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MABA 1 TEXHONOrmnin nPOrrAMMMPOBAHUA

NEKUUNA Ne1

1.1 O630p TeXHONOrMn NPorpaMmMmmMpoBaHUA

UMnepaTnBHOE nporpaMmmMmmupoBaHue

MmnepatMBHOe nporpamMmumpoBaHMe — 3TO UCTOPUYECKU NepBasi METOAOMOrus
nporpammupoBaHusi. OHa opueHTMpOoBaHa Ha Knaccudeckyro ¢oH HenmaHoBCKytO
MOJernb, OCTaBaBLUYKCA A0SIr0e BpeMs €AMHCTBEHHOM annapaTHOW apXUTEKTYPOMW.
MeTogonorna uMMnNepaTtMBHOINO MPOrpaMMUPOBAHUS  XapakTepusyeTcs MpPUHLMMIOM
rnocriedosamesibHoO20 U3MEHEHUS COCMOSIHUS 8bl4duciiumernsi rnowazoebiM 06pa3oMm.
Mpn 3TOM ynpaBneHne W3MEHEHUSIMW TMONIHOCTbIO  OonpefeneHo  KOoHuenuuewn
asneopummMa W TMOMHOCTbI KOHTponupyemo. Ecnv nog BbluMcnutenem noHUMaThb
COBPEMEHHbIN KOMMbIOTEP, TO €ro COCTOAHMEM OyayT 3HA4YeHUs BCEX AYeeK namsaTu,
COCTOSIHME npoueccopa (B TOM 4ucre — YykasaTeflb TeKylleh KOMaHabl) U BceX
COMPSPKEHHbIX YCTPONCTB. EQWMHCTBEHHAsA CTPyKTypa LaHHbIX — MNOCrneaoBaTenbHOCTb
Avyeek (Nap «agpec» — «3HayYeHue») C NUHEWHO YMnopsAoYeHHbIMM agpecamu. B
KadyecTBe MamemMamu4yeckol mModesiu nMnepaTMBHOE NporpaMMmupoBaHue UCMOfNb3yeT
mMawuHy  TblopuHra-Nlocta —  abcTpakTHOe  BbIMUCIIUTENBHOE  YCTPOWCTBO,
npegnoXeHHoe Ha 3ape KOMMbITEPHOM 3pbl AN ONUCaHUSA anropuTMOB. fA3bIK,
nogaepXuBarmLime OaHHYK BblYUCNUTENBbHYIO MoAernb, SBASTCA Kak Obl CpeCcTBOM
onucaHusa (PyHKUUKM nepexogoB Mexay COCTOSHUMAMWU Bblducnutens. OCHOBHbIM UX
CMHTaKCMYECKUM MOHATUEM SBNAETCHA orepamop. imnepaTuBHOe nNporpammMmupoBaHune
Hanbonee NpUrogHoO ANdA pelleHns 3agad, B KOTOPbIX NocriefoBaTesibHOe UCMOSNHEHNE
Kakmx-rimbo KkoMaHA SBMSeTCs eCTECTBEHHbIM.

CTpyKTypHOE nporpammupoBaHue

CmpyKkmypHoe rpogpamMmMmupogaHue — 3TO TaKOW Noaxo K HanucaHmio nporpamm,
npwv KOTOPOM OHW CTaHOBATCS 6ofiee ACHbIMU ANna NOHUMaHWUA, 6onee KOPPEKTHbIMU U
nyyue noaxoasimmm ans JanbHenLWwmnx MoaundouKaumm. CTpykTypHOE
NporpaMmMmMpoBaHne BO3HUKIIO Kak BapuaHT PeLleHns npobrnemMbl YMEHbLUEHUS

CNOXHOCTM  paspaboTkm nporpammHOro obecneyvyenusi. CmpykmypHoe
rpozpammuposaHue faeT onpeaeneHHble pekomeHaaunm no pasdbueHuo NporpamMmebl
Ha oTaenbHble OMOKM N OCHOBLIBAETCHA Ha MpuUHUMNE pa3paboTku nporpaMmmbl CBEpXy
BHWU3 C MOCTENEHHON AeTanu3aunen.

B OCHOBY CTpPYKTYpHOro nMporpaMmupoBaHusi MONOXEHbl criedyrolmne AoCTaTOuHO
NPOCTbI€ MONOXEHUS:

— anropuTM 1 NporpaMmma LOMKHbI COCTaBNATLCS NO3TanHo (No waram);

— CNOXHas 3agaya OOoMmKHa pa3bmBaTbCHA Ha AOCTATOYHO MPOCTble YacTu, Kaxaas
N3 KOTOPbIX MMEET OAWNH BXOA U OAWUH BbIXOA;

— Nnorvka anropMtMa M nporpamMmMbl AOMMKHA ONMPaTbCsl HA MUHMMAarbHOE YUCIo
[0CTaTOYHO NPOCTbIX 0a30BbIX YNPaBMSOLNX CTPYKTYP.

CTpyKTypHOE nporpamMmmMmpoBaHME MHOr4a HasbiBAKT ele «NporpaMMUpoBaHMNEM
6e3 GO TO». PekomeHayeTca m3beratb ynotpebneHns onepartopa nepexona Bcroay,
rae 9TO BO3MOXHO, HO, 4YTOObl 3TO He npuMBOAMMO K CIULIKOM TPOMO3AKAM
CTPYKTYPUPOBaHHbLIM NporpaMmMam.
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K nonesHbim cnydadamMm uUcCnoJsib3o0BaHUA onepatopa nepexoga MOXHO OTHeCTU

BbIXO4 M3 LMKNa unu npoueaypbl N0 0cobomy yCrnoBuio, «40CPOYHO» MpekpaLLatoLlero
paboTy [AaHHOro UuUMKNa unM JaHHOW npoueaypbl, T.e. 3aBepliarowero pabdoty
HEKOTOPOM CTPYKTYpPHOW eauHuubl (0606LeHHoro onepaTtopa) U TeM caMbiM NuLlb
NOKanbHO HapyLUatoLero CTpyKTypmpoBaHHOCTbL NPOrpamMmbl.

®dyHOAMEHTOM  CTPYKTYPHOrO  NPOrpaMMWUpPOBaHWS  SIBNAETCS  meopema o
cmpykmypupogaHuu: byl CNOXHYH 3agayy Bcerga MOXHO MpeacTaBuTb C
MCMNOMb30BaHMEM OFPaHMYEHHOTO YMCRa 3fEMEHTapHbIX YNPaBAsALWMX CTPYKTYp:
cnefoBaHus, BETBMEHUA W NOBTOpeHUsa (uukna), nwobon anroputm MoxeT ObiTb
peanu3oBaH B BUAE KOMMO3MLMKN 3TUX TPEX KOHCTPYKUmn (puc. 1.1).

v
S5 da Het p Her
¢ ¥ ¥ Ia
5. . 5 .
V T —
a) i ) &) ‘L
Puc. 1.1

(a) nocnegoBaTenbHOCTL (MM NPOCTO NOCeAoBaTeNbHOCTL), (6) — CTPyKTypa
Bblbopa (BeTBNeHune), (8) — CTpyKTypa LuMKna ¢ npeaycrioBueM.
Mpu cnosecHom 3anncu anropuTMa ykasaHHble CTPYKTYPbl UMEKT COOTBETCTBEHHO
cnegyoLwmn cMbICh:

ecrm P, T0 BLINOMHUTL O1, MHaye BbINOMHNATL ©2 »,
«0o Tex nop, noka P, BuinonHatb S »,

rne P —ycrosue; S, S1, S2 — peiicTaus.

MoaynbHoe nporpammupoBaHue

ModynbHoe npozpammuposaHue — 3TO TakoW cnocod nporpaMmmpoBaHus, npwm
KOTOpPOM BCS nporpamma pasbmBaeTcss Ha rpynny KOMMOHEHTOB, Ha3blBaEMbIX
MOAYNAMU, NPUYEM KaXKAbIA U3 HUX UMEET CBOW KOHTPONMPYEMbIA pa3Mep, 4YeTkoe
Ha3HadeHne 1 geTanbHO nNpopaboTaHHbIN UHTEepdENC ¢ BHewwHen cpegon. Mogynbs —
39TO COBOKYMHOCTb KOMaHA (pyHKUMIM 1 npouenyp), K KOTOpbIM MOXHO obpaTuTbCs Mo
UMEHU, He3aBMCMMas nporpaMmMHasl eaumHuLa, crnyxawasa ans BbINOSIHEHNS HEKOTOPOW
onpeneneHHon yHKUUM NporpaMmmbl 1 ONA CBA3W C OCTaNlbHOM YaCTbio NPorpaMmmbl.

Mcnonb3yetca Bocxogsilee npoekTupoBaHue (CHU3y BBepX) — Moaxond K
NPOEKTUPOBAHMIO, MPU KOTOPOM B OCHOBHOW 3ajaye onpenensiTcs MUHUMAarbHble
noasagayn, peleHne  KOTOpbIX  BO3MOXHO ©e3  ucnonb3oBaHMsi  BbI30OBOB
AONONHUTENbHBLIX BHOBb CO34aBaeMbix Moaynen. lMocne Toro, Kak Bce nopsagayu
OyayT npeacTtaBneHbl B BUAE NPOrpaMMHbIX Moayrnen, oopMUpYOTCS Bbi3bliBaroLLMe
moaynu, pewatowme 6onee kpynHble 3agadyuv. [pouedypa nosTopsieTcs OO Tex nop,
noka He OyadeT Nony4yeH rnaBHbI MOAY b, peLlaloLlwmii OCHOBHYIO 3adavy. OTo crnocob
nporpamMmupoBaHnsi, NpuU KOTOPOM BCS nporpamma pa3buBaeTcsa Ha rpynny
KOMMOHEHTOB, Ha3blBaeMbIXx MoAynsMun. Kaxabii CO CBOMMW  KOHTPONUPYEMbIMU
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pasmMepamu, YeTKUM 3Ha4YeHMEM N XOPOLIO ornpeaesieHHbIM UHTEPdENCOM C BHELLHEWN

cpenon.

EOovHcTBEHHas anbTepHaTMBa MOAYMbHOCTM — MOHOMMTHAA nporpaMmma, 4to,
KOHEYHO, Heyao6HO.

B ocHoBe MogynbHOro NnporpaMmMmMpoBaHnA nexxaT TPU OCHOBHbIX KOHLENUMK:

1) [MpuHumn yTamBaHna wuHGopMauun [lapHaca — HUKaKMe [aHHble,
ncnonb3yemMble BHYTPU MOAYNsA HE MOryT ObiTb JOCTYMNHbI M3BHE, KPOME TEX, KOTOpble
nepegarTcs Yepes uHTepdenc BBoaa/ BbiBoAa, onpeaensemMbiX CIMCKOM napaMmeTpoB

2) Akcnoma moaynbHoctn KoyaHa. Mogynb SOMmKeH yOOBMETBOPSATh Cleayrowmm
YCIOBUAM:

— BNoOYHOCTb OpraHu3auuun, T. €. BO3MOXHOCTb Bbi3BaTb MPOrpaMMHy0 eavHuLy
13 6nokoB NboN cTeneHn BNOXEHHOCTY;

— CWHTakcuyeckass 000COBNEeHHOCTb, T. €. BblAeNieHne Moaynsi B TeKkcTe
CMHTaKCMYECKMMM dNIEMEHTaMMU;

— CeMaHTM4eckasd He3aBUMCMMOCTb, T. €. He3aBMCUMOCTb OT MecTa, rge
nporpaMmmHas eavHuLa Bbl3BaHa;

— OOLLHOCTb AaHHbIX, T. €. HanNn4Me CoBCTBEHHbIX AAHHbIX, COXPaHSAIOLWMXCS Npw
Kaxkgom obpalleHun;

— MNOJSIHOTa onpeaeneHuns, T. €. CaMOCTOSATESNbHOCTb MPOrpaMMHON €ANHNLIbI.

3) C6opo4yHoe nporpammupoBaHne LlentuHa. Mogynu — 3TO NporpamMMHble
KMPMWYN, U3 KOTOPbIX CTpouTCcs nporpaMmma. CyLlecTBYOT TP OCHOBHbIE MPEeANOCHINKM
K MOOYMbHOMY NPOrpaMMUpPOBaHUIO:

— CTPEMIIEHNE K BbIOENEHNIO HE3ABUCMMOW e4MHMLbI NPOrpamMMHOro 3HaHua. B
naeanbHOM cryvyae Bcdakasi uges (anroputm) AommkHa ObiTb odopmneHa B Buage
MOAYNs;

— NOTPEBHOCTb OpPraHM3aLUMOHHOIO PacYIeHEeHUs KPYMHbIX pa3paboTok;

— BO3MOXHOCTb MapasnnenbHOro MCMOfMHEeHMs Moaynen (B  KOHTEKcTe
napannenbHOro NporpaMMmpoBaHuns).

dyHKUMOHaNbHagA cneyndgukaumss Moayns 4orkHa BKYaTh:

— CMHTaKCMYEeCKyr cneumdukaunio ero BXOAOB, KOoTopasi [OMKHaA Mo3BONATb
NOCTPOUTb Ha UCMONb3YEMOM $3blke MPOrpPaMMUPOBAHMUS CUHTAKCMYECKN MpaBUSIbHOE
obpalleHune K Hemy;

— OMnuCaHne CEMaHTUKN (PYHKUUK, BbINOMTHAEMbIX MOAYMEM MO KaXOoMy M3 ero
BXO[OB.

Habop xapakTepuCTuk Moaynsa COCTOMT U3 Crneaylwmx KOHCTPYKTUBHbIX
XapaKTepUCTUK:

1) pasmepa moaynsa. B mogyne AofmkHO 6biTb 7 (+/-2) KOHCTPyKUun (Hanpumep,
onepatopoB Ans PYHKUMA Unn PyHKUMIA Ans naketa). OTo Yncno Gepetca Ha ocHoBe
npeacTaBnNeHNn NCUXONOroB O cpegHeM onepaTuBHOM Oydepe namsATn yenoBeka.
CumBonbHble obpasbl B 4YerioBe4eckoM Mo3ry o6beauHaTCs B "4aHkuM" — Habopbl
drakTOB N CBA3EN MexXay HUMU, 3arnOMUHaeMble N n3Brnekaemble Kak eguHoe uenoe. B
KaXabli MOMEHT BPEMEHM YerNoBeK MOXET obpabaTbiBaTb He 6onee 7 YaHKOB.

Moaynb (dyHKUMSA) He ormkeH npeBbiwate 60 CTpok. B pesynbtate ero MOXHO
MOMECTUTb Ha OfHY CTpPaHULUy pacrneyvyaTkm WnM nerko MNpoCMOTPEeTb Ha 3KpaHe
MOHUTOpA.
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2) npoyHocTM (cBA3HOCTM) Moayna. Cesd3Hocmb  (MPOYHOCMb)  MOQynNs
(cohesion) — mepa He3aBUCMMOCTU ero Yyacten. Yem Bbllle CBA3HOCTb MOAYNA — TEM
nyywe, Tem Oonblle CBA3EW MO OTHOLIEHMIO K OCTaBLUEWCS 4acTM NporpamMmbl OH
ynpaTbiBaeT B cebe. B cBA3HOM Moagyne obpalleHne uaeT K fokanbHbIM, a He
rnobanbHbIM AaHHbIM. [NobanbHble AaHHble BpeaHbl U onacHbl. JIokanbHOCTb AaHHbIX
AaeT BO3MOXHOCTb ferko Yntatb M NOHUMaTb MOAYNN, a TakKe Nerko yaanatb Mx 13
nporpaMmmbl.

O61bEeKTHO-OpUEeHTUPOBaHHOE NporpaMmmmpoBaHue

MeToq CTPYKTYpPHOro nporpamMmmmpoBaHnA okasasnca apgeKkTuBeH npu HanmcaHum
nporpamMm  «OrpaHUYeHHoOM CcrioxHocTu». OpHako C BO3pacTaHMEM  CIOXHOCTU
peanuayemMbix NPOrpaMMHbIX MPOEKTOB 1, COOTBETCTBEHHO, 06beMa Koga co3aaBaeMbiX
nporpamMmmMm, BO3MOXHOCTM METOAa CTPYKTYPHOro nporpaMMmMpoBaHus oOKasanucb
He4OCTaTOYHbIMMW.

OCHOBHOM MPUYMHON BO3HUKLLMX MNPOBNeM MOXHO cuMTaTb TO, YTO B MporpaMmme
He oTpa)kanacb HeMNoCpPeACTBEHHO CTPYKTYpa SBMEHWA MU MOHATUN peanbHOro mupa u
cBA3en Mexy Humu. [lpu nonbiTke aHanmMsa M MoauduKaumm TekcTa nporpaMmmbl
NPOrpaMmMUCT BbIHY>KAEH OblfT onepupoBaTb UCKYCCTBEHHLIMU KaTEropusamu.

UTtobbl Nnnucath Bce 6onee CrnoxHble NporpaMmmbl, HE06Xxo4MM Obin HOBbIV NOAX04 K
nporpammupoBaHmto. B wntore  Gbinn  paspaboTaHbl  NpUHUMNBI  OOBEKTHO-
opueHTupoBaHHoro nporpammupoBaHus (OOI1), KOTopbIN akkyMyrnupyeT nyyiine naew,
BOMMOLWEHHbIE B CTPYKTYPHOM MPOrpaMMmMpoBaHMM, U COYeTaeT MX C MOLLHbIMU
HOBbLIMW KOHLENUUAMMU.

OOl — wmeTOgOMOMMA NPOrpaMMMPOBaHNA, OCHOBAHHAas Ha npeAcTaBneHun
nporpamMmbl B BWOE COBOKYMHOCTU OOBEKTOB, KaXObl M3 KOTOPbIX SABNSETCHA
9K3eMMNNAPOM OnpeaeneHHoro Knacca, a Knaccbl 06pasyoT nepapxmio HacrneaoBaHus.
Heobxoanmo obpaTnuTe BHUMaHWE Ha crneylowme BaXkHble YacTn 3TOro onpeaeneHus:
1) 06bEKTHO-OPMEHTMPOBAHHOE NPOrPaMMMPOBAHNE UCMNOSb3YET B KAYECTBE OCHOBHbIX
NOrMYECKNX KOHCTPYKTMBHbBIX 3N1IEMEHTOB OOBHEKTLI, @ HE anropmuTMbl; 2) Kaxabli 06bekT
ABNSAETCA 9K3EeMNMSPOM OnpeneneHHoro knacca; 3) Knaccbl 006pasylT nepapxum.
Mporpamma cumTaeTcs 00 bEKTHO-OPUEHTUPOBAHHOM, TOSIbKO €CNW BbIMOSHEHbI BCE TpU
yKa3aHHbIX TpeboBaHusi. B 4acTHOCTM, nporpaMMMpoBaHWEe, He WUCnonbaykLllee
HacrnegoBaHWe, Ha3blBaeTCs He OOBbEeKTHO-OPUEHTUPOBAHHBLIM, @ NPOrpPaMMmMpoOBaHNEM
C NOMOLLbIO aBCTPaKTHbIX TUMOB AaHHbIX.

MeTon 06BbEKMHO-OpUEHMUPOBaAHHOU OeKOMMo3uyuu —  3akfi4yaeTca B
BblAeneHnn obbEKTOB M CBA3En Mexay HuMWU. MeTon nogaepXuBaeTcs KOHUenuusiMu
WHKancynauumn, HacneaoBaHmsa u nonuMmopdguama.

MeTon abcmpakmHbix murnog8 OaHHbIX — MEeTOA, nexawunh B OCHOBE
nHKkancynauun. MNMogaepxmBaeTcs KOHUeNUMen abCTpakTHbIX TUNOB AaHHbIX.

MeToa nepecbiniku coobuweHul — 3aknivaeTca B ONMcaHnm NoBegeHUs CUCTEMbI B
TepMnHax obmeHa cooblieHnamn mexagy obwvektamu. [ogaepXmBaeTcs KOHUenumen
coobLeHuns.

BoluncnutenoHas wmogene uuctoro OOl  nopgepxuBaeT TOMbKO — OOHY
onepauuio — rocbiriKy coobweHuss ob6bekmy. CoobLeHna MoryT MMeTb napameTpbl,
apnsoLwmecsa obbekTamum.
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O6bekT umeet Habop obpaboTtumkoB coobuieHnn (Habop meToaoB). Y obGbekTa

€CTb MONsi — MnepCcoHanbHble NepeMeHHble AAaHHOro O0O6beKkTa, 3HaYEHUAMU KOTOPbIX
ABNAOTCA CCbINKM Ha apyrme ob6bekTbl. O6 ogHOM 13 nonen obbekTa XpaHUTCS CCbifka
Ha OOBLEKT-NpefoK, KOTOPOMY nepeajpecytoTcs Bce cooblleHus, He obpaboTaHHble
AaHHbIM  0bbekToMm. CTpyKTypbl, OnUCbiBalowme o006paboTky W nepeagpecauunto
coobuieHnn, OObl4HO BbIAENSATCA B OTAENbHbIA OOBEKT, Ha3blBaeMbli KnaccoMm
AaHHOro oobekta. Cam 06BbEKT Ha3bIBAETCS IK3EMMNIISAPOM YKa3aHHOro Kracca.

B 0OGbeKTHO-OpMEHTMPOBAHHOM MPOrPaMMUPOBAHUN OMNPEAENSAT TPU OCHOBHbIX

npyHumna:
UHkKancynayus — 3TO COKpbITUE MHOPMaUUU 1 KOMBUHMPOBaHWE AaHHbIX U
YHKUMA (METOOOB) BHYTPW OBBbEKTA.
HacnedosaHue — NOCTPOEHWE MeEpapXuMM  MOPOXAEHHbIX OOBLEKTOB C

BO3MOXHOCTbBIO AN1S1 KaXXA0ro Takoro obbekTa-HacnegHuka gOCTyna K kogy v AaHHbIM
BCEX nopoxaarLwmx ob6bekToB-npeakoB. MMocTpoeHne mepapxmm siBNSETCA 4OCTAaTOYHO
CNOXHbIM OEeNOM, Tak Kak Npu 3TOM NPUXOANTCS BbINOSTHATL KnaccuduumpoBaHume.

BonbLWNHCTBO OKpYXaloLWMX HAaC 0O bEKTOB OTHOCUTCS K KATEroOpUsIM:

— pearnbHble 00beKTbl — abCcTpakumm NpeaMeToB, CYLLECTBYOLWNX B (hn3n4eckom
MUPE;

— ponu — abcCTpakumMm Lenu unum HasHavyeHus 4yenoseka, Yyactu obopyaoBaHus
U1 opraHmnsauunu;

— MHUMAEHTbl — abCcTpakuumn 4ero-To NpoM3oLLEeALEro Uin Cry4nBLLETOCS;

— B3anUMOAENCTBMA — OOBbEKTbI, NOMy4aloLWmMecss U3 OTHOLIEHUS MexXay APYrMMu
obbekTamu.

lMonumopgpusm (NONMMOPGIU3M BKINIOYEHUS) — NpUcCBanBaHWe OENCTBUKO OLHOrO
MMEHKN, KOTOPOE 3aTeEM pa3denisieTcs BBEPX M BHU3 MO Mepapxum 06BHLEKTOB, NPUYEM
KaXabll OOBbEKT nepapxumn BbINOSHAET 3TO AENCTBME CnOCOBOM, NOAXOASALMM UMEHHO
emy.

Y kaxpgoro obbekTa eCTb CCbifika Ha Kracc, K KOTOPOMY OH OTHocuTtcs. [pu
npueme coobueHna obbekT obpawaeTca K knaccy ana  obpaboTkm  OaHHOro
coobueHmna. CoobleHne MoxeT BbITb NepegaHo BBEPX NO MEpapPXMU HacnegoBaHus,
€Cnn cam Knacc He pacnonaraeT MetTogoM ansa ero obpaboTkun. Ecnn obpaboTtunk gns
co0bLLEHNA BbIOMpaeTCa AUHAMMUYECKN, TO METOAbI NPUHATO Ha3biBaTb BUPTYallbHbIMM.

EcTecTBEeHHbIM CpeacTBOM CTPYKTYPUPOBaHUSA B AAHHOW METOAOSOrMM SABASIOTCA
Knaccbl. Knaccbl onpegensitoT, Kakme nonsi 1 MeToabl 3k3eMnnsipa AOCTYMHbl U3BHE, Kak
obpabaTtbiBaTb OTAENbHbIE COOOLEHNS N T. M. B 4UNCTbIX OOGBEKTHO-OPUEHTUPOBAHHbIX
A3blkax W3BHE [OOCTYMHbI TOMbKO METOoAbl, a AOCTYN K AaHHbIM OObekTa BO3MOXEH
TONMbKO Yepes ero MeToabl.

B3sanmopencTteme 3agay B 4aHHOM METOAOMNOMMM OCYLLECTBASIETCS MPU MOMOLLM
obmeHa coobLueHnamm mexgy obbekTtamu, peanmsyomMMmm JaHHbIe 3a4a4un.

Knacc, Hanpumep, ato npoekt goma. OH Ha Oymare onpepenset, kak byger
BbIrNa4eTb 4OM, YETKO ONUCLIBAET BCE B3aUMOCBSA3N MeEXAY ero pasnnyHbiMn YacTamu,
AaXe ecnv OOM He CyLLeCcTBYEeT B peanbHOCTU. A OObEKT — 3TO pearbHbI OOM,
KOTOpPbIN MOCTPOEH B COOTBETCTBUM C NPOEKTOM. [laHHble, KOTOpble XpaHATCA B
00beKkTe NOXOXKM Ha AepeBo, NpoBoAa N BETOH, U3 KOTOPbLIX NOCTPOEH AoM: 6e3 cOopku
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B COOTBETCTBMMW C MPOEKTOM, OHWM ByayT Bcero nuiib Kyvyein matepuanoe . OpgHako,

cobpaHHble BMECTE OHU CTAHOBATCA OT/NYHBLIM M YAOOHBIM JOMOM.

Knaccbl (opMupylOT CTPYKTYPY [AaHHbIX W OEACTBUW WU UCMONb3YT 3Ty
nHpopmauuio ana ctpontenbcTBa 06beKToB. VI3 ogHoro knacca Moryt ObiTb NOCTPOEH
oaviH 1 6onee 06bEKTOB, KaXabl N3 KOTOPbIX OyaeT He3aBncuM OT Apyrux. lNpogormkas
aHanorMi Cco CTPOUTENbCTBOM, LENbIA pavioH MOXET OblTb MOCTPOEH MO OLHOMY
npoekty: 150 pasnuyHbIX OOMOB, KOTOpble WMEKT OAWHAKOBYK CTPYKTYpy, HO
pasfiMyHble NapamMmeTpbl.

PyHKLMOHaNbLHOE NporpaMmmMmupoBaHue

dDyHKUMOHaNbHOE nporpammMmpoBaHne — nporpaMMMpoBaHNe, OCHOBAHHOE Ha
noesax nambpa-ucumcneHMs M TeopuM  PeKypCuBHbIX  OYHKUMK.  [Mporpammebl
npeacTaBnAT cobon HeynopsiAOYeHHbI Habop ypaBHEHWUI, onpeaensaowmx QyHKLMM
N UX 3HAYEHNSA PEKYPCUBHO Yepe3 (PYHKLMNIO U 3HAYEHNA, KOTopble 3a4atTcs (yHKUNEN
OT APYrux 3Ha4YeHUN.

1.2 Moaenun XN3HeHHOro U1Ka nporpaMmmMHoro
obecneyeHud

XKusHeHHbit yukn (KL) MO — aTO nepuog «KU3HUY» NPOrpaMMHON CUCTEMBbI,
HauMHas C MOMEHTa BO3HMKHOBEHMSI MOTPEOHOCTM B HEM W 3akaH4YMBas MOMEHTOM
nonHoro ee Bbixoga u3 akcnnyataumn. XKLL O npegcrasnawT B BUae
nocnegoBaTeNlbHOCTU CTaauMK (3TanoB) M BbINOMHAEMbIX Ha HUX NPOLIECCOB.

Mogenb XW3HEHHOro LMKa — CTPYKTypa, coaepxallias npouecchl, AeNcTBUsS 1
3afjayn, KoTopble peanuayloTcs B Xxode paspaboTky, YHKUMOHUPOBAHUS U
COMPOBOXAEHUS MPOrpaMMHOro npoAykta B TedeHue BCeW >XU3HWU CUCTEMbI, OT
onpefgeneHusa TpeboBaHWi 40 3aBEPLUEHNS €€ UCMONb30BaHUS.

NcTtopnyeckmn B xope pasBuTUMS TeOpuMM MNPOEKTUPOBAHUS MPOrpaMmMHOro
obecneyeHnss M N0 Mepe ero YCroXHEHUs YyTBEPAUIIUCL YeTblpe OCHOBHblE MOAENU
Ko,

1. KackagHasa mogenb (Takke HasblBalOT BogonagHom nnbo nocrnegosaTesibHON)
KLl 6bina npepnoxeHa YuHCTOH Powncom B 1970 . n sBRsieTCA CTapewnLllen
napagurmon npouecca paspaboTku nporpammHoro obecneveHus. Mogens HasBaHa
KackagHou, 4ToObl NOAYEPKHYTb, 4TO paspaboTka WMHGPOPMALMOHHOW CUCTEMBI
paccMmaTpmBaeTCs Kak nocrnefoBaTefibHOE BbIMOMHEHME 3TanoB, NpUYEeM Nepexon Ha
CneayloLlWmnin - Mepapxmyeckn HWKHUA 3Tan MNPOUCXOAUT TOMNbKO MOCMNe MOJSIHOro
3aBeplueHmMs paboT Ha Tekywem aTane. OcobeHHoCTAMM ABNSAETCA TO, u4TO
nocnegylowmin 3Tan He HayHeTCcs, Nnoka He 3aBepLlunMTCs Npeablaylinin, OTCyTCTBME
BO3BpaTa K npegblaylwum atanam, Hanmuyme pesyrnbTata TONbKO B KOHLE pa3paboTku
(puc. 1.2).
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Crtparternyec
koe
AHanms
TpeboBaHu

MpoekTnposaxue 1

Peannsauuns 1

TectnpoBaHu
€ 1 oTnaaka

Skcnnyatauus n
COMNPOBOXAEHN

Puc. 1.2. KackagHas mogenb XKL MO

KackagHas mogenb xapakrepusyeTcs creayroumMMmm OCHOBHbIMU OCOBEHHOCTSMMN:

— nocnegoBaTesibHbIM BbINOSIHEHMEM BXOAALLMX B €€ COCTaB 3Taros.,;

— OKOHYaHMEM KaXKaoro npeablayLiero atana Ao Hadana nocneayoLlero;

— OTCYTCTBMEM BPEMEHHOro MepekpbiTUss 3aTanoB (Nocnegyowmin  atan He
HayHeTCsl, NoKa He 3aBepLUMNTCA NpeablayLLmnii);

— OTCYTCTBMEM (MNM onpefeneHHbIM OrpaHnYyeHMeM) BO3BpaTa K npeablayLinm
aTanam;

— HanuMuneMm pesynbTaTta TONbKO B KOHLE pa3paboTku.

BbissBneHune n yctpaHeHne ownbok B KackagHoOM MoLenn Npon3BOAUTCSA TOMbKO Ha
cTagun TECTUPOBAHMUS, KOTOpas MOXET PacTAHYTbLCS BO BPEMEHUN U BooOLLE HMKorga
He 3aBepLUNTbLCS.

2. Cnepywwen craguen passButust Teopum npoektupoBaHusa 1O  crtana
ntepaumoHHaa wmogenb XKLL wunm  Tak HasbiBaemaa noatanHas Modenb C
NPOMEXYTOYHbIM KOHTponem (puc. 1.3). OcCHOBHOW ee OCODEHHOCTbIO HABNAETCSA
Hanuyne obpaTHbIX CBA3EW Mexay JdTanamu, BCneacTBMe 9TOro  MnosABndeTcs
BO3MOXHOCTb  MPOBEOEHMS  MPOBEPOK U KOPPEKTUPOBOK  MPOEKTUPYEMOW
WHPOPMALMOHHOM CUCTEMbI Ha Kaxgow cTagum paspabotkun. B pesynbtaTte
TPYOOEMKOCTb OTNagkMm NO CPaBHEHUKIO C KackagHOM MOAENbK  CYyLWECTBEHHO
CHWXaeTcs. WTepaumoHHOCTb Mogenu nposiBnsieTcs B obpaboTke  owmnbOoK,
BbISIBNEHHbIX MNPOMEXYTOYHbIM KOHTponem. Ecnm Ha kakom-nnbo atane B Xxoae
NPOMEXYTOYHOW MpoBepKkM OBHapyXeHa owwmnbka, gonylieHHas Ha 6onee paHHen cta-
ann paspaboTkn, HeobxoaMmMO MOBTOPUTH BECb LMK padoT aton ctaguu. Npn aTtom
aHanM3upylTCa NPUYMHbI OLIMOKM N KOPPEKTMPYKOTCA B Crydae HeobxoomMmocTu
NCXOAHbIE AaHHble 3Tana unu ero cogepXxaHue (nocneaoBaTenbHOCTb 4ENCTBUN).

10



YnpasneHne auCTaHUMOHHOro oby4yeHns 1 NoBbILLEHNS
KBanudukaymm

TexHonorum n MetToabl NPorpaMMMpOBaHNS

AHanus _l
YV
:T_ MNpoekTpoBaHue 1

AAA

1
| ]
(I A B Peanusauus 1

AA

BHeapeHwne 1

ConpoBoxageHne

Puc. 1.3. UtepaunoHHas mogens XusHeHHoro umkna Mo

K coxaneHnuto, B npouecce paspaboTkm CUCTEMbI MOTYT U3MEHUTLCA HavaslbHble
TpeboBaHMA, M B 3TOM Clny4ae WuTepauuoHHaa MoOAefb MOXeT oKasaTbCs
Hea(P(PEeKTUBHOMN.

3. Tpetba mopenb XKL, MO — cnupanbHasa (spiral) mogenb (puc. 1.4) —
nogaepXuBaeT wuTepauun noaTanHoOM MOAENU, HO o0coboe BHUMaHWE yaensieTcs
Ha4anbHbIM 3dTanam MNPOEKTUPOBAHUA: aHanudy TpeboBaHUN, NPOEKTUPOBAHUIO
crneundukaumnn, npenBapuTenbHOMY NPOEKTUPOBAHUIO n aeTtanbHOMy
npoektnposaHuto. AsTop bappu bBoam (1988 r.). Kaxagbih BWUTOK cnvpanu
COOTBETCTBYET NO3TANHOM MoAeNu co3gaHna dpparmeHTa unm sepcum MO, yToyHATCA
uenn un TpeboBaHWs K NporpaMMHOMY oOBecnevyeHuto, OUEeHUBaeTCs KayecTBO
pa3paboTaHHOro hparMeHTa unm BepCUn 1 NNaHupyTcs paboTel cneaywowen cragum
paspaboTkn. Takum o6pasom, YyrnyonsawTca W KOHKPETU3MPYKTCA BCe OeTanu
npoektnpyemoro O, B peaynbTate nosiy4aetcsa NPOAYKT, KOTOPbIN yaoBneTsBopsieT
BCEM TpeboBaHUAM 3aKkasymka.

AHanus

MpoekTupoBaHue

Peanusauusa n
TecTupoBaHue

BHegpeHuve
Puc. 1.4. CnnpanbHasa moaenb xu3HeHHoro uukna Mo
4. Mogenb 6bicTpon paspaboTku npunoxeHn (Rapid application development) —

npumMep NPUMEHEHUSI UHKPEMEHTHOW CTpaTerMm KOHCTpympoBaHus (puc. 1.5), koraa B
Havane npowecca onpeaensTcs BCe NONb30BaTENbCKME U CUCTEMHbIE TpeboBaHus, a
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OCTaBLladACA 4acCTb KOHCTPpyMpoBaHUA BbINONMHAETCA B BuWAE nNnocnenoBatesibHOCTU

Bepcun (nepBas Bepcus peanusyeT 4acTb 3anfaHUpPOBaHHbIX BO3MOXHOCTEM U T.4.,
noka He OyaeT nonyveHa nonHasi cuctema).

RAD-mogenb obecnevmBaeT aKCTpeMaribHO KOPOTKUA LMk paspabotkn. RAD —
BbICOKOCKOPOCTHaA ajantauusi NIMHEWMHOW nocrnefoBaTeribHOM MoAenv, B KOTOPOW
ObicTpass paspaboTka [OCTUraeTcsa 3a CYeT  WUCNOSMb30BaHMS  KOMMOHEHTHO-
OPUEHTUPOBAHHOIO KOHCTPYyMpoBaHWA. Ecnv TpeboBaHWA MOMHOCTbIO onpefeneHbl, a
npoekTHasa obnacTtb orpaHnyeHa, RAD-npouecc No3BonsieT rpynne co3gatb NOIHOCTLIO
YHKUMOHANbHYIO CUCTEMY 3a OYeHb KopoTkoe Bpema (60-90 gHen). RAD-noaxon
OpPUEHTUPOBaH Ha PaboTKy MHAPOPMALIMOHHLIX CUCTEM U BblAENSAET criefytoLime aTansbi:

— 6usHec-mopenupoBaHue. CTpOAT MoAenn MHPOPMAaUMOHHBLIX MOTOKOB MEXAy
BuaHec-pyHKUMaMN, nokasblBaroLLme pykoBoauTeneun BGun3Hec-npoueccos,
reHepupyemyo MHopmMaunio B rnpouecce BbINONHEHNA (DYHKUUKU, KEM reHepupyeTcs,
rae nHpopmaumnsa npuMmeHsaeTcd, Kto obpabaTbiBaeT ee;

— MoaenupoBaHue AaHHbIX. VIH(OPMaLUNOHHBIA NOTOK, OnpefeneHHbin Ha atane
BGusHec-moaenupoBaHusi, oTobpaxaeTcss B Habop OOBLEKTOB [AaHHbIX, KOTOpble
TpebytoTca ansa nopaepxku 6GusHeca. MaeHTuduumpytoTcss cBomcTBa (aTtpubyThbl)
Kaxkgoro obbekTa, onpeaensanTcs OTHOLWEHMS Mexay obbekTamu;

— MopgenupoBaHue o6pabotkn. OnpepenstoTcs npeobpasoBaHMss OOBEKTOB
AaHHbIX, obecne4ymBarolme peanusauuio OusHec-pyHKuun. CosgarTcs  onucaHus
obpaboTkn gna pgobaeBneHusi, MoauUKauUKW,  yOaneHus UM HaxoXOeHus
(ncnpaBsrneHns) 06 beKTOB-AaHHbIX;

— TreHepauus npunoxeHus. [lpeagnonaraeTca  ucnonb3oBaHWe  MeTOOB,
OPUEHTMPOBaHHbLIX  Ha NPoBrIEMHO-OPUEHTUPOBAHHBIE  A3bIKN, onepvpyoLime
KOHKPETHbIMM  MOHATUAMM  y3KoM obnactn. RAD-npouecc paboTaeT C NOBTOPHO
NCNonb3yeMbiMy NPOrpaMMHbLIMA KOMMOHEHTAMU UMW CO3aeT MOBTOPHO UCMOSb3yeMble
KOMMOHEeHTbl. [na  obecnevyeHnss  KOHCTPYMPOBAHWUS  UCMOMb3YKTCA  YTUNUTHI
aBToMaTtm3auuu;

— TecTupoBaHMe U oObeauHeHue. [lOCKONbKY MPUMEHSIIOTCA MOBTOPHO
NCNonb3yeMble KOMMOHEHTbI, MHOrME NPOrpaMMHbIE ANIEMEHTLI yXKe MPOTECTUPOBaHbI.
OTO yMeHbllaeT BpeMsi TeCTUPOBaHUS (XOTH BCE HOBble 3fIEMEHTbl LOOSMKHbI ObITh
rnpomecmupo8aHhbl).

MepBas rpynna pynna n
BusHec-mogenvpoBaHvie BusHec-moaenuposaHve
A A
MopenupoBaHue AaHHbIX MopenupoBaHve AaHHbIX
60-90 ] ]
aHeun MopenuposaHue o6paboTku MogaenuposaHue o6paboTku
A A
leHepauusi NpunoxexHus leHepauysi NpUNoXeHUst
A A
TecTupoBaHue 1 obbeauHerve TecTtupoBaHve n ob6beanHeHve
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Puc.1.5. Mogenb GbicTpon pa3paboTku NpUnoXeHuin

MpumeHeHne RAD BO3MOXHO B TOM Clnyyae, Koraa Kaxgas rnaBHas (QyHKUMS
MoxeT ObiTb 3aBeplleHa 3a 3 Mecsaua. Kaxgaa rnasHas ¢yHKumMs agpecyetcsa
OTAENbHON rpynne pa3paboTynkoB, a 3aTeM MHTENPUPYETCS B LENY0 CUCTEMY.

MpumeHeHne RAD nmeeT psag HeQOCTATKOB U OrPaHUYEHNIN:

1) onsa GonblUMX NPOEKTOB TPeBYKOTCA CyLEeCTBEHHbIE TPyAOBble pecypcbl (He-
obxogMmo co3gaTb 4OCTaTOYMHOE KONMYECTBO rpynn);

2) RAD npumeHMMa TONMbKO Ansi TakuX MPUIIOXKEHWA, KOTOpble MOryT
AEKOMMNO3MPOBaTbCA Ha OTAENbHblE MOAYNMM U B KOTOPbIX NPOU3BOAUTENBHOCTb HE
ABNSAETCA KPUTUYECKON BENNYMHOM;

3) RAD He npuMMeHMMa B YCNOBUSIX BbICOKMX TEXHUYECKUX PUCKOB (TO €CTb npwm
MCNOMb30BaHMM HOBOW TEXHOMOMNN).

1.3 3KCTp6MaJ1bHoe nporpammMmumpoBaHue

OKcTpemanbHoe nporpammupoBaHue  (eXtreme  Programming, XP) —
mMeTogonorust 6eicTpor paspaboTku nporpammHoro obecnedeHuns. Coctont n3 Habopa
METOAMK M MPMHUMIMOB, MNO3BOMANOLWMX KakK MO OTAENbHOCTW, Tak M B KOMIMJEKCe
onTMMKU3npoBaTb Npouecc pa3paboTku. NaBHbI aBTOp — KeHT bek, 1999 .

XP-npouecc opveHTMpOBaH Ha rpynnbl Manoro n cpeaHero pasmepa, CTposimne
MO B ycnosusax HeonpeaeneHHbIX Unn BeICTPO n3mMeHsiLwmxes TpebosaHnn. XP-rpynny
o6pasyoT 4o 10 coTpyaHUKOB, KOTOPbIE pasMeLLaTCca B OAHOM NMOMELLEHUMN.

OcHoBHasa nges XP — yCTpaHUTb BbICOKYIO CTOUMOCTb U3MEHEHUS, XapaKTepHYo
ANA NPUMNOXEHUA C UCMNONb3oBaHMEM OOBLEKTOB, NATTEPHOB (peLleHne TUNMYHOW
npobnembl B onpeaeneHHOM KOHTEKCTE) U pensaumoHHbIX 6a3 aaHHbIX. [loatomy XP-
npouecc AoMKeH ObiTb BbICOKOAWHAMMUYHBIM MnpoueccoMm. XP-rpynna mmeet geno ¢
N3MEeHeHnAMN TpeboBaHMM Ha BCEM MPOTSHPKEHMM UTEPALMOHHONO UMKna paspaboTku,
NpUYeM LMK COCTOUT N3 OYE€Hb KOPOTKUX UTEepaLui.

UeTbipbmst  6aszoBbiMn  genctBuamn B XP-uukne SBRSOTCA:  KOAMpoOBaHue,
TeCTMpoBaHMe,  BbICMyLUMBAHME  3aka3unMka W NpoekTupoBaHuwe.  [duHamuam
obecneunBaeTCsi C MOMOLLbIO YETbIPEX XapaKTEPUCTUK: HENPEPLIBHOM CBA3W C 3aKa34YMKOM
(v B npemenax rpynnbl), NPOCTOTbl (BCEeraa BbIOMPAETCS MUHMMANbHOE pPELLEHUE),
ObICTpOM 0OpaTHOM CBA3M (C MOMOLLLIO MOOYNBLHOIO U (PYHKLMOHANBHOMO TECTUPOBAHMS),
CMEroCTN B NpoBeAeHUN NPOOUNIaKTUKMA BO3MOXHbLIX NpoGriem.

B akcTpemanbHOM nporpamMmmMmMpoBaHnM YETKO ONUCaHbl POSIM Y4aCTHUKOB NPOEKTA.
Kaxxgass ponb npegycmaTpuBaeT XapakTepHbit Habop npaB u obssaHHocTen. 3aech
CYLLLECTBYIOT B€E KIOYEBbIE POSN: 3aKa3unk 1 pas3paboTuuk.

3aKka3yuk — 4enoBeK WNW rpynna rnaen, 3anHTEPEeCOBaHHbIX B CO34aHuUu
KOHKpPETHOro nporpammMHoro npogykra. OH umeeT crneayowme npasa M 0693aHHOCTY:
3adnKCupoBaTb CPOKM BbiMyCKka BEPCUI NPOAYKTA; NPUHMMATh PELLEHNS OTHOCUTENbHO
3ansaHMPOBaHHbIX COCTaBASOWMX NPOrpamMMbl; 3HaATb OPUEHTUPOBOYHYIO CTOMMOCTb
Kakgon (PYHKLUMOHANbHOW COCTaBMSIOWEN; MNPUHUMAaTb BaXHble OU3HeC-peLleHns:;
3HaTb TeKylLlee COCTOSIHME CUCTEMbl; M3MEHATb TpeboBaHWA K cucteme, korga 3To
AENCTBUTESNBHO BaXHO.
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Pa3pa6omqw< — OAWH nnu rpynna oT ABYX A0 AECATUN 4YernoBekK, 3aHMMalolnxca

HENoOCpeaCTBEHHO  MPOrpaMMMPOBAHMEM M COMYTCTBYKOLMMW  UHXEHEPHbIMU
Bonpocamn. PaspaboTyunk HageneH cnegywowuMmm npaBamMn uM  0693aHHOCTSAMU:
nony4yatb AOCTaTOYHblE CBeAEHUs1 O peanuadyemMbiX (PYHKUMSX; UMETb BO3MOXHOCTb
BbISICHEHNSI OeTanen B npouecce pa3paboTky; NpeaocTaBnsiTb OPUEHTUPOBOYHbLIE
OLEHKWN Tpyao3aTpaT Ha Kaxayro (PyHKUMOHAarbHYK 4YacTb UK UCTOPUIO NONb30BaTeNSs;
KOPPEKTUPOBATb OLIEHKM Tpyado3aTpaT B NoSb3y Bonee TOYHbIX B NpoLecce pa3paboTky;
npenocTaBnATb OLEHKM PUCKOB, CBSA3AHHbIX C  WUCMONb30BaHWEM  KOHKPETHbIX
TEXHOMOIMN.

Kaxxgaa n3 6a30BbIX porfien 3KCTpeMarnbHOro NporpaMMuMpoOBaHMs MOXET ObliTb
yTO4HeHa 6onee menkumm ponamu. B XP paspelleHo OgHOMY 4enoBeKy COBMeELLaTb
HEeCKOSbKO ponen.

CTopoHa 3aka3uyvka uMeeT crnegytowme nogponu:

— cocmaesumesib ucmopuli — cneumManuct npeameTHon obnacTtu, obnagarowmm
CMOCOBHOCTAMM [OOCTYMHO M3MOXUTb M onucaTb TpeboBaHua K paspabaTbiBaemon
cucteMe. OTOT YenoBeK unu rpynna nogen OTBETCTBEHHbI 3@ HanMCaHWe WUCTOPUKA
nonb3oBaTens U NPOSICHEHNA HEQOMOHMMAHNSA CO CTOPOHbLI NPOrPaMMUCTOB;

— ApUEMWUK — YerioBEK, KOHTPONMMPYIOLWMIA NPaBUbHOCTb (OYHKLNMOHNPOBAHMUS
cuctembl. Xopowo Brageet npeamMeTtHon obnacteto. B obszaHHOCTM  BXOAUT
HanncaHne NPUEeMOYHbIX TECTOB;

— b6onbwol 6occ — cneauT 3a paboTon BCeX 3BEHbEB, OT pa3paboTuMkoB OO0
KOHEYHbIX nonb3oBatenen. OH KOHTPONUPYET BHELPEHME CUCTEMbI U COMYTCTBYHOLLME
OpraHM3aunoHHbIE MOMEHTLI. MOXeT BbITb Takke MHBECTOPOM NpoekKTa.

CtopoHa paspaboTumka nmeeT cneayoLme nogposu:

— npoepaMmMucm — 4YenoBeK, 3aHNMaLLMACA KOAMPOBAHNEM U NMPOEKTUPOBAHNEM
Ha HM3KOM ypoBHe. OH [O0CTaTOYHO KOMMETEHTEH AONs PeLeHus TeKylwmx 3agad
pa3paboTku 1 NpeaocTaBneHnsa NpaBANBbLIX OLLEHOK 3anfiaHNPOBaHHbIM 3a4a4vaw;

— UHCMPYKMOpP — OMbITHbIN pa3paboTymK, XOPOLLO BIAAELWMNN BCEM MPOLIECCOM
pa3paboTkm n ero mMetogMkamn. HeceT OTBETCTBEHHOCTb 3a OOyyYeHue KoMaHabl
acnektam npouecca paspabotku. BHegpser M KOHTpPONMpyeT NpaBWIIbHOCTb
BbINOSIHEHNA MEeToAMK ucnonb3yemoro npouecca. ObpawaeT BHMMaHWE KOMaHObl Ha
BaXXHbl€, HO MO KaKMM-TO NPUYMHAM ynyLleHHbIE MOMEHTLI pa3paboTkn. BmecTe ¢ Tem
WHCTPYKTOP, Kak u nobon Opyron 4enoBeK, OrpaHn4yeH B 3HAHUSAX, U MO3TOMY CO
BHMMaHMEM OTHOCUTCS K MOESAM OPYINX YNIEHOB KOMaHAbI;

— Habnldamesib — 4neH KoMaHgbl pas3paboTyMKoB, MOMb3YOLWUNCA AOBEPUEM
BCEN Trpynnbl, KOTOPbIN cneguT 3a nporpeccom paspaboTkn. OH cpaBHMBaeT
npeaBapuTenbHble OUEHKM Tpygo3aTpaT W peanbHO NOTpPadYeHHble, BbIBOAS
KONUYecTBeHHble Nokasatenn paboTbl KOMaHabl. YacTb 3TOM MHdOPMaLUK TaKTUYHO
npegocrtaBnsieTcs  paspaboTtuMkam  AONst  3HAHUS  COCTOSIHUA  MpPOeKTa, MecCT
BO3HWKHOBEHWSA 3aTPYAHEHU U NNIaHMPOBaHWs paboT;

— dunnomam — KOMMYHUKabenbHasi MMYHOCTb, MHUUMUPYLOLWAn obLLeHne mexay
yrieHaMn KomaHAbl. Tak Kak OOKYMEHTOOOOpPOT MWHUMM3UPOBAH, BaXXHO MOCTOSIHHOE
obweHne n nepegaya onbiTa BHYTPM KOMaHAbl, Ny4ywee noHMmaHue TpeboBaHuin K
cucteme. [unnomaTt perynupyetr u ynpowiaet obLeHne mexagy 3akaszdmkamu wu
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paspaboTtymkamu. OH NpenaTcTByeT HEAOMONBKaM U HEHYXKHbIM ccopaM. [unnomar He

MOXET HaBA3blBaTb CBOEr0 MHEHMUS OUCKYCCUPYIOLLMM.

