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ITIVBJIMYHAL JINITEH3M A

VYuebuoe nmocobue Annpest Buktoposuua CrosnsipoBa «Bsemenme B si3pik Cu++», omybimko-
panHoe B uzgareibcree MAKC TIpecc B 2020 roay, HasbiBaemoe fajiee «IIpoussenenunem», 3amm-
IEHO JEHACTBYIOMMUM POCCUICKAM M MEXKIYHaPOIHBIM aBTOPCKO-IIPABOBBIM 3aKOHOJATEIHCTBOM.
Bce npasa na IIpousBenenune, nperycMOTpEHHbIE 3aKOHOM, KaK HMYIIECTBEHHbIE, TaK U HEHMY-
[IECTBEHHBIE, TIPUHAJIEIKAT €0 aBTOPY.

Hacrosamas JIumnensus ycTaHaBINBaET CIIOCOOBI UCIIOJIL30BAHUS 3JIEKTPOHHON Bepcuu IIpons-
BeJICHHs, NIPABO HA KOTOPBIE MPEIOCTABJIEHO aBTOPOM U MPAaBOOOJIAIATEIEM HEOTPDAHUICHHOMY
KpyTy JINILI, DU yCJIOBUK GE30rOBOPOYHOIO IPHUHSITUS STUMHU JINIIAMYU BCEX yCJIOBHI maHHON JIu-
uensuu. JIo6oe ucnosbzoBanue [Ipoussenenusi, He COOTBETCTBYIOIIEE YCJIOBHAM NaHHON Jlumen-
nuu, a paBHO U HCIOIb3oBanue [IponsBenenus sumamMu, He COIVIACHBIMU C yCJIOBHAMH JInnensun,
BO3MOXKHO TOJIBKO IIPU HAJUYUU MMHCHMEHHOI'O Pa3peIIeHHs] aBTOpa U IPaBoodamaTess, a Ipu
OTCYTCTBUU TAKOTO Pa3PENICHUs SABJISAETCS MPOTUBO3AKOHHBIM M MPECJIEIYETCA B PAMKAX IDaXK-
JAHCKOrO, aIMUHICTPATHBHOIO M YI'OJIOBHOT'O IIPaBa.

ABTOD U IpaBoObJIAIATE/b HACTOAIIMM PA3PELIAET CJeIYOIINe BUIAbl NCIOIb30BAHNUS JTAHHO-
ro daiisia, sIBJISAIONIErocsI JIEKTPOHHBIM IIpeacTasiieHneM [Iponssenenust, 6e3 yBeIJOMIICHHS IIpa-
BooOsIa1aTesist 1 6e3 BBIILIATHI ABTOPCKOTO BO3ZHATDAXKICHUS:

1. Bocnpoussenenue ITpoussesenus (HOTHOCTHIO UM YACTHUYHO) Ha GyMare IyTéM paciedar-
KU C IOMOIIBIO IPUHTEPA B OJJHOM 9K3EMILISIPE JIJIsI y/I0BJIETBOPEHUS! JINYHBIX OBITOBBIX WA
y4eOHBIX ITOTpebHOCTEl, 6e3 IpaBa IepeJadn BOCIPOU3BEIEHHOTO SK3EMIIISAPA JAPYTUM JIH-
amM;

2. KomnupoBaHue u pacrpocTpaHeHHe HaHHOro daiijia B 3J€KTPOHHOM BHJIE, B TOM YHUCJIE
HyTél\/I 3alluCcu Ha (bPISI/I‘IeCKI/Ie HOCUTEJIN U HyTéM nepeagadn 110 KOMIIBIOTEPHBIM CEeTAM,
¢ cobmonenueM cueayiomux yciosuit: (1) Bce Bocnpou3Bea8HHbIE U IIepeaBaeMble
JIIOOBIM JINIAM 9K3eMIIAPBI (aiijia sIBJISIIOTCS TOYHBIMU KOIIUSIMU OPUTHHAJIb-
"Horo daiina B dopmare PDF, npu konupoBaHuu He NMPOU3BOAMTCI HUKAKUX U3bITHUH,
COKPAII[EHUH, JOIOIHEHNH, NCKAYKEHII U JIIOOBIX APYIUX M3MEHEHU, BKIIIOIas H3MEHEHIE
dopmara npencrasienus daiina; (2) pacnpocTrpaHeHue U nepeiada Konuil Apyrum
JINLAM MPOU3BOJUTCS HCKJIIOYUTEJIBHO Hecnaammo, TO eCTh IIpU Iepenadye He
B3MMAaeTCs HUKAKOEe BO3HArparkJieHue HM B Kakoul popwme, B ToM yucie B popme
IIPOCMOTPA PEKJIaMbl, B (POPME ILJIATHI 38 HOCUTEJIb WK 38 CAM aKT KOIIUPOBAHUS U IIEpeIa-
qu, JazKe eC/Id TaKas IlJlaTa OKa3bIBaeTCsd 3HAYUTEJIbHO MEHbIIIe (baKTPI‘-IeCKOﬁ CTOMMOCTHU
nIM ce0EeCTOMMOCTH HOCUTEJIS, aKTa KOIIMPOBAHUS U T. II.

JIxo6ble npyrue crocobbl pacIpOCTPpaHEHNsl JAHHOTO daiiia Mpyu OTCYTCTBUU MUCHMEHHOI'O pas3-
pEIleHUsT aBTOPa 3AIPEIIEHbI. B 9acTHOCTH, 3anpeniaeTcsi: BHECEHNE KAKUX-TU00 U3MEHEHU B
NaHHBIA daill, co3ganne U pacIpoCTPAHEHNE HCKAYKEHHBIX 9K3EMILISIPOB, B TOM UHCJIE 9K3EMILIs-
POB, COJIepKAIMX KaKyI0-JIMO0 4acTh [IPOU3BEIEHUs ; pacipocTpanenue gqanHoro daitna 8 Ceru
I/IHTepHeT gepe3 Be6—CaI‘/JITbI7 OKa3bIBaronye IJIaTHbIE YCJIYyTrd, 9epe3 calThl KOMMEPYIECKNX KOMIIa-
HUN ¥ UHIUBUIYAJIbHBIX IPEAIPUHUMATENCH, & TaKyKe Yepe3 caliThl, CoaeprKalliue PeKJIamy
JIr060ro po/ia; npojarka u oOMeH (pU3MIeCKUX HOCUTEJIEH, COJEPKAINNX JIAHHbBIH (ail, naxe ec-
JIM BO3HATPaKJIEHUE 3HAUUTEIBHO MEHbBIIE Ce0ECTONMOCTH HOCUTEJIS; BKIIIOUEHUE JAHHOTO (aiiia
B COCTaB KaKUX-JIMO0 MH(POPMAIMOHHBIX M UHBIX [IPOJIyKTOB; PACIPOCTPAHEHNEe JaHHOrO daiiia B
cocTaBe KaKON-1u60 IJIATHO yC/Iyry UiIu B JOMOJIHEHNE K Takoii yciyre. C Apyroit CTOpoHsl, pa3-
pemaercs gapenne (GecIuiaTHas epejada) HOCUTENeH, CoJepKaMX JaHHbIA (daii, 6ecruiaTHast
3anuch JaHHOro dailjla Ha HOCHUTEJH, IPUHAJJIEXKAIIIE IPYTUM [T0JIb30BATESAM, PACIPOCTPaHe-
HUE JaHHOTO baiiyia yepe3 GecryiaTHbIE JIeleHTpaJn30Bannbie (daisioooMmenubie P2P-cetu u . 1.
Ccplnku Ha 9K3eMILIsIp ¢aiiia, pacloIoKEeHHBIH Ha 0pUIInaIbHOM caifTe aBTOpa, pa3pelleHs 6e3
OI'PAHUYEHUI.

A. B. CroasipoB 3anpeuiaem Poccuiickomy aBTOPCKOMY OOIIeCTBY U JIIOObIM OpPY-
I'¥M OPraHMu3anysM IIPOU3BOAUTD JI0O00ro posa JIMIEH3NPOBaHMeE JIIOOBIX €ro Iponu3Be-
OEHUU U OCYIECTBJIATHh B MHTEPECAX aBTOPA KAKYyIO ObI TO HU GBbLIIO MHYIO CBA3aHHYIO
C aBTOPCKHUMHU IIPaBaMU [esITEJbHOCTh 0€3 ero IMuCbMEHHOI'0 pa3pelineHusl.
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ITpeauciaoBue

Tekct aToit KHMAKKHU BrepBbie yBugea cseT B 2008 rogy u TPUKJIbI
nepensnaBasics — B 2011, 2012 u 2018 rr. Tupax uzganua 2012 roga
DPACXOIUIICS MEJJIEHHO, [TOCJIEIHIE IK3EMILIAPHI ObLIN PACIIPOIAHBI JIUIIH
K 2014 romy. Ilorom B 2015 romy Bo3HUK npoekT yuebuuka «IIporpam-
MHUPOBaHHE: BBEJIEHHE B IPOMECCHIO», B KOTOPBII ITOT TEKCT JOJIZKEH
ObLI BONTH B KadecTBe OJHOWM u3 dacreil. K HacrosiieMy MOMEHTY BbI-
Io0 Tpu ToMa «BBejeHust B npodeccuio» U IIAHUPYETCsI, YTO TEKCT O
si3bike Cu-++ CTaHeT 9acThbiO CJIEIYIONIEr0 TOMa, YeTBEPTOrO MO CUETY,
oy, obormuM HazBanueM «IlapaanrMbry; mpobiieMa B TOM, 9TO CO CPOKa-
MU BBIXOJa 9TOI'0 TOMa, BBIIIIA HEKOTOpas 3amuuka. N3manune 2018 roga
OBLJIO TIPEIIPUHSITO, KOIJa CTAJI0 IIOHITHO, 9YTo TekcT upo Cu+-+ B jo-
CTATOYHOI CTeleHru BOCTPeOOBAH M CBOOOIHO JOCTYIIHBIN 3JIEKTPOHHBII
BapUAHT penraeT Mpob/ieMy JIUIb YACTUIHO (TaK, sl HEOJHOKPATHO BUIE/
[epeIIeTéHHbIe PACIIEYATKH ); TUPAXK Pa30LIEics ObIcTpee, 4eM MOXKHO
OBLIO OXKUJIATH, & IOCKOJbKY PYKOIINCh YeTBEPTOro TomMa «BBemenust B
npodeccuio» BCE eIé He TOTOBa K II€YaTH, O4epe/IHOe Iepen3/anne «Be-
Jennsi B si3blK Cu-++» OT/e/IbHONW KHUXKKOW BBITJISIIUT IIANOM BIIOJIHE
JIOTUIHBIM.

3a HECKOJIbKO JIeT, MPOMIEIITNX MEXK/y TPETbUM U YETBEPTHIM U3-
JaHUEM, MUD OILyTAMO U3MEHUJICS: I'PYIIIa MEXKIYHAPOIHBIX TEPPOPU-
CTOB, II0 HEJOPA3yMEHUIO HA3BIBAIOIINXCS KOMUTETOM II0 CTaHIAPTU3a-
nuu Cu-++, passepHyJia BecbMa OYpHYIO 1 3(bDEKTUBHYIO JIeSITEIbHOCTD
10 OKOHYATEJIbHOMY YHUYTOXKEHHUIO ITOr0 SI3bIKA. BBIIIeime moceno-
BaTesbHO «cranuaprely C++11, C4++14 u, nakonen, C++17 He nepe-
CTABAJIN yIUBJISATD IIyOJINKY: KaXKIbIil pa3 Ka3aJ0Ch, ITO 00Jiee MPaIHOTO
7 6e3yMHOT0 U3BPAIIEHHUS IPUIYMATh Y2Ke HeJIb3sI, 1 KaXKJIbII Pa3 BHIXOJ]
0YEPEIHOTO «CTAHAPTa» HATJISIHO JIEMOHCTPUPOBAJI, UTO BCE BO3ZMOXNK-
HO; oxkugatonuiics C++20 Kak OyATO ClienuaIbHO 33/ [yMaH KaK HaTJIsiI-
HOE TMIOJITBEPXKEHIE, 9TO IIPeJiesia ITOMY Iporeccy Het, pa3se aro Cu++
Bcé-Taku okouypurcd. Ecim mox «s3pikom Cu++» mommmars C++17
win eMm nade C++20, To 0 IPUMEHEHNN TAKOIO WHCTPYMEHTa Ha TPaK-
THKEe He MOXKeT ObITh HUKAKOi pedn, T.e. ¢ a3bikoM Cu-+ ciemyer 1mo-
[IPOIATHCsI, YCTPOUTH TOPYKECTBEHHBIE ITOXOPOHBI U ITOUCKATH aJIbTepHa-
TUBY; BIPOYEM, TO YK€ CAMOE MOYKHO CKa3aTb IIPO BCE €r0 «CTAHIAPTHI»,
HaYMHAS C CAMOTO IepBOro, mpuHaToro B 1998 romy — cTporo rosops,
sa3blK Cu++ Kak yHUKAJILHOE SIBJIEHUE ObLI YHUITOKEH UMEHHO TOTJIA.

[Ipobirema, K COXKAJIEHUIO, B TOM, YTO aJbTEPHATUBBI MOABJIATHCI HE
crrermaT. Herb3st cka3aTh, 9TO B MUPE BOODITIE HE CO3/IAIOTCS HOBBIE SI3BIKI
[IPOrPaMMUPOBAHUS, HO 110 KAKUM-TO HEBEIOMBIM IIPUYMHAM HU OIWH U3
9THUX HOBBIX S3BIKOB IIPOCTO B CHJIY CBOET'O UCXOJHOTO JU3aiiHA HE MOXKET
[IpeTeHI0BaTh Ha posb 3amennrens Cu+-+ u tem 6ostee aucroro Cu. IIpu



6 IIpenucnosue

9TOM pPBEHME, C KAaKUM <«CTaHIapTH3aTOPhI» IIOCJIEI0BATE/IbHO YOUBAIOT
VMEHHO 3TH JBa si3bIKa IIPOIPAMMUPOBAHUSI, 3aCTABJISIET II0J03DEBATD,
aro B [T-unIycTpun 3/1paBblit CMBICST KaK SBJICHHE OKOHYATEJHHO yMeED.

[IpumegarenbHo 3/1eCh, MOXKAIY, BOT 9T0. ABTOPY 9TUX CTPOK MpeI-
craBisiercss o4eBUIHbIM, 4TO #3blK Cu (umcrwiii Cu) cMmor crarh TeM,
YeM OH CTaJl, U 3aHATh €ro HBIHEIIHIO HUIILy OJiaromgaps JIBYM CBO-
UM OYEBUJIHBIM CBOWCTBAM: BO-IIEPBBIX, YKECTKON M OYEBUIHON I'DaHUIE
MEXK/Iy CAMWM SI3BIKOM M ero OMOJIMOTEKOii, CKOJIb Obl «CTaHIapPTHOMN»
OHA HU OBbLjIa, U, BO-BTOPBIX, JIOCTHKUMOCTH Zero runtime, T.e. BO3MOXK-
HOCTHU HCIIOJIb30BAHNS CO3JAHHBIX KOMIIUISTOPOM OOBEKTHBIX MOLYJIei
6e3 TO/JIEPKKU CO CTOPOHBI TOCTABISEMBIX C KOMIUJIATOPOM OUOJIIO-
TeK. B orcyTcTBHE JIFOOOIO M3 STUX CBOWCTB SI3bIK IIPOI'PAMMUPOBAHUSI
OKa3bIBAETCs] HEIPUMEHUM J[IJTsl IIPOIPAMMUPOBAHUS Ha «TOJIOM YKeJIe3€»
(T. €. 1yIst AJIEp ONEPAIMOHHBIX CUCTEM U Jjisl HPOLIMBOK MUKPOKOHTPOJI-
JIEPOB) U, KaK CJEJICTBHIE, He MOXKET [IPETEeH/I0BATh HA YHUBEPCAIHHOCTD.
TeMm ymauBuTesbHEE, CKOJIb YIIOPHO CO3JATENH «CTAHIAPTOB» IIBITAIOTCS
UBHUYTOXKUTH 008 ITHX CBOUCTBA, IPUIEM Kak B Cu-++, TaK U B YUCTOM
Cu.

TlogaBysromee OOJIBIMMHCTBO «COBPEMEHHBIX IIPOIPAMMUCTOB» De-
AJIBHO HE BUJIAT MPUHIUNUAJIBHON pa3Huisl Mexay Cu+-+ u, K mpumepy,
rem ke Iluronom miwm [I:KaBoii, a Bce «HOBBIE TEXHOJOIUU» (BKJIIOYAs
U HOBBIE «CTAHJAPTHI» ) TPEIIOUUTAIOT BCTPEUATh C KAKIM-TO HE37I0PO-
BBIM BOCTOPI'OM, IIOJIHOCTBIO OTKJIFOUHUB CBOU CIIOCOOHOCTH K KPHUTHUYE-
ckoMy MbILieHn0. K cgacThio, Kpome 3Toro GOJIbIMTUHCTBA, CYIIeCTByeT
Tak>Ke U MEHBITHHCTBO, AyMaTh MOKA HE Pa3yduBINeecs, B TPOTHBHOM
cayvae muposas [T-urmgycTpus, ckopee Bcero, yke JaBHO IepecTaja Obl
MIPUHOCHUTD XOTh KaKy[0-TO moJib3y. Ceitdac, CIrycTs JiBa JECITKa JIeT 10~
ciie onydenns STL’eMm «odunuajbHOroO crarycas, B 4ucjie TeX, KTO ero
[IPUHIANIAAIBHO He UCIOJIb3yeT, MOXKHO OOHAPYKUTH, HAIIPUMED, TAKOTO
«MOHCTpa», KaK MpoeKT Qt; HO, MMOoXkKaJyii, HHTEpeCHee BBITJISIIAT OuO-
smoreka FLTK, B TekcTe KOTOPOil TPUHITUIIHAIBHO HE IPUMEHSAIOTCH He
TOJIBKO BO3MOYKHOCTHU «CTaHIAPTHON Oubanorekns Cu+-+, HO U mabiio-
HBI KaK TaKOBbIE, U 00pabOTKa MCKJIFOUEHUI, U JIayKe IIPOCTPAHCTBA UMEH
(namespaces), He rOBOPS YK€ O «BO3MOKHOCTSAX»> M3 HOBOMOJIHBIX «CTaH-
JapPTOB>.

Cyns mo BceMy, B yCJI0BHAX, KOTIA 36K Cu++ M3yBedYeH «CTaHIap-
TH3aTOPaAMUy, aJeKBATHBIX aJIbTEPHATUB HE IPEIBUINTCS, & IPOrPAMMU-
pOBaTh Ha YEM-TO BCE K€ HYXKHO, CO3HATEJHbHOE HCIIOIb30BAHUE TAKUX
YCEUEHHBIX ITOJIMHOXKECTB OCTAETCsI TIOCETHUM ¥ €JMHCTBEHHBIM Bapu-
AHTOM JIJIsI T€X, KTO COXpaHseT pa3dOPUNBOCTb B BHIOOPE WHCTPYMEHTOB.
Meue ocTtaércsa suib TOXKeIATh yCIIEXOB HA 9TOM HETPUBHUAJIBHOM IIyTH
BCEM MOHMM YHTATEJISIM.
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MeTtomunyeckue 3aMevYaHUsd

Ecnn Bbl cobupaeTecb MCNONb30BaTb 3Ty KHUXKKY, YTODbI u3y4aThb
Cn++, TO MeToAMYecKMe pacCyXAeHusi BaM Bpsg Au OygyT MOHATHbI —
STOT TEKCT NpeAHa3HayeH He s TeX, KTO y4uTcs, a A/l TeX, KTO YHUT.
KoHeuHo, 4nTaTh ero HUKTO BaM He 3anpeLiaeT; HO KOr4a Bbl yTpaTUTE Mo-
HUMaHME, 0 4€M BOODLLE MAET peyb — He C/INLLKOM OropHaiiTech U NPoCTO
MPONYCTUTE OCTAaTOK TEKCTA A0 CJefyIOLEro 3arooBKa.

DTa KOPOTKas KHUXKKA, IOCBSINEHHAs 13bIKy Cu-++-, He MOX0oXKa Ha
JIpyrHe KHUTH O TOM YK€ TIPEJIMETe — HU TeM, KaK ITOCTPOEHO €€ cojiepKa-
HUe, HU J1a)Ke CBOUM pa3MepoM. [IpUBBIYHBIN «COBPEMEHHBINY yIeOHIK
o Cu-+- 0OBIYHO TpeJICTaBIIsIeT cOOOM BHYIMUTEIbHBII TOM Ha J06PYIO
TBICAYY CTPAHUIL, I10]1 3aBA3KY 3a0uThIil nHMOpMaImeil, TpuyéM IpaKTu-
YeCKHU BCe KHUT'M Ha 3Ty TeMy, KAKHe MOXKHO HANTH B KHIXKHBIX Mara3u-
HaX, C XO/Iy OOPYIHIMBAIOT HA IUTATEJIs] BCEBO3MOXKHBIE IIPEMY/IPOCTH U3
TaK HA3bIBAEMOIl cTaHmapTHOM Oubimorekn Cu++, Takne Kak iostream,
a TO U BOBCE KOHTEWHEPBI; IIPU ITOM He OOBSICHSETCs, YTO ITO TAKOE U
KaK OHO CJIEJIAHO, IOTOMY 9TO W Ieperpy3Ka CHMBOJIOB WHPUKCHBIX OITe-
panuit, u mabJIoHbI — 9TO TeMa JJIs CYIECTBEHHO 0oJIee TI03/IHEr0 Pa3ro-
Bopa. Kpome toro, 6osbmuacTBO aBropos KHUr 1o Cu++, cy/s 1o Bce-
MY, TOPJISITCSl CBOEH CIOCOOHOCTHIO pacnuchiBaTh Cut-+ TakuM, KaKum
€ro BUJIAT CTAHJIAPTU3ATOPHI, €/IBa JIM HE PAHbINE, YeM BBIAJeT odepe-
HOI «cTaHgapTs. Hamporus, B 9mot KHUTE CO3HATEIHHO MUTHOPUPYETCS
u «craHgapTHas 6ubsmorekay Cu++, u Bce (MMEHHO Tak — 6ce) <«BO3-
MOXKHOCTU», KOTOPBIE YCIIEJIU HAIIPUJIYMBIBATH BOIIIE/IIINE B HEYMECTHBIH
PaxK aBTOPBI «CTAHIAPTOB».

Uamenenusi Cu+-+, HABA3BIBAEMbIe MUDPY BPEJIOHOCHBIMEU KOMUTETa~
MU, IPEJCTABIAIOT CODOIl He <«Pa3BUTHE S3bIKA», a €ro IJIyDOYalIyio
JEerpaiaInio; OyJIydIr B 3TOM IOJHOCTBIO yOEXKJIEHHBIM, s, T€M He Me-
Hee, XOTeJ Obl cefivac HMONBITATHCS BPEMEHHO abCTparnpoBaThbCs OT da-
CTH CBOMX yOeXKIEeHUH, ¢ KOTOPBIMU COJIACHBI (€CTECTBEHHO) JIAJIEKO HE
Bce. Kak HU cTpaHHO, COBEPINEHHO HE 0OI3aTEIHHO PA3/IEIITh MOE MHE-
HUE O TeXHUYIECKUX CTAHJAPTaX, 9TOObI MIOCTPOUTDH HAYAIHHOE N3YIeHHUe
Cu+-+ Tak e, KaK 3TO JeJIal0 s, TOCKOJBbKY JIJIsI OTKa3a OT PAHHEro
PACCMOTPEHUST CTAHJAPTHON OUOJIMOTEKN U HOBIIECTB M3 «COBPEMEHHBIX
CTAHIAPTOB» €CTh MHOXKECTBO MHBIX ITPUIMH.

Xotrenock 6bI ¢ caMOro HavaJIa MOAIEPKHYTh, 9TO MEXK/Iy HAYAJIOM
0obyUeHus TPOrpaMMUPOBAHUIO U CEPLE3ZHBIM PAa3roBOPOM 00 ab-
CTPaKTHBIX TUIAX JIAHHBIX U Te€M 0ojiee 06 00 bEKTHO-OPUEHTH-
POBaHHOM CTWJIE [JOJI>KHO ITPONTHU HE MEHEE MOJIyTOPA—IBYX JIeT.
Hauunaromiero nporpaMmMucTa MOXKHO CYATATH NOTOBBIM K 9TOMY JTaILy,
KOTJ[a IIPOrPAMMbI, KOTOPbIE OH IumieT (IPU TOM HEIPEMEHHO caM), e-
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PEeBAJIST 32 JIBe-TPH THICSYIN CTPOK . [11e-To TaM — II0CJIe BTOPOIl THICSYH
CTPOK KOJIa — PAaCIIOJIOXKEH IIpeJies, HA KOTOPOM KOJIMYECTBO IIEPEXOUT B
KavIeCTBO, HEJIMHEIWHO PACTyIIas CJIO2KHOCTb TPeOyeT PEeIUTeTbHBIX Mep
10 MHKAICYJISIUN JeTajleil, a MePapXUIHOCTb IIPEAMETHON 00acTu —
J110601#1! — BHE3AITHO HAYMHAET BHIMUPATH U3 BCEX MBICIUMBIX Iesteit. He-
JIOBEK, HUKOI/Ia He IMICABIIUI IPOrPAMM CYIIECTBEHHOI'O 00bEMA, IIPOCTO
He Notumeém, o wém udém peus.

K coxkasrenuro, B Halre BpeMs JIOBOJILHO YaCTO BCTPEYAIOTCS TOIBIT-
K1 UCnosb30BaTh Cu++ 1y1st 00yvueHns HOBUYIKOB ¢ Hyssd. ducreiit Cu
B «HYJIEBBIX» HOBHUYKOB, UTO HA3BbIBAETCS, HE AE3€M, U TOMY €CThb OYeHb
[IpocTas NIpUYrHA: yKaszaresaun. KaxKaplil, KTO XOTb pa3 IbITajcs odop-
MHTh B MO3Ty 0OyYaeMOTO 3Ty CYIIHOCTh U IIPU ITOM HUHTEPECOBAJICI,
YTO B pe3yJbTaTe MOJIydaercd (& He IMPOCTO «HAYUTBHIBAJI» MaTepHall,
KOTODBIl IIPEBBIMIAECT BO3MOXKHOCTU ayJUTOPUH ), 3HAET, HACKOJIbKO 9TOT
6apbep B JIECTBUTEILHOCTH BBICOK. [Ipu 9TOM B mporecce n3yueHus -
croro Cu oneparyst B3ATHs ajpeca TpedyeTcss Ha HMEePBOM XKe 3aHSTHUH,
IIPOCTO YTOOBI MPOYUTATH «C KJIABHATYDPBI» UCXOJHBIC JTAHHBIC; HO pPe-
AJIBHOCTh TAKOBa, 4TO OObSICHUTH YEJIOBEKY, KOTOPBII He HAIUCAJI EIle
HH OJHOU MPOTPAMMBI, UTO ITO 34 «&X», 9eM OHO OTJIMYAETCS OT IPOCTO
«X» ¥ 3a9eM OHO IMMOHAIO0UJIOCH IIPU BBI30BE scanf, He603M04CHO, U HI
CJIOBa, HU WJLIIOCTPAINKM, HU TAHIBI ¢ OyOHamMu TyT He momoryT. U ko-
IJia /10 He CJIMIIKOM OIIBITHOI'O IIPENoJiaBaTelisl 3TO, HaKOHEIl, JI0XOJIUT,
Cu++ HauYMHAET BBINVISIJIETHh 3aMaHIUBO [IPOCTO IIOTOMY, 9TO TaM He Hy-
»KeH scanf, a iostream HUKaKWX Omeparuii B3ATUS ajpeca He Tpedyer.

Kak aBrop KHUTH, 5 HICKPEHHE HAJEIOCH, 9TO TOT CAydJail — HE BAIIL.
31ech U j1ajiee TEKCT MTOCTPOeH B mpeianosoxenun, aro Cu+t+ uzydaer-
cg Ha yke chOpMUPOBAHHON 6a3e, U y2K BO BCAKOM CJIydae C UYUCTHIM
Cu y oby4aeMbIX HUKaKUX BOIIPOCOB HE OocTajoch. Jjisi mperomasareieii,
ucnonb3yomux Cu++ B 00y4eHUN HOBUYKOB, MOsi KHUTA 3aBeJIOMO Hec-
nosiesna (Kak, BIpodeM, u Jrobas apyras); 6ecioie3Ha OHa U JJisd UX HU
B 4éM HE IMOBHHHBIX YIE€HUKOB. [0/2KEH OTMETHTDH, YTO MHE PEryJIPHO
MIPUXOUTCS UCIPABJIATDH TOCIEICTBUS TOTOOHOTO «O0yIeHUsT», U B 6OJTb-
MMIAHCTBE CJIYYIaeB C STUM HUYETO TOJKOM HE MOy IaeTCs — ODBITHO TaKUe
cityyan Oe3HAIEKHBI.

Mo3eonto cebe 03BYHUTL OAUH Pe3ynbTaT NMYHbIX HabogeHUl, KOTOPbIN, BO3-
MOX>XHO, KOMY-TO U3 y4uTesneld U npenojaBaTesieli MOMOXET MEPeCMOTPeETb CBOE
oTHoLeHne K npoucxogsiiemy. Ecnn obydaemomy, He ymerowemy pabotaTs ¢ an-
HaMUYECKUMMN MacCMBaMy 1 BCEBOSMOXXHLIMW CMMUCKaMW Ha HU3KOM YPOBHE —
Hanpumep, Ha lMackane nnn yuctom Cu — gate B pykm wabnonsl STL, To B Ka-
4EeCTBE OAHOMO M3 Pe3yNbTaTOB Mbl NosyvaeM (MPakTUHECKU BCEraa) clepytoLuee
yTBEPXXAEHUE: JIyyllie BCerga UCnob3oBaTh vector, a He 1ist, NOCKONbLKY B HEM
€CTb yf0bHasi onepauynsi NHAEKCMPOBAHUS, a BCE OCTasibHOe, Bpoje fobasieHus

1Kaxmas! CyMmMapHbBIi 06bEM HAITMCAHHOTO KOJIa, JOJIYKEH ObITh HAMHOTO GOJIbIIIE,
¥ 5 BBIHYK/IEH [IPU3HATDH, YTO HE F'OTOB JIaTh €r0 OILCHKY.
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5/1EMEHTOB B CepeauHy, Toxe npekpacHo paboTaeT. PeanbHocTb Takoga, 4To 06b-
SICHUTb pasHuLy Mexgy vector n list 4enoseky, HE UMetOLEMY COBCTBEHHOIO
NPAKTUHECKOro onbiTa pa60Tbl C YKasaTenssMm n HN3KOYpPOBHEBbIMU ONHAMWNYECKN-
MW JAaHHbIMW, HEBO3MOXXHO — BOOGLLle, TO €CTb HUKaK. ECJ']VI XK€ HAay4NTb HeN0BEKa
pa6OTaTb C KOHTeﬁHepaMI/I, TO HU3KOYPOBHEBbLIE CTPYKTYPbl AAaHHbLIX OH HE 6yp,eT
3HaTb U YME€Tb HUKOr4a, Ha CO3HATE/IbHOE NOHUXKEHNE YPOBHA a6CTparV|pOBaHI/IF|
NCNOoNb3yeEMbIX NHCTPYMEHTOB MOTUBALNN XBaTaeT €auHNLaM. EOJ'IbLIJI/IHCTBy HO-
BNYKOB TaKoe O6y‘-I€H|/|e 3aKpbIBae€T NyThb B cepbé3Hoe nporpaMMmunpoBaHune, OCTaB-
NS BO3SMOXXHOW NLLb BCEBO3MOXXHYIO HI/I3KOKBaJ'|I/ICbI/ILI,VIpOBaHHyIO AEATENBbHOCTb
Bpoae Beb-pa3paboTkm nanm «NporpaMMmUpoBaHus» nog byxranTepckue CMCTEMBI.

Ecnn Y KOro-t1o M3 yunTaTenenn B 3TOM MECTe BO3HUK BOnpoc, KaKoW e sA3blK
TOrga ciefyeT NCNOAb30BaTb NEPBbLIM — TO MO OTBET DyZeT KpaToK: afibTepHaTU-
bl Mackanto B 3Toli ponu HeT n He npeasuanTcs. MogpobHo 3ToT Teanc pasobpax
B NPeancnoBusaxX K nepsomMy Tomy ((BBe,D,eHI/IFI B npocbeccvno».

Urak, npeamosokmM, 9T0 00yIaeMblil T€M WJIM WHBIM CIIOCOOOM Ha-
YVUIWICSH CKJIAJIbIBATH OTJIEJIbHbIE CHHTAKCHYECKNE KOHCTPYKIIMH B Pabo-
Taromuye NporpaMMbl U, 6OJ'H)IIIe TOI'0, OCBOMJI IPOTrpaMMUPOBaHUE Ha IU-
crom Cu, B TOM YHCJIe — 9TO OYeHb BaXXHO — yKa3aTeJu, HO, KOHEYHO,
HE TOJIBKO WX; €r0 IMPOrPaMMbl IEPEBAJIMIA 38 TOT PyOeXkK CJOKHOCTH,
korga AT/T u OOII yxke He OyuyT nycTbiM 3BYKOM (€CJIM YTO-TO U3 ITO-
ro He TaK, IPOJOJIKATH YTeHue Moeil KHuru GeccMbiciaento). Cut++ —
sI3bIK, HECOMHEHHO, BasKHBIi; I IpodeccroHalia, IPeTeH IyIOero Ha
BBICOKYIO KBaJIN(PUKAIIMIO, €r0 3HaHUe Heobxoaumo. UTo ke Ternepnb?

Jaxke ecsiz 3a0bITh PO CTPAHHYIO TOCJIEIOBATEIHHOCTh M3JI0XKEHUSI,
XapaKTePHYIO JJIs «COBPEMEHHBIX» y4eOHukoB 1o Cu++, ocranercs — u
HUKY/Ia He JleHeTCsd — uX 00béM. Byap B HalteM pacruopsi>KeHu# TPU-de-
TBIDE cemecmpa Ha u3ydeHue ogHoro Toabko Cu++, Mbl 6bI, BO3BMOXKHO,
CMOTJIM BBICTPOUTH HEKHii yUeOHBI KypC, OXBATHIBAIOIINN BCE IPEMY/I-
poctu, yrpamboBaHHbie B 3TU rpoccOyxu. [Ipobiema, oiHaKO, B TOM, 9YTO
TAKOI'0 KOJIMIECTBA BPEMEHU OOBIYHO IIPOCTO HET.

Haxke ecsmm ObI BpeMeHH OBLIO JIOCTATOYHO, BCE DABHO JIydIlle HE
HAYUHATH U3ydeHne si3bika CU-++ ¢ MpaBWJI HUCHOJB30BAHUS IMAOJIO-
HOB CTaHJAPTHON OMOJIMOTEKH, KaK TO TpejiaraeT OOJBITMHCTBO aB-
TopoB BO ryiaBe ¢ camuM Crpaycrpymnom. IIpu Ttakom obOydeHun mgazke
caMmble CIOCOOHBIE CTYAEHTHI HE BUJISIT IPAHUIIBI MEXKJY S3bIKOM U ero
6ubsmoTeKoit, B pesynbrare 4ero Cu-+-+ BOCIHPHHHUMAETCS IIPOCTO KaK
euLé 00uM A3BIK BHLCOK020 YPOBHA, KAKOBBIX U O€3 Hero xmsaraer. YHU-
KaJIbHbIEe BO3MOXKHOCTH si3bika Cu++ ocraiorcss B Tern. Korja Ha Bce
9TH OO'bEKTUBHbBIE CJIOXKHOCTU HAKJIAIBIBAETCS €IE U HEXBATKA BPEMEHH,
OYeHb YACTO IOCJIe MpocaymuBanus Kypca o Cu+-+ Takme cjioBa, Kak
«KJIACC», «HACJIEIOBAHUE» WM TeM Dojiee «IIOIuMOPMU3M» TaK U OCTa-
I0TCs JJISI CTYZEHTOB IIYCTBIM 3BYKOM, 3aTO OHHU IIPH 3TOM TOYHO 3HAIOT,
YTO B HadaJjle IpOrpaMMbl HaA0 BMecTO #include <stdio.h> pamucarb
#include <iostream>, mOoTOM — BCeHEIpeMeHHeHMM obpa3oM! — 3ara-
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JOo4YHOe «using namespace std;», BMecTo printf Hy>KHO HCIIOJIb30BAaTH
XUTPBIE 3HAYKY U CJIOBO COut, a BCSIKHE 3aHY/IHbIE CIIMCKHA MOXKHO 0OJIbIITe
He [HCATh, IOTOMY YTO €CTb BOJIIIEOHOE CJI0BO 1list<>.

Tak wam mnave, ecan Hadatb usydenne Cu+-+ ¢ KOHTEHHEPOB, TO
HanboJiee CII0KHBIE JJIsI OCBOSHUSI KOHIIETIIINH OCTAIOTCH st 00y IaeMOro
«3a KaJIpOM», y HErO TaK W He BO3HUKAET IOHUMAaHUs, I4T0 Takoe Cu++
u 3aueM OH HyxKeH. Takoe «o0Oydenue sizbiky Cu-+-» mpecTaBjser co-
60l He IPOCTO NYcmy TPaTy yIeOHOrO BPEMEHU, KOTOPOTO W TaK He
CJIUIITKOM MHOTO; PE3YJIbTAT MOXKET OBITh MHOTO XYK€, HEXKeJIU HYJIEBOIA.
Msue 10BOAMIIOCH BUAETH [IPETEHIEHTOB HA BAKAHCHIO IIPOTPAMMUCT HA
Cu+-+», KOTOpbIe YKa3bIBaIOT B pe3ioMe 3HaHne Cu-+-+ 1 HECKOJIBKO JIET
OIIBITA MMPAKTUIECKOTO IIPOrPAMMHUPOBAHKS Ha, 9TOM fA3bIKe, a Ha cobece-
JOBaHUU HE MOTYT CKa3aTb, YTO TaKOe KOHCTPYKTOp, He TOBOPs yzKe O
«CJIO’KHBIX MATEPUsiX» BPOJE YNCTO BUPTYAJBHBIX (DYHKITAI.

[IpencrasisieTcs 0 MeHbINE MepPE CTPAHHBIM TPATUTH IeDUIUTHOE
BpeMs Ha U3y4YeHHe 9K30TUYEeCKUX 3aKOPIoYeK, KOIrJla ero He XBaTaeT Ja-
Ke Ha obbscHeHme Hanbosee MyHIAMEHTAIbHBIX KOHIenIuit. B camom
JeJie, U3Yy4YUTh CAMOCTOSTEJIbHO BO3MOXKHOCTU iostream, J1a U KOHTeH-
mepbl STL — ropa3zmo mporre, ¥emMm caMOCTOSTENBHO MOHSTH, YTO TaKOe
HaCJIeIOBAHNE U 3a9€M OHO Hy2KHO. VlTak, mpocTas MbICJIb, KOTOPYIO MHE
XOTeJIOCh OBl ceifuac JOHeCTH J0 auTaTeis, yxke 3Hatomero Cut+ u Ha-
MEPEHHOI'0 HayUIUTh 3TOMY SI3BIKY KOI'O-TO €Ill€, COCTOUT B CJIEIYIOIIEM.
a>ke ecim BbI He COIJIACHBI C MOUM OTHOIIIEHWEM K CTaHJap-
TaM UM UX aBTOPaM, €CTb CMBICJI CHAYAAG TIOKA3aTh 00yYaeMbIM
6azoBbie kKoHnenmnuu Cu+-+, AT u OOII, To ectb UMEHHO TO, ITO
M3JIaraeTcst B 9TOM KHHUIe; Te MATEPUHU, KOTOPbIE s BOODIE HE CUNTAIO
JOCTOMHBIMU U3y4eHUs, BbI MOXKETe 110 KpalHeil Mepe ocmasumbv 1a no-
MOM.

IIpu B31UIsiIe HA OrVIaBJIEHHE KHUTA MOXKET BO3HUKHYTBH OIILYIIEHUE
6ecCIIOPAIOIHOCTH B BHIOOPE IOCJIEIOBATEILHOCTH T€M, OCODEHHO B II€p-
Boif mosioBuHe KaUrn. Ha camom Jiejie MMEHHO Takasi, a He MHasl [OCJIe-
JIOBATEJILHOCTD HOJAYN MaTepuaja UMeeT JOCTATOYHO IIPOCTOEe OObsIC-
HeHue. B KadecTBe OCHOBHBIX IieJieil IIPU CO3JAHUK JAHHOTO Kypca pac-
CMaTPUBAJIOCH O3HAKOMJIEHUE CTYJIEHTa ¢ 4eThipbMs Temamu: (1) cpej-
CTBA MHKAIICYJIAIUA U ONUCAHHUs a0CTPAKTHBIX THUIOB JAHHBIX; (2) 00-
paboTKa MCKIIOUUTENbHBIX cuTyanuil; (3) Hac/emoBaHue, CTaTHYECKUi
u auHamMudecKuil mosmmopdusM u (4) 0600IIEHHOE TPOrPAMMUPOBAHIE
(mabionsl). [lpeiaraemple CTYI€HTY HOBbIE KOHIIEIIIUH TIPH 3TOM CJIOXK-
HBI CAMU TI0 cebe, MOITOMY 110 BO3MOXKHOCTH U3Y4YeHUE CHerupUIecKux
nacTpyMeHTOB Cu++, Takux, HAIPUMED, KAK CChLIKHM WU Ieperpy3Ka
nMEH QYHKIHUN, OTKIAIBIBAIOCH HA KAaK MOXKHO OOjiee TO3/HEe BPeMs.
B pesysibrare neperpyska uMEH paccMaTPUBAETCSI HEIIOCPEJICTBEHHO ITe-
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pell IiepeonpeiesieHneM CUMBOJIOB CTaHJIAPTHBIX OIEPAIUil U BBEEHUEM
HECKOJIbKMX KOHCTPYKTOPOB B OIHOM KJIACCE; CChLIKHA PACCMATPUBAIOTCS
HETIOCPEJICTBEHHO TePeJl BBEJIEHUEM KOHCTPYKTOPA KOIUPOBAHUSI, U T. JI.

Hy u nocnennee. I[Ipu mocTpoernn mpakTUIeCKUX 3aHITHNR XOTEI0CH
OBl PEKOMEHJIOBATH MCIOJIH30BAHUE OIEPAIMOHHON CHCTEMBI CeMeNHcTBa
Unix — manpumep, Linux uinu FreeBSD. O6yuenue ciemyer Beera Hauu-
HaTbh C IPOCTBHIX IPOIPAMM, a IIPOCThIE TPOrPAMMbI HEMBICJUMBI B YCJIO-
BHUSAX OTCYTCTBUs KyJIbTYPbI KOHCOJBHBIX Hpujioxkenuii. Hajguumne Kon-
cobHBIX mTporpaMM B Windows He permraeT mpobJemMy, MOCKOIbKY TaKue
IIPOTPAMMBI KaXKyTCsI CTYI€HTAM HETIOJTHOIEHHBIMU, UTDYIIeIHBIME, U He
BO3BHUKAET OIILYIIEHUsT OBJIAJICHUsI HACTOSIIAM WHCTpyMeHTOM. Harpo-
tuB, B OC Unix Bce mporpaMMbl SIBJISIFOTCS KOHCOJIbHBIMU, BKJIIOYAS W
Te, KOTOpble paboTalT ¢ rpaduIecKUMU OKHAMHU, TaK YTO JayKe CaMble
IPOCTHIE MTPOrPAMMBI OKA3BIBAIOTCS B OMPEIEJEHHOM CMBICIE «HACTOSI-
M.

HeckobKo cJj10B [JIst N3yYaloninx
MmporpaMMUpPOBaHME

Kumxka, KOTOpy1o Bbl 4nTaeTe — MOXKAJIYii, camMasi KOPOTKAs U3 KHUT
10 136Ky Cu++ U 00bEeKTHO-OPHEHTUPOBAHHOMY TPOIPAMMUPOBAHUIO.
IIpu 3TOM, KAK MOXKHO 3aMETHUTh, 00'bEM TOCOOHSI BCE-TAKHM OCTAETCSI 3HA~
YUTEBbHBIM; MaTEepPUAJI, KOe-KAK BMECTHUBINUICSH B 3TU IMOJTOPBI COTHHU
CTPaHUIl, COOTBETCTBYET IIPUMEPHO IMECTA—BOCHMHU JIEKITASIM.

[Ipexie Bcero MHe XOTEJIOCH ObI BHIPA3UTH HAJAEXKLY, UTO BBl HE IIbI-
TaeTech Hauamsb u3ydenne nporpammupoBanus ¢ Cu-+-+. Cmero Bac 3aBe-
PUTDb, 3TO BCE PABHO HE MOJIYIUTCH; €CJIU YKe HAYUUTH a3aM IIPOrPaMMU-
poBauus ¢ ucrosibzoBanueM Cru-+-+ B pOJIH IIEPBOTO SI3bIKA BAC MBITAETCS
Kmo-mo dpyeoli (HaupuMmep, yuuTesb B INKOJE), TO 9Ta KHUKKA Oyler
st Bac abCcoJIIOTHO Oecrosie3Ha; BCE 2Ke MOMpPOOYIO0 1aTh OIUH COBET —
[IOCTAPANTECh OT TAKOI'O T'Ope-yunuTess cOeKaTh, U KaK MOYKHO JIAJIbIIIe,
a eCJIM 9TO HEBO3MOXKHO — TO XOTs OBbI TIOOEpEeruTe CBOM MO3TH.

B HOpMajbHOI cHTyaluu MeXKy HadajoM W3yJYeHUs ITPOrPAMMIU-
poBaHust u HadajoM wusydeHusi Cu+-+ TOJKHO TPOUTH HE MEHBIIe
[IOJIyTOPAa—JIBYX JIET, a JJIsi KOTO-TO BPEMEHH MOYKET MOTPEOOBATHCH U
6osibire. UT0OBI MOHATH, TOTOBBI JIM BBl K BOCIHPUSTUIO IPEIIAraeMOro
3/1eCh MaTepHaJsa, OTBEThTE Ha TPHU BOIIPOCA:

e yBepeHHO Jiu Bbl 3Haere 136K Cu (uncreiit Cu, 6e3 «11rocos» )?

e ymeete jid Bbl B CH HCIIOIB30BATE YKA3ATEIHN JIJIsT TOCTPOEHUS CITUC-

KOB U J€PEBbHEB?

® IHCaJid JIM BbI KOra-HuOy/ b mporpammbl 00bémom 2000 cTpok u

60sbIIIE?
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Ecim xorst 661 Ha OJMH W3 BOIIPOCOB Balll OTBET OTJIMYAETCS OT YETKOTO
U YBEPEHHOTO <«Ja», OTJIOXKUTE 3Ty KHIKKY moiaJbine. Kcraru, BbI Te-
epb 3HaeTe, KOrJa HaJlo Oy/IeT CHOBaA K Hell BepHyThes. Eciu ke Bbl Oe3
KOJIEOAHUIT OTBETUJIN TIOJIOKUATEIHHO HA BCE TPHU BOIIPOCA, TO 5 OBI COBE-
TOBAJI BAM JIOYUTATH ITO MPEIUCTOBHE /IO KOHIIA; BO3SMOXKHO, BbI BCE Ke
[IPEeIIOYTETE HANTH KaKyI0-HUOYIb APYTYIO KHUTY st n3ydenust Cu++.

Tloaxom k nzyuenuto Cu+-+, Ha KOTOPOM OCHOBaHA 9Ta KHUYKKA, PE3KO
OTJINYAETCS OT «OOMIEPUHSATOTO ; €CJIU BbI MOIBITAETECH CPABHUTH €€ C
smoboit kuauroit mo Cu+-+, HaliIeHHOW B KHM2KHOM Maras3wHe, TO y Bac
MOXKET BO3HHKHYTH OIIyIIEHUE, ITO PEYb UAET O JBYX PA3HBIX A3BIKAX
IPOTPAMMUPOBAHUS.

BoJIbIIMHCTBO HBIHENTHUX IPOIPAMMECTOB HE MBICJIMT HKCIOJIb30Ba-
uus Cu++ B oTpbIBe OT cTaHmapTHON 6ubmoreku mabaonos (STL) u ne
BUJMT HAYErO ILJIOXOrO BO BCE Gosiee U GoJiee M30IPEHHBIX (XOTs JIydIie
OyJeT CKasaTh — U3BPAULEHHHIT ) BO3ZMOMKHOCTSX, IPEIJIAraeMblX BBIXO-
JSANAMA C 3aBUAJIHOM PEryIspHOCTHIO — KaK/ble TPU I'0la — <HOBBIMU
cragmapramu». Mexy TeMm y2Ke ¢ nosiiaeHueM B 1998 rogy camoro mep-
Boro «crafgapray Cu-+- [MOJIHOE ONUCAHNEe BCeX BO3SMOXKHOCTEN si3bIKa, 1
€ro «CTaHJIAPTHOI OMOIMOTEKNy MPEBPATUIOCh B KHUATY TaKOro 00bEMA,
9TO €10 BIIOJITHE MOYKHO OBLIO IIPHU 2KEJIAHUN BOCIIOJIB30BATHCA B KAIECTBE
OpY2KHsl IIPOTUB BParoB (B CMbICJIE 4UCTO MexaHu4deckoM). «CoBpemen-
ubles> Bepcuu Cu++ BooOIIE HEBOZMOXKHO OIUCATDH B OJIHOM KHUTE; CAMOe
WHTEPECHOE, UTO JIeJIATh ITO, MOXKATIYH, KO BCEMY eIié U 6ecnoaesno, mo-
CKOJIBKY TaKasl KHUTa He HAIJIa Obl IMOIXOSINEr0 YATATe IsI: HAUNHAs C
C++11, mosryuaroreecss y CTAHIAPTA3ATOPOB HEWMO CTAJIO ITPUHITHIII-
AJIBHO HEJOCTYIIHO JIJIsi M3Y49eHUsi, TAK KAK MHOIME BO3MOXKHOCTH, BTUC-
HYyTBIE B 3TOT «CTaHIAPT», PEIUTEIHFHO HEBOZMOKHO O0bICHUTD YeJIOBe-
Ky, He uMeroIeMy (yzKe!) CONUIHOrO NPAKTUIECKOro OnbITa paboThl Ha
Cu++. HoBudok, jazke yMeroIuii mporpaMMupoBaTh Ha IPYTUX si3bIKAX,
IPOCTO He MOUMET, 0 uéMm unér pedn. [locmemoBasmmue 3a stum C++14 u
C+-+17 npeBpatuin 36K B 6€300pa3Hyi0 Kydy HEIONME Yero, JIMIIUB
€ro BCSIKOI BHYTPEHHEIl JIOTHMKH, U, CyJis II0 BCEMY, IIPOIECC STOT OCTa-
HaBJIMBaTh HUKTO He cobupaercss — rorossiuiics ceitaac C++20 Oyer
HaAMHOI'O XJIEIlle CBOUX IIPeIIlIeCTBeHHIKOB.

Mexnay tem ncxomuo Cu+-+ mpeacTaBiisiyi cOOOl MHTEpECHeIee B~
JIEHE B MHUPE IIPOrPAMMHUPOBAHNS — €IUHCTBEHHBIN B CBOEM POJIE sI3BIK
NPou3BoAbHO20 YPOBHS, TO €CTh TAKOM, KOTOPBIN MMO3BOJISIJI 3aHUMATH-
Csl KaK HU3KOYPOBHEBBIM (IIOYTH acCeMOJIEDHBIM), TAK M CKOJb YTOIHO
BBICOKOYPOBHEBBIM IIPOTPAMMHUPOBAHUEM, TIPUYEM BCe HYXKHBIE 311€Ch U
ceifyac abCTPaKINU BBICOKOI'O YPOBHSI MOXKHO OBLIO TYT Ke U CO3/aTh,
HE [0JIAarasich Ha <«JI00poro Jgo». JIoruky mocrpoenus s3bika (B mot
€ro BepCHUM) HeJb3sl ObLIO HA3BATH COBCEM O€3yIpPEedYHOl, HO OHA XOTs
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OBI cylecTBOBaJIa, U, OOJiee TOro, Ha BCEe €€ HEJIOYETHI MOXKHO OBLIO He
obpalaTh BHUMAHUsI KaK Ha HEYTO He CJIUIIKOM BaXKHOE.

B «coBpemennom» Cu+-+ Bcero 3Toro yzke JaBHO HE BUIHO IIOJ, IO-
poit cemanrmyeckoro xjama. Cireyer MOIIepPKHYTb, YTO U3HAYAJIHHBII
Cu+-+ HUKyHa He JIeJICs, ero BO3MOYKHOCTH MO-TIPEKHEMY UCIOJIb3YIO0T-
cs1 (XOTh B peasu3aIui TOH 2Ke IIPeCJIOBYTON CTaHIAPTHOH Gubinore-
KHU) — HO YJIOBUTH CYIIECTBOBABIIYIO KOTJA-TO KOHIEITYAJIBHYIO CTPYK-
Typy IPAKTUYECKH HEBO3MOXKHO, CJIMIIIKOM MHOT'O Uy2KEPOJHBIX BO3MOXK-
HOCTEH 3TOMY MeIaeT.

B sroit kamkke Cu++ ommcan MpakTHIeCKH TAKUM, KAKUM OH OBbLI
KOTJIa-TO JIABHO, /10 TOTO, KaK 3a HEro IIPUHSJINCH 0€30TBETCTBEHHbBIE Pa3-
paboTInKN «CTaHIAPTOB». HecoMHEeHHO, 3HAKOMCTBO C MaTepUaJIOM KHU-
'l HIKaK HE CMOXKET BaM IIOMeIaTh B Oyayiem ocBonth u STL, u «HOBbIE
CTaHIAPTHI»; HO BpeMsl, IIOTPaYeHHOE HA 3TOT MaTepraJl, COBEPIIEeHHO
TOYHO HE MPONAIET 3psi — moHnManue Tiyournoit cytn Cu+-+ mpugact
BaM yBEPEHHOCTU W MO3BOJIUT K U3YUEHHUIO «coBpemenunoros» Cu++ 1mo-
JONTH OCO3HAHHO, IIOHUMAsI, YTO IIPOUCXOTUT.

A Tenepb camoe, IOXKaJIYii, BazkHOoe. Bce yeums Balmmx npernojasare-
Jieit u BaImu COOCTBEHHBIE IPOIAJIYT BILYCTYIO, €CJIA BBl HE CBHIKHETECH C
OJTHO¥ TIPOCTOI MBICJIBIO: HET U HE MOXKET ObITh MHOTO crocoba n3y-
yeHus nporpamMupoBanus, yeM CAMOCTOATEJIBHOE na-
nucaHue IporpaMm Ha KoMmibroTepe. CMOTpeTh, KaK IHIIYT JIPyIrHe,
IBITATBCS Pa3bUpaTbCs B UyXKHUX IPOrPDAMMAX — 3aHATHE COBEPIIEHHO
6eccMbicieHHOe. TOYHO Tak 2Ke OECCMBICIEHHO THUCATH IIPOrPAMMBI IO
9bIO-TO JUKTOBKY. [Iporpamma Oyer Baireil TOJIBKO B TOM CJIydae, €CJIu
BBl HAIIHIIETE €€ CAMOCTOSITEJIbHO — BO3MOXKHO, 3arJIsIbIBast B CIIPABOY-
HUKH, HO 0€3 TTOMOIIH JIPYTHUX JIIO/IEH.

Jomantusst crpaHuIia 9Toi KHUTH B ceTn VHTEpHET paciosiokeHa 1o
agpecy http://www.stolyarov.info/books/cppintro. 31ech BB MO-
JKeTe HOJIYyIUTDh TEKCTHI IIPUMEPOB IIPOrPAMM, IPUBEAEHHBIX B 9TON KHIU-
re, a TakyKe 9JIEKTPOHHYIO BEPCUIO CAMOIl KHUI'H.



1. BBenenue

1.1. Ilapagunrmer nporpammupoBauusi, OOII u AT/I

CraHOBJIEHNE KOHIIENIIUUA 003eKMHO-0PUEHMUPOS8AHHO20 TPO-
2PaAMMUPOBAHUS OOBITHO CBA3BIBAIOT C si3blIKOM Cumysna-67, KoTo-
PBIil IpeaHa3HavaICH I KMUTAIMOHHOIO MOAEJIMPOBAHNST; CaM TePMUH
«00'bEKTHO-OPUEHTHPOBAHHOE IIPOrPAMMUPOBAHIE» BIIEPBBIE IOSIBUJICS
HECKOJIbKO TI032ke — B cepeqnae 70-X 1omoB XX CTOJETHS B MPOEKTE
Smalltalk, KOTOpBIil Tak:Ke W3BECTEH JPYTI'MM HOBIIECTBOM — OKOHHBIM
nHTEPMENRCOM TI0JIB30BaATE/IS.

SI3pIKM mpOrpaMMUPOBaHMs, ¢ KOTOPBLIMU BaM IPUXOIUIOCH BCTPE-
YaThCs JO CHUX II0DP, OTHOCATCS K KATErOPUHM UMIIEPATUBHBIX SA3BIKOB IIPO-
rpammupoBanusi. [IporpaMMa Ha UMIIEPATUBHBIX A3bIKAX BOCIIPUHUMAET-
Csl KaK II0CJIEI0OBATEIbHOCTh KOMAaH/I, U3MEHSIIONINX 3HAYEeHUs] [TePEeMEeH-
HBIX U IIPOU3BOIAIIMX Jpyrue jeficTsus (OTCIofa HA3BAHUE MapaIUrMbl
«AMIIEPATUBHOE IIPOrPAMMUPOBAHUES, OT CJI0BA, «UMIIEPATUBY — IIPHUKA3,
koMaHa). [IoMMMO UMIIEPATHBHOIO IPOIPAMMUPOBAHUS, CYIIECTBYIOT
TaKue [MapaJurMbl, KaK JIOFHYECKOe IIPOrpaMMUPOBaHKE, e IporpaM-
Ma, BOCIIPUHUMAETCs] KaK HAOOp JIOTUYECKUX BBICKA3BIBAHUIA, 8 BBIIIOJIHE-
HUEe — KaK JIOKA3aTe/IbCTBO WM OIPOBEPXKEHNE HEKOTOPOI'O BHICKA3BIBA~
HUsT; (DYHKIMOHAJBHOE MPOrPAMMHUPOBAHUE, T/I€ MPOrPAMMA IIPEICTAB-
JIgeTcs Kak Habop mMareMaTwudecKux (PYHKINH, a UCIOJHEHUE IIPOrpaM-
MBI IIPEJICTaBJIsIET CODOI BhIYUCIEHNe HEKOTOPO# rtaBHO dynkinn. Cam
TEePMUH «IIapaJUrMa IPOrPaMMUPOBAHUS» O3HAYAET CIIOCOO BOCIIPUSATHUS
YeJI0BEKOM (IIPOrPAMMECTOM) KOMIIBIOTEPHOMN IIPOTPAMMBI H €6 IIpoIiecca
ucroiHeHnsi. Haio 3aMeTuTh, 9T0 mapaurMbl OTHOCATCST CKOPEe K MbIIII-
JIGHHIO IIPOIPAMMMUCTA, YeM K CPEACTBaM S3LIKOB IIPOrPAaMMHUPOBAHHUSI,
HO $3BIK IIPU 9TOM MOXKET CTHUMYJIUPOBATH, IOOIIPATH, 8 B HEKOTOPBIX
Cllydasix — U HaBS3bIBATH OINPEIEJEHHBI CTUJIb MBIIIJIEHUS, TI09TOMY,
KOHEYHO, NTHOPUPOBAaTh M300pa3uTe/IbHBIE CPEJICTBA N3OPAHHOIO sI3bIKA,
IPOrPaMMUPOBAHUS IIPU PA3TOBOPE O HMapa urMax ObLIO ObI HEITPABUIIH-
HO.

OObEKTHO-OPUEHTUPOBAHHOE [IPOrPAMMUPOBAHKE IIPEJICTABJISAET CO-
6ol emré oaHy mapaaurMy mporpamMmupoBanusi. OCMbICIUBas CBOIO IIPO-
rpaMMy B COOTBETCTBUU C ITOMI HapaﬂI/IFMOﬁ, MBI Hpe)KJle BCETro Hpe,ll—
CTaBJIsieM JAHHBIE B BUJIE HEKOTOPBIX 0OBEKIMO8 — «IEPHBIX SANIUKOB».
Bryrpennee ycTpoiicTBO 00bEKTa M3BHE HEJOCTYHHO (K B psjie CJryda-
€B MOKeT OLITh IIPOCTO HEU3BECTHO — HAIPUMEP, €CJIM JAHHLIA 00bEeKT
peaJin30BaH APYrUM IPOrPaAMMUCTOM). Beé, 4ro MOXKHO czenaTh ¢ 06b-
€KTOM — 3TO II0CJIaTh €My COODIIEHNE U TI0JIyYUTh OTBET. TaK, omeparust
2+ 3 B TepMuHAX 0O'bEKTHO-OPUEHTUPOBAHHOIO IIPOrPAMMUPOBAHUS BbI-
DJISIIUT KaK «MbI ITOCBLIAEM JIBOIKe cooOIeHne npubasv k cebe mpotxy,
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a OHa OTBEYaeT HaM, 9TO IOJIyYUJIOCh 5». BIIoJIHE BO3MOXKHO, 4TO, IIOJIY-
9UB COODIEeHrEe, OOBEKT IIPOU3BEIET €IE U KaKUe-TO JeHCTBUs, CMEHUT
CBOE BHYTPEHHEe COCTOSHUE UJIU IOIIET COODIEHNE APYTOMY OOBEKTY.

OOBEKTDI, BHYTPEHHEE YCTPOUCTBO KOTOPBIX OJIMHAKOBO, 00Pa3yioT
KAaccv,. B mparMarndeckoM CMBICJIE KJIACC — 3TO OIMCAHUE BHYTPEH-
HEro yCTPOCTBa 00bEKTA; IIPU CO3JAHUKM HOBOIO OOBbEKTa YKa3bIBAETCH,
K KAQKOMY KJIACCY OH IPUHAJJIEKUT (OOBEKTOM KAKOro KJjacca OH Oy-
JleT ABJATbCd). VMes onmcanue KJacca, MOKHO CO3JATh [IPOU3BOJIHLHOE
KOJIIIECTBO? 00BLEKTOB 3TOTO KJIacca. Bojee TOTo, MOMKHO B3ATh HMEIO-
muiics KJacc U Ha ero OCHOBE CO3/aTh HOBBIM KJIACC, B YEM-TO TTOXOXKUI
Ha CTapbIil U IIPOSABJIAIONINI €r0 CBOMCTBA, HO IIPU 9TOM BCE-TaKU OTJIU-
YAIONMIACH OT HEro, KakK IIPABUJIO, B CTOPOHY YCJIOXKHEHHs (XOTS U HE
BCeryia). DTa BO3MOXKHOCTH HA3BIBAETCS HACAEJ08AHUEM.

Henocrynrocts meraseit peasmsarun 00beKTa 3a IPEJEIaMA €0 O~
CaHMs TO3BOJISIET CHU3UTH OOIILYIO CJIOXKHOCTH IPOrPAMMBI IO ITPUHITU-
Iy «pazfessit u BaacTByil». B npuMenennn K nporpaMMUPOBAHUIO STOT
[IPUHIIATT HA3BIBAETCS UHKANCYASUUET U COCTOUT B pa3lesieHnn Beei
[IPOrpaMMBbl Ha MOACUCTEMbI, KAk 1asl U3 KOTOPBIX peajum3yercs 6ojiee-Me-
Hee HE3aBUCHUMO U MOXKET pa3padarThiBaThcsd 0e3 ydéTa jeraseil peaan3a-
A7 JPYTUX [MOJICACTEM; YINTHIBATH IIPUXOIUTCS JIUIIb TO, KAK [IOICUCTE-
MBI «BBITVISJISIT M3BHE», TO €CTh KaKue PYHKIINN U IIPOYNe BO3MOYKHOCTH
B HHUX IIPEJyCMOTPEHBI JJIs B3AUMOJIEHCTBUS C IPYTUMU IIOJCUCTEMAMHU.
Koneuno, nHKaCyJIsIus TPUCYTCTBYET HE TOJBKO B 00 bEKTHO-OPUEHTH-
DPOBAHHBIX SI3BIKAX, HO €CJIU B JPYTUX S3BIKAX OCHOBHON €IMHUIIECH WHKAII-
CyJssauu OOBIIHO sABJsgeTcs Modyav, To B OOIl MBI ucnosmb3yem mHKAI-
CYJISIIIMIO HA YDPOBHE OTHENbHbIX 00beKToB min (kak B Cu-+-+) Kiaccos,
9TO B PsiJIe CJIyYIaeB [TO3BOJISIET PE3KO CHU3UTD OOIIYIO CJI0KHOCTH MHOTUX
MOJyJIeHt.

YacTo ObIBaeT Tak, 9TO HECKOJIBKO PA3JIMYHBIX KJIACCOB CIIOCOOHBI 00-
pabaThIBATH HEKOTOPBIH OOIIMIL JJIst HUX BCeX HADOP coobiennii. B Takom
cJIydae TOBOPAT, YTO ITHU KJIACCHI TIOJIEPXKUBAIOT o0Imuit unmepgetic;
BO MHOTI'UX OObEKTHO-OPHEHTHPOBAHHBIX A3bIKAX IPOIPAMMUPOBAHNS UH-
Tepeiichl OMMCHIBAIOTCS B BUJIE KJIACCOB CIIEIUAJIBLHOTO BUJIA, ECTh TaKasl
BO3MOXKHOCTb U B Cu+-+.

C 00bEKTHO-OPUEHTUPOBAHHBIM IPOrPAMMUPOBaHUEM 4acTo (1 6e3-
OCHOBATEJILHO) CMEIIUBAIOT JIPYIYIO HAPaJUrMy IIPOrPAMMUDPOBAHUS —
abcmpaxmHsie munst 0aHHBLE . AGcmparmHvim HA3BIBAIOT TAKOM TUTT
JIAHHBIX, JIJIsi KOTOPOI'O HEM3BECTHA €r0 BHYTPEHHsIsI OPraHU3allus, a 13-
BECTeH JIUIb HEeKuil Habop 0A30BBIX OlepaIlyii; IMEHHO TaK MbI BOCIIPU-
HUMaeM, HarpuMmep, Tun FILE, BBOAUMBIH cTaHIapTHON bubanorekoit Cu

2CTporo roBopst, MHOTA MOYKHO BCTPETHTH KJIACC, OGEKT KOTOPOTO MOYKET CyIIe-
CTBOBaTb TOJIbKO B €IMHCTBEHHOM 3K3EMILISAPEe, U JarkKe TaKhe KJIacChl, JIjisl KOTOPBIX
BOOOIIE HEJb3 CO3JABATH OOBEKTHI, HO 9TO CKOPEe HCKJIIOUCHHE U3 IIPABUIIL.
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JI7IsT BLICOKOYPOBHEBOMH pabOTHI ¢ draitlaMu — MBI 3HAEM, ITO MOXKHO OTIH-
caTb nepeMennyio Tuna FILE* (1. e. ykazaresnb na FILE), uro ¢ Heit MoX-
HO paboTarhb, ncnonan3ys dyukiun fopen, fclose, fputc, fgetc u T.11.,
HO IIPU 9TOM HAC HE UHTEPecyeT, YT B JAeHCTBUTEILHOCTH IPEICTABIIAET
coboit Tunt FILE. Ecin mogymars, MOXKHO OOHAPYKHUTH, 9TO K aDCTPaKT-
HBIM OTHOCSITCsI BCTPOEHHBbIe THIBI s13bika Cu 1 06pabOTKU THces ¢
mnasaromeil Toukoit — float, double u long double, IOCKOJIBKY B fA3bI-
ke Cu HET HUKAKUX CPEJICTB, 3ABUCSIINX OT KOHKPETHOT'O IIPE/ICTABICHUS
«IUTABYYIUX» YHUCEN. B TO 2Ke BpeMs IeJIOUNCIeHHbIE TUIIBI OTHECTH K a0-
CTPAKTHBIM HE IOJIYYUTCs, BEIb /I HAX S3BIK IIPEIOCTABIISAET TOOUTO-
BBI€ OIIEPAIINN, TO ECTh BHYTPEHHEE YCTPOUCTBO IIEJIBIX YHCEJ Ha YPOBHE
sI3bIKA, 3a(PUKCUPOBAHO U JIOCTYIIHO.

[Tyranune mexpy OOIl u AT/, HecoMHEHHO, CIIOCOOCTBYET HAJIU-
qre B 00erx mapajurMax HEKUX TPeOOBaHUI «3aKPBITOCTH BHYTPEHHETO
YCTPOICTBaY, HO CXOACTBO Ha ITOM 3aKaHumBaercd. lIpm pabore ¢ ab-
CTPAKTHBIMH THUIIAMHU JAHHBIX HEe UJAET HUKAKOH pedn Hu 00 «oOMeHe
COOOIIEHUSIMU», HU O «BHYTPEHHEM COCTOSIHUU», HU TeM OoJiee O HacJe-
JIOBaHUU WJIU 3araJ09HOM <«IoJuMopdu3Mes. B GoJbIIMHCTBE CIydaen
npumenenne AT/ He TPUBOIUT K CEPHE3HBIM U3MEHEHUSAM B BOCIPUATHH
[IPOTPaMMBI U €€ BBINOJHEHUs, TOCIOICTBYIOMAs TapaUrMa OCTAETCI
TPAIUIINOHHON — UMIIEPATUBHOM, TOrIa KaK IpaBUiIbHbIN moaxon Kk OOTL
3aCTaBJIsIeT IIPOrPAMMHUCTA IIOJIHOCTHIO IOMEHSATH CTUJIb MBIIIJIEHUS.

KnioueBoe paznuume mexpy obbektamu B cmbicie OOl u abcTpakTHbIMU
AaHHBIMW MO>XHO MPOUNNKOCTPUPOBATL TEM (baKTOM, 4TO a6CTpaKTHbIe TNbl OaH-
HbIX MOXHO MPWUCBAMBaTL® M 3TO HUKAK HE MPOTWBOPEHNT M3GPaHHON MoZenw
MbILLUNEHNA, TOrga Kak B K4YNCTOM>» OOH NApncBaMBaHNE OKa3blBA€TCA 4YHEM-TO
yy>kepofHbiM. B camom pene, obbitHbix nepemenHbix «4uctoe OOl » He npeay-
CMaTpUBaET, TaM CyLLECTBYIOT TOJIbKO 0ObeKThI; NpucBansaHe (6e30THOCUTENBHO
KOHKPETHOro s3blka I'IpOrpaMMI/IpOBaHIAﬂ) €CTb HE& 4TO MHOE€ KaK YyKasaHue cae-
1aTb OAVNH 0bBEKT TakUM Xe, Kak HeKnn ,D.perVI, TO €CTb, NpucBONB O4NH obbekT
LPYroMy, Mbl ByaemM TOYHO 3HaTb, Y4TO Tenepb BHYTPEHHEE COCTOSIHME DTUX ABYX
obbekToB oauHakoso, Ho Beab OOl 3anpewaer Kakme-nmbo NpeanoNoXKeHUs o
BHYTPEHHEM COCTOSIHUN 0bBbeKTOB!

Ha,qo NPU3HAaTb, BMPOYEM, HTO Aa>Xe B TaKuX O6'beKTHO—OpI/IeHTI/IpOBaHHbIX
« [0 Mo3ra KocTeli» si3bikax, kak Smalltalk n Eiffel, npncsansanue Bcé xe npu-
CYTCTBYET.

B sa3pike Cu++ npesicrapiens cpeacrBa Kak st OOII, Tak u jjis
cosmanust AT/I, npuyém CJI0KHO CKa3aTh, KakKas W3 3TUX JBYX Iapa-
JIUTM TIOJIIEPXKAHA «JIyUIley. YCyryOJisieT 3aIyTaHHOe TOJIOXKEHUE eIlE U
Tor (baKT, 4TO Jyis 0OECIedeHUsT «3aKPhITOCTU» (Kak O0bEKTOB, TakK U
ATIT) Cu++ BBOAUT €AUHBI MHCTPYMEHT — TaK HA3BIBAEMYIO 3aULUMY,

313 sToro npasuita ToXe eCTh UCKoYenus. Hampumep, dbaitoBsie mepeMennbe
s3piKa Ilackasip He NPHUCBAaMBAIOTCH; BIPOYEM, OCTAETCS OTKPBITBIM BOIIPOC, MOXKHO
JIA CYUTATH Ty CyIIHOCTb abCTPAKTHBIM THIIOM JIaHHBIX.
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7 BIOOABOK HA IIPOUCXOJSIINEE HAKJIAIBIBACT 3aMETHBIN OTIEYATOK WC-
xogHast uMieparubaas cyiHocTb ducroro Cu. K romy xe OOII u ATJT
HE WCYEPIBIBAIOT HOBIIECTB, BBEIEHHBIX B CU-++ 1O CPABHEHUIO C YH-
creiv Cu; Tak, 06pabomka uckaoveruli BOOOIE HIKAKOTO OTHOIIEHUS K
OOII He umeer, 1 y MHOIHX ITPOTPAMMUCTOB 5TOT (DAKT BBI3BIBAECT HEJIO-
BEPUMBOE YIUBJIEHUE, TOCKOIbKY B CH+-+ HCK/IIOUEHNS TECHO CBA3AHBI C
obbekTamu u HacaemoBanueMm. Mexiay OOIIl u «Bcem ocTabHBIMY SI3BIK
Cu++ cam 1o cebe HMKAaKON Y4ETKON I'DAHUIBLI He IIPOBOANT. Berpeda-
IOTCsI IPOIPAMMIUCTHI, BOOOIIEe He ymeromue ucroab3oBars OOII, Ho mpu
9TOM yBepeHHbIe, 9YTO TO, 4T0 oHu jeyaor — 310 OOII u ecrb.

Mpr miocTapaeMcsi CBOEBPEMEHHO HATIOMUHATH IUTATEIIO0 O TOM, UTO
B JIefICTBUTEILHOCTU aOCTPAKTHBbIE THUIBI JaHHBIX — 310 emé He OOIL.
Cpasy e OroBOpHMMCs, UTO abCTPAKTHBIE THIBI JAHHBIX CaMH TO cebe
JIOCTATOYHO IOJIE3HBI, U 9Ta MOJb3a HE CTAHET MEHBIE OT TOrO, YTO UX
MyTAIOT ¢ OOBEKTAME; HO YMEHUE MBICJUTh B TEPMUHAX OOBEKTOB U CO-
o01eHnil, TO eCTh UMEHHO TO, YTO COCTABJSIET CYTh OO0bEKTHO-OPUEHTH-
POBaHHOI'O MIPOrPAMMUPOBaHMUsI, TOXKE OUYEHb BaXKHO, B OCOOEHHOCTHU MPH
co3aHuu GOJIBIIMX U CJIOYKHBIX MPOrpaMMHBIX cucrteM. [Tostomy Gyrer
YMECTHO TIOCOBETOBATH IUTATENIO PErYISPHO BCIIOMUHATH PO OOBEKTHI
U COODINEHUSs, MMOKA MBINLIEHHEe B 9TUX TEePMHUHAX HE CTaHeT JiJisi Hero
MIPUBBIYHBIM JIEJIOM.

1.2. Or Cu k Cu-+-+

Azpik Cu++ 6bur mpemioken buéprom CrpaycTpymnom B Hadase
BOCBMM/JIECSITBIX T'OJIOB IIPOIIEJIIIIEro CTOJIeTUsI B KA4eCTBe OTBeTa Ha Ha-
3PEBIIYI0 MOTPEOHOCTH B MHIYCTPUAJIHLHOM OOBEKTHO-OPUEHTUPOBAHHOM
sa3pike. Cu++ mpezacrasiser coboii pacimupenue sizbika Cu; mobaBiieH-
HbIE B I3bIK MHCTPYMEHTBI O0ECIIeYUBAIOT MOJJIEPKKY KaK JJisi O0bHEKT-
HO-OPUEHTUPOBAHHOTO IPOTPAMMUPOBAHUS, TAK U JJIsI [EJIOT0 PSAJIA JIpY-
MUX HapajurM — abCTPAKTHBIX THUIIOB JAHHBIX, ODODIIEHHOIO IIPOrpaM-
MUPOBaHUs, 0OPAOOTKYU MCKJIIOUATETHHBIX CATYAIIUNA U T. I,

IIporpammel, manucanuabie Ha ducToM Cu, B OOJIBIMTUHCTBE CJIy9YaeB
Oy/IyT KOPPEKTHBI ¢ TOYKH 3peHus s3bika Cu+-+ — HO He Beerma. Tax,
B Cu+-+ IpPUCYTCTBYET MEJIbIii PsiJl KIIOYEBBIX CJIOB, KOTOPBIX He OBbLIO B
Cu. ITosromy, HapuMep, IPOrPpaMMy, COAEPKAIILYI0 TAKOE OIMCAHUE:

int try;

tpaucaaTop Cu++ couTér omubOYIHON, Beb CJIOBO tIy — KJIIOYEBOE B
Cu+-+. Kpome Toro, B si3p1ike Cu-+- HET OT/IEJIHOTO IPOCTPAHCTBA NMEH
JUUIsl TerOB CTPYKTYP; OIIMCaHUE

struct mystruct {



18 Bsenenne

int a, b;

};

B nporpamme Ha Cu+-+ sBJISE€TCS ONNCAHUEM IIOJHOIEHHOTO Muna
mystruct, Torma kak na Cu Takoe yKe OIUCAHNEe O3HATAIO OB JIUIIDH BBe-
JeHne meea cmpyxmypo.. Hade roBopst, B Cu-++ MBI MOXKEM OIIHCATH
epeMeHHY0 THIla mystruct:

mystruct si;
a B uncroM Cu HaM IPUXO/IMIIOCH UCIOJIB30BATH YTO-TO BPOJIE
struct mystruct si;

(Bupouem, Cu++ noiimér u takoe). C Ipyroii CrOpoHBI, YacTO BCTpEYa-
Iolpecs B crapbix nporpammax Ha Cu onucanus BHIA

typedef struct mystruct {
int a, b;
} mystruct;

B nporpamme Ha Cr++ BBI30BYT OMMOKY U3-38 BO3HUKAIIETO KOHMJINK-
Ta uMEH; B #3bike C1 TaKOro KOH(MINKTA He BO3HUKAJIO, T. K. TETH CTPYK-
TYp U UMEHA TUIIOB OTHOCHUJINCH K PA3JIMIHBIM [IPOCTPAHCTBAM HMEH.

B psize curyaruit kommuisitop Cu-++ Beiér cebst cTpozke, 9eM KOMITH-
asrop uucroro Cu, BeliaBasi, HAIPUMED, OMUOKyY Tam, rjae B Cu BO3HUK-
JIO OBI KaK MAKCUMYM IIpeylpexkaenue. K TakuM cuTyarusiM OTHOCSITCS,
BO-TIEPBBIX, BBI30BBI HEOObsiBIeHHBIX (byHKImit: B Cu 9Ta cuTyarus cIu-
TaeTCA <«HEXOPOITell, HO MOIMYCTUMON», TAK UTO, €CJU 3a0BITh HOIKJIIIO-
9UTHh KaKOH-HUOYIb 3aroJIOBOUHDIN (haiiyl, MporpaMMa MOXKeT OJIaromo-
JIyIHO OTTPAHCIUPOBATHCS, XOTS U ¢ peaynpexaeansmu. B Cu+-+ stor
HOMED He IIPOXOUT: ecjiu (DYHKIMS He OlMCaHa, €€ BBI30B pacCMaTpUBa-
ercs Kak omnmbka. Bo-BTopbIx, ommbKoil OyIeT HesiBHOE Tpeobpa3oBaHue
aJIPECHBIX BBIPAXKEHUIl HECOBMECTUMBIX THIIOB: HAIPUMED, IIPUCBanBa-
HMe BBIpasKeHUs TUIA int* mepemMentoit Tuma double* BBI3OBET OITUOKY
B Cu++, Torga kak B gyuctoM CH BBIABAJIOCH TOJBKO MIPEIYIIPEK ICHUE.
Omubkoit 8 Cu++ Oyzer u HesiBHOE IIPeobpa30BaHNe BbIPAYKEHUSI TUIIA
void* B BbIpaKeHUe JIPYyIroro ajpecHOro THUIIA, B TO BPeMsl KaK KOMITUJIsI-
top unctoro Cu He BBIIAET B TAKOU CUTYAIlUU JayKe MPEyITPEeXK ICHUS.

