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HOACHUTEJIBHASA 3AIITMCKA

[lenpr0 AUCHUIUITMHBI ~ SBISETCS M3YYCHUE MOIYJIBHOTO U OOBEKTHO-
OPHEHTHPOBAHHOTO IIPOrPaMMHUPOBAHUS, OCHOBHBIX IMOHATHH: 00BbEKTa, peaTn3alliu
00BEKTOB, TIOCTPOCHHS HEpapXUu O0BEKTOB, MOJUMOp(Pu3Ma, 0COOCHHOCTEN pa3pa-
OOTKH COBPEMEHHOT'0 IIPOrPaMMHOT0 00ECIICUCHHS.

B mporecce m3ydeHuss TUCIUIUINHBI CTYIEHTHI OBJIAJEBAIOT OCHOBAMH OO0B-
€KTHO-OPUEHTUPOBAHHOTO MTPOTPAMMHUPOBAHUS, H3yYalOT OCHOBHBIC aJITOPUTMBI, HC-
moJib3yeMble B 0a30BBIX 3amadax. JIOJDKHBI yMeTh MCHOJB30BaTh OOBEKTHO-
OPHECHTHPOBAHHBIN IMOAXO0J IPH PEIICHUU 3aaad. B Xoae 1abopaTOpHBIX 3aHSATHMA
CTYJIEHTHI 3aKPETUISIOT 3HAHUS, MOJYYCHHBIC Ha JICKIUSAX W TPH CaMOCTOSITEIIBHOM
W3YYCHUHN PEKOMEHIOBAHHOM JIUTEPATYPHI.

PABOYAS NTIPOI'PAMMA JUCHHUIIJIMHBI

BexomocTh unci1a yacoB 1o pabo4uM y4eOHBIM IJIAHAM

Haumeno- O6bem paboThl CTYIEHTOB, U Pacnipenenenue no
BaHUE CIie- AyMTOpHOMR BreayuToproit ceMecTpam
HOIEPEIH; ce | BCCTO | JeK | mal. | mpak | ce | Kype. | MHAM | CaMOCT. | 9K- | 3a- | Kyp | Kyp
mmcp UMM | 3aHS | TUY. | MU | pa- BUI. | pabota | 3a- | 4e- co-u co-
TUs | 3aHA | Ha | OOTHI | 3aHs- Me- | TBl | BOH | BbI€
TUSL | PBI TUS HBI npo | pa-
exT | 60-
TBI
HNudopma-
[IUOHHBIE
CHCTEMBI U
TEXHOJIOTUU
(mucranmu- | 204 | 51 34 - - + - 119 3 - - 3
OHHOE 00Y-
YeHue,
WPUT)
230201

[To yuebHOMY TUTaHY Ha IUCHUIUIMHY OTBOAUTCS 136 dacoB, U3 KOTOPHIX 68 —
Ha CaMOCTOSITEIBHYIO padoTy CTy/neHTa. AyauTopHble 3ausaTus. 51 gac mekmuit u 34
nabopatopHbIX 3aHATUNA. CTYAEHTHI, MOJYYHUBIINE 3a4eT MO JTa0OpAaTOPHBIM 3aHSTH-
SM U KypCOBOMY IPOEKTUPOBAHUIO, JOMYCKAIOTCS K IK3aMEHY.



Pacnpe;[enelme JICKIIMOHHBIX YaCOB I10 TeMaM

Kypc ¢ 06mum oone-
MoMm 136 yacoB

HasBanue TeMbl I
adopar.
n/n Jlexnun P

3aHATHA
514

34 .

1 2 3 4

1 | Benenue B nporpammupoBanue. Beenenne B C++ 2 -

Knaccudukarus s3p1k0B nporpaMmupoBanus. CBOHCTBa A3bI-
KOB NpOoTrpaMMUpoBaHus. VcTopuss M Ha3HAa4YeHUs S3bIKa
C/C++. OcHOBHBIE MTAPAUTMbI TPOTPAMMHPOBAHUS

2 THIBI JaHHBIX 2 -

[TonsTe nepemenHoi. BerpoeHHble Tumbl JaHHBIX. Onepanuu
u Belpakenust. Ciyxebnble coBa C++. [Ipuopurer onepaunit

3 OnepaTtopsl ¥ BbIpakeHHUSA 2 -

ITonste oneparopa. Ilycroit oneparop. Onepatop return.
Omneparop ycinoBHoro Beibopa. Omneparops! 1ukia. OnepaTop
MHO>KECTBEHHOTO BhIOOpA

4 MaccuBbl 3 -

Omnpenenenue u 00bsBICHNE MacCUBOB. COPTUPOBKA M MOUCK
MacCHBOB B IporpaMme. MHOTOMEpHbIE MAaCCHBBI

5 Yka3zarean 4 4

[Tonsarue ykazatens. OObsIBIEHUE U MHULIMATM3ALUS yKa3aTe-
neil. Onepanun ¢ ykasarensiMu. B3auMmocBs3p ykazarenel u
MacCUBOB. JIMHAMUYECKOE BBIJIEICHUE ITAMSATH I10J] MACCHUBBI

6 DyHKUUH 4 4

Onpenenenus pynkuii. Kinaccel mamsté u 001acTh ACHCTBHS.
Pexypcus. Ileperpyska ¢ynkmmii. Ilepemaua maccuBoB B
¢bynkunu. Ykaszareau Ha GYHKIUU

7 BBenenue B 00padoTKy CTPOK 2 4

[Tonsitue cumBosoB U cTpok B C/C++. bubnuoteunsie GpyHK-
1M 171 pabOTHI CO CTPOKaMU

8 Pa6ora ¢ daiiiamu 2 4

[Tonsartue ¢aiina. bubnuoreunsie GpyHKIMM 11 pabOTHI ¢ (aii-
JaMu

9 KomnonoBka nporpaMm u npemnpoueccop 1 -

[Tpo6nema ucnonb30BaHus 00MMX QYHKIUH U uMeH. Mcrnob-
30BaHKe BKIIOYaeMbIxX (aiinos. [Ipenpomeccop




OKkoHYaHUE TaOIUIIEI

3

4

10

CTpyKTYypHI

Omnpenenenue cTpykTyp. JocTyn K 3ineMeHTaM CTpykTyp. bu-
toBble 0. O0benuHenus. [locTpoeHne CBA3HBIX CIIMCKOB Ha
OCHOBE CTPYKTYp C caMoaJpecaluen

11

Kuaccpl u abcTparnpoBaHue JaHHBIX

Omnpenenenust knaccoB. Otaenenue uHtepdeiica oT peanuza-
. O6nacTe OecTBUS KJIace M JAOCTYII K AJIeMEHTaM Kiacca.
CrnenuduraTopsl 10CTyma

12

Cneunanbﬂme YJI€HBbI KJacca

Koncrpykropsl. Jlectpykropsl. Yka3zarens this

13

OTHoOIIEHHS MEKAY KJdacCaMHu

Komnosunus. JlpykecTBEHHOCTb

14

KoHcTaHTHBIE 3JIeMEHTBI U IKZEMILIAPLI KJacca. Cratu-
YE€CKHE 3JIEMEHTHI KJj1acca

KoucrantHele »ieMeHThl Kiacca. KOHCTaHTHBIE OOBEKTHI.
CraTH4ecKue JIeMEHTHI-TaHHbIC U AJIEMEHTHI-()YHKIINN

15

OnuHo4YHOE HACIeJ0BAHNE

Tursl HacienoBaHus. BbI30B KOHCTPYKTOPOB U IECTPYKTOPOB
npu HacnenoBanuu. HesiBHOE mpeoOpazoBaHre 00BEKTOB

16

MHokecTBEeHHOE HACJIeI0BAHHE

[TonATHEe MHOXECTBEHHOI'O HacieqoBaHUs. BupTyanbHble Oa-
30BbI€ Kiacchl. [lopAnok MHUIMANM3aLuK pa3IudHbIX 4acTeil
C03J1aBaeMOro Kjacca

17

IHeperpy3ka onepauuii

ITonsarue neperpysku onepauuii. O6IuMe npaBuiia MEPErpy3Ku

18

BupryanbHble pyHKIUN U IOJTUMOP(PU3M

Bupryansusle ¢yHkunu. AOCTpakTHbIE M KOHKpPETHBIE KJlac-
cbl. [lonumopduzm

19

HIa010HBI

[Ta6aoub! GyHkumid. [11ab10HBI KITaCCOB

20

Oo0padoTka ommooK

BBenenue B 00paboTky ommbok. ['eHepamuss UCKIIOYUTENb-
HBIX CHUTyallMi ¢ moMomsio KoHcTpykuuu throw. INepexsar
UCKITFOUCHHI ¢ IOMOIIBI0 KoOHCTpYKInK try/catch

21

IIpuBenenune TMIIOB

Junamuueckass uaeHTudukanus Tunos. OnepaTopsl nmpeoopa-
30BaHMsI TUTIOB




OIIOPHBIY KOHCHEKT JIEKIIUIA

1. BBEAEHUE B ITIPOTPAMMUWPOBAHUE. BBEJIEHUE B C++

IIporpaMMbl — 3TO anropuTMbl U CTPYKTYphl AaHHBIX. M3BecTHa dopmyna

Huxknayca Bupta — pa3paborunka si3eika Pascal:
AJITOPUTMBI+CTPYKTYPHI JAHHBIX = NPOrPaAMMBbI

CTpyKTYpbl JAaHHBIX MPEICTABIAIOT UCXOAHBIE TAHHBIE, MPOMEKYTOUHBIE U
KOHEYHBIE PE3YJIbTATHI.

AJropuTMbl — YKa3aHHWs, Kakhue NEWCTBHUS U B KaKOHM MOCIEIOBATEILHOCTH
HEOOXO0JJMMO MPUMEHATh K JIAaHHBIM JUISl TIOJIyYeHUs TPEOyeMOoro KOHEYHOTO pe3yiib-
TaTa.

1.1. Knaccuduxanus si3bIKOB NPOrpaMMHPOBAHUSA

SI3bIKM IpOrpaMMUPOBAHUS ACISTCS HA JIBE TPYMIIbI:

1. MamuHHO-3aBUCUMBIE S3BIKH. VX MOXXHO MpUMEHATH Ha ojgHOoM DBM minm
Ha OI'PaHUYECHHOM MOJIMHOKECTBE MAIIIMH C OJJUHAKOBOU apXUTEKTYpPOH.

2. MamumHHO-He3aBUCHUMEIE S36IKU. MIX MOKHO MCTIOJIB30BaTh Ha 110001 DBM.
SI3BIKH 3TOM TPyNIIBI HA3BIBAIOT YHUBEPCATBHBIMU

Mawiunno-3asucumote S3bIKU B 3aBUCUMOCTH OT MX OJIM30CTH K MaIlIMHHBIM
SI3bIKaM JIEJIATCS Ha TPU TPYIIIBL:

- MAaIMHHBIE (S3BIKA HYJIECBOTO YPOBHS),

- acceMOJiepHbIe (S3bIKK IEPBOTO YPOBHS WM A3bIKU THma 1:1, T.e. o1-
Ha acceMOJIepHas KOMaH/1a MOPOKIAeT OJHY MAIIMHHYIO KOMaHIY),

- MaKpoacceM0Jepbl (S36IKH BTOPOT'O YPOBHS WM A3bIKK THIA 1:2).

Mawiunno-ne3agucumple S3bIKU BKIIOYAIOT CIEAYIONINE TPYIIIBI SI3bIKOB!

- MMIIePAaTHBHBbIE — 3TO A3bIKU NMPOrPAMMUPOBAHUSI, YIIPABIISIEMbIE KO-
MaHJIaMH WUJIK ornepatopamu sizbika. [I[porpamma Ha UMIEPATUBHOM SI3bIKE MPEJICTAB-
JseT co0o#l MmociieIoBaTeIbHOCTh KOMaH 1 (OrepaTopoB), KOTOPHIC BBIMIOJIHSIOTCS B
MOPSIIKE MX HAaNUCaHUs. BBIMONHEHNE KaXI0Ml KOMaHIbl BEAET K M3MEHEHUIO CO-
CTOSIHUSA KOMIbloTepa. OCHOBHBIMH 3JIEMEHTAMHU UMIIEPATUBHBIX S3bIKOB SIBJISIIOTCS
MIEPEMEHHbIC U OTIEPATOPhI MPUCBAUBAHMS. DTHU A3BIKU MOJJICPKUBAIOT OJUH WU HE-
CKOJIbKO MUTEPaTUBHBIX LIMKJIOB, a TAK)KE€ KOHCTPYKIIMH, MO3BOJISIONINE MPOTPaMMHU-
poBaTh peKypcuBHbIe anroputMmsel. [Ipumep — ALGOL, PL/1, Basic, C/C++, FOR-
TRAN, Ada, Pascal, Java;

- (pyHKUIHOHAJBbHBbIE (AMMIMKATHBHBIE) — BBIYUCICHUS B OCHOBHOM
MPOU3BOJISATCS MyTEM MPUMEHEHHUS (PYHKIMI K 3aJaHHOMY HaOopy AaHHbIX. Pa3zpa-
00TKa MpOrpaMM 3aKJIIOYAETCsl B CO3JaHUU U3 MPOCTHIX (PYHKIUN OOJee CIOKHBIX.
3aTeM 3TH (PYHKIHMH MOCIE0BATEIIbHO MPUMEHSIOTCS K HAYaJIbHBIM JIaHHBIM JI0 TEX
1op, MOKa HE MOJTYYUTCS] KOHEUHBIN pe3ynbTar. TunuuHas nporpamma Ha (QyHKIUO-
HaJIbHOM $SI3bIKE UMEET CJICIYIOIINIA BUJL:

byHKIESI( . . . yHKIUS (P yHKIHS (TaHHEIE)) .. .)



Ilpumep — LISP, ML, Miranda, Haskell;

-AeKJIAapaTHUBHbIE — ATO S3BIKK MPOTPAMMHPOBAHUS, B KOTOPBIX OMEPATOPHI
MIPEJICTABIISIOT CO00M OOBSBICHUS WM BHICKA3bIBAHWS B CHMBOJILHOU JioTHKe. TH-
MUYHBIA MPUMEP TaKUX SI3BIKOB — SI3BIKK JIOTHYECKOTO MPOTpaMMHUpOBaHus. B mpo-
rpaMMax Ha s3bIKaxX JIOTHYECKOTO MPOTPAMMHPOBAHUS COOTBETCTBYIONIUE ACHCTBUS
BBITIOJTHSIOTCSI TOJIBKO MPU HAJMYUHA HEOOXOIUMOTO pa3permaroriero yciuosus. [Ipo-
rpaMMa Ha SI3BIKE JIOTHYECKOTO IMPOTPAaMMHUPOBAHUS CXEMATUYHO BBITJISAUT ClIe-
TYIOIIUM 00pa3oM:

paspemaroriiee yciaoue 1 -> mocienoBaTeaIbHOCTh onepaTopoB 1

paspernaroriee yciaoBue 2 -> MOCIeI0BaTEILHOCTh OMEPATOPOB 2

pasperaroriee ycaoBue 3 -> MOCIeI0BaTeILHOCTh OMEpaTOpOB 3

pasperaroriee ycaoBue N -> MoCiIeI0BaTeILHOCTh OMepaTOpoB N

[TopsTOK BHITIOTHEHUST OTIEPATOPOB OMPEACIICTCS CUCTEMON pean3aiuu mpa-
Bu1. Ilpumep — Prolog, YACC;

- 00beKTHO-OPHEHTHPOBAHHBIE — DTO S3BIKH, PEATU3YIONIHE O0BEKT-
HO-OPUEHTHPOBAHHYIO TIAPAIUTMy MPOTPAMMUPOBAHMSI, OCHOBAaHHYIO Ha TpeX KITO-
YEBBIX MOHATHUSAX: a0CTPAKIMS JaHHBIX (MHKAICYJISANNS), HACIEAOBAHUE U TTOJIHMMOP-
¢u3M. B ocHOBEe 00BEKTHO-OPUEHTHUPOBAHHOTO MPOTrPAMMHUPOBAHUS JIEKUT OOBEKT-
HO-OPHCHTHPOBAHHAS JEKOMMO3ulusa. Pa3paboTka OOBEKTHO-OPUEHTHPOBAHHBIX
MPOTPaMM 3aKIFOYACTCS B TMTOCTPOCHUU UEPAPXUU KIACCOB, OMUCHIBAIOIINX OTHOIIIE-
HUS MEXTY OOBEKTaMH, W B OMPEICICHUHM KJIacCOB. BpIUmMCIICHHWs B OOBEKTHO-
OPUEHTUPOBAHHBIX MTPOTPaMMaXx 3aJal0TCS COOOIICHHUSIMU, TTEPETaBaEMbIMHU OT OJHO-
ro 00BbEKTa IPyromMy.

Ilpumep — Smalltalk, C#, momgnepkka 00ObEKTHO-OPHEHTHPOBAHHOM IMapaur-
MbI BKJIroueHa B s3biku Ada95, Object Pascal, C++.

1.2. CBoiicTBa A3bIKOB MPOrPaMMHUPOBAHUS

1. TloHsiTHOCTH (Y10004YNTAEMOCTh) KOHCTPYKIUI A3bIKA — 3TO CBOMCT-
BO, 0OecneyuBaoniee JErkoCTh BOCHPUSITUS MPOrpamMM YEJIOBEKOM. DTO CBOMCTBO
A3bIKa 3aBUCUT OT LIEJIOTO psiia PakToOpoB, HAUMHAS C BbIOOpA KIIFOUEBBIX CJIOB U 3a-
KaH4YMBasi BO3MOXHOCTBIO ITOCTPOEHUSI MOAYJIbHBIX NporpaMm. [IOHATHOCTH KOHCT-
PYKUUN s3bIKAa TAaK)KE€ 3aBUCUT OT BbIOOpA TaKOW HOTALMM, KOTOpas IMO3BOJIsLIA Obl
IIPU YTEHUH TEKCTa MPOTPAMMBI JIETKO BBIAECISATH OCHOBHBIE MOHSTHS KaXJI0H KOH-
KPETHOM 4acTH MPOrpaMMbl, HE 0OpalllasiCh HU K KaKol Ipyroid NOKyMEHTallUH Ha
nporpammy. Peanuzanus TpeGoBaHMs MOHSATHOCTA BO MHOI'OM 3aBUCHUT OT MpOTpam-
MHCTA.

2. Hane:kHOCTh — CTETEHh ABTOMATUYECKOTO OOHAPYXKEHUS OMMOOK, KO-
TOPO€ MOXET OBITh BHIMIOJIHEHO TPAHCIISITOPOM WJIM ONEPALlMOHHOM Cpeoi, B KOTO-
poit paboTtaet mporpamma. HaneKHbIN S3bIK MO3BOJISIET BBIIBUTH OOJIBITHHCTBO OIIU-
OOK BO BpeMsl TPAHCISAIMU NPOrpPaMMbl, 2 HE BO BpeMs €€ BbINonHeHus. [Ipunuunu-
aJBbHBIM CPEICTBOM JIOCTHKEHHUS BBICOKOM HAJEKHOCTH SI3bIKa, MTOAJECPKUBAEMbBIM Ha
ATaIle TPAHCISALMH, SIBISIETCA CUCTEMA TUITN3ALUU JAHHBIX.



3. T'HOKOCTB — CKOJIBKO BO3MOXKHOCTEH SI3bIK MPEIOCTABISCT IPOrpaMMH-
CTY JJIs1 BBIPQXKEHUSI BCEX OIMepallnii, KOTOpble TPEOYIOTCS B IporpaMMe, He npuderas
K BCTaBKaM acceMOJIEPHOr0 KOJa WIH JIPYyrUuM yxulipeHusiMm. TpeOoBaHue ruOKoCTH
KOH(IMKTYET C TpeOOBaHUEM HAJIEKHOCTU, MOITOMY HEOOXOAMMO MOHUMATh Ha Ka-
KHE KOMIIPOMHUCCHI MPUXOIUTCS UJTH MPH PEIICHUH KaKI0M KOHKPETHOM 3aauHu.

4. TIpocToTa — JErKOCTh MOHUMAHUSI CEMAHTUKU SI3BIKOBBIX KOHCTPYKIIUMA
Y 3allOMHHAaHUs UX CHUHTaKcuca. [IpocToil s3bIK MPENOCTABISIET SICHBIM, MPOCTOU U
eAMHOOOpa3HbIM HAOOp MOHSTUM, KOTOPbIE MOTYT OBITh MCIIOIB30BaHbl B KAYECTBE
0a30BBIX MPHU pa3paboTKe aaropuTMOB. [Ipu 3TOM KenaTeaTbHO UMETh MUHUMAIBHOE
KOJIMYECTBO PA3IMYHBIX MOHITHH ¢ KaK MOXHO 00Jiee MPOCThIMU U CHUCTEMATHU3UPO-
BaHHBIMU TpPAaBUJIAMH MX KOMOWHHMPOBAHUS — S3BIK JOJDKEH 00J1alaTh CBOWCTBOM
KOHUENTYyaJbHOH HejiocTHOcTH. KoHIlenTyanbHas 1ETOCTHOCTh BKJIIOYAET B cels
TPU B3aMMOCBSI3aHHBIX ACMEKTa. IKOHOMHUIO, OPTOrOHAIBHOCTh M €UHOO0pa3ue mo-
HSITHA. DKOHOMHSI — UCMOJIb30BAHUE MUHUMAIBHOIO YHUCJa MOHATHUH. OpTOroHa b-
HOCTh — MEX/IY HMOHSATHSIMU HET B3aMMHOIO BIMSHHS (JIFOOBIE S3bIKOBBIE KOHCTPYK-
UM MO’KHO KOMOMHHMPOBATH 10 ONpPEICICHHBIM IIpaBuiaM). EnnnooOpasue noHATHIA
— COTJIaCOBAHHBIN, €AMHBIA MOAX0/ K OMMMCAHUIO U UCITOJIb30BAaHUIO BCEX MOHATHMA.

5. EcTecTBEeHHOCTD — SI3BIK JOJDKEH COAEPIKATh TAKUE CTPYKTYPHI JaHHBIX,
YIPaBJISIONINE CTPYKTYPBI M OIEpaIliy, a TaKKe MMETh TaKOM CHHTAKCHC, KOTOpHIE
MO3BOJISLTM OBl OTpaXkaTh B MPOrpaMME JOTHYECKUE CTPYKTYPHI, JISKAIINE B OCHOBE
peann3yeMoro aJiropuTma.

6. MoOuIBHOCTH — BO3MOXKHOCTh TIEPEHOCUTH MPOTPAMMBI C OJTHOM TIIaT-
(GhopMBI Ha JPYTYIO C OTHOCUTEIBHOM JIETKOCThI0. Ha MOOMIBHOCTH B 3HAYUTEIIHLHOM
CTETICHU BJIMSET YPOBEHb CTAHIAPTHU3AIMH SI3bIKA. J{JI S3BIKOB, MMEIOIIUX CTaHAPT-
Hoe onpenenenue (Ada, Pascal, C) Bce peanu3zanuu s3bIKa JIOJDKHBI OCHOBBIBATHCS HA
ATOM CTaHAapTE.

7. CTOMMOCTH — CyMMapHasi CTOUMOCTb MCIIOJIb30BaHMS sI3bIKA MPOTpaM-
MHUPOBAHUS CKJIAJABIBACTCS M3 HECKOJBKHX COCTABIISIONIMX. CTOMMOCTH OOY4YCHUS
SI3bIKY, CTOMMOCTH CO3JaHHUSI TMPOrpPaMMbl, CTOMMOCTH TPAHCISAIUM TPOrPAMMBbI,
CTOMMOCTH BBITIOJTHEHHS TPOTPaMMBbl, CTOUMOCTH COMPOBOXKACHUS ITPOTPAMMEBI.

1.3. UcTtopus u Ha3HauyeHue si3bika C/C++

A3pik C (IPOU3HOCHUTCS «CH») - 3TO YHHBEPCAJIbHBIN SI3BIK NMPOTrPAMMHPOBA-
HUS, JUISI KOTOPOTO XapaKTepHbl IKOHOMUYHOCTh BBIPAXKEHUSI, COBPEMEHHBIN MOTOK
YIPABJICHHUS ¥ CTPYKTYPHI TaHHBIX, OoraThlii HA00p onepaTopoB. A3bik C He mpeaHa-
3HA4aeTcs Uil HEKOTOpOW crenuanbHoi obsactu npumeHnenus. Ho orcyrcrBue or-
paHWYeHUN U OOIIHOCThH fA3BIKA AENAT e€ro Oosnee yIoOHBIM U 3(PPEKTUBHBIM IS
MHOTHMX 3371a4, YeM SI3bIKH, IPEATION0KUTENHHO 00JIe€ MOIIHBIE.

SAzpik C, mepBoHAYAIBHO MPEAHA3HAYABITUNACS IJIs1 HAIMCAHKS OTICPAIIMOHHOM
cuctembl UNIX na 9BM DEC PDP-11, 6511 pa3zpaboTan u peaqu30BaH Ha 3TOW CHC-
teme [lennncom Putun. Oneparnmonnas cucteMa, KOMIIIATOp ¢ s3bika C 1 Bce mpu-
knagaeie mporpammbl cuctembl UNIX nHanucansr Ha C. KoMMepdeckrne KOMITUTISTO-
pbl ¢ s3pika C CymecTBYIOT TakkKe Ha HEKOTOphIX napyrux DOBM, Bxmouas IBM
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SYSTEM/370, HONEYWELL 6000, INTERDATA 8/32. d3eik C, onHako, HE CBS-
3aH C KaKUMH-TUOO OMpPEICICHHBIMU allapaTHBIMU CPEJICTBAMU UM CHUCTEMaMH, U
Ha HEM JIETKO MHUCAaTh MPOTrpaMMBbl, KOTOPhIE MOXKHO MPONYyCKaTh 0€3 M3MEHEHUI Ha
mo6oit DBM, nmeronieir C-koMIuisITop.

Azpik C sgBIsE€TCS YHUBEPCATBHBIM SI3LIKOM TporpaMMmupoBanus. OH TECHO
cBs3aH ¢ omnepanronHoi cucremorr UNIX, Tak kak ObLT1 pa3BUT Ha 3TOW CHCTEME U
UNIX u ee mporpamMmmHoe obecnieueHre Hanrcano Ha C. CaM s3BIK, OJHAKO, HE CBS-
3aH ¢ KaKOW-TUOO OJTHOM OTEPAlIMOHHON CHUCTEMOM WM MAIMHOM, M XOTS €r0 Ha3bl-
BAIOT SI3IKOM CHCTEMHOTO MPOTPaMMHUPOBAHUs, TaK KaK OH yAOOEH il HaIMCaHUS
OMEPAIIMOHHBIX CHUCTEM, OH C PaBHBIM YCIEXOM HCIOIb30BAJICS TMPU HAMUCAHUU
OOJIBIIMX BBIYMCIUTENBHBIX MpOrpamMM, Iporpamm Juisi oO0pabOTKHM TEKCTOB U 0a3
JAHHBIX.

A3p1k C - 3TO S3BIK OTHOCUTEIFHO HU3KOTO YPOBHS. B Takoil xapaKTepHCTHKE
HET HUYETO OCKOPOUTEIBHOTO0; 3TO IPOCTO 03Ha4aeT, yTo C mMeeT eno ¢ 00beKTaMu
TOTO0 K€ BHA, YTO U 00JIbIIMHCTBO DBM, a UMEHHO, ¢ CUMBOJIaMH, YHUCIIaMHU U afpe-
camu. OHU MOTYT OOBEUHATHCS U MEPECHUIATHCS MOCPEICTBOM OOBIYHBIX apudpmMe-
THUYECKUX U JIOTUYECKUX ONEpalnil, OCyIIECTBISIEMbIX peadbHbiMU DBM.

AmnanorunyHo, s3bik C mpejpraraeT TOJIBKO MPOCTHIE, MOCIEI0BATEIbLHBIC KOH-
CTPYKIMU MTOTOKOB yIPABJICHUS: MPOBEPKH, IIUKIIbI, TPYNIUPOBAHUE U TOANPOrpaM-
MbI, HO HE MYJbTUIIPOTpAaMMHUPOBAHUE, MapajliebHbIE ONEePAIMU, CUHXPOHU3AIUIO
WJIU COTPOrPaMMBI.

XOTs OTCYTCTBUE HEKOTOPBIX M3 ITUX CPEJCTB MOXKET BBITJISAJAETh KaK YIpY-
4arolas HEMOJIHOIIEHHOCTh, HO y/AepKaHHUE si3blKa B CKPOMHBIX pa3Mepax JaeT pe-
aNbHBIC TpenMyIiecTBa. Tak kak C OTHOCHTENTHLHO Majl, OH HEe TpeOyeT MHOTO MecTa
JUTSI CBOETO OTMCAHUS U MOXKET ObITh ObICTpO BhiyueH. Kommtsatop ¢ C MokeT OBITH
MPOCTBHIM U KOMITAKTHBIM. Kpome TOro, KOMIUIATOPHI JIETKO MUIILYTCS; MPU UCIIOIb-
30BaHUU COBPEMEHHON TEXHOJOTUM MOKHO OXXHAATh HAMUCAHUS KOMIHIISITOpA AJIS
HOBOYW DBM 3a mapy MecsieB u mpu 3ToM okaxkeTrcs, 9To 80 mporeHTOB mPOrpaMMbl
HOBOI'O KOMIUJIATOpa OyAeT ol1el ¢ mporpaMMoi JJid YK€ CYIECTBYIOUUX KOMITH-
JSTOPOB. ITO 00ECIEUNBAET BHICOKYIO CTENIEHb MOOUIIBHOCTHU SI3bIKA.

N3-3a Toro, uto 361k C oTpaxkaeT BO3MOKHOCTH COBPEMEHHBIX KOMITBIOTEPOB,
nporpamMmbl Ha C OKa3bIBAIOTCS TOCTATOYHO d(PPEKTUBHBIMU, TaK YTO HE BOSHUKAET
noOY>KJIEHUsI THCAaTh BMECTO ATOTO MpOrpaMMbl Ha si3bike accemoOsepa. Haumboiee
yOeIUTeNIbHBIM MPUMEPOM 3TOTO sBisieTcs cama onepanronHas cucrema UNIX, ko-
Topast mouTu moiHocThio Hamucana Ha C. M3 13000 cTpok mporpamMmbl CHCTEMBI
ToJIbKO 0K0JI0 800 CTpOK camMoro HM3KOTO YPOBHS HAMHMCAaHBI Ha acceMOiepe. Kpome
TOT0, TIO CYIIECTBY BCE MPUKJIaTHOE TporpamMHoe obecrieuenune cuctembl UNIX Ha-
nucano Ha C.

MHuorue n3 Hanbosee BaxXHBIX uaed C MpoucXoaar oT ropasio 6ojee craporo
s3pika BCPL |, paspaboranHoro Maptunom Puuapacom. Kocsenno si3eik BCPL oka-
3ai BiaussHue Ha C yepes s3bIk B, Hanucanuasiii Kerom TomriconoM B 1970 roay mis
nepBoit oneparmonHoil cuctembl UNIX na 9BM PDP-7.

Pa3zpabotunkom s3bika C++ saBisietcsa boepH Ctpayctpym. B cBoeli pabote oH
omupascs Ha OMBIT co3gaTenel s3pikoB Cumyna, Monyma 2, aGCTpakTHBIX THIIOB
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naHHbIX. OCHOBHBIC pa0OThI BEJIUCHh B HCCIIECIOBATEILCKOM IeHTpe kommanuu Bell
Labs.

HenocpenctBennsiii npeamiectBeHHUK C++ — s13b1k C ¢ Ki1accamMy — MOSBUJICS
B 1979 rony, a B 1997 roxy ObLI mpUHAT MEXAyHApOHBIN cTaHmapT C++, KOTOPBIA
daktruecku moasen utoru ero 20-1eTHero pa3Butus. llpunsaTue cranmapra obdecre-
qujio equHooOpaszue Bcex peanuzanuii sizbika C++. He MeHee BaKHBIM pe3yJIbTaTOM
CTaHJApPTU3AIMHU CTAJIO TO, YTO B MPOIECCE BHIPAOOTKU M YTBEPKICHUS CTaHAApTa
S3bIK ObLT YTOUHEH U JIOTIOJIHEH PSJIOM CYIIECTBEHHBIX BO3MOKHOCTEH.

Ha ceronnst crangapT yTBep:kJieH MexIyHapOoJAHOW OpraHu3aiieil mo CTaH-
naptuzaiuu 1SO. Ero nomep ISO/IEC 14882.

S3bik C++ sBIsIETCS YHUBEPCAIBHBIM SI3IKOM MPOTPAMMHPOBAHUS, B JOMOJ-
HEHHE K KOTOpOMY pazpaboTaH HaOOp pazHOoOOpa3HbIx OnOmmorek. [loaTomMy oH mo-
3BOJISIET PEIINTH MPAKTUUYECKH JTI00YI0 3a/1auy MpOorpaMMupoBaHus. TeM HEe MeHee, B
CHITy Pa3HBIX IPHYUH (HE BCEI/Ia TEXHUYCCKHX) JJIs KAKUX-TO THUIIOB 33]1a4 OH YIOT-
pebnsieTcs vaile, a sl KaKUX-TO — PeKe.

C++ kak npeemMHUK s3bika C IMIMPOKO UCIOIB3YETCSI B CUCTEMHOM IpOrpam-
MupoBanuu. Ha HeM MOKHO mucaTh BhICOKOA((PEKTHUBHBIE MPOTPAMMBI, B TOM YHCIIE
ONEPAllMOHHBIE CUCTEMBI, palBepbl U T.II. fA3bIk C++ — OOWH U3 OCHOBHBIX S3BIKOB
pa3pabOTKU TPAHCISATOPOB.

ITockonbKy CHCTEMHOE MpOTpaMMHOE OOecredeHHe 4acTo ObIBAe€T HAMCAHO
Ha s3bike C win C++, To U mporpaMMHble UHTEpENCh K MoACUCTEMaM ONepaIuoH-
HBIX CUCTEM TOxe yacTo nmumyT Ha C++. COOTBETCTBEHHO, T€ MPOTPAMMBbI, TaKe U
MPUKJIAJIHbIE, KOTOPhIE B3aUMOJICHCTBYIOT C OMEPAIIMOHHBIMU CUCTEMaMU, HATUCAHBI
Ha s3bIke C++.

Pacnpenenennubie cuctembl, (QYHKIIMOHUPYIOIIME HA Pa3HBIX KOMIIbIOTEpAX,
TaKke pazpadarbiBatoTcsi Ha si3bike C++. DTOMYy CHOCOOCTBYET TO, YTO Y UIMPOKO
pacrpocTpaHeHHBIX KoMIoHeHTHBIX Mozeineri CORBA n COM ecth ymoOHBIC WH-
tepderichl Ha s3bpike C++.

OO6paboTKa CIOXHBIX CTPYKTYp HAHHBIX — TEKCTa, Ou3zHec-uH(pOpMalnH,
Internet-ctpanuir u T.0. — OgHA W3 HamOOJiee PACIPOCTPAHEHHBIX BO3MOKHOCTEH
MPUMEHEHHUS s3bIKa. B mpuKIagHOM MpOrpaMMUPOBaHUU MIPOIIE HAa3BaTh TE€ 00JIaCTH,
rae a3k C++ npuMeHseTcs Mallo.

Pa3paboTka rpaduyueckoro mosb3oBaTeIbCKOro uMHTepdeiica Ha s3bike C++
BBITIOJTHSIETCS B OCHOBHOM TOT/Ia, KOT/Ia HEOOXOAUMO pa3padaThiBaTh CIOXKHBIE, He-
cTaHmapTHbIe nHTepdeiichl. [IpocThie MporpaMmbl Yame MAmyTes Ha s3bikax Visual
Basic, Java u T.1.

[IporpammupoBanue ans Internet B ocHOBHOM MpOU3BOAUTCA Ha si3bIKax Java,
VBScript, Perl.

B uenom cienyer oTMETUTh, UTO si3bIK C++ B HACTOsIIIIee BpeMsl SIBISETCS OA-
HUM U3 HauboJiee pacupOCTPAHEHHBIX SI3bIKOB IPOrPaMMUPOBAHUS B MUPE.
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1.4. OcHOBHBIE MAPAIUTMBbI IPOTPAMMHUPOBAHUS

Ilpoueodypnoe npozpammupoeanue

[lepBoHavanbHas (M, BO3MOXXHO, HauOOJee HMCIOJb3yeMasl) mapajurma IMpo-
rpaMMUPOBAHUS UMENa BUJL:

OIIPE/IEJTUTE, KAKUE IIPOLIEJ]YPbI BAM HY)KHbI; UCIIOJIb3YHUTE
JAVHIUIUE U3 U3BECTHBIX BAM AJII OPUTMOB

Y napenue aenanock Ha 00pabOTKY JaHHBIX C TOMOIIBIO AITOPUTMA, IPOU3BO-
JSTIETO HYKHBIC BBIYHUCIEHUS. JJI1 OMIEPKKU 3TON MapagurMbl S3bIKH MIPEIOCTaB-
TSI MEXaHW3M TIepeiaud MmapaMeTPOB U MONyUYSHUS Pe3ynbTatoB QyHKIui. Jlute-
patypa, oTpakaromas TaKoi MOJXO0/], 3al0JHEHA PacCyXKISHUSIMHU O crocobax mepe-
Ja4d TapaMeTpoB, O TOM, KaK pa3nyaTh MapaMeTPhl Pa3HBIX THUIIOB, O Pa3IMYHBIX
BraxX QyHKIMHA (IpoLeaypsl, MOAIPOrPpaMMBbI, MAKPOKOMaHIbI) U T.11. [lepBbIM mpo-
neaypHbIM si3bikoM 0T DopTpan, a Anron60, Anron68, Ilackams u C npomomkuin
ATO HaIpaBJICHUE.

Mooyavnoe npocpammuposanue

Co BpeMeHEM NpHU MPOECKTUPOBAHUU MPOTPAMM AKLEHT CMECTUJIICA C OpraHu-
3alMd MPOLEIYp HAa OPraHU3alMI0 CTPYKTYpP JMaHHbIX. [lomuMo Bcero mpouero 3to
BBI3BAHO M POCTOM pa3MepoB MporpamMm. MojynemM OObIYHO HAa3bIBAIOT COBOKYII-
HOCTbH CBSI3aHHBIX MTPOLEIYP U TEX JAHHBIX, KOTOPHIMU OHU ympaBisitoT. [lapagurma
MpOrpaMMHPOBAHUS TTPUOOpENa BUA!

OIIPEJEJINTE, KAKUE MO/ YJIH HYKHBI;, IIOAEJIUTE IIPOI'PAMMY
TAK, YTObbI JIAHHBIE BbIJIH CKPBITHI B OTHX MO YVIIAX

OTa nmapagurma M3BECTHA TakKe KaK 'MHPUHIIUI COKPBHITHS NaHHbIX'. Eciu B
S3bIKE€ HET BO3MOXKHOCTHU CIPYNIIUPOBATh CBSI3aHHBIE MPOLIETYPhl BMECTE C IaHHBIMH,
TO OH IUIOXO MOJJIEPKUBAET MOAYJIbHBIA CTHIIb MPOrpaMMupoBanus. Tenepbp MeTO
HAIMKUCAHUS «XOPOIINX» MPOIEAYP NPUMEHSETCS ISl OTACIBHBIX MPOLIEAYP MOAYJIA.

A3k Mopayna-2 npsiMo TIOJJIEPKUBAET ATy mapagurmy, toraa kak C Toiabko
JOITYCKAeT TaKOW CTHUJIb.

[TockonbKy aHHBIE €CTh €JUHCTBEHHAs BEIllb, KOTOPYIO XOTST CKPbIBATH, IO-
HATHUE CKPBITUS JAHHBIX TPUBUAJIBHO PACUIUPSIETCS 10 MOHSATUS CKPBITUS MHOpMAa-
11U, T.€. UMEH MEPEMEHHBIX, KOHCTAHT, (PYHKIUA U TUMOB, KOTOPHIE TOXKE MOTYT
OBITh JIOKaJIbHBIMU B Moayje. Xotss C++ M He mpeaHa3Hayajcs CHEUHAbHO i
MOAJEPKKM MOAYJIBHOTO MPOrPAMMHUPOBAHHUS, KJIACCHI MOJAJIEPKUBAIOT KOHLEMIIUIO
MOMYJIBHOCTH.
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Abcmpakuus 0anHbIX

MoaynpHOE NPOrpaMMHUPOBAHUE MPEIAINOIAraeT TPYIIHUPOBKY BCEX TaHHBIX
OJIHOTO THIAa BOKPYT OJHOTO MOAYJIS, YIPABJISIIOWIETO 3TUM TUIIOM. TuIl, peannsye-
MBI{ YIIPABJISIIOIIUM UM MOJAYJIEM, IO MHOTMM BaXHBIM aClEKTaM CYHIECTBEHHO OT-
JINYAeTCsl OT BCTPOCHHBIX TUMOB. TakuWe TUIbI HE MOJYy4ar0T TOM NOAAEPKKHA CO CTO-
POHBI TpaHCJIATOpa (Pa3HOTO BHJIA KOHTPOJb), KOTOpas 00ecreunBaeTcs ISl BCTPO-
eHHbIX TUMOoB. [Ipobiema 31ech B TOM, 4TO mporpamMma (popMyiaupyercs B TEepMHUHAX
HeOobIMX (OHO-IBA CJIOBA) JECKPUIITOPOB OOBEKTOB, a HE B TEPMHUHAX CAMHX
00BEKTOB. DTO 03HAYAET, YTO TPAHCISITOP HE CMOXKET OTJIOBUTH IJIyIbl€, OUEBUIHBIC
OIITHOKH.

B s3pikax Ana, C++ u mogoOHBIX UM 3Ta TPYAHOCTh MpPeoJioieBaeTcs Oyaro-
Japsi TOMy, YTO MOJIb30BATENI0 Pa3pelIaeTC ONPEAETATh CBOU THUIIBI, KOTOPBIE TPaK-
TYIOTCSI B AI3bIKE MPAKTHUUYECKU TaK ke, KaKk BCTPOCHHbIC. Takue TUIbl 0OBIYHO Ha3bl-
BAIOT A0CTPAKTHBIMM THIIAMHU JAHHBIX, XOTA JIy4lle, MOXKaayil, UX Ha3bIBaTh MpPO-
CTO MOJb30BaTEILCKUMU. bojee cTporum ompeaesieHrueM aOCTPAKTHBIX THUIIOB JlaH-
HBIX ObLJIO OBl UX MaTeMaTudeckoe onpezaeneHue. Eciau Obl yaanock ero 1ath, To, 4TO
Ha3bIBAETCSA B MPOTrpaMMHUPOBAHUU TUIAMHU, ObLUIO Obl KOHKPETHBIM MpPEACTaBICHUEM
JEUCTBUTENILHO a0CTPaKTHBIX CylIHOCTeW. [lapaaurmy mporpaMMupoOBaHHS MOXKHO
BBIPA3UTh TENEPH TAK:

OITPENEJIUTE, KAKHUE THIIBI BAM HYXHBI; [TIPENOCTABBTE ITOJI-
HBIF HABOP OITEPAIIMH JIJIA KAXKJIOI'O THIIA

Ecian HeT HeoOXOIMMOCTH B pa3HbIX OOBEKTaX OJHOTO THUIIA, TO CTHJIb IMPO-
IrPaMMHPOBAHUSI, CYTh KOTOPOTO CBOAUTCS K CKPBITHUIO JAHHBIX, U CJIEIOBAaHUE KOTO-
poMy oOecneyuBaeTcsi C MOMOIIbI0 KOHIEMNIMU MOAYJIbHOCTH, BIIOJHE aJ€KBaTEH
ATOM IMapaJiurMe.

AOCTpaKTHBIN TUI JAHHBIX OMPEACIISIETCS KaK HEKUW «4epHbId suuk». [locne
CBOEr0 ONPENECICHHUS OH HHUKAaK HE B3aMMOJICMCTBYET C IporpamMmon. Ero Hukak
HEJIb3s1 MPUCTIOCOOUTD JJISI HOBBIX LIeJIeH, HE MEHss omnpejesieHus. B aToM cMmebicie
3TO HETHMOKOE pelleHHE

Oo0veKkmuo-opuenHmupoeannoe nPoZPaAMMUPOBaHUe

[Tycth, HampuMep, HYXHO OINPEACITUTH Ui TpadUIeCKOW CHUCTEMBI THII
shape (¢urypa). [loka cuntaem, 94TO B CUCTEME MOTYT OBITh TaKue (PHUTYpHI: OK-
pyxHocts (Circle), tpeyronasauk (triangle) u xBagpar (square). Ilycts He-
00xoauMo co3aath B nporpamme GyHkmuo draw() mis pucoBaHus 000N GuUry-
pbl. B Hell HyKHO ydecTh BCe BO3MOXKHbBIE (DUTYpBI, KAKHUE TOJIBKO €CTh. [loaTOMy OHa
JIOTIOJTHSICTCS. HOBBIMH OIIEPAaTOPaMH, KaK TOJIBKO B CUCTEME IOSBISCTCS HOBast (u-
rypa. [110xo To, 4To mocie onpeneieHus HOBOW (GUTYpBI HY>KHO MPOBEPUTH H, BO3-
MO>KHO, U3MEHHUTh BCE CTapble omepanuu kiacca. [1oaToMy, €ciii MCXOIHBIH TEKCT
KaXI0W OTepaIliy Kjlacca HeJAOCTYIIeH, TO BBECTH HOBYIO (DUTYpy B CUCTEMY IPOCTO
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HeBO3MOXHO. [losiBiieHue 110001 HOBOM (UTYyphl TPUBOAUT K MAHUITYJISIIUIM C TEK-
CTOM Ka)XXJI0il CYIIIECTBEHHOM omepaluu kiacca. TpeldyeTcss HOCTaTOYHO BBICOKAs
KBau(UKaIKs, 4TOObI CIIPABUTHCS C ITOM 3a7aveil, HO BCE paBHO MOT'YT MOSBUTHCS
OMMOKHU B YK€ OTIAKEHHBIX YacCTSAX MPOTPaMMbl, pabOTAIONIUX CO CTapbIMU (PUTY-
pamu. Bo3MOKHOCTH BbIOOpa MpPEICTABICHUS ISl KOHKPETHON (DUTYpBI CHUIBHO CYy-
KaeTcs, eciau TpeOoBaTh, YTOOKI BCE €€ MPECTABIICHUS YKIIa/IbIBAJIUCh B YK€ 3a/1aH-
HBIA (opMaT, CEIUPUITUPOBAHHBIA OOIIUM onpejaeeHueM uryps (T.e. onpenere-
HueM tuna shape).

[IpobGneMa cocToUT B TOM, UTO B MPOTPaMMeE HE pa3inyaroTcs oOIre CBOCTRA
¢uryp (Hampumep, Gurypa mMeer IBET, €€ MOKHO HApPHCOBaTh M T.I.) U CBOHCTBA
KOHKPETHOH (UTYpHI (HAlpuMep, OKPYKHOCTb - 3TO Takas (Urypa, KOTopas HMeEeT
pamnyc, oHa HM300paXkacTCsl ¢ MOMOIILI0 (DYHKIWHU, pucyromer Ayrd u T.4.). CyTh
00beKTHO-OPMEHTUPOBAHHOI0 NMPOrPAMMMPOBAHUS B TOM, YTO OHO TMO3BOJSET
BbIpaXXaTh 3T PA3IUYUS U UCIIONB3YET UX. SI3bIK, KOTOPBIA UMEET KOHCTPYKIIUU IJIsI
BBIPDQXKEHUSI W WCIOJIb30BaHUS MOJOOHBIX pPa3Nuyui, MOAACPKUBAET OOBEKTHO-
OPUEHTUPOBAHHOE MpOrpaMMupoBaHue. Bce apyrue si3bIku HE MOIACPKUBAIOT €ro.
3/1eCh OCHOBHYIO POJIb UTPAET MEXaHU3M HACJEOBAaHUS, 3aUMCTBOBAHHBIN U3 SI3bIKA
Cumyna.

Teneps napaaurma nporpaMMHUpoBaHus GopMyIupyeTcs Tak:

OIIPE/IEJIUTE, KAKOU KJIACC BAM HEOEXO[UM; IIPE[JOCTABbTE
ITOJIHBIH HABOP OIEPALIMHU JJJIA KAXKIOI'O KJIACCA; OBLJHOCTb
KJIACCOB BBIPA3UTE AIBHO C [IOMOLbIO HACJIE/[OBAHHA

Ecau o6miHOCTh MKy KJlacCaMu OTCYTCTBYET, BIIOJHE JOCTATOYHO a0CTpak-
MU JaHHbIX. HackodbKO MPUMEHUMO OOBEKTHO-OPUEHTHPOBAHHOE MPOrpPaMMUPO-
BaHUE JJIsI JAHHON 00JIACTH MPUIIOKEHUS OMIPEIEIIAETCS CTETIEHBI0 OOITHOCTH MEXKIY
pPa3HBIMM TUIIAMU, KOTOPAasi MO3BOJISET UCIOIb30BaTh HACIEI0OBAaHUE U BUPTYyaJIbHBIC
¢byHkiuu. B HeKOTOpbIX 001acTsAX, TAKUX, HapUMEp, KaK UHTEPAKTUBHAs rpaduka,
€CTh LIUPOKUN MPOCTOP sl 0OBEKTHO-OPHUEHTUPOBAHHOIO MpOrpaMmupoBanus. B
JIPYTUX 00JIACTSIX, B KOTOPBIX UCIOJIB3YIOTCS TPAAUIMOHHBIE apU(METHUECKUE TUTIBI
Y BBIYUCJICHUS HAJ HUMU, TPYAHO HAUTH MpPUMEHEHHE AJid Oojee pa3BUTHIX CTHIIECH
MpOrpaMMHUPOBAHUS, YeM a0CTpaKklMs JaHHBIX. 3JE€Ch CPEJICTBA, MOAACPKUBAIOIINE
00BEKTHO-OPUEHTUPOBAHHOE MPOrPAMMHUPOBAHUE, OYEBUJIHO, U30BITOUHBI.

Haxosxxnenue oOUIHOCTH CpeAu OTIAEIbHBIX THUIIOB CUCTEMBI MPEICTABISIET CO-
0oii HeTpuBHANIBHBIN Tpoliecc. CTeneHb TakoW OOIIHOCTH 3aBUCUT OT crocoba Mpo-
EeKTHUPOBAHUS CUCTEMBI. B mpoliecce mpoeKTUPOBAHUS BBISIBIIEHHE OOITHOCTH KJIACCOB
JIOJHDKHO OBITH TTOCTOSSHHOM 1ienibio. OHa TOCTUTaeTCs JABYyMs criocobamMu: JuOo mpo-
E€KTUPOBAHUEM CIEIMAJIbHBIX KJIACCOB, UCIOJIb3yEMbIX KaK "KUPHIUYHU' P MOCTPOE-
HUU JIPYTHUX, JIUOO MOMCKOM MOXOXKHUX KJIACCOB JIJISl BBIACJICHHS MX OOILIEH 4acTH B
OIMH 0a30BBIN KJacc.

15



1.5. IlepBas nporpamma Ha C++

Jlanee npencrasiieHa neppas nporpamma Ha C++, KoTopasi BBIBOJUT Ha dKpPaH
crpouky «Hello, world!» (puc. 1.1)

//TTepsas nporpamma Ha C++

#include <iostream.h>

main(Q)
{
cout << "Hello, World!\n";
return O;
ke
Puc. 1.1. IlepBas nporpamma na C++
Ctpoxka

#include <iostream.h>
SBJISICTCS JTUPEKTUBOM mMpempolieccopa, T.e. cooOieHueM mpemnporeccopy C++.
Crpoku, HaunHaroumecs ¢ #, o0pabdaThIBalOTCS MPEMPOLIECCOPOM Tepe]l KOMITHIIS-
1uen nporpamMmsl. JlaHHasi cTpoka JaeT yKa3aHHUE MPENpoIeccopy BKIIOUUTH B MPO-
rpaMMy cojIep KaHHe 3arojIoBoYHOro (haiiyia motoka BBoaa/BeiBoga 10Stream. h.

OcranpHas 4acTh IPOrpaMMbl

main() { --- }
omnpeaenseT QyHKIUIO, Ha3BaHHYIO Main. Kaxmas mporpaMMa JoJDKHA COAEPIKaTh
GyHKIMIO ¢ UMeHeM Maln, u padoTa mporpaMMbl HAYMHAETCS C BBITIOJHCHHUS 3TON
(GyHKIMH, AaXKe €CJIU 3TO He nepBasi QYHKIUS MPOTPaMMBI.

Kpyribie ckoOku mociie maln mokassiBaroT, 4To Maln — MporpaMMHBINA OJIOK,
Ha3bIBa€MbIN (QYHKIUEH.

JleBast ¢urypHast ckoOka { J0/DKHA HAYMHATH TeIOo Kaxaou pynkmuu. Coot-
BETCTBYIOIIAA MpaBasi pUrypHasi CKoOKa J0JKHA 3aKaHUUBATh KaXAYI0 () YHKIIUIO.

Crpoka

cout << "Hello, World!\n";
ABJISIETCS KOMaHJOM KOMIIbIOTEPY HaleyaTaTh HAa 3KpaHE CTPOKY CHMBOJIOB, 3aKIIIO-
YeHHYI0 B KaBblukd. [lonmHasi cTpoka, Bkiroyaromas COUt, omepanuio <<, CTPOKY
"Hello, World!\n" u Touky c 3ansToii (;), Ha3bIBacTCs ornepaTopoM. Kaxmbrii
orepaTop JOJDKEH 3aKaHUYMBATHCS TOYKOH ¢ 3arsaToit. Omeparus << (KIIOMECTHTH B»)
MUIIIET CBOM TEpBBIA apryMeHT BO BTopoi (B jaHHOM ciyuae, crpoky "‘Hello,
world\n" B cranmapTHbIi TIOTOK BBIBOja COUtL). CTpoka - 3TO TMOCIEIOBATEIb-
HOCTh CHMMBOJIOB, 3aKJIIOYEHHAs B JBOMHBIE KaBbIUKU. B cTpoke cCMMBOJI 0OpaTHOM
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KOCOM \, 32 KOTOPBIM CIIEAYET APYrol CUMBOJI, 0003HAYAET OJWH CICIIHAIbHBIA CHM-
BOJI; B JAHHOM cjydae, \N SBJSICTCSI CAMBOJIOM HOBOW cTpokH. Takum o0Opa3oMm, BbI-
BoauMbIe cuMBOJIBI coctosT u3 Hel 1o, world u nepeBona crpokw.

Hekotopeie Herpaduueckue CUMBOJIBI, OJUHOYHAS KaBbluKa =~ M 0OpaTHasi KO-
cai \, MOryT OBITh TMpEICTaBICHBI B COOTBETCTBHHM ¢ TaOJMIeH escape-
nocieoBarebHOCTeH (Tadu. 1).

Omnepanus << Ha3bIBACTCS «IMOMECTUTh B MOTOK». [IpyU BBIMOJHEHUH 3TOU
MporpaMMbl 3HaUEHUE CIIpaBa OT ONepaTopa MOMENIAETCSl B MOTOK BHIBOJIA.

Ctpoxka

return O;
MOKA3bIBAET, YTO MpOorpamMMa YCIEIIHO 3aKOHYEeHA. BKIIodaeTcss B KOHIE KaxKIoil
¢dbyuku main. KirroueBoe ¢i10Bo return — oJiMH U3 HECKOJIBKUX CIIOCOOOB BBIXO/A U3
GyHKIMU.

Ta6mnuna 1
HeneuyaTHbie CHMBOJIBI
Onucanue cMMBoOJIA Kon cumBosa CnenuajgbHasi
MOC/Ie10BaTEILHOCTh
CuMBOJI HOBOi CTPOKH NL(LF) \n
T'opu3oHTanbHas TA0YAALMA NT \t
BepTukanbHasi Tadyasiuust VT \v
Bo3Bpar Ha mar BS \b
Bo3Bpart kapeTku CR \r
IlepeBon popmata FF \T
OGparHas Kocas \ \\
OnuHOYHas KaBbIYKa (amocTpod) ) \*
JIBOlHBbIE KABBIYKH “ \”
3BOHOK \a

17



2. TUIIbI JAHHBIX

2.1. IlonsiTHE IEPeMEHHOI 1 00bSIBJIEHUE MTePEeMEHHBIX

Hmsa (uoenmugpuxkamop) — 5To CTpOKa CHMBOJIOB, HCITOJIb3yeMast Jiisi 0003Ha-
YEHUs HEKOTOPOU CYIIHOCTH B mporpamme. Takumu CyIIHOCTSIMUA MOTYT OBITh Tiepe-
MEHHbI€, TUIIbI, METKH, QYHKIIUU U T.1. B o01iem ciydae uieHTupuKaTopbl HE UMe-
IOT CMBICJIA, & UCIIOJIB3YIOTCS TOJBKO B KaU€CTBE UMEH MPOTPAMMHBIX OOBEKTOB WIH
UX aTpuOyTOB.

B C/C++ unentudukaTop J0JKEH HAUUHATBCS € JIATUHCKOW OYKBBI MJIM HUX-
HEro MOJYEpPKUBAHUS, U COJEPKATh JJATUHCKUE OYKBBI, HIU(PHI U 3HAKU MOTYEPKUBA-
HUSL.

Ilepemennan — 510 0O0BEKT JTAHHBIX, KOTOPBIM SIBHBIM 00pa3oM OMpeAeseH U
MMEHOBaH B nporpamme. [lepeMeHHbIE XapaKTEepU3YIOTCSl ¢ MOMOIIBIO CIETYIONIUX
aTpuOyTOB: UMS, aJpec, 3HaUYCHUE, TUII, BPEMS KU3HH, 00JaCTh BUAUMOCTH.

