeMITIO-
eMy #ry-0JI0Ky (TaK Ha3bIBa€MbIH Mepe3amycK NepexBaueHHOTO NCKITIOYCHUS).

12.1.TpaBnna BbIOOpa 06pabOTUYMKA
MCKII0YEHUSA

[Ipy BOBHMKHOBEHWH HCKIIOYUTEIHLHOW CUTyaru oOpaboTuuku catch mpocmar-
pHUBaroTCs B Mopsiake ux cienoanus. CpabaTbiBaeT TOT 00paboTUMK catch, Tui
napaMerpa KOTOPOI'O COOTBETCTBYET THUIy HCKIIOYUTEIBHOM  CHUTyaluu
B UHCTPYKLUU throw.

O0paboTymk ¢ mapaMeTpoM 0a30BOTO THITA TIEPEXBATHIBACT HCKITIOUNTEb-
HYI0 CHUTyallll0 THUMa-HacienHuka. llosTomy o00paboT4yMK ¢ mapameTpoMm TH-
na-Haclie/IHUKAa JIOJDKEH OBITh OOBSBICH paHbIIe OOBsBICHUS 00paboTunka
¢ mapamMeTpoM 6a30BOro TUMA.

ApryMeHT arg npu Hayane paboTbl 00OpaboTyHKa Mojy4yaeT 3HAUYE€HUE HUC-
KJIIFOYUTEIbHON CHUTYAIlMU, YKa3bIBA€MOW B MHCTPYKUUU throw. Ero MoOXHO HcC-
NO0JIb30BaTh B Tene oOpaborunka. O0padoTuuMk catch(...) TepexBaThIBaECT BCe
UCKIIIOUUTENbHbIE cUTyaluu. [103ToMy OH AOJKEH OBbITh MOCIEIHUM B CIIUCKE
00paboOT4YHKOB.

Ecnu 115t ICKITIOYUTENBHOM CUTYAIMH HE OMTUCAH MOIXOASIINI 00paboTunK
[I0CJIE COOTBETCTBYIOLIETO OJIOKA #ry, TO AaHHAs CUTyalus IepexBaThiBaeTcs 00-
paboTunkoM 171t 0O BEMITIONIETO try-0JI0Ka.

Ecmu momxomsmuii 0OpaOOTYMK HE HaWJACH BO BCEX OOBEMIIIOIIUX
try-06510Kax, TO BBINOJHACTCA CTaHIapTHas GyHKuus ferminate(), KOTOpas Mo 3a-
BEpIIICHUU PabOTHI BBI3BIBACT CTAHAAPTHYIO QYHKIHUIO abort(), aBapuiiHO 3aBep-
HIAFOIIYI0 PabOTy MPOrPaMMBI.

[Tpn onucanny GyHKIMN MOKHO YKa3aTh THITHI HCKITIOUUTEIBHBIX CUTYAIHH
(cmenudukanus UCKJIOYEHHUIT ), KOTOPbIE MOXKET BO30YKAaTh (QYHKIIHS:

Tun

Hmun DopmanvHvle
6036paUAEM020 P Dy [
SHAYEHUA Y P P

Cnucox
throw
munoe

Ecnu crimcok mocie KiIroueBoro cioBa throw 1myct, TO GYHKIHS HE MOXET
BO30Y’K1aTh HCKIIOYUTENBHBIX CUTYyallMd C MOMOIIBIO MHCTPYKIHMH throw (HU
IpsIMO, HU KOCBEHHO).
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Mpumep:

void f1() throw ( int, over_flow );

void noexcp ( int I ) throw();

Ecmu B mporoTtune (yHKIMH OTCYTCTBYET KJIIOUYEBOE CIIOBO throw, TO
byHKIUS MOXKET BO30YkIaTh TI000€ UCKITIOUEHUE.

[Tpu HapymieHNH crienUUKAIMA UCKITFOUEHHH, BBITIOIHACTCS CTaHAapTHAsS
byHKIUS unexpected(), aBapuiiHO 3aBepIIAIOIIAS IPOTPAMMY.

brok try Mmoxet copepxkarh (hparMeHT MPOTrPAMMBI, B KOTOPOM OOBSBIISIOTCS
00bekTh. [Ipy 3TOM B KOHCTPYKTOpax KJIACCOB JIJIS JAHHBIX OOBEKTOB MOTYT
BOSGY)I(Z[aTLCSI UCKIIFOYUTCJIIbHBIC CI/ITyaL[I/II/I B cnyqae HCBO3MOXHOCTHU KOppeKT-
HOTO CoO37aHMsg OOBEKTa II0 IepeJaBacMbIM IMapaMeTpaM. B ITOM CiIydae
B MIOJIXOJAIIEM 00paboTUYHKe ISl JAaHHOTO fry-0JI0Ka BO3MOXKHO KOPPEKTHO 00-
paboTaTh CUTyallUIO HEBO3MOKHOCTH CO3/IaHUS OOBEKTA.

Mpumep:
#include <iostream>
using namespace std;
class vect
int* p;
int size;
public:
vect ( int n ): size (n)
if (n < 1)
throw n;
p = new int [n];
if (p =
throw "no free memory";
g
~vect O
) delete[] p;
//

int g ( int m)
try
vect a(m);
catch (int n )

cout << "error of size
return 1;

] L
<< n << "\n';

catch ( const char* er )

cout << er << '"\n';
return 2;

s
//

return O;
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int mainQ)

int ierr;

int m;

[/ ..
ierr = g (5);
ierr = g (0);
[/
ierr = g (m);
// . ..
return 0;

12.2.CtaHAaapTHble UCKIIOYEHUA

CrangapTHble UCKIIOUYEHHUS — THUIIbI JAHHBIX (KJIACChl WM CTPYKTYpbl), ONUCHI-
BAIOIIIME  HEKOTOPBIC  MPEIOIPENCICHHBIC  UCKIIOYUTEIBHBIE  CUTYallMH,
B YaCTHOCTH, OHU MOTYT COCTABJISITh UEPAPXHUIO THUIIOB.

CraHpapTHbIE UCKITFOUEHHS] MOTYT OBITh BKJIIOUEHBI B COCTaB KOMIIMJISTOPOB
C++ UM MOCTaBIATHCS BMECTE CO CTaHAApPTHOM Oubmuorexoir. OOBIYHO, COOT-
BETCTBYIOIIME KIIACChI M CTPYKTYpBl COJIEp’KAaTCAd B TEKCTOBBIX 3arojOBOYHBIX
daiinax, Hampumep, B <exception>, <excpt.h> ¥ OpyTruX aHAJIOTUYHBIX, KOTOpBIC
MOIKJTIOYAIOTCS SIBHO WJTM HESIBHO JUPEKTUBOM Tpenpolieccopa #include.

CraHpapTHble MCKIIIOUEHUS, ONIMCAHHBIE KJIACCOM WIH CTPYKTYPOH, COIEp-
KaT BHYTpPEHHHE MH()OPMALMOHHBIC WICHBI, KOTOPhIE MOTYT OBITh MPOAHATH3H-
pOBaHbl, a TaKXe COOCTBEHHBIE KOHCTPYKTOPBI, JECTPYKTOPbI M HEOOXOAUMBIE
METO/BI.

12.3.MocnepoBaTeNnbHOCTb AEUCTBUM
NpY BO3HMKHOBEHUM
MCKJIIOMUTESIBHOM CUTYaLIUM

1. Co3nanue BpeMEHHOTO 00BEKTa — KOMUH HCKIIIOUUTETHPHON CUTYaIUH.

2. YHu4TOXeHHE 00BEKTOB, CO3JJTAaHHBIX B #Fy-0JI0Ke, C 3aITyCKOM ISl HUX
HEOOXOIUMBIX IECTPYKTOPOB, OCBOOOKIAIOIINX JUHAMUYECKYIO TaMSITh
(cBepTKa cTEKa).

Brixon u3 try-6moka.

4. TlonmGop ¥ BBITIOIHEHUE 00paOOTUNKA IS JAHHOTO £ry-0JI0Ka
B COOTBETCTBHUH C THIIOM MCKIIOYMTEIBHON CUTYAINH (CTATHYECKAS
JIOBYHIIKA).

5. Ecnm HeoOXoauMbIii 00pabOTYMK Tl TaHHOTO fry-0Jl0Ka He HAWJCH WIH
B 00paboT4rKe UMeeTCss MHCTPYKIUs throw 0e3 mapaMeTpoB, CUTHAIHU-
3UPYIOIIAst O HE3aBEPIICHHOCTH 00pa0O0TKH UCKITFOYUTEILHOW CUTYAITUH,
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TO MPOUCXOJUT BBIXOJ B 00BEMIIIOIINI #7y-0JI0K C TIOBTOPEHUEM ITyHK-
TOB 2—4 (IMHAMHUYeCcKasl JIOBYIIKA).

Ecau uckmrounTenpHas CUTyanus oCTajlaCb H606pa6OTaHHOﬁ II0CJIC

BBIXO0/Ia U3 BCEX OOBEMITIONINX #ry-0JI0KOB, TO BBI3BIBACTCS (DYHKITHS
terminate().
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[ naBa 13.
MHOXecTBeHHoe
HaceaoBaHWE, MHTEPMdENCHI

MHOXeCTBEeHHOE HacCJICAOBAaHUEC BO3HHMKACT, KOIrJa MMECTCA HCCKOJIBKO 0a30BBIX
THUIIOB U OJJUH THII — HACJICAHUK. HpI/I MHOXCECTBCHHOM HACJICAOBAHUH I1OSABJISA-
€TCA BOSMOXKXHOCTb MOACIIMPOBAHUA 0oJIee CIIOKHBIX OTHOIIICHUH MCIKAY TUIIAMU.

class X { . . . };
class Yy { . . . };
class z: public X, public Yy { . . . };

[Tpu onucanuu NpoU3BOJHOIO Kjlacca KaXKAblil 0a30BbIil KjlacC UMEET CBOM
COOCTBEHHBI OIUCATENh THIIA HACIECIOBAHUS (SBHO YKAa3aHHBIM WM HESBHO
HpernonaracMblii).

13.1.BngmmocTb npu
MHOeCTBEHHOM Hac/ie1J0BaHMM

HpI/I MHO>XCCTBCHHOM HaCJICAOBAHHUH BO3HHKACT np06ﬂeMa HCOAHO3HAYHOCTH
n3-3a COBIMaJaromux MMCH B 0a30BBIX KJIaccax.

Mpumep:

struct X
int i1;
int jx;
’
struct Y
int i1;
int jy;
’
struct Z: X, Y

int jz;
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int main(Q

Z z1;

z1.i1 = 5; // ouwnmbKka — HEOAHO3HAYHOCTb: 4neH il
// HacnepyeTcs Kak U3 6a3oBoro tuna X, Tak

// v n3 6asosoro Tuna Y.
return O;

Tem He MeHee, TaHHasi HEOJHO3HAYHOCTh MPOSBIISICTCS HE MPH OOBSBICHUN
o0BeKTa TUIIA-HACJICIHHUKA, a IIPU UCIIO0JIb30BAaHHHU €0 YJICHOB, UMCIOIINXCS B HC-
CKOJIbKMX 0a30BbIX THUMaX. DTy HEOJHO3HAYHOCTb MOXKHO OOOWTH MpPH MOMOIIH
oTiepaIy pa3penieHus 00JacTH BHIUMOCTH:

z1.X::i1l = 5

Takum 00pa3om, B TUII-HACJICTHUK MTOMAAI0T BCE YICHBI 0a30BbIX THIOB. HO

MOBTOPSIOIINECS UMEHAa HEOOXOAMMO COMPOBOXKAATH KBAIM(UKATOPOM 0A30BOTO
TUIA.