B uucrom Cu misi 0603HAUEHNS «HYJIEBOTO yKA3aTEJsA», T.€. CIEIH-
AJIBHOTO a/IPECHOTO 3HAYEHUs, 3aBEIOMO HE COOTBETCTBYIOIIEr0 HUKAKO-
My aJIpecy B OLIEPATHBHOI ITaMsITh, UcoJib3yercs Makpoc NULL. B Cu++
Ha ypOBHe cHerudUKaInii 3aKPeIIeHO, ITO eJIOYNC/TIeHHAsT KOHCTAHTa,
«0» MCHOIB3YETCs KaK /s OOO3HAUEHUs IEJIOr0 UHCJa <«HOJb», TaK U
JJIS «HYJIEBOTO yKa3aTeJs», TPUIEM BHE BCIKOI 3aBUCHUMOCTUA OT TOTO,
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KaKOBO Ha JIAHHOM apXUTEKTypPe COOTBETCTBYIOIIEE «aPUMDMETUTECKOE
znadenue ajpeca. Koneuno, makpoc NULL HMCIOJIB30BATh HUKTO HE 3a-
uperaer (xoTst Obl U3 coobpaxkenuii copmecrumoctu ¢ Cu); npaBuibHee
OyIeT CKa3aTb, 9TO WCIOJIb30BATDH €r0 HE NPUHAMO.

B cpaBuennu ¢ anctoiM Cu 1361k Cu++ nMeeT psiji JIOMOJTHATETbHBIX
BO3MOKHOCTEl, KOTOpPble MOYKHO 3aMETUTBb €I€ O BBEJIEHHUS CPEJICTB,
nmerorux orHornenne K OOIl mwyim AT/I. OrMernM HEKOTOPBIE U3 HUX.

st mormdeckux 3uadennit B Cu-+-+ BBeIEH crenuaabHBIA U bool,
cocrosmumit 3 AByx 3Hadenwit: false u true. Komeuno, mesnbie umcita
[IO-TIPEKHEMY MOYKHO HUCIIOJIB30BATh B POJIH JIOTHYECKUX 3HAYECHUIT; bostee
TOr'0, IIEJIOMY MOXKHO IIDUCBOUTH 3HayeHue Tuiia bool, npu sroM false
npespaTuTcd B 0, a true — B 1.

CumMBoJIbHBIE TUTEpasbl Bpoae a’ uan °7° B Cu++ cYnTaroTcs KOH-
crarTaMu THna char, Torma Kak B unctoM Cu OHU CYNTANCH KOHCTAH-
TaM#1 THIla int.

Onucanve (riepeMeHHbIX 1 TUIOB) cTajsio B Cu-+-+ onepamopom, 14ro
II03BOJISIET BCTABJIATH €T0 B TPOU3BOJILHOE MECTO ITPOT'PAMMBI, & HE TOJIb-
KO B HA4aJI0 0JIOKa; HAIIOMHUM, 9TO B uyncToM Cu Hejib3sl OIUCATh Iepe-
MEHHYIO IIOCJIE TOTO, KaK B OJIOKE BCTPETUJICH XOTs ObI OJINH OIEepaTop.
Bosee Toro, B Cu++ mepemMeHHyI0O MOXKHO ONHCATH 6 3G20408KE UUKAG
for, IpUMEepHO TaK:

for (int i = 0; i < 10; ++i)

Hapsiy ¢ npuBbIaHBIME «OJIOYHBIMIY KOMMEHTAPUSIMUA, KOTOPBIE 32~
KJIIOYAIOTCS B 3HAKU «/*» U «*/» B Cu+-+ BBEIEHBI CMPOUHbBIE KOM-
MeHMapul, 0003HATAEMbBIE 3HAKOM </ /»; KOMIUJISITOD TPOUTHOPUPYET
BEChb TEKCT, HAIMCAHHBINA II0CJIE TAKOTO 3HAKA, BILUIOTH J0 OJIMZKANIIEro
CHMBOJIa II€PEBO/IA CTPOKK. ECTh M Jipyrue OTnu4usi, O KOTOPBIX BBI IIO-
CTEIIEHHO y3HaeTe.

2. Metoabl, 0OObEKTHI 1 3aMIUTA

B s70i1 rjiaBe MBI [OIBITAEMCS [TOKA3aTh YUTATENIO IIYTh ITOCTEIIEH-
HOT'O IIE€PEXO0JIa OT TPAIUIMOHHOIO MMIIEPATUBHOIO CTHUJISI MBIIIJIEHUS K
MBIILJIEHAIO B TEPMUHAX OOBEKTOB U METOMOB. JIjIs 9TOr0 MbI, OTTAJKHA-
BasiChb OT YK€ M3BECTHBIX YUTATEIIO cpecTB umcroro Cu, mar 3a Ia-
roM OyaeM m00aBIATH MOHATHS U U300pa3uTeTbHbIE CPEICTBA, TPUIIE -
e u3 00J1acTh 00 bEKTHO-OPUEHTHPOBAHHOIO IIPOTPAMMIPOBAHUST, IIOKA
He IPUJEM K MTOJIHOIIEHHOMY K.AQCCY, UMEIOIEMy KOHCMPYyKmop, de-
CcCMPYKmMop u memodut.
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2.1. ®yukuuu-4iaeHsl (MeTOAbI)

Jist moiiepKK 00 bEKTHO-OPUEHTHPOBAHHOTO IIPOIPAMMUPOBAHUS
B Cu++ BBOggTCS ToHATHS GYHKUUT-4AeH08 U Kaaccos. O Kiac-
cax MbI PACCKaXKeM IIO3/[Hee, a [TOKA ITOIBITAEMCS [TOHATH, YTO K€ TaKOoe
«byuknusg-aiens. [lycts HaM moTpedboBasiach CTPYKTypa JIJist IPEICTaB-
JIEHUsI KOMILJIEKCHOT'O JHCJIa Yepe3 JIeHCTBUTEbHYI0 U MHUMYO YaCTH:

struct str_complex {
double re, im;

};

Beeiém Teneps omeparyio BeIauc/IeHns MO/t KOMILJIEKCHOTO unciia. Ha
si3bike Cu HAM IPUILIOCH ObI OMUCATH TPUMEPHO TAKY0 (DyHKITHIO:

double modulo(struct str_complex *c)

{

return sqrt(c->re*c->re + c->im*c->im);

}

Aszbik Cu++ 103BOJISIET C/IeJIaTh TO YK€ CAMOE HECKOJIBKO 0OJIee 3JIeraHT-
HO, TIOJ{YEPKHYB HEIIOCPEJICTBEHHOE OTHOIIeHNe GpyHKIMU modulo K CyIIl-
HOCTHU KOMILJIEKCHOTO uncyia. OyHKINIO MBI BHECEM 6HYMPbL CTPYKTYPHI,
cIenaB «KakK OyaTo ObI €€ 9acThIO»:

struct str_complex {
double re, im;
double modulo() { return sqrt(re*re + im¥im); }

};

Ob6parure BHUMaHUE, 9TO B Tejie (PYHKIIUU BCTPEYAIOTCsI OOpAIEeHUs] K
[TOJISIM CTPYKTYPBI IPSIMO 10 MMeHaM, 0e3 yTOUHEHUsI, OTKYIA TaAKOe MMsI
6epércsi, Kak ecyii ObI 9TO OBLIN ITPOCTHIE IEPEMEHHBIE, & He 110Jist. Ternepb
MBI MOXKEM HAIHMCATH, HATIPUMED, TAKOW KOJI:

str_complex z;
double mod;

z.re = 2.7;

z.im = 3.8;

mod = z.modulo();

Oyukimst modulo Ha3BIBAETC PYHKYUUET-YAECHOM HIIA METMOJOM CTPYK-
Typbl str_complex. Uuorpa peusb uuér o memode obsexma (B JaHHOM
ciydae — OOBEKTa Z), IIPH ITOM UMEETCsl B BUJY METOJ TOrO THIa, K
KOTOPOMY INPUHAJJIEXKUT 00bekT. Kak BUIHO U3 IpuUMeEpa, MeTOJI BbI3bI-
BaeTCs HE caM 110 cebe, a 0aA KOHKPemHo20 06sexma, 1 KaK pa3 u3 3TOro
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00beKTa OepyTcsd HOJId, KOI/Ia B TeJle MeTO/Ia NMeeT MeCTO obpallieHne K
IOJIIO CTPYKTYPHI [10 UMEHU. B 1aHHOM ciryvae MeTo/1 BBI3BAH /15T O0bEK-
Ta z, TaK ITO B €ro Tejle YIIOMUHAHWS HJIeHTH(MUKATOPOB re u im OymyT
COOTBETCTBOBATD IIOJIAM Z.Te U Z.1im.

BbI30B MeTOa — 3TO MMEHHO TO, UYTO B TEOPUU OObEKTHO-OPUEHTH-
POBAHHOI'O IIPOI'PAMMUPOBAHUS IOHUMAETCS [I0JT OMNPAsKol, coobWeHUA
obsexmy. Vlnave roBopsi, TEDMUHBI «BBI30OB METOZa» U «Ilepelada
COOOIIEHUsT» SIBJISIIOTCSI CHHOHMMAaMu. Mbl MOXKeM, CJIeI0BaATEJIbHO,
CKa3aTb, 9TO B HOCJEIHEN CTPOUKE BBIMIENIPUBEIEHHOTO (DparMenTa KoJia
MBI nepedanu 0bsexmy z coobwernue modulo, O3HAYAIOIIEE <«IIOCUNTAM
CBOIl MOZyJIb»; OOBEKT OTBETUJI Ha HAIlle COODOIEHNE, IPUIEM B OTBETE
COJIePzKaJIOCh 4uCJIO Tulla double, paBHOE MCKOMOMY MOJLYJIIO; IIOJIyIUB
9TOT OTBET, MbI IIPUCBOMUJIN €r0 IePEeMEHHOI mod.

2.2. HesBHbIIT yKa3aTeJb HA OObEKT

Ha camoMm Jieie BBI30B (DYHKIME-WIeHa (MeToja) OOBEKTa € TOYKH
3pEHUs PEAN3AINN IIPEICTABIISIET OO0 abCOIIOTHO TO K€ CaMOe, YTO U
BBI30B OOBIYHON (DYHKIIUU, ITEPBBIM IIaPAMETPOM KOTOPOIl SBJISIETCS aJl-
pec obbekTa. B wacrtHOCTH, B mpenblayiieM naparpade Mbl 3aMEHUIN
BHeIHOI GyHKINO modulo, MOIyYaBIIyio ajpec CTPYKTYPbI, Ha, METOJ
modulo, OIMCaHHDLI BHYyTPU CTPYKTYPLI, & BLI30B C ABHOH nepegadein a-
peca — Ha BBI3OB METOJa JJIst OOBEKTa; [IPU ITOM HaG YPOSHE MAULUHHO20
K004 HUKAKUT udmenenul ne npoudow.no. LoBopsaT, 9ro (byHKIHIM-1Ie-
HaM TP BBI3OBE WX JIjIsT 00bEKTa TEPESIACTCI HEABHBLU napamemp —
aJIpec 00beKTa, JJIsi KOTOPOro (PyHKIUs BbI3HIBAETCS.

K sTomy mapamerpy mpu He0OOXOIUMOCTH MOYKHO OOPATUTHCST; UMEHEM
eMy CJIy>KHUT KJrodeBoe cjioBo this. Moxkuo BocupmHmMaTh this kak
JIOKAQJIBHYIO KOHCTaHTY, UMEIOIIYIO THUIl A%, rae A — MMdA OIUCBIBAEMOIT
cTpyKTypbl. Hampumep, onucannyio B IpeaplayIneM mnaparpade BepCHio
CTPYKTYPBI MOXKHO OBIJIO OBI IIEPENucaTh U TaK:

struct str_complex {
double re, im;
double modulo() {
return sqrt(this->re*this->re + this->im*this->im);
}
}s

B mamHOM KOHKpETHOM cjIydae 9TO He MMeeT 0COOOrO CMBICJIA, OTHAKO
OBIBAIOT U TAKUE CUTYAIlNU, B KOTOPBIX UCIOJb30BaHNe this oKa3biBaeT-
Cs HeOOXO/IMMBIM; JIOCTATOYHO IIPEJICTABUATE CeDe, YTO U3 MEeTO/a HY>KHO
BBI3BATH KaKyI0-160 QyHKIMIO (OBBIIHYIO UIIX METOJL IPYTOro 06bEKTa ),
apryMeHTOM KOTOPOIl JTOJI?KeH CTaTh KaK pa3 Halll COOCTBEHHBIN OOBEKT,
TOT, /1151 KOTOPOT'O HAC BBI3BAJIU.
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2.3. 3amura. IloHsiITHE KOHCTPYKTOpa

YT006BI cTATh MOJHONEHHBIM O0BEKTOM, HAIIEH CTPYKTYPE HE XBATAET
CBOICTBa 3aKpBITOCTH. B caMoMm fiesie, moJisd re W im JIOCTYIHBI U3 JIIO-
6oro Mecra B Iporpamme, Ijie JOCTYIIHA caMa CTPYKTypa str_complex.
Iljist Toro, 9To0BI CKPBITH JIeTaju peaju3aluu o0bekTa, B sa3bike Cu++
BBEJIEH MEXaHU3M 3aULUMbL, KOTOPBIIl IO3BOJSAET 3alIPETUTh JIOCTYIl K
HEKOTOPBIM YaCTAM CTPYKTYPbI (KaK MOJIAM, TaK U (DYHKIUAM-METOIAM )
u3 JIIOOBIX MECT IIPOTrPaMMBbI, KPOMe TeJl (PyHKITHH-MEeTOI0B.

s nofiepKannst TOr0 MEXaHN3MA B sI3bIK BBEJEHBI KJIIOUEBbIE CJIO0-
Ba public u private, KOTOPBIMU B OIMCAHUM CTPYKTYPHI MOT'YT OBITH
[OMEYEHBI I0JIsl ¥ METO/Ibl, JOCTYIHbIE U3BHE CTPYKTYpPHI (public:) u,
Ha000POT, JIOCTYIHBIE TOJHKO M3 TeJ (DYHKIMIA-METOIO0B (private:)4.
IlomprTaemcst mepenucaTh HAITY CTPYKTYPY C HCIOJIB30BAHIEM TUX KJTIO-
YeBbIX CJIOB:

struct str_complex {
private:
double re, im;
public:
double modulo() { return sqrt(rexre + im*im); }

};

Tereps 10151 re U im JOCTYIHBI TOJIBKO U3 Teja MeTosa modulo. Jlerko
3aMeTUTh, OJHAKO, UYTO II0JIb30BaATHCA TaKOIl CTPYKTYPOU MBI HE CMOXKEM,
BeJIb B Hell He NIPelyCMOTPEHO HUKAKUX CPEJCTB I 3aJaHns 3HAUYCHUNA
mosieit re u im. Tak, dparmenT Koma, npuBea€HHBIIH Ha cTp. 20, mMOIPO-
cTy Oy/leT OTBEPTHYT KOMIHUISITOPOM, BEMb IOJIS Telepb HEIOCTYITHBI, B
TOM YHCJIE U I TpUCBaUBaHusl. PemuTh mpobieMy MOXKHO, BBEIs CO-
OTBETCTBYIOIIUI MeTOJ JIJTsl 3a/iaHusl 3HaUeHuit mojeit. Onucanue Harei
CTPYKTYPBI MOLJIO OBl BBITVISJIETh B 9TOM CJIydae, HAIPUMED, TaK:

struct str_complex {
private:
double re, im;
public:
void set(double a_re, double a_im)
{ re = a_re; im = a_im; }
double modulo()
{ return sqrt(re*re + im*im); }

};
a MIpUMepP UCIIOIb30BaHUsT O0HEKTa MBI TeePh MEPENUIIeM TaK:

str_complex z;

4HecKo/IbKO T1032Ke MBI BBEJEM elé U KJIIoYeBOe CJIOBO protected.
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double mod;
z.set (2.7, 3.8);
mod = z.modulo();

DTo pelmeHmEe WMeeT OUeHb CEPLE3HEIN HemocTaTok”. Jleso B TOM, UTO
C MOMEHTa OObsIBJIEHUsI IIEPEMEHHON Z 10 BBI30Ba (QyHKIUU set HaIl
00beKT (IIepeMeHHasT Z) OKA3BbIBAETCS B HEONPEIeAEHHOM COCTOSTHUN, T. €.
MIONBITKU €r0 MCIOJIL30BAThH OYIAYT 3aBeoMO omubodIHbl. [IporpamMmmuct
JIOJIZKeH OyJieT 06 5TOM IMOMHUTB, YTO, [IOMUMO IIPOYEro, IPOTUBOPETUT
6azopomy mpuaIiminy OOII: BHe 06bekTa He ciiellyer CTPOUTH IIPEJIITOI0-
JKEHUI O ero BHYTPEHHEM COCTOSHWUM, U JIJIsI «HEOIIPEIEIEHHOr0» COCTO-
SIHUST BPSAJ, JIM CTOUT JieJaTh uckiaodenne. Q4ueBuaHo, ObLIO OBl JIydIle
[IPOM3BECTU MHUINAIMIAIMIIO 00bEKTa HEIOCPEJCTBEHHO B MOMEHT €ro
co3anust. bosee Toro, ObLIO OBl JIOTUYHO 3aGNPEMUMbd CO3TAHNE 00bEK-
Ta, B 00XO0J MHUTIAATM3AIUN.

Aszpik Cu++ 103BOJISET 33/1aBATH KOMITUJISTOPY Y€TKNE NHCTPYKIAN
OTHOCHTEJIBHO JeHICTBHI, HeOOXOMUMBIX® IIPH MHUIUAII3AINE 00HEKTA.
L7151 9TOro BBOJIUTCS €II1€ O/IHO BasKHOE IIOHATHE — KOHCMPYKMOP 063-
exma. KoHCTPYKTOp — 5T0 (PYHKIMSA-METOI, CIEIUAJBHOIO BHJIA, KOTO-
past MOXKeT, KaK U OObIYHAsT (DYHKIWSI, UMETh IIapaMeTPhbl I He UMETh
UX; TeJO 3TOU (PYHKIUU KaK pa3 U MPENCTABJsIeT CODO MOPSIOK JIeii-
CTBUil, KOTOpble HEOOXOIMMO BBIIOJHUATH BCAKHI Pa3, KOI/a CO3MaéT-
¢ 00beKT onuchbiBaeMoro tuna. Hanmcas KOHCTPYKTOD, MBI T€M CAMBIM
«00bsICHAEM» KOMIIUJISATOPY, KAK — B COOTBETCTBHUH C KAKOH MHCTPYKIU-
eil — co37iaBaTh HOBBIIl OOBEKT JAHHOIO THIIA, KAKHE [apaMeTPhI JT0JIK-
HBI OBITH JIJIsi 9TOrO 3aJ@Hbl U KAaK BOCIIOJIHb30BATHCs] 3HAYEHUSIMUA ITUX
[IapaMeTpoB.

Kommuiisitop omymaaeT KOHCTPYKTOPBI OT OOBIMHBIX METOJIOB 110 MMe-
HE, KOTOPOE COBIIJIAET C UMEHEM OIMCHIBAEMOrO TUIIA (B JAHHOM CJIy4ae
CTPYKTYPHI). II0CKOIBKY KOHCTPYKTOP UI'PAET CIEIUAIBHY O POJIb U B 5B
HOM BHJIe OOBIYHO HE BBI3BIBAETCS , THII BO3BPAIAEMOr0 3HAUCHUS JIIsI
KOHCTPYKTOPA yKa3bIBATH HEJIb3sl, OH HE BO3BPAIACT HUKAKIX 3HAYCHMUIA;
B KAKOM-TO CMBICJIE€ PE3YJILTATOM PabOThI KOHCTPYKTOPA SIBJISETCS CaM
OOBEKT, JjIs KOTOPOT'O €ro BbI3BAJIN.

[IpowutiocTpupyem cka3aHHOE, [IEPENncaB CTPYKTYpy str_complex:

struct str_complex {
private:

5Boutee TOT0, GONBIMIHCTBO KOMIMISITOPOB BBIIACT MPE/IyIPEXKICHIE TIPH TTOTBIT-
K€ KOMITUJISIIAN TaKOro OObsIBJIEHUS CTPYKTYPBI.

6 «HeobxomuMBbIx» B TOM GHCIIe U B GyKBATLHOM CMBICIIE — TO €CTh TAKHX, KOTOPEIE
HeAv3A 060Umu.

"Ha camom gene Cu-+-+ T03BOJISIET BBI3BATH KOHCTPYKTOD SBHBIM OBDA3OM, HO
€CJIi BaM 9TO NOTPe6OBAIOCh — CKOPEe BCErO BbI JleIaeTe YTO-TO OY€Hb CTPAHHOE; MbI
paccMaTpuBaTh 3Ty BO3MOXKOCTb He Oy1eM.
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double re, im;
public:
str_complex(double a_re, double a_im)
{re =a_re; im = a_im; }
double modulo()
{ return sqrt(re*re + im*im); }

};

Beeg koHCTpYKTOP (DYHKIMIO-METOJ ¢ MMeHeM Str_complex), Mbl CO-
OOIUIN KOMIUJISATOPY, UTO JJjis CO3/aHus OObeKTa THlla str_complex
HY>KHO 3HaTh JBa 4ducjia Tuna double, m 3amaan HAOODP AEHCTBUI, MOI-
JIEZKAIIUX BBITIOJIHEHUIO TIPU CO3IAHUKA TAKOro 00beKTa. B 3ToM Habope
JelicTBUIT TOBOPUTCS B TOM YHUCJE U O TOM, KaK BOCIIOJIb30BAaThCS 33/ 1aH-
HBIMU YncjJaMu Tuila double: ImepBoe M3 HUX HCIOJIb30BATh B KadeCTBE
JeICTBUTEJILHONA 9aCTU, BTOPOE — B KadeCTBE MHUMOI YaCTH CO3/aBae-
MOT'O KOMIIJIEKCHOT'O YHCJIA.

Boobuwe B cemanTuke Cu++ ntobas nepeMeHHast CO3AaETCA C NOMOLLBIO KOH-
CTPYKTOpPa. Bo mHorux CNy4Hasax KOMMUAATOP CHUTAET KOHCTPYKTOP CyLUECTBYHO-
wnm (((HeFIBHO»), HECMOTPA Ha TO, 4YTO B NpOrpamMme KOHCTPYKTOP HE OnuncaH.

Ko Beramcitenust Mofysist Teeph MOYKHO IIEPEIICATh BOT TaK:

str_complex z(2.7, 3.8);
double mod;
mod = z.modulo();

Bonee Toro, ansa Takoii onepaunm HaMm He 0bsI3aTeNbHO ONUCLIBaTL NEPEMEHHYIO,
umetowyto umsi. Ml Mmorain Bbl HanucaTb u Tak:

double mod = str_complex(2.7, 3.8).modulo();

3pecb Mbl CO3[anu aHOHUMHYIO MEPEMEHHYIO Tuna str_complex u ANs 3Toi
nepemeHHoli BbI3Bann Metog modulo. AHOHUMHBIM MEPEMEHHBIM Mbl MO3XKe MO-
CBSITUM OTAENbHbIV naparpad.

Craenaem BaxkHoe 3amedanue. [locjie BBejeHMsT KOHCTPYKTOPA, HMe-
IOIEr0 MTapPaMeTPhl, KOMIUJISITOP OTKAXKETCsI CO3/aBaTh OODBEKT THIIa
str_complex 0e3 yka3aHus TpeOyeMbIX KOHCTPYKTOPOM JIBYX 3HAYEHUNH,
TO €CTb IIpe/IbLAyIas Bepcus Kojla, Co/ieprKaBllias OlncaHue

str_complex z;

KOMIIMJIMPOBATHCst OoJtbIte He Oyet. Ecim 3To cozmaér neymobcTBa, MOK-
HO 3aCTABUTHh KOMIIMJISITOP CHOBA CUUTATH TaKne OObABJICHUS KOPPEKT-
HBIMU; O TOM, KaK 3TO JIeJIAeTCs, MBI y3HaeM u3 §3.3.

CHHTAKCUC CO3/IaHUs MIEPEMEHHOI M0 3aJaHHOMY IIapaMeTpy JOIry-
cruMm B Cu+-+ u [Jist IepeMeHHBIX BCTPOEHHBIX TUIIOB. Tak, onucaHnue

int v(7);
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0o3Ha4aeT abCOJIFOTHO TO XKe CaMO€, 9TO U IIPUBBITHOE II0 A3BIKY Cu onn-
caHue HepeMeHHOIU/I C UHUYUAAU3AITOPOM

int v = 7;

Hamomuum Ha BesiKuit ciiydail, 9T0 UHUUUAAUSGUUS — ITO COBCEM
HE TO YK€ caMoe, 9TO NMPUCBAUBAHUE: TIPU MPUCBANBAHUN MBI MEHIEM
3HadYeHne I TePeMEeHHOI, KOTopas y»Ke CYIIeCTBYeT, TOT/a KaK Iph
VHUIHATA3ANNE — 33/a6M HadaJbHOe 3HaYeHue i IMepeMeHHOMN, KO-
TOpasl IPsMO Ceffyac MOSBUTCH U KOTOPOH JI0 9TOr0 MOMEHTa He OBLIO.
B uncrom Cu mnnnmainsaiust 1 npucBanBaHue 0003HAYAIOTCS OJHUM U
TeM 2K€ CHUMBOJIOM — 3HAKOM PABEHCTBA, HO PA3HUIIA MEXKy HUMH CTAHO-
BUTCsT OYEBUTHOM, €CJTM BCIIOMHHUTD, YTO MBI MOKEM, HAIIPUMED, 3a1aTh
HaYaJIbHOE 3HAYEHME JJIsT MACCHBa, TOT/A KaK MPUCEGUBAMb MaCCUBbBI
Hesb3st. Kpome TOro, CTOUT BCIIOMHUTD, ITO JJTsT TJI00ATBHBIX TTEPEMEH-
HBIX MHUIMAJIU3AIMs He TpeOyeT HUKAKUX JIeHCTBU, BBIIIOJHAEMbIX IIPO-
1IeCCOPOM, B€JIb IIPU CTapTe IPOrPAMMBI B IMaMSTh 3arpyKaercs obpas,
yoKe COMIEpKAIUil Hy>KHbIe 3HAYMEHNST; IPUCBANBAHNE YKe, OUEBUIHO, BCE-
TJIa TIPEICTaBIsIeT coO0t MMEHHO JeiicTBHE.

B Cu++ pasHuia MexK 1y MHUIHAJIU3AIKMEN 1 IPUCBanBAHIEM eIlle 60-
Jlee CyIIECTBEHHA, U Mbl B 9TOM HEOJHOKpATHO ybemumcsi. B wacTHOCTH,
BasKHO IIOHUMATbh, YTO KOHCTPYKTOPBI UCIOJIb3YIOTCs [IPU WHUAIAAIN3a~
M7 1 HE UMEIOT HUKAKOI'O OTHOINEHNS K IPUCBaNBaHWiO. Kak MbI y3HaeM
3 manbHeliero namoxkenns, Cu-++ MO3BOJIIET B3ATh O KOHTPOJL HE
TOJILKO MHUTIMAINAZAINIO0 00HEKTA, HO W IPUCBANBAHUE €My 3HAUEHUH, HO
JI7IST 9TOTO TPEyCMOTPEHDBI OTAEIbHBIE CPEJICTBA, KOHCTPYKTOPHI TYT HU
PN 9€M.

Bozsparasics Kk 00CyKIEHUIO 3aIUTHI, OTMETUM €IIE OIMH HEMAJIO-
BaXXHBIH MoMeHnT. Eauauiieit samurbl B Cu+ -+ siBjIsieTcss He 00b-
€KT, a Tyl (B JAHHOM CJIyYae CTPYKTYpa) HEJUKOM. DTO 03HAUAET,
9TO U3 TeJT METOJIOB MbI MOXKEM 00PAIAThCS K 3aKPBITHIM MOJISIM HE TOJb-
KO «CBO€ro» 00beKTa (TOro, Jjisi KOTOPOTO BBI3BAH METOJ), HO U BOOOIIE
JIIOO60T0 0OHEKTA TOTO YK€ THIIA.

2.4. 3ayem HY>KHa 3aIlATa

CMBICJT MEXaHM3MA, 3AIUTHI YACTO OKA3BIBAETCS HEIIOHSITEH IIPOrDAM-
MECTaM, HAUHHAIOIIAM OCBAUBATH OO HEKTHO-OPUEHTHPOBAHHOE ITPOTPaM-
mupoBanue. [TonpoGyeM MOSICHUTDH €ro, OCHOBBIBASICH Ha, HAIIIEM TIPUMEPE.

[IpencraBum cebe, 9TO HaIa CTPYKTYpa sStr_complex UCIOIb3YETCs
B DOJIBITION TpOTrpaMMe, AKTUBHO PabOTAIONMEl ¢ KOMIIEKCHBIME UC/Ia-
Mu. MOXKeT CJIy9uThCsl TaK, 9TO B IpOrpaMMe OyJIeT OYeHb 9acTo Tpebo-
BAThCs BBIYUCJIEHME MOJIyJIell KOMIIJIEKCHBIX 4uces. Bojiee Toro, Moxer
OKa3aThCd W TaK, 9TO MMEHHO MO/IYJIb KOMIIJIEKCHOTO UHCJIa TpebyeTcs
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HaM Jlake dJalle, 9eM ero JieficTBUTe/IbHasi 1 MHHMasi JacTu. B Takoi
CUTYyaIllu, CKOpee BCEero, Hallla IIporpaMma OyJIeT MPOBOAUTEL 3HAYUTE b
HYIO 9aCTh BPEMEHH CBOErO BBITOJHEHUS B BhIUMCJIEHUsIX Mojysteir. O6-
HapPYKUB 3TO, Mbl MOYXKE€M IPUUTHU K BBIBOJLY, YTO B JIAHHON KOHKPETHOII
3ajate yaobHee XpaHUTh KOMILJIEKCHBIE IUC/Ia B TTOJISIPHBIX KOOPIUHATAX,
a He B JICKApTOBBIX, TO €CTb B BHUJIE MOJYyJid U apryMeHTa, & He B BHUJE
JIEICTBUTEJIbHOM U MHUMOI dacTei.

Ecau MBI He TpuMeHSIIN 3aIUTY, TO, CKOPee BCero, Bce MOY/IN HaIIei
OporpaMmbl, B KOTOPBIX HUCHOJIb3YIOTCA KOMILJIEKCHbBIE YNCJIa, COAEPKAT
obparrennst K mojisaM re u im. Ecim B Takoi mporpaMMe M3MEHUTH CITO-
cob XpaHeHus: KOMILJIEKCHOTO YUCJIa, yOpaB MO/ re W im U BBEJ BMe-
CTO HUX, CKazKeM, II0Jisg mod U arg JJjid XpaHeHUs MOIYJs U apryMeHTa
(T.e. TOJIAPHBIX KOOpLLI/IHaT), TO BC€ YaCTU IIPOr'PAMMBbl, UCIIOJIb30BaB-
e HaITy CTPYKTYPY, IEePECTAaHyT KOMITMJIMPOBATHCSI W HAM IPUIAETCT
X UCTIPABJIATh. Kcam mporpamMma JOCTaTOTHO OOJIBITIA (a COBpPEMEHHBIE
OPOrpaMMHBIE IIPOEKTBHI YaCTO COCTOLAT U3 MHOI'MX COTE€H U JIAaXKe ThICAY
I\/IO,LLy.J'Ief/'I), TaKOE PEJAKTUPOBAHUE MOXKET MOTPEOOBATDL CYINECTBEHHBIX
TPYA03aTPAT, HIPUBEIET K BHECEHUIO B IIPOrPAMMY HOBBIX OIUOOK U T.II.,
TaK YTO, BIIOJTHE BO3MOXKHO, HaM TPUJIETCA OTKa3aThbCAd OT W3MEHEHWIt,
HECMOTPS Ha BCIO UX IOJIE3HOCTD.

HomycTuM Tenepb, YTO MBI UCIIOIH30BAJIN 3AIMUTY W CACTIATH BCE TTOJIST
HEJIOCTYIHBIMU OTKY/JA ObI TO HU OBLIO, KPOME METOJIOB Hallleif CTPYKTY-
pbl. KoHedHo, nmpu mcro/ib30BaHUN KOMILIEKCHBIX YHCE YACTO OBLIBAET
HY2KHO Y3HaTb OTHEJIbHO JEHCTBUTEAbHYIO U MHHUMYIO YaCTU YHUCJIa, HO
JIJIA 9TOTO MOXKHO BBECTU CIIEIIMAJIbHBIE METOJbI; JJId IIOJIHOTHI KapTH-
HBI BBEIEM 3a0HO (PYHKIUIO BBIUMUCIEHUS apryMeHTa, KOTopas Oyaer
UCIIOJIb30BATh CTAHIAPTHYIO (DYHKIMIO atan2 Jjisi ONpEeJIeJIeHHs COOT-
BETCTBYIOIIECTO apKTAaHI'CHCA:

struct str_complex {
private:
double re, im;
public:
str_complex(double a_re, double a_im)
{ re = a_re; im = a_im; }
double get_re() { return re; }
double get_im() { return im; }
double modulo() { return sqrt(rexre + im*im); }
double argument() { return atan2(im, re); }

};

K nonam re m im Tenmepp He MOryT 0OpaIiaTbCs HUKAKHAE YACTH IIPO-
rpaMMbl, KDOME METOJIOB CTPYKTYPBI, TAK YTO IPHU IEPEXOJIe OT XpaHe-
HUS JIeICTBUTEJILHON M MHUMOM 4acTH K XPAHEHUIO IMOJISIPHBIX KOOP/IU-
HAT [IPUETCS MEPEIUCHIBATH TOJBKO HAIN COOCTBEHHBIE METOJIBI, & BECh
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OCTaJIHOI TEKCT IIPOrPAMMBbI, U3 CKOJIBKUX OBl MO/JTyJIEl OH HA COCTOSIT 1
49TO OBl HU JIeJ1a]l ¢ KOMILJIEKCHBIMH YHCJIAMHU, COXPAHUTCS 0€3 M3MEHEHM
n Oyzner paboraTh, Kak u panblie. Koneano, MeTospl get_re u get_im
Telephb CTAHYT IOPa3Jio CJIOXKHee, YeM ObLIHM, 3aTO YIIPOCTATCS METObI
modulo m argument:

struct str_complex {
private:
double mod, arg;
public:
str_complex(double re, double im) {
mod = sqrt(re*re + im*im);
arg = atan2(im, re);
}
double get_re() { return mod * cos(arg); }
double get_im() { return mod * sin(arg); }
double modulo() { return mod; }
double argument() { return arg; }

};

B rtakoii curyanun mbr gayke MoxkeM cebe ITO3BOJINTH UMETH JIBE Dea-
JIN3aIK CTPYKTYPHI Str_complex, MeXK/y KOTOPBIMHU BBIOOD OCYIIIECTB-
JISIeTCsI IUPEKTUBAMK YCJIOBHOM KoMIuisiiuu. MOXKHO OyJierT, He MeHsist
TEKCTa MPOrPaMMbl, OTKOMIINJIUPOBATEL €€ C MCIOJb30BaHUEM OIHOIl pe-
AJIM3AINH, ©3MEPUTh OBICTPOJIENCTBIE, OTKOMIIMINPOBATH IIPOTPAMMY C
WCITOJIb30BAHUEM JIPYTOI Peasn3aliny, CHOBA U3MEPUTH ObICTPOIENCTBHE,
CPaBHUTDL PE3yJIbTaThl U3MEPEHUl U NPUHATDH pellleHne, KaKylo peain3a-
IIWIO UCIIOJIb30BaTh. B ciytae, eciau UCIOJIb3yeMble B MPOIPaMMe aJiro-
PUTMBI U3MEHATCS M HaM CHOBA& CTAaHET BBINOJHO XPAHUTH KOMILJIEKCHbIE
9ucia B JEeKapTOBBIX KOOPAMHATAX, TO JJIsd BO3BpaTa K CTapoil Mojesn
BOOOIIE HE MPUAETCSH HUYETO PEIAKTUPOBATD.

BoJtee Toro, Mpl MOXKeM B HEKHII MOMEHT DENINTh, YTO U T€, U JPY-
rve BBIYUCJIEHUS] ITPOU3BOJIUTH JIOBOJIBHO HAKJIATHO, & MaMATH HAM He
JKAJIKO, U HAYATh XPAHUTH B OObEKTE KaK JIEKAPTOBO, TAK U IOJISPHOE
IIpeJICTaBJIEHNE YUCIa;

struct str_complex {
private:
double re, im, mod, arg;
public:
str_complex(double a_re, double a_im) {
re = a_re; im = a_im;
mod
arg

sqrt(re*re + imxim);
atan2(im, re);

}
double get_re() { return re; }
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double get_im() { return im; }
double modulo() { return mod; }
double argument() { return arg; }

}s

Temnepn B HareM 00bEKTE T€THIPE TOJIA, IIPUIEM JTIOOBIE JIBA U3 HUX MOXK-
HO BBIYUCJ/IUTH, MOJIH3YSICh 3HAYEHUSIMHU JIBYX JIPYTHX, TO €CTh 3HAYEHUS
HAIlUX [10JIeli He MOTYT OBbITh ITPOU3BOJIBHBIMU, & JIOJIPKHBI BCET/a Ha-
XOIUThCS B HEKOTOPOM COOTHOIICHWH: B JAHHOM Cjydae mapbl (re,im)
u (mod,arg) JOJKHBI 3a/IaBaTh OJHO U TO K€ KOMILIEKCHOE YUCJIO, XO-
TS U pasHbIMK crocobaMu. B Takwx cjIydasix TOBOPST, 9TO XpaHUMAas
unadopmaIys u36bMoOwHa; B STOM HET COBEPIINEHHO HUYETrO CTPAITHO-
I'0, €CJIM TOJIBKO MbI MOXKEM OOECIETUTDH UEeAOCTNHOCTD NH(MOPMAIIWH,
TO €CTh TaPAHTUPOBATH, YTO B HAIlell IporpaMMe 3HaYeHUsT PACCMaTPU-
BaeMBbIX TIOJIEil Beerga OyIyT HAXOIUThCH B 3aUKCHPOBAHHOM JIJIsT HUX
coorHomenuu. st 06bI9HON (OTKPBITOl) CTPYKTYPBI HAM ObLIO ObI Tsi-
JKeJIO 9TO TapaHTUPOBATH, MOCKOJBKY B JIIOOOM MECTEe MPOrPAMMBI MOT
OBl TOSIBUTHCS OIEPATOP, U3MEHSIIONINN TOJIHKO HEKOTOPbIE U3 B3aMMO-
CBSI3aHHBIX 3HAYEHUN U He M3MEHSIOIIUI JIPYTHe; eCJIU IPOrPaMMa NMeeT
CyIIeCTBEHHBI! 00bEM, U B OCOOEHHOCTH €CJI HaT Heil paboTalT HECKOIh-
KO IIPOTPAMMUCTOB, YCIEIUTh 3& TPABUIBHOCTHIO UCIIOJb30BAHUS TAKOM
CTPYKTYPBI MOXKET OKa3aThCs mpobsiemarndno. Korja ke Bce moss 3a-
KPBITBI, JIOCTYIT K HUM UMEIOT TOJBKO METOJIBI OIUCHIBAEMON CTPYKTYPHI,
OOBIYHO HAXOJIAIINECS B paMKax ogHOro MoyJist. O6bEM TaKOro MOMYJIs,
KaK MPaBUJIO, HEBEJIUK B CDABHEHUU CO BCEl MPOIpaMMoil, Hy a JApyrue
MIPOrPaAMMUCTBI JTUOO BOBCE HE CTAHYT PEIAKTUPOBATH «IyKOW» MOJYIIb,
b0, ecii TaKasi HeOOXOIMMOCTE BCE K€ BO3HUKHET, JjIs HadaJa pa3de-
DPyTCs1, KK 9TOT MOJLYJIb JOJI?KEH (DYHKIIMOHUPOBATD.

OdyeHb Ba>XHO MOHATH, YTO 3aimurTa B sa3bike Cu-+-+ mpe-
Ha3sHAYEeHA He [Jid TOro, YTOoObI 3allUINAaTh HAC OT BParos, HO
UCKJIFOYUTEJBHO JIJIS 3alUThI HAC OT camMux cebsi, oT coGCTBEH-
HBIX omIMbOOK. Ecin 3amarbes 1menpio o00fTr MEXaHW3M 3allluThI, ITO
MOYKHO CIe/IATh 6e3 0cOOBIX TTPohIeM TTyTEM TPeoOpPa30BaHNUs TUIIOB YKa-
3aresieil WM JpyrumMu crocobamu. 3amura paboTaeT TOJIBKO B Clydae,
€CJII TIPOrPAMMUCTBI HE TPEIIPUHIMAIOT IeIeHAIIPABIEHHBIX JeACTBU
o e€ 06xoy. Ho 0OBIYHO TPOrpaMMUCTBI 9TOTO HE JIEJIAIOT, TOCKOIBKY
MMOHUMAIOT MOJIE3HOCTh MEXAHU3MAa 3aIlUThl U BBINOJLI OT €r0 UCIOJIb30-
BaHUs, a TAKXKE U TO, YTO MOIBITKHA ero 0OOUTH, CKOpee BCEro, TPUBEIYT
K BHECEHHUIO B IPOrPaMMy ONTHOOK.

Kak y2»ke roBopmioch, COKpbITHE JleTajieil peaju3aluu HEKOTOPOil Ja-
CTH TPOrPAMMBI OT BCEll OCTAJIbHON MPOrpaMMbl HA3BIBAETCS UHKAN-
cyasyueti. 3amura, OyyIn HEIPEMEHHBIM CBOMCTBOM OOBEKTHO-OPU-
€HTHPOBAHHOTO TPOrPAMMUPOBAHMUS, TO3BOJISIET TPOBOJIUTH WHKATICYJIsI-
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nuio Ha 60s1ee TIyO6oKOoM ypoBHE. IMEHHO TTO9TOMY MHKAIICYJISIIIAIO YACTO
Ha3bIBAIOT ONHUM u3 «TpéX Kutoy OOII.

2.5. Kitacenl

[TockoJibKy OOJIBIIMHCTBO BHYTPEHHUX I0JIefl 00BEKTOB OOBIMHO 3a-
KPBITHI, JJIsI OACaHust 00beKTOoB B CHu+-+ MCIOMB3YIOT CIEInaaIbHO BBe-
JEHHBIHN JIJTs1 9TOM IEJIU TUIT COCTABHBIX TIEPEMEHHBIX, HA3BIBAEMBI KA C-
com. Kitacc — 310 THI epeMeHHO#, HAIIOMUHAIONIH 3aIHCh (CprKTy—
PY), HO OTJIMYAONIMACS TeM, UTO K MOJsAM (WIEHAM) KJacca JOCTYII 10
YMOJTYAaHUIO €CTh TOJBKO U3 METOJIOB CaAMOI'0 3TOT'0 KJIacCa.

[Tepernmuimem HaITy peajr3annio KOMILIEKCHOTO YUCIA B BUIAE KJIACCA:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)
{ re =a_re; im = a_im; }
double get_re() { return re; }
double get_im() { return im; }
double modulo() { return sqrt(re*re + im*im); }
double argument() { return atan2(im, re); }

};

Bcé, uro onmcano B Kitacce /1o cjoBa public:, KOMIWIATOP pacCMaTpH-
BaeT KaK JeTaJjll peaan3allui Klacca 1 3alpelaeT JOCTYII K HIM OTOBCIO-
J1y, KpoMe Tej1 PyHKIUH-1IeHOB JaHHoro Kiracca. CiioBo public: MeHsieT
PEeXKUM 3aIUThI C 3aKPBITOI0 HA OTKPBITHIH, T. €. BCE, UTO OIICAHO II0CJIE
3TOr'0 CJIOBa (B JIAHHOM CJIydYae 3TO DyHKIMU-4IeHbl Complex, modulo u
Jp.) GyJeT JOCTYIHO BO BCEM TEKCTE IIPOrPAMMBIL.

Baxxno moMHUTDH, 9YTO MO/I€JIb 3aIUThI, BKJIIOYaeMas 10 yMOJI-
YaHUIO — 3TO €JMHCTBEHHOEe OTJINYne KJIACCOB OT CTPYKTYP.
Bosbiie onn HEYeM ApyT OT JApyTra He OTJIMYAIOTCS, 10 KpaifHeil Mepe, ¢
TouKM 3peHust Komnuisitopa Cu++. Tem He MeHee, OOBITHO TTPOrPAMMU-
CTBI UCIOIb3YIOT CTPYKTYPBL JJIs CJIy4aeB, KOI/Ia 10 CMBICILY II0JIA JOJIZK-
HbI OBITH OTKPBITHL U JIOCTYIHBI (HAIIPUMED, [IPH OPraHU3AIUN CIIUCKOB),
a KJIACCHI — IS CJIy9aeB, KOTJA IOJIS MPEJICTABIISIOT COOOM maeTann pe-
am3aruu 00bEKTa, KOTOPBIE JIydIlle BCETO CKPBITh.

2.6. [decTpyKTOpHbI

Hapsity ¢ KOHCTPYKTOpaMu, KOHTPOJIUPYIOIIUMHE IIPOIECC CO30aHUS
(nannmanm3anum) o6beKToB, B s3bike Cu+ -+ IpeyCMOTPEHBI TaKXKe Jie-
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CTPYKTOPBI, IIpeHA3HAYEHHbBIE JIJIsi KOHTPOJIA HAJl IIPOIECCOM YHUUMO-
otcenus OObeKTA.

IIpencraBum cebe, 9T0 OOBEKT B XOJ€ CBOEH NESITEIBHOCTH 3aXBaThI-
BaeT HEKUIl pecypc — HAIPUMED, OTKPBIBAET (Dailjl, BLIIESIET JUHAMUAIE-
CKYIO TAMATH U T. 1., IPUIEM 06 9TOM M3BECTHO TOJIBKO CAMOMY O0BEKTY,
T. €. Ha 3aXBAYEHHBIN PECYPC CCHLIAIOTCS TOJBKO 3aKPBITHIE ITOJIsT 00bEKTA
(B nmpumepe ¢ GailjioM 3TO MOKET 03HAYATh, UYTO JECKPUIITOP OTKPBITO-
ro daiijia XpaHUTCS B 3aKPBITOM I0JIE OOBEKTA). 3aMETUM Terepb, 9T
00'bEKT MOXKET B JII00O0H MOMEHT (HEOXKUIAHHO JIJisd ce0sl) IIPEKPATUTD Cy-
mecTBOBaHMe. Tak, ecim 00bEKT — OObIYHAs JIOKAJIbHAS ITepeMeHHas B
GbyHKIIH, TO OHA UCYE3HET [TPU BO3BPATE yIIPABJIEHUS U3 3TOH (DYHKITUH;
€CcJIu COo3/1aTh OOBEKT B JUHAMUYECKOI IIAMSATH, TO OH [IEPECTAHET CYIIe-
CTBOBATH IIPU OCBODOXKJIEHUM ITON MAMSTHU; JAXKe eC/ii OOBbEKT CIe/IaTh
r100aJIbHOI TTEPEMEHHOI, TO 3aBEpIIEeHNE MPOTPAMMBI TOXKE HUKTO HE
OTMEHSIJI, & B MPOTPAMMUPOBAHUY U3PEJIKA BCTPEUIAIOTCS U TAKUE PECYP-
CBbI, KOTOPBIE HEe 0OCBOOOXKIAIOTCS aBTOMATUYIECKH, JIazKe KOTJIa [IePecTasT
CyIIeCTBOBATh IpOrpaMMa, 3aXBaTHUBINasi uX. Ho Belb O TOM, 4TO HAII
00'BEKT YTO-TO TaM 3aXBaTUJ, HUKMO Kpome Hez2o e 3naem! Kak cien-
CTBUE, TOJBKO caM OOBEKT MOYKET OCBOOOIUTHL BCE, 9TO OH cebe 3abpal,
TaK 9TO €My YKU3HEHHO HEeODXOIUMa BO3MOXKHOCTD «IIPUBECTU CBOU JEJIA
B HOPSIJIOK» TIEPEe]T NCIE3HOBEHNEM, KOTJIa ObI U 10 KAKUM OBl IIPUYUHAM
9TO UCYE3HOBEHUE HU CJIyIHIIOCH.

VmenHo myist 3TOrO IpeHA3HAYAKTCS JIeCTPYKTOPHL. JJecmpyx-
MOP — BTO METOJ, KJIACCA, BBI30B KOTOPOTO ABTOMATUYECKM BCTABJISI-
eTcsl KOMITIIATOPOM B KOJI B JIIOOOI CHTyaInu, KOT1a O0beKT IIPeKpaIa-
er cymecrBoBanne. OyHKIMA-IECTPYKTOP UMEET UMsI, IIPEICTABIISIONEe
€060l MMsi ONMChIBAEMOTO THUMNA (KJIACCA WA CTPYKTYDHI), K KOTOPOMY
criepenu nobaBiieH 3HaK ~ (TUIJIBJA); HAIIPUMED, JUisl KJIacca A JlecTpyk-
Top Oyzer HasbiBaThbCst ~A. Crnmcok mapamMeTpoB QyHKIUU-IECTPYKTOPa
BCEr/ia MyCT, T.K. B A3bIKE OTCYTCTBYIOT CPEJICTBA TEepeJadu Mmapamer-
pPOB necTpyKTOpPy. lecTpyKTOp Urpaer CrueruaibHyo POJib U, KAK U KOH-
CTPYKTOD. B SIBHOM BHJIe OOBIYHO He BBI3BIBAETCS®; THII BO3BPAIIAEMOTO
3HAYEHUs] JJIsI JIECTPYKTOPa He yKa3bIBAETCsl — JIECTPYKTOP HUKOIA HE
BO3BpAIlaeT HUKAKUX 3HAYEHUI.

IIponnmocTpupyeM OHSATHE JeCTPYKTOPa Ha IIpuMepe Kiacca File,

HHKAIICYJIIPYIOIIEro AecKpuirop daiiia’:

8B cuocke 7 Ha crp. 7 Mbl yrnomuHau, 9o Cu-++ II03BOJISIET BBHI3BATH KOHCTPYK-
TOp SIBHO, HO [€JIaTh 9TOro He Hazo. To Ke caMoe OTHOCHTCS U K JeCTPYKTOPaM.

931ech 1 masee MBI CHAGYXKAEM IIPUMEDBI HPOrPAMMHOIO TEKCTa KOMMEHTADHSIMI
HAa PYCCKOM si3blKe. B y4eOHOM mocobuM MBI MOXKEM cebe IO3BOJIUTH TAKYH BOJIb-
HOCTb, HO IIOMHHUTE, UYTO B TEKCTAX PeaJIbHBIX IIPOrPaMM JOILyCTUM TOJIBKO
OAVH fAAIBBIK — AHIVIMMCKUM, a pyccKue OyKBbI, KaK B BOOOIIE JII0ObIe CHMBOJIBI, HE
Bxonamue B Habop ASCII, B mporpamMMax BCTpedaTbCsl HE JOJXKHBI, M1 K KOMMEHTa-
pHSAM 9TO TOKE OTHOCHUTCH.
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class File {
int fd; // HOeckpunrop. -1 o3HavaeT, 4YTO Qaiin HE OTKPHT
public:
File() { fd = -1; }
// Ha MoMeHT cospaHus o6beKTa M €ljé HUYErO He OTKPHUIK

bool OpenRO(const char *name) {
fd = open(name, O_RDONLY);
return (fd !'= -1);
} // MeTop mmTaeTcs OTKpHTL Qaiin Ha dYTeHWe,
// BO3BpamaeT true B ciyYae yclexa,
// false B caydae Heyzaduu

// ...
// ... MeToms paboTh cC ¢daimoM

//

“File(D { if(fd!=-1) close(fd); }
// DecTpykTop 3akphBaeT (aln, €CiIX OH OTKPHT

};

IecTpykTop 6yer BbI3BaH B JIIOOOI cuTyaruu, Korjaa oobekT tuma File
npekpalnaer cymectBoBanue. Hampumep, eciin 00beKT ObLI ONMMUCAH KaK
JIOKQJIbHBIA B (DYHKIMH, TO IpU BO3Bpare u3 (HYHKIWMHU (B TOM 4YUCIE
U JIOCPOYHOM BBI30BE OllepaTopa return) JJis Toro o0bekTa oTpaboTa-
er JecTpyKTop. Boobie mpu co3maHum oO0bekTa POBHO OAWH pas
oTpabaThIBaeT KOHCTPYKTOP, IPU YHUYTOXKEHUM OOBEKTA POB-
HO OAMH pa3 oTpabaTbIiBaeT AECTPYKTOP. 3a BBINOJHEHHEM 3TOIO
MIPABUJIA CJIECIUT KOMITHISITOP.

3. AbcTpakTHble THNBI JaHHBIX B Cu++

3amuTa BMeCTe C KOHCTPYKTOPAMHU M JECTPYKTOPaMU, KOTOPHIE MbI
paccMoTpesn B IpeAbLIyIeil raBe, UCIOJb3YIOTCH KaK IS CO3JaHudd
0bsexmMo8 B TePMHUHAX OOBEKTHO-OPHEHTHPOBAHHOTO MIPOTPAMMUPOBA-
HUs, TaK U JIJIsl CHHTe3a aOCTPAKTHBIX THIIOB JAHHBIX; 9TO KACAETCS MeTO-
108 (dysxmit-arenos), to st OOII oHn 06si3aTeBHBI, TOMA KaK JJIst
abCTPAKTHBIX THUIIOB JAHHBIX 3TO JIUIIb OJWH U3 BO3MOXKHBIX CIIOCOOOB
ommcanus HaboOpa OMepaImii HaJi BBOJUMBIM THUIIOM.

B sr0i1 rimaBe MBI paCCMOTPHUM CPEJICTBA, KOTOPBIE BOODIE HE MMEIOT
HAKAKOTO OTHOIIEHUS K MapaJurMe OObLEKTHO-OPUEHTHPOBAHHOIO IIPO-
rPAMMHUPOBAHUs, HO 9TO HE JIeJIaeT UX MeHee BayKHbIMU. BO3MOXKHOCTH
BBECTHU CBOU Bepcuu apupMETUIECKUX OMEPAIIUil JIJIs TOJIb30BATETbCKUX
THUIIOB JIaHHBIX, KOHTPOJIb OOBEKTOB 38 COOCTBEHHBIM CO3IAHUEM, KO-
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NUPOBaHUEM, IIPUCBAUBAHUEM U JIMKBHUJIAIUeEl, YyHUKAJIbHAasl KOHIIEIITNST
THIIA-CCBLJIKHY, ITO3BOJISIIONIAs] BBIHECTH B CUCTEMY THUIIOB IIOHSTHE AE6000-
NYCMUMO20 6bLPAHCENUA — BCE ITO MPAKTUIECKH C CAMOI'0 HadaJja CTaJIO
BU3HUTHON KAPTOYKOi s3bika Cu++-.

PaccmarpuBast Bce 9T MHCTPYMEHTHI €IMHBIM KOMILJIEKCOM, MBI MO-
2KeM 3aMeTUTb, YTO IVIABHbBII JOCTUIHYTBI pe3yJIbTaT 3/1eCb — ITO BO3-
MOYKHOCTD JIJIsI ITPOTPAMMUCTa BBECTH CKOJIb YT'OJIHO CJIOYKHYIO abCTpaK-
nuo, paboTa ¢ KOTOPOil OyJeT BBITVISIETh TAK K€, KaK Mbl IIPUBBIKJII
paboTarh ¢ 9JIeMEHTAPHBIMA BCTPOEHHBIMU THUIIAMU, [IPU 2KEJIAHUH TIOJI-
HOCTBIO UTHOPUPYH Jeraju peanusanuu. Vmeroruecs B Cu++ cpejcrsa
co3nanus abCTPAKTHBIX TUIIOB JAHHBIX O0JIAJIAI0T BBIPA3UTEIHHON MO-
MbI0, OJIM3KON K MPUHIUITHAIHLHO BO3MOXKHOMY MAKCHMYMY.

IIpn mpaBuIbLHONM OpraHU3aIMd MTPOrPAMMBI TPYJIOEMKOCTD €€ HAIlu-
caans Ha Cu++ MOXKET OKa3aThCsd B pa3bl HUXKE, UM CO3/IaHUE TAKOM
’Ke TporpaMMbl Ha 9ucToM CH, 1 OCHOBHON BBIMTDBIII IO TPY/I03aTPATAM
3/1ECh [TAIOT MMEHHO CPEJICTBA reHepalruu abCTPaKTHLIX THUIIOB JTAHHBIX,
paccMaTpuBaeMble HUZKE.

3.1. Ileperpyska umén yHKIUii; JeKOPUPOBAHIE

s mOHMMAHUST TEJIOTO Psifia BO3MOYKHOCTEH, KOTOpbIE MBI Oyem
[TOCTEIIEHHO BBOJUTH B CJIEAYIONUX Haparpadax, Hy»KHO UMEThb IpeJl-
craBjieHue o cBoiicTBe si3bika Cu-++-, HA3bIBAEMOM NMEPE2PY3KOU UMEH
Pynruyul. Cpasy oroBopuMcs, 9TO 3Ta BO3MOKHOCTH HE UMEET HUKAKO-
ro oruortenust ar K OOII, nu k ATJI u BoobOIe K KakuM 6bI TO HU ObI-
JIO TIApaINTMaM; 3TO CyTybO TEXHUYECKOe PeIleHne, ITO3BOJIUBIIee CHSITD
HEKOTOPBIE TPODBJIEMBI, KOTOPBIX BOOOIIE-TO MOYKHO OBLIO U3HAYAIBLHO HE
JIOIIyCKAaTh; KaK Mbl BCKOPE YBHJIMM, IT€PErpy3Ka (pyHKIUI cama IOpOXK-
JIaeT JOCTATOYHO Oy THUMbIE TEXHUYIECKUE ITPOOJIEMBI.

[Teperpyska uMEH COCTOUT B TOM, 9TO B paMKaX OTHON 00JIACTH BUIH-
moctu Cu++ TMO3BOJISIET BBECTH HECKOABKO PASTUIHBIX (DYHKIMH, HMe-
FOIIMX OJTHO UMsI, HO MIPEJIIONArafoNnX Pa3HOe KOJTUIECTBO U/ MU TUIBI
mapamerpoB. Hanpumep, Oyier BIIojiHe KOPPEKTEH CJIeIyOMni KO

void print(int n) { printf("%d\n", n); }
void print(const char *s) { printf("%s\n", s); }
void print() { printf("Hello world\n"); }

IIpu o6paborke BbI30Ba (DYHKIMU KOMIIUJISTOD OIPEIESISeT, KaKyto
GYHKIMIO ¢ TAKAM MMEHEM CJIEJIyeT BBI3BaTh, UCIOJIb3ys KOJUIECTBO U
TUIbI (paKTHIECKUX mapaMeTpoB. Hampumep:

print (50); // BH3EBaeTcs print(int)
print("Have a nice day"); // BusmBaeTcsa print(const charx)
printQ; // Bepcus 6e3 mapaMeTpoB
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BBenenune mneperpykeHHbIX (QYHKIUH MOXKET MPUBECTH K COBEPIIEHHO
HEOXKUJIAHHBIM ITOCJIEICTBUSIM. TaK, cirelyloniuii Koj caMm 1o cebe Kop-
PEKTEH:

void f(const char *str)

{
printf("This is a string: %s\n", str);
}
void f(float f)
{
printf("This is a floating point number: %f\n", f);
}

Kommuiarop Bnosine crpasutcs ¢ BerzoBamu f ("string") m £(2.5),
[TOCKOJIbKY HUKAKUX Pa3HOYTEHHIl TyT He BO3HUKaeT. Bojiee Toro, ma-
ke Bb30B f (1) OyeT ycCIenHo OTKOMINJINPOBAH, TaK KaK IeJI0e MOXKHO
HesIBHO mpeobpa3oBarh K Tuity float, HO He K Tuiry const char*. Ox-
nako BbI30B f (0) OymeT pacieHeH KOMITUISTOPOM KaK OIMMMOOYHBIH, To-
CKOJIbKY KOMITHJISITOP C COBEPIIEHHO OJMHAKOBBIM YCIIEXOM MOXKET Pac-
cMmaTpuBaTh 0 M Kak KOHCTaHTy Tuira float, 1 Kak aJIpecHyI0 KOHCTAHTY
(«Hy/I€BOI yKasarTesb» ), a OCHOBAHWIN BBIOPATH TOT, & HE UHON BAPHAHT
y Hero HeT. Mexay Tem, ecjiu ObI B IpOrpaMMe IIPUCYTCTBOBAJIA, TOJBKO
oJlHA U3 JBYX BblleonucaHubix ¢yuknuit £ (obas!), Bozos f(0) GbL1
OBbI 3aBEIOMO KOPPEKTEH.

OrMmeTuM onuH HHTEPECHBIN Ka3yc. PopMaIbHO TOBOPS, Ieperpyska
dyHKIUI ecTh OZHO U3 NPOSBIIEHHI cmamuvweckoz20 noaumopPus-
Mma. C nonuMopdu3MOM 3TOr0 BUIA, 6CMPOEHHLIM 6 A3biK, TUTATEb
HEOJJHOKPATHO CTAJIKUBAJICS, HO, CKODee BCEro, He 3a/[yMBIBAJICSA O IIPO-
HCXONAIEM B Takux TepMmMuHax. CTpOro roBops, HOIMMOPOMU3M — ITO
CIIOCOGHOCTD OIMHAKOBBIX KOHCTPYKIMIT SI3BIKA (UAIle BCETO BhIPAsKeHMIA,
XOTs U He 00s3aTe/IbHO) 0003HAYATD PA3JIUYHBIE JEHCTBUSA B 3aBUCHMO-
CTH OT THIIOB 3a/IefiCTBOBAHHBIX II€PEMEHHBIX 1 3HadeHnil. Hampuwmep,
BbIpayKeHre «a+b» BO MHOI'MX #A3bIKaX, B TOM uncie u B yuctom Cu, u B
[Tackaste, MOXKeT 0O3HAYATH CJIOYKEHNUE JIBYX IIJIBIX YNCEJI, CJIOXKEHHE JIBYX
YHCeJI € [IJIABAOIIEH TOYKOM (4uTaTesu, 3HAKOMBIE C S13bIKOM acceMbiiepa,
TOYHO 3HAIOT, UTO 5TO COBCEM JPyTasl OIEPAlus), & B HEKOTOPHIX sI3bI-
Kax MOYKeT U BOBCce 0003HAaYaTh KOHKATEHAINIO ABYX ¢TpoK. M3yyas Cu,
MBI CTOJIKHYJIUCH C TeM, 4TO BbIpakenue Buja «al[i] [j]» moxker Bbranc-
JISITHCSI COBEPIIEHHO II0-PA3HOMY: OJHO JI€JIO, €CJIH a IIPEJICTABIIAET CODO
yKa3aTeab Ha yKa3aTesb, I COBCEM JPYroe — €CIH a SBJIAETCH MMEHeM
JIBYMepPHOTO MaccuBa (160, 9To (DAKTUIECKH TO Ke CaMoe, 3HAUEHHeM
MO3TOAPOOUTEIHLHOIO TUIIA «YKA3ATE/b Ha MACCHUB ).

B ornmume or Takmx ciydaes, neperpyska (YHKIHUI — 3TO IOJIHU-
MOpGhU3M, BBOJAUMBIN HOJb30BATEIEM, & He BCTPOEHHBIH B A3bIK. 11 Tem
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He MeHee, Hi K 00beKTHO-OPUEHTUPOBAHHOMY ITPOTPAMMHUPOBAHUIO, HU K
aDCTPAKTHBIM TUIIAM JIAHHBIX [TEPErPY3Ka MIPSMOI0 OTHOIIEHUS He UMEET.

Mosienerune 8 Cn++ neperpyskn nMéH pyHKLUI BEAET K ONPEAENEHHbIM TPySa-
HOCTSIM MpY KOMMOHOBKE NPOrpamm n3 Mogyneli, HanMCaHHbIX Ha PasHbIX S3bl-
KaxX — nnn, ecnn roBopnuTb YECTHO, NP NCNOJb30BaHUN B OAHO|7| nporpamMmmMme mMo-
ayneii, HanucanHbix Ha Cu++, Ha ynctom Cn 1 (ropasgo pexe) Ha si3bike accem-
6nepa'®. Ecnv B Bawm nnaHbl He BXOAUT WCNONL30BaHME OTAEbHLIX MOZY/ENR Ha
yuctom Cun, MOXeTe NMponycTUTb OCTAaTOK 3TOro naparpadga — HO JiydLwle npoyu-
TaliTe, 4TOBbI XOTS Bbl NPUMEPHO 3HaTb, MA€ BaC MOTYT MOAKMUAATL OYepenHble
rpabau.

Kak Mbl 3Haem (cMm. T.2,§3.7), obbekTHble halisibl, NOAyHaOWNECS B PE3Yib-
TaTe KOMMNUASILMU U3 OTAENbHbIX MOAYNeENR, cogepxaT obpassl obnacTteil namsTy,
NOMEYEHHbIE METKaMM, N yKa3aHus A5 pefakTopa CBsizeli O TOM, 4TO B onpe-
[OenéHHble MeCTa HY>XHO MOACTaBUTb UTOrOBbIE afpeca, KOTOpble MoJy4aTcs u3
METOK, COAEep>XXalumxcs B Apyrux mopynsix. Pepaktop cBssel no cytu npumutu-
BEH, OH He 3HAeT HNWYEro He TOJILKO O neperpyske UMEH yHKLUii, HO 1 BoobLLe
0 yHKUMSAX, ANs1 Hero pyHKuuUsi — 3To npocto obpas obnactu namsTn. Komnu-
nsatopsl ynctoro Cu B Ka4yecTBe METKU st Kofa pyHKLMU OBLIYHO MCMOMb3YHOT
nmsi 3Tol chyHKuMK (2 ANs r10BaNbHBIX NEPEMEHHBIX — UMEHA 3TUX NEPEMEHHbBIX);
komnunatop Cu++ ¢ rnobanbHbIMU NEPEMEHHBIMU 0BXOAMTCA TOYHO TaK Xe, HO
¢ byHKUMAMY OH TaK NOCTYNUTbL He MOXET, BeAb «bnarogapsi» neperpyske UMEH
B NPOrpaMMe MOXET 0Ka3aThbCst 6osibLue OfHOM DYHKLMM C 3aJaHHBIM VMEHEM.

3p4ech Ha cueHe NosIBNSETCS O4EPefHON MOHCTP, KOTOPbIfi MO-aHrAUACKN Ha-
3bIBaeTCcs name mangling; Hanbonee 4acTo 3TO NEPEBOAUTCS HAa PYCCKMii CIOBO-
COYETAHNEM «/J€KOPUPOBaHNE UMEH>», KOTOPOE, YBbl, COBEPLUEHHO HE OTPakaeT
cytu. Mexay npouum, cnoso mangling npasunsHee bbi1o bbl nepeBecTy Kak «Ko-
BEPKaHbe» — MMEHHO TaK OHO MEPEBOANTCS B APYruxX (HEMPOrpaMMUCTCKUX) KOH-
TekcTax. [lporpamMmucTel, pasymeeTcsi, B NOBCEAHEBHOW pPeyyn UCMOJIb3YIOT TPaHC-
NNTEPaLMIO « MAHIJIUHE», N TPYLHOMNPOU3HOCUMOCTb 3TOrO C/I0Ba MX HE OCTaHaB-
nuBaeT.

KaK 6b| Mbl HW Ha3blBaJnN 3TO ABNE€HNE, CYTb €ro B TOM, H4TO A4 O603Ha‘-|eHVI9|
yHKLMMN B 06EKTHOM haiine KOMNUASITOP UCMOJL3YET He €€ NMSI, a HEKOE Heyao-
boBapumoe 4EpT-Te YTO, COLEPXKALLEE 3aKOLMPOBaHHYIO MHopMaumto 060 BCEM
npocpune yHKLUN, TO ECTb O €€ UMEeHU 1 TUNax Bcex eé napameTpos. Hanpumep,
UMst pyHKLUN

double foo(double a, int b);

Haw KOMNUAsATOp g++ npespatuT B « _Z3foodi»; 34eCb _Z — 3TO «BOALIEDHbIN»
npedukc, 0bo3HaYaAIOWMIA « 4EKOPUPOBAHHOEY MMSl, 3aTEM CleAyeT AecATUYHOe
yncno, obosHavarowee ONHY NCXOLHOrO UMeHn dyHkuun (B Halwem ciydae 3,
NOCKOMbKY 1Msi £00 COCTONT M3 TPEx ByKB), NOTOM WAET COBCTBEHHO MMS, a 3a
HUM — 3aKOAMPOBaHHbIe TUMbI NapameTpoB. [is BCTPOEHHbIX TUMOB BCE fOBOJILHO
NpocTo — Kak Mbl BugmMm, double npespatunock B byksy d, int — B i; ¢ nonb-
30BaTENIbCKMMUN TUMAMUN KOMMNUAATOPY MPUXOANTCS U3BOPA4YNBATLCA CUJbHEE —

10Ecu BoI 3HAETE JTIOEH, KOTOPBIE HCHOIL3YIOT B IporpaMme Ha, Cu-++ MOZy/In u3
KaKOro-HUOy b eI s3bika, kpome Cu u accembiiepa, coobIuTe 0 HUX aBTOPY KHUIH,
eMy ObLIO ObI MHTEPECHO Ha HUX IOCMOTPETb.
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HanpumMep, NapaMeTp Tuna const struct stril* npespatuncs 6ol B «PK4strl».
3aberas Bnepén, OTMETUM, HTO AEKOPVPOBAHHOE UMSI (OYHKLMU, NapaMeTpamMm KO-
TOPOUi C/IyXKaT TWMbl, MHCTAaHLMUPOBaHHbIE N3 WABAOHOB, OBbIYHO OYEHb XOHeETCs
pasBuaeTh.

MukanTHOCTM cuTyauun gobasnsieT ewé u To, H4TO pasHblie KoMnunsTopsl (a B
HEKOTOPbIX 0COBO MATONOMMHYECKMX C/IyHasiX — AaXKe PasHble BEPCUMN OLHOIO KOM-
NUASTOPa) MOryT MCMOJb30BaTh PasfiNHHbIe anropuTMbl LEKOPUPOBAHNS — pa-
3yMeeTcsi, HECOBMeCTUMble Mexay coboii. Bnpouem, B 3Tom nnaHe B nocneaxmne
roAbl HAMETUNCS ONpPefeN€HHbIA NPOrpecc — BO BCAKOM Ciyvae, g+-+ He MeHseT
CXeMy AEKOPVUPOBaHUS, HaudMHasa € Bepcuii 3.%, n Ty e CaMyto CXeMy MCMOb3y-
IOT HECKOJIbKO ApYriMX KOMMUISITOPOB, BKJtoYasi, Hanpumep, clang. Tak nan unna-
ye, 6UbNAMOTEKN, HanucaHHblie Ha Cu++, MOXXHO NepeBoanTL B 00bEKTHBIN KO4
TONIbKO A1 UCNOJIb30BaHUA C TEM XK€ KOMMUASATOPOM, COBMECTUMOCTHU C ApPYru-
MU KOMMUASTOPaMI HUKTO NoobewaTb He MOXeT (XOTsi MHOrAa oHa U ecTb). JTa
npobnemMa Hukak He 3aTparmsaeT Tex (HECOMHEHHO pa3yMHbIX) JIOAENA, KOTOpbie
WCMOJIb3YIOT U PachpPOCTPaHSIIOT BUBANOTEKN UCKIIOHUTENBHO B (DOPME NCXOAHOTO
Koga, Hy a Tex (He o4eHb XOpowuX) Jtofeli, KTO MO KaKUM-TO MPUYNHAM UCXOA-
Hble TEKCTbl CBOMX BMDOAMOTEK pacnpocTpaHsTb HE XO4ET, 3acTaBsisieT cobupaTb
0bBEKTHbIE BapyaHTbl CBOUX BUBINOTEK NOL KaXKAbIA KOMMUASTOP; chegyeT npu-
3HaTb, 4TO M B 3TOM HMYEro CAULIKOM TPYAHOro HeT, Beab komnunstopos Cn++
He Tak MHOro.

Xyxe apyroe: BUAS O4MH U TOT Xe 3arosioBok pyHkyuu, komnunatopsl Cn n
Cu++ ucnonb3ytoT pasHble uMeHa Aisi 0bbEeKTHOro koga 3Toi pyHkuuu. Ecnn
B35iTb MOZAY/b, HanucaHHbll Ha Yuctom Cun n copepxawmii pyHKLUIO Bpoae npu-
BEAEHHOI Bbllwe foo, OTKOMNUAUPOBATL ero komnuasitopom ducroro Cu, a ero
3arosioBoYHbIl haiif, coaepXaLLmnii 3arofloBOK TOM Xe camoli hyHKLMU, NMOAKIIO-
4uTb C Momowybto #include n3 mogyns, Hanucavuoro Ha Cu++, Komnuapyemo-
ro komnunstopom Cn—++ u npu 3ToM cogepxkaluero obpauyermne K pyHkumm foo,
UTOroBasi MporpaMma He npoigéT komMnoHoBky. B camom pene, B 06bekTHOM MO-
ayne, noaydeHHom komnunstopom vuctoro Cu, dyHkuus ByneT Ha3biBaTLCA Npo-
cto foo, Torga kak komnunsitop Cu++ noctpouT obpaiyeHune K Heli 4epes nms
_Z3foodi; pefakTop CBsi3eil NONbITAaeTCss HAliTU B NPefOCTaBNeHHbIX eMy haiinax
TaKyl METKY, HO, MOHATHOE [eJNio, He HAMAET.

K cuactbto, Cu++ npegycmaTpuBaet pewenne gns atoii npobnemsi. Ecnn
3aro/IoBKN HEKOTOPbIX (PYHKLUUI 3aKI04NTb B «TENO» AUpeKTMBbl extern "C"
NPUMEPHO TakK:

extern "C" {
// ...
double foo(double a, int b);
//

}

— TO Anst 3TUX PYHKUNA KOMNUASTOP DyAeT NpUMEHATL COralleHnsi, XapaKTep-
Hble anst Cu; Ha CaMOM fie/le KOHKPETHbINA S3bIK 3a8aéTCA CTPOKOBLIM JINTEPAJIOM
nocsie ciioBa extern, B AaHHOM ciy4dae «"C"»; Bnpo4em, BOSBLWINHCTBO KOMMU-
NATOPOB NOAAEPKMBAET TONLKO OfAWH Takol «BHewWHUii» 3k — Cu. [dekopupo-
BaHWe UMEH ANst 3TUX PyHKLMii ByaeT OTKAOYEHO.
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OcCHOBHbIX CNOCObOB NprMeHeHnst AMpekTUBbl extern "C" paea. Ecau asTop
mogynsi, HanucanHoro Ha Cu, o Hac He nosaboTuncs, npolie Bcero ByaeT 3akto-
4nTb B extern "C" camy gupekTtusy #include, NOOKIIOHAOLWYIO 3aroN0BOYHbIN
chaiin, Tak 4TO B pe3ysbTaTe KOMNUISTOP YBUAUT BCE €r0 COAEPXKUMOE YXKE BHYTPU
extern "C". Bbirnagut ato npumepHo Tak:

extern "C" {
#include "foo.h"

}

Ecnun e mbl nuwem mopyne Ha dnctom Cu, HO UCXOZHO Mpennosiaraem, YTO OH
6y,qu MNCMoNb30BaThCA B MpOorpaMmmax, HanuCaHHbIX Kak Ha Cun, Tak n Ha Cun++,
OyneT BMnoJiHe OCMbIC/IEHHO B Ha4asle U B KOHLLE 3aro/IoBo4HOro chaiina pasmectutb
HaYasio 1 OKOHYaHUe gupekTuBbl extern "C". EcTecTBeHHO, HY>XXKHO NMo3aboTnTbLCS
O TOM, 4TOBbI UX BUAEN TONBLKO KOoMMunsaTop Cn++, a KOMMUAATOP YUCTOro Cn
He Bugen — B 4uctom Cun Takoil gupektunsbl, cobcTeeHHo rosopsi, HeT. Ho u aToT
BOMPOC JIErko peluaeTcs biarogaps MakpocnmMBosly __cplusplus, KOTOpbIA BCeraa
onpeaenéH, korga ucnosbsyercs komnunatop Cn++. 3aronoso4yHbiii daiin foo.h
C YHETOM 3aLUThI OT NOBTOPHOrO BKtoYeHUs (cM. T. 2, §4.11.4) MOXeT BbIrnageTb
NpYMepHO Tak:

#ifndef FOO_H_SENTRY
#define FOO_H_SENTRY

#ifdef __cplusplus
extern "C" {
#endif

/7

double foo(double a, int b);
//

#ifdef __cplusplus

}
#endif

#endif

K nekopmpoBaHuto MMEH KOMNUASTOP BbIHY)KAEH NpuberaTe He TONbKO M3-3a
neperpyskun byHKUNA, HO 1 13-33 UMEH, BJIOXKEHHbIX B 061aCTU BUANMOCTY; NO3XKE
Mbl YBUAMM, 4TO TaKuMU 0b1aCTsIMU SIBASILOTCS, HanprMep, KAacchl N CTPYKTYpbI:
UX METOAbLI UMEIOT «CNOXHYIO» hopMy nméH. OpHako ¢ 3Toil NpobaemMoii MOXXHO
661710 ObI CNPaBUTLCA, He Iomasi coBMecTUMOCTb € Cu, KOrAa pedb NAET O MPOCTbIX
yHkyusx (e metogax knaccos). Hanpumep, meton £ us knacca C mor 661 Ha
ypoBHe 0DBEKTHOrO Kofa UMeThb nMs COAf nnu gake npocto C: :f, ecnu nnHkep
[OMYCKaeT [BOETOYME B UMEHAX METOK (BrnpoyeM, obbIHHO 3TO HE Tak).
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Meperpyska UMEH hyHKLMIA B 3TOM NaHe KaXKeTCst 4OBOJLHO HEyLa4YHOl nae-
eii. BeegeHa oHa B OCHOBHOM MO ABYM MPUYMHAM: BO-NEpBbIX, YTODObI NMETb BO3-
MOXHOCTb OnMcaTb B OAHOM KNacce WAW CTPYKTYpe HECKOJIbKO KOHCTPYKTOPOB
a BO-BTOPbIX, Kak Mbl byaeM obcyxzaaTb no3xe, 4Tobbl MOXHO OblNO neperpy-
>KaTb CUMBOJIbI CTaHAAPTHLIX onepauuii Ans TUNOB, BBEAEHHbLIX NOJb30BaTeNEM,
AON5 4ero noTpeboBanocb NO3BONNTL HECKOJIbKUM Pa3HbiM (DyHKUUAM UMETb Of-
HO 1 TO Xe UMsi, Hanpumep, operator+. Ho obe 3T npobnembl mornm 661 6bITH
pelueHbl be3 BBeAEHNS NeperpysKu: HUKTO He MeLlaeT (TeopeTnyeckn) AaBaTb KOH-
CTPYKTOpaMm pa3Hble MMeHa, Hanpumep, NPOCTO Momedast Ux CrneynanbHbIM Clo-
BOM «constructory, a dpyHKLUN-OnepaLmn Bpoge operator+ mornu 6bl 6bITb He
byHKUNSMN, 2 4eM-TO BpPOAE MaKpoCOB, NMBO MOXHO bbiio noTpebosaTh, YTO-
6bl byHKUMU C MMEHaMU Takoro BUAa Bcerga bbianm «nogcraensiembimuy (inline)
1 He Bbinn Bbl, Kak CNeACTBME, BUAHbLI JIVHKEPY; €CAU onepauusi npegnonaraer
CNOXHYIO peanu3sauuio, eé MoXHO 6bin0 bbl BLINOAHUTE B DYHKLNUN C OBbIYHLIM
VMEHeM, a 13 operator+ eé nNpocTo BbI3BaTb

Mbi B ouepegHoii pa3 Bugum, 4to s3bik Cu++ He mgeaneH; yBbl, JoCToliHas
anbTepHaTUBa eMy He CMewuT MNOSIBASTLCSA. Tak unm uxade, ypokm snoxu Cu++
MOXHO BbIf10 Bbl YHECTb NpY CO34aHMUN HOBOMO A3blKa NPOrPaMMMPOBaHUS — XOT,
cyast no npouncxopasiwemy 8 mupe IT (ocoberHo no HoBbiM «cTangaptam» Cu++),
paccunTbiBaTb Ha 3TO B BanKailiune rogbl He NPUXOANTCA.