HUmsa nepemennoii — 3170 UICHTUHUKATOP, UCTIOJIB3YyEMBII B IIporpaMmax st
CCBUIKM Ha 3HAYEHHUE NIEPEMEHHOM.

Aodpec nepemennoil — 310 aapec 00JIACTH MAMSITH, C KOTOPOH CBs3aHa JaHHAs
nepeMeHHasl.

3Hnauenue nepemenHnoil — 3T0 CONEPKUMOE SUECUKU MU COBOKYIMHOCTHU SUEEK
MaMsTH, CBA3AHHBIX C TAHHON NEPEMEHHOM.

Tun nepemennoii CBSI3bIBaCT MEPEMEHHYIO C MHOKECTBOM 3HAUEHUM, KOTOPBIE
OHa MOKET MPUHUMATb.

Bpemsa scusznu — 310 Bpemsi, B T€YEHUE KOTOPOTO MEPEMEHHAs CBSI3aHA C OIl-
peleneHHON 00J1acThIO MaMSTH.

Ooébnacmes eudumocmu — 310 OJIOK MPOTrpaMMbl, U3 KOTOPOTO MOXKHO oOpa-
TUTBCA K 3TOM IEPEMEHHOM.

Oo6vagnenue nepemeHHblX

[lepen ucnonb30BaHUEM B IporpaMme Jt000H OOBEKT AaHHBIX JOJKEH ObITh
o0bsaBiieH. Onepatop 00bsIBICHUS COOOIIAET KOMIWIATOPY MH(pOpMaILMIO 00 HCH-
TU(QUKATOpax U TUMAX JAHHBIX, HA3HaYaeMbIX OOBEKTaM JaHHBIX, U O MpeJrosarae-
MOM BpPEMEHH >KH3HH 3TUX 00BEKTOB (IJ100abHas WM JIOKAJIbHAS TIepeMeHHast, Tie-
pPEMEHHas - WIeH KJlacca, CTaTHYecKas IepeMEeHHAs U T.11.).

B si3pike C++ nmist 0OBSIBICHHSI HOBBIX UMEH B TEKYIIEH 00JacTH BUIUMOCTH
MpeaHA3HAYAIOTCS ONMePATOPbI 00bABJICHHUS.

Hanpuwmep:

int i, j; float m, n;

Omneparop o0bsBIeHUS B si3bike C++ MOXKET yKa3bIBaThCA B JTIOOOM JIOMYCTH-
MOM M€CT€ MPOrPAMMBI.

B s3eike C++ KaxabIil orepaTop OOBSBICHHS 3aBEPIIACTCS CUMBOJIOM KOHIIA
oreparopa (Touka ¢ 3amsaToi). B omeparope oOBSBICHUS MOXKET OOBSABISTHCS HE-
CKOJIbKO OOBEKTOB JaHHBIX OJHOrO THIA, MEPEUUCIIEMBbIX depe3 3amaryro. JIroooi

18



onepatop OObSIBICHUS HAUMHAETCS C KJIIOYEBOIO CJIOBA WIHM UAeHTU(UKATOpA, YKa-
3BIBAIOIIIETO TUI OOBABIAEMOTO O0OBEKTA.

chPOeHHble munvt OAHHBIX

Kaxxmoe uMs 1 KakJoe BBIpaKeHHE 00sA3aHbI UMETh THI. MIMEHHO THI ompe-
JeIISET Olepaliy, KOTOPhIe MOTYT BBITIOJNHATHCSA HaJ HUMHU. Hampumep, B onvcaHuu
int Inch;
roBopuTtcs, uro INCh umeet Tun 1Nt T.e. INCH sABIsSETCS 1EION TEPEMEHHOA.

Tabauna 2

Pa3Mep NaMATH, BbIAEIIeMO’ 1Mo BCTPOCHHBIC THINBI JAHHBIX

Tun faHHBIX Baiit JInana3on
long double ? 3.4e-4932. .3.4e+4932
double 8 1.7e-308..1.7e+308
float 4 3.4e-38..3.4e+38
unsigned long long 8 0..18 446 744 073 709 551 615
long long iInt 8 -9 223 372 036 854 775 808 ..

9 223 372 036 854 775 807

unsigned long iInt 4 0..4 294 967 295
long iInt 4 -2 147 483 648 .. 2 147 483 647
int ? ?
unsigned short int 2 0..65535
short int 2 -32 768 .. 32 767
unsigned char 1 0..255
char 1 -128 .. 127

Onucanue - 5T0 onepaTop, KOTOPBIM BBOAUT UM B Iporpammy. B onucanuun

YKa3bIBa€TCS THN WUMEHU. TN, B CBOIO OYepeh, OMpEeisIeT, KaK MpPaBHIBHO WC-
MOJIB30BATh UM WJIH BBIPQKCHHE.

Tune!l TaHHBIX B TIOPSIKE CICOBAHUS OT BBICIITUX THIIOB K HU3IIUM C KOJIHYE-
CTBOM 3aHUMAaEMBbIX TUIIOM 0aiT (B 32-pa3psIHBIX CHCTEMaXx) MPUBEACHBI B Ta0. 2.
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2.2. KOHCTaHTBI ¥ IepevYucaIeHnst

Koncmanummnuie nepemenHnble

Ecnu nmepemenHas oObsiBIeHa C KIIIOUEBBIM CIOBOM CONST, 3HAauuT, OHA HE
NOJDKHA MEHAThCA. 1locne ompeneneHns KOHCTAHTHOM NEPEMEHHOM YK€ HEb3s U3-
MEHHTh €€ 3HAYEHUE WJIU TNepeaaTh €€ B KaueCTBE apryMeHTa (PYHKIIMH, KOTOpasi He
rapaHTUPYET €€ HEU3MEHHOCTU. PaccMoTprM MpoCTOr MpuMep ¢ KOHCTAHTHOM LEN0n
nepeMeHHoi (puc. 2.1.).

const int j = 17; // Llenasa KOHCTaHTa

J = 29; // Henb3sa, 3Ha4YeHUe He [OJIKHO MeHATbCA
const int i; // Henb3s, oTCyTCTBYET HaYanbHOE 3HAYEHUE

Puc. 2.1. PaGora ¢ KOHCTAHTOM

TpeThst cTpoka HEBEPHA, MOCKOJBKY B HEW KOMIUIIATOPY MpeJjiaraeTcs: omnpe-
JEIUTh CIy4alHyI0 MEePEMEHHYI0, KOTOPYIO HUKOT/Ja HE YAacTCsi WU3MEHUTh, - JI0-
BOJILHO CTPaHHBIN T€HEPATOP CIAyYalHbBIX I[EIbIX KOHCTAHT.

[lenoe yuciao MoXKeT OBbITh HEMOCPEACTBEHHO 3aMKUCAHO B MPOrpaMMe B BHUJIC
KOHCTAHTBI. 3allUCh YHUCENI COOTBETCTBYET OOIenpuHATON HOoTauuu. [Ipumeps! 1e-
aeix koHCcTaHT: 0, 125, -37. [lo ymomuaHuto 1ieple KOHCTAHTHI MPUHAIJICKAT K
tuny INt. Eciu HeoOXoAMMO yKa3aTh, YTO IIEJI0€ YUCIO — 3TO KOHCTAHTA THIIA
long , moxHo mo6aButh cumBou L winu | mocie uncna. Eciau koHCTaHTa O€33HAKO-
Bas, T.¢. oTHocHuTcs K Ty unsigned long wm unsigned iInt, mocie yucia
3anuckiBaerca cumBoia U unu U. Hanpumep:

34U, 700034L, 7654ul.

Kpome ctangapTHOM AECATHUYHOM 3alMCH, YHCJIa MOKHO 3alMChIBaTh B BOCh-
MEPHUYHON WJIM HIECTHAALATEPUYHOU cUCTeMe cuucieHus. [Ipu3sHakoM BochMepHu-
HOUM cucTembl cumciieHus sipisercs mudpa O B Hauane umcna. [IpusHakom miecTHa-
anarepuaHorn — OX wmimm OX mepen umciom. J[s miecTHaamaTepuvHbIX MUPP HC-
TIOJIL3YIOTCS JIATUHCKHE OYKBBI OT A 710 F (HeBaxxHO, OOJIbIIINE WIIM MaJICHBKHE).

Takum oOpa3zoM, pparMeHT IporpaMMbl

const Int x = 240;

const Int y = 0360;

const Int z = OxFO;

OIIPEACIISICT TPU LECIBIC KOHCTAHTHI X, Y U Z C OAUMHAKOBBIMHU 3HAYCHUSIMHU

Ilepeuucnenun

JlocTaToO4HO 4YacTo B MpOrpamMMe BBOJMTCS THI, COCTOSIIMN JUIIb W3 HE-
CKOJIbKHX 3apaHee W3BECTHbIX 3HaueHWM. Hampumep, B mporpamme HCHONb3YyeTCs
MepeMEeHHasl, XpaHsilasi BeJIMUMHY, OTPAXKAIOUIYIO0 BpeMsl CYTOK, U PEIIEHO, 4To Oy-
JIEM pa3jinyath HOYb, YTPO, A€Hb U Beuep. KoHEeUHO, MOXKHO JTOTOBOPUTHCS 0003HA-
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YUTh BpeMs cyTok yuciamu oT 1 1o 4. Ho, Bo-niepBbIX, 3TO HE HAMIsIIHO. BO-BTOPHIX,
4yTO O0JIEe CYIIECTBEHHO, OYEHbB JIETKO CHENaTh OUIMOKY U, HAPUMEpP, UCIOJIb30BAThH
YHUCJIO 5, KOTOPOE HE COOTBETCTBYET HHMKAKOMY BpeMeHU AHs. ['opaszno ynoOHel u
HaJIe)KHEE OINpeIeIUTh HA0Op 3HAUYCHHUH ¢ MOMOIIBIO THIAa €NUm s3bika C++:

enum DayTime { morning, day, evening, night };

Tenepb MOKHO ONIPEAETUTH NEPEMEHHYIO

DayTime current;

KOTOpas XpaHUT TEKYILEE BpEeMS JIHs, a 3aT€M MPUCBANBATh €1 OJTHO U3 JOIIYCTUMBIX
3HaueHui tuna DayTime:

current = day;

KoHTpoJb, KOTOPBIN OCYIIECTBIAET KOMIWIATOP MPU HUCHOJIB30BAaHWH B IPO-
rpamMme 3TOM MEPEMEHHOM, Topa3io 0osiee CTPOrui, YeM MPU UCTOIb30BAHUHU 1IEJI0TO
qyucia

Jliiss HabOpOB OMpeeieHbI ONEpalliy CPaBHEHHS Ha PaBEHCTBO (==) W Hepa-
BeHCTBO (1=) c aTpuOyTamu 3TOTO XK€ THIA, T.C.

iIT (current = night)

// BbINONHUTL paboTy

BuyTtpennee npencraBieHue 3HaueHH HaObopa — menble uucaa. [lo ymonya-
HUIO 3JIEMEHTaM Ha0opa COOTBETCTBYIOT MOCIEAOBATEIbHbIE L[EbIC YKCIia, HAUUHAS
c 0. DTuM MOXKHO TIOJTL30BAaThCS B MpOTrpamMme. Bo-mepBbIX, MOKHO 3a7aTh, KaKoe
YHCII0 KAKOMY aTpuOyTy Habopa OyaeT cooTBeTCTBOBATH (puc. 2.2).

//xaxpomy atpubyTy 3aaaeTcs Ymcno
enum { morning = 4, day = 3, evening = 2, night = 1 };
// nocnepoeaTenbHbIe YUCIA Ha4YUHas ¢ 1
enum { morning = 1, day, evening, night };
// vicnonb3syrotca umcna 0, 2, 3un 4
enum { morning, day = 2, evening, night };

Puc. 2.2. Pazau4Hblie HA00PHI YHCeJI B lepeYucIeHUH

Bo-BTOpBIX, aTpuOyThl HAOOPOB MOKHO HCIIOJIB30BaTh B BHIPAKEHUAX BMECTO

uensix yucen. IlpeoOpazoBanusi U3 Habopa B LE€IO€ U HAOOOPOT pa3peuIeHBI
(puc. 2.3).

int main(){
enum season{spring=1, summer, autumn=1, winter};
season s;
s = season(4);
cout<< s<<endl;
S = winter;
cout<< s<<endl;
if(s==winter) cout<<"Winter!"<<endl;
return O;}

Puc. 2.3. I[Iporpamma, HJIIOCTPUPYIOIIAsi padoTy ¢ NMepeYucJeHUsAMHU
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2.3. Onepanum U BbIpaKeHUst

OcHoBHBIC onepanuu si3pika C++ mpuBeaeHBI B Taba. 3. VMcmonb3oBaHne 3THUX
omepaiuii 6osiee moapoOHO OyaeT ykazaHo nanee. Omnepaiuu pacroiararorcs B IMo-

psinke yObIBaHUSI MPUOPUTETA.

Tab6nauma 3
Onepanumn sa3bika C++
Onepa- ApHocTh Acco- Onucanue Hcnonb3oBanue pu
st HUATHB opu-
HOCTh TeT
1 2 3 4 5 6
- - YHapHas npaBasi | nojyueHue O0ocCmyna K | -- WVMsI 17
27100a1bHON
nepemeHnHou
-- OuHapHasi |JeBasi | paspeuwienue odOracmu | IMsi_Kjacca |17
euoumocmu MMsI_4JIeHa
-> OuMHapHasi | JieBasi | CeleKmop 4ieHa yKasarTesnb->ujleH 16
- OuHapHasi | J1eBasl | CeleKmop 4neHa OGBEKT . uJIeH 16
[1 OMHApHAsi | JieBas | UHOEKC 21emenma | iMsi_Maccusa [Brpax | 16
maccusa enue |
O OuHapHasi | JIeBasi | 6b1306 PyHKUUU uMst_QyHKIMM 16
(cnucox_napamerT-
pos)
O OuMHapHas | JieBas | co3danue mund type(cnmucok_Bmpax | 16
eHMI1)
++ YHapHasi npaBasi | nocm@pukcruas JeBoe_BHadeHuet+ 16
UHKpeMeHmauus
- YHapHasi npaBasi | nocme@pukcuas JiIeBOoe_BHaueHue--— 16
OeKpemenmayus
typeid | ynapnas npaBasi | udenmupurayus typeid(Tun) 16
munoe typeid(srpaxenne)
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Ilpooonocenue mabn. 3

1 2 3 4 S 6
dynamic | ynapuas npasasi | KOHmpoaupyemoe dynamic_cast 16
_Cast npeoopazosanue <Tun> (BHpaxeHue)

munog
static_ | ynapuas npasasi | KOHmpoaupyemoe static_cast <mun> | 16
cast npeobpazosanue (BEIPaxeHNe)
munog
reinter | ynapuas npasasi | HeKOHMPOUpyemoe reinterpret_cast 16
pret_ npeoopazosanue <Tun> (EBHpPaxeHue)
cast munoe
const_ YHapHas npaBasi | npeoopasoseanue const_cast <Tum> 16
cast KOHCmanmol (BEIPaxeHne)
sizeof | ynapnas | mpaBas | nonyuenue  pazmepa | Sizeof(rum) 15
muna
++ yHapHasi npasas | npeukcnan t+tnpaBoe 3BHaueHMe 15
UHKpeMeHmayus
- yYHapHasi npasas | npeukcnasn —--npaBoe_BHadYeHue 15
OeKpemenmayus
~ YHapHasi npasasi | nodumogoe ~BBPaxeHue 15
0ononHeHue
(nooumoesoe
ompuuanue)
! yHapHasi npasasi | 102uuecKkoe ! BRIpaxeHne 15
ompuyanue
+ yYHapHasi NpaBasl | YHapHblil N1I0C +BrpaxeHne 15
- yYHapHasi NpaBasl | YHAPHbLIL MUHYC —BEIPaXXeHue 15
* yHapHast npaBasl | KOC6eHHas aodpecayus | *yrasaTens 15
UU PA3bIMEHOBARUE
& YHapHasi npasasi | e3amue aopeca &3HaueHMe 15
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2

3

4

5

O

YHapHasi

npasasi

A6HOE
muna

npuegeoenue

(Tun) BripaxeHrHue

15
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1 2 3 4 S 6
new YHapHasi NpaBas | évloeNleHue namamu New mma 15
new Ty
(crmcox_Espakert)
new (crmacox_eepa-
WEHVIL) TVl
new (crmacox_eepa-
HEHVIT) mm  (crm-
COK_BHIPaXSHIIT)
delete | ynapnas npaBasi | ouuCMKa namamu delete yxasarens 15
delete [1
ykasarens
->* OuMHapHasi | JieBasi | CelleKmop wiena ykasarenb->*- 14
yKasaTene Ha 4JIeH
- OuMHapHasi | JieBasi | CelleKmop 4ieHa o6BexT . * - 14
yKasaTene Ha 4JeH
* 6m{apHaﬂ JieBas YMHOJIICEeHUe BHpaxeHne *Brpaxe— 13
HUue
/ OuMHapHasi |JeBas | OejleHue BHpaxeHue/supaxe- | 13
HUue
% OMHapHasi | JieBasi | OCMAmMOK om OejleHus | BHPaxXeHueSBHpaxe-— 13
HUue
+ OMHapHasi |JieBasl | clloxceHue BHpaxeHne+sBrpaxe- | 12
HUue
- OMHapHasi | JieBasi | gpluumanue BHpaxeHue-Bepaxe- | 12
HUue
<< OMHapHasi | JieBast | noOumoewlil cosue | BrIpaxeHmne<<prpaxe |11
67160 HUue

Ilpooonocenue mabn. 3




2 3 4 5 6
>> OMHapHasi | JieBast | noOumoewll cosuz | BrEIpaxeHme>>prpaxe |11
6npaeo HUue
< OMHapHasi | JieBasi | MeHbuie Brpaxenmne<srpaxe- | 10
HUue
<= OMHapHasi | JieBasl | MeHbuUie UIU PAGHO BHpaxeHne<=pmpaxe | 10
HUue
> OuHapHasi |JieBast | Oosbuie Brpaxenmne>erpaxe— | 10
HUue
>= OMHapHasi | JieBasi | Oonbuie iU paeHo BHpaxeHne>=Brpaxe | 10
HUue
== OnHapHasi | JeBasi | PAGHO BHpaxeHMe——prpaxe |9
HUe
1= OuHapHasi | jieBast | He pAGHO Brpaxenne ! =prpaxe |9
HUe
& OmHapHas | JeBas nooumoeoe BHpaxeHne &Brpaxe— | 8
nozuueckoe U Hue
n OuHapuast | JeBas noéumosoe BHpaxeHyue “Brpaxe- | 7
J102u4ecKoe HUe
ucknrwuarwwee HJIH
| OuHapHas | JieBas noéumosoe BHpaxeHue | Bipaxe- | 6
nozuueckoe HJTH Hue
&& OuHapHasi | JieBas nozuueckoe H Brpaxenne&&srpaxe |5
HUue
| OmHapHas | JeBas nozuueckoe HJTH BrpaxeHnue | | Bupaxe | 4
HUue
?: TepHAPHAs | JieBasi | YC/I06HAA OnePaAyUs BHpaxeHne?Brpaxe- | 3

HUe : BEIpaXeHune
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Okonuanue maba. 3

2 3 4 5
= OMHapHasi | JieBasi | npuceausanue BHAYEeHMEe=BHpaxXe-—
HUe

*= OuMHapHasi | JeBasi | YMHOdMCEHUe u | BHaYeHMe =BHpaxe-
npuceausanue Hue

/= OuMHapHas |JeBas | OeleHue u | sHaueHue/=Brpaxe-
npuceausanue Hue

%= OuHapuasi | jeBasi | ébluucienue ocmamka | 3HaueHneh=Brpaxe-—
om oeneHus u Hue
npuceausanue

+= OMHapHasi |JieBast | Cl10JCeHUe u | BHadYeHMet=BHpaxe-
npuceausanue Hue

-= OMHapHasi | JieBasi | gpblyuUmMAaHUe u | BHaYeHMNe-—BHpaxe-
npuceausanue Hue

<<= OmHapHasi | JeBasi | coguz 671€60 u | BHaYeHue<<=BHpaxe
npuceausanue Hue

>>= OmHapHasi | JeBasi | coguz enpaeo u | BHaYeHue>>=BHpaxe
npuceausanue Hue

&= OMHapHasi | JieBasi | .JlocuuecKoe sHaueHMne&d=BrHpaxe-—
nooumoeoe ¥/ u Hue
npuceausanue

I= OMHapHasi | JeBasl | .JlocuuecKoe sHadeHne | =Brpaxe-
nooumoeoe HJ/IH u Hue
npuceausanue

N= OMHapHasi | JieBasi | .Jlocu4ecKoe BHaueHue \=BHpaxe-
nooumoeoe Hue
ucknwuarwuwee UJIH u
npuceausanue

’ OmHapHasi | JieBasi | 3anamas BHPaxeHMe , BRlpaxe-—

HHUe




Ilooumoevie n102uueckue onepauvuu

B OMTOBBIX omeparusax 1ejioe YUCI0 PacCMaTPUBACTCS KaK CTpoKa OUTOB (Hy-
el n CIAWHUILI IIpH 3allMCH 4YHCJia B I[BOH‘-IHOﬁ CUCTCMC CYHMCIICHHUA HWIIN pPaspaa0B
MAIIMHHOTO MPEACTABIICHU).

Tabnuna 4

IToOuToBBIC ONEpan N

Onepanus PesyabTar OO0bsicHeHHe onepalu

311 3 no6urosoe UJIN

4 & 7 4 noburoBoe 1

4 N7 3 no6urtoBoe uckiovaronee NJIN

0 & OxF 0 no6urosoe 1

~0x00FO0 OxFFOF opa3psAHOE JONOJHEHUE (OTPHUIIAHKE)
8<<2 32 MOOUTOBBIN CABUT BIEBO

192>>4 12 NOOMTOBBIN C/BUT BIIPABO

[Topaspsanas onepanus WJIM, obo3Hauaemas 3HakOoM |, BBITIOJHSCT Omepa-
uuo MW Hag kaxabpiM MHIAUBHUIYaTbHBIM OMTOM JBYX CBOUX orepanHnoB. Hampu-
mep, 1 | 2 B pesynbrare marot 3, mockoibKy B aBondHoM Buzae 1 ato 01, 2 — ato 10,
cooTBeTcTBeHHO onepanus WJIN maer 11 mim 3 B mecatudyHol cucteme (HYJIU clieBa
OITYILICHBI).

AHAJIOTMYHO BBITIOJHAIOTCS Topaspsanbie omneparuu M(&), NCKITIOYALO-
IEE WA (") u oTpuniaHue Wiy gonojHeHue (~).

Omnepanus casura (<< - CIBHI BJICBO WM >> - CIBHUI BIIPABO) IIEpPEMEIIACT
JTBOMYHOE TPECTaBICHUE JIEBOTO OIMEpaHja Ha KOJIMYECTBO OWTOB, COOTBETCTBYIO-
Iee 3HAUYCHUIO TIPABOTro ornepanaa. Hampumep, JBOMYHOE MPEACTABICHHE KOPOTKOTO
nestoro unciaa 3 — 0000000000000011. PesynapTaToMm oneparuu 3 << 2 (CIBHT BJICBO)
oynet nBomunoe yucio 0000000000001100 wnwm, B aecsatudHoM 3amucu, 12. AHaio-
rudHo, caABUHYB uKciio 9 (B nBonmunom Buge 0000000000001001) Ha 2 pa3psiaa Bipa-
BO (3amuceiBacTcs 9 >> 2) momyurm 0000000000000010, T.e. 2.

[Ipu caBure BIEBO YMCIIO JOIMOJHSICTCS HYJISAMH ciipaBa. [Ipu caBure BIpaBo
OWUT, KOTOPBIM JIOTMOJHACTCS YHCIIO, 3aBUCUT OT TOTO, 3HAKOBOE OHO WJIM O€33HAKO-
Boe. Jlyis O€33HAKOBBIX YMCEN MPH CABUTE BIPABO OHU BCETJA JOTIOIHSIOTCS HYJIe-
BBEIM OuTOM. ECnu jke 4MCiIo 3HaKOBOE, TO 3HAYCHHE CaMOTO JICBOTO OWTa YHCIIa WC-
MOJIB3YETCSI JUTSl TOTIOTHEHUSA. ITO OOBSCHSIIETCS TEM, YTO CaMbli JIEBBI OUT Kak pa3s
u siBnsieTcst 3HakoM — 0 o3HadaeT wiroc U 1 o3HauaeT MuHyc. Takum o0pa3om, eciiu

short x = OxXFFOO;

unsigned short y = OxFFO0O;

TO pesyapratoM X >> 2  oOyaer OXFFCO (xBomuHoe mpelncTaBiICHHE
1111111111000000), a pe3yasTatom Yy >> 2 Oyaer OXx3FCO (aBomuHOE mpeacraBiie-
rue 0011111111000000).
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Omnepanust cABUra BJIEBO aHAJOTUYHA YMHOXKEHUIO HA COOTBETCTBYIONIYIO CTE-
MeHb JIBOWKH, a CIIBUT BJIIEBO — JICJICHUIO.

Kommenmapuu

Xopomas nmporpaMma JOJKHA COAEPKATh KOMMEHTAPUU U1 JOKYMEHTHUPOBA-
Hus. KoMMeHTapun MOryT HauMHATbCS M 3aKaHYMBATHCS B JIIOOOM MECTE MpOrpam-
Mbl. B C++ ucrnons3yercs nBa BUIa KOMMEHTAPHUEB. OAHOCTPOYHBIE U MHOTI'OCTPOY-
HBIE.

OnmHOCTPOYHBIE KOMMEHTAPHH HAYMHAIOTCS ¢ cuMBoJa «//» W 3aKaHYUBAIOT-
Cs1 B KOHIIE TEKYLIEH CTPOKH.

MHOroCTpOYHBIE KOMMEHTAPUN HAYHHAIOTCS C CUMBOJIOB «/*» ¥ 3aKaHYUBa-
I0TCsI Tapoii «*/». BIoXeHHBIX KOMMEHTapHeB He ObiBaeT. HezaBucumo oT kosmde-
CTBa CHMBOJIOB «/*», CIIEIyIONUX IPYT 3a APYroM, HX JNEHCTBHE 3aKaHYMBAETCS Ha
OmKafIIeM CUMBOJIE «*/».

3. OIIEPATOPBI U BBIPAKEHUSA

Ilonamue onepamopa

Ilycmoit onepamop COCTOUT W3 OJHOTO CHUMBOJIA — «;». OH HE BBINOJHSIET
HUKaKUX JedcTBUi. Vcnonb3yeTcst Kak 3alojHUTENb B IPYTUX, 00Jiee CIOKHBIX OTe-
paropax.

Onepamopul évipasrcenus NPEACTABISIOT COOOM MPOCTO BBIPAKEHUS, 32 KOTO-
PBIMU CIIEAYIOT TOUKA C 3aMSATOM, WX 3aIsTasi, WM HEKOTOPBIM APYrod KOHTEKCT.

Cocmaenou onepamop (070K) COCTOUT U3 ONpeACIICHUH 00bEKTOB (IaHHBIX),
3a KOTOPBIMH CJEAYET MOCIEAOBATEILHOCTh OnepaTopoB. biok 3akitovaercs B u-
T'YpHBIE CKOOKH.

Onepamop return

Nwmeet nBe hopmbi:

return;

return srpaxeHue;

[lepBast oOecrieunBaeT mepenavy yhpaBieHUsT M3 TeKyllew (QyHKuuu, He
MMEIONIEH BO3BpaIllaeMOr0 3HAYEHUsSI, Ha ONEepaTop, HEMOCPEACTBEHHO CIIEITYIOMINI
3a BBI30BOM (DYHKITUH.

Bropas ¢opma kpome 3TOro eiie u BO3BpallaeT 3HAYCHHE B MECTO BBI30BA.
Tun BepakeHust B onepaTope return u Tvm BO3BpalllaeMoOro 3HaY€HUsl T0JKHBI COB-
najiath.

Omnepatop return MokeT OTCyTCTBOBAaTh B (DYHKIMHU, HO JIyYIlle €r0 SIBHO yKa-
3bIBATh.
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Onepamop 1T (ECJIH)

DTOT ornepaTop MO3BOJISIET U3MEHSATH MOPSAIOK BBHIITOJHEHUS MPOTPaMMbI B 3a-
BHCUMOCTH OT UCTUHHOCTH ycioBus. CtpykTtypa 1T sBiIsleTcs CTPYKTYypO# ¢ OJHUAM
BX0JI0OM M oHUM BbixogoM. Ctpykrypa 1¥/else (ECINM/VHAUE) npeaycMaTpu-
BAaeT JICUCTBUSA B CIIy4ae JOXKHOTo ycioBus (cM. puc. 3.1)

it (x>y)
cout << 1 << endl;
else 1t (x>2)
cout << 2 << endl;
else 1t (y>2)
cout << 3 << endl;
else
cout << 4 << endl;

Puc. 3.1 Ucnonbs3oBanue cTpykrypsl if/else

Ctpykrypbl Beioopa 1T 00bIMHO TIpe/roaraeT HATMYUe B CBOEM TeJIe TOJIBKO
oJtHOTO oreparopa. UToObI BKIIFOYHTH HECKOJBKO OIEPATOPOB B TEJIO CTPYKTYPHI, 3a-
KITII0YKTE UX B purypusie ckooku { }

Onepamop while (ITOKA)

3adaua. Halitu cpeanee apudMeTHUYECKOE OIEHOK TPYIIbI MO MPEIMETY.
[Tonp30BaTenb BBOAUT OIEHKHM C KJIaBUATYphl, MPU3HAK KOHIIA BBOJA OLIEHOK - -1.

(puc 3.2.)

#include <iostream.h>
#include <iomanip.h>
int main()
{
int counter, grade, total;
float average;
total = O;
counter = 0;
cout << "Enter the grade or -1 for stopping: ';
cin >> grade;
while (grade '= -1)
{
total = total + grade;
counter++;
cout << "Enter the grade or -1 for stopping: ';
cin >> grade;
¥
average = (float)total / counter;
cout << "The average grade is " << average << endl;
return O;
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Puc. 3.2. Ilouck cpeaHero apugMeTH4€CKOT0 OI[€HOK

Ilenpie 3HaueHNs HE BCErJa BBIPAXKAIOTCS LIEJIBIMU YHMCIaMHU. HacTo cpenHee
3Ha4YeHHE UMEeT BeMnuuHy Tuma 7 ,2 wim -93, 5. [lonoOHbIe yncna 3anuchBaloTCs
KaK 4YUClia ¢ TUTaBaoIeH TOYKO# | mpencraistorces TumoMm aanabix Float. Iepe-
MeHHas average oOmsBicHa kak nepemenHas tuna Float, urtoObl yuecTs Apo0-
HYI0 4acTb pPE€3yJIbTaTOB BbIYKCICHUN. (OJHAKO pe3ynbTaT  BBIYUCICHUS
total/counter ssusercs nensiM uuciiom, nockonbky u total u counter -
IIEPEMEHHBIE LIEJIOTO THMA. /[eeHne NBYX LEIbIX YUCEN OCYLIECTBIISIETCS KaK LEJ0-
YUCIICHHOE JIeJICHHE, NMPU KOTOPOM Jit00ast ApoOHast yacTh-pe3yabTaT Tepsercs. [lo-
CKOJIbKY CHauaja OCYILECTBIISIETCS JIeJIEeHuE, APOOHas 4acTh NOTEpsETCs MPExXIE,
4yeM pe3ysbTar OyAeT 3amucad B epeMeHHyo average. YtoObl ocymecTBIsATh Hall
LEJIBIMU YMCIIAMHU BBIYMCIICHUS C IUIABAIOLIEN 3alsATOM, HAAO CO3/1aBaTh ISl BHIYMC-
JICHWI BPEMEHHBIE BEJIMYMHBI C IIaBarouiel 3ansatou. B C++ qis pemenus 3tou 3a-
Jla4¥ UCMOJIb3YETCSl YHAPHAsl onepauus npuBeAeHus K Tumy. Oneparop

average = (float)total / counter;

BKJIIOYAET ONEPalMIO NMPUBEACHUA K THILY, KOTOpas CO31a€T BPEMEHHYIO KOIUIO C
IUTaBarolel 3ansaTor cBoero omneparopa total. Benwuuna, coxpansemas B total,
OCTaeTCsl UEJION. A BBIUHMCIEHUS TENEPb CBOJATCS K JICICHUIO BEJIIMYHUHBI C IJIaBAIO-
1IEH 3aIITON Ha LENIYIO BEJINYNHY.

Onepamop do/while (BBITIOJIHATB/IIOKA)

Crpykrypa do/whi le noxoxa Ha ctpyktypy While. B crpykrype while
YCIIOBHUE MPOJOHKCHHS ITUKJIa TIPOBEPSACTCS B Hadase IUKJIA, 10 TOrO, KaK BBITIOIHS-
eTcs Teso mukia. B crpykrype do/whi le npoBepka yciioBus POA0HKCHUS IUKIIOB
MIPOU3BOAMTCS IMOCIIC TOTO, KaK TEJIO ITUKJIA BBIMOJHEHO, T.€. TEJO IUKJIa OyJeT BbI-
MIOJIHEHO IO KpallHeW Mepe OJUH pa3.

3adaua. Onpenenuts KOJIUYECTBO HU(P B UUCIE, BBEICHHOM MOJb30BaTEIEM.
(puc. 3.3.)

#include <iostream.h>
int main()

{
int num =0, step = 0, del=1;

cout<<"Beegmre umcno:\t'';

cin>> num;
do
{
del*=10;
step++;

} while(num/del);
cout<<"Komnuecteo mupp:\t''<< step<<endl;
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return O;

Puc. 3.3. Onpenesienne koauvectBa nudp B yucjie

Onepamop Tor (ITHKJT)

Crpykrypa nmoBropenus FOr colepxXut Bce 3J1eMeHThI, HEOOXOUMBIC JUIS T10-
BTOPCHWSI, YIIPABISIEMOTO CUYETIYNKOM. HCTPYKITUS IIUKIJIAa COCTOUT U3 TPEX OIepaTo-
poB. IlepBrrif onepaTop 3aaeT HAYAIbHOE 3HAYCHHE TIEPEMEHHON IMKJIa, BTOPOH CO-
JCPXKUT YCIOBUE TIPOJOJDKEHUS IUKIIA, & TPETHH - IIar IHUKIIA.

3aoaua. BriBecTr Ha SKpaH 3HaueHUs crenenen noitku ot 0 1o 16.

#include <iostream.h>
int main()

{
int step = 1;
cout<<''Crenens:\t\tBraueumne: ''<<endl;
for(int 1 = 0; 1<=16; 1++)
{
cout<<i<<"\t\t''<<step<<endl;
step*=2;
¥
return O;
¥

Puc. 3.4. BoiBo Ha YKpaH Ta0JUIbI CTeNeHel IBOIKH

Onepamop muoxcecmeennozo evloopa SWitch

[Iporpamma B cieayromeM IpuMepe OCYIIECTBIAET MpeoOpa3oBaHue AONMOB
B CAHTUMETPHI U CAHTUMETPOB B JIOMMBI; MPEIoaraeTcs, 4To OyayT yKa3aHbl €11-
HUIbI U3MEPEHHS BBOAUMBIX JAaHHBIX, J00aBIss 1 JUIs JFOMMOB U C JIJIs CAHTUMETPOB
(aepe3 poben). (puc. 3.5.)

#include <iostream.h>

int main(){

const float fac = 2.54;
float x, In, cm; char ch = 0;

cout << "BBemgmTe pimuEy: "'; Ccin >> X >> ch;
switch (ch) {
case "i":

in = X;

cm = x*fac; break;
case "c":

in = x/fac;

cm = X; break;
default:

in = cm = 0;

break;
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}

Puc. 3.5. I[Iporpamma, BhINOJIHAIOLIAA NPe00pa30BaHusl TI0HMOB B CAHTUMETPbI M HA000POT

Omnepatop break Be3piBacT mepemady nmporpaMMHOTO YIpaBJICHUS Ha Iep-
BBl omeparop mocie crpykTypsl SWitch. Ecnu He mcnons3oBate break, Torma
KKIBIH pa3, KOTJia OJHO M3 YCJIOBHUN CASEe YAOBICTBOPSACTCS, OYAYT BBITOJHATHCS
orepaTophl BCeX MOCIEAYIONUX METOK case. Ecii HU OJHO yCJIOBHE HE BBIMOJIHE-
HO, TO BBITIOJIHSAIOTCS AeiicTBHs mociie MmeTku defaul t.

Crpykrypa Switch ornudaercs ot Bcex Ipyrux CTPYKTyp TEM, UTO MPH He-
CKOJIbKHMX JIEUCTBUSX MOCJIE CASEe He TpeOyeTcs 3aKIo4YaTh UX B PUTypHBbIE CKOOKH.

Onepamopwsl break u continue

Omnepatopsl break u continue u3MeHsIoT MOTOK yrpasieHus. Korma orme-
parop break semonusercs B crpykrypax while, for, do/while wm switch,
MPOUCXOJAUT HEMEJICHHBIH BBIXOJ] U3 CTPYKTYphI. [Iporpamma mpoaoinKaeT BhIMOJ-
HEHHE C TMEPBOTO OlepaTopa Mocie CTpyKTypbl. OObIYHOE Ha3HAYCHHE Oleparopa
break — nocpouno npepsIBaTh UK WM MPOMYCTHTh OCTABIIYIOCS 9acTh CTPYKTY-
pel Switch.

Omnepartop continue B ctpykrypax Whi le, for wim do/whi le Be3siBacT
IPOIMYCK OCTABIICHCS YacTH Tella CTPYKTYPhl W HAYMHACTCS BBITIOJHEHHUE ITOCIIC-
ayromieit urepanuu ukia. B crpykrypax while u do/whi le wvememienno mocie
BBITMIOJIHCHUS orepaTopa CONtINUE mpoW3BOIUTCS TPOBEPKA YCIOBHS MPOIOIKE-
HUs nukiaa. B crpykrype FOr BhImONHAETCS BBIpAXXCHHE TPUPAIICHUS, a 3aTEM OCY-
IIECTBIISCTCS MPOBEPKA YCIOBHS MPOIOJIKCHHS.

4. MACCHUBBI

4.1.0npene.11eHne, 00bsIBJIEHUE U HHHIIHAJIN3a10usd MaCcCuBoOB

Maccue — 310 TIOCIIEIOBATENbHAS TPYINA STYEEK MaMATH, UMEIOIUX OJIMHAKO-
BO€ MMSI U OJIMHAKOBBIA TUI. UTOOBI cOCIAThCA HA AJIEMEHT MacCHBa, HEOOXOIUMO
yKa3aTh UMs MacCCUBA U HOMEP MO3ULHUH OTAEIBHOIO 3JIEMEHTA MAaCCHBA.

Ha 106011 3ieMeHT MaccruBa MOXHO COCTIAThCsI, YKa3bIBas UMs MacCHBa U HO-
Mep MO3UIIMU IJIEMEHTA, 3aKIIOYCHHBIN B KBaJpaTHble CKOOKU. [lepBbIii 251eMeHT Ka-
KJI0TO MaccuBa — HyJieBoil. Homep mo3uiinu, yka3aHHbIM B KBaJpaTHBIX CKOOKax, Ha-
3bIBAIOT MHAEKCOM. HEKC HOMAKEH OBITh 1IEJIBIM YHCIOM WJIU LENbIM BBIPAKEHHUEM.
Ecnu mporpaMma HCHONb3yeT BBIPAKEHUE B KAUECTBE MHAEKCA, TO BBIPAKEHHE BbI-
YUCIISETCS C LIENBIO ONPEIEIICHUS HHAEKCA.

BaxHO MOHMMAaTh pa3inuyue MEXAY «CEAbMBIM AJIEMEHTOM MAaCCHUBA» U «3Jie-
MEHTOM MaccuBa cemb». CenpMOHM AJIEeMEHT MaccMBa MMEET WHIACKC 6, Torma Kak
AJIEMEHT MacCUBa CEMb UMEET UHJIEKC /.
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Y1005l pa3acinTh 3HAa4YCHHUE CEAbMOI0O 3JIEMEHTAa MacCuBa alrl Ha 2 U 3amnu-

CaThb pE3yJibTaT B ICPEMCHHYIO X, HAJ10 3alMCaTh.
X = arr[6] 7/ 2

Obvaenenus u URUWUATIUAUUA MACCUBOEB 6 npOoZpaAMME

MaccuBsbl 3aHUMAaIOT 00JaCTh B aMsITH. [IporpaMMUCT yKa3bIBa€T THUI KaXJ0-
ro 3JIEMEHTA, KOJIMYECTBO 3JIEMEHTOB, TPEOYyeMO€e KaXK/IbIM MaCCUBOM, U KOMIIUJISITOP
MOXKET 3ape3epPBUPOBATH COOTBETCTBYIOIIUN 00HEM MAMSITH.

int c[12];

int b[100], x[27];

DneMeHTaM MacCHUBa JOJIKHBI OBbITh 33JJaHbl KAaKUE-TO HaYadbHbIC 3HAUCHHUSL:

int n[10];

for (int 1 = 0; 1<10; i++) n[i] = O;

DJeMEeHTaM MacCHBa MOXHO MPUCBAaWBATh HAadaIbHBIC 3HaUCHUS (MHUIHAI-
3UPOBAaTh MX) B OOBSBICHUU MACCHBA C IOMOIIBIO CICAYIONIETO 32 OOBSIBICHUEM
CHHCKa (3aKJITFOYCHHOTO B (PUT'YPHBIC CKOOKH):

int n[5] = {5.,4,3,2};

Ecny HavanbHBIX 3HAYEHUN MEHbBIIE, YEM BJIEMEHTOB B MAaCCHUBE, OCTABIIUECH
3JIEMEHTHI ABTOMATUYECKU MOTYy4arOT HYJIEBbIE 3HAUEHUS.

Ecnu pasmep maccuBa He ykazaH B OOBSIBICHHH CO CIMCKOM MHUIIMAIU3ALINAH,
TO KOJIMYECTBO 3JIEMEHTOB MaccuBa OyJET PaBHO KOJHMYECTBY AJIEMEHTOB B CIHUCKE
Ha4vaJIbHbIX 3HAYCHMUIA:

int n[ 1 = {5.,4,3,2,1};

const int arraySize = 10;

int s[arraySize];

[Tpu 00OBABICHNN MACCUBOB MOYKHO MCIIOIb30BaTh TOJIBKO KOHCTAHTHI.

CUMBOJIBHOMY MacCUBY MOKHO TaK)K€ 33/1aThb B KaUECTBE HAYAJIBHOI'O 3HAue-
HUSI CIIMCOK OTHEJIbHBIX CMMBOJIbHBIX KOHCTAHT, YKa3aHHBIX B CIUCKE MHUIAAIN3A-
nuu. Hanmpuwmep,

char stringl [ ] = “first”;

char string2 [ ] ={*f>, “1°, “r’, “s’, “t7, “\O0’}

Otu 00bsiBNEHU SKkBUBaIeHTHBI. O0a maccuBa coaepxat IIECTh cumMBoiioB,
MIOTOMY YTO NOCJEJHWM CHUMBOJIOM B CTPOKE BCErja SIBJISETCS HYJIEBOW CUMBOJ —
MPU3HAK 3aBEPLICHUS CTPOKHU.

4.2. CopTHPOBKA MaCCHBOB

Ily3vipvkosas copmupoeka

3aoaua. B nporpamme 3aman maccuB u3 10 snemenToB. Heobxomumo otcop-
THPOBATh €r0 MO BO3PACTAHUIO W BBHIBECTH OTCOPTHUPOBAHHBIN MaccWB Ha dKpaH. Mc-
MIOJIb30BAaTh MY3BIPHKOBYIO COPTHPOBKY (cM. puc. 4.1.).

JlanHas COpTHpOBKA MONMy4YWIa Ha3BaHWE MY3bIPbKOBasi COPTHPOBKA WIIH
COPTUPOBKA TIOTPYXKEHHUEM, TIOTOMY 4YTO HAaWMEHbBIIIEC 3HAYEHHWE TIOCTECTICHHO
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«BCIUTBIBACT», MPOJBUTASACh K BepinnHe (Hauyaly) MaccuBa, MOJA00HO My3bIPbKY BO3-
JayXa B BOJE, TOr[la Kak HanOOJIbIIee 3HAUCHUE MOTPYKAeTCs Ha THO (KOHEIl MacCH-
BA).

int main(){
const iInt arraySize = 10;
int aJarraySize] = {2,6,4,8,10,12,89,68,45,37};
int hold;
cout << "In natural order'™ << endl;
for (int 1 = 0; i< arraySize; i ++)
cout << a[i1] << "\t";
cout << endl;
//B u bb ble_ SO rt***************************************

for( int pass = arraySize-1; pass >0; pass --)
for (i = 0; 1 < pass; i++)

it (a[i] > a[i+1])
{

hold a[i];
a[i] = a[i+1];
a[i+1] = hold;

}

//**************************************************

cout << "In right order™ << endl;

for (i = 0; 1< arraySize; i1 ++)
cout << ai] << "\t";

cout << endl;

}

Puc. 4.1. Ilporpamma, WJIIOCTPUPYIOIIAsi padoTy My3bIPbKOBOI COPTHPOBKH

CopTupoBKa OCYIIIECTBIISETCS ¢ MOMOIIbI0 BiioskeHHOro Iukia For. [epecra-
HOBKA BBITIOJTHSACTCS TPeMs IPUCBaMBaHUAMHE, ¢ ToMonibio nepemernnor hold. Isy-
Msl TIPUCBAWBAHUSIMH COPTHUPOBKY BBIIOJHUTH HEIB3sI, TOTOMY YTO IOCJE TEPBOTO
MIPUCBAMBAHUS OJIHO U3 3HAUYCHUU OyneT yTepsiHO, a 00e mepeMeHHbIe OyayT UMETh
OJIMHAKOBOE 3HAUCHUE.

Copmupoeka ecmaskamu

3aoaua. B nporpamme 3aman maccuB u3 10 snemenToB. Heobxomumo otcop-
TUPOBATh €0 MO BO3PACTAHUIO U BBIBECTH OTCOPTUPOBAHHBIA MAacCUB Ha JKpaH. [l
COPTUPOBKM  MCIIOJB30BAaTh  QJITOPUTM  COPTUPOBKM  MacCHBa  BCTaBKAMMU
(cMm. puc. 4.2.).

BcTaBka mporcxoauT cieayromuM o0pa3oM: B KOHIIE HOBOI'O MacCUBa Bblje-
JsieTcsl CBOOOIHAS suelKa, Jajee aHaIUu3UPYyeTcsl SJIEMEHT, CTOSIIUI Mepes] MmyCcToil
STYEHKOM (eciIi, KOHEYHO, IycTas sYelika He CTOUT Ha IEePBOM MECTE), U €CJIH JTOT
9JIEMEHT OOJIBIIIE BCTABIISIEMOTO, TO AJIEMEHT CIBHTAeTCS B CBOOOIHYIO suciiKy (mpwm
3TOM Ha TOM MECTE, TJIe OH CTOsI, 00pa3yeTcs MmycTas S4Yelika) U 3aTeM CPaBHUBACTCS
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CIEIYIOIMU JIEMEHT. Tak MOXKHO IOJYYUTh CUTYalUI0, KOrJa 3JIEMEHT Nepes Imyc-
TOW STYEMKON MEHBIIIE BCTABJISEMOTrO, WM ITyCTasl YEKa CTOMT B HA4alle MacCUBA.
[lomernaem BCTaBIsIEMBIN AJIEMEHT B MYCTYIO siuelKy. Takum oOpazoM, Mo ouepeau
BCTaBJISIEM BCE DJIEMEHTBI HCXOJHOIO0 MacCCUBa
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int main()

{

const iInt arraySize = 10;
int aJarraySize] = {2,6,4,8,10,12,89,68,45,37};
int b[arraySize];
cout << "In natural order™ << endl;
for (int 1 = 0; i< arraySize; i ++)
cout << a[i1] << "\t";
cout << endl;
// I nse rt Sorting************************

for (i = 0; 1< arraySize; i++)

{
int J = 1;
while ((>0) && (b[j-1]1>alil))
{
b[i1=bLj-11;
J=1-1;
o _
byl = a[il;
¥

//*******************************************

cout << "In right order"™ << endl;

for (i = 0; 1< arraySize; i1 ++)
cout << b[i] << "\t";

cout << endl;

Puc. 4.2. IlIporpamma, HJIIOCTPUPYIOIIAsi paGoTy COPTHPOBKH BCTABKAMH

4.3. ITouck B MaccuBax

Junennwtit nouck

int mainQ{

const int arraySize = 10;
int aJarraySize] = {13,6,4,8,10,12,89,68,45,37};
int searchkey, element;
cout << "Enter search key: '';
cin >> searchKey;
element = -1;
for (1 = 0; i< arraySize; 1 ++)

i1f(a[ 1]==searchKey)

element = 1;

it (element = -1)

cout << "Number is " << element << endl;



else
cout << "No such element” << endl;}

Puc. 4.3. JIuHeHbII IOUCK B MACCHBE

JIuHelHbIN MOMCK CPAaBHUBAET KAXIbII AJIEMEHT MAacCUBA C KIIFOYOM TOMCKA.
[TockonbKy MaccUB MOXKET ObITh HEYMOPSJOUYEH, BIIOJIHE BEPOATHO, YTO OTHICKUBAE-
MO€ 3HAUEHUE OKAXKETCS MEPBBIM K€ dJieMeHTOM MaccuBa. Ho B cpeaHem nporpamma
J0JDKHA CPABHHTD C KIIFOYOM IOKCKA ITOJIOBHHY 3JIEMEHTOB MaccuBa (puc. 4.3.).

Metoa nTuHEHHOr0 MOMCKA XOPOIIo paboTaeT A HEOOIbIINX WK AJISI HECOP-
TUPOBAHHBIX MaccUBOB. OIHAKO ISl OOJIBIIUX MACCUBOB JIMHEHHBIM MOUCK HEAI(P-
(dexTuBeH. Eciin MacCuB OTCOPTUPOBAH, MOKHO UCTOJB30BaTh BHICOKOI()()DEKTUBHBIM
METOJ] IBOMYHOTO MOUCKA.

/leouunwvtit nouck

AJITOpUTM ABOMYHOTO IMOMCKA HMCKIIOYAET IOJOBUHY €II€ HEMPOBEPEHHBIX
3JIEMEHTOB MACCHBA IOCJIE€ KAXKIOTO CPAaBHEHUS. AJITOPUTM OMPEICISIET MECTOIOJIO-
YKEHUE CPEIHEro 3JIEMEHTAa MacCHBa M CPAaBHUBAECT €ro C KIIKOYOM moucka. Eciu onu
PaBHBI, TO KJIIOY MTOMCKA HAMJEH, U BBIJIAETCS MHAEKC 3TOTO 3JIeMeHTa. B mpoTuBHOM
ciaydae 3ajJlaya COKpallaeTcss Ha MOJIOBUHY AJIEMEHTOB MaccuBa. Eciu KoY moucka
MEHBIIIE, YEM CPEIHUN 3JIEMEHT MacCUBa, TO TAIBHEUIINN MOUCK OCYIIECTBIISIETCS B
MEepBOM MOJIOBUHE MACCHBA, a €ClI OOJIbIIIE, TO BO BTOPO MOJOBUHE.

4.4. MHOrOMepHble MAaCCUBBI

MaccuBsl B C++ MOTyT UMETh MHOTO MHJIEKCOB. OOBIYHBIM IPEACTaBICHUEM
MHOTOMEPHBIX MACCHUBOB SIBJIAIOTCS TaOJIUIbI 3HAYCHUM, copepkalire HHHOPMAIUIO
B CTpOKax u cTojionax. YtoObl onpeaeauTh OTACIbHbINA TaOJIUYHbBIN 3JIEMEHT, HYXKHO
yKa3aTh JIBa WHJCKCA: MePBbIi (10 COTIANIEHUIO) MTOKA3hIBAET HOMEDP CTPOKH, a BTO-
poti (1o corJianieHuo) - HoMep cToJona. TaOuIIbl NI MacCHBBI, KOTOPBIC TPEOYIOT
JIBYX MHJICKCOB JJISl YKa3aHHS OTAEIBHOIO JIEMEHTA, Ha3bIBAKOTCA IBYMEPHBIMH.

Kax b1l 31€eMEHT B ABYMEPHOM MAacCHUBE &l I ONpeAessaeTcs UMEHEM DJIEMEH-
ta B popme arr[1][J]; arr — sto ums maccuBa, a 1 U J — HHIEKCHI, KOTOPBIC O1-
HO3HAYHO ONPEACISIOT KAXAbIM 3JIEMEHT B arr. MIMeHa 3JIeMEHTOB NEPBOM CTPOKHU
UMEIOT TepBbIid MHAEKC 0, UMEHa SJEMEHTOB YETBEPTOrO CTOJOIA MMEIOT BTOPOU
WHIEKC 3.

MHoromepHbie MacCUBBI MOTYT MOJIy4aTh HadaJibHbIe 3HAUEHUS B CBOMX 00b-
SBJICHUSI TOYHO TaK K€, KaK MacCCHBBI C €IMHCTBEHHBbIM HUHACKCOM. 3HAUYCHHUS TpyI-
MUPYIOTCA B CTPOKH, 3aKJIIOUYEHHBIE B (DUT'YpHBIE CKOOKHU:

int b [2][3] = {{1.2,3.,}, {4.5.6}}:

Ecnn HavanmbHBIX 3HAYCHUHM B JAHHOW CTPOKE HE XBATAE€T ISl UX MPUCBOCHUSA
BCEM 3JIEMEHTAM CTPOKH, TO OCTAIOIIUMCS 3JIEMEHTAM CTPOKH IIPUCBAUBAIOTCS HYJIE-
BbIC 3HAUYCHUS

int b [2]1[3] = {{1.}, {4,5,6}};
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int Array [2]][3] = {{1,2,3,4,5};

OO0bsiBieHre MaccuBa Array CoJepKUT MSATh HayadbHbIX 3HaUeHUN. Havanb-
HbIC 3HAYCHHS MPHUCBAMBAIOTCS MEPBOM CTPOKE, 3aTeM BTOpOM cTpoke. JIroOwie ae-
MCHTBI, KOTOPBIC HC MMCIOT ABHO 3aJdHHBIX Ha4daJIbHBIX 3Ha‘-IeHI/II71, ABTOMATHUYCCKHN
IMMOJIYy4aroT HYJICBbIC 3HAYCHUA.

5. YKA3SATEJIN

Oobvsaenenus u unuuuauIauun nepemenublxymwameﬂeﬁ

Ykazamenu — 310 nepeMeHHbIE, KOTOPBIE COAEPKAT B KAUECTBE CBOMX 3Haye-
HUM aapeca namsaTu. C Ipyroi CTOPOHBI, YKA3aTellb XPaHUT aApec NMEPEMEHHOM, KO-
TOpasi COACPKUT OMpeeIeHHOE 3HaUeHue. B 3ToM cMbiciie UMsi IEPEMEHHOM OTChI-
JaeT K 3HAYEHUIO MPSIMO, a yKazarellb — KocBeHHO. CChUIKa HAa 3HAYEHUE MOCPEICT-
BOM yKa3aTessl Ha3bIBaeTCsl KOCBEHHOM aJipecaiuei.

VYka3zarenu, nogoOHO JIIOOBIM JAPYTrUM MEPEMEHHBIM, MEPE] CBOUM HCIOJIb30-
BaHHUEM JOJIKHBI OBbITh 00BsBIICHBL. Clienyrolias CTpoka

int *countPtr, count;
00BABISICT IepeMeHHyI0 COUNtPEr tuna 1Nt™ (T.e. yka3aTenb Ha [EJI0€ YMCIO) U
yuTaeTcsa Kak «COUNtPTr aBisiercs ykazaTtenem Ha IeJ10€ YUCiIo» Wik «CountPtr
yKa3bIBaeT Ha 00beKT Thma INt». OgHako nmepeMeHHass COUNt oO0BsBICHA KaK Iie-
JI0€ YKCIIO, a HE KAaK yKa3aTelb Ha 1esoe yncio. CUMBOI * B 00BSBIEHUH OTHOCHUTCS
TOJIbKO K cOUNtPtr. Kaxnas nepemeHHas, oObsiBIsieMass KaK yka3aTelb, JOJKHA
UMETH nepes codok 3Hak 3Be3n0uku (*). Hanpumep, oObsBiIcHUE

float *xPtr, *yPtr;
yKa3bIBaeT, uTo U XPEtr u YPtr spisroTcs ykazarensmu Ha 3HaueHus tuna Float.
Hcnons3oBanue * nogoOHbIM 00pa3oM B OOBSBICHUU MOKA3bIBAET, UTO MEpPEMEHHAs
OOBSABISIETCA KaK yKa3aTellb. YKa3aTeldu MOXKHO OOBSBIATH, YTOOBI YKa3blBaTh Ha
0OBEKTHI TI000r0 TUIA JaHHBIX.

VYkazarenu J0JKHBI MHUIIUATU3UPOBATHCS TMOO MpU CBOEM OOBSIBJICHUH, JTHOO
C TIOMOIIBIO ONEpallid MPUCBaWBaHUA. YKa3aTeldb MOXKET MOJYYUTh B Ka4eCTBE Ha-
gabHOTO 3HaueHus 0 miam aapec. YkaszaTenb ¢ HadaldbHBIM 3HaueHHeM 0 HH Ha 49TO
HE YKa3bIBaerT.

