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Vuebuoe nocobue Auapes Bukroposuua Cronsiposa «Begenue B a3bik Cu++», omy0IuKOBaHHOE
B uzgarenbcree MAKC Tlpece B 2011 u 2012 roxy, HazsiBaemoe fgasee «lIponssenennems, 3amiurme-
HO AeMCTBYIOIUM aBTOPCKO-IPABOBBIM 33aKOHOmAaTeAbCTBOM. Bee npasa Ha IlpousBesenue, npeiy-
CMOTPEHHBIE JeHCTBYIOMHUM 3aKOHOATEJIbCTBOM, KAK HMYIIECTBEHHBIE, TAK U HEHMYI[ECTBEHHBIE,
MIPUHAJJIEKAT €r0 aBTOPY.

Hacrosimast JIuieH3usi yCTaHABIUBAET CIIOCOOBI MCIOJIB30BAHMS 3JEKTPOHHONW Bepcuu [Ipousse-
JIeHWsI, TPABO HA KOTOPBIE IIPEJIOCTABIEHO ABTOPOM H MPaBO0DIa1aTeIeM HEOTPAHUIEHHOMY KPYTY
JIUI, TIPU YCJOBUU 0E30rOBOPOYHOTO MPWHSTHS ITUMH JIMIAMM BCEX yCJOBUM nanuo#l Jluieunswuw.
JIroboe ncnonb3zobanue [Iponssenenus, He COOTBETCTBYIOINEE YCJIOBUAM JaHHOM JIuIleHIIUuM, a paBHO
" UCIIOJBb30BAaHUE HpOI/I3Be,ZLeHI/IH J'II/IL[aMI/I, He COrJIaCHBIMHU C yCJ'IOBI/IHMI/I JII/IU;BH3I/H/I, BO3MO>XKHO TOJIb-
KO [pPHU HAJHUYUHA MHCHMEHHOTO PA3peIleHnsl aBTOPa M MPaBo0bIa1aTess, a MPH OTCYTCTBUH TAKOTO
Pa3pelIeHus ABJIAeTCA IPOTUBO3AKOHHBIM U IIPEC/ICAYeTCsa B PAMKaX I'PDaXKIaHCKOrO, aIMAHHACTPA-
THUBHOTO U yI‘O.J'IOBHOI‘O HpaBa.

ABTOp U NPaBOO6IAIATETH HACTOSINUM pPa3pelnaeT CJIeIyIONNe BUIbl UCIIOTb30BAHUS JTAHHOTO
daiina, gBJISIONErocs JEKTPOHHBIM INpecTaBieHneM [IpousBenenus, 6e3 yBeIOMJIEHUS TPABOOO-
Jagaress U 6e3 BBILIATH aBTOPCKOTO BO3HATPAXK IEHUSI:

1. Bocupoussenenue IIpoussefenus (IMOJHOCTHIO WM YaCTUYHO) HA Bymare IyTéM pacredarT-
KH C IIOMOIIBIO IIPUHTEPA B OJHOM DKIEMILISIPE IJisi YIOBJIETBOPEHUS JIMYHBIX OBITOBBIX WUJIN
y4ebHBIX NOTpebHOCTel, 6e3 mpaBa Iepesladul BOCIIPOU3BEJEHHOIO SK3EeMILISIPA JAPYTHM JIU-
maMm;

2. Komnuposanue u pacupocrpanenue JaHHOro (aifia B 9JIeKTPOHHOM BH/E, B TOM YHCJIE IIyTEM
3anucu Ha (HPUIUIECKUE HOCUTENH U Iy TEM MePEeIatu 10 KOMIBIOTEPHBIM CETSIM, C COOJIIOLeHN-
eM caexyomux ycaosuii: (1) Bce BocnpousBeagHHbIE U llepeaaBaeMble JIIOOBIM JIunam
9K3eMIIAPHI (hailjia SIBASIIOTCS TOYHBIMM KONMsIMM McxonaHoro daiina B dpopmare
PDF, npu KonmpoBaHHH He IPOU3BOIUTCS HHUKAKHUX H3bATHH, COKpaIleHHUH, IOIOJHEHHUM,
MCKaXKeHUH u JI0OLIX ADYTUX M3MEHEHWH, BKJIIOUAs U u3MeHeHne (hpOpPMaTa IPEACTABIICHU
daiina; (2) pacnpocrpaHeHue u nepejada KONUH APYruM JHLIAM NPOU3BOLUTCH
MCKJTIOYUTEJIbHO 6ecnaamto, ToO ecTh IIPHU IlepeJade He B3UMaeTcsl HUKaKoe BO3-
HarpaK/ieHue HU B Kakoil dopme, B ToM dncie B hopMe IPOCMOTPE PeKJIaMbl, B (popme
IJIATHl 32 HOCHUTEJb WM 33 CaM AaKT KONUPOBAHWA M IepejadH, Jaxke eCcian TaKad IIJIaTa
OKA3BEIBAETCS 3HAYUTEIBHO MEHbINe (DAKTHIECKON CTOMMOCTH HJIH Ce6eCTOMMOCTH HOCHTEJIH,
aKTa KOIHUPOBAHUA U T.II.

JIto6ble apyrue crocobbl pacIpOCTPaHEeHUA JAHHOTO daiia Ipu OTCYTCTBUH IUCHbMEHHOTO pa3pe-
LIEHWS aBTOPA 3allpelleHbl. B 4acTHOCTH, 3alpellaeTcs: BHECEHNEe KAKUX-In00 U3MEeHeHUu! B JaH-
HBIM dail, co3JaHNe U PacIpoCTpaHeHNe HCKAXKEHHBIX 3K3EMIUISIPOB, B TOM HYHCJE SK3eMILISIPOB,
COMEPXKAIMNX KAKYIO-THOO YaCTh MPOM3BENEHUS; PACIPOCTpaHeHne TaHHOTO daiina B Cetn MuTep-
HeT uepe3 BeO-CcaifThl, OKA3BIBAIOIINE IIJIATHLIE YCJIYIH, depe3 CafThl KOMMEDUIECKHX KOMIIAHWH, a
TaKKe depe3 caiiTbl, coAepKalljie peKJamy Jboro poaa; npojaxka u ob6MeH (GU3TIECKUX
HOCUTEJeH, COMepKAIINX TaHHbIN (hailyr, Jarke eciy BO3HATPAXKIEHUE 3HAYUTEIbHO MEHbIe cebe-
CTOMMOCTHY HOCHUTEJISI; BKJIOYEHUe JAaHHOrO (haiiaa B COCTAB KaAKUX-JIN00 MHOOPMAITUOHHBIX U WHBIX
IPOAYKTOB; PACIPOCTPAHEHKE JAHHOTO (Daiia B COCTaBe KAKOH-IM00 MIaTHON yCIyrd WId B AOIOJI-
HeHnue K Takoi ycayre. C qpyroii cTopoHsl, pasperwaercs aapenue (GeciiaTHas nepejgada) HOCH-
Tesel, CogepKaIuX JaHHbIH (haiis, 3anuch JaHHOTrO (pailna Ha HOCUTEJIH, IPUHAIJIEKAIAE APYTUM
IOJIB30BATEJISIM, PACIPOCTPAHEHNE NAHHOTO (aitna depe3 Oecrarable (paitsso0O6MeHHbIE CETH U T. I
CcChLIKM Ha 9K3eMILISIp haiiaa, pacloJoXKeHHBIH Ha OQUITHAIBLHOM caliTe aBTOpa, paspernensl 6e3
OTrpaHUYEHUI.

A. B. Crosapos aanpeuwaem Poccuiickomy aBTOpCKOMY OBIECTBY M JIOGbIM gPYyTrUM
OpraHu3aIusiM MPOU3BOAUTH JIOGOTO Po/ia JINIEH3UPOBaHNUe JIIOBbhIX €ro Mpon3BeeHn N
M OCYLHECTBJIATh B MHTEpecax aBTopa KaKylo Obl TO HM OblJIO MHYIO CBA3AHHYIO C aB-
TOPCKUMU NMpaBaMu AeATeJIbHOCTb 6e3 ero NucbMeHHOTO pas3pelleHus.
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IIpeaucaoBue ajisg nmpenojgaBaTesiein

A3pik Cu+-+ MOXKHO CMEJIO HA3BATH CAMbBIM IOIIYJISIDHBIM SI3bIKOM I1PO-
rPaMMUPOBAHUS B COBPEMEHHON WHIYCTpUH (XOPOIIO 3TO WM IMJIOXO — BO-
POC OTKPBITHIH U 3aBEI0MO BBIXOJSIINUI 38 PAMKH JAHHOTO MOCO0Hs ). DTOMY
SI3BIKY MOCBSIIEHBI COTHU, €CJIM HE THICAYN KHUT; 3a9€M HYKHA eIIé oaHa’

Nayduenne Cu++ mpakTUIeCKH BCETIA BXOIUT B OOS3aTEIBHBIN KYPC BBIC-
1ero TpogeCCHOHATLHOIO 06PA30BAHUS JJI TPOIPAMMHUCTOB, YTO BIIOJIHE 10~
HSATHO, T.K. CIEIUAJIUCTDI, HE 3HAMONIUE ITOIO A3bIKA, B HBIHEIIHUX PEATUIX
HU Ha KAKYI0 CEPhe3HYI0 padOTy MO CIenuaIbHOCTH TPETEHI0BATH HE MOTYT.
C mpyroit cTopoHbI, yaeOHOE BpeMs, Bbiaeasdemoe Ha usydenne Cu+-+, 00bra-
HO OKAa3bIBAETCS MHU3EPHBIM: XOPOIIO, ECTH MOXKHO TOCBSTUTH ITOMY SA3BIKY
JIECATOK JIEKIUH W HECKOJbKO MPAKTUIECKUX 3aHATUI, BO MHOIUX YK€ CIIyda-
sX HeT u 51oro. IIpu 9ToM CcryeHThl K Haday Kypca He 3HAKOMbL HE TOJIBKO
C TMOHATHEM OOBEKTHO-OPMEHTHPOBAHHOTO MPOTPAMMHUPOBAHUS, HO W C Ca-
MuM (DAKTOM CYIIECTBOBAHWS B MPOTPAMMUDOBAHUN PA3IUYHBIX MAPAUTM;
K CYaCTbhIO, 00bI9HO s3bIK CHu CTyZeHTaM y2Ke W3BECTEH, MHAYe HU O KAKOM
uzydennu Cu-++ MOXKHO OBbLITO OBl HE TIOMBIIILISTD.

Cospemennbiit yaebuuk mo Cu+-+ 00bIYHO TIpejicTaBisieT coDOi BHYIIHU-
TEJbHBII TOM Ha, JOOPYIO TBICSAYY CTPAHWUI, IO/ 3aBA3Ky 3a0UTHIH HHGOP-
Marmedi, TpuYéM PAKTUYECKH BCE CYIIECTBYIONME ceiidac (M3IaHHbIe TIOCe
1998-1999 rr.) KHUIHM Ha 3Ty TeMy CXOIy OOPYIIUBAIOT Ha YUTATEA BCEBO3-
MOXKHBIE TIPEMY/IPOCTH U3 TaK HA3BIBAEMON cTaHmapTHOM Ooubinoreku Cu++-,
TakWe KaK iostream, a TO U BOBCE KOHTEHHEDHI; IPU STOM HE O0bICHIETCS,
9TO HTO TAKOE U KAK OHO CJIEJIAHO, IIOTOMY YTO U EPerpy3Ka HH(PUKCHBIX CHM-
BOJIOB OTEPAInii, U MabJIOHBI — ITO TEMA IJIsi CYIIECTBEHHO DOJIEE TMO3THErO
pasrosopa. BeccnopHo, Oyab B paCHOPSKEHUU ITPENOIABATEsT TPU-IETHIPE
cemecmpa Ha m3ydenne Cu++, MOXKHO ObLIO OBl JATH CTYJIEHTAM ITPUBBIK-
HYTb KO BCEM 3THM HOBIIIECTBAM, a 3aT€M MOCTENEHHO O0bICHUTH, KAK HEYTO
MOI00HOE CHEIaTh CaMOCTOATENbHO. [Ipobmema, OMHAKO, B TOM, 9TO TaKOI'O
KOJIMYECTBA BPEMEHU IIPOCTO HET.

Jlaxke ecyiv ObI BpeMeHu OBbLIO JOCTATOYHO, BCE PABHO JIyUIle HE HAUMHATH
n3ydenne s3bika Cu-++ € MpaBuj UCIOIB30BAHMSA MIAOJOHOB CTAHIAPTHOM
6uOIMOTEKH, KaK 3TO IpejjiaraerT OOJIbIIMHCTBO aBTOPOB BO IVIABE C CAMHUM
Crpaycrpynom. IIpu takoMm oOydueHUE J1azke camble CIOCOOHBIE CTYIEHTHI HE
BH/ISIT TPAHMILBI MEXK /LY SI3bIKOM U ero Oubsinorekoit, B pesysbrare dero Cu-+-+
BOCITPUHUMAETCST TIPOCTO KaK ewé 00Uk A3blK 6bLCOK020 YPOEHA, KAKOBBIX W
0e3 Hero MHOTO. Y HUKAJIbHBIE BO3MOXKHOCTHU 3b1Ka, Cru+-+ OCTAIOTCS B TEHMU.
Mermtenne nporpaMMucToB, udydasimux Cu++ 10 1999 roma, cyrecTBeHHO
OTJINYAETCS OT MBIIIEHUs OOJBITHHCTBA TPOrPAMMUICTOB, U3y YABIIUX S3BIK
[O3/IHee — HPUIEM OTJIUIACTCH, TPUXOIUTCS IPU3HATH, B JIyUIIyI0 CTOPOHY,
YTO 3aCTABJILAET 33y MAThC O CTPAHHOM 3P deKTe 0T BHIXO/A B CBET TPETHErO
m3nanus kauru CTpaycrpyma.



B curyanuu, Korma Ha BCe 3TH OOBEKTHBHBIE CJIOKHOCTH HAKJIAIHIBAET-
Cs eIé W HEeXBATKA BPEMEHHU, OYE€Hb 9ACTO TOCJIE MPOCTYINBAHAS KypPCa IO
Cu-++ rakme CjI0Ba, KAK «KJIACC», «HACTEIOBAHUE» WU TeM (oJiee «IOTUMOp-
dbusM» Tak ¥ OCTAIOTCH JJid CTYAEHTOB IIyCTHIM 3BYKOM, 32TO OHU IIPU ITOM
TOYHO 3HAIOT, YTO B HadaJjle IporpaMMbl HaJI0 BMecTO #include <stdio.h>
Hamucarh #include <iostream>, moTOM — BCeHeNpeMeHHEHUM o0pa3om! —
3arajiouHoe using namespace std;, BMecTO printf Hy’KHO HCIIOJIB30BATH
XUTPbIE 3HAYKA U CJIOBO COut, & BCSAKUE 3AHYIHBIE CIIUCKU MOXKHO DOIIbIE HE
[ACATH, TIOTOMY 9TO ecTh BoJiebHoe cioBo 1ist<>. [Tomygaercs, ¥To nmen-
HO HaubOJIee CJIOZKHDIE JIJIsd OCBOEHMS KOHIIEIIIIUKA OCTAIOTCS JJid CTYJEHTA <32
KaIpOM», ¥ HErO TaK W HE BO3HUKAET MOHMMAHUsI, 9T0 Takoe Cu-++ u 3adem
oH HykeH. Bo3bMy Ha ce0st CMEIOCTh YTBEPXKIATH, 9TO TAKOE «00yIeHUE T3bI-
Ky Cu++» npezcrapisier cob0il yCTyIO0 TPATy y4eOHOrO BpEMEHH, KOTOPOTO
U TaK He CJUIIKOM MHOTO.

Boobirie roBOpsi, B cuUTyaruun OCTPOro MEeRTHOTA MPUXOJAUTCH YIOBATH HA
TO, YTO CTYJEHTbI, 3anHTepecoBaBiinecs a3blkoM Cu-++, u3ydar camMocTos-
TeJIbHO BCe Hezpocraomue rembl. [Ipu aTom npeacrasiiserca o menbiieil Me-
pe CTPaAHHBIM TPATUTDH CTOJIb IPATOIEHHOE BPEMS HA, M3y Y€HUE IKIOTHIECKUX
3aKOPIOYEK, TIPYU TOM YTO JaxKe HA 00bscHeHune Hanbosee OyHTAMEHTATHHBIX
KOHIIEMINIT BpEMEHU He OCTaéTcsA. B camoMm jesie, M3yduTh CaMOCTOATETHHO
BO3MOXKHOCTH i1ostream ropasjo mpoire, YeM CaAMOCTOSATEHHO MOHATh, 4TO
TaKOe HACJIE/IOBAHME U 3a9€M OHO HY2KHO.

JlanHnast KHUTa HAITMCAHA HA OCHOBAHUU OIIbITA HECKOJIbKUX JIET ODyUeHus
CTYJIEHTOB OCHOBaM si3biKa Cu++ B yCJIOBHsX, KOIJIA HA BECh TEOPETUIECKUI
MaTepuaj MOYKHO ObLIO BBIIEIUTH HE Gojiee MecTr—ceMu 3aHaTuil (He Baxk-
HO, JIEKIIMOHHBIX UJI ceMuHapckux). CaMa KHUra eCThb, MoKy, pe3yabrar
9aCTO 3aJaBa€MBIX CTyJEHTaMH BOIPOCOB O TOM, KAKOH JINTEpPaTypOil MOXK-
HO BOCITOJIb30BATHCS MPU U3YYEHUH KYPCA; U3 BCEX M3BECTHBHIX aBTOPY KHUT
6ostee-MeHee MOAXOAUT pa3Be u4To BTopoe u3nanue Kauru Crpaycrpyia, HO
OHO B HAIIE BpPeMs MPEICTABJseT cob0i OubmmorpaduiecKkyo peaKoCTh.

Marepuas nocobusi HOCTPOEH B IPEAIIOIOKEHIH, YTO YATATE]b 3HAKOM C
s36IKOM CH 1 He UCTBITHIBACT MPOOJIEM ¢ TTOHUMAaHNEM ero CpeacTs. JIst 9Ko-
HOMUH BPEMEHU W3 M3JIOXKEHUsI MOJTHOCTHIO MCKJIIOYEHBI CPEACTBA CTaH-
maptHoii 6ubamorekn Cu+ -, UCIOAb3yeTCs TOJBKO CTaHIapTHAsA Oub-
swmoreka Cu (mpe/iosaraercs, 4To OHa YUTATEJIO yKe 3Hakoma). [Ipu B3ris-
Jie Ha OIJIABJIEHWE KHUI'M MOXKET BO3HUKHYTD OILyIleHrne OeCropsaa0uHOCTH B
BBIOODE TTOCJIEIOBATEILHOCTH TE€M, OCOOEHHO B TEpPBOM TOJIOBWHE KHUTHM. Ha
CaMOM Jiejie, UMEHHO TaKasi, 8 He WHas [MOCJIeI0BATETFHOCTD OJAYN MATEPHA-
JIa IMEET JIOCTATOYHO MPOCTOe 00bsicHeHne. B KadecTBe OCHOBHBIX I1ejIeil TIpu
CO3/IaHWH JAHHOTO KypPCa PACCMATPUBAIIOCH O3HAKOMJIEHWE CTYIEHTA C de-
ThipbMs TeMamu: (1) cpejcTBa MHKALCY/ISIMKA U ONUCAHUS a0CTPAKTHBIX TH-
LOB JAHHbIX; (2) 06paboTKa UCKJIIOYUTENbHbIX cuTyauuil; (3) nacienoBanue,
CTaTUYEeCKUil U AUHAMUYIECKUi ToauMopdu3M u (4) 0600ImEHHOE TPOTPAMMU-
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posanue (mabsonbl). [IpenaraeMbie CTYIEHTY HOBbIE KOHIIEMIUU MIPH 3TOM
CJIOXKHBI CaMH 110 cebe, T0ITOMY IO BO3MOXKHOCTH M3YyU€eHUe CIeruduaecKnx
uacTpyMeHToB Cu++, Takux, HATPUMED, KaK CCHLIKHM WU Heperpy3ka uMeH
byHKITH, OTKIAIBIBATIOCH HA KAaK MOXKHO OoJsiee mo3nHee BpeMs. B pe3yiib-
TaTe neperpys3ka MMEH PaccMaTpPUBAETCS HEIOCPEICTBEHHO TIepe/] epeonpe-
JIeJIEHNeM CHMBOJIOB CTAHJIAPTHBIX OTepalnii M BBEJIEHNEM HECKOJIHKUX KOH-
CTPYKTOPOB B OJHOM KJIACCE; CCHUIKM DPACCMATPHUBAIOTCS HEIOCPEICTBEHHO
epeJ; BBEIEHNEM KOHCTPYKTOPA KOIMUPOBAHUS, U T. II.

Hexkoropsie cpeacrsa Cu-+-+, Takue Kak MPOCTPAHCTBA UMEH (namespa-
ces) WM MHOXKECTBEHHOE HAC/Ie0BAHUEe, HE PACCMATPUBAIOTC BOBCE. MOxK-
HO, BIIPOYEM, HE COMHEBATBLCS, 9TO JIOOOI CTYIEHT, 3aMHTEPECOBABIIANCST
s3b1kOM CHu++-, OBJIaJIEET STUMHU CPEICTBAME CAMOCTOSITEBHO. B TO Ke Bpe-
Msi MHOT'O BHUMAHUS YIEJISAeTCs TEOPEeTUIECKIUM OCHOBAM OObEKTHO-OPUEHTHU-
POBAHHOTO MTPOrPAMMUPOBAHMS, KOHIENIINN 00HEKTOB W COOOITEHUH, OTUH 13
rmocjieIHUX maparpadoB MOCBAMIEH TEOPETHKO-MHOYKECTBEHHOMY OIHUCAHUIO
MeXaHn3Ma HacleoBaHus. B ciydae, eciim y4eOHOro BpeMeHU Ha BECh MaTe-
pHaJI He XBATHUIIO, si PEKOMEIOBaJI Obl IIPOIIYCTUTD MOCJIEAHIOI Temy (1abJio-
Hbl). JIeJ10 TYT B TOM, 4TO HO/JIEPKATH TaKyl0 TEMy NPAKTHUYECKUMU 3312493
MU OY€Hb THKEJI0: HOTPEOHOCTH B 111a0JI0HAX BO3HUKAET TOJBKO B JIOCTATOYHO
KPYIHBIX MPOTPaMMaX, KOTOPbIe OOJIBITUHCTBY CTYJAEHTOB HE MO, CHJIY.

IIpu mocrpoenny TPAKTHYECKUX 3AHATHI XOTEIOCH Obl PEKOMEHIOBATH
UCII0JIb30BAHUE OLEPALUMOHHON cucrembl cemeiicrsa Unix (nmanpumep, Linux
unu FreeBSD). OGyuenue ciemyer Bcerga HAYMHATEL C TPOCTHIX MTPOTPAMM,
a MPOCThIE TPOTPAMMBI HEMBICJIUMBI B YCIOBUSX OTCYTCTBUSA KyJIbTYPhI KOH-
cosbHbIX npuioxkenuii. Hamnuane koncosbHbIX nporpamm B Windows He pe-
maet npobJieMy, TOCKOJIbKY TAKKWe TPOrPAMMBI Ka2XKy TCsi CTY/I€HTAM HEITOJTHO-
EHHBIMU, UI'PYIIEYHBIMU, ¥ HE BOSHUKAET OIIYIEHUS OBJIAICHUS HACTOAIIAM
nacrpymentoMm. Hamporus, 8 OC Unix Bce mporpaMMbl sIBISIFOTCS KOHCOJIb-
HBbIMU (BKJIIOYas U T€, KOTOPbIE paboTaoT ¢ rpadbudecKUMU OKHAMH), TaK
YTO JlayKe caMble IIPOCThIE IIPOrPAMMBI OKA3bIBAIOTCS B OIIPEIEIEHHOM CMBbIC-
Jle «HACTOSAIIAMUS.

B zakutiovuenve mpeancaoBus, PeIHA3HAMEHHOTO JIJIsT MOUX KOJIJIer—Ipe-
rosiaBaresieif, st Xores ObI MOOIATOAPHUTH T€X, KTO BOCIOJIb3yeTCs MMEHHO
MOUM mocobueM Tpu 00ydeHuu cTyaeHToB ocHoBaM Cu-+-+ U MOMPOCUTH BbI-
CKa3bIBATH MHE CBOW COODOPAaKEeHWsI, BOSHUKIIIKE 110 UTOraM PabOThI; CBI3aTh-
Csi CO MHOM MO2KHO 4epe3 cafitT http://www.stolyarov.info.

IIpeaucioBue Jig CTYJ€EHTOB

Kuukka, KOTOpyO Bbl YuTaere — IOXKajyil, caMas KOPOTKas M3 KHUD
110 13bIKy Cu-++ 1 00bEKTHO-OPUEHTUPOBAHHOMY LIpOrpaMmMupoBanuto. [Ipu
3TOM, KaK MOXKHO 3aMETHTh, O0BHEM TTOCOONST BCE-TAKM OCTAETCS SHAUUTEIhH-
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HBIM; MATEPHUaJI, KOe-Kak BMECTUBINHWIACS B 9TH CTO C HEOOJBINIAM CTPAHWUII,
COOTBETCTBYET TPUMEPHO IIECTH—BOCHMHU JIEKITUSIM.

Azbik Cu++, KOTOPBIH BaM TPE/JIATAETCSA U3YIUTh — ITO OJIUH U3 CAMBIX
HOIYJISPHBIX HHCTPYMEHTOB COBPEMEHHOrO MPOMECCHOHATIBHOTO IIPOTPAMMUE-
POBAHWS, U 3TO OOCTOATEIHCTBO HAKJIAIBIBAET 3aMETHBIN OTMEYATOK KAK HA
caM s3bIK, TaK W HA BO3HUKIIYI BOKPYT HErO MPOrPAMMUCTCKYIO KYJIbTYPY.
BoibmuHCTBO HBIHEITHIX TPOTPAMMUCTOB HE MBICJIUT UCIOIb30Banns Cu++
B OTpbIBE OT CraHaapTHOil 6ubnuoreku mabdaonos (STL); kpome Toro, cam
SI3BIK O] BO3AEHCTBAEM CTAHIAPTUIAMOHHOIO KOMUTETA U KPYITHBIX (PUryp
MPOTPAMMHUCTCKOTO CEKTOPa YCIeI U3PSAHO pachyxXHyTh. [losHOoe onucanue
BCEX BO3MOYKHOCTElH $3bIKa, W €r0 CTaHJAPTHON OMOJHOTEKM ITPeICTABIISET
co00# KHUTY TAKOTO 00BbEMA, UTO €10 BIIOJTHE MOXKHO MU YKEJAHUU BOCITOJIb-
30BATHCs B KAYECTBE OPY2KUs [IPOTUB BPAroB (B CMBICJIE YUCTO (PUBUIECKOM ).
Wasoxkenune BCero 3Toro OKa3blBaeTcs, TaKUM 00pa30M, 3a/ia49€eil, IPUHIUIIH-
AJIbHO HEPELLAEMOIi B PAMKAX OJIHOIO ceMecTpa (1a u ABYX, LOxKaJLyil, TOxKe).
VY4uebHOro BpeMeHu, KOTOPOro XBaTuao Obl Ha udydenne Cu-++, OOBITHO TPO-
CTO HeT, MpU4YéM, KaK HH CTPAHHO, 3TO He caMmas Oojblmas mpobieMa Tpu
uzyuenun Cu-++. Tpaaunuonnoit upiHe (yBbI) cTaja cxema, KOrja B CaMOM
Ha4Yajie Kypca B MPUMEPAX MCIOJIb3YIOTCS SK30TUIECKUE BO3MOXKHOCTUH OUO-
JIMOTEKH, HO HE TOBOPHUTCs, KAK BCE 3TO yCTPOEHO; B UTOIE TEPSETCS OIILYIIe-
HUE€ TPAHWIIHI MEXKIY BO3MOYKHOCTSIMHU SI3BIKA W BO3MOKHOCTSIMU OuOJIMOTE-
ku'. ECIH OpH 3TOM y4UecTh HEXBATKY yIeGHOTO BPEMEHH, TIOIyHUaeTCs, ITO
10 M3JIOXKEHUsT JEHCTBUTEIbHO WHTEPECHBIX KOHIIENIWH, UMEHHO TOTO, 4eM
Cu++ oTIn9aeTcs OT BCEX OCTATBHBIX CYIIECTBYIOIMINX S3BIKOB, €0 TOMPO-
CTy HE JIOXOJIHT.

Hamporus, B namHOM mocobun 0 CTaHIAPTHON OubImMoTeKe BOOOIIE HUYero
HE TOBOPUTCsI, €CJIU HE CIYUTATH MPEINCIOBUS U MOCjecoBus. Be3 comuenus,
Bbl cMOxkeTe ocBouTh STL camMoCTOATEIbHO, €C/id 3aXOTUTE; HACTOATETHHO
PEKOMEH/IY 0, OJTHAKO, BO3IEPKATHCA OT ITOrO MO KpaifHeil Mepe JI0 Tex mop,
[IOKa BbI HE MOYYBCTByeTe ceOs yBEPEHHO B OOpaIleHuH C 0A30BBIMHU CPEI-
crBamu si3bika Cu++.

B 1997 roay BBINLIO B CBET TpeThe M3JaHWE KHUTH aBTOPA sa3bika Cu++
Brépua Crpaycrpyna, KOTOpasi Tak U HA3BIBAETCA «Z3bIK TPOrpaMMUpPOBa-
uusg Cu++». B Tperbem m3nanuu aBrop Brepsbie BBoaur STL u ¢ camoro
HAYaJIa KHUTH [0JIb3yeTCs B IPUMEPAX KOHTEHHEPHBIMU I1a0JI0HAMU, IIPUTOM
YTO PACCKa3 O MAabJOHAX KaK TAKOBBIX PACIOJIOKEH B KHUTE OJIMKE K KOHILY.
B 1999 rony kuura BBITIIA B PYCCKOM mepeBoje. Mue mpuxoIniaoch cOTpy/I-
HU4YaTh (B TOM 4mcjie paboTaTh B OJHOM MPOEKTE) KAK C IPOrPAMMUCTAMHU,
uzydasimmMu Cu-++ 10 BBIXOJA BBIMIEYNIOMSHYTOTO TPETHEr0 U3IAHUS, TAK
U C T€MHU, KTO M3ydas si3bIK mo37Hee. Mory ¢ yBEPEeHHOCTBIO CKa3arTh, 4TO

L JTroburesssm TPOMKHX 3aSBJIEHK OT HEOT/[eIMMOCTH CTAH JAPTHON GHOIHOTEKH OT S35l
Ka MBI TIPEUIOKUM MOUCKATH CTAHIAPTHYIO 6ubanoreky ducrtoro Cu, HApuUMep, B sape
Linux.
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Boctpustre 3bika Cu++ y OMHUX U Yy APYTHUX COBEPIIEHHO PA3HOE, MPUIEM
MIPOTPAMMUCTBI «CTAPOI 3aKBACKU» yMeroT paborars ¢ STL, Ho MoryT n 06xo-
JATHCA Oe3 Hero, HAIPUMepP, PaIu BBIUTPHINIA B 3P HEKTUBHOCTH, TOTIa KaK
KepTBbL (HE 06OICH HTOrO CJI0BA) TPETHEr0 U3JAHUS [OLUPOCTY HE MbICJISAT
Cu++ B orpbise or STL u, K BejMuaiinemy COXKaJEHUIO, 4aCTO COBEPIIEH-
HO He 3a/[yMBIBAIOTCS, UTO YK€ MPOUCXOIUT BHYTPU KOHTEHHEPHBIX KJIACCOB.
Msuorwue, 6ojiee TOro, He YMEIOT TOJIb30BATHCS MEXAaHW3MOM I1abJIOHOB, IO-
ckosbkKy STL Bbi3biBaer omrynienue (omubounoe!), 94To Bee M1abJIOHBL JABHO
HAIMCAHBI.

st usydenusi 6a30BbIX cpencts sa3bika Cu-++ BaMm norpebyercs yBepeH-
Hoe BiaseHue si3bikoM Cu; MaTepuas B MOCOOMH M3JIAraeTcst B TPE/IMOJIONKe-
wuwm, ato npobsem ¢ Cu y Bac yxke uer. Bojsiee Toro, Oymer od4eHb TPYIHO
MMOHSATD, 3a9eM HYXKHO 00beKTHO-OPHEHTHPOBAHHOE MPOTPAMMUPOBAHUE, €C-
JIM Bbl HU Pa3y B JKU3HU HE NHUCAJIU [IPOrPAMM XOTS ObI B TBHICSYIY CTPOK
obbémom. Eciin ckazannoe nMeer OTHOIIEHUE K BaM, IIOCTAPAATECH CAMOCTOSI-
TeJhHO HABEPCTATh YITYIIEHHOe, HACKOJIHKO MO3BONUT BpeMs. JIst Tex u3 Bac,
KTO HE TIJIAHUDPYET CTAHOBUTHCS MPOMECCHOHAIBHBIM TPOrPAMMUCTOM, 3aMe-
9y, 9TO CEJaTh W3 BaC MPOrPAMMUCTA HUKTO B 9TOM KypCE W HE TBITAETCS.
N3zyyenne nporpaMMuUCTCKAX WHCTPYMEHTOB W TEOPHUH HE JEJIAeT YeIOBEKa
[IPOrPAMMHUCTOM TOYHO TAK K€, KAK M3y4YEeHUEe MATEMATHIECKOrO aHAJIN3A U
siagenue dpopmynoit Teitiopa we gesaer desnoBeka maremarukom. C apyroi
CTOPOHBI, OTCYTCTBHE HAMEPEHWsI CTAHOBUTCS TMPOdECcCHOHANIBHBIM MaTeMa-
THUKOM HE OTMEHSEeT HEOOXOAMMOCTH W3yUYEHUS MATEeMATHKM KaK TakoBoit. C
MPOrPAMMUPOBAHUEM Jejia OOCTOAT TOYHO TAaK JKe: JaXKe He CTaB MPOrpaM-
MHUCTOM, Bbl HABEPHSIKA CTOJIKHETECH B CBOEH IPOMECCHOHAIBHON /1€ TEIHHO-
CTU C IPOrPAMMUCTAME U PE3yJibTaraMu uX pabOThl, U IPU ITOM HAYAJIHHBIE
3HAHWS B 00JIACTH MPOrPAMMUPOBAHUS MTOMOTYT BaM YyBCTBOBATH Ce0s yBe-
peHHee, 3HATh, Yero CTOUT OXKHUIATh OT TPOUPAMMUCTOB, & Y€r0 HE CTOUT, B
Kakoit hopme cienyer nzsaraTh Bamu TpeOOBAHUS H T. II.

A renepn camoe, noxkanyit, Baxknoe. Bce ycuiusg Bammx npernogaBare-
Jleil m Baiu COOCTBEHHBIE IIPOMAJYT BILYCTYIO, €CJIA Bbl HE CBBIKHETECH C
OJIHOI TPOCTOI MBICJIBIO: HET W HE MOXKeT OBITh WHOTO cmocoba m3y-
yenus nmporpammvupoBaHusi, uem CAMOCTOATEJIBHOE nanwuca-
HUe IporpaMm Ha KoMmnbioTepe. CMOTPeTh, KaK MUIIYT JAPYTHUE, ThITaTh-
csl pa3bUpPAThCH B IyXKHUX MPOrPAMMAX — 3aHATHE COBEPIIEHHO OECCMbICIIEH-
noe. Touno Tak »xe 6eCCMBICIIEHHO MUCATH IPOrPAMMBI IIO/T YbI0-TO JUKTOBKY.
IIporpamma Oyaer Baimeil TOJIBKO B TOM CJIy4dae, €CJiu Bbl HAIIMILETE €€ Ca-
MOCTOSITESTHHO — BO3MOYKHO, 3aIJIsibIBAsi B CIPABOYHUKH, HO 03 TOMOIIN
JOPYTUX JIIOJIeit.

Jomarmass cTpaHua 3Toi KHUru B cetn VIHTEPHET PACIOIOXKEHA TIO A/I-
pecy http://www.stolyarov.info/books/cppintro. 31ech BbI MOXKeTE IO-
JIyYUTh TEKCTHI IIPUMEPOB IIPOIPAMM, IPUBEIEHHBIX B ITOM KHHUI'E, & TAKKE
SJEKTPOHHYIO BEPCHUIO CAMON KHUTH.



1. BBeaenmue

§1.1. Yro rakoe OOII

06BexMHO-0PUEHTMIUPOBAHHOE NPOZPAMMUPOBAHUE TIOSBUIOCH B
cepemure 70-x romoB XX croserusi. [Ipoekt Smalltalk n3BecTen Kak mepBbiii
00bEKTHO-OPUEHTUPOBAHHBI MPOEKT M OJHOBPEMEHHO KaK TPOEKT, B KOTO-
POM BIIEPBBIE TTPE/JIOKEH OKOHHBIN WHTEPdENC MOIb30BaATE M.

HSI)IKI/I OpPOrpaMMUPOBaHUA, C KOTOPHIMU BaM IIPUXOAUJIOCH BCTPEYATH-
CA OO0 CHX IIOP, OTHOCATCA K KaTErOpuu UMIIECPATHUBHBIX A3BIKOB IIPOTPDAMMU-
poBanus. IIporpamMmma Ha UMIEPATUBHBIX A3bIKAX BOCIHPUHUMAETCS KaK I10-
CJIe10BAaTEIbHOCTh KOMAaH/I, U3MEHAIONMHNX 3HaY€HUA IIEPEMEHHBbIX W IIPOU3-
BOAAIIUX JApyrue JeiicrBusd (OTCIO,IL& Ha3BaHUe LapaJUurMbl «AUMIIEPATUBHOE
OPOrpaMMUPOBAHUE», OT CJIOBA «UMIIEPATHB» — TIPUKA3, KOMaHaa). IlomMu-
MO UMTIEPATUBHOTO TPOTPAMMUPOBAHUA, CYIIIECTBYIOT TaKWE MapaJIuTMbl, KakK
JIOTHYIECKOE IIPpOrpaMMHPOBaHHUE, T'J€ IIPpOrpaMMa BOCIHPHUHHUMAECTCA KaK Ha-
60p JIOTU4YECKHUX BbICKEL3I)IBELHI/II‘/‘I, a BBIIIOJIHEHHE — KaK J0Ka3aTeJIbCTBO HUJIN
OIIPOBEPKEHNE HEKOTOPOT'O BHICKA3BIBAHUSA; (DYHKIIMOHAILHOE IIPOIPAMMHUPO-
BaHWeE, T/Ie TPOTPAMMA MPEICTABISETCS KaK HADOp MaTeMaTuIecKux (PyHK-
[N, & UCIIOJHEHIE TTPOTPAMMBbI MPEICTABIIET COOOM BHIYNCIEHNE HEKOTOPOit
rnaBuoi pyukiuu. CaM TEpMUH «TapaIurMa MpOrpaMMUPOBAHUS> 03HAYAET
c11oco6 BOCIPUATHS Y€JIOBEKOM (IIPOIrPAMMUCTOM) KOMIILIOTEPHOMN TIPOrpaM-
MBI U eé nponecca UCIIOTHEHUA. Ha,Z[O 3aME€TUTb, 9YTO IMIaPaJIUIMbl OTHOCATCA
CKOpee K MbIIJIEHUIO IIPOrPAMMUCTA, YeM K CPeJICTBaM A3bIKOB IIPpOIrpaMMu-
pOBaHUd, HO A3BIK TPU 3TOM MOXKET CTUMYJINPOBATH, MMOOUIPATH, & B HEKOTO-
PbIX CiIyY9adX — YU HaBA3bIBATH OHpe,ILe.HéHHbII‘/)I CTUJIb MBIMMJIEHUA, TTO3TOMY,
KOHETHO, HTHOPUPOBATH H300Pa3UTEIbHBIE CPEACTBA N30PAHHOTO SI3BIKA, TPO-
rPAMMHPOBAHKS MIPHU PA3TOBOPE O MAPAIUTrMaxX ObLTO ObI HEIPABUIHHO.

O0OBbEKTHO-OPUEHTUPOBAHHOE MPOTPAMMUPOBAHUE MPEIACTABIAET COOOM
erié ofiHy mapajurmy mnporpamMmMupoBanus. OCMBICIHBAS CBOIO MPOTPAMMY B
COOTBETCTBUU C 3TOH ITapaJIurMoi, Mbl IIPezK/1€ BCEro npeiacraBiigeM JaHHble B
BHUJIE HEKOTOPBIX 00B€KmM08 — «IEPHBIX AMNKOB». BHyTpeHHee ycTpoiicTBO
O6"beKTa MU3BHE HEJOCTYTTHO (I/I B pdaae CiiyvdaeB MOXKeT 6I)ITB IIPOCTO HENU3BECT-
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HO — HAIPUMED, €CJIU JAHHBINA O0BEKT PEATH30BAH IPYTUM IPOrPAMMECTOM ).
Bcé, 910 MOXKHO ceaTh ¢ 00BEKTOM — 3TO TOCIATH MY COODIIEHUE U TIOJTY-
9uTh OTBeT. Tak, omeparus 2 + 3 B TEPMUHAX OOBEKTHO-OPHUEHTHPOBAHHOTO
[IPOrPAMMUPOBAHMS BBILJISIUT KAK «MbI [IOCBLIAEM IBOMKE COOOIIEHHE TMpPU-
ba6v K cebe mpotiky, a OHA OTBEYAECT HAM, UTO TOJYIUIOCH Hy». Brosiae BO3-
MOXKHO, 9TO, MOJIyYUB COODIINEHNE, OOBEKT MPOU3BEIET EIIE U KAKUe-TO Ieii-
CTBUSI, CMEHUT CBOE BHYTDPEHHEE COCTOSHUE WJIU MOIILIET COOOIIEHNE IPYTOMY
00BLEKTY.

O0beKTbI, BHyTPEHHEE yCTPOMRCTBO KOTOPLIX OAXHAKOBO, 00pa3ylT K.AaC-
Cbl; B TPArMaTUIeCKOM CMBICJIE KJIACC €CTh HUA YTO MHOE, KaK ONMCAHNe BHYT-
PEHHEr0 yCTPOUCTBA OOBEKTA, W MPU CO3JAHUU HOBOTO O0BHEKTA YKA3BIBAET-
Csl, K KAKOMY KJIACCY OH NpuHaiexkuT (00bEKTOM KaKoro Kjacca OH Oyer
ABJIAThCs). VIMes onmcanue Kiacca, MOXKHO CO3JATh IPOU3BOJIbHOE KOJIMYe-
crBol 06beKToB 3TOro Kiacca. Bojiee TOro, MOXKHO B34Th MMEIOIUHCH KJIACC
¥ HaA €T0 OCHOBE CO3JaTh HOBBIM KJIACC, B YEM-TO TIOXOXKUIT HA CTAPBIA W TTPO-
ABJIAIONIAN €ro CBOMCTBA, HO MPU ITOM BCE-TAKM OTIMYAIONIUICA OT HEro,
KaK MPaBUJIO, B CTOPOHY YCJIOXKHEHUs (XOTs U He BCerja). 9Ta BO3MOKHOCTD
Ha3bIBAETCS HACACO0B8AHUEM.

HenocrynHuocTs fmerasneil peanu3auu oObEKTa 3a IPEJEIaMU €ro Omuca-
HUSI TTO3BOJISIET CHU3UTDH OOIIYIO CJIOKHOCTH TMPOTPAMMBI TI0 MPUHITUITY «Pa3-
Jensii  BiacTBYil». B nmpuMmeHeHnm K mporpaMMHUPOBAHHMIO 3TOT MPUHIIMII
HAa3bIBAETCH UHKANCYAAUUEU U COCTOUT B Pa3/ie/IeHHH BCEl IPOrpaMMbl HA
[IOJICUCTEMbI, KazK/as U3 KOTODPbIX peasin3yercs Oojiee-MeHee He3aBUCHMO U
MOzKeT pa3pabarbiBarbes 0e3 yuéra jeraseil peaju3anyuu JIPyTrux HOACUCTEM;
YUIUTBIBATH MPUXOINTCS JIUIIH TO, KAK TMOJCHCTEMBI «BBITUISIAST W3BHEY», TO
ecTh Kakue (DYHKINU U TPOUYHe BO3MOXKHOCTH B HUX INPEIYCMOTDEHBI JIJIst
B3aMMOJIEHCTBUS C APYrUMH mojcucreMamu. KoHeUHO, MHKANCY/ISIUSA TPH-
CYTCTBYET HE TOJIbKO B OO'beKTHO-OPUEHTUPOBAHHBIX A3bIKAX, HO €CJIH B JPY-
IUX $A3bIKAX OCHOBHOW €IMHHUIEH MHKAICYIANAN OOBIYHO SBIIAETCA MOJYAD,
To B OOII MBI HCTTOB3yeM WHKAICYIANNIO HA YPOBHE OTAEIbLHBIX O0HEKTOR
umm (kak B Cu++) KJIaccoB, 4TO B PsJIE CIy9aeB MO3BOJIAET PE3KO CHU3UTD
OOIILYI0 CJIOKHOCTH MHOTHX MOJIYJIeid.

YacTo O6bIBAET TaK, 9TO HECKOJIHKO PA3IUIHBIX KJIACCOB CIIOCOOHBI 00pada-
THIBATH HEKOTOPBIN OOIIWit JjIst HUX BCEX HAOOP coobienuii. B takom ciaydae
TOBOPST, 9TO 9TU KJIACCHI MOAEPKUBAIOT 0bwuti unmepgedic; BO MHOTUX
00bEKTHO-OPUEHTHPOBAHHBIX S3bIKAX MPOrPAMMUPOBAHUS HHTEP(EHCh Omu-
CHIBAIOTCS B BHJE KJIACCOB CIIEIHAAILHOIO BHJIA, €CTh TaKasd BO3MOXKHOCTH W
B Cu++.

LCrporo roropsi, HHOTAA MOYKHO BCTPETHTH KJIACC, 06HEKT KOTOPOTO MOYKET CyIeCTRO-
BaTh TOJBKO B €IMHCTBEHHOM 3K3eMILIADE, U JayKe TaKHe KJIACCHI, JJI KOTOPBIX BOOOIIE
HeJIb3s CO34aBaTh OOBEKTHI, HO 3TO CKOPee MCKJIIYeHHEe U3 MPABHUIIL.
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§1.2. A3pik Cu-++ m ero coBmectumocthb ¢ Cu

Azbik Cu++ Ob1 npemioxken Boéprom Crpaycrpymom B Hagase 80x ro-
JIOB TIPOIIIE/IIIIEr0 CTOETHSI B KAYECTBE OTBETA HA HA3PEBINYI0 B WHIYCTPUU
MOTPEOHOCTH B WH/LyCTPUATBHOM O0bEKTHO-OPUEHTUPOBAHHOM s3biKe. Cu-+-+
npejcraBisger coboit paciuupenue s3bika Cu ¢ 00bEKTHO-OPUEHTUPOBAHHBIMHU
BO3MOKHOCTsIMY. VIHAWe TOBOPS, pu padore Ha, si3bike Cu+-+ MOXKHO HCITOTh-
30BaTh KaK TPAIAIIMOHHOE MMIIEPATUBHOE, TAK U 00HEKTHO-OPUEHTHPOBAHHOE
MPOrPaMMUPOBAHNE.

BonbimmmacerBo mporpaMm, HamucaHHbIX Ha s3bike Cu, OyJaeT KOPPEeKTHO ¢
rouku 3perus s3bika Cu++. Hekoropsre nporpammbl Ha s3bike Cu HE MOTYT
ObITH OTKOMMIHUINpPOBaHBI TpaHciasTopom Cn++. Tak, B Cu++ mpucyrcrBy-
€T HEeKOTOPOe KOJIMYECTBO KJIFOUEBBIX CJIOB, KOTOPBIX HE ObLIO B s3bike Cu.
[Tosromy, Hanmpumep, mporpaMMa, CojeprKaiasi TAKoe ONHUCAHUE:

int try;

HE sIBJISETCs KOPPEKTHON ¢ TOo4YKU 3penus sg3bika Cu+-, MOCKOJIbKY CJIOBO
try — wuiodeBoe B Cu++. Kpome toro, B a3bike Cu++ HET OTACIBHOIO
MPOCTPAHCTBA UMEH [IJIsl TETOB CTPYKTYP; TaK, OMMUCAHNE

struct mystruct {
int a, b;

};

B porpamme Ha Cu++ siBJISI€TCst OIMUCAHUEM [TOJIHOIIEHHOIO Mmuna mystruct,
rorga kKak Ha Cu Takoe Ke ONMHMCAHWE O3HAYAJIO OBl JIWIbL BBEIEHUE Mmez2d
cmpyxmypst. B pesynabraTe, HampuMep, 9aCTO BCTPEYIAIONINECS B CTAPHIX MTPO-
rpammax #Ha Cu onmcanus BUIA

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

ABJAIOTCS € TOUKM 3peHust Cu++ HEKOPPEKTHBIM M3-33 BO3HUKAIOIIEr0 KOH-
daukra umén (B a3pike Cu Takoro KOH(QJIMKTA HE BO3HUKAJIO, T.K. TEru
CTPYKTYD ¥ MMEHA THUIIOB OTHOCUJIMCH K PA3JIMYHBIM IPOCTPAHCTBAM MMEH).
Samerum, aro B Cu++ OpU ONUCAHUK CTPYKTYPbI HET HEOOXOIMUMOCTH
UCIOJIB30BaTh typedef, MOCKONBKY UIAEHTH(DUKATOP, CTOSIIUI MOCTIe CIOBA
struct, yxe cam 1o cebe mpezacTassgeT coboil UMs HOBOrO TUia (B OTIMYUE
ot Cu, rae 3T0T uAEHTHMOUKATOP CIUTAJICS TETOM CTPYKTYPhI U TPEBPAITAJICS
B MMs THUIIA TOJIBKO B cOYeTaHuu co cjoBoM struct). Tak, nocie onucanus

struct sl {
int x, y;
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B si3bike Cu++ MBI MOXKEM Cpa3y OMHUCHLIBATH MTEPEMEHHBbIE THTa S1i:
sl a;

TOrIa KakK B si3bike Cu MBI BBIHYZKI€HBI OBLIN WCIIOJIH30BAThH CJIOBO struct:
struct sl a;

(Bupouem, koMmmuisaTop Cu+-+ TaKoe TOXKE MOHUMAET).

B psne curyanmit komnuiasatop Cu++ Benér cebsi cTpoxke, YeM KOMIIH-
nsrop uucroro Cu, BbIaBasi, HAIPUMED, OMMOKY Tam, rjae B Cu BO3HUKIIO
Obl KAK MAKCHUMyM Tpeaynpexkiaenne. K TakuMm CHTyanusM OTHOCSTCS, BO-
[IEPBBIX, BbI30BbI HEOObsIBICHHBIX GyHKImi: B Cu dra cuTyanus CIUTACTCs
«HEXOPOIIEil, HO JOMyCTUMOW», TaK UTO, €CJIU 3a0BITh TMOIK/IIOUYATH KaKOM-
HUOYIb 3ar0JIOBOYHBIH (DailjI, TporpaMMa MOXKET OJIArOMOIyYHO OTTPAHCIIU-
poBaThCsl, XOTsk U ¢ npenynpexaenusmu. B Cu-++ 3T0T HOMEp HE MPOXO-
aut: eciu (DYHKIWMS He ONKMCAaHA, €€ BbI30B PACCMATPHUBAECTCS KAK OIIHOKA.
Bo-BTopnix, omunbKoit Oymer HessBHOE IpeoOpa30BaHKe aIPECHBIX BhIPAKEHMIH
HECOBMECTUMBIX TUIIOB: HAMTPUMED, TPUCBANBAHNE BHIDAYKEHUS THTIA, int* me-
pemenHoi Tuna double* Bhr3oBer omuOKy B Cu++-, Torma kak B uncrom Cu
BBIJIABAJIOCh TOJBKO mpeaynpexaenue. Ommubdkoit 8 Cu++ Oymer u HesiBHOE
mpeobpa3oBaHue BLIPAYKEHUS THUMA Void* B BbIpaskeHUE JPYroro ajpecHoro
THIIA, B TO BpeMsl Kak KOMIUAATOP ducToro Cu He BbIIAET B TAKON CHUTYAIIUN
JIaXKe MPEJYIPEXKJICHUS .

B cpasuenunu ¢ uncrbiv Cu 361k Cu-+-+ umeer psaji JONOJHUTEIbHBIX (1
JIOBOJILHO MPUSTHBIX) BO3MOXKHOCTEN, KOTOPBIE MOKHO 3aMETHUTH €IIIE /10 BBE-
JeHus cpeacts, umetonux oraomrenne K O OII. OrMeruM TONBKO JBa U3 HUX.
Bo-niepBbix, B Cu++ ommcanue mepeMeHHo# CTaIo Onepamopom , ITo I03B0-
JISieT BCTABJIATH €10 B IPOU3BOJBHOE MECTO IIPOrPAMMbI, & HE TOJBKO B HaYa-
J10 GJioka, (HamoMauM, uTo B uncToM CH HeJIb3s ONucaTh MePEMEHHYIO TOC/Ie
TOro, Kak B OJIOKE BCTPETHJICS XOTd Obl OMUH Oneparop). B psje ciydaes 910
ymobuo. Bo-Brophix, B Cu++ HaApsLy C TPUBLIYHBIMU «OJIOYHBIMUAY KOMMEH-
TapUsIMU, KOTOPBIE 3aKITI0YAIOTCSA B 3HAKHU «/*» U «*/», BBEJEHBI CMPOUHDBLE
KOMMEHNAPUY, 0003HATAEMbBIE 3HAKOM «//»; KOMIUISITOP MPOUTHOPUPY-
€T BeCh TEKCT, HAMUCAHHBINA MOCJIe TAKOr0 3HAKA, BILUIOTH 0 OJIMKAMNIIEro
CUMBOJIA TIEPEBOIA CTPOKH.

Ectb u apyrue oryinyusi, 0 KOTOPHIX BbI IMOCTEIIEHHO Y3HAETE.
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2. AGcTpaKTHBIE TUIBI
JAHHDBIX 1 MHKAICYJISINS

§ 2.1. MeToapl, OObEKTHI 1 3AMIUTA

B s10i yacrtu Kypca Mbl Gy/Jl€M OTTAJKUBATLCA OT YK€ U3BECTHBIX HAM
cpencts, mpumemmux B Cu++ u3 sa3pika Cn, MOCTENEHHO BBOMIA HOBBIE (CIie-
nuduaeckue 1151 Cu++) BO3MOKHOCTH.

§2.1.1. ®yHKnun-1IeHb! (METOIbI)

Jnrs mopmepKku OOBEKTHO-OPUEHTHPOBAHHOIO INPOrPAMMHPOBAHAS B
Cu++ BBOmgTCH noOHATUS PYHKUUT-4aeH08 U Kaacco8. O KiaccaX MbL
paccKaykeMm TO3IHee, a MoK, TOMBITAEMCST TOHSITh, UTO JKe Takoe «(yHKIUs-
YJICH>.

ITycts HAM TIOTPEOOBAIACH CTPYKTYDA, [IJIsl TIPEICTABICHIS KOMILJIEKCHOTO
YUCIIA 9e€pe3 NEHCTBUTENbHYI0 B MHUMYTO JACTH:

struct str_complex {
double re, im;

}s

Beesem Tenepb onepanuio BbIUHCIEHHs MOJYJisi KOMILIEKCHOro 4mcia. Ha
s3bike Cu HaM TPUILIOCH ObI OMUCATH TPUMEPHO TAKYIO (DyHKIHIO:

double modulo(struct str_complex *c)
{
return sqrt(c->rexc->re + c->im*c->im);

}

Azpik Cu++ mO3BOMSET CAETATH TO JKE CAMOE HECKOJIBKO 60Jiee 3JIeraHT-
HO, TIOTYEPKHYB HEITOCPeACTBeHHOe oTHOmeHne pyHKinn modulo () K CymHO-
CTU KOMILJIEKCHOTO ducia. DyHKIUIO Mbl BHECEM 8HYMPb CIPYKTYPbL, CAEJIaB
«KakK OyaTo ObI €€ 9acThio»:
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struct str_complex {
double re, im;
double modulo() { return sqrt(rexre + im*im); }

};

ObparuTe BHUMAHWE, YTO B TejIe (DYHKIMH BCTPEIAIOTCS OOPAIIEHNS K TIOJISIM
CTPYKTYPBI TIPSAMO TIO0 WMeHaM, 0e3 yTOYHEHHus, OTKYJa Takoe nMs Oepércs,
KaK ecyii ObI 9TO OBLIN MPOCTHIE TIEpeMEHHbIe, & He 1MoJisd. Temepb MbI MOXKEM
HAaIUCATh, HAIIPUMEDP, TAKOH KO

str_complex z;
double mod;

z.re = 2.7;

z.im = 3.8;

mod = z.modulo();

Oyukuys modulo() HasbIBaeTCs GUHKUUET-YAEHOM WA MEMOJOM CTPYK-
Typbl str_complex. Unorua peub uuer o memode obsexma (B JaHHOM CiLy-
yae — OOBEKTA Z), IPU ITOM UMEETCsl B BHIYy METOJ, TOTO THMA, K KOTOPOMY
npuHaAIeXRKUT 00beKT. Kak BUIHO u3 mpuMepa, METOJ BhI3BIBAETCS HE CaM
Mo cebe, a 0aA KOHKPEeMH020 00seKma, U Kak pa3 u3 3TOro 00bekTa 6epyres
[OJIst, KOTJIA B Te€Jie MEeTOJ[a MMeeT MeCTO ODpAIleHHe K MO0 CTPYKTYPBI 110
nvenu. B 1aHHOM Ciiydae MeTo[ BbI3BaH /i OObEKTA Z, TAK YTO B €r0 TeJje
YIOMWHAHUS UAeHTH(MUKATOPOB re U im OyIyT COOTBETCTBOBATE TOJISIM Z . Te
uz.im.

BbI130B MeTOIA — 3TO MMEHHO TO, 9TO B TEOPUHU 00bEKTHO-OPUEHTUPOBAH-
HOTO IPOrPAMMUPOBAHUS TIOHUMAETCS IO 0MNPASKOT CO00ULeHUA 00BEeKMY.
Nuage roBopsi, mepmuns, «6v3068 mMemodas u «nepedana coobuwenuss A6.As-
romea cunonumamu. Mbl MOKeEM, Cjie10BaTEIbHO, CKA3aTh, YTO B MOCJIETHEN
CTPOYKE BbILIEIPUBEAEHHOIO (PparMenTa Koua Mbl nepedasu 0bsexmy z coob-
werue modulo, O3HAYAIOIIEE «TOCUUTAN CBON MOIY/b»; OOBEKT OTBETHU HA,
HaIlle COODIeHNe, TPUIEM B OTBETE COMEPKAJIOCh UmMcyIo Tuma double, pas-
HOE MCKOMOMY MOJIYJIIO; TIOJIy9UB ITOT OTBET, MbI TPUCBOWJIN €70 TIEPEMEHHO
mod.