Takke MOXET NPUCYTCTBOBATb BHELUHSAS POSfib — KOHCY/IbmMaHm — crneuuanncr,
obnagaroLmii KOHKPETHBIMU TEXHUYECKMMU HaBblkaMu, ANa NoMoLmM pa3paboTymkam B
TPYAHO paspelumnmMbix 3agadax. ObbIYHO NPUBNEKAETCS CO CTOPOHDI.

OKcTpemarnbHOe NporpaMmMuMpoBaHne BKOYaeT ABeHaduaTb OCHOBHbIX NPUEMOB,
KOTOpble MOryT ObITb 06beANHEHbI B YeTblpe rpynmbi:

1) kopoTkun umkn obpatHon cBaA3n (fine scale feedback): paspaboTka 4epes
TecTupoBaHue (test driven development), urpa B nnaHupoBaHue (planning game),
3aka3ynk Bcerga psgom (whole team, uHorga aTOT NpUEM HasbiBalOT «JlOKanbHbIN
3aKa3yuk» — onsite customer), napHoe nNporpaMmMmupoBaHue (pair programming);

2) HenpepbIBHbIN, @ He MaKeTHbIM NPoLUecC: HenpepbiBHaa nHTerpauusa (continuous
integration), peopraHusauna (refactoring, Takke HasblBalT pedakTOPUHIOM), YacTble
Hebonblmne penuabl (small releases, Takke HasblBatOT YAaCTOM CMEHOWN BEPCUN);

3) NoHMMaHue, pasgenseMoe BCceEMU: NPOCToe npoekTupoBaHue (simple design),
meTacopa cuctembl (System metaphor), konnektuBHoe BriageHue kogom (collective
code ownership) unn BbibpaHHbIMK WabnoHamu npoekTupoBaHus (collective patterns
ownership), ctangapTt kogupoBaHus (coding standard or coding conventions);

4) coumanbHas 3allMLLEeHHOCTb nporpammncTa (programmer welfare) BbipakeHa B
40-yacoBou paboyen Hegenu (sustainable pace, forty hour week).

PaccmoTpym  mncnonb3yemble B 3KCTpEMarlbHOM NPOrpaMmMMpPOBaHUN  MPUEMbI
bonee nogpo6Ho.

1. Pa3paboTtka 4yepe3 TecTUpOBaHME — HeNpepbiBHOE HanMcaHwe TeCcToB Ans
MoAynen, KOTopble OOMKHbl BbIMOMHATLCA 6e3ynpeyvHo; 3aka3uuMku NUwyT TecTbl Ang
AEeMOHCTpaLMN 3aKOHYEHHOCTUN PYHKLINA.

CyTb pa3paboTkm yepes TecTMpoBaHMe COCTouT B crneayowem. CHayana nuweTcs
TECT, KOTOPbIA U3Ha4YanbHO He NPOXOAMUT (T.K. JIOTMKWN, KOTOPYH OH AOSMKEH MPOBEPATH,
ele NpoCcTo He CyllecTBYeT), 3aTeM peanusyetcsa rorvka, Heobxogumasa Ansa Toro,
yTOObLI TEecCcT npowen. Takon nogxod no3BofiseT nucaTtb ko 6onee yoobGHbIN B
MCNONb30BaHMK, NOTOMY YTO NPW HanuMcaHWM TecTa, Korga fOrvKK elle HeT, npolue
BCero nos3abotutbcsa 06 ynobectee byayLien cuctTeMsl.

B XP ocoboe BHuUMaHue ypgenseTcsa ABYM pPasHOBUAHOCTSM TECTUPOBAHUS:
TecTupoBaHue wmoayrnen (unit testing) M npuemoyHoe TecTupoBaHue (acceptance
testing).

Pa3paboTtumk He MoXeT 6bITb yBEPEH B NPaBWUSIbHOCTUM HaMMCaHHOro MM Koda [O
Tex nop, Noka He cpaboTtalT abCcontoTHO BCe TECTbl Moaynen paspabaTbiBaeMon UM
cMCTeMbI. TecTbl Mogynen no3BonaAlT paspaboTynkam ybeauTbCa B TOM, YTO UX KOA
paboTtaet koppekTHo. OHM Takke NOMOrarT ApYyrMM pas3paboTyMkaM MOHATb, 3aveM
HY)XXEeH TOT Unn MHOW pparMeHT KoAda N Kak oH PyHKUNOoHUpYeT. TeCTbl Moaynen Takke
No3BONSAKT pa3paboTumky 6e3 Kakux-nmbo onaceHnin BbIMOMNHATL PeopraHn3aumio.

[MpremouHble TeCTbl NO3BONSAT y0eauTbCsa B TOM, YTO CUCTEMA OENCTBUTENBHO
obnapgaet 3asaBNeHHbIMM BO3MOXHOCTAMN. KpoMe TOro, NnpueMoyYHble TECTbI MO3BOSSOT
NPOBEPUTb KOPPEKTHOCTb (PYHKLMOHMPOBAHUS pa3pabaTtbiBaemMoro npoayKra.

Ecnn oGHapyxmBaeTcs owmnbka, TO co3gaetca TecT, YTobbl NpeaoTBpaTUTb ee
nosTopHoe nossneHne. Owwubka, npousowewas B pabodyen cucteme (yxe

15



YnpaBneHve gUCTaHLUNOHHOIO 00y4YeHust 1 NoBbILLEHWS
KBanudukaymm

TexHonornm n metoabl NPOrpaMmMmmMpPoOBaHUS
yCTaHOBMeHHOW), TpebyeT HanucaHuss  QyHKUMOHanbHoro Tecta. CoagaHue

PYHKUMOHANbLHOrO Tecta HenoCcpeacTBEHHO nepen AMarHOCTUKOM OWKnGKM no3sonsieT
3aKasymMkam YeTKo onucatb npobnemy u goBectn 3Ty npobnemy OO pa3paboTYMKOB.
HeBbInonHMBLUMINCS (YHKLMOHANbHLIA TecT TpebyeT cosgaHus Unit-tecta. 3o
nomoraeT CHOKycupoBaTb yCUIMs NO OTNagke M YeTKO nokasbiBaeT, korga owmbka
ncnpaenexa.

2. Urpa B nnaHupoBaHue — ObICTpOe onpefeneHne nnaHa paboT Hag
crnepywolen peanusaumen nytem obbeamMHeHNs AeNoBbIX NPUOPUTETOB U TEXHUYECKUX
oLeHOoK. 3akasuuk hopMmmpyeT noxenaHus, NPUOPUTETHOCTb U CPOKWU BbiNycka OOHOW
NN HECKONbKUX BEPCUN MPOrpaMMHOro npoaykra, a paspaboTynkm OTBETCTBEHHbI 3a
MPUHATUE TEXHUYECKMX pPelleHMrn W OuUeHKYy (NpocrnexuBaHue) npoaBMKEHUs
(nporpecca). lNnaH paboT obHoBRsieTCS €ero nNo Mepe TOro, Kak YCnoBusa 3agayuuv
CTaHOBATCA BCe H6onee YeTKMMMm.

3. 3akasuuKk Bcerga psiaoM (fokanbHbIA 3akKa3yuk). B rpynne Bce Bpewms
AOMMKEH HaxoanTbCAa NpeacTaBuTeNb 3aKka34dvka, JeNCTBUTENbHO roTOBbIM OTBeYaTb Ha
BOMpocChbl pa3paboTumkoB. B gaHHOM criyyae, 3akas3uuMk — KOHEYHbIN Monb3oBaTenNb
NpOrpaMMHOro  NpoAaykTa, 9KCnepT npegMeTtHoM obnactu, YneH  KoMaHapl
pa3paboTymKkoB, a He NPOCTO NOMOLLHUK.

4. MNapHoe nporpammupoBaHue. Becb ko nuwetca ABYMSA nporpammMmmcTamu,
paboTatowmMn Ha ogHOM KomnbtoTepe. OauH M3 HUMX paboTaeT HenocpenCTBEHHO C
TEKCTOM NporpamMmbl, Apyron npocMaTtpmBaeT ero paboTy n cneguT 3a obLuen KapTUHON
npoucxogsawero. [Mpy HeobxogumocTn KnaBmaTypa W MaHunynstop cBoboaHo
nepegarTcs OT OQHOro NporpaMmmucTa K gpyromy. Ecnvm no kakon-to npuumvHe oguH m3
napbl NPONycTun YTo-TO (Hanpumep, 6onen), oH 0643aH NPOCMOTPETb BCE U3MEHEHUS,
caoenaHHble apyruM. B TeyeHue paboTbl Hag NPoOeKToM napbl He (PUKCUPOBaHbI:
pekoMeHayeTcs MX nepemelumBaTb, YTOObI Kaxabli MPOrpaMMmMCT B KOMaHAe umen
Xopollee npeactaBneHve O BCer cucteme. OTO MOXHO OTHECTU K KOJSIEKTUBHOMY
BnageHuo Kkogom. MoxeT nokasaTbCs, YTO NapHOe MporpamMmupoBaHve yaBavBaeT
pecypcbl, HO MWCCrefoBaHUA [oKas3anu: napHoe nporpaMMmpoBaHMe NpUBOAUT K
MOBLILWEHNIO KayecTBa W YMEHbLUEHUIO BpeMeHW uukna. Takum obpasom, napHoe
nporpamMmupoBaHve YCUNMBaeT B3aMMOLENCTBME BHYTPM KOMaHAbl, napbl OObIYHO
HaxogaT 6bonee onTMMarnbHble pPeLLeHUs, CyLLLeCTBEHHO YBENNYMBaAETCA Ka4eCTBO KOAa,
CHMXaeTca u4ucno owubok M 3atpaTbl Ha COMPOBOXAEHWEe, YycKkopsieTcs ObmeH
3HaHUAMKN Mexay paspaboTymkamu.

5. HenpepbiBHasaA uHTerpaumsa — cuctema UHTErpupyeTcs n CTPOUTCS MHOMO pa3
B AeHb, MO Mepe 3aBepLleHnsa Kakaou 3agadn. HenpepbiBHOE perpecCcuoHHoe
TeCTUpoBaHMe, TO €eCTb MNOBTOPEHME nNpeabliaywmnx TecTOoB, rapaHTupyeT, 4To
n3mMeHeHnss TpeboBaHWM He npuBeayT K perpeccy QyHKUMOHanbHocTK. [pun
BbINOSIHEHUN WHTErpaumMm paspabaTbiBAEMOM CUCTEMbl [OCTATOMHO 4acTO, MOXHO
nsbexaTtb HGonbLUEN YACTM CBA3AHHbLIX C 3TUM nNpobnem. B TpagnUMOHHBIX MeTOAMKax
WHTEerpaumsi, Kak NpaBuio, BbIMNOMHAETCS B CaMOM KOHUe paboTbl Ha4 NPOAYKTOM, Koraa
cYMTaeTcs, YTO BCe COCTaBHbIe YacTu paspabaTbiBaeMon CUCTEMbI MOSTHOCTbIO FOTOBbI.
B XP wuHTerpaums koga BCeW CUCTEMbl BbINOSMHAETCA HECKONbKO pa3 B AeHb, nocrne
TOro, Kak paspaboTymkn ybeamnucb B TOM, YTO BCe TeCTbl Moaynen cpabaTtbiBatoT
KOppPeKTHO. Pa3paboTyunkm, no BO3MOXHOCTW, AOSMKHbI BbiMyCKaTb CBOW KOA Kaxable
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HECKOJIbKO 4aCOB U UMHTEerpmpoBaTb €ro. B nobom clniydae HuKorga Henb3A aepxatb

M3MEeHeHna fonblle OAaHOro pAHA. Yacrtas wuHTerpaumsa nossonseT wusbexaTb
OTYYXXAEeHMA M dparMeHTMpoBaHWA B paspaboTke, korga pas3paboTyMkM He MOoryT
obwaTtbca B cMbiciie 0bMeHa naesamMm unm NoOBTOPHOrO UCMNONb30BaHUA koaa. Kaxabin
AOMMKeH paboTaTb C caMou nocnegHen Bepcuen.

6. PeopraHusauma — cnocob ynydweHns nNporpaMmHoro koga, 6e3 nameHeHus
ero (yHKUMOHANbLHOCTKU; LUenb — YCTpaHuTb AybrnvpoBaHue, U3BbITOYHOCTD,
Hencnonb3yembln KO, YNyywmnTb B3auModencTene, ynpoCcTuTb CMCTeMy unm obasutb
B Hee rnbkocTtb. XP-npouecc nogpasymeBaeT, YTO OAHaXAdbl HanuWCaHHbI KOA4 B
npouecce paboTbl Ha4 NPOEKTOM MOYTU HaBepHsika BydeT HEOOHOKPATHO nepeaenaH.
FACHBIV N NOHATHBIN KOA fierye MoanduuMpoBaTh U pacLUnpATh.

7. YacTble HeGonbwmMe penusbl (Yactaa cCMeHa BepCcun) — ObICTPbIN 3anyck B
Npon3BoACTBO MPOCTOM Bepcun cuctembl (release). HoBble Bepcuu peanuayoTcs B
OYeHb KOPOTKOM (OBYXHeAEeSIbHOM UMM Kak MOXHO paHblie) uukne. Npu aTom Kaxaas
Bepcua O0SMKHa OblTb AOCTATOYMHO OCMBICIIEHHOW C TOYKWM 3pEHMS NOMEe3HOCTU Ans
GusHeca. Wrpa B nnaHWpoBaHMe W 4acTash CMEeHa Bepcui 3aBUCAT OT 3akKasuuka,
obecneunBatowlero Habop «uctopuny (KOPOTKMX OMUCAHWURN), XapaKTepU3yHLLMX
paboTy, koTopas OygeT BbINOMHATECA [ONS KaXOon Bepcun cuctembl. Bepcun
reHepupyrlTCa Kaxable OBe Hedenu, nodToMy paspaboTyMkm U 3aKa3yuk LOSMKHbI
NPUATU K COrnawleHnto O TOM, Kakue uctopumn ByayT ocyllecTBreHbl B npegenax aByxX
Hegenb. [lonHy OYHKUMOHANBHOCTb, Tpebyemylo 3akasuuky, XapakrepusyeT
COBOKYMHOCTb (MyJS1) UCTOPUK; HO NS crefyowen AByxXHeAeNnbHON utepauun 13 nyna
BblOnpaeTcss NOOMHOXECTBO Hambornee BaXHbIX UCTOPUIA. 3akasyunmk 3aTeM peLlaer,
Kakme 3agaun nmeroT 6ornee BbICOKUA NPUOpUTET.

8. MMpocTtoe npoekTUpoBaHue. [IpoekTUpoBaHME BbINOSIHAETCA HACTOSMbKO
MPOCTO, HACKONbKO 3TO BO3MOXHO B AaHHbIN MOMeEHT. B npouecce paboTbl ycnosus
3ajavn MOryT HeOOHOKPaTHO U3MEHMUTbCS, a 3Ha4UT, paspabaTtbiBaeMbli NPOOYKT He
cnefyeT NpoekTMpoBaTh 3abnaroBpeMeHHO LenMKOM 1 NoNHocTblo. XP npegnonaraer,
4YTO MPOEKTUPOBAHME — 3TO HACTOMBbKO BaXHbIM MPOLIECC, YTO ero Heobxoanmmo
BbIMOMHATL MOCTOSIHHO B Te4yeHMe BCero BpeMeHu paboTbl Hag MporpamMMHbIM
npoaykToM. [NpoekTupoBaHMe OOMMKHO BbINOMHATLECA HEDONbLUMMKW 3Tanamu, C y4eToM
NOCTOAHHO U3MeEHSoLWMXCA TpeboBaHUN.

9. Metachopa cucteMbl — 3TO aHanor Toro, 4yto B OOMNbLUIMHCTBE METOOMK
paspabotkm MO HasbiBaeTCsa apXUTEKTYpoW, T.e. NpeacTtaBfieHWeM O KOMMOHEHTax
cuctembl U ux B3ammocBassx. [lockonbky XP-npouecc npegnaraeT HenpepbiBHOE
nepenpoekTnpoBaHne (C NOMOLLBK peopraHusauuu), nNpu KOTOPOM HET HyXAbl B
AeTanM3vpoBaHHOW MNPOEKTHOW AOKyMeHTauuu, a Onsi WUHXEHEPOB COMNPOBOXAEHUA
€ANHCTBEHHbIM HaOeXHbIM MCTOYHWKOM WHopMaumn sBnsieTcss NporpaMMHbIN KoA,
BCS pa3paboTka NpoBOAUTCS Ha OCHOBE NPOCTON, 06LLENOCTYNHON UCTOPUN O TOM, Kak
paboTtaeT BcA cuctema. MeTtadopa gaet komaHge rnobanbHOe «BUAEHUE» MPOEKTA,
npeacTaBneHne o ToM, kKakum obpas3om cuctema paboTaeT B HacTosillee Bpemsi, B
Kakmx MecTtax 4o6aBnsaTCA HOBblIE KOMMOHEHTbI U KaKyto hOpMY OHU AOSMKHbI MPUHATD.
Monbop xopowen metadopbl obnerdaet ansa rpynnbl pa3paboTyMkoB NOHUMAaHME TOrO,
Kakmm obpasom ycTpoeHa cuctema. Kpome Toro, metadopa MnO3BONAET WUCKMAYUTb
Ayonupyowmnnca Ko 3a cyeT BBeOEHUSI UMEH OOBLEKTOB CUCTEMbI TakMm obBpasom,
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yTOObl KaXKdbl YNeH KomaHObl MOr rnonb3oBaTbCca el 6e3 cneumanbHbIX 3HaHUN O

cucTeme.

10. KonnektuBHOe BnageHue KOAOM WU BbIOpaHHbLIMM LWAbGNoHamMm
NpoeKTUpoBaHUA — nobon pas3paboTynk MOXeT ynyywartb nobon Kog CUCTEMbI B
noboe Bpems. HenpepbiBHasi MHTErpaunsi, perpeccmMoHHoe TecTUpoBaHWE U NapHoe
nporpammupoBaHne obecneumBaloT 3awmty OT npobnem, BO3HUKAKOLWMX MpuU
KONMEeKTUBHOM BriageHun kogoM. BaxkHoe npeumyLLectBo paccMaTpuBaemMoro npvema
B TOM, YTO OHO yCKOpSieT npouecc pa3paboTkn, NOCKONbKY OOHapyXMBaeMble OLUMOKK
MOXeT yCTpaHATb Nobon NporpaMMuCT.

11. CtaHpapTbl KoaupoBaHuA. [JOMmKHbI BblAepXMBaTbCs npaBuna (He BaXkHO
Kakme), obecneuymBaroLne ognMHaAKOBOE NpencTaBfeHMe NporpaMMHOro Koga BO BCeX
4yacTax NporpamMHOM CUCTEMbI (Hanpumep, dopmMaTupoBaHWe KoAa, WMMEHOBaHWe
KnaccoB, MNEepeMeHHbIX, KOHCTaHT, CTuUib KomMeHTapueB). Ecnu B komaHge He
MCNONb3yITCA eOuHble CTaHgapTbl KOAMPOBaHWUA, pa3paboTynMkam CTaHOBUTCS
CNOXHee BbIMNOJHATL PeopraHM3auunto; Npu CMeHe NapTHEPOB B Mapax BO3HMKAET
Gonblle 3aTpyagHEHWI; B LieNoM, NPOABWXKEHNE NpoekTa 3atpyaHseTcsd. B pamkax XP
Heob6xoauMo o6UTbCA TOro, YTOObI ObINO CNOXHO NOHATL, KTO SABMSIETCA aBTOPOM TOro
WNN MHOrO Koda, — BCS KOMaHga paboTaeT yHUPUMUMPOBAHO Kak OAMH YErlOBEK.
KomaHga pomkHa cdopmupoBaTb Habop npaBus, a 3aTeM KaXKabl YneH KoMaHabl
OOMMKEH cnefoBaTh 9TMM NpaBuiam B npouecce KoavpoBaHus. [epeveHb npasun He
AOMKEH ObITb MCYepnbiBaAOWUM MM CAUWKOM 06beMHbiM. CTaHgapT KoaAMpoBaHMSA
BHavane gomkeH ObiTb NPOCTbIM, 3aTEM OH MOXET NMOCTENEHHO YCMOXHATLCA N0 Mepe
HapabOoTKKM onbITa rpynnon pa3paboTyYNKOB.

12. 40-yacoBas pabouasa Hepgensa. Kak npaBuno, Hag npoektoMm paboTtalT He
bonee 40 vacoB B Hegent. Henb3a yeenuumBaTb paboyyio Hepgenw 3a cyer
CBEPXYPOUHbIX paboT. DTOT NPUHLMN JAET COLMArnbHYyH 3aLLMLLEHHOCTb KOMaHAbI.

BonblwKnHCTBO NpuHUMNOB, nogaepxmBaemMbix B XP (MMHMManNbHOCTb, NPOCTOTA,
9BOMOUMOHHBIA LMK pas3paboTkM, Manas AnNUTENbHOCTb uTepauun, ydacTtue
nonb3oBaTens, OnTMMarnbHble CTaHOapTbl KOAMPOBAHWA M T. A.), NPOAUKTOBAHbI
3[paBblM CMbICIIOM WU MPUMEHSAOTCA B NOOOM ynopsigoyeHHoM npouecce. B XP atu
NPUHUMMbI, KaK Noka3aHo B Tabn. 1.1, AOCTUraloT «3KCTpeMaribHbIX 3HAYEHUNY.

Tabnuuya 1.1.

OKCTpPEMyMbI B 3KCTpeMarisHOM NporpaMmmMuMpoBaHmm

MpakTnka XP-akcTpemym XP-peanusauus
34paBoro cMbicna
MpoBepkn kKoga Koa nposepseTcs Bce BpeMs [MapHoe nporpammMmupoBaHue
TecTupoBaHue TecTupoBaHue BbIMNOMHAETCA | TecTMpoBaHue Moayns,
BCE BpeMs, Jaxe C NMOMOLWb | PYHKUMOHAmNbHOe
3aKa34unKoB TecTupoBaHue
MpoekTnpoBaHune lMpoekTnpoBaHne  sasnsietcsa | PeopraHusaums
4acTbto eXXxeaHeBHOW
AeAaTenbHOCTU Kaxkgoro
paspaboTymka
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MpocToTa Ona cuctembl Bblbupaetcsa | Camas npocrtas BELlLb,
npocrenLee NPOEKTHOe | KoTopas Morna 6bl pabotatb
pelweHue, nogaepxuearoLlee
ee TEKyLLYH
PYHKUNOHANBbHOCTb
ApxuntekTypa Kaxabin noctoaHHO paboTtaet | MeTtadopa
Hapg, YTOYHEHNEM
apXuTEKTYpbI
TecTnpoBaHue WHTerpupyetca n | HenpepbiBHast HTerpauuns
NHTEerpaumm TeCTUPYyeTCs HEeCKONbKO pa3s B
AEeHb
KopoTkue utepaumn | Utepaunn asnaTca | Urpa B nnaHnpoBaHue
npegensHo KOPOTKUMM,
npoJosKatTcs CeKkyHAbl,
MWHYTbI, 4Yacbl, a He Headenwu,
MecsiLbl UK rogbl

1.4 Kputepum KayecTBa NnporpaMmmMHoOro oéecneyeHus

Kayecmeo (quality) MO — 3TO COBOKYMHOCTb €ro 4epT N XapaKkTepPUCTUK, KOTopble
BMNUSIOT Ha ero CNocoBbHOCTb YAOBMNETBOPATb 3afaHHble NOTPeOHOCTM nonb3oBaTenen.
KayectBo 1O aBnsetca yaooBneTBOpUTENbHbIM, Korga OHO obnagaeT ykasaHHbIMU
CBONCTBaMM B TaKOW CTeneHu, 4Tobbl rapaHTMpoBaTh YCNeLHOe ero UCnonb3oBaHue.

Moatomy npwu onucaHum kKadectBa [10, npexae Bcero, OOMKHbI ObITh
dukcmpoBaHbl Kpumepuu oTbopa Tpebyembix cBomctB [10. B HacTtosiwee Bpewmsi
Kpumepusmu kadecmea [10 (criteria of software quality) npuHaTOo cumuTaTh:
PYHKUMOHANbHOCTb,  HAA4EXHOCTb,  NErkocTb  MpPUMEHEHMUs,  3PEKTUBHOCTD,
COMPOBOX4aeMOCTb, MOOBUNBHOCTb.

@yHKYUoHaribHocms — 3T0 cnocobHocTb [1C BLINONHATL Habop dyHKUMN,
YyAOBMETBOPSAIOLWNX 3a4aHHbIM MY nogpasyMmeBaeMbiM NOTpebHOCTAM nonb3oBaTenen.

HadexHocmsb (reliability) — 310 cnocobHocTe [1C 6e30TKa3HO BbINOSHATL
onpefeneHHble YHKUMM MpU 3adaHHbIX YCNOBUSAX B TeYEeHWe 3afaHHoro nepuoga
BPEMEHM C [OCTaToOvHO 6onblion BepoATHOCTbIO. [lpu atom nog omkasom B [10
NMOHMMALOT NposiBfiEHNE B HEM oWwKNOKM. Takmm obpasom, HagexHoe C He ncknovaeT
HanuumMss B HeM OWWBOK — BaXHO nuWb, YTOObI 3TM OWMOKM NpU MNpPaKTU4ECKOM
NPUMEHEHUN NPOSBAANUCL [OCTAaTOMHO peko. Y6eaumtbes, uyto MO  gaBnsetcs
HaJEeXHbIM MOXHO NPW ero TeCTUPOBaHUKU, a TaKKe NPU NPaKTUYECKOM MPUMEHEHUN.
Taknm obpasom, MOXHO paspabaTbiBaTb NUWb HageXHble, a He npasusibHble [10.
CTeneHb HagEXHOCTU MOXHO XapakKTepu3oBaTb BEPOATHOCTLIO paboThl MO 6e3 oTkasa
B TeyeHue onpeaeneHHoro nepuoga Bpemenu. Npun oueHke cteneHn HagexHocTtn NC
crnegyeT Takke ydnTbiBaTb MOCNEACTBUS KaXaoro oTkasa. Hekotopble owwnbkn B MC
MOTYT Bbi3blBaTb NNLLIb HEKOTOPbIE HEYAOOCTBA NpU €ro NPUMEHeHUK, Toraa Kak gpyrue
ownbkn MOryT wumeTb KaTacTpodudeckne nocneactsusa. [loaTomy [nsi OLEHKK
HagexHocTn C uHorga wvcnonb3yrT AOMOMHUTENbHbIE MOKasaTenu, yvuTbiBatoLime
CTOMMOCTb (Bpen) ANndA NoNb30BaTENs KaXKaoro oTkasa.
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OcCHOBHbIM MeToOM obecrnevyeHnss HaOeXHOCTU NPOorpaMMHOIO  CpeacTea

ansetca 6opbba CO CROXHOCTbIO. M3BecTHbl gBa o6wmx metoga 60pbbbl CO
CMOXHOCTbIO CUCTEM:

- obecneyveHnst He3aBUCUMOCTM KOMMOHEHTOB CUCTEMBI;

- ICNONb30BaHNE B CUCTEMAX NepPapXUHECKNX CTPYKTYP.

ObecneyeHne He3aBMCMMOCTM KOMMOHEHT O3Ha4aeT pas3bueHne cuctembl Ha
Takue 4actu, Mexagy KOTOpPbIMW AOSMKHbI OCTaTbCs MO BO3MOXHOCTU MEHbLUE CBA3EMN.
OagHvM K13 BOMMOLWLEHMM 3TOrO0 MeToda SABMNSETCA MoAyrbHOe nporpaMmMyvpoBaHUe.
Mcnonb3oBaHne uvepapxuyeckux CTPYKTYp [OOMNyCKaeT CBSA3M  TOMbKO  MeXAay
KOMMOHEHTaMW, NpUHaAnexawmmMm CMeXHbIM YPOBHAM uepapxuu. IOTOT MeToA
0O3Ha4aeT pa3bueHne BonbLION CUCTEMbI HA NOACUCTEMbI NyTeM abcTparMpoBaHus.

Mpn peanmsaumm 1O cHavana Heobxogumo obecneuntb  Tpebyemyto
PYHKUMOHaNbHOCTb M HagexHocTb 1C, a 3aTteM yxe AOBOAUTb OCTasbHblE KpUTEpUK
KayecTBa 4O NPUEMMEMOrO YPOBHSI.

Jleekocmb npumeHeHuss — 3TO Xxapaktepuctukn [1C, KoTopble MO3BOMSAKT
MUHUMU3MPOBATb YCUNNA  NONb3oBaTenss Mo MOArOTOBKE WUCXOAHbIX  AaHHbIX,
npymeHeHnto 1O ©M  oueHKe NONyYeHHbIX pe3ynbTaToB, a TakKkKe Bbi3blBaTb
NoNnoXuTenbHble 3amMouuM norb3oBatens. JlerkocTb NpUMEHeHNs onpeaenseTcd
COCTaBOM M Ka4yeCTBOM [MOSfb30BATENbCKON [OOKYMEHTaLMKM, a TakKe HeKOTOpbiMU
CBOWCTBaMMU, peanusyemMbiMW MNPOrpamMMHbIM MNyTeM (Hanpumep, osib3o8amersibCKul
UHmMepgelc).

lNonb3oeamernbckuli UHMepghelc npencrTasnseTr CcpeacTtso  B3anMMOLENCTBUS
nonb3oBatena c¢ [lC. [Mpn paspaboTke NoONb30BaTENbLCKOrO WHTEpdenca cneagyet
yunTbiBaTb  NOTpPeBHOCTM, OnbIT M CnNocoBHOCTM  nonb3oBatend. [loaTomy
noTeHUuManbHble Nonb3oBaTenu AOMMKHbl ObiTb BOBMEYEHbl B Mpouecc pa3paboTku
Takoro nHTepdgenca.

Mpn paspaboTke uHTepdenca HeobxogmMmo cobnogaTb crnefylowme MpPUHLUNLI
GasnpoBaHne Ha TepMMHaXxX U MOHATUNAX, 3HAKOMbIX MONb30BaTEN; €4MHO00Pa3HOCTb;
BO3MOXHOCTb MOMb30BaTENIO NOMyYaTb CNPaBOYHY MHAOPMAaLMIO Kak Mo 3anpocy, Tak
n reHepupyemyto M0O.

B HacTosillee Bpems LWMPOKO pacnpoCTpaHeHbl KOMaHAHble W rpaduyeckme
nosib3oBaTesibCkne MHTepdencol.

AphekmusHocmb — 3ITO OTHOLWIEHWE YPOBHA Yycnyr, npegoctasnsembix 10
nonb3oBaTeNo NPU 3a4aHHbIX YCOBUAX, K 00beMY NCNONb3yeMbIX PECYPCOB.

Ha adbdektmHocTb NC BnusieT BIOOP cnocoba npeactaBneHnsa gaHHbIX U BbIOOP
anropuTMOB, a Takke OCOBGEHHOCTM uX peanu3auumn (BkMo4Yas BblIbOp A3blka
nporpammupoBaHusi. pyM 3TOM MNOCTOSIHHO NPUXOAMTCA paspellaTb NpoTMBOpeYne
MeXay 8peMeHHOU 3¢hgheKmu8HOCMbIO N 3ghgheKmuUBHOCMbIO 10 namsimu (pecypcam).

Ona  OTbiCKaHMA  KPUTMYECKMX MOAyNerm C TOYKM 3pEeHus BpeMeHHON
acpbpektnBHocTn MO notpebyeTca nonydntb pacnpegerneHve no MoaynsaM BpeMEHU
paboTbl MO nytem COOTBETCTBYHOLUX M3MEPEHU BO BpeMs BbinonHeHus 0. 31o
MOXeT OblTb coenaHo C MOMOLLbK AMHaMWYEeCKOro aHanusatopa (cneuwanbHOro
NPOrpaMMHOr0 MHCTPYMEHTA), KOTOPbIN MOXEeT onpeaenntb 4actoTy obpalieHus K
Kakgomy moaynto B npouecce npumeHeHus MO.
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Conpoeoxdaemocmb — 3TO Xxapaktepuctmka [10, «koTopass no3BonsieT

MUHUMMU3MPOBATb YCUIUS MO BHECEHUIO M3MEHEHUN ANSA YCTPaHEHUA B HEM OLWMBOK 1
no ero moaudukauMm B COOTBETCTBUM C W3MEHSOLWMMUCA MNOTPeBGHOCTAMMU
nonb3oartenen. ObecnedeHne conpoBoxgaemoctn MO cBoguTcsa Kk obecneyeHuto
nzyvyaemoctu O un k obecneveHnto ero MoanLnpyemMocTu.

MobunbHocmb — 310 cnocobHocTb MO OBbITb NEpeHeceHHbIM M3 O4HOW cpenpbl
(OKpY>XeHMs1) B ApPYryto, B YaCTHOCTU, C O4HOIO KOMMbOTEPA Ha APYron.

Kputepun kayectBa sSBNSATCA NPOTUBOPEYNBLIMU: XOopoluee obecnevyeHne 0gHoro
Kakoro-nmbo KpuTepmsi KavecTBa MOXET CYLWEeCTBEHHO 3aTpyaHUTb Wnu caenatb
HEBO3MOXHbIM obecrevyeHne HekoTopbIXx Apyrnx. [loaToMmy cyllecTBEeHHas 4acTb
npouecca obecneyeHns kKayecTsa COCTOUT M3 NOMCKa NpUEMIEMbIX KOMNPOMUCCOB.
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NNEKLUNA Ne2
1.5 O6BLEKTHO-OPUEHTUPOBAHHOE NporpaMmMupoBaHme

O6bekTHo-opueHTupoBaHHoe (OOIlN) — napagurma nporpamMmumpoBaHns, B
KOTOPOM OCHOBHbIMU KOHLIENLMSIMWN ABASIOTCS MOHATUA OOBEKTOB U KNAccoB.

Knacc npeactaesnsietr cobon wabnoH, no KoTopoMmy onpegensietca dopma
obbekTa. B HeM ykasblBalOTCH [aHHble U KoL, KOTOpbi ByaeT onepupoBaTb 3TUMU
AaHHbiMKM. B C# ucnonb3yeTcs cneumdumkaumsa knacca gns nocTpoeHnsa oOBLEeKTOoB,
KOTOpble SABMAKTCA 3Kk3emnnsgpamu knacca. CnegoaTternbHO, Knacc, Mo CyLwlecTBy,
npeacrtaBnsaetr cobon psag cxemaTuyeckux onucaHunm cnocoba NocTpoeHus obbekTa.
Mpn 3TOM OYEeHb BaXXHO MOAYEPKHYTb, YTO Krnacc ABMSETCS Nornyeckon abcTpakumen.
dunanyeckoe npeacTaBfieHNe Kracca nosiBUTCA B OnepaTtMBHOM MaMATV NUlb Nocne
TOro, Kak 6ygeT co3gaH 06bEeKT 3TOro Knacca Bo BPEMS UCMOSTHEHUSA NPOrpaMmbil.

OcCHOBHbIE NOHATUS OOBEKTHO-OPUEHTUPOBAHHOIO NPOrPaMMUPOBAHUS:

AbcTparnpoBaHne — BblgeneHne Habopa 3HaYMMbIX XapaKTePUCTMK OObEKTa,
NCKIoYas N3 pacCMOTPEHUSA HE3HAYMMbIE.
WHkancynauma — obObeguHeHne AaHHbIX U MeTOAoB, paboTawlmx C HUMK, B

Knacce C UeNbl CKpbITUS AdeTanen peanusauuu OT nonb3oBaTtensd knacca (nog
nonb3oBaTenieM kKrnacca MOHUMAEeTCa MpPOrpaMMUCT, KOTOPbIM MpPU  HanMCaHuK
nporpaMmmbl UCMOSb3yeT BO3MOXHOCTU Kfacca Yepe3 MeTofbl Knacca (MHTepdenc) He
3Has geTtaneun peanusauun).

HacnepoBaHne — BO3MOXHOCTb CO3aBaTb HOBblE OMNpPeaerieHNsa KrnaccoB Ha
OCHOBE CYLLECTBYHOLIMX, pacwmpss un nepeonpegenss ux @YHKUMOHANbHOCTb.
HacnepoBaHne wncnonb3yetca Ans MNOBTOPHOrO MCnonb3oBaHus koga. Knacc, ot
KOTOPOro npou3BOAUTCA HacnegoBaHue, HasbiBaeTcs 6a30BbiM, POAUTENLCKUM WMN
CynepKnaccoMm, HOBbIM Knacc — NOTOMKOM, HACNeAHUKOM U NPOU3BOAHbLIM KIacCOM.

Monmopnam — BO3MOXHOCTb OOBEKTOB C 0AMHAKOBOW crneuudukaumen nmeTb
pasnuyHyo peanuaauuio. Monumopdunam no3BonseT nogaepXuBaTb BbIMOSIHEHUE
HY)XHOrO [OEeNCTBMS B 3aBMCMMOCTM OT Tuna obbekta W npumeHsieTcs Ons
yHMBepcanbHoM 06paboTKn CXOXMX 0OBHEKTOB pa3HbIX TUMOB.

1. ObbsiBneHme knacca Ha sa3blke C#

Ona peanu3auun wmHKancynauum B a3blke C# umcnonb3yrTca moamdukaTopbi
poctyna. Asbik  C# nopoepxuBaeT  crnegywwme  mMoaudukaTopbl  gocTyna
(MogudumkaTopbl BUOANMOCTH):

— public — nons, ceoncTBa U MeToabl ABNATCS 00LLEAOCTYNHbIMMY;

— private — nons, cBonWcTBa U MeToabl O6yayT OOCTYMNHbI TOMbKO B Knacce, B
KOTOPOM OHU onpeaeneHsbl;

— protected — nons, cBoncTBa M MeTodbl OyayT AOCTYMHbI Kak B Krnacce, B
KOTOPOM OHM onpeaeneHbl, Tak 1 B NtoboM Npon3BogHOM Knacca;
— internal — nons, cBoncTBa U MeToabl OyayT OOCTYMHbI BO BCEX Knaccax

BHYTpU cOOpPKM, B KOTOPOWA onpeaeneH Knacc.
Ana KoHTpona AocTyna K nomnsaM knacca B A3blke C# MOXHO WCMOMNb30BaTh
cBoicTBa. BHyTpyM knacca CBOWCTBO onpedensieTcd B BuAe napbl MeTOAOB AnNS
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NPUCBOEHUSA 3HAYEHUSI CBOUCTB U ANA YTEHUS 3Ha4YeHUs1 cBoMCcTBa. [Ans nonb3oBatenen

00BbEKTOB Knacca CBOWCTBO nNpeacTaBnseTcs kak none knacca. CuHTakcmc
ornpeaenieHnsi CBOMCTBa Kracca:

<TUN> <uUMSA_CcBONCTBa> {

get {

return <sHadeHue>;

}

set {

<uma_nona> = value;

}
}

MeTog get wucnonb3dyetca AnNd norydeHns 3HadeHus csouctBa. MeTton set
ncrnonb3yeTcsa Ons U3MEHeHus 3HavyeHus cBoucTBa. BHyTpu metoga set HoBoe
3HayeHne CBOWCTBa nepepaeTcs B Buae nepemeHHon value. C nomoLbo CBOWCTB
MOXXHO MNPOBEPUTb HOBOE 3HAYeHWe Mons, npexae, YeM M3MEHUTb MOofe; BbINOMHUTL
AOMNOMNHUTENbHbIE OENCTBUA MPU U3MEHEHUM UMW YTEeHUW Nond, NpeacTaBuTb ANs
nonb3oBaTens B BuAe nond MHpopmMaumio, KoTopass Ha CaMoOM Aefne He SABnseTcs
nonem kracca.

Asbik C# He nogaepKMBaeT MHOXECTBEHHOE HacreaoBaHue.

[na peanusaumm KraccuMyeckoro HacnegoBaHus B 43blke C# wucnonb3yeTcs
cnegyowmnn CUHTaKCUC:

class <ums_knacca_noTtomka> : <ums_kracca_poautens> {

}

[na BbiI3oBa B KOHCTPYKTOpPE Kracca-NMoTOMKa KOHCTPYKTOpa Knacca-poauTens
MCnonb3yeTcs KnoveBoe CroBo base:

class <ums_krnacca_noTtoMmka> : <uMmsA_knacca_pogurtens> {

<MMS_Knacca_noToMKa> (<apryMeHTbl>) : base(<aprymeHTbl>) {

}
}

Takke knwyeBoe CroBO base ucnonb3yeTcs AnA BbI3OBOB METOAOB Kracca-
poauTens u3 nepeonpefeneHHbIX MeTOAOB B Kracce-notomke. A3blk C# Takke
noaaepXXvBaeT HacrnefoBaHWEe BKITOYEHUEM.

Ana peanusaumm nonuMopdunama, OCHOBaHHOrO Ha BUPTyanbHbIX MeTodax, B
A3blke C# Ucnonb3yroTcs KroyeBble cnosa virtual n override:

class <ums_knacca_poautens> {

virtual <uma_metogal> (aprymeHThbl) {

}
}

class <ums_knacca_noTtoMmka> : <uMms_knacca_pogurtens> {
override <nmsa_metonal> (<aprymeHTtbl>) {

23



YnpasneHne auCTaHUMOHHOro oby4yeHns 1 NoBbILLEHNS
KBanudukaymm

TexHonorum n MeToabl NPOrpaMMMpOBaHNS

}

Kpome Toro, qasbik C# nopaepxmBaeT obbsBneHne abCTpakTHbIX MeToOoB C
MOMOLLBIO  KNtoyeBoro crnoea abstract. ABCTpakTHble MeTodbl He cofepxaT
peanusauumn n OMKHbl OblTb NepeonpeaeneHbl C NOMOLLbIO KNOYEBOro crioBa override
B Knaccax-notoMkax. Knacc, B KoTopom o6bsBneH xota 6bl oguMH abCTpakTHbI METOA,
ABNAeTca abCTpakTHbIM M A0MKeH OblTb OObSABMNEH B MOMOLLBI KIHOYEBOrO CrioBsa
abstract. O6bekTbl abCTpaKTHOro Knacca He MOryT ObITb CO34aHbI.

class <ums_xmacca> {

[l OOBsiBIICHHE TIEPEMEHHBIX.

<Monu(pUKaTOP JOCTyna> <uUMs_THUINa> <UMs_TePEeMEHHOM |>;

<Monu(puKaTOp J0CTyna> <UMs_THIa> <UMs_IePEeMEHHOWZ2>;

...

<MoAH(UKATOp JNOCTyHa> <uMs_THUMa> <uUMs_nepeMeHHOUN>;

/| OObsABIIEHUE METOIOB.

<moauduKaTOp jJocTyna> <Bo3pamaeMblii THIT> <uMsi_Mmeronal> (<mapamerpsr>) {
<rteno metonal>

k

<moauduKaTOp jJocTyna> <Bo3pamlaeMblii_THIT> <UMs_MeTona2> (<mapameTpbr>) {
<Teno mMeTojga2>

¥

...

<moauduKaTop jgocTyna> <Bo3pamiaeMblii THIT> <uMsi_metonaN> (<mapameTpsr>) {
<reio meromaN>

k
k

2. CBoncTtBa knacca

Onsa ypobcTBa nporpamMmMuMpoBaHuMsi B KracC BBEOEHO [MOHATME CBOWCTBA.
CoucTBO npeacraBnsieT cobon COBOKYMHOCTb NOSI U O4HOrO Mnv ABYX METOAOB ANs
CUMTBIBAHUA W/MNK 3anucy LaHHbIX B nosie. OTO NO3BOMSET ucnonb3oBatb 6Honee
npeanoyTUTENbHbBIA CUHTAKCUC ObpalleHns K CBOMCTBY Kak K MOM, a He 4epes
CYHTaKCuC MeToaa 1 0gQHOBPEMEHHO NO3BOSISET CKPbITb AaHHbIE B Kracce.

Tak B A3blke Java CBOWCTB HET W obpalieHune, Hanpumep, K nomw m_Fam
OCYLLIeCTBNSAETCHA Yepe3 MeToAbl cnegyrowmum obpasom:

string s;

stud a = new stud();

s=a.getFam();

a.setFam(s).

MeTog getFam cnyxuT Ana cyYUTbiBaHUA WHAOPMauuuW, 3anucaHHoOMW B rorne
m_Fam, a meTtoa setFam cnyxuT ans 3annucu HOBOro 3HavyeHus B none m_Fam.

B naHHOM cnyyae knacc umeet BUA:

class stud

24



YnpasneHne auCTaHUMOHHOro oby4yeHns 1 NoBbILLEHNS
KBanudukaymm

TexHonorum n MeToabl NPOrpaMMMpOBaHNS

{
private string m_Fam,;
public string getFam (void) { return m_Fam; }
public void setFam (string S);

}

B fasbike C# CBOWCTBO MNO3BOSISIET MCMNOSMb3oBaTb 6Oonee yaobGHbIN CUHTaKCUC
obpalleHnsa K CBOMCTBY (kak ByaTo aTo none):

string s;

stud a = new stud();

s = a.Fam;

a.Fam =s;

CuHTaKCKC onucaHns CBOMCTBA CrieyoLuim:

class stud

{

private string m_Fam,;

public string Fam

{
get {return m_Fam; }
set {m_Fam = value; }
}
}

Kak BngHo nonto m_Fam conocTaBfeHo CBOWCTBO C ABYMsS MeToAamn: meto get
— [ONA CYNTbIBAHMSA LaHHbIX M3 MOMS U MeTon Set — Ans 3anucu LaHHbIX B none.
CeonctBo siBnsieTca yaobHbIM cnocobom npenoTBpaTUTb HEKOPPEKTHYK paboTy cC
nonem, Hanpumep, 3anucb WHMoOpMauun B HeBepHOM dopmate unM HeBEpPHOM
AnanasoHe:
public string Fam
{
get { return m_Fam; }
set
{
//none peanbHO N3MeHUTCs, ecnu anvHa 6onblue 1 GykBbI
/In nepBas bykBa pycckasi CTpo4Has
if (value.length >1 & value[0]>="A’ & value[0]<="A’)
m_Fam = value;
}
}

HauvHas ¢ Bepcun C# 3.0 umeeTcss BO3MOXHOCTb MCMOJSIb30BaTb KOPOTKUM
CMHTaKcuc 06bsBNEHUA CBONCTBA:

public string Fam { get; set; }

B Takom cuHTakcuce HeT BO3MOXHOCTU 06bsBUTL Tena meTtonoB get u set. OHu
NPUHMMAKTCA MO YMOMYaHWUIO
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get { return m_Fam; }

set { m_Fam = value; }

OT0 He nos3sonseT Aob6aBMTb NPOBEPKY 3HAYEHUSA Npu 3anucu B none. MNone Takke
ONUCbIBaTb HE HYXHO.

Hanpumep, knacc Grajdanin cogepxut 3 cBoUCTBa Tuna string:

class Grajdanin

{

public string Fam { get; set; } //damunus

public string Nam { get; set; } //uma

public string Country { get; set; } //cTpaHa

}

3anuncb

public string Fam { get; set; } //damunus

BBOAMT CBOMCTBO Fam M aBTOMaTU4eCcKku co3gaBaemMoe none un saengetca bonee
KOMMNaKTHON 1 yaobHon hopmon paHee nsydaemom 3annucum

3. MeToabl knacca n Mmetogbl oobekTa.

®PyHKUMOHANbLHOCTL Knacca peanu3yetcd B Metogax. Metoabl MoryT 6biTb
ctatndyeckmmum  (mMetogamm  knacca) W Mmetogamu  obbekta. MeTtogbl  MoryT
obpabaTbiBaTb AaHHbIE: NOSIS Kracca U apryMmeHTbl MeToda. ApryMeHTbl MOryT ObiTb
BXOLHbIMW, aprymeHTamMmu ccoinkamu (ref) n BeIxogHbIM1 aprymeHTamu (out).

BxoaHble apryMeHTbl MCMNOMb3yTCA AN nepefadu MeTody nepeMeHHOW Mo
3Ha4YeHNI0O — B MepeMeHHyl MeToda nepepaeTtcs konusa aprymeHta. [pu nepepade
3Ha4eHus1 B PYHKLMIO MOXHO nepefaTb KOHCTaHTHOE BbIpaXeHue.

void func(int a)

{

a++;

}

func (4); //MmoXxHO Tak BbI3BaTb pyHKLMIO func

int c=0;

func (c);

Console.Write(c); //6éyget O

OpHako ons obbekToB (9K3EMMNNAPOB Kfacca) nepefada no 3HaAYeHUK Bcerga
O3Ha4vaeT nepegady no ccbifke (4519 9KOHOMUM NaMSATK):
void func(Grajdanin a)

{

a.Fam = "MBaHoB”;

}

Stud c=new Grajdanin(“Ko3nos”);
Console.Write(c.Fam); //6ygeT “ViBaHOB”
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AprymeHTbI-cCbinikn (ref) no3BonsT nepegatb 3HAYEHWE MO CCbIflke, KOTopoe

meTon Mor 6bl nsmeHnTb. Nepen nepenadent aprymenTa ref B Metoq nepemMeHHyto Hago
UHUUManu3anposaTb. [lepeMeHHas [ofmkKHA UMeETb TOT >Xe TUM, YTO W aprymeHT.
lMepenaBaTb KOHCTAHTHOE BblpaXeHWe HegonyCTUMO.

void func(ref int a)

{
a++;
}

int c=0;

func (ref c); //6ypeT c=1

func (ref 0); //Henb3a — owmbKka KOMNUNALNN

BbixogHble aprymeHThl (OUt) NnpeaHasHayeHbl Ans BO3BpaTa 3Ha4eHUs U3 MeTofa.
OTnuume oT napameTpa ref B ToM, 4TO NpeaBapuTenbHas MHULMaNM3auus nepemMeHHoM
He TpebyeTcs.

void Sq(float a, out float sq)
{
sqg = a*a;

}

float s; //He nHUUManM3npoBaHoO
Sq(4, out s); //6ymet s=16

MockonbKy OYHKUMA MMEET TONbKO OAWMH pe3ynbTaTt, TO BbIXOAHbIE MapameTpbl
(out) moryT ucnonb3oBaTbCA AN BO3Bpata M3 yHKUMM Oonbliero KonuyecTsa
3HaYEeHUN.