5.1. Onepauuu HaJx yKa3aTeJassMu

1. Onepayusa & unu onepayus adpecawyuu — yHapHas onepainusi, KOTopas
BO3BpalllaeT aJpec CBoero onepanaa. Hanmpumep, ecim UMEI0TCs 00bSBICHUS

inty =5;

int *yPtr;
TO omepaTop

yPtr = &y;

MPUCBAMBAET ajJpec MmepeMeHHoN y ykazaremo YPEr. I'oBopsT, uTo mepemeHHas
yPtr ykaspiBaeT Ha y. Onepanj onepanuu ajpecanuu J0JKeH ObITh L-BenuunHon
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(T.e. YEM-TO TaKUM, Y€MYy MOYKHO MPHUCBOWTH 3HAYCHHE TaK K€, KaK IMEepEeMEHHON);
oTiepanus aapecanui He MOKET ObITh MPUMEHEHAa K KOHCTAaHTaM, K BBIPQKCHUSIM, HE
JAIOIINM PE3yJIbTaT, Ha KOTOPBIM MOXXHO COCTIAThCSI.

2. Onepayus *, Ha3pIBacMas onepamnueii KOCBeHHOW ajpecalnu WK onepa-
nMeil pa3bIMeHOBaHMS, BO3BpaIacT 3HaUeHNE 00BEKTa, Ha KOTOPHIH yKa3hIBaeT €e
orepann (T.e. yka3ateinb). Hanpumep, onepatop

cout << *yPtr << endl;

BBIBEJICT Ha 3KpaH 3HaYCHHE, Ha KOTOPOE CChIIACTCS yKa3aTelb (4ucio 5).

[Iporpamma Ha puc. 5.1. AEMOHCTpUPYET ONEpaIUU C YKa3aTEIIMH.

#include <iostream.h>

int main()

{
int a;
int *aPtr;
a= 7;
aPtr = &a;
cout << "Address a i1s: " << &a << endl; // O0x0012FF7C
cout << "Value aPtr is: " << aPtr << endl; // 0x0012FF7C
cout << "Value a is: " << a << endl; //7
cout << "Value *aPtr is:" << *aPtr << endl; //7
cout << "Proof of adding & and *" << endl;
cout << ""&*aPtr is " << &*aPtr << endl; // Ox0012FF7C
cout << "*&aPtr ia " << *&aPtr << endl; // Ox0012FF7C
return O;

b5

Puc. 5.1. Onepauuu ¢ ykazarejasiMmu

Syeliku maMsITH BBIBOASITCS KaK IIECTHAALATEPUYHbBIC IIEJIbIe C MOMOIIBIO
cout. Anpec a u 3HaueHue aPEr WaAeHTUYHBI — 3TO MOATBEPXKIAET, UTO aJpec a
JEUCTBUTENILHO IPUCBOEH MepeMeHHOM yka3arento aPtr. Onepauuu & u * B3auMHO
JOTOJIHAIOT APYT Apyra — Mpu UX Moo4yepeaHoM npumeHeHuu Kk aPtr B mro0oi no-
CJIeI0BATEIbHOCTH OYJIET HaleyaTaH OJJUH U TOT ke Pe3yybTarT.

Buipasicenusn u apughmemuueckue oeiicmeus ¢ ykazamenamu

C ykazaTelIIMA MOJKET BBITIOJHATHCS OIPAaHUYCHHOE KOJUYECTBO apU(pMETH-
YECKUX Olepanuid. YKa3aTelb MOKHO yBeJIMYUBaTh (++), yMeHbIIATh (——), CKJIAJIbI-
BaTh C yKa3aTeJeM Iejble yucia (+ win +=), BBIYUTATh U3 HETO IeJIbie yuciia (— win
—=) WM BBIYMTATH OJIMH yKa3aTeJlb U3 JPYToro.
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JlonyctuM, uTo 00bsiBiIcH MaccuB 1INt V[10] u ero nepsblil 2ieMEeHT Haxo0-
autcs B namsaTu B siueiike 3000. Homyctum, 9to ykaszarento VPEr ObU10 mprcBOEHO
HavajpbHOE 3HaveHue myteM ykaszanus Ha V[O], T.e. HavaibHOe 3HayeHwe VPEr
paeHo 3000 (cm. puc. 5.2).

VYxazarento VPEr MoxxHO ObLTO 1aTh HaYaJIbHOC 3HAYCHHE YKAa3aHHEM Ha Mac-
CHB V C TIOMOIIIBIO OJJHOT'O U3 CICAYIOIIMX ONepaTOPOB:

VPtr = v;

vPtr = &v[O0];

B obmenpunsitoit apudmernke cioxkenue 3000 + 2 maer 3nauenue 3002. 3to
HOpPMAJIbHO, HO HE B cliydae apu(pMeTHUECKUX JEeHCTBUH ¢ ykazatensmu. Korma 1e-
JI0€ CKJIaJIbIBACTCS WIIM BBIYUTACTCS U3 yKa3aTellsd, yKa3aTellb He IPOCTO yBEIUYHBa-
€TCSI MJTM YMEHBIIIACTCS Ha ATO IIEJIOE, HO 3TO IIeJI0C MPEABAPUTEIIHFHO YMHOXKACTCS Ha
pa3Mmep o0beKTa, Ha KOTOPBIH CChUIACTCS yKaszareib. KomnyecTBo 6aiiTOB 3aBUCUT OT
Tuna na”HHeiX. Hanpumep, oneparop

VPtr +=2;

BbIpa0OoTain Okl 3HaucHue 3008 (3000 + 2*4) B npearmonoKeHnuH, YTO EI0e XPAHUTCS
B 4 Oalitax mamsaTu. B maccuBe V ykaszarens VPEr tenepp ykazan 0b1 Ha V[ 2]. Ecin

IeJI0e XpaHUTCS B 2 OalTax MaMsTH, TO TOT )K€ CaMbIid ONIEpaTop JAay Obl pe3yJIbTaT B
namsaTH staeiiky 3004 (3000+2*2). U 1.1.

Sueiika

K 3000 3004 30r8 30F2 3(116
hu

[0] V2] VI3] V[4]

IlepemenHas yka-
3areinb VPtr

Puc. 5.2. Yka3zarejb HAa MAaCCHUB LEJIbIX YHCEJI

Ecmm ykazatens VPEr Obin yBenmmuen mo 3nadeHusi 3016, ykaspiBaromero Ha
v[4], onepaTop

VPtr -= 4;
BepHyn Obl VP o6patHo K 3HaueHuio 3000 — x Havamy maccuBa. Ecnm ykazatenb
YBEJIMYHUBACTCS MJIM YMEHBIAETCS Ha 1, MOKHO MCITOIh30BaTh ONEpaIlii HHKPEMEH-
ta (++) wim nexkpementa (—-).

[lepemeHHBIC yKa3aTeNW MOXHO BBIUMTATH APYT w3 Apyra. Hampumep, ecnu
VPtr comepxut sueiiky 3000, V2Ptr coxepxut aapec 3008, omepaTtop

X = Vv2Ptr — VPtr;
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MPUCBOUT X 3HAYEHHE Pa3HOCTH HOMEPOB IJIEMEHTOB MAacCHBA, HA KOTOPHIE yKa3bl-
BatoT VPtr u V2Ptr, B nanHom ciydae 2.

ApudmeTrka ykazaTenel TepsieT CMBICI, €ClIi OHa BBIMOJHACTCSA HE HaJ Mac-
cuBaMu. MBI HE MOXEM IMpeArnoiaraTb, 4TO JBE MEPEMEHHbIE OJMHAKOBOTO THUIIA
XpaHATCS B aMSITH BIUIOTHYIO APYT K APYTY, €CIIM OHH HE COCEJCTBYIOT B MaCCHBE.

5.2. Ucnoab3oBaHue cnenuduraropa CONSt ¢ ykazaTeasamu

Cnemudukanus CONST naetr BO3MOXKHOCTh MPOTrPaMMUCTY HMH(OPMUPOBATH
KOMITWISITOP O TOM, YTO 3HAYEHUE JAHHOW MEePEeMEHHON HE JOJKHO U3MEHSATHCS.
B cinyyae monbITKU U3MEHHUTH 3HAUYEHHE KOHCTAHTHOTO MapamMeTrpa, KOMITUIIS-
TOP OTJIABJIUBAET €€ U BhIJAET COOOIIeHHE 00 OIHOKeE.
Cy1iecTBYIOT 4eThIpe criocoda nepegadu B (PyHKIUIO yKa3aTels:
1) HEeKOHCTAaHTHBIN yKa3aTe)lb HA HEKOHCTAHTHBIC JTAHHBIC,
2) HEKOHCTAHTHBIN yKa3aTejh HA KOHCTAHTHBIC JaHHBIC,
3) KOHCTAHTHBIN yKa3aTellb Ha HCKOHCTAHTHBIC JJaHHbBIC,
4) KOHCTaHTHBIN yKa3aTellb HA KOHCTAHTHBIC JaHHBIC.
Kaxxnas koMOuHaiusi 00ecrneyuBaeT IOCTYI C pa3HbIM YPOBHEM MPUBUIICTUH.
HauBpicminii ypoBeHb 10CTYyIa MPEIOCTABISETCS HEKOHCTAHTHBIM YKa3aTelsiM
Ha HEKOHCTAHTHbIC JaHHBIE — JAHHBIE MOKHO MOAU(DUIIMPOBATH MOCPEACTBOM Pa3bl-
MEHOBaHUSl yKa3aTels, a caM yKa3aTellb MOXKET ObITh MOAU(MUIIMPOBAH, YTOOBI OH
yKa3bpiBald Ha Apyrue gaHHbie. OObABICHUE HEKOHCTAHTHOTO yKa3aTels Ha HEKOH-
CTaHTHBIE JaHHBIE HE colepKUT CONSt.
HekoHcTaHTHBIN yKa3aTelb HA KOHCTaHTHBIE JaHHBIE — ATO yKa3aTelb, KOTO-
PBIF MOXKHO MOIU(PUIIMPOBATH, YTOOBI YKA3bIBaTh HA JIFOOBIE 3JIEMEHTHI IAaHHBIX MO/
XOJISAIIEr0 THUIA, HO JIaHHbIE, HA KOTOPbIE OH CChUIAETCS, HE MOTYT OBITh MOJIUDUIIH-
poBaHnbl. Takol ykazaTenb MOXKHO ObLJIO ObI HCIOJIB30BaTh, YTOOBI NIEPEAATh B Kaue-
CTBE apryMeHTOB MacCHUBbI (DYHKIMH, KOoTOpas OyAeT oOpabaThIiBaTh Ka)KIblil 3iie-
MEHT MaccuBa 0e3 MoauduKaIuy JaHHbIX (puc. 5.3).

#include <iostream.h>

void CubeByReference (const iInt*);

int main()

{ int number2 = 5;
cout << ""number2 before " << number2 << endl;
CubeByReference (&number2);
cout << ""number2 after " << number2 << endl;

return O;
ks
void CubeByReference (const int* nPtr)
{

int number = 20;
nPtr = &number;
cout << *nPtr**nPtr**nPtr << endl;
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//*nPtr= *nPtr**nPtr**nPtr; Henb3a WU3MeHATb AAHHbIE C MOMOLLBHO

//onepaLmm pasbIMeHOoBAaHUA yKkasatens
number = 1;
cout << *nPtr**nPtr**nPtr << endl;

}

Puc. 5.3. Ucnosib30BaHHe HEKOHCTAHTHOIO YKa3aTejd Ha KOHCTAHTHbIC JaHHbIC

KoHcTaHTHBIN yKa3aTe)lb Ha HEKOHCTAaHTHBIE JaHHBIC — 3TO yKa3aTellb, KOTO-
pBII BCerJia yKa3bIBaeT Ha OJHY U Ty e SYCHKY MaMsATH, TaHHBIC B KOTOPOW MOYKHO
MOJIU(UIIMPOBATH MOCPEIACTBOM yKaszareis. ITOT BapHAHT peaiM3yeTcs Mo yMoJda-
HUIO JUIT IMCHU MaccuBa. UMsi MaccHBa — 3TO KOHCTAHTHBIH yKa3aTeJib HA Ha4a-
JI0 MaccuBa. Vcronb3ys UMs MacCUBa M WHJICKCHI MacCHBa MOYKHO OOpaIiatbes Ko
BCEM JaHHBIM B MAacCHBE M HM3MEHATh MX. YKa3aTelH, OObsBICHHBIC Kak CONST,
JOJDKHBI TTOJIYYHTh HadajbHBIC 3HAYCHHS NPHU CBOEM OOBSABICHHM (€CIIM yKa3aTellb
SIBIIICTCSL TTapaMeTpoM (DYHKITMH, OH TOJydaeT HavajabHOe 3HaueHHUE, paBHOE yKa3a-
TEJ0, KOTOPBIH mepenaercs B GpyHKIuio) (puc. 5.4.)

void CubeByReference (int* const);
int main()

{
int number?2;
number2 = 5;
cout << ""number2 before " << number2 << endl; //5
CubeByReference (&number2);
cout << ""number2 after " << number2 << endl; // 125
number2 = 10;
cout << ""number2 before " << number2 << endl; //10
CubeByReference (&number?2); // 1000 notom 1000000000
cout << ""number2 after " << number2 << endl; // 1000
return O;
¥
void CubeByReference (int* const nPtr)
{
int number = 20;
//nPtr = &number; Henb3ga U3MeHATbL 3HaYeHUe yKkasaTens
cout << *nPtr**nPtr**nPtr << endl; //125
*nPtr= *nPtr**nPtr**nPtr;
number = 1;
cout << *nPtr**nPtr**nPtr << endl; //1953125
¥

Puc. 5.4. Ucnosib30BaHHEe KOHCTAHTHOTO YKa3aTeJsd Ha HCKOHCTAHTHbIC TaHHbIC
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HavmeHnbmmii ypoBeHb NPUBHIIETHI JOCTYIA MPEAOCTABISECT KOHCTAHTHBIN
yKa3areyb Ha KOHCTAHTHBIE TaHHbIE. TaKo# ykKas3aTeslb BCErJa yKa3blBaeT HA OJIHY U
Ty K€ SYeHKy MaMsITH U JaHHBIE B 9TOM suelKe Helab3sl MOAU(PUIUPOBATH. ITO BbI-
TJISIAUT TaK, KaK €clii Obl MAaCCUB HYXHO ObLIO mepenath (GYHKIMU, KOTOpask TOJIbKO
MPOCMATPUBAET MACCUB, UCIOJIB3YET €ro MHIEKChl, HO HE MOAUPUIIMPYET CaM Mac-
cuB (puc. 5.5.).

int numberl, number2;

numberl = 10;

number2 = 5;

const Int * const ptr = &number2;
cout << *ptr << endl;;

//*ptr = numberl; Herb3a U3MeHsaTb AaHHbIE Yepe3 ONepaLmH-o pasbIMEeHOBAHUS

//ptr = &numberl; Hefnb3s U3MeHATb 3HaYeHUe CaMoro ykasartens
numberl = 10;
cout << *ptr << endl

Puc. 5.5. Ucnosib30BaHHEe HEKOHCTAHTHOIO YKa3aTe/sd Ha HEKOHCTAHTHBIC TaHHbIC

B3zaumoceasu Meofcdy yKazameaamu u maccueamu

MaccuBsl U yka3zateiad B C++ TeCHO CBS3aHBI B MOTYT OBITh HCIIOJIb30BaHbI
MOYTH AKBHBAJICHTHO. MM MaccHBa MOKHO IMOHMMATh KaK KOHCTAHTHBIM yKa3aTelb.
Ykazarean MOXHO WCIOJB30BaTh JIJIS BBITIOJHEHUS JIFOOOM OmNepalyy, BKIItoYas WH-
JICKCUPOBAaHUEC MACCHBA.

[TpennosnoxxuM, 00bsBICHBI MacCcUB HebIx yrcena D[5] u nenas nepemennas-
ykazarenb DPtr. [Tockonmbky ums MaccuBa (0e3 MHEKCA) SBISETCS yKa3aTeleM Ha
NIEPBBIN 3JIEMEHT MAacCHBa, TO MOXHO 3aJaTh yka3atenro bPtr aapec mepBoro aie-
MeHTa MaccuBa b ¢ momorsio ornepaTopa

bPtr = b;
ATO 3KBHBAJICHTHO NMPHCBAaWBAHUIO aJpeca MEPBOToO dJIEMEHTa MAaCCHBA CIICTYIOIIUM
00pa3oM:

bPtr = &b[0];

Cociatbcst Ha 35ieMeHT MaccuBa b [3] mMoxHO ¢ moMOIIbI0 BEIpaKeHHS yKa3a-
TeJs

*(bPtr + 3)

B npuBeneHHOM BhipaxkeHuu nudpa 3 siBisercs cMeleHneM ykasartens. Ko-
rla yKasaTejdb yKa3blBaeT Ha HAyaJlo MacCHBa, CMCIICHUE IMOKA3bIBACT, Ha KaKOW
9JIEMEHT MacCHBa JIOJDKHA OBITh CCHIJIKA, TaK YTO 3HAYCHHE CMEIICHUS YKBUBAJICHTHO
WHJICKCY MaccuBa. [IpeAplAyniyr0 3amuch Ha3bIBAIOT 3aIMCHI0  yKa3aTelb-
cMmemeHue. CkoOKM HEOOXOAUMBI, TOTOMY YTO MPUOPUTET * BBIIIE, YEM IPUOPUTET.
+. be3 cko00Kk 3TO BhIpakeHHE NPHUOABHIIO Obl YHCIO 3 K 3HAYCHHUIO BBIPAKCHUS
*pPtr (r.e. 3 6but0 OB iprbaBieHO kK D[ O] B mpenmonoxennun, uro DPETr yka3sl-
BaeT Ha HA4YaJI0 MacCHBa).
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CaM MaccuB MOXKHO paccMaTpuBaTh KaK yKaszaTellb W MCIOJb30BaTh B apud-
METHKE YKa3aTEeIECH.

Hanpumep, Beipaxenue

*(b + 3)
TOXe cchl1aeTcs Ha 3aeMeHT MaccuBa D[ 3]. BooOie Bce BeIpaXkeHus: ¢ HHACKCAMHU
MaccrBa MOTJM Obl OBITH 3alMCaHbl C MOMOIIBIO yKa3aTelel u cMenieHui. B aTom
ClIy4ae 3aluch yKa3aTelb-CMEIICHHE MPUMEHsIIach Obl K MMEHU MAacCHBa Kak K yKa-
3aTeno.

VYkazaTenu MOKHO WHIEKCHPOBATh TOYHO TakK ke, Kak M MaccuBhl. Hampumep,
BBIPAKCHUE

bPtr[1]
cchlIaeTcs Ha ayieMeHT MaccuBa b[ 1], aTo BelpaskeHne paccMaTpuBaeTcs Kak 3aIich
yKa3aTelnb UHJCKC.

Nms MmaccuBa sSBISIETCSI KOHCTAHTHBIM yKa3aTeleM, OHO BCET/Ia YKa3bhIBaeT HA
Havayio maccuBa. [loaToMy BeIpakeHne

b += 3;
HE Pa3peIieHo, TOTOMY YTO OHO TBITACTCS MOIU(MDUIIMPOBATH 3HAYCHUE UMEHH Mac-
CHBa C TIOMOIII0 apu(METHUUECKON OTepaliy HaJl yKa3aTeIeM.

5.3. MaccuBbl yKka3zaTeJiei

MaccuBbl MOTYT COAEpKaTh yKazaTelu. TUNWYHBIM HMCIIOJIb30BAHUEM TaKOU
CTPYKTYpbI JaHHBIX ABJIsIETCS (POpMUpOBAHUE MaccuBa CTpOK. Kaxkblil 251eMeHT Ta-
KOr'0 MaccuBa — CTpoKa, HO B C++ cTpoka sIBIsIeTCs, MO CYIIECTBY, yKa3aTeJleM Ha ee
nepBblid CUMBOJI. TakuM 00pa3oM, KaKIbld 3JEMEHT B MAacCHUBE CTPOK B JCHCTBH-
TEBHOCTH SIBJISICTCS yKa3aTejIeM Ha MEpBBIM CUMBOJI CTpoku (cM. puc. 5.6.). Pac-
CMOTPHUM OOBSIBIICHUE MacCHBa CTPOK SUTL

char *suit[4] = {*“Becua”, “mero”, “ocenn”, “suma’};

OnemeHT o0bsBiieHns SUTE[4] yka3piBaeT MacCUB M3 YETHIPEX DJIEMEHTOB.
DnemeHT 00bBsBIICHHs Char™ ykaspiBaeT, YTO THIT KaXJOTO AJIEMEHTAa MacCHBa
Sult - «ykazarens Ha Char». Yersipe 3HaueHUs, pa3MemaeMbie B MAaCCUBE — 3TO
«BECHa», «JIETO», KOCEHb», «3uMa». Kaxaoe u3 HUX XpaHUTCS B MaMSITU KaK CTPOKA,
3aBepIIAIOIIAsACS HYJEBBIM CUMBOJIOM, KOTOpasi Ha OJUH CUMBOJ JJIMHHEE, YEM YHC-
JI0O CUMBOJIOB TEKCTa, YKa3aHHOTO B KaBBIUKAaX. JTH YETHIPE CTPOKU UMEIOT JITUHY 6,
5, 6 1 5 cUMBOJIOB COOTBETCTBEHHO. XOTS TO W BBHITIISIUT TaK, CIOBHO 3TH CTPOKHU
IOMEIIEHBI B MaccuB SUTL, Ha caMOM Jielie B MAacCUBE XPaHATCS JIMIIb yKa3aTeIIH.
Takum 00paszoM, XoTs pazmep MaccuBa SU It GukcupoBaH, OH 00eCIIeYMBACT JOCTYI
K CTPOKaM CUMBOJIOB JIO0O0H JJIMHBI.

suit[o] | " | ‘e” | ‘c” | ‘m" | <a" | “\o"
suit[1] | @ pat | ‘e | ‘x" | “o” | "\O"
suit[2] | e Po” “c” ‘e” “‘m" ‘B" “\0*"
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-\0-

suit[3] | @ »a ‘ “u

Puc. 5.6. Boigesienne namMsiTH Mo MacCUBBI yKa3aTeJeii

CTpoku CMMBOJIOB MOT'YT OBITh Pa3MENIEHbI B IBYMEPHOM MacCUBE, B KOTOPOM
KakJas CTpOKa MPEJCTAaBIsICT OJHO BpeMs ToJla, a KaKAbIM CTOJIOEI] IMpeaCcTaBiIseT
oJIHy OyKBY UMEHH BpeMeHU roja. Takasi CTpyKTypa J0JKHA UMETh (DUKCUPOBAHHOE
KOJIMYECTBO CTOJIOIIOB HA CTPOKY U 3TO KOJIHMYECTBO JOJKHO OBITh TAKUM OOJIBIIINM,
KaK camasi JJTMHHas cTpoka. [loaToMmy 3aTpaThl mamMsTH Ha XpaHEHHE OOJIBIIOrO KO-
JMYECTBA CTPOK, OOJBIIMHCTBO U3 KOTOPHIX KOPOUE, YeM caMasl JUIMHHAs CTPOKa, 0y-
yT 3HAYUTEITbHBIMHU.

5.4. I[I/IHaMI/I‘IeCKOC BBIACJICHHEC MAMATH 11O MAaCCUBbI

NHorna 3apanee HEU3BECTHHI pa3Mephl MAaCCUBOB. Torma HEOOXOAUMO TIpUMeE-
HATh MHHAMHYECKHe MaccuBbl. [[py mCnonb30BaHMM MACCHBOB B MPEABIAYIIHX
MporpaMMmax Ha 3Tane KOMOWJIAIUHA ONPEAEsIOCh, CKOJBKO MECTa B MaMATH 3aiMET
ATOT MaccuB. M mamMsTh 1OJ MacCUB BBIACISIACH A0 BBINOJIHECHUS CaMOW Mporpam-
MBI, KaK MOJI JIIOObIE APYTHUe MEPEMEHHBIE.

int 1,k;

char c;

char * MyArr;
cout << "Enter a number™ << endl; cin >> 1;
//Bb1aEneHne NamaTmu Noa MaccuB CUMBOJIBHOMO TUNA
MyArr = new char[i];
for (k=0;k<i;k++){

MyArr[k] = k+60;

c = MyArr[k];

printf("'%c\n", c); }
delete [] MyArr;

Puc. 5.7. Boigesienne namMsiTi M0 OTHOMEPHBbII JUHAMUYECKUIT MACCHB

B cnyuae ecnu 3apaHee HEM3BECTHBI pa3Mepbl MAaCCHUBOB, TOTa HEOOXOIMMO
BBIJICIISATH TIAMSTH TI0JT MACCHBHI YK€ B TPOIIECCE BBIMTOJHEHUS TPOTPAMMEI, MTOJTyYHB
OT TI0JIb30BATEIIS WITH paccunTaB pa3mep Maccusa (puc. 5.7, 5.8 u 5.9).

int 1,j, k, c;

int ** MyArr;

cout << "Enter two numbers" << endl;
cin >> i1 >> j;

//Bb1peneHVe NamaTu NOA ABYMepHLIA MACCUB
//cHa4ana noa mMaccue ykasatenem

MyArr = new int*[i1];

//NOTOM NOA KaXAbIA U3 NOAMACCUBOB

for (k=0;k<i;k++)
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{
}

//******************************************

MyArr[k] = new int[j];

Puc. 5.8. BeiesieHue namMsaTH MO/ ABYMEPHbIii IMHAMUYECKHII MacCHB

//BbIBOA HA 3KPAH 3/1€MEeHTOB MACCUBA
for (c=0;c<i;c++)

{
for (k=0; k<j;k++)
{
MyArr[c][k] = c+k;
cout << MyArr[c][k] << "\t-";
¥
cout << endl;
¥

//***************************************

//ocBoboxaeHue namaTtm

//cHavyana y Kaxaoro noamaccusa
for (k=0; k<i;k++)

delete []MyArr[K];
//notom y maccuea ykasartesien
delete [] MyArr;

//************************************

Puc. 5.9. PaGoTa ¢ 1ByMepHBIM MaCCMBOM H 0CBO0OOKIeHHE NAMSATH U3-110/l IBYMEPHOI0
AUHAMHYECKOI0 MACCUBA

6. ®YHKLIUN

6.1. Ilporpammubie moayu B C++

BonbIIMHCTBO KOMIIBIOTEPHBIX MPOTrpaMM, PEHIAIONIUX pealbHblEe MpaKTHye-
CKHE€ 3a/Jlau¥, HAMHOTO MPEBBIIIAIOT T€ MPOrPAMMBI, KOTOpPbIE ObUIM MPEICTABICHBI
paHee. DKCIEPUMEHTAJIbHO JI0Ka3aHO, YTO HAWIYYIIUM CIIOCOOOM CO3/IaHUS U MOJ-
JEPKKUA OOJIBIIMX MPOTPaMM SIBJISIETCS UX KOHCTPYUPOBAHUE W3 MaJieHbKUX ¢par-
MEHTOB WJIM MOMYJIeH, KaKJblii U3 KOTOPBIX 0oJiee yMpaBisieM, YeM CJIOKHAs Mpo-
rpaMma. JTa TEXHUKA HA3bIBACTCS «Pa3/IeJisii U BIIACTBYM».

Mopaynu B C++ Ha3biBatoTCS QYHKUMAMH U KJIACCAMM.

@yukyua — 3TO UMEHOBAHHBIA OJOK MPOrpaMMbl, CO3/IaHHBIA ISl PEIICHUS
OJHOW HeOousbIIoN 3amaun. Knacc - 310 aOCTpakTHBIM THI AaHHBIX. OOBIYHO TIPO-
rpammbl Ha C++ OUIIYTCS MyTeM OOBbEAMHEHUS HOBBIX (DYHKIIHMI, KOTOpPHIE MUIIET
caM MPOTrPaMMHUCT, ¢ PYHKIUSMH, YK€ UMEIOIIUMUCS B cTaHaapTHOU Oubnuoteke C,
U IyTeM OObEIMHEHUSI HOBBIX KJIACCOB, KOTOPBIE MUIIET caM MPOTPAMMMUCT, C Kilac-
caMu, YK€ UMEIOIINMUCS B Pa3IMYHBIX OMOIMOTEKAX KIACCOB.
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CranpaptHas Oubnuoreka C oOecrnieurBaeT WUMPOKUNA HAOOp (PyHKUMHI s
BBITIOJTHEHUSI TUIIOBBIX MAaTeMaTUYECKUX PacyeToB, OMEpaluid CO CTPOKAMH, C CUM-
BOJIaMH, BBOJIa-BbIBOJA, IPOBEPKU OMIMOOK M MHOTUX APYTUX MOJIE3HBIX OMEpaluii.
Ecnu BO3MOXXHO, HY’KHO HCTOJIB30BaTh cTaHAapTHyo Oubmuoreky ANS1 C BmecTo
TOr0, YTOOBI MUCATh HOBBIE ()YHKIIHH..

[IporpaMMHUCT MOKET HanucaTh PYHKIUU, YTOOBI ONMPEAEIUTh, KaKue-TO CIe-
uuduyeckue 3aaauu, KOTOPbIe MOXKHO MCIOJIb30BaTh B Pa3HbIX MECTaX MPOrpPaMMBI.
DT QyHKIHMHU HA3bIBAIOT (PYHKIMAMHU, ONpeaeeHHbIMH MoJib3oBaTeaeM. Onepa-
TOPBI, PEATU3YIOIINE JaHHYI0 (PYHKIHIO, MULIYTCS TOJBKO OJUH Pa3 U CKPBITHI OT
IpYTux ¢ yHKIHIA.

OyHKIMS aKTUBU3NPYeTCcs (T.e. HAYMHACT BBIMOJIHATH 3aPOCKTUPOBAHHYIO
I Hee 3ajady) IMMyTeM BbI30Ba GyHKIUH. B BbI30Be (DYHKIIUU YKA3BIBACTCS €€ UMS
U naetcs wHGopMaiys (B BUIC apryMeHTOB), HCOOXOAMMasl BBI3bIBAEMOU (DyHKIINH

1U1s1 €€ paboThI.
o \

Functionl Function2 Function3

Function4 Function5

Puc. 6.1. Bo13oBbl pyHKUMIt

HadvanpHuk (BeI3bIBaroIIas (pyHKIHS WM BBI3BIBAIONIUIN OIEpaTop) MPOCHUT
MO TYMHCHHOTO (BBI3BIBACMYIO (DYHKIIMIO) BBIMOJHUTH 3aJaHWE W BO3BPATUTH (T.C.
COOOIIUTH) Pe3yJbTaThl MOCJE TOTO, KaK 3aJaHue BIMOIHEHO (puc. 6.1.). OyHKIus-
HayaJIbHUK HE 3HAET, KaK (QYyHKIUSA-TIOAUYUHEHHBIN BBHIMOJIHAET MOPYUYCHHOE €1 3aaa-
HUE.

6.2. Onpenenenust pyHKIMii

PaccmoTpum mporpammy, KOTopas HCIOJB3YeT (YHKIUI0 Square sl BbI-
YHCIICHUS KBaJApaToB 1eibix urcea ot 1 qo 10 (cm. puc. 6.2.).

®OyHKIKS cO37aeT KOMMIO 3HAYCHHS X B TapaMeTpe y. 3aTeM Square BbIuuc-
Jaser y*y. Pesymbrar mepemaer B Ty TOYKy maln, W3 KOTOpoW ObLia BBI3BaHA
square, u 3aTeM 3TOT pe3yJIbTaT BEIBOJUTCS HA KPAH.
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Onucanne Square mokasbIBaeT, yTo 3Ta (PYHKIUS 0XKUIACT Mepeauu B Hee
nenoro mapamerpa y. KirodeBoe cinoBo INt, mpenmectByromee uMeHH (QyHKIHH
yKa3bIBaeT, 4TO Square Bo3Bpam@aeTr Lenblil pedynbrar. Oneparop return B
square nepenaeT pe3yabTaT BBIUUCIECHU 00paTHO B BBI3BIBAIOLIYIO (PYHKIHIO.

DyHKIMS HE MOXKET OBITh ONpesiesieHa BHYTPU APYroil pyHKIUY.

#include <iostream.h>
int square (int);

int main()
{
for (int x = 1; x<=10; x++)
cout << square (X) << "™ '';
cout << endl;
return O;

}

int square (iInt y)
{

}

return y*y;

Puc. 6.2. [IporpamMmma, BEIYMCJISIOIIAS KBAAPAThI LEJbIX YHCEJ

Crpoka

int square (int);

Ha3zbIBaeTCs MPOTOTUNOM (yHKIUU. [IpoToTun GyHKIUK yKa3blBa€T KOMIUWIATOPY
THUII JAaHHBIX, BO3BpAIIaeMbIX (YHKIIMEH, KOJUYECTBO MapaMEeTPOB, KOTOPOE 0KUIAET
GyHKIMS, TUN TApaMeTpPOB U OKHUJIAEMBIM MOPSAOK uUX cienoBanus. Kommnuisitop
UCIIOb3YeT MPOTOTUIN (PYHKIUHU JJIsi MPOBEPKU MPABUIBHOCTU BBI30BOB (PYHKIIUH.
Bb130B pyHKIIMH, KOTOPBIA HE COOTBETCTBYET MPOTOTUNY (YHKIIMH, BEAECT K CHHTAK-
CUYECKOU olInOKe.

Hpyroil BaxxHOi 0COOEHHOCTBIO MPOTOTUNOB (DYHKIIUI SIBIIIETCS MPUBEIeHHE
THUIIOB APpTYMEHTOB, T.€. 33JlaHKe apryMeHTam nojaxoasiiero tuna. Hanpumep, one-
paTtop

cout << sqgrt (4);

MPaBUJIbHO BBIYKCIISIET U NI€YaTAET 3HAUCHHUE KBaJIpaTHOTrO KOpHs 4. Oynkuus sqrt
OMONMOTEKN MaTeMaTHYeCKUX (QyHKIMA npuHuMaeT 3HadeHue Turma double. Ipo-
TOTHUI (PYHKIIMH 3aCTaBIsIeT KOMIWIATOP MpeoOpa3oBaTh Liejioe 3HaueHue 4 B 3Haue-
aue 4,0 tuna double, npexne yem 3Hauenue Oyner nepenano B SQrt.

[IpeoOpa3oBaHusi TUIIOB MOTYT MPUBECTH K HEBEPHBIM pe3yJibTaTaM, €Clid He
PYKOBOJICTBOBAThCSl MpPaBUJIaMHu npuBeleHuss tunoB C++. [IpaBuna npuBeneHus
OMPENIEIAIOT, KaK TUIIBI MOTYT OBITh MPE0OPa30BaHbl B IPYTUE TUIIBI 0€3 MOTEPD.

[IpaBusia mpuBEIEHUS] TUIOB MPUMEHSIOTCS K BBIPAKEHUSIM, COJAEpKallUM
3HAYEHMS JIBYX WM 0OJiee TUIIOB JAHHBIX; TAKUE BBIPAKEHUSI OTHOCATCS K BbIpaxKe-
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HUSIM CMEIIAHHOr0 TUMA. THIl KakI0TO 3HAYCHUS B BBIPAKECHUSIX CMEIIAHHOTO TH-
a MPUBOJNUTCS K KHAUBBICIIIEMY» THITY, UMEIOIIEMYCS B BRIpKCHUH (HA CaMOM JIeJie
CO3JIaeTCS U MCIIOJIb3yeTCsl BpEeMEHHAs KOIHS BBIPAKCHUS — HCTHHHBIC 3HAYCHHS OC-
TAIOTCS] HCM3MEHHBIMH).

3aoaua. Onpenenuts MaKCUMaIbHOE U3 Tpex yuceln (puc. 6.3.).

#include <iostream.h>
int maximum (int, Int, Int);
int main()

{
int a,b,c;
cout << "Enter 3 iIntegers: '';
cin >> a >> b >>c;
cout << "Maximum is: " << maximum(a,b,c) << endl;
return O;
¥
int maximum (int x, Int y, Int z)
L
int max = X;
if (y >max) max =vy;
it (zcmax) max = z;
return max;
¥

Puc. 6.3. IIporpamma, BEIYMCJISIOIIAS MAKCHMATbHOE U3 TPEX YHCeJ

Fenepauuﬂ Cﬂy‘laﬁﬂblx uucei

[Tporpamma mMoenupyeT OpocaHue UrpaabHOU KocTH (puc. 6.4.)
#include <iostream.h>

#include <stdlib.h>

#include <time.h>

int main()

{
srand(time(0));
for (int 1 = 1; 1 <=20; 1++)
cout << 1+ rand() % 6 << endl;
return O;
¥

Puc. 6.4. IIporpamma, MoJeupyomas OpocaHue UrpajabHOH KOCTH

®Oynknus rand() renepupyet MceBIOCIydallHOS IIEJI0C YMCIIO B JTHANA30HE
mexny 0 m RAND_MAX (koHcTaHTa, ONpEIeICHHAas B 3arojoBOYHOM d(aiiie
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<stdlib.h>). /Ins manHoii mporpamMmmbl HEOOXOAMMBI TOJIBKO YHCIA, JCKAIINE B
nuana3oHe ot 1 1o 6.

rand() % 6 — a1y omeparuio Ha3bpIBAIOT MacmTadupoBanueM. Yucio 6
Ha3bIBacTCS MacmTadupyromuM koddgdunuentom. B pesynbrare 310N onepanuu
nonydatorcss unciaa otT 0 mo 5 BkmouutenbHO. [lociie MacmTaOHMpOBaHUS HYXHO
CABHHYTH JIMAIIA30H YKce, 100aBiss 1 K KaXkIOMy MOJydeHHOMY pe3ysIbTary.

Tak kak ¢yskmus rand() reHepupyer NCEBAOCTyYalHBIE YHCIA, TO TMPH
BTOPOM 3aITyCKe MPOrpaMMBbl OYAYT MOJYYCHBI T€ e YHCiIa, YTO U MpH nepBoM. J1iis
MOJTyYEHUS Pa3HBIX MMOCIICI0BATEIILHOCTEH HEOOXOAMMO MPUMEHUTH OTepaIi0 PaH-
pomuzanuu. OHa peajqu3yeTcs C MOMOIIb0 Oudmmoreunoi ¢ynkiuu srand. Ona
MOJTydaeT B KAa4eCTBE apryMeHTa Oe33HAKOBOE IICJIOC M MPH Ka)kKJIOM BBITOJIHEHUH
POrpaMMBbI 33JIaeT HaYaJIbHOE YMCII0, KOTOpoe GYHKIMS Fand ucrnoib3yeT is re-
HEpaIluu MOCIIEA0BATeILHOCTH KBa3UCIydaiHbIX uncen. OyHknus time craHmapt-
HoW OmOymotekn <time.h> Bo3Bpamaer HamtydIee TPUOIIKEHUE TEKYIIETO Ka-
JICHIAPHOTO BpeMeHH, o0ecrieunBacMoe peanu3anuei. Takum o0pa3oM, Mpu KaKIOoM
3aIyCKe TpOrpaMMbl B T'€HEPATOp ICEBIOCIYYalWHBIX 4YHced OyaeT mNepenaBaThCs
pa3Hoe HAYaJIbHOE YHUCIIO.

6.3. Kitaccsl maMATH ¥ 00,1aCTh AeHCTBUSA

Knaccot namamu

B C++ wumeercs derblpe cHenupukanum KjiIacca mnamaTH. auto,
register, extern u static. Cnenudukanus Kiacca nNaMsaTH HISHTUPUKATOPA
MOMOTAET ONPEETUTh €ro KJIacc MaMsTi, 00JacTh IEUCTBUS U IPOCTPAHCTBO UMEH.

Kuacc namsaitu uaeHtudukaropa onpeaenser ero BpeMs »KU3HH - TIEPUOJI, B
TEUEHUE KOTOPOTro 3TOT UACHTU(DUKATOP cyllecTBYeT B naMsTi. OQHU uieHTUUKa-
TOPBI CYHIECTBYIOT HENIONTO, IPYTUe - HEOAHOKPATHO CO3JAIOTCS U YHHUUTOXKAIOTCH,
TPETHU - CYIIECTBYIOT HA MPOTSKEHUU BCET'0 BPEMEHU BBIOIHEHUS TPOrPaMMBI.

Crnenudukanuu Kiacca namMsiTd MOTYT ObITh pa3OUTHI Ha JBa Kjacca: aBTOMAa-
THYECKHMId KJIACC MAMSATH C JIOKAJbHBIM BpeMeHeM KU3HHU U CTATHYECKHI KJIacce
NaMsITH C IJ100aJbHBIM BpeMeHeM ku3Hu. Kimodersie ciioBa auto u register
UCIIONB3YIOTCS ISl OOBSIBICHUS MIEPEMEHHBIX C JIOKAIBHBIM BPEMEHEM KU3HU. Takue
MEPEMEHHbBIEC CO3/IalI0TCS MPHU BXOJE B OJIOK, B KOTOPOM OHU OOBSIBJICHBI, OHU CYIIIE-
CTBYIOT JIUIIb BO BpeMsI aKTUBHOCTH 0JIOKa U UCYE3AI0T IIPU BBIXO/IE U3 OJIOKA.

K knaccy ¢ J0KanbHBIM BPEMEHEM >KM3HH MOTYT OTHOCUTHCA TOJBKO MeEpe-
MeHHbIe. K 3TOMy KJ1accy OTHOCSTCS JIOKaJdbHbIE MEpeMEHHbIE (QYHKIUI U MapameT-
pol pynkumii. Cnienudukanus auto sBHO 00BSBISET NEPEMEHHbIE ABTOMATUYECKOTO
KJIacca MmaMsITH, T.€. C JIOKaJIbHBIM BpeMeHeM xku3Hu. Hanmpumep, cinenyroiiee oObsB-
JICHHE YKa3bIBaeT, 4To mnepeMeHHble x W y Tuna Float sBisrorcs BpeMEHHBIMH C
JIOKaJbHBIM BPEMEHEM KU3HHU, T.€. OHU CYLIECTBYIOT TOJBKO B Telie (PYHKIIUH, B KO-
TOPOU MOSABIISIETCS O0BSABICHUE

auto float x, y;
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JlokanbHbIE MEPEMEHHBIE SIBJISIIOTCS MEPEMEHHBIMHU C JIOKAJIbHBIM BPEMEHEM
YKA3HU [0 YMOJIYAHUIO, TaK 4TO KJIKOUEBOE cIOBO AUtO ucnomb3yercsa penko. lanee
OylleM cChlIaThCA Ha MEPEMEHHbIE aBTOMATHYECKOIo Kjacca MaMsTH IMPOCTO Kak Ha
aBTOMATUYECKUE NTEPEMEHHBIE.

OOBIUHO JaHHBIE B BEPCUU MPOTPAMMbl Ha MAIIMHHOM SI3bIKE 3arpyxaroTcs
JUTSL PACUYETOB U IPYTroi 00pabOTKU B PETUCTPHL.

Crenudukanus kinacca namsatu register Mmoxer ObITh HOMEIICHA Tepe
OOBSIBJICHUEM aBTOMATHYECKON MEPEMEHHOM, UYTOOBI KOMIMWISITOP COXpaHsI Mepe-
MEHHYIO HE B MaMsATH, a B OJHOM U3 BBICOKOCKOPOCTHBIX alMapaTHBIX PErUCTPOB
KOMIbIoTepa. ECIM MHTEHCUBHO HUCIONb3yEMble NEPEMEHHbBIC, TAKHE KAK CUCTUYMKU
WM CYMMBI MOT'YT COXPAaHATHCS B alllapaTHBIX PETUCTPax, HAKIaJAHbIE PacXOJbl Ha
MOBTOPHYIO 3arpy3Ky MEPEMEHHBIX U3 MAMSATU B PETUCTP U OOpaTHYIO 3arpy3Ky pe-
3yJbTaTa B NaMsATh MOTYT OBITh UCKIIIOUCHBI.

KomnmiisTop MOXeT pOUTHOpHUpPOBaTh 00bsABICHUS register. Hampumep,
MOXET 0Ka3aThCA HEOCTATOYHBIM KOJUYECTBO PETUCTPOB, JOCTYIHBIX KOMIUISATOPY
Uil ucrionb3oBaHud. [IpuBenenHoe ganee o0ObsBICHUE OMPEACISIET, YTO 1ienas nepe-
MeHHas counter nomkHa ObITh MOMEIIEHA B OJJUH U3 PETHCTPOB KOMIBIOTEPA; HE-
3aBUCHUMO OT TOTO, CHI€JIaeT 3TO KOMIWISATOP WM HET, COUuNnter moay4uT Hayaib-
HOe 3HaueHue 1:

register Int counter = 1;

Kiroueroe ciioBo register Moxer NPUMEHSTHCS TOJbKO K JIOKAJIbHBIM ITe-
peMeHHBIM H Tlapamerpam (yHkiui. Yacto oObsBiieHus register He sABIsAOTCA
HEe00X0uMbIMU. COBpEMEHHBIE ONTUMU3ZUPYIOIINE KOMIUIISTOPBI CIOCOOHBI pacmo-
3HaBaTh YaCTO UCIIOIb3yEMbIC IEPEMEHHBIE U PEIIaTh, TOMEIIATh UX B PETUCTPHI WIH
HET, He TpeOys OT mporpaMMucTa o0bsBiIcHUS Fegister

KitoueBrie ciioBa extern u staticC ucnoas3yoTces, 4ToO0bl 0ObSIBUTH UIACH-
TUPUKATOPHI MTEPEMEHHBIX U (DYHKIUNA KaK HUACHTU(UKATOPHI CTATUYECKOr0 Kiacca
NaMsITH C TJI00aJIbHBIM BpEMEHEM XHU3HU. Takue mepeMeHHbIE CYIIECTBYIOT C MO-
MEHTAa Hayajia BBIIIOJHEHUSI IporpaMMbl. [[71sl TaKUX MepeMEeHHBIX MaMsTh BbIICISIET-
Cs ¥ HHUIMAIU3UPYETCA Cpa3y IOCJe Havala BBIMOJHEHUs mnporpammsbl. Mmena
(GyHKIMI TOXE CYIIECTBYIOT C CaMOT0 Havaja BBIIOJHEHUS porpaMmbl. OTHAKO 3TO
HE O3HAYyaeT, YTO ATU WACHTU(UKATOPHI MOTYT OBITh MCIIOIB30BAaHBI MO BCEU MpO-
rpamme. Kitacc maMsatu u o0acth neidcTBus (I1€ MOKHO HUCIOJIB30BATh UMS) — 3TO
pa3HbIC BEIIIH.

CyuiecTBylOT JBa THUIA HJICHTU(UKATOPOB CTATUYECKOTO Kiacca IMaMsTHU:
BHEIIHHE WACHTH(HKATOPHI (Takue, Kak riio0aJbHBIC MEPEeMECHHBIE U UMEHA (PYyHK-
IUi), W JIOKaJbHBIC TNEPEMEHHBIC, OOBSBIICHHBIC CIEIU(pUKANMEH Kjacca MaMsATH
static. ['mobanpHBIC MIEPEMEHHBIE U UIMCHA (DYHKIIHIA 110 YMOJYAHHIO OTHOCSATCS K
Kiaccy namsatu extern. I'mobanbHble MEpEeMEHHBIE CO3AI0TCS MYTEM pa3MeEICHUS
UX OOBSBICHUN BHE ONMCaHUsl Kakoh-110o0 (pyHKIuu. ['1oOanibHbIe TIEpEMEHHBIE CO-
XpaHSIIOT CBOM 3HAYEHHUS B TEUCHHE BCErO BPEMEHM BBINOJIHEHHUS mporpammbl. Ha
ri00aibHbIE MEPEMEHHbIE U (PYHKIIMH MOXET CChlIaThesl Jt00as GyHKIMS, KOTopas
pAacIoyIoKeHa 1mocie ux oObSIBICHUS UK ONKUCAaHUs B (aiine.
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JlokanbHBIe TIEpEMEHHbIC, OOBSBICHHBIC C KIIOYEBBEIM ciioBoM Static, wus-
BECTHBI TOJIbKO B TOM (PYHKIIMH, B KOTOPOW OHU OIMPEJIENICHbl, HO B OTJIWYHUE OT aB-
TOMATHYECKUX IEPEMCHHBIX JIOKaIbHbIC MepeMeHHble StatiC COXpaHSIOT CBOM
3HAQ4YeHUs B TEUEHHE BCETrO BpeMeHM cyulecTBoBaHusa (yHkuuu. [Ipu kaxmom cie-
JYIOIIEM BbI30BE (DYHKIIMU JOKAJIbHBIE MEPEMEHHBIE COJIepkKAT T€ 3HAUEHUs, KOTO-
pble OHU UMENHU MpPH NpeablayleM BbizoBe. Cleayromuii onepaTop oOBABISET JIO-
KaJbHYIO TIepeMeHHy0 COUNt kak StatiC u npucBanBaeT HavaabHOE 3HaUeHUE 1

static Int count = 1;

Bcee uncnoBbie mEpeMEHHBIE CTATUYECKOTO KJIACCa MaMATH MPUHUMAKOT HYJIE-
BbI€ HAyaJIbHbIC 3HAYCHUs, €CJIM IMPOIPAaMMHUCT SIBHO HE yKa3aJl ApPyrue HadajbHbIE
3HAYCHMUSI.

Crneundukanun kiacca mamaru extern um static uMeroT creluaibHOe
3HA4YEHHE, KOTJa OHU MMPUMEHSIOTCS SIBHO K BHEIIHUM HJICHTHU(HUKATOPAM.

Oobnacmo oeiicmeus

Oobsacth aeiicTBusl WaeHTH(GUKATOPA — 3TO YacCTh MPOrPAMMBI, B KOTOPOU
Ha UJECHTUPUKATOP MOXKHO cchuiathesi. Hampumep, xorma oOBsBISETCS JOKaJbHas
nepeMeHHasi B 0JIOKe, Ha HEe MOKHO CChUIAThCSl TOJIBKO B 3TOM OJIOKE WUIK B OJIOKE,
BJIOKEHHOM B 3TOT 0JIoK. CyIlleCTBYIOT YeThipe 00JacTu ACHCTBUS UACHTU(DUKATOPA
— o0aactb AeiicTBus (QyHKUMSA, 00JacTh AeiicTBUA (ails, 00JacTh AeiicTBUSA
0J10K 1 00J1aCTh AeiCTBUSA MPOTOTUII (PYHKIUM.

Wnentudukarop, 0ObSIBICHHBI BHe J1000H GyHKIUH (Ha BHCITHEM YPOBHE),
uMeeT o0jaacThb AeicTBus Qaiii. Takol naeHTuduKarop u3BecTeH BceM (HYHKIUAM
OT TOYKHU €ro OOBbSIBICHUS 10 KOHLa (aiina.

Metku (MISHTUPUKATOPHI C TOCISAYIOMUM JBOCTOYHMEM, HAIpUMED,
start:) — caWHCTBEHHBIC WICHTU(UKATOPHI, WMEIONIHEC O00JACThIO AelicTBUS
¢pyHkumuw. MeTku MOKHO UCIOJIB30BaTh BCIOAY B (DYHKIIMH, B KOTOPOW OHU TMOSIBH-
JIUCh, HO HA HUX HEJIb3sI CChUIATHCS BHE Tea (DYHKIUU.

Wnentudukaropsl, oObABICHHBIC BHYTPH 0J10ka (Ha BHYTPCHHEM YPOBHE),
UMEIOT 00,1acThI0 aelicTBUsA 0J10K. O0nacTh JelcTBUs OJIOK HayuMHaeTcsl 0ObsIBiIe-
HUEM HUJCHTU(]HUKATOpa U 3aKaHYMBAETCS KOHEYHOM mMpaBoi CKOOKOHW. JIoKalbHBIC
NepeMeHHbIe, OObSABICHHbIC B Haualle (DYHKIUU, UMEIOT 00JacThiO JAEHCTBUSI OJIOK
TaK ke, KaK ¥ mapameTpbl QyHKIHH, SIBISIONIUECS JIOKAJTIbHBIMU NiepeMeHHbIMU. Ecnu
OJIOKM BJIOKEHBI M HACHTU(UKATOP BO BHEIIHEM OJIOKE MMEET TaKOoe Ke MMs, Kak
UJEHTU(PUKATOP BO BHYTPEHHEM OJIOKE, UJICHTHU(UKATOpP BHEIIHETO OJI0Ka «HEBU-
nuM» (CKpBIT) 10 MOMEHTA 3aBeplICHHs PaOOTHl BHYTPEHHETO 0JIOKa. DTO O3HAYAET,
YTO IOKa BBIMOJHSIETCS BHYTPEHHUN OJIOK, OH BUJUT 3HAYEHUE CBOUX COOCTBEHHBIX
UJEHTU(PUKATOPOB, a HE 3HAYCHUS HACHTU(DUKATOPOB C UJICHTUYHBIMH MMEHAMHU B
OXBAaThIBAIOILIEM OJIOKE.

EnuHcTBEeHHBIMU UJIEHTU(UKATOpPAMU C 00JIACTHIO JAeHCTBUSI MPOTOTHII
(GyHKIMU ABISIOTCS T€, KOTOPBIE UCIOJIB3YIOTCS B CIMCKE MAPAMETPOB NMPOTOTUIIA
¢pynkuuu. Ecou B cnucke mapameTpoB MpOTOTHNA (PYHKUIHMHM HMCHOJIB3YETCS WM,
KOMITHJIATOP €r0 MpocTo UrHopupyet. Maentudukatop, ucnonb3yeMblii B IPOTOTHUIIE
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(bYHKHI/II/I, MOXXHO IOBTOPHO HCIHOJb30BATh I'’I€ YIrOJAHO B IIpOorpaMme, HE OI1acasicChb
ABYCMBICJICHHOCTH.

6.4. Pexypcus

PexypcuBHas pyHkums — 370 GyHKIHS, KOTOpasi BhI3bIBaeT cama cebst 1o
HETMOCPEACTBEHHO, TUOO KOCBEHHO C MOMOIUIBIO IPYrod (PyHKIIUH.

PexypcuBHasi 3agaua B oO1ieM ciiyyae paz0uBaeTcsi Ha psi 3TanoB. s pe-
IIEHUA 3aJla4 BBI3BIBACTCA peKypcuBHas QyHKIUSA. DTa G YHKIUS 3HAET, KaK pellaTh
TOJIBKO MPOCTEUIIYI0 YacTh 3aJja4d — TaKk Ha3biBaeMylo 0a30BYI0 3aaaudy. Eciu 3Ta
(GyHKIUST BBI3BIBACTCS AJISI pelieHusi 0a30BOM 3ajauM, OHA MPOCTO BO3BpalaeT pe-
3ynbTaT. Ecau QyHKIMS BBI3bIBaETCS AJI pelleHus 0oJiee CIOXKHOM 3a1auu, OHA Je-
JIUT ATy 3a/ladyy Ha JIBE YaCTU: OJIHY YacTh, KOTOPYIO (DYHKIIUS pelIaTh YMEET, U APY-
I'y10, KOTOPYIO QyHKIHS periaTh He ymeeT. YToObI cieaTh PEKypPCUIO BBITTOJTHUMOM,
MOCJIEIHSSL YaCTh JOJKHA OBITh MOX0Ka Ha MCXOJHYIO 3a7ady, HO ObITh MO CpaBHe-
HUIO C HEW HECKOJBKO MPOILE WK HECKOIbKO MeHblle. [lockonbKy 3Ta HOBas 3agava
moA00Ha UCXOAHOM, (PYHKIMS BBI3bIBAET HOBYIO KOMHIO camMoi ceOsi, 4TOObl HAYaTh
paboTaTh HaJ MEHbIIEH TPOOIEMON — 3TO HA3BIBAETCSl PEKYPCHBHBIM BbI30BOM WJIU
marom pekypcuu. Illar pexypcun BkiItoYaeT Kiro4eBoe ciaoBo Feturn, Tak Kak B
JanbHEUIIEM ero pe3yibTaT OyAeT OObeAUHEH C TOW YacThiO 3aJayd, KOTOPYIO
GyHKIMS peniaTh yMeeT, U chOpMUPYETCs KOHEUHBIN pe3ysbTaT, KOTOPbIA OyJeT 1e-
peaaH oOpaTHO B KCXOJHOE MECTO BHI30BA.