§ 2.1.2. Yka3zaresp this

Ha camowm gene, Bbi30B DyHKIUU-4IeHa (METOI) OOHEKTa ¢ TOUKH 3Pe-
HUSI PEATTU3aliy TPEJICTABIISAET OO0 abCOTIOTHO TO K€ caMoe, YTO U BHI30B
00BbIIHOM (DYHKITMH, MEPBBIM TTAPAMETPOM KOTOPOI SBJISETCA aIPEC 00bEKTA.
B wactHOCTH, B mpembrayieM maparpade Mbl 3aMEHWIN BHEMTHIOI (PYyHK-
nuio modulo, NOJIy4YaBIIyIO aJgpec CTPYKTYPbl, HA MeTo/; modulo, ONUCAHHBII
BHYTPU CIPYKTYDPbl, & BbI30B C ABHOI llepejadeil ajipeca — Ha BbI30B MeTO/1a
JI7IsT OOBEKTA; TIPU 3TOM Ha YPOBHE MAULUHHOZ0 KOO0Q HUKAKUT USMEeHEeHUT He
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npoudowno. LoBopaT, 4T0 GYHKIUIM-UJIEHAM PU BBI30BE UX [JIs 00BHEKTA
epeiaéTcs Hes8HbLIt napamemp — ajapec 00bEKTA, JJIs KOTOPOro QyHK-
1S BBI3HIBAETCS.

K sTtomy mapamerpy mpu HEOOXOAUMOCTH MOKHO OOPATUTHCS; €r0 UMEHEeM
ABJISIETC KJIi09eBoe ¢a0oBO this. MoxxHO BocmpuHrMars this Kak JIOKaJjIb-
HYIO KOHCTAHTY, IMEIOIIYIO0 TUI A* TIoe A — MMS OMUCHIBAEMOMN CTPYKTYDHI.
Hampuwmep, onucanuyo B Ipeapiayiiem maparpade BEpCuio CTPYKTYPbI MOK-
HO OBLTO OBI TIEPEnucaTh W TaK:

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

}s

B ganHOM KOHKPETHOM CJIy9ae 3TO HE UMeeT 0CODOr0 CMBIC/IA, OTHAKO ObIBA-
IOT U TaKWe CUTYAIlnh, B KOTOPBIX HCIOJIb30BaHMe this OKa3bIBaeTCss HEOD-
XOAUMBIM; TOCTATOYHO MPEACTABUTH cebe, UYTO W3 METO/a HY»KHO BbI3BATH
Kakyo0-1u60 byHKIuo (OOBIYHYI0 MM METOJ APYroro o6beKTa), apryMeH-
TOM KOTOPO# JIOJIZKEH CTaTh KakK pa3 00bEKT, JJjisi KOTOPOro HAC BbI3BAJIH.

§ 2.1.3. 3amuTa. [longarue KOHCTPYKTOpa

YtoObl CTaTh MOJTHOIEHHBIM OOBLEKTOM, HAIlleil CTPYKType He XBaTaeT
CBOHMCTBa 3aKPBITOCTU. JlefCTBUTENBHO, MOJS re W im JOCTYIHBI U3 JTFO0O-
ro MeCTa B IpOrpamMme, Ijie JAOCTYIHA cama CTPyKTypa str_complex. s
TOrO, YTOOBI CKPBIThH JETAJIN peaan3ainn o0bekTa, B s3bike Cu-++ BBemeH
MEXaHU3M 3aULUMbL, KOTOPBIA MO3BOJIAET 3alPETUTH JIOCTYI K HEKOTOPBIM
9acTaM CTPYKTYPbI (KaK MOJIAM, TaK U (DYHKIUAM-METOIAM) U3 JIIOObIX MECT
MPOrpaMMbl, KpoMe Tes (pyHKIUi-MeTo10B.

s moiepKaHus 3TOr0 MEXaHU3Ma B sA3bIK BBEIEHBI KJIIOYEBBIE CJIOBA
public u private, KOTOPbIME B OLUCAHUU CTPYKTYPbL MOI'YT ObITH LOMEqe-
HBI TOJI M METOIbI, JOCTYIHbIE U3BHE CTPYKTYpPHI (public:) u, maoGopor,
JOCTYTIHBIE TOJILKO W3 Tel byHKIuii-meTonos (private:)!. Tlonbitaemes me-
penucaTh HAITY CTPYKTYPY C UCIMIOTb30BAHUEM 3TUX KJTIOUEBBIX CIIOB.

struct str_complex {
private:
double re, im;
public:
double modulo() { return sqrt(re*re + imkim); }
s
I HeckombKo MO3Ke Mbl BBeJleM eIé U KJII0UeBOe CJIOBO protected.
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Terneps moJIs re u im JOCTYIMHBI TOJIBKO U3 Tesa MeToaa modulo ().

Jlerko 3ameTuTh, OJHAKO, YTO MOJIL30BATHCH TAKOM CTPYKTYPOHl MbI HE
CMOKeM, T.K. B Hell He IIPeJlyCMOTPEHO HUKAKUX CPEJICTB JJId 3a/1aHusd 3Ha-
genuit nosieii re u im. Tak, ¢pparmenT Koza, npuseseHublit HA cTp. 13, moupo-
cTy OyZeT OTBEPTHYT KOMIUISTOPOM, BEIb IMOJIs TEMEPh HEIOCTYIHBI, B TOM
quCIIe W JIJIs IpUCBauBaHus. Pemurh npobieMy MOYXKHO, BBE/Is COOTBETCTBY-
omuit MeTo, [IUis 3aanns 3HadeHuil moseil. Onucanuwe HaIEd CTPYKTYPBI
MOTJIO ObI BBITVISAZAETH 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 KO,IL, BbI‘II/ICJIHIOH_LI/II'/JI MO,HyJIb 3aJaHHOTO qI/ICJI&, MbI Tenepb nepennmeM TaK:

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

JlaHHOE pellleHre HMeeT OueHb CepbesHbIH HemocTaTok>. JIeno B TOM, 9TO ¢
MOMEHTa, O0bsIBJIEHUs TIEPEMEHHOMN Z /10 BbI30Ba PYyHKINN set () Hall 06beKT
(nepemeHHasi z) OKA3bIBAECICH B HEONPEOEAEHHOM COCTOHHMU, T.€. IOLbITKU
€ro WCIOJIb30BaTh OYIAyT 3aBesoMoO Omub0YHbl. Q4ueBUIHO, OBLIO OBI JIydUIe
MTPOM3BECTH WHUITHAIUIAIIIO 00 BEKTA HEITOCPEICTBEHHO B MOMEHT €r0 CO31a~
HusA. bojee Toro, ObLI0 OBI JIOTUYHO 3anpemums Co3maHne 00beKTa B 00XOT
MHATAATH3AIAH.

A3bik Cu++ 103BOJISET 3a1aBATH KOMIIUIATOPY YETKUE MHCTPYKIUH OT-
HOCHUTEJILHO JIeHCTBUi, HEOOXOIUMBIX MPY WHUITHAIU3AINYN 00beKkTa. Jljis 310~
T'0 BBOIHUTCS €IIE OJHO BAXKHOE MOHITHE — KOHCMPYKmMop obsexma. Kon-
CTPYKTOP — 3T0 (DYHKIUA-METO, CIIEIUATHHOTO BUIA, KOTOPAas MOXKET, KaK U
obbraHas PyHKINs, UMETH IAPAMETPhI UM HE UMETh UX; TeJI0 3TOH DyHKIIH
KaK pa3 u IPeACTaB/IsgeT COO0M MOPSI0K AeHCTBUM, KOTOPbIE HEOOXOTIMO BbI-
MTOJTHUTD BCAKUH Pa3, KOTJIA CO3MAETCsA OOBEKT OMUChIBaeMOro turma. Hamucas
KOHCTPYKTOD, Mbl TEM CaMbIM «OObICHIEM» KOMIUJIATOPY, Kak (B COOTBET-
CTBUU C KAKOH MHCTPYKIMEIt) CO3/1aBaTh HOBbIA OO'bEKT JAHHOIO THUIIA, KAKUE

2Bonee Toro, GOMLITHACTBO KOMITHIATOPOB BBITACT MIPETYTIPEZK ACHHE TTPU TIOTBLITKE KOM-
NHUJIANUYA TAKOTO OOBbSIBJIEHUSA CTPYKTYPHL.
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MapaMeTphbl JOJIXKHBI OBITH JJIs 9TOTO 33/IAHbI W KAK BOCIIOJIB30BaThCs 3HAYE-
HHUSIMH 9THUX apaMeTpPOB.

KoMmmaaTop ornmaaer KOHCTPYKTOPBI OT OOBIYHBIX METOIOB 110 MMEHH,
KOTOPOE COBIIQJAET ¢ UMEHEM ONUCBHIBAEMOrO THIA (B JAHHOM CJLy4ae CTPYK-
Typbl). [TOCKOIBKY KOHCTPYKTODP MIPAET CIENUAIbHYIO POJIb U B IBHOM BH/IE
He BBI3BIBAETCS, THI BO3BPAIIAEMOrO 3HAUEHUS JJIS KOHCTPYKTOPA yKa3bl-
BaTh HeJb3s (OH He BO3BPAIIAET HUKAKUX 3HAYEHUIT; B OMPEIETEHHOM CMBIC-
JIe PE3yIbTaToOM PAGOTHI KOHCTPYKTOPA ABISAETCA CaM OOBEKT, /1 KOTOPOTrO
ero BbI3BaJIN).

ITpowumocTpupyem CKa3aHHOE, IIEPENucaB CTPYKTYDPy str_complex:

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

};

Beensa koucrpykrop (yHKIMIO-METO ¢ MMeHeM str_complex), MbI COOOIIU-
JI KOMITIJIATOPY, YTO JIJIs CO3Janns 00beKTa Tuia str_complex HeoOXo1uMo
3HaTh JBa dnc/a tuna double, u 3amamu HAOOP JE€HCTBUM, TOIEKAINAX BbI-
MTOJTHEHWIO TIPY CO3IaHUHU TAKOro 00bekTa. B 3ToM Habope meiicTBuit TOBOPUT-
Ccd B TOM YHCJE W O TOM, KaK BOCIOJIb30BATHCI 33JJaHHBIMHA YHUCIAMH THUTIA
double: mepBoe M3 HAX HCIOJB30BATH B KA4eCTBE JEWCTBUTEJIbHOU 4YaCTH,
BTOPOe — B KavdeCTBe MHAMOU YaCTH CO3/1ABAEMOT0 KOMIIJIEKCHOTO YHUCTIA.

Boobue, B cemanTuke Cu++ nobasi nepemMeHHast CO34aeTCs C NOMOLLBHO KOHCTPYK-
Topa. Bo MHOrMX cny4asix KOMANASTOP CHUTAET KOHCTPYKTOP CywecTByownm ( <HesB-
HO» ), HECMOTpSl Ha TO, 4TO B NPOrpaMMe KOHCTPYKTOP He OMuCaH.

Koz Boraucsienns: Mojtysisi T€epb MOXKHO [IEPENUCATH BOT TAK:

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

Boutee Toro, mjist Takoii omepanuy HaM He 00s3aTeIbHO ONMUCHIBATH MEPEMEH-
HYT0, IMEFOIyI0 uMs. Mbl MOr/IH ObI HAIMMCATH W TaK:

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

B mocnemsem ciyduae MbI CO31aH BPEMEHHYI0 GHOHUMHYIO NEPEMEHHYIO

Tuna str_complex u Jurd 3TOH mepeMeHHO! Bbr3Basu Mero modulo ().
3nechr HEOOXOIMMO CAenaTh O4eHb BaxKHOe 3amedanue. Ilocne BBemenus

KOHCTPYKTOPA, NUMEIOIIETro NapaMeTphl, KOMIUIATOD OTKa>kKeTcsd CO31aBATh
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00beKT THMa str_complex 6e3 yKasaHus TpeOyeMbIX KOHCTPYKTOPOM JBYX
3Ha4YeHUll, TO eCThb Npeablayllad BepCud KoJla, COAeprKaBIllad ONUCAHUE

str_complex z;

KOMTIHJINPOBATHCs Oosibie He Oyaer. Eciu 910 co3maér mHeymoOCTBa, TO MpH
HeO6XO,ZLI/IMOCTI/I MO2KHO 3aCTaBUTH KOMITHJIATOP CHOBa CUYHUTATH TaKHE O6’bHB—
JIEHUSI KOPPEKTHLIMU; O TOM, KaK 9TO JIeJIaeTCd, Mbl y3HaeM u3 § 2.4.

Cremyer OTMETUTh, 9TO CHHTAKCUC CO3MAHUS TEPEMEHHON M0 33 IaHHOMY
mapamerpy gomyctuMm B Cu++ u st IepeMeHHbIX BCTPOEHHBIX THUITOB. Tak,
HAIIPUMED, OIEPATOP

int v(7);
O3Ha4aeT abCoJIFOTHO TO YK€ CaMOe, YTO U IPUBLIYHOE 110 g13bIKy Cu omucanue
int v = 7;

OrMernMm emmé OauH HeMAJOBAXKHBIA MOMeHT. EmmHuieil 3ammrbl B
Cu-++ sBasiercst He 00beKkT, a Tull (B JAHHOM CJIy4ae CTPYKTypa)
EeJIMKOM. DTO O3HAYAET, YTO U3 TeJI METOI0B Mbl MOXKEM OOpalnarbcs K 3a-
KDPBITBIM IIOJIAM HE€ TOJIBKO <«CBOEro» O6’beKTa (TOI‘O, JJId KOTOPOro BbI3BaH
MeTO), HO U BOOOIIE JII060r0 OOEKTa TOrO YKE THUTIA.

§ 2.1.4. 3aueMm HY2KHA 3aIUTA

CMBICT MeXaHu3Ma 3allUThl YACTO OKA3BIBAETCS HEMOHATEH MPOrpaMMu-
cTaM, HAYMHAIOIIUM OCBAUBATH OOBHEKTHO-OPUEHTUPOBAHHOE MPOIPAMMUPO-
sBauue. [lonpobyem 1osACHUTH €ro, OCHOBBIBAACH HA HAILEM IIPUMEDE.

IIpesncraBum cebe, 4To HaIa CTPYKTypa str_complex HCHOJB3YeTCH B
OOJIBINO TTPOrpaMMe, AKTUBHO pabOTAIOIIEH ¢ KOMIIJIEKCHBIMU ducaaMmu. Mo-
JKET CJIYYUThCS TaK, 9TO B MpOrpaMMe OyIeT OYeHb 4acTO TPeODOBATHCS BbI-
quCIeHne MOMyJIell KOMILIEKCHBIX duces. Bojee TOro, MOXKeT OKa3aTbCSI W
TaK, YTO UMEHHO MOJY/Ih KOMIIJIEKCHOTO YUCJIA TPEOyeTcs HAM [arke YAallle,
9eM ero JefiCTBATe/bHAsA U MHUMAs 9acTu. B Takoil curyamnum, CKOpee BCero,
HAaIlIa 1porpamma OyJeT NPOBOAUTH 3HAYUTEIbHYIO YaCTh BPEMEHU CBOErO Bbl-
TTOJTHEHWS B BhIAuC/IeHUusX Moaysiei. OOHAPYKUB 3TO, MBI MOXKEM B KAaKOU-TO
MOMEHT TIOHSITh, 9TO B JAHHON KOHKDPETHOW 33/1a49e yI00Hee XPAHUTH KOM-
IIJIEKCHBIE YUCJa B MOJIAPHBIX KOOD/MHATAX, a HE B JEeKapTOBBIX, TO €CTh B
BHJIEe MOJyJid U apryMeHTa, & He B BUJEe NEeUCTBUTEJbHON U MHUMOI YacTei.

Ecnmu vbr He mpuMeHsin 3amUTy, TO, CKOPEe BCEro, BCE MOIYJIU HAIled
[IPOrPaMMBbI, B KOTOPBIX HCIIOJIB3YIOTCSH KOMILJIEKCHBIE YUCIIA, COIEepKaT 00-
pamenus K nosism re u im. Eciu B Takoit nporpamme uaMenurs criocob xpame-
HUST KOMTLJIEKCHOTO YHCJIa, yOPaB MOJIsk re U im W BBEIsT BMECTO HUX, CKAYKEM,
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noJ1st mod ¥ arg Jis XpaHEeHUs MOJyJisl U apTyMeHTa, (T. €. HOJIAPHBIX KOOD/IU-
HAT), TO BCE YaCTH IPOrPAMMbI, UCIOJIb30BABIINE HAIILY CTPYKTYDY, EPecTa-
HYT KOMIWJIMPOBATHCS W HAM TMPHUAETCH UX HCHPABIATH. Eciau mporpamma
J0cTaTo4Ho Gosbmias (4 COBPEMEHHBIE POIPDAMMHbIE IIPOEKTHI COCTOAT K3
MHOI'MX COTEH M JIa’Ke ThICAY MOJYJIEl), TAKOE PEJAKTUPOBAHUE MOXKET 110~
TpebOBATH CYIIECTBEHHBIX TPYI03aTPAT, IPUBEIET K BHECEHUIO B TIPOIPAMMY
HOBBIX OIMMUOOK H T. II., TAK YTO, BIIOJTHE BO3MOXKHO, HAM TPHUIAETCA OTKA3ATHCS
OT U3MEHeHHuil, HeCMOTPA Ha BCIO UX IMOJIE3HOCTb.

JomycTuM Temephb, YTO MBI WCIOJH30BAJH 3AIUTY U CAECTAJN BCE TIOJISA
HEJOCTYITHBIMIA OTKY/Ia Obl TO HU OBLIO, KPOME METOO0B HAIeil CTPYKTYPHI.
Koneuno, mpu ncnosib30BaHUU KOMILJIEKCHBIX YHCET 9acTO ObIBAET HYKHO
y3HaTb OT/EJIbHO JeHCTBUTENbHYI0O U MHUMYIO 4acTH 4UCJa, HO Jijid 3TOrO
MOYKHO BBECTH CHEIMAJIbHBIE METOIEI, HATPIMep®:

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); }

};

IMockonbKy K MONsIM Te W im Temepb HE MOTYT OOPAIATHCS HUKAKHE dYa-
CTH TPOrPaMMBbl, KPOME HAIUX METOJ0B, Mbl MOMKEM OBITh YBEPEHBI, YTO
[EPenucarh HaM HPUAETCS TOJIbKO HAINU METObl, & BECb OCTAJIBHON TEKCT
MPOrPaMMBbI, U3 CKOJHKH ObI MOMYJIEil OH HHM COCTOSJI, COXPAHMUTCS 0e3 u3-
MeHeHn# u OyneT paborarh, Kak u paHbire. Koneuno, meroasl get_re() u
get_im() Temeph CTaHyT ropas/io CIOXKHEe, YeM ObLIH, 33aT0 YIIPOCTITCS Me-
tomel modulo () u 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);

}

33meck MBI BBEASEM 3a0/HO DYHKITHIO BLIIHCICHIS ApTyMeHTa, KOTOpas 6yaeT HCIob30-
BaThb CTAHAAPTHYIO (hyHKIUIO atan2() [jis OnpenesieHus] COOTBETCTBYIONIEr0 APKTAHTEHCA.
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double get_re() { return mod * cos(arg); }
double get_im() { return mod * sin(arg); }
double modulo() { return mod; }

double argument() { return arg; }

};

B Takoit cutyanum MbI maxke MOKeM cebe TO3BOJIUTH HMETh JBE PEATH3AIIAI
CTPYKTYPBI str_complex, MeK/1y KOTOPBIMA BbIOOD OCYIIECTBIISETCS TUPEK-
TUBAMHU YCJIOBHOM KOMTUIATINNA. TakuM oOpa3oM, He MEeHSs TEeKCTa TporpaM-
MBI, MBI CMOYXKEM OTKOMITMJIMPOBATH €€ C MCIOJb30BAaHUWEM OJIHON peasn3a-
MW, U3MEPUTH OBICTPOIEHCTBIE, OTKOMIUINPOBATH MPOIPAMMY C KCIIOJb-
30BaHUEM JIPYTOil peasn3alnui, CHOBA U3MEPHUTH OBICTPOIEHCTBIE, CPABHUTH
pPe3yJIbTaTbl U3MEPEHUN U NPUHATH PelleHrne, KaKyI0 Peau3aluio UCII0Ib30-
Barb. B caydae, eciin HCIIOb3yeMble B MPOrPAMME aJrOPUTMbI H3MEHSTCS 1
HaM CHOBa CTAHET BBIT'OJHO XPAHUTH KOMIIJIEKCHBIE YNCJIa B JEKaPTOBBLIX KO-
Op/IMHATAX, TO JJIsi BO3BPATa K CTAPOW MOJE/N BOOOIIE He MPUIAETCS HUYEro
PeIaKTUpPOBATD.

Bonee Toro, Mpr MOXKeM B HEKW{l MOMEHT DPEITUTH, UYTO U Te, W JAPyTrue
BBIYHUCJICEHUA IIPOU3BOAUTEL JOBOJIBHO HAKJIQJHO, a IIaMATH HaM HE 2KaJIKO, U
HAYATh XPAHUTH B 00BEKTE KAK JEKAPTOBO, TAK W MOJSIPHOE TPEICTABICHIE
qHUCJIa:

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 = sqrt(rexre + im*im);
arg = atan2(im, re);

}

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

};

Teneps B HaIIEM 00HEKTE YETHIPE TOJIST, TPUUEM JIIOOBIE JBA U3 HUX MOYK-
HO BBIYUCJIUTE, TTOJIB3YSACHh 3HAYCHUSAMHU IBYX JPYTHUX, TO €CTh, WHAYE TOBOPS,
3HAYEHUs] HAINKUX TOJIeH HEe MOTYT ObITh TPOU3BOJIBLHBIME, a JIOJXKHBI BCETIa
HAXOAUTHCA B HEKOTOPOM COOTHOINEHUY (B JAHHOM Cilydae — napbl (re,im) u
(mod,arg) MOJIKHBI 33]ABATH OJHO M TO YK€ KOMILJIEKCHOE YUCJI0, XOTs U Pa3-
HbiMu cuocobaMu). B Takux ciyudasix rosopsr, 4ro xpanumasi uadopmanus
u36BMOYHA; B TOM HET COBEPITIEHHO HUYEro CTPAITHOTO, €CIU TOIHKO MbI
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MOXKEM ODECTIEIUTh UEAOCTNHOCMb WHOOPMAIUN, TO €CTh TAPAHTHPOBAThH,
9TO HAKOT/A B HAIEH MPOrpaMMe He BOSHUKHET TAKOH CUTyalluu, 9TO 3HAYE-
HUS PACCMATPUBAEMBIX MOJIEH TEPeCTaHyT HAXOIUTHCS B 3a(hUKCHPOBAHHOM
[l HUX COOTHOIIEHUM. 3aMeTUuM, 4TO JJisd O0ObIYHOIl (OTKDbITOi) CTPYKTY-
PbI HAM OBLIO OBl TSKEJIO TO TAPAHTUPOBATH, MOCKOJBKY B JIIOOOM MecTe
MPOTrPaMMBbI MOT' OBbI TIOSBUTHCS OMEPATOP, U3MEHSIOIINI TOJIHKO HEKOTOPHIE
U3 B3aMMOCBS3AHHBIX 3HAYEHUN W HE M3MEHSIONHMI IPyTrue; eCjIu MpOrpaM-
Ma MMEEeT CYIIECTBEHHBI 00bEM, M B OCOOEHHOCTH €CIu HaJ Heil padora-
0T HECKOJIBKO ITPOIPAMMUCTOB, YCJIEIUTD 3a MPABUJIBHOCTHIO UCIOIb30BAHUS
TAKOU CTPYKTYPbl MOXKET OKa3aTbCs npobiemarndno. Korja ke Bce modis
3aKPBITHI, JOCTYI K HUM UMEIOT TOJIBKO METOIBI OMMCHIBAEMONH CTPYKTYPHI,
OOBIYHO HAXOIAIINECS B PAMKAX OTHOrO MOy . OObEM TAKOTO MOIYJIsT, KAK
[IPABUIIO, HEBEJIUK B CPABHEHWH CO BCEH TPOrpaMMOoil, Hy a JIpyTrHue MporpaM-
MUCTBI JIOO BOBCE HE CTAHYT PEIAKTHPOBATH «9yKOM» MOMIYJb, JUOO, eCiin
Takask HeOOXOAMMOCTD BCE K€ BO3HUKHET, JIjisi Hadasia pa3depyTces, KaK 9TOT
MOJIYJIb JAOJIKeH (DYHKIMOHUPOBAT.

OueHb BaXXHO MOHATH, 4TO 3a1uTa B sizbike Cu-++ mpegHasHayve-
HA He JIJIsl TOr0, 4TO0BI 3alUINATh HAC OT BPAaroB, HO NCKJIYATEb-
HO JIJIsI 3alllAThI HaC OT caMUX cebs, OT COOCTBEHHBIX OIMMUb60K. Eciun
3aaThCs METbI0 ODOUTH MEXaHNU3M 3aIUTHI, 3TO MOXKHO CIE/IaTh 0€3 0COOBIX
npobsieM IyTéM MpeoOpa30BaHus TUIIOB yKa3arTeseil miu JAPYruMH CIOCcO0a-
Mu. 3amuTa, paboTaeT TOIBKO B CIyYae, eCIU TPOrPAMMUCTHI HE MPEITPUHNU-
MalOT IIeJIEHANPABJIEHHBIX JeiCcTBUH 10 eé 00xomy. Ho 0ObraHO mporpammu-
CTBI 3TOTO HE JIETAIOT, MOCKOJIBKY MOHUMAIOT TOJE3HOCTh MEXAHIM3Ma, 3aIUThHI
U BBITOJBI OT €0 KCIIOJIb30BAHUs, & TAK¥Ke W TO, YTO MOMBITKA ero 000iTH,
CKOpee BCero, IpUBE/LyT K BHECEHUIO B IIPOIPAMMY OIIHOOK.

Kak y»e roBOpmMJIOCh, COKPBITHE JIeTajiell peann3aIui HEKOTOPO# JacTu
MPOrpaMMBbI OT BCell OCTAJIFHOM MPOTPAMMbBI HA3BIBAETCSI UHKANCYAAUUET .
Sammra, SBISACh HEMIPEMEHHBIM CBOWCTBOM OOBEKTHO-OPUEHTHPOBAHHOTO
[IPOrPAMMUPOBAHUSA, TO3BOJIAET MIPOBOJAUTH MHKAINCYIISIUIO HA Oosee riybo-
KOM ypoBHe. VIMEHHO MO3TOMY WHKAICYJIAIUI0 YACTO HA3BIBAIOT OJHUM U3
«tpéx kutoBy OOIIL.

§ 2.1.5. Kuaccer

TTockombKy OONBITMHCTBO BHYTPEHHUX TIOJIEH 00HEKTOB OOBIYHO 3AKPBITHI,
Uist onucanusi 00bekTOB B Cu++ HCHOMB3YIOT CIENUaIbHO BBEIEHHBIN I
9TOi1 1IEJIN TUT COCTABHBIX ITEPEMEHHBIX, HA3bIBAEMbIil Kaaccom. Kiace — aTo
TUII IEPEMEHHO}, HAIOMUHAIONUIMH 3a1uCh (CTPYKTYDPY), HO OTJIMYAIOIMAC
TEM, YTO K L0JAM (WIEHAM) KJIACCA JOCTYIL 10 YMOJIYAHUIO €CTh TOJLKO U3
METO/IOB CaMOTO 3TOr0 KJacca.

Ilepenuiniem Hamty peaju3amuio KOMIJIEKCHOTO YHUCIa B BUIE KJIacca:

class Complex {
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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, uTo onmcano B KJtacce A0 C/I0Ba public:, KOMIUIATOP PACCMATPUBAET
KaK JICTAJIU PEAJIn3aun KJIaCCa U 3AIIPEIIAeT JOCTYII K HUM OTOBCIONY, KpOMe
Tes1 PyHKIUHR-9IeHOB TaHHOTO Kitacca. CioBo public: MeHsIET pexKuM 3ally-
ThI C 3AKPbITOrO HA OTKPBITHII, T. €. BCE, YTO OMUCAHO 1I0CJE ITOrO CI0Ba (B
JIAHHOM cJiydae 910 (yHnkuuu-dienbl Complex (. ..), modulo() u ap.) Gyuer
JOCTYITHO BO BCEM TEKCTe MTPOTPAMMBI.

Baxuo mOMHUTBH, 9TO MOJIeJIb 3alllUThl, BKJIOYaeMas M0 yMoJda-
HHUIO — 3TO €JWHCTBEHHOE OTJIMYME KJIACCOB OT CTPYKTYp. Bosbine
OHHM HHUYEM JPYT OT ApyTra He OTIMYAI0TCdA, IO KpaliHeidl mepe, ¢ TOYKH 3pe-
nust kommuiaaropa Cu++. Tem He MeHee, OOBIYHO TPOrPAMMUCTBI UCIOTB3Y-
10T CTPYKTYPBI LIS CIIy 9a€B, KOIA [0 CMbBICIIY I10JI JOJIZKHBL ObITH OTKPBITHI
U JIOCTYIHBI (HATTPUMED, TIPU OPTaHU3AINY CIIUCKOB ), & KJIACCHl — /I CJIyda-
€B, KOTJIa TI0JIsI TIPE/ICTABJIAIOT CODOi JeTan peaanu3aiui 00beKTa, KOTOphIe
JIydIlle BCero CKPBITh.

§ 2.2. IlepeonpegesieHne CUMBOJIOB
CTaHIAPTHBIX OIepalnii

B peasnbHOiT 331a49€ MBI BpsiZl JIW 3aXOTHUM OTPDAHUYHUTHCS €IUHCTBEHHBIM
JIefiCTBHEM, OCYIIECTBISEMbIM C KOMILIEKCHBIME ducjamu. CKopee BCero, Ham
MOTPEOYIOTCS TAKKe CJIOKEHUE, BhIYUTAHNE, YMHOXKEHUE U [T€JIEHUE.

Aszpik Cu++ mpeaocrasiisieT BO3MOXKHOCTHU 3AMKUCH TAKUX JAEHCTBU € 1TO-
MOIIBIO TPUBBIYHBIX CUMBOJIOB apudmerudeckux oneparuii. Kpome Toro, jro-
TUYHO TIPEyCMOTPETh BO3MOXKHOCTD Y3HATH JAEHCTBUTEIbHYI0 U MHUMYIO 9a-
CTW KOMIIJIEKCHOTO YHCJIa, €CJIM BAPYT HaM 3TO monaaoburcs. st aroro mo-
TTOJTHUM HAII KJIACC eI HECKOIbKUMHU (DYHKIIUSIMU-IJIEHAME, UMEHA, KOTOPBIX
OyZyT BBITJISAETh HECKOJIBKO SK30THYECKH. DTU (DYHKIWUHA KAK pPa3 u OyayT
ONUCBHIBATH JIEACTBHUsI, KOTOPbIE JOJKEH 110 HAIIEMY 3aMbICIY O3HAYATH CHM-
BOJI TOM MJIM WHOH apu@METHIECKON ONepaInn.

OrmMerum, 9T0 METOJBI B 9TOM IpuMepe OyayT 00paIaThCs K 3aKPbIThIM
[IOJIsIM HE TOJIbKO «CBOEr0» O0BbEKTa, HO U O0bEKTA, MEPEJAHHOIO KaK [Mapa-
MeTp. DTO HE HAPYIIAeT 3AIMUTY: KaK y¥Ke TOBOPUJIOCH HA CTP. 17, equHuIed
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3allIUTHI ABJIAE€TCA HE O6’beKT, a KJIaCC UWJIn CTPYKTYpPa KaK TaKOBBIC. HTaK,
IIUIIEeM:

class Complex {
double re, im;
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(re*op2.re - im¥op2.im, re*op2.im + im¥op2.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;

}

};

HeobxonuMo mosiCHUTD, 9TO CJIOBO operator SBJISeTCsS 3ape3e€pPBUPOBAHHBIM
(kar04ueBbIM) cy10BOM s3bika, Cu++. Crosiiue noapsij JBe JeKCeMbl operator
U + 00pasyrT ums GYHKUUU, KOTOPYIO MOXKHO BbI3BATh U KaK OOBLIYHYIO
dYHKITHTO:

a = b.operator+(c);

OTHAKO, B OTJIMYHWE OT OOBIYHOM (byHKIMHU, mosBieHne (DYHKIIAUA-OMEPAIUN
MTO3BOJISIET 3AMKUCATDH TO 2KE CAMOE B 00JI€€ IPUBLITHOM [IJ1sT MATEMATHKA, BUIE:
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Terepb MBI MOXKEM, K TIPUMEDPY, y3HATH, KAKOB OyJIET MOMIYJb CYMMBI JIBYX
KOMILJIEKCHBIX Y9HUCEeJ:

Complex c1(2.7, 3.8);
Complex c2(1.15, -7.1);
double mod = (cl+c2).modulo();

Kak Mbl yBu MM 1O32K€, AHAJIOTUIHBIM 00pa3oM B sa3bike Cu+-+ MOXKHO
TEPEOTIPEIETIUTh CUMBOJIBI JIIOOBIX OMEpAIWii, BKIIOYasi MTPUCBAVBAHUS, WH-
JIEKCUPOBAHNUE, BHI30B (DYHKIIUU U MPOIYIO «IK30TUKY>. CyIeCTBYIOT TOJIHKO
JiBe Ollepallii, KOTOPbIE HeJlb3sl IePEOIPeIeIUTh: 9TO TePHAPHAS YCAOBHAS
onepayus (a 7 b : c)uonepanus BLIOOPKY HOJIsl U3 CTPYKTYPbI UK KJIAC-
ca (rouka). Heobxonumo cpa3dy ke 3aMerurb, YTO Olepalus BbIOOPKHU [0Js
0 yKa3aTesio (CTpesKa) mepeonpeIensemMa, XoTs i HECKOIbKO K30 THIeCKUM
cocobom. Ko Bcem 3TuM BOMpOCaM MbI BEPHEMCS TIO3KE.

§ 2.3. Ileperpy3ka umén pyHKIUiA

IIpex e wem mepeiTv K JaaIbHEHTIIeMy OMUCaHNI0 BO3MOXKHOCTEH, MpeIo-
CTaBJIIEMbBIX MOHATHEM KOHCTPYKTOPa B Cu+-+, HEOOXOOMMO 0OpATUTH BHU-
MaHWFe Ha CBOWCTBO $3bIKA, HA3BIBAEMOE Tepez2py3koli uméH PyHKuud.
Cu++ mossosisier BBECTH B paMKax OHHOH 00JACTH BUIUMOCTU HECKOALKO
PABAUNHOLT GYHKUUT, UMEOUUT 00HO UMS U PASAUNGIOUUTCA KOAUYECTNEOM
u/uau munamu napamempos. Haipumep, Oyier BlOJIHE KOPPEKTEH CIIEAYIO-
Ui KOI:

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

IIpu o6paboTke BbI30BA (DYHKIINHA KOMITAIATOP OMPEIEIAeT, KaKyo (PyHKITHIO
U3 UMEIOIIUX OJHO UMsi HEODXOIMMO BBI3BATH B JIAHHOM KOHKPETHOM CJIydae,
WCIOJIB3Ysi KOJIMIECTBO U TUTbl (hakTuIecknx napamerpos. Hampumep:

print(50); // BuBBHBaercs print(int)
print("Have a nice day"); // BusnBaetcs print(const charx)
print(); // Bepcus 6e3 mapaMeTpoB

Takum ke 00pa30M MOXKHO TIEPerpykarTh W METOABI B KJIACCAX W CTPYKTY-
pax. B ocobenHOCTH 3TO CBOHCTBO OKA3BIBAETCS IOJIE3HBIM IIPU OMUCAHUH
KOHCTPYKTOPOB.

OrMeruM, 94TO BBEJEHUE MEPErpPYKEHHBIX (DYHKIUI MOXKET IMPUBECTH K
COBEPIIEHHO HEOXKUJAHHBIM 110CaeAcTBUAM. TaK, ciemyomuil Ko cam 1o cebe
KODPEKTEeH:
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void f(const char *str)

{
printf ("9To cTpoka: %s\n", str);
}
void f(float f)
{
printf ("9To uwmcno ¢ mmaBawmeidl Toukoim: %f\n", f);
}

Kowmmunsrop Bmosme crnpasurcs ¢ Bbr3oBamu f ("string") u £(2.5), mo-
CKOJIbKY HUKAKHX DPAa3HOYTEHWU TYT He BO3HHMKAaer. Bosee TOro, naxke BbI-
308 f (1) Oyzer yCHenHo OTKOMIIIHPOBAH, OCKOIbKY IEJI0€ MOXKHO HESBHO
npeobpa3oBarh K Tuny float, HO He K Tumy const char *. OgHAKO BBI-
308 f(0) Oyzmer paciieHeH KOMIAIATOPOM KaK OIMMUOOYHBIN, T. K. KOMITUISTOD
C COBEpIIEHHO OJWHAKOBBIM YCIIEXOM MOXKeT mpeobpas3oBaTbh O KaK K THUILY
const char*, tak u K tumy float. Mexmay Tem, eciu ObI B MpOrpaMMe MpH-
CYTCTBOBAJIA TOJBKO OJHA U3 JABYX Bblieonucanubix dbyuxuuii £ (mmobas!),
BBI30B f (0) OLLT OBI 3aBEIOMO KOPPEKTEH.

§ 2.4. KoncTpykTop ymosadyauus. MaccuBbl
00bEKTOB

Bosspaiascs kK Hamemy kiaaccy Complex, namomuuMm (cMm. crp. 16), uro
ommcarh nepemMenHyo tuna Complex MPUBBIYHBIM HaM OOpa3oM 0e3 BCAKUX
[1apaMeTpOB HeJlb3d, T. K. JJId €JJMHCTBEHHOI'0 KOHCTPYKTOpa KJjacca Complex
TpedyroTCcs nBa mapaMerpa. Takum 0Opa3oM, CIeayroIuii Koma, OyaeT HeKOp-
PEKTeH:

Complex sum; // ommbra - HeT mapaMeTpPOB s KOHCTPYKTOpPA
sum = cl+c2;

Kpowme Toro, y HaC BOSHUKHYT CJIO?KHOCTH IIPU CO3JaHAU MACCHBOB KOMILIIEKC-
HbIX YUCEJ1; OOBIYHBI MACCUB 3apaHee 3aJaHHOrO Pa3sMepa Mbl CO3aThb CMO-
JKeM, HO TOJBKO MpW yKA3AHWW WHUINATIU3ATOPA, MMEIOMIEro BEChMa HETPH-
BUAJILHBIN CHHTAKCHC; 3a0erast BIIEpEN, OTMETHM, ITO JuUHAMUYECKUT MACCHUB
KOMILTEKCHBIX IHCENT MBI CO3JATh HE CMOYKEM BOOOIIE HUKAK, TIOCKOIBKY CHH-
TAKCHUC S3bIKA HE MO3BOJISIET 3aaTh MAPAMETPBI 151 KOHCTPYKTOPOB KazKI0T0
9JIEMEHTa MACCUBA.

CHATH BOZHUKIIHE MTPOOJIEMBI TIO3BOJISET BBEICHHE €IE OJHOTO KOHCTPYK-
ropa. HamoMenM, 9T0 KOMIHIATOP CIATAET KOHCTPYKTOPOM (DYHKITUIO-IEH
Kjacca (Wi CTPYKTYPbL), UMsl KOTODPOI COBIIAJAET C UMEHeM KJacca (uiiu
crpykrypbt). Buarogaps csoiicrsy neperpysku dbyukuuit 8 Cu++ Mbl MO-
JKeM BBECTHM B OIHOW OOJACTH BUIMMOCTH HECKOJIHKO (DyHKIWH C OTHUM W

24



TeM K€ MMEHEM; 3TO OTHOCUTCS, Pa3yMeeTcs, U K KOoHCTpyKTopaM. [masHoe,
9T00bl (DYHKIUM, UMEIONIUE OJUHAKOBbIE MMEHA (B JAHHOM Cjlydae — KOH-
CTPYKTODbI), Pa3IMYaIuCh KOJIMYECTBOM U/WJIM THIOM Hapamerpos. Vrak,
nobasuM B Kjacc Complex emnié ouH KOHCTPYKTOD:

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

/...

Terepsb MbI MOXKEM ONKCHIBATH IIepeMenHble Tuna Complex, He 3aaBas HUKA-
KuX mapamerpos. [lo3ToMy KOHCTPYKTOD, UMEIOIIHil IyCTO CIUCOK IIapaMeT-
POB, Ha3BIBAIOT KOHCTMPYKMOPOM 1O Yymoauaruro. Ero nammune nenaer
BO3MOXKHBIMHU, B YACTHOCTH, CJIETYIOIIAE ONMUCAHUS:

Complex z3; // ucmonb3yeM KOHCTPYKTOP IIO YMOJIYAHUIO
Complex v[50]; // romcTtpykTop 6ymeT Bm3BarH 50 pas
// T.e. OJNA KaXIOTLo 3JIeMeHTa

§ 2.5. KoHcTpykTopbl mpeobpa3oBaHus

IIpu co3manum nporpamMm Ha S3bIKAX, OOJIAMAIONIMX TUIU3ALUEN, HEPeI-
KO BO3HHKAET MOTPEOHOCTH MCIOH30BATH 3HAUEHWE OMHOTO THITA, TaM, T
IO CMBICJTY TPEIMOIaraeTcsa 3uadenne apyroro tumna. OauH U3 TpoCTeRmmx
OPUMEPOB TaKOil cuTyaluu — cjoxkenue (uiu Apyrag apudmerndeckas omne-
panys) YucJa C IUIABAIOIIEH TOYKON u nesioro umcia. B a3bike Cu B 1mo-
JOOHBIX CIIydasix IPOU3BOIUTCH TAK HA3BIBAEMOE HeA8HOEe Npeobpa3osarue
munos. Tak, ecin MBI ONMUIITEM TIEPEMEHHYIO a KaK IeJIOUNCIeHHYIO, & mepe-
MEHHYIO b Kak uMeromyio Tum float, ¥ mocse 3TOro UCIoAb3yeM B IIpOrpaMMe
BBIpAYKEHNE a + b, KOMIUJIATOP HeA6Ho Mpeodpa3yeT 3HaYeHne MepeMeHHOM
a k Tumy float, ¥ TONBKO IMOCJE STOTO BBHIMOIHUT CJIOXKeHrne. TOYHO TaK ¥Ke,
eci B mporpamme onucana ¢pynkius void f(float), Mbl MOXKeM 3amucaTh
BbI30B f(25), ¥ KOMIHIATOP COYTET TAKON KO/ KOPPEKTHBIM, T.K. «3HAETY,
KaKuM 00pa30M U3 [IEJIOTO YHUCIIA, CAEIATH YUC/IO C MIABAIOIIEH TOYKON; mHAYE
rOBOpsi, B s13bike Cu TPUCYTCTBYET MPABUJIO TTPE0OPA30BAHNS 3HAYEHUI THTIA,
int B 3Hayenud tuna float.

EcrecrBenno, s3bik Cu+-+ Takke MO3BOJSET MPOU3BOIUTH MOJMOOHBIE
HesIBHbBIE 11PE00PA30BAHUSA, HO, [IOMUMO ITOI'0, B HEM UMEIOTCH CPEJCTBA yKa-
3aHWs MPABUJI TPEOOPA3OBAHUS IS MUN0E JGHHVIL, 66€JEHHBLT NOAL30GA-
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meaem. OJTHUM 13 TAKUX CPEJICTB SBJISIOTCH KOHCMPYKMOPs: npeobpa3o-
8aHUSA.

OrBieKIuCh Ha BpeMst OT KOHKperuku si3bika Cu+-, 3amerum, 9To 3a-
JIaTh TTPABWJIO TPEOOPA30BAHNS 3HAYEHWI THUMA A B 3HAUEHWsT THUMA B — 3TO
TO K€ CaMOe, 9TO 33aTh WHCTPYKIIUIO 1O CO3TAHUI0 00beKTa TUla B 1o nme-
oemMycs 3nadennio Tuna A. B camowm mene, B pa3oOpaHHOM BBIIE TTPUMEpE
KOMIWJIATOP CHadaja CTPOWJI 3HadeHne Tuia float, MCHONB3YsS B KadecTBe
OTIIPABHON TOYKH MMeIOIIeecsd 3Ha4YeHne TUIa int; pazyMeercs, KOMIUIATO-
Py JJIst 3TOTO HEOOXOAMMO «3HATh», KAK TO JIEJIATh.

Kak ormeuanoch B § 2.1.3, urcrpykiuu kKommuisitopy Cu-++ mo cozma-
HUIO 0OBEKTOB KJIACCA HA OCHOBE 33/IaHHBIX IIAPAMETPOB JTAI0TCH IIyTeM OIuU-
CaHHUA KOHCTPYKTOPOB € COOTBETCTBYIONMMY 1apaMerpamu. Takum odpa3oMm,
€CJI BBECTH B KJlacCe B KOHCTPYKTOP, MOJIyYaloluii napaMeTrp Tumna A, 3To
KaK pa3 u OyaeT MHCTPYKIWS M0 CO3JAHUI0 O0HEKTA TUITA B M0 MMEIOIIeMyCs
suadvenuio tuna A. IlpeacraBiasgercs moIToMy BIIOHE JIOTHYHBIM HCIOJIB30-
BaTh TaKWE WHCTPYKIUHU IS 8bINOAHEHUA HEABHO20 NPEOOPA30SAHUA TMUNOS.

UTak, KOHCTPYKTODP, KOTOPBII TOJIy9aeT HA BXOJ POBHO OJIMH TIApAMETD,
AMEIOIIUI TUII, OTJIMYHBINA OT ONMMCBIBAEMOr'0, HA3BIBALTCA KOHCTMPYKIMOPOM
npeobpasosarus’ u NCHONB3YeTCA KOMIMIATOPOM HE TOIBKO B CJIydae fB-
HOT'O CO3aHusi O0bEKTa, HO U JJjid IIPOBEIEHUs] HESBHOIO Mpeodpa30BaHUS
THUIIOB.

IIpounmiocTpupyemM CkKa3zaHHOE HA TPUMEPE BBEIEHHOTO DaHee KJiacca
Complex. %lcHO, 9TO 1O CMBICIy KOMILJIEKCHBIX YHCEJ JII000€ IefiCTBUTE b~
HOE IHCJIO MOXKET OBITH IIPeoOpPA30BAHO K KOMILIEKCHOMY /100aBJICHUEM HYJTE-
BOI MHHUMOi1 9aCTH TOYHO TAK YKe, KAK IIEJI0e YUCIO MPeodpa3yeTcs K YuCiy C
IJIABAOIIE TOIKOI 10OaBIeHNEM HYJIEBOH Ap0obHO# YacTu. UYToObI BRIpA3UTH
3TO COOTHOITIEHNE MEXKIY JeMCTBUTEIHHBIMA U KOMILIEKCHBIMU YHUCJIaMU, J10-
MOJIHAM KJIACC CAEAYIONUM KOHCTPYKTOPOM:

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

C 0fHO# CTOPOHBI, HTOT KOHCTPYKTOP MO3BOJISET HAM OIKMCHIBATH KOMILIEKC-
HBIe YHUCJIa C YKa3aHWeM OJIHOTO JeHCTBUTEIHHOTO MTapaMeTpa, HalpuMep:

Complex c(9.7);

C apyroit CTOPOHBI, €CJIM B IpOrpaMme nMeeTcs (PyHKIINs
void f(Complex a);

MBI MOZKEM BBI3BATD €€ I AeHCTBUTEHHOTO TTapaMeTpa:

£(2.7);

4Ecnm ToMbKO CrenmanbHOE 3HATEHNE TAKOTO KOHCTPYKTOPA He OTMEHHTE JHPEKTHBOI
explicit.
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Braromapst nanmunio B kaacce Complex KOHCTPYKTOPA TPeOOpa30BaHUS KOM-
MAJIATOP COYTET TAKON BBI30B KOPPEKTHBIM; [IJIsT €r0 00pabOTKU C MOMOIIHIO
KOHCTPYKTOPa Mpeobpa3oBaHus OymeT CO3MaH 8PeMEHHbIU 0bsexm Tuma
Complex, KOTOpBI U Oyaer nojgan HA BxoJ (yHKIimu f.

§ 2.6. CchLiku

[Mousitue cewvtaky SBASETCS KIIOYEBBIM sl TOHUMAHUS JabHEHIero
marepuasia. Ormerum, 410 B sa3bike Cu HUYero noJ0OHOTNO HET, TAK YTO CChLI-
KU BbI3bIBAIOT OILIPEJIEJICHHBIE TPYAHOCTH Y MHOIUX cryieHToB. [locrapaiirecs
MTO3TOMY TIOIOWTH K M3yYEHWIO TAaHHOrO maparpada 0COOEHHO BHUMATEIBHO,
a TIPW BO3HWKHOBEHUW BOMPOCOB O0SI3aTE/IFHO 3a/aiTe WX BAIIEMY JIEKTOPY
WU TPENOIABATEO.

Ccebuika B Cut++ — 310 0CcoOBIH BHJT OOBEKTOB JTAHHBIX, PEATU3yeMbIil
IyTeM XpaHeHus aJpeca OObeKTa, HO CEMAHTHYECKH IKBUBAJIEHTHBIN CAMOMY
00bEKTY, HA KOTOPbI cebltaercs. VIHade roBops, JIIOObIE OIepaIiu Ha T CChLI-
KOIi OyIyT Ha CaMOM Jejie MTPOM3BOINUTCS HAJI TON TEpeMeHHO, Ha, KOTOPYIO
9Ta CChLIKA ycTaHOBIeHa. CHHTAKCHYECKHU TUT TAHHBIX «CChLIKA» OMMUCHIBAET-
Cs1 AHAJIOTUYHO YKA3ATETI0, TOJTBKO BMECTO CHMBOJIA, «%» HUCIOTB3YETCS CHM-
BOJI «&»°.

[IpowsutiocTpupyemM CKa3aHHOE MPOCTHIM IIPUMEPOM:

int 1i; // memodncleHHas NepeMeHHas
int *p = &i; // ykasaTenb Ha IepeMeHHyDL i
int &r = i; // cconka Ha mepeMeHHyD 1

i++; // yBemwuuts i Ha 1
(xp)++; // TO Xe caMoe dUepes yKasaTelb
r++; // TO Xe caMoe IIO CCHUIKE

CTporo roBopst, CChLIKY HEJIb3sT HA3BIBATH TEPEMEHHBIMU, T. K. U3MEHUTDH 3HA~
qeHue camoli CChLAKY HEb35: €C/IU CChLIKA BCTpedYaeTcsd B JIeBOW YacTU oOlle-
paluu MpUCBauBaHUA — ITO O3HAYAET, YTO NMPUCBAUBAHUE OyJIeT BLIIOJIHEHO
He JJ18 CCbLIIKU KaK TaKOBOI, a Jij1d TOI epeMEeHHO!, Ha KOTOPYIO OHa CCbLjla-
ercst. Takum 0O6pa3oMm, OMUCAB CCHIIKY HA MIEPEMEHHYIO 1, MBI Ha CAMOM JeJie
BBEJIM CUMOHUM WMEHH i — uMs r, 0DO3HAYAIOIee TOT K€ CaMblii 00BEKT
JAHHBIX.

Takoe UCIOIb30BAHKUE CCHLIOK MOXKET II0KA3aThCs OECCMBICTIEHHBIM (XOTs
B HEKOTODPBIX CJlydasX Oka3biBaercd nojesno). OuHako cyinecrBeHHo Gosee

5BaskHO TOHUMATH, YTO B JAHHOM CIy<ae CHMBOJ «&» He MMeeT HI4ero obIIero ¢ orme-
paruett B3aTus agapecal! [Togemy asrop s3bika Cu++ B. CrpaycTpyn BEIOpaI HMEHHO TAKOe
o603HaYeHNEe — BOIPOC OTKPBITHIH.
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MHTEPECHbIE BO3MOXKHOCTH CCHLIOUHBIA Tnn B Cu+-+ pacKpbIBaeT MPH Iepe-
ade ero Kak mapamerpa B (GYHKINKA W BO3BparTe w3 (DYHKIMI B KAa4eCTBE
sHadenusd. Tak, 6;arozaps CCbLIOYHOMY THITY B HAIIEM PACIOPSKEHUN OKa-
3bIBaeTCd OTCYTCTBOBaBIIMA B si3bike Cu MexaHM3M Iepenadu [apaMerpoB
o cmﬂnKeﬁ.llonyCTHmL HAM HYKHO HANUCATh (DYHKIUIO, HAXOISIIYI0 MaK-
CAMAJILHBIN 1 MUHUMAJIHHBIN 9JIEMEHTHI 33 JAHHON0 MaccuBa uncest tuna float.

Ha s3pike Cu Takas GyHKIUs BHIT/IAIEIa OBl TAK:

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

{

int 1i;
*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[il;

}

a eé BBI30B — HAIpUMeD, TaK:

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

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

ITockombKy 3 pyHKINT HEOOXOTUMO BEPHYTH OOJIBIIE OTHOTO 3HAYEHUSI, TIPH-
XOAMTCs UCIOJIB30BATh BO3BpAT Yepe3 mapamerpbl. Mex iy rem, B s3bike Cu
BCE TTAPAMETPHI MEPEIAIOTCI N0 3HAYEHUN, TTOITOMY HAM TPUXOIUTCS BPYU-
HYIO UMUMUPOSGMb BEIXOIHBIE TTAPAMETPHI, TEPeIaBasi 3HAYCHNE aqPECa, ITe-
PEMEHHOIA, moyIexkanieil MonuuKaIuu; TOITOMY TPU BbI30Be (DYHKIMH MBI
BbIHY2K/IEHbI IPUMEHSTH OllepaluIo B3sgTus aapeca («&»). B camoil dynkuuu
BMECTO MMEHU [MEPEMEHHOM MbI BBIHY?K/EHbI HCIIOJIb30BATH JIEBOJIOILYCTUMOE
BBIpaYKEeHUE PA3BIMEHOBAHUSI, T. €. CTABUTH Tepea nAeHTu(dUKATOpaMu min u
max CHMBOJI OTIEPAIINH PA3BIMEHOBAHUS «*», ITOOBI TpeoOpa30BaTh aIpec Te-
pemMeHnHoit B camy nepeMenuyio. C UCIOMb30BaHIEM CCHIIOK W KO (DYHKITHH,
7 eé BBI3OB 00OpeTaroT Oosree SICHBLIN BUI:

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

int i;

min = arr([0];

max = arr[0];

SYurarenns, ckopee Bcero, y:Ke 3HAKOM C TIepeadedl TapaMeTpOB MO CCHUTKE: B A3BIKE
TTackasp Takme IMapaMeTPHl HA3BIBAIOTCS apaMeTPAMU-IIeDEeMEHHEIME (var-parameters).
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for(i=1; i<len; i++) {
if (min>arr[i]) min = arr[il;
if (max<arr[i]) max = arrl[il;

}
}
/] ...
float min, max;
max_min(a, 500, min, max);

B camom gmesie, mapameTpsl min u max, OObsSIBIEHHBIE HA CEil pa3 KaK CChII-
KU, CEMAHTUYECKH TPEICTABJISIOT COOON CHHOHUMBI HEKUX IETOYMCIEHHBIX
MEPEMEHHBIX, TAK YTO BCE OIEPAINN, KOTOPHIE MPOU3BOAATCH HAJ min u max,
HA CAMOM JIejleé TPOUCXOJAT HAJl TeMHU MEePEMEHHBIMHU, Ha KOTOPbIE 3TH Ia-
pamerpbl ccbutatorcs. [Ipu Bbr3oBe (DYHKIMU MbI HE TPUMEHSIEM HUKAKHX
omeparnuii B3sITHST a7peca, MOCKONbKY (C CeMaHTUYECKON TOUKHU 3PEHUs) HaM
JIJIsT TOCTPOEHUS] CHHOHMMA HYKHA CaMa MMEPEeMEHHAast, a He € aapec.

JIOBOJIBHO MHTEPECHBIE BO3MOKHOCTH OTKPBIBAET UCIOJIH30BAHUE CCHIIOU-
HOTO THWIIa, KaK THIIA BO3BpAIIaeMoro 3uadenus dynknun. JlomycTum, Heob-
XOJIMMO TIPOM3BECTU TOUCK IETOYUCTEHHON MEePEeMEHHONR B COCTaBE CJIOXK-
HOIl CTPYKTYDPbI JaHHBIX (HAIIPUMEDP, UCKOMasl [IEPEMEHHAs SIBJIETCs O0JIEM
CIPYKTYDbl, KOTOPasi, B CBOIO OYEPE/ib, SBJIETCs JEMEHTOM MacCuBa U T. 11.),
a 3aTeM JIMOO MCIOJIH30BATEH 3HAYEHNE HAMIEHHOW TTePEMEHHOM, JTHOO0 BHITTOJI-
HUATH HAJ HEll TO WM WHOE MpUCBaWBaHue. B Takoil cuTyamun MOUCK Tepe-
MEHHON MOYKHO BBIJEJIUTH B OTAETbHYIO (DYHKIHIO, BO3BPAIIAIOIILYIO CCHLIKY
Ha HaliIeHHyTo nepemennyo. Ecan takas yukmusa nmeer npoduib

int &find_var (/*params*/);
TO JOMYCTUMBI OY/IyT, HATPUMED, TAKHE OMEePATOPHI:

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

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

§ 2.7. MoaudukaTop const

Yuraresmto, BO3MOKHO, yKe 3HAKOMO KJIIOUYE€BO€e CJIOBO const, KOTOPOE 13-
Ha4va bHO MOoABUI0CH B Cu++, HO C HEIJABHUX [IOP BOIILIO U B CTAHAAPT SI3bIKa
Cu. OHO HOKa3bIBAET, YTO Mbl HMEEM JeJI0 ¢ 00JIACTBIO IAMSTH, He IIOJIeXKar-
el n3MeHEeHHUIO.

Hawubostee mpocroe u 09eBuTHOE IIPUMEHEHHUE CJI0BA CONSt — 9TO BBEAEHUE
B MpOrpamMMe UMEeHOBAHHBIT KOoHcManm. JlomycTuM, HaIla, MpOrpamMmMa,
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UMEET HEKOe CBONCTBO, 33/1aBAEMOE B BUJIE YHUCIa (IPUMEPOM MOXKET CJIYKUTh
OrpaHUYEHHE HA JJIMHY CTPOKHU, YUTAEMON CO CTAHAAPTHOrO BBOAA). OOBIYHO
KOHKPETHOE 9HCJIO0 CHAOXKAIOT UMEHEM U BCIO MPOTrPAMMY BBICTPAMBAIOT Ta-
KAM 00pa3oM, 9To0bI HCIIOIB30BAIOCH ITO UM, a He Yuciaa. B pe3yabrare Mbl
MOKEM B JIIOOOH MOMEHT M3MEHUTH TJIODATHHOE CBONCTBO TTPOTPAMMBI, BHECS
JIVIITH OJTHO W3MEHEHUE B €€ TEKCT.