3.2. Ilepeonpenesenne CUMBOJIOB CTaH/IaPTHBIX
ornepanmii

Bepuémcst k Hamemy npumMepy — KJIACCY, OIUCHIBAIONIEMY KOMILIEKC-
Hoe uncyo. B peasbHOM 3a1at1€ MBI BPsiJL JTH 3aXOTHM OI'PAHUIUATHCS TOIb-
KO ONEpanusMU B3sITHsI MOJYJIsl W PA3JIOKEHUs] HA KOMIIOHEHTHI (el
CTBUTEJIbHYIO 1 MHUMYIO YaCTH, MO/LY/Ib 1 apryMenT). CKopee BCero, Ham
MOTPEOYIOTCST TAKIKE CJIOKEHUE, BRIYUTAHUE, YMHOXKEHUE U JI€JIEHUE.

Aszpik Cu+-+ mpemocTasiisieT BO3MOXKHOCTH 3AIMCHA TAKUX JAeHCTBUIA
C TIOMOIIHIO TPUBBIYHBIX CHMBOJIOB apudmMeTndeckux omeparuii. Kpome
TOT'0, JIOTUYHO IIPElyCMOTPETh BO3MOXKHOCTD y3HATh JeiCTBUTEIbHYIO 1
MHHUMYIO YaCTU KOMILJIEKCHOTO YHCJIa, €CJIM BAPYT HAM 9TO ITOHAI00UTCS.
JlJisi 9TOTO JIOMOJTHUM HAIIl KJIACC eIlé HECKOJIbKUMH (DyHKIUSIMU-T11e-
HaMU, UMEHa KOTOPBIX OYIYT BBITVISIIETh HECKOJIBKO K30TUIECKU. DTHU
dyHKIMM Kak pa3 u OyIyT OMUCHIBATE AefICTBUs, KOTOPBIE JOJIZKEH 110 Ha-
IIIeMY 3aMBICJTY O3HAYATH CUMBOJI TOW WM WHOM apmdMeTHdecKoil orme-
panuu. OTMeTHM, 9TO METOIbI B 9TOM IIpUMepe OyIyT o0paraTbcs K
3aKPBITHIM IIOJISIM HE TOJIBKO «CBOEro» 00ObeKTa, HO U 00bEKTa, IepeIaH-
HOT'O KaK IapaMeTp. JTO He HAPYIIAeT 3alluTy: KaK y2Ke TOBOPUJIOCH Ha,
cTp. 25, eUHUTIEN 3AIMUTHI SIBJISETCS HEe 00BEKT, a KJIACC WU CTPYKTYpa
KaK TakoBble. VTak, muriem:

class Complex {
double re, im;
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public:

Complex(double a_re, double a_im)
{ re = a_re; im = a_im; }

double modulo() { return sqrt(re*re + im*im); }

double argument() { return atan2(im, re); }

double get_re() { return re; }

double get_im() { return im; }

Complex operator+(Complex op2) {
Complex res(re + op2.re, im + op2.im);
return res;

}

Complex operator-(Complex op2) {
Complex res(re - op2.re, im - op2.im);
return res;

}

Complex operator*(Complex op2) {
Complex res(rexop2.re - im*op2.im,

rexop2.im + imxop2.re);

return res;

}

Complex operator/(Complex op2) {
double dvs = op2.re*op2.re+op2.im*op2.im;
Complex res((re*op2.re + im*op2.im)/dvs,

(im*op2.re - rexop2.im)/dvs);

return res;

};

[TosicHuM, 9TO CJIOBO operator sIBJISieTCs 3ape3epPBUPOBAHHBIM (KJIIOYe-
BbIM) cI0BOM s3bika Cu+-+. Crosime noapsij| aBe JieKCceMbl operator u
+ 00pa3yor umaA GyHKYUY, KOTOPYIO MOXKHO BBI3BATH U KaK OOBIYHYIO
byHKIHIO:

a = b.operator+(c);

— OIHaKO, B OTJin49ue OT OOBLIYHOI d)yHKL[I/II/I, II0ABJICHUE (byHKL[I/II/I-OHe-
panun IIO3BOJIAET 3alliCaThb TO 2Ke caMO€ B bosee IIPUBBLITHOM IJIsA MaTe-
MaTHUKa BUIE:

a=>b+ c;

Temeps MBI MOXKEM, K IPHUMEDPY, Y3HATH, KAKOB Oy/I€T MOJIYJIb CYMMBI
JBYX KOMIIJIEKCHBIX YHCeJ:

Complex c1(2.7, 3.8);
Complex c2(1.15, -7.1);
double m = (c1+c2).modulo();
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Kak MbI yBUMM 11032Ke, aHAJIOTUTIHBIM 00pa30oM B si3bike CHu-++ MOXKHO
[I€PEOIIPEIESIUTh CUMBOJIBL JIFOOBIX OlepaIluii, BKJIOUYas [IPUCBanBaHUSI,
WHIEKCUPOBAHUE, BBI30B (DYHKIINN U MPOIYI0 «3K30TUKY». CyIecTByoT
TOLKO mBe'l omepamum, KOTOpLIe HEIb3s HepeolpelesnTh: 3TO TepHap-
Has Yycaoenas onepayus (a 7 b : c) u oneparnys BbIOOPKH OIS U3
CTPYKTYPBI min Kiacca (Touka). VIHTepecHo, 1To oneparyst BBIGOPKHU 10O~
JISL TI0 YKA3aTeIo («CTPeJIKay ) TePeoIpeIelisieMa, XOTsl 1 HECKOIBKO 9K-
z3oTuyeckuM crriocobom. Ko BceM 3TuM BOIIPOCaM MbI BEDHEMCSI TTO32KE.

HecomuenHo, BO3MOXKXHOCTH BBOIUTH apU(PMETHIECKNE OTIEPATTIH JIJIs
II0JIb30BATEIbCKAX TUIIOB — ITO €I OJIHO MPOSBJIEHUE CMAMUYECKO-
20 NoauMopPHu3ma, Kak U pacCMOTPEHHAs B IPEJIbIIYIIEeM maparpade
neperpy3ka byHkinit. Mbl yKe yIoMUHAIA, 9TO (DYHKIIUUA, UM KOTO-
PBIX COJEPKUT CJIOBO operator, CTa/J U OJHOU U3 MPUIHUH, 0 KOTOPBIM
B Cu++ BOOOIIE mosiBUIACH Teperpy3Ka MMEH (QYHKINN; KaK Mbl yBU-
JUM T03Ke, Takne (DYHKIUHA He BCETJa BBOJATCH KAK METOJIbI KJIACCOB,
00bIuHas PYHKINS TOXKE MOXKET UMETh TAKOe «CTPAHHOE» MMSI U BBOJIUTH
TI0JIb30BATEIbCKUI CMBICH JIJIsT apU(PMETUIeCKOil Omeparun; pas3imdaThb
olnepanuu, UMerIIIe OJHO U TO JKe 0003HaueHne (HaIpUMep, +), KOMIIH-
JIATOP BBIHYZKJIEH TIO MUNAM GP2YMEHMOE8 — TO €CTh €My PUXOIUTCI Ha
OCHOBAHHUU WHQPOPMAINHE O TUIAX BRIOMPATH OJHY W3 MHOTUX (PYHKITHIL,
a 9TO U eCcTh, COOCTBEHHO rOBOPs, meperpy3ka. Ho eciu mpo neperpysky
dyHKIMit B 06111eM BUJie MBI TOBOPHJIN, YTO OHA HE NMeeT HUKAKOI'O OTHO-
HIeHMs K MHTEPECYIOMUM HAC TapaaurMaM (1 BOoOIIe K KaKuM Obl TO HU
ObLIO APAJIUTMaM ), TO [EPErpy3Ka CUMBOJIOB CTAHJAPTHBIX OLePAIil —
9TO BeCbMAa CYIIECTBEHHBIN 3JIEMEHT IO/JIEPKKH I0JIb30BATEIbCKAX a0-
CTPAKTHBIX THIIOB JIAHHBIX.

[loBONLHO HENpUATHAs TEPMUHONOrMYECKasl MyTaHULA BO3HWKAET n3-33 aH-
rNMACKOro C/oBa operator, KOTOPOE TaK U XOYETCsl MEepPeBECTU Ha PYCcCKUl Kak
«OMnepaTopy, MPOHUTAB €ro «Kak HammcaHo». YBbI, fenaTb 3TOro Heb3sl, BeAb
PYCCKOE CJIOBO «OMEPaTop>» B MPOrpamMMupoBaHNN UMEET COBEPLUEHHO MHOE 3Ha-
YeHMe: TaK Mbl Ha3blBaeM 3aKOHYEHHble CTPYKTYPHbIE €ANHMLbI TEKCTA NPOrpam-
Mbl, TaKWe KaK «OMNepaTop BETBJEHUS>» (if), «onepaTtopbl LMKIOB» (for, if,
while) u gpyrue ynpaeasiowme koHcTpykuum. Hanomuum, 4o 8 Cu (n B Cu++,
€CTECTBEHHO, TOXE) MOXHO NPEeBPaTUTb B ONEPATOP NPOU3BOJLHOE apudmMeTnye-
CKOe BbIpaXkeHue, [0DaBMB K HEMY TOYKY C 3aMsiTON; Takoi onepaTop Ha3bIBAaeTCs
«OMNepaToOpPOM BbINUC/IEHUS BbIPaXkeHUsi pagu nobodHoro adppektas. B yacTHo-
CTW, KOrga Mbl Bbi3biBaeM hYHKLUIO, UTHOPUPYs! NPU 3TOM eé BO3BpaLLlaemoe 3Ha-
YeHMWe, Mbl MPUMEHSIEM NMEHHO 3TOT OnepaTop.

AHrnuiickoe cnoBo operator 0b603Ha4YaeT CyLHOCTb COBEPLUEHHO WHYK — TO,
4TO Mbl MO-PYCCKM OBLINHO Ha3blBaEM «OMEPALNSIMUM»: BCEBO3MOXHbIE apudme-
TU4eckme onepauunn (CrIOXKeHNe, BbIYUTAHNE U T. M.), ONepaLun CpaBHeHUs, nobu-

1 HexoTopbie aBTOPDLI BKJIIOYAIOT B 3TOT CITACOK €IS U «OIEPAINIO» PACKPBITHS 06-
JIACTU BUIMMOCTH; 9TO He BIIOJTHE KOPPEKTHO, IIOCKOIBKY CHMBOJI PACKPBITHS 00JIaCTH
BUAMMOCTH He siBJIsieTcsi onepanueii. K sromy Bonpocy mbl BepuéMmcs B §3.13.
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TOBble 1 JIOTMYECKME onepauun, onepauun C agpecamu N ykasaTesisMu, a ecin
pedb ngét o Cn n ero notomMmkax — ToO ewé n onepauun npucsaneaHus. MHave
roBOps, NO-aHINICKN operator — 3TO HEYTO TaKoe, YTO MOXET BCTPEYaThCA B
BbIPaXXEHWUM HAPsiAY C KOHCTAaHTaMu, NEPEMEHHBIMU U CKOBKamu.

Huyero yanenTensHOro B MMEHHO TakoM MCMOJIb30BaHUM CJIOBa operator Her.
YuTaTenb, 3HaKOMbI C BbICLLE MaTEMaTUKON, HECOMHEHHO, BCTpeYan Takue Tep-
MUHBI, KaK «JIMHeliHbITi onepaTopy, «onepaTop AnddepeHLunpoBaHns» n T.n.,
KOTOpPbIMY 0DbIHHO 0DO3Ha4atOTCsi OTODPAXKEHNS N3 HEKOTOPOrO MPOCTPAHCTBA B
HEro camo, T. €. NONPOCTY QYHKLYMUM, IMEIOLLE HEKOE PAaCCMATPUBAEMOE MPOCTPaH-
CTBO OHOBPEMEHHO B KadecTBe obiactu onpeaeneHus n obnactu 3nadeHuii. Ko-
raa pedb UAET O TakUX BOT — MaTEMaTU4eCKUX — «omnepaTopaxy, COOTBETCTBY-
oMM aHFAUACKUM TEPMUHOM OKaXKeTCsi Kak pas cyioBo operator. Hy a apudp-
MeTNYECKNE OMepaLm, NOHATHOE N0, C 3TUMU Operator'aMmn COCTOSIT B CaMOM
6113KOM pOACTBe, Tak 4TO Anst obo3HadeHus (B MaTeMaTnke) CUMBONIOB Bpoge
natoca, MUHyCa UaWN AeleHNS aHTIOroBOPsiLLME MAaTEMATUKN UCMONb3YIOT TOT XKe
CaMblii TEPMUWH; €CTECTBEHHO, MEPEHSAIN 3TOT TEPMUH 1 NPOrPaMMUCTbI.

YT0 >ke KacaeTcs CTPYKTYpHbIX €4UHWL, NPOrPaMMHOIO TEKCTa, Ha3blBAEMbIX
NO-pyCcCKN «OnepaTopamu», TO 3TOW CYLUHOCTW COOTBETCTBYET COBEPLUEHHO WHOW
aHrniicknii TepMmuH: statement (6yKBaano NEpPEBOANTCS KakK <<yTBep>K,quV|e>>).
Kak Tak nonyuymnocb, 4TO aHrimiickoe statement nepeBOAsiT Ha pycckuii cno-
BOM «OMepaTop», KTO 3TO MEPBbIM MPUAYMa, CO34aB ANS rPAAYLLNX NMOKONEHWNA
PYCCKOSI3bIYHBIX MPOrPaMMUCTOB HEMPUSITHYIO TEPMUHOIOTNYECKYIO Npobnemy —
BOMPOC, KOHEYHO, NHTEPECHbLIN; K COXANIEHNIO, CAENATb C 3TUM Y>K€ HUYEro Heflb-
351, TEPMUH «OMepaTop» HaMePTBO BPOC B PYCCKYH NMPOrpaMMUCTCKYHO JIEKCUKY
NMEHHO B 3TOM COBEPLUEHHO HEJIOTUYHOM AJi1si HErO 3Ha4YeHuu.

3.3. Koncrpykrop ymoadanusi. MaccuBbl 00bEKTOB

Bosspamiasice k Hamemy kjaccy Complex, HAlOMHUM (cM.cTp. 24),
9TO ONMCATH IepeMeHHyIo Tura Complex NMPUBBIYHBIM HaM oOpa3om Oe3
BCAKUX I1apAMETPOB HeJIb3s, T.K. I €JIUHCTBEHHOI'O KOHCTPYKTOpA
kitacca Complex Tpebyrorcs nBa mapamerpa. lak, ciemyromnmit Kom Oy-
JeT HEKOPPEKTEH:

Complex sum; // ONMBKA - HeT mapaMeTpoB AJ KOHCTPYKTOpa
sum = cl+c2;

Kpowme Toro, y Hac BOSHUKHYT CJIOKHOCTH IIPU CO3/IAHUA MaCCHBOB KOM-
IIEKCHBIX YUCEJT; OOBIYHBIN MACCUB 3apaHee 3aJ]AHHOTO Pa3Mepa MbI CO-
3/1aTh CMOXKEM, HO TOJIBKO IIPU YKa3aHUHU WHUIMAJIN3ATOPa, UMEIOIIETO
BeCbMa HETPUBHUAJIBHBII CHHTAKCHUC; 3a0eras BIEPE, OTMETHM, 9TO JUHA-
MUMECKUT MACCUB KOMILIEKCHBIX YHCEJI MBI CO3/IATh HE CMOXKEM BOOOIIE
HUKaK, IIOCKOJIbKY CHUHTAKCHC A3bIKa HE I03BOJIAeT 3aJaTh IlapaMeTpbl
JJ1s1 KOHCTPYKTOPOB KaXKJIOT'O dJIEMEHTa MACCUBA.

CHSATb BO3HUKINHIE TPOOJIEMBI ITO3BOJISIET BBEJEHUE €IE OJHOTO KOH-
crpykropa. HamoManM, 9T0 KOMIUISTOP CINTAET KOHCTPYKTOPOM (DyHK-
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[UIO-YJIeH Kiacca (I CTPYKTYPBI), UMsl KOTOPO# COBIAJIAET C UMEHEM
kjacca (um cTpykTypsl). Biarogapsa cBoiicTBy meperpysku byHKImii B
Cu++ MBI MOXKEM BBECTHU B OJTHOI 00JIACTH BUIMMOCTH HECKOJIBKO (DYHK-
Ouii ¢ OMHUM U TeM K€ MMEHEM; 3TO OTHOCHUTCSI, Pa3yMEeeTCsI, U K KOH-
crpykTopam. Hy»KHO TOJBKO, 9TOOBI (DYHKITMH, UMEIONINE OTUHAKOBBIE
nMeHa (B JAHHOM CJIydae — KOHCTPYKTODBI), PA3IMIAIUCH KOJMIECTBOM
u/unu TunoM napaMerpos. Vrak, nobaBuM B Kiacc Complex ermgé ouH
KOHCTPYKTOP:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)
{ re = a_re; im = a_im; }
Complex() { re = 0; im = 0; }

VY

Teneps MBI MOXKEM ONUCHIBATH IepeMeHHBIe THIa Complex, He 3a/7aBast
HUKAKUX rmapamMeTrpoB. [[09ToMy KOHCTPYKTOD, UMEIONIU IyCTON CITUCOK
[IapaMeTpoB, HA3BIBAIOT KOHCMPYKIMOPOM MO ymoawaruro. Ero Ha-
Jingue JeIa€T BO3MOXKHBIMU, B YACTHOCTH, CJIELYIOIIHE OIMCAHUS:

Complex z3; // mCHOmB3yeM KOHCTPYKTOP IO YMOIYAHUO
Complex v[50]; // womcTpykTOop 6yZeT BH3Bar 50 pas
// T.e. Ona Kaxmoro d>JeMeHTa

3.4. KoHCTPYKTOPBI Ipeodpa3oBaHUsd

[Ipu cozmammm mporpaMM Ha S3bIKAX, OOJIAMAIOMINX TUIIA3AIMEH,
HEPEJIKO BO3HUKAET ITOTPEOHOCTH MCIOJIH30BATh 3HAYEHNE OIHOIO THIIA
TaM, TJie 110 CMbBICJIy IIPeIIo/iaraercsi 3uadenue apyroro tumna. OauH u3
IPOCTEHIINX TPUMEPOB TaKOl cuTyanuu — ciaoxkenue (1 apyras apud-
METHYeCKasi Ollepalus) 9ucia C IUIaBaIomell TOYKON M HeJoro ducia.
B s3pike Cu B 110/TIOGHBIX CJIyYasix MPOU3BOJINTCS TAK HA3BIBAEMOE HEAG-
Hoe npeobpasosanue munos. Tak, eciu Mbl OIUIIEM IIEPEMEHHYIO a KaK
IEJIOYUCIIEHHYIO, & MepEeMeHHyI0 b Kak mmeroryo tunt float, u mocie
9TOr0 UCIIOJIb3YeM B IIPOrpAMMe BBIpAaXKeHHe a + b, KOMIUISITOP HeA6-
1O TIpeo0Opa3yeT 3HAYEHUE IMEPEMEHHOM a K Tuity float, U TOJIBKO Iocje
9TOrO BBIIOJHUT CJIOYKEHWME. 1OYHO TaK K€, €CJIM B IPOrPAMME OIUCAHA
dynakmnsa void f(float), Mbl MOKeM 3ammcaTb BbI30B f(25), W KOM-
[IJIATOP COYTET TAKOW KOJ[ KOPPEKTHBIM, T.K. «3HAeT», KAKUM 00pa3oM
13 [EJIOT0 YHCJIa CJIEJIATh YUCJI0 C IJIaBAIONIell TOUKO; HHade TOBOPSI, B
sizbike Cu mpucyTCTBYeT IpaBUjIO MpeoOpa3oBaHus 3HAYEHUN TUIA int
B 3Hadenusi tuna float. EcrecrBenno, a3pik Cu++ Tak:ke mMO3BOJISET
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IIPOU3BOJIUTD TI0/IOOHBIE HESIBHBIE MPE0OPa3oBaHusi, HO, IOMUMO ITOTO, B
HEM €CTh CPEeJICTBA yKa3aHWs IPABUJ IPEOOPA30BAHUS Ul MUN0E OaH-
HOLT, 668€0EHHBIT Moav3osamesem. OIHAM U3 TAKUX CPEICTB SIBJISTIOTCST
KOHCPYKMOPbL NPe0bPa3o8aHUA.

OueBnIHO, 9TO 38/IaTh MTPABUIIO TPEOOPA30BAHNS 3HAMEHUIT TUIIA A B
3Ha4YEHUs THIA B — 3TO TO Ke camoe, 4TO 3aJaTh MHCTPYKIHIO IO CO-
3/1aHNI0 O0beKTa TUIla B 10 mMmerorieMycs 3HadeHuto Tuna A. B camom
JeJie, B pa300pPaHHOM BBIIIE TIPUMEPe KOMITIIATOD CHAYAJIa CTPOU 3HA-
qeHne trana float, UCNOAB3yd B Ka4eCTBe OTIPABHON TOYKN MMEIOIIeeca
3HAYEHNE THIA int; pasyMeercs, KOMIUISATOPY JJIs STOrO HEOOXOINMO
«3HATH», KakK 3T0 Jenarb. Kak ormedasoch B §2.3, HHCTPYKIIMA KOMITH-
asropy Cu++ 1o co3mannio 06 bEeKTOB KIacca Ha OCHOBE 3a/aHHbBIX I1apa-
METPOB JIAIOTCS MyTeM OINHUCAHUSA KOHCTPYKTOPOB C COOTBETCTBYIOITUMU
mapamerpamu. TakuM obpa3om, eciaum BBECTH B KJacce B KOHCTPYKTOD,
[TOJTY Aol TapaMeTp THIIAa A, 9TO KaK pa3 u OyJeT WHCTPYKIIUS 110 CO-
371aHni0 00beKTa TUIa B 1o nmeroinemycs 3uadennio tuna A. [Ipencrasiis-
€TCsI TIO9TOMY BITOJTHE JIOTHYHBIM HMCIOJIH30BATh TaKHe WHCTPYKITUU JIJIsT
BHINOAHEHUA HEABHO20 NPEOOPAZOBANHUA MUNOSE.

Hrak, KOHCTPYKTOp, KOTOPBI MOJIyYaeT Ha BXOJI POBHO OJUH Tapa-
MeTp, UMEIOMUI THI, OTJIWYHBII OT OMUCHLIBAEMOTO, HA3BIBAETCS KOH-
cmpyrmopom npeobpadosarus’? u UCIOIB3yeTCA KOMIMIATOPOM He
TOJIBKO B CJIy4ae SIBHOI'O CO3JaHUs OObEKTa, HO U JIJId IIPOBEJIEHUST HEsIB-
HOTO IIpeodpa3oBanus TUIOB. [IpomyTiocTpupyeM cKa3aHHOE Ha TTPUMEPE
BBEJICHHOTO paHee Kiacca Complex. fICHO, 9TO IO CMBICTY KOMILJIEKC-
HBIX IUCEJ JII000e JIeHCTBUTEIFHOE TUCJIO MOXKET OBITH TPEOOPA30OBAHO K
KOMILJIEKCHOMY J100aBJIEHUEM HYJIEBOI MHUMOI YaCTH TOYHO TaK Ke, KaK
1IeJI0e YUCJIO Ipeobpa3yeTcst K 9UCly ¢ IJIaBaloleil TOuKoi nobasiieHn-
eM HyJIeBO#l JpobHO# YacTu. YTOOBI BHIPA3UTD ITO COOTHOIIEHUE MEXKTY
JEHCTBUTEILHBIMI Y KOMIIJIEKCHBIMU YHCJIAMU, JTOTIOJHUM KJIACC CIIEITY-
FOIUM KOHCTPYKTOPOM:

Complex(double a) { re = a; im = 0; }

C 0JHOI CTOPOHBI, 3TOT KOHCTPYKTOP IO3BOJISIET HAM OIUCHIBATH KOM-
IIJIEKCHBIE YHCJIa C YKa3aHUEM OJIHOTO JIEMCTBUTEJIBHOTO TapaMeTpa, Ha-
IIpUMep:

Complex c(9.7);
C pyroii CTOPOHBI, €CJIM B IIPOrPAMME UMeeTCsl (DyHKIUsI

void f(Complex a);

2Ecu ToIbKO ClienuaibHOe 3HAYEHHe TAKOTO KOHCTPYKTODA He OTMEHHUTH [UDPEK-
TUBOIt explicit.
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MBI MO>KEM BBI3BAThb eé JJ1 LLeI‘/JICTBI/ITeJ'IbHOFO ITapaMeTpa:
£(2.7);

Baaromaps mammauio B kiacce Complex KOHCTPYKTOPa Ipeobpa3oBaHUs
KOMITIJISITOP COYTET TAKON BBI30B KOPPEKTHBIM; JIJIsI €r0 00pabOTKH € 10~
MOIIbIO KOHCTPYKTOPA Mpeobpa3oBaHus OyIeT co3/1aH 8pemeHHbitl 005-
exm tuna Complex, KOTOPBIi u Oy/eT moman Ha BXox (yHKnun f.

3.5. CcpLIku

IlonsitTie ccviku, KOTOPOMY HOCBAIIEH 3TOT naparpad, OKa3bIBaeT-
¢ KJIIOYEBBIM JIJIsT TIOHUMaHUs JajJbHelIero Mmarepruana. Mexmay tewm,
HUYEro IMoXoxKero HeT HU B yuctoM CH, HM B JPYIHUX sI3BIKAX IPOrPaM-
MHUPOBaHHdA, TaK YTO CCBLJIKM YaCTO BBI3BIBAIOT Yy HAYMHAIOMIUX OIIpejie-
sénnble TpyaHoctH. [locTapaiiTech mOSTOMY IONONTH K M3y4YEHHUIO 3TO-
ro naparpada 0cobeHHO BHUMATEJIBHO, a TP BO3HUKHOBEHUH BOIIPOCOB
00sI3aTe/IbHO 3a1afiTe UX BAIIEMY [TPEIOIABATEI0 U KOMY-TO €IE, KTO
CMOXKET BaM OObSICHUTD ITPOUCXOISIIEE.

Ccepuika B Cu++ — 3T0 0co0BIN BUJT OObEKTOB JAHHBIX, PEATU3Ye-
MBIl IIyTE€M XpaHEHUs ajipeca KaKON-TO IIepeMeHHO, HO, B OTJINYHE OT
yKa3aTeJsd, CCbLIKa CEMaHTUYCCKU SKBUBAJICHTHA TOH IIEpEeMEHHON, Ha
KOTODPYIO OHa cchltaeTcs. VHatue roBopst, JII0Oble Ole€paluu HaJ| CChLI-
KOit Oy/IyT Ha caMOM Jiejie TPOU3BOIUTHCS HAaJ TON [MEPEMEHHOM, aIpec
KOTOPO# coflepKUTCA B cchuike. Haio oTMeTUTDH, YTO 9TO OTHOCUTCH U
K IIPUCBAaWBAaHUAM, U K B3dATHIO aJipeca — BOOOIIE KO BCEM OIIEPAIHM,
KaKne MOTYT OBITh; CaMy CCBLIKY, TAKUM 00pa3oM, BOODIIE HEBO3MOXKHO
U3MEHUTD, €€ 3HadeHue (IIepeMeHHas, HA KOTOPYIO OHa CChLIAETCS) 3a-
Ja€Tcsd B MOMEHT CO3JaHUs CChLIIKUA U OCTAETCd HEM3MEHHBIM B TedeHUe
BCETO CPOKa €€ CYIIeCTBOBAHUSI.

CHUHTAKCHYIECKH THUIl JAHHBIX <«CCBLIKA» OIUCHIBACTCS AHAJIOTMYHO
YKAa3aTesTio, TOJTLKO BMECTO CHMBOJIA «*» HCIOIB3YeTcs CUMBOJ «&» 3.
IIponnmocTpupyeM cKazaHHOE ITPOCTBIM IIPIMEPOM:

int i; // nenouucieHHas IepeMeHHAas
int *p = &i; // ykasaTenb Ha IepeMeHHyDO i
int &r = i; // cchuka Ha IepeMeHHyD i
i++; // yBemmuwTb i Ha 1

(xp)++; // To ®e caMoe uepe3 yKazaTemb
r++; // TO Xe caMoe IIO CCHUIIKE

13BaxKkHO HMOHMMATH, YTO B JAHHOM CIydae CHMBOJ «&» He MMeeT HUYEro ObIIero
c omepanueil B3aTusa azapeca! ITouemy aBrop szeika Cu-++ B. Crpaycrpyn Bbibpasn
MMEHHO TaKoe 0003Ha4YeHUe — BOIPOC OTKPBITHII.
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O6BI‘IHO T'OBOPAT O <«IIE€PpEMEHHbIX CCBbIJIOYHOI'O THUIIa» HapaBHE C IIepe-
MEHHbIMHU JPYTUX THUIIOB, XOTsA CCBIJIKH HE BIIOJIHE KOPPEKTHO HAa3bIBATH
«IIePEMEHHBIMM », HOCKOJIbe U3MEHUTDH 3HAYCHUE CaMOU CCHAKY HEAb3SI:
BCE, 9TO MBI C HEll HOMBITAEMCS C/IEJIATh, Ha CAMOM Jiejie OyIeT CIeIano
C TOH IIepeMEeHHOIi, Ha KOTOPYIO CCBLIKa CCBLIACTCH.

N3-3a HEM3MEHHOCTU CCBLIOK HMEPEMEHHYIO CChLJIOYHOrO THIA
HEJIb3d OMHCATh 0€3 MHUIAJIN3AIUN, TO €CTh 0e3 3aJaHusl Ha-
YaJIbHOI'O 3HaYeHusl. Takoe onucanue ObLIO ObI 3aBEJI0MO O€CCMBICICH-
HBIM, B€Ib €CJIN HE 3aJaTb 3HaYCHHE CCBhbLIIKE C CaMOI'0 HavaJia, TO IIOTOM
MbI HUKAKHUM CHOCO6OI\I OCMBICJIEHHOE€ 3Ha4Y€HHE B CCBLIKY YK€ HE 3aHe-
cém. Ilonmb3ysich caydaeM, HATIOMHUM €MIé pa3, 9TO WHUIIMAIA3AINS U
IpuCBanBaHU€ — 3TO COBEPIIEHHO Pa3HbI€ CYITHOCTH.

OHI/IC&B B HallleM IIpuMepe CCBLIKY Ha IIEPpEMEHHYIO j_7 MBI (baKTI/I-
YeCKH BBEJIN CUHOHUM HUMEHH 1 — UM r, 0603Haqa10mee TOT 2Ke Ca-
MBI O6’I)€KT JaHHDBIX. TaKOG HNCIIOJIb30BaHHUE CCBIJIOK MOXZKET IIOKa3aTbhCA
OECCMBICTIEHHBIM U JIEHCTBUTEILHO BCTPEYAETCA O4YeHb peako. [lo-mac-
TOANIEMY BO3MOXKHOCTHU CCBLJIOYHOI'O THUIIa B CI/I++ PaCKpPbIBAIOTCA IIPU
nepeaade CCbLJIOK B beHKH,I/II/I n BO3BpaTe UX U3 (byHKI_H/Iﬁ B Ka4decTBe
3HAYCHUI. TaK, 6naro;1apﬂ CCbIJIO‘{HOMy TUIly B HalreM pPacCIIOPAXKEHUN
OKa3bIBaETCA OTCYTCTBOB&BH_II/Iﬁ B A3bIKE CI/I MEXaHU3M IIepeaavun Iapa-
MeTpoB 10 cceike . JlomycTiM, HaM HY?KHO HAIIHCATHh (YHKIAIO, HAXO-
JANLY IO MaKCUMAaJIbHBIII 1 MUHUMAJIBHBINA 3JIeMEeHTHI 3a/IaHHOI'O MaCCHUBa
quces tuna float. Ha sizpike Cu sra dyHKIMS BBITIs e a ObI TaK:

void max_min(float *arr, int len, float *min, float *max)
{
int i;
*min = arr[0];
*max = arr[0];
for(i=1; i<len; i++) {
if (*min>arr[i])
*min = arr[il;
if (*max<arr[i])
*max = arr[i];

}
a e€ BBI30B — HaIIPpUMeEp, TaK:

float a[500];
float min, max;
// ...

max_min(a, 500, &min, &max);

MYprarens, ckopee Bcero, y»e 3HAKOM C Tiepejadell IapaMeTpoB IO CChLI-
Ke: B s3bIKe IlacKasb Takue mapaMeTpbl Ha3bIBAIOTCH NapaMeTpaMu-IIePeMeHHBIMU
(var-parameters).
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TTockobKy u3 GyHKIUU HY?KHO BEPHYTH OOJIBIIE OHOIO 3HAYEHUSI, IIPU-
XOJIUTCsI UCIIOJIb30BATh BO3BpAT Yepe3 mapaMeTpbl. MexK Iy TeM B si3bIKe
Cu Bce mapaMeTphl MEPEIAIOTCS N0 3HAGUEHUIO, TIOITOMY HAM ITPUXOINAT-
Csl BPYYHYIO UMUMUPOSAMSb BIXOIHLIE [IAPAMETPDI, [IePeIaBas 3HAICHIE
aJpeca IepeMEeHHO, mojiexKaleil MoauuKaIun; I03TOMY IIPU BbI30BE
QYHKIMH MBI BBIHYK/I€HBI IPUMEHSTH ONEPAIUIO B3sITHsI aapeca («&»).
B camoit dpyHKIMN BMECTO UMeHU TIEPEMEHHON MbI BBIHY 2K I€HBI UCITOJIhb-
30BATh JIEBOJOILYCTUMOE BBIDAXKEHUE PA3bIMEHOBAHUs, T.€. CTABUTDH IIe-
pen naeHTHUKATOPAMHA Min W max CHMBOJI OIEPAIMH PA3bIMEHOBAHUS
«*», 9TO0BI [IPe0dpPa30BaTh aJIPec IIEPEMEHHOI B caMy IEPEMEHHYIO.

C HCIIOIBb30BAHUEM CCBHLJIOK W KOJ (PYHKIIMU, U €€ BBI30B OOpETaroT
0oJiee SICHBIN BUI:

void max_min(float *arr, int len, float &min, float &max)

{

int i;
min = arr[0];
max = arr[0];

for(i=1; i<len; i++) {
if (min>arr[i])
min = arr[i];
if (max<arr[i])
max = arrl[i];

/...

max_min(a, 500, min, max);

ITapamerpsl min u max, 0ObsiBJIEHHBIE Ha Ceil pa3 KaK CCHIJIKU, CEMaHTHU-
9eCKU TIPEJICTABIISIOT COO0 CHHOHUMBI HEKHUX IIEJIOYNCICHHBIX T€PEMEH-
HBIX, TaK YTO BCe Ollepallii, KOTOPble IIPOU3BOIATCA Ha/l min M max, Ha
caMOM JieJie IIPOUCXOJIAT HaJl TeMU IIepeMeHHbIMI, Ha KOTOPbIe 3TU Iapa-
MeTpbl ccbltatoTest. [Ipu Bb3oBe (DYHKIMKU MBI HE TMPUMEHSIEM HUKAKUX
orepaluii B3sATUs apeca, IIOCKOJIbKY (C CEMAHTHYECKONH TOUYKU 3PEHMUs )
HaM JJI IOCTPOEHNsI CHHOHMMa HYy?KHA caMa IIepeMeHHasl, a He e€ aJpec.

Emé Oosiee mHTEpecHBIE BO3MOXKHOCTH OTKPBIBAET HUCIIOJb30BAHNE
CCBIJIOYHOTO THIIA KAaK THUIA BO3BpAIIaeMoro 3uadenuns dyskimu. lo-
IIyCTUM, HaM HY2KHO ITPOM3BECTH IIOUCK IIEJIOUMUCJIEHHOU IlepeMeHHOU B
COCTaBe CJIOKHON CTPYKTYPbI JAHHBIX (HAIPUMED, UCKOMAs [IEPEMEHHAs
ABJIETCS II0JIEM CTPYKTYPBbI, KOTOpas, B CBOIO O4Yepelb, SBJAETCA dJIe-
MEHTOM MACCUBA U T.1L.), & 3aTeM Jiub0 UCIOJIb30BaTh 3HAYCHHUE HAailIeH-
HOIt TIepeMeHHOIt, TUO0 BBITTOJTHUTE HaJI Heil TO MJIM WHOE MPUCBANBAHLE.
B Takoii cuTyarum momck repeMeHHO! MOXKHO BBIJEIUTb B OTHEJIHHYIO
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(BYHKIMIO, BO3BPAIIAIOIIYIO CCBIJIKY Ha HaliJIEeHHYIO IlepeMeHHy0. Kciu
Takasi (DYHKIMSA UMeeT TPOdUIh

int &find_var(/*params*/) ;
TO JOIyCTUMBI OYyJyT, HAIIpUMED, TaKhe JeACTBU:

int x = find_var(/*...*/) + 5;
find_var(/*...*x/) = 3;
find_var(/*...x/) *= 10;
find_var (/*...*/)++;

int y = ++find_var(/*...*/);

3.6. KoncrauTHble CCBLIKU

Moudurarop const yke, CKOpee BCero, 3HaKOM HaM 10 sa3biky Cu,
XOTsI U3HAYAJIBHO OH MostBuIcs nMeHHo B Cu-++, a B Cu mpoHUK ropasio
[o3Hee, IPUIEM TaK U He ObLI Ipu3HaH apropaMu s3bika Cu. Ilpu onu-
CaHMM AJPECHBIX THUIIOB MOAU(UKATOD CONst IO3BOJISIET yKa3aTb, YTO
00J1aCTh IMaMsTH, Ha KOTOPYIO YKa3bIBAaeT OIUCHLIBAEMbI yKa3are/b, HE
[IOJJICXKUT n3MeHenuto. Hanpumep:

const char *p;
// p ykashHBaeT Ha HEW3MEHAEMyD O6IAacTb NaMATH
p = "A string";
// BC& B mopsamKe, IepeMeHHas P MOXET U3MEHATHLCH
*p = ‘a’;
// OLVBKA! Henb3sa MeHATH 06IACTH IaMATH,
// Ha ROTOpyl yKa3HBaeT p
pls] = ’b?; // 3To Takxe OIMBKA

IloguepkuéMm ermié pa3, 4To const char *p — 9TO UMEHHO YKA3GMEAd HA
KOHCMAHMY, & HE KOHCMAHMHHLTY YKa3amens. IToObI onrcaTh KOHCTAHTY
aJIPECHOTO THUIIA, HEOOXOIMMO PACIIOJIOXKUTH KJIFOUEBBIE CJI0BA B JIPYTOM
MTOPSJIKE:

char buf[20];

char * const p = buf+5;
// p - KOHCTaHTa-yKasaTelb, yKasHBaolas Ha
// mectoi# smemenT mMaccusa buf (buf[5])

ptt; // OIUBKA, sHadeHue P He MOXeT OHTb H3MEHEHO
*p = ’a’; // Bcé B mopsgmke, uaMeHseM 3HaueHue buf [5]
pl5] = ’b’; // Bcé B mopsanmke, umaMeHseM 3HadeHwme buf [5+5]

AnajoruunniM 00pa3oM €10 0OCTOUT CO CCHLLAOYHLIMU THUIIAMHU:
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int i;

const int &r = i; // ccmHIKa Ha KOHCTaHTY

int x = r+5; // Bc& B mopsanke

i=7; // Toxe BCE& B mopsanKe

r 12; // OIBKA, 3HayeHWe IO CCHIKE r HENb3d MEHATb

const int j = 5;
int &jr = j; // OIMBKA, Hemb3s CCHIATHCH

// Ha KOHCTaHTy OOGHYHOM CCHIIKOH
const int &jcr = j; // Bcé& B mopsamxe

KoncTanTHble CCHIIKKA TIO3BOJIAIOT TepeaaBaTh B (DYHKIINUA B KadeCTBE
ImapamMeTpa aJIpec IepeMEeHHON BMECTO KOIMMMPOBAHUs 3HAYCHUSI, ITPU ITOM
HE I03BOJIsisd 3Ty IIEPEMEHHYI0 MEHsITh, KAK U IPU OOBIYHON Iepeade
10 3HAYEHUIO0. ITO MOXKET OBITH ITOJIE3HO, €CJIN MAapaMETD MPEJICTABIISIET
€000t KJIACC WJIH CTPYKTYPY, Pa3Mep KOTOPOi CYIIECTBEHHO IIPEBBINIAET
pa3mep ajpeca. Tak, ecau B paHee OIMCAaHHOM KJjiacce Complex BMeCTO

Complex operator+(Complex op2)
{ return Complex(re+op2.re, im+op2.im); }

HalluCaTb

Complex operator+(const Complex &op2)
{ return Complex(re+op2.re, im+op2.im); }

CeMaHTHUKA KOJa He U3MEHUTCsl, HO (dusndecku (Ha ypOBHE MAIIXHHOIO
KOJIa) BMECTO KOIIUPOBAHUsI ABYX 10JIeii Tuiia double GyueT HPOUCXOIUTH
repejiatda ajpeca CyIIeCTBYIONIEN IMepeMeHHON U OOpallleHue 10 TOMY
azpecy.

3.7. CchLIKM KaK ceMaHTHYecKuii (peHoMeH

He cnemyer HemooleHNBATL BaXKHOCTh CCBIJIOK KaK CEMAHTUYIECKOTO
n300perennsi. B ompesieIEHHOM CMBICTIE UMEHHO CCBLIKH — 3TO CaMoe
BaXKHOE€ HOBIIECTBO si3blka Cu++; BCE OCTATBHOE, UTO COMEPIKHUT STOT
SI3BIK, paHee BCTPEIAIOCh B IPYTHUX SA3bIKax. IIpn 9T0M BBeeHIE CCHIIOK
OTKPBIBAET OY€Hb HHTEPECHBIE MEPCIIEKTUBDI, U B 3TOM Haparpade Oyer
cJIeIaHa, TIONBITKA 3TH TEPCIEKTUBBI 0G03HAUNTD.

[Ipu onucanun si3bika, Cut OOBIYHO BBOJIUTCSI IOHSITHE A€6000TYCINU-
M020 evipasicerust (anri. lvalue), n3HaIAIBHO 0603HAYABIIEE BCEBO3-
MOKHBIE BBIDAXKEHUsI, JONYCTUMbBIE CAE6G OT 3HAKa IpUCBaMBaHus (OT-
Crofla Ha3BaHue). Pe3ybraT BEIYUCICHUS TAKOI'O BBIPAYKEHUsI HE IIPOCTO
MIpe/ICTaBJIsIeT COOOI 3HAYUeHUe, a UACHTHMUIIMPYEeT HEKYIO 00JIacTh Ia-
MSITH, B KOTOPOIl pacrmosiaraercst 3Hadenue. IIpocreitimum npumepoM Je-
BOJIOILYCTUMOI'O BBIPAXKEHUS CIIYKUT UMA NePeMennotl, HO ITUM, KOHEU-
HO 2Ke, JIeJI0 He OTPaHMYINBaeTCsa. TaK, eciin p — HEKUil yKa3aTeslb TUIa,
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OTJINYHOI'O OT Vvoid, TO *p — JIEBOJOILyCTHMOE BBIDarKeHHE; eCcjii V —
HeKUil MaccuB (W, OISATh XKe, ajpec), To v[i] GyueT JIeBoJonyCcTuMBbIM;
ecqia q — aJpec CTPYKTYPHI, cofepzKarreit nose £, To q->f — JyreBojomy-
CTHMOE BbIpaKeHnue, u Tak gajee. OOImuii NIPUHIMII TYT TAKOR: Pe3yib-
TATOM BBIYHUCJIEHUS JIEBOJOIYCTUMOTO BBIPaXKeHUsI B JIEHCTBUTETHHOCTH
CTAHOBUTCS HEKasl 004aCMb NAMAMUYU, U €CJIH OT BhIPaXKeHus TpedyeTcs
3HaYEHUE, TO OHO OepéTcs m3 ITOit 0OJIACTH TAMSITH; KOTJ/IA JIEBOJIOILY-
CTHMO€ BbIparkK€HUe CTOUT CJIeBa OT IIPUCBAUBaHUs, 3HAYEHNE OT HETO He
Tpebyercsi, a TpebyeTcs cama 00JIACTh TAMATH KaK TAKOBasi, B KOTOPYIO
3aHOCHUTCSI HOBOE 3HadeHue. Korma JIeBOIOIMYCTUMOE BhIPpayKeHNe OKA3bI-
BAeTCs OIEPAHJIOM TAKUX OllepaIuii, KaK += Wjau ++, OHO UCIIOJIb3YEeTCs
U KaK 3HadYeHue, U Kak 00JIACTb ITaMsATH.

C npoHukHoseHunem B si3bik Cu mogudukaTopa const Tepmut lvalue ytpatun
CBOl N3HAYaNbHbIWE CMbICA; HAaNpUMeEpP, €C/IM ONUCaTh B NPOrpamMme YTO-TO BPOAe

const int width = 80;

TO BbIpaXkeHue, cocTosilee U3 naeHTucukaTopa width, byner cuntaTtoes lvalue,
XOTA C/iEBA OT NMPUCBANBAHNA PACNONIaraTbCs Y>KE HE MOXKET. B COBPEMEHHbIX ONun-
CaHWNAX CVI «N1EBOAONYCTUMbBIED» BbIPaXXEHUA OENAT Ha USMEHSAEMbIE N HEN3MEHSIe-
mbie (avrn. modifiable and non-modifiable Ivalues); nonsitHocTn onncaruns Cu Bcé
3TO OTHIOAb HE CMOCODCTBYET.

Mockonbky Ivalue Bcerpa, no kpaiiHeii Mepe, npeactasnsieT coboin ngeHTudn-
LnpoOBaHHYLO obnacTb namMmATn, TO MOXXHO Ha3BaTb N o6u.|,ee CBOIAICTBO AnAa BCEX
Ivalue-BbipaXkeHnii: OT HUX MOXHO B3ATb aApec, T.€. MPUMEHUTb K HUM YHapHYIO
onepauunto «&». K coxxaneHuto, fake 3TO CBOWCTBO HeNb3si CHUTATb ONPeSEensito-
WnM: B3ATNE agpeca MOXHO NPUMEHUTL K UMEHN d)yHKLI,I/IVI, a C HEKOTOPbIX Nop —
U K UMeHN MaccuBa (B pesysibTaTe MOJIYHaeTCsl afpecHOe BbIPAXKEHME TUMA KYyKa-
3aTej/lb Ha MaCCMB»; TOro, KTO 3TO nNpuayman, O4€Hb XO4HEeTCA y6VITb), HO HW TO,
HU OPYroe He ABNAETCA NeBogonyCTtuMbIM.

B uuncrom Cu J1eBOAOIMYCTUMOCTS — 9TO CBOWCTBO KOHKPETHOTO BbI-
paXkeHusi, He THIIA, HE II€PEMEHHON, He (YHKINM, & UMEHHO BbIPaXKe-
uust. Cepuikn, kotopble CrpaycTpyn npumaymadt mist Cu++, 3amedaTesb-
HBI T€M, YTO IIO3BOJISIOT OLIEPUPOBATH IIOHATHEM JIEBOJIOILyCTUMOCTH Ha
YPOBHE cHCTeMbI TUIOB. JJIs 9TOr0 AOCTATOYHO CINTATH, 9TO UIEHTUMOU-
KaTop TepeMeHHoi, mMeIoleii, HaIpuMep, T int, caMm 1Mo cebe mpes-
CTaBJIgeT BbIpaKCHUE He THUIla int, a TUNA CCuaka Ha tnt, U TO XKe ca-
MO€e CKa3aTb IIPO OCTAJIbHBIE CIIyYal JIEBOJOILYCTUMBIX BBIDAXKeHUIl: ecIu
P MMeeT THUIl int*, TO *p — 9TO He int, a int& (cchuika Ha int), ecsm
f — mose cTpyKTypshl, uMeromee tun double, To s.f mwim q->f — BBI-
pazkeHusa Tuia double&, ecimm str — MacCUB 3JE€MEHTOB THNa char, To
str[i] mmeer Tun char&, u . 1.

Ecsiz npusATH TAKyI0 TEPMUHOJIOTUIO, IIOTPEOHOCTH B OT/IEIBHOM I10-
HATUU <«JIEBOJOIIYCTHMOI'O BbIpasKEHUs» OTIAJaeT: BMECTO 3TOI'0 MOXKHO
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POBOPUTH, UTO CJIEBA OT IPUCBAaUBaHUsI, & PABHO M B JIPYyIMX <«MOIUMU-
[IUPYIOIUXy CJIydasX MOI'YT IPUMEHATHCS CChLIKUA M TOJHKO OHU, €CJIH
JK€ CCBUIKA MPUMEHSIETCs] B BBIPDAXKEHUU, B KOTOPOM TpPeOyeTcs 3Haue-
HUe, TO CChIKA aBTOMATUYECKH [IPeobpa3yercs K CBOeMy 3HAYEHUIO (T. e.
BBIIIOJIHAETCS M3BJIEUCHUE 3HAUCHUST U3 AMSTH).

Herpymao BuaeThb, UTO HaJUYHE KOHCTAHTHBIX CCBLIOK ITO3BOJIS-
eT OTpa3uTh PAa3HUIly MexKy mpeciaoByTbiMu modifiable lvalues u
non-modifiable lvalues: mepBBIM COOTBETCTBYIOT OOBIYHBIE CCHLIKU, BTO-
PBIM — KOHCTAHTHBIE.

OcTaétcsa nnwb coxasneTb, YTO CTONb NPOCTasi U CTPOHAsi CeMaHTU4YecKasi
KoHuenuus He bbina 3amedeHa cosgaTtensmm «ctaHgaptos» Cu++: BMecTo Toro
4TObbI M36aBUTLCS OT CTPaHHbIX TepMUHOB Ivalue n rvalue, 3ameHNB Nx ccolnkamu,
CcTaHpapTu3aTopbl, HaobopoT, Beenun ewg prvalues, xvalues n Boobuie Hanpo4yb
3anyTanan onncaHmne sA3bika.

VIHTepeCHO, 4YTO, HaNpuMep, aBTOpPbl KOMNUNATOPA gcc, cyas no Bbl,ﬂ,aBaeMOVI
3TUM KOMAWUASITOPOM fMarHocTuke (MMeHHO, oWMbOK Npu noucke noaxoasiuen
d:)yHKU'VIVI), nOoTEHUMAN CCbIZIOK B POJN 3aMEHbl NOHATUA /va/ue 3aMeTnanm n BOC-
NnoJ1b30BaJINCb M.

Ha ciywait, ecan BcEé M3/I0’KEHHOE BBIIIE PO «CEMAHTUYIECKUA de-
HOMEH» IMOKA3aJI0Ch IUTATEIO IeM-TO BPOJe OTBJIEUYEHHON dhurocodun,
NpUBeIEM OJIMH HeOe3bIHTEPECHBINH TpuMep. IlycTh y HAC ecTh JBe Ieso-
YUCJIEHHBIE IIEPEMEHHDIE X U § U HaM [TOHaI00UJIOCH IIPUCBOUTH KAKOE-TO
3HaveHue (CKaXkeM, HaXOJSIIeecs B IEPEMEHHOI Z) TOH U3 HUX, 3HAYCHNE
KOTOPO# B HACTOAIINI MOMEHT MeHbIme. KOHeYHO, 9TO MOXKHO C/Ie/IaTh C
IIOMOIIIBIO OOBIYHOrO if:

if(x < y)
X = z;
else
y =2z

B Cu+-+ 6maromapst ccblikaM MOXKHO CEJIaTh TaK:
(x<y?x:y5 =2z

B yucrom Cu Takoe He IIPOXOIUT, IIOCKOJIBKY UM€E€Ha X 1y B YCJIOBHOM BbI-
pazKeHnunu COOTBETCTBYIOT 3HAYEHUAM ITUX IIEPEMEHHbBIX, & HE UM CaMUM.
AHa.HOFI/I‘IHyIO KOHCTPYKIIUIO CAEIaTh BCE >Ke MO>KHO, HO Tpy/JaHEE:

*(x <y 7 &x : &y) = z;

3.8. KoHcTaHTHBIE METOIbI

ITpencrasum cebe, 4TO MBI ONUCAJU HEKuil Kjace (IycTh OH Ha3bI-
BaeTcs A), mocsie 4ero cosuaau (QyHKIMIO, MOJIYyYaiollylo IapaMeTpoM
KOHCTAHMHLG aTpec 00bEKTa TAKOrO KJIACCA:
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void f(const A* ptr)
{

//
}

Buyrpun ¢dyukimn ob6bekT, HA KOTODBIA yKa3blBaeT ptr, Oymer Kom-
CMaHMHvLM, TO €CTh €ro OyJeT HeJb3sd U3MEHATh. Kcan Kjaacc A omu-
CbhIBaeT IIOHHOHGHHbIﬁ O6"beKT7 TO BCe €ro IIoJid CKPbIThI, TO €CTb B3a-
nMojieiicTBrE ¢ OOBEKTOM BO3MOXKHO TOJIBKO dYepe3 MeToibl. B To ke
BpeMsI METOJ MOYKET, BOODIIe rOBOPsi, U3MEHUTH BHYTPEHHEE COCTOSTHUE
(To ecTb 3HAYEHUs CKPBITBHIX I0JIEil) 00bEeKTa, HAPYIIUB TpeOOBaHUE O
ero memameHHoctu. [losromy mirs obecriedennsi HEM3MEHHOCTH OOBEKTA
KOMITIJISITOD BBIHY?KJIEH 3aIPENIaTh BHI30BBI METOJIOB.

Takasi ke cuTyalldsi BOSHUKHET, €CT€CTBEHHO, IIPU Iepejade Iapa-
METPOM KOHCTAHMHOT CCLAKU, TIPU BO3BpaTe KOHCTAHTHBIX aJPECOB U
CCBIIOK U3 DYHKIHI, a PABHO U B CJIydae, eC/Id IePEeMEeHHAs-00bEeKT caMa
1o cebe M3HAYAIBHO ONUCcaHa ¢ MOAUMUKATOPOM const (XOTs HocienHee
UCIIONTB3YETCsI CPABHATENBHO penko). UTtak, o6bekT Bpome GBI ecTh, HO
BCE, 9TO MbI MOYXKEM C HHUM JI€JIaTh — 3TO BBI3BIBATH €0 METOJIbI, & II0-
CKOJIBKY MEeTOJ MOXKET U3MEHUTh OObEKT, KOMIIUJISTOP HAM BbI3BIBATH
MeToAbl He mo3BosuT. Ilomydaercs, 910 ¢ TaKUM OOBEKTOM MBI BOOOIIE
HAKAK HE CMOXKEM PadOTaTDh, €CJIU HE IPEIIIPUMEM CIIEIINATHHBIX Mep.

st paboThI ¢ KOHCTAHTHBIMU OO'beKTaMu B s3bike Cr+-+ mpejrycMoT-
peHbl KoHcmarnmmvie mMemodsv,. KOHCTAHTHBIM CIMTAETCS METOJ, I10-
CJIe 3aroJIoBKa KOTOPOro (HO neped TeJIOM, €CJId TAaKOBOE IIPUCYTCTBYET)
[IOCTaBJIeH MOAU(MUKATOP Const:

class C1 {
// ...
void method(int a, int b) const
{/x .... %/}
//
3

B rtene Takoro meroma mosisi 0ObEKTa JOCTYIHBI, HO 3allpeIleHbl Jeii-
CTBUSI, U3MEHSIONINE X WA CIOCOOHBIE IIPUBECTH K WX HU3MEHEHWIO, B
TOM YHUCJIe IPUCBAWBAHUS TIOJISIM HOBBIX 3HAYEHUIT, TPUCBANBAHUS &JIPe-
COB 9THX I0JIefl HEKOHCTAHTHBIM yKa3aTessIM, Iepejada ux B (OyHKIIH
10 HEKOHCTAHTHBIM CChLIKAM U T.1I. VIHave roBOpsi, OTHOCUTEILHO KOH-
CTAHTHOI'O METOJIa U3BECTHO, YTO OH 3aBEJIOMO HE MOXKET U3MEHUTH CO-
crosinue 00beKTa (3HadeHus ero moJei). [loaToMy KOHCTAHTHBIE METOIBI
MO2KHO 0€3 OIIaCKH BBI3BIBATH )11 O0HEKTOB, KOTOPBIE HEJIb3s N3MEHSITh.
Hanmpuwmep, Takoit Kos:

void f(const Myclass *p)
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{

p->my_method () ;
}

Oy/eT KOPPEKTHBIM TOJILKO B CJIydae, eCclu B Kjacce Myclass Merosn
my_method 00bsiB/IeH KAK KOHCTAHTHBII.

[Ipu manucanuu nporpaMM peKOMEHAYETCsS BCE MEeTOIbI, KOTO-
PbI€e II0 CBOEMY CMBICJIY HE JTOJI2KHBI I3MEHSATh COCTOSTHIE O0beK-
Ta, 00s13aTEJIbHO MTOMEeYaTh KaK KOHCTAHTHBIE, TEM CAMBIM pas3-
peliiasi BbI3bIBATh UX JJIsi KOHCTAHTHBIX 00beKTOB. B wacTHOCTH,
B OIMCAHHOM paHee Kjiacce Complex Bce METOMBI, KPOME KOHCTPYKTOPOB,
HUKAKUX U3MEHEHHUH B IOJIsT KJIACCa He BHOCAT. UTOOBI ¢ 0O HEKTAMHI THIIA
Complex 661710 yI00HEee paboTaTh, CIeIyeT IIOMETUTH BCE METO/IBI KJIACCA
MO IUPUKATOPOM const:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im)

{ re = a_re; im = a_im; }
Complex(double a_re)

{re =a_re; im = 0; }
Complex() { re = 0; im = 0; }
double modulo() const

{ return sqrt(re*re + im*im); }
double argument() const

{ return atan2(im, re); }
double get_re() const { return re; }
double get_im() const { return im; }

Complex operator+(const Complex &op2) const

{ return Complex(re+op2.re, im+op2.im); }

//
};

B Tejie KOHCTAHTHONO METOJNA HE JOIyCKAIOTCs (JJIisi TOro Ke OObheK-
Ta) BBI3OBBI METOOB, HE SBJISIONIMXCA KOHCTAHTHBIMU. llpudmHa Ta-
KOI'0 OrpaHMYeHMs OYEeBHJHA: HEKOHCTAHTHBIII METOJ] MOXKET HU3MEHUTH
O0BEKT, a 3TO BHYTPH KOHCTAHTHOTO METOJIA JIEJATh 3AIPENIeH0. DTO
MOYKHO OObSICHUTD U MHate. BHYTpU KOHCTAHTHOTO METOJa ITPOU3-
BOJIBHOT'O KJjlacCa WM CTPYKTYPHBI C yKa3areJyb this mMmeeTr THUIL
const C *, a He IpocTO C *; BBI30B HEKOHCTAHTHOI'O METOAA O3HAYAJ
OBI, ITO MBI IIepeIaéM KaK HEKOHCTAHTHBIN TapaMeTp 3HAYEHNe, KOTOPOe
y HaC CAMHUX KOHCTAHTHOE, TO €CThb MbI CHUMaeM MOAuMUKATOp const, a
9TO JeJjIaTh KOMIIMJIATOD 3allpeniaeT.
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3.9. Onepairium paboThl C JUHAMUYIECKOI MaMATHIO

WsBectHo, uTo si3bik Cu cam 1o cebe HE BKJIIOYAET CPEICTB Pabo-
TBI C JUHAMUYIECKON MaMSTHIO; CO3/IAHNE U YHUITOKEHIE TMHAMAIECKIX
CTPYKTYP JIQHHBIX BBIHECEHO B OMOJHMOTEKY W TMPOU3BOJUTCS OOBIYHO C
nomotnbio dyHKnmit malloc, realloc u free. B s3pike Cu++ oHOBpE-
MEHHO C BBIJEJIeHHEeM M OCBOOOXK/IEHMEM ITaMSITH B HEKOTOPBIX CJIyda-
sIX, 8 UMEHHO, [IPU CO3J[AHUH U YIAJEHUU 0ObEKTa TUIA CTPYKTYPHI WU
KJIacca, UMEIONIEro KOHCTPYKTOPBI U /Ui JeCTPYKTOPDI, Hy?KHO BBIIOJI-
HATH JIONOJIHATE/IbHbIE JIEHCTBUS, 3a/[aHHbIE STUMU KOHCTPYKTOPDAMU
JecTpyKTopamu. Kpome TOro, mpu co3aHiu IUHAMUYECKIX OOBEKTOB C
[TOMOIIbI0 KOHCTPYKTOPA HUHOI'O, HEXKeJIM KOHCTPYKTOP 10 YMOJIYAHUIO,
He0OX0IMMa, BO3MOXKHOCTD yKa3aHUs [IapAMETPOB KOHCTPYKTOPA.

Oyukinn malloc u free HUYEro He 3HAIOT O KOHCTPYKTOPAx, Je-
CTPYKTOpaX U MapaMerpax, HOITOMY JJIs CO3JAHUSA U YAAJEHUS O0beK-
TOB OHU HeUpHUroAHol. Bojee Toro, madopMmalueit 0 KOHCTPYKTOpax H
JIECTPYKTOpax 06J1aaeT TOJIBKO KOMIIMJIATOP, MO3TOMY B si3bike Cu+-+
BOOOIIE HEBO3MOYKHO BBIHECTH PAOOTY € JUHAMUYIECKON AMATHIO U3 S3bI-
Ka B OuOIMoTeKy 6e3 BBEIEHUS JIONMOJTHUTETHHBIX CPEICTB.

Asrop szpika Cu++ Boépua Crpaycrpyn pemus moiitu 6ojiee Ipo-
CTBIM IIyT€M U BHEC B S3BIK COOTBETCTBYIONINE CHHTAKCHIECKNE KOH-
CTPYKIMU JJIsI CO3JaHusd U yhajieHus oobekToB. s co3manus B Ju-
HAMUYECKON IMAMsITH OJUHOYHOIO 00beKTa (IIepEeMEHHON TPOU3BOJIBHOIO
TI/IHa) B s3bike Cu++ HCIOJIB3yeTCs olepalus new, B KOTOPOW HyKHO
yKa3aTh UMs THIa CO3maBaeMoro oobekra. Hampumep:

int *p;
P = new int;

Ecmu coznaBaemblit 0ObEKT MPUHAIJIEKUT TUILY, UMEIOIIEMY KOHCTPYK-
TOp, W BO3HUKAET HEOOXOIMMOCTD MEePeaaTh KOHCTPYKTOPY MapaMeTphl,
TO 3TH TAPaAMETPhI YKA3bIBAIOTCS B CKOOKAX ITOC/Ie MMEHH THIa. 1ax, co-
3/1aH1e 00bEKTa OIMCAHHOIO paHee Tuna Complex (CM. §2.5) C yKa3aHueM
JIENCTBUTEJIbHOM U MHUMOI dJacTeill MOXKeT BBITVISIJIETh TaK:

Complex *p;
p = new Complex(2.4, 7.12);

s yramenust ucmosb3yercs oneparus delete:
delete p;

Lutst co3manus u yaaaeHus JTHAMITIECKUX MACCUBOB UCIOIb3YIOTCS CIIe-
IUaJIbHBIE 6EKMOPHYLE PopMmovL olleparuii new u delete, CUHTAKCUYIECKH
OTJIMYAIONINECH HAJIMINEM KBaJIPATHBIX CKOOOK:
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int *p = new int[200]; // MaccuB m3 200 membx 4ucemn
delete [] p; // yhaneHue MaccuBa

OTr HOPMBI OTJIMYAOTCS TE€M, YTO COOTBETCTBYIOIINE KOHCTPYKTOPHI U
JIECTPYKTOPBI BBI3BIBAIOTCS JJIsT Kaotcdozo anemenma maccusa. Crout 3a-
METHUTb, 9TO BEKTOPHAs (OPMa ONEPAINN NewW HEe UMeeT CUHTAKCHIECKUX
CPEJICTB JI/IsI TIepeJiavdn IMapaMeTPOB KOHCTPYKTOpaM, MO3TOMY JJIsl CO-
3JIAHUST MACCUBA JIEMEHTOB THUIIA KJIACC WU CTPYKTYPa HE0OL00UMO Ha-
AUNUE Y ITNO20 MUNG KOHCTNPYKMOPA no ymoswaruto (cm.§3.3).

BakHO 1MOMHUTH, 9TO OOBEKTHI B AMHAMUYECKON ITaAMSATH, CO-
3/IaHHBbIE C IOMOIIBI0O BEKTOPHOU (DOPMBI OIlE€paIlNU New, HEJIb3s
YAaJsTh C MOMOIIbIO OObIYHOM (popmbl omeparinu delete U Ha-
obopor. /lesio B TOM, 9TO peasn3anus MeHe[zKepa JINHAMIIECKO TaMsi-
TH BIIPaBe BBIJEIATDH AMATH [10]] OObIYHbIE TIEPEMEHHBIE U T10J] MACCHBBI
U3 pa3HbIX 00JIacTel JTUHAMUYIECKON TTaMSITH, HMEIONNX, BO3MOYKHO, Pa3-
JINYHYO OPTaHU3AINIO CJIy?KEOHBIX CTPYKTYP JAaHHBIX. TakKe He ciielyer
yAaasaTh ¢ nmoMomibio delete 0ObEKTHI, CO3JaHHbe DYHKIMEH malloc, u
Haob0POT, HE CJIEIyeT yAAIATh OOBEKTHI, CO3JAHHDBIE OIEPAIUIMA New, C
noMoInpio free.

Ckopee BCero Ball KOMMUIATOP W MPUIaratowascs K Hemy 6ubnuoreka no-
CTPOEHbI TaK, 4TO CMeLLeHNe pa3HbiX CNOCODOB BbIAENEHMS 1 OCBODOXAEHUS na-
MSITV HUKAKNX HEraTUBHbIX MOCAEACTBUI HE NOBIEYET. ITO, OLHAKO, HE MOBOA Tak
JenaTb: Npu NepexoAe Ha ApPYroii KOMNUASITOP WK AaXKe Ha APYryto BEPCUIO TOro
>Ke CaMoro KOMNWIsATOpa BCE MOXKET BHE3AMHO C/IOMAaTbCS.

3.10. KoHCTPYKTOpP KOIIMPOBAHUSI

Paccmorpum  cnemyrommyro curyanmio. B peanmzarum  HEKOTOPOTO
kiracca (HazoBeM ero Clsl) HaM MOTPEGOBAJICS IUHAMUYECKUIT MACCHUB,
KOTOPBII MBI CO3Ja€M B Tejle KOHCTPYKTOpa KJjacca; €CTeCTBEHHO, B Je-
CTPYKTOP CJIEJIyeT IOMECTUTEL OIIepaTop I YHUYTOXKEHHUS 3TOr0 MaCCH-
Ba.

class Clsi {
int *p;
public:
C1s1() { p = new int[20]; }
“Cls1() { delete []1 p; }
//
};

Terepb IPEAIOIONKIM, ITO KTO-TO CO3/IA€T B IIPOTPAMMe KOIHIO 00bEKTa
kitacca Clsl. Takoe MOXKeT IPOU30ITH, HAIIPUMED, €CJIH OOBEKT OKAYKET-
cs IEPEJIAH NO 3HA%EHUI0 B KadecTBe mapamerpa ¢yukiun. Hampumep:
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void f(Clsl x)

{
//
}
int main()
{
// ...
Clsl c;
f(c);
//...
}

IIpoananu3upyeM IPOUCXOISINEe CO CTPYKTYPAMU NAHHBIX IIPH BBI30BE
byuknun £. JlokarbHas TepeMeHHast X ABJIsIeTCs Komueit oobekTa c. Ko-
nusi JIIoOOro 00beKTa JAHHBIX CO3A€TCsl ILyTeM OOBIYHOI'O ITOOMTOBOIO
KOIMPOBaHUS, ecjin He yKa3aTb mHoro. CjieoBaTe/IbHO, PU KOIHUPOBa-
Hun obbekTa Kiacca Clsl CKONMMPOBAH OKAXKETCs YKa3ameAb Ha TIMHA-
MHUYeCKUl MacCUB; HHAYUE TOBOPs, Y HAC MOABATCA JBa 00bEKTa, UCIIOIb-
3yIoIue OJUH U TOT K€ IKIEMILIAD JUHAMUYECKOI'0 MaCCUBa: OPUIMHAJI
00beKTa C W ero JIOKaJIbHasl KOIUs X. BO3HUKINAs CUTyallusl TIOKa3aHa,
Ha puc. 1.

o 1]

o

Puc. 1. CxeMa cTpYKTYpPBI JIAHHBIX [I0CJIE€ TIOOUTOBOIO KOIIMPOBAHUS 00b-
eKTa

Jaxke ecin Takoe pasfieieHHe He NPUBEIET K HEMEJJIEHHBIM OIHO-
kaM (Hampumep, GyHKIEs f MOXKET U3MEHATh OOBEKT X, UTO OTPA3UTCSI
HA BHYTPEHHEM COCTOSHUU OOBEKTA C, 9er0 Mbl MOIJIU M HE OXKUJATH), B
JII00OM CJTydae IpHu Bbixofe n3 pyHkiuu £ orpaboTaer IeCTPYKTOP s
00bEeKTa X, KOTOPBI YHHYTOXKAT JIUHAMUIECKHUI MaCCHUB, B PE3YJILTATE
9€ero 00bEKT C OKAXKETCs B 3aBEJIOMO OIMTHOOYHOM COCTOSIHUU, ITOCKOJIBKY
OyeT cojiepKaTh yKa3aTelb Ha YHUUTOXKEHHBINH MaccuB. K BOSHUKHOBe-
HUIO OIMUOKM Terephb IPUBEIET JII00O0E HeiicTBrue C OOBEKTOM C, eC/I Ke
HUKAKWUX JeMCTBUI He MPEIIPUHUMATD, TO OIMMOKA BO3HUKHET IIPU YHU-
9TOXKEHNN 00'bEKTa C, KOT/IA IECTPYKTOP IMOIBITAETCS BHOBb YHUITOXKUTH
yKe YHUITOXKEHHBII MaCCHB.

OueBuIHO, YTO It 00bEKTOB Kjacca Clsl mobUTOBOE KOIMPOBAHME
HaC He yCTPamBaeT W HeOOXOIMMO ITPOMHCTPYKTHPOBATH KOMITAJISITOP O
TOM, KaK MMEHHO CO3/IaBaTh KOIUHU THX OOBEKTOB, YTOOBI BCE OCTaBa-
J0ch Koppexmuo. B sizbike Cu++ 117151 3TOr0 IPEIyCMOTPEH CITEITUATBHBIH
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BapHaHT KOHCTPYKTOPA, HA3BIBAEMBIH KOHCMPYKMOPOM KONUPOSA-
Hust. KOHCTPYKTOpP KOIIMPOBaHUsI UMEET POBHO OJIMH IIapaMeTp, IPUIEM
THUII 9TOTO MTapaMeTpa MPEJCTABIET CODOM CCuaky Ha 0b6sexm dannozo
(onucweaemozo) muna — KAQCCA UAU CMPYKMYDPLL; B OOJIBIIUHCTBE CILY-
qaeB ITY CCHLIKY CHaOKAIOT MOTU(PHUKATOPOM const, 9ToObI MOKA3aTh,
9TO MPU CO3/IAHUN KOIUH UCXOHBIN 00BeKT He n3MmennrTcs. Koncrpykrop
KOIMPOBaHUSI, TAKMM 00OpPa30M, MPEJICTABIIsIET cOO0 MHCTPYKIIUIO KOM-
MISITOPY, KaK CO3JaTh OOBEKT JAHHOIO THUIIA, y2Ke HUMesi OJUH TaKOi
00BEKT — TO €CTh, TOMPOCTY TOBOPS, KAK CO30aMb KONUIO UMEIOULE20CH
obsexma. CHABIUM KOHCTPYKTOPOM KOIUPOBaHUsI Hall Kjiacc Clsi:

class Clsl {
int *p;
public:
Cls1() { p = new int[20]; }
Clsi(const Clsl& a) {
p = new int[20];
for(int i=0; i<20; i++)
plil = a.plil;
}
“Cls1() { delete []1 p; }
//
}s

Teneps curyanust pu Bei3oBe GyHKIUU £ OyIeT BBITJISIETh TaK, KaK IO~
Ka3aHO Ha, PUC. 2 — y KaXKJIOro 00beKTa Oy1eT CBOIi 9K3eMILIAD MACCUBa,

P

Puc. 2. Cxema cTpyKTYypBI JAHHBIX [TOCJIE TPUMEHEHIS KOHCTPYKTOPA KO-
[IMPOBaHUA

3.11. BpemenHnble 1 aHOHUMHBIE OO'bEKTHI

C aHOHMMHBIMU U BPEMEHHBIMH O0bEKTAME MbI Y2K€ BCTPEJaJIuCh Pa-
uee (cM. §2.3, crp. 24; §3.4, crp. 43). AHOHUMHBIE O0BEKTBI OOBITHO [IPH-
MEHSIOTCS B CJIyae, KOTia 00beKT CO3MaETCsI, IYTOOBI OBITH NCIIOIb30BAH-
HBIM JIAIIb OJIVH Pa3; KaK IPABUJIO, B TAKOW CUTYAIlUU J1aBATh OOBEKTY
UMsI HE XOUYeTCsi, K TOMY K€ KOJI C WCIIOJIb30BAHUEM AHOHUMHOTO O0b-
€KTa OKa3bIBaeTcCs 0oJiee JIAKOHUYHLIM M HarIsgabiM. s BBeneHUs B
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BBIpaXKeHNEe AHOHMUMHOTO OObEKTa UCIOJIB3YIOT UMs €ro KOHCTPYKTOPA,
CHAOKEHHOE CIUCKOM (DaKTUIECKUX MapaMeTpPOB (BO3MOXKHO, ILyCTBLIM).
IIycts, HApUMED, y HAC ecTh OOBEKTHI t m z Kjacca Complex W HaM
HY?KHO 33HECTU B IIEPDEMEHHYIO t 3HA4YeHUe Z, IOMHOXKEHHOE HA MHUMYIO
enunuity. MoXKHO clies1aTh 9TO TaK:

Complex imag_1(0, 1);
t =z * imag_1;

a MOKHO BOCIIOJIb30BATHCSI aHOHUMHBIM 00'BEKTOM, ITO ropa3io yaIo0Hee:
t = z * Complex(0, 1);

C BpeMeHHBIMH OObEKTAMU CHTYAIUsl HECKOJIBKO CJIOXKHee. B oTsmume
OT AHOHUMHBIX O0BEKTOB, KOTOPbIE IIPOIPAMMUCT BBOJIUT B BBIParKeHUE
B SIBHOM BH/JIe, OO'bEKTHI BPEMEHHbIe KOMIIMJISITOP IIOPOXKIAeT CaMOCTO-
SITeJIbHO, 6€3 MX SIBHOI'O YIOMUHAHUSI, XOTsI MBI U MOXKEM B OOJIBIITNH-
CTBE CJIy4aeB OJIHO3HAYHO IIPECKa3aTh IIOSBJIEHIE BPEMEHHOI'O OObEK-
Ta. CaMblit TPOCTOM CJIydail TAKOTIO MOsIBJIEHUsT — Iepejada mapaMerpa
B (DYHKIHMIO ¢ MCIOJIB30BAHMEM KOHCTDYKTOpa IpeobpasoBanus. Tak, B
npuMepe Ha CTp.42 MbI BbI3bIBAIN (PYHKIHMIO f, IIPEJIIOJIATAIONIYIO I1a-
pamerp Tuna Complex, oT haKTUIECKOrO apryMeHTa, IIPeJICTaBIIAIONIErO
€0001t OOBIMHOE YUCJIO C IIJIABAOIIEN TOUKO; NCI0JIb3YS BBEJIEHHBII HAMUI
KOHCTPYKTOD IIPpe0Opa30BaHusl, KOMIUJISITOD CO3/IAJ 8pemeHvlil 00sexm
Tuna Complex, KOTOPBIH U ObLI B UTOre nepesian B GyHKnuio f.
PaccmorpuM He CTOIL OY€BUIHBIN CiIydail [TOsIBJIEHHSI BPEMEHHOIO
oobekTa. IlycTs y Hac mMmeroTcst nlepeMeHHBIE &, b U C, MMEOIUe THII
Complex, ¥ MBI IIBITACMCSI BLIYUCIUTEL UX CYMMy, HallpUMep, TakK:

t=a+b+c;

Orneparuu CJI02KEHHST B 9TOM OIlepaTope OY/yT BBIIOJHSITHCH, KAK 0ObIY-
HO, cJIeBa HAIIpaBO, IIPUYEM BTOPOE CJIOZKEHHE B KadeCTBe CBOEro «Jle-
BOTI'O» apryMEHTAa IIOJIyYdAT Pe3yJIbTaT IIePBOTO CJIOXKEHUHA, KOTOPBIH, o4e-
BHUIHO, mMeeT Tull Complex, TO eCThb Agaiemca obsexmom muna Complex.
dAcno, 4TO 3TY CyMMy @ M b KOMIMJISATOD JIOJ?KEH IIPEJICTABUTH B BUJE
00beKTa, ITOOBI 044 He20 BBI3BATH OIEPAITUIO CJIOXKEHUs, [ePeIaB 00b-
€eKT ¢ B KadecTBe Iapamerpa. Kak BBl yKe IOrajajiich, KOMIUJISATOD
COBJIAET IS 9TOI'0 BPEMEHHBIH OOBEKT. DTOT HMPUMED JIEMOHCTPUDYET
9aCTHBIN caydait bostee 00ITeil CUTyarun, KOrjaa KOMINISTOD BBIHYXKICH
IOPOXKJIATH BPEMEHHbIE O0BEKTHI, & IMEHHO — IIPHU UCIIOJIb30BAHUN B BbI-
paXXeHnU BBI30Ba HEKOTOPOi (DyHKINHU, KOTOpas BO3BPAIIAET 3HAYUEHUE
TAIa 00BHEKT, IIPHIEM BO3BPAT IIPOM3BOJUTCS UMEHHO 110 3HAYEHHIO (a
He, HAIPUMED, 0 CChUIKe). B JaHHOM cjiydae B POJIU Takoil (pyHKIMU
BBICTyIIAET operator+.
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HecMmoTpst Ha odeBngHOe pasiamyme, aHOHUMHBIE M BPEMEHHBIE 00b-
€KThI UMEIOT MeXKJIy CODOii MHOIO OOIIEero; aHOHUMHBIE OOBEKTHI MOXKHO
CUNTATh JACTHLIM CIyUaeM BPEMEHHEIX'®. B IepBylo odepemh OTMeTHM
BPEMA IHCU3HU BPEMEHHBLIX M AHOHUMHBLIX OOBEKTOB: OHHU CYIIECTBYIOT
JI0 MOMEHTA OKOHYAHUS BBIYMCJIEHUs] BHIPAYKEHHSI, COAEPKAIIEr0 UX, I0-
CJIe Yero YHUUYTOXKAIOTCsI; HAIIPUMED, B OllepaTope BbIYNC/IEHUSI BbIpaXKe-
HUsT PaJU MO60IHOrO 3P eKTa BpeMeHHbIe OObEKTHI IIPOCYIIECTBYIOT JI0
OKOHYaHUS BBIMIOJHEHHST OIIEPATOPa — «JI0 TOUKH C 3amaToit». Ecin coor-
BETCTBYIOIINHA KJIACC UMEET JECTPYKTOP, ITOT AECTPYKTOP OyIeT BHI3BAH.
U3 sToro npasmiia ecTh OJHO UCKJIIOUEHUE: €CJIM BPEMEHHbIA M1 AHOHUM-
HBII 00bEKT OBLI UCIIOJIL30BAH B KAYECTBE WHUIIUAJIM3ATOPA CCBLIKU, TO
TaKoil 0ObEKT HYJIeT CyIIeCTBOBATH J0 TeX I0OP, IIOKa CYIECTBYET CChHLI-
Ka.