[ITar pekypcun BBIIOJHSIETCS 10 TE€X MOP, MOKa UCXOJIHOE oOpalieHue K QyHK-
IIMU HE 3aKPBITO, T.€. MOKA €lle HE 3aKOHYEeHO BhinoyiHeHUe ¢yHkiuu. Lllar pekypcun
MOXET MPUBOJIUTH K OOJIBIIOMY YHCIY TaKUX PEKYPCUBHBIX BBI30BOB, MOCKOJIBKY
(GYHKIIHUS TIPOJIOIKACT JICJICHHE KaKI0M HOBOM IMOJ3aJa4u Ha JABE 4yacTu. YTOOHI 3a-
BEPIIUTH MPOIECC PEKYPCUH, KaXKbIN pa3, Kak (PyHKIHS BbI3bIBAE€T caMy ce0s ¢ He-
CKOJIbKO YMNPOUIEHHOM BepcUel MCXOJHOM 3a/iauu, AoJKHA (HOPMUPOBATHCS MOCIE-
JIOBAaTENbHOCTh BCE MEHBIINX U MEHBIIUX 3a/a4, B KOHIIE KOHIIOB, CXOAsIIasics K 0a-
30BOM 3as1aue. B 3TOT MOMeHT (QyHKIUsI pacnio3HaeT 0a30BYI0 3ajady, BO3BpAIllacT
pe3yabTaT Npeaplayled Konuu (PYyHKIHUHA U TIOCJIEI0BATEIbHOCTh BO3BPATOB MOBTO-
psieT BeCh MyTh HA3aJl, MOKA HE IOUIET /10 MePBOHAYAIBLHOIO BbI30BAa U HE BO3BPATUT
KOHEYHBIH pe3ynbpTaT B main (cm. puc. 6.6)

daxTopuai n!:
n! = n*(n-1)*(n-2)*..*1

dakToprasl MOKET OBITh BBIYUCIICH HE PEKYPCHBHO, @ HTEPATHBHO C TTIOMOIIIBIO
oreparopa For:

factorial = 1;
for(int counter = number; counter >=1; counter--)
factorial *= counter;

Puc. 6.5. UTepaTuBHOe BbIUHCIeHHE haKkTOpHAIa
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k\ 51 =5%24 = 120 Bo3Bpamaercs

5*4 ox4l
| 3
\ 41 = 4*6 = 24 Bo3BpainaeTcs
A\ 4 \
4%31 4*31
\ 3! = 3*2 = 6 Bo3Bparaercs
l
3*2!
\ 2! = 2*1 = 2 Bo3Bpammaercs
»
1 Bo3BpalieHo
1 1

3Ha‘-I€HI/I$I, BO3BpalIacMbIC MTOCJIC KaXKA0T'0

[Ipouecc pexkypCHBHBIX BBI30BOB
PEKYpPCUBHOTO BbI30Ba

Puc. 6.6. PexypcuBHoe AepeBo [1Jis1 BbIYMCIeHUs (paKTOpUaia

PexypcuBHoe ompeneneHue QpyHKIUU (aKTOpHUall JAETCS CIEAYIOIIUM COOT-
Homenuem: N1 = n*(n-1)!

unsigned long factorial(unsigned long number)

{
it (number <=1)
return 1;
else
return number * factorial (nhumber-1);
¥

Puc. 6.7. PekypcuBHOe BbIYHc/IeHHE (paKTOpHAIa

IHocaenoBaTeabHOCTD Ynces]] PuOoOHAYYH

D10 mpuMep KaK He HAJ0 UCIIOIh30BaTh PEKYPCHIO.

ITocnenoBarenpHOCTh uncen PuOOHAYYN PEKYPCHBHO MOXKHO OIPEACIIHTH
CIEIYIOIUM 00pa3oM:

fibonacci (0)
fibonacci (1)

0
0
fibonacci(n) Ti

bonacci(n - 1) + Ffibonacci(n - 2)

Puc. 6.8. ®opmyaa pist yuciaa ®udonaqyuu
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OyHKIIUS, pEKYPCUBHO BbIYHCIIsIONAsA Ynciio PuboHayun:

unsigned long fibonacci (insigned long n)

{
if(n =0 ]| n==1)
return n;
else
return fibonacci (n-1) + fibonacci (n-2);
¥

Puc.6.9. PexypcuBHoe Bbuucjienue ynciaa @udoHavyumn

[Tpu n>1 mrar peKypcuy T'€HEpUPYET JBa PEKYPCHBHBIX BBI30BA, KaKIBIH U3
KOTOPBIX MPEACTABIACT COOOH HECKOIBKO YIMPOIIEHHYIO 3a7a4dy 110 CPaBHEHHIO C UC-
xoaubIM BezosoM Fibonacclh .

KonnuecTBO peKypCHBHBIX BBI30BOB, KOTOPOE IOKHO OBITH BBIIIOJHEHO IS
BBIUMCIEHHS N-ro uucia OuboHau4y, okaspiBaeTca mopsaka 2. I1odToMy MOHMCK
yrciaa rboHauun 0OBIYHO OCYINECTBISIOT HTEPATUBHEIM ITYTEM

FC3)
y
I
return F(2) + F()
| return 1
return F(L) + F(0)
y y
return 1 return O

Puc. 6.10. PekypcuBHoOe 1epeBo 1Jisl BbIYMCAeHUs Yncia DudoHayuu
6.5. CchbUIKM M CCHLIIOYHBIE TAPAMETPhI

Bo MHOrux si3pikax mporpaMMUpPOBAaHHS UMEIOTCA JiBa crioco0a oOpalieHus: K
(YHKIMSM — BBI30B 110 3HAYEHUIO U BHI30OB 110 CCHUIKE.

B C++ cymiecTByIoT Tpu criocoda nepeaadyu apryMeHTOB B PyHKIINUH:

1) BBI3OB 110 3HAYCHHUIO;

2) BBI3OB I10 CCBUIKE C apTyMEHTAMHM CChUTKAMH;

3) BBI3OB I10 CCBHUIKE C apIyMEHTAMH YKa3aTeIIsIMHU.

Korna aprymeHT nepegaeTcs BHI30BOM IO 3HAYEHUIO, CO3JA€TCS KOMUS apry-
MEHTa, U OHa NepeAacTcs BbI3biBaeMoU (yHKIMU. VI3MEeHEHUs KONUU HE BIUSET Ha
3HAY€HUE OpPUTHHAJa B ONEpPaTOpe BbI30BA. DTO MPEAOTBPAILACT CAy4ailHbIM m000Y-
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HbIH 3P (DEKT, KOTOPbIA TaK CHJIBHO MEIIAET Pa3BUTHIO HAJEHKHOTO U KOPPEKTHOTO
nporpaMMHoOro odecrneueHnusi. Bce apryMeHThl, KOTOpbI€ MEpeJaBaAIUCh B (PYHKIIHUH
0 3TOr0O MOMEHTA, IMEpPEeIaBajvucCh BBI3OBOM MO 3HaYeHHUIO. OAWMH M3 HEJOCTATKOB
BBI30Ba MO 3HAYEHHUIO COCTOUT B TOM, YTO €CJIM MepenaeTcs: OONIbIION 2JIeMEHT JaH-
HBIX, 3TO MOXET MPUBECTH K 3HAYUTEIIbHBIM MTOTEPSIM BPEMEHH BBITIOJTHEHUS.

CcbuU10YHBIM MapaMeTp — 3TO CKPBITBIM yKa3aTelb, MCEBJOHUM COOTBETCT-
BYIOIIIETO apryMeHTa. YToObl MoKa3aTh, 4TO MapaMeTp (PyHKIUU MEepe/laH MO CChLIKE,
Mocjie THTA TapaMeTpa B MPOTOTUIE (YHKIIMH CTAaBUTCS CHMBOJ amriepcanna (&);
Takoe k€ 0003HAYCHHUE HCIOJIb3YETCS B CIUCKE THUIOB MapamMeTpPOB B 3arojOBKE
¢byukiuun. Hampumep, oObsBiienne 1INt &count B 3arojoBke (YHKIUU MOXKET
YUTATHCSA KaK «COUNT sBiseTCs CChUIKOM Ha INt». B BbI30BE PYHKIMH JTOCTATOTHO
yKa3aTb UM IEPEMEHHOM, U OHA OyAeT mepeaaHa mo ccbuike. Torna ynoMuHaHHE B
TeJie BbI3bIBAEMON (PYHKIIMM IEPEMEHHOMN 10 UMEHU €€ MapaMeTpa B IeUCTBUTEIbHO-
CTHU SIBIIsIETCSl OOpalleHueM K HCXOJHON MepeMEHHOM B BbI3bIBaIOlled (DYHKIUH, U
ATa UCXOJIHAsl MEPEeMEHHAasi MOET ObITh M3MEHEHA HEMOCPE/ICTBEHHO BBI3bIBAEMOM
¢bynkuei (puc. 6.11.)

#include <iostream.h>

int squareByValue(int);
void squareByReference(int &);

int main()

{
int x =2, z = 4;
cout << "Before:" << endl;
cout << "xX= " << x << endl;
cout << ""z= " << 7z << endl;
squareByValue(x);
squareByReference(z);
cout << "After:" << endl;
cout << ""'X= " << x << endl;
cout << ""z= " << 7z << endl;
return O;

¥

int squareByValue(int a)

{
return a *=a;

¥

void squareByReference(int &cRef)

{
cRef *=cRef;

¥

Puc. 6.11. [lepenaua napamerpa 1o 3Ha4eHHIO U MO CChLIKE
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CchIIKM MOXKHO TAaKKe€ MCIIOJIb30BATh KaK ICEBAOHUMBI JUISl IPYTUX NIEPEMEH-
HBIX BHYTPH (PYHKIUI

int count = 1; //06bsaBneHue Lenon nepemeHHou count
int &cRef = count; //co3aaHue cRef kak ncesaoHuma ana count
++cRef;

Puc. 6.12. Co3nanue cchbliIKM BHYTPH GyHKIMH

OTOT (pparMeHT JaeT mpupalleHue nepeMeHHo count, ucnonas3ys ee InceB-
nouuMm CReT. CchutouHble TIepeMeHHbIC JODKHBI MMOJy4YaTh HadajibHbIC YCIOBHS B
ux o0bsBieHUsAX. Kak TONBKO CChlIKa OOBSIBISETCA KaK MCEBJOHUM IPYroil mepe-
MEHHOH, BCE OIlepalliH, BBINOJHSIECMbIC C ICEBAOHUMOM (T.€. CCHUIKOM), HAa CaMOM
nene OyIayT BBIMOJIHATHCS C caMOl UICTUHHOM nepeMeHHOU. Jjisi mceBoHMMa He pe-
3E€pPBUPYETCS] HUKAKOTO MECTa B MTAMSTH.

Buizoe d)ynkuuﬁ no CCublIKe C apeymenmamu yKasamejiimu

Panee ObUIO TPOBEJICHO CPAaBHEHHE U COMOCTABIICHHE BBI30BOB MO 3HAUCHUIO U
IO CChUIKE C apryMeHTamu ccbulku. Celiuac pacCMOTPUM Ha BBI30OBE IO CCHUIKE C ap-
T'YMEHTaMHU yKa3aTeJsMH.

return MoXXHO MCIOJIb30BaTh JUIsl BO3BPAILCHUS] OJHOTO 3HAYEHUS U3 BbI3bI-
BaecMOW (PYHKIIMH BBI3BIBAIOIIEMY oriepatopy (WIn I nepeaadu yrpaBiCHHs U3 BbI-
3pIBaeMoi (pyHKIIMK O€3 BO3BpAIICHUS KaKOTO-TM00 3HadeHUs). M3 H3J10KEHHOTO,
YTO apryMEHTbl MOTYT OBbITh mepenaHbl (YHKIMU C UCIOJIb30BAaHUEM apryMEHTOB
CCBUIOK, YTOOBI JIaTh BO3MOXXHOCTh (PYHKIIMH MOAU(MUIIMPOBATH UCXOIHBIE 3HAYCHUS
apryMeHTOB (TakuM 00pa3oM, U3 (PYHKIIMH MOXKET OBITh «BO3BpAIICHO» 00JIee OJTHO-
ro 3HA4YCHHs), WIM YTOOBI TepenaTh (YHKIMH OOJBIINE OOBEKTHl M HM30ekaTh Ha-
KJIaJIHBIX PACcXOJI0B, COMYTCTBYIOIIMX Iepenadye OOBEKTOB BHI30BOM MO 3HAYEHUIO.
VYka3zarenu, moJoOHO CChUIKaM, TOXKE€ MOKHO HCIIOJIb30BaTh ISl MOAU(UKAIMU Of-
HOTO WM 0oJiee 3HaUYCHUM IEPEMEHHBIX B BBI3BIBAIOILIEM OIEpaTOpe, WU NepeaBaTh
yKazaTenu Ha Oojbliue oOBEKThI JIaHHBIX, YTOObI M30€XaTh HAKJIAJHBIX PACXOOB,
COMYTCTBYIOLIUX Nepeaade 0ObEKTOB MO 3HAUYCHHUIO.

B C++ nporpaMMHCTBl MOTYT KCIOJB30BaTh yKa3aTeNIW U OlNEpalud KOCBEH-
HOU ajpecalldu JJisi MOJIeIMPOBaHUs BbI30Ba MO cchuike. [Ipu BeI30Be QpyHKIIMH C ap-
TYMEHTaMH, KOTOPbIE JOJIKHBI ObITh MOAUDUIIMPOBAHBI, IEPEAAIOTCS UX ajipeca. ITO
OOBIYHO COIPOBOXKJIAETCS omepanued aapecanun(&) mepeMeHHOW, KOTOpas JI0JKHA
ObITh MOJU(DUIIMpOBaHA. MacCHBBI HE MEPEAAIOTCS C MOMOUIBIO &, TOTOMY YTO UMS
MaccHBa — 3TO HauallbHBIN ajipec MaccuBa B namatu. [lpu nepenade pyHkunu aapeca
NIEPEMEHHOM MOYKET UCIOJIb30BaThCS ONepanus KOCBEHHOH aapecaruu (*) mis mo-
TU(UKAIIY 3HaUCHUS (eCiIi 3HaYCHHE He 0OBSBICHO Kak CONST) siueiiku B MaMsTH
BBI3BIBAIOIIETO OllepaTopa.

Ha pwuc. 6.13 mpencraBneHa mporpaMmsbl ¢ AByMsl BapuaHTaMu (QYHKIIMH, KO-
Topasi Bo3BomuT B KyO menoe umcio — CubeByValue u CubeByReference.
[TepBas pynkuus nepenaet nepemennyo number ¢yakuuu CubeByValue Bei3o-
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BOoM 110 3HaueHuto. Dynkius CubeByValue Bo3BoauT B Ky0 CBOIt apryMeHT U BO3-
BpalllaeT HOBOE 3HadeHHe B Maln, ucrnoin3ys oneparop return. HoBoe 3HaveHue
npHCBaMBaeTCs MepeMeHHoW Number B main. KiroueBoii MOMEHT BbI30Ba 10 3HA-
YCHHUIO COCTOMT B TOM, YTO MPOIPAMMHUCTY HPEIOCTABIISAETCS BO3MOXKHOCTh aHATU3H-
pOBaTh pe3yibTaT BbI30Ba (YHKIUHU INepea MoaupuKanueld 3HAYCHHUS TePEMEHHOM.
Hanpumep, B mepBoii mporpamMmme MOXHO OBLIO OBl COXpaHUThL PE3yJIbTAT, BO3Bpa-
mraemberii CubeByValue B npyroit nmepeMeHHO#H, HccaeIoBaTh €ro 3HaUYeHUE, W I10-
CJIe ATOTO IPUCBOUTH PE3yIIbTAT IEPEeMEHHON number.

Bropas ¢yHknms nepenaer nepeMeHHY0 NUMDEr o cchUike — B (PYHKIIHIO
CubeByReference nepenaercsa angpec number. ®ynkuus CubeByReference
B KauecTBe apryMeHTa noiaydaetr NPEr (ykasarens Ha 1NT). OyHKIUA pa3bIMEHOBBI-
BaeT yKa3aTellb ¥ BO3BOJUT B Ky0 3HaUeHHE, Ha KOTOpoe ykasbiBaeT NPtr. Oto us3-
MEHSET 3HaueHne number B main

int CubeByValue (int);
void CubeByReference (int*);

int main()
{
int numberl;
int number?2;
numberl = 5;
number2 = 5;
cout << "numberl before " << numberl << endl;
numberl = CubeByValue (nhumberl);
cout << ""numberl after " << numberl << endl;;
cout << "number2 before " << number2 << endl;
CubeByReference (&number2);
cout << "number2 after " << number2 << endl;

return O;
s
int CubeByValue (int n)
{
return n*n*n;
ks
void CubeByReference (int* nPtr)
{
*nPtr = *nPtr **nPtr**nPtr;
¥

Puc. 6.13. [Iporpamma, muLTIOCTPHUpPYIOIIAs NepeJavy napaMeTpa 1o 3Ha4eHUIo
U 110 CChLIKE ¢ APTYMEHTOM yKa3aTejemM

DyHKIHSA, MPUHAMAIOIIAS aIpeC B KAYECTBE apryMEHTa, JIOJKHA ONPEACIUTh
rapaMeTp Kak yKa3aTeib, YTOObI MPUHSATH ajapec.
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6.6. [leperpy3ka ¢pyHKuuUii

C++ mo3BOJIAET ONPEICITUTh HECKOJIBKO (DYHKITUH C OJHUM U TEM KE UMEHEM,
€ClIM 3T (PYHKIIMHA UMEIOT pa3Hbie HA0OPHI mapameTpoB (M0 MEHbINEH Mepe, pa3HbIe
THUIIBI ITAPAMETPOB). ITa 0COOEHHOCTh Ha3bIBacT meperpy3koii pynkmuu. [Ipu BbI-
30Be meperpyxeHHor Gyakuun koMmwisitop C++ ompenenseT COOTBETCTBYIOIIYIO
(GYHKIMIO MyTEeM aHajIu3a KOJIMYECTBA, TUIIOB U TOPSIKA CICAOBAHUS apTyMEHTOB B
BbI30Be. [leperpy3ka (yHKIMIA OOBIYHO HCIIONB3YETCsS IS CO3JaHHS HECKOJIBKHX
(GYHKIMI C OMHAKOBBIM MMEHEM, NMPEAHA3HAUYCHHBIX TSI BHITIOJHCHHS CXOIHBIX 3a-
Jad, HO C pa3HBIMU THITAMHU JaHHBIX (puc. 6.14.)

#include <iostream.h>

int square (Int Xx)

{
return x*x;

¥

double square (double y)

{
return y*y;

¥

int main()

{
cout << "Integer square iIs " << square(7)<<endl;
cout << "Double square is " << square(7.1l)<<endl;
return O;

¥

Puc. 6.14. Ileperpy3ka ¢pyHKIMH BbIYHMCIEHUS KBaJApaTa YHuCJIa

Apeymenmbt no ymojtuanuro

OOBIYHO TPH BBI30BE (PYHKIIMH B HEE MEPEIacTCsl KOHKPETHOE 3HAYCHHUE KaXK-
noro aprymenrta. Ho mporpaMMuCT MOXET yKas3aTh, 4TO apryMEHT SIBIISICTCS apry-
MEHTOM 10 YMOJYAHHI) W 33JIaTh JUIS 3TOr0 apryMEHTa 3HaYCHHE 110 YMOJTYaHHIO.
Ecim apryMeHT 1o yMOJYaHHIO HE yKa3aH B BbI30BE (DYHKIIMH, TO B BBI30B aBTOMa-
TUYECKH TIEpeacTCsl 3HaYeHUE ITOr0 apryMeHTa IO yMOJIYaHHI0. APryMeHTHI 110
YMOJIYAHHUIO JIOJDKHBI OBITh CAMBIMH NMPaBbIMH (TIOCJICTHUMH) B CITHCKE TTapaMeTPOB
¢dbyskmn (cM. puc. 6.15.).

Ecin BeI3bIBaeTCS QYHKIUSA ¢ IBYMS MU OoJiee apryMEHTaMH 110 YMOJTIaHHIO
Y €CJIM MPOITYIICHHBIH apTryMEHT He SBJISETCS CAMBIM IPABhIM B CITUCKE apTyMEHTOB,
TO BCE apryMEHTHI CIpaBa OT MPOMYIICHHOTO TaKXe MPOIYCKAIOTCA. APryMEHTHI 10
YMOJIYaHUIO JOJDKHBI OBITH yKa3aHbI IPU NEPBOM YIIOMHHAHWHA UMCHH (QYHKIUU —
00brgHO B TIpoToTHIle. [IOBTOpHOE yKa3aHWe 3HAYCHHS apryMEHTa M0 YMOJYaHUIO HE
JOIyCKaeTCsl. APTyMEHTHI 110 YMOJYaHUIO MOTYT ObITh KOHCTAaHTaMH, TJI00aTbHBIMA
NIEPEMEHHBIMH WJIM BBI30BaMHU () YHKITUH.
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#include <iostream.h>

int test (double a, iInt b);

int test (int a, double b);

int test (int a, int b, int c=3);
int test (int a, Int b = 4);

int test (int a=7);

int main()

{
test(3.5, 6); //1
test(6,3.5); //2
test(); //5
test(3,4,5); //3
return O;

¥

int test (double a, int b) {cout<<l<<endl; return 0O;}

int test (int a, double b) {cout<<2<<endl; return 0;}

int test (int a, int b, int c) {cout<<3<<endl; return O;}
int test (int a, int b) {cout<<4<<endl; return O;}

int test (int a) {cout<<b<<endl; return 0;}

Puc. 6.15. Ileperpyska ¢pynkuun test ¢ apryMeHTaMH 10 YMOJTYAHUIO

6.7. Ilepenaua maccuBOB B (PyHKIIUU

C++ aBTOMAaTHYECKH MEpeaaeT MacCUBbI (QYHKIIHSAM, UCIOJIL3YsSI MOJEIUpye-
MBIU BBI30OB MO CChUIKE — BbI3bIBa€Mble ()YHKI[UU MOTYT U3MEHATH 3HAUCHUS DJIEMEH-
TOB B MCXOJIHBIX MacCHMBaxX MCTOYHHKA BbI30Ba. 3HAUECHUE UMEHH MAacCHBa SIBISECTCS
aZpecoM MepBOro sjeMeHTa MaccuBa. [lockonbKy B QyHKIHIO MepenaeTcsi Havyallb-
HBIN aJipec MaccuBa, BbI3bIBaeMasi (PyHKIIMS 3HAET, IJe XpaHutcs maccuB. [losTomy,
KOrJia BbI3bIBaeMasi PyHKIHS MOJUDUIUPYET JIEMEHThl MaccuBa B Telie (QYHKIIUH,
OHa MOJAU(PUIUPYET peAIbHBIC JIEMEHThl MACCUBA B UX UCTUHHBIX SUEHKAX TaMATH.

XOTs MacCHBBI MEPEIAIOTCS MOJACIUPYEMBIM BBI30BOM IO CChUIKE, OTJEIbHBIC
AJIEMEHThl MacCHBa MEPEJAIOTCS BHI30OBOM I10 3HAYEHUIO MOJOOHO MPOCTHIM MeEpe-
MeHHbIM. Takue OTIIeNbHbIE MPOCTHIE AIEMEHTHl JAHHBIX HA3bIBAIOTCS CKASIPAMH,
WU CKAISPHBIMU NEepeMeHHbIMU. UTOObI mepeaaTh B (DYHKIHUIO 3JIEMEHT MacCHBa,
HEO0O0XO0MMO HCHOJIb30BATh UHACKCUPOBAHHOE UMS 3JIEMEHTA MACCUBA KaK apryMEHT
B BbI30BE (DYHKIIUH.

3aodaua. VI3BecTHBI AaHHbIE HAOIIOJACHUN CPEIHECYTOUYHON TeMIepaTyphl mep-

Bol Henenu sHBaps 3a 10 net. OnpeaennTs CpeIHIOI TeMIIepaTypy IEPBON HEACIH
STHBApPS IS KXKI0T0 roja (cM. puc. 6.16).
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#include <iostream.h>
#include <stdlib.h>
#include <time.h>

10;
7;

const Int N
const Int M

void print(float av[]) //nycTbie kKBaapaTHbIe CKOOGKU

{
for(int j = 0; j<N; j++) //N BuaHa BO BCem (painne
cout<<av[j]<<endl;

}

void set_temp(int t[][M]) //eTOpble u cneayrowme cKobkM 3aNOSTHeHbI
{
srand(time(0));
rand();
for(int 1=0;iI<N;i++) {
for(int j = 0; j<M; j++)

t[i][j] = rand(O%41-30;
cout<<t[i][J]<<"\t”;

} cout<<endl;
ks
¥
void calculate(int t[][M], float av[])
{
int temp;
for(aint 1=0;i<N;i++)
{
temp=0;
for(int j = 0; j<M; j++)
temp+= t[i1][j];
av[1]=Float(temp)/M;
¥
¥
int main()
{
int temperature[N][M];
float average[N];
set_temp(temperature);
calculate(temperature, average);
print(average);
return O;
ks

Puc. 6.16. Boruuc/ieHue cpeiHeHe e IbHOM TeMIiepaTypbl SHBaps
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6.8. Yka3aTenb HA QyHKIHIO

Bo03M0XHBI TOJBKO JIBE onepanuul ¢ GyHKIIUSIMU:

1) BBI3OB,

2) B3sTHE agpeca.

VYkazarenb, MOTYYEHHBIH C MOMOINBIO MOCJIEAHEH OMepalii, MOXKHO BIIO-
CJICJICTBUH HMCITOJIB30BATh I BbI30Ba (yHKIMH (prc. 6.17.)

void error(char* p) { /7* ... */ }

void (*efct)(char*); // ykasatenb Ha yHKUUIO

void O {
efct = &error; // efct HacTpoeH Ha yHKUUIO error
(*efct)(error');} // Bbi3os error yepes ykasartenb efct

Puc. 6.17. Ucnosib3oBaHue yka3aTeias Ha GyHKIHIO

Jlnist BbI30Ba pyHKIMH ¢ ToMoIIIbio yka3aTess (eFct B Hamem npumepe) Hamo
BHaYaJie MPUMECHHUTH OICPAIMIO Pa3bIMEHOBAHUS K ykazatenmto - *efct. Ilockonbky
npuoputeT onepanuu BeizoBa () BBINIE, UeM MPUOPUTET Pa3bIMCHOBAHUS *, HEJIb3s
nucath npocto *efct(*'error'). Oro Oyner o3nauath *(efct('error™™)),
4TO ABJsieTCA OMOKOM. 1o ToM e npuurnHe CKOOKU HY>KHBI U MIPU ONMUCAHUM yKa3a-
tenss Ha (ynkmuio. Oxgaako mucath npocto efct(''error'™) MoxHO, Tak Kak
TpaHcasaTop monnMaet, uyto eFCt sBnsercs ykazareiaem Ha QYHKIUIO, U CO3JAeT KO-
MaH/IbI, IETAIONTNE BBI30B HYKHOU (PYHKITUH.

dopMaabHBIC TTapaMETPhl B YKa3aTeIsaX Ha (PYHKIIUIO OMHUCHIBAIOTCS TaK JKe,
KakK 1 B OObIYHBIX GyHKIUAX. [Ipu mpucBanBanuu ykaszaTento Ha QyHKIUIO TpeOyeT-
Cs TOYHOE COOTBETCTBHE THMAa (YHKIMM W THUNA TPUCBAMBAEMOTO 3HAYCHUS

(puc. 6.18.)

void (*pf)(char*); // ykasarenb Ha void(char*)
void fl(char¥*);
int f2(char*);
void f3(int*);

void FQ {
pf = &f1; // HopmanbHo
pf = &F2; // owwubka: He TOT TUN BO3BPALLAEMOrO 3Ha4YeHUs
pf = &F3; // owubka: He TOT TMN NapameTpa

CpP) ("asdf'); // HopmanbHo
(*pf)(1); // owwmbka: He TOT TUN NapameTpa
int i = (Cpf)("gwer'™); // owwubka: void npuceameaetca int

Puc. 6.18. Ommoxu, BO3HMKAIOLIME NPU HUCIOJIb30BAHMM YKa3aTe s Ha (PYyHKIHUIO
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6.9. KomanaHasi cTpoka apryMeHTOB

CuctemMHbIE CpelicTBa, HA KOTOpbIe omupaeTcs peanusanus sizbika C, m03BO-
JSIOT TIepeIaBaTh KOMAHIHYIO CTPOKY apTyMEHTOB WJIM TMapaMEeTPOB HAYMHAIOIICH
BBIMIOJTHATHCS Tporpamme. Kornma ¢yHkmus main BeI3bIBACTCSA K UCIOJHCHHIO, OHA
BBI3BIBACTCS C JBYMs aprymMeHTamu. I[lepBbiii aprymeHT (YCIOBHO Ha3bIBAEMbIN
argc) ykasbplBacT YHCJIO apryMEHTOB B KOMAaHJHON CTPOKE, C KOTOPBIMU MPOUCXO-
JIUT OOpaleHre K ImporpaMmMme; BTOPOM apryMeHT (argV) sBiseTcs ykas3aTelieM Ha
MacCCHB CUMBOJIBHBIX CTPOK, COAEPIKAIINX ITH apTyMEHTHI, TI0O OJJHOMY B cTpoke. Pa-
00Ta ¢ TAaKUMH CTPOKAMH - 3TO OOBIYHOE HMCMOJb30BAHUE MHOTOYPOBHEBBIX yKazaTe-
JEN.

Camyio MpoCTyI0 WJUTIOCTPALIMIO 3TOH BO3MOXHOCTH M HEOOXOJUMBIX MpHU
9TOM ONHUCAHWK JaeT mporpamma e€cho, koropas mpocto medyaraer B OJHY CTPOKY
apryMEHThI KOMaHJIHOW CTPOKH, pasiensst ux npodemamu (puc. 6.19). Takum o6pa-
30M, €CJIM JlaHa KOMaH/a

echo Hello, world

TO BBIXOJIOM OyJeT

Hello, world

[To cormamenuto argv[0] sBasercs wMeHeM, MO KOTOPOMY BBI3BIBACTCS
mporpamMma, Tak 94To argcC mo MeHbIei Mepe paBeH 1. B mpuBeneHHOM BEIIIE TIPH-
Mepe argc pasen 3, a argv|[0], argv[1l] u argv[2] paBHbI COOTBETCTBEHHO
«echo», «<Hello,» u «world». TlepBbIM (paKTHYECKUM apryMEHTOM SIBIISCTCS
argv[1], a mociemnum - argvargc-1]. Eciu argc pasen 1, To 3a uMeHEM
MPOTPaMMBI HE CIEAYyeT HUKaKOW KOMAaHIHOW CTPOKH apTyMEHTOB.

#include <iostream.h>

int main(int argc, char* argv[])
int i;
//I‘l€pBbIl7l BGpMGHT*********************************
for(i = 1; 1 < argc; i++)

cout << argv|[i] << (#<argc-1) ? * " - "\n-";
//***********************************************
//BTopOI‘Z BClpMClHT*********************************

while (--argc > 0)

cout<<*++argv << (argc > 1) ? * * - "\n";

//***********************************************

return O;

}

Puc. 6.19. Padora xomMaHasl echo
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7. BBEAEHUE B OBPABOTKY CTPOK

Ilonamue cumeonos u cmpok ¢ C++

Cumeobl — 310 PyHIaMEHTAIbHbBIE CTAHIAPTHBIE OJIOKU UCXOAHBIX TPOTPAMM
Ha C++. Kaxas mporpamma COCTaBJIEHA U3 MOCIEI0BATEILHOCTH CUMBOJIOB, KOTO-
pbi€, €ClIu UX OOBEIUHEHHE B TPYNIy UMEET CMBICI, UHTEPIPETUPYIOTCS KOMITUJIS-
TOPOM KaK MOCIEA0BATEIbHOCTH UHCTPYKIUM, UCTIOJIBb3YEMBIX JJISI BHITOJIHEHUS 3a-
nauu. [IporpamMma MoxeT coiepkaTh CUMBOJbHbIE KOHCTaHThl. CMMBOJILHASI KOH-
CTAHTA — 3TO 1IeJI0€ 3HAUYEHUE, MPEJICTABICHHOE KaK CUMBOJ B OJIMHAPHBIX KaBbIY-
KaX. 3HaueHHUE CHUMBOJBHOM KOHCTAHTBHI — 3TO IEJIOYMCICHHOE 3HAauY€HHE B Habope
MaIllMHHBIX CUMBOJIOB. Hanpumep, “Z” mpencraBiser coOol 1eiaoe 3HaUeHue Z, a

“\Nn” mpencrapiseT co00i 1eoe 3HaUeHNEe CUMBOJIA TIEPEX0/Ia Ha HOBYIO CTPOKY.

Cmpoka - 3TO TIOCJIEIOBATEILHOCTh CUMBOJIOB, 3aKJIIOYEHHAs B JIBOMHbBIC Ka-
BbIukr. CTpoka MMeeT THI '‘MacCHMB CMMBOJIOB" W kiacc mamsatu static. Crpoka
WHUIMAIU3MPOBAHA YKAa3aHHBIMU B HeWl cumBosiamu. KomMnumisitop momemiaer B Ko-
Hell Kaxaoi ctpoku HyieBoi 6adT \O, ¢ Tem, 4TOOBI MPOCMATPHUBAIOIIAS CTPOKY
nporpaMMa Morjia OnpeaesuTh ee Konell. Ilepea cTosiimum BHYTpU CTPOKH CUMBOJIOM
JBOMHOM KaBBIYKU JOJDKEH OBITh MOCTABJICH CHMBOJ OOpaTHOM KOCOH 4epThl \; Kpo-
M€ TOTO, MOTYT HCIIOJIb30BaThCS T€ K€ YCJIOBUS MOCJIEIOBATEIIBHOCTH, YTO U B CUM-
BOJIbHBIX KOHCTaHTaX.

Ctpoka MOXKET BKJIIOUaTh OYKBbI, HUGPHI, U pa3HOOOpPA3HbIE CHUMBOJIBI, Ha-
npuMep, Takue Kak +, -, *, / , $ u apyrue.

Ctpoka nocTyIHa uepe3 ykKazaTeldb Ha MEePBbIl CUMBOJ B CTPOKE, 3HAUYECHUEM
CTPOKH SIBJISIETCA aJpec €€ MEepBOro CUMBOJa. TakuMm 00pa3oM MOXKHO ClieNlaTh BbI-
BOJ, 4TOo B C++ CTpoKa fIBJIfeTCHA yKa3aTejieM HA NepBbli CUMBOJI cTpPoku. [lo-

9TOMY BCC CTPOKH, AAKEC NACHTHYIHO 3allMCAHHBIC, CAUTAIOTCA pa3JIMIYHbIMU.

Dynkyuu 011 padbomel co CMpPOKAmMu

OyHKIUKU a1 pabOThl CO CTPOKAMM HAXOJSITCS B CTaHIAPTHOM OMONIHOTEKE
string.h

Paooma c pynkyuen printf (ouonuomexa stdio.h)

®ynuknus printf ucrmonb3yerces 11 BBIBOIa KOHCTAHT M IEPEMEHHBIX Ha SKpaH.
Ha puc. 7.1 npencrapiena nporpamma, padoTtaroniasi ¢ 3Toil GyHKIHEH.
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#include <stdio.h>
void main(){
char ch = "h", *string = "computer";
int count = -9234; double fp = 251.7366;
wchar_t wch = L*w", *wstring = L"Unicode";
/* Display integers. */
printf( "Integer formats:\n"
"\tDecimal: %d Justified: %.6d Unsigned: %u\n',
count, count, count, count );
printf( "Decimal %d as:\n\tHex: %Xh C hex: Ox%x Octal: %o\n',
count, count, count, count );

/* Display in different radixes. */
printf("'Digits 10 equal:\n\tHex: %1 Octal: %i Decimal: %i\n",
0x10, 010, 10 );

/* Display characters. */

printf(*'Characters in field:\n%10c%5hc%5C%501c\n*, ch, ch, wch,
wch);

/* Display strings. */

printf('Strings In field:\n%25s\n%25.4hs\n\t%S%25.31s\n"",
string, string, wstring, wstring);

/* Display real numbers. */

printf( "Real numbers:\n\t%f %.2f %e %E\n", fp, fp, fp, fp );
/* Display pointer. */

printf( ""\nAddress as:\t%p\n', &count);

/* Count characters printed. */

printf( "\nDisplay to here:\n" );

printf( "1234567890123456%Nn78901234567890\n"", &count );
printf( "\tNumber displayed: %d\n\n', count );}

Puc. 7.1. Pa6ora ¢ pynknueii printf

Integer formats:
Decimal: -9234 Justified: -009234 Unsigned: 4294958062
Decimal -9234 as:
Hex: FFFFDBEEh C hex: OxFfffdbee Octal: 37777755756
Digits 10 equal:
Hex: 16 Octal: 8 Decimal: 10
Characters in field:
h h W W
Strings in field:
computer
comp
Unicode Uni
Real numbers:
251.736600 251.74 2.517366e+002 2.517366E+002
Address as: 0012FFAC
Display to here:
123456789012345678901234567890
Number displayed: 16

Puc. 7.2. Pe3yasTaTt padorsl pynkmun printf
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Onpeoenenue 01uHbl CMPOKU

JIiist onpeneseHusl JUIMHBI CTPOKK Mcnoib3yercs ¢pyHkius Strilen. Ona Bos3-
BpalllaeT JUIMHY CTPOKH 0€3 ydeTa CHMBOJIa KOHIIA CTPOKH. (puc. 7.3.)

#include <string.h>

#include <stdio.h>

int main(void){
char *string = "Borland International™;
printf("'%d\n",strlen(string));
return O;}

Puc. 7.3. ®yHkuus onpeejeHus ATUHbI CTPOKH

Cnoorcenue 08yx cmpok (KOHKameHayus)

Crnoxenue IByx cTpok. [IporpaMMUCT TOJDKEH OBITH YBEPEH, YTO MAaCCHUB, HC-
MOJIb3YEMBIN ISl XpaHEHUS MEPBOW CTPOKH, JOCTATOYHO BEIIMK JJIA TOTO, YTOOBI
XpaHUTh KOMOWHAITUIO TTEPBOM CTPOKH, BTOPOW CTPOKH M 3aBEPIIAIOIICTO HYJICBOTO
cumBoda (puc. 7.4.).

#include <string.h>

#include <stdio.h>

int main(void){
char destination[25];
char *blank = " ', *c = "C++", *turbo = "Turbo";
strcat(destination, turbo);
strcat(destination,blank);
strcat(destination,c);

printf("'%s\n" ,destination); //Turbo C++
return O;}

Puc. 7.4. ®yHkuus cJa0KeHUsl ABYX CTPOKHU

ﬂoﬂaeﬂeuue K UCXO0O0HOIL CMpOKe YKA3aHHO020 KoJjtuuecmea Cumeo0.J106.

K pesynbpraTy mobaBisieTcs 3aBepliaronivi HysieBoi cumBod (puc. 7.5.)

#include <string.h>

#include <stdio.h>

void main(){
char string[80] = "This i1s the initial string!";
char suffix[] = " extra text to add to the string...";

/* O6beanHeHWe CTPOKU C He bonee Yem 19 cumeonamu suffix: */
printf( "Before: %s\n', string );
strncat( string, suffix, 19 );
printf( "After: %s\n', string );}

Before: This is the i
After: This i1s the i

1al string!
1al string! extra text to add

Puc. 7.5. ®yHkuus 100aBJeHHsS] YKA3aHHOI0 KOJIN4YeCTBA CHMBOJIOB K CTPOKe
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Konupoeanue cmpoku 6 opy2yro cmpoky

[Tpr KOTUPOBAHUU CTPOKH MPOTPAMMHUCT JOHKCH OBITh YBEPEH, YTO MACCHB,
UCTIOJB3YEMBIN JUISI XPAaHCHUS TIEPBOM CTPOKH, JOCTATOYHO BEJIMK JIJIS TOTO, YTOOBI
XpaHUTh BTOPYIO CTPOKY M 3aBEPIIAIONINI HyeBol cumBoia. (puc. 7.6.)

#include <string.h>
#include <stdio.h>

int main(void)

{
char destination[25];

char *blank = " ", *c = "C++", *turbo = "Turbo";
strcpy(destination, turbo);
strcpy(destination,blank);
strcpy(destination,c);

printf("'%s\n" ,destination); //C++
return O;

Puc. 7.6. ®yHKUHS KONMPOBAHNUS CTPOKH B IPYIyI0

Cpasnenue cmpok

Yro 3HAUUT CTpOKa «OONBINE» WIN «MEHBIIE» IPYroi cTpoku? Bce OyKBHI
andaBuTa UAYT B ONPEACICHHOM MOPSAKE. DTO 3HAYUT, 4TO “Z” — 3TO HE MPOCTO
OykBa aHrnuiickoro andaButa, 3T0 26-s1 OykBa aHriuiickoro andasurta. Bece cumBo-
JIbl MPEJICTABIISIIOTCS. BHYTPU KOMITbIOTEpPA KaK YUCIEHHBIE KOJIbI, KOT/1a KOMIIBIOTEP
CpPaBHUBAET JIBE CTPOKU, OH HA CaMOM JieJie CPAaBHUBAET YMCIICHHbBIE KOJbl CHUMBOJIOB
B CTpPOKE (YMCIICHHBIC KOJIbI CHMBOJIOB YITOPSIOYCHBI TOJIBKO IS JIATHHCKUX OYKB,
3TO HE KacaeTcs KUPUJUIUIIBI).

B nonbiTke cTaHAapTU3aLMKU NIPEACTABICHUS CUMBOJIOB OOJBIIMHCTBO MPOU3-
BOJUTENECH KOMIBIOTEPOB MPUACPKUBAIOTCA OJIHOM M3 TMOIMYISPHBIX KOAUPYIOMINX
cxeM — ASCI1 1 «AMepuKaHCKUI CTaHIAPTHBIA KOJ JUTsl MH()OPMAITMOHHOTO OOMEeHa»
(American Standard Code for Information Interchange) wm
EBCDIC «PacmmpeHHBIN TBOMYHBIA KOJ 3aKOJUPOBAHHOTO JECATUYHOTO OOMEHa»
(Extended Binary Code Decimal Interchange Code). Manunynsiuu
CO CTPOKaMu U CUMBOJIAMU Ha CaMOM JieJie MOJAPa3yMEBAOT MAHUIYJISIIIUIO C COOT-
BETCTBYIOIIMMH YUCJICHHBIMU KOJAaMH, a HE C CAMHUMH CHUMBOJIaMHU. DTO OOBSCHSIET
B3aMMO3aMEHSIEMOCTh CUMBOJIOB U 11esbIX B C++. Tak Kak UMEET CMBICH yTBEPXKAaTh,
YTO OJIMH YMCIIEHHBINA KOJ OOJblIe, MEHbIIIE WM PABEH JPYroMY YHCICHHOMY KOy,
CTaJ0 BO3MOKHBIM COMOCTABJISATh PA3IUYHbIE CTPOKU U CUMBOJIBL IPYT C IPYTOM T1y-
TEM CCBUIKH Ha KOJIbI CHMBOJIOB (CM. puc. 7.7.).

Oyukuuss Strcmp Bo3Bpamaer 1, ecnu neppasi cTpoka Ooiblie BTOPOH, -1,
€CJIM TIepBas CTPOKA MEHBIIE BTOPOH, 1 0, €CiIi CTPOKU IKBUBAJICHTHBI.
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#include <string.h>
#include <stdio.h>

int main(void)

{
char *bufl = 'aaa'", *buf2 = "bbb", *buf3 = "ccc";
int ptr;
ptr = strcmp(buf2,bufl);
1T(ptr>0)
printf("'buf2 6onpme uwem bufl\n');
else
printf("'buf2 Meneme uem bufl\n');
ptr = strcmp(buf2,bufl);
i1T(ptr>0)
printf("'buf2 6oneme uwem buf3\n');
else
printf("'buf2 Menvme uem buf3\n');
return O;
¥

Puc. 7.7. ®yHKuMs cpaBHEHHS ABYX CTPOK

Mexay co00il MOKHO CpaBHUBATh HE CTPOKU LIETMKOM, a TOJbKO YacTH JABYX

cTpok (puc. 7.8.). B aTom citydae OyayT cpaBHHBAThCS TOJBKO MEPBbIE N CHMBOJIOB.
[Ipu cpaBHeHUU OYyT YUYUTHIBATHCS U PETUCTPHI CUMBOJIOB.
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#include <string.h>
#include <stdio.h>

int main(void)

{
char *bufl = 'aaabbb', *buf2 = "bbbccc"™, *buf3 = "ccc'';
int ptr;
ptr = strncmp(buf2,bufl,3);
i1T(ptr>0)
printf("'buf2 Bonpme uwem bufl\n');
else
printf("'buf2 Menvme uwem bufl\n');
ptr = strncmp(buf2,buf3,3);
i1T(ptr>0)
printf("'buf2 6onpme uwem buf3\n');
else
printf("'buf2 Menvme uem buf3\n');
return O;
¥

Puc. 7.8. ®yHKkuusi cpaBHeHUs YaCTH ABYX CTPOK



8. PABOTA C ®PAMJIAMU

Bce 10 cux mop HamMcaHHbIE MPOTPaMMbl YUTAIM M3 CTAHJIAPTHOIO BBOJA U
MUcanyd B CTAaHJAPTHBIN BBIBOJ, OTHOCUTEIBLHO KOTOPBIX MPEANONarajoch, 4To OHU
Maru4eckuMm o0pa3oM MPeJOCTaBJIEHBI MPOrpaMMe MECTHOM ONepalMoOHHOW CHUCTe-
MOH.

Teneps HayuyuMCs TUCATh MPOTPAMMBI, KOTOPbIE CUYUTHIBAIOT MHPOPMALIUIO U3
TEKCTOBOTO (pailia M 3amuchIBalOT MH(OpPMAIMIO B TEKCTOBBIM ¢aiin. Mcnonb3zyem
¢byukin 6udmmoreku sStdio . h.

Omkpovimue ¢aiina

Jlnst Hayana pa®oTel ¢ GaiiomM ero HeoOXOAMMO OTKpPHITh. Jlenaer 310 (yHK-
s Fopen oubnuorexku stdio.h

FILE * fopen(char * filename, char * type);

®dynknus Fopen otkpeiBaeT daityr, tMeHoBaHHBIN apamerpom T lename u
CBSI3BIBACT €r0 ¢ COOTBETCTBYIOIMUM MoTokoM Stream. dyukius Fopen B kadect-
BE pe3yJibTaTa BO3BpaIlla€T aJ[PECHBbIN yKa3aTellb, KOTOPBIM OyJIeT UACHTUPUIUPO-
BaTh NMOoTOK Stream B nocnenywmux onepamusax. Ctpoka type, ucnonasiyemas B
¢bysakum Fopen, MoxkeT MPUHUMATD CIICIYIOIINE 3HAUCHUS:

I - OTKpBITHE (Daiina TONBKO JJIs YTCHUS;
W - co3manue (aiaa s 3anucH,

a - IPUCOEINHEHUE; OTKPBITHE JIJIsl 3alIUCH B KOHEIl (hailyia uiu co3aaHue Aist
3amucH, eciau (ailsl He CYyIIECTBYET;

I+ - OTKPBITUE CYIIECTBYIONIETO (hailyia 11t OOHOBJICHHS (YTCHUS U 3aITUCH);
W+ - co3maHue HOBOTO (paiiia Jj1s U3MEHEHNS,

a+ - OTKPBITHE I MPUCOCTUHCHUS, OTKpbITHE (MM co3TaHue, eciu (aiin
HE CYIIECTBYET) JUIsi OOHOBJICHHS B KOHEII (haiiia.

Ecnu nanubiit gaiin OTKphIBa€TCS WM CO3JACTCA B TEKCTOBOM PEKUME, TO
MOJKHO NpHIHcaTh cuMBoJ T k 3HadYeHHI0 mapametpa type (rt, w+t, u 1.1.); aHa-
JIOTHUYHO, JUIS Crie(UKAINA OMHAPHOTO pEeXMMa MOYKHO K 3HAYCHHIO IapameTpa
type nobdasutk cumBoi b (wb, a+b, u 1.1.). Eciu B mapamerpe type oTcyTcTBYIOT
cumBoJibl T wim D, pexkum OyneT ompenensThes riiodanpHoN nepemennoi _fmode.
Ecmu nepemennas _fmode umeer 3nauenue OB INARY, daitbl OyayT OTKpHIBaTH-
cs B OMHapHOM pekume, uHaue, ecau _Fmode umeer 3nauenue O_TEXT, ¢aiinb
OTKPBIBAIOTCS B TEKCTOBOM pexkume. [laHHble KOHCTaHThI O_ . . . oOmpelneicHbl B
daiine fentl . h

[Mpu ycnemHom 3aBepuicHur FOPEN Bos3BpaliaeT yka3aTelb Ha OTKPBITHIN
notok Stream. B ciydae ommOku ¢yHkmus Bo3spamaeT Hysib (NULL).
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Umenue us d)aﬁﬂa cumeoia ujih CmpoKu cCumeojioe

Ha puc. 8.1. IlpencraBneHna mporpaMma, BBIBOZSINAS HA SKPaH COMCPKUMOE
TEKCTOBOTO (haiina

#include <stdio.h>
#include <conio.h>

void main(void)

{

FILE *stream;
char ch;

/* co3naTh palin Ans ero usmeHeHus */
stream = fopen(*proba.txt","r");
do

{

/* npounTatb cumeon U3 pamna */
ch = fgetc(stream);

/™ BbIBECTU CUMBOJ Ha 3KpaH */
putch(ch);
} while(ch!=EOF);
fclose(stream);

}

Puc. 8.1. [IporpamMma BBIBOJMT HA IKPAH CO/IePKUMOe TeKCTOBOro (aiiia nocuMBOJIbHO

Tgets cuureiBaeT u3 nmoroka Stream cTpoxky CUMBOJIOB U MTOMEIIAET €€ B S.
BBopa 3aBepiaercs nocie BBojia N—-1 cumBoia uiu mpu BBOJIE CUMBOJIA MEpexo/1a Ha
CIIEIYIOIIYIO CTPOKY, CMOTPS 4TO MPOM30iaeT panbiie. B oranune ot gets, fgets
MpEeKpaniacT BBOJ CTPOKH IMPHU MOITYUYEHUN CHMBOJIA MEPEX0/Ia HA CIEAYIOUIYIO CTPO-

Ky. HyneBoit OaliT moOaBnsieTcsi B KOHEI[ CTPOKU ISl OMNpEJeNICHHs €€ KOHIIA
(puc. 8.2).

#include <stdio.h>

void main()

{

FILE *stream;
char msg[20];

/* co3patb parin Ang ero usmeHeHusa */
stream = fopen ("test _txt" , nr") -

/* BBECTU CTPOKY U3 parina */
fgets(mnsg,strlien(string)+1,stream);

/> Hane4aTtatb CTpoky */
printf("'%s",msqg);
fclose(stream);

}

Puc. 8.2. [IporpamMma BBIBOJMT HA IKPAH CO/IePKUMOe TeKCTOBOro (aiiia nocTpoyHo
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3anucs cumeona uiu CMpPOKU CUMEB0.J]106 6 d)aﬁn

JIJist 3amUcK CUMBOJIA B (hailyl HEOOXOAMMO yKa3aTh caM CUMBOJI, a TAK)KE yKa-
3aTelib Ha OTKPBITHIN i 3anucu ¢ain (puc. 8.3.).

void main()

{

FILE *stream;
stream = fopen(test.txt","w+'");

char msg[] = "BnpascTByit Mup'';
int 1=0;

while(msg[i])

{

fputc(msg[i],stream); //3anucb B pavin stream
i++;
by

fclose(stream);

Puc. 8.3. IIporpamma 3anucbiBaeT MOCTPOYHO B (aii

®Oynknus FPULS komupyeT CTPOKY, OrpaHUUCHHYIO HYJIEBBIM OaliTOM B IO-
Tok Stream. Ona He 100aBISET B KOHEIl CTPOKH CUMBOJI MEPEeX0jia Ha HOBYIO CTPO-
KY U HE BBIBOJIUT HYJIEBOW CUMBOIL.

void main()

{

FILE *stream;
stream = fopen(''test.txt","w+");

char msg[] = "3BapascTeyit Mup';

fputs(msg,stream); //3anuckb B paiin stream
fclose(stream);

Puc. 8.4. IlporpaMmma 3anucbiBaeT CTPOKY B (paii

Cwmenienue BHyTpH (aiiia
int fseek(FILE * stream, long offset, int fromwhere);

®dynknus Fseek ycranaBmmBaeT ajapecHbI ykasarenb Qaiia, COOTBETCT-
BYIOIIHK MOTOKY Stream, B HOBYIO IMO3UITHI0, KOTOPasi PACIIOIOKEHA 110 CMEIICHUTO
offset orHocuTenbHO MecTa B (aiiie, onpezaensemoro mapamerpom Fromwhere.
[Tapamerp Fromwhere moxer umers oaHO U3 Tpex 3HadyeHwid 0, 1 wim 2, koTOpHIC
MPEJICTABICHBI TPEMsi CUMBOJIMUYSCCKHMH KOHCTaHTaMH (OTpEICeIICHHBIMH B (aiiie
stdio.h), cienyromum o6pazom:
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TaGnuua 5

3nauenust napametrpa fromwhere ¢pynknun fseek

ITapameTp Pa3zmemenue B daiizie frowmwhere
SEEK_SET (0) Havayo Qaiina

SEEK_CUR (1) MO3UIIMS TEKYIIETo yKa3aTens ¢aiina
SEEK_END (2) koHerr ¢aitna (EOF)

Oynknus Fseek wucnonp3dyercs ¢ omnepamnusMH BBOJA/BBIBOJIA B IOTOK
(puc. 8.5.).

#include <stdio.h>

void main(void) {
FILE *stream;
char string[] = "Tecroswet npumep';
char msg[20];

/* co3naTh pain Ans ero usmeHeHus */
stream = fopen(proba.txt","w+");

/* 3anucaTb B (paiin AaHHbIe */
fputs(string,stream);

/* nepeliTK B Ha4ano cparina */
fseek(stream,0,SEEK_SET);

/* BBECTU CTPOKY U3 patina */
fgets(nsg,strien(string)+1,stream);

/> Haneyatatb CTpOKy */
printf("'%s",msqg);
fclose(stream);

Puc. 8.5. [lporpamma, ninoctpupyomas padory pynknun Fseek

3akpvimue ¢haiina

ITocne paboThl ¢ ¢aitioM ero HeoO0X0AUMO 3aKPbITh. {15 3TOTO UCIOIB3yEeTCS
¢ynkuus Fclose, B kauecTBe mapameTpa HMPUHUMAROIIAS yKa3aTellb Ha OTKPBITHIN
¢aiin (cm. puc. 8.1, 8.2, 8.3, 8.4 u 8.5).

9. KOMIIOHOBKA ITPOI'PAMM U ITPEIMTPOLECCOP

9.1. KoMnoHoBKa MporpaMmm

Ilpozpamma — 310, ipexae Bcero, TeKCT Ha s3bike C++. C MOMOIIBI0 KOMITH-
JSATOpa TEKCT Mpeodpaszyercss B UCHOJMHAEMBbIN (aill — popMy, MO3BOJISIIONIYI0O KOM-
MBIOTEPY BBIMOJIHATH IPOrPAMMY.

Ecau paccmotpum 3TOT mpoiiecc 4yTh 0oJiee MoJApoOHO, TO BBISICHUTCS, YTO
00paboTKa UCXOAHBIX (PaliIoB MPOUCXOAUT B Tpu dTana. CHauana daitn oOpabaThiBa-
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€TCsl MPEIPOILIECCOPOM, KOTOPhIH BhinojaHseT omepatopsl #Include, #define u
enie HecKoJibko pyrux. [locne aToro nporpamma Bce elie npeacTaBieHa B BUIE TEK-
cTOBOTrO (haiiyia, XOTsI U U3MEHEHHOT0 10 CPABHEHUIO C MEepPBOHAYAIbHBIM. 3aTeM, Ha
BTOPOM ATare, KOMIUWISTOP CO3JaeT TaK Ha3bIBaeMbIi 00beKTHBIN (aiin. [Iporpamma
yKe MepeBe/ieHa B MAIIMHHbIE UHCTPYKIUH, OJHAKO €lle HE MOJHOCTHhIO TOTOBAa K
BBITIOTHEHUI0. B 00bekTHOM (haiiyie MMEIOTCS CCBhUIKM Ha Pa3JIMuHbIe CHUCTEMHBIC
byHKIIMU U Ha cTaHgapTHeie PyHKuMH si3bika C++. Hanpumep, BbITIOTHEHUE omepa-
MM NEW 3aKJIroyaeTcsl B BhI30BE ONpe/IeNICeHHOM cucTeMHou pyHkuuu. Jlaxke ecnu B
porpaMMe SIBHO HE yHMOMSIHyTa HU OJHa (yHKIIMS, HEOOXOIUM, IO KpaiiHel mepe,
OJIMH BBI30B CUCTEMHON (PYHKIIMM — 3aBEPILICHUE MPOrPAMMBbI U OCBOOOKIEHUE BCEX
MPUHAJJICIKAIIUX €l PECYPCOB.

Ha TtperheM 3Tane KOMOUISALIHUHN K O0BEKTHOMY (hailjly MOJICOSTUHSIOTCS BCE
(GyHKIIMU, Ha KOTOpbIe OH cchuiaeTcsl. OYHKIIMU TOXKE TOJKHBI ObITh CKOMITHIIAPO-
BaHbI, T.C. MEPEBEJCHBl HA MAIIUHHBIN SI3bIK B (hOPMY OOBEKTHBIX (paijioB. DTOT
MPOIIECC HA3bIBAECTCSI KOMIIOHOBKOM, U KaK pa3 €ro pe3yibTaT U €CTh UCIOIHIAEMbIH
(aiin.

Cuctemuble QyHKIMHM U CTaHAApTHBIE QyHKIMM si3bika C++ 3apaHee OTKOM-
MUAJUPOBAHBI U XpaHATCS B BUJie OnOnnotek. bubdamoreka — 310 HEKHil apxuB 00b-
EKTHBIX MOJAYJIEH, C KOTOPBIM yI00HO KOMIIOHOBATh MPOrPaMMYy.

OcHOBHas 11€JIb MHOTOSTAIMHOW KOMOWISIIIUA MPOTPAMM — BO3MOXHOCTh KOM-
MOHOBATh MporpaMmy u3 MHorux (aitnos. Kaxaeiii daitn npeacrasnseT coboil 3a-
KOHUYEHHBIN (DparMeHT MPOTrpaMMbl, KOTOPBIA MOXKET CChUIAThCS HA (YHKIUH, TIEepe-
MEHHbIC WJIM KJIACChl, ONpejesieHHble B Apyrux (aitnax. KommnonoBka oObeauHsIET
(dparMeHThl B OJIHY «CaMOJOCTATOUHYIO» MPOrpaMMy, KOTOpas COAECPKUT BCE HEOO-
XOJIUMOE JIJIsl BHITIOJTHEHUS.