B kmaccuueckux Bepcusix s3bika Cu j1s BBEEHUS WMEHU KOHCTAHTBI
HCIOIB30BaJICa Tpenporeccop. Hampumep, orpanndenne Ha MaKCHMAJIbHYIO
JUIMHY BXOJHOI'O CJIOBA MOXKHO OBLIO 33/1aTh CJIELyTOIIUM 0OPA30M:

#define MAX_LINE_LENGTH 130

TlosiBnerne MomuduKaropa const MO3BOJIUIO B MOAOOHBIX CATYaIHaX 0OXO-
JIUTHCs €3 IPENPOEccopa, BBO/IS KOHCIMAHITLY CPEICTBAMEU CAMOIO sI3bIKA:

const int max_line_length = 130;

Yr00bI MOHATH, HOYEMY STOT BAPUAHT PEIIEHUs JIyUIle MPEIbIIyIIero, pac-
CMOTPHUM CJIEAYIONLYIO TUIOTeTuIeCcKyto curyanuio. Ilycrs B Harmeii nporpam-
Me HeoOXOIMMa KOHCTaHTA C UMeHeM c, paBHas 15. Beemem eé cpemcrBavu
IIPENpOoLEeCccopa:

#define c 15

IIpencrasum cebe Temeph, 4TO MpW pabOTE HAI TEKCTOM MPOTPAMMBI MBI B
HEKUIl MOMEHT 3a0bLIA O CYIIECTBOBAHUUM MAKpPOCA C W BBEJIM, CKAXKEM, JIO-
KaJIbHYIO IIEPEMEHHYIO C TAKUM MMEHEeM:

void f(int i)
{
int c;
/...
}

BwMmecro obbsBiienns int ¢ koMmmuasTop Osiarogaps pabore MaKpOIpPOIecco-
pa «yBUIWUT» CTPOKY int 15 u, pazymeercs, BHIIACT COOOIEHHE 00 OIuoKe.
OpHaKO MOHATH, B Ye€M OIMUOKA, 3aKJII09aeTCs, Oy/IeT BEChMa, U BECbMa HEJIET-
KO, OCOOEHHO €Cjii MbI JeticmeumesbHo TPOIHO 3a0bLIN O CYIECTBOBAHUU
Makpoca c.

Ecnu ke xoucranra ¢ Oymer BBejeHa 063 MPUMEHEHUsT IPEIPOIECCOPA;

const int c = 15;

TO ONHMCAHHAsA ITPOOJIEeMa He BO3HUKHET, T. K. UM C, BCTPeYeHHOe B (DYHKIHH
£ (), Oyner BOCHPUHATO KOMIIMJISITOPOM KAaK JIOKAJIbHOE W HUKAKON OIIHOKH
He TTPOM30MIET.
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Boo06iue, npuMeHeHns MaKpPOIPoIleccopa PeKOMeH1yeTcsl [0 Me-
Pe Bo3aMOXXKHOocTU u3berarb, IOCKOJIBKY MaKpOMMeEHa He IIOJ4YNHS-
rorcst o6bIuHbIM Juid si3bika Cu/Cu-+t-+ cornarmienusm o6 obiactsix
BUANMOCTH U APYTHM IIpaBUJIaM.

IIpu onmcanum aapPECHBIX U CCHLIOYHBIX THIIOB MOAN(PHUKATOP const mo3-
BOJISIET yKa3aTh, YTO OOJACTH MaMSATH, Ha KOTOPYIO YKa3bIBAeT/CChLIAETCH
OIKUCBIBAEMBbII 00BEKT, HE MO/ IeXKUT u3MeHennto. Hanpumep:

const char *p;

// p ykashBaeT Ha Heu3MeHAeMylb ObOJAacTh NIaMATH
p = "A string";

// Bc& B mopsnke, IepeMeHHas p MOXeT W3MEHATHCSH
*p = ‘a’;

// OUMBKA! Hemp3s MeHATH ob6iacTb NaMATH,

// Ha KOTOpyb yKashHBaeT p
pl5] = ’b’; // 9To Taxxe OUIMBKA

Ormerum emé pas, 910 const char *p — 9TO UMEHHO YKA3aMeAb HG KOH-
cmanmy, a e KoHCmanmusl yxazameassv. IToOBI OMHcaTh KOHCTAHTY aJIpec-
HOTO THUMA, HEOOXOIUMO PACIOJIOKUTH KJIFOYEBBIE CJI0BA B APYTOM TIOPSIIKE:

char buf[20];

char * const p = buf+b;
// P - KOHCTaHTa-yKasaTelb, yKasHBaolas Ha
// mectoii smeMenT MaccuBa buf (buf[5])

pt+; // OUIUBKA, sHavYeHWe p He MOXeT OHTb H3MEHEHO
*p = ’a’; // Bcé& B mopsnxe, maMeHseM 3HadeHwe buf [5]
pl5] = ’b’; // Bcé B mopsamke, usMeHseM 3HadeHue buf [5+5]

Anasornyabiv 00pa3oM €10 OOCTOUT CO CChLIOYHLIMU TUIIAMHU:

int i;

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

int x = r+b; // Bcé B mopsmke

i=17; // Toxe Bcé& B mopsmke

r = 12; // OlMBKA, 3HavYeHWe IO CCHIKE ¥ Helb3d MEHAThb

const int j = 5;
int &jr = j; // OUUBKA, Hemp3sa ccChIIATHCH

// Ha KOHCTaHTy OGHYHOM CCHIIKOM
const int &jcr = j; // Bcé B mopsagke

OrmMerum, 970 KOHCTAHTHBIE CCHLUIKU IIO3BOJISIOT II€peAaBaTh B (DYyHKIUI
B KadecTBe TapaMeTpa aJpec MepeMeHHON BMEeCTO KOMWPOBAHWSA 3HAYEHWSI,
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[IPU 3TOM HE MO3BOJISASA Ty MEPEMEHHYI0 MEHSITh, KAK U MPU OOBIYHOM mepe-
Jlade 10 3HAYEHUI0. DTO MOXKET ObITh I10JI€3HO, €CJIH ITapaMeTp IIPe/ICTABIIAET
coDoii KJTacC Wil CTPYKTYPY, Pa3Mep KOTOPOH CyIIEeCTBEHHO MTPEBBINIAET Pa3-
Mep azpeca. Tak, ecim B panee onucanaHom Kjacce Complex BMECTO

Complex operator+(Complex op2)
{ return Complex(retop2.re, imtop2.im); 7}

HAIINCATH

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

CEMAHTHKA, KOJA HE U3MEHUTCs, HO (husudecku (Ha YPOBHE MAIIUHHOIO KOZA)
BMECTO KONIMPOBAHUS ABYX MoJeil Tuma double OyaeT IPOUCXOINTD IMEePeIada
ajpeca CyIIecTBYIOIIel IepeMeHHoi 1 oOpaIlieHue Mo 3TOMY aJipecy.

§ 2.8. KoHcTaHTHBIE METOABI

Ucnonb3oBanue moaudukaTopa const IeIaeT BO3MOMXKHON CHTyaruio, B
KOTOPO#t HAM JOCTYTIEH HEKOTOPBIH KOHCMaHmHbili OOBEKT, TO €CTh MePEeMeH-
Hasi TuIa class uim struct, KOTOPYIO HEJIb3sd U3MEHATh. [Ipu 9TOM BIIOJIHE
BO3MOKHO, YTO BCE MOJIsT OOBEKTA CKPBITHI, TO €CTh B3ANMOIEHCTBIE C 00 bHEK-
TOM BO3MOXKHO TOJIBKO 9epe3 MeTObl. B TO e Bpems MeTo MOXKeT, BOOOIIE
rOBOPs, U3MEHUTH BHYTPEHHEE COCTOSHUE (TO eCTh 3HAYEHU ST CKPBITHIX MOJIEH )
obbekTa, HAPYIUB TpeboBaHMe O ero Hem3MeHHOCTH. 1loaTomy mns obecrre-
YEHMs HEU3MEHHOCTH OObEKTa KOMIIUJISTOD BBIHYXKJEH 3alpPelarTb BbI30BbI
Meronos. [Tomydaercsi, 9To ¢ TAKUM OOBLEKTOM MBI BOOOIIE HUKAK HE CMOYKEM
paboTaTh, €Cau He TMPEIITPUMEM CIIENUAIbHBIX Mep.

s paboThl ¢ KOHCTAHTHBIMEU OObeKTaMu B si3bike Cu+-+ mpemycMoT-
PEHBI KOHCMAHIMHBIE MEMOObl. KOHCTAHTHBIM CYUTAETCH METO, MOCE
3aroJIOBKa KOTOPOro (HO Iepeji TejoM) HocTaBieH MoauduKaTop const:

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

B tene takoro meroma mosisi 06bEKTA JOCTYIHBI, HO 3aIPeIIeHbl 1eiCTBUS,
U3MEHSIONME WX UJIU CIIOCOOHBIE IPUBECTHA K UX W3MEHEHUIO, B TOM YHUCJIe
[IPUCBAUBAHUA 110J1M HOBbIX 3HA4YeHUl, IPUCBAUBaHUA a/IPeCcOB ITUX 110J1el
HEKOHCTAHTHBIM YKA3aTeJIsIM, Tepe1ada uX B (DYHKIUNA TIO HEKOHCTAHTHBIM
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CChIKAM U T.T. TakuMm 0Opa30M, OTHOCHTEIHBHO KOHCTAHTHOTO METOIA W3-
BECTHO, YTO OH 3aB€JI0MO HE MOXKET U3MEHUTH COCTOAHUE 00beKTa, (3HAUCHUS
ero noseit). [oaroMy KOHCTAHTHBIE METOJbI MOXKHO 6€3 OIAaCKH BbI3bIBATH
1t 0ObEKTOB, KOTOPbIE HEJb3s u3MeHdTb. Hanpumep, takoil Kox;

void f(const Myclass *p) {
p->my_method () ;
}

Oy/ser KOPPEeKTHBbIM TOJIbKO B Cilydae, eciau B Kjacce Myclass MmeTof
my_method () oObsiBiieH KAK KOHCTAHTHBIN.

IIpn namucanum nporpaMM peKOMEHIYeTcs BCe MEeTO/IbI, KOTODBIE
II0 CBOEMY CMBICJIy He JIOJIXKHBI H3MEHATh COCTOsSTHME O0'beKTa, 004-
3aTeJIbHO ITIoMedYaTh KaK KOHCTAaHTHbIe, pa3pelasd, TAKIM obpasoM,
BBI3BIBATh UX /IJIsI KOHCTAHTHBIX 00beKTOB. B wacTHOCTH, B ONTMCaHHOM
panee kJjacce Complex BCe MeTO/bI, KDOME KOHCTPYKTODPOB, HUKAKUX H3Me-
HEHUI B MOJS KJIacca He BHOCAT. UToObl ¢ oObekTamu Tuma Complex ObLIO
ynobHee paboTaTh, CIEAyeT MOMETHTh BCE METOMbI KJIacCa MOAM(PUKATOPOM
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(retop2.re, imtop2.im); 7}
/]
s

OTmeruM, 9TO B Teje KOHCTAHTHOIO METOJA He JOMYCKAKTCs (IJId TOro ¥Ke
00'beKTa) BHI30BbI METO/IOB, HE SIBJIAIOIIMXCS KOHCTAaHTHbIMU. [Ipuunna Tako-
0 OrPAHUYEHUsT OYEBUIHA: HEKOHCTAHTHDBIM METO/I MOXKET NU3MEHHUTH OObEKT,
9TO BHYTPU KOHCTAHTHOTO METOJIA JIeJIATH 3aITPEIIeHO.
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§ 2.9. /lecTtpykTOphI

Hapsizly ¢ KOHCTPYKTOpaMu, KOHTPOJIUPY IOIIUME IPOLECC co30anus (AHU-
nuasu3anun) o0bekToB, B a3bike Cu-+-+ mpeiycMOTpeHbl Takke decmpyk-
MOPsL, NPETHAZHAYEHHDbIE JIJIsi KOHTPOJS HAJ IPOIECCOM YHUYMONCEHUA
00beKTa.

TIpeacrasum cebe, UTO OOHEKT B TIPOIECCE CBOEH TeATETHLHOCTH 3aXBaThI-
BaeT Hekuil pecypc (HampuMep, OTKpbiBaer (aiin), npuueM 06 3TOM M3BECT-
HO TOJIbKO CAMOMY OOBEKTY, T. €. HA 3aXBAYEHHBII PECYPC CCHIIAIOTCI TOJIBKO
3aKpbIThIE 110Jig 0ObekTa (B npumepe ¢ (baiiaoM 3T0 MOXKeT 03HAYATh, YTO
JIECKPULITODP OTKPBITOro (haiija XpaHUTCd B 3aKPbITOM 110J1€e 0bbekTa). B ciy-
4Jae, ecjm OOBEKT TI0 TeM WJIW WHBIM TMPUYNHAM TPEKPATUT CYIIECTBOBAHUE
PECYpC TaK U OCTAHETCST 3aXBAYEHHBIM.

Permuts mpobiemy mo3BOJIsI€T ONMCAHUE B KJIACCE O0HEKTA PYHKITUN-TECT-
pykTopa. JIecTpyKTop — 3TO METO/I KJIACCA, BHI30B KOTOPOIO ABTOMATHIECKH
BCTABJISETCS KOMITUIATOPOM B KOJ, B JIFODO# cuTyarwu, KOria 00beKkT IpeKpa-
m@aer cymecrBoBanue. @yHKIMsA-AECTPYKTOP UMEET UMsl, IIPEJICTABIISIONIEe
cobO0it UM OMUCHIBAEMOTO TUTA (KJIACCA WU CTPYKTYPBI), K KOTOPOMY CITe-
peau nobasied 3uak ~ (Tuibaa). Cnucok napamerpos byHKIMU-IECTPYKTOPA
BCErJIa MYCT, T. K. B sA3bIKE OTCYTCTBYIOT CPEJCTBA MEPEIadn MapaMeTpoB Je-
cTpyKTopy. IIoCKONBKY JeCTPYKTOp UrpaeT CHeUaAIbHYI0 POJIb U B SBHOM
BU/IE HE BbI3bIBAECTCsl, THII BO3BPAIIAEMOrO 3HAYEHUS IS JECTPYKTOPA TAKAKE
He yKa3bIBaeTcsl (JeCTPYKTOP HUKOT/IA He BO3BPAIIACT HUKAKUX 3HAYCHUIA).

IIponnmiocTpupyeM NOHATHE JECTPYKTOPA Ha MpuMepe Kiacca File, nH-
KaICyJIUPYIOIIEro AeCKpunTop daiira.

class File {
int fd; // Jeckpumrop. -1 o3HavaeT, 4TO daiina HeT
public:
File() { fd = -1; }
// KOHCTpYKTOp yCTaHaBIMBaeT OTCYTCTBHe daiina

bool OpenRO(const char *name) {
fd = open(name, O0_RDONLY);
return (fd !'= -1);
} // meTon unTaeTcs OTKpHTL (aiim Ha dUTeHHe,
// Bo3Bpamaer true B ciydae ycmexa,
// false B cmydae Heymauu

VA
// ... MeToms paboTH C daiiimoM

//

“File() { if(fd!=-1) close(fd); }
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// DIecTpykTop 3akphHBaeT ¢aill, eciaum OH OTKPHT

};

HecrpykTop OymeT BbI3BaH B JIO00H CHTyaIlnn, KOrma oObeKT Tuna File
npekpaimaer cymecrsoanane. Hampumep, eciim 00beKT OBLT OMUCAH KaK JIO-
KaJibHblil B DyHKIMU, TO UPU BO3BpaTe u3 PyHKUuK (B TOM 4UCIE U JIOCPOU-
HOM BBI30OBE OIIEPATOPa return) Jist 3TOro 06LEKTa 0TPabOTAET IEeCTPYKTOP.

Boobmie, mpu co3aHuN 06beKTa POBHO OJWH pa3 oTpabaThIBaeT
KOHCTPYKTOP, IPU YHUUTOXKEHNU 00 beKTa POBHO OJAWH pa3 oTpaba-
THIBAET JECTPYKTOP.

§ 2.10. Onepanuu paboThl C JJUHAMUYECKOI
MMaMATHIO

NzBectHo, uro a3bik Cu cam mo cebe HE BKIIOYAET CPEACTB paboThl ¢
JMHAMHYECKON MAMATHIO; CO3JAHUE W yHUYTOXKEHHE JTUHAMUYECKUX CTPYK-
TYp JAQHHBIX BBIHECEHO B OMOJIMOTEKY W MPOU3BOAUTCS OOBIYHO C MOMOIIHIO
dyuknuit malloc(), realloc() u free(). B a3pike Cu++ 0OIHOBpEMEHHO
C BBIIEJICHUEM W OCBOOOXKIEHHEM MAMATH B HEKOTOPBIX CIydasix, & UMEHHO,
[IPU CO3IAHUY ¥ YIATEHUH O0BEKTA THITA CTPYKTYPBI HJIA KJIACCA, HMEIOIIEro
KOHCTPYKTODbI U/WJU JIECTPYKTOPbI, HEOOXOIMMO BBILIOJIHATD JIOHOIHUTE b
HbIE IEeHWCTBUs, 33JaHHbIE STUMHU KOHCTPYKTOPAMH U JecTpykTtopamu. Kpo-
M€ TOTrO, TTPU CO3JAHUN JUHAMUIECKUX O0BEKTOB C MOMOIIBI0 KOHCTPYKTOPA
WHOTO, HEXKEJIM KOHCTPYKTOP 0 YMOJIYaHUIO, HEOOXOANMA BO3MOXKHOCTD yKa~
3aHUs MapaMeTpoB KOHCTpyKTopa. @yukmnun malloc() um free() mmdero me
3HAIOT O KOHCTPYKTOPAX, MECTPYKTOPAX U MapaMeTpax, MOITOMY JIJisi CO3/1a-
HHUS U yJaJIeHHs OObEKTOB OHM HENpUrofHbl. Bosee toro, madopmarueir o
KOHCTPYKTOPAX W JECTPYKTOpPaX O0JATAET TOJIBKO KOMITUJISATOP, MOITOMY B
si3pike Cu++ BOOOITIE HEBO3MOYKHO BBIHECTH PAbOTy C JMHAMHYECKON rmamsi-
THIO U3 s3bIKA B OMOIHOTEKY O3 BBEJIeHUs JIOMOTHUTETBHBIX CPEICTB. ABTOD
sa3bika Cu++ Beépua Crpaycrpyn pemusi noiitu 60jee nNpocThiM MyTeM U
BHEC B sI3bIK COOTBETCTBYIOIIME CHHTAKCHICCKIE KOHCTPYKIIUU JIJIst CO3/IAHUS
7 yhajaeHnst 00beKTOR.

st co3anus B AMHAMMYECKON NAMSTH OJUHOYHOrO 00bekTa (IepeMen-
HOIl IPOU3BOJILHOIO Tuna) B s3bike Cu-++ MCHO/Ib3yeTcs olepalys new, ap-
TYMEHTOM KOTOPOH SIBJISIETCST MMsT THUTIA CO37aBaemMoro oonexkra. Hampumep:

int *p;
P = new int;

Ecsu coznaBaemblit 00bEKT NPUHAJIIEIKUT THUITY, AMEIOIIEMY KOHCTPYKTOD, U
BO3HUKAET HEOOXO/MMOCTD II€Pe/IaTh KOHCTPYKTOPY 11apaMerpbl, TO 3TH I1a-
paMeTphl YKA3bIBAIOTCA B CKOOKAX MMOC/Ie MeHu Tuma. Tak, co3manne 00beKkTa
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ommcanHoro paxee tuima Complex (cm. § 2.1.5) ¢ ykazanueM JefiCTBUTENHHOI
A MHUMOH 4JacTell MOXKeT BBIIVIAJETh TaK:

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

s ymaneHust uCmob3yercs omepaius delete:
delete p;

Jma co3mannsa u yaaJeHns TUHAMUIECKUX MACCUBOB MUCIOJIBL3YIOTCS CIIe-
[HAIbHBIE 8eKIMOPHble POopMmbL omepanuii new u delete, CHHTAKCUYIECKH
OTJIMIAIONINECS HAJIUINEM KBAIPATHBIX CKOOOK:

int *p = new int[200]; // maccuB mz 200 memwx umcen
delete [] p; // yhamemme MaccuBa

Ot HOpMbI OTIIMYAIOTCH TEM, YTO COOTBETCTBYIONIUIT KOHCTPYKTOD W Jie-
CTPYKTOP BBI3BIBAIOTCS IS KGHCO020 IAEMEHME MACCUBA.

Heobxonumo orMeTuTh, 9TO BEKTOpHAS (POPMA, OMEPAINU new HE WMEeT
CHHTAKCUIECKUX CPEICTB JJIs TIepeIadn MapaMeTpoB KOHCTPYKTOPaM, MOITO-
My 7T CO3JAHUS MACCUBA JIEMEHTOB THIIA KJIACC WK CTPYKTYPa Heobxodu-
MO HAAUNUE Y IMO20 MUNG KOHCMPYKMOPa no ymosuanuio (cm.§ 2.4).

Baxkuo 3uaTh, 9T0 OOBEKTHI B IMHAMUYECKOM TAMSITH, CO3JAHHBIE C TTOMO-
[HI0 BEKTOPHOU (POPMbI ONEPAIUMU NeW, HEJIb3s YAAJIATH ¢ HOMOIIbIO O0bIY-
HOM popmbr omepanuu delete m HA0O0pPOT. Jle0 B TOM, UTO peasn3alius
MEHEKEePa, TUHAMAYECKON TTAMSATH BIPABE BBIAEISITh MaMSITH MO, OOBIIHBIE
[epeMeHHbIe U TOJ, MACCUBBI M3 PA3HBIX 00JACTel JTUHAMUYIECKOW TAMSITH,
HUMEIOIINX, BO3MOXKHO, PA3JIMYHYIO OPIrAaHU3AIMIO CJIYKEOHBIX CTPYKTYD JIaH-
HBIX.

Takxke He claemyeT yIaJsaTh C TOMOIIBI0 delete OOBEKTHI, CO3IAHHBIE
dyuknueit malloc(), u HAOOOPOT, HE CAEAYET YIAIATH OOEKTHI, CO3TAHHBIE
omeparusamMu new, ¢ momompio free(). Beé 3To Moxker mpuBecTn K HEpeI-
CKa3yeMbIM TIOCJIEICTBUSIM.

§ 2.11. KoHCTPYKTOpP KONIMPOBAaHUS

Paccmorpum crenyrontyto curyanuio. B peanusaiun HEKOTOPOTO KJiacca
(nazosem ero Clsl) Ham n0oTpebOBAJICS AMHAMUYECKUIT MACCUB, KOTOPBII Mbl
CO3JaeM B TeJle KOHCTPYKTOPA KJIACCa; €CTECTBEHHO, B JECTPYKTOD CJIeIyeT
IIOMECTHATH OIEePaTop JJIA YHUYTOXKEHUSA ITOrO MACCUBA.

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

s

Ternepsb NpPEANONIOKUM, 9TO KTO-TO CO3JAE€T B MPOrpaMMe KOMUI0 OOBHEKTA
kitacca Clsl. Takoe MOXKeT MpPOM30UTH, HATIPUMED, €CJAU OOBHEKT OKAKETCS
mepeial no 3Hauerut0 B KadecTBe napaMerpa ¢gpyukmyun. Hanpumep:

void £(Clsl x) {

/...

}

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

}

[Ipoanaau3upyemM MPOUCXOAAIIEE CO CTPYKTYPAME JAHHBIX MPHU BHI30BE
dyuknun £ (). JlokanbHas nepeMenHast X ABISETCs Komuei 00bexTa c. Konus
JII060T0 00BEKTA JAHHBIX CO3IAETCS IIyTEeM OOBIYHOTO MOOUTOBOTO KOIUPOBAa-
HUsl, ecJid He ykazarb wHOro. CiieqoBaTeinbHO, MPU KOMHUPOBAHUU OOBEKTA
KJjlacca Clsl cKONMPOBAH OKAXKETCA YKa3ameab Ha JUHAMUYCCKUNA MacCus;
WHA4Ye TOBOPS, Y HAC TOSABATCS ABA OOBEKTA, MUCIOJB3YIONINE OIWH U TOT Ke
9K3EMILIAP JUHAMUYECKOTO MACCUBA: OPUTMHAJ O0BHEKTA C W €ro JIOKAJbHAS
Komus X. Bo3HUKINASA cuTyalrums moKa3ana Ha puc. 2.1.

P

o

Puc. 2.1. Cxema cTpyKTypPBbI JAHHBIX I10CJIE€ TOOMTOBOI'O KOIIMPOBAHUS 00bEK-
Ta

Haxke ecam Takoe pasjeseHne He TPUBEIET K HEMEIJICHHBIM OIMMMOKaM
(manpumep, dysknusg f£() MOXKET M3MEHUTH OOBEKT X, YTO OTPA3UTCA Ha
BHYTDPEHHEM COCTOSHHUU OOBEKTA C, 9€r0 Mbl MOIJIM U HE OXKHUJIATH), B JIIOOOM
cayudae npu Bbixoze u3 (yukuuu f () orpaboraer nectpykTop (mist obbekTa
X), KOTODbIl YHUUTOXKUT JMHAMUYECKHUI MACCUB, B PE3YyJIbTAaTe Yero OObeKT C
OKAXKeTCsl B 3aBEJIOMO OIIMOOYHOM COCTOSTHWHM, [TOCKOJIbKY OYJeT COIEpKATH
yKa3arTe/lb HA YHUYTOXKEHHBIH MacCWB. K BO3HMKHOBEHWIO OIMMOKH TEmepb
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NpUBEIET JII000e HefCTBIHE ¢ O0BEKTOM C, €C/IM YK€ HUKAKUX IeHCTBUH He
OPEANPUHAMATE, TO OIIUOKA BO3HUKHET DU YHUUYTOXKEHHU O0ObeKTa (KOraa
JIECTPYKTOP IOIbITAETCsl BHOBb YHUUYTOXKHUTD YK€ YHUUTOXKEHHbI MaCCUB).

Od4eBuaHO, 9TO MOOUTOBOE KOMMMPOBAHNE HAC HE YCTPAUBAET U HEOOXOIMMO
[IPOMHCTPYKTUPOBATH KOMITHJIATOD O TOM, KAKHM HMEHHO CIIOCOOOM MOYKHO
KOPPEKTHO CKOIUPOoBaTh 00bekT Kiacca Clsl. B asbike Cu++ g takmx
CIyvaeB MPeayCMOTPEH CHeNUaJbHBIN Ccaydail KOHCTPYKTOpAa, HA3bIBAEMBIH
KOHCMPYKTNOPOM KONUPOBAHUS.

KoHCTPYKTODP KOMMPOBAHUS — 3TO KOHCTPYKTOP, UMEIOITNil POBHO OIWH
mapaMerp, MpWYeM THUIl STOrO MapaMeTpa MPEeACTABJIAeT CODOil CChLIKY Ha
00bEKT JIAaHHOrO (OMKUCHIBAEMOr0) KJIACCa; B OOJIBIIUHCTBE CJIy9aeB Ty CChLI-
Ky CHaOKaroT MOAMpUKATOPOM const, 9TOOBI MOKA3aTh, 9TO IPU CO3TAHIH
KOIIMK UCXOJHBII 00bekT He m3MmeHuTcsd. KOHCTPYKTOp KONMpPOBaHUSA IIPE/I-
crapjsier cobO¥ MHCTPYKIINIO KOMIHJISITOPY OTHOCHUTEHLHO TOTO, KaK CKO-
nuposamsv 00bEKT JTAHHOTO TWIIA, WM, WHAYE TOBOPS, KAK CO3ATh OOBEKT
JTAHHOTO TWIIA, YK€ MMes OIWH Takoi 00bekT. CHabIuM KOHCTPYKTOPOM KO-
nupoBaHud HaIl Kiaacc Clsl:

class Clsil {
int *p;
public:
Cls1() { p = new int[20]; }
Clsi(const Clsil& a) {
p = new int[20];
for(int i=0; i<20; i++) pl[i] = a.pl[il;
}
~Cls1() { delete [1 p; }
/...

Teneps curyarust mpu Bb3oBe GyHknun f () OyIeT BBINISAIETh TaK, KaK MO-
Ka3aHo Ha puc. 2.2.

P

Puc. 2.2. Cxema CTPYKTyphI JAHHBIX MOCJE€ TPUMEHEHUsST KOHCTPYKTOPA, KO-
MIMPOBAHUSA
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§ 2.12. BpemeHnHbie 1 aHOHUMHBIE 00'bEKTHI

C aHOHMMHBIMU U BPEMEHHBIMU OOBEKTAMU MbI YK€ BCTPEUYAJIUCH PAHEE
(cm. §2.1.3, crp. 16; §2.5, crp. 27). AHoHUMHbBIE OOBEKTHI OOBIYHO MPUMEHSI-
IOTCS B CJIy4dae, KOrga O0bEeKT CO31aéTCsl, 9TOOBI OBITH NCITOIb30BAHHBIM JIUIIH
OJIMH Pa3; KAaK [PABUJIO, B TAKON CUTYAIUU JIABATh O0BEKTY MM HE XOUETCH,
K TOMY K€ KOJI C MCITOJIb30BAHNEM aHOHUMHOTO 0ObeKTa OKa3bIBaeTcst bosee
JIAKOHUYIHBIM U HATJISAHBIM. J1J151 BBEJICHUS B BBIPAYKEHIE AaHOHUMHOTO O0heK-
Ta UCHOTB3YIOT UM er0 KOHCTPYKTOPA, CHADXKEHHOE CIUCKOM (DAKTHIECKUX
napamerpoB (Bo3MOXKHO, 1ycrbiM). IlycTh, Hanpumep, y Hac ecrb OOBEKTbHI
t u z kiacca Complex W HAM HYKHO 3aHECTH B IEPEMEHHYIO t 3HAYEHUE Z,
TOMHOYKEHHOe Ha, MHUMYIO enuHuIly. MOXKHO cIesiaTh 3TO Tak:

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

a MOYKHO BOCITOJIb30BATHCSI AHOHUMHBIM OOHEKTOM, 9TO TOPA3I0 yaobHee:
t = z * Complex(0, 1);

C BpeMeHHBbIMH OObEKTaMU CUTYyallds HECKOJIbKO CJIOKHee. AHOHUMHBIE
00BbEKTHI MPOrPAMMHUCT BBOJIUT B BBIPA’KEHHE B SBHOM BHUJIE; B OTJIUYUNAE OT
HUX, 00BEKTHI BDEMEHHBIE KOMIUISTOP TMOPOXKIAET CAMOCTOATEIHHO, Oe3 UX
SIBHOT'O YIIOMUHAHUS, XOTSI MBI M MOYKEM B OOJIBIIMHCTBE CJIyIaeB OTHO3HAY-
HO TIPE/ICKA3aTh IMOsABJIEHNE BPEMEHHOro ob0bekTa. CambIii poCTOoil Ccirygaii
TAKOrO TIOSIBJIEHUsI — Tepeata mapamMerpa B (DYHKIMIO C HCIOJIb30BAHHEM
KOHCTPYKTOpa mpeobpa3oBanus. Tak, B mpumepe Ha CTP.26 MblI BbI3BIBAIHN
dyuknuto £, mpeanosaramoilyo mapaMmerp tumna Complex, oT HaKTUIECKOTO
apryMeHTa, MPEICTABJISIONIEr0 OO0 OOBITHOE UHCJIO C TIJIABAIONIEH TOYKOI;
HCITOJIB3Ys1 BBEIEHHBIN HAMHU KOHCTPYKTOP MPE0Opa30BaHus, KOMITUISITOP CO-
31as1 epemennbiti 0bsexm tuna Complex, KOTOPbHIA U ObLT B UTOTE MEPEIAH B
dyuxkmo f.

Mo2KHO yKa3aTh U MEHEee OUE€BUIHDIN CTydail MOIB/IEHIS BPEMEHHOTO 00b-
ekTta. IlycTh y HaC mMeIoTcsa mepeMeHnnbie a, b u ¢, nMmerorue tTumn Complex,
MBI ITBITAEMCS BBIYUCIUTH UX CYMMY, HAIIDUMED, TaK:

t=a+b+ c;

Croxkennst B 9TOM orepaTope OyayT TPOU3BOAUTHCS, KaK OOBITHO, CIIEBA
HAIpaBo, MPUIEM BTOPOE CJIOXKEHWE B KAYECTBE CBOETO <«JIEBOIO» APTyMEH-
Ta MOJIyYUT PE3YJIbTAT MEPBOTO CJIOXKEHWS, KOTOPBI, OYEBUIHO, MMEET THII
Complex, TO ecThb Aaaemcs obsexmom muna Complex. fcHo, 41O 3TY CyM™M-
My a ¥ b KOMIUJIATOD JOJI?KEH MPEJCTABUTH B BUJE O0bEKTA, YTOOBI 044
H€20 BBI3BATH ONEPAIUIO CJIOXKEHUsI, [epeiaB OObEKT C B KAYECTBE [apaMer-
pa. Kak BbI yxke moragajnchb, KOMIUISTOP CO3JAET /IS STOTO BPEMEHHBIH
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00bexT. BooOire 3ToT npuMmep MOKa3bIBAET YACTHBIN CIydaiil OoJiee o0IIei cu-
Tyallun, KOTJJa KOMIUJIATOP BBIHYZK/JIEH TOPOXKIATH BPEMEHHDIC 06’beKTbI, a
MMEHHO — IIPHU HCIOJb30BAHNMA B BBIPAXKEHWH BBI3OBA HEKOTOPOH (DYHKIINH,
KOTOpPas BO3BPAIAET 3HAMEHNE TUITA 00BHEKT, IPUIEM BO3BPAT IPOU3BOIUTCS
MMEHHO 110 3Ha4YeHUIO (& HEe, HAITPUMED, 110 CChLIKE). B lanHOM Cirydae B posu
Takoil (pyHKINM BeICTyIaeT operator+().

Hecmorps na oudeBu/iHOE pazjindue, AHOHUMHBIE U BPEMEHHbIE OObEKThI
UMEIOT MeXKIy Cc000M MHOTO OOINEero; AaHOHUMHBIE OOBEKTHI MOXKHO CUUTATH
JACTHBIM CJIyIaeM BpeMeHHBIX' . B KauecTBe IepBOTO CBOMCTBA BPEMEHHBIX H
AHOHUMHBIX OOBEKTOB OTMETHM WX BDPEMs XKW3HU: OHU CYIIECTBYIOT 0 MO-
MEHTa OKOHYAHUS BLIYUCIICHWS] BBIPAYKEHUsI, COMEPKAIIErO WX, MOCTE Yero
YHHYTOXKAIOTCs; €CJIU COOTBETCTBYIONIUI KJIACC UMEeT ITEeCTPYKTOP, ITOT Je-
CTPYKTOp Oyzmer Bbr3BaH. M3 3TOTO MpaBmja €CTh OJHO MCKJIIOYEHUE: eCJIn
BPEMEHHBIN WJIM AHOHUMHBIN OOBEKT OBLIT WCIIOIH30BAH B KAYECTBE WHUITHA-
JIN3aTOPA CCHIJIKH, TO TaKO# OObeKT OyJeT CyIecTBOBAaTh JI0 TeX IOp, MOKa
CYIIECTBYET CCHLIKA.

Bropoe mpaBmsio, KOTOpoe HEOOXOAWMO 3HATH U yIUTHIBATH, COCTOUT B
TOM, YTO Ha BPEMEHHBIN UJIN aHOHUMHBIN O00bEKT HeJIb3d CChLIAThCS
HEKOHCTAHTHOM CCHUIKOM. DPDEKT 0T 3TOro mpaBuaa 0COOEHHO 3aMeTeH
[IpH TIepejade mapamMmeTpoB B (DYHKIUHU: ecjiu (DyHKIWs IPUHUMAET ITapAMET]
TUMA «OOBEKT» M0 3HAYEHUIO WJIM MO CChLIKE HA, KOHCTAHTY, TO B KAYECTBE
TAKOTO TMapaMeTpa MOXKET ObITh WCIOJIb30BAH BPEMEHHBINH WM AHOHWMHBIMA
00BEKT, TOT1a KaK eCJIM TapaMeTp MepeaasTcs M0 HEKOHCTAHTHOM CChIJIKE, TO
BPEMEHHbBIE U AHOHUMHBIE OOBEKTHI JJI TAKOTO MapaMeTpa He MOAXOAAT. ITO
[PABUJIO TIpU OJIMKANIIIEM PACCMOTPEHUN OKA3BIBAETCS BIIOJHE JIOTUIHBIM. B
CcaMOM JieJie, HAJINYNe MapaMeTpa-CChIIKU, €CIIU T, CChLIKA, HE 0003HAUEHA
KaK KOHCTaHTHAs, OOBIYHO MOIPA3YMEBAET, 9TO COOTBETCTBYIOIINN MapaMerp
HCIIOJIB3YETCH KaK 6bL00HOMU, TO €CTh MPEIMOJIAraeTCs, YTO 9e€pPe3 DTOT Ta-
pamerp QYHKIHS 6038pauaem HEKOTOPYIo nHpopMannio. [lomermars Takyo
“HMOPMAIUIO BO BPEMEHHBIN 00BEKT, OUeBUIHO, OECCMBICIEHHO.

U3 9T0ro MOXKHO CeIaTh OUEBUAHBIH METOJONTOTUUECKUH BHIBO: UCIIOb-
3yiite MOIudUKATOD const i BCEX CCBUIOK, I KOTOPBIX ITO BO3MOZK-
no. Hekoncraurnpie ccpuiku B Kadecrse napamerpos GyHKIMil ciepyer uc-
MOJIb30BATh TOT/IA M TOJILKO TOTJA, KOTAA (QYHKIMS 3aBEIOMO JOJI¥KHA MO-
TuGUIIPOBATH MTEPEMEHHYIO, MePeJJaHHYI0 Yepe3 TaKoil MmapaMerp, TO ecTh
apaMeTp WCIOJIb3yercs i nepefadn nadopMarui u3 (HYyHKINH K BBI3bI-
Bamomemy (Hanpumep, Koraa byHKIHUA AOMKHA BO3BPATUTH GOJIbINE OJHOTO
3HAYEHUs ).

"Bosee Toro, CTpayCIpyn B CBOMX KHHIax BOOOIIE He [eTAeT MEXKIY HHME SBHOTO
pa3iuunsi, Ha3bIBas «BPEMEHHBIME 00bEeKTaMuy» 00e pacCMaTPUBAEMbIe CYI[HOCTH.
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§ 2.13. 3HayeHns MApPaMETPOB 10 YMOJJYAHUIO

§ 2.13.1. ITapameTpsl pyHKIMIT CO 3HAYEHUIMU 1O
YMOJTYaHUIO

A3pik Cu++ mosBossier npu oO0bsBieHur QyHKIUU (T.€. B TOM MeCTe
€JIMHUIbI TPAHC/ISALMH, TJe BuepBbie (DUIYyPUDYET NPOTOTUIl (PYHKIIMHU) YKa-
3aTh /I HEKOTOPBIX WJIK BCEX €€ MapaAMETPOB 3HAUEHUS TLO YMOALAHUIO,
B Pe3yJIbTaTe Yero MPHU BbI30BE (DYHKIMU MOXKHO OyJeT yKa3aTh MEHBIIee
KOJIMYECTBO mapaMerpoB. Hempocraromme mapaMerpbl KOMITUIATOD TTOJACTaBUAT
cam. Hampumep, omuimeM cieayomyoo (yHKIIAO:

void f(int a = 3, const char *b = "string", int c = 5);
Temepb BO3MOKHBI TaKNE BBI3OBHI:

£(5, "name", 10);

£f(5, "name"); // To %e, uto f(5, "name", 5);
£(5); // To xe, uro f(5, "string", 5);
£ // To x%e, uro f(3, "string", 5);

Ha 3navenusi o0 yMOTIAHUIO HAKJIAJABIBAIOTCS OMPEIEIEHHBIE OrPAHUICHUS.
s dyaknum MoxKeT OBITh 33aHO 3HAYEHHE 10 YMOJUAHHUIO JTI000r0 KO-
JINYECTBA €€ MapaMeTpoB, HO TIPHW 3TOM 6Ce NAPAMEMPy, PYHKUUU, CAEIYI0-
WUE 8 CIUCKE NAPAMEMPOS 306 NEPEBIM, UMENULUM 3HAUEHUE TO YMOALGHUIO,
doNdHCHBL TNAKIICE UMEMb 3HA%EHUE NO Ymoadanuro. Hampumep, ciemyiorie
OTHMCAHUsT KOPPEKTHBI:

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

a cjeayloniue — HEKOPPEKTHDI:

void f(int a = 0, int b, int c = 20);
void f(int a = 0, int b = 0, int c);
void f(int a = 0, int b, int c);
// b ¥ C DONXHH WMeTb yMOJdYaHUE, T.K. ero UMeeT a

void f(int a, int b = 10, int c);
// c DonXeH WMeTh yMoNdaHWEe, T.K. €ro uUMeeT b

910 orpaHWYEHUE BBEJEHO B sI3bIK, YTOOBI YIPOCTUTH KOMIUIATOPY MOUCK
noaxomsreit ¢pynkuu. Ecau npu BeI30Be yKa3aHO 1 (paKTHIECKUX [TAPAMET-
POB, KOMITHJISITOP COIOCTABJISET UX C N Nepsvimy (POPMAIbHBIMYU IAPAMETDA-
mu dyukiuu. Tak, eciu 3a1ana QYHKITSA
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int f(int a, const char *str = "name", int *p = 0);
TO CIAeayIonnii pparMeHT OyaeT OImMOOYeH:

int x;
£(5, &x);

ITOCKOJIBKY (paKTHIEeCKHuii mapaMerp &X WMMeeT THI int *, a COMOCTAaBJEH
o Oyzmer cTpOro co BTopbiM mapamerpom dyukiuu £, KOTOpbIit nMeer TwHil
const char *.

Kpowme Toro, Beipakenwe, 3aaioiiee 3HAYEHUE 0 yMOJYAHUIO, TAKIKe
MOXKET CTaTh HPUYINHON ommOku. Pekomeniyercs: nucrnosb30BaTh B KA4eCTBe
TAKOBBIX TOJBKO KOHCMAGHMHDLE SbLPAHCEHUA, TO €CTh TaKne, KOTOPbIE KOM-
NUJIATOP MOXKET BBIUYHCIUTH BO BpeM:A KOMINIANUW; XOTA B A3BIKE TAKOT'O
OrpAHUYEHUSA B ABHOM BHJE HET, er0 BBOAAT HEKOTOPbIE KOMITHJIATODHI.

§ 2.13.2. Emé pa3 o Bugax KOHCTPYKTOPOB

B §§ 2.4, 2.5 w 2.11 MBI paccMaTpUBAIA KOHCTPYKTOPBI CIIEIUATHHOTO
BHUJA, TOBOPS, UTO:

® KOHCTPYKTOD 06€3 mapaMerpoB BOCIPHHHMAETCH KOMIIMJIATOPOM KAakK
KOHCMPYKMOP TO YMOALAHUIO;

® KOHCTPYKTOP C OJIHUM IIapaMeTpoM, UMEIOLIUM THUIl, OTJIMYHbIH OT OIu-
CHIBAEMOT'O, BOCITPUHUMAETCST KOMITAJIITOPOM KaK KOHCMPYKMOP Npeob-
PA306AHUR;

® KOHCTPYKTOP C OJITHUM IIapaMeTPOM, UMEIOIIUM TUIl «CCbLJIKA Ha OLUCHI-
BaeMBbIi KJIaCC WU CTPYKTYPY», BOCIPUHUMAETCA KOMTHUIATOPOM KakK
KOHCMPYKMOP KONUPOEAHUSA.

VauTbiBas BO3MOXKHOCTD 33/IaHUs 3HAYEHU I TAPAMETPOB M0 YMOTYAHHUIO,
cJjleyeT rOBOPUTH, YTO KOMIIUIATOD BOCIPUMET KaK KOHCTPYKTOD CIelHaJIb-
HOI'O BHJIA TAKOH KOHCTPYKTOP, KOTODBII donyckaem e2o 6b1306 C COOTBET-
CTBYIOIINM KOJWYECTBOM W THUTIOM TapaMmeTpoB. Tak, HampuMep, MbI MOTJIH
Ob1 B Kytacce Complex OMUCATH BCErO OJWH KOHCTPYKTOP, KOTOPBI ObI CJIy-
KW ¥ KOHCTPYKTOPOM TI0 YMOJTYAHWIO, ¥ KOHCTPYKTOPOM IIPE0Opa30BaHus,
1 OOBIYHBIM KOHCTPYKTOPOM OT JBYX apryMEHTOB:

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

B camowm meme, Takoit KOHCTPYKTOP MOXKeT OBITH BbI3BAH W 0€3 MapamMerpoB
(ro ecrb Kak KOHCTPYKTOP 1O YMOJIYAHMIO), U C OJHHMM LAPAMEIDOM THILA
double (TO ecTh KaK KOHCTPYKTOP Npeodpa3oBanus u3 Tuna double).
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§ 2.14. HesgsBHbIE KOHCTPYKTOPBI

Eciu onucars B nporpamme vHa Cu++ CTpyKTYpPY WU JaXKe KJIACC, HE CO-
JepKamuii (o kpaifineil Mepe Ha TEPBbIi B3MJIs]) HUKAKAX KOHCTPYKTOPOB,
TO TIEPEMEHHYI0 TAKOTO THIIA BCE YK€ OKAYKETCsI BO3MOYKHBIM CO3JATh. JTO
BIIOJIHE TTOHSTHO C TO3UIKN 3IPABOTO CMBIC/IA: BEAb CTPYKTYphl B Cu++ da-
CTO MCHOJB3YIOTCS B UX UCXOMHOM posu, npuiiesnieit u3 si3bika Cu, To ecTh B
KadecTBe OOBIMHOM CTPYKTYPbI JAHHBIX, 0€30 BCAKHX MeTOm0B. Mexay TeM,
ceMaHTHKa, s3bIKa Cu++ Moapa3yMeBaeT, 9TO KaXKIbli SK3EMILISAD CTPYKTY-
PBI WU KJIACCA SBJSIETCS OOBEKTOM, a /I KayKIO0TO O0BEKTA MpPU €ro Co-
3/IaHUK BBI3BIBAETCS KOHCTPYKTOD. BO3HUKAIOIEE MPOTUBOPEUNE PEITAETCS
BBEJICHUEM MOHATUS HEABH020 KOHCTMPYKMOPAQ.

HesiBHbBIIT KOHCTPYKTOP — 3TO KOHCTPYKTOD, KOTOPBI TEHEPUPYETCS KOM-
[MAJIATOPOM ABTOMATHYECKU, HECMOTPS HA OTCYTCTBHE COOTBETCIBYIOIIErO
KOHCTPYKTOpA B KOJIE, OMHUCHIBAIOIIEM KJIACC WK CTPYKTypy. Kommuastop
Cu-++ HesBHO TEHEPUPYET TOJBKO JBA, BUIA KOHCTPYKTOPOB: KOHCTPYKTOPbI
O yMOJYaHUIO (TO €CTh KOHCTPYKTOPBI 0€3 MapaMeTrpoB) U KOHCTPYKTODbI
konupoBanus. IIpy 3T0M KOHCTPYKTOP KOMMPOBaHMWS HESABHO Te€HEpU-
pyeTcs A4 Jr000ro Kjacca WJIHM CTPYKTYPbI, B KOTOPBIX IpOrpam-
MHCT He OIHMCAJI KOHCTPYKTOP KOIMMPOBAHUS SBHO, TO €CTh MOJIyYaeT-
Csl, 9TO KOHCTPYKTOP KOMMPOBAHUS HA CAMOM JI€JI€ MPUCYTCTBYET (SBHO WK
HEsIBHO) BOOOIIE B JII0O0M KJ1aCCe W CTpyKType. HedBHbIA KOHCTPYKTOD KO-
MUPOBAHUS MPOU3BOINT KOMMPOBAHUE HANOOIEe OYEBUIHBIM CIIOCOOOM: TIOJIs,
KOTODPBIE CAMU UMEIOT KOHCTPYKTOPBI KOMMMPOBAHUS, KOIMPYIOTCs C TOMOIIHIO
9TUX KOHCTPYKTOPOB, IPOYHE 10/ — IOOUTOBBIM KOIIUPOBAHUEM.

C KOHCTPYKTOPOM I10 YMOJJYAHUFO CATYAIUS 9yTh CJIOXKHEE: OH TeHe-
pPUpyeTcsi HeSBHO, €CJIH IIPOTPAMMUCT HE OINCAJI B CTPYKType Wi
KJiacce BOOOIIle HU OJHOro KOHCTpyKTopa. Eciin B Kjacce uian cTpykTy-
pe SIBHO OIIMCATDb XOTst Obl OIMH KOHCTPYKTOD (J11060i1), KOMIIUIATOD HE OyHer
TEeHEePUPOBATH HEABHbBI KOHCTPYKTOD II0 yMOJIYaHUIO, HIOCKOJIBKY COYTET, YTO
[IPOrPAMMHUCT B35/ 3200Ty O KOHCTPYUPOBAaHUU B CBOM PyKu. VIMenHO 110310-
My B MPUMEPaX, KOTOPbIE PACCMATPUBAJINCH B § 2.1.3, MBI MOTJIX ONMKUCHIBATH
mepeMeHHbIe TUTA str_complex 6€3 BCAKUX MTapaMeTpPOB, TOKA, HE BBEJIU MEP-
BBIi KOHCTPYKTOD, IMOCJI€ Yero BO3MOXKHOCTH OIMUCAHUS TEPEMEHHBIX ITOTO
Tuna 6e3 yKasaHus nmapaMerpoB HaMu ObLIa yTpadeHa [0 TeX 0P, MOKa MbI
(y2Kke camu, sIBHO) HE OLIPEIEJIMIIU KOHCTPYKTOD 110 YMOJIYAHUIO.

Crenaem emg ogHO BaxKHOE 3aMeuanue. [I0CKOMbKY KOHCTPYKTOP KOITH-
pOBaHWS MOXKET OBITH CP€HEPUPOBAH HESIBHO, OTCYTCTBHUE SIBHO OIMUCAHHOTO
KOHCTPYKTOpA KONMWPOBAHWS HE O3HAYAET HEBO3MOXKHOCTHU CO3JAHUS KOIIWH
obbekra. CylecTByer, OJHAKO, CIOCO6 3aNpeTUTh KOMUPOBaHNe 00bek-
TOB HEKOTOPOTO KJIacca: /Jjis 3TOr0 JOCTATOYHO OHNMCATh KOHCTPYKTOP
KOMMUPOBAHUS sIBHO, HO C/I€JIATh 3TO B IIPUBATHOM JacTh KJjacca. Takoii
MpuéM 9aCTO MPUMEHSIOT JIJIs KJIACCOB, OObEKThI KOTOPBIX MO CMBICTY KOITH-
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POBATHCS HE JIOJIYKHBI, 9TO0BI UCKJIIOYUTH CJIyYAiHBIE OIMHNOKN, CBI3AHHBIE,
HaNpUMED, C Tepeaadeil uxX Mo 3Ha4YeHu0. ZICHO, 9TO 0OBEKT, Jjisd KOTOPOTro
KOITMPOBAHWE 3aIPEIEeHO, He MOXKET ObITh HU MEPEeAH 10 3HAYEHUIO B (PyHK-
[UI0, HU BO3BPAIIEH u3 (PYHKIUU; 3TO HE UCKIIOYAET, PA3yMEeTCs, Mepea-
uu 10 cebuike. 3aberasi BIepEL, OTMETUM, YTO AHAJIOIMYHbBIA IIPUEM MOXKHO
OPUMEHUTH U JIJI 3alpelleHns MPUCBAuBaHus 00beKTOB (MMEHHO, yOpaTh B
OPUBATHYIO YaCTh COOTBETCTBYIONIYIO (DOPMY OIEpPATOPa MPUCBAUBAHUSL ).

§ 2.15. OnucaHme Tejia METO/Ia BHE KJiacca.
PackpsbiTue obsiactTu BUIUMOCTA

Jlo cux Top Bce OMUCHIBAEMbIe HAMHU METOJIbI COCTOSIH W3 OJHOW-IBYX
CcTpOK Kozma. KoHewHO, Tak MmOIydaeTcsa majieKO He BCETa, a pa3Mep Teja
MeTOa, BOODIIE TOBOPsi, HE OrPDAHWYEH, KAK HE OFPAHWYEH U PA3Mep Tesa
06br4HOl ByHKIHUS.

Bwmecre ¢ Tem, onmcanme Kaacca MIpU HAJTUYWH B HEM HECKOJILKUX METOJIOB
3HAYUTEIHLHOrO 00bEMaA MOXKeT CTaTh (B CUJIy CBOUX Pa3MEpPOB) COBEPIIEHHO
HEJIOCTYITHBIM JIJIs MOHUMaHus. Boo0Iie roBopsi, Jaiie BCero nporpaMMuCTh
YUTAIOT ONKUCAHUS KJIACCOB, YTOOBI y3HATH, KAK C COOTBETCTBYIONIUM KJIACCOM
paborarb. fcuo, 4ro Jyisd 910ro HeobxouuM CHUCOK (11yOJUMUHBIX) METOI0B.
IToka ommcanme Kacca yMeIaeTcs Ha OTHOHM CTpaHUIlE, CIUCOK ero MeTOIOB
MOKHO OXBATHUTH OJHUM B3IVIAJIOM; €CJIN K€ B KJIacCe ONMCAHBI TPOMO3/IKIE
METOZIbI, /IJIsi O3HAKOMJIEHUS C 3ar0JIOBKAMHU METOIOB MOXKET MOTPeOOBATHCS
JIOJITO€ MEPEeUCThIBAHNE KO TYJIA M OOPATHO, MPUYEM B MPOIECCE IMOUCKA
3aroJIOBKa OJIHOI'O METO/A IIPOrPAMMUCT MOXKET YCIeThb 3a0bITh IIPO JIPyrue,
TaK 4TO M3yvYeHHe KJIAcCa CTAHOBUTCS 3aHATHEM JIOJTUM U yTOMUTETHHBIM.

Ectb u emé ogna mpobiema ¢ TesraMu METO/IOB, KOTOPAsh BO3HUKAET MPH
HAIUCAHUU MHOTOMOJYJIbHBIX Iporpamm. B sa3bike Cu MbI OMEIATIN OIH-
CaHust CTPYKTYpP, HeoOXoAMMbIe Oojee UeM B OJHOM MOIyJe, B 3arojoBOY-
uoie daiter. B Cu++ ¢ kjiaccamMu u CTPYKTypaMu CHTYAIMs COBEPIIEH-
HO Takad Ke: eCJIM Mbl XOTHM HCIIOJIb30BATh HEKOTOPBIN KJAcC UJIA CTPYK-
TYpy B HECKOJbKUX MOJIY/IAX, C/leJyeT IMOMECTUTH OIHCAHUEe 3TOr0 KJacca
MJIM CTPYKTYPBI B 3arOJ0BOIHBIN (bailsl 1 BKIIOYUTH 3TOT (DA AUPEKTHBOIT
#include "..." BO BCe Hy2zKHbIE MO/LYJIU.

89T0, BIPOYEM, HE 03HAYAET, YTO HAMUCAHUE IPOMO3IKUX (DYHKIUH B 9€M-TO IPABUIIB-
HO. UeM (DyHKIMS IJIMHHEE, TEM TPyJAHEE CTOPOHHEMY IPOTPAMMHUCTY MOHATH, YTO OHA Je-
saer. MHOrme IporpaMMHUCTBL IPHUACPXKUBAIOTCS TOUKY 3DEHUs, ITO BCE OommcaHue Jroboit
dyuKIn (TEJI0 BMECTE ¢ 3aroJIOBKOM) JOJ2KHO YKJIAABIBATLCA B 25 CTPOK WK B KpaifiHeM
ciy4dae ObITh 4y Th-4yTh Ooiblie. Takyo (QyHKIMIO MOXKHO OXBATUTH OJHUM B3I 10M. Kc-
s Kox, (DYHKIUH pasdyx W CTaj ropasno OoJbile, U3 HEE CileLyeT BBIJEIUTH JIOTHIECKUE
4aCTH ¥ OPOPMUTH UX B BHUJAE OTAEIbHBIX (DYHKIMH, TO eCTh pa30uTh OAHYy (DYHKIIUIO HA
HECKOJIbKO. BCE 3TO crpaBeanBO U [Jisi METOIOB.
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Ecau npu 3TOM KJIacc niim CTPYKTYpa COAEPKUT TeJia MeTO/IOB, 3TO Oy1eT
O3HAYaTh, YTO KOJ|, COCTABJSIOIINNA MX Tejla, OKayKeTCsi OTKOMIIUINPOBAH B
KaXXJIoM u3 mopayneit. Eciu takux Momysieil MHOTO, B UTOrOBOM HCIIOJIHSI-
eMoM pailyie OKaXKeTCss 3HAIUTETLHOE KOJTUIECTBO AyOIMpyeMoro Kojma: Me-
TOABI HAIEro Kjaacca (oaumH u ToT ke Koa!) GyayT NPUCYyTCTBOBATH B TAKOM
KOJINYEeCTBE KOMUil, CKOJIHLKO MOJIyJIeil NCTOIL3YIOT HAII KJIACC.

O6e 1pobiiembl (IPOMO3IKOCTb OIUCAHUS KJACCAa U ybiaupoBanue 00b-
€KTHOI'O KO/a METO/OB) DEILAITCs BbIHECEHUEM TeJl METOJOB 3a IIPEIeJibl
OTMCAHUS KJIACCA (HA3BIBAEMOTO TAKXKE 3A20408KOM Kaacca). Ilpu sTom
B 3aroJIOBKe KJIACCa OCTABJISIETCS TOJBKO TPOTOTHIT (3ar0JI0BOK) (DYyHKIMH-
METO/IA, TO €CTh THII BO3BPAIIAEMOrO 3HAYEHMs, UM MeTO/a, CHUCOK (op-
MaJIbHBIX [aPaMeTPOB U (BO3MOXKHO) MOAM(UKATOD const, MOCJEe Yero BMe-
CTO TEeJIa METO/IA CTABUTCS TOYKA C 3alATON, KAK U MOCIe OOBITHOIO IPOTO-
Tna GYyHKINA.

Teno GyHKIMU-METOIA TPU ITOM OIUCHIBAETCS B IPYTOM MECTE, 3a Mpejie-
JIAMM 3ar0JIOBKa KJIacca, BO3MOXKHO JaxKe, 4To B Apyrom daiije (damie Bcero
9TO IPOUCXOJIUT, ECIIH 3ar0JIOBOK KJIACCA BBIHECEH B 3ar0JIOBOYHbIN (ailir; Te-
Jla METOJIOB MTPH 3TOM OIHCHIBAIOTCS B (haiijie peaan3aiyy COOTBETCTBYIOIIETO
MOJLYJISE).