B C# ponyckaeTcsi COBMECTHOE MCMNOSb30BaHME OOHOMO U TOrO Xe€ MMEHWN OBYMS
nnun 6onee metTogamm O4HOrO U TOro e Krnacca. B aTom cnyyae roBopst, 4To MeToapl
neperpyxarwTcsi, a caM NpoLecC Ha3blBaeTCs Neperpy3kon MeToaoB.

Meperpy3ka meToaoB. [leperpy3ka metogoB B C# 03Ha4yaeT, YTo B Kracce MOXHO
OonpeaennuTb HEeCKOSIbKO METOL4OB C OOHMM U TEM X€ MMEHEM Mpu YCrOBUW, YTO ITKU
MEeTOAbl MONyYarT pa3HOE YMUCIIO UK TUMbl NapamMeTPOB.

Meperpyska MeTOOOB OTHOCMTCS K OOHOMY M3 CnocoboB peanu3aumm
nonumopdpuama B C#. B obwem, ana neperpyskum meTtoga AOCTAaTOMHO OOBLSABUTH
pas3Hble ero BapuaHTbl, a 00 ocTanbHOM no3aboTutca koMmnunaTop. Ho npu atom
HeobxoQMMO COOGMICTU criefytollee Ba)KHOe YCNOBWE: TUM UMM YUCHO aprymMeHTOB Y
Kaxgoro mertoga OOSMKHbl ObiTb pasHbiMu. COBEpPLUEHHO HeOOoCTaTOYHO, YTOObLI ABa
MeToda OTNUYanucb TONMbKO Tunamu pesynbTata. OHM OOMMKHbI OTNMYATBLCA TUMamm
WM YMCNOM CBOMX apryMeHToB. Korga Bbi3biBaeTCcsA NeEperpyxaembini Meton, TO
BbIMOSIHAETCSA TOT €ro BapmnaHT, NnapaMeTpbl KOTOPOro COOTBETCTBYIOT (MO TUMNY U Yncny)
nepegaBaeMbiM aprymeHtam. Mogudmkatopbl napameTtpoB ref un out Takke
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YYNTbIBAKOTCA, KOraa npuHMMaeTCd peleHne o neperpys3ke metoga, Ho oTrimdmne mexny
HUMW HE CTOJb CyWECTBEHHO.

class UserInfo

{

/I Teperpyxxaem meTog, ui
public void ui() 11

{

Console.WriteLine("lMycton metoa\n®);

}

public void ui(string Name) 112
{

Console.WriteLine("ma nonb3osaTtens: {0}",Name);

}

public void ui(string Name, string Family) //3

public void ui(string Name, string Family, byte Age) //4

{

}

public void ui(string Name, string Family, ref byte Age) 115
{

}

}

Userinfo userl = new UserInfo();
// Pa3Hble peanusaumu BbI30Ba Neperpyxaemoro metoga

userl.ui(); //BbI3bIBAETCA MeTOA 1

userl.ui("AnekcaHgp"); //BbI3bIBAETCS MeTOA 2
userl.ui("AnekcaHgp", "EpoxuH", 26); //BbI3bIBaeTCS MeToq 4
byte y = 20;

userl.ui("AnekcaHgp", "EpoxuH", ref y); //BbI3biBaeTca meTtoa 5

4. KOHCTPYKTOPbI

KOHCprKTOp — MeTOo/, BbI3blBaEMbIN npun co3gaHnnm obbekTa.

B knacce aBTomaTunyecku co3aaeTCA KOHCTPYKTOP MO yMOJIHaHUIO. 310 npaBuno
BbIMNOJTHAETCA ONnA ntoboro Kiacca, He nMerLlero 4BHO ONMMCaHHOINoO KOHCTPYKTOpa. B
cnyyae, ecnu nporpamMMucT onmcan XoTss Obl OOuMH KOHCTPYKTOp B Kracce, TO
KOHCTPYKTOP NO YMOMN4YaHWI0 aBTOMaTU4YeCKN He CO30aeTCA.

Meperpy3ka KOHCTPYKTOpPOB. Kak W MeToabl, KOHCTPYKTOPbl Takke MoryT
neperpyxartbc. 310 AaeT BOSMOXHOCTb KOHCTpyunpoBaTb 00BbEKTbl cCamMbIMU pa3HbIiMA
crnocobamu.
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OpHa M3 caMbIX PacrnpoCTPaHEHHbIX MPUYMH ONS MNeperpyskM KOHCTPYKTOPOB

3akni4aeTca B HeobXOAMMOCTM NpefocTaBUTb BO3MOXHOCTb OOHUM OObekTam
MHULManNU3npoBaThb Apyrve pasHbiMu cnocobamu.

Korga npuxoautca paboTaTb C neperpyXaemMbiMn KOHCTPYKTOpamu, TO WHOraa
OYeHb NMONne3Ho NPeaocTaBUTb BO3MOXHOCTb OAHOMY KOHCTPYKTOPY Bbl3blBaTb APYroOW.
B C# ato faeTca ¢ nomoLbio knoyeBoro cnosa this. Huke npuBeaeHa obwan dopma
Takoro Bbl30Ba:

<UMSA_KOHCTpYKTOpa> (<napameTpbl1>) : this(<napameTpbl2>)

{

<Teno KOHCTPYKTOpa, KOTOPOe MOXET ObITb MyCTbIM>

}

B ncxogHoOM KOHCTpyKTOpe cHavana BbIMOMHSAETCS neperpyXaemblii KOHCTPYKTOP,
CNUCOK MapamMeTpoB KOTOPOro COOTBETCTBYET KpUTEPUIO <napaMeTpbl2>, a 3aTeM Bce
ocTanbHble OnepaTopbl, €CNM TaKOBble MMEKTCA B MCXOAHOM KOHCTpyKTOpe. Hwxke
NpMBEOEH COOTBETCTBYHOLLMIA NMPpUMEP:

class Userinfo

{

public string Name, Family;

public byte Age;

/I cnonbayem kritoyeBoe cnoso this ans
I/l coszgaHnsa "uenoYvkn" KOHCTPYKTOPOB
public Userinfo() : this("None","None",0)

{

}
public Userinfo(Userinfo obj) : this(obj.Name, obj.Family, obj.Age)

{

}
public Userinfo(string Name, string Family, byte Age)

{

this.Name = Name;
this.Family = Family;
this.Age = Age;

}

}

Bbi3biBaTb neperpykaemblii KOHCTPYKTOP C MNOMOLbIO KNoYeBoro criosa this
MOMNe3Ho, B YacCTHOCTM, MOTOMY, YTO OH [MO3BOSIIET WUCKIKYUTE HEHYXHOEe
aybnvpoBaHue Koaa.

5. Co3gaHue cnucka
[ns co3pgaHus cnncka ncnonb3yeTcs knacc List< > — 0606LeHHbI Knacc.
ﬂ,ﬂﬂ CcO3aaHnNA CncKa AnAa XpaHeHund rpaxgaH H€06X0,D,I/IMO 3anmcaTtb
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List<Grajdanin> list = new List<Grajdanin>(),

roe List<Grajdanin > — knacc, B KOTOPOM MOXET XPaHUTbCHA TOSIbKO CMMCOK
obbekToB knacca Grajdanin unm ero NOTOMKOB.

Mpn TakoM onucaHun co3gaeTcs NyCTOW CMUCOK, B KOTOPbIM MOXHO A06aBnATb
obbekTbl knacca Grajdanin, ncnonb3ys metog Add knacca List, ' KOHCTpPYKTOp noO
ymonyaHuio knacca Grajdanin.

HobaBneHne HoBoro ob6bekta knacca Grajdanin B CNUCOK 3anucCbiBaeTCs
cnegyowmm obpasom:

list. Add(new Grajdanin());

list[0].Fam = “UiBaHOB”;

listf0].Nam = “UBaH”;

list[0].Country = “Poccus”;

U MHUUManNM3mMpoBaTh Nons 4o Ao6aBneHust B CMUCOK Tak:

Grajdanin g = new Grajdanin();

g.Fam = “BaHoB”;

g.Nam = “UBaH”;

g.Country = “Poccna’;

list. Add(g);

NN MHULMANM3NPOBAHHbBIE KOHCTPYKTOPOM:

Grajdanin g = new Grajdanin(“isaHoB”, “UUsaH”, “Poccus’”);

list. Add(g);

list. Add(“IMeTpos”, “IeTp”, “Poccus”);

6. CokpalleHHasa nHnumanmsaums

B asbike C#, HaunHasa ¢ Bepcum 2.5 (Visual Studio 2008), nmeeTtcss BO3MOXHOCTb
nobaenaTb 06bLEKTbI B CAMCOK W WMHULMaNM3npoBaTb MONd C nomowbio OGonee
KOMMNaKTHOM M yaoOHOM 3anmMcu, KOTOopasl BbINOSMHAET TO Xe, YTO W npeablayLinin
NPOrpaMmMHbIN KoA,.

List<Grajdanin> list = new List<Grajdanin>()

{

new Grajdanin { Fam = "MeaHoB", Nam = "MBaH", Country ="Russia"},

new Grajdanin { Fam = "[eTtpos", Nam = "TleTp", Country ="Russia"},

new Grajdanin { Fam = "Cugopos", Nam = "CemeH", Country ="Germany"},

new Grajdanin { Fam = "Knaun", Nam = "Knz", Country ="U3paunb"}

h

O6paTuTe BHUMaHWE Ha TO, YTO HOBas KOSNEKUMS 3anofiHAeTCs HENOCPeACTBEHHO
BHYTPU GourypHbIX ckob6ok 6e3 ncnonb3oBaHnsa metoga Add knacca List.

[aHHbIA CUHTaKCUC WHUUManu3auum OypeT paboTaTb gaxe nNpu OTCYTCTBUM
KOHCTPYKTOpa C Tpems napameTpamu ans knacca Grajdanin, nockornbeKky B 3TOM cryvae
He BbI3bIBAE€TCS KOHCTPYKTOP.

Knacc Grajdanin ¢ kocTpyktopamu u meTtogom ToString() Oyaet umeThb,

Hanpumep, crneaywLnin BUA:
class Grajdanin
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{
public string Fam { get; set; }
public string Nam { get; set; }
public string Country { get; set; }
public override string ToString()
{

return Fam +" " + Nam +

}

+ Country;

/] KOHCTPYKTOP MO YMOM4YaHMIo (B Krnacce MOXeT ObITb TONbKO OANH)
public Grajdanin()
{

Fam = "MBaHoB"; Nam = "/BaH"; Country = "Russia";

}

/] KOHCTPYKTOP KONMPOBaHMUs (B Knacce MOXeT ObiTb TONbKO OAMH)
public Grajdanin(Grajdanin g)

{

Fam = g.Fam; Nam = g.Nam,; Country = g.Country;

}

// KOHCTPYKTOpPBI C NapaMmeTpamm

/| KOHCTPYKTOPOB MOXET OblTb CKOMNbKO YroAHO,

/I ecnu pasnu4yaroTcsa TUMNbl UM KOSIMYECTBO apryMeHTOoB
public Grajdanin(string fam, string nam)

{

Fam = fam; Nam = nam; Country = "Russia";

}

public Grajdanin(string fam, string nam, string contry)
{

Fam = fam; Nam = nam; Country = contry;

}

}

7. MNMepekpbiTUe N COKPbITUE METOO0B

MepekpbiTue MeTOAOB MO3BONSIET B MPOM3BOAHOM Kracce nepeonpenenutb

mMeTodbl ©a30BOro Knacca, €crnivm OHW onpegerneHbl Kak BupTyanbHble (virtual). B
NPOM3BOLAHOM Krnacce MOXHO co3daTb MeToq C TeM XXe UMEHEM, TEMU XXe apryMeHTamum
N TOW e OOCTYMNHOCTbLI0, AOMNNCaB KIloYeBoe CnoBo override.

BaxHoM 0OCOBEHHOCTbLIO nepekpbiTna 4BndAeTcA BbI3OB MeToda MNpomn3BOAHOIoO

Krnacca npwu npmBegeHmnm npomn3BogHOro Knacca K 6a3oaomy KIaccy.

class Rod

{
public virtual int f(inta) { }
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class Reb: Rod

{
public override int f(inta) { }

}

Reb r = new Reb();

r.f(1); //sbi3biBaeTcs metop f pebeHka

((Rod) r).f (1); /In 3pecb BbI3bIBaeTCca Metop f pebeHrka,
//nockonbKy r B AENCTBUTENBbHOCTM 00BHEKT Knacca Reb.

To ecTb peweHne o0 BblbOpe BbI3bIBAEMOro MeToAa NPUHUMAETCA BO BpeMs
paboTbl NporpamMmbl, @ He Npu KOMNUIAUMK. ITO CKasblBaeTca Ha ObiCTpoaencTasunm
nporpamMmmbl, HO MO3BONSAET, Hanpumep, OAHMM MPOrpaMMHbIM KOLOM Bbi3blBaTb
pasnuyHble MeToAabl.

MpenmywiecTBO nepekpbITUA MEeTOA4OB MNpPUM MUCNONb3OBaHMU CNUCKOB. B
CCbINIKYy Ha poauTeNns MOXHO 3anucaTb CCbIKy Ha poautens n Ha noboro noTtomka
(pebeHka). To ecTb:

Rod r = new Rod();

Rod r1l = new Reb();

To ecTb B MaccuB UM CMMCOK C 3NieMeHTamMu Tuna poauTenst MOXXHO NOMECTUTb
3NeMEHTbl — CCbISIKN Ha pebeHka.

List<Rod>list=new List();

List.Add(new Rod());

List.Add(new Rod());

List.Add(new Reb());

List.Add(new Reb());

for (int i = 0; i<list.Count; i++)

list.Draw();

B atom cnyvae gBa pasa Gyget Bbi3aBaH metoa Draw poauTens u gBa pasa —
pebeHka. [lpyM 3TOM nporpamMHbIA KOO B LMKIE HE HYXHO MoamduumpoBaTb
He3aBMCMMO OT TOro, B KakoW nocnegoBaTenbHOCTM OyayT HaxoauTbCA OObeKTbl B
Crnucke.

CokpbiTne metopoB. [laxe ecnn B 6a30BOM Krnacce mMeToa He Obin o6bsBneH
BUpTyanbHbIM (Virtual), B Npon3BogHOM Knacce BCE pPaBHO MOXHO OObSIBUTb LpYyrow
MEeTO[ C TaKoW e curHatypon. HoBbl MeToq, OAHAKO, He nepekpoeT meTon 6a3oBoro
Knacca, a ckpoeT metoza 6a3oBoro knacca. Mpy aToM KOMNUATOpP, peLuas, Kakon MeToa
Bbl3BaTb, Bcerga OygeT paccmatpvmBaTb TWMM  AaHHbIX, Ha KOTOPbIA yKa3biBaeT
nepemMeHHasi, kak TUMN OaHHbIX, 3adaHHbIA Npyu ee 00bsABNeHUn. To eCcTb pelleHne o
TOM, Kakol MeTOZ Bbi3BaTb peLLaeT KOMNUIATOP.

Ona ckpblTua metoga 6as3oBOro kracca HeobxoOuMO K ero onpeneneHuvto
[ob6aBuTb KIOYEBOE CMOBO New. JTOT MOAMMUKATOP NOACKAKET KOMMUASTOPY, YTO
NPOrpaMmMUCT 3HaET O haKTe COKPbITUSA:

public class Rod

{
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public string GetFunnyString()

{
return "Pogutenb!”;
}
}

public class Reb : Rod

{
public new string GetFunnyString()

{
return "PebeHok!”;
}
}

Rod Rod1;

Reb Rebl,;

Rod1l = new Rod();

Console.WriteLine(Rod1.GetFunnyString()); // 6yneT Pogutens!
Rod1l = new Reb();

Console.WriteLine(Rod1.GetFunnyString()); // 6yaet Pogutens!
Reb2 = new Reb();

Console.WriteLine(Reb2.GetFunnyString()); // 6yaet PebeHok!

}

8. ABCTpaKkTHble Kracchbl U abCTpakTHble METOAbI

AGCTpaKkTHble Knaccbl — 3TO Knaccbl, 3K3eMnnsip KOTOPbIX c€Oo3A4aTb
HEBO3MOXHO. ABCTpaKkTHbIe Knaccbl onpeaensaiTca ¢ moandukatopom abstract. OHu
MOTYT cofepXaTb abCTpakTHble MeToabI.

AGcTpaKkTHble MeToAbl 06BLABNATCA C MoAudUKaTopoM abstract, He cogepxart
Tena metoga. AGCTPaKTHbIA METOA MOXET ObiTb NepekpbIT B NPOM3BOAHLIX Kllaccax Kak
abcTpakTHbIn M HeabcTpakTHbIM MeTod. Ecnmn xota Obl oguH meToa B Knacce
abCTpakTHbIN, TO U KNacc A0MKEH BbITb abCTpPaKTHLIM.

public abstract class Rod

{

public abstract int MyAbstractMethod(); /] Teno otcycTByeT

public abstract int MyAbstractMethod1(); /I Teno otcycTByeT

}

public abstract class Reb : Rod

{
public override int MyAbstractMethod()

{

return O;

}

33



yﬂpaBJ'IeHl/le ONCTaHUMOHHOIO o6yqu|/|ﬂ " NoBbILLUEHUA

KBanudukaymm
TexHonornm n metoabl NPOrpaMmMmmMpPoOBaHUS
public abstract int MyAbstractMethod1(); I/l Teno otcycTeyeT
}

Knacc Reb octancsa abcTpakTHbIM, Tak Kak 0OUH MeTo SBnsieTca abCTpakTHbIM.
public class Reb2 : Rod

{
public override int MyAbstractMethod()

{

return O;

}
public override int MyAbstractMethod1()

{
return 1;
}
}

9. 3aneyartaHHble Kracchl
3anevataHHble (sealed) knaccbl M MeTOoAbl MOXHO paccmaTpuBaTb  Kak
NPOTMBOMOJSIOXKHOCTL abCTpakTHbIM Knaccam u meTtogam. OObsBNeHWe knacca unu
MeToda 3anevyaTaHHbiM O3Ha4aeT, YTO MNPOM3BECTM HacnegoBaHWEe U MNepekpbiThe
HEBO3MOXHO.

sealed class FinalClass  // HacnegoBaTb He BO3MOXHO

{
}

public class myClass
/I nepekpbITne B ganbHenLwemM HEBO3MOXXHO
public sealed override FinalMethod()
To ectb y knacca FinalClass He moxeT ObITb HacneaHUKoB, a y knacca myClass
MOXeET ObITb HacnegHuK, HO B HEM Hemnb3s nepekpbiTb Metoq FinalMethod().

10. UHTepdenchl

MHTepdenc — aTo0 TUN, onpegenswowmn Habop meTogoB M CBOWCTB 0Oe3
peanu3auun, W  UCNOMb3yembll AN ONpedeneHns  KNaccoB CO  CXOAHOM
dyHKUMOHanbHOCTLIO. UHTepdenc onpegendeTcd C MNOMOLLLIO KMHYEBOro Crioesa
interface. CnHTakcuc onpegenennsa nHtepdenca:

interface <uma_uHTtepdenca> {

<uMs_Tuna_meTtoga> <umsa_meTtopa> (<aprymeHTbl>);

<uMMA_Tuna_cBouCTBa> <ummsa_cBouncTtea> { get; set;}

}

OcobeHHOCTU MCNoNb30BaHNA NHTEPENCOB:
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— BCe MeToAbl UHTepdenca Nno onpeaeneHnto SBNATCA OTKPbITEIMU, MPU 3TOM

3anpeLLeHo ncnorb3oBaTb B onpegeneHnn MeTogos MoangukaTopbl JOCTyNa;

— TUN UHTepderica MOXHO MCNONb30oBaTh B 0O6bSBNEHMN NapaMeTpoB METOO0B U
nepeMeHHbIX, HO co3aaBaTb 00BHEKTbI TUNA NHTEPKENC HENb3S.

— BMECTO M3MEHEeHUs YyXe  UCMonb3yeMoro  uHTepdenca  cnegyet
BOCMNOSIb30BaTbCSA HacnegoBaHWeM uHTepdenca;

— MHTepgEenChbl peannsyoTcs ¢ NOMOLLbIO Knaccos. [loa peanusauuen Knaccom
MHTepdenca NoOHMMaeTCa HanucaHue B Kracce NporpamMHOro Koda Ans Kaxgoro us
00bsBNEHHBIX B MHTEpence MeTonoB M CBOWCTB. [na peanu3aumm uHTepdenca
HeobxoaMMo:

— MocCne MMEeHW Knacca, peanusylouwero uHtepgenc, nocraButb ABOETOYME U
HanucaTb MM MHTepdenca (ecnn B Kracce HeobBXOAMMO peanun3oBaTb HECKOSbKO
NHTEePdENCcoB, crieqyeT pasgennutb UX UMeHa 3anaTbiMn);

— BKITHOYMTb B KIlacc BCce MeToAbl U CBONCTBA, onpeaesieHHble B uHTepdelce;

— [ONa Kaxgoro peanu3oBaHHOro MeToda WM CBOWCTBA ykasaTb Moaudukatop
poctyna public.

Bo3MOXHOCTb peanusauum O4HUM KacCoOM HECKOSIbKMX UHTepdencoB 3aMeHseT
OTCYTCTBME MHOXECTBEHHOro HacnegosaHus. [1na nonyvyeHus goctyna K nHtepdency
obbeKkTa NpMMeHSITCS crieayroLme cnocobsbl:

— AIBHOE MnpuBeAeHue Tuna (C noMoLLbio onepaunn () ) —

(<ums_unHTepenca>) <ums_obbekra>;

— C MOMOLLIbIO KITOYEBOro CrnoBa as —

<MMmsa ob6bekTa> as <umsi_nHTepdenca>;

— C MNOMOLLIbIO KITH0MEBOro cfioBa is —

if (<uma_obbekta> is <uma_nHTepdgenca>).

[Ona peanusaumm HacnegoBaHus wuHTepdgencoB B a3blke C# umcnonbsyeTcd
cnegyoLwmnin CUHTaKCUC:

interface <ums_uHTepenca >: <uma_uHTepdenca_pogutensa> {

<Teno nHtepdenca>

}

11. Bbi3oB 6a30BbIX BEPCU METOAOB
KnioyeBoe cnoBo base $BHO ykasbiBaeT KOMMUIATOPY, YTO MNPOUCXOAUT
obpalueHune Kk metogy 6a3oBoro knacca.
public class CustomerAccount

{

public virtual decimal CalculatePrice (CustomerAccount account)

{
return 2000M:;

}
}

public class GoldAccount : CustomerAccount

{

public override decimal CalculatePrice(CustomerAccount account)

{
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return base.CalculatePrice(account) * 0.9M;

}
}
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NEKUUA Ne3

1.6 dyHKUMOHANbLHOE NporpaMmmMmmpoBaHue

PyHKLUMOHaNbLHOE NMporpamMMmupoBaHue — 3TO BETBb NPOrpaMMuMpoOBaHus, Npwu
KOTOPOM MporpamMmpoBaHne BeeTCs C NOMOLLbIO onpegeneHnsa pyHKunn. Bel moxeTte
ckasaTb, YTO NOOON NPOrpaMMMUCT AABHO YXKe MPOrpaMMupyeT C NOMOLLbIO (OYHKLMNA,
Aa N He TONnbKo OYHKUMIA, a ewe u npouenyp, UMKNOB, moaynen, obbektoB. Ho B
PYHKUNOHANBHOM NPOrpaMMMpOBaHUM HET HW npouenyp, HU UWKIOB, HET Aaxe
nepemeHHbIX. [1o4TM ofgHM TONbKO (YHKUMKU. DYHKUMOHaNbHOE MporpaMMupoBaHune
obnajaetr  psSAOM  OYeHb  CYWECTBEHHbIX  Npeumywects.  TpaguuuoHHoe
nporpammupoBaHne poaunocb B 40-x rogax 20 Beka, Koraa Benacb paspaboTka
nepeblx OBM. Ero ocHoBowm nocnyxuna koHuenuus ¢oH HenmaHa O xpaHumown
nporpaMmme aBTOMaTUYECKUX BbIYUCIIEHUI NO 3agaHHOMY anroputMy. CyulecTBeHHbIMN
yepTaMy Takou NporpamMmbl CIYXUIKM, BO-MEPBbIX, CTporas MocrefoBaTeNbHOCTbL B
BbINOSIHEHUN €€ 3fleMEHTapHbIX LWaroB W, BO-BTOPbIX, BO3MOXHOCTb XpaHEeHUs u
N3MEHEeHNsa NporpaMmbl Hapaay C JaHHBIMU ANS BbIYUCIIEHUI B OOLEN C HUMU NaMsTK.
McnonHeHne nporpamm B nepBbix OBM cBOAUNOCH K BbIMNOAHEHNIO apUPMETUYECKUM
YCTPOMCTBOM (MO3Xe OHO CTano HasblBaTbCHA MPOLECCOPOM) dMEeMEHTapHbIX LLaros,
HasblBaeMblX KOMaHgamu, KOTOpble CTPOro nocnegoBaTeflsHO  NPOU3BOAMN
onpegerieHHble  OEUCTBUA  Hag apudMETUYECKUMM  3HAYEHUSAMU  WUNn - Opyrumu
KOMaH4amu, XpaHALWNMUCA B onepaTUBHOW NamMsT KOMMbloTepa.

Co BpemMeHeM npuHUMN NocreaoBaTeNbHOrO WCMNOSIHEHUSA CTan Cepbe3HbIiM
NpenaTcTBMEM ANnsi PasBUTUSE KOMMbIOTEPHOW TexHukM. CambiM  Y3KUM  MECTOM
BblYMCNUTENBHLIX CUCTEM YXE [ONIroe BpeMsi OCTaeTcs npoueccop, KOTopbin
nocrniegoBaTenibHO WUCMOMHAET 3NeMeHTapHble kKoMaHabl. KOHEeYHO, CKOpoCTb paboTbl
COBPEMEHHbIX MPOLECCOPOB HE CPaBHUTb CO CKOPOCTbK paboTbl apudMeTU4eCcKnx
yCTpoucTB nepBbix OBM, ogHako, Npon3BOAUTENBbHOCTL KOMMBIOTEPOB Cenyac, Kak u
paHblUe, OrpaHuyeHa, B OCHOBHOM, WMEHHO LeHTpanbHbiMK npoueccopom (LM).
MmeHHO ckopocTb paboThl LM nmeet pelwatrouiee 3HavyeHre npu onpegeneHmm obulen
npounssoguTensHoCT KoMnbtoTepa. CkopocTb paboTtbl LM ctana 3aBucetb yxe He
CTONbKO OT €ro apXMTEKTypbl N TEXHOSIOrMYECKUX INIEMEHTOB, CKONIbKO MPOCTO OT €ro
pa3MepoB, MOTOMY YTO Ha CKOPOCTb paboThbl peluarollee BNUSHME CTana OKasbiBaTb
CKOPOCTb MPOXOXAEHUSI CUrHANoOB MO LIENsiM Npoueccopa, KoTopas, Kak U3BECTHO, He
MOXET MpPEBLICUTb CKOPOCTU cBeTa. YeM MeHblue npoueccop, TeM ObICTpee cmoryT
BHYTPM HEro npoxoAuTb CUrHanbl, M TeM Oonblle OKa3blBaeTCA KOHe4vHas
Npoun3BoaMTENBHOCTL Npoueccopa. Pasmepbl npoueccopa yMEHbLUUANCL MHOMFOKPaTHO,
OA4HaKoO, BCe TpydHee CTano OTBOAUTL OT TaKOr0 MMHMATIOPHOIO YCTPOWCTBaA
BblpabatbiBaemoe npu paboTe ero anemeHToB Tenmno. [lepen npoussognTenamm
BblMMCNUTENBHOM annapaTtypbl BCTall OYEHb CEpPbEe3HbIl BOMPOC: AanbHenLllee
NOBbILLEHNE MPOU3BOAUTENIBHOCTM CTano MOYTM HEBO3MOXHbIM 6€e3 WN3MeHeHUs
OCHOBoOrMonarawwero npuHUUNa BCEro COBPEMEHHOrO  MPOrpaMMmMpoBaHUS —
nocnegoBaTenbHOroO WUCNONHEHNA KoMaHg. KOHEeYHO, MOXHO TaK ChpoeKkTMpoBaTb
BbIYUCNUTENBHYIO CUCTEMY, YTOObI B HEWM MOrnM OOHOBPEMEHHO paboTaTb HECKOSIbKO
NpoLEeCcCopOoB, HO, K COXareHuo, 3TO NOYTU He AaeT YBENUYeHNs Npon3BogmMTenbHOCTH,
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noTomy 4yToO BCe nporpamMmmbl, HannmcaHHble Ha TPpaaAUUNOHHDbIX A3bIKaX

nporpaMMupoBaHus, npeanonaratT nocriegoBaTesibHoe BbINOSIHEHWE 3rneMeHTapHbIX
LaroB anroputma no4vtu Tak e, Kak aTo Obino Bo BpemeHa phoH HenmaHa. Bpems ot
BpeMEHU  NpeanpuHUMatroTCss  MOMbITKW  BBECTM B COBPEMEHHbIE  A3bIKK
nporpaMMUpOBaHUSA KOHCTPYKLUMM O5151 NapannensHOro BbINONHEHUS oparMeHToB Koaa,
OIHAKO A3blkK "conpoTnBnAoTCS".

Mpobnemy MOXHO pelwaTtb pasnuyHbiMM crnocobamu. Bo-nepsbiX, MOXHO
nonpoboBaTb  HanucaTb  cheumanbHyl  nporpammy,  Kotopas  Morna  6bl
npoaHanu3anpoBaTb UMEKLUNCS MPOrpaMMHbIA TEKCT U aBTOMaTUYECKU BblAENUTb B
Hen pparMeHTbl, KOTOpble MOXHO BbINOSHATL MapansensHo. K coxaneHuto, Takon
aHanu3 npou3BOSIbHOrO MNPOrpaMMHOrO Koda oYeHb TpyaeH. [locnegoBaTeribHOCTb
BbIMOMIHEHUSA LWIAroB anropMtmMa O4YeHb TPYyOHO Mpeackasatb MO BHELWHeMy Buay
nporpaMmmbl, Oae ecnv nporpaMmma «XOpoLlo CTPYKTypupoBaHa». BTopon cnocob
nepevTM K napannenbHbiM  BbIMUCNEHNMAM — 3TO co3gaTb Takon  A3bIK
nporpamMmMupoBaHnsi, B KOTOPOM caM anroputM umen Obl He nocrneaoBaTernbHYH
CTPYKTYpY, a gonyckan Obl He3aBUCMMOE UCNOSTHEHUE OTAENbHbIX YacTen anroputMa.
Ho npoTuB aTOro BOCCTaeT BeCb HAKOMSIEHHbI MPOrpaMMucTaMmy OMbIT HanucaHus
nporpaMmm. TeM He MeHee, OKa3anocb, YTO OMbIT HaANMCaHUS NPOrpamMMm, He UMEKOLLUX
CTPOro nocrnenoBaTesibHON CTPYKTYpbl, HA CaMOM Aene ecTb.

Moyt 0QHOBPEMEHHO C NepBbIM "TPaauLMOHHBLIM" A3bIKOM MPOrpaMMmMpoBaHNSA
— @opTpaHOM MOSABUICA e€elle OAMH COBEpPLUEHHO HEMOXOXUA Ha Hero $3blK
nporpammupoBaHnss — Jlucn, Ons KOTOPOro nocnegoBaTenlbHOCTb  BbINOSIHEHNUS
OTAENbHbIX YacTelm HanMcaHHOM nporpaMmmbl  Oblna HecywlecTBEHHOW. BeTsb
nporpamMmmupoBaHusi, HayaTaa cosgaHuem Jlvucna, NoOHEMHOry passBuBanacb C Hadvana
60-x rogoB 20 Beka M NpmBena K MOSABMNEHUIO LieNon nnesabl 0o4eHb CBOeobpasHbIX
A3bIKOB  MPOrpaMMMpPOBaHUS,  KOTOpble  yOoOBNeTBOpsAnM  BceM  TpeboBaHuAM,
HeobXxoauUMbIM  Ofs  UCMOSIHEHUSI  MPOrpaMM  HECKOSbKUMW  napansienbHbIMn
npoueccopamun. Bo-nepBbiX, anropuTMbl, 3anuCaHHble C MOMOLLbK 3TUX $3bIKOB,
AOMNYyCKalT CpPaBHUTENBHO MNPOCTOM aHanu3 un dopMasnbHble npeobpas3oBaHns
nporpaMm, a BO-BTOpPbIX, OTAENbHbIE YaCcTU NPOorpamMmMm MOryT UCMOSTHATLCS HE3aBUCUMO
Apyr oT Aapyra. OTO U eCTb A3blkM PYHKUMOHANbLHOrO nporpammmnpoBanus. OnucaHue
anroputMoB B (OYHKLMOHANbHOM CTWUME COCPeAOTOYEHO He Ha TOM, KaK LOCTUYb
HY>KHOro pesynbtaTta (B Kakow nocnefoBaTenibHOCTW BbIMOMHATL LWark anroputma), a
fbonblwe Ha TOM, 4YTO [OOSMKEH npeacTaBnAaTb cobown 3TOT peaynbrtart. [loxanyn,
€ONHCTBEHHbIN Cepbe3Hbl HeA0CTaTOK (PYHKLMOHANbHOMo CTUMS NPOrpaMMMpOBaHus
COCTOMT B TOM, 4YTO 3TOT CTUMb He YHMBepcasbHblin. MHOrMe [enCTBUTENBHO
nocrnegoBaTeribHble MPOLECChl, TakMe Kak noBefeHVWe MNpPOorpaMMHbIX MOAenen B
peanibHOM BpPEMEHU, UFPOBbIE N ApYyrne NporpaMmmbl, OpraHn3yrLme B3aMMmoaencTane
KOMNblOTEpa C YerioBEKOM, He BbipasnMbl B (PYHKUMOHANbLHOM cTune. Tem He MeHee,
PYHKUNOHaNbHOE NPOrpaMmMMpOBaHNE 3acny>XmBaeT U3y4yeHnsa xXoTs Obl elle n notTomy,
YTO NO3BOMSIET HECKOMbKO MNO- WHOMY B3rMsHYTb BooOwe Ha npouecc
NporpaMmMupoBaHnsl, a HEKOTopble NPUeMbl MPOrpaMmMupoBaHUss, KOTopble, BOOOLLE
roBop4, npegHasHa4vyeHbl A4S HanMcaHus nporpamMmm B YNCTO (PYHKUMOHANBHOM CTUne,
MOryT C YCNeXoM MCMOoNb30BaThbCA U B TPALULMOHHOM MPOrpaMmMmnpoBaHnN.
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OcHoBHbIe npeumyllecTsa A3bikoB PDI1.

- KpaTkocTb nporpammbi.

- OyHKUMOHanbHbIE NporpamMmbl NogaarnTcs hopmManbHOMY aHanuay nerdye CBOMUX
aHaroroB Ha arnropuTMUYeckux s3blkax 3a CYET MWCMOMb30BaHUA MaTeMaTUyYeCcKoW
dYHKUUN B KaYECTBE OCHOBHOW KOHCTPYKLIMW.

- BoamoxxHoCTb peanusaumm Ha 3BM ¢ napannenbHOn apXUTEKTYPON.

Ocob6eHHOCTU (PYHKLMOHANBLHOIro NPorpaMmMuMpoBaHuA.

1. Bbl3oB YyHKUMA 4BNSeTCA €eOWHCTBEHHOW pPa3HOBUAHOCTbI  OEWCTBUM,
BbIMOMNHAEMbIX B OYHKLNOHANBHOM nporpamme,

2. B anroputMumyeckux 4sblkax nporpaMmma 4aBndeTcs nocrnefoBaTerlbHOCTbIO
ornepartopoB, BbI3OBOB Mpouenyp B COOTBETCTBUM C anroputMom. B dyHKLMOHaNbHOM
nporpaMMnpoBaHUM NporpamMmma COCTOUT U3 BbI30OBOB (PYHKUMM M OMUCbLIBAET TO, YTO
HY)XHO denaTtb U 4YTo cobon npencTaBnsieT pesynbTaT peLlleHus, a He KaK HYXHO
AeCTBOBaTb 4S9 NONyyYeHns pesynbraTa.

3. Kaxxgas doyHKumMs B nporpaMmme BblAaeT OAWH U TOT XXe pesyrnbTaT Ha OO4HOM n
TOM Xe Habope BXOAHbIX OaHHbIX (apryMeHTOB (PyHKUMKM), TO €CTb pe3ynbtaTt paboTbl
YHKUMKN SBNSAETCHA «MNOBTOPSIEMbIMY». BbluncneHne yHKUMM HE MOXET NOBNUATbL Ha
pesynbTaTt paboTbl ApYrx PYHKUMA, TO eCTb PYHKUNN ABNAIOTCH «4YUCTBIMMUY.

4. TlockonbKy nporpamma COCTOUT TOSMbKO M3 «YUCTbIX» (PYHKUWMA, TO NOpPSOoK
BbIYMCNEHNS apryMeHTOB 3TUX PYHKUNA ByaeT HecyLweCcTBEHHbIM.

5. Boobuwe, nobble BblpaXeHusi, 3anMCaHHble B TakKOW nporpaMmme Mo
OTAENbHOCTW, He3aBWUCMMO [Apyr OT [Apyra (BblYWCeHue 3Ha4YeHUn OTAesIbHbIX
9NIeMEHTOB CMuCKa, MonenW KopTexa W T.N.) MOryT BblMUCAATLCA B nobou
nocrnefoBaTenibHOCTM  MNU  faxe napannenbHo. [lpy  HanuuMm  HECKOMbKUX
He3aBMCUMbIX MpoueccopoB, paboTalowmx B 0OWeEN namsaTh, BbIYUCIIEHUS,
npoucxogsawme no nporpamMmme, COCTaBMIEHHOW TOSMBbKO M3 BbI3OBOB YMCTbIX DYHKLUNA,
nerko  pacnapannenutb.  Yxe  3TO  CBOWCTBO  (PYHKUMOHANbHOroO  CTUNs
NporpaMMnpoOBaHUs NPUBIIEKAET K HEMY 3HAYUTENbHbIN MHTEpPEC.

6. OCHOBHbIMM MeTOA4aMM NPOrPaMMUPOBaHUS ABNAOTCA Cynepnosnums yHKLMN
N pekypcusi.

7. ®yHKUMOHaNbLHOE NporpaMMMpoBaHNe eCTb NPOrpaMMMpoBaHue, ynpasngaemoe
AaHHbIMU. B cTporo (yHKUMOHanNbHOM $3blke OAHaXAbl CO3[4aHHble (BBEOEHHbIE)
AaHHblE HEe MOTYT ObiTb N3MEHEHbI.

8. B anroputMmyeckmx Asblkax C MMEHeM MepeMeHHOM CBsA3aHa HekoTopas
obnacte namsiTM, COOTBETCTBME CTPOr0 COXPAHAETCs B TeYeHWe BCEero BpeMeHU
BbIMOMIHEHNSA nNporpaMmmbl. B doyHKUMOHANbHOM NpOrpaMMuMpoOBaHUM  NMepeMeHHas
obo3HavyaeT TOMbKO WMSI HEKOTOPOW CTPYKTYPbl, UMEHA CMMBOSIOB, MNEPEMEHHBbIX,
CNUCKOB, PYHKUMA U OpYyrMx OOBbEKTOB He 3aKpenneHbl npeasBapuTesibHO 3a KakMMu-
nmbo Tunamu AdaHHbiX. B ®I1 ogHa u Ta Xe nepemMeHHast B pasfvyHble MOMEHTbI
BPEMEHN MOXET NPeACTaBNATb pasnnyHble OObEKTbI.

9. B 43bikax  (yHKUMOHaNbHOrO  MporpaMMMpoBaHUA  nNporpamMma U
obpabaTbiBaeMble €10 AaHHbIE UMEIKOT eMHYI0 CIMCOYHYH0 POPMY NpeacTaBneHns.
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10. ®yHKUMOHaNbLHOE NPOrpaMMMpoBaHne npeanonaraeT HanMyne PyHKLUNOHaNoB

— (PYHKLMIA, apryMeHTbl 1 pe3ynbTaTbl KOTOPbIX MOTYT ObITb (YHKUUSIMMU.

Mpumep HanucaHua nporpamMmbl B  (YHKUMOHANILHOM CTUMEe Ha
TPaaULUMOHHOM fi3blKe NporpaMmmMmmpoBaHus

Ecnu nporpamma npeactaBnset m3 cebs Habop «YUCTbIX» AETEPMUHUPOBAHHBIX
dyHKUM, TO OHa ByaeT "dyHKLUMOHaNbHON" HE3aBMCUMO OT TOrO, HanucaHa fn oOHa Ha
crneumanbHOM A3blke YHKLUNOHAbHOrO NporpaMMmpoBaHns Unm Ha TpaguLMOHHOM.

PaccmoTpum, Hanpumep, 3afady BbIYUCIIEHMS 4YMCNa BELECTBEHHbIX KOpHeW
3a[laHHOro KBagpaTHOro ypaBHeHus. DyHKUMS, pelarowas 3Ty 3agadvy [AoSKHa,
NOSTly4YMB B KayeCTBe MCXOAHbIX AaHHbIX KO3MPMUUMEHTbI KBagpaTHOMo YpaBHEHUS,
BblMUCNUTL €ro  OUCKPUMUHAHT, a 3aTeM CcopMupoBaTb HYXHbIM pesynbTar B
3aBMcnMMOCTM OT 3Haka 10 BblUMCIIEHHOrO AUCKPUMUWHaHTa. Ha 4a3bike Java yHKumsa
MOXeT BbIrNsAeTb cnegyowmm obpasom (MUMCTuHr 1.1).

Ninctunr 1.1. OyHKUMA BbIYMCIIEHUA 4YUCNa KOPHEW KBagpaTHOro YypaBHEHUs
nmeet BuUA;

int roots(double a, double b, double c)
{

doublediscr=b*b-4*a*c;

if (discr < 0) return O;

else if (discr == 0) return 1,

else return 2;

}

OTa (PYHKLMSA, KOHEYHO Xe, AeTEPMUHUPOBAHHAA MU «4UCTasd», OQHAaKO BCE Xe C
TOYKN 3pEeHUs (PYHKLUMOHANBHOrO CTUMNSA OHa MMeeT OOHY «HenpaBuIibHOCTb». [eno B
TOM, 4YTO B (DYHKUMKM onpenensercs U MUCNonb3yeTca fokanbHasa nepemeHHas discr,
KOoTopas ucnonb3yeTca On9 3anoMWHAHUSA 3HaYeHUs AUCKPUMMWHAHTa KBagpaTHOro
ypaBHeHnd. B pgaHHOM cnyyae 3TO HWKAK He BIIMSIET Ha «4YUCTOTY» HanMCaHHOW
dYHKUMN, HO ecnun Obl BHYTPU (DYHKUMKM Obinn Bbl onpefeneHsl gpyrve (OyHKUuun, To
pe3ynbTat nx paboTbl Mor Gbl 6bITb Pa3fMYHBIM B 3aBMCUMOCTM OT TOrO, KOraa OHu
BbI3bIBAKOTCA — 0 NpucBanBaHnAa nepeMeHHon discr HOBOro 3Ha4eHUs Urum nocre Hero.
Mo3aToMy 4MCTO PYHKUMOHAsbHbBIA CTUIb NPOrpaMMMpPOBaHUSA npegnoniaraeT nonHoe
OTCYTCTBME npucBamBaHM B nporpammax. Kpome TOro, B YUCTO (OYHKUMOHAIbHbIX
nporpaMmmax HeT NOHATUS NocnegoBaTenbHOro BolumcneHus. Kaxgaa yHKUMS OoImKHA
npeacraBnaTb cobon cyneprnosvunio obpalleHnn kK gpyrmm yHkumam. B Hawem xe
npumMmepe nopsiAOK BbIMUCNEHUM 3afaeTca CTporo, B HEM MpeanucbiBaeTcs, 4To
CHayana TpebyeTcs BblMMCNUTL 3HAYEHNE OUCKPUMMHAHTA U MPUCBOUTL BblYMCIEHHOE
3HayeHue nepemeHHon discr, NOTOM NPOBEPUTb, BEPHO M, YTO MONyYeHHas
nepeMeHHas MMeeT 3HadyeHwe, MeHbluee Hynsd, n T.4. Bnpoyem, B Hawem cnydvae
ncnpasuTb NporpamMmMy, Npueensi ee B COOTBETCTBUE C NPUHUMNAMU PYHKLMOHANBLHOMO
CTMNA NporpaMMMpoOBaHNA, [OOBOSMIbHO npocTo. [Ona 3T1oro onpegenyum  Ose
BCNoMoraTtesibHble (PYHKUMM AN BbIYUCIIEHUS ANCKPMMUHAHTA KBagpaTHOro ypaBHEHUS
MW 0N BbIYUCIEHUSA 3HaKa BELLECTBEHHOro 4ucna (aHanoruyHyr CcraHgapTHOW
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Math.signum, HO BblgatoLlyto Luenbii pesynbTaT). B pedynbtarte nonyymtca cnegyrowlas
nporpamma (nUcTuHr 1.2).

Niuctnur 1.2, OyHKUMA BbIMUCHIEHUA KOPHEW KBagpaTHOroO YpaBHEHUA B
PYHKUNOHANbHOM CTUNE UMEET BUA:

int roots(double a, double b, double c) { return sign(discr(a, b, c)) + 1; }

int sign (double x) {returnx<0?-1:x==07?0:1;}

double discr (double a, double b, doublec) {returnb*b-4*a*c;}

OTa nporpaMmma Yyxe [OEeWUCTBUTENIbHO YUCTO dyHKUMOHanbHaa. Obpartute
BHMMaHWe Takke M Ha TO, YTO BMECTO YCMIOBHbIX ONepaTopoB Mbl B 3TOW Nporpamme
NCNOMb3yeM YCIOBHbIE BbIPaXeHMUS, KOTOPblE COEOUHAIT YCNOBUSAMU He OTAefbHble
YacTu nocregoBaTeNlbHO BbINOMHALWENCS NPOrpamMMbl, a OTAESNbHbIE NOABbLIPAXEHMS.
OTO TOXe 4ABMNSETCA XapaKTepHOW OCOBEHHOCTbIO  (PYHKUMOHANbHOro  CTUNSA
nNporpamMmMmpoBaHus.
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NEKUUA 4

1.7 O606LWeHHOe nporpaMmmMmupoBaHne

HaunHaa ¢ sepcun 2.0 B .NET nogagepxusatotcsa obobuieHusi. C
NOMOLLbIO 0600LLIEHNN MOXHO co34aBaThb KnacChl U METOAbl, HE3aBUCUMbIE
OT XpaHAWMXCA B HUX TUNOB. BMeCTo HanmcaHna MHOXeCTBa KIlacCoB U
METOAO0B C OAMHAKOBOM (PYHKLUMOHANbHOCTBIO AN pa3sHbIX TUMOB MOXHO
co3aaTb TONMbKO OAMH 0000LLEeHHbIN MeToa, NN 00o0LLIEeHHbIN Knacc.

O600LLieHHOE nporpaMMUMpOBaHME — napagurma nporpamMUpoBaHus,
3aKnw4yawwadacd B TakoOM OrnnMcaHnMn gaHHbIX, aliropuTMOB U KIlaCcCcoB, KOTOPOE MOXHO
NPUMEHATb K pa3findHbIM TUMaM AdaHHbIX, HE MEeHAA CaMO 3TO OfnncaHwue. B tom wunu
MHOM BuAe MOOdepXMBaeTCs pasHbiMU s3blkamu nporpammuposaHus. OHaAKo B
OTNN4YMe oT, Hanpumep, A3bika C++, B KOTOPOM 0006LLEHNSA peann3oBaHbl
B Buae wWwabnoHoB, ANs co3gaHus 3k3emnngapa wabnoHa Heobxoaum
NCXOOHbIN Ko wabnoHa.

O0600LeHHble meToabl

B obbseBneHun o0606wWeHHOro MeToda npucyTcTBYeT OOOGLIEHHbIN  Tun.
O606LweHHble MeToAbl MOTYT BbITb Kak BHYTPpU 0606LWEHHOro, Tak U He 0606LLEHHOro
Knacca.

O606LeHHbIe MeToabl B KayecTBe TUMOB aprymMeHTOB WUCMONb3YHT OTKPbITble
TUNbI.

Hanpumep, paccmoTpum npoueaypy Swap MepecTaHOBKM [OBYX 3HaYeHUM.
He3aBncuMoO OT Tuna nepecTtaBnseMbiX aprymMeHTOB MNOCefoBaTeNbHOCTb KOMaHA
O6yneTt oguHakoBon. MoaToMy nporpammMmncTy yaobHee HanucaTtb 3Ty npoueaypy OAauH
pa3 1M paspelunTb Monb30BaTbCs €l AN NEePECTaHOBKM apryMEHTOB pa3HbiX TUMOB.
Hanpumep, o6o6WEHHas npouenypa nepecrtaHoBKM MeCTaMun OBYX 3HAYeHUA MOXeT
UMeTb NapameTp-TuM, onpeaensaLwmn TUN 3Ha4eHUn, KOTopble OHa MEHSAET MecTaMu.
OT0 genaetcsa vepes3 OTKpbITbIM TUN. B npouenype Swap tmun T ABNSETCS OTKPbLITbIM
TUMOM.

void Swap<T>(ref T t1, ref T t2)

{

Tt=11;
t1 =12;
t2 =1;

}

B Tex mectax nporpammbl, rae O606WEHHBLIN TUM UM PYHKLUMS UCNOMb3yeTcs,
NPOrpaMMUCT LOSMKEH SIBHO yKasaTb (QaKTMYEeCKUn napameTp-Tun (3akpbiTbid Tun),
KOHKPETM3NPYIOLWNIA ONMCaHNe OTKPbITOro Tmna.