Ilpoonema ucnonvzosanusn oouwux YynKkyuii u umen

B si3pike C++ cyliecTByeT CTporoe npaBuiio, B COOTBETCTBUU C KOTOPBIM IIpe-
K€ YeM MCMOJb30BaTh B MpOorpaMMe UMsi WA HACHTHU(PUKATOP, €ro HEe0OXOIUMO
onpenenutb. PaccMoTpuM Ha mpumepe pynkuwmid. s Toro ytoObl uMs QyHKUIUH
CTaJI0 MU3BECTHO MPOTPAMME, €ro HYHO JINOO 0OBSIBUTD, TUOO ONPEEIUTh.

OO0bsiBJIeHMe PYHKIIMU COCTOUT JUIIb U3 €€ MPOTOTUIA, T.€. UMEHH, THUIA pe-
3ylbTaTa U cucka apryMeHToB. O0bsiBiIeHHe (QYHKIIMU 3a7aeT ee opmMar, HO HE OM-
penensieT, kKak oHa BhimoiHsercs (puc. 9.1.)

double sqrt(double x); // gpyHkuus sqrt
long fact(long x); // pyHKumsa fact

// pyHKUmMs PrintBookAnnotation
void PrintBookAnnotation(const Booké& book);

Puc. 9.1. [Ipumepsnl 00bsIBJIeHUSA PYyHKIMI
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Omnpenenenue GyHKIMHM — 3TO ONPEJIENEHUE TOTO, KaK (PYHKIHS BBIMOJIHSCT-
cs. OHO BKITIOYAET B ce0sl Testo QyHKIMH, IporpamMmy ee BoIostHeHus (puc. 9.2.).

Omnpenenenue GyHKIUHU UTPAET POJib OOBSBICHUS €€ UMEHH, T.€. €CJIM B Hava-
ne ¢aiina onpenencHa ¢pynkius Fact, B mocienyromeM TekcTe PYHKIMA U KJIaCCOB
€10 MOYKHO T0JIb30BaThes. OHako eciu B mporpamme ynkius Fact ucmonb3yercs
B HECKOJIbKUX (pailiax, Takoe MOCTPOEHUE MPOrpaMMbl YK€ He MoaxoAuT. B mpo-
rpaMme JOJKHO OBITh TOJIBKO OJTHO ONpeiesieHne (PyHKIIUH.

long fact(long x)

{
if (x==1)
return 1;
else
return x * fact(x - 1);
¥

Puc. 9.2. ®yukuus BbIYHCIeHUS (paKTOpHATIA

Y n0o6HO ObLIO OBl TOMECTUTH OTpeeaeHue (PYHKIMU B OTACIbHBIN (aili, a B
Ipyrux ¢aigax B Hauajae NOMENaTh JUIIb 00bSIBICHUE, MPOTOTUM ()YHKIIUH.

// Hauano cpanna main.cpp

long fact(long); // npototun yHKUUMU
int main(){

int x10 = fact(10); } // BbI3oB PyHKLUU
// koHel, parina main.cpp

// Hauano panna fact.cpp
long fact(long X) // onpeaeneHue MyHKLUUU BLIMUCTIEHUS (PAKTOpUANa

{
if (x==1)
return 1;
else
return x * fact(x - 1);}

// koHel pavina fact.cpp
Puc. 9.3. IIporpamma, cocrosimmas 60s1ee 4eM U3 0JHOro aiisia

KomnoHnoBmuk 00beAMHUT 00a (aiisa B OJHY NPOrpaMmy.

Takum 00pa3om, B Hauaje Kaxaoro Qaina OyayT cOCpeIOTOYEHbI TPOTOTHUIIBI
BCEX UCIOJIb3YEeMbIX (DYHKIUH.

[Iporpamma pabotath OyAeT, OTHAKO MUCATh €€ HE OYEHb YI00HO.

B nauane xaxnaoro ¢aiina npuaeTcs HOBTOPSTh JOBOJIBHO OOIBIINE OJUHAKO-
Bble KyCKH TekcTa. [[oMMMO TOro, 4TO 3TO YTOMHUTENIBHO, OYEHb JIETKO JOMYCTUTh
omuOKy. K ToMy ke ar00ble U3MEHEHUs B 00bSIBJICHUU (YHKIMU MPUAETCS BHOCUTD
BO Bce (haidybl.
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Hcnonvzoseanue exnrwuaemvlx ¢aﬁﬂ08

B s3pike C++ peanunzoBaHo yjno0HOe pemieHue. MoxXHO MOMECTUTh OOBbsBIIE-
HUS KJIacCOB U (DYHKIIUN B OTACJIBHBIN (pailyl U BKIIOYATh 3TOT (aill B Havajio Jpy-
rux (aiaoB ¢ moMoIbio oneparopa #include.

#include "function.h"

dakTruecku oneparop #include noncrasiser conxepxumoe ¢aiima func-
tion.h B Tekymwuii ¢aiin mepen TeM, Kak HayaTh €ro KOMITWJISIMIO. DTa MOJCTa-
HOBKa OCYILIECTBIISIETCS BO BpEMs MEPBOTO MPOXO0Jia KOMIUJIATOPA MO MporpaMme —
npenpoieccopa. ®aiin Function. h naseiBaercs daitiiom 3aro0BKOB.

B Ttakoit e (aiin 3aroJoBKOB MOXKHO TMOMECTUTh OOBSIBICHHUS KJIACCOB U
BKJIIOYATH €r0 B Apyrue (ailnibl, TaM, re co34atTcsi OObEKThI 3TUX KIIACCOB.

Takum oOpa3om, TEKCT mporpamMMsbl Ha si3bike C++ momeniaetcs B (ailiibl JByX
TUTIOB — (pailjibl 3ar010BKOB U (ailyibl mporpamMMm. B OONbIIMHCTBE CTy4aeB UMEET
CMBICIT KaXKJIBIM KJIacC MOMEIIATh B OTACIbHBIN (hailsl, BepHee, nBa ¢aiina — Qaiin 3a-
TOJIOBKOB JIJIs1 OOBSIBIICHHS Kilacca U ¢ail mporpamm Jijisi onpeeneHus kiacca. Ums
(aiina 0OBIYHO COCTOUT U3 UMEHM Kjacca. [ ¢aiina 3aroioBKOB K HeMY J00aBiis-
ercs okoHyanue "' .h" (uHorma, ocobenno B cucreme Unix, ".hh" wmu ".H"). Nms
¢aiia mporpaMMBbl — ONATB-TaKWA MM KJlacca ¢ okoH4yanuem ' . cpp"* (uHorma ".cc"
wm ".C").

Brirouenue ¢aiiioB MOKET ObITh BJIOKEHHBIM, T.€. (pailil 3aroJiOBKOB MOMKET
cam ucnoir3oBath omnepatop #include. Tekcr daitnma function.h nokasan Ha
puc. 9.4.

#i1fndet _ FUNCTION_H_
#define _ FUNCTION_H_

// BKnrouuTb (pain cTaHAapTHOM 61bnuoTeku
#include <string.h>

int f1(int);

void f2(char*, char¥*);

#endif

Puc. 9.4. 3aroaoBounsliii ¢aiin function.h

Heo0xoaumo oOpaTUTh BHUMAaHKUE Ha TICPBBIC JIBE H ITOCIICIHIOI CTPOKH 3TOTO
¢aiura. Oneparop #1fndef nHaunnaer 00K Tak Ha3bIBAGMOW YCIIOBHON KOMITHIIS-
UM, KOTOPBIH 3akaHunBaeTcs oneparopom #endiF. biok ycioBHONW KOMITUJISIAHA —
3TO KYCOK TEKCTa, KOTOPBIH OyJIEeT KOMIMJIMPOBATHCS, TOJBKO €CJIM BBITIOJHEHO OII-
pelesicHHOe yClioBUEe. B MaHHOM ciiydae yCJIOBHE 3aKJIFOYaeTCs B TOM, YTO CHMBOJI
__ FUNCTION_H__ ne ompeneneH. Ecim 3TOT CHMBOJ ONpPEACICH, TEKCT MEXTY
#i1iftndef u #endif He Oyxer BriIrOUYEeH B mporpammy. IlepBbIM omeparopom B
OJIOKE YCIIOBHOM KoMIWIsAIMU cTouT orepatop #define, koropelii ompejenser
cumBost __FUNCTION_H__ kak mycTyo CTpOKY.
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Komnunstop nocrasinsiercs ¢ HabopoM (hailioB 3arojioBKOB, KOTOPbIE OMHUCHI-
BAIOT BCE CTaHJapTHbIE QYHKIMU U KJacchl. [Ipu BKIIIOUEHUU CTaHIAPTHBIX (hailioB

OOBIYHO MCTOJIB3YIOT HEMHOTO JPYTOil CHHTAKCHUC:
#include <string.h>

9.2. Ipenpoueccop

B si3pike C++ uMeeTcsi HECKOIBKO ONEPaTOPOB, KOTOPble HAUMHAIOTCS CO 3Ha-
ka #: #include, #define, #undef, #ifdef, #else, #ifT,
#pragma. Bce onu 00pabaThIiBalOTCsl TaK HA3bIBAEMBIM MPENPOLECCOPOM.

Nuorpa npenporieccop Ha3pIBAIOT MAKPOIPOIIECCOPOM, MOCKOJIbKY B HEM OI-
penenstoTcss Makpochl. JMpEeKTUBBI Mpenpolieccopa HAauMHAIOTCS CO 3HaKa #, KOTO-
PBIN 10KEH OBITh MEPBBIM CUMBOJIOM B CTPOKE MOCJE MPOOEIIOB.

Onpeoenenue mMakpocos

®dopma nupektursl #define

#define mMva onpemenenue
omnpenenser Makpoums. Besne, rie B ucxogHom daiisie BCTpeyaeTcss 3TO UMs, OHO
OyJlleT 3aMEHEeHO ero omnpeneiaeHueM. Hanpumep, TekcT:

#define NAME "database™

Connect(NAME) ;
nocJie mpenpoleccopa OyIeT 3aMEHEH Ha

Connect(''database™);

[To ymonmuaHuIo UMs ONIPEAEISETCs KaK MycTasi CTPOKa, T.€. MOCIe TUPEKTUBBI

#define XYZ
Makpoumsi XYZ cuutaeTcsi OnpeieICHHbIM CO 3HAYEHUEM — ITYCTOW CTPOKOM.

Jpyras ¢popma #define

#define umvsa ( cnmcoxk MMeH ) ompernesieHMe
OMpeNeieT MaKpOC — TEKCTOBYIO MOJICTAHOBKY C apryMEHTaMu

#define max(X, Y) (X >Y) ?2 X - Y)

Tekct max(5, a) Oyner 3ameHeH Ha

((>a) ?5 : a

B OonbiMHCTBE ClTydaeB MCIOJIB30BaHUE MAKpPOCOB (KaK ¢ apryMEHTaMH, TaK
u 0e3) B s3pike C++ ABISICTCS MPU3HAKOM HENpoayMaHHOTo au3aiiHa. B si3pike C
MaKpOChI ObUIH JICHCTBUTEIBHO Ba)KHBI, U 0€3 HUX OBLIO CI0KHO 00ouTHCh. B C++
MpU HAJIMYKUU KOHCTAHT U MIAa0JIOHOB MAaKpOChl HE HY>KHbl. MaKpOChl OCYIIECTBIISIOT
TEKCTOBYIO MOACTAHOBKY, MO3TOMY OHM B MPHUHIIUIIE HE MOT'YT OCYIIECTBISATh HUKA-
KOr'0 KOHTPOJISI UCIIOJIb30BaHUs TUMOB. B oTiinuKe OT HUX B a0JI0HAX KOHTPOJIb TH-
OB TMOJIHOCTBIO COXpaHeH. Kpome TOoro, BO3MOXXHOCTH TEKCTOBOW MOJCTAHOBKHU CY-
IIECTBEHHO MEHbIIIE, YeM BO3MOKHOCTH F€HEepallny 111a0JI0HOB.

JupextuBa #undef orMeHseT onpeeeHre UMEHH, ITOCIIe Hee UM IepecTa-
€T OBITh OIPECICHHBIM.

VY mpenpolieccopa ecTh HECKOJIBKO MAaKpPOMMEH, KOTOPBIE OH ONpPEACIISIeT caM,
MX Ha3bIBAIOT MPEAOINPECTCHHBIMA UMEHAMU. Y Pa3HBIX KOMIUJISITOPOB HA0Op 3TUX
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MMEH pa3iuyeH, Ho jBa onpenenensl Becerna:  FILE  u _ LINE_ . 3naueHuem
Makpoumenu __ FILE__ sBusercs umsi TeKyIlero UCXoaHOTo (haiisia, 3aKIII0UeHHOE
B KaBbluku. 3HaueHueM __ LINE__ — Homep Tekymieit ctpoku B daiine. ITu Makpo-
HMMEHA YacTO UCIOIL3YIOT JJIS Me4aTH OTIaJ0YHON HHPOpMAIUH.

Ychoenasn Komnujiayus

VcxomHbIii (aiin MOXKHO KOMIIMJIMPOBATh HE LEIMKOM, a YacCTSIMH, UCIIOIb3Ys
JTMPEKTUBBI YCIOBHON Kommuisiiuu (puc. 9.5.).

#i1f LEVEL > 3
rexkcTl
#elif LEVEL > 1

TexkcT”2
#else

TekcT3
#endif

Puc. 9.5. Ucnosib30BaHue YCJIOBHOM KOMIMISIHT

[Ipeanonaraercs, uto LEVEL — 310 Makpoumsi, mO3TOMY BhIpa)K€HHUE B TUPEK-
tuBax #1T u #el 1T MoXHO BBIYHCIUTL BO BpeMs 0OpaOOTKH HCXOJHOTO TEKCTa
npenpouneccopom. biIOK yCIOBHONW KOMOWJISIIUM JOJDKEH 3aBEPIIATHCA TUPEKTUBOU
#endi T,

B kakom-to cmbicie aupektuBa # 1T noxoxka Ha ycnoHbIN oneparop 1F. Ox-
HAKO, B OTJIMYHE OT HEro, YCIOBUE — 3TO KOHCTaHTA, KOTOpas BBIUMCIISICTCS Ha CTa-
JMH TIpErporieccopa, U KyCKH TEKCTa, HE YIOBJICTBOPSIOIINAE YCIOBHUIO, MPOCTO WT-
HOPHUPYIOTCS.

Hupextus #el 1T MoxeT ObITh HECKOIBKO (1100 BOOOIIE HU OJHOM), TUPEK-
tuBa #e I se Taxke MoXeT ObITh OImyIICHA.

Jupextusa #1fdef — mogudukanms ycaioBus KOMIWISIIAK. Y CIIOBUE CUMTA-
€TCsI BBIMIOJTHEHHBIM, €CIIM YKa3aHHOE T0ciIe Hee MakpouMsi onpeaesieHo. COOTBETCT-
BEHHO, 11 qupektuBbl # 1 FndeT ycnoBue BBIIOIHEHO, €CIIM UMS HE OIPEIeICHO.

Jlonoanumenvhule OupeKkmuesl npenpoyeccopa

JupekTrBa #pragma ucronb3yeTcs IS BBIAaud JOMOJMHUTEILHBIX YKA3aHUI
KOMOWIATOpy. Hampumep, He BuIIaBaTh MPEAYNPEKACHUN MPHU KOMITHAISINH, HIIN
BCTaBUTh JOMOJHUTEIbHYI0 HHPOPMAIIUIO I OTiaaaunka. KOHKpETHBIE BO3MOXKHO-
CTH JUPEKTHUBBI #Pragma y pa3HbIX KOMIHISTOPOB Pa3IHYHEIE.

JupektrBa #€rror BeIAacT COOOIIEHHE M 3aBepIIacT KOMIMIAnuud. Hampu-
Mep, IUPEKTHBA #E€rror BbIIACT COOOIIEHHE M HE JACT OTKOMITMIMPOBATH HMCXOJI-
HBIH (aiis, ecau Mmakpoums UN X He onpezenero (puc. 9.6).
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#i1fndef unix
#error "'lporpaMMy MOXHO KOMOMIMPOBAaThL TOJNBKO must Unix!™
#endif

Puc. 9.6. Ucnob3oBaHue TMPEeKTHBBI #EFOr

Jupextua # 1 1Ne u3MeHseT HoMep CTPOKHU U UMs (aiisia, KOTOPbIE XPaHATCS
B npenonpeaeneHusix Makpoumenax _ LINE_ u _ FILE .

Kpome nupektus, y npenporieccopa €cTh OJIHAa onepanus ##, kotopas coeau-
HSET CTpOKH, Hanipumep A ## B.

10. CTPYKTYPbI

10.1. Onpenesienne CTPYKTYP H AOCTYII K 3J1eMeHTaM

CmpyKkmypsl — 3TO COCTaBHBIE TUIIbI TAHHBIX, IOCTPOCHHBIE C UCIOJb30BAHU-
em apyrux Tunos. Ha puc. 10.1 mokazaHo omnpenesieHne CTPYKTYPhI BpeMs:

struct Time

{
int hour;
int minute;
int second;
j

Puc. 10.1. Onpexnenenne cTpykTypbl T Ime

KiroueBoe cioBo Struct HaumHaeT ompeeicHHe CTPYKTYypbl. TIme — Ter
(0003HaUEHHUE, UMSA-ITHKETKA) CTPYKTYPBL. T3r CTPYKTYpPBI HCIIOJIB3YETCS MPU 00b-
SBJICHUU MIEPEMEHHBIX CTPYKTYp JaHHOTO TUMna. B 3ToM mpumMepe uMsi HOBOro TUMa —
Time. meHna, 00bsABICHHBIC B (DUT'YPHBIX CKOOKAX OMHCAHUS CTPYKTYPHI — 3TO 3JIe-
MEHTBI CTPYKTYpPBI. DJIEMEHTBI OJJTHON U TOU K€ CTPYKTYPbI JOJKHBI UMETh YHUKAb-
HbIE UMEHA, HO JIBE Pa3HbI€ CTPYKTYPbl MOTYT COAEPKATh HE KOH(MDIUKTYIOIIUE AJie-
MEHTBl C OJIMHAKOBBIMU HMMeHamu. Kaxioe ompeneiieHHE TOKHO 3aKaHUMBATHCS
TOYKOMU C 3aMsTOM.

Onpenencuue TIME coaep:KUT Tpu diieMeHTa tuma INt — hour, minute,
second. DiieMeHTBI CTPYKTYPBl MOT'YT OBITH Pa3HOTO THIIA, U OJHA CTPYKTypa MO-
JKET COJIePKATh AJEMEHThl MHOTHX pa3HbIX TUMOB. CTPYyKTypa HE MOXKET COAECPKATh
IK3EMILTSIPBI camoii ce0si. Hampumep, anemenT tuna T IMe He MOXeT ObITh OOBSIBIICH
B OTIpe/ICNICHUHU CTPYKTYphl T ime. OgHako MOKET OBITh BKJIFOUEH yKas3aTelb Ha JpY-
ryto cTpykrypy Time. CTpyKTypa, colepsKaIias 3JIeMEHT, KOTOPBIN SBJIICTCS yKa3a-
TEJIEM Ha TaKOM k€ CTPYKTYPHBIN THUII, HA3bIBAETCA CTPYKTYPOH € caMoaJpecamuei.

OmnpeneneHue CTPYKTYpbl JaHHBIX HE PE3EPBUPYET HUKAKOTO MPOCTPAHCTBA B
MaMsITH; ONPEIeNIEHUE TOJIbKO CO3/1a€T HOBBIM TUM JAaHHBIX, KOTOPBII UCIOJIB3YyETCA
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JUIsl 0OBsIBIICHUS TIepeMeHHbIX. [lepeMeHHbIe CTPYKTYphl OOBSIBISIOTCS TaK K€, Kak

MepEeMEHHbIE Ipyrux TUoB. CTpoka
Time timeObject, timeArray[10], *timePtr;

oobsBisier timeObject nepemennoii Tuma Time, timeArray — MacCHBOM ¢ Jie-
CATHIO DJIEMeHTaMu TUma T 1me, a timePtr — ykazarenem Ha 00beKT Tuma T IMe.

Jlocmyn Kk 3nemenmam cmpykmyp

JIns mocTymna K 3JeMEHTaM CTPYKTYPBI HITU KJIacca WCIOJB3YIOTCS ONepalun
CEJIEKTOpA WICHA CTPYKTYPBI MJIU Kilacca — oreparus To4uka(.) W onepanus CTpe-
ka(—>). Onepanus ToYKa oOpamaeTcs K 3JIEMEHTY CTPYKTYphI (MIM Kilacca) 1o uMme-
HU TEPEMEHHON 00BEKTa WM MO CChUIKEe Ha 00beKT. Hampumep, 4ToOBI HamevaTaTh
anteMeHT hour ctpykrypel timeOb ject ucnons3yeTcs oneparop

cout << timeObject.hour;

Omneparus CTpeaka, cocTosImas u3 3Haka MuHyc (—) u 3Haka Ooubiie (>), 3a-
MUCaHHBIX 0e3 mpobelia, o0ecmeynBaeT JOCTYI K 3JIEMEHTY CTPYKTYPBI (M Kjiacca)
yepe3 ykasareiab Ha 00bekT. Jlomyctum, uro ykasarenb €ImePtr Obut yxe 00bsB-
JeH KaK YyKa3bIBAIONIMK Ha OOBEKT THUma [IME | 4TO ajpec CTPYKTYPHI
timeObject 6bu1 yxxe npucBoeH timePtr. Torma, yToOBl HameyaTaTh 3JIEMEHT
hour crpykryper timeObject c¢ ykazarenmem timePtr, MOXHO HCIONBH30BATH

oreparTop
cout << timePtr->hour;

Bripaxenue timePtr->hour skBuBaieHTHO

CtimePtr) .hour;
KOTOpPOE Pa3bIMCHOBBIBACT yKa3aTelb M JIeNaeT JOCTYIMHBIM 3JIeMeHT hour depes
oreparuio Touka. CKOOKH HYXKHBI 3]IeCh TIOTOMY, YTO OIEpallis TOUYka UMeeT Ooliee
BBICOKHIA TPHOPHUTET, YeM OTIepaIusl pa3bIMeHOBaHUS yka3atens (*).

MOHO ONpENeINTh MEPEMEHHYIO-CTPYKTYPY 0€3 OnpeleeHus OTACIbHOTO
tuna (puc. 10.2.)

struct {
double x;
double y;
} coord;

Puc. 10.2. Co3nanue nepeMeHHOM CTPYKTYpPHI 6e3 THNIA

OOpatuthcst K arpuOyram mnepeMeHHOW COOrd wmoxkHO COOrd.X wu
coord.y.

Hcnonvzoeanue cmpykmyp

[Mporpamma Ha puc. 10.3 co3maer onpeaesieHHBIH MOJIb30BAaTEIEM THIT CTPYK-
Typbl TIMe C TpeMs LeabIMH diieMeHTamMu. hour, minute u second. IIporpamMmma
OIIpe/IesIeT CAUNHCTBEHHYIO CTPYKTYpy THma T ime, HasBanHyto dTime, u ucroib-
3yeT ONEpaIyio TOYKa JUIS NMPUCBOCHUS 3JIEMEHTAM CTPYKTYPhI HavaJbHBIX 3HAYEC-
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HUW. 3aTeM mporpaMMma TedaraeT BBEJISHHOE BpeMs B 24-dyacoBoM u 12-yacoBom
dbopmare. OyHKIUM ME€YATH NMPUHUMAIOT CCHUIKM HA MOCTOSIHHBIE CTPYKTYpPHI THUIIA
Time. IIpuyrHa 3TOTO B TOM, YTO TAKUM 00pa30M UCKIIOYAIOTCS HAKJIaJHbBIC PacXo-
JIbl Ha KOMIMPOBAaHUE, CBSI3aHHbBIC C Mepefaueid CTPYKTYp PyHKIMSAM MO 3HAYEHHUIO, a
UCTOJb30BaHUe CONStT mpenoTBpamacT W3MEHEHWE CTPYKTYPhI THIA T IMe (yHK-
IUSAMU TIeYaTH

#include <iostream.h>

struct Time

{

}

int hour;
int minute;
int second;

print24Hours(const Time &t)
cout << (t.hour <10 ? "0™ : ") << t.hour << ":" << (t.minute

< 10 ? "0 : ") << t.minute << ":" << (t.second <10 ? 0" :
") << t.second;

printl2Hours(const Time &t)

cout << ((t.hour ==0 || t-hour == 12) ? 12 : t.hour %12) <<
"ot << (t.minute < 10 ? O™ : ") << t.minute << "I <<
(t.second <10 ? "0 : ") << t.second << (t.hour < 12 ? " am"
: n pmll) ;

int main()

{

Time dTime;

cout << "Enter the time:" << endl;

cin >> dTime.hour >> dTime.minute >> dTime.second;
cout << "Time is '';

print24Hours(dTime);

cout << endl;

cout << ""that i1s the same ";

printl2Hours(dTime);

cout << endl;

return O;

Puc. 10.3. Ucnosib30BaHue CTPYKTYP

CYH_IGCTBYIOT NpEeIATCTBUA CO3AAHHNIO HOBBIX THIIOB AdHHBIX YKa3aHHBIM CIIO-

coO0M ¢ MoMoUIbI0 CTPYKTYP. [I0CKONbKY MHUIIMATU3ALMS CTPYKTYP CHEIUATbHO HE
TpedyeTcsi, MOKHO UMETh JJaHHbIe 0€3 HauallbHbIX 3HAUEHUN U BBITEKAIOIINE U3 3TO-
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ro npo6siemsl. Jlaxke eciid JJaHHbIE MOJTYYUIIU HayaldbHbIE 3HAUYECHHS, BOBMOXKHO, 3TO
OBLIO cleNlaHO HeBepHO. HempaBuiibHbIE 3HAYEHUS MOTYT OBITh IPUCBOEHBI 3JIEMEH-
TaM CTPYKTYpPBHI, IOTOMY YTO MpOorpaMma UMEET IMpsIMOM AOCTyH K JaHHbIM. He cy-
IIECTBYET HUKAKOro MHTep(eiica, rapaHTUPYIONIETO, YTO MPOTrPaMMHUCT MPABUIBHO
WCTIOJIb3YET THI IAHHBIX U YTO JAHHBIE ABJISIOTCA HEMPOTUBOPECUHUBBIMU.

CymiecTBYIOT U Apyrue mpoOieMbl, CBsI3aHHBIE CO CTPYyKTypaMu. CTPYKTYpHI
HE MOT'yT ObITh Halle4aTaHbl KaK €UHOE IEJIOE, TOJBKO MO OJJTHOMY 3JIEMEHTY C COOT-
BETCTBYIOIUM (hopMaTupoBaHueM Kaxaoro. B C cTpykTypbl Helb3sl CpaBHUBATH B
LIEJIOM, X HY’KHO CPAaBHUBATH 3JIEMEHT 32 3JIEMEHTOM.

10.2. BuroBble moJIs

B cTpykType MOXKHO ONpeneauTh pa3Mepbl aTpuOyTa ¢ TOYHOCTHIO JI0 OUTA.
TpaguMOHHO CTPYKTYPBhl HCHOJIB3YKOTCS B CHCTEMHOM IPOTrPAMMHUPOBAHUU IS
OMMCAHUs PETUCTPOB amnmapatypbl. B HuX KaxIplii OMT uMeeT cBoe 3HaueHue. He
MEHEE Ba)KHOM SIBJIETCS BO3MOKHOCTb SKOHOMHUH MaMATH — TaK KaK MUHUMAJIbHBIN
TUI aTpudyTa CTPYKTYpHI - 310 OaiiT (Char), kotopsiii 3annMaer 8 6utoB. Jlo cux
MOp, HECMOTPS Ha MEra0alThl U TUrabaThl ONIEPATUBHON MAMSTH, UCIOIb3yEMbIC B
COBPEMEHHBIX KOMITbIOTEPAX, CYIIECTBYET HEMAJIO 3aj1ay, TJIe KaX bl OUT HA CUETy.

Ecnau nocne onucanus arpulyTra CTPYKTYyphl MOCTaBUTH JIBOETOUYME U 3aTEM
1[EJI0€ YKCJIO, TO ATO YUCIO 33Ja€T KOJIUYECTBO OUTOB, BBIJICICHHBIX 0/l TaHHBIN aT-
pulOyT cTpykTyphl. Takue arpuOyThl Ha3bIBalOT OMTOBLIMU MOJasiMH. CTpyKTypa Ha
puc. 10.4 XxpaHUT B KOMITAKTHOU (popMe JaTy U BPEMS JHS C TOUHOCTHIO JIO CEKYH/IBI.

struct TimeAndDate
{

unsigned hours :5; // vacer ot O po 24
unsigned mins :6; // muHyTer 0T O ao 60
unsigned secs :6; // cexyHasbr ot O ao 60
unsigned weekDay :3; // AeHb Hepgenu
unsigned monthDay :6; // aeHb mecsauaoT 1 po 31
unsigned month :5; // mecay ot lpol2

8

unsigned year :8; // rop ot 0 po 100
};

Puc. 10.4. CtpykTypa, XpaHsiuas AaTy U Bpems

Opna crtpykrypa TimeAndDate tpebyer Bcero 39 Ourtos, T.e. 8 OaiToB
(omuH GaiiT — 8 OuToB). Eciiu ObI AJ1s KaXI0r0 aTpudyTa 3TOW CTPYKTYPhI UCIOJb-
3oBasicst Tuml char, to morpeboBanoch Obl 7 OATOB.
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10.3. O0beauHeHus

OcoObIM BHJIOM CTPYKTYp IaHHBIX siBiiseTcs oobeaunenue (puc. 10.5). Omnpe-
JeJIeHne 00bEeIMHEHNsI HAIIOMHUHAET OIpPEAENIEHUE CTPYKTYpPhI, TOJIbKO BMECTO KIIIO-
4yeBoro cioa Struct ucnoias3yercs union:

union number {
short sx;
long Ix;
double dx;

Puc. 10.5. O6bsB/1eHHE 00beIMHEHHUSI B TPOrpaMMme

B otinune oT CTpyKTypbl, Bce aTpuOyThl OOBEAMHEHHUS PaACIOararoTcs Io
onHoMy azapecy. Ilog oObenuHeHne BBIACISIETCS CTOJNBKO MaMSITH, CKOJIBKO HYXHO
JUTsL XpaHeHusi HanOoJbiiero arpudyra oobeanHeHus. O0beAMHEHUS] TPUMEHSIOTCS B
TeX clydasix, KOrja B OJMH MOMEHT BPEMEHHU MCHOJb3YEeTCSl TOJIbKO OJAWH aTpulyT
00bEIMHEHUS U, TIPEXKAEC BCEro, NIl SKOHOMHM namstu. [Ipeanonoxum, 4to HYKXHO
OTIPEACTUTh CTPYKTYPY, KOTOpask XpaHUT ' YHUBEpPCAIbHOE' YUCIIO0, T.€. YHUCIIO OJTHOTO
U3 MPEJONPEICICHHBIX TUIIOB, U MPU3HAK THUMA. DTO MOXHO CJeNIaTh TaK, KaK MoKa-
3ano Ha puc. 10.6:

struct Value {
enum NumberType { ShortType, LongType,doubleType };
NumberType type;

short sx; // ecnu type paseH ShortType
long IX; // ecnu type paseH LongType
double dx; // ecnu type paseH DoubleType

Puc. 10.6. O0bsiBjIeHHe CTPYKTYPBI AJ18 XPAHEHHUs] YU CJI1a JIIOO0T0 THIA

AtpubyTt type comaepXuT TUM XPAHUMOTO YHCJIA, a COOTBETCTBYIOIIUM aTpH-
OyT CTpyKTyphI — 3HaYeHue yucna. Ha puc. 10.7 nmpuBeneH npuMep HCIOIb30BaHUS
3TON CTPYKTYpPBI

Value shortVval;
shortVal .type = Value::ShortType;
shortval .sx = 15;

Puc. 10.7. Mcnosib30BaHue CTPYKTYPBI AJ15 XPaHEHUs YU CJIA JIIOO0r0 THIA

XoTs maMsITh BBIICISICTCS MO Bce Tpu aTpubyta SX, IX m dX, peanbHo wuc-
MOJIb3YETCS TOJIBKO OAMH M3 HUX. CIKOHOMHTH MaMSTh MOYKHO, UCIOJIb3Ysl 00BeIH-
Henue (cMm. puc. 10.8.).
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#include <iostream.h>

struct Value

{
enum NumberType { ShortType, LongType, DoubleType };
NumberType type;
union number
{
short sx; // ecnu type paseH ShortType
long IX; // ecnu type paseH LongType
double dx; // ecnu type paseH DoubleType
} val;
};
main(Q)
{
Value shortVval;
shortvVal .type = Value: :ShortType;
shortval .val .sx= 127000000;
cout<<shortVal . type<<endl;
cout<<shortVal .val .sx<<endl;
return O;
}

Puc. 10.8. Ucnosb3oBanue 00beUHEHNS 1151 YHHBEPCAJIbHOI0 THIIA JAHHBIX

PacnonoxeHue Npu NepeoM BapuaHTe cTpyKTYpbl

type SX Ix dx
A
Anpec 1010
— Apnpec 1006
—— Anpec 1000 —— Appec 1004

PacnonoxeHne Npy BTOPOM BapuaHTe CTPYKTYPbI

type val

A
— Anpec 1004

— Apnpec 1000 |—sx —‘
I —|
dx ‘

Puc. 10.9. BoiiesieHue maMsTH MO CTPYKTYPY U 00beJUHEHHE



Tenepsr maMsTh BbIICICHA TOJBKO JJII MAKCHMAJILHOTO U3 3THX TPEX aTpuOy-
ToB (B gaHHOM citydae dX). OmHako ¥ oOpamarbes ¢ 00beAUHEHUEM CIIEAYET OCTO-
poxHo. [TockoJIbKy Bce TpHU aTpuOyTa JACIAT OJHY U Ty XKe 00acTh MaMsITH, H3MEHE-
HUE OJIHOTO M3 HUX O3HAa4YaeT U3MEHeHHue Bcex ocTanbHbIX. Ha puc. 10.9 nmosicasercs
BBIJICJICHHE TaMATH 1oJa oObeauHeHHe. B 00oux ciydasx mpezrnosaraercs, 4To
CTpyKTypa pacmonoxena mo aapecy 1000. O6benunenne pacmoaracT BCe TPU CBOUX
aTpuOyTa 1o OJTHOMY M TOMY K€ aJIpecy.

10.4. HOCTpOCHI/Ie CBA3HBIX CITUCKOB HA OCHOBE CTPYKTYp C caMoaupecauneﬁ

Céa3Hblil CRUCOK - TO PA3HOBUIHOCTD JIMHEUHBIX CTPYKTYpP AAHHBIX, MPE.I-
CTaBJIAIONIAs CO0OM MOCIEOBATEILHOCTh AJIEMEHTOB, OOBIYHO OTCOPTUPOBAHHYIO B
COOTBETCTBHHM C 3aJIaHHBIM IpaBuioM. [lociienoBaTeIbHOCTE MOXKET COJEPKATH JIHO-
00€ KOJIMYECTBO JIEMEHTOB, TOCKOIBKY MPU CO3IAHUU CIUCKA UCIOJIb3YyeTCs AUHA-
MHYECKOE paclpeaeIeHUE NaMsATH.

Kaxp1it 371eMEHT CBSI3HOTO CIHMCKa MPEACTABISAECT COOON OTAENbHBIN OOBEKT,
coJiepKalluid mojie JyIsl XpaHeHuss UHGOpMallMd U yKa3aTellb Ha CIEAYIONIUN 3iie-
MEHT crHcKa (a B cliy4ae IBYCBS3HOTO CITUCKA B O0OBEKTE XPAHUTCS TAK)KE yKa3aTelb
Ha MPEBIAYIIHA 3JICMEHT).

CBsI3HBIC CITUCKH CYIICCTBCHHO 00JIer4aroT 3a7aud yJIaJleHHs djieMeHTta (moc-
TATOYHO TPOCTO TEPECTABUTH CBS3M) W BCTABKHA HOBOTO 3JeMEeHTa (JIOCTATOYHO BHE-
CTH U3MEHEHUS B TIOJIC CBSI3U OJHOTO 3JeMeHTa). Tak ke HaMHOTO TPOIIe U3MEHUTh
MOPSAZIOK CIENOBAaHUS 3JIEMEHTOB. Ho mpy 3TOM MONYYHUTh JOCTYIT K 3JIEMEHTY CTaHO-
BUTCS HAMHOTO CJIOkHee (HeoOXOIUMO TPOUTH BCe MPEABLAYIIHE dJIeMEHTHI). Bo3-
HUKAET CJIIOXKHOCTh U MPU HEOOXOJIUMOCTH MPOCTO MOACYUTATH KOJIUYECTBO JIEMEH-
TOB B CIIKCKE, JIJIsl 3TOT0 HEOOXOJUMO MPONTH BECh CIUCOK.

CxeMma, n300paxkaroias CBA3HBIN U JIBYCBSI3HBIM CIIUCKU W3 TPEX IJIEMEHTOB,
n3o0paxkena Ha puc. 10.10.

CEAZHEIA CNUCOK

inf next —— inf next —— inf n

HEyCEAZHEIA CNMCOK

B inf next prey inf next fre inf h

__.. —

4t . gt
—

Puc. 10.10. ITocTpoeHue CBA3HBIX CHUCKOB

HCpCI[BI/DKeHI/Ie MO CIIMCKY OCYIICCTBIIACTCA IO YKA3aTCJIAAM, KOTOPBIC YKa3bl-
BAarOT Ha COCCOHHUEC DJICMCHTHI CIIMCKA. HpI/I I[O6aBJ'ICHI/II/I HOBOT'O 3JICMCHTA K CIIUCKY
HGO6XOI[I/IMO AUHAMHUYCCKH BBIACIUTL I10J HCTO IIaMATb W IIPHUCBOUTH COOTBCTCT-
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BYIOIIHMC 3HAUCHHA YKA3aTCIIsIM COCCIHHMX 3JICMCHTOB, a TAKXKC YKa3aTcJIAiM CaMOI O
CO31aHHOI'0 3JICMCHTA.

Co3oanue npocmozo C6:A3H020 CRUCKA

B kauecTBe mpumepa pacCMOTPUM CBS3HBIN CIHUCOK, XPAHSIIHUI 1IeJIble YUCIa.
DIEMEHTHI CIIUCKA COPTUPYIOTCS IO BO3PACTAHUIO B 3aBUCUMOCTH OT BEJIMYUHBI YKC-
713, KOTOPOE XPAHUTCA B TAHHOM DJIEMEHTE.

Kaxnplii eMeHT crucKa SIBISIETCS SK3EMIUISIPOM CTPYKTYpPhl, KOTOpas Omu-
CBIBAeTCS TaK, Kak moka3aHo Ha puc. 10.11:

struct TNode {
int value;
TNode* pnext;

Puc. 10.11. Onucanue 3jieMeHTa CIIUCKA

3nech pnext - ykaszarenb Ha CICAYIONIMH 3JeMeHT crucka, a value - mome
TUIs1 XpaHEeHHsST HHPOpPMaIIiH.

Jlnst  noGaBieHUsT HOBOTO SJIEMEHTa K CIIUCKY HCHOJb3yeTcsl (DYHKIUS
add2li1st(). Ee onucanne npuseneno ua puc. 10.12.

void add2list(TNode **pphead, iInt val)

{
TNode **pp = pphead, *pnew;
while(C*pp)
{
if(val < (*pp)->value)
break;
else
y pp = &(C*pp)->pnext);
pnew = new TNode;
pnew->value = val;
pnew->pnext = *pp;
*pp = pnew;
ks

Puc. 10.12. /lo6aB1eHne 3J1eMeHTa B CIHUCOK

3neck pphead - 3To ykazarens Ha ykaszareib Ha roJIOBY cIMcKa (T.e. Ha €ro
nepBbId 3emMenT), Val - 3HadeHune, koTopoe HEOOX0AUMO T00aBUThH B CIHCOK. [Ipn
N100aBJICHUH HOBOT'O JICMEHTA CITUCKA YYUTHIBACTCS BEIMUMHA YHCIIa, KOTOpoe Oyaer
MOMEIIEHO B WH(POPMAINMOHHOE IOJIE CO3/1aBaeMOT0 JJIEMEHTa. TakuM 00pa3oM,
YIIOPSZIOYCHHOCTD 3JIEMEHTOB CITHCKA, KOTOPHIC PACIOJIOKEHBI 110 BO3PACTAHUIO, HE
HApYIIAETCs, ¥ CIIUCOK OCTACTCSI OTCOPTUPOBAHHBIM.

BbIBecTH cIMCOK Ha SKpaH MOXHO ¢ ToMoIibio GyHkuu Print(). Peammsa-
1ust 9 Tor (pyHKIMM mpenacTasieHa Ha puc. 10.13.
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void print(TNode *phead)

{ TNode* p = phead;
while(p)
{
cout << p->value << " *;
P = p->pnext;
cout << endl;
}

Puc. 10.13. ITeuars cnucka

[TockombKy MaMsTh AJIS SJIEMEHTOB CIHCKA BBIACISICTCS TUHAMHUYECKH, TTOCTE
OKOHYaHUS pabOTHl CO CHHCKOM HEOOXOAMMO SIBHO YJAJIHTh BCE €TI0 AJICMEHTHI.
OyHKIMSA yAaJeHUs JIEMEHTOB CIIUCKA MOXKET OBITh pean30BaHa TakK, KaK MOKa3aHO
Ha puc. 10.14.

void deleteList(TNode *phead)
i1f(phead)

deleteList(phead->pnext);
1T (phead)
delete phead;

Puc. 10.14. Yaajnenue cnucka

[MporectupoBaTh (GYHKIHUU JUII paOOTBI CO CBS3HBIM CITMCKOM MOYKHO ClIe-
ayromuM oopazom (puc. 10.15).

int main()
{
TNode *phead = O;
srand(time(0));
for(int 1 = 0; 1 < 10; ++1)
add2list(&phead, rand() % 100);
cout << "Elements of the list:" << endl;
print(phead);
deleteList(phead);
return O;

Puc. 10.15. PaGora co ¢CBA3HBIM CIIUCKOM
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Cmek

OmHUM U3 PUMEPOB OJHOCBI3HOTO CITUCKA MOXKET CIIYXKHUTh CTeK. MexaHu3M
(GYHKIIMOHUPOBAHMS CTEKAa XOPOIIO OTpaXkaeT APYroe ero Ha3BaHWE — CIUCOK THUIIA
LIFO (last 1n Tirst out - mocneaHuM BoIIen — epBbIM Bhilien). [Ipu pado-
T€ CO CTEKOM IPEAIOJIaraloTcsi TOJbKO JBE OMEpalliu: 3aHECEHUE dJIEMEHTa B Bep-
IIUHY CTeKa M yAalieHHue dJIeMEHTa, HaXOAIIETOCs B BEpIIMHE cTeKa. TakuMm oOpa-
30M, OTeparus yAaJIeHUs dJIEMEHTa U3 CTeKa MPUMEHUMA TOJBKO K AJIEMEHTY, TIOMe-
IIICHHOMY B CTEK MOCJIEIHUM. A 3HAYWT, JIFOOOU DJIEMEHT HE MOXET ObITh YAAJICH U3
CTEKa paHbIlle, 4eM OYIyT YIAJICHBI BCE DJIEMEHTHI, TOMEIICHHBIE B CTEK ITOCIIE HETO.

[IpumepoM MpUMEHEHHUs CTeKa CIIYXKHUT 3ajiada MPOBEPKH MPABIIBHOCTH pac-
CTaHOBKHU CKOOOK. [Ipoxosi BEIpakeHre clieBa HAMPaBO, MbI, TIPH MOSBICHUN OTKPHI-
BarolIeiics CKOOKHU, MOMEIaeM €€ B CTEK, a B ClIydyae MOSIBICHMS 3aKpbIBAIOLICHCS
CKOOKH, TIBITAEMCsI YIQJIUTh SJIEMEHT M3 BEPIINHBI cTeka. Ecmu B Xoze paboThl BO3-
HUKAET CUTYyaIus, KOT/a CTEeK MyCT, @ Mbl IMEEM 3aKPBIBAIOIIYIOCS CKOOKY, 3TO 03-
HAYaeT, YTO BBIPAKCHUE COCTABJICHO HEMPaBUILHO. B KOHIIE pabOTHI CTEK MOJDKEH
OBITH TTyCT, MHAYE MBI TaK K€ JIeJTacM BBIBOJI O HECOOTBETCTBHH CKOOOK B BBIpaKe-
HUH.

Eme ogua mpumep mcmonp30BaHUS cTeka. Korma mpowcxoauTt BBIZOB (PyHK-
IIMH, BbI3bIBaeMas (PYHKITUS JTOJDKHA 3HATh, KaK BEPHYTHCS B BBI3BIBAIOIIYIO (DYHK-
IIUIO; B OTOM CITy4ae aJIpeC BO3BPAIEHUS TOMEIIACTCS B CTEK. ECIHM MPOUCXOAUT Pt
oOparmieHnii K QyHKITUSM, TO MOCJIEIOBATEILHOCTh aJPECOB BO3BPAIICHHS MTOMEIIA-
etcs B ctek no npuanmy L IFO mist Toro, uToObI Kaxaas GyHKIAS MOTJIa BEPHYTHCS
B CBOIO BBI3BIBAOINIYI0 (DyHKIHIO. CTEKH MOIEPKUBAIOT KaK PEKYPCUBHBIC BBI3OBBI
(GyHKIM, Tak 1 0OBIYHBIE HEPEKYPCUBHBIE.

Ouepeou

Jpyroii cTanmapTHOM CTPYKTYpOM NaHHBIX sBiIseTcs oudepenb. Ouepenp aHa-
JIOTUYHA OYepeNld JIIOJIed B Mara3uHe: MEePBbI KIUEHT B HEW OOCIyKHMBaeTcs Mep-
BbIM, a JPYTHE KIUEHTHI OKUIAIOT CBOCH OYEPEAU. Y 3IIbl OUEPENH YIAISIOTCS TOJb-
KO M3 FOJIOBBI OYEPE/IH, a TOMEIIAKOTCS B OYEPEAb TOJIBKO B €€ XBOCTE. DTO CTPYKTY-
pa manueix tuna FIFO (First in first out - nepBeIM Bolea NEPBBIM BbI-
TIel).

VY ouepeneit UMEETCSI MHOXKECTBO MPUMEHEHUN B BBIYMCIIUTEIIBHBIX CHCTEMAX.
VY GOJBIIMHCTBA KOMIIBIOTEPOB UMEETCS TOJIBKO OJIMH MPOLECCOpP, B OJUH U TOT XKE
MOMEHT BPEMEHHU MOKET OBITh OOCIYKEH TOJBKO OJHMH Mpolecc. 3ampochl APYrux
MPOLECCOB MOMEIMAOTCS B ouepenb. Kaxaplil 3anpoc MOCTENEHHO MPOJBUTAETCS MO
ouepeau BIIEpe]] 0 MEpe TOro, Kak MPOUCXOAUT 0OCITyKUBaHUE MOJIb30BaTene. 3a-
pOC B Hayajie OYepeau SBJISIETCSl OUepPEIHBIM KaHAUAATOM Ha 00CITyKUBaHHE.

NudopManimonHbie NakeThl TAKXKE 0KUJAIOT CBOCH OYepeu B KOMITbIOTEPHBIX
ceTsax. [lakeT MOXKET MOCTyNUTh HA y3€J CETU B JIDOOM MOMEHT BPEMEHH, a 3aT€M OH
JIOJKEH OBITh OTIIPABIICH K CIIEYIOIIEMY Y3J1y CETH 10 HAMPaBJICHUIO CBOEr0 KOHEY-
HOTO IyHKTa HAa3HAYCHWS. Y3el Mapupytu3anud (T.e. y3el, XpaHsammid uHbopma-
IIUI0 O MAapIIpyTe) HAMpaBiIsSeT B KaXJIbIi MOMEHT BPEMCHH OJIMH ITAKET, TIOITOMY
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MaKeThl MOMEMIAIOTCS B OYepeab J0 TEX MOp, MOKa MporpaMma MapuipyTH3alud He
o0paboTaeT ux.

/lepesvs

CBs3HBIE CIIUCKH, CTEKH U OYEPEIU SIBISAIOTCS JTMHENHBIMU CTPYKTYpaMH J1aH-
HbIX. JlepeBo SIBJISIETCS HEIMHEHHON NIBYMEPHOM CTPYKTYpOW HAaHHBIX C OCOOBIMU
CBOMCTBaMU. Y3IIbl JiepeBa MOT'YT COJIepXkaTh JBa U Oosiee ykazarenel cBs3u. bunap-
HBIE JIEpEBbs COAEpIKAT IO JBa ykazarens. Vnu oauH u3 HUX, Wik 00a MOTYT OBITh
HyJeBbIMU. KOpHEBOHM y3en SBIIETCS NMEPBBIM y370M JepeBa. Kaxkapli ykaszaTenb
CBSA3M B KOPHEBOM Y3JI€ CCBUIAETCS HA JOYEPHUM Yy3€] WIH Y3€JI-IIOTOMOK. JIeBbIi
Y3€II-IIOTOMOK SIBJISIETCSI IIEPBBIM y3JI0M B JIEBOM IIOAJNEPEBE, a IPaBbId Yy3€ll-
IIOTOMOK SIBJISICTCA NEPBBIM Y3JIOM B IPABOM IOANEPEBE. Y3NBI-IOTOMKH, MOPOXK-
JCHHBIC OJHUM KaKUM-TTUOO y3JI0M, Ha3bIBAIOTCS POJICTBEHHBIMH y3iaMu (WK y37a-
MU-OpaThsiMu). Y3en 0e3 y3J10B-IIOTOMKOB Ha3bIBA€TCs JIMCTOM JIEpEeBa I KOHIIE-
BBIM Y3JIOM. JlepeBbsi OOBIYHO PHUCYIOT CBEPXY BHHU3, HAUMHAs C KOPHEBOIrO y3Ja, TO
€CTh IIPOTUBOIIOJIOKHO TOMY, KaK pacTyT A€pPEBbs B IPUPOJIE.

11. KIACCBI U ABCTPAI'NPOBAHME JAHHBIX

11.1. OnpenesieHus1 KJIACCOB

Knaccer — 310 onpenensieMble OJIb30BATEIEM THUIBI JaHHBIX. Kakaplil Kiacc
COJICPKHUT JaHHBIC W (YHKIIMH, MAaHUITYJIHPYIONKE ¢ 3TuMU AaHHBIMA. [locie ompe-
JICIICHUSI OHA MOTYT MCTIOJIb30BaThCSl HAPABHE CO BCTPOSCHHBIMY THITAMH.

Kiaccel mpenocTaBistoT mporpaMMHUCTY BO3MOKHOCTh MOJIEITUPOBATH OOBEK-
ThI, KOTOPbIE MMEIOT aTpuOyThl (aHHBIC-JICMECHTHI) U BAapUAHTHI MOBEACHHS WIIH
orepanuu (pyHKIHUU-351eMeHThI). THUIIBI, coAep)KalIUue TaHHBIC-IJICMEHTB U (DYHK-
IIUU-DJIEMEHTHI, OOBIYHO ompeaensoTcss B C++ C MOMOIMBI0 KIIOYEBOTO CIIOBA
class.

OYHKITMU-3JIEMEHTH WHOTJAa B IPYTUX OOBEKTHO-OPUEHTHUPOBAHHBIX S3BIKAX
HA3BIBAIOT METOJIaMU, OHU BBI3BIBAIOTCS B OTBET HA COOOIICHHUSI, TIOCHUIAEMbIE 00b-
exkty. CoolO1ieHue COOTBETCTBYET BhI30BY (DYHKIIMU-3JIEMEHTA.

Korma xmacc ompeneneH, uMs Kjlacca MOXKET OBITh UCIIOIH30BAHO JIJIST OOBSIB-
JeHust 00beKTa 3Toro kiacca (cm. puc. 11.1).

OmnpenencHue kiaacca TIMme HauumHaeTcs ¢ kimrodeBoro cioBa class. Teno
orpeencHus Kiacca 3akimodaercs B purypusie ckooku ({ }). Onpenenenue kimacca
3aKaHYMBAETCSl TOYKOH C 3amsaToi. OnpeaeneHue kiaacca T IME COACPIKHUT TPH IICIIbIX
sanementa hour, minute u second.

Metku public: (otkpeiTas) u private: (3akpbiTas ) Ha3bIBAIOTCS CIie-
nupuKaATOPaAMHU J0CTyNa K djieMeHTaMm. JIroOble NTaHHBIC-IIEMEHTH W (YHKIIUH-
9JIEMEHTBI, 00BSBIICHHBIC TTOCIIE CHeIU(pUKaTOpa JocTyma K 3nmemeHTam public: (u
JI0 CJISIYIOMIETo crienudukaTopa J0CTyma K 3JIeMEHTaM), JTOCTYITHBI IIPH JIFOOOM 00-
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palleHuu MporpaMMbl K 00beKTy Kiacca T Ime. JIroOble TaHHbIe-2JIEMEHTHI U (PYHK-
[UU-3JIEMEHTHI, OOBSIBJICHHBIE IOCJIEe crnenudukaTopa AOCTyna K 3JIeMEHTaM
private: (u mo cieaymomero crnenupukaropa J0CTyna K 3JIeMEeHTaM), JTOCTYITHBI
TONBKO (DYHKIUAM-3JIEMEHTaM 3TOro kiacca. Cnenudukatopsl JOCTyna K SIeMeHTaM
BCET/Ia 3aKaHYMBAIOTCS JBOCTOUYHMEM () U MOTYT HOSIBIISITBCS B ONPEICIICHUN Kilacca
MHOTO pa3 U B JJI00OM MOPSIIKE.

class Time {
public:
Time O ;
void setTime (int, iInt, Int);
void print24Hours();
void printl2Hours();
private:
int hour; // 0-23
int minute; // 0 -59
int second; // 0-59
};

Puc. 11.1. Onpenenenne kiaacca Time

Omnpenenenue kiaacca B MPOrpaMMe COAEPKUT MOcIe crenudpukaTopa A0CTyma
K snemeHTaM PUbBIC: mpoTOTHIBI CllenyrOMKUX YeThIpeX (YHKIUH-2JICMEHTOB:
Time, setTime, Print24Hours u printl2Hours. D10 — oTKpbIThIe PYHK-
HMHU-3JIEMEHTbI WIH OTKPBITHIH MHTepdeiic ycayr kiaacca. OTu QyHKUUU OyAyT
WCITOJTb30BAThCS KIIMEHTaMH Kiacca (T.e. 4acTsIMU MPOrpaMMbl, HTPAIOIIAMHU POJIh
MOJTb30BaTENeH) 11 MAHUTTYJISIIAIA C JAHHBIMH 3TOTO KJiacca.

OOpaTtute BHMMaHHE Ha (PYHKIUIO-2JIEMEHT C TEM € HMMEHEM, 4YTO U
kiacc. OHa Ha3bIBAETCSI KOHCTPYKTOPOM 3TOro kiacca. Konerpykrop — 310 cre-
nuanbHas QyHKIUI-IJIEMEHT, KOTOpass HHUINATU3UPYET NaHHBIE-2JIEMEHTHI 00h-
eKkTa 3Toro kjacca. KoHCTpyKTOp Kjiacca BBI3bIBAETCS aBTOMATHUYECKHU MPU CO3/1a-
HUM 00bEKTa 3TOro kjacca. OObIYHO KJIACC UMEET HECKOJbKO KOHCTPYKTOPOB; 3TO
JOCTUTAETCSl TOCPEACTBOM MeEperpy3ku (YHKIHUHU, T.€. KOHCTPYKTOPHI JIOJKHBI
MMETh pa3HbIil HA0OpP MPUHUMAEMBIX 3HAYEHHUIA.

[Tociie crienudukaropa I0CTymna K jaeMeHTaM private: cienyor Tpu Ie-
JBIX 3JIEMEHTA. DTO 3HAYUT, YTO THU JAHHBIC-AJIEMEHTHI Kjlacca SIBISIOTCS JOCTYII-
HBIMHU TOJBKO (DYHKIUSM-3JIEMEHTaM Kiacca. Takum oOpa3oMm, MaHHBIC-3JIEMEHTHI
MOTYT OBITh IOCTYITHBI TOJIBKO YETHIPEM (DYHKITUSM, MPOTOTHUITBI KOTOPHIX BKIIOUE-
Hbl B ompenesneHue 3toro kinacca. OOBIYHO JTaHHBIC-3JIEMEHTBI MEPEUYUCIISIOTCS B
gactu private, a ¢ynknuu-3nemeHntsl — B yactu public. MoxHo nMmerth
dyHKIIMU-371eMeHTsl Private u namseie public, mocnemxHee HE THIWUYHO U
CUUTAETCS B MPOTPAMMHUPOBAHUY JYPHBIM BKYCOM.

Korna knacc onpepesneH, ero MOXKHO HUCHOJIb30BAaTh B KAYECTBE TUIMA B 00b-
SBJICHUSX, HaIIpUMeEp, TaK, Kak Ioka3aHo Ha puc 11.2.
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Time sunset, // 06bekT TUNa Time
arrayOfTimes[5], // maccue obbektoB TMNa Time
*pointerToTime, // ykasatenb Ha o06bekT Tuna Time
&dTime = sunset; //ccbinka Ha o06bekT Tuna Time

Puc. 11.2. Ucnoab3oBanue Tuna Time B mporpamMmme

Nmst knacca CTaHOBUTCS HOBBIM ClieUUKATOPOM THUIa. MOXKET CYIIecT-
BOBAaTh MHOXKECTBO OOBEKTOB KJIacca, KaK U MHOXECTBO MEPEMEHHBIX THIA, HAIPH-
Mep, Takoro, kak 1Nt. IIporpaMMucT o Mepe HEOOXOIMMOCTH MOXET CO37aBaTh
HOBBIC THITHI KJIACCOB. JTO OJHA W3 MHOTHUX MPUYUH, TIO KOTOphiM C++ sBisieTcs
pacuiMpsieMbIM SI3bIKOM.