Bropoe mpaBuiio, Koropoe HEOOXOAMMO 3HATH W YIUTBIBATH, COCTO-
UT B TOM, 9TO HA BPEMEHHBIA WJIM AHOHUMHBINI OOBLEKT HEeJIb3s
CChLIIAThCS HEKOHCTAHTHOM CCBLJIKOW. DTO OrpaHMYeHne OCODEHHO
3aMeTHO IIpU Iepejade mapaMerpoB B (pyHKIWMHU: ecyid (PYHKIIAS TPUHU-
MaeT HapaMeTp THUIIa «O0bEeKT» II0 3HAYEHUIO WU II0 CChLIKE Ha KOH-
CTaHTY, TO B KAYE€CTBE TAKOTO IIapaMeTpa MOXKeT ObITh UCIOJIb30BaH Bpe-
MEHHBII WM aHOHUMHBIN O0BHEKT, TOTIA KaK eCIN IapaMeTp meperaéTcs
[0 HEKOHCTAHTHOM CCBLJIKE, TO BPEMEHHbIE U aHOHMMHBIE OOBEKTBI JJIst
TaKOI'o IapaMerpa He IMOAXOASAT. DTO IPABUJIO NPH OJMzKaiiieM pac-
CMOTPEHUN OKAa3bIBAETCs BIIOJIHE JOTMYHLIM. B caMoM jejie, Hajaudne
mapamMeTpa-CChLIKI, €CJIM 3Ta CChLIKa He 0003HaYeHa KaK KOHCTAHTHAS,
OOBIYIHO TOIPa3yMEBaEeT, ITO COOTBETCTBYIOMMI MapaMeTp MCIOIb3yeT-
Csd KaK 6br00H0U, TO €CTh IPEIIIOIaraeTcs, 9YTo depe3 3TOT IapaMerp
byHKIINSA 8038pawaem HEKOTOPYIo nHdopMmarmio. [Tomerars Takyio nH-
dopMaIio BO BPEMEHHBII 00bEKT, 09eBUIHO, HECCMBICIEHHO.

N3 3T0oro MoxkHO caenaTh OYEeBUIHBIN METOMOJIOITICCKUNA BHIBOI: UC-
mosib3yiiTe MomudUKATOD const Mjis BCEX CCBHLIOK, JJIs KOTOPBIX 3TO
BO3MOXKHO. HEKOHCTAHTHBIE CCHIIKA B KAIeCTBE MApaMeTpoB (PYHKITHH
cJieJyeT UCIOJIb30BaTh TOTIA U TOJBKO TOIJA, KOrja (DyHKIUs 3aBeIo-
MO JIOJIZKHa MOAU(UIMPOBAThH IEPEMEHHYIO, IEPEIaHHyI0 dYepe3 TaKoi
rapamMerp, TO €CTh [apaMeTp UCIOJIb3yeTCs s epeaadn nHMOPMAIIT
n3 (GYHKINA K BBI3BIBAIOIIEMY — HAIpUMeEp, Korjga (QyHKIUs TOJIKHA
BO3BPATUTH OOJIBIIE OJHOTO 3HAYCHUSI.

3.12. 3HayeHus mapaMeTpoB MO yMOJIYAHUIO

S3bik Cu++ nozpossger npu o6 bsaBaeHnn QYHKIWA (T. €. B TOM MecTe
€JIMHUIBI TPAHCJIAINMN, [Jie BlepBble GUurypupyer nporoTuil dyHKIWN)

15Bosee Toro, CrpaycTpyn B CBOMX KHUTax BOOOIIE HE JA€IaeT MEKy HAMH SBHOTO
pas3yindus, Ha3blBast «BPEMEHHBIMHU O0ObeKTaMu» 00€ PacCMaTpPUBAEMbIE CYIIHOCTH.
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3a/1aTh JIJI HEKOTOPBIX UJIM BCEX €€ IMapaMeTPOB 3HAYEHUS TLO YMOA-
YaHU0, B PE3YJIbTATE YEro [IPU BbI30Be (DYHKIIMUA MOXKHO OyJeT yKa3arhb
MeHbITIee KOJIMIECTBO ImapaMeTpoB. Hemocratorme napaMeTpbl KOMITUIIS-
TOp TOACTABUT caM. Hampumep, onuireM CJIeayonyo QyHKINIO:

void f(int a = 3, const char *b = "string", int ¢ = 5);
Tenepb BO3MOXKHBI TAKIE BBI3OBHI:

£f(5, "name", 10);

£(5, "name"); // To xe, uro f(5, "name", 5);
£(5); // To xe, uwro £(5, "string", 5);
£0; // To xe, uro £(3, "string", 5);

Ha 3nadenus mo ymMoI9annio HAKJIAIBIBAIOTCS OMPEIEICHHBIE OrDAHNIE-
nus. g dyuknum MoxKeT ObITH 38I1aHO 3HAYEHUE TT0 YMOJTIAHUIO JTI000-
IO KOJUYECTBa €€ [MapaMeTpoB, HO IPHU 3TOM 6CE NAPAMEMPb: GYHKUUL,
cAedyrowue 8 CNUCKe NapamMempos 3a NEPEvM, UMEIOWUM 3HAYEHUE N0
YMOAYAHUIO, DOAHCHDL MAKHCE UMEMD 3HAMEHUE NO YMmosvaruto. Hampu-
Mep, CJIeAYIONINe OMUCAHUS KOPPEKTHBI:

void f(int a = 0, int b = 10, int c = 20);
void f(int a, int b = 10, int c = 20);
void f(int a, int b, int c = 20);

a cjejyloniue — HEKOPPEKTHDI:

void f(int a = 0, int b, int ¢ = 20); // ONMBKA
void f(int a = 0, int b = 0, int c); // OWUWBKA
void f(int a = 0, int b, int c); // OIUBKA
// b W C DONXHH WMeTb yMONYaHWe, T.K. €ro HMeeT a

void f(int a, int b = 10, int c); // OIBKA
// ¢ DmomXeH WMeTH yMONdYaHWEe, T.K. €ro HMeeT b

DTO OrpaHUYEHNE BBEIEHO B SI3BIK, UTOOBI YIIPOCTUTH KOMIIUAJISITOPY ITO-
nckK monxofsimeit dyaknun. Kenmm npu BbI3oBe ykKazaHo n haKTHIeCKUX
mapaMeTpoB, KOMITHJISTOD COIIOCTABIIAET UX C 1 NePEuiMU (POPMAITHHBIMEI
mapamerpaMu QyHKInA. Tak, ecau 3aaaHa QYHKIHT

int f(int a, const char *str = "name", int *p = 0);
TO cjleayronuit (pparMenT OyaeT omubodYeH:

int x;
£(5, &x);
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ITOCKOJIBKY (haKTUIEeCKUH TTapaMeTp &X UMeeT THUIl int *, a COIOCTaBJIeH
OH OyjleT CTPOrO CO BTOPBIM IapaMerpoM (YHKIWEH f, KOTOPBIi uMe-
er Tun const char *. Kpome Toro, BeipaxkeHnue, 3aJ1aiomiee 3HaY€HIE IO
YMOJTIAHUIO, TAKZKE MOXKET CTaTh IpUInHoil omubku. Pekomengyercs nc-
II0JIb30BaTh B Ka4eCTBE TAKOBBIX TOJIBKO KOHCMAHMHIE GbLPAAHCEHUSA, TO
€CTb TaKue, KOTOPble KOMIIMJIATOP MOXKET BBIYUC/IUTL BO BPeMsA KOMIIU-
JISIITAW; XOTS B SI3bIKE TAKOT'O OIDAHUYEHUS] B IBHOM BHJIE HET, €I'0 BBOJISAT
HEKOTODPbIe KOMITUJISATOPHI.

B smmreparype BcTpeuaercss yTBEpKIACHIE, UTO MAPAMETPHI 110 YMOJI-
YaHUIO [IPEJICTABJISIOT COOOM emlé OHO IPOSBIEHUE CTATUYIECKOTO IIOJIU-
mopdusma. Ha camom fese 910 yTBEpKIeHNE COMHUTEIBHO, TOCKOIBKY
HUKAKOI'O OTHOIIEHUS K PA3SAUYHDIM MUNAM GP2YMEHMOE ITOT MEXaHU3M
HEe MMeeT; BIIPOYeM, BOIPOC TYT, KaK BOJUTCS, TEPMHUHOJOTUYECKHIl, a
TEPMUHBI MOXKHO OIPEJEIATh 0-PA3HOMY.

Bsenenne mapamMeTpoB IO yMOJIYAHHUIO HPUBOAUT K HEOOXOIMMOCTH
yTO4YHeHUS (POPMYJINPOBOK, CBA3AHHBIX C KOHCTPYKTOPAMU CIIETNATIBHBIX
BuoB. B §§3.3, 3.4 u 3.10 MbI paccMaTpuBaJiu CrienuuIecKe KOHCTPYK-
TOPBI, TOBOPS, YTO:

® KOHCTPYKTOp 0€3 IapaMeTrpoB BOCIPUHUMAETCS KOMIHISITOPOM
KaK KOHCMPYKMOP N0 YMOALGHUIO,

® KOHCTPYKTOD C OJTHIM IapaMeTpPOM, UMEIONTIM THIl, OTJIUIHBIA OT
OIIMCBHIBAEMOI'0, BOCIIPHHUMAETCSI KOMIHUJIATOPOM KaK KOHCMPYK-
mop npeobpasosarus;

® KOHCTPYKTOD C OJHUM IIapaMeTpOM, MMEIOIIUM THUII <«CChLJIKa Ha
OIIUCBHIBAEMBIil KJIacC MM CTPYKTYPY», BOCIPUHUMAETCSA KOMIIUJIISA-
TOPOM KaK KOHCMPYKMOP KONUPOSAHUA.

YVauTeiBas BO3MOKHOCTD 33/ IaHUS 3HAYEHUH [TapaMeTPOB 0 Y MOJITIAHUIO,
cJleyeT TOBOPUTH, YTO KOMIIMJIATODP BOCHPUMET KaK KOHCTPYKTOD ClIe-
[IHAJILHOTO BUJA TAKOW KOHCTPYKTOD, KOTODPBIN donyckaem €20 6bi308 C
COOTBETCTBYOIINMH ITapaMeTrpaMu. Tak, Mbl Morin 661 B Kytacce Complex
OIHCAaTh BCErO OJMH KOHCTPYKTOP, KOTOPBIA OBbI CIYKUJI U KOHCTPYK-
TOPOM TI0 YMOJIYAHHUIO, M KOHCTPYKTOPOM ITPe00Pa30BaHUst, U OOBITHBIM
KOHCTPYKTOPOM OT JIByX apI'yMeHTOB:

Complex(double a_re
{ re = a_re; im

0, double a_im = 0)
a_im; }

B camom mese, Takoit KOHCTPYKTOp MOXKeT OBITh BBI3BaH U 0e3 mapa-
METPOB, TO €CTh KaK KOHCTPYKTOP II0 YMOJIYAHUIO, U C OJHUM IIapaMeT-
poMm Tuma double, TO eCThb KaK KOHCTPYKTOP NpeoOPA30BAHUS M3 THUIIA
double.
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3.13. Onucanune Mmerosa BHe KJjacca. ObjsacTtu
BUANMOCTU

Jlo cux mop Bce ONuChbIBaeMble HAMU METO/IBI COCTOSLIA U3 OJHOW-IBYX
cTpoK Koja. Konevuno, Tak mosryvaeTrcs JajieKo He BCErya, a pa3Mep TeJia
MeTOa, BOODIIE TOBOPS, HE OTPAHIYEH, KAK He OTPAHIYEH U PA3Mep TeJia
06B1aHOM GyHKIMH'S.

Onucanne Kjacca IpU HAJUYUM B HEM HECKOJIBKUX METOJOB 3HAUM-
TEJIBHOIO 00bEMA MOXKET CTaTh (B CHJIy CBOMX Pa3MEpPOB) COBEPIIEHHO
HEJIOCTYIIHBIM [IJTsi IOHUMAaHUs. Jale BCero mporpaMMUCThI YUTAIOT OIHU-
CaHMs KJIACCOB, YTOOBI y3HATH, KAK C 9TUMHU KJaccamu padborars. fcmHo,
YTO JIJIsE HTOrO Hy?KHO 3HATDH CIUCOK (1y6sm4nbIx) Merozos. [Toka onuca-
HIUe€ KJIacca IEJIUKOM YMEIIAeTcs Ha S9KPaHe, CIINCOK €ro MeTOJ0B MOXKHO
OXBaTUTh OJHUM B3IJISIJOM; €CJIA K€ B KJIACCe OIMCAHBI METOMbI C I'PO-
MOBIKUMHI TeJIaMU, JIJIsi O3HAKOMJIEHHUSI C 3ar0JIOBKAMH METOJIOB MOXKET
ToTpPebOBATHCS JOJITOE TIEPEINCTHIBAHNE KOIA Ty U 00PATHO, IPUIEM B
IIPOIIECCE MTOMCKA 3ar0JI0OBKA OJIHOTO METO/Ia IPOTPAMMUCT MOXKET YCIIETh
3a0BITh IIPO JPYrU€, TaK YTO M3yUEHHE KJIACCA CTAHOBUTCH 3aHATHEM
JIOJITUM ¥ YTOMUTEJIBHBIM.

Ecrb u emé ogna mpobiiema ¢ TesraMu METOIOB, KOTOPasi BO3HUKAET
[IpY HAIMCAHUN MHOTOMOJMYJIBHBIX mporpaMm. B s3bike Cu MbI momerra-
JIN OIUCAHUS CTPYKTYD, HEOOXoIuMble DOJiee 9eM B OJHOM MOIYJIE, B
zarosioBounbie daiiel. B Cut+ ¢ KiaccaMu U CTPYKTYpaM# CUTYaIus
COBEPIIIEHHO TaKasl YKe: eCJIM Mbl XOTUM KCIIOJIb30BATH HEKOTOPBIN KJIaCC
WIA CTPYKTYPY B HECKOJBKUX MOJLYJISIX, CJIE/yeT IMOMECTUTBH OIMCAHUE
9TOr0 KJIACCA WJIM CTPYKTYPhI B 3ar0JIOBOUHBIN (Dallyi U BKJIIOYUTH 3TOT
daitn qupektuBoit #include "..." BO Bce HyxKHBIe MOmyin. Eciau mpu
9TOM KJIACC WU CTPYKTYPAa COIEPIKUT T€JIA METOJIOB, 3TO Oy/IeT 03HAYATD,
9TO KO/, COCTaBJ'[HIOIII‘I/II‘/JI nx TeJjia, OKazKeTCd OTKOMIIMJINPOBaH B Ka>K-
oM 13 MoyJeit. Ecim Takux Mopysieit MHOTO, B UTONOBOM UCIIOJTHSEMOM
daiiie oKayKkeTcsl 3HAYNTEIbHOE KOJIMIECTBO J1yOJNPYeMOro Kojia: MeTo-
JIbI HAITIETO KJjacca (OIUH U TOT 2Ke KOJ!) OYyT IIPUCYTCTBOBATH B TAKOM
KOJIMYECTBE KOIWiA, CKOJIBKO MOJYJIEH UCIOJIB3YIOT HAII KJIACC.

O6e pobjieMbl — I'POMO3JIKOCTH OIUCAHUS KJlacca U JybJInpoBaHue
OOBEKTHOIO KO METOJOB — PEIIalOTCsl BHIHECEHHEM TeJI MEeTOJOB 3a
peJie/ibl OMUCAHNS KJIacca (HA3bIBAEMOIO TAKKE 3A20408KOM KAGC-

16310, BrpoUeM, HE O3HAYAET, UTO HAIMCAHNE IPOMO3IKIX (DYHKIH B IEM-TO mMpa-
BuibHO. UeM (yHKIuUs JIMHHEE, TeM TPy/Hee CTOPOHHEMY IIPOrPAMMUCTY IIOHSTD,
9TO OHa nesiaeT. MHOrme mporpaMMECTBI IPUAEPKUBAIOTCS TOYKH 3PEHHSI, 9TO BCE
onucanue J060# pyHKIMK (TEJIO0 BMECTE C 3ar0JOBKOM) JIOJIPKHO YKJIQJbIBATHCSA B
25 cTpoK min B KpaifHeM CiIydae OBbITh IyTh-4yThb Oosble. Takyio yHKIIHMIO MOXKHO
OXBaTUTh OIHUM B3rusigoM. Eciu kox dyHKIuM pasdbyx U craj ropaszio OOJblIe, U3
Heé CJIeAyeT BBIAEIUTH JOTUYIECKUE JacTU U OOPMUTH UX B BHIE OTAEILHBIX (PYHK-
nuit, To ecThb pa3buTh OAHY (bYHKIHMIO HAa HECKOJIBKO. BCE 9TO cnpaBemymBo U [ist
METOJIOB.
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ca). IIpu 3TOM B 3aroJIOBKe KJIACCA OCTABJISIETCSI TOJIBKO MPOTOTHN (3a-
rosioBoK ) (byHKIMHU-METO/Ia, TO €CTh TUIl BO3BPAIAeMOr0 3HAUEHUS, MMsI
METOJIa, CIUCOK (POPMAJIBHBIX [APAMETPOB U (BO3MOXKHO) MOAUMUKATOD
const, IocJie Yero BMECTO TeJIa METO[a CTABUTCS TOYKA C 3AIIATON, KAK U
rocje OOBITHOTO TTPOTOTHTIA (DYHKIME. Te10 DYHKINN-METO/Ia TP STOM
OIIMCBIBAETCS B JIPYIOM MECTe, 32 IIPeJeIaMU 3ar0JIOBKa KJIACCa, BO3MOXK-
HO JIazKe, 9ITO B JIPYroM daiiie — 0OBIYHO TaK CJIyIAeTCs, €CJIN 3ar0JI0BOK
KJIaCcCa BBIHECEH B 3ar0JIOBOYHBIN (Dailr; Tejia METOIOB IIPU STOM OIHCHI-
BaioTCs B (haiise peaanm3anuyd COOTBETCTBYIONMIErO MOIYJIsS, TAK ITO DU
TPAHCJISAIIN MOJYJIEH, 6KAIOUAIOWUT ITOT 3ar0JIOBOYHUK, KOMIUJISTOD
BHJUT 3ar0JIOBOK KJIACCA, HO HE BUJUT PEAJUIAIIIO €r0 METOIOB.

IIpn onmcanmm dyHKIUKI-MeTOMA 3a INpEJeaMi 3arojOBKa KJIacca
HEOOXO/IMMO yKa3aTh KOMIWJISTOPY, UTO pPeUYb UIAET MMEHHO O METOIe
OTIPEIEJIEHHOTO KJIACCA, & HE O IMPOCTON PYHKIUU. ITO JETAETCS C TTOMO-
MBI0 CUMBOAAG PACKPBIMUSA 00AaCTU 8UIUMOCTIU, B POJIU KOTOPOTO
B Cu++ BbICTyHaeT Ba JIBOETOYH «: :» (MHOIJA IPOIPAMMUCTLI HA3bI-
BAIOT 9TOT CUMBOJI «UeTBepoTOuneM» ). Hanpumep, eciam Mbl OIUCHIBAEM
Hekuit Kyacc C1 1 B HEM eCTh KOHCTPYKTOP II0 YMOJIYAHUIO U HEKOTOPHIE
MeTobl £ U g, BbIHECEHHE OIMCAHUS METOJIOB 3a IPeJIesIbl KIacca MOXKeT
BBITVISZIETD TaK:

class C1 {
//
public:
C10);
void f(int a, int b);
int g(const char *str) const;

};
/] .../
Ci1::C10
{
// Temo KOHCTpyKTOpa
}
void C1l::f(int a, int b)
{
// Temno mMetoma f
}

int C1::g(const char *str) const
{

// Temo MeToma g
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CMBICJT «paCKPBITHUST 00JIACTH BUIUMOCTH> MOXKHO IIOSICHUTD CJI€JTY FOIIUM
obpaszom. VMeHa 110J1€il 1 METOJIOB JIOKAIN30BaHbI B KJIACCE: €CJIM B KJIac-
ce ecTh METOJT C MMeHeM f, TO BHE KJIacCa Mbl MOXKEM UCIIOJIb30BATH UJIE€H-
tudukarop f 18 Apyrux 1eseit, b0 BOBCE HE UCIOJB30BATh €ro; Io-
siBJienne uieHTudukaTopa f BHe KJjacca He UMeeT HUKAKOTO OTHOIIEHUS
K MeTony f, onmcaHHOMY B KJiacce. BMecTe ¢ TeM B HEKOTODBIX CJIydasix
uMs MeTora f BCE Ke TOSBJSETCS BHE KJIACCA MMEHHO KaK MMs ITOTO
MeTOJ[a — HaIpUMeEp, [IPU BBI30BE €ro Jjis 00bekTa Kjacca. Takum 00-
pa3oM, B OTJIMYWE OT, HAIIPUMED, JIOKAJIBHBIX IIEPEMEHHBIX B (DYHKIUSIX,
UMeHa, YWIEHOB KJacca docmynios BHE Kjacca (KOHEUYHO, €CJld OHU He 3a-
KDBITBI MEXaHU3MOM 3aII[UTHI), HO TOJBKO €CJIM UMEIOTCsl YKA3aHUs Ha TO,
9TO TpedyeTCcs UMs U3 KJIacca; IPU BBI30BE METO/A O0Af 006eKMa TAKUM
YKA3aHUEM CYUTAETCsI TUI 3TOTO OObEKTa.

ToBopsT 1m0TOMY, 9TO KjIacce (UM CTPYKTypa) MpeicTaBiser coboil
obaacms sudumocmu. B 061acTi BUAMMOCTA MMEIOTCS CBOM MMEHA,
He KOHMJIUKTYIONME C IMEHAMU BHE €€ J1ake IIPU COBIAJEHUN HIEHTU-
dukaTopos. Mena, JIOKaJIM30BaHHBIE B 00/JIACTH BUJIMMOCTHU, OT ITOTO
HE CTaHOBSITCSI, BOOOIIE TOBOPsI, HEJOCTYIIHBI; OHU JOCTYIIHBI, HO TOJIBKO
[IpY HAJIMYIUU yKa3aHUi Ha 001acTh BuauMocT. CUMBOJI pAaCKPBITHST 00-
JIACTU BUJIUMOCTH KaK Pa3 U MPETHAZHAYEH I TAKUX yKazanmit. MoxxHO
CKa3aTh, YTO OJMH M TOT K€ MeTOJ| nuMeeT BHYTpH Kjacca Cl (To ecTb B
TeJIaxX ero MeToZoB) uMs f, a BHe Kjacca — uMst Cl::f.

CuMBOJI pacKphITUsI 00JIACTU BUAUMOCTH ITPUMEHSIETCSI HE TOJIBKO JIJIsT
OIIMCAaHUs METOJIOB BHE 3aroJIOBKa Kjacca. Eciu omycTuTh uMs 001acTu
BUIMMOCTH CJIEBA OT CHMBOJIA <::», IMOAPA3YMEBAETCS 2.400a4bHaAA 00-
JIACTb BHIUMOCTH; HAIPAMED, €CJIU B BallleM KJacce ecTb Mmerof func
U IPHU 3TOM B Ballleli IporpamMMe eCTh OObIYHAsA (PYHKIUS C TAKUM Ke
UMeHEM, BbI MOXKeTe K Heifl 00paTUThCs U3 METOJIOB BAIlEero KJjacca, Ha-
3BaB €€ «: :funcy. C apyrumu cjaydasiMu MPUMEHEHUs] CUMBOJIA : :» MBI
CTOJIKHEMCS TI03Ke NP PACCMOTPEHUN CTATUIECKUX IMOJIel 1 METOMOB.

Cpenaem ewg ogHo Ba)kHOe 3aMedaHme. HacTo MOXKHO CTOJIKHYTLCSI C yTBEp-
XKOEHNEM, HTO «4YETBEPOTOHME» — 3TO SAKODbI onepauus (m, B 4acCTHOCTU, eé
BKJIFOYaOT B CMNCOK onepau,mﬁ, KOTOPbIE HENbL3A nepeonpep,enﬂTb). Y0601 onpo-
BEPrHyTb 3TO YTBEPXKAEHNE, [OCTATOYHO 3aME€TUTb, YTO HWN C/I€EBA, HN CMpaBa OT
CAMBOJIA «::» HE MOXET CTOATb HWKAKOE BbIpa>KeHue: HN NMs 06J'|3CTVI BMnan-
MOCTWN, HN UMsA NoaAA UNN MEeToda HE MOryT ObITb BbIHUCJ/IEHbI, NX MOX>XHO YKa-
3blBaTb TOJIbLKO B sABHOM BuUAE. Ecnn cuuntaTth «::» onepau,l/le|7|, OHa OKaXXeTcs
«HYJIb-apHOI », TO eCTb onepauueii 6e3 onepaHAoB, HO TakUX «onepaunii» obbIYHO
BCE-Taku He bbiBaeT. JlornyHee CHNTATb, HTO CMMBOJT € : :» HUKAKOINo OTHOLWEHUNA
K onepaynsam He MMeEET, 3TO NPOCTO CUMMBOJ.



§3.14. «Iloacrasnsiemele» dyakuuu (inline) 63

3.14. «IToacraBasiembie» dyHkmuu (inline)

K HbIiHEIIHEMY MOMEHTY y YHTATENs MOTJIO CJIOXKUTHCH OIIyIICHUE,
9TO0 00 BEKTHO-OPHEHTHPOBAHHOE ITPOrPAMMUPOBAHIE BMECTE C AOCTPAKT-
HBIMUA THUIAMH JAHHBIX — 9TO KYTKO HEIM@MEKTUBHO U3-3a TOrO, YTO K
3aKPBITHIM IOJIAM KJIACCOB U CTPYKTYP IPHUXOJIUTCH 0OpAaIaThcs depe3
(BYHKIMHU-METOIBI, 8 Bellb BbI30B (DYHKIMH ITPEJIIIOJIAraeT IIOMEIeHNe B
cTek e€ mapaMerpoB (Kak MUHHMYM yKaszareis this), cosmamue u 1o-
CJIETYTOTIYIO JINKBUJAIIAIO CTEKOBOTO (bpeiimMa u Bcé Takoe mpodee. s
MaJIO-MAaJIbCKU HETPUBHAJIBHBIX (DYHKIMIT BCE 9TO HE CO3TAET IPOOIIeM,
IIOCKOJIBKY OII€DAITNH, CBI3aHHBIE C TEXHUYECKHUM HCIIOJTHEHUEM BBI30Ba
dyHKIMKM U BO3BpaTa U3 HEE, OOBIYHO OTHUMAKT HUYTOXKHOE BPEMS B
CPaBHEHWUU C BBINOJHEHUEM TeJia (DYHKIMKI;, HO BEJIb MbI HEOJHOKPATHO
BHUENN B IpuMepax (pyHKIUU-METO/IbI, TOIMPOCTY BO3BPAIIAIOIIAE 3HA~
qeHne MoJist 00bEKTA, a CKOMUPOBATH II0JI€ U3 33JAHHON 00JIACTH TAMATH
MOZKHO OIHOII KOMaHIOi mov!

JeiicTBUTEIBHO, €CTi Obl KOMITAJIATOP O(OPMJISIII BCE BBI3OBBI METO-
JIOB «II0-9ECTHOMY», 3TO MOIJIO ObI IIPUBECTH K OILLyTUMBIM IIOTEPSIM, HO,
K CYACThIO, BCE HE Tak 10x0. /lesro B Tom, uro kommuiasaTop Cu++ HEKO-
Topbie DYHKIMU CIUTACT «IIOJCTABJIsIeMbIMU» (aHIJL. inline; BcTpedaercs
TakKe PYCCKUil [iepeBoji «BcTpauBaembles ). Korja B TekcTe 1mporpamMmbl
BCTpedaeTcst obparreHne K Takoi (PpyHKIMH, KOMIUISTOP BMECTO OOBIY-
HOTO BBI30Ba N0JCMasAAem Mawurtbsit K00 meaa dyrxyuu. Ilocae storo
ONTUMU3ATOP, PAOOTAIOIINI Ha YPOBHE MAINUHHBIX KOMAH/I, BHIKUIHIBA~
erT BCE JIMITHee, TAK 9TO WTOTOBBIM KOJ CTAHOBUTCS HUYYTh HE MEHEE
3P PEKTUBHBIM, IeM eCIr ObI MBI OOPAITAJINCDH K TOJISIM 00beKTa 6e3 BCsI-
KIX BBI30BOB METOJ/IOB — COOCTBEHHO I'OBODs, HA YPOBHE MAIIMHHOI'O KO/A
HUKAKHUX BBI30BOB U HE ITPOMCXOIUT.

Koneuno, Takoe nmeeT CMBICT JIUIIE JJTst (PYHKIUI ¢ O9€Hb KOPOTKUAM
TesioM. BenomanM Temeps, 9T6 MBI 00CY2KIAIN B IIPEABIIYIIEM aparpa-
de: TOIBKO 09eHb KOPOTKHUE TEJIA METO/IOB CTOUT OCTABJIATDH B 3ar0JIOBKE
KJIACCA, & BCE IPOYME BBIHOCUTH 3a €ro mpejesbl. COMoCTABUB OMHO C
JIPYTUM, MBI CMOXKEM JIy4Ille IOHSITh JIOTUKY, CTOSIIYIO 38 CJIELYIOIIM
coryamenueM: kKoMmouaaTop Cu+-+ mbiTaercss obpabaTbiBaTh Kak
«MOO/ICTAaBJIsIEMbIE» BCE€ METOAbI, T€Ja KOTOPHIX OIMCAHBbI HEMO-
CPEICTBEHHO B 3aroJIOBKe KJlacca.

MpbI MOXKEM TMPEII0KATh KOMIMIATOPY 00pabaThiBaTh B KadecTBe
«IIOJICTaBJIIEMOIT> JTI0OYI0 (DYHKIHIO, JJIsl STOTO JOCTATOYHO Iepes] eé
OllCaHUeM IIOCTABUTH KJIIOYEBOE CJIOBO inline:

inline int f(int x)
{
//. ..
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EcrecTBenHno, cieaTh 370 MOXKHO U C METOJOM, TEJI0 KOTOPOT'O MBI pe-
[N BBIHECTHU 33 [IPEJIe/Ibl 3ar0JIOBKa KJIacca, HallpuMep, 9YTo0ObI He 3a-
TPOMOXKJIATH ITOT 3ar0JIOBOK.

C inline-pyHKIuaMu CBS3aHO HECKOJIBKO HHTEPECHBIX MOMEHTOB, KO-
TOpBIE CTOUT MTOHUMATE. [Ipekje Bcero orMeTuM, 9T0 HU OIMCAHUE TeJIa
METO/Ia B 3ar'0JIOBKE KJIacca, HU JayKe siBHBIM 00pa30M yKa3aHHAsI JIUPEK-
THBa inline B AeiCTBUTEIBHOCTH HU K YEMY KOMITHJISATOD He OOSI3BIBAIOT:
€CJIU 110 TeM WJIM UHBIM [PUYUHAM OH CYUTAET, UYTO (DYHKIUIO C TAKUM
Tesiom Oyzer sdderTuBHEe 00padATHIBATL KAK OOBITHYIO BBI3BIBAEMYIO
byHKIMIO, a HE KaK «IIOJCTABJISIEMYIO», TO UMEHHO TaK OH C Hell u 10-
CTYTIHT.

Bropoit MomeHT He cTOJIb O4YeBHieH. Ecjin B OMHOM M3 BalllUX MO-
Jyneit BBoguTcs inline-(yHKIMs, KOTOPYIO BBl XOTHUTE CIEJIaTh JOCTYII-
HOM [ IPYTUX MOJYJIEil, TO €€ onucanue — IMOJHOCTHIO, BMECTE C Te-
JIOM — CJIeJyeT BBIHECTH B 3aroJIOBOUHBIN (haita. UToObl MOHATDH, TTOUe-
My 3TO TaK, JOCTATOYHO BCIOMHUTDH, YTO PEJIAKTOP CBsI3eil mpu cOOpKe
[IpOrpaMMBbl U3 OOBEKTHBIX MOJYJIEH pacCTaBJIsieT aJIpeca, IO KOTOPBIM
MOy 00pamaoTes K 00bekTaM ([epeMeHHbIM U (DyHKIMIM, UJId, TO-
BOp# IIKMPE, 00JIACTAM MAMSTH ), BBEICHHBIM B APYTUX MOJLYJIIX; GOJIbIIE
HUKAKUX U3MEHEHUIl B KOJI PEJAKTOP CBsA3eil BHECTH HE MOXKET, B TOM
49HUCiIe, eCTeCTBEHHO, He MOXKET OH W IOJICTABUTH BMECTO BBHI30Ba (DYHK-
MU KaKOH-TO TaM (bparMeHT Koja, OyJib OH XOTh TPUKJIbI TEJIOM TOi
dyurnuu. CjenoBaTebHO, MOJCTAHOBKY Kofa inline-pyHKInM 10/2KeH
BBINOJIHUTH KOMITUJISITOD BO BpeMsi KOMITUWJISIIIUN, HO BeJlb [IPU KOMITUJIsI-
[ OJHOTO MOJYJS KOMIMJIATOD HE BUAWT TEKCTa IPYTUX MOIYIel —
CODCTBEHHO TOBOpsI, B 9TOM U COCTOUT CYTb PA30eAbHOU MPAHCAAUUL.
Bcé, uro 3HAET KOMIUIATODP O JAPYTUX MOJYJISIX — 3TO TO, UYTO HAIHU-
CaHO B IOJKJIIOUEHHBIX 3ar0JIOBOYHBIX DaiijiaX, OHU KakK pa3 JJjis ITO-
0 W CO3JAI0TCs; TaK 9TO, KOJb CKOPO KOMIIUJISITOPY JJIsi ITOJICTAHOBKH
inline-yHKIMN HY>KHO, OYEBUIHO, 3HATH €€ TEJIO, TO ITO TEJO CJIETyeT
BBIHECTH B 3ar0JIOBOYHUK.

JI1060IBITHO, YTO KOMITMJIATOD MOXKET CO3/IaTh KaK OOLIYHYIO, TAK U
«ITOJICTABJISIEMYIO» BEpPCUIO JJjIs OJ(HOM W TOil ke dpyHKiuu. Hampumep,
KOMITUJISATOP TIOIPOCTY BBIHYKJEH I'eéHEpUPOBATH OOBIYHYIO (BbI3bIBae-
MYIO) TIOIIPOrPAMMY B CJIydae, eCJIU TJe-TO B Balllell IIPOorpaMMe OT ITOi
IO/IIPOrPaMMbl OEPYT aJpec W 3aHOCAT €ro B yKa3aTeab Ha (DYHKIHIIO.
Bupodem, HE 9T0, HU BO3MOXKHBINT OTKa3 KOMIIHJISITOPA PACCMATPUBATD
DYHKIIIO KaK «IOACTABISIEMYIO» B JIIOOOM CJIydae HE MOXKET IOBJIUSITDH
Ha CEMAHTHUKY WUTOTOBOIl MIPOrpaMMbl — TOJIBKO Ha pasMep MAIlUHHOTO
KOJIA.

Tak wimm waadge, 06 inline-pyHKIUIAX CTOUT TOMHUTH XOTs OBI It
TOrO, YTOOBI HE OOATHCS MOTEPSATH IPPHEKTUBHOCTDL M3-38 BBHIZOBOB KO-
POTKHUX METOOB.
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3.15. Naunuanunsanus 4J1€HOB KJlacca B
KOHCTPYKTOpP€E

o cux mop MBI 38JaBAIH 3HAYEHUST TI0JIei 06bEeKTa, ¢ ITOMOIILIO OOBIY-
HOI'O OIlepaTopa IIPUCBAUBaHUs B Tejie KOHCTPYKTOpa. Takoil crocob Mo-
JKeT OKa3aThCA HEIIPUEMJIEMBIM; ITeHCTBATEILHO, HIKTO HE MEIAeT 00b-
ABATH B KJIACCE II0JI€, UMEIOIIee, B CBOIO OYePelb, THII KJACC, MIPUIEM
HE UMEIOIUH KOHCTPYKTOPA [0 YMOJYAHNAIO. PACCMOTPUM 3Ty CATYAaIUIO
nopoduee. [lycrs A — Kjace, €IMHCTBEHHBIH KOHCTPYKTOP KOTOPOTO TPe-
OyeT Ha BXOJ JBa IMapaMeTpa THUIa int:

class A {
//

public:
A(int x, int y) { /*...%/ }
//

};

Omnmem remeppb Kiacc B, B koropoMm ecth nosie tuna A. st mpocto-
THI KapTUHBI OyjieM CYUTaTh, 9TO B KJjacce B HaM Hy»KeH TOJBKO KOH-
CTPYKTOD IO yMOJTYAHHIO (JJist APYTUX KOHCTPYKTOPOB CHTyalust Oyier
abCOIIOTHO AHAJIOTUIHA):

class B {
A a;

public:
BO;
//

};

Paccmorpum Tenepnb Tesio KoHcTpykTopa B. B méM (TO ecTh BO Bpemsi
ero paboThbl) yKe JOCTYIHO [OoJIe a, a JJId 9TOr0, KaK MbI 3HAEM, J0JI-
JKeH ObLT oTpaboTaTh KOHCTPYKTOp Kiacca A. Ho Beab equHcTBEHHDINH
KOHCTPYKTOp KJiacca A Tpebyer napamerpos! Kak ke ux emy nepemarsb?

Yro0bl permuTh BO3HUKINYIO 1pobsiemy, B Cu+-+ BBeJIEH CIEIUaJib-
HBIIl CUHTaKCUC IS uHUUuUaAu3auuu noaeti obsexma. llpu onuca-
HUM KOHCTPYKTOPA MEXKJLy €ro 3aroJIOBKOM U HAYAJIOM Teja (OTKPbIBAIO-
nieit purypHoii CKOGKOI) MOXKHO IIOCTABUTD JIBOETOYHE, LOCJE KOTOPOIO
qepe3 3alSTYI0 ePEYUCIUTh BBI3OBBI KOHCTPYKTOPOB JIJIsi HEKOTOPBIX
WK BCex moJieit Kiracca. B paccMaTpuBaeMoM mpuMepe 3TO OYIAeT BBITJIS-
JIEeTh TaK:

B::BO : a(2, 3) { /*...x/ }

3/ecb MBI yKa3bIBaeM KOMITMJISITOPY, YTO IIOJIe & CJIe/lyeT WHUIMAJIN3H-
poBaTh («CKOHCTPYHUPOBATDLY ) € IOMOIIBIO KOHCTPYKTOPA OT JBYX Iapa-
MmerpoB (2 u 3). O6HApyKUB TaKON KO, KOMIIUJISITOP BCTABUT BBI3OB
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COOTBETCTBYIOIIEIO KOHCTPYKTOPa KJjacca A HEIOCPEICTBEHHO B Hada-
Jie Tejia KOHCTPYKTopa B. OTMeTnM, 9TO TaK MOXKHO WHUIAAIN3UPOBATH
JIIOOBIE TI0JIst, a He TOJIPKO IOJIs THIA KJacc. B 9acTHOCTH, IS HAIIEro
Tuna Complex KOHCTPYKTOPBI MOIJIM OBl BBITVISAETH U TaK:

class Complex {
double re, im;
public:
Complex(double a_re, double a_im) : re(a_re), im(a_im) {}
Complex(double a_re) : re(a_re), im(0) {}
Complex() : re(0), im(0) {}
//

Cremaem emé ogHO BazkHoe 3amedanune. VHHUIMAIN3aTOPbI II0JIEi
JIOJI2KHBI CJIEIOBATH B CIIMCKE MMOCJIE IBOETOYNS B TOM Ke IMOPsi-
Ke, B KOTOPOM CcaMM TOJIsi ONMMMCAaHbI B KJjacce. moe, ¢popmaabHO
TOBOPSI, HE SIBJISIETCS OITUOKOI, HO XOPOMWil KOMIUIATOP 00sI3aTETHHO
BBIJIACT IIPEJIyIIPEKICHIE.

3.16. Ileperpyska onepanuii IpoCTbIMU PYHKIINUSAMMI

B xacce Complex MBI I€perpyzKajim CUMBOJIBI apUDMETHUIECKUX OIle-
paruit B Buze dyHKIUNA-METONOB. Biaronaps HaJIm4uio B KJacce KOH-
CTPYKTOpa TMpeoOpa30BaHMs BO3MOXKHO, HAIIPUMEp, MPUOABUTH K KOM-
IIJIEKCHOMY YHCJIy JeHCTBUTEIbHOE:

Complex z, t;
/] ...
z =1t + 0.5;

(upu sroM koncranta 0.5 Oyzer npeobpasoBana K oObekTy Complex ¢
[OMOIILIO KOHCTPYKTOPa 1peobpa3oBanus). B To 2Ke BpeMsl CJielyommast
orreparisi OKaXKeTcsl ONIMOOTHOI:

z = 0.5+ t; // ommbra!

Jlesto TyT B TOM, YTO MeTOJ, operator+ MOKeT ObITH BBI3BAH TOJIBKO JIJIsI
obbekTa Kiracca Complex, a komcTanTa 0.5 TaKOBBIM He siBJIsieTcs. B oT-
JITIUe OT apryMeHTOB (hyHKIU, 06bEKTHI, JJjIsi KOTOPHIX BBI3BIBAIOTCS
METO/IbI, KOMITUJISITOP HE IIpeodpasyer.

DTy mpobsieMy TakKzKe MOYKHO peluThb. Jleso B TOM, ITO OIepaIyio
CJIOYKEHUSI JIBYX KOMIIEKCHBIX YUCEJ MOYKHO IIPEJICTABUTD He TOJIBKO KaK
METOJ[ CAMOI'0 KOMILJIEKCHOI'O YHCJa (C OJHUM [apaMeTpPOM, O [PUHIH-
ny <«npubaBb K cebe 3TOT MapaMeTp W CKAXKd, ITO IOJYIUTCsI» ), HO U
KaK CTOPOHHIOI (QYHKIIMIO, KOTOPAasl 110 JABYM 3aJIAHHBIM KOMILJIEKCHBIM
YUCIaM BBLIAET JApyroe KoMIuieKcHoe uucio. Vrak, ybepém operator+
n3 KJjacca Complex, a BHe KJacca HAIIAIIEM CJeLyIoIee:
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Complex operator+(const Complex& a, const Complex& b)
{
return Complex(a.get_re() + b.get_re(),
a.get_im() + b.get_im());
3

Tenepb MBI MO2KEM HaIluCaTh:

Complex z, t;

/...
z =1t + 0.5;
z =0.5 + t;

U HUKAKUX OIIMOOK 9TO HE BBI30BET.
MoxkHO cUnTaTh, YTO BLIpaKeHUE a8 + b KOMIUIATOD MBITAETCA Tpe-
BPaTHUThb B OJHO U3 JBYX CJEAYIONINX BBIPAKCHUN:

a.operator+(b) wumm operator+(a, b)

U TO K€ CaMOe CIPABEMJIMBO IOYTU I BCeX OMHAPHBIX OIIEPAIHil; C
YHApHBIMH OIlepallusMU CUTyallusl aHaJIOTM4Ha, HallpuMep, ~a IIpeBpa-
IaeTcsl B OJHO U3

a.operator™() wmmm operator”(a)

WHurepecHo 3aMeTUTH, 94TO MPUOPUTETA HU TOT, HU JPYrOil BAPUAHT He
HUMEIOT; €CJIU BBl IPEJLyCMOTPUTE B Ballleil MpOrpaMMe W METOJI, U BHEI-
HIOI0 (DYHKIMIO JJisi OJIHOM M TOM 2Ke oneparuu (1 JJist OJHUX U TeX JKe
THUIIOB ONEPAH/IOB ), KOMIHJIATOP OTKAYKETCsI JeJIaTh BHIOOD MEXKLy HUMH
U I[IPU TOTIBITKE UCIIOJIH30BaTh ONEPaIyio B UH(PUKCHON (popMe BBIIACT
ormuoKy.

[Teperpy3ka CUMBOJIOB CTaHIAPTHBIX OIEpAlUii B BHUJE OTJETbHBIX
dbyukuumit (a He METOJZIOB B KJlaccax) MOMKET OKA3aThCsl [OJIE3HON TaKKe
U B TOM CJiydae, €CJIM HAM HEOOXOIMMO BBECTH OIEPAIUIO JJIs O0beK-
TOB HEKOTOPOTO KJIAacca, KOTOPBI MBI 110 T€M W/ WHBLIM IPUYAHAM He
MOYKEM U3MEHHUTH; HAIIPUMED, 3TOT KJIACC MOXKET ObITh YaCThIo OUOIMOTe-
KU, CO3JIAHHON JIPYTUM TPOrPAMMUCTCKAM KOJLUIEKTUBOM, U OT He€ y Hac
MOKET He OBbITb MCXOIHBIX TEKCTOB (K COXKAJIEHUIO, HECMOTDS Ha YCIIEXU
nerkenns Open Source, Takue CUTYAIUU [I0KA YTO HE PEIKOCTD).

3.17. Ipy>kecTtBeHHbIe (DYHKIIUU U KJIACCHI

B HekoTOpBIX CiIydasix OBIBAET TOJIE3HO CJIEJATh UCKIIOYCHUs U3 3a-
[IPETOB, HAJIAraeMbIX MEXaHU3MOM 3amuThl. B s3bike Cu-+ Kiacc wim
CTPYKTypa, UMEIOIIUe 3allUIIEHHYI0 YacTb, MOIYT OOBSIBUTH TY WJIH
unyio yHKImo cBouM <«apyrom» (friend); B aTom ciiydae u3 Tena Ta-
KOit dpyatcecmseHHOU GyHKUuuU BCe JTETATN PeaTn3allud KIacca I
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CTPYKTYPBI Oy1yT J0CTYIHBI. MOXKHO 00BABUTH «JIPYKECTBEHHBIMY TaK-
2Ke TeJIbI KJIaCC W CTPYKTYPY; 9P @dEKT OT 9TOro OyIeT Takoil ke, Kak
ecau ObI MBI OOBSBUJIN JIPYKECTBEHHBIMU BCE METOJBI JIPYKECTBEHHOTO
kutacca. Mnade roBops, ecsim B Kjacce A Oy/ieT 3asBJI€HO, 9TO KJIacc B sB-
JIsTeTCs JIJIst HerO JIPY2KECTBEHHBIM, TO BO BCEX METOJaX Kjacca B Oymyt
JOCTYIIHBI BCe JleTa/Iu peajn3alluu KJjacca A.

IIpumensiTE MEXaHI3M JAPYKECTBEHHBIX (DYHKIMI U KJIACCOB CJIEYeT
¢ OCTOpPOXKHOCTBIO. MbI 0bcyx)kiamm B §2.4, uro 3ammra jerajeil pea-
JIN3aIK KJIACCA — MEXAHU3M OYeHb IOJIE3HbIH; T0ITOMY HEeOOIyMaHHbIE
UCKJIIOYEHUsI U3 HEro MOTYT HAHECTH CyIIeCTBEeHHbBIH Bped. OnaHa u3 cu-
Tyanuii, B KOTOPBIX IPUMEHEHHE MEeXaHU3Ma JIPYKECTBEHHBIX (DYHKITHT
MOYKHO CYUTATh MPAKTHYIECKU 0OE30MACHBIM — 3TO BBIHOC IEPEKPBITHIX
CHUMBOJIOB CTaHJIAPTHBIX OIlepalliii 3a IpeJiesbl KJacca, KaK 3TO MpeJ-
Jlarajioch B npeabiayiieMm naparpade. B tene dynkimn operator+ mbr
OBLIN BBIHYKJIEHBI [TOJIF30BATHCA METOIAMU get_re u get_im, MOCKOIb-
Ky u3 QYHKIIH, HEe dABJIAOmeRcs popMaibHO MeTo[oM Kjacca Complex,
[IPSIMOTO JIOCTYIIA K MMOJIsIM re 1 im HeT. OIHAKO UCIIOJIb30BAHNE METOI0B
Jocryna (Tak Has3blBAEMBIX aKCECCOPOB) He BCerja yJI00HO, K TOMY Ke HX
MOXKET MONPOCTY HEe ObITh; YacTO OBIBAET TaK, 9TO HEKOTOPBIE JETAJII
peayim3aruy He CJIeyeT JieslaTh JOCTYIHBIMHA JTaXkKe depe3 MeTo/I.

CuTyanuio MOXKHO HCIIPABUTEH C ITOMOIIBIO MEXaHU3Ma JIPY?KECTBEH-
HbIX pyHKnui. Jng Hadasa B 3arosioBoK Kjacca Complex BCTaBUM -
pekTuBy friend, oObsBUB QyHKIMIO operator+ npykecTBeHHON. JIys
9TOr0 HY?KHO 3aIlACATH IIPOTOTHUIT IPYZKECTBEHHOI (DYHKIINU, TIPEIBAPUB
ero IupekTuBoit friend:

class Complex {
friend Complex operator+(const Complex&, const Complex&) ;

/7. ..

Tenepb MBI MOKeM Ilepenucarh (QYHKIINIO operator+, UCIO/Ib3Ysl HAIIPsI-
MyIO IIOJISI CKJIaQIbIBAEMbIX 00beKTOB Oe3 oOpalleHus: K MeTojaM get_re
u get_im:

Complex operator+(const Complex& a, const Complex& b)
{
return Complex(a.re + b.re, a.im + b.im);

}

CpaBHETE TO OIUCAHKE C TeM, KOTOPOEe Mbl IPUBOJIMINA Ha CTp. 67.
Koneuno, npyxecrBeHHOl MOXKeT ObITh 1 OObIYHAsT (DYHKITHUS:

class Clsl {
friend void f(int, const char *);

/7. ..
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}s

void f(int, const char *)
{

// 3Lech MOXHO HCIONb30BATh 3aKphThe mons Clsl

}

Yro06bI cie/1aTh IpyKECTBEHHBIM CPa3y IEJIblil KJIACC, CJIEIYET ITOCIe CJI0-
Ba friend mammcaTrh «class umay:

class A {
friend class B;
/7. ..

}s

Wcnonb30oBaTh TaKol BapuaHT <«JIPYKObI» CJIeJlyeT ¢ OCODEHHOIl OCTO-
POXKHOCTBIO, TOJIBKO B CUTYAIMY, KOT/A MOHSITHUsI, OIIUChIBAEMbIE OOOMME
KJIACCaMU, TECHO CBSI3aHBI MEXKJIY COOOI; YKeJaTe/bHO CHAJAJIa 33J1aTh
cebe BompocC, HeNb3s au oboiituch 6e3 friend. BémbimuMm 3/10M, deM mc-
[IOJIb30BAHUE «JIPYKECTBEHHBIX> OTHOIIEHU, MOKHO CIUTATH Pa3Be UTO
CHSITHE 3alllUThl C BHYTPEHHUX IOJIEHl WM BBeleHHe IIyOJUIHBIX METO-
JIOB JIOCTYIIa K JIETAJISIM, KOTOPBIE [0 CMBICIY JIOJI?KHBI OBITH CKPBITHI:
SICHO, UTO «JIPY?KECTBEHHOCTh» BCE-TAKM OTPAHUIUBAECT OOBEM KOJA, KO-
TOPBIA IPUAETCS TPOCMOTPETH [IPY M3MEHEHUH PEATU3AINH KJIACCA, TaK
9TO HCHoJb30oBaHne friend mpennodTuTesIbHEEe IIOJIHOIO OTKa3a OT 3a-
uuThl. [lo3ke MBI paccMOTPHUM IIPUMEPHI, B KOTOPBIX IPUMEHEHUE <JIPY-
JKECTBEHHBIX» KJIACCOB OKA3BIBAETCS OIPAaBIaHHBIM.

B zakmouenue obcykaeHuss MUpeKTUBbl friend oTMETHM OJUH JIO-
BOJILHO TOIYJISIPHBIN MU(]; U3 TEKCTa HEKOTOPBIX PACIPOCTPAHEHHBIX
nocobuit mo Cu++ HX YuTaTENU HEJIAI0T BBIBOJ, YTO (SIKOOBI) CHMBO-
JIbI CTAHJAPTHBIX ONeparyii JJId KJAcCa MOXKHO II€PEONpPeIessTh JIi-
60 dyuknueii-wieHom (Meroaom), aubo dbyHkuueit-apyrom. He Bepbre!
DyHKIUSA, HE SBJSIOIASICS METOAO0M KJIACCA U MePeonpe/ieisiio-
masi JJjisg o0beKTOB KJIacca CHMBOJI CTAaHAAPTHOU oneparuu (To
€CTh MOMMEHOBAHHAS C WCIOJIb30BAHMEM CJIOBAa operator), Hu-
KOuM 00pazom He 00s3aHa OBITH KJIACCY JAPYTOM WJINM KEeM-TO
emé. IIpocro Takue GpyHKIMNA CPABHUTEIHLHO 9aCTO OOBABJISAIOT JIPYIKE-
CTBEHHBIMU KJIACCY U3 COODOparKeHuil yJno0CTBa MX HAIUCAHWUS;, HO 3TO
COBEPIIIEHHO HE 00sI3aTE/IHHO.

3.18. Ilepeonpenesienne oneparnuii IPUCBAUBAHUS

Kak yxxe rosopusiocs Bbine, B Cut+ MOXKHO IepeolpeesuTh («iie-
PErpy3uThb» ) CUMBOJI JII000M OI€pAIUY, yIaCTBYIONIEH B BBIPDAXKEHUSIX, 38
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UCKJIIOUEHNEM Olepanuy BBIGOPKY 10J1s (TOYKA) U TePHAPHON YCIOBHOI
oneparun. [Ipu 9TOM HEKOTOpBIE OLEpAIU IPU UX IE€PErpy3Ke HMEIOT
OIIpe/ie/IEHHBIE 0COOEHHOCTH, KOTOPbIe HEOOXOANMO yIUTBIBATD.

Hauném c¢ mepeompezesnenus: oneparuit npucsansanus. Harmommmm,
9TO TpucBamBaHue sBisercs B s3bikax Cu m Cu+-+ onepayued, a He
olrepaTopoM, Kak B Ilackase 1 GOJIBIINHCTBE IPYIHUX SA3BIKOB: 3allUCh BH-
Jla «a = supagcenues caMa Io cebe SBJIAETCs BbIPAKEHHEM, MMEIOIINM
3HAEHNe, U, MOXKEeT BXOAUTH B COCTaB APyrux Bolpakenuit. To ke camoe
MOXKHO CKa3aTh ¥ IIPO OIEPAINHU IPUCBANBAHUS, COBMENIEHHbIE C apud-
METHYIeCKUMH [efICTBUSAME, TaKHe Kak +=, -=, <<=, |= u ap. Oueparun
IPUCBaUBaHUs, KaK U JPYTHe OIEePAIlH, MOI'YT ObITH IIepeoIIpe e IeHbI
JUISL KJIACCOB U CTPYKTYD, BBEIEHHBIX IIOJIB30BATEIEM; HO HA HUX Jeii-
CTBYeT OIDaHMYCHEE: ONEPALN IIPUCBANBAHUS MOXKHO IE€peoIpe-
JeJISITh TOJBKO KaK MEeTOJbI KJIACCA HJIM CTPYKTYPBI, a oIpeje-
JIITb UX B BHJIE OOBIYHBIX (DYHKIIUI HEIb3sI.

OOBIMHO IIPU IIE€PEONpesIe/IeHUN OllePanuil IPUCBANBAHUS Y INTHIBA-
10T, 9TO OOBIYHOE IIPUCBAUBAHIE BO3BPAIIAET 3HAUEHHE, KOTOPOE TOIHKO
4TO OBLIO IPUCBOEHO. VI3 9THX cOO0parKeHU U3 OllepaIUy IIPUCBANBAHUS
BO3BPAIIAIOT JIUO0 KOMUIO0 00beKTa, N0 (ITO IpeanodTuTeIbHEee) KOH-
CTAHTHYIO CCHLUIKY Ha OOBEKT, [JIsi KOTOPOI'O OIlepanust Oblia BLI3BAHA.
9r0, ofHaKO, He 00s13aTesbHO: s13bIK CH++ He TpebyeT NMMEeHHO TaKOr'o
odopMmIteHnst omeparuit npucBanBaHus. MOXKHO, B YaCTHOCTH, CIEIATh
ollepaluio IpucBanBanusa (QyHKIHeR Tuia void, TO eCTh He BO3BpAIIa-
IoIIeii HUKakoro 3uadenust. Hampumep, qis Hammero kiacca Complex Mbl
Moryu Obl HANNCATH TAKHUE OLMEPAITHH:

class Complex {
/] ...
const Complex& operator=(const Complex& c)
{ re = c.re; im = c.im; return *this; }
const Complex& operator+=(const Complex& c)
{ re += c.re; im += c.im; return *this; }
//
};

WJIN, €CJI HAC HE CJIUIIKOM BOJIHYIOT CEMaHTUYECKHe TPAIUIIAU, MOXKHO
ObLI0 Obl HAIIMCATDL U TAK:

class Complex {
/] ...
void operator=(const Complex& c)
{ re = c.re; im = c.im; }
void operator+=(const Complex& c)
{ re += c.re; im += c.im; }
//
};
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3/1ecb CTOUT OTBETUTH Ha OJMH BOIIPOC, YaCTO BO3HUKAIOIIUN y CTYIEH-
toB. Onepanuu +=, -= U Jpyrue MoJg00HbIE UM SIBJISFOTCS C TOYKU 3PEHUS
si3bIka, Cu++ MTOJTHOCTBIO CAMOCTOSTEbHBIME, TO €CTh, HAIPUMED, OITe-
parus += HUKaK He CBs3aHa HU C omeparueil =, Hu ¢ omeparueii +. Ecau
MBI OIIMINIEM B HEKOTOPOM KJIACCe OIEpAIMi = U +, 9TO caMo 1o cebe He
JIaCT HaM BO3MOYKHOCTH IIPUMEHSATH K 00BEKTAM 3TOr0 KJIacCa OIEePAIUI0
+=, OHA JIOJI?KHA, OBITh ONKCaHa OT/ACIbHO. B TpUHITUIIE OHA MOXKET Je-
JIATh YTO-TO COBEPIIIEHHO MHOE, HEXKEeJIN I10CJIeJ0BATEIbHO IPUMEHEHHDIE
=" +, BeJlb KOMINJIATOP HUKAaK HE MOXKET IIPOBEPUTH COOTBETCTBHE O/I-
HOTO U JPYTOro; HO JIy4Ille OT TAKMX TPIOKOB BO3/EPXKATHCH, ITOOBI HE
CO3/1aBaTh B IIPOrpaMMe JIMITHAX PEOYCOB I Pa3ra IbIBaHUS.

AprymeHnT onepaiuu IpucBanBaHUs He 00s3aH MMETHb TOT K€ THII,
9TO U OIUCHIBAEMBI KJtacc. Tak, /it KOMILIEKCHBIX YUCEJT MBI MOTJIA ObI
OIIPEIESIUTh U IIPUCBaUBaHNEe KOMIIJIEKCHON IIepeMEHHON JefiCTBUTEIbHO-
ro YucJa:

class Complex {
// .

void operator=(double x) { re = x; im = 0; }
//

};

Onepauusi nprcBanBaHusi, apryMeHT KOTOPOi NPeacTaBsieT 0ObeKT TOro Xe Knac-
Ca WIN CCbIIKY Ha Takoli OBBEKT, Kak B NpeablAyLieM NpuMepe, UMEET OAHY BaX-
HYIO OCODEHHOCTb: Takasi ONepauusi reHeEPUPYETCsl HESIBHO, eCNn eé He onucaTb.
HesiBHble MeToabl Mbl NnoapobHo obcyanm B cnepyrowem naparpade.

3.19. MeToapl, BO3HUKAIOIINE HESIBHO

Eciin onucars B nporpaMme Ha Cu++ CTpyKTYypy WU JlarkKe KJIacc,
HE COJIepzKaIlui (Ho KpaliHell Mepe Ha IepBbIi Bsrﬂsm) HUKAKNX KOH-
CTPYKTOPOB, TO IIEPEMEHHYIO TAKOI'O THUIIA BCE K€ OKayKeTCHd BO3MOYKHBIM
€O3/1aTh. DTO BIIOJIHE TOHSATHO C TO3UIUI 37IPABOTO CMBIC/IA: BEIb CTPYK-
Typbl B Cu+-+ 49acTo UCIOJIL3YIOTCI B UX UCXOIHON POJIM, IPUIIEIeit
n3 s3bika CH, TO €CTh B KadeCcTBe OOBIYHON CTPYKTYPBI JIaHHBLIX, 0€30
BCSIKUX MeTOJI0B. MexK 1y TeM cemaHTHKa si3bika Cu-++ mojpasymMeBaer,
9TO KaXKJIBI 9K3EMILISIP CTPYKTYPhI WU KJIACCA SBJISETCS OOBEKTOM,
a JJIsi KaXKJ0ro O0beKTa IPU ero CO3IAHUU BBI3BIBAETCS KOHCTPYKTOP.
Bosuaukaromee mporuBopetne peraeTcsa BBEICHUEM MOHITAS HEA6H020
KOHCTNMPYKMOPQ .

HesiBHBIIT KOHCTPYKTOP — 3TO KOHCTPYKTODP, KOTOPBI TeHepUpPyeTCs
KOMIIUJIATOPOM aBTOMATUYCCKU, HECMOTPA HA OTCYTCTBUE COOTBETCTBYIO-
Iero KOHCTPYKTOPa B KOJIE, OIMMCBIBAIONIEM KJIAcC WU CTPYKTYpPY. Kom-
muasgTop Cu+-+ HesIBHO TeHepupyeT TOJbKO IBa BUIA KOHCTPYKTOPOB:
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KOHCTPYKTOPBI [0 YMOJIAHUIO (TO €CTh KOHCTPYKTOPBI 6€3 apaMeTpoB)
U KOHCTPYKTOPBI KonupoBaHus. [Ipy 5T70M KOHCTPYKTOP KOOMPOBa-
HUSI HESIBHO T€HEPUPYeTCs AJisI JIIOOOTro KJlacca Uju CTPYKTYPbI,
B KOTOPBIX HPOTPAMMHCT HE OIHMCAJI KOHCTPYKTOP KOIMPOBa-
HUS SIBHO, TO €CTH IOJIYIaeTCsI, ITO KOHCTPYKTOP KOMUPOBAHUS HA Ca-
MOM JIeJIé TIPUCYTCTBYET (SIBHO WJIM HEsIBHO) BOOOIIE B JIOOOM KJiacce
mwi cTpykKrype. HesiBHBIN KOHCTPYKTOP KOIUPOBAHUsI ITPOU3BOIUT KO-
NUPOBaHNe HanboJee OIEBUIHBIM CIIOCOOOM: IOJIsT, KOTOPBIE CAMU MMEIOT
KOHCTPYKTOPBI KOIMMUPOBAHUS, KOIMUPYIOTCA C TOMOIIBIO 9THX KOHCTPYK-
TOPOB, MPOYNE MO — MOOUTOBBIM KOTTUPOBAHUEM.

C KOHCTPYKTOPOM IO YMOJIYAHHUIO CUTYyalldsl YyTh CJIOXKHEe: OH
reHepupyeTcs HesIBHO, €CJI1 MPOrPAMMUCT HE OIHMCAaJ B CTPYK-
Type WIN KJIacce BOOOIIe HU OJHOr0 KOHCTpyKTOopa. Eciau B kimac-
Ce WM CTPYKType sIBHO OIACATH XOTs Obl OJMH KOHCTPYKTOD (J110060ik),
KOMITHJIATOP He Oy/IeT reHeprupoOBaTh HESIBHBIN KOHCTPYKTOP IO yMOJITIa~
HUIO, TTOCKOJIbKY COYTET, ITO MPOTPAMMUCT B35 3a00Ty O KOHCTPYHUPO-
BaHUU B CBOM PyKH. VIMEHHO IOSTOMY B IIpUMEpaX, KOTOPbIE PaccMaT-
puBajiuch B §2.3, MbI MOIJIM OIACHIBATH [I€PEMEHHBIE TUIA Str_complex
«ITO-CUIITHOMY », TIOKA HE BBEJIM IIE€PBbI KOHCTPYKTOP, IOCJE Yero BO3-
MOKHOCTD OIMCAHUS TEePEMEHHBIX 9TOI0 THUIA Oe3 YKA3aHHUs apaMeTpOB
Hamu ObLIa yTpadeHa /10 TeX 0D, IIOKa MbI (yzKe caMu, sIBHO) He OIpe-
JeTUIN KOHCTPYKTOP IO YMOJTIaHUIO.

HesiBHasi Bepcusi KOHCTPYKTOPA 10 YMOJTIAHUIO UCIIOJIb3YeT JJIsl WH-
[UAJI3aIIN T0JIell KJIacca, B CBOIO OYepe/Ib, KOHCTPYKTOPHI 0 yMOJIIa-
HUIO, OTIPEIeIEHHBIE JIsT COOTBETCTBYIOMMX TUITOB. MOXKHO CINTATD, ITO
JI7IsI BCTPOEHHBIX TUTIOB, TAKUX KAK UNC/IA WJIH YKA3ATEIH, KOHCTPYKTOPHI
110 YMOJTIAHUIO TOXKE €CTh, ITPOCTO OHU HUIETO He JeIAIOT.

AnajiornuHo obcrosiT Jiesia u ¢ gecrpykropamu. Cunmraercs, 9To Je-
CTPYKTOP €CTh B JTFOOOM KJiacce U Jito0OU CTPYKTYPE, JIaXKe eCJIM MBI ero
TaM He OIUCAJIA: B 9TOM CJIydae KOMIIIATOD CO3/IaCT ero HesiBHO. B mpo-
CTefreM Ciydae TaKON HESBHBIN IeCTPYKTOP He OyIeT [eJaTh HIYero,
HO €CJIN B HAIlleM KJIaCcCe WU CTPYKTYPE €CTh IMOJIs, UMEIOIIe HeTPUBH-
aJIbHbIE JIECTPYKTOPBI, TO HAIl HESBHBIA JIeCTPYKTOP OyleT cojIepKaThb
X BBI3OBBI.

[Mocnenauit MeTOM, TEHEPUPYEMbIT HESIBHO — 9TO OIepaIus IPUCBAK-
BaHMWsI 00BEKTY TOTO Ke TUIa. JTO BIIOJHE HMOHATHO, Beab B uncroM Cn
MOKHO OBLTIO TIPHCBAWBAThH MEXKIY COOOU MEepEeMEHHBbIE, NMEIOITNe OIUH
CTPYKTYPHBIN THII, ¥ 3Ta BO3MOXKHOCTH ObLia yHacjemoBana B Cu+-+.
Ecau rosopurh TouHee, TO, €cii B HEKOTOPOM KJjacce A He omucarhb siB-
HBIM 00Pa30M OIEpPaINio MPUCBAUBAHNASA C IAapPaMETPOM, UMEIOIIIM TOT
JK€ TUI A WM CCBUIKY HA HEro, TO KOMIUISITOP HEABHO CO3IaCT OIlepa-
WO CO CJIETYIONTUM TTPOQUIEM:
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class A {
/...
A& A::operator=(const A& other);
//

};

TaKa.SI HEABHBIM 06pa30M BO3SHUKIIIagA Ollepalusd 6yﬂeT HCIIOJIb30BaTh JJId
KOIIMPOBaHUsA COACP2KUMOT'O KazK/I0T'O I10JIA OHpe,HeJIéHHyIO JJId 3TOTO 110-
Jisi €r0 COOCTBEHHYIO OIEPAINIO MMPUCBAWBAHUS, €CJIM OHA Y HErO €CTh.
WMurepecno, 910 111 HEKOTOPBIX IOJIeil OIIePAINN IPUCBANBAHUS MOXKET
He HATHUCh — HaIIpUMeEp, €CJIN I10JI€ UMeEeT THUII «CChbIJIKa» UJIN OG’bS{B.HeHO
KakK xoncmarmmoe. B 3ToM ciydae KOMIMJIATOP HE CMOXKET CTeHepUpO-
BaTb HEABHYIO OII€pAIlUIO IIpUCBaBaHUA.

CrenaeM emmé oHO BaxkHOe 3aMevanne. [10CKOJIbKY KOHCTPYKTOP KO-
MIUPOBAHUS MOYKET OBITh Cr€HEepPHPOBAH HESIBHO, OTCYTCTBHUE SIBHO OIIH-
CaHHOTO KOHCTPYKTOpAa KOMUPOBAHUS HE O3HATAET HEBO3MOXKHOCTU CO-
31aHus Koruu obbekTa. CyllecTByer, OJJHaKO, CIIOCOD 3aIllpeTUTh KO-
NUPOBaHNE O00bEKTOB HEKOTOPOro KJIACCA: JJIsI 9TOr0 JOCTATOTHO
onucaTrTb KOHCTPYKTOP KOIIMPOBAHWUS fBHO, HO CIe/JIaTb 9TO B IPU-
BaTHOW YacTu KJiacca. Takoif mpuéM 9acTo MPUMEHSIOT JJIsI KJIaCcCOB,
O6’I>€KTI>I KOTOPBIX IIO0 CMBICJTY KOIINPOBATHCA HE JOJI2KHDI, tITO6I)I UM CKJIIO-
9UTH CAyYaifiHble ONMMOKM, CBS3aHHbIE, HAIIPUMED, C Iepemadeil ux 1o
3HavYeHUI0. ZIcHO, YTO OOBEKT, JjIsi KOTOPOTO KOIUPOBAHUE 3aIIPEIeHo,
HE MOZKeT 6BITB HU TIepejaH 110 3Ha4Y€HUIO B (byHKLLI/IIO, HU BO3BpaH_LéH us3
GbYHKIMM; 3TO HE UCKJIIOYAET, PA3yMeeTCs, Iepesadn 1o cchliake. HTe-
pEecHO, UTO MpUMEHEeHne 00bEeKTa, KOMNPOBAHNE KOTOPOTO 3aIpeIeHo, B
PO NoaA APYToro oObEKTa C/IeIaeT HEBO3MOXKHOM reHepaIinio HesTBHO-
0 KOHCTPYKTOPa KOIIMPOBAHUSA JIJIST ITOI'O BTOPOI'O OOBEKTA, TAK YTO €ro
KOIIMpOBaHNE 6y,aeT 3allpelieHo aBTOMaTUYeCKU; BIIPOYEM, 93TO HE MeIllla-
€T CO31aThb KOHCprKTOp KOIIUPOBAaHUA SABHO.

Anajlornguplii mpuéM MOYKHO MPUMEHHTH U JJIsl 3aIpereHus Mpu-
CBanBaHUA O6’I>€KTOBI JOCTATOYHO OIIMCaTh OIlepalyuio IIpHUCBauBaHUA C
APryMeHTOM <«KOHCTaHTHas CCbLJIKa Ha O61>€KT OIINCBhIBAEMOI'O KJIaCCa» B
NPpUBATHOI YacTu KJacca:

class A {
//
private:
void operator=(const A% ref) {} // no assignments

};

WNHorna B npuBaTHYIO 4YacTh KJACCa YOMPAIOT JIECTPYKTOD; ITOMY
npuémy Mbl nocBatuM §5.11.
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3.20. IlepeomnpenesieHne ornepanuu NHIEKCUPOBAHUSA

Omneparust W3BJEeYEHUS JIEMEHTA U3 MacCHBa, 00O3HAUaeMasi KBaJl-
paTHBIME CKOOKaMW, KaK W3BECTHO, SBJISIETCS apUMMETHIEeCKON oOIre-
panueil Haj| ykKazarejgeM W IeJbIM YHUCIOM; B s3bike CHU BBIparKeHue
«a[b]» MOTHOCTBHIO SKBUBAJIEHTHO BBIPAXKEHUIO <«*(a+b)s», 9TO JnmI-
HUNl pa3 HOgIEPKUBAET apudMETHIECKYIO CYIIHOCTH HHJIEKCHPOBAHUSI.
B a3bike Cu++ onepanuio HH/IEKCUPOBAHUS MOYKHO II€PEOIPEIETUTD JJIsT
00'BEKTOB KJIACCA WIN CTPYKTYPBI, TEM CAMBIM 3aCTABUB OObEKT B HEKOTO-
PBIX CJIy9asiX BBIIJISIETh CUHTAKCAIECKHU ITOXOKUM HA OOBIIHBIN MaCCHUB
WM TayKe IPOCTO UCHOJHATH posib MaccuBa. [lomobno oneparusivu mpu-
CBaMBaHUsI, ONepanusi MHIAEKCUPOBAHNA MOXKeT ObITH Iepeonpe-
JieJIeHA TOJIBKO KaK MEeTOJ, KJIacca MJIM CTPYKTYPHhI.

st mpuMepa onwmimeM KJacc, 00bEeKT KOTOPOrO IPEICTABJISET CO-
60if MACCHB IEJIBIX YUCEJI C 3apaHee HEM3BECTHBIM Pa3MEPOM, KOTOPBIi
upy 00pallleHnU K HECYIIeCTBYIOMMM (IIOKA) JIeMEHTaM aBTOMATUIECKU
YBEJIMUUBAECTCS B pa3Mepax. XpPaHUTh JEMEHThl MaccuBa OyJeM B JU-
HAMHUYECKH CO3/IaBAEMOM MaCCUBE, CKPBITOM B IIPHBATHOI YaCTH KJIacca.
Ncxonao coznmaanm maccuB pa3mepoM 16 31eMeHTOB, a IPpU BO3HUKHOBE-
HAW TAaKOW HEOOXOAMMOCTH Oy/leM YIABAWBATH €0 Pa3Mephl 10 TeX Iop,
[IOKa HY?KHBI HAM WHJEKC HE CTAHET JIOIYCTHMBIM.

3aMeTuM, YTO MPHU MOIBITKE KOIUPOBAHUS OODBEKTA TAKOTO KJIacca
BO3HUKHET ITPOOJIEMa C pasjieJIeHueM OJ[HOI'O U TOTrO K€ MACCHBa B JU-
HAMHUYECKON MaMsSITH MeXKJly JABYMsI OObEKTaMU KJIACCa; HOJAPOOHO ITa
upobsiema onucana B §3.10). B nameil yuporieHHoil Bepcuu Mbl IIpOCTO
3alpPeTHM [IPUCBANBAHNE U KOIIMPOBAHUE, ONNCAB (PUKTUBHBIE KOHCTPYK-
TOP KOIMPOBAHMUS U OIEPAIINIO IPUCBANBAHUS B IpUBaTHOM dacTu. Onu-
CaHue MOJIHOIEHHOI'O KOHCTPYKTOPa KOIMPOBAHUS U IOJHOIEHHON orre-
panuy MpUCBaNBaHUSI OCTABUM YHTATENIO B KadecTBe ylpaykHenus. Js
Hadvaja HAIIAIIEM 3ar0JIOBOK KJIACCA:

class IntArray {
int *p; // ykKasaTenp Ha XpaHUIHUILE
unsigned int size; // Tekymmil pasmMep XpaHHIHmA
public:
IntArray() {
size = 16;
p = new int[sizel;
}
“IntArray() { deletel] p; }
int& operator[] (unsigned int idx);
private:
void Resize(unsigned int required_index);
// 3alpeTuM KONMpOBaHWE X IPUCBAUBAHUE
void operator=(const IntArray& ref) {}
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IntArray(const IntArray& ref) {}
I

Tena KOHCTPYKTOpa M IECTPYKTOPA MMEIOT CPABHUTEIHHO HEDOJIBINOM
pasMep, TO3TOMY MbI COBEPIIIEHHO CIIOKOWHO MOYKEM OCTaBUTb WX BHYT-
pPH 3aroJioBKa KJiacca. Tesio omepanun WHJIEKCUPOBAHUs, HAIIPOTHUB, Oy-
JIET COCTOSITh M3 HECKOJIBKUX CTPOK, IIO9TOMY MBI OIHIIEM €r0 OTIEIBHO.
st jrydineit siCHOCTH €ro peasin3aliiid Mbl IIPELyCMOTPEIM TaK¥Ke BCIIO-
MoraTejbHy0 QYHKINO Resize, KoTopas OyIeT OCyIIEeCTBIISITh N3MEHe-
Hue pasmepa MaccuBa. [1oCKOJIBKY 3Ta (DyHKIMsI, OYEBUIHO, SBJISETCS
JIETAJIbIO0 PEATN3AIN U HEe MPEJIHAZHAYEHA JIUIS TI0JB30BATENsl (€ TOIKN
3PEHMs MIOJIL30BATE ISl HAIl MACCUB IIPEJCTABISETCA OECKOHEUHBIM ), MBI
CKPBLIU 3Ty (PYHKIIUIO B MIPUBATHOM YaCcTU KJIacca.

Yuraresib, BO3MOXKHO, OOpATH/I BHAUMAHWE HA THUI BO3BPAIIAEMOIO
3HaYEHUs oneparn nuaekcnposanus. Pynknus operator [] Bozsparma-
€T CCoLAKY Ha COOTBETCTBYIOIIMIA 9JIEMEHT MACCUBA, YTOOBI CIIEJIATH BO3-
MOXKHBIM KaK BBIOODKY 3HAYEHHs M3 MaCCHBa, TAK U IIPUCBaUBaHUE €ro
3JIEMEHTAaM HOBBIX 3HadeHuit. OIUIIEeM Telepb TeJIO OlepaIuu WHIEKCU-
pOBaHMSI:

int& IntArray::operator[] (unsigned int idx)

{
if (idx >= size)
Resize(idx);
return plidx];
}

Hawm ocranoch ommcars yukmnmio Resize:

void IntArray::Resize(unsigned int required_index)
{
unsigned int new_size = size;
while(new_size <= required_index)
new_size *= 2;
int *new_array = new int[new_size];
for(unsigned int i = 0; i < size; i++)
new_array[i] = pl[il;
deletel] p;
p = new_array;
size = new_size;

}

Tenepp MBI MOXKEM B IPOrpaMMe HCIOJIb30BATDH, HAIIPUMED, TaKHe Olle-
paToOpHI:

IntArray arr;
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arr[500] = 15;
arr[1000] = 30;

arr[10] = arr[500] + 1;
arr[10]++;

Omneparust HHAEKCUPOBAHUS JOJXKHA MMETh POBHO OJWMH MapaMerp, HO
9TOT TMapaMeTp, BOOOIE TOBOPsi, MOXKET OBITH JIIOOOIO THHA. DTO TO3-
BOJISIET CO3JABATH «MACCHUBBI», UCIIOJIB3YIOIAE B KAIECTBE NHIEKCA TEK-
CTOBBIE CTPOKY WJIH JaKe O0bEKTHI JIPYIUX KJIACCOB. XPAHUTH 3JIeMEHThI
MaCCHBa MBI TAKKe MOXKEM JIFOOBIM yIOOHBIM HaM CIIOCOOOM, HAIIPUMED, B
BuJie cuucka (B HEKOTOPBIX CJLydasiX 9TO MOYKET ObITh olpaBaano). Mox-
HO OPraHU30BaTh OObEKT, BBIMVISIISINNN KaK MACCHB, HO XPAHAIIUI CBOM
9JIeMeHTHI B dafisie Ha JUCKe, TaK 9TO ONePAIis NHIEKCHPOBAHUS Pealb-
HO OyJeT IpejcTaB/isiTh cOOOI OlepaIuio YTeHus WM 3alucu B aiir;
BCTPEYAIOTCS U IPYTUe TPUMEHEHUSI.

3.21. Ilepeonpenesienue onepanuii ++ u --

[Tepeonpenenenne omeparuii KHKpEMEHTa, U JIEKPEMEHTa UMeeT CBOU
ocobeHHOCTH, 0DyC/IOBIeHHBIE TeM, U4TO B Cu u Cu-++ Kaxjiasi u3 onepa-
uii ++ 1 -- gomyckaer jase HGopMbL: mpeduKkcHyo (++1i) u mocTduKCcHy0
(i++). Crporo rosopsi, 3Tu 1Be (POPMBI IPEJCTABIISIOT COOOH PasAuwHbLE
oneparuu. Eciu ObI He 9T0, MOXKHO OBLIO OBI TEPEOIIPEIEIATh HTHKPEMEHT
U JIEKPEMEHT KaK OOBbIYHBIE YHAPHBIE OIEpAIi, TO €CTh BHE KJIACCOB B
BuJie PYHKIUE OT OJHOTO apryMeHTa, JU00 B KJacce/CTPYKTYPE B BUJE
MeTo1a 6€3 mapaMeTpoB.