Korga nporpaMMUCTy HY>XXHO NOMEHATb MecTamu

- ABa UenblX 3Ha4YeHusi, OH BbI3blBAEeT npoueaypy ¢ napaMmeTpoM-TUNOM «Lenoe
4YMCo» N ABYMS NapameTpamu — LenbiMy Yicrnamm,

- KOrga ABe CTPOKM — C NapaMeTpoM-TUMNOM «CTPOKa» M ABYMSA napameTpamm —
CTpoKaMu.
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inta=3,b=6;

Swap<int>( ref a, ref b);

string s1= “Hello”, s2 = “Privet”;

Swap<string>( ref s1, ref s2);

3aKpbITbI TUM MOXHO HE YKa3blBaTb, ECIM OH MOXET OblTb onpefeneH no Tuny
napameTpoB OYHKLMK:

Swap (ref a, ref b);

AnbTepHaTMBonM 060OLLEHHBIX METOLOB W KacCoB SBMSIETCA MCMNOSib30BaHUE
6asoBoro knacca Object kak Tuna pfaHHbIX C  NOCNEayWUM  BbIMOSIHEHNEM
Hagnexawero npuBeaeHUst TUMOB.

void Swap(Object t1, Object t2)

{
Object t =11;
tl =12;
t2 =1t

}

[Mpenmyiectea 0600LLEHNI

1. OaHum n3 OCHOBHBbIX npenmMyLLecTs ob6obLeHnn apnsaeTcs
NPOM3BOAUTENBHOCTb. Mcnonb3oBaHue TUMNOB 3HAaYeHUN ¢ HeOBoOBLLEHHBIMM MeToAaMu
BbI3biBaeT ynakoBky (boxing) u pacnakoBky (unboxing) npwu npeobpasoBaHun B
CCbINIOYHbIN TUN 1 06paTHO.

Knaccbl B C# ABNSOTCS CCbINIOYHbIMM TUNAMW, @ CTPYKTYPbl U CTaHAAPTHbIE TUMbI
— TMNamu 3Ha4eHun (Tunamun-3HadveHunamm). Tun Object aBnseTcs cebloYHbIM. OgHako
BMECTO HEro MOXHO MOACTaBUTb HE CCbUIOYHbIA TWUM, Hanpumep, Tuna int. [lpwn
npucBanBaHuUM 0H6bEKTY NepeMeHHON Tuna int nponcxoauT aBTOMaTU4eCKas yrnakoBKa
(npeobpasoBaHne TUNa-3Ha4YeHUs1 K CCbITOMHOMY TuMy). PacnakoBka OCyLLECTBNSETCA
npu npeobpasoBaHNN yNakOBaHHOIO TUMa 3HAYEHUA K MPOCTOMY TuMy 3HadYeHun. MMpwn
pacnakoBke TpebyeTcs onepauusa npuBeaeHus!.

inti=3;

Object 0 = i; // ynakoBka

i = (int) o; // pacnakoBka c npuBeAeHNeM TUNa.

Mpn pacnakoBke HeobxoAMMO npaBuNbHO BblGpaTb TUM, B  KOTOPbIN
OCYLLEeCTBNSAETCS pacnakoBKa.

Mpu BbI30Be 0606LLEHHOrO0 MeToda ynakoBKa M pacrnakoBka He TpebyeTtcs,
MOCKOMNbKY ANA pasHblX TUMOB CO30aeTCs OTAENbHbIN 3K3eMNAsAp QyHKUMN. 3TO
NOBbILIAET NPON3BOANTENBHOCTb.

2. Opyrum cBonctBom 0600LWeHnn aBnsetTca GesonacHocTb TunoB. B cnydvae
HeobobLEeHHbIX METOAOB B KayecTBe apryMeHTOB MOryT ObiTb MOACTaBMeHbl AaHHbIE
nobbIX TMNOB, NOCKOSLKY BCE TUMbl HacneaytoTcs oT Object.

Mpn BbI30BEe He 0606LieHHOro mMeToga Swap MOryT BO3HWKHYTb OLUMOKW Mpu
NonbITKE ero Bbi3BaTb C NapaMmeTpamMu pasHbiX TUMOB:

int i=4; double d = 3.2; Stud s = new Stud();

Swap (i, d);
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Swap (s, d);
O606LeHna Takke MOBLILWAKT MOBTOPHOE MCMNOMb30BaHWE OBOUYHOIO Koda (B
oTnnymne ot wabnoHoB C++), NOCKONMbKY 0606LEHNA XpaHATCSA B ABOMYHOM KOLE M Ha
NX OCHOBE MOTYT ObITb CO34aHbl AK3EMMNIISAPbI MHOMMX TUMOB MY METOO0B.

Mockonbky onpegeneHve 0606LieHHOro Knacca BknoyaeTcs B cOOpKy, co3gaHve
Ha €ero OCHOBE KOHKPETHbIX KraccoB cneumduyecknx TUMNOB He NpuUBOAUT K
aybnuposaHuio koga B IL. OgHako, koraa 06o6ueHHble knaccbl komnunupytotea JIT-
KOMMNUASITOPOM B POLHOM MALUMHHBIN KOO, ONS KaXOOro KOHKPETHOro Tuna 3HayveHus
co3fgaeTcs HOBbIN knacc. CcbifovHble TUNbI NPU 3TOM pasgensatoT obLuyo peanusauuio
OAHOro poAHoro knacca. lpuynHa B TOM, YTO B Cflydae CCbINTOYHbIX TUMOB KaXKabln
3NeMeHT npeacTaBneH B namaTn 4-6anTHbIM agpecoM (Ha 32-paspsagHbix cuctemax) u
MalUMHHbIE peanu3aumm o606LWeHHOro Knacca ¢ pasnuyHbIMU CCbINTOYHLIMU TUNamMm-
napameTpamy He OTRMYalOTCA APYr OT Apyra. B oTnnume OT 3TOro, TuMbl 3Ha4eHUK
coaepxarcsa B NaMsiTV LIESIMKOM, U MOCKONbKY Kaxabl U3 HUX TpebyeT pasHoro obbema
namMsaTv, TO ONS KaXOoro M3 HMX CO34alTCs CBOW 3K3EMMNSAPbLI KIaCCoOB Ha OCHOBE
o606LLeHHoro.

Ecnn B nporpamme ncnonb3ytotcs 0600LEeHNS, TO NONE3HO, KOoraa nepeMeHHble
0600LLEHHbIX TUNOB NErko OTANYNTbL OT HE0B0BLWEHHbIX. MPUHATO MMeHa 0606LLEHHbIX
TUMNOB HaynHaTb C BykBbl T. Ecnn 0606LLEHHBIM TN MeToAa UK Kracca oavH, TO UM
T noponpet. Ecnn o06006LEeHHbIX TUMNOB HECKONbKO, TO MMeHa Hago AaBaTb bGonee
nHdpopmaTmeHble, Hanpumep, Tinput, TOutput, TKey, TValue, TEvent, TAction.

O606LWeHHbIE METOAbI C OFPAHUYEHNAMM HA TUN

B cnydyae, ecnn Ha TMn 0606LieHMs HaknagblBalOTCA OFPaAHUYECHUS, TO MOXHO
3anucat 1ux ¢ NMOMOLLIbIO KNKYeBOro cnosa where Tak:

public void SpeakTo<T>(T person) where T : IPerson

C NOMOLLbIO BblpaXXeHus

where T: IPerson

yKasblBaeTCd, 4To ucnosnb3dyembln Tun T obasaTenbHO AommKeH ObITb Knaccowm,
peanuayowmm wuHTepdenc IPerson, nnu cammm uHTepdencom IPerson, unn ero
HacnegHUKOM.

B npuBegeHHOM Hmxe npumMmepe B knacce Speaker ocyuiecTenseTtcs obpalleHme K
meToay GetFirstName() nepcoHbl. Takmm obpasom, y Tuna T pgomkeH ObiTb MeToq
GetFirstName(). WHTepdenc IPerson mmeeT TakoM MeToq M no3aTtoMy K Tuny T
yCTaHaBnuBaeTcs TpeboBaHMe, YTO OH JOoSKeH ObiTb KIaccoMm, yHacnegoBaHHbIM OT
nHTepdenca IPerson.

class Speaker

{

public void SpeakTo<T>(T person) where T : IPerson

{

string fn = person. GetFamNam();
this.say("Hello, " + fn);
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class Men

public string Fam {get; set; }
public string Nam {get; set; }
string GetFamNam()

{

return Fam + “ “ + Nam;

O06006LeHHble Knaccebl
Kpome 0606LeHHbIX MeTOA0B CyLecTBYOT 0606LieHHble knaccbl. O6o0LeHHble
Knaccbl SBNAOTCA OTKPbITO CKOHCTPYMPOBAHHLIMU TUMAMU N OMUCBIBAKOTCS C OTKPbITbIM
TUMOM.
class MyObj <T> //0TKpbITO CKOHCTpYMpoBaHHbIA TN MyODbj 1 oTKpbITbIM TUM T

{
Tt
MyODbj(T y)
{
t =y;
}
public T ()
{
return t;
}
public void Plus(T a)
{
t=t+ a; //Knacc T gomkeH obecneunBaTb OnepaLnio CroXeHUs
}
}

Beob, no cyuwectBy, Takonm o0600weHHbIM Tun, kak MyObj<T>, aBnseTtcs
abctpakumen. KoHcTpykuma, nogobHas MyObj<T>, HasbiBaeTca B C# OTKpbITO
CKOHCTPYMPOBAHHbIM TUMOM, MOCKONIbKY B HEW yKa3blBaeTCs napamMeTp OTKPbITOro
Tnna T, HO He TakoM KOHKPETHbIN TWM, Kak int.

Korga ans knacca MyObj yka3biBaeTcst apryMeHT Tuna, Hanpumep, int unu string,
TO co3gaeTcs Tak HasbiBaeMbin B C# 3aKpbITO CKOHCTPYUPOBAHHbLIN TUN.

MyObj <int> ob = new MyObj(3);

I/ 3aKpbITO CKOHCTPpYyUpoBaHHbIN TUN MyODbj <int>

ob.Plus(5);
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Console.WriteLine(ob.f());

MyODbj <string> sob = new MyObj(“Hello”);

/] 3aKpbITO CKOHCTPYMpoBaHHbIN TN MyODbj <string>

sob.Plus(“Viktor”);

Console.WriteLine(sob.f());

B cny4ae ¢ gaHHbIMM NpPOrpamMmMUCT MOXET, Hanpumep, onncaTb 0606LEHHBIN TUM
«CMUCOK» C MapameTpoM-TUMOM, OMNPeAEnsoWNM TUN XPaHUMbIX B CMUCKE 3HAYEHWN.
Torga npu onvcaHumn pearbHbIX CMMCKOB NPOrpamMMUCT OOMKEH yKasdaTb 0606LLEHHbIN
TN U NapameTp-Tun, nony4yas, Takum obpasom, Nbon xenaembli CNCOK C MOMOLLbIO
O[HOTO M TOrO e ONUCaHus.

class Spisok<T>

{

List<T> list;
void Add (T t) { list. Add(t); }

}

Komnunatop, BcTpeyass obpauweHne K O0OOOLWEHHOMY Ty wunnv  QyHKUUNK,
BbINOSIHAET Heobxoaumble npoueaypbl CTaTUYECKOrO KOHTPOMSA TWUMOB, OLEHWBaeT
BO3MOXHOCTb 3a4aHHOM KOHKpPEeTM3auMuM W MNpyu MONOXWUTENbHOM OUEHKE reHepupyet
Ko, NoacTaBnas akTU4eckuin napameTp-TUN Ha MecTo opmMarnbHOro napametpa-
TMna B 000OWEHHOM onucaHuu. EcTecTBeHHO, 4YTO ANs YCNELHOro MCNofib30BaHUs
OOOBLIEHHBIX OnMMcCaHuUK (pakTn4eckne Tunbl-napamMeTpbl OOSHKHbI  YAOBNETBOPATb
onpeaenéxHbiM ycnosusiMm. Ecnn 0606WwEHHaa pyHKUMA CpaBHMBAET 3HAYeHUs Tuna-
napameTpa, Ntobon KOHKPETHbIA TUM, UCNONb30BaHHbIA B HEWN, OOMMKEH NOAAEPXKMBATb
onepaunn cpaBHEHUs, €CNU NPUCBaMBAET 3HAYEHNSA TUNa-napamMmeTpa NepemMeHHbIM —
KOHKPETHbIV TUMN OOMKEH obecneymBaTb KOPPEKTHOE NPUCBanBaHME.

CKoHCcmpyupo8aHHbIM MUNOM CHANTAETCA TakoW 0OOOBLLEHHbIN TWM, ANsi KOTOPOro
npeaocTaBneHbl BCe aprymeHTbl TMNOB. Ecnn Bce 3TM aprymeHTbl OTHOCATCA K
3aKpbITbIM TUMAaM, TO TaKOW TUMN CYNTAETCHA 3aKPbITO CKOHCTPYMPOBAHHbLIM. A eCcriv OanH
MNN HECKONbKO apryMEeHTOB TuMa OTHOCATCA K OTKPbITbIM TUMAM, TO TakKOW Tun
CYMTAETCS OTKPLITO CKOHCTPYMPOBAHHbLIM.

OrpaHunyeHnsa Ha 06000LLEHHbIV TUM

OrpaHunyeHna 3agatoTca nocne Kn4eBoro criosa where Hanpumep, Tak:

class Point<T> where T: struct, P2

{
}

class Point<T> where T: class, new|()

{

struct — Tmun T AOMKEH ObITb TUMOM 3HAYEHUN.
class — Tmn T AomKeH BbITb CCbINTOYHbLIM TUMOM.
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<Wms knacca unu uHmepghetca> — Tun T gormkeH ObiTb HacnegHMKOM Kracca

U nHTepenca.
new() — knacc T AOSMKEH UMETb KOHCTPYKTOP MO YMOMYaHMIo.

Takke MOXHO co3gaBaTb 0606LLeHHbIE UHTEPdENCHI.
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MABA 2. TexHonormm nporpamMmmMmumpoBaHus,

peanunsoBaHHble B OC Windows
NEKUUA Ne5

2.1 Konnekuuun

Konnekuus B C# — coBoKynHocTb 06bekToB. B cpege .NET Framework nmeertcs
Hemarno WHTepencoB W KIaccoB, B KOTOPbIX OMNPedensawnTcs U  peanuayTcd
pasnuyHble TUMbl Konnekuuni. Konnekumy ynpowalT pelleHne pasnuyHbiX 3agad
nporpaMmMupoBaHuns, TPEOYOLMX CAOXHbBIX CTPYKTYP AaHHbIX. K HUM OTHOCATCS CMUCKMU,
CTEKW, AMHaAMMYECKMEe MacCcuBbl, odepean, xelw-Tabnmubi.

MaBHOE NpeMMyLlecTBO KOMMEKUMA  3aKnovaeTcs B TOM, YTO  OHM
cTaHgapTmaupytoT ob6paboTky rpynn o6bekToB B nporpamme. B cpege .NET Framework
noaaepXuBatTCa  YeTblpe Tuna Konnekuun: HeoboblleHHble, cneuunanbHble, C
nopaspsgHon opraHmnsaumnen n o606LeHHbIe.

[MepBoHa4anbHO CyLleCcTBOBaNM TOMbKO Knaccbl HeOBO6LLEHHbIX KOMneKuni.
3aTtem nosiBunmMcb 0600 EHHbIE BEPCUN KITACCOB U MHTEPKENCOB.

HeobobweHHble Konnekyuu onepupyroT AaHHbIMK Tuna object (6asoBbIn Kracc
Ans Bcex knaccos). Takum obpas3om, OHM criyKaT Ans XpaHeHua obbekToB noboro
TMna, NpMyYem B OAHOW KOMMNEeKuMn gonyckaeTcst Hannume ob6bekToB pasHbiX TUMOB. 3TO
MX NPEUMyLLECTBO M HEAOCTaTOK. OTO MNPEMMYLLECTBO, €CNM HYXXHO OnepupoBaTb
obbekTamn pasHbiX TUNOB B OAHOM CMMCKE WAW eCcnn Tunbl OOBbEKTOB 3apaHee
HemsBeCTHbl. Ho aTm konnekumm He obecneumBaroT TUNOBYKD 6e30MacHOCTb.
MpocTtpaHcTBO MeH System.Collections.

CrieyuarnbHble KOMIeKUUU ONepUpYyT OAHHbIMW KOHKPETHOro TuMma WNn Xe
AenalT 3TO KakuM-To ocobbiM obpasom. Hanpumep, umeeTca cneumanbHble
Konnekumnm ans CYMBOJIbHbIX CTPOK. [MpocTpaHCcTBO NMeH
System.Collections.Specialized.

MpocTtpaHcTBO nMeH System.Collections.Specialized.

Konnekuyuu ¢ nopa3psdHol opeaHu3ayuel NoaaepXuBatoT nopaspsgHbie
onepaummn Hag ABouyHbiMM paspagamu (A, UJTN). K HUM oTHOCUTCA TONBKO Knacc
BitArray. lNMpocTtpaHcTBO nmeH System.Collections.

O6obuweHHble  Komnekyuu  obecrneymBaloT  0OOOLLEHHYHO — peanu3auumio
HECKONbKMUX CTaHAAPTHbIX CTPYKTYP AaHHbIX, BKMOYas CBA3aHHbIE CMUCKU, CTEKW,
oyepean n cnosapu. Takve KONnekuum sBrsioTCA TUNM3MPOBAHHBIMU. JTO O3HaA4aeT,
4YTO B OOOOLLEHHOWM KOMMEKUMM MOTYT XPaHUTbCS TOSbKO Takme 3MeMEHTbl OaHHbIX,
KOTOpble COBMECTMMbI MO TUMY C AaHHOM KofsekuuMen. OTO UCKYaeT crydYanHoe
HecoBnageHune Tunos. lMpocTpaHcTBO nMeH System.Collections.Generic.

Takke uvMelTCA Knaccbl, NOAdEepXuBawLWMe co3gaHne  COOCTBEHHbIX
0600weHHbIX Konnekuun. MpocTtpaHcTBo nmeH System.Collections.ObjectModel.

OcHoBononaralowumMm Ang BCEX KOMMEKUMA SBMSETCA MOHATME nepevncnuTens,
KoTOpbIn obecneyvBaeT cTaHAapTHbIM cnoco® noovepeaHoro 4OcCTyna K afemMeHTam
Konnekumn. B kaxgonm Konnekumm aomkHa ObiTb peanu3oBaHa 0006LeHHas wnu
HeobobLweHHasa popma nHTepenca IEnumarable, noatomy anemeHTbl N060ro Knacca
KONNeKuMn AOMMKHbl OblTb [OCTYMHbI MOCPEACTBOM METOAO0B, OnpedeneHHbIX B
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nHTepdence IEnumerator mnu IEnumerator<T>. [na noodepegHoro obpalleHust K

anemeHTam konnekumm B uukne foreach ncnonbsyetcsa nepeuncnutens.

C nepeuncnutenem cBA3aHo Apyroe cpeacTBo — utepartop.

K 0600LLEHHBbIM KOMNMNEKUUSIM OTHOCSTCS:

— Dictionary<TKey, TValue> — 0606LLeHHasa KONMeKUMNS KIo4en N 3Ha4EeHNN.

— LinkedList<T> — gBycBSA3HbIN CMNCOK.

— List<T> — nocnegoBaTenbHbiA CMUCOK 3NIEMEHTOB C AWHAMUYECKN
N3MEHSIEMbIM pa3MepPOM.

— Queue<T> — oyepeab.

— SortedDictionary<TKey, TValue> — cnosapb, noggepxvBaembin B
OTCOPTMPOBAHHOM NOPSIAKE Napbl «KMOY/3HAa4YEHMEY.
— SortedSet<TKey, TValue> — konnekumMsi o0beKkToB, MNogAepXUBAEMbIX B

OTCOPTMPOBaHHOM nopsake 6e3 aybrnmpoBaHus.

— Stack<T> — cTek.

MHuumanmnsaums Konnekumimn ocyLecTBNseTCca creayowmm obpasom:

List<int> myList = new List<int>{0,1,2,3,4,5,6,7,8};

Ecnu KoHTenHep ynpaBnsieT KonnekumMem KnaccoB W CTPYKTYP, TO MOXHO
CMeLlIMBaTb CUHTAKCUC WHUUManNu3auunm oOOBLEKTOB C MHULManNM3aumMm OOBLEKTOB C
CMHTaKCMCOM MHMUManM3aumm KONMeKuun, cosgaBasi HEKOTOPbIN (PYHKLMOHAMbHbIN
KoAa:

List<Point> m = new List<int>

{
new Point {X=2, Y=3},
new Point {X=6, Y=4},
new Point (Color.Red) {X=2, Y=3}

%

Knacc List<T>
Knacc List<T> umeeTt crnegytoime Metoapl:
1. Metog AddRange() — nobaBrneHne MHOXecTBa 3fIEMEHTOB B KOMMEKUuo 3a
oavH npuemM. Metog AddRange npuHumaeTt oguH aprymeHT tuna IEnumerable<T>
points.AddRange(new Point[] { new Point {X=5, Y=6}, new Point(5,8) });
2. MeTopa Insert() — BcTaBka anemMeHTa B OnpeaesnieHHyo nosnumio.
points.Insert(3, new Point(3,5));
Ecnu ykasbiBaeTcs MHOEKC, NPEeBbILLALLNA KONIMYECTBO ANIEMEHTOB B KOMMEKLMM,
TO reHepupyeTcs ucknyeHue Tuna ArgumentOutOfRangeException.
3. MeTtopg InsertRange() — BCcTaBka 3MeMEHTOB B ONpeAerieHHY0 Mo3uuuio 3a
oavH npuem. AHanornyHo AddRange.
4. [locTyn K arnemMeHTaMm OCyLLeCTBMSEeTCS C NOMOoLblo uHaekcatopa [|. MNepsbin
SneMeHT JOCTyneH no nHaekcy 0.
Point p = points[0];
4. lNpoxopn No anemeHTam KONneKkumm BO3MOXEH C NMOMOLLbIO onepaTtopa foreach
bnarogaps peanusauumn nHTepdenca IEnumerable:
foreach(Point p in points)

{
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Console.WriteLine(p);

}

5. MeTtog ForEach(), koTopbI MOXET UCnosib3oBaTbCA BMeCTO onepaTtopa foreach
Takke, 0O6bsABMEHHbIN ¢ NnapameTpom Action<T>. Action gormkeH GbiTb 0O6bsBNEH Kak
MeTo[ C NapaMeTpOM TOro Xe TUna, YTO 1 ANEMEHT KONMeKuMm 1 Bo3Bpalyatowmm void.

Hanpuwmep,

points.ForEach(Console.WriteLine);

points.ForEach(p=>Console.WriteLine(p));

6. Metog RemoveAt() — yaaneHme anemeHTa no MHAeKcCy.

7. Metog Remove() — yoaneHue anemMeHTa rno CCblsike.

YpaneHve anemeHTa no ccbinike paboTaeT GbicTpee, NOCKONbKY NPpY 3TOM He Hado
BbINOSMHATL MOWUCK yAansemMoro anemeHTa no Bcewn konnekumn. Metog Remove()
CHayana wuweT ygansemblin aneMeHT C nomowbko Metoga IndexOf(), a 3aTtem
Mcnonb3yeT NHAEKC AN yAaneHnsa anemMeHTa.

8. Metogq RemoveRange() yoanseT MHOXECTBO 3fIEMEHTOB W3  KOJIMEKLUUN.
MepBblin NapameTp onpegendeT WHAEKC, HaynMHadg C KOTOPOro pacnonarakTcs
yaansemble 3feMeHTbl, a BTOPOM napameTp 3adaeT KONMUYeCTBO yAandeMblX
9N1EMEHTOB.

points.RemoveRange(3,6);

9. Metog RemoveAll() — yganeHMe BCeX 3fIEMEHTOB C HEKOTOPbIMU
XapaKTepPUCTMKaMM, yKasdaHHbIX NpeanKkaToMm.

10. MeTtopg Clear() — yganeHne Bcex arieMeHTOB KOSneKuuu.

11. Metoa IndexOf(), LastindexOf(), Findindex(), FindLastindex(), Find(),
FindLast() — nonck anemeHTa Konnekumm.

12. Metoa IndexOf() — Bo3BpaLLlaeT NMHOEKC ANIEMEHTA, YKa3aHHOro B Ka4yecTBe
napameTpa. Takke MOXHO YyKa3aTb MWHAOEKC MNEepBOro 3femMeHTa U  KONMYeCcTBO
31EMEHTOB Cpean KOTOpbIX HEOOXOAMMO OCyLLEeCTBNATL Nouck. BoaBpawaeTt -1, ecnu
3MEMEHT He HanaeH.

13. Metog FindIindex() — Bo3BpawaeT WHOEKC 3femMeHTa C onpeneneHHbIMU
CBOMCTBaMM, 3adaHHbIMM MNpeaukatoMm. Takke MOXHO YyKasaTb WHOEKC NepBOro
aNleMeHTa WM KOMMYECTBO SNEMEHTOB Cpean KOTOpbIX HeobXoAMMO OCYLLEeCTBASATb
MOWUCK.

Point points.FindIndex(p=>p.X == 5);

14. Metog Find() — Bo3BpallaeT 3neMeHT (a He WHAEKC) C onpeneneHHbIMU
CBONCTBaMM, 3afiaHHbIMU NpeanKaToM.

15. Metog FindAll() — Bo3BpalwiaeTr BCe 3feMeHTbl C onpeneneHHbIMU
CBOWCTBaMM, 3afaHHbIMK NpeamKaToMm.

List<Point> p = points.FindIindex(p=>p.X > 5);

16. MeTop EXxists() — npoBepka CyLleCTBOBaHUS AfIEMEHTa.

17. Metog Sort() ocywecTBnaeT COPTUPOBKY anemeHToB. Metog Sort 6e3
napameTpoB MO3BONSAET COPTUPOBATb TONIbBKO OOBLEKTbI, ANS KOTOPbIX peanu3oBaH
nHtepcenc IComparable. [Mpuyem copTMpPOBKa OCYyLIECTBNSAETCA TEM Cnocobom,
KOTOPbIN NPESYCMOTPEH MO YMOMYaHNIO TUMOM 3f1EMEHTOB.

CopTtupoBka 3NeMeHTOB KOMNMneKunmn cnocobom, KOTOpbIN He
nopaaepXXuBaeTcA NO YMOJSTYaHUIO
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[Ons  COPTUPOBKM  3NEMEHTOB  ApyrMm  cnocobom, He TeM, KOTOpbIN
NoAAepPXMBAETCA MO YMOSYaHMIO TUNOM 3NEMEHTOB, HeobxoaumMO MCMonb3oBaTb
nHtepdenc IComparer<T> gng Tuna anemeHTta konnekunn. utepdenc IComparer<T>
onpegensiet metogq Compare(), KOTopbIi Heob6Xxo4MM NSt COPTUPOBKU. B peanusauun
aToro Metoa ucnonbsyetcsa metog CompareTo() TMnoB string u int.
public class PointComparer: IComparer<Point>

{
public enum CompareType
{
X,
Y,
Name
}

private CompareType compareType;

public PointComparer(CompareType compareType)

{

this.compareType = compareType;

}

public int Compare(Point a, Point b)
{
if(@==null) throw new ArgumentNullException(“a”);
if(b==null) throw new ArgumentNullException(“b”);
int result;
switch(compareType)
{
case CompareType.X: return a.X.CompareTo(b.X);
case CompareType.Y:
result = a.Y.CompareTo(b.Y);
if (result==0) return a.X.CompareTo(b.X);
else return result;
case CompareType.Name: return a.Name.CompareTo(b.Name);
default: throw new ArgumentException(“Hegonyctumoe none ans
cpaBHEHUS");

}
}

Tenepb KONMNEKUUo To4eK MOXXHO oTcopTupoBsaTth no X, Y unn Name.
points.Sort(hew PointComparer(PointComparer.CompareType.X));
points.Sort(hew PointComparer(PointComparer.CompareType.Y));
points.Sort(hew PointComparer(PointComparer.CompareType.Name));

Knacc Stack<T>
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Knacc Stack<T> npeacTtaBnsieT KOMMeKUMo 3remMeHToB, paboTatowyo no

anroputMy «rnocnegHuin Bowen — nepsbin Bbiwen» (LIFO) n umeeT cnegywowue
mMeToAbl:

MeTog Push() — BcTaBka anieMeHTa B CTeK. BCcTaBKka aneMeHTOB OCyLLeCTBNAEeTCS
B BEPLUMHY CTEKa, TakK XXe KaK U U3BreveHue.

MeTog Pop() — 13BneyeHue anemeHTa 13 cTeka.

MeTog Peek() — Bo3BpallaeT aneMeHT 13 BEPLUMHbI CTeka 6e3 ero yganeHus.

MpyM nonbITKe U3BMEYEHUs 3neMeHTa U3 MyCcToro CTeka reHepupyeTtcd

ncknoveHne InvalidOperationException.

Knacc Queue<T>
Knacc Queue<T> npeacTtaBnsaeT KOMMEKUMIO 3nemMeHToB, paboTarolyo no
anropuTMy «nepBbIn Bowen — nepsbiv Bbiwen» (FIFO) n umeet cnegytowime metoabl:
MeTog Enqueue () — BcTaBka anemeHTa B oyepedb. BcTaBka ocyuwiecTBnsaeTcs B
KOHeL, ovepeau.
Metoq Dequeue() — wu3BneyeHMe anemeHtTa w3 odepegun. KseneuyeHue
OCYLLECTBNSAETMCS U3 HaYana oyepeaun.
MeTopg Peek() — npocMOTpeTb anieMeHT U3 Havana oyepean 6e3 ero yaaneHus.
MpyM nonbiTKE M3BNEYEHUs 3NeMeHTa K3 MycTONn oYepean reHepupyeTtcs
ncknoveHne InvalidOperationException.
Knacc SortedSet<T>
Knacc SortedSet<T> ygobeH Tem, 4YTO Mpu BCTaBke UMW yaarieHUn 3f1IEMEHTOB
OH aBTOMaTu4eckn obecneymBaeT COPTMPOBKY 3NeMeHTOB B Habope. Npu co3gaHun
obbekta SortedSet, ero KOHCTPYKTOpY HEObOXxoauMo nepenaTtb OObEKT, peanuayowmmn
nHTepgenc IComparer<T>, koTopbih OygeT uHdOpMUpoOBaTL O TOM, Kak OyayT
COpPTUPOBATLCSA OOBHEKTHI.
SortedSet<Point> points =
new SortedSet<Point> ( new PointComparer(PointComparer.CompareType.X) );

Knacc ObservableCollection

Knacc ObservableCollection<T> — konnekumsi aHanornmyHasa List<T>, HoO
reHepupyet coObiTMe Mpu W3MEHEHUN COAEPXMMOro Konnekuun. To ecTb OHa
NHpopMUpPyeT BHELLHME OOBLEKTbI O TOM, YTO MPOM3OLUNO WM3MEHEHWE KOMMeKUUN.
MpocTtpaHcTBO mMeH System.Collections.ObjectModel.

2.2 UcknrouyeHusa

B pes3ynbTaTe paboTbl nporpamMmbl MOryT NPON30NTH
HenpeaBUAEHHbIE CUTYaLMn, HanpuMmep, Aenedune Ha 0 nnu nepenonHeHne
pas3pAaHON CeTKN nNepeMeHHON.

[aneko He Bcerga owunbKM cryvarTcsl N0 BUHE TOro, KTO Kogupyet
npunoxenune. VIHorga npunoXxeHue reHepupyeT OWMOKY M3-3a OENCTBUN
KOHEYHOro Nonb3oBaTens, unm xe owmnbka Bbl3BaHa KOHTEKCTOM cpefbl, B
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KOTOpon BbliNoNHsAeTcsa koad. B nwbom cnydyae nporpammuct Bceraa

OOIMKEH OXuaaTb BO3HUMKHOBEHUSA OWKMOOK B CBOMX MNPUMOXEHUAX U
NPOBOANTbL KOANPOBAHME B COOTBETCTBUN C 3TUMU OXUAAHUSIMUN.

B sasbike C# owunbkn B nporpamMme BO BpeMs BbIMOSIHEHUS
nepegarTcs Yepel3 nporpammy MOCPeaCTBOM MeXaHM3Ma, HasblBaeMoro
UCKMOYEHNAMKN. WCKNoYeHNa co3gatoTcsl KOL4OM, KOTOpbIM BCTpevaeT
OoWwNBKY M nepexBaTbiBAlOTCSA KOLOM, KOTOPbIM MOXET WUCMpaBuUTb ee.
NcknioveHns wmoryT cosgaBaTbes  cpegonn CLR  nnatgopmbl  .NET
Framework nnm kogom B nporpamMmme.

B .NET Framework npegycmoTpeHa passuTad cuctema obpaboTku
owmnbok. MexaHnam obpaboTkn owmbok C# nos3BonsieT 3akoauMpoBaTb
Nnosib30BaTesibCKyt0 00paboTKy AN Kaxaoro Tmuna ownboYHbIX CUTyaumn, a
TaKkke OTAEeNUTb Koh, NOTeHUManbHO MNopoXxgawwmi ownbku, oT KoAa,
obpabaTbiBaoLEero ux.

OcHoBy 00paboTku ucknUUTENBbHBIX cuUTyauun B C# coctasnser
napa Krwo4eBblX CroB try m catch. 3Ty KnwoyeBble crioBa OEUCTBYIOT
COBMECTHO W He MOryT ObITb UCMONb30BaHbl NOPO3Hb. Hwke npuBegeHa
obwaa dopma onpegeneHna 6Gnokos try/catch gna obpaboTku
NCKNIOYUTENBHbIX CUTYaLUIA:

try {
/l Bnok koga, NpoBepsieMbIn Ha Hann4ne owmnboK.

}

catch (<tun_wucknoyeHnsa> exODb) {

I OBpaboTymk nckrnoyveHms Tuna ExcepTypel.
}

catch (<tvn_uckntoyeHuns> exOb) {

Il O6paboTunk ncknoyeHms Tnuna ExcepType2.

}

roe <TuM_MCKMNIYEHUN> — 3TO TUM BO3HUKAKOLWEN UCKIOYUTENBHON
cutyauuun. Korga MCKIOYEHWE TeHepupyeTcst onepaTtopom try, OHO
nepexeaTblBaeTCs COCTABMAKLWNM eMy napy onepatopom catch, koTtopbin
3ateMm obpabaTbiBaeT 3TO uWCKM4YeHne. B 3aBucumoctm oOT Tumna
WCKINIYEHNSA BbLINOMHAETCA M COOTBETCTBYHOLLMA onepaTop catch. Tak,
€Cnn Tunbl TFEHEPUPYEMOrO WUCKIIOYEHMUST M TOro, YTO YKa3biBaeTCs B
onepatope catch, coBnagatoT, TO BbINOMHAETCA UMEHHO 3TOT onepartop, a
BCe OcCTanbHble nponyckatoTcs. Koroa wucknioyeHne nepexBaTbiBaeTcs,
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nepemMeHHas uckno4veHus exOb nonyyaeTt cBoe 3HayeHue. Ha camom gene

yKasblBaTb nepemeHHyto exOb HeobsizaTenbHO. Tak, ee Heobs3aTenbHO
yKasblBaTb, €cfnn 06paboTunky WCKNIYEHUNn He TpebyeTcsa pocTyn K
OOBbEKTY WCKIOYEeHNs, 4YTO OblBaeT [0BOSbHO 4acto. [Ona obpaboTku
WCKIIOYEHUA JOCTAaTOYHO U ero Tuna.

[ns BKMAOYEHUST MPOBEPKM MNEPENOSIHEHUS B JIOKAnNbHOM MecCTe
nporpamMmMmbl MOXHO MCMOMb3oBaTh KrodeBoe cnoso checked, a gns
OTNaBfIMBaHUA UCKNKOYEHUN try ... catch.

private void buttonl_Click(object sender, EventArgs e)
{

int a = 20;

int s=1;

try

{

for (inti=1;i<=a;i++)

checked {s*=1i;}

}

catch (System.OverflowException)

{

/[3TOT KO4 BYyAeT BbIMNOMHEH NPU BO3HUKHOBEHMWST UCKITHOYEHMS
//System.OverflowException - nepenonHeHus
MessageBox.Show("Cnuwkom 6onbLioe ynucno");

}
catch ()

/[aTOT KO4 ByAeT BbINOSHEH NPU BO3HUKHOBEHMUS Nto6oro
/lppyroro NCKNYEeHUs1, He OTMOBSIEHHOIO BblLLE
MessageBox.Show("Kakoe-To ncknwodeHue");

}
Text = s.ToString();

}

BHyTpn onepatopa try nomewaeTrca kKod, B KOTOPOM  MOryT
reHepmnpoBaTbCH UCKMNOYEHMs, a B Broke catch oHn obpabaTbiBatoTCs.

[MpoBepka ABYX UCKNOYHEHNN

private void buttonl_Click(object sender, EventArgs e)

{

int a = 2000000;

int s=2;
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try
{
a=als;
checked { a = a * 100000000; }
}
catch (System.OverflowException)
{
MessageBox.Show("TlepenonHeHune");
}
catch (System.DivideByZeroException)
{
MessageBox.Show("JeneHne Ha HONb");
}
Text = a.ToString();
}

Ecnn s=2, 1o I'IpOI/I3OWJ,€T NUCKNoYeHne nepenonHenmnsa, ecnm s=0 — 1o

CTtaHgapTHbIE UCKITHOYEHMUS

ucknoveHne pgeneHna Ha 0. Kak TOMbKO MNPOUCXOOUT MUCKIIOYEeHue —
npepbiBaeTcs BbINOSIHEHWE Brioka try n ynpasrneHve nepepaetca B 6ok
catch. To ectb npu geneHumn Ha 0, yMHOXEHME BbINOMHATECA He ByaeT u a
ocTaHeTcs pasHoun 20.
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Tun ncKkNOYeHNA Onucanue

Exception Bazoewid knacc ong ecex 00 LeKTOR MCKMO-
YEH 1MIA

SystemException Bazoebii Knacc Ana scex ownbok, reHepum-
pPyemMul BO BpEMS BLINONHEHKA

IndexQutOfRangeException MeHepupyeTca BO BPEMA BRINONHEHWA NPK
BRXDAE WHASKCA MAaCCHBAa 3a MpaHnLbl

NullReferenceException NeHepupyeTca BO BpEeMA BLINONHEHAA NPX
cocuinke Ha obberT null

InvalidOperationException MNenepupyeTtca onpaaengHHbIMMA MeTona-

MW, ECNW BEE30B METOAA HEAOMYCTHUM ANS
TEKYLLEMD COCTOAHMA obbekTa

ArgumentException BazoBbiA knacc ANA BCEX UCKNOYEHKWA ap-
rYMeHTOB

ArgumentNullException NeHepupyeTca MeTofaMK, ecn apryMeHT
pased null, 4To 3anpewgHo

ArgumentOutOfRangeException MexepypyeTca METOAAMIK, BCNKW apryMeH-

Thl BLIXOAMT M3 33 0aHHOM0 QMana3oHa

NMporpamMmHas reHepauusi UCKNMIOYEHUMN.

[MporpaMMmUCT MOXET NponucaTb reHepaunio UCKIMIOYEHNS C MOMOLLbIO
KNo4YeBoro crnosa throw, ykasas onpegeneHHoe UCKINIYeHne

throw new ArgumentOutOfRangeException(“AprymeHT gomkeH ObliTb
6onbLie 57);

class Stol{
private float dl;
public float dlina

{

set

{

if (value<=0)

throw new

ArgumentOutOfRangeException(“AprymeHT gosmkeH 6biTb 60onbLie 07);
di=value;

}

get {return dl; }

}

}
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class Program

{

Stol s = new Stol();
void main()

{

try{
s.dlina =-100:;

}
catch(ArgumentOutOfRangeException)

{
MessageBox(“OnuHa He gonyctumas’);
s.dlina=1;

Onepatop throw MOXHO BKMOYMTL B Onok catch, 4ToObl 3aHOBO
BbI3BaTb WCKMOYEHNE, nepexBadeHHoe 6riokom catch. B cnepyowem
npumepe wu3BnekawTcd cBeaeHnss 00 UCTOYHMKE W3 UCKITHOYEHUS
IOException, a 3aTeM 3TO UCKNIOYEHME BbI3bIBAETCSA AN POAUTENLCKOro
meToaa:

catch (FileNotFoundException e)

{

/I FileNotFoundEXxceptions are handled here.

}
catch (IOException e)

{

/I WN3Bnekaem wHdpopmaumio 006 UCKMIKYEHUM U Bbl3blBAaeEM
poOaUTENLCKUN MEeTOoS,

/Il T.k. IOException pogutene FileNotFoundException

if (e.Source = null)

Console.WriteLine("lOException source: {0}", e.Source);

throw;

}

Bbl MOXeTe nepexBaTbiBaTb OLHO WCKIIOMEHME WM CreHepupoBaTb
OpYroe UCKIloYeHne, Kak nokasaHo B cneaylowem npumepe:

catch (InvalidCastException e)
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{

// BblNnONHSieM HEKOTOpbIA KO 34eCb M 3aTeM FeHepupyemM HOBOE
NCKITIOMEHNne

throw new YourCustomException ("Put your error message here.", e);

Takke MOXHO MOBTOPHO BbI3blBaTb WCKMOYEHWE MNPU BbINOSTHEHUN
YKa3aHHOro yCIioBusl, Kak nokasaHo B criefytoLlemM npumepe:

catch (InvalidCastException e)

if (e.Data == null)

throw;

}

else

// BbInonHaeM HeEKOTopble AENCTBUS 30ECb

B 6noke try vHMumanusnpynTe TOSNbKO Te MepeMeHHble, KOTopble B
HeM o0ObsiBNeHbl. B nNpoTMBHOM cnyyae OO 3aBepLUEHUS BbINOMHEHUS
Gnoka MOXeT BO3HMKHYTb WCKMYeHne. Hanpumep, B cregylowem
npumMepe Koda nepeMeHHasd N uHULnanusnpyeTca BHYTpu 6roka try.
[MonbiTka Mcnonb3oBaTb OaHHYD NEPEMEHHYK BHe 3Toro 6nioka try B
NHCTpyKuum Write(n) npmeegeT K owmnbke komnunsaTopa.

static void Main()

{

int n;

try

{

Il TlepemeHHas n He onuncaHa B try, N03aToMy
I/l He Hago MHMUManu3npoBaThb B try ...

n=123;
}

catch

{

}

/... TaK KaK B cny4yae BO3HMKHOBEHMWS UCKITIOYEHUS 34€ECh
/[nepemeHHas n He ByaeT MHMUMannu3MpoBaHa.
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Console.Write(n);

Ob6wume ceBegeHnst 06 NCKNIDYEHUAX

cknoveHns nmeroT crnegyoLume CBOMCTBA.

NcknioyeHnss wumeroT Tunbl, B KOHEYHOM c4yeTe gaBnswoumecs
NPON3BOAHbIMWM OT System.Exception.

CrnenyeTt ncnosnb3oBaTtb ONOK try ANSA 3aKTHOYEHUS B HEMO MHCTPYKLUUN,
KOTOpbl€ MOryT BblAaTb UCKMOYEHUSI.

[Mpy BO3HMKHOBEHWW WUCKNIOYEHUA B ONOKe try MOTOK YynpaBfeHus
HEMeLNEeHHO nepexoauT K nepBOMYy COOTBETCTBYHOLLEMY 00OpaboTyMKy
WCKINYEHNI, NPUCYTCTBYIOLLIEMY B CTEKE Bbl30BOB. B A3bike C# kroveBoe
CNOBO catch UICMONb3yeTCA ANs onpeaeneHns obpaboTymka UCKITIOHEHUN.

Ecnu obpaboTtumnk onsa onpeaeneHHOro UCKIYEHUST HE CYLLECTBYET,
BbIMOSIHEHME NPOrpamMmbl 3aBepLuaeTcs ¢ coobuieHnem ob owmbke.

He nepexBaTbiBalTe WCKIOYEHME, €CnNn ero Henb3sa obpaboTtatb, u
OCTaBbTE€ MNPUIOXeHne B W3BECTHOM cocTosaHuu. [lpu nepexeaTte
System.Exception BHOBb MHWULMWPYWUTE 3TO WUCKIKOYEHWE C UCMOSNb30BaHNEM
KIOYEBOro CrnoBa throw B KOHLE 6510Ka catch.

Ecnin B 6Gnoke catch onpegensietca NepemMeHHass WCKMNIYEHUs, ee
MOXHO MCNonb30BaTh AS1 MOSyYEHUA OOMOSIHUTENbHOW MHopMaumm o
TNe NpounsoLleaLlero NCKNIYEHUs.

CKnoYeHns MOryT sIBHO reHepupoBaTbCA MPOrpaMMHON C NOMOLLLHO
KMHO4YEeBOro CrioBa throw.

Ob61bekTbl MUCKMOYEeHNa coaepXaT noapobHble cBeaeHust o6 owunbke,
TaKne Kak COCTOSAHME CTeKa BbI30OBOB M TEKCTOBOE ONMMCaHNE OLLUNOKN.

Kog B ©Onoke finally BbINOMHAETCSH, Oaxe MNpu BO3HUKHOBEHUN
ncknoyeHna. brnok finallyycnonb3yetca Ana ocBObOXOEHUA pPeCcypcos,
Hanpumep Ang 3akpbiTUS NOTOKOB U dhannoB, OTKPbITbIX B OMNOKe try.

Ynpasndemble ucknoveHns B nnatgopme .NET Framework
peanu3ylTCa B Havane MexaHumama CTPYKTYpupoBaHHOM 06paboTku
ucknodeHmn  Win32. [ononHuTenbHble CBeOEHUsI CM. B pasgene
CtpykTypupoBaHHass obpaboTtka wucknoveHnn WU B [OOKYMeHTe [logpobHoe
PYKOBOLCTBO MO CTPYKTYpupoBaHHON 0bpaboTke ucknoveHnin Win32.

[Mpu reHepaummn ncknyeHnn cnegyet nsberatb crnegyoLwero:

NcknoveHns He pekoMeHayeTca Wcnonb3oBathb Afs U3MEHEHUS
noToka nporpaMmmbl B pamkax OO6bIMHOrO BbINOSHEHUA. WCKnoveHUus
NCMNONb3YITCA TONMbKO ONA COOOLLUEHUA O COCTOSIHUSIX OWKMBKM M UX
obpaboTkw.
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NckntoueHnst He OOMKHbI BO3BpallaTbCA B KAa4eCcTBe BO3BpALLAEMOro

3Ha4YeHns Unu napameTpa BMECTO reHepaumu.

He pekomeHayeTcsi chneuuanbHO reHepupoBaTb System.Exception,
System.SystemException, System.NullReferenceException nnm
System.IndexOutOfRangeException n3 cobcTBEHHOro NCXO4HOro Koaa.

He pekomeHayeTcsi co3gaBaTb MCKITOYEHUS, KOTOpble MOryT ObiTb
CreHepMpoBaHbl B peXume OTNagku, a He B pexmme Bbinycka. YTobbl
onpegennTb OWKMOKN BPEeMeHU BbINONMHEHNA Ha 3Tane pa3paboTkuy,
ncnonb3ymnte Debug Assert.

[Mporpammbl  MOryT reHepupoBaTb NpeaonpenesieHHbIn  Kracc
WUCKINIOYEHNN B MNPOCTPaAHCTBE WMEH System (ecnu crneuuanbHO He
0003Ha4YeHO WMHOE), UM cosgaBaTb COOCTBEHHbIE KNAcChl MCKITHOYEHUN
nyTemM HacrnegoBaHuUss OT Exception. [lponM3BogHble KracCbl [OOJTKHbI
onpenendatb, N0 MeHbLUEN Mepe, YeTbIpe KOHCTPYKTOpa: O4MH KOHCTPYKTOP
No YMOM4YaHWio, OOWUH KOHCTPYKTOpP, 3ajalolumi CBOMCTBO COOOLLEHUSA, U
elwle OauWH, 3aJarolmMin CBOMCTBA Message W InnerException. YeTBepTbin
KOHCTPYKTOP CHYXWUT ONS cepuanuMsaumm UCKIoYeHus. HoBble Kraccol
NCKNIYEHN OOMKHbI BbITb cepuanmnsyemMbiMu.

[Serializable()]
public class InvalidDepartmentException : System.Exception
{
public InvalidDepartmentException() : base() { }
public InvalidDepartmentException(string message) : base(message) { }
public InvalidDepartmentException(string message, System.Exception
inner) : base(message, inner) { }

// A constructor is needed for serialization when an
// exception propagates from a remoting server to the client.
protected InvalidDepartmentException
(System.Runtime.Serialization.SerializationInfo info,
System.Runtime.Serialization.StreamingContext context) { }
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NEKLUAA Neb6

2.3 TexHonorua LINQ

BeeneHue B LINQ. AKTyanbHOCTb N npuMepsbl

Mo mepe craHoBnenus nnatgopmbl .NET Framework v nogaepxvBaembix €0
a3blikoB C# 1 VB, ctano acHo, 4to ogHon u3 Hambonee npobnemHbix obrnacten ang
pa3paboTymKoB OCTaeTCa AOCTYN K JaHHBbIM U3 pa3HbIX NCTOYHUKOB.

Mpobnemsbl, cBA3aHHble ¢ 6azaMu JaHHbIX, MHOrOYUCIIEHHBI. [lepBas CNOXHOCTb B
TOM, 4YTO B3ammopgencTsme C 6a3oM AaHHbIX NPOMCXOAUT C MOMOLLBbID CTPOKOBOM
KoMaHAbl Ha A3blke SQL, a He nporpaMMHO Ha YpOBHE A3blka, HA KOTOPOM MuLLETCA
nporpamMmma. 3TO NPUBOAUT K CUHTAKCUYECKMM OLIMOKam, KOTOpble He MpOSABMASOTCA
BMNNOTb O MOMEHTa 3anycka. HenpaBunbHble CCbINKM Ha Nons 6a3bl AaHHbBIX TOXE He
obHapyxuBatoTcs.

Bmecto Toro 4tobbl npocto pgobaBuTb 6Gonblie KMaccoB M MeToAoB AN
NMOCTENEHHOrO BOCMOSIHEHUST 3TUX HegocTaTkoB, B Microsoft pewwunn paspaboTtaTtb
yHUBepcanbHyto TexHornormo LINQ (s3blk BCTPOEHHbIX 3anpocoB). LINQ — TexHonorus
Microsoft, npegHasHayeHHass Ons NOAOEPXKKM 3anpocoB K AaHHbIM BCEX TUMOB Ha
YpOBHe s3blka. 3anpocbl MOryT BbIMOMHATLCA HaZ4 MaccuBamu (B TOM YUCre CTPOKaMM)
N KONNekumamn B namsiti, 6asamm gaHHbix, AoKymeHTamu XML 1 Apyrumun SaHHbIMU.

LINQ Bkntoyaer B cebs okono 50 craHgapTHbIX onepauun 3anpocos,
pasgensemMbix Ha 2 Gonblume rpynnbl - OTNIOXKEHHbIE Onepauuu (BbINOMHSATCA HE BO
BpEMSA WHUUMAnNU3auumn, a TONMbKO MNP UX BbI3OBE) M HE OTNOXEHHble onepauun
(BbINOSHAKOTCA Cpasy).