[Tporpamma Ha puc. 11.3 — 11.6 mcmoas3yeT kiacc TIme. Dra mporpamma
CO3/IaeT CIUHCTBEHHBIA 00BEKT Kitacca T 1me, Ha3zBanHblid €. Korma o0bekT co3naeTt-
Csl, aBTOMATHYCCKH BBI3BIBACTCS KOHCTPYKTOP T IME, KOTOPBIH SBHO MPUCBAUBACT
HYJICBbIC HAaYaJbHbIC 3HAYCHUS BCEM JIAHHBIM-DJIEMCHTAaM 3aKpBITOW 4YacTd Pri-
vate. 3arem mevataeTcs Bpems B 24-x dacoBoM M 12-Tm dacoBoM (opmarax,
9TOOBI MOATBEPANUTH, YTO DJIEMEHTHI MTOJYUHIN MPABWIHHBIC HaYaJbHbBIC 3HAUCHUS.
[Tocnie Toro ¢ momomplo GyHKIUU-3IeMeHTa SetT Ime ycTaHaBIMBaeTCs BpeMs,
¥ OHO CHOBa TedaraeTcs B oboux (opmarax. 3arteM (QyHKmus-3aeMeHT SetTime
MBITACTCS JaTh JAaHHBIM-)JIEMEHTAM HETIPaBUJIbHBIC 3HAUCHUS, M BpEMs CHOBA Teva-
Taetcsi B 00oux (opMarax.

//tl m el h***********************************************

#ifndef TIMELl_H
#define TIMEL1l H

// OnpepeneHuwe abcTpakTHOro TMnNa AaHHeix (ATA) Time
class Time{

public:

Time(); // KOHcCTpyKTOp

void setTime(int, int, int); // yCTQHOBKQ YaCOB, MUHYT U CeKyHA
void print24Hours(); //neyatb BpemeHU B 24-X YaCOBOM popmaTe
void printl2Hours() ; //neuyatb BpemeHu B 12-TU YaCOBOM popmare
private:

int hour; //0-23
int minute; //0-59

int second; //0-59
¥

#endi T

//**********************************************************

Puc. 11.3. Onpenenenne kiaacca Time
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//tim el . Cpp AEAEEAAEIAAAAAAAAAAAAIAAAAIAAAATIAAAXAIAAAXAAAAAAAAAAAAAAihk

#include “timel.h”
#include <iostream.h>

// KoHcTtpyktop Time npuceameaeT HyJfieBbIe HAYaSIbHLIE 3HAYEHUS  KAXAOMY
//3nemenTy AaHHbIX. ObecneunBaeT COrNACOBAHHOE Ha4anbHOe COCTOSHUE BCex

//06bexkToB
Time::Time()
{

}

hour = minute = second =0;

// 3apaHue HOBOrO 3Ha4YeHus Time B BUAe 24-X YacOBOro popmara
// TTposepKka NpaBUIBHOCTU 3HAYEHWUM AAHHBIX.
// O6HyneHWe HeBepHbIX 3HAYeHUI

void Time::setTime(int h, int m, Int s) {
hour = (h >= 0 & h < 24) ? h - O;
minute = (m >= 0 & m < 60) ? m : O;
second = (s >= 0 & s <60) ? s - 0; }

// TleuaTb BpemMeHU B BUAE 24-X 4aCOBOrO (POpMaATa
void Time:: print24Hours () {

cout << (hour < 10 ? "0"™ :"") << hour« ":"
<< (minute < 10 ? "0": ") << minute << ":" << (second < 10 ?
"0 o ") << second<<endl; }

// TTeuaTb BpemeHU B 12-Tn YacoBOM popmaTte
void Time:: printl2Hours() {
cout << ( (hour ==0]| hour ==12) ? 12 : hour % 12) << ":"

<< (ninute < 10 ? "0": ") << minute << ":" << (second < 10 ?
"0 oD ") <<
second << (hour < 12 ? ™ AM"™ : " PM'")<<endl; }

//**************************************************************

Puc. 11.4. Onpenenenne pynkumii knacca Time

KinnenTsl kiacca UCONB3YIOT Kilacc, HE 3HAasi BHYTPEHHUX JIeTalleld ero peajiu-
3anuu. Ecim peanu3anus kiiacca u3MeHseTCsl (HalpuMep, ¢ eI YIydIIeHUS PO-
U3BOJMTEIILHOCTH), HHTEP(EIC KiTacca OCTaeTCS HEM3MEHHBIM U UCXOIHBIN KOJI KJTH-
€HTa KJlacca He TpeOyeT U3MEHEHUU. DTO 3HAYUTEIHHO yHpPOoIlaeT MOAU(PUKAIUIO
CHUCTEM.

B nporpamme Ha puc. 11.5 koHcTpykTOp TIME mpocTo mprcBanBacT HaYallb-
HbIe 3HaueHUs, paBHble 0, maHHBIM-JIeMeHTaM, (T.e. 3amaeT 24-X yacoBor (hopMat
BPEMEHH, SKBHBAJICHTHOE 12 am). DTo rapaHTHUPYET, YTO OOBEKT MPH €TO COo3/a-
HUM HAaXOJIUTCS B UBBECTHOM COCTOSIHMM. HenpaBuibHble 3HAYEHUS HE MOTYT
XPaHUTHCSA B JAaHHBIX-2JIEMEHTaX oObeKTa TUIMA T IME, MOCKOJBbKY KOHCTPYKTOP
aBTOMAaTHYECKH BBI3BIBACTCS MPHU CO3JaHUM OOBEeKTa THIa | IME, a Bce mocie-

91



IYIOUIUE TMONBITKM W3MEHUTH JaHHBIE-3JIEMEHTHI TIIATEIbHO PACCMATPUBAIOTCS
¢bynknueit setTime. [ToatoMy GyHKIHU-IIEMEHTBI OOBIYHO KOpOYE, YeM OObIY-
Hble (QYHKIIUU B MIporpaMmax 6e3 0ObeKTHON OpUEHTAIMU, IOTOMY YTO JOCTOBEP-
HOCTH JIaHHBIX, XPAHUMBIX B JaHHBIX-JIEMEHTAX, UJCAIBHO MPOBEPEHA KOHCTPYK-
TOPOM U (DYHKIIUSAMU-3JIEMEHTaMH, KOTOPbIE COXPAHSAIOT HOBBIE JIaHHEIE.

//my Cpp B R R R R T R R R S R R R e R R R S R R R S R R R S R R R R S P R R R P R R R P R R e P R e e o

// ®opmuposaHue nposepku nNpocToro knacca Time
#include “timel.h”

#include <iostream.h>

main

(

Time t; // onpepeneHue 3k3emnnapa obbekta t knacca Time
Cout<<"HauaneHOoe BHaueHme 24 uyacoBoro popMaTa BpPEeMeHM PaBHO '';
t.print24Hours();

cout <<"HauanpHOe BHaueHuMe 12 uacororo popMaTa BpPEeMeHM PaBHO'';
t.printl2Hours() ;

t.setTime(13, 27, 6);

cout << endl << ""24 wacoeou popmaT Bpemenm nocine SetTime '';
t.print24Hours();

cout << endl << "12-Tu wuacomo; ¢popMaT BpemMenm mnocine SsetTime
paBHO "';

t.printl2Hours() ;

t.setTime(99, 99, 99); //nonbITKa yCTAHOBUTb HEMpPABUISIbHbLIE 3HAYEHUS
cout <<'"Mocne nomnHTKM HempaBMJILHOM ycTaHoBKM: ''<< endl;
cout<< "'24 uyacomoyi ¢opMaT BpemMeHm: '';

t.print24Hours ;

cout << "12 wacomBom popMaT BpeMeHM: "3

t.printl2Hours ();

cout << endl;

return O;

}

//********************************************************

Puc. 11.5. Ucnoan30BaHue Kiacca Time

Output:

//BEBON Ha 5KpaH
HavanpHoe 3HaueHme 24 uacosoro ¢opmara pasxHo 00:00:00

HavanpHoe 3HaueHme 12 uacosoro ¢opmara BpemenHm paBHo 12:00:00 AM

AR R R R R R R e e e e R R R e e e R R R R R I S

24 uyacopoi ¢popmaT Bpemenu nocsae SetTime pasmo 13:27:06
12 uacosorr popmar BpemeHu nocse SetTime pasmo 1:27:06 PM

[Iocsie MNOMNBITKM HENPaBUIIBEHOM YCTaHOBKM-
24 yacoBor ¢popmMaT BpPEMEHM: 00:00:00

12 yvacosoiyt ¢opmMaT BpeMeHM: 12 - 00 : 00 AM

//*********************************************************

Puc. 11.6. — PesyabsTaTt padoTsl nporpammsl Ha puc. 11.3 - 11.5
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JlaHHbIe-3JIEMEHTHI KJacca He MOTYT MOJy4YaTh HaYaJbHbIe 3HAYEHUS B
TeJle KJacca, rjie OHU O0BABJIAIOTCH. JTH JTaHHBIC-3JIEMEHTHI TOJKHBI MOJY4YaTh
HaydaJbHbIE 3HAYEHUS C MOMOIIbI0 KOHCTPYKTOpA KJIacca WU UM MOKHO MPUCBAU-
BaTh 3HAUYCHUS yepe3 PyHKIUU.

@OYHKIUS ¢ TEM K€ UMEHEM, 4TO U KJIAcC, HO CO CTOSIIUM Iepe]] Hed CUMBO-
JIOM THJIbAA (~), Ha3bIBaeTCSA AECTPYKTOPOM 3TOr0 Kitacca. JlecTpyKTop MPOU3BOIUT
«3aBepllIaIINe CIyKeOHbIe NEUCTBUSI» HAJl KaXIbIM O0BEKTOM Kjacca IMepel TeM,
KaK MamsiTh, OTBEJACHHAS MOJA JTOT 00BEKT, OyJEeT MOBTOPHO HCIOJIb30BaHA CHUCTE-
MOH.

OObsiBIIEHHE KJIacca COJAEPKUT OOBSABICHUS JTaHHBIX-DJIEMEHTOB U (DYHKIIMIA-
aneMeHTOB Kkiacca. OObsBieHUs (YHKIUNU-3JIEMEHTOB SBISIOTCS MPOTOTUIIAMHU
byHkiui. OyHKIIMU-3JIEMEHTHI MOTYT ObITh OMHMCAHbl BHYTPHU KJacca, HO XOPOIIUM
CTUJIb MPOrPAaMMHUPOBAHMS 3aKIIOYACTCS B OMUCAHUM (DYHKIUUA BHE OIpEIeIeHUs
KJ1acca.

Korna QyHKIug-31€eMEHT OMUCHIBAETCA MOCJIE COOTBETCTBYIOIIETO OIpesese-
Hus Kkiacca (cMm. puc. 11.4), umsa GyHKIMU mpenBapseTcs KMEHEM Kilacca ¥ OMHap-
HO#i omepanueii paspemenusi odonactu aeiicTBus (::).JIockonbKy pa3HbIe KIacChl
MOT'YT UMETh 3JIEMEHTHI C OJIMHAKOBBIMU MMEHAMHU, Olepalus pa3pelieHus: 001acTu
JEUCTBUS IIPUBA3BIBACT» UM DJIEMEHTA K UMEHU Kjiacca, YTOObl OJJTHO3HAYHO UJCH-
TUQUIUPOBATH (PYHKIIUU-3JIEMEHTBI JAHHOTO KJlacca.

HecMoTps Ha TO, 4TO PyHKIUA-2TIEMEHT, OOBSBICHHAS B ONPEACICHUH Kilacca,
MOXET OBITh OINKCAaHa BHE 3TOr0 OMpEAeNIeHHs, 3Ta (DYHKIUA-JIEMEHT BCE PABHO
MMeEET 00J1aCThI0 IefiCTBHUS KJIACC, T.€. €€ UMS U3BECTHO TOJIBKO IPYTUM AJI€MEHTaM
KJIacca MOKa K Hell 00palllaroTcs MOCPEICTBOM O0OBEKTa KJacca, CChUIKM Ha OOBEKT
KJIacca WIM yKa3aTess Ha O0OBEKT Kiacca.

WutepecHo, uro ¢yHKIuU-31eMeHTsl Print24Hours u printl2Hours
HE TMOJYyYarOT HUKAKUX apryMeHTOB. JTO MPOUCXOJUT MOTOMY, 4YTO (PYHKIHH-
AJIEMEHTHl HESBHO 3HAIOT, YTO OHU I[€YATAIOT JAHHBIC-3JIEMEHTHI OMPE/ICIEHHOIO
oObekTa THIa T IME, JJIsi KOTOPOr0 OHU AKTUBH3HPOBAHBI. DTO JIEJACT BBI3OBBHI
GyHKIMI-371eMEeHTOB O0jiee KpaTKUMH, YEM COOTBETCTBYIOIIHUE BHI3OBBI ()YHKIIMI B
MPOLIEAYPHOM IPOrpaMMUPOBAHUHU. DTO YMEHBIIAET TAKXKE BEPOSITHOCTh NEpeaauu
HEBEPHBIX APT'YMEHTOB, HEBEPHBIX THUIIOB apryMEHTOB WJIM HEBEPHOTO KOJHUYECTBA
apryMEHTOB.

11.2. Otnenenune untepdeiica ot peaauzanuu

@DyHKIMU, KOTOPBIMU KJIacC CHA0KaeT BHEIIHUM MUP, MPEIBapsIIOTCS METKON
public. OtkpbIThie QyHKINN peann3yrOT BCe BO3MOXHOCTH KJlacca, HEOOXOIUMBbIC
JUIsl €r0 KIMEeHTOB. OTKpbIThIE PYHKIMU KJacca Ha3bIBalOTCS MHTepgeiicoM KJacca
VI OTKPBITHIM HHTEP(ercom.

Krnaccel ympomaroT nmporpaMMHpOBaHHUE, TOTOMY YTO KIUEHT (WA TOJh30Ba-
TeJb 00BEKTa KJIacca) MMEET JIEJIO TOJBKO C ONEpaIusiMi, HHKANCYJIHPOBAHHBIMHU
WM BCTPOEHHBIMM B O0BEKT. Takue omnepanuud OObIYHO MPOEKTUPYIOTCS OPUEHTH-
POBaHHBIMU UMEHHO Ha KJIMEHTa, a HE Ha yJI0OHYI0 peanu3auuto. KimeHram HeT He-
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00X0IMMOCTH KacaThCs peain3anuu knacca. MaTepdenicbl MEHSII0TCsI, HO HE TaK Yac-
TO, Kak peanu3auuu. [Ipy u3MeHEHUH peaau3ali COOTBETCTBEHHO JIOJKHBI U3ME-
HATHCSI OPUEHTUPOBAHHBIC HA PEATM3AIINIO KOJbl. A MyTEM CKPBITHSI peau3alliid MbI
MCKJIIOYaeM BO3MOKHOCTbH JJIsI IPYTUX 4YacTeil MpOrpaMMbl OKa3aThCsA 3aBUCUMBIMU
0T 0COOEHHOCTEN peanu3alny Kiacca.

[TporpammMma, peanu3yroinas ¥ HCIOJNB3YIOMAs Kiaacc T IMe, pa30uTa Ha He-
ckoJbKo (haitnoB. [Ipu moctpoenun nporpammsl Ha C++ Kaxka0€ OnpeaesieHue Kiac-
ca 0OBIYHO TTOMENIAETCS B 3ar0JIOBOYHBIH (hails1, a onpeaeneHus: GyHKIUNH-371EMEHTOB
ATOTO KJIacca MOMEIIAOTCS B (haliiibl UICXOIHBIX KOJOB C TEM ke 0a30BbIMH UMEHAMH.

Obaacmob deiicmeus Knacc u 00CMyn K 3J1eMeHmam Kiacca

JlaHHBIC-3JIEMEHTHI Kilacca (IepeMeHHbIe, OOBSIBICHHBIC B ONPEICIICHUH KJTac-
ca) U QYHKIMH-3JIEMEHTHI ((QYHKIINU, OOBSIBICHHBIC B ONPEICICHUN KJacca) UMEIOT
o0nacTeio AeicTBHs Kiacc. DYHKIMH, HE SBISIONIUECS IJIEMEHTOM Kiacca, UMEIOT
00JacThIO ACHCTBUS (hailll.

B oOsactu neiicTBUS KJIacC AJIEMEHTHI Kjacca HEMOCPEACTBEHHO JIOCTYITHBI
BCEM (YHKIHMSIM-3JICMEHTaM 3TOTO KJIacCa M Ha HUX MOXXHO CCBUIATHCS MPOCTO TI0
uMeHH. BHe o0macTtu neicTBHS Kilace K JIEMEHTaM Kilacca MOYKHO 00pamiaThCst JIH00
yepe3 uMsl 00beKTa, JIM0O CChUIKON Ha OOBEKT, JTUOO0 ¢ MOMOIIbIO YKa3aTels Ha 00b-
CKT.

[TepeMenHbIe, ONpeCICHHbIC B (YHKIIMH-3JIEMCHTE, W3BECTHBI TOJBKO 3TOH
¢dyskiun. Eciu QyHKIHS-3IEMEHT onpeiessieT IEPEeMEHHYIO ¢ TeM K€ UMCHEM, YTO
U TIEpeMEeHHas B 00JIACTH JICUCTBHUS KJIACC, TTOCIESIHSS IeTIacTCsl HeBUIMMOM B 00J1ac-
TH JeHcTBUS QyHKIHs. Takas CKpbITas MepeMeHHass MOXKET OBITh JOCTYITHA TTOCPE/-
CTBOM OTICpaIlUU Pa3pelICHHs] 00JIaCTH JACHCTBHS C MPEAMIECTBYIOIIMM TOW Omepa-
MU IMEHEM KJiacca. HeBuauMebIe riio0aibHbIC TIEpEMEHHBIC MOTYT OBITh JOCTYITHBI C
MIOMOIIIbIO YHAPHOU Olleparuu pa3peineHus odnactu aeictus (puc. 11.7)

float value = 1.2345;

void main()

{
int value = 7;
cout <<”local: “ << value << endl; //// 7
cout << “global: ” << ::value << endl; ////7 11,2345
return O;

¥

Puc. 11.7. Ucnosib30BaHMe YHAPHOIi onepanyu pa3peuieHus 00,1acTH el cTBUA

Onepanuu, UCTIOIB30BaHHbBIE ISl JOCTYIA K AJIEMEHTaM Kiacca, aHaJlOTMYHbI
omepalusM, UCMOIb3YEMBIM I JOCTyNa K 3JeMEHTaM CTPYKTypbl. Omnepaiusi BbI-
Oopa ameMeHTa Touyka (.) KOMOWHHpYETCS JUIS JOCTYNa K 3JIEeMEHTaM OOBEKTa C
MMEHEM O0BEKTa WM CO CChUIKOM Ha 00BbekT. Omnepanus BbIOOpa 3JIEMEHTa CTpeKa
(—>) xkoMOMHMpYETCS I TOCTyIa K 3JIeMeHTaM 00BbeKTa ¢ yKa3aTeieM Ha OOBEKT.
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[Iporpamma nHa puc. 11.8 ucmonp3yet mpoctoit kiace, HazBanHbIA COUNT,
OTKPBITBIM 3JIEMEHTOM JaHHBIX x TUMA ENT W OTKPBHITOH (YHKIUCH-2JIEMEHTOM
print(), 4ro0bl HPOMLIIOCTPUPOBATH JOCTYI K AJIEMEHTaM Kjacca C IOMOIIbIO
orepanuii BeIOOpa 3nmeMenTa. [IporpaMma co3maeT Tpu IK3eMITIsIpa IEPEMEHHBIX TH-
na Count — counter, counterRef (cceuika Ha o0bekT THma Count) u
counterPtr (ykaszarear Ha o0bekT Tuma Count). Ilepemennas counterRef
00BsABIICHA, YTOOBI CCHLIATHCA HA counter, nepemennas counterPtr o0bsBicHa,
9TOOBI YKa3bIBaTh Ha counter. Ciaeayer OTMETHTbh, UTO 37€Ch IEMEHT JaHHBIX X
CIeNIaH OTKPBITHIM MPOCTO JIJIST TOTO, YTOOBI TPOJEMOHCTPUPOBATH CITOCOOBI JOCTYIIA
K OTKPBITBIM 3jieMeHTaM. Kak ObUTO yke YCTaHOBJICHO, JJaHHbIC OOBIYHO JCIAIOTCS
3aKkphITEIMU (Private), yuemy u OyaeM clieJIoBaTh B JaIbHEHIIICM.

#include <iostream.h>

// TlpocTtow knacc Count
class Count {

public:

int  x;

void print () { cout << x << endl;}

¥

main ( )

{

Count counter, // co3paetca 06bekT counter
*counterPtr = &counter, // ykasartens Ha counter
&counterRef = counter; // ccuinka Ha counter

cout<<'"llpucBaMBaHMe X BHaAuUeHus / M NedaTh 10 MMeHM obmekTa:'';
counter.x = 7; // npucsaueaHUe 3HaYeHUs 7 3N1EMEHTY AAHHBIX X

counter.print (); // BbI30B (PyHKUUU-3INEMEHTA AN NeYaTu

cout << '"llpucBaMBaHMEe X BHaAUeHMUsI 8 M MedaThk IO CCHJIKe: ' ;
counterRef.x = 8; // npucsausaHue Yncna 8 anemMeHTy AaHHBLIX X
counterRef.print ; // BbI30OB (PYHKLUU-INEMEHTA AN NeYatu
cout << "MNpuceameBaume x 3BHaueHuss 10 u nevarTrs no ykasaTemno:';
counterPtr->x = 10; // npuceamsaHue 10 3nemeHTy AaHHLIX X
counterPtr->print(); // BbI30OB (PYHKLUUU-3NEMEHTa AN Neyatm
return O;

ks

Puc. 11.8 Ucnosb30BaHne onepanuii BLIOOpa 3JieMeHTa Kjacca

anawzenue 0ocmyn0M K Jiemenmam

Crnermudukaropsl goctymna k snementy public u private ucnonb3yroTcs
JUTSL YOIPABJICHHS TOCTYTIOM K JaHHBIM-3JIEMEHTaM Kjacca M (DyHKIHMSM-3JIEMEHTaM
kiacca (cm. puc. 11.9). [lo ymoiruanuio pexxuM JOCTyIa Juis KjiaccoB — private
(3akppIThIit). [Tocie Kakaoro creruduKaropa pexkuM JO0CTYIA, ONMPEICICHHBIN 1M,
JEUCTBYET J0 CIEAYIOUIEro crienu(puKaTopa Wi J10 3aBepliarnieil GurypHon ckoo-
KU OIpeJIeJIeHUs Kiacca.
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3aKpbIThle JIEMEHTHI KJIacca MOTYT OBITh JOCTYIIHBI TOJIBKO JJisi (DYHKIMIA-
AIIEMEHTOB (M APYKECTBCHHBIX (PYHKIUIT) 3TOTO Kiacca. OTKPBITHIE AJIEMEHTHI KIlac-
ca MOTYT OBITh IOCTYIHBI I JIFOOBIX (PYHKIMI B IpOrpaMMe.

OcHoBHas 3a/1aya OTKPBITHIX JJIIEMEHTOB COCTOUT B TOM, YTOOBI 1aTh KIIMEHTAM
KJjlacca TPEJICTABICHUE O BO3MOXKHOCTAX (ycCiIyrax), KOTOpble 0OecleunBaeT KIacc.
OTOT HAbOp YCIAYT COCTABISIET OTKPBIThINA MHTEep(elic Kaacca. KiineHTOB Kilacca He
JOJDKHO WMHTEpPECOBaTh, KAaKMM O0pa30M KJAacC BBINOJHAET MX 3aJadyd. 3aKpbIThbIC
AJIIEMEHTHl KJIAacCa M ONUCAHUS OTKPBITHIX (DYHKIMI-3JIEMEHTOB HEJOCTYIHBI IS
KJINEHTOB KJIacCa. DTH KOMITIOHEHTHI COCTABIIAIOT PEANM3ALMIO KJlacca.

3akpbIThie 3JIEMEHTHI KJacca JAOCTYNHBI TOJBKO 4Yepe3 OTKPBITbIA HH-
Tepdeiic Kiacca.

Time t;
t.hour = 7; //ownbka Time :: hour’' HefOCTYNHO
cout << “Minute is: “ << t.minute; //owwubka Time :: minute’ HeAOCTYNHO

Puc. 11.9. locTyn K 3aKpbITBIM 3JIEMEHTAM KJ1acca 3arperieH

U3 TOI'O, YTO JAaHHBIC KJIaCCa 3aKPbITBHIC, HC CICAYCT, YTO KIIMCHTBI HC MOI'YT
HU3MCHATb OTH OAHHBIC. I[aHHBIe MOI'yT OBITh M3MCHEHBI (1)YHKHHHMH-3H€M€HT&MH
WX APY3bAMHA 3TOI'O KJjIacCca.

Dynkuyuu oocmyna

OYHKIHUHU-2TIEMEHTBI MOXKHO pa30uTh Ha psl Kateropuil. OyHKIHUH, KOTOpPbIE
YUTAIOT U BO3BPALIAIOT 3HAYCHUSI 3aKPBITHIX JAHHBIX-3JIEMEHTOB. DYHKIINH, KOTOPHIE
YCTAHABJIMBAIOT 3HAUEHUSI 3aKPBITHIX JaHHBIX-3JIeMeHTOB. DyHKIMU, KOTOpbIE pea-
JTU3YIOT BO3MOXHOCTHU Kiiacca. DyHKIMU, KOTOPBIE BBIMOJHSIOT JJIsI Kjlacca pasiiny-
HbIE BCIIOMOTATENIbHbIEC OMNEpaluH, TaKue, KaK 3aJJaHie HayaJbHbIX 3HAUEHUN O00BhEeK-
TaM KJjlacca, IpUcBauBaHUsl OOBEKTaM Kjacca, mpeoOpa3oBaHUsl MEXAY KiIacCaMH U
BCTPOEHHBIMU THUIAMU WM MEXY KJaccaMu U APYTMMHU KJacCaMH, BbIJCJICHUE Ta-
MSATH JUI1 O0BEKTOB Kjlacca.

JocTyn K 3aKpbITBIM JAHHBIM Kjacca JOJDKEH TIIATEIbHO KOHTPOJIUPOBATHCS
UCIIOJIb30BaHUEM (DYHKIMK-3JIEMEHTOB, Ha3biBaeMbIX (PyHkumsMu nocryma. Ha-
puMep, YTOObI pa3pelInTh KINEHTaM MPOYUTATh 3aKPhITOE 3HAYEHUE JTaHHBIX, KJIACC
MOKET UMeTh (QYHKIUIO «rmony4duth» (get). UToOwl AaTh KIMEHTaM BO3MOXHOCTH
U3MCHSATH 3aKPBIThIC JIAHHBIC, KJIacC MOXKET MMETh (DYHKIHIO «ycTaHOBHTH» (Set).
(B xiracce Time sto pynkuus setTime)

Enie onnum npuMeneHneM QyHKIUM TO0CTyNa SABJISIETCSA MPOBEPKAa UCTUHHOCTH
WU JIO)KHOCTH YCJIOBUM — Takve (DYHKIMU HA3bIBAIOT MPEIAUKATHBIMU (DYHKIUSMH.
Hampumep, moxer ObiTh omnpeneneHa ¢yukuus ISEmpty s moboro knacca-
KOHTEWHepa — Kjacca, CIIOCOOHOTO COJIEepKaTh BHYTPU ce0si MHOTO OOBEKTOB, Ha-
IpuUMep, CBSI3HOIO CHUCKA, ouepean wiK cTeka. [Iporpamma nposepsiyia Obl () yHKIUIO
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ISEmpty npexae, uem MmbITaThCs MPOYECTh OYEPETHON AJIEMEHT M3 00BhEKTa KOH-
TeHepa.

He Bce ¢dyHKIIMU-371€MEHTHI HEOOXOAUMO JI€JaTh OTKPBHITHIMU KaK 4acTh WH-
tepdeiica knacca. Hekotopsie hyHKIIMU-3IE€MEHTHI OCTABIISIIOTCS 3aKPBITHIMU U CITY-
&aT OOCITyKMBAIOMIMMU (DYHKIUAMHU-YTWIMTAMU sl Apyrux (QyHKOuW Kiacca.
DOyHKIMA-YyTUINTA HE SIBIISIETCS YacThlo MHTEpdelica kinacca. OHa sSBISETCS 3aKphI-
TOM (YHKIIMEH-IIEMEHTOM, KOTOpash MOAJNEPKUBAET pabOTy OTKPBITHIX ()YHKIIHIi-
AIEMEHTOB Kjacca. OYHKIUU-YTUIUTHI HE TTPeHA3HAYCHBI JIJIs1 UCIIOJIb30BAHUS KIIH-
€HTaMH Kjacca.

12. CHELHUAJIBHBIE YJIEHBI KJIACCA

Kaxxaplii Ki1ace COEPIKHUT TPU CHEIMAIBHBIX WieHa — KOHCTPYKTOP, ECTPYK-
TOp W yKa3aTellb Ha caM 00bekT this.

Koncmpyxkmopot

[locne co3ganus 00BEKTa €ro ANEMEHTHI MOTYT OBITh MHHUIIMATU3UPOBAHBI C
MOMOIIIBI0 PYHKIIUHU KOHCTPYKTOpa. KOHCTPYKTOP — 3T0 QYyHKIMA-3IEMEHT KJlacca C
TEM K€ UMEHEM, 4To U kjacc. [IporpaMMucT npemycMaTpuBaeT KOHCTPYKTOP, KOTO-
pBII 3aTeM aBTOMATHYCCKH BBI3BIBACTCS MPH CO3JaHUHM 00beKTa (IpU CO3JaHHMH K-
3eMILIsIpa Kiacca). JlaHHbIe-3JIeMeHThI KJIacca He MOrYT MOJy4aTh HadajbHbIe
3HAaYeHUs B onpeaejseHnu kiaacca. OHu nub0 MOMKHBI MOJYYUTh 3TU 3HAYCHUS B
KOHCTPYKTOpE KJiacca, JM00 MX 3HAYEHUS MOXXKHO YCTaHOBUTH IO3K€, TOCIE co3/a-
HUA 00bekTa. KOHCTPYKTOpPBI HEe MOTYyT YKa3bIBATH THILI BO3BpPallaeMbIX 3HA-
YeHUIl WIH BO3BPAlIaTh KaKue-J1u00 3HaYeHns1. KOHCTPYKTOPBI MOXKHO MEperpy-
&KaTh, YTOOBI 00ECIEUUTh MHOKECTBO HAYaJIbHBIX 3HAYEHUM 00BEKTOB KJlacca.

Korna o0bsiBnseTcst 00bEKT Kilacca, MKy UMEHEM 00bEeKTa U TOUKOU C 3arisi-
TOM MOXHO B CKOOKaX yka3aTh CIIMCOK MHMIMAJIU3AIUM IJIEMEHTOB. DTU Hayajlb-
HbIE 3HAUCHUS NIEpeAatoTCsl B KOHCTPYKTOP Kilacca.

KoHCTpyKTOp MOXKET CO/iepKaTh 3HAYEHUS apryMEHTOB [0 yMOI4aHuto. Toraa
IpH OIpEJICICHUH Kiiacca | IMEe MPOTOTHUI KOHCTPYKTOpAa OYJET BBHITJISAICTH Clie-
IOYIOIIUM 00pa3oMm:

Time(int = 0, Int = 0, Int = 0); //KOHCTpyKTOp
// ¢ ymonuaHuem
A B onucanuu Kiacca OyeT cieayomniasi QyHKIUs-KOHCTPYKTOP:

Time::Time(int hr, Int min, Int sec)

{
}

setTime(hr, min, sec);

Puc. 12.1. Konctpykrop kiacca Time
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JIJIs KakIIOTO Kjacca MOXET CYIIeCTBOBATh TOJIBKO OJUH KOHCTPYKTOP C
yMoJlyaHueM. B 3Tol mporpaMme KOHCTPYKTOP BBI3BIBACT (DYHKITHIO-2JIEMEHT Set-
Time co 3HaueHUsIMH, TIepeIaBaEMbIMA KOHCTPYKTOPY WJIM 3HAYCHHUSMH 110 YMOJT9a-
HUIO, YTOOBI FapaHTHUPOBATh, YTO 3HAYCHHUE, MPEIHA3HAUYCHHOE I NOUK HaXoauTCs
B nranaszone ot 0 1o 23, a 3Havenus mist minute n second — B nuamasone ot 0 10
59.

Co3nanue 3K3eMIUSIPOB 00BEKTOB T1ME MOKET OBITh BBITIOJHEHO CJICIYIONIHM
00pa3oM:

Time t1, t2(2), t3(21,34), t4(12,25,42),

t5(27,74,99);

Ecnmm nnst kitacca He ONMpeseieHO0 HUKAKOTO KOHCTPYKTOPA, KOMITHIIATOP CO3-
JaeT KOHCTPYKTOp ¢ yMoidaHueM. Takoi KOHCTPYKTOp HE 3a7acT HUKAKWX Ha4dalb-
HBIX 3HAYCHHH, TaK YTO IOCJIE CO3/IaHMA 00BhEKTa HET HUKAKOW TapaHTHH, YTO OH Ha-
XOJIUTCS B HEITPOTHBOPCYMBOM COCTOSHUH.

Hecmpyxkmopuot

JleCTPYKTOP — 3TO crenuaibHas GYHKIUSI-3TIEMEHT Kitacca. VIMst gecTpykro-
pa COBMaJaeT ¢ MMEHEM KJjlacca, HO Iepel HUM CTaBUTCS CUMBOJ THIbAA (~). DTO co-
rJIallIeHUEe O HAMMEHOBAHHUH TMOSBUJIOCh HHTYUTHBHO, TTIOTOMY YTO OIEpaIvs THJIbJa
SIBIIICTCS TIOPA3PSITHON OTepariueii TOMOJTHEeHHS, a TI0 CMBICTY JACCTPYKTOD SBIISECTCS
JIOTIOTHEHUEM KOHCTPYKTOPA.

JlecTpyKTOp Kiacca BBI3BIBACTCS MPU YHUYTOXKEHUM O0OBEKTa — HampuMmep,
KOT/Ia BBIMTOJTHSEMAs MpoTrpaMMa MOKHIAeT 00JIaCTh NEUCTBHsI, B KOTOPOW OBLIT CO3-
7aH OOBEKT ATOTO Kiacca. Ha camom jgenme MecTpyKTOp cam HE YHHYTOXKACT OOBEKT
— OH BBITIOJHSET TOJTOTOBKY 3aBEpIICHUS MEPea TeM, KaKk CHCTeMa OCBOOOXKIaeT
00JacTh MamsTH, B KOTOPOU XpaHWICS 00BEKT, YTOOBI MCIOIL30BaTh €€ IS pa3Me-
IICHYS] HOBBIX OOBEKTOB.

JlecTpykTOp HE MPUHUMAET HUKAKUX TTAPaMETPOB M HE BO3BpAIIacT HUKAKUX
3HaueHnd. Kiracc MOKeT UMETh TOJBKO OJIUH IECTPYKTOP — TEPErpy3Ka AeCTPYKTO-
pa He pa3perniaeTcs.

[IpencraBieHHble A0 CUX MOP KJIACCHI HE OBUTH 0OECTICUCHBI AECTPYKTOPAMH.
Ha camom nerne, JeCTpyKTOpBI PEIKO HMCIOIB3YIOTCS C MPOCTBHIMU Kiaccamu. JlecT-
PYKTOPBI UMEIOT CMBICT B KJIACCaxX, UCIOJB3YIOMIMX JTUHAMHUYECKOE PaCIpeCIICHIE
NaMSTH 1101 00BEKTHI (HaIpUMep, JJIT MACCUBOB U CTPOK).

Kozoa evizviearomes KoncmpyKkmoput u 0ecmpyKmopbul

KoHCTpYKTOpBI M JIeCTpYKTOpPBI BBI3BIBAIOTCSA aBToMarnuecku. [locienosa-
TEIBbHOCTh, B KOTOPOW BBIMOJIHSIETCS BBI30B 3TUX (DYHKIIMI, 3aBUCUT OT IOCJEA0Ba-
TEIBLHOCTH, B KOTOPOU MPOILIECC BHIIOTHEHUSI BXOJUT U BBIXOAUT U3 00JacTel AeiCT-
BUsI, B KOTOPBIX CO3Jal0TCsi 00BEKThl. B 0011emM ciyyae BBI3OBBI JIECTPYKTOpa BbI-
MOJIHSIOTCSL B MOPSIZIKE, OOpaTHOM BbI30BaM KOHCTPYKTOpa. OJHAKO KJIacChl MaMSTH
MOTYT U3MEHSTH MOCIEI0BATEIbHOCTh BBI30BOB JIECTPYKTOPOB.
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KoHcTpykTOpEl 00BEKTOB, OOBSABICHHBIX B TI100albHOW 00JIACTH NEUCTBUA,
BBI3BIBAIOTCS paHbIlle, YeM Jito0as yHKIHsS qaHHOTO ¢aiura (Bkaodas main) HavH-
HaeT BBIMOMHATHCS. COOTBETCTBYIOIINE AECTPYKTOPHI BBI3BIBAIOTCS, KOTJIa 3aBepiia-
ercs main.

KoHCTpyKTOpBI aBTOMaTUYECKUX JIOKAIBHBIX OOBEKTOB BBI3BIBAIOTCS, KOT/a
MIPOIIECC BBIMIOTHEHUS JIOCTUTAET MECTa, Tlie OOBEKThl 00BABIAIOTCA. COOTBETCT-
BYIOILIUE JIECTPYKTOPHI BBI3BIBAIOTCS, KOTJa MOKUAAETCS 001acTh JEUCTBUSI O0OBEKTOB
(T.e. mokumaeTcs OJIOK, B KOTOPOM 3TH OOBEKTHI 00BsABJICHBI). KOHCTPYKTOPHI U Jie-
CTPYKTOPBI Il aBTOMAaTUUYECKUX OOBEKTOB BBI3BIBAIOTCA KaXKIIBbIM pa3 MpHU BXOJE U
BBIXOJI€ U3 00JIaCTH JIEUCTBUS.

KOHCTpYKTOpBI CTaTUYECKUX JOKaIbHBIX OOBEKTOB BBI3BIBAIOTCS Cpa3y Ke,
KaK TOJBKO TMPOIECC BBIMOJHEHHUS JOCTUTAET MECTa, IZl€ OOBEKThl ObUIM BIEPBBIC
00bsiBieHBl. COOTBETCTBYIOIIME ACCTPYKTOPHI BBI3BIBAIOTCS, KOI/a 3aBeplIacTCs
main.

[Iporpamma Ha puc. 12.2 — 12.4 nmoka3bsIBaeT MOCIEIOBATEIHLHOCTD, B KOTOPOM
BBI3BIBAIOTCSI KOHCTPYKTOPHI U JIECTPYKTOpHI 00bekToB THIla CreateAndDestroy
B HECKOJIbKMX oOjacTsax neiictBus. Ilporpamma oObsBiasier o0bekT FIrst B rio-
OanbHOM 00MacTH necTBUs. Ero KOHCTPYKTOP BBI3BIBAETCS, KaK TOJIBKO Mporpamma
HAaYMHAET BHIMIOJTHEHHUE, & €T0 JIECTPYKTOP BBI3BIBACTCS MO 3aBEPIICHUU MPOrPAMMEBI,
MOCJI€ TOTO, KaK BCE APYrue 0ObEKThl YHUUTOKECHBI.

// CREATEH
// OnpepenerHuwe knacca CreateAndDestroy
//®@yHKUUM-3n1emeHTLI onpeaeneHsr B8 CREATE.CPP.

#1fndef CREATE_H
#define CREATE H

class CreateAndDestroy

{
public:

CreateAndDestroy (int); //KOHCTpYKTOp

~CreateAndDestroy (); //pecTpykTop
private:

int data;
}:

#endi T

Puc. 12.2. OobaBaenue kiaacca CreateAndDestroy

Oynknus main oowesBisger Tpu odbekTa. O0bekThl Second u Fourth ss-
JIAIOTCS JTOKAJIBHBIMIA aBTOMAaTHYECKUMH 00OBekTaMH, a 00bekT third — craruue-
CKUM JIOKQJIbHBIM 00BheKTOM. KOHCTPYKTOPBI KaXKI0TO M3 3TUX 00EKTOB BBI3BIBAIOT-
Cs, KOrjJla MPOIeCC BBIMOJHEHUS JOCTUTAET MECTA, T/I€ O0BEKThI ObLIN OOBSIBIICHBI.
Jectpykropsl 00bekToB FOUrth m Second BrI3BIBAIOTCS B COOTBETCTBYIOIIEM I10-
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psjake, Korjaa 3akaHuuBaeTcst main. [lockonbky 00bekT third — craruyeckuii, oH
CYIIIECTBYET JI0 3aBepiieHus nmporpammel. Jlectpykrop oobekta third Bri3biBaeTCs
panbine aectpykropa s F1rst, HO ocie YHUUTOXKESHHS BCeX IPYruX 00bEKTOB.

// CREATE.CPP

// OnpepeneHus yHKUMK-3NemeHTOB Ang knacca CreateAndDestroy
#include <iostream.h>
#include ‘''create.h"

CreateAndDestroy: :CreateAndDestroy(int value){
data = value;
cout << "OBmekT " << data << "koncTpykTop';}

CreateAndDestroy: :~CreateAndDestroy(){
cout << "O6mexT "' << data « " mecTpyxrop " << endl;}

Puc. 12.3. Konctpykrop u aectpykrop kiaacca CreateAndDestroy

// EXAMPLE.CPP
// [emoHcTpaLms NocnenoBaTesiBHOCTU, B KOTOPOM BLI3LIBAFOTCS

// KOHCTPYKTOpLI U AECTPYKTOpHI.
#include <iostream.h>
#include ‘'‘create.h”

void create(void); //npototun
CreateAndDestroy first(1); //TnobanbHbIV 06beKT
main ( ){
cout << (rnoBanemsmi cospganHsmi mo Mmain)" << endl;
CreateAndDestroy second(2); // NOKANbHLIN O6beKT

cout << " (JrokaneHEI aBTOMaTMueckmit B Mmain) " << endl;

static CreateAndDestroy third(3); // nokanbHbI 06beKT
cout << " (sioxaneHsiz cTaTmueckmm B Mmain) ' << endl;

create Q; // BbI30B (PYHKLIMU CO3AAHUS O6bEKTOB
CreateAndDestroy fourth(4); // NOKANbHLIN 06beKT

cout << " (JloxaneHslz aBTOMaTMueckuit B Main)' << endl;
return O;}

// ®yHKums co3paHus obbexTos

void create (void) {
CreateAndDestroy Tifth (5);
cout << " (Jioxaneut aBTOMaTMUecKkuu B Create) " << endl;
static CreateAndDestroy sixth (6);
cout << " (JloxaneHrnz cTaTMueckmizt B Create) " << endl;
CreateAndDestroy seventh (7);
cout << " (Jroxaneut aBTOMaTMUeckuu B Create) " << endl;}

Puc. 12.4. — Ucnoab3oBanue kiaacca CreateAndDestroy
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Oynknus create oOwsABIsSET TPU 00bEKTa — JIOKAIBHBIE aBTOMATUYECCKHE
oobektel F1Tth u seventh u crarnueckuii nokaneHbI 00BeKT SIXtE. [JecTpyk-
Topsl st 00bekTOB Seventh u F1Tth Be3bIBaIOTCS B COOTBETCTBYIONIEM MOPSIIKES
no okonuannu create. Ilockonbky Si1Xth — cratnueckuit 00beKT, OH CyIIECTBY-
eT J10 3aBepiueHus nporpammbl. Jlectpykrop mist S1Xth BbI3bIBaeTcst paHblle IecT-

pykropa s third u First, Ho mociie yHUYTOXKECHHS BCEX APYTUX OOBEKTOB.

Output:

Ob6BeKT
O6BeKT
Ob6BeKT
Ob6BeKT
O6BeKT
Ob6BeKT
OB6BeKT
Ob6BeKT
OB6BeKT
OB6BeKT
Ob6BeKT
OB6BeKT
OB6BeKT
OB6BeKT

PWONKAMMIOANPEFRPOOIWNPE

KOHCTPYKTOP
KOHCTPYKTOP
KOHCTPYKTOP
KOHCTPYKTOP
KOHCTPYKTOP
KOHCTPYKTOP
IeCTPYKTOP
IeCTPYKTOP
KOHCTPYKTOP
IeCTPYKTOP
IeCTPYKTOP
IeCTPYKTOP
IeCTPYKTOP
IeCTPYKTOP

Ykazamens this

#include <stdio.h>

class Test

{

public:

Test(int = 0);
void print () const;
private:
int x;

j

(rvio6anbHEET cozmaHHERT mOo Main)

(srorkaneHERT
(srorkaneHeRT
(sroraneHERT
(srorkaneHERT
(sroraneHERT

(sroraneHeRT

Test::Test(int a){ x =a;}

void Test::print() const{
printf("'x = %d\nthis-> x= %d\n(*this).x = %d\n", x, this-
>x, (*this).x);}

int main(){
Test a(12);
a.print();
return O;}

aBTOMaTMYECKMI B Main)
crarmyeckmii B main)
aBTOMaTHMUYeCkmii B Create)
crarmyeckmii B Create)
aBTOMaTHMYECKMI B Create)

aBTOMaTHMYECKMI B Main)

Puc. 12.5. Pe3yabTaTt padoThl nporpaMmsbl Ha puc. 12.2-12.4

Puc. 12.6. Ucnionb30Banue yka3areas this
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Kaxnaplii 00BEKT COAEPKUT yKazaTeldb HA caMoro cedsi — Ha3bIBaeMbId yKa3a-
tenem thiS. DTOT ykaszarenb HESIBHO IPUCYTCTBYET KaK apryMEHT BO BCEX CChUIKAaX
Ha 3JIEMEHTBI BHYTPU 00beKkTa. YKazaTelb thiS Takke MOXXKHO HCIOIB30BaTh SIBHO
(cm. puc. 12.6.). Kaxaplii 00bEeKT MOXKET ONPEIEIUTh CBOM COOCTBEHHBIN aapec ¢
MOMOIIIBIO KJTFOUeBOro ciioBa this.

13. OTHOIHEHUSA MEXKAY KIACCAMHU

13.1. Komno3unus

Knacc moxeT BKIIFOUaTh B ce0sl 00BEKTHI APYTUX KJIACCOB B KAa4E€CTBE AJIEMEH-
TOB. Takass BO3MOXHOCTh Ha3bIBACTCS KOMMO3HMIUEN, a 0O0HEKTH — BJIOKEHHBIMH
(cm. puc. 13.1). Korma 00beKT BXOIUT B 001aCTh IEHCTBHUS, aBTOMATHYECKU BBI3bIBA-
€TCSl €r0 KOHCTPYKTOP M HEOOXOJIMMO yKa3aTh, KaK apryMEHThI MEepe/latoTCs KOHCT-
PYKTOpaM OOBEKTOB-3JIEMEHTOB. OOBEKTHI-3JIEMEHTHI CO3/Ial0TCS B TOM MOpPSJIKE, B
KOTOPOM OHH 00BbSIBJIEHBI, 2 HE B TOM IOPSJIKE, B KOTOPOM OHU MEPEUYHUCIICHBI B CITH-
CKE HWHHIIMAIN3aTOPOB JJIEMEHTOB KOHCTPYKTOpA, W 10 TOr0, KaKk OyIyT CO3aHbl
00BEKTHI BKIIOUAIOIIEr0 X Kiacca.

class Date{
public:

Date(int = 1, Int = 1, Int = 1900);
private:

int day;

int month;

int year;};

Date :: Date(int d, int m, int y)
{ //3pecb KOO OCHOBHOrO KOHCTpPYKTOpaA}

class Employee{
public:

Employee(char *, char *, int, int, Int, int, int, Int);
private:

char lastName[25];

char firstName[25];

Date birthDate;

Date hireDate;};

Employee ::Employee(char * fname, char *Ilname, int bday, int
bmonth, 11nt byear, iInt hday, int hmonth,
int hyear): birthDate(bday, bmonth, byear),
hireDate(hday, hmonth, hyear)

{//3pecb 6yaeT OCHOBHOM KOA KOHCTpPYKTOpa}

Puc. 13.1. OrHOLIEHNS KOMIIO3HIIUH
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Kmacc Employee coaepxxur 3akpeiThie gaHHbie-d1emMeHThl  lastName,
firstName, birthDate, hireDate. Dnementsr birthDate u hireDate
SBISAIOTCA OOBEeKTamMu Kiacca Date, KOTOopwlil COACPKHUT 3aKpbIThbie JaHHbBIC-
aneMenTsl day, month u year.

Konctpykrop kinacca Employee npunumaer BoceMb apryMeHTOB. J[BoeToune
B 3aroJIOBKE OTJE/IeT HHUIMAJIM3ATOPbI 3JIeMEHTOB OT CIMcKa mapameTpoB. VHu-
IIUAJTM3aTOPHI AJIEMEHTOB YKa3bIBAIOT, 4TO apryMeHThl Emp loyee nepenarorcst KoH-
CTPYKTOpaM OOBEKTOB-3JIEMEHTOB. VHHUIIMATU3aTOPhI 3JIEMEHTOB B CIUCKE pa3iess-
FOTCS 3aIISITBIMU.

OOBEKTHI-AIEMEHTHI HE HYXJAIOTCS B 3aJJaHUM HAayaJbHBIX 3HAYEHUU TOCpPE-
CTBOM MHUIMATU3AIMHU 3JEMEHTOB. ECiii nHUIIMANU3aTopsl HE 3a/1aHbl, KOHCTPYKTOP
C yMOJIYaHUEM O0BEKTa-3JIeMEeHTa Oy/IeT BhI3BAaH aBTOMATUYECKH.

Ecnau BnokeHHBIN OOBEKT HE MMEET KOHCTPYKTOpa MO YMOJIYaHUIO, TO MHpH
MOIIBITKE CO34aTh OOBEKT-)JIEMECHT BOSHUKHET OIITHOKA.

13.2. Ipy3bs kjaacca. JIpy:kecTBeHHbIe PYHKIMH U IPY’KeCTBEHHbIE KJIACCHI

JIpyxecTBeHHbIe (PYHKIMM Kjacca OIPEACISIOTCS BHe 00JacTH EeHCTBUS
ATOrO KJIacca, HO MMCIOT MPaBO A0CTyNAa K 3aKpbITBIM 3jeMeHTaM private u
protected nanHoro kmacca. Kimacc B menom MoxkeT OBITH OOBSBICH JAPYroM
(Friend) npyroro kiacca.

YroObl 00bsaBuTh pyHKIHIO Kak apyra (Friend) kmacca, mepes ee mpoTOTH-
IIOM B ONMMCAHWH KJ1acca ctaBuTcs KiodeBoe cioBo Friend (cm. puc. 13.3). UToObI
00BSIBUTH KiIacc TWO kak apyra kiacca One, HeoOXoauMo 3amucath OOBSBICHUE B
dhopme

friend Two
B onpexaeneHuu krace One (puc. 13.2).

class One {
friend Two;

Puc. 13.2. OTHOMIEHNs APYKeCTBEHHOCTH MKy ABYMS KJIaccaMu

Ha oTHOMIEHUs TPy KECTBEHHOCTH HAKJIAABIBAIOTCA CIEAYIOIINE OTPAHUYCHUSA

1. JlpyXecTBEeHHOCTh TpeOyeT pa3pelieHusi, T.e. 4ToObl Kiacc B cranm npy-
roM Kjacca A, Kiacc A 10J%KeH 00bsIBUTD, UTO Kiacc B — ero apyr.

2. JIpy’)XeCTBEHHOCTh HE 00JIalaeT CBONCTBOM CHUMMETPHYHOCTH, T.C. €CIH
Kkiacc A apyr knacca B, To orcrona He cienyer, uTto B sBigeTca apyrom
Kjacca A.
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3. JIpy’)XeCTBEHHOCTh HE SIBJISICTCSI TPAH3UTHBHOW, T.€. €CJIM Kiacc A ApyT
kiacca B, a kimace B — npyr kimacca C, To oTCro/1a He cieayeT 4To kinacc A
— npyr knacca C.

4.  OTHoIIEHUS JPY>KECTBEHHOCTU HE HACIEAYIOTCA, T.€. NPY3bs 0Oa30BBIX
KJIACCOB HE SIBIISIIOTCS APY3bSIMH NPOU3BOIHBIX KIACCOB.

#include <stdio.h>
class Count

{
friend void setX(Count &, Int);
public:
Count() {x= 0;}
void print() const {printf("%d\n", x);}

private:
int x;};
void setX(Count &c, int val)
{
c.x = val;
¥
void cannotSetX(Count &c, int val)
{
c.x = val; // cannot access private member declared in class "Count”
¥
int main()
{

Count object;

printf ("object.x after creation: ');
object.print();

printf ("object.x after SetX: ');
setX(object, 10);

object.print();

return O;

Puc. 13.3. O0bsiB/IeHMe BHeIIHeH GyHKIMHU pYyKeCTBEHHOI

14. KOHCTAHTHBIE 2JIEMEHTBI U SK3EMILJIAPBI KJIACCA.
CTATHYECKHUE 3JIEMEHTbBI KJIACCA

14.1. KoHcTaHTHBIE 3JIEMEHThI U IK3IEMILIAPLI Ki1acca

Koncmanmmuuole 00vekmul u KOoncmanmuule yHKuyuu

OO0BeKT K1acca MOXKET OBITh CO3/1aH B MPOTPAMME C UCIOJIb30BAHUEM CIICIIH-
¢ukatopa const. Takoil 00beKT OyAeT KOHCTAHTHBIM, TO €CTh BO BPEMs BBIIIOJIHE-
HUS TIPOrpaMMbl OOBEKT U3MEHSTh HelNb3sl. PaboTaTh ¢ TaKUM OOBEKTOM OOBIYHBIC
(yHKIIMU-3JIEMEHTHI KJlacca He MoryT. [ns nocTyna K TakoMy OOBEKTY MOKHO HC-
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M0JIb30BaTh TOJBKO (YHKIMHU, OOBsABICHHBIE ¢ cyhdrKkcoM CONST — KOHCTAHTHBIE
¢ynxnun (puc. 14.1). Takue QyHKIIMU HE MOTYT U3MEHATH 3HAYCHHE OOBEKTa — 3a
ATUM CJIEAUT KOMIUISATOP. BhI30B M3 KOHCTAaHTHON (PYHKIIMM HEKOHCTAHTHOU (hYyHK-
[[UU 3aIpeNicH.

B kiacce MOXHO HMCHOJIB30BaTh JBa BapuaHTa OAHOM M TOM ke (DYHKIUU:
OJIMH BapUaHT JJI1 OOBIYHBIX OOBEKTOB, BTOPOM - /JI1 KOHCTaHTHBIX. [[Be hyHKIMU C
OJIMHAKOBBIM UMEHEM M OJMHAKOBBIM CIIMCKOM MapaMeTpOB, OTIUYAIOIIUECS TOJIbKO
cypdukcom CONSt cuuTarOTCs pa3HbIMU (P YHKITUSIMHU.

#include <iostream.h>

class My

{
public:

My(int a=0){my = a;}
int Get My() const{return my;}
int Get My(Q{return my;}
void Set My(int a) {my =a;}
private:
int my;
};

int main()

{
My a(5);
cout << a.Get _My()<<endl;
a.Set My(12);

cout << a.Get_My()<<endl;//6ypet BbI3BaHA PYHKLMUS be3

//cneumngukatopa const
const My b(11);

cout << b.Get_My()<<endl;//6yaet BbI3BAHA PYHKLMUA C
//cyppukcom const
//b.Set_My(12); Henb3s MCNOMNb30BATb HEKOHCTAHTHYHO

//PYHKUUIO C KOHCTAHTHLIM 06 beKTOM
return O;

Puc. 14.1. PadoTa ¢ KOHCTAHTHBIMH 00bEKTAMHU

Koncmanmmuuwie 3n1emenmet Knacca

KoHcTaHTHBIE 37IeMEHTBHI KjJacca HE MOTYT MOJiydaTh CBO€ 3HAUEHUE Kak
OOBIYHBIE AIEMEHTHI-IAHHBIE C OMOIIBIO ONEpaly MPUCBAUBAHUSA B KOHCTPYKTOPE.
Takyxe OHM He MOTYT MOJIy4aTh 3HAYEHUE B OoNMHCaHUU Kiacca. [{ns 3amanus 3Haue-
HUW KOHCTAHTHBIM 3JIEMEHTAaM KJlacca HeOOXOJMMO UCIOIb30BaTh CMIMCOK MHUINA-
JIN3aTopoB. B KOHCTpYKTOpE Mociie CIUCKA MapaMeTPOB HYKHO MOCTaBUTh JIBOETO-
que, Aajnee yKazaTh UMsi KOHCTAaHThI U B CKOOKaX — MepeaBaeMoe €il 3HaueHHe.
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Takum oOpa3om, 3HaY€HUE KOHCTAHTHOTO 3JIEMEHTA KJlacca CTAHOBUTCS W3-
BECTHBIM TOJIbKO B IPOIIECCE BBIMOJIHEHUS MPOTPAMMbl. JTO 3HAYUT, YTO 3HAUCHHE
KOHCTAaHTHOTO 3JIEMEHTa KjlacCa HE MOXET HMCIOJIb30BAThCSl B KAYECTBE YKa3aHUS
pa3mepa maccuBa, OObSIBICHHOTO BHYTPH KJlacca.