13.2.BupTyanbHble 6a30Bble KaaccChl

[Ipu MHOrOypOBHEBOM MHO>KECTBEHHOM HACJIEJJOBAHUHU 0a30BBIE KJIACCHI MOTYT

OBITh MMOJYYCHBI OT OOIIETO MPE/IKa. B TOM CIIy4ae UTOTOBBIN MPOM3BOIHBIN KJIacC
OyJIeT cofepKaTh HECKOIBKO MOA00BEKTOB OOIIETro MpeaKa:

class w

e
class X: public w
%1ass Y: public w

%1ass Z: public X, public Yy

w w

A A

X Y
VA

Ecnu Heobxommmo, 4ToObI OOMIMI MpEAOK MPUCYTCTBOBAI B UTOTOBOM
MPOU3BOAHOM KJIacce€ B €MHCTBEHHOM SK3eMIUISIpe (Hampumep, eciu HeoOXOoau-
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MO, 4T0OBI (PYHKIIMHU Ki1accoB X U Y B Kilacce Z UCMONb30BaIM o0mmue nHpopma-
IIMOHHBIE WICHBI Ki1acca W, uin Ui 5KOHOMUH ONIEPAaTHBHON MaMsITH), TO Hacle-
JoBaHHE 0a30BBIX KJIACCOB OT OOIIEro mpeaka OMMCHIBAETCS C UCTIOJIB30BAHUEM
BUPTYaJIbHOTO HACIICTOBAHHMS:

class w

-1

class X: public virtual w

class Y: public virtual w

class z: public X, public Y

13.3.UHTEepdeuncsl

Yka3zanHas HCOAHO3HAYHOCTH IMPU MHOKCCTBCHHOM HACJICAOBAHUN OTCYTCTBYCT,
eciM Bce 0a30BbI€ KIIACCHI SIBIISIOTCS aOCTPAaKTHBIMH KjaccaMu 0e3 mH(OopMaIm-
OHHBIX YJICHOB U COACPIKAT TOJIBKO OTKPBITBIC YHUCTBIC BUPTYAJIbLHLIC q)YHI(I_II/II/I
Takue Oa3oBBIe KJIacChl Ha3bIBalOTCsA HMHTepdeiicamu. [lelicTBUTENBHO, €ciH
¢ 00beKTOM paboTaTh uepe3 yKazaTelb TaKoro Kiacca, TO HabOop YUCTBIX BUPTY-
AJIBHBIX q)yHKIII/Iﬁ JaHHOT'O KJ1acCa onpeacaiacCT, KAKMC MCTOAbI o0beKTa JOCTYITHBI
4yepes 3TOT yKas3aTeb.

Krnacc-nacneqHUK Ki1accOB-MHTEP(EHCOB, €CIIM OH HE SBIIIETCS abCTpaKT-
HBIM KJIaCCOM (TO €CTh, HE COAEPIKUT HU OJHOM YUCTON BUPTYallbHON (DYyHKIIUN),
Ha3bIBACTCS KJaccoM peajm3anuu. Ha ocHOBe kilacca peanu3ali CO3JAI0TCS
KOHKpETHbIE  00BEeKThl. Pabora C TakuMu OOBEKTaMH  OCYIIECTBIISCTCS
C UCTOJIB30BAaHUEM yKa3aTellel THITa KIIaCCOB-UHTEP(EICOB.
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AnHammyeckaa nHgopmaums o tune (RTTI).

RTTI (Run Time Type Identification) — mexanu3m 6e30macHOTO mpeoOpa3zoBaHus
TUIIOB OOBEKTOB. DTOT MEXAaHU3M BKJIIOUAET:

dynamic_cast — onepaius mpeoOpa3oBaHus TUIIA yKa3aTelsd UIn
CCBUIKH Ha TIOJTMMOP(HBIC 00BEKTHI

typeid — oneparust onpeescHus THIIa 00bEKTa
type_info — ctpykrypa, comeprkamias nHGopMaIuio o TUIe o0beKTa
(TaHHAs CTPYKTYpa CONEpKUTCA B OMOnInoTeyHoM daiine typeinfo.h).

Tounee, type_info — 3T0 Kiacc, ONMUCHIBAIONINIA THIT JaHHBIX, 3HAYCHUSIMHA
KOTOPOTO sIBJIsieTCs MH(OpMAaIHs 0 THIIE HcciieyeMoro oobekra. Oneparus typeid
BO3BpAIlaeT CChUIKY Ha OOBEKT TUIA const type_info. Takum obpazom, typeid sB-
JSIeTCsT BCTPOSHHOHM omepanued, HO Ui ero KOPPEKTHOTO HCIOJIb30BaHUS
B IIPOTPaMMy JIOJDKHA OBITH OATPYKeHa OMOIHOTeUHbIN (aiin typeinfo.h.

Jlns TeKCTOBOTO TNpEICTaBICHUS MMEHU TUNa 0ObEKTa B Kiacce type info
umeercst pyHkuus name().

Tak Kak onepaumsa typeid Bo3BpawaeT 3HayeHMe Tvna const type_info &, 1o He-
LenecoobpasHo SBHO CO34aBaTb O6BLEKT Takoro Tuna. O6bIYHO TAKOM OGBEKT MUC-
NoJib3yeTCs HEBHO, TO €CTb, UCMOJIb3YETCS CO3/aBAaEMbIM BPEMEHHDBIN O6BEKT.

CuHTaKcHC onepaluy TMHAMUYEeCKOTro IpuBeAeHus Thna (dynamic_cast):

. Tun
dynamic_cast g Buipascenue
pe3yrvmama

rae mun_pesyibmama — YKa3aTelib WJIN CChLJIIKA.

Buipaoicenue — yxazatellb, €CIM mun_pe3yibmama sBISETCS yKa3aTeleM,
WM O0BEKT (MJIM CChIIIKA Ha OOBEKT), €CIIU Mun_pe3yibmama siBIsSETCs CChUIKOM.

Mpumep:

#include <iostream>
#include <typeinfo>
using namespace std;
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AnHammnyeckaa nHdopmaums o tine (RTTI).

class A{
public:
virtual void fx O
cout << "A::fx" << '\n';
b
class B: public A

pubTic:
¥oid x O

cout << "B::fx" << '\n';
}i
void f2(A* ptr)
d B* dptr = dynamic_cast<B¥*> (ptr);

cout<<"type of pointer dptr: ;
cout<<typeid(dptr).name()<<'\n";

h

}nt main()
A* pl = new A;
f2 (p1);

; return O;

B pesynbrare paboThl AaHHOW MporpaMMbl OyJeT BbIBEACHA CIlEAYIoIas
CTpOKa:

type of pointer dptr: class B

Ana obecneyeHMns BO3MOXKHOCTM UCMOJIb30BaHMA MexaHu3mMa RTTI B komnunsaTtope,
KaK NpaBu/io, HEOOXOAMMO YKasaTb CreluasibHbiM MapamMeTp, Tak Kak 06blYHO B
Lensax nosbieHnsa 3OEKTUBHOCTM paboTbl NporpamMmMbl MexaHmsm RTTI no ymon-
YaHMIo OTKAYEH. Tak, B KomnuasaTope Microsoft Visual C++ 6.0 TakuM napameTpom
asnaetca /GR.

JluHamuueckoe NmpuBEIEHUE TUIOB C OMOUIBIO ONEpaliy IHHAMUYECKOTO
npuBeieHus: Tuna (dynamic_cast) BO3MOXKHO TOJBKO 7151 00BEKTOB POIACTBEHHBIX
NOJUMOP(MHBIX KJIACCOB, OTHOCSIIMXCS K OJTHOM HMepapXuH KJIaccoB. YKa3zaTellb
MOKET HMMETh HYJEBOE 3HA4YEHHE, MOITOMY IpPH JUHAMMYECKOM IPUBEICHUU
yKazaress B Cllydae BOZHUKHOBEHHUS OIIMOKU MOKET BO3BPAIAThCs ATO HYJIEBOE
3HauUEHUE, KOTOPOE 3aTeM MOXET ObITh MpoBepeHOo B mporpamme. Ommbka mnpu
IPUBEICHUN CCBUIKM BCEr/la NPUBOAUT K BO30YXACHHUIO MCKIIOYUTEIBHOW CH-
Tyauuu bad_cast, Tak Kak HUKAKOTO BBIJCIIEHHOTO 3HAYEHUS I CCHUIOK HE CY-
miectByeT. [IpoBepka mpaBMIIBHOCTH AUHAMUYECKOTO IPUBEIEHUS CChUIOK BCETAA
BBITMOJIHSETCST MEPEeXBAaTOM HUCKIIOYUTENbHOW cuTyauuu. Bad cast — xiacc,
OTHCHIBAIOIINI HCKIIIOUUTENBHYIO CUTyalnto. Tak ke, Kak u Kjiacc type_info, oH
COJIEPXKUTCS B OMOIMoTeyHOM (aiine <typeinfos.
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AnHammyeckaa nHgopmaums o tune (RTTI).

Mpumep:

#include <iostream>
#include <typeinfo>
using namespace std;
class A{

public:

virtual void fx O
cout << "A::fx" << "\n';

};
class B: public A

public:
goid x O

cout << "B::fx" << "\n';
};
class C: public A

public:
goid x O

cout << "C::fx" << "\n';
I
void f (A* p, A& r)
if (B* pp = dynamic_cast<B*> (p)){
cout << "using of pp" << '"\n';
/* ucnonb3oBaHWe ykasaTtensa pp */
else {
cout << "NULL" << '"\n';
/¥ yKasaTenb pp He NPUHAAJEXUT HYXHOMY Tuny */

B& pr = dynamic_cast<B&> (r);
/¥ ncnonb30BaHWe CCbINKU pr */

h
void g
{
try
{ n . n
cout << "f (new B, * newB) - correct using" << '\n';
f (new B, *new B); // NpaBW/ibHbIK BbI30B )
cout << "f (new C, * new C) - incorrect using";
cout << '\n';
f (new C, *new C); // Bbixoa B nepexBaTuuk (C — u3
// DpYyrou uepapxuu,
OCHOBAHHOM
) // Ha ToM xe 6a30BOM Kjacce)
catch (bad_cast)
{
cout << "Bad_cast" << '\n';
// 0bpaboTKa MCKAWYUTENIbHOWU CUTYyauuUu
3
int mainQ

g O;
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AnHammnyeckaa nHdopmaums o tine (RTTI).

return 0O;

OnHako KOPPEKTHOCTh MPE0Opa30BaHuUs, 3aBUCUT HE TOJIBKO OT THIIOB yKa-
3areyiel ¥ CChIIOK, HO M OT THUIIOB COOTBETCTBYIOIUX 00BEKTOB. IlycTh Hacmemno-
BAHMUE KJIACCOB IPEACTABIICHO CIEAYIOLIECH CXEMOM:

a pl »

> % Pl o
.»

Tornma, ecnn 0OBEKT CO3/1aH Ha OCHOBE Kilacca E, TO yKas3aTelb Ha HEro,
MMEIOIIMA THUN yKa3aTesdsi Ha 0a30BBIA KjacCc B, MOXeET ObITh IMpeoOpa3oBaH
B yKa3arenb Ha 0a3oBblii kiacc C. Kpome Toro, ecnmu 00BEKT cO3/laH HA OCHOBE
Kiacca E, To ykazaTelb Ha HETO, UMEIOIINI THIT yKa3aTels Ha 0a30BbIi Kiacc D,
MOXeT ObITh IpeoOpa30BaH B yKazaTellb Ha 0a30BbIN Ki1acc B, HECMOTPS Ha TO, YTO
Kyiaccel B v D He IMEIOT 001ero 06a30Boro Kjiacca. DTo CBsI3aHO C TEM, YTO OOBEKT,
CO3/IaHHBIII Ha OCHOBE KJIacca, HaXOMSIErocs Ha HIDKHEH CTYNEeHU HepapXuH,
COJICPXKHT B CBOCH CTPYKTYpE CTPYKTYPY BCEX BBIIIE PACMIOIOKEHHBIX KIaCCOB.