K oTnoxeHHbIM onepauusim oTHocatcs: AsEnumerable, Cast, OfType, Concat,
DefaultEmpty, Except, Distinct, Intersect, Union, Empty, Range, Repeat, GroupBY, Join,
GroupJoin, OrderBy, OrderByDescending, ThenBy, ThenByDescending, Reverse,
Select, SelectMany, Skip, SkipWhile, Take, TakeWhile, Where.

K He OTnoXeHHbIM onepauusiM oTHocAaTcsA: Aggregate, Average, Min, Max,
Count, Sum, ToArray, ToLookup, ToDictionary, ToList, ElementAt, ElementAtOrDefault,
First, FirstOrDefault, Last, LastOrDefault, Single, SingleOrDefault, Any, All, Contains,
SequenceEqual.

Ha pucyHke HWXe HarnggHo nokasaHa "rpagaumsa” onepauun LINQ:
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Arperauma

MNpeobpasoeaHue

KoHkaTteHauua

InemeHT

MHoxecTRO

MeHepaLuma

[pynnupoeaHne

CoeguHenune

¥n OpALO4YHBaHWE

Mpoekura

Pazbuenne

OrpaHnueHne

Keantudukarop

DKBMBANEHTHOCTE

3anpochl

LINQ

AsEnumerable,
Cast, OfType

Concat

DefaultifEmpty

Except, Distinct,
Intereat, Union

Empty, Range,
Repeat

GroupBy

Join,
GroupJoin

OrderBy, OrderByDe=cending,

ThenBy, ThenByDescending,
Reverse

Select,
SelectMany

Skip, SkipWhile,
Take, Take\While

Where

TexHonorum n MeToAbl NMPOrpamMMUPOBaHUS

Onepayun

I\ LINQ ’

Aggregate, Average,
Min, Max, Count, Sum

ToArray, ToLookup,
ToDicticnary, ToList

Elementat, ElementAtOrDefault,
First, FirstOrDefault,
Last, LastOrDefault,

Single, SingleCrDefault

Any, All
Containg

SequenceEqual

BO3BpaLLlaloT Habop OOBLEKTOB, €AMHCTBEHHLIN OOBLEKT WK
NOAMHOXECTBO noneun n3 obbekta nnn Habopa o6beKTOB. B LINQ 3TOT BO3BpaLLEHHbIV
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Habop Ha3blBaeTcs nocnenoBaTenibHOCTLHO (sequence). BonbwnHCcTBO

nocnepoBaTenbHocten LINQ umetoT tvn IEnumerable<T>, rae T — Tun obGbekToB,
HaxoOdaLWMXCs B rnocnegoBaTenbHOCTU. Hanpumep, ecnu ectb nocnenoBaTenbHOCTb
LernblX YMceri, OHU OOIMKHbI XpaHUTbCSA B nepeMeHHon Tuna IEnumerable<int>.

Mpumep 1. CopTuMpoBKa MaccuMBa CTPOK Takum obpasom, 4YToObl uucna,
XpaHsiLLMecst B CTpokax, Obinv ynopsaoyeHsl No BO3pacTaHuto.

string[] numbers ={"40", "2012", "176", "5" };

/l Tpeobpasyem maccmB CTPOK B MaccuB Tuna int n copTmpyem no Bo3pacTaHuio,
/Il vcnonbays LINQ
int[] nums = numbers.Select(s => Int32.Parse(s)).OrderBy(s => s).ToArray();
foreach (int n in nums)
Console.Write(n +" ");

BeiBoa: 5, 40, 176, 2012
Ecnn 6bl 3TO BbINn NO-NpexxHeMy CTPOKKU, TO 5 okasanocb Obl B KOHLE Crucka, a
176 — B Havarne.
Mpumep 2. CopTupoBKa MaccuBa CTPOK, TakMm obpasom, 4ToObl CTPOKM Obinin
yrnopsoYeHbl Mo BO3pacTaHUIo ANMHbI CTPOKW. B pesynbTtate nony4mm Maccus CTPOK.
var nums = numbers.Select(s => s.Length()).OrderBy(s => s).ToArray();
foreach (var n in nums)
Console.Write(n +" ");
BeiBoa: 5, 40, 176, 2012
Mpumep 3. CopTuMpoBKa MaccumBa CTPOK, TakMm ob6pasom, 4Tobbl CTPOKM Obinn
yrnopsgoyeHbl MO BO3pacTaHUO  ANUHbI  CTpokW. B pesynbTate  nonydumm
nocnegosaTenbHOCTb IEnumMerable<string>.
var nums = numbers.Select(s => s.Length()).OrderBy(s => s);
foreach (var n in nums)
Console.Write(n +" ");
BbiBoa: 5, 40, 176, 2012
B LINQ-3anpocax MOXHO wucnonb3oBatb SQL-NogoOHbIN  CUHTaKCcUc U
CTaHOApPTHYO TOYEeYHY0 HoTaumo C#.
Mpwn 3anmncm 3anpoca B CTaHOAPTHOW TOYEYHOW HOTALMM HE MPOUCXOANT HUKAKON
TpaHcopmaumnm Npy KOMMIUASLUK.
Mpumep 4. NMonyyeHne Ha3BaHU Mapok aBToMobunen AnMHon MeHee 6 CUMBOSIOB
C MCNOJSIb30BaHMEM TOYEYHOM HOTAUUKN U CUHTaKCcuca 3anpocos.
string[] names = {
"Adams", "Arthur", "Buchanan", "Bush", "Carter", "Cleveland”,
"Clinton", "Coolidge", "Eisenhower", "Fillmore", "Ford", "Garfield",
"Grant", "Harding", "Harrison", "Hayes", "Hoover", "Jackson",
"Jefferson”, "Johnson", "Kennedy", "Lincoln", "Madison", "McKinley",
"Monroe”, "Nixon", "Obama", "Pierce", "Polk", "Reagan”, "Roosevelt",
"Taft", "Taylor", "Truman”, "Tyler", "Van Buren", "Washington", "Wilson"};
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/l icnonb3oBaHMe To4Ye4YHOM HoTaLumn

IEnumerable<string> sequence = names
Where(n => n.Length < 6)
.Select(n => n);

I/l U\cnonb3oBaHMe CUHTaKcMca 3anpocoB
IEnumerable<string> sequence = from n in names
where n.Length < 6
select n;

foreach (string name in sequence)

{

Console.WriteLine("{0}", name);

}

CVHTaKCUC BbIPaXEHW 3anpocoB MNoadepXkumBaeTcs TONbko Ans  Haubonee
pacnpocTpaHeHHbIX onepaunin 3anpocos: Where, Select, SelectMany, Join, GroupJoin,
GroupBYy, OrderBy, ThenBy, OrderByDescending n ThenByDescending.

NuTepdenc IEnumerable<T>

®yHkumoHanbHocTb LINQ to Objects (LINQ gns paboTbl ¢ AaHHbIMM B NaMsiTy)
obecneunBaetcsa nHtepdericom IEnumerable<T>.

Ecnu ectb nepemeHHasa tvna IEnumerabie<T>, TO MOXHO ckasaTb, YTO MUMeeETCA
nocnegoBaTenbHOCTb anemeHToB Tuna T. Hanpumep, IEnumerable<string> o3HavaeTt
nocrnegoBaTenbHOCTb CTPOK. Jllobas nepemeHHas, obbsaBneHHas kak IEnumerable<T>
ansa tuna T, paccmaTpmBaeTcs Kak nocrnegosaTernibHOCTb Tvna T. [NocnegoBaTensHOCTb
— 9TO TepMuH ana  o0603Ha4YeHWsa  Konnekuuu, peanuaylowen UHTepdenc
IEnumerable<T>.

BonblWMHCTBO CTaHOapTHbIX OnepauMi  3anpocoB  NpeacTaBnsalT  cobon
pacwupsiowme Metogbl B cTatmyeckom  knacce  System.Ling.Enumerable wn
npotoTunupoBaHbl ¢ IEnumerable<T> B kayecTBe nepBoro aprymeHta. NockonbKy oHu
ABNAOTCA  pacWUpSAOWMMU  MeTOAaMKn, NpPeanoyvTUTeNbHO  BbI3blBaTb  MX  Ha
nepemeHHon Tuna IEnumerable<T>, 4yTO noO3BONSET CUHTAKCUC PaACLUMPSOLLNX
MEeTOLOB, a He nepefaBaTtb NnepeMeHHyto Tuna IEnumerable<T> B nepBom aprymeHTe.

Mpumep 5. Mimeetcsa metog Where, KOTopbii BO3BpaLLaeT nocrnegoBaTefibHOCTb,
yAOBETBOPSIOLLYIO YCMOBMUIO. Hanpuwmep, Heobxoanmo nosny4nTb
nocrnefoBaTenbHOCTb M3  3fIEMEHTOB  MaccuBa, B KOTOPOW OCTAHYTCHA  TOJSIbKO
oTpuuaTesnibHble YyMucna.

int [] m ={10, -5, -6, -2, 4, -4, 1, 0, -8, 12},
IEnumerable<int> m2 = m.Where(x=>x<0);
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Metogq Where Bbi3biBaeTcss Ha obbekte m (MaccmBe), OOHAKO He SABNSeTCS

MEeTO4OM MaccumBa, a npeacrtaBnseT cobon pacwmpsAlowmMi MeTod — CTaTUYecKuin
MeTop, KOTOPbI MOXET BbI3blBaTbCA HA 0ObEKTE, U ONMCaH B APYrom Kriacce.

B kauyectBe aprymeHTa pyHKUMM yKaszaHa aHOHUMHas (PyHKUua «X nepexoauT B
X<0», KoTopad BoO3BpallaeT BenWYUHY true, ecnnm oYepesHOM  SfeMeHT
nocnefoBaTesNibHOCTU MeHblle Hynsa u false — B NpoTUBHOM criyyae u npeacraBnset
cobon Bonee KOPOTKYH 3anmcb OyHKLNN

bool f(int x)
{

return x<o;
}
nnm
bool f(int x)
{
if (x<0)
return true;
else
return false;

BaXXHO MOMHUTBb, 4YTO XOTS MHOrMe 13 CTaHOapTHbIX Onepauui 3anpocoB
NpoTOTUNUPOBaHbI Ha Bo3BpaTt IEnumerable<T>, n IEnumerable<T> BocnpuHumaetcs
Kak nocrnegoBaTeNnbHOCTb, Ha CcaMOM fJene onepauunm He  BO3BpallakT
nocnegoBaTeNbHOCTb B MOMEHT MX Bbi30Ba. TO €CTb BbIMOMHEHWE 3arnpoca
OTKNagbiBaeTcs [0 nepeyucneHus. Bmecto aToro onepauumn Bo3BpallalT 06bEKT,
KOTOpPbIN He SBNSAETCA MNocrneaoBaTeflbHOCTbI0, HO NpW  MepedncrieHun BblgaeT
o4YepeaHoOW anemMeHT nocneaoBaTenbHOCTU. TONMbKO BO  BpemMs  nepedncrieHus
BO3BpaLLEHHOro obbekta (Hanpumep, Mpy BbIBOAE HA 3KpaH WU MOACHETE CYMMbI)
3anpoc  BbLIMOMHAETCS, W  BblAAHHbIA  3MEMEHT MNOMeLllaeTca B BbIXOAHYHO
nocnenoBaTeNbHOCTb.

[nsa obneryeHua HanucaHusa nepedncnutenen B s3bik C# BBEOAEHO crneumanbHoe
Knto4eBoe crnoBo yield.

I'Ipmmep 6. ,D,eMOHCTpaLI,MFI MeCTa BO3HMKHOBEHUA WMCKITIO4YEeHUA Mpu BbiXode 3a
rpaHnubl MaccuBa.

BoobaBok, nockonbKy Takoro pofa 3anpochl, Bo3Bpawatruwme IEnumerable<T>,
ABMAKTCA OTNOXEHHLIMW, KOA ONpedenieHns 3anpoca MoXeT ObiTb Bbi3BaH OgHaxabl U
3aTeM MCMNONb30BaH MHOMOKPATHO, C NEPEYNUCTIEHNEM €ro pe3ynbTaToB HECKOSbKO pas.
B cnyyae uW3MEHEHWA [OaHHbIX NPU KaXXOOM MNepeuYncrneHnn pesynbtatoB OyayT
BblAaBaTbCA pasHble pesynbTaTbl. HKe nokasaH npumep OTMOXEHHOro 3anpoca, rge
pe3ynbTaT He K3LLIMPYETCH U MOXET U3MEHATLCS OT O4HOIO NEPEYNCIIEHNS K OpYroMy:
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[aBante ©Oonee nogpobHO paccmMoTpuMm, 4TO 34ecb npoucxoaut. Korga

Bbl3blBaeTCA onepaums Select, Bo3BpallaeTcs 00beKT, XpaHALLMIACA B NEPEMEHHON ints
TMna, peanusylowero uHTepgenc |Enumerable<int>. B 3ToM ToOuke 3anpoc B
OENCTBUTENBHOCTU €lle He BbIMOMHAETCS, HO XPaHUTCS B OObekTe Mo MMmeHu ints.
Apyrumun crnioBamm, NOCKOSbKY 3arnpoc elle He BbINOSIHEH, NocrneaoBaTesIbHOCTb LeriblX
ynmcen noka He CcywecTByeT, HO 9TOT O0ObekT ints 3HaeT, Kak nonyyYnTb
nocrnenoBaTenibHOCTb, BbIMOSHUB NPUCBOEHHLIM €MY 3anpoc, KOTOPbIM B 3TOM Crlyvae
aBnseTca onepaums Select.

Korga onepatop foreach BbinonHsetca Ha ints B nepBbin pa3, ob6bekT ints
Npon3BOAMT 3anpoc 1 Nosiy4aeT NocrneaoBaTeNbHOCTbL N0 O4HOMY 3fIEMEHTY 3a pas.

[Mocne aToro B MCXOQHOM MacCCMBE LENbIX YMcen U3MEHSIETCA OAWH 3SIEMEHT.
3aTtem cHoBa 3anyckaetcqa onepatop foreach. 3To 3actaBnseT ints CHoBa BbINOSIHUTL
3anpoc. NockonbKy anemMeHT B MCXOOHOM MaccuBe Obinl M3BMEHEH, a 3anpocC BbINOJIHEH
CHOBa, T.K. 3aHOBO 3anyweHO nepeyucneHue ints, Ha 9TOT pa3 BoO3BpallaeTcs
N3MEHEHHbIN 3NIEMEHT.

Obpatute BHMMaHME, 4YTO HECMOTPS Ha OOHOKPaTHbIA BbI3OB 3anpoca,
peaynbTaTbl ABYX MEPEYMCIIEHMI OTNUYalTCAa. OTO eulle OAHO [0oKa3aTenbCTBO TOrO,
YTO 3anpocC ABMSAETCA OTNOXEHHbIM. Ecnn Gbl 3TO GbINO HE Tak, TO pe3ynbTaTbl ABYX
nepeYymcrieHn cosnanm Obl.

Ecnn He xoTuTe, 4TOOblI B TakMx cuTyaumax pesynbTaTbl OTANYANUCh,
BOCNOSb3yNTECH OAHOW M3 onepauun npeobpasoBaHUs, KOTOpble He BO3BpaLLatoT
IEnumerable<T>, Tak 4TO 3anpoc nosly4aeTca He OTMOXeHHbIM. K Takum onepauusm
oTHocaTtca ToArray, Tolist, ToDictionary wnu TolLookup u nwobbie gpyrme He
OT/OXEHHbIE onepaLmu.

Hwxke nokaszaH TOT e Kog, 4TO M B nNpeablaywem rnpumepe, HO 3anpoc
Bo3BpawlaeT He IEnumerable<T>, a List<int> — 3a c4yeT BbI3oBa onepaumn TolList:

/I Co3gatb MaccuB LENbIX Ynucen.

int[] intArray = new int[] { 1, 2, 3 };

List<int> ints = intArray.Select(i => i).ToList();

foreach (int i in ints)
Console.WriteLine(i);

/I IBMEHUTb 3NEeMEHT, B UICTOYHMKE JaHHbIX
intArray[0] = 5;

Console.WriteLine("--------- "):
foreach (int i in ints)

Console.WriteLine(i);
BeiBoa: 1, 2, 3 B 06oumx cnyyasx.
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O6paTTe BHMMaHWe, 4YTO pe3ynbTaTbl, MOSyYEHHblE OT ABYX NEPeYMCIIEHUN,

oAnHakoBbl. NpuynHa B TOM, 4TO MeTof ToList He sABNsieTCs OTNOXEHHbBIM, 1 3aNpoC Ha
caMOM Jerne BbINOJTHAETCS B TOT MOMEHT, KOra OH Obin BbI3BaH.

Otnuune wmexgy 9TMM nNpuMepoM U npegbigywnMm, rge onepauma  Select
OTNOXEHa, 3aKnyaeTcs B ToM, 4YTo onepauus TolList aensetca He oTnoxeHHon. Koraga
ToList BbI3biBaeTCA B onepaTope 3anpoca, OHa HeMeOsIEHHO NepeyucnsieT o0bLEeKT,
BO3BpaLLlEHHbIN onepaTopoM Select, B pesynbtate 4yero Becb 3anpoc nepecraet ObiTb
OTNOXEHHbIM.

Onepaunn LINQ
Onepauunsa Where

Onepauuns Where ncrnonb3yeTcs ansa dunbTpaummn 3NneMeHTOoB B
nocnegosatenbHocTb. Onepauus Where nmeet gga npototuna.
Mepsbin npotoTun Where

public static IEnumerable<T> Where<T>(
this IEnumerable<T> source,
Func<T, bool> predicate);

O10T npoTtotun Where npuHMMaeT BXOAHYH NoOcnefoBaTenbHOCTb WU Aenerar
MeToda-npegukarta, a Bo3BpallaeT 06BLeKT, KOTOPbIN NPy NepeYvYmcrieHnn npoxoauT no
BXOLHOW MnocrnenoBaTenbHOCTU, BblgaBas aNEMEHTbI, ANs KOTOpbIX Aenerat metoaa-
npegukara Bo3Bpallaert true.

Bnarogapsa pacwwupsiiowuM MeTogam HeT HeobxoaMmoCTW nepedaBaTb NEPBLIN
aprymMeHT B CTaHAApTHYH onepauuio 3anpoca, NepBbli apryMeHT KOTOPOM MOMEYeEH
MoAnUKaTopoM — KnroyeBbiM crioBoMm this, npn ycnosumn, 4To onepaumsi Bbi3blBaeTCs
Ha ob6beKkTe TOro e Tuna, YTo y NepBOro aprymeHTa.

Mpn BbIzoBe Where nepepaeTtcsa penerat MeTtoga-npegukaTta. OTOT MeTOA-
npegukaT JOMKEeH npuMHMMaTb TN T B KayecTBe BXOAHOro, rae T — Tun 3fEMEHTOB,
codepxalimxcss BO BXOOHOW nocnenoBaTenbHOCTM, M Bo3Bpawatb bool. Onepauus
Where BbI30OBET MeTon-npeaukar ansa Ka)kgoro anemMeHTa BXO4HOMN
nocrnenoBaTenbHOCTU U NepedacT eMmy 3TOT aneMeHT. Ecnu metoa-npeaukaTt BepHeET
true, To Where BblgacT aTOT anieMeHT B BbIXOgHYt0 nocnegosaTensHocTe Where. Ecnu
mMeToa-npeaunkat BepHeT false, To Where aT1oro He caenaer.

BTopon npototnn Where:

public static IEnumerable<T> Where<T>(

this IEnumerable<T> source,

Func<T, int, bool> predicate);

Btopon npototun Where uaeHTUYeH nepBOMY, HO C TeM OTNUYMEM, YTO OH
yKkasblBaeT Ha TO, 4YTO Jernerat mMeToda-npegukara MNpUHUMaeT OOMNOSTHUTENbHbIN
LeNIOYNCIIEHHbIN aprymMeHT. OTOT aprymeHT OyaeT MHAOEKCOM 3reMeHTa BO BXOLHOM
nocrnegoBaTenNbHOCTW.
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IEnumerable<string> sequence = cars.Where((p, i) => (i & 1) == 1);

foreach (string s in sequence)
Console.WriteLine(s);

Onepauus Select

Onepaumsa Select ncnonbsyetca ans cosgaHus BbIXOAHOW MoOcnenoBaTenbHOCTH
O[HOro TWMa 3MIEMEHTOB M3 BXOAHOW NOCreaoBaTeNlbHOCTM 3NIEMEHTOB APYroro Tuna.
AT TUNbI He 00A3aTeNbHO AOMKHbI COBNaaaTh.

CyLiecTBylOT ABa NpOTOTMMNA 3TOM Onepauunmn, KOTopble ONNUCaHbI HUXKE:
MepBbIn npoToTUN Select

public static IEnumerable<S> Select<T, S>(

this IEnumerable<T> source,

Func<T, S> selector);

OT0T npototmun Select npuHMMaeT BXOAHYH MOCneAoBaTENbHOCTL M Aenerar
MeTo[a-CenekTopa B KadecTBe BXOAHbIX NapaMeTpoB, a BO3BpaLLaeT 00bEeKT, KOTOPbIN
npu nNepeyYncrneHnn npoxoauT MO BXOOHOW NOCnedoBaTeNnbHOCTM W BblaaeT
nocrnefoBaTenibHOCTb 3NeMeHTOB Tuna S. Kak ynoMuHanochb paHee, T 1 S MoryT 6bITb
Kak 0QHOro, Tak U pa3sHbIX TUMOB.

Mpn BbI3OBE Select peneraT MeToga-cenekropa nepegaeTcss B aprymeHTe
selector. MeTog-cenekrop AgormkeH npuHuMaTtb Tun T B KadecTBe BXogHoro, roe T —
TUN 3NEMEHTOB, COAEpXalUMXCsi BO BXOAHOW MocregoBaTeNibHOCTUM, M BO3BpallaTb
anemeHT Tuna S. Onepauna Select BbLI3OBET METOA-CENEKTOP AN KaXA40ro anemeHTa
BXOOHOW nocrnenoBaTenbHOCTM, NepedaB  emy JTOoT anemMeHT. MeTtoa-cenekrtop
BblOEpPET WMHTEPECYHLLYD 4YacTb BXOAHOIMO 3fiEMEHTa, CO34acT HOBbIM 3fIEMEHT —
BO3MOXHO, APYroro Tuna (gaxe aHOHMMHOr0) — 1 BEPHET ero.

BTopon npototun Select

public static IEnumerable<S> Select<T, S>(

this IEnumerable<T> source,

Func<T, int, S> selector);

B oatom npototune onepauum Select mMeToay-cenektopy nepenaeTtcs
[OONONMHUTENBHBIA LIENOYMCIIEHHbIN NapameTp. ATO MHAOEKC, HauMHaloLWMNCA C Hyns,
BXOZHOIO 3/1eMeHTa BO BXOAHOMN NocrenoBaTeNbHOCTH.

Mpumep BbI3OBa NEPBOro NPOTOTUNA NOKa3aH HUXE:

string[] cars = { "Nissan", "Aston Martin", "Chevrolet", "Alfa Romeo", "Chrysler",
"Dodge", "BMW", "Ferrari", "Audi", "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru”, ">XXurynu :)"};

IEnumerable<int> sequence = cars.Select(p => p.Length);
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foreach (int i in sequence)

Console. Write(i + " ");

O6patuTe BHUMaHWE, YTO MeTOA-CenekTop nepegaeTca 4Yepe3d nambaa-
BblpaxeHue. B gaHHoM cnyyae nambaa-BblpaXeHve BepHeT ANVHY KaXaoro aneMeHTa
M3 BXOOHOW nocrnefoBaTenbHOCTU. Takke OTMeTbTe, 4YTO, XOTA TUM BXOAHbIX
9MNEeMEeHTOB — CTPOKa, TUM BbIXOAHbIX 3fIeMEHTOB — int.

OTO npocton npumep, MOTOMY YTO HWMKAKOro Kracca He reHepupyetcs. Huke
npuBefeHa bonee MHTepecHasi 4EMOHCTpaLMS UCNONb30BaHUSA NEPBOro NpoToTMNa:

var sequence = cars.Select(p => new { p, p.Length });

foreach (var i in sequence)
Console.WriteLine(i);

ObpaTtute BHMMaHWE, 4YTO nsAMOAa-BblpaXeHWe co3gaeT 3IK3EMNMssp HOBOro
aHOHUMHOro Tuna. KoMnunatop AMHaMUYeCcKu creHepupyeT aHOHUMHBIA TUM, KOTOPbIN
OyneTt copepxaTb string p u int p.Length, n meToa-cenektop BepHET 3TOT BHOBb
co3aaHHbIN 06bekT. MNMockonbKy TN BO3BPaLLAaEeMOro arfieMeHTa SBNseTcs aHOHMMHbIM,
BbIXO4Has nocnefoBaTenbHOCTb NpUCBaMBaeTCs NepeMeHHON, YKa3aHHOW C MOMOLLbIO
KNYeBOro croea var.

C oTMm KkogOM cCBsi3aHa oOfHa npobnema: ynpaenATb WMEHaMu YNeHoB
ANHAMU4YEeCKN CreHepuMpoOBaHHOrO aHOHMMHOrO knacca Henb3d. OgHako, Gnarogaps
cpeactsy uHuMumanuaaumm obbektoB C#, MOXHO HanucaTb NsMbOa-BblpaXkeHue |
3a4aTb MMEeHa YNeHOB aHOHMMHOIO Knacca, Kak Noka3aHo HUXeE:

var carObj = cars.Select(p => new { LastName = p, Length = p.Length });

foreach (var i in carObj)
Console.WriteLine("AsTomobuns {0} umeet gnuHy {1} cumsornos", i.LastName,
I.Length);

[ns npumepa BTOpOro npototuna byaet 4obaBneH MHOEKC, KOTOPbLIA NepenaeTcs
MeToay-CenekTopy, B TUM 3fieMeHTa BbIXOAHOW NOCNeL0BaTENbHOCTY:
var carObj = cars.Select((p, i) => new { Index =i + 1, LastName = p });

foreach (var i in carObj)
Console.WriteLine( i.Index + ". " + i.LastName);

OTOT Nnpumep BbIBOAUT HOMEP MHAEKCA N0C eAnHMLA, 3a KOTOpPbIM crneayeT UMS.
Kog npousBoauT criegytowmi pesynbTar:

Onepauus Take Bo3BpallaeT yKa3aHHOE KOMNYECTBO IFIEMEHTOB W3 BXOAHOW
nocrnefoBaTeNilbHOCTU, HAYMHAsA C ee Havana.

Hwxe nokasaH npumep ncnonb3osaHus onepaunn Take:
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string[] cars = { "Nissan", "Aston Martin", "Chevrolet", "Alfa Romeo", "Chrysler",

"Dodge”, "BMW", "Ferrari", "Audi", "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru", "Xurynu :)"};

IEnumerable<string> auto = cars.Take(5);

foreach (string str in auto)

Console.WriteLine(str);

9TO0T KOO BEPHET nepBbleé NATb 3JIEMEHTOB N3 MacCcuBa cars.

Onepauusa TakeWhile

Onepauns TakeWhile Bo3BpallaeT anemMeHTbl U3 BXOLHOW MOCreaoBaTeNbHOCTH,
noka WCTUHHO HEeKOoTopoe YCMoBWEe, HayuHas C Havana nocrnegoBaTenbHOCTY.
OcrTarnbHble BXOAHbIE 3f1IeMEHTbI NPONYyCKatoTCS.

Hwxe npvBeneH npumep BbI30Ba NEPBOro NpoToTmna:
string[] cars = { "Nissan", "Chevrolet", "Alfa Romeo", "Chrysler", "Dodge", "BMW",
"Aston Martin", "Ferrari", "Audi", "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru", "Xurynu )"}
IEnumerable<string> auto = cars.TakeWhile(s => s.Length < 12);
foreach (string str in auto)
Console.WriteLine(str);

B npuBegeHHOM kode BXOOHblE 3NEMEHTbI U3BMNEKATCS A0 TEX MNOp, Noka ux
AfMHa He npes.blwaeT 11 cMMBOMOB.

OnemeHT, KoTopbi 3actaBun onepauuto TakeWhile npekpatutb o6paboTky
BXOZHOW nocriegoBaTtenbHocT — Aston Martin.

PaccmoTpum npumep BToporo npototuna onepauum TakeWhile:

IEnumerable<string> auto = cars.TakeWhile((s, i) => s.Length < 12 && i < 5);

foreach (string str in auto)

Console.WriteLine(str);
Kog B aTOM npumepe npekpalwiaeT BbINOMIHEHNE, KOr4a BXOOHOW 3NeMEHT

npesBbicUT 11 CMMBOSOB B ANMHY Unu Korga OyaeTt AOCTUrHYT LUECTON 3NeMeHT — B
3aBMCUMOCTU OT TOrO, YTO NPON3ONAET PaHbLLE.

Onepauus Skip

Onepauusa Skip nponyckaeT ykasaHHOE KOSIMYECTBO 3IIEMEHTOB W3 BXOLHOM
nocrnegoBaTenbHOCTU, HA4YMHAA C ee Hayana, n BbIBOAUT OCTasbHbIE.

Onepauusa Skip nonyyaeT BXOOHYK MOCNenoBaTeNbHOCTbL U Lienoe Ynucno count,
3agarollee KONMMYeCcTBO BXOAHbIX 3NIEMEHTOB, KOTOPOE AOMKHO ObiTb NPOonyLiEHo, U
BO3BpallaeT OObLEKT, KOTOPbIA MNpWU MepeynucrieHn nponyckaet nepsble count
3N1EMEHTOB 1 BbIBOAUT BCE NocnenywLlmne snemMeHTbl.

Hwxe npuBeneH npumep Bbi3oBa onepaunn Skip:

string[] cars = { "Nissan", "Chevrolet", "Alfa Romeo", "Chrysler", "Dodge", "BMW",
"Aston Martin", "Ferrari", "Audi", "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru”, "XXurynu :)"};
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IEnumerable<string> auto = cars.Skip(5);

foreach (string str in auto)
Console.WriteLine(str);

B naHHOM npumepe nponyckatoTcs nepsble 5 anemeHToB. ObpaTnTe BHUMaHMeE,
4yTO B Clneaylwem BblBoAe OEWCTBUTENbHO MPOMyLEeHbl NepBble MNATb 3NEMEHTOB
BXOJHOW NocrieaoBaTeNlbHOCTU:

Onepauusa SkipWhile

Onepauusa SkipWhile obpabaTbiBaeT BXOAHYH MOCNeAoBaTeNbHOCTb, NPonyckas
aNieMeHTbl OO Tex Mop, Moka YCnoBue WCTUHHO, a 3aTeM BbIBOAUT OCTallbHble B
BbIXOOHYI rnocnegoBatenbHocTb. Y onepauun SkipWhile ects gBa npoTtotuna,
OMNUCaHHbIE HUXE:

public static IEnumerable<T> SkipWhile<T>(

this IEnumerable<T> source,
Func<T, bool> predicate);

Onepauusa SkipWhile npuHumaeT BxOAHyK nocnegoBaTenbHOCTL M generart
MeToda-npeankarta, a Bo3BpawaeT 0O6beKT, KOTOpbIM NpU NepeynucrieHnn nponyckaet
aNeMeHTbl OO Tex nop, Noka meToa-npeaukaT BosBpalaeT true. Kak Tonbko meTtoa-
npegukat BepHeT false, onepauusa SkipWhile HauymMHaeT BbIBO4 BCex MNPOYUX
anemMmeHToB. MeToa-npeankaT NpUHMMAaeT 3fIeMEHTbI BXOAHOW nocneoBaTenbHOCTU Mo
OAHOMY U BO3BpaLlaeT NpU3HaK TOro, JOMKEH M aneMeHT ObITb NPOoNyLLEH U3 BXOOHOM
nocnegoBaTefNbHOCTW.

OTOT npoToTMN NogobeH nNepBoMy BO BCEM, 3a UCKMOYEHMEM AOMOSTHUTENbHOMO
napameTpa — WHOEKCa drfemMeHTa U3 BXOAHOW NocneaoBaTenbHOCTU, Ha4YMHaoLWerocs
C Hyn4.

Hwxe npuBeaeH npumep Bbi3oBa nepBoro npototmna onepauumn SkipWhile:

string[] cars = { "Alfa Romeo", "Aston Martin", "Audi", "Nissan", "Chevrolet",
"Chrysler", "Dodge", "BMW", "Ferrari", "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru", "Xurynu :)"};

IEnumerable<string> auto = cars.SkipWhile(s => s.StartsWith("A"));

foreach (string str in auto)

Console.WriteLine(str);

B atom npumepe metog SkipWhile gormkeH nponyckaTtb 3feMeHTbl 4O TEX nop,
noka oHM Ha4dmHatoTcs ¢ 6ykBbl "A". Bce ocTtanbHble 9NEMEHTbI BblAAKTCA B BbIXOL4HYHO
nocrnenoBaTenbHOCTb.

Tenepb paccMOTpUM NpMMeEpP UCNonNb3oBaHMs BToporo npotoTtuna SkipWhile:

string[] cars = { "Alfa Romeo", "Aston Martin", "Audi", "Nissan", "Chevrolet",
"Chrysler", "Dodge", "BMW?", "Ferrari”, "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru”, ">XXurynu :)"};

IEnumerable<string> auto = cars.SkipWhile((s, i) => s.StartsWith("A") && i < 10);

foreach (string str in auto)
Console.WriteLine(str);
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B OaHHOM TMnpuMepe BXOAHble 3N1IeMEHTbI MPOonyCckarTCA OO TeX Nnop, noka OHU

HauynHarTcs ¢ 6yksbl "A" unu noka He ByaeT AOCTUTrHYT AecAaTbi aneMeHT. OcTanbHble
3NeMeHTbI BblAAKTCH B BbIXOAHYIO NOCNeAoBaTerbHOCTb.

Mponyck anemeHTOB 6bln NpeKkpalleH, Kak Tonbko BcTpeTunca anemeHT Nissan,
MOCKOIbKY OH HaunHaeTtcd ¢ N, XoTa ero nHaekcom aABnseTca 3.

Concat

Onepaumsa Concat coeguHseT ABe BXOAHbIE NOCNefoBaTeNbHOCTU U BblAaeT O4HY
BbIXOAHYO NOCreaoBaTeNbHOCTb.

B aTom npoTtoTune aBe nocrnegoBatenbHOCTM ogHoro Tuna T — first n second —
ABNAOTCA BXOAHbIMW. Bo3BpalyaeTcss 06beKT, KOTOPbIA NPU NepevncrieHnn NpoxoauT
No NepBON MNOCNEeAOBaTENbHOCTM, BblAaBasi KaXAblM €€ 3NeMEHT B  BbIXOAHYH
nocnefoBaTeNibHOCTN 3a KOTOPbIM HAaYMHAETCA NepeyvncrieHne BTOPOM BXOOHOWN
nocrnefoBaTeNibHOCTU C  Bblgader Kaxaoro ee afieMeHTa B Ty XXe BbIXOOHYHO
nocnefoBaTesibHOCTb.

Hwxe npueegeH npumep mcnonb3oBaHus onepauumn Concat, a Takke onepauui
Take n Skip:

string[] cars = { "Alfa Romeo", "Aston Martin", "Audi", "Nissan", "Chevrolet",
"Chrysler”, "Dodge", "BMW", "Ferrari", "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru", "Xurynu :)"};

IEnumerable<string> auto = cars.Take(5).Concat(cars.Skip(5));

foreach (string str in auto)

Console.WriteLine(str);

OT10T KOA GepeT nATb NepBbIX YIEHOB M3 BXOOHOW MOCenoBaTENbHOCTM cars u
COEOVHAET CO  BCEMM, KPOME MNepBbIX MNATM  BXOAHbIX  3NIEMEHTOB U3
nocrnegoBaTeNbHOCTU cars.

AnbTepHaTMBHbIN NOAXOA4 K COEAMHEHMIO NpedycMaTpuBaeT BbI3OB oOrnepauuun
SelectMany Ha maccuBe nocrneaoBaTelbHOCTEN, Kak NoKa3aHo HUXe:

string[] cars = { "Alfa Romeo", "Aston Martin", "Audi", "Nissan", "Chevrolet",
"Chrysler”, "Dodge", "BMW", "Ferrari”, "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru", "Xurynu :)"};

IEnumerable<string> auto = new(] {

cars.Take(b),

cars.Skip(5)}

.SelectMany(s => s);

B pgaHHOM npumepe co3gaeTcd 93K3eMnnsip MaccuBa, COCTOSLEro M3 [OBYX
nocrnegoBaTenbHOCTEN: OAHOW, CO34aHHOW BbI30OBOM onepauun Take Ha BXOOHOW
nocrnefoBaTenbHOCTN, M OPYron, CO34aHHOW BbI30OBOM onepauum Skip Ha BXO4HOM
nocnegosaTensHocTn. O6paTuTe BHMMaHUE, YTO 3TO NOAOOHO NpeabiayLemy npumMmepy
BO BCEM, 3a MCKITIOYEHMEM TOrO, YTO Ha MaccuBe NocrefoBaTeNIbHOCTEN Bbl3blBaeTCA
onepauma SelectMany. C yyeTom Toro, 4to onepauus Concat no3sonsetr o6beanHATb
TONMbKO ABE MOCneaoBaTeNbHOCTU, MNPWU HanNuMuuuM MaccmBa MOCreaoBaTeNbHOCTEN
NPOAEMOHCTPMPOBAHHbBIN MPUEM MOXET oKa3aTbCs yaobHee.
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PesynbTaT nonyyaeTcs Tem Xe, YTo MU Npu Ucnonb3oBaHumu onepauum Concat.

OrderBy n OrderByDescending

Onepauuu ynopsaovmBaHng NO3BONAT BbICTpauBaTb BXOHble
nocrnegoBaTenbHOCTU B onpeerieHHoM nopsigke. BaxkHo oTmeTuts, 4to M OrderBy, n
OrderByDescending TpebytoT BxOAHOM nocregoBaTenbHocTU Tuna |IEnumerable<T> un
BO3BpallaT nocnegosaTtenbHocTb Tuna |OrderedEnumerable<T>. [lepepaBatb
onepaunam OrderBy n OrderByDescending B kadecTBe BXO4HOWM NnocnenoBaTenbHOCTH
IOrderedEnumerable<T> Henb3da. [lpyynHa B TOM, 4YTO MOCneaywLMe Bbl30BbI
onepaumn OrderBy mn OrderByDescending He npuHMMalOT BO BHUMaHWe MOPSAoK,
co3faHHbIn npeabiaywmmm soidoBamu OrderBy n OrderByDescending. 3710 3HaumT, 4TO
nepegasaTb nocnegnoBaTenbHOCTb, BO3BpaLLeHHYI n3 OrderBy nmbo
OrderByDescending, B  nocnegywowun  BbidoB  onepaumm  OrderBy  uvnn
OrderByDescending He nmeeT cmbicrna.

Ecnu TpebyeTcs Gonblias cTeneHb ynopsagounBaHus, YeM BO3MOXHO LOCTUYL C
NOMOLLLID OAMHOYHOro Bbi3oBa onepauun OrderBy wunu  OrderByDescending,
HeobGxoauMo nocreagoBaTenbHO Bbi3biBaTh onepaumm ThenBy nnn ThenByDescending,
peyb O KOTOPbIX NOMAET Aanee.

OrderBy

Onepaumua OrderBy nossonsiet ynopsgoumMtb BXOAHYK MOCNefoBaTeNlbHOCTb Ha
ocHoBe MeToda keySelector, kOTOpbIM BO3BpallaeT 3Ha4yeHue Kn4ya ANns Kaxgoro
BXOLHOro aneMeHTa. YnopsigoveHHas BbIXO4Has nocnenoBaTeNibHOCTb
IOrderedEnumerable<T> BblgaeTcs B Nopsigke BO3pacTaHMsi Ha OCHOBE 3Ha4YeHui
BO3BpaLLEHHbIX KINOYeWn.

CopTupoBka, BbinonHeHHasi onepaumen OrderBy, onpegeneHa kak HeycTon4mBasi.
OTO 3HaAYUT, YTO OHA HE COXpaHsAeT BXOL4HOM Nopsaok aneMeHToB. Ecnn aBa BXogHbIX
anemMmeHTa noctynatT B onepauuo OrderBy B onpeaeneHHOM nopsigke, U 3Ha4YeHus
Knovern 9TUX [BYX OMEMEHTOB COBMafalT, WX pPacrofioXeHne B  BbIXOLHOM
nocnefoBaTeNIbHOCTU MOXET OCTaTbCsA MPEXHUM UM NMOMEHATLCS, NPUYEM HU TO, HU
Apyroe He rapaHtupyetca. [laxe ecnu Bce BbIrNAaNT HOpMaribHO, MOCKOMbKY MOPSAOK
onpeaerneH Kak HeyCTOMYMBbLIA, BCerga criegyeT UCXOOuTb M3 3TOro. ATO 3HAYUT, 4TO
HUKOrga Henb3s nonaratbCsA Ha MOPSAOK 3MEMEHTOB, MOCTYMNalWMX M3 onepauun
OrderBy unun OrderByDescending, ana nwo6oro nonsi KpoOMe ykKasaHHOro B BbI30BE
meToaa. CoxpaHeHune nboro nopsigka, KOTOPbIN CyLLECTBYET B NOCNE0BATENBHOCTH,
nepegasaemon nodon n3 aTux onepauumn, He MOXeT rapaHTUPOBaTLCS.

Onepauuun ThenBy n ThenByDescending

Bbizoebl ThenBy n ThenByDescending MoryT coeguHATLCA B LIEMOYKY, T.K. OHU
NpUHUMAKOT B KayecTBe BxogHow nocrnegoatenbHocTn |OrderedEnumerable<T> n
BO3BpaLLaT B KayecTBe BbIXOAHOM nocrefoBaTeribHOCTH TOXe
IOrderedEnumerable<T>.

Hanpumep, cnegyowaa nocriegoBaTeribHOCTb BbI3OBOB HE pa3pelleHa:

inputSequence.OrderBy(s => s.LastName).OrderBy(s => s.FirstName)...

BmecTo Hee gomkHa ncnonb3oBaTbCA Takas uenoyka:
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inputSequence.OrderBy(s => s.LastName).ThenBy(s => s.FirstName).

Onepauua ThenBy nossongetr ynopsgoyvBaTb BXOAHYH MNocrefoBaTerlbHOCTb
Tvna |0OrderedEnumerable<T> Ha ocHoBe MeToda keySelector, KOTOpbIN BO3BpaLlaeT
3HayeHue knioya. B pesynbTaTe BblgaeTcs ynopsgovyeHHas nocrnegoBaTenbHOCTb Tyna
IOrderedEnumerable<T>.

B oTtnnume ot GonblMHCTBa onepaumi oTnoxeHHbIX 3anpocoB LINQ to Objects,
onepaumm ThenBy wu ThenByDescending npuHuUMaloT Apyrom TUN  BXOOHbIX
nocneposaTtenbHocTen — |OrderedEnumerable<T>. 3To 3Ha4YUT, YTO cHa4ana AOMMKHa
ObiTb  BbiIdBaHa onepaums OrderBy wnu  OrderByDescending nna cosgaHus
nocneposaTenbHocTn |OrderedEnumerable, Ha KOTOPOM MOXHO 3aTeM BbI3biBaTb
onepauuun ThenBy n ThenByDescending.

CopTupoBKa, BbiNnonHaemas ornepaunen ThenBy, ssnseTca yctonymson. dpyrumu
cnoBamu, OHa COXpaHAeT BXOLAHOM MOPSLOK 3NIEMEHTOB C 3KBMBANEHTHbIMU KITHOYaMU.
Ecnn pgBa BXOAHbIX anemMeHTa noctynunu B onepauuto ThenBy B onpegerneHHoM
nopsigke, M KN4yeBoe 3HavyeHne obomx 3NeMeHTOB OAMHAKOBO, TO MOPSLOK TEeX Xe
BbIXOOHbIX 3fIEMEHTOB rapaHTMpPOBaHHO coxpaHuTca. B otnnume ot OrderBy un
OrderByDescending, onepaunn ThenBy n ThenByDescending BbINOMHAIOT YCTONYMBYIO
COPTUPOBKY.

Hwxe nokasaH npumep MCnonb30BaHWs NepBoro NpoToTuna:

string[] cars = { "Alfa Romeo", "Aston Martin", "Audi", "Nissan", "Chevrolet",
"Chrysler”, "Dodge", "BMW", "Ferrari”, "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru", "Xurynu :)"};

IEnumerable<string> auto = cars.OrderBy(s => s.Length). ThenBy(s => s);

foreach (string str in auto)
Console.WriteLine(str);

OTOT KO4 CHavana ynopsgoyMBaeT afieMeHTbl N0 UX AJIMHE, B AaHHOM Criyyae —
ANUHE Ha3BaHMs aBToMOOMNs. 3aTem ynopsigoumMBaeT MO caMOMy 3anemMeHTty. B
pesynbTaTte nosly4yaeTcs CNMCOK Ha3BaHWA, OTCOPTUPOBAHHbLIN MO ANIMHE OT MEHbLUEN K
Bonblen (No Bo3pacTaHuIo), a 3aTeM — Mo UMEeHU B andaBUTHOM Nopsaake:

Onepauuu ToArray n ToList
Cnegytowme onepauum npeobpasoBaHus NpPeaocTaBnsoT NPOCTOM U YAOOHLIN
cnocob npeobpasoBaHns NocneaoBaTenibHOCTEN B ApYrve TUMbl KOMNMEKUUNA.
Onepauusa ToArray cosgaeT maccvmB Tuna T M3 BXOAHOW MNOCNeAoBaTeNIbHOCTU
Tvna T. OTa onepaunsa nmeeT OAUH NPOTOTUIM, OMUCAHHBIN HUXE:
public static T[] ToArray<T>( this IEnumerable<T> source);
OTa onepauus GepeT BXOAHYH MNOCeaoBaTeNbHOCTb SOUurce C anemMeHTammu
TMna T 1 BO3BpaLlaeT MaccuB drnemMeHToB Tvna T.
Onepauus Tolist cosgaet List Tvna T n3 BxogHon nocnegoBaTtenbHoOCcT Tuna T.
OTa onepauums UMeeT OA4MH NPOTOTUM, OMUCAHHBIN HUXE:
public static List<T> ToList<T>(
this IEnumerable<T> source);
OTa onepauus Yyacto nofiesHa Ans K3WWMpOBaHUA MOCcrneaoBaTenbHOCTU, YTOObI
OHa He Morna U3MeHUTbCA Nepe ee nepevncrieHemM. Takxke, MOCKOSbKY aTa onepaums
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He ABMNAETCHA OTIIOXEHHOW M BbINOMNHAETCS HemegneHHO, MHOXXeCTBO nepeqmcneHMVl Ha

co3gaHHoOM cnucke List<T> Bceraa BUaaT oanHakoBble JaHHbIE.

Onepauuun Any, All n Contains
Onepauma Any BosBpawaeT true, ecnu nwoboN M3 3NEMEHTOB BXOL4HOM
nocrnefoBaTeNibHOCTU OTBEYaET YCrOBMIO.

Onepauusa All  BosBpalwiaeT true, ecnM Kaxablh  9NeMeHT  BXOAHOM
nocrnefoBaTesfibHOCTU OTBEYaeT YCrOBMIO.

all = cars.All(s => s.Length > 2);

Console.WriteLine("lNMpaBga nu, 4To BCe anemMeHTbl konnekuun Cars gnvHee 2x
cumBosios: " + all);

Onepauuss Contains Bo3BpawaeTt true, ecnn nwOOK 3NEMEHT BXOO4HOM
nocrefoBaTesflbHOCTU COOTBETCTBYET YKa3aHHOMY 3HAYEHMIO.

Ana pemoHcTpaumn paboTbl NepBOro MNpPOTOTMNA, PACCMOTPUM  CriedyroLuin
npumep:

string[] cars = { "Alfa Romeo", "Aston Martin", "Audi", "Nissan", "Chevrolet",
"Chrysler”, "Dodge", "BMW", "Ferrari", "Bentley", "Ford", "Lexus", "Mercedes", "Toyota",
"Volvo", "Subaru", "Xurynu :)"};

Console.WriteLine("Onepauuna Contains\n\n***x***x\n™).

bool contains = cars.Contains("Jaguar");

Console.WriteLine("Hanuune \"Jaguar\" B maccuBe: " + contains);

contains = cars.Contains("BMW");

Console.WriteLine("Hanunune \"BMW\" B maccuBe: " + contains);

B paHHOM npumep npoBepsieTcs Hanuyue cnos "Jaguar" n "BMW" B ncxogHom
maccue Cars ¢ NoMOLLbi0 NeEPBOro NpoToTmna onepauun Cars.

Onepauum Count, LongCount n Sum
Onepauuss Count BO3BpawaeT KOMMYECTBO 3SNEMEHTOB BO  BXOQHOM
nocneaoBaTenbHOCTU.

Onepauuss  LongCount Bo3BpaliaeT  KONMMYECTBO  SNIEMEHTOB  BXOLHOW
nocrnegoBaTenbHOCTU Kak 3HadyeHue Tuna long.

Onepauma Sum BoO3BpallaeT CyMMY YMCMOBbIX 3HAYEHWA, coAepKalumxcs B
anemMeHTax nocrnegoBaTeslbHOCTU. OTa onepauust UMeeT ABa NpoTOTMMA, ONUCaHHbIE
HUXe:

long optionsSum = options.Sum(o => o0.optionsCount);

Console.WriteLine("Cymma onumoHoB cotpyaHukos: {0}", optionsSum);

Onepauum Min n Max

Onepauus Min BO3BpaLwjaeT MWHUMasbHOE 3Ha4deHue BXOHOW
nocnegoBaTenbHOCTU. JTa onepauusi UMeeT YeTbipe MNpPoToTMMNa, KOTOopble OnmMcaHbl
HUXeE:
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MepBbln npoTtoTMN onepaumn Min Bo3BpawaeT 3MeMEHT C MWUHMMAlbHbIM

YMCIOBbLIM 3HAYEHNEM N3 BXOOHOW NocneaoBaTenlbHOCTM source.
BTopown npototnn onepaumn Min Beget ceba nogobHO nepBoMy, 3a UCKITOYEHMEM
TOro, YTO OH NpeaHa3HayYeH Anst HEYNCNoBbIX TUMOB.
public static T Min<T>(
this IEnumerable<T> source);

Onepauus  Max Bo3BpallaeT MakCMManbHOE  3HayYeHuMe U3  BXOLHOM
nocrnegoBaTeNibHOCTN.