UtoObl 3a1aTh pa3Mep MAacCHMBa MOKHO HCIOJIb30BaTh MAaKpOC, I100albHYIO
MEPEMEHHYIO-KOHCTAHTY WJIM TepeuyuciieHne, OOBABJICHHOE BHYTpH Kiacca. Ha
puc. 14.2 npuBeaeHa mporpamMma, KoTopasi HCTIOIb3YeT MePEUUCTCHUS TSI CO3/TaHus
MaccuBa BHYTPH KJiacca.

#include <iostream.h>

class A
{
public:
A(int d =0, Int s = 10):SIZE2(Ss)
{
b =d;
for (int 1 = 0; 1 < SIZE; i++)
arrl[i] = i+1;
¥
void print()const
{
for (int 1 = 0; 1 < SIZE; i++)
cout<<arrl[i]<<endl;
cout << endl;
cout<< b<<endl;
ks
private:
const iInt SIZE2;
int b;

int arr[SI1ZE];
enum t {SI1ZE=10};

};

int main()

{
A a(b);
A *b = &a;
const A d(3,6);
b->print();
d.print();
return O;

3

Puc. 14.2. Ncnosib30BaHMe NepevncaeHu 115 YKa3aHusl pa3Mepa MaccuBa
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H3menenue koncmanmHuvlx 00beKmoe

Kommnunarop He mO3BOJISIET U3MEHATh 3HAYCHUS KOHCTAHTHBIX 00BbeKTOB. Ho
HMHOTJa OBIBaeT HEOOXOAUMO B MPOrpaMMeE M3MEHHUTH 3HAUYCHHE KOHCTAHTHOTO O0b-
ekta (HampuMmep, BO BpeMsl OTJIanku). Takoe ciydaercs peaKo, HO Ha 3TOT ciydai
cyliecTByeT o0xoaHoi myTh. [IpocTeitmuii cnocod ocHOBaH Ha OOpallleHUH K JIO-
KaJTbHOMY OOBCKTY Yepe3 yKa3aTellb, KOTOPBIM SBISIETCS CHHOHMMOM Juis this
(puc. 14.3).

#include <iostream.h>

class My

{

public:
My(int a=0){my=a;}
int Get My() const
{

¥
My* Set My(int a) const

{

return my;

My *This = (My *)this;
This->my = a;
return This;

}

private:
int my;
};

int main()

{
const My b(11);
cout << b.Get My()<<endl;
b.Set My(12);
cout << b.Set My(45)->Get_My()<<endl;
return O;

Puc. 14.3. U3MeHeHHE KOHCTAHTHBIX 00bEKTOB

B nporpamme Ha puc. 14.3 ncmonab3yeTcsl CIEIICHHBIN BBI30B:
cout << b.Set My(45)->Get_My()<<endl;
Cuayvana Bbei3biBaeTcs ¢yHkius Set My (45) mis o6wekra b, koTopas uzme-
HSET €r0 3HAYCHHE W BO3BPAIACT yKa3aTellb Ha ATOT K€ 00BEKT. DTOT yKa3aTeb Ie-
pemaeTcss B OIEpalHio BBHIOOpa 4WieHa —>, W 4epe3 3TOT yKas3aTeidb BbIBI3BACTCS
¢yukmus Get_My () mns toro xe oobekTa b.

107



14.2. CraTuuyeckKue 3JIeMeHThI KJacca

OOBIYHO KaXJbI1 00BEKT Klacca UMEET CBOIO COOCTBEHHYIO KOMHIO BCEX JIaH-
HBIX-3JIEMEHTOB Kkiacca. Ho B ompeieneHHBIX ciydasX BO BceX OOBEKTax Kiacca
J0JKHA (PUTYpUPOBATH TOJBKO OJIHA KOMHUS HEKOTOPBIX JAHHBIX 3JIEMEHTOB ISl BCEX
00BbeKTOB Kitacca. JIJist ATUX U IPYTUX 1eJIel UCTIONB3YIOTCS CTATUUECKUE IIIEMEHTHI-
JaHHBIE, KOTOPBIE CoJiepKaT MHPOpMALINKU «IJisi Bcero Kiacca». O0bsBICHUE CTaTH-
YECKUX AJICMEHTOB HAYMHACTCS ¢ KIIIOUEBOTro ciioBa Static.

#include <stdio.h>

class Test{

public:

Test(int a)

{
t=a;
printf("'Constructor Test %d\n', this->t);
++count;

¥

~Test()

{ printf("'Destructor Test %d\n", t);

--count;}

//static int get_Count() const {return count;}
//cTatnyeckas PyHKUUS He MOXeT BbITb KOHCTAHTHOU
//int get_Count(){return count;}

//PyHKUMA JONXHA BbITb CTATUYECKOW

//static int get_Count(){return this->count;}

//Henb3s ucnonb3oeatb ykasatens this

static int get Count() {return count;}
private:

int t; static int count;
};

int Test::count = 0; //vHUUMUANU3ALUUNSE CTATUYECKOrO 3rieMeHTa

int main()

{
printf("'Before: %d\n'", Test::get Count());
Test *a = new Test(1l);
Test *b = new Test(2);
printf("'Have objects: %d\n', a->get_Count());
printf("'Have objects: %d\n', b->get_Count());
delete a; delete b;
printf("'After: %d\n", Test::get Count());
return O;

¥

Puc. 14.4. Ucnoyipb30BaHMe CTATHYECKHUX YJIEMEHTOB B KJIacce
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Output:

Before: O
Constructor Test 1
Constructor Test 2
Have objects: 2
Have objects: 2
Destructor Test 1
Destructor Test 2
After: O

Puc. 14.5. Pe3yabTaTt padoThl nporpamMmsl Ha puc. 14.4

Cratudeckue nepeMeHHbIe TOX0XKHU Ha rI100alIbHbIe, HO OHU UMEIOT 00J1aCThI0
aeicTBUs Kiaacc. CTaTUYECKHUE DJIEMEHTHI MOTYT OBITh OTKPBITHIMH, 3aKPBITHIMU UITU
3alMIIEHHBIMU. CTaTUYECKUM JTAHHBIM-3JIEMEHTAM MOKHO 33/1aTh 3HAYEHHUE OJAUH U
TOJILKO OJIMH pa3 B o0JacTu aeiictBus (paiti. J[ocTyn K CTATUYECKUM 3JIEMEHTaM
KJIacca BO3MOXKEH MOCPEJCTBOM JTI000ro 00bEKTa Kjacca WM MOCPEICTBOM HUMEHHU
KJIacca, C MOMOIIbI0 OMHAPHOU onepaluu pa3penieHus o0JacTu JeUCTBUS. 3aKpPhIThIC
Y 3alIUIIEHHBIE CTATUYECKHUE JIEMEHTHI KJ1acca JIOKHBI ObITh JOCTYMHBI OTKPBITHIM
(GyHKIUSM-3JIEMEHTaM 3TOr0 KJlacca Wi JIpy3bsiM kiacca. CTaTuueckue 3J1eMEHThI
KJIacca CYIIECTBYIOT Jlake TOrAa, KOrja He CYIIEeCTBYeT HUKAKUX OOBEKTOB 3TOTrO
kiacca. s obecneyeHus AOCTyMa K 3aKpbITOMY WM 3alIUIIEHHOMY 3JIEMEHTY
KJ1acca JI0JKHA OBITh MPEyCMOTPEHA OTKPBITAas cTaTHIecKash QyHKIUA-3JIEMEHT (CM.
puc. 14.4).

OyHKIUA-2JIEMEHT MOXKET OBbITh 00bsBIIcHA Kak StaticC, maxe eciiv oHa HE
JOJKHA UMETh JOCTYN K HECTaTUYECKHUM 3JIEMEHTaM Kiacca. B oTinune oT HecTaTu-
yecKuX (YHKIIMH-AJIEMEHTOB CTaTUyecKas (YyHKIHSI-3JIEMEHT HE MMEET yKa3aTells
this, noromy d4ro craTudYeckWe MaHHBIC-IJICMEHTBI W CTaTHYCCKUEC (DYHKIIMH-
AJIEMEHTHI CYIIECTBYIOT HE3aBUCUMO OT KaKMX-TU0O0 00BEKTOB Kjlacca.

Craruueckue pyHKIHUH HENb3s 00BSABIATH CO cnenudukaropom const.

15. OAMHOYHOE HACJIEAOBAHUE

Ilonamue nacnedoosanus

YacTo 00BEKTHI OJHOI'0O KJIacCa Ha CaMOM ACJIC ABJIAIOTCA TAKXKC U 00BEKTaMU
APyroro Kiacca. HpHMOYFOHBHI/IK ABJACTCA TAKIKC YCTBIPCXYI'OJIbHUKOM. Mo>xHO
CKa3aTb, 4YTO KJIACC IMPAMOYIOJbHHK — 3TO HACJIICAHHUK KJIaCCa YCTBIPCXYI'OJIbHHK.
Kmacc YCTBIPCXYTOJIBHUK SABJIACTCA 0a30BBIM KJIaCCOM, a KJIaCC IPAMOYTOJIbBHHUK —
IMIPOU3BOAHBIM KJIACCOM. HpHMOYFOHBHI/IK - 3TO CHCHI/IaHBHblﬁ THUII YCTBIPCXYI'OJIbHU-
Ka, HO HCJIB3A YTBCPKAATh, YTO YCTBIPCXYI'OJIbHUK SABJIACTCA IIPAMOYTOJIbHUKOM.
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®opma

T

JiBymepHas Gpopma Tpexmepnas ¢popma
Kpyr KBanpar TpeyronsHuk Coepa Ky©6

Puc. 15.1. Mepapxuueckasi CTpyKTypa, o0pa3yemMasi Hacjae10BaHUEeM

HaciaenoBanue — 310 crioco0 MOBTOPHOTO MCIOJIB30BAaHMS MPOTPaMMHOTO obecrie-
YEHUs, MPU KOTOPOM HOBBIE KJIACCHI CO3/IAIOTCS U3 YK€ CYIIECTBYIOUIUX KJIACCBO ITy-
TE€M 3aMMCTBOBAaHUS UX aTpUOyTOB M PYyHKUIMM U 0OOTalIeHUs STUMHU BO3MOXKHOCTSI-
MU HOBBIX KJIACCOB.

HacnenoBanue ¢opmupyer IpeBOBHUIHBIC HEpapXUUecKue CTPYKTypbl. Ha-
MpUMEp TakK, KakK Moka3zaHo Ha puc. 15.1.

Kinacc, oT koToporo HacieayroT, Ha3bIBaeTCs CylepKaaccoM, 0a30BbIM Kjlac-
coM, KilaccoMm-poauTeseM. Kiacc, KOTOpbI HacleqyeT, Ha3bIBACTCS MOAKIACCOM,
NMPOU3BOAHBIM KJIacCOM, KJIacCOM-MOTOMKOM. Jlanee OyneM HCMIONb30BaTh TOJIBKO
TEPMHUHBI 0a30BbIi / MPOU3BOIHBIM KIAacC M POAUTENb (peaok) / moTomok (Hacimend-
HUK). B 00mewm ciaydyae 0a30BbIH KIIACC COJEPIKUT MEHBIIE 3JIEMEHTOB, YeM IPOM3-
BOJIHBIN KJIaCC, HO MPEJCTABIACT cOO0H Oosiee MMUPOKHUM Kpyr 0O0BbeKTOB. [Ipon3Bo-
HBII KJIacC COJIEPXKUT OOJIbIIIEe KOJUYECTBO JIEMEHTOB, HO fABJIseTCA Oojee Crenu-
(UYHBIM, TIPEJICTABIISIET MEHEE MIUPOKYI0 rpymnmy oObekToB. Hampumep, 6a3oBbiii
KJIacc — aBTOMOOWJIb. [Ipon3BOIHBIN KilacC — aBTOMOOUIIb ¢ OTKUJIHBIM BEPXOM.

[Ipu nmocTpoeHun uepapxuu HaACIEJOBAHUS UCTIONIB3YETCs CcrelupuKaTop a0c-
tynma protected. B sToM pasnene moMemaroT 3JEMEHTHI-TaHHBIC W 3JICMCHTHI-
(GYHKIMHY, KOTOPbIE JOJKHBI OBITh TOCTYITHBI IPY3bsM U MOTOMKaM KJiacca.

Tunot nacaeoosearnus

B C++ cymiecTByeT OTKpBITOE, 3aIUIICHHOE M 3aKPBITOC HaclieaoBanue. s
yKa3aHUsl THIIA HACJEIOBAaHMS HCIOJIb3YIOTCA crenudukaropsl moctyma public,
protected u private cooTBeTCTBEHHO. 3allMIIEHHOS M 3aKPBITOC HaclieJ0Ba-
HUE BCTPEYACTCS PEAKO M Ka)K[A0€ M3 HUX HY)KHO HCIOJIB30BaTh C OOJBIIOW OCTO-
POXKHOCTBIO. I10 yMOI4aHHMIO HACIEAOBaHUE 3aKPHITOE, II0O3TOMY B OOBSBICHUHU MPO-
M3BOJIHOTO KjIacca Iepesl MMeHeM 0a30BOro HEOOXOAMMO HCIIOJIb30BaTh crienudpuKa-
top publ iC B ssBHOM BHIC.

Tun HacmegoBaHHUS BIMSET HAa JOCTYI K dJeMEHTaM 0a30BOro Kjacca 4epes
00BEKT MPOM3BOJIHOTO Kiacca (cM. Tab. 6).
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TaGnuua 6

BinsiHue THIIA HACJIEIOBAHUS HA JTOCTYI K 3JIeMEeHTaM 0a30BOro KJjacca
Yyepe3 00bEKT MPOU3BOIHOIO KiIacca

Tvn HacnenoBaHWs
CneundukaTtop OoCTy-
na K aneMeHTaM B 6a- public protected private
30BOM Khacce OTKpbITOE 3almLLeHHoe 3aKpbITOE
HacneaoBaHue HacnefoBaHue HacnefoBaHue
public public B nponssogHom protected B Mpon3BOAHOM private B Mpov3BOAHOM
Knacce Knacce Knacce
protected protected B Npous- protected B Npon3BOAHOM private B Npon3Bo4HOM
BOJHOM KJiacce Knacce Knacce
private HeBUANM B NPON3BOA- HEBUANM B NPON3BOAHOM HeBUANM B NPON3BOA-
HOM Knacce Knacce HOM Knacce

ba3oBbiil Ki1acc MOXKET OBITh MPAMBIM WM KOCBEHHBIM 0Oa30BbIM KJIACCOM
Mpou3BOJHOrO Kiacca. [Ipsmoil 6a30BbI KJacc SBHO MEPEUYHUCISIETCS B 3arojOBKE
1pu OOBSBICHUU MPOU3BOJHOTO Kiacca. KocBeHHbIN 0a30BBINM KiIacc SBHO HE Mepe-
YUCJIIETCS B 3ar0JIOBKE MMPOU3BOJHOrO KJIacca, OH HacleayeTcsl yepes3 JBa uiu Oosee
YPOBHEW HEPAPXUU KIACCOB.

Koncmpykmopul u decmpykmoput npu Hac1€006anuu

[TockonbKy HpPOU3BOJHBIN KiIacC HACIEAyeT AJEMEHThl 0a30BOro Kiacca, TO
MIpU CO3J]aHUU OO0BEKTA MPOU3BOJHOTO Kilacca JOJKEH OBbITh BbI3BAH KOHCTPYKTOP
0a30BOro kiacca JUisl 3aJlaHusl HayaJdbHBIX 3HAUYEHUH 3jeMeHTaM 0a30BOro Kiacca,
coJiepKaluMcsi B 00bEKTe MPOU3BOJAHOTO Kiacca. B KOHCTpyKTOpe MPOU3BOIHOIO
KJIacca MU SBHOM BbI30BE KOHCTPYKTOpa 0a30BOTO KJIacca MOKET OBbITh MPEIyCMOT-
PEH COUCOK WHHUILMATU3ATOPOB 3JIEMEHTOB, B MPOTUBHOM ClIy4yae€ KOHCTPYKTOpP IpPO-
M3BOJHOTO KJlacca OyJeT HESIBHO BBI3BIBATH KOHCTPYKTOpP 0a30BOr0 Kjiacca ¢ yMoOJ-
YaHHUEM.

KoHcTpyKTOpPBI, 1€CTPYKTOPHI, OTHOILICHHUS PYKECTBEHHOCTH M oOIlepa-
UMM NPUCBAMBAHUSA HE HACJIEAYIOTCH NMPOU3BOAHBIM KJAacCOM. OQHAKO KOHCT-
PYKTOpPBI U OINEPAIMHA TPUCBAUBAHUS MPOU3BOJIHOIO KJlacca MOTYT BbI3bIBATh KOHCT-
PYKTOPBI U ONlE€paliy MpUcBauBaHusl 0a30BOro Kiacca..

Ecnyn KOHCTpYKTOp IMPOU3BOAHOTO Kilacca OTCYTCTBYET, TO KOHCTPYKTOP IO
YMOJITYaHHIO TPOU3BOJIHOTO KJIACCa BBI3BIBAET KOHCTPYKTOP 0A30BOr0 Kjacca.

JlecTpyKTOpBI BBI3BIBAIOTCSL B MOCIEAOBATEILHOCTH, OOpaTHON BBI30BAM KOH-
CTPYKTOPOB, TO €CTh JECTPYKTOP MPOW3BOJHOTO KJIACCa BBI3BIBACTCS PAHBIIE JECT-
pyKTOpa 0a30BOTO Kiacca.

Hesaenoe npeoopazoeanue 00vbeKmoe npou3eo00HblX K1accos
6 00beKmbl 0a306bIX K1ACCO8

OOBeKTHl MPOU3BOJAHBIX KJIACCOB «SABISIOTCA» TaKke M OOBEKTaMU 0a30BOTO
KJIacca, TUIBI OOBEKTOB IMPOM3BOJHOIO M 0a30BOr0 KJIAaCcCOB paziu4Hbl. OOBEKTHI
MPOU3BOAHBIX KJIACCOB MOXKHO paccMaTpvBaTh Kak OOBEKTHI 0A30BOTO Kiacca. ITo
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UMEET CMBICII, TOTOMY YTO TIPOU3BOIHBIN KJIACC UMEET JIEMEHTHI, COOTBETCTBYIOIIINE
KaKJOMY 2JIEMEHTY 0a30BOr0 Kiacca.
Ho npousBoaHbIH Ki1acC 0OBIYHO UMEET OOJIBIIIEe KOTMISCTBO AJIEMEHTOB, YeEM
ero 0a3oBblii kimacc. [loaTomy mpucBamBaHHe O0BEKTa 0a30BOT0O Kiacca OOBEKTY
MPOU3BOIHOTO KJlacca OCTAaBWJIO OBl HEOMPEICICHHBIMUA T0OABOYHBIE AIIEMEHTHI
MIPOU3BOIHOTO Ki1acca. Takoe MpUCBAaWBaHUE HE Pa3pPEIICHO.
VYkazaTenp Ha 00BEKT MPOM3BOJIHOTO KJIacCa MOXKET OBITh HESIBHO IMpeoOpaso-
BaH B yKa3aTesib Ha 00bEKT 0a30BOr0 Kiacca.
CyImIecTBYIOT 4YeThIpEe BO3MOXKHBIX CIIOCO0a KOMOWHWUPOBAHHWS WM TOTMAPHOTO
COTIOCTaBJICHUS yKazaTelield 1 00beKTOB 0a30BOTO U MMPOW3BOTHOTO KIACCOB!
1. Ccpuika Ha 00BEKT 0a30BOTO KJlacca C IMOMOIIBIO yKazaTeas 0a30BOro
KJacca.

2. Ccpuika Ha 00BEKT POU3BOIHOTO KJIACcCa C TMOMOIIBI0 YKa3aTeNsl MPOU3-
BOJIHOTO KJj1acca.

3. Cchuika Ha 00BEKT MPOU3BOTHOTO KJIacca C MOMOINBIO yKazatens 6a30Bo-
ro kimacca. Ecnm mpoucxoauT cChUTKa ¢ TIOMOIIBIO yKazaTenst 6a30BOTO
KJIacca Ha JJIEMEHTHI, UMEIOMINECS TOJBKO B OOBEKTAaX IMPOU3BOIHOTO
KJIacca, MPOU30UIET CHHTAKCUYIECKast ONTHOKa

4, Ccpiika Ha 00BEKT 0a30BOTr0 Kilacca ¢ MOMOIIBIO yKa3aTes MPOrU3BOIHO-

ro Kjacca SIBJISIETCS CHHTaKCUYECKOM OITHOKOM.

Yueonvtit npumep: mouka, kpyz, uununop

Paccmorpum mepapxuto Touka, Kpyr, muaaap (puc. 15.2 —15.6).
class Point {
public:
Point(float a =0, float b =0) {SetPoint(a,b);}
void SetPoint (float a, float b) {x = a; y = b;}
float getX() {return x;}
float getY() {return y;}
void print(Q) {printf("'[%.2F, %.2F]\n"",x, y):}
protected: float x, Vy;};

Puc. 15.2. Onucanune 6a30B0ro kiaacca Point

class Circle : public Point {
public:
Circle(float r = 0, float x = 0, float y = 0) :
Point(x,y) {radius = r;}
void setRadius(float r) {radius = r;}
float getRadius() {return radius;}
float area() {return 3.14159*radius*radius;}
void print() {printf("Center = [%.2F, %.2F]; Radius =
%.2F\n",x, y, radius);}
protected:
float radius;};

Puc. 15.3. Onucanue npousBoanoro kiaacca Circle
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class Cylinder : public Circle

{
public:
Cylinder(float h=0, float r= 0, float x= 0, float y= 0):
Circle(r,x,y) {height = h;}
void setHeight(float h){height = h;}
float getHeight() {return height;}
float area()
{return 2* Circle::area() + 2*3.14159*radius*height;}
float volume() {return Circle::area(Q*height;}
void print() {printf(Center = [%.2F, %.2f]; Radius =
%.2F; Height = %.2f\n"", x, y, radius, height);}
protected:
float height;
};

Puc. 15.4. Onucanue npousBoanoro kiaacca Cylinder

int main()

{
Cylinder cyl(5.7, 2.5, 1.2, 2.3);
cyl._setHeight(10);
cyl._setRadius(5);
cyl._SetPoint(2,2);
printf("*New:\n"");
cyl.print(Q);
Point &pRef = cyl;
printf("'As Point:\n"");
pRef.print();
Point p(1,1);

Point *a = &cyl; // Takoe BNOsHe 3aKOHHO
//Cylinder &aRef = p; cannot convert from ‘class Point" to ‘class

//Cylinder &*
return O;

}

Puc. 15.5. Ucnons3oBanue nepapxum kiaaccop: Point — Circle - Cylinder

Output:

Constructor Point
Constructor Circle
Constructor Cylinder
New:

Center = [2.00, 2.00]; Radius = 5.00; Height = 10.00
As Point:

[2.00, 2.00]
Destructor Cylinder
Destructor Circle
Destructor Point

Puc. 15.6. PesyabTaT padoThl NpOrpaMmsbI
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16. MHOKECTBEHHOE HACJIEJOBAHHUE

16.1. ITonsiTHE MHOKECTBEHHOI'0 HacJ1eA0BaHUusA

Knacc moxer mopoxnatbest 6ojiee ueM OT OJHOro 0a30BOro kiacca. Takoe

MOPO’KJICHUE Ha3bIBACTCS MHOKECTBEHHBIM Hacjel0BaHHeM. MHOXECTBCHHOE Ha-
CJICIOBAaHHE O3HAYAET, YTO MPOU3BOJHBIA KJIACC HACIEAYeT JIEMEHTHl HECKOJIbKHUX
0a30BbIX Ki1accoB (puc. 16.1).
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class Basel{
public:

Basel(int x) {value = x;}

int getData() {return value;}
protected:

int value;};

class Base2{
public:
Base2(char c) {letter = c;}
char getData() {return letter;}
protected:
char letter;};

class Child : public Basel, public Base2{
public:
Child (int i, char c, float f) : Basel(i), Base2(c)
{real = f;}
float getReal() {return real;}
void print() {printf("Integer: %d\nSymbol: %c\nReal:
%.2F\n", value, letter, real);}
private:
float real;};

int main(){

Basel bl1(10), *baselPtr;

Base2 b2("S"), *base2Ptr;

Child ch(7, "D", 3.5);

printf(""'Object bl contains integer %d\n', bl.getData());

printf("’'Object b2 contains integer %c\n', b2.getData());

printf("'Object ch contains:\n""); ch.print();

printf("’Elements ch:\n"");

printf("'Integer: %d\nSymbol: %c\nReal : %.2F\n"",

ch.Basel::getData(), ch.Base2::getData(), ch.getReal());

baselPtr = &ch;

printf("’'Result baselPtr->getData() %d\n',
baselPtr->getData());

base2Ptr = &ch;

printf("'Result base2Ptr->getData() %c\n',
base2Ptr->getData());

return O;}

Puc. 16.1. [IpuMep MHOKECTBEHHOT0 HACJIEOBAHUS



Output

Object bl contains integer 10
Object b2 contains integer S
Object ch contains:

Integer: 7

Symbol : D

Real: 3.50

Elements ch:

Integer: 7

Symbol : D

Real: 3.50

Result baselPtr->getData() 7
Result base2Ptr->getData() D

Puc. 16.2. PesyabTaT padoThl NPOrpaMmbI

MHOK€ECTBEHHOE HACJIEAOBAHUE YKA3BIBAETCS JBOCTOUYMEM ITOCIE UMEHH KJlac-
ca ¢ MOCIEaYIOUIUM MEePEUUCICHUEM Yepe3 3aATy0 0a30BbIX KiaccoB. KoHCTpYKTOD
MIPOU3BOIHOTO KJIacca BbI3BIBAET KOHCTPYKTOPHI KAXKIOTO U3 CBOMX 0A30BBIX KJIACCOB
C UCIOJIb30BAHUEM CIHUCKA MHUIIMATN3ATOPOB NepeMeHHbIX. KOHCTpYKTOphI 0a30BBIX
KJIACCOB BBI3BIBAIOTCS B TOM MOCJIEAOBATEIBHOCTH, B KOTOPOU OIPEIEIIEHO HACIEN0-
BAHUEM.

16.2. BupryajbHble 0a30Bble KJIaCChI

Onna u3 nmpoOjeM MHOKECTBEHHOTO HACTEIOBaHUS CBSI3aHA C MHOTOKPATHBIM
BXOJKJICHUEM OJIHOTO KJIacca B YMCIIO MPEAKOB Apyroro kinacca. OHa peiaercs oObsBie-
HUEM HEKOTOPBIX 0a30BBIX KJIACCOB BHUPTYAJIBHBIMHM. DTO O3HAYaeT, 4TO XOTs Kiacc A
HECKOJIBKO pa3 BXOJIUT B OPUEHTUPOBAHHBIN AlIMKINYECKUI I'pad HACIEIOBaHMUS, €T0
naHHbie BoUayT B D Tonbko ogHax sl (cMm. puc. 16.3).

[To yMomyaHHIO TPOM3BOJHBIN KJIACC COJIEPIKUT CTOJBKO IK3EMIUISIPOB JIaH-
HbIX 0a30BOT0 KJacca, CKOJIBKO pa3 3TOT 0a30BBIM KJACC BBICTYIIAET B POJU IMpEaKa
[0 Pa3HbIM JUHUAM HacienoBaHusi. OObABICHUE Kilacca MPOU3BOAHBIM BUPTYaTbHO
03HAYyaeT, YTO OH TOTOB OrPAaHUUYUTHCS TOJBKO OJHUM 3K3EMIUISIPOM JTaHHBIX 0a30BO-
ro Kjacca, eclid 3TOT 0a30BbId KJIACC MHOTOKPATHO SBISIETCS €ro BUPTYaJIbHBIM
npeakoM. Eciau Bce myTu oT 6a30BOro kjiacca K Mpou3BOJHOMY B rpade HaciemoBa-
HUS TPOXOMSAT Yepe3 BUPTyaIbHOE HAClIeIOBaHUE, TO MPOU3BOAHBIN Kilacc OyIeT co-
JepKaTh TOJIBKO OJHY KOMHUIO NaHHbIX. Ecnu OyAeT uCnonb30BaThCsd KOMOWHAIUS
BUPTYaJIbHOTO U HEBUPTYAIBHOTO BAPUAHTOB HACIEOBAHUS, TO JJI KaXKJI0TO HEBUP-
TyaJdbHOTO HacjleJA0BaHUs OyAeT co3/1aHa OTJeNbHAasl KOMUs JaHHBIX, IUII0C OJHA 00-
1ast Komus JJisl BCeX BUPTYaJIbHBIX BAPUAHTOB HACJIEI0BAHUSI.

VYuTuTe, 4TO KJIACCHI, UMEIOIINE OOIIMN BUPTYyaIbHbIA 0a30BBIM KJIacc U BXO-
JSMe B OJJMH OPUEHTUPOBAHHBIM AlUKIMYECKUN I'pad) MHOKECTBEHHOI'O HacCIeIo-
BaHUS, MOTYT HapyIIUTh WMHKAMNCYISIUIO Ipyr apyra. M 3To BIOJHE €CTECTBEHHO,
MTOCKOJIBKY 3TH KJIACChI BBIPA3WJIM CBOK F'OTOBHOCTH COBMECTHO MCIIOJIb30BATh JaH-
Hble 0a30BOr0 Kjacca MOCPEACTBOM BUPTYaJbHOIO HaclenoBaHus. CBepTKa JTaHHBIX
0a30BbIX KJIACCOB MOJHOCTHIO HAXOAUTCS MOJ KOHTPOJIEM IMPOrpaMMUCTa — B OTJIH-
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4yue OT JPYTUX S3bIKOB MPOrPAMMUPOBAHUSI, OHA HE 3aJIeHCTBYETCS MO YMOJIYAHHUIO U
HE IBJIIETCA 00A3aTEIILHON.

class A{
int a;
public:
A(int aa=8)
{a=aa;cout<<"Constructor A:"<<"\t"<<a<<endl;}};

class B:virtual public A{
int b;

public:
B(int bb=6, Int aa=18):A(aa)
{b=bb;cout<<"Constructor B:"<<"\t"<<b<<endl;}};

class C:virtual public A{
int c;

public:
C(int cc=3, Int aa=14):A(aa)
{c=cc;cout<<"Constructor C:"<<"\t"<<c<<endl;}};

class D:public C, public B{
int d;

public:
D(int =4, 1nt b=16, int c=12,int a=67):B(b, a), C(c,a)
{d=F;cout<<"Constructor D:"<<"\t"<<d<<endl;}};

int main()

{
D asd;

return O;

Puc. 16.3. «<xPomM0oBHUIHOE» HACTIETOBAHUE

16.3. ITopsinoKk MHUIHAIU3ANMUN PA3THIHBIX YacTei
co3aaBaeMoro kjacca B C++

[lopsimok WHMIMANU3ALMK OMNpeleNsiecss PEKYPCUBHBIM MPUMEHEHHUEM Clie-
IYIOIIeoro Habopa MnpaBuiI:

1. KoHCTpyKTOp MOCIEIHEr0 MPOU3BOJHOTO KJIacCa BBI3BIBAET KOHCTPYKTOPHI
MoA00OBEKTO BUPTYAJIbHBIX 0a30BBIX KiIacCOB. MHULMAIM3ALNS BUPTyalb-
HbIX 0a30BBIX KJIACCOB BBIMIOJIHSETCS B TIIyOMHY, B IOPSIKE CIEBA HAPABO;

2. KoHcTpynpytoTces mogo0BeKThl HETTOCPEICTBEHHBIX 0a30BBIX KJIACCOB B I10-
pslKe UX OOBSABICHUS B ONPEICTICHUH KJIacca;

3. Konctpyupyrorcst HecTaTH4ecKre MOJ00BEKTHI-WICHBI B TIOPSAIKE UX 00b-
SBJICHUS B OIIPEJICIICHUN KJlacca,

4. BbINONHSETCA T€O KOHCTPYKTOPA.
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17. IEPETPY3KA OIIEPALIUM

Oowue npasuna nepezpy3Ku onepayuil

[IporpaMMHUCT MOKET MCHOJIb30BaTh BCTPOCHHBIE THUIIBI, & MOXKET OMPEETATh
Y HOBBIE TUIIBI. BCTpOEHHBIE TUITBI MOXHO UCMOJIB30BaTh C OMPEACIIEHHBIM Ha00OpOM
oneparuit C++. [IporpaMMHCT Tak:ke MOXKET UCIOIb30BaTh ONEpaliy ¢ TUIIAMH, OTI-
peneneHHbIMU noJib3oBaTeneM. C++ He MO3BOJSET CO37aBaTh HOBBIE ONEpAIMH, HO
OH T03BOJISIET MEPErPYyKaTh YKe CYIIECTBYIOIIUE ONEPAIMU TaK, YTO IMPU UCIOJIb30-
BaHUM ITUX OMeEpaluil ¢ 00bEKTaMH KJIACCOB OHHM MPHOOPETAIOT CMBICH, COOTBETCT-
BYIOIIIMIM HOBBIM THIIaM.

Omnepanuu neperpykarTcs MyTeM COCTaBIICHHS ONMUCaHMs (DYHKIUU, KaK MbI
OOBIYHO 3TO JeNlalid, TOAbKO UMSI (DYHKIMU JOKHO COCTOSITh M3 KIIOUEBOTO CIOBa
operator, mocie KOTOpOTO 3amuchiBacTCs Ieperpyxaemas omnepamus (CM.
puc. 17.1.).

UYToObI HCTIONB30BaTh OINEpalio Hal OObEKTaMH KJlacca, 3Ta onepanus J0JIxK-
Ha OBITh Meperpy’eHa, KpoMe JBYX HCKItoueHui. Oneparuy npucBauBaHus (=) u
aapecanyuu (&) MOTYT OBITh UCIIOJIL30BaHBI C KAXJIBIM KJIacCOM 0e3 SIBHOH meperpys-
KM, HO UX MOXKHO TaKXe MePEerpyxaTh.

[leperpy>kath MOKHO JIO0OBIE ONEpAIIHU, KPOME:

; e i ?: sizeof

Ha neperpy3ky onepanuii HakJ1aJbIBalOTCs CIEAYIOIINE OTPAaHUYEHUS .

1. CrapuMHCTBO OIepaluii He MOXKET OBITh U3MEHEHO Teperpy3Koi;

2. AccommaTUBHOCTH OTIepaliii He MOXET ObITh H3MEHEHA MePETPY3KO;

3. M3MeHUTH KOMIMYECTBO OMEPAHIOB, KOTOPOE OEpeT ormepars, HEBO3MOKHO
(OuHapHas omepais ocTaHeTcsl OMHAPHOM, YHAPHAS - YHAPHOM);
Co3naBaTh HOBbIE ONIEpallid HEBO3MOXKHO;

HeB03MOkKHO ¢ MOMOIIIBIO MEPETPY3KHU ONEPALNil U3MEHUTH CMBICT PaOOThI
omnepamuu ¢ 00bEKTOM BCTPOEHHOrO Tuma. [IporpaMMucT He MOMKET H3Me-
HUTb CMBICII TOTO, KaK CKJIa/IbIBAIOTCA JIBa LEJBIX YUCIA.

OYHKIHUH OTNEepallid MOTYT ObITh, @ MOTYT HE ObITh (DYHKIUSAMH-3JIEMEHTAMHU.
Ecnun QyHkuuu He SBIAIOTCS 3JIEeMEHTaMM, OHU SIBIStOTCS Jpy3bsmu. Ilpu mepe-
rpy3ke onepamuii (), [ ], —> wiu = pyHKUHMA neperpy3Ku omepamuu J0JKHA
ObITH 00bSIBJIEHA KAK 3JIEMEHT KJIacca.

Korna dyHknus-onepanus peanu3oBaHa Kak (PyHKIHS AJIEMEHT, KpalHU Jie-
BbIN (MM €IMHCTBEHHBIN) OTIEpaH]] JOJDKECH ObITh 00BEKTOM TOTO Kjiacca (MU CChLI-
KOH Ha 00BEKT TOTO Kilacca), 3JIEMEHTOM KOTOPOTo sBJseTcs GyHKIuUA. Eciu jaeBbiid
omnepaH/i JOJKEH ObITh OOBEKTOM JIPYroro Kjiacca WJIM BCTPOCHHOTO THUIA, Takas
byHKIUsA-0onIepalusi He MOXET ObITh peain30BaHa KaK (PyHKIMSI-3JIEMEHT, OHa J10JK-
Ha OBITh peain30BaHa Kak JIPYT, €CJId OHA JIOJDKHA UMETh MPSIMOM JOCTYH K 3aKphI-
THIM WJIU 3aIUILIEHHBIM 3JIEMEHTaM KJlacca.

Janee npuBeieH KO/ MPOrPAMMBI:

ok
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#include <iostream.h>

class Arr
{
friend ostream & operator << (ostream &, const Arr &);
friend istream & operator >> (istream &, Arr &);
public:
Arr(Q)
{for (int 1=0; I<SIZE; i++)
arrfi]=1+1;
cout<<"Constructor Arr'<<endl;}
Arr operator++()
{for (int 1=0; I<SIZE; i++H)arr[i]++;
return *this;}
Arr operator++(int)
{Arr temp = *this;
for (int 1=0; i<SIZE; i++H)arr[i]++;
return temp;}
Arr& operator+=(const Arr & a)
{for (int 1=0; iI<SIZE; i++)
arr[i]+=a.arr[i];
return *this;}
Arr operator+(const Arr & a)
{Arr temp = *this;
for (int 1=0; iI<SIZE; 1++)
temp.arr[i]+=a.arr[i];
return temp;}
Arr operator+(const int a)
{Arr temp = *this;
for (int 1=0; iI<SIZE; 1++)
temp.arr[i]+=a;
return temp;}
Arr operator~()
{for (int 1=0; I<SIZE; i++)
arr[i1]*=(-1);
return *this;}
protected:
enum {S1ZE=10};
int arr[SI1ZE];};

ostream & operator << (ostream & s, const Arr & a){
for(int 1=0; 1<10; i++)
s<<a.arr[i]<<endl;
return s;}

istream & operator >> (istream & is, Arr & a){
for(int 1=0; 1<10; i++)
is>>a.arr[i];
return is;}

Puc. 17.1. OnpeneJienne Kjiacca MacCHBA € Neperpy;KeHHbIMHU oNepauusiMu



int main(){
Arr b,c;
int d =100;
cout<< c++;
cout <<++c;
cout<<c+b<<endl;
cout <<c<<b<<endl;
c+=b;
cout <<c<<b<<endl;
cout<< c+d<<endl;
cout <<c<<endl;
cin>> c;
cout <<c<<endl;
cout <<(~c)<<endl;
return O;}

Puc. 17.2. — Ucnoan3oBanue Kiaacca Arr u3 nporpammsl Ha puc 17.1

Ilepecpy3ka onepayuii unkpemenma u 0eKpemeHma

Onepanuu UHKPEMEHTA U JEKpeMeHTa B MpeuKcHON U nocTtGukcHon dhopme
MOTYT OBITh IEPETPYKEHBI.

class A

t
int a;
public:
A(int b = 0){a=b;}
int getAQ{return a;}
//npeguKcHas popma
A operator++()
{++a;
return *this;}

//nocTgpuKkcHas popma
A operator++(int)
{A temp = *this;
++a;

return temp;}

j

int main(){
A a;
cout << a.getA()<<endl;
cout << (++a).getA()<<endl;
cout << (at+).getA()<<endl;
cout << a.getA()<<endl;
return O;}

Puc. 17.3. Ileperpy3ka onepauuu MHKpeMeHTa
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Jlist Toro yToObl MEPEerpy3uTh OMEPAIUI0 MHKPEMEHTA JJIsl MOJIYy4YeHHs] BO3-
MOXHOCTH HCIOJIb30BaHUS U NMpePuKCHOM U mocThUKCHON GopM, Kaxaas U3 ITUX
JIBYX MEPErpyKeHHBIX (P yHKIMM-OMepalnii 10JKHA UMETh pa3HyI0 cUrHatypy. Toraa
KOMIWISITOP CMOXET OMpEAeNNTh, Kakas BEpcHUsl omepaiuu ++ uMeercs B BUAY B
Ka)XJIOM KOHKPETHOM CITy4ae.

[IpedukcHblll onepaTop meperpyxKaercsi, Kak U J000H Apyroil npe@uKCHBIM
YHapHBIN OIIEPATOP.

[Ipu nmeperpys3ke mHKpeMeHTa B MOCTHUKCHON (popMe omepaiusi peanusyercs
Kak (QyHKIUS, UMeroIIas Yucto GpopmaiibHbIi mapamerp INt. Ero BBoaaT ajis Toro,
yTOOBI CJenaTh CIHUCOK apryMEHTOB (yHKIMU Operator++, ucnonb3yeMou B
nocTukcHoM Gopme, OTIUYHBIM OT CIKCKA apryMeHTOB (QyHKIUU Operator++,
UCTIOJB3YEeMBIX JUIsS pe(hUKCHON (opMbl HHKpeMeHTa (cM. puc. 17.3.).

Bce 310 nmpuMeHuMo U K neperpyske npe@ukcHoil u noctpukcHoil popm orme-
palnuu JeKpeMeHTa.

18. BUPTYAJIBHBIE ®YHKIIUU U IOJIUMOP®U3M

18.1. BupryajbHble pYyHKIHH

[Tycth psia kinaccoB opm, Takux kak kpyr (Circle), rpeyroasauk (Trian-
gle), mpamoyroneauk (Rectangle), xsagpar (Square) u T.1. ABISIOTCS MPOU3-
BOAHBIMH OT 0a30Boro kjiacca ¢popma (Shape). B 00beKTHO-OpUESHTUPOBAHHOM IIPO-
IrPaMMHPOBAHUN KaXIBIA M3 TUX KJIACCOB MOKET OBITh HAJIEJICH CITOCOOHOCTRIO PH-
COBaTh CBOIO (hopMy. XOTs Ka)JIblil KJIJacC UMEET CBOIO (DYHKIIHMIO prcoBaHus draw,
JUIsL pa3HbIX GopM 3TH (YHKIIMU COBEPIICHHO pa3nuuHbl. [Ipu pucoBanum 000t
dbopmbl, Kakasi Obl OHA HU ObLIa, ObLIO OBl MPEKPACHO UMETh BO3MOXKHOCTH pabOTaTh
CO BCEMH ITHMH (YHKIIUSIMH B IICJIOM KakK ¢ o0ObekTaMH 0a3oBoro kiacca Shape.
Torna nnst pucoBanus 000 GOPMBI MOKHO OBLIIO OBl MPOCTO BHI3BATH ()YHKIIUIO
draw 6a3oBoro kimacca Shape u mpegocrtaBuTh mporpaMMme JUHAMUYEeCKH (T.e. BO
BpPEMsI BBITIOJTHEHHSI TPOTPAMMBI) ONPEACIIATh, KaKyro u3 GyHKIUHA draw mpou3Bo-
HOTO KJIacca CJIe1yeT UCIOIb30BaTh.

Jns Toro, 4TO0BI MPEAOCTAaBUTh TAKOTO POJa BO3MOKHOCTH, OOBSIBUM (PyHK-
o draw BHpPTyaJbHOI (QyHKIMEH U 3aTeM mepeonpeneaum ynknuio draw B
KOKJIOM TIPOM3BOJHOM KJlacce, YTOObI OHAa pHCOBala COOTBETCTBYIONIYIO (opmy.
OyHkus OOBSBISICTCS BUPTYaIbHON € TOMOINBIO KirodeBoro ciioBa Virtual,
MIPEAMIECTBYIONIETO MPOTOTUITY QYHKITUU B 0a30BOM Kiacce. Hampumep:

virtual void draw() const;

OToT TMpOTOTUN OOBABISACT, 4TOo (yHKIHS draw sBIsSeTCS KOHCTAHTHON
byHKIIMEH, KOTOpas He MPUHUMAET HUKAKUX apryMEHTOB, HUYETO HE BO3BpAIaCT U
SBJISIETCS BUPTYyaJibHOU (DYHKIIHEH.

Ecnmu ¢pyukuus draw B 0a3oBoM Kiaacce o0bsBieHa kak Virtual u eciu Ml
3aTeM BbI3bIBaeM (pyHKIHI0 draw depe3 yka3aTeiab 0a30BOTO Kjlacca, YKa3bIBArOIIHMA
Ha 00BeKkT mpou3BoaHoro kiacca (SshapePtr->draw()), to mporpamma Oyzaer
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AMHAMHYECKH (T.. BO BPEeMs BBINOJIHEHHUS MMPOrPaMMbI) BHIOUPATh COOTBETCTBYIO-
yfo GyHKIHo draw mpou3BOIHOTO Kiacca. ITO Ha3bIBAETCS JMHAMHUYECKHM CBSI-
3bIBAHHEM HJIH MO3IHUM CBA3LIBAHHEM.

Korga BupTyanbHas (QYHKIHS BBI3BIBACTCSA MyTEM OOpAIIEHUS K 33JaHHOMY
00BEKTY 10 UMEHH M IIPU 3TOM HCIIOJIB3YETCS OMEpanus J0CTyla K 3JeMEHTY TOYKa
(squareObject.draw()), Toraa sta cchuika paspemiaetcs (00pabaThiBacTCs) BO
BpeMsi KOMIWISIUM (3TO HA3LIBACTCS CTATHYECKHM CBSI3LIBAHHEM) U B KaueCTBE
BBI3BIBACMOM OMpeaessseTcss PyHKIUsA Kiaacca JaHHOro oObekTa (WM Haciaexyemas
THM KJIACCOM).

A6cmpal<mele 0azoenle Knaccol u KOHKpéemHble Kilaccol

B nporpammupoBanuu OBIBaIOT 3aJayd, B KOTOPBIX IIOJIE3HO OIMPEAEIAThH
KJIacChl, 0OBEKTHI KOTOPBIX MPOrPaMMHUCT CO3/1aBaTh HE HamepeH. Takue Kiacchl Ha-
3bIBAIOTCS a0cTPaKTHBIMHU. OHU OOBIYHO ObIBaIOT 0a30BBIMU KJIACCAMHU B UEpapXUU
HaCJIEJIOBAHUSI, TO3TOMY UX MOTYT Ha3bIBaTh A0CTPAKTHBIMHU 0230BbIMH KJIACCAMM.
O0bexTbl a0CTPAKTHOIO KJIACCA He MOIYT ObITH peaju3oBaHbl. Ho MOXHO c03-
JaTh yKa3aTelb WU CChUIKY Ha aOCTpaKTHBINA 0a30BbIi Ki1acc.

Knaccbl, 00BEKThI KOTOPBIX MOTYT OBITh pEaN30BaHbl, HA3bIBAIOTCS KOH-
KPEeTHBIMHU KJIACCAMMU.

AOcTpakTHbIe 0a30BbI€ KJIACCHI SIBISIOTCA CIUIIKOM OOIIMMHM JJIsl Ompejene-
HUS peaJbHbIX 00BEKTOB, TpeOyeTCsl OOJbIe OMPEACIICHHOCTH, YTOOBI MOXKHO OBLIO
IyMaTh O peaiau3ainuu o0beKTOB. {1 3TOro mpeaHa3Haue€Hbl KOHKPETHBIE KJIACCHI,
OHM 00Ja7at0T HEOOXOAUMOU Crieln(PUKO, Aenaroniell pealbHbIM CO3/laHie 00BbEK-
TOB.

Knacc nenaercs aGcTpakTHBIM MyTeM OOBSIBIICHHS] OJHOM WM OoJiee ero BUp-
TyalbHBIX (DYHKIIUH YUCTO BUPTyaIbHbIMU. UHCTONH BHPTYaJbHOUH (QyHKUMEH sB-
JseTcsl Takast pYHKIHS, Y KOTOpOH B €¢ OOBSBICHHUU Telo omnpeneiacHo kak 0 (uHu-
ayimsarop pasel 0), Hanmpumep:

virtual float earning( )const = O;

Hepapxust He TpeOyeT 00s3aTeIbHOTO BKIHYEHUS KAKUX-THO0O0 aOCTpaKTHBIX
Kj1laccoB. Ho MHOrMe mporpamMMbl UMEIOT HEPAPXHIO KIACCOB, MOPOKIACHHYIO a0CT-
PaKTHBIM 0a30BBIM KJIACCOM.

18.2. lMoaumopduszm

Honumop¢pusm — 3T0 BO3MOKHOCTh ISl 00BEKTOB Pa3HBbIX KJIACCOB, CBSI3aH-
HBIX C MOMOIIBIO HACIIEIOBAHUS, pEarupoBaTh pa3INYHbIM 00pa3oM Mpu oOpalIeHUU
K OJTHOM U TOM k€ PYyHKIHUU-ITIEMEHTY.

[Honumopdusm peanusyercsi NOCPEICTBOM MEXaHU3Ma HACIEIOBAHUS U BUP-
TyanbHbIX (yHKUUNA. Eciu npu ucnonb30BaHUU BUPTYATbHON (PYHKIIMH 3aMPOC OCY-
IIECTBIISETCS C MOMOINBIO yKa3arens 6a3oBoro kiacca (Wi ccbutku), To C++ BBIOH-
paeT NpaBUIIbHYIO NIEPEOTNPEICTEHHYIO (YHKIIMIO B COOTBETCTBYIOIIEM MPOU3BOTHOM
KJIacce, CBA3aHHOM C JJAHHBIM 0OBEKTOM.
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WHorna ¢GyHKIUA-3JIEMEHT OIpejeliecHa B 0a30BOM Kilacce HE KaK BUPTyallb-
Hasl, HO MepeorpeieicHa B MPOU3BOTHOM Kilacce. Eciu Takas QyHKIUA-3JIEMEHT BbI-
3bIBACTCSl 4epe3 yKaszaTeldb 0a30BOro Kiacca, TO HCIOJB3YeTCs BepcHs 0a30BOTO
kiacca. Eciu jxe 3ta (yHKIUA-3JIEMEHT BBI3BIBACTCS Yepe3 yKazareib MPOU3BOIHOTO
KJjlacca, TO UCIOJIB3YETCsl BEPCUsl IPOM3BOIHOTO Kilacca. DTO HE MOJMMOpPHOE Io-
BegeHue. Jsi oObekTa MPOM3BOAHOTO Kilacca BapuaHT (QyHKIMH 0a30BOTO Kiacca
JI0JDKEH OBITh BBI3BaH SIBHBIM 00pa3om (puc. 18.1.)

Cylinder *pCyl = &cyl;
pCyl->Circle::print();

Puc. 18.1. Bb130oB BUPTYa1bHOIl pyHKIHM 0230BOr0 KJacca
yepe3 yka3aTesb IPOU3BOJHOIO KJjacca

Hoebvie knaccol u ounamuueckoe cea3vleanue

[Monumopdusm u BUpTyalibHbIE (PYHKIUM MOTYT MPEKpAcHO paboTaTh, €CiH
BCE BO3MOXHBIE KJIaCChl M3BECTHHI 3apaHee. Ho oHM Takke mpekpacHO padoTaroT,
KOTJla B CUCTEMY JI0OABISIOTCS HOBBIE TUIIBI KJIACCOB.

HoBble ki1acchl BCTpauBartOTCsl MIPU MOMOIIH JUHAMUYECKOTO CBsi3bIBaHUsA. Bo
BpeMsI KOMOWISIIMA HET HEOOXOAUMOCTH 3HATh TUN OOBEKTa, YTOOBI CKOMITHIUPO-
BaTh BHI30B BUPTYaJIbHOU (DYHKIUU.

Bo Bpemsi BBIMOJHEHHS] TPOTPaMMbl BBI30B BUPTYaIbHOU (DYHKIUU-3TIE€MEHTA
OyJlleT HampaBJeH BapUaHTy BUPTyalbHON (DYHKIIMK COOTBETCTBYIOIIEro Kiacca. Jlis
ATOrO CYIIECTBYET TA0JMIA BUPTYaJbHBIX METOA0B, KOTOpasl peaiu3yeTcsi B BUJIEC
MaccHBa, COJEpIKaIEro yka3zareld Ha (QYHKUIUU. Y KaXKJIOro Kjiacca, KOTOpbIA CO-
JEPKUT BUPTYyalbHble (YHKIIMH, UMEETCsl TaOnuila BUPTyalbHbIX METOIOB. J{s Ka-
KIOW BUPTYaJIIbHOM (PYHKIMH B KJIacce TabJIMIla UMEET AJIEMEHT, COAECpKAIIUM yKa-
3aTellb Ha BapUaHT BUPTyaldbHOM (YHKIMHU, UCIOIB3YEMbIM B OOBEKTaxX JIaHHOTO
KJ1acca.

BuprtyanbHas @yHKuMs, UCNonab3yeMasi B HEKOTOPOM KJIacce, MOKET ObITh OIl-
peleneHa B 3TOM KJAcCe€ WM MPSMO WM KOCBEHHO HACIEI0BaThCS M3 0a30BOTO
KJIacca, CTOSIIIIETO BhIIIE B UEPAPXUH.

Ecnu 6a30Bbli KJacCc UMEET BUPTYaJbHYIO (DYHKIIUIO-3JIEMEHT, TO MPOU3BOJ-
HbIE KJIACChl MOT'YT MEPEONPeeTUTh 3Ty (DYHKIMIO, HO MOT'YT 3TOr0 U HE JenaTh. To-
ra MPOU3BOAHBIA KiacCc OyJEeT HCIOJIb30BaTh BapHaHT BUPTYAIbHOW (QYHKIIHMH-
arieMeHTa 0a30BOro Kilacca U 3TO OyJIeT OTpakeHO B TaOJIMIIE BUPTYaIbHBIX METO/IOB.

Kaxnplii 00bEKT Kiacca, coliepxkaliero BUpTyaibHble (PYyHKIIUHU, UMEET yKa3a-
TeJb Ha TaOJIMIy BUPTYaIbHBIX METOJIOB 3TOTO KJlacca, HEJOCTYIHBIN JJIsl Iporpam-
MucTa. Bo Bpemsi BBINOJHEHHS] MPOrPaMMBbI MOTUMOP(HBIE BBI30BHI BUPTYaJIbHBIX
(GYHKIMI OCYIIECTBIISIIOTCS Y€pe3 pa3bIMEHOBAHUE yKa3aTessi 0ObeKTa Ha TaOJIHIly
BUPTYaJIbHBIX METOJIOB, YTO JIa€T JOCTYI K TaOJHIE BUPTyalbHBIX METOJIOB Kiacca.
3aTeM B Ta0nMIE BUPTYyaJIbHBIX METOJOB HAXOAMTCS COOTBETCTBYIOIIMH yKa3aTelsb
Ha (DYHKIMIO, OH Pa3bIMEHOBBIBAETCS, YTO W 3aBEPIIAET BBHI30B BUPTyalIbHOUN (hyHK-
IIMU BO BPEMsI BBIIIOJTHEHUS IPOTPAMMBI.
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Bupmyansnuvie decmpykmopol

Ecnm y xiacca UMerOTCS BUPTyalbHBIC (DYHKITUH, TO KJIACCY HEOOXOAMMO CO3-
7aTh BUPTYAJbHBIN JTeCTPYKTOP. DTO aBTOMAaTHYECKH MPUBEAET K TOMY, YTO BCE
JIECTPYKTOPHI MPOU3BOTHBIX KJIACCOB CTaHYT BHPTyaJIbHBIMU. B 3TOM ciydae, ecnm
O0BEKT B MEPAPXHH YHUUYTOXKCH SIBHBIM HCITOJIb30BaHuWeM omneparuu delete, npu-
MEHEHHOM K yKazaTeyro 0a30BOro Kjiacca Ha O0OBEKT MPOU3BOJHOTO Kiacca, TO OyAeT
BBI3BaH JIECTPYKTOP COOTBETCTBYIOIIETO KiIacca.

Ecmm nectpykrop 6a30BOT0 Kilacca, COAEPIKaIIEro BUPTyadbHbIe () YHKIINH, HE
OOBSBHUTHh BUPTYAJIBHBIM, TO €CIIM O0OBEKT B HEPAPXUH YHHUTOKECH SBHBIM HCIIOJIB30-
BanueM ormepainu de lete, npumeHneHHOM K yKa3aTero 0a30BOro Kjiacca Ha 00BEKT
MIPOU3BOTHOTO Kjlacca, TO OYJEeT BBI3BaH JECTPYKTOP MPOU3BOJAHOTO KJlacca, 4TO MO-
KET MPUBECTH K Kpaxy BCEH MPOTPaMMBI.

Hampumep, ecnu 661 B iporpamme Ha puc. 18.2 He ObuT OBI ONIpeneneH BUPTY-
BHBIN JECTPYKTOP, TO MPU YHUUITOKEHUU 00beKTa THNa B depes ykazarens tuna A
MOTJI OBl BOSHUKHYTH MPOOJIEMBI C THHAMHYECKON MaMSThIO.