IIpu ommcannu GpyHKIHU-METOA 34 IpEeaeaMy 3aroJiOBKa KJacca Heob-
XOAUMO yKa3aTh KOMIHIATOPY, 9TO PEYb WIAET UMEHHO O METOIE ONpPEeIe/EH-
HOTO KJIacca, a He O MPOCTOil PyHKIMNA. DTO JeTaeTCsl € TTOMOIIbI0 CUMBOAG,
packpumus 0baacmu 8uduMocmu, B posir KOToporo B Cu+-+ BbICTyIaeT
JIBa JBOeToYns :: (MHOIJA MPOrPAMMUCTBI HA3BIBAIOT 3TOT CUMBOJI «4€TBE-
porouuem» ). Hanpumep, ecim Mbl onucbiBaem Hekuil kiacc C1 u B HEM eCTb
KOHCTPYKTOD IO yMOJI49aHuio u Hekoropbie merozinl f() u g(), Boinecenue
OTHMCAHUS METOJOB 34 MPEIEJIbl KJIACCA, MOYXKET BBITJISIETh TaK:

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

s
/o]
C1::C10)
{
// Temo KoOHCTpyKTOpa
}
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void Cil::f(int a, int b)

{
// Teno Meroma f
}
int Cl::g(const char *str) const
{
// Temo MeTroma g
}

CMBICT «pacKpbITHs OOIACTH BUIUMOCTHY MOXKHO MOSICHUTD CJIEILYFOIIIM
obpazom. Imena moseit u METOIOB JIOKAJIM30BAHbI B KJIACCE B TOM CMBICJIE,
YTO, €CJIA B KJIACCE €CTh METOJ, C UMEHeM T, TO BHE KJIACCA MBI MOYKEM HCITOJTh-
30BaTh uaeHTHdUKATOP f JIsT APYTHUX Iieseii, Jub0 BOBCE HE UCIOJIb30BaTh
€ro; TosBJIeHNE UAeHTU(UKATOPA £ BHE KJIACCA HE MMEET HUKAKOTO OTHOIIIE-
uust K meroxay f (), onmucannomy B Kiaacce. Bmecre ¢ TeM, B HEKOTOPBIX CJIy-
yasgx uMsa Merofa f BCE Ke MOSBJIeTCH BHE KJIACCA MMEHHO KaK MMS 3TOrO
MeTOJa — HAIPUMeD, IIPH BbI30BE €ro Jjist 00beKTa Kiacca. Takum obpasom, B
OTJIMYHE OT, HAIIPUMED, JIOKAJTHHBIX MEPEMEHHBIX B (DYHKINSIX, UMEHA, YJIEHOB
KJIacCa AOCTYIHBI BHE KJIACCA (KOHEYHO, €CJIM OHU HE 3aKPBITHl MEXaHU3MOM
3allUTHI), HO TOJIBKO €CJIU UMEIOTCs YKAa3aHUsl HA TO, 9TO TPeOyercs uMs u3
KJIACCa; IIPY BbI30BE METOJA /il OObEKTA TAKMM yKA3aHUEM CYUTAETCS THII
obbekra.

ToBopsT 1mo3ToMy, 4T0 Kilacce (Wi CTPYKTypa) Lpeicrasisger coboit 0b-
aacms eudumocmu. B obractu BUIMMOCTH UMEIOTCS CBOM UMEHA, HE KOH-
bAUKTYyIOIMEe ¢ UMEHAMHU BHE €€ JaXKe MPU COBIAICHUN UIEHTH(UKATOPOB.
Bwmecre ¢ Tem, nMena, JOKAIM30BAHHBIE B 00JIACTH BUAUMOCTH, OT ITOTO HE
CTAHOBSATCsI, BOOOIIE TOBOPS, HEOCTYITHBI; OHU JOCTYITHBI, HO TOJBKO IIPHU HAa-
JIMYUU yKazaHuii Ha obsactb BuauMoctu. CUMBOJ PACKPBITHST 00JIACTH BUH-
MOCTH KaK Pa3 U sBJIAETCH CPEJACTBOM [Jisd TaKuX yKasauuit. MoxxHo cka3arb
U TaK, 9TO OJWH W TOT YK€ METOJ, UMeeT BHyTpH Kjacca C1l (To ecTh B Tesax
ero MeTosioB) uMs f, a BHe Kjacca — umsg Cl::f.

OTmeTnM, 9TO CUMBOJI PACKPBITHS O0JACTH BUIUMOCTU TPUMEHSIETCS HE
TOJIBKO JIJIs1 OITUCAHUST METOIOB BHE 3arojioBKa Kjacca. C apyrumu ciydasMu
€ro IPUMEHEHWS MBI CTOJIKHEMCS TTO37Ke.

§ 2.16. NHunmmaau3anusa 4JIeHOB KJIacca B
KOHCTPYKTOpeE

Jlo cux mop MBI 337aBajIu 3HAYUEHUS IMOJIeil 00BEKTa C IMOMOIIBIO OOBIU-
HOI'O OIEPATOPa IPUCBAMBAHUS B Tejie KOHCTPYKTOpa. Takoit cnocod moxker
OKa3aThCsl HEMPUEMJIEMbIM; IeHCTBATEIHFHO, HUKTO HE MENaeT O0bSIBUTH B

46



KJIacce TI0Jie, MMerolee, B CBOIO OYepe b, THIl KJIAcC, PUIEM He UMEIOIInit
KOHCTPYKTOPA [0 YMOIIAHUIO.

Paccvorpum sty curyaruio noapobree. Ilycrts A — Kjace, e TMHCTBEHHDIH
KOHCTPYKTOP KOTOPOro TpeOyeT Ha BXOJ JBA MapaMeTpa THIMa int:

class A {
/]

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

I

Omumiem Tereph Kiace B, B KOTOPOM ecThb mojie Trma A. JIjisi mpocToThl Kap-
TUHBI By/IEM CIMTATH, 9TO B K/IACCE B HAM HY’K€H TOJIBKO KOHCTPYKTOD MO
YMOJIMAHUIO (/U1 APYTUX KOHCTPYKTOPOB cuTyanus Oyner abCOMIOTHO aHa-
JIOIUYHA):

class B {
A a;
public:
BQO);
/] ...
};

Paccmorpum Tenepsb Tesio kKoucrpykTopa B(). B HéM (TO ecTh BO BpeMsi ero
paboThl) y>Ke JOCTYIHO MOJIe a, a JJIs 9TOr0, KaK Mbl 3HAEM, JOJIKEH ObLI
orpaborarh KOHCTPYKTOp Kmacca A. Ho Benb enmHCTBEHHBIH KOHCTPYKTOD
kJiacca A Tpebyer napamerpos! Kak ke ux emy nepenarhb?

Yro0bl permuTh BO3HUKINYIO mpobiemy, B Cu++ BBEOEH CIEIMAJIbHbBIN
CHHTAKCUC I UHUUUAAUAUUYU Noaet obsexma. llpu ommcannn KoH-
CTPYKTOpa MEXK/ly €ro 3aroJIOBKOM U HavasioM Tesa (OTKpbiBatomei puryp-
HOI CKOOKOI) MOXKHO [IOCTaBUTh JIBOETOUYKE, IIOC/IEe KOTOPOIO 4epe3 3alsdTyIo
TIEPEUNCIINTE BHI30BBI KOHCTPYKTOPOR JIsi HEKOTOPBIX MJIN BCEX TOJeH KJac-
ca. B paccmarpuBaeMoM TpUMeEpE BBITJIAIETH 3TO OYIET TaK:

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

Takum 00pa3zoM MbI YKa3bIBaAEM KOMIHIJIATOPY, 9TO TOJE a CIeIyeT WHUIHU-
anu3upoBarh (CKOHCTPYMPOBATDH) € IIOMOIIbIO KOHCTPYKTOPA OT JABYX Mapa-
merpoB (2 u 3). OBHapyKuB TAKOW KOJ, KOMIIU/IATOP BCTABUT BbI30OB CO-
OTBETCTBYIOIIETO KOHCTPYKTOPA KJIACCA A HEMOCPEICTBEHHO B HAYAJIE TEJId
KOHCTPYKTOpPa B.

OrmMerum, 9T0 TAK MOKHO MHUITHATU3UPOBATH JIIOOBIE MOJIsl, 8 HE TOJBKO
nosig Tuna kjaacc. B gacrHocru, Juig Hamero tuna Complex KOHCTPYKTODBI
MOTJTH OBbI BBITJIAIETH W TAK:
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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) {}
/...

Cremnaem emgé oqHO BaXKHOE 3aMedanne. Humnanm3aTops! moJiei J0IKHbBI
cJleoBaTh B crimcke (10ocjie IBOETOYMs) B TOM YK€ MOPSIIKE, B KOTOPOM COOT-
BETCTYIOIIKE OJIs ONMUCAHBI B K1acce. VlHoe, hopMaIbHO TOBOPS, HE SBIISETCS
OmuOKO#, HO XOPOIIHii KOMIMIATOD 00s3aTEIbHO BBIIACT MPEIYIIPEXKICHNUE.

§ 2.17. Onucanue CMMBOJIOB ONEPAINii BHE
KJjIacca

B kiacce Complex MblI HEPErpyzKaJjii CUMBOJIBL apudMeTndecKux orepa-
nuit B Bume GyHKIUNE-MeTon0B. Baaromapst HaIMYHIO B KJTacCe KOHCTPYKTOPA
npeodpPa30BaHUsT BO3MOXKHO, HATPUMED, MPUOABUTH K KOMIIJIEKCHOMY YHUCJIY
JefiCTBUTEIbHOE:

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

(upu 3ToM KOHCTaHTa 0.5 Oyaer npeobpasoBana K 00bekTy Complex € 110MO-
MIbI0 KOHCTPYKTOPA, Ipeobpa3oBanus). B To ke Bpems, CIeAyIonas onepaius
OKaYKeTCsi ONMTMOOTHOM:

z=0.5+t; // ouunbxra!

eso TyT B TOM, UTO MeTOJ operator+ MOXKeT OBbIThb BBI3BAH TOJIBKO IS
obbekTa kiacca Complex, a koncrauTa 0.5 TakoBbIM He sBisieTcs. B oriu-
yge OT apryMeHTOB DYHKIU, OOBEKTHI, Il KOTOPBIX BbI3bIBAIOTCS METO/IbL,
KOMIIIJIATOP He mpeobpasyer.

A1y mpobieMy Tak:Ke MOMXKHO DemuThb. JIes0 B TOM, 9TO OMepanuio CJio-
2KEHUA JBYX KOMIIJICKCHBIX 4MCeJl MOXKHO LIPeJCTaBUTh He TOJIbKO KaK MeTOJ,
CaMOTr0 KOMIIJIEKCHOTO YUC/IA, (C OJHUM TApaMETPOM, TI0 TIPUHIAITY «ITPUOABD
K cebe 9TOT mapamerp W CKaxKH, 9TO MOJIyYUTCA»), HO U KAK CTOPOHHIOIO
dbyHKIMIO0, KOTOpas IO ABYM 33JaHHBIM KOMIIJIEKCHBIM YUCJIaM BBIIAET JIpy-
roe KomiutekcHoe uncio. tak, yoepém operator+ u3 kinacca Complex, a BHE
KJIaCCa HalulleM Cjeiyloulee:

Complex operator+(const Complex& a, const Complex& b)
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return Complex(a.get_re() + b.get_re(),
a.get_im() + b.get_im());
}

Tenepb MbI MOKEM HallUCaTh:

Complex z, t;

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

¥ HUKAKUX OIMMOOK 9TO HE BHI30BET.

[leperpy3ska CHMBOJIOB CTaHIAPTHBIX OMEPAIWii B BUIAE OTAEIbHBIX (DYHK-
uuii (2 HE METOIOB B KJIACCAX) MOXKET OKA3aThCsd IIOJIE3HON TaKKe U B TOM
ciIydae, ecid HaM HeoOXOIUMO BBECTH OMEPAIUIO Jjisi O0BEKTOB HEKOTOPOIO
KJIACCA, KOTOPBIHA MbI 110 TEM WJIM WHBIM [PUYUHAM HE MOXKEM U3MEHHUTH; Ha-
MpUMEpP, STOT KJIACC MOYKET OBITh JaCThbI0 OMOJINOTEKM, CO3TAHHON IPYyTUM
MTPOTPAMMHUCTCKUM KOJIJIEKTUBOM, OT KOTODPOH y HAC HET MCXOJHBIX TEKCTOB
(x coxasnenuto, HecMOTps Ha ycrnexu OpenSource, Takue CUTyaluu IIOKA YTO
HE PEJKOCTD).

§ 2.18. /IpyXecTBeHHble (PYHKIIUN 1 KJIACCHI

B HeKOTODBIX Cily4asix ObIBAET IOJIE3HO C/IEIATh MCKJIIOYEHHS U3 3alpe-
TOB, HAJTATAEMBIX MEXaHU3MOM 3aIUThl. B ga3bike Cu-++ KIACC Wik CTPYKTY-
pa, uMeroIue 3aNUIIEeHHY0 YaCTh, MOI'YT OObSBUTH TY WU UHYIO (DYHKIIHIO
ceonM «apyroms (friend); B 3TOM ciyuae u3 Tena Takoit dpyarcecmeermoti
dyHKyuY BCe TeTann peasn3alyiy KJIacca Uil CTPYKTYPhI OYIYT JOCTYITHBI.
MOoKHO O0OBSIBUTH «IPY?KECTBEHHBIM» TaKIKe IIEJIbII KJIACC WJIM CTPYKTYPY;
3¢ deKT or 3TOro HymeT TaKoil ¥Ke, KaK €C/Iu ObI MbI OObABUIN JIPYZKECTBEH-
HBIMH BCE METO/IbI JPY2KECTBEHHOro Kjacca. VlHade roBops, eciu B Kjacce
A Oyzer 3asBJIeHO, YTO KJACC B sgBJisieTcs Jjis HEro JIPy2KEeCTBEHHBIM, TO BO
BCEX METO/IaX KJiacca B OyayT MOCTYMHBI BCE METATN peajn3anni Kaacca A.

[IpumensaTs MexaHU3M IPYKECTBEHHBIX (DYHKIWHA W KJIACCOB CJIEAYeT C
ocropoxkHOCThIO. Kak Mbl Buzenu B § 2.1.4, 3amura nerajeil peajn3anyuu
KJIacCa — MEXaHW3M OYEeHb ITOJIE3HbIN; KAK MOXKHO JI0raaThCsd, HeOOm yMaH-
HBIE WCKJIIOUEHWST U3 HErO MOTYT HAHECTH CYIINECTBEHHBIN BpeI.

Opna w3 curyanuii, B KOTOPBIX TPUMEHEHWE MEXAHW3Ma, JIPYZKECTBEH-
HbIX (DYHKIOWIA MOXKHO CYUTATH MPAKTHIECKH OE30MaCHBIM — 3ITO BBIHOC
[IEPEKPBITHIX CAMBOJIOB CTAHIAPTHLIX ONEpaluii 3a Mpeiesbl KJacca, Kak
9TO OOCYKIAJIOCh B mpeabLayieM naparpade. Kak MoKHO 3aMeTuTb, B Te-
e (yHKIUM operator+ MbI ObLIM BBIHYXKJIEHBI MOJH30BATHCS METOIAMMU
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Complex::get_re() u Complex::get_im(), mockoabKy u3 QyHKINN, HE AB-
Jisrornieiicst bopMaIbHO METOA0M Kitacca Complex, MpsiMOr0 JOCTYIIA K MTOJISM
re u im ner. OHAKO UCIOJIH30BAHUE METOIOB JOCTYIIA (TaK HA3bIBAEMbIX aK-
CeccopoB) He Beera yu00HO, K TOMY K€ UX MOXKET LOIPOCTY He ObIThb; 4acTo
ObIBaET TAK, 9TO HEKOTOPBIE JETAIN PEAU3alni HE CIeAYeT JeJIaTh JOCTYII-
HBIMU AK€ 9epe3 METO JOCTYTIA.

Curyamuioo MOXKHO UCIPABUTH C MOMOIIBI0 MEXAHW3Ma, JIPYKECTBEHHBIX
dbyuknumii. [Iasa #Hadasa B 3arojioBOK Kjacca Complex BCTABUM JIUPEKTUBY
friend, o6bsaBUB (pyHKIHMIO operator+ apy:kecTBeHHOH. st 3TOro HyKHO
3anucarb MPOTOTHII APYKECTBEHHON (byHKINU, PEIBAPUB €r0 JIUPEKTUBOM
friend:

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

//. ..

Teneps Mbl MOkeM mepenucarsb HYHKIHUIO operator+, UCIoIb3ysi HAIPAMYIO
HOJIsT CKJIQIbIBAEMbBIX 00'bekTOB (TO ecTh 6e3 obpaienust K merogam get_re ()
u get_im()):

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

}

CpaBHHTE 3TO OMHUCAHKE C TeM, KOTOPOe MbI MPUBOIUIN Ha CTp. 49.
Komeuno, npy)ecTBeHHON MOXKET ObITH W OOBIYHAST (DYHKITHS:

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

/...
s
void f(int, const char *)
{
// 3Iech MOXHO HCIONb30BaTh 3akphThie mous Clsl
3

YT00BI CIeIaTh APYKECTBEHHBIM CPa3y MEJIbIi KJTacC, CAEAYET MOCe CJI0-
Ba friend mammcarh «class uma»:

class A {
friend class B;
/] ..

};
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Ncnoan3oBaTh Takoil BapuaHT <«JIPY:KObI» CJIeLyeT C OCOOEHHON OCTOPOXK-
HOCTBIO, TOJIbKO B CHTyallWW, KOTJA MOHATHS, OMUCHIBAEMbIE 0DOMMHU KJIacC-
CaMu, TECHO CBA3AHBI MEXKIY CODOI; »KeslaTeIbHO CHAadYasa 337aTh cebe BO-
poc, Heb3s Ju oboiTnuch 6e3 friend. BémbimuM 3710M, Y€M HCIOIB30BAHIE
«IPY2KECTBEHHbIX» OTHOLHeHI/Iﬁ, ABJIAETCA Pa3Be 4YTO BBeJEHUE Hy6J’[I/I‘IHbIX
METOMIOB JOCTYIA K IETAJIAM, KOTOPBIE MO CMBICIY JOKHBI ObITH CKPBITHI,
0O CHSATHE 3AIMUThI C BHYTPEHHUX IOJIEH: sICHO, YTO «IPYKECTBEHHOCTD»
BCE-TaKM OTPAHUIMBAET OODBEM KOMIA, KOTOPBIA MPUIAETCI MPOCMOTPETH MPH
U3MEHEHUU peajiM3alluu KJlacca, TaK 4To ucnosjab3oBanue friend 3asesiomo
[PEIIOYTUTEbHEE TOJHONO OTKa3a OT 3amuTbl. C npuMepamMmu curyaruii, Ko-
Ta TPUMEHEHHE «JIPYKECTBEHHBIX» KJIACCOB OKA3BIBAETCS OMPABIAHHO, MBI
CTOJIKHEMCS B HaITleM Kypce MO3Ke.

§ 2.19. OcobenHocTu nmepeonpeaesieHns
HEKOTOPbIX Ollepanuin

§ 2.19.1. ITepeonipenenenne onepanuii MPUCBANBAHUSA

Hanmomuum, uro npucBauBanue siisiercs B s3bikax Cu u Cu++ onepa-
yued, a He omeparopoM, Kak B Ilackase u GONBIIUHCTBE JIPYTUX SI3BIKOB.
OTO BBIPAYKAETCSA B TOM, UTO 3AIMUCh BUIA «a = GbLPAHCEHUE> CaMA MO Ce-
0e SBJISETCS BBIPAYKEHUEM, UMEIONNM 3HAYEHUE, W, TAKUM 00Pa30M, MOXKET
BXOJINTH B COCTaB JAPYTUX BbiparkeHwuii. To ke camMoe MOXKHO CKA3aTh U PO
OTlepaIliU TPUCBAUBAHUS, COBMEIEHHBIE ¢ apu(METHICCKUME JeHCTBIAMUA,
Takue Kak +=, -=, <<=, |= u ap. Kak MbI y>Ke ormMedayu, BCe ITH OMEPAIlUn
MOryT OBbITH IEPEOIPEESIEHBI JIJIsi KJIACCOB U CTPYKTYP, BBEAEHHBIX HOJb30-
BarejieM. 3I€Ch JIEHCTBYeT, OJHAKO, HEKOTOPOE OTPAHWYEHWE: BCE OMEPAINH
MPUCBAUBAHNS MOTYT EPEONPEIENIATHCS TOJIBKO KaK METOAbI KJjacca Ui
CTPYKTYPBI, a ONPEIELNATh UX B BUJIE€ OOBITHBIX (DYHKIUH HETH34.

Kaxk mpaBuiio, npu mepeonpe/ieieHnn Onepanuii IPUCBANBAHUS Y IUTHIBA-
10T, 9TO OOBIYHOE MIPUCBANBAHKME BO3BPAIIACT 3HAYEHHE, KOTOPOE TOJBKO 4TO
ObLIO TPUCBOEHO. U3 3TUX COOOpaskeHwil M3 Omepaluy MPUCBANBAHWUS BO3-
BPAIIAIOT JTUOO KOMUIO 00BEKTA, JIMOO (YTO IMPEANOYTUTEIbHEE) KOHCTAHTHY IO
CCBLIKY Ha 0OBEKT, /I KOTOPOro Onepanus ObLIa BbI3BAHA. JTO, OTHAKO, HE
obsi3arenbHO: d3bIK Cu++ He Tpebyer UMEHHO TAaKOro OMOPMIIEHHsT Olepa-
it npucBauBanus. MOXKHO, B 9aCTHOCTH, CJIEIATH OMEPAIUIO IPUCBANBAHUS
dyuknueit Tuna void, TO eCTh He BO3BpAINAOIINEH HUKAKOro 3HaueHwusi. Ha-
mpuMep, JJd Hamero kjacca Complex Mbl MOT/IH ObI HATUCATH TAKUE OIMEPa-
[UH:

class Complex {
/]

const Complex& operator=(const Complex& c)
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{ re = c.re; im = c.im; return *this; }
const Complex& operator+=(const Complex& c)
{ re += c.re; im += c.im; return *this; }
/] ...
};
WJIH, €CJTV HAC HE CJIUIITKOM BOJHYIOT CEMaHTUYECKUE TPAJUINN, MOXKHO OBIIIO
OBl HAIIUCATH 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; }
/...
s
3/1eCh CTOUT OTBETUTH HA OIUH BOMNPOC, YACTO BO3HUKAIOMIUN Y CTYIE€HTOB.
Oneparuu +=, -= u JApyrue 1noJ00HbIE UM SBJISAIOTCS C TOYKU 3PEHUs A3bIKA
Cr++ TOJTHOCTHIO CAMOCTOSITEILHBIMHI, TO €CTh, HATIPUMED, OMEePaIHs += H-
KaK He CBA3aHa HU C omeparmeil =, Hu ¢ onepanumeil +. Ecim Mbr onuiem B
HEKOTOPOM KJIACCe OIepalliy = U +, 3TO caMo 10 cebe He JACT HaM BO3MOXKHO-
CTU TPUMEHITH K OObEKTAM TOr0 KJIACCA OMEPAIUI0 +=, OHA TOJKHA ObITh
OIUCAHA OTMIETBHO.
AprymenT onepanmnm mpucBauBaHWsS He 00sI3aH WMETh TOT YK€ THUI, YTO
M ONMHMCKHIBaeMblit Kiacc. Tak, /i KOMIIJIEKCHBIX YHCeJ Mbl MOTJIM OBbI Ompe-
JEeJIUTh U NIPUCBANBAHUE KOMIIJIEKCHOI IIepEMEHHON NelCTBUTEIbHOIO YNCIA,
HATIPUMED, TaK:

class Complex {
/...
void operator=(double x) { re = x; im = 0; }
/...
s
OpHako omeparysi TPUCBAWBAHUSA, APTYMEHT KOTOPO# MPEICTABIIIET 00bEKT
TOrO K€ Kjacca (MU CCbUIKY Ha TaKoil OObEKT, KAK B IPEbILYIIEM [IPUMEpE),
HUMeeT OJHY BAaXKHYI0 OCOOEHHOCTb: KaK M HEKOTOPbIE KOHCTPYKTOPDI, TaKasi
OTIEPAITHST 2EHEPUPYEMCA HEABHO, €CTN €€ He OTHNCaTh. JTO BIOJHE MOHAT-
HO, Besib B si3bike CU MOYKHO OBLIO MPUCBAWBATH MEXKTy CO0O0il mepeMeHHbIe,
HMEIOIIHE OJWH CTPYKTYDPHBIA THII, U T4 BO3MOXKHOCTH ObLIA yHACIEI0BA-
Ha B Cu++. B ciyuae, ecnu mo KakuM-1u00 MpUYIMHAM TPUCBAWBAHUE O0Db-
€KTOB ONKCHIBAEMOIO KJIACCA YKEeJTATETHHO 3alPETHTh, JOCTATOYHO OMUCATH
OIEPAIUIO IPUCBAMBAHUS ¢ APIYMEHTOM <«KOHCTAHTHAS CChLIKA HA OOBEKT
OMMCHIBAEMOTO KJIACCa» B IMIPUBATHOM YaCTH KJjacca:
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class A {
/...
private:
void operator=(const A& ref) {} // no assignments

};

§ 2.19.2. Ilepeonpenenenue onepanuu MHIEKCUPOBAHUS

Onepanus m3BIEYeHUS IJIEMEHTA W3 MACCHBA, OOO3HAYAEMAs KBAAPAT-
HBIMU CKOOKaMU, KaK M3BECTHO, SABJISIETCH apuMETUIECKOil omepamnueii Ha
yKasaTejgeM W IeJbIM 9ucjioM; B s3bike Cu Bbipaxkenue «al[bl» mosHOCTHIO
9KBUBAJIEHTHO BBIPAYKEHUIO «* (a+b) », 9T0 JUITHUI pa3 MOTIEpPKUBAET apud-
METHYECKYIO CYITHOCTh WHAeKCupoBaHus. B s3bike Cu++ omepanuio nHIeK-
CUPOBAHUS MOXKHO TEPEONPENE/IUTh /JIsi 00HEKTOB KJIACCA, MM CTPYKTYPHI,
3aCTaBUB, TAKAM 00Pa30M, OOBEKT B HEKOTOPBIX CIyJasX BBITJISIIETh CHHTAK-
CHUYECKM IOXOXKHMM HA OOBIYHBIA MACCUB WJIM JAXKe IIPOCTO HCIIOJIHATH POJIb
maccuBa. Ormerum, 4o, 1o00HO OlEpalUsiMU IPUCBAMBAHUS, OLIEPALIUAs UH-
JIEKCUPOBAHUST MOXKET OBITH MEPEOIPEeIeIeHa TOThKO KaK METOJ KJIACCa UJIN
CTPYKTYPHI.

st mpuMepa onuiineM KJaacc, 00bEeKT KOTOPOro MpeCTaBIsieT coboit Mac-
CUB IIeJIBIX YHCEJI C 3apaHee HEN3BECTHBIM PAa3MepOM, KOTOPHIi mpu obparie-
HUM K HECYIIECTBYIOMUM (TI0Ka) 9JIEMEHTAM aBTOMATUIECKU YBETMIUBACTCS B
pa3Mepax. XpaHUTb JIEMEHTHI MACCUBA OyJIeM B TUHAMUYIECKH CO3JABAECMOM
MaccuBe, CKPHITOM B MPUBATHON 4YacTu Kiacca. VICXoaHo co3maamM MaccuB
pa3mepom 16 371eMeHTOB, & IPYU BO3HUKHOBEHUH TAaKOW HeoOXxouMocTu Oyaem
VIBAaWBAThH €0 Pa3Mephbl J0 TEX MOp, MOKA, HYKHBI HAM WHIEKC HE CTAHET
JIOTTyCTHMBIM.

3aMeTuM, 9TO MPHU MOMBITKE KOMUPOBAHWS ODBEKTa TAKOIO KJIACCa BO3-
HUKHET 1Ipo0jieMa C pas3/iejeHueM O/JHOIO W TOI'O K€ MaCCHBA B JIMHAMUYE-
CKOIf TAMSATH MEKIy JBYMsI O0beKTaMu Kjacca (ToapobHO pobieMa onucana
B § 2.11). B nHareii yupoIrieHHoil Bepcuu Mbl IIPOCTO 3AMPETUM MPUCBANBAHNIE
¥ KOTIMPOBAHUE, OMUCAB (DUKTUBHBIE KOHCTPYKTOP KOMMPOBAHUS U OMEPAIINIO
npucBauBaHus B mpuBaTHOl dactu. Omucanne MOTHOIEHHOTO KOHCTPYKTOPA
KOIHUPOBAHUS ¥ IOJHOIEHHON OIlepaluu IPUCBANBAHKUS OCTABUM YUTATEIO B
KA4YeCTBE YIPAYKHEHUS.

s Hagasia HanmwIeM 3aroJIOBOK KJIacca:

class IntArray {

int *p; // ykasaTenp Ha XpaHHUIHIE
unsigned int size; // Tekymmii pasMep XpaHHIHMIA
public:

IntArray() {
size = 16;
p = new int[size];
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}
~“IntArray() { delete[] p; }
int& operator[] (unsigned int idx);
private:
void Resize(unsigned int required_index);
// 3alpeTHM KONNPOBAaHWE W IPUCBAUBAHUE
void operator=(const IntArray& ref) {}
IntArray(const IntArray& ref) {}
};

Tena KOHCTPYKTOpa ¥ JECTPYKTOPA UMEIOT CPABHUTEIHHO HEOOJBITON pa3-
Mep, MOITOMY MBI COBEPINEHHO CIIOKONHO MOXKEM OCTAaBUTh WX BHYTDPH 3aro-
soBka kiyacca. C JApyro#l CTOPOHBI, TEJIO ONMEpAaIlid WHIEKCHPOBAHUSA OyIeT
COCTOSATh W3 HECKOJIbKHUX CTPOK, IIOITOMY MbI OIHUIIEM €ro OTaesbHO. s
JIyUIreil sSiCHOCTH €ro Pean3allii MbI TPEIYCMOTPEN TAK3Ke BCIIOMOTATETh-
uyio ¢pyuknuto Resize (), koropast OyIeT OCYIIECTBIATH H3MEHEHUE PA3MeEPA
MaccuBa. [lockombKy 3ra QyHKINS, 0YE€BHUIHO, ABJISETCS IETAIbI0 PeajIn3a-
MU U HE IIPeJHA3HAYEHA JJIsl [I0Ib30BaTes (C TOUYKHM 3PEHUs M0Jb30BaTe s
HAIll MACCHUB IPEICTABJIACTCH OECKOHEYHBIM), Mbl CKPbUIUM 3Ty (DYHKIMIO B
[IPUBATHON 4acTu KJacca.

Yuraresnb, BOSMOXKHO, 00pATH/I BHUMAHWE HA THUI BO3BPAIIAEMOTO 3HA-
YeHus onepanuy HHAeKcupoBaHua. ®ynkuma operator[]() Bosspamaer
CCBLJIKY Ha COOTBETCTBYIONIUI 3JIEMEHT MACCUBA, YTOOBI C/1€J1aTh BO3MOZK-
HBIM KAaK BBIOOPKY 3HAYEHUS W3 MACCHUBA, TAK U MPUCBANBAHNE €0 DJIEMEHTAM
HOBBIX 3HauUeHuil. OmuinemM Tenepb TEJI0 OMEPAINN WHIEKCHPOBAHUS:

int& IntArray::operator[](unsigned int idx) {
if (idx >= size)
Resize (idx);
return pl[idx];

Hawm ocranoch onmcars ¢pyuknuio 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_sizel;

for(unsigned int i = 0; i < size; i++)
new_array[i] = p[il;

delete[] p;

p = new_array;

size = new_size;
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Temeps MBI MOXKeM B MpOTpaMMe HCIIOJIb30BATh, HATPUMED, TaKHe OTepaTo-
poI:

IntArray arr;

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

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

Omnepanysi WHIEKCUPOBAHUS [IOJ)KHA WMETHh CTPOTO OIWH MapaMmerp, HO
9TOT MapaMmeTp, BOOOINe rOBOPsi, MOXKET OBITH JIIOOOr0 TUMA. JTO MO3BOJISIET
CO3aBaTh «MACCUBbI», UCHOIB3YONINE B KAYECTBE UHIEKCA TEKCTOBBIE CTPO-
KU WA J1ayKe OOBEKTHI JPYTUX KJIACCOB. XPAHUTH JIEMEHTHI MACCUBA, MBI
TaKKe MOXKEM JII0OBIM yIOOHBIM HAM CIIOCOOOM, HAMPUMED, B BHUJE CITUCKA
(B HEKOTODBIX C/Iy4asgx 3TO MOKET ObITh OnpaBiano). Bojiee TOro, BO3MOXKHO
OPraHu30BaTh OOLEKT, BBITSAANIUNN KAK MACCUB, HO XPAHAIIUI CBOH JIEMEH-
Tl B pailie HA JUCKE, TaK YTO ONEPAIUs WHIEKCHPOBAHUS PEATbLHO Oyer
MIPEICTABJISATH COOOH OIEPAIWIO YTEHHS WJIM 3aIucu B (haii.

§ 2.19.3. Ilepeonpenenenne oneparuii ++ u --

CuMBOJIBI ++ W --, IIPEJACTABIISIONINE ONEPAUUY UHKPEMEHMA U Jde-
Kpemenma, UMeOT OJHY BayKHYI 0CcOOeHHOCTHb. MOKHO ObLTo OBI mepe-
OlIpeIeJIATh UHKPEMEHT U JIEKPEMEHT KaK OObIYHbIE YHAPHbIE oepanuu (To
€CThb BHE KJIACCOB B BuJe (DYHKIMH OT OJHOIO apryMmeHTa, Jubo B KJiac-
ce/CTPYKType B BUJIE MeTo/a 0e3 MmapaMeTpoB), ecin Obl He TO OBCTOSATEb-
CTBO, 4TO KazKJas U3 ITUX onepaiuii umeer ase HopMbL: npeduKcHyo (++1)
u nocrdukcuyo (i++). Boobuie ropops, 3tu ase hopMbl IPeACTABAAIOT COBOi
PA3AUNHDBLE OTIEPATTHHN.

Yrobbl paznugars 31u hopMbl Mexk Iy coboit, B Cu+-+ NpUHATO JOCTATOY-
HO HEOXKHUJIAHHO BBITJIsiasIee cornamnenne. I[lockonbKy npedukcHas (opma
OoJiee «TPAJUIUOHHAY I YHAPHBIX OIeparuii, OObITHBIM CIOCOOOM Iepe-
OTIpeIeIsieTCs UMEHHO OHA. VHade roBOpsi, €CIM MbI MEPEONPEIeIsieM COOT-
BETCTBYIOIIHE OMEPAINN BBEIEHUEM METOJA B KJIACCE UJIU CTPYKTYpE, TO Me-
TOZ, ¢ uMeHeM operator++() unm operator-- () 6e3 mapamMeTpoB OIpeIeIseT
npedurcryro bopmy coorBeTcrByIONIEil onepanuu (HanpuMep, ++1i); aHaso-
ru4Ho, npedukcuyo GopMy oLepalyud MHKPeMeHTa (J1eKpeMeHTa) 3a1aéT u
ryobanbHasa dbyHkIys (He MeTO.), UMEKoIas nMs operator++ (operator--)
u odun mapamerp. UYto Kacaercs nocm@urcHol GOpPMBI, TO OHA TEPEOTIPEIE-
ngerca GyHKIMed ¢ TeM ¥Ke uMeHeM operator++ (operator--), HO UMeEOIIEHt
O/IMH JONOJNHUTENbHbIH ((buKTUBHBIA) napamerp Tuna int. Hanuuwe napa-
Merpa 6aromgapsi meperpys3ke uMEH QpyHKITHH TO3BOISAET UMETh IBe (DYHKITNH
C OJIHAM U TEM K€ UMEHEM; [IAPAMETD, BBEIEHHBINA UCKIIFOUYUTEIbHO PAJIH ITO-
0 Pa3anuyus, PEAJbHO HUKOTIA HE WCIOJIb3yerTcs. Takum o0pa3oMm, s me-
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peorpeiesienns nocTdUKCHOM (HOPMBI ONepaIuu THKPEMEHTa, (JIeKpeMeHTa,)
MBI MOKEM BOCIOJIB30BATHCS JIMOO METOJOM KJIACCa/CTPYKTYPHI ¢ MMEHEM
operator++ (operator--) u odnum mapamerpom (pukTUBHBIM), JUOO 1IIO-
6asbHOl DyHKIMER ¢ TaKUM 2Ke uMeHeM, uMenuieil deéa napamerpa (Bropoit
u3 nux pukrusnbiii). [Ipuseném npumep. Ilycrs kiace A onucan ciemayommm
obpazoMm:

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"); }

};
Paccymorpum Temeps pparmenTt xoma:
A a;
++a; // first
a++; // third
--a; // second
a--; // fourth

B pesysibrare BbinosiHenus 3Toro dpparmenTa OyIyT HanedaTaHbl (B CTOJIOUK )
cnoBa first, third, second u fourth, uMeHHO B TaKOM HOpAIKE.

B paccvmorpennoM mpumepe HAmM ONEPAIMUA HUYErO0 He BO3BPAIIAJIN;
MEXKIy TeM, MCXOTHO TpedukcHas u mocTdUKCHAsT (DOPMBI STUX OMEpAIWii
pPa3/InYaloTCd WMEHHO BO3BPAIAeMbIM 3HadYeHweM. [Ipw 3TOoM omepamnus B
npeduKkCcHO (opMe BO3BPAIIAET HO60€ 3HAYEHWE IEPEMEHHOI, K KOTOPOii
OHA MIPUMEHEHA, YTO MO3BOJISET BhIIEPKATH CEMAHTUKY ITOH OlepaIyu, Bep-
HyB caM O0beKT MU ([JIs OTUMHU3AIUKN) KOHCTAHTHYIO CChLIKY Ha Hero. C
onepanueil B mocThuKCHONR dhopMme s1e1a 00CTOAT HECKOJIBKO Xy2Ke: COIVIACHO
KJIACCUYECKOl CeMaHTHKe OHA JIOJI)KHA BEPHYTh cmapoe 3HAYEHWE, B TO Bpe-
Ms KaK OOBEKT yKe MMeeT Ho6oe 3HadueHue. UTOObI BhIIEpKATh CEMAHTHUKY
B 310i1 (popme, npuxoguTcd B Tene (pyHKIuM operator++(int) co3maBarh
BpPEMEHHYIO (JIOKAJIbHYI0) KONUI0 00beKTa, HPUYEM BO3BPALIATH 3HAYEHHUE,
COXPaHEHHOE B dTOI KOIWU, NPUXOAUTCH OOS3aTEILHO N0 3HAYEHUIO, BEIb
BO3BPAIATh CCHIIKY HA JIOKAJIHHYIO KOMHUIO OBLIO ObI OIMUOKOI: KOMWS WC-
Ye3HeT B MOMEHT 3aBepIleHus paboTbl PYHKIUU, TO €CTh d0 M020, KAK BbI-
3bIBAOIIAsA (PYHKIIHS YCIEeT BOCIOIb30BATHCS BO3BPAIIEHHBIM PE3Y/IBTATOM.
IIpounmocTpupyem cka3aHHOE HA TPUMEPE OMEPAINii HHKPEMEHTa JJisi KJIac-
Ca, WHKAICYJIUPYIOMIErO [EJOYUCIEHHYIO EPEMEHHYIO M IIOBTOPSIOIIEro eé
CEMAHTHUKY:

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

B sTtom mpumepe 00beKT Kjiacca 3aHUMAET CTOJBKO K€ IMaMsTH, CKOJIbKO U
OObIYHAS 1EJI0YNCIEHHA [IEPEMEeHHAsd, TAK 9TO JBOMHOE KOIMPOBAHNE O0bEK-
Ta (IpHU CO3JAHUY TIEPEMEHHON tmp W TPU BO3BPATE 3HAUEHUS) HE MPUBOIUT
K CcyIecTBeHHbIM moTepsM. OaHako ajis 00Jiee CIOKHBIX KJIACCOB MEIAHTUY-
HOE CJIe/IOBaHUE KJIACCUIECKOM CEMAHTHUKE /Ut TOCT(UKCHBIX OMEPAIyil ++ u
-- MOXKeT ODOMTHCH HEOMPABIAHHO J0POTO.

§ 2.19.4. Tlepeonpenenenue onepamuu ->

IMoxkamyit, HauboIEe SK30TUIECKUM OOPA30M ODOCTOSAT [1€1a C OMepally-
eit ->. HamomunMm, 9To 3Ta oneparust B a3bike Cu 03HAYAET BHIOOPKY MOJIS
U3 CTPYKTYPBI, HA KOTOPYIO yKa3biBaer 3aanubiii ajpec. B Cu++ oHa o3Ha-
YaeT MPaKTUYIECKU TO YKe CAMOE; eCTECTBEHHO, C €€ TIOMOIIBI0 MOYKHO TAKKe
obpararbcd U K METOJaM, a paboTarb OHA MOXKET KakK CO CTPYKTYDAMH, TaKk
u ¢ kjmaccamu. [leperpy3ka 3Toil oneparuu 0OBIYHO TPeOyeTCss HaM, eCJIH MbI
XOTHM CO3JaTh OOBEKT, BeAyIuil cebs mMOI00HO YKA3ATEI0, HO TIPH STOM BbI-
TTOJTHSIOIINI HEKOTOPBIE TOTMOJIHUTE/IbHBIE JeHCTBUS.

OrmeruMm mist HagasIa OauH HeoueBuaHbIH dakT. Omepanus ->, HeCMOTPsT
Ha e6 BHEIHWI BUJ, ABIAETCS YHAPHOT, TO €CTh UMEET BCEro OJMH apryMeHT
(yxazaresn). [eiicTBUTENBHO, IIyCTh Y HAC OLMCAHA CTPYKTYDPa

struct s1 {
int a, b;

s
U IMeeTcd yKa3aTesb Ha Heé:
sl *p = new sl;

Tenepnb obpaineHue K MO0 a OyJAeT BbINIAIETh TakK: p->a. 3/1eCh Kak Oy/1ro
OBI 7BA ONEPAHJIA, P U a; HO BEIb & — 3TO UM T0AA, KOTOPOE HUKOUM 00-
PA30M He SIBJISETCS CAMOCTOSTE/IHLHBIM BBIpAyKeHUEM, He UMEeT HU THUIMA, HI
snauvenus! VMHade roBopsi, Ha MeCTe a He MOXKET CTOSATh HUYEro, KpoMe UMe-
HU 100J1d. I3bIK He CONEPKUT HUKAKMX MHBIX BBIPAXKEHUH, 6bl4UCAAOUULCA
B 3HAYEHHE, CIIOCOOHOE 3aMEHUTD UM 1MoJisd. Takum 06pa3oM, e IMHCTBEHHBIM
[IOJIHOIEHHBIM OLEPAHJIOM B BBIPDAXKEHUU P->a SBJISAETCH aJPEC, IIPEJICTAB-
JIEHHBIN yKa3aTejgeM p. 3aMeTuM, B OTJUYHE OT &, HA MECTE P MOXKET CTOSTh
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BBIDAYKEHWE MPOW3BOJIHHON CJI0KHOCTH, BBIUUCIISIONIEEe 3HAUEHUE TUma, s1*
(ampec crpykrypsl s1). UTtak, Mbl UMeeM JJI0 € yHapHol Orneparmeid, moJ-
HBbIM MMEHEM KOTOPOH MOXKHO CYMTarb ->a (omepaius BbIOODKHU I0Jis a).
Takum 06pa3oM, MOXKHO IIPU YKEJAHUU CIYUTATH, 9TO CUMBOJI -> 3a/1a8T Tie-
Jioe cemeiicTro oneparuit. Biipodewm, Oy/iy4un cemanTudeckn 6€3ypedHbIM, HA,
MPAKTUKE TAKOE PACCMOTPEHUE HAM He TIOHAI00UTCST; 316Ch MbI TIPUBOIMM €70
TOJIBKO JIJIsT MJIJTFOCTPAIMY BCETO BBIMECKA3AHHOTO.

Bepuémcs K Bompocy o mepeonpeesiennn onepanun —>. Hapsay ¢ MHOH-
MH JIDYTHMMU OII€PALMSME, OLEPALKs > [IEPEOIPEAeIeTCs HCKIIOUUTETHHO
METOJIAMH KJIACCA WU CTPYKTYPbL, TO €CTh HE MOXKET ObITh II€PEOIPeIeIeHa,
oraenwHOM Qynkmnuei. YTo0b n36ekarTh PyTUHHON PabOTHI MO MEPEOTIPEIe-
JIEHUIO OTJE/IbHBIX OMEPAInii 1JTst BRIOOPKHU KaxK10T0 1oJist, B Cu-++ mpuHSITO
HEOYEBUIHOE, HO BIOJHE PADOTAIOIIEe COTJIAIECHIe: OMEPAIUs —> OMpeIes-
ercs MeronoM operator->(), He UMEIOIIUM HAPAMETPOB (KAaK U OObIYHbBIE
YHAPHbIE OIIEPALUK), HO IIPU ITOM MeToJ 06si3aH BO3BpAATH MO0 YKA3a-
Mead Ha HEKYIO JPY2YI0 CIMPYKMYPY UAU KAGCC, TADO OOBEKT (UM CCHLIKY
Ha OOBEKT), Jisi KOTOPOrO, B CBOIO OYEDPE/b, ONEPAIUsA -> MEPEOIpEIese-
Ha Kak Mmeroxa. llpm mcmonp30BaHUU MEPErpy KEHHON Omepaluu -> KOMITU-
JISITOP BCTABJISIET B KOJ| MOCTEJIOBATEIbHO BBI3OBBI METOIOB operator->(),
[OKA OYEePETHON METO He OKAXKeTCsl BO3BPAIIAIONIMM OOBIYHBIN yKa3aTesb
HA CTPYKTYPY WJIHM KJIACC; KMEHHO 10 3TOMY YKA3aTeJ0 ¥ IPOU3BOAUTCH B
UTOTe BHIOOPKA 3aJAHHOTO MOJIS.

ITompobyeM mpOMJIIIOCTPUPOBATH CKa3aHHOe HA mpumepe. Ilycts y Hac
€CTh CTPYKTypa sl m HaM HEOOXOIWM KJacc, OObEKTHI KOTOPOro OyayT Be-
ctu cebs Kak yKazareiau Ha s1, HO [MPU YHUYTOXKEHUH TAKOTO <«yKa3aTeJisi»
(naupumep, upu 3asepiieHnd QyHKIUKM, B KOTOPOH OH OLMCAH KAK JIOKAJIb-
Has TIepeMeHHas) OObEKT, Ha KOTOPbIH OH YKA3bIBAET, OYIeT YHUITOKATHCS.
Hauném onmcanme xjacca:

class Pointer_si {
sl *p;
public:

Bynem npeanonarars, 9T0 XpaHAIIANECST BHYTPpH O0bEKTA IPOCTOH yKa3aTeib
HA s1 MOXKET UMETh U HYJIEBOE 3HAUEHHE, UTO OyIeM PACIEHUBATH OOBITHBIM
00pa3oM Kak OTCYTCTBHE OOBEKTA; €CTECTBEHHO, B 9TOM CJIyYae yAAJIATh HU-
gero He Oymem. Onuiem Temnepb KOHCTPYKTOP U IECTPYKTOP:

Pointer_s1(sl *ptr = 0) { p = ptr; }
“Pointer_s1() { if(p) delete p; 1}

st ymoberBa paboThI BBEIEM OIEPAIUIO IPUCBAMBAHUS OOBIYHOTO a/Ipeca;

sl* operator=(sl *ptr) {
if(p) delete p;
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p = ptr;
}
SamMeTuM, 4TO KOIMUPOBAHKME U IPUCBAUBaHUE 00bEKTOB KJiacca Pointer_si
3aBEIOMO TPUBEIET K OIMMMOKAM, TaK KaK OIWH W TOT YKe OObeKT Tumna sl B
ITHUX CJIyUYaAAX OyIeT YOATATHCA ABAXKIbI. B CBA3W € 9THM 3ampeTnM MpHUCBa-
WBaHUE W KOMUPOBaHWE O0BEKTOB Kjacca Pointer_s1, yOpaB KOHCTPYKTOD
KOIIUPOBAHUA U COOTBETCTBYIOIINM OIEpaTop NPUCBAMBAHUSA B IIPUBATHYIO
4aCTh:

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

Haxowerr, onuriiemM onepaiiu, KOTOpbie MPeBpaTsaT 00bEeKTHI HAIIErO KJIacca B
nozobue ykasaresis Ha S1, & UMEHHO, OLIEPAIlMU PA3bIMEHOBAHUS (YHAPHYIO * )
U BbIOOPKU 101 (->), U 3aBEPIIUM OLMCAHUE KJIACCA:

public:
s1& operator*() { return *p;
sl* operator->() { return p;

W

};
Takoit kK1acc ymo0HO UCIOMB30BATH, HApuMep, BHyTpu dyukmuit. Tak, ecin
B HaYaJjIe HEKOTOPO# (byHKIMHU omucarh 00bEKT Kiacca Pointer_s1, To emy
MOXKHO Oy[eT MpUCBAamBaTh 3IPECA HOBBIX IK3EMILISPOB sl, mpu 3TOM OH
Oymer KaxKIbIil pa3 yoaJaTh CTapbIil 9K3eMILIIp, a Korma padoTra pyHKIHH
3aBEPIIATCH, ABTOMATHIECKN YIAJNT [IOCIEIHUI U3 IK3EMILIHAPOB s1:

int £ A{
Pointer_s1 p;
P = new sli;

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

// upm 3aBepueHum f nmaMsaTh 6yZeT ocBoboxIeHa

§ 2.19.5. Ilepeomnpenenenne onepanuu BbI30BA (DYHKITUN

Omnepanysi BbI30Ba (DYHKINH, CHHTAKCHYECKW MPEIACTABIAIONIAsS COOOM
noCT(UKCHYIO OIIEPAIIUIO, CUMBOJIOM KOTOPOIH CJlyzKaT KPyrible CKOOKH (BO3-
MOZKHO, COJEpKAllIUe CIMCOK apaMeTPOB), MOXKeT ObiTh, KAK U JAPyrUe Olle-
pamuu, nepeornpeaenera. IIockoabKy BbI30B HyHKIINE 0003HATAETCSA KPYTJIbI-
MU CKOOKaMU, WMsI (DYHKIIH, KOTOPas TIePEOpeIesieT 3Ty Onepaluio, Oymer
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COCTOSITH W3 CJIOBA, operator W KPYIJIbIX CKOOOK; KaK OOBIYHO, TIOCJIE NMEHU
GbyHKIINY 3aMUCHIBAETCS CIIUCOK (hOPMAIBHBIX TTapameTpos. Hampumep, orre-
panus Bbr30Ba GyHKINU 6€3 mapaMerpoB 3aMUCHIBAETCS TAK:

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

ITomo6HO omeparusM TPUCBAMBAHNS W WHIEKCUPOBAHUS, BbI30B (DYHKIIUN TT€-
peoripejienigeTcsa TOIBKO METOJIOM KJacca.

IpuBeném npumep. Onurrem Kiaace Fun, mjisi KOTOPOro MEPEOIpeIeIeHbl
omeparuu BbI30Ba MYHKIME O€3 IapaMeTpPOB, & TAKZKE C OJHUM U JIBYyMS Iie-
JIOYNCTIEHHBIMY TIapaMeTpaMu:

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

Teneps MBI MOXKEM HANKUCATH CAEAYIOMNI (hpArMEHT KO

Fun f;
£f(O; £(100); £(25, 36);

B pesynbrare BhImosiHEHUs 3TOTO hbparMeHTa OyIeT HamedaTaHo:

funO
funi: 100
fun2: 25 36

§ 2.19.6. ITepeonpeaeseHue onepanun Ipeobpa3oBaHU
THUIIA

Paccmorpum cienyrommit hparMeHT Koma:
int ij;
double d;

/] ...
i=4d;

B crpouke, comeprxkaiieii npucsauBanue, 3ajelicTBoBana (HesBHO) onepa-
UUS NPeodbPa3o8aHUS MUNG 8BLPAHCEHUS, TIOZBOIAIONIAS B JTAHHOM CJIy-
4ae IIOCTPOUTb 3HAYEHUE TUIla int Ha OCHOBE UMEIOLIErocd 3HA4YeHUud TU-
na double. AHAJOTUYHYIO BO3MOYKHOCTH HESIBHOTO MPEOOPA3OBAHUS MOYKHO
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MIPEIyCMOTPETh U JJis KJIACCOB, BBEIEHHBIX porpaMmmuctoM. OIuH U3 Croco-
6OB 9TOr0 MbI y3Ke 3HaeM — 3TO KOHCTPYKTOD Iipeobpazosanus (cm. § 2.11).

B HEKOTODBIX CilydasX IPUMEHUTH KOHCTPYKTOP Mpeodpa30BaHus HE yia-
ércs. B gacTHOCTH, KOHCTPYKTOPOM MOXKHO 33/1aTh IpeoOpa3oBaHue u3 Oa-
30BOTO TWIA B THUII, OMMCAHHBINA MOJIH30BaTEIEM, HO HE HAa00opoT. Kpome To-
r'0, MHOTIA OBIBAET TIO KAKUM-TO MPUIAHAM HEBO3MOKHO M3MEHUTH OIMCAHUE
HEKOTOPOTO KJIACCA, HO B IIPOrPaMMe HY?KHO IIPeodPa30BaHNe B OOBHEKTHI 9TO-
ro KJjiacca. BeiBatoT u gpyrue (10BOJbHO IK30TUYECKUE) CUTYAIMHU, KOTAA Mbl
HE MOYXKEM 33/IaTh CIIOCOD MpeoOpa3oBaHus MyTEM MOAMMUKAIUNA TOrO THUIIA,
K KOMOopomy TIPOM3BOINTCS TIpeoOpa3oBaHue, HO TPU 3TOM Y HAC €CTh BO3-
MOYKHOCTD U3MEHUTD (JOIOJHUTD) ONIUCAHUE TN020 UG, SHA%EHUSA KOTOPO20
IO/IJIEZKAT NTPeoOPa30BaAHMI0. B TaKUX CIydasx MPUMEHSIOT IT€Peolpe/ieIeHre
oTepanuu npeodPa30BAHUS THIIA.

Onepariyst HESIBHOTO IPe0OPA30OBAHUS TUIIOB ONPE/EISIETCS METOIOM, UM
KOTOPOTO COCTOUT U3 CJIOBA operator W MMEHW THUIA, K KOTOPOMY HEOOXOIH-
MO TIPeOOPA30BBIBATH THUI BhIpaXKeHWs. THI BO3BPAIIAEMOrO 3HAYEHUS JIJIs
Takoil (byHKIINY HE YKA3BIBAETCs, TAK KAK OH Ompeesiercsd nmenem. Hampu-
Mep:

class A {

//...
public:

//...

operator int() { /* ... */ }
s

Hamuuue B kyacce A oneparun mpeoOpa3oBaHus K int JiejiaeT BO3MOXKHBIM,
HAIpuUMep, TaKOU KO

A a;
int x;

/..

EcrectBenHo, oneparius mpeodpa3oBaHus MOXKET ObITH TEPEONPEeIesIeHa TOIb-
KO KaK MeTOJ, KJIacCa U CTPYKTYPHI.

Varure, 9T0 Ype3MepHOe yBJI€YEHUE [IEPEOIPEIETICHISIME OIePAIUH [IPe-
00pa30BaHusi TPUBOAWUT, KAK TPABUJIO, K TOMY, UYTO KOMITUJISITOP HAXOQIUT
0oJIbIIIe OMHOTO Crmocoba Mpeobpa30BaHUsS W3 OJHOTO THUIA K APYrOMYy U B
pe3y/bTaTe He MPUMEHSET HU OJHOrO M3 HUX, BbiaaBas omubky. [losromy Ha
IPAKTHKE IePeopeeeHIe ONePaui IPeodPa3sOBaAHAS THIIA, UCIOIb3YeT s
KpaiiHe peKko; IJis MOy IeHUsI 3HAYEHUH HyKHOTO TUTIA 13 00'bEKTOB KJIACCOB
njim CTPYKTYD O6bI‘-IHO IPUMEHAIOT CIIEIUAJIbHO JJid 3TOI'0 BBOJAHUMbBIE METO-
nbl (OOBIKHOBEHHBIE, 63 CJIOBA operator), BbI3bIBAEMbIe sBHO. IIpumMep cu-
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Tyaluu, KOTJA OTepalus Tpeodpa30BaHUs TUIA OKA3BIBAETCS JEHCTBUTETHHO
HYKHA, paccMoTpeH B § 2.20.

§ 2.20. IIpumep: pa3pe>keHHbIiI MacCUB

Ilon paspestcernrbim maccu8om TOHUMAETCSI MACCUB OTHOCHTEIHHO
GostbIioro 00béMa (HApUMEpD, COCTOANIMNA U3 HECKOJbKUX MUJIJIMOHOB 36
MEHTOB), GOJIBIIIMHCTBO JIEMEHTOB KOTOPOI'O PABHBI OJTHOMY U TOMY YK€ 3Ha-
YeHUIo (Yalle BCero HyJl0) U JIMIIb HEKOTOPbIE 9JIEMEHThI, KOJIMYECTBO KOTO-
PbIX HUYTOXKHO B CDABHEHUU C PA3MEPOM MAaCCHBA, OT ITOI0 3HAYEHUs OTJIU-
qaiorcs. EcTecTBeHHO, B TaKO# CHUTyanun 1es1ecoo00pa3Ho XpaHUTh B TTAMSITH
JIUIITH Te SJIEMEHTHI MaCCUBa, 3HAYEHUS KOTOPBIX OTJIMYHBI OT HyJIs (WK ApY-
roro 3HaYEHUsI, KOTOPOMY PABHO OGOJIBIIMHCTBO 9JIEMEHTOB ).

Ionpobyem wanucars #Ha Cu++ TAKOH KJ1acc, KOTOPbIHA BeAET celst KaK 1e-
JIOYMCCHHbBIH MACCHB MOTEHINATHHO GECKOHETHOTO pa3Mepa’ B TOM cMBICTe,
9T0 K O0BEKTY ITOrO KJIACCA MPUMEHUMA, ONEpallvs WHIEKCUPOBaHU: (KBaJl-
paTHbIe CKOOKH), OJHAKO OOBEKT PEasIbHO XPAHUT TOJIHKO T€ SJIEMEHTHI, 3Ha-
YeHusi KOTOPBIX OTInYaorcst ot Hyad. Hazosém sror kiace SparseArrayInt.
st mpocToThl KapTUHBL Oy/IeM CYUTaTh, 9TO KOJUYECTBO HEHYJIEBBIX 3JIe-
MEHTOB MAaCCHBA HACTOJIHKO HE3HAUUTENHHO, UTO ITarKe JHHEHHBIH MOMCK Ccpe-
I HAX MOXKET HaC YCTPOUTH MO OBICTPOMEHCTBUIO. DTO MO3BOJIUT XPAHUTH
HEHYJIEBbIE JIEMEHTHI MACCHBA B BHJE CIIMCKA NMap <«MHJEKC/3HadeHue». Bee
JIeTaju Pean3alnd, BKII0Yas U CTPYKTYPY, IPEICTABIAIONIY0 3BEHO CITHC-
Ka, CKPOEM B MPUBATHON YaCTH KJACCA. DTO MO3BOJMUT IPH HEOOXOIUMOCTH
CMEHWUTH Peasn3alinio Ha b6ojee CI0KHYIO.

OcHoBHas npobieMa IPU peaTru3anuy Pa3peKeHHOr0 MaCCUBA, BOSHUKAET
B CBsI3U C IOBEJ€HUEM OIEePAIUU WHAEeKCupoBaHus. [lejo B TOM, 4TO BbI-
pPaXKeHue <«3JeMEHT MaCCHBA» MO2KET BCTPEYATHCH KAK B [IPABOI, TAK U B
JIeBO¥ YaCTW TPUCBAWBAHUil, ¥ B 0DOMX CIydYasX WCIOIB3YETCs OJHA M Ta
ke YHKIHA-MeTo/] Kjacca SparseArrayInt, Ha3piBaemasi operator[]. Ec-
Jiz ObI BCE 9JIEMEHTHI MACCHBA XPAHUIUCH B TaMsTh (Kak 9T0 ObLIO B IPUMEDPE
u3 §2.19.2), MOKHO 6bLIO 6bI IIPOCTO BO3BPATUTH CChLIKY Ha COOTBETCTBYIO-
iee MeCTO B IAMHATH, [J€ XPAHUTCS JJIEMEHT, COOTBETCTBYIONIMI 3aaHHOMY
nugekcy. C pa3peKeHHbIM MAaCCHBOM TakK JeHCTBOBATHL HE MOJYIHUTCS, TTO-
CKOJIbKY B DOJIBINIMHCTBE CJIy4YaeB 3J€MEHT B MaMmsATH He xpanutcs. OgHako
JKe [POCTO BO3BPATUTDH HYJIeBOE 3HaUeHUE (0e3 BCAKON CCHIIKU) HEJIb3sl, BEIb
9TO 03Ha4Yas0 Obl, YTO BBIPAXKEHWE, CONEPIKAIIEE HAILY OMEPAIUI0 MHIEKCHU-
pOBaHWs, HEJIb34 MPUMEHSATDH B JIEBOH 4aCTU NMPUCBAUBAHUS.