Onepauuun Average n Aggregate
Onepauusa Average Bo3BpaLlaeT cpeaHee apupmMeTnyecKoe YMCIOBbIX 3HaYEeHUN
3M1IEMEeHTOB BXOLHOM NocreaoBaTesibHOCTU.

Onepauus Aggregate BbINOMNHAET YKasaHHylO Monb3oBatenemM (QyHKUMIO Ha
KaXQOM  3feMeHTe BXOOHOW  MOCNedoBaTeNnbHOCTM, nepedaBasi  3HaYeHMe,
BO3BpalleHHoe 3ToM QyHKUMen Ona npeabligyuwiero anemMeHTa, M BoO3Bpallas ee
3Ha4YeHne Ans nocrnegHero anemeHTa.

int N =5;

int agg = Enumerable

.Range(1, N)
Aggregate((av, €) => av * e);

Console.WriteLine("{0}! = {1}",N,agq);

B aTtom Koge reHepupyeTcs nocnegoBaTenNbHOCTb, cCoaepallas Lenble yicna ot
1 go 5, ana yero mcnonbdyetca onepauus Range. 3atem Bbi3biBaeTcs onepawuus
Aggregate, koTopon nepepaeTca nambaa-BblpaXkeHne, YMHOXawlwee nepenaHHoe
arperaTHO€ 3Ha4YeHue Ha cam NepeaaHHbIN ANTIEMEHT.

[na nenenus BewecTBEHHbIX Yncen 12/6/2/1:

List<float> m = new List<float>(){6,2,1};

var agg = m.Aggregate(12.0, (av, ee) => av / ee);

obpatunte BHMMaHue, 4To 12.0 — gns Toro, 4todbl AKKymynatop 6bi Tvna float..
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NEKUUA Ne7

2.4 NleneraTtbl U cobbITUA

[leneratbl

Henerat — 9T0 YacTHbIM crydan kracca gns onpegeneHns OyHKUMOHaNbHOro
obbekTa. B onpegeneHne generata BXoOUT CUHTAKCUC AOYHKLUWUIA, KOTOPbIA MOXET ObiTb
npeacTtaBneH 3TuMm generatom. [leneraTthbl, Kak U MHTepdencol He 3aJaloT peannsaumn.
OK3emnnsipamMun Knacca generara sBNsOTCS MeTOAbl, B KOTOPbIX 3a4aHa peanusauus.
Kaxgblh meToq, curHaTypa KOTOpOro coBnagaeT C CUrHatypou pgenerarta, MoOXeT
paccMaTpmBaTbCs Kak 9K3eMNsisap 3Toro generara.

Mpn obbsiBNeHuMn pgenerata ykasblBaeTcss NPOTOTMN YHKUUKW, TUM KOTOPOW
COBMECTMM C TUMNOM Jenerata. JK3eMnnsapbl generata MOXHO WUCMNONb3oBaTb ANs
XpaHeHUst PYHKLUUKN C yKadaHHbIM MPOTOTUMOM W1 BbI30BaA 3TON OYHKLINN.

Ob6baBneHne pgenerata MOXeT pacrnonaraTbCA BHYTPU WKW BHE KaKoro-nnbo
Knacca u noxoxe Ha obbsiBneHme yHKUuKn, HO ¢ AobaBneHMEM B Havarne Krno4eBoro
cnosa delegate. [1ns o6bsBneHna generara NCNonb3yeTcs cneayoLwmnin CUHTaKCUC:

delegate <Tun_penerata> <numsa_paeneraTta> (<apryMeHTbI>);

Bo3moxxHOCTb 00bsIBNEHUs aeneraTta BHe Kakoro-nnmbo Knacca cBsidaHa C TeM, YTO
Ha OCHOBE CTPOKM OObsiBNeHWA pJernerata KOMAUNATOP dakTu4eckue reHepupyet
obbsBneHne knacca, nponssogHoro ot MulticastDelegate.

[na cosgaHua ak3emnngapa generata HeobxooMmMo OO6BbABUTL NEPEMEHHYH Tuna
gernerata M Cc NOMOLLbIO KMKOYEBOro CrioBa New BbI3BaTb KOHCTPYKTOP Aererarta,
nepegas eMy B KayecTBe napameTpa MEeToA, KOTopbii ByaeT XpaHUTbCs B Aenerarte
UM paHee COo34aHHbIN 3K3EMNNAP AeneraTa.

<umsa_penerata> <uMdA_NepeMeHHOM>=new <ums_paenerata>(<umsa_metona>
nnn <UMs_sK3emnnsipa_generara>);

[nsa BbI30Ba generata ykasblBaeTcs MMA NepeMeHHOM Tuna generarta, a 3aTtem B
KPYrrblX cCKOBKax Yepes 3andaTyto nepeyncnaTcs napameTpbl, KOTopble Haao0 nepeaatb
MeToAy, Bbl3blIBAEMOMY Yepe3 IK3eMnnsp generata.

Ecnn obbaBneH generar:

delegate double Calc(double x);

TO MeToabl

double Math.Sin(double x);

double Math.Cos(double x);

double Kvadrat.Pl(double dlina);

ABNSAITCA 9K3eMnngpamMu 3Toro generata (3TO CBA3aHO TOMbKO C TEM, YTO Y HUX
OAMHAaKOBbIV NPOTOTUN).

MoxHo co3gaTtb ak3emnngapbl generata Calc pasnuyHbiMuM cnocobamu (4epes
mMeToda knacca, yepe3 metod obbekTa, yepes CylecTBYWLWMN AeneraT) U Bbl3BaTb
COOTBETCTBYIOLLMI MeTOo Yepe3 generar:

Calc c1 = new Calc(Math.Sin); //vyepe3 meToaa knacca

Calc c2 = new Calc(Kvadrat.Pl); //yepe3 meToga knacca

Kvadrat k = new Kvadrat();

Calc c3 = new Calc(k.Pl); //vepe3 meToga obbekTa
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Calc c4 = new Calc(c3);  //yepes cywecTBylowmnmn generar

Tenepb npu Bbi3oBe generaTa c1(2) — 6yaeT BbluucneH Sin(2); npu Bbi3oBe c2(3),
c3(3) n c4(3) — 6ynet BbI3BaH meTop PI(3) knacca Kvadrat.

O6blvHO fgeneraTbl  MCMONb3YKOTCA AN peanu3auun  obpaTHbIX  BbI30OBOB.
O6paTHbIn BbI3OB - BbI3OB M3 (pyHKUMM A dyHKuun B, nepegaHHoOM B KadecTBe
napametTpa GyHkuun A. ObBpaTHble BbI30Bbl YacTO MPUMEHAOTCA ANSA nepegadn m3
YHKLUMN MHGOPMaLUMK O NPOU3BOAUMBIX €€ OENCTBUSX.

CuHTakcuc obbasneHnsa generarta:

<moaudukaTopbl_foctyna> delegate <tun_pesynbTata> <umsa_jenerata>
(<cneumndvkaumna_napameTpoB>);

MoandumkaTtop aABnsieTcsa He ob6a3aTeNnbHbIM U MOXET NPUHUMATb 3HAYEHUS: new,
public, protected, internal, private.

delegate — cnyxebHoe cnoBo, BBOAsLLEe TN Aenerara;

<Tun_pesynbtata> — obo3HayeHMe Tuna 3HayYeHusi, BO3BpALLaeMoro MeToaamu,
KoTOopble ByaeT npeacTaBnsaTb generar,

<uMms_paenerata> — BblOpaHHOEe NporpamMMnUCcTOM UMSA TUNa generara;

<cneuuukauma_napameTpoB> — CMNUCOK crneundukaumm napameTpoB Tex
MeTOoLOB, KOTOpble ByaeT npeAcTaBnAaATb generar.

B o6bsiBneHun generarta-tuna HeT HeO6XOONMMOCTU ONpeaensiTb ero KOHCTPYKTOP.
KoHCTpyKTOp BCTpamBaeTcs aBTOMaTU4ECKM.

[eneraTt moxeT 6bITb 0OBbABMNEH:

— KakK floKanbHbIA TUM Knacca unu CTpyKTypbl (Nokanusauus generata);

— B MPOCTPAHCTBE MMEH Hapsay C OObsBNEHUAMM OPYrUX KNacCoB U CTPYKTYP
(BHELWHEEe pa3melleHne generaTa).

Ha ocHoBe penerata MOXHO co3gaTb 9K3eMNAsip Aenerata U MpPUCBOUTbL eMy
CCbINKY Ha DYHKLMIO, CUrHaTypa KOTOPOW COBMaAaeT C CUrHaTypou aernerara.

Tak kak generat — 3TO TUM CCbINOK, TO, ONPEAENnuB Aenerat, MOXHO NMPUMEHSTb
ero Ans co3aaHns nepeMeHHbIX CCbISIOK C MOMOLLbIO onepaummn new.

CUHTaKCMC onpeaeneHunst CCbiriok-aerneraTos TpaauLMOHEH:

<ums_penerata> <UMsi_CCbIJIKN>;

CuWHTaKcuc co3gaHus ak3emnnspa generara:

<UMS_CCbINKN> = new <ums_peneraTta> (<ums_meTtopa> nnm
<ums_3K3emnnspa_penerata>);

Mpu cosgaHum 3k3emnnspa pfgernerata npu obpalleHunm K KOHCTPYKTOpY B
onepauum new B Ka4yecTBe apryMmeHTa MOXHO MCNoNb30BaTh:

— MeTop Knacca (MMst MeToaa, yTOYHEHHOEe MMEHeM Krnacca);

— meTog obbekTa (MMA MeToaa, YTOYHEHHOE MMEeHEM OObeKTa);

— CCBbIJIKY Ha yXe CyLLEeCTBYIOLUI B NpOorpaMmMe 3K3eMnnsp generara.

Ok3emMnnAp gernerata MoeT MpeAcTaBNATb Kak MeTOA4 Krnacca, Tak U meTof
obbekta. OpgHako B 06OMX cnyyasx MeTod [AOMKEeH COoOTBeTCTBOBaTb MO Tuny
BO3BpaLLaeMoro 3Ha4eHus 1 no cneumndurkaumm napameTpoB o6baABNEHMIO AeneraTa.
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KoBapuaHTHOCTb M KOHTPaBapUaHTHOCTb

Heneratel cTaHoOBATCA ewe 6Gonee rmMbkMMmmn cpeactsamu MNporpaMMmpoBaHUs
Gnarogaps 4BYM CBOMCTBaM: KOBapWaHTHOCTU M KOHTpaBapuaHTHoCTU. Kak npaBwuno,
mMeTon, nepefaBaeMbli feneraty, OOMDKEH MMETb TakoW e BO3BpallaeMbld TUM U
cuUrHaTypy, Kak u pgenerat. Ho B OTHOLWEHMM MNPOM3BOAHbLIX TUMOB 3TO MpPaBMUIIO
OKa3blBaeTCs He TakuMm CTPOrMM. B 4acTHOCTM, KOBapMaHTHOCTb MNO3BOSISIET MPUCBOUTL
Aeneraty meTo, BO3BpallaeMbiM TUMOM KOTOPOrO CAYXXWUT KIacc, NPOW3BOAHbIA OT
Knacca, ykasblBAaeMOoro B BO3BpallaemMom Tune pgenerata. A KOHTpaBapUaHTHOCTb
NO3BONSAET MPUCBOUTL Aeneraty MeTod, TUMOM MnapameTpa KOTOPOro CryXWT Knacc,
apnsowmnca 6a3oBbiM Ans Knacca, ykasblBaemoro B 06baBneHun generara.

PYHKLMM BbICLUMX NOPAAKOB

OpHO n3 Hambonee BaXHbIX NPUMEHEHUN [eneraTtoB CBA3aHO C (PYHKUMAMU
BbICLUNX NOpsAKoB. OyHKLUMEN BbICLLIEro nopsaka HasbiBaeTcsl MeTo[ Kracca, Y KOTOpoWn
OQVH UMM HECKONbKO apryMeHTOB NpuHagnexart K yHKUuoHanbHomy Tuny. bes atux
dYHKUMIA B NpOrpamMmmMmmpoBaHnm 060MTUCb JOBOSbHO TpyaHO. Knaccmyecknm npyumepom
ABNAeTCA (PYHKUMS BbIMUCNEHUA MHTerpana, y KOTOpoW OAMH U3 apryMeHTOB 3ajaeT
noablHTErpanbHyt0  yHKumMo.  [OpyruMm  nNpuMepoM  MOXET CAYXUTb  (PYHKLMS,
copTupytowiasi o6bekTbl. ApryMeHTOM ee aBnsieTcs pyHkuna Compare, cpaBHuBaroLlas
ABa obbekTa. B 3aBMCUMMOCTM OT TOro, Kakas (pyHKUUS cpaBHeHus ByaeT nepefaHa Ha
BXOZL (PYHKUUM COPTMPOBKKU, 0BBbEKTLI ByayT COPTUPOBATLCA NO-pa3HOMY, Hanpumep, no
UMEHW, UNn NO KITYY, UK NO HECKONbKMM nonam. BapuaHToB MoXeT 6bITb MHOrO, U

OHW ONpefensitoTCa KNaccoM, ONMCLIBaKOLLMM COPTUPYEMblE OOBEKTbI.
b

[ f(xdx

Mpumep. BbluncnuTe onpeaeneHHbin nHTerpan 2 . OyHKkuma f(x) moxert
ObiITb MPOM3BONbHOW, MNO3TOMYy ee Oyaem nepefjaBaTb B METO BblYMCINEHUS
onpeaeneHHoro nHTerpana.

double Integral(double a, double b, delegate double f (double))

{

return (f (a)+f (b))*(b-a) /2;
}
double f (double x)

{

return Math.Sin(x)*x;

MaccuBbl generaTtoB
CcbINkM Ha 9K3eMnnsapbl AeneratoB, MOXHO 00beaMHSATb B MacCuBbl. Takasi
BO3MOXXHOCTb MO3BOSIIET NPOrpamMMnUCTy 3agaBaTb Habopbl 4ENCTBUIA, KOTOpPbIE 3aTEM

6y,D,yT aBToMaTn4eCKn BbIMNOJTHEHbI B yKa3aHHOIZ nocrnieaoBaTesibHOCTU.

MHoroanpeCHble rpynnoBble 3K3eMnnApbl gerneratoB
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[lo cux nop paccmatpuBanunch [nOeneratbl, KaXablA SK3EMMMsApP KOTOPbIX

npegcraBnaeT oguH KOHKpeTHbIn meTod. OgHako generat MOXeT coAepXaTb CCbIKN
cpa3y Ha HeCKONbKO MeTO[OB, COOTBETCTBYIOLMX TUNy Aenerata. Npu ogHoOKpaTHOM
obpalweHun K Takomy pgeneraty aBTOMaTUYECKM OpraHM3yeTcs nocrnenoBaTesnbHbIN
BbI30B BCEX METOJ0B, KOTOPbIE OH NpeAcTaBnseT.

K MHoroagpecHomy generaty MOXHO NPUCOEOVHUTb UMW OTCOeANHUTL AeneraT C
MOMOLLIbIO onepauun += 1 -= COOTBETCTBEHHO.

MHoroagpecHbI_faeneraT += CCblfika_Ha_fenerar,

MHoroagpecHbI_faeneraT -= CCblfika_Ha_aenerar;

AHOHUMHbIE MeTOAbI

K aksemnnspy generata MOXHO MPUKPENnuUTb SIBHO 3afaHHbIN kog Ge3bIMSHHOrO
meToga. TakoM MeToA HasbiBalT aHOHWMHBbIM.  CurHatypy 3Toro MeTtoaa
(cneundukauno napaMeTpoB M TUM BO3BpaLLAEMOro 3HavyeHusl) crneunduumpyeT Tvn
fgenerata. lNpuMeHeHNe aHOHMMHbIX METOOOB pPeKoOMeHOyeTCcsl B TexX cryyasix, koraa
MEeTOZ UCMONb3yeTcsl OAHOKPATHO.

CobbiTusa

Bce obbekTbl 0bragaloT ogHMMKU 1 TEMU Xe MeTogaMu U, cregoBaTtenbHo, BeayT
cebs 0ANMHaKOBO, TO eCTb MeToAbl 3a4aloT BPOXAEeHHoe noBefeHne obbektoB. OgHUM
n3 cnocoboB caenaTb MoBeAeHME OTNUYHLIM Ans OaHHOro obbekta — 3T0
HacnepoBaHuMe. MoXHO co3gaTh  Kracc-HacnegHwk, Yy KOTOporo, Hapsigy C
yHacnegoBaHHbIM poAUTENBbCKMM NoBeaeHMeM, ByayT n COGCTBEHHbIE METOAbI.

Ewe oanH mexaHusm, nos3sondawwmin obbektam OAHOro Kracca BecTu cebsa mno
pasHOMy — cObbITUSA.

O cobbiTuaAX B MMpe MNporpamMMHbIX OOBHEKTOB 4Yalle BCEro roBOpsAT B CBSA3M C
NHTEPdENCHBIMM OObEeKTaMn, Yy KOTOPbIX COObITUS BO3HUKAKOT MO MPpUYNHE OENCTBUN
nonb3oBartens. Tak, KOMaHOHasi KHonka MoXeT ObiTb Haxata — cobbitne Click,
AOKYMEHT MOXeT ObITb 3aKkpblT — cobbiTne Close, B CnMCoK MoxeT bbiTb AobGaBneH
HOBbIN 3anemeHT — cobbiTne Changed. HTepdelicHble U MHOTME OpyrMe NnporpaMmMHbIe
0b6bekTbl 06nagatoT cTaHgapTHBIM HABopOM NpefonpeaeneHHbIX COObITUN.

Mo>kHO co3gaBaTb COObITMS ANt CAMOCTOATENBHO pa3paboTaHHbIX KNacCoB.

CobbiTne — cpeacTBo, No3BongdLLee o0bekTy (UK Knaccy) nocnatb coobueHne
0 nepexoae B HEKOTOPOE HOBOE COCTOSIHWE UMM O NOSy4YeHUM COOBLLEHNSA N3 BHELLHETO
NCTOYHMKA.

B ocHoBe mMexaHm3ama o6paboTku coObITUI nexart generaTbl, NO3ITOMY npexae,
yem o06bsBUTL CcOObITME, Heobxoaumo ob6bsBuTb Aenerat. O6bsaBneHWe cobbiTuA
noxoxe Ha OObSABMNEHWE NepeMeHHOW Tuna generata, HO ¢ gobaBneHveM B Havane
KnoyeBoro cnosa event. Ona o6baABneHMs cobbITUS MCNONb3yeTcs Ccrneaylowunn
CUMHTaKCUIC:

event <generat-Tun> <uMs_CcobbITUS>;
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UTtobbl creHepupoBaTh (BO36yanTb) cobbITUE, YKa3biBaeTCA MMsI CODbITUS, a 3aTeM

B KpYrNbIX CKOBKax 4Yepes 3anaTylo NepeyncnstoTcsa napameTpbl cobbitTua. MNMpexae yem
BO3OyxaaTb CcobbITMe, peKoMeHAyeTCs MNpOBEpPUTb, MNEpeMeEHHasi, OnucbiBaloLlas
cobbiTne, He paBHa null.

[na nognuckmn Ha cobbiTne ons Kakoro-nmbo obbekTa ncnonb3yeTca onepaTop +=,
nocrne KOTOpOro C MNOMOLbIO KMAKYEBOrO0 CfoBa NEew Bbi3blBAETCA KOHCTPYKTOP
generata, B Ka4yecTBe MapameTpa KOTOPOro YykasblBaeTcs UMA  MeTona,
npeacrasnsaowero n3 cebs obpabotumk cobbITuS.

0b6bekT.cobbiTne+=new generat(meton);

Knacc, pelumBLInm MMeTb COObITUSA, AOIMKEH YMETb, NO KpanHen mepe:

— 006bABUTL COObLITUE B KNacce;

— 3aXe4b B HYXHbIN MOMEHT cobbITne, nepeaaB 0b6paboTumky Heobxooumble ans
obpaboTkn aprymenTbl. ([Mog 3axuvraHvem unu BKNOYEHMEM COObITUS MOHMMAaeTCs
HEKOTOPbIN MexaHM3M, MO3BONAWNA OObEKTYy YBEOOMUTb KIIMEHTOB Kracca, YTo Yy
HEero NPon3oLsio cobbITHe.).

3ameTbTe, 4YTO, 3axurad cobbiTve, Knacc nocbiniaeT cooblieHne nonyvarensam
cobblTns — obObeKkTaM HeKoTOopbIX ApYyrMx KnaccoB. byaem HasbiBaThb Knacc,
3axuratowmnn cobbiTne, Knaccom — oTtnpasuTenemMm coobuieHns (sender). Knacc, 4ybu
06bekTbl nony4vatoT coobuieHns, byaem HasbiBaTb KnaccoM - nosfy4varenem coobuieHms
(receiver). Knacc-otnpaButens coobwieHnd, B NpuHUMNE, He 3HaeT CBOMUX
nonyvarenen. OH oTnpaBnaeT coobLleHne B MEXMOAYIbHOE NpocTpaHcTBo. OQHO 1 TO
Xe coobuieHne MoxeT OblTb MOMy4Y4eHO W MOo-pasHOMy 06paboTaHO NPOU3BOSIbHBLIM
4YnMcnom 06 bEKTOB pa3sHbIX KNacCcoB.

Knacc sender. Kak 3axurarorca coobiTus

Ob6bsaBneHne cobbITA MOXET pa3MeLLaTbCs B Kracce unn B MHTepdence.

Ecnu penerat onpegeneH, To B knacce Sender, cosgawowemM cobbiTus,
AOCTaTOYHO 0ObsBUTH COObLITME KaK 3K3eMnnsip COOTBETCTBYOLLEro generata. 370
AenaeTca TOYHO TaK Xe, Kak U npy 0ObsABNEeHUN (QYHKLUMOHANbHbIX 3K3EeMMNsipoB
penerata. WcknioyeHnem sBnaetca  agobaeBneHve  cnyxebHoro crnoa  event.
dopmarnbHbIM CUHTAKCUC 00 BbABNEHUS:

<mogudmkaTopbl> event <ums_generata> <umsi_coObITus>;

MoandukaTopoM MoXeT ObiTb abstract, new, override, static, virtual, public,
protected, private, internal;

event — cnyxebHoe CnoBo Aeknapaumm cobbITUs;

<umsi_cobbITMa> — maeHTMdukaTop, BbiOMpaembii NPOrpaMMUCTOM B KavecTBe
Ha3BaHMSA KOHKPETHOro YfeHa, Ha3biBaeMour nepeMeHHon cobbiTus. MpUHATO HaYMHaTL
C npedumkca on_.

<ums_penerata> — umsa generata-tuna. OH JOMKeH NpeacTaBnAaTb COObITUIO Te
MeToAbl, KOTOpble ByAyT BbI3bIBAaTbCS B OTBET Ha NOCLISIKY COOBLLEHMSA O COBbITUN.

Takum obpas3om, cobbITUE — YNEH Knacca, UMEoLWUn TUn generaTa.

an/I‘-II/IHbI BO3HMKHOBEHNSA COOLITUSA MoryT ObITb pa3HbIMN. nOSTOMy BMnosHe
BEpPOATHO, YTO OOHO N TO XKe cobbiTne 6yp,eT 3aXnUraTtbCA B pa3HbIX METOOAX Kracca B
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TOT MOMEHT, Korga BO3HUKHET OoAgHa W3 MNpUuiynH noABneHunsA coObITHA. HOCKOJ'Ibe

AENCTBUS MO 3aXKMFaHWIO MOTyT MOBTOPATbLCS, MOME3HO B COCTaB METOAO0B Kracca
[06aBUTb 3aLUMLLEHHYI0 NpoLeaypy, 3axurawoLlyto cobbiTue. 3Ton npoueaype obbl4HO
Aaetca ums, HadmHawouweecss co crnosa On, nocne KOTOporo criegyet nms cobbiTus.
Mpoueaypa cocTouMT u3 Bbi3oBa OOBSBEHHOrO COOLITUSA, ecnn eCTb N XOTb OAMH
06paboTunk cobbITNS, CNOCOBHLIN MPUHATL COOTBETCTBYOWEEe coobuieHne. Ecnun
TaKoBbIX HET, TO COObITME He BKMNOYaeTCs.

Mocbinka cooblieHnss 0opMIsSieTCa Kak ornepaTtop B Tene HeKoToporo mertona.
OnepaTop NOCbLINKM BbIrMAANT TakK:

Nmsa_cobbiTna(aprymeHTbl_ana_generara).

CobbiTve, no cywecTtBy, npeacraBnseT cobon aBTomMaTnyeckoe yBedoMIEHME O
TOM, 4YTO NPOU3OLLIIO HEKOTOPOE AENCTBME.

Knacchbl receiver. Kak o6pabaTtbiBaloTCcA COObITUSA

O6bekTbl knacca Sender co3gatoT coObITUSE M YBEOOMASIIOT O HUX OOBLEKTHI,
BO3MOXHO, pasHbIX KNaccoB, Ha3BaHHbIX HaMK Knaccamu Receiver, unu krnveHTamu.
Knacc receiver gormkeH:

— MMeTb 06paboTyumk cobbiTna - npoueaypy, COrfacoBaHHYK MO CUrHaType C
YHKUMOHanNbHBIM TUMOM AerneraTa, KOTOpbI 3agaeT cobbITue;

— WMEeTb CCbIfIKy Ha OObekT, cosgarolmi cobbiTne, YTOObl MONYy4YMTb OOCTYN K
3TOMY COObITHIO - event-06beKTy;

— yMeTb npucoeanHnTb 0bpaboTumk cobbiTna K event-obbekTy. OTO MOXHO
peanu3oBatb MNO-pasHOMY, HO TEXHOSIOTMYHO dTO AenaTtb HEenocpeAcTBEHHO B
KOHCTPYKTOpE Kriacca, Tak YTO Korga cosgaeTcs o6bekT, nonyyatwmin coobLueHne, oH
N3Ha4anbHO roToB NPUHUMaTb 1 obpabaTbiBaTb COOOLLEHNS O COOLITUSAX.

CobbITMs 4enCTBYIOT MO cnegyowemMy npuHLMny:

— O0ObeKkT, nposBASOWMIA MHTEPEC K COObITUI0O CO34aeT JK3EeMMNsp TOoro
AeneraTa, Ha KOTOPbIN HACTPOEHO cobbITue;

— peructpupyeT o6paboTumK 3TOro cobbiTUA (NOAKMYaET IK3eMNAsap generaTa K
cobbITNIO);

— korga coOblTMe npoucxoauT, BbI3bIBAOTCA BCE  3apermcTpupOBaHHbIE
06paboTunkm 3TOro cobbLITUSA 0O BLEKTOM, B KOTOPOM NPOU3OLLIIO COOLITUE;

Ha ogHo cobbiTne moryT 6biTb MOAMMCaHbI HECKOMBKO METOAOB, AN KaX4oro m3
KOTOPbIX HY)XHO UCNONb30BaThL CBOW OnepaTop NpMBeLEeHHOro B1aa.

HecmoTps Ha BCO CBOK NPOCTOTY, AaHHbLIA NpUMep KoAa COAEPXXUT BCE OCHOBHbIE
afemMeHTbl, Heobxoanmbie Anst odpaboTkn cobbiTnin. OH HaymHaeTcsa C 0O6bsABNEHUs
Tuna generarta gnsa obpabotymka cobbITUN, Kak NOKa3aHO HMXeE.

delegate void MyEventHandler();

Bce cobbiTns akTmBM3NpyrOTCA C NOMOLLbKD generatoB. [oaTtomy Tun generaTa
cobbiTna onpegensieT BO3BpallaeMbli TUN W cUrHatypy ans cobbitmsa. B gaHHOM
cny4ae napameTpbl COObITUSE OTCYTCTBYIOT, HO UX pa3peLlaeTcd ykasbiBaThb.

Hanee cospaetca knacc cobbitna MyEvent. B atom knacce obbsasnsaertcs
cobbiTne SomeEvent B cnefgytoLlen cTpoke koga.
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public event MyEventHandler on_SomeEvent;

O6patnTe BHMMaHMe Ha CUHTaKCUC 3Toro obbaABneHus. Kniovesoe cnoBo event
yBeOMNSAET KOMMUNATOP O TOM, YTO 06bABNsieTCs cobbiThe.

Kpome Toro, B knacce MyEvent ob6bsasnserca metoq OnSomeEvent (),
BbI3blBaEMbIA OS19 CUrHanu3auuMmM O 3anycke cobbiTua. OTO O3HayaeT, 4YTO OH
Bbl3blBaeTCH, Korga npoucxoguT cobbitne. B metoge OnSomeEvent () Bbi3biBaeTcs
0bpaboTunk cobbITMI C NOMOLLLIO Aenerata on_SomeEvent.

if (on_SomeEvent != null)

on_SomeEvent();

Kak Buante, o6paboTyMk BbI3bIBAaeTCA fuWb B TOM Cryvae, ecnv cobbiTue
SomeEvent He gABnsieTcss nNycTbiM. A NOCKOSIbKY MHTEPEC K COObITUIO OOIMKEH ObiTb
3aperncTpupoBaH B ApYrnx 4actsix nporpammebl, YTobObl Nnonyyatb yBe4OMSEHUSI O HEM,
To meTtoa OnSomeEvent() moxeT GbITb BbI3BaH 40 perncTpauumn noboro obpaboTymka
cobbiTns. Ho BO nsbexaHve BbI3oBa MO MNyCTOW CCbIfike Aenerat cobbITUs A0MKEH ObiTb
npoBepeH, YTobbl y6eanTbCHA B TOM, YTO OH He SIBMISIeTCA NYCThbIM.

B knacce EventDemo cosgaetca obpaboTumk cobbituii Handler( ). B gaHHOM
npumepe obpaboTymk cobbiTMn NPOCTO BLIBOAUT CO0bLLEHME, HO Apyrme o6paboTymku
MOryT BbINONHATL 6onee copepxaTenbHble QyHkuMn. [anee B metoge Main ()
cosgaeTtcsa ob6bekT knacca cobbitma MyEvent, a Handler () pernctpupyetcsa kak
0b6paboTunk aToro cobbiTns, 4obaBNsEMbINA B CNIUCOK.

MyEvent evt = new MyEvent();

/I OobaeuTtb MmeTo Handler() B cnncok cobbitui,

evt.SomeEvent += Handler;

Ob6paTtute BHMMaHWEe Ha TO, 4YTO 06paboTumk gobaBnsieTcss B CNUCOK C MOMOLLbIO
onepatopa +=. CobObITMA nogaepXuBalT TOMbKO onepaTtopbl += U —=. B gaHHOM
cnyqyae wmetoag Handler() sBnsietcsa cratmyeckmm, HO B KadectBe 00paboTymkoB
CcOObITUI MOTYT TaKKe CNY>XUTb MeTOAbl 3K3eMnnspa.

W HakoHel, cobbITue 3anyckaeTcsi, Kak Nokas3aHo HUXe.

evt.OnSomeEvent();

BoizoB metoga OnSomeEvent() npuBoaMT K BbI3OBY BCeX COObITUM,
3aperncTpmpoBaHHbix obpaboTumkoM. B gaHHOM cnydae 3aperMcTpypoBaH TOMbKO
OAMH Takon obpaboTumK, HO UX MOXET BbITb BonbLUe, Kak MNOSICHAETCA B CreayloLem
pasgene.

Mpumep 1. Knacc Krug mnmeet cBonctBo Pagnyc n reHepupyeTt cobbiTve npu
yBenuyeHun paguyca. CobbiTve nepefaeTr CCbIIKYy Ha Kpyr, B KOTOPOM MPOU3OLUSIO
cobbITne yBenuyeHust paguyca u ctapbii paguyc.

using System;

namespace WindowsFormsApplication2

{

public delegate void delKrugR(Krug krug, int oldR);

public class Krug
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{
public event delKrugR on_RUy;
private int r;
public int R
{
get{returnr;}
set {
int oldR =r;
r =value;
if (r > oldR)
OnRUv(ref oldR); }
}
void OnRUv(ref int oldR)
{
if (on_RUv !=null)
on_RUv(this, oldR);
}
}

}

B (bopme nMmeeTcd BOSMOXHOCTb USMEHUTb paanycC Kpyra oBymMm4 cnocobamu

i

g5 Forml o | = || 3|

Ecnn npoucxoout cobbiTe yBenuueHuss paguyca, TO HeobXOoAMMO BbIBECTU
MHGOPMaLMIO B 3arofioBok hopMbl.

using System;
using System.Windows.Forms;

namespace WindowsFormsApplication2

{
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public partial class Forml : Form

{

public Krug krug;

public Form1()

{

InitializeComponent();
krug = new Krug();
krug.on_RUv += UvelKrug;

}

void UvelKrug(Krug krug, int oldR)
{

Text = "Pagnyc kpyra ysenunuuncs: Ctapbin paguyc=" + oldR +
", HoBbIn=" + krug.R;

}

private void buttonl_Click(object sender, EventArgs e)

{
krug.R +=5;

}

private void button2_Click(object sender, EventArgs e)

{
krug.R = int.Parse(textBox1.Text);
}
}
}

85



YnpaBneHve gUCTaHLUNOHHOIO 00y4YeHust 1 NoBbILLEHWS
KBanudukaymm

TexHonorum n MeToabl NPOrpaMMMpOBaHNS

NEKUUSA Ne8

2.5 TexHonorua COM

Obwwme ceBegeHnsa o texHonormn COM

COM (Component Object Model) — aTto0 ob6bekTHas Mogenb KOMMOHEHTOB.
[laHHasa TexHornorusa apnsaetca 6asoson ans TtexHonorum ActiveX n OLE. TexHonorum
OLE u ActiveX — Bcero nuiib HaaCTPOWKM Hag OaHHOW TEXHOSOMMEN.

TexHonorua  COM npegoctaBnseTr  Moenb  B3aMMOAEWUCTBUA  Mexay
KOMMOHEHTaMN W MPUNOXEHUSIMW, HanuMCaHHbIMU Ha pasHbiX A3blkax M cpefax
nporpamMmupoBaHus, NockoribKky TexHonorna COM onpegenset ABOVYHbIA CTaHOapT.

TexHonorma COM pabotaetr ¢ COM-ob6bektamu, KOTOpble COAepXaT CBOWCTBA,
metoabl M wuHTepdencbl. O6biuHbIN COM-06bekT BkMovaeT B cebsa oguvH unn
HECKONbKO uHTepdencoB. Kaxabii M3 3TUX UMHTEpdENCOB uMeeT COOCTBEHHbIN
ykasaTenb. KnwouyeBbiM acnektom TexHorormn COM  gaBnsieTcd  BO3MOXHOCTb
npeaocTaBneHns CBA3N U B3aUMOAENCTBUS MEXAY KOMMNOHEHTAMU U NPUNOXKEHUAMU, a
Takke peanusaums KnneHT-cepBepHbIX B3aMMOLENCTBUN NMPU NOMOLLN MHTEPdENCOB.

TexHonornsa COM peanunsyetca ¢ nomowbio COM-6mbnunoTek, koTopble cogepxaT
Habop cTaH4apTHbIX UHTEpPdENCoB, KOTopble obecnevnBatoT PyHKLMOHaNbHOCTL COM-
obbekta, a Takke Hebonbwon Habop cyHkumn API, oTBevawwmx 3a cosgaHve U
yrnpasrieHne COM-o6bekToB.

TexHonornsa COM nmeeT ABa SBHbIX NpenMyLLecTBa:

cozgaHne COM-00bekToB He 3aBMCUT OT s3blka MNporpaMMmpoBaHus. Takum
obpasom, COM-06beKTbl MOTyT ObITb HANUCaHbI HA Pa3NUYHbIX A3blKaXx;

COM-06bekTbl MOryT 6bITb MCNOMb30BaHblI B ft0OOK cpeae nporpamMmmMmpoBaHuUs
nog Windows. B uncno atux cpeg Bxoaart Delphi, Visual C++, C++Builder, Visual Basic,
C# n mHorune gpyrue.

XoTta TexHonorna COM obnagaeT siBHbIMU NOCaMK, OHA UMEET TakkKe U MUHYCHI,
cpean KOTOpbIX 3aBMCUMOCTb OT nnatgopmbl. To €CTb, AaHHasi TEXHONorns
npuMeHnma Torbko B onepaumoHHon cucteme Windows n Ha nnaTtdgopme Intel.

Bce COM-06bekTbl 00bIMHO copepxaTtca B dpavnax ¢ pacwwmpeHunem DLL wnu
OCX. OguH Takon chban MOXeT coaepxaTb Kak oaumHouvHbii COM-06bekT, Tak u
Heckonbko COM-06bekToB.

Passntne COM-TexHonormm

OpgHon n3 BakHeMWMX 3agad, KOTopble cTaBuna nepeq cobon dupma Microsoft,
Korga npoasurana onepauuoHHyto cuctemy Windows, Obina 3agada no obecneyeHuro
3hbheKTUBHOrO B3aMMOOeNCTBUSA MEXAY pasnMyHbIMK NporpamMmmamMu, paboTarowmumm B
Windows.

CambiMM NepBbIMM MNOMbITKAMW PeLnTb 3Ty HEenpocTyk 3agady Obinm Bydep
obmeHa, pasgengemble annbl U TEXHOMOMMSA OUHAMMYECKOro obmeHa OaHHbIMK
(Dynamic Data Exchange, DDE). lMocne aTtoro Obina paspabotaHa TexHonorns
cBA3biBaHMA W BHegpeHua obbektoB (Object Linking and Embedding, OLE).
MepBoHavanbHaa Bepcua OLE 1 npegHasHayanacb Ansi CO34aHUS COCTaBHbIX
AOKYMeHTOB. OTa Bepcust Gbina npuaHaHa HECOBEPLLUEHHOM M HA CMEHy en npuwna
Bepcua OLE 2. Hoas Bepcusa nossonsina pelmnTb BOMNPOCblI NpefocTaBneHust apyr
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OPYry pasnuyHbiMM  MporpaMMamMu  COOCTBEHHbIX pyHKUMIA. [laHHas TexHonorus

aKTMBHO BHeapsinacb Ao 1996 roga, nocrie 4ero e Ha CMeHy npuia TEXHOMNOrns
ActiveX, koTopas Bknwo4yaeT B cebs astomaTtusaumo (OLE-aBTOMatmsaumio),
KOHTENHepbI, ynpasnatowme anemeHTsl, Web-texHonormo n 1.4.
Pacwupenns COM

TexHonorns COM u3sHavanbHO paspabaTbiBanach kKak sapo AfS OCYLLECTBIEHUSA
MEXNporpaMMHOro B3auMMOOeNCcTBUA. Ye Ha aTane paspaboTku npepnonaranoch
pacLWNpsATb BO3MOXHOCTM TEXHOSMOMMU MPU MOMOLLUM TaK HasbiBaeMblX pacLUMpeEHUi
COM. COM pacwmpsieT cobCTBEHHYH YHKUMOHANbHOCTb, Gnarogapsa cosgaHuio
crneumanmsmpoBaHHbIX HABOPOB MHTEPMENCOB AN peLLIEHUS KOHKPETHbIX 3adau.

TexHonorusa ActiveX — 3To TeXHONOrns, kKotopas NUcnosib3dyet KoOMNoHeHTsl COM,
ocobeHHO anemeHThbl ynpaeneHua. OHa 6Gbina co3gaHa gns Toro, 4Ttobbl paboTta ¢
anemeHTamu ynpaeneHus 6bina 6onee acpdekTneHon. 3To 0cobeHHO HeobxoamMmMo npu
paboTe c npunoxeHnamn Internet/Intranet, B KOTOpbIX 3NEMEHTbI YNpaBnieHUs OOSTKHbI
ObITb 3arpyXeHbl Ha KOMMNbIOTEP KIIMEHTa, npexae Yem oHn 6yayT NCnonb3oBaTbCS.

B tabn. 2.1 v puc. 2.1 npeacrtaBneHbl HEKOTOPbIE U3 UCMNOSb3YEMbIX B HAcTosLLEee
Bpems paclumpennin COM.

3NemeHTbI YNpas neHua

OLE - a0OKYMEHTBI
Activex
v

CB asblBaHue

BuayaneHoe
PEASKTHMPOBaHWE
v v
BHegapeHue AsTomaTmsaupma OLE )
1
h 4
WMHdopmaupma
0 THNax
h 4 v
TexHononia COM

PucyHok 2.1 - TexHonormm, ocHoBaHHble Ha COM
Tabnuua 2.1 - OcobeHHocTn o6bekToB COM

COM- BusyansH Mpouec CBasb BubnuoTeka
00BbeKT OCTb C TMNOB

AKTUBHbIV O6bI4HO BHyTpe OLE Het
[OKYMEHT BU3yarbHbIN  [HHWUIA nnm
(Active NoKanbHbIN
Document)

AsTomaTu MoxeTt BHyTpe ABTOMaTUYECKUI TpebyeTtcs
3aums ObITb KakHHUA, MapLuanuHr npuions
(Automation) |Bu3yarnbHbIM, [OKanbHbLIN |[MOMOLWM  UHTepdencaj@aBToMaTUYeCKoro
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Tak nunn IDispatch MapLianmHra
HeBM3yanbHbIMy4aneHHbIN

OnemeHT OObI4HO BHyTpe ABTOMaTMYECKNI TpebyeTcs
yrpaBreHns  [BU3yanbHbIl  [HHUN MapLlanuHr npu
ActiveX noMmowm  MHTepdenca
(ActiveX IDispatch
Control)

Mpounsson Mo BHyTpe He TpebyeTcs PekomeHay
bHbIW  0OBbeKTBbIGOPY HHUI MapLuanuHr eTcs
MHTepdgenca

Mpowusson Mo BHyTpe ABTOMaTMYECKNI PekomeHay
bHbIN  0O6BbeEKTBbLIGOPY HHUIA, MapLlanuHr BleTcs
NHTepenca nokanbHbI  [3aBUCUMOCTU oT|

nnu onoénuotekn TUNOB, B
yOaneHHbl  [NPOTUBHOM cnyyae-
py4YHON MapLuanuHr

TepmuHonorna COM

COM-06beKm — [BOWYHBIN KOO, KOTOPbIA BbINOMHAET KaKyl-nnbo yHKUMIO U
nmeeT oavH unu 6onee MHTEpPdENCOB, B KOTOPble BXOOAT MeTOAbl, MNO3BONfALLME
npunoxenuto nonb3oBatbcd COM-06bekToM. KnneHTy OOCTAaTOYMHO 3HaTb HECKONbKO
6asoBbix UHTepdericoB COM-o6bekTa, 4YTOObI MONYYMTb MOMHYK MHGOPMaLMO O
nepeyHe CBONCTB N MeToO0B OObekTa.

lNonb3osamerns COM-06beKkma — NpUNoXeHWe N YacTb NPUNOXKEHUS, KOTOPOE
ncrnonbsdyet COM-06bekT M ero uHTepdencbl B CBOMX COBCTBEHHbIX Uendax. Kak
npasuno, COM-06beKkT HaxoauTca B APYroM NpUioXeHuu.

COM co-knacchl (coclass) — aTO knaccbl, KOTopble cogep»aT oauvH unu donee
COM-uHTepdoeiic. Bol moxeTe He obpawaTtbes k COM-uHTepdency HenocpeacTBEHHO,

a nonyyatb pgoctyn K COM-uHTepdency 4epes co-knacc. Co-knacchbl
naeHTMdnumnpyoTca Nnpu noMmoLm ngeHtmdoukatopos knacca (CLSID).
bubnuomeka munoe — 3TO cneuuanbHbld Qann, KOTopbIA  COO4EPXKUT

nHopmauuio 0 COM-obbekTe. [aHHaa uHGoOpMauus COLepXWUT CAUCOK CBOWCTB,
MeTOA0B, MHTEP(EeNCoB, CTPYKTYP U OPYrnX aNeMeHTOB, KoTopble cogepxatcsa B COM-
obbekTe. bubnuoTteka TMNOB COOAEPXKUT TakkKe MHPOPMaLMIO O TUNAX OaHHbIX KaXgoro
CBOMCTBA W Tunax pAaHHblX, Bo3Bpawaemblx metogamm COM-obbekta. daunnbi
6mMbnunoTekn TMNOB UMeT paclumpeHne TLB.

COM-uHmeppetic — 3TO rpynnbl FIOTMYECKM WM CEMAHTUYECKN CBA3AHHbIX
npouenyp n dyHKUWA, KOoTopble obecrnedmBaloT CBA3b MeXAy MOCTaBLUMKOM YCRyru
(COM-0b6bektoM) ©n ero knueHtoMm (nonb3oBateniem COM). COM-uHmepghelcsi
npumeHsitotca  ons  obbeauHeHnss metogoB COM-o6bekta. COM-uHTepdenc
NO3BONSET KNNEHTY npaBuribHO obpaTtnutbcst K COM-06bekTy, a 06beKTy — npaBubHO
oTBeTUTb KNueHTy. COM-06BbEeKT MOXET MMETb HEeCKOSNbKO MHTEPdEnCcoB, Kaxabii 13
KOTOopbIXx obecneuvMBaeT  Kakyl-nmbo  pyHKunoHanbHocTb. HasBaHus  COM-
NHTEepPdENCoB HavmHatTcs ¢ OykBbl |. KnNnnMeHT MoXeT He 3HaTb, Kakue uHTepdencol
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nmetorca y COM-obbekTta. Kaxabin COM-06bekT Bcerga nogaep)XuBaeT OCHOBHOWM

COM-uHTepdenc lUnknown, KOTOpbIA NpUMeEHAETCS AN nepefadn KNneHTy ceBeaeHun
0 nogaepXxmBaemblix MHTepencax.

Mo npaBunam o6o3HayeHna COM-obbekToB, uHTepdencbl COM-ob6bekTa
obo3HavatoTca kpyxkamu crnpaBa unm cnesa oT COM-obbekTa. ba3oBbli MHTepdenc
IlUnknown pucyeTtcs kpyxxkom csepxy oT COM-obbekTa.

Ha puc. 2.2 cxemaTnyHo n3obpaxeH ctaHaapTHbin COM-uHTepdenic.

MHTepdeic

{r— COM - 0B bekT

Puc. 2.2. COM-06bekT ¢ COM-nHTEphencom

MmetoTca cnegyowme npasuna ang nHTepdencos:

OpHaxabl  onpefeneHHble  MHTepdencbl He  MOryT  OblTb  U3MEHEHbI.
[ononHutenbHytd  (OYHKUMOHANbHOCTb  MOXHO  peanu3oBatb C  MOMOLLbIO
AONONHUTENbHbBIX MHTEPZENCOB.

Mo B3anMHOMY corfnalleHuto, Bce UMeHa UHTepdencoB HadmHaloTcs ¢ OykBbl |,
Hanpumep IPersist, IMalloc.

Kaxablh MHTepenc rapaHTUpoOBaHHO MMEET CBOW YHUKaIbHbIN naeHTuduKaTop,
KOTOpbIN HasblBaeTcs easi0banbHbIl yHUKarnbHbIl udeHmughukamop (Globally Unique
Identifier, GUID). YHuKanbHble unaeHTUUKATOPLI  UHTEP(ENCOB  Ha3blBalOT
udeHmucukamopamu  uHmepgpetcoe  (Interface  Identifiers, [IDs). [daHHble
noeHTUuKkaTopbl obecnednBatoT yCcTpaHeHNe KOHMIMKTOB UMEH PasfuyHbIX BEpCUn
NPUNOXEHNA NN PasHbIX NPUIOXEHWMN.

MHTepdencbl He 3aBUCAT OT A3blka nporpamMmumpoBaHus. Bbl  MoxeTe
BOCMNOMb30BaTbCA MobbIM  SA3bIKOM MNporpammupoBaHus gnga  peanusaumm COM-
nHTepcenca. HAsbik  NPOrpaMMMPOBAHUA  OOMMKEH  NoadepXuBaTb — CTPYKTYpPY
ykasateneun, a Takke UMeTb BO3MOXHOCTb Bbl30Ba (PYHKUMM NpU NOMOLUM yKasaTens
SIBHO U HESIBHO.

NHTepdencel obecneunBatoT gocTyn K obbektam. Takum ob6pasoM, KNMEHTbl He
MOryT HanpsMyt obpawartbCa K AaHHbIM, LOCTYN OCYLUEeCTBAAeTCA Npu MOMOLLM
yKasaTteneun nHTepdemncos.

Bce nHtepencel Bceraa ansaoTcs notomkamm 6asoBoro nHtepdgenca lUnknown.

COM-NHmepgbetic 1Unknown obecneunmBaeT mMexaHW3M yyeTa CCbINIOK (CHETYMK
ccbinok Ha COM-06bekT). NMpn nepepade ykasatenss Ha uHTepdenc BbINOMNHAETCS
meTon uHTepdgenca IUnknown AddRef. o 3aBepwweHun paboTbl ¢ MHTEpdencom
NPUOXEHNEe-KNMEHT BbI3biBaeT MeTo Release, KOTOPbIM yMEHbLIAET CYETUYUK CChISOK.

Mpn BbI3OBe MeToga Queryinterface wHTepdenca IUnknown B wmeToA
nepepaetca napametp IID, umetowmnn tun TGUID, T. e. ugeHtudmnkatop nHtepdenca.
MapameTp MeToga out Bo3BpawaeT nMbBO CChINKYy Ha 3anpawunBaemMbii MHTeEpdENC,
nnbo 3HayeHue null. PesynbTatom Bbi3oBa MeToda MOXET ObiTb OOAHO M3 3HAYEHUN,
nepeymncrieHHbIX B Tabn. 2.2.

Tabnuua 2.2. 3HayeHus, Bo3Bpallaemble metogom Queryinterface
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3HayeHne Onucaxve
S OK NHTepdenc nogaepxxmeaetcs
E_NOINTERFACE NHTepdenc He nogaepxmsaetca
E_UNEXPECTED HeunsBecTHas owwmnbka

CyYeTuMK CCbINOK — COAEPXUT Ymcno npoueccos (T. €. nonb3oBatenen COM-
obbekTa), KOTopble B TEKYLIMN MOMEHT BpemMeHu ncnosnb3ytoT COM-06bekT. CyeTumk
ccbinok Ha COM-06beKT HyXXeH ans Toro, 4Tobbl BbICBOOOXKA4ATb NPOLECCOPHOE BpeMS
N onepaTtuBHyo namsime, 3aHumaemyro COM-ob6bekmomM, 8 mom crydae, Korga OH He
ncnonb3yetcsa. Beskuin pas, koraa HoBoe npunoxenune nogkntovaetca k COM-obbekTy
— CYeTYUK ccbinok atoro COM-obbekTa yBenuunBaetca Ha eguHuuy. Korga npouecc
oTkntodaetca oT COM-o6bekta — CYETYMK CChINTOK YMEHbLUaeTcs Ha eauHuuy. [pu

JOCTUXEHUN CYETUYNKOM Hyns namsaTb, 3aHMMaemas COM-06bekToMm,
BblcBOOOXOaeTcs.
OLE-06bekm — 4acTb [aHHblX, WCMONb3YLasiCd COBMECTHO HECKONbKUMU

NPUNOXeHNAMU. Te NpunoxeHusi, KoTopble MoryT cogepxatb B cebe OLE-06bekThl,
HasbiBaoTca  OLE-koHmelHepamu (OLE container). [lpunoxeHus, umerowme
BO3MOXHOCTb coaepxatb cBou pAaHHble B OLE-koHTenHepax, HasbiBawoTcss OLE-
cepsepamu (OLE server).