#include <iostream.h>

class A
{
public:
AQO{cout<<"Constructor A"<<endl;}
virtual ~A(){cout<<"Destructor A'<<endl;}

};
class B:public A
{
public:
B(int a=10){b=a;cout<<"Constructor B'<<endl;}
virtual ~B(){cout<<"Destructor B'<<endl;}
private:
int b;
};
int main()
{
A *al[2];
a[o0] = new AC(100);
a[1l] = new AQ;
delete a[1];
delete a[0];
return O;
ks

Puc. 18.2. Ucnoib30Banne BUPYTAJIbHOIO 1eCTPYKTOpa
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18.3. YueOHblii mpuMep: TOYKA, KPYT, HUJIHHIP

BcnomuuMm yueOHblil npumep 13 0. 15 u nonpoOyem u3mMeHuTh ero. B umero-
IIYIOCS MepapXui0 KIAcCOB JI0O0aBMM aOCTpakTHBIN 0a30BbINM Kiacc Shape u ompe-
aenuM Bee QYHKITMH KJIACCOB Kak BUPTyaiabHbIe (cM. puc. 18.3 — 18.7).

class Shape

{

public:
Shape()
{

printf("'Constructor Shape\n™);
¥
virtual ~Shape() {printf('Destructor Shape\n\n');}
virtual float area() const {return 0.0;}
virtual float volume() const {return 0.0;}
virtual void printShapeName() const = 0;
virtual void print() const =0;

Puc. 18.3. Onpenesienne a6cTpakTHOrO 6a30BOro Kiaacca Shape

class Point: public Shape

{
friend ostream &operator<< (ostream &, const Point &);
public:
Point(float a =0, float b =0)
{
SetPoint(a,b);
cout<<"Constructor Point\n";
¥
virtual ~Point() {cout<<"Destructor Point\n";}
void SetPoint (float a, float b) {x = a; y = b;}
float getX() const {return Xx;}
float getY() const {return y;}
virtual void printShapeName() const
{cout<<"Point: \n";}
virtual void print() const
{cout<<"[M<<x<<", << y<<"]"s
protected:
float x, y;
};
ostream &operator<< (ostream &output, const Point &p)
{
p.print();
return output;
ke

Puc. 18.4. Onpenenenne npon3BoaHoro Kiacca Point
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class Circle : public Point

{
friend ostream &operator<< (ostream &, const Circle &);
public:
Circle(float r = 0, float x = 0, float y = 0)
Point(Xx,y)

{radius = rjcout<<"Constructor Circle\n";}
virtual ~Circle(){cout<<"Destructor Circle\n";}
void setRadius(float r) {radius = r;}
float getRadius() {return radius;}
virtual float area() const
{return 3.14159*radius*radius;}
virtual void printShapeName() const
{cout<<"Circle: \n";}
virtual void print() const

{cout<<"Center = [''<<getX()<<”, "'<<getY()<<
"]:; Radius = "<< radius <<endl;}
protected:

float radius;};

ostream &operator<< (ostream &output, const Circle &c){
c.print();
return output;}

Puc. 18.5 Onpenenenne npousBognoro kiacca Circle

class Cylinder : public Circle

{
friend ostream &operator<< (ostream &, const Cylinder &);
public:
Cylinder(float h=0, float r= 0, float x= 0, float y= 0) :
Circle(r,x,y)
{height = h;cout<<"Constructor Cylinder\n";}
~Cylinder(Q){cout<<"Destructor Cylinder\n';}
void setHeight(float h){height = h;}
float getHeight() {return height;}
virtual float area() const
{return 2* Circle::area() + 2*3.14159*radius*height;}
virtual float volume() const
{return Circle::area()*height;}
virtual void printShapeName() const
{cout<<"Cylinder: \n";}
virtual void print() const
{Circle::print(); cout<<"Height = "<< height<<endl;);}
protected:
float height;};

ostream &operator<< (ostream &output, const Cylinder &c){
c.print();
return output;}

Puc. 18.6 Onpenesienne npousBognoro kiaacca Cylinder
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int main()

{

//************************************
Point point(7, 11);
point.printShapeName();
cout << point << endl;

//************************************

Circle circle(3.5, 22, 8);
circle_printShapeName();
cout << circle << endl;

//************************************
Cylinder cylinder(10, 3.3, 10, 10);
cylinder._printShapeName();
cout << cylinder << endl;

//************************************

Shape *arrayOfShape[3];

arrayOfShape[0] = &point;
arrayOfShape[1l] = &circle;
arrayOfShape[2] = &cylinder;
for (int 1 = 0; 1< 3; 1++)
{

arrayOfShape[i]->printShapeName();
arrayOfShape[i]->print();

cout<<"Area Is ''<< arrayOfShape[i]->area()<<endl;
cout<<"Volume is "'<<arrayOfShape[i]->volume()<<endl;

}

//************************************

return O;

}

Puc. 18.7 Ucnosib30BaHue HepapXuu KJIACCOB!
Shape - Point — Circle — Cylinder

19. INABJIOHBbI

19.1. HIa6a0HbI PyHKIMH

[leperpy>xennble PyHKIUH OOBIYHO UCTIOJIB3YIOTCS ISl BHITTOJIHEHUS MTOXO0XKHUX
omnepanuil HaJl pa3IMYHbIMU TUIIAMH JAaHHBIX. ECauM e I KaXXJ0ro Thmna JaHHBIX
JIOJIKHBI BBITIOJIHATHCS UICHTUYHBIEC ONEpallK, TO Y00HEe UCIOIb30BATh MIA0JIOHBI
¢ynkumii. [Tpu 3TOM NporpaMMuUCT AOTAKEH HAMUCaTh BCETO OJHO OMUCAHUE 11a0-
noHa ¢pyHKIMH (cM. puc. 19.1.).

Bce onucanus ma0io0HOB (YHKIMI HAYMHAIOTCS C KIIFOYEBOTO cioBa tem-
plate, 3a koTOpBEIM ClleyeT CUCOK (OpMabHBIX MapaMeTpoB I1a0dJI0Ha, 3aKITIO-
YEHHBIN B YTIIOBbIE CKOOKH, KaXX0My (hOpMabHOMY MapaMeTpy AOKHO MPeAlIecT-
BOBaTh KiIF0UeBoe ciioBo Class:
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template<class T, class B>

dopmanibHbIC MMapaMeTpbl B ONMKMCAHWW MIA0JOHA HCIONB3YIOTCS (Hapsay ¢
APYTHMU TIapaMeTpaMu) JiJIsl ONpESIICHUs] TUIIOB apaMeTPOB (PYHKIIMH, THIIA BO3-
BpaiaeMoro (pyHKIHUEW 3HAYEHUS W THUIIOB TMEPEMEHHBIX, OOBABISEMBIX BHYTPU
¢yuakun. KmodyeBoe cioBo class daktuueckn o3nauaer «JI1000W BCTPOSHHBIN
WJIU OTPE/IeTICHHBIN MOIb30BATEIEM TUIT JAHHBIX».

#include <iostream.h>

template<class T>
void printArray(T *array, const int count)

{
for (int 1 = 0; i< count; i++)
cout << array[i] << "\t";
cout << endl;
¥
int main()
{
const int aCount = 5, bCount = 7, cCount = 6;
int aJaCount] = {1,2,3,4,5};
float b[bCount] = {1.1, 2.2, 3.3, 4.4, 5.5, 6.6, 7.7};
char c[cCount] = "HELLO";
cout << "Array of iInteger: \n";
printArray(a, aCount);
cout << "Array of float: \n";
printArray(b, bCount);
cout << "Array of char: \n";
printArray(c, cCount);
return O;
ks
Puc. 19.1. Ucnonb3oBanue mada0H0B QyHKIUIA
Output:

Array of integer:

1 2 3 4 5

Array of float:

1.1 2.2 3.3 4.4 5.5 6.6 7.7
Array of char:

H E L L 0

Puc. 19.2. PesyabTaT padoThl NpOrpaMmsl

B nannou mporpamme T Ha3biBaeTcsa mapamerpom tuma. Korma xoMmuistop
oOHapyXMBAET B TEKCTE MPOrpamMMbl BbI30B GyHKIMK PrintArray, o 3amenser T
BO Bcell 00JacTu ompenesieHUs] MA0JIOHA Ha THUIl MEPBOro mapameTrpa (PyHKIUH
printArray u C++ co3naer madJoHHY0 (PYHKIIHIO BBIBOJIA MAaCCHBA YKa3aHHOTO
TUMna JaHHbIX. [locie 3Toro BHOBb co31aHHas PYHKIMS KOMIUIUPYETCS.
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Hamnpuwmep, Tak, kak nmokazaHo Ha puc. 19.3, eciin MacCHUB 1I€JI0TO THIIA.

void printArray(int *array, const int count)

{
for (int 1 = 0; I< count; i++)
cout << array[i1] << "\t";
cout << endl;
¥

Puc. 19.3. Co3ganne madaonnoi pynkuun aist Tuna int

Kaxnpiii dopmanbHbIl mapaMeTp W3 ONMUCaHUs 1a0jJoHa (PYHKIHUHU JOJKEH
MOSIBUTHCSL B CIHCKE MapaMeTpoB (DYHKIMU MO KpakHel mepe oauH pas. Ums dop-
MaJIbHOT'O TTapaMeTpa MOXKET UCIO0JIb30BAThCS B CIIUCKE MapaMeTPOB 3arojoBKa 1ao-
JIOHa TOJIbKO OJMUH pa3. OgHO U TO ke uMs (HOpPMaAIBLHOIO MapaMmeTpa IiadjIoHa
(YHKIIMU MOXKET UCIMOJI30BAThCS HECKOJIBKUMHU 111a0JIOHAMH.

[ITabnonnHsie GyHKIUU U nieperpy3ka GYHKIUNA TECHO CBA3AHBI APYT C IPYTOM.
Bce poacrBennbie (hyHKIUH, MOTYyYEHHBIE U3 11a0JI0HA, UMEIOT OJHO U TO KE WM,
MOATOMY KOMIUJISITOP MCIOJIb3YET MEXaHU3M MEePerpy3KH AJisi TOro, 4YToObl obecre-
YUTh BBI30B COOTBETCTBYIOIIECH (PYyHKIIUH.

Ecnu maGioH BbI3BIBaETCA C ONMPEACIISIEMBIM MOJIB30BATEIEM TUIIOM B KadyecT-
BE TIapaMeTpa M €CJIM ATOT IIa0JIOH UCIOJb3yeT onepanuu (Hampumep, ==, + ,<= H
Ap.)C 00BEKTaMH 3TOTO TUIIA, TO 3TH OIEPAIUH JIOJKHBI OBITH TIEPETPY>KCHBI.

19.2. lI1a6/10HBI KJIACCOB

3adyeM MpOrpaMMUCTy MOXKET MOHAJOOUTHCA ONMPEACIUTh TAKOW THUII, KaK BEK-
TOp TenbIXx yucen? Kak mpaBmiio, eMy HYXEH BEKTOpP M3 DJIEMEHTOB, THI KOTOPHIX
HEU3BECTEH co3iarento kinacca Vector. CnenoBaTenbHO, HAI0 CYMETh ONPEACIUTD
THUII BEKTOpA TaK, YTOOBI TUI 3JIEMEHTOB B 3TOM OMPE/ICICHUH y4acTBOBaJ KakK mapa-

MeTp, 0003HAYAFOIINN «peabHBIE» TUIIBI 3JIeMeHTOB (puc. 19.4.).
template < class T >
class Vector { // sektop anemeHToB TMna T
T * v;
nt sz;
public:
Vector ( Int s )

{
if (s<=0)
printf ( "memonycTumemi pnss Vector pasmep' );

= new T [sz = s]; // sbiaenutb namaTb ANa maccuea s tuna T

& operator [] ( int i );
nt size () { return sz; }

// ...

v
¥
T
i

Puc. 19.4. Onucanue maodJsona Vector
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Oto omnpexaencHue madiaona tuna. OH 3amaeT crocod MOTY4YCeHUs CeMeiCcTBa
CXOJIHBIX KJIaccOoB. B HamemM mpumepe mabion tuma Vector mnokasbiBaeT, Kak
MOJKHO TOJIYYHUTh KJIacC BEKTOP IS 33JJaHHOTO THIIA €ro 3JIEMEHTOB. DTO OMHCAHHE
OTJIMYACTCS OT OOBIYHOTO OIMHUCAHMS Kjacca HAIUYHEM HAYaJIbHOM KOHCTPYKIIUU
template<class T>, kotopas W TOKa3bIBacT, YTO OMHCHIBACTCS HE KJacc, a
rabJIoH THIIA C 3aJaHHBIM I[MapaMETPOM-THIIOM (371eCh OH HCIOJB3YETCS KakK THII
aJIeMeHTOB). Tenepb MOYKHO OIpPEACsATh W UCIOJIb30BaTh BEKTOpPA Pa3HBIX THIIOB,
Kak Imoka3aHo Ha puc. 19.5.

main
{
Vector <int> vl (100); // sekTtop 13 100 uenbix
Vector <double> v2 (200); //sextop w3200 umcen ABOUHOM TOUHOCTU
// ..
}

Puc. 19.5. Ucnosab3oBanue madJaoHHOro Kjiacca Vector

[ITa6IOHBI KJIACCOB YAaCTO HA3bIBAIOT NMapaMeTPH30BAHHBbIMM THIIAMM, TaK
KaK OHU MMEIOT OJWH WX OOJIbIIee KOJIMYECTBO MapaMeTpOB THUIIA, ONMPEICIISIONINX
HaCTPOUMKY POJOBOTO IIabJIOHA KJIacca Ha CIenu(UYECKHil TUM JAaHHBIX MPU CO3/a-
HUM 00BEKTa KjIacca.

[[TaG0HBI KTACCOB HE MOTYT BKJIAJIBIBATHCS IPYT B JIPyTa.

[[Ta6moHBI paKTUUECKU SBISIOTCS MaKpOCaMH, ITOATOMY OHHU JOJKHBI TTOJTHO-
CTBIO OIIPEIETISATHCS B 3ar0OJIOBOYHBIX (paiiiiax.

20. OBPABOTKA OLINBOK

Ilonamue ocoooii cumyauuu uiiu UCKIII0OUenus

Coznarenb OUOIMOTEKH CIOCOOEH OOHAPYKUTH JUHAMUUYECKHE OIITMOKH, HO HE
MpeACTaBIsAET, KAaKoW B 00IlleM cilyyae JoJIKHA ObITh peakius Ha HUuX. [lonb3oBarens
OMOJIMOTEKN CIOCOOEH HAaMKCaTh PEAKIUI0 Ha TaKue OIMMOKHU, HO HE B CHUJIaX UX 00-
HapyxuTh. Ecniu 661 OH Mor, TO caM pa3oOpasicst Obl ¢ OIIMOKaMH B CBOEH Mporpam-
M€, U UX HE MPUIUIOCH Obl BBIABIATH B OMOIUOTEUHBIX QyHKUMSIX. s pemeHus
ATOM MpOOJIEMBI B S13bIK BBEACHO MOHITHE 0CO00M CUTYyallUN WU UCKJIIOYEHUs

CyTb 3TOro MOHATHUA B TOM, YTO QYHKIUS, KOTOpas OOHapy»X uja OMKNOKY U HE
MOXET CIPABUTHCS C HEIO, 3aIMyCKaeT 0COOYI0 CUTYalluIo, pacCUUThIBasi, 4YTO yCTpa-
HUTb POOJIEMY MOKHO B TOW (DYHKIMHU, KOTOpPasi MPSIMO WJIU OMOCPETOBAHHO BBI3bI-
Basia nepByro. Ecnu ¢yHKIus paccuntana Ha oOpabOTKy OmMOOK HEKOTOPOro BUAA,
OHa MOXET YKa3aTh 3TO SIBHO, KAK TOTOBHOCTh MEPEXBATUTH JIAHHYIO OCOOYIO CUTYya-
LHUIO.

PaccmoTpum B kadecTBe mpumepa Kak Aiist kinacca Vector MoXHO mpe/icTaBs-
JsTh 1 00pabaThiBaTh OCOOBIE CUTYallMH, BBI3BAHHBIE BBIXOJOM 3a TPAHUIy MacCUBa.
[Ipeanonaraercs, yTo 00bEKTHI Ki1acca Range OyayT Mcrnoiab30BaThCAd KaK O0COOBIE
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cutyanuu. Eciu B QyHKIMU NpelyCMOTpEHa peakiusi Ha OMIUOKY HEIOMYyCTUMOIO
3HAQYEHUS] UHJIEKCA, TO Ty 4YacTh (PYHKIMH, B KOTOPOM 3TH OMMOKU OyAyT mepexsa-
TBIBAThCS, HAZI0 MOMECTUTH B omepatop try. B Hem pomxeH ObITh U 00pabOTUMK
0co00i cUTyaluu.

O6paboTurkoM 0CO0OM CUTyallud HA3BIBAETCS KOHCTPYKIIUS, TIOKa3aHHAs Ha
puc. 20.1.

catch ( /* ... */ )
{

// ...
}

Puc. 20.1. Biiok 00padoTKU UCKJIIOYEHUS

Ee MOXHO HMCHOJB30BaTh TOJBKO Cpa3y mocie OJ0Ka, HAYMHAIOIIErocs CIiy-
#eOHbIM ciioBoM ErYy, win cpasy mocie Apyroro oopaboruumka ocoOoil CUTyaluu.
CayxeOHbBIM siBiIsieTcs U cioBo catch. IMocne Hero uaer B ckoOkax onmucaHue, Ko-
TOPOE€ UCTOJIb3YETCSl aHAIOTUYHO OMUCAHUIO (POPMANIbHBIX MapaMeTpoB PyHKIHH, a
MMEHHO, B HEM 3a/IaeTCsl TUIl 00BEKTOB, HA KOTOPbIE paccuuTaH 00pabOTUYUK, U, BO3-
MOXHO, UMEHa MapaMeTpPOB.

[Ipouiecc 3amycka M mepexBaTa O0COOOM CUTyallud MpPEAIoJiaraet MpoCcMOTP
LETIOYKH BBHI30BOB OT TOUYKH 3alycka 0coOOi cuTyanuu A0 (YHKIMU, B KOTOPOH OHA
nepexBatbiBaeTcs. [Ipu 3TOM BOCCTaHABIMBAETCS COCTOSIHUE CTEKA, COOTBETCTBYIO-
niee (QYyHKIHMM, IepeXBaTUBIIEH OMIMOKY, U MPU MPOXOJE MO BCEH IIEMOYKE BHI30BOB
JUTSI JIOKQJIBbHBIX 00bEKTOB (PYHKIIMI U3 ATOM IIEMOYKHU BBI3BIBAIOTCS IECTPYKTOPHI.

Ecnu nmpu mpocMoTpe BCell LEMOYKM BBI30BOB, HAUMHAS C 3aIyCTUBILIEN OCO-
Oyro cuTyanuio QyHKIMU, HE OOHAPYKUTCS MOAXOASIINN 00pabOTUUK, TO MPOTrpaM-
Ma 3aBepIIaeTCs.

Ecnau o6pabotunk mepexBaTuii 0coOyr0 CUTyaIuio, TO oHa Oyner oOpabatkl-
BaThCSl U JIPYyTH€, paCCUMTAaHHBIE HA 3Ty CUTYyallUI0, 00paboTUuKHN HE OyAyT paccMmar-
puBarbcsi. UHBIMU clTOBaMH, aKTUBUPOBAH OyAET TOJBKO TOT 00pabOTUYMK, KOTOPHIN
HaxOJIUTCSl B CaMOM MocJie/IHEeN BbI3bIBaBIICHCA (YHKIIMH, COAEpKaIled COOTBETCT-
BYIOILIHE 00PabOTUUKHU.

Ocoovle cumyayuu u mpaouyuoHHas 00padomKa ouud oK

Hamr cioco6 06paboTku omnOOK M0 MHOTUM MapaMeTpaM BBITOJIHO OTINYaeT-
csi OT OoJiee TPaJULMOHHBIX crTOcO0O0B. IlepeunciinmM, 4TO MOXKET clienaTh Oonepanus
unaekcanuu Vector: operator[ ] () (cm. puc. 20.2. — 20.5.) npu oGHapyxe-
HUU HEJIONMYCTUMOI'O 3HAUCHUS UHICKCA:

1) 3aBepiIUTh IPOTPaMMYy;

2) BO3BpaTHUTh 3HAUCHHUE, TPAKTyeMoOe Kak "ommnoka'";

3) BO3BpaTUTh HOPMAIBHOE 3HAYCHUE U OCTABUTH IIPOrpaMMy B HEOTpe/e-
JIEHHOM COCTOSIHUU;

4) BbI3BaTh (YHKITUIO, 33JJaHHYIO JUIS PEaKlMy Ha TaKylo OIIHOKY.
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Bapuanm nepewiii («3aBepIIUTh TPOrPaMMy») pealli3yeTcsl 0 YMOIYaHUIO B
TOM cliydae, Korja ocofas cuTyalusi He ObUia nepexBadeHa. J[yis OOJbIIMHCTBA
OLIMOOK MOKHO M HY’KHO 00€CIEUUTh JIYUILIYIO PEAKLHUIO.

Bapuanm emopoti (<BO3BpaTUTh 3HAUECHUE «OIIUOKA») MOXKHO PeaIn30BaTh HE
BCErJla, MOCKOJbKY HE BCET/la YAAeTCs OMpeAeiIuTh 3HaUeHHe «omuoka». Tak, B Ha-
IIEM MPUMEPE JIF000E 11eJI0€ SIBISAETCS JOMYCTUMBIM 3HAUCHUEM JIJIsl pe3yJibTara ore-
pauuu uHjaekcanuu. Ecim MOXKHO BBIICIUTHh TaKO€ 0CO00€ 3HAUYEHHE, TO YacTO 3TOT
BApUAHT BCE PABHO OKa3bIBACTCS HEYJOOHBIM, MOCKOJBKY MPOBEPATH HA 3TO 3HAYe-
HUE TPUXOJIUTCSA MPU KaXJOM BbI30BE. Tak MOXKHO JIETKO YABOUTH pa3Mep Mporpam-
Mbl. [loaToMy 1t 0OHapy’KEeHHsI BCEX OLIMOOK 3TOT BAPUAHT PEAKO MCIOJIB3YETCS
MOCJIEeI0BATENBHO.

Bapuanm mpemuii («OCTaBUTHh MPOTPaMMYy B HEONPEACICHHOM COCTOSHUUY)
MMEET TOT HEIOCTATOK, YTO BBI3bIBABINASI (PYHKIIMSI MOXKET HE 3aMETUTh HEHOPMAJIb-
HOT'O COCTOSIHUS POTPAMMBI.

O6paboTka 0CcOOBIX CUTyallM HE MpelHa3Hayanach JJig TEX CIydaeB, Ha KO-
TOPBIC PaCCUUTAH gapuanm yemeepmuolil (KBbI3BATh (PYHKIMIO PEAKIIMH HA OIITHOKY>).
OTMeTuM, OJHAKO, YTO €CIU OCOOBbIE CUTyallUM HE MPEIYyCMOTPEHBI, TO BMECTO
(GYHKIMM peaklvy Ha OMKMOKY MOKHO KakK pa3 KCIOJb30BaTh TOJIBKO OJUH U3 TpeX
MEePEYNCICHHBIX BAPUAHTOB.

MexaHu3M OCOOBIX CHUTyallMi YCHEIIHO 3aMEHSIET TPaJUIIMOHHBIE CIIOCOOBI
00paboTKU OIMIMOOK B T€X Clydasix, KOrja MOCJIEIHHE SIBISIOTCA HETOJHbIM, HEKpa-
CUBBIM WJIA YPEBATHIM OLIMOKAMU pEUIEHHEM. DTOT MEXaHU3M MO3BOJISIET SIBHO OT/IE-
JIUTH YacCTh MPOrPAMMBI, B KOTOPOM 00pabaThIBatOTCs OMIUOKHU, OT OCTAIILHOM ee yac-
TH, TEM CaMbIM IIpOrpaMMa CTAHOBUTCS OoJiee MOHATHOW M C HEHl mpolie padoTarh
pPa3IUYHBIM CEPBUCHBIM MporpammMamM. CBOWCTBEHHBIH 3TOMY MEXaHH3MY PEryJsip-
HbII crioco0 00pabOTKU OMKUOOK YNPOIIAET B3aUMOJEHCTBUE MEXAY pa3lesibHO Ha-
MACAHHBIMU YACTSIMU TPOTPAMMBL.

B 3Tom cmocobe 00paboTku omuOoOK ecTh i mporpaMmmupyronmx Ha C Ho-
BbIii MOMEHT: CTaHJApTHAas peakius Ha ommOKy (0COOCHHO Ha OMMOKY B OMOJIHO-
TEYHOH (PYHKIIMHM) COCTOUT B 3aBEPIICHHH MPOTPaMMBbI. TpaguIlMOHHON ObLia peak-
1Ys NPOAOJIKATh MPOrpaMMy B HAJIekK[e, YTO OHA Kak-To 3aBepuiutcs cama. [losto-
My croco0, Oa3upyromuiics Ha OCOOBIX CHUTyalUsX, JleJlaeT mIporpammy Oosee
«XpYHKON» B TOM CMBICJIE, YTO TpeOyeTcs: OOJblle YCUIINM U BHUMAaHUs JJI1 €€ HOp-
MaJibHOTO BhINOJHEHUS. HO 3TO Bce-Taku Jydilie, 4eM MOoJly4yaTh HEBEPHBIE PE3yJib-
TaThl Ha O0JIee MO3AHEH CTAANH PA3BUTHS MTPOTPaMMBI (HJTH ITOJTy4YaTh UX €I MO3XKe,
KOrJia MporpaMMy COUYTYT 3aBEPIICHHON W MepenaayT HUYEro He MOA03PEBAIOIIEMY
I0JIb30BaTEIN0). Eciu 3aBepieHne nmporpaMmbl SBISICTCS HEIPHUEMIIEMOW peaKIIueH,
MOHO CMOJICJIUPOBATh TPATUIMOHHYIO PEAKIMIO C MMOMOIIBI0 MEpexBaTa BCEX 0CO-
OBIX CUTyallMi UM BCEX OCOOBIX CUTyallUi, MPUHAJICIKAIIUX CIIEHHMAIIBHOMY KJIacCcy

MexaHu3M 0CcOOBIX CUTYaIMil MOXKHO pacCMaTpUBaTh Kak JMHAMUYECKUUN aHa-
JIOT MeXaHU3Ma KOHTPOJISl TUIOB U MPOBEPKHU HEOJAHO3HAYHOCTU HA CTAJUU TPAHCIIS-
uuu. [Ipu TakoM noaxojqe 0oJjiee BaXKHOM CTAaHOBUTCS CTaJlds MPOEKTUPOBAHUS MPO-
rpaMMbl, U TpeOyeTcs 0oJibliiasi MOAAEePKKa MPOIECCa BHIMOIHEHUS TPOTPAMMBI, YeEM
st mporpamm Ha C. OgHako B pe3yJibTaTe MONy4YUTCa OoJiee mpeackasyemasi mpo-
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rpamma, ee OyAeT mpolie BCTPOUTh B MPOrPAMMHYIO CUCTEMY, OHa OyJeT MOHSATHEE
JIPYTUM TMPOTpaMMUCTaM M C Hel mpoie OyaeT padoTaTh pa3iudyHBIM CEPBUCHBIM
porpaMmam.

Takum 00pa3oM, MOXHO clieflaTh BBIBOJl, YTO MEXAaHHM3M OCOOBIX CUTyalui
MOIJICP)KUBAET, MOAOOHO NpyruM cpenctBam C++, «XOpOMmUi» CTHIb MPOTPaAMMHU-
pOBaHUs, KOTOPBIA B TaKUX fA3bIKaX, kKak C, MpUMEHSAETCS TOJIbKO HE B TIOJIHOM O0Be-
Me U Ha HeOpMaTbHOM YpPOBHE.

ﬂpyzue MmMOYKU 3peHus Ha ocoovle cumyauuu

Ocobas cutyanus - OAHO U3 TEX MOHATUN, KOTOPhIE UMEIOT Pa3HbIN CMBICH JIJIS
passbix drogeid. B C++ MexaHu3Mm 0coObIX CUTyallui mpeaHa3HaueH ajisg 00paboTKu
omuOoK. B "yacTHOCTH, OH mpenHa3HAYeH sl 00pabOTKH OUMIMOOK B MpOrpammax,
COCTOSIIIIAX M3 HE3aBUCUMO CO3aBaeMbIX KOMIIOHEHTOB (cM. puc. 20.2 — 20.5).

OTOT MEXaHU3M PACCUMTaH Ha 0COOBbIE CUTYyalld, BO3HUKAIOIIUE TOJBKO MpPH
MOCJICIOBATEIBHOM BBITIOJTHCHHH MTPOTPaMMBbI (HAallpuMep, KOHTPOJIb TPaHUI] MaCcCH-
Ba). ACHHXPOHHBIE OCOOBIC CHTyallMH TaKWe, HampuMep, Kak MpepbIBaHUs OT KJa-
BHUATYPHI, HEIb351 HEMOCPEICTBEHHO 00pabaThiBaTh C MOMOIILIO ATOTO MexaHu3Ma. B
Pa3IUYHBIX CUCTEMAaX CYIIECTBYIOT APYrMe MEXaHU3Mbl, HAIPUMEP, CUTHAJIbI, HO OHU
3/1eCh HE pACCMATPUBAIOTCS, MOCKOJBKY 3aBUCST OT KOHKPETHOU CUCTEMBI.

#include <iostream>
using namespace std;
class Vector {

int* p;

int sz;
public:

enum { max = 32000 };

class Range //ocobas cuTyauus uHaekca
{ public:

Int index;

Range(int 1) : index(1) { } };
class Size // ocobas cuTyauus "HesepHbIU pasmep”
{ public:

Int index;

Size(int 1) : index(1) { }};
Vector(int sz=1000);
int& operator[](int 1);};

Vector::Vector(int sz){

IT (sz<0 || max<sz) throw Size(sz); //reHepaumsa ucknroueHus
p = new Int [Vector::sz= sz];
for(int 1=0;i1<sz;i++)
pLi] = 15}
Int& Vector::operator []J(int 1){
1T(1<0] |sz<=1) throw Range(i); //reHepauusa ucknroueHus
return p[i];}

Puc. 20.2. Kinace Vector C BJ10KeHHBIMH KJIACCAMU /IJIsl TeHePAlNU HCKII0YeHUit

132



Vector* CreateV(int s){

Vector *vnew;
try{ vhnew = new Vector(s);
cout<<(*vnew)[s]; }

catch(Vector::Size s) //nepexsart UCKNFOYEHUS

{

cerr << "Wrong vector size ''<< s.index << endl;

vnew = CreateV(100);

}
catch(...)//nepexsaT Ucknro4eHus
{
cerr<<"0PS"<<endl;
}

return vnew;}
Puc. 20.3. ®ynkuus s co3nanus odbekrta tuna Vector

print(Vector& v, iInt i)

try
{

cout<<v[i]<<endl;

Vector *vnew = new Vector(64000);
¥

catch(Vector::Range r) //nepexsat UCKNFOYEHUS

{

cerr << "Wrong index: "<< r.index << endl;

print(v, 0);
ks
catch(...)//nepexsar UcKNrOYeHUs
{
cerr<<"0OOPS"<<endl;
¥

Puc. 20.4. ®ynkuus 1jisi neyatu odbexTa Tuna Vector

int main()

{

Vector * vec[3];

vec[0] = CreateV(6);
vec[l] = CreateV(64000);
vec[2] = CreateV(1000);
print(*vec[0],6);
print(*vec[l], 99);
print(*vec[2],1000);
return O;

Puc. 20.5. Ucnoab3oBanue Kiaacca Vector
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MexaHu3M 0COOBIX CHUTYyaIMi SIBIIIETCS KOHCTPYKIIMEH ¢ HEIIOKAJLHOU Tepe-
Jadeil yrmpaBJeHUS U €ro MOXXHO pacCMaTpvBaTh Kak BapWaHT omepaTtopa return.
[ToaToMy 0coOBIC CUTYaITMX MOYKHO HCITOJIB30BATh IS II€JIeH, HUKaK He CBSI3aHHBIX C
00paboOTKOM OIMIMOOK.

21. IPUBEJEHUE TUIIOB

21.1. JlnnamMudveckas uaeHTH(GUKALINS THIIOB

HenaBuee no6aBneHue B MPOEKT cTaHaapTa sizbika Cu++ MexaHu3Mma JTMHAMU-
4ecKol  WACHTU(UKAIMK  THUIIOB (RTTI - Run-Time Type
Identification) pacmupser 35K Ha0OPOM CPEACTB, MO3BOJISIOUIUX HICHTH-
(GUIMPOBaTH KOHKPETHBIC THITHI 00OBEKTOB BO BPEMsI BBITIOJTHEHHS ITPOTPAMMBI, JaKe
€CJIM U3BECTHBI TOJIBKO YKa3aTeb MU TOJIBKO CChIJIKA Ha MHTEPECYIONIMA POrpam-
MHUCTA OOBEKT.

#include <iostream>
using namespace std;

class A
{
public:
virtual ~AQ{}
};
class B:public A
{
char* str;
public:
B(const char* s)
{
str = new char[strlen(s)+1];
strcpy(str, s);
¥
~B({delete [] str;}
const char* Get(){return str;}
};
int main()
{
B b(""Hello!'");
A& pa = b;
i1T(typerd(pa)==typeid(B))
cout<<((B&)pa) -Get()<<endl;
return O;
ks

Puc. 21.1. Ucnoab3oBanue onepanuu typeid
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MexaHu3M TUHAMUYEeCKOro ornpeaeiacHus (MaeHTH(UKAIIMN) THIIOB TIO3BOJISET
MIPOBEPUTH, SBIIACTCSA JU HEKOTOPBIH OOBEKT OOBEKTOM 3aJJaHHOTO THIA, a TAKXKe
CpPaBHHMBATh THIIBI JIBYX JaHHBIX OOBEKTOB. JIJIsI 3TOr0 WMCHOJIB3YETCS OIeparus
typeid, xoTopas omnpejenseT THIT apryMeHTa U BO3BpaIlaeT CChUIKY Ha OOBEKT TH-
na const typeinfo, onuceiBaromuii 3ToT THI. B kKadectBe aprymenta typeid
MOJKHO TaK»e HCIOJIb30BaTh M UMsI HEKOTOporo tuma. B atoM ciyuae typeid Bep-
HET CChUIKY Ha 00bekT cONst typeinfto sroro tuma. Kiacc typeinfo conep-
KUT onepauun-pyHkuuu operator== u operator!=, koTopble UCHOIb3YIOTCS
U cpaBHEHUs THUIIOB 00bekToB. Kitace typeinfo Taxke comepKUT KOMITOHCHT-
Hyro Gyskmuo name (), BO3BpalIamoIyIo yKa3aTelb Ha CTPOKY, COACPIKAIIYIO UMSI
Tuna aprymenta (cm. puc. 21.1.).

Omnepanus type 1d umeer a8e HOPMBI:

typeid (Bopaxenue),

typeild (uma Tuna)

Ecmn onepann omepanuu typeid cyTh pa3bIMCHOBAHHBIM HYJEBOH yKasa-
TeJb, MOPOXKIACTCS UcKIoueHue bad_typeid.

21.2. CneunajbHble ONepaly NMPUBEIEHN I TUIIOB

Crangapt ANSI onpenenseT crienuaabHBI CHHTAKCHUC OTIepaIluil TPUBEICHUS
THUIA, MO3BOJISIONIMM MPOTPaMMHUCTY BOCHOJIb30BaThcs npeumyniectBamu RTTI w,
KpOMe€ TOTr0, yKa3aTh TOYHO, YTO OH XOUET MOJYYUTh B PE3YJIbTATE TAKUX OMEPALIHil.
HoBrix onepanuii npuBeneHus deteipe: dynamic_cast, static_cast, rein-
terpret_castuconst_cast.
31ech HEOOXOIMMO BCIIOMHHUTD, JJII Y€TO BOOOIIE MOXKET CIYXUTh MpHUBEeC-
HUe Tuna. MoXHO Ha3BaTh CIAEAYIOUIUE CIyYan:
1. YtoObl U3MEHUTH IEUCTBUTEIBbHOE MPEACTABICHUE JAHHBIX JUOO MOBeje-
HUE 00BEKTa, Ha KOTOPBIM CChUIAETCS HEKOTOPBIM ykazaTenb. lIpocreitiiee
MPUBEJICHUE TAKOT0 pojia — IpeoOpa3oBaHUE 1IEJOT0 TUIA B BELIECTBEH-
HEBII;
2. UToOBI M3MEHHUTH JIUIIh WHTEPIPETAIIUIO KOMITHIATOPOM HEKOTOPHIX JIaH-
HBIX, HEC MCHSISI UX JIEHCTBUTEIBHOTO ((DU3MUECKOTO0) IpeCcTaBIeHus. Tako-
BO, HampumMep, npuBeaeHue tuna 1Nt x Tumy unsigned u Hao6opoT;

3. UTOoOBI CHATH OTPAaHUYCHUS HA BO3MOXKHBIC MAHUITYJISAIHNHA C OOBEKTOM, Ha-
KJIaJIbIBaeMble Mouukaropom CONst.

OTH TpU Cily4das COOTBETCTBYIOT, TOBOPSI HECKOJBKO YIPOLIEHHO, TPEM MO-
CIEOHUM W3 TMEPEUYUCICHHBIX B Hayaje paszaena onepauuii. Onepanus xe
dynamic_cast no3Bosier 6€30MacHO MPUBOJUTH THITBI B PA3TUYHBIX MOJIAMOP(D-
HBIX UEPAPXUSAX KJIACCOB, B TOM YHCIIE€ C BUPTYaJbHBIMU 0a30BbIMU KJIACCAMHU.
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Onepayus reinterpret_cast

CunTtakcuc 1aHHOU OpMBI Onepaluy NPUBEACHUS UMEET BU/I!

reinterpret_cast <uenesoi Tun> (apryMeHT)

Takyro omepaiio MOXHO MPUMEHUTH JJISl TOTO, YTOObI UBMEHUTh UHTEPIpE-
Tanuo o0beKTa 6e3 NeUCTBUTEIHLHOIO MPeoOpa3oBaHUs JaHHBIX.

[leneBoii_TUM MOXKET OBITH TUIIOM CCBUIKH, YyKa3aTels, LEJIbIM, Mepeyuciu-
MBIM WJIU BEIIECTBEHHBIM THUIIOM.

Ecnu neneBoil Tunm — TUN yKa3zaTessl WIH CCHUIKH, TO apTYMEHT MOXET OBITh
yKa3aTeJIeM WIH CChUIKOW, a TaKKe YMCIIOBOHM (BEIICCTBCHHOM, IEJION, MEePEUHCIIH-
MOi1) IEpEeMEHHOM; KOr/Aa LEJACBbIM TUIIOM SIBJISCTCS YHCIAOBOM THII, TO OIEPAH MO-
&KET OBITh YKa3aTeJIeM WIH CChLIKOM.

Onepanus Bo3BpaliacT 3Ha4€HUE LEJIECBOr0 THUIIA.

Bo3MmoxkHO, Hanpumep, sSIBHOE MpeoOpa3oBaHUE yKas3aTels B IENbIA THUII, PABHO
Kak 1 oOpaTHas onepaiusi. MoKHO NpUBOAUTH yKa3aTelb Ha (DYHKIMIO OJHOTO THUIIA
K yKa3aTeno Ha (QYyHKIMIO JPYroro TUIMA WIK Ha HEKOTOPbIH OOBEKT, MPU YCIOBUH,
4T0 OH (yKa3aTellb Ha 00BEKT) UMEET JJOCTATOYHYIO Pa3PsTHOCTb.

#include <iostream>
using namespace std;

class A {
public:
int i;
AQ{1=10; }virtual ~-AO{}} ;
class B: public A {
public:
int i;
B(int 11): 1(ii) {}
B(A&): 1(11)

{
cout << "Derived conversion constructor... ';
ks
};
int main(){
int 1 =7;
int *ip = &i;
int temp = reinterpret_cast<int>(ip);
cout << "Pointer value iIs "<< 1Ip << endl;
cout << "Representation of a pointer as int Is " << hex
<< temp << endl;
cout << "Convert i1t back and dereference:"
<<reinterpret_cast<int*>(temp) << endl;
return O;
ks

Puc. 21.2. Ucnoab3oBanue onepanuu reinterpret_cast
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Onepauyua const_cast

Omnepanus const_cast umeer Ty ke GpopMy, 4TO U NPEABITYILIAS:

const_const <uesesoit Ttun> (apryMeHT)

IlenmeBoii THII, BO3BpaIllaeMblil TaKOM OIepariei, MOKeT ObITh J00BIM U JI0J-
KEH OTJIMYaThCS OT THUIA apryMEeHTa ToJbko MoaudukaTopamMu CONSt wu
volatile.

#include <iostream>
#include <string.h>
using namespace std;

int main()

{

const char *ip;

ip = new char[20];

strcpy(const_cast<char*>(ip), "'New const string,");
cout << Ip << endl;

strcpy(const_cast<char*>ip, "Test');

cout << Ip << endl;

delete [] ip;

return O;

Puc. 21.3. Ucnoab3oBanue onepanuu const_cast

Onepayus static_cast

Omnepalys CTaTU4ECKOro MPUBEACHUS TUTIA

static_cast <uesneson Tun> (apryMmeHT)

MOXET BBINOJHATH MPEOOPa30BAHUS MEXKY YUCIOBBIMU THUIAMH, a TAKXKE MEKIY
yKazaTesiMU JIM00 CChUIKAMU Ha OOBEKTHI KJIACCOB, HAXOASIIIUXCS B UEPAPXUUECKOM
OTHOIIICHUU (€CIM OHO OJHO3HAYHO W 0a30BBIN KiIacC — HE BUPTyaJIbHBIHN). Oniepa-
IIUs peajn3yeTcs BO BpeMs KoMIisiiuu (cM. puc. 21.4.).

[IpeoOpa3oBaHusl YUCIOBBIX THUIIOB MPOUCXOASIT TOYHO TaK K€, KaKk B clydae
oObIyHOM HOTaluu npuBeneHui. [IpuBenaeHue ykazareneid U CCbUIOK BO3MOXHO Kak
OT TPOM3BOIAHOTO Kjlacca K 6a30BoMy (TYT BCE IOCTATOYHO MPOCTO), TaK U OT 0a30-
BOTO K MPOHM3BOAHOMY (HHCXOJIIee TpuBeacHUE THMa). KoHeYHO, ciemyeT MoM-
HUTb, YTO BO MHOTHUX CIy4asiX HUCXOJsIIEe MPUBEIACHUE YyKazaTessl 0a30BOro THma
He OyzeT 0e30MacHbIM, €CIIU TOJBKO OH HE CChUIAETCA B JIEMCTBUTEIBLHOCTU HA MIpE-
CTaBUTEJIb MPOU3BOJIHOTO KJIacca.

Ecnau HekoTophiil ykazaTenb MOXKET OBbITh MpUBEACH K THUIMY T™*, TO OOBEKT
ATOrO TUIA MOXKET OBITh MPUBEJEH K TUMY T&.

OOBEKT UK 3HAYEHHUE MOTYT OBITh MPUBEJAEHBI K 00BEKTY HEKOTOPOTO Kjlacca,
€ClIM B JIAaHHOM KJIacce€ OOBSIBIIEH COOTBETCTBYIOIIMNA KOHCTPYKTOP WM HMEETCA
MOAXOSIIAs onepalus npeoopa3oBaHUs.
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#include <iostream>
using namespace std;

class A {public: int i; AQ{i=10;}virtual ~AQ{}} :
class B: public A {
public:

int i;

B(int 11): 1(ii) {}

B(A&): 1(11) {

cout << '"Derived conversion constructor... ';}};

int main(){

B b(22), *pb = &b;

A &ra = static_cast<A&>(b); // CcblnkaHa b kak 6a308BbIA O6beKT.
A *pa = static_cast<A*>(&b); // Yka3zartenb Ha b kak 6a308BbIN

//061beKT.
cout << "Derived object: " << b.1 << endl;
cout << "Downcasting pointer to pointer: " <<

static_cast<B*>(pa)->i << endl; // TTpuseneHue ykasaTtesneu.
cout << "Downcasting referense to referense: '<<

static_cast<B&>(ra).i<< endl; // TlpuseneHue Kk ccbinke.
cout << "Downcasting reference to object: ';

cout << static_cast<B>(ra).i<< endl; // Tlpusenerue k 0bbexTy.
return O;}

Puc. 21.4. Ucnons3oBanne onepanuu Static_cast

Onepauusn dynamic_cast

Omneparusi JTMHAMHYECKOTO MPUBEIACHUS THIIA

dynamic_cast <uesesort tumn> (@pryMeHT)

HE UMEET aHaJIOrOB CPeIU OIepallni, BBIOJHSAEMBIX C MPUMEHCHHEM ‘‘KiaccHuye-
CKOM” HOTanuu npuBeneHus. Onepanus ¥ MpoBepKa ee KOPPEKTHOCTH MPH U3BECT-
HBIX YCJIOBUSAX MPOUCXOJNUT BO BPEMs BBITIOJHEHUS porpamMmbl (cM. puc. 21.5.).

[{ereBol THTI OTIEpaIK JIOJDKEH OBITH TUIIOM yKa3aTelis, CChUTKH M VO 1d™.
Ecin neneBoi TMIm — TUN yKa3aTess, TO apryMEHTOM JIOJDKEH OBITh yKa3aTellb Ha
00BEKT KJ1acca; eCJIM IeJIEBOM THI — CChUIKA, TO apTyYMEHT JO0JDKEH TaKKe ObITh CO-
OTBETCTBYIOIICH CCBhUIKOW. Eciu 1enmeBbiM TumoM siBisiercss VOIA™, To apryMeHT
TaK)Ke JIOJDKEH OBITh yKaszaTelieM, a pe3yJIbTaTOM OIepaluu OyAeT ykaszareib, ¢ Io-
MOIIBI0 KOTOPOTO MOKHO OOpaTHTHCS K JTIOOOMY AJIEMEHTY «CaMOT'O ITPOU3BOTHOTO
KJlacca MepapXvu, KOTOPBIA caM HE MOXET ObITh 0a30BBIM HH JIJISI KAKOTO APYTOTo
KJiacca.

[lpuBeneHne OT MPOM3BOJHOTO Kiacca K 0a30BOMY paspelraercs Ha dTare
komnwanuy. [IpeoOpa3zoBaHusi oT 0a30BOro Kiacca K MPOW3BOJHOMY, JIHOO Iepe-
KpPECTHBIE NMPeoOpa3oBaHus HA HEKOTOPOH MEepapXuH, MPOUCXOMIAT BO BPEMS BBITOJI-
HEHUS TporpamMmbl. Orepariysi HUCXOASIIETO MPUBEACHUS THTIA JOITYCTHMA TOJIBKO B
cirydae, eclii 0a30BbIi Kiace (KJ1acc apryMeHTa) SIBJIICTCS OJTUMOP(HBIM.
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#include <iostream>
using namespace std;

class A {
public: iInt 1;

AQ{i=10;}virtual ~AQ{}} ;

class B: public A

{
public:
int i;
B(int 11): 1(ii) {}
B(A&): 1(11)
{
cout << "Derived conversion constructor... ';
¥
};
int main()
{
B b(22), *pb = &b;
A a, *ppa=&a;
A &ra = dynamic_cast<A&>(b); //CcbinkaHab kak 6a308b14 06BEKT
A *pa = dynamic_cast<A*>(&b); //Yxa3arenb Ha b kak 6a308b14 06EKT
cout << "Derived object: " << b.1 << endl;
// TlpuseneHue ykasatenen
cout << "Downcasting pointer to pointer: " <<
dynamic_cast<B*>(pa)->i << endl;
// TlpuseaeHue K ccoblnke
cout << "Downcasting referense to referense: '<<
dynamic_cast<B&>(ra).i<< endl;
// TTpusepneHue k 06bekTy
cout << static_cast<B*>(ppa)->i<< endl;
return O;
¥

Puc. 21.5. Ucnoab3oBanue onepanuu dynamic_cast

[Ipu nmomnbITKE MPOU3BECTH HEKOPPEKTHOE MPeoOpa3OBaHUE OMepalus BO3Bpa-
1IaeT HyJb, €CIIU 1eJIeBOM TUI — yKa3aTenb. Eciu cchlika, onepanus BbIOpachiBaeT
uckiIoueHue tuna bad_cast.

C momomnipio omeparuu dynamic_cast MOXHO BBHINOJIHITH HHCXOJAIICE
MIPUBEJICHUE BUPTYaAIbHOTO 0a30BOr0 Kjacca, 4YTO HEBO3MOXKHO ClIeNIaTh C MPUMEHE-
HUEeM OOBIYHON HOTalUM MPUBEICHUH, NMPU YCIOBUH, YTO OA30BBIN KJIACC SIBISETCS
noIMMOP(HBIM U IpeoOpa3oBaHUE pa3peliaeTcs OJTHO3HAUHO.
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AOCTpaKTHBIN KJacc

Anpec niepeMeHHOI

Bpems xu3aun

JlecTtpykTop

JIpyKECTBEHHOCTh

3aronoBoYHbIN (aiin

3HayeHue

MepPEMEHHOU

Nms nepemeHHOU

Hunexc
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INIOCCAPUN

— 3TO KJIACC, OOBEKTHI KOTOPOrO B MpPOTrpaMMe CO3J1aTh
HEJIb3S

— 3TO ajjpec 00JIaCTU MaMsTH, C KOTOPOW CBsi3aHA JaHHAas
nepeMeHHas

— 3TO BpeMs, B T€UEHHE KOTOPOTO MEepEeMEHHas CBs3aHa C
omnpeAeICHHON 00aCThIO0 MaMATH

— (pyHK1IMS, BbI3bIBaEMasi B MOMEHT Pa3pyIlICHUs] 00BEKTA.
ConepkUT OCBOOOXKIACHUE TUHAMUYECKOW MaMsTH, HC-
10JIb3yeMoi 00bekTOM. MMs coBMmaaeT ¢ MMEHEM KJjlacca,
HO B Hayaje CTaBUTCS 3HAK ~

— OTHOILEHUA MEXAY KIACCaMU WM MEXAY KIIACCOM M
BHEIIHEW (yHKIMEH, MO3BOJISIIONIME MOTYYUTh JOCTYI K
3aKPBITHIM U 3aLIUIIEHHBIM 3JIEMEHTaM KJlacca

— (haiin, comeprKamuii TPOTOTUIBI (DYHKIIMM M OMHCAaHHUE
I0JIB30BAaTE/ILCKUX THIIOB JaHHBIX. FIMeeT paciiupenue .h

— 3TO COAEPKUMOE STYCUKHU WM COBOKYMMHOCTH SYEEK IIa-
MSITH, CBSI3aHHBIX C TAHHOM MEPEMEHHON

— 3TO0 UACHTU(PUKATOP, UCTIONB3YEMbIH B IIporpamMMmax s
CCBUIKM Ha 3HAYEHHE NEPEMEHHOMN

— HOMEp TMO3UIIMHU HJIEMEHTAa MAacCUBa, 3aKJIIOYCHHBIN B
KBaJ[paTHbIe CKOOKHU



Nuxkancynsuus — OAMH U3 OCHOBHBIX MPHUHIUMIOB  OOBEKTHO-
OpPHEHTUPOBAHHOIO  mporpammupoBaHus.  [lo3Bosser
CKpBIBAaTh PEANM3ALMIO KJIAaCCa OT KOHEYHOT'O MOJIb30BaTe-
7 KJacca

Hckmouenue — cOOBITHE, KOTOPOTO HE JKJIAJTH U KOTOPOE HYKHO KaKUM-
TO 00pa3zoM oOpadaThIBaTh

Knacc — 9TO aOCTPAKTHBIM THIT JAHHBIX, COCTOSIIUNA U3 JIEMEH-
TOB-JIaHHBIX M JIEMEHTOB-() YHKITUH

Kommusstop — nporpamma, o0padaTbIBaroias MoJIb30BaTEIbCKYIO MPO-
rpaMmy, MPOBEPSIONIAs CUHTAKCMYECKHE OIIMOKH, MOJ-
KJIFouaronias 6nbanoreunsie (aitiasl U GOpMUpPYOIIAs UC-
MOJIHSIEMBIH (haiin

Komnosunus — BKJIIOYEHHUE B KJIACC OOBEKTOB JAPYTUX TUIIOB B KAUECTBE
3JIEMEHTOB

KoHkpeTHbIil K1acc  — KJ1acc, 00bEKThI KOTOPOIo B IporpaMMe CO34aTh MOXKHO

Konctpykrop — (yHKIMS Klacca, MCHOJib3yeMmas I MHULHUAIA3alUuu

AJIEMEHTOB-JAaHHBIX Kjacca. VIMs KOHCTpyKTOpa coBmajaa-
€T ¢ IMEHEM KJlacca

Maccus — IOCJICOOBATCIIbHAA TIPYyIIIla AJ4YCCK IIaMATH, HMMCHOIINX
OOMHAKOBOC UM U OI[HH&KOBBIﬁ THII

HacnenoBanue — OJIMH U3 CHOCOOOB TMOBTOPHOI'O HCIOJIB30BAaHUS TPO-
IPAMMHOTO OOECIEUeHHs, NMPU KOTOPOM HOBBIE KJIACCHI
CO3/IAI0TCSl U3 YK€ CYIIECTBYIOUIUX KJIACCOB MyTEM 3auM-
CTBOBaHMS UX (QPYHKUUI 1 aTpuOyTOB U 0OOTraleHus: 3TU-
MU BO3MOKHOCTSIMU HOBBIX KJIACCOB
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O0nacTp BUIUMOCTH

[leperpy3ka QyHkunit

ITeperpy3ka

orepanui

[TepemenHas

[Honumopduzm

[Iporpamma

[Iporotun GyHKINH

PexypcuBHas
hyHKIHS

CBA3HBIU CIUCOK

Cnenudukatop
J0CTyTa
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— 3TO OJIOK MPOTrpaMMbl, U3 KOTOPOr0 MOKHO OOpATUTHCS
K 3TOW NEPEMEHHOMN

— OlpeJieNieHre B MPOrpaMMe HECKOIbKUX (PYHKIUMA ¢ 0J1-
HHUM UMEHEM, HO Pa3HbIM CIMCKOM ITapaMeTPOB

— TepeornpeesieHne BCTPOCHHBIX OMEpaluil AJis MOJIb30-
BaTEIHCKUX TUTIOB JTAHHBIX

— 3TO O0BEKT JAHHBIX, KOTOPHIA SBHBIM 00pa3oM Ompese-
JIEH ¥ IMEHOBAH B MPOTrpaMme

— BO3MOJKHOCTH JIJII OOBCKTOB pPa3HBIX KJIACCOB, CBS3aH-
HBIX C IIOMOIIBI0 HACICAOBAHMS, PEarupoBaTh Pa3IMIHBIM
oOpazoMm mpu oOpalieHuu K OAHOM U TOMl ke (PyHKIUHU-
AIIEMEHTY

— QITOPUTM + CTPYKTypa JaHHBIX

— 3TO 3aroJIOBOK (PYHKIIMH, MOCJI€ KOTOPOIro CTaBUTCS
Touka ¢ 3anaroil. HeoOxoaum 1jist ucnonb3oBaHus (yHK-
LU 0 €€ ONpeeICHUS

— 3T0 (PyHKIMA, KOTOpasi BHI3BIBAET cama ceOst Tubo Hero-
CPEACTBEHHO, JIU00 uepe3 Ipyrue QyHKIuu

— Pa3sHOBHUJHOCTH JIMHEMHBIX CTPYKTYp MAAHHBIX, Mpe.I-
CTaBJAIONIAs COOOM TMOCJEA0BATEIBLHOCTh 3JIEMEHTOB,
OOBIYHO OTCOPTUPOBAHHYIO B COOTBETCTBUU C 3aJaHHBIM
MPaBUIOM

— onuH M3 private, protected, public. Onpenenser mocTym
K DJJIEMEHTY TIOJIb30BAaTEIbCKOTO KJlacca M3 BHEIIHUX
GbyHKIMI Wik 00bEKTOB APYTUX THUIIOB



CCBIJ'II(a, CCBUIOUHBIM — 3TO CKpBITLIfI YKa3aTteiib, IICCBAOHUM IapaMCTpa

rnapameTp
Crpoka — 3TO MAacCUB CHMBOJIOB, 3aKaHUMBAIOUIUKCS CIIEIUAIIb-
HBIM CUMBOJIOM KOHIIa CTPOKH
CrpykTypa — 3TO aOCTPAKTHBINA TUI TAHHBIX, COCTOSAIIUN U3 JIEMEH-
TOB-JIaHHBIX
Tum nepeMeHHON - CBA3BIBACT MEPEMEHHYIO C MHOXKECTBOM 3HAUYE€HUH, KO-
TOpBIE OHA MOXET MPUHUMATh
VYkazarenb — IEpEMEHHas, KOTopasi COJECpPKAaT B KAUECTBE CBOUX 3Ha-
YEHUH ajipeca MaMsITH.
daiin nporpaMMmbl  — (aiia, comepKalididi OMpeaesieHHue TMOJIb30BaTEIbCKUX
(koma) ¢byukuit. Umeet paciuupenue .Cpp
OyHKIUSA — UMEHOBAHHBIN OJIOK MpOrpamMMbl, CO3IaHHBIN JJIsI perie-
HUSI OJTHOM HEOOJIBIIION 3a1a4u
[ITa6moH kmacca — TMapaMeTpPU30BaHHBIN THUI. 3aJaeT CIOCO0 MOJy4eHUSs
CEMENCTBA CXOIHBIX KJIAaCCOB
[[TabnoH GyHKIIMM  — TO3BOJSET ONPENesATh (YHKIUMHM s J000ro TUMa

naHHBIX. B oTnnune oT neperpykeHHbIX (GyHKIMN paboTa
M0 CO3AaHUI0 (PYHKIUU JUIsi KOHKPETHOTO THIMA JIOKUTCS
Ha KOMITHIATOP
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