Mpumep:

#include <iostream>
#include <typeinfo>
using namespace std;
class A{
public:
virtual void fx O
cout << "A::fx" << '\n';
};
class B: public A{
public:
zoid x O
cout << "B::fx" << '\n';
b
class C: public A

public:
zoid x O

cout << "C::fx" << '\n';
b

class D {
public:
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AnHammyeckaa nHgopmaums o tune (RTTI).

virtual void fd O

! cout << "D::fd" << '"\n';
i
class E: public B, public C, public D {};
zoid f(c*p, Cc&r)

if ( B* pp = dynamic_cast<B*> (p) )
cout << "using of pp in f" << '"\n';
else
cout << "NULL in f" << '\n';
B& pr = dynamic_cast<B&> (r);
/* WUCnonb30BaHUE CCbIIKU pr */

3
zoid f2 ( D* p, D& r )

if ( B* pp = dynamic_cast<B*> (p) )
cout << "using of pp in f2" << '\n';
else
cout << "NULL in f2" << '"\n';
B& pr = dynamic_cast <B&> (r);
/¥ ucnonb30BaHUE CCbUIKKU pr */

; id gO
void g
{

try
{

cout << "f(new E, *new E)" << '\n';
f (new E, *new E);

ks
catch (bad_cast)

cout << "Bad_cast in f" << '\n';
// 0bpaboTKa MCKAWYUTENIbHOM CUTYyaLuUu

try
{

cout << " f2 (new E, *new E)" << '\n';
f2 (new E, *new E);

}
catch (bad_cast)

cout << "Bad_cast in f2" << '\n';
// 0bpaboTka MCKAWYUTENIbHOW CUTYyauuu

}

}nt main()
gQ;

; return O;

B npuBenenHom npumepe He OyneT Bo3OyKA€HAa HH OJHA M3 JIByX UCKIIIO-
YUTENbHBIX CUTYyalluH, a yKa3aTrean OyayT UMETh HEHYJIEBbIe 3HAUCHUS.

Cratuyeckoe MpUBENCHUE THUNOB (omepauusi static cast) BO3MOXKHO IS
00BEKTOB POJCTBEHHBIX KJIACCOB (TOJUMOPGHOCTh THIIOB, YYaCTBYIOIIMX
B OIIEPALIUH, IIPU 3TOM MOXKET OTCYTCTBOBATb), OTHOCSIIUXCS K OAHOIN HepapXuu
kiaccoB. CTaTudeckoe NpUBeIeHHE BO3MOYKHO TaKXKe Uil CBOOOJHBIX yKa3zaTenel
(void*), koTopble MOTYT NMPEOOPA30BBIBATHCS B 3HAYEHHS JIOOBIX TUIIOB yKa3aTe-
JeH, U 0711 npeodpaz08aHull Mexicoy apupmemuiecKkumu munamu.
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AnHammnyeckaa nHdopmaums o tine (RTTI).

OpHako mpu 3TOM HEBO3MOKHO MPOBEPUTH KOPPEKTHOCTH NMPe0Opa3oBaHUN
C UCMOJb30BAaHUEM HUCKIIOUUTENbHOU cuTyauuu bad cast. Kpome TOro, HEBO3-
MOKHO TpeoOpa3oBaHHE yKaszaTells K yKa3aTelmio W3 JIPYyrod BETBU HEpapXHH
HacJIeJ0OBaHMsI, OCHOBaHHOW Ha TOM k€ 0a30BOM KJlacce, Jaxe €Clii 00bEKT CO3/AaH
HAa OCHOBE KJjacca, SBISIONIETOCS HACIETHUKOM KIIACCOB PAaCCMOTPEHHBIX
ykazarene. Tak, ecCiauM B IPHUBEACHHOM BBIIIE IpPUMEpPE JAMHAMHUYECKOE
npeoOpazoBaHue MO3BOJSET MpeoOpa3oBaTh ykazaTens Tuma C* Kk ykazarento B*,
eci OOBEKT SBIsETCS 0OBEKTOM THIMA Kiacc E, TO cTaTH4ecKoe MpeoOpa3oBaHme
HE JaeT BO3MOXXHOCTHU MpeodpazoBarh ykazarenasb Tuna C* x ykazaremo B*,

Kpome aMHamMMuecKoro M ctaTMYecKoro npeobpasoBaHuUiA UMEITCA M Apyrue npe-
obpasoBaHua. Hanpumep, npeobpasoBaHue reinterpret_cast (ynpasnseT npeob6-
pa3oBaHMAMM MeXAY MPOM3BOJIbHbIMM HECBA3aHHbIMM TMMaMMK. Pe3ynbTtaTom sB-
NIfieTCA 3HaYEHWe HOBOro TMMNa, COCTOSLLEE M3 TOM e MocsieloBaTe/IbHOCTU 6MTOB,
4YTO M aprymeHT npeobpasoBaHus). KoHcTaHTHoe (const_cast) npeobpasoBaHWe
aHHYJIMpYeT AeNCTBUE MoamdUKaTopa const (HM CTaTMYECKOe, HU AMHAMMYECKoe
npeo6pas3oBaHMsa JENCTBME MoaudUuKaTopa const aHHy/MpoBaTb He moryT). Mog-
po6Hee 0 Npeo6pa3oBaHUSAX CM. B iMTepaType no C++, Hanpumep, B [12].
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MapamMeTpryeckmi noammopbmsm

[Tapametpudeckuii moauMophuU3M MO3BOJSET MPUMEHUTH OJUH U TOT K€ ajro-
PUTM K pa3HbIM THUIIaM JaHHBIX. HpI/I OTOM THII ABJIACTCA IapaMETPOM TCJIa aJiro-
puT™Ma. MexaHu3M MabJIOHOB, peanu3yIOIIUN MapaMeTpUdecKuil moIuMopdusm,
MO3BOJISIET JIeT4e pa3padaThiBaTh CTAHIAPTHBIC OMOIHMOTEKH.

[labnon mpexacTaBnsier co00i MpeABapUTENBFHOE ONMMCcaHue (yHKIHMU WM
TUIMA, KOHKPETHOE NPEACTaBICHUE KOTOPHIX 3aBUCUT OT MapaMeTpoB IIa0JIOHA.
Tak, ecnu HeoOX0aMMO HamucaTh (PYHKIUH HAXOXKACHHUS CYMMBI 3JIEMEHTOB YH-
CJIOBBIX MAacCHUBOB Pa3HbIX TUNOB (Hampumep, int, float unu double), To B7MecTO
TpeX Pa3IMYHBIX QYHKIMH MOXXHO HalMCaTh OJUH MIA0JIOH.

15.1.MapameTpsbl Wabs10Ha

Jns onucanus mabI0HOB MCIIONIB3YETCs KII0UEBOE CIIOBO femplate, BCien 3a KO-
TOPBIM YKa3bIBAIOTCS apryMeHTHI ((opmasbHBIC MapaMeTphbl MadJioHa), 3aKITO-
YEeHHBIC B yIJI0Bble CKOOKH. DopManbHbIe MapaMeTphl I1a0JI0Ha MEePEYUCIISIOTCS
4ycpes 3alATyro, 1 MOT'yT OBITH KaK UMEHAMU O6’I)CKTOB, TaK U MMapaMCTPUICCKUMHA
UMCHAMHU THIOB (BCTPOCHHBIX WJIM IOJIb30BaTENbLCKUX). [lapameTp-Tun Onuchl-
BAaeTCs C TIOMOIIBIO CITY)KEOHOTO cJI0Ba class win Ciry)ke0HOTO CIIOBa fypenanie.

B cootBerctBun co Crangaprom ISO 1998 C++ (cm. [2], pasnen 14.1.4)
napamMeTpoM Ia0JI0Ha MOXKET OBITh:
apaMeTpUUecKoe UMs THUIIA
napameTp-1mabdaoH
napaMeTp OJHOIO U3 CIEAYIOUINX THIIOB:
"  HHTErpaJIbHbIN
"  [IepEYUCIIMMBIN,

" yKa3arenb Ha 00BEKT JIF000r0 THMa (BCTPOSHHOTO WU MOJIb30-
BaTEIbCKOT0) UK Ha (YHKIIUIO

"  CCBUIKA Ha OOBEKT JIF0OOTO THIA (BCTPOSHHOTO WIIM TI0JIh30Ba-
TEJIBCKOTO) WK Ha (DYHKIIUIO

® yKasarelb Ha YWICH KJlacCa, B YaCTHOCTH, YKa3aTcib HA MCTO/
KJ1accCa
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MapameTpryecKuii NOIMMOPU3M

Wuterpansubie Tunsl (paszaen 3.9.1 Cranaapra):
3HAaKOBBIEC U 0€33HAKOBBIC IIEJIbIE THIIHI,

bool, char, wchar t

Mepeuncnmmble TUMbl HE OTHOCATCA K MHTErpasibHbIM, HO MX 3Ha4YeHMA NPUBOAATCA
K HMUM B pe3y/ibTaTe LeI0YNCNIEHHOINO NOBbILWLIEHNA.

[Tpu ucronp30BaHMM THUIIA B KAYECTBE MapaMmeTpa Iepesa MapamMeTpoM, siB-
JISTFOIIIIMCS TTApaMEeTPHYECKUM MMEHEM THIIa, HEOOXOIMMO HCIIOIb30BaTh OJJHO M3
KITIOYEBBIX CJIOB: MO0 class, mnbo typename.

He Bce KoMnmnATopbl 06pabaTbiBaloT BAOXKEHHbIE Wa6A0HbI (Hanpumep, Microsoft®
Visual C++ 6*: Visual Studio 98*). Tem He MeHee, LWABIOHHbIM KAacC MOXKET mc-
NnoJib30BaTbCA B KayecTBe 3HAayeHMsA MapamMeTpa Mno ymosyaHuio. [Janee 6yaet
PacCMOTPEH LWABMOHHBIN KNACC CO CeAyoLLMM NPOTOTHUIOM:

template <class T, class A=allocator <T> > class vector

B pasnene 14.1.7 Cranaapra SIBHO CKa3aHO, YTO HETUIIOBBIN NapaMeTp HE
MOYET UMETh TUI Void, TIOIb30BaTEICKUI THII, MJTH IIJIaBAIOIIUI TUII, HATPUMED:

// template <double d> class x{ . . . }; /
template <double* d> class x{ . . . }; // OK
template <double& d> class X{ . ¥ /

TakuMm oOpazoMm, mapaMeTpoM madioHa HE MOKET ObITh (pOpMalIbHBIN Ta-
paMeTp HENEIIOYHCICHHOTO TUTa, Hanpumep, float wim double. 9T0 MOXHO 00b-
SICHUTh TE€M, YTO OCHOBHBIM Ha3HAa4YeHHEM (OPMAIBHBIX IMAPaAMETPOB B KaYECTBE
napamMeTpoB IIA0JIOHA SIBISIETCS ONpEACTICHHE YHCIOBBIX XapaKTEPUCTHK Mapa-
METPUYECKUX TUTIOB (HAIIpUMeEp, pa3Mep BEKTOpa, CTeKa U TaK Jlajiee).

Bwmecte ¢ Tem mapameTpom mabioHa MOXKET OBITh yKa3aTelb, B TOM YHCIIEe
U Ha O0OBEKT HelenouyuciaeHHoro tuna. Ilpu 3Tom, ecrecTBEHHO, yKa3zaTelb —
dakTHUeCKuil mapaMeTp MOXET CcoJepXkaTb Kak aJpec OJHOro OOBEKTa, Tak
Y MacCuBa OJHOPOJIHBIX OOBEKTOB.

Hcnonp3oBaHne IMIa0JIOHOB IMO3BOJSIET CO37aBaTh YHUBEPCAIBHBIC aJro-
PUTMBL, 6€3 MPUBA3KU K KOHKPETHBIM TUIIaM.