Wrak, 4To Ke ejarh B Cayvae, eC/Iu ONEPAIns NHIEKCHPOBAHNS BbI3BAHA
JUUIsT MHJEKCA, JIJIsi KOTOPOrO COOTBETCTBYIOIIHI 3JIEMEHT B NAMATH HE Xpa-

9Ha camom fmeme MBI GyleM HCIOTL30BATH B KadecTBe WHIEKCAa THM unsigned long;
3HAMEHUST ITOTO THUIA MOTYT AOCTHTATh 232 — 1, T.e. uyTh GOMBITE YeTHIPEX MIJIHAPIOB.
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HUTCsI, TIOCKOJIbKY paBeH Hysi0? OIHO 13 BO3MOXKHBIX DEIEHU — 3aBECTH B
MaMSATH COOTBETCTBYIOIIWHA 3JIEMEHT, ITYCTh AK€ W C HYJIEBbIM 3HAYECHUEM, U
BEPHYTH COOTBETCTBYIOIIYIO CCHLIKY. DTO MO3BOJUT, HE3YCIOBHO, BHITOTHATh
[IPUCBAUBAaHUSA, OJHAKO NMPUBEAET K TOMY, UTO HPHU KAXKJIOM OODAIIEHUH K
HYJIEBBIM 3JIEMEHTAM (B TOM 4YUCJIE HQ YTEHUEe, a HE Ha BaHI/ICb) COOTBETCTBY-
OIIHE HJIEMEHTHI OYAyT 3aBOAUTHCSA B MAMSITH M, TAKAM ODPA30M, OKAXKETCs,
9TO W3PSATHOE KOJIMYECTBO MAMSTH 3AHSITO TEMH CAMBIMU HYJIEBBIMU 3HAYE-
HUSIMA, XPAHEHUS] KOTOPHIX MOYKHO N30€KATh.

CxeMy MOKHO HECKOJIHKO YCOBEPIIIEHCTBOBATH, €CJIN KAYXKIbIN pa3 MpU Bbi-
30B€e OIEePAINU NHACKCUPOBAHNS COXPAHATH B IPUBATHON YaCTH OOBEKTA 3HA-
YeHHe WHJIEKCA WU JIaZKe aJIPeC 3aBOIUMOTO0 3BEHA, CIUCKA. JTO MO3BOJHUT [TPU
CJIeIYTOIIEM BbI30BE IIPOBEPUTH, XPAHUT JIM 3AIKUCH, 3ABEIEHHAS HA IIPEIbLLY-
IIIEM BBI30BE, YUCJI0, OTJIMIHOE OT HYJIsI, ¥ €CJIU HeT, TO YIAJIUTh €€, OCBOOOINB
maMsaTh. ¥ TAKOrO BAPMAHTA PEATIU3AINN €CTh, OTHAKO, CBON HEIOCTATOK: HA,
3aBeleHre W YIAJEHUE JJIEMEHTOB OyIeT TPATUTHCS U3PAIHOE KOJUIECTBO
BPEMEHH.

OueBnHO, OBLIO OBI BEJIUKOJIEITHO UMETH BO3MOXKHOCTD BBI3bIBATH PA3HBIE
bYyHKIIUU-METONBL i CIy9aeB, KOTJAa TPOUCXOAUT OOPAIEeHUe K JJIEMEHTY
MacCCHBa HA YTEHUE W KOI/A WMHIEKCHPOBAHWE UCIIOJIb3YETCs JJisl PUCBANBA~
HHS 3JIEMEHTY HOBOI'O 3HAadeHHus. B mmepBOM ciiydae MOKHO ObLTO OBbI TOTIA
BO3BpAIATH MPOCTO 3HAYEHWE DJIEMEHTA WJIM HOJIb, €CJIU COOTBETCTBYIIETO
9JIEMEHTA B MMAMATH HET; BO BTOPOM CJIydae MOXKHO ObLIO0 ObI 6€3 0COOBIX
npobsIeM CO3JABATH HOBBINH JIEMEHT U BO3BPAIIATH CCHLIKY HA IMOJIE, XPaHs-
1ee 3HAaYeHue; TO, BIPOYEM, HEe HMCKJII0YAeT HEOOXOAUMOCTH ITPOBEPKU HA
CJIeYIOIIEM BbI30BE, HE OKA3AJICH JIM B COOTBETCTBYIOIIEM 3JIEMEHTE HOJIb.
K coxamenuto, Takoit Bo3moxkuHocTr B Cu+-+ HET, KAaK HET U BO3MOXKHO-
CTU ONPEIEUTh W3 TEJIA OMEPAINY WHIEKCUPOBAHNS, BI3BAHA OHA M3 JIEBOI
gacTu npucsausaans uin Her'®. CoOTBETCTBYIONIYIO BO3MOXKHOCTD, OJHAKO,
MOXKHO cmodeauposams. HUKTO He Merraer HaM onmucaThb HeDOIBIION BCIO-
MOTraTesbHbIN KIacC, 0ObEKThI KOTOPOI'O KaK pa3 u Oy/JeT BO3BPAMIATH HAIIA
oneparys WHIEKCHpoBaHusi. Takoil BCroMoraTenabHbI 00beKT Oymer mpocTo
XPAHUTDH BCIO UMEIOILYI0 OTHOINEHWE K Jejly WHMOPMAIUIO, & B HAIIEM CJIy-
4yae Takoi MHMOPMaIMK HEMHOrO: aJIpec [VIABHOrO 00bekTa (TO €CTh CaMoro
Da3pekeHHOro MacCUBa), C KOTOPbIM HYKHO PaboTaTh, U 3HAYEHUE UHJIEKCA,
[ePeIAHHOe B KAYECTBE IapaMeTpa OlePaIuu WHIEKCUPOBAHUSI.

Nwmest 31y nndOPMAIIIO U COOTBETCTBYIOIIHI JOCTYI K OOBEKTY MaCCHUBA,
HAIll BCIIOMOTaTeIbHBIN OObEKT B 3aBUCHMOCTH OT CUTYAIlUU MOXKET IIPOu3Be-
cru J100bIe IefiCTBHUs, KOTOPBIE B 3TOH CUTyaIuu MOryT norpeboBarbcsa. UTo
7K€ KACAeTCsT OMPEIeNIeHNsT, KaKast U3 BO3MOYKHBIX CUTYAIINil UMeeT MECTO, TO
Y BCIIOMOTATEIHHOTO O0BEKTA, JJIs TOTO €CTh CYIIECTBEHHO DOJIBINE BO3MOK-
HOCTeil, 9eM ObLIO B Teje ONepaluy WHIASKCHPOBAHWS: BEIb BCE OIEpalnw,

10910 BIIOIHE MOXKHO CYUTATH HeJOCTATKOM CH-+ -+, OTHAKO KPUTHKA HMEIOIIET0CH A3LIKA
BBIXOJUT 33 PAMKHU JAHHOTO TOCOOUS.
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MPUMEHSIEMBIE K PE3YJIbTATY ONEPAINU WHICKCUPOBAHNUS, KAK Pa3 U OyIyT HA
caMOM Jiejie TIPUMEHEHBI K 3TOMy 00bekTy. Takum 0Opa3om, 10CTaTOIHO, Ha-
[pUMED, ONPEIESUTh JIJIsl HAIIErO BCIOMOTATEIBHOINO KIACCA ONEePAIUN Mpe-
oOpa3oBaHus K THUILy int ¥ IPUCBAMBAHUS, 9TODBI CIIEJIATH BO3MOXKHBIM U
KOPPEKTHbBIM CJIeAYIOLUA KOJL:

SparseArrayInt arr;

int x;

//. ..

x = arr[500]; // urenue

arr[300] = 50; // zamucs (BO3MOXHO co3JaHHNE >IIEMEHTAa)
arr[200] = 0; // ynameHuwe sneMeHTa, e€CIH TaKOBOH# ecThb

K coxasenuio, y Takoii peasu3anuu €CTb W HEIOCTATOK. Jlesio B TOM, 9TO
O0OBbIYHOE [IPUCBAUBAHUE — ITO JIAJIEKO HE €IMHCTBEHHAS OIepalus, CIocob-
Hasd M3MEHWTDH 3HAUYEHUE TeJOTNCIeHHO0M epeMennoii. [loanb3oBaTens BroHe
MOZKEeT TIOTIBITATHCA MCIIOJIH30BATh, HAIIPUMED, TAKUE BBIPAXKEHU:

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

YTo06bI BCE TIOIOOHBIE OTEPAI pAbOTAIN, HAM TPUIAETCS I HAIIErO BCIIO-
MOTaTeIbHOrO 00BEKTa OMPEIEUTDh UX BCE SABHBIM 00pPa3oM, 9TO MOTpedyer
u3psiIHOro obbéma paborsr: sa3biku Cu u Cu++ HOAEepKUBAIOT JECAThH Ole-
pauuii UpUCBaMBAaHUS, COBMEIUEHHbIX ¢ apudmerndeckumu aeiicreusamu (+=,
-=, <<= 1 T.TL.), TUIIOC K TOMY YeThIPE Olepanny WHKPEMeHTa/IeKpeMeHTa
(++ u -- B npedurcuoit u mocrdukcHoit dbopme). B mamem npumepe Mbl
OTPAHUYNMCS OTMCAHUEM Olepanuu += u AByX (opm omeparuu ++. Qcrajb-
HbIE MMOJ0OHBIE OMEPANNK YUTATETb O€3 TPY/a OMUIINET CAMOCTOATEIHHO IO
AHAJIOTUU.

IIpexe 4em npoEMOHCTPUPOBATH 3ar0JIOBOK KJjiacca SparseArraylInt,
OTMETHM, UTO JIJIs1 YA0OCTBA, PEATM3AINY BCEX MOMMMDUIIUPYIOIIIX OMEePALIHii
[IEIeCO00PA3HO B KJIACCE BCIIOMOTATETHFHOTO OOBEKTA, BBECTH JBE BHYTPEHHIE
byurnuu. Oyaknust Provide OyaeT OTHICKUBATH B CIIUCKE 3JIEMEHT, COOTBET-
CTBYOIIMN 33 JAHHOMY WH/IEKCY, U BO3BPAIIATDH CCHLIKY Ha MOJIe, COIepKaIee
3HAYEHUE; eCJIM COOTBETCTBYIOIIErO IJIEMEHTa B CIUCKe HeT, (pyHKIius Oyer
ero cozgasarb. Bropas dyukIus, Remove, Oyaer yAa saTh U3 CIUCKA JIEMEHT
C 33JJaHHBIM UHIEKCOM, €CJIM TAKOBOIi B CITUCKE TTPUCYTCTBYET. Bemomoraresb-
HBII KJTacC Ha30BéM Interm or amrsuiickoro intermediate. C ygaérom 3TOr0O
3aroJIOBOK KJIacca Oy/JIeT BBITVISIETh TaK:

class SparseArrayInt {
struct Item {
int index;
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int value;
Item *next;
3
Item *first;
public:
SparseArrayInt() : first(0) {}
“SparseArrayInt () ;
class Interm {
friend class SparseArraylnt;
SparseArrayInt #*master;
int index;
Interm(SparseArrayInt *a_master, int ind)
master(a_master), index(ind) {}
int& Provide(int idx);
void Remove(int idx);
public:
operator int();
int operator=(int x);
int operator+=(int x);
int operator++();
int operator++(int) ;
1

friend class Interm;

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

};

B camowm kitacce SparseArrayInt, Kak MOXKHO 3aMETUTH, OKA3bIBAETCS HE

TaK MHOTO (DYHKIHiT: OCHOBHAs (DYHKIIMOHAIBHOCTH OKA3BIBAETCS BHITECHE-
Ha B METOJBI BCIIOMOTATEILHOTO KJacca. EAMHCTBEHHBIM METOIOM OCHOBHOTO
KJIacca, Tejo KOTOPOro B CUIy Pa3MepoB He BKJIIOYEHO B 3ar0JI0OBOK KJacca,
SABJISIETCs ero mecTpykrop. Ero 3amada — ocBoOOAUTD MaMSATh OT 3JIEMEHTOB

cuucka. JlecTpyKTop OnmchIBaeTCH TaK:

SparseArrayInt::~SparseArrayInt() {
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;
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OmnuireM Temepb MeTOBI Kilacca SparseArray::Interm, B KOTODPBIX ¥ 3a-
KJII0YAeTCsl OCHOBHAs (DYHKIIMOHAIBHOCTD HAIIIEr0 Pa3Pe’KeHHOTO MACCUBA:

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

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

Hakomer, onumiem Bcomorareabubie (pyHKIH Provide u Remove:

int& SparseArrayInt::Interm::Provide(int idx)
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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(int idx)
{
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;
}
}
}

§ 2.21. CraTuvdecKue 0 1 METO/IbI

Wnorja ObiBaeT MOJIE3HO MMETH IEepEMEHHBIE U MeTO/bl, KOTOPbIe, C OJI-
HOIl CTOPOHbI, JIOCTYIHbI TOJIBKO U3 KJIACCA U,/ MM BOCHIPUHUMAIOTCS KaK €ro
4acTh, HO, C JPYI'OM CTOPOHbI, HE IIPUBA3AHBI HU K KAKOMY U3 O0bEKTOB U MO-
I'yT UCIOJL30BATHCA JayKe TOTJA, KOTJa HU OJHOTO O0BEKTA JAHHOTO KJIACCA
He cymecTByeT. B s3bike Cru++ Takne HWieHbl KJIacca HA3bIBAIOTCS CIMamu-

yecKuMU M 0603HATAIOTCS KJIIOUEBBIM CJIOBOM static!l.

§ 2.21.1. CraTuvecKue moJid 1 OCOOEHHOCTH UX
onpeeIeHus

Cmamuueckoe noae Kaacca npeacrasisger coOOM, B CyITHOCTH, 00bIY-
HYIO IIEDEMEHHYIO, BpeMsl KU3HHU KOTOPOI COBIIAJA€T ¢ BPEMEHEM BBIIIOJIHE-

HHe nyraiite UX C JIOKAJIbHBIMH II€DEMEHHBIMA U (PYHKOUAME MOAYJIEH, a Takxke ¢ Jo-
KAJIbHBIMU [I€PEMEHHBIMA (DYHKIHIM, KOTOPBIE COXPAHSIIOT CBOE 3HAYMEHHE IPHU TOBTOPHOM
BX0Jie B (PYHKINIO; KaK U B 3biKe CH, B CH++ 3TU CYITHOCTH TOXKe 0003HAYMAIOTCS CJI0BOM
static, HO MPAKTUYECKH HUYErO OOLIEr0 HE UMEIT CO CTATUYECKUMU YJIEHAMM KJIACCa.
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HUS TPOTPAMMBI; TOYHO TAKUM YK€ CBORCTBOM 00JIaIAI0T, HAIIPUMED, TII00ATIb-
HbIe iepeMertbie. C Ipyroif CTOpOHbI, TPABUJIA BUIUMOCTH JIJIsI CTATHIECKOTO
OJIA KJIACCA, TOYHO TAKUE 2Ke, KAK U JJ1g OOBIYHBIX HOJIEH: CTATHYECKOE IOJIe
BXOIHT B 00JIACTh BUIAMOCTH KJIACCA, TAK YTO IPH YIOMHAHAHAN CTATHICCKO-
ro NOJIst BHE METOIOB KJIACCA HEOOXOAMMO MCIOIH30BAHUE CUMBOJIA PACKPHI-
THS 0GJACTH BUIMMOCTH : :12; HAKOHeI, HA CTATHYECKOEe TIOJIE PACITPOCTpPa-
HSIIOTCS MEXaHU3MbI 3AIIUTBI, TaK YTO, €CJIH €r0 PACIOJIOKUTh B IPUBATHOMN
YaCTH KJIACCa, JOCTYII K TAKOMY IIOJIO OyIeT BO3MOXKEH TOJIbKO M3 METOIOB
KJIacCa U Apy3ei KJjacca.

CyIHOCTb CTATHYECKUX MOJIEH KJ1acCa MOXKHO ITOACHATDL M MHAYe: CTATH-
YECKOE TIOJIE — 3TO TAKOE «XUTPOEe» TMO0JIe, KOTOPOe CYLIECTBYET B OIHOM K-
3eMILISIPE JJIst BCETO KJIACCA, BHE 3aBUCHMOCTH OT KOJUYECTBA OO'HEKTOB 3TOT0O
KJIACCA; Jaxke e€CJIH HA OJHOrO OOBEKTa HeT, CTATHIECKOe IIO0JIe BCE PABHO Cy-
IIECTBYET, KOJIb CKOPO OHO OIMMCAHO B KJyacce. [lomy4aerca, 9To craTmaeckoe
[0JIe, B OTJIMYHE OT OOBIMHOIrO, HE SABJIAETCA COCTABHOW YacTbIio 00sexma u
MPUHAIJIEKUT KAACCY KAK €IUHOMY IICJIOMY.

CmamuuecKkoe noae OUChIBAETCS B KJIACCE TOYHO TaK YKe, KaK W 00bIU-
HOEe TI0JIe KJIAcCa, TOJIbKO C T00aBJIEHNEM CIIEpeIn CI0Ba static:

class Cls {
//...
static int the_static_field;
//...

}s

Nmeercst, oaHAKO, OYEHDH BAXKHOE OTJIUYNE: €CJIM ONMUCAHWE OOBIYHOTO ITOJIS
camo 1o cebe yKe 03HAYAET, YTO B O0BEKTE MO TO IMoje OyJeT BbIIEIEHO
MECTO, TO OIMMCAHNE CTATHIECKOTO MO O3HAYAET JIUIIh, ITO MECINO T00 MO
noae 6ydem evidesero 2de-mo 6 00HOM U3 MOOYAET NPO2PAMMDbL.

l'{I/ITaTeJ'Ib, xopouwo 3HaKOMbI C SI3bIKOM CI/I, MOXET 3aMeTNTb 34ECb NPAMYHO aHa-
noruto ¢ 0bbsiBneHnsaMu rnobanbHbIX NEPEMEHHBIX C AMPEKTUBOI extern. YT1obbl no-
HATb, NOYE€MY ONUCaHNE CTAaTNYECKOro NoNsA B KJlaCcCe CHNTAETCA NMEHHO p,eKnapaLwleﬁ,
a He onpejeneHneM, nogymaiite, 4To OyaeT, ecnu 3arofloBOK Knacca byaer BbiHECEH B
3aro/I0BOYHbIN aiin, a cam 3TOT paiin — BKIKOYEH M3 HECKONIbKNX MOAYEN.

Wrak, 9T006BI 3aBEPITUTH CO3IAHNE CTATHIECKOTO MOJIS, HEOOXOINMO BHE
KJIacca MOMECTHUTD ero OIpejIe/IeHue:

int A::the_static_field = 0;

OOBIYHO OmpeieNeHnsT CTATHYECKUX TOJell CHAOKAIOT WHUIIHATA3AIHEH, KAK
9TO CAEJIAHO U B HAIIEM IIPUMEPEe, XOTs 3TO U He 00A3aTesIbHO.

Obparure BHUMaHUE, YTO, €CJIU BALIE OIMMCAHUE KJIACCA BHIHECEHO B 3ar0-
JIOBOUHBIH (DAiijI, TO OMpPeIe/IeHnsT CTATHIECKUX TIOJIel ClieiyeT obsg3aTesab-
HO moMecTuTb B ailyl peajim3anuy OJHOTO W3 MOIYJIEH, HA B KOEM
cIydae He B 3aroJIOBOYHbIA (aiin!

L2\11 yoxe BCTPEATUCH C CHMBOJIOM PACKDPHITHS 06gacTy BuauMocTy B § 2.15 Ha cTp. 45.
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[ToBTOpUM, YTO BBEIEHHOE TAKUM OOPA30OM CTATHYECKOE ITojIe Oyaer Cy-
IECTBOBATh B MpPOrpaMMe B €AWHCTBEHHOM 3K3eMIUIsipe M B TedYeHUue
BCEro BPpeMEeHU BBIMOJHEHHUSI MPOrPaMMBbl BHE BCAKOW 3aBUCHMOCTH OT
TOro, OyJIyT Jid B Baleil porpamMMe 3aBOIUTHC OObEKThI KIACCa A U B KAKHX
KoJIn4yeCrBax. ECHI/I IIOMECTUTDH O6"bHBJIeHI/Ie CTATUYECKOro I110J14d B HpI/IBaTHOﬁ
JaCTU KJIACCA, TO COOTBETCTBYIOIIEE UM OYIET JTOCTYITHO TOJIBKO B METOIAX
KJIACCA U B «JAPYKECTBEHHbIX» PyHKIUAX. OObaBIEHNE MOXKHO TOMECTUTD 1
B OTKPBITYIO 9aCTh Kjacca. B atom ciydae oHO GyaeT JOCTYITHO OTOBCIOLY, a
0OpATUTHCA K HEMY MOXKHO OyJeT Kak depe3 CyIeCTBYOIHi 00beKT, TaK 1
0e3 BCAKOro 00bEKTa C IMOMOIIBIO SIBHOIO PACKPBITHS OOJACTH BUIMMOCTH:

A a;
a.the_static_field = 15; // upaBuibHO
A::the_static_field = 15; // Toxe IpaBHILHO

Cnep,yeT OTMETUTb, 4TO CTAaTN4YECKNE NoJIsi CXOXU C rﬂO6aJ1beIMVI I'IepeMeHHbIMI/I B
TOM YUCNIE U TEM, YTO B HUX NPOrpaMma MOXKET HAKaMIMBaTb r106asbHOE COCTOSIHME,
B pe3y/ibTaTe 4ero sl CTOPOHHEro HabnogaTensi nNoBeAeHUE OAHUX U TeX e PyHK-
LJ'VIﬁ OKa>XeTCAA U3MEHAKLWMNMCA NO HEOHYEBUAHBIM 3aKOHaAM. KpOMe TOro, CraTmn4eckme
Mosisi MOTYT CyLWeCTBEHHO 3aTPYAHUTL MacwTabuposaHue nporpaMmmsl. Tak, ecnu Bam
334eM-TO NOHAZobNNCS CNCOK ODBEKTOB ONpeAesiEHHOro KAacca v Bbl BBENN A4S 3TON
uenn CTaTVI‘-IeCKVIﬁ yKasaTenb Ha ﬂepBblﬁ 3NQIEMEHT TaKOro Cnncka, To 3TO O3Ha4aeT, 4TO
B MPOrpaMMe Takol CMMCOK MOXeT ObITb TONIbKO OAWH, a €C/in Korga-Hubyab noHago-
6uTcs ABa TakMx cnncka (M3 0GbEKTOB OAHOTO M TOFO XXE TUMA), MPOrpamMmy NPUAETCS
OYeHb CEPbE3HO NMepenenath.

Mo3Tomy ncnosib30BaHME CTaTUHECKNX MOJIEN PEKOMEHAYETCS B O4HOMA U TOIbKO Ofi-
HOUi CMTyauun: KOrAa Takoe NoJsie npegcrasasier coboil KOHCTAHTY, TO eCTb ero 3Have-
HUE HUKOr[a He U3MEHsIeTCs1 BO BpeMsi pabotel nporpammel. Hanpumep, cratuyeckum
MOXHO 00BSIBUTb KaKOW-HUBYAb KPYnHbIli MacCUB, COAEPXKALLNA HEU3MEHHbIE [aHHbIE,
Heobxogumble ansi paboTbl OGBEKTOB AAHHOrO Kacca, HO He Tpebytowmecs HUrAe 3a
ero npegenamu. [lpumepom Takoro mMaccuea MOryT ClyXuTb, Hanpumep, Tabnuua ne-
PEXOAOB MeXJy COCTOSIHUSIMU KOHEYHOrO aBTOMAaTa B KJlacCe, Peann3youem 3TOT Ko-
HEYHbI/i aBTOMAaT; MACCMB CTPOK C BO3MOXHbIMU AMArHOCTUYECKUMU COODLEHUSIMU;
Tabnnua COOTBETCTBMS NOJIL30BATENLCKUX KOMaHZ (CTPOK) Bbi3bIBaEMbIM (DyHKLUSM,
uT.on.

§ 2.21.2. CraTudyecKkue MeTOIbI

Cmamuueckutli memod — 310 ocobblil BU, (DYHKIUU-METO/1a, KOTOPas,
SIBJISISICH METOIOM KJIACCa W MMesl JOCTYT K €r0 3aKPBITHIM JIETAIIM Peain-
3allUH, TIPU STOM BbI3bIBAETCA HE3aBUCUMO OT O0'bEKTOB KJjacca. llep-
BOHAYAJILHO CTATHYECKUE METOJbI MPEIHAZHAYAIUCH JJIs PADOTHI CO CTATH-
YECKUMH MTOJISIME, HO MOy YABITHNACA MEXAHIM3M HAIIET B UTOTe CyIECTBEHHO
6osiee MUPOKHiT criekTp npuMmeneHuit. Omucanme CTaTHYecKOro MEeToa aHa-
JIOPMYHO OIMCAHKUIO OOBIMHOIO METOJIA, HO II€PEJ, TAKUM ONUCAHUEM CTABUTCS
KJIIOYEBOE CJIOBO static, Kak B CIAEAYIOIEM TpUMepe:
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class Cls {
//. ..
static int TheStaticMethod(int a, int b);
//...

}s

ObpaieHue K CraruaecKOMY METO/LY, KAK U K CTATHYECKOMY OJII0, BO3MOXKHO
KaK Yepe3 00beKT KJjacca, Tak 1 0e3 TAKOBOT'O, C MTOMOIIIHIO CHUMBOJIA PACKPBI-
TS 00JIaCTH BUIMMOCTH:

Cls::TheStaticMethod (5, 15); // BCc& npaBmibHO
Cls c;
c.TheStaticMethod(5, 15); // Tak ToXe MOXHO

TlockombKy cratndeckas GpyHKIUI-METO MOKET ObITH BbI3BaHA 6€3 00b-
eKTa, y He€, KaK CJIeICTBUE, OTCYTCTBYeT HesBHbI napamerp this (cwm.
§2.1.2). Kpome BCero mpovero, 3T0 03HAYAET, UTO TaKas (DYHKIUA HE MOXKET
MPOCTO TaK OOPAINATHCs, KaK JAPYTHe METObI, K TOJIAM OObEKTa, BeIb 00b-
ekTa y Heé Her. Bei3biBaTh Hecrarmueckue (PyHKIIUH-METOIbI CTATHIECKAS
GbyHKIMSA TOXKE MPOCTO TAK HE MOYKET, IMOCKOJIbKY HECTATHYECKHE MEeTOIbI
JIOJIZKHBI BBI3BIBATHCSA [1Jisi KOHKPETHOrO obbekra. Curyarus KapIuHATIHHO
MEHSETCs, €CJIU CTATHIeCKAsd PYHKIMA TEM UM MHBIM CII0CODOM BCE-TAKU 110~
JIy9aeT JOCTYH K O0BEKTY CBOEro KJjacca. Takoe BIOJTHE MOXKET MPON30UTH 1
HUKOWM 00OpPa30M HE TPOTHUBOPEYUUT OMPEIETIEHIIO CTATHIECKOTO METOIA: /Ieii-
CTBUTEJIbHO, HUKTO HE MEIaeT mepeaaTh OObEKT Yepe3 OJuH U3 SBHO 0D03HA-
YEHHBIX 1IaPAMETPOB; BIIOJIHE BO3MOXKHO IOJIYIUTh JTOCTYII K OObEKTY CBOErO
KJIACCA 9epe3 IJI00aIbHbIE IIEPEMEHHbBIE WJTH C IIOMOIIBIO ITOOAIbHBIX (PyHK-
[uil; HAKOHeIl, cTaTumuecKas (PYHKIUS BIIOJIHE MOXKET CO3JaTh 00beKT
cama.

Wrak, HECMOTPsT HA OTCYTCTBUE yKa3aHWI HA KOHKPETHLIA OOBEKT Mpu
BBI30BE CTATUYIECKON (DYHKINH, OHA B HEKOTOPBIX CIIYYAAX MOYKET IOJIYIHUTh
JOCTYII K 00BbeKTy cBoero kjaacca. I torma crarmueckas (pyHKIUS, KakK
u 1060l MeToJ Kilacca, MOXKeT 06paIaThbcsi K 3aKphITHIM (IpuBaT-
HBIM) MOJISIM U MeTodaM obbeKTa (JefCTBUTEIBHO, KAK YKEe TOBOPUIIOCH
panee, equnutieii 3amutbl B Cu++ ABjIgeTcsa He 00bEKT, a KJIACC WU CTPYK-
Typa LEJIUKOM).

Hanuawe B Cu++ crarudecKux METOJOB IMO3BOJISIET B Dsijie CJIY4aeB
[IPUMEHATH BECbMa U3dAIlIHbIE TPUEMbI porpammupoBanus. Hanpumep, mbt
BIIOJTHE MOYKEeM yOpaTh B 3aKPBITYIO 9ACTh KJIACCA BCE UMEIOITNECS KOHCTPYK-
TODBI, 3aNPETUB, TAKUM 00pa30M, CO3/aHne O0HEKTOB JAHHOIO KJIACCA N3BHE
€ro CaMoro, u MOPY9IUTh CO3JaHNE OObEKTOB CTATHIECKOMY METOLY, KOTOPbIii
MOXKHO BBI3BATh, HE MMesi HU OJHOTO OOBEKTA.
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3. Obpaborka
NCKJIIOUNTEJIbHBIX CUTYyaIlnii

§ 3.1. Ommbo4uHbIEe CUTyaIlUN U ITPOOJIEMBI UX
obpaboTku

Jliobass ckob ObI TO HU OBLIO HETPUBHAIbHASI MPOUPAMMA COMEPIKHUT
¢dbparMeHTsl, KOTOPble B HEKOTOPBIX OOCTOATETHCTBAX HE MOTYT OTPabOTATDH
KoppekTHo. Hanpumep, nporpaMmma, aHajiu3upyoolnas COAEPKUMOe 33, 1aHHO-
ro ¢daiina, He cMOXKeT paboTaTh, HE CyMeB OTKPBLITH (DA HA UTEHWE; TPO-
rpaMMa, paboTaioIas Mo KOMIIBIOTEPHOH CeTH, He CMOXKeT padoTaTh, €CJIN He
paboTaer ceTb WU €CJIA HEeNOCTYIEH HYXKHBIA ceppep; (PYHKIMS, IPOU3BO-
JAIIAsl CJIOXKHBIE BBIYKCJIEHUsI, HE MOXKET KOPPEKTHO UX 3aBEPLIUTH, €CJIH B
XOJle BbIYMCJIEHHI [10TPEDOBAJIOCH Je/I€HIe Ha HOJIb MJIM, HAIIPUMED, BBIUKC-
JleHne jjorapudma Mo eIMHUIHOMY OCHOBAHMWIO, W T.T. [l0H00HBIE cHTyamun
Ha3BIBAIOT OIMMUOOYHBIMHU, OJHAKO YK€ 3TO COBEPIITEHHO He 00sI3aTeIHLHO O3HAa-
9aeT, 9TO OMmOCs MPOrPaMMUCT, MUCABIIHH mporpammy. B caydae ¢ daitmom
«BHHOBAaT» B BO3HMKHOBEHUHU OIIMOOYHON CHTyalnyuu, CKOPee BCEro, I0JIb30-
BarTeJib, B Cy4ae C CeTbI0 — OOC/yKMBAOIIMIA [IEPCOHAJ CETH WM CEPBEpa;
MpUMep C JeJIeHNeM Ha HOJIb YKA3BIBAET HA OMMOKY MTPOrPAMMUCTA, BHI3BAB-
mero (byHKIUIO 1718 HEKOPPEKTHBIX MCXOAHBIX MApaMETPOB, HO ITO MOXKET
OBITH HE TOT MPOTPAMMUCT, KOTOPBIN HAMUCAJ CaMy (DyHKITHIO.

WNuage roBopsi, MbI TIPH HAMUCAHUK TPOTPAMM YaCTO CTAJKUBAEMCS CO
CAydasMu, KOTJa YCIenHas pad0oTa HAIel TPOrpaMMbl 3aBUCUT OT BHEITHIX
YCJIOBHI, KOTOPBIE MBI CAMH FapaHTUPOBAHHO OOECIIEYUTH HEe MOXKeM. B Takux
CIyYaax MPUXOAUTCS IPEeIyCMAaTPUBATD B IporpaMmMe obpabomxy owubox .

[IpoBepuTsh BCe HYKHBIE YCJIOBUS OOBITHO HECTOKHO. CyIIeCTBEHHO CJI0XK-
Hee MOKET OKa3aTbCd CJAeyIONHil BOIPOC: a 4TO XKe JeaTh, €CIu yCJI0BUd
OKAa3aJIMCh HEY/IOBJIETBOPUTEJIHHBI,— HE OTKPbLICS (aiii, He yCTAHOBUIOCH
coejJluHeHue, B Jejiresie OKa3alcd HOJIb,— TO €CTb BO3HUKJIA Ta CaMagd OLIu-
6ounas curyarus?! MHOTHE CTyIeHTHI B TAKON CHTYAIlW¥ MOCTYMAIOT MTPOCTO,
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JEIIEBO W CEPAMTO: MEeYaTaloT Kakoe-Hubyb coobuienue (OYeHb 4acTo IMpo-
cro "ERROR") ¥ 3aBepliaioT BBINOJHEHUE [POrPAMMBI, HAIIPUMED, BBI30BOM
exit (). B peanbHO# »KN3HN TaKO# BAPUAHT, KaK MPABUIIO, HEIOMYCTHM. UTO-
ObI MOHATH IPUYUHBL 3TOH HEJIOMYyCTUMOCTH, IIPEICTaBbTe cebe, YTO BbI JOJITO
HaOWPaAJIM TEKCT B KAKOM-HUOY/b TEKCTOBOM PEIAKTOPE, TIOTOM ITPU COXPa-
HEHUU CAYYGUHO BBEJIU HEMPABUIBHOE UM JTUPEKTOPUY WJIN, HAIPUMED, TI0-
MBITAINCH OCYIIECTBUTH 3AIUCh HA 3AIUINIEHHBIN HOCUTENb. Ecau 661 aBTOp
TEKCTOBOTO PEIAKTOPA 00pAOATHIBAI OIMHOKHU «ITO-CTYIEHIECKH», TPOTPAMMA
peaakTopa O6bl HEMEJIEHHO 3aBEPIUIACH, YHUITOXKUB BCE PE3YIILTATHI BaIei
paborbr. MasmoBeposaTHO, 9TO TAKOE MOIVIO Obl BaM ITOHPABUTDHCSI.

Boutee Toro, ve Bcerza u He Be31e MOXKHO TaK BOT IPOCTO «HAIIEYATATH CO-
obmiennes. Hanpumep, npu nporpaMMupOBaHIE OKOHHOI'O IIPUJIOYKEHUS 1O,
MS Windows HUKaKOro TMOTOKa, CTAHIAPTHOTO BBHIBOIA B PACITOPSIYKEHUHN TTPO-
FPAMMUCTA HET, TAK 9TO BMECTO MeYaTH HEOOXOIUMO CO31aBATh MOIAJIbLHBIH
nmajor ¢ coorBercrByfommM TekctoMm u Kuonkamu. [Tox OC Unix Bcé mHe Tak
IJIOXO, TIOTOK CTAHIAPTHOrO BBIBO/A €CTh BCErJa, €CTh JaKe CIEeIUaIbHbBIH
ITOTOK JI/TsT BBIBOMIA COODIIEHME 00 OmubKax; mpobeMa TOJbKO B TOM, 9TO
AAJIEKO HE BO BCEX CJy4dadX Pe3yJjibTaThl BbIBOJdA B 3TU IHHOTOKU KTO-TO 4YH-
TaeT, 1 B HEKOTOPBIX CJydYasX CJIEIyeT BMECTO HUX TOJH30BATHCS CHUCTEMOA
Ky pHAJIM3AIIH.

Kpowme Toro, me Bce ommbouHbe cuTyaruu dbaTaabHbl. B BhITIeymOMIHY-
TOM TIPUMEPE C PETAKTOPOM TEKCTOB B OIMTUOKE, JOMYIIEHHO MOIb30BATEIEM,
HET BOBCE HMYEro CTPAITHOTO: HY?KHO MPOCTO KOHCTATHPOBATDH (DAKT OIMTHOKH
U MOMPOCHUTD TTOIB30BATEIIS BBECTHU Apyroe uMs (paitra. TodHo Tak yKe MOKeT
He OBbITH (paTaabHOI OIMIMOKA, CBA3aHHASA C YCTAHOBJIEHUEM CETEBOI'0 COeIuHe-
HIS, BeJJb BO MHOTHUX CIYYagX MOYKHO OODATHThCS K cepBepy-aybmépy'. a-
K€ CUTYyallusi C JeJIeHreM Ha HOJIb B HEKOTOPBIX CJIyYasX MOMXKET OKa3aThCs
HedaTAIBHON, KaK, HAIIPUMED, TIPU UCCIEIOBAHNY HEKOTOPHIX HEKOPPEKTHO
HOCTABJIEHHBIX 33/a4 (0ObIYHO B 9TUX CJIydadX [OJOBHAS IPOIDAMMA <«3Ha-
er», KaK MOXKHO CKOPPEKTHPOBATH MCXOIHbBIE TaHHbIE, YTOObI n36exKarh Jie-
JIEHUsI HA HOJIb, W HYKHYI0 KOMOMHAIMIO nuier mMerogoM npob m omubok).
Hakomer, 3ameTuM, 9T0 OIUH U TOT YK€ KOJ MOXKET HCIOJIb30BATHCS B COBEP-
[IIEHHO PA3HBIX MPOTPAMMAX, MPUIEM I OJHUX OIMMOKA MOXKET OKA3aAThCS
daranbHOl, A8 APYTUX — HE CTOAMIEN JTaxKe ynmoMuHanus. Hanmpumep, MHO-
rue IPOrpaMMbl BBIIOJHSAOT IOUCK HY2KHOTO (haiiia B PA3HbIX AUPEKTOPUSIX,
[IPOCTO IIBITAACH €r0 OTKPBITh U IIPOJOJIZKAsA IIOUCK JIAJIbIIE [TOCJIe KaXK IO
HEYIA4YW; B 9TOM CJIy4ae OMUOKA BOOOIIE TEpecTaéT ObIThH OMMOKOIA.

113 Bcero BbIlIeCKa3aHHOIO MOXKHO C/IE€JIATH OJIUH OY€Hb CEPHE3HBIN U BaXkK-
HBII BHIBOI: MIPUHUMATH PEIIEHUs 0 TOM, YTO [eJIaTh MPU BO3HUKHO-
BEeHNU OMMOOYHOW cuTyarumm — 3TO IIpeporarmBa TOJIOBHOW Ipo-
rpaMMbl. 3aBEpIIaTh MPOrPAMMY, & TAKXKE U BBIMNOJHATH TEM WJIA WHBIM

! Taxoe BO3MOMKHO TP 0GpaIeHnsx K cucreme omernbx umén (DNS), a B HEKOTOPBIX
ClIy49adX — U IIPU OTIIPaBKE 3JI€KTpOHHOfl II0OYThI, U B JPYTAUX CUTYallUAX TOXKE.
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CI0CcO0OM BBIZAYY COOOINEHMI MOXKET TOJIhKO (byHKIWs main() u Te u3 BbI-
3bIBAEMBIX €10 (DYHKIHil, KOTOPHIE [JIsi 9TOrO CIEIUAIBHO MPETHAZHAUEHBI.
Yro ke Kacaercs Koja, He MOMABIIEro B 3Ty KATErOPHUIO, TO €ro Jejio B CIy-
4ae BO3HMKHOBEHUsI OMIUOKH — OMOBECTUTH 00 3TOM T'OJIOBHYIO IPOTPAMMY,
u He 6osee TOrO.

3BYyYHUT 3TO JOCTATOYHO MPOCTO, OJHAKO BCE, KTO UMEET OIBIT HATUCAHWS
JTaKe HE OUEHBb CJIOKHBIX MMPOrPAMM, 3HAIOT, C KAKUM TPYIOM 9TO BOTLIOIIAET-
csl HA MPaKTHKe. B MpOCThIX s3bIKaX MpOrpaMMupoOBanus, Takux Kak Cu nin
[Tackanb, mpuxoanTcsa n3 GyHKIHA B CIydae BOSHUKHOBEHMS OIITHOOK BO3BPa-
IATH CIENUAJbHBIE 3HAYEHUsI, & B TOYKE BbI30BA (DYHKIIUU, COOTBETCTBEHHO,
MPOBEPSITH, HE BEPHYJIA JIW BbI3BaHHAsT (DYHKINS 3HAUYEHWE, COOTBETCTBYIO-
mee ormubke. B OONBITMHCTBE CIy9aeB NMpW 3TOM BbI3BABINAs (DYHKIIHS, B
CBOIO OY€PE/Ib, BBIHYK/I€HA BO3BPAIATH MpU3HAK omubku u T. 1. IIpeacrass-
Te cebe Temepb, urTo dyukmua £1() BemBana ¢yuxkmmio £2(), Ta, B CBOIO
ouepenb, pyukmuio £3() u T. 4., a B Gyuknun, ckazkem, £10() BO3MOKHO
BO3HUKHOBEHWE OIMMUO0YHOM curyannu. Torna Hy»KHO TPeLyCMOTPETh 3HAYE-
HU€, BO3BpAIllaeMoe B ciydae 370l omudku, B dyuknun £9() cmemars mpo-
BEPKY U B CJIy9ae OMUOKN, B CBOIO OYEpE/Ib, BO3BPATUTH HEYTO OMTHOOTHOE,
¥ TaK BO BCEX (DYHKIUAX.

Teoperrmdecku IMEHHO TaK BCE U JOJIZKHO JEJIAThCS, BCE BO3MOYXKHbBIE OIIIH-
GOYHbBIE CUTYAIUU JIOJIZKHBI [IPOBEPATHCS | T. I1., HO HA IIPAKTUKE AKKYDPATHOE
cobmmoienne TpeboBaHui Mo 0OpaboTKe OIMTMOOK MOYKET OKA3aThCs HACTOJb-
KO TPYIOEMKHM, 9TO TPOrPAMMHUCTHI TPUOETAIOT K M3BECTHOMY <«AJTOPUTMY
peliieHus Beex mpobsiems», a umenHo — (1) moaHsaTh BBEPX NpaByo PyKy u (2)
PE3KO MaXHYTh €10, OMHOBPEMEHHO ITPOU3HOCS 9TO-TO BPOJIE «a, JIaJaHO». Ecrh
Jaxke mrytodnas ppasa Ha ITY TEMy: «HHUKOLJA He [poBepsiiTe Ha OMUOKH,
KOTOpBIE BRI HE 3HAETE, KaK 0O0paborarhy. Pazymeercs, Takoe OOBITHO JapOM
we mpoxomuT. OmubKa, KOTOPYI HE CTaju 00pabaThbiBaTh B HAIEKIE, UTO
OHA HUKOT/IA HE TPOU30HIET, TPOABUTCA B CAMBIH HEMOIXOIAIIAN MOMEHT,
MPUYEM YeM JIAJIbINe HAXOAUTCA 3aKA3IUK U 9eM OOJIbINE JEeHEr OH 3allIaTHI,
TE€M BBIIIE BEPOATHOCTb, YTO HAIIA MPOrPAMMA CJIOMAETCH UMEHHO y HEro.
NMeHHO TT03TOMY BO MHOTHX SI3BIKAX MPEIYCMOTPEHBI CIIEIUAILHBIE BO3MOK-
HOCTH Jj1s 00paboTKu Omub0YHbIX cutyanuii. B s3bike Cu++ COOTBETCTBYIO-
mumit MexaHu3M Ha3bIBaeTCsa 00pabomkoti uckarouernud (auria. exception
handling).

§ 3.2. OOmag naesa MeXaHN3Ma UCKJTIOYEHUIT

OrmMeruM emg OuH HEeJOCTATOK UCIOTB30BAHNS CIEIUATbHBIX BOZBPAIIA-
€MbIX 3HAYEHWIT JJIsi MHIUKAIME OIMUOKU. B HEKOTOPBIX Cilydasx cpeiu BCex
3HAYEHUN BO3BpAIAEMOro (PyHKIMeH TUIA [POCTO HET HU OJIHOIO HEHCIIOJIb-
3yeMOro; OTJIUYHBIN MpuMep TaKoro poaa (gyukinn — atoi (), mepeBossimnas
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CTPOKOBOE IPeJ/ICTABJIEHNE 1IEJI0r0 YKCIa B 3HaUeHHe Thna int. Bo3sparmaer
OHa, eCTECTBEHHO, YHCJO THIA int, a MOCKOJIbKY JI000€ TAKOe UHCIO NMEET
CTPOKOBOE TIPEJICTABJIEHUE, TO ¥ BEPHYTH (IIPU OTCYTCTBUU KAKUX-JIUOO OIIU-
6oK) oHa MOzKer, BOOOIIE 1roBops, Jioboe 3Hadenue Tuna int. B 1o xe Bpems
BO3MOKHO, YTO B CTPOKE, 1OJAHHON atol Ha BXO/, COAEPKUTCH TEKCT, HE siB-
JIAIOMIUICS TPeICTaBIEHUEM KaKOro-1ub0 ducia (Hampumep, COCTOAMN 13
OykB, a He u3 mudp). B s1oit curyanuu paspaborunku GyHKIUU DEIUIIT, 38
HEMMEHUEM JIydIllero, BO3BPAIATh HOJb, HO 3TO HE PEIaeT mpodiemMy, Belb
[OJTy 9aeTCst, 9TO (DYHKIMs BO3ZBPAIIAET OHO M TO YK€ U JJisi CTPOKH, COIAEP-
Kareit 6eubep/ry, u 1t CTPpoKu "0", KOTOpasi ABJISIETCS BIIOJTHE KOPPEKT-
HBIM MPEJICTaBICHUEM YHCJa. DTO MPUBOIUT HAC K UJICE UCKAIOYEHUA, KOTO-
poe mpeacTaBiser coboit 0cobuill cnocob 3asepuwerus GYHKYUU: €CITU B T3bI-
KaX, HE MOIEP>KUBAIONINX MEXAHU3M HCKIIOYeHNH, (DYHKIMS MOTJIa TOTHKO
BEPHYTH OJHO M3 BO3MOXKHBIX 3HAYEHUH, TO B A3bIKAX, MOJIEPKUBAIOIINX
UCKJIIOYeHUsl, (DYHKIMA MOXKeT b0 BEpHYTh 3HadeHue, Jimbo 6036ydumsb
ucKAOYEeHUE.

OTMeTVIM B 3TOW CBA3N, 4TO NCKNKYEHNSA BOBCE HE SABASAKOTCA COCTaBHOI 4aCTblO
napagmrmbl 06 bEKTHO-OPMEHTINPOBAHHOIO NPOrPaMMMPOBAHUS, KaK 3TO NOYEMY-TO Ha-
cTo yTBepxgaetcs. Hanpotns, oHn ckopee OTHOCATCS K DYHKLUMOHATILHOMY NPOrpam-
MupoBaHuto; HebesbizBecTHas yHkunst call/cc, NnoaaepKNBaEmMas BO MHOMMX (yHK-
LMOHANbHBIX A3bIKAX, NPeACTaBAseT CODOM HMYTO MHOE Kak 0bobLieHMe mMexaHu3ma
uckntoyermii; B s3sike Common Lisp, He umetowem call/cc, npyu 3TOM UMEIOTCs, TEM
HE MEHEe, KOHCTPYKUNKN, COBEPLUEHHO aHANIOTNYHbIE KOHCTPYKLUNAM O6pa6OTKVI NCKNHO-
yennii Cu++.

Boz0y:xmeHne UCKIIIOYEHNsT O3HAYAET, HA, CAMOM JIeJIe, MEPEXO0T, TPOrPaM-
MBI B 0CODOE COCTOSTHWE, B KOTOPOM BCE AKTHBHBIE HA HACTOSAIIWIA MOMEHT
dbyHKIMYT JOCPOYHO 3aBEPIIAIOTCSA OIHA 33 APYTOil, MOKA He HAWIETCsS Takasd,
KOTOPAasi MOYKET CIPABUTHCS C JAHHBIM THUIOM HCKJIOYATEJIbHBIX CATYAIWH.
Y100bI IOHATDH, O Y€M KUJIET PEYb, BCIOMHUM CHATYAIMIO, PACCMATPUBABIILY IO
csa B npenbiayinem maparpade: dyakmus £1() BerBana dyukmuio £2(), Ta,
B cBOIO ouepenb, pyukimio £3() u T. 1. Bmiore 10 £10(), rae u BO3HUKA-
er omubOKa. IIpu 3TOM HAM COBEPIIIEHHO HE 00A3ATEIBLHO /€/aTh KaKue-JIub0
npoBepku B GpyHKIUAX £9, £8 u T. /1., BIIOJHE JOCTATOYHO IOMETUTH, HAIPH-
Mep, dyukimio f1 Kak yMEOILyl0 CIPABIATHCH C JAHHBIM THUIIOM OIIUOOK.
Torma mpu BO3HUKHOBEHUH OMIMOKK BO BpeMms ucnoyiHenus: £10 Oyner 3aBep-
IIIeHa, JOCPOYHO U OHA, CaMa, U BbI3BaBINas €€ dbyukiusg £9, u £8, u Tak BILIOTH
no £1, koropasa u obpaboraer omubky. Hade roBopsi, eciu Hekast GpyHKIUsS
g() BomsbiBaeT npyryio dynkmuio h(), a 3Ta nocieaHas Bo30YKIACT UCKITIO-
qeHue, /i Koroporo B g() Her ob6paboTdnKa, TO 3TO SKBUBAJIEHTHO TOMY,
Kak ecsm Obl pynknua g() cama BO3OyAuIa TO K€ CAMOE HCKJIIOYEHUE, He
BBI3BIBas h().

Nuorga Bcio 06paborky omubok Jenaior B (ynkinuu main(). Ona mis
9TOr0 ya00HA, MOCKOJBKY OCTAETCS AKTUBHON BCE BpEMsi MCIOJHEHUS TPO-
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IPAMMBI” T, TAKIM 00Pa30M, MOXKeT 06paboTaTh NCKIIIOUeHNe, BO30YK ISHHOe

B MPAKTUYECKH JIIO00I JaCTU MPOrPAMMBI.

§ 3.3. Bo30yxK/eHne NCKJIIO9eHnid

IIpn BO3HWKHOBEHWW CHTYAIWW, TPAKTYEMOIl KaK OMMUOOYHASA W TPeOyIo-
mast 00pabOTKYM B KaveCTBEe MCKIIOYUTEILHON, CIEIyeT 8036ydumv UcCKAIO-
wenue ¢ NOMOIIBIO oneparopa throw (anri. 6pocums). Y 3TOro oneparopa
HMEeTCST OJIMH MTapaMeTpP, B KAYECTBE KOTOPOI'O0 MOYKET BBICTYIATH BBIPAZKE-
HEE, BOODIIE TOBOPsI, TPOU3BOJILHOIO TUIIA, B TOM YHC/IE KaK JI000ro 6a30BOro
(int, float, ...), Tak u HPOU3BOAHOIrO (YKAa3aTesb U T.11.), & PABHO U OLIPeJe-
JIEHHOTO TOJIb30BaTeaeM (B TOM YHCJIE, YTO HEMAJOBAYKHO, TUTIA KJIACC WU
crpykTypa). Tun Boipaxkenus B oneparope throw Oyzem Ha3bIBaTh MUNOM
UCKAIOUEHUS, A SHATCHUE BBIPAKEHASA — 3HAYEHUEM UCKAIOUEHUS .

Jnst mpumepa paccmorpuM (PYHKIHIO, KOTOPAsk MPUHUMAET Ha BXOJ, UM
(rekcroBoro) daiiia, a Bo3Bpalaer KOJIMIECTBO CTPOK (T. €. CUMBOJIOB Liepe-
BOJa cTpoku) B 3ToM baiine. Curyanus, xoraa dailn He yaansoch OTKPHITh,
JIJISt TAKO# (DYHKITN OKA3BIBAETCS 3aBEJIOMO NCKIIIOUATEIHHOI; B 9TOM ClIydae
B a3bike Cu HaM IPUILIOCH Obl BO3BPAINATH CIENUAIbHOE 3HAYeHUe (HAlpU-
Mep, -1), a pu BBI30BE IPOBEPSTH, HE ero Jiu Bepuyaa dyukiusa. B Cu++
9TO MOXKHO CJeJIATH MPOIIE:

unsigned int line_count_in_file(const char *file_name)
{
FILE *f = fopen(file_name, "r");
if (1)
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 s1oMm npumepe Mbl B KauecTBe UCKIoYeHus «bpocuiiuy crpoky (rouHee, aji-
pec eé Havasia, T. €. yKa3are/b Tuna const chark). Mbr Mmorau 661 «GpOCUTE >
BBIpAYKEHNE JPYTOro THIA; HAMPUMED, CJIEAYIONHil onepaTop «Opocaers uc-
KJIIOUYeHue TUla int:

throw 27;

2CTporo TOROpst, 3TO HE COBCEM TaK, MOCKOABKY €CTh eIré, HaTmpuMep, KOHCTPYKTOPhI
U JeCTPYKTODHI IVIODANBbHBIX OOBEKTOB, KOTOpble OTPabaThIBAIOT, COOTBETCTBEHHO, 0 U
nocye ¢dpyuknuu main(), HO B HEKOTOPOM NPHOINKEHIE MOXKHO 3THM IpEeHeODEetb.

75



Yarre, 0aHAKO, B POJIU UCKIIOYEHUN BBICTYMAIOT OOHEKTHI CIEIHATIHHO BBE-
JMEHHBIX [IJIs 9TOH MEJIN KJIACCOB; PEYb 00 ITOM TOWIET BIEPEIH.

§ 3.4. O6paboTka MCKJITIOYEeHUIA

O06paboOTKy UCKIIOYUTEIBHBIX CUTYAIH C/IeAyeT MPeIyCMaTPUBATh, ECTe-
CTBEHHO, TOJIbKO B T€X MECTAX, B KOTOPBIX MbI MOXKEM C COOTBETCTBYIOIIEH
curyanueil cupaBuThes. Tak, ecau JanbHeilnas paboTa mocjie BOSHUKHOBEHU S
HCKJIIOYUTEIbHON cuTyarun Tpedyer obpallnenus K MOJb30BATEN0, TO 00pa-
OOTKY TaKO# CHTyaluu CJIeIyeT BCTABUTH B OXHY u3 (DYHKIU, HATETEHHBIX
MPABOM BECTH JMAJIOT C TI0JIb30BaTesieM (BO3MOXKHO, B GyHKIMK main).

OO0mumit TPUHITUIT OpraHu3auu 00pabOTKN MCKJIIOUYeHn TakoB. U3 mpo-
rPaMMBbI BBIIEJISETCS HEKOTOPBIH OJIOK KOJA, WCIIOJHEHWE KOTOPOrO, MPE-
MOJIOKUTETHHO, MOXKET MPUBECTH K BOBHUKHOBEHUIO UCKIIOUUTEIHHBIX CHTY-
anuit. 9Tor GJIOK FBHO BBIIEISIETCS U CHAOXKAETCS ONHOW WU HECKOJIbKAMHU
HHCTPYKIUSAMEI O TOM, KAK HEOOXOIUMO IE€ACTBOBATH IIPU BOSHUKHOBEHUU UC-
KJIIOYEHHUsI TOrO WJIM WHOrO Tuma. [Ipw 3TOM Takwe MHCTPYKIUH JeHCTBYIOT
B OTHOITIEHWY UCKJIIOYEHUI COOTBETCTBYIOIIUX TUIOB, BOSHUKIIINX B IIPO-
rpaMMe C MOMEHTA BXO/Ja B HOMEYeHHbIl GJIOK U JI0 MOMEHTa BbI-
X0/ia W3 HEro, B TOM YuCJe B (PYHKIUIX, BBI3BAHHBIX U3 OJIOKA TIPSAMO WU
KOCBeHHO. [71yOrHa BHI30BOB B JIAHHOM CJIydae POJIU HE MIPAET.

Jltst momeTkn OJI0Ka € METbio 00pabOTKM HUCKIIOYUTEIbHBIX CUTYAIdi B
Cu-++ uclo/b3yeTcs KII0YeBOE CJI0BO try (aHIUl. MONBMamMbes), 338 KOTO-
pbIM CieyeT COOCTBEHHO OJIOK, TO €CTh IMOCJIeIOBATEILHOCTH OMEPATOPOB,
3akJIIoUYeHHas B purypubie ckobku. Cpasy mociie try-010ka HEOOXOMIMO 0~
MECTUTH OWH WK 00JbIne 06pabomyuuros uckatoweruti. OopaboTInK mc-
KJIIOYEHUH CUHTAKCHYECKU HECKOJIBKO HAMOMUHAET (DYHKIMIO C OJHUM Mapa-
METPOM, XOTsI 9TO TOJBKO BHEIIHEE CXOJCTBO; HA CAMOM JeJie, 00paboTInK
HAYMHAETCS C KJIIOYEBOrO CJI0Ba catch (aHTI. notmams), Cpa3y MOCIe HEro
CTaBATCS KPYIJIble CKOOKYM, BHYTPU KOTOPBIX — Onucanne hOpMaabHOTO Ta-
pamerpa (TOYHO TaK, KaK 9TO JEJIAETCs [IPU OMUCAHUN (DYHKIUK C OJHUM I1a-
pamerpom). Tun napamerpa 3a1aét Tun 06pabarbiBAEMOro UCKIIOYEHNs, a 110
UMEHH [TapaMerpa MOXKHO MOJIYyYUTh JOCTYI K 3HAYEHUIO UCKJtodeHus. s
[pUMepa NPUIOMHUM (DYHKIUIO M3 HPEAbLIYIIEro naparpada, mojacauTbiBa-
IOTIYI0 KOJUYECTBO CTPOK B (hpaiijie, U HA OCHOBE ITOM (DYHKIMHM HAMHUIIIEM
MpOrpaMMy TeJUKOM. Bymem cumrarh, 9ro dyHKIims line_count_in_file
HAXOAWTCS B OTAETBHOM MOJyJe, TaK 9TO B IpOrpamMme HaM HOTpedyercs
TOJILKO €€ IIPOTOTHII.