Yrobbl OTIMYATH APYT OT Apyra IepeolpejeseHne MpPeUKCHON u
noctdurcHoi dopmbl, B Cru++ TPUHATO COTJIAIIEHUE, BBITISIAIIEE 10~
BOJILHO HeokuaHHo. ITockombKy mpedurcrnas gpopma 6ojee «Tpaaniiy-
OHHA» JIJIsl YHAPHBIX OMEPAIUil, OOBITHBIM CIIOCODOM EPEOTIPEIEIAETCS
UMEHHO OHa. VHade roBOPsi, €CJIM MBI IIEPEOIIPeIeisieM COOTBETCTBYOIIIE
oIepaIuu BBEIEHNEM METOJIa B KJIACCe UJIU CTPYKTYPE, TO METOJ C UMe-
HeM operator++ wian operator-- 6e3 mapaMeTpoB ONPEIEIsieT npePukc-
Hy1o bopMy COOTBETCTBYIOIIEl onepanuu (HapuMep, ++1i); aHAJOIUIHO,
upedukcHyo GopMy onepalui HHKpeMeHTa (JIeKpeMeHTa) 3a1a6T 1 [JI0-
GanbHast GyHKIMsT (HEe METOT), MMeIoIas NMsi operator++ (operator--)
u odun mapamerp. Uro Kacaercsa nocm@urcnoti HGOPMBI, TO OHA IIepe-
onpegessercs yHKIMEN ¢ TeM Ke uMeHeM operator++ (operator--),
HO UMeEIONIEH OMH JOIOJHUTEbHDIH ((DUKTUBHBIN) HapaMeTp Tuia int.
Hanwmawme mapamerpa OJtaromapst meperpy3ke UMEH (DYHKIHNH TO3BOJIS-
eT uMeTh n1Be (DYHKIMH C OJHUM U TeM XKe MMEHEeM; IapaMeTp, BBeIEH-
HBIIl HMCKJIFOUUTEIFHO PAJIA ITOI0 PA3JINYUsi, PeaJlbHO HUKOIJ/A HEe UC-
nostb3yercs. st mepeonpesesienns: mocTUKCHON (HOPMBI OllepaII UH-
KpPEMEHTa WA JIEKPEMEHTa MbI MOYKEM BOCITOJIB30BATHCS JIHOO METOIOM
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KJIacca/CTPYKTYPBl ¢ UMeHeM operator++ (operator--) m odwum ma-
pamerpoM (DUKTUBHBIM ), JILOO TI06AIBHON DYHKIUEH ¢ TAKUM XKe UMe-
HeM, uMmeroreil dea napamerpa (Bropoit u3 Hux dpukrusHbi). Hanpumep,
IIyCTh KJacC A ommcaH cjemayionmM 00pa30oM:

class A {

public:
void operator++() { printf("first\n"); }
void operator--() { printf("second\n"); }
void operator++(int) { printf("third\n"); }
void operator--(int) { printf("fourth\n"); }

};

Paccmorpum teneps bparMeHT Kojia:

A a;

++a; // first

a++; // third

--a; // second
a--; // fourth

B pesysbraTe BBIIOIHEHUS 3TOTO bparMenTa Oy1y T HaedaTansl (B CTOJ-
6HK)CHOBafirst,third,secondllfourth;——HMeHH013TaKON[HOpHAKe
B paccMoTpeHHOM ITpuMepe HAIM OIEPAIMY HUYIErO HEe BO3BPAIIAJIN;
MEeXK Iy TeM MUCXOIHO TpedUKCHAS U MOCTMUKCHAS (DOPMBI 3TUX OIIepaInii
pa3/IM9aoTCsd UMEHHO BO3BpPAIlaeMbiM 3HadenueM. 1Ipu sTom omeparus
B IpeduKCHOI (popMe BO3BpAIIAET HO60€ 3HAUEHUE IIEPEMEHHOI, K KOTO-
pOii OHa IIPUMEHEHA, YTO IIO3BOJISIET BBIIEPKATH CEMAHTHUKY TOM Oonepa-
UM, BEPHYB caM O0bEKT Ujin (Jjisi ONTUMU3AINY ) KOHCTAHTHYIO CCBLIKY
na #ero. C omepanueir B mocTduKCHOM (hopme fesra 0OCTOSIT HECKOJIBKO
Xy2Ke: COTJIACHO KJIACCHMYECKOU CEMAHTHKE OHA JIOJI)KHA BEPHYTH CIMAPOE
3HAYEHNE, B TO BPeMs KaK OOBEKT yKe HMeeT Hogoe 3HadYeHue. dTo-
OBl BBIJIEPXKATH CEMAHTUKY B 9TOI (popMe, IPUXOAUTCHA B Tejie (DyHKIIH
operator++(int) co3maBaTh BpeMeHHYO (JOKAJIBbHYIO) KOIHIO OOBEKTa,
a BO3BpAIATh 3HAYEHWE, COXPAHEHHOE B 9TOW KOIWHU, IMPUXOIATCS O0s-
3aTeJIbHO N0 3HAYEHUI0, BeIb BO3BPAIIATH CCHUIKY Ha JIOKAJIHHYIO KO-
o OBITIO OB OMMOKOM: KOIHSI NCIE3HET B MOMEHT 3aBepIlieHus paboTh
bYHKIIH, TO €CTh J0 M020, KAk 6b3bi6GI0WAA HYHKUUA YCNeem 0CNONb-
308aMbCA 8036PAWEHHBIM Pe3yavpmamom. IIponTocTrpupyem cKkazaHHOe
Ha IIpUMepe OIepaIii ”HKPEMEHTa JIjIst KJIaCCa, NHKAIICYJIUPYIOIIETO 11e-
JIOYHNCJIEHHYIO TIEPDEMEHHYIO U TIOBTOPSIOIIEro €€ CeMaHTUKY:

class MyInt {
int i;
public:
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MyInt(int x) : i(x) {}
const MyInt& operator++() { i++; return *this; }
MyInt operator++(int)
{ MyInt tmp(*this); i++; return tmp; }
//

B sToMm npumepe 06beKT Kitacca 3aHUMAET CTOJIBKO YKe MaMSITH, CKOJIHKO
U OOBbIYHAST TIEJIOUNCIICHHAST TIEDEMEHHas], TaK YTO JBOWHOE KOIHMPOBa-
HIEe 00beKTa (IPU CO3/@HNUN [IePEMEHHON tmp U U BO3BPATE 3HAYEHMS )
HEe IPUBOJIUT K CyIIeCTBeHHbIM moTepsiMm. OmHaKo st 6oJiee CJI0KHBIX
KJIACCOB TEIAaHTUIHOE CJIeIOBaHUE KJIACCHMIECKON CeMaHTHKE JJIsi TOCT-
(MUKCHBIX omeparuit ++ 1 -- MOKeT 000NTHCH HEOMpPaBIAHHO JOPOTO.

3.22. Ilepeonpenesienue onepanum ->

Ornepariust -> epeorpeIessieTcsl, TOKaIyil, HanboJee IKZ0TUICCKUM
cnocobom. Harmomunm, 910 9Ta oneparius B s3bike Cu 03Ha9aeT BHIOOPKY
[10JIs U3 CTPYKTYPBI, Ha KOTOPYIO YKa3bIBaeT 3aaHHbIil ajpec. B Cu++
OHA O3HAYAET MPAKTUUECKU TO YKe CAMOE; eCTECTBEHHO, C €€ IIOMOIIbIO
MOXKHO TaKzKe 00paImaTbcs 1 K MeTo/IaM, a paboTaTh OHA MOXKET KaK CO
CTPYKTypaMu, TaK U C KJaccamu. lleperpyska 3Toit omeparuun OOBITHO
TpebyeTcst HaM, eCJIU MBI XOTHM CO3JaTh O0BEKT, BeAyInii cebst mog00H0
yKa3aTeJo, HO IPU STOM BBIIOJIHAIONINN HEKOTOPBIE JIONOJHUTEIbHbIE
JIeiCTBUS.

OTMeTuM JJIsT Hadaja OJUH HeOYeBUIHLINA dakT. Omepanus ->,
HECMOTDPsI HA €€ BHEIHWUN BUJ, SBJISIETCS YHAPHOU, TO €CTb UMEeT BCe-
ro oguu aprymentT (ykasaresb). JleficrBUTeIbHO, [IyCTh Yy HAC OLUCAHA

CTPYKTYpa

struct s1 {
int a, b;

I
U UMeeTcs yKa3aTeJ b Ha Heé:
sl *p = new si;

Tenepnb obpaitenue K oo a 6y/1eT BhIMVISICTh TaK: p->a. 3/1eCh Kak Oy/I-
TO OBI JBa OIEPAHJA, P U &; HO Belb & — 9TO UM N0AA, KOTOPOEe HUKOUM
00pa30M He SIBJISIETCSI CAMOCTOATEILHBIM BhIparkeHIEM, He MMEeT HU TH-
na, Hu 3Havenus! VMHade rosopsi, Ha MecTe a He MOXKET CTOATHL HUYEro,
KpOME MMEHHU II0JIsA. JI3bIK He CONEPYKUT HUKAKMX BBIPAXKEHUM, 6vI4UC-
AAOWULCA B 3HAYEHUE, CIIOCODHOE 3aMEHUTDb UMsI 110Jisl. EIMHCTBEHHBIM
[TOJTHOTIEHHBIM OIIEPAH/IOM B BBIPAYKEHUU P->a OCTAETCS 8JIPEC, IPEICTAB-
JIEHHBIIl yKa3aTejieM p: B OTJUYHE OT &, HA MECTe P MOXKET CTOSTHb BbI-
parkeHne TMPON3BOJIBLHON CJIOYKHOCTHU, BRIYUCISIONIEE 3HAUYCHIE TUIa, S1%
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(agpec crpykrypel s1). tak, MBI MMeeM J€JI0 ¢ yHapholl Olleparuei,
HOJIHBIM UMEHEM KOTOPOil MOXKHO CUMTATh ->a (orepalys BBIOGOPKH HOJIsI
a). MoxKHO [IpK 2KeJIAHUU CIUTATh, YTO CUMBOJI -> 3aJIaéT HEJIoe ceMeli-
CTBO onepaiuii — CTOJBKO Ke, CKOJIbKO B CTPYKTYDE eCThb moJieil (a Jjist
Cu++ — em¢ u mMeronos). Bupouem, Gymyun cemaHTHYecKH Oe3ymped-
HBIM, Ha IIPAKTHKE TAKOe PACCMOTPEHME HaM He ITOHAI00UTCH; 3/IeCh MBI
[IPUBOJUM €r0 TOJIBKO JIJIsI UJITIOCTPAIIMHN CKA3aHHOTO.

Bepuémcs K Bompocy o mepeoripesesieanu oneparuu ->. Hapsty c
MHOTHMU JAPYTAMHA OIIEPAIUSMIE, OTIEPAITUS -> IIEPEOIIPEIEIISIeTCS NCKITIO-
YUATEIFHO METOJAMHE KJIACCA WU CTPYKTYPBI, TO €CTh HE MOXKET OBITH I1e-
peorpeiesiena oTebHON dyHKIMe. UTobbl n306eKaTh PYTUHHON pabo-
ThI IO IIEPEOIIPEJIEJIEHUIO0 OTIEIbHBIX OIepaIuil /1jisi BEHIOOPKY KazK 0O
nosist, B Cu-++ NPUHATO HEOYEBHHOE, HO BIIOJIHE PabOTAOIIee COria-
NIeHNE: OIepaIsl -> OIIpeedeTcs MEeTOJIOM operator->, He MMEIOIIIM
napaMerpoB (Kak M OObIUHbIE YHAPHBIE OIEPAIUH), HO IIPU ITOM METO[
00s13aH BO3BPAIIATD OO0 YKA3AMEAD Ha HEKYIO IPY2Yl0 CMPYyKmypy Uil
Kaacc, MO0 0O0BEKT (MM CCBIIKY Ha OOBEKT), JJIsi KOTOPOTO, B CBOIO
odYepe/ib, Ollepaliysl -> IepeolpeiesieHa Kak Merol. [Ipu ucrosib3oBaHmn
[IEPErpPy2KEHHOI OIepaIui -> KOMIUISITOP BCTABJISAET B KOJI HOCIEI0BA~
TEJIHO BBI3OBBI METOJIOB Ooperator->, MOKa OYepeIHON MeTOJ He OKa-
JKETCsI BO3BPAIIAIONINM OOBIYHBIN yKa3aTesb HA CTPYKTYPY WJIN KJIacc;
MMEHHO II0 9TOMY yKa3aTeJII0 U IIPOU3BOJIUTCH B UTOre BHIOODKA 3a/1aH-
HOTO TI0JIsI.

Tlonpobyem mpomutOCTpUpPOBaThH CKa3aHHOE Ha mpumepe. IlycTs y
HAC eCThb CTPYKTypa sl W HaM HYyKeH KJACC, OObEKThI KOTOPOTO OyIyT
BecTH cebsi KaK yKasareiaun Ha sl, HO IPU MCYE3HOBEHUU TAKOIO <«yKa-
3aTessi» (HApUMED, IpH 3aBepiieHnn (GbYHKINM, B KOTOPOH OH ONMHUCAH
KaK JIOKAJIbHAsI [lepeMeHHasi) 0O0beKT, Ha KOTODPBIH OH yKa3blBaer, Oyuer
YHIUITOXKATbCsi. HauuéM onmcanme Kjacca:

class Pointer_s1 {
sl *p;
public:

Bynem npeamosarars, uro xpaHsmuiics BHyTpU 00bEeKTa TPOCTON yKa-
3aTesb HA S1 MOXKET MMEeTh HyJIeBOe 3HAUEHUe, IYTO OyJIeM PACIEHUBATH
OOBITHBIM 00PA30M KaK OTCYTCTBHE 00bEKTA; ECTECTBEHHO, B 9TOM CJIydae
yaaasaTh Hudero He 6yjgem. Onuinem rernepb KOHCTPYKTOP U JECTPYKTOP:

Pointer_s1(sl *ptr = 0) : p(ptr) {}
“Pointer_s1() { if(p) delete p; }

st ymoberBa paboThl BBEJIEM OIEPAIIAIO TPUCBAMBAHUS OOBITHOTO aJl-
peca:
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s1* operator=(sl *ptr) {
if (p)
delete p;
p = ptr;
return p;

}

3aMeTnM, ITO TOOUTOBOE KOMMPOBAHUE U IMPUCBANBAHIE OOHEKTOB KJIaC-
ca Pointer_s1 3aBeaoMoO MpUBEIET K OMMUOKAM, TaK KAK OJUH W TOT Ke
00beKT THMa S1 B 3TUX CAydasgx OyIeT yAaJATbCs ABaXKIbl. Bo m3be-
JKaHue 3TOTO 3aIlPEeTUM IIPUCBAMBAHUE W KOINUPOBAHUE OOBHEKTOB KJIAC-
ca Pointer_s1, yOpaB KOHCTPYKTOpP KOIUPOBAHUS U COOTBETCTBYIOILYIO
OTIepaINio IPUCBANBAHUS] B IPUBATHYIO YaCTh:

private:
Pointer_s1(const Pointer_si1&) {}
// copying prohibited
void operator=(const Pointer_si1&) {}
// assignments prohibited

Omnwuimem Tereps olepalyy, KOTOpble IPeBPaTIT 00bEKThl HAIIEro KJIac-
ca B momobme ykazaTesns Ha sl, a UMEHHO, ONEpallui pPa3bIMEHOBAHUS
(yHADHYIO *) M BBIOOPKHU 110Jisl (->), U 3aBEPIIUM OIIUCAHUE KJIACCA:

public:
s1& operator*() const { return *p; }
six operator->() const { return p; }

};

Takoit Kjacc y00HO HCIIOJIL30BATh, HAIIPUMED, BHYTpHU dyHKImHi. Tak,
ecJiu B HaYaJIe HeKOTOPOil (DyHKINY omrcaTh OObeKT Kjacca Pointer_s1,
TO eMy MOXKHO OyJieT IpUCBamBaTh aJpeca HOBBIX IK3EMILISIDOB s1, mpu
9TOM OH OYZEeT KaK/IbIil Pa3 yIaIsaTh CTAPbIil 9K3EMILISP, a KOorjga padora
GbYHKIMY 3aBEPIIUTCS, ABTOMATUIECKH YIAJINAT HOCIETHII U3 SK3EMILIIs-
pos s1:

int £(Q)

{
Pointer_s1 p;
p = new si;

p->a = 25;
p->b = p->a + 36;
/..

// mupu 3aBepmenum f maMaTh 6ymeT ocBoboxmeHa



§3.23. Ilepeonpenenenne onepanuu BbI30Ba, (DYHKIIAN 81

3.23. IlepeomnpesesieHne ornepanuu BbI3oBa (DyHKITAU

Omneparust BbI30Ba (DYHKIINN, CHHTAKCAYIECKU TPEICTABJIAIONIAS CO-
60it TOCTUKCHYIO OMIEPAIIAIO, CHMBOJIOM KOTOPOU CJIy2KAT KPYTJIble CKOD-
Ki (BO3MOXKHO, COJIeprKallliié CIIUCOK HapaMeTPOB), MOXKeT ObIThb, KaK U
JpyTHe orneparun, mepeonpeenena. I1ockombKy BbI30B (pyHKITUN 0003Ha-
JaeTcss KPYTJIBIMA CKOOKaMu, UMs (PYHKIIMUA, KOTOPasl IepeoIpeesiser
9Ty Omeparuio, OYJIeT COCTOSTh M3 CJI0Ba operator W KPYIJIBIX CKODOK;
KaK OOBIYHO, ITOC/Ie UMEHU (DYHKIINN 3AMUCHIBACTCS CIIUCOK (DOPMATBHBIX
mapamerpoB. Hampumep, omeparinsi BbI30Ba (PYHKIMU 0e3 mapaMeTpoB
3AITUCHIBACTCS TAK:

void operator(D () { /* Temo */ }

TTono6HO omeparnusiv MPUCBANBAHNUS U MHIACKCHPOBAHNS, BBI30B (DY HKITIH
IepeoInpe/iesseTcsd TOJIbKO MEeTOIOM KJIacca.

[Ipuseném mpumep. OnurreM kiace Fun, JIJIsT KOTOPOTO IIEPEOTIPE/Ie-
JIEHBI OTlepaIii BbI30Ba (DYHKINKM 0€3 ImapaMeTpoB, a TaKXKe ¢ OJHUM U
JABYMsI I1eJIOUNCIeHHBIMA apaMeTpaMu:

class Fun {
public:
void operator() ()
{ printf("funO\n"); }
void operator() (int a)
{ printf("funi: %d\n", a); }
void operator() (int a, int b)
{ printf("fun2: %d %d\n", a, b); }
};

Temeps MbI MOYXKEM HAIUCATH CJIELYIONI (DpPArMeHT KOJA:

Fun f;
£(0); £(100); £(25, 36);

B pe3y/ibTaTe BBIIIOJIHEHNA 9TOI'O (l)paI‘l\,IeHTa 6yﬂeT HalledaTaHO:

fun0
funl: 100
fun2: 25 36

Kiaccer, gyt KoTOpBIX OnpejiesieHa oneparus BbI30Ba (DYHKIIUNT — WHA-
Y€ TOBOPs, KJIACCHI, OOBEKTHl KOTOPBIX MOXKHO HCIIOJIb30BATDH IIOI0OHO
“MeHaM (DYHKIINI — 9acTo Ha3bIBAIOT hyHKMoOpamu.
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3.24. IlepeomnpesesieHne omnepanuu Ipeodopa3soBaHUSA
THUIIA

Paccmorpum cremyromuit pparmesT Koja:

int i;
double d;

/] ...
i = d;

B crpouke, comepxkarueii npucBauBanue, 3ajeiicrBoBana (HesiBHO) one-
payus npeobpa3zosaHUusl MUNG BbLPAHCEHUS, TTO3BOJIAIONAS B JTaH-
HOM CJIy4ae IOCTPOUTH 3HAYEHUE TUIla int Ha OCHOBE UMEIOIErocs: 3Ha-
genus Tuna double. AHAJIOTMYHYIO BOZMOYKHOCTH HESIBHOTO MPeobpa3o-
BaHUS MOYXKHO IPEIYCMOTPETH U JJIsl KJIACCOB, BBEJIEHHBIX TPOrPaMMU-
croM. OiH 13 crrocob0B HTOTO MBI Yy Ke 3HAEM — 3TO KOHCTPYKTOP TIpeos-
pasosarust (cM. §3.10); HO B HEKOTOPBIX CJIyYasiX TPUMEHUTH KOHCTPYK-
TOp IpeoOpa30BaHus He yAaéTcs. B 4acTHOCTH, KOHCTPYKTOPOM MOXKHO
3aJaTh Ipeobpa3oBaHne n3 6a30BOTO TUIIA B THUII, OMUCAHHBIN MOJIH30Ba-
TesieM, HO He Ha0OopoT. Kpome Toro, naorma OBIBAET 110 KAKIM-TO IIPUIU-
HAM HEBO3MOYKHO M3MEHUTH OIUCAHUE HEKOTOPOTrO KJIacca, HO B IIPOrpaM-
Me HYKHO TTpeoOpa3oBaHne B 00bEKTHI 9TOr0 KJIAacCa. BBIBAIOT U JIpyTrue
(JIOBOJIBHO 9K30THUYECKUE) CUTYAIUH, KOTJIa Mbl HE MOYKEM 33/IaTh CII0CO0
Ipeobpa30BaHmsl Ty TEM MOIMMPUKAIINN TOIO THIIA, K KOTMOPOMY TIPOU3BO-
JIATCsI Tpeobpa3oBaHue, HO MPU STOM Y HAC €CTh BO3MOXKHOCTH U3MEHUTh
([IONOJIHUTD) OLUMCAHKE M020 MUNGA, 3HAYEHUS KOMOPO2O NOJJIEIKAT IIPe-
obpazoBanmio. B Takux cirydasix IPUMEHSIIOT IIEPeOIpe IeIeHIe OePalii
1peo0pPa30BaHUS THIIA.

Omnepaiiyst HeSIBHOIO IIPe0bpa30BaHusl TUIIOB OIPEIEJISIeTCsl METOIO0M,
UMsI KOTOPOI'O COCTOUT W3 CJIOBAa operator W MMEHW THMa, K KOTOPO-
MY HEeOOXOINMO IpeoOpa30BLIBATH THI BEIPAXKEHUS. 1 U BO3BPAIIAEMOTO
3HAYEHUsI JJIs TAKOH (DYHKIINU He YKA3bIBAETCS, TaK KaK OH OlpeJIesis-
ercst umereM. Hampumep:

class A {

/...
public:

/7. ..

operator int() comst { /* ... */ }
};

Hasmuwne B xi1acce A onepanuu npeobpa3oBaHusi K int JiejaerT BO3MOK-
HBIM, HAIIPUMe]P, TaKO# KOJI:

A a;
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int x;
//
X = a;

EcrectBenno, onepanust npeobpa3zoBaHus MOXKET OBITH HEPEOIIPe/IeIeHa
TOJIBKO KaK MeTO/I KJIacca MJIH CTPYKTYPHI.

Varure, 9TO Ype3MEPHOE yBJIEUEHUE MEPEOPEIETICHUAMI OIIE€PAIIAN
1peo0pPa30BaHUs IPUBOIUT, KaK IIPABUJIO, K TOMY, YTO KOMIIUJISATOD Ha-
XOJIUT OOJIBITIE OJTHOTO CIOCOHA TPeObPA30BAHUSI U3 OJHOIO TUIA K JIPY-
TOMY W B pe3yJIbTaTe He MPUMEHseT HU OHOIO U3 HUX, BbIIaBas OIINOKY.
TTosTomy Ha mpakTHKe Iepeonpeie/ieHne OepaIuu MpeoOpa30BaHs TH-
I1a IIOYTHU He UCIOJIb3yeTCd; JJId MoJIydeHNd 3HaYeHnil Hy?KHOI'0 TUIIa U3
00BEKTOB KJIACCOB MJIM CTPYKTYDP OOBIYHO IPUMEHSIOT CIIEIUATIBHO JIJIs
9TOr0 BBOJIMMBIE METObI (OOBIKHOBEHHBIE, 63 CJIOBA operator), BbI3b-
BaeMble BHO. [IpuMmep KpaiiHe peJKOil CUTyarum, KOrjia Oleparus mpe-
00pa30BaHMsl THUIIA OKA3BIBAECTCs JIEHCTBUTENILHO HYXKHA, PACCMOTPEH B

§3.25.

3.25. IIpumep: pa3pe>keHHbIII MacCUB

o paspeotcernvim Maccuom TOHUMAETCS MACCUB OTHOCHTEIHLHO
GoabIioro 06béMa (HAIIPUMEp, COCTOAIINN U3 HECKOJBKHUX MIJIJINOHOB
3JIEMEHTOB), GOJIBIIUHCTBO 3JIEMEHTOB KOTOPOIO PABHBI OJHOMY U TOMY
JKe 3HAYEHUIO, JAIEe BCEro HYJI0, U JIUIIb HEKOTOPHIE 3JIEMEHTHI, KOJIAYe-
CTBO KOTOPBIX OY€Hb MAJIO B CPABHEHWU C Pa3MepOM MAacCHUBa, OT TOrO
3HAYEHUsT OTJIMIAIOTCS. FKCTECTBEHHO, B TAKOH CHUTyaruu Iejecoobpas-
HO XPAHUTDb B IAMSTHU JIMIIb T€ JIEMEHTHl MACCUBA, 3HAYEHUS] KOTOPBIX
OTJINYHBI OT HYJIsl (AU JPYTOTO «OBIIEro» 3HAYEHHUs ).

Tlonpobyem mammcath Ha Cu+-+ Takoil Kjacc, KOTOPBIH BeIET cedst
KAK IEJIOUNCICHHBI MACCHB IOTEHIHAILHO GecKOHeIHOro pasmepal’ B
TOM CMBICJIE, YTO K OOBEKTY HTOr0 KJIacca MPUMEHNMA ONePaIys WHIEeK-
cupoBanus (KBaJpaTHble CKOOKH), OTHAKO OObEKT PeaJibHO XPAHUT TOJIb-
KO T€ 3JIEMEHTBI, 3HAYEHUT KOTOPBIX OTJIMYAIOTCs OT HyJst. HazoséMm aToT
knacc SparseArrayInt. /Inst mpocTOTBI KApTUHBI OyJeM CUUTATH, UTO
KOJIMYECTBO HEHYJIEBBIX JIEMEHTOB MACCHUBA HACTOJHKO HE3HAUYUTEJHHO,
9TO Jlayke JIMHEWHBIN MOWCK CPeW HUX MOXKET HAC YCTPOUTH MO OBICT-
POJIEHCTBUIO. DTO MO3BOJUT XPAHUTH HEHYJIEBBIE JIEMEHTHI MACCHBA B
BUJIE CIIMCKA NAp <UHJEKC/3HadeHne». Bce JeTainy peajnsarum, BKIHO-
4yas U CTPYKTYPY, IPEICTABJIAIONIYIO 3B€HO CIIMCKA, CKPOEM B IIPUBATHOM
9aCTU KJIACCA, 9TOOBI B OyIyIeM MOXKHO ObLI0 6e300/1€3HEHHO CMEHUTH
peasm3aruio Ha 0oJiee CIOKHYIO.

17"Ha camom feste MbI Gy/ieM HCIIOIL30BATh B KAMeCTBe MHIEKCa THIT unsigned long;
3HAMEHNs TOTO TUIIA MOTYT AOCTUTaTh 252 — 1, T. €. 4yTh GOJIbIIE YETHIPEX MUJLIHAD-
JIOB.
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OcHoBHast IpobJyieMa TIPU PeaM3alui Pa3peskKeHHOT0 MacCHuBa BO3-
HUKAET B CBsI3U C IIOBEJIEHUEM OIllepallui WHIEKCUPOBaHUs. BbipakeHue
«3JIEMEHT MACCHBa» MOXKET BCTPEYaThCsl KaK B MPABOI, TaK W B JIEBOH
9aCTU MPUCBAUBAHUN, U B O0OUX CIIyUasdX HMCIOJB3YeTCsl OIHA U Ta JKe
dbyunusa-meron kiaacca SparseArrayInt — operator[]. Ecau 661 Bce
3JIEMEHTHl MaCCUBa XPAHWINCh B IAMATH, KaK 3TO ObLIO B IPUMepPe U3
§3.20, MOKHO OBLJIO OBI IIPOCTO BO3BPATUTH CCHIJIKY HA MECTO B ITAMSITH,
IJie XPaHUTCs 9JIEMEHT, COOTBETCTBYIOMN 3ajanHoMy unekcy. C paspe-
JKEHHBIM MACCHBOM TaK JI€ICTBOBATH HE MOJIYIHUTCH, TOCKOJIBKY B OOJIb-
[INHCTBE CJIyIAEB JIEMEHT B maMmsaTdh He xpanurcd. [Ipm sTom mpocto
BO3BDPATUTH HyJIeBOe 3HaveHMe (6e3 BCAKOW CCHUIKM) HENb3sl, BEJb TO-
IJla BhIpakKeHHe, CojleprKallliee Hally OIEepalluio WHJIEKCHPOBaHuUsl, Oy1er
HEJIb3sl TPUMEHSTD B JIEBOI YaCTH IPUCBAMBAHMUS.

Wrak, 4aTo xe menarh B ciIydae, ecjid Onepaliusi HHIEKCUPOBaHUS BbI-
3BaHa [JIsT MHIEKCA, JJIsi KOTOPOTO JIEMEHT B IIAMSTH HE XPAHUTCS, IIO-
CKOJIbKY paBeH HyJ110? OJIHO U3 BOBMOXKHBIX PEIIeHN — 3aBECTH B IaMsi-
TH COOTBETCTBYIOIIWII 3JIEMEHT, IIyCTh JaykKe W C HyJIEeBbIM 3HAYEHUEM, U
BEPHYTH CCBLIKY Ha HEro. JTO, KOHEYHO, IIO3BOJIUT BBITOJHSATH [IPUCBa-
WBaHUsI, HO IPUBEJIET K TOMY, 9TO IPU KAaXKJIOM OOpPAIEeHNN K HYJIEBBIM
ssieMeHTaM (B TOM YUCJE HA YTEHUE, a He Ha 3AlKCh) TAKHUE JIEMEHTDHI
OYyIyT 3aBOIUTHCHA B MMAMSITH, ¥ BCKOPE OKAYKETCH, UTO U3PAIHOE KOJIU-
YeCTBO IMaMSATU 3aHATO TEMU CAMBIMH HYJIEBBIMU 3HAYEHUSIME, XPAHEHUST
KOTOPBIX TPebOBaJIOCh M30e2KaTh.

CxeMy MOYKHO HECKOJIBKO YCOBEPIIIEHCTBOBATD, €CJIN KAXK/IbII pa3 1npu
BBI30BE OIEPAINN UHIEKCUPOBAHUS COXPAHATH B IPUBATHON 9acTU 00b-
eKTa 3HAYEHNEe MHJIEKCA WU JaKe aJpec 3aBOAMMOro 3BeHa crucka. To-
IJa IPU CJIEAYIONEM BBI30BE MOXKHO Oy/ieT NpPOBEPUTH, XPAHUT JIU 3a-
[IACh, 3aBeJIEHHAsI HA MPEeJIbIAYIIEeM BbI30BE, YUCJIO0, OTJIMYHOE OT HYJIs,
U eCJIM HET, TO YAAJIUTH €€, OCBOOO/INB IMaMsaTh. ¥ TAKOTO BapuaHTa pea-
JIN3AIK €CTh, OJTHAKO, CBOIl HEIOCTATOK: HA 3aBEJCHUE U YIAJEHUE dJie-
MEHTOB OYIeT TPATUTHCS U3PSITHOE KOJUIECTBO BPEMEHH.

B umease xoremoch 661 MMETH BO3MOXKHOCTD BBI3BIBATH Pa3Hble (OyHK-
[UA-METObI JJIsI CJIyYaeB, KOTJA IIPOUCXOJIUT OOpalleHre K IJIeMEeHTY
MaCCHBa Ha YTEHHE W KOIJla WHIEKCUPOBAHNE MCIIOJIb3YeTCsl JIJIsl [IPUCBa-
WBaHUsI 3JIEMEHTY HOBOTO 3HaJYeHWs. B mepBoM ciiydae MOXKHO OBLIO OBbI
TOT/Ia BO3BPAIIATH IPOCTO 3HAYEHUE JIEMEHTA WJIA HOJIb, €CJIA SJIEMEHTa
B TIAMSATH HET; BO BTOPOM CJIydae MOXKHO OBLIO OBbI 6€3 0COOBIX podIeM
CO3/1aBaTh HOBBIN 3JIEMEHT U BO3BpAIATh CCHUIKY Ha II0JI€, XPAHSIIee
3HAYEHUE; 9TO, BIPOUYEM, He HUCKJII0YAEeT HEOOXOIUMOCTHU IPOBEPKU Ha
CJIe/IYIOIIEM BBI30BE, He ObLI JIX IPEBILYIIEMY JIEMEHTY IIPUCBOEH HOJIb
(B TOM 9mCIIe IS CIy9aeB, KOra 3JIeMeHT yxke cymectBoBai). K coxa-
JIEHUIO, BO3MOXKHOCTHU BBEJEHUS PA3HBIX METO/IOB WHIEKCUPOBAHUS IJIs
TuX JAByX ciydaeB B Cu+-+ HeT, KAk HET W BO3MOXKHOCTH OIPEJIEIUTD
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U3 TeJjia Olepalliy UHIEKCUPOBAHUS, BbI3BAHA OHA U3 JIEBOI YacTU IPU-
CBamBaHUsI WA HET. DTO BIIOJHE MOXKHO CUMTATH HemocTarKoM Cu++.

BupoueMm, Takoit MeXaHU3M MOYXKHO CMOJEAUPOBAMb; UMEHHO TaK MbI
u nmoctynuM. HuKTo He Mermaer HaM ONMUCATh HEOOJIBIION BCIIOMOTATE b
HBI KJ1acC, 00BEKTHI KOTOPOTO KaK pa3 U Oy 1eT BO3BPAIIATH HAIIA Ollepa-
nust nHjgekcupoBanus. OObEKT 9TOro Kiacca OyJIeT MpocTo XPaHUTh BCIO
MMEOIIYI0 OTHOIIIEHNE K JeJly WHMOPMAIINo, a B HAIlleM CJIydae TakKoi
urdOpMAIMU HEMHOIO: aJIpec TJIABHOTO 00beKTa (TO €CTh CaMoro paspe-
JKEHHOI'0 MACCHUBA), ¢ KOTOPBIM HYKHO paboTaTh, U 3HAYEHUE MHIEKCA,
[epelaHHoe B KadecTBe ImapaMeTpa Olepalii WHIEKCHPOBAHUS.

Nmest a1y mwHQOpPMAIINIO U JTOCTYII K O0OBEKTYy MacCHBa, HAI BCIIO-
MOraTe/IbHbIi OObEKT B 3aBHCHUMOCTH OT CHUTYaIlUUd MOXKET IIPOU3BECTH
JIIOOBIE NefiCTBUs, KOTOPBIE B 9TOI CUTyallnu MOTYT OTPeboBaThCst. 10
JKe KAaCcaeTCs OIPE/IeICHNs, KAKasl U3 BO3MOXKHBIX CUTYAIN UMEET MECTO,
TO y BCIIOMOTATEJIBHOTO OO'BEKTA JIJIsT ITOTO €CTh CYIIEeCTBEHHO OOJIbIIe
BO3MOXKHOCTEl, 9eM OBLIO B TeJjie OIepaliyi WHIEKCHPOBAHUS: BeJlb BCe
olepaluu, MpUuMeHsIeMbIe K Pe3YJIbTATy OlEPAllny MHIEKCUPOBAHUS, KaK
pa3 u Oy1yT Ha caMOM JleJie IPUMEHEHBI K 9ToMy 00bekTy. Hanpumep, mno-
CTATOYHO OIPEIEIUTD JIJIsT HAIIETO BCIOMOTaTEIbHOIO KJIACCA OIEPAIIHT
peoOpa3oBaHms K TUILY int W IPUCBAWBAHUs, YTOOBI CII€JIATH BO3MOXK-
HBIM U KOPPEKTHBIM CJICIYIONHiA KOJI:

SparseArrayInt arr;

int x;

//...

x = arr[500]; // uremme

arr[300] = 50; // 3amuce (BO3MOXHO CO3LaHWE 3JIEMEHTA)
arr [200] 0; // ymameHue »JeMeHTa, e€CIX TaKOBOH eCThb

K coxanenuio, HEOCTATOK €CTh W y Takoil peaym3arnuu. [Ipobiema B
TOM, YTO OOBITHOE NIPUCBANBAHIE — ITO JIAJIEKO He €JINHCTBEHHASI Ollepa-
1ysi, CIIocOOHAs M3MEHUTh 3HAYEHUE IeJI0UNC/IEHHOM mepeMenHoit. [Tosb-
30BaTe/Ib BIIOJTHE MOXKET TOIBITATHCS HMCIIOJb30BAThH, HAIPUMED, TaKue
BBIDAYKEHUSI:

arr[15] += 100;
x = arr[200]++;
y = --arr[200];

Yro0bI Bce mo100HBIe oneparuu padoTain, HaM TPUIAETCS [JIsi HAIIErO
BCIIOMOTATEJILHOTO 00HEKTA OMPEJICJUTD X BCE SIBHBIM 00pPA30M, UTO 10~
Tpebyer U3psAAHOro 0b6béma paborsl: a3biku Cu u Cu-+-+ mopjep:kuBa-
FOT JIECSITDH OTlepaIiii IPUCBAUBAHUSI, COBMENIEHHBIX C apU(pPMETHIECKUMEI
gefictBusgMu (+=, -=, <<= U T.1I.), IJIIOC K TOMY YeThIPE OII€PAIUU UHKDE-
MeHTa/JekpeMenta (++ u -- B npedukcuoii u nocrdukcuoii dopme). B
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HaIeM TIPUMePE Mbl OTPAHUYINMCS OTTUCAHMEM OIIepaIlnu += U ABYX (popMm
oneparuu ++. QcrajbHbIe TOO0HBIE OIEPAIMH YUTATE/h 0e3 TPY/Ia OIu-
IeT CaMOCTOATEIBLHO IO aHAJIOTUU.

[Ipex e TeM IPOJIEMOHCTPUPOBATD 3aroJIOBOK KJIACCa
SparseArrayInt, oTMerTHM, YTO /I YIOOCTBAa peajIM3aIluu BCEX
MOIUUIUPYIOMUX OIepaIUil 11eJ1ecO00PAa3HO B KJIACCE BCIIOMOIATEJb-
HOTO OObEeKTa BBeCTH JBe BHyTpeHHme (dyHKimu. PyHKius Provide
OyZeT OTBICKHBATH B CIHUCKE 3JIEMEHT, COOTBETCTBYIOIIUN 3aJaHHOMY
WHJIEKCY, W BO3BPAIATbh CCBUIKY Ha II0Jie, COIepIKallee 3HAUCHUE;
€CJIM COOTBETCTBYIOIIErO 3JIEMEHTA B CIHCKe HET, QyHKIud Oymer
ero cosjaBaThb. Bropas dyukmus, Remove, OymerT yaadsaTh U3 CIUCKA
3JIEMEHT C 33JIAaHHLIM WHJEKCOM, €CJIM TAKOBOH B CIIMCKE IPUCYTCTBYET.
Bcenomoraresnbabit Kitacc HazoBéM Interm oT aHIIMIICKOTO intermediate.
C yué€ToM 3TOro 3arojioBOK KJiacca OyJIeT BBITVISIETh TaK:

class SparseArrayInt {

struct Item {
int index;
int value;
Item *next;

3

Item *first;

public:

SparseArrayInt() : first(0) {}

~SparseArrayInt () ;

class Interm {
friend class SparseArrayInt;
SparseArrayInt *master;
int index;
Interm(SparseArrayInt *a_master, int ind)

master (a_master), index(ind) {}

int& Provide();
void Remove();

public:
operator int();
int operator=(int x);
int operator+=(int x);
int operator++();
int operator++(int);

};

friend class Interm;

Interm operator[] (int idx)
{ return Interm(this, idx); }
private:
SparseArrayInt (const SparseArrayInt&) {3}
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void operator=(const SparseArrayInt&) {}

};

B camom kiacce SparseArrayInt, Kak MOXKHO 3aMETUTh, OKa3bIBAETCS
He TaK MHOTO (DYHKIHNI: OOJIbIasg 9acTh Peaan3alii OKa3bIBACTCs BbI-
TECHEHA B METOBI BCIIOMOTaTEIBLHOTO Kjacca. IMHCTBEHHBIM METOIOM
OCHOBHOTO KJIaCCa, TEJIO KOTOPOr0O B CHJIy Pa3MepOB HE BKJIIOYCHO B 3aro-
JIOBOK KJIacca, OyJIeT JIECTPYKTOP, KOTOPBI JI0JIZKEH OCBOOO/INTD IIaMSITh
OT 3JIEMEHTOB CIIHCKA:

SparseArrayInt::~SparseArrayInt ()

{
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;
}
}

OmurieM Tenepb MeTO/bI Kjacca SparseArray::Interm, B KOTODBIX U
3aKJ/II0YeHa OCHOBHAA (DYHKIIMOHAJIHHOCTH HAIIErO Pa3PEKEHHOIO0 Mac-
cuBa:

int SparseArrayInt::Interm::operator=(int x)

{
if(x == 0)
Remove () ;
else
Provide() = x;
return x;
}
int SparseArrayInt::Interm::operator+=(int x)
{
int& location = Provide();
location += x;
int res = location;
if(res == 0)
Remove () ;
return res;
}
int SparseArrayInt::Interm::operator++()
{

int& location = Provide();

int res = ++location;

if (location == 0)
Remove () ;

return res;
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}
int SparseArrayInt::Interm::operator++(int)
{
int& location = Provide();
int res = locationt++;
if (location == 0)
Remove () ;
return res;
}
SparseArrayInt::Interm: :operator int()
{
Item* tmp;
for(tmp = master->first; tmp; tmp = tmp->next) {
if (tmp->index == index) {
return tmp->value;
}
}
return O;
}

Ocrastoch omnmcarh BeroMmoraresbabie dyHkinn Provide u Remove:

int& SparseArrayInt::Interm::Provide()
{
Item* tmp;
for(tmp = master->first; tmp; tmp = tmp->next) {
if (tmp->index == index)
return tmp->value;
}
tmp = new Item;
tmp->index = index;
tmp->next = master->first;
master->first = tmp;
return tmp->value;
}
void SparseArrayInt::Interm::Remove()
{
Item** tmp;
for(tmp = &(master->first); *tmp; tmp = &(*tmp)->next) {
if ((*tmp)->index == index) {
Item *to_delete = *tmp;
*tmp = (*tmp)->next;
delete to_delete;
return;
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3.26. Craruveckue MmoJjisi 1 MEeTOAbI

WMuorma ObiBaeT moJIe3HO MMETH MEPEMEHHBIE W METOJbI, KOTOPBIE, C
OJIHOU CTOPOHBI, JOCTYIIHBI TOJIBKO U3 KJIACCA M/UJIM BOCIPUHUMAIOTCS
KaK €ro 4acTb, HO, C JPYroil CTOPOHBI, HE IIPUBA3AHBI HU K KaKOMYy N3
00BHEKTOB U MOT'YT HUCIIOJIH30BATHCS JIaXKe TOT/1a, KOTJIa HU OJTHOTO O0bEK-
Ta, JAHHOTO KJjacca He cyiecTByeT. B sizbike Cu-+-+ Takue djieHbI Kjac-
Ca HA3bIBAIOTCH CMAMUMECKUMU 1 0D03HATAIOTCS KJIIOUEBLIM CJIOBOM
static!®.

Cmamuueckoe noae Kaacca pejicTaBIsieT coboil, o cyTH, 00bIu-
HYIO IIEPEMEeHHYIO, BpeMs *KU3HU KOTOPO# COBIIaJaeT C BPEeMEHEM BbI-
TIOJIHEHUS IIPOTPAMMBI — TOYHO TaK Ke, KaK y TJIODAJbHBIX TIePEMEHHBIX.
IIpu 3TOM IpaBUIa BUAUMOCTH JIjIs CTATHIECKOTO MOJIS KJIACCa TOYHO Ta-
KUe Ke, KaK U JJIsd OOBITHBIX IOJIEH: CTATHIECKOE TI0JI€ BXOJIUT B 00JIACTh
BUIUMOCTU KJaccCa, TaK 4YTO IIPA YIOMHUHAHUU CTATHUIECKOr'O IIOJId BHE
METOJIOB KJiacca TPeDyeTCsl MCIOJIb30BaTh CUMBOJI PACKDBITHS 00JIACTH
BUJUMOCTH «: :» 19; Ha CTaTU4YECKOe I10JIe PACHPOCTPAHAIOTCS MEXaHU3-
MBI 3aIlUThI, TAK YTO, €CJIU €0 PACIIOJIOXKUTD B IIPUBATHON 4acTU KJ1acca,
JOCTYI K TAKOMY TIOJIIO Oy/IeT BO3MOXKEH TOJBKO U3 METOJOB KJIAcCa U
apy3eit kimacca. Ecan ke cTaTwdeckoe IMoJjie OCTABUTD B ITyOJIMIHON da-
CTH, MBI HOJYYUM IIPOCTO IJIOOAJBHYIO IEPEMEHHYIO C «XUTPBIM»> HMe-
HEM.

CyIIHOCTD CTATHYECKHX TI0JIEl KJIacca MOYKHO MOSICHUTD U MHAYE: CTa-
TUYECKOE I10JI€ — I3TO TAKOE «XUTPOE» I10JIe, KOTOPOe CYIIeCTBYeT B OJHOM
9K3EMILISIPE )T BCErO KJIACCA, BHE 3aBUCHMOCTH OT KOJUIECTBA OOBHEK-
TOB 9TOr0 KJIACCA; AK€ €CJIU HUA OJHOIO OObEKTA HET, CTATHIECKOE I10JIe
BCE PaBHO CYIIECTBYET, KOJb CKOPO OHO ONHUCAHO B Kiacce. [lomydaercs,
9TO CTATUYECKOE I10JIe, B OTJINYMUE OT OOBIYHOTO, HE SBJISIETCS COCTABHON
JaCThIO 00B€KMa W NPUHAIJIEKNAT KAGCCY KAK €IUHOMY IIeJIOMY.

CraTugyecKkoe 1moJjie OMUCHIBAETCS B KJIACCE TOYHO TAK K€, KAK U 00BIU-
HOEe TIOJIE KJTacca, TOJBKO C JoOaBIeHNEM CIIEpeIn CJIOBa static:

class A {
/7. ..
static int the_static_field;
/7. ..

};

18He myTaiiTe nX C JIOKATLHBIME TTEPEMEHHBIME ¥ (DYHKIHAMHE MOy, a TaKKe
C JIOKQJILHBIMH II€PEMEHHBIMU (DYHKIHII, KOTOPbIE COXPAHAIOT CBOE 3HAYEHUE IIPH II0-
BTOPHOM BXOJ€e B DYHKIMIO; KakK U B a3blke Cu, B Cu++ 3Tu CyImuocTH ToXKe 0603Ha-
YaroTCsl CJIOBOM static, HO MPaKTUYeCKH HUYero oOIIero He NMEKT CO CTATUYECKUMU
IEHAMHU KJIACCa.

9Mpr yrke BCTpEYANCh C CUMBOJIOM PACKPBITHS OBJIacTH BUAUMOCTH B §3.13 Ha
cTp. 61.
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Hy:xHo y4ecTh 0UeHb BasKHOE OTJIUYUE CTATHUIECKOIO MOJIsI OT OOBIYHOIO:
ecJi onucaHre OOBIYHOIO IOJIsI caMo I0 cebe yKe 03HAYaeT, 9TO B 00b-
€KTe TIOJT ITO ToJie Oy/IeT BBIJEIEHO MECTO, TO OINUCAHWE CTATHIECKOTO
[IOJIE O3HAYAET JIUIID, 9TO MECMO N0d Mo noase 6ydem evideneno 20e-mo
6 00HOM U3 MOOYAET NPO2PAMMDbL.

YuTtatens, xopolo 3HakoMblii € 53bIkoM Cu, MOXET 3aMeTUTb 34€eCh MPSIMYIO
aHanornto ¢ obbvsaBAEHNAMU rNobasbHbIX NEPEMEHHbIX C ,D,I/IpeKTI/IBOﬁ extern. Hro-
Obl NOHATb, NOYEMY OMUCAHUE CTATUYHECKOro NOJiIA B K/AacCCe€ CHUTAETCA UMEHHO
obbsiBNeHMeEM, a He onucaHuem, nogymaiite, 4To DyneT, eciim 3arosoBoK Knacca
OyneT BblHECEH B 3arofioBOYHbIN haiis, a cam 3TOT haiial — BKIKOHEH N3 HECKOSIb-
KX Mogynern.

I/ITaK, I‘ITO6I)I 3aBEPIINTH CO3/IaHNE€ CTATUYIECKOT'O I10JIsl, HY?KHO BHE
KJIacCa IIOMECTHUTD €0 OIUCAHUE:

int A::the_static_field = O;

OOBIYHO OIIpeIeIeHNsT CTATHIECKUX TOJIell CHAOXKAIOT WHUITHAIM3AIIEH,
KakK B HAIIEM [IPUMepe, XOTs 3TO U He 0bst3arebHo. ObpaTnTe BHUMAHUIE,
9TO, €CJIM Ballle ONMCAHUE KJIACCA BBIHECEHO B 3ar0JIOBOYHBIN (baili, To
OIIpeJIeJIEHUsI CTATUYIECKUX IOJIeill ciieflyer 00s3aTeJIbHO MOMECTHUTD
B daiiy peasm3anuu OJHOTO U3 MOYJIEH, HU B KOeM CJIydae He B
3ar0JI0BOYTHUK!

[ToBTOpuM, 4TO BBEIEHHOE TAKAM OOPA30M CTATUYECKOE I0JIe Oy/er
CYIIECTBOBATH B MIPOrpaMMe B €JMHCTBEHHOM 3K3eMILIsIDE U B Te-
YeHHne BCEero BPEeMEHU BBIMOJIHEHUsI IIPOTrpPaMMbl BHE BCAKON 3a-
BHCHMOCTH OT TOI'O, OYJIyT JI B Ballleil IIpOrpaMmMe 3aBOIUTHCS OObEKThI
KJIacca A ¥ B KaKuX KoJimdecTBax. Ecm noMecTuTb 0ObsIBIICHUE CTaTHIe-
CKOT'O TIOJIsI B TIPUBATHON YaCTH KJIacCa, TO COOTBETCTBYIOIIEE UMsl OyJIeT
JIOCTYITHO TOJIBKO B METOJAX KJIACCA U B «JIPYKECTBEHHBIX» (DyHKIAIX.
O0bsIBIIEHEE MOXKHO TIOMECTHTD W B OTKPBITYIO 9aCTh KJIACCA, TOTJa OHO
OyeT JOCTYITHO OTOBCIOMY, & 0OPATUThCS K HEMY MOXKHO OyJIeT KaK Jyepes3
CYIIECTBYIOIIMIT OObEKT, TaK U 0e3 BCSIKOIO 00'bEKTa C TOMOIIBIO SIBHOTO
PACKPBITHS 00JIACTH BUJIUMOCTH:

A a;
a.the_static_field = 15; // mpaBunbHO
A::the_static_field = 15; // Toxe mpaBmibHO

Cremyer OTMETUTb, YTO CTATHIECKUE IOJIS CXOXKHU € [JI00AIbHBIMA
TepeMEHHBIMA B TOM YHNCJE W T€M, YTO B HUX IPOTrpPaMMa MOIKET Ha-
KANAUBAMD 2/000A5H0E COCMOAHUE, B PE3YIbTATE UYET0 JJIsT CTOPOHHETO
HabJTIOIATE IS TTOBEJICHIE OJIHUX U TeX yKe (DYHKITNN OKAXKEeTCsT N3MEHSIIO-
MMUMCsI TI0 HEOUEBUIHBIM 3aKoHaM. Kpome Toro, crarudeckue MOl MO-
IyT CyIIECTBEHHO 3aTPYIHUTH MACIITAOMPOBaHue TporpamMMbl. Tak, ecu
BaM 3a9E€M-TO TTOHAIOOMJICA CIHUCOK OOBEKTOB OMPEACTEHHOTO KIacca, 1
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BbI BBEJIU JIJIsT 9TOM I€JIM CTATUYECKUNl yKa3aTejb Ha IEPBBIA 3JIEMEHT
TAKOI'O CIIMCKA, TO 9TO O3HAYAET, YTO B IIPOrPAMMeE TAKOM CIIMCOK MOXKET
OBITH TOJIBKO OJIMH, & €CJIM KOTJA-HUOYIh TOHAIOOUTCS J[Ba TAKUX CITHAC-
Ka (13 0OBEKTOB OJHOIO U TOIO K€ TUIIA), IIPOIPAMMY HPUIETCH OYeHb
CEPBE3HO TIepesieiaTh.

[TosToMy mcmosIb30BaHUE CTATUYECKUX MOJIeil peKOMeHayeTCsl
B OJ/THOU U TOJILKO O/THOU CUTyalMU: KOTJa TaKoe II0Jie IPEeACTaB-
JsieT coboii KOHCTaHTY, TO €CTh €ro 3HadYeHne HUKOT/Ja He m3Me-
HsIeTCd BO BpeMsi paboThbl mporpamMmbl. Hampumep, crarmdecKum
IIOJIEM MOYKHO TIPEJICTAaBUTh KAKOW-HUOYIh KPYIHBIH MacCHB, COIEpIKa-
Mui HeudmerHole TAHHbIe, HEOOXOIUMBIE /IS PAOOTHI 00BHEKTOB JTAHHOTO
KJIacca, HO He TPeOYIOIIuecs: HUTe 3a ero mnpejeiamu. [Ipumepom Takoro
MaCCHBa MOTYT CJIYZKHUTh, HATIPUMED, TabJIUIIA IEPEXOI0B MEYK Y COCTOsI-
HUSMHI KOHETHOTO aBTOMAaTa B KJIACCE, PEATU3YIOIIEM 9TOT KOHEIHBIN aB-
TOMAT; MACCUB CTPOK C BO3MOYKHBIMH JTUATHOCTUIECKUMH COOOIIEHMSIMIT;
TabJIMIa COOTBETCTBHS [I0Jb30BATEIbCKUX KOMaH L (CTPOK ) BbI3bIBAEMBIM
byHKIIAAM, U T. 1.

Cmamuueckuti mMemod — 310 0coObIil Bu (DYHKITMI-METOA, KO-
TOpad, ABJIAACh METOAOM KJjlaCCa W HMMed JOCTYII K €r0 3aKPBLITBIM Ie-
TaJIIM pPeaJI3alui, IPH 3TOM BBLI3BIBAETCS HE3aBUCUMO OT OO'beK-
TOB KJiacca. [lepBoHaYaIbHO CTATHIECKUE METOAbI MpEeIHA3HAYANCD
I pa6OTI)I CO CTaTUYE€CKHUMHU ITOJIAMU, HO HO.Hy‘IHBLHHﬁCH MEXaHU3M Ha-
méJ B MUTOre CYIIECTBEHHO 0oJiee MUPOKMil crekTp npumMeneHuii. Omnu-
CaHuEe CTAaTUYIECCKOI'O METOJa aHaJIOTUYHO OIIMCAaHUIO O6])I'~IHOFO MeToaa,
HO TIepeJl TaKUM ONHCAHWEM CTAaBUTCS KJIOUEBOE CJIOBO static, Kak B
CJIeJIYIONIEM IIpUMepe:

class Cls {
//...
static int TheStaticMethod(int a, int b);
//...

}s

O6paH_[eHI/Ie K CTaTU9€CKOMY METO/1Yy, KaK U K CTaTUIE€CKOMY IIOJII0, BO3-
MOXKHO KaK 4Yepe3 00BEKT KJlacCa, TaK 1 oe3 TaKOBOTI'O, C IOMOIIIbIO CUM-
BOJIa PaCKPBITHUA obsiacTu BUJIVUMOCTH:

Cls::TheStaticMethod(5, 15); // Bcé mpaBumbHO
Cls c;
c.TheStaticMethod(5, 15); // Tax Toxe MOXHO

IlockonbKy craTmdeckast (byHKITUSI-METO MOXKeT ObITh BbI3BaHA 6€3 00b-
€eKTa, y Heé, KaK CJeJICTBHE, OTCYTCTBYET HesBHBII napamerp this (CM.
§2.2). Kpome Bcero mpodero 3To 03HAYAeT, YTO Takas (DYHKIMA He MO-
JKET MPOCTO TaK OOPAIAThCs, KAK JPYTUe METObI, K IOJIM OOBbEKTa,
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Bejib 00beKTa y Heé HeT. BhI3bIBATh HECTATUYECKHE (DYHKITHH-METOIIbI
craTuyeckast (YHKIINsT TOXKe [IPOCTO TAK HE MOYKET, IIOCKOJIbKY HeCTaTHU-
YECKHE METOJIbI JOJIZKHBI BBI3BIBATHCSI JIJIsi KOHKPETHOrO 00bekTa. Curya-
[IUsT KAPIUHAJIBHO MEHSIETCsI, €CJIH CTATUIeCKas (DYHKIUSA TeM WA WHBIM
CITI0cODOM BCE-TaKM TOJyUIaeT JOCTYI K 00BEKTy CBOEro KJjacca. Takoe
BIIOJTHE MOKET IPOU30HTH M HUKOMM O0pa3oM He HPOTUBOPEYUT OIpe-
JIEJIEHUIO CTATHYECKOTO MeTOJa: JEeHCTBUTEILHO, HUKTO HE MeIaeT Iie-
pelaTh OOBEKT Yepe3 OJINH U3 sIBHO OOO3HAYEHHBIX [TapaMeTPOB; BIIOJIHE
BO3MOXKHO IOJIYIUTH JOCTYII K OObEKTY CBOErO KJIacca depes TiiobaabHble
[epeMeHHbIe UJIM C TOMOIIBI0 TJIO0AIBHBIX (DYHKIINI; HAKOHEI], CTATHU-
gecKasi QPYHKI[AsI BIOJHE MOXKET CO3JaTh OObEKT cama.

WNrak, HECMOTPsI Ha OTCYTCTBUE yKa3aHUN Ha KOHKDPETHbBIH OOBEKT
[P BBI30BE CTATUYECKOH (DYHKIMM, OHa B HEKOTOPBIX CJIyYasiX MOXKET
MOJIYYUTh JOCTYI K OOBEKTY cBoero kKjacca. U Torma crarmdeckast
dbyHKINA, KaK 1 JIIo00i MeTo 1 KJjlacca, MOXKeT obpaliaTbes K 3a-
KPBITHIM (IPUBATHBIM) IOJISIM M MeToAaM obbekTa (geiicrBuresinb-
HO, KaK y»Ke 'OBOPUJIOCH paHee, eauHuIeil 3anmrbl B Cu-+-+ siBJjisiercsi He
00bEKT, a KJIacC WK CrpykKTypa neaukoM). Hamuune 8 Cu++ crarude-
CKUX METOJIOB TIO3BOJISIET B Psifie CIYyJa€B MPUMEHSATH BEChbMa W3AIIHBIE
npuéMbl TpOrpaMMupoBanusi. Hanpumep, Mbl BIOJHE MOXKeM yOparh B
3aKPBITYI0 9aCTh KJACCA BCE UMEIOIINECs] KOHCTPYKTOPBI, 3AIPETUB Ta-
KM 00pa3oM co3jiaHne 0ObeKTOB JIAHHOTO KJIacca M3BHE €ro CaMoro, u
[IOPYYUTH CO3JIaHNe OOBEKTOB CTATHYECKOMY METOJY, KOTOPBI MOXKHO
BBI3BATH, HE UMesi HU OJIHOI'O OOBEKTA.

4. O6paboTKa NCKJIIOYATEIbHBIX CUTYyaIi

[Ipex e vem HAYATH pacckas3 00 06padboTke nckodeHnin B Cu++, Mbl
JOJIZKHBI IIPEIOCTEePeYDb YUTATE I OT BO3MOXKHBIX ITOC/IEACTBUNA HEKPUTH-
YECKOIr0 BOCIIPUATHS 9TOr0 nHCTpyMenTa. O0mas nies HCKIIOYUTEIbHBIX
CUTyanyii, KaK BBl yBUIUTE 9yTh II032KE, YPE3BLIYAMHO IIOJIE3HA, HO TO,
KaK 9TOT MHCTPYMEHT IpeacTaByeH B a3blke Ch+-+, BLI3BIBAET OIPEIe-
JIEHHOE HemoyMenne. UToObl pealin30BaTh epeiady yIpaBIeHus B CTPO-
roMm coorBercTBun co crernuduranueii Cu+-+, KOMIUIATODP BBIHYKICH
HJTH Ha HEOUYEeBUIHBIE U JOPOTrOCTOIINE TPIOKH — BCTABJISTH B IIPOrPaM-
My OOJIBIIOE KOJHUYECTBO MPAKTHYCCKH OECIIOIE3HOIO MAIIMHHOTO KO,
HCIIOJIb30BATh T'POMO3AKYIO <HEBUAUMYIO» OMOJIMOTEIHYIO MOIIEPIKKY,
CHUKATDb OBICTPOJIEHICTBIE; KOJIb CKOPO MBI YIIOMSIHYJIM OBICTpOIEACTBIE,
OTMETHUM, YTO, €CJIM YK Ballla IporpaMMa IIepelnia B COCTOsHue obpa-
OOTKHU UCKJIIOUUTEBHON CUTYAIIUN, TO MPOUCXOIUTH 3TO OYJIET M0 KOM-
[ILIOTEPHBIM MEPKaM IIPOCTO HE3YMHO MEIJIEHHO.
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MHuorue mporpaMMUCTBI, JlaXKe He OTHOCATIINE ce0sT K KOHCEPBATOPAM,
MMOJO0HBIM ABTOPY ITUX CTPOK, CUUTAIOT KCIIOJH30BAHUE MCKJIIOYUECHUN
HEJIOIYCTAMBIM; OOJIBITUHCTBO KOMIIIATOPOB CH-++ ITO3BOJISIET TTOJTHO-
CTBIO OTKJIIOYNATH ITOT MeXaHU3M. BO3MOXKHO, IpY MUHUMAJIHCTHIECKOM
I0/TX0J1e, KOTOPBI MbI NPUHSIIN B Hameil kaure B oTHormennn Cu+-+,
Jioruvnee ObLIO ObI BOODIIE HE PACCKA3BIBATDL 00 MCKIIOUEHUAX, U TAKON
BApHMAHT, CMEEM BaC 3aBEPUTh, PACCMaTPHUBAJICA BeCbMa CEPbE3HO, HO,
HECMOTPs Ha BCE CKa3aHHOE, 9Ta IVIaBa B KHHUI'E€ COXPAHUJIACH, U ITOMY
€CTb TEeJBIN P TPUINH.

[Ipex e Bcero cieayer OTMETUTH, 9TO HCIOIbL30BAHNE MCKJIIOYEHUMA
UPE3BBIYAITHO CHJIBHO CHHU2KAET TPYI0EMKOCTH HAIMCAHUSI IIPOIPAMM, BO
BCSIKOM CJIydae, €CJU CPABHUBATH C IIPOTPAMMaMU, B KOTOPBIX, HECMOT-
ps Ha OTCYTCTBHE MEXaHU3Ma MUCKJIOUEHUl, BCe BOSHUKAOIINAE OMUO0Y-
HBIE€ CATYAIIMM CKPYILYJIE3HO MPOBEPSIOTCS U obpabarbiBaioTcs. MoxKHO
JIX PaJiX TAKOTO BBIUTPLIINIA B TPYAOEMKOCTH MO2KEPTBOBATH IDPEKTUB-
HOCTBIO — BOIIPOC, Ha KOTOPBLI CJIe/IyeT OTBEYATh, UCXOS U3 OCOOEHHO-
cTell KOHKPETHOH pentaeMoi 3aJa4u.

Ho ectb 31ech n apyroit MOMEHT, TOXKAJIYH, JaxKe Oojiee BayKHBIMH.
Henocrarku, npucyimme MmexannsMmy UCKI0UeHnit si3bika Cu++, 00yctos-
JIEHbl HE TOJIBKO U HE CTOJIBKO CaMOIl mjeeil MCKJIIOYEHUU, CKOJIbKO JI0-
BOJIBHO CTPAHHBIM IIOJIXOJIOM, KOTODBIA M30paJj JJjis BOILIOIIEHUS ITOH
njen Beépr Crpaycrpyn. O6paboTKa MCKJIIOUEHUN KaK TakKoBas CyIe-
crByer He TOJIbKO B Cu+-+, U JlajleKo He Bcerja OHa CTOJIb Ke yOuii-
CcTBeHHA JJIsi 9(PPEKTUBHOCTH TIOJIyYeHHON TporpamMMbl. MOXKHO JIErKO
[IPEICTABUTL cebe IPYToil MOAX0/I, KOTOPBIf HUIyTh HE CHU3UI OBbI BbI-
PA3UTEJIbHONA MOINY HUCKJIOYEHUN, HO IIPU ITOM TaKOU, KOTOPBIA He 3a-
CTaBJIsLJI ObI IPOrPAMMICTOB JIOMATh KOIIbsI 110 TIOBOJLY JIOILYCTUMOCTH €0
IPUMEHEHUS.

Ons yutaTeneid, KOTopble 3HAIOT, O YEM MAET peydb, NOSICHUM: eC/in Bbl KOH-
KpeTHasi nckao4YnTesbHas cutyauusi nagedtudunumposanacs 8 Cu++ He tunom
06beKTa, KakK dTO CHENaHo ceiivac, a ajpecoMm nepemMeHHOUN NPOU3BOJIBHOMO TU-
na, FJ106aJ1bHOﬁ, ,D,I/IHaMI/I‘-IeCKOI‘/’I Nnnn gaxe CTeKOBOVI, ansa KOTOpOﬁ nporpaMmMmuncT
0b6si3aH rapaHTMpPOBaTh, YTO OHA HE MepPecTaHeT CyLLeCTBOBAaTbL HU K MOMEHTY BO3-
By>KAEHUS NCKITKOHEHUS, HI K MOMEHTY ero obpaboTku, To 0bpaboTka uckntoHeHmii
HE TAHYyNa bbl 3a coboi ANHAMN4YECKOro MOHCTpPa, UMEHYyeEMOro cucrtemoii naeH-
Tuchnkayum Tunos Bo Bpemsi ucrosHeHuss (RTTI), a nomeTka u pasmoTka cTeka
mornn 6bl pabotaTth npotye n BbicTpee.

C y4éroMm BCero 3Toro MOXKHO CKa3aTh, UYTO 3HAKOMCTBO ¢ 0OpaboT-
KOIl MCKJIIOYEHU OyJIeT 9UTATEIIO MMOJIE3HO, JAXKe €CJIM OH IIPUMET JIJIst
cebst pelrerre HUKOT/Ia He UCTIOJIh30BaTh eé B mporpammax Ha Cu-+-. Cy-
IIECTBYIOT JAPYTHE S3BIKH, IIPEyCMATPUBAIOIINE aHAJOTUIHBIE CPEICTBA.
Kpowme Toro, B GyyrieM BO3MOXKHO (M, HOXKAJIyH, HEn36€XKHO) MOsIBIIe-
HHE KAKOTO-TO HOBOT'O S3bIKA MPOIPAMMUPOBAHUS, U, BO3MOYXKHO, B HEM
BCE-TaKM y4TyT HeraTUBHBIH onbliT Cru4+.
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Cpazy xoTejoch ObI OTMETHUTH €IEé OJMH MOMEHT. Ecjin BbI BCE xKe
peluTe UCII0/IHb30BaTh UCKJIIOYEHUS B CBOUX [IPOrPAMMAaX, TO, BO BCAKOM
cilydyae, HUKOT/Ja He IPUMEHSHTEe MeXaHu3M oO0paboTKU MCKJIIIO-
YUTEJIbHBIX CUTYAIUil OJI wWiMamH020 BBIXOZAA N3 BJIOXKEHHBIX
YIPABJISAIOINX KOHCTPYKIWH WJINA INIyOOKUX IIEMOYEK BBHI3OBOB
dbyukamii. Korga B Barmeit mporpaMme BO3HUKJIA Ta WM WHAST OIMTAOKA,
BaM y2Ke OOBIYHO BCE PABHO, CKOJIbKO BPeMeHU YT Ha €€ 06paboTKy:
B OOJIBIIMHCTBE CJIy9aeB BBIXOJ U3 IOJIOKEeHNsT TpeOyeT BMeEIIaTe/IbCTBa,
[OJIb30BaTes (UeI0BEKA), & €r0 «II€PETOPMO3UTDLY HAJO eIl UCXUTPUTD-
csa. CoBceM JIpyToe JIeJio, eCiiu HUKaKoil ommOku Het. Vckiouenus pa-
60TarOT MEJJIEHHO S0 TaKOH CTEIeHM, YTO IPOrpaMMa, UCIOIb3YIOIast
UX JJIsl IITATHOIO BO3BpATa YIPABJIEHUS U3 BJIOKEHHOI'O BBIYHCJIATE b
HOIO KOHTEKCTa, MOXKET (Jierko!) mpoBoguTh B 00paboTKe MCKIIIOYEHUI
IIPOIIEHTOB 3TaK 95 BCEro CBOEro BpeMeHM pPabOThI: KOJLJIETH PAaCCKA3bI-
BaJIM aBTOPY PO PeasbHbIE CIydan, KOTJa ObICTPOIEHCTBHE TPOrPAMMBI
HOBBIIIAJIOCH 60JIee YeM Ha HOPsiIOK (KOHKDETHO — B CEMHA/IATh Da3)
13-3a 3aMeHbI BBIXOJ/[A 110 MCKJIFOUEHUIO Ha IIPOCTON return u HECKOJIBKO
rJI00aJIbHBIX (DJIAXKKOB.

Kak roBoputcs, KTO mpeaynpekIeéH — TOT BOOPYKEH.

4.1. OmnboYHbIE CUTyallUN U IIPOOJIEMbI UX
obpaboTKu

JIio6ast CKOJIbKO-HUOY b HETPUBHUAIbHAS IIPOTPAMMA COJAEPKUT par-
MEHTBI, KOTOPbIEé B HEKOTOPBLIX ODCTOSATENHCTBAX HE MOTYT O0TpaboTaTh
KOppekTHO. Hampumep, mporpaMmva, aHAJU3UPYIONIAs COJEPKUMOE 3a-
JaHHOrO (hailyia, He CMOXKeT paboTarTh, He CYMeB OTKPBITH (Dailyl Ha 4uTe-
HUe; mporpaMma, paboTaromiasi M0 KOMIIBIOTEPHO CeTH, He CMOXKET pa-
6oTaTh, eciim He PabOTAaeT CEeTh WU €CJU HEIOCTYIIeH HYXKHBI CepBep;
byHKIMSA, TPOU3BOAAIIAA CJIOXKHBIE BBIYUCJICHUS, HE MOXKET KOPPEKT-
HO UX 3aBEpIIHUTD, €CJIU B XOJIE BBIYUCIEHUN TOTPEOOBAIOCH JIeJIEHUE HA
HOJIb WJIN, HAIIPUMED, BBIYUCJIEHUE JlorapudMa 110 eMHITHOMY OCHOBa~
HUtO, U T. 1. [lo700HBIE CUTyaIun HA3BIBAIOT OIIMOOYHBIME, OJHAKO Ke
9TO COBEPIIEHHO He 00s3aTeJbHO O03HAYAET, UTO ONIMOCI IIPOrPAMMICT,
nucaBIIuit mporpaMmy. B ciydae ¢ daitsiom «BHHOBAT» B BOSHUKHOBEHIH
OmuHOIHOM CUTYAINN, CKOPEe BCETO, TOJIb30BATENb, B CJIydae C CEThIO —
00CITyKUBAIOITHH [TEPCOHAJ CETU UJIH CepBepa; JIeJeHre Ha HOJTb MOYKET
OBITH CJIEJICTBUEM OIMUOKU IIPOIPAMMUCTA, HO MOYKET CTaTh TAKXKe U pe-
3yJIBTATOM HEKOPPEKTHO C(OOPMUPOBAHHBIX UCXOIHBIX JTAHHBIX.

WNuadge roBopst, MBI IIPU HAIMCAHUU IPOIPAMM YACTO CTAJKHABAEMCS
CO CJIyvasiM, KOTJIa YCIIelTHasi paboTa Hallell MpOorpaMMbl 3aBUCHT OT
BHEIIHUX YCJIOBUI, KOTOPbIE MBI CAMU TapAHTUPOBAHHO OOECIIEYUTDH He
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MOXKeM. B Takux ciydasiX IPUXOIUTCS MIPEyCMaTPUBATh B IPOIPAMME
06pabomxy owWuUbOK.

IIpoBeputh Bce HyKHBIE yCJIOBUsI OOBIYHO HECJIOKHO. CyIecTBeHHO
CJIO’KHEE MOYKET OKA3aThCs CJIEIYIONIMII BOIIPOC: a 4TO K€ JIeJIaTh, eC-
JIX YCJIOBUS OKA3aJINCh HEYIOBJIETBOPUTEIbHDI, — He OTKPbLICH (aii, He
YCTaHOBUJIOCH COEJINHEHNE, B JIEJINTEJIE€ OKA3AJICS HOJIb, — TO €CTh BO3HUK-
Jia Ta caMas omubovYHas curyanusi! MHOrre CTy/1eHThl B TAKON CUTYAIIH
[IOCTYTAKT MIPOCTO, MEIIEBO W CEPIAUTO: MEYATAIOT KaKOe-HUOyIh CO00-
nierre (oderb acto npocro "ERROR") 1 3aBEpIIAIOT BBIIOJHEHHE IIPO-
rpaMMbl, HAIIpUMepP, BHI30BOM exit. B peasbHOI Ku3HM TaKOil BAPUAHT,
KaK IIPaBUJIO, HEJOIYCTUM. UTOOBI IOHATH IPUIUHBI STOH HEJIOIYCTUMO-
CTH, TIPEJICTaBbTE cede, UTO BBI JIOJT0 HAOUPAJIU TEKCT B KAKOM-HUOYIbH
TEKCTOBOM PEJAKTOPE, ITOTOM IPU COXPAHEHUU CAY4ATUHO BBEJH Helpa-
BUJIbHOE UMsl IUPEKTOPUH WJIN, HAIIPUMED, IOIBITAJINACH OCYIIIECTBATH 38~
IACh HA 3AIUINEHHBI HOCHTEIb. Ecan ObI aBTOP TEKCTOBOIO PEIAKTO-
pa 0b6pabaThIiBaJ OMUOKN <«IO-CTYJAEHIECKU», MIPOrPAMMa PeIakTopa Obl
HEMEJ[JIEHHO 3aBEPIINIach, YHUITOXKUB BCE Pe3yJibTaThl Balleil paboThI.
MaJioBeposiTHO, 9TO TaKOe MOIJIO ObI BaM IOHPABUTHCH.

BoJtee Toro, He Bcerma m He Be3lle MOXKHO TaK BOT IPOCTO <«HAIEYaA~
TaTh coobmreHnes. Hampumep, npyu mporpaMMUPOBAHUNA OKOHHOIO IIPU-
sioxkenust mox, MS Windows HUKaKOro moToka CTaHIAPTHOTO BHIBOIA B
pPAaCIOPS2KEHNU ITPOrPAMMUCTa HET, TaK YTO BMECTO IeYaTH IPUXOIUT-
Csl CO3/IaBaTh MOJIAJIBHBIN MAJIOr C COOTBETCTBYIOIIUM TEKCTOM U KHOII-
kamu. ITom OC Unix Bcé He Tak IJIOXO, HMOTOK CTAHIAPTHOTO BBIBOIA
€CThb BCEr/ia, €CTh JaXKe CIEIUAJBHBIN TMOTOK i BBIBOIA COOOIEHU
006 ommbKax; mpobaeMa TOJBKO B TOM, UTO JIAJTEKO HE BO BCEX CIIYUadX
pPe3yJIbTaThl BBIBOJA B 9TU IIOTOKU KTO-TO YUTAET, I B HEKOTOPBIX CJIyda-
sIX CJIeJlyeT BMEeCTO HHUX II0JIb30BaTbCsl CUCTEMOI »KypHaJju3anuu. Kcim
JKe HAIMCAHHBI HAMU KOJ[ pabOTaeT B sijipe OIEePaIlMOHHON CUCTEMBbI WJTH
9TO TPOIUBKA JIJIsT KAKOTO-HUOYb MUKPOKOHTPOJIIEPA, TO BO3MOXKHOCTH
«BBIJIATH COODIEHNE 00 OIMMOKE» MOXKET MOMPOCTY OTCYTCTBOBATH KaK
sIBJIEHUIE.

Kpome Toro, He Bce omubounble cuTyaruu parajbHbl. B BhIIIEYIOMSI-
HYTOM IIPUMEPE ¢ PEJIaKTOPOM TEKCTOB B OIIHOKE, JIOIYIIEHHO 0JIb30-
BaTeJIeM, HET BOBCE HIMYErO CTPAITHOrO: HY?KHO IIPOCTO KOHCTATHPOBATH
dakT OmuUOKN W MONPOCUTH IOJIH30BATEsT BBECTH JIpyroe mMs daiiia.
Toumo Tak ke MoOXKeT He OBITh (PaTAJBHON OIMMOKa, CBA3aHHAS C YCTa-
HOBJIEHHEM CETEBOI'O COEJIMHEHUs, BEJb BO MHOIUX CJIydasx MOXKHO 00-
paTuThes K cepeepy-ay6saépy?’. Jlaske cuTyarus C JeJeHHeM Ha HOJb
B HEKOTODPBIX CJIyYasiX MOXKET OKa3aTbCs HedaTabHOM, KaK, HAIIPUMED,
[IPU UCCJIETOBAHNN HEKOTOPBIX HEKOPPEKTHO TIOCTABJICHHBIX 388 OObIU-

20Takoe BO3MOKHO IIpH OGPAIIEHNSIX K CHCTEME JOMEHHBIX HMEH (DNS), a B HEKO-
TOPBIX CIIydasgX — U IPU OTIIPABKE JIEKTPOHHON MOYUTHI, U B APYTUX CATYAIIAAX TOXKE.
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HO B THUX CJIydasiX TOJIOBHAs IIPOIPaMMa <«3HaeT», KaK MOXKHO CKOp-
PEKTHPOBAThb UCXOJHbIE JaHHBbIE, YTOOBI M30EXKATH JeJIeHUs] Ha HOJIb, U
HYKHYI0 KOMOMHAIIAIO UITET MeTOA0M mpod u omubok. Hakowrerr, onun u
TOT 7K€ KOJT MOYKET UCIOJIb30BATHCS B COBEPINEHHO PA3HBIX MPOrPaMMax,
IPUYIEM J1JIs OJHUX OINMNOKA MOYKET OKa3aThCs aTaabHOM, I IPYTUX —
He crogieil naxke ynoMmunanus. Hanpumep, MHOrue mporpaMMbl BBIIOJ-
HSIFOT TIOUCK HYXKHOTrO (paiijia B Pa3HBIX JUPEKTOPUAX, IPOCTO IBITASICH
€ro OTKPBITh U IPOJOJIXKAs MOUCK JIAJIbINE IOCJIe KAXKJON HEyJIadu; B
9TOM Cjiydae OmmuOKa BOOOINE mepecTaér ObITh OMUOKOH, TOrma Kak B
KaKOH-HUOYIb APYTOii TporpaMmMe OInOKa MPU OTKPLITUHU (aiiia I1eaeT
JaJIbHeNIIee BBIOTHEHIE OECCMBICTIEHHBIM.

W3 Bcero BhllIeCKa3aHHOTO MOYKHO CIeJIaTh OIUH OYEHb CePhE3HbINM
¥ Ba)XHBI BBIBOJ: MIPUHUMATH PEIIEHNe O TOM, YTO [AejIaTh Mpu
BO3HUKHOBEHUU OIIMOOYHOII CUTyallud — 3TO MPEeporaTuBa ro-
JIOBHOU TIPOTrpaMMBbI. 3aBepINaTh MPOTPAMMY, & TAKYKE U BBIMOJHSITDH
TeM WJIA MHBIM CIIOCOOOM BBIIAYy COOOIIEHMI MOXKET TOJIBKO (DyHKITHS
main U Te U3 BHI3BIBAEMBIX €10 (DYHKIIMIL, KOTOPBIE JJIsl 3TOrO CIIEIUAJIBHO
IpeHa3HaYeHbl. I TO XKe KacaeTcsl KOJIa, He TIOIABIIEro B 9Ty KATErOPHIO,
TO €ro JIEJI0 B CJIydae BOSHUKHOBEHUS OIMMUOKNA — OIOBECTUTH 00 9TOM TO-
JIOBHYIO IIPOr'PaMMy, U He 6oJjiee Toro.