15.2. Lla610HbI PYHKLUMM

CuHrakcuc maba0HOB QYHKITHI:
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MapamMeTpryeckmi noammopbmsm

Cnucoxk Tun T
template e napamempos ->@> 8038paUIAEMO20 PP ’
o e Py

wabnona SHAYEHUA

Dopmanvhsie _»@»@} Teno @@
napamempol dyHryUU

Mpumep:

template <class T> T sum(T array[], int size)
T res = 0;
int i;
for (i =0; i < size; ++i )
res += arrayl[il;
return res;

[Tpu oOpameHuu k GyHKIUU-IIAOIOHY MOCIE UMEHH (YHKIIMH B YTIOBBIX

CcKOOKax yKasbIBaloTca (pakTHUYecKHe mapaMeTphl I1a0JIOHa — MMEHA pPeaslbHBIX
THIIOB WIN 3HAYCHHS OOBEKTOB!

Husa _)@_} Chucox ghaxmuneckux % Daxmuyecuxe _)@_)@
Pyuryuu napamempos wabnoua napamempbi

JlJiss KOHKPETHOTO WCIOJIb30BaHMsI TPUBEACHHOTO BBINIC I[IAOJOHA IS
MacCCHBOB IIEJIbIX uncen pa3mepHoctu 10 crneayer HanucaTh:

int iarray[10];
int i_sum;
/). ..

i_sum = sum <int> (iarray, 10);

BeTpeTuB Takyr KOHCTPYKITHIO, KOMITWJIATOP CT€HEPHPYET KOHKPETHYIO
peanuzanuio QyHKIUMH sum ¢ y4€ToM creru(UIUpOBaHHBIX MapaMeTpoB (Takas
GyHKIMS Ha3bIBAETCS MOPOKACHHON yHKIME).

Tak Kak J0MycKaeTcsl mapaMeTpru30BaTh MIA0JIOHBI HE TOJILKO UMEHAMHM TH-

OB, HO U 00OBEKTAMH, TO APIYMEHT Size MOXKHO yKa3aTh B BUJE Mapamerpa mao-
JIOHa!

template <class T, int size> T sum (T array[]) {/* ... */ }

Torz[a BBI3OB Sum GYILCT BBITJTIAACTD COOTBETCTBCHHO:

i_sum = sum <int, 10> (iarray);
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MapameTpryecKuii NOIMMOPU3M

CnepyeT OTMETUTb, YTO MCMNOJIb30BaHME LWAab/IOHOB COKpallaeT TEKCT NPOrpamMmbl,
HO He COKpaLllaeT NPorpamMMHbIM KoZ. B MPOrpaMMe peasibHoO GyAeT CreHepMpoBaHO
CTONIbKO MOPOXKAEHHbIX (YHKLUMM, CKOJIbKO UMEETCS Bbl30BOB (hYHKLMM C pasHbIMM
Habopamu (pakTMYECKMX NapamMeTpoB LaboHa.

15.3.Cneunanmsaymsa wWab10HHOM
MYHKUUU

[To cyTu, nmpu MCHONIB30BaHUHU (YHKUIMHU-IIAOIOHA UCTIONB3YETCSI MEXaHU3M, I0-
3BOJISIIOINMIT ABTOMATHYECKH Meperpyxarb (GyHkumu kommmisropoMm. OpHako
(GYHKIHIO-111a0JI0H MOKHO NIEPErpy3HTh U SIBHO.

Ecnu maGnoHHBIN anropuTM SIBISIETCS HEYAOBIETBOPUTEIbHBIM ISl KOH-
KPETHOTO TUIA apTYMEHTOB WM HEMPUMEHUM K HUM, TO MOXKHO OMUCATh OOBIY-
HYI0 (DYHKIIHIO, CIIICOK THIIOB apTyMEHTOB M BO3BPAIacMOT0 3HAYCHHS KOTOPOM
COOTBETCTBYIOT 00bsABIEHHUIO mabnoHa. Takas, meperpyskaromiasi 1madiaoH, QyHK-
1151, HA3bIBACTCS cenraau3anueil madJoHHONH QyHKIIHN.

Crnenyer OTMETUTb, YTO MPH OOpaLeHNH K (PyHKIUH-11a0I0HY MOCIEe UMEHU
(YHKIMH MOXHO M HE yKa3bIBaTh B YIJIOBBIX CKOOKax (pakTHyeckue mapaMmeTpu-
YeCKHe TUIBI I1a0JI0OHA. B 3TOM CiTydyae KOMITMWJIATOP aBTOMATHYECKH ONpENeNseT
(akTHUeCKue MmapaMeTpuyecKhe TUIBI MIa0JIoHa MO TUMaM (PaKTHYECKUX Mapa-
METPOB BbI30Ba (PYHKIMH. DTO HA3HIBACTCS BbIBeJeHHEM THIIOB apryMeHTOB
mabJoHa. BeiBeneHre TUIIOB apryMEHTOB BO3MOXKHO IPH YCJIOBUH, YTO CITUCOK
(paxTHUECKMX MapaMeTPOB BHI30Ba (DYHKIIMHM OJHO3HAYHO MACHTHU(PHUIMPYET CIIU-
COK ITapaMeTpOB IIa0JIOHA.

Tak, onMcaHHy10 BbIIIE MTA0JIOHHYIO YHKIIUIO MOXKHO BBI3BATh CIIEAYIOMINM
o0Opa3zom:

int iarray[10];
int i_sum;
/). ..

i_sum = sum (iarray, 10);

Tak kak THN MepBOro (HakTHYECKOTO MmapameTpa — int, TO KOMITHIISITOP aB-
TOMAaTUYECKU TPAKTYET JAaHHBIN BBI30B, KaK:

i_sum = sum <int> (iarray, 10);

Ecnu napametp ma0i10Ha MOYKHO BBIBECTH M3 0oJjiee, yeM OJHOro (pakTuye-
CKOT0 MapameTpa (pyHKIHHU, pe3yIbTaTOM Ka)KI0Tr0 BBIBEICHUS TOJIKEH OBITh OANH
U TOT k€ TUIl. MlHaue BhI30B OyIeT OMIMOOYHBIM.

Mpumep:

;;mphte <class T> void f(T i, ™ p) { /* . . . */ }
void gCint i){
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/...
51, &i1); // NpaBWibHbIA BbI30B

/

.F

/ ..

// f(Gi,”hello world”); - owmbka, T.K. NO mepBoMy
// napameTpy T — 1int, mo BTopomy — const char

Bepcus maOnoHa a7 KOHKpeTHOro Habopa (haKTHUECKHUX IMapamMeTpoB
mabJI0Ha TaKKe HA3bIBACTCS CelHATH3aIHeid.

[Ipu BbIBeIeHMH TUIIOB apTyMEHTOB IIA0JIOHA M0 TUMAM (aKTHYECKHX TMa-
pamMeTpoB (YHKIWHU HENb3sl IPUMEHITh HUKAKUX OMHCAHHBIX BHIIIE MPeodpa3o-
BaHM IMapaMeTpoB, KpoMme npeodpazoBaHuii TOUHOI0 OTOXIECTBICHHUS, TO €CTh:

— To4yHoe coBIagcHUE
— CoBnazeHue ¢ TOYHOCTBIO 10 fypedef
— TpuBuanbHbIe TPEOOpPA30BAHUS:

m o T
T > T&
T — const T
Mpumep:
template <class T> T max(T tl, T t2) {. . .}
int mainQ
max(1,2); // max<int>(1, 2),
max(’'a’,’b’); // max<char>(C'a’,’b’);
max(2.7, 4.9); // max<doub1e>(2 7, 4.9);
//max(’a’,1); // ownbka — HEeOAHO3HAYHOCTb,
// CTaHAapTHble npeobpa3oBaHUA He
// BonyckawTcs
//max(2.5,4); // ownbka — HEeOAHO3HAYHOCTb,
// CTaHAapTHble npeobpa3oBaHUA He
// BonyckawTcs

HeoHO3HAYHOCTH HE BO3ZHHMKAIOT MPU MCIIOJIb30BAaHUH SIBHOTO KBanHu(puka-
TOpA:

max <int>(‘a’, 1);
max <double>(2.5, 4);

15.4. AnropuT™ nomcka onTMmaJsibHoO
OTOXAECTB/IAEMOUN (DYHKLUMM
(C y4yeToM LIabJI0OHOB)

C ogHMM U TeM k€ MMEHeM (PYHKIHMH MOKHO HalKMCaTh HECKOJbKO MIA0JIOHOB
U TIeperpy>KeHHBIX 00BIYHBIX (GyHKIWH. [Ipr 9TOM 0/1HA CTIeIMATN3aIis CUUTACTCS
0oJsiee CeHUAJIM3UPOBAHHOM, YeM Apyras, €Clu KaKIbld CIIUCOK apryMEHTOB,
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COOTBETCTBYIOIIUK 0O0Opa3ily MEepBOM CHEIHUAIM3AINUA, TAKXKE COOTBETCTBYET
Y BTOPOM CIIELHMAIM3ALIHH.

ANTOpUTM BBIOOPA TIEPETPYKEHHOM (QYHKIMH C yYETOM MIa0JIOHOB SIBIISETCS
00001IeHNEM TIPABIJI BBIOOPA MEPErpyKeHHON (PYHKIINH.

1. s xaxnaoro malnoHa, HOAXOAALIEro Mo Habopy GpopMaIbHBIX Mapa-
METPOB, OCYILECTBISIETCS] (JOPMUPOBAHHE CIIEUATN3ALNHT, COOTBETCT-
BYIOILIEH CIIUCKY (PAKTUYECKHX MapaMeTPOB.

2. Ecnu moryT ObITh ABa m1abioHa GyHKIUHM U OJUH U3 HUX OoJee crie-
LUAJIM3UPOBaH, TO Ha CIEAYIOIINX dTalax pacCMaTPUBAETCS TOJIBKO OH
(mopsiIoK crenuanu3anuii ONucaH Jaee).

3. OcymecTBisieTcsl TOUCK ONTHMAIBHO OTOXKIECTBIIIEMON (QYHKIIMH U3
MOJTy4EeHHOT0 Habopa (QyHKIUH, BKITFOYAst ONPEIEICHUsT OOBIYHBIX
GyHKIMM, MOAXOSIINE IO KOJTUYECTBY napaMeTpoB. [Ipu atom eciamn
napaMeTpbl HEKOTOPOro madaoHa GyHKINUK ObUTH OTPEIENICHBI My TEM
BBIBEICHUS I10 THITaM (DaKTHUYECKUX ITapaMETPOB BbI30Ba (DYHKIIHH, TO
MIpU JaNbHEUIIEM MOMCKE OMTUMATIBLHO OTOXKAECTBIsIEMON PYHKIIMU K
napamMeTpam JaHHOU CIIeNUaTnu3aliy ma0I0Ha HEeNb3sl TPUMEHSTh HU-
KaKWX OMHMCAHHBIX BBIIIE MPEe0Opa30BaHMM, KpOMe MpeoOpa3oBaHMit
To4HOIr0 0TOXKIECTBICHUS

4. Ecnu oObryHast GYHKIMS U CTICIIMATH3ALMS ITOXOIAT OXMHAKOBO XO-
po1Io, TO BeIOUpaeTcst OObIYHAs (DYHKIIHA.

5. Tak ke, KaK v MPU TTOUCKE ONTUMAIILHO OTOXKIECTBIIIEMON (DYHKIIUH IS
OOBIYHBIX (DYHKIUH, €CITU MOTYyYEHHOE MHOKECTBO MOAXOASIINX BapH-
aHTOB COCTOUT M3 OJHOM (DYHKIIMH, TO BBI30B paszpemuM. Eciu MHOXKe-
CTBO IYCTO WJIM COAEPKUT OoJiee OTHON (YHKIIUHU, TO TEeHEPUPYETCS
coo01IeHne 00 omuoKe.