#include <stdio.h>

unsigned int line_count_in_file(const char *file_name);
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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 %d lines\n",
argv[1l], res);
}

catch(const char *exception) {
fprintf(stderr, "Exception (string): %s\n",
exception);
return 1;
}

return 0;

}

Ora mporpamma, eciau BCE OyaeT B TOpsake, HamedaTaer uMms daiiia u
KOJIMYECTBO CTPOK B HEM; €Cyim Ke OTKDPBITh baitn He ymacrcs, QyHKIus
line_count_in_file nepeBeséT HporpaMMy B COCTOSHUE MCKJIIOUYUTETbHON
CUTYAINH, 3 COOTBETCTBYOMINH 00paboTunk Oymer HalimeH B DyHKIUNA main.
Hu ocrarok ¢dbyuknmm line_count_in_file, Hu ocTaToK try-00Ka B 3TOM
CJIy4ae BBINOJIHATHCS He Oy/IyT, yIPaBJieHHe OKayKeTCsI CPa3y MepeIaHo B 00-
paboruuk (catch-6ii0k). B 310M npumepe UCKIIOYEHUE MOXKET BO3HUKHYTb
B (DYHKIMH, HEIOCPEJICTBEHHO BBI3BAHHON M3 try-Osi0Ka, HO HA CaMOM /Jie-
Jle 5TO He BAYKHO: C TAKUM K€ YCIIEXOM OHO MOTJIO BO3HUKHYTH B (DyHKINH,
BBI3BAHHO! u3 line_count_in_file, u T. /. Ha JIOOYIO TIIyOHHY.

O6paruTe BHHMaHUE, YTO MBI B JaHHOM CJIy4ae <«JIOBUM» WCKJIIOYEHUE
const char *, a He mpocro char *, [OCKOJbKY MMEHHO Takoil rTum (yka-
3aresb Ha KoHcranry Tuna char) umeer B Cu u Cu+t+ crpokosblil Jiure-
pasl — CTPOKa, 3aKII09E€HHAS B ABOHbIE KaBbldKu. Ecau yoparb moauduka-
TOp const, UCK/IIOYEHNE TIOWMAHO HE OyIeT.

B paccmorpenHoM mpuMepe MbI IIPEIYCMOTPEIN BCEro OJIMH 06paboTanK
UCKJIIOYeHust, XoTd a3bik Cu+-+ J0IycKaeT NpOu3BOJIbHOE UX KOJINIECTBO (HEe
menee ouoro). Ecsiu 661 u3 Haniero try-6J10Ka BbI3bIBAJIOCH 60J1bIe DyHKIU
Y [OTEHIMAJbHO OHU MOIJIA Obl IPUBECTH K UCKIIOYUTEbHBIM CHATYAIMIM
JPYTUX TUTIOB, MBI MOTJIA ObI HAMUCATH YTO-TO BPOJE CJIEIVIOIIETO:

try {
/] ...
}
catch(const char *x) {
/] ...
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}

catch(int x) {
// ...

}

3/1ec1> BazKHO IIOHUMATb HECKOJIbKO IIPOCTBIX IIPpABUJI:

e O6paborunku (catch-6J0KHM) paccMaTpUBaAKOTCS MO IMOPSIIAKY,
O/IVH 3a IPYyrum, npudém cpaboTraTh MOXKET TOJBKO OJIAH W3
HUX, WJIW HU OJHOrO. JTO 3HAYUT, B YACTHOCTHU, UTO MHUCATH IBA
06paboTIIKa OHOTO THIA HAW THIOB, CBOTUMBIX OJWH K JPYroMy®,
HET HAKAKOTO CMBICJIA.

e O6paboTuynkK MOXKeT MOWMATh TOJBKO WMCKJIIOUYEHWE, BO3HUK-
1iee Bo BpeMsi paboThl cOOTBeTCTBYIOIEro try-6iioka. B gacruo-
cTH, 0OpabOTINK HE MOXKET MOMMATh HCKIIOYEHHe, KOTOPOe BBIOPOCHIT
OJMH U3 MPEILIAYIIIX 00pabOTINKOB.

e Eciau uckiiroyeHue He mMoOiMaHO HM OJHUM U3 00pPabOTYMKOB,
OHO «BbIOpachIBaeTcsi» OaJjblie, Kak ecjau 0bl (pparMeHT Ko/a,
B KOTOPOM WCKJIIOYEHNE BO3HUKJIO, BOBCe He OBLI 0OpaMJIéH
HUKaKUM try-6gokom. Takum 06pa3om, HA Iy TH OJHOTO UCKITIOYEHUS
MOXKET OKA3aThCs HECKOJIbKO try-OJIOKOB, KaK Obl BJIOYKEHHBIX JIDYT B
apyra (Bo BCAKOM Cjlydae, B CMBICJE BPEMEHHBIX IIE€PHOJIOB UCIOJIHE-
HU$), U B HEKOTODPBIX M3 HUX MOXKET He OKa3aThCs MOAXO/AINEro oopa-
oorunka. B TakoMm ciydae J0CpOUHOE 3aBepIeHne aKTUBHBIX (QYHKITHIT
¥ YHUYTOXKEHUE CTEKOBBIX (DPeiiMOB IPOJ0JKAETCH JAJIbINe, TIOKA He
Oyaer HaiileH try-0J10K C moaxoiadmum 06paboTInKOM.

B 06paboTunkax MCKIIOYEHUN MOYKHO MCIOIH30BAThH CIENUAIBLHYIO (hOp-
My omeparopa throw, a IMEHHO — HAIMKUCATH ITOT OMEpPATop 0e3 mapaMeTpos.
91O 03HAYaeT «OpPOCUTH TO MCKJIOYEHNEe, KOTOPOE TOJIHKO YTO ObLIO ToiiMa-
HO». Tak [enaT B CIydasx, KOTIa MOJHOCTHIO CIIPABUTHCS C BO3HUKINEH CH-
Tyalueil B JAHHOM MeCTe MPOrPAMMbI HEBO3MOXKHO, HO MPEXK /1€ YeM OPOCUTH
UCKJIIOYEHHE JTAJIbIIE, HYy2KHO IPOU3BECTH el Kakue-To jeiicrsus. [Ipumepnt
TaKWX CUTYyaIlii pacCMaTPUBAIOTCS B CIEAYIONeM naparpade.

§ 3.5. O6paboTUYMKU C MHOTOTOYMEM

B HEKOTOpPBIX CiIy9asix OKa3bIBAETCS OCMBICIIEHHBIM 00PabOTYUK, CIOCOD-
HBIA OAMATB NPOU3EOALHOE UCKAOUEHUE He3a8UCUMO om e20 muna. Takoi

3TIparuna mpeo6pa3oBanmst TUTIOR MPH 06PABOTKE NCKIIIOTEHIH HECKOMBKO OTAMTAIOTCST
OT IPAaBUJ, IPUMEHSEMbIX IIPX BbI30Be (DYHKIKH; MBI PACCMOTPHUM 3TU IPABUJIA B OJHOM
W3 CJAEOYIOMKUX maparpados.
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00pabOTYNK 3AMUCHIBAETCS TAK K€, KAK U OOBIYHBIN, TOJHKO BMECTO THIIQ
MCKJIIOYEHUSI M UMEHU TapaMeTpa B CKOOKAX yKa3biBaeTcs MHOroroume. Ko-
HEYHO, 3HAYEHNE UCKIIOYEHUS B ITOM CJIydae UCIOIH30BAHO ObITH HE MOXKET,
HO B HEKOTOPBIX CJIy4YasX 3TO U He BaxKHO. Hampumep, ecim Mbl IOIKIIIO9aeM
K Hallle# 1nporpaMMe MOJYJ/U, HAIIMCAHHbIE JIDYIUMU IIPOrPAMMUCTAMU, U HE
YBEPEHBI B TOM, UTO HAM WM3BECTHBI BCE THUIBI MCKJ/IOYEHUN, TeHepUpyeMble
TAKUMHU MOJYJISIMHU, MOYKET OBITH HEIJIOXO# WIesi PACIOJOXKUATH B (DYHKITHH
main TPUMEPHO TAKOH try-OJIOK:

int main() {

try {
// 3mech mvmeM Bechb KOZ, TJIaBHOW QyHKIUU
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;

}

O6paboryuKu ¢ MHOIMOTOYHMEM JIEJIAI0T OCODEHHO aKTyasibHOM (popmy throw
6e3 mapamerpoB. lcnonb30Banme B Takux 00pabOTYMKaxX omeparopa throw
0e3 mapaMeTpOB MO3BOJISAET MONMAThH MCKIIIOUYEHNE TPOU3BOJILHOTO THUIIA, BbI-
MOJIHUTH KAKUE-TO JEHCTBUS, MOCJE 9er0 OPOCUTH UCKTIOUYEHUE JATbIIe. JTO
MOZKET OKa3aThCsl TOJE3HbIM, €CJIM B HAIIEM KOJIE JIOKATHHO 3aXBAThIBAIOTCS
T€ WJIM UHbIE PECYDPChI (BbLAEIAETCS IAMATh, OTKPbIBAIOTCs (DAiliibl U T.11.) U
X CJIeIyeT OCBOOOIWTH, MpexKIe deM (DYHKIMS OKaXKeTCs 3aBepiineHa. Pac-
CMOTPHUM i TpuMepa (QPYHKIUIO, B KOTOPOI BBIIEISAETCS JIUHAMUYIECKU
MACCHB TIEJIBIX 9HCEJT:

void f(int n) {
int *p = new int[n];
// Bechb ocTambHO# Koz (yHKIMU
delete[] p;

}

Ecsin Bo Bpems BbIIOITHEHHS KO/IA, HAXOAAIIErocsd Mexk 1y new u delete, Bo3-
HUKHET UCKJIIoYeHne, To delete He OyJeT BBIIOJIHEH W MAaCCHB, HA KOTOPbIH
YKa3bIBAJ P, OyIET MPOJI0/IKATH 3aHUMATD MAMAThH (TO €CTh CTAHET MYCOPOM ).
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[Ipobmema cHUMAETCsT, €CTH BECh 9TOT KOJ 3aKJII0YNTh B try-0JI0K, TTOC/Ie KO-
TOPOTO €CTh 00PADOTYMK I HUCKJIIOYEHUIl MPOM3BOJBHOIO THUIA, KOTOPBIH,
npexe 9eM OPOCHTH MCKIIOYEHHE JANbIIe, OCBOO0XKIAET TAMATh:

void f(int n) {
int *p = new int[n];
try {
// Bech ocTambHOU KoZ QyHRIUU
}
catch(...) {
delete[] p;
throw;
}
delete[] p;

§ 3.6. OOBeKT KJlacca B POJIN MCKJTIOYEHUS

OOBIYHO PV BO3HUKHOBEHUU MCKJIIOUUTEILHON CUTYAIlNN BO3HUKAET YKe-
JIaHWe TepesaTh 00pabOTINKY MAKCHMyM WH(MOPMAIUU O BOIHUKIIUX TPY/I-
HOCTSIX. BCTpOEHHBbIE THIBI JAHHBIX ILJIOXO MPUTOAHBI [uist 3Toro. [leiicTBu-
TeJTbHO, B PACCMOTPEHHOM BBIIIE ITpuMepe ObLITO ObI HEIJTOXO Mepesarh 00-
paboryuKy He TOJbKO TekcroBoe coobuienue «couldn’t open the file», Ho u
uMs daiisia, ¥ 3HAYEHNE TEPEMEHHOI errno cpa3y TMOC/Ie BBIMOJIHEeHNs fopen,
KOTOpPOE MOYKET ITOMOYb B aHa/m3e mpobdsieMbl. Mbl, OJHAKO, OrPAHUIMIIACE
B IIpEMeEpPEe OTHOM CTPOKOBON KOHCTAHTOH, 9TOOBI He (POPMHUPOBATH CTPOKY
COJIEPKAIILYIO BCIO NEPEYrCIeHHYI0 WHMOPMAIUI0 — Beab 3TO IHOTPe0OBasIo
Obl 3HAYUTEILHOIO yBEJIUYEHUs KOJAA M CO3ZAJI0 Obl OIPEIesI€HHbIE TPYIHO-
CTH C OCBODOYKIEHHEM TAMSATH OT TAKOW CTPOKHU, TMOCKOIBKY CAMY CTPOKY
MPHUIIIOCH OBl CO3/IaBATH JUHAMUIECKH.

Kpowme Toro, ects u emé omua mpobsiema. IIporpamma MoOXKeT UCIOIb30-
BaTh HECKOJILKO OMOIMOTEK, TPUIEM U3TOTOBJIEHHBIX PA3HBIMU TPOU3BOIUTE-
JISIMW; TaKKe MPOrpaMMa MOXKeT OBITh Pa3/IesieHa HA HECKOJIHKO MOACHCTEM,
co3aBaeMbIx Oosiee mwim Menee He3aBucuMo. B Takoil curyanum Bechbma xKe-
JIATEIbHO UMETh HEKHil YHUBEPCAJIbHBIN CIIOCOD pa3ieeHust HCKIIOIeHAH 110
MPU3HAKY WX BO3HUKHOBEHWS B TOM WJIM WHOW MOJCHCTEME MPOTPAMMBI WJIN
oubmoreke. BeTpoennbie THIBI jIs 9TOTO HE TOIXOIAT COBCEM, TTOCKOIhb-
Ky HJes UCIOJIb30BAHUS TEX K€ TEKCTOBBIX CTPOK B KAYECTBE MCKJIIOUCHMUIA
MOXKET MPUUTH B TOJIOBY OJHOBPEMEHHO aBTOPAM CPa3y BCEX HCIOJIb3YEMbIX
HaMu OMOJIMOTEK ¥ [TOJIOBUHbBI HAIIUX IIOJACHCTEM.

Vmenno mosToMy dYalle BCEro B Ka4eCTBE THIIA MCKJIIOYEHUS BBICTYIAET
CHEIUAJIbHO JJis ITON LeJi OUUCAHHBINA KJIACC, & 3HAYEHHEeM HUCKJIIOYEeHUus —
COOTBETCTBEHHO, 0OBEKT Takoro Kjaacca. C oaHOil CTOPOHBI, B 00BHEKT KJIAcCa
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MOYKHO IIOMECTHUTD BCIO HH(MOPMAINIO, KaKasd HaM TOJBKO MOYKET IIOKA3aThCs
MOJIE3HOM 17IsT 00pabOTINKA; HeHCTBUTENIHHO, HUKTO BEIb HE MEIIAeT OIIh-
caTb B KJIacCe CTOJILKO IOJIel, CKOJIbKO HaM 3axodercs. C Apyroil CropoHbI,
KazKJasd IONCUCTEMA M KazKJasd OMOIMOTEKa B 3TO CUTyaIdH, CKOPee BCEro,
BBEeAET CBOM COOCTBEHHBIE KJIACCHI JJIsi NpeAcTaBieHnst uckjdennii. B ro-
JIOBHOM TIporpaMme MBI CMOXKeM 00pabaThbIBaTh TAKHE KJIACCHI OTIEIbHBIMU
00pabOTIYMKAMY, UTO TIO3BOJIUT PA3Ie/IUTh 0OPAOOTKY MCKIIIOUYEHUH, CreHEPH-
POBAHHBLIX B PA3HBIX IOACHCTEMAX IPOTPAMMEL.

OrMeruM OMH OYEHBb BaxKHBIA MOMeHT. Kak mpaBuiio, BbIOPACHIBAEMBII
B KauyeCTBe HCKJIIYEHHs OOBEKT CO3HJAETCs JOKAJbHO. JIOKalbHbIE 00beK-
Thl, €CTECTBEHHO, MCYE3aI0T BMECTE CO CTEKOBbIM (bpefiMoM co3/aBuieil ux
dyuknun; TakuM 00pa3oM, TOT O0OBEKT, KOTOPBIH «moiiMaercs» B 006paboT-
9UKe UCKJIIOYEHUS, 3aBEIOMO HE MOXKET ObITh TeM YK€ IK3EMILISIPOM O0bEK-
Ta, KOTOpbIil (urypuposaa B oneparope throw, u sBisercs, Kak HETPYIHO
Joramarbes, ero Konueit. [losTroMmy mpakTudyecku Bcerjia B KJjacce, HC-
MOJIb3YEMOM JiJjIsl MCKJIIOUEeHNUl, 00s3aH NPUCY TCTBOBATh KOHCTPYK-
TOP KONMPOBAHUA.

JLj1st mpuMepa OMUITNEM KJ1acC, OObEKT KOTOPOTO OBLIO ObI yI00HO MCIIOIh-
30BaTh B KavueCcTBe MCKIOUeHus B Halredl dyukiun line_count_in_file().
O6bekT Kiacca Oyuer xpaHuTh uMs daiiia, TeKCTOBbIil KOMMeHTapuii (3ToT
KOMMEHTApPUl TOMOXKeT MOHATh, B KAKOM MECTe MPOTPAMMbBI MPOU3OMLIA
ommbka) u OyJer 3al0MUHATH 3HAYEHUE [JIODAJILHON 1I€PEMEHHO errno Ha
MOMEHT CO3/aHust 00beKTa. [ KOMMPOBAHWS CTPOK MBI OTIHINIEM B TTPUBAT-
HOH YaCTH KJIacCa BCIOMOTATENbHYI0 (GYHKIMIO strdup?; MOCKOIBKY JOCTYT
K O0BEKTY eif He HyKeH, OmuIineM eé ¢ KBaauduKaTropom static.

class FileException {
char *filename;
char *comment;
int err_code;
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);

};

49Ta(byHKuHﬂ 6y/leT MMOJHOCTHIO AHAJOTHYHA OTHOUMEHHOHN (DYHKIINY U3 CTAHIAPTHOH
oubauorekn Cu, HO GyAET UCIONB30BATE MU BHIAEIeHUS nmaMaTu newl[], a He malloc().
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Onucannsi KOHCTPYKTOPOB, JECTPYKTOpPA ¥ (PyHKINU strdup BBIHECEM 3
IpeJieibl 3aroJIOBKa Kjacca:

FileException::FileException(const char *fn, const char *cmt)
{
filename = strdup(fn);
comment = strdup(cmt);
err_code = errno;
}
FileException: :FileException(const FileException& other) f{
filename = strdup(other.filename);
comment = strdup(other.comment) ;
err_code = other.err_code;
}
FileException::“FileException() {
delete[] filename;
delete[] comment;
}
char* FileException: :strdup(const char *str) {
char *res = new[strlen(str)+1];
strcpy(res, str);
return res;

}

Teneps MBI MOXKEM W3MEHUTH HA4YAJIO0 GyHKIUKU line_count_in_file
(cM. crp. 75) Ha ciemyrolee:

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

//

Yro kacaercs 06paboOTKK TaKOro UCKJIIoUeHust, To obpaboryuk (catch-6J10K)
Terepb MOXKET BBITJIS/IETh, HAIPUMED, TAK:

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

B upumepe, paccmorpennom Ha crp. 80, Mbl ObLiIM BBIHYK/IEHBI IIEPEXBa-
TBIBATH ¥ TIOTOM 33HOBO «BBIOPACHIBATHY» WCKJIIOUEHUS TIPOU3BOIHLHOTO BHIA,
9TO0BI 00ECTIEYNTh KOPPEKTHOE YIAJIEHUE JIOKAJBHO BBIIEJIEHHON JIUHAMUYIE-
ckoif mamsaTu. K c9acTpio, Tak TpuXOAUTCs AeWCTBOBATH HE BCeraa. Pabora ¢
HCKJIIOYEHUSIMA U3PSAIHO ODJIErvaeTcs: TeM, YTO KOMIIMJIATOP rapaHTHpYy-
eT, 4To ImpeXxJe, YeM (hbYHKIHs 3aBepIIuTca (MO NCKIIOYEHUIO JIu
WU OGBIYHBIM IIYyTEM), JJIsl BCEX JOKAJIBHBIX 00bEKTOB, MMEIOLINX
JOEeCTPYKTOPBI, 3TH JeCTPYKTOPHI OYyIyT KOPPEKTHO BHI3BAHBI.

IIycTb, Hanpumep, uMmeeTcs KJjacc A, CHAOKEHHBI HETPUBUAJIHHBIM Je-
CTPYKTOPOM, U OMUCaHa, (DYHKIWS

void £() {
A a;
//..
g0;
//..

}

B moment 3aBepmrenus padorsl ¢pyukmuu f () am1a oobekTa a 6yaeT BbI3BaH
JeCTPYKTOP, IPUYIEM IIPOU3OUIET ITO JaKe B TOM ciydae, ecyn bynkuus g()
«BBIOPOCUTY MCKIIOUEHNE U UMEHHO OHO CTAHET MpuunHOi 3aseprnenus f ().
910 cBOICTBO s3bIKa CH++ HA3BIBAETCS ABMOMAMUYECKOT 0MUCTNKOT.

§ 3.8. IIpeobpa3oBaHud THUIIOB B 00padoTIMKaX
VCKJTIIOYEeHUI

Tun uckiouenus, yKazanublii B obpaboruuke (catch-6sioke), He Bceraa
[IOJTHOCTHIO COBIIAJAET C TUIIOM BBIPAXKEHUS, UCIIOJIb30BAHHOIO B OlIEPATOPe
throw, OJIHAKO MPaBWJIa MPeoOpPA30BAHNS THUIOB B JAHHOM CIIy4Yae OTJIMYa-
IOTCS OT TPABWJI, AEHCTBYIONUX TpHu Bbr3oBe dyHKImit. OIHO U3 OCHOBHBIX
OTJIUYUI TYyT B TOM, 9TO IEJIOYUCIEHHBIE TUILI IPU 00PADOTKE UCKTIOYEHMI
HE IpeoOpasyroTcs APYyr K APYry, TO €CTh, HAIpuMep, 0OpabOTIMK C yKa-
3aHHBIM THIIOM MCKJ/IOYEeHudA int He noiiMaeT MCKIO4YeHue Tuia char wmim
long.

Jonyctumbrie mpeoOpa3oBaHusi MPOINE OyaerT SBHO MEepedncinTh. Bo-
EPBBIX, JIFOOOU TUIT MOMXKET OBITH MPEeoOPA30BAH K CCHIJIKE HA ITOT THII, TO
€CTh eCJIM Ooneparop throw WCIOIB3yeT BbIpaXKeHWE THUIMA A, TO TaKOe HC-
KJTI0UeHne MOXKeT ObITh oOpaborano catch-60kom Buma catch(A &ref). Bo-
BTOPBIX, HEKOHCTAHTHBIE YKA3ATEIU U CCHLIKH MOT'YT ObITh IIPeobpPa30BaHbI K
KOHCTAHTHBIM, TO €CTh, HAIIPUMED, €CJIU Mbl OPOCUM UCKJIIOYEHHE THUIIA char,
TO OHO MOXKET OBITh TIONMAaHO He TOJBKO Kak char*, HO m Kak const char.
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OrmeTnM, 9TO B OOPATHYIO CTOPOHY TPE0Opa30BaHNE 3AMPEIIEH0, TAK 9TO 00-
paboruuk Tuna char * (6e3 mogudukaropa const) He MOXKET IMOWMATDH BbI-
pakenue TUIA const char*, W, B 9aCTHOCTH, HE MOXKeT 0OpabOTATh HUCKITIO-
YEHHE, «BBIOPOIIEHHOEY C UCIOJb30BAHUEM CTPOKOBOIO JINTEPAJIA, HAIIPUMED
TaKoe:

throw "I can’t work";

Tocnennuii (1, BO3MOXKHO, CaMblil BaXKHbIiT) Bu/l 1PEOOPA30BAHUN HUMeeT
OTHOITIEHNE K HACJIeI0BAHUIO U MoauMopdm3my. K obcyKaeHuio 3Toit TeMbl
MBI BepHEMCH IOCJIe PACCKa3a O HACIeJOBAHUMU.
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4. HacaenoBanue n
IIOJIUMOP(PU3M

§4.1. Uepapxudeckue mnmpeaMeTHbIE 00JIacTU

Ouenp yacTo, u 0COOGEHHO B HOJIEe-MEHEe KPYITHBIX KOMIIBIOTEPHBIX PO~
rpaMMax, BOSHUKAET CUTYaIusi, TTPU KOTOPO# OOHEKTHI MPEIMETHOI 001acTH
€CTEeCTBEHHBIM 00pa30M 00bEINHSIOTCS B HEKUE KATETOPUN, MTPUIEM 00bEKTHI
KaXK/IOM KaTeropuu MOTYT TOAPA3IAETIATHCH Ha, MOJKATETOPUU U T. 1I., 00pa-
3ysl, TAaKUM 00pa3oM, uepapruto munos obsexmos. Hampumep, B mpo-
rpaMme, OCyIIEeCTBISIONEH UMATAIIMOHHOE MOJICTMPOBAHUE JIOPOXKHOTO JIBH-
JKEeHUs1, MOI'YT ObITh OOBEKTHI KATEIOPUU «y9ACTHUK JIOPOKHOIO JIBUZKEHWS»,
MpUYEM 3T KATErOpHUsi TMOAPAZIAENAETCS HA MOJKATErOPUU <« TEMIEXOIbI> ¥
«TPAHCIOPTHBIE CPEJICTBAY, TPAHCIIOPTHBIE CPEICTBA, B CBOIO OYEPEh, TEJIST-
Csl HA «BEJIOCHIIEIbI», «['Y?KEBbIE TIOBO3KU» M «MEXAHUIECKUE TPAHCIOPTHHIE
CPEJICTBAY, ITHU TOCIETHUE JAEJISATCA Ha «TPAMBAMY W «ABTOMOOUIIN», AaBTOMO-
OuJIn — HA IPY30BbIE U JIETKOBBIE, U T. .

Jlerko 3ameTuTh, 9TO B TAKOW MEPAPXUU KaXK/as KATeropus OObeKTOB
(B ToM umciie M Takas, KOTOpasd CaMa LOAPA3/esiercsd Ha Kareropuu) o6-
JIAJAeT HEKOTOPHIMU CBOWCTBAMY, CHEIMU(MUIHBIMA [IJIsi JAHHOW KATErOpuw,
MpUYéM ITUMU K€ CBOMCTBAMHU 00JIQIAI0T M BCE OOBEKTHI W3 TOIKATErOpuii
manHOi Kareropun. Tak, Bce aBTOMOOUIM UMEIOT, TO-BUAMMOMY, XapaKTepu-
CTUKHU «00BEM JABUTATEIISI», «TUI TOILINBAY, «00BEM TOIIMBHOTO DaKay U «KO-
JINYECTBO TOIUINBA B OaKke», y HUX MOXKET 3aKAHYMBATHCH TOIJIMBO, HAJI HUMHU
JIONIPKHA OBITH OMPE/IEIEHA OTIEPAIs «3aMPaBKa TOMINBay. [Ipu 3TOM BCe 3Tn
XAPAKTEPUCTUKU HE MMEIT HUKAKOTO CMBICJIA /I OOHEKTOB, HE BXOMAIINX
B KATErOPUIO «aBTOMOOW/IMY — HU IJjId TPAMBAEB, HU /I BEJIOCUIIEIO0B, HU
teMm Gosee mys memrexonoB. C Apyroid CTOPOHBI, Yy IPY30BBIX aBTOMOOMIIEH
€CTh XapPaKTePUCTUKA «00bEM Ky30Ba» W OIEPALNA «IIOIPY3Ka» U «Pas3rpy3-
Ka», KOTOPbIX HeT y aBromoOuseil, He #apisiomumxcs rpy3osbimu. Hakomen,
TaKne XapaKTePUCTUKH, KaK TeKyIIas CKOPOCTh W HAIpaBJEHWE JIBUXKEHUS,
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OYEBHUIHO, IPUCYIIH KAXKIOMY 00BEKTY PACCMATPUBAEMON NEPAPXUH, BILIOTH
JI0 TIeINEXO0/IOB.

Takum 00pa3oM, y HAC BO3SHUKAIOT CTPYKTYPHI JAHHBIX, UMEOIINe, C O
HO¥ CTOPOHBI, PA3JIMIHBIN HAOOP TOsIel u oOpabarkBamuX YHKIWA, HO, C
JIPYTOii CTOPOHBI, UMEIOIINE U HEKOTOPBIE OOIIHME OIS, U ONPEIeTEHHBIE 00-
e onepanuu. CyIecTByIOT BeChbMa PA3MUIHBIE MOIXOIbI K PEIEHUI0 BO3-
HUKIIEro nporusopedns. [Ipu pabore na sizpike Cu garne BCEro BBIXOAAT U3
[IOJIO?KEHUsI OIUCAHUEM CTPYKTY]D JIAHHDBIX, Y KOTOPBIX [IEPBbIE HECKOJIBKO 110~
JIeif COBTIAIAIOT; 3TO COMPOBOXK,IAETCS YACTHIM NCTIOIBL30BAHIEM TTpeodpa3oBa-
HUs yKa3aresei. fIcHO, 9TO Tako#l MOIX0M YpeBaT MHOKECTBOM TPYIHOOOHA-
pPyRuMBIX ouGOK. OGbEKTHO-OPUEHTHPOBAHHBIE SI3BIKU TIPOTPAMMHUPOBAHUS
npejraraor 6oJiee KOPPEKTHBIN MOIXO0/T, HA3BIBAEMbIH OOBIYHO Hacaedosa-
HUeMm.

§ 4.2. HaciaenoBaHue CTPyKTYp AaHHBIX U
MoJMMOpP@dU3M aJapPECOB

C TOYKH 3peHust CTPYKTYP JAHHBIX, PACTIOIOKEHHBIX B MAMSATH, HACJIEI0-
BaHUE IIPeCTaBiseT co00i 100aBIeHNe HOBBIX TIOJI€dl JTAHHBIX K PaHee OIu-
cauHolt cTpykType. C TeOpeTudecKoil TOYKU 3PeHusi TAKOe JODABIEHHE [IPe]I-
craBysier coboit ymouwHeHue CBeIeHU 00 OMUCHIBAEMOM OOBEKTE, W, TAKUM
0o0pa3oM, HacJjeJOBaHNEe PAcCMATPUBAETCS KaK MepexoJ OT obIero kK
gactHoMYy. llycTh, Hampumep, y HAC uMeeTcss CTPYKTYpa JAHHBIX, OMUCHI-
BaIOIAsl IEPCOHY (YesIOBEKA) U COEpIKAlIas NOJIs /s UMEHH, [I0JIa U roAa
POK/IeHuA:

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

}s

IIycTs Temepb HaM HEOOXOAWMA, CTPYKTYPA, JTAHHBIX, OMUCHIBAIOIIAS CMYJeH-
ma (dacTHblil ciaydail mepcornl). OTHOCHUTENHHO CTYJEHTa HAC MOXKET WH-
TepPecoBaTh KOJI CIENHUATIBHOCTA, HOMED KypCa U IOKa3aTesb YCHeBA€MOCTH
(cpeauuit 6asn). BMecre ¢ TeM, HECOMHEHHO, CTYAEHT — 3TO TOXKE YeJIOBeK,
TaK 9TO €My IPHUCYIUd W CBOHCTBA, OOIIHE sl BCEX IMEPCOH: WMs, IO U
ron poxkaenusa. Takum 06pa3oM, Mbl MOXKEM HepeiTu ot o0Iero (mepcoHa) K
9acTHOMY (CTYAEHT), TOOABUB YTOUHSAIOIINE CBEJIEHUS, U CAEIATh 9TO MOXKHO
C IIOMOIIIBI0 MexaHnu3Mma HacaenoBanus. Ha Cu-+-+ 3T0 3aIUChIBAETCS TaK:

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

};

Ecnu teneps onucarh mepeMeHHyI0 THa student, ona OyaeT uMeTh BCe CBOI-
CTBa CTPYKTYPBI person ILIIOC JIONOJTHUTEIbHBIE TTOJIA:

student si;

strcpy(sl.name, "John Doe");
sl.sex = 'm’;
sl.year_of_birth = 1989;
sl.code = 51311;

sl.year = 2;

sl.average = 4.75;

CrpykTypa person B JaHHOM CJiydae Ha3biBaeTcs 6a30680U nuinn podumens-
cKoU, a cTpykKTypa student — yHacaedosarHHol win NOPOHCIEHHOU,
nHoraa douepHet. Tak:ke ynoTpebiIsiioTCs TEPMUHBI <IIPEJOK» U «IIOTOMOK »
(B maHHOM Cily4ae, COOTBETCTBEHHO, /jlsl person u student).

_“x._“ name _”x._“

Sex
year_of_bhirth

code

year

. average
Y

Puc. 4.1. YracnenoBaunHas CTPyKTypa JaHHBIX

Pacnonoxkenme moseii mepemeHHOi s1 B maMaATH MOKaszaHo Ha puc.4.1.
31ech clemyer 3aMeTHTh, 9TO IMOJIsA, OTHOCSIIHECS K YaCTH CTPYKTYPbI
student, yHacJ/IeI0BaHHOIT OT person, PACIIOJIAralOTC Ha TeX ke Mecrax (1o
TEM K€ CMEIIEeHUIM OTHOCHTEJIbHO HA4aja), [Je OHU PACIOJArajluch Obl B
crpykrype person. Ilosydaercs, 910 Mbl MO2KEM IPpU HEOOXOAUMOCTH PabOo-
TaTh C TEPEeMEHHON s1 TOYHO TaK, KaK ecau ObI OHA OBLIa MepEeMeHHOW TUITa,
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person, a He Tuna student (BakKHO MOHUMATH, YTO OOpPATHOE HEBEPHO: B
CTPYKTYP€ person OTCYTCTBYIOT IIOJisI, KOTOPbIE OKHIAIUCH Obl OT CTPYKTY-
pbl student).

B cBasu ¢ atum a3bik Cu++ paspemniaer HesIBHOe Ipeobpa3oBaHUe
a/ipecoB CTPYKTyp Tuna student B ajpeca CTPYKTyp THUIA person, WJH, B
o0IeM ciaydae, aJipecoB CTPYKTYpP-IIOTOMKOB K aJpecaM CTPYKTyp-
npeakos. CoorBercrByioniue Npeodpa30BaHUs pa3pelreHbl KaK JJisi yKa3a-
Tesneif, TaKk W JJIsT CCBLIOK. TakuMm 00pa3oM, HAMPUMEDP, BO3MOXKHBI TAKUE
dparmMeHTs KOIA:

student si;
person *p;

p = &si;

person &ref = si;

Ecan B mporpamme onwncana GbyHKIWS, TPHHUMAIOIIAA HA BXOJ, yKa3aTeslb
WJIU CCHLIKY HA OObEKT THIIA person, eif 0e3 Kaknx-jnbo CI0KHOCTEl MOKHO
nepesaTh, COOTBETCTBEHHO, YKA3aTE b WU CChLIKY Ha OObEKT THIA student:

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

student si;

/...

f(s1); // xopperTHO!

OTO CBOHCTBO MPEIKOB, MOTOMKOB W WX QJIPECOB HA3BIBACTCSI NOAUMOPD-
duam.

Ecnn rosopuTb To4Hee, NoNMMOpPdU3M He CBOANUTCS TONMBKO K npeobpa3oBaHumto
yKazaTeneii un ccoinok. Boobuie rosops, nonumMopdusm B 3aBUCMMOCTN OT KOHTEKCTa
NoHMMAETCst DO kKak CNOCODHOCTL HEKOTOPbIX OOBEKTOB BLICTYNaTh B Ka4eCTBE 0Ob-
€KTOB pasHbIX TUMOB (B JAaHHOM Cny4ae s1 BbICTynaeT u kak student, 1 Kak person),
nnbo Kak CnOCOBHOCTL HEKOTOPbIX hYHKLMIA Uin apyrux onepauymii pabotaTb ¢ 0bbek-
Tamun pasHbix Tunoe (B gaHHom cny4ae £() paboTaer kak ¢ person, Tak n ¢ AO6bIMK
€€ NOTOMKaMu, B TOM 4ucse student).

§4.3. HaciemoBaHme m MeTOAblI; KOHCTPYKTOPHI
1 JIECTPYKTOPDI

Yarre Bcero Hacjae0BaHUe TPUMEHSAETCS /I CTPYKTYP U KJIACCOB, TMEIO-
mux GyHKuuu-diensl (MeToanl). B gasibheliniem u3ioKeHun Mbl GyeM OIryc-
KaTh CJIOBO «CTPYKTYPa» W TOBOPHUTH TOJIHKO O KJIACCAX, XOTs BCE, 4TO OymeT
CKA3aHO, MOXKET OBITH TPUMEHEHO TAKXKE M K CTPYKTyPaM.

Mertompt, nmeomuecs B 6230BOM KJIacce, JOCTYIIHBI U JIJIs [TOPOXKIEHHOTO
KJIACCa. 3/1eCh HEOOXOIMMO OTMETHTh, Y9TO, €CJAM HE HPEJAIPUHITD CIEelualb-
HBIX Mep, TO MeTOIbI 6A30BOr0 KJIACCA HE OyAyT HUYEro 3HATH O TOM, YTO
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UX BBI3BIBAIOT JJIs OOBEKTa TOPOXKIEHHOTO KJIACCA, TO eCTh OyayT paborarhb
TaK JKe, KaK W JJjid 00BbEKTOB 0A30BOr0 KJIACCA; 37€Ch MBI MMEEM OIMCAH-
HBIA B mpeaprayineM maparpade 3pdexT nomumMopdu3Ma B MPUMEHEHUH K
napamerpy this (cm. §2.1.2). Hanpuwmep, eciiu Mbl clies1aeM KJIACC «aBTOMO-
OWJIb» ¥ TIPEyCMOTPUM JIJIsi HETO OMEPAINIO «3AIPABKa OEH3UHOM», & TTIOTOM
MTOPOJUM OT HEro KJACC «TPY30BUK» C JIOMOJHUTEIHHBIMU CBOMCTBAMHU, TO
omeparus «3ampaBKa OeH3WHOM» OyIeT JOCTYIHA W JJIsi TPY30BUKA, MPUIEM
peanu3alus 3TOi onepanuu He OyJeT HUYIero 3HaTh Mpo OCOOEHHOCTH I'PY30-
BHUKOB 1 OyzeT paboTaTh ¢ 00bEKTOM THUIIA, «TPY30BUK» TOYHO TaK K€, KaK 1
¢ OOBEKTOM THIIA «ABTOMOOHIIbY.

ToBopsit, 9T0 06BEKM NOPOAHCIEHHO20 KAGCCA ABAAEMNCA 8 NONHOM CMBLCAE
€A06a Maksice U 00exmom 64306020 KAGCCA, B TOM YUCJIE JJIsi HEI'O JOCTYIIHbI
¥ BCE OTEpAIni, KOTOPhIE JOCTYIHBI /1Jist 6a30BOr0 kiacca. C aApyroit cTopo-
HBI, KAK BUIHO u3 puc. 4.1, 00beKT MOPOXKIEHHOTO KJIaCCa COOEPIKHUT B cede
00BbeKT 6A30BOr0O Kiacca B KadecTBe cBoeit dactu. Hukakoro mpoTuBopedns
TYT HET, 3TO IPOCTO /1B PA3HbIE MOJIEIN BOCIPUITUS WK, €CTH YTOTHO, TOY-
KU 3DEHUs: OJ(HA — TOYKA 3PeHus peaiusanuu (Peayn3aropcKkast CEeMaHTHKA),
BTOpast — TOYKA 3PEHUS JIOTUKU IPOEKTUPOBAHUs (MOJIH30BATEIHCKAS CEMAaH-
THKA).

Ocoboro ymoMwHaHUsSI B CBSI3U C BBEIECHUEM HACIEIOBAHUS 3ACIIYKUBA-
IOT KOHCTPYKTOPBI U JeCTPYKTOPBI. C KaKOil ObI TOYKM 3PEHUST MbI HU PaC-
CMATPUBAJH MOPOXKIEHHBIN OOBEKT, OYEBHUIHO, 9TO B MOMEHT €r0 CO3JAHUs
TakzXKe CO3MAETCs U 0ObEeKT 6A30BOr0O KJIACCA, MPUIEM HEBAYKHO, CAUTAEM MbI
€ro «9acThio» MOPOXKIEHHOIO OOBEKTA WK JKE er0 «JIPYyroi uiocracbios. Ta-
KUM YK€ TOYHO 00pa30M MMPU YHUUTOKEHUN TIOPOKIEHHOTO O0HEKTA NCUE3AET
n 6a30BbIil 00bekT. Cliem0BaTEILHO, MPHU CO3MAHUA OOBEKTa TMTOPOKIEHHOTO
KJTACCa JOJIZKEH 0TPA00TATh U KOHCTPYKTOP 0A30BOr0 KJIACCA, a MPU YHUUTO-
JKEHUH TAKOro 00bEeKTa — AecTpyKTop OazoBoro kiacca. [Ipu atom, odesu-
HO, B TeJIaX KOHCTPYKTOPA U JIECTPYKTOPA MOPOXKIEHHOIO KJIACCA JIOJXKHDI
OBITH JTOCTYIHBI BCE YaCTU OOBEKTA, MJIsT KOTOPOTO OHW BBI3BIBAIOTCS. Ba-
30BbBIH 00BEKT, TAKIM 00pa30M, JOJIXKEH OBITH MHUIINAJIN3UPOBAH paHbIIe, a
YHUUITOXKEH — 1032Ke 00bekTa mopox AeuHoro. [logywaercs, 9To Bpems cyie-
CTBOBaHHU:A O0OBEKTa KJacCa-HAaC/JIeIHUKA B ero «0a30BOf» MIOCTACH KaK Obl
qyTh-4yTh DOJIBIIE, YeM BpeMs CyIIECTBOBAHUS €ro XKe B Ka4eCTBe 00bEKTa
CBOEro COOCTBEHHOI'O THIIA.

C zecTpyKTopoM Jiesia O0CTOAT JOCTATOYHO MIPOCTO: KOMITHISITOP CHAYa-
J1a, BBI3BIBAET TEJIO JECTPYKTOPA TOPOXKIEHHOTO KJIACCa, a 3aTEM — TEeJIO JIe-
cTpykTopa 6a3zoBoro kjacca. C KOHCTPYKTOPOM BCE TOXKE MOTJIO ObI OBITH
npocTo (CHavYasa BbI3BATH TEJIO KOHCTPYKTOPa HA30BOrO KJacCa, IOTOM Te-
JIO KOHCTPYKTOPA KJIacca MOPOKAEHHOIO), ecu Obl HE TO OOCTOSITEILCTBO,
YTO KOHCTPYKTODBI (B 001eM Ciiydae) MOryT TpeboBarh BXOAHBIX [apaMeT-
pos. C noxozkeit 1pobeMoil Mbl y2Ke CTATKUBAIUCH IIPU PACCMOTPEHUH KJIac-
COB, MMEIOIIUX TIOJIs Tuta Kaace (cm. §2.16). Permmaercs mpobiema B TaHHOM
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Cllydae COBEPIIEHHO aHAJOINYHO: B ONUCAHUM KOHCTPYKTOPA MOPOXKIEHHOTO
KJIACCa MEXKJy 3aroJIOBKOM H TEJIOM BCTABJIACTCA CIUCOK MHAIUAIN3ATODPOB,
HaYuHAMiica ¢ MHUIMaIM3aTopa 6a30B0oro Kiacca (0603Ha4YaEMOro B JIaH-
HOM CJly4ae MMEHEM KJacca) C yKa3aHMeM BCEeX HYKHBIX LapaMeTpOB KOH-
crpykropa. Tak, ecim A — 0a30BbBIH KJIACC, KOHCTPYKTOPY KOTOPOTO Tpeby-
I0TCSI TBA MapaMerpa Tumna int, B — Kjacc, yHACIeIOBAHHBIN OT A, CHAOXKEH-
HBI KOHCTPYKTOPOM IO YMOJHAHWIO W MMEIOIMI moJie int i, To onucanue
ero KOHCTPYKTOPA MOKET BBIIVIAIETh TaK: .

B::B() : A(2, 3), i(4) { /x ... %/ }

e 2 U 3 — mapaMerphl i KOHCTPYKTOpa 6a30BOro Kacca, 4 — HAaYaIbHOe
3Ha4YeHHEe II0J14 1i.

§ 4.4. HacsenoBaHue u 3aimura

B3aI/IMO,£LeI./‘ICTBI/Ie MEXaHU3Ma HaCJI€JOBAHUA C MEXaHU3MOM 3aITUThI JE€Ta-
Jeil peanu3anum 3aCIyKUBAET OTIEIBHOTO pa3rosopa. LIpexze Bcero orme-
THM, 9TO caM (PAKT HACTETOBAHHUS OTHOTO KJIACCA OT IPYTOrO MOKET B HEKO-
TOPBIX CJIyYasX PacCMaTpPUBATBHCS KAaK JeTajlb PEaJU3aluyd 3TOr0 KJjacca H,
COOTBETCTBEHO, HYy2KJAaTbCA B COKPBITUN OT OCTAJIbHOI'O KOJa IIPOIPAMMDBIL.

B cBasu ¢ 3tum B Cu+t+ paznumuaror Haciaenosanue orkpbiToe (public)
n 3akpbiToe (private). Tunm HACTEAOBAHNS YKA3BIBAETCS B 3ar0JIOBKE KJIACCA
HETOCPEICTBEHHO MEPEJ HA3BAHUEM TTOPOKIAEMOr0 KJIACCa, HAIPUMED:

class B : public A { /*...*/ };
wiu
class C : private A { /*...x/ };

Ecnu B nepBom cityuae Bce cpoiicTBa Kiacca A (€ro OTKPBITbIE METO/bl U
LOJIst, eCJIM TaKue B HEM ecTb) Oy/yT J0CTYIHbL /i 00bEKTOB KJacca B oro-
BCIOJly, TO BO BTOPOM CJIy4ae — TOJIbKO U3 METO0B KJ1acca C, & BCA OCTAJIbHAA
mporpaMMa BoobOire He Oyer 3HaTh, YTO Kjacc C yHacie0BaH OT A.

Tun racienoBaHus MOYKHO HE YKa3bIBATh, KAK MBI 3TO JIeJIAJIA B IpUMeEpe
Ha crp. 86. B arom ciygae OyayT meiicTBOBATH yMOTYAHUS: IS CTPYKTYPBI
HacJIeI0OBaHue 110 yMOJIYaHuio oTkpbiToe (public), mis Kiacca — 3aKpbiToe
(private). B peasbHOil KU3HE TOTPEOHOCTH B 3aKPBITOM HACIEIOBAHUU BO3-
HUKAET PEIKO, TOITOMY MIPY OMMCAHUT HACIETYEMbIX KJIACCOB OOBITHO YKA3bI-
BAaIOT CJIOBO public, a mpu ONUCAHUM HACIEAYEMBIX CTPYKTYD He YKA3bIBAIOT
HUYEro, Nojaradachb Ha YMOJTYaHULA.

3amerum Tenepb, 9To s 6a30BOr0 KIACCa MOPOKIEHHBIN KIACC HUIYTh
HE «JIydIlle» BCEH OCTAJbHOU IIPOrPAMMBI U, KaK U JIFOOOI HEeIPyKECTBEHHbBI
dparvenT Koma, He MTOJKEH UMETh JOCTYTA K JETATISAM PEATN3aINH KIIACCa.
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ITosromy, oueBnIHO, 3aKPHITHIE MOJIsT U METOLI 6A30BOTO KJyacca He OyIyT
JIOCTYIIHBI TIOPOXKJIEHHBIM KjaccaM. Bmecre ¢ TeM B peasibHBIX 3ajadax da-
CTO BO3HUKAET MOTPEOHOCTH B TAKWX JETAJsIX WHTepdeiica KiIacca, KOTOPbIe
[IPEe/IHA3HAYEHbl TOJbKO, U MCKJIOYUTENHHO, /IJid ero moToOMKOB. i Takux
cJlydaeB BBOJIMTCs, HAps/ly ¢ pexxumamu public u private, ewié u Tperuit
PEeKUM 3aIuThl, protected (3amumménnpiii). ITojs 1 METOIbBI, TOMEYEHHBIE
csioBOM protected, GyayT JOCTYIHBI TOJLKO B CAMOM KJjacce (TO ecThb B €ro
MeToJax), B APYKEeCTBEHHBIX (DYyHKIMAX U B METOAAX HENOCPEICTBEHHBIX [0
TOMKOB JIAHHOT'O KJIACCa, & BO BCEIl OCTAJILHON IIpOrpaMme — HeIOCTYIIHBI.

BakHO mnoHMMaTh, YTO TOJS W METOAbl, MMEIOIIHNe PEeKUM 3allnuThl
protected, He MOTYT CIATATHCS B [MOJTHOM CMBICTIE CJIOBA ETAISAME PEATH3a-
M7, KOTOPbIE He KAaCcalTCsd HUKOro, KPOMe JaHHOrO Kiacca. Pasnuna 3xech
JIOCTATOYHO IPUHLMIIMANbHA. Jleraiu, nomeliéHnble B 3aKpbiTyio (private)
JacTh KJIACCA, MOXKHO 3aBEIOMO 6€300I€3HEHHO W3MEHSITh, MCIPABJIsS TPU
9TOM TOJIBKO METOJIbI CAMOT0O KJIACCa M JIPYKEeCTBEHHBbIe (DYHKIHH, KOTOPhIE
OIISATh-TaKM [I€PEYNCIIEHbI B IBHOM BH/IE B 3ar0JI0BKE KJIACCA, TO €CTh MbI BCe-
T2 3HAeM, T/ie TPOXOIUT IPAHUIA KO/IA, KOTOPBIA HAM, BO3SMOXKHO, MPUIETCI
HCIPABJIATH. B IPOTHBOIOIOKHOCTH ITOMY, OCODEHHOCTH PeaIn3aIuu Kac-
ca, IOMeYeHHbIe KaK protected, MOI'yT UCIOJIH30BATHCH B CAMBIX HEOXKHIAH-
HBIX YaCTSX MPOTPAMMBI: JIOCTATOYHO KOMY-TO T/Ie-TO OIHCATH eIé OHOrO
ITOTOMKA Halero kjaacca. [loaromy, B oTsindie OT MPUBATHBIX TOJEH 1 METO-
JIOB, TIOJISi ¥ METOZBI C PEKMMOM protected JOKHBI 0OI3aTEIBHO TOKYMEH-
TUPOBATHCH, & K UX U3MEHEHWIO CJIEJyeT IMOAXOIUTH CTOJIb YK€ OCTOPOXKHO,
KAK M K M3MEHEHUIO OTKPBITOM (11yGiuuHON) 4acTu KIacca.

§ 4.5. BuptyauabHbie pyHKIUN

MexaHu3M BUPTyaNbHBIX (DyHKIWH MO3BOISET B KJIACCE-IOTOMKE JaCTHI-
HO MOAU(PUIUPOBATD IOBEICHIE HEKOTOPBIX METOI0B, OIPEICIEHHbIX B IPe/I-
ke. UToObI MOHATH, KaK 3TO MPOUCXOAUT W 3aYEM 3TO HYYKHO, MbI JIJIsT HAYAJIA,
PacCMOTPUM TPUMEP, a 3aTeM IMOSICHUM, KaK COOTBETCTBYIOIIMNA MEXaHU3M
YCTPOEH.

Wrax, HOMycTUM, YTO TIEPEI HAMHU CTOUT 33a4a, CBA3AHHAS C KOMITbIO-
TepHOil rpaduKoil, 1 HEOOXOAUMO omucarh creny (To ecTh Habop rpadude-
CKHUX 3JIEMEHTOB) B BUJIE HEKOErO CIIUCKA UJIA MACCUBA O0HEKTOB, 3aaM0IIUX
rpaduuecKne 00bEKTHI PA3JIAYHOrO THIA, HAIPUMED, OTHEJbHBIE ITHKCEH,
JIMHUY, OKPY?KHOCTH U T. II.

s Hagasia ommimeM KJacC, 00BEKTHI KOTOPOro OYIyT MpPEICTaB/IsITH B
HaIe# cueHe npocreifmue rpadgpuIecKue IPUMATHBEL — OTIEIbHbIE ITHKCEIH.
ScHo, 4TO y HMKCessi UMEIOTCs JBe KOOPAUHATHI (UX OOBIYHO 3aJAI0T YUC-
JIAMM C IUIABAIOLLEH TO4KOoi) u user (uesoe uucio). Byjiem cuurars, uro oc-
HOBHBIE JIEHCTBUSA ¢ rpadUIecKuM OObEKTOM, B TOM YHCJIE U C MUKCEJISIMHA —
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9TO MOKa3aTh OOBEKT Ha KpaHe (Mbl 0003HAYMM ITO JelicTBue (dyHKIHE
Show()), ybparh ero ¢ skpana (Hide()) u mepemMecTuTb €ro B HOBYIO HO3HU-
muio (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();
void Move(double nx, double ny);

};

Koukpernka omucanus ten ¢Gyukimit Show() u Hide () 3aBUCHT OT HCITOTH-
3yemMoii rpaduyueckoit OMOINOTEK Y, MPABUII MIEPECIETA KOOPIUHAT U T. IT.; MBI
HA ITOM OCTAHABJIMBATHCS HE OyIeM, MPOCTO MPEIMOJI0KUM, ITO ITU (PYHK-
uu rae-1o onucanbl. C Ipyroit CTOPOHBI, Mbl OYEHb JIEFKO MOYKEM OMUCATH
dyukiuo Move (). /leiicTBuTeIbHO, MEPEMEIEHNe COCTOUT B TOM, 9TO O0b-
eKT CHadasa yOuparoT ¢ IKpaHa, OTOM MEHSIOT €r0 KOOPAMHATHL U, HAKOHEII,
CHOBA TIOKA3bIBAIOT:

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

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

IIpenmnonokum Temnepb, YTO HAM HYYKEH TaK¥Ke OOBEKT «OKPYIKHOCTBY.
IMougaTHO, 9TO Takoil 06BLEKT O0/IaJaeT TeMU ¥Ke CBOHCTBaMU (KOODIUHATHI
U [[BET) U, B JONOJHEHUE K HUM, XapaKTepU3yeTcs enig paauycoM. Ilosromy
MBI BOCIIOJIb3YEMCH y7Ke MMEIOIIIMcH KiaccoM Pixel B KauecTse 6azoBorol, a
kJiacc Circle or Hero ynacaedyem. Koneuno, merogam kiacca Circle morpe-
Oyercst 3HaATh KOODJUHATHI U I[BET, XOTs Obl JJist TOr0, YTOObI yMETh PHUCOBATH
3aJaHHYI0 OKPYZKHOCTH Ha dKpaHe. B Harem mpuMepe MBI PEITUM BOTIPOC JI0-
CTYIIa CAMBIM TIPOCTHIM (XOTs ¥ HE CAMbIM JIYYIIUM) CIIOCOOOM: CIEIaeM TIOJIst
6azoBoro kiacca samuiieHHbIMu (protected), a He 3aKPBITHIMU; JIJIS STOIO

BCTaBAM B CaMOe HadaJ0 ONUCAHUA Kjacca Pixel nupekTuBy protected:

13 1ech MBI HECKOTHKO HAPYTITAEM TPUHIATH 06heKTHO-OPUEHTHPOBAHHOTO MTPOEKTHPO-
BaHHU, IIOCKOJIBKY OKPYKHOCTH, OUEBHIHO, HE ABJIAETCA JACTHBIM CJIydaeM TOYKH. MBI
KUCIPABUM 3Ty OILIOUIHOCTL B OJHOM W3 CIEAYIOUHX maparpados.
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class Pixel {
protected:
double x;

/...

Temeps MBI MOYXKEM TMEepPERTH K OMUCAHUIO Kjacca Circle u Jjid HAYaJIa OTHU-
M TIOJI€, KOTOPOrO HAM HE XBAaTAeT, 9TO0bI MPEBPATUTH TOYKY B OKPYK-
HOCTb:

class Circle : public Pixel {
double radius;
public:

Omnuiem renepb KOHCTPYKTOP Jjist Kiacca Circle. Ilpu srom Ham npuaér-
Cs1 IPUHSATH HA, OIWH TIapaMeTp OOJIbIe, YeM B KOHCTPYKTOpe Kjacca Pixel.
Kpowme Toro, mocKosbKy € IMHCTBEHHBIH KOHCTPYKTOP 6a30BOro KJiacca Tpedy-
€T yKa3aHusd TPEX IapaMeTpoOB, HaM IPUAETCA 3aJaTh ITapaMeTphl JJI BbI30-
Ba KOHCTPYKTOPa 6Aa30BOr0 KJIacca, Kak 370 obcyxkaanock ua crp. 90. Okon-
4aTesIbHO ONMCAHUE BbIiJIeT TaKuM:

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

Pazymeercsi, B 06bexkTe Heobxomumo omucarhb ¢yukmuu Show() m Hide(),
MpeIHA3HAYEHHBIE [IJIsT PUCOBAHUS W CTUPAHUS C 9KPAHA OKPYKHOCTH. KcTe-
CTBEHHO, OHU OYyIyT OTINYATHCA OT (DYHKIHI, MpeIHA3HAYEHHBIX I OJIU-
HOYHOTO ITUKCEJIA; Mbl, KAK U MPH PACCMOTPEHUH KJjacca Pixel, BO3aepkuMCcs
OT ONUCAHWS KOHKPETHBIX Tesl 3TUX (DYHKIUIl, OrPAHUYUBIINCH UX 3ar0JI0B-
KaMu:

void Show();
void Hide();

Herepuesnubtit auraresib MOXKET IPE/IIOJIOKUTD, 9TO ceifdac Mbl Oy1em
omuchBaTh (ynknnio Move(), aHaJOTMYHYIO TOM, YTO ONMHWCAHA BBIMIE IS
kJtacca Pixel. BmecTo 3T0Oro MbI MpeajioKuM HEMHOTO MOIyMaTh. Jlerko 3a-
METHUTD, 9TO PyHkyus Move () 0ai HOB020 KAGCCA OKAAHCEMCHA GOCONIOTNHO A~
Kol ofce, KaK U 0ad Kaacca 6a308020, TO €CTh HAM MOTPEDYETCs] HATMCATD HE
TOJIBKO TOYHO TAKOM K€ 3aroJ0BOK, HO M TOYHO TAKOE K€, C TOYHOCTHIO 0
nocennel Oykewl, Teao Gyuruun! TO U HE YAWBUTENHHO, BeIb BHE BCAKON
3aBUCUMOCTH OT (HOpMbI rpaduaeckoil purypsl €€ nmepemMerrnenne mo KpaHy
MTPOM3BOIUTCS aOCOIOTHO OAMHAKOBO, B TPHU IIAra: CTepeTh, M3MEHUTH KOOP-
JIMHATBI, HAPUCOBATH B HOBOM MECTE

Bosuukaer ecrecTBEHHBIN BOIPOC, HEJIb3sl JIH UCIOIB30BATH JIJIsl KJIACCA
Circle Ty xe camyio ¢pyHKIuO Move (), KOTOpas yKe OIMHCAHA /s KJIACCA
Pixel, He OMUCHIBAasE HOBOW Bepcuu 3ToM GyHKImu A1 Circle.
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Jlerko 3ameruThb, 9To (eC/iu He MPEANPUHITH CHEIUATbHBIX MEpP) MPOCTOMH
BbI30B (byHKIMu Move () st oObekTa kjacca Circle, KOHEYHO, BO3MOMKEH
(Beab 310 ke mybmynas GyHKuus 6a30BOro KJIACCa, a HACAEI0BAHUE TIPOU3-
BEJIEHO 110 IyOJIMYHOl CXeMe), HO He NPuGedém K HYNCHbLM HAM DE3YAbMa-
mam, u BOT noueMmy. Bo Bpemsi Tpancisinuu teia dyHkinn Pixel: :Move ()
KOMIIWJIATOD MOXKET HUYEro He 3HATH O CYIIEeCTBOBAHUU TOTOMKOB Y KJIAC-
ca Pixel, KOTOpble K TOMY K€ BBOAAT cBou Bepcuu dyukiuit Show() wu
Hide (). IToaTOMy KOMIHIATOP, €CTECTBEHHO, BCTABJISIET B MAIIHHHBIA KO,
dyukiun Pixel::Move() oObrunbie BbI3OBBI GyHKIHI Pixel::Show() m
Pixel::Hide(), To ectb mHCTpyKImH CALL C KECTKO 33IaHHBIMH HCIIOJTHU-
TEJIbHBIMU 3PECaMU, He MTOIPA3YMEBAONINe HUKAKIUX U3MEHEHHA.