Ykazatenb COM-uHTepdenca — ykasaTenb Ha 3aK3eMnnsp obbekTa, KOTopbin
ABNAEeTCA, B CBOK O4Yepedb, YyKasaTenemMm Ha peanusaumio  Kaxgoro Metoga
nHTepenca. Peanusauma meTodoB OOCTyNMHa 4Yepe3 MacCuB yKasaTesiem Ha 9Tu
MeTOAbl, KOTOpbIA HasbiBaeTcs vtable. cnonb3oBaHne maccuBa vtable noxoxe Ha
MexaHuU3M NoAAepPKKN BUPTYanbHbIX YHKUMK (puc. 2.3).

Yyxazareas uurepdeitca ) Yxazarens viable Yxazarens xHa
byuxymo 1 g
b'f Peanmpzauna
YxazaTens Ha
dyurumo 2 —® dyExuIn
— = nHETepdeiica
=
YyasaTens Ha
s ™
dyurumo 3

Puc. 2.3. Cxema paboTtbl ykaszatens COM-uHTepdernica

COM-cepsep npeactasnser cobon npunoxeHne unu 6GubnMoTeky, KoTopas
npenocTaBnsaeT ycrnyru NpUOXEHUIO-KNNEHTY unm ombnuoteke. KnneHTbl He 3HaloT,
kak COM-ob6bekT BbInonHAeT ceBon gencrteus. COM-ob6bekT npegocTtaBnsieT CBOU
ycryrm npu nomowm uHtepderncos. B AoNONHEHWE, NPUNOXEHUIO-KINEHTY HE HYXXHO
3HaTb, rge Haxogutca COM-ob6bekt. TexHonormas COM obecneuymBaeT npo3paydHbiv
AO0CTYN He3aBMCUMO OT MecToHaxoxaeHus COM-obbekTa. Korga KnueHT 3anpawmBaeT
ycnyry ot COM-o6bekTa, oH nepegaet COM-06bekTy ngeHtudpukatop knacca (CLSID).
CLSID - Bcero nuwb GUID, koTopbin npumeHsieTcs npu obpaiteHnn k COM-o06bekTy.
Mocne nepegaun CLSID, COM-cepBep gomkeH obecneynTb Tak HasbiBaemyo ¢pabpuky
Knacca, kotopasi co3gaeT akzemnnsipbl COM-00beKTOB.

B o6wmnx yeptax, COM-cepBep AOMKEH BbINONHATL criegytoLlee:
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perncTtpupoBaTtb daHHble B cuctemMHom peectpe Windows Ansa cBs3biBaHUSA

MOAyIns cepBepa ¢ ngeHtTudgukatopom knacca (CLSID);

npegoctasnate gabpuky COM-knacca, cosgatoiyto akdemnnsapbl COM-06beKkTOB;

obGecneunBatb MexaHuU3M, KOTOPbIA BbIrpy>kaeT u3 namatn cepsepbl COM,
KOTOpbl€ B TEKYLLMIA MOMEHT BPEMEHW HE NPELOCTaBMASAOT YCNYr KNMeHTaMm.

Pabpuka knacca — 310 crneumanbHbin COM-06beKT, KOTOpLIM NogaepXxusaeT
nHtepgenc IClassFactory n otBevaeT 3a cosgaHuMe SK3eMMNAPOB TOro Kracca, C
KOTOpbIM accouunpoBaHa AaHHas cabpuka knacca.

Nutepdenc I[ClassFactory mmeer gBa metopa: Createlnstance u LockServer.
MeTtop Createlnstance cosgaet ak3emnnap COM-o6bekTa accounmnmpoBaHHon habpurku
knacca. Ecnu napametp fLock metoga LockServer nmeeT 3HayeHue true, TO cyeTUMK
CCbIfIOK cepBepa yBENUYMBaETCs, UHa4Ye — yMeHbluaeTcda. Koraa cyetyunk gocturaet
3HadeHnss 0, cepBep Bbirpyxaetca u3 namatn. Kaxgbim coclass OomkeH UMEeTb
abpuky knacca n nageHtudpukatop knacca CLSID. cnonb3oanne CLSID ans coclass
noapasymeBaeT, YTO OHU MOryT ObiTb OTKOPPEKTUPOBaHbl BCSAKUIW pas, Korga B Knacc
BBOAATCA HOBble WHTepdencbl. Takum obpasom, B otnuume oT DLL, HoBble
NHTEepencbl MOryT N3MEeHATb Ny Ao6aBNsATb METOAbI, HE BNIUAS Ha CTapble BEPCUMN.

CocmagHol O0KyMeHm — [OKYMEHT, BKIYalLwmn B cebs OanH Unn HEeCKONbKO
OLE-06bekToB.

TexHonoauss DCOM (Distributed COM) — pacnpegeneHHas COM-texHonorus.
OHa npumeHsieTca gns npegoctaeneHna cpeacts pgoctyna k  COM-obbektam,
PacnosIOXKEHHbIM Ha APYrMX KOMMboTepax B ceTu (B TOM yucne un cetu Internet).

C wucnonb3oBaHnem COM KknueHT He [JOMKeH ©OecrnokouTbca O TOM, rae
pacnoniaraeTca 0O6beKkT, OH MPOCTO AenaeT Bbl30B MHTepdenca AaHHOro obbekTa.
TexHonornas COM obecne4ynBaeT Bce HeobxoaMmble Llarn Ansa Toro, Ytobbl caenatb
9TOT BbI30B. Larn mMoryT oTnmMyaTbCd, B 3aBUCMMOCTU OT MECTOHAXOoXAeHUs obbekTa.
OO6beKkT MOXeT HaxoauTbCA B TOM e npoLlecce, rae v KNWeHT, B ApyroM npouecce Ha
TOM XXe KOMMbITEpPE, rAe pPacnofnoXeH KNNEHT, UM Ha Apyrom KomnbkoTepe B ceTu. B
3aBUCMMOCTM OT 3TOrO MPUMEHSIIOTCH pa3sHble TUMbl CEPBEPOB:

BHYTpeHHUI cepsep (In-process server);

nokanbHbI cepBep unu cepsep BHe npouecca (Local server, Out-of-process

server);
yaaneHHbii cepeep (Remote server).
BHyTpeHHUn cepBep — 910 Oubnuoteka DLL, koTopas 3anyweHa B OOHOM

npowecce BMeCTe C KnueHToM. Hanpumep, anemeHT ynpasneHust ActiveX, KOTopbin
BHeapeH Ha Web-cTpaHuuy u npocmaTtpuBaeTtca npu nomowm Internet Explorer.
MpunoxeHne-KNMEHT CBA3bIBAETCS C CEPBEPOM BHYTPU Npouecca npu noMoLmn NpsiMbIX
BblIzoBoB COM-uHTepgenca. Ha puc. 2.4 npeactaeneHa cxema B3auMOLENCTBUSA
KNUeHTa C BHYTPEHHUM CEPBEPOM.
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Mpougcc KNMeHTa

OB bBEKT BHYTRM

_,O npougcca

KnuenT

Cepeep

PucyHok 2.4. Cxema B3aUMOAENCTBUSA KNIMEHTA C BHYTPEHHNM CEPBEPOM
BHyTpeHHnn COM-cepBep AOIKEH SKCMOPTUPOBATL YeTbipe PYHKLUNN:
function DIIRegisterServer: HResult; stdcall;

function DllUnregisterServer: HResult; stdcall;

function DlIGetClassObject (const CLSID, IID: TGUID; var Obj): HResult;
stdcall;

function DlICanUnloadNow: HResult; stdcall;

Bce BbllwenepeuncneHHble YHKUUKN yXXe peanun3oBaHbl B MOAyne comserv, uUx
HY>KHO TONbKO 406aBUTb B ONMCaHMs eXports Ballero npoekTa.

PaccmoTtpum gaHHble doyHKUMK Bonee nogpobHo:

DlIRegisterServer - npumensietca ans peructpauum DLL COM-cepBepa B
cuctemHom peectpe Windows. Mpu peructpaumm COM-knacca B CUCTEMHOM peecTpe
co3gaeTcsd pasgen B

HKEY_CZASSES ROOTCLSID

19.9.9.0.0.0.9.9.0.0.9.0.0.9.0 0.0 cO e receceds

roe 4ucrno, 3anucaHHoe BMEeCTO CUMBOSOB X, npeactasnsetr cobowm CLSID
AaHHoro COM-knacca. [Onsi BHYTpPeHHero cepBepa B [aHHOM pasfgene cosgaeTcs
AononHUTenbHbIN nogpasgen inProcserver32. B aToM nogpasgerne ykasbliBaeTca NnyTb K
DLL BHyTpeHHero cepsepa (puc. 2.5).

DllUnregisterServer — npuMeHsieTca Ansa yaaneHusi BCEX pasaernios, Noapasnenos
M napameTpoB, KoTopble ObiMM co3gaHbl B CUCTEMHOM peecTpe  (yHKUMen
DlIRegisterServer npu pernctpaumm DLL COM-cepBepa.

DliIGetclassObject — BosBpawaeT ¢abpuky knacca gns koHkpetHoro COM-
Knacca.

DlicanUnloadNow — npumeHsieTca ans onpeaeneHns, MOXHO M B HaCTOSLWMN
MOMEHT BpeMeHu Bbirpy3ntb DLL COM-cepBepa 13 namatn. OyHKUUS npoBepsieT, eCTb
nn ykasatenun Ha nwbon COM-ob6bekt gaHHon DLL, ecnu ectb, TO BO3Bpaluaet
3HayeHne S_FALSE, 1. e. DLL Bbirpy3autb Henb3sa. Ecnun Hn ognH COM-06bekT gaHHOM
DLL He ncnonb3yetcs, TO yHKUuA Bo3BpalyaeT 3HavyeHne S_TRUE.
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¢’ Registry Editor =10| x|
Registry Edit View Favortes Help
=3 cLsio 2| | Name | Type |Data
+1- ] {0000002F-0000-00C  |ab)(pef auit) REG_SZ ale32.dll

+

¢ ] {00000100-0000-00:
() {00000101-0000-00:—4
1-(_) {00000103-0000-00:
#- ] {00000104-0000-00:
+- ] {00000105-0000-00:
%] {00000106-0000-00:
+ ] {00000107-0000-00:
+ ] {00000108-0000-00:
+-(_] {0000010%-0000-00:
=] {00000300-0000-00(

g fInprocSeryer32
-} {00000303-0000-00(
+)- (] {00000304-0000-00(
%1 (] {00000305-0000-00(
#1- ] {00000306-0000-00( |

= 3L [ K | B2

My Computer\HKEY_CLASSES_ROOT\CLSID}{00000300-0000-0000-C000-000000000046 \InprocServer3z

[+

PucyHok 2.5 - MNyTb k nokansHomy COM-cepBepy B OKHe pefaktopa CMCTEMHOro
peecTpa

JlokanbHbI cepBep — 3T0 npunoxenne EXE, koTopoe 3anyweHo B Apyrom
npouecce, HO Ha OAHOM KOMMbIOTEpPe BMEeCTe C KIMeHToMm. Hanpumep, nuct
anekTpoHHon Tabnuubl Microsoft Excel cBszaH ¢ gokymeHTtom Microsoft Word. [Mpu
9TOM [Ba pasHbIX NpUroxeHnsa paboTtarT Ha OAHOM KoMMbloTepe. JlokanbHble cepBepbl
ncrnonb3ytoT COM ansa coeguMHeEHNs C KITMEHTOM.

Korga KnMeHT u cepBep HaxOAATCS B PasfMYHbIX MPUMOXKEHUSX, a Takke, korga
OHM HaxogATCs Ha pasHblX komnbioTepax B cetn, COM wucnonb3yeT 6HympeHHul
(6HympunpoueccHbiti)) rnpokcu (In-process proxy) Ans peanusauun npouenypbl
yAaneHHoro Bbl3oBa. Mpokcn pacnonaraeTcs B O4HOM MNpoLecce BMECTe C KIMEHTOM,
NO3TOMY, C TOYKN 3PEHNSA KINMEHTA, BbI3OB MHTEP(ENCOB OCYLLECTBIISAETCA TaK Xe, KaK 1
B Crnydvae, Korga KAMEHT U cep'Bep HaxXOAATCHA BHYTpWM OAHOro npouecca. 3agadva
MPOKCWU  3aKknyaeTca B TOM, 4TOObl nepexBaTbiBaTb BbI30Bbl  KAWEHTA MU
nepeHanpaBnaTb WX Tyga, rae 3anyweH cepBep. MexaHu3m, KOTOpPbIN MNO3BOMSET
KNMEHTY nonyyaTb AOCTyn K oOObekTam, pacnofiokeHHbIM B OpYroM agpecHoM
NPOCTPaHCTBE UNK Ha APYrom KOMMbTEPE, HasbiBaeTca mapwarsnuHe (marshaling).

®PyHKLMM MapLuanuHra:

npuHMMaTb yKasaTenb MHTepdenca u3 npouecca cepBepa M genaTtb ykasaTtesb
NPOKCK B Npouecce KNneHTa AOCTYMNHbIM;

nepegaBatb aprymMeHTbl BbI30OBOB MHTepdenca Takum obpasom, kak 6yaTo OHu
NPOM30LLIIM OT KNIMEHTA N pa3MeLLaTb apryMeHTbl B NpOLEeCC yAaneHHoro obbekTa.

Ona nwoboro Bbi3oBa WHTEpdenca KIMEHT MOMeLllaeT aprymeHTbl B CTek,
BbI3blBaeT Heobxogumyro dyHkumo COM-obbekTa yepes3 ykasaTtenb uHTepdenca.
Ecnun BbI3oB 06bekTa NponsoLLen He BHYTpU Npouecca, Bbi30B NPOXOANT Yepes MPOoKCU.
lMpokcn ynakoBbIBaeT aprymMeHTbl B r1akem mapuwasuHaa v nepefaeT nonyymBLIYyOCS
CTPYKTYpPY ydaneHHoMy ob6bekTy. 3aenywka (stub) obbekTa pacnakoBblBaeT MNakeT

MapLlanuHra, BblIOMpaeT aprymeHTbl U3 CTeKa M Bbl3blBaeT HEOOXoaAnMYK GYHKLMIO
COM-o0bekTa.
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Takum o6pasom, MaplanuHr — 3TO nNpPoLecc YNakoBKWM WHdopMauuu, a

AeMapLuanuHr — npouecc pacnakoBku MHGOpMaL K.

Tun mapwanuHra 3aBucut oT 06bekTHon npuHagnexHoctn COM. O6bekTbl MoryT
ncnonb3oBaTb CTaHOapTHbIN MexaHn3m MapLlanuHra, npegocTaBnsiemMbIn
nHtepgencom |IDispatch. CmaHOapmHbIl MapwanuHa no3BofisieT YyCTaHaBnMBaTb
CBA3b MNpW MNOMOLWM CTaAHOAPTHOIO CUCTEMHOrO ydasleHHO20 8bl308a rpouedypbl
(Remote Procedure Call, RFC).

Ha puc. 2.6 usobpaxeHa cxema, nokasblBawllass MeTOAWKY B3auMOAEeNCTBUS
KNMeHTa 1 cepBepa B cnyyae, Korga npunoxeHunsa pabotarT Ha 0QHOM KOMMNbOTEPE, HO
B pasHbIX NPUITOXEHUSAX.

Npouece xmenTa NoxansHbi cepsep
BHY TEMNROLECCHBIA COM OfvexT BHYTEM
Jamywka | —N )—
MPOKCH npougcca
RPC
Kneeny

PucyHok 2.6. Cxema B3aMMOOenCTBUA KNMEHTa C CepBEPOM B pasHbIX npoLeccax
Ha OOQHOM KOMMblOTEPE

JlokanbHbin COM-cepBep peructpupyetcs B cucteMHom peectpe Windows Tak
Xe, Kak n BHyTpeHHun COM-cepsep.

YaaneHHbln cepep — 3710 6mubnuoteka DLL wnn nHoe npunoxeHue, 3anyleHHoe
Ha Opyrom KomnbtoTepe. TO eCTb KIIMEHT M cepBep paboTaloT Ha pasHbiX KOMMblOTEPaX
B ceTn. Hanpumep, npunoxeHwe ©6asbl OaHHbIX, HanucaHHoe c nomollbio Delphi,
COeQIMHAETCH C CepBepOM Ha [ApPYromMm KOMMbIOTEPEe B CeTU. Y[AaneHHbl cepsep
ncnonb3yet pacripedeneHHble COM-uHmepgpeticsl (Distributed COM, DCOM) ansa
CBSI3U C KITMEHTOM.

YaoaneHHbln cepBep paboTaeT Takke C nomouwbio npokcu. Pasnunume B pabote
MeXay nokanbHbiIM W yAaneHHbIM CEepBEPOM 3aKmo4vaeTcss B TUMNE WUCNOoSib3yeMOoMu
MeXnpoueccHon cBs3n. B crniyyae nokanbHoro cepsepa - ato COM, a B cny4vae
yaaneHHoro cepsepa — DCOM. Cxema B3auMOAEWNCTBUS KIMEHTa W yAaneHHoro
cepBepa nokasaHa Ha puc. 2.7.

Npouecc xmmenTa NoxamneHbi ¢

O vexT BHYTPH
npougcca

Bry TOMNPOLECCHBIA DOOM

Jamyuwka
NPOKCH

RPC

YaaneHHsm
CEPEED

DCOM

Knveny

PucyHok 2.7. Cxema B3auMMOAEWCTBUSI KNIMEHTa C CEpBEepOM Ha pasHbIX
KOMMblOTEepax

CpaBHuTtenbHbIn aHanmsa texHonornn CORBA n COM

TexHonorusa cosgasanacb koHcopumymoMm OMG kak yHMBepcanbHasi TEXHOSOrms
cO3[aHus pacnpefenieHHbIX CUCTeM B reteporeHHblx cpegax. [epsas cneuudpukauymns
CORBA noseunace B 1991 r. HoBble BO3MOXHOCTM oOduUManbHO CcuMTaKTCA
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pobasneHHbiMn B CORBA B MOMEHT yTBEPXKAEHMSI COOTBETCTBYHOLLEN CneunduKaumn.

Kak npaBuno, B paspaboTtke cneundukaumm y4acTBYIOT KPynHenwme cneumanucTbl B
AaHHou obnacTtu. PaspaboTka peanvsaumm - 3agada KOHKPETHOM oMpMbl.

HecmoTpsa Ha BHELLHIOK MOXOXECTb, YTO Bbi3BaHO OOLLHOCTLIO pellaeMbix 3aaay,
mexgy COM n CORBA, noxanyi, 6onblie pasnuumi, 4em cxoacrtea. B 6onblmnHcTBE
cny4daeB nnbo HeuenecoobpasHo ncnonb3osaTte CORBA (ans HebGonblwmx 1 NpocTbiX
npoektoB nog Windows npocTto MO NpUYMHE OTHOCUTENbHO BbLICOKMX 3aTpaT Ha
npuobpeTteHne nporpaMmmHoOro obecnedYeHus, nuUeH3nn u np.), IMbo npakTU4eckun
HEBO3MOXHO ucnonb3oBate COM (ans cnoXxHbix, MaclTabupyembiX, BbICOKOHaAOEXHbIX
NPOEKTOB UM NPOCTO Npu paboTe B reTeporeHHbIX cpefax, a He Tonbko B Windows).
Windows-npunoxeHusi, opueHTUpoBaHHble Ha B3ammopgencteme ¢ Microsoft Office,
Bceraa 6yayt ncnonb3osatb COM; npoekTbl ¢ ucnonb3oBaHmem Java u nobbix Java-
TexHonorunn (kpome Microsoft J++), 6yayT ctpouTb Ha ocHoBe CORBA.
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NEKUUA Ne9

2.6 PerynsipHble BblpaxeHUsA

BeeneHue B ncnosnb3oBaHue perynapHbolx BolpaxeHun B .NET

PerynapHoe BbipaxeHue (regular expression) - 9TO He HOBbIN £3blK, @ CTaHZ4apT
ANg nomMcka u 3aMeHbl TekcTa B cTpokax. CyulectByeT OBa CTaHAapTa: OCHOBHblE
perynspHble BblpaxeHus (BRE - basic regular expressions) u paclmpeHHble
perynspHble BblpaxeHus (ERE - extended regular expressions). ERE BkniovaeT Bce
dyHKUMOHarnbHble BoO3MOXHOCTK BRE.

Hanbonee passuTa noggepxka perynspHbiX BblpaxeHun, oo nosieneHus .Net,
6oina B Perl (BbimoOnMHsAnNacb Ha YpOBHE WHTepnpeTtaTopa). B Hactosiwee Bpems
perynsipHole BblpaXXeHUs MNOAOEPXKMBAKOTCA MPaAKTUYECKM BCEMM HOBbLIMU SA3blKaMu
nporpammupoBaHus. ObpaboTka perynspHboix BoipaxeHun B .Net, XxoTa n He aABnseTca
BCTPOEHHOW, CaMW perynsapHble BbIPAXEHUS NOYTU  MNOSHOCTbK  aHaNOrMYHbI
perynspHbiM BblpaxeHuam B Perl n uMetoT pag 4OnonHUTENbHBbIX BO3MOXHOCTEMN.

CywectByeT [OBa Tuna MEXaHU3MOB BbIMOSTHEHUSA PETYNISAPHbIX BblpaXeHWIA:
MeXaHu3M  OeTEPMUHUPOBAHHbLIX  KOHEYHbIX aBTOMaTtoB M MEXaHusM  He
AEeTEPMUHUPOBAHHbLIX KOHEYHbIX aBTomaToB. [lepBbii paboTaeT ObicTpee, HO He
nogaepXxuBaeT  COXpaHeHwue, MO3MLUMOHHbIE  NPOBEPKM n MWUHUMarnbHblEe
KBaHTUMKaTopbl. Net NONHOCTbIO nogAepXvMBaeT  TPaAAWMUMOHHBLIA - MEeXaHU3M
HeJeTePMUHUPOBAHHbLIX KOHEYHbIX aBTOMaToB (He Posix coBmecTumbin). Ero npuHuun
AENCTBUS  3aKMyaeTcsa B MNOCMeAoBaTeflbHOM CpaBHEHUMM  KaXKOoOro anemMeHTa
PerynsapHoro BblpaXeHUsi C BXOLHOW CTPOKOM WM 3arnOMUHAHWW HaWOEHHbIX MO3nNUUin
coBnageHun. [lpn HeygayHoOM pJarnbHeWWeM MOUCKE BbINOMHAETCA BO3BpaT K
COXpaHeHHbIM no3unumsam. B 3aknioveHunn, nepebupatotca anbTepHaTUBHbIE BapuUaHTbl
coBnageHun n BblbupalTcs Gnvkanwmne K NeBon rpaHuMUe TOYKM Hayana noucka (B
oTnn4yme ot Posix coBMeCTUMOro, BbIOMpatoLLEro MakCuManbHO BO3MOXHOE).

Mopoepxka perynspHbix BblpaxeHnn B .Net BbinonHseTca  knaccamu
NPOCTPaHCTBA UMEH:

using System.Text.RegularExpressions;

OcCHOBHBbIe Knacchl:

Regex - NOCTOSAHHOE perynspHoe BblpaXKeHue.

Match - npegocrtaBnseTt pesynbTaTtbl 04epPegHOro NPUMEHEHUS BCEro perynspHoro
BbIPaXXEHMS K UICXOAHOMW CTPOKE.

MatchCollection - npegoctaBnseTr Habop YyCnewHbIX COMOCTaBNEHUIA, MNpU
NTEepaTMBHOM NPUMEHEHUN obpa3sua perynsapHoOro BbipaXXeHUs K CTPOKE.

Capture - npegocTtaBnsieT pesyrnbTaTbl OTAENBHOIO 3axBaTa NOABbIPAXEHNS.

Group - npegocTaBnsieT peaynbTaThl ANS OQHOW PEerynsipHOn rpynmbi.

GroupCollection - npegocTtaBngeT KOMMEKUMIO HAWAEHHbIX rpynn 1M BO3BpallaeT
Habop rpynn Kak 0gHO COOTBETCTBUE.

CaptureCollection - npegocTasnseT nocrnegoBaTerlbHOCTb HANAEHHbBIX NOACTPOK U
BO3BpaLlaeT Habopbl COOTBETCTBUIN OTAENBHO AN KaX40Wn rpynnbl.

Bonee nogpobHO Ha MCNONMbL30BaHWM KNAcCOB Mbl OCTAHOBUMCS HWXKe, nocrne
PaCCMOTPEHUSI CUHTaKCKCa PEryNApPHbIX BblPaXXeHU.

Tabnuua 2.3. CUMBONbI, UCMOSNb3yeMbIE B PErYNAPHbIX BbIPAXXEHUSAX
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CumBo
n UHTepnpeTtauus
KaTeropus: escape-nocnenoBaTesibHOCTU
\b Mpn wucnonb3oBaHMM €ero B KBagpaTHbIX CKoBkax CcOOTBETCTBYyET
cumBony "obpaTtHas kocas Yepta" ¢ kogom - \uO008
\t CooteeTtcTtByeT cumsony Tabynsauum \u0O009
\r CooTeeTcTBYET cMBONy Bo3spaTa kapetkn \uOOOD
\n CooteeTctByeT cumsony Hosol cTpoku \UOOOA
\e CooteeTtctByeT cumsony escape \uOO1B
\040 CootBetctByeT cumBony ASCIIl, 3agaHHOMy KogOM A0 Tpex uudp B
BOCbMEpPUYHON cucTeme
\x20 CootBetctByeTr cumBony ASCIl, 3agaHHOMYy kogoM w3 ABYX undp B
LeCTHaauaTUpU4HOM cnucteme
\u002 CooTtBeTcTBYeT cumBony Unicode, 3agaHHOMY KOAOM U3 YeTbipex undp
0 B LUECTHAALATUPUYHON CUCTEME
Kateropumsi: nogmMHOXecTBa (KfacCbl) CUMBOJIOB
CooTteeTcTBYET NOOOMY CUMBOSY, 3a MWCKIOYEHMEM CUMBOSA KOHUA
CTPOKM
[aeiou CooTBeTcTBYET nO6OMYy CUMBOMY M3 MHOXeECTBa, 3aJaHHOro B
] KBagpaTHbIX CKOOKax
[aeio Otpuuyanme. CooTBeTcTBYET 5tOOOMY CUMBOSMY, 3@ MWCKIHOYEHNEM
u] CMMBOJIOB, 3aflaHHbIX B KBaApaTHbIX CKOBKax
[0-9a- 3apgaHve gmana3oHa CUMBOJSIOB, ynopsaodeHHbIX no kogy. Tak, 0-9
fA-F] 3agaet nobyo umdpy
\p{na CooTBeTCcTBYET nOOGOMY CMMBOSY, 3adaHHOMY MHOXECTBY C WUMEHEM
me} name, Hanpumep, uma Ll 3apnaet MHOXecTBO GYKB NaTUHMLILI B HIDKHEM
pernctpe. [lockonbky BCe CUMMBOMbl pa3buTbl Ha MNOAMHOXECTBA,
3agaBaemble kateropuen Unicode, TO B kKayecTBe MMEHW MOXHO 3aJaBaTb
NMS KaTeropum
\P{na Otpuuanuve. bonbwasa Oyksa Bcerga 3agjaeT oTpuUaHWE MHOXEeCTBa,
me} 3alaHHOro Manown Bykesom
\w MHOXXeCTBO CMMBOJIOB, MUCMOMb3yeMbIX NPU 3agaHUN NOEHTUUKATOPOB
- 6onbLune n Manble CUMBOSbI NATUHULBI, ULMAPbI U 3HAK NO4YEPKMBAHUSA
\s CooTBeTcTBYET CMMBOam 6enoro npobena
\d CooTteeTcTBYET NOO6OMY CMMBOSY U3 MHOXECTBa Undp

KaTeropus: Onepauuu (MmogndukaTophbl)

NTepauuns. 3agaet Homb nnu 6onee cooTBeTCTBUI; Hanpumep, \W*
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(abc)* AnxanoruyHo, {0,}

+ MonoxutenbHasa UTepaund. 3agaet ogHo unn Boree COOTBETCTBUN;
Hanpumep, \w+ nnm (abc)+. Ananormyno, {1,}

? 3apaeT Homb MM ofHO cooTBeTcTBue; Hanpumep, \W? unu (abc)?.
AnanoruyHo, {0,1}

{n} 3agaeT B TOMHOCTM N cooTBETCTBWIA; Hanpumep, \W{2}

{n,} 3apaerT, no MeHblUeit Mepe, N cooTBeTcTBUMI; Hanpumep, (abc){2,}

{n,m} 3agaeT, nNo MeHblen Mepe, N, HO He 6Gonee M COOTBETCTBUIA
Hanpumep, (abc){2,5}

KaTteropusa: NpynnupoBaHue
(?<Na Mpy oB6HapyXeHUM COOTBETCTBUSI BbIPAXEHWIO, 3aaHHOMY B KPYrIbIX
me>) ckoBKax, co3gaeTca vMeHoBaHHas Fpyrna, kotopoi gaetcs ums Name.

Hanpumep, (?<tel> \d{7}). Mpu ob6HapyxeHun nocrnegoBaTensHOCTM U3
cemu undp 6yaeT cosgaHa rpynna c nmexem tel

0 Kpyrnble ckobku pasbusaioT PeryndpHoOe BblpaXeHune Ha rpynmbl.
Ona Kaxaoro noaBblpaXeHusl, 3aKMioYeHHOro B Kpyrmble CKOBKW, cosaaeTcs
rpynna, asTomaTnyecku nonyyarowas Homep. Homepa crnegytot B o6paTHoM
nopsiake, NO3TOMY MONHOMY PEryrsipHOMY BbIPaXXEHUIO cooTBETCTBYET
rpynna c Homepom 0

(?imn BknioyaeT unu BbikmioyaeT B FPYNMNE nobyilo M3 MNATY BO3MOXKHBIX

SX)

onuun. [ins BbIKNOYEHUs ONuumn Nepes Hen CTaBUTCA 3HaK MUHYyC. Hanpumep,
(?i-s: ) BknoyaeT onumio i, 3a0at0LLYI0 HEYYBCTBMTENLHOCTL K PErucTpy, u
BbIKMOYaAET onuuio S - ctaTtyc single-line

OcCHOBHbIE 3N1eMeHTbl CMHTaKcuca perynapHbIX Bblpa)KeHMVI
OnemMeHTapHble npumepbl B Tabnuue AaHbl Ans NOACTAHOBKM CTPOKM W
perynspHoro BblpakeHusi B ABe (PyHKUUK, B KOTOPbIX OAHOBPEMEHHO AEMOHCTPUPYeTCA
n ucnonb3oBaHune knaccos Match n MatchCollection.

Mpumep 1. OyHKUMSA ONA  OOHOKPATHOro (MEpPBOro  BXOXAOEHMsI) Moucka
COOTBETCTBUA PErynsipHOro BblpaXXeHusl, 3a4aHHOro o6bEKTOM Krnacca Regex B CTpoke

S.

string s ="[anq: (812)5555555 Tetsa: 555-55-55 lNeT4a: (848)222-22-22",
Regex regex = new Regex("gsa|a");

//Kop 1

Match match = regex.Match(s);
if (match.Success)

{

Console.WriteLine(match.Value.ToString());
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}

ByneTt BbiBeAeHo: 5
(nepeasi 6ykBa s B CTpOKe
"Nans: (812)5555555 Tets: 555-55-55 MeTs: (848)222-22-22"

)

Mpumep 2. [1ns noncka BCeX BXOXAEHNN HEOOXOAMMO UCMONb30BaTh KoL

Regex regex = new Regex("gs|a");

string s = "[ana: (812)5555555 TeTa: 555-55-55 MeTt4: (848)222-22-22";

//[Kog 2

MatchCollection matchcollection = regex.Matches(s);
Console.WriteLine();

for (int i = 0; i < matchcollection.Count; i++)

{

Console.WriteLine(matchcollection[i].Value);

}

byneT BbiBEAEHO:

a

as

A

A

"Oapsa: (812)5555555 Tetg: 555-55-55 lNeTa: (848)222-22-22"

Mpumep 3. MNMownck Bcex rpynn BXOXAeHWn. [pynnbl 3agatoTcs KpyribiMu CKObGKamu.

string s = "alba2ba3ba4b";

Regex regex = new Regex(".(a.b)(a.b)");

/I[Kog 3

Match match = regex.Match(s);

if (match.Success)

{
for (inti=0; i < match.Groups.Count; i++)
{

Console.WriteLine(match.GroupsJi].Value.ToString());

}

}
ba2ba3b

az2b
a3b

Mpumep 4. Nonck Bcex BXOXOEHUN.

string s = "alba2ba3ba4b";
Regex regex = new Regex(".(a.b)(a.b)");
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/IKop 2

MatchCollection matchcollection = regex.Matches(s);
for (int i = O; i < matchcollection.Count; i++)

{

Console.WriteLine(matchcollection[i].Value);

}

byneT BbiBeeHO
ba2ba3b

Mpumep 5. MNMownck Bcex BXOXOEHUN.

string s = "alba2ba3ba4b";
Regex regex = new Regex("(a.b)(a.b)");

/IKopn 2
MatchCollection matchcollection = regex.Matches(s);
for (inti = 0; i < matchcollection.Count; i++)

{

Console.WriteLine(matchcollection[i].Value);

}

string s = "alba2ba3ba4b";

Regex regex = new Regex("(a.b)(a.b)");
Nownck Bcex BXOXAeHUn

alba2b

a3badb

Ons
string s = "999[sa51: (812)5555555 TeTsi: 555-55-55 MMeTs: (848)222-22-22";

Regex regex = new Regex("[.]*["0-9]+");
Koa 1 Haxogut
Oansa: (
Koa 2 HaxoauT Bce He LNpOoBbLIE CTPOKU:
Aans: (
)

TeTq:
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Tabnuua 2.4
CumBon 3HavyeHue Mpumepbl NpUMeHeHNA
Regex("a.b");
Jllobon  oaMHOYHbIN|KoA 1
CMMBOIT, kKpome|CTpoka s = "alba2ba3ba4b”; PesynbtaT: alb
cuMBOSa HoBounKoa 2
CTPOKM \n. Ctpoka s = "alba2ba3badb"; Pesynbtat: alb a2b a3b
adb
CumBon "." cootseTcTBYyeT nwbomy cumsony, a "\."
TOYKE .
Regex(@"a\.b"); B npeablgywiem npuMmepe HUYEro He
\ Onpepnenexne HangeT
MeTacumBona Kon 1
Ctpoka s = "alba2ba3ba.b"; Pesynbtat: a.b
Kon 2
Ctpoka s = "a1ba.ba3ba.b"; PesynbTaT: a.b a.b
Regex("a|b");
Pasnoenenue Kon 1
| Ctpoka s = "abcabcabcabc"; PesynbTtat: a
wabnoHa (unu) Kon 2

Ctpoka s = "abcabcabcabc"; PesynbtaT:abababab

CooTBeTcTBYET

Regex("[abc]™);
Koa

[MH moGomy - cumsony 13 Ctpoka s = "abcdabcdabcdabcd"; PesynbTaT: a
-BO 1aHHOTO  MHOXecCTBa Kon 2
cum-g]  (opHomy M TOMbKO Ctpoka s = "abcdabcdabcdabcd”; Pesynbtat:abcab
OA4HOMY)
cabcabc
Regex("[*abc]™);
[ OTtpuuaHve Kon 1
H-BO pud Ctpoka s = "abcdabcdabcdabcd"; PesynbTaT: d
MHOXeCTBa CMMBOJIOB
cum-B] Kon 2
Ctpoka s = "abcdabcdabcdabcd"; Pesynbtat: dd dd
A my.
CooTBeTcTBYET Ejﬂgex( abc”); 1
ratany CTROKM Ctpoka s = "abcdefabcdef"; Pesynbtart: abc
A |OTpyuaHne - ecnu Ko 2
repBell B KBaapatHou Ctpoka s = "abcdefabcdef"; Pesynbtat: abc
ckobke AR Y
Regex(""bc"); B 06onx npumepax HU4ero He HangeT
CooTBeTCTBYET KOHLUY| Regex("def$"):
CTPOKN. JTO KOHeL| Ko 1
$ CTPOKI MM NIosnLNA Ctpoka s = "abcdefabcdef"; Pesynbrtart: def
nepeng CMMBOJIOM Kon 2
Hatana HOBOU Ctpoka s = "abcdefabcdef"; Pesynbtart: def
CTPOKM.

101




yﬂpaBJ'IeHl/le ONCTaHUMOHHOIO o6yqu|/|ﬂ " NoBbILLUEHUA

KBanudukaymm

TexHonorum 1 MeToabl NPorpaMM1MpoOBaHNS

Regex("(ab)");

Kon 1
() Mpynnuposka Ctpoka s = "abcdefabcdef"; PesynbTaT: ab ab
91EMEHTOB.
Kon 2
Ctpoka s = "abcdefabcdef"; PesynbTaT: ab ab
Regex("ab?");
Kon 1
Ctpoka s = "aabbbcde"; PesynbTaT: a
Kon 2
Ctpoka s = "aabbbcde"; PesynbTat: a ab
Regex("a?b?");
Kon 1
? MosTopenme 0 nm 1 Ctpoka s = "aabbbcde"; PesynbTaT: a
pas, cToduwiero nepeg
Kon 2
Ctpoka s = "aabbbcde"; Pesynbtat:aabbb
Regex("a?b");
Kon 1
Ctpoka s = "aabbbcde"; PesynbTat: ab
Kon 2
Ctpoka s = "aabbbcde"; Pesynbtat: abbb
Regex("ab*");
Kon 1
Ctpoka s = "aabbbcde"; PesynbTaT: a
Kon 2
Ctpoka s = "aabbbcde"; PesynbTart: a abbb
Regex("a*b*");
MosTtopeHne 0 wunnKopg 1
*  |bonee pa3s crtoswero|CTtpoka s = "aabbbcde"; PesynbTaT: aabbb
nepeg Kon 2
Ctpoka s = "aabbbcde"; PesynbTtat: aabbb
Regex("a*b");
Kon 1
Ctpoka s = "aabbbcde"; PesynbTart: aab
Kog 2
Ctpoka s = "aabbbcde"; Pesynbtat: @aabb b
Regex("ab+");
Kon 1
MosTtopenne 1 wunu|Ctpoka s = "aabbbcde"; PesynbTtat: abbb
+ |bonee pa3 crosuwerolKoa 2
nepeg HUMm Ctpoka s = "aabbbcde"; PesynbTaTt: abbb

Regex("atb+");
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Kon 1
Ctpoka s = "aabbbcde"; PeaynbTtat: aabbb
Kon 2
Ctpoka s = "aabbbcde"; Peaynbtat: aabbb
Regex("a+b");
Kon 1
Ctpoka s = "aabbbcde"; PesynbTart: aab
Kon 2
Ctpoka s = "aabbbcde"; PesynbTaTt: aab
Regex("ab{2}";
NoBTOpEeHne TOYHO nKO;l 1
{n} P Ctpoka s = "aabbbcde"; PesynbTart: abb
pas
Kon 2
Ctpoka s = "aabbbcde"; PesynbTaTt: abb
Regex("ab{2,4}";
Kon 1
{n, [noBTOpeHne ot n po|Ctpoka s = "abbbcdeabbbbbcde"; Pe3ynbTaT: abbb
m} m pas3 Kog 2
Ctpoka s = "abbbcdeabbbbbcde"; Pesynbtat: abbb
abbbb
Regex("ab{2,}");
Kon 1
) nostopeHne n  nCtpoka s = "abbbcdeabbbbbcde"; PesynbTaT: abb
"’ |bonee pas Kon 2
Ctpoka s = "abbbcdeabbbbbcde"; Pesynbtat: abbb
abbbbb
n *7 my.
nostopeHne 0 wnu E;agex( ab*2c”); 1
bornee pas, A " "
%o Ctpoka s = "abbbcdeabbbbbcde"; PesynbtaT: abbbc
?  |MMHMManbHO Kon 5
BO3MoxHoe Ctpoka s = "abbbcdeabbbbbcde"; PesynbTtaT: abbbc
KONM4ecTBO
abbbbbc
Regex("ab+?c");
noBTopeHne 1 wnu Ko 1
bonee pas, A Y Y
Ctpoka s = "abbbcdeabbbbbcde"; PesynbTaT: abbbc
+? [MUHMUMaAnNbHO Ko 5
BO3MoxHoe Ctpoka s = "abbbcdeabbbbbcde"; PesynbTtaT: abbbc
KONM4ecTBO
abbbbbc
n f)f) my.
nosTopeHne 0 wunu 1 Esgex( ab??c"); 1
?? pas, MURMIMAnLRO Ctpoka s = "acdeabcdeabbcde"; PesynbTtat: ac
BO3MOXHOE
Koa 2
KONM4ecTBO

Ctpoka s = "acdeabcdeabbcde"; PesynbTtar: abc
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\w

Cnoso (undpa wnu
OykBa UM 3Hak
nogyepKknBaHns)

Regex(@"\w");
Kon 1

Ctpoka s = "abcd _~!1@#$%"&*()-=+|:;\",.<>?/12345";
PesynbTat: A

Kon 2
Ctpoka s = "abcd_~'1@#$%"&*()-=+|:;\",.<>?/12345",

Pesynetam: Adbcd 12345

Regex(@"\W");
Kon 1

- L ~‘| 0/ AQ * e L\ I) ",
He crioso (He umcppaCTpOKa s abcd_~1@#$%"&*()-=+|:;\",.<>?/12345";
\W 1 He Byksa) PeaynbTar: ~
y Koa 2
Ctpoka s = "abcd ~'!@#$%"&*()-=+|;\",.<>?/12345";
Pesynbtam: ~ 1@ #3$%"&*()-=+|:;",.<>?/
Regex(@"\d");
Kon 1
\d |[JecatnyHas undpa |CTtpoka s = "abcd12345"; Peaynbrar: 1
Kon 2
Ctpoka s = "abcd12345"; Pesynbtat: 112345
Regex(@"\D");
Kon 1
He pecatnyHas|Ctpoka s = "abcd12345"; PesynbTaT: a
\D
umdpa Kon 2
Ctpoka s = "abcd12345"; Pesynbtat:abcd _~" '@ #
SN N&*()-=+]|:;",.<>?/
Regex(@"\s");
MycToe mecTtolKoa 1
\s |(npo6en, \f, \n, \r, \t,|CTtpoka s = "ab cd"; PesynbTat: b C
\v) Kopn 2
Ctpoka s = "ab cd"; PesynbTaT: b C
Regex(@"\S");
He nyctoe mecto (He|Koa 1
\S |npo6Gen, He \f, He \n,|CTpoka s = "ab c\td"; PeaynbTart: a
He \r, He \t, He \V) Kopn 2
Ctpoka s = "ab c\td"; PesynbTaT:abcd
Regex(@"\bqw"); //Hn4yero He OygeT HanmgeHo npwu
"paHuua crnosa E(()egex(@ \bwe?); 1
(CumBonbl ans A Y N
|Ctpoka s = "abcde qwerty qwerty"; PesynbTat: qw
noucka NULLYTCS:
\b Kopn 2
Ans Havana crioea - " "
Ctpoka s = "abcde"; PesynbTaT: qw qw
cnpaea,;

0714 KOHUa - cneBa.)

Regex(@"ty\b");
Regex(@"rt\b");

/lHn4yero He OygeT HangeHo npu
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Kon 1
Crtpoka s = "abcde qwerty gwerty"; Pesynbrtar: ty
Kon 2

Ctpoka s = "abcde qwerty qwerty"; PeaynbTtart: ty ty

\B

He rpaHnya crnoBsa
(CumBonbl ans
noucka NULLYTCS:
nns Hadana crnoea -
cnpaga;

151 KOHUa - crnee.a.)

Regex(@"\Bwe");
Regex(@"\qw");
Kon 1
Ctpoka s = "abcde qwerty qwerty"; Pesynbtat: we

Kon 2
Ctpoka s = "abcde"; PesynbTaT: we we

/lHnyero He ©OypeT HamgeHo npwu

Regex(@"rt\B");
Regex(@"ty\B");

/lHnyero He OypeT HamageHo npu

Kon 1
Ctpoka s = "abcde qwerty qwerty"; Pesynbtart: rt
Kon 2

Ctpoka s = "abcde qwerty qwerty"; Pesynbtar: rt rt

Regex(@"ab\A");
Regex(@"qw\A");

/lHnyero He OygeT HamgeHo npwu

\A "MctuHHOE"  Ha4vano|Koa 1
CTPOKM Ctpoka s = "abcde qwerty qwerty"; PeaynbTtat: ab
Kon 2
Ctpoka s = "abcde qwerty qwerty"; PeaynbTtart: ab
KoHel, CTPOKM, E(t)aﬂgeX(@ \Z); 1
\Z rosuLinA nepea Ctpoka s = "abcde qwerty qwerty\n"; PeaynbTart: ty
CMMBOJSIOM Havana Kon 5

HOBOW CTPOKM.

Ctpoka s = "abcde qwerty qwerty"; Peaynbtart: ty

\z

"MICTUHHBIN" KOHeL|
CTPOKM, nos3nums
nepea CUMBOJIOM
Ha4yana HOBOW
CTPOKMW.

Regex(@"ty\n\z");

Kog 1
Ctpoka s = "abcde gwerty gwerty\n"; Pesynbtart: ty +
He4YnTaemMbli CUMBOS

Kog 2
Ctpoka s = "abcde qwerty qwerty"; PesynbTart: ty +
He4ynTaemMbli CUMBON

B perynapHbIX BblpaXeHuUsiX OOnyckakTcss meTacumBosnbl: \t - ropu3oHTanbHas
Tabynsaums, \r - Bo3BpaT Kypcopa, \n - nepeBof CTPokK, \v - BepTuKarnbHas Tabynauus,
\e - Escape, \f - nogaya ctpaHuua, \OAA - cCMMBON NpeAcTaBneHHbIM ABYMS Lndpamm
(AA) BocbMepuyHoro koga, \xAA - cuMBON npeacTaBfeHHbI AByMs umdpamu (AA)
lWecTHaguaTepuyHoro koga, \XAAAA- cuMmBOIN NpeacTaBreHHbIn YeTblpbMA Ludpamu
(AAAA) wecTHaguaTepmMyHoro koaa, \a - 3ByKoBOMW curHarn.

3HaKoMCTBO C knaccamu npoctpaHcTBa RegularExpressions
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B gaHHOM MpoOCTpaHCTBE PacrofoXeHO CEeMENCTBO M3 OAHOro NnepevmcrieHus u

BOCbMW CBA3aHHbIX Mexay cobown knaccos.

Knacc Regex

OTO OCHOBHOM Knacc, Bcerga cosgaBaemblii npu paboTe C  perynapHbiMu
BblpaxxeHnamMu. OOBEKTbI 3TOr0  Knacca OnpedensaiT perynsipHble  BblpaXeHus.
KoHCTpykTOp Knacca, Kak 06bl4HO, neperpyxeH. B npoctenwem BapuaHTe emy
nepefaeTca B KayecTBe napamMeTpa CTpoka, 3ajarwollas perynspHoe BbipaxeHue. B
APYrMX BapnaHTax KOHCTPYKTOopa eMy MOXeT 6biTb nepedaH ob6bekT, npuHaanexalinim
nepeuncneHnio RegexOptions 1 3agatowun onumn, KOTopble AeNCTBYIOT Npu paboTe ¢
AaHHbIM obbekToM. Cpean onumii oTMedy OAHY: Ty, YTO MO3BOMSET KOMMUIMPOBaTb
perynspHoe BbipaxeHne. B 3ToM cnyyae cosgaeTcs nporpamma, kotopas wu byaer
BbINOSIHATBCA NPU KaXKAOM noucke cooTBeTcTBuA. [pu pasbope GOMbLIMX TEKCTOB
CKOPOCTb paboTbl B 3TOM Criy4ae CyLLeCTBEHHO NOBbILAeTCs.

PaccmoTpum YeTbipe OCHOBHbIX MeTofa knacca Regex.

Meton Match 3anyckaet nouck cooTBeTCcTBUS. B kayecTBe napameTtpa metony
nepefaeTca CTpoka Moucka, rae pasbiCKMBaeTCcs nepBasd MnoAcTpoka, KoTopas
yooBneTBopsieT obpasuy, 3agaHHOMYy perynspHbiM  BblpaxeHnem.B  kayecTtBe
pesynbTata MeTo[ Bo3BpawaeT o0b6bekT knacca Match, onucbiBarowmn pesynbtat
noucka. lNpn ycnewHom noucke ceBomMcTBa obbekTa ByayT cogepxaTb MHGOpPMaLMO O
HanWaeHHOM NOACTPOKE.

MeTtoa Matches no3BonsieT pasbiCkaTb BCE BXOXAEHUS, TO €CTb BCE MOACTPOKW,
yaoBneTeopsowme obpasuy. Y anroputma noucka ecTb BaxHasi OCOOEHHOCTb -
pasbICKMBAIOTCA Henepecekarlmnecs BXOXAEHUS MNOACTPOK. MOXHO cuuTaTb, 4TO
meToqa Matches mHorokpatHo 3anyckaeT meTtog Match, kaxabii pa3 HaymMHasi MOUCK C
TOro MecTa, Ha KOTOPOM 3aKOH4YMIca npeablaylimi nouck. B kavecTtBe pesynbTaTa
Bo3Bpallaetca obbekt MatchCollection, npeacTaBnalWMIA  KONMEKUMIO OOBEKTOB
Match.

MeTtoa NextMatch 3anyckaeT HOBbIM MOWUCK, HAYMHAst C TOMO MecTa, Ha KOTOPOM
OCTaHOBUIICS NpeablayLLMIA MOUCK.

MeTtopg Split aBnaetca obobuieHnem metoga Split knacca String. OH nos3eonser,
ncnonb3ysa obpasel, pasaenuTb MCKOMYKO CTPOKY Ha anemeHTbl. Mockonbky obpasel
MOXeT ObITb YCTPOEH CrOXHee, YeM MPOCTOe MHOXECTBO pasgenutenen, To meTton
Split knacca Regex achekTnBHee, yem ero aHanor knacca String.