3BYyYUT 3TO JOCTATOYHO IIPOCTO, OJHAKO BCE, KTO MMEET OIBIT Ha-
[IACAHUS JayKe HE OYEHb CJIOKHBIX IIPOrPaMM, 3HAIOT, ¢ KAKUM TPYIOM
9TO BOILJIOIIAETCS Ha MPAKTUKE. B IMPOCTHIX sI3bIKaX MPOrpaMMUPOBAHMUSI,
takux Kak Cu min [lackasb, mpuxonurcst n3 QYHKIMA B CJIydae BO3HUK-
HOBEHUS OIMNOOK BO3BPAIIATDH CIIEIUAJbHbIE 3HAYEHUS, 8 B TOUYKE BbI-
30Ba (DYHKIUH, COOTBETCTBEHHO, [IPOBEPATH, HE BEPHYJIA JI BHI3BAHHAS
GbyHKINS 3HaYeHNe, COOTBETCTBYIoMee omubke. B 60IbITUHCTBE CilydaeB
[IpU 3TOM BBI3BaBIIAas (DYHKIMSI, B CBOIO 04Yepe/lb, BBIHYKIEHA BO3BpPa-
ATh TPU3HAK OIMOKU u T. 1. [IpencraBbre cebe Temeph, 9TO (byHKIUS
f1 BeBaja dyukimio £2, Ta, B CBOIO oYepenb, dyHKImoO £3 u T. 1., a
B QyHKIMN, ckaxkeM, £10 BO3MOXKHO BO3ZHHKHOBEHHE OIIMMOOYHON CHUTY-
anuu. Torga Hy>KHO IIPeLyCMOTPETH 3HAYEHNE, BO3BPAIIAEMOE B CIIy4ae
9T0il omubKu, B pyHKImu £9 clears MPOBEPKY U B CJIydae OIMUOKU, B
CBOIO 0Yepejib, BO3BPATUTh HEYTO OIMMUOOYHOE, M TaK BO BCEX (DYHKIIUSIX.

Teopernveckn MMEHHO TaK BCE W JIOJIPKHO JIEJIATHCS, BCE BO3SMOXKHBIE
OMMUOOYHBIE CUTYAIUN JTOJI2KHBI ITPOBEPSITHCS U T. J., HO Ha MPAKTUKE aK-
KypaTHoe coOJoienne TpeboBanmii Mo 0O0paboTKe OMMOOK MOXKET OKa-
3aTbC HACTOJIBKO TPYIOEMKHM, YTO IPOrPAMMUCTBI IIPUOEraioT K H3-
BECTHOMY <«aJTOPUTMY DeIlleHus] Bcex mpobsiem», a umeHHo — (1) mo-
HATH BBEPX IPABYIO PYKY U (2) PE3KO MaXHYThb €0, OJHOBPEMEHHO IIPO-
M3HOCS 9TO-TO BPOJE «a, JaHO». FKCTh Maxke mIyTodHas ¢pa3a Ha ITY
TeMy: «HUKOI/Ia He IIPOBepsiiiTe Ha OIMMUOKM, KOTOPBIE BbI HE 3HAETE, KAK
obpaborarb». Pasymeercsi, Takoe 0OBIYHO JapoM He mpoxoauT. OmubkKa,
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KOTOPYIO He cTajau 06pabaThlBaTh B HAJEXKIE, 9TO OHA HUKOI/A HE IIPO-
UBOHJIET, IPOSBUTCS B CAMBIH HEIIOAXOISAIIUA MOMEHT, IPUIEM YeM J1aJlb-
e HaXOJUTCS 3aKA3YUK U 9eM OOJIbINE JIeHer OH 3alljIaTUjI, TeM BBIIIe
BEPOSITHOCTH, YTO HAIA MPOTPAMMa CJIOMAETCsl UMEHHO y Hero. VmMen-
HO MTO9TOMY BO MHOTI'HX $I3BIKAX IPE/LyCMOTPEHBI CIEIUATBHBIE BO3MOK-
HOCTH JiJIsi 00paboTKu OmmbOYHbIX cuTyaruil. B s3pike Cu++ coorser-
CTBYIOIIMIT MEXaHU3M Ha3bIBaeTCss 06pabomxoti uckaouerud (aHri.
exception handling).

4.2. Obias naess MexaHn3Ma UCKJIIOYeHU

OTMmeTuM emé OfMH HEJOCTATOK HCIOJIB30BAHUS CIIEIUAIBHBIX BO3-
BPAIA€MbIX 3HAYCHUI JJIs WHANKAIMHE OMHOKA. B HEKOTOPBIX Cirydasix
cpesin BCeX 3HAYEHWIT BO3BpaIaeMoro (pyHKIMeil ThUma IIpOCTO HeT HU
OJTHOTO HEUCIIO/Ib3yeMOTr0; OTJUYIHBINA IpUMEp 3TOro — (YHKIUS atoi,
IIepEeBO/IAIIAsT CTPOKOBOE MPEICTABIEHNE TIeJIOT0 YUCa B 3HAYECHUE THIIA
int. Bo3Bpamaer oHa, ecTeCTBEHHO, YHMCJIO TUMA int, a MOCKOJIBKY JIIO-
6oe TakKoe YUCJIO UMEET CTPOKOBOE IIPEJICTABJIEHHE, TO U BEPHYTH (Ipu
OTCYTCTBUM KAaKHUX-JIMOO OIIMOOK) OHA MOXKET, BOOOIIe roBOpsi, J06oe
3HadeHue Turia int. B To Ke BpeMs BO3MOXKHO, 9TO B CTPOKE, IOJAH-
HOI atoi Ha BXOJ, COJIEPXKUTCS TEKCT, HE SIBJISIONTUICS MIPE/ICTABICHUEM
KakKoro-aubo yucsa (Hanpumep, cocrosiinuii u3 6yks, a ve u3 nudp). Pas-
paboTunku PYHKIIAN PEIIUIN B TAKON CUTyaInu 32 HEUMEHUEM JIy IIIero
BO3BpAIATh HOJIb, HO 3TO HE PEIIaeT MpodJyieMy, BeIb MOIYJAETCH, ITO
GbyHKIMA BO3BpAIAeT OJIHO U TO K€ U JJIs CTPOKH, cojepzkaleil 6esu-
Gep/ty, u st cTpoku "0", KOTOpasi BIIOJIHE KOPPEKTHA. JTO IIPUBOIUAT
HaC K HIee UCKAOUEeHUSA, KOTOPOE IMPEHCTaBIIeT cObOi 0cobuiti cnocob
3a6epwerus GYHKUUUL: eCan B A3bIKAX, HE MOIEPKABAOIINX MEXAHU3M
UCKJIIOYeHUi, PYHKIINS MOTJIA TOJBKO BEPHYTH OIHO M3 BO3MOXKHBIX 3HA~
YeHNUil, TO B A3bIKAX, HOJJAEPKUBAIONINX HUCKIIOUEHNsT, (DYHKITNS MOXKET
JInbO BEPHYTH 3HAYEHUE, JINDO 8030YIUMD UCKAIOUEHUE.

OTMeTI/IM 3a04HO, 4TO UCKNTIOYEHNA BOBCE HE ABNAKOTCA COCTaBHOIi YacTbto Na-
pagurMbl OB bEKTHO-OPMEHTUPOBAHHOIO MPOrPaMMMPOBAHNS, KaK 3TO MOYEMY-TO
YacTo yTBepxaaetcsi. HanpoTns, oHu cKopee OTHOCATCS K ¢hYyHKLMOHAILHOMY MPO-
rpammupoBanuio; HebesbizBecTHas byHKumMst call/cc, noafepXmBaemasi BO MHO-
rux PyHKLMOHANbHbIX A3blkax, NpeAcTaBaseT coboli obobljeHne mexaHusma nc-
kntodeHuii; B s3bike Common Lisp, He nogpepxuBatowem call/cc, npu 3Tom
npeacrtaBieHbl MEXaHU3MbIl, NO CMbICNY aHa/IOrM4Hble CpeacTBamM O6pa6OTKI/I nc-
kntoveHnii Cn++.

[Ipu BO3OYK/IEHUN UCKJIIOYEHUS ITPOrPAMMa MIEPEXOIUT B 0c0HOe Co-
CTOsIHME, B KOTOPOM BCE€ aKTHUBHbBIE HA HACTOSIIUN MOMEHT (PYHKIIUU J0-
CPOYHO 3aBEPINAIOTCS OJHA 3a JPYroil, MoKa He HalJIETcs Takas, KOTO-
past MOXKET CIIPABUTBHCS C JAHHBIM TUIOM HCKJIIOUATEHHBIX CHUTYAITHI.
YT00bI HOHATH, 0 Y€M HAET Pedb, BCIOMHUM CHTYAIHIO, PACCMATPUBAB-
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MyIocs B IpeablayTinem naparpade: dyuknusa £1 Bei3Baita Gynkimio £2,
Ta, B CBOIO 0Yepeb, GyHKIMIO £3 u T. /1. BILJIOTH 10 £10, rie u BOSHUKAET
ommbOKa. [Ipu 9TOM HaM COBEPITIEHHO HE 00sI3aTEIFHO JI€JIATh KaKue-aIub0
npoBepkn B dyHKmuax £9, £8 u T. ., BIOJHE JIOCTATOYHO MOMETHUTD,
nanpumep, GyHKImO £f1 KaK yMEIOIIYIO CIPABJISITHCH C JAHHBIM THUIIOM
ormubok. Toraa mpu BOZHUKHOBEHUM ONMTUOKHW BO BpeMsi ucroHeHus: £10
OyzeT 3aBeplilieHa JOCPOYHO U OHA caMa, U Bbi3BaBIlas eé pyHKus £9, u
£8, u Tak BILIOTH 10 1, KOTOpas u obpaboraer omudbKy. Vnade roBops,
ecu HeKasi (PYHKINS g BBI3BIBAET APYTYI0 (DYHKIUIO h, & 9Ta moCIeIHsIsS
BO30OY2KIA€T MCKJIIOYEHNUE, JJIs KOTOPOro B g HeT 00paboTdmkKa, TO ITO
9KBHUBAJIEHTHO TOMY, KaK ecyau Obl DYHKIHS g cama BO30yIuja TO Ke
caMoe MCKJIFOUEeHHeE.

Muorma Bcro 06paboTKy omubok menaror B dyskiuy main. Oxa s
9TOro yao0HA, MOCKOJBKY OCTAETCs AKTHUBHOW BCE BpPEMsi WCIIOJHEHUS
mporpaMMbIZ! 1, Kak cjeicTBHe, MO¥KeT obpaboTaTh MCKIIOYEHNe, BO3-
Oy KIEHHOE MPAKTUIECKN B JIIOOOH IaCTH MPOrpaMMbI.

4.3. Bo30yxk/JieHne UCKJII0YeHU

IIpu BOSHUKHOBEHMU CHUTYyaIMd, TPAKTYEMOI KAk OMUOOYHASI U TPe-
Oyromasi 00paboTKN B KadecTBe UCKJIIOYUTEBHON, Ceayer 6030ydumv
ucKANOYeHUe ¢ TIOMOIIBI0 oneparopa throw (amri. 6pocums). Y 3TOro
OIIEpPaTOpPa NUMEETCS OJWH MapaMeTp, B KAIeCTBE KOTOPOTO MOYKET BBICTY-
IATh BHIPAYKEHHe II0UTH YTO IPOU3BOILHOr02? THIIA, B TOM YHCJIe KAK JII0-
Goro 6azosoro (int, float, ...), TaK U IPOM3BOIHOTO (YKA3ATENb U T.1I.),
a PABHO U OIPEJIEJIEHHOTO TI0JIb30BaTE/IEM, BKJIIOUasl, YTO HEMAJIOBAaXKHO,
KJIACCHI ¥ CTPYKTYPHI. Tur BbIpazkeHust B orepaTope throw OyaeM HA3BI-
BATb MUNOM UCKAOUEHUS, A 3HAYEHNE BHIPAKEHUS — 3HAUEHUEM
UCKAIOUEHUSA,.

st mpuMepa paccMoTpuM (DYHKIUIO, KOTOPasi IPUHUMAET HA BXOJ
nmst (TekcToBoro) daiia, a BO3BpalaerT KOJIUIeCTBO CTPOK (T. €. CUMBO-
JIOB TIEPEBOJa CTPOKH) B 3ToM (paitie. Curyarms, korga dbais He yaagi0ch
OTKPBITh, JIJIsI TAKOH (DyHKIINN OKA3BIBACTCS 3aBEIOMO UCKIIIOUATEIHHOIT;
B 3TOM cirydae B sisbike Cu HaAM TPUILIOCH OB BO3BPAITIATE CIENUATHHOE
sHavenue (Hapumep, -1), a IpU BbI30BE LIPOBEPATD, HE €ro JIU BEPHYJIa
dyukiusa. B Cu++ 310 MOXKHO ¢J1e1aTh MPOITEe:

unsigned int line_count_in_file(const char *file_name)

21Crporo roBopsi, 3TO He COBCEM TaK, OCKOJIBKY €CTh eIlE, HAIIPUMED, KOHCTPYKTO-
PBI ¥ IECTPYKTOPBI INI0O6AJIbHBIX 00BEKTOB, KOTOPhIE OTPabATHIBAIOT, COOTBETCTBEHHO,
10 ¥ mocie PYHKIMH main, HO B HEKOTOPOM IPUOJIMKEHNN MOYXKHO STUM IIPEHEOpedb.

22Crporo roBopsi, 5TO HE COBCEM TAK: B POJIH OOHEKTA MCK/IIOUYEHUS HE MOLYT BbI-
CTyHaTh TUIBL, JJIsl KOTOPBIX HEJIOCTYIIHBI KOHCTPYKTOP KOIIMPOBAHUsI U /MU 1€CTPYK-
TOP; IOYEMY 3TO TaK, CTAHET IOHSITHO II03J(HEe.
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{

FILE *f = fopen(file_name, "r");
if (1f)

throw "couldn’t open the file";
int n = 0;

int ¢ = 0;
while((c = fgetc(f)) != EOF)
if(c == ’\n’)
n++;
fclose(f);
return n;

}

B sTOM mpumMepe Mbl B KQ9eCTBe UCKJIOYeHUs «OpOoCuiny» CTPOKy (Tou-
Hee, aJpec eé Hadaja, T.e. 3HadeHue Tuna const char*). Mel Morsiu 66t
«OpoCuTh» BBIPAYKEHNE JPYroro THUIA; HAIIPUMED, CJIEYIONIUl orepaTop
«bpocaeTy UCKJIIOUEHNE THUIA int:

throw 27;

Yaire, o1HAKO, B POJIA HUCKJOYEHUN BBICTYHAIOT OOBHEKTHI CIEIHUAILHO
BBEJIEHHBIX JIJISI STOM IeJIM KJIACCOB; PA3rOBOP 00 9TOM BIIEPEIH.

4.4. O6paboTka NCKIIOYEHUIT

O6paboTKy MCKJIIOYATEIBHBIX CUTYaIUil CeayeT MPeLyCMaTpPUBATD,
€CTECTBEHHO, TOJIbKO B TE€X MECTaX, B KOTOPBIX MbI MOYKEM C COOTBET-
CTBYIOIIEH cuTyalueil CiipaBUThCs. 1aK, ecu JdajibHeiinas paboTa mo-
cJie BO3HUKHOBEHUSI MCKJIIOYUATEHHON cUTyaruu TpebyeT obpalieHnst K
MIOJTb30BATETIO, TO 00pabOTKY TAKOi CHTyaIlNy CJIEIyeT BCTABUTD B OIHY
u3 QyHKIMA, HaJeJJEHHBIX IPABOM BECTHU JHMAJIOr C [I0JIb30oBareeM. Kak
y2K€ TOBOPUJIOCH, YaCTO OOPAOOTYIMK IMMOMEIA0T B (DYHKIIMIO main, HO,
KOHEYHO, HE BCErja.

OO6mmuiit TpUHIMI OpraHu3anuu 00pabOTKM MCKJIIOYeHUi TakoB. U3
MIPOrPpaMMBbI BBIJAEJISIETCST HEKOTOPBIM OJIOK KOMa, MUCIOJHEHNE KOTOPOTO
NPEINONOHCUMENDHO MOKET IIPUBECTU K BOSHUKHOBEHHMIO UCKJIIOYNTEI b~
HBIX CUTYyaIuil. ITOT OJIOK 3aK/IFOYAETCsI B CIIEIUAIBHOE CUHTAKCUIECKOE
obpamjieHre n CHaAOXKaeTcss OJIHON WM HECKOJbKUMU WHCTPYKIIUSIMUA O
TOM, KaK CJIeIyeT IefiCTBOBATH NMPU BO3HUKHOBEHMM WCKJIFOUEHUsI TOTO
WM UHOrO Tuma. [Ipn 3ToM Takne WHCTPYKITUU JeHCTBYIOT B OTHOIIECHNN
HCKJIIOUEHUH COOTBETCTBYIOIINX THUIIOB, BOSHUKIINUX B IIpOrpaMMe C
MOMEHTAa BXOJA B MOMEYEHHBIN OJIOK M 40 MOMEHTA BBIXOIA U3
HEro, B TOM 4YHCJIe B (DYHKITUSX, BbI3BAHHBIX M3 OJIOKA MPSIMO MJIA KOC-
BeHHO. [yiyOuHa BBI30BOB B JJAHHOM CJIy4ae POJIM HE UIPAET.
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lj1st moMeTK# BJIOKA C TEJIbI0 00PAbOTKYU UCKJIFOUUTEIbHBIX CUTY I
B Cu++ ucnosb3yercs KI04eBoe CI0BO tTy (AHIJI. nonsimamoses), 3a Ko-
TOPBIM CJIEIyeT COOCTBEHHO OJIOK, TO €CTh MOCIEI0BATEIbHOCTD OIEPATO-
poB, 3akiouéHHas B ¢durypubie ckoOku. Cpaly mocie try-0JoKa mome-
AT OuH Win 6oJibiie 06pabomuuros uckaroueruli. O6paboTInK
WCKJIIOYEHNl CUHTAKCUYeCKN HECKOJIBKO HAIIOMUHAET (DYHKIIUIO C OJHUM
rmapaMeTpoM, XOTsI 9TO TOJILKO BHEITHee CXOJCTBO; Ha CaMOM Jiejie 0bpa-
GOTYNK HAYMHAETCA C KJIIOYEBOrO cjoBa catch (amrmi. notmams), cpa-
3y IOCJIe HErO CTABATCH KPYTJIble CKOOKHU, BHYTPU KOTOPBIX — OIMCAHUE
dopmasbHOro napamerpa (TOYHO Tak, KakK 9TO JEJIAETCs [IPU OLUCAHUN
dyukuuu ¢ oganm napamerpom). Tun napamerpa 3amaér Tui o6padaThi-
BaeMOI'0 MCKJIIOUEHUsI, a 110 MMEHH [1apaMeTpa MOXKHO IOJIyYUTh JOCTYII
K 3HAYEHUIO MCKJIFOUYEHUSI.

st mpuMmepa TPUIOMHMM (DYHKITMIO W3 MPEIbIAYINEro Iaparpa-
da, MOACYNTHIBAIONLYIO KOJUIECTBO CTPOK B (aiiie, W Ha OCHOBE ITOMH
GYHKIIMT HAWIIEM TPOTPaAMMYy IEJUKOM. ByaeM cauTarh, 9TO (PYyHK-
g line_count_in_file HaxoguTCd B OTAEJIbHOM MOJyJe, TaK 4YTO B
IporpaMMe HaM MOTPedyeTCsi TOJIBKO €€ IPOTOTHII.

#include <stdio.h>
unsigned int line_count_in_file(const char *file_name);

int main(int argc, char **argv)

{
if (arge<2) {
fprintf (stderr, "No file name\n");
return 1;
}
try {
int res = line_count_in_file(argv([1]);
printf("The file %s contains J%d lines\n",
argv[1], res);
}
catch(const char *exception) {
fprintf (stderr, "Exception (string): %s\n",
exception);
return 1;
}
return O;
}

DTa mporpaMma, ecjiu Bcé Oy/eT B HMOpsIKe, HaledaTaeT uMs daiiia u
KOJIMYECTBO CTPOK B HEM; €CJIM Ke OTKPBITh bailsi He yrmacrcs, PpyHK-
musg line_count_in_file mepeBeséT mporpaMMy B COCTOSIHHE HCKJIIO-
YUTENBHON CUTYAIlnd, & COOTBETCTBYIOUi 00paboTunk Oymer HailfeH B
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byuknnu main. Hu octatoxk dynkinn 1ine_count_in_file, Hu ocTaToK
try-06J10Ka B 9TOM CJIydae BBIIOJIHATHC He OYIyT, YIIPABJIEHUE OKAXKETCSI
cpagdy nepefiano B 0bpaborauk (catch-610K).

B srom mpumepe uckiioveHne MOXKeT BOZHUKHYTDH B (DyHKIIUHU, HEIIO-
CPEJICTBEHHO BLI3BAHHON 13 try-0Ji0Ka, HO Ha CAMOM JeJie 9TO He BayKHO:
C TAKUM K€ yCIIEXOM OHO MOIVIO BOSHHUKHYTH B (DYHKIIUH, BHI3BAHHOU U3
line_count_in_file, u T. ;. Ha JI00YyIO TIIyOUHY.

O6paruTe BHUMAHWE, 9TO Mbl B JIAHHOM CJIy9Yae «JIOBUM» HUCKJIIOUe-
Hue const char*, a He IPOCTO char*, MOCKOJIBKY UMEHHO Takoii Tull (aJi-
pec koncranTol Tuna char) umeer B Cu u Cu-++ CrpoKoBbIil Jmurepast —
CTPOKa, 3aKJII0OUYEHHAs B IBONHDbIE KaBbIIKHU. Ecan yopaTh MoanduKkaTop
const, UCKJ/IIOYEHNE IIOMMaHO He OyJIeT.

B paccMoTpeHHOM IprMeEpe MbI IIPEYCMOTPEIN BCEro oiut 0opaboT-
YUK UCKJIIOYEHUs, XOTsI A3bIK Cru-++ IOIIyCKaeT MPOU3BOJIBHOE MX KOJIU-
4yecTBO (He MeHee ofHOr0). Eciu 6b1 u3 Hamiero try-6J0Ka BbI3bIBAJIOCH
6outbItie (GYHKIUI ¥ MOTEHITUATHLHO OHM MOTJIN ObI IPUBECTH K HCKJIIO-
YATEJIbHBIM CATYAIUSAM JPYTUX TUIIOB, MBI MOIJIM OBl HAIUCATH YTO-TO
BPOJIE CJIEYIOIIETO:

try {
//

}

catch(const char *x) {
//

}

catch(int x) {
//

}

31ech BaXKHO MTOHUMATH HECKOJIBKO IIPOCTHIX IpaBmii. Bo-mepBhix, oOpa-
Goruyuku (catch-6JI0KHM) paccMaTpPUBAIOTCS IO MOPSIIKY, OUH 34
APYTUM, IPUYEM cpadoTaTh MOXKET TOJBKO OJWH U3 HUX WJIA HU
OHOTO. DTO 3HAYNT, B YaCTHOCTH, YTO IHCATH JIBa 00pabOTINKA OJHOTO
THUIIa, WK TUIIOB, CBOAUMBIX OJUH K JIPYrOMy2>, HET HHUKAKOTO CMBICIIA.

Bo-BTopnix, 06paboTunK MOXKeT MOMMAaTh TOJIBKO MCKJIIOYe-
HUe, BO3HUKIIIee BO BpeMsi pabOThI COOTBETCTBYIOIIETO try-0J10-
Ka. B gactHOCTH, 06pabOTINK HE MOXKET MONMATh UCKJIIOYEHNE, KOTOPOE
BBIOPOCHUJI OJIUH U3 IIPEJIIIECTBYIOMUX 00pabOTIYNKOB, OTHOCSIIIUXCS K TO-
My Ke try-OJIOKy.

Hakomern, ecsin uckJ/iroueHue He MOMMaHO HU OAHUM U3 0Opa-
OOTYNKOB, OHO «BbIOpaChIBaeTCs» JaJibllle, KaK ecjiu ObI dpar-
MEHT KOja, B KOTOPOM HCKJIIOUeHUEe BO3HUKJIO, BOBCE He ObILJI 00-

23[IpaBuia mpeobpa3oBaHKs THIOB IIPH 06paGOTKe MCKIIOYEHHHE HECKOILKO OTIIH-
YaloTCs OT IPaBUJI, IPUMEHSIEMbBIX [IPY BbI30BE (PYHKIUN; MBI PACCMOTPUM 3TH IIpa-
BUJIA B OJTHOM W3 CJIEAYIOMUX Haparpados.
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paMJIéH HUKaKuM try-00koM. Ha mmyTn ofHOrO MCKITIOUEHUST MOYKET
0Ka3aThCsA HECKOJILKO tTy-0JI0KOB, KaK Obl BJIOXKEHHBIX JIPYT B Jpyra (BO
BCAKOM CJIydae, B CMbICJIC BDEMEHHBIX [IEPUOJIOB UCIIOJHEHYs] ), 1 B HEKO-
TOPBIX M3 HAX MOXKET He OKa3aThCsl MOAXOAAIIEro obpaborunka. B Takom
cydae JIOCPOTHOE 3aBepIeHre aKTUBHBIX (DYHKITUH U yHUITOXKEHHUE CTe-
KOBBIX (ppeiiMOB IIPOJI0JIZKAETCH JaJIbllle, IIOKa He OyaeT HaiineH try-6Js10k
C TOJXOMSAIIM 00PabOTINKOM.

B obpaborumkax MCKIIOUEHUIT MOXKHO HCIIOJIB30BaTh CIEIHAJIBHYO
dopmy omeparopa throw, a UMEHHO — HAIUCATH STOT OMEPATOp Oe3 ma-
paMeTpoB. DTO 03HAYAET «OPOCUTH TO MCKJIOYEHNE, KOTOPOE TOJIHKO UTO
6bLTO TOfiMaHo». Tak JlealoT B CIydasix, KOIJla MMOJIHOCTBIO CIPABUTH-
Csl ¢ BO3HUKIIEH cUTyalueil B JJAHHOM MeCTe IIPOrpaMMbl HEBO3MOXKHO,
HO TIpexKJie YeM OpOCHTH UCKJIIOUEHUE JAJIbINe, HY?KHO IIPOU3BECTU EIE
Kakwme-TO feiicrBusi. [I[puMepbl TakuxX cUTyannii pacCMaTPUBAIOTCS B CJe-
JAyrormeM naparpade.

4.5. O6paboOTYNKN C MHOTOTOYHEM

B HEeKOTOPBIX Cily4dasix OKa3bIBAETCS OCMBICJIEHHBIM 00PA0OTIHK, CIIO-
COOHBII TIOMMATD NPOU3BONBHOE UCKAIOUEHUE HE3ABUCUMO O, €20 MUNA.
Takoit 06paboTINK 3AIMMCHIBACTCS TaK 2Ke, KaK U OOBIYHBIH, TOJHKO BMe-
CTO THIIA UCKJIIOYEHNST M IMEHU IIapaMeTpa B CKOOKaX YKa3bIBAETCS MHO-
roroune. KoHeUHO, 3HAYMEHNE UCKJIIOYEHUs B 9TOM CJIy9Iae MCIIOJIb30BAHO
OBITH HE MOXKET, HO B HEKOTODBIX CJIyUadX 9TO W He BaykHO. Hampumep,
€CJIM MBI IOJIKJTI0YaeM K HAIel MporpaMMe MOJLYJIH, HAITUCAHHBIE JPYTHU-
MU POTPAMMUCTAMH, ¥ He YBEPEHBI B TOM, ITO HAM U3BECTHBI BCE TUIIBI
UCKJIIOUEHU, TeHepUpyeMble TAKUME MOJIYJISIMU, MOXKET OBbITh HEIJIOXOi
njiest pacloJIOXKUTh B (DYHKIINU main MPpUMEPHO TaKOi try-6JI0K:

int main()

{
try {
// 3Oech mmmeM BeCh KOZ TJIaBHOM (QyHRIUM
return O;
}

catch(const char #*x) {

fprintf (stderr, "Exception (string): %s\n", x);
}
catch(int x) {

fprintf(stderr, "Exception (int): %d\n", x);
}
catch(...) {

fprintf(stderr, "Something strange caught\n");
}

return 1;
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3

O6paboTUYMKK C MHOTOTOYHMEM JIEJIA0T OCOOEHHO AKTYaJIbHOU (opMy
throw 6e3 mapaMeTpoB; €€ UCHOJb30BAHUE IIO3BOJISIET MOUMATDH MCKJIIIO-
YeHUe TTPOU3BOJIBHOIO THUIIA, BBITOJTHUTH KAKUE-TO JEHCTBUSI, ITOC/Ie Iero
6POCUTH UCKJIIOYEHUE MAJBINE. JTO MOXKET OKA3aThCsl TIOJIE3HBIM, €CTU B
HAIleM KOJle JIOKAJIbHO 3aXBATBIBAIOTCS T€ WM UHbIE PECyDPChl (BbIIEIsI-
€TCsl IaMsTh, OTKPBIBAIOTC (Dailyibl ¥ T.11.) U UX CJEILyeT OCBOOOIUTD,
npezkjie yeM (PYHKIMS OKayKeTCsl 3aBepllieHa. PaccMoTpuM Jijist ipuMepa
(GYHKIMIO, B KOTOPOIi BBLIEJISIETCS TUHAMIYIECKAN MACCUB IEJIbIX UUCEJT:

void f(int n)

{
int *p = new int[n];
// Bech ocTanbHOH KOZ GyHKIUK
delete[] p;

}

Eciin Bo BpeMsi BBITIOJTHEHUST KOJIA, HAXOISIIIErocst MexK 1y new u delete,
BO3HUKHET UCKJOUYeHue, To delete He OyJeT BBINOJHEH W MACCUB, Ha
KOTODBIN yKa3bIBaJ P, OyAET IPOJIOKATH 3aHUMATH HAMATb, TO €CTb
crareT mycopoM. IIpobiiema cHUMAETCsI, ec/ii BECh 9TOT KOJ| 3aKJ/II0UUTh
B try-6JI0K, mTOC/IE KOTOPOTO €CTh 00PAbOTUNK JIJTsi MCKJIIOYEHUN TpOn3-
BOJILHOT'O THUIIA, KOTOPBIN, MPeXK e 9eM OPOCHTH HCKJIIOYEHHE JAJIbIIE,
0CBODOXKJIAeT IIaMSITh:

void f(int n)
{
int *p = new int[n];
try {
// Becwh ocTambHOM KoOI QyHKIUA
}
catch(...) {
delete[] p;
throw;

}
delete[] p;

4.6. Ob6beKT KJjlacca B pOJIA NUCKJITIOYEHUS

O6BI9HO TIPpU OOHAPY KEHUH UCKJIIOIUTETHHON CUTYAIH YKEJIATETHHO
rnepeiaTh 00PAdOTINKY MAKCUMYM MHMOPMAIUN O BOSHUKIIUX TPYIHO-
crsix. BeTpoeHHBIE TUIIBI TAHHBIX I1JI0XO MIPUTOHBI Jijist 3Toro. JleiicTBu-
TEJIbHO, B PACCMOTPEHHOM BBIIEe ITpuMepe ObLI0 Obl HEILIOXO IepeIaTh
00paboTINKY HE TOJBKO TeKCcToBOe coobmenne «couldn’t open the files,
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HO ¥ uMsl (paiiyia, 1 3HAYEHNE [IEPEMEHHON errno cpasy I0C/e BBIIOJIHE-
Hust fopen, KOTOpoe MOXKET IIOMOYb B aHaJju3e 1pobsemMbl. Mbl, OJHAKO,
OTPAHUYIUJINCH B IPUMEPE OJIHOM CTPOKOBOI KOHCTAHTOI, YTOOBI HE (hOp-
MHPOBaTb CTPOKY, COAEPIKAILYI0 BCIO IEPEYUCTEHHYI0 MHMOOPMAIUIO —
Be/lb 3TO MOTPEOOBAIO ObI 3HAYUTEIHHOIO YBEJTHMYEHHUS KOIA U CO37AJI0
OBI OIIpeIeSIEHHBIE TPYIHOCTHA C OCBODOXKJEHUEM [TaMATU OT TaKOil CTPO-
KU, TIOCKOJIBKY CaMy CTPOKY IPHIILIOCH ObI CO31aBaTh JIMHAMUIECKH.
Kpowme Toro, ectsb u ermié ogma mpobiema. [IporpaMma MoKeT HCIOJIb-
30BaTh HECKOJIBKO OMOJIMOTEK, IPUIEM M3TOTOBJIEHHBIX PA3HBIMU ITPOU3-
BOJUTEJISIMU; TAKKe MPOrpaMMa MOXKET OBITh pas3/ejieHa Ha HEeCKOJHLKO
IIOJICUCTEM, CO3JaBaeMbIX Oojiee MM MeHee He3aBUCHMO. BecbMa kesa-
TeJIbHO MMETHh HEKHUIl YHUBEPCAJIbHBIN CII0COD pasjiesieHus UCKJII0YEHM
10 IPU3HAKY WX BO3HUKHOBEHWsI B TOW WJIM UHOM ITOJICACTEME IIPOTPaM-
MBI win 6ubsmoreke. Berpoernble TUIIBI [IJTsT 9TOTO HE TMOIXOIAT COBCEM,
[TOCKOJIbKY HJIesl UCIOJIb30BAHUS TeX YK€ TEKCTOBBIX CTPOK B KAIECTBE UC-
KJIIOYEeHAN MOXKET HMPUNUTH B TOJIOBY OJIHOBPEMEHHO aBTOPAM CPa3y BCEX
HCIIOJIb3yEeMbIX HaMU OUOJIMOTEK U IMOJIOBUHBI HAIUX IIOJICHCTEM.
VmenHo 1osTOMY Yalle BCcero B Ka4eCTBe TUIA UCKJIIOUEHNUS] BBICTYIIa~
€T CITEIUAJIBHO TSI 9TOH IeJIN OMUCAHHBIN KJIACC, & 3HAYEHUEM UCKJTIOIe-
Hust — 00beKT Takoro Kjiacca. C 01HO# CTOPOHBI, B 00BEKT KJIACCA MOXKHO
IIOMECTUTDH BCIO NH(MOPMAIHIO, KaKas HaM TOJBKO MOXKET IIOKa3aThCs 10~
JIE3HOU JIUIsi 00pabOTYNKa; JAefICTBUTEHHO, HUKTO Be/Ib HE MEIIaeT OIU-
caTh B KJIacCe CTOJIBKO II0JIell, CKOJIBKO HaM 3axodercs. C apyroii cropo-
HBI, KayKJ[asl [IOJICUCTEMA 1 KaXK/1ast OMOJIMOTEKA B 9TOM CUTYAINH, CKOPEe
BCEro, BBEIET CBOM COOCTBEHHBIE KJIACCHI TSI IPEJCTABICHUSA UCKJITIOIe-
nuit. B romoBHOIT TporpamMmMe MbI CMOKeM 00padaThIBATL TAKUE KJIACCHI
OTJIEbHBIMUA 00pabOTIMKAMK, UTO MO3BOJUT Pa3AeauTh 00PabOTKY WC-
KJIFOUYEHU, CreHEPUPOBAHHBIX B PA3HBIX IOJCUCTEMAX IIPOIPAMMBI.
OTMeTuM OJIMH OYeHb BayKHBIN MOMeHT. Kak mpaBuiio, BhIOpachiBae-
MBIl B KA9eCTBE UCK/IIOYEHUS OOBEKT CO3/IAETCs JIOKAIBHO. JIOKabHbBIE
O00BEKTBI, €CTECTBEHHO, UCIE3AI0T BMECTE CO CTEKOBBIM (DPEMOM CO3/1aB-
et ux QYHKINT; KaK CJIeJICTBHE, TOT O0OBHEKT, KOTOPBIH «IOifMaeTcss» B
00paboTYNKe MCKJIFOUYEHUsI, 3aBEJIOMO HE MOXKEeT ObITh T€M Ke IK3EMILIIsI-
poM 00beKTa, KOTOPBIi (bUTrypupoBaJ B oneparope throw, u siBjsiercs,
KaK HETPYIHO J0raIaThes, ero komnwueii. [losTromy mpakTudyecku Bcera
B KJIacce, UCIOJIb3YEeMOM /JIJIsI MCKJIIOUEHN, 00s13aH ITPUCYTCTBO-
BaTh KOHCTPYKTOP KONNPOBAaHUS.
st ipuMepa omuIeM KJIacC, O0ObEKT KOTOPOro ObLIO Obl y100-
HO WCIIOJIb30BaTh B KadecTBe UCKJIIOYEHUsI B Haleill QyHKIIN
line_count_in_file. OO0bekT Kiacca OyJeT XpaHUTh UMs aiiyia, TeK-
CTOBBI KOMMeHTapuil (3TOT KOMMEHTAPHH IIOMOXKET IIOHSATh, B KAKOM
MecTe IPOrpaMMbl IIPOU30ILIIA OMIMOKa) U Oyler 3all0MUHATH 3HAYEHNE
r100aIbHOM TTEpEMEHHOM errno Ha MOMEHT co3faHus oobekTa. s Ko-
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[IUPOBaHUA CTPOK MBI OIIUIIIEM B IIPUBATHON YaCTU KJIaCCa BCIIOMOI'aTe Ib-
HYIO (DYHKIIUIO strdup24; ITOCKOJIBKY JIOCTYII K OOBEKTy eif He HyXKeH,
ommiieM €€ ¢ KBaImMUKATOPOM static.

class FileException {
int err_code;
char *filename;
char *comment;
public:
FileException(const char *fn, const char *cmt);
FileException(const FileException& other);
“FileException();
const char *GetName() const { return filename; }
const char *GetComment() const { return comment; }
int GetErrno() const { return err_code; }
private:
static char #*strdup(const char *str);

}s

Ornncanust KOHCTPYKTOPOB, JeCTPYKTOPa U (DYHKIHH strdup BeIHECEM 3a
IpeJiesIbl 3aroIoBKa KJacca:

FileException::FileException(const char *fn, const char *cmt)
{
err_code = errno;
strdup(£fn) ;
comment = strdup(cmt) ;

1]

filename

}
FileException::FileException(const FileException& other)
{

err_code = other.err_code;

filename = strdup(other.filename);

comment = strdup(other.comment) ;

}
FileException::~FileException()
{
delete[] filename;
delete[] comment;
}
char* FileException::strdup(const char *str)
{
char *res = new char[strlen(str)+1];
strcpy(res, str);
return res;
}

243r1a, byskuus GymeT HOJHOCTHIO AHAJOTHYHA OJHOMMEHHON (DYHKIHM U3 CTaH-
napTHoil 6ubauoreku Cu, HO OyJIeT MCIIOJb30BATh JJIsi BbIJIEJIEHUs naMsTu newl[], a
He malloc.
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Temnepb MBI MOXKEM MU3MEHUTH Hava0 MyHKINN line_count_in_file
(cM. cTp. 98) Ha ciemyiomee:

unsigned int line_count_in_file(const char *file_name)
{
FILE *f = fopen(file_name, "r");
if (1f)
throw FileException(file_name,
"couldn’t open for line counting");

/7

O6patorark (catch-6y0K) JUisl TAKOTO MCKJIIOUEHUs] MOXKeT OBbITh, Ha-
pUMEp, TAKHM:

catch(const FileException &ex) {
fprintf(stderr, "File exception: %s (%s): %s\n",
ex.GetName(), ex.GetComment(),
strerror(ex.GetErrno()));
return 1;

4.7. ABToMaTndeckasa O4YnCTKAa

B npumepe, paccmorperntom Ha cTp. 103, MbI ObLTN BBIHY XK JIEHBI [I€PE-
XBATBIBATH M IIOTOM 3aHOBO «BBIOPACHIBATHY» MCKJIIOUEHUST ITPOU3BOIBLHO-
o BHJA, ITOOBI 0OECIIEINTh KOPPEKTHOE VIAJIEHNE JIOKATHHO BbIIE/ICH-
HOIt quHAMIYecKo# maMaTu. K cqacTbio, TaK TPUXOINUTCS JeiiCTBOBATH HE
Bceraa. Pabora ¢ HCKII0YEeHUSIMU U3PSATHO 00JIer1aeTcs TeM, YTO KOMITHA-
JIATOP FapaHTUPYET BBI30B JECTPYKTOPOB JJisd BCEX JIOKAJIbHBIX
00bEKTOB, ¥ KOTOPBIX AECTPYKTOPbI €CTh, mpexkKje deM (PyHK-
1Sl 3aBEPIIUTCA — I10 UCKJIIOYEHUIO JIU WU OOBIYHBIM ITyTEM.

IIycrs, mampumep, mMmeercss Kjacc A, CHaOKEHHDBIN TECTPYKTOPOM
(merycThIM, HHAYE HEe UHTEPECHO), M OIKCaHA (DYyHKINS

void f()
{
A a;
//..
gO;
//..
}

B moment 3aBepmienust paborel byukmuu f aisa o6bekTa a OymeT Bbi-
3BaH JIECTPYKTOP, IPUIEM HPOU30HIET 3TO BHE 3aBHUCHUMOCTH OT TOTO,
KaK UMEeHHO f 3aBEpIINTCI — B TOM UHUCJIE U ecJid QYyHKIHs g «BBIOPO-
CUT» WCKJIIOUEHWE W MMEHHO OHO CTAaHeT IPUIWHON 3aBepiineHus: £. 910
cBoiictBo Cru++ HA3BIBACTCH AB8MOMAMUYECKOT, OYUCTNKOU.
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4.8. IIpeobpazoBaHus TUIIOB MCKJIIOYEHWIA

Tun uckioueHns, yKazanuplii B oopaboruuke (catch-6J0ke), He Bee-
Ia TOYHO COBIIAJIAET C THUIIOM BBIPAXKEHUSI, UCIOJH30BAHHOIO B OIEpPa-
Tope throw, ofHaKO IpaBmJia IPeodpPaA30BAHUS TUIIOB B JAHHOM CJIydae
OTJIMYAIOTCS OT IPABUJI, AEHCTBYIONMX IIpU BbI3oBe pyHKImid. OHO U3
OCHOBHBIX OTJIMYHII TYT B TOM, UTO I€JIOYNCTEHHbIE TUIIBI IIPU 00paboTKe
WCKJTIOUEHUI HE TPeobpas3yoTcs IpYT K APYTY, TO €CTh, HAIIPUMED, 00pa-
6OTYMK C yKa3aHHBIM THUIIOM UCKJIIOYCHHUS int He MOWMAaeT UCKJIOYUEHUE
Trhna char mim long.

HonyctuMble mpeoOpa3oBaHus MPOIe OyIeT SBHO I€PEUYUC/TUTD.
Bo-niepBbix, 1100001 THUIT MOXKET OBITH MPEOOPa30BaH K CCHIIKE HA ITOT
THUII, TO €CTh €CJIH ONeparop throw HCIOJB3yeT BbIpaXKeHuWe Tura A,
TO TaKO€ HCKJIOYEHHE MOXKeT ObITh 00paboraHo catch-0j0KoM Bumaa
catch(A &ref). Bo-BTOpBIX, HEKOHCTAHTHBIE YKA3aTEJN W CCHIIKA MO-
ryT OBITH IIPEOOPA30BAHBI K KOHCTAHTHBIM, TO €CTh, HAIIPUMED, €CJIA MBI
OpOCUM MCKJIFOUEHUE THIIa char*, TO OHO MOYXKeT OBITh [TOMAHO He TOJIhb-
KO Kak char* HO um Kak const charx. B obparnyro cropony mpeobpa-
30BaHME 3AIPEINEHO, Tak 4To oOpaboruyuk Tuna char * (6e3 momudu-
KaTopa const) He MOXKeT IIOWMATDL BbIpaXKeHue TUla const char*, u, B
9aCcTHOCTH, He MOKeT 00paboTaTh MCKJIIOYEHME, «BBLIOPOITEHHOE» C WC-
[IOJIb30BAHUEM CTPOKOBOTO JINTEPAJIA, HAIIPUMED TaKOe:

throw "I can’t work";

[Mocsepnuii (1, BO3MOXKHO, CAMblil BaxKHBIH) Buj Hpeobpa3oBaHuii
“MeeT OTHOIMEHUE K HACIeIOBAHUIO U mojauMopdusmy. K obcyxaeruro
9TOI TEMBI MBI BEDHEMCS ITOCJIE PACCKA3a O HACJIEIOBAHUM.

5. HacienoBanue u nosmmMopdusm

Bosbras qacts BodmoxkuocTeit Cru+4+, pacCMOTPEHHBIX HAMU BBIIIIE,
HE MMEIOT, KaK 3TO HEOJHOKPATHO MOAIEPKUBAJIOCH, MPSIMOrO OTHOIIE-
HUsI K O0'bEKTHO-OPUEHTHPOBAHHOMY TTPOIPAMMUPOBAHUIO — KPOME pas-
Beé YTO METOJIOB, BBI30B KOTOPBIX PACCMATPUBAETCS KAK <«TEXHUIECKAs
peanu3arusi» nepejadu coobrnenust o0bekTy. Bupouewm, ecim st moj-
JIEPKKU O0BEKTOB OFPAHUIUTHCS TOJIBKO METOJIAMH U WHKAIICYIIATINE,
nostyduTcs He BrosHe nonHoreHnsit Bapuant OOII, koroperiit wacTo ma-
’Ke HasbIBaloT uHade — object-based programming (a ue object-oriented).

Hacrasa mopa nmosnakomuthest ¢ pupmeraoit ocobernoctsio OOIT —
HacaedosarHueMm, a 320/THO U C TEMU BapUAHTAMU [TOJUMOP(MU3Ma, KOTO-
pBle IMEIOTCsI B BUJLY TIpH Ttepeunciennn «Tpéx kuros OOII» (B ormune,
OIIAITH 2Ke, OT CTATHIECKOI'0 TOJIMMOPMU3Ma, C KOTOPBIM Mbl HEOIHOKPAT-
HO CTAJKMBAJINCh U KOTOPBI HUKakoro orHomeHust K OOII He nmeer).
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5.1. Uepapxudeckue mIpesMeTHbIE 00JIacT

Ouenp 9acTo, u 0COOEHHO B OOjiee-MeHee KPYIHBIX KOMIBIOTEPHBIX
mporpaMMax, OOBEKTHI MPEJIMETHON 00JIACTH OKa3bIBAETCsl BO3MOXKHO
€CTECTBEHHBIM 00pa30M O0bEINHUTD B HEKME KATETOPUHU, TPUTIEM 00bEK-
Thl KaKJIO0¥ KaTeropuu MOI'yT IOAPa3eIdAThCd Ha IOAKATEIOPUU U T. JI.,
0o0pa3yst TaKuM 00pa30M UEPaAPTuro munos obsexmos. Hanpumep,
B IIpOrpaMMe, MOJIEJIUPYIOIEil TOPOKHOE JBUKEHUE, MOTYT PACCMATPU-
BaTbCs OOBEKTHI KATEMOPUU <«YIACTHUK JIOPOKHOTO JIBUYKEHUSI», MPHU-
9éM 3Ta KATEropus IMOJIPA3JIE/ISeTCS Ha TOJKATETOPUN <IEMeXO/Ibly U
«TPaHCIIOPTHBIE CPEJICTBAY ; TPAHCIOPTHBIE CPEJICTBA B CBOIO OYEPE/Ib e~
JISITCSI HA, «BEJIOCUIIE/IBI», «I'YZKEBBIE TIOBO3KN» M «MEXaHUIECKUe TPAHC-
[IOPTHBIE CPEJICTBAY, ITU MTOCJIEIHAE JIEISITCS Ha TPAMBAaW, TOJLUIEHOYCHI 1
aBTOMOOUJIN, ABTOMOOUIN — Ha TPY30BbIE U JIETKOBbIE, U T. JI.

B rakoit nepapxun Kaxkjasi KaTeropusi 00bLEKTOB, B TOM YUCJIe U Ta-
Kasl, KOTOPpasl caMa [MOJIPA3/IeJIAeTCs Ha KATeropuu, 00JIagaeT HEKOTOPbI-
MM CBOWCTBAMHY, CIENUMDUIHBIME JIJIsl JAHHON KATErOPUH, IPUIEM STHUMEI
JKe CcBoiicTBaMu 00JIalatoT U Bee OObeKTHI U3 eé mojkareropuii. Tak, Bce
ABTOMOOUJI MMEIOT, IO-BUJIUMOMY, XapPAKTEPUCTUKHU <«O0bHEM JIBUTATE-
JIsiy, «THII TOILUIABA», «00bEM TOILIMBHOIO DaKay U «KOJMIECTBO TOILJINBA
B 6ake», y HUX MOYKET 3aKaHINBATHCS TOILINBO, HAJ| HIMHU JIOJ?KHA ObIThH
OTIpeJiesIeHa OIIEpAIlisl «3alpaBKa TOIUIHBay. Bce 9TH XapaKTepPUCTHKH
HE UMEIOT HUKAKOI'O CMBIC/IA JIJIsi OObEKTOB, He BXOISIINX B KATETOPUIO
«aBTOMOOMJIN» — HU JIJIsi TPAMBAEB, HU JJIsl BEJIOCUIIE/IOB, HU TeM 0oJjiee
Jtst merexoioB. C Ipyroii CTOPOHBI, Y TPY30BbIX ABTOMOOHUJIEH eCTh Xa-
PAKTEPUCTHKA «00BEM Ky30Ba» U OMEPAINU «IIOIPY3Kay U «Pasrpy3Kas,
KOTODPBIX HET y aBTOMOOWJIEH, He SBJIAIONMXCS TPy30BbIME. Hakomerr,
TaKue XapaKTEePUCTUKHU, KaK TEKYyIlas CKOPOCTh M HallpaBJIEHHUE J[BUKE-
HUsI, OYEBUJIHO, IIPUCYIIN KaXKJIOMYy OOBEKTY pacCMaTpUBaeMON mepap-
XUU, BILUIOTD JIO MEIIEXOI0B.

Kaxk BugyM, y HAC BO3BHMKAIOT CTPYKTYPBI JAHHBIX, UMEIOINIHE, C O
HOIl CTOPOHDI, PA3JIUIHBLIN HAOODP MmoJelt u 00padaThIBAIONINX (YHKITHIL,
HO, C JPYroil CTOPOHBI, UMEOIIEe U HEKOTOpbIe OOIIKe I10JIsi, U OIpejie-
JiéHHbIe 001ue onepamnun. CymecTByIOT BecbMa Pa3jIndHbIe MOIXOIbI K
DEIeHNI0 BO3HUKIEro mporuBopeuns. Ilpu pabore na sizbike Cu garne
BCETO BBIXOJISIT U3 MOJIOYKEHUsI OITUCAHUEM CTPYKTYP JAHHBIX, ¥ KOTOPBIX
IepBbIe HECKOJIBKO TI0JIell COBIAAIOT; MIPU ITOM MPUXOIUTCS TO U JIEJIO
U3MEHATh TUIBI YKa3aTeJeil, a 370, KaK MbI 3HaeM, BeJIET K TPY/IHOOOHA~
pykuMbIiM ormubkaMm. OObeKTHO-OPUEHTHUPOBAHHBIE SI3BIKKM ITPOrPAMMU-
pOBaHMS IIpeyIaraloT H60jiee KOPPEKTHBIN MOIX0/I, HA3BIBAEMBbIil OOBITHO
HacaedosaHueMm.

OObICHATH HACJEJOBAHNE KAK TEXHUIECKUN NMPUEM HE TaK MPOCTO;
MBI TIOIIBITAEMCSI IPUMEHUTH HE BIIOJIHE TPAJIUIMOHHBIN MO/IX0J, HAYAB



§5.2. Hacnemosanue CTpyKTyp W TTOJUMOPMU3M &IPECOB 109

¢ paccMOTpeHusT OObEKTa KaK MPOCTOl CTPYKTYPHI JAHHBIX (KAKOBOW OH
HA CAMOM JIejI€ W SIBJISIETCH, IIPOCTO MBI 06 ITOM HE BCETJa MOMHEM).
MeTo1bI MBI TOAKTIOYAM K JIEJTY ITOTOM.

5.2. HacienoBaHme CTPYKTYp U NmOJIUMOPPU3M
aapecoB

B TtepMmumHAX CTPYKTYD JAHHBIX, PACIOJIOXKEHHBIX B MAMSTH, HACJIE-
JIOBAHUE TIPEJICTABIISIET CODOI JT0OaBIeHNEe HOBBIX MOJIel JJAHHBIX K DAHee
ONIMCAHHOM CTPYKType. Takoe m00aBieHre TPECTABIAET COOOH ymowHe-
HUue CBeleHni 06 ONMChIBAeMOM 00BEKTE, W, TAKUM 00pa30M, HACJIEI0-
BaHME PacCMATPUBAETCS KaK IEPeXo OT OOIIero K 4aCTHOMY.
IlycTe, mampumep, y HAC UMeETCs CTPYKTYPa JIAHHBIX, OMUCHIBAIOIIAS
nepcony (4esioBeka) U CojepKalasi MoJIsl JJisi UMEHH, [10JIa U [OJa POXK-
JICHUST:

struct person {
char name[64];
char sex; // ’m’ or ’f’
int year_of_birth;

}s

IIycTth Temeph HAM MOHAIOOWIACH CTPYKTYPa JAHHBIX, ONUCHIBAIONIAS
cmyderma (9acTHBI cirydaii nepcobl). OTHOCUTENILHO CTYAEHTa HacC
MOZKET MHTEPECOBATH KOJ CIIEIUAILHOCTH, HOMED KypCa W IIOKA3aTesIh
ycnesaemoctu (cpenuuii 6a/u1). Bmecre ¢ TeM, HECOMHEHHO, CTYAEHT —
9TO TOXKE YeJOBEK, TaK 9TO €My IPUCYINU U CBOWCTBA, O0IIue Jjisi BCeX
MIEPCOH: WMsl, TIOJI U TOJ POXKJIEHNsI; MHAYE FOBOPS, MbI MOYKEM IepeiTn
or obiero (mepcoHa) K 9acTHOMY (CTYIEHT), 006a6u6 YTOIHSIONIHIE CBe-
JIEHUsI, U CJEJIATh 9TO MOYKHO C IOMOIIBI0 MexaHu3Ma HacjeoBanust. Ha
Cu++ 9T0 3aIUChIBAETCS TaK:

struct student : person {
int code;
int year; // ®rypc
float average;

};

Ecin Teneps onmucarh nepeMenHyio Tuna student, oHa OyseT UMeThb BCe
CBOICTBa CTPYKTYPBI person IIIOC JOIOJHATEIbHBIE ITOJIS:

student si;

strcpy(sl.name, "John Doe");
sl.sex = ’m’;
sl.year_of_birth = 1989;
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sl.code = 51311;
sl.year = 2;
sl.average = 4.75;

CrpyKTypa person B JaHHOM CJIyuae Ha3bIBaeTCs 6@3080U mim podu-
meavckoli, a CTpyKTypa student — yHacaedo8aHHOT WA NOPOHC-
0énnoti, maorma douwepredi. Takyke ymoTpeOJISIIOTCS TEPMUHBI «IIPe-
JOK» M <«IIOTOMOK» (B JaHHOM CJIydae€ COOTBETCTBEHHO [JIsI person mn
student).

_.”x._.. name _.”X._“

SEX

year_of_birth

student

code

year

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
% average

Puc. 3. YuacienoBannas CTpyKTypa JaHHBIX

Pacnionioxkenne mosteit mepemeHHON s1 B maMsTH ITOKAa3aHO HA PUC. 3.
Croutr crenuajpbHO OTMETUTh, 9TO II0JIsd, OTHOCSIINECS K 9aCTh CTPYK-
Typhl student, YHACJIEJIOBAHHONW OT Person, PACIOJATAlOTCS Ha TeX JKe
Mecrax (II0 TeM Ke CMEIEHUSIM OTHOCHUTEJHHO HAvaJa), TJe OHH pac-
oJIaraJinchk 661 B cTpyKType person. [loyuaercs, 9To Mbl MOXKEM IIpH
HEOOX0IMMOCTH paboTaTh C IEPEMEHHOI s1 TOYHO Tak, KaK ecju Obl OHa
ObLTa TIEpEeMEeHHOI THuIa person, a He Tuna student Bakno monumaTsh,
910 0OpaTHOE HEBEPHO: B CTPYKTYPE Person OTCYTCTBYIOT IOJs, KOTO-
pble OXKUIAIUCH Obl OT CTPYKTyphl student. B cBasu ¢ stum Cu++
paspeliiaeT HesiBHOe HpeoOpa3oBaHmME aJpeca MepPEMEeHHOM IIo-
POXKAEHHOTO TUMA B aJpec 00beKTa POAUTEIbCKOTOo THUIA, B Ha-
mem npuMepe student* B person*. CooTBeTCTBYIOIIME TTPEOOPa30BaHUST
pa3pernieHbl Kak s yKa3arejeil, TaKk U /i ccbuioK. Hampumep, ciemy-
IOIFe CTPOKU MTOJTHOCTHIO KOPPEKTHBI:

student si;
person *p;
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p = &si;
person &ref = si;

Ecau B nporpaMmme onncana dyHKIHS, IPUHAMAIONIAS ITaAPAMETPOM yKa-
3aTeJIb WIN CChUIKY HA OOBEKT THUIIA person, eif 6e3 KaKux-audbo CII02KHO-
cTeil MOXKHO IIePeJIaTh COOTBETCTBEHHO yKa3aTelb HJIN CChLIIKY Ha OObeKT
Trna student:

void f(person &pers) { ... }
/] ...
student si;

/] ...
f(s1); // woppexrTHO!

DTO CBOICTBO MPEJIKOB, IOTOMKOB U UX aJIPECOB HA3BIBAETCS TL0AUMOD-
dusmom adpecos (pexke — NOIUMOPMOU3IMOM CCBUIOK); B OTJIMIHE OT
PACCMOTPEHHBIX paHee IIPOSIBJICHUH CMamuiecko20 moJuMopdu3Ma, STOT
HOBBII €ro BUJT UMeET K O0bEKTHO-OPUEHTHPOBAHHOMY ITPOrPAMMUPOBa-
HHUIO caMoe MpsMOe OTHOIIeHHWe. Paspeménnoe B 00bEKTHO-OPUEHTUPO-
BaHHBIX fA3bIKAX HesBHOE Ipeobpa3oBanue ajpecosB (ykazareseii) U CCbl-
JIOK OT THIA-IIOTOMKA K THUIY-IIPEJIKY MbI Oy/IeM Ha3bIBATH 1peobpas3o-
8aHUEM MO 3AKOHY NoaumopPHuma.

Ml nogpasymMmeBaeM, 4To I'IOJ'II/IMOpdf)I/I3M, Kakoii bbl ero B4 Mbl HN pacCMaT-
puBann, COCTOUT B TOM, 4TO onepauns nnun ﬂ,el7|CTBI/Ie, obosHavaemoe OOHNM N TEM
XK€ CMMBOJIOM, KOPPEKTHO BbIMNOJIHAETCA A1 ONEPaAaHA0B AN NapaMeTpPOB pPa3ainy-
HbIX TUNos. Yacto BCTpPEHaeTCA HEMHOIO MHOE NMOHUMaHue nonmmopdomsma: 4TO
OLHO 1 TO >Xe 0bO3HaYeHNEe UCNOJIb3YETCS A5l Pa3HbIX OeCTBUN, BbIOMpaeMbIx B
3aBMCUMOCTHM OT TUNOB napameTpos. Ecau nonumopdgusm noHumats Tak, To HaL
«nonumopdnsM aapecos» nepectaHeT bbiTb, cOBCTBEHHO roBopsi, nosnMopduns-
MOM, Be€Ab 34€Cb, HANpPOTUB, ,D,eVICTBI/Iﬂ (TeXHMHeCKM) BbINOJIHAKOTCA COBEPLUEHHO
OAMNHAKOBbIE BHE 3aBUCUMMOCTU OT TuNa; NpPU 3TOM PACCMOTPEHHbIE paHee BUAbl
I'IOJ'IVIMOpdf)I/I3Ma TAKOMY NMOHMMaHNKO BNOJSIHE COOTBETCTBYIOT.

Tak nnn NHa4Ye, NPpUMEHSAEMAA TEPMUNHOIOTNA MOXET Pa3/IN4aTbCA OT UCTOY-
HUKA K NCTOYHUKY.

5.3. MeToabl 1 3amuTa Ipu HacJeJ0BaHUU

[TockobKy HacseI0BaAHNE, HECOMHEHHO, SIBJISIETCSI COCTABHON YaCThIO
00'bEeKTHO-OPUEHTHPOBAHHOI'O IIPOIPAMMUPOBAHUSI, Jallle BCEro OHO IIPU-
MEHSIeTCsl JIJIS TUIIOB, UMEIOMUX (DYHKIMA-YJICHBI (METOMbI), U B POJIA
TaKUX TUIIOB KJIACCHI BBICTYIIAIOT HAMHOTO Yallie, 9eM CTPYKTYpbI. TexHu-
YeCKHU 9TO HUKOUM 00pa30M He TpebOBaHUE, BEJAb CTPYKTYPHI OT KJIACCOB,
Kak MbI y2Ke 3HaeM (CM. §2.5), OTIIMYIAIOTCST TOJIBKO MOJIEJIBIO 3AIIUTHI TI0
yMoOJTIaHuI0o — U 6ojiee HUYeM. EcTecTBEeHHO, HAC/IEIOBAHIE BO3MOXKHO
KaK JJIsl CTPYKTYP, TaK U JJisd KJIacCOB, IPUYEM KJIACCHl MOXKHO HacJIe-
JI0BaTh OT CTPYKTYP U HAOOOPOT; TPOCTO, KAK MBI OTMEYaJIn PaHee, JJIst
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ommcanust 00beKToB B cMmbicjie OOIT mporpaMMUCTBI CTAPAKOTCST UCIIOhb-
30BaTh UMEHHO KJIACCHI, & HE CTPYKTYPbI, YTOOBI IIOKA3aTh, UTO 31€Ch
UMeeTCsl B BULy UMEHHO 3Ta mapajurma. B §1.1 Mbl oTMeua n, 9T0 caMmo
CJIOBO KAGCC M3HAYAIBHO oTHOCUTC K Tepmunosiorun OOIl — aro muo-
JKECTBO O0BbEKTOB, YCTPOEHHBIX OJMHAKOBO, & C IPArMATUYIECKON TOYKHU
3peHus — OINCAHNE YCTPONCTBA 00BEKTA; B 9TOM CMBICJIE, JAXKe €CJIN JJIs
coznanus 00bekTa (B eMbicste OOIT) MBI BOCIIONB3yeMesl CTPYKTYPOif, 1o-
JIYIEHHBIIl TUI CJIeJyeT CAUTaTh MMEHHO KJIACCOM, €CJIM He B TepMUHAX
s3bika, Cu++, o B Tepmuuax OOIL. B manbreiimem nzmoxkennn Mul Oy-
JIEM HCIIOJIb30BATH CJIOBO «KJIACCH» JJIs 0DO3HAYEHMSI BCEX THUIIOB OODbEK-
TOB, ecJii TaKoBble oTHOCATCs K mapajgurme OOIl, me yrodwssi, 94To 3TO
(B Tepmunax Cu++) MOXKeT ObITH KaK KJIACC, TaK U CTPYKTYPA.
Cunraercs, YTO MOCTPOEHUE KJACCA-IIOTOMKA Ha OCHOBE 0a30BOrO
KJacca mooicem Ovims (XoTst U He 00g3aHO, U B GOJILIIUHCTBE CJIydaeB
HE SBJISIETCs) “4aCMHOU 0emanbio peasusdayul, 0 KOTOPOH OKPY KAIOIIHil
MHD 3HATHh He JOoJKeH. B cBsi3u ¢ stuM B Cu-++ pasjmyaroT Hacjemno-
BaHMe OoTKpbiToe (public) m 3akpeiToe (private). Mogenasb 3ammurhl s
KOHKPETHOI'O CJIydasl HacJIeJOBAHMs YKA3bIBACTCH B 3ar0JIOBKE KJIacca
HEITOCPEICTBEHHO TIePe/T HA3BaHUEM KJIACCA-TIPEIKA, HAIIPUMED:

class B : public A {
VAT
+

njim

class C : private A {
VAN Y
I

Ecsin B iepoM cityuae Bee cBoiicrBa Kiiacca A (ero OTKpPBITbIE METOBI U
[OJIsl, eCJIN TAKWe B HEM eCThb) OY/yT MOCTYIHBI JJisi OObEKTOB Kiacca B
OTOBCIOJIY, TO BO BTOPOM CJIydae — TOJBKO U3 METOJIOB Kiacca C, a Bcsd
ocTaJibHasI MporpaMmMa BoooOIIe He Oy1er 3HaTh, 4TO Kjacc C yHACIeI0BaH
ot A. Bcé sTo paboraer u mjist CTPyKTYP.

Mogtesb 3aIuThl [JIsi HACJIEIOBAHUSA MOYKHO HE YKA3bIBaTh, KAK MBI
91O Jesnaiu B npuMmepe Ha cTp. 109. B sTom cirydae OymayT JseiicTBOBaTH
YMOJTIaHUs: JJIsi CTPYKTYPBbI HACJIEIOBAHUE II0 YMOJYIAHUIO OTKPBITOE
(public), msa knacca — 3akpbiToe (private). B peasibHO# »Ku3HU TO-
TPeOHOCTH B 3aKPBITOM HACJ/I€IOBAHUU BO3HUKAET KpaliHe pej-
KO, IIO9TOMY IIPU OIUCAHUN HACJIEILYEMBIX KJIACCOB OOBIYHO YKa3bIBAIOT
CcJ0BO public, a IIpM OIMCAHUM HACJIEILYEMBIX CTPYKTYD HE yKa3bIBAIOT
HUYero, 1noJiaradcCb Ha yMOJIYaHUL.
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3aMeTnM Tenepb, 4TO i 6a30BOr0 KJIacca MOPOXKIEHHDBINA KIACC HU-
qyTh He «JIy4Illey BCeil OCTAJbHOI IIPOrPpAMMBI M, KAK U JIFOOOH HepyxKe-
CTBEHHBIN (DPArMEHT KOJa, He JOJKEH UMETh JOCTYIa K JIeTAJISIM Deasii-
zanuu Kjacca. [losTomy, 09eBUIHO, 3aKPBITHIE TIOJIS U METOJIBI 0A30BOTO
KJ1acca He Oy/IyT JOCTYIIHBI HOPOXKIEHHBIM KJIACCAM.

B peaspHBIX 3aa9aX 9aCTO BO3HUKAET IIOTPEOHOCTD B TAKUX JI€TAJISAX
nHTepdeiica Kaacca, KOTOpble MPeIHA3HAYEHBI TOJBKO U MCKJIIOUUTETh-
HO JIJIsl €70 MOTOMKOB. JIj1s1 TaKMX ciIydaeB Hapsay ¢ peknMamu public
u private BBOJIUTCH elIé M TPETUil pe:KuM 3amuThl, protected (3auwu-
wénno). Tlosst u MeTopl, IIOMEUYeHHbIE CJI0BOM protected, GyayT J0-
CTYIIHBI B CAMOM KJacce (TO eCTh B €ro MeTO/Aax), B JPYKECTBEHHBIX
DYHKIHAX, a TaKXKe B METOJaX HOTOMKOB JAaHHOrO KJjacca?’; Bo Bceil
OCTaJILHOI MporpaMmMe JOCTYII K HUM OYJIET 3aIlpeIéH.

Baxxno moHMMAaTh, UTO IOJISI U METOJbI, UMEIOIINEe PEYKUM 3aIUuTh
protected, He MOTYT CUHTATHCS B IIOJTHOM CMBICJIE CJIOBA JETAJISIMU Pe-
aJIM3aIy, KOTOPble He KAacaloTCs HUKOrOo, KPOMe JIAaHHOrO Kjacca. Paz-
HUTIA 371eCh JOCTATOYHO NpUHIUNNUAIbHA. JleTamn, moMmeriéHHbe B 3a-
KpBITY1o (private) gacrb Kiacca, MOXKHO 6e300JIe3HEHHO U3MEHSITh, UC-
paBJjidsd MPHU ITOM TOJBKO METOJBI CAMOTO KJIACCa W JIPYKEeCTBEHHbBIE
byHKIMM, KOTOPBIE OMATH-TAKU [IEPEIUC/ICHBI B IBHOM BHJE B 3ar0JIOB-
Ke Kjacca. llnade roBops, mepesesbiBas MPUBATHYIO YaCTh KJIACCA, MBI
BCerJla 3HaeM, IJie IPOXOJUT I'PDAHUIA KOJ/a, KOTOPBI MOXKEeT IIPU 3TOM
«CJIOMaThCS» W KOTOPBIN HaM, BO3MOXKHO, MPUIETCS HCIPaB/ATh. Ha-
MIPOTHUB, OCODEHHOCTH Pean3allil KJiacca, ITOMeIeHHbIE KaK protected,
MOTYT HCIIOJb30BATHCS B CAMBIX HEOYKUJIAHHBIX JACTSIX MPOTPAMMBL: JI0-
CTaTOYHO KOMY-TO IJle-TO OIIUCATH €IT€ OJHOTO IIOTOMKA HAIIEro KJiacca, O
KOTOPOM MBI He 1oj1o3peBaeM. [losTomy, B OT/IMYHE OT IPUBATHBIX ITOJIEH
U METOJIOB, IIOJISI ¥ METOJIBI C PE2KMMOM protected JOKHBI 003aTEILHO
JOKYMEHTHUPOBATHCA, a K UX U3MEHECHUIO CJICIYET MOIXOTUTH CTOIb YKE
OCTOPOXKHO, KaK M K U3MEHEHUIO OTKPBITOH (IyGJaudHOll) 9acTu Kiacca.
MoxkHo cKazaTb, 9TO protected — 3TO XOTb W OCOOBI, HO BCE K€ BH,
OMKPLIMBIT OCOOEHHOCTEN KJ1acca.

Ecau mp1 paboraem ¢ 00 bEKTOM-TIOTOMKOM, B €0 KJIACCe-TIPEIKE BBe-
JEH HEKWl MEeTOJ U HaM ITOT METOJ| JIOCTYIIEH, TO €CTh HE CKPBIT OT
HAC 3aIUTOH, MBI MOXKEM BBI3BIBATH TAKOW METOJT Jjisi OO0 BbEKTA-ITOTOMKA,
TOYHO TaK 2Ke, KaK U JJIsi O0bEeKTa-IPeIKa, TPUIEM, €CIU He MPEeIpPU-
HATH CIIENUAJIbHBIX Mep, METObI IIPeJIKa He OyyT HUYEro 3HATH O TOM,
9TO UX BBI3BIBAIOT JIJIsT O0BEKTA-IIOTOMKA, TO €CTh OyIyT paboTaTh Tak

25,Z[J15i HEIIOCPEICTBEHHBIX IOTOMKOB 3TO BEPHO BCETJa; €CJIM K€ pedb UIAET O No-
momke nomomka uin o emg doJsiee TajJbHEM «POJICTBE», MOXKET OKa3aThbCs TaK, YTO B
IeNI0YKe HACJIeJHUKOB BCTPETUJIOCH HAC/IeJOBaHUE 3aKPbITOE, U TOT/la IOTOMOK MOXKET
BOOOIIE HE 3HATBH, YTO €ro HPEJOK IIOCTPOEH Ha OCHOBE JIPYTOro KJIACCa; €CTECTBEH-
HO, TaKoi IIOTOMOK He OyJIeT MMeThb JIOCTYIIAa HU K KAKUM YJIEHAM <«3aCEeKPEeYEeHHOI'O»
JAJIBHErO MPEJKa, /TaKe K MyOJIMYHbIM — U K 3aIUIIEHHBIM TOXE.
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JKe, KaK U JjIs 00beKTOB 6a30BOro Kjacca. Hampumep, ecjin MbI cjiejiaem
KJIACC «aBTOMOOWJIb» W IIPEIYyCMOTPHUM JIJIsi HETO OIEPAIUIO «3alpaBKa
GEH3MHOM», & TIOTOM TOPOJIMM OT HET'O KJIACC «IPY30BUK» C JIOMOJHATE b
HBIMI CBOMCTBAMU, TO OMEPAINS «3alpPaBKa OCH3MHOM» Oy/1eT JOCTYIIHA
U JJIsl TPY30BUKA, IPUYEM Dean3aliisi STOH OlepaIiuu He OyIeT HIIero
3HATH PO OCODEHHOCTH I'PY30BUKOB U Oy/ieT paboTaTh ¢ OOHEKTOM THIIA
«I'PY30BHK» TOYHO TaK Ke, KAK U C OObEKTOM THIIA «aBTOMOOUIIbY.

31ech paboTaeT OIMUCAHHBIN B IIPEIbIIyIeM naparpade aIpecHbIil mo-
suMopdu3M B ipuMeHeHnu K napamerpy this (cum. §2.2). B camom zee,
LIyCTh KJIacC B yHacJ/e0BaH OT KJjacca A, B KOTopoM ecTb dbyHKIus (Me-
TO,IL) f. Torma ykasarenb this B merosie £ mmeeT Tum A* (I/IJ'II/I const Ax,
ecan Meroi KOHCTaHTHBIH). [Ipu BBI30oBe f JIst 0ObEKTA Kiacca B yKa-
3aTelb this go/pKen umeTh TN B*, HO, Kak MbI 3HaeM, Bx pasperieHo
HESIBHO MPeo0PAa30BbIBATH B A* 110 3aKOHY MOJUMOP(MU3MA.

B repmunax OOII 1o o3HavaeT, 9T0 IOTOMOK yYMEET OTBEYATH Ha BCE
BUJIbI COOOIIEHU, TPEIyCMOTPEHHBIE JJIsT €r0 TPEJIKOB; 9TOOBI OOBLEKTY
MOXKHO GBIJIO OTIIPABUTH TaKOe COOOIEeHNe (T. €. BBI3BATH METO/I IIPEJIKA ),
JIOCTATOYHO UMETh JIOCTYI K 3TOMY METOMY, TO €CTb YTOOBI OH He ObLI
CKpBIT 3amuroii. lnade roBops, ¢ 06bEKTOM-HACIEIHUKOM MOYKHO (1Ipu
JKeJiaHuu ) paboTarh TOYHO TaK JKe, KaK ¢ 00beKTOM-TIPEIKOM, BOODIIIE He
obpalras BHUMaHUs Ha TOT (PaKT, ITO MBI IMEEM JIEJI0 ¢ OOBEKTOM JIPY-
roro tuna. JacTo MOXHO JaXKe BCTPETUTH YTBEPXKIEHHE, UTO OOBEKT
KJIACCa-IIOTOMKA SIBJISIETCSI TaK2ke M O0bEKTOM KJIacCa-IIPeIKa;
YUIUTBIBAsI, 9TO HA MJIEOJIOTUIECKOM YPOBHE, KAK MBI y2Ke OTMedaJIn, Ha-
CJIEJIOBAHUE €CTh IIePEXO] OT O0INEero K YaCTHOMY, O0bEKT-IIOTOMOK OKa-
3BIBAETCHA YACTMHbIM CAYYAEM Kilacca-penka. B camom meste, pa3se rpy-
30BUK He SIBJISIETCS] 9aCTHBIM CJIyIaeM aBTOMOOUIIs?

C apyroii cTopoHbl, Kak BUAHO U3 puc. 3, 0BbEKT NMOPOXKAEHHOrO Kiacca co-
AEPXKUT B cebe obbekT Ba30BOro knacca B Kayectse ceoeli 4Yactn. Hukakoro npo-
TUBOPEYMS TYT HET, 3TO NPOCTO fBe pa3Hble MoAenu BOCnpusiTus (MOXKHO Aaxe
CKa3aTb, 4YTO 3TO pa3Hble napap,mrMbl) nnn, ecnn yrogHo, pa3Hble TOYHKU 3peHns:
OAHa — TOYKa 3peHnA peannsaunmn CpencTB sA3blka (peanmsaTopCKaﬂ CeMaHTI/IKa),
BTOpasi — TOYKA 3pPeHusi IOTVKMN NMPOEKTUPOBAHMS NPOrpamMmebl (Nosib30BaTenbCKast
cemanTuka). K sTomy BONpocy mbl elé BepHEMCS.

5.4. KoHcTpynpoBaHue u JIeCTPYKIUS HACJIeJTHUKA

KoHCTpYKTOPBI U 1eCTPYKTOPHI 3aCIyKUBAIOT 0COOOTO YIIOMUHAHWS
[P TIOSIBJICHUN HacjaeaoBaHust B mporpamme. C Kakoit ObI TOYKH 3pe-
HUSI MbI HU PacCMaTPUBAJIM HOPOXKIEHHBINA 00bEKT, OUEBHJIHO, YTO B MO-
MEHT €ro CO3JaHUsl TaKXKe CO3/aéTcd U 00beKT H6a30BOr0 KJacca, IIpH-
96M HEBayKHO, CIUTAEM MbI €r0 «YaCThIO» MOPOXKIEHHOIO O0BEKTA WJIH
JKe ero «JIpyroil WIocTachbio». TaKuM Ke TOYHO 00pasoM IIpU YHUUTO-
JKEHUN TTOPOXKIEHHOIO 00beKTa mcue3aeT n 6a30BbIit 00bekT. Cremona-
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TEJIbHO, TP CO3JIAHUK OOBEKTa IMOPOXKIEHHOIO KJjacca JIOJKEH OTpa-
60TaTh W KOHCTPYKTOP 0a30BOI0 KJIacca, a IIPU YHUITOXKEHUH TAKOTO
0o0beKTa — JeCTPyKTOp 0a30BOro Kjacca. lIpm 3TOM, 0YeBHIHO, B Te-
JlaX KOHCTPYKTOPA U JIECTPYKTOPA MOPOKIEHHOTO KJIACCA JTOJ2KHBI ObITH
JOCTYIHBI BCE YacTU OObEKTa, JJIsI KOTOPOrO OHH BBI3BIBAIOTCHA. Bazo-
BBIIl OODBEKT, TAKUM OOPA30M, JIOJ?KEH OBbITH MHUITAAJIUIUPOBAH PAHLULE,
a YHUYTOXKEH — no3okce 00beKTa NopoxK ieHHOr0. [losryuaercst, 9To Bpemst
CYIIECTBOBaHUSI 00BEKTA KJIacCa-HACIEIHUKA B €ro «0a30BOii» HIIOCTACH
KaK OBl 9y Th-IyTh OOJIBIIE, 9€M BPEMs CYIIIECTBOBAHUS €0 2Ke B KAIECTBE
00bEKTa CBOEr0 COOCTBEHHOTO THUIIA.

C J1ecTpyKTOPOM J1ej1a OOCTOSIT JIOCTATOYHO MPOCTO: KOMIUJISTOD aB-
TOMATHYECKU BCTABJISET B KOJ J€CTPYKTOPA IOPOK IEHHOTO KJacca (B ca-
MBIl €r0 KOHEIl) BBI30B JECTPYKTOPa 6A30BOTO KJIACCA, TAK YTO CHAYAJIA
oTpaboTaeT TeJo JeCTPYKTOPA MOPOXKJIEHHOTO KJIACCa, & 3aTeM — TeJIO
JecTpykTopa 6a3oBoro kjiacca. C KOHCTPYKTOPOM BCE TOKe MOTLJIO Obl
OBITH TIpOCTO (CHAYANA BBI3BATH TEJIO KOHCTPYKTOpa 0A30BOTO KJACCA,
[OTOM TeJIO KOHCTPYKTOpa KJIACCa TOPOXKIEHHOIO), ecan Obl He TO 06-
CTOSITEIBCTBO, YTO KOHCTPYKTOPHI (B OBIIEM ciydae) MOTYT TpeGOBaTh
BxXOHBIX mapamMeTrpoB. C moxoxkeil mpoOIeMOil MbI YK€ CTAJTKUBAJINCH
IpU PACCMOTPEHHMHU KJIACCOB, UMEIONINX 110Jist THIa Kiace (cm. §3.15). Pe-
aeTcst TpodjeMa B JTAHHOM CJIydYae COBEPIIEHHO aHAJIOIMYHO: B OIHUCA-
HUH KOHCTPYKTOpPa IIOPOXKJIEHHOI'O KJIacCa MEKJY 3ar0JIOBKOM U TeJIOM
BCTABJISIETCS CIIMCOK WHUITNAJIU3ATOPOB, HAYMHAIOMIMICSA ¢ MHUIINAIN3A-
Topa 6a30B0ro Kiacca (0603HAYAEMOro B IAHHOM CJIy4ae UMEHEM KJIacca)
C YKa3aHMeM BCEX HYXKHBIX IMapaMeTpOB KOHCTPyKTopa. Tak, eciam A —
6a30BbIil KJIACC, KOHCTPYKTOPY KOTOPOro TpebyIoTCs /1Ba mapaMerpa TU-
mma int, B — KJ1acc, yHaCAeTOBAHHBIN OT A, CHAOXKEHHBINT KOHCTPYKTOPOM
10 yMOJIYaHUIO U UMeIoIuii mose int i:

class A {
//

public:
A(int p, int q) { /* ... */ }
/...