Eciu Teneps Bb3Barh dynkmuio Move() mas obbekra kKjacca Circle,
OHA /I CTHPAHHUS C dKpaHa 00beKTa BbI3oBeT GyHKIHUIO Hide() B Toit eé
BepCHUM, B KOTOPOH OHA OmucaHa Jjisd kKiaacca Pixel. Dra (yHKIms BBITOJ-
HUT JEUCTBUSA 110 «CTUPAHUIO» C IKPaHA OOBEKTA-TOYKH, TOI/A KAK CTEPETH
HA CaMOM JIejle HY’KHO OKPYZKHOCTh. 10 Ke camoe mpou30iaer ¢ pyHKIme
Show () : BMECTO OKPYKHOCTH B HOBOI MO3WUIMK HA IKpPaHe OyIeT OTPUCOBAHA
TOYKA. SICHO, YTO ITO COBCEM HE TO, YTO HAM HYKHO.

Tem me MeHee, KaxKeTCd CTPAHHBIM U HEIPABUIHHBIM ONKUCHIBATH IS
kyacca Circle (pyHKIMIO, CJIOBO B CJIOBO IOBTOPSIOIIYIO APYTYI0, KOTOpas
yke umeercs B 0a30BoM kJjiacce. Il 371ech HaM HA [IOMOIb LIPUXOJAUT MeXa-
HU3M 8UPMYasvHuir dyrruudi. Kparko roBopsi, BupTyanbHas QyHKISI
(unu BUpTYa/bHBINA MeTOM) — 3TO (DYHKIMSA, ONUCHIBAIONIAA TAKOE IeHCTBIE
HaJ 00BEKTOM, OTHOCHUTEIBHO KOTOPOTO IPE/I0JIAraeTCsd, YTO AHAIOTUIHOE
nelicrBue OyJeT OmpeeseHo u /1isi 00bEKTOB KJIACCOB-IIOTOMKOB, HO, BO3MOK-
HO, /1JIs1 IIOTOMKOB OHO Oy/IeT BBIIIOJIHATHC HHAYE, YeM [ 6a30BOro KJacca.
B repuunax Teopun OOIl MOXKHO cKa3aTh, UYTO BUPTYAJbHBIM METOIOM 3a-
MaéTcs peaknusi 00bEKTa KJIACCa HA HEKOTOPBINA THUIl COOOINEHWH B CJIydae,
ecJu:

® TIPEJTIOIAraeTCs, YTO ¥ JAHHOTO KJiacca OyIyT KJIACChI-IOTOMKH;

® O0OBEKTHI KJIACCOB-TIOTOMKOB OYIyT CITOCOOHBI TTOIy4aTh COOOIIEHNE TO-
0 K€ TUIQ;

[ ] O6"beKTbI HEKOTOPBLIX MJIN BCEX ITOTOMKOB 6yﬂyT pearuposaThb Ha 3TH
COODIIEHYST WHAYE, YeM ITO JeJaeT 00BEKT KIACCA-TIPEIKA.

Azpik Cu++ mo3BosIsieT OOBLIABUTH B KAYECTBE BUPTYAIBHON JIOOYIO
dyukuuio-meros (KpoMe KOHCTPYKTOPOB U CTATUIECKUX MeTOI0B). s s1o-
r'O Tepe/T 3arojJ0BKOM (DyHKITMHU CTaBUTCS KJIOYEBOE CI0BO virtual. B oriu-
9re OT BBI30BOB OOBIYHBIX (PYHKINHI, BHI3OBBI (DYHKIIHH BHPTYAIbHBIX OOpa-
6ATHIBAIOTCS KOMITHJISITOPOM B MPEIIOIOKEHUU, 9YTO THII OObEKTA, JIJIsi KOTO-
POro BbI3bIBAETCs (DYHKIMS, MOXKET OTJUIATHCH OT DA30BOI0O KJIacca, U 4TO
JIJIST 3TOTO OOBHEKTA MOMKET TMOTPeOOBATHCSA BBI30B COBCEM MIPYroi (DYHKITHH,
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Hexkenun s 06a30BOr0O Kjacca. B gactHOcTH, eciim B Kjacce Pixel mocta-
BUTbH CJIOBO virtual mepen kaxkmoil u3 ¢yukiuit Show() u Hide(), To npwu
KoMmmuiAnur Tena pyakinn Move () KoMouagaTop OyAeT 3HaTh, ITO OOBHEKT,
Ha KOTOPBI# yKa3biBaeT mapamerp this, MoxkeT ObITh KaK OOBEKTOM CAMOTO
Kyacca Pixel, Tak m 00bEKTOM KAKOrO-HUOY/Ib €10 KJIACCA-TTOTOMKA, MPUIEM
JIJISE TAKOTO O0BEKTA MOYKET MOTPe0OBATHCS BBI3OB dpyeux éepcuti pyHKIHi
Show() u Hide(), BBeAEHHBIX B COOTBeTCTBYIOIEM morovke. Ko, cremepu-
DPOBaHHBIN KOMIMJIATOPOM B TAKOH CUTyaIuu, Oy/1eT HECKOJIBKO CIIOKHEe, 9eM
J71si OOBITHOTO BBI30BA (PYHKITUMH, HO 3aTO OH OYIEeT BHI3BIBATH HMEHHO (DYHK-
[MI0, COOTBETCTBYIOIIYIO TUIY OObeKTa.

[ns nobosHaTenbHbIX YUTaTENENR paccKaXkem, Kak 3To gocturaercs. Ecnn B knacce
onuncaHa xoTs bbl OfHa BUPTyanbHas beHKLl,I/IH, TO KOMOUNATOP BCTAaBJIAET BO BCE 06b-
€KTbl 3TOr0 KnacCa HEBNANMOE NOJiE, HAa3blBAEMOE yKa3aresieMm Ha Ta6!1ML,y BupTyasib-
Hbix merogos (anrn. virtual method table pointer, vmtp). Qns Bcero knacca cospaércs
(B opHOM 3K3emnnsipe) Hen3meHsiemasi TabamMua BUPTYasibHBIX METOAOB, COAEPXKaLLast
YKa3aTeNn Ha KaXKAYt U3 OMUMCAHHBIX B KJIACCE BUPTYanbHbIX pyHKumMii. Korga kom-
NUASTOP BCTPEYaEeT BbI30B BUPTYaNbHOW (PYHKLMU, OH reHEpupyeT OOBEKTHbIA KOA,
CoAep>KalLnii NHCTPYKLMM N3BeYb 13 0bbeKTa 3Ha4eHne nonsi vmtp, 3aTem obpaTnTb-
Csi N0 3TOMY afApecy K Tabnuue BUPTYyasibHbIX METOLOB 1 M3 HEE N3BJIEHb afPeC HYXKHOM
pyHKLMM, U, HAKOHEL, 0BPaTUTLCS K 3TOl DyHKUMM No nosyyHeHHomy agpecy. ObbekT
KJ1aCCa-NOTOMKA COAEPXKUT, KaK Mbl 3HaeM, BCe MOAs, Npucylmne Knaccy-npenky. 3TO
KaCaeTCAa N HEBUAMNMOIO noss thp, I'IpVI‘*IéM 06BbEKTbI KNacca-noTOMKa MMEKT B 3TOM
nosie NHOe 3Ha4YeHne, HeXxenn OG'beKTbI Knacca-npeaka. ﬂl’lﬂ KaXxXaoro Knacca-notoMka
KOMMUNATOP CO3,D,aéT (OI'I;ITb-TaKI/I B €AUNHCTBEHHOM 3K3eMI'IJ19|pe) CBOIO CO6CTBeHHyIO
Tabnnyy BUPTYanbHbIX METOLOB, COAEPXKALLYIO aiPECA COOTBETCTBYHOLMX BEPCUIA BUP-
TyasibHbIX (PYHKLMIA; MMEHHO aApec 3Tol Tabnumubl 3aHOCMTCS B noJsie vmtp.

Wrak, o0bsaBum dyukimu Show() um Hide() BupryampHbIMEU B 6a30BOM
KJIacce. DTO MO3BOJUT UCIOIB30BaTh (pyHKImo Move () st 106010 U3 Kirac-
COB, YHaCJICJJOBAHHBbIX OT Pixel, eciu TOJIBKO JIJ1d 9TUX KJIACCOB OIUCAHbI
cobcrBennbie (MpasuibHo paboraioniue) dpyuknuu Show() u Hide ().

IIpexme yem 3aBepruTh onucanne KjaaccoB Pixel m Circle, oTmeTnw,
9TO B KJIACCE, B KOTOPOM KMEETCs XOTs Obl OfHA BUpTyajbHas (QyHKIHUS,
PEKOMEHIyeTCsI BCEerJia SBHO OMUCHIBATH JAECTPYKTOP W OOBSIBIATH €0 BUP-
TyaJbHBIM. 3a9eM 9TO HyKHO, CTAHET siCHO U3 jrajbHelinero marepuasa. Ceii-
9ac IPOCTO CHEIAEM JTO, YTOObI KOMIIUIATOD HE BbLIABAJI IIPEIYIIPEK I€HUS.
OkoHYaTEIHHO 3ar0JIOBKHU HAINNWX KJIACCOB MPUMYT CJIETYIOIIII BUT;:

class Pixel {
protected:
double x, y;
int color;
public:
Pixel(double ax, double ay, int acolor)
x(ax), y(ay), color(acolor) {}
virtual “Pixel() {}

95



virtual void Show();
virtual void Hide();
void Move(double nx, double ny);

};

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();

};

Ormerum, 9ro B onucanuu Kjiacca Circle caoBo virtual MOXKHO, B IPUHIIA-
e, OMyCTUTD; (DYHKIIHH, COBIA IAIOIINE 110 TTPOMUIIIO C BUPTYATbHBIMU (DYHK-
usiMu 6230BOTO KJIACCA, O0BSIBIISIOTCS BUPTYAJIbHBIMA aBTOMATHYIECKH.

§ 4.6. Yucro BuptTyasbHbie PYHKIUN.
AbcTpakTHBIE KJIACChI

Kak ormeuasoch B CHOCKe Ha CTp. 92, HACIEIOBAHWE KJIACCA «OKPYIK-
HOCTB» OT KJIACCA «TOYKA» HAPYIIAET MPUHIUNBI OObEKTHO-OPUEHTUPOBAH-
HOT'O MPOEKTUPOBAHUS, MMOCKOJIbKY OKPYXKHOCTH HE SBJISETCS YaCTHBIM CITy-
qaem ToukKH. [lonmpobyeMm mcmpaBuTh curyamuio. st 3TOro 3amernm, 9To U
TOYKA, U OKPY?KHOCTb — YACTHBIE CIIYyYal 2€0MEMPUMECKUT Puayp, Tpuaém
MOXKHO CYUTATh, YTO KAXKIAs TeoMeTpudeckas (Gpurypa o0/JIaJaeT IBETOM U
UMeeT KOOPAMHATHI MOUKU NPUSA3KU. st OOBIYHON TOYKY B KAYECTBE TOUYKH
MPUBSA3KY BBICTYAET OHA, CAMA, JJIs OKPY2KHOCTH TOYKOMN MPUBA3KHY OyIeT eé
menTp. Ang npyrux Guryp ToUKy IPHUBI3KHA MOXKHO BHIOPATH PA3HBIME CIIO-
cobamm; Tak, st KaKOro-HHOy/Ib MPSAMOYTOJBHUKA 9TO MOXKET ObITh JOO
LEHTD [EPEeceveHusl uaroHaJieit, Jiubo O[Ha U3 BEPIIUH, U T. 11

OtmernM, 9TO TaKOe MpeacTaBIeHe 00 AOCTPAKTHOM MOHATHN T€OMETPH-
YeCKOU (DUTYPBI TIO3BOJISIET HAM YKA3aTh €IUHbBIN JIjisi BCeX (DUTYD aIrOPUTM
nepenBuzkennsi (BUTYypPhl MO IKPAHY: cTeperh GUIYPY € IKpaHA, U3MEHUTH
KOOD/IMHATHI TOYKHU HPUBS3KU, oTprcoBarb Gurypy B HoBoMm Mmecre. C 3Tum
AJITOPUTMOM MBI YK€ 3HAKOMBI, OH OBbLT peann3oBaH B (yukiun Move () Ha
cTp. 92.

Temnepsp yKe siCHO, KaK HY?KHO U3MEHUTH apXUTEKTYPy Haieit oubanore-
KU KJIACCOB, 9TOOBI IPUBECTH €€ B COOTBETCTBHE C OCHOBHBIMU MPUHIIMIIA-
MU OObEKTHO-OPUEHTUPOBAHHOIO HporpaMmMmupoBanus. [lonsitust «rouka» u
«OKPYKHOCTbY He SBJISIOTCS YACTHBIMY CJIyYasMU APYT APYyra, HO 00a OHU
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SIBJIAIOTCS 9aCTHBIM CJIy9aeM MOHATHUS «TeoMeTpuyeckas ¢urypas. [losromy,
€CJIM MBI OIUINEeM KJIACC /ISl PEICTABJICHNS aOCTPAKTHON MreOMeTPUYIECKOi
burypsl m or Hero ymHacaemyem oba kmacca Pixel m Circle, Takas apxu-
TEeKTypa OyIeT MOJTHOCTHIO Y/IOBJIETBOPATH TPEOOBAHUSAM TEOPHH OOBEKTHO-
OPUEHTUPOBAHHOI'O IIPOCKTUPOBAHUSA.

[Ipexxe weM UPHUCTYNATh K OMUCAHHUIO KJIACCA, MPEICTABISIONIETO Teo-
MeTpUIecKyio (hUrypy, OTMETHM €Il€ OAWH BaKHbIA MOMeHT. OmuchiBas B
npeabIIyIeM maparpade KIacchl isi TOYeK W OKPYXKHOCTEH, Mbl HE MUACAIIA
KOHKPETHBIX TeJ J7ist MeTo10B Show () u Hide (), HO mpemosiaraiy mpu 3TOM,
4TO B pabouell TporpaMMe Teja 3TUX METOIOB OyAyT OMUCAHBI (C yUeTom
KOHKDETHO# 11aTdopMbl pa3pabOTKu, UCIOIb3yeMoil rpaduaeckoit 6ubmmo-
TEKU U T.11.). B IpOTUBONOIOKHOCTE 3TOMY, Teaa MeroaoB Show() u Hide ()
J7is aDCTPAKTHON TeOMeTPUIECKON (PUTYPBI OMUCATH HEB03MONCHO; TEHCTBI-
TEJIbHO, KAK MOXKHO HAPHCOBATH HA dKpaHe (PUrypy, OTHOCUTEIBHO KOTOPOi
HEU3BECTHO, KAK OHA BbILJIAAUT?!

Hecvorps Ha 9TO, MBI TOYHO 3HAEM, KaK OyIeT BBIMISAAETH (DYHKIWS
Move() B MpEINOJIOXKEHUHU, UTO [JIsi KJIACCOB-TMIOTOMKOB OyIyT MPAaBUIBLHO
onucanbl MeTonbl Show() u Hide (). nage roBopsi, MbI 3HAEM, 9TO BCE O0b-
€KTbI KJIACCOB-IIOTOMKOB JAHHOI'O KJIACCA JOJI2KHbI YMEeTh I10J1y4aTh COODIIe-
HIe ONPEIeIEHHOTO TUIMA, HO MBI HE MOYKEM TIPH OTMCAHWH 6A30BOTO KJIACCA,
OMMCATH KAKYI0 ObI TO HYU OBLIO PEAKINIO HA TAKWE COOBITHS, TOCKOIBKY Ta-
KOBasl PEAKIUs TOJHOCTHIO 3aBHCHT OT THIIA, HAIIEro MOTOMKA. IIpm aTom
JlJIsl OIMCAHUs HEKOTOPBIX Apyrux (Gosiee obiiux) MeTonoB 6a30BOro Kiacca
HaM HeOOXOAMMO 3HAHKME O TOM, YTO PEAKIMs Ha COOTBETCTBYIOIIME COObITUS
Oy/Jer 1pejyCMOTPEHa BO BCEX HALIMX IIOTOMKAX.

Azpik Cu++ mMeer CHeruabHBbIA MEXaHW3M, OTPAXKAMOIIN TOI00HBIE
caydam. DTOT MEXAHU3M HA3BIBACTCH HUCMO BUPMYAAbHLIE PYHKUUU
(anru. pure wvirtual functions). OnuceiBas B KJacce 4YUCTO BUPTYAJbHYIO
GYHKIHIO, TPOrPAMMHUACT HH(POPMHUPYET KOMIHUIITOP O TOM, 9TO (PYHKIUS C
TakuM TpoduaeM OyIeT CyIecTBOBATH BO BCEX KJIACCAX-TIOTOMKAX, YTO O,
HEE HEOOXOIMMO 3aPe3epBUPOBATH TO3UIUIO B TAOJIUIE BUPTYAIbHBIX (DyHK-
1uii, HO mpu roM cama yHKIWA (e€ Tesa0) Iyid 6a30BOr0 KJACca OMUCHI-
BATbhCs He OyIeT, TaK 9TO 3HAYEHHE aapeca 3TOH (PyHKINKA B TaOIUIE BHPTY-
aJIbHBIX (DYHKIUI ciemyer ocTaBuTh HysneBbiM. CHHTAKCHC OIMUCAHUS YHCTO
BUPTYAJIbHOM (PYHKIMU TAKOB:

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

};
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Bung na mecre Tena GyHKIUH CIEIHATIBHYIO JIEKCHUECKYIO MOCIIEI0BATEb-
HOCTBH «= 0;», KOMIUJISATOP BOCIPUHUMAET (DYHKIWIO KAK YUCTO BUPTYaJb-
Hy102.

Ecnu B mopoxaéHHoM Kiacce He OMUCATH OAHY W3 (PYHKIINH, O0bIBICH-
HbIX B 6a3OBOM KJjlaCCe KaK YUCTO BUPTYAJIbHbIE, KOMIIUJIATOD CHUTAET, YTO
GbyHKIMS 0CcTAIACh TUCTO BUPTYATIHHOMN U TPENOJIAraeT, 9TO OT TAKOro KJac-
ca, B CBOIO O4epenb, OyJeT yHACJIeIOBaH MTOTOMOK, KOTODBIH M OIIPEIEIHT,
HAKOHEI[, KOHKPETHOE TeJIO s BUPTYATbHON (DYHKIUH COOTBETCTBYTOIIETO
IpoduIs.

Kiacce, B KoTopoMm ecTb X0Tsi ObI O/IHA YUCTO BUPTyaabHAs (PYHKIUs, HA-
3BIBAETCS abcmparmHvim Kaaccom. [lome3no Oymer 3amOMHUTD, YTO KOM-
MUJISTOP HE MO3BOJSIET CO3/1aBaTh 00'beKThl Aa0CTPAKTHBIX KJIACCOB.
EnuncrBeHHOE HazHaYeHWE abCTPAKTHOrO KJIACCA — CJIYKUTH OA3UCOM [Tt
MOPOXKJIEHUST IPYTUX KJIACCOB, B KOTOPBIX BCE YUCTO BUPTYyabHbIE (DYHKIIUU
Oy/LyT KOHKPETU3UPOBAHBI.

TomprToskuM HAMM paccyXaeHus. UToObI COOTBETCTBOBATH MPUHITHIAM
00BEKTHO-OPUEHTHPOBAHHOTO TPOTPAMMHUPOBAHNS, HAM CJEIyeT OINCATh
KJIACC, MPEICTABSIONINN a0CTPAKTHYIO reOMeTpudeckyio durypy, obiamga-
IONIYI0 I[BETOM U KOOPJAMHATAMH TOYKH TPHUBSA3KH, HO HE O0JIAAIONLYIO
KOHKpeTHO# opmoit; Ha30BEM 31OT Kiaacc GraphObject. Kiraccor Pixel
n Circle HyKHO mepemnucarb, yHacjaemoBaB or GraphObject. B kuacce
GraphObject meroapr Show() u Hide () OyayT oObsBIEHBI KAK YNCTO BUPTY-
aJIbHbBIE, YTO CJeJIaeT CaM 3TOT KJIacC abCTPAKTHBIM KJIACCOM.

Omnwuem Temeps Kiace GraphObject:

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);

};

Onucanve dynknun Move () MBI HE TPUBOAUM, MMOCKOJIBKY OHO CJIOBO B CJIO-
BO MOBTOpsieT onucanue merona Pixel::Move() na crp. 92. OrmeTuM, 9T0
B Tene ¢pyukmuu Move () Bo3bIBaiorcsa (yukmum Show() m Hide(). To, urto

2Takoif CHHTAKCIC TPYIHO HA3BATE YIAUHBIM, OCOGEHHO €CJIH YI€CTh, UTO HHKAKOE THC-
JI0, KpOMe HyJIisl, UCIOJIB30BATLCS 3/I€Ch HE MOXKET; TEM HE MEHEee, UMEHHO TAKOB CHHTAKCHUC
B a3bike Cu++.
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Tesa Jyig 3TUX (DYHKINH HAMU He 33/JaHbl, HE CO3/IaéT HUKAKUX MpobieM,
IOCKOJIbKY I JTIOOOTO KJIacCa-MIOTOMKA, OOBEKTHI KOTOPOI'O MOXKHO Oyner
co3aBaTh, TAO/INUIA BUPTYAJIbHBIX METOIOB OyJIeT cojeprKaThb aJipeca KOH-
KpeTHbIX (DyHKIUI, OIMCAHHBIX B 9TOM KJIACCe-IIOTOMKE.

3arosoBku KiaccoB Pixel n Circle OyayT Temnephb BBITJISAETH TaK:

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();

};

s 9TMX KJ1accoB, B oTyimdne OT KJacca GraphObject, Heobxogmmo onucarh
KOHKpeTHbIe Tesa MeTonoB Show() u Hide ().

§ 4.7. HaciengoBaHue pajid 9aCTHOTO CJaydad
KOHCTPYUWPOBAHUS

B npakTuyeckom mporpaMMUpPOBAHUU YACTO MPUMEHAIOT OIHUH yIIPOIIEH-
HBII ciydait HACIeZOBAHWA, MPU KOTOPOM KJACC-TOTOMOK OTJIMYAETCA OT
MpeIKa TOJIBKO HAOOPOM KOHCTPYKTOPOB, TO €CTh OH HE BBOAWT HU HOBBIX
METOIOB, HU HOBBIX moJieil. OObeKThI TAKOr0 KJAcCa CO3JAI0TCSI W3 CooOpa-
JKEHUI S9KOHOMEM 00bEMA KO/Ia, YTOOBI HE TTOBTOPATH OJIHA U TE YKe NeHCTBUI
MIPY KOHCTPYUPOBAHUHU OJHOTUIHBIX 00bEKTOB. UTOOBI IPOUIIIOCTPUPOBATH
CKa3aHHOe Ha TIpuMepe, JJIs Hadajga Mbl BBEJIEM eIé OJWH KJIACC-TIOTOMOK
kjacca GraphObject, mpeacTaBagOMAN JIOMAHYIO JUHHUIO, & 3aTE€M OIUIIEM
rpadudeckuit 00bEKT «KBAApaT» KAK YACTHBIN CJIydail JIOMAHON JIMHWMA.

Hanomuum, uro kaxkaas reomerpudeckas hurypa B Halllell CuCTeMe mMe-
€T TOYKY LPUBA3KY; JIOMAHYIO IIPU 3TOM IIPOIE BCEIO XPAHUTH B BUJIE CIIUAC-
Ka KOODJAWHATHBIX Tap, 33/JaI0IINX CMelleHne KaxKJI0i BepIIMHbI JIOMAaHOMN
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OTHOCHTEJIBHO TOYKM TIPUBA3KH. J1JI OPraHM3aIMH TAKOrO CIIUCKA MBI B 3a-
KPBITOH JaCTH KJIACCa OIUIIEM CTPYKTYPY, 33JaIONIyI0 SJeMEHT CIHCKa. Mc-
XOIHO 6yIeM CO3IaBaTh JOMAHYIO, HE MMEIOILYI0 HH OIHOM BEDPIIHHBI, & s
06aB/IeHNs] HOBBIX BEPIIHH OyIeM HCIOIb30BATbL METO, KOTOPbI HA30BEM
AddVertex ()®. Hauumem 3aro/i0BOK KJacca:

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

Dyukius AddVertex() Oymer (mys sKoHOMUM ycujuil) H00ABIATH HOBYIO
BEpIIUHY B HAYAJO CIUCKA, & HE B KOHEIl; JIUHUS MPU TOM Oymer u300pa-
JKATbCA HA HKPAaHE B OOPATHOM MOPSIKE, HO 9TO, ECTECTBEHHO, HUYETO HE
U3MEHUT:

void PolygonalChain: :AddVertex(double ax, double ay) {
Vertex *tmp = new Vertex;
tmp->dx ax;
tmp->dy ay;
tmp->next = first;
first = tmp;

}

flcHo, 9TO 1715t 0OBEKTA, UCIIOIB3YIOIIEr0 JHHAMAIECKYTO TAMATH, HEOOXOIH-
MO HPeyCMOTPETD JeCTPYKTOP, OCBODOXK nafotuil mamsarh. Hamuriem ero:

PolygonalChain: : “PolygonalChain() {
while(first) {
Vertex *tmp = first;

33710 sydmre, YeM HBITATHCA TEM KM HHBIM CIOCOBOM IEPEeJaTh KOODMHATHI BEPIIHH
B KOHCTPYKTOP, IIOCKOJIBKY Mbl HE 3HA€M 3apaHee KOJIMYEeCTBO BEPIIMH, TaK 4TO JJId lepe-
JaTH WX B KAIECTBE MapaMeTpa KOHCTPYKTOPA MPHUIIIOCH OB B TOM MECTE, I CO34aETCs
00beKT, GOPMHUPOBATH HEKYIO AUHAMHYECKYIO CTPYKTYDY JAHHBIX (MACCHUB JHOO CIHCOK),
<T0 IOTPe0OBAJIO OBl JOMOIHUTENLHEIX YCHIUH.
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first = first->next;
delete tmp;

}

Kaxk 00b19HO0, MBI BO3IEpKUMCsT 0T onucanust Tef ¢gpyukiuit Show () u Hide (),
HO OyJeM Mpenoararh, 9TO 3TO CAETIAHO.

IIycTh Temeps HAM HYXKEH KJIACC [ TPEJICTABICHUs] KBAIPATa, CTOPOHbI
KOTOPOTO TAaPaJIJIEIbHBL OCAM KOODJWHAT, a JJINHA CTOPOHBI 331aéTCs Ia-
pameTpoM KOHCTPyKTOpa. flcHO, 4TO TakOél KBaJpar mnpeicraBiisier coboit
YaCTHBIN CJIydail JJOMAHOM, OMMChIBaeMOil KiaaccoM PolygonalChain. Ecam
B KQ4eCTBE TOYKHU MPUBA3KM BHIOPATH JIEBYIO HUKHIOIO BEDIIUHY KBaJIpaTa,
a JJINHY CTOPOHBI KBAIpaTa 0003HAYUTH OYKBOU @, TO JIOMAHAS JOJIZKHA, HA~
4aTbCsd B TOUYKe npuBa3ku (uro coorsercrsyer Bekropy (0,0)), npoiitu yepes
rouku (a,0), (a,a), (0,a) u Bepuyrbes B Touky (0,0); Bcero, rakum o6pazom,
JioMaHas OyJeT COfepKaTh UATh BEPUINH, IPUIEM IIePBas U OCIeaHAA OyayT
COBTIQIATH, YTOOBI CAEIATH JOMAHYIO 3aMKHYTOM.

YT0o0bI HE MPUXOIUIOCH KAXKIBI pa3 s MPEICTaBICHUs KBAIPAaTa, ITH-
caTh IIeCTh CTPOK Koja (oxHy aJis onucanusi obbekra PolygonalChain,
ocTaJibHbIE [yl 100aBJIeHHs BEPIIUH), MOXKHO OLKUCATh KJacC (Mbl HA30BEM
ero Square), KOTOpbLil Oyjer yHacuaenosan or PolygonalChain, upuuém or-
JIM9aThCs OYIET TOJTHKO 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);
}

};

[Tomuepkuém emig pa3, 9To H60IbINE HUYEro ONKUCHIBATH /11 KBAIPATA HE HY K-
HO, BCE OCTaJIbHOE CIEJIal0T MEeTO/bl HA30BOI0 KJIacca.

§ 4.8. BuptyaJuabHbIil 1€CTPYKTOP

Panee npu obcyzxrenun Bupryasbabix GyHKIUd HA CTP. 95 Mbl OT™METHIIH,
9TO B KJIACCE, UMEIOIIEM XOTs OBl OIHY BUPTYAJIbHYIO (DYHKITHIO, TECTPYKTOD
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TOXKE CJIEYET CIe1aTh (OObIABUTH) BUPTYAIbHBIM, HO HE O0bSICHUIN TPUIUHDI
sroro. ITopobOyem czenarsb 3TO ceifvac.

IIpu akTUBHOM KCIIOJIH30BaAHUY TOJUMODP(U3MA HEPEIKO BOSHIUKAET CUTY-
anmsd, KOrja Hy>KHO IPUMEHHUTH onepaTrop delete K yKa3aTesio, MMeEIOMEMY
TUN «yKa3aTejab HA 0A30BBIM KJIACCY, MPUTOM 9YTO yYKA3BIBATH OH MOXKET W
Ha OOBEKT MOTOMKA. B 3T0it curyanmum HEOOXOAWMO, €CTECTBEHHO, BHI3BATH
JIECTPYKTOP, COOTBETCTBYIOIIHUII TUIy YHAYTOXKAEMOrO OObEKTa, & HEe yKa3a-
resis. Tak, nomycTuM, Mbl ONUCAJIN YKa3aTesab Ha KJacc GraphObject:

GraphObject *ptr;
Tenepp BLIOJIHE KOPPEKTHBIM Oyl TAKOe IIPUCBAUBAHUE:
ptr = new Square(27.3, 37.7, 0xff0000, 10.0);

B pesynbrare 3TOr0 HaAI YKa3aTeIh NMEET THT «yKa3aTeab Ha GraphObjectsy,
HO peasIbHO YKa3bIBAET HA O0BEKT Kilacca Square. Eciau Teneps norpebyerca
YHHUTOXKHUTH 3TOT 0OBEKT, MbI MOXKEM 0€3 BCSIKUX ONACEHH BHIIOIHUTH

delete ptr;

Tlockonbky ykazarenp mmeer tun GraphObject*, a mecTpyKTop Kjacca
GraphObject BUPTYaJIbHBIN, KOMIWJIATOD MPOU3BEIET BBI3OB JIECTPYKTOPA
qepe3 Tab/IUIly BUPTYAJIbHBIX METOMOB YHHYTOXKaeMOro obbekra. B pesysib-
TaTe 3TOro Oy/JEeT BHI3BAH HESBHBIN JIECTPYKTOP IS KJiacca Square, KOTO-
PBI BBI3OBET IECTPYKTOP Kjacca PolygonalChain, a TOT, B CBOIO O4epelb,
JleCTpyKTOp Kjacca GraphObject. Ecim Obl Mbl HE OOBSIBUIN JAECTPYKTOD
kiacca GraphObject Kak BUPTYaJbHbBIN, KOMIUISTODP TPOU3BES ObI KECTKHIA
BBI30B JIECTPYKTOPA IO TUILy YKA3aTeJisl, TO eCTh ObLI Obl BbI3BAH TOJIBKO JI€-
CTPYKTOp Kjaacca GraphObject. Mexkay TeMm, YHHUITOKAEMBIH OOBHEKT KIacca
Square MOPOKAAET U UCIOJIB3YET CIUCOK B JIUHAMUIECKON mamaru (U3 maru
9JIEMEHTOB), U €CJIM JeCTPYKTOp KJjacca PolygonalChain we 6yzer Bbi3BaH,
TO 3TU SJIEMEHTHI IPEBPATIATCI B «MYCOP», TO €CTh OyIyT MO-IPEKHEMY 3a-
HUMATb [IAMSATb, HE BBIIOJIHAS HUKAKON II0JI€3HON PAOOTHI.

O0bsBIeHNE JECTPYKTOPA KAK BUPTYAJIHHOTO MPAKTUYECKH HE MTPUBOIUT
K PACXO/Iy MaMsATh: TAO/IUIA BUPTYAJbHBIX METOIOB YBEJIMYNBACTCS HA, OIWH
CJIOT, 9TO COCTABJISIET HECKOJIBKO JIUITHUX OAWTOB HA KAXK/IbIl HOBBIN KAGCC
(ne obbekt!). C upyroii croponbl, cam BakT HAJIUYK B KJIACCE BUPTYAJIbHbBIX
dbyHKIMI yKA3BIBAET HA TO, 9TO MPU PaboOTe ¢ OOBEKTAMHU KJIAcca OyaerT ak-
THBHO UCIOJb30BAThCA mouMopdu3M. OTMeTnM, 9TO Mpy OMUCAHWY KJIACCA
B OOJIBITUHCTBE CJIY9YA€B TPYIHO MPEACKA3aTh, OYAYT i OOBEKTHI IIOTOMKOB
TaKOI'0 KJIacca YHHUYTOXKATbhcd oneparopoMm delete, mpuMeHdAeMbIM K yKa3a-
TEeJII0, UMEIOIIEMY THII «yKa3aTesb Ha mpenkas. Pemus, 4To Takoe ymanenue
HaM He IOHAIO0OUTCH, Mbl PHCKYEM B JajbHefiemM 3a0biTb 00 9TOM U IMOJIy-
YUTH TPYIHYIO IJIs OOHApyKeHusi omuoKy. B cBa3u ¢ 3TUM cumTaercs, 9To
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JeCTPYKTOp JDOro KJjiacca, MMEIOINero XoTsd ObI OJ[Hy BUPTYaJib-
HYI0 (DYHKIOUO, cielyeT OObsBJIATh KAaK BUPTYAJIbHBIH, HE 3a/1y-
MBIBasgiCh O TOM, HOHAZOOUTCH 3TO B IMporpaMMe WJIM HET; MHOTHE
KOMIIMJIATOPBI BBIJAIOT NIpeJylipeXKJeHne, ecJid 3TOro He cAeJjaTh.

§4.9. Emé o mosmmopdusme

[Ipuseém emg oauu npuMep UCIOIb30BaHUS monMopdu3Ma. IlycTs Mb
CO3/1a8M TpadUIECKYI0 CIEHY?, COCTOANIYIO W3 PAa3HBIX TPadpIIecKHX 00b-
€KTOB — TOYEK, OKPYKHOCTell, MHOTOYI'OJIbHUKOB M, BO3MOYKHO, KaKHX-TO
JPYTUX 3JIEMEHTOB, MIPECTABIIEMbIX O0bEKTaMU KJIACCOB, YHACIEIOBAHHBIX
or GraphObject. Ilpu 370M HA MOMEHT HAIUCAHUS MIPOrPAMMBI MbI HE 3HA-
€M, CKOJIbKO W KAaKWX MUMEHHO OOBEKTOB Oy/IeT B CIleHe; TaK OBIBAET, €CIu
OIMCAHNE CHEHbI HyYKHO TIOJIYYUTh U3 BHEIIHErO UCTOYHUKA (HAIIPUMED, TIPO-
gurarb u3 aiina), ubo ecjau CleHa TeHePUPYETCs BO BpeMsl UCIOJHEHUS
nporpamMMbl (HanpUMep, CJaydailHbIM 0O6pPa30M, YTO YacTO MCIIOJIb3YeTcs BO
BCEBO3MOXKHbBIX IIPOIPAMMAaX-<«CKPUHCEHBEPAX» ).

HormycruMm, B HEKUil MOMEHT B IIPOrpaMMe HAM BCE yKe CTAHOBHTCH U3BECT-
HO, CKOJIKO O0BEKTOB OYIET COMEPKATH CIIEHA. JTO MO3BOJUT UCIOJIH30BATH
JJIA XpaHEHUdA BCel CIEeHBbl JUHAMHYECKH CO3/1ABAEMBIM MAaCCHUB yKa3aTeJei
Ha 00beKThI TOTOMKOB GraphObject. Ilycrs, HaTpuMep, KOJUIECTBO 0OBHEK-
TOB CIIeHBI Oy/IleT XPAaHUTbCS B IEepPeMeHHON scene_length, a ykaszaresnb Ha
CaM MACCHUB MbI HA30BEM IIPOCTO ScCene:

int scene_length;
GraphObject **scene;

Kornma nepemennaa scene_lenght TeM MM MHBIM CIIOCOOOM HOJIYyYUT 3HA-
yenue (Hampumep, OoHO Oyjer npounTano u3 daiija), MOXKHO OyJer 3aBecTu
MaCCHUB:

scene = new GraphObject*[scene_length];

Temeps Onaromapst mouMOp(U3My OKA3BIBAIOTCA KOPPEKTHBI, HAIIPUMED,
cJIelyoye npucBanBanus (TIPU yCJIOBAM, KOHEYHO, YTO i HE MPEBBIIIaeT
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);
/...

4HamoMHHEM, 9TO IOX CIEHOH B KOMIBIOTEPHOH rpaduke 0OGBIYHO TOHIMAETCS BECH Ha-
60p rpaduuecknx 00bLEKTOB, BUAMMBIX OJHOBPEMEHHO.
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u Tomy momooube. Takum 006pa30M, MbI TIOJYIAEM MACCHB yKa3aTeeil Tuma
GraphObject*, KaK/Iblii U3 KOTOPBIX HA CAMOM JieJle YKA3bIBAeT HA HEKOTO-
pbiit 00beKT Kaacca-nomomka. OOpaTuM BHUMAHUE HA TO, 9TO HAM MOXKET
BOBCE HHKOTA OOJibie He MOoTPebOBaThCH 3HATH, HA OOBEKTHI KAKOrO THUIIA
YKa3bIBalOT KOHKPETHBIE yKa3aTe/JIn B HallleM MaCCHUBeE. BHe 3aBUCUMOCTH OT
KOHKDETHBIX THIIOB, MBI BIIOJTHE MOYKEM TMEePEeMeNiaTh OOBLEKTHI M0 IKPaHY,
TacUTh WX W CHOBA OTPHCOBBLIBATDH, Bedb MeToabl Show (), Hide() m Move()
JOCTYTHBI 115t Kitacca GraphObject, a 3Ha49nuT, MOTYT OBITH BHI3BAHBI IO YKa-
3aremio Tuna GraphObject* 6e3 yrounenus tuna obbekTa. TOYHO TaKUM Ke
obpazom Osiaromapsi HAJIMYHUIO BUPTYAJIHHOIO JECTPYKTOPA MOXKHO YHUYTO-
JKUTH BCE OOBEKTHI CIIEHBI, & TIOTOM U CaMy CIIEHY:

for(int i=0; i<scene_length; i++) delete scenel[i];
delete [] scene;

ITomobubie cuTyanuu 9acTO BO3ZHUKAIOT B DOJIEE-MEHEE CJIOXKHBIX MTPOTPaM-
Max. IlockombKy KOHKpETHBbIE METOIbI, KOTOPble HY’KHO BBI3BIBATH, CTAHO-
BATCS U3BECTHBI TOJIBKO BO BPEMsI UCIIOIHEHNUS TPOTPAMMBI, TAKON BHUJI, MOJIH-
Mopdu3Ma HA3BIBACTCH QUHAMUYECKUM TLOAUMOPHUIMOM; OH CTAHOBUT-
Cs1 BO3MOXKHBIM OJIarofapsi MEXaHW3MY BUPTYaJIbHBIX (DYHKIUN U SBJISIETCS,
B KOHEYHOM HUTOTE, UX MpETHA3HATCHUEM.

§ 4.10. IIpobsiema oAMHAKOBBIX MMEH HPU
HacJieJ0BaHuN. ABTOMaTHYE€CKOE COKPbBITHE
NMEH

JlonycTum, MbL OIMCAJIA KJIACC A U OT HErO yHACJIEI0BAIN KIACC B, u mpu
3TOM B 000UZ KAGCCAT €CTH TIOJST WM METOIbI, Ha3BAHHBIE OTHUM U TEM YK€
uneaTudukaropom (Hanpumep, x). Boobiie-ro Tak mmcarh B GOIBIIUHCTBE
cilydaeB He HaJI0 (KpoOMe Clydas Iepeolpele/ieHus BUPTYaIbHON DyHKIMN),
HO €CJIM BbI BCE-TAKM 3TO HAMUCAJH, MOJE3HO OYIEeT MOMHHUTH OJHO BAYKHOE
npaBuwio s3bika Cu+-+: BBe/leHHe MOJisl UM MeTOoJda ¢ HMEHEM X B MO-
POXKJIEHHOM KJIacCe cKpbuleaem JIobble MoJisi UM MeTO/ bl 6a30BBhIX
KJIACCOB, MMeIOIIe TaKoe >Ke mMs’. Ecan peub nuéT B 000uX CIydasx
00 wMeHH 1oJig WK O (PYHKIUAX-METOJAX C OAMHAKOBBIM mpoduiaem (T.e.
OJIMHAKOBBIM KOJMYECTBOM U TUIIAMHU [APAMETPOB), IIPABUIIO COKPBITUS OKa-
3BIBAETCS JIOCTATOYHO O4YeBUAHBIM. QUEBHIHO OHO W Jisd CJaydasi, KOraa B

5MpI He PacCMATPHBAEM B HAIEM HOCOOHH MHOXKECTBEHHOE HACJIEJOBAHHE, HO HA BCS-
KU Cny‘{af/i OTMETHUM, YTO €CJIA TI0JIAd WJIN MeTOJbl C OJUHAKOBBIMU UMEHAMU MMOSABUJIIUCH B
nByx 6a30BBIX KJIACCAX OJHOTO MOPOXKIEHHOTO KJIACCA, TO B TAKOM MOPOXKIEHHOM KJacce
COKPBITHIO TIOABEPTHYTCS UMEHA U3 060U GA30BBIX KJIACCOB.
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0a30BOM KJIACCE MMeeTCs (DYHKIMS C UMEHEM X, & B MOPOXKIEHHOM BBOIWT-
csl TIOJIe X, WJIM HA0OOpOT — Beb s uMEH mojieit B Cu++ meperpyska He
npexycMmorpena. Hampumep:

class A { //
public:
void f(int a, int b);
}s
class B : public A {
double f; // mMeronm f(int, int) Temepb CKpHT

};

Ecnu teneps co3marh 00beKT Kiacca B, Bpi3BaTH METOM f MBI CXOIY HE CMO-
JKEeM:

B b;
b.f(2, 3); // OUUBKA!!! Meton f crphT

OHAKO «CKPBITY HE 3HAYUT «HEJOCTYIEH» ; B KJIacCe B mO-TipekHeMy TpUCyT-
cTByeT MeTos T, yHACIeJOBAHHBII OT KJ1acca A, MpOCTO €ro BI30B HEOOXOIMMO
OCYIIECTB/IATH C SIBHBIM YKa3aHWEM OOJACTH BUIMMOCTH:

b.A::£(2, 3); // BCE B mopazmke

Haubosiee HeOUEBUIHBIM TPOSBIEHUEM OMUCAHHOTO MPABUIA CTAHOBUTCS
TO, YTO MOSBUBIIASCS B TIOPOKIEHHOM KJTacce (DYHKIUSI-METOT C TEM YKE UMe-
HEM, 9TO U MeTOJ 0a30BOr0 KJIACCa, CKPbhIBAeT MeTox 0a30BOro KJjacca,
JaXke ecJid OHU pasjimdaiorcda npoduseM. [leperpyska GpyHkimii Hac B
9TOM CJIydae He CIIacaer:

class A { // ...
public:
void f(int a, int b);
1
class B : public A {
public:
double f(const char *str); // merorm f(int, int) cxpuT
1
B b;
double t = b.f("abrakadabra"); // Bcé B mopsmke
b.f(2, 3); // OIABKA!!!
b.A::f(2, 3); // BC& B mopsamke
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§ 4.11. TeopeTnKO-MHO>KECTBEHHOE OIMMCAHUE
HacJieJOBaHUd

Bceaxaa ceaédxa — pwiba, Ho He
ecaxas pviba — ceaéoxa.
A. Hexpacos. IIpuxirouernus
ranumaHa prHZe./Lﬂ,.

Kak y2Ke roBopujioch, IpH OIMUCAHUH OObEKTHO-OPHEHTHPOBAHHOIO IIPO-
rPAMMWPOBAHUS MOYKHO UCTIOIB30BAThH PA3IWYHBIC BAPWAHTHI TEPMUHOIOTHH.
Tak, TEpPMHUH <«BBI30B METONA OOBEKTa» SKBUBAJIEHTEH TEPMHUHY <«OTMPAaBKA
COOOMEeHnsT OOBEKTY», MPOCTO ITU TEPMHUHBI OTHOCATCA K PA3HBIM TEPMH-
HOJIOTUYECKUM CHCTEMaM: O BBI30BAX METONOB MbI TOBOPUM IIPH H3yYEHUH
npakTuaeckoro npumenenus QOII, Torma kax nepemada coobmeHus — Tep-
mus, orHocsmuiica Kk teopun OOIl m K Tem s3bIKAM NPOrpaMMHPOBAHMS,
KOTOpbIE TOJHOCTHIO COOTBETCTBYIOT 3TOH TeopuH (K TAKUM sI3bIKAM OTHO-
curcs, nanpumep, Smalltalk).

Knace ¢ TeopeTndeckoit TOUKM 3peHust MpeIcTaBiseT coboi MHOMHCECMBO
00bEKTOB, YIOBJIETBOPSAIOMINX OMPEIEIEHHBIM YCIOBUAM. B 9TOM cMBICTIE TIO-
POXKIEHHBIH (HAC/IEAYeMblil, UJIU JOYEPHUil) KJIACC MPEJCTaBIgeT cO00il nod-
MHootcecmaeo. JeicTBUTETHHO, COMTACHO 3aKOHY MOINMOP(PU3Ma 00BEKT I0-
POKAEHHOTO KJIACCA MOXKET OBbITh MCIIOJB30BAH B KadeCcTBe O0beKTa 06a30-
BOTO KJIACCa, TO €CTh, MOMPOCTY TOBOPS, SIBJISETCS OAHOBPEMEHHO W OOHEK-
TOM TIOPOXKJIEHHOTO, ¥ OOBEKTOM 0Aa30BOr0 KJIACCA; B TO K€ BPEMsi OOBEKT
0a30BOro KJIacca BOBCE HE 00si3aH OBITH OOBEKTOM KJIACCA TOPOXKIEHHOTO.
MokHO mpuiiTH K TeM Ke BbIBOJAaM u uHade. HaciieqoBaHue mpeacTaBiisier
coboit ymouHeHue CBOUCTB OODbEKTa, WM, WHAYEe TOBOP:, MEPEXO OT obIe-
ro ciaydast K 9acTHOMY. JICHO, 94TO MHOXKECTBO YACTHBIX CIIyYaeB IIPE/CTaB-
JsieT coboit TTOIMHOYKECTBO MHOYKeCTBa ciaydaeB obmmx. [lomywaercs, aTo B
TEePMWHAX MHOYKECTB HACJIE€OBAHWE ONMMCHIBAETCS OTHOIIEHWEM BKJIIOYCHUS
(A D B). EcrecTBeHHBIM CJIEICTBUEM TAKOIO PACCMOTPEHMS SBJISIETCS TEp-
MuH nodkaacc (auria. subclass) s 0603HaYeHUs TOPOXKAEHHOIO KJIacca 1
repMun Hadkaacc uinu cynepkaace (auri. superclass) — ays obo3nave-
HusT 6a30BOTO.

Takasi TEPMHHOIOIHST 9YACTO MOPOXKIAET ONPEJEHHYIO myTaHuiy. Jemno
TYT B TOM, 9TO OOBEKT MOPOXKIEHHOTO Kjacca (nodkaacca) MaIo TOro, 4To
NaMATU 3aHUMAET 3aBEJOMO He MeHbIIe (a Npu J00ABIEHUN HOBBIX MOJIEH —
u GoJbile), Hevken 00bEeKT Kiacca 6a30BOro (cynepkaacca), HO €IE u codep-
otcum 8 cebe obsexm 60308020 KAGCCG, T.€. OOBEKT CyIEPKIAcCa OKA3LIBAET-
csa nodobsexmom o0beKTa mnoakiacca. [lomydaercs, 4To Mbl PAaCCMATPUBAEM
O/THOBPEMEHHO J[BA OTHOIIECHUS BJIOKEHHOCTH, MPUYEM OHU MAJIO TOLO 4YTO
Pa3HBIE, OHW OKA3BIBAIOTCS HATNPABAECHDL TPOMUBOTIONOHCHO: OOBEKT DA30BO-
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IO KJIaCCa BJIOXKEH B OOBEKT IMOPOXKIEHHOTO KJACCA (YUCTO TEXHUYECKH), &
BOT CaM¥ KJIACCHI «BJIOKEHBI», HA000POT, MOPOXKIEHHBIN B OA30BBIi.

Bes sra myramuna 06ycioBiieHa HCKITIOYATETHFHO IIPUMEHEHNEM IBYX Pa3-
HBIX TEPMUHOJIOIUYECKHUX cucTeM B ogHoM Mecte. Korma peds uaér o cymepk-
JIaccax ¥ MOAKJIACCAX — ITO 3HAYUT, YTO UCHOIB3YETCS TEOPETUKO-MHOKECT-
BeHHas TepMmuHOJIOTHsA. KOrma e peds 3ax0onuT 00 MCITOIb3yeMOil maMsaTh 1
MOOOBEKTAX — OYEBUIHO, UTO PA3TOBOP UIAET B TEPMHUHAX PEATM3ATOPCKOM
(mparmaruunoil) ToukHu 3penus. Tak wiu uHaue, 00e TEPMUHOJOIUIECKUE CH-
CTEeMbI HUCIOJIb3YIOTCd W UMEIOT TPABO HA CYIIECTBOBAHWE; BhI HA NPAKTUKE
MOZKeTe CTOJIKHYTBHCS KaK C OJJHIM BAPUAHTOM TEPMHUHOJIOIMU, TaK U C APY-
THM, a B HEKOTOPBIX CAyYIadX — M C WX CMelleHneM, KaK B BBITTIETTPUBEIEHHOM
npumepe. [losToMy KeraTeIbHO MOHUMATDH, YTO O3HAYAIOT TEPMUHBI 00X
CHCTEM.

§ 4.12. Oneparnuu NpuBeAeHUs TUTIA

B mpormecce mporpaMMuUpOBaHUS YACTO MPUXOJIUTCA W3MEHATH TUIT BBIPA-
Kenusa. VIHOTIA 3TO neaeTcss HeA6HO, KaK, HAIPUMED, B CJIydae CIIOKEHWS
LEJIOYUCIIEHHOrO 3HAYEHUsI CO 3HAYEHUEeM JPOOHBIM (C ILIABAIOIIEH TOYKOI).
B unbix ciayvasx (kak, HaIpUMep, IPU U3MEHEHUU THUIIA yKa3aTeJss) IPUXO-
JUTCA SBHO YKa3bIBaTh KOMIIMJISATOPY HOBBIII TUII BBIPAXKEHUS.

B sasbike Cu 3TO 7emanoch € TIOMOIIBIO OnNepauulu npeobpa3osarus
MUNG, 3aNMUCHIBAEMON KaK YHapHasA Olepalys, CUMBOJI KOTOPOH eCTh MM
THUTA, 3aKJIIOYEHHOE B KPYTJIble CKOOKM, KaK, HAIPUMED, B CJIEAYIOIMIEM BbI-
paKeHun:

char *p = (char*)malloc(100);

3nech 3navenue Bbipaxkenus malloc(100), umeroiee Tl void*, IpUBOAUTCS
K Tuny charx.

Omnepanysi IpUBEIEHNST TUTIA ONGCHG B TOM CMBICJIE, 9TO €€ MpUMEHEHNE
MTO3BOJISIET TIPU YKEJAHUU 00OUTH JIFOObIe OrPAHUYEHNUS, BBOAUMbBIE CHCTEMO
TUNW3AIUHT, BKJIIOYas, HAIPUMED, 3AMPEThl HA, 3aIUCh B KOHCTAHTHBIE 00JIa~
CTY MAMSITH U JJaXKe 3aIMUTY JAaHHBIX B Kiaccax. Heobmaymantnoe npumenenne
npeoOpa30BaHMs TUIOB IMPUBOMAUT K 3AIyTHIBAHWIO IPOrPAMMBI U, B KOHEY-
HOM C4éTe, K TPY/IHO BbIABJISEMbIM OIIUOKAM.

s cHmKeHust HeraTuBHOTO 3 deKTa onepanuy MpUBEIEHNUS THUIIOB, a
TaK¥Ke JJIsi TIOJIEPAKKH TOTUMOP(MHOr0 MPOrpaMMUpOBaHus B si3bike Cu++
BBOJATCA YeThbIPe JIONOJHUTEJIbHBIE ONlepaldy, IIPEeJHA3HAYCHHbBIE /I8 IIpe-
oOpa3oBaHus THIA BBIPAKEHUS. DTH ONEPAIMA UMEIOT JOCTATOYHO HETPUBH-
aJIbHBIIl CUHTAKCUC: CHa4YaJIa 3allUChIBAETCA KJII0YeBOe CJI0BO, 3a/1al011ee ole-
pauuio (static_cast, dynamic_cast, const_cast uiu reinterpret_cast),
3aTeM B YIJIOBBIX CKOOKAX CTABUTCS MMs HOBOTO THIIA U, HAKOHEII, B KPYTJIBIX
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CKOOKAaX 3aIUCHIBAETCS CAMO BBIPAXKEHUE, THI KOTOPOTO HEOOXOIWMO HU3Me-
HUTb, HaIIpUMep:

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

B ornwuune or oneparuy npusejienus TUIOB B s3bike Cu, KOTOpas mpUMe-
HSJIACH U1 BCEX CJIy4aeB CMEHbI TUIla, Kaxkjasd u3 onepaiuii Cu++ upen-
Ha3HAYEHa, JIJIsT CBOETO ciaydad. Tak, omepalnus const_cast Mo3BOJISIET CHATH
T, HA000POT, YCTAHOBHTE CKOJIBLKO YTOTHO MOAUPHIKATOPoB const®; momerr-
Ka CesiaTh C €€ TIOMOIIBIO J000e Apyroe n3MeHEeHNe TUIA BBI3OBET OIMUOKY
[IPU KOMIIUJIAINAN:

int *p;

const int *q;

const char *s;

/...

q = p; // voxHo 6ez mpeobpazoBaHuS
p =q; // oumbra! cHaTHe const

p = const_cast<int*>(q); // unpaBuibHO
p = const_cast<int*>(s); // oumbxra!

OrmeTnM, 9TO HAIMYNE B S3bIKE OMEPAIMN const_cast He OTMEHSET OMaCHO-
CTH TAKOTO mpeobpalzoBanus. PeambHas TOTPEOHOCTH B 00X01€ KOHCTAHTHOM
3alIUThl BO3HUKAET KPallHe DPEJIKO; IPexKje 4eM HPUMEHSTb Ipeodpa3oBa-
Hue, 1nojayMafite, BCE Jid Bbl IPABUJILHO Jejaere, He 3a0bliau Jiu Bbl, HALIPU-
Mep, TIOMETHUTh CJOBOM const (hyHKIIHIO-METOI, HE U3MEHSIIOIIYI0 COCTOSHIE
o0bekTa, u T. 1. Jdjisi mpuMeHeHns: onepanuu const_cast HeOOXOAMMBI
OYeHb BECKHeE MPUYMHbBI, U CAaKpaMeHTAJIbHOe «be3 Heé He paboTaeT»
TAaKOM MPUYNHON He ABJIgeTca. B HEKOTOPBHIX MPOrpaMMUCTCKUX KOJIIEK-
THBAX HA KayKJ0€ IIPUMeHeHne const_cast HeoDXOAUMO JTMIHOE PA3PEIeHIe
PYKOBOIMTENST Pa3pabOTKH.

Omnepanusi static_cast mpenHasHadena Jjst pabOTHI C HacJeayeMbIMI
00beKTaMu ¥ TIO3BOJIAET MPe00PA30BATh YKA3ATE b UM CChLIKY B HAIIPABJIE-
HUHU, TPOTUBOIIOIOXKHOM 3aKOHY TOJUMOPdu3Ma, T.e. 0T 6a30BOro KJacca K
nopoxkaéaaomy. IlonbiTka mpoussecTu 1060€e Apyroe mpeodbpa3oBaHme BbI30-
Ber omuOKy. [IpuBeném nmpumepsr:

class A { /* ... */ };

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

A xap;

B *bp;

C *cp;

STaxske 3Ta omepamus paboraeT ¢ MoaudHKATOPOM volatile, KOTOPHI Mbl B HAIIEM
KypCe He PACCMATPUBAEM.
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/...

ap = bp; // MoxHO 6e3 mpeobpasoBaHUA
bp = ap; // ouubka!

bp = static_cast<B*>(ap); // momycTmMo
cp = static_cast<C*>(ap); // oumbxa!

OrMerum, 910 JIEJIATh 9TO CIELYeT TOJIBKO B TOM CJIydae, eCJu Mbl deticmeu-
MeAbHO YBEPEHBI, UTO TI0 JAHHOMY aJIPecy PacroyiokKeH 00HeKT MMEHHO TOTO
THMa, K KOTOPOMY Mbl HaMepeHbI NpeoOpPa30BhIBATH; WHOE B OOJIBINTNHCTBE
cjlydaeB IIPUBEJIET K aBaApPUM.

Omneparus reinterpret_cast mo3BoJsgeT mpou3BecTH JI000e mpeodpaszo-
BaHue (4ero yroiHo BO YTO YIOJHO), ECIIH TOJIBKO KOMIIMJIATOD IIOHUMAET, KAK
9T0 cAenarh (B 4aCTHOCTH, IPeoOpa3oBaTh OObEKTbL CIPYKTYD PA3HbIX TUIIOB
JPYT K APYTY HE MOJYIUTCs, MOCKOIHKY HEMOHSITHO, KaK TaKoe Mpeobpaso-
BaHWe NPOU3BOAUTH). PAKTUYECKH 3Ta ONEpalus SKBUBAJIEHTHA OINEPalUu
s3bika Cu, KoTopas 0003HAYAETCS UMEHEM THIA, B3ATHIM B KPYTJIbIe CKOOKH.
Pexomennyercsi, ograko, npuMeHsATh UMEHHO reinterpret_cast, a He ore-
panuio Cu, HOCKOJIBKY Takue mpeobpasoBanus TpeOyoT 0cOO0ro BHUMAHUS, &
BBIDA’KEHHE C NCIOJIB30BAHUEM reinterpret_cast jydine 3aMEeTHO B TEKCTE
MPOTPAMMBI, YeM WMS THIA B CKOOKAX.