15.5. lla610HHbIe Kaacchl

Tak xe, kak u U1 GYHKLUUH, MOXKHO OMMCATh MIa0JIOHBI I KJ1accoB. MeXxaHu3M
111a0JIOHOB TIPU OINMCAaHUM KJIacca MO3BOJISIET, HAIIpUMep, 0OOOOIIEHHO ONUCHIBATh
MHOXECTBO  KJIACCOB,  €IMHCTBEHHOE OTJIMYUE  KOTOPBIX  3aKIH0YaeTCs
B UCIOJIb3YEMBIX TUIAX JAHHBIX.

OO0bsBiIeHNE M1a0JI0HA KJIacca:

Cnucox
HUwmsn Teno
template e napamempos ° xaacea pyHryuu
wabnona >

[Ipomiecc renepamuu oOBSABICHHS Kilacca MO IMabMoHY Kiacca u (ak-
TUYECKUM apryMeHTaM I1abJOHa Ha3bIBACTCS MHCTAHIMPOBAHHMEM I1A0JIOHA.
OOBIYHO OH COBMEIIACTCS C OOBSBICHUEM OOBEKTa COOTBETCTBYIOIIEIO KOH-
erTHOFO TUIIA. CI/IHTaKCI/IC TaKOIo OGBHBHCHI/IHZ
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Cnucox

Uns *@» @ Hoeunmugpuxamop @
napamempos
Kaacca obvexma

wabnoua

OyHKIMHU-YICHBI KJIacCa-MadJIoHa aBTOMATHYECKH CTAHOBSITCS (DYHKIIHS-
mu-mabaoHamu. i HUX He 00s3aTEeNbHO SBHO 3aJ1aBaTh KIIFOUEBOE CIIOBO femi-
plate.

Mpumep:

Omnucanue cTeka IJI XpaHCHHA BEJIMYWH PA3HBIX TUIIOB JaHHBIX:

template <class T> class stack

T* body;
int size;
int top;
public:
itack ( int sz = 10 )

size = sz;
top = 0;
body = new T[size];

}
~stack() { delete[] body; }
? pop ()

op;
. return body[top];
void push ( T x )

body[top] = Xx;

top++;
oo
}nt main()
stack<int> Ss1(C 20);
stack<char> S2(256);
stack<double> s3( 16);
: // ...

Tak e, Kak U B 11a0JIOHaX (YHKIIMH, UCTIOIB30BaHUE IIa0JIOHOB KIIACCOB
COKpAIIlaeT TeKCT aJITOPUTMa, HO HE COKpAIIaeT pa3Mep Kojaa mporpaMmsl. PeanbHo
TEHEPHUPYETCS CTOIBKO ONMUCAHUK KJIACCOB, CKOJIBKO OBIIIO OOBSBICHHH 00BEKTOB
C pa3HBIMHU IIapaMeTpaMu 1a0JI0OHOB

[[TaGnoHHBIE KJIACCHI MOTYT HMEThb JPYXECTBEHHbIE (YHKIUH U KJIACCHI.
Jpy>xecTBeHHast PyHKIUS, KOTOPask HE UCIIOJIb3YET apaMeTphl MabIoHa, UMeeTCs
B €JMHCTBEHHOM JK3EMIUIIPE, TO €CTh OHA SIBJISIETCS JAPYKECTBEHHOM I BCEX
MHCTaHLIMPOBAHUH KJlacca.

[pyxecTBeHHas (PyHKIMs, KOTOpask UCIOJIb3YyET apaMeTphl 11a0I0Ha, cama
apnsierca wabiaoHoM. KoHkpeTHas peanuszanus Takoil QyHKUMH € YYETOM cCrie-
UHUIMPOBAHHBIX MapaMeTpoB (MOPOXKAeHHAs (YHKUMS) SBISETCS JPYKECT-
BEHHOHM JUIsl TAaKOrO MHCTAHIMPOBAHMS Kjacca, KOTOPOE COBIAAAET MO THUIIAM
¢ (paKTMYECKUMHU TUIIAMU apTyMEHTOB MOPOXKICHHON (PYHKIIUH.
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Mpumep:

template <class T> class Y{ . . .};

template <class T> class X

T
public:
/% dyHkums f1() sABnseTcsa APYXeCTBEHHOM KO BCEM

)

WHCTAHUMpPOBAHUAM Kflacca */
friend void f10;
/* nopoxaeHue dyHkuumn f2() ana dakTuyeckoro Tuna T ABAAeTCSH
APYXeCTBEHHOM TOJIbKO K TOMY WMHCTaHUMPOBAHUI Kiacca X,
KOTOpoe MnoAXOAUT MO (haKTUYEeCKOMYy Tuny-napameTpy. */
ﬁ;iend Y<T> f2(Y<T> parl);

Eemp1ate <class T> Y<T> f2(y<T> parl)
/:‘: . %*

CraTuyecKue 4jIeHbI CO3MAKOTCA IUISA KaAXKI0T0 HHCTAHIUPOBAHUS KJIaCCa.
Mpumep:

template <class T> class X

static T x1;
// .

int X <int> :: x1 = 0;
double X <double> :: x1 = 1.5;
int main(Q)

X <int> xx1;
X <doubTe> xx2;

return O;

15.6. KBMBAJIEHTHOCTb TUIMOB

[Ipu 0OBsIBICHUN OOBEKTOB C HUCIOIB30BAHUEM IIA0JIOHA 33al0TCs (DAKTUIESCKUE
napaMmeTpsl Tuna. [lpu 3agaHuy OHOTO M TOTO K€ Habopa apryMeHTOB MIabIoHa
TIOJTYYaeTCsl OJIMH U TOT XK€ TUT 00BEKTa.

Hcnonb3oBaHue KIOUEBOro CI0Ba typedef 3anaeT HOBOE UMsI (CHHOHUM) JJIs
TUMA, HUKAKOW HOBBIM THN MpU OATOM He co3aaercsa. [lpu 3amaHum THna
C HCTOJB30BAaHUEM I11a0JIOHOB SKBUBAJICHTHOCTh THUIIOB TMPOBEPSAETCS C yUYETOM
CUHOHUMOB (fypedef).
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Mpumep:

typedef unsigned int uint;

template <class T, int s> class vect

L /% o o o B I8
int main(Q

vect <uint,16> vl;
vect <unsigned int,16> v2;

OOBEKTHI V] U V, UMEIOT OJJUH U TOT K€ THII.

KpOMe TOIr0, 5KBUBAJICHTHOCTH THUIIOB OIPCACIIACTCA C TOYHOCTBIO 0 BbI-
YUCJICHUS KOHCTAHTHBIX BBIp&)KeHPIfI Ha Tare KOMIIUIALNHA. HOSTOMy 0OBEKTHI Vi
nv3

vect <uint,16> vl;
vect <unsigned int,10+6> v3;

HUMCIOT O,Z[I/IHaKOBblf/'I THUII.
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CraHaapTHaa bubavoTeka wabaoHoB STL

STL (Standard Template Library) siBnsiercst yactbto ctangapta C++. OcHOBHbIE
KOMITOHEHTBI 3TOW OMOIMOTEKM — HepapXuu MIa0JIOHOB KIIACCOB M (DYHKITHIA.
bubnuoreka STL siBisieTcst BaXXHOM COCTaBHON YacCThIO CTaHIAPTHOW OUOINOTEKH.
SAnapo STL cocTouT U3 4eTblpeX OCHOBHBIX KOMIIOHEHTOB:
KOHTEHHEPHI,
UTEPaTOpHI,
QITOPUTMBI,

pacnpeneuTeNny maMaTy (aJJI0OKaToPkI).

16.1.KoHTeUHepbI

Konreiinep — Tun naHHbpIX (Kjacc), MpeaHa3HauYEHHBIN I XpaHEHUsI 00BEKTOB
KaKkoro-nmmoo tumna (BO3MOKHA peanu3aiis KOHTEHHepa, KOTOPbI XpaHUT 00b-
€KTBI Pa3HBIX THIIOB: B 3TOM CIIydae B HEM XPaHATCS yKa3aTeiud Ha 0a30BBIA THI
JUTSL BCEX YKEITAEMBIX TUIIOB, TO €CTh ()OPMaTbHO XPAHITCS O0BEKTHI OJJTHOTO THIIA, &
(aKTHUECKN yKa3aTelnH CChUIAIOTCS Ha SJIEMEHTHl Pa3HBIX THIIOB M3 OJHOH wHe-
papXxuu KJI1accoB).

IIpuMepamu KOHTEHHEPOB SBJISAIOTCS MACCUB, IEPEBO, CIIUCOK.

CranaaptHble kKoHTeliHepbl Ombanorexkn STL

Vector < T > — TUHAMUYECKHUU MacCUB

List <T> — JIMHEWHBINA CIIMCOK

Stack < T» — CTEK

Queue < T)> — ouepenb

Deque < T)» — IBYCTOPOHHSIS OYEPEab

Priority _queue < T > — ouepenp ¢ IpUOPUTETAMU

Set «<T» — MHO>KECTBO

Bitset < N> — MHO>€CTBO OUTOB (MaccuB U3 N OuUT)
Multiset < T'» — Habop JIEMEHTOB, BO3MOYKHO, OJTMHAKOBBIX
Map < key, val » — aCcCOLIMAaTUBHBIA MACCHUB

12



CrangapTtHas brbimoTeka wabsioHoB STL

Multimap < key, val »— acconraTUBHBIN MacCUB JJIs1 XpaHEHUS Tap
«KITI0OY—3HAYCHHUE», TI€ C KAKIBIM KIIOYOM MOXKET OBITh CBSI3aHO OoJiee
OJIHOTO 3HAYCHHSI.

CTporo roeops, CTeK, oyepeab, oyepeab C MNpUOpPUTETAMM He CUMTAOTCA CTaH-
AAPTHLIMKM KOHTEMHEPaMu. OHWM NOCTPOEHbI C OrpaHMYEHUAMM (YHKLMOHAIBHOCTU
Ha 6a3e ApYrnx KOHTeMHepoB. TeM He MeHee, OHM BK/YEeHbl B 6UbaMoTeKY STL
Hapaay C APYrMMM CTaHAAPTHbIMM KOHTEMHEPaMM.

B kaxngoMm kiacce-koHTeWHepe ompeneneH Habop (QyHKuuid s paboThl
C 3TUM KOHTEHHEpPOM, IPUYEM BCE€ KOHTEWHEPHI NOIJAEPKUBAIOT CTAaHIAPTHBINA
HaObop 0a30BbIX omepanuii (QYyHKIHH, OJMHAKOBO HA3BIBAIOIIMECS, WMEIOIINE
OJIMHAKOBBIM MPOQMIIb U CEMAHTUKY, UX npuMepHO 15-20). Hanpumep, GpyHKus
push_back() momeniaeT 3JeMEHT B KOHEIl KOHTeWHepa, (QyHKius size() BbIIAET
TEKyIIMA pa3Mep KoHTelHepa. OCHOBHBIE ONEPALMK BKIIIOYAIOTCA B CIEAYIOLIUE
TPYIIIBL:

JOCTYII K DJIEMEHTY,
BCTAaBKa 2JIEMEHTA,
yJaJeHue 2JIEMEHTa,
UTEPATOPHI.
Onepanuu, KOTopsle He MOTYT ObITh 3((EKTUBHO pealn30BaHbl Ul BCEX

KOHTEHHEPOB, HE BKITIOUYAIOTCS B HAOOp oOmux oneparuii. Hanmpumep, oOparienne
10 MHJIEKCY BBENICHO ISl KOHTEHHepa vector, HO He 1 [ist.