};

class B : public A {
int i;

public:
BO;
//

}s

— TO OIIMCaHHE €TI0 KOHCTPYKTOPpa MOXKET BBIIVIAJIETH TaK:
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B::B() : A(2, 3), i(4)
{

VA T Y
}

rme 2 U 3 — mapaMeTphbl JJIsT KOHCTPYKTOpa 06a30BOTO Kjacca, 4 — Ha-
YaJabHOE 3HaYeHNe IO 1.

5.5. Bupryasibubie pyHKIMN; JUHAMUAYIECKU
noauMopdpusm

o cux mOp MBI IPEIIOIAraIn, YTO 00bEKT-IIOTOMOK Oy/IeT pearupo-
BaTh Ha COODINEHUSI, ONPEJEJIEHHBIE JJIsS €r0 IPEeJIKa, MouHO MaK oice,
KaK Ha HUX pearmpoBaj Obl OOBEKT-IPENOK. B psime ciaydaeB 310 He
OTBEYaET MOTPEOHOCTSM MOJEJUPYEMON MPEeIMEeTHONH obsiacTu: ObIBAeT
TaK, YTO HA Te WM WHbIE COODINEHUs! MMOTOMKY KEJATEJIHHO Dearmpo-
BaTh MHA4Ye, KAKUM-TO CBOMM COOCTBEHHBIM criocoboMm. JlocTtudb 3TOrO
[IO3BOJISIET MEXAHU3M BUPMYAAbHHTL GYHKUUL; ¢ €ro IOMOIIHIO aB-
TOP KJIACCA-TIPEJIKA MOXKET IIPEIOCTABUTDH IOTOMKAM BO3MOXKHOCTH MO-
IUDUKAIIAN TOBEJIEHUS OTAE/IBHBIX METO/IOB, IPUIEM KaK ITOJTHOMN, TaK U
qacTUIHON. UTOOBI MOHATDH, KAK 9TO IPOUCXO/IAT U 3a9€M BCE 9TO HYKHO,
MBI JIJI Ha49aja PACCMOTPUM IPUMED, & 3aTe€M IOSICHHUM, KaK COOTBET-
CTBYIOIIMIT MEXaHU3M YCTPOEH.

Wrak, gomycrum, 9To mepejl HAMU CTOUT 3aJa4a, CBSI3aHHAS C KOM-
IbIOTEPHOI rpaduKoil, 1 HYKHO onucaTh cieny (To ecTh Habop rpadu-
YECKHX JIEMEHTOB) B BUJIE HEKOEI'O CIIMCKA WJIM MACCUBA OOBEKTOB, 38,18~
onux rpadudeckne 0O0bEKTHI PA3JIMIHOIO THIIA, HAIIPUMED, OTIAEIbHbIE
NUKCeJIN, IMHUU, OKPY2KHOCTHU U T. II. ﬂﬂﬂ Ha4daJla OIIUIIIeM KJIacCcC, 06']361(-
ThI KOTOPOI'O OYJIyT IIPEJICTaB/IsITh B HAIIIEH CIleHe IpocTeiiiie rpadude-
CKUe IPUMUATUBBI — OTIE/IbHbIE TUKCE/IN. ZICHO, 9TO y MUKCEsIs MMEIOTCS
JIBe KOODAMHATEI (X OOBIYHO 33/Ial0T YUCJIAME C [LIABAIONIEH TOYKOI) 1
user (1esoe 4uciio). Bysem cunrarh, 4TO OCHOBHBIE JIelcTBHs ¢ rpadu-
YeCKUM OOBEKTOM, B TOM YHCJIE U C IUKCEJIAMH — 3TO IOKa3aTh 00BEKT
Ha 3KpaHe (Mbl 0603HAYMM 3TO JeiicTBue (pyHKnueit Show), ybpars ero ¢
skpana (Hide) u mepemectuTs €ro B HOBYIO nozuimio (Move).

class Pixel {
double x, y;
int color;
public:
Pixel(double ax, double ay, int acolor)
x(ax), y(ay), color(acolor) {}
void Show();
void Hide();
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void Move(double nx, double ny);

};

Konkperuka onucanust tesn dpynkiuit Show u Hide 3aBUCHUT OT HCIIOJb-
3yeMoil rpadudeckoil GubIMOTEKH, IIPABUII TIePeCIETa KOOPIUHAT U T. I1.;
MBI Ha 9TOM OCTAHABJIUBATHCA He Oy/IeM, TPOCTO IIPEIITOJIOKIM, 9TO ITH
dbyurnmu rae-To omucaHbl. VICnoab3ys nx, Mbl OY€HDb JIETKO MOXKEM OITU-
catb QYHKIHMIO Move, Belb II€PEMEIIEHNE COCTOUT B TOM, UTO OOBEKT
cHadaJIa yOUpaIoT ¢ 9KpaHa, MOTOM MEHSIIOT €ero KOOP/IMHATHI U HaKOHEI],
CHOBA& IIOKa3bIBAIOT:

void Pixel::Move(double nx, double ny)

{
Hide();
X = nx;
y = ny;
Show () ;
}

IIpeamonoxum Temeppb, 9TO HAM HY>KEH TaKXKe OODBEKT «OKDPY2KHOCTDY.
IousTHo, uTo Takoil 06beKT ObJazaeT TeMu ke cBoiicrBaMu (KOODH-
HATBI ¥ I[BET) U B JIONOJHEHNE K HUM XapaKTEPHU3YETCsl eIlE PaJUyCcoM.
IlosTomy MBI BoCmIOTb3yeMcsl YK€ MMEIONUMCs KJjaccoM Pixel B Kade-
cTBe 6azoBoro?®, a xmacc Circle or mero ynacaedyem. Koneuano, mero-
mgaMm Kjaacca Circle morpebyeTcss 3HATH KOOPAWHATHI W IIBET, XOTs OBI
JUISE TOTO, YTOOBI yMETh PHUCOBATH 33JaHHYIO OKDPYXKHOCTH Ha IKDPAHE.
B HameMm mpuMepe MblI PeIiuM BOIPOC JIOCTYIIA CAMBIM MPOCTBIM (XOTsI
U HE CAMBIM JIYUIIUM) CIIOCODOM: CIEJIAeM I0JiA 6a30BOr0 KJIACCA 3allly-
nieHHbIMU (protected), a He 3aKPBITBIME; JJI 9TOIO BCTABUM B CAMOE
Ha4aJI0 ONNCaHud Kjacca Pixel nmupekTuBy protected:

class Pixel {

protected:
double x;
//. ..

Tertepb MBI MO2KEM TIEPENTH K ONMUCAHUIO Kjacca Circle m Jyida Havasa
OIMINIEM II0JIe, KOTOPOI'O0 HAM He XBaTaeT, YTOObI IPEBPATUTH TOUYKY B
OKPY2KHOCTb:

class Circle : public Pixel {
double radius;
public:

2631ech MBI HECKOJIBKO HApPYIAeM MPUHIUIEI 06K THO-OPUEHTHPOBAHHOTO ITPO-
€KTUPOBaHMUs, IOCKOJIbKY OKPY>KHOCTb, OY€BHUJHO, He SBJISIETCS YaCTHBIM CJydaeM
Touxku. MBI HCIIpaBUM 3Ty OIIOIIHOCTB B OJHOM H3 CIEAYIOMUX Iaparpados.
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Onuiem Terepb KOHCTPYKTOP st Kiacca Circle. Ilpu sTom Ham mpu-
JETCs IPUHSATDH Ha OIUH IapaMerp O0JIbIle, YeM B KOHCTPYKTOPE KJIacca
Pixel. Kpome TOro, mocKOJbKY €IMHCTBEHHBI KOHCTPYKTOD 0Aa30BOTO
KJIacca TpebyeT yKa3aHus TPEX IapaMeTpPOB, Hy?KHO OyJIeT 3aJaTh mmapa-
MeTPBI JJIs BbI30Ba KOHCTPYKTOpa 6a30BOro KJiacca, KaKk 3TO 00CykK1a-
Jiock Ha cTp. 115. OKOHYATEJIBHO OIMCAHKME BBIAIET TAKKM:

Circle(double x, double y, double rad, int color)
Pixel(x, y, color), radius(rad) {}

Pazymeercs, B 006bekTe He0OXomuMO ommcaTh yHkiuu Show m Hide,
peJHa3HauYeHHbIE JIJIsl PUCOBAHUS U CTUPAHUS C dKpaHa OKPYXKHOCTH,
KOTOpBIE Oy/IyT OTIMYAThCA OT (DYyHKIHUi, TpeTHAZHAYECHHBIX JJIsi OJU-
HOYHOI'O ITIMKCeJIA; MBI, KaK U IIPU PacCMOTPEHNN Kjaacca Pixel, Bo3uep-
JKAMCsI OT OIUCAHUS KOHKPETHBIX TeJl 3TUX (PYHKIINN, OrPAHUYUBIINCH
X 3aroJI0BKaMU:

void Show();
void Hide();

Hereprienusbriit autaTesib MOKET MPEIIONIOKUTD, 9TO ceivac MbI OyaeM
OIMCHIBATH (PYHKIUIO Move, aHAJJOTUYHYIO TOI, YTO OIMCAHA BBIIIE JJIst
Kyacca Pixel. BMecTo 3TOTO MBI IpEJIOXKAM HEMHOTO TOJIyMaTh. JIerko
3aMETHUTD, ITO PyHKyua Move 0aa H0B020 KAaCCA 0KAIICEMEA AOCOAIOMMHO
maxotl olce, Kax u 0as Kkaacca 6a306020, TO €CTh HAM TOTpeOyeTcst Ha-
[IUCaTh HE TOJIbKO TOYHO TAaKOW 2Ke 3arojI0OBOK, HO U TOYHO TaKoe 2Ke, C
TOYHOCTBIO JI0 TIOC/IeHel OYKBBI, Tesio pyHKInu! ITO U HEYIUBUTEIHHO,
BeJlb BHE BCSKOI 3aBUCHMOCTH OT (DOPMBI rpadudecKoil hurypsl e€ mepe-
MEIIEHNE 110 IKPAHY MPOU3BOIUTCS aDCOTIOTHO OJUHAKOBO, B TPH IIATa:
cTepeTh, U3MEHUTH KOODJIMHATBI, HAPDUCOBATh B HOBOM MeECTe.

Bosuukaer ecTecTBEHHBII BOIPOC, HEIb3d JH HUCIOJb30BATH JIJIs
Kyacca Circle Ty ke camyto MYHKINIO Move, KOTOpas y2Ke OIUCAHA, JJIs
kJtacca Pixel, He co3maBasi HOBOI Bepcuu 310 byHKImnu st Circle.
Jlerko 3ameTuTh, YTO (€C/IU HE IPEIIPUHATD CIEIUAIBHBIX MEP) IPOCTOM
BBI30B (byHKINN Move 11 00beKkTa Kiracca Circle, KOHEYHO, BOZMOXKEH
(Beap 910 Ke mybumuHas QyHKIus 6a30BOro Kjacca, a HacJel0BaHue
IPOU3BEJIEHO 10 IYOIMIHON CXeMe), HO He NPusedém K HYNCHLM HaM
pe3yavmamam, U BOT modemy. Bo BpeMsi TPAHC/SIUU Teja QyHKIIHT
Pixel: :Move KOMIMJIATOD MOXKET HUYEro HE 3HATHL O CYIIECTBOBAHUU
IIOTOMKOB y Kjacca Pixel, KOTOpble K TOMYy K€ BBONAT CBOU BEPCUN
dyukmnit Show n Hide. IToaToMy KOMIMIATOP, €CTECTBEHHO, BCTABSIET
B MAIMUHHBIN Ko/ yHKIMM Pixel: :Move OOBIYHBIE BBHI3OBLI (DYHKITHM
Pixel::Show u Pixel::Hide, TO ecTh MHCTPYKIMHU call ¢ KECTKO 3a-
JAHHBIMU UCIOJHUTEIbHBIMA aJIpecaMy, He I0/Ipa3yMeBaloIe HUKaKIX
U3MEHEeHUN.
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Ecau teneps BbzBaTh byHKIMio Move s ob0bekTa Kjaacca Circle,
OHA JIJIsi CTHPaHUsi C 9KpaHa oObeKTa BbI3oBeT (byHKIMIO Hide B TOit
eé Bepcumu, B KOTOpO#l OHa omucaHa s Kjacca Pixel. Dra dyukimus
BBITIOJIHUT JEHICTBASA 10 «CTUPAHUIOY C IKPAHA 00 BHEKTA-TOYKH, TOTIA KAK
CTepeTh Ha CAMOM JeJie HYy2KHO OKPY2KHOCTb. 10 2Ke caMoe Ipou30iIeT ¢
dyHkImeir Show: BMECTO OKPY?KHOCTU B HOBOII ITO3UITUN HA, dKpaHe OyIeT
OTPUCOBAHA TOYKA. YICHO, YTO 3TO COBCEM HE TO, YTO HAM HYKHO.

Tem He MeHee, KaXKeTCsi CTPAHHBIM M HEIIPABUJILHBIM OINUCHIBATE JIJIsT
kitacca Circle (yHKIUIO, CJIOBO B CJIOBO MMOBTOPSIONLYIO APYTYIO, KOTO-
past y2Ke umeercd B 6a3oBoM Kjacce. Ul 31ech HaM Ha ITOMOIIDb IIPUXOIAT
MEXaHU3M 8UPMYasbHulr PGyrrkuul. KpaTtko roBopsi, BUpTyaJbHas
dysKIWs (MM BUPTYaJIbHBI MeTO) — 9T0 (DYHKIMS, OINUCHIBAIOIIASI
Takoe JeficTBre HaJ 00bEKTOM, OTHOCUTEIHFHO KOTOPOI'O IPEIIoIaraeT-
Csl, 9TO AHAJIOTUIHOE JIeiiCTBIE OYIET OIpPEeIesIeHO U JJisi OO bEKTOB KJIac-
COB-TIOTOMKOB, HO, BO3MOYKHO, JIJII IOTOMKOB OHO OYZET BBITOJTHSATHCS
uHave, 1eM Jjist 6azoBoro Kiacca. B repmunax Teopun OOIT moxkHO cKa-
3aTh, UYTO BUPTYAJTbHBIM METOJIOM 331aéTCsI peakiinsg 00beKTa KJIacca Ha
HEKOTOPBII TUII COODIEHUI B CIIydae, eCyIu:

® TIPEII0JIATaeTCsl, YTO y JAHHOTO KJtacca OYIyT KJIACCHI-TOTOMKH;

® O0OBEKTHI KJIACCOB-TIOTOMKOB OYy/IyT CIIOCOOHBI IOy YaTh COOOITEHIE

TOrO JKe THIIA;

® O0BEKTHI HEKOTOPBIX HJIM BCEX IIOTOMKOB Oy/yT pearupoBaTh Ha

9TU COODITIEHNsT MHAYE, Y€M 3TO JIEJAeT OObEKT KJIACCa-TIPEeJIKa.

Aszpik Cu++ mo3BosisieT 0ObSBUTH B KAYECTBE BUPTYAJIBHON JIFOOYIO
GYHKIHMIO-METO, KPOME KOHCTPYKTOPOB U CTATUIeCKUX MeTomoB. Jlms
9TOrO IepeJ] 3aroJIOBKOM (DYHKIMH CTABUTCs KJIIOYEBOE CJIOBO virtual.
B orautne oT BBI30BOB OOBIYHBIX (DYHKITHI, BHI3OBBI (DYHKIINNH BUPTY-
AJIHBIX 00pabaThIBAIOTCSI KOMIIMJISITOPOM B IIPEJIIOJIOKEHUH, YTO THII
00beKTa, JJIsi KOTOPOTO BBI3BIBAETCsT (DYHKIIWSI, MOXKET OTJINIATbCS OT
6a30BOro KJjacca, U 9TO JJIs STOr0 OObEKTa MOXKET MOTPEOOBATHCS BbI-
30B COBCEM JIpyroit pyHKIINU, HEXKeIN /i 0a30BOro Kjacca. B gacTHo-
CTH, ecau B Kjacce Pixel mocraBuTh CJI0BO virtual mepen KaxKJIOU u3
dyuxnmit Show u Hide, To npu koMmmumidanuu tena GyHKIuH Move KoM-
NUISITOpP OyAeT 3HaTh, YTO OOBEKT, Ha KOTOPBIA yKa3bIBAeT IapaMerp
this, MOXKeT OBITH KaK 00BEKTOM CaMOTO0 Kjacca Pixel, Tak u 0ObEKTOM
KAKOTO-HUOYIb €r0 KJIACCA-IIOTOMKA, IIPUIEM I TAKOT'O O0bEKTa MOXKET
oTpebOBaThCsI BBIZOB dpyeux eepcutl pyHukuuii Show u Hide, BBeIEHHBIX
B COOTBETCTBYIOIIEM ITOTOMKe. KoJI, creHepiupOBaHHbII KOMIIMJISTOPOM B
Takoil curyamuu, OyIeT HECKOJIBKO CJIOXKHEee, 9eM JIJisi OOBIYHOTO BBI30Ba
dyHKIMM, HO 3aTO OH OyJIeT BBI3BIBATH UMEHHO (DYHKIIUIO, COOTBETCTBY-
IOIIYIO TUIY OOBHEKTA.
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TonpoGyeM MOHSITH, KaK (TeXHUIEeCKN) 3T0 jmocruraercs. Eciu B Kiac-
ce OIUCAHa XOTs Obl OJIHA BUPTYyaJbHasl (DYHKIHSI, TO KOMIIMJISTOD BCTaB-
JISTET BO BCe OOBEKTHI ITOTO KJIACCA HEBUIMMOE I0Jie, HA3BIBAEMOE YKa-
3amesem HA MAbAUUY BUPMYAALHBIL Mmemodos (auri. virtual
method table pointer, vmtp). Jns Bcero kiacca cozmaéres (B OJHOM 9K-
3eMILISIpe) HEM3MEHsieMash MabAuys SUPMYAALHBLL Memodos, Co-
JepzKalliasl yKa3aTe I Ha KaXKIyI0 U3 OIIMCAHHBIX B KJIACCEe BUPTYAJIbHBIX
dyurnmit. Korga KoMnmisiTop BCTpedaeTr BbI30B BUPTYAIbHOM (DYHKITNH,
OH BCTABJISIET B OOBEKTHBIN KOl MHCTPYKIINH U3BJI€Yb N3 O0bEKTa 3HATE-
HUe T0JIs vmtp, 3aTeM OOPATUTHCS 0 HOJIYIEHHOMY apecy K TadJIuIe
BUPTYaJbHBIX METOJOB U U3 HEeE B3ATb aJIpec HYKHON (DYHKIINH, IIOCTIEe
qero obpaTuTbCst K (PYHKIIUU, UCIIOJIb3YsI aIPec.

OOBEKT KJIaCCa-TIOTOMKA COIEPKUT, KAK MBI 3HAEM, BCE TIOJIsl, IPUCY-
e KJIACCy-IPeaKy. DTO KACAETCsl U HEBUIAMOIO TOJIs VItp, TPUIEM
OOBEKTHI KJIACCA-IIOTOMKA WMEIOT B ITOM II0Jie WHOE 3HAJYEeHUEe, HeXKe-
i1 OOBEKTHI Kiacca-ipenka. Jms KarkIoro KJiacca-lIoTOMKa KOMITUJIs-
TOp CO3MAET (ONSITH-TAKN B €JIMHCTBEHHOM 3K3EMILISPE) CBOI COOCTBEH-
HYTO TaOJIUILy BUPTYaJIbHBIX METOJIOB, COAEPIKAIILYIO aJPeca COOTBETCTBY-
IOIUX BepCUil BUPTYAJIBHBIX (DYHKITUI; UMEHHO a/Ipec TOU Tab/IUIThI 3a-
HOCHUTCA B TOJI€ vintp. 3a MHUIMAIN3AINAI0 VIEP OTBEYAET KOHCTPYKTOD
KJlacca, B HA4YaJI0 KOTOPOTO KOMIMJIATOD BCTABJIAET COOTBETCTBYIOIINE
KOMAaH/IbI.

Urak, obbsaBum dyukmun Show m Hide BupTyaiabHbIMEH B 6a30BOM
KJIacce:

class Pixel {
/] ...
virtual void Show();
virtual void Hide();
//

}s

DTO TO3BOJIAT UCIHOIB30BATh (QyHKIUO Move st 0000 U3 KJIACCOB,
yHac/ae0BaHHbIX OT Pixel, eciu TOJIBKO [jid ITUX KJIACCOB OIIMCAHBI
COOCTBEHHBIE (HpaBI/I.HBHO pa60Ta10Lm/1e) dyuknuu Show u Hide.
IIpexkie yem 3aBepmmThH onmcanme KJaccoB Pixel m Circle, orme-
THM, 9TO B KJIACCE, B KOTOPOM UMEETCs XOTsI OBbI 0/IHA BUPTyaJsbHAsd PYHK-
1ysi, PEKOMEH/IYeTCs BCErJa SIBHO OIUCHIBATH IECTPYKTOP U OODLSIBIIATH
€ro BUPTyaJbHBIM. 3adeM 3TO HY»KHO, Mbl pacckaxkeMm B §5.9. Ceiiuac
[IPOCTO CAEJIAEM ITO, UYTOOBI KOMIIUJISITOP HE BBIIABAJI IIPEIYIIPEKIEHUS.
OKOHYATEIBHO 3ar0JIOBKU HAIMUX KJIACCOB IMPUMYT CJIEIYIONTUI BUI:

class Pixel {
protected:
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double x, y;
int color;
public:
Pixel(double ax, double ay, int acolor)
x(ax), y(ay), color(acolor) {}
virtual “Pixel() {3}
virtual void Show();
virtual void Hide();
void Move(double nx, double ny);

}s

class Circle : public Pixel {
double radius;
public:
Circle(double x, double y, double rad, int color)
Pixel(x, y, color), radius(rad) {}
virtual “Circle() {}
virtual void Show();
virtual void Hide();

};

Ormernm, 9TO B onucannm Kiacca Circle cjgoBo virtual MOXKHO OITy-
CTUTH; DYHKIUHU, COBIA/AIONTHE 110 TPOMUIIIO ¢ BUPTYaIbHBIME (DYHKIU-
sMHU 6a30BOTO KJIACCA, OOBABIAIOTCS BUPTYAJbHBIMI aBTOMATHUYIECKN.
Bupryasnbuble DyHKIIME MOYKHO BBI3BIBATH HE TOJIBKO U3 JPYIUX Me-
TOJIOB TOT'O 2Ke KJlacca, KaK B HallleM IIpUMepe; KOMIIMIATOP CreHepupyer
KOJI JIJIs1 BBI30BA 4Yepe3 TaOJIUILy BUPTYAJLHBIX METOIOB IPH A1060M 00-
pAIEHNN K BUPTYaJIbHON (DYHKINH, €CIIU TUIl 00bEKTA, JIJIsT KOTOPOTO €€
BBIBIBAIOT, XOTA OBI TEOPETHHUECKN MOYKET MeHAThcA> . Konewmno, Korma
00BEKT ONMUCAH B BUIE OOBIYHON MepeMeHHON THIta KJIacC W MBI obparia-
eMcCd K €ro MeTOMy, IIyCTb U BUPTYyaJbHOMY, HalIPAMYIO 4epe3 UMd TOH
IIepeMeHHO U TOUKY, TO eCTh B IIpOrpaMMe HalllICAHO YTO-TO BPO/ie

A a;

/] ...

a.func(); // Bcerza Bu3HBaeTca A::func; MexaHm3M
// BUPTyambHOCTH He 3aZelcTBOBaH

— TO Takoe o0palleHne, OIeBUIHO, DECCMBICTEHHO PEaTn30BbIBATH Y€PE3
BUPTYaJbHOCTD, BeIb THI II€PEMEHHON M3BECTEH BO BpeMs KOMIIUJISIIAN
U CTaTh APYruM He MoxeT. VlHOe neso, ecau obpalnenne K BUPTYaIbHOM
dyHKIMK 3anucaHo uepes aapec 00beKTa (CChUIKY MM YKA3aTeNb). TO
KacaeTcs B TOM YHCJEe BBI30BOB METOJOB U3 TeJ JPYTUX METO/OB, IJie

2"Ha caMoM JiejTe U3 9TOro MpPaBUJIa €CTh OJHO BaYKHOE MCKJIIOYEHHE, KOTOPOE MBI
paccMoTpuM 1o3xke B §5.13.
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00bEKT, KaK MBI 3HaeM, HUJICHTHUMUITUPYETCa yKa3aTeieM this — HO He
02PAHUYUBAETMCA METOLAMU.

Tak, ecaun paccMaTpuBaTh KJIACCHI U3 HAIIETO IIPUMEPA, TO Te ObI ¥
HaC B IIpOrpaMMe HU MOSBUJICA KAKOW-HUOYAb yKasareiab Tuia Pixelx
nmu Circle*, BBI3OBBI Uepe3 Takoi ykazarenab Gyuknnit Show m Hide
KOMIIIATOP O0POPMHUT KaK BUPTYyasbHbIE, IIPEIIOJIAras, 9TO yKa3aTeslb
BO BpeMsl HCITOJTHEHMSI MOYKET COJEp:KaTh aJpec He TOJbKO 0O0beKTa Oa-
30BOT0 KJIACCA, HO U KAKOIO-HUOY/Ib €r0 MMOTOMKA, B TOM UHCJIE€ TAKOIO, O
KOTOPOM KOMIIMJIATOPY H& MOMEHT KOMIWJIAIIAA HUYEro He U3BECTHO; TO
JKe caMoe KacaeTcs CChbLIOK Tuia Pixel& u Circle&. Ckaxkem, €Cjiu MbI
nuIeM Kakyo-HHOYIb (QYHKINIO, UMEONIyIo napaMerp p Tuna Pixelx,
TO, PEIINB IMOKA3aTh IE€PEJIAaHHbIN HAM OOBEKT Ha dKPaHE, Mbl MOXKEM
BBIIIOJTHUTDH

p->Show () ;

1 He BOJIHOBATLCA O TOM, aJpecC 00beKTa KAKOr0 THUIIA HaM nepegaJm —
Be/Ib BhI3SBaH B JIIOOOM ClIly4dae 6yﬂ€T METO/] HY>KHOTI'O KJIaccCa.

5.6. Ynucro BUpPTyaJIbHbIe METOAbI U aOCTPAKTHBIE
KJIACCHhI

Kak ormeuasocs B cHOCcke Ha cTp. 117, HAC/IETOBAHNE KIIACCA <OKPY K-
HOCTB» OT KJIACCA «TOYKA» HAPYIIAET IPUHIUIIH 00 bEKTHO-OPUEHTHPO-
BAHHOI'O IIPOEKTUPOBAHUS, ITIOCKOJIBKY OKDYKHOCTBH HE SIBJISIETCS HacT-
HBIM ciiydaeM Todku. llonpobyem umcnpaButh curyanuto. Jljs sToro 3a-
METUM, YITO U TOUKA, U OKPY?KHOCTH — YACTHBIE CIIYUIan 2E0MEMPUMECKUT
Pueyp, TPUIEM MOKHO CIATATD, ITO KaXKjas reoMerpudieckasi Hurypa
00JIaTaeT IBETOM U MMEET KOOPIUHATHI MOoUKU NPueA3ku. s oObITHON
TOYKHU B KQYECTBE TOYKW IIPUBA3KU BBICTYIIAET OHA CaMa, JIJIsi OKPY2KHO-
CTH TOYKOM IpuBsi3KU Oyzer eé nentp. st apyrux Guryp Todky Ipu-
BSI3KM MOXKHO BBIOPaTHh Pa3HBIMU CIHOCODAMM; Tak, JJIs KaKOro-HUOYIIb
[IPSIMOYTOJIBHUKA, 9TO MOYXKET ObITh JUOO IEHTP IEePECcedeHus TUATOHA~
Jieit, 1o o/iHa W3 BEPIIHUH, U T. II.

Taxkoe mpeacrasienre 06 aOCTPAKTHOM TTOHITHU T€OMETPUIECKOH hu-
I'yphI [TO3BOJISIET HAM YKA3aTh €IMHbIN JJIsi BCeX (PUTYP aJlOPUTM Iepe-
JIBUYKEHMs (DUTYPBI 110 9KPaHy: CTepeTh (DUI'ypy C IKpaHa, U3MEHUTH KO-
OP/IMHATHI TOYKHU IIPUBHA3KU, OTPUCOBATH Gurypy B HOBoM Mecte. C ammm
AJITOPUTMOM MBI y2Ke 3HAKOMBI, OH ObLI peajn3oBaH B (pyHKInN Move Ha
crp. 117.

Temepn sicHO, KaK HY?KHO U3MEHHUTD apXUTEKTypy Hallei 6ubinorekn
KJIACCOB, YTOOBI IIPUBECTH €€ B COOTBETCTBUE C OCHOBHBIMY ITPUHITUIIAMEI
00'bEKTHO-OPUEHTUPOBAHHOIO TporpaMMupoBanus. [lorsaTus «Toukay u
«OKPYZKHOCTb» HE SIBJIIOTCS] 9aCTHBIMU CJIyYIasMU JIpYyT APYyra, HO 0ba
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OHU SIBJISIFOTCSI YACTHBIM CJIy9aeM IOHSATHUS «IeoMeTpudecKasi (purypas.
TTosToMy, ecyir MBI OIIUIIIEM KJIACC JIJIs IIPEICTABIEHUs aDCTPAKTHON reo-
MEeTPHUYECKOi (hUTyphI 1 OT HETO yHAcHemyeM 00a kiacca Pixel u Circle,
Takas apXUTEKTypPa OyJIeT MOJTHOCTHIO YIOBIETBOPATH TPEOOBAHUSAM TEO-
pun 0OBEKTHO-OPUEHTUPOBAHHOTO ITPOEKTUPOBAHUS.

[Ipexxne yem mpuCTynaTh K OIMCAHUIO KJIACCA, HIPEJICTABIISIONIErO
PeOMETPUYECKYIO (DUTYPY, OTMETUM eIlé OUH BayKHbIA MoMeHT. Onuchl-
Basi B IpeblIyIneM naparpade KIacChl JIJis TOYEK W OKPY2KHOCTEMH, MbI
He NUcajd KOHKPETHBIX TeJI 1j1d MeTo10oB Show u Hide, HO nmpeamnostaramm
[IpX 3TOM, 9TO B pabodeil mporpaMme Tejia STUX METOIO0B Oy/IyT OIMCAHBI
(c yueToM KOHKpPeTHOIT 11ardopMbl pazpaboTKU, UCIIOIb3yeMOil rpadu-
veckoit Gubsamoreku u T.1.). Ho jyist aberpakTHOit reomerpudeckoii dbu-
rypsl Testa MeTonoB Show u Hide onucath He603Mm09tcH0; TeICTBUTEIIBHO,
KaK MOYKHO HAPHUCOBATDH HA 9KpaHe GUrypy, He 3Hast, KAK OHa BLINJIS AT !

HecmoTps Ha 910, MBI TOYHO 3HAeM, KaK Hamucarb QyHKIuO Move
B IIPE/IIIOJIOXKEHNN, UTO JJIsi KJIACCOB-IIOTOMKOB OY/IyT NPaBUJIBHO OIU-
caHbl MeTObI Show u Hide. VHade roBopsi, Mbl 3HAEM, UTO BCE OOBEKTHI
KJIACCOB-TIOTOMKOB JIAHHOI'O KJIACCA JIOJI2KHBI yMETh [TOJIy9aTh COODIIEHNe
OTIPE/ICJIEHHOTO THUIIA, HO MBI HE MOXKEM IIPU OIMCAHWY DA30BOTO KJIacca
OIHCAaTh KAKYI0 ObI TO HU OBLIO PEAKIUIO HA TAKHE COOBITHUSI, TOCKOIb-
Ky TAKOBas PEAKIINS IOJTHOCTHIO 3aBUCHUT OT THUIIA HAIIEro HoToMKa. [Ipu
9TOM JIJIs OITUCAHUST HEKOTOPBIX APYTruX (6osiee 001Iux) MeTO0B 6a30B0r0
KJIacca HaM TpebyeTcst 3HaHMe O TOM, UYTO PEaKIHs Ha COOTBETCTBYIOIINE
coObITHsI OyIeT MPEIYCMOTPEHA BO BCEX HAIUX IMOTOMKAX.

Crermaibao Ay Takux ciaydaeB B Cu++ BBeIeHBI TaK HA3bIBAEMbIE
wucmo supmyaavhusie Gynkyuy (auri. pure virtual functions). Ouu-
chIBasl B KJIaCCe YHCTO BUPTYAJIbHYIO (DYHKIMIO, IPOTPAMMUCT UHODOP-
MHPYET KOMIHUJISITOP O TOM, YTO (PYHKIHsSI C TakKuM IpodusieMm Oyjer
CYIIECTBOBATh BO BCEX KJIACCAX-TIOTOMKAX, YTO TOJ HeE HYKHO 3ape3ep-
BUPOBAThH MTO3UIHIO B TAOJIUIE BUPTYAJbHBIX (DYHKIWI, HO IIPU ITOM Ca-
Ma yrkius (e€ Teso) s 6a30BOro KJIacca ONUChIBATHCs He OyJeT, Tak
9TO 3HAYEHHUE aJIpeca dToi DYHKINN B TabJIHUIE BUPTYATbHBIX (DYHKITHH
cJieJyeT OCTaBUTh HyjeBbIM. CHHTAKCHC ONUCAHWS YUCTO BUPTYaIbHOM
bYHKIIH TAKOB:

class A {
// ...
virtual void f() = 0;
//

};
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Buna ma mecre Tesa DyHKIME CllenUaIbHYIO JEKCHYECKYIO IIOCTIEN0-
BaTEJIHLHOCTD «= 0;», KOMIIIATOP BOCIPUHUMAECT (QPYHKIMIO KAK UUCTO
BHPTYAJILHYIO

Kiacc, B koropoMm ecTb x0T ObI OjiHA 9UCTO BUPTyabHas DyHKINA,
Ha3bIBAETCI abCcmparmmvim Kaaccom. 1lone3Ho 6yaeT 3arOMHATD, ITO
KOMNWJISATOP HEe IO3BOJISIET CO3/1aBaTh OOBEKTHI abCTPaKTHBIX
KJiaccoB. EauHCTBEHHOE Ha3HAYeHNe aOCTPAKTHOIO KJIacca — CIIY?KUTh
6a3uCcoM Il TOPOKJICHHS JIPYTUX KJIACCOB, B KOTOPBIX BCE UHCTO BUP-
TyaJbHble (QYHKIUU OyIyT KOHKPETH3UPOBAaHBI. ECin B HMOPOXKIEHHOM
KJIAaCCe He OMUCHIBAETCS XOTsI Obl ofHa u3 (PYHKIN, 00bIBICHHLIX B Oa-
30BOM KJIacCe KaK YUCTO BUPTYAJIbHbIE, KOMIUIATOD CUUTAET, YTO (PYHK-
IUsl OCTAJIACh YUCTO BUPTYAJIBbHOM; TAKOIl KJIACC-IIOTOMOK CHUHTaeTCs ab-
CTPaKTHBIM, KAK U €r0 MPEeJIOK.

[MogpiToXkUM Harmm paccyKjaeHnsi. ITOOBI COOTBETCTBOBATH ITPUH-
numnaM 00bEKTHO-OPHEHTUPOBAHHOTO MMPOI'PAMMUPOBAHUS, HAM CJIEyeT
OIIMCATDh KJIACC, IPECTABIAONINN aOCTPAKTHYIO F€OMETPUIECKYIO (hury-
Dy, 00J18/1aI0IIYIO IIBETOM M KOOPAMHATAMI TOYKH IIPUBA3KH, HO HE 00JIa-
JIAIOIIY 0 KOHKPETHOM (pOopMOit; Ha30BEéM 3TOT Kiacc GraphObject. Kuac-
cel Pixel u Circle Hy2KHO Ilepenucarb, yHacaenosas oT GraphObject.
B kiacce GraphObject mero/pl Show u Hide Mbl 00bsSIBIEHBI KAK YHUCTO
BUPTYyaJbHbBIE, TAK YTO CAM ITOT KJacc Oy/eT abCTPAKTHBIM:

class GraphObject {
protected:
double x, y;
int color;
public:
GraphObject (double ax, double ay, int acolor)
x(ax), y(ay), color(acolor) {}
virtual ~GraphObject() {}
virtual void Show() 0;
virtual void Hide() 0;
void Move(double nx, double ny);

};

Onucanne pyHKImE Move Mbl He IIPUBOIM, IIOCKOJIBKY OHO CJIOBO B CJIO-
BO TIOBTOpPSET omnucanue merona Pixel: :Move ua ctp. 117. Hamomuamm,
qaro B Tejie ¢y Move Boi3biBaioTcs dyaknun Show u Hide. To, uro
Tesa 11 9TuX (DYHKINIT HAMU He 3aJaHbl, He CO3MaéT HUKAKUX IPOobIeM,
ITOCKOJIBKY JIJIsT JTIODOTO KJTACCA-TIOTOMKA, 00BEKTHI KOTOPOTO MOYKHO Oy-

28Takoii CHHTAKCHC TPYIHO HA3BaTh YIAIHBIM, OCOGEHHO €C/IH yUeCThb, YTO HUKAKOE
9HCJI0, KPOME HYJIsl, HCIIOJIb30BAThCS 3JeCh HE MOXKET; TeM He MeHee, UMEHHO TaKOB
cuHTakcuc B a3bike Cu++. Bompoc o mpuumbax 3TOro cienoBasio Obl 33JaTh JIMTHO
Brépuy CrpaycTpylly, HO, CKOpee BCEero, OH Ha HEro He OTBETUT.
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JIeT CO3/aBaTh, TAOJINIA BUPTYaJIbHBIX METOJIOB OY/IET COZEpKATh aJIpeca
KOHKPETHBIX (DYHKIIUI, OIMMCAHHBIX B 9TOM KJIACCE-IIOTOMKE.
3arosioBkn KiaccoB Pixel u Circle OyyT Telepb BBLIIVISIJIETH TakK:

class Pixel : public GraphObject {
public:
Pixel(double x, double y, int col)
GraphObject(x, y, col) {}
virtual “Pixel() {}
virtual void Show();
virtual void Hide();
};
class Circle : public GraphObject {
double radius;
public:
Circle(double x, double y, double rad, int color)
GraphObject(x, y, color), radius(rad) {}
virtual “Circle() {}
virtual void Show();
virtual void Hide();

};

st 9THX KytaccoB, B OTJIH4dMe OT KJacca GraphObject, Heobxoumo oru-
caTh KOHKPETHBIE Tesa MeTonoB Show 1 Hide, mHaue nmporpamMMa He IIpOA-
OET 3Tall JUHKOBKI.

5.7. BupTyasbHOCTb B KOHCTPYKTOpPaX U
JeCTpyKTopax

Br3oB BupTyasbHbix MYHKIHI B T€JaX KOHCTPYKTOPOB M JIECTPYK-
TOPOB COMPSI?KEH € OJHON JOCTATOYHO HETPUBUAIBLHON OCOOEHHOCTHIO,
CBA3aHHOU € KOHCTPYMPOBAHUEM M IIOCJIEAYIOIIUM JeCTPYKTUPOBAHUEM
B HaIeM 0ObeKTe HEBUIMMOTO TI0JIsl, COIEPIKAIIET0 aJIpec TabJIUIbl BUD-
TyaJbHBIX (QYHKIWI. ECTecTBEHHO, 9TO MOJE 3aI0THAET KOHCTPYKTOD;
HO, KaK HEeCJIOXKHO JIOT'a/1aThCsd, OH JeJIaeT 3TO NocAe Mo20, Kak 0CMaAb-
Hvle N0000BEKMbL HAULE20 00BEKMA YIHCE CKOHCTMPYUPOBAHDL, B TOM TUC-
Jie CKOHCTPYUPOBaH U MPeJoK. MexKy TeM, KOHCTPYKTOD IIPEJIKa TOXKe,
€CTECTBEHHO, COJIEPKUT KOJI, HHUINAJIU3UPYIONNil yKa3aTe b Ha TabsIu-
Iy BUPTYyaJbHBIX METOHOB, & IIOCKOJIbBKY IIPO IOTOMKOB OH HHUYEro He
3HAET, B [10JIe VINtp OH 3aHECET ajpec c60et TaDJINIIbI.

[Tonygaercs, 9T0, KOJIb CKOPO B KJIACCE BOODIIE MMEIOTCS BUPTYAJIb-
Hble MeTObl, BO BPEMH BBIINIOJIHEHUS TeJla KOHCTPYKTOPAa BUPTY-
ajbHbIe (DYHKIINN BBI3BIBAIOTCS T€, KOTOPbIE ONUCAHBI AJId JaH-
HOTO KJIacca, BHE 3aBUCHUMOCTHU OT TOrO, OObEKT KAKOr'o KJjiacca
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Ha caMOM JeJie KOHCTpyupyercs. s cuMMeTpun aHaJOrHIHbIN 3¢-
deKT NpUCyTCTBYeT TaK¥Ke M B TeJIaX JIECTPYKTOPOB; IIOC/Ie 3aBEPIIEHUS
CBOETO TeJjla IECTPYKTOD «ICHHUIMAIU3UPYETs YKa3aTe/b HA BUPTYAJIb-
HYI0 Tab/HILy — (PU3NIECKU ITO O3HAYAET, UTO B [I0JI€ VIt P 3AIMCHIBACTCS
aJIpec TabIUIBI BUPTYaIbHBIX METOJOB IIPEIKA.

B gacTHOCTH, U3 KOHCTPYKTOPOB U JIECTPYKTOPOB BOOOIIE HEJIb3sI BbI-
3bIBATHb METO/IbI, OIIUCAHHBIE B JIAHHOM O0ObEKTE KaK YMCTO BUPTYaJIbHBIE:
BBI3BIBATH Oy/eT mompocTy Hekoro. He crout, Kak Mbl BUJIUM, YIIOBATH U
Ha TO, 9TO 00BEKT-IIOTOMOK CMOKET KaK-TO CKOPPEKTHUPOBATH JE€HCTBUSI
HaIllero KOHCTPYKTOpa WM JEeCTPYKTOPa 3a CUET IIepeolIpeIe/IeHus] Bhl-
3bIBAEMbBIX M3 HUX BUPTYaJbHBIX METO/OB. IIpu BOSHUKHOBEHHH JIFOOBIX
COMHEHUM Ha TOT CUET JIydIe OyIeT BOOOIIE BO3/IEPKATHCSA OT oOparie-
HUsI K BUPTYaJbHBIM METOJAM U3 KOHCTPYKTOPOB U JIECTPYKTOPOB.

5.8. HaciemoBaHue pajim KOHCTPYKTopa

B mpakTuueckoM mporpaMMUpOBaHUU YaCTO MIPUMEHSIIOT OJIUH YIIPO-
MEHHBINA CIyYail HACJIeTOBAHNSA, IIPU KOTOPOM KJIACC-TIOTOMOK OTJIMYaeT-
cs OT IIPEJIKA TOJBKO HADOPOM KOHCTPYKTOPOB, TO €CTh OH HE BBOJUT HU
HOBBIX METOJIOB, HU HOBBIX mHoJieil. O6bEKTHI TAKOIO KJIacca CO3ar0TCs
U3 COODparkKeHmil IKOHOMUN 00bEMA KOIa, 9TOOBI He HOBTOPSITH OJHU U
Te Ke JNeWCTBUS P KOHCTPYUPOBAHUY OJHOTHUIIHBIX 00BHEKTOB. UTOOBI
IPOMJLTIOCTPUPOBATh CKa3aHHOE Ha IpUMepe, IS Hadaja MBI BBEIEM
eIé ONWH KJIACC-IIOTOMOK Kiiacca GraphObject, mpesicraBisgromuii Jo-
MaHyIO0 JUHUIO, a 3aTeM onuireM rpaduyueckuii 0ObeKT «KBaJpaT» Kak
YaCTHBIA cjIy4dail JIOMaHON JIMHUAN.

Hamomuum, uro kaxkmast reomerpudeckasi (puUrypa B HaIeil cucre-
Me IMeeT TOUYKY IIPUBA3KH; JIOMAHYIO IIPX 3TOM MPOIE BCErO XPAHUThb B
BHJE CIHUCKa KOOPDAWHATHBIX IIap, 3aJal0INX CMEIIeHNe KazKI0i BepIn-
HBI JIOMAHOW OTHOCHUTEJIBHO TOYKU NPUBA3KU. It opraHm3aium Takoro
CIIICKa MBI B 3aKPBITOIl 4aCTHU KJlacca OIUIIEM CTPYKTYPY, 3aJaIOILyI0
ajtleMeHT cuucka. cexomHo Oymem co3maBaTh JIOMAHYO, HE UMEOILY0 HI
OJTHOI BEPIIIUHBI, a JjIsd 100aBIE€HUS HOBBIX BEPINUH Oy/1€M HCIIOJIB30BaTh
METOJT, KOTOPBINI HA30BEM AddVertex?”. Hammiem 3arooBoK KJIacca:

class PolygonalChain : public GraphObject {
struct Vertex {
double dx, dy;
Vertex *next;

29910 srydlme, YeM MBITATHCH TEM M HHBIM CIOCOGOM HepefaTh KOOPIHHATHI BEp-
IIMH B KOHCTPYKTOP, MIOCKOJIBKY Mbl HE 3HAEM 3apaHee KOJIMYECTBO BEPIIUH, TAK YTO
ISt TIepeJladyl UX B Ka4eCcTBe IapaMeTpa KOHCTPYKTOPA IIPUIILIOCH Obl B TOM MECTe, Te
cozmaérest 00bEKT, (POPMUPOBATH HEKYIO JUHAMUYECKYIO CTPYKTYDY JaHHBIX (Maccus
b0 CHUCOK), 9TO HOTPEeGOBAIO Gbl OMOJHUTEIBHBIX YCHINIA.
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};
Vertex *first;
public:
PolygonalChain(double x, double y, int color)
GraphObject(x, y, color), first(0) {}
virtual ~“PolygonalChain();
void AddVertex(double adx, double ady);
virtual void Show();
virtual void Hide();

}s

Oyuknus AddVertex Oymer (ayist SKOHOMUM ycuiinii) 106aBJISATH HOBYIO
BEpIIMHY B HA4YaJjIO CIUCKA, & HE B KOHEIl; JIMHUs IIPU 9TOM OyjierT u300-
paXkaTbCsl Ha 9KpaHe B OOPATHOM MOPSIJIKE, HO 9TO, €CTECTBEHHO, HIIEro
HE U3MEHWT:

void PolygonalChain::AddVertex(double ax, double ay)
{

Vertex *tmp = new Vertex;

tmp->dx = ax;

tmp->dy = ay;

tmp->next = first;

first = tmp;
}

TTockombKy HaI 00BEKT UCIOIB3YeT JMHAMAIECKYTO IAMATh, €My HYKeH
nectpykrop. Hammmewm ero:

PolygonalChain: : “PolygonalChain()

{
while(first) {
Vertex *tmp = first;
first = first->next;
delete tmp;
}
}

Kak u panbIie, MbI BO3/IEp:KUMCS OT HAMUCAHUS TeJ PyHKIHUI Show u
Hide, HO Oy/ieM mpeIosaraTb, 9TO 3TO CACTAHO.

IIyctp Temeph HaM HYKeH KJIacC JJjis IIPEJICTABJICHUS KBaJIpaTa,
CTOPOHBI KOTOPOT'O ITapaJlIeJIbHBI OCAM KOODIAWHAT, a JUIMHA CTOPO-
HBI 33J1aéTCS ApaMeTPOM KOHCTPYKTOpa. ZICHO, 9TO TakOil KBaJapar
MIPEICTABIISIET CODOI TaCTHBIN CIydail JJOMAHOMN, OMUCHIBAEMO KJIacCoOM
PolygonalChain. Eciaum B kKadecTBe TOYKM NPUBA3KUA BHIOPATH JIEBYIO
HIKHIOKO BEPINUHY KBajpara, a JJINHY CTOPOHBI KBaJipaTa 0DO3HAYUTH
OyKBOI a, TO JIoMaHag JOJKHA HAYATHCA B TOYKE HPUBA3KU (YTO CO-
orsercrByer BekTopy (0,0)), upoiitu uepes rouku (a,0), (a,a), (0,a) u
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BepHYThCst B Touky (0,0); Bcero, Takum o6pa3om, JoOMaHas OyJeT co-
JIePKATH IIATH BEPIINH, IPUIEM [I€pBasi U [OCIeIHsd OyIyT COBIAIATD,
9TOOBI C/IeJIATH JIOMAHYIO 3aMKHYTO.

YTobBbl HE NPUXOMUIOCH KAXKIABIA Pa3 i MPEICTABICHUS KBaJl-
para mmcaThb IIeCTb CTPOK Kojua (OJHy Jyis omnucaHus O0beKTa
PolygonalChain, ocrasbHBle JJIsi JOOABJIECHUS BEPIIHH), MOYKHO OIH-
caTh Kjacc (Mbl HA30BEM ero Square), KOTODPBIH OyneT yHACTIEI0BAaH OT
PolygonalChain, npu4uéM OTIMIaThCS OYJIET TOJBKO KOHCTPYKTOPOM:

class Square : public PolygonalChain {
public:
Square (double x, double y, double a, int color)
PolygonalChain(x, y, color)

{
AddVertex (0, 0);
AddVertex (0, a);
AddVertex(a, a);
AddVertex(a, 0);
AddVertex (0, 0);
}

};

Tloguepkuém emé pas, 970 GOJIbITE HUYErO ONKUCHIBATH [IJIsi KBAIPAaTa He
HY?KHO, BCE OCTAJILHOE C/IEJIAI0T METO/IbI 0A30BOr0 KJIacca.

5.9. BupTryanbHblii 1eCTPYKTOP

Panee mpu obcyx)mennn BUPTYaabHBIX DYyHKIMH Ha cTp. 120 MBI OT-
METHJIM, YTO B KJIacCe, UMEIOIEM XOTsI Obl OJIHY BHUPTYaJbHYIO (DYHK-
LUIO, JIECTPYKTOD TOXKE CJIEHYeT cAejJaTh (0ObIBUTH) BUPTYAIbHBIM, HO
He 00bsICHUIN TpUInHBL 3TOr0. [lompobyem caenars 9TO ceitdac.

[Ipu aKTUBHOM HCIIOIH30BAHUU MOJUMODP(GU3MA HEPEIKO BOZHUKAET
CUTyalus, KOIia Hy>KHO IPUMEHUTH orepaTop delete K yKa3aTesio, nMe-
IOIEMY THII «YKa3aTeJsb Ha 0a30BbIil KJIACCY, IPUTOM YTO YKA3bIBATH OH
MOXKET U Ha 0ObEKT MOTOMKA. B 9Toit cuTyarun Tpebyercsi, eCTECTBEHHO,
BBI3BATH JECTPYKTOP, COOTBETCTBYIONIUN TUILY YHUITOXKAEMOTO OOBHEK-
Ta, a He yKasaress. Tak, JIOMyCTHM, Mbl OIMCAIH YKA3aTeJIb HAa KJIACC
GraphObject:

GraphObject *ptr;
Temeps BIIOJTHE KOPPEKTHBIM OyIeT TaKOe IPUCBANBAHUE:

ptr = new Square(27.3, 37.7, 0xff0000, 10.0);
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Teneps HamI yKa3aTesb UMeeT THI «yKa3aresb Ha GraphObject», HO pe-
aJIbHO yKa3bIBaeT Ha 0ObeKT Kiacca Square. Eciu Tenepnb morpebyercs
YHHYTOXKHUTD 3TOT 0OBHEKT, MBI MOXKEM 0e3 BCAKUX ONACEHHI BBHIIOJHUTD

delete ptr;

IIockonbKy ykazarens mMeer Tun GraphObject*, a mecTpyKTop Kiacca
GraphObject BUPTyaJbHBIH, KOMIUIATOD NPOU3BEIET BBIZOB JECTPYK-
TOpa dYepe3 TAOJUIly BUPTYAJIBHBIX METOJOB YHHITOXKAEMOTO OOBEKTA.
B pesynbrare sTOro Oymer BBI3BAH HESBHBIN JECTPYKTOD I KJIACCA
Square, KOTOPBII BBI3OBET AECTPYKTOD Kiacca PolygonalChain, a ToT, B
CBOIO O4Y€epeTb, — JIECTPYKTOD Kiacca GraphObject. Eciu Ob1 MbI He 06b-
ABIJIA JEeCTPYKTOP Kitacca GraphObject Kak BUPTyaJ bHbIN, KOMIAIATOD
POM3BEN OBbI KECTKUIT BBI30B JIECTPYKTOPA IO THUILY yKa3aTeJs, TO €CTh
6bL1 ObI BBI3BAH TOJBKO AECTPYKTOD Kiacca GraphObject. Mexmy tem
YHUUITOXKAEMbIH 00bEKT KIacca Square IOPOXKIaeT U UCIOJIb3YeT CIIMCOK
B JITHAMUYECKOH naMsITH (13 IATH 9JIEMEHTOB), U €CJIH JeCTPYKTOD Kilac-
ca PolygonalChain He OyjeT BbI3BaH, TO 3TH JEMEHTHI [IPEBPATIATCS B
«MYCOP», TO €CTb OyIyT HO-TIPEeKHEMY 3aHNMATh MaMSATh, HE IPUHOCSI
HUKAKOH IOJIb3BI.

O0ObsBIeHNEE JIECTPYKTOPA KAK BUPTYAJIHHOIO MPAKTUYECKHN HE MPHU-
BOJUT K PaCXOy IMaMsATH: TabJINIla BUPTYAJIbHBIX METO/IOB yBEJININBAET-
CsI HA OJIUH CJIOT, ITO COCTABJISET HECKOJILKO JINITHUX OANTOB HA KaKIbIi
HOBbIH Kaace (He 00bekT!). IIpu aToM cam dakT HaIUYMS B KJIacce BUPTY-
AJIBHBIX (DYHKIINN yKA3bIBAET HA TO, YTO IPHU paboTe ¢ 00bEKTaMU KJIACCa
OyeT aKTUBHO UCIIOIB30BaThCA momMmopduam. [Ipu onmcannn Kiacca B
OOJILITIUHCTBE CJIyYaeB TPY/IHO MPEJCKA3aTh, OYIyT JU 00BEKThI TTOTOM-
KOB TaKOI'0 KJjlacCa YHUYTOXKATbCs ollepaTopoM delete, IpUMEHACMBIM K
yKaz3aTeJro, IMEOIIeMy TUII «yKa3aTeJIb Ha IIpefkas. Pemms, 9To Takoe
yIajeHne HaM He MOHAJ00MTCs, Mbl PUCKYEM B JaJbHENIIeM 3a0bITh 00
9TOM W TOJIYIUTh TPYTHYIO JJIsT OOHAPYKEHUs OmnoKy. VIMeHHO mosToMYy
CUYNTAETCH, YTO JECTPYKTOP JIIOOOT0 KJlacca, MMEIOIIEro Xors ObI
O/IHY BUPTYAJbHYIO (PDYHKIIMIO, CJI€AYET OODbSBIISTh KAK BUPTY-
aJIbHBIN, HE 33y MbIBAsICh O TOM, IIOHA/I00OUTCH 3TO B MporpaMmmMe
WJIA HeT; MHOTMe KOMIOMNJIATOPHI BbIJAIOT IpeayIpexkJaeHne, ec-
JIA 3TOTO HE CAeJjaTh.

5.10. Emé o moamnmopdusme

[IpuBeném ermé onun mpuMep UCIOIbL30BaHus moaunMopdusma. [Iycrs
MBI CO3/IaéM I'padHUIecKyIO CIEeHY>C, COCTOSIIYIO0 U3 PA3HBIX Ipadute-
CKUX OOBEKTOB — TOYEK, OKPYKHOCTEH, MHOIOYTOJILHUKOB U, BO3MOK-

30HamomumM, UTO MO, CIIEHOI B KOMITBIOTEPHOI Ipaduke 0BBIMHO TOHMMAETC BECh
HabOp rpadudecKnx 00bEKTOB, BUAUMBIX OJHOBPEMEHHO.
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HO, KAKUX-TO JIDYT'UX IJIEMEHTOB, IIPEJICTABIISIEMBIX 00bEKTaMU KJIACCOB,
yHacJIeJoBaHHBIX OT GraphObject. IIpn aToM HA MOMEHT HaIIMCAHUS IPO-
rpaMMBbI Mbl He 3HA€M, CKOJIbKO M KAKUX NMEHHO 0ObEKTOB Oy/JIET B CIIEHE;
TaK ObIBAaeT, €CJIU OIIICAHKE CIIEHbI HyKHO IIOJIy9IUTh U3 BHEIIHEIO HCTOY-
HUKa (HAIpUMED, NPOYUTaTh u3 (aiiia), 1mbo ecyu ClieHa FeHEePUPYeTCst
BO BpEMsl MCTIOJHEHNUST IIPOrPAMMBI (HATIPUMED, CIIydaifHbIM 06pa3oM, ITo
YACTO UCIOJIB3YETCsI BO BCEBO3MOXKHBIX IIPOrPaAMMAaX-«CKPUHCEHBEpax» ).

HomycTuM, B HEKHiI MOMEHT B IpOrpaMMe HaM BCE K€ CTaHOBHT-
Cs M3BECTHO, CKOJIBKO OOBEKTOB OyIeT COmepKaTh CIE€HA. DTO IMO3BO-
JIIT UCIOJb30BaTh JJIsl XPAHEHUs BCEH CIeHbl JUHAMHUYECKH CO3/aBae-
MBIf MacCCHB yKa3aTeseil Ha 0ObeKThl HOTOMKOB GraphObject. IlycTs,
HaIpUMep, KOJINIECTBO OOBEKTOB CIIEHHI Oy/1eT XPAHUTHC B IIEPEMEHHO
scene_length, a yka3aTejb Ha caM MaCCHB Mbl Ha30BEM IIPOCTO Scene:

int scene_length;
GraphObject **scene;

Korma mepemennasi scene_length TemM My MHBIM CIOCOOOM ITOJIYYUT
3Hadenue (HapUMep, OHO OyjueT mpoumraHo u3 daiiia), MOXKHO OymeT
3aBECTH MACCHUB:

scene = new GraphObject*[scene_lengthl];

Terepsr O/1aromaps MOMUMOPGPU3MY OKA3BIBAIOTCS KOPPEKTHBI, HAIPH-
Mep, CJIe/lyIOIye IpucBanBadus (IIpH yCJIOBUM, KOHEYHO, UTO i He mpe-
BhIIIAET scene_length):

scene[i] = new Pixel(1.25, 15.75, 0xff0000);

/] ...

scene[i] = new Circle(20.9, 7.25, 0x005500, 3.5);
/] ...

scene[i] = new Square(55.0, 30.5, 0x008080, 10.0);
//

n TOMY IO/OOHBIe. Y HAC MOJYUIUJICS MACCHB yKasaTejeil Tuia
GraphObject*, KazkK1blif U3 KOTOPBIX Ha CaMOM JieJIe yKa3bIBaeT Ha HEKO-
TOPBI 00BEKT Kaacca-nomomxa. ObpaTnM BHEMAHNE HA TO, 9TO HAM MO-
JKET BOBCE HUKOTJIA OOJIbIIIEe He TOTPEO0OBATHCS 3HATD, HA 00bEKTHI KAKOTO
THIAa yKa3bIBAIOT KOHKPETHBIE YKa3aTe Il B HallleM MaccruBe. BHe 3aBucu-
MOCTH OT KOHKPETHBIX THIIOB MBI BIIOJIHE MOXKEM II€PEMENIATH 00bEKThI
O 3KpaHy, 'aCUTh UX U CHOBA OTPUCOBBIBATH, Be/ib MeTOAbl Show, Hide
u Move moctynHbl s Kiacca GraphObject, a 3Ha4nuT, MOI'yT OBITH BbI-
3BaHBI 110 yKa3are/to Tuia GraphObject* 6e3 yrouHeHns THIIA OObEKTA.
Touno Takum ke 06pa3oM OJarofapsi HAJUIUIO BUPTYAIbLHOTO JECTPYK-
TOpa MOXKHO YHHYTOXKHUTH BCe OOBEKTHI CIIEHDI, & IIOTOM U CaMy CIEHY:
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for(int i=0; i<scene_length; i++)
delete sceneli];
delete [] scene;

Ilonob6HBIE cUTyalu YacTO BO3HHMKAIOT B 0OJiee-MeHee CJIOXKHBIX IIPO-
rpammax. [IocKoJIbKYy KOHKpeTHBIE METObI, KOTOPbIe HYyKHO BBI3bIBATD,
CTaHOBSTCS U3BECTHBI TOJIHLKO BO BpeMsl HCIIOJHEHUSI IIPOTPAMMBI, TaKOU
BU/I, TOJTMMOP(MDU3MA, HABBIBAETC OUHAMUMECKUM TLOAUMODPHUIMOM;
OH CTAHOBUTCS BO3MOXKHBIM 0OJIaroiapst MeXaHU3MY BUPTYAJIBHBIX (PYHK-
W U SABJISIETCs, B KOHEYHOM HUTOTE, UX MPETHA3ZHATCHIEM.

5.11. IIpuBaTHbIE U 3aUUNIEHHBIE JIECTPYKTOPDI

Youpasi 1eCTPyKTOP U3 IIyOJUIHOrO JOCTYIA, MBI MOXKEM IOJIYIUTh
cBoeobpa3zubie 3 PEeKThI, MHOTIA JOBOJHHO MOJE3HbIE Ha TpakTuke. Hc-
JIN JIECTPYKTOP OIMCATH B CEKIUU private:, 370 OyjeT 03HAYATDL, YTO
YHOYTOXKEHHE O0beKTa HAIero KJiacca BO3MOXKHO TOJIBKO B €10 MeTOIaX
U JIPY?KECTBEHHBIX (DYHKIMAX; JECTPYKTOP B CeKInu protected: mgoba-
BUT K 3TOMY €Il TIOTOMKOB HAIIETr0 KJIACCA.

OOBEKT KJIacca, UMEIOIIEro MPUBATHBIN JIECTPYKTOP, 3a MpeIe/iaMu
€ro MeTOJIOB U «Ipy3eii» Heavda 6ydem cozdamv 6 eude npocmoli (no-
KaavHot uAl 2400a.40H0T) nepemertot, Beib IPH STOM KOMIIUIISITOD JI0J1-
JKeH OyJleT BCTABUTH B KOJ BBI30B JECTPYKTOpa (I8l JIOKAJIBHBIX Iepe-
MEHHBIX — IIPU 3aBEPITeHNN (DYHKINH, I TJI00AJbHBIX — IIPU 3aBepIie-
HUM BBIIIOJHEHHs IPOIPAMMBI ), HO MbL €MY 9TO JIeJIaTh 3alPeTUId. DTOT
3¢ddeKT MHOTAA UCTIOMB3YIOT, ITOOBI CO3AaTh THUIl 00BHEKTA, BCET/Ia pas3-
MEIIAEMOr0 B JINHAMUYECKON MTAMATH; OOBITHO TaKue OObEKTHI IIPHU TeX
WM UHBIX OOCTOSATEIBCTBAX YIAAJSIOT cebsi caMu — HaIlPUMeEp, MOXKHO
[IPELyCMOTPETh IJIs 9TOrO B KJIACCE CIEIUAJBHBIN METOJ, 9TO-TO BPOIE

class A {

“A() {} // no destruction, dectructor is private
public:

/...

void Disappear() { delete this; }

};

OTMernM, 9T0O IPUBATHBIN JECTPYKTOP IIOJTHOCTHIO MCKJTIOYa-
€T BO3MOXKHOCTHh HACJIE/IOBAaHUS OT TAKOTO KJIACCA, €CJIU TOJbKO
3apaHee HE OIHUCATH BCeX HACJIEIHUKOB B KadecTBe apy3eil. Hamporus,
3aluIIeHHbI (protected) JeCcTPyKTOD sIBHBIM 0Opa30M yKa3blBAeT Ha
TO, 9TO HAIIl KJIACC 3a/[yMaH KaK 3arOTOBKA JIJIs CO3JAHUST HACJIETHUKOB
U 9TO MCHOJB30BAHUE €ro caMoro 1o cebe He IPEJIIOJIAraeTCs; KaK I10-
Ka3bIBaeT IPAKTHKA, 9TO JEHCTByeT HaJEXKHEe, 9YeM COOTBETCTBYIOIIAS
dpasa B JOKYyMEHTAINAMN.
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Ecau Bce macjaeHukn HaIero KJjacca Toxke Oy/IyT BBOJIUTH CBOU Jie-
CTPYKTOPBI B 3AIUIMIEHHON YACTH, MBI [TOJIyYMM IEIYI0 MOJTUMOPMOHYIO
MEPapXUI0 KJIACCOB, OOBEKTHI KOTOPHIX MOTYT CYIIECTBOBATH MCKJIIOUU-
TEeJIbHO B JIMHAMUYECKON ITaMATH.

[IpuBecTn npumep cuTyaruu, B KOTOPOH YTO-TO IOI00HOE MOYKET I10-
TPeOOBATHCH, HE TAK IIPOCTO: JJIsI STOTO HYKHO BEChbMa, ITI0IPOOHO OIIICATH
JIOBOJIbHO CJIOXKHYIO MIPEJIMETHYIO 00J1acTh. JleaTh 5Toro Mbl He OyieM,
OIPaHUYUBIINCH 3aMeYaHUEM, YTO aBTOPY KHUTI'Y TaKue CUTYaIUd BCTPe-
9aJIiCh, U HEOJHOKPATHO; MOJIE3HO MMETh B BHIY caM (DaKT CYIIECTBO-
BaHUs [TOMOOHBIX BO3MOXKHOCTEH, ITOOBI CyMETh BOCIIOJIB30BATHCH WM,
KOTJIa BAIlla IPAKTUYECKAs JIeATEHLHOCTD MOJOPOCUT BaM IOIXOJIAILYIO
3a/1a4y.

5.12. Ileperpy3ka pyHKIUI 1 COKPBITHE UMEH

HomyctrM, MBI onmca n Kjiacc A ¥ OT Hero yHacjaedoBaInd KJjacc B,
U TpU 9TOM B 000UT KAQCCGT €CTb TOJIsi WU METOJbI, HA3BAHHBIE OJI-
HUM M TeM Ke HieHTHUKAaTopoM (Haunpumep, x). Boobiie-ro Tak mnu-
caTh B GOJILIIMHCTBE CJIy9aeB He HaJo (KpoMe CJIydas epeolpeiesIeHust
BUPTYAJIbHON (DYHKIMH), HO €CJIM Bbl BCE-TAKHM TO HAIUCAIM, OJIE3HO
OyJeT IMOMHUTH OJHO BaXKHOe IpaBujo sizbika Cu+-+: BBeJeHUe IMo-
JIf WJIA MEeTOJAa C MMEHEM X B HMOPOXKJAEHHOM KJIACCE CKPbIBAETN
JrO0bIe TMOJISI WJIA MeTOAbl 5a30BBIX KJIACCOB, MMEIOIINE TaKOoe
ke uMms'. Ecau peus mast B obonx ciaydasx o6 HMEHH IO I O
QyHKIMSIX-METO/IaX ¢ OJMHAKOBBIM TIpOduieM (T.e. OIUHAKOBBIM KOJIH-
YECTBOM U THUIIAMHU HAPAMETPORB), IIPABUJIO COKPBITUS OKA3BIBACTCH JIO-
craTo9HO ovYeBUIHBIM. QUYeBMIHO OHO M JJIsl CIydasi, KOrja B 0a30BOM
KJTacce nMeeTcss (DyHKIUS C UMEHEM X, & B IMOPOXKJIEHHOM BBOJUTCS TIO-
Jie X, Wi HaobopoT — Beab 1t uMéH mosieit B Cut+ meperpyska He
npeaycMmorpena. Hampumep:

class A { // ...
public:
void f(int a, int b);
};
class B : public A {
double f; // meron f(int, int) Temeps CKpHT

};

Ecnu teneps cozmars 00beKT Kaacca B, BEI3BATh MeTOM £ MBI C XO/Iy HE
CMOXKeM:

31Mb1 He paccMaTpUBaeM B HaIlell KHHI'€ MHOMKECTBEHHOE HACJIEIOBAHHUE, HO Ha
BCAKUI cIydail OTMETHM, YTO €CJIU II0JIS UJIU MEeTOAbl C OJAMHAKOBBIMU HMEHAMH IIO0-
SIBIJINCH B JBYX 0a30BBIX KJIACCAX OIHOTO ITOPOXKIAEHHOIO KJIACCa, TO B TAKOM IIOPOXK-
NEHHOM KJIACCE COKPBITHIO MOJBEPTHYTCS MMEHa U3 060ur 6a30BBIX KJIACCOB.
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B b;
b.£f(2, 3); // OWUBKA!!! Meron f cxpuT

O/IHAKO «CKPBIT» HE 3HAYUT <«HEJOCTYIIEH»; B KJlacCe B IO-IIpeXKHeMy
IPUCYTCTBYET MeTos £, yHAC/IeJOBaHHBI OT KJlacca A, IIPOCTO ero BHI30B
HY?KHO BBITIOJTHATD C SBHBIM YKA3aHUEM O0JIACTH BUIMMOCTH:

b.A::f(2, 3); // Bc& B mopsazmke

Ilonavasy Takas KOHCTDYKIHS CO3/Ia€T >KYTKOBATOE BIEYATJIEHUE, HO
9TO OBICTPO MPOHJET; B IIEJIOM 3JeCh BCE BIIOJIHE JIOTMYHO, BEJb, KaK
Mbl orMedasn B §3.13, A: :f — 5T0 He YTO MHOE KAK UMA PYHKUUU.

Haubosiee HEOU€BUIHBIM TTPOSIBIICHUEM OIMCAHHOTO MPABUJIA CTAHO-
BHUTCS TO, YTO MOSBUBIIAACS B IMOPOXKIEHHOM KJjacce DYHKITUSI-METO C
TEeM 2Ke UMEHEM, UTO M MeTo]i 6a30BOro Kjacca, CKpbIBaeT MeTo/, ba-
30BOTr0 KJIacca, JaXke ecJIl OHU pa3imdaioTca mnmpodmuieM. [lepe-
rpy3ka (QYHKIMII HAC B 9TOM CJIy4ae He CIIacaer:

class A { // ...
public:
void f(int a, int b);
};
class B : public A {
public:
double f(const char *str); // meroxm f(int, int) ckpwT
};
B b;
double t = b.f("abrakadabra"); // BCé B mopsmke
b.f(2, 3); // OIVBKA!!!
b.A::f(2, 3); // Bcé B mopsamke

Bcé 9170 MOXKHO BBIDA3UTh OJHUM IPOCTHIM IPABUJIOM: Heperpys3kKa
uMEH PYHKININ JIeicTBYeT TOJbKO B paMKax OJHOII obJiacTu BU-
JAUAMOCTU, €CJIA YK€ UMEHA BBEJECHBI B PA3IMYHBIX (IIyCTh U MEPECEKAIO-
mUXcst) 06/1aCTAX BUIUMOCTH, IPUHITUIILI HEPErPY3KU HA HUX HE PACIIPO-
CTPAHSIIOTCS.

5.13. Bb13oB B 00x01 MeXaHM3Ma BUPTYAJIbHOCTH

SIBHOE yKazaHue 06JIACTH BUAUMOCTU (UMEHH KJIACCA), UCIIOJIb30BAB-
eecst B IpeablaAyIeM naparpade s obpalnennsi K UMeHaM, KOTOPbIe
KOMITIJISITOP OT HAC CKpbLI, uMeeT B Cu+-+ emé ogun 3¢pdekT, T0BOJIBLHO
HEOXKVJIAHHBIN Ha MEPBBIA B3I NPU 6bl306€ BUPMYAALHO20 MEMOIa
C ABHHIM YKA3AHUEM UMEHU KAQCCH OMEAIOYAEMNCS METAHUSM BUPMY-
aavHocmu; QYHKITUSI-METO ] BEI3BIBAETCS M3 TOTO KJIACCA, UM KOTOPOTO
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YKa3aHO MPU €€ BbI30Be, 0€3 OIVISIKN Ha TAOJIUILY BUPTYAJIHHBIX METOIOB.
PaccvoTpum s mpuMepa cieyionume KaacChl:

class A {
public:
virtual void f() { printf("first\n"); }
void g() { £0; } /* BH3HBaeTCA MeToH f B 3aBHCHMOCTH

oT dakTuyeckoro Tuma obberTa */
void h() { A::f(); } /* Bcerzma Bu3mBaeTca f um3 Kjacca A */

};
class B : public A {
public:
virtual void f() { printf("second\n"); }
};

IIpounmiocrpupoBath pasuuity Mexkay £() u A::f() moMoOXKeT ciieayio-
it (pparMeHT Koja:

B b;

b.gO; /* medaraeTca "second" */
b.h(); /* medataeTca "first" */
b.fO; /* meuaTaeTca "second" */
b.A::f(); /* mevaTaeTrca "first" x/
A *pa = &b;

pa->£(); /* medataercs "second" */

pa->A::f(); /* medataerca "first" x/

DTa BO3MOXKHOCTH TPEOYETCsl CPABHUTEIHLHO PEJKO, HO WHOTJA OKA3bI-
BaeTCs BEChbMa IIOJIE3HOMN; HamboJiee YACTBI BAPUAHT €€ KCIIOIH30Ba-
HUS — KOTJIa W3 <«HOBOIl» BEPCUU BUPTYAJBHOIO METOA, BBEIEHHON
KJIACCOM-TIOTOMKOM, HY2KHO BBI3BaTh «CTapyI0» BEPCHUIO, OIIMCAHHYIO JIJIs
KJacca-IpejKa.

5.14. HacyienmoBanme Kak cy>keHHe MHO>KECTBAa

Besikast cenénka — pniba, HO He BesKast
pbiba — cenénka.

A. Hekpacos. IIpuk/iiouenust KallutaHa
Bpymnres.

Kak y»e roBopmioch, mpu OmuCaHuU O0bEKTHO-OPUEHTHUPOBAHHOTO
IPOTrPAMMUPOBAHUS MOYKHO UCIIOJIB30BATh PA3INIHBIE BADUAHTHI TEPMU-
nosioruu. Tak, TEpDMHUH «BBI30B METO/a O0bEKTA» SKBHBAJIEHTEH TEPMUHY
«OTIIPABKa COOOIEeHNsT 0ObEKTY >, IIPOCTO ITH TEPMUHBI OTHOCSATCS K Pas3-
HBIM TEPMHUHOJIOTUYECKUM CHCTEMAM: O BBI30BAX METOJOB MBI TOBOPHM
npu u3yguennn npaktuaeckoro npumenennss OQOIl, rorma xaxk mepemada
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coobrernss — tepMmuH, otHocamuiics kK Teopun OOIl u K TeMm sI3bIKaM
[IPOrPaMMUPOBaHUsI, KOTOPBIE MMOJTHOCTHIO COOTBETCTBYIOT ITOM TEOPUH
(K TakUM g3bIKAM OTHOCHTCsI, Hanpumep, Smalltalk).

Kitace ¢ TeopeTrdeckoil TOUKY 3peHus MpecTaBiasger coboit mHoorlce-
€MeB0 OOBHEKTOB, YJIOBJIETBOPSIONINX OIPEJEIEHHBIM yCJIOBUSAM. B 3TOM
CMBICJIE TIOPOKIEHHBIN (HACJIEyeMbIil, MM JTOYepHNUil) KIace IpecTaB-
JisteT coboit nodmroocecmeo. B camoMm Jiesie, COTJIACHO 3aKOHY ITOJIMMOP-
dusMa 006bHEKT MOPOKIAEHHOTO KJIACCA MOYKET OBITH HMCIIOJH30BAaH B Ka-
gecTBe 00bEKTa GA30BOr0 KJIACCA, TO €CTh, MOMPOCTY TOBOPS, SBJISETCS
OHOBPEMEHHO 1 00HEKTOM MTOPOKIEHHOT0, 1 00bEKTOM 6a30BOT0 KJTacca;
B TO Ke BpeMsi 00beKT 6a30BOr0 KJjacca BOBce He 00s3aH OBITh 00bEKTOM
KJ1acca MTOPOXKJIEHHOTO.

MozkHO TpUHTH K TeM Ke BBhIBOJAaM u mHade. HaciieqoBanue mpej-
crasiisieT coboi ymourenue CBOWCTB 00beKTa, W, MHAYE TOBOPS, Tepe-
X071, OT ODITEro ciydas K 9acTHOMY. SICHO, 9TO MHOXKECTBO YaCTHBIX CJIy-
9aeB eCTh [TOJIMHOYKECTBO MHOXKECTBa cyrydaeB obmmx. [lomydaercs, 9ro B
TepMHUHAX MHOYKECTB HACJIEJIOBAHUE OIUCHIBAETCS OTHOIIEHUEM BKJIIOUE-
uus (A O B). EcrecTBEHHBIM CJIEICTBAEM TAKOIO PACCMOTPEHUS SBJIsIeT-
¢t TepMuH nodkaacce (auri. subclass) misg 0603HAUEHMSI TIOPOKJIEHHOIO
KJIacca U TEPMUH HadKAacce wiu cynepraacc (auri. superclass) — njist
obosnadenus: 6a30BOTO.

Takasi TEPMHUHOJIOTUSI YACTO MOPOYKIAET OIPEICTEHHYIO IIyTAHUILY.
Hesto TyT B TOM, 9TO OOBEKT MOPOKIEHHOrO Kiacca (nodkaacca) Ma-
JIO TOT'O, YTO IIAMSITHU 3aHUMAET 3aBEJOMO HEe MeHbIe (a Ipu j100aBIeHnn
HOBBIX II0JIHi — COBEPIINEHHO TOYHO OOJIbINE), HEXKeJU OOBEKT KJacca
6azoBoro (cynepkraacca), HO emlé u codeporcum 8 cebe obsexm 6a3060-
20 KaaCCA, T. €. OOBEKT CyIePKJIAcca OKa3bIBaeTCsl n0dobsekmom 00beKTa
nosikstacca. Ilorydaercst, 970 MbI pacCMaTpUBaeM OJHOBPEMEHHO JIBA OT-
HOIIIEHUsI BJIOXKEHHOCTH, X OHU MAJIO TOTO YTO PA3HBbIE, OHU OKA3BIBAIOT-
C HANPABACHBL MPOMUBONOAOHCHO: OOBEKT HA30BOI0 KJIacca BJIOXKEH B
00'bEKT MOPOXKIAGHHOTO KJIacca (4UCTO TEXHUYIECKU), & BOT CAMU KJIACCHI
(y2Ke KaK MHOXKeCTBa OObEKTOB) «BJIOYKEHBI», HA0OOPOT, HOPOKIEHHBIH
B 0a30BBbIil.