Heckonbko ocoboe MecTo 3anHmMaeT onepanusi dynamic_cast. Tpu orme-
panuu, KOTOpPbIe MBI PACCMOTPEIH BBIIIe, CAy>KaT A4 yIPABJICHAS CUCTEMONI
KOHTPOJIA THUIIOB, T.€. JAJid yHIpaBJIeHUud KOMIUIATOPOM, U HE IOPOXKIAIOT
JefCcTBUI, OCYyHIECTBIAEMbIX BO BpeMs UCIOJIHEHUA HporpaMMb17. Ouneparust
dynamic_cast, B OTJINYHMe OT OCTAJIbHBIX, NPEANOIaraeT MpoOBeIeHNe HEeTPH-
BHAJILHOM NPOBEPKU 60 8pems ucnosrenus mporpammsl. Ilomobro onepannn
static_cast, onmepanus dynamic_cast npegHa3HavueHa A MpeoOpa30BaHM
a/IpecoB OOBEKTOB B HAIPABJIEHUH, IPOTUBOIIOJIOKHOM 3aKOHY OIuMOPdu3-
Ma, T. €. OT JIpeca mpeaka K aJapecy IMoroMKa. B ciydae co static_cast or-
BETCTBEHHOCTDH 3& KOPPEKTHOCTH TAKOI ONEpanyuu BO3JIAraeTcsa Ha MPOrpaM-
MHUCTa: UMEHHO MTPOTPAMMHUCT TE€M WJIM MHBIM CIIOCOOOM JIOJIZKEH NPOBEPUTD,
4T0 T1peobpasyemblii ajapec (0yab TO yKa3aresb WM CChLIKA) YKa3bIBAET Ha
00beKT Hy2KHOTO THura. Ecau ke npuMmennTs dynamic_cast, To OHA cama mpo-
BeIET HEOOXOAMMYIO IIPOBEPKY U B CJIydae, eCu IpeoOpa30oBaHue HEKOPPEKT-
HO (TO €CTh IO 33JAHHOMY aJIpecy B MAMATH HE HAXOAUTCS OOBEKT HYKHOTO
THUMa), BEPHET HYJIEBOI yka3are/b. [IpoBepKa, TakuM 00pa3oM, OCYIECTBIIsA-
€TCsI BO BpeMsl UCIIOJHEHNsI, T. €. JUHAMUYECKY, OTCIO/IA HA3BAHWE OIepalli.

IIpoBepka Tuita NpON3BOANTCS HA OCHOBAHUY 3HAYCHUS yKA3aTe s HA TaO-
JIAILY BUPTYAJIbHBIX (DYyHKIH; /1€JI0 B TOM, YTO Takas Tabaua yHUKAJIbHA

7KpOMe npeoOpa30BAHUS MEKAY LEIBIMHE YHCIAMK U YHCJIAMH C ILUIABAIOIIEH TOYKOI,
910 TpebyeT HEeKUX AefcTBUl; HHOT A ObIBAET HEOOXOAMMO H3MEHHUTD U UUCICHHOE 3HATCHIE
yKa3aTess, HO B HAIIeM Kypce He PaCCMaTPUBAIOTCS MEXaHU3MBI, TIOPOXKAAIONIUE TAKYO
HE0OXOIMMOCTh.
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JIJIST KaXK/IOTO KJIACCA, MMEIOIIEro BUPTYAJbHbIE METOMbI, T.e. €8 ajpec Of-
HO3HAYHO WAEHTUQUIUPYET Kaacc obbekTa. Takum oOpa3om, dynamic_cast
MOxKeT paboTaTh TOJLKO € KJIACCaMU (MM CTPYKTYPAMU), UMEIOIMMHU BUD-
ryanbhbie GyHKIWH. B HEKOTOPBIX HCTOYHUKAX TAKKE KJIACCHI HA3BIBAIOT 710~
AUMOPPHHBLMU, 9TO HE COBCEM KOPPEKTHO: KaK MbI BUJIEJIH, MOJIUMOPMOU3M B
OTIPEJIEIEHHOM CMbICJIe paboTaeT ¥ JJIsT KJIaCCOB, HE MMEIONINX BUPTYaJIbHBIX
dbyHKIMIA.

Ormerum e OWH HEMAJTOBAXKHBIM MOMeHT. OOBIYHO peanu3aluu
dynamic_cast Becbma He3I(]EKTUBHBI 10 BPEMEHHU HCIIOJHEHUs, T.e. Pabo-
TAT 04eHb MeieHHO. [loaToMy 3/10yoTpebIIsiTh UMU HE CJIE/Tyer.

§4.13. Emé o npeobpa3oBaHUN THUIIOB B
o0paboTuMKax MCKJIIOYEHUI

IIpu 06cy ) neHmn mpeodpa30BaHMil TUIIOB BHIPAXKEHU B 00PAD0OINKAX UC-
KJIIOYUTEIbHBIX cUTyanuil (cM. cTp. 84) Mbl OTMETH/IM, YTO OJHUM U3 HaU-
6oJtee BaXKHBIX BHIOB MPEOOPA3OBAHUS SIBIAECTCA IPeoOpPa30BAHKE IO 3aKOHY
nomuMopdu3Ma, OTHAKO MOAPOOHOE 0OCYKACHNE ITOTO OTIOKUIIH, ITOCKOIb-
Ky Ha TOT MOMEHT eIlé He ObLJIO BBEIEHO HACJIEIOBAHUE.

Bossparmasach K 3ToMy BOTPOCY, 3aMETUM, YTO TPETU U MOCTETHUNA BUT
JIONyCTUMBIX TPe0Opa30BaHMil OT TUIA BHIPAXKEHUS B Onieparope throw x Tu-
1y, yKa3aHHOMY B 3arojioBke catch — 310 npeobpazoBanue aapeca (T.e. yKa-
3aTelis WK CCbUIKH) 00BEKTa~-I0OTOMKA K COOTBETCTBYIOLIEMY aPECHOMY TH-
my oObeKTa-mpeaKa. Takum 0Opa3oM, eCii MbI OIUIIEM 1B KJ1acCa, IPUIEM
OJIMH YHACJEIYeM OT IPYTroro:

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

TO 00pabOTIMK BUIA
catch(const A& ex) { /* ... %/ }

CMOXKEeT 00pabaThIBATh UCKJIIOYEHUS 000UL TWIIOB, T.€. PE3YJIbTAT KaK OIe-
paropa throw A(...);, Tak u throw B(...);.

DTO CBOMCTBO HUCHOML3YETCS JIJIsl COBTAHUS UEPAPLTULL UCKAIOUUMENLHBLT
cumyayud. Hanpumep, Mbl MOXKEM MOJICJUTH BCE OMUOKH, BOZHUKAIONIUE B
KaKOi-1ub0 mporpaMme uian 6ubanoTeKe, Ha C/IeAYIONe KATerOPHH:

[ OHII/I6KI/I, BO3HHKAIOIIIHE 110 BUHE IIOJIb30BaTEJIA:

— CHHTAKCHUYECKHWE OMMOKY MpH BBOJE (HAMPUMED, OYKBBLI TaM, TIe
OKUJIAETCSA YUCIIO);

— HEMPAaBUJIbLHO yKa3aHo uMs daiiia;
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— HEMPABWJIHHO BBEJIEHHBIN TTAPOJIb;

— HezolycruMas KoMOuHauus TpeboBanuil (Hanpumep, 0JHOBPEMEH-
HOe TPeOOBaHWE YMOPSIOYNBAHUS MO BO3PACTAHUIO W MO YOBIBA-
HHUIO);

e OmmMOKM, OOYCIOBIEHHBIE CPEJIOH BHITIOIHEHUS:

— TIepEeTOIHEHNE JINCKA,

— orcyTcTBHe (PAIOB, HEOOXOIUMBIX /I PAOOTHI;
— mpoure OmuOKY OTepaIuii BBOIA-BbIBO/IA;

— HEJIOCTATOK OLEePATUBHON IAMSITH;

— OIMMOKH MpHU pPaboTe C CeThIO;

— U T.II.

® CHUTYyaIlNH, CBUIETEILCTBYIONINE 00 OMMOKe B CAMOIl MpOTpaMMe U Tpe-
Oyromue eé ucrnpanjieHus (HAIpUMep, MepeMeHHas IPUHUMAET 3HAUe-
HEE, KOTOPOE [0 T€M UJIM MHBIM [IPUYUHAM IPUHAMATH HE JIOJIZKHA).

Omumem Teneph Kjaacc Error, COOTBETCTBYIOMWIA MOHATHUIO «JIH00as Ommo-
Ka». B mosiHOM cooTBeTCTBHMU € TPUHIUOAME OOBEKTHO-OPHEHTHPOBAHHOTO
[IPOrPaMMUPOBAHUS IEPEiIEM OT 00IIero K YacCTHOMY, YHAC/IEI0OBAB OT KJIac-
ca Error noaksaccel UserError, ExternalError u Bug juis obo3navenust,
COOTBETCTBEHHO, MOJIb30BATEILCKUX OIMMUOOK, BHEITHUX OIMMUOOK W OIMMOOK B
nporpamme. Ot kjacca UserError, B CBOIO OYe€peb, YHACIEIyeM KJIACCHI
IncorrectInput, WrongFileName, IncorrectPassword u T. 1.
ITocoe sToro obpaboramk BuIA

catch(const IncorrectPassword& ex) { /* ... */ }

Oyzmer oOpabaTbIBATh TOMBKO UCKJIIOYEHHsI, CBA3AHHDIE C HEIPABUIbHBIM TIa-
poseM, Toraa Kak 0opabOTIuK BHIA

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

OyzIer pearmpoBaTh Ha JIIOObIE OMIUOKH MOJIB30BATENA, UTO K€ KAacaeTcs 00-
paboTurka

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

TO OH CMOXKET «I1I0MMaTby» BOOOIE JIIDOOE UCKIIIOYUTEJbHOE COObITHE U3 Halllel
MepapPXHM.

IToguepkuém, 9TO TaKoe IMpeobpa3oBaHne paboTaeT TOJbKO JJIs ajl-
pecoB, a He 11151 O0bEKTOB KaK TAKOBBIX; IMEHHO II03TOMY MbI B HAIEM IIPU-
Mepe B 3arojioBKax catch MCI0JIb30BajIi CChLIKU.

111



5. IH1ad/10HBI

B uporpamMmMmupoBaHuu 4acTo BO3HUKAIOT CUTYAIMH, B KOTOPBIX [IPOCTEIi-
[ITUM W OYEBUIHBIM DEIIEHNEM OKA3bIBAETCS HAMUCAHWE HECKOJIBKUX TOUTH
OZIMHAKOBBIX (& WHOIJIA U COBCEM OJMHAKOBBIX) (bparMeHToB Koja. VI3BecTHO,
9TO B TAKUX CIIy9asX NOUTH «OYEBUIHBIM» TYyTEM — UIesd KpaiiHe HeyaqHasd,
B€/lb TEKCTHI IIPOrPAMM YACTO HMPUXOAUTCH U3MEHSITH, UCIIPABJIATH OMNOKH,
J100aBJIITh HOBBIE BO3MOXKHOCTH, M €CJIU HEKHi (dpparMeHT Koaa Oyaer cy-
IIIECTBOBATH 0OJIEe YeM B OHOM HK3EMILISPE, BHOCUTH W3MEHEHUsT TPUIETCS
CHHXPOHHO B KaXKIbIl M3 9K3eMIIIpoB. [IpakTuka MOKa3bIBAET, YTO PAHO
WJIN TO3/IHO MBI PO KAKOW-HUOYIb M3 IKIEMILISIPOB 3a0y/1eM, UCIIPABUB BCE
KPOME HEro; BIPOYeM, JaXKe eCIu Obl He 3TO, MEXaHUIECKHU J1yOJIMpPOBATH O/
HU W T€ K€ NMPABKU B HECKOJbKHX MECTaX [POrPAMMBbI OKA3bIBAETCS [1€JIOM
YTOMUTEJIbHBIM U HEIIPUATHBIM.

Eciu dparMenTsbl, KOTOpbIE XOYETCsS HAMKUCATH JJisi OBICTPOTO PEIeHUst
BOBHHUKINEH 331291, PA3JIAIAIOTCI TOJBKO HEKOTOPBIME 3HA%EHUAMY (WMIH
He Pa3JIMyaloTCsa BOBCE), 60POThC C AyOaMpPOBAHUEM KOJA JIErKO: JOCTATOY-
HO BBIHECTH «COMHUTEJIbHBINY (DPATMEHT B OTIEIbHYI0 (DYHKIIWIO, B BMECTO
HECKOJIbKUX TIOYTH OJMHAKOBBIX KYCKOB KOJ/Ia B HAIllEl IPOrpaMMe MOSBATCS
BBI30BBI TOI (DYHKIMM; PA3/IMYaTbCd OHU OyAyT 3HAYEHUSIMU [1aPAMETPOB,
OpUYEM 3aMETUTh OTJINYWS TIPU YTEHUN TAKOTO KOIA OyIeT, pa3yMeercs, ro-
pas3o mpoie, YeM ecjin Obl MPUXOIMIOCh KaXK/IbIil pa3 CBEPSATH OOJIbINTe
dparmMeHTbl. AHAJIOTUYHBIM 00pa30M OOCTOAT [1€JIa TPU PAIAYUN [0 UMe-
HAM TIEPEMEHHBIX: Mbl MOXKEM B TAKOM CJIy9ae HANHUCATH (DYHKIUIO, B KOTO-
pyio Oyaer mepemaBaThCs aapec COOTBETCTBYIONMIEH ITEPEMEHHOM.

Ho uro genars, eciin Ham mOTPebOBAINCH TOYTH OMHAKOBBIE (PPATMEHTHI,
Pa3ANINS MEKIY KOTOPBIMH HE CBOAATCS K 3Ha4eHUAM 8uipacenud? CaMbrit
MIPOCTOI W 9aCTO BCTPEYAIOIIUICA IPUMED TAKOU CUTyallud — PAa3JIudue mu-
706 TIEPEMEHHBIX W BBIPAXKEHWI; KaK MOCTYIUTh, €CJIM HaM MOTPeOOBAIOCH
BBITIOJTHUTD OJIHYU U T€ K€ JAEfCTBUs, HO B OJHOM CJIy4ae — HaJ| IepPEeMeHHbI-
MM THIIA int, a B ApyroM — HaJ, nepeMeHHbiMu Tuia double?

B a3pike Cu B Takux cUTyanusix NPUXOIUTCA MPUOEraTh K OMPE/ICTEHUIO
MaKpOCOB, HPU4YEM 4HacTo — MHOrocrpounbix. Kaxkapiii nmporpammucr, Ha-
MUCABINWI XOTsS OBl ONWH MHOTOCTPOUYHBIH Makpoc Ha Cu, 3HAET, KaKoe 3TO
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yTOMUTE/IbHOE ¥ HeOJaromapHoe 3anarue. B ciaydae, ecam B onpeneneHue
MaKpOCa BKPAJIACh OMMUOKA, HAMTH €€ OyIeT HEMPOCTO, MPUYIEM JTaKe He CPa-
3y CTAHOBUTCS MOHATHO, 9TO OIMUOKA KPOETCs TAE-TO B MaKpPOCe, TOCKOIbKY
KOMITAJIATOP B COODIIEHNH 00 OIMNOKE YKA3bIBAET HE HA TEJI0 MAaKpOca, a Ha
TO MECTO, I'/Ie MaKpoC BbI3BaH. Boobmie, makponpoueccop sa3bika Cu, u3 co-
obpaxkeHuii COBMECTUMOCTH BKJIIOUEHHBIH u B Cu-++, mpeacrasiser coboit
CPeCTBO OMACHOE B NMPUMEHEHWW W KpaiiHe Heym00HOe, YTO MHOTOKPATHO
OTMedYalnT MHOTHE aBTOpbI, BKIoUas Crpaycrpymna. OmHako Bpes or ayosm-
poBaHUs KOJa OKa3bIBaercs eré Gosibie, Tak 9410 npu padore na Cu B psme
CJIy4a€B MHOI'O BBIXOA HE OCTAETCs.

B a3pike Cu++ w3 OOJBIIMHCTBA TAKWUX MOJIOYKEHWH MOYKHO BBINTH, UC-
MONb3YsT UWaOAOHDBL, KOTOPBIE IETATCA Ha MAOMOHBI (PYHKIHHA U ITAOTOHBI
kJaccoB. OOmiast ujes Tex u APYrux COCTOMT B TOM, 9TO MbI HUIIEM KaK Obl
3aroTOBKY /Uit (DYHKIMK UM KJIACCA, KOTOPAsl PU KOHKPETUBAIUU HEKOTO-
PBIX TTAPAMETPOB MOXKET TPEBPATUTHCS B HACTOAIILYI0 (DYHKIWIO WJIH, COOT-
BETCTBEHHO, KJjtacC. B kauecTBe mapamMeTpoB mad/I0Ha, Jallle BCErO BHICTYIAIOT
WMEHa TUTIOB BBIPAYKEHUH, HO MOTYT BBICTYIATH W 3HAYEHHUS [EJIOr0 TUIA, a
B HEKOTOPBIX CIENUMUIECKAX CIydasX U aJpecHble BbipaxKkenus. Pazymeer-
csi, OUH MABJIOH MOXKHO HCIOJIB30BATH I CO3JAHUS HECKOJIbKUX PA3HBIX
byHKINN UM KJIACCOB, OTJANYAIONIAXCS APYT OT APYra TOJIBKO 3HAYEHUSIMU
HEKOTOPBIX MapaMeTpoB. Ba’kHO moHMMAaTh, 9TO IMABGJIOH — 3TO eImé
HEe KO/I, 3TO JIUIIIb 3arOoTOBKA JJIs Ko/a. Briojine 10mycTuMo BocpusaTue
MabIOHOB KAK TAKUX «YMHBIX MAaKPOCOB».

§ 5.1. IITabisionbl dyHKIMIT

Pacemorpum ayist npuMepa OyHKIHIO, COPTUPYIOIYIO MACCUB IEJIbIX UH-
CeJl METOJOM «ILy3bIpbKay (KOHEYHO, 10T MeTon HedhMEKTUBEH U B Peailb-
HOM 2KWU3HM €ro JIy41IIe HE IPUMEHSITh, HO LISl TPUMEPA, OH BIIOJIHE NOJ0HIET):

void sort_int(int *array, int len) {
bool done;
do {
done = true;
for(int i=0; i<len-1; i++)
if (array[i] > array[i+1]) {
int tmp = array[il;
array[i] = array[i+1];
array[i+1] = tmp;
done = false;
}
} while(!done);
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Ilycts Teneph HaM moTpeboOBaach Takas Ke (PYHKIHSA JIJIsT CODTUPOBKA
MaccuBa n3 umcesa Tuna double. Vcnosb3oBarh UMEIOIIYIOCS (DYHKIHIO MBI,
MOHATHOE JeJI0, He CMOYKEM: YUCTIA C IJIABAOIIEd TOYKOM COBEPIIIEHHO NHAYE
CPABHUBAIOTCSH U MMEIOT APYroit pazmep. Mexmy Tem, eciu Mbl BCE-TaKd Ha-
numem Gynkuuio sort_double, ona Oyzer orimuarscs or sort_int Bcero
B JIBYX MeCTax: B THUIle IapaMeTpa array U B THUIE BPEMEHHOI IepeMeHHO
tmp, 6osbie Hurae. [lockoabky aAyOaupoBaTh KOJ TAKUM 00Pa30M COBEPIIIEH-
HO HEJIOMYCTUMO, TPUXOJUTCS KAK-TO BBIKPYIUBAThHCs. B a3bike Cu jiist 9T0-
IO TIPHUIILTOCH ObI CO3JATH C MOMOIIBI0 TUPEKTUBLI #define MHOTOCTPOYHBII
MaKpOC C OJHUM IIapaMeTPOM, 33JaI0IKUM KaK Pa3 TUIL 3JIEMEHTOB COPTUPY-
€MOr'0 MaCCUBa U, COOTBETCTBEHHO, TUI ITIEpEeMEHHOH tmp.

B Cu++ mpobiembl, mOI00HBIE BBIMIEONUCAHHON, MOXKHO PEIUTH C IO0-
MOIIbI0 wabaoros. Kak yxe TOBOPUIOCH, TMIAOJIOH — 3TO CBOETO POJA «3a-
rOTOBKay i (PYHKIUH; caM 10 cebe mabjaoH (PyHKIHMeH He SABJISIeTCs, HO
MO2KET ObITh B HEE MpeBPAIEH, eCu yKa3aTh 3HAYeHUs napamMeTpoB. B nau-
HOM CJIyde TapaMeTpoM Trabiona OyaeT THT 3JeMeHTOB MaccuBa. Omnuirem
3TOT ITIAOJIOH:

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

}
} while(!done);
}

IMosicaum, 9TO KII0YEBOE CJIOBO template yKa3bIBAET KOMITUJISITOPY, 9TO A~
Jiee ToCeayer mabJIOH. 3aTeM B YIJIOBBIX CKODOKAX MEPEYUCIAIOTCA NGPG-
mempuvt wabaora, TPUYEM CIOBO class O3HAYAET HA CAMOM JIEJI€ NpPou3-
B80ALHBLT MUN, & HE TOIBKO Kacc. Takum obpa3om, Hall mrabIoH UMeeT OIIH
napamerp (¢ umenem T), B KauecTBe KOTOPOI'O OKUJAETCs yKA3AHUE HEKOEI'O
tuna. Jlanee ciemyer Teno (DyHKINH, B KOTOPOM HAeHTH(UKATOP T UCTOJIB3Y-
eTcs B KA4eCTBe TUMa. ICHO, 9TO TAKOEe TEJI0 HEBO3MOXKHO OTKOMITMINPOBATH
B OOBEKTHBIHN KOJI, TTOCKOJbKY HEM3BECTHO, KAKOW THI 0003HAYAETCS MMEHEM
T, KaK BBIIOJIHATH UHAEKCUPOBAHME B MACCHUBE M3 TaKUX JEMEHTOB (Belb
pa3Mep 3JIeMEeHTa TOXKE HEU3BECTEH), KAK BbIIOJIHATH IPUCBAMBAHUE U CPAB-
menne. Mbl mosydnin, TakuM 00pa3oM, He (DYHKIIHIO, a JHUIIb «3arOTOBKY »
dbyukmu. Dra 3aroToBKa (IMAGIOH) UMEET MMs SOrt.
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YT00bI Temepb 3aCTABUTH KOMITHJISATOP MOCTPOUTH (DYHKIMIO HA, OCHOBE
a0JI0HA, TOCTATOYHO YKA3aTh KOHKPETHBIN THUIT, KOTOPBIA OyIeT MCIOIb30-
BaTbcd BMecTo T. DTO JETaeTCs TOXKE € TMOMOIIBI0 YIVIOBBIX CKODOK; BbIpa-
KeHue sort<int> oboznadaer (YHKIUIO [Jisi COPTHUPOBKH IETOIUCIEHHBIX
MAaCCUBOB, MOJIyYEHHYTIO U3 Mab/I0Ha sort ¢ UCMOJIb30BaHMEM THTA int B Ka-
4eCcTBe 3HaQUEHUdA napamerpa T:

int a[30];
// ...
sort<int>(a, 30);

Takum xe To9HO 0O6pa3oM sort<double> obo3nadvaer QyHKIHIO [Ajig COPTHU-
POBKH MaccuBoB m3 uuces tuma double. Bosaee toro, mabmoH roguTcs s
COPTUPOBKYM MAaCCHBOB M3 3JIEMEHTOB MPOW3BOJHHOIO THIA, HYKHO TOJBKO,
9TOOBI JJI STOTO THUIIA CYIIECTBOBAJ KOHCTPYKTOP MO YMOJYAHUIO (BIPOYEM,
UHaYe He CMOT Obl CYIIECTBOBATH U MACCHUB), ObLIM OIPEIEsIeHbI Onepalms <,
HCIIOJIb3yeMasi B HAIeM ITabJIOHe [isi CPABHEHHWsI, W OIepPaIlus MPUCBANBa-
HUHA.

Ilosrygenne yuknmm u3 mabaI0HA HA3BIBAETCSI UHCMaHUuauued mab-
JoHa. KOMIUIATOp HHCTAHIIMUPYET KaXKIyt0 (DYHKIWIO TOJIBKO OIUH Pa3, T. €.
€CJIU B HAIIIEM MOJIyJIe TPUK/IbI BCTPETUTCS BbI30B (hYHKIINK sort<int>, KOx
Jist Heé OyeT CreHEPUPOBAH JIUIb €IUHOXK IbI.

WNurepecno, 4To B paze CiiydaeB MHCTAHIIMAPOBAHHYO (DYHKIIMIO MOYKHO
BBI3BATH, HE yKA3bIBad IapaMeTphl mabiioHa; B YACTHOCTHU, BbI30B

sort(a, 30);

Oyzier BIIOJIHE KOPPEKTHBIM. 110 Tuiry mapamerpa a KOMIUJISTOD «JI0Ia/1aeT-
Cd», 9YTO UMeeTCd B BUY UMEHHO sort<int>. STa BO3MOXKHOCTBH HA3bIBACTCA
A8MOMAMUYECKUM B8bl8OJOM APR2YMEHTNOE UaDAOHA; 3a0erast BIIEpE,
OTMETHUuM, 9TO IJId H_Ia6J'IOHOB KJIaCCOB TaKOH BO3MOXKHOCTH HET.

§ 5.2. IITabJioHBI KJIaCCOB

Yrobbl TOHATH, 3a4eM HYKHBI MIAOJOHBI KJIACCOB, BCIOMHUM TIPH-
Mep, KOTOpbIii Mbl mpuBomwiau B §2.20. HamomuwmM, 9TO MBI paccMarTpu-
BAJIU PA3PEAHCEHHBLT MACCUB UeAbT wuces. 1Ipu 3TOM MbI HAMKUCAIH KJIACC
SparseArrayInt u NOMYMHEHHBINA eMy Kiacc Interm.

Ecan nam morpebyeTcst Tenepb pa3peKeHHbIH MacCCUB TUCEJT APYTOTO TH-
IIa WM, CKaykKeM, Pa3pexKeHHbIl MaCCUB CHMBOJIBHBIX CTPOK, TO KOJ KJacca
SparseArrayInt npuaércs NOJHOCTHIO AyOIMPOBATH C MUHUMAJIBHBIMU W3-
MEHEHUSIMHU, 9TO, KaK MBI y»Ke TOBOPHUJIH, HeaomycTnMo. CyIecTBeHHo mpa-
BHJIbHEe Oy/IeT IPEeBPATUTDH CYIIECTBYIOMIMNA KOJ JIJIsl IIEJIOUHCIEHHOIO MACCH-
Ba B 1m1abJIOH MACCHBA MIPOU3BOJILHOrO THia. llepenuiem 3aroi0BoK Kiacca,
MPUBENEHHBIN Ha CTP. 64, B BUe MabIoHA:
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template <class T>
class SparselArray {
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);
};

friend class Interm;

Interm operator[] (int idx)
{ return Interm(this, idx); }
private:
SparseArray(const SparseArray<T>&) {}
void operator=(const SparseArray<T>&) {}
1

ObpaTuTe BHUMaHUE, 9TO Be3/e K CJIOBY SparseArray mbl mobaBiisiem mapa-
MeTp <T>, 3a HCKIIOUYEHNEeM UMEHU KJIacca U UMEH KOHCTPYKTOPOB U JIECTPYK-
TopoB. [eso TyT B TOM, 4TO OTHOCUTEJIbHO CAMOro Kjacca (r.e. mabiaona)
KOMIIWJIATOP W TaK 3HAET, UTO OMUCHIBAETCS TMIA0IOH, U TO K& CaAMOe MOYKHO
CKa3aTh MPO KOHCTPYKTOPHI U JIECTPYKTOPHI; KOT/JA K€ pedb HUJET O TUIAX
mapaMeTrpoB B (OYHKIWSAX, O THUIIAX yKA3aTeseil, U, HAKOHeN, 0 KOHKPETHOM
JPYyKEeCTBEHHOM KJjlacCe — TO TeOPEeTUYECKU B KadeCTBE TAKOBBIX MOI'YT BbI-
CTyHaTh JII0ObIe KJIACCHI, B TOM YHCJIE€ CO3JAHHBIE U3 ITOrO Ke ImabiioHa, HO
¢ napamerpom, owmdabiM or T. IlosTomy Tun npuxomaurcs yka3blBaTb I10JI-

HOCTBIO.
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QYHKIMI-METOAbI HAIIEro MmabjIOHa, KJIACCA TOXKE MPHUIAETCS OMUCHIBATH
KakK mabsnonsl. Hanmpumep, onucanme aeCTpyKTOpa MPUMET CJIEIYIONNI BUI;:

template <class T>
SparseArray<T>::~SparseArray () {
while(first) {
Item *tmp = first;
first = first->next;
delete tmp;

}

a oIeparuio MPUCBanBaHus n3 Kiaacca Interm HyKHO Oy/e€T OMUCATH TaK:

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

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

O6parure BHUMAHUE, 9TO [IPU PACKPBITHH OOJACTA BHIAMMOCTH HAM IIPUXO-
JIATCsl B IBHOM BHUJIE YKa3bIBATh, KAKOH K.aacc (& He Mab/IoH KIAcCa) Mbl MMe-
€M B BH[Y, TO €CTh MucaTh SparseArray<T>, a He mpocTo SparseArray. 910 u
MTOHSITHO: COOTBETCTBYIOIIHIA METO/T OyIeT PUCYTCTBOBATH B KAXKIOM KJIACCE,
[OCTPOEHHOM 110 HAlIeMy IAGJIOHY, HO Beb 3T0 OYIyT pasdtbie METOAbI (XOTs
U IIOCTPOEHHbIE 110 OAHOMY U TOMY K€ wabaony merona). Boobwe, eeszde, ade
N0 CMBLCAY NPEONOAGZAETNCA UMA MUNG, Mbl JOAHCHDL NPU UCTLOAL30BAHUY
WabAOHG YKA3AMb 3HAYEHUA OAA NAPAMEMPOS WaAbAOHA, 4MOObL NOAYHUMS
mun; uMs 1abJIOHa KJIacca 6€3 yIJIOBBIX CKOOOK U MapaMeTpoOB HCIIOIb3YeT-
Csl TOJIBKO B TPEX CJlydasX: B HaYaje olucaHus mabiona (Korua, COGCTBEHHO
roBops, 3adaémes uMs WAOJIOHA), IPU OLMCAHUU KOHCTPYKTOPA U [IPH OLK-
CAHUW JIECTPYKTOPA.

Omnucarh MabIOHBI JJIs OCTAJIBHBIX METOJIOB SparseArray TpeoCTaBUM
YUTATEJI0 CAMOCTOSITEIFHO B KAU€CTBE YIPAKHEHNUS.

§ 5.3. Crenuaaunsanus 1adJIOHOB

A3bik Cu++ mosBossier 3axarb CBOW (OTJAMYHBIA OT 00MIEro) Buj mab-
JIOHA, JIjI YaCTHBIX CJIy4aeB ero IapaMeTrpoB — IIOIPOCTY FOBOPs, IIPABUIIO
BH/A «B TAKOM CJ1y4ae '€HEPUPOBATDH BOT TaK, BO BCEX OCTAJIbHbBIX CJIY4aiX —
B COOTBETCTBUU C OOIIUM TIAOTIOHOM ».
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JonycTum, HaM 3aX0TEI0CH UCITOJIB30BATD MA0JIOH (DYHKITHH COPTUPOBKH,
NpUBEIEHHBIA Ha CTP. 114, 119 COPTUPOBKH MACCHUBA yKa3aTesleill Ha CTPOKH
(ykazaresieli Tuna char*), 4To6bl PACIOIOKHUTH COOTBETCTBYOIIUE CTPOKU
B Jekcukorpadudeckom («asudasurHoms) nopsike. IIpobiaema B ToM, 4TO
abJIOH B TOM €r0 BEPCUM, KOTOPasi HAMU PACCMATPUBAJIACH, UCIIOJIb3YET JIJIst
CPABHEHWS JJIEMEHTOB OMEPAINIO «<», & 9TA ONEPAIUsi XOTS W OIPEIeIeHA
U yKasaTejeil, HO HUKAKOrO0 OTHOINEHNS K aJi(paBUTHOMY MOPSIIKY CTPOK
He umeeT. Penrenne, 0HAKO, OKA3bIBAETCS [TOCTATOYHO MPocThiM. s Hagama
3aMEHNM 3HAK «MEHbIIIey» Ha BbI30B (DYHKIWMK, KOTOPYIO HA30BEM, HAIIPUMED,
sort_less:

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

}
} while('done);
}

Camy dyuKImo sort_less onuiieM TOXKe ¢ MOMOIIBIO NAOJIOHA:

template <class T>
bool sort_less(T a, T b) { return a < b; }

B pesysnbrare miis Bcex THIOB, /Jisi KOTOPBIX MMEETCs OIEPAIis «MEHbBIIEy,
mabsioH sort Oyzer mpoaosKarb paborarb Tak 2Ke, Kak paboras 10 mepe-
nenku; (PYyHKIHNIO sort_less KOMIUISTOP OyIeT KaxXKIblii pa3 TeHEPUPOBATH
aBTOMATUYECKN KaK OOBIYHOE cpaBHeHWE. HaM 0cTasoch TOIBKO MpesyCcMOT-
pPeThb OCOOBIA Caydail [y CpaBHEHHS 3JIEMEHTOB Tuia char*, m TyT MBI KaK
pa3 u npuberueM K A8HOU CNEUUAAUSAUUL.

Onucanue ciydas $IBHON CIEMUAIU3ANUN HAYMHAETCs, KaK OOBIYHO, CO
coBa template, HO YIJIOBBIE CKOOKH TOCJIE HETO OCTABJIAIOTCS MYCTHIMY, UTO-
ObI TTOKA3aTh, 9TO 9TO, C OJHON CTOPOHBI, MAOJIOH, HO, C JAPYTOil CTOPOHHI,
amom 1MabJoH HUINETCS Ui YaCTHOIO CJIyd4asi, He 3aBUCHAIIEr0 OT JOIOJI-
HATEIbHBIX HapaMeTpoB. Jlajee 3ammchiBaeTcs uMs MIAOJIOHHON (DYHKIINH,

IpHYEM B HEKOTOPBLIX CIydasx' HeobXOOMMO BMeCTe ¢ IMeHeM YKa3aTh BCe

'B wamewm cayugae 910 He 0083aTE/IBHO, HOCKOJBKY apaMeTp mabjioHa BHIBOAUTCA U3
THIIA TAPAaMEeTPOB (PYHKIMH, TAK UTO IapaMerp mabjoHA B UMEHU (DYHKIIUHA MOXKHO OIY-
CTUTH; HO B CJydae, KOrJa IapaMerp mabJjoHa ¢ THIAMHU IapaMeTpoB (MOYHKIIUHM He COBIIA-
IAaeT, YKa3aTh ero BCE ke IPHIETCS.
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napamerpbl mabsona (B HaIIEM Ciiydae — OAuH napamerp). Bcé BmecTe BbI-
TJISAIUT TaK:

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

return strcmp(a, b) < 0;

}

g KOMOUISTOpa 9TO O3HAYAET TPUMEPHO CJeAyroiee: «Oyab J00e3eH,
mabyion sort_less gy caydas sort_less<const char*> obpabarbiBail B
COOTBETCTBUU C BOT HTUM TEKCTOM IIADJIOHA, & HE KAKUM-JIA00 WHBIM».
EcrecrBento, u mabyioH Kjracca TOXKE MOXKHO HOJBEPIHYTH CHEIUATIN3a-
nmu. Hampumep, ecin Ham TIoTpebyeTcst pa3peryKeHHbI MACCHB SJIEMEHTOB TH-
ma bool, MBI MOYXKeM, KOHETHO, BOCIIOIB30BATHCS TTAOJIOHOM U3 § 5.2, HO, KaK
JIETKO 3aMETUTh, TaKasl PEATU3AIHA OKAYKETCsI HECKOJBKO CTPAHHON: BeIb TUIT
bool uMeeT BCero JBa 3HAYEHUs , & JJIsi PAZPEKEHHOTO MACCUBA ITO 3HATUT,
49TO, €CJIU HJIEMEHT BOODIIE XPAHUTCH B OOBEKTE, TO ITOT JIEMEHT UMEeT 3Ha-
4eHne true (MOCKOIBKY ecau ObI OH MMes 3HaueHne false, OH OBl B 0ObEKTE
HE XPAHWJICS: MACCUB-TO pa3pexKeHHbii). Cliem0BaTe/bHO, SJIEMEHThI CIIUCKA,
Ttem /ijist 9TOrO CIIy4asi JOIHYHO OBl C/IEJIATh COCTOSIIUMU U3 JIBYX, & HE U3
TPEX noJieil (TO eCcTh XPaHUTh HOMED JIEMEHTA U yKa3aTelb HA CJEeILyIoumil
DJIEMEHT, a 3HAYEHUE HE XPAHUTD, [IOCKOJbKY OHO U TaK u3BeCTHO). Boubiie
TOTO, MHOYKECTBO TIEJIBIX UHMCET HAM MOXKET MOKa3aThCs yaoOHee XPaHUTh B
MacCHBe, a He B CIHCKe, U T. 7. MeXaHnu3M CIernnaan3auii mo3Bosser co3/1aTh
oT/esIbHOE omnucanue 1absaona SparseArray ajs caydas T == bool:

template <>
class SparseArray<bool> {
// ... peamuzsanus 6yJIE€BCKOI'O DPa3peXeHHOI'O MaCCHBA ...

};

s mabsioHoB KJyiaccoB s3biK Cu-++ MpeayCMaTpUBaET “aACMUNHYIO
CNEUUAAU3AUUIO, TPY KOTOPOH CIEIMATN3UPY IO BAPUAHT 1M1a0JI0Ha, CaM
mo cebe TOXKe 3aBUCUT OT mapamerpoB. Takoil creruanu3aTrop HAYHHAETCS
co cjioBa template, mocjie KOTOPOrO CIEAYET HENYCmMOl CIUCOK MapaMeTpOB
mabJIoHa; IIPU STOM [TapaMETPhI B 3aroJIOBKe IIa0I0HA, BOOOIE rOBOPs, MO-
IYT HE COBMAJATH (UJIM COBMAJATH HE MOJHOCTHIO) C TTAPAMETPAMU OIHCHIBA-
eMoro 1mab/IoHa; TP 3TOM (PaKTHIECKHe TTapaMeTphI MadI0Ha yKa3bIBAIOTCS
B YIVIOBBIX CKOOKax mOCj€e ero mmeHu. B mpocreiimem ciydae O 9acTUIHOM
CIENUATU3AINT Pedb UIAET, eCIH 3aaETCsl KOHKPETHOe 3HAYEHUE OHOTO UJTH
HECKOJIbKHX, HO He 6cexr mnapamerpoB mabsona. Tak, eciu y Hac umeercs
mabson Cls, 3aBUCSINNI OT IBYX TMAPaMETPOB:

template <class A, class B>
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class Cls {
/* ... x/
};

TO MOXKHO 33/I1aTh CHeNUAJIN3UPOBAHHBIN BApMAHT, HAIPUMED, AJd Caydas,
KOrJIa rmapamerp B ecTts Tun int:

template <class X>
class Cls<X, int> {
/* ... %/
}s
Bonee crnoxubliii ciydait 9acTUIHON CIIENUATA3AINNA BO3HUKAET, KOI/IA B 3a-

rosioBke 1abiiona ykasbisaercs Hekuil tun (class T), a B OLUCHIBAEMOM THIIE
HCIIOJIBL3YeTCA yKa3aTelb WK CChIJIKA Ha T, HampuMep:

template <class Z>
class Foo {
/* obuas peamusanus wabnoHa Foo */

};

template <class T>
class Foo<Tx*> {
/* crenumanpHas peanmsanus Foo mud ykasarened */

};
B 3toMm cirydae MblI MHHCTPYKTHPYEM KOMIHUJSTODP, YTO 1m1absion Foo cienyer
MHCTAHIIMMPOBATH CIIEIHATBLHBIM CIIOCOOOM, €C/IM B Ka4eCcTBe ero rnapamerpa
33/IaH TUI-YKa3aTe/b, U OOBbIYHBIM CIIOCOOOM — €C/IM 33JIaHHbIH IIapaMerp
yKasaTejeM He sIBJIsSerCs.

Ormernm, uto s mabaoHoB GyHKIUA (B OTIMYKE OT MIabJIOHOB KJIAC-
COB) YaCTUYHAS CHEIUAIN3AIU 3AIPEIIEHA, TOCKOIbKY B COYETAHUN C TI€Pe-
TPY3KO# IPUBOIUT K HEXKEJIATENHHBIM ITOCTIEICTBAAM.

Eug ogun HeMa/lOBayKHBIM MOMEHT COCTOUT B TOM, YTO B TEKCTe IIPO-
IPaMMbl CIELUAIU3UPOBAHHDBIN (IIOJIHOCTHIO UM YACTUYHO) BAPUAHT 11a0JI0-
Ha BCETJa J0JKEH HAXOANThCS MOCJe OOIIero.

§ 5.4. KoHcTaHTHBIE BBIPpA>KE€HUS B POJIA
nmapaMeTpoB IIabJIOHA

ITapamerpamu 1mabI0HOB MOTYT OBITH HE TOJBKO THIIbI, HO W OOBIYHBIE
KOHCTAHTHBIE BBIPAXKEHHs, Jallle BCEro Leaodnciednbie. MHorue aBropsl -
JIOCTPUPYIOT 3TY BO3MOXKHOCTD Ha [IPUMEPE 3aJaHusl [PAHMI] MACCUBOB; TaK,
Mbl MOLJIM Obl B HaeM 1abJIoHe JJjis COPTUPOBKHM MACCUBOB CIEJIATH Pa3Mep
MaCCHBa TTAPAMETPOM wWabA0Ha, & He (DYHKIIAN:
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template <class T, int len>
void sort(T *array) { /* peamusamus copTupoBru */ }

BOT TOJIBKO HE COBCEM ITOHSTHO, 3a9eM ITO JIeJIarTh. Keim, CKaXXeM, y HAC uMe-
IOTCs 1B [EJIOYUCIIEHHBIX MACCUBA, PA3HOTO pa3Mepa (Hampumep, 10 snemen-
TOB U 15) U MBI IPUMEHUM JIjIsl UX COPTUPOBKH TAKON BOT MIABGJIOH, TO KOMIIH-
JIATOP CreHepupyer dee pashoie pyHKIUU: sort<int, 10> u sort<int, 15> u
9Tu QYHKIIHA OYIYT MPEeACTaBIATh CODOH abCOMIOTHO ONMHAKOBBIE (pparmem-
Thl UCIOJTHAEMOrO KOJA, OTJUYAIONIHECS TOJbKO OJHONH KOHCTAHTOH, TOrIA
KaK eCJIM MPUMEHSTH 1MabJ/IOH B TOM BUIE, B KOTOPOM MBI €r0 MHCAJIN PAHEE,
dbyurms Oymer odha (sort<int>).

CyuiecTBeHHO MHTEpecHee (XOTs 1 HAMHOI'O CJIOXKHee) Oyler Apyroil upu-
Mep. 3aJaauMCcs TEIhI0 CO3ATHh O0HEKT, PEATN3YIONHit N-MepHble MACCUBRI
JIJIS TTPOM3BOJIBHBIX 3HAYEHUi N, KOTOpbIE K TOMY Ke OyIyT aBTOMAaTHYe-
CKHU M3MEHSATH CBOW PAa3MEpHI IO JII00OMY M3 W3MEPEHUil, OJ00HO TOMY, KaK
MU3MEHsT CBOIO TnHy MaccuB IntArray, paccMorpennbiit navu B § 2.19.2. ITo-
CKOJIBKY HAM MOTUYT HOHAIOOUTHCS N-MEPHbBIE MACCHBBI SJIEMEHTOB PA3HBIX
THIIOB, PEa3yeM Hallly 3a/yMKYy B BHJ€ NabJOHa KJIacca ¢ TPEMsi HapaMer-
pamu: TepBbIil mapaMerp OyIeT 3a7aBaTh THUI JIEMEHTOB MAaCCHBA, BTOPOI
napaMerp (MMEIOIIii THUIl, COBIAJAIONIMI C THIIOM JJIEMEHTA) YKayKeT, Ka-
KO€ MCXOJHOEe 3HAYEHUE MPUCBAWBATDH 3JIEMEHTAM MACCHBA TIPU MX CO3IAHUM,
U, HAKOHEIl, TPeTuil mapamMerp — BbIpakeHwe TUA int — Oyaer 3ajaBarb
Koauvecmso uamepenuti maccusa. Illabon GymeT onuchIBATD OMEPAIUIO UH-
JIEKCUPOBAHUsI, KOTOPasi BO3BPAIIAET CCHLIKY HA OOBEKT, 33JaHHBIA TAKUM
ke TabJIOHOM ¢ TeMu ke (PaKTUIeCKUMHU MapaMeTPaMHu, TOJIBKO C yMEHb-
IMIEHHBIM HA €JUHUILy KOJMIECTBOM WM3MepeHui. ZICHO, 94TO Takoil BapuaHT
HE IPOXOJAUT Il OJHOMEPHOIO MAaccuBa (HE MOXKET XKe OH, B CaMOM JeJie,
BO3BPAILATH HOJb-MEPHbBIA MAaCCUB, BElb TAKOIO HE ObIBAET), HO 31eCh HAM
MTOMOKEeT YACTUYHAS CIENUAIU3AIUs: s CJIyYasi KOJIUYEeCTBA W3MEPEHUH,
PaBHOTO OJIHOMY, MbI ONHWINEM CIENUAIbHBIN CIydail Hamero mabJIoHa, B KO-
TOPOM OIEepalys WHIEKCHPOBAHUs OyIeT BO3BPAIIATH CCHLIKY HA IIPOCTOM
sj1eMeHT (TUIl KOTOPOrO 3aJaH IEPBbIM HapaMeTpoM IabiioHa).

C peanuszamueil OTHOMEPHOTO CJIy4as BCE Oojiee-MeHee MOHSITHO, JOCTa-
TOYHO B3ATHb y»K€ 3HAKOMBI HaM IntArray um mepejesiaTb €ro B ITaOJIOH.
Yro kacaercss BCEX MHOMOMEDHBIX CIy4YaeB, TO CAMBIH MPOCTOH CHocod ux
peanu3anuu — B3ATh BCE TOT XK€ JUHAMUYECKH PACIIUPAEMbII MACCUB, dJIe-
MEHTaMU KOTOPOTO Ha ceif pa3 OyayT BBICTYNATh yka3ameau HAa OOBEKTHI,
IPEJICTAB/IAIONINE MACCUB HA €IMHUILY MEHbINeH pa3MepHOCTH (IBYyMepHbI
MaccuB Oy/IeT peasin30BaH KaK MAacCUB yKa3aTeseil Ha 00beKThI OJHOMEPHbBIX
MaCCUBOB, TPEXMEPHbBI — KaK MaCcCHB yKa3aTeJsell Ha JBYMEpDHbIE, U T.I.).
JIjisi 9KOHOMUU MAMSITH YKA3ATETH MCXOIHO OYIyT HYJE€BBIMHU; COOTBETCTBY-
forme 06bekThl (N — 1)-MEepHBIX MACCHMBOB OYJyT CO3/IaBATHCS TOJIBKO IIPU
TIEpBOM OOPAIITEHUH K HUM.
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Urak, B OCHOBE 06OMX C/Iy4aeB HAIIErO MACCUBA, (KAK OJHOMEPHOrO, TaK U
JIBYyMEPHOI'0) OKA3bIBAETCH OJHOMEDHBII MACCUB, aBTOMATHYECKH PACIIUPSIO-
muiics npu HeoOxoauMocTu. JIBazK/1bl Pean30BbIBATH 3TY CYIIHOCTH COBEP-
[IEHHO HU K 9eMy, TeM OoJiee YTO B HAIIEM PACIOPSKEHUH UMEeTCs MEXAHIU3M
mabsionoB. Hauném ¢ peanmsanny JUHAMUYECKN PACITUPSIONIETOCS MACCUBA
C TIPOU3BOJILHBIM THUTIOM 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) deletel] p; }
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; it++)
new_array[i] = i < size ? p[i] : init;
if(p) deletel[] p;
P = new_array;
size = new_size;

// 3ampeTHM KONNpOBaHWE W IPUCBAWBAaHUE
void operator=(const Array<T>& ref) {}
Array(const Array<T>& ref) {}

3

[Tonpo6HO KOMMEHTHPOBATE ITOT NMAOJIOH MBI He OyIeM, TOCKOIbKY pean3a-
U4 MOYTH JIOCJTOBHO MOBTOPSAET peajn3anuio kaacca IntArray, octanoBuMcs
TOJIBKO HA OTJINYHUsSX. BO-TepBbIX, MbI J00ABUIN 3/€Ch TOJIE init, 3HAYEHNE
KOTODOrO, 33/1aBa€MOE B KOHCTPYKTODE, [IPUCBAMBAETCS HOBBIM (HE CyIIECTBO-
BaBIIUM DaHee) 3JIeMEeHTaM MaCCHBA IPU €ro paciupenuu. Bo-Bropbix, pas3-
Mep MaCCHBA HCXO/HO IPUHUMAETCd HyJsieBOi, a e 16, kak B IntArray. Hy
M, KOHEYHO, KJIacC MMpeobpa30BaH B 1a0JI0H, YTO TOXKE CYIIECTBEHHO.

Nmes sTOT KItacc, Mbl MOXKEM JIEI'KO PeAJIM30BaTh O0IIuii CiIy4dail Halero
MHOTOMEPHOTO MaccuBa. Hazoém 3Tor mabaon MultiMatrix u HamOMHWM,
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9TO OH IOJI’KEH paboTaTh MJs JII000TO KOJWYECTBa, M3MepeHuit, O66abIrero
€/IMHUIIBI, & OJITHOMEPHBIN CJIydail Mbl IOTOM OMIUIIEM IIyTEM CIEeIAaTIU3aIH.

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 (tarr[idx])
arr[idx] = new MultiMatrix<T, init_val, dim-1>;
return *arr[idx];

};

MsI BOCTIOIB30BAIACEH 3/1€CH MTA0JIOHOM Array /st MOCTPOEHUsT MAaCCUBA, YKa-
sameneti Ha 3neMenTbl Tuna «(N — 1)-MepHbI MacCUB»; caM TOT THUIL 3313~
érca gepe3 cam ke mabmoH MultiMatrix, npudéM ¢ TeMH Ke MapaMeTpaMH,
9TO M Y UCXOAHOIrO MIabJ/I0HA, OTJIMYAETCS JIUIIb TPETH IapaMer], 33 1af0uii
royimuecTBO maMmepenuit. [logydaercs, uro onucanue 1radsona MultiMatrix
B OIIPEJIEJIEHHOM CMBICJIE PEKYDPCUBHO.

O0bekT MaccwBa ykaszareseil Mbl Ha3Baau arr. HamoMaWM, 9TO KJ1acChI,
ITOCTPOEHHBIE TI0 MADIOHY Array, NIPUHUMAOT B Ka4ecTBE MapaMeTpa KOH-
CTPYKTODPA HadYa/IbHOe 3Ha4YeHue, UCXOAHO [IPUCBAuBaeMOoe 3JIeEMEHTaM MacCu-
Ba; B JJAHHOM CJlydae 3TOT l1apaMerp — KoHcranrta 0, 4TO o3Ha4daer HyJeBOi
ykazarenb. cXomHo Bce 3JIEMEHThI MACCUBa HYJIEBBIE, W TOJHLKO MPU MEp-
BOM O0paIlleHnu K COOTBETCTBYIOIIEMY 3JIeMEHTY co3maércs oobekT (N — 1)-
MepHOro MaccuBa (CM. oneparop if B Tesie onepanyuu WHIEKCUPOBAHUSA).

Hakomer, omuirem 0a3uCHBIN Cay4dail — OJTHOMEDHBIH MaCCHB, TO €CTh
CIENMUATN3UPOBAHHDIA BapuaHT mabsoHa MultiMatrix gy ciaydas, KOrmaa
TpeTuii mapamerp mabJoHa PABEH eIWHWIE. JTO MOXKHO CIeJIaTh TOPa3Io
MIPOIIIEe, MOCKO/IBKY HOBBIN KJIacC (DAKTHIECKH MPEICTABISIET CO00 00EPTKY
BOKDPYI' COOTBETCTBYIONIEro obbekTa Array (OH, KAK U DaHbIIIE, HA3LIBAETCS
arr). O6éprka mobaBiisier ONepalyio MHIEKCUPOBAHUS M 3aJaéT apryMeHT
KOHCTPYKTOpa:

template <class T, T init_val>

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

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

}
};

[Tosydennstii mabI0H MOXKHO [IPOBEPHUTH, HAIPUMED, C IIOMOIIBIO TAKO
dbyHKIMYT main:

int main() {

MultiMatrix<int, -1, 5> mm;

mm[3] [4] [6][2] [7] = 193;

mm[2] [2] [2] [2] [2] = 251;

printf ("%d %d %4d %4d\n",
mm [3] [4] [6]1[2] [7], mm[2] [2][2][2][2],
mm[0] [1] [2] [3] [4], mm[1] [2] [3][2][11);

return 0;

}

IIporpamma namegaraer «193 251 -1 -1».

Henpivu guciaMu BO3MOXKHOCTH TTAPAMETPOB IMTAOJIOHOB HE MCYEPITbIBA-
forca. [lapamerpom 1mabIoHa MOXKET OBITH KOHCTAHTA JIF0O0OTO THIIA, N3BECT-
Has HA MOMEHT KOMIIMJISAIUU; B YACTHOCTHU, MOYKHO C/IeJIaTh 1IA0JIOH C mapa-
MeTpoM THuma double m MHCTAHIIUUPOBATH €T0 /14 3HaUYeHud 2.5+0.7, Heno-
HSITHO TOJIBKO, 3a9€M TaK JejiaTh. B KadecTBe mapamerpa 1mab/IOHA MOTYT
BBICTYNIATh U aJIPECHBIE BhIpaxKkeHus (yKa3aresu), HO 31eCh JeiCTBYeT 1eIblil
psan orpannyennii. PaKTUYECKUM 3HAYEHUEM A/IPECHOTO TTapaMeTPa MabIoHa
MOZKET OBITH TOJILKO aJIpec [VI0DAIbHOM epeMeHHO uin PYyHKIMI? , IPUYEM
TOMBKO B Gopme &var, &f wam npocto f, Tae var — uMs TII0OATHHOM Tepe-
MeHHO#, f — uMs dyukimn. HegomycTnmMo ucmon»30BaTh CIOXKHBIE 3 IPECHBIE
BBIDAXKEHUs, HEJIb3sl MCIOJIb30BATh aJPECca JIOKAIbHBIX MEPEMEHHBIX (YTO U
HOHSITHO, Be/lb UX HEBO3MOXKHO OIPEJIEJIUTh BO BPeMsi KOMIIUJISIIUY), HEJIb3s
UCIIOJIb30BATh CTPOKOBBIE JINTEPAJIbI (CTPOKM B JIBOWHBIX KABBIYKAX — 3TO
yzKe He CTOJIb HOHHATHO). Bupouem, B peasibHOil KU3HU OYEHDb PEIKO IIPUME-
HSIETCS 9TO-JTHO0 KPOME THIIOB U IEJIOYNUCIEHHBIX BHIPAYKEHUIA.

2Emé MOJKHO WCIOMB30BATh TAK HA3BIBAEMBI yKa3aTelb Ha WiIeH KJIAacca, HO B HAIIEM
m0co0uM 3Ta CYIIHOCTh HE PACCMATPHBAETCH.
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Yro pasbiile (BMECTO IOCJIECJIOBUS)

DTO MOCIECTIOBYE MTPETHAZHAYEHO, TIOKAIYH, TOJBKO JJIsi T€X, KTO TIJIAHU-
pyeT crarh MpOdeCCHOHAIBHBIM TPOIPAMMUCTOM.

Hecomuenno, npu mpuéme Ha pabOTy B JIIOOYI0 KOMMEDYECKYIO OpraHm3a-
[IHIO OT Bac Ha cobecenoBanuu norpedyior 3uanus STL. IIporpammupoBanue
na Cu++ 6e3 STL Bo3MOKHO U, BOJIee TOro, MO3BOJIAET MOIyIaTh 6osee -
dexTuBHbIE U KAYECTBEHHbIE IIPOIPAMMBI, HO BaM BPSJL JIX yJIACTCHA yOeauTh
Barrero paborogarens (Oymyniero HadaIbHUKa) 0OTKa3aThesa oT STL, mToCcKoIb-
Ky OH, CKOPee BCEero, OTHOCUTCS K YUC/Iy TPOrPAMMUCTOB, udydapimux Cu++
nociae 1999 roxa.

Ecau takoe cobecemoBamme MpeCcTOUT BAM B Te€UEHHE OMUKANIINX IBYX
HE/IEJIb, TO Y BAC, OYE€BUHO, HET MHOI'O BBIXOA, KPOME KAK HEME/JIeHHO Ha-
gnaaTh u3ydenne STL. Bocrmosb3oBaThbes i1 3TOrO0 MOXKHO MPAKTHYECKH
J000i#i Kuuroii mo Cu++ (ecTh Jayke KHUIH, CIenuaabHo nocBsménnbe STL)
7, KOHEIHO, KOMIIBIOTEPOM, TIOCKOJIbKY 0€3 MPAKTUIEeCKUX HABHIKOB HUKAKUE
3HAHWSA B 00JIACTH MPOrPAMMUPOBAHUSA HE OyAyT HHYEro CTOUTH.

Ecnu xe nemesseHHo ycrpanBarbCs Ha paboOTy IPOIPDAMMUCTOM B BallH
TJTAHBI TTOKA, HE BXOMWT, S HACTOSTEIHHO COBETYIO He OpaThCs 33 M3yUeHUe
STL u He ucmob30BaTh €ro MO KpaiiHeil Mepe 10 TeX MOp, MOKA BbI HE HAIU-
miere Ha Cu++ OHy-/IBE IPAKTUYECKU IPUMEHUMbBIE IPOrpaMMbI (IO TAKO-
BBIMH MOXKHO MTOHMMATh MPOrPAMMBbI, KOTOPbIE PEATbHO UCIIOJIb3YET KTO-TO
kpoMme ux apropa). Ilocie 3roro MokHO OyJer cKa3arb, YTO OCHOBbI A3bIKA
Cu++ Bl 3Haere u K u3ydennto STL nooii€re 0CO3HAHHO U € IOCTATOYHBIM
JIJIST TOTO OIBITOM.

B «kadecTBe JOMOJHUTEIBHOIO UTEHWS MOIY TOCOBETOBATH KHUTY
Ixedda Dnmkepa, koropas B opuruHane nasbBaercs «C++ for real
programmerss, a B PyCCKOM IE€PEBOJIe BbIILIA B cepun «DBubiamorexka mpo-
rpammucray 1oz 3arojoBkoM «Cu++» (CII6: IIurep, 2001; xyna upu ue-
PEBOMIE JEIUCh OCTAJIBHBIE CJI0BA W3 OPUTHHAJIHHOTO HA3BAHWS — BOMPOC K
usnaressam). Eciu BaMm ynacres MOHATH 3Ty KHHIY, BAC OCTAHETCs TOJBKO
MMO3/IPABUTH: BbI EHCTBUTENHHO MOHAIN, 9TO Takoe Cu++. Ormedy, aro -
JizKep HU cioBoM He obmossuiics mpo STL.

[Momuwure: vem nosauee Bol Hauuére uzydenue STL, Tem MeHbie HeraTus-
HOTO BJIUSTHUSI OKAYKET 3TOT HEYKJIIOXKWI MOHCTD Ha BAIIA MO3TH.
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u 3aCcMasumMsd AAAMDb ?
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Kak Hedur geaar — C yCTpPOHCTBaMH OT
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http://www.unicontrollers.com

Bcé mporpammuoe obecrievuenne, BKIOYast IIPOIINBKA YCTPOMCTB,
pacmpocrpansiercss B ucxoAHbix Tekcrax mog junensueir GNU GPL.
[IpexkoMTIIMPOBAHHOE TTPOTPAMMHOE 00eCIIeUeHne NOCTYTHO st Linux u
Windows, He Tpebyer WHCTAIAINN, HE HYXKIAETCS B IpaiiBepax.