Kaxxaplii KOHTEHEp B CBOCH OTKPBITOW OOJIACTH COAEPIKUT HAOOp ompee-
JIEHUH CTaHAAPTHBIX UMEH TUNOB. Cpeld HUX €CTh CIEIYIOIINE UMEHA:
value type — THII J€MEHTA,
allocator type — Tum pacnpenenuTes namsTu,
Size_type — THII, UCOJIb3yEMBIN JIsl MHICKCALIH,
iterator, const_iterator — WATEPATOD,
reverse_iterator, const_reverse_iterator — OOpaTHBIN HTEPATOD,
pointer, const_pointer — yKa3aTeJb Ha JJIEMEHT,
reference, const_reference — cCblIKa Ha 3JIEMEHT.
OTH UMEHa OMNpPEACIIAITCS BHYTPU Ka)XJA0ro KOHTEHHEpa TakK, KaKk 3TO He-
00X0IMMO /171l COOTBETCTBYIOIIETO KOHTEWHepa. [Ipu 3ToM peanbHBbIC TUIBI WH-
KalCyJUPOBaHbl. DTO MO3BOJIIET MHUCATh MPOTrPaMMBbl C UCIOJIb30BAHUEM KOH-

TeﬁHepOB, HC 3aBUCAIIMC OT TUIOB [JAHHBIX, PCaJIbHO HCIOJIb3yCMbIX
B KOHTEHHEPAX.

16.2.Pacnpegenmtenu naMaTu

Kaxxnplii KOHTEITHEP UMEET apryMEHT, Ha3bIBAEMbII pacnpeaenTeseM IMaMATH
(allocator), KOTOPBIA UCTIONB3YETCS TIPH BBIICTICHUH MAMSTH IO/ DJIEMEHTHI KOH-
TeiiHepa | MpeaHa3HaueH AJs TOro, 4ToObl OCBOOOIUTH pa3pabOTUMKOB KOHTEH-
HEPOB, a TAK)KE aJITOPUTMOB, OT TOAPOOHOCTEH (PM3NIECKOI OpraHN3aluH TAMSITH.

PaCHpe,Z[eJ'II/ITCJ'IB MaMATH 00eCIIeYnBaeT CTaHAApPTHBIC CIIOCOOBI BBIACICHUA
" nepepacupCaCICHUA MMaMATH, a TAKKC CTAHJAAPTHBIC NMCHA TUIIOB IJId YKa3aTcC-
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neit u cceutok. CrannmapTHas OuONMHMOTEKa OOecreynBaeT CTaHIAPTHBIN pacrpe-
JenuTens maMatu. Kpome TOoro, MOXKHO 3aJaTh CBOHM PACIPENCIUTENN MaMSTH,
NPEJOCTABIISAIONINE AIBTEPHATUBHBIN JOCTYN K MaMATH (MOXXHO HCIIOJIb30BaTh
pasaeNsieMyro MaMsTh, MaMATh CO COOPKOW Mycopa, NmaMmsTh U3 3apaHee BhIJIe-
JICHHOTO ITyJia M TIpoYee).

CrangapTHble KOHTEWHEPH! U AITOPUTMBI MOTYYar0T NaMsATh U 00pallaloTCs
K Hell yepe3 cpecTBa, oOecreunBaeMble pacpeeIuTeNIeM NaMsITH.

CraHnapTHBIA paclpenenuTeNb MaMsATH, 337aBaeMblii CTAaHIAPTHBIM I1a0-
JIOHHBIM KJ1accoM allocator U3 3aro0BOYHOTrO Qailna memory», BbIACIAET NaMITh
IIpyu nmoMomuy omnepanvu neéw M 110 yMOJIYaHHUIO HUCIOJIB3YCTCA BCCMU CTAHIAPT-
HBIMU KOHTEHHEpaMH.

template <class T> class allocator

{

public:
typedef T* pointer;
typedef T& reference;
a11oéa£of() throw();

pointer allocate (size_type n);// BblaeneHne namMaTun Ans
n obbekToB TUnNa T

void deallocate (pointer p, size_type n);

// ocBoboxpaeT mamATb ANA n obbekToB TUna T

// 6e3 Bbi30Ba AeCTPYKTOpPOB T

void construct (pointer p, const T& val);
// VHUUManuM3auua namaTu, Ha KOTOPYKW yKasbiBaeT p,
// 3HadyeHuem val

void destroy (pointer p);
// Bbi3biBaeT AECTPYKTOp AnA *p, He ocBoboxaas namsaThb,
// Ha KOTOpyl YyKa3biBaeT p

/ . ..

16.3.UTepaTopbl

Kaxxnpiii KoHTEHHEp COACPKUT UTEPATOPHI, MOAACPKUBAIOIINE CTAHJAPTHBIN Ha-
0O0p UTEPAIIMOHHBIX ONEpaliid CO CTAaHAAPTHBIMU UMEHAMH U CMBICIIOM.

Hrepatop — 5T0 Kjacc, 0OBEKTHI, KOTOPOTO MO OTHOIICHUIO K KOHTEIHE-
paM UrparoT posib ykazatenei. repatopsl MOANEpKUBAIOT aOCTPAKTHYIO MOJIETh
COBOKYITHOCTH JAHHBIX KaK IMOCJIEIOBATEIbHOCTU OOBEKTOB (UTO U MPE/CTABISIET
co0oii mr060# KoHTelHEep). OOBIYHO, OCHOBHOE JIEHCTBUE C MOCIEA0BATEIHHOCTHIO
371eMeHTOB — Mepebop. OH opraHusyercsi ¢ MOMOUIbI0 UTepaTopos. Mrepatop —
3TO KJIACC, YbH OOBEKTHI BBHIMIOIHAIOT TY K€ POJb MO OTHOUICHHIO K KOHTEHHEpY,
KOTOPYIO BBITIOJIHSIOT YKa3aTelIH MO OTHOIICHWIO K MAacCHBY. YKa3aTellb MOXXET
UCIIONIb30BAThCSl B KAUECTBE CPEJCTBA JOCTyMNa K 3JEMEHTaM MaccHBa, a UTepa-
TOp — B Ka4e€CTBE CpEICTBA JOCTyIa K 3JeMeHTaM KoHteiHepa. Ho, monsaTus
«HYJIEBOW UTEpaTop» He cymiecTByeT. [Ipu opranusanuu nukia s mocieaoBa-
TETBHOTO OOpaIleHus: K JIEMEHTaM KOHTEWHepa OKOHYAHUE KA (PUKCUPYETCS
Ha OCHOBE NMPUMEHEHMs CHEeLMATbHOM (YHKIMM JAJISi CPaBHEHHsI C KOHIIOM IIO-
CJIE/I0BATENILHOCTH 3JIEMEHTOB KOHTEIHEpA.
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Knaccel urepatopoB u QpyHKIMH, MpeIHA3HAYEHHBIC ISl PaOOTHI C HUMH,
HaxoJATCs B Oubmoreunom dame <iterator>.

Kaxnplii KOHTEHHEp COAEPKUT psll KIIOUEBBIX METOJOB, MO3BOJISIOLIMX
HalTH KOHIIbI ITOCJIEJOBATEIBLHOCTH 3JIEMEHTOB B BHJIE€ COOTBETCTBYIOLIMX 3Ha-
YEHUI UTEpaTopoB. ITO:

iterator begin() — BO3BpallaeT UTEPATOP, KOTOPBIN YKa3bIBAaCT Ha Tep-
BBIiA DJIEMEHT MOCIIEIOBATEIHHOCTH.
const _iterator begin()

const iterator end() — BO3BpaIlaeT UTEPATOP, KOTOPHIN YKa3bIBaeT Ha
AJIEMEHT, CIEAYIOMINHI 32 TOCTIEAHUM IJIEMEHTOM ITOCIIEI0BATEIEHOCTH
(ucnonp3yetcs nmpu 0hOPMIICHUN ITUKIIOB).

const_iterator end () const

reverse_iterator rbegin() — BO3BpaIlaeT UTEPaTop, yKa3bIBAIOIIUN Ha
MIEPBBII AIIEMEHT B 00pPaTHOM MOCIIEI0BATEIBHOCTH (MCIIONB3YETCS IS
paboTHI C AIIEMEHTaMH TIOCIIEI0BATEILHOCTH B 0OPaTHOM TIOPSJIKE).
const_reverse_iterator rbegin() const

reverse_iterator rend() — BO3BpaIlaeT UTEPATOP, YKA3bIBAIOIINNA Ha
DIIEMEHT, CIICAYIONIHIA 3a TIOCICTHIM B 00paTHOW TOCIIEIOBATEIIBHOCTH.
const_reverse_iterator rend () const

«IIpsimbie» UTEpaTOPHI:

begin() —» A | |B| |C| | D «— end()

«OO0paTHbIe» UTEPATOPHI:

rbegin () —¥» D C B A «— rend ()

[Tycte p — obOwexT-ureparop. K kaxxaomy ureparopy MOXKHO NPUMEHMTH,
KaK MMHUMYM, TPU KJIIOUYEBbIE ONEpaIIN:

*»  — DIIEMEHT, Ha KOTOPBIA yKa3bIBAET UTEPATOP («Pa3bIMEHOBAHHEC)
uTeparopa),
p++ — mepexo K cieayomeMy dJIEMEHTY MOCIeI0BaTeIbHOCTH,

== — onepauusi CpaBHECHHS.
Mpumep:
iterator p = v.begin(Q);

Takoe mpucBanMBaHHE BEPHO HE3aBUCMMO OT THMa KOHTeiHepa v. Temnepb
*p — coaepKUMOe MEePBOTo dJIEMEHTa KOHTEeiHepa V.

Mpu npoxoae nocsiefoBaTe/IbHOCTU KaK MpAMbIM, Tak UM 0BpaTHbIM MTEPaTOPOM
nepexo K cneaylowemMy SN1eMEHTY byaeT p++ (a He p—-!).

He Bce BuBI UTEpATOPOB MOACPKUBAIOT OJUH U TOT XKe HaOOp omeparuii.
B 6ubnmorexke STL BBeneHO S kaTeropuii HTepaTopoB:

1. BBoaa (input)
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2. BwbiBoaa (output)
3. OnHoHanpaBJieHHbI (forward)
4. JiBynanpasJeHHblii (bidirectional), konteiineps! list, map, set
5. C npou3BOJILHBIM A0CTYNOM (random_access), KOHTEHUHEPHI vector
u deque
Hreparopbl Yrenue [ocrtyn 3anuce  Usmenennme CpaBHeHue
BeiBona *p=e ptt
++tp
Bsona x=%*p p—f ptt pP=—q
+p p'=q
OpHoHanpas- x=7%*p p—>f *p=e ptt p==g
JICHHBIE ++p p'!=q
AsyHanpas- x=*  p=>f f*p=e pHt P==q
JICHHBIE ++p pl=q
p—
4
[Tpou3BoBHBIN x=%*p p—>f *n=e ptt p==q
JOCTYTI pln] +p pl=q
P P<q
4 pP=9q
ptnntp pP==q
p—np—gq P<=4q
pt=np-—=n

Kaxnas mocnemyromas kaTeropus, HauyuHas C TpPETbeH, fABiseTcs Ooiee
MOIIHOM, YeM MpeabIyI1e KaTerOpuu.

C npou3sonvHbiM
oocmynom

Beoo
} Oononanpasnennviii. P JeyHanpaenenuviii P
Buigoo

IIpuHATO Takoe COINAIIEHUE, YTO IPHU ONMMCAHUU AJITOPUTMOB, BXOIALIMX
BSTL  wucnonb3yrOT  CTaHIapTHbIE UMEHa  (QOpPMaJbHBIX  IapamMeTpOB.
B 3aBHCHMOCTH OT Ha3BaHUS UTEpATOpa B MPOQUIIE AITOPUTMA, TOJKEH HCIONb-
30BaTbCs UTEPATOP YPOBHS «HE HMKE 4eM». TO €CTh MO Ha3BaHUIO MAapaMETPOB
111a0JI0Ha MOXKHO MOHATH, KAKOT'O pojJia UTEpaToOp TpedyeTcs, a, CIe10BaTeIbHO, U K
KaKOMy KOHTEHHEPY IPUMEHHUM aJITOPUTM.