Knaccbl Match n MatchCollection

Kak yxe roBopunocb, 06bekTbl 3TUX KNAcCOB CO30alTCS aBTOMaTUYECKU Npu
Bbl3oBe meTtogoB Match n Matches. Konnekuma MatchCollection, kak 1 Bce konnekuuu,
No3BOMSET MNONyYnTb LOCTYMN K KaXaoMy ee anemMeHTy - obbekty Match. MoxHo,
KOHEYHO, opraHu3oBaTb UMKk foreach ans nocnegoBaTenbHOro AOCTyna KO BCEM
anemMeHTaM KOonneKkLumu.

Knacc Match gBnseTcsa HenocpeacTBeHHbIM HacnegHukom knacca Group,
KOTOpPbIN, B CBOK OYepenb, ABMNSETCA HacrnegHukoM knacca Capture. Npu pabGote ¢
obbekTamun knacca Match Hambonbwnin NHTEpPEC NPEeACTaBnsOT HEe CTONMbKO MeToabl
Knacca, CKONbKO €ero CBOWCTBa, Oonblias 4acTb KOTOpbIX YyHacnegosaHa oOT
pPOONTENBLCKNX KNnaccoB. PaccMOTpMM OCHOBHbIE CBONCTBA:
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ceorictBa Index, Length n Value HacnepoBaHbl oT npapoautens Capture. OHu

ONUCbIBAOT HaWOEHHYI NOACTPOKY- MHAEKC Hayana MOACTPOKM B MCKOMOW CTPOKe,
ANUHY NOACTPOKN U ee 3HaYeHue;

ceonctBo Groups knacca Match BosBpawaeT konnekuwmto rpynn - OOBbEeKT
GroupCollection, koTopbIn No3BonsieT paboTaTb C rpynnamu, co3gaHHbIMK B npouecce
nomcka COOTBETCTBMS;

csonctBo Captures, HacnegosaHHoe OT ob6bekTa Group, Bo3BpaLlaeT KOMNnekumo
CaptureCollection. Kak Bngute, npyn paboTte ¢ perynsipHbiMn Bblpa)KeHUSIMU peanbHO
npuxoguTca cosgaBaTb OAMH O0ObekT knacca Regex, 0O6bekTbl ApyrMx Kraccos
aBTOMaTUYeCKM NOSABNAOTCA B Npouecce paboTbl ¢ 06bekTamn Regex.

Knaccbil Group u GroupCollection

Konnekuusa GroupCollection Bo3BpaliaeTcsa npu BbizoBe cBoricTBa Group o6bekTa
Match. imes aTy konnekumo, MOXHO AobpaTbCa A0 Kaxporo obbekta Group, B Hee
Bxogsauwero. Knacc Group saBngetca HacnegHuMkoM knaccaCapture n, oqHOBPEMEHHO,
poaoutenem knacca Match. OT cBoero poautens oH Hacnegyet cBowcTBa Index, Length
n Value, KoTopble 1 nepegaeT CBOEMY MOTOMKY.

HaBarite paccmoTpum 4yTb Gonee nogpobHO, Koraa M Kak cos3gatoTcsa rpynnbl B
npoLiecce no1cka cooTBETCTBUSA. Ecnn BHMMATENBHO NpoaHanM3MpoBaTh NpeablayLLyro
Tabnuuy, KoTopas onucbiBaeT CUMBOJIbI, UCNOSb3yeMblE B PETYSIAPHbIX BblIPaXEeHUNAX, B
YAaCTHOCTM CUMBOSbI FPYNMNUPOBaHUSA, TO MOXHO MOHATb HECKONbKO BaXkHbIX (hakToB,
CBSI3aHHbIX C rpynnamu:

daKTbl, CBA3a@HHbIE C rpynnamu:

npy obBHapyXeHUn OOHOW NOACTPOKW, YOOBNETBOPSIOLEN YCNOBUIO MOUCKA,
cosfgaeTcsa He ogHa Fpynna, a konnekumsa rpynmn,

rpynna c nHaekcom 0 cogepXut MHOPMaLMIO O HaNAEHHOM COOTBETCTBUM,

yucno TPYMMN B KOMMAEKUMM 3aBUCMT OT 4YMCNa Kpyrfbix CKOBOK B 3anucu
perynsapHoOro BblipaXXeHus. Kaxagas napa Kpyribix CKOBOK co3gaeTt AOMONHUTENbHYIO

rpynny, kotopast onucbiBaeT Ty YacTb MOACTPOKM, KOTOpasi COOTBETCTBYET LUAGIOHY,
3a[jlaHHOMY B KpPYIMbIX CKOBOKax;

rpynnbl moryT ObiTb WHAEKCUPOBAHbI, HO MOryT OblTb W MMEHOBaHHbIMMU,
MOCKOSbKY B KPYIMbIX CKOBKax paspeluaeTcs ykasbiBaTb umsa FPynnbl.

B 3akntoveHne oTMmedy, YTO co3gaHne UMeHOBaHHbIX FPYMI KpanHe MonesHo npwu
pa3bope CTpOK, coAepXalMx pasHOpPoAHyt WHdopmaumto. [Npumepbl pasbopa
noaoOHbIX TEKCTOB OyayT AaHbI.

Knaccbl Capture n CaptureCollection

Konnekums CaptureCollection sosepatuaetcsi npu Bbizose csonctea Captures
obbektoB knacca Group u Match. Knacc Match wacneoyet ato csoiicteo y
ceoero pogutensa - kKracca Group. Kaxgwii obbekt Capture, sxogswmii B
KONMMEKUUNI0, XapakTepu3yeT COOTBETCTBME, 3axBayeHHOE B MpoLEecce MNoucka,
COOTBETCTBYIOLLYIO MoACTPOoKy. Ho nockonbky cBovicTBa ob6bekta Capture
nepegarTca MO HacneacTey ero NoToMkam, TO MOXHO u3bexaTb HenocpeacTBEHHON
paboTbl ¢ o6bekTamu Capture. Mo kpaiiHein Mepe, B MOMX NpUMepax He BCTPeTUTCS
paboTa C 9TMM 00BbEKTOM, XOTS "3a Kynncammn" oH HenpeMeHHO NPUCYTCTBYET.
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MepeuncnexHne RegexOptions

O6beKkTbl 3TOr0 MEPeYUCreHNs OMUCHLIBAKOT OMUMK, BUSIOWME Ha TO, Kak
ycTaHaBnueaeTcs cooTeeTcTBMe. OB6bIMHO TakoW OOBLEKT COo3[aeTcsl nepebiM U
nepegaertcsi KOHCTPyKTOpy o6bekTa Knacca Regex. B sobiwenpuseaeHHomn tabnuue, B
pasferne, MOCBALLEHHOM CUMBOMaM rPYMNMPOBaHNs, FOBOPUTC O TOM, YTO OMNUUM
MOXHO BKIMHOYaThb M BbIKMIOYAThb, PACMpPOCTPaHsIs, TEM CaMbiM, UX JEVCTBME HA y4acToK
wabnoHa, 3aAaHHbIN COOTBETCTBYloLWen TPYMMon. O6 ofHoi M3 3TMX Onuuin -
Compiled, snustoweit Ha aghdekTMBHOCTL paboTbl PErYSIAPHbBIX BblPaXeHUN, yxe
yNOMUWHAMNOCh.

Knacc RegexCompilationinfo

Mpu paboTe CO CNOXHbIMM M BGOMbLUMMKU TEKCTaMM MONE3HO MpeaBapuUTerbHO
CKOMMUMMPOBaTL MCMOSib3yeMble B MpoLecce noucka PErynsapHble BblpaXXeHus. B
aTOM criydae Heobxoaumo Gyaert cosgath o6bekT knacca RegexCompilationinfo un
nepeaatb emy WHgopMaumio o PErynsipHbiIX BbIPAXEHUSX, noanexaimx
KOMIMAAUMM, M O TOM, Kyda MOMECTUTb OTTPaHCINMPOBAaHHYI Nporpammy.
OONoNHUTENBHO B TaKMX CUTyauusax credyeT BkmoumnTts onumio Compiled.

[Mprmepbl paboTbl C perynsapHbIMU BblpaXXeHUsIMun

Monarato, 4YTO nNpUMEpbl [JOMOMHAT  KpaTKoe OnucaHue  BO3MOXHOCTEN
perynsapHbIX BblPaXXeHWUM 1 NO3BONAT fydLe NoHATb, KaK ¢ HUMK paboTaTtk. HauHy ¢
dyHkumn FindMatch, kotopasi npoussoauT nouck NepBoro BXOXOAEHWS MOACTPOKM,
cooTBeTCTBYylOLEN 0bpasLy:

[Tpumep 1. [Torck mepBOro BXOXKACHUS MOJACTPOKH, COOTBETCTBYIOIIEH 00pa3ily:
string FindMatch(string str, string strpat)
{

Regex pat = new Regex(strpat);

Match match =pat.Match(str);

string found ="";

if (match.Success)

{
found =match.Value;
Console.WriteLine("Ctpoka ={0}\tO6pazen={1}\
tHaiineno={2}", str,strpat,found);
}
return(found);

}/FindMatch

B kauyecTBe BXOOHbIX apryMeHTOB (hyHKUMM nepepaetcs ctpoka Sir, B koTopon
nwetca BxoxaeHue, u cTtpoka Strpat, 3apatowas ob6pasey - perynapHoe
BblpaXXeHne. dyHkuusa BO3BpallaeT HaMAeHHy B pesynbrate nomcka MoACTPOKY.
Ecnu cooTBeTCTBUA HET, TO BO3BpaLLaeTcs nyctas cTpoka. PyHKUMS HAYMHaET CBOIO
paboTy ¢ cosgaHus obbekta pat Krnacca Regex, KoHCTpykTopy KoToporo nepeaaeTcs
obpasel, noucka. 3atem BbisbiBaeTca MeToa Match storo obbekra, cosparowmin
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obbekt match knacca Match. [Oanee ananuampyiotcs cBoiicTBa 9TOro oGbekTa.
Ecnn cootBeTcTBME OBHaApYXeHO, TO HaaeHHasi NOACTPOKa BO3BpaLLAeTCsl B KAYeCcTBe
pesynbTata, a COOTBETCTByWOLlAs WHGOPMAUMA BbIBOOUTCA Ha ne4vatb._ (UTOGb
CMOKOMHO paboTaTb ¢ Knaccamu PerynapHbIX BblpaXXeHUN, s He 3abbin 4obasuTb B

Hayano npoekTa npeanoxexue: Using System.Text.RegularExpressions.)
[Ipumepsr:
public void TestSinglePat()
{
//TOKUCK TI0 00pa3Ily MEPBOrO BXOKIACHUS
string str,strpat,found;
Console.WriteLine("TTouck mo o6pasity™);
//obpa3zerr 3a1aeT MOACTPOKY, HAYMHAIOIIYIOCS C CUMBOJIA 4,
//manee uyT OYKBbI UM LU PHIL.
str ="start"; strpat =@"a\w+";
found = FindMatch(str,strpat);
str ="fab77cd efg";
found = FindMatch(str,strpat);
//obpa3selr 3a1aeT NOACTPOKY,HAYMHAIOIIYIOCS C CUMBOJIA a,
//3axaHumBaronIyrocs f ¢ BO3SMOXKHBIMU CUMBOJIaMHU b 1 d B cepennHe
strpat = "a(b|d)*f"; str = "fabadddbdf";
found = FindMatch(str,strpat);
//nrana3oHbl U €SCAPE-CUMBOJIBI
strpat = "[X-Z]+"; str = "aXYb";
found = FindMatch(str,strpat);
strpat = @"\uO058Y\X5A"; str = "aXYZb";
found = FindMatch(str,strpat);
H/TestSinglePat
HekoTopble KOMMEHTapun K 3TOW nNpoueaype.
PerynsapHble BblpaXXeHUs1 3agatotcs @ -KoHCTaHTamMm.

B nepsom o6pasue wucnonb3yeTcs nocrneaoBaTeflbHOCTb CUMBOSOB  \W+,
obo3Havawowada, kak crnegyet u3 Tabnuubl 15.1, HenycTywo nocnegoBaTesibHOCTb
natuHuubl U umdp. B coBokynHocTM obpasel, 3agaeT MOACTPOKY, Ha4yMHaoLLYyHCS
CYMBOJSIOM @, 3a KOTOpbIM crnefyoT 6ykBbl Unu undpsbl (xoTa 6bl ogHa). IToT obpasey,
NPUMEHSIETCA K ABYM PasfinyHbIM CTPOKaM.

B cneayouiem o6pasue ncnonb3yetca cumeon * ans ob6osHaveHus Utepauunn. B
uenom peryrsdapHoe BblpaXeHWUe 3agaeT CTpOoKM, HaduHatowuecss ¢ CUMBOMa a u
3akaHumBawLlmecs cumsoriom f, mexay KoTopbIMM HaxoauTCs, BO3MOXHO, MycTas
nocnegoBaTenbHOCTb cumsonos 13 b n d.

Mocnepyowme gBa obpasua OEMOHCTPMPYIOT WCMNONb30BaHME OMana3OHOB U
escape-nocrnegoBaTenbHOCTEN AN NpeAcTaBrneHnss CUMBOSIOB, 3aJaHHbIX kogamu (B
Unicode 1 wecTHaguaTUpuU4HOM KOOUPOBKE).

PesynbTaTthl, nonyyYyeHHble Npu paboTe aTon npoueaypsbl.
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* Eryfrom_D f:#ﬂuﬂﬁajumm\.hh sk ¥

Harnexozart
HarkgeHo=ab T Ted

. bp 4&u=ﬂ-§jb|ﬂ]'-F HakneHo: adddbdf
|:TF"::-F':-.::| L i s SN e Z J + Ha I'-‘,l:l." HoE WY
CTpoka =2 > Dbpaseyz \uBB5sY\x5A HargeHos XY
Press any key te continue_

[MpuopuTeT rpynnoBbIX PErynApHbIX BblpaXXeHUN:
Kpyrnbie ckobkn ( )(?:...)
MHoxutenm ?,+, %, {m,n}
lMocnepoBaTtenibHOCTb U oukcaumnsa  abc,\A, \Z
[Jn3boHKUmMA |

[MpuMepbl UCNOMB30BaHUSA TPYNMNOBLIX PEryNApPHbIX BblpaXeHumn

M3Bneyb agpec anekTPoHHOM NOYTbl U3 CTPOKU

string s = "lMoyta: wladm@narod.ru Cawnt: http://wladm.narod.ru ";

Regex regex = new Regex

(@"\b\w+(\\w]+)*\w@\w((\.\w)*\w+)*\.\w{2,3}\b");

B perynspHom BblpaxeHun \b onpegensetr Hadvano crosa, ganee \w+ CroBoO
(uncbpa unu Oyksa) nosBTOpeHHble 1 unu Gonee pas. CriedylowWylo 4acTb CTPOKM
(\.\w]+H)*\w@ ans gaHHoro npumepa MOXHO ObiNo 3aMeHUTb Ha @, HO agpec MOXeT
MMEeTb elle crnosa 4epe3d Touky A0 @. [Mo3ToMy TOYka wMnnM CrioBo (B KBaapaTHbIX
ckobkax) NoBTOpeHHble 1 Mnn Bonee pa3 M Bce 3TO MOXET ObiTb noBTOpeHo O mnn
bonee pas. Cneaywowmi cMmBosn \W@ TOXE MOXHO COoKpaTuTb \w, HO cumBOon @
obaszateneH. OH 4KOpPHbLIM AOns pacno3HaBaHWA MOYTOBOro agpeca. [anee waget
NpakTU4ecKn NOBTOPEHME TOro, YTO ObINO A0 cMMBONa @ - NOBTOPEHME CIOB C TOYKOM
1 B KOHLIE CMOBO OT ABYX A0 TpexX CMMBOSIOB (ru, com....).

string s = "lNoyTa: wladm@narod.ru Cant: http://wladm.narod.ru ";

Regex regex = new Regex(@"\b\w+(\.\w]+)*\w@\w((\.\w)*\w+)*\.\w{2,3}1\b");

Match match = regex.Match(s);
MatchCollection matchcollection = regex.Matches(s);

if (match.Success)

{
Console.WriteLine(match.GroupsJi]. Value.ToString());

string s = "lNMoyTa: wladm@narod.ru Cant: http://wladm.narod.ru ";
Regex regex = new Regex(@"((Mo(41))(a)");
string s = "lNMoyTa: wladm@narod.ru CanT: http://wladm.narod.ru *;
Regex regex = new Regex(@"((Mo(41))(a)");

Match match = regex.Match(s);
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MatchCollection matchcollection = regex.Matches(s);

if (match.Success)

{

for (inti=0; i < match.Groups.Count; i++)

{
Console.WriteLine(match.Groups|i].Value.ToString());
}

}

Mo nopsaky OTKpbIBaKOLLMXCA CKOBOK
MNouTa

Moyt

M

yT

a

M3Bneyb agpec canta U3 CTPOKK

[na npumepa B3sTbl 2 agpeca, KOPOTKUA U ANUHHBIA - peanbHblii agpec MSDN ¢
onucaHnem krnacca Match. lMepBbi agpec Takke NokasbiBaeT, YTO KraccChl YCMELIHO
paboTaloT C HauMOHamNbHbIMU KOAUPOBKaMMW.

string s = "http://msdn.microsoft.com/usanos.html| Caiit: ",

s+="http://msdn.microsoft.com/library/rus/default.asp?url=";

s+="/library/RUS/cpref/html/frirfSystemTextRegularExpressionsMatchClassTopic.asp";

Regex regex =

new Regex(@" (\b\w+: \V\AW+((\\w)*\w+)*\ \w{2, 3 (VAw*\\w* \2\w*\=\w*)*)");

Mpumep Noxox Ha npeablgyLni, OTAnYne B Havane:

\b\w+:\\\ BoigensieT http://

n B koHue: (Vw*\.\W*\2\w*\=\w*)*) - nepedncneHo c Kakmmu 3Hakamu MoryT
nosTopaTbea 6yksbl (*/*,".","?","=") n BCce OHM 0ObeaMHeHbI onepaunen unn "|".

PesynbTar:

http://msdn.microsoft.com/uBanoB.html

http://msdn.microsoft.com/library/rus/default.asp?url=

library/RUS/cpref/ntml/frirfSystemTextRegularExpressionsMatchClassTopic.asp

BblaeneHne ungp 13 cTpoku

Mpumep:

string s = "[Ipuxonx = +225 Pacxox: 211 Octarok: 335 Beipyuka 2222 Jlonru -357.8 ",

Regex regex = new Regex(@"[-+]?\d*\.2\d*");

3pecb [-+]? - 3Hak nepen uudpon noBTOpeHHbIn O wmnu 1 pas, \. Touka
nosTopeHHasa 0 nnn 1 pas n undpsbl, KoTopble MOryT 6biTb NoBTOPEHbI O 1 Gonee pas.

PesynbTar:

225 211 335 2222 -357.8

YpnaneHune npobenos 13 TekcTa
string
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s=" D10 MO# TeKCcT - ObUI C mpoOeaMu: B Ha4asie, B KOHIIEC U B cepeaune? ",

Regex regex = new Regex(@"\b(\w+)\,2\22\I?(\ \-\ )?2\:2\ ?2");

//TIpu popMUPOBaHUH CTPOKH M3 CIOB, K KQXKJIOMY CJIOBY HE HAJl0
//mobasnatek poden (ero Haxoaurt \ ?).

Text += matchcollection[i].Value;

PesynbTar:

3TO MOM TEKCT - ObLI C MpoOeIamMu: B Hadase, B KOHIIE U B ceperHe?

[Tpumep:

string s = "sans: 812-555-55-55 Tersi: 555-55-55 ers: 848-222-22-22";

Regex regex = new Regex

(@"\b(\d{3}}{0,1}(\-){0,1}(\d{3}\-) \d{2}\-) (\d{2})\b");

B npumepe Bce 3HakoMble KOHCTpykuuMu. B Hayane cnosa kog ropoga c
YepPTOYKON, KOTOPOro MOXET U He ObiTb. PesynbTar:

812-555-55-55 555-55-55 848-222-22-22

bonee ycnoXxHeHHbIi NpuUMep, MOHMMAaKLWWK Ko ropoda B ckobkax U Homep
TenedoHa c (1) 6es:

string s = "[ana: (812)5555555 TeTa: 555-55-55 MeTt4a: (848)222-22-22";

Regex regex = new Regex

(@"((\(\b\d{3}\)[(\b(\d{3}){0,1}(\-)}{0, 1)) ({7} ((\d{3}\-) (\d{2}\-) (\d{2})\b))");

OcobeHHOCTb NpuMepa B TOM, YTO Havano crioBa He MOXeT ObITb OTHECEHO K
ckobKe W, NO3TOMY, CKOBKa OUKCUPYETCH KakK OTAENbHbIN 3feMEHT, a Hayarno crnosa
OTHOCMUTCS K TOMY, YTO B CIlOBe.

PesynbTar:

(812)5555555 555-55-55 (848)222-22-22

Pa3bop CrnoxHoro TekCToBoro dpanna cogepxallero CMMBOSblI Tabynaumm

B paHHOM npumepe wucnonb3yeTcsa peanbHbid dannn BeJOMOCTU NnaTexewn,
paccbinaemblin  MeradoH B opraHu3aumn, COTPYAHWKM KOTOPOW MONb3YHTCA B
CnyXebHbIX Uenax AaHHOM cBA3bl. PparMeHT AaHHOro dawnna COAEpPXUT
CEMU3HAYHbIN HOMep TeniepoHa, 4eTblpe KOSIOHKM HayuCrieHMM 3a Mosib30BaHME
pasnMyYHbIMM BuaamMm CBA3M N KOJTOHKY CYMMAapHbIX 3HA4YEHU nnaTtexa.

1111111 412.86 288.67 701.53
2222222 626.63 626.63
3333333

4444444 732.96 285.34 54.40 1072.70
5555555 288.23  135.00 156.74 579.97

Mpumep KaxeTcs NPOCTbIM [0 TOr0O MOMEHTa, MOKa Mbl He MNOCMOTPUM ero
CTpokoBoOe npefacraesneHme. Cumeonbl Tabynauum B panine obs3atenbHO nayT TOMbKO
A0 Homepa TenedoHa. Janee oHn "novtn Henpeackasyembl” U UX KONMYECTBO 3aBUCUT
OT TOro, ecTb N1 Undopa B cneaytowen konoHke. MNMpu Hanuyuum umdpbl 310 ABa tab, npu
OTCYTCTBMM OAMH. 3agadya - npeBpatuTb 3Ty "MewaHuHy" tab B Hynu Tam, rge aTto
Heobxoammo.
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\t1111111\t412.86\t\t288.67\t\t\t701.53

\t2222222\t626.63\t\t\t\t\t626.63

\t3333333\t\t\t\t\t\t
\t4444444\t732.96\t\t285.34\t54.40\t1072.70
\t5555555\t288.23\t135.00\t156.74\t\t\t579.97

BbInOnHWTL 3agady MOXHO TOMbKO NO3TAMHO:

OT1an 1 - nssnekaem Homep TenedoHa:

string sS=COOEP>XNMOE CTPOKW/ C 3AINMMNCBIO O CHETE;
Regex r = new Regex(@"\d{7}", RegexOptions.IlgnoreCase);
Match mymatch = r.Match(sS);

if(mymatch.Success)

{
string sTel = mymatch.Groups[0].Value.ToString();

OTan 2 - cokpawaem CTpoky, ybupasi u3 Hee Homep TenedoHa:

sS = sS.Substring(sS.IndexOf(sTel) + 8, sS.Length - sS.IndexOf(sTel) - 8);
OT1an 3 - 3ameHsieM B cTpoke Bce \t nepepn KOoTopbIMU €CTb Undpa npobenamu:
Regex rl = new Regex(@"(?<=\d)\t",RegexOptions.IgnoreCase);

sS =rl.Replace(sS," ");

OT1an 4 - 3ameHsem octasLmnecs \t HynaMu:

Regex r2 = new Regex(@"\t",RegexOptions.IgnoreCase);

sS = r2.Replace(sS1, " 00.00 );

OT1an 5 - Mi3Bnekaem umdpbl - TENEPb OHM Ha CBOMX MECTax:

Regex r3 = new Regex(@"(\d+\.\d+)",RegexOptions.IgnoreCase);

[lanee MOXHO MCNoOSb30BaThb N3BMleYEHHbIE LNUAPbI:

MatchCollection matchcollection = r3.Matches(sS);

XKagHocTb KBaHTUUKATOPOB

KBaHTUUKaTOPLI NN NOBTOPUTENU WABMOHOB (+ 1 *) 06nagaroT T.H. XXaaHOCTbIO
BO3BpaLLaloT caMblil ANVHHBIA (bparMeHT TekcTa, COOTBETCTBYIOLLNIA LIABOHY.
string s =

"OT0 MOW TeKCT GbIn ¢ Npobenamu B Havane, B KOHLUE 1 B cepeamHe?";

Regex regex = new Regex(@"\b3(.*)0");

[Innn

..Regex regex = new Regex(@"\b3(.+)0");

PesynbTar:

OTO MoK TekcT bbin ¢ npobenamu B Havane, B KO

KoHcTpykTOp Knacca Regex n ero ocHOBHble MeTopbl

KoHcTpykTOp Knacca Regex nmeeT aBa neperpyxaembix metToaa, Anst BTOPoro 13

KoTopblXx options - nopaspsgHas kKomOumHauuss OR  3Ha4YeHur nepeyuncneHuns
RegexOption.

public Regex
(

string pattern,
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RegexOptions options

);

OcHoBHble onuun onpeaensTcs, kak rnornyeckoe "N" RegexOptions onuwni.

Compiled - perynsipHoe Bblpa)eHne KOMMUIMpyeTca B COOPKY, YTO 3HAYUTESbHO
yBenu4nBaeT CKOPOCTb UX BbIMOMHEHUA, HO CHUXaeT CKOPOCTb 3arpy3ku. Kpome Toro,
CKOMMUIMPOBAHHbIE PErynsipHble BblPaXXeHUSA BbIFPY>KAKTCS TOMbKO NPWU 3aBepLleHnn
paboTbl NPUMOXEHUs, gaxe Koraa cam o0bekT Regex OCBOOOXAEH M YHUYTOXEH
cbopLumnkom mycopa.

Culturelnvariant - ITHopupoBaTb KynbTypHble pasnnyuns B A3blkax.

ECMAScript - BKNHOUATL NOBeAEHWE ONnd BblpaXeHusi, COOTBETCTBYlOLLEE
ECMAScript. MicnonbsyeTca Tonbko B coeanHeHuun ¢ dpnaramm IgnoreCase, Multiline n
Compiled, c gpyrumum gaet ownoKy.

ExplicitCapture - VYkasbiBaeT, 4YTO TONbKO BepHble $£BHO Ha3BaHHble WK
NPOHYMepoBaHHble (C MOMOLLBIO  KOHCTPYKUUK (7)) rpynnbl  COXpaHATCHA. JTO
no3BonsieT n3dexatb U3NULLHETO UCMONb30BaHMUS KOHCTPYKLUMK (7::).

IgnoreCase - urHopmpoBaTtb perncTp.

IgnorePatternWhitespace - yctpaHseT npobenbl M3 wWabnoHOB WM MNO3BONSET
NCNonb30BaTb KOMMEHTapPUM, OTMEYEHHbIE 3HAKOM "#".

Multiline - 3HayeHusa A n $ 0603HaYaOT HAYano M KOHEL KaXKaoW CTPOYKM TEKCTa.

RightToLeft - nouck cnpasa Haneso.

SingleLine - BeCb TeKCT kak ogHa cTpoka. CMMBON TOYKM B AAHHOM pexume
BKMtOYaeT u \n.

OcHoBHblE MeTOAbI KNacca - 3T0:

Match - nouck cootBeTcTBus. MeTog BoaBpawaeT ob6bekt knacca Match,
coaepxalmin pesyrnbTaTtbl HAWOAEHHOrO COOTBETCTBUISA.

Matches - nouck Bcex HenepeceKalwLMxca COOTBETCTBMA U BO3BpalleHue
obwvekta MatchCollection.

NextMatch - npogormkeHue noucka cooTBeTcTBMSA Ans Match ¢ nosuumn
nocnegHero HanageHHoro.

OTN MeToabl Mbl Y>K€ MHOFOKPaTHO UCMONb30Bann nNpy pacCMOTPEHNN CUHTaKCcKca
perynsipHbiX BblpaXeHun. [lanee oCTaHOBUMCSA Ha ApYyrnx MeTohax kKnacca.
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NMABA 3. U3yuyeHune u paspaboTka anroputMmoB

JIEKLAA Ne10
3.1 PekypcuBHbIEe anropUTMbl

PekypCcuBHbIA anroputM — anroputMm, B OMNUCaAHUX KOTOPOro MPSIMO UMK
KOCBEHHO cofepxuTtcsa obpauweHne Kk camomy cebe. B TexHuke npouenypHoOro
NporpaMmMupoBaHnNs OaHHOEe TMOHATME pPacnpOCTPaHAETCa Ha (yHKUMO, KoTopas
peanuayeT pelueHne oTaernbHoro 6noka 3agayn nocpeacTBOM Bbi30Ba U3 CBOEro Tena
APYrMX OYHKUMA, B TOM 4yucne n ceba camon. Ecnm npu aToM Ha odyepegHOM aTtane
paboTbl PyHKUNSA opraHu3yeT obpalleHne k camon cebe, To Takas (PyHKUUA ABNSETCS
PEeKYPCUBHON.

PekypcuBHbI BbI3OB Mpouedypbl Mano 4YeM OTfMYyaeTcs OT Bbi30Ba [Apyron
YyHKUMK. BbIinonHaeTca TOT Xe KoAd, HO C ApYrMMW 3HA4YeHMsMU MnapameTpoB U
NOKanbHbIX NEPEMEHHbIX.

BaxHbIM Ons NOHMMaHWSA uaeun pekypcuum SBNAeTca TO, 4YTO B NOAO0GHbIX
nognporpamMmmax MOXHO BblAenuTtb ABe cepun waroB. [lepBas cepus — 370 waru
PEKYPCUBHOIO MOrpyXeHus nognporpammbl B cebs OO0 Tex nop, noka BblOpaHHbIN
napameTp He [OOCTUrHeT IPaHWYHOro 3HayeHus. OTO BaxHoe TpeboBaHMe [OITKHO
BbINOSHATLCHA, 4TOObI yHKUMA He cosgana 6eckoHeyHyl nocnefoBaTenbHOCTb
BbI30BOB camoin cebsi. BTopasa cepusi — 31O warn pekypcuBHOro BbixoAda A0 Tex nop,
noka BblbpaHHbIN NapameTp He JOCTUIHET KOHEYHOTO 3HaYeHUs.

PaccmoTpum npumMepbl peann3aunm pekypcumn.

Mpumep peanusaumm nNPSMOM pekypcunm ONA BblYUCEHUA ddakTopuana MoXeT
BbIrMA4eTb TakK:

Int64 Factorial(Int64 num)

{

return num * Factorial (num — 1);
}

3pecb B Tene dyHKuumn Factorial ocywiecTBnsieTcss BbIBO3 CaMOW  (PyHKUMUK
Factorial. Takas pekypcusa 6ygeT ocywecTBnATbCA 6€CKOHEYHO, MOCKONbKY OTCYTCTBYET
yCnoBme BbIXOA4a U3 PeKypCcumn.

N3 aTtoro npumepa BMOHO, YTO OYEBMAHAS ONACHOCTb PEKYPCUMN 3aknovaeTcs B
BGeckoHeuvHoM pekypcun. Ecnn HenpaBunbHO NOCTPOUTL anropuTM, TO PYHKUUS MOXET
NPONyCTUTb YCITIOBUE OCTAHOBKM PEKYPCUN N BbINONHATLCS OECKOHEYHO.

[na HaxoXgeHust yCrnoBusi OCTaHOBKM HeoOXoauMO BbigenuTb 6asy pekypcuu.
BoligeneHne 6asbl pekypcuu npegnonaraeT HaxoXAeHWe B pellaeMon 3ajade
TpMBManbHbIX Criy4yaeB, pesynbTaT Ans KOTOpbIX O4YeBUAEH M He TpebyeT npoBeneHus
pacyetoB. BepHo HavgeHHas 6Gasa pekypcun obecneumBaeT  3aBEPLUEHHOCTb
PEKYpPCUBHbIX 0BpalLLeHnIi, KOTOPbIE B KOHEYHOM MUTOre cBoAATCA K 6a3oBOMy cryyato.

PyHKLMA TakKe MOXET Bbi3biBaTb cebs1 6ECKOHEYHO, eCcnn yCrioBue OCTaHOBKU He
npekpallaeT BCe BO3MOXHble MNyTU pekypcun. B cneayiowen owmnboyHOM Bepcum
dyHKunn Factorial2, dyHkuma OyaeTr GeckoHevyHO Bbi3biBaTb cebs, ecnu BXogHoe
3Ha4yeHe — He ueroe Yncro, UM ecnu oHo meHbLue 0.

Int64 Factorial2 (Int64 num)
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{
Int64 fact2;
if (num ==0)
fact2 = 1;
else

fact2 = num * Factorial2 (num-1);
return fact2;

}

Ana ycTpaHeHna ©eCKOHEeYHOW pekypcun HeobxoaumMo caenatb creayollee.
Bravane dgyHkums Factorial2 gomkHa npoBepsiTb, YTO YMCNO MeHblle unu pasHo 0.
dakTopuan anga Yncen MeHblUe HyNda He onpeaerneH, HO 3TO yCrnoBue nposepsieTca Ans
noacTpaxoBkn. Ecnn 6bl pyHKUMA NpoBepsana TOMbKO YCNOBME paBEHCTBA YMCHa HyIHo,
TO ANna oTpuuaTenbHbiX 4Yucen pekypcust 6bina 6Gbl 6GeckoHedHow. Ecnn BxogHoe
3HayeHne MeHblle unm paBHo 0, pyHKUMA BO3BpawlaeT 3HadeHue 1. B ocranbHbIX
crnyyasx, 3HayeHne OyHKLMM paBHO NPOU3BEAEHNIO BXOLHOIO 3HaYeHUs Ha dhakTopuan
OT BXOAHOIO 3HaYeHWsl, YMEHbLUEHHOro Ha eguHuuy. To, 4YTOo 3Ta peKkypcuBHas
PYHKUMSA, B KOHLE KOHLOB, OCTAHOBUTCH, rapaHTupyeTca AByMs dhaktamun. Bo-nepBsblx,
npu KakgoMm MocreayrwemM Bbi30Be, 3HaA4YeHWe napameTpa num YyMeHbllaeTcsl Ha
eavHuuy. Bo-BTOpbIX, korga num CTaHOBMTCS MeHblue nmbo paBHbiM 0, yHKUMS
OCTaHaBfMBaET PEKYPCUIO.

XOTa peKkypcust U MOXEeT YNpPOCTUTb MNOHWMMaHWEe HeKOoTOopbIX npobnem, nwoau
00bIl4HO HE MbICNAT pekypcuBHO. OHN 0ObIYHO CTPEMSATCHA pa3duTb CrOXHbIE 3a4a4un Ha
3a[a4n MeHbLUero obbema, KOTopble MOryT ObiTb BbINOSIHEHBI NOCNeA0BaTeNbHO OAHa
3a Apyrov OO NOSHOro 3aBeplueHus. Ons Toro 4Ytobbl AymMaTb PEKYPCUBHO, HYXHO
pasbutb 3agady Ha nopsajayun, KOTopble 3aTeM MOXHO pas3buTb Ha noasagayu
MeHbLUEero pasmepa. B kakon-to MOMEHT noA3agayn CTaHOBATCS HACTOSTbKO NPOCTbIMMU,
4YTO MOryT ObiTb BbINOMHEHbI HenocpencTBeHHO. Korga 3aBeplumnTcs BbINOSIHEHWUE
nogsagad, 6onbwme nogs3agadvn, KOTOpble W3 HUX COCTaBfeHbl, Takke OyayT
BbIMOSMHeEHbI. MicxoaHasa 3agaya okaxeTcsl BbINOSIHEHHOW, Koraa 6yayT BCe BbIMOSMHEHbI
obpasyoLme ee nogsagayn.

PaccmoTpym npumepbl  pelieHus 3agady C  MCMNOMb30BaHWEM  PEKYPCUBHbIX
OYHKUMNA.

Mpumep 1. OnpenenuTb ABNSETCH NN CTPOKa NanMHAPOMOM C MUCMOfb30BaHUEM
pekypcum.

CTtpoka 4BngeTcsa NanuUHAPOMOM, €Cnv  MepBbld  CUMBOJST CTPOKM  paBeH
nocregHeMy CUMBOSY CTPOKM W MNanUHAPOMOM SBMsieTCA CTpoka 6e3 nepBoro u
nocnegHero cumeorna. Takoe onpeaesnieHe nanuHapoma sBnsieTcs PEKYPCUBHBIM.

OkoOHYaHuMe pekypcun rapaHTUpyeTcsl yMEHbLUEHMEM ANUHbLI CTPOKN Ha 2 cMMBONa
Ha KaXOoW pPeKypCum W BbIXOLOM W3 PEeKypCcuM Mpu YMeHbLUeHUn CcTpokn ago 0
CMMBOJIOB.

Mpnyem npum oyepegHOM OOpaLlEHUN K PEKYPCUBHOW (OyHKUMM cTpoka 6yaer
Kopoye Ha 2 cMmBona.
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Kor,u,a nony4yeH pe3ynbTaTt No noacTtpoke, MOXHO onpeaesrnintb ABJdeTCA JIn BCA

CTpOKa NanvHAPOMOM: Anis 3Toro Heobxoanmo, YTobbl NOACTPOKa Obinia NanMHAPOMOM
1 NEPBbIN U NOCNEeAHWUI CUMBOSbI CTPOKM Obinv paBHbI ApYr ApYry.

PaBeHCTBO NepBOro 1 NocnegHero CUMBOSIOB CTPOKMN ONpeaenseTcs BblpaXKeHnem
s[0] == s[s.Length - 1].

MoacTtpoka 6e3 nepBon 1 nocnegHen 6ykB onpeaensaeTcs BblpaXXeHnem

s.Substring(1, s.Length — 2);

PekypcrBHas yHKUMsi BO3BpallaeT pesynbTaT B BUAE NOTMYECKOW BenuyuHbl f
paBHOW true — ecnn NOACTPOKa ABNAETCs nanuHapoMom u false — B npoTMBHOM cny4ae.

private void buttonl_Click(object sender, EventArgs e)
{

string s = "aceeca";

bool b = palindrom(s);

Text = b.ToString();

}

private bool palindrom(string s)

{

if (s.Length == 0) return true;

bool f = palindrom(s.Substring(1, s.Length - 2));

return f & (s[0] == s[s.Length - 1]);

}

B Bbiwe npuBegeHHOM npumepe umeetcs owunbka. MNpumep He yunTbiBaeT TOT
dakT, YTO CTpPOKa MOXET coaepaTb HEYETHOE KOMMYECTBO CMMBOJSIOB U €€ AfNNHA He
cTtaHeT pasHon 0.

Mpumep 2. Bo3BecTn yncno a B cTeneHb N C UCNOMb30BaHNEM PEKYPCUN.
Ha kaxgom ware pekypcum Byaem ymeHbluaTb CTeneHb B 2 pasa, TO €CTb a B

cTeneHn n 3anvwem B Buge a"=a"?-a"’. OgHako Ana  HeyeTHoro n

a"=a-a""?.a""2 Takum obpasom, cTeneHb ByaeT yMeHbLLATbCH Ha KaxKaoM Luare
B 2 pasa 1 Npu yMeHbLUEeHUM cTeneHn Ao 1 3agada cTaHOBUTCA TPUBUAbHON.
[Mporpamma GygeT UMeTb crieayroLwmi BUA
private void buttonl_Click(object sender, EventArgs e)

{
inta=3;
int n = 33;

Int64 b = V_Stepen(a, n);
textBox1.Text = b.ToString();
}

private Int64 V_Stepen(int a, int n)
{

if (n==1) return a;
Int64 f;
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if (N%2==0)
f=V_Stepen (a,n/2)*V_Stepen (a,n/ 2);
else
f=a*V_Stepen (a,n/2)*V_Stepen (a, n/ 2);
return f;
}

[aHHbIN anropnTm ABNSEeTCA HEONTUMarbHbIM MO BLICTPOAENCTBUIO.

Mpumep 3. Bblumcnute X° € WCMOMb30OBAHWEM PEKYPPEHTHON  hOopMyIibl
X*=((x-D)+1)?=(x-1*+2*(x-1)+1. Mpn 3atom m3BecTHo, 4to 1°=1, X - uernoe,

NoNoXUTerbHoe.

[MockonbKy aprymeHT X (OyHKUMM F yMeHbllaeTCca Ha Kaxgom Lware Ha 1, To B
onpeaeneHHbln MomMeHT OyaeT BbidBaHa yHKuma F(1) Ona KOTOpoW W3BECTEH
pe3ynbTaTt paBHbin 1. C 3TOro 3HaYeHUsA HaYMHAKTCA LWarn peKypCuBHOro BbIXoaa.

E F(x—-1)+2x-1, eciu x>1

() = {X, eciu x <=1

Takum obpasom pyHKkumna F(x) byaet nmeTtb BUA;
int F(int x)
{

if(x>1) return F(x-1)+2*x+1;

else return x;

}

Bbi3oB (byHKUUKM, pasMeLLeHHbIn, Hanpumep, B obpaboTunke cobbitua Click ans
KHOMKW 6yaeT nmeTb BUA;

int x=int.Parse(textBox1.Text);

inty = F(x);

labell.Text = y.ToString();

Mpumep 4. Bbumcnmte F(n)=F(n-2)*F(n-3), n=0,12,.... AcHo, 4TtO no
PEKYPPEHTHOMN POPMYFie MOXHO OCYLLECTBIISATb BbIMUCIEHUS, HAuYMHas ¢ N =3. 3HauuT
ana n=0,1,2 pomkHbl ObiTb 3agaHbl HavanbHble 3HadeHusa: F(0)=0, F(1)=2, F(2)=3,
KOTOpble NO3BOMAT Ha4YaThb Larn pekypCuBHOIo BbIXoaa.

dyHKUMA BygeT umeTb BUA:

int F(int n)

{

if(n<0) throw new ArgumentException();
if(n==0) return O;

else if(n==1) return 2;

else if(n==2) return 3;

else return F(n-2)*F(n-3);
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BbizoB pekypcuBHOM yHKUMM F, pasmelleHHbI, Hanpumep, B  (yHKUuK

buttonClick 6yaeTt nmeTtb Bua;
int x=int.Parse(textBox1.Text);
inty = F(x);
labell.Text = y.ToString();
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NEKLUUA Ne1l

3.2 Peanusauus peKypcuBHOM nporpamMmmbl « XaHOUCKMe
GawHn»

XaHouckne bawHn — 3TO ronososioMKa, koTtopyto B 1883 r. npuagyman
dpaHuy3ckmi matemaTuk dayapn Jltoka. CyTb ronoBonomMku B crnegyowem. Ecte Tpu
CTEPXHS M BOCEMb AMCKOB pasHbIX guameTpoB. BHavane Bce agucku cobpaHbl Ha 04HOM
CTEPXHE TakK, YTO MeHbLUMe OMCKM nexaTt Ha bonblumx. Jlioka npeanaran nepenoxuTb
BCE OUCKM C MNEepBOro CTEPXHHA Ha TpeTuwn, ucnonb3ys BTopoun. [Npu atom crnenyet
cobntogaTh crneayollee npasuno: Npu nepeknagbiBaHUM OUCKOB HENb3s KacTb AUCK
noBepx AncKa MeHbLUEero pagnyca; 3a 0OguH Xo4 MOXHO NepeHOCUTb NULb OOUH OUCK.

Ecnu 6bl B nupamnge 6b1n Tonbko 1 AMCK, TO pewleHne oveBnaHo. Ecnn guckos 2,
TO MNEpPenoXMMm cHayana MeHbLWW OUCK Ha BTOPOW CTEpXeHb, 3aTeM nepeHecem
BTOPOW OUCK Ha TPETUN CTEPXKEHDb, @ 3a HUM NePBbLIN AUCK.

Mpn BonblueEM KONMYECTBE OMCKOB ANSA TOro 4Ytobbl NepeHecTn cambii 60MbLION
ANCK, HYXKHO CHavana nepeHecTn Bce AMCKM KPpOMe MocfneaHero Ha BTOPOW CTEpPXKEHb,
NOTOM MEPEHECTN CaMbii BONbLLION Ha TPETUI, NOCIE YEero OCTaHeTCsl NepeHecTn Bce
ocTasbHble OUCKM CO BTOPOro Ha TpeTun. 3agady o nepeHoce N-1 gucka mbl peliaem
aHanorn4yHo, TosibKo NomMeHsieM ctepXHu mectamm (N-2 aucka nepeHecem CO BTOPOro
Ha NepBbl, OCTaBLUMACA OUCK NepeHeceM CO BTOPOro Ha TpeTui U 3aTeM BCe OUCKU C
nepBoro Ha TpeTtuin). To ectb 3agadvy o N-1 anckax ceegem K 3agade o N-2 guckax, Ty B
cBolo o4vepeab kK N-3 guckam, M Tak Bnnotb Ao 1 gucka. JTOT MeToA Nerko
NporpaMmMmupyeTcsi C MOMOLLIbIO PEKYPCUMN.

3apava «[llepeHecTn n QUCKOB CO CTEPXKHS from Ha cTepXXeHb tox

CBOOMTCS K TPEM CrneayroLmnm 3ajadvam:

«lMepeHecTn n-1 guck co ctepxeHa from Ha cTepxeHb He-to» (pekypcus).

«lMepeHecTn n-n guck co ctepxeHs from Ha cTepxkeHb to» (TpuBmManbHas).

«lMepeHecTn n-1 gUCK CO CTEpPXKEHS He-to Ha CTepkeHb to» (pekypcus).

To ecTb 3agaya nepeHoca nuMpamugbl CBOOUTCHA K ABYM 3ajadaMm nepeHoca
nMpamMmapbl, HO B KaXXOOW nupaMmmae Ha ogvH AUCK MeHbLle, YeM B UCXOOHOW, U O4HOWM
TpMBManbLHOW 3agayve nepeHoca O4HOro AnCKa.

Kaxgbln oUCK NPOHYMepYyeM LiefnbiM YUCIIOM, COOTBETCTBYIOLLMM pa3mMepy Ancka.

[MoCcKOMNbKYy OUCKM MOMELLATCA M U3BMNEKATCH CO CTEepXHeW no npaBuny
«MNepBbI BOLEN — MOCneaHUA BbiWeny», ANng XpaHeHUs HOMEpPOB AMCKOB Ha KaXK4oM
CTEpXXHe npenaraeTcs UCNonb3oBaTh CTEK (KaKk COOTBETCTBYIOLLMIW JIOrMKe 3agdayv u
Hanbonee npocTbiIM no peanu3auun). CTeKoB [JOMMKHO ObiTb  PUKCUPOBaAHHOE
KONu4yecTtBo (3 — No KONU4ecTBy CTepXXHeN). B cTeke OyayT XpaHUTbLCS HOMEpa AUCKOB.

Stack<int>[] h;

[na 3anycka npouecca nepecTaHOBKM [OUCKOB Ha (YOpPMYy YCTAHOBUM KHOIKY
Button buttonl.

Mpn HaxaTum Ha kHonky button1 cosgagum cTekn, pasmecTum 8 AOUCKOB Ha
nepBoMm cTepxHe (B 0-m cTeke) M 3anycTUM MpoLecCc UX NepecTaHOBKM C NepBOro
CTEPXXHS Ha TPETUIN B KONMYECTBO 8 LUTYK.

private void button1_Click(object sender, EventArgs €)
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TexHonornm n metoabl NPOrpaMmMmmMpPoOBaHUS
{
h = new Stack<int>[3];
h[0] = new Stack<int>();
h[1] = new Stack<int>();
h[2] = new Stack<int>();
h[0].Push(8);
h[0].Push(7);
h[0].Push(6);
h[0].Push(5);
h[0].Push(4);
h[0].Push(3);
h[0].Push(2);
h[0].Push(1);
Hanoi(1, 3, 8);
}

dyHKUMA Hanoi nmeeT cneayowmnim 3arofioBoK

private void Hanoi(int from, int to, int cou)

N CRYXUT ONS NepecTaHOBKM OUCKOB CO CTEPXHSA HOMep from Ha cTepXeHb HoMep
to B konuyecTBe cou WTYK. [laHHaa 3ajaya SBNAeTCHA CrOXHOW, U noaTomy byaem ee
ynpowaTb NyTEM YMEHbLUEHMSI KONMYECTBA NepeCcTaBisieMbIX AUCKOB Ha OAMH.

lMepecTaHoBKa e OAHOro Aucka Co cTepxHs from Ha cTepxeHb to aBnsgeTca
afieMeHTapHoOM onepaumen, KoTopas BbINOMHAETCA KOMaHLoMN

h[to - 1].Push(h[from - 1].Pop());

Takum obpasom yHkumna Hanoi 6yaet nmeTtb BUA:

private void Hanoi(int from, int to, int c)

{

int to2 = 6 - from - to; //to2 — HoMep NPOMEXYTOUYHOWN BaLlHK

if (c>1)

{

Hanoi(from, to2, ¢ — 1);

Hanoi(from, to, 1);

Hanoi(to2, to, ¢ — 1);

}

else

{

h[to - 1].Push(h[from - 1].Pop());

}

}
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TexHonormm n meToabl NporpaMMuUpoBaHNSA
TemaTtunka nabopaTtopHbIX paboT No AUCUUNITINHE

«TexHomnorum u metToabl nporpaMmmMmnpoBaHusa»

1. OpraHusauusa xpaHeHus 06beKkToB B crnucke Ha A3blke C# C BO3MOXHOCTbIO
pefakTMpoBaHus

2. NHuTepdoelicbl n abecTpakTHbIE Knacchl

3. PaboTta ¢ konnekuyuammn ounonunotekmn .NET

4. Ncnonb3oBaHue TexHonornn LINQ ans paboTbl ¢ Konnekumnen yncen

5. Wcnonb3oBaHne TexHornormm LINQ ana paboTbl C Konnekumen aK3emnnsipoB
Knacca

6. TexHonorns o6paboTkn NCKIoYeHU Ha a3bike C#

7. Deneratbl n cobbITUA

8. TexHonornsa COM u cobbITus

9. PerynsipHble BblpaxxeHns

10. PekypcuBHble anropuTMbl

11. Peanunsauma pekypCcUMBHbLIX anropuTMOB Ha MpUMEpPe  OSI0BOSIOMKU
«XaHownckne ballHm»

12. Peanusauus rpadmyeckoro BbiBoga Asis nporpamMmmbl « XaHoNckue GatuHu»
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