Best ara myranuia obyciioB/ieHa IPUMEHEHUEM JIBYX Pa3HBIX TePMU-
HOJIOTMYECKUX CHCTEM B OJHOM MecTe. Korma pedb HAET 0 cymepKaaccax
U MOJIKJIACCAX — ITO 3HAYUT, YTO MCIIOJIH3YETCsl TE€OPETUKO-MHOYKECTBEH-
Hasi repmuHoJiorusi. Korja ke pedb 3ax0nuT 06 UCHOJIB3YyeMON MaMSITH
" Moo0bEKTAX — OYEBUJHO, UTO PA3TOBOP HJET B TEPMUHAX pean3a-
TOPCKOM (mparMaTuvHON) TOUKM 3peHust. Mbl yiKe BCTPEUAJNCh ¢ 3TUM
nyamusMoMm B §5.3 (cM. kommenTapuit Ha crp. 114). O6e Tepmunosioru-
YeCKHEe CUCTEMBl AKTUBHO UCIIOJB3YIOTCS W UMEIOT MPaBO Ha CYIIECTBO-
BaHUe; Bbl Ha TPAKTUKE MOXKETE CTOJKHYTHCS KAK C OJIHUM BapUAHTOM
TEPMUHOJIOTUHU, TaK U C JPYTUM, 8 B HEKOTOPBIX CJIyUasixX — U C UX CMe-
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meHueM, Kak B BBILHerI/IBeILéHHOM IIpuMepe. HOSTOMy 2KeJiaTeJIbHO II0-
HUMaTb, YTO O3HAYaIOT TE€PMUHBI 00eux CUCTEM.

5.15. Oniepanuu npuBe/ieHUs TUTA

B mporiecce mporpaMMupoBaHus 9acTO MPUXOJAUTCA U3MEHSTH THII
BhIpakenusd. VlHorma 310 nmesraerca HeA6HO, KaK, HAIPUMED, B CJIydae
CJIOZKEHHUSI TeJIOUUCIIEHHOIO 3HAYEHNs CO 3HAYEHUEM JIPOOHBIM (C I1aBa-
fomeil Toukoit). B mHBIX ciyuasix (Kak, HapuMmep, [IpU W3MEHEHUH TH-
na yKaszaresis) IPUXOJUTCS SIBHO YKA3bIBATH KOMIUJISATOPY HOBBIA THII
BhIpakeHus. B sa3bike Cu 3T0 [€7aJI0CH € TOMOIIBIO ONEPAUUYU Npe-
obpa3osarus MUNGA, 3aIUCHIBAEMOIl KAaK yHAPHAs OIepaIus, CHMBOJI
KOTOPO# €CTh MMs THIIA, 3aKJIIOYEHHOE B KPYyIUIble CKOOKM, KaK, HAIPU-
Mep, B CJIeIYIOIIEM BbIPDAsKEHUN:

int x;
char *p = (charx)&x;

3/ech 3HaYEHNE BBIPDAXKEHUsI &X, UMEIOIee TUI int*, IPUBOIUTCS K THUILY
char*. Omneparus IpUBEEHUs THIIA ONACHAE B TOM CMBICJIE, ITO €€ TPUMe-
HEeHUe [T03BOJIAET DU KeJJaHuu 000iTH JTI00ble OrpaHUYEH NS, BBOIUMBbIE
CHCTEMOH THUIIM3aIuU, BKJIOYasl, HAIIPUMEDP, 3alpeThl Ha 3allUCh B KOH-
CTaHTHDBIE O0JIACTH HAMSTH U JaKe 3allUTy JAHHBIX B Kiaccax. HeolOuy-
MaHHOEe MPUMEHEHNE MPeodbpa30BaHUs TUIIOB ITPUBOIUT K 3aILy THIBAHIIO
[IPOTPaMMBI M, B KOHEYHOM CUYETe, K TPY/IHOBBISBJISIEMBIM OITHOKAM.

st cHUYKeHUsT HeraTUBHOTO 3 eKTa Omeparun MPUBEICHIS THIIOB,
a TaKXKe I HOJJEPKKH MOJTUMOPGHOrO IPOrPAMMHUPOBAHUS B A3BIKE
Cu+-+ BBOAATCS YeTBIPE JOMOJHUTEIbHBIE OIIEPAIAT, [IPeIHA3HATCHHBIC
JIIsl TIpeoOPA30BAHUS TUIIA BBIPAXKEHUSI. DTHU OLEPAIMY UMEIOT JI0CTATOY-
HO HETPUBUAJIBHBIA CHHTAKCHUC: CHAYAJIa 3AIIACHIBACTCA KJII0IEBOE CJI0BO,
3ajaoliee onepanuio (static_cast, dynamic_cast, const_cast win
reinterpret_cast)7 3aTeM B YIVIOBBIX CKOOKaX CTaBHUTCsS MMsI HOBOT'O
THUIIA U, HAKOHEI], B KPYIJIBIX CKOOKaX 3allNCHIBAETCA CaMO BBIDayKeHHE,
THII KOTOPOTO HEOOXO/IMMO U3MEHUTH, HAIIPUMED:

Square *sp = static_cast<Squarex>(scene[i]);

B orsimawme ot oneparun npuseienus TumnoB B s3pike Cu, KOTOpasi IpuMe-
HSUIACH JJIS JIIOOBIX CJIy4aeB «PyIHOro» (ABHOIO) U3MEHEHUsI TUIA, KarK-
nas u3 onepanuit Cu-+-+ mpeHa3HAYeHa JIJIsT CBOETO cJrydast. Tak, ornepa-
nus const_cast II03BOJIIET CHATH WU, HA0DOPOT, YCTAHOBUTH CKOJILKO
yrosHo MomuduKaTopos const>?; MombITKa cienarh ¢ eé HOMOMIBIO JITo-
60e JIpyroe U3MeHEHNe THIIA, BHI30BET OIMUOKY MPU KOMIUJISIITUN:

32Takske sTa omepamnust paboraer ¢ MoaubUKaTOpoM volatile, KOTOPBIA MbI B Ha-
IeM Kypce He pacCMaTpPHBa€eM.
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int *p;
const int *q;
const char *s;

/...

q = p; // moxHO 6e3 mpeobpasoBaHUS
p = q; // oumbra! cuaTme const

p = const_cast<int*>(q); // mpaBuIbHO
p = const_cast<int*>(s); // ommbxra!

OrMmernmM, 9TO HajW4YUe B SI3bIKE Ollepanuu const_cast He OTMeHseT
OIIACHOCTH TaKoro mpeobpasoBanus. PeanbHas mOTpeOHOCTH B 00XO7€E
KOHCTAHTHOM 3aIlNThl BO3HUKAET KPailHe PEJIKO; IIPEeXK e YeM IIPUMEHSITh
peobpa3oBanme, MOAyMaiiTe, BCE JIn BBl MPABUWIBHO JejiaeTe, He 3a0bl-
JIX JIA BBI, HAIIPUMED, IOMETUATH CJIOBOM const (byHKIMIO-METOJ, He U3~
MEHSIONIYI0 COCTOsiHIE 00beKTa, u T.11. JIJ1s mMpuMeHeHus onepanuu
const_cast HY>KHBI OY€Hb BeCKHe NPUYUHBI, 1 CAKPaMEHTAJIb-
HOe «0e3 Heé He paboraer» TAKOW NMPUYUHON CUUTATH HEJIb3s.
B HeKOTOpBIX IIPOrpaMMUCTCKUX KOJUIEKTHBAX HA KaXKJI0e MPUMEHEHUE
const_cast HY>KHO IOJyYUTb JIUIHOE PA3PEIIeHrne PYKOBOIUTEJST Pa3-
paboTKm;.

Omneparust static_cast npeaHasHadeHa JJjisi paboThl ¢ HAC/IeLyeMbI-
MH OOBEKTAMH U IIO3BOJISIET IIPeobpa30BaTh yKasaTeb WM CChLIKY B
HAIIPaBJIEHUH, TPOTUBOIOJIOXKHOM 3aKOHY MojauMopdusma, T.e. oT Oa-
30BOrO KJlacca K HOpoxKaéHHOMYy. llombiTKa mpous3BecTn Jiroboe JIpyroe
peobpa3oBaHme BLHI3OBET OMMUOKY. [IpuBeaém mpuMeps:

class A { /* ... */ };
class B : public A { /* ... */ };
class C { /* ... *x/ };
/...
A *ap;
B *bp;
C *cp;
//

ap = bp; // MoxHO 6e3 mpeobpasoBaHHUS

bp = ap; // ommbxa!
bp = static_cast<Bx>(ap); // momycTumo
cp = static_cast<Cx>(ap); // ommbka, A m C He pOJCTBEHHH

EcrecTBenno, meyaTh 3TO CJEyeT TOJBKO KOTJA MbI JeicmeumensHo
YBEPEHBI, UTO II0 JaHHOMY aJpecy PacIoJIOXKeH OObeKT NMEHHO TOrO THU-
Ia, K KOTOPOMY MBI HAMEPEHBI IIPEOOpPa30BBIBATD; NHOE B OOJIBLITMHCTEE
CJIy4JaeB NPUBEIET K OMIMOKAM, IPUYIEM JaCTO K TAKUM, Ha, JIOKAJIU3AIIIIO
KOTOPBIX YXOJUT MHOI'O BPEMEHH.

Omneparus reinterpret_cast mo3BoJisieT IPOU3BECTH JIFO00E TPeod-
pasoBanue (94ero yroJHo BO YTO YIOMIHO), €CJHU TOJBKO KOMIIUJIATOP I10-
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HUMAeT, KaK 9TO ¢JIeJ1aTh (B YaCTHOCTH, IPeobpa3oBaTh 0OBEKTHI CTPYK-
TYP PA3HBIX TUIOB JIPYT K JAPYTY HE IOJYUUTCH, MOCKOJIbKY HEITOHSIT-
HO, K&K TaKoe Ipeobpa3oBanue Mpou3BoauTh). PakTudecku 3Ta onepa-
[Msl SKBUBAJIEHTHA orrepanun s3bika Cu, KoTopas 0003HAYAETCH MMEHEM
THIIA, B3ATBIM B KPYIJIble CKOOKH. PekoMmeHyeTcs, 0/lHAKO, IPUMEHITH
UMeHHO reinterpret_cast, a He oneparuio Cu, MOCKOJbKY TaKue Ipeod-
pa3oBaHusI TPEOYIOT 0COOOr0 BHUMAaHWUSI, & BhIPAXKEHUE C UCIIOJIb30BAHIEM
reinterpret_cast Jiydiie 3aMeTHO B TEKCTE TPOTPAMMBI, Y€M HMsI THII&
B CKOOKax.

Heckousibko ocoboe mecto 3anummaer oneparust dynamic_cast. Tpum
oleparuy, KOTopble Mbl PACCMOTDENH BBIIIe, CIyKaT JJjIs yIPaBJIeHUs
CACTEMO#l KOHTPOJIsI TUIIOB, T.€. JIJI YIIPABICHUS KOMITUJISITOPOM, U HE
MMOPOXKTAIOT JIEUCTBUI, OCYIIECTBJISIEMBIX BO BpPEMs HCIIOJIHEHUS ITPO-
rpammer?. Omepanus dynamic_cast, B OTJIMYMHE OT OCTAJLHBIX, IIPE]-
roJjlaraeT MpoBeJleHe HETPUBUAIBLHON ITPOBEPKU 60 6PEMA UCNOAHEHUSA
nporpamumsbl. [lomobno onepanuu static_cast, onepanus dynamic_cast
IpeTHa3HadeHa /71 TpeoOpa30BaHms a/IpeCOB OOBEKTOB B HAIIPABJICHUN,
[IPOTUBOIIOJIO?KHOM 3aKOHY IOJIUMOPMU3MA, T. €. OT aJIpeca MpeIKa K al-
pecy noromka. B ciaydae co static_cast OTBETCTBEHHOCTDH 3a KOPPEKT-
HOCTBH TAKOH OIlepaIlii BO3JIaraeTcs Ha MPOrPAMMUCTA: IMEHHO IIPOTPaM-
MHCT T€M WJIU MHBIM CIOCOOOM JIOJIKEH IIPOBEPUTH, U9TO IIPeodpa3yeMblit
azpec (Oy/b TO yKa3aTesb WA CCHIIKA) YKA3BIBAET Ha OOBHEKT HYKHOTO
Tuna. Ecim ke npuMmeHnTs dynamic_cast, To OHA caMa IPOBEJET IIPO-
BEPKY M B CJIydae, ecjid Ipeobpa3oBaHne HEKOPPEKTHO (TO e€CTh 110 3a-
JAHHOMY aJIPeCy B IAMSATH He HAXOIUTCA OO'bEKT HYKHOTO THUIIA), BEPHET
HyJIEBOIl yKa3aTesab. Ha MOMEHT HAamMCAHUs IPOrPAMMBL B ODIIEM CJIy-
qae TUI 0ObEKTa HEM3BECTEH, TAaK UTO IPOBEPKA IIPOBOJIUTCH BO BPEMS
UCIIOJIHEHUSI, T. €. JUHAMUYECKU, OTCIO/Ia Ha3BAHME OIEPAIHH.

IIpoBepka Tuna TPOM3BOAUTCA HA OCHOBAHUU 3HAYCHUS YKa3aTENs
Ha TabJIUIYy BUPTYAJbHBIX (DYHKIIMNA; [1€J0 B TOM, UTO Takas Tabynra
YHUKaJbHA /718 KaXKJ0T0 KJIacca, NMEIOIIEero BUPTyalbHble METOIBI, T. €.
eé aJIpec OJHO3HATHO MACHTHPUIUPYET KJacc obbekTa. Kak ciemcrsue,
dynamic_cast MOXKeT paBoTaTh TOIBKO € KiaccaMy (MM CTPYKTYPaMH ),
MMEOIIUMHA BUPTyaJibHble (DYyHKIMU. B HEKOTOPBIX MCTOYHUKAX TaKUe
KJIACCHI HA3BIBAIOT NOAUMOPPHHBIMU, ITO HE COBCEM KOPPEKTHO: KaK
MBI BHJIEIU, MOJTUMOPMOU3M B OIPEIEIEHHOM CMBICIE DPA0OTAeT W I
KJIACCOB, HE MMEIONINX BUPTYAJIbHBIX (DYHKITHIA.

OrmeruM ermé ofMH HeMaJoBaXKHBI MOMeHT. OOBIMHO peasn3alm
dynamic_cast BecbMa HEI(DMEKTUBHBI 110 BPEMEHH HCIOTHEHUsT — I10-

33K pome TpeoGpasoBaHus MeXK Ly HETbIMH YHCIAME M YUCTAMH C TIIABAIOMIEH TO4-
KOM, 4TO TpebyeT HEKHMX AeHCTBUil; MHOIAA KOMIMIATODPY IPUXOAUTCHA U3MEHUTH U
YUCJIEHHOE 3Ha4YeHUe yKasaTejlsd, HO B Halllell KHUI'e€ He PacCMaTpPHUBAIOTCA MEXaHU3-
MBI, IIOPOXKJAIONINE TAKyI0 HEOOXOIUMOCTD.
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IIPOCTY TOBOPs, pabOTAIOT OvueHb MeyieHHo. [loaToMy 3m0ymnoTpebiars
91Ol onepanueit He ciemayer. B meiicrBuresnibHOCTH OyIeT JIydiine BooOIe
6e3 Heé 00ONTHUCH.

Mpeobpasosarne dynamic_cast ymeeT paboTaTb HE TOJILKO C yKa3aTensimu,
HO N CO CCblJIKaMWM, I'IpVI 3TOM MNOHATUA ((HyﬂeBOI7I CCbIJIKN>» B r|p|/|pop,e He cyme—
CTBYET, NO3TOMY NpW OTPULATENLHOM pe3ynbTaTe NPoBepKy Takoli dynamic_cast
BblOpacbiBaeT HeKOE «CTaHZAPTHOE MCKtoYeHne». YT1obel obpaboTtats ero, npu-
OETCA NOAKNOYNTL 3aro/IoBOYHbINA haiin cTaHfapTHOW 6ubnnotekn, a panblue,
KaK roBOPSIT, KOFOTOK yBA3 — BCeli NTW4Ke nponacTb. B aelicTButensHocTn Het
HUKaKMX NPUYNH NpUMeEHATb dynamic_cast K CCbl/IKaM: €C/in y BacC CCbUIKa, a He
yKasaTesnb, NPUMEHUTE K HEl onepaunto B3sTUs agpeca, npesBpaTus eé Tem ca-
MbIM B NPOCTON yKasaTeNb, BbiNoNHUTE dynamic_cast, NpoBepbTe pe3ynbTaT Ha
HEPaABEHCTBO HYJ/IIO 1 NOC/e Yero pasbiMeHyiTe ero obpaTHo.

5.16. Nepapxum UCKJIIOYEHUIT

[Ipu obcyxknernn peoOpa3oBaHmii TUIIOB BhIpaXKeHUiT B 00paboTIu-
KaX MCKJIIOUYATEILHBIX cuTyaruil (cM. ¢rp. 107) Mbl OTMETUIIM, 9TO OJHUM
3 HanboJIee BayKHBIX BIUIOB IIPEOOPA30OBAHNS SIBISETCS TPEOOpPA30BAHME
10 3aKOHY MTOJINMOpdU3Ma, OIHAKO IOIPOOHOE 00CYKIEHNE ITOTO OTJIO-
JKUJIN, TIOCKOJIBKY Ha TOT MOMEHT eIlé He ObLIO BBEJIEHO HAC/IEIOBAHUE.

Boszspaiasick K 3TOMy BOIIPOCY, 3aMETHUM, 9TO TPETUN U ITOCJIEIHUIA
BHJ JIOIMYCTUMBIX PEOOPA30BAHUN OT THUIIA BBIPAYXKEHWS B OIEPaTOpe
throw K THUIly, YKA3aHHOMY B 3arojiOBKe catch — 310 mpeobpas3oBanue
anpeca (T.e. yKas3aTeJssl U CChLUIKH) 0O'beKTa-II0TOMKA K COOTBETCTBYIO-
MEeMy aJ[PECHOMY THUIly OObeKTa-Ipe/iKa. Kcim MbI OnuineM IBa Kjacca,
YHACJIEIOBAB OJIUH OT JIPYTOTO:

class A { /* ... %/ };
class B : public A { /* ... */ };

— TO 0OpPabOTINK BUIA
catch(const A& ex) { /x ... %/ }

CMOXKET JIOBUTBb UCKJIIOUEHUsSI 000UL TUIIOB, T. €. PE3YIbTAT KaK OIEPATO-
pa «throw A(...);», Tak u «throw B(...);».

DTO CBONCTBO UCIOIB3YETCsI JIJIsl CO3JAHUST UEPAPLUT UCKAOUUMEND-
Hox cumyayutd. Hampumep, MbI MOXKEM TOJEJIUTH BCE OMIMOKY, BOZHIKA-
IOIFe B KAaKOW-I100 mporpaMMme win OHOJIHOTEKe, Ha CJIE/LYIOIne KaTe-
ropumu:

° OIHI/I6KI/I, BOSHHKAIOIIHE IO BUHE IIOJIHB30BATEJIA:

— cuHTaKcuueckue ommbKu npu BBoJe (Hampumep, OYKBBI TaM,
rjie OXKUJAETC YUCIIO);
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— HeNpaBUJIbHO yKa3aHo uMsl daiiia;

— HENPaBUJILHO BBEJIEHHBIH IapOJIb;

— HeJIOmycTHMasi KoMOMHaIms TpeGoBaHuil (HAIpHMep, OJHO-
BPEMEHHOE TPeGOBAHKE YIIOPSIOUUBAHUS 110 BO3PACTAHUIO U
10 yOBIBAHUIO);

® OMMOKM, OOYCJIOBJICHHBIE CPEIOil BBIITOJIHEHS:

— TEPEeIoJHEHNE JTUCKA;
OTCyTCTBHE (DANIOB, HEOOXOAUMBIX I pAOOTHI;
— mpodvne OmuOKU OIepaIiii BBOJIa-BbIBOJIA;
HEJIOCTATOK OIEPATUBHON MAMSITH;

omubKY 1pu paboTe ¢ CeThIO;

— U T.IL

® CHTyaIlu, CBUJIETEJILCTBYIONNE 00 OIMMOKe B CaMOil MporpaMMe u
Tpebylomye eé UCHpaBieHnst (HAIPUMeD, [epeMeHHasl IIPUHUMAET
3HAUEHNe, KOTOPOe BPOJie Obl IIPHHUMATE He JIOJKHA,).

OmnumeMm Terepb KJjacCc Error, COOTBETCTBYIOIIUI IOHSITHIO <«JIHO0ast
omubKa». B MOTHOM COOTBETCTBHH C TPUHIHUIAMH OOBLEKTHO-OPHUEH-
THPOBAHHOI'O IIPOTPAMMUPOBAHMS IEPEHIEM OT ODOIIEero K YacTHOMY,
yHacjaenosas oT kiacca Error moakiiaccol UserError, ExternalError
u Bug juia o0o3HadYeHUsi COOTBETCTBEHHO IIOJb30BATEIHCKUX OITHOOK,
BHEITHUX OMMOOK U ommboK B mporpamme. Ot kiacca UserError, B
CBOIO OYepellb, yHacjeayeM Kiaccbl IncorrectInput, WrongFileName,
IncorrectPassword u T. 1.
Tlocsie 3Toro obpaboTunk BuIA

catch(const IncorrectPassword& ex) { /x ... %/ }

OymeT 0b6pabaThIBATH TOJTBKO MCKJ/IIOYUEHNS, CBA3AHHBIE ¢ HEITPABUIHLHBIM
mapoJjieM, TOr/ia Kak 00paboTunK BHUIa,

catch(const UserError& ex) { /* ... *x/ }

Oy/ieT pearupoBaTh Ha JIOObIe ONUOKHU IIOJIB30BATEIIs, UTO YKe KaCaeTCs
0bpaboTINKA,

catch(const Error& ex) { /* ... %/ }

TO OH CMOXKET <«IIOfMaTbh» BOOOIIE JII0OOE MCKJIIOYUTEJIHBHOE COObITHE U3
nammeii nepapxuu. [loguepkuém, 9T0 Takoe Impeobpa3oBaHUWe pabdo-
TAeT TOJILKO JIJIsi aJPecoB, a He Jjisi OObeKTOB KaK TAKOBBIX; UMEHHO
[TO9TOMY MBI B HAIIIEM [IPUMEPE B 3ar0JIOBKax catch mcroJib30Baju CChLI-
K.
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6. IITabs0oHbBI

B nporpaMMupoBaHuu 4acTO BOSHUKAIOT CUTYaIlud, B KOTOPBIX IIPO-
CTEHIINM ¥ OY€BU/IHBIM DEIIeHUEM OKA3bIBAETCS HAIMCAHIE HECKOJIbKUX
[HOYTH OJMHAKOBBIX (& MHOIJA U COBCEM OJMHAKOBBIX) (DPAIMEHTOB KO-
ma. VI3BecTHO, 9TO B TAKHUX CJIYYasAX [MONTH «OYEBUIHBIM» IIyTEM — HJIEs
KpaiiHe HeyIadHas, BeIb TEKCTHI IPOIDAMM IPUXOIUTCH U3MEHATH, UC-
[IPABJIATH OMIMOKHU, JJOOABIISITH HOBBIE BO3MOXKHOCTH, U €CJIN HeKuil (ppar-
MEHT KOJ1a Oy/IeT CyIIecTBOBATD 00Jiee YeM B OJIHOM 9K3EMILISIPE, BHOCUTD
U3MEHEHUs MPUIETCS CHHXPOHHO B KAXKJIbI U3 9K3eMILTAPOB. [IpakTuka
[TOKA3BIBAET, YTO PAHO WJIU IO3HO MBI IIPO KAKON-HUOYIb U3 IK3EMILIs-
POB 3a0y/ieM, UCIIPABUB BCe KPOME HErO; BIIPOUEM, JTayKe ecyid Obl He ITO,
MeXaHN4YeCKN )Iy6J'[I/IpOBaTb O/IHAX U Te 2Ke IIPpaBKU B HECKOJIbKUX MecCTaxX
[IPOrPaMMBbI OKA3bIBAETCS JI€JIOM YTOMUTEIbHBIM U HEITPUSITHBIM.

Ecin dparmenTs, KoTopble X04eTcst HAIIMCATH JJIsi OBICTPOrO pelire-
HUs BO3HUKINEH 3318491, PA3IMIAIOTC TOJTHKO HEKOTOPBIMU 3HAYEHUAMU
(nmM He PA3IMUAIOTCS BOBCE), 6OPOTHCs € JyOJUPOBAHUEM KOJA JIETKO:
JIOCTATOYHO BBIHECTU «COMHUTEJBHBII» (hparMeHT B OTJIEIbHYIO (DYHK-
[IUIO, ¥ BMECTO HECKOJIbKMX IOYTH OJMHAKOBBIX KYCKOB KOJIa B HAIIei
[IpOrpaMMe TIOSIBSITCS BBI3OBBI 3TOU (DYHKIIUU; PA3IUYATHCS OHU OYIyT
3HAYEHUSIMU TAPAMETPOB, IPUIEM 3aMETUTH OTJIUYIUS [IPA IYTEHUU TaKO-
ro Kojia OyJIeT, pa3yMeeTcsl, TOPa3/0 MIPOIIEe, YeM €CJIH Obl IIPUXOIUIOCH
KaxKJIplii pa3 cBepsTh 60Jbie GpparMeHThl. AHAJIOrIIHBIM 06pa3oM 00-
CTOAT JIeJIa IPU Pa3JIMYUy 110 UMEHAM [T€PEMEHHBIX: MbI MOXKEM B TAKOM
cydae HaHMCcaTh (PYHKIHMIO, B KOTOPYIO OyJIET MepeIaBaThCs aJIpec Co-
OTBETCTBYIOIIEHA ITepEeMEHHOM.

Ho uro mesmatp, eciim HaM moTpebOBAIMCH TOYTH OJMHAKOBBIE (bpar-
MEHTBI, PA3/INIUs MEXK/y KOTOPBIMU HE CBOJATCH K 3HAYEHUAM 6biPa-
otcenuti? CaMblil IPOCTOI U 9aCTO BCTPEUAIOIIHMIICS TPUMED TaKOi CHTY-
Al — pa3jindhe Mmunos NePEMEHHBIX U BBIPAXKEHUil; KAK MOCTYIHUTD,
€CcJIi HaM TIOTPeOOBAJIOCH BBIIOJIHUTD OJHH U Te YKe JeHCTBHA, HO B OJIHOM
cilydae — HaJl IEPEMEHHBIMU TUIA int, a B APYTrOM — HAJ[ IEPEMEHHBIMEI
tura double? B sa3pike Cu B TaKUX CHTyaIusx MPUXOIUTCS MpuUdEraTh
K OIIPEJIeJIEHNI0 MaKPOCOB, IPUYEM YaCTO — MHOTOCTPOUHBIX. Karkiprit
[IPOrPaMMHUCT, HAIUCABINUI XOTsi Obl OJMH MHOIOCTPOYHBIN MaKpOC Ha
Cu, 3HaeT, Kakoe 3TO yTOMUTEIbHOE 1 HebnarogapHoe 3ausarue. Ecian B
OIIpeieJIeHEe MAaKpOCa BKPAJIACh OIMUOKA, HAMTH e€ OyIeT HelTpoCTO, IIPHU-
9€éM JaXKe He Cpa3y CTAHOBHUTCH IOHSTHO, YTO OMIAOKa KPOETCHA TIe-TO
B MaKpoCe, MOCKOJbKY KOMIIUIATOP B COODIeHnn 00 OIHOKEe yKa3bIBa-
eT He Ha TeJO MaKpoca, a Ha TO MeCTO, TJie MaKpoC BbI3BaH. Boobiie,
Makporporieccop s3bika Cr, 13 cO0OpakKeHnii COBMECTUMOCTHU BKJIIOUEH-
woiit u B Cu++, mpezcraBisier cob0il CpeCTBO OMMaCHOE B IPUMEHEHUN 1
KpaiiHe HEYTO00HOE, ITO MHOTOKPATHO OTMEYAIOT MHOTHE aBTOPDI, BKJIIO-
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qasg Crpaycrpyna. OaHako Bpej oT JAyOJMpOBaHUsl KOIA OKa3bIBAETCSI
emé OoJiblite, Tak 4To Ipu padbore Ha Cu B psijie CIydaeB WHOTO BBIXOIA
HE OCTaéTcd.

B a3pike Cu++ u3 OOJBITUHCTBA TAKUX IMMOJOYKEHUI MOYKHO BBIATH,
UCTIONB3YS WAOAOHDBL, KOTOPDIE AEIITCs Ha MabI0Hbl (DYHKINN U 11ad-
Jstonbl KitaccoB. OOImast ujiest TeX U JPyrux COCTOUT B TOM, ITO MBI ITUIIIEM
KakK ObI 3ar0TOBKY JJIsi (DYHKIIUY WJIM KJIACCa, KOTOPasl IPU KOHKPEeTU3a-
[ HEKOTOPBIX APAMETPOB MOXKET IMPEBPATUTHCS B HACTOSIIYIO PyHK-
[IUIO WJIH, COOTBETCTBEHHO, KJjlacc. B KadecTBe mapaMeTpoB IMabaoHa da-
e BCEro BBICTYIAIOT WMEHA THUIIOB BBIPAXKEHUil, HO 3TO MOTYT OBITH W
3HAYEHUSI [1€JIOT0 TUIIA, & B HEKOTOPBIX CIIEIIMDUIECKUX CIIYIasIX U aJIpec-
Hble BbIpaxkeHusi. Pazymeercst, oquH 11abJ/IOH MOYXKHO UCIIOJIB30BATh JIJIst
CO3/TaHNUsI HECKOJIbKUX PA3HBIX (DYHKIMI WM KJIACCOB, OTIMYAOIIUXCS
JIpYT OT Jpyra TOJbKO 3HAYEHUSIMU HEKOTOPBIX MapaMeTpoB. BaxKHo mo-
HAMATH, YTO MIAGJIOH — 3TO €mI€ He KO, 9TO JHUIIb 3aroTOBKa
IJist Koma. Brosae jomyctuMo BocpusiTre MmabIoHOB KaK 9TAKUX «YM-
HBIX MaKpOCOB» — KaK MUHHUMYM B TOM CMBbICJIE€, YTO 3TO (pparMeHThI
TEKCTa MIPOrPAMMBI, U3 KOTOPBIX HEKAM IIPEO0Pa3oBaHueM (¢ MOACTAHOB-
KOl IapaMeTpoB) MOJIYYaIoTCa Apyrue GParMeHThl TEKCTa IIPOIPAMMBI,
KOTOpBIE y2Ke KOMIMINPYIOTCcs Kak obbrauo. Hamo ckasars, uro Crpa-
YCTPYI TIIATEJHHO OTPUIAET CBS3b IMabJI0HOB C MAKpPOCAMU — HO, BU-
JIIMO, OH TIOJ] MAKPOCAMH IIOHMMAET TOJBKO TO CTPAHHOE HEJI0/IeJIAHHOEe
HEYTO, KOTOpoe MbI uMeeM B ynctoMm Cu, TOria Kak B JefiCTBUTEILHOCTH
MaKpOIIPOIIECCUPOBAHNE KAK SIBJIEHIE HAMHOIO CJIOYKHEE.

MoxKHO cIUTaTh, 9TO MIAGJIOHBI IPEACTABIAAIOT cCOOOl eIé oanH
BU/ TIOJIMMOP(U3Ma — TaK HA3bIBAEMBI napamempuueckuli noau-
mopduam. TIocKoJIIBKY 3TOT BHUJ, HOJUMOPGU3Ma PEAJU3yeTcs Ha CTa-
JIV¥ KOMITUJISIITAE, €10 CJIeJlyeT PaCCMAaTPUBATDH KAK YACTHBIN CIydail cTa-
THUYECKOTO TOJIUMOPdU3Ma, U, KAK U JIPYTUe CIydad CTATHIECKOrO TOJIU-
mopduzma, K OOII oH HUKAKOTO OTHOIIIEHUST HE MMEET, ITO, KOHETHO XK€,
HE JIEJIAeT ero MeHee BasKHBIM.

6.1. IITaGnoubI pyHKIMIT

Paccmorpum fuist mpumepa GpyHKIUIO, COPTUPYIONLYI0 MACCUB IEIBIX

quceJr MeTOoJI10M «HySprbKa»34Z

void sort_int(int *array, int len)
{
for(int start=0; ; start++) {
bool done = true;

34Komneuno, sTor MeTox Hea(h(DEKTHBEH Il MACCHBOB 3aMETHOIO Pa3Mepa, HO I
npuMepa OH BIIOJIHE HOTOMAET, U K TOMY K€ Ha MaCCHBaX M3 JECITKA 3JIEMEHTOB
Huaero 3pdeKTUBHEE TPOCTOrO «IIy3bIPbKay MOKA YTO HE TMPHUILYMAHO.
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for(int i=len-2; i>=start; i--)
if (array[i+1] < array[i]) {
int tmp = arrayl[il;
array[i] = array[i+1];
array[i+1] = tmp;
done = false;

}
if (done)
break;

}

IIycts Temepns HaMm moTpeboBasiach Takas Ke (PYHKITUS I COPTUPOBKU
MaccuBa u3 duces Tuna double. Vcrosmb30Barh UMEIOILYIOCS (DYHKITIIO
MBI, IOHATHOE JIeJIO, HEe CMOXKEM: YUC/Ia C IJIaBaIomeil TOYKONH COBepIICH-
HO WHAYe CPABHUBAIOTCSI U UMEIOT APYTroit pa3mep. Ecin ke Mbl BCé-Taku
namnumeM GyHKIUIO sort_double, oHa OyIeT OTIHYIATHLCS OT sort_int
BCEro B JIBYX MeCTax: B THIIE [IapaMeTpa array U B THIIE BDEMEHHOI Ire-
peMeHHO#1 tmp, Oosibite Hure. Ilockosbky mybaumpoBaTh KO TaKuM 00-
Pa30M COBEpIIEHHO HEJIOIyCTUMO, ITPUXOIUTCS KAK-TO BBIKDYYUBATHCS.
B s3bike Cu gjist 97010 mpuUIIock ObI CO3JATh C TOMOIIBIO JTUPEKTUBEI
#define MHOrOCTPOYHBIIT MAKpPOC C OAHUM ITapaMeTPOM, 33JAa0INM KaK
pa3 THUIl JIEMEHTOB COPTHUPYEMOI'O MACCHBA U, COOTBETCTBEHHO, THUII II€-
PEeMeHHOH tmp.

B Cu+-+ mpobiembl, 1mooOHbBIE BBIIIEOIUCAHHON, MOXKHO PENIUTh C
HIOMOINBIO WabaoH08. Kak yKe roBOPHIIOCH, MAOJIOH — 3TO CBOET'O POJIia
«3aroTOBKay I MYHKINN; caM 1o cebe mabsion pyHKITnEH He SBIIsIeTCs,
HO MOXKET OBITh B HE€ IPEBPAINEH, €CJId yKA3aTh 3HAYEHUS IaPAMETPOB.
B nmammom ciyte mapamerpom mrabsiona 6ygeT THI 9JIEMEHTOB MaCCUBA.
OnuireM 3TOT MAa0JIOH:

template <class T>
void sort(T *array, int len)
{
for(int start=0; ; start++) {
bool done = true;
for(int i=len-2; i>=start; i--)
if (array[i+1] < array[i]) {
T tmp = arrayl[il;
array[i] = array[i+1];
array[i+1] = tmp;
done = false;
}
if (done)
break;
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}

Tlosicanm, uTO KIIFOUEBOE CJIOBO template yKa3bIBaeT KOMIIUISTOPY, UYTO
Jajiee Tocaeayer Imab/ioH. 3aTeM B YIVIOBBIX CKOOKaX IEPEUHCIISIOTCS
naPaMempPv, WabAOHEG, TPUIEM CJIOBO class O3HAYAET HA CAMOM JIeJie
NPOU3BOALHBIT MUN, & He TOJBKO KJyacc. Takum ob6pa3oM, HaIll MIabIoH
uMeer ojuH mapaMerp (¢ umeHeM T), B KauecTBe KOTOPOIO OXKHJIA€T-
csl yKazanue Hekoero tuma. Jlamee ciaemyer Teso GyHKIMH, B KOTOPOM
npenTudukarop T UCIOIb3yeTcs B KAYeCTBE THIA. SICHO, 9TO TAKOEe TEJIO
HEBO3MOXKHO OTKOMITMJINPOBATH B OObEKTHBIH KOJI, IOCKOJIBKY HEU3BECT-
HO, KaKO#l TUIl 0003Ha4YaeTCst UMeHeM T, KaK BBIITOJIHATH UHIEKCHPOBAHUE
B MacCUBe W3 TAKUX JJIEMEHTOB (Belb pPa3Mep JIEMEHTa TOXKe Hen3Be-
CT€H), KaK BBINOJIHATH NIPUCBAMBaHKe U cpaBHeHne. Ho KOMIMINpOBaTh
HAIMCAHHOE MbI U HE COOMPAEMCs — BeJIb MbI YKe JJOTOBOPUJINCH, UTO I~
nieM He (PYHKIWIO, & JIHIIb 3ar0TOBKY JJis HeE. DTa 3aroToBKa (I1abJIoH )
nMeeT UMsl sort.

YTob6b! Tereph 3aCTaBUTHL KOMIIUISITOP MOCTPOUTH (DYHKIIMIO HA OC-
HOBe 1a0JIOHA, JIOCTATOYHO yKa3aTh KOHKPETHBIN THUIl, KOTOPbI Oyjer
WCITOJIb30BAThCsT BMeCTO T. DTO [e/1aeTcsi TOXKE C MOMOIIBI0 yIJIOBBIX
CKODOK; BbIpaXkeHne sort<int> obo3nadaer (PYHKIIUIO [JIsi COPTUPOBKHU
[IEJIOYNCIIEHHBIX MACCHUBOB, IIOJYyYeHHYIO U3 IabJjioHa SOrt ¢ MCIOJIB30-
BaHUEM THUIIa int B KadecTBe 3Ha4YeHUd ItapamMmerpa T:

int a[30];
/] ...

sort<int>(a, 30);

Takum ke TouHO 0O6pa3zoM sort<double> 0b03HAUAET (DYHKIIMIO JIJIsI COP-
THUPOBKM MACCHUBOB U3 uuces tuma double. Bosee Toro, mabion rogurcs
A7l COPTHPOBKU MACCHBOB U3 3JIEMEHTOB ITPOU3BOJIBLHOTO THIIA, HYYKHO
TOJIBKO, YTOOBI JJIsI 9TOTO THUIA CYIIECTBOBAJ KOHCTPYKTOD IO yMOJIYa-
HUIO, OBLJIM OIIPEJIeJIEHBI Ollepalys <, HCIIOJb3yeMas B HAIlleM ITabJIoHe
JIJIsI CPABHEHUSI, U OIl€PAINs TPUCBANBAHIUSI.

Ilonyuenne dynknum u3 mabIoHA HA3BIBACTCH UHCMAHUUGUUEY
mabona. KoMIuasaTop HHCTAHITMIPYET KaXKIyi0 (DYHKIIUIO TOJBKO OIIH
pa3, T.e. €CJiM B HAIIEM MOJYJI€ TPU2KIbI BCTPETUTCS BBI30B (DYHKITHH
sort<int>, KoJ JJjis Heé 6yzLeT CreHepUPOBaH JINIIb €JIUMHOXKIbI.

Wurepecuo, 49To B psfe CAydaeB HHCTAHIIUUPOBAHHYIO (DYHKIIUIO
MOXKHO BBI3BaTh, HE YKa3bIBasl IApaMeTpPhI Mab/I0Ha; B YACTHOCTHU, BBI30B

sort(a, 30);

Oyzner BHOJIHE KOppeKTHBIM. Ilo Tuiy mapamerpa a KOMIHJISTOD <«JO-
raJlaeTcsi», 9TO UMEETCsS B BUJY MMEHHO sort<int>. DTa BO3MOXKHOCTH
HA3bIBAETCS A8MOMATMULECKUM 8bL8000M GP2YMEHMO8 Wabaona; 3aberast
BIEPE, OTMETHAM, UTO JJIs MTAOJIOHOB KJIACCOB TAKOM BO3MOXKHOCTHU HET.
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6.2. I1Tab/0OHBI KJIaACCOB

YT00bI TOHSITH, 3a9€M HYKHBI IMA0JIOHBI KJIACCOB, BCIIOMHUM IIPU-
Mep, KOTOpbiii Mbl mpuBommm B §3.25. Hamomuum, 9To MBI paccMar-
DUBAJIN  PA3PEAHCEHHVIT MACCUB UEABT wucea. 1Ipu 3ToM MBI Hamuca-
gu kjacc SparseArrayInt u nogumHEHHBIH eMy Kiace Interm. Ecom
HaM HOTpe0yeTcs Teleph pPa3pe’KEHHBIII MaCCUB YHCET JPYroro THIIA
WJIN, CKayKeM, pa3pe’KEeHHBII MacCHB CUMBOJIBHBIX CTPOK, TO KOJ, KJlacca
SparseArrayInt mpuaETCs MOJTHOCTHIO TyOJUPOBATH ¢ MUHUMAJIbHBIMA
U3MEHEHUSIMU, ITO, KAK MBI YK€ NOBOPUIIH, HeorycTuMo. CyIiecTBeHHO
npaBuJibHee Oy/IeT IPEBPATUTH CYIIECTBYIOIIHI KO JJIs 1I€JI09UCIEHHOTO
MacCHBa B INaOJIOH MacCHBa IPOom3BoJIbHOrO THma. [lepennmem 3aroso-
BOK KJIACCA, IIPUBEJIEHHBIN Ha cTp. 86, B Buje mabiona

template <class T>
class SparseArray {
struct Item {
int index;
T value;
Item *next;
};
Item *first;
public:
SparseArray() : first(0) {}
~SparseArray() ;
class Interm {
friend class SparseArray<T>;
SparseArray<T> *master;
int index;
Interm(SparseArray<T> *a_master, int ind)
master (a_master), index(ind) {}
T& Provide(int idx);
void Remove(int idx);
public:
operator T();
T operator=(int x);
T operator+=(int x);
T operator++();
T operator++(int) ;
1

friend class Interm;

Interm operator[](int idx)
{ return Interm(this, idx); }
private:
SparseArray(const SparseArray<T>&) {}
void operator=(const SparseArray<T>&) {}
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};

ObparuTe BHUMaHUE, YTO Be3/Ie K CJIOBY SparseArray Mbl JoOaBJIsieM Ta-
pameTp <T>, 3a MCKJIIOUEHMEM UMEHHU KJIAcCa U MMEH KOHCTPYKTOPOB U
JeCTPYKTOPOB. Jle0 TyT B TOM, UTO OTHOCUTEJIHHO CaMOro Kiacca (T.e.
n1abJyioHa) KOMIMJISATOP M TaK 3HAET, YTO OIUCHIBACTCHA IIabJIOH, U TO
JK€ CaMO€ MOKHO CKa3aTh IIPO KOHCTPYKTOPHI U JIECTPYKTOPBI; KO 7Ke
pedb UAET O THIAX MapaMeTpoB B QYHKIMIX, O TUIAX yKa3aTeseil, u, Ha-
KOHEIl, 0 KOHKPETHOM JIPY?KECTBEHHOM KJIACCE — TO TEOPETUIECKH B Kade-
CTB€ TaKOBbIX MOT'YT BBICTYyllaThb .HIO6I)I€ KJIaCChbl, B TOM YHCJI€ CO3JaHHbIE
U3 9TOTO Ke MabJIoHa, HO ¢ apaMeTpoM, OTaudHbIM OT T. TlosToMy Tum
MPUXOJIUTCSA YKA3BIBATD [MOJIHOCTHIO. DYHKIMI-METO/ bl HAIIErO MIab/IoHa
KJIACCa TOXKE TPUJIETCS OMUCHIBATH Kak mabyionbl. Hampumep, onucanue
JIECTPYKTOPA IPUMET CJIEYIOMUN BUI:

template <class T>
SparseArray<T>::~SparseArray ()

{
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;
}
}

a oIIepalluio IPUCBANBaHUs U3 Kyiacca Interm HyKHO OYJeT OIUCaTh TaK:

template <class T>
T SparseArray<T>::Interm::operator=(T x)

{
if(x == 0)
Remove (index) ;
else
Provide(index) = x;
return Xx;
}

O6paruTe BHUMaHUE, YTO IIPU PACKPBITAN 00JIACTH BUIUMOCTU HAM IIPH-
XOIUTCA B sIBHOM BUJE YKa3bIBaTh, KaKoil kaacc (a He MIabJIOH KJac-
ca) Mbl UMEEM B BHJY, TO €CTh nucarb SparseArray<T>, a He IIPOCTO
SparseArray. 9TO U HOHATHO: COOTBETCTBYIOIIUI METO OyAeT IPHUCYT-
CTBOBATh B KaXKJIOM KJIacce, IOCTPOEHHOM I10 HaIleMy IabJoHy, HO Be/Ib
9T0 GYIyT pasHvie METONBI (XOTS U TOCTPOEHHBIE IO OIHOMY U TOMY
Ke wabrony MeTona). Boobwe, eesde, 2de no cmwicay npednosazaemcs
UMA MUNG, Mb, DOAACHDBL NPU UCTLOADIOBAHUY ULGOAOHA YKA3AMb 3HAYE-
HUA OAA NAPAMEMPOS WAOAOHE, YMOOVL NOAYYUMD MUN; UM IabIOHA
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KJ1acca 6e3 YIJIOBBIX CKOOOK M ITapaMeTPOB MCIOJIB3YETCS TOJIBKO B TPEX
cilydasix: B HavaJjle ONUCAHMsI 1abjoHa (Korjua, cCOGCTBEHHO TOBODs, 3a-
daémes, uMst abJIoHA), TIPU OIMCAHUU KOHCTPYKTOPA U IPU OIUCAHUN
gectpykropa. Onucars mabIoHbl I OCTAJIBHBIX METOJIOB SparseArray
[IPEeIOCTAaBUM YUTATEI0 CAMOCTOSATEILHO B KavueCcTBe YIPa KHEHUs.

6.3. Caennajn3aiusi 11adbJIOHOB

dspik Cu+-+ 1mo3BoJiieT 3aJaTh CBOM (OIHHqHHﬁ:OT O6HKHO) BUJT,
mabJIOHa JIJIs 9aCTHBIX CJIYYAEB ero IapaMeTpoB — IIOIMPOCTY T'OBOPS,
[IPABUJIO BHUJIA, «B TAKOM CJIydae MeHEePUPOBAaTh BOT TAaK, BO BCEX OCTAJIb-
HBIX CJIy9IasiX — B COOTBETCTBUU C OOIUM IITabJIOHOM.

HomycTunM, HaM 3aXOTEJIOCH UCIIOIb30BATE MA0JIOH (PYHKIUN COPTH-
POBKH, IIPUBEJIEHHBIN Ha cTp. 143, Ji/19 CODTUPOBKM MacCUBa yKa3aTeJseil
Ha CTpoKH (yKasaresedi Tuna chark), 9To0bl PACHIOIOKUTH COOTBETCTBY-
I0Ile CTPOKU B JieKcuKorpaduaeckoM (<«asdaBurHoM» ) nopsyke. IIpo-
6ieMa B TOM, 4TO IIAOJIOH B TOH €ro BepChU, KOTOPasi HAMU PACCMAT-
pUBaJIACh, UCIOJb3YeT JJIsi CDABHEHUS JJIEMEHTOB OIEPAINI0 «<», & Ta
oIlepalus XOTs U OIpeJeIeHa /I yKa3aTesell, HO HUKAKOr0 OTHOIIEHUS
K ajiaBUTHOMY IIOPSIJIKY CTPOK He mMeeT. PerieHne, OJIHAKO, OKa3bIiBa-
ercsi JOCTATOYHO MPOCThIM. [[jisi Havaja 3aMeHUM 3HAK <«MEHbIIe» Ha
BBI30B (DyHKIUHU, KOTOPYIO HA30BEM, HAIIpUMep, sort_less:

template <class T>
void sort(T *array, int len)
{
for(int start=0; ; start++) {
bool done = true;
for(int i=len-2; i>=start; i--)
if (sort_less(array[i+1], array[i])) {
T tmp = arrayl[il;
array[i] = array[i+1];
array[i+1] = tmp;
done = false;
}
if (done)
break;

3
Camy yHKIUIO sort_less OIUIIEM TOXKEe C ITOMOIIbIO MabJIOHA:
template <class T>

bool sort_less(T a, T b)
{
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return a < b;

}

B pesysibrare jist Bcex TUIOB, JjIsT KOTOPBIX UMEETCs OMEPAIisd «MEHb-
ey, MabJoH sort OyaeT Mpomao/KaTh paboTaTh TaK Ke, Kak paboTal
JI0 Tepejesike; (pyHKIU sort_less KOMOUISATOP Oy/eT KarKIblii pa3
reHEPUPOBAaTh aBTOMAaTUYIECKN KaK OObIYHOe cpaBHeHme. Ham ocrajioch
TOJIBKO IIPEyCMOTPETh OCODBIN CIIydail [Iisi CDABHEHUsI JIEMEHTOB THIIA,
char*, m TyT MBI KaK pa3 U MPUOETHEM K A6HOU CNEUUAAU3AUUU.

Ornncanune cirydasi sIBHOW CITEIUAIN3AIMA HATMHAETCSI, KAK OOBIYHO,
co coBa template, HO yIJIOBBIE CKOOKH ITOCJIE€ HETO OCTABJISIIOTCS MYCThI-
MM, 9TOOBI [TOKA3aTh, YTO 9TO, C OJIHON CTOPOHBI, MADJIOH, HO, C APYToit
CTOPOHBI, 2MOoMm MAabJIOH ITUIIETCS JJIs YaCTHOIO CJIy4asi, HE 3aBUCHIIErO
OT JIOTIOJTHUTEJIHHBIX TapaMeTpoB. Jlajiee 3amnuchbiBaeTCs UM MA0I0HHOMN
byHKIMY, TPHYIEM B HEKOTOPBIX CIydasx>® TpebyeTcs BMECTe ¢ HMEeHeM
yKa3aTh BCe lapaMeTphl ab/IoHa (B HAIEM CJIydae — OJUH I1apaMerp).
Bcé BMmecTe BBINISIIUT TaK:

template<>
bool sort_less<const char*>(const char *a, const char *b)
{

return strcmp(a, b) < 0;

}

Jl71s1 KOMITMIIATOPa 3TO O3HAYAET MPUMEPHO cieayomree: «byib T0be3eH,
mabJion sort_less juid ciaydast sort_less<const char*> obpabarbiBaii
B COOTBETCTBUU C BOT 3TUM TEKCTOM IMa0OJIOHA, 8 HE KAKIM-JIMOO0 MHBIM».

[ITabon KTacca ToyKe MOYKHO TOBEPTHYTH Crierua n3ann. Hampu-
Mep, eCJI HaM TTOTpeOyeTCsT pa3peKeHHbIIT MacCUB 9JIEMEHTOB ThIa bool,
MBI MOYKEM, KOHEYTHO, BOCIIOJIH30BATHCS IMAOJIOHOM U3 §6.2, HO, KaK JIEI'KO
3aMETUATD, TaKas peajn3alns OKasKeTCd HECKOJIbKO CTPaHHOI: BeJIb THUII
bool mMeeT Bcero Ba 3HAYCHUd, a JJI PA3PEeKEHHOTO0 MacCUBa 3TO 3Ha-
90T, YTO, €CJIU IJIEMEHT BOOOIEe XPAHUTCH B 00BHEKTE, TO ITOT HJIEMEHT
uMeeT 3HavYeHMe true (IIOCKOJBbKY ecju Obl OH uMesi 3Hadenue false, oH
Obl B 00bEKTE HE XPAHUIICS: MACCUB-TO paspekeHHbiil). CirenoBaresbHo,
9JIEMEHTHI CIIMCKa Item JIsd 9TOrO Cjydasi JOIMYHO Obl CHesIaTh COCTO-
AIMAMHU U3 JBYX, & He U3 TPEX IoJefl — XPaHUTh HOMED 3JIeMeHTa U
yKa3aTeJb Ha CICAYIOMNNA 3JEeMEHT, 8 3HAYCHNE He XPAHUTD, IOCKOJIBKY
OHO U TaK U3BECTHO. BoJibIlle TOro, MHOXKECTBO IEJIBIX IHCEJ HAM MOXKET
[I0Ka3aThCd y/J00HEee XpPaHUThb B MacCHBe, & He B CIHCKe, U T.J. Mexa-
HU3M CHENUAJIU3ANNI T03BOJISIET CO3/IaTh OT/IE/IbHOE ONncaHue MabdaIoHa
SparseArray nmia ciaydaa T == bool

35B marmem cirydae 9T0 He 06513aTeIILHO, OCKOJIBKY TapaMeTp MabI0Ha BHIBOIHTCS
13 THUIIA TapaMeTPOB (PYHKIMHU, TaK 4TO [IapaMeTD I1abJI0Ha B UMEHU (DYHKIUU MOXKHO
OIIyCTHUTB; HO B CIydae, KOTrJa IapaMeTp ImabiioHa ¢ THIAME IapaMeTpoB (OyHKIUIN
HE COBIIQJIAET, YKa3aTh €ro BCE 2Ke IPUIETCH.
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template <>
class SparseArray<bool> {
// ... peamnmsauusa 6yIeBCKOTO Pa3peXeHHOI'O MacCCHUBAa

}s

st mabyioHOB KJ1accoB si3biK Cu-+ IpeaycMaTpuBaeT 4acmuwHyro
CNEUUAAUIAGUUI0, TIPU KOTOPOI CIENUATN3UPY IO BAPUAHT MabJI0HA
caM 110 cebe ToyKe 3aBUCHUT OT apaMeTpoB. Takoil cnenuajan3aTop HAIU-
HAETCs CO CJIOBa template, TOCJe KOTOPOTO CJIELyeT Henycmot CIICOK
apaMeTpoB IabJIoHa; IIPU STOM [apaMeTPhl B 3aroJI0BKe IabJjioHa, BO-
00I1ie TOBOPsI, MOI'YT HE COBHAJATh (MU COBIAJATH HE IOJHOCTBIO) €
mapaMeTrpaMiu OIMCHIBAEMOTO IIab/IOHa; (DAKTHIECKHE ITapaMeTphl mab-
JIOHA YKA3BIBAIOTCS B YIVIOBBIX CKOOKAX MOCJIE ero MMeHu. B mpocreiiem
cydae 0 YaCTHIHOM CIIENUaIN3ai PeIb UET, eCJIU 3aJa8TCs KOHKPET-
HOE 3HaY€HHe OJTHOTO WJIN HECKOJIBKUX, HO He 8CeT TapaMeTpoB MabJIoHa.
Tax, eciiu y Hac umeercsi mabjon Cls, 3aBUCSINUI OT JIBYX IIapaMeTpoB:

template <class A, class B>
class Cls {

VA v
};

TO MOXKHO 3a/IaTh CIIEIUAJN3NPOBAHHBIA BapuaHT, HAIIPUMeEpP, AJId CILy-
gagd, KOrJa rnapamerp B ectb Tum int:

template <class X>

class Cls<X, int> {
VAT ¥

I

Bonee citoxkubIil crydail 9acTUYIHON CHENTAATU3AINN BOZHUKAET, KOT/Ia B
3aroJioBKe ImabiioHa yKasbiBaeTcs Hekuil Tun (class T), a B OnuCHIBae-
MOM THIIE MCIIONL3YeTCA yKa3aTeIb WU CChIIKa Ha T, Hampumep:

template <class Z>
class Foo {
/* obmas peamusanus mabioxHa Foo */

}s

template <class T>
class Foo<T*> {
/* cnemmambHas peanusanus Foo mna ykasaTeme#n */

};

B sT0oM ciiyuae MBI HHCTPYKTHPYEM KOMITMJISTOP, 4TO 1mabjioH Foo cire-
JIyeT UHCTAHIIMUPOBATD CIIEIUAJILHBIM CITOCODOM, €CJIM B KAYECTBE €ro Ma-
pameTpa 3aJ[aH TUI-YKAa3aTe b, 1 OOBITHBIM CIIOCOOOM — €CJIN 3aJIaHHBII
mapaMeTp yKasaTeJIeM He sIBJISIeTCSI.
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Ormernm, 9To Zijist M1aboHOB (byHKIuUil (B oTyimyue oT mabiio-
HOB KJIACCOB) YaCTUYHAs CHENUAJIN3alMs 3alpelieHa, MO0CKOIbKY
B COYETAHWU C IEPErpy3KOil MPUBOIUT K HEXKEJIATEJHHBIM ITOC/IEICTBU-
saM. Emé oamH nHeMajioBayKHBII MOMEHT COCTOAT B TOM, UTO B TEKCTE
IPOrpaMMBbl CIIENUAIU3UPOBAHHBII (IIOJHOCTBIO WM YACTUYIHO) BADUAHT
mabJIoHA BCErda JOJIXKEH HaXOAUTHCs MOCJIe ODIIero.

6.4. KoHCTaHTBI B POJIM ITapaMeTPOB HIabJ/IoHAa

ITapamerpamu mabI0HOB MOT'YT ObITH HE TOJIBKO THUIIBI, HO M OOBIYHBIE
KOHCTAHTHBIE BBIPAXKEHUSI, JAIIE BCETO IejouncaeHuble. MHOrne aBTopbl
WLTIOCTPUPYIOT 3TY BO3MOYKHOCTL Ha IPUMePE 33JIaHUS TPAHUI] MACCH-
BOB; TaK, Mbl MOIJIA ObI B HAIeM IIa0JIOHE [JjIs COPTUPOBKHM MAaCCHBOB
clienaTh pa3Mep MaCCHBA [IapPaMeTPOM wWabAoHaG, & He DYHKIUN:

template <class T, int len>
void sort(T *array)
{

/* peanusainus COPTHPOBKE */

3

BOT TOJIBKO HE COBCEM IIOHSTHO, 3a9eM 3TO Jenarh. Ecin, ckaxeM, y HaC
UMEIOTCsI JIBa IIeJI0UNCJIEHHBIX MACcCHBa Pa3HoOro pasmepa (Hamnpumep, 10
9JIeMeHTOB U 15) M MBI IPUMEHUM JJIsi UX COPTUPOBKM TAKOil BOT mmab-
JIOH, TO KOMITIJISITOP CT€HEPUPYeT dge pashvie PyHKIMU: sort<int, 10>
u sort<int, 15>, u 3tu byHKIME OyIyT IPEICTABIAATL OO0 abCOTIOT-
HO OJMHAKOBBIE (DPATrMEHTHI UCIOIHIEMOTO KO/Ia, OTJINIAIONIAECT TOJHKO
OJIHOII KOHCTaHTOM, TOT/Ia KaK €CJd IPUMEHSATDH IMab/IOH B TOM BUJE, B
KOTOPOM MbI €ro IHucaju paHee, MYHKIMS OyIeT 00Ha (sort<int>).
CytecTBeHHO uHTEpecHee (XOTs U HAMHOTO CJIOXKHee) OyzeT Jpyroii
npuMep. 3aJaIuMcs MEJIbI0 CO3/1aTh O0bEKT, peajusyromnuit N-MepHbIe
MAaCCHBBI JIJIs TPOU3BOJILHBIX 3HAYEHHIT [V, KOTOPBIE K TOMY 2Ke Oy/IyT aB-
TOMAaTHYECKH U3MEHATH CBOM Pa3MePDI 110 JIIOOOMY U3 M3MePeHnit, o100~
HO TOMY, KaK M3MEHsJI CBOIO JUINHY MaccuB IntArray, pacCMOTPEHHBIH
namu B §3.20. IlockosibKy HaM MOryT moHaj06uThCs N-MEpHBIE MaCCHU-
BBl 9JIEMEHTOB PA3HBIX THUIOB, peas3yeM Hallly 3aJyMKy B BHjE I1a0-
JIOHA KJIACCA C TPeMs MapaMeTpaMu: IepBbIi mapameTp Oyaer 3a71aBaTh
TUII 3JIEMEHTOB MACCUBa, BTOPOii apaMerp (MMEIOMuil THII, COBIIAIAI0-
Uil ¢ THIIOM 3JIEMEeHTa) yKazKeT, KaKoe NCXOHOe 3HAYeHUE [IPUCBANBATH
3JIEMEHTaM MAaCCHBa IIPU UX CO3JIAHWH, U, HAKOHEIl, TPETHI mapaMeTp —
BBIpayKeHHe THIIA int — OyJeT 33/1aBaTh KOAUYECTNEO UIMeEPEHUT Mac-
cuBa. [ITabyioH OyZeT ONUCHIBATH OMEPAIUIO WHIIEKCHPOBAHUS, KOTOPAas
BO3BPAIIAET CCBUIKY Ha O0BHEKT, 33 IAHHBII TAKIM K€ Iab/I0HOM C TeMHI
Ke (DAKTUIECKNMH TapaMETPAMU, TOJBKO C YMEHBIIEHHBIM Ha €IUHUILY
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KOJIUYIECTBOM HU3MepeHuit. ZIcHO, ITO TaKoil BapmMaHT He MPOXOJUT JIJIs
OJIHOMEPHOI0 MAaccuBa (HE MOXKET ¥Ke OH, B CAMOM JeJjie, BO3BPAIATh
HOJIb-MEPHBI MACCUB, BEJb TAKOTO He OBbIBAET), HO 37eCh HAM IIOMOYKET
YaCcTUYHAA CIIEeIUAIN3AINLA: JIJId CIydas KOJINIecTBa U3MepeHuil, paBHO-
IO OJTHOMY, MBI OIIHAIIIEM CIIEIUAJIBHBII caydail nairero mabJioHa, B KOTO-
POM oOllepanys NHIEKCUPOBaHUs Oy/IeT BO3BPAIIATH CCHIIKY Ha IIPOCTOH
9JIeMeHT (TUII KOTOPOTO 3aJIaH TIePBbIM apaMeTpoM IabiIoHa).

C peasmzanueil OIIHOMEPHOTO CJIyvas BCE OoJiee-MeHee MOHSTHO, J10-
CTATOYHO B3ATH YK€ 3HAKOMBIH HaM IntArray u mepeiesnars ero B mab-
JioH. YTO KacaeTcss BCeX MHOTOMEDPHBIX CJIy9IaeB, TO CAMBIN IIPOCTOH CIIO-
co0 UX peajmn3alil — B3ATh BCE TOT K€ JMHAMHYECKH PaCIIAPSAEMbIi
MAaCCHUB, 3JIEMEHTAMHU KOTOPOI'O Ha Ceil pa3 OyIyT BBICTYIATb YKA3AMEAU
Ha 00bEKTHI, TPECTABJILAIONINE MACCUB Ha, €JIUHUILy MEHbIIEl pa3MepHO-
CTH: IBYMEPHBII MaccUB OyJeT peain30BaH KaK MacCHB yKa3arTeJseil Ha
OOBEKTBHI OJTHOMEPHBIX MACCHBOB, TPEXMEDPHBI — KaK MACCUB yKa3aTe-
Jleit Ha JAByMepHBIe, U T. . Jljis SKOHOMHM HAMSATH YKA3aTeJIH HUCXO/IHO
Gy/1yT HyJIEBBIMHI; COOTBETCTBYOIINE 06HeKTHI (/N — 1)-MEepHBIX MACCHBOB
OyIyT CO31aBaThCsl TOJIBKO IIPU ITEPBOM OOPAIEHUH K HUM.

Wrak, B ocHOBE 000MX CJIy4aeB HAIEro Maccuba (KaK OJIHOMEPHO-
ro, TaK U JBYMEDPHOI'0) OKA3bIBAETCs OJHOMEDHBIN MACCUB, AaBTOMATHYE-
CKU PACIIUPAIONIANCS IPU HEOOXOIUMOCTH. JIBasK (bl PEaIn30BbIBATE ITY
CYIIHOCTb COBEPIIIEHHO HU K YeMy, TeM 0OJjiee YTO B HAIleM PaCIIOpsiKe-
HUU MMeeTCsl MeXaHu3M 11abjioHoB. HaunéM ¢ peajmsanuu JUHAMAIECKHT
PAaCIIUPSIIONIETOCs MacCUBa C IPOU3BOJIBHBIM THUIIOM 3JIEMEHTOB!

template <class T>
class Array {
T *p;
T init;
unsigned int size;
public:
Array(T in) : p(0), init(in), size(0) {}
“Array() { if(p) delete[] p; 7}
T& operator[] (unsigned int idx) {
if (idx >= size) Resize(idx);
return plidx];
}
int Size() const { return size; }
private:
void Resize(unsigned int required_index) {
unsigned int new_size = size==0 7 8 : size;
while(new_size <= required_index)
new_size *= 2;
T #*new_array = new T[new_size];
for(unsigned int i = 0; i < new_size; i++)
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new_array[i] = i < size ? p[i] : init;
if(p) deletell p;
P = new_array;
size = new_size;
}

// 3ampeTWM KONHpOBAaHWE K NPUCBAWBAHUE
void operator=(const Array<T>& ref) {}
Array(const Array<T>& ref) {}

};

TToapobHO KOMMEHTHPOBATH TOT MIAOJIOH MBI He OyIeM, OCKOJbKY pe-
aju3anus [IOYTU JIOCJIOBHO IIOBTOpsAeT peaju3aluio Kjacca IntArray,
OCTAHOBHUMCSI TOJTBKO Ha, OTJIMIHUSIX. BO-TIEPBBIX, MBI JOOABUIN 3ECH II0-
Je init, 3HaYeHHe KOTOPOro, 3a/laBaeMoe B KOHCTPYKTOpE, IpUCBanBa-
€TCsl HOBBIM (He CYIIECTBOBABIIMM DaHee) 3JieMeHTaM MACCHBA IPU €ro
paciupenuu. Bo-BTOPBIX, pa3Mep MaCCUBA UCXOHO TPUHUMAETCS HYJIe-
Boii, a He 16, kak B IntArray. Hy u, Koneuno, kiacc npeobpa3oBaH B
mabJIoH, ITO TOXKE CYIIEeCTBEHHO. VIMest 9TOT KJaacC, MBI MOYKEM JIETKO
peann30BaThL OOMMI CiIydait HAITEro MHOTOMEpPHOTO MaccuBa. HazoBém
3TO0T 118000 MultiMatrix ¥ HAITOMHMM, UTO OH JOJI2KEH PabOTaTh JIJIst
JIFOOOT0 KOJIMIECTBA M3MePEHUA, 6OJIBIIErO eIMHUIIBI, 8 OTHOMEPHBIH CJTy-
9ail MBI IIOTOM OIIUAIIEM IIyTEM CIIEIUAIA3AIIAN.

template <class T, T init_val, int dim>
class MultiMatrix {
Array<MultiMatrix<T, init_val, dim-1>*> arr;
public:
MultiMatrix() : arr(0) {}
“MultiMatrix() {
for(int i=0; i < arr.Size(); i++)
if(arr[i]) delete arrl[il;
}
MultiMatrix<T, init_val, dim-1>&
operator[] (unsigned int idx) {
if (larr[idx])
arr[idx] = new MultiMatrix<T, init_val, dim-1>;
return *arr[idx];

}s

Mpsr BoCITO/IB30BAINCE 3/1€Ch MTAOJIOHOM Array Jijisi IOCTPOEHUST MACCUBA
yrazamenell Ha djeMeHTHl Tuna «(N — 1)-MepHBII MaccuB»; caM 3TOT
TUI 33J1a€TCs depe3 caM ke 1MaboH MultiMatrix, mpuuém ¢ TeMu Ke
rmapaMerpaMiu, 9TO U Y MCXOJHOrO IabJioHa, OTJIUYAETCs JIMIIb TPEeTHi
mapameTp, 3aJaronuil KoJmdecTBo udMepenunii. [lomydaercs, aro onuca-
uue mabsiora MultiMatrix B OnpemeséHHOM CMBICTIE PEKYDPCHBHO.
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O0beKT MaccuBa yKazaresieil Mbl Ha3zBasn arr. HanmoMunMm, 910 Kiac-
CBI, IOCTPOEHHBIE TI0 MabI0Hy Array, IPUHAMAIOT B KA4eCTBE IapaMeTpa
KOHCTPYKTOpa HadaIbHOE 3HAUYECHNEe, NCXOTHO IIPUCBAaNBaeMOe JIeMEeHTaM
MaCCHBa; B JAHHOM CJIydae 3TOT ITapaMeTp — KOHcTaHTa 0, 9TO O3HadaeT
HyJIeBOil yKa3aresb. VICXOIHO BCe 3JIEMEHTHI MACCHUBA HYJIEBBIE, U TOJIb-
KO IIPU IIEPBOM OOPAIEHUU K COOTBETCTBYIOIIEMY JIEMEHTY CO3IAETCS
o6bekT (N — 1)-mepHoro maccupa (cMm. omeparop if B Tese ornepanuu
UHJIEKCUPOBAHHUS).

Haxkomer, onuiem 6a3uCHBI CTydail — OTHOMEPHBIH MACCUB, TO €CTh
CITENMATN3UPOBAHHBIN BApUAHT IadbaoHa MultiMatrix s ciaydasi, Ko-
I/la TPeTUil mapaMerp MabIoHa PABEH €JUHUIIE. DTO MOXKHO CJI€JIATH TO-
Pa3/10 IpoIIe, TOCKOIBKY HOBBIN KJIacc (DaKTUYIECKH IIPEJICTABISAET COO0it
00EPTKY BOKPYI' COOTBETCTBYIOIIErO 00beKTa Array (OH, KAK U paHbIIe,
nasbiBaerca arr). Cam o0bekT Kjacca Array MOXKHO CJejaTh HPUBAT-
HBIM TI0JIEM; ODEPTKA BBEMET OIEPAIUIO MHICKCUPOBAHUS, PEaN30BaH-
HYyIO Yepe3 TaKyIO K€ OI€PAINio 00beKTa-MaCCHBa, U 33/aCT apryMeHT
€ro KOHCTPYKTOPY, O0JIbIlle OT He€ HUYero He TpebyeTcs:

template <class T, T init_val>

class MultiMatrix<T, init_val, 1> {
Array<T> arr;

public:
MultiMatrix() : arr(init_val) {}
T& operator[] (unsigned int idx) {

return arr[idx];

}

};

MoK HO0 TOCTYTIUTD eIMIé JIyUIne — YHacAed08aMmb HAIl TaCTHBIHA CIyvail oT
Array<T>, Toria make OMEPAIUIO MHICKCUPOBAHUS OIMCHIBATH HE IIPU-
JIEéTCH:

template <class T, T init_val>
class MultiMatrix<T, init_val, 1> : public Array<T> {
public:
MultiMatrix() : Array<T>(init_val) {}
};

Iosyaenusit abI0H MOXKHO [IPOBEPUTDH, HAIIPUMED, ¢ MTOMOIIBIO TAKO
dyHKIMI main:

int main()

{
MultiMatrix<int, -1, 5> mm;
mm[3] [4] [5] [2] [7] = 193;
mm[2] [2] [2] [2] [2] = 251;
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printf("%d %d %d %d\n",
mm [3] [4] [6] [2]1 [7], mm[2] [2][2][2][2],
mm[0] [1] [2] [3] [4], mm[1] [2] [3][2][1]);

return O;

}

IIporpamma Hameuaraer «193 251 -1 -1»

TTapamerpom 11abJ/i0Ha MOYXKET OBITH KOHCTaHTa JTFOO0TO IEJIOr0 THUIIA,
W3BECTHAS HA MOMEHT KOMITUJISIIAN; HO TEJBIMA YUCJIaMHA BO3MOYKHOCTH
mapaMeTrpoB MIa0JIOHOB HE UCYEPIBIBAIOTCA. B posn mapamerpa mabio-
HA MOI'YT BBICTYIIATH &J[PECHbIE BbIparkKeHUs (yKasaTeJiu), HO 3eCh Jiefi-
CTBYeT IeJiblil psayi orpanudennii. PakTutueckuM 3HAYMEHUEM aJIPECHOTO
rmapamMerpa mabJIoHa MOXKeT OBITh TOJIBKO aJ[pec IJI00aJIbHOI IepeMeH-
HOI Hﬂn(byHKuHHSQ npuaéM TOJIBKO B hopme &var, &f wiam mpocto f,
re var — uMs ri1o0asibHON epemennoit, f — ums dyukiuu. Hemomycru-
MO HCIO/Ib30BaTh CJIOYKHBIE 8/IDECHBIE BBIPAXKEHN S, HEJIb3sI HCIIOJIb30BaTh
ajipeca JIOKAJIbHBIX MePEMEHHBIX (YTO U MOHATHO, BEJb UX HEBO3MOXK-
HO OIIPEJICTUTH BO BPEMsl KOMIWJISIIUK, KOTJ/Ia ITPOUCXOJIUT MHCTAHITAA-
s mabJI0HOB), HEJIb3sl MCIOJIb30BATh CTPOKOBBIE JIUTEPAJbl (CTPOKU B
JBOMHBIX KaBBIYKAX; 9TO TOXKE MOYKHO TOHSATH, BEJIb y JBYX OIMHAKO-
BBIX CTPOKOBBIX JINTEPAJIOB COBEPIIEHHO HE O0si3aH COBIIAJIATH AJIPeC, a
€CJIi OHM IIOSIBUJINCH B PA3HBIX €JMHUIAX TPAHCJISAIUIN — TO UX aJpeca
HaBepHsiKa Oy/iyT pasHbiME). BrpoueM, B peasbHON XKU3HU OYE€Hb PEJIKO
[IPUMEHSIETCS YTO-TM00 KPOME THUIIOB; JIarKe IeJIOUNCIIeHHbIE TTapaMeTPhI
abJIOHOB — 9TO CKOPEeEe IK30THUKA.

3GEJ‘ILI.E‘) MO>KHO HCIIOJIb30BaTh TaK HA3bIBAeMBbI YKa3aTesib Ha YJIeH KJjiaCcCa, HO MbI
9TY CYUIHOCTH HE€ pacCMaTpUBaeM.



Yro masbiiie (BMECTO ITOCJIECIOBUS )

DTO MOCJIECTIOBUE MPEJIHA3HAYEHO, MOYKAIYA, TOJBKO sl TEX, KTO
IJIaHUPYEeT CTaTb IIpO(beCCI/IOHa.HbeI]\/I nporpaMMuUCTOM.

Ms1 orpanunumiuch usydenueM si3bika Cu++ Kak TAKOBOIO, IIOJIHO-
CTHIO IIPOUTHOPUPOBAB €r0 CTAHIAPTHYIO OMOIMOTEKY, a caM si3bIK pac-
CMaTPUBAJIA B TOM BUJE, B KOTOPOM OH CYIIECTBOBAJI J0 MOSBJIEHUS CTAH-
JIapTOB, U JIaXKe Kyiaccmiaeckue Bo3Moxkuoctu Cu-+- paccMoTpesn He Bee:
3a paMKaM{ KHUT'U OCTaJINCh MHOYKECTBEHHOE HACJIEOBAHUE, IIPOCTPAH-
CTBa UMEH, yKa3aTeJIn Ha MEeTO/Ibl KJIaCCOB U MHOI'OE JIPYTOe.

Hecomuenno, npu npuéme Ha paboTy €/1Ba Jil HE B JIFOOYIO KOMMEpUe-
CKYIO OPTraHHM3aIiio OT Bac Ha cobeceroBanuu morpedyior 3uanus STL.
IIporpammuposanue Ha Cu++ 6e3 STL BosmoxkuO U, 6Gosiee TOro, MO3-
BOJIET TIOJTydaTh Oosiee 3 PEeKTUBHBIE U KATeCTBEHHBIE TTPOTPAMMBI, HO
BaM BDsJI JIM YIACTCs yoeuTh Baero paboronaress (6yLyIero Haqaab-
HUKa) oTKa3aTbesa oT STL, II0CKOJIBbKY OH, CKOPEe BCEro, OTHOCUTCS K YUC-
Jiy mporpammucToB, ugydasmux Cu++ mocie 1999 roga. Bosee Toro, ¢
HEIIOXOI BEPOSATHOCTHIO OT BaC MOTPeOyeTcs B I€HNE BO3MOXKHOCTSIMEI
Cu+-, KOTOpbIE MBI OCTABUJIN 38 KAJIPOM, B TOM YUCJIE COMHUTEHbHBIMU
HOBIIECTBaMU, KOTOPbIE BHECJ/IN B AA3BIK IIPECJIOBYThIE€ CTaHIapPTU3aIlUOH-
HbBIE KOMUTETHI.

Ecan takoe cobecemoBamnme MpejcTOUT BaM B TeUeHHE OJIMyKaMImx
JBYX HeJEJIb, TO Y BAC, OYEBUIHO, HET MHOIO BBIXO/A, KPOME KaK HEME/I-
JleHHO obpectu HejocTatomme 3Hanus. g usydennst STL moxHO BOC-
[I0JIb30BaThCs IPAKTUIecKH J11060it Kuuroit o Cu++ (ecTh jazke KHUIH,
crienuasbHO nocssméaable STL) 1, KOHEYHO, KOMIIBIOTEPOM, TIOCKOJIBKY
6e3 MpaKTUIeCKNX HABBIKOB HUKAKWE 3HAHWUS B ODJIACTH IIPOrPAMMEIPO-
BaHUs He OyIyT HUYIEro cTouTh. [Ipo BOZMOXKHOCTH U3 «HOBBIX CTAHIAD-
TOB» TOXKE HE HAIKCAJ PAa3Be UTO JIEHUBBIH; 3/1eChb CTOUT OTMETUTH, ITO
9eM HOBEEe CTaHJIAPT, TEM MEHBIIIE BEPOSATHOCTH, YTO OT BAC IIOTPEOYIOT
BJIaJIEHUs] BO3MOXKHOCTsIMUA u3 Hero, tak 4ro C+-+11, BO3MOXKHO, CTO-
uT nocMorperhb moapodbro, C++14 mpobexars «1o Bepxam», a C++17
BOOOIIE TPOUTHOPUPOBAT.

Eciin ke Heme teHHO ycTpamBaThbcsi Ha PAbOTy MPOrPAMMEUCTOM B
BAIIN IJIAHBI [IOKA HE BXOJINT, si HACTOSTEJHLHO COBETYIO He OpaThCsd 3a
n3yderre STL u He ucoJsip30BaTh €ro 1o KpaiiHeil Mepe 10 Tex oD,
moka Bbl He Hanwmmere Ha CH++ OJHY-JIBe TPAKTUYECKN IPUMEHUMBIE
uporpammbl (1107, TAKOBBIMU MOYKHO HOHUMATH IIPOIPAMMBI, KOTOPbIE pe-
AJbHO HUCHOJIb3yeT KTO-TO KpoMe ux aBropa). Ilocie aroro mMoxuo 6y-
JIET CKa3aTh, YTO OCHOBHI si3bika Cu-++ BBl 3Haere u K usydennio STL
IO/IOIETE OCO3HAHHO M C JOCTATOYHBIM JJISI 9TOTO OIBITOM. UTO Kaca-
€TCsl HOBIIIECTB OT CTaHJIAPTU3AIMOHHOIO KOMUTETA, TO HU OJHO U3 HUX
HE CJIeJIaJI0 SI3BIK JIYUIlle — HO YTOOBI 3TO OIEHUTH, OISTh-TAKM, HYKEH
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OIIBIT PAbOTHI C KjtaccudeckuMu cpejicrBamu Cu++ 1 BOOOIIE OIBIT IPO-
rpammupoBanusi. [loka y Bac ecTh Takasi BO3MOXKHOCTB, He obparaiire
BHUMAHUS HA «CTAHJIAPTBI». UeM Mo3/Hee BaM MPUIETCA CTOJKHYTHCS C
6e3ymubiMu ctangapramu Cru+-+ U ero KOMIMapHON CTaHIapTHOW OmO-
JINOTEKOM, TeM IEeJIOCTHee OyJIeT Ballle BOCIIPUSITUE TPOUCXOIAIIETO.

B kauecTBe HONOJHUTEIHLHOIO YTEHUSI MOXKHO IIOCOBETOBATH KHUTY
Ixxedbda Dikepa, Koropasi B opurunnajie HasbiBaercss «C++ for real
programmerss, a B pyCCKOM II€peBO/Ie BhIIIa B cepun «bubnorexa mpo-
rpaMmucTay 1oJ 3aroaoBkoM «Cu++» [3]; Kyna npu nepesoje eauch
OCTAJIbHBIE CJIOBA U3 OPUTMHAJBHOIO HA3BAHUS — BOIPOC K U3JATEJISIM.
Ecau BaM yacTcst MOHITH 9Ty KHUATY, BAC OCTAHETCS TOJIBKO HO3/PABUTh:
BBI JIEHCTBUTEJIBHO MTOHSIH, 9T0 Takoe Cu+-+. CTouT OTMETUTH, 4TO DJI-
JKep Hu cjioBoM He obmosiBmiicst po STL, xorst k Tomy Bpemenun STL
YK€ CyIIEeCTBOBAJL.
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