Mpumep:
[[Ma6bnonHas ¢pyHkus find().
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Jnist 3T0l (PYHKUMU HY>KHBI: UTEPATOP, YKA3bIBAIOLINI Ha AJIEMEHT KOHTEH-
HEpa, ¢ KOTOPOTO HaYMHAETCS MOUCK, UTEPATOP, COACPKAILUN DIIEMEHT, HA KOTO-
POM TMOUCK 3aKaHYMBAETCS, U DJIEMEHT, MOUCK 3HAYEHMsI KOTOPOrO OCYILECTBIIS-
ercs. g ueneit GyHKIMM TOCTATOYHO UTEpaTOpa BBOAA (U3 KOHTEHHEDPA).

template < class InputInterator, class T >

InputIterator find ( InputIterator first,
InputIterator last,
const T& value )

while ( first != last & *first != value )
first ++;

return first;

16.4. AnropUTMbI

Aaroputmbl STL (ux okono 60) peasn3yloT HEKOTOpbIE PacCHpOCTPAHEHHbBIE
ornepanuy ¢ KOHTEHiHEpaMu, KOTOpPbIE HE PEATU3YIOTCS METOJaMH KaKJI0ro W3
KOHTEHHEpOB (Hampumep, MPOCMOTpP, COPTUPOBKA, MOUCK, YAaJCHHE 3JIEMEHTOB
u npounie). Takue orepanuu SBISAIOTCS YHUBEPCATBHBIMH UL JTFOOOTO M3 KOH-
TEHHEPOB U MTO3TOMY HaXOAATCSA BHE ITUX KOHTEHHEPOB. 3Has, KaK yCTPOECHBI all-
TOPUTMBI, MO>KHO ITCATh HEOOXOAUMBIE IOTIOIHUTENILHBIE aJITOPUTMBI 00pabOTKH,
KOTOpbIE HE OyAyT 3aBHCETh OT KOHTEIHEpa.

Kaxnplii anropuT™ mpejacrtaBieH M1a0JIoHOM (YHKIMU WM HAOOpoM mad-
70HOB (yHKIHMI. Bece cranmapTHBIE anropuTMbl HaXOIATCA B IPOCTPAHCTBE UMEH
std, a ux oObsBIEHUsI — B OMOIMOTEeUHOM (haiine <algorithm.

MO’KHO BBIJICIUTH TPU OCHOBHBIE IPYNINbI AJITOPUTMOB:

1) Hemoguduunupywuue airopuTMbl, Te, KOTOpble U3BIEKAIOT HHPOP-
MAITUIO U3 KOHTEHepa (0 ero yCTporCTBe, 00 3JIeMEHTaX, KOTOPhIE TaM
€CTh U T. 1I.), HO HUKaK He MOIUPUIIUPYIOT caM KOHTeWHep (HU dIie-
MEHTBI, HH TIOPSJIOK UX PACIIOIOKEHUS).

Mpumepsi:
find() — mouck nepBoro BXOKICHUS dJIEMEHTA € 3aJaHHBIM 3HAYCHUEM;
count() — KOJMYECTBO BXOXKJICHHUH JIEMEHTA C 33JJaHHBIM 3HaUYCHUEM;
for_each() — st NpUMEHEHHS] HEKOTOPOH OTEepaliy K KaXAOMY dJie-
MEHTY, HE U3MEHSIOIIEH JIIEMEHTHI KOHTEMHEDA.

2) Moaupuuupywiiue ajJropuTMbl, KOTOpble KaKUM-THO0 00pa3oM n3-
MEHSIIOT COJIepKUMOe KoHTeitHepa. JInbo camu 311eMeHThl MeHSI0TCH,
00 UX TOPAZIOK, TMO0 WX KOJIMYECTBO.

Mprmepsi:

transform() — IUIsl IPUMEHEHHSI HEKOTOPOI oMepaliy K KaxaoMy dJie-
MEHTY, U3MEHSIONIEH JIEMEHTHI KOHTEHHEPA B OTIMYHUE OT alrOpUTMa
for_each;

V€V€I’S€() — HEPECTABJIACT 3JICMCHTHBI B ITOCIICAOBATCIIBHOCTHU

17
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copy() — co37aeT HOBBI KOHTEHHED.

3) CoptupoBka.

sort() — mpocTasi COpPTUPOBKA;

stable _sort() — coxpaHsieT MOPSIOK CJIEIOBAHUS OJMHAKOBBIX 2JIEMEH-

TOB;

merge() — oOBbEIUHSCT JBE OTCOPTUPOBAHHBIC MTOCIIETOBATEILHOCTH.

16.5. locTOMHCTBA
STL-noaxopa

JlocToMHCTBA

M HeJOCTAaTKM

HenocraTkn

Kaxnpiii  koHTeliHEp  obecreynBaeT
CTaHJApTHBIN MHTEpdeiic B Buae HabO-
pa omepanuii, TaKk 4TO OJUH KOHTEHHEP
MOET HCIOJIb30BaThCS BMECTO JAPYIo-
ro, MPUYEM 3TO HE BJIIEYET CYIIECTBEH-
HOT'O U3MEHEHHS KoJAa

JlonmonHuTeIbHAS OOIIHOCTH HCITOJIb-
30BaHUSA OOECIEYMBAETCS 4Yepe3 CTaH-
JApTHBIC UTEPATOPHI.

Kaxnpriit KOHTEWHEp CBsI3aH
C pacmpenenuTeieM namsaTH (aJutoka-
TOPOM), KOTOPBIM MOXHO Mepeorpesie-
JUTHh C T€M, YTOOBI peann3oBaTh cOOCT-
BEHHBI MEXaHU3M pacIpe/IesiCHUs Ta-
MSITH.

s Kaxxoro KOHTEHEepa MOKHO OIl-
peIeNUTh JOMOJHUTEIbHBIE UTEPATOPHI
¥ MHTep(EHChI, YTO ITO3BOJIUT OITH-
MaJbHBIM O00pa30M HACTPOUTH €ro s
peleHuss KOHKPETHOM 3a/1a4u.

KoHTeliHepbl MO ONPENeeHUuI0 OHO-
POIHBI, T.. IOJDKHBI COACPXKATh dJIe-
MEHTBI OJHOI'O THIIA, HO BO3MOYKHO
CO3MaHHE PA3HOPOJHBIX KOHTCHHEPOB
KaK KOHTCHHEpPOB, COJEpIKalIuX yKa3a-
TENH Ha o0IIHi 0a30BEIH KiIacce.

AunroputMmsel, Bxogsume B coctaB STL,
peHa3HAYCHbI s paboThI
C COZIEpKUMBIM KOHTEWHEpOB. Bce ai-
TOPUTMBI TPEACTABIAIOT CcO00M 111a0-
JOHHBIE (DYHKIMH, CIETOBATEIbHO, WX
MOXKHO HCIIONIB30BaTh JJsi  PaboOTHI

18

KonTteitHepbl He UMEIOT (UKCUPOBAH-
HOTO CTaHAApTHOIO IPEACTaBJICHUS.
OHM He ABJISAIOTCS NPOM3BOJHBIMU OT
HEKOTOPOro 0a30BOro kimacca. JTo ke
BEpHO M Juid utepaTopoB. Mcmosb3o-
BaHNWE  CTaHAAPTHBIX  KOHTEHHEPOB
U UTEPATOPOB HE MOApa3yMeBaeT HU-
KaKol SIBHOM WJIM HESIBHOW MPOBEPKHU
TUIIOB BO BPEMSI BBINIOJIHEHHUS.

Kaxnaplii moctynm K uTepaTopy HpHUBO-
IMT K BBI30BY BHPTYAJIBbHOW (YHKIIWH.
OTH 3aTpaThl 10 CPAaBHEHUIO C BBI30BOM
OOBIYHON (YHKIHMU MOTYT OBITH 3Ha-
YUTETHHBIMH.

IIpenoTBpaleHne BbIXOAA 33 IPEEIIBI
KOHTEiHepa Mo-MpeKHEMY BO3J1araeTcst
Ha [IPOrpaMMUCTA, IIPU 3TOM KaKHUX-TO
CHEIHUAJIbHBIX CPEICTB JJI TaKoro
KOHTPOJISI HE TIpe ijiaraeTcsl.
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C JIIOOBIM KOHTEHHEPOM.

16.6.KoHTEeUHep BEKTOP

template <class T , class A = allocator <T> > class vector

// vector — uUMSi KOHTeWHepa,
// T — Tun 3nemMeHTOB KOHTemHepa (value_type),
// A — pacnpegenutens namatu (allocator_type) -

3a

Heobsi3aTeNbHbIN NapameTp.

public:
/ Tunbl - typedef

hTépéTopH

JloCTyn K 3NeMeHTaM:

reference operator[] ( size_type n ); // moctyn 6e3
// NpoBepKu

// Avana3oHa

const_reference operator[] ( size_type n ) const;

reference at ( size_type n );
// BOCTyn C NMpoBepKoW Avana3oHa (ecnu WHAEKC BbIXOAUT

// npeaensl Avana3oHa, TO BO30yxAaeTCss UCK/WYeHue
// out_of_range)

const_reference at ( size_type n ) const;

reference front(Q; // NepBblA 3NeMeHT

BeKkTopa

const_reference front() const;

reference back(Q); // NoCNneiHUN 3NeMeHT

BeKTopa

const_reference back() const;
KOHCTPYKTOPbI:

KOHCTPYKTOPbl, KOTOPblE MOrYyT Bbi3bIBATbCA C OAHUM
napameTpoMm, Ans npesoTBpalleHuss Cly4YanHoro
npeobpa3oBaHns o0b6bABNEHb explicit.

3TO O3HayaeT, YTO KOHCTPYKTOP MOXET Bbi3blBATbCH
TONIbKO SIBHO:

vector<int>v=10 - owmbka, nonbiTKa HEABHOIO
npeobpa3oraHunsa yucna 10 B vector<int>

NSO
NN

explicit vector ( const A&=A(Q) );
// KOHCTPYKTOP YMO/YaHUS — CO3AAEeTCA BEKTOp Hy/neBOu

// DOJVIHbI

explicit vector ( size_type n, const T& value = T(),
const A& = AQ) );

// Cco3haeTcsi BEKTOP M3 N 3/IeMEHTOB CO 3HayeHuem value

// (Mnn co 3HayeHusAsMM Tuna T, co3[aBaembiMh MO

YMOTYAHUIO,

// ecnu BTOpPOM MnapamMeTp OTCYTCTBYeT. B 3TOM Ciayvyae
// KOHCTPYKTOp yMOnyaHuUsA B Kjacce T — obs3aTeneH)
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template <class I> vector ( I first, I last,
const A& = AQ) );

// 1 - uTepaTop. WHMUMANM3AUWA BEKTOPA KOMUPOBAHMEM

// 3nemeHTa, Ha KOTOpPbIM yKa3biBaeT utepatop first, Bo
BCe

// >3nemeHTbl M3 aAmana3zoHa [first, Tlast) (yxe 6biio

// OTMe4yeHo, uTO (yHKumsa end() Bo3BpawaeT uTepaTop,

// KOTOpbIN yKa3blBAeT Ha 3JIEMEHT, CAeaywuuin 3a
nocneaHum

// 3NeMeHTOoM) .

vector ( const vector < T, A > & obj );
// KOHCTPYKTOpP KOMUPOBaAHUSA

~vector(); // necTtpykTop

// . ..

// HekoTopble MeToabl Kiacca vector

vector& operator = ( const vector < T, A > & obj );

?001 empty () const

} //WCTUHA, €C/NN KOHTeWHep nycCT

?1ze_type size () const

} //éﬁﬁaqa TeKkyluero pasmepa

iterator insert ( iterator i, const T& value )

// BCTaBKa nepej 3JIEMEHTOM

i

 /

—

value [€— res (Ha BCTaBJIEHHBIN AJIEMEHT)

iterator insert ( iterator i, size_type number,
const T & value )
{

}

// BCTaBKA HECKONbKWUX OAMHAKOBbLIX 3/1€EMEHTOB nepej
3/1eMeHTOM

void push_back ( const T&value )

insert ( end(),value );

//BCTABKa B KOHel, KOHTenHepa
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void clear (O

erase ( begin(), end(Q) );
// YHWUYTOXEeHWe BCEeX 3/IEMEHTOB, NPW 3TOM MNAMATb He
// ocBoboOXaaeTCs, TaK Kak AeCTPYKTOp CaMOro BeKTopa He

// Bbi3biBaeTCH

iterator erase ( iterator i )

return ( i );

ks
// YHWYTOXeHWe 3a[aHHOro 3JIeMeHTa W Bbigaya
// wTepaTopa 3nemMeHTa, cheaywllero 3a Yyaa/néHHbIM
I res
I vy, VvV ___.

iterator erase ( iterator start, iterator finish )
// YHUUYTOXeHue amanasoHa [start,finish) u Bbigaua
// wTepaTopa 3/eMeHTa, caejywllero 3a nocjaeaHuM

// yDanéHHbIM

return ( finish );

start finish = res

4

// YHVUYTOXEeHMWEe MnocnefHero 3jiemMeHTa
void pop_back O
{

erase (end() - 1);
// coaepxuMmoe NnepBOro 3JIeMeHTa
reference front ()

return * begin (;
// coaepxuMmoe MOCNeAHero 3/ieMeHTa
reference back (O

return *(end O - 1);

reference operator [](size_type 1)
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return * (begin (O + i); // vHAeKkcaumsa BekTopa

/* (aHanor uHAEeKcauuu) BblAAET COAEepPXMMOE 3neMeHTa 1.
MeToa at() MoxeT BO3byauTb nckyeHne out_of_range. */
reference at (size_t i)

{

Jlist opraHu3aiuu MOMCKa B KOHTEfHEpe B 00paTHOM TopsiAKe (OT KOHIA K
Havayry) OObIYHO MUY TCS TAKUE ITUKJITBI:

template <class C> typename C::const_iterator find_last
(const C& c, typename C::value_type V)

typename C::const_iterator p = c.end ();
while (p != c.begin Q) if (* --p == v) return p;
return c.end O;

[TpumeHNB OOpaTHBIN UTEPATOpP, MOXKHO BOCIIOJIB30BAThCA OMOIMOTEUHON
GbyHKIHEH MmorcKa co BCeMH €€ mpenMyIiecTBaMu 1 0e3 moTepu 3P PeKTUBHOCTH:

template <class C> typename C::const_iterator find_last (
const C& c, typename C::value_type V)

typename C::const_reverse_iterator ri = find (
c.rbegin (O, c.rend O, Vv);

if (i == c.rend O
return c.end ;

typename C::iterator i = ri.base (;

return --1i;

Jnis oOpaTHOTrO UTEpaTopa BHINOIHEHUE onepanuu 7i.base() BbIAAET 3HAUE-
HHE THIIA iferator, yKa3pIBaloIlee Ha OJIMH 3JIEMEHT BIEPEN MO3UINH, Ha KOTOPYIO
yKa3bIBaeT caM OOpaTHBIN uTeparop ri. Mexmy UTepaTopoM i B COOTBETCTBYIOIIUM
00paTHBIM UTEPATOPOM CYIIECTBYET (YHIAMEHTAJIHFHOE OTHOIICHHE, BBIpaXKaro-
IIeecst pABEHCTBOM

&*(reverse_iterator(i)) == &*(i - 1)

Oneparuu insert() u erase() onpeneaeHbl TOJBKO JIsl OOBIYHBIX UTEPATOPOB,
MIOATOMY OpraHu3ys IUKJIBI 0 OOpaTHBIM HUTEPAaTOpaM, 3TH 00paTHBIC UTEPATOPHI
HAJI0 CHayaia mpeoOpa3oBbIBaTh K OOBIYHBIM, a JIUIIbL 3aTEM BBHITIOJIHATH BCTABKY
WA YHUYTOXXEHHUE AIIEMEHTOB:

vector <int> :: reverse_iterator ri = v.rbegin Q;
while (ri != v.rend ()
if (* ri ++ == Element)

vector<int>::iterator i = ri.base Q;
v.insert (i, - Element); // nepesa 3ajaHHbIM
// 3neMeHTOM
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// BCTaBUTb elé OAUuH,
// C 0bpaTHbIM

break;
v.capacit)
»i A .
Y »
v.size()
< »| past-the-end-element
. O
vectorv—| | Onemenmwr | | | Hononnumenvroe npocmpancmeo |
i | S d

vrend()  v.begin() v.rbegin() v.end()

16.7.KoHTEUHEP CNUCOK

KonTteitnep Criucok MMeeT aHAJIOTHYHBIN C KOHTEWHEPOM CIHCOK HabOp OCHOB-
HBIX METOJIOB.

template <class T, class A = allocator <T> > class 1ist

// list — uMA KOHTeWHepa,
// T — TUN 3/1eMeHTOB, KOTOpble ByAyT XPaHUTbCHA B CNUCKeE,
// A — pacnpegenutenb NamMsaTU.
public:
// Tunbl - typedef
//

// WTepaTopsl

// ...

//

// DOCTYyn K 31eMeHTaMm

reference front(); // nepBbin 3n1eMeHT chnuUcKa

const_reference front() const;

reference back(Q); // NocneiHun 3neMeHT Chnucka

const_reference back() const;

// KOHCTPYKTOpbI:

explicit list(const A&=A()); // co3paeTcsa CNUCOK

o ) ) / HYNneBOW AJINHbI
explicit list(size_type n, const T& value = T(Q),
const

A& = AQ));

// co3paeTcsa CNUCOK M3 h 3/IeMeHTOB CO 3HayeHuem value

//(nnn co 3HayeHuAMM Tuna T, co3[aBaembiMU MO
YMOTYAHUIO,

// ecnu BTOpPOW napaMeTp OTCYTCTBYeT. B 3TOM C/y4yae

// KOHCTPYKTOp yMonyaHua B Knacce T — obs3aTeneH)

template <class I> Tist(I first, I last, const A& =
AQ);

// 1 - unTepaTtop. MHUUMANM3aUMSA CAUCKA KOMUPOBAHUEM
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list |

124

// 3nemeHTa, Ha KOTOpLIN yKa3biBaeT utepatop first, Bo Bce
// 3nemeHTbl M3 aAmanasoHa [first, last) (yxe 6biio

// oTMevyeHo, 4yTOo ¢yHKkuma end() Bo3BpauwaeT uTepaTop,
// KOTOpbIN yKa3blBaeT Ha 3M1EMEHT, CAeaywluin 3a nocieaHuM
// 3N1eMeHTOM) .

Tist(const Tist <T,A> & obj);// KoHCTpyKTOp
KOMNMMpoBaHUA

7}ist(); // DecTpyKTop
// Heko%opme MeToapl Knacca list
115%&.oberator=(const Tist<T,A> & obj);

iterator erase(iterator 1i);

// yhanseT 3/IeMeHT, Ha KOTOpbiM yKa3biBaeT [AaHHbIN

// wTepaTop. Bo3BpallaeT uUTepaTop 3/emMeHTa,
cnenywllero

// 3a yAaaneHHbIM 3/1eMEeHTOM.

iterator erase (iterator st, iterator fin); )
// Yaanawtca Bce 3neMeHThl Mexay st n fin, Ho fin He
// yhansetcsa. Bo3Bpauaetca fin.

iterator insert(iterator i, const T& value = T());

// BCTaBKa 3HayeHus value nepen i. Bo3BpauaeT
uTepaTtop

// BCTaBJIEHHOIrO 3JIeMeHTa.

void insert (iterator i, size_type n, const T&
value); 5
// BCTaBKa h KOMUA 3/1eMeHTOB CO 3HayeHueM value nepej,

// 1.

void push_back(const T& value); // nobaBnseT anemMeHT

B
// KOHeL, cnucka
void push_front(const T& value); // nobaBnseTt
3/IeMeHT
// B Hayalo Crnucka
void pop_back(); // yhanseT NocieiHUNn 3/1eMeHT.
// 3HayeHWe He BO3BpaAllaeTCs.
void pop_front(Q); // yhanseT nepBbid /IeMEHT CNUCKa
size_type size() const; // BblLAaeT KOJIMYeCcTBO
3/IeMEeHTOB
// cnucka
bool empty() const; // BO3BpallaeT 3HayeHue true,

ecnu
// Bbi3bIBAWIMA CNUCOK MNYCT
void clear(); //ynanseT Bce 31eMeHTbl ChnMUcCKa

v.size()

Lrbegin() | lLend()
\ 4 v

A -
—>» nemenum " Snemenm " Snemenm | Snemenm

»i
)

/“\ past-the-end-element /

Lrend() [lbegin()

A

y
y

A
A
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16.8.Tlpnmep pelueHna 3agaum
C MCNOJIb30BaHMEM
KOHTeWHepoB STL

3apava:

Hanmcatps Gynknuio g() ¢ Tpems mapameTpamu:

~ HEIyCTOW M HEeM3MEHIIEMbBIH KOHTCHHEP-BEKTOp THIA vector <float,
~ HEMyCTOH KOHTeitHep-crucok tuna list «float,

~ LI€JI0€ YKCII0 — LIar Mo MepBOMY KOHTEHHEpY.

OyHKIMS JOKHA UCCIEI0BATh:
~ SJIEMEHTHI CMHUCKA, BEIOUpaeMbIe OT €ro KOHIa ¢ marom 1, u

~— DJIEMEHTHI BEKTOPA, BEIOMpAaeMble OT €ro Hayajia ¢ aroM, paBHbIM
TpeTbeMy apameTpy.

Ecnu oOHapy)uBaroTCs mapbl 3JIEMEHTOB Pa3HbIX 3HAKOB, TO Y TEKYILErO
3JIEMEHTA CMMCKA JOJIKEH MEHSATHCS 3HAK.

[Tocne oxoHUaHHS CPaBHEHUS KOHTEHHEPOB (DYHKIHMS JOJDKHA BBHIBECTH HA
YCTPOMCTBO BBIBOJIa U3MEHEHHBIN CITUCOK.

@yHKIMS BO3BpalLaeT 00Ilee KOJIMYECTBO HEOTPULIATENIbHBIX 3JIEMEHTOB
CIIMCKA.

PeweHue:

#include <iostream>

#include <vector>

#include <List>

using namespace std; // cpeacTBa cTaHAapTHOW bubnuoTeku,
// W, B 4YacTHOCTWU, STL, onpeneneHsl B

// NpocTpaHCTBe uMeH std.

typedef vector<float> V;

typedef  Tist<float> L;

}nt g(const V& vect, L& 1st, int step)

V:: const_iterator vp_ = vect.begin();
L:: reverse_iterator 1p = Ist.rbegin(Q);

int t = 0;
do
i
if (*1p * *vp < 0)
*1p = -*1p;
if (vect.end() - vp <= step)
break;
++ 1p;

) vp += step;
while (Ip !'= 1Ist.rend());

L::iterator rp = 1Ist.begin();
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?hi1e (rp != 1st.end())
cout << *rp << ' ';
if (*rp >= 0)
T+
+4rp;

’
cout << endl;
return t;

ks
int mainQ
V vectl(15,0.0); // onucaHuMe TeCTOBbIX 0H6BLEKTOB

// onpeaeneHHbIX TUMOB
L 1ist1(15,0.0); // BekTop uucen tuna float

M CMNUCOK
// uncen Tuna float pa3mepom no
15
// 3N1eMeHTOB C HayajibHbIM
// 3anosiHeHUeM HyNAMM.
int 1;

i =g (vectl, listl, 1);
cout<< '\n' << "positive elements:
return 0;

"

<< i << '"\n